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Gastric cancer (GC) is the third most lethal and fifth most common cancer in the world. In a variety of cancers, the hexokinase
domain component 1 (HKDC1) is carcinogenic. This study was to investigate into how HKDCI1 contributes to the development
and progression of GC. Three different datasets (GSE103236, GSE13861, and GSE55696) were extracted from the Gene
Expression Omnibus (GEO) database and then analyzed using the sva package. The R software was used to identify 411
differentially expressed genes (DEGs) in the pooled dataset. We discovered 326 glycolysis-related genes (glyGenes) in the
cancer genome atlas-stomach adenocarcinoma (TCGA-STAD) cohort using gene set enrichment analysis set (GSEA). HKDC1
is one of the most prevalent glyGenes in GC tumor tissues and cells, as seen in the Venn diagram. According to the results of
the Cell Count Kit-8 assay, the proliferation of AGS and MKN-45 cells decreased when HKDC1 was knocked down. Lack of
HKDC1 in cells enhanced oxygen consumption and decreased glycolytic protein expression while suppressing glucose
absorption, lactate production, ATP level, and extracellular acidification ratio. As an oncogene in gastric cancer development,

HKDCI influences cell proliferation and glycolysis.

1. Introduction

As one of the most common types of cancer, gastric cancer
has the fifth-highest incidence rate (5.7%) [1]. Both the inci-
dence and mortality rate of gastric cancer are the highest in
China [2, 3]. The overall survival rate for gastric cancer is
still around 30 percent, despite the finding that smoking
and alcohol consumption are the principal drivers of gastric
cancer. In contrast to the respiratory metabolism of the vast
majority of normal cells, cancer cells prefer glycolysis as the
source of energy even when nutrients are present [4]. This is
a phenomenon known as the Warburg effect, and it is char-
acterized by an increase in glucose uptake and lactate gener-
ation. The intermediate products produced during glycolysis

not only offer nutrition for the expansion of tumor cells but
also shield tumor cells, which increases the rate of malignant
tumor cell proliferation and spread [5]. According to several
studies, glycolysis results in the production of a variety of
metabolites, including pyruvate, lactate, and ketone bodies,
which are found in increased concentrations in the tissues
and cells of gastric cancer [6-8]. Lowering glucose consump-
tion while maintaining normal energy requirements signifi-
cantly suppresses the Warburg effect on tumor cells [9],
which slows down the growth of tumors.

The aerobic glycolysis and glycolysis pathways are both
controlled by more than ten genes that encode key glycolysis
enzymes and glucose transporters [10, 11]. As a consequence
of this, transcription factors including HIF1, c-Myc, NE-B,
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and SIX1 that can directly influence the gene expression and
protein activity of glucose transporters and key glycolysis
enzymes play a significant role in the regulation of malig-
nant tumor metabolism. In this study, the use of bioinfor-
matics allowed for the identification of hexokinase domain
component 1 (HKDC1) as a gene linked to gastric cancer,
which was found to be closely associated with glycolysis.
HKDCI1 was found to potentially act as a fifth hexokinase
and plays an essential role in preserving glucose homeostasis
throughout the body [12]. On the other hand, abnormal
expression of HKDCI has been linked to the development
of a wide variety of diseases and cancers. An example of this
would be the overexpression of the gene HKDC1, which has
been associated with metabolic inefficiency in hepatocytes,
which in turn has been linked to nonalcoholic fatty liver dis-
ease [13]. In addition, there is accumulating evidence that
HKDCI may play an oncogenic function in cancers such
as lymphoma, liver, breast, and colorectal cancers [14].
However, very little is known about the role that HKDCI1
plays in the development of gastric cancer or the metabolic
processes of tumors.

2. Materials and Methods

2.1. Gene Expression Microarray Datasets from the GEO
Database and TCGA Database. For the purpose of obtaining
GC-associated RNA expression patterns, the GEO database
was employed. The GSE13861 dataset, the GSE55696 data-
set, and the GSE103236 dataset were utilized in subsequent
research. The GSE13861 dataset contained 71 GC tumor
samples (65 primary gastric adenocarcinoma and 6 gastroin-
testinal stromal tumors) and 19 adjacent non-tumor samples
derived from the GPL6884 platform. The GSE55696 dataset
comprised 58 GC cancer samples (19 high-grade intraepi-
thelial neoplasia, 20 low-grade intraepithelial neoplasia,
and 19 gastric early-stage carcinoma) and 19 chronic gastri-
tis tissue samples derived from the GPL6480 platform.
GSE103236 dataset included 10 GC tumor samples and 9
adjacent non-tumor samples from the GPL4133 platform.

Raw gene mRNA data for 375 GC tissue samples and 32
adjacent non-tumor tissue samples were obtained through
the TCGA database (https://portal.gdc.cancer.gov). These
samples were taken from patients with a range of stages of
the disease.

Due to the fact that the data originated from TCGA and
GEO databases, authorization from an ethical committee
was not required.

2.2. Differentially Expressed Genes (DEGs). We created one
single dataset by combining the previous three, each of
which contained 139 GC cancer samples and 47 control
samples. We batch standardized the combined datasets
using the sva tool in R in order to eliminate any bias that
may have existed among the three datasets (version 4.1.3).
After that, the limma tool was used to extract DEG informa-
tion from the GEO and TCGA databases. The criteria for
selection were an adjusted p-value of 0.05 or lower and a
log fold change (FC) of greater than 1. Those DEGs that
we are able to meet the threshold were considered to have
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statistical significance. When attempting to visualize the
data, the R software was utilized to generate volcano plots
as well as heat maps.

2.3. Cell Culture and Transfection. The human gastric cancer
cells (MKN-45, AGS, and MGC-803), as well as the normal
GES-1 gastric mucosal cells, were generously provided by
the American Type Culture Collection (ATCC). These cells
were grown in a RPMI-1640 media from Gibco (Grand
Island, New York), which included 10% fetal bovine serum
(FBS), 100 units per milliliter of penicillin, and 100 milli-
grams per milliliter of streptomycin (Gibco). All cells were
grown at a temperature of 37 degree Celsius in an atmo-
sphere that was 95 percent humidity and 5 percent carbon
dioxide. GenePharma (Shanghai, China) developed two
shRNAs (sh-HKDC1#1 and sh-HKDC1#2) to target
HKDCI, as well as one sh-NC for negative control. These
plasmids were transfected into AGS and MKN-45 cells with
the use of Lipofectamine 3000 (Invitrogen, Carlsbad, CA).

2.4. RNA Extraction and Quantitative RT-PCR (qRT-PCR).
Total RNA was extracted from GC cell lines by using TRIzol
(Invitrogen, located in Grand Island, New York), and it was
then processed in accordance with the technique that was
provided by the manufacturer. cDNA was synthesized by
following the instructions given by the manufacturer of the
PrimeScript RT Reagent Kit and carrying out the procedure
in accordance with those instructions (TaKaRa Bio, Shiga,
Japan). In order to carry out real-time PCR, a Roche Light
Cycler 480 (Roche) was coupled with an SYBR Green PCR
Master Mix. Both of these components were manufactured
by Roche (TaKaRa Bio, Shiga, Japan). The calculation was
carried out by 2Ct to find the fold change about the mean
value. Each experiment yielded three distinct data sets,
which were collected separately. The primer sequences are
presented down below.

HKDCI1:

5'-GCAAGAGACAATCCTGGTACG-3' (forward).

5'-GTTGCCCTCTGAACGCAATC-3' (reverse);

Ki67:

5'-ATGCTTGTCGTGTTTTACGGC-3' (forward).

5-CGTGGTAATGTAAAGTCCCATGTGTAA-3'
(reverse);

PCNA:

5-CTGTTAGTAGATGAAACATGGGGG-3'
(forward).

5-CATCGTGTACGTGCCCAGTGAATGTGTGTG-3'
(reverse);

GAPDH:

5'-GAAAAGATCCCTCCGGAGCAT-3' (forward).

5'-CTGTGGTGTTTCTCATGCATACG-3' (reverse);

2.5. Cell Count Kit-8 Assay. After the HKDCI1 was knocked
down, the amount of cell proliferation was measured using
the CCK-8 assay, which was created by Dojindo Laborato-
ries in Kumamoto, Japan. We examine the outcomes after
just planting four times 10° transfected cells in each well of
96-well plates and leaving them there for 24 hours at a
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FiGurek 1: Validation of data. (a, b) PCA showed that the repeatability of the data in GSE103236, GSE13861, and GSE55696 was acceptable.

temperature of 37 degrees Celsius with 5 percent carbon
dioxide. Following this step, a 10 ul solution of CCK-8 was
given to each well, and the cells were cultured for a total of
two hours at each of the periods that were stated (0, 24, 48,
72, and 96 h). A spectrophotometer microplate reader (Bio-
Rad, California) was utilized for the measurement of cell via-
bility at 450 nm.

2.6. Glycolysis Measurement. The levels of glucose uptake,
lactate, and ATP generation were each determined in
accordance with the instructions that were provided by
the respective manufacturers by using the Glucose Uptake
Colorimetric Assay Kit (BioVision, Milpitas, CA), the Lac-
tate Assay Kit II (BioVision), and the ATP Colorimetric
Assay Kit (BioVision). We used the Seahorse Extracellular
Flux Analyzer XF96 (Seahorse Bioscience, North Billerica,
MA) to determine the extracellular acidification ratio
(ECAR) and oxygen consumption ratio (OCR) of gastric
cancer cells. In brief, 2x 10* of the transfected cells were
plated into each well of the XF96-well plate and incubated
overnight. In order to calculate the ECAR (in mpH/min),
glucose, oligomycin (an inhibitor of oxidative phosphory-
lation), and 2-DG (an inhibitor of glycolysis) were sequen-
tially added to the wells. In order to determine the OCR
(in pmol/min), oligomycin, p-trifluoromethoxy carbonyl
cyanide phenylhydrazone (FCCP, the reversible inhibitor
of oxidative phosphorylation), rotenone (the inhibitor of
mitochondrial complex I), and antimycin A (mitochon-
drial complex III inhibitor) were sequentially added to
the wells. The Seahorse XF-96 analysis tool was applied
in order to check the results.

2.7. Gene Set Enrichment Analysis (GSEA). In order to eval-
uate any potential differences, linked pathways, and molecu-
lar processes that were discovered in the TCGA cohort, a
GSEA was carried out. This was done for the purpose of
determining whether or not there were any underlying
molecular mechanisms of the glycolysis signature that might
be attained. Java SE version 4.1.0 was used to carry out the
GSEA, and the following gene sets were included in the anal-
ysis: “c5.go.bp.v7.4,” “c5.go.cc.v7.4,” “c5.go.mfv7.4,” and
“c2.cp.kegg.v7.4.” It was determined that a result was statis-
tically significant if it had a [NES| value that was greater than
1 and a p-value that was lower than 0.05.

2.8. Repeatability Test for Data. The principal component
analysis (PCA) is a well-respected statistical method that
was used to simplify the data by lowering the degree of inter-
dependence that existed between the variables. In order to
determine whether or not the data could be reproduced
accurately, PCA was applied.

2.9. Statistical Analysis. We analyzed the data with the IBM’s
SPSS version 21.0 software (Armonk, New York) and pre-
sented the findings in the form of the mean and standard
deviation. In order to perform comparisons between the
groups, we utilized either the Student’s t-test or a one-way
analysis of variance. The value of p < 0.05 (2-sided) was used
to denote statistical significance.

3. Results

3.1. Validation of Data. After using PCA, it was determined
that the repeatability of the data in GSE103236, GSE13861,



Journal of Oncology

II‘I Illl-l.l -lll-lll L]

g s I'II ‘

.‘.ﬂg'l.w':l:. {
T R
| #,ﬂ.'uh!'n.’ii.'k

. iR
#
i" o

()

FiGure 2: Continued.

AAAAAAA

PEP

KLK6 2
F12A
CCCCC
EEEEE
NN
HO
CEACAM(
'k m
MMP
s
C . CXeu
\MMW
KRT6B
WISP3
RARRES!
10A1 -4

|.'r-. I"I-"'“"’“



Journal of Oncology

MAL
PRDM16
SST
SLC9AL
~
20
ADHFEL
NPASI ELL2
SOSTDC1 -
o |aE]|. ... Y . .. e Y T e A P
Ca KCNJ16 CLDNl
|
SOX21 TTYH3
: EEF1A2 ~ - LST]
15 4 PSCA | .| ALDH3A1 ) - .
o
* OLFML2B
— ®
= SCGB2A1 D
>
-ﬂi‘ ..................... ...............
S
=
2 MUC5AC
&
GKN1
ool K
PGC
5 e .
0 e
T T T T T
-6 -4 -2 0 2
LogFC
Sig
Down
® Not
® Up
(b)

FI1GURE 2: The identification of differentially expressed genes from the GEO database. (a) Heat map presenting DEGs from the merged
dataset consisted of GSE103236, GSE13861, and GSE55696. (b) Volcano map presenting DEGs from the merged dataset.

TaBLE 1: Gene sets enriched in GC.

GS follow link to MSigDB SIZE ES NES NOM p-val FDR g-val
BIOCARTA_GLYCOLYSIS_PATHWAY 3 0.35 0.58 0.9409 0.9409
GO_GLYCOLYTIC_PROCESS 106 0.57 1.91 0.0056 0.0056
HALLMARK_GLYCOLYSIS 200 0.42 1.36 0.1439 0.1439
KEGG_GLYCOLYSIS_GLUCONEOGENESIS 62 -0.41 -1.28 0.1821 0.1821
REACTOME_GLYCOLYSIS 72 0.68 1.97 0.0040 0.0040

and GSE55696 was adequate (Figure 1(a)). Both the dis-
tances between samples in the control group and the dis-
tances between samples in the GC group were quite close
in the first dimension of the PC analysis.

3.2. The Identification of Differentially Expressed Genes from
the GEO Database. In order to determine which genes are
associated with GC using the GEO database, we first com-
bined three datasets, namely, GSE103236, GSE13861, and



Enrichment score (ES)

Ranked list metric (signal 2 noise)

Enrichment score (ES)

Ranked list metric (signal 2 noise)

Enrichment plot: BIOCARTA_GLYCOLYSIS_PATHWAY

0.3 1
0.2 1
0.1 1
0.0 1 - P
-0.1 1
-0.2 1
-0.3 +

“T (Positively correlated)

1.0 4
0.5 -

Zero cross at 44831

0.0 {

-0.5 1

-1.0 N’ (Posili\:ely correlated)

0 10,000 20,000 30,000 40,000 50,000
Rank in ordered dataset

—— Enrichment profile
—— Hits
Ranking metric scores
(@
Enrichment plot: GO_GLYCOLYTIC_PROCESS

AL

T’ (Positively correlated
1.0 ( y )

0.5
Zero cross at 44831
0.0
-0.5
~1.0 | ‘N’ (Positively correlated)
0 10,000 20,000 30,000 40,000 50,000

Rank in ordered dataset
—— Enrichment profile

—— Hits
Ranking metric scores

(®)

FiGure 3: Continued.

Journal of Oncology



Journal of Oncology

Enrichment plot: HALLMARK_GLYCOLYSIS

0.4
@
=203
L
3
3 0.2
=
i
g 0.1
<
2
=
S 00
3 [ I
:ﬁ L0 “T’ (Positively correlated)
g
& 05
~ Zero cross at 44831
2 00
k3t
E -05
5 -1.0 | ; ; ‘N (Positi:/ely correlated) ! ;
% 0 10,000 20,000 30,000 40,000 50,000
<
~ Rank in ordered dataset

—— Enrichment profile
—— Hits
Ranking metric scores
(c)
Enrichment plot:
KEGG_GLYCOLYSIS_GLUCONEOGENESIS

—~ 0.0 1
w
=
o -0.1 1
5]
2
= -0.24
i
=)
f, -0.3 4
=)
=)
= 0.4

N TITWIRTE

“T” (Positively correlated)
1.0 A !

0.5 4
0.0 Zero cross at 44831
-0.5 1
~1.0 N’ (Positively correlated)
0 10,000 20,000 30,000 40,000 50,000

Ranked list metric (signal 2 noise)

Rank in ordered dataset
—— Enrichment profile

—— Hits
Ranking metric scores

(d)

FiGure 3: Continued.



Journal of Oncology

Enrichment plot: REACTOME_GLYCOLYSIS

Enrichment score (ES)

“T (Positively correlated)

0.5
0.0
-0.5
-1.0 4

Zero cross at 44831

N’ (Positively correlated)

0 10,000 20,000

Ranked list metric (signal 2 noise)

—— Enrichment profile
—— Hits
Ranking metric scores

30,000 40,000 50,000

Rank in ordered dataset

F1GURE 3: Initial screening of genes using gene set enrichment analysis.Enrichment plots of five gene sets that had significant differences

between normal tissues and GC tissues by performing GSEA.

GSE55696, in order to increase the total number of samples
to 139 tumor samples and 47 control samples. After that, the
pooled dataset was processed to remove 411 genes that had a
p-value of less than 0.05 and a logFC of either 1 or —1.
(Figure 2(a)). Overall, 253 DEGs saw upregulation, while 158
DEGs experienced downregulation (Figure 2(b); Suppl 1).

3.3. Initial Screening of Genes Using Gene Set Enrichment
Analysis. The TCGA provided us with information regard-
ing the levels of expression for 56,753 different mRNAs.
Downloading five different glycolysis-related gene sets from
MSigDB version 6.2 resulted in a total of 443 genes being
found (Suppl 2). With the help of the aforementioned data
and GSEA, we were able to establish which gene sets displayed
significant differences between GC tissues and the normal tis-
sues that surrounded them. With adjusted p values of 0.05, it
was shown that four gene sets were significantly enriched from
the following pathways: BIOCARTA GLYCOLYSIS PATH-
WAY, GO GLYCOLYTIC PROCESS, HALLMARK GLY-
COLYSIS, KEGG GLYCOLYSIS GLUCONEOGENESIS, and
REACTOME_GLYCOLYSIS (Table 1; Figure 3). For the sake
of this subsequent research, the 326 genes that belong to these
four gene sets were selected.

3.4. The Expression Level of Glycolysis-Related Genes in the
TCGA Database. Figure 4(a) depicts a heat map of gene
expression from the TCGA-STAD dataset. The TCGA data-

base was used to identify the expression levels of 326
glycolysis-related genes (Figure 4(b)).

3.5. The Identification of the Hub Gene Associated with
Glycolysis. The results of a Venn analysis showed that thir-
teen DEGs taken from the TCGA and GEO datasets were
linked to the process of glycolysis (Figure 5(a)). According to
the findings of our study, the expression of 13 genes in an inte-
grated dataset and TCGA dataset is shown in Figure 5(b).
HKDCI expression was shown to have significantly increased
expression levels in GC tumor tissues from two datasets. Fol-
lowing this, GC cell lines exhibited increased levels of HKDC1
mRNA expression (Figure 5(c)). In addition, HKDC1 expres-
sion in MKN-45 and AGS cells was higher than that in GES-1,
SGC-7901, and MGC-803 cells. Therefore, MKN-45 and AGS
cells were used to carry out the experiment of HKDCl
knockdown.

3.6. Downregulation of HKDCI Inhibits the Growth of
Gastric Cancer Cells. In order to investigate the role that
HKDCI1 plays in the progression of gastric cancer, AGS
and MKN-45 cells were transfected with two different
shRNAs directed against HKDCI. Validation of the effi-
ciency of transfection was achieved by the use of a quantita-
tive real-time polymerase chain reaction (QRT-PCR) assay.
As can be shown in Figure 6(a), each shRNA was successful
in suppressing the expression of HKDCI1 (Figure 6(b)).
Compared to the sh-NC group, the sh-HKDCI1#2 group
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GEO data TCGA data
CLDN3 2.472841538 ADHIA NA
Glygene ADH4 1.090017791 XYLT2 NA
HKDC1 2.161330984 CLDN3 1.344664141
TFF3 1.727609435 HKDC1 0.620627539
XYLT2 -1.003008985 TFF3 0.105920089
ENTPD5 -1.015153282 GCKR -0.393422669
o1 398 GCKR -1.055164896 ANG -0.65777008
ANG -1.289102425 ENTPD5 -0.988057178
ALDOC -1.369774366 ALDOC -1.11129069
B3GAT1 -1.568111844 B3GAT1 -1.58905384
GEOdiftgene ADHIA -1.621607418 ADH4 -2.047038821
FBP2 -1.972130857 ALDH3A1 -2.559788333
ALDH3A1 -2.566147276 FBP2 -2.642621687
(a) (®)
8 —

Relative HKDC1 mRNA level
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AGS —
SGC-7901 —
MGC-803

F1cure 5: The identification of the hub gene associated with glycolysis. (a) Venn diagram showing 13 DEGs found in both datasets. (b) The
expression of glycolysis-related genes in the merged dataset and TCGA database. (c) QRT-PCR analysis of HKDCI1 expression in GC cell

lines. Data are shown as mean + SD; *p < 0.05.

had lower amounts of mRNA in AGS and MKN-45 cells
(Figures 6(a) and 6(b)). Throughout the entirety of this trial,
sh-HKDC1#2 was utilized due to the higher knock effective-
ness it exhibited. The results of the CCK-8 experiment
showed that inhibiting HKDC1 resulted in a considerable
and prolonged slowdown in the development of AGS and
MKN-45 cells (Figures 6(c) and 6(d)). The expression of
proliferation-related proteins, such as Ki67 and PCNA, was
consistently decreased after HKDC1 was knocked down
(Figures 6(e) and 6(f)).

3.7. Downregulation of HKDCI Inhibits the Glycolysis of
Gastric Cancer Cells. The process of glycolysis has been
linked to the development of gastric cancer in several stud-
ies. As a consequence of our research, we looked into
whether or not HKDCI had any effect on the glycolysis pro-
cess in gastric cancer cells. The effects of HKDCI knock-
down may be seen in Figures 7(a)-7(f), where it can be

seen that glucose absorption, lactate production, and ATP
synthesis are all reduced. The electron carrier anion pair
(ECAR) and oxygen consumption rate (OCR), which both
measure the total flux of glycolysis and mitochondrial oxida-
tive respiration, were also indicators of glycolysis. The
results of HKDC1 knockdown are shown in (Figures 7(g)-
7(j)), which demonstrate a significant reduction in ECAR
and an increase in OCR in AGS and MKN-45 cells, respec-
tively. Our findings indicate that glycolytic activity is hin-
dered in gastric cancer cells when HKDCI1 expression is
reduced due to downregulation.

4. Discussion

More than one million people throughout the world are
given a diagnosis of gastric cancer each year, making it a
major public health concern [5]. In spite of the fact that both
the incidence rate and the mortality rate of gastric cancer
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Figure 6: Downregulation of HKDCI inhibits the growth of gastric cancer cells.(a and b) The qRT-PCR assay was used to evaluate the
mRNA level of HKDCI in AGS and MKN-45 cells. (c and d) CCK-8 assay was used to determine the cell viabilities of AGS and MKN-
45 cells. (e and f) The qRT-PCR assay was used to evaluate the mRNA level of Ki67 and PCNA in AGS and MKN-45 cells. Data are

shown as mean + SD; *p < 0.05.

have been steadily declining over the course of the past five
years, it continues to be the most common and deadly tumor
in the world [15]. As a consequence of this, it is of the
utmost importance to get a deeper comprehension of the
molecular processes that underlie the development of gastric
cancer, as well as to locate innovative clinical screening and
diagnostic targets.

The study of glycolysis using bioinformatics led to the
discovery of 13 genes related to the process. There was a dis-
cernible uptick in the levels of expression for CLDN3,

ADH4, HKDC1, and TFF3. The genes CLDN3 [16], ADH4
[17], and TFF3 [18] have all been implicated in the develop-
ment of gastric cancer. Next, HKDC1 expression was signif-
icantly increased in the GEO and TCGA databases. Our
investigation into the role of HKDCI in gastric cancer was
highly exciting because no one had ever reported on its sig-
nificance before.

In addition, the oncogenic effect of HKDC1 in hepato-
cellular [19] and colorectal cancers [20] served as a driving
force behind our decision to investigate the functional
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Figure 7: Downregulation of HKDCI inhibits the glycolysis of gastric cancer cells. (a and b) Glucose uptake of AGS and MKN-45 cells was
determined by a glucose uptake colorimetric assay kit. (c and d) ATP synthesis of AGS and MKN-45 cells was determined by ATP
colorimetric assay kit. (e and f) Lactate production of AGS and MKN-45 cells was determined by lactate assay kit II. (g and h) The
ECAR values of AGS and MKN-45 cells were measured using the Seahorse XF96 analyzer. (i and j) The OCR values of AGS and MKN-
45 cells were measured using the Seahorse XF96 analyzer. Data are shown as mean + SD; *p < 0.05.

importance of HKDCI in gastric cancer. During this exam-
ination, we found that the gene HKDCI was highly
expressed in the tissues and cell lines of GC, although its
expression was relatively low in the normal tissues that were
located in the vicinity. These preliminary data suggest that

the gene HKDCI1 plays an oncogenic role in gastric cancer.
Furthermore, due to its distinctive properties, HKDC1 is
ideally suited to serve as a therapeutic target for gastric can-
cer. It is generally accepted that metabolic reprogramming,
such as glycolysis in aerobic circumstances, is an indication
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of tumor growth in a wide variety of cancers. This is
because glycolysis is an aerobic process. The increased gly-
colysis that occurs in cancer cells leads to increased glu-
cose intake and lactate formation [7]. This alters the
metabolic requirements of the cancer cells, which in turn
leads to increased invasion and metastasis. According to
the findings of a recent analysis, HKDCI1 is responsible
for catalyzing glucose phosphorylation and the metabolism
of cellular energy, both of which are critical in the devel-
opment and spread of cancer [12]. According to the find-
ings of the current research, HKDCI1 is associated with
both the process of proliferation and glycolysis in gastric
cancer. As a result, HKDCI may serve as a potential
research target for the detection and treatment of gastric
cancer, an area that calls for additional investigation.

There is mounting evidence to support the hypothesis
that aerobic glycolysis plays a key part in the carcinogenic
process, most notably in the development of gastric cancer.
Glycolysis reprogramming is predominately glycolytic even
when there is a significant amount of oxygen present in can-
cer cells [21]. It has been proven that oncogenic drive is the
primary cause of the cleavage of aerobic glycolysis. This
increases cancer cell proliferation and survival by delivering
more intermediates for particular biosynthetic pathways and
adaptability to hypoxic settings [22, 23]. Cancer cells have a
distinctive metabolic phenotype that allows them to main-
tain the malignant biological processes for that they are
responsible. This phenotype includes increased glucose
uptake, lactate release, ATP production, and ECAR [4]. We
demonstrate in this study that removing HKDC1 has an
effect on the proliferation of cells in vitro. In addition, the
downregulation of HKDCI in gastric cancer cells resulted
in a significant reduction in glucose uptake, lactate produc-
tion, ATP synthesis, and ECAR, as well as an increase in
OCR and modest inhibition of glycolysis. The initial indica-
tion that HKDC1 is a tumorigenic gene in gastric cancer
comes from these studies.

5. Conclusion

Taken as a whole, the inhibition of cell proliferation and gly-
colysis brought about by the downregulation of HKDC1
provided a potential new avenue for the investigation of gas-
tric cancer as a research target.
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Among women, cervical cancer (CC) ranks as the third most frequent form of carcinoma and the fourth greatest cancer-related
cause of deaths. There is increasing evidence that points to the dysregulation of EPH receptor B6 (EPHB6) in various cancers. On
the other hand, neither the expression nor the function of EPHB6 in CC has been researched. In the first part of this investigation,
we analyzed the data from the TCGA and discovered that the level of EPHB6 was much lower in CC tissues than in normal cervical
tissues. ROC assays revealed that high EPHB6 expression had an AUC value of 0.835 for CC. The survival study revealed that both
the overall and disease-specific survivals in this condition were considerably lower among patients who had a low EPHB6 level
compared to those who had a high EPHB6 level. It is important to note that the multivariate COX regression analysis indicated
that the expression of EPHB6 was an independent predictive factor. In addition to this, the C-indexes and calibration plots of
a nomogram derived from multivariate assays revealed an accurate prediction performance among patients with CC. Immune
infiltration analysis indicated that the expression of EPHB6 was positively associated with the levels of Tcm, TReg, B cells, T cells,
iDC, T helper cells, cytotoxic cells, and DC, while negatively associated with NK CD56bright cells and neutrophils. In summary,
the downregulation of EPHB6 was strongly linked to a more aggressive clinical development of CC, suggesting its potential utility

as a diagnostic and therapeutic target in CC.

1. Introduction

Cervical cancer (CC) is one of the most common gyneco-
logical malignant tumors worldwide, which has become
a prominent public health issue [1]. It is observed that the
incidence of CC ranks second among gynecological ma-
lignant tumors, but its mortality rate ranks first among
female malignant tumors in the genital tract [2]. As a result,
CC has evolved into a condition that poses a risk to the
wellbeing of women [3]. The average age at which CC de-
velops is getting younger, which poses a significant risk to
women’s health and even life, particularly in less-developed
nations [4, 5]. Adenocarcinoma, squamous cell carcinoma,
and adenosquamous carcinoma are three subtypes of CC
that may be identified histologically, which are results of the

heterogeneity that characterizes CC [6, 7]. Chemotherapy,
radiation, and surgery are the primary treatment options
available to people who have colon cancer at the present time
[8]. However, the prognosis of patients continues to be
dismal as a result of the spread of metastases and the re-
sistance of the cancer to chemotherapy [9, 10]. Oncotherapy
is still faced with significant obstacles despite the progress
that has been made in the field of health care. These obstacles
include a delayed diagnosis, recurrence or metastasis, and
cancer-associated mutations [11, 12]. As a result, the in-
vestigation of sensitive biomarkers is of utmost importance.

In the human genome, the erythropoietin-producing
hepatocytes, Ephs, or receptors make up the biggest fam-
ily of tyrosine kinase receptors. EphA1-A10 and EphB1-B6
are the names of the two sets of members that make up the
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Eph receptor subfamily at this point [13]. There are a total of
16 members making up this subfamily. During embryonic
development, Eph receptors play a mediating role in the
processes of cell compartmentalization and directional cell
migration [14]. Ephs are thought to play crucial roles in the
invasiveness of cancers due to their ability to govern cell
adhesion and migration [15]. Despite the fact that the
functions of various EphB receptors in cancers appear to be
in conflict with one another, the Eph receptors have been
linked to a number of other malignancies. EPHB6 is con-
sidered to be a kinase-dead receptor tyrosine kinase due to
the fact that its kinase domain is catalytically inactive, which
exhibits many changes in amino acids that are normally
conserved [16]. The protein EPHB6 is deleted in more ag-
gressive breast cancers, melanomas, and neuroblastomas
[17-19]. It has been demonstrated in the past that the
epigenetic silencing of the EPHB6 gene caused by promoter
methylation is connected to the downregulation of the
EPHB6 gene. Additionally, reports on the predictive sig-
nificance of EPHB6 in tongue squamous cell carcinoma have
also been made [20]. However, very little information is
available for the expression and function of EPHB6 in CC.

Because it is intimately connected to the investigation of
tumor etiology and the responsiveness of immunotherapy,
the interaction between tumor microenvironment (TME)
and tumors has become an essential element of studies on
tumor biology in recent years [21]. The efficacy of immu-
notherapy in the treatment of several forms of cancer sheds
information on the critical function of TME [22]. However,
as CC is a heterogeneous illness, it poses a significant ob-
stacle to the development of customized treatments due to
the wide variety of phenotypes it exhibits and its poor
outlook. Through complex, two-way, and dynamical in-
teractions between tumors and the stroma, CC tumor cells
gain a heightened capacity to penetrate and spread into
surrounding tissues, according to a growing body of research
[23, 24]. In recent years, bioinformatics assays have played
a highly significant role in improving both our un-
derstanding of various diseases and our abilities to treat
them. One of these diseases is cancer. The expression level of
certain markers may be used as a reflection of the invasion of
particular cell types in tumor tissues by employing algo-
rithms such as ssGSEA [25, 26]. It is possible to assess the
significance of the correlations between the infiltration levels
of various cell types and the survival rates of patients by
analyzing the follow-up information of numerous cohorts in
their entirety. As a result, we wanted to investigate the
expression of EPHB6 in patients with CC and its predictive
relevance. In addition, we investigated whether or not there
was a connection between the expression of EPHBG6
and TME.

2. Materials and Methods

2.1. TCGA Data Acquisition. The TCGA database was
accessed to get the survival data of patients with CC, together
with the RNA transcriptome data presented in the format of
FPKM. The TCGA publishing standards were adhered to
throughout the entirety of the analysis process. A total of 306
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CC specimens and 3 nontumor specimens were enlisted for
later studies when duplicate samples from the same in-
dividuals were determined to be disregarded. The studies on
CC of the TCGA were consulted to get fundamental clinical
information pertaining to patients with CC. Following the
application of the aforementioned filters, a total of 306
individuals diagnosed with CC in the TCGA dataset were
included in this analysis.

2.2. Differential Expression of EPHB6 in CC Tissues in the
TCGA Database. In order to calculate the differential ex-
pression of EPHB6, boxplots and scatter plots were pro-
duced using the illness state as a variable. The disease state
was either tumorigenic or normal. How well EPHB6 per-
formed as a diagnostic tool was determined through the use
of receiver operating characteristic (ROC) curves. It was
determined that a statistical ranking of EPHB6 expression
that was either higher or lower than the median value was
designated as EPHB6-high or EPHB6-low, respectively.

2.3. Clinical Statistical Analysis on Prognosis, Model Con-
struction, and Evaluation. The Wilcoxon signed-rank sum
test and logistic regression were utilized to delve into the
nature of the connection existing between clinical pathologic
characteristics and EPHB6. Using Cox regression and the
Kaplan-Meier technique, patients with TCGA were ana-
lyzed to determine the clinicopathological features that were
linked with 10-year overall survival (OS) and disease-specific
survival (DSS). In order to evaluate the impact of EPHB6
expression on survivals in conjunction with other clinical
parameters, a multivariate Cox regression model was uti-
lized (stage, myometrial invasion, lymph node status, distant
metastasis status, histological grade, and subtype). The
median value of EPHB6 expression was used to establish the
value that served as the cut-off point. In every experiment,
a p value of less than 0.05 was deemed to indicate statistical
significance. Using the Kaplan—Meier technique and a two-
sided log-rank test, we were able to determine the difference
between the 10-year OS and DSS of groups with a high and
low level of EPHB6.

The independent prognostic indicators acquired from
a multivariate analysis were utilized to build nomograms,
through which the expected survival probability for one 1,
3, and 5 years was individualized. These nomograms were
established on the basis of Cox regression models. The
RMS software was decidedly used to create nomograms
containing important clinical features and calibration
plots. The calibration curves were visually evaluated by
mapping the nomogram-predicted probability against the
occurrences observed; the 45° line represented the best
predictive value among all the lines in the assessment. To
evaluate the accuracy of discrimination based on the
nomogram, a concordance index, abbreviated as C-index,
was utilized, whose value was determined using the
bootstrap method with a total of 1,000 resamples. The C-
index was utilized to make a comparison between the
prediction accuracy of the nomogram and that of indi-
vidual prognostic parameters. In this particular research
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endeavor, all statistical tests were conducted using two
different sets of data, and the threshold of statistical
significance was established as 0.05.

2.4. Immune Infiltration Analysis. We calculated the in-
filtration extent of 28 immune cell types using the single-
sample gene set enrichment analysis (ssGSEA) method in-
cluded in the GSVA R package [27]. Our calculations were
based on the expression levels of genes included in 28
published gene sets that were associated with immune cells.

2.5. Statistical Analysis. All statistical analyses were con-
ducted with R Studio (4.0.2, Boston, USA). All hypothetical
tests were two-sided, and a p value <0.05 was considered
significant.

3. Results

3.1. EPHB6 is Downregulated in Human CC Specimens.
In order to evaluate the relevance of the expression of
EPHB6 in CC, we began by examining its expression in
patients with CC based on TCGA datasets. This allowed us to
analyze both the expression of EPHB6 and its significance in
CC. The expression of EPHB6 was dramatically down-
regulated in CC tissues compared to normal cervical tissues,
as is illustrated in Figure 1. This difference was statistically
significant (p < 0.01).

3.2. The Diagnostic Significance of EPHB6 Expression in CC.
Previous research has demonstrated that a number of
functional genes have diagnostic significance for patients
with CC. After that, we carried out ROC tests, which
demonstrated that a high EPHB6 expression possessed an
AUC value of 0.835 for CC (Figure 2).

3.3. Association of EPHB6 with the Clinicopathological Pa-
rameters of CC. Further investigations into the relationships
between EPHB6 and the clinicopathological factors of CC
were carried out so that we could examine the clinical
significance of EPHB6 in CC. According to what is presented
in Table 1, our team did not identify a discernible distinction
between the expression of EPHB6 and a number of clinical
variables, including age and clinical stage.

3.4. Prognostic Values of EPHBG6 Expression in Patients with
CC. The Kaplan-Meier survival curves indicated that the
overall survival (Figure 3, p=0.001) and illness-specific
survival (Figure 4, p=0.008) of patients with a low
EPHB6 level were considerably lower than those of patients
with a high EPHB6 level. An investigation using univariate
Cox regression revealed that clinical stages and EPHB6
expression had a significant impact on both the overall
survival rate and the survival rate specific to the illness
(Tables 2 and 3). Additionally, a multivariate COX re-
gression analysis demonstrated that the expression of
EPHB6 was an independent predictive predictor for both
overall and disease-specific survivals (Tables 2 and 3).
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FIGURE 1: The expression of EPHB6 was analyzed based on TCGA
datasets for both CC and non-tumor samples.

1.0
0.8 -
5 06
Z
g AUC: 0.835
L
@ 04
0.2 -
0.0 -
T T T T T T
1.0 0.8 0.6 0.4 0.2 0.0
Specificity

F1GURE 2: Diagnostic utility of EPHB6 expression in screening CC
and non-tumor tissues, as is measured by receiver operating
characteristic curves.

3.5. The Construction and Validation of a Nomogram Based on
EPHB6. In order to give a quantitative method for pre-
dicting the outcome of patients with GC, a nomogram was
constructed using EPHB6 in conjunction with other
clinical risk indicators that are independent of one an-
other (Figure 5(a)). A point scale was utilized in the
construction of a nomogram based on a multivariate Cox
analysis. Each variable was given a certain number of
points depending on the scale. The total number of points
given to each variable was recalculated to fall within the
range of 1 to 100. The number of points earned across all
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TaBLE 1: Correlation of clinicopathological features of CC with the expression level of EPHB6.
Characteristic Low expression of EPHB6 expressi(l)_xlllg:f EPHEBG p
n 153 153
Age, n (%) 0.127
<50 101 (33%) 87 (28.4%)
>50 52 (17%) 66 (21.6%)
Clinical stage, n (%) 0.449
Stage 85 (28.4%) 77 (25.8%)
Stage II 29 (9.7%) 40 (13.4%)
Stage 111 25 (8.4%) 21 (7%)
Stage IV 12 (4%) 10 (3.3%)
Histologic grade, n (%) 1.000
G1 9 (3.3%) 10 (3.6%)
G2 67 (24.5%) 68 (24.8%)
G3 60 (21.9%) 59 (21.5%)
G4 0 (0%) 1 (0.4%)
Age, median (IQR) 45 (37, 55) 47 (40, 59) 0.071

Overall Survival
o
Ul
S
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Time (years)
High {153 82 41 24 19 14 10 3 2 0 0
Low {153 62 23 11 6 3 1 1 0 0 0
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F1GURE 3: Overall curves of two groups defined by a low and high
expression of EPHBG6 in patients with CC.

the factors was then used as the basis for the final score. A
vertical line was drawn immediately downwards from the
total point axis to the outcome axis, where the chance of
survivals was calculated for patients with CC 1, 3, and
5years after their diagnosis (Figure 5(a)). We also per-
formed an analysis on the ability of the nomogram to
accurately forecast the future, and the findings showed
that the C-index of the model was greater than 0.7, which
indicated that the ability of the nomogram to accurately
predict the future was only moderate. The bias-corrected
line in the calibration plot was utilized to be close to the
ideal curve, which was the line at 45°, showing that the
prediction and the observation were in close agreement
with one another (Figure 5(b)). These findings revealed
that the nomogram was a more accurate model than in-
dividual prognostic indicators for predicting the short- or
long-term survival of patients who had CC.
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FIGURE 4: Disease-specific survivals in the two groups defined by
a low and high expression of EPHB6 in patients with CC.

3.6. Comparison of Immune Infiltration. We carried out
ssGSEA tests so that we could investigate the relationship
between the level of EPHB6 and the immune microenvi-
ronment. The expression of EPHB6 was shown to be fa-
vorably linked with the levels of TCM, TReg, B cells, T cells,
iDC, T helper cells, cytotoxic cells, and DC, as is shown in
Figure 6. On the other hand, it was found to be negatively
associated with NK CD56bright cells and neutrophils. Based
on our findings, it seems likely that EPHB6 is involved in the
intricate workings of the immunological microenvironment.

4. Discussion

In recent years, the technology of microarrays has been used
in conjunction with integrated bioinformatic analyses to find
new genes associated with a variety of disorders [28, 29].
These genes have the potential to operate as biological
markers for diagnosis and prognosis. For instance, Yang
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TaBLE 2: Univariate and multivariate analyses on the overall survival based on the cox regression model.

Univariate analysis Multivariate analysis
Characteristics Total (N) Hazard Hazard
ratio (95% CI) p value ratio (95% CI) p value

Age 306

<50 188 Reference

>50 118 1.289 (0.810-2.050) 0.284
Clinical stage 299

Stage I and Stage II 231 Reference

Stage III and Stage IV 68 2.369 (1.457-3.854) <0.001 2.529 (1.551-4.123) <0.001
Histologic grade 274

Gl and G2 154 Reference

G3 and G4 120 0.866 (0.514-1.459) 0.589
EPHB6 306

Low 153 Reference

High 153 0.439 (0.272-0.709) <0.001 0.420 (0.259-0.680) <0.001

The bold values mean statistically significant.

TaBLE 3: Univariate and multivariate analyses on disease-specific survivals based on the cox regression model.

Univariate analysis Multivariate analysis
Characteristics Total (N) Hazard Hazard
ratio (95% CI) p value ratio (95% CI) p value

Age 302

<50 186 Reference

>50 116 1.295 (0.761-2.204) 0.340
Clinical stage 295

Stage I and Stage II 227 Reference

Stage III and Stage IV 68 2.675 (1.550-4.615) <0.001 2.800 (1.620-4.839) <0.001
Histologic grade 271

G1 and G2 152 Reference

G3 and G4 119 0.922 (0.514-1.654) 0.785
EPHB6 302

Low 149 Reference

High 153 0.473 (0.275-0.813) 0.007 0.454 (0.263-0.783) 0.005

The bold values mean statistically significant.
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et al. reported that the expression level of PAMRI in cervical
cancer tissues was lower than that in normal cervix tissues,
which was negatively associated with clinicopathologic
characteristics. This is the case for all cervical cancer tissues.
A positive prognosis was also predicted for individuals with
CC who had a high expression level of PAMRI. The results
of the CCKS, transwell, and wound-healing experiments
revealed that CC cells were allowed to proliferate, migrate,
and invade into surrounding tissues more easily through
inhibiting PAMRI [30]. He et al. showed that the expression
of MYO10 was shown to be higher in cancerous cervical
tissues and cells compared to normal controls. Furthermore,
studies on survivals revealed that patients with a high
MYO10 expression had a worse chance to survive the disease
overall. In addition, by rewiring the PI3K/Akt signaling
pathway of CC caused by the knockdown or overexpression
of MYO10, the capability of cervical cells in terms of pro-
liferation, invasion, and migration was dramatically hin-
dered or improved [31]. These findings showed that some
tumor-related genes might have the potential to be
employed as new biomarkers for the diagnosis and prognosis
of individuals suffering from CC.

In the past, a number of studies have revealed the
deregulation of EPHB6 in a variety of malignancies, in-
cluding breast cancers, colorectal cancers and pediatric T-
cell acute lymphoblastic leukemia, among others [32-34].
However, whether EPHB6 was operating in an aberrant
manner in CC has not been determined. After doing an

analysis of TCGA and GTEx data, the first thing that we did
in this study was to report that the expression of EPHB6
was significantly lower in CC specimens compared with
nontumor samples. According to our findings, EPHB6
might act as a positive regulator in the evolution of CC. The
findings of the ROC tests verified the diagnostic utility of
EPHB6 expression in screening CC specimens from non-
tumor ones, which highlighted its potential as a diagnostic
biomarker for CC. In addition, a survival study showed that
a decreased expression of EPHB6 was connected to a bad
outcome of individuals who had CC. It is important to note
that the multivariate Cox regression analysis indicated that
the expression of EPHB6 was an independent predictive
factor for both overall and illness-specific survivals. After
that, an exhaustive review was carried out on a nomogram,
in which EPHB6 was combined with other significant
clinical patterns (clinical stage and EPHBG6 specifically), so
as to produce a more accurate diagnosis. According to the
calibration plot, there was a satisfactory concordance be-
tween the observed values and those expected for 1, 3, and
5years of OS. Our approach was built on a complimentary
perspective for each different tumor, which supplied an
individualized score for each individual patient. As a con-
sequence of this, our nomogram has the potential to be-
come a very helpful new prognostic tool in the near future.

TME is a multilayered intricate system created when
cancer cells interact with the stromal and immune cells in
their surroundings [35], which are involved throughout the
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whole process, from the beginning of the tumor growth to its
response to treatment. Patients with colorectal cancers have
a highly-immunosuppressive TME, which is one of the
primary factors that contributes to their immunotherapy
resistance in CC [36, 37]. The accumulation of lactate as
a byproduct of aerobic glycolysis results in the formation of
an acidic environment that makes tumor penetration easier,
which plays a crucial role in the formation of an immu-
nosuppressive TME. The primary components of this im-
munosuppressive TME are known as tumor-associated
macrophages (TAMs), regulatory T cells (Tregs), and
myeloid-derived suppressor cells (MDSCs), respectively. It
has been shown that these cells can enhance systemic T cell
failure, which avoids immune detection and the spread of
CC. The results of an examination of immune infiltration
indicated that the expression of EPHB6 was favorably linked
with the level of TCM, TReg, B cells, T cells, iDC, T helper
cells, cytotoxic cells, and DC, but was negatively associated
with NK CD56bright cells and neutrophils. As a result, the
relationship that exists between EPHB6 and the immune
cells may be partially responsible for the anti-cancer impact
that it has.

Nonetheless, there are certain limitations. Because the
tests took place in different labs, first of all, there was a lack of
standardized treatments and a dearth of clinical data in
public databases. Secondly, research into the molecular
pathways through which EPHB6 might contribute to car-
cinogenesis was lacking. Future wet lab work is planned to
investigate the potential role of EPHB6 in CC signaling
pathways.

5. Conclusion

Together, our findings suggest that EPHB6 may improve our
ability to predict the outcomes of people with CC, encourage
the creation of cutting-edge immune-based treatments, and
maximize clinical effectiveness. Overall, the possible impact
and mechanism of EPHB6 in CC need more investigations.
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Background. LINCO01207 expression is associated with colorectal cancer progression. However, the exact role of LINC01207 in
colorectal cancer (CRC) is not clear, and further exploration is needed. Methods. Gene expression data of the GSE34053 database
were used to explore the differential expressed genes (DEGs) between colon cancer cells and normal cells. The gene expression
profiling interactive analysis (GEPIA) was used to determine the differential expression of LINC01207 between CRC and normal
tissues and the association between the expression of LINC01207 and survival in patients with CRC. The Kyoto Encyclopedia of
Genes and Genomes (KEGG) and Gene Ontology (GO) analysis were performed to obtain the biological processes and pathways
associated with DEGs and LINCO01207 coexpressed genes in CRC. The qRT-PCR was used to determine the LINC01207 level in
CRC cell lines and tissue samples. CCK-8 assay was employed to measure cell viability and Transwell assay to assess cell invasion
and migration. Results. In this study, a total of 954 DEGs were identified, including 282 upregulated and 672 downregulated genes.
LINCO01207 was significantly upregulated in CRC samples with a poor prognosis. LINC01207 was also associated with pathways
such as ECM-receptor interaction, O-glycan processing, and TNF signaling pathway in CRC. Knockdown of LINC01207 inhibited
the migration, invasion, and proliferation of CRC cells. Conclusion. LINC01207 might act as an oncogene and promote the
progression of CRC. Our study suggested that LINC01207 had the potential to be a novel biomarker for CRC detection and
a therapeutic target for CRC treatment.

1. Introduction

Colorectal cancer (CRC) is one of the most common malignant
tumors worldwide [1]. Approximately 900,000 people die from
CRC each year, and the incidence is higher in the more eco-
nomic regions [2]. In China, there are approximately 521,000
new cases and 248,000 deaths each year. The incidence rate ranks
third among malignant tumors, and the mortality rate ranks fifth
[3]. With the improvement of medical technology, some patients
can be cured by surgery, adjuvant radiotherapy, and chemo-
therapy [4]. The 5-year survival rate of early-stage patients is
about 80%-90%, but the survival rate is only 10% for advanced-
stage patients [5]. To improve the overall survival rate of patients,
early diagnosis and treatment are necessary.

As a special class of RNA molecule, long noncoding
RNA (IncRNA) does not encode proteins. The length of
IncRNA is more than 200 nucleotides [6]. Previous study
indicated that abnormal expression of IncRNA was asso-
ciated with human disease occurrence, including cancer,
cardiovascular diseases, and degenerative neurological dis-
eases [7]. It has been reported that the dysregulation of
IncRNA expression can regulate various types of cancer
progression, such as prostate cancer, bladder cancer, breast
cancer, lung cancer, gastric cancer, and colorectal cancer.
IncRNAs can lead to tumor metastasis, promote tumori-
genesis, and increase chromosomal instability [8]. Therefore,
it is necessary to further identify the function of IncRNAs
in CRC.
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Long noncoding RNA 1207 (LINC01207), located at 4q32,
contains three exons and two introns. LINC01207 regulates
gene transcription and protein translation [9]. LINC01207 is
positively regulated in lung cancer [10] and pancreatic cancer
[9], and its downregulation inhibits tumor growth and pro-
motes apoptosis. LINC01207 could predict poor prognosis and
inhibit cell metastasis by regulating the GSK-3 f3/f-catenin
signaling pathway in malignant glioma [11]. According to the
data in the TCGA database [12], LINCO01207 is associated with
the prognosis of patients with CRC, indicating that LINC01207
may be an independent biomarker for CRC. Nevertheless, the
present research on LINC01207’s role in CRC is still limited,
and the molecular mechanism remains unclear.

This study aimed to explore the biological effects and
mechanisms of LINC01207 on CRC cell growth and invasion
through bioinformatics and experimental analysis.
LINCO01207 expression was specifically increased in CRC
tissues and cell lines. This may suggest LINC01207 as a new
factor in CRC detection as a biomarker or therapeutic target.

2. Methods and Materials

2.1. Microarray Data. The GSE34053 mRNA expression data
were obtained from the Gene Expression Omnibus (GEO) [13]
database in the National Center of Biotechnology Information
(NCBI) (https://www.ncbi.nlm.nih.gov/geo). GPL570 [HG-
U133_Plus_2] Affymetrix Human Genome U133 Plus 2.0
Array was used in this study. Both the carcinoma cells and
carcinoma-associated fibroblasts (CAF) from the same patient
tumor were isolated and separately cultured. The CD133-
positive colorectal cancer cells were set as the experimental
group. CAF samples were used for the control group.

2.2. PPI Network Construction and Analysis. The Retrieval of
Interacting Genes (STRING; string-db.org) database was
used to perform the construction of the protein-protein
interaction (PPI) network between DEGs. The confidence
of threshold value for PPIs was set as (combined score) >0.7.

2.3. GEPIA Database. As a public online tool, gene ex-
pression profiling interactive analysis (GEPIA; https://gepia.
cancer-pku.cn/) provides customizable functionalities based
on data from The Cancer Genome Atlas (TCGA) and the
Genotype-Tissue Expression project (GTEx). In the present
study, through GEPIA, differential expression of LINC01207
graphically between colon cancer and normal tissues and the
association between the expression of LINC01207 and
survival in patients with CRC were determined.

2.4. GO and KEGG Pathway Enrichment Analyses. The
Kyoto Encyclopedia of Genes and Genomes (KEGG) and
Gene Ontology (GO) analyses both for DEGs and
LINCO01207 coexpressed genes were performed by The
Database for Annotation, Visualization, and Integrated
Discovery (DAVID, https://David.ncifcrf.gov/tools.jsp). The
number of enriched genes >2 and P < 0.05 were set as cut-off
criteria.

Journal of Oncology

2.5. Clinical Tissue Samples. A total of 30 pairs of tumor
tissue and adjacent normal tissue samples were collected
from the Longhua Hospital Affiliated to Shanghai Uni-
versity of Traditional Chinese Medicine and stored in
liquid nitrogen for subsequent experiments. This study
was approved by the Ethics Committee of Longhua
Hospital Affiliated to Shanghai University of Traditional
Chinese Medicine, and all patients signed the informed
consent.

2.6. Cell Lines and Cell Culture. The CRC cell lines (HRT-
18, HCT-15, SW480, HCT-116, and RKO) and colorectal
cell line FHC were obtained from the American Type
Culture Bank (ATCC, Manassas, USA). Cells were
maintained in RPMI-1640 (Gibco BRL, Karlsruhe,
Germany) containing 10% fetal bovine serum (Gibco
FBS, USA), 100 IU/mL penicillin, and 100ug/mL
streptomycin (Baishitong, Chongqing, China).

2.7. Cell Transfection Assay. The si-LINC01207 #1, si-
LINCO01207 #2, and negative control (NC) were syn-
thesized from GenePharma (Shanghai, China). Cells
seeded in 6-well plates. The transfection was performed
using Lipofectamine 2000 reagent (Invitrogen, USA)
according to the manufacturer’s instructions.

2.8. Cell Proliferation Assay (CCK-8). The cell proliferation
was assessed using a CCK-8 kit (Takara, Dalian, China).
After 24 hours of transfection, HCT-116 and RKO
(1x10° cells per well) cells were seeded into 96-well
plates. 10 ul of CCK-8 reagent was added to each well
at 0, 24, 48, and 72 hours, respectively. After incubation
at 37°C for 1.5 h, the OD value of each well at 450 nm was
measured with a microplate reader (BioRad, USA).

2.9. Quantitative Reverse Transcription-Polymerase Chain
Reaction (qRT-PCR). The total RNA from cells and tissues
was isolated by Trizol reagent (Invitrogen). The cDNA
was synthesized by a reverse transcription kit (Byotime,
China). The qRT-PCR was performed using the SYBR
Green Master Mix (Biosharp, China) on the ABI 7500
qPCR system (ABI, USA) with GAPDH as the internal
reference gene. The primer mix was ordered from Kumei
(Kumei, China). The reaction conditions were as follows:
predenaturation at 95°C for 3 minutes, denaturation at
95°C for 2 hours, annealing at 60°C for 20 seconds, and
extension at 72°C for 1 minute, a total of 40 steps. The
relative expression was determined by 27**“ method.

2.10. Migration and Invasion Assays. The cell migration and
invasion were determined by the Transwell method. Cells
were plated into a 24-well plate with a serum-free me-
dium at a density of 8 x 10* cells per well. Subsequently,
cells were washed and fixed in anhydrous methanol for
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FIGURE 1: Analysis of DEGs between patients with colon cancer and controls. (a) Volcano plots of the aberrantly expressed genes between
CD133-positive colorectal cancer cells and CAF according to GEO dataset GSE34053. Red dots represent upregulated genes defined as
1gFC>1.0 and P < 0.001. Green dots indicate downregulated genes based on IgFC<—1.0 and P < 0.001. Gray dots represent mRNA expression
with |IgFC|<1.0 and P >0.001. FC, fold change. (b) Protein-protein interaction network analysis of DEGs.

10 minutes and stained with DAPI for 10 minutes. Five
different fields were randomly selected for observation.

2.11. Statistical Analysis. The statistical analysis was per-
formed by using SPSS 18.0 software (SPSS Corporation,
Chicago, Illinois, USA). The differences between two groups
were determined by paired Student’s t-test, and one-way
analysis of variance (ANOVA) was used to determine dif-
ferences between multiple groups. P <0.05 indicated sta-
tistical significance.

3. Results

3.1. Analysis of DEGs. To determine the DEGs between colon
cancer cells and controls, the publicly available microarray
dataset GSE34053 was obtained from the GEO database and
the Limma package was analyzed. A total of 954 DEGs with
the threshold of P<0.001 and |Fold Change| >10 were
identified, including 282 upregulated and 672 down-
regulated DEGs (Figure 1(a)). LINC01207 was identified as
one of the upregulated genes. Subsequently, the PPI network
was generated by using the STRING database. As shown in
Figure 1(b), 271 nodes and 453 interaction pairs were de-
termined (Figure 1(b)).

3.2. Association between High Expression of LINC01207 and
Poor Prognosis. The molecular mechanism and prognostic
value of LINC01207 in CRC were further investigated. As
shown in Figure 2(a), LINCO0120 was significantly

upregulated in CRC tumor tissues (n=275) compared with
adjacent normal tissues (n=349) based on the publicly
available GEPIA dataset. To further evaluate the role of
LINCO01207 in prognosis, 270 patients with CRC from
GEPIA were analyzed. As shown in Figures 2(b) and 2(c),
both the overall survival and disease-free survival curve
revealed that high LINC01207 expression was associated
with an increased risk of mortality in patients with CRC
compared to those with low LINC01207 expression. These
results indicated that LINC01207 expression may serve as
a prognostic biomarker in CRC.

3.3. Biological Processes and Pathway Enrichment Analyses.
To evaluate the molecular mechanisms in CRC initiation and
progression, the GO and KEGG enrichment analyses for
DEGs and LINC01207 coexpressed genes were performed.
The results showed that the DEGs were significantly
abundant in 193 GO biological processes and 13 KEGG
pathways including epithelial cell development, ERBB sig-
naling pathway, epidermal growth factor receptor signaling
pathway, epithelial cell morphogenesis, ECM-receptor in-
teraction, Cell adhesion molecules (CAMs), Human papil-
lomavirus infection and Focal adhesion (Figures 3(a) and
3(b)). The coexpressed genes were abundant in 190 bi-
ological processes 26 KEGG pathways, such as O-glycan
processing, protein O-linked glycosylation and oligosac-
charide biosynthetic process, Mucin type O-glycan bio-
synthesis, Glycosphingolipid biosynthesis, GnRH signaling
pathway, Ether lipid metabolism and TNF signaling pathway
(Figures 4(a) and 4(b)).
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FIGURE 2: Association between high expression of LINC01207 and poor prognosis. (a) LINC01207 expression was significantly regulated
positively in 275 CRC tissues in comparison with 349 normal colon tissues according to the GEPIA dataset. P <0.05. (b) Association

between LINC01207 expression level and overall survival of patients

with CRC according to the GEPIA dataset. (c) Association between

LINC01207 expression level and disease-free survival of patients with CRC based on the GEPIA dataset.

3.4. The LINC01207 Level in CRC Samples and Cell Lines.
To explore the role of LINC01207 in CRC occurrence and
development, the LINCO01207 expression levels in CRC
samples and cell lines were determined. As shown in
Figure 5(a), the LINCO01207 level in tumor tissues (1 =30)
was significantly higher than that in normal samples
(n=30). Furthermore, LINC01207 levels in FHC, HRT-18,
HCT-15, SW480, RKO, and HCT-116 cells were de-
termined. The results indicated that LINC01207 was highly

expressed in CRC cell lines (Figure 5(b)). These results
suggested that LINC01207 may participate in CRC occur-
rence and development.

3.5. Silencing LINC01207 Inhibited CRC Cell Proliferation,
Migration, and Invasion. To further determine the bi-
ological function of LINC01207 in CRC, expression of
LINCO01207 was inhibited by si-LINC01207 #1 and si-
LINC01207 #2 in HCT-116 and RKO cells (Figure 5(c)).
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The CCK-8 analysis demonstrated that the knockdown of
LINCO01207 significantly inhibited cell proliferation of
RKO (Figure 5(d)) and HCT-116 cells (Figure 5(e)).
Additionally, Transwell migration and invasion assays
indicated that LINC01207 knockdown also inhibited
CRC cell migration and invasion (Figures 6(a)-6(d)).
These results demonstrated LINC01207 was critical for
CRC cell progression.

4. Discussion

CRC is a malignant tumor that occurs in the epithelium of
the large intestine, most commonly in elderly patients [14].
Therefore, the disease is difficult to diagnose but easy to
distant metastasis. The prognosis for patients with recurrent
or metastatic disease is not ideal. For advanced colorectal
cancer patients with liver or lung metastasis, the five-year
survival rate is only about 5%-10% [15]. Therefore, it is very
important to explore the molecular biological mechanism
of CRC.

Bioinformatics analysis can identify candidate genes and
help understand the genetic basis of diseases [16]. In the
present study, mRNA expression data of GSE34053 obtained

from GEO was analyzed by bioinformatics analysis. A total
of 954 DEGs were screened, including 282 upregulated and
672 downregulated genes. Additionally, the PPI network of
282 upregulated DEGs was constructed to determine the
close association of these genes in CRC. The LINC01207 was
obviously upregulated in CRC and closed related to prog-
nosis as determined by the online database GEPIA. The
patients with high LINCO01207 expression had shorter sur-
vival time. Therefore, LINC01207 has the potential to be
anovel and valuable treatment and prognosis target in CRC.

Furthermore, GO and KEGG enrichment analyses
both for DEGs and LINC01207 coexpressed genes were
performed to evaluate the molecular mechanisms in CRC
initiation and progression. The results revealed multiple
biological processes and pathways associated with DEGs
and LINCO01207 coexpressed genes in CRC, such as
epidermal growth factor receptor signaling pathway,
ECM-receptor interaction, O-glycan processing, and
TNF signaling pathway. These pathways were also re-
ported to be critical for various cancers. For example, the
ECM-receptor interaction signal pathway possibly par-
ticipates in breast cancer development through tran-
scriptome profiling [17]. O-glycan truncation in gastric
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cancer can enhance cancer-related functions of CD44
[18]. O-glycan-altered extracellular vesicles can act as
a specific serum marker in pancreatic cancer [19, 20].

LINCO01207 has been shown to be involved in various
signaling pathways to regulate cancer development. In this
study, the expression of LINC01207 in CRC clinical tissues
and cells was high. CCK-8 and Transwell assays confirmed
that LINC01207 could promote CRC cell proliferation,
migration, and invasion. In summary, this study improves
our understanding of the role of LINC01207 in CRC.

5. Conclusion

In conclusion, the bioinformatic analysis demonstrated that
IncRNA LINCO01207 may act as an oncogene that is highly
expressed in CRC samples and associated with pathways
such as ECM-receptor interaction, O-glycan processing,
TNF signaling pathway in tumor growth, and metastasis.
Moreover, our data demonstrated that LINC01207 can
promote CRC cell migration, proliferation, and invasion.
These findings suggested that LINC01207 had the potential
to be a novel biomarker and target for CRC diagnosis and
treatment.
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Hepatocellular carcinoma (HCC) is one of the most general malignant tumors. Ferroptosis, a type of necrotic cell death that is
oxidative and iron-dependent, has a strong correlation with the development of tumors and the progression of cancer. The present
study was designed to identify potential diagnostic Ferroptosis-related genes (FRGs) using machine learning. From GEO datasets,
two publicly available gene expression profiles (GSE65372 and GSE84402) from HCC and nontumor tissues were retrieved. The
GSE65372 database was used to screen for FRGs with differential expression between HCC cases and nontumor specimens.
Following this, a pathway enrichment analysis of FRGs was carried out. In order to locate potential biomarkers, an analysis using
the support vector machine recursive feature elimination (SVM-RFE) model and the LASSO regression model were carried out.
The levels of the novel biomarkers were validated further using data from the GSE84402 dataset and the TCGA datasets. In this
study, 40 of 237 FRGs exhibited a dysregulated level between HCC specimens and nontumor specimens from GSE65372,
including 27 increased and 13 decreased genes. The results of KEGG assays indicated that the 40 differential expressed FRGs were
mainly enriched in the longevity regulating pathway, AMPK signaling pathway, the mTOR signaling pathway, and hepatocellular
carcinoma. Subsequently, HSPB1, CDKN2A, LPIN1, MTDH, DCAF7, TRIM26, PIR, BCAT2, EZH2, and ADAMTS13 were
identified as potential diagnostic biomarkers. ROC assays confirmed the diagnostic value of the new model. The expression of
some FRGs among 11 FRGs was further confirmed by the GSE84402 dataset and TCGA datasets. Overall, our findings provided
anovel diagnostic model using FRGs. Prior to its application in a clinical context, there is a need for additional research to evaluate
the diagnostic value for HCC.

1. Introduction

According to the findings of the Global Cancer Statistics
2018, there were around 841,000 newly diagnosed cases of
liver cancer and 782,000 deaths caused by liver cancer
around the world, with China alone accounting for about
50% of the total number of cases and deaths [1-3]. It is
estimated that between 75 and 80 percent of all occurrences
of liver cancer are caused by hepatocellular carcinoma
(HCC), which is an aggressive kind of malignant tumor that
is typically discovered at a later stage when treatment is no

longer effective [4, 5]. Although there have been significant
progresses and advancements in the treatment of HCC in
recent years, in terms of surgical procedures, chemothera-
peutic medications, and targeted drugs, HCC continues to
have a very high incidence and mortality rate, which poses
a serious threat to human health [6, 7]. The most popular
blood biomarker for HCC, alpha-fetoprotein (AFP), dem-
onstrates subpar performance as a serological test in HCC
surveillance due to its low sensitivity being only 10%-20% in
early-stage HCC and its labile levels during hepatitis flares
[8, 9]. It is due to the fact that AFP levels fluctuate during
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hepatitis flares. Therefore, patients diagnosed with HCC at
an early stage who have a high chance of experiencing re-
currence need to be identified as quickly as possible so that
tailored therapeutic options can be optimized and patient
survival can be improved.

In recent years, the technology of microarrays has been
employed in conjunction with integrated bioinformatics
analysis in order to locate novel genes that have been linked
to a range of diseases [10, 11]. These genes have the potential
to function as diagnostic and prognostic biological markers.
For instance, Lan et al. reported that the expressions of
KIAA1429 were distinctly increased in HCC specimens. In
individuals with HCC, having a high expression of
KIAA1429 was related with having a bad prognosis. The
knockdown of KIAA1429 resulted in a reduction in cell
proliferation and metastasis both in vitro and in vivo. This
was accomplished through a post-transcriptional alteration
of GATA3 that was dependent on N6-methyladenosine [12].
Zhang et al. showed that DDX39 expression was positively
connected with advanced clinical stages, and survival assays
confirmed that patients with high-DDX39 levels exhibited
a poor outcome. DDX39 was increased in HCC tissues and
cells. According to the findings of a functional analysis,
increased levels of DDX39 in HCC cells facilitated motility,
migration, growth, and invasion via regulating the Wnt/-
catenin pathway [13]. In addition, several genes in the blood
of HCC patients were also reported to show important
diagnostic values, such as serum IL27, HMMR, NXPH4,
PITX1, and THBS4 [14, 15].

Ferroptosis is a sort of regulated cell death (RCD) that is
triggered by the accumulation of harmful lipid peroxidation
and is dependent on the presence of iron [16]. In recent
years, the induction of ferroptosis has emerged as a prom-
ising therapeutic alternative to suppress tumor proliferation
and growth, especially for advanced tumors that are resistant
to surgical treatment, radiotherapy, and chemotherapy
[17, 18]. It has been shown that ferroptosis plays an im-
portant role in the regulation of metabolism and redox
biology, which has implications for the development of
cancer and its treatment, including HCC [19-21]. Shan et al.
showed that UBA1 contributed to the progression of HCC
by elevating the activity of the Nrf2 signaling pathway and
lowering the concentration of ferric ions, which triggered
ferroptosis-inhibiting bioactivities [22]. In addition, several
studies have reported the prognostic value of many
ferroptosis-related genes (FRGs). However, the diagnostic
model based on ferroptosis-related genes has not been in-
vestigated. In this study, we aimed to develop a diagnostic
model based on ferroptosis-related genes using machine and
deep learning methods.

2. Materials and Methods

2.1. Microarray Data Source. The GEO database was
searched using the following keywords in order to retrieve
the mRNA expression datasets of HCC: “hepatocellular
carcinoma,” “homo sapiens” (porgn: txid9606),” and “ex-
pression profiling by array.” Following an in-depth analysis,
two GSE profiles (GSE65372 and GSE84402) were chosen,

Journal of Oncology

and their respective downloads were initiated. GSE65372
and GSE84402 were based on GPL14951 and GPL570, re-
spectively. The array data for GSE65372 were composed of
39 HCC specimens and 15 nontumor specimens, re-
spectively. For GSE84402, the array data also included 14
HCC specimens and 14 nontumor specimens. All data were
freely accessible, and the present study did not involve any
human or animal experimentation.

2.2. Differential Expression Analysis. We began by retrieving
the expression data of 237 FRGs from the GSE65372 da-
tabase. Within this dataset, only 237 FRGs were found to be
expressed. These data were then applied to normal samples
and HCC samples. Following that, the Student’s ¢-test was
carried out in R in order to identify the FRGs that exhibited
different levels of expression in the two distinct samples.
Genes that had a p value of less than 0.001 were determined
to be significant.

2.3. Pathway Analysis. The “clusterProfiler,” “enrichplot,”
and “ggplot2” programs were used to conduct GO and
KEGG pathway enrichment analyses in order to determine
the biological characteristics of differently expressed genes
(DEGs) linked to ferroptosis. These analyses were carried out
in order to identify the biological features of DEGs. En-
richment results with an FDR (false discovery rate) of <0.05
were recognized as significant functional categories.

2.4. Candidate Diagnostic Biomarker Screening. Two dif-
ferent machine learning methods were employed to make
predictions about the disease’s progression in order to find
meaningful prognostic variables. The least absolute
shrinkage and selection operator (LASSO) is an approach for
regression analysis that makes use of regularization in order
to increase the accuracy of prediction. In order to determine
the genes that are significantly connected with the differ-
entiation of HCC samples from normal samples, the LASSO
regression algorithm was implemented in R and carried out
with the “glmnet” package. Support vector machine (SVM)
is a popular type of supervised machine learning approach
that may be used for both classification and regression. As
a result, support vector machine recursive feature elimi-
nation (SVM-RFE) was utilized in order to choose the
pertinent characteristics in order to find the group of genes
that had the capacity to differentiate across groups the most
effectively.

2.5. Diagnostic Value of Feature Biomarkers in HCC. An
ROC curve was constructed by using the mRNA expression
data of 39 HCC samples and 15 nontumor samples. It was
done so that the predictive value of the selected biomarkers
could be evaluated. The value of the area under the ROC
curve was used to measure the diagnostic efficiency in
distinguishing HCC samples from nontumor specimens,
which was further confirmed using the GSE65372 dataset.
Assessing AUC, sensitivity, and specificity were all parts of
the process that were used to evaluate the diagnostic
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FIGURe 2: Functional analysis based on 44 differential expressed FRGs. (a and b) Significantly enriched GO terms of DEGs in HCC. (c)

Significant KEGG pathway terms of DEGs in HCC.

potential of the best gene biomarkers. In addition, the
predict function included within the “glm” package of the R
programming language was utilized to build a logistic re-
gression model that was based on 11 novel genes. Our model
was then used to make predictions regarding the sample
types found within the GSE65372 dataset. In a similar
manner, ROC curves were utilized in order to assess the
diagnostic capability of the logistic regression model. In
addition to this, the expressions of the essential genes were
verified even further using the GSE84402 and TCGA
datasets.

2.6. Statistical Analysis. All statistical analyses were con-
ducted using R (version 3.6.3). p <0.05 was considered as
statistically significant.

3. Results

3.1. Identification of Differential Expressed FRGs in the
GSE65372 Datasets. 40 of the 237 FRGs exhibited

a dysregulated level between HCC specimens and nontumor
specimens, including 27 increased and 13 decreased genes,
which were identified from the GSE65372 dataset. The
clustering heatmap displayed the expression pattern of FRGs
that were differentially expressed between the samples
(Figure 1(a)). Figure 1(b) illustrates the correlation between
these genes.

3.2. Functional Analyses for the Differential Expressed FRGs.
To explore the functional effects of differential expressed
FRGs, we performed GO and KEGG assays. As shown in
Figures 2(a) and 2(b), we found that the 40 differential
expressed FRGs were mainly associated with responses to
oxidative stress, cellular response to oxidative stress, regu-
lation of autophagy, cellular response to chemical stress,
mitochondrial outer membrane, organelle outer membrane,
outer membrane, TOR complex, transcription coregulator
activity, DNA-binding transcription factor bindin, and
antioxidant activity. The results of KEGG assays indicated
that the 40 differential expressed FRGs were mainly enriched
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in the longevity regulating pathway, AMPK signaling
pathway, the mTOR signaling pathway, and hepatocellular
carcinoma (Figure 2(c)).

3.3. Differential Expressed FRGs Were Identified as Diagnostic
Genes for HCC. Estimating the diagnostic capability of
differentially expressed FRGs was our goal in order to take
into account the differences that exist between patients with
HCC and healthy individuals. Subsequently, we carried out
two separate machine learning algorithms in the GSE65372
datasets for the identification of the distinct differentially
expressed FRGs in order to differentiate HCC from normal
specimens. These algorithms were used to identify the FRGs
that was significantly different between the two groups. In
order to choose HCC-related features, the LASSO logistic
regression algorithm was utilized, and the penalty parameter
tuning process was carried out using 10-foldcross-validation
(Figures 3(a) and 3(b)). After that, we sorted through the 17
differentially expressed FRGs using the SVM-RFE algorithm
in order to locate the best possible combination of feature
genes. In the end, seven genes were selected as the best
candidates for feature genes (Figures 3(c) and 3(d)). Fol-
lowing the intersection of the marker genes generated from
the LASSO and SVM-RFE models, 11 new markers (HSPBI,
CDKN2A, LPIN1, MTDH, DCAF7, TRIM26, PIR, BCAT2,
EZH2, and ADAMTS13) were identified for further in-
vestigation (Figure 3(e)).

3.4. The Identification of the Diagnostic Value of the New
Model for HCC. With the use of the glm R package, we
developed a logistic regression model. Subsequent ROC
curves demonstrated that the 11 marker gene-based logistic
regression model correctly differentiated normal samples
from HCC samples with an area under the curve (AUC)
value of 1.000. This model was based on the 11 marker genes
mentioned earlier (Figure 4(a)). In addition, ROC curves
were constructed for each of the 11 marker genes in order to
provide light on the ability of individual genes to differ-
entiate normal samples from those containing HCC. AUC
was higher than 0.7 for every gene, as shown in Figure 4(b).
Based on the information shown above, it appears that the
logistic regression model provides a higher level of accuracy
and specificity when compared to the individual marker
genes when it comes to discriminating HCC samples from
normal samples.

3.5. Expressions of Novel Diagnostic Genes in the GSE84402
and TCGA Datasets. In the final step of this process, we
checked the expression of marker genes using the GSE84402
dataset. We found that the GSE20680 dataset was consistent
with the patterns of expression for ADAMTS13, DCAF?7,
EZH2, HSPB1, and CDKN2A (Figure 5). Among them, the
expressions of DCAF7, EZH2, HSPB1, and CDKN2A in
HCC specimens were distinctly increased compared with
normal specimens, while the expressions of ADAMTS13
were distinctly decreased in HCC samples. In addition, in

TCGA datasets, we found that the expression of 10 genes
showed a dysregulated level in HCC (Figure 6).

4. Discussion

HCC is the most prevalent primary malignancy of the liver,
accounting for about 90% of all malignant cases. It is also the
most curable form of primary liver cancer [23, 24]. The fact
that the formation of HCC is a multistep process, as well as
a multigene alteration-induced malignancy with a high level
of heterogeneity, has been established via extensive research
and documentation [25, 26]. It has been determined that
hepatitis B, hepatitis C, alcoholism, steatohepatitis, and
obesity are all etiologic factors that contribute to the disease
[27, 28]. Recent studies at the molecular levels have indicated
that specific gene mutations play an important part in the
progression of HCC. By controlling iron metabolism, amino
acid and glutathione metabolism, and reactive oxygen
species (ROS) metabolism, ferroptosis has shown promising
results in inducing cancer cell death in recent years, espe-
cially in the elimination of aggressive malignancies that are
resistant to conventional therapies [29, 30]. Therefore, fer-
roptosis can be a potential and powerful target for cancer
therapy. However, the relationship between ferroptosis-
related genes and HCC progression is still vastly un-
known, making it a challenge to develop ferroptosis therapy
for HCC.

Thanks to the development of high-throughput tech-
nologies, gene microarray analysis has emerged as a pow-
erful tool for detecting DEGs and, by extension, putative
biomarkers in a wide range of disorders. Gene microarray
analysis has been used in a number of studies to discover
crucial genes in the etiology of HCC. There is hope that
integrated multiple gene microarray analysis will help find
more reliable gene biomarkers. Machine learning algorithms
have been shown to offer great potential for screening
sensitive diagnostic biomarkers in a variety of diseases, and
this research has only increased in the last few years [31, 32].
In this study, we screened differential expressed FRGs, and
40 of 237 FRGs exhibited a dysregulated level between HCC
specimens and nontumor samples, including 27 increased
and 13 decreased genes. By eliminating cells from the en-
vironment that lack vital nutrients, ferroptosis has been
shown to play a crucial role in suppressing carcinogenesis, as
demonstrated by recent scientific studies. Functional studies
of FRGs as tumor promoters or inhibitors have increased in
the field of HCC. The results of KEGG indicated that the 40
differential expressed FRGs were manly enriched in the
longevity regulating pathway, AMPK signaling pathway, the
mTOR signaling pathway, and hepatocellular carcinoma,
highlighting their roles in HCC progression. Our finding
suggested the 44 differential expressed FRGs may play an
important role in the progression of HCC.

Based on the 40 differential expressed FRGs, we carried
out LASSO and SVM and confirmed 11 novel marker genes
(HSPB1, CDKN2A, LPIN1, MTDH, DCAF7, TRIM26, PIR,
BCAT2, EZH2, and ADAMTS13). The AUC for all 11 genes



[=}
—
w
—
w
—
w
—
S
—
w

Coefficients
[38]
|

o -
w
—_
(=]
—_
w
353
(=]
[38)
v

0.95 n=17 (0.947)

0.90 —

10 x CV Accuracy

T T T
5 10 15

Number of Features

(c)

SVM

Journal of Oncology

13 14 14 14 15 15 15 15 14 13 13 11 9 3
1.4 - ; ;

m

1.0

Binomial Deviance

0.30

0.25

0.20 —

10 x CV Error

0.15 —

0.10 +

0.05

n=17 (0.0533)
T T T
5 10 15

Number of Features
(d)
LASSO

FIGURE 3: Screening processes of diagnostic biomarker candidates for HCC. (a and b) Tuning feature selection in the LASSO. (cand d) SVM-
RFE algorithm was applied to screen the 17 differential expressed FRGs. (e) Venn diagram demonstrating 11 critical genes(HSPBI,
CDKN2A, LPIN1, MTDH, DCAF7, TRIM26, PIR, BCAT2, EZH2, and ADAMTS13) shared by LASSO and SVM-RFE algorithms.

are more than 0.75, indicating that they can reliably and
accurately separate HCC specimens from nontumor spec-
imens. Among the 11 genes, some genes have been func-
tionally studied in HCC. For instance, He et al. reported that
the expressions of MTDH were found to be distinctly ele-
vated in HCC specimens. In HCC patients, the expressions

of MTDH were predictive of a short overall survival without
any heterogeneity. In addition, high-grade histological dif-
ferentiation, nonvascular invasion, and HCC metastases
were all found to be linked with MTDH expression. The
results of in vitro investigations showed that MTDH has the
ability to limit cell growth in all four HCC cell lines, in
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FI1GURE 4: The diagnostic value of new mode for HCC patients. (a) Logistic regression model to identify the AUC of all samples. (b) ROC
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FIGURE 6: The expressions of the diagnostic genes in TCGA dataset.

addition to activating caspase-3/7 activity and death [33].
Wang et al. showed that, when compared with normal liver
tissue, the level of TRIM26 expression was much lower in
HCC tissue; this was found to be associated with an ad-
vanced T stage and a bad prognosis. In vitro studies with
HCC cells showed that inhibiting TRIM26 led to increased
cancer cell proliferation and metastasis [34]. These findings
were consistent with our findings. Our ROC curves showed
that the logistic regression model based on these 11 marker
genes successfully distinguished between normal and HCC
samples (AUC=1.000) using the R package glm. Our
findings suggested the novel diagnostic model based on 11
marker genes had great clinical reference values. Finally, we
demonstrated the expression of 11 marker genes in other
GSE84402 and TCGA datasets. The expression of several
genes was on track. However, more samples were needed to
further confirm our findings.

Several limitations could also be found in our study.
First, the sample size was low; despite the fact that our
findings were constructed using and validated using two
separate datasets. Validation of this model in larger pro-
spective clinical studies is required in the future. Second, to
further understand the molecular functions of the 11 critical
genes, additional biological research is required.

5. Conclusion

We developed a novel diagnostic model based on 11 FRGs
for HCC. These efforts may also serve to further promote
patient compliance, assist healthcare providers in better

managing patients, and eventually improve their overall
health status and quality of life.
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Lung cancer accounts for the vast majority of cancer-related deaths worldwide, and aberrant miRNA expression is commonly
observed as the disease progresses. The current study aimed to determine the role of miR-4757-3p in the development of lung
cancer. The real-time PCR test was performed to determine the expression of miR-4757-3p in lung cancer cell lines. miR-4757-3p
was downregulated in A549 cells. CCK8 and transwell assays demonstrated that overexpression of miR-4757-3p significantly
reduced A549 cell invasion and migration. Bioinformatic analysis by the TargetScan database predicted the possible targets of
miR-4757-3p. A luciferase activity test was used to determine the direct relationship between miR-4757-3p, Wnt5a, and Wnt8b.
The overexpression of miR-4757-3p drastically inhibited the expression of Wnt5a and Wnt8b. Furthermore, we discovered that
silencing Wnt5a and Wnt8b significantly lowered f-catenin expression and hampered invasion and migration. Finally, miR-4757-
3p inhibited lung cancer cell migration and invasion by inhibiting the activation of the Wnt signaling pathway. Our study

provided evidence that miR-4757-3p could be developed as an indicator or an anticancer target in the clinical application.

1. Introduction

Over the past few decades, the incidence of lung cancer in
both men and women has shown a clear upward trend [1].
In 2020, lung cancer caused 1.8 million deaths worldwide.
Lung cancer remains the most common cancer and the
leading cause of cancer death in China. The overall 5year
survival rate of lung cancer is between 10% and 20% in
most countries [2]. The final stage of progression of lung
cancer is the unrestrained development and division of
abnormal cells [3]. The development of lung cancer is
attributable to a variety of factors, including genetic and
environmental factors [4]. Lung cancer treatment de-
pends on an in-depth understanding of the cause. The
exploration of possible targets to halt the growth and
progression of lung cancer aids in the development of lung
cancer treatment strategies.

MicroRNAs, also known as miRNAs, are small, noncoding
RNAs that are produced in the body and range in length from
21 to 25 nucleotides. miRNAs inhibit protein translation by
binding to mismatched sequences in the 3’ untranslated re-
gions of messenger RNAs [5]. After transcription occurs,
miRNAs regulate the amount of gene expression produced.
Inflammation, viral infection, cancer development, cell di-
vision, and apoptosis are all regulated by miRNAs [6]. The
abnormal expression of miRNAs in lung cancer may be closely
related to the development of cancer and play a role in the
pathogenesis of cancer. miRNAs are attractive therapeutic
targets, either as oncogenes or as repressors. Previous studies
have shown that miR-4757-3p is a target miRNA of Wnt5a or
Wnt8b in some tumors [7, 8]. The marker molecules of the
Wnht signaling pathway, Wnt5a, and Wnt8b are required for
progression of cancer [9]. In this study, we aimed to investigate
the function of miR-4757-3p in lung cancer.
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2. Materials and Methods

2.1. Cell Lines and Cell Transfection. The BEAS-2B and A549
cell lines were obtained from the Shanghai Institute of Cell
Biology, the China Academy of Sciences (Shanghai, China).
Cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM; Sigma, MO, USA) containing 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin solution
(Invitrogen, USA). The cells were maintained at 37°C in an
incubator. The Lipofectamine 3000 reagent (Invitrogen,
USA) was used for transfection with miR-4757-3p mimics
(5'-CAUGACGUCACAGAGGCUUCGC-3'),  inhibitors
(HSTUD1826, Sigma, USA), or miR-NC(5'-CAGUACUUU
UGUGUAGUACAA-3'). The media used to cultivate the
cells the day before transfection did not include any anti-
biotics. For siRNA transfection, the cells were transfected
with WNT5A-siRNA(5'-GTGGATCAGTTCGTGTGC
AAA-3’; Sigma, USA), Wnt8b-siRNA(5'-GCATGGCAG
CCTAAACTGCAC-3’; Sigma, USA) or a negative control by
using the Lipofectamine 3000 reagent (Invitrogen, USA).
After incubation for 48 hours, the cells were collected for
further analysis.

2.2. Cell Grouping and the CCK-8 Assay. Cell were divided
into the following groups: control group (cell transfection
with miR-4757-3p mimics/inhibitor NC), miR-4757-3p
mimic group (cell transfection with miR-4757-3p mimics),
miR-4757-3p inhibitor group (cell transfection with miR-
4757-3p inhibitors), siNC group (cell transfection with NC),
siWnt5a (cell transfection with Wnt5a-siRNA), siwnt8b
(cell transfection with Wnt8b-siRNA), miR-4757-3p
inhibitors + siNC (cell cotransfection with miR-4757-3p
inhibitors and NC), miR-4757-3p inhibitors + siWnt8b (cell
cotransfection with miR-4757-3p inhibitors and Wnt8b-
siRNA), and miR-4757-3p inhibitors + Rspol (cell trans-
fection with miR-4757-3p inhibitors, while cell incubation
with 0.1% Rspol). The cells were plated into a 96-well plate at
a density of 1 x 10° cells per well. The cells were permitted to
continue growing for additional 12, 24, or 48 hours. Sub-
sequently, 10 ul of CCK-8 solution was added into cells and
incubated for 2h. The ODy5, values were determined by
using an iMark microplate absorbance reader (BioRad
Laboratories, Inc., Hercules, CA, USA).

2.3. Transwell Assay. For the migration assay, cells in a se-
rum-free medium were seeded into each well in the upper
transwell chamber (Corning USA), and the complete me-
dium was added to the lower chamber. After incubation for
24, the cells that were collected using cotton swabs from
the upper surface of the membrane migrated to the bottom
surface of the membrane. The cells were fixed in 4% para-
formaldehyde and stained with 0.1% crystal violet solution.
The cells were observed under a microscope (Leica,
Germany).

The transwell invasion experiment was performed in the
same way as the migration assay, except that 100 mL of
Matrigel (BD, USA) diluted 1:8 in DMEM was added to
each well and incubated at 37°C for 6 hours.
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2.4. Real-time PCR. Total cellular RNA was extracted by
using the TRIzol reagent (Invitrogen, USA). Real-time PCR
was performed by utilizing an ABI 7500 fast real-time de-
tection system (Applied Biosystems, Foster City, CA, USA)
with SYBR Green I Master Mix (Molecular Probes, Invi-
trogen) according to the manufacturer’s instructions. The
relative fold changes were quantified using the delta-delta Ct
method with U6 or GAPDH as the endogenous control for
normalization. The primers used in real-time PCR are
summarized in Table 1.

2.5. Western Blot. The proteins in cells were isolated by using
the ProteoPrep® total extraction sample kit (Sigma, USA).
After centrifuging the cells at a speed of 12,000 g for ten
minutes at 4°C, the supernatant was subjected to SDS gel
electrophoresis. The proteins were transferred to poly-
vinylidene fluoride membranes (Millipore, Shanghai, China)
and blocked for 1h at room temperature. The membranes
were incubated with antibodies against Wnt5a (#2392, CST,
USA), Wnt8b (bs-6245R, Invitrogen, USA), and GAPDH
(AG109, Beyotime, China). Subsequently, the membranes
were incubated with an anti-mouse IgG HRP-linked anti-
body (#7076, CST, USA), and the bands were developed by
using the ECL detection reagent (Sigma, USA).

2.6. Statistical Analysis. Statistical analysis was performed by
using SPSS 22.0 software (IBM SPSS Statistics, USA). The
data were presented as a mean + standard deviation (SD).
The differences were determined by Student’s t-test or one-
way ANOVA analysis. P <0.05 was considered statistically
significant.

3. Results

3.1. miR-4757-3p Regulated the Migration and Invasion in
a549 Cells. The real-time PCR results indicated that miR-
4757-3p was downregulated in lung cancer cells
(Figure 1(a)). The miR-4757-3p inhibitor and mimic sig-
nificantly decreased and increased miR-4757-3p levels in
A549 cells, respectively (Figure 1(b)). The results of the
CCK-8 assay showed that the ability of A549 cells was
enhanced after transfection with the miR-4757-3p inhibitor
and inhibited after transfection with the miR-4757-3p mimic
(Figure 1(c)). Invasion and migration of cells were further
determined by the transwell assay. The cell migration and
invasion abilities of the miR-4757-3p mimic group were
significantly lower than those of the control group, and the
cell migration and invasion abilities of the miR-4757-3p
inhibitor group were significantly higher than those of the
control group (Figure 1(e)). Meanwhile, downregulation of
miR-4757-3p increased the expression of Ki67, MMP2,
MMPY, and N-cadherin and decreased the expression of E-
cadherin (Figures 2(a)-2(e)).

3.2. miR-4757-3p Regulated Wnt5a and Wnt8b Expressions
and the Activation of the Wnt Signaling Pathway. Based on
the results of the miRNA target gene prediction database



Journal of Oncology

TaBLE 1: Primer sequences used in this study.

Gene Forward primer sequence Reverse primer sequence
miR-4757-3p AUAGGCCGCUAACGGGC CCATGACTTGGGGTTACTTAGG
U6 CTGGCCAAAAAGCTTGAAATGGAT TCGTCCCTAACGCTAGGTCCCT
Ki67 GTGTTAGAGACAAGCGGGGA TGAAAAGTCGAAGGCGTAGC
MMP2 CAACATACTTTGCATCCTGCAT AGAGCAGGCAAGCTGGATCTGTG
MMP9 GGCCTTTGGGATCCAGAACGAG TGTATCCCTGTACACTCTCCAC
E-cadherin CCACGGCCGACAAATCATCAGCC GAGCTTCATTGGGTCTCCCTGT
N-cadherin GTTGCCTATCTCAAATCAAGCCG TGACGGACTGTCTTGTTTTCACCT
GAPDH CCCAGGGAGCATTTCGACTGAT TCACTCGCTCCACAACCCTGT

(TargetScan, https://www.targetscan.org/vert_72/), Wnt5a
and Wnt8b were identified as target genes of miR-4757-3p
(Figures 3(a) and 3(b)). The luciferase reporter assay was
employed to validate the above results. The expression of
Wnt5a and Wnt8b was significantly decreased in the miR-
4757-3p group (Figure 3(c)). Subsequently, the real-time
PCR results showed that the expressions of Wnt5a and
Wnt8b in the miR-4757-3p mimic group were significantly
lower than those in the control group (Figure 3(d)). In
contrast, the expression of Wnt5a and Wnt8b in the miR-
4757-3p inhibitor group was significantly higher than those
in the control group (Figure 3(e)). In addition, compared
with the control group, the expression of S-catenin was
significantly decreased in the miR-4757-3p mimic group,
while it was increased in the miR-4757-3p inhibitor group
(Figure 3(f)).

3.3. Knockdown of Wnt5a or Wnt8b Regulated the Migration
and Invasion in A459 Cells and Mediated the Activation of the
Whnt Signaling Pathway. Initially, the expressions of Wnt5a
and Wnt8b in the BEAS-2B and A549 cells were compared.
As shown in Figures 4(a) and 4(b), both Wnt5a and Wnt8b
were highly expressed in A549 cells. The knockdown of two
genes by RNA interference on A459 cells was validated by
real-time PCR and Western blot. After transfection of
Wnt5a-siRNA or Wnt8b-siRNA, the expression of both
Wnt5a and Wnt8b in cells was significantly reduced
(Figure 4(c)). Furthermore, siWnt5a and siWnt8b signifi-
cantly reduced cell viability (Figure 4(d)). In addition,
knockdown of Wnt5a or Wnt8b was able to inhibit cell
migration and invasion (Figure 4(e)) and suppress expres-
sion of f-catenin (Figure 4(f)).

3.4. miR-4757-3p Promoted Cell Migration and Invasion by
Targeting Wnt5a and Wnt8b in A549 Cells to Activate the Wnt
Signaling Pathway. As shown in Figure 5, compared with the
inhibitor group, cell survival and invasion abilities were im-
proved after cotransfection with the miR-4757-3p inhibitor.
The cell viability and invasive capacity of the miR-4757-3p
inhibitor group were reduced after cotransfection with Wnt8b-
siRNA/or Wnt5a-siRNA (Figures 5(a) and 5(b)). Compared
with the miR-4757-3p inhibitor group, cell viability and in-
vasive ability were inhibited. Furthermore, Wnt5a-siRNA,
Wnt8b-siRNA, or Rspol treatment inhibited the expression of
Ki67, MMP-2, MMP-9, and N-cadherin, while they increased
E-cadherin expression (Figures 5(c)-5(g)).

4. Discussion

Abnormally high proliferation rates, lack of differentiation,
and apoptosis are hallmarks of malignancies such as lung
cancer, one of the most common types of cancerous tumors
[10]. Aberrant expression of miRNAs has the potential to tip
the balance in an organism toward the development of
cancer [5]. miRNAs can promote the production of onco-
genes and reduce the expression of anticancer genes. The
expression of target genes has been regulated by miRNA
regulatory networks during carcinogenesis and tumor de-
velopment [11]. No studies indicated that miR-4757-3p was
related to cancer, but it was found to be associated with type
1 diabetes. We first examined the expression level of miR-
4757-3p, and the results showed that its expression level was
relatively low in lung cancer cell lines. Transfection of A549
cells with miR-4757-3p mimics or inhibitors indicated that
increasing the levels of miR-4757-3p greatly reduced the
ability of cells to migrate and invade. On the other hand, the
expression of miR-4757-3p was decreased, resulting in easier
migration and invasion of cells. miR-4757-3p may play a role
in cell motility and invasion.

To predict the genes targeted by miR-4757-3p, bio-
informatic analysis was carried out. The TargetScan database
predicted that Wnt5a and Wnt8b genes could bind to miR-
4757-3p. The results of the luciferase reporter experiments
confirmed their binding. Wnt5a and Wnt8b have been
shown to promote cancer progression [12, 13]. Wnt5a and
Wnt8b maintain the viability of cancer cells by accelerating
the cell cycle, promoting cell proliferation, promoting cell
differentiation and senescence, and preventing apoptosis
within cells. Wnt5a and Wnt8b are involved in the process of
repairing damaged DNA [14]. The Wnt/catenin signaling
pathway is often referred to as the canonical Wnt pathway.
The Wnt signaling pathway is activated by overexpression of
Wnt5a and Wnt8b. It is possible that the Wnt/catenin
signaling pathway is persistently activated in an aberrant
manner, leading to excessive cell proliferation and trans-
formation into a malignant state [15, 16]. In some cases, this
can ultimately result in the development of cancer. A steady
low level of catenin is kept in the cells of a healthy organism,
and any excess catenin is eliminated by a complex that is
made up of proteins, namely, Axin, APC, GSK3, and CKI.
Within the degradation complex, the proteins (APC and
Axin) serve the function of scaffold proteins, while phos-
phorylated serine/threonine kinases, GSK3 and CK1, have
the ability to phosphorylate catenin [17]. The creation of
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FIGURE 1: miR-4757-3p regulated the migration and invasion in A549 cells. (a) Real-time PCR analysis of miR-4757-3p expression in A549
cells. (b) Real-time PCR analysis of miR-4757-3p expression in A549 cell transfection with inhibitors or mimics. (¢) CCK8 analysis of cell
viability in A549 cell transfection with inhibitors or mimics. (d, e) Transwell analysis of cell invasion and migration in A549 cell transfection
with inhibitors or mimics. **P < 0.01.
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Figure 3: Continued.
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FIGURE 3: miR-4757-3p regulated Wnt5a and Wnt8b expressions and activated the Wnt signaling pathway. (a) Predicting binding sequences
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a complex that includes seven FZD transmembrane protein
receptors is the consequence of a connection between factor
extracellular Wnt protein and low-density lipoprotein
receptor-associated proteins (LRP-5 and LRP-6). It is pos-
sible for a Wnt-FZD-LRP5/6 complex to form, and this can
lead to the phosphorylation of LRP-6, localization of Axin to
the cell membrane, dissociation of GSK3 from Axin and
APC, inhibition of catenin degradation, accumulation of
catenin, and infiltration of catenin into the cytoplasm and
the nucleus of the cell [18-20]. Target genes that are asso-
ciated with proliferation, invasion, and migration are acti-
vated as a result of this continuing connection between
nuclear catenin and T lymphocytes/limb-like enhancer and
other transcriptional activators [21], leading to abnormally
high rates of cell proliferation and metastasis, which, in turn,
cause tumors to develop and progress further [22-24]. It was
discovered that inhibitors of miR-4757-3p led to a consid-
erable increase in the expression of Wnt5a and Wnt8b. These
findings provided evidence that an elevated level of

expression of miR-4757-3p can suppress Wnt signaling.
In addition, we found that inhibiting Wnt5a and/or
Wnt8b activity reduced the amount of cell invasion and
migration. A459 cells transfected with miR-4757-3p in-
hibitors exhibited higher cell migration and invasion in
comparison to the control group. However, this effect was
reversed when WNTS8B expression was reduced by
Wnt8b-siRNA/BML-286. Next, the results showed that
Wnt8b expression was reduced by Wnt8b-siRNA/Rspol.
Because of targeting Wnt5a and Wnt8b, miR-4757-3p can
regulate cell migration and invasion in addition to af-
fecting cell survival.

In conclusion, miR-4757-3p was able to limit the mi-
gration and invasion of cells. In addition, the Wnt5a/or
Wnt8b interference phenotype was very comparable to the
miR-4757-3p phenotype, which was observed in A549 cells.
Inhibition of Wnt signaling pathway activation enables miR-
4757-3p to regulate Wnt5a and Wnt8b genes to stimulate
cell invasion and migration in lung cancer.
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FIGURE 5: miR-4757-3p promoted cell migration and invasion by targeting Wnt5a and Wnt8b in A549 cells to activate the Wnt signaling
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Aminopeptidase-like 1 (NPEPL1) is a member of the aminopeptidase group that plays a role in the development and progression
of various diseases. Expression of NPEPL1 has been reported to be involved in prostate, breast, and colorectal cancers. However,
the role and mechanism of NPEPL1 in clear cell renal cell carcinoma (ccRCC) are unclear. The Cancer Genome Atlas (TCGA) and
Human Protein Atlas (HPA) databases were used to predict the relationship between clinicopathological features and NPEPL1
expression. Changes in immune status and drug sensitivity with NPEPL1 expression were analyzed by the “CIBERSORT” function
in R software. The results found that NPEPL1 expression was upregulated in ccRCC tissues, with expression progressively
increasing with ccRCC stage and grade. Patients with high NPEPLI expression presented with a poor prognosis across different
clinicopathological features. Univariate and multivariate Cox regression analyses indicated that aberrant NPEPLI expression was
an independent risk factor for ccRCC. The nomogram showed that NPEPL1 expression improved the accuracy of predicting the
prognosis of ccRCC patients. The Gene Ontology (GO) term enrichment analysis and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis revealed that NPEPL1 may be involved in the development of ccRCC through the voltage-
gated calcium channel complex, channel activity, cAMP signaling pathway, and oxytocin signaling pathway. The coexpression
analysis found that NPEPLLI altered tumor characteristics by interacting with related genes. The “CIBERSORT” analysis showed
that elevated NPEPL1 expression was followed by an enrichment of regulatory T cells and follicular helper T cells in the mi-
croenvironment. The drug sensitivity analysis found patients with high NPEPL1 expression had a higher benefit from axitinib,
cisplatin, and GSK429286A. In conclusion, upregulation of NPEPLI1 expression was involved in ccRCC prognosis and treatment.
NPEPLI could be used as a therapeutic target to guide clinical dosing.

1. Introduction

Renal cell carcinoma (RCC) is one of the most common
malignancies among urological carcinomas, representing
80% of renal malignancies [1]. The main pathological types
include clear cell RCC (ccRCC), collecting duct RCC,
chromophobe RCC, and papillary RCC [2, 3]. ccRCC, as the
most common subtype, accounts for approximately 70% of all
RCC [4]. Patients are generally found by examination and
diagnosed at an advanced stage, with a 5-year survival rate of

about 11.7% due to a lack of specific inspection methods [5].
Patients treated with conventional chemoradiotherapy always
had poor outcomes. For targeted therapy, some patients may
have drug resistance, resulting in poor long-term prognosis,
which poses a new challenge for the treatment of renal cancer
[6]. With the development of tumor therapy, immune
therapy, including immune checkpoint inhibitors (ICIs), has
been the most promising choice for ccRCC. The therapeutic
mechanism of ICIs is briefly considered to be blocking the
abnormal pathways that maintain immune self-tolerance to
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prevent immune escape. Since antibody-mediated pro-
grammed cell death protein 1 (PD-1) blockade was approved
by the American Food and Drug Administration (FDA), ICIs
have emerged as the new first- and second-line standard of
care for patients with intermediate to advanced disease as
monotherapy or combination therapy [7, 8]. Despite these
therapies being widely used in clinical practice, most RCC
patients do not derive lasting benefit from ICI treatment.
Thus, understanding the pathogenesis associated with pro-
gression and finding new therapeutic markers are important
for predicting outcomes and prognosis.

Exogenous amino acids are essential for the survival of
tumor cells. The stable state of amino acids and proteins
essential for cells depends on the catalytic cleavage of amino
acids at the amino terminus of proteins by aminopeptidases
[9]. Clinical studies have also shown that cancer patients
with high aminopeptidase expression tend to have a poor
prognosis [10, 11]. Proliferating active tumor cells may be
inhibited by low expression of aminopeptidase. This pro-
vides the rationale that aminopeptidase can be used as a new
therapeutic approach [12, 13].

Aminopeptidase-like 1 (NPEPL1), a member of the
aminopeptidase family, has functions such as manganese ion
binding and metalloexopeptidase activity. It plays a role in
proteolysis and also takes part in the development and
progression of various diseases. NPEPL1 has been reported as
one of the prognostic markers of destructive resistance
prostate cancer and appeared to be useful in predicting the
recurrence-free survival of patients [14]. It can bind directly to
miR-19a and take part in the development and progression of
breast and colorectal cancers [15-17]. Abnormalities in
NPEPL1 may also be closely associated with the development
of Alzheimer’s disease [18]. Moreover, elevated expression of
NPEPL1 and adjacent STX16 could promote the probability
of gastrointestinal tumorigenesis [19]. Long-range deletion
spanning NPEPL1 and adjacent STX16 is related to rare
pseudohypoparathyroidism [20]. However, the relation be-
tween NPEPL1 and ccRCC in terms of prognosis and
treatments has not yet been completely elucidated.

In this study, we assessed the relationship between
NPEPLLI expression and the clinical characteristics of ccRCC
patients using the TCGA and Human Protein Atlas (HPA)
databases. We found that high expression of NPEPL1
suggested a poor prognosis for patients. The “CIBERSORT”
analysis was then used to validate the correlation between
NPEPL1 expression and immune status. We found that
NPEPLI might affect a variety of immune cells. Finally, we
also predicted drug sensitivity in patients with high NPEPL1
expression, who were especially sensitive to cisplatin, axi-
tinib, and GSK429286A. Therefore, upregulation of NPEPL1
expression was involved in ccRCC prognosis and treatment
and guided the application of therapeutic drugs.

2. Method

2.1. The Expression of NPEPLI in TCGA and HPA Databases.
This study was conducted according to the method of Dr.
Zhou et al. [21]. The TCGA database was used to collect
clinical data (containing 539 KIRC cases), including gender,
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age, grade, TNM stage, pathological stage, survival status,
and survival time. Protein expression of NPEPLI in renal
tissue and KIRC was obtained from the HPA database.

2.2. Survival Analysis. The R package “survival” was used to
analyze survival data. Patients were graded into high and low
expression groups according to the median value set for
NPEPLLI expression in the tumor. The relationship between
NPEPLI expression and clinical outcomes was detected.

2.3. Univariate and Multivariate Logistic Regression Analyses.
The association between NPEPLI expression and clinico-
pathological characteristics and overall survival (OS) can be
assessed using univariate Cox regression. Multivariate Cox
regression clarified the importance of NPEPL1 in the sur-
vival of ccRCC patients. When the P value was less than 0.05,
we considered that the factor showed significance in the OS
of the patients.

2.4. Evaluation and Construction of Prognostic Nomogram.
We drew a prognostic nomogram to visually show the
prognostic predictors of ccRCC patients (age, T, N, M,
histological grade, and NPEPL1 expression level) on OS. The
reliability and accuracy of the nomogram were evaluated by
the calibration curve.

2.5. Analysis of Differentially Expressed Genes and Their
Functions. Differential expression genes (DEGs) were ana-
lyzed by the R package “limma” between high and low NPEPL1
expression. The false discovery rate (FDR) was performed to
correct P value for multiple test correction. When |log2FC|
value was set at more than 1 and FDR less than 0.05, DEGs
were selected and included in the Gene Ontology (GO) term
enrichment analysis and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis.

2.6. Immune Landscape Assessment. To describe the link
between the immune microenvironment and NPEPL1 ex-
pression, “CIBERSORT” analysis was used to collect data on
immune cell infiltration in ccRCC patients and was evalu-
ated by R software. “Spearman” analysis was used to clarify
the correlation between NPEPL1 and the immune micro-
environment in tumor development. Comparison of dif-
ferentially expressed immune checkpoints between NPEPL1
high and low expressing groups was performed to clarify
immune mechanisms by which NPEPL1 mediates tumori-
genesis development.

2.7. Sensitivity to Drugs of NPEPLI. The R package
“pRRophetic” was employed to identify the half-maximal
inhibitory concentrations (ICs4s) of commonly used drugs,
including cisplatin, axitinib, ICIs, and others, in order to
estimate the sensitivity of high and low NPEPL1 expression
to different drugs. The difference in ICs, values between
high- and low-expression groups was estimated by the
Wilcoxon signed rank test.
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2.8. Statistics Analysis. All statistical analyses were calculated
using R software (version 4.0.2). The Kaplan—Meier analysis
was used to assess the impact of NPEPL1 on patients’
survival. Univariate Cox regression was performed to
evaluate the relationship between clinicopathological char-
acteristics and OS, and multivariate Cox regression was used
to clarify that NPEPL1 was an important factor for patients’
survival. The Wilcoxon rank-sum test was used to evaluate
the relation between NPEPL1 and molecular functions. The
results were deemed statistically significant when the P value
was less than 0.05.

3. Result

3.1. NPEPLI Expression in Pan-Cancer Analysis. NPEPL1
expression was detected in 32 cancers, as shown in Figure 1.
Compared to normal tissues, NPEPLI expression was higher
in 13 types of cancer, including KIRC, and lower in thyroid
carcinoma and kidney chromophobe. The data suggested
that NPEPL1 was differentially expressed in different tissues
and in different types of cancer in the same tissue.

3.2. The Expression Characteristics of NPEPL1 in KIRC.
The patients were divided into various groups according to
their clinicopathological features, including age (less than
65 years old and more than 65 years old), gender (male and
female), grade (grade 1, grade 2, grade 3, and grade 4), stage
(stage I, stage II, stage III, and stage IV), and TNM stages
(T1, T2, T3, T4, NO, N1, MO, and M1). The expression of
NPEPLLI in different features was detected to clarify its role
in ¢ccRCC, in which the expression was higher in tumor
tissues (Figures 2(a) and 2(b)). The gender and age of tumor
patients were not affected by expression (Figures 2(c) and
2(d)). With the increase in tumor stage and grade, the ex-
pression level of NPEPLI increased significantly (Figures
2(e)-2(i)). The expression affected the metastasis of the
tumor, rather than lymph node metastasis. This result
identified that the high NPEPL1 expression was related to
the advanced stage of ccRCC. The HPA database was also
applied to suggest that NPEPL1 protein overexpression was
correlated with the development and progression of ccRCC
(Figures 2(j) and 2(k)).

3.3. Relationship between NPEPL1 Expression and ccRCC
Prognosis. We classified the 539 patients in the TCGA-KIRC
cohort into high and low NPEPL1 groups according to the
median expression of NPEPL1 in tumor tissue as the cutoff.
The details of the patients are shown in Table 1. The sig-
nificant difference was presented in OS (P <0.001),
progression-free survival (PFS, P<0.001), and disease-
specific survival (DSS, P <0.001) (Figures 2(1)-2(n)). The
area under the curve (AUC) at 1 year, 3 years, and 5 years
were 0.659, 0.672, and 0.709, respectively, which were better
than 0.6, implying good predictive value (Figure 2(0)). Next,
the correlation between survival and NPEPLI expression
was performed according to subgroups of clinicopatho-
logical features. The high expression of NPEPL1 indicated
poor survival in clinical features including age (less than

60 years old and more than 60 years old) and gender (male
and female) (Figures 3(a)-3(d)). For the pathologic stage, the
patients with high NPEPL1 expression presented poorer
outcomes in stages II, III, and IV (P <0.001), whereas the
difference was not significant in stage I (P = 0.152). (Figures
3(e) and 3(f)). For the histologic grade, the high NPEPL1
expression meant worse survival in both grades I and II
(P =0.038) and grades III and IV (P <0.001). (Figures 3(g)
and 3(h)). The NPEPLI expression was not correlated with
survival in early T stage (P =0.066); however, the high
NPEPLLI expression implied worse survival in T2, T3, and T4
(P <0.001) (Figures 3(i) and 3(j)). Whether distant metas-
tasis occurred or not, high NPEPLI expression indicated
poor survival (Figures 3(k) and 3(1)). These results indicate
that the higher NPEPL1 expression meant poor prognosis
for ccRCC patients in different clinical features.

3.4. Construction and Evaluation of Nomogram. The uni-
variate and multivariate analyses identified that M stage, age,
and NPEPL1 expression were all independent risk factors for
the prognosis of ccRCC (Table 2). Furthermore, the bar plot
and table presented that T stage (P<0.001), M stage
(P <0.01), pathologic stage (P < 0.001), and histologic grade
(P <0.01) were notably associated with NPEPL1 expression
(Figure 4(a) and Table 3). NPEPLI expression and clini-
copathological features were used to build a nomogram to
predict OS at 1, 3, and 5 years in ccRCC patients
(Figure 4(b)). High expression of NPEPL1 predicted a poor
prognosis. Calibration curves showed the predictive value of
the nomogram was consistent with actual results, which
demonstrated that the nomogram was robust and precise
(Figure 4(c)).

3.5. DEGs and Enrichment Analysis of Low and High NPEPL1
Expression. Finally, about 5,679 DEGs were determined, of
which 5,635 genes were upregulated and 44 genes were
downregulated. The top 50 DEGs were mapped by heatmap
in Figure 5(a). The GO analysis was used to predict the
enrichment analysis of low and high NPEPLI1 expression by
applied biological process (BP), molecular function (MF),
and cellular component (CC) groups. The main enrichment
items were detection of external stimulus, detection of
abiotic stimulus, immunoglobulin complex, voltage-gated
calcium channel complex, channel activity, and passive
transmembrane transporter activity (Figures 5(b) and 5(c)).
The main KEGG enrichment pathways were neuroactive
ligand-receptor interaction, pancreatic secretion, the cAMP
signaling pathway, and the oxytocin signaling pathway
(Figure 5(d)).

3.6. Coexpression Network Construction. The DEGs that
interacted directly with NPEPL1 were selected to draw an
interaction network using the “limma” R package. The top 11
genes interacted with NPEPL1 closely were performed,
including CHTF18, AL139349.1, ARFGAP1, PIDDI,
AL591845.1, KMT5C, SERINCI, PPP6C, RBM18, ITGAS®,
and COPS4 (Figure 6(a)). The NPEPL1 presented high
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FI1GURE 2: The expression of NPEPLI and related clinical features in ccRCC. The NPEPLI1 expression between normal and tumor tissues.
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TaBLE 1: Association between NPEPLI expression and various clinicopathological characteristics in the TCGA database.

High

Low expression of NPEPLI

Characteristic expression of NPEPL1
N=269 N=270
Age, mean + SD 61.09+12.04 60.16 +12.15
Female 91 (16.9%) 95 (17.6%)
0,
Gender, n (%) Male 178 (33%) 175 (32.5%)
Gl 7 (1.3%) 7 (1.3%)
. . G2 135 (25.4%) 100 (18.8%)
0,
Histologic grade, n (%) G3 97 (18.3%) 110 (20.7%)
G4 24 (4.5%) 51 (9.6%)
Stage 164 (30.6%) 108 (20.1%)
. Stage 11 28 (5.2%) 31 (5.8%)
0,
Pathologic stage, n (%) Stage 111 46 (8.6%) 77 (14.4%)
Stage IV 30 (5.6%) 52 (9.7%)
Tl 166 (30.8%) 112 (20.8%)
T2 34 (6.3%) 37 (6.9%)
0,
T stage, n (%) 3 66 (12.2%) 113 (21%)
T4 3 (0.6%) 8 (1.5%)
NO 126 (49%) 115 (44.7%)
0y
N stage, n (%) N1 6 (2.3%) 10 (3.9%)
Mo 236 (46.6%) 192 (37.9%)

0
M stage, n (%) Ml 28 (5.5%) 50 (9.9%)




6
Age: <=60 Age: >60
1.0 1.0 4
£ 08 2 081
i B
£ 06 1 £ 061
: £
7 04 4 g 041
5 S 024
2 0.2 10 erall survival @ 77 |Overall Survival
HR = 4.73 (2.62-8.55) HR = 2.29 (1.53-3.41)
0.0 {P<0.001 0.0 {p <0.001
0 50 100 0 50 100 150
Time (months) Time (months)
NPEPLI1 NPEPL1
Low Low
—+— High —+— High
(a) (b
Pathologic stage: Stage I Pathologic stage: Stage II&Stage
1.0 4 L0 1+ MI&Stage IV
208 £ o8
2 B8
£ 06 £ 06
e =
5 a.
s 04 T 04
£ 2
3 92 {overall survival R [ —
HR = 1.5 (0.85-2.81) HR = 2.08 (1.45-2.99)
0.0 qP=0.152 0.0 {p<o0.001
0 50 100 150 0 50 100
Time (months) Time (months)
NPEPLL NPEPLI
Low
’ Low
High —— High
(e) )
T stage: T1 T stage: T2&T3&T4
1.0 4
208 o
§ 0.6 4 ;—:;
<] [}
& .
= 0.4 —_
£ E
E 0.2 4 ) g
2] Overall Survival 9] Overall Survival
HR = 1.71 (0.97-3.02) HR = 2.11 (1.46-3.06)
0.0 4 P=0066 N ; 0.0 {p<o0.001
0 50 100 150 0 50 100
Time (months) Time (months)
NPEPLI1 NPEPL1
Low Low
—+— High —+— High
® o)

Journal of Oncology

Gender: Female Gender: Male

1.0 {4 1.0 4
208 £ 08 1
= B2
2 06 £ 06
S 2
3 2
s 044 g 041
g )
m:ﬁ 0.2 T Overall Survival s ] Overall Survival
HR =2.43 (1.44-4.12) HR = 2.60 (1.74-3.89)
0.0 4P =0.001 0.0 {p<0.001
0 50 100 150 0 50 100

Time (months) Time (months)

NPEPL1 NPEPL1
Low Low
—+— High —+— High
(c) (d)
Histologic grade: G1&G2 Histologic grade: G3&G4
1.0 q 1.0 4
>~
é 0.8 - 2 0.8 4
2 =
2 06 E 06
3 <
s 044 20044
£ £
3 02 overall survival E 0.2 1 verall Survival
HR = 1.90 (1.03-3.48) @ HR = 2.59 (1.79-3.76)
0.0 -PI:U.OSB . . . 0.0 {p<0.001
0 50 100 150 0 50 100
Time (months) Time (months)
NPEPLI1 NPEPL1
Low Low
—— High —— High
® (h)
M stage: MO M stage: M1
1.0 4
£ 0.8 Z
= =
206+ =
=S 2
< 04 =
z g
E 0.2 4 . g 4
2] Overall Survival 7] lOverall Survival
HR =2.26 (1.51-3.37) [HR = 2.18 (1.31-3.64)
0.0 P<000l i . 0.0 P =0.003
0 50 100 150 0 25 50 75 100 125
Time (months) Time (months)
NPEPLI1 NPEPL1
Low Low
—+— High —+— High
(k) )

FI1GURE 3: The OS between low and high NPEPLI expressions according to clinicopathological features, including age between lower than
60 years old and higher than 60 years old (a, b); gender between male and female (c, d); stage between stage I and stage II, III, and IV (e, f);
grade between grade 1 and 2 and grade 3 and 4 (g, h); T stage between T1 and T2, 3 and 4 (i, j); M stage between M0 and M1 (k, 1).

coexpression relationship with CHTF18 (R=0.75),
AL139349.1 (R=0.75), ARFGAPl (R=0.77), PIDD1
(R=0.76), AL591845.1 (R=0.78), KMT5C (R=0.77), SER-
INC1 (R=-0.63), PPP6C (R=-0.64), RBM18 (R=-0.61),
ITGA6 (R=-0.66), and COPS4 (R=-0.61).

3.7. Relation between NPEPL1 and Infiltrating Immune Cells.
The occurrence and development of tumor were closely
linked to immune cell infiltration. We analyzed the

difference of immune cell infiltration between high and low
NPEPLI expression groups, and some infiltrating immune
cell subtypes presented significant correlation with NPEPLI,
including regulatory T cell, follicular helper T cell, memory
B cell, CD8 T cell, activated NK cell, plasma cell, MO
macrophage, CD4 memory resting T cell, monocytes,
gamma delta T cell, naive B cell, eosinophiles, M2 macro-
phage, resting dendritic cell, activated dendritic cell, and
resting mast cell (Figure 7(a)). By analyzing three immune
cell subtypes with obvious differences, it was found that
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TaBLE 2: Univariate Cox regression analysis and multivariate Cox regression analysis of NPEPL1 and clinicopathologic parameters with OS

in ccRCC.
Univariate analysis Multivariate analysis
Characteristics Total (N) Hazard P val Hazard P val
ratio (95% CI) value ratio (95% CI) value
T1 and T2 349
T stage N=539 T3 and T4 190 3.228 (2.382-4.374) <0.001 1.388 (0.610-3.158) 0.434
NO 241
N stage N=257 N1 16 3.453 (1.832-6.508) <0.001 1.258 (0.616-2.569) 0.529
MO 428
M stage N=506 Mi 78 4.389 (3.212-5.999) <0.001 3.090 (1.804-5.291) <0.001
Female 186
Gender N=539 Male 353 0.930 (0.682-1.268) 0.648 NA NA
Age N=539 <60 269 1.765 (1.298-2.398) <0.001 1.859 (1.211-2.852) 0.005
>60 270
NPEPLI N =539 Low 269 2.621 (1.900-3.615)  <0.001  2.401 (1.509-3.821)  <0.001
= High 270 . . . . . . . .
. _ Stage I and stage II 331
Pathologic stage N=536 Stage 11T and stage IV 205 3.946 (2.872-5.423) <0.001 1.348 (0.532-3.415) 0.529
. . G1 and G2 249
Histologic grade N=531 G3 and G4 282 2.702 (1.918-3.807) <0.001 1.508 (0.905-2.513) 0.115

The indicators in bold are meaningful. Due to the limitation of prognostic statistics, we choose to retain 3 decimal places and use <0.001 to represent

meaningful indicators.
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TaBLE 3: The impact of high and low NPEPLI expression for clinicopathologic parameters.

Characteristics Total (N) QOdds ratio (OR) P value
T stage (T3&T4 vs. T1&T2) 539 2.354 (1.640-3.398) <0.001
N stage (N1 vs. NO) 257 1.826 (0.657-5.515) 0.258
M stage (M1 vs. MO) 506 2195 (1.340-3.658) 0.002
Age (>60 vs. <60) 539 0.737 (0.525-1.034) 0.078
Gender (male vs. female) 539 0.942 (0.660-1.344) 0.741
Pathologic stage (stage III and stage IV vs. stage I and stage II) 536 2.345 (1.643-3.363) <0.001
Histologic grade (G3&G4 vs. G1&G2) 531 1.766 (1.253-2.496) 0.001

regulatory T cells and follicular helper T cells were signifi-
cantly positively associated with the expression of NPEPLI,
while resting mast cells were associated with a significant
negative correlation with NPEPL1 expression (Figures 7(b)-
7(d)).

3.8. Immune Microenvironment and Checkpoints Related with
NPEPLI. The analysis of the immune microenvironment
identified that high NPEPLI expression correlated with a high
immune score in violin plots, which implied that NPEPL1
could increase immune activity rather than stromal activity to
promote the progression of ccRCC (Figure 7(e)). Further-
more, the immune checkpoints related to NPEPL1 were also
drawn in a heatmap, in which red meant positive correlation
and blue meant negative correlation (Figure 7(f)). The
TNFRSF25 and TNFSF14 presented a positive correlation
with NPEPL1, while the NRP1 and TNFSF15 had a negative
correlation with NPEPL1. These results identified that high
NPEPLI may affect the progression of ccRCC by changing the
immune microenvironment.

3.9. Drugs Sensitivity of NPEPLI. Checkpoint inhibitors
monotherapy and combination therapy with target drugs,

and chemotherapy have been the main therapy methods for
ccRCC. We also tried to predict whether the NPEPLI ex-
pression was related to sensitivity of ccRCC patients to
checkpoint inhibitors, chemotherapeutic agents and com-
mon targeted drugs. We found that two groups had a sig-
nificant difference in response to ctla-4_pos_pdl_neg and
ctla-4_pos_pd1_pos, which powerfully predicted that pa-
tients with different NPEPL1 expression had a significantly
different immunotherapy response (Figures 8(a) and 8(b)).
Patients with high NPEPL1 expression had lower IC50 for
axitinib (P <0.001, Figure 8(c)), cisplatin (P <0.0001,
Figure 8(d)), and GSK429286A (P <0.001, Figure 8(e)),
which implied that patients were more sensitive to these
drugs. However, the patients with high NPEPL1 expression
were not sensitive for rapamycin, sunitinib, and pazopanib,
whose IC5, was lower in low NPEPLI expression (Figures

8(f)-8(h)).

4. Discussion

Clear cell RCC is the common type of RCC, which is highly
malignant with poor prognosis and remains difficult to
predict and treat. Monotherapy or combination therapy
based on immunotherapy has become the standard
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treatment strategy for ccRCC, and patients with similar
clinical features and the same treatment may have different
prognoses [22-24]. Individualized treatment approaches
based on the patient’s characteristics are important in im-
proving the patient’s prognosis. Therefore, it is essential to
look for relevant markers to predict prognosis and clarify
clinical outcomes after systematic treatment.

The mRNA NPEPL1 is located on chromosome 20q13.32
and encodes probable aminopeptidase-1, whose main
function includes manganese ion binding and metal-
loexopeptidase activity. In the previous study, NPEPL1 had
functions in the development and progression of prostate
cancer and breast cancer [14-17]. Moreover, NPEPLI is
adjacent to STX16, and the transcript STX16-NPEPL1 is
allowed to emerge. The read-through transcript is related to
gastrointestinal tumorigenesis and rare pseudohypopar-
athyroidism [19, 20]. However, the functions of NPEPL1 in
the prognosis and treatment of ccRCC were not clear. This
study sought to elucidate the character of NPRPL1 in
ccRCC.

First, we found that mRNA NPEPL1 was differentially
expressed between normal tissues and tumor tissues in
different organs via pan-cancer analysis. We also used the
TCGA database to analyze the relation between NPEPL1

expression and the clinicopathological features of ccRCC.
NPEPL1 expression was higher in ccRCC tissues, and the
expression increased gradually with the increase in tumor
grade and stage. The HPA database also confirmed that the
protein of NPEPL1 was more detectable in tumor tissue.
Kaplan-Meier curves were applied to predict the prognosis
of ccRCC patients between low and high NPEPL1 expression
groups and indicated that the high NPEPLI expression
group had a poor prognosis. The multivariate logistic re-
gression analysis indicated that high NPEPL1 expression was
an independent prognostic factor.

Next, the GO analysis was mostly abundant in “detection
of external stimulus,” “voltage-gated calcium channel
complex,” “lon channel complex,” and “channel activity.”
The abnormal activity of channels in a cell member may
cause the occurrence of renal cell carcinoma, especially in
calcium channels and transient receptor potential (TRP)
channels [25-27]. The calcium channel and TRP channels
activity broke the balance of proangiogenic and anti-
angiogenic factors, which could shift towards proangiogenic
function [28]. The calcium entry across the plasma mem-
brane accelerated the angiogenesis process by stimulating
mature ECs, and TRP channels provided the pathway for the
calcium entry signal. The related channel activity also played
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important roles in drug resistance resisting cell death, tumor
stem cell differentiation, tumor microenvironment alter-
ation, and tumors evading immune destruction [29-32]. The
blocks of calcium channels and TRP channels were used to
decrease occurrence risk of RCC, relieve drug resistance, and
improve patient prognosis [33, 34]. Moreover, KEGG
analysis was mainly concentrated on protein digestion and
absorption, the cCAMP signaling pathway, the calcium sig-
naling pathway, and the Ras signaling pathway. The ab-
normal function of protein digestion and absorption
following NPEPL1 expression dysregulation promoted in-
vasion, migration, and drug resistance in ccRCC [35, 36].
With the in-depth understanding of the mechanism of
ccRCC development, cAMP and the Ras signaling pathway
played a crucial role in regulating biological behaviors
[37, 38]. Regulation of some crucial signaling pathways
could modulate the growth, invasion, migration, and drug
resistance of tumor, become a new target of treatment, and
improve the prognosis of tumor patients [39-41].

The eleven proteins coexpressed with NPEPL1 were
identified, with six proteins upregulated and five proteins
downregulated with the increase in NPEPL1 expression.
Among them, PIDD1 has proved to play a positive role
with an increase in stage in RCC patients [42]. The ex-
pression of SERINCI1 exerted a protective effect in the
progression of RCC, and ITGA6 expression may be a main
factor in the treatment of drug-resistant RCC with val-
proic acid and interferon-alpha [43, 44]. Although
CHTF18 and KMT5C have not been shown to correlate

with RCC, they played a role in the development of other
tumors; abnormalities in CHTF18 promoted endometrial
carcinoma, and KMT5C played a role in non-small cell
lung cancer [45, 46].

Tumor immune cell infiltration has been approved to be
associated with the prognosis of ccRCC and the response to
immunotherapy [47, 48]. The importance of some in-
filtrating immune cells has been confirmed, including reg-
ulatory T cells, CD8 T cells, NK cells, and resting mast cells
[49-52]. The immune cell infiltration analysis between high
and low NPEPL1 expression also revealed differences in
immune cells similar to previous studies. Interestingly, the
infiltration level of CD8T cell was high in patients with high
NPEPLI expression, and CD8T cells were a kind of anti-
tumor immune cell [53]. Regulatory T cells, which have
a negative effect on antitumor activity, had a higher in-
filtration level in high NPEPL1 expression patients [54].
These results showed that the immune regulation in tumor
tissues was multidirectional, and the antitumor effect was
offset by a stronger immunosuppressive environment in
patients with high expression of NPEPL1. Moreover, im-
mune checkpoints (TNFRSF25 and TNFSF14) were posi-
tively correlated with NPEPL1, which was a prognostic
factor of ccRCC and had been confirmed by previous studies
[55, 56]. TNFRSF25 could increase the proliferation of
regulatory T cells [57-59]. TNESF15, as the ligand of
TNFRSF25, presented a negative correlation with NPEPL1
and played a negative role in regulatory T cells’ suppressive
ability [57-60]. The inhibitory ability of regulatory T cells



Journal of Oncology

was promoted by suppression of TNFSF15 and TNFRSF25
expression. Above all, NPEPL1 expression regulated the
distribution of immune cells in tumor tissues through im-
mune checkpoints, which affected the occurrence and de-
velopment of ccRCC.

ICIs have been proven to play a significant effect in solid
tumors, and the activation of tumor immune microenvi-
ronment can improve the outcome of ICIs treatment. We
found that low and high NPEPL1 expression groups had
a significant difference in response to ctla-4_pos_pdl_neg
and ctla-4_pos_pdl_pos, which powerfully predicted that
patients with different NPEPL1 expression had a signifi-
cantly different immunotherapy response. Besides, the low
NPEPLI expression group was more sensitive to rapamycin,
sunitinib, and pazopanib; the high NPEPL1 expression
group was more sensitive to axitinib, cisplatin, and
GSK429286A. Axitinib, sunitinib, and pazopanib were all
ATP-competitive inhibitors of vascular endothelial growth
factor receptors (VEGFRs), which were approved to treat
RCC by the FDA [61]. The high NPEPL1 expression group
was more sensitive to axitinib, since axitinib was more se-
lective for VEGFRs but not PDGFRs, B-Raf, c-Kit, or Flt-3
[62, 63].

All in all, NPEPLI expression was upregulated in ccRCC
tissues compared to normal tissues and increased with the
development and progression of ccRCC. The high NPEPL1
expression was related to poor prognosis and immune re-
sponses. Some potential limitations were not ignored in our
study. First, more clinical samples were required to confirm
that NPEPL1 was an important prognostic factor in ccRCC.
Second, the mechanism of NPEPLI in the development and
progression of ccRCC was necessary to identify. Third, the
interaction between NREPLI expression and immune cell
infiltration needs to be confirmed by more studies.

5. Conclusion

We confirmed the prognostic value of high NPEPL1 ex-
pression in ccRCC, which was upregulated with develop-
ment and progression. NPEPL1 expression plays certain
roles in metastasis, metabolism, and the immune micro-
environment in ccRCC. We also predicted that patients with
high NPEPL1 expression would be more sensitive to some
common drugs, including axitinib, cisplatin, and
GSK429286A. NPEPL1 could be regarded as a prognostic
predictor and therapeutic target in ccRCC patients and guide
clinical medication.
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Gastric cancer (GC) is a highly molecular heterogeneous tumor with unfavorable outcomes. The Notch signaling pathway is an
important regulator of immune cell differentiation and has been associated with autoimmune disorders, the development of
tumors, and immunomodulation caused by tumors. In this study, by developing a gene signature based on genes relevant to the
Notch pathway, we could improve our ability to predict the outcome of patients with GC. From the TCGA database, RNA
sequencing data of GC tumors and associated normal tissues were obtained. Microarray data were collected from GEO datasets.
The Molecular Signature Database (MSigDB) was accessed in order to retrieve sets of human Notch pathway-related genes
(NPRGs). The LASSO analysis performed on the TCGA cohort was used to generate a multigene signature based on prognostic
NPRGs. In order to validate the gene signature, the GEO cohort was utilized. Using the CIBERSORT method, we were able to
determine the amounts of immune cell infiltration in the GC. In this study, a total of 21 differentially expressed NPRGs were
obtained between GC specimens and nontumor specimens. The construction of a prognostic prediction model for patients with
GC involved the identification and selection of three different NPRGs. According to the appropriate cutoff value, the patients with
GC were divided into two groups: those with a low risk and those with a high risk. The time-dependent ROC curves demonstrated
that the new model had satisfactory performance when it came to prognostic prediction. Multivariate assays confirmed that the
risk score was an independent marker that may be used to predict the outcome of GC. In addition, the generated nomogram
demonstrated a high level of predictive usefulness. Moreover, the scores of immunological infiltration of the majority of immune
cells were distinctly different between the two groups, and the low-risk group responded to immunotherapy in a significantly
greater degree. According to the results of a functional enrichment study of candidate genes, there are multiple pathways and
processes associated with cancer. Taken together, a new gene model associated with the Notch pathway may be utilized for the
purpose of predicting the prognosis of GC. One potential method of treatment for GC is to focus on NPRGs.

1. Introduction World Health Organization (WHO) [2]. This was based on

the estimated occurrence of 1 million cases worldwide [3].
Gastric cancer (GC) is one of the most prevalent malignant As a result of the late detection of the disease at a more
tumors in the world [1]. GC was ranked as the fifth biggest ~ advanced stage, the mortality rate of gastric cancer is sig-
cancer burden in the world, according to data from the  nificant; for example, in 2020, it was 768,793, which places it
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as the fifth most prevalent cause of death due to cancer [4, 5].
Despite the fact that surgery is the primary treatment with
the intention of curing the disease, 40%-60% of those pa-
tients who undergo resection surgery show disease relapse
[6]. The prognosis is not good for these individuals, who
have a survival rate of fewer than 10% over a period of
5 years [7, 8]. Patients with GC face an uphill battle when it
comes to their prognosis because of intratumoral, inter-
patient, and intrapatient heterogeneity of the disease [9]. In
addition, GC has a predisposition toward early metastasis,
and the majority of these metastases are discovered in severe
stages. This may be the single most important factor con-
tributing to the high fatality rate of GC patients [10, 11]. As
a result, it is essential to locate dependable predictors for the
purpose of prognostic estimation, which might provide an
incredible amount of guiding value to the administration of
the GC. Patients suffering from GC would especially benefit
from an improved prognostic prediction if a multiple-gene
signature could be constructed.

The Notch signaling system is an intercellular signaling
pathway that has been largely conserved throughout evo-
lution. It is responsible for regulating cell proliferation and
differentiation, determining cell fate decision, and partici-
pating in cellular activity in both embryonic and adult tissues
[12, 13]. It is essential to have a good understanding of the
structure of Notch proteins and the signaling pathways that
are associated with them, since they are involved in the
control of the promotion, proliferation, and development of
cancer [14, 15]. Transmembrane glycoproteins make up
Notch receptors, which range in the number from 1 to 4.
Notch receptors have three distinct regions: an extracellular
domain, a transmembrane domain, and an intramembrane
or cytoplasmic region [16]. The extracellular domain is lo-
cated outside of the cell. The activation of oncogenic sig-
naling pathways makes aggressive GC harder to treat. One
such pathway is the Notch signaling pathway. Notch sig-
naling is an important mechanism in the process of the self-
renewal of stem cells, the determination of cell fate and
differentiation during embryonic and postnatal develop-
ment, and the maintenance of adult cell homeostasis [17, 18].
Until now, it is not clear whether each Notch component
acts as an oncogene or a tumor suppressor. This is a con-
tentious issue. Researchers also focused on the connection
between the Notch signaling pathway and stomach cancer
(19, 20]. Although a rapidly expanding number of linked
outcomes have been developed, conclusions are still de-
batable. For example, in contrast to conventional wisdom,
researchers found that the expression of Notch 1 was lower
in stomach cancers than that in normal tissue.

There is an increasing body of research studies sug-
gesting that the tumor microenvironment (TME) plays an
important part in the progression of tumors [21]. It is
possible to divide solid tumors into two categories: im-
munologically hot tumors and cold tumors [22]. Cancer
immunotherapy is successful in treating hot tumors,
whereas the treatment is ineffective against cold tumors [23].
Cancers that are immunologically inert have a few muta-
tions, a limited invasion of cytotoxic immune cells, and
a substantial population of myeloid-derived suppressor cells
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[24, 25]. As a consequence, reactions seen in clinical trials
involving immune checkpoint blockade (ICB) are poorer in
immunologically cold tumors [26]. However, preliminary
research has demonstrated that it is possible for cool tumors
to become heated ones. Therefore, it is of the utmost im-
portance to discover the comprehensive mechanism that lies
at the root of immunologically cold tumors, as this would aid
in the development of a method for bringing cold tumors up
to temperature and turning them into hot tumors.

In this study, we built a predictive signature using genes
related to Notch pathway-related genes (NPRGs), evaluated
its utility for determining outcomes, diagnosis, treatment
responses, and tumor immune infiltration of GC patients,
and carried out internal verification. In addition, we ac-
complished functional enrichment analysis (GSEA) in order
to investigate possible mechanisms.

2. Materials and Methods

2.1. Raw Data. The data on RNA sequencing and clinical
information related to STAD patients were received from the
TCGA data portal. For the purpose of developing the risk
model, the TCGA-STAD cohort served as the “training
cohort,” while the microarray data obtained from the GEO
database was applied to the “validation cohort.” We collected
RNA-sequencing data on the TCGA-STAD cohort using the
UCSC Xena browser (https://xenabrowser.net/datapages/)
in raw count format. We then normalized the data for
subsequent analysis by using Deseq2 software. GSE84437
included 433 GC samples with available clinical information.
Downloads of gene sets relevant to the human Notch
pathway were received from the Molecular Signature Da-
tabase (MSigDB), and a total of 428 genes were retrieved
from seven different Notch-related pathways (Table S1).

2.2. Identification of Differentially Expressed genes (DEGs) in
GC. Raw count data were first transformed into log2 form
after being standardized with the transcript per million
(TPM) method. The next step was the annotation of
19654 protein-coding genes. Limma, version 3.36.2 of the R
package, was utilized in the determination of DEGs [27]. The
detection of differentially expressed genes (DEGs) worthy of
further investigation required both a log2 fold change (FC)
of larger than one and an adjusted P value of less than 0.05.

2.3. Construction of the Prognostic Model by LASSO Cox
Regression. To determine which candidate DEGs in the two
discovery sets were most strongly related to patients’ overall
survival times, we used univariate analysis with a signifi-
cance level of P <0.05. In order to perform univariate Cox
regression analysis, the “survival” R program was utilized
[28]. Least absolute shrinkage and selection operator
(LASSO) Cox regression, together with ten times of cross-
validation, was utilized in order to arrive at the value for the
penalty regularization parameter. The coefficient of each
gene was decreased to zero by artificial means, which got rid
of the connection that existed between the genes that were
chosen and stopped the model from being overfit. Genes
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were chosen using a method called lamda.min, which stands
for minimum deviance. In order to perform LASSO Cox
regression analysis, the “glmnet” R program was utilized.
Multivariate Cox regression analysis was used to create the
coefficients for each gene, and then, the prognostic risk-
score model was constructed using those coefficients. In
order to carry out the multivariate Cox regression analysis,
the “survminer” R program was utilized [29]. The risk score
for each patient was determined using the risk-score model
based on the expression of each gene that was found. After
that, the model of risk scores was utilized to determine the
prognosis of GC patients. The TCGA cohort served as the
training set, whereas the samples from the GEO: GSE84437
project served as the test set.

2.4. Building Predictive Nomograms and Analyzing Gene Set
Enrichment for Functional Relevance. The “rms R package”
was used in order to construct the nomogram and the
calibration plot [30]. Gene set enrichment analysis (GSEA)
was applied to GC patients in order to uncover associated
pathways. It was determined that an enriched gene set was
statistically significant if it had a false discovery rate of less
than 0.25 percent and a nominal P value that was lower than
0.05 percent.

2.5. Principal Component Analysis (PCA). In the field of
computer vision, PCA is a method that is frequently used for
dimensionality reduction and feature extraction [31]. In
order to study the potential differences that may exist be-
tween high-risk and low-risk groups, the “scatterplot3d” R
tool was used [32].

2.6. Immune Feature Analysis. A brand new deconvolution
algorithm known as CIBERSORT was used, which is based
on linear support vector regression [33]. Taking into con-
sideration the important roles that immune cells play in
TME, the CIBERSORT program was applied to determine
the scores of 22 immune cells in each tumor sample. Using
the ggplot2 R tool, all of the results were displayed on stacked
graphs, heatmaps, and box plots, respectively [34]. In ad-
dition, the Wilcoxon rank-sum test was utilized in order to
conduct an analysis of disparate scores exhibited by these
immune cells that were obtained from TCGA datasets.

2.7. Pathway Analysis. The DEGs of low-risk and high-risk
groups were compared using the “edgeR” tool of the R
computer language. In this investigation, we compared the
DEGs of the two groups. This was performed in order to
perform functional annotation from the GO for DEGs. The
KEGG database performs an analysis of metabolic pathways.
After that, GSEA was then performed to reveal signaling
pathways and BPs in which differentially expressed genes
were enriched between high-risk and low-risk subgroups.

2.8. Statistical Analysis. All analyses used in this study were
performed by using R software (version 3.5.1, Boston,

Massachusetts, USA). The Kaplan-Meier curve, which was
examined by the log-rank test, was utilized in the in-
vestigation of the connection between genes associated with
the Notch pathway and overall survival. For the purpose of
determining the sensitivity and specificity of the prognostic
prediction model, time-dependent ROC curves were uti-
lized. The performance of the nomogram was evaluated
using the c-index and the calibration curve. The nomogram
was produced using the regression coeflicients that were
derived from the Cox analysis. Statistical differences between
the two groups were examined using the Wilcoxon test.
When the P value was less than 0.05, statistical significance
was considered.

3. Results

3.1. Identification of DEGs between Normal Specimens and GC
Tissues. Seven gene sets associated with the Notch pathway
were obtained from the MSigDB database. Using data re-
ceived from TCGA-STAD, we were able to obtain in-
formation on the linked gene expression of GC. The “limma”
R program was applied in order to locate genes that dis-
played differential expression levels. TCGA-STAD was used
to analyze the differential expression of 95 distinct NPRGs.
As shown in Figures 1(a) and 1(b), a total of 21 DEGs were
obtained: 16 genes (MIR302A, MIR200C, DLGAPS5, E2F1,
CDKé6, FABP7, MFAP2, TSPEAR, MESP2, SIX1, H3C12,
ONECUT1, DLL3, ADAM12, WNT2, and MAGEAL1) were
significantly upregulated and 5 genes (KCNA5, TMEM100,
CFD, PLN, and FHL1) were significantly downregulated.

3.2. Establishment of the Prognostic Notch Pathway-Related
Gene Signature. For the purpose of predicting overall
survival in patients from TCGA datasets, LASSO and Cox
assays were employed to evaluate a gene signature
connected with 3 Notch pathways, and the formula cal-
culating the risk score was as follows: ADAMI12 expression
*0.2035 + MFAP2 expression *0.1361 + TMEM100 expression
*0.1554 (Figures 2(a)-2(c)). To clearly differentiate GC sam-
ples, the risk-score model was applied (low or high-risk)
(Figures 2(d) and 2(e)). According to the findings of patient
survival, those patients who had a low-risk score had
a greater survival rate than those patients who had a high-
risk score (Figure 3(a)). In addition, these findings were
reexamined and shown to be consistent for GSE84437
datasets (Figure 3(b)). According to the results of a time-
dependent ROC analysis, the Notch pathway-related gene
signature had a diagnostic accuracy of 0.586 after one year,
0.617 after three years, and 0.729 after five years
(Figure 3(c)). The area under the ROC curves (AUC)
demonstrated that the risk score (AUC =0.729) had a better
prognostic value than a single indicator, such as age
(AUC=0.606), gender (AUC =0.559), grade (AUC = 0.548),
and stage (AUC=0.606) (Figure 3(d)). Cox survival studies
were carried out so that we could find out whether or not
the risk score was an independent factor for determining the
outcome of GC. According to the results of a univariate
study, the clinical stage and the risk score were associated
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F1Gure 1: Differentially expressed NPRGs between GC specimens and nontumor specimens shown in the (a) volcano map and (b) heatmap.

with the patients’ likelihood of survival with GC (Figure 4(a)).
Furthermore, multivariate analysis revealed that a patient’s
risk score was an independent predictor of a poor prognosis
for GC (HR = 2.336, 95% CI: 1.249-4.370). (Figure 4(b)).

3.3. Association between Clinicopathological Characteristics
and Risk Scores. The potential link between the risk score
and clinicopathological features was then investigated. We
discovered no correlation between the risk score and either
age or gender (Figures 5(a) and 5(b)). In addition, we ob-
served that a higher risk score was associated with the ad-
vanced grade (Figure 5(c)), clinical stage (Figure 5(d)), and T
stage (Figure 5(e)). However, there was not a distinct dif-
ference in the risk score between the M and N stage (Figures
5(f) and 5(g)).

3.4. Construction of a Nomogram for Predicting Survival.
To better predict OS for GC data, a nomogram was con-
structed using age, gender, grade, pathological stage, T'stage,
M stage, and N stage information, in addition to a predictive
risk-score model (Figure 6(a)). The nomogram’s ability for
the prediction of the overall survival of GC patients was
demonstrated by calibration curves drawn at 1, 3, and 5 years
(Figure 6(b)). Cox assays illustrated that the nomogram is an
independent prognostic indicator for GC patients (Figures
6(c) and 6(d)). The nomogram was more predictive than
a single indicator, as shown by AUC (Figure 6(e)).

3.5. Gene Set Variation Analysis (GSVA). To investigate
biological activities exhibited by the two groups, GSVA
enrichment was carried out with the gene sets of
“c2.cp.kegg.v7.2,” which were obtained from the Molecular
Signature Database (MSigDB). Interestingly, we found that
many tumor-related were enriched in the high-risk score,

such as TGF_BETA_SIGNALING_PATHWAY,
WNT_SIGNALING_PATHWAY, and KEGG_MAPK_-
SIGNALING_PATHWAY (Figure 7). Our findings sug-
gested that the above genes may be involved in tumor
progression via regulating several different tumor-related
pathways.

3.6. Relationships between the Gene Signature and Immune
Cells. We estimated the presence of 22 immune cell types in
the TCGA cohort. Figure 8(a) displays the substantial dif-
ference in the presence of four types of immune cells be-
tween cases in the low-risk group and cases in the high-risk
group (plasma cells, T cells CD4 memory activated,
monocytes, and macrophages M2). Moreover, APC_-
co_inhibition, APC_co_stimulation, CCR, Check-point,
Cytolytic_activity, HLA, Parainflammation, T_cell co-
inhibition, T_cell_co-stimulation, Type_I_IFN_Response,
and Type_II_IFN_Response were also activated in the high-
risk group, indicating that it is possible that immunotherapy
will be effective for people in the high-risk group who have
immune suppression (Figure 8(b)).

3.7. Enrichment Analyses. To isolate DEGs, we used the
“limma” R package and filtered for FDR 0.05 and [log2FC]|
> 1. These steps were taken to delve deeper into how the risk
model’s categorization of individuals into subgroups affects
gene function and pathway analysis. We found that there
were a total of 686 DEGs that existed between the low-risk
and high-risk groups in TCGA datasets. There were 627
upregulated genes and 58 downregulated genes in the high-
risk group. As shown in Figures 9(a) and 9(b), we found that
627 genes were mainly associated with extracellular matrix
organization, extracellular structure organization, skeletal
system development, endoplasmic reticulum lumen, con-
tractile fiber, myofibril, extracellular matrix structural
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F1GURre 2: Construction of a prognostic signature in GC from TCGA. (a) Hazard ratios for three differentially expressed NPRGs that were
implicated in overall survival plotted on a forest plot. (b) Three-fold cross-validation for tuning parameter selection in the LASSO model. (c)
Profiles of differentially expressed NPRGs using the LASSO coefficient. The value determined using a three-fold cross-validation is indicated
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in the TCGA cohort, principal component analysis was performed based on a risk score. Patients who were considered to have a high risk
were represented by the group that was colored green, while patients who were considered to have a low risk were represented by the group
that was colored red.
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constituent, glycosaminoglycan binding, and sulfur com-
pound binding. In addition, the results of KEGG assays
revealed that 627 genes were mainly associated with focal
adhesion, PI3K-Akt signaling pathway, human papilloma-
virus infection, proteoglycans in cancer, and ECM-receptor
interaction (Figures 9(c) and 9(d)).

4. Discussion

GC is one of the most prevalent malignancies worldwide
[35]. The most recent statistics available on the disease in-
dicated that GC is currently ranked as the world’s second
most prevalent cause of death from cancer-related causes
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(c, d) KEGG pathways.

[36, 37]. The majority of GC is caused by Helicobacter py-
lori’s complicated interplay with the host’s components.
According to the findings of a number of studies, a number
of environmental factors, including trace elements, are
thought to be contributors to the development of stomach
cancer [38, 39]. Even with the breakthroughs that have been
made in diagnosis and therapy over the course of the last few
years, the primary therapeutic option for GC patients

remains surgery. The prognosis for individuals with GC is
still not favorable due to the fact that a significant number of
patients are still initially diagnosed at an advanced stage. As
a result, it is of the utmost significance to look for promising
prognostic indicators for early diagnosis and innovative
therapy targets.

Notch was identified for the first time in 1917 and was
given its name after the mutation that was found to cause
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malformations in the wings of flies [40]. The Notch signaling
pathway is an example of a chained signaling pathway. It is
made up of ligands, receptors, and DNA binding proteins
farther down the chain [41]. Notchl and Notch2 are two
different types of receptors, and jaggedl is considered to be
a ligand [42]. In addition, the roles of the Notch signaling
pathway in GC have been verified and proved. It has been
observed that the Notch and mTOR signaling pathways are
frequently activated in human stomach cancer, which
contributes to the proliferation of cells [43, 44]. It is possible
that a viable therapeutic strategy for treating GC would
involve targeting these pathways in combination with one
another. According to the findings of Yang et al,, the Notch
signaling pathway may play a key role in the course of GC as
well as the prognosis of the disease by regulating the function
of CD4+CD25+CD127-dim/- regulatory T cells and T helper
17 cells [45]. The findings brought attention to the significant
functions that the Notch pathway plays in the evolution of
GC. As a result, we were curious as to whether or not
a unique prognostic model that was based on NPRGs could
be utilized in the process of forecasting the prognosis of
patients who had GC. In this study, using TGCA datasets, we
were able to obtain a total of 21 NPRGs with differential
expression in GC. The expression of ADAM12, MFAP2, and
TMEM100 was then used to establish a diagnostic signature
for the disease. Based on the TCGA database, this prognostic
model displayed an outstanding performance for operating
system prediction. According to comprehensive research,
the Notch pathway-related prognostic model was shown to
be an independent prognostic indicator when other clinical
parameters were taken into account. Subsequently, a model
comprising nine NPRGs was effectively verified as a pre-
dictive factor for an independent GEO dataset. This was
accomplished after the model was initially developed. In-
tegration with a subset of clinicopathological characteristics
in a risk-assessment nomogram further enhanced the pre-
dictive value of this prognostic risk-score model. This
resulted in the nomogram having a higher predictive ca-
pacity. All of these data pointed to the fact that the Notch
pathway-related prognostic model has the potential to serve
as an efficient marker for GC prognostic prediction.

The landscape of cancer treatment is now being altered
as a result of the application of immunotherapy to the
treatment of a variety of malignancies [46, 47]. For instance,
inhibiting the interaction between PD-1 and PD-L1 can
restore the function of effector T cells, allowing them to
perform their intended role of eliminating tumor cells more
effectively. The level of PD-L1 that was expressed in a pa-
tient’s tumor is the most important element in identifying
whether or not they are a candidate for PD-1/PD-L1 axis
immunotherapy. However, in practice, many PD-L1-posi-
tive patients have a poor response to PD-1/PD-L1 axis
treatment, whereas some PD-L1-negative patients have an
unexpectedly excellent response. Our study showed that
high-risk patients with up-regulated immunological
checkpoints had a worse response to immunotherapy, which
was the result that kept popping up. However, the existence
of immune cell infiltration may be a predictor of how ef-
tectively immunotherapy works, as individuals in the low-risk
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subgroup who had higher levels of immunological/in-
flammatory activity were more likely to benefit from the
treatment.

However, this study also had certain limitations. First,
the bioinformatic research for this work was only per-
formed on publicly available datasets. Next, we need to
make sure that the findings of this investigation are ac-
curate by using clinical participants in a prospective study
design. Second, the three genes that make up the prognostic
signature are all known to be risk factors in patients di-
agnosed with GC. Their downstream molecular pathways
require additional investigation through functional tests in
order to discover potential novel treatment targets. Overall,
our gene profile that is associated with the Notch pathway has
a fair chance of accurately predicting the immunotherapy
response; however, this hypothesis will need to be verified in
the future using clinical studies that are carefully planned.

5. Conclusion

Overall, a strong Notch pathway-related prognostic model
was created, and the characteristics of the tumor immune
milieu were investigated; our findings could be beneficial to
the diagnosis and treatment of patients with GC.
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The incidence of lung adenocarcinoma (LUAD), the most common subtype of lung cancer, continues to make lung cancer the
largest cause of cancer-related deaths worldwide. Long noncoding RNAs (IncRNAs) have been shown to have a significant role
in both the onset and progression of lung cancer. In this study, we aimed to investigate the clinical significance and underlying
mechanism of IncRNA NPSR1-AS1 (NPSR1-AS1) in LUAD. First, we performed an analysis on TCGA and identified 229
differentially expressed IncRNAs (DELs) (including 216 upregulated IncRNAs and 13 downregulated IncRNAs). Then, we
carried out a screening of the IncRNAs associated with survival, and a total of 382 survival-related IncRNAs were found. 15
survival-related DELs were identified. Among them, our attention focused on NPSR1-AS1. We found that the expression of
NPSR1-AS1 was much higher in LUAD specimens compared to nontumor tissues. According to the results of the ROC assays,
high NPSR1-AS1 expression had an AUC value of 0.904 for LUAD, with a 95% confidence interval ranging from 0.881 to
0.927. The expression of NPSR1-AS1 was shown to be significantly elevated in a wide variety of cancers, according to the
findings of a pancancer investigation. Functional enrichment analysis confirmed that NPSR1-AS1 was involved in LUAD
progression via regulating several tumor-related pathways. Patients with high levels of NPSR1-AS1 expression were shown to
have a shorter disease-specific survival (DSS) or overall survival (OS) than those with low levels of NPSR1-AS1 expression,
according to the findings of a clinical investigation. It was determined by multivariate analysis that NPSR1-ASI expressions
served as an independent prognostic factor for the overall survival of LUAD patients. The results of immune cell infiltration
revealed that the expressions of NPSR1-AS1 were negatively associated with CD8 T cells, pDC, cytotoxic cells, mast cells, iDC,
neutrophils, NK CD56dim cells, DC, Th17 cells, Tgd, and macrophages, while they were positively associated with NK
CD56bright cells and B cells. Overall, our findings revealed that NPSR1-AS1 could serve as a potential biomarker to assess the
clinical outcome and immune infiltration level in LUAD.

1. Introduction

It is estimated that 1.76 million people die every year from
lung cancer, making it the top cause of death resulting
from cancer worldwide (18.4% of all cancer-related deaths)
[1]. Approximately forty percent of all instances of lung
cancer are classified as lung adenocarcinoma (LUAD),
making it the most frequent type [2, 3]. The frequency
of this form of lung cancer is rising worldwide. The pri-
mary cause of lung cancer is still smoking, as it has been

for decades [4, 5]. Even though prolonged exposure to
tobacco smoke is by far the most common cause of this
form of cancer, nonsmokers account for anywhere from
15 to 20 percent of cases and are typically thought to have
contracted the disease due to a confluence of hereditary
and environmental factors [6, 7]. Despite the use of mor-
phological analysis to classify patients into different risk
groups, it is evident that the overall survival (OS) rates
for LUAD patients with high invasiveness and early
metastasis ranged from 13 to 58.3% at 5 years [8, 9]. This
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was the case despite the use of morphological analysis to
classify patients. It is difficult to diagnose non-small-cell
lung cancer in its early stages, when the disease is also
tough to treat [10]. Consequently, it is of the utmost
importance and a pressing necessity to discover innovative
prognostic biomarkers in order to provide helpful therapy
methods for LUAD.

The discovery of the potential diagnostic usefulness of
genetic biomarkers, such as long noncoding RNAs
(IncRNAs), was made possible by the advent of high-
throughput sequencing techniques and bioinformatics tech-
nologies [11, 12]. IncRNAs are becoming an increasingly
important focus of attention in research on cancers [13].
IncRNAs are a category of nonprotein coding transcripts
that are typically longer than 200 nucleotides without an
open reading frame [14]. Their length is what defines them
as “long noncoding RNAs.” Numerous studies have shed
light on the function of IncRNAs in several biological pro-
cesses, such as the silencing of X-chromosome genes, the
remodeling of chromatin, and transcriptional activity [15,
16]. In addition, a growing number of studies have indicated
a link between IncRNAs and the onset and progression of
many malignancies, including LAUD [17, 18]. For instance,
Zhang et al. indicated that the expressions of SNHG17 were
highly elevated in LUAD specimens and cells, and high
SNHGI17 expression was related to advanced stages of tumor
node metastases and a bad prognosis for patients who had
LUAD. The targeting of the microRNA-193a-5p/NETO2
axis by SNHG17 knockdown resulted in an inhibition of
the EMT process as well as cell migration, invasion, and pro-
liferation [19]. Cong et al. showed that it is possible that the
IncRNA known as 1inc00665, which was found to be signif-
icantly overexpressed in lung adenocarcinoma (LUAD) tis-
sues, can act as an independent predictor of a bad
prognosis. According to the results of functional tests,
linc00665 promoted LUAD cell proliferation and metastasis
both in vitro and in vivo through modulating the AKR1B10-
ERK signaling pathway and by sponging miR-98 [20]. These
studies suggested that IncRNAs have the potential to be
turned into potentially valuable biomarkers that can aid in
the diagnosis and prognosis of LUAD.

Although immunotherapy has been used with promising
results in the treatment of tumors, it is still only effective for
a very small percentage of cancer patients [21]. This is
despite the fact that it represents a unique approach to can-
cer treatment [22]. There is a strong correlation between the
tumor microenvironment (TME) and the effectiveness of
immunotherapy [23, 24]. The epigenetic differentiation of
tumor cells and the metastasis and infiltration of the tumor
are both linked to the suppression of the immune system
caused by the tumor [25]. TME is a complex system that is
made up of many distinct cell types, cytokines, and other
extracellular components. Both the kind and the quantity
of immune cells that invade a tumor are significant factors
in establishing its development and evolution [26, 27]. Addi-
tionally, the make-up and proportion of TIICs and stroma
can be used for the diagnosis, prognosis, and prediction of
many cancers [28]. It is possible that new therapy targets
for cancers could be found by mining related IncRNAs and
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then examining how those IncRNAs affect immune cell infil-
tration in TME and the prognosis of the tumor.

In this study, NPSR1-AS1, a previously unknown long
noncoding RNA associated to LUAD, was found to have
abundant expression in LUAD. Previous researches from a
number of different investigations have uncovered its roles
in some cancers. For instance, Ni et al. revealed that
NPSR1-AS1 was substantially expressed in thyroid cancer,
and its overexpression boosted the proliferation and metas-
tasis of thyroid cancer cells. It was accomplished by recruit-
ing ELAVLI to stabilize NPSR1 mRNA [29]. NPSR1-AS1
was found to be highly expressed in thyroid cancer. On the
other hand, its expression and potential prognostic useful-
ness in LUAD have not been researched. The investigation
of the immunological microenvironment in patients with
LUAD has opened up new possibilities for the conventional
therapy protocols that are now in use. Therefore, the
improvement of patient survival is one of our primary objec-
tives in the development of a universal immunodiagnostic
marker.

2. Materials and Methods

2.1. Patient Datasets. Using the UCSC Xena browser, we
were able to retrieve the gene expression data, phenotypic
data, and extensive clinicopathological data for TCGA-
LUAD. The Illumina HiSeq RNA-Seq platform was used to
retrieve the sequence data that was needed. For the purposes
of the subsequent studies, the HTSeq-FPKM gene expression
data were converted into TPM. TPM produces results that
are more comparable to those provided by an approach
using microarrays, and it makes it easier to compare the
results of different samples. In accordance with the associ-
ated annotation file, the probe ID was transformed into the
gene symbol, and then, the average expression values for
many probes that corresponded to the same gene were com-
puted. The data were collected and analyzed in a way that
was compliant with the publication standards provided by
TCGA datasets. There was not a single study that directly
involved human volunteers or animal testing that was
included. The approval of the ethics committee and
informed consent were not required.

2.2. Identification of Differentially Expressed IncRNAs
(DELs). All samples were compared using a differential
expression analysis between LUAD and nontumor samples,
and the Wald significance test (as specified by the nbinom
Wald test function) was utilized to determine statistical sig-
nificance. RNA-seq data can be trusted when analyzed using
the DESeq2 package in R, which employs this test. This
package was based on raw read counts for each gene, making
it a robust way for assessing RNA-seq data. A statistical limit
for significance was set at a false discovery rate (FDR) of less
than 0.05 and a fold change of more than 4.

2.3. Survival Analysis. A high-expression group was defined
as having an expression level that was higher than the
median expression level across all samples, and a low-
expression cohort was defined as having an expression level
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FIGURE 1: The expression of NPSR1-AS1 was distinctly increased in LUAD. (a) 229 DELs (including 216 upregulated IncRNAs and 13
downregulated IncRNAs) between LUAD specimens and nontumor specimens from TCGA datasets were shown in volcano map. (b)
Venn diagram showed the overlapping IncRNA between 229 DELs and 382 survival-related IncRNAs. (c) The expression of NPSR1-AS1
in LUAD specimens and nontumor specimens. (d, e) ROC assays were used to investigate the diagnostic value of NPSR1-AS1 for LUAD

patients in the datasets obtained from TCGA.
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F1Gure 3: Functional enrichment analysis of DEGs between the high-NPSR1-AS1-expression group and low-NPSR1-AS1-expression group.
(a) Significantly enriched GO terms of DEGs. (b) Significant KEGG pathway terms of DEGs.

that was lower than the median expression level across all
samples. It was performed in order to facilitate the screening
process for survival-related genes. A log-rank test was
applied to compare the Kaplan-Meier curves of the high-
expression cohort with those of the low-expression cohort.
In order to determine the factors that are linked with sur-
vival, a multivariate analysis using the Cox proportional haz-
ard model was carried out. Adjusted hazard ratios (HRs) and
95% confidence intervals (CIs) are reported. The level of sig-
nificance for each test was two-sided and set at P less than
0.05. The “survival” package in R was utilized in order to
successfully complete the procedure (https://cran.r-project
.org/web/packages/survival/index.html).

2.4. Functional Enrichment Analysis. We separated the
tumor groups into high- and low-expression subgroups
based on the median expression values of NPSRI1-ASI,
and we used the “limma” R package to screen for differ-
entially expressed genes (DEGs) between the two sub-
groups. In order to be considered statistically significant,
the [logFoldChange (logFC)| value needed to be greater
than 2, and the false discovery rate (FDR) needed to be
lower than 0.05. The next step was to conduct a study
of GO and KEGG enrichment of MMP14 coexpressed
genes. The procedure was carried out with the assistance

of the R programming language and the clusterProfiler,
Enrichment plot, and GGplot2 software programs.

2.5. Analysis of Infiltrating Immune Cell Types (TIICs) in the
Microenvironment of LUAD. To examine the relative expres-
sion levels of 22 different TIICs in LUAD samples, the
CIBERSORT package of the R software was utilized in its
version 3.6.3 form [30]. We determined the percentages of
each of these 22 TIIC subpopulations that were present in
each sample.

2.6. Statistical Analysis. The statistical studies were carried
out with the help of the R programming language. The
Wilcoxon test was used to evaluate whether or not there
were continuous variable differences between the two
groups. The Kruskal-Wallis test was applied to make com-
parisons between more than two different groups. Either
the chi-square test or Fisher’s exact test was used to inves-
tigate the variations in frequency of occurrence between
category variables. The log-rank test was utilized for the
study of the variations in survival rates. In the analysis
of disease-specific survival (DSS) or overall survival, the
Cox assays was utilized for the purpose of calculating the
hazard ratios (HRs) of variables together with their respec-
tive 95% confidence intervals (95% ClIs). Moreover,


https://cran.r-project.org/web/packages/survival/index.html
https://cran.r-project.org/web/packages/survival/index.html

Ns
b
Y
o
£7
Z s
o
o B 2
gb : "
BTN .
2 & ) H
%._1 [
5 17 i :
2 ! |
. %
0 +

Age
(a)

47 Ns
Z
D
g~
D-"_‘
Z3
B A 2
gb
.égfs ;
%»—1 . .
§ 17 i :
]
= ! :

o ——

T T
Stage I&Stage II  Stage I11&Stage IV
Pathologic stage

(0

Journal of Oncology

Ns
b
SRS
2 .
D-('_'
Z % ,
S
S & 2 L
5% : -
o— o
2 ¢ :
%»—1 . .
b 17 i [
& ]
E ! i
04 #
T T
Female Male
Gender
(b)
47 Ns
Z
D
2 ~
Q-i'_.
z % .
S
o & 2 g
gb . :
o o
2w H
= ;
g 1 |
[ .
0_
T T
No Yes
Smoker

(d)

FIGURE 4: Relationships between NPSR1-AS1 expressions and clinicopathological parameters in LUAD patients. (a) Age. (b) Gender. (c)

Pathologic stage. (d) Smoker.

Pearson’s correlation and Spearman’s correlation were
used to assess the correlations between different genes. A
P <0.05 was considered statistically significant.

3. Results

3.1. Identification of the Survival-Related DELs in LUAD.
The transcriptional profiles of 535 tumor samples and 59
normal samples were first retrieved from TCGA databases
and then reanalyzed by our team. It was possible to deter-
mine the levels of expression for all IncRNAs. We were able
to collect a total of 229 DELs, 216 of which were upregulated
IncRNAs and 13 of which were downregulated IncRNAs
(Figure 1(a)). Then, we screened the IncRNAs associated
with survival, and we found 382 survival-related IncRNAs
that had a P value of less than 0.01 (Table S1). Venn
diagram showed the overlapping IncRNAs between 229
DELs and 382 survival-related IncRNAs, and 15 survival-
related DELs were identified, including FAMS83A-ASl1,
LINCO01833, LASTR, AC022784.1, AC068228.1, AC010343.3,
NPSR1-AS1, LINCO01559, AC005256.1, AC125603.2,
AL365181.3, AL365181.2, AC125603.1, LINC00973, and

LINC02535 (Figure 1(b)). NPSR1-AS1 was the primary
focus of our study among the 15 survival-related DELs listed
above. We observed that the expressions of NPSR1-AS1
were markedly elevated in LUAD tissues when compared to
nontumor specimens (Figure 1(c)). Additionally, the
diagnostic significance of NPSR1-AS1 for LUAD patients
was investigated using data from TCGA datasets. According
to the results of the ROC tests, high NPSR1-AS1 expression
yielded an AUC value of 0.904 for LUAD with a 95%
confidence interval ranging from 0.881 to 0.927
(Figure 1(d)). Moreover, based on the data from TCGA and
GTEx data, the results of ROC assays indicated that high
NPSRI1-ASI expression had an AUC value of 0.824 (95% CIL:
0.801 to 0.847) for LUAD (Figure 1(e)).

3.2. Pancancer Analysis of NPSR1-AS1 Expression. In addi-
tion, we performed pancancer analysis of NPSR1-ASl
expression using TCGA and GTEx data. As shown in
Figure 2, we found that the expression of NPSR1-AS1 was
distinctly increased in many types of tumors, such as CHOL,
COAD, and ESCA. Our findings suggested that NPSR1-AS1
upregulation may be a common event.
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TaBLE 1: The relationship between NPSR1-AS1 expression and
clinicopathological characteristics in patients with LUAD.

Low expression High expression

Characteristic of NPSRI-ASI  of NPSRI-ASI ~ ©
n 267 268
Age, n (%) 1.000
<65 128 (24.8%) 127 (24.6%)
>65 130 (25.2%) 131 (25.4%)
Gender, n (%) 0.968
Female 142 (26.5%) 144 (26.9%)
Male 125 (23.4%) 124 (23.2%)
Pathologic stage, 1 (%) 0.244
Stage I 158 (30%) 136 (25.8%)
Stage II 57 (10.8%) 66 (12.5%)
Stage III 36 (6.8%) 48 (9.1%)
Stage IV 12 (2.3%) 14 (2.7%)
Age, median (IQR) 66 (59, 72) 66 (59,72)  0.616

3.3. Functional Enrichment Analysis. To further explore the
roles of NPSR1-AS1 in LUAD, we used the “limma” R pack-
age to separate the tumor groups into high- and low-
expression subgroups based on median expression values
of NPSR1-ASI. Following that, 79 DEGs were found. Then,
we performed GO analysis using 79 DEGs. As shown in
Figure 3(a), we found that the 79 DEGs were mainly
enriched in digestion, nucleosome assembly, cellular glucur-
onidation, uronic acid metabolic process, glucuronate meta-
bolic process, apical plasma membrane, apical part of cell,
neuronal cell body, nucleosome, DNA packaging complex,
glucuronosyltransferase activity, bitter taste receptor activity,
taste receptor activity, store-operated calcium channel activ-
ity, and inositol 1,4,5-trisphosphate binding. Moreover, the
results of KEGG assays indicated that the 79 DEGs were
mainly enriched in olfactory transduction, bile secretion,
biosynthesis of cofactors, ascorbate and aldarate metabolism,
pentose and glucuronate interconversions, porphyrin
metabolism, steroid hormone biosynthesis, retinol metabo-
lism, viral carcinogenesis, and chemical carcinogenesis-
receptor activation (Figure 3(b)).

3.4. Correlation of High NPSRI-AS1 Expression with
Clinicopathological Features of LUAD. In order to carry out
statistical analysis, the level of NPSR1-AS1 expression was
split between high- and low-expression groups. In individ-
uals diagnosed with LUAD, an investigation was conducted
to determine whether or not there was a correlation between
the expression of NPSR1-AS1 and clinicopathological fea-
tures. However, we find that the expressions of NPSR1-
AS1 were not associated with age (Figure 4(a)), gender
(Figure 4(b)), pathologic stage (Figure 4(c)), and smoker
(Figure 4(d)). In addition, the results from the chi-square
test also showed a similar finding (Table 1).

3.5. Relationship between NPSRI1-AS1 Expression and
Survival Outcomes in LUAD Patients. Further, we investi-
gated whether or not the expression of NPSR1-AS1 was con-

nected with the fate of LUAD patients. Patients who had
high levels of NPSR1-AS1 had a lower overall survival rate
than those who had low levels of NPSR1-AS1 (Figure 5(a),
P =0.003), as shown by the findings of a Kaplan-Meier sur-
vival analysis. In addition, the group with high levels of
NPSR1-AS1 showed a considerably lower DSS than the
group with low levels of NPSRI-AS1 expression
(Figure 5(b), P =0.043).

3.6. Prognostic Factors Determined by Univariate and
Multivariate Cox Regression Analysis. The next step was to
conduct univariate and multivariate analysis to determine
whether the NPSR1-AS1 expression level was an indepen-
dent predictive indicator of LUAD patient outcomes.
According to the findings of our study, both the pathologic
stage and the expression of NPSR1-AS1 functioned as inde-
pendent prognostic indicators for overall survival (Table 2).
In addition, it was demonstrated that the pathologic stage is
an independent prognostic indication for patients diagnosed
with LUAD (Table 3). However, no additional evidence of
NPSR1-AS1 expression could be found in DSS (Table 3).

3.7. The Expression of NPSRI-ASI Was Associated with
Immune Cell Infiltration. The ssGSEA methodology was uti-
lized to analyze the transcriptomes of TCGA-LUAD cohort
in order to determine the degree to which immune cell infil-
tration was present. Twenty-four immune-related phrases
were included in the study in order to determine the number
of immune cells that are present in the microenvironment of
a tumor. Our group observed that the expressions of
NPSR1-AS1 were negatively associated with CD8 T cells,
pDC, cytotoxic cells, mast cells, iDC, neutrophils, NK
CD56dim cells, DC, Th17 cells, Tgd, and macrophages,
while they were positively associated with NK CD56bright
cells and B cells (Figure 6).

4. Discussion

Tumor developments were dependent on the survivals and
death of tumor cells [31]. The study of cell death can there-
fore assist us in understanding the underlying mechanisms
that are responsible for the development of malignancies
[32]. In addition to the well-known techniques of functional
genes, researchers are uncovering other kinds of regulators
that are involved in the progression of tumors. In recent
years, for instance, IncRNAs have garnered a lot of attention
from researchers [33, 34]. Research on IncRNAs has also
become increasingly common. However, the majority of
the attention has been directed toward conducting more
in-depth basic studies. The question of whether IncRNAs
can give doctors with some therapeutic insight has received
very little attention in the published research. In the subject
of LUAD research, there are likewise very few studies.
Therefore, in the hopes of locating additional new
approaches that may be utilized for clinical diagnosis and
therapy, we decided to conduct research on the relationship
that existed between IncRNAs and the clinical data associ-
ated with LUAD.
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F1GURE 5: Kaplan-Meier survival analysis was applied to examine the prognostic value of NPSR1-AS1 expression in (a) OS and (b) DSS of

LUAD patients.

TaBLE 2: Univariate and multivariate analysis of different prognostic factors for overall survival in patients with LUAD.

Univariate analysis

Multivariate analysis

Characteristics Total (N) Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Gender 526

Female 280 Reference

Male 246 1.070 (0.803-1.426) 0.642
Age 516

<65 255 Reference

>65 261 1.223 (0.916-1.635) 0.172
Pathologic stage 518

Stage I & stage II 411 Reference

Stage III & stage IV 107 2.664 (1.960-3.621) <0.001 2.535 (1.860-3.455) <0.001
NPSR1-AS1 526

Low 263 Reference

High 263 1.557 (1.165-2.081) 0.003 1.442 (1.074-1.936) 0.015

In our study, we performed an analysis on TCGA data-
sets, and as a result, we found a total of 229 DELs, which
included 216 upregulated IncRNAs and 13 downregulated
IncRNAs. NPSR1-AS1 was the primary focus of our atten-
tion. In the past, a number of studies have indicated that
NPSR1-AS1 served a function in a variety of cancers. For
instance, He et al. revealed that the expressions of NPSRI1-
ASI were shown to be increased in hepatocellular carcinoma
tissues and cell lines. In the following step, the ectopic
expression of NPSR1-AS1 regulated the MAPK/ERK path-
way, which in turn accelerated the proliferation and glycoly-
sis of hepatocellular carcinoma cells [35]. Dastjerdi et al.
showed that NPSR1-AS1 had the ability to make a consider-
able distinction between the tumor and the normal samples.
These findings might have repercussions for the early diag-
nosis and focused treatment of colorectal cancer in the
future [36]. He et al. discovered that NPSR1-AS1 activated

the MAPK pathway to promote the proliferation and metas-
tasis of thyroid cancer cells by engaging ELAVLLI to stabilize
NPSR1 mRNA. This was accomplished by facilitating the
proliferation of thyroid cancer cells [35]. In the first part of
our study, we observed that the level of NPSR1-AS1 was sig-
nificantly higher in LUAD tissues compared to nontumor
specimens. This finding was in line with findings from other
studies. The findings of the ROC tests then revealed that
NPSR1-AS1 may be utilized as an indicator to screen LUAD
specimens vs. nontumor specimens. In addition, the expres-
sion of NPSR1-AS1 was shown to be significantly elevated in
many other kinds of tumors, such as CHOL, COAD, and
ESCA, according to the findings of a pancancer investiga-
tion. Our research led us to believe that an upregulation of
NPSR1-AS1 is a rather typical occurrence. The GO and
KEGQG tests found evidence that NPSR1-AS1 may play a reg-
ulatory role in the course of LUAD by exerting an influence
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TaBLE 3: Univariate and multivariate analysis of different prognostic factors for disease specific survival in patients with LUAD.
. Univariate analysis Multivariate analysis
Characteristics Total (N) Hazard ratio (95% CI) § P value Hazard ratio (95% CI) § P value
Gender 491
Female 262 Reference
Male 229 0.989 (0.687-1.424) 0.954
Age 481
<65 243 Reference
>65 238 1.013 (0.701-1.464) 0.944
Pathologic stage 483
Stage I & stage II 389 Reference
Stage III & stage IV 94 2.436 (1.645-3.605) <0.001 2.322 (1.562-3.450) <0.001
NPSR1-AS1 491
Low 251 Reference
High 240 1.460 (1.013-2.105) 0.043 1.370 (0.943-1.988) 0.098
P value
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FIGURE 6: The expression of NPSR1-AS1 was

over a number of different tumor-related pathways. Patients
who had a high level of NPSR1-AS1 expression in clinical
studies were found to have a lower overall survival time
and disease-free survival time than patients who had a low
level of NPSR1-ASI1 expression. Moreover, multivariate

associated with immune cell infiltration.

studies demonstrated that NPSR1-AS1 expression was an
independent prognostic factor for overall survival of LUAD
patients. Based on these findings, we hypothesized that
NPSR1-AS1 could serve as a diagnostic and prognostic bio-
marker for patients with LUAD. The prognosis of LUAD
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will be further investigated in subsequent studies in which
we will also further evaluate the association between
NPSR1-AS1-associated genes and the prognosis.

Tumor stromal cells are part of the tumor microenviron-
ment and can influence how cancerous tumor cells behave
[37]. One type of immune cell that plays a crucial role in
tumor development and progression is called tumor-
infiltrating lymphocytes (TILs). By building a complex inter-
cellular contact network, TILs aid in the development and
maintenance of an immunosuppressive environment, aid
in immune escape, and eventually contribute to tumor pro-
gression [38]. Research on immune cell infiltration has
revealed that there is a significant function for immune cells
in the TME in the progression of cancer. New approaches to
cancer immunotherapy may be easier to come up with if
researchers had a better grasp of how immune cells infiltrate
the immunological milieu. We found that the expression of
NPSR1-AS1 was negatively associated with CD8 T cells,
pDC, cytotoxic cells, mast cells, iDC, neutrophils, NK
CD56dim cells, DC, Th17 cells, Tgd, and macrophages,
while it was positively associated with NK CD56bright cells
and B cells. It is possible that Th17 cells have an antitumor
effect because the subgroup of patients with LUAD that
has a greater infiltration of Th17 cells is less likely to develop
lymph node metastases and more likely to have a better
prognosis. Therefore, based on the findings of our study,
immunosuppression, which is caused by the presence of less
Th17 cells in the primary tumor microenvironment, may be
the cause of a shorter survival rate at 10 years for patients
with LUAD who have high levels of NPSR1-ASI.

Despite the fact that our research showed a relationship
between NPSR1-AS1 and LUAD, there were still several lim-
itations to our investigation that need to be addressed.
Firstly, the number of patients who participated in this study
was rather low, which meant that additional research includ-
ing a substantial number of participants was necessary to
validate our findings. Secondly, most of our findings were
obtained from bioinformatics analysis and TCGA datasets,
which lack experimental verification in in vitro and in vivo
experiments.

5. Conclusion

It is possible that NPSR1-ASlI is a predictive biomarker for
LUAD, which is the factor that determines how well cancer
immunotherapy works. The findings of the current research
have the potential to offer fresh perspectives on the formula-
tion of efficient therapy methods directed against LUAD.
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Pituitary adenoma (PA) constitutes one of the most common intracranial tumors. The present study was designed to identify
potential diagnostic markers for PA. We used gene expression profiles (GEO: GSE26966 and GEO: GSE63357 datasets) derived
from human PA and nontumor samples that were made freely accessible by the gene expression omnibus (GEO) datasets.
Differentially expressed genes (DEGs) were screened between 14 normal specimens and 34 PA specimens by the use of the limma
package of the R. The diagnostic genes were determined using a LASSO regression model and SVM-RFE analysis. SFRP2
expression in PA cells was analyzed using RT-PCR, and the effect of SFRP2 dysregulation on PA cell proliferation was measured
using CCK-8 analysis. In this study, 361 DEGs were identified: 309 genes were downregulated and 52 genes were upregulated. The
results of KEGG assays revealed that the 361 DEGs were mainly enriched in the PI3K-Akt signaling pathway, MAPK signaling
pathway, growth hormone synthesis, secretion and action, and AGE-RAGE signaling pathway in diabetic complications. Results
from the LASSO regression model and the SVM-RFE analysis indicated that LOC101060391 and SFRP2 were diagnostic genes. In
contrast to normal tissue, the expressions of LOC101060391 and SFRP2 were much lower in PA samples. According to the ROC
assays, high LOC101060391 and SFRP2 expression had an AUC value >0.9 for PA. Upregulation of SFRP2 distinctly inhibited the
proliferative capacity of PA cells, as shown by CCK-8 analysis. Furthermore, knockdown of SFRP2 had an influence on cell growth
in both the AtT-20 and HP75 cell lines. Taken together, our findings indicate that LOC101060391 and SFRP2 have diagnostic

potential for PA. Furthermore, SFRP2 may be an antioncogene and a therapeutic target for PA.

1. Introduction

Pituitary adenoma (PA), accounting for 10%-15% of all
cranial tumors, is the third most common brain tumor [1].
Noninvasive pituitary adenocarcinomas (NIPAs), invasive
pituitary adenocarcinomas (IPAs), and pituitary adenocar-
cinomas (PAs) are the three categories that can be used to
classify PAs [2, 3]. IPAs have a tendency to infiltrate key
surrounding structures, such as the cavernous sinus, the
sphenoid bone, and the cranial nerves because of their highly
proliferative and invasive nature [4, 5]. When a tumor
presses on a nearby organ or tissue, it can create symptoms
such as headaches or vision problems, which lead doctors to
suspect PAs. This is because PAs do not typically present

with the typical symptoms that are associated with hormone
hypersecretion [6, 7]. On the other hand, certain tumors
have the potential to spread to the cavernous sinus or the
region around the internal carotid artery, making it hard to
do a total excision [8]. Surgical treatment is beneficial for
NFPAs; however, complete removal of certain tumors is not
achievable. The purposes of these three different treatment
strategies are to lessen or remove the impact of tumor-
occupying lesions, rectify excessive hormone release by the
tumor, and maintain normal pituitary function [9, 10].
However, after surgery to remove a pituitary tumor, the
recurrence rate is rather significant, ranging from 7 to 35
percent [11]. In addition, surgery to remove a pituitary
tumor may result in problems such as diabetes insipidus,
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sphenoid sinusitis, leakage of cerebrospinal fluid, worsening
of visual impairment, cerebral palsy, and meningitis [12, 13].
Therefore, it is essential to research and develop effective
treatments as well as innovative diagnostic biomarkers.

New disease-related genes have been discovered through
the use of microarrays and integrated bioinformatics anal-
ysis in recent years. These genes have the potential to operate
as biological markers that are diagnostic as well as predictive
[14, 15]. For instance, Yang et al. showed that both PVT1 and
EZH2 expression levels were elevated in human glioma
tissues and cell lines, and this elevation was found to have
a positive correlation with the malignancy of the glioma. In
addition, inhibiting the expression of PVTI led to a re-
duction in cell proliferation, an increase in apoptosis, and
a reduction in both migration and invasion via targeting
EZH2. In addition, there was a correlation between high
expression of PVT1 and a bad prognosis in glioma patients
[16]. Huang et al. reported that in patients who had pituitary
tumors, the expression of SIRT1 was found to be down-
regulated in the tumor tissues. The present work indicated,
through in vitro tests, that SIRT1 overexpression decreased
pituitary tumor cell line growth by inhibiting PTTGI ex-
pression, whereas SIRT1 downregulation demonstrated the
reverse effects on pituitary tumor cell line growth [17].
Daniela et al. indicated that the expression of AP52 is sig-
nificantly increased in gonadotroph and prolactin-secreting
pituitary adenomas, where it corresponds with the expres-
sion of HMGAZ2. The above results are in contrast to the
expression of AP52 in normal pituitary tissues. RPSAP52
overexpression, from a functional standpoint, stimulated cell
multiplication by functioning as a miRNA sponge for
HMGA proteins [18]. However, only a few studies have
identified the functional genes involved in PA progression.
With this study, we aimed to explore the critical diagnostic
genes for PA by the use of machine learning.

2. Materials and Methods

2.1. Cell Culture and Transfection. The HP75 and AtT-20
pituitary tumor cell lines were cultivated in accordance with
the instructions provided by the manufacturer. At 37 degrees
Celsius and 5% carbon dioxide, the media was supplemented
with 1% penicillin-streptomycin and 10% fetal bovine serum
(Gibco, USA). AtT-20 and HP75 cells were seeded in six-well
plates at the optimal density a full twenty-four hours before
the transfection, and the plates were left to incubate over-
night. Both AtT-20 and HP75 cells were transfected with
pcDNA-SFRP2, sh-SFRP2, and a control (blank plasmid)
using Lipofectamine® 3000 reagent and Opti-MEM medium
(Invitrogen Life Technologies, USA) in accordance with the
methodology provided by the manufacturer. Tolo Biotech
was responsible for the procurement of the pcDNA-SFRP2,
sh-SFRP2, and blank plasmid (Shanghai, China).

2.2. RNA Extraction and Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR). In order to extract total RNA
from cells in accordance with the instructions provided by
the manufacturer for qRT-PCR, the FastPure Cell/Tissue
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Total RNA Isolation Kit V2 was utilized. After completing
the reverse transcription of IncRNAs and mRNAs with the
help of a reverse transcription system Kkit, the results were
analyzed using quantitative polymerase chain reaction
(qPCR) using a Universal SYBR qPCR Master Mix kit.
According to the procedure manual, GAPDH was employed
in the role of an internal control in order to ascertain the
level of mRNAs. For relative quantification, the 2A-CT
approach was applied. The experiments were repeated three
times, and each experiment was triplicated.

2.3. Cell Proliferation Assay. After receiving a variety of
treatments, the level of cell proliferation was measured
utilizing the Cell Counting Kit-8 (CCK-8; TargetMol,
Shanghai, China) in accordance with the protocols provided
by the manufacturer. To be more specific, 2 x 10* cells were
seeded into each well of a 96-well plate, and the plates were
then cultured overnight at 37 degrees Celsius and 5% carbon
dioxide. Following this, 10 uL of CCK-8 was added to each
well. Using a microplate reader set to 450 nm, the optical
density of each well was measured. The experiments were
repeated three times, and each experiment was triplicated.

2.4. Microarray Data. The series of matrix files of the
GSE26966 and GSE63357 datasets were obtained from
https://www.ncbi.nlm.nih.gov/geo/. The GSE26966 dataset
included 9 normal specimens and 14 tumor specimens,
whereas the GSE63357 dataset included 5 normal specimens
and 20 tumor specimens. The gene symbols corresponding
to the probes in each dataset were converted into those
symbols using the probe annotation files. When there was
more than one probe that corresponded to the same gene
symbol, the final expression value of the gene was computed
based on the average of all of the probes. Because these two
datasets use the same platform and are important for
combining data from various datasets, they were combined
into a metadata cohort so that additional integration analysis
could be performed on the results of the combined datasets.
In addition to this, the combat function contained inside the
R software’s SVA package was utilized in order to eliminate
the batch effect.

2.5. Data Processing and DEG Screening. After combining
the two datasets into a single metadata cohort, the combat
function of the SVA package was used to preprocess the data
and eliminate any batch effects that may have been present.
Differential expression analysis between 14 normal speci-
mens and 34 tumor specimens was all performed with the
help of the limma package of the R programming language
(https://www.bioconductor.org/). The threshold points for
differentially expressed genes (DEGs) were determined to be
samples that had an adjusted false discovery rate P that was
less than 0.05 and a |log fold change (FC)| that was more
than 2.

2.6. Gene Functional Enrichment Analyses. Using the
“clusterProfiler” R package, functional enrichment was
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Figure 1: Differentially expressed genes between PA specimens and nontumor specimens. (a) Volcano plot of differentially expressed genes
(DEGs). (b) Heat map of the top 100 differentially expressed genes in the analysis result (50 downregulated genes and 50 upregulated genes).
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FIGURE 2: Representative results of GO and KEGG analyses. (a)
component enrichment, and GO biological process enrichment
pathways.

determined in a thorough manner in order to examine the
biological activities of DEGs [19]. This was accomplished
by detecting gene ontology (GO) word enrichment and
KEGG pathway enrichment. The results of the GO en-
richment were divided into three categories: molecular
functions, biological processes, and cellular components
(MF). The GO enrichment and KEGG pathway were de-
termined based on a threshold of p value 0.05, and the
images that accompany this article represent the top 10
enrichment items.

The outcomes of the GO molecular function enrichment, GO cellular
of DEGs. (b) The findings of an examination of DEGs using KEGG

2.7. Candidate Diagnostic Biomarker Screening. Two dif-
ferent machine-learning methods were employed to make
predictions about the disease’s progression in order to find
meaningful prognostic variables. The least absolute
shrinkage and selection operator (LASSO) algorithm is
a form of regression analysis that makes use of regularization
in order to increase the accuracy of prediction [20]. In order
to determine the genes that are significantly linked with the
differentiation of pituitary tumor samples from normal
samples, the LASSO regression technique was implemented
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FIGURE 3: Screening process of diagnostic biomarkers for PA diagnosis. (a) Tuning feature selection in the LASSO. (b) A plot of biomarkers
selection via SVM-REE algorithm. (¢) Venn diagram demonstrating two diagnostic markers.

in R and run with the “glmnet” package. The support vector
machine (SVM) is a popular supervised method of machine
learning that may be used for both classification and re-
gression [21]. When selecting the best genes from the
metadata cohort, an RFE algorithm was used so as not to fall
into the trap of overfitting. Therefore, in order to determine
the group of genes that have the greatest capacity for dis-
crimination, support vector machine recursive feature
elimination (SVM-RFE) was utilized in order to choose the
pertinent characteristics.

2.8. Statistical Analysis. The statistical analyses were con-
ducted in the R software (version 3.6.3) and GraphPad Prism
6.0 software. The Student’s ¢ test and the one-way analysis of
variance (ANOVA) were used to compare the data obtained
from the various groups. The final data were generated from
three independent experiments. p values <0.05 were con-
sidered statistically significant.

3. Results

3.1. Identification of DEGs in Pituitary Tumor. In this work,
a retrospective analysis was performed on the data obtained
from a total of 14 normal specimens and 34 pituitary tumor

specimens taken from two different GEO datasets
(GSE26966 and GSE63357). After taking into account the
batch effects, the DEGs of the metadata were examined with
the help of the limma software. 361 DEGs were obtained: 309
genes were downregulated and 52 genes were upregulated
(Figures 1(a) and 1(b)).

3.2. GO Term and KEGG Pathway Enrichment Analyses of
DEGs. To learn more about the biological roles and path-
ways played by DEGs, researchers can do gene enrichment
analysis. As shown in Figure 2(a), the results of GO assays
indicated that the 361 DEGs were mainly associated with
response to extracellular stimulus, response to nutrient
levels, reproductive structure development, response to
corticosteroid, endocrine system development, collagen-
containing extracellular matrix, endoplasmic reticulum lu-
men, basement membrane, endosome lumen, photoreceptor
outer segment membrane, receptor ligand activity, signaling
receptor activator activity, and hormone activity. In addi-
tion, the results of KEGG assays revealed that the 361 DEGs
were mainly enriched in the PI3K-Akt signaling pathway,
MAPK signaling pathway, growth hormone synthesis, se-
cretion and action, and AGE-RAGE signaling pathway in
diabetic complications (Figure 2(b)).
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FIGURE 4: The expression of LOC101060391 and SFRP2 in PA and their diagnostic value. ((a) and (b)) The expression of LOC101060391 and
SFRP2 was distinctly increased in PA specimens compared with nontumor specimens from GSE26966 and GSE63357 datasets. ((c) and (d))
ROC assays confirmed the diagnostic value of LOC101060391 and SFRP2 for PA based on GSE26966 and GSE63357 datasets.

3.3. Identification of Diagnostic Biomarkers in Pituitary
Tumor. In order to search for relevant biomarkers, two
different algorithms were utilized. Using the LASSO re-
gression algorithm, the DEGs were narrowed down, and the
result was the identification of 15 genes as diagnostic genes
for PA (Figure 3(a)). Using the SVM-RFE technique, we
were able to choose a subset of three genes from among the
DEGs (Figure 3(b)). The two overlapping factors
(LOC101060391 and SFRP2) between these two techniques
were finally selected (Figure 3(c)). In addition, we analyzed
the expressing pattern of LOC101060391 and SFRP2 and
found that the expression of LOC101060391 and SFRP2 was
noticeably decreased in PA specimens as compared to
nontumor specimens (Figures 4(a) and 4(b)). Following

that, an investigation into the diagnostic utility of
LOC101060391 and SFRP2 in patients suffering from pi-
tuitary tumors was carried out. According to the ROC tests,
high expression levels of LOC101060391 and SFRP2
exhibited an AUC value that was more than 0.9 for PA
(Figures 4(c) and 4(d)).

3.4. Effect of SFRP2 on the Growth of Pituitary Tumor Cells in
Vitro. The purpose of this study is to investigate the in-
fluence that SFRP2 has on the proliferation of HP75 and
AtT-20 cells. When compared with the NC group, the
findings of the RT-PCR study revealed that the level of
expression of SFRP2 was either increased or decreased in
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F1GUre 5: The effect of SERP2 on the proliferation of AtT-20 and HP75 cells. (a) The RT-PCR method was utilized to analyze the level of
SFRP2 expression. ((b) and (c)) The CCK-8 assay was utilized to evaluate the degree to which AtT-20 and HP75 cells were able to proliferate.
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HP75 and AtT-20 cells when transplanted with pcDNA-
SFRP?2 or si-SFRP2, respectively (Figure 5(a)). The findings
of the CCK-8 assays revealed that forced SFRP2 expression
had a significant inhibiting effect on the ability of AtT-20
and HP75 cells to proliferate in comparison to the NC group
(both p < 0.05, Figures 5(b) and 5(c)). In addition to this, the
effect of SFRP2 knockdown on the proliferation of AtT-20
cells as well as HP75 cells was observed (both p <0.05,
Figures 5(b) and 5(c)). As a result of these findings, we
hypothesized that an increase in SFRP2 expression could
inhibit the growth of pituitary tumors in vitro.

4, Discussion

Pituitary tumors come in a variety of subtypes, the most
prevalent of which is the prolactin-secreting pituitary ade-
noma, which accounts for 30-40% of all pituitary tumors

[22, 23]. Accompanying this adenoma are headaches, vision
problems, irregular periods, enlarged ovaries, infertility, and
a lack of sexual desire. Most prolactinomas are benign and
respond well to surgical removal, radiation therapy, or drug
therapy [24, 25]. Highly effective medications for prolacti-
noma include cabergoline and dopamine agonists. Patho-
logically, aggressive prolactin pituitary tumors are
intermediate between benign pituitary adenomas and ma-
lignant pituitary carcinomas [26, 27]. It is unknown how
common malignant prolactin-secreting pituitary tumors are.
It is common for them to develop resistance to standard
treatments such as TMZ and to experience rapid recurrence
after surgery [28, 29]. They have a relatively specific ag-
gressive behavior that is characterized by a marked invasion
of surrounding anatomical structures. An extensive study
has been carried out in order to investigate the possible
biomarkers that could be used for the early diagnosis and
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treatment of aggressive pituitary tumors. The primary ob-
jective of this investigation was to locate previously un-
discovered diagnostic biomarkers through the application of
machine-learning techniques.

We first evaluated two GEO datasets (GSE26966 and
GSE63357) to study the DEGs in PA. After removing the
impacts of the batching, the DEGs of the metadata were
evaluated by making use of the limma program. Then, we got
these results: 309 genes had dramatically decreased ex-
pression, while 52 genes had significantly increased ex-
pression. To explore the possible function of the 361 DEGs,
we performed KEGG assays and found that the 361 DEGs
were mainly enriched in the PI3K-Akt signaling pathway,
MAPK signaling pathway, growth hormone synthesis, se-
cretion and action, and AGE-RAGE signaling pathway in
diabetic complications. Our findings suggest the 361 DEGs
may influence tumor progression via regulating the above
tumor-related pathways. Importantly, we used two machine-
learning methods (LASSO regression algorithm and SVM-
RFE) and identified two critical diagnosis genes, including
LOC101060391 and SFRP2. Their expression was distinctly
decreased in PA specimens compared with nontumor
specimens. In addition, ROC assays also confirmed their
diagnostic value in screening PA specimens from nontumor
specimens. Our findings suggest LOC101060391 and SFRP2
may be used as novel diagnostic biomarkers for PA patients.

SFRP1, SFRP2, SFRP3, SFRP4, and SFRP5 are the five
members of the family of proteins known as secreted
frizzled-related proteins (SFRP) [30]. It appears that the
specific environment plays a role in determining whether the
protein known as secreted frizzled-related protein 2 (SFRP2)
acts as an antagonist or an agonist for the Wnt signaling
pathway [31, 32]. There have been multiple reports of the
expression of SFRP2 as well as its function in various
cancers. For instance, Wu et al. reported that patients with
glioma who were treated with radiotherapy had a decrease in
their expression of SFRP2, and this decrease was connected
to an advanced stage of the tumor and a bad prognosis.
Through the activation of Wnt/-catenin signaling, the
CRISP/Cas9-mediated reduction of SFRP2 facilitated the
development of soft agar colonies, cancer stemness, and
radioresistance in glioma cells [33]. Zhang et al. reported
that when compared to the paired adjacent nontumor tissue,
the amount of SFRP2 mRNA in NSCLC tissue was found to
be significantly lower, while the amount of SFRP2 gene
methylation was found to be significantly higher. In addi-
tion, the loss of SFRP2 that was mediated by methylation
contributed to the increased invasiveness of nonsmall cell
lung cancer cells. It was discovered that SFRP2 was weakly
expressed in PA, and its knockdown increased the pro-
liferation, migration, and invasion of PA cells by upregu-
lating Wnt signaling [34]. According to these findings,
SFRP2 may act as a tumor suppressor in the aforementioned
malignancies. In this study, we also found that SFRP2 ex-
pression was distinctly decreased in PA specimens, which
was consistent with previous findings. However, for the first
time, we confirmed SFRP2 as a sensitive diagnostic bio-
marker for PA based on the results of machine-learning
methods. Then, we further performed CCK-8 assays to

explore the function of SFRP2 in PA progression and found
that its overexpression distinctly suppressed the pro-
liferation of PA cells. It has been known to us that disordered
tumor growth is the most important characteristic. Our
findings suggest SFRP2 may suppress tumor growth in PA,
suggesting it as an antioncogene for PA.

However, our study has a few limitations. First, there
were just 14 normal specimens and 34 pituitary tumor
specimens combined in the GSE26966 and GSE63357
studies; hence, the sample sizes were quite modest. In
a subsequent investigation, there is an urgent need for
a larger dataset in order to further validate our results.
Secondly, more in vitro and in vivo experiments were
needed to further study the function of SFRP2 in the pro-
gression of PA.

5. Conclusion

We identified two novel diagnostic biomarkers
(LOC101060391 and SFRP2) for PA patients. In addition,
SFRP2 may be used as a novel therapeutic target for PA.
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Medical technology has become more and more sophisticated recently, which, however, fails to contribute to a better prognosis for
patients suffering advanced gastric cancer (GC). Hence, new biomarkers specific to GC diagnosis and prognosis shall be identified
urgently. This study screened differentially expressed genes (DEGs) between 375 GC samples and 32 paracancer tissue samples
from TCGA datasets. The expression of Collagen type X alpha 1 (COL10A1) in GC was analyzed. The chi-square test assisted
in analyzing the relevance of COL10A1 to the clinicopathologic characteristics. The Kaplan-Meier method helped to assess the
survival curves and log-rank tests assisted in the examination of the differences. The Cox proportional hazard regression model
served for analyzing the risk factors for GC. Then, we developed a nomogram that contained the COL10A1 expression and
clinical information. Finally, how COL10A1 expression was associated with the immune infiltration was also evaluated. In this
study, 7179 upregulated and 3771 downregulated genes were identified. Among them, COLI10A1 expression was distinctly
increased in GC specimens compared with nontumor specimens. High COL10A1 expression exhibited an obvious relation to
tumor T and pathologic stage. ROC assays confirmed the diagnostic value of COL10A1 expression in screening GC samples
from normal samples. Survival data displayed that patients with high COL10A1 expression exhibited a shorter OS and DSS
than those with low COL10A1 expression. We obtained a predictive nomogram, which could better predict the COL10A1
expression by virtue of discrimination and calibration. The prognostic value of COL10A1 expression was further confirmed in
GSEB4426 datasets. Immune assays revealed that COL10A1 expression was associated with tumor-filtrating immune cells, like
CD8 T cells, cytotoxic cells, DC, eosinophils, iDC, macrophages, mast cells, NK CD56dim cells, NK cells, pDC, T helper cells,
Tem, Thl cells, Th17 cells, and Treg. Overall, we firstly proved that COLI0A1 may be a novel and valuable prognostic and
diagnostic factor for GC patients. In addition, COL10A1 has potential to be an immune indicator in GC.

1. Introduction

Gastric cancer (GC) is ranked fifth in incidence and fourth in
mortality among numerous malignant tumors around the
world [1]. Statistically, the year of 2015 saw 679,100 new GC
cases and about 498,000 deaths caused by GC [2, 3]. Growing
studies have proved the effect of personal lifestyle choices on
GG, like inadequate fruits and vegetables, excessive drinking

as well as high intake of salt [4, 5]. Besides, the risk of suffering
GC can increase affected by a family history of GC and Helico-
bacter pylori infection [6, 7]. GC exhibits a low early diagnosis
rate, and a majority of patients can only be diagnosed at an
advanced stage; hence, its 5-year survival rate remains less
than 10% [8, 9]. GC still exhibits poor prognosis despite the
improvement made on the therapy methods, like chemother-
apy, surgery, and targeted therapy [10]. On that account, it is
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Ficure 1: The COL10A1 expression in GC patients based on TCGA datasets. (a) Volcano plot served for visualizing the COL10A1
distribution of the DEGs. (b, c) Both paired and unpaired results found higher COL10A1 expression in tumor tissues relative to

nontumor specimens. ***p < 0.001.

suggested to confirm useful biomarkers for better assessing
tumor development, predicting the overall survival (OS), and
enhancing the treatment effects.

Collagen type X alpha 1 (COL10A1) belongs to a family of
collagen [11]. COL10Al gene is the alpha chain encoding
form X collagen, the small chain collagen in the form of hyper-
trophic chondrocytes in the endochondral ossification process
[12, 13]. It is a major matrix component in the stroma, and
studies have confirmed the vital effect of extracellular matrix
on tumor cells in terms of growth, differentiation, progression,
apoptosis, and metastasis [14, 15]. A panel of RNAs prepared
from various cancers and cancer cell lines were screened, find-
ing the frequent upregulation of COL10A1 in various cancers.
However, COL10A1 expression was limited or even could not
be detected in a majority of normal tissues. COL10Al can
exhibit specific expression in the vasculature and tumor
microenvironment for breast cancer tissues via the immuno-
fluorescence staining by using specific antibodies [16]. The
above findings met the results of another study. Huang et al.
reported that colorectal cancer tissues showed obviously
higher COL10A1 expression. As revealed by biological func-
tional experiments, COL10A1 overexpression strengthened
colorectal cancer cells in terms of the proliferation, the migra-
tion, and the invasion, and COL10A1 knockdown hindered
the tumorigenesis in vivo. According to western blot assays,
COL10A1 was capable of facilitating the epithelial-
mesenchymal transition (EMT) process. In addition, serum
protein concentrations regarding COL10A1l exhibited an
obvious increase in adenomas and colorectal cancer cases rel-
ative to the control samples. It was possible to treat the protein
level regarding COL10A1 in serum as a biomarker for diag-
nosing tumor prognosis in early stage, thereby identifying
colorectal cancer and adenoma [17]. However, whether
COL10A1 could be a diagnostic and prognostic biomarker
for GC remained largely unclear.

In this study, we screened differentially expressed genes
(DEGs) to compare GC specimens and nontumor specimens
based on TGCA datasets and confirmed that COL10Al
expression showed an obvious increase in GC specimens.
Then, we analyzed its diagnostic and prognostic value in

two cohorts. Finally, the possible association of COL10Al
expression with immune microenvironment was explored.

2. Materials and Methods

2.1. Data Sources. The mRNA expression profiles regarding
375 GC samples and 32 paracancer tissue samples, together
with related clinical data, came from The Cancer Genome
Atlas (TCGA) database (https://www.cancer.gov/about-nci/
organization/ccg/research/structural-genomics/tcga). 375 GC
patients possessed matching mRNA expression profiles as well
as survival data. Besides, the Gene Expression Omnibus
(GEO) database (https://www.ncbi.nlm.nih.gov/geo/) pro-
vided the related dataset (GSE84426). The study strictly
followed the publication guidelines of TCGA and GEO.

2.2. Differential Analysis of Genes. The “afty” and “limma”
packages in R software (https://www.r-project.org/) served
for differentiating specimens from the TCGA datasets,
respectively, obtaining 375 GC samples and 32 paracancer
tissue samples. The t-test assisted in screening DEGs follow-
ing cut-off values: false discovery rate (FDR) <0.05 and |
log 2fold change| > 1.

2.3. Analysis on the Correlation of COLI0AI Expression
Patterns with Clinicopathological Features. We selected the
clinicopathological data [age, gender, pathological stage, infil-
tration depth (T), distant metastasis (M), lymph node metas-
tasis (N), etc.] regarding the RC tissue specimens in the
TCGA database for later analysis. The study included clinical
data of 367 patients except data that were defective or incom-
plete. An independent sample t-test together with a paired ¢
-test assisted in confirming the correlation of COLI10Al
expression with the clinical-pathological parameters.

2.4. Statistical Analysis on Potential Prognostic Factors. The
R version 4.0.2 software (“survival” and “survminer” pack-
ages) served for identifying the potential prognostic factors.
Univariate Cox regression analysis assisted in confirming
many prognostic factors, and multivariate Cox regression
analysis assisted in confirming independent prognostic
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TaBLE 1: Association between COL10A1 expression and different
clinicopathological features of human GC.

Low expression High expression

Characteristic of COLIOA1  of COLI0AI
n 187 188
T stage, n (%) <0.001
T1 18 (4.9%) 1 (0.3%)
T2 44 (12%) 36 (9.8%)
T3 78 (21.3%) 90 (24.5%)
T4 45 (12.3%) 55 (15%)
N stage, n (%) 0.901
NO 53 (14.8%) 58 (16.2%)
N1 51 (14.3%) 46 (12.9%)
N2 39 (10.9%) 36 (10.1%)
N3 37 (10.4%) 37 (10.4%)
M stage, n (%) 1.000
MO 166 (46.8%) 164 (46.2%)
M1 13 (3.7%) 12 (3.4%)
izt)hologm stage, n 0.012
Stage I 36 (10.2%) 17 (4.8%)
Stage II 45 (12.8%) 66 (18.8%)
Stage III 77 (21.9%) 73 (20.7%)
Stage IV 19 (5.4%) 19 (5.4%)
Gender, n (%) 0.884
Female 68 (18.1%) 66 (17.6%)
Male 119 (31.7%) 122 (32.5%)
Age, n (%) 0.899
<65 82 (22.1%) 82 (22.1%)
>65 101 (27.2%) 106 (28.6%)
z-;ljtologlc grade, n 0.095
Gl 5 (1.4%) 5 (1.4%)
G2 77 (21%) 60 (16.4%)
G3 98 (26.8%) 121 (33.1%)
z—(%)ylorl infection, n 1,000
No 96 (58.9%) 49 (30.1%)
Yes 12 (7.4%) 6 (3.7%)
]ja({’;)e)tt s esophagus, 0.612
No 122 (58.7%) 71 (34.1%)
Yes 11 (5.3%) 4 (1.9%)
Age, mean + SD 65.52 +10.52 66.13 +£10.79 0.580

factors. Nomograph was developed using R software. Finally,
GSE84426 was used to validate the prognosis value of
COL10A1 expression.

2.5. Protein Interaction Network Analysis. The STRING
database (https://string-db.org/) served for exploring the
predicted and actual correlations of protein interactions with

COLI10ALI expression patterns. Proteins interacting with the
COL10A1 were screened.

2.6. Analysis on the Correlation of COL10AI with Immune
Cell Infiltration. The “cibersort” package (R version 4.0.2
software) assisted in analyzing the percentage occupied by
22 immune cell types (LM22 gene signature) in GC tissues.
A further quantification was conducted on the correlation
of COL10ALI expression with proportions occupied by dif-
ferent immune cells. The “ggplot2” and “limma” packages
(R version 4.0.2 software) served for analyzing and plotting
data at last. Also, we referenced the TIMER database for
analyzing the tumor-infiltrating immune cells (CD8+ T cells,
CD4+ T cells, B cells, macrophages, neutrophils, and DCs).

2.7. Gene Ontology (GO) and the Kyoto Encyclopedia of
Genes and Genomes (KEGG) Pathway Analysis. GO enrich-
ment that involves cellular components, molecular func-
tions, and biological process is capable of defining special
biological characteristics regarding certain genes in various
respects. The KEGG enrichment served for investigating
the biological pathways in some genes. GO and KEGG anal-
ysis were conducted under the assistance of the R 3.6 soft-
ware together with “clusterProfiler” package. Moreover,
“ggplot2” package was used for the outcome visualization.

2.8. GSEA. The median COL10A1 expression was taken into
account for dividing patients into group with high expres-
sion and group with low expression by using the GSEA soft-
ware; also, the gene enrichment pathways with the highest
ranking in the two groups were detected (Molecular Signa-
tures Database c2. Cp. Kegg. V7.2. Symbols). We used the
Gene Matrix Transposed function dataset as a reference
gene set specific to all analyses. FDR < 0.05 indicated signif-
icant enrichment.

2.9. Statistical Analysis. IBM SPSS Statistics for Windows,
version 20.0 (IBM Corporation, Armonk, NY, USA) and R
version 4.0.2 served for the statistical analyses. The gene
expression data were in the form of mean + standard
deviation. A t-test assisted in comparing GC tissues and
paracarcinoma tissues in terms of the COL10A1 expression
in the TCGA and GEO databases. Wilcoxon’s signed-rank
test assisted in analyzing the correlation of the COL10Al
with clinical characteristic variables. The hazard ratio and
95% CI were calculated with the univariate and multivariate
Cox analyses. Finally, R was used to draw nomogram and
build a prediction model. We plotted ROC curve and calcu-
lated AUC by using “ROCR” package for assessing the abil-
ity to distinguish tumor and normal tissue. A p value < 0.05
reported statistical significance. FDR <0.05and p < 0.01
indicated significant enrichment.

3. Results

3.1. Microarray Data and Identification regarding DEGs in
GC. For finding DEGs in GC, the current study included
375 GC samples and 32 paracancer tissue samples from
the TCGA. At last, we identified 7179 upregulated and
3771 downregulated genes (|log FC|>1,p<0.05). The
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1.0 A COLI10A1 distribution of the DEGs was visualized in a vol-
cano plot (Figure 1(a)). Both paired and unpaired results
displayed the higher COL10A1 expression in tumor tissues

0.8 - relative to control adjacent tissues (Figures 1(b) and 1(c)).

3.2. Relationship of Clinicopathological Characteristics with
0.6 COL10A1 Expression. The clinical significances of COL10A1
expression were examined using the TCGA datasets. High
COL10A lexpression was significantly correlated with tumor
T and pathologic stage (Table 1 and Figures 2(a)-2(e)). The
level of COL10A1 can be used as a diagnosis tool for GC
(AUC =10.973) (Figure 3).

0.4

Sensitivity (TPR)

0.2 - .
COLIOAL 3.3. Prognosis Value of COL10AI for GC. The R software

AUG.0.b73 “survival” package and Kaplan-Meier method together with
Cl 0.9550.958 log-rank test were applied to assess how COL10A1 affected
0.0 - | | o GC patients’ overall survival (OS) and disease-specific sur-

0.0 0.2 0.4 0.6 0.8 1.0 vival (DSS). We calculated the logarithmic rank p value
and the 95% CI, followed by plotting a survival curve. The
results showed that patients with high COL10A1 expression
F1Gure 3: ROC curve of COLI0AL for the diagnosis of GC. showed a shorter OS and DSS than those with low COL10A1
expression (Figures 4(a) and 4(b)). Univariate and multivar-
iate Cox regression analyses were applied to investigate
whether high COL10A1 expression could independently
report poor prognosis of GC patients. Cox univariate

1-Specificity (FPR)
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FIGURE 4: Kaplan-Meier analysis of (a) OS and (b) DSS in 375 GC patients in relation to COL10A1 expression level.

survival analysis revealed the important effect of T, N, M,
stage, age, and COL10A1 on the OS duration, and multivar-
iate Cox survival analysis showed that age (p =0.001) and
COL10A1 (p =0.014) independently predicted a poor prog-
nosis for GC patients (all, p < 0.05) (Table 2). Nomograph
was built (Figures 5(a)-5(d)), and 1-, 3-, and 5-year AUCs
of COL10Al expression were 0.575, 0.622, and 0.764,
respectively, for the survival prediction, that proved the large
prognostic value possessed by COLI10A1 (Figure 5(e)).
GSE84426 was used to validate the prognosis value of
COL10AI, and the results were consistent with TCGA
(Figures 6(a) and 6(b)).

3.4. Interrelation with Tumor-Infiltrating Immune Cells in
GC. Analysis by the ssGSEA software found the correlation
of COL10A1 expression with the tumor-filtrating immune
cells, namely, CD8 T cells, cytotoxic cells, DC, eosinophils,
iDC, macrophages, mast cells, NK CD56dim cells, NK cells,
pDC, T helper cells, Tem, Th1 cells, Th17 cells, and Treg (all
p <0.05, Figure 7(a)). Also, the TIMER database found the
positive correlation of COL10A1 expression with infiltrating
immune cell levels, namely, macrophage, NK, TH1, and iDC
cells (Figure 7(b)).

3.5. GO, KEGG, and GSEA Analysis of COLIOAI
Coexpression-Related Genes. Based on the GO analysis, these
genes were mainly expressed in the extracellular matrix
structural constituent, endopeptidase regulator activity, pro-
tein digestion and absorption, and pancreatic secretion
(Figure 8(a)). Besides, as revealed by the GSEA analysis,
these genes mainly affected the OLFACTORY_TRANSDUC-
TION, OLFACTORY_SIGNALING_PATHWAY, KERATI-
NIZATION, etc. (Figure 8(b)).

4. Discussion

Currently, the commonly used methods for treating GC in early
stages are the endoscopic mucosal resection and the endoscopic
submucosal dissection [18]. Nevertheless, GC can develop fast
and can only be diagnosed at an advanced stage; hence, GC
patients have a low 5-year survival rate [19, 20]. Hemotherapy
regimens, i.e., SOX (oxaliplatin+S1)/CapeOX (oxaliplatin+cap-
ecitabine), FOLFOX (oxaliplatin+leucovorin+5-fluorouracil),
and DCF (docetaxel+cisplatin+5-fluorouracil)/ DOF (docetaxel
+oxaliplatin+5-fluorouracil), mainly serve for GC patients in
later stage, which, however, also exhibit limited efficacy. Based
on studies, combining the chemotherapy with radiotherapy,
surgery, or targeted therapy is treated as the most proper treat-
ment method for improving patient survival, which, however,
fails to greatly enhance GC patients’ prognosis because che-
motherapeutic drugs are toxic; it is hard to screen beneficia-
ries of targeted therapy drugs; and patients present drug
resistance [21, 22].

Based on recent studies, abnormal COL10A1 expression
in many cancer types has promoted the tumor growth. Some
groups reported the ability of high COL10A1 expression to
facilitate GC development in terms of cell proliferation,
invasion, and migration. High COL10A1 plasma levels pre-
dicted poor OS, which could serve for detecting GC in early
stage as a useful biomarker. Huang et al. found the higher
COL10Al expression in colorectal cancer tissues. High
COL10A1 expression could cause tumor progression and
independently predicted the OS of patients suffering colorectal
cancer [23]. As for lung adenocarcinoma, COL10A1 upregula-
tion exhibited positive relation to lymph node metastasis, and
COL10A1 was treated as a novel target specific to lung cancer
[24]. Breast cancer patients may present less improvement due
to the neoadjuvant chemotherapy relative to patients
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TaBLE 2: Prognostic factor for OS of patients with GC determined by using univariate and multivariate COX analysis.
Characteristics Total (N) Hazard rat[if)n(l;/g‘r’/zaglinalym p value Hazard raI:/i[(l)1 l(t;‘;%;”g;analym p value

T stage 362

T1&T2 96 Reference

T3&T4 266 1.719 (1.131-2.612) 0.011 1.189 (0.624-2.264) 0.599
N stage 352

NoO 107 Reference

N1 97 1.629 (1.001-2.649) 0.049 1.329 (0.672-2.626) 0.413

N2 74 1.655 (0.979-2.797) 0.060 1.502 (0.650-3.469) 0.341

N3 74 2.709 (1.669-4.396) <0.001 2.142 (0.933-4.917) 0.072
M stage 352

MO 327 Reference

M1 25 2.254 (1.295-3.924) 0.004 1.256 (0.534-2.954) 0.602
Pathologic stage 347

Stage I 50 Reference

Stage II 110 1.551 (0.782-3.078) 0.209 1.281 (0.474-3.458) 0.626

Stage III 149 2.381 (1.256-4.515) 0.008 1.256 (0.342-4.610) 0.731

Stage IV 38 3.991 (1.944-8.192) <0.001 2.485 (0.655-9.436) 0.181
Gender 370

Female 133 Reference

Male 237 1.267 (0.891-1.804) 0.188
Age 367

<65 163 Reference

>65 204 1.620 (1.154-2.276) 0.005 1.849 (1.272-2.687) 0.001
COL10A1 370

Low 185 Reference

High 185 1.434 (1.030-1.996) 0.033 1.567 (1.096-2.242) 0.014
Histologic grade 361

Gl 10 Reference

G2 134 1.648 (0.400-6.787) 0.489

G3 217 2.174 (0.535-8.832) 0.278

possessing high COL10A1 expression [14]. Our study found
the obviously increased COL10A1 expression in GC patients.
Importantly, we found that patients with COL10A1 expres-
sion showed an advanced clinical stage. It has been known
to us that clinical stage can vitally help to determine proper
candidates as well as design neoadjuvant treatment strategies
specific to advanced tumors. In addition, patients with
advanced clinical stage showed a poor prognosis. Thus, our
findings suggested that COL10A1 may be associated with the
clinical outcome of GC patients. Then, we analyzed survival
data using Kaplan-Meier methods, finding that patients who
had high COL10A1 expression predicted a shorter OS and
DSS relative to patients possessing low COL10A1 expression.
Importantly, multivariate Cox survival analysis showed that
COL10A1 could independently predict GC patients’ poor
prognosis. Besides, we obtained a predictive nomogram,
which could better predict the COL10A1 expression by virtue
of discrimination and calibration. The ROC curve analysis
found the better performance exhibited by nomogram relative
to other single predictors. Our finding evidenced the advan-

tage of COL10AI expression in predicting long-term survival
as well as stratifying risks.

The immune system can greatly help to eliminate malig-
nant cells inside healthy individuals [25]. However, tumor
cells are capable of escaping via immune-mediated infiltra-
tion and hence can be hardly cleared by the immune infil-
trating cells [26]. Considering the antitumor immunity
ability associated with T cells, checkpoint inhibition is com-
monly applied for clinical cancer immunotherapy [27, 28].
Based on a lot of large clinical trials, immune checkpoint
blockade (ICB) therapy could help patients with chemother-
apy resistance in EGC and even be a specific agent for palli-
ative treatment [29, 30]. Besides, tumor microenvironment
component activity together with related treatment methods
may assist in developing combined therapies for ICB [31,
32]. Hence, COL10A1 and immune cells were evaluated with
regard to the clinical applicability. In this study, we found
the relevance of COL10A1 expression to tumor-filtrating
immune cells, namely, CD8 T cells, cytotoxic cells, DC,
eosinophils, iDC, macrophages, mast cells, NK CD56dim
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FiGure 5: Nomograph of COL10A1 for GC and the time-dependent ROC curve showing the diagnosis value. (a) OS, (b) DSS. (¢, d) The
calibration curve of nomogram for GC patients in 1 year, 3 years, and 5 years, respectively. (e) The AUC regarding the prediction of 1-,
3-, and 5-year survival rate of GC.
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cells, NK cells, pDC, T helper cells, Tem, Thl cells, Th17
cells, and Treg. Mast cells and DCs, the first groups of cells
in the immune system, are capable of interacting with aller-
gens, other antigens, as well as invading pathogens in the
environment. Being in resting states, the two cells cannot
play their roles, which may lead to tumor immune escape.

Our model was closely related to immunity, finding that
COL10A1 expression well reported the immune status
regarding the predicted samples.

Undoubtedly, some limitations must be addressed in the
present study. Firstly, data in the study are based on public
databases; hence, our results shall be validated in vitro and
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in vivo. Also, COL10A1 exhibited overexpression in tumor
tissue from TCGA database relative to normal tissue; hence,
COL10AL1 expression shall be validated via other studies,
such as RT-PCR and Western blot.

5. Conclusion

To our knowledge, this is the first study on clinical signifi-
cance of COLI0AI expression in GC patients. Our study
revealed that the expression levels of COL10A1 were upreg-
ulated in GC tissues. High expression of COL10A1 predicted
poor prognosis for GC. COL10A1 may be useful for evaluat-
ing prognosis and added new possibilities for immunother-
apy in patients with GC.
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The data used to support the findings of this study are avail-
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The Integrin Subunit Alpha 4 (ITGA4) plays important roles in cancers pathogenesis. However, the expression and association
with clinicopathological and survival probability have not been previously assessed in gastric cancer (GC). Protein expression
of ITGA4 was assessed in TMA using immunohistochemistry and correlated with clinicopathological factors and survival. The
mRNA expression of ITGA4 was also assessed in the HMU-GC cohort. Bioinformatics function analysis was conducted
through GSEA. The “CIBERSORT” package was used for immune infiltration analysis. “SvyNom” package is used to construct
prognosis model. ITGA4 knock down using shRNA. The evaluation of cell function was performed by CCK-8 and Transwell
invasion and migration experiments. ITGA4 was significantly associated with N classification (P =0.031), tumor location
(P=0.033), WHO classification (P =0.007), and poor prognosis in mRNA level. GSEA analysis of the validation cohort
suggested that ITGA4 was associated with macrophage infiltration. Immunohistochemistry showed that ITGA4 was associated
with poor prognosis. Multivariate Cox regression analysis found that ITGA4 (P =0.045) and lymph node metastasis rate
(P=0.026) were independent prognostic factors and could construct a prognosis model. ITGA4 knockdown cell line
significantly reduced the ability of proliferation, invasion, and metastasis. ITGA4 is associated with patient survival in GC and
may be an important prognostic biomarker.

1. Introduction and is one of the most indispensable factors affecting the

therapeutic. The 8™ of the TNM staging system distin-

Gastric cancer (GC) is one of the common malignant
tumors in China. World Health Organization (WHO)
reported that there were 479,000 new cases of GC and
374,000 deaths in China in 2020, accounting for 44.0% and
48.6% of the global new cases and deaths [1-3]. The inci-
dence and mortality of GC have increased significantly,
and the mortality rate of GC is the fourth among malignant
tumors, which is one of the most threatening malignant
tumors to the health and life of the population, resulting in
a social burden that cannot be ignored [4, 5]. Lymph node
metastasis plays a substantial role in the progression of GC

guishes patients into N3a and N3b in the final pathological
stage [6]. This also shows that lymph node metastasis means
irreversible tumor progression indicating that the biological
characteristics of cancer cells have undergone a fundamental
change and manifested as enhanced proliferation and inva-
sion ability [7-9]. Whatever, lymph node metastasis is one
of the important factors affecting the treatment and progno-
sis of GC. Therefore, finding biomarkers for early prediction
of lymph node metastasis and developing therapeutic targets
is crucial for the clinical treatment, especially for the molec-
ular regulatory mechanisms related to lymph node
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FiGure 2: Kaplan-Meier survival analysis of the OS for patients
with different ITGA4 expression in HMU-GC validation cohort.

metastasis, including chemotactic movement of GC cells and
the formation of lymphatic vessels.

It is often found that patients with advanced GC may
have significantly different prognosis even if their TNM
stages are the same [10, 11]. Some GC primary sites are large
in volume, but the degree of invasion is limited to the sero-
sae, and lymph node metastasis and distant planting metas-
tasis do not occur. If these patients are treated surgically and
undergo postoperative chemotherapy according to the
guidelines, the 5-year survival rate can often reach 84.0%
[7]. Some patients’ tumors only invade the muscle layer
but have multiple lymph node metastases. Even if radical

surgery, postoperative chemotherapy or preoperative neoad-
juvant treatment is performed, their 5-year and 10-year sur-
vival rates are significantly reduced [12, 13]. However,
studies have shown that about 60% of GC has obvious tissue
heterogeneity in transcriptomics sequencing, which makes it
difficult to find molecules targeted at lymph node metastasis.

Therefore, this study is different from conventional tran-
scriptomic sequencing analysis. We started with the clinico-
pathological characteristics of patients and took the
pathological characteristics of lymph node metastasis as a
separate variable to screen out the abnormal expression of
ITGA4 in tumor with positive lymph node metastasis. The
full name of ITGA4 is Integrin Subunit Alpha 4. Integrin is
a heterodimeric integrated membrane protein, composed
of a Chain and f Chain composition, which plays a role in
cell surface adhesion and signaling [14]. The precursor pro-
tein encoded by ITGA4 is proteolytically processed to pro-
duce light and heavy chains containing Alpha4 subunits.
This subunit is related to 1 or 7 subunits, which binds
to form integrins that may play a role in cell motility and
migration [15, 16]. This integrin is a therapeutic target for
the treatment of multiple sclerosis, Crohn’s disease, and
inflammatory bowel disease. But up to now, little research
of ITGA4 in GC has been reported [17]. In this study, we
try to find the possibility of ITGA4 as a biomarker and its
potential mechanism in the progression of GC.

2. Materials and Methods

2.1. Overview of GC RNA Dataset and Immunohistochemical
Cohort. The training cohort included 20 patients with lymph
node metastatic GC with N3+ stage and 20 patients with NO
stage. The HMU-CG validation set included 246 patients
underwent gastrectomy as the primary treatment in the
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TaBLE 1: Relationship between ITGA4 mRNA expression and the clinical characteristics of GC in the HMU-GC validation cohort.
Characteristic High expression (n=101) Low expression (n = 145) P value
Sex, n (%) 0.711
Female 38 (15.4%) 50 (20.3%)
Male 63 (25.6%) 95 (38.6%)
T classification, n (%) 0.241
Tla 2 (0.8%) 4 (1.6%)
T1b 1 (0.4%) 6 (2.4%)
T2 7 (2.8%) 10 (4.1%)
T3 64 (26%) 101 (41.1%)
T4a 14 (5.7%) 16 (6.5%)
T4b 13 (5.3%) 8 (3.3%)
N classification, n (%) 0.031
NO 17 (6.9%) 32 (13%)
N1 10 (4.1%) 19 (7.7%)
N2 17 (6.9%) 25 (10.2%)
N3a 28 (11.4%) 51 (20.7%)
N3b 29 (11.8%) 18 (7.3%)
M classification, n (%) 0.806
MO 95 (38.6%) 134 (54.5%)
M1 6 (2.4%) 11 (4.5%)
PTNM, n (%) 0.077
IA 3 (1.2%) 8 (3.3%)
IB 4 (1.6%) 6 (2.4%)
A 10 (4.1%) 13 (5.3%)
1B 7 (2.8%) 16 (6.5%)
IITA 18 (7.3%) 28 (11.4%)
I11B 24 (9.8%) 46 (18.7%)
IIc 29 (11.8%) 17 (6.9%)
v 6 (2.4%) 11 (4.5%)
Borrmann type, n (%) 0.307
Borrmann I 4 (1.6%) 1 (0.4%)
Borrmann II 22 (8.9%) 28 (11.4%)
Borrmann III 60 (24.4%) 89 (36.2%)
Borrmann IV 15 (6.1%) 27 (11%)

Tumor location, 7 (%)
Lower third
Middle third
Upper third

Entire stomach

Lymphatic infiltration, n (%)

Negative
Positive
Nerve infiltration, #n (%)
Negative
Positive

WHO classification, n (%)

Mucinous
Poorly differentiated
Signet ring cell

41 (16.7%)
20 (8.1%)
22 (8.9%)
18 (7.3%)

46 (18.7%)
55 (22.4%)

24 (9.8%)
77 (31.3%)

8 (3.3%)
26 (10.6%)
39 (15.9%)

77 (31.3%)
35 (14.2%)
21 (8.5%)
12 (4.9%)

60 (24.4%)
85 (34.6%)

30 (12.2%)
115 (46.7%)

1 (0.4%)
38 (15.4%)
47 (19.1%)

0.033

0.604

0.677

0.007
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TastLE 1: Continued.

Characteristic High expression (n=101) Low expression (n = 145) P value
Well to moderately differentiated 28 (11.4%) 59 (24%)
Age, median (IQR) 61 (51, 67) 58 (47, 64) 0.144
CEA, median (IQR) 1.81 (1.16, 3.85) 2.25 (1.27, 3.9) 0.245
CA-199, median (IQR) 10.91 (6.17, 22.47) 11.57 (5.16, 22.81) 0.714
CA724, median (IQR) 2.49 (1.29, 11.86) 3.03 (1.29, 6.64) 0.706
CA125, median (IQR) 10.21 (8.08, 13.47) 10.21 (7.72, 15.67) 0.797

Histological type, T classification, N classification, and pTNM classification were according to the AJCC 8th edition of the Cancer Staging Manual of the
American Joint Committee on Cancer. Vascular infiltration, nerve infiltration, and lymphatic infiltration were determined according to the postoperative

pathology report. IQR: interquartile range.

Department of Gastroenterology, Harbin Medical University
Cancer Hospital (GSE184336 and GSE179252). The quality
control method is mainly completed through Agilent 2100
bioanalyzer. The kit used for library building is EBNext®
Ultra™ Directional RNA Library Prep Kit for Illumina.
Finally, use the Illumina platform for sequencing. All sam-
ples were collected from patients after obtaining written
informed consent. The study was approved by the institu-
tional review board of the Affiliated Tumor Hospital of Har-
bin Medical University. RNA isolation, library construction,
and mRNA sequencing were performed by Novogene Bio-
tech Co., Ltd. (Beijing, China). Data were stored in the Gene
Expression Omnibus (GEO) repository.

Tissue microarray (TMA) samples included 180 patients
underwent radical gastrectomy in the Department of Gas-
troenterology, Affiliated Tumor Hospital of Harbin Medical
University between November 2018 and December 2019.
Exclusion criteria included preoperative neoadjuvant ther-
apy, serious heart disease, serious infectious diseases, recur-
rent GC, and distant metastasis.

For the preparation of tissue microarray, two experi-
enced pathologists observed the pathological level of the
whole tumor tissue through H&E staining under high-
definition electron microscopy and selected a representative
site to more accurately reflect the pathological characteristics
of the tumor. Then, mark the position on the paraffin
embedded tissue with special marker and select a sample
with a diameter of 1.5mm. The sites of sampling include
tumor center and invasion front. The technical service is
provided by Shanghai Aoduo Biotechnology Co., Ltd.
(Shanghai, China).

2.2. Immunochemistry. GC tissues and paracancerous tissues
were fixed in 4% paraformaldehyde. Then all tissue samples
were paraffin embedded and prepared for at least 4 ym thick
tissue sections. Pathologists performed hematoxylin and
eosin (H&E) staining to select the representative location
for preparing tissue chips, and the lattice diameter was
15mm. In order to detect the protein expression in the tis-
sue, the sections were first repaired with EDTA antigen
repair solution in a 120°C pressure cooker environment for
3 minutes, then incubated with 3% H,O, at room tempera-
ture for 30 minutes, goat serum at room temperature for 2
hours, and then incubated with primary antibodies specific
for ITGA4 at 4°C overnight (1:1000, Affinity, #DF6135).

The secondary antibodies (Elabscience, No.E-IR-R217) were
incubated at room temperature for 30 minutes, and the
chromogenic reaction was performed via diaminobenzidine
(DAB) staining. The assessment of immunohistochemistry
used the H-score method. This score was derived from the
dyeing intensity and was scored as negative (0), weak (1),
medium (2), or strong (3) multiplied by percentage of dyed
area under intensity. Immunohistochemical score data were
divided into high expression or low expression according to
survival rate by X-tile software.

2.3. Cell Culture. All cell lines (GES, AGS, BGC-823, HGC-
27, MKN-28, and 293T) were obtained from the cell line ser-
vice (Procell Biotechnology Co., Ltd., Wuhan, China) and
authenticated by the provider. These cell lines were not
included in the misidentified cell line database of the The
International Cell Line Authentication Committee (ICLAC)
(http://iclac.org/). In this study, BGC-823 cell line was used
to investigate the effect of ITGA4 on the proliferation,
migration, and invasion of GC. 293T cells were used for len-
tiviral infection. GES, BGC-823, HGC-27, and MKN-28 cell
lines were cultured using modified McCoy’s 5A medium
RPMI-1640 (PM150110), 10% fetal bovine serum (164210-
50), 1% Penicillin-Streptomycin Solution (PB180120), and
1% GlutaMax (PB180419). The AGS cell line used Ham’s
F-12 nutrient mixture (PM150810), 10% fetal bovine serum
(164210-50), and 1% Penicillin-Streptomycin  Solution
(PB180120). The 293T cell line was cultured in Dulbecco’s
modified medium DMEM (PM150210), 10% fetal bovine
serum (164210-50), and 1% Penicillin-Streptomycin Solu-
tion (PB180120). All cell lines were cultured in a humidified
incubator containing 5% CO, at 37°C.

2.4. Cell Transfection. The shRNA against ITGA4 was
designed and synthesized according to the known sequence,
and then inserted into the lentiviral expression vector
GV493 (Genechem, China). The sequences of shRNA tar-
geting IGTA4 are shown in Supplementary Table S1. This
lentivirus vector was transfected into 293T cells together
with the packaging system plasmids psPAX2 and pMD2.G
to obtain pseudolentivirus particles. 20 ug lentiviral vector,
15 ug psPAX2, and 10 ug pMD2.G were used to transfect a
5% 10° 293T cells. The supernatant of 293T was collected
and concentrated by an ultracentrifuge at 25 000 rpm for
2h at 4°C. BGC-823 cells were transduced with
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concentrated lentiviral particles. IGTA4 knock down was  2.5. Western Blot. The proteins were extracted from gastric
verified by Western blot. Scrambled sequences were  epithelial cells and cancer cells, and the extracted proteins
inserted into these vectors for use as controls. were quantified using BCA Kit (Beyotime Institute of
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FI1GURE 4: ITGA4 immunohistochemistry staining of TMA. (a) Low expression of ITGA4 at x50. (b) Low expression of ITGA4 at x400. (c)
High expression of ITGA4 at x50. (d) High expression of ITGA4 at x400.

Biotechnology). The proteins were separated by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE), transferred to PVDF membrane (Merck Millipore
Ltd.), and sealed with BSA (5%) under RT for 2 hours. Sub-
sequently, the membrane was incubated with ITGA4 specific
primary antibody at 4°C overnight (1:1000, Affinity,
DF6135). The membranes were incubated with horseradish
peroxidase labeled secondary antibody at 37°C for 40
minutes, and then visualize by ECL (Thermo Scientific).

2.6. Cell Counting Kit-8 (CCK-8) Assay. Cell viability in vitro
was evaluated by cell counting kit-8 (CCK-8) assay. 4 x 10°
cells were implanted into 96-well plates. After the cells
adhered to the wall after 4 hours of culture, the medium in
each well was replaced with 100 ml RPMI-1640 serum-free
medium, and the adsorption rate after 2 hours was measured
by a microplate reader at 450 nm in a medium containing
10ml CCK-8 reagent (Meilunbio, MA0218-3). Then repeat
the detection at 24 h, 48h, and 72 h, respectively.

2.7. Cell Migration and Invasion Assay. Migration and inva-
sion analyses were performed using a 24-well Transwell
chamber system (Costar, USA, #3422). Briefly, cells were
resuspended in serum-free medium, washed twice, and
seeded into the upper chamber (8 x 10* cells per 200 ul).
The lower chamber contains 9004l medium containing
20% FBS. After 24 hours of incubation, the cells were fixed
with 95% ethanol for 15 minutes, and then stained with
0.1% crystal violet for 30 minutes. Use a cotton swab to
remove the cells that failed to penetrate the filter from
the upper chamber. Under the light microscope, migrating
and invading cells were counted in three randomly
selected regions. For the invasion test, the chamber was
coated with 40 ul Corning Matrix Matrix (#356234, USA)
before cell inoculation.

2.8. Statistical Analysis and Bioinformatics Analysis. Data
were analyzed using SPSS 22.0 (Chicago, USA, SPSS Inc.)
software and shown as mean + SD. Chi-square test was used
to evaluate the relationship between ITGA4 expression and
clinicopathological features if they meet the conditions that
the theoretical frequency is more than 5 and the total sample
size is more than 40. If they do not meet the conditions that
the theoretical frequency is more than 5 or the total sample
size is more than 40, so the Fisher exact test is recom-
mended. The Wilcoxon rank sum test is selected if the nor-
mal distribution is not satisfied. Survival analysis of patients
was analyzed using log-rank test and Cox regression. Sur-
vival curves and overall survival (OS) were determined by
Kaplan-Meier and log Rank methods. Gene Ontology (GO)
pathway enrichment analysis was used for genome func-
tional annotation. The “clusterprofiler” package was used
to study the functional enrichment of risk score-related
genes in gene set enrichment analysis (GSEA). All bioinfor-
matics analyses were performed using R Studio software
(v4.0.2). A two tailed P value < 0.05 is considered significant.

3. Results

3.1. ITGA4 Was Highly Correlated with Lymph Node
Metastasis in the Training Cohort. In this study, we first
searched for ITGA4 related to lymph node metastasis
through transcriptome-level sequencing. There were 20
patients in each of the two groups in the training cohort.
The pathological data were not statistically significant except
for lymph node metastasis (Supplementary Table S2). The
sequencing results showed that ITGA4 gene was
significantly overexpressed in patients with positive lymph
node metastasis (P < 0.001, Figure 1(a)). Figure 1(b) shows
the differential genes of the two groups. In the group with
positive lymph node metastasis, 309 genes were
upregulated and 331 genes were downregulated.
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TaBLE 2: The relationship between ITGA4 expression in tumor tissue and the clinicopathological characteristics.
Characteristic High expression (n = 74) Low expression (n = 106) P value
Age, mean + SD 58.93+9.75 61.2+9.16 0.114
BMI, median (IQR) 22.51 (20.21, 24.48) 23.19 (21.12, 25.45) 0.092
Sex, n (%) 0.402

Female 16 (8.9%) 30 (16.7%)
Male 58 (32.2%) 76 (42.2%)
Tumor infiltration pattern, #n (%) 0.189
INFa 12 (6.7%) 24 (13.3%)
INFb 14 (7.8%) 30 (16.7%)
INFc 34 (18.9%) 34 (18.9%)
N/A 14 (7.8%) 18 (10%)
Lymphatic infiltration, n (%) 0.163
Negative 47 (26.1%) 55 (30.6%)
Positive 27 (15%) 51 (28.3%)
Venous infiltration, n (%) 0.936
Negative 55 (30.6%) 77 (42.8%)
Positive 19 (10.6%) 29 (16.1%)
Nerve infiltration, n (%) 0.530
Negative 17 (9.4%) 30 (16.7%)
Positive 57 (31.7%) 76 (42.2%)
T classification, n (%) 0.028
T1 5 (2.8%) 5 (2.8%)
T2 6 (3.3%) 21 (11.7%)
T3 24 (13.3%) 44 (24.4%)
T4 39 (21.7%) 36 (20%)
N classification, n (%) 0.006
NO 18 (10%) 32 (17.8%)
N1 8 (4.4%) 28 (15.6%)
N2 17 (9.4%) 24 (13.3%)
N3 31 (17.2%) 22 (12.2%)
PTNM classification, n (%) 0.109
I 9 (5%) 14 (7.8%)
I 17 (9.4%) 39 (21.7%)
I 48 (26.7%) 53 (29.4%)
Metastatic lymph node ratio, n (%) 0.018
<03 50 (27.8%) 90 (50%)
> 0.6 8 (4.4%) 4 (2.2%)
0.3 >, <0.6 16 (8.9%) 12 (6.7%)
Borrmann type, n (%) 0.330
Borrmann I 6 (3.3%) 9 (5%)
Borrmann II 20 (11.1%) 29 (16.1%)
Borrmann III 38 (21.1%) 62 (34.4%)
Borrmann IV 10 (5.6%) 6 (3.3%)
Lauren classification, n (%) 0.514
Diffuse 30 (16.7%) 34 (18.9%)
Intestinal 17 (9.4%) 32 (17.8%)
Mixed 13 (7.2%) 23 (12.8%)
Unknown 14 (7.8%) 17 (9.4%)
Family cancer history, n (%) 0.441
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Characteristic High expression (n = 74) Low expression (n = 106) P value
No 69 (38.3%) 94 (52.2%)
Yes 5 (2.8%) 12 (6.7%)

Tumor location, n (%) 0.058
Entire stomach 5 (2.8%) 1 (0.6%)
Lower third 35 (19.4%) 62 (34.4%)
Middle and upper third 34 (18.9%) 43 (23.9%)

HER2 expression, n (%) 0.330
Negative 61 (33.9%) 94 (52.2%)
Positive 13 (7.2%) 12 (6.7%)

CEA, n (%) 0.354
> 5ng/ml 12 (6.7%) 11 (6.1%)
< 5ng/ml 62 (34.4%) 95 (52.8%)

CA19-9, n (%) 0.003
> 37 U/ml 16 (8.9%) 6 (3.3%)
<37 U/ml 58 (32.2%) 100 (55.6%)

CA72-4, n (%) 0.530
> 6 U/ml 17 (9.4%) 30 (16.7%)
< 6U/ml 57 (31.7%) 76 (42.2%)

Histological type, T classification, N classification, and pTNM classification were according to the AJCC 8th edition of the Cancer Staging Manual of the
American Joint Committee on Cancer. Vascular infiltration, nerve infiltration, and lymphatic infiltration were determined according to the postoperative

pathology report. IQR: interquartile range; SD: standard deviation.

3.2. ITGA4 Expression Was Associated with Poor
Clinicopathological Features in the Validation Cohort. We
examined the relationship between ITGA4 mRNA expres-
sion and OS, clinicopathological features in the HMU-GC
validation cohort. The cut-off of mRNA was calculated
according to the ROC curve. There were 101 patients with
high expression of ITGA4 and 145 patients with low expres-
sion. Kaplan-Meier analysis showed that ITGA4 was associ-
ated with poor prognosis, and the prognosis of patients with
high expression of ITGA4 had a lower survival probability
(Figure 2, P =0.045). In addition, ITGA4 was highly corre-
lated with poor pathological features such as N classification
(P =0.031), tumor location (P =0.033), and WHO classifi-
cation (P =0.007) (Table 1).

3.3. Bioinformatics Analysis of the Validation Cohort
Suggested that ITGA4 Was Associated with Macrophage
Infiltration. We performed GSEA analysis related to ITGA4
in the HMU-GC validation cohort (Figure 3(a)), and the
results showed that immune response pathways such as
inflammatory response (Figure 3(b)) and IL6 JAK STAT3
signaling (Figure 3(c)) were activated in the tissues of
patients with high expression of ITGA4 (P < 0.001). In order
to explore which kind of immune cells plays the more
important role in GC tissues with different levels of ITGA4,
we analyzed the immune cell composition with different
levels of expression of ITGA4. The results showed that mac-
rophages were enriched higher in tissues with high expres-
sion of ITGA4 (Figure 3(d) and 3(e)). At the same time,
we also found that ITGA4 maintained this immune response

mainly through a variety of chemokines, especially CXCL9
(r=0.630) and CXCL1 (r = 0.628, Figure 3(f)).

3.4. Immunohistochemistry Showed that ITGA4 Was
Associated with Poor Prognosis and Could Construct a
Prognosis Model. We evaluated the expression of ITGA4
through immunohistochemistry, which is mainly expressed
in the cytoplasm of tumor cells (Figure 4). Chi-square anal-
ysis showed that ITGA4 was mainly related to T classifica-
tion (P=0.028), N classification (P =0.006), lymph node
metastasis rate (P =0.018), and serum CA19-9 (P =0.003)
(Table 2), which was basically consistent with the results of
previous transcriptome level analysis. There are 180 samples
of TMA, and 100 samples meet the 3-year follow-up, so the
survival analysis includes 100 samples. Survival analysis
showed that high expression of ITGA4 was significantly
related to poor patient survival (Figure 5(a), P = 0.011). Uni-
variate Cox regression analysis showed that ITGA4
(P=0.011), lymph node metastasis rate (P <0.001), and
tumor location (P =0.003) were correlated with prognosis.
Multivariate Cox regression analysis found that ITGA4
(P =0.045) and lymph node metastasis rate (P = 0.026) were
independent prognostic factors (Table 3). Next, we construct
a prognosis model (Figure 5(b)) based on independent prog-
nostic factors of Cox regression analysis. The calibration
curve analysis of the prognosis model has satisfactory accu-
racy, C—index=0.705 (0.656-0.753) (Figure 5(c)). DCA
analysis showed that the prognosis model had an acceptable
predictive value in predicting the death risk in 2 years
(Figure 5(d)) and 3 years (Figure 5(e)), ITGA4 C —index =
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0.623 (0.577-0.669), the lymph node metastasis rate C—
index = 0.647 (0.593-0.702), and the combined C — index =
0.705 (0.656-0.753).

3.5. ITGA4 Knockdown Cell Line Significantly Reduced the
Ability of Proliferation, Invasion, and Metastasis. We first
verified at the protein level that ITGA4 is generally highly
expressed in GC cells compared with gastric epithelial cells
(Figure 6(a)). Then we constructed the ITGA4 knockdown
cell line of BGC-823 and verified it at the protein level
(Figure 6(b)). Next, we evaluated the ability of ITGA4 to
promote GC proliferation through CCK-8 experiment. The
results showed that the proliferation ability of BGC-823 cell
lines with ITGA4 knockdown was significantly inhibited
than that of the control group (Figure 6(c)). The results of
previous clinical immunohistochemical experiments sug-
gested that the expression of ITGA4 was significantly corre-
lated with the metastasis rate of lymph nodes. We tested the
effect of ITGA4 gene on the migration and invasion ability
of GC cells through Transwell experiments. The results
showed that after knockdown of ITGA4 by BGC-823 cell
line, the number of cells penetrating the membrane in

migration and invasion simulation experiment was signifi-
cantly less than that in the control group (Figure 6(d)).

4. Discussion

The TNM staging system based on tumor invasion, regional
lymph node, and distant metastasis in GC is recognized as
an international standard to predict prognosis and guide
postoperative treatment [18]. Adjuvant chemotherapy is rec-
ommended for patients with stage II or III pathological stage
after radical surgery to reduce recurrence [5]. However, how
to more accurately evaluate lymph node metastasis is a clin-
ical problem that surgeons and pathologists have been work-
ing on for a long time. Therefore, we want to screen a
reliable biomarker according to the difference of lymph node
metastasis to evaluate the biological function and prognosis
of GC. In this study, we first found that ITGA4 was highly
correlated with lymph node metastasis in GC. Then, we ana-
lyzed the mRNA and immunohistochemical expression of
ITGA4 and the relationship between expression level and
clinicopathological factors. We found that the high expres-
sion of ITGA4 affects the immune infiltration status of
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TaBLE 3: Univariate and multivariate Cox analysis of ITGA4 expression and the clinicopathological variables.
Characteristics Total (N) Hazard raUtir(l)“(,;?‘Zatec?;;mlysls P value Hazard rl;/f[;lt?;’iir"zl té;)malYSls P value
Group 100
High expression 43 Reference
Low expression 57 0.374 (0.174-0.801) 0.011 0.450 (0.206-0.984) 0.045
Sex 100
Female 28 Reference
Male 72 1.175 (0.499-2.765) 0.712
Age 100 0.992 (0.957-1.028) 0.646
BMI 100 0.944 (0.845-1.054) 0.303
Tumor infiltration pattern 100
INFc 48 Reference
INFb 16 0.843 (0.280-2.541) 0.761
INFa 20 0.568 (0.188-1.712) 0.315
N/A 16 1.035 (0.376-2.848) 0.947
Lymphatic infiltration 100
Positive 45 Reference
Negative 55 1.064 (0.503-2.249) 0.872
Venous infiltration 100
Positive 30 Reference
Negative 70 1.689 (0.685-4.166) 0.255
Nerve infiltration 100
Positive 75 Reference
Negative 25 0.446 (0.155-1.286) 0.135
T classification 100
T4 38 Reference
T3 45 0.591 (0.268-1.302) 0.192
T2 13 0.348 (0.079-1.533) 0.163
T1 4 0.585 (0.077-4.452) 0.605
Metastatic lymph node ratio 100 14.056 (3.348-59.004) <0.001 7.032 (1.262-39.187) 0.026
Borrmann type 100 1.445 (0.769-2.715) 0.253
Tumor location 100
Lower third 54 Reference
Middle and upper third 42 1.866 (0.847-4.113) 0.122 1.369 (0.590-3.177) 0.464
Entire stomach 4 7.426 (2.017-27.337) 0.003 1.838 (0.376-8.988) 0.452
HER2 100
Positive 18 Reference
Negative 82 0.602 (0.256-1.418) 0.246
CEA 100
< 5ng/ml 86 Reference
> 5ng/ml 14 0.679 (0.205-2.250) 0.526
CA-199 100
< 37U/ml 88 Reference
> 37U/ml 12 1.745 (0.663-4.593) 0.260
CA724 100
< 6U/ml 74 Reference
> 6 U/ml 26 1.096 (0.483-2.490) 0.826

Histological type and T classification were according to the AJCC 8th edition of the Cancer Staging Manual of the American Joint Committee on Cancer.
Vascular infiltration, nerve infiltration, and lymphatic infiltration were determined according to the postoperative pathology report.
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FIGURE 6: (a) Protein expression of ITGA4 in gastric epithelium and different GCs. (b) Verification of ITGA4 knockdown in protein level.
(c) CCK-8 analysis of ITGA4 knockdown in BGC-823 cell line. (d) Transwell migration and invasion assay in BGC-823 cell line after ITGA4

knockdown.

cancer tissues, especially related to the enrichment of macro-
phages. We further confirmed that ITGA4 can promote GC
cell migration and invasion in vitro. Finally, we constructed
a prognostic model for GC based on ITGA4 expression and
clinicopathological characteristics.

ITGA4 (Integrin Subunit Alpha 4) is a protein-coding
gene. The gene encodes a member of the integrin alpha
chain family of proteins. Integrin is a member of the super-
family of transmembrane glycoproteins « and 8 and a het-
erodimer membrane receptor protein composed of two
subunits that function in cell surface adhesion and signaling.
ITGA4 has been proved to be involved in cell proliferation,
apoptosis, adhesion, and migration, which promoting tumor
progression [19]. In addition, methylation of ITGA4 exists
in many kinds of primary tumors, which may play a key role
in the transformation of inflammatory cancer [20-22].
However, there are little studies that have confirmed the

prognostic value of ITGA4 in GC. In this study, we found
that high expression of ITGA4 was significantly associated
with vascular invasion and lymph node metastasis. At the
same time, we further confirmed that ITGA4 promotes GC
cell migration and invasion, which suggests that it may be
a potential prognostic biomarker. Survival analysis showed
that ITGA4 had satisfactory prognostic value in GC patients.

In order to further verify the reliability of ITGA4 as a
biomarker, we found that ITGA4 is significantly related to
the activation of IL6/JAK/STAT3, IL2/STATS5, and other
immune response pathways through GSEA and GO enrich-
ment analysis. In addition, the analysis of immune cell com-
ponents in cancer tissues showed that there was more
macrophages that were enriched in the tissues with high
expression of ITGA4. Wei et al. [23] reasonably explains this
result that tumor associated macrophages (TAMs-) derived
IL-6 activated the JAK2/STATS3 signaling pathway. The
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activated STAT3 transcriptional inhibition produces CCL2
to promote macrophage recruitment. It is worth noting that
our results show that the overexpression of ITGA4 was
related to the enrichment of M1 type TAMs. This is contrary
to previous cognition. Previous studies have shown that
TAMs can be polarized into tumor supporting M2 like mac-
rophages and tumor inhibiting M1 like macrophages
[24-26]. You et al. [27] found that M1 like TAMs signifi-
cantly promoted the epithelial mesenchymal transformation
(EMT) process and induced the formation of cancer stem
cells by upregulating the expression of MME and MMP14
in oral squamous cell carcinoma. M1 like TAMs promote
the invasion and migration of cell colonies by activating
the JAK/STAT3 pathway. This is consistent with our results,
indicating that M1 like TAMs do not play a diversified
inhibitory role in tumor progression. In addition, our results
show that undifferentiated MO type TAMs is enriched in tis-
sues with high expression of ITGA4. This means that the
high expression of ITGA4 is closely related to macrophage
polarization and may induce more TAMs [28]. In the future,
researches should pay more attention to how ITGA4 in the
GC microenvironment affects the dynamic polarization of
macrophages. At the same time, our research results confirm
that ITGA4 mainly maintains this specific immune infiltra-
tion state through a variety of chemokines, such as CXCL9.
Relevant studies have found that M1 like TAMs may recruit
CD8" tissue resident memory (TRM) T cells through
CXCL9 overexpression and provide TRM with essential fatty
acids to maintain immune infiltration [29].

Of course, our research has some limitations. First, the
analysis of mRNA markers and immunoassays in tumors
comes from transcriptome level sequencing, which has not
been verified by rigorous molecular level experiments, and
should be interpreted carefully. Second, functional charac-
terization and verification of the role of ITGA4 in immune
cells will be very important to determine whether the cancer
promoting effect of ITGA4 in the GC microenvironment is a
driver or a bystander. In the survival analysis of ITGA4, it is
also necessary to conduct multicenter and multiethnic trials
in a larger cohort to verify the role of ITGA4 in the treat-
ment response to patient survival and other clinical features,
such as immune efficacy and metastasis status.
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Background. Cancer stem cells (CSCs), characterized by self-renewal and therapeutic resistance, play important roles in stomach
adenocarcinoma (STAD). However, the molecular mechanism of STAD stem cells is still unclear. In this study, our purpose is to
explore the expression of stem cell-related genes in STAD. Methods. The stemness index based on mRNA expression (mRNAsi)
was used to analyze STAD cases in The Cancer Genome Atlas (TCGA). Firstly, mRNAsi was used and analyzed by differential
expression, survival analysis, clinical stage, and gender in STAD. Then, weighted gene coexpression network analysis
(WGCNA) was used to discover the fascinating modules and key genes. Enrichment analysis was carried out to annotate the
functions and pathways of key genes. The gene expression comprehensive database (GEO) in STAD was used to verify the
expression levels of key genes in all cancers. Protein-protein interaction networks is used to determine the relationships
between key genes. Results. The mRNAsi was obviously upregulated in tumor cases. With the increase of tumor stage and T
stage, the mRNAsi score decreased, and the overall survival rate of high score group patients was better. According to the
degree of association with mRNAsi, different modules and key genes were screened out. A total of 6,740 differential genes were
found, of which 1,147 genes were downregulated and 5,593 genes were upregulated. 19 key genes (BUB1, BUBI1B, KIF14,
NCAPH, RACGAP, KIF15, CENPF, TPX2, RAD54L, KIF18B, KIF4A, TTK, SGO2, PLK4, ARHGAP11A, XRCC2, Clorfl12,
NCAPG, and ORC6) were screened due to significant upregulation in STAD. And they had been proven that enriched from
the cell cycle Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway, relating to cell proliferation Gene Ontology (GO)
terms, as well. Among them, 9 genes have been extensively associated to OS, and 3 genes had been associated to receive
chemotherapy resistance. PPI protein network suggests that there is a sturdy correlation between these key genes. Conclusion.
A total of 19 key genes were found to play an essential position in retaining the traits of STAD stem cells. These genes can be
used to evaluate the prognosis of STAD patients or become specific therapeutic targets.

1. Introduction

The incidence rate and mortality of stomach cancer
decreased significantly in five years, but it still ranked third
among common malignant tumors and the second leading
cause of cancer-related death [1]. Ninety percent of all
tumors of the stomach are malignancies, and stomach ade-
nocarcinoma (STAD) accounts for 95% of all cases of malig-
nancies [2].

In current years, the characteristic of most cancers stem
telephone has been mentioned such as self-renewal and

unlimited proliferation [3-5]. CSC theory points out that
tumor proliferation, therapeutic resistance, and recurrence
are additionally pushed by way of a small range of tumor stem
cells hidden in most cancers. It explains these clinical observa-
tions, such as tumor recurrence, tumor dormancy, and metas-
tasis after successful surgical resection, chemotherapy, and
radiotherapy [6]. CSCs have been found in several human
malignancies, such as leukemia [7], breast cancer [8], colorec-
tal cancer [9], and brain cancer [10]. In addition, strong pre-
clinical data and clinical evidence have been added as
supports of the existence of gastric CSCs [11]. Therefore,
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CSC research is able to provide a new paradigm for managing
patients with STAD.

A growing number of studies have shown cancer stem-
ness is associated with being transcriptomic, genomic, epi-
genomic, and proteomic [12]. Within the last decade, The
Cancer Genome Atlas (TCGA) has elucidated the primary
tumor landscapes by generating comprehensive multiomics
characteristics, along with pathophysiological feature and
clinical information annotations [13]. Machine learning
has been increasing applied in various areas of society
and has become a useful strategy in biotechnology [14].

Tathiane et al. used publicly available molecular profiles
from TCGA to obtain two independent stemness indices
by using original one-class logistic regression machine-
learning algorithm (OCLR) to complete the integration
of transcriptome, methylome, and transcription factor
[15]. One was mDNAsi which reflects epigenetic features;
the other was mRNAsi which reflects gene expression.
Malta et al. identified the relationship between the two
stem cell indices and new carcinogenesis pathways,
somatic cell changes, microRNAs (miRNAs), and tran-
scription regulatory networks. These characteristics are
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related to cancer stem cells in specific molecular subtypes
of TCGA tumors, which may be the factors controlling
cancer stem cells. Importantly, higher stem cell index
value is related to the active biological processes and
greater tumor dedifferentiation in tumor stem cells, as
reflected in histopathological grade. Metastatic tumor cells
show more dedifferentiation in phenotype, which may
contribute to their invasiveness. The stemness indices
had positive correlation with tumor dedifferentiation and
biological active in CSCs [16]. The mRNAsi and mDNAsi
scores in TCGA samples had been calculated by applying
the stemness indices.

Weighted gene coexpression network analysis
(WGCNA), a method commonly used to explore biological
networks, paired relationships between genes and pheno-
types. WGCNA transforms gene expression data into coex-
pression module, providing insights into signaling
networks, and mine the pathway-related modules [17]. It is
widely applied in many physiological and pathological pro-
cesses, including cancer, genetic therapy, and clinical data
analysis, which can be useful for identifying biomarkers of
disease or target points for therapy [18, 19].

In this study, our purpose is to identify key genes associ-
ated with STAD stemness in TCGA based on mRNAsi
scores. The purpose of this study was to provide an interest-
ing bioinformatics method for identifying stem cell-related
genes and revealing the role of some CSC-related genes in
STAD.

2. Materials and Methods

2.1. Software and R Packages. We used R Studio version
1.2.5042 (URL: https://rstudio.com/) with R version 3.6.2
(URL: https://www.r-project.org/) in this study. The pro-
gramming software Perl version 64-bit (URL: https://www
.perl.org/) was used for data processing. All R packages were
downloaded from Bioconductor (URL: https://www
.bioconductor.org/).

2.2. Database and mRNAsi Index. The RNA-sequencing
(RNA-seq) of STAD and all pathological and clinical infor-
mation were downloaded from TCGA database (URL:
https://portal.gdc.cancer.gov/). These data were updated on
5 October 2019. The results of RNA-seq were including
375 cancer samples and 32 normal samples, structured for
a matrix file. We used Ensemble data to exchange the gene
names expressed by Ensembl IDs which are specifically con-
verted into a gene symbol matrix. Moreover, to explore the
mode of action of CSC-related genes in chemotherapy
resistance, we download the microarray (GSE14210)
results from the Gene Expression from the Gene Expres-
sion Omnibus (GEO) (URL: https://www.ncbi.nlm.nih
.gov/geo/). We referred to the mRNAsi index data for all
types of tissues in the supporting documents to Malta
et al’s article and specifically screened the mRNAsi index
of patients with stomach adenocarcinoma for incorpora-
tion into TCGA data for stomach adenocarcinoma, with
the unmatched cases deleted.

Journal of Oncology

2.3. 2.3 Differential Expressed Gene (DEG) Analysis. We used
the R package “limma” for differential expression analysis
[20]. We used the cut-off values, which were fold change >
landadj.P <0.05, to screen for DEGs between normal
health and stomach adenocarcinoma samples. The volcano
plot and the box-plots showing differences in key genes pre-
sented in this study were drawn by the R package “pheat-
map” and “ggpubr,” respectively.

2.4. WGCNA. WGCNA was performed using the WGCNA
R package [17], which were “matrixStats,” “Hmisc,” “fore-
ach,” “doParallel,” “fastcluster,” dynamicTreeCut,” “sur-
vival,” and “WGCNA.” Before the building of coexpression
network, the rectangular Euclidean relative distance of every
take a look at pattern was once calculated by means of prac-
tical adjacency method, and the integration connectivity of
the total pattern community calculated via distance was once
standardized via practical scaling method. Due to some
exceptional genes with no tremendous trade in expression
between samples which are surprisingly correlated in
WGCNA as a whole, it appears that the genes with the
most biased expression have been used in the subsequent
WGCNA analysis. The gene with the highest DEG vari-
ance of 25% was selected. Clear ordinary value pattern
information with connectivity is much less than -2.5.
Function pickSoftThreshold was used to calculate scale-
free topology becoming indicesR*corresponding to one-
of-a-kind smooth thresholding powersf. ThefBvalue was
used as lengthy asR’reaching 0.8. After that, the gene
expression matrix was converted into an adjacency matrix
and a Topological Overlap Matrix (TOM), and then the
corresponding dissimilarity of TOM (dissTOM) was calcu-
lated. For module detection, hierarchical clustering was
used to produce a hierarchical clustering tree (dendro-
gram) of genes by using characteristic “hclust” based
totally on dissTOM. The Dynamic Tree Cut approach
was carried out for department reduction to generate
modules. During this, a quite massive minimal module
measurement of minClusterSize =30 to department split-
ting had been chosen to avoid producing too many small
or massive modules. To consider the magnitude of every
module, gene significance (GS) was once calculated to
measure the correlation coefficient between genes and pat-
tern traits. The module eigengene (ME) is described as the
first foremost thing of a given element and can be
regarded as a consultant of the gene expression profile of
the module integration. It was calculated by using pur-
poseful module genes. If their MES correlation coefficient
is higher than 0.75, the modules will be merged, with
capacity that they have considerable comparable gene
expression levels. Here, we can pick out mRNAsi and epi-
genetically regulated mRNAsi as scientific phenotypes.

After selecting the components of interest, let us cal-
culate the GS and module membership of each key gene
(MM, the significance between the module’s own gene
and gene expression profile), and set their threshold
values. The thresholds for screening key genes in the
module were defined as cor.gene MM > 0.8 and cor.gene
GS>0.5.
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FIGURE 4: Verification of the influence of key genes on diseases. (a) The mRNA expression level of key genes between tumor and normal
tissues in TCGA STAD dataset. The Kaplan-Meier plotter database was used to assess the correlation between the expression of BUB1
(b), KIF14 (c), NCAPH (d), RAD54L (e), PLK4 (f), ARHGAP11A (g), XRCC2 (h), NCAPG (i, also called CAP-G), ORCG6 (j, also called
ORC6L), and the OS of STAD patients. Kaplan—-Meier survival plots (K-M plots) were generated using the on-line tool, Kaplan-Meier
plotter. (k) Venn diagram of the relationship between 19 key genes and acquired chemoresistance by GSE14210.

2.5. Overall Survival Curve. Finally, to determine the prog-  overall survival deviation between patients with low and
nostic significance and value of mRNAsi scores, we can draw ~ high mRNAsi index. In this part, R package “survival” and
the Kaplan-Meier diagram of mRNAsi index to explore the ~ “surviminer” were used, and a log-rank test is used to test
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the relationship between them. In key gene validation analy-
sis, Kaplan-Meier survival curves of key genes were drawn
with the online tool Kaplan-Meier plotter [21]
(URL:http://www.kmplot.com/analysis/index.php?p=
service).

2.6. Functional Annotation Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) Analyses. The
GO functional annotations and KEGG pathway enrichment
analysis shown in this study were obtained from the data
analysis conducted by the R package “cluster Profiler” to
investigate the biological functions of key genes. The thresh-
old values were as follows: P < 0.01 and FDR < 0.05.

2.7. Gene Coexpression Analysis and Construction of Protein-
Protein Interaction (PPI) Network. In order to further study
the stability of these special relationships at the transcrip-
tional level, we calculated the coexpression relationships
among key genes within the module depending on the gene
expression level. The R “corrlot” package is mainly used to
calculate the Pearson correlation degree between genes.
The STAD data set was selected from TCGA for analysis
and research, and the routine data were analyzed by the
Pearson correlation test. Results with a correlation
coefficient > 0.3 and P value < 0.01 were considered statisti-
cally significant.

Accurately retrieve PPI network from STRING version
11.0 (URL: https://string-db.org/) [22]. And display the bar
graph of the nodes in the network with top-level network
connectivity. The minimum required interaction score was
set to a medium confidence of 0.4, and now, the hidden
branch nodes in the network are disconnected. The number
of adjacent nodes of each gene in the PPI network was calcu-
lated, and then, the genes were sorted by the bar graph com-
bined with the number of adjacent nodes.

3. Results

3.1. Clinical Characteristics of mRNAsi and DEGs in STAD.
The mRNAsi is an index of CSCs that can quantitatively
describe the similarity between tumor cells and stem cells.
We observe large distinction in mRNAsi between tumor
and ordinary tissues (Figure 1(a)). In the survival analysis,
we divided gastric cancer patient into higher mRNAsi score
group and lower mRNAsi group by using mRNAsi median
value. Obviously, patients with higher mRNAsi scores have
greater overall survival in contrast with sufferers with lower
mRNAsi scores (Figure 1(b)), the five-year survival rate of
higher scores group is 47.9% with CI (0.344, 0.668), and
the lower scores group is 21.2% with CI (0.107, 0.421). Sur-
prisingly, the mRNAsi scores tend to decline with the grade
increasing with the exception of G1 (only 8 samples). Also,
the mRNAsi score shows an overall decreasing trend in stage
and T (Figures 1(c), 1(d), and 1(e)). The Kruskal Wallis test
was once used to determine the value of variations between
groups.

We download mRNA-seq data and did difference analy-
sis to compare STAD and normal since the mRNAsi differ-
ence between tumor and normal. We find 6740 DEGs in

which 1147 were downregulated and 5593 were upregulated
(Figure 1(f)).

3.2. WGCNA: Identifying the Most Significant Modules and
Genes. With WGCNA, we built a gene coexpression network
to become aware of biologically significant gene modules. It
can help us to understand the genes associated with STAD
stemness. We put 6740 DEGs with the highest variance of
25% into the same module through cluster analysis. Before
that, the outlier samples should be removed (Figure 2(a)).
According to the lowest value of scale-free network, the f3
value is determined. What the pickSoftThreshold function
does is to find the appropriate power. The selection of the
power value is determined by f3 value. Calculate the correla-
tion intensity (weighted correlation value) of expression
levels among all genes to obtain the adjacency matrix. As a
result, we choose B=4 (scale-free R>=0.9) as the soft
threshold (Figure 2(b)). We find 16 modules for subsequent
evaluation (Figure 2(c)).

Taking MS as the total gene expression level of the cor-
responding module, the correlation between MS and clinical
phenotype was calculated. This is useful for us to discover
the relationship between these modules and the dryness
index of the sample. By calculating the Pearson correlation
coefficient, a threshold value can be obtained. If the correla-
tion coefficient is greater than 0.8 or so, it can be used as the
basis of strong correlation between the two genes. The con-
sequences confirmed that the blue and brown modules were
extensively correlated with mRNasi, and the correlation was
once close to 0.8. However, the correlation coefficient of the
brown module is 0.77, which is higher. In addition, the pink
module was fantastically negatively correlated with mRNasi
(Figure 2(d)). Therefore, the brown module was chosen
through us as the most fascinating module for subsequent
analysis.

The threshold for screening key genes in the mRNAsi
group was described as cor.MM > 0.8 and cor.GS > 0.5. We
pick 19 key genes (BUB1, BUB1B, KIF14, NCAPH, RAC-
GAP1, KIF15, CENPF, TPX2, RAD54L, KIF18B, KIF4A,
TTK, SGO2, PLK4, ARHGAPI11A, XRCC2, Clorfll2,
NCAPG, and ORCS), as shown in Figures 2(e)-2(g). And
we exhibit the distinct expressions of key genes between
most cancers and ordinary samples in TCGA; all these genes
in brown module are upregulated in tumor cases (Figure 2(f

)

3.3. Enrichment Analysis of Brown Module. We use GO and
KEGG analysis to elucidate the function similarities of mod-
ule brown genes. The results show that nuclear division,
spindle, and microtubule binding are the most great enrich-
ments in cellular component (CC), biological process (BP),
and molecular function (MF) groups (Figure 3(a)). KEGG
pathway enrichment analysis suggested cell cycle and
homologous recombination pathways are significant path-
ways (Figure 3(b)). All of them are related to cancer stem
cells.

3.4. Data Validation. Firstly, the STAD dataset of TCGA
showed significant differences in the expression of all key
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FIGURE 5: PPl interactive network. (a) String diagram composed of 19 key genes as nodes. (b) The bar-plot lists the connections of key genes
in the brown module by the counts of connections. (c) Correlation analysis between key genes. The higher phase of the graph indicates the
degree of correlation. The darker the color, the greater the correlation. The lower part shows the corresponding correlation value. PPI:

protein-protein interaction.

genes between normal and tumor cases (Figure 4(a)). In all
patients with STAD, the Kaplan-Meier curve and log rank
test analysis showed that 7 genes in the brown module were
significantly associated with OS (P <0.05, FDR <0.05)
(Figures 4(b)-4(j)).

It is well known that CSCs have chemoresistance, and
resistance is related to cancer-associated fibroblasts in the
extracellular matrix [23]. The mapping of GSE14210 is
based on Venn diagram. 19 key gene maps selected from
the brown module were scored by GS and MM scores.
Finally, SGO2, TTK, and CENPF were associated with
the acquired chemoresistance to cisplatin and fluorouracil
combination chemotherapy in gastric cancer (Figure 4(k)).

3.5. Protein-Protein Interactions (PPI) among Genes of
Brown Module. The application of the on-line device
STRING (URL: http://string-db.org/) to protein-protein
interaction networks for each module will assist us to
explore the interplay between key genes extra deeply. There
were 19 nodes and 129 edges in the shaped PPI network, and
the PPI enrichment (P value < 0.01) (Figure 5(a)). In addi-
tion, the significant nodes shown in the bar-plot can identify
the genes most closely related to other members of the mod-
ule (Figure 5(b)).

The correlation between the key genes of this module
was strong (Figure 5(c)), and the correlation was statistically
significant (P < 0.01). The correlation between CENPF and
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ORC6 (0.53), KIF18B, and ORC6 (0.53) was the lowest,
whereas the correlation between CENPF and KIF14 (0.88)
was the highest.

4. Discussion

The morbidity and mortality of gastric most cancers stay
excessive all over the worldwide. In current years, CSCs have
been mentioned to make vital contributions to tumor pro-
gression, recurrence, and therapeutic resistance [24, 25].
Therefore, therapy concentrating on STAD stem cells is
essential. In addition, choosing out the emergence of these
druggable genetic ameliorations in pancancer cases, and
whether or not there are modifications in the expression of
the equal mRNAsi-related genes, is additionally a query
priceless of dialogue in the future work.

In this study, we tried to discover key genes associated to
STAD stem cells in TCGA database. We used WGCNA
based totally on mRNAsi scores, as calculated by Salomonis
et al. [26]. The tumor case had a greater mRNAsi rating than
the regular case. The mRNAsi scores reduced with the sick-
ness grade, stage, and T stage, though the mRNAsi rating of
G1 was once small which may also be associated to inade-
quate pattern size. The excessive mRNAsi team confirmed
a decrease survival chance than the low team in the first 5
years, which used to be constant with the negative conse-
quence related with stemness features.

We developed coexpression modules through WGCNA
and pick out brown module as the best correlations with
mRNAsi. Key genes have been screened from the blue module
primarily based on the GS and MM scores. The expression
degrees of key genes are appreciably upregulated in tumor
samples. There have been robust coexpression relationships
at the transcriptional degree in brown module. There was
additionally a robust PPI community among proteins of this
module. The key genes intently associated to pluripotent stem
cells have been confirmed to be overexpressed in most tumors.
Moreover, all organ tissues are developed from pluripotent
stem cells, suggesting that key genes might also play a position
in keeping stem cellphone residences in a range of cancers.
The consequences led us to reassess the relationship between
CSC traits and STAD progression.

Undifferentiated major tumors are more probably to rea-
son most cancer cells to unfold to far-oft organs, mainly to
sickness development and negative prognosis. Moreover,
CSCs are typically resistant to handy remedies [27]. The
acquisition of progenitor cell-like and stem cell-like traits
and loss of the differentiated phenotype are manifestations
of most cancer development [28], regular with the expand
in STAD stemness as the tumor progression. In our study,
we observed that sufferers with greater corrected mRNAsi
rankings had decreased ordinary survival rates, which used
to be regular with the negative prognosis related with CSC
characteristics. Disease stage 1 and T1 stage STAD had
pretty greater CSC characteristics, indicating the stem tele-
phone residences start to upward thrust from initiation of
the cancer.

Functional annotations of the brown module had been
chiefly associated to the stem cell self-renewal and prolifera-
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tion characteristics. The pathway enrichment advised that
the four key genes in the cycle pathway time period have
been most possibly a useful gene set that impacts tumor
stemness via regulating the cell cycle.

The gene units that keep the traits of stem cells in a range
of cancers may additionally have similarities. Since the for-
mation of a range of organ tissues takes place from pluripo-
tent stem cells, their CSCs are dedifferentiated with stem
mobile phone characteristics. This reverse improvement
has made a range of CSCs possessing some traits of pluripo-
tent stem cells. Moreover, their stage of overexpression was
once associated to the stage of stemness, and their persisted
expand might also promote modifications in tumor develop-
ment and posttherapy progression. More than half of the key
genes have been mentioned in STAD, and some have been
proven to be related with the traits of CSCs. BUBI is related
with the most cancer stem cell attainable in breast cancer
[29]. An issue highlights a study that links the presentation
of kinetochores within mitosis to an essential requirement
for BUBI threonine kinase B (BUB 1B), broadening our
understanding of the cell-cycle machinery in CSCs [30]. Kine-
sin family member 15 (KIF15) promotes the CSC phenotype
and malignancy by means of PHGDH-mediated ROS imbal-
ance in hepatocellular carcinoma [31]. TTK gene was overex-
pressed in the CSC-like cell populace remoted from human
esophageal carcinoma phone strains as properly as in the
human more than one myeloma stem cells sorted through
aldehyde dehydrogenase 1 (ALDH1) [32, 33].

Survival curves have been generated to validate the prog-
nostic fee of the key genes in brown module in STAD. In the
K-M plots, 7 genes had been substantially related with prog-
noses (P <0.01, FDR <0.05). High expression of BUBI,
TPX2, and X-ray repair cross complementing 2 (XRCC2)
had been noticeably related with negative prognoses. The
expression of NCAPH, NCAPG, RACGAPI1, and SGO2
has been positively correlated with affected person progno-
sis. As known, CSCs can withstand clinical remedy and
make contributions to tumor relapse. The key genes had
been validated in GSE14210, and SGO2, TTK, and CENPF
have been related with the obtained chemoresistance to cis-
platin and fluorouracil mixture chemotherapy in gastric can-
cer. Several studies had proven that CSCs have one or
greater abnormalities in signaling pathways that modify
self-renewal. The Wnt/f-catenin, Notch, and Hedgehog
pathways have been mentioned fully [34]. Wnt/p-catenin
KIF14, TPX2, KIF18B, and PLK4 in the Wnt/B-catenin
pathway [35-38], TTK and XRCC2 in the Hedgehog path-
way [37, 38], and RACGAP1 and TTK in the Notch pathway
[39, 40] may additionally be necessary for the tumorigenicity
of CSCs. These genes are vital therapeutic aimed at inhibit-
ing the self-renewal, proliferation, and tumor development
of CSCs.

5. Conclusions

In summary, 19 key genes have been determined to play nec-
essary roles in STAD stem phone maintenance. The valida-
tions confirmed that these genes ought to be beneficial for
outlining the prognosis of STAD patients. These genes may
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also be therapeutic pursuits for inhibiting STAD stemness
characteristics. However, our conclusions are primarily
based on the retrospective information, and similarly
organic and scientific investigation of these genes should
lead to novel insights into the manageable associations of
CSCs with a STAD prognosis.
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Aim. To investigate the value of neoadjuvant chemotherapy combined with 3D-image-guided afterloading intracavitary
radiotherapy in locally advanced cervical cancer (LACC). Methods. Patients with cervical cancer admitted to our hospital from
January 1, 2020 to January 1, 2021 were retrieved and analyzed. Cases treated with neoadjuvant chemotherapy and 3D-image-
guided afterloading intracavitary radiotherapy were assigned into the observation group (OG), while cases with neoadjuvant
chemotherapy alone were assigned into the control group (CG). The short-term effects were determined by RECIST 1.1. Total
effective rate (TR) = complete remission (CR) + partial remission (PR). The serum levels of squamous epithelial cell carcinoma
antigen (SCC-Ag), glycoantigen 125 (CA125), carcinoembryonic antigen (CEA), and vascular endothelial growth factor
(VEGF) were assessed. In view of the difference between tumor markers and diameters before and after treatment, the
correlation between them was analyzed by Pearson test. The adverse events were compared, and the amount of operative
bleeding and operation time were evaluated. Cox regression analysis was conducted to assess the influencing factors of 1-year
disease-free survival time. Results. Sixty-seven patients were retrieved, including 30 cases in the OG and 37 cases in the CG.
There were no significant differences in age, pathological type, tumor size, FIGO stage, past medical history, or smoking
history between the two groups (P > 0.05). The TR of patients in the OG was higher than that in the CG (P < 0.05). The SCC-
Ag, CA125, CEA, and VEGF levels in the OG decreased markedly after treatment (P < 0.001). The difference in SCC-Ag,
CA125, CEA, and VEGF was positively correlated with the difference in tumor diameter before and after treatment (P < 0.05).
The incidence of adverse events revealed no obvious difference between the OG and CG (P > 0.05). Cox regression analysis
showed that FIGO stage and treatment regimens were independent prognostic factors for 1-year disease-free survival (P < 0.05
). Conclusion. Neoadjuvant chemotherapy combined with 3D-image-guided afterloading intracavitary radiotherapy can
improve the TR rate and 1-year disease-free survival of LACC patients without increasing the incidence of adverse events.

1. Introduction

Globally, cervical cancer (CC) ranks among malignancies
with the highest number of new cases and deaths, posing a
serious threat to the health of women [1]. In China, CC
screening still needs to be popularized due to uneven
regional healthcare development, and many patients are
already in the stage of locally advanced cervical cancer

(LACC) at initial diagnosis [2, 3], who are unable to be
treated solely by surgeries [4, 5]. The 5-year survival rates
of CC patients in stage IB1 and IIA1 are 80%-90% and
79.7%, respectively, while those of stage IB2 and IIA2
decreased to 50%-60% [6, 7].

Radical concurrent radiotherapy is the standard of care
for advanced CC with NCCN guideline class 1 evidence,
but the optimal treatment regimen for LACC is currently


https://orcid.org/0000-0002-1885-4747
https://orcid.org/0000-0003-2993-9639
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9578436

highly controversial, and there is no consensus worldwide
[8]. The standard treatment recommended in the United
States and Canada is concurrent radiotherapy, while coun-
tries in Europe, Asia, and Latin America use neoadjuvant
chemotherapy followed by surgery as first-line treatment
[9]. LACC patients are difficult to cure and have a poor
prognosis due to the large localized extent of the tumor
and the high risk factors [10]. For LACC with tumor
diameter > 4 cm, it is not easily controlled by surgical treat-
ment alone and is prone to distant metastases and lymph
node metastases after surgery [11]. Currently, the preopera-
tive adjuvant treatment options mainly include neoadjuvant
chemotherapy and radiotherapy. Radiotherapy is a local
treatment, while chemotherapy can treat distant metastases
and lymph node metastases while reducing the tumor [12].
Despite the international controversy regarding preoperative
adjuvant therapy for LACC, preoperative adjuvant radio-
therapy, neoadjuvant chemotherapy, or their combination
are still popular in developing countries by reducing tumor
volume, improving the tissue environment around the
uterus, and facilitating surgical operation. Also, they can
reduce the difficulty of surgery, improve the surgical resec-
tion rate of patients, and control tumors effectively [13].
Research has proven that combining radiotherapy with che-
motherapy is an even more effective way to improve the
local control rate of advanced CC [14]. However, radiother-
apy alone can increase drug resistance and lead to many side
effects.

To reduce the side effects of radiotherapy toxicity and to
ensure efficient and sustainable treatment, it has been a hot
topic of research in the gynecologic oncology field. In this
study, neoadjuvant chemotherapy combined with 3D-
image-guided afterloading intracavitary radiotherapy was
offered to LACC patients prior to radical hysterectomy to
observe the short-term clinical impact and outcome as well
as adverse events, so as to evaluate the clinical significance
of this regimen in future treatment.

2. Methods and Materials

CC patients treated at our hospital from January 1, 2020 to
January 1, 2021 were analyzed retrospectively. Cases treated
with neoadjuvant chemotherapy and 3D-image-guided
afterloading intracavitary radiotherapy were assigned into
the observation group (OG), while cases with neoadjuvant
chemotherapy alone were enrolled into the control group
(CG). All patients received radical CC surgery after treat-
ment. The research was conducted with the approval of the
medical ethics committee of Wuwei Cancer Hospital and
Institute.

The inclusion criteria were cases confirmed through his-
topathology. The gynecologic examinations were performed
by two gynecologic oncologists of associate chief physician
or above and diagnosed according to the FIGO stage IB2
and ITA2 (FIGO staging 2009) [15]. Patients should not
receive targeted treatment before this research. Patients’
clinical data were complete. All of them were informed
and signed an informed consent form. The exclusion criteria
were as follows: cases with serious complications or underly-
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TaBLE 1: Clinical characteristics of enrolled patients.

Control group  Observation group P

Factor (n=37) (n=30) value

Age
>55 years old 23 18 0.856
<55 years old 14 12

Pathological type

carsc?ﬁiﬁzus cell 33 28 0.554
Adenocarcinoma 4 2

Tumor size
>5cm 33 24 0.293
<5cm 4 6

FIGO stage
IB2 17 13 0.830
[1A2 20 17

Past medical

history
Hypertension 12 15 0.144
Diabetes 10 8 0.973

Smoking history
Yes 8 3 0.202
No 29 27

ing diseases that could not tolerate the treatment plan; cases
complicated with other malignancies; surgical history of cer-
vical disease; history of radiotherapy, chemotherapy, or anti-
tumor therapy; infectious or metabolic diseases; abnormal
blood clotting function; cognitive impairment or mental ill-
ness; patients with allergic symptoms of chemotherapeutic
drugs; and patients during lactation or pregnancy.

2.1. Treatment Regimens. Patients received neoadjuvant che-
motherapy with paclitaxel plus platinum, which was sensi-
tive to CC. Specifically, paclitaxel 135-175 mg/m” was given
intravenously on day 1, and cisplatin 50-75 mg/m” was given
on days 1 to 3. The chemotherapy was administered at 3-
week intervals for 2 cycles, during which symptomatic treat-
ments such as hydration and antiemetic were routinely used.
The 3D-afterloading intracavitary radiation therapy with
5.5-6 Gy each time was performed twice and completed
within 1 week [16]. Radical hysterectomy and pelvic lymph
node dissection was performed 2 weeks after adjuvant
therapy.

2.2. Outcome Determinations. The main outcomes include:
the near-term outcomes were compared by the Response
evaluation criteria in solid tumors version 1.1 (RECIST
1.1) [17]. Total response rate (TR) = complete response (
CR) + partial response (PR). The squamous cell carcinoma
antigen (SCC-Ag), carbohydrate antigen (CA125), and car-
cinoembryonic antigen (CEA) of squamous cell carcinoma
before and after treatment were tested by chemilumines-
cence method [18], and the level of serum vascular endothe-
lial growth factor (VEGF) was determined by enzyme linked
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F1GURE 1: Blood loss and operation time during operation. (a) Difference of operation time between groups. (b) Difference of intraoperative

blood loss between groups.

TaBLE 2: Comparison of near-term efficacy [n (%)].

Groups Complete remission Partial remission Stable Ineffective RR
Control group (n =37) 4 (10.80) 10 (27.00) 21 (56.80) 2 (5.4) 14 (37.80)
Observation group (n = 30) 6 (20.00) 13 (43.30) 9 (30.00) 2 (6.70) 19 (63.30)
X*1Z value -1.808 4.309
P value 0.071 0.037
P <0.001
P <0.001
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F1GURE 2: Comparison of serum tumor markers and VEGF levels in patients before and after treatment. (a) Comparison of serum SCC-Ag
levels between groups before and after treatment. (b) Comparison of serum CA125 levels between groups before and after treatment. (c)
Comparison of serum CEA levels between groups before and after treatment. (d) Changes of serum VEGF levels before and after treatment.
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TaBLE 3: Difference of various indexes before and after treatment.
Indexes Observation group (n=37) Control group (1 = 30)
Before treatment After treatment Difference Before treatment After treatment Difference

SCC-ag 4.54 +2.38 0.65+0.25 3.95+2.30 5.50 +£2.55 1.36 £ 0.31 4.17 +2.53
CA125 56.59 + 6.64 28.64+4.21 27.95+8.97 55.53 +4.06 35.47 £4.29 20.06 +£6.39
CEA 15.85+2.41 7.63 £0.89 8.23+2.48 15.71 £ 3.08 10.76 £1.97 5.28 +2.79
VEGF 154.06 £ 11.65 125.15 £ 15.66 29.75 + 18.66 160.36 £ 15.71 145.29 £ 11.76 20.95+15.18
Tumor diameter 6.26 +1.20 4.51+2.10 2.23+1.66 6.22 +£0.95 5.10+1.67 1.51+1.23

immunosorbent assay (ELISA). The correlation between
tumor markers and diameter changes was assessed by Pear-
son’s test according to the difference between patients before
and after treatment.

The secondary outcomes include: the clinical characteris-
tics and adverse events of both groups were compared. The
amount of intraoperative bleeding and operation time were
assessed. Cox regression analysis was conducted to assess the
influencing factors of 1-year disease-free survival time.

2.3. Statistical Analysis. Data were analyzed through SPSS
20.0 (IBM Corp., Armonk, N.Y., USA). The enumeration
data were expressed as n (%) and analyzed using the chi-
squared test, and the measurement data were shown as
mean + standard deviation (SD) and evaluated by indepen-
dent t-test. The association between tumor markers and
diameter was assessed via Pearson test. Patients’ disease-
free survivals were plotted using the Kaplan-Meier survival
curves, and then analyzed through log-rank test. The prog-
nostic factor affecting patients’ disease-free survival time
was assessed through Cox regression. A two-tailed p value
<0.05 indicated statistical difference.

3. Results

3.1. Comparison of Clinical Characteristics. Sixty-seven CC
patients were retrieved, including 30 cases in the OG and
37 cases in the CG. There were no statistical differences in
age, pathological type, tumor size, FIGO stage, past medical
history, or smoking history between the two groups
(P>0.05, Table 1). There was no marked difference in oper-
ation time and intraoperative blood loss between groups
(P>0.05, Figure 1).

3.2. Comparison of Near-Term Efficacy after Radiotherapy
and Chemotherapy. There was significantly higher TR of
patients in the OG than that in the CG (P < 0.05, Table 2).

3.3. Changes of Tumor Markers and VEGF Expression before
and after Treatment. The changes of serum tumor markers
and VEGF expression were compared after radiotherapy
and chemotherapy before operation. The SCC-Ag, CA125,
CEA, and VEGF levels in serum after treatment were lower
than those before treatment (P <0.001). After treatment,
the levels of SCC-Ag, CA125, CEA, and VEGF in the OG
were significantly lower than those in the CG (P <0.001,
Figure 2).

SCC-Ag difference

SCC-Ag difference .
CEA difference
‘ Tumor
diameter difference
Tumor

diameter difference 0.47 0.4

CA125 difference
‘ VEGF difference

-1 -08 —6‘6 —6.4 —(I).Z (I) 0;2 0t4 0;6 0.8 1

CEA difference 0.4

CA125 difference 0.38 0.49 0.56

VEGEF difference 0.38 0.47 0.45 0.56

FiGure 3: Correlation between tumor diameter, markers, and
VEGF. Note: red indicates positive correlation, and blue indicates
negative correlation.

3.4. Correlation between Tumor Markers, VAGF, and
Diameter. We performed a correlation analysis based on
the differences of indicators before and after treatment
(Table 3). The differences of SCC-Ag, CA125, CEA, and
VEGF before and after treatment were positively correlated
with those of tumor diameter (P < 0.05, Figure 3).

3.5. Comparison of Adverse Events in Patients. There was no
obvious difference in the incidence of adverse events
between groups (P > 0.05, Table 4).

3.6. Analysis of Prognostic Factors of Disease-Free Survival
Time. The 1-year disease-free survival rate of 67 patients
was 74.62%. Subsequently, we analyzed the clinical data
of patients using univariate analysis and found that age,
FIGO stage, and treatment regimens were prognostic fac-
tors affecting disease-free survival (Figure 4). Further anal-
ysis revealed that FIGO staging and treatment regimens
were independently tied to patients’ disease-free survival
(P <0.05, Table 5).

4. Discussion

CC is a malignancy with high incidence in female patients.
LACC accounts for a relatively large proportion among
CC, and the 5-year survival rate is about 60% [19]. The
tumor diameter of LACC patients is relatively large, which
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TABLE 4: Adverse events of patients.

Groups Leukopenia Malignant vomiting Abnormal liver function Fever Total incidence rate
Control group (n=37) 3 (8.10) 2 (5.40) 2 (5.40) 1(2.70) 8 (21.62)
Observation group (n = 30) 2 (6.67) 2 (6.67) 2 (6.67) 0 (0.00) 6 (20.00)
x* value 0.026
P value 0.871
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FIGURE 4: Analysis of age, FIGO stage, treatment plan, and disease-free survival of patients. (a) Analysis of age and disease-free survival of
patients. (b) Analysis of FIGO staging and disease-free survival of patients. (c) Analysis of treatment plans and disease-free survival time of

patients.
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TABLE 5: Analysis of risk factors for disease-free survival time.
Factor Univariate analysis Multivariate analysis
HR value P value 95% CI HR value P value 95% CI
Age (=55 VS <55) 5.617 0.022 1.284~24.578  4.346 0.053  0.983~19.208
Pathological type (adenocarcinoma VS squamous cell carcinoma)  0.951 0.947  0.217~4.160
Tumor size (>5cm VS <5cm) 0.815 0.747  0.234~2.836
FIGO stage (IB2 VS IIA2) 0.127 0.006  0.029~0.558 0.144 0.011  0.033~0.637
Hypertension (yes VS no) 0.301 0.059  0.086~1.048
Diabetes (yes VS no) 1.503 0422  0.556~4.065
Smoking history (yes VS no) 0.036 0.218  0.000~7.086
Treatment plans (combination VS single) 0.218 0.017  0.062~0.759 0.188 0.009  0.054~0.657

increases the difficulty of operation to a certain extent. The
incidence of postoperative complications, metastasis, and
recurrence rate are high, and the prognosis is not ideal
[20]. Not only that, clinical treatment is difficult and more
controversial. Although concurrent chemoradiation is con-
sidered an international standard treatment option, there
are still many problems and limitations [21]. The number
of patients treated tends to be younger, and radical surgery
after preoperative adjuvant treatment is more in line with
clinical needs. Neoadjuvant chemotherapy and 3D-image-
guided afterloading intracavitary radiotherapy combines
the advantages of precision radiotherapy and chemotherapy,
so that CC with large tumor size can be well controlled, cre-
ating favorable conditions for surgical resection, and reduc-
ing surgical risks and complications. It improves the effect of
treatment and quality of life of patients effectively [22]. Nev-
ertheless, there are few studies on whether there is a differ-
ence in the efficacy between combination therapy and
neoadjuvant chemotherapy alone in LACC treatment [23].
In the present study, we analyzed the efficacy of the two
regimens in LACC patients. In our study, we found no
marked effect of the two regimens on overall outcomes and
adverse events. But our further analysis revealed that the
TR rate of patients in the OG was higher than that of those
in the CG. Previously, research found that 3D-image-guided
afterloading intracavitary radiotherapy combined with che-
motherapy improved the treatment outcome of advanced
CC [24]. This is due to the fact that 3D conformal HDR
brachytherapy can calculate the radiation dose received by
the target area and surrounding normal organ tissues more
accurately, which is conducive to the development of reason-
able individualized treatment plans [25]. Neoadjuvant che-
motherapy and radiotherapy have synergistic effects, acting
on different cell cycles, respectively. Chemotherapy synchro-
nizes cancer cells with radiotherapy-sensitive cycles,
increases radiotherapy sensitivity while shrinking tumor
cells, accelerates the apoptotic process of cancer cells, and
reduces the chance of CC metastasis, thus, improving the
histopathology [26]. Radiotherapy shrinks the local mass
and leads to narrowing and occlusion of some capillaries
and lymphatic vessels in the pelvis, which facilitates surgical
operations and reduces the difficulty of surgery, thus,
improving the efficiency of surgery [27]. We also found no
difference in intraoperative bleeding and operative time dur-

ing surgery. It is theoretically believed that combined treat-
ment can reduce the local tumor volume and improve the
parametrial tissue gap, which in turn reduces the difficulty
of surgery. It showed that the combined treatment did not
reduce the difficulty of the procedure, and we believe that
the physiology of patients was diminished after the com-
bined treatment. In addition, after the combined treatment,
the reactive adhesion of lymphoid tissue and the para-
uterine tissue fibrosis increased, thus, increasing the diffi-
culty of the operation.

Currently, tumor markers such as SCC-Ag, CAI25,
CEA, and VEGEF are of clinical value in CC diagnosis and
treatment [28]. SCC-Ag is a relevant antigen reflecting the
proliferation of squamous epithelial cells [29]. CA125 is
one of the specific tumor markers, mostly found in adult
pleura, endometrium, fallopian tube endothelium, and
endocervical lining, and its expression is relevant to the
tumor load in patients [30]. CEA may reflect the risk of
tumor cell infiltration [18]. VEGF is an essential vascular
endothelial growth factor for distant metastasis and tumor
recurrence [31]. We found the SCC-Ag, CA125, CEA, and
VEGF expression in LACC patients decreased after treat-
ment. Besides, we confirmed a positive correlation between
the difference of SCC-Ag, CA125, CEA, VEGEF, and tumor
diameter, which indicates that SCC-Ag, CA125, CEA, and
VEGEF are relevant to tumor growth. It is suggested that joint
observation of changes in the levels of these markers may
have vital monitoring value for assessing the disease progres-
sion and treatment efficacy.

At the end of the research, we measured patients’
disease-free survival time. Cox regression analysis revealed
that FIGO staging and treatment regimens were relevant to
their disease-free survival. Earlier studies have shown that
patients with higher FIGO stage have shorter disease-free
survival time, which is consistent with our findings [32].
We first found that neoadjuvant chemotherapy combined
with 3D-image-guided afterloading intracavitary radiother-
apy was effective in improving the short-term disease-free
survival of LACC patients. We believe this is due to the fact
that preoperative radiotherapy shrinks the local mass. More-
over, preoperative radiotherapy can reduce local cervical
tumors in varying degrees, which can not only eliminate
tumor cells or reduce their activity, block tumor vessels,
improve para-uterine infiltration, increase surgical resection
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rate but also reduce intraoperative dissemination and
improve survival rate.

We found that neoadjuvant chemotherapy combined
with 3D-image-guided afterloading intracavitary radiother-
apy can increase the TR rate of LACC patients and improve
their short-term disease-free survival. Nevertheless, there are
still some limitations. First of all, the study period is rela-
tively short. We were only able to count the disease-free sur-
vival time of patients for one year, and the effect of
combined therapy on long-term overall survival and
disease-free survival needs further study. Second, we only
collected a relatively small number of patients for this study.
Finally, this was a retrospective study, the results of which
might be biased. We hope to continue to follow patients in
subsequent studies and retrieve more patients to confirm
our findings. It might be more intriguing to consider the
combined therapy in other complicated cases, such as infec-
tion, hypoxia, fulminant hepatitis, or wound healing prob-
lems [33-39].

To sum up, neoadjuvant chemotherapy combined with
3D-image-guided afterloading intracavitary radiotherapy in
LACC patients improves the TR rates and 1-year disease-
free survival and does not increase the incidence of adverse
events.
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Hepatocellular carcinoma (HCC) is the seventh most common malignancy and the second most common cause of cancer-related
deaths. Tumor mutational load, genomic instability, and tumor-infiltrating lymphocytes were associated with DNA damage
response and repair gene changes. The goal of this study is to estimate the chances of patients with HCC surviving their
disease by constructing a DNA damage repair- (DDR-) related gene profile. The International Cancer Genome Consortium
(ICGC) and The Cancer Genome Atlas (TCGA) provided us with the mRNA expression matrix as well as clinical information
relevant to HCC patients. Using Cox regression and LASSO analysis, DEGs strongly related to general survival were discovered
in the differentially expressed gene (DEG) study. In order to assess the model’s accuracy, Kaplan-Meier (KM) and receiver
operating characteristic (ROC) were used. In order to compute the immune cell infiltration score and immune associated
pathway activity, a single-sample gene set enrichment analysis was performed. A three-gene signature (CDC20, TTK, and
CENPA) was created using stability selection and LASSO COX regression. In comparison to the low-risk group, the prognosis
for the high-risk group was surprisingly poor. In the ICGC datasets, the predictive characteristic was confirmed. A receiver
operating characteristic (ROC) curve was calculated for each cohort. The risk mark for HCC patients is a reliable predictor
according to multivariate Cox regression analysis. According to ssGSEA, this signature was highly correlated with the
immunological state of HCC patients. There was a significant correlation between the expression levels of prognostic genes and
cancer cells’ susceptibility to antitumor therapies. Overall, a distinct gene profile associated with DDR was identified, and this
pattern may be able to predict HCC patients’ long-term survival, immune milieu, and chemotherapeutic response.

1. Introduction

Hepatocellular carcinoma (HCC) remains one of the most
aggressive solid malignancies throughout the world, and
fatty liver, alcoholic liver, and hepatitis B and C infections
are the three most significant risk factors for HCC [1, 2].
The incidence of HCC is highest in underdeveloped
nations, but chronic hepatitis C virus infection, which
causes liver cirrhosis, is also increasing in wealthy nations
[3, 4]. Researchers have been investigating the molecular
pathways underlying the pathogenesis of hepatocellular
carcinoma for several decades [5]. Gene mutations, epige-
netic changes, and dysregulation of coding or noncoding

genes were found to influence HCC growth [6, 7].
Although we have made great progresses in integrating
treatment plans for HCC and our understanding of its epi-
demiology, etiology, biology, diagnostics, and therapy, the
long-term prognosis of HCC patients remains unfavorable
[8, 9]. Metastatic illness, in which tumor cells invade
nearby tissues and organs and spread cancer throughout
the body, is responsible for the vast majority of cancer-
related deaths. Therefore, identifying molecular markers
for early diagnosis, survival prediction, and recurrence
monitoring of HCC is very important. In this way, patient
categorization can be improved, and medical intervention
can be more effective.
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FIGURE I: A list of possible DDR-related genes identified in the TCGA cohort. DEGs between nearby normal specimens and HCC specimens
are calculated using a Venn diagram (a). (b) Expression of nine genes that overlap between neighboring normal tissues and HCC tissues. (c)
Forest plots showing the associations between OS and the expression of 9 overlapping genes. (d) Correlation network of candidate genes.

All biological activities result in DNA damage because
DNA damage repair keeps the genome stable and intact
[10]. Several chronic illnesses, including cancer, are charac-
terized by genomic instability. The integrity of DNA is of
utmost importance in this respect, as it may prevent geno-
mic instability [11]. In spite of the relatively low frequency
of DNA damage, it should be repaired as soon as possible
to demonstrate the accurate transmission of genetic infor-
mation [12, 13]. Inability of the DDR to repair the following
endogenous and external insults would lead to (1) a future
malignant transformation, (2) the emergence of cancer,
and (3) further deterioration of the DNA repair system
[14]. The DDR mechanism can be modified during tumor
formation or during therapy-induced tumor evolution to
provide tumor clones with new growth abilities when they
have lost genomic integrity and are outgrowing their original
hosts [15, 16]. Cancer cells may also be more resistant to
chemotherapy if DDR genes are expressed differently. Ovar-

ian and prostate cancers may benefit from therapeutic tar-
geting of DDR-related genes [17, 18]. Numerous studies
have shown that the numerous DDR gene polymorphisms
together affect the chance of developing HCC [19, 20]. In
the wake of immunotherapy, researchers are placing a
renewed emphasis on DDR pathways, the modifications of
which are associated with hereditary traits, such as elevated
TMB, caused by the accumulation of certain uncorrected
DNA damage [21, 22]. DDR-related genes are linked to a
poor prognosis for HCC, but the evidence is limited.
Clinical data and the expressing pattern of mRNAs of
HCC patients were obtained from a publicly accessible data-
set. A predictive signature of differentially expressed genes
associated with DDR was then created in TCGA cohorts,
and its stability and dependability were tested in the ICGC
cohorts. Moreover, we examined the relationship between
immune infiltrates and the expressions of prognostic genes.
Furthermore, we examined the relationships between
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FIGURE 2: Gene signatures associated with DDR were identified in TCGA datasets using LASSO regression analysis. (a) Choosing the
optimal LASSO model parameter (lambda). (b) LASSO coefficient profiles of the nine prognostic DDR genes.

prognostic genes’ expressions and characteristics of cancer
that make it resistant to chemotherapy. New treatment plans
for HCC patients can be created based on our discoveries.

2. Materials and Methods

2.1. The Acquisition and Processing of Data. 374 HCC sam-
ples and 50 nontumor samples were presented on the UCSC
Xena website (https://xenabrowser.net/). The raw gene
microarray expression data of International Cancer Genome
Consortium (ICGC-LIRI-JP) and associated clinical infor-
mation were downloaded from ICGC. Furthermore, we
eliminated datasets without clinical data. An average value
was assigned to genes with two or more probe matches,
while probes with two or more matches were disqualified.

2.2. Identification of Variation in the Expression of DDR
Genes in HCC. Our statistical analysis and data visualization
were performed using the R programming language. A dif-
ferentially expressed gene from the DDR gene sets was also
analyzed using the limma program at a significance thresh-
old of p less than 0.05 and a fourfold change. “Pheatmap”
was used to display the heatmap graphic.

2.3. Identification of Survival-Related DDR Genes in HCC. A
single-variate Cox analysis was used to identify survival-
related DDR genes, and the Benjamini and Hochberg cor-
rection was applied to alter the p value. A p <0.05 was con-
sidered statistically significant.

2.4. Creation and Validation of the DD-Related Prognostic
Signature for HCC. In order to reduce the dimensionality
of intersecting genes, we used a LASSO regression analysis.
DDR score-related predictive risk signatures were then opti-
mized by including both forward and backward compo-
nents. According to various fitting results, we also obtained
the minimal AIC value. In the end, three gene construction
models were achieved: CDC20, TTK, and CENPA. There

are three components to the risk score: (0.0496 x CDC20)
+(0.244 x TTK) + (0.245 x CENPA). Each patient’s risk
score was calculated by the use of above algorithm. The per-
formance of the prognostic risk model was evaluated
between the training cohort and validation cohort by divid-
ing patients into low- and high-risk groups based on median
and ideal cut-off points. A survival study was conducted
using the Kaplan-Meier method. It was determined whether
the risk mark was accurate by using a ROC curve. The
survival-ROC R package was utilized to assess the t-ROC
prediction capability. We also assessed the relevance of each
parameter to overall survival (OS) using Cox proportional
hazard regression.

2.5. Microenvironmental and Immune Analysis of Tumors.
We examined the amount of stromal and immune cell infil-
tration in various tumor tissues according to the stromal
score and immune score. Spearman correlations were used
to investigate the relationship between the risk score and
those scores.

2.6. Chemotherapy Sensitivity Analysis. NCI-60, which con-
tains 60 distinct cancer cell lines from 9 different cancer
types, can be accessed through the CellMiner interface
(https://discover.nci.nih.gov/cellminer). A Pearson correla-
tion analysis was performed to determine whether the criti-
cal genes were related to medication sensitivity. A
correlation analysis was done on 263 FDA-approved and
clinically trialed medications to determine their therapeutic
impact.

2.7. Statistical Analysis. Analysis and installation of the R
packages mentioned above were performed using the R soft-
ware version 3.6.3 (The R Foundation for Statistical Com-
puting, 2020). There are two sides to every statistical test.
Statistical significance was defined as a p value less than
0.05. The chi-square test or Fisher exact test was used for
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F1GURE 3: The performance of DDR-related gene signature in TCGA and ICGC datasets. Based on Kaplan-Meier analysis of the (a) TCGA
and (c) ICGC datasets, patients with lower risk ratings had greater overall survival than those with higher risk scores. ROC curves were used
to assess the prognostic signature’s accuracy in the (b) TCGA and (d) ICGC datasets.

categorical variables, and the t-test or Wilcoxon rank-sum
test was used for continuous variables. Kaplan-Meier analy-
sis was also performed to determine OS. Log-rank tests were
used to compare survival rates between subgroups. With R’s
“survival” package, we conducted univariate and multivari-
ate Cox proportional hazard analyses. Hazard ratios (HR),
95% confidence intervals, and p values were calculated.

3. Results

3.1. Identification of Prognostic DDR-Related DEGs in HCC.
TCGA datasets were used to screen dysregulated DDR-
related DEGs between HCC cases and nontumor specimens.
A total of ten DDR-related genes were differentially
expressed between nontumorous tissues and tumorous tis-
sues. Using a univariate Cox analysis (Figure 1(a)), a link
was found between OS and 9 of them. A heatmap was used
to show the expression pattern of the nine prognostic DDR-

related DEGs (Figure 1(b)). As a prognostic marker, 9 DDR-
related genes were kept (Figure 1(c)), and the overall risk
ratio for each gene was calculated. As shown in
Figure 1(d), these genes are related. In addition, we per-
formed GO assays and found that the 151 survival-related
DDR-related genes were mainly associated with regulation
of cell cycle phase transition, nuclear division, chromosomal
region, nuclear chromosome, ATPase activity, and damaged
DNA binding (Figure S1A). Moreover, the results of KEGG
assays confirmed that the 151 survival-related DDR-related
genes were mainly associated with cell cycle, PI3K-AKT
pathway, DNA replication, p53 signaling pathway, and
platinum drug resistance (Figure S1B).

3.2. Development of a Prognostic Gene Signature Based on
DDR-Related Genes. Three DDR-related gene signatures
were screened using LASSO and Cox regression analyses in
order to predict OS in HCC patients from TCGA datasets:
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F1GURE 4: The OS by Cox regression model’s univariate and multivariate evaluations. Datasets (a, b) from the TCGA. Datasets (c, d) from

the ICGC.

expression of CDC20 (%0.0496), TTK (%0.244), and CENPA
(%0.245) (Figures 2(a) and 2(b)). Patients were divided
equally into low-risk and high-risk groups. Patients with
low-risk marks had a greater survival rate than those with
high-risk marks (p < 0.01, Figure 3(a)). According to time-
dependent ROC analysis, the predictive precision of the
DDR-related gene signature was 0.746 at 1 year, 0.712 at 2
years, and 0.670 at 3 years (Figure 3(b)). To examine the sta-
bility of the model built from the TCGA cohort, we divided
the patients in the ICGC cohort into high-risk or low-risk
groups based on the median value from the TCGA cohort.
According to Figure 3(c), patients with a high-risk score
had a shorter OS, similar to the results reported in the
TCGA cohort. AUCs for the 8-gene signature were 0.768,
0.776, and 0.789 at 1, 2, and 3 years (Figure 3(d)). In univar-
iate Cox analysis of TCGA cohorts, OS and risk markers
showed a strong correlation (Figure 4(a)). After controlling
for additional confounding variables, the risk score
remained an independent predictor of OS (Figure 4(b)). A
similar effect was also observed in the ICGC group
(Figures 4(c) and 4(d)).

3.3. Risk Score for the Prognostic Model and Clinical
Characteristics. The relationship between risk mark and clin-
ical features of HCC patients in the TCGA cohort revealed
no relationship between age and sex (Figures 5(a) and
5(b)). In contrast, HCC specimens with advanced grade
and clinical stage had a greater risk mark (Figures 5(c) and

5(d)). A similar outcome was found in the ICGC cohort as
well (Figures 5(e)-5(g)).

3.4. Immunity and Tumor Microenvironment Analysis. To
better understand the relationship between risk marks and
immunological state, we measured enrichment scores of var-
ious immune cell subpopulations, functions, and pathways.
High-risk groups had significantly more components of the
antigen presentation pathway in the TCGA cohort, such as
aDCs, macrophages, Tth, Thl cells, and MHC class I.
(Figures 6(a) and 6(b)). Figures 6(c) and 6(d) show that
the high-risk group had significantly more DCs, iDCs, mac-
rophages, and Th2 cells in ICGC datasets. The immune infil-
tration types C1 (wound healing), C2 (IFN-g dominant), C3
(inflammatory), C4 (lymphocyte deficient), C5 (immunolog-
ically silent), and C6 (tumor-inhibiting) have been identified
in malignancies (TGF-f dominant). The HCC C6 immune
subtype can be classified only in one patient sample, and
the C5 immune subtype cannot be classified in any patient
sample. Therefore, the immunological subtypes C5 and C6
were omitted. A correlation was discovered between the
two risk scores for HCC and immune infiltration, according
to the TCGA-HCC data. A strong correlation was found
between high-risk marks and C1 and a strong correlation
between low-risk marks and C3 (Figure 6(e)).

3.5. The Expression of Prognostic Genes and Chemotherapy
Response in Cancer Cells. Gene expression levels and
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medication sensitivity were examined in NCI-60 cell lines to ~ example, the enhanced expression of CENPA was related to
identify prognostic genes. Several genes were found to corre-  increased treatment resistance to nelarabine, asparaginase,
late with chemotherapy treatment sensitivity (Figure 7). For =~ dexamethasone decadron, cladribine, and hydroxyurea. In
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FIGURE 6: A correlation between the tumor microenvironment and risk markers. The characteristics of 16 immune cells (a, ¢) and 13
immune-related activities (b, d) were illustrated in boxplots. (e) Comparison of risk scores across several subtypes of immune infiltration.

cancer cells, increased TTK expression was linked to
increased resistance to nelarabine, mithramycin, and actino-
mycin D, 6-thioguanine. CDC20 expression was also associ-
ated with higher treatment resistance to denileukin diftitox
Ontak, 6-thioguanine, paclitaxel, vinorelbine, irofulven,
and celecoxib.

4. Discussions

Cirrhosis is the leading cause of death in the liver, and HCC
is on the rise [23]. A multidisciplinary approach is required
to treat HCC, including hepatologists, surgeons, radiologists,
pathologists, and oncologists [24, 25]. Researchers have
studied the pathophysiology and epidemiology of HCC for
several years. The prognosis for HCC remains dismal,
despite substantial advances in surgical and medicinal treat-
ments. This illness develops because early-stage detection
methods are lacking [26, 27]. As well as being a very diverse
illness, median survival times vary greatly between individ-
uals of comparable TNM stages. In order to tailor preven-
tion and treatment for HCC, it will be crucial to find a
powerful prognostic marker that can dynamically reflect
the biological progression of the disease [28, 29]. The DDR
process affects treatment response and tumor development
in patients with HCC. To predict the prognosis of HCC, Li
et al. developed a seven-gene signature linked to DNA repair
[30]. In order to create a prediction model, genes involved in
DDR should be analyzed for their expression patterns.

By analyzing the expression profiles of DDR-related
genes in the TCGA database, this study examined the asso-
ciation between DDR-related genes and the prognosis of
HCC patients. DDR-related genes were not observed to be
differentially expressed between HCC specimens and nontu-
mor specimens at first. Based on the univariate Cox regres-
sion analysis, nine DDR-related genes were associated with
OS. We also developed the OS-related prediction model, a

standalone prognostic indicator for HCC patients, using
multivariate Cox regression to identify the three DDR-
related genes (CDC20, TTK, and CENPA). As high-
throughput sequencing technology and bioinformatics have
advanced rapidly, many signals have been developed for pre-
dicting prognosis in HCC patients. In contrast to our inves-
tigations, these investigations lacked independent validation
using external datasets. Additionally, they ignored conven-
tional clinical measures in favor of genetic biomarkers. The
study shows promise for therapeutic applications by inte-
grating clinical indicators with the autophagy-related signa-
ture to predict survival in HCC patients.

There is evidence that CDC20, TTK, and CENPA were
expressed and active in several types of cancer. Zhao et al.
demonstrated that knocking down CDC20 improved radia-
tion treatment of growth retardation in HepG2 after radia-
tion activated P53. HCC cells may undergo DNA damage,
DNA repair loss, G2/M arrest, and apoptosis when CDC20
is downregulated and radiation is applied [31]. According
to Yang et al., CDC20 expression in HCC and HCC cell lines
is associated with poor prognosis. Cell proliferation, migra-
tion, and invasion of HCC were inhibited by silencing
CDC20. Furthermore, silencing CDC20 increased E-
cadherin expression while decreasing N-cadherin, vimentin,
and Ki-67 expression [32]. A total of 77.63 percent (118/152)
of HCC tissues overexpressed TTK, according to Liu et al.
[33]. TTK expression and portal vein tumor thrombus pres-
ence showed a positive correlation. In HCC, TTK’s pro-
moter was demethylated, increasing its expression. Tests
in vitro found that TTK improved anchorage-independent
proliferation, cell migration, and anchorage independence.
Based on the results of the following study, TTK activated
the Akt/mTOR pathway in a p53-dependent manner. In sev-
eral studies, TTK has also been shown to be predictive of
HCC. A prior study found that tumor tissues exhibited a
marked increase in CENPA mRNA compared to
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FIGURE 7: The scatter plot showed the relationship between prognostic gene expression and medication sensitivity.

neighboring tissues. In HCC patients, increased CENPA
mRNA was associated with elevated alpha-fetoprotein,
advanced TNM stage, larger tumor size, advanced AJCC
stage, and advanced pathology grade. CENPA, however,
was not examined in earlier research. There have been few
studies on the roles of CDC20, TTK, and CENPA. This
study validated earlier findings that CDC20, TTK, and
CENPA are upregulated in HCC. CDC20, TTK, and CENPA
prognostic models showed remarkable capability in predict-
ing clinical prognoses for patients with HCC.

According to new research, immune cells in the TME
play an important role in cancer development [34]. Among
the innate immune cells that can promote or support tumor
growth are macrophages, neutrophils, dendritic cells, innate
lymphoid cells, myeloid-derived suppressor cells, and natu-
ral killer cells [35, 36]. In the TME, cancer cells showed iron
ion aggregation during active proliferation. Controlling fer-
roptosis, therefore, may effectively eliminate tumor cells in
terms of iron homeostasis. Besides monitoring tumors and
tumor immunity, ferroptosis also has an important immu-
nological function. By combining an examination of distinct
immune infiltration densities in the tumor core and the
invasive margin, it has been shown that the prognosis of
BC patients with poor clinicopathological criteria may be
accurately predicted [37, 38]. According to a previous study,
the prognosis for patients with HCC is related to the pattern

of infiltrating immune cells in TME, and macrophage-
associated cytokines may be used to predict PD-L1 levels
in these patients [39]. Immune score models based on
immune cell infiltration can also predict the prognosis and
efficacy of chemotherapy treatment for HCC patients [40,
41]. A study of the prognostic value of the immune infiltra-
tion alteration is therefore worthwhile and practical. This
study demonstrated that high levels of aDCs, macrophages,
Tth, Th1 cells, and MHC class I were detected in the high-
risk group, indicating disruption of immune regulation.
Due to this, it may be logical to believe that the antitumor
immunity of the high-risk group is weakening, which may
explain its poor prognosis.

The drug sensitivity of various anticancer medicines was
determined in the treatment of patients with HCC [42, 43].
Data from NCI-60 cell lines showed that higher expression
of several prognostic genes was associated with enhanced
drug resistance to numerous FDA-approved chemothera-
peutic medicines, including denileukin diftitox Ontak, pacli-
taxel, vinorelbine, and irofulven [44]. Few medicines were
also more sensitive to drugs due to a range of prognostic
genes. CENPA expression was associated with higher drug
resistance to nelarabine, asparaginase, dexamethasone Deca-
dron, cladribine, and hydroxyurea in cancer cells. In order to
overcome drug resistance, chemotherapeutic drugs must be
tested according to the molecular subtypes of patients.
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A range of studies were applied to construct prognostic
signatures and numerous verifications using bioinformatics
tools and statistical approaches, but there were still some
limitations. The samples were provided by a single database,
so they may be unrepresentative. Besides, no in vitro or
in vivo experiments were conducted. Our future study will
focus on the shortcomings listed above.

5. Conclusions

A DDR-related signature has been identified as an indepen-
dent predictor of HCC. A comprehensive analysis of the sig-
nature’s role in the immune landscape and therapies was
conducted. Informing the treatment of HCC with this hall-
mark could be powerful and promising.
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Non-small cell lung cancer has a subtype with a high morbidity and mortality rate called lung adenocarcinoma (LUAD). It is
critical to locate reliable prognostic biomarkers for LUAD at this time. Ubiquitin-conjugating enzyme E2T (UBE2T) has been
found in numerous malignancies; however, its expression level and potential functions in LUAD are not completely understood at
this time. A differentially expressed gene (DEG) screening method was used to identify genes that were expressed differently in 516
samples from LUAD and 59 samples from TCGA datasets. Clinicopathological markers were correlated with UBE2T expression.
Using the Kaplan-Meier plotter database, UBE2T was evaluated for its prognostic value in the context of LUAD. In order to
examine the importance of independent prognostic factors, both univariable and multivariable Cox regression models were
applied. TIMER and CIBERSORT were utilized in order to investigate the connection that exists between UBE2T expression and
tumor-infiltrating immune cells. This study collected 578 DEGs in total, as follows: 171 genes were significantly increased, while
408 genes were significantly decreased. We identified 9 survival-related DEGs in LUAD, including ASF1B, CA9, CCNB2, CCNEI],
RRM2, SAPCD2, TCN1, TPX2, and UBE2T. Our attention focused on UBE2T, which was highly expressed in LUAD. A
correlation was also found between high UBE2T expression and gender, age, advanced clinical stage, and decreased overall
survival. In addition, multivariate analysis demonstrated UBE2T expression to be a significant independent diagnostic factor for
patients suffering from LUAD. UBE2T was positively correlated with resting T cell CD4+ memory, myeloid dendritic cell resting,
mast cell activated, macrophage M2, and B cell plasma, whereas it was negatively correlated with resting T cell CD4+ memory,
MDC resting, MDC activated, macrophage M2, and B cell plasma. Overall, high expression levels of UBE2T correlated with poor
overall survival in patients with LUAD, and UBE2T was an independent predictor involved in immune infiltration of LUAD.
These findings offer fresh perspectives that contribute to our comprehension of the evolution of LUAD.

1. Introduction

Lung cancer is considered to be one of the most common
malignant tumors all over the world [1, 2]. It has virtually
reached the position of being the first major contributor to
death among those living in China’s urban areas [3, 4]. The
majority of lung malignancies, approximately 70-80 per-
cent, are diagnosed as non-small cell lung cancer (NSCLC)
[5, 6]. Lung adenocarcinoma is a main subtype of NSCLC
and is often diagnosed at an advanced disease stage [7]. Early
surgical resection is currently the recommended course of

treatment for patients diagnosed with LUAD. Following the
completion of any necessary surgical procedures, the patient
will undergo further chemotherapy to further increase their
chances of survival [8, 9]. However, half of all people who
have LUAD will suffer a relapse at some point and will
ultimately pass away as a result of the disease’s return. A
reliable method of predicting patient survival status is
needed in order to facilitate the diagnosis of early-stage
LUAD and to provide patients with reasonable treatment
regimens without wasting medical resources or delaying
their recovery.
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There has been a shift in the therapy paradigm for LUAD
over the past few years due to the use of immunotherapies
for the therapy of patients suffering from LUAD [10, 11].
Since January 2015, there have been substantial advance-
ments made in cancer immunotherapy [12]. Inhibiting
programmed cell death protein 1 is successful in treating
Hodgkin’s lymphoma, generating optimism about its po-
tential to change the way the disease is typically treated
(13, 14]. Immunotherapy using inhibitors of programmed
death-1, programmable death ligand-1, and cytotoxic T
lymphocyte associated antigen-4 has been demonstrated to
possess potential anticancer benefits in malignant melanoma
[15, 16]. Growing data suggest that tumor-infiltrating im-
mune cells in the tumor microenvironment contribute to
tumor development, aggressiveness, and responsiveness to
therapy [17, 18]. Growing evidence supporting the idea that
cancer lymphocytes, such as cancer macrophages and cancer
neutrophils, affect the prognosis and the efficiency of che-
motherapy and immunotherapy is also rising [19]. Addi-
tionally, it has become more and more common to block
immunological checkpoints like PD-1/PD-L1 and CTLA-4
in malignant tumors [20, 21]. The majority of malignancies
do not react well to immunotherapy with a single drug
because the tumor microenvironment contains immune
elements. Clarifying immunogen types of tumor-immune
interactions as well as finding new immune-related bio-
markers and targeted therapies in LUAD are urgently
needed.

The TCGA project, which was completed just recently,
includes matched clinical and molecular data of numerous
tumors, which makes it possible to conduct a systematic
investigation of the impact that single gene expression has
on patients’ chances of survival. In this study, we aimed to
explore novel biomarkers via analyzing TCGA datasets.
Using LUAD cohorts-based TCGA datasets, we screened
differentially expressed genes (DEGs). We identified a novel
LUAD-related gene ubiquitin-conjugating enzyme E2T
(UBE2T) which was significantly expressed in LUAD and
predicted a poor prognosis. UBE2T plays a significant
function in a variety of pathological processes in a manner
that is E2-enzyme-dependent. The reason for this is that it
belongs to the E2 family of proteins, which are responsible
for conjugating ubiquitin to substrates [22]. The expression
of UBE2T has been reported to be dysregulated in several
tumors, including cancers of the stomach, liver, and
esophagus [23-25]. Despite this, there has been no in-
vestigation of the prognostic value of UBE2T in LUAD.
Based on our findings, a new prognostic biomarker that is
involved in the microenvironment of tumors may be de-
veloped for LUAD.

2. Materials and Methods

2.1. Acquiring and Processing Raw Data. Over 10,000 cancer
patients whose tumors were classified into one of 33 cate-
gories have been assessed and evaluated by the TCGA re-
search network. To obtain transcriptome data of 33 different
tumor types, we searched the TCGA database (https://portal.
gdc.cancer.gov/). A total of 33 cancer types were studied.
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They were OV, PAAD, PRAD, READ, SKCM, STAD,
TGCT, THCA, THYM, UCEC, and UCS. ACC, BLCA,
BRCA, COAD, DLBC, ESCA, GBM, HNSC, KICH, KIRC,
KIRP, LAML, LGG, LIHC, and UCS. The full names of all
tumors are shown in Table S1.

2.2. Genes Differentially Expressed in LUAD Identified.
Data from our research were mapped against version 38
(hg38) of the human genome using the STAR2 software. This
allowed us to generate data on gene expression. The Sam
Tools were utilized in order to identify the mapped reads that
had a quality of 10 or higher. The feature count served as the
reference transcriptome to define the read counts for each
gene. With the aid of the edger package in R, differential
expression analysis was conducted, and tumor samples were
compared with normal samples that were matched to them
in order to identify DEGs [26]. Among the genes that were
selected for differential expression between tumor and
normal samples, their false discovery rates (FDR) are less
than 0.05 and their absolute log2 fold changes (log FC) are
greater than 4.

2.3. An Analysis of the Expression of UBE2T in Pan-Cancers.
The TCGA and Genotype Tissue Expression (GTEx) projects
provided data on the differential expression of UBE2T be-
tween tumor and normal tissue that was matched to a tumor.
A tissue bank and data resource called GTEx has been
established by the National Institutes of Health Common
Fund (https://gtexportal.org). A total of 53 human normal
tissues from about 1,000 people were examined for genetic
variants, RNA sequencing, and additional molecular traits.
We chose log2 (TPM+1) converted expression data for
plotting, which was how we chose the parameters.

2.4. Infiltration Cells and Their Marker Genes Are Correlated
with the UBE2T Expression. Whether UBE2T expression and
immune cell presence were correlated was investigated using
the Tumor Immune Estimation Resource database (TIMER)
[27]. The TIMER database greatly assisted in the evaluation
and integration of immune cells for RNA sequencing
samples from the TCGA. These immune cells are thought to
contain human B cells, human CD4+ T cells, human CD8+
T cells, human macrophages, human neutrophils, and hu-
man dendritic cells. The proportional fractions of 22 dif-
ferent immune cell types invading each tumor sample were
calculated using the R tool CIBERSORT.

2.5. An Analysis of the Relationship between UBE2T Gene
Expression and Immune Markers. In this research, we ex-
amined the relationship between more than 40 immune
checkpoint genes and UBE2T expression. The R software
program “GGplot2” was used to retrieve these immune
checkpoint genes, estimate the correlation between gene
expression and immune checkpoint gene expression, and
generate a diagonal heat map [28]. Using a diagonal heat
map, we were able to illustrate the association. As shown in
the upper triangle, the P value and significance of the
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correlation are expressed in color, while the correlation
coefficient is illustrated in the lower triangle. The * in the
graph indicates a significant correlation P less than 0.05, the

* represents a significant correlation P less than 0.01, and
the *** indicates a significant personality P less than 0.001.

2.6. Statistical Analysis. The data were examined using the R
program (Version 3.6.3, The R Foundation for Statistical
Computing). The unpaired t test was applied to test the
differential expression of UBE2T in cancer tissues compared
to adjacent nonmalignant tissues. The log-rank test was used
to evaluate the Kaplan-Meier survival curves. The Cox re-
gression model for multivariate analysis was used to as-
certain the existence of independent prognostic variables. A
P value of less than 0.05 was used to determine a statistical
significance.

3. Results

3.1. LUAD DEG Identification. This study retrospectively
analyzed data from 516 LUAD samples and 59 control
samples from TCGA datasets. The DEGs were analyzed
using the limma package. In total, 578 DEGs were identified:
171 were significantly upregulated and 408 were significantly
downregulated (Figures 1(a) and 1(b)).

3.2. DEGs Associated with Survival in LUAD. Then, we
performed a Kaplan-Meier analysis on LUAD to screen for
DEGs associated with survival in the context of survival
caused by DEGs, with P less than 0.01. As shown in Figure 2,
we identified 9 survival-related DEGs in LUAD, including
ASF1B, CA9, CCNB2, CCNEI, RRM2, SAPCD2, TCN1,
TPX2, and UBE2T. A PubMed search revealed that several of
them have been reported in various types of tumors, in-
cluding LUAD. However, no research has been conducted
on the expression and function of UBE2T in LUAD. Thus,
we focused on UBE2T.

3.3. Pan-Cancer Assays of UBE2T. We examined the ex-
pression of UBE2T in several tumors and the normal tissues
that bordered them to evaluate whether or not it is associated
with malignancy. According to TCGA data, UBE2T mRNA
expression was significantly higher in tumor tissues from the
BLCA, BRCA, CESC, CHOL, COAD, ESCA, GBM, HNSC,
KIRC, KIRP, LIHC, LUAD, LUSC, PAAD, PCPG, PRAD,
READ, STAD, THCA, and UCEC than in normal tissues,
suggesting that this molecule may play an oncogenic role in
tumor progression (Figure 3). The analysis of UBE2T ex-
pression in cancer utilizing the TCGA and GTEx databases
revealed a similar result as well (Figure S1). Besides, we
further assessed the prognostic value of UBE2T for pan-
cancer. The correlation between increased UBE2T expres-
sion and reduced overall survival in ACC, BRCA, KIRC,
KIRP, LGG, LIHC, LUAD, MESO, OV, PAAD, STAD, and
THYM is shown in Figure S2.

3.4. UBE2T in LUAD: Clinical Significance and Prognostic
Value. First, in contrast to nontumor specimens, we dis-
covered a clear increase in UBE2T expression in LUAD
tissues (Figures 4(a) and 4(b)). The link between UBE2T
expression and a number of clinical variables was then
investigated. Additionally, we discovered that high UBE2T
expression was associated with gender (Figure 4(c)), age
(Figure 4(d)), and advanced clinical stage (Figure 4(e)).
Additionally, pTNM-stage and UBE2T expression were
significantly correlated, according to univariate analysis
(Figure 5(a)). The UBE2T expression and pTNM-stage were
shown to be independent predictive variables after multi-
variate data analysis (Figure 5(b)).

The degree of immune infiltration in malignancies and
the expression of UBE2T are correlated.

As a result of tumorigenesis, the growth process is
a difficult one that is accompanied by several different
phenomena, such as increased proliferation, resistance to
apoptosis, increased angiogenesis, and escape from immu-
nity, among other phenomena. TME is one of them that
plays an important part. TILs not only inhibited the growth
of tumors but also shielded cancer cells from being
destroyed, making them an important player in the fight
against cancer. To look into the potential connection be-
tween UBE2T expression and immune cell infiltration, data
on immune cell infiltration from two independent sources
were used in a correlation study. The findings of the TIMER2
and CIBERSOR tests revealed that UBE2T was favorably
linked with the amount of immune cell infiltration in the
TCGA pan-cancer model (Figure S3 and Figure 6). This
study’s key finding was that UBE2T correlated favorably with
T cell gamma delta, T cell follicular helper, T cell CD4+
memory activated, NK cell activated, macrophage M0, and
B cell naive and adversely with T cell CD4+ memory resting,
myeloid dendritic cell resting, mast cell activated, macro-
phage M2, and B cell plasma (Figure 6). Data on immune cell
infiltration from three sources were consistently examined.

3.5. Inhibition of Immune Checkpoints by the UBE2T
Expression. 'The relationship between the UBE2T expression
and immunological checkpoint genes was examined using
eight popular immune checkpoint genes. Figure S4 presents
the findings. In a variety of cancers, UBE2T expression was
associated favorably with the levels of numerous immune
checkpoint genes, including UVM, THCA, LIHC, LGG,
KIRC, and BLCA (Figure S4). On the other hand, it was
discovered that the LAG3 expression and UBE2T expression
were positively associated. The expression of UBE2T and
immunological checkpoint genes was examined to see
whether there was a relationship between them. The research
used eight popular immune checkpoint genes.

4. Discussions

Everyone knows that lung cancer is the sort of cancer that
causes the most fatalities worldwide [29]. Over 80% of all
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FiGure 1: The identification of differentially expressed genes between LUAD specimens and nontumor specimens based on TCGA datasets.
Both the heat map (a) and the volcano map (b) show differentially expressed genes in LUAD samples compared to normal samples. False
discovery rates (FDR) are less than 0.05 and absolute log2 fold changes (log FC) are greater than 4.

instances of lung cancer are diagnosed in individuals with
NSCLC, and about 50% of these patients have LUAD [30].
Despite improvements in medication regimens, the survival
rate of individuals with LUAD remains very poor. In ad-
dition to the high-level variability of LUAD, there are
a plethora of complicated etiologic factors that may make it
challenging to predict the prognosis [31, 32]. Therefore, the
creation of creative prognostic models is urgently required.

The TCGA database was used to get clinical and mRNA
expression data from LUAD level 3 RNA seq for the present
research. Then, we carried out a comparison of the differ-
ential expression between LUAD-positive samples and
normal lung tissue. There were found to be 408 substantially
downregulated genes and 171 significantly upregulated
genes out of a total of 578 DEGs. Then, we discovered 9
DEGs in LUAD that were associated with survival. UBE2T
was one among those that caught our interest. Previous
studies have hypothesized that UBE2T may contribute to
a variety of tumor forms. For instance, Yu et al. found that
RACKI1 was ubiquitinated and degraded at the lysine K172,
K225, and K257 residues without the aid of an E3 ligase by
UBE2T, which overactivated the Wnt/-catenin signaling
pathway. This opens up a new window of possibility for
particular GC patients who have abnormal Wnt/-catenin
signaling [23]. Liu and his colleagues found that both the
mRNA and protein levels of UBE2T were considerably
greater in HCC tissues compared to nontumor tissues close
to the tumor. It was also shown that UBE2T overexpression
prevented hepatoma cell proliferation, colony formation,

tumorigenesis, migration, and invasion, but UBE2T in-
hibition had the reverse effect [24]. Additionally, it was
shown that the UBE2T expression was markedly increased in
GBM tissues and was associated with a bad prognosis.
Blocking UBE2T dramatically decreased cell invasion and
migration, according to in vitro study. This was done by
stabilizing GRP78 and controlling EMT [33]. UBE2T may
have previously been shown to promote both autophagy and
proliferation, which raises the possibility that by inhibiting
this gene, lung cancer cells may not go through autophagy. It
was discovered that the p53/AMPK/mTOR signaling
pathway was engaged during UBE2T-mediated autophagy,
proving that UBE2T induced autophagy via this mechanism.
However, the prognostic value of UBE2T has not been
investigated. In this study, we examined the associations
between the expression of UBE2T and several clinical factors.
We also found that advanced clinical stages, gender, and age
were associated with higher UBE2T expression. Multivariate
analysis was used to identify the p-TNM stage and UBE2T
expression as independent prognostic factors. Our study
showed that UBE2T has the potential to be used as a so-
phisticated prognostic biomarker for LUAD patients. Our
findings were consistent with previous results that UBE2T
may serve as a tumor promotor.

According to current thinking, TME significantly affects
the clinical treatment response and prognosis of patients
with malignancies [34]. This idea is supported by the ad-
vancement of precise and high-throughput technology.
Immune cells that have invaded tumor patients’ TMEs have
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FIGURE 2: Identification of survival-related DEGs in LUAD by the use of Kaplan-Meier curves.

been proven in an increasing number of studies to have
either a pro- or an antitumorigenic function [35, 36]. A
positive prognosis for LUAD patients is related to immune
cell infiltration in tumors, according to Rachel and others.
The TCGA database has made it feasible to gather several
global gene expression profiles as well as clinical in-
formation. In accordance with our findings, UBE2T was
negatively correlated with T cell CD4+ memory resting,
myeloid dendritic cell resting, mast cell activated, macro-
phage M2, and B cell plasma, and positively correlated with
T cell gamma delta, T cell follicular helper, T cell CD4+

memory activated, NK cell activated, and B cell naive. Pan-
cancer tests have also shown that UBE2T is critical for TME.

The field of cancer treatment, LUAD in particular, has
lately experienced a drastic upheaval as a result of consid-
erable advancements in immunotherapy [37]. First-line
pembrolizumab, an immune checkpoint inhibitor that
targets PD-1, in combination with pemetrexed-carboplatin
continues to demonstrate increased response and survival in
advanced NSCLC in comparison to chemotherapy alone
[38, 39]. Durvalumab, a human IgG1 monoclonal antibody
that targets PD-L1, may prolong overall survival in Stage III
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FIGURE 5: (a) Univariate and (b) multivariate analyses for overall survival of LUAD patients by Cox regression model.

non-small-cell lung cancer patients following chemo-
radiation [40]. Immunotherapy, however, could only benefit
a tiny portion of patients if they are not picked correctly.
Therefore, identifying reliable biomarkers to screen the
majority of immunotherapy patients is critical. The ex-
pression of PD-L1 and TMB may serve as predictive in-
dicators for the efficacy of ICBs, according to prior research.
There are, however, restrictions to be aware of. For instance,
because of the high geographical and temporal variation in
the expression of PD-L1, the use of TMB is constrained since
there are no uniform criteria that can be utilized to establish
the cut-off value. In this study, we found that UBE2T ex-
pression was positively correlated with the expression of
many immunological checkpoint genes, including UVM,
THCA, LIHC, LGG, KIRC, and BLCA. However, we

recently found a favorable correlation between the LAG3
expression and UBE2T expression. We infer from the
aforementioned results that the immune infiltration’s
function in regulating UBE2T expression may have an
impact on the onset and development of LUAD.

This study inevitably contains several limitations that
need to be taken into account. Firstly, because the prognosis
for UBE2T in this study was based on information from the
TCGA databases, new clinical data are required to confirm
it. Additionally, UBE2T’s involvement in the mechanism
that it used in LUAD samples is not currently explained by
wet experimental evidence. Therefore, more works is needed
to shed light on the potential connection between UBE2T
and the prognosis of LUAD. We intend to investigate the
impact of UBE2T on LUAD cells by in vitro invasion and
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migration experiments, confirm the regulatory relationship
between UBE2T and EMT development, and, finally, suggest
investigating the impact of UBE2T on LUAD using animal
models.

5. Conclusions

LUAD had an increased expression of UBE2T and its ex-
pression was significantly correlated with variables such as
gender, age, and advanced clinical stage. Patients with high
levels of UBE2T expression exhibited significantly shorter
overall survival rates, and UBE2T could be used as a bio-
marker for LUAD prognosis. These findings not only offered
crucial cues for the identification of novel treatment targets
in LUAD but they also established a framework for the
investigation of potential UBE2T pathways in LUAD.
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Supplementary Materials

Figure S1 displays the pan-cancer expression of UBE2T in
tumor tissues out from the TCGA database as well as in
normal tissues from the TCGA and GTEx datasets. Figure S2
The predictive relevance of UBE2T in the above tumor types
was assessed using univariate analysis from the TCGA da-
tabase. The median UBE2T value was chosen as the cut-off
value for each tumor. Figure S3 UBE2T expression and
immune infiltration levels in malignancies were correlated
using TIMER?2. Figure S4 Immune checkpoints and UBE2T
expression are related. Table S1 The extension of tumor
abbreviations. (Supplementary Materials)
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Esophageal squamous cell carcinoma (ESCC) remains a common aggressive malignancy in the world. Multiple studies have
shown evidence to support the hypothesis that certain functional genes that are engaged in the microenvironment of tumors
played a role in the progression of ESCC. Thus, to better analyze the prognostic values of important genes in ESCC, there is an
immediate need for an in-depth research study. From the TCGA database, the RNA-seq data and clinical features of 163 ESCC
patients were obtained. Using the ESTIMATE technique, we were able to calculate the ImmuneScore, the StromalScore, and
the ESTIMATEScore for each ESCC sample. The samples from the ESCC were split up into high score and low score groups
based on the median of the various scores. In this study, ImmuneScore, StromalScore, and ESTIMATEScore were not found to
be linked with overall survival of ESCC patients, according to our findings. Higher StromalScores were linked to more
advanced T stages and clinical stages. The intersection analysis that was exhibited by the use of a Venn diagram indicated that
there was a total of 944 upregulated genes that shared the same high score in both the ImmuneScore and the StromalScore
and that there was 0 downregulated gene that shared the same low score. Survival experiments confirmed MIR548P and
TRAV39 as critical prognostic biomarkers for ESCC patients. Importantly, we found that TRAV39 expression was positively
associated with T cell CD4 memory activated while negatively associated with B cell memory, dendritic cells activated, and
mast cells activated. In addition, we found that MIR548P expression was negatively associated with mast cells activated while
positively associated with T cell CD4 memory activated. Overall, we identified MIR548P and TRAV39 as new modulators for
ESCC, affecting the immune microenvironment of ESCC patients and may be a target of immunotherapy.

1. Introduction

Esophageal cancer has become a common malignant tumor
in this world [1]. In addition, it is a significant contributor to
deaths caused by cancer [2]. The number of cases of esoph-
ageal cancer, which are sadly rising at an alarming rate, will
not stop rising [3]. Esophageal squamous cell carcinoma
(ESCC) is the predominant histological type of esophageal
cancer worldwide [4]. Due to the absence of typical symp-
toms in the early stage, patients who have ESCC are always
detected at a late stage in the disease’s progression [5, 6].
On the other hand, metastasis is one of the primary causes
that leads to recurrence following surgical therapy, which

ultimately results in the failure of the therapeutic attempt
[7]. If the progression of the disease can be forecasted based
on the identification of pertinent signs in patients, then the
clinical prognosis of those patients will significantly improve
[8, 9]. Although relevant immunotherapies involving ESCC
are still in the basic stages of development, certain related
immunosuppressants have been applied in specific patients
and demonstrated long-lasting anticancer effectiveness as
well as controlled adverse responses [10, 11]. The ability to
make an accurate prognostic assessment of ESCC is essential
to the efficacy of clinical screen and treatments, as well as
customized medicine. Therefore, it is highly vital to identify
unique and reliable prognostic biomarkers from different
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FIGURE 1: Associations between Immune/Stromal/ESTIMATE scores and survival rates in ESCC patients from TCGA datasets. Kaplan-
Meier survival analysis for (a) ImmuneScore, (b) StromalScore, and (c) ESTIMATEScore.

dimensions in order to determine the best appropriate ther-
apy plans and improve the dismal outcome of patients with
ESCC.

The beginning, the course, and the development of
ESCC are all determined by the genes that are inherent to
the tumor cells, particularly the master transcription factors
[12, 13]. On the other hand, it has been observed that the
microenvironment of the tumor has a significant impact
on the gene expressions of the tumor specimens and, as a
result, the long-term survivals [14, 15]. The microenviron-
ment of tumor refers to the cellular milieu in which the
tumor itself is situated. Inflammatory mediators and extra-
cellular matrix (ECM) molecules are also a part of it, along
with immune cells, endothelial cells, and mesenchymal cells
[16, 17]. In the microenvironment of tumor, immune and
stromal cells are two major types of nontumor components
that could be useful for the diagnosis of tumors [18, 19].
Immune cells can help diagnose cancer, while stromal cells
help predict how aggressive a tumor will become. It has been
suggested that tumor-infiltrating immune cells (TIICs) and
stromal cells, which are two important categories of nontu-
mor cell components, are useful in the prediction of clinical
outcome of malignancies [20, 21]. Previous researches have
shown evidence that tumor-infiltrating lymphocytes (TILs)
play a key role in determining the clinical progression of a
variety of malignancies [22, 23]. Recently, several types of
cancers, including renal, prostate, colorectal, ovarian, blad-
der, and lung cancers, have been linked to TILs, specifically
cytotoxic T cells, memory T cells, and T helper 1 cells, which

are positively related to good clinical outcomes [24, 25]. In
addition to this, it was observed that the tumor microenvi-
ronment (TME) had an effect on the gene expression in
the cancer specimens as well as the prognostic results. These
findings shed light on the connection between the tumor
microenvironment and the evolution of cancer, suggesting
new approaches that could make the management of cancer-
ous tumors more effective.

Through the use of the ESTIMATE algorithm, we were
able to acquire the ImmuneScore and StromalScore of ESCC
patients that were stored in the TCGA database. The pur-
pose of this work was to determine which genes with key
functional roles were implicated in TME. After that, we fur-
ther explored their clinical significance.

2. Methods

2.1. Datasets and Data Processing. The TCGA-ESCA RNA-
seq FPKM data, together with clinical data and survival data,
were retrieved from the UCSC Xena database. There were
163 cases with ESCA and 11 normal cases, all of which
had their clinical data extracted from the above datasets.

2.2. Generation of ImmuneScore, StromalScore, and
ESTIMATEScore. Each sample’s ratio of immune-stromal
component in TME was estimated using the ESTIMATE
algorithm implemented in R language version 3.5.1 with
the estimate package and displayed as one of three scores:
ImmuneScore,  StromalScore, or  ESTIMATEScore.
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FIGURE 2: Associations of Immune/Stromal/ESTIMATE scores with clinical factors. (a) ImmuneScore, (b) StromalScore, and (c)

ESTIMATEScore.

ImmuneScore, StromalScore, and ESTIMATEScore all
showed positive correlations with the ratio of immune, stro-
mal, and the sum of the two components in TME, so higher
scores indicated larger ratios of the respective component.

2.3. Distinguishing of Differentially Expressed Genes (DEGs).
The “limma” algorithm was used to perform preprocessing
on the raw data that TCGA collected. The cut-offs for iden-
tifying DEGs were determined to be adjusted p values (adj. p
) less than 0.05 and |Log2 (FC)| greater than 1.

2.4. Heatmaps and Clustering Analysis. The web application
“ClustVis” was utilized in order to produce heatmaps [26].

2.5. Enrichment Assays of DEGs. R 4.0.2 and the related R
packages were utilized to carry out Gene Ontology (GO)
and the Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment assays, and the DEGs were utilized as the data
source. Only terms whose p and g values were lower than
0.05 were judged to have significantly increased abundance.

2.6. TME Component-Related Survival Analysis. After per-
forming survival analysis on all of the ESCC samples, we
separated them into two groups, one with high scores and
one with low scores. The Kaplan-Meier methods were
applied to generate the survival curve, and the log-rank test
was performed to establish whether or not there was any sta-
tistical significance. When the p value was less than 0.05, it
was considered statistically significant.

2.7. Cox Regression Analysis. We used the “survival” package
in R to carry out a univariate Cox analysis on the DEGs [27].

2.8. Difference Analysis of Scores with Clinical Stages. The
data on the clinicopathological characteristics of the ESCC
samples that corresponded to them were retrieved from
TCGA. The analysis was carried out using the R program-
ming language, and the significance test used was either
the Wilcoxon rank sum or the Kruskal-Wallis rank sum test,
depending on the number of clinical stages that were being
compared.

2.9. Immune Infiltration Analysis in ESCC Dataset. We made
use of CIBERSORT so that we could investigate the enrich-
ment of immune cells in the tumor microenvironment of
ESCC patients. Analyses were performed on the relative
abundance of 22 different types of invading immune cells,
including T, B, and NK cells, as well as macrophages, for
each sample. Spearman’s correlation was utilized in order
to explore the correlations between essential gene expression
and immune cells that were inferred by CIBERSORT. In
order to compare the locations of immune cells in groups
with high and low levels of gene expression, a Wilcoxon test
was carried out.

2.10. Statistical Analysis. Utilizing the R programming lan-
guage, statistical analyses were carried out. A p <0.05 was
considered statistically significant.



Journal of Oncology

Immune score

Type

DTYE &y TEETITE T b
[ "4 EII I' |‘ 't I WV N e
L
[ B |

- fir '.-r ""‘i--ii

[ B
| (BN I - im nn R6
] Fl CYP4F3
l ll- I lI CEL
GPRCSD
SOSTDC1
I ] DLX5
I NMRAL2P
TRK2
A

AKR]
ACoosaaé,l
YP4F11

I'—-

L137001.2
L157931.1
USIP2

PRS0
CI31157.1
M

i

C021055 1
PRKI
ACI 16565,1
EIF
PRR4
PRP
‘GF19
REM2

CALI
INC02561
INCO08S5
USHIG
RT42P
SPCIP1
OR7E161P 5
AC073957.1
AL033397.1
GSTAOP

CCDC
C005865.1
TUB
GTIA
TN 26

TaRVIoRa 1
TRBV23-1
P1

g5

MlR4539
(GKV1D-43
A6134879 2

LC6A4
C007991.2

| |
S
L} Al :
ll AC007991°4 -5
CXCR2P1
PLA2G2D
L BPll:FBl

F lI IGHV3-64D

IGHV3-64

YGKVG—ZI

IGKV
m . I [ ] (B YGHV3—13
Type

High
Low

()

Ficure 3: Continued.



Journal of Oncology

Stromal score

Pl LE “E
s,

. 4

SRR el 5T N FS T Lo, e |.|-"'|

o

()

Type
ILIRN

i3
KRTAP2-3
AC083967.1
AC099791.3

AC1348792
IGLV2-34
IGLV5-48
AC135068.9

*ll-l | | IF PRR2F
I i

r 1”. llqll l1 CEACAM7

! Whseria

'.T| |:'
A

LU

o
PHGR1
GPA33
lGKVlD 12
IGHV3 23
AC099518 2

(d)

FiGure 3: The discovery of DEGs that are common to both the ImmuneScore and the StromalScore. (a) A heatmap for DEGs that was
developed by comparing the group with the high score to the group with the low score using ImmuneScore. (b) Heatmap for DEGs in
StromalScore. (c, d) Diagrams in the form of Venn plots illustrating upregulated and downregulated DEGs that are common to both

ImmuneScore and StromalScore.

3. Results

3.1. Survival Analysis of ESCC Patients in Three Different
Scores. In order to profile the relationship that existed
between the various scores and the outcomes of the patients,

we employed a combination of ESTIMATE algorithms and
Kaplan-Meier survival analyses. ImmuneScore
(Figure 1(a)), StromalScore (Figure 1(b)), and ESTIMATE-
Score (Figure 1(c)) were found to have no correlation with
overall survival in ESCC patients.
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FIGURE 4: Enrichment analysis of DEGs. (a) GO enrichment analysis. (b) EGG pathway analysis.

3.2. Analysis of the Correlations between Scores and Clinical
Features of Patients with ESCC. After that, we performed
an analysis to see whether or not there was a correlation
between clinical factors of ESCC patients and the scores.
We observed that ImmuneScore did not have a significant
link with a number of clinical features of ESCC patients,
including gender and TMN stage (Figure 2(a)). However,
we observed that a higher StromalScore was related to
advanced T stages and clinical stages (Figure 2(b)). Mover,

we found that higher ESTIMATEScore predicted an
advanced T stages and clinical stages (Figure 2(c)).

3.3. DEGs Shared by ImmuneScore and StromalScore. The
comparative analysis between samples with high scores and
those with low scores was carried out in order to determine
the precise variations of gene profile in TME relating immu-
nological and stromal components. ImmuneScore provided
a total of 1754 DEGs, which are significantly different from



10

MIR548P

TRAV39

Survival probability

MIR548P

pvalue

0.050

0.029

Hazard ratio

Journal of Oncology

0.286 (0.082-0.999) } L

0.142 (0.024-0.822) —

[ T T T
0.0 0.2 0.4 0.6

Hazard ratio

1
0.8

()
1.00 A
0.75
0.50 A
0.25 A
0.00 -
0 1 2 3 4 5 6
Time (Years)
High { 74 50 20 10 6 2 0
Low 1 88 57 19 6 2 1 0
0 1 2 3 4 5 6
Time (Years)
MIR548P
—+ High
—+ Low

()

Figure 5: Continued.



Journal of Oncology

11

1.00 4
.. 075
2
<
)
o
2 0.50 4
£
2
=
S 025 -
p=0.044
0.00
0 1 2 3 4 5 6
Time (Years)
a .
> High{ 81 56 23 9 6 2 0
g Low { 81 51 16 7 2 1 0
0 1 2 3 4 5 6
Time (Years)
TRAV39
—+ High
—+ Low

(c)

F1GURE 5: The identification of survival-related DEGs. (a) Univariate analysis was applied to screen the survival-related DEGs in ESCC
patients based on TCGA datasets. (b) Kaplan-Meier curves for overall survival after surgery according to expression of MIR548P and

TRAV39 expression in ESCC patients.

the median (samples with high score vs. low score). There
were 1615 genes that showed an increase in expression,
whereas 139 genes showed a decrease (Figure 3(a)). In a sim-
ilar fashion, 1668 DEGs were derived using StromalScore.
These differentially expressed genes included 1609 genes
with an increase in expression and 59 genes with a decrease
in expression (Figure 3(b)). The intersection analysis that
was presented in the form of a Venn diagram revealed that
there was a total of 944 upregulated genes that had the same
high score in both the ImmuneScore and the StromalScore
and that there was a total of 0 downregulated gene that
had the same low score. Both of these scores were deter-
mined by the ImmuneScore and the StromalScore
(Figures 3(c) and 3(d)). These DEGs could have been the
deciding factor in determining the status of the TME.

3.4. Functional Correlation Assays. Enrichment analyses of
GO were carried out in order to learn more about the role
of DEGs. The results indicated that the DEGs were mainly
related to immune response-activating cell surface receptor
signaling pathway, immune response-activating signal trans-
duction, lymphocyte-mediated immunity, external side of
plasma membrane, immunoglobulin complex, plasma mem-
brane signaling receptor complex, T cell receptor complex,
immune receptor activity, glycosaminoglycan binding,
immunoglobulin receptor binding, and antigen binding
(Figure 4(a)). The results of KEGG assays revealed that the
DEGs were mainly enriched in chemokine signaling path-
way, cytokine-cytokine receptor interaction, cell adhesion

molecules, osteoclast differentiation, neutrophil extracellular
trap formation, phagosome, tuberculosis, and B cell receptor
signaling pathway (Figure 4(b)).

3.5. The Identification of Survival-Related DEGs in ESCC
Patients. We carried out a univariate Cox regression on
944 DEGs in order to investigate the crucial genes that play
functional roles in ESCC. Only MIR548P and TRAV39, as
can be shown in Figure 5(a), were found to be related to
an increased likelihood of overall survival among ESCC
patients. According to the findings of the Kaplan-Meier
method, the 5-year overall survival rate of patients whose
MIR548P expression was low was noticeably lower than that
of patients whose MIR548P expression was high. This differ-
ence was statistically significant (Figure 5(b)). A finding that
was quite similar to this one was noticed when patients
exhibited a low expression of TRAV39 (Figure 5(c)).

3.6. Relationships between MIR548P and TRAV39
Expressions and Clinicopathological Features in ESCC. In
order to investigate the connection between the expressions
of MIR548P and TRAV39 and the clinicopathological fac-
tors of human ESCC, clinical follow-up information was
gathered from all of ESCC patients. Our research revealed
that an elevated level of TRAV39 expression was associated
with an advanced clinical stage in ESCC patients
(Figure 6(a)). On the other hand, we did not discover any
data that supported the hypothesis that there was a positive
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FiGure 7: TIC profile in the tissue samples from the tumors and correlation analysis. (a) The distribution of the 21 different types of TICs
found in ESCC tumor samples is shown as a barplot. (b) A heatmap displaying the correlation between 21 different types of TICs, with a
number in each little box reflecting the p value of correlation between two different types of cells. (¢, d) All ESCC cases were divided into
the high and low (c) MIR548P and (d) TRAV39 expression groups, based on the median of MIR548P and TRAV39 expressions, and the
Wilcoxon rank-sum test was carried out.
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FiGure 8: Correlation of TIC proportion with the expression of (a) TRAV39 and (b) MIR548P.

link between the expression of MIR548P and the clinico-
pathological characteristics of ESCC patients (Figure 6(b)).

3.7. Correlation of MIR548P and TRAV39 with the
Proportion of TICs. In order to provide additional evidence
that MIR548P and TRAV39 expressions were correlated
with the immune microenvironment, it was determined with
the use of the CIBERSORT algorithm what proportion of
immune subsets had invaded the tumor, and 21 different
immune cell profiles were constructed using ESCC samples
(Figures 7(a) and 7(b)). The dysregulated levels of immune
cells are shown in Figures 7(c) and 7(d). Importantly, we
found that TRAV39 expression was positively associated
with T cell CD4 memory activated while negatively associ-
ated with B cell memory, dendritic cells activated, and mast
cells activated (Figure 8(a)). In addition, we found that
MIR548P expression was negatively associated with mast
cells activated while positively associated with T cell CD4
memory activated (Figure 8(b)). Thus, our findings sug-
gested MIR548P and TRAV39 were involved in the function
of immune microenvironment.

4. Discussion

ESCC is one of the most common forms of aggressive cancer
worldwide, and it is especially prevalent in China, where it
ranks as the fourth most common reason for people to pass
away from cancer-related causes [28, 29]. The 5-year sur-
vival rate for ESCC patients is roughly 17%. Due to the
absence of a single, reliable clinical approach for early iden-
tification, ESCC is associated with a typically dismal progno-
sis globally [30, 31]. ESCC accounts for approximately 90%
of all occurrences of esophageal cancer. The ongoing dismal
clinical outcome suggested that there was an immediate
need to increase our understanding of the molecular mech-
anism behind the carcinogenesis of ESCC [32, 33]. The

above knowledge could help in the creation of innovative
ways for predicting the patient’s prognosis. There was an
increasing body of evidence suggesting that aberrant regula-
tion of certain proteins was essential for the advancement of
ESCC [34, 35]. Therefore, the mortality rate of ESCC
patients can be lowered and clinical outcomes can be
improved by the discovery of novel biomarkers that can be
used in early diagnosis and prognostic assessment to better
personalize therapy.

The TME was home to a wide variety of cell types, all of
which are integral parts of tumor tissues and play a crucial
part in both the beginning and progression of cancers [36].
The cells and substances that make up the TME were con-
stantly undergoing change, which served to both identify
characteristics of the tumor and encourage immune evasion,
growth, and metastasis [37]. Multiple studies have shed light
on the therapeutic relevance of the TME in the prediction of
therapy efficacy and patient prognosis [38]. In recent years,
various medications that target the TME, such as immune
checkpoint inhibitors and angiogenesis inhibitors, have
shown significant success in regulating the progression and
spread of malignancies [39, 40]. These drugs included angio-
genesis inhibitors. In this study, we determined the percent-
ages of TME components and carried out survival analysis
pertaining to those findings. However, according to the find-
ings, neither the ESTIMATEScore nor the StromalScore nor
the ImmuneScore was substantially connected to the overall
survival rate of patients with ESCC. The immunological state
was shown to be connected with the clinical outcome of
ESCC patients, which was not consistent with our data but
has been corroborated by an increasing number of research.
I hypothesized that the small number of participants could
be responsible for this outcome. Then, DEGs were discov-
ered by TME score-related gene expression difference analy-
sis, and GO and KEGG enrichment analyses were carried
out. The results illustrated that the DEGs were enriched in
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cytokine-cytokine receptor interaction, chemokine signal-
ing pathway, cell adhesion molecules, osteoclast differenti-
ation, neutrophil extracellular trap formation, phagosome,
tuberculosis, and B cell receptor signaling pathway. The
univariate Cox regression analysis was also performed
using the DEGs. Only MIR548P and TRAV39 were related
with an increased likelihood of overall survival in ESCC
patients, according to our findings. In addition, survival
experiments demonstrated that a high expression of
MIR548P and TRAV39 predicted a decreased overall sur-
vival rate. Moreover, we found that TRAV39 was posi-
tively associated with an advanced clinical stage. It has
been known to us that clinical stage is a very important
index to predict the prognosis of patients. In clinical prac-
tice, doctors also make different treatment plans according
to the clinical stages. Our findings highlighted the impor-
tant roles of TRAV39 expression in ESCC progression.
To date, the expression and function of MIR548P and
TRAV39 were rarely reported.

Immune cells have the ability to mediate chemothera-
peutic resistance and sensitivity, which can increase patients’
chances of survival when they have ESCC [14]. It has been
established beyond a reasonable doubt that the primary
immune cell subtypes that are positively associated to the
important genes include immune effector cells (M1 macro-
phages and CD8 T cells), plasma cells that have the capacity
to secrete antibodies, Treg cells, and activated memory CD4
T cells [41, 42]. Immune cells such as naive CD4 T cells and
MO0 macrophages, activated DC cells, and memory B cells are
examples of immune cells that have a negative relationship
with important genes. One of the hallmark host immunolog-
ical responses to tumor cells is the infiltration of immune
cells, which has been linked in numerous studies to both
the initiation and progression of cancers. This reaction is
one of the hallmarks of the immune system of the host. It
has been observed that a high expression of Tregs and a
low ratio of MO macrophages are two factors that lead to a
positive prognosis of overall survival and disease-free sur-
vival in patients with ESCC [43, 44]. It is commonly
accepted that CD8+ T lymphocytes destroy tumor cells by
attaching to MHCI antigens. Additionally, the total number
of CD8+ cells has been shown to have a favorable correlation
with tumor grade and a better patient prognosis in cases of
ESCC [14, 43]. Memory CD4+ T cells, meantime, suppress
the expansion of tumor cells by encouraging the multiplica-
tion of CD8+ cells. The anticancer activity of memory CD4+
T cells is further supported by previous findings demonstrat-
ing that an increase in disease-free survival of ESCC patients
is directly associated to an increase in activated memory
CD4+ T cells [44, 45]. In this study, we found that TRAV39
expression was positively associated with T cell CD4 mem-
ory activated while negatively associated with B cell memory,
dendritic cells activated, and mast cells activated. In addi-
tion, we found that MIR548P expression was negatively
associated with mast cells activated while positively associ-
ated with T cell CD4 memory activated. Our findings sug-
gested that high expression of TRAV39 and MIR548P
predicted a poor prognosis due to the promotion of antitu-
mor immunity in ESCC.

Journal of Oncology

5. Conclusion

Our findings identified two novel regulators involved in
ESCC progression. The expressions of TRAV39 and
MIR548P might aid in the prediction of the clinical outcome
of ESCC patients, especially the status of TME. TRAV39 and
MIR548P can be utilized as a promising modulator in the
development of immunotherapy for ESCC.
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Gastric cancer (GC) is one of the most prevalent malignancies in the digestive system across the world. The function and
mechanism of PDLIMI, a cancer-suppressing gene, in gastric cancer progression remain unclear. This study is aimed at
investigating the expression features and function of PDLIM1 in GC. RT-qPCR and western blot were used to compare the
profiles of PDLIM1 and miR-187 between GC and normal tissues. The cell models of PDLIM1 overexpression and low
expression were established in gastric cancer cell lines MKN45 and AGS. CCK8 and BrdU assays measured cell proliferation.
Flow cytometry monitored cell apoptosis. Transwell analyzed cell invasion and migration. The influence of miR-187
overexpression on gastric cancer development was assessed. We predicted the targeted correlation between miR-187 and
PDLIMI through bioinformatics, which was corroborated via dual luciferase activity assay and RIP. Meanwhile, the cell model
of PDLIMI overexpression was built in AGS cells transfected with miR-187 mimics. A rescue experiment was conducted to
assess the impact of PDLIMI1 overexpression on the procancer function of miR-187. As a result, in contrast with normal
paracancer tissues, PDLIM1 was substantially downregulated in GC tissues. Moreover, PDLIM1 overexpression considerably
dampened proliferation, invasion, and migration in GC cells, boosted the cell apoptosis, and bolstered their sensitivity to
cisplatin. PDLIM1 knockdown or miR-187 overexpression dramatically fostered GC cell proliferation, invasion, and migration
and repressed cell apoptosis. Mechanism studies demonstrated that PDLIMI vigorously restrained the profiles of the Hippo-
YAP signaling pathway and the downstream target genes. miR-187 targeted PDLIM1, while miR-187 overexpression cramped
PDLIM1 expression. The rescue experiment suggested that PDLIM1 overexpression weakened the procancer function of miR-
187 in GC cells. In conclusion, our study demonstrated that PDLIMI presented a low expression in GC tissues, while miR-
187/PDLIMI1 participated in GC development and cisplatin sensitivity by mediating the Hippo-YAP signaling pathway.

[2, 3]. It mainly arises from helicobacter pylori infection,
age, high salt intake, and diets deficient in fruits and vegeta-

The incidence rate of gastrointestinal tumors is increasing in
recent years [1]. Gastric cancer (GC), one of the most pre-
vailing malignancies in the digestive system across the
world, is also the fifth biggest contributor to cancer and
the third biggest cause of cancer-related death worldwide

bles [4]. Existing treatment strategies for GC includes
genome classification, surgical resection and treatment, sys-
temic radiotherapy, and chemotherapy as well as targeted
therapy and immunotherapy. The onset of GC is not easy
to be found, and the recurrence and metastasis rate after sur-
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gery is high. Therefore, there are still many difficulties in its
treatment [5, 6]. Cisplatin (DDP), an efficacious chemother-
apy drug, is of great value in treating various cancers like GC
[7]. However, GC patients often experience relapse and
metastasis due to resistance to DDP therapy, with limited
therapeutic effect [8]. Thus, the exact mechanism that influ-
ences GC progression and DDP resistance needs to be clar-
ified. This is pivotal to exploring efficacious targets for GC
treatment.

MicroRNAs (miRNAs), small noncoding RNAs about
18-25 nucleotides in length, can combine with the 3’-
untranslated region (3’'UTR) of target mRNAs to suppress
the profiles of target genes [9, 10]. miRNAs can be used as
prognostic biomarkers. They can exert a crucial function in
modulating many biological processes of multiple human
diseases, such as cancer [11]. miR-187, a member of the
miRNA family, partakes in the development of umpteen
cancers, including nonsmall cell lung cancer [12] and cervi-
cal cancer [13]. More of note, miR-187 can serve as a new
serum biomarker for the early detection of GC [14]. Further-
more, miR-187 acts as a tumor suppressor in the context of
GC, which hints that it may be a biomarker and therapeutic
target for GC patients [15]. Nevertheless, the exact mecha-
nism of miR-187 influencing GC development needs to be
improved.

PDLIM1 (PDZ and LIM domain protein 1), also called
CLP36, Elfin, or CLIM1, reportedly interacts with many pro-
teins, including a-actinin, paladin, FHL1, and EGFR, thus
playing a significant part in cytoskeletal tissues, neuronal
signals, and organ development [16]. Increasing evidence
has indicated that PDLIM1 expression is dysregulated in
many tumors like glioma [17] and breast cancer [18]. Addi-
tionally, the anti-PDLIMI1 auto-antibody can serve as a
novel serum marker for ovarian cancer [19], but its function
in GC development has been rarely reported.

The Hippo (Hpo) pathway was first identified in Dro-
sophila. It has been reported to be an evolutionarily con-
served signaling pathway that modulates cell proliferation,
tissue homeostasis, and tissue regeneration [20, 21]. Report-
edly, dysregulation of the pathway pertains to abnormal tis-
sue growth and tumorigenesis. In the mammalian system,
the relevant phosphorylated protein (YAP) is replaced in
the cytoplasm to promote degradation when the Hippo sig-
naling pathway is initiated. Inactivation of the Hippo path-
way moves unphosphorylated YAP into the nucleus, hence
eliciting the transcriptional activities of genes associated
with cell growth [22, 23]. The Hippo pathway has a huge
function in different cancers, but its correlation with
PDLIM1 has not been elucidated. Thus, confirming the cor-
relation between PDLIM1 and the regulation of the Hippo
pathway seems to be of great significance in human cancers,
particularly GC.

In this study, we investigated the function and exact
mechanism of PDLIM1 during GC progression. The miR-
187/PDLIMLI is involved in GC development and cisplatin
sensitivity by regulating the Hippo-YAP signaling pathway.
This provides a new idea for the clinical treatment of GC
and its resistance to DDP.

Journal of Oncology

2. Materials and Methods

2.1. Clinical Specimen Collection and Processing. The cancer
tissues and normal paracancer tissues of 45 GC patients who
received gastrectomy from October 2015 to March 2016 in
our hospital were harvested. Prior to the surgery, they were
not subjected to chemotherapy, radiotherapy, or other adju-
vant therapies. The specimens in the control group were
taken from the paracancer tissues of the same patients (at
least 3 cm away from the surgical margin). No cancer tissues
were detected during pathological examination following the
surgery. In accordance with the standards of the World
Health Organization (WHO), we substantiated the diagnosis
of GC from the perspective of pathology. All specimens were
kept in -196°C liquid nitrogen in preparation for RNA
extraction.

2.2. Cell Culture and Transfection. Human GC cell lines
(MKN-45, AGS) and human DDP-resistant GC cell lines
(AGS/DDP) were obtained from American Type Culture
Collection (ATCC; Manassas, Virginia, USA). The cells were
grown in the PRMI-1640 medium supplemented with 10%
FBS (Invitrogen, Carlsbad, CA, US) at 37°C with 5% CO,.
The cells were passaged every two or three days.

The cells were inoculated into 6-well plates with a den-
sity of 5 x 10%/well. We transfected PDLIM1 overexpression
plasmid (pcDNA3.1-PDLIM1), PDLIMI1 low expression
plasmid (sh-PDLIMI1) and its corresponding negative con-
trol (sh-NC), and miR-187 mimics and their corresponding
negative control fragment (miR-NC) into MKN-45 and AGS
cells according to the instructions of FuGENE®HD Trans-
fection Reagent (Roche, Shanghai, China), respectively. Cells
in each group were incubated in an incubator with 5% CO,
at 37°C. 24 hours posttransfection, the steadily growing cells
in each group were harvested.

2.3. Cell Counting Kit-8 (CCK8) Assay. MKN45 and AGS
cells were seeded into 96-well plates with a density of 1 x
10° cells/well and incubated for 24 hours. Subsequently,
10ul of CCKS8 reagent (Dojindo Molecular Technologies,
Kumamoto, Japan) was added into each well. After the cells
were incubated for an hour at 37°C, the OD450 value of each
well was determined by a spectrophotometer (Bio-Rad, CA,
USA).

2.4. DDP Sensitivity Detection. We measured the viability of
DDP-resistant GC cells under the impact of different DDP
concentrations  using  3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT; Sigma-Aldrich)
with a view to confirming and visualizing the semi-
inhibitory concentration (IC50) value of DDP. The IC50
value was defined as the concentration of DDP correspond-
ing to 50% of cell viability inhibition rates in the curve [24].

2.5. Bromodeoxyuridine (BrdU) Staining. Following transfec-
tion, GC cells in each group were moved onto coverslips
(Beyotime, Shanghai, China) for 12 hours of culture. Later,
the cells were incubated with BrdU solution (Beyotime,
Shanghai, China) for 6 hours. The culture medium was dis-
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carded. GC cells were immobilized with 4% paraformalde-
hyde for 30 minutes, incubated with anti-BrdU antibody
(Beyotime, Shanghai, China) for an hour at room tempera-
ture (RT), and flushed with phosphate buffer saline (PBS).
The number of positive BrdU cells was calculated [25].

2.6. Transwell Assay. Transwell examined cell invasion and
migration. The cells posttransfection were harvested. With
the cell density set to 4 x 10%, the cells were suspended in a
serum-free medium supplemented with 1 yg/mL mitomycin
C. Then, the cells were inoculated into an upper compart-
ment precoated with Matrigel, while 10% fetal bovine serum
(FBS) was given to the lower compartment. Subsequent to
24 hours of incubation at 37°C, substrates and cells that
failed to pass the membrane surface in the upper compart-
ment were wiped off. The cells were rinsed, immobilized
with paraformaldehyde for 10 minutes, and dyed with
0.5% crystal violet. A microscope was adopted to observe cell
invasion. As for the cell migration test, Matrigel was not
administered to the upper Transwell chamber, but the other
steps were similar to those in the invasion test.

2.7. Flow Cytometry. Annexin V-FITC double staining was
implemented to measure cell apoptosis. Following 24 hours
of transfection, the cells were digested with trypsin, har-
vested, and inoculated into 6-well plates for 24 hours of fur-
ther culture, with the cell density adjusted to 2 x 10° cells/
well. The supernatant was removed. The cells were flushed
with precooled PBS twice and resuspended with 1 x
binding buffer. Later, 5uL Annexin V-FITC and 5uL PI
were administered to the cell suspension, and they were con-
flated thoroughly. The cells were incubated at RT for 15
minutes, and the cell apoptosis rate was confirmed by a flow
cytometry instrument within an hour. Apoptosisrate =
number of apoptotic cells/(number of apoptotic cells +
number of normal cells) x 100%. All procedures were done
as instructed by the apoptosis kit (Yeasen Biotech Co.,
Ltd., Shanghai, China).

2.8. RT-qPCR. TRIzol reagent was utilized to extract total
RNA from the cells. As per the supplier’s instructions, the
PrimeScript™ RT Reagent kit (Invitrogen, Shanghai, China)
was taken to reverse-transcribe the RNA into cDNA. The
Bio-Rad CFX96 quantitative PCR system and SYBR were
utilized for qPCR in line with the supplier’s stipulation.
The conditions for PCR were as follows: 5 minutes of prede-
naturation at 95°C, 15 seconds of denaturation at 95°C, and
30 seconds of annealing at 60°C. 3-Actin was adopted as the
internal parameter for confirming PDLIMI and miR-187
expressions. The 2724t approach was adopted for statistical
analysis. Each experiment was duplicated three times.
Guangzhou Ruibo Company took on the design and synthe-
sis of the primers. The primer sequences are detailed in
Table 1.

2.9. Western Blot. The cellular protein was isolated with pro-
tein lysis buffer (Roche, USA). Subsequently, 50 ug of the
total protein was subjected to SDS-PAGE and transferred
onto polyvinylidene fluoride (PVDF) membranes. After
blocked with 5% skimmed milk in PBST for an hour, the

TaBLE 1: The primers used in this study.

Gene name Primer sequence (5°-3’)
PDLIMI Forward: CCCAGCAGATAGACCTCCAG
Reverse: GTTGTCTGTGCAGCCTTTGA
miR.187 Forward: TCGTGTCTTGTGTTGCAGC
Reverse: GTGCAGGGTCCGAGGT
. Forward: GGCATCCTCACCCTGAAGTA
B-Actin

Reverse: GAAGGTGTGGTGCCAGATTT

membranes were washed with TBST three times, and incu-
bated with primary antibodies including Anti-Bax antibody
(ab32503, 1:1000, Abcam, USA), Anti-Bcl-2 antibody
(ab32124, 1:1000, Abcam, USA), Anti-Bad antibody
(ab32445, 1:1000, Abcam, USA), Anti-PDLIMI1 antibody
(ab129015, 1:1000, Abcam, USA), Anti-Amphiregulin anti-
body (ab89119, 1:1000, Abcam, USA), Anti-Myc antibody
(ab185656, 1:1000, Abcam, USA), Anti-CCND2 antibody
(ab267318, 1:1000, Abcam, USA), Anti-YAP antibody
(ab52771, 1:1000, Abcam, USA), Anti-p-YAP antibody
(ab254343, 1:1000, Abcam, USA), Anti-B-actin antibody
(ab115777, 1:1000, Abcam, USA), and Anti-Lamin A anti-
body (ab108595, 1:1000, Abcam, USA) at 4°C overnight.
The membranes were washed with TBST and then incubated
with the horseradish peroxidase (HRP)-labeled anti-rabbit
secondary antibody (1:3000, Abcam, USA) for an hour at
RT. The bands were developed with Pierce™ ECL Western
Blotting Substrate (Invitrogen, USA). The gray value of each
protein was analyzed using Image ] analysis software
(National Institutes of Health, USA).

2.10. Dual Luciferase Reporter Assay. We predicted the target
genes of miR-187 through TargetScan. Pmir-GLO-NC,
pmir-GLO-PDLIM1-wt, pmir-GLO-PDLIMI1-mut, miR-
NC, and miR-187, ordered from Sangon Biotech (Shanghai,
China), were transfected into the cells with Lipofecta-
mine™2000 (Invitrogen, Carlsbad, CA, USA). Subsequent
to incubation, the cells were harvested and flushed with
PBS twice. The Dual-Lucy Assay Kit (Progema, Madison,
WI, USA) was used for the assay [26].

2.11. RIP Assay. To further confirm the correlation between
miR-187 and PDLIMI, we utilized the Magna RIP™ RNA
Binding Protein Immunoprecipitation Kit (Millipore, Bed-
ford, MA, USA) for RIP analysis. Then, AGS cells (2 x 107)
transfected with miR-187 or its negative control were har-
vested and subjected to 200 uL of RIP lysis buffer. They were
lysed on ice for 5 minutes and centrifuged at 1500 rpm for 15
minutes to produce the supernatant. The extracts were incu-
bated with Anti-Ago2 or Anti-IgG (Sigma) overnight. Subse-
quently, magnet beads were flushed with a washing buffer
five times, and the supernatant was removed. The beads
were lysed with the protease K lysate at 55°C for 30 minutes.
The supernatant was put in a new centrifuge tube. The total
RNA was extracted through phenol-chloroform-isoamyl
alcohol extraction and purified via isopropanol
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FiGure 1: PDLIM1 expression is lowered in GC tissues and cell lines. (a) The database (https://www.proteinatlas.org/) was introduced to
examine the positive profile of PDLIM1 in GC tissues. (b, ¢) RT-PCR and western blot evaluated the profile of PDLIMI1 in GC tissues
and normal paracancer tissues. (d) The coexpressed genes of PDLIM1 in GC (LindOmics). The heat maps exhibited the positively and
negatively coexpressed Top-50 genes of PDLIM1 in GC. (e) The staging of tumors. ***P < 0.001 (vs. the Normal group). N =45.

centrifugation. The coprecipitated RNA was isolated and
analyzed through RT-qPCR.

2.12. Statistical Analysis. GraphPad Prism 8 was used for sta-
tistical analysis. Experimental data were presented as mean
+ standard deviation (SD). One-way ANOVA and Student’s
t-test were taken for comparison. Two-sided P < 0.05 was
regarded as statistically significant. The experiment was
duplicated three times.

3. Results

3.1. PDLIM1 Expression Is Lowered in GC Tissues and Cell
Lines. To determine whether PDLIM1 could exert a signifi-
cant function in GC development, we uncovered that
PDLIM1 expression was remarkably attenuated in GC tis-
sues (vis-a-vis normal paracancer tissues) through the data-
base (https://www.proteinatlas.org/) (Figure 1(a)). RT-PCR
(P < 0.05, Figure 1(b)) and western blot (Figure 1(c)) con-
firmed that the profile of PDLIM1 was lowered in GC tissues
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TaBLE 2: The correlation between PDLIM1 expression and clinical
characteristics in the tissue specimens of GC patients.

Expression of PDLIM1

Characteristics ~ Patients High- Low- vall)ue
PDLIM1 PDLIM1
Total 45 23 22
Age (years) 0.661
<63 21 10 11
>63 24 13 11
Gender 0.668
Male 26 14 12
Female 19 9 10
Tumor location 0.837
Bottom 20 10 10
Body 12 7 5
ant(r;ijrtlnc 13 6 7
Diameter 0.023*
<3cm 25 9 16
>3 cm 20 14 6
Clinical stage 0.005*
Early 24 17 7
latz/hddle and 21 6 15
Distant . 0.025*
metastasis
Without 22 15 7
With 23 8 15
'Vasa.llar 0.023*
invasion
Yes 25 9 16
No 20 14 6

in contrast with normal paracancer tissues. Additionally, the
coexpressed genes of PDLIM1 in the context of GC were
analyzed through the LinkedOmics database (Figure 1(d)).
They were negatively correlated with the staging of tumors
(Figure 1(e)). The correlation between PDLIM1 expression
and clinical characteristics in the tissue specimens of GC
patients was shown in Table 2. These discoveries revealed
that PDLIM1 pertained to the malignant phenotype of GC
cells and possibly played a procancer role.

3.2. PDLIM1 Hampers GC Cell Proliferation, Migration, and
Invasion and Boosts Apoptosis. To confirm the impact of
PDLIMI1 on GC development, we established a cell model
of PDLIMI overexpression in MKN-45 and AGS (P < 0.05,
Figure 2(a)). CCK8 and BrdU denoted that PDLIM1 overex-
pression brought about a substantial reduction in cell prolif-
eration (P < 0.05, Figures 2(b) and 2(c)). Transwell indicated
that PDLIM1 overexpression vigorously lessened cell inva-
sion and migration (P < 0.05, Figure 2(d)). Flow cytometry
revealed that cell apoptosis was remarkably augmented in
the PDLIM1 group vis-a-vis the control group (P <0.05,

Figure 2(e)). Western blot suggested that PDLIM1 overex-
pression notably attenuated the profile of the anti-
apoptotic protein Bcl-2 and augmented the profiles of proa-
poptotic proteins Bax and Bad (P < 0.05, Figure 2(f)). These
outcomes demonstrated that PDLIM1 overexpression weak-
ened the malignant biological behaviors of GC cells.

3.3. PDLIM1 Knockdown Bolsters GC Cell Proliferation,
Migration, and Invasion and Hinders Apoptosis. To confirm
the influence of PDLIM1 on GC development, we built a
PDLIMI knockdown model in MKN-45 and AGS cells
(P<0.05, Figure 3(a)). CCK8 and BrdU denoted that
PDLIMI knockdown considerably augmented cell viability
(P <0.05, Figures 3(b) and 3(c)). Transwell indicated that
PDLIM1 knockdown greatly strengthened cell invasion and
migration (P < 0.05, Figure 3(d)). Flow cytometry unraveled
that by contrast to the control group, the PDLIM1 group
had a distinct decline in cell apoptosis (P <0.05,
Figure 3(e)). Western blot suggested that PDLIM1 knock-
down dramatically heightened Bcl2 expression and lowered
Bax and Bad expressions (P < 0.05, Figure 3(f)). These find-
ings demonstrated that PDLIMI1 inhibition boosted the
malignant biological behaviors of GC cells.

3.4. PDLIM1 Overexpression Strengthens the Sensitivity of
GC Cells to Cisplatin. To better understand the function of
PDLIMI1 overexpression in modulating DDP-resistance in
AGS/DDP cells, we synthesized PDLIM1 or NC. First, they
were transfected into AGS/DDP cells. PDLIMI1 expression
was confirmed via RT-qPCR. It turned out that the profile of
PDLIMI1 was notably higher than that of NC (P <0.05,
Figure 4(a)). To verify whether PDLIM1 presented different
expressions in the two cell lines, we performed RT-qPCR for
analysis. As a result, the mRNA level of PDLIMI was evidently
lower in AGS/DDP than in AGS (P <0.05, Figure 4(b)).
Moreover, CCK8 was performed to confirm the IC50 value,
thus testing the resistance of AGS/DDP to DDP. The out-
comes suggested that the IC50 value to DDP in AGS/DDP
was 81.3 ug/mL (P < 0.05, Figure 4(c)). Later, AGS/DDP cells,
treated with DDP, were transfected with PDLIM1 or NC.
CCKS8 examined cell viability. PDLIM1 overexpression culmi-
nated in a notably lower survival rate in contrast with the DDP
group (P < 0.05, Figure 4(d)). These findings confirmed that
an increase in PDLIM1 markedly bolstered AGS/DDP cell
apoptosis, whereas PDLIM1 overexpression vigorously atten-
uated the resistance of AGS/DDP cells to DDP.

3.5. miR-187 Overexpression Facilitates GC Progression. To
determine the influence of miR-187 on GC development,
we established a cell model of miR-187 overexpression in
MKN-45 and AGS cells (P <0.05, Figure 5(a)). RT-PCR
exhibited that the profile of miR-187 was greatly heightened
in GC tissues as compared with normal paracancer tissues
(P <0.05, Figure 5(b)). CCK8 and BrdU indicated that over-
expression of miR-187 contributed to a conspicuous increase
in cell proliferation (P < 0.05, Figures 5(c) and 5(d)). Trans-
well denoted that overexpression of miR-187 dramatically
strengthened cell invasion and migration (P <0.05,
Figure 5(e)). Flow cytometry revealed that as opposed to
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Figure 2: PDLIMI hampers GC cell proliferation, migration, and invasion and boosts apoptosis. A cell model of PDLIMI overexpression
was built in MKN-45 and AGS cells. (a) RT-qPCR confirmed the profile of PDLIML. (b, ¢) CCK8 and BrdU verified the viability of MKN-45
and AGS cells. (d) Transwell detected GC cell invasion and migration. (e) Flow cytometry examined cell apoptosis. **P < 0.01, ***P < 0.001
(vs. the NC group). N =3.
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F1Gure 4: PDLIM1 overexpression strengthens the sensitivity of GC cells to cisplatin. (a) PDLIM1 or NC was transfected into AGS/DDP
cells resistant to DDP. The profile of PDLIM1 was determined via RT-qPCR. (b) RT-qPCR confirmed the mRNA profile of PDLIM1 in
the two cell lines. (c) The IC50 value to DDP in the cell lines was determined by CCK8. (d) The DDP-resistant cells were transfected
with PDLIM1 and then treated with 1 yg/mL DDP. CCK8 monitored cell proliferation. The apoptosis rate of each group was calculated.

**P <0.01, ***P < 0.001 vs. the DDP group). N =3.

the control group, the miR-187 group had a considerable
reduction in cell apoptosis (P < 0.05, Figure 5(f)). These dis-
coveries demonstrated that the transfection of miR-187
mimics stepped up the malignant development of GC cells.

3.6. miR-187 Targets PDLIM]I. By using the Starbase database
(http://starbase.sysu.edu.cn/), we predicted that PDLIMI was
the target of miR-187 (Figure 6(a)). To better understand the
targeted correlation between miR-187 and PDLIM1, we imple-
mented dual luciferase activity assay. It transpired that miR-187
vigorously suppressed PDLIM1-WT activity (P < 0.05,
Figure 6(b)) but exerted little impact on PDLIM1-MUT
(P < 0.05, Figure 6(b)). RIP revealed that following miR-187
transfection, PDLIM1 precipitated in the Ago2 antibody group
was more than that in the IgG group. This hinted that PDLIM1
combined with Ago2 protein via miR-187 (P <0.05,
Figure 6(c)). To probe the potential mechanism of miR-187,
we evaluated the coexpressed genes of miR-187 in the context
of GC via the LinkedOmics database. As a result, PDLIM1
was negatively associated with miR-187 in GC (Figures 6(d)
and 6(e)). Later, the profile of PDLIM1 subsequent to miR-
187 overexpression in MKN-45 cells was measured. By contrast

to the control group, miR-187 overexpression vigorously
repressed PDLIM1 expression (P < 0.05, Figure 6(f)). These
phenomena demonstrated that miR-187 targeted and nega-
tively modulated PDLIM1 expression in GC cells.

3.7. PDLIM1I Influences the Hippo-YAP Pathway. The Hippo
pathway exerted a significant function in cancer progression
[27]. We delved into the regulatory impact of PDLIM1 on
the Hippo-YAP pathway. In Figures 7(a) and 7(b), RT-
qPCR denoted that the mRNA levels of YAP and its target
genes AREG, Myc, and CCND2 were negatively modulated
by PDLIMI in MKN-45 and AGS cells (P<0.05,
Figures 7(a) and 7(b)). This outcome was also substantiated
by western blot subsequently (P < 0.05, Figure 7(c)). As YAP
was translocated into the nucleus and influenced the tran-
scription of its target genes, we checked the abundance of
nuclear and phosphorylated YAP in the nucleus.
Figure 7(d) displayed that the levels of YAP and phosphory-
lated YAP were lowered in the nuclei of cells with PDLIM1
overexpression (P <0.05, Figure 7(d)). These discoveries
unraveled that PDLIM1 impeded the Hippo/YAP signaling
pathway.
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FIGURE 5: miR-187 overexpression facilitates GC development. A cell model of miR-187 overexpression was established in MKN-45 and
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(vs. the miR-NC group). N = 3.
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3.8. PDLIMI1 Overexpression Weakens the Procancer
Function of miR-187 in GC Cells. To dig deeper into the
influence of PDLIM1 overexpression on the procancer func-
tion of miR-187 in GC cells, we transfected PDLIM1 overex-
pression plasmid into AGS cells already transfected with
miR-187 mimics and confirmed the transfection efficiency
via RT-qPCR. As a consequence, in contrast with the control
group, miR-187 expression was notably heightened in the
miR-187 group, whereas PDLIM1 lowered the profile of
miR-187 (P < 0.05, Figure 8(a)). CCK8 and BrdU staining
measured cell proliferation. As opposed to the control
group, the miR-187 group went through a notable increase
in cell proliferation. But in contrast with the miR-187 group,
PDLIM1 overexpression vigorously dampened AGS cell pro-
liferation (P < 0.05, Figures 8(b) and 8(c)). Transwell
revealed that in contrast with the control group, the
miR-187 group experienced a distinct increase in cell
migration and invasion. But as compared with the miR-
187 group, the miR — 187 + PDLIMI group had a substan-
tial decline in AGS cell migration and invasion (P < 0.05,
Figure 8(d)). Flow cytometry confirmed that by contrast
to the NC group, there was a reduction in AGS cell apo-
ptosis in the miR-187 group. As compared with the
miR-187 group, AGS cell apoptosis was augmented in
the miR — 187+ PDLIM1 group (P <0.05, Figure 8(e)).
Western blot determined the profiles of Bax, Bad, and
Bcl2. It turned out that the protein profiles of Bax and
Bad were abated, and Bcl2 expression was elevated in the
miR-187 group vis-a-vis the miR-NC group.

By contrast to the miR-187 group, Bax and Bad expres-
sions were evidently heightened, while Bcl2 expression was
lowered in the miR-187+PDLIMI group (P <0.05,
Figure 8(f)). The mRNA levels of YAP, AREG, Myc, and
CCND2 were dramatically downregulated in the miR — 187
+ PDLIM1 group vis-a-vis the miR-187 group (P <0.05,
Figure 8(g)). This finding was also corroborated by western
blot later (P < 0.05, Figure 8(h)). These phenomena demon-
strated that PDLIMI overexpression weakened the procan-
cer function of miR-187, thus slowing GC progression.

4. Discussion

Recently, because of changes in dietary habits, the incidence
rate of GC has been relatively lowered. Nevertheless, GC
shows strong invasive and metastatic features, and its early
detection is poor. Many GC patients have already entered
into the advanced stage upon the first diagnosis, demon-
strating fast progression and poor prognosis [28-30].
mRNAs have high specificity and are aberrantly expressed
under different pathological and physiological circum-
stances. Therefore, they have drawn enormous attention as
underlying diagnostic and predictive biomarkers these years
[31, 32]. Here, we confirmed that PDLIM1 was a novel GC
inhibitor. PDLIM1 overexpression vigorously hampered
proliferation, invasion, and migration in GC cells and
strengthened their sensitivity to cisplatin. These discoveries
exhibited that PDLIM1 could be utilized as a novel target
for GC treatment.
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Figure 7: PDLIM1 influences the Hippo-YAP pathway. (a, b) RT-qPCR confirmed the profiles of YAP and its target genes in the cells. (c)
Western blot verified the profiles of YAP and its target genes in the cells. (d) Western blot measured the abundance of YAP and
phosphorylated YAP in the cell nucleus. *P < 0.05, **P < 0.01, ***P < 0.001 (vs. the NC group). N = 3.

PDLIMI exerts a significant function in umpteen cancers.
For instance, PDLIM1 stabilizes 3-catenin at the cell-to-cell
junction to suppress epithelial mesenchymal transformation
and metastatic potential in colorectal cancer [33]. Moreover,
PDLIMI1 promotes proliferation and impedes apoptosis to
play a carcinogenic part in chronic myeloid leukemia (CML)
[34]. PDLIMI, also called CLP36, has been identified as a
tumor antigen that elicits antibody response [35]. These find-
ings represent the diverse functions of PDLIMI in multiple
cancers. Notwithstanding, the function and mechanism of
PDLIMI in the context of GC remain obscure. Here, we dis-
covered that PDLIM1 expression was lowered in GC tissues
and cell lines; the function of PDLIM1 was inextricably associ-
ated with a lot of physiological parameters of GC, including
proliferation, invasion, migration, and apoptosis. These statis-
tics demonstrated that PDLIM1 overexpression repressed GC

cell proliferation, invasion, and migration and bolstered apo-
ptosis, whereas PDLIM1 inhibition facilitated the malignant
development of GC cells.

Chemotherapy has been utilized to treat patients with
unresectable gastric tumors with a view to reducing recur-
rence and metastasis [36]. Furthermore, perioperative che-
motherapy can dramatically ameliorate the prognosis of
patients with resectable tumors [37]. Nevertheless,
70%~90% of GC patients may relapse on account of che-
motherapy resistance [38, 39]. It is still a big challenge
in GC treatment. Further research on the mechanism of
chemical resistance is in urgent need. Here, we discovered
that PDLIM1 expression was attenuated in AGS/DDP
cells; PDLIM1 overexpression boosted AGS/DDP cell apo-
ptosis and elevated the sensitivity of AGS/DDP cells to
DDP.
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Reportedly, miR-187, a member of the miRNA family,
participates in GC development. For instance, miR-187
modulates CRMP1 expression to facilitate GC cell migration
and invasion, thus fostering GC development [40]. miR-187
represses FOXA2 to bolster GC growth and metastasis [41].
More of note, miR-187 overexpression dampens the TGF- 3/
Smad signaling pathway to mitigate the resistance of GC
cells to DDP [42]. Here, we uncovered that miR-187 expres-
sion was heightened in GC; miR-187 overexpression dra-
matically boosted GC malignant phenotype. Dual luciferase
assay revealed that miR-187 targeted PDLIMI, and they
were negatively correlated; miR-187 overexpression vigor-
ously impeded PDLIM1 progression. The rescue experiment
indicated that PDLIM1 overexpression weakened the pro-
cancer function of miR-187 in GC cells.

The Hippo signaling pathway exerts a pivotal function
in modulating organ size, migration, and invasion as well
as sustaining the balance between cell proliferation and
apoptosis [43, 44]. Reportedly, YAP is the primary effector
of the Hippo pathway. Dephosphorylated YAP moves into
the nucleus, thus promoting gene transcription that modu-
lates proliferation and migration [45]. An increasing
amount of evidence has shown that the aberrant activation
of YAP incurs the growth-promoting transcription proce-
dure that facilitates cell proliferation, migration, epithelial-
mesenchymal transformation, and the stem-cell features of
cancer [46]. YAP presents a high expression in GC and other
tumors, which bolsters tumor proliferation and metastasis.
This is extremely detrimental to the prognosis of cancer
patients [47, 48]. For instance, when the nuclear transloca-
tion and dephosphorylation of YAP are boosted, GC devel-
opment also gets promoted [49-51]. Meanwhile, targeting
and suppressing YAP and f3-catenin signaling cramps the
malignant behaviors of GC [52]. Here, we discovered that
the YAP pathway also partakes in GC progression; PDLIM1
overexpression vigorously represses the mRNA and protein
levels of YAP and its target genes AREG, Myc, and CCND2;
the levels of nuclear and phosphorylated YAP were lowered
in the nucleus. These findings confirmed that PDLIM1

served as a tumor-suppressing factor and hindered the
Hippo/YAP signaling pathway in GC.

To conclude, our research has unveiled a novel molecu-
lar mechanism for GC treatment: PDLIM1 mediates the
Hippo-YAP signaling pathway to exert a cancer-
suppressing function and strengthen the sensitivity of GC
to cisplatin. Our observation affords significant insights into
GC treatment and prognosis. Nevertheless, we have not
completely corroborated the reliability of the mechanism
in vivo, which will be improved in the future.
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Background. Although epithelioid hemangioendothelioma (EHE) is a rare and aggressive vascular tumor, its demographic
characteristics remain unclear. We used the surveillance, epidemiology, and end results (SEER) database to determine
the clinical features, incidence, and prognostic factors associated with overall survival in patients with EHE. Methods. The
demographic and clinical data of patients with EHE were extracted from the SEER database (1975-2019) to calculate the
incidence of EHE and survival rate in these patients. The Cox proportional hazards model and Kaplan-Meier method were used
to analyze the prognostic factors of overall survival in these patients. A nomogram and time-dependent receiver operating
characteristic (ROC) curve were employed to predict the 3- and 5-year survival rate. Results. The overall incidence rate (IR) of
EHE was 0.230 (95%confidence interval [CI] = 0.201 - 0.263) per 1,000,000 person-years. According to the age-stratified IR, the
highest age-adjusted IR was observed in patients aged 60-79 years (0.524 per 1,000,000 person-years, 95%CI = 0.406 - 0.665).
The majority (30.8%) of the tumors were located in the soft tissue and skin, followed by lesions in the abdomen (28%),
respiratory system (19%), bone and joint (8.6%), and others. The 5-year overall survival rate was 55.6% (95%CI = 32.8 - 73.5%).
Multiple Cox regression analysis revealed that age >80 years (hazardratio [HR]=8.57, 95%CI=2.32-31.63, P <0.001),
African-American race (HR=2.52, 95%CI=1.31-4.85, P<0.01), “American Indian/Alaska Native” or “Asian or Pacific
Islander” (HR =2.99, 95%CI = 1.5 - 5.96, P < 0.01) race, and respiratory tumors (HR = 2.55, 95%CI = 1.37 - 4.75, P < 0.01) were
distinctly related to worse overall survival. The calibration plots demonstrated good consistency between nomogram-predicted
and actual survival. The area under the time-dependent ROC curve was 0.721 (95%CI=0.63-0.81) and 0.719
(95%CI =0.63 - 0.81) for the 3- and 5-year survival, respectively. For the convenience of researchers and clinicians, we designed
an online dynamics nomogram to predict the survival rate. Conclusion. EHE is a relatively rare vascular tumor, which
principally occurs in the soft tissue and skin. It most commonly occurs in patients aged 60-79 years and its incidence has
increased in recent years. Age at diagnosis, race, and tumor location may affect the overall survival outcomes.

1. Introduction

Epithelioid hemangioendothelioma (EHE) is considered an
intermediate or borderline malignant vascular tumor. It
was first described in 1982 and involves various organs,
including the liver, soft tissues, and bone [1, 2]. Its typical
histological features include irregular vasculature, malignant
endothelial cell lining, pinocytotic vesicles, and occasional

Weibel-Palade bodies [3, 4]. The tumor has an aggressive
clinical course, with a tendency for both local recurrence
and regional lymph node metastasis. Certain types of the
tumor could develop a life-threatening hemoptysis upon
invasion into the trachea and pleura [5]. Moreover, EHE is
considered as the most common malignant vascular tumor
of bone and can easily result in recurrence and metastasis
[6, 7]. The overlapping morphologic features make diagnosis
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F1GuRre 1: The age-adjusted incidence rate of epithelioid hemangioendothelioma from 1975 to 2019.

and management challenging [8, 9]. The incidence of EHE is
approximately one in one million people, making it an
extremely uncommon kind of cancer. Due to the fact that
it is so uncommon, the majority of the research that has
been published so far consists of case reports, with a few
retrospective descriptive case series thrown in for good mea-
sure. The purpose of these case series is to better characterize
the clinical, pathologic, and molecular characteristics, as well
as to derive insight into treatment approaches [10, 11]. Cur-
rently, no comprehensive study exists on the demographic
characteristics and prognostic factors of the overall survival
of EHE.

Considering the challenging diagnosis and treatment of
EHE, we designed this study using demographic and clinical
data from the surveillance, epidemiology, and end results
(SEER) database to understand the features of onset and risk
factors of prognosis in patients with EHE. The SEER data-
sets, which contains cancer statistics from roughly twenty-
eight percent of the population of the United States, could
be considered a relatively large population-based cohort of
patients with EHE [12].

2. Materials and Methods

2.1. Data Collection. The SEER database was searched for the
pertinent information on cases diagnosed with EHE from
1975 all the way up till 2019. The variable titles based on
the International Classification of Diseases for Oncology
(ICD-0-3) histology codes, 9133/1 EHE and 9133/3 EHE,
malignant, were considered the diagnosis of EHE. The basic
information of these patients including age, race, sex, tumor
location, lymph node metastasis, survival time, treatment,
SEER cause-specific death classification, and tumor size,
was recorded.

Based on the SEER database policy, the overall incidence
rate (IR) and survival rate were analyzed using SEERx*Stat
software [12]. The rates are per 1,000,000 and age-adjusted
to the 2000 US standard population standard, with 95% con-
fidence intervals (CI, Tiwari mod) for the rates and ratios.
Moreover, the rates were calculated based on the age at diag-
nosis, sex, and race. Age was divided into five groups: 0-19,
20-39, 40-59, 60-79, and >80 years. The study population
was categorized into male and female groups. Race was clas-
sified into three groups: white (Caucasians), black (African
American), and other (“American Indian/Alaska Native”
or “Asian or Pacific Islander”). The IR was considered signif-
icantly different when the P value is <0.05. The tumor loca-
tion was divided into the following groups: soft tissue and
skin, bone and joints, respiratory system, abdomen, head
and neck, and others. Treatment regimens were classified
into surgery and no surgery groups.

2.2. Statistical Analysis. Descriptive statistics were utilized in
order to conduct the analysis on the demographic and clin-
ical data. The data were analyzed using R version 3.6.0 (R
Foundation for Statistical Computing, Vienna, Austria).
The significance of the variables associated with the overall
survival was evaluated using the univariate cox proportional
hazards model. Multivariate cox regression analysis was
subsequently used to analyze the significant variables as
independent predictors for the overall survival. The
Kaplan-Meier method and log-rank test were used to ana-
lyze the survival curves. These results of the multivariate
analysis were represented as a nomogram [13]. The perfor-
mance of the nomogram was evaluated using the concor-
dance index (also known as the C-index), in addition to
the calibration curve [14]. Time-dependent ROC curve
assays were also used to evaluate the predictive value. Signif-
icance was assumed for two-sided P values <0.05.
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TaBLE 1: Age-adjusted incidence rates of epithelioid hemangioendothelioma.

Groups Total number of cases IR (per 1,000,000) 95% CI Pvalue

All years 221 0.230 0.201-0.263 —
0-19 years 10 0.036 0.017-0.066 <0.001
20-39 years 48 0.168 0.123-0.222 <0.05
40-59 years 85 0.349 0.278-0.431 <0.01
60-79 years 68 0.524 0.406-0.665 <0.001
80+ years 10 0.332 0.159-0.612 0.338

Gender 221 0.230 0.201-0.263 —
Male 98 0.212 0.172-0.259 0.545
Female 123 0.246 0.204-0.293 0.604

All races 221 0.230 0.201-0.263 —
White 179 0.233 0.200-0.270 0.949
Black 21 0.272 0.165-0.421 0.547
Others 18 0.164 0.010-0.260 0.192

3. Results Site recode ICD-O-3/WHO 2008

3.1. Patient Characteristics. Following relevant data retrieval,

a total of 221 patients were enrolled. The overall IR of EHE

was 0.230 per 1,000,000 person-years. The IR of EHE is

gradually increasing in recent years in the United States pop-

ulation (Figure 1). According to the age-stratified IR, the

highest age-adjusted IR was in patients aged 60-79 years

(0.524 per 1,000,000 person-years, 95%CI = 0.406 - 0.665)

followed by patients aged 40-59 years (0.349 per 1,000,000

person-years, 95%CI=0.278 -0.431) (Table 1). Tumors

were rarely observed in 0-19-year-old patients, with an

age-adjusted IR of 0.036 per 1,000,000 person-years

(95%CI=0.017 - 0.066). A total of 198 patients, including

98 male and 123 female participants, were enrolled in the

study; the sex-stratified IR was 0.212 (95%CI=0.172 -

0.259) and 0.246 (95%CI=0.204 -0.293) per 1,000,000

person-years in males and females, respectively. According

to the SEER database data, the race-stratified IR was 0.230

(95%CI =0.200 - 0.270), 0.272 (95%CI=0.165-0.421),

and 0.164 (95%CI=0.010 - 0.260) in Caucasians, African = Soft tissue and skin Abdominal lesions

Americans, and other races (American Indian/AK Native, = Bones and joints = Head and neck

Asian/Pacific Islander), respectively. The IR showed no sta- Respiratory lesions u Others

tistical difference in terms of sex and race. Our results also ) . . i

FiGURe 2: Lesion site and proportion of epithelioid

revealed that EHE was observed in various organs. The
majority (30.8%) of tumors were located in the soft tissue
and skin, followed by the abdomen (28%), respiratory sys-
tem (19%), bone and joints (8.6%), head and neck (5%),
and other (8.6%) organs, such as the vulva, and other miscel-
laneous lesions (Figure 2). The liver (24%) and lung and
bronchus (13%) are the most commonly affected organs in
the abdominal and thoracic cavities, respectively. Among
these patients, only 11 had regional lymph node metastasis
and 3 patients had distant lymph node metastases. The aver-
age diameter of the tumor was 49.90 + 44.28 mm (median =
39 mm, range6—250mm). Approximately 47.1% of the
patients underwent surgery for EHE. In the operation group,
42.6% lesions were located in the soft tissue and skin,
wherein most of the patients (60.3%) had a better overall
survival than those in the no surgery group (P <0.01,

hemangioendothelioma.

Figure 3(a)). However, in the other organ groups, patients
who underwent operation showed no distinct differences in
the overall survivals with the patients in the no surgery
group (Figures 3(b)-3(e)). Our result also demonstrated that
no significant difference was observed between the surgery
and no surgery groups in the overall survival in final multi-
factor models. The overall 1-, 3-, and 5-year survival rates
were 70.8% (95%CI = 48.4 - 84.9%), 61.2% (95%CI = 38.5 -
77.7%), and 55.6% (95%CI = 32.8 - 73.5%), respectively.

3.2. Survival Analysis. Owing to the lack of related data on
the unknown death classification (3 patients) and race data
(3 patients), only 215 patients were finally enrolled. In the
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F1Gure 3: Kaplan-Meier (KM) survival curves in different locations according to the surgery and no surgery groups. (a) KM survival curves
in soft tissues and skin. (b) KM survival curves in bone and joints. (c) KM survival curves in respiratory lesions. (d) KM survival curves in

head and neck. (e) KM survival curves in other organs.

univariate analysis, compared to patients aged 0-19 years,
a significant difference was observed in the patients aged
>80 years (HR =8.199, 95%CI =2.400 - 28.009, P <0.001,
Figure 4(a)). Respiratory lesions could increase the risk
of death to a certain extent (HR =2.311, 95%CI=1.272
-4.198, P<0.001) compared to soft tissue and skin
tumors (Table 2 and Figure 4(b)). Patients of other races
(American Indian/AK Native, Asian/Pacific Islander)
showed significant difference compared to those of Cauca-
sian origin (HR =2.322, 95%CI =1.198 - 4.501, P=0.013

< 0.05, Figure 4(c)). The multivariate analysis revealed that
age >80 years (HR=8.566, 95%CI=2.320-31.626, P <
0.001), African American race (HR =2.520, 95%CI = 1.309
—-4.853, P<0.01), “American Indian/Alaska Native” or
“Asian or Pacific Islander” (HR =2.989, 95%CI = 1.498 -
5.964, P <0.01), and respiratory tumors (HR =2.551, 95%
CI=1.370-4.749, P<0.01) were significantly associated
with worse overall survival. However, no statistical difference
was observed in terms of sex and treatment regimen (Table 2
and Figures 4(d) and 4(e)). According to the results obtained,
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FiGuRrk 4: Kaplan-Meier survival curves for different variables by the use of by the log-rank test. (a) KM survival curves in age at diagnosis.
(b) KM survival curves different locations. (c) KM survival curves in gender. (d) KM survival curves in surgery and no surgery groups.

TaBLE 2: Univariate and multivariate cox analysis of overall survival.

Univariate analysis

Multivariate analysis

Variable Groups Patients HR (95% CI) P HR (95% CI) P
Age 0-19 10 1 (reference) - 1 (reference) -
Age 20-39 47 1.038 (0.431-2.500) 0.933 0.784 (0.316-1.945) 0.599
Age Age 40-59 80 1.696 (0.716-4.017) 0.230 1.320 (0.538-3.240) 0.545
Age 60-79 68 2.431 (0.999-5.914) 0.050 2.000 (0.804-4.978) 0.136
Age 80+ 10 8.199 (2.400-28.009) <0.001 8.566 (2.320-31.626) <0.01
Sex Male 95 1 (reference) - 1 (reference) -
Female 120 1.10404 (0.763-1.597) 0.6 0.903 (0.600-1.359) 0.625
White 177 1 (reference) - 1 (reference) -
Race Black 21 1.768 (0.962-3.250) 0.067 2.520 (1.309-4.853) <0.01
Other 17 2.322 (1.198-4.501) 0.013 2.989 (1.498-5.964) <0.01
Soft tissue and skin 67 1 (reference) - 1 (reference) -
Respiratory lesions 42 2.311 (1.272-4.198) <0.001 2.551 (1.370-4.749) <0.01
Location Bone and joints 18 1.418 (0.739-2.721) 0.29 1.877 (0.921-3.823) 0.083
Abdominal lesions 61 1.205 (0.758-1.916) 0.431 1.252 (0.771-2.035) 0.364
Head and necks 8 0.542 (0.240-1.225) 0.141 0.609 (0.254-1.459) 0.266
Others 19 1.463 (0.605-3.533) 0.398 1.360 (0.523-3.530) 0.530
Surgery No surgery 115 1 (reference) - 1 (reference) -
Surgery 100 0.820 (0.563-1.193) 0.299 0.970 (0.640-1.474) 0.887

a prognostic nomogram was constructed for survival at 3 and
5 years (Figure 5). The C-index for survival prediction was
0.69 (95%CI = 0.635 - 0.744). The calibration plots demon-
strated good consistency between nomogram-predicted and
actual survival (Figures 6(a) and 6(b)). Moreover, the area
under the time-dependent ROC curve was 0.721 (95%CI =
0.63 -0.81) and 0.719 (95%CI = 0.63 — 0.81) for the 3- and
5-year survival (Figures 6(c) and 6(d)). For the convenience

of researchers and clinicians, we designed an online dynamic
nomogram to predict the survival rate, which is available at
https://plasticlz.shinyapps.io/DynNomapp/.

4. Discussion

EHE is a rare locally aggressive vascular neoplasm, which is
considered an intermediate neoplasm between entirely benign
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FIGURE 5: Nomograms predicting 3- and 5-year survivals of patients with epithelioid hemangioendothelioma. The C-index for survival

prediction was 0.69 (95%CI = 0.635 - 0.744).

hemangiomas and highly malignant angiosarcomas [2, 15,
16]. To date, only few case series or case reports concern-
ing EHE have been reported. [6, 16-19] Moreover, owing
to lack of high-quality clinical research, diagnosis and
management of this tumor is challenging [20]. To the best
of our knowledge, the data from the SEER database, which
was primarily used to analyze the clinical characteristics of
patients with EHE, comprise the largest published cohort
of patients until now.

Some reports have suggested the IR of EHE to be less
than one person per 1,000,000 person-years [21, 22]. Upon
evaluating the data in the SEER database, we found similar
results wherein the IR of EHE was 0.23 per 1,000,000
person-years. The IR of EHE is gradually increasing in
recent years in the United States population. Some studies
have found EHE to be more common in the fourth to fifth
decade with rare occurrence in pediatric patients [5, 23,
24]. However, our results showed that this kind of tumor
was more common in patients aged 60-79 years followed
by patients aged 40-59 years. We also found that EHE was
rarely seen in pediatric patients. In addition, the sex-
stratified IR of this tumor was different in correlational
research. Some studies suggested that EHE was more com-
mon in males [6, 19, 25]; however, Lau et al. and Stacchiotti
et al. observed increased occurrence in females [5, 17, 20].
Our results demonstrated that the sex-stratified IR showed
no significant difference (Table 1). Moreover, IR in our
results also showed no significant difference in terms of
race (Table 1). EHE occurs in various organs, such as the
skin, liver, mediastinum, lung and bronchus, and oral cav-
ity [5, 16, 20, 24]. Our study also revealed that the tumor
could occur in more than 20 kinds of organs or tissues.
The most common site of EHE was the soft tissue and skin

(30.8%), followed by the abdomen (28%), and respiratory
system (19%).

Owing to the relatively low IR of EHE, research on the
overall survival rate of EHE has been limited. Based on the
SEER database, our results demonstrated that the overall 1-
and 5-year survival rates to be 70.8% and 55.6%, respec-
tively. Moreover, age >80 years, African-American, and
“American Indian/Alaska Native” or “Asian or Pacific
Islander” race, and respiratory tumors were significantly
associated with a worse overall survival. Although Lau
et al. reported that male sex and a diagnosis during middle
age could be related with a worse overall survival [5]. Data
from the SEER database suggested that overall survival
showed no statistical difference in terms of sex (P =0.64).
Our multivariate cox analysis did not indicate any significant
difference in the overall survival between male and female
patients. In our model, age >80 years was suggested to be
an independent predictor for overall survival. This could
be attributed to the comorbid conditions in older patients
resulting in increased mortality. Moreover, tumor-related
systemic symptoms, including fever, fatigue, or weight loss
added to the severity of the condition in older patients
[26]. Race-related overall survival rate difference may be
attributed to various reasons. First, owing to the complexity
of the patients’ racial and ethnic backgrounds, limited rele-
vant EHE data exist on African American and American
Indian/Alaska Native patients compared to Caucasian
patients [27]. Second, access to high-quality medical services
for African American and American Indian/Alaska Native
patients is challenging owing to economic factors. [28, 29]
Lastly, differences in living habits and ethnicity between dif-
ferent races could contribute to the difference in the overall
survival. Respiratory tumors were also associated with a
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FIGURE 6: (a, b) Calibration plots of the nomogram for overall survival prediction at 3- and 5-years. (¢, d) Time-dependent receiver
operating characteristic curves of the nomogram for overall survival prediction at 3- and 5-years.

worse overall survival in our model. Previous studies have
reported EHE to rarely occur in the lung [5]; however, in
our study, the number of EHEs in the lung and bronchus
(13%) EHE was comparable among the included patients.
It has been reported that once the tumor invades the
bilateral lung or pleura, the life expectancy decreases sig-
nificantly, even to less than 1 year [5, 17, 30]. Thus, the
lesion characteristics of respiratory EHE could have con-
tributed to the worse overall survival in our model.
Surgery is considered the primary treatment for con-
firmed unifocal EHE, especially in the soft tissue [20, 31].
However, in our study, fewer than half (47%) the patients
underwent surgery for EHE. In the surgery group, the
majority (42.6%) of the lesions were located in the soft tissue
and skin. However, among the patients who underwent
operations, only the patients with EHE in the soft tissue

and skin group had a good overall survival. (P <0.01).
Moreover, in the other organ groups, patients who under-
went surgery showed no significance difference in the overall
survival compared to patients who did not undergo surgery.
Moreover, patients in the surgery group showed no signifi-
cant difference in the overall survival from those in the no
surgery group in the final multifactor models (P=0.3,
Figure 4(e)). This could be attributed to the rare nature
and highly variable clinical course of EHE. No widely
accepted treatment strategy exists for EHE. Moreover,
according to Kaltenmeier’s report, most patients with
hepatic EHE (HEHE) in the United States (93.8%) did not
undergo surgery owing to the comorbidities or patient pref-
erence [21]. In our study, the most common lesion location
was the liver (28.2%) and followed by the lung and bronchus
(19.7%) in the patients who did not undergo surgery. The



Journal of Oncology

liver is reportedly the most common organ for EHE lesions
[21]. While the treatment strategies for HEHE remain
uncertain, some studies suggest surgery as the first treatment
for HEHE [17]. However, other studies suggest liver trans-
plantation as the best treatment option [18, 32]. The treat-
ment for respiratory EHE also remains controversial. In
unilateral focal lesions, surgery could be effective; however,
in bilateral multiple nodules or pleural invasion, no effective
treatment, including lung transplantation, exists [5, 30].
Owing to the low IR of EHE, the course and clinical charac-
teristics concerning EHE remain unclear, and various treat-
ment strategies exist. Hence, more high-quality studies
defining the criteria for optimizing the selection of treatment
modalities for EHE are warranted in the future.

Owing to the rare IR of EHE, certain limitations of this
study should be considered. Although, the SEER database
provided considerable EHE patient record, specific data,
including the type of surgical resection, adequacy of the
resection performed, and surgical timing, were not included.
Accurate records on systemic therapy, such as chemother-
apy and radiotherapy, was missing. As a retrospective data-
base, the SEER database included certain unknown and
incomplete data. Similarly, the symptoms of EHE in the
SEER database were missing. Thus, the survival analysis
should be interpreted with caution.

In conclusion, EHE is a relatively rare vascular tumor;
however, its incidence has been increasing in recent years.
It occurs principally in the soft tissue and skin, most com-
mon in patients aged 60-79 years. For patients with EHE,
the age at diagnosis, race, and tumor location could affect
the overall survival outcomes. The nomogram proposed in
this study could estimate individualized survival for patients
with EHE.
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Papillary thyroid cancer (PTC), accounting for more than 80 percent of all cases of thyroid cancer, is a form of a cancerous tumor
that has a very favorable prognosis. However, patients diagnosed with PTC who are already in an advanced state have a dismal
outlook. This study aimed to establish the diagnostic relevance of PRR15 expression in PTC patients as well as its levels in PTC
samples and its connection with immune infiltrates. The TCGA and GEO datasets were combed through to obtain information on
PTC patients. The “Limma” program was used to screen for differentially expressed mRNAs (DEMs), and the results were
displayed using volcano plots and heat maps. The Wilcoxon test was used to examine the level of PRR15 expression in PTC
patients in comparison with that of normal tissues. To study the connection between the immune infiltration level and PRR15
expression in PTG, the single-sample sequence set enrichment analysis (ssGSEA) from the R package was utilized. The expression
of PRR15 was analyzed with RT-PCR in PTC cells and normal cells. In order to evaluate the diagnostic significance of PRR15
expression, ROC assays were carried out. Experiments using CCK-8 were carried out to investigate the impact that PRR15
knockdown could have on the proliferation of PTC cells. In this study, 17 overlapped DEMs between PTC specimens and normal
specimens were identified, including MPPED2, IPCEF1, SLC4A4, PKHDI1LI1, DIO1, CRABP1, TPO, TFF3, SPX, TCEAL2,
ZCCHCI12, SYTL5, PRR15, CHI3LI1, SERPINA1, GABRB2, and CITEDI. Our attention focused on PRR15 which was highly
expressed in PTC specimens as compared with nontumor specimens. PRR15 had an AUC value of 0.926 (95% CI 0.902-0.950) for
PTC based on TCGA datasets. Pan-cancer assays suggested PRR15 as an oncogenic gene in many types of tumors. Moreover, we
found that PRR15 expression was positively correlated with eosinophils, NK cells, NK CD56bright cells, IDC, macrophages, DC,
mast cells, and Thl cells. Further investigations with CCK-8 demonstrated that inhibiting PRR15 resulted in a decrease in the
proliferation of PTC cells. Overall, PRR15 was confirmed to be a biomarker for PTC patients and a predictor of response to
immunotherapy.

1. Introduction

Thyroid cancer, which is the most prevalent kind of en-
docrine malignant tumor, is increasing at a rate of one
percent per year around the world and has shown a rapid
increase in morbidity [1]. Papillary thyroid carcinoma (PTC)
is the most common kind of thyroid cancer [2]. It accounts
for around 60-70 percent of all thyroid cancers, and it most

frequently affects women in their fourth and fifth decades of
life [3]. Many PTCs are well differentiated and have a low
risk of recurrence, but a small proportion of tumors reveal
heterogeneity with more aggressive variations [4, 5]. Because
so little is known about the potential mechanisms of ag-
gressive variations, the therapy for PTC cases is frequently
insufficient or less than ideal. Therefore, diagnostic and
prognostic biomarkers are desperately needed as soon as


https://orcid.org/0000-0002-4479-8582
https://orcid.org/0000-0001-9320-7382
mailto:zhaoyixia@cqu.edu.cn
mailto:lzr2012vip@126.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/3290479

possible because these would assist doctors in implementing
early and suitable steps for maximum treatment benefit.

PTCs encompass several subtypes, including a classical
variant of tall cell variant of PTC (tPTC), follicular variant of
PTC (fVPTC), and papillary thyroid carcinoma (cPTC) [6].
According to the established criteria recognized by the
World Health Organization, other histologic variations
include diffuse sclerosing, columnar, and others [7]. It is
possible that the prognosis for various histologic subtypes of
PTC will be varied. Based on the developing idea of “pre-
cision medicine,” recent years have seen significant ad-
vancements in molecular pathology detection tools and
tailored therapy, both of which have contributed to a dra-
matically increased overall survival rate for patients di-
agnosed with PTC [8, 9]. In the field of precision medicine,
the genes that are most responsible for the development of
cancer could be applied as therapeutic targets [10]. Several
molecules are involved in adenocarcinoma including the
anaplastic lymphoma kinase gene, echinoderm microtubule-
associatedprotein-like gene, and epidermal growth factor
receptor mutations [11, 12]. Even while molecularly targeted
medicines have shown promising outcomes in clinical
testing, there is still a long way to go before patients di-
agnosed with PTC may be cured, particularly due to the
evolution of drug resistance. Therefore, patients diagnosed
with PTC require the identification of more accurate in-
dicators for diagnosis and prognosis of PTC patients.

Immunotherapy has recently garnered a great deal of
attention as a potentially effective treatment for a variety of
malignancies [13]. Immune checkpoint inhibitors (ICIs) are
another name for T cell-based immunotherapy [14]. Im-
munotherapy and associated treatments targeting T cell
exhaustion indicators can improve the long-term survival of
tumor patients by increasing antitumor immunity, which
has exhibited considerable therapeutic benefit in immuno-
genic cancers such as liver cancer, glioma, rectal cancer,
renal cell carcinoma, and melanoma [15, 16]. However, the
therapy provided by ICIs is not effective for all patients. The
varying response is also connected with the genetic char-
acteristics of the patients, such as the tumor microenvi-
ronment (TME) [17]. Research conducted throughout time
has accumulated evidence that tumor cells can alter the TME
to function as contributors that assure fast cell proliferation
[18]. The dynamic alteration of molecular and cellular
processes in TME relays on the interactions between tumor
cells and immune cells, which highlights the role of TILs in
the context of protumorigenic inflammation and anticancer
immunosurveillance.

In this study, we analyzed GEO datasets and identified
several differentially expressed mRNAs (DEMs) in PTC.
Among them, our attention focused on proline-rich 15
(PRR15). PRRI15 is a nuclear protein with a low-molecular
weight that is expressed by the trophoblast in the early stages
of pregnancy. The death of the embryo on day 15 of gestation
was caused by lentivirus-mediated reduction of PRR15
mRNA in ovine trophectoderm [19]. This provides solid
evidence that PRR15 expression is crucial during this pre-
carious window of development. In recent years, PRR15 has
been reported to be dysregulated in several tumors, such as
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breast cancer, esophageal cancer, and human gastrointes-
tinal tumors [20, 21, 22]. However, its specific function and
clinical significance were rarely reported. In this study, we
aimed to explore the prognostic value of PRR15 expression
and its association with the tumor microenvironment.

2. Methods

2.1. Cell Culture and Cell Transfection. The human normal
thyroid epithelial cell line (Nthy-ori 3-1) and the PTC cell
lines (FTC-133, 8505C, TPC1, and BCPAP) were purchased.
All of the cell lines were kept alive in DMEM (Invitrogen,
China), which was supplemented with 10 percent FBS (PAN,
China). The cells were cultured at a temperature of 37°C in
an atmosphere that contained 5 percent carbon dioxide.

RiboBio (Guangzhou, China) was the supplier for both
PRR15 small interfering RNA (siRNA) and negative control
siRNA (si-NC). The Lipofectamine 2000 reagent (manu-
factured by Invitrogen) was used to achieve cell transfection
in accordance with the manufacturer’s instructions.

2.2. qRT-PCR Analysis. In order to get total RNA from TPC
tissues or cells, the TRIzol (Invitrogen, USA) kit was used,
and the process followed the procedure provided by the
manufacturer. To perform reverse transcription on the
shared gene and miRNA, the HiScript® III 1st Strand cDNA
Synthesis Kit (+gDNA wiper) (Vazyme, China) was used. To
carry out reverse transcription of miRNA, a First Strand
cDNA Synthesis Kit (by stem-loop) (Vazyme, China) was
utilized. Amplification of the target genes was done by
gPCR, and the ChamQ-Universal-SYBR qPCR Master Mix
was applied for the quantification (Vazyme). The following
describes the cycle conditions for RT-qPCR: first, de-
naturation was performed at 95°C for ten minutes, followed
by forty cycles of denaturation at 95°C for fifteen seconds
and annealing/elongation at 60°C for sixty seconds each.
Internal controls were determined using either GAPDH or
U6. The 2-CT technique was utilized in order to carry out the
task of determining the extent to which the target gene was
amplified. The involved primers were as follows: PRR15
forward: 5'-GCTCACCAACAGCAGAAAGAA-3', PRR15
reverse: CGGATTTGTCCCCGTATAACTTG; GAPDH
forward: 5-  ACAACTTTGGTATCGTGGAAGG-3/,
GAPDH reverse: 5'-GCCATCACGCCACAGTTTC-3'.

2.3. Cell Counting Kit-8 (CCK-8) Experiment. We used
a commercial product called CCK-8 to determine the vitality
of the cells. PTC cells with a density of 5x 107 cells per well
were seeded onto 96-pore dishes, and a further 10 ul of CCK-
8 solution was added for an additional two hours of growth.
It was determined that each well had an absorbance of
450 nm.

2.4. Data Processing. The datasets for papillary thyroid
carcinoma, also known as THCA, were gathered from two
different platforms. There was a search conducted in The
Cancer Genome Atlas (TCGA) database (https://portal.gdc.
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cancer.gov/repository) using the THCA database level 3
count. The values in the datasets that are part of TCGA have
been converted into transcripts per million (TPM). The
THCA clinical data were gathered by utilizing the UCSC
Xena browser, which may be found online at https://
xenabrowser.net/. In this retrospective study, we only
considered patients who had primary tumors and who had
not previously been treated with neoadjuvant chemotherapy
or radiation. Their survival data, together with their clini-
copathological, genetic, and epigenetic information, were
downloaded for a secondary study. The datasets containing
510 tumor samples and 58 normal samples were utilized in
this research project. The clinical information of all PTC is
shown in Table 1. Two different Gene Expression Omnibus
(GEO) datasets were examined for this study. Downloads
were made up of the series matrix files of GSE33630 (which
had 60 cases of thyroid cancer and 45 cases of normal tissue)
and GSE3678 (which contained 7 cases of papillary thyroid
carcinoma and 7 cases of normal tissue). Afterwards, the
gene expression in PTC and normal thyroid tissue was
compared using the normalized values of the genes.

2.5. Identification of Differentially Expressed mRNA (DEMs)
in PTC. The raw count data were first transformed into log2
form after being standardized with the transcripts per
million (TPM) method. The next step was the annotation of
19654 protein-coding genes. “Limma,” in its version 3.36.2
for the R programming language, was used in the DEM
calculations [23]. DEMs that had an absolute log2 fold
change (FC) of >1 and an adjusted P value of <0.05 were
taken into consideration for further study.

2.6. Estimation of TME Immune Infiltration. Bindea et al.
provided us with the gene set that could be used to represent
many sorts of immune cells that infiltrated the tissue. After
that, ssGSEA was applied to compute the number of im-
mune cells present based on the expression of the reference
gene contained within the gene set that was obtained from
the transcriptomic data. 24 types of immune cells were
enrolled in our study.

2.7. Statistical Analyses. R software version 3.5.3 was used to
carry out the statistical analyses. Student’s ¢-test and the chi-
square test were used to do a comparison between the two
groups. The ROC was an invaluable tool in establishing the
diagnostic value of PRR15 for PTC patients. Kaplan-Meier
analysis and the log-rank test were performed to identify
survival differences in TPC patients. A heat map and volcano
map were used to show the DEMs between PTC specimens
and nontumor specimens. A p <0.05 was considered to
indicate a statistically significant difference.

3. Results

3.1. Identification of DEMs between PTC Samples and Normal
Samples. In the first step of our research, we examined the
GSE3678 datasets, which contained both PTC and normal

samples. The limma program was utilized in order to
perform an analysis on the DEMs of the metadata. 574
DEMs were collected: 244 genes were upregulated and 330
genes were downregulated (Figure 1(a)). Similarly, we
analyzed GSE33630 datasets which included 60 tumor
samples and 45 normal samples, and 1229 mRNAs were
collected in which 615 mRNAs were upregulated and 614
mRNAs were downregulated (Figure 1(b)). To further
screen the critical functional genes involved in PTC
progression, we used a heat map to show the top 20
dysregulated mRNAs between PTC samples and normal
samples in GSE3678 (Figure 1(c)) and GSE33630
(Figure 1(d)). Finally, 17 overlapped DEMs were identi-
fied, including MPPED2, IPCEF1, SLC4A4, PKHDILI,
DIO1, CRABPI1, TPO, TFE3, SPX, TCEAL2, ZCCHC12,
SYTL5, PRR15, CHI3L1, SERPINAI, GABRB2, and
CITEDI1 (Figure 1(e)).

3.2. The Distinct Upregulation of PRR15 in PTC and Its Di-
agnostic Value. Among the 17 genes, our attention was
focused on PRR15 which was highly expressed in PTC
specimens compared with nontumor specimens in both
GSE3678 (Figure 2(a)) and GSE33630 datasets (Figure 2(b)).
Then, we analyzed TCGA datasets and also confirmed
PRR15 as an overexpressed gene in PTC (Figures 2(c) and
2(d)). In addition, the results based on TCGA datasets and
GTEx data were in line (Figure 2(e)). Then, we further
explored the possible diagnostic potential of higher PRR15
expression in screening PTC patients. As presented in
Figure 2(f), PRR15 had an AUC value of 0.926 (95% CI
0.902-0.950) for PTC based on TCGA datasets. Moreover,
a similar finding was observed based on TCGA datasets and
GTEx data (Figure 2(g)).

3.3. The mRNA Expression of PRR15 in Cancers. Data from
the TCGA datasets showed that PRR15 expressions were
distinctly higher in BRCA, CHOL, LIHC, LUSC, PAAD,
STAD, THCA, and UCEC, while its expression was dis-
tinctly lower in COAD, KICH, KIRC, KIRP, and PRAD
(Figure 3(a)). Based on TCGA and GTEx databases, we
found that more tumor specimens exhibited a higher level of
PRR15 (Figure 3(b)). Thus, our findings suggested that
PRR15 may exhibit a different role based on the types of
tumors. According to our results, its main function may be
a tumor promotor.

3.4. Association between PRR15 Levels and Clinicopathological
Parameters of PTC. We studied the relationship between
PRRI15 levels and the clinicopathological features of PTC so
that we might gain a better understanding of the clinical
relevance of PRR15 expression in patients with PTC. We did
not find distinct differences between the PRR15 expression
and several clinicopathological parameters of PTC, including
age (Figure 4(a)), gender (Figure 4(b)), T stage (Figure 4(c)),
and M stage (Figure 4(d)). However, we found that PTC
specimens with advanced N stage exhibited a higher level of
PRR15 than those with low N stage (Figure 4(e)).
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TaBLE 1: Association of PRR15 with clinicopathological characteristics of PTC patients.
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The low expression of

The high expression of

Characteristics PRRI5 PRR15 P
N 255 255
Gender, n (%) 0.691
Female 183 (35.9%) 188 (36.9%)
Male 72 (14.1%) 67 (13.1%)
Age, n (%) 0.723
<45 118 (23.1%) 123 (24.1%)
>45 137 (26.9%) 132 (25.9%)
M stage, n (%) 0.505
MO 138 (46.8%) 148 (50.2%)
M1 3 (1%) 6 (2%)
N stage, n (%) 0.025
NO 123 (26.7%) 106 (23%)
N1 99 (21.5%) 132 (28.7%)
T stage, n (%) 0.500
T1 65 (12.8%) 78 (15.4%)
T2 85 (16.7%) 82 (16.1%)
T3 89 (17.5%) 86 (16.9%)
T4 14 (2.8%) 9 (1.8%)
Age, median (IQR) 48 (35.5, 60) 46 (34, 56) 0.096
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FiGure 1: Identification of the DEMs between PTC specimens and nontumor specimens. (a)-(b) The number of DEMs found in the
GSE3678 and GSE33630 datasets is displayed using volcano charts. (c)-(d) The top 20 DEM:s found in the GSE3678 and GSE33630 datasets
are displayed on a heat map. (e) The genes that are shared by both GSE3678 and GSE33630 datasets are depicted in a Venn diagram.

3.5. PRR15 Expression Is Correlated with Immune Infiltration
Level in PTC. As shown in Figure 5(a), we found that PRR15
expression was positively correlated with eosinophils, NK
cells, NK CD56bright cells, IDC, macrophages, DC, mast
cells, and Thl cells. The representative diagram of the
correlation analysis between PRRI5 expression and
immune-infiltrating cells is shown in Figure 5(b).

3.6. Knockdown of PRR15 Suppressed the Proliferation of PTC
Cells. We used RT-PCR to see if PRRI5 expression was
abnormal in PTC cells, Nthy-ori 3-1 cells had decreased
PRR15 expression compared to PTC cell lines FTC-133,
8505C, TPCI1, and BCPAP cells (Figure 6(a)). Loss-of-
function experiments in vitro were carried out to examine
the biological significance of PRR15 in PTC cells. An

oligonucleotide (si-PRR15) transfection reduced the ex-
pression level of PRR15 considerably in 8505C and TPC1
cells (Figure 6(b)). CCK-8 assays showed that PRRI5
knockdown significantly reduced 8505C and TPC1 cell
growth when compared to negative control transfection
(Figures 6(c) and 6(d)).

4. Discussion

PTC has been shown to correlate with external radiation
exposure, dietary iodine content, and the subsequent dis-
turbance of thyroid stimulating hormone (TSH) levels
throughout the course of the past few decades [24, 25].
Today, a rising number of investigations are beginning to
focus on acquired genetic alterations that can discriminate
paratumor normal tissue from PTC specimens. The early
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diagnosis of PTC patients is very important, which can help  significantly expanded. In clinical settings, a number of other
doctors develop the best treatment plan. As a result, our  biomarkers, such as RET/PTC rearrangement, PAX8-PPAR
understanding of the molecular etiology of PTC has  rearrangement, BRAF mutations, and RAS mutations, have
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FiGUre 3: Expression level of PRR15 in different cancer types from (a) TCGA or (b) TCGA and GTEx data.

been employed [26, 27]. Therefore, screening sensitive
biomarkers would be of tremendous value for the cus-
tomized prevention and treatment of patients suffering
from PTC.

First, we analyzed the GSE3678 and GSE33630 datasets.
DEMs were analyzed by the use of the limma package. We
overlapped 17 DEMs, including MPPED2, IPCEF],
SLC4A4, PKHDI1L1, DIO1, CRABP1, TPO, TFF3, SPX,
TCEAL2, ZCCHC12, SYTL5, PRR15, CHI3L1, SERPINAL,
GABRB2, and CITED1. Among the above DEMs, several of
them have been reported to be involved in the progression
of several tumors. For instance, Zhang et al. reported that in
PTC, miR-222-3p had a high level of expression, while
SLC4A4 had a low level of expression. PTC cells were
shown to benefit from the presence of miR-222-3p in terms
of their ability to proliferate, invade, and migrate. These
stimulatory effects of miR-222-3p were able to be inhibited
by SLC4A4, as expected [28]. Lin et al. showed that TFF3
expression was shown to be increased in PTC tissue, and
this increase in expression was associated with lymph node

metastasis, pathological grade, and snail expression. TPC1
cells were significantly hindered in their capacity for
proliferation, adhesion, colony formation, migration, and
invasion after having their TFF3 levels significantly re-
duced. The findings showed that TFF3 might potentially
activate the MAPK/ERK signaling pathways mechanically
[29]. Wang and his group reported that the ZCCHC12 gene
was shown to be significantly amplified in primary PTC
cancers. Overexpression of ZCCHC12 was found to cor-
relate with lymph node metastases in both cohorts. In trials
conducted in vitro, a decrease in ZCCHC12 expression led
to a considerable inhibition of PTC cell colony formation,
motility, and invasion [30]. These findings suggested DEMs
as important regulators in progression of PTC. However,
the expression and function of PRR15 have not been in-

vestigated in PTC. In this study, we first reported that

PRR15 expression was distinctly increased in PTC cell

lines. PRR15 had an AUC value of 0.926 (95% CI

0.902-0.950) for PTC based on TCGA datasets. Moreover,

a similar finding was observed based on TCGA datasets and
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GTEx data, which confirmed the diagnostic value of PRR15
in screening PTC specimens from normal specimens. In
addition to this, we were able to demonstrate that inhib-
iting PRR15 in PTC cells led to a reduction in their rate of
proliferation. In general, our research indicated that PRR15
may serve as both a new diagnostic biomarker and an
oncogene in individuals with PTC.

Equally as crucial, our research revealed the connection
between PRR15 expressions and immune infiltration in PTC
by utilizing ssGSEA and Spearman correlation. We found
that PRR15 expression was positively correlated with eo-
sinophils, NK cells, NK CD56bright cells, IDC, macro-
phages, DC, mast cells, and Thl cells. Many tumors,
including bladder cancer, lung cancer, and melanoma, have
Th1/Th2 balanced drift in the body, and Th2 cells are often
dominant, which may be related to the immune escape of
tumors [31, 32]. There is a growing trend in research to try
and develop medications and technologies that can either
stabilize the Th1/Th2 balance or bring about a reversal of it
[33]. For example, the use of cytokines or cytokine antag-
onists in the therapy of cancers and other disorders to
reestablish a healthy balance between Thl and Th2 cells:
cytokines produced by Thl cells have the ability to shift the
Th1/Th2 equilibrium toward a Thl state while simulta-
neously decreasing the dominant expression of Th2 cells.

The opposite impact was produced by Th2 cytokines. Pa-
tients who have a higher than average number of infiltrating
DC in many different kinds of cancers have a better
prognosis than patients who do not have a higher than
average number of these cells [34]. There is a close associ-
ation between DC and the occurrence and progression of
cancers [35, 36]. The generation of a cellular immune re-
sponse that is dominated by CD8+ T cells is essential to the
production of an effective antitumor immune response.
These cells are also the foundation of DC as an
immunotherapy.

There are still some limitations in the current study. First,
this investigation looked back at previous events. Therefore, in
the future, there ought to be a prospective study carried out in
order to eliminate the analysis bias that is linked with studies
that are retrospective. Second, since the number of healthy
subjects who participated in the study to serve as controls was
significantly lower than the number of patients who partic-
ipated in the study to have cancer, additional research was
required to ensure that there was an equal distribution of
patients and healthy subjects among the samples. Last, the
purpose of this work, which was carried out in vitro, was to
investigate the possible role that PRR15 expression plays in
PTC progression. To validate our findings, we needed to
conduct additional tests on living animals.
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FiGURre 5: The expression level of PRR15 is related to the immune infiltration in the tumor microenvironment. (a) The amount of PRR15
expression shown to have a correlation with the relative abundances of 24 immune cells. The magnitude of the dots is representative of the
absolute value of Spearman (R). (b) A diagrammatic representation of the correlation analysis performed between PRR15 expression and
immune-infiltrating cells.
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FiGure 6: PRR15 overexpressed in PTC and its knockdown suppressed the proliferation of PTC cells. (a) In order to establish the level of
PRR15 expression in FTC-133, 8505C, TPC1, and BCPAP cells, RT-PCR analysis is utilized. (b) The expression of PRR15 distinctly
decreased in TPC1 and 8505C cells after the transfection of si-PRR15. (c)-(d) CCK-8 experiments applied to examine the function of PRR15
knockdown on TPC1 and 8505C cells. The experiments are repeated three times and each experiment is triplicated.

5. Conclusion

In our study, PRR15 was shown to be an important mo-
lecular biomarker with diagnostic significance and may have
a major impact on the modulation of immune infiltration in
PTC. This research work provides promising visions for
future research to elucidate the molecular pathogenesis of
PTC as well as its clinicopathological importance. It is
necessary to conduct randomized clinical trials in addition
to more research studies to investigate the underlying
mechanism and clinical applications for PTC patients.
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The purpose of this study was to identify the potential diagnostic biomarkers in hepatocellular carcinoma (HCC) by machine
learning (ML) and to explore the significance of immune cell infiltration in HCC. From GEO datasets, the microarray datasets of
HCC patients were obtained and downloaded. Differentially expressed genes (DEGs) were screened from five datasets of
GSE57957, GSE84402, GSE112790, GSE113996, and GSE121248, totalling 125 normal liver tissues and 326 HCC tissues. In order
to find the diagnostic indicators of HCC, the LASSO regression and the SVM-RFE algorithms were utilized. The prognostic value
of VIPR1 was analyzed. Finally, the difference of immune cell infiltration between HCC tissues and normal liver tissues was
evaluated by CIBERSORT algorithm. In this study, a total of 232 DEGs were identified in 125 normal liver tissues and 326 HCC
tissues. 11 diagnostic markers were identified by LASSO regression and SVM-RFE algorithms. FCN2, ECM1, VIRP1, IGFALS, and
ASPG genes with AUC>0.85 were regarded as candidate biomarkers with high diagnostic value, and the above results were
verified in GSE36376. Survival analyses showed that VIPR1 and IGFALS were significantly correlated with the OS, while ASPG,
ECM1, and FCN2 had no statistical significance with the OS. Multivariate assays indicated that VIPRI gene could be used as an
independent prognostic factor for HCC, while FCN2, ECM1, IGFALS, and ASPG could not be used as independent prognostic
factors for HCC. Immune cell infiltration analyses showed that the expression of VIPR1 in HCC was positively correlated with the
levels of several immune cells. Overall, VIPRI gene can be used as a diagnostic feature marker of HCC and may be a potential
target for the diagnosis and treatment of liver cancer in the future.

1. Introduction

Liver cancer is the sixth most common cancer in the world
and the fourth leading cause of cancer death [1]. The main
risk factors for primary liver cancer are viral infection
(mainly HBV and HCV), alcoholic and nonalcoholic stea-
tohepatitis, aflatoxin and parasitic infections, etc. Hepato-
cellular carcinoma (HCC) is the most common primary liver
malignancy, accounting for about 75% of all liver cancers
[2, 3]. Although some progresses have been made in the
diagnosis and treatments of HCC [4], more than 70%-80% of
patients are still diagnosed with liver cancer at a later stage,
and more than 15% of patients have extrahepatic spread at

the time of diagnosis, which leads to a poor outcome [5-7].
Up to now, early surgical resection of liver cancer is still the
most important and effective treatment. If the tumor is
detected at an early stage and surgically removed, the 5-year
survival rate of patients can exceed 70% and the prognosis is
better [8]. In recent decades, alpha-fetoprotein (AFP) has
been applied for HCC diagnosis [9]. The abnormal level of
AFP in plasma is closely related to the malignancy of liver
cancer, but due to insufficient sensitivity and specificity, the
effect of early diagnosis of liver cancer is still not ideal [8]. In
addition, AFP also increases in other benign and malignant
diseases, such as other forms of chronic liver disease, other
malignant tumors, pregnancy, and so on [7, 9]. So far,
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specific biomarkers are still needed to improve the accurate
detection of early or very early liver cancer [9]. Therefore, it
is particularly important for the early diagnosis of HCC and
the search for specific diagnostic markers.

In recent years, bioinformatics has developed rapidly
in the field of medicine. Comprehensive bioinformatics
analysis and microarray technology can be used to
identify various disease-related genes and their biological
functions, which is helpful to clarify the potential
mechanisms of disease occurrence and development
[10-13]. However, with the increase of the amount and
complexity of cancer omics research data, cutting-edge
technologies such as ML algorithms have been developed
to deal with the increasingly large and complex cancer and
other multiomics data [14, 15]. ML is a rapidly growing
core subfield of artificial intelligence (AI), which enables
computer technology to learn from data processing and
selfimproves to predict results without explicit pro-
gramming [16, 17]. There are two goals for the use of ML
in medical biology: the first is to make accurate pre-
dictions in the absence of experimental data and to guide
the follow-up research work through these predictions;
the second is to use machine learning to deepen our
understanding of medical biology [18]. Today, ML is
widely recognized as a significant innovation and a pio-
neering method in the field of cancer multiomics data
analysis. This method, which seeks to predict, diagnose,
categorize, and identify biomarkers, plays a vital role in
cancer research. The combination of ML and traditional
bioinformatics is used to classify and identify diagnostic
biomarkers of cancer, which can greatly improve the
accuracy of identifying biomarkers of cancer and provide
new guidance for the early diagnosis and treatment of
cancer [14, 15, 19].

We downloaded several HCC microarray datasets
from the GEO database for the identification of DEGs
between HCC tissues and nontumor tissues and combined
with ML algorithms to identify diagnosis biomarkers in
DEGs for further research. Our findings suggested VIPR1
as a novel diagnostic and prognostic biomarker for HCC
patients.

2. Materials and Methods

2.1. Data Download and Processing. The microarray datasets
of HCC samples were downloaded from the GEO database
(http://www.ncbi.nlm.nih.gov). After screening, GSE57957,
GSE84402, GSE112790, GSE113996, GSE121248, and
GSE36376 datasets were included in our research (Table 1).
Among them, GSE57957 included 39 normal specimens and
39 liver cancer specimens, and the platform was from
GPL10558; GSE84402 included 14 normal specimens and 14
liver cancer tissues, and the platform was from GPL570;
GSE112790 included 15 normal specimens and 183 liver
cancer tissues, and the platform was from GPL570;
GSE113996 included 20 adjacent nontumor tissues and 20
liver cancer tissues, and the platform was from GPL16043;
GSE121248 included 37 adjacent tissues and 70 liver cancer
tissues, and the platform was from GPL570; and GSE36376

Journal of Oncology

TaBLE 1: Characteristics of mRNA expression profiles of HCC.

Sample number

GEO series  Expression type  Platform
Normal Tumor

GSE57957 mRNA GPL10558 39 39
GSE84402 mRNA GPL570 14 14
GSE112790 mRNA GPL570 15 183
GSE113996 mRNA GPL16043 20 20
GSE121248 mRNA GPL570 37 70
GSE3637 mRNA GPL10558 193 240

included 193 adjacent nontumor tissues and 240 liver cancer
tissues, and the platform was from GPL10558. Following the
instructions in the platform file, the probes were renamed to
their corresponding gene terms, and the samples were
separated into tumor and normal subgroups. Using the
limma and SVA packages of R software, the data of
GSE57957, (GSE84402, GSE112790, GSE113996, and
GSE121248 chips were collected into a metadata queue and
corrected in batches. The experimental group consisted of
125 cases of nontumor liver tissues and 326 cases of HCC
liver tissues. The verification group consisted of the
GSE36376 dataset. The clinical data of HCC patients were
downloaded from TCGA datasets.

2.2. Screening of Differentially Expressed Genes (DEGs).
Using the limma package of R software, the experimental
group microarray datasets (GSE57957, GSE84402,
GSE112790, GSE113996, and GSE121248) were filtered with
[logFC|>1.0 and adj. P.val < 0.05 as the thresholds to
obtain DEGs. DEGs were visually drawn with heat map and
volcano map through the pheatmap and ggplot2 packages of
R software.

2.3. Functional Enrichment Analyses of DEGs. Gene Ontol-
ogy (GO) is the most comprehensive gene function database
at present. To explore the biological pathways and functions
of related genes, KEGG can be used for biological in-
terpretation of genomic sequences and other high-
throughput data [20] and can provide additional in-
formation about how genes interact in pathways [21].
Disease Ontology (DO) integrates data about human dis-
eases. It can be used to annotate the human genome and
better show the characteristics of current human diseases to
see which diseases are enriched for differential genes
[22-24]. In this study, we used the clusterProfiler package to
carry out GO, KEGG, and DO enrichment analyses of DEGs
under the conditions of P-value < 0.05 and g-value < 0.05 to
understand the biological functions and involved diseases
of DEGs.

2.4. Gene Set Enrichment Analysis (GSEA). Enrichment
analysis using GSEA was performed in order to identify the
functional items that differed most significantly between the
HCC group and the control group. The GSEA enrichment
analysis of the gene set was performed by the use of the
clusterProfiler ~package of the R software. The


http://www.ncbi.nlm.nih.gov

Journal of Oncology

c2.cp.kegg.v7.4.symbols.gmt gene set was chosen as the
enrichment analysis gene set.

2.5. Identification of Diagnostic Biomarkers by LASSO Re-
gression and SVM-RFE Algorithms. LASSO is a regression-
based algorithm performed through successive shrinking
operations that minimize regression coefficients to reduce
the possibility of overfitting [25], thereby reducing re-
dundancy and eliminating irrelevant genes from these an-
alyses [26]. SVM is one of the best choices for feature
selection, and it is also the most commonly used classifier for
the microarray data [27]. SVM-RFE is a feature selection
algorithm based on SVM [28]. In order to define the
minimum classification error and avoid overfitting, the
SVM-REFE algorithm is used to select the optimal genes
[27, 29]. Therefore, two ML algorithms have been widely
used to identify biomarkers and predict accurate and in-
terpretable models. In our research, we used glmnet package
to run LASSO regression algorithm and 1071 package to
build SVM model. The value with the least cross-validation
error was found as the feature markers of HCC by two ML
algorithms of LASSO regression and SVM-RFE.

2.6. Diagnostic Value of Feature Biomarkers in HCC. The
AUC value was analyzed to determine how valuable each
feature gene was as a diagnostic tool. The ROC curve of each
feature gene was generated from the mRNA expression data
of 125 normal liver tissues and 326 HCC tissues in the
experimental group by using the pROC package of R
software. The accuracy of disease diagnosis was judged by
AUC value, and genes with AUC > 0.85 were identified as
high diagnostic value genes for further research.

2.7. Validation of the Differential Expression and Diagnostic
Value. We used the GSE36376 dataset to verify expressions
and diagnostic values of the candidate genes in order to
further investigate whether the candidate genes exhibited
a diagnostic significance for HCC patients.

2.8. The Correlations of Diagnostic Genes with OS and Clin-
icopathological Characteristics of Patients. Analyses of the
associations of diagnostic genes with overall survival and
clinicopathological characteristics of patients were per-
formed using data from the TCGA-LIHC transcriptome as
well as clinical information. Kaplan-Meier methods were
applied to investigate the connections between diagnostic
genes and OS, and the survminer package of the R software
was applied to develop the survival curves. Both of these
analyses were performed using the survival package. The
univariate and multivariate assays were applied to in-
vestigate the predictive power of each diagnostic gene
in HCC.

2.9. Evaluation of Immune Cell Infiltration. In recent years,
we have come to the realization that immune cell infiltration
was involved in tumor progression. The percentage of

infiltrating immune cells that can be found in malignant
tumors has a direct bearing on the growth and spread of
tumors, as well as the development of cancer and the pa-
tients’ overall prognoses [30, 31]. CIBERSORT is a bio-
informatics analysis tool that can evaluate the proportions of
immune cells [32]. The content of immune cell infiltration
can be obtained from each sample, and then the correlations
between immune cells can be analyzed. When comparing
the amounts of immune cell infiltration seen in liver cancer
tissues and normal liver tissues, we employed the CIBER-
SORT algorithm to do our comparisons. Following the
exclusion of the data containing the value 0, the corrplot
package of the R software was utilized to generate the
pertinent heat map in order to identify correlations between
the immune cells contained within the samples.

2.9.1. Correlations between Diagnostic Genes and Immune
Cells. Spearman rank correlation analysis was applied for
the study of the relationships between the identified di-
agnostic markers and immune cells.

2.10. Statistical Analysis. All the above analyses were per-
formed using R (4.1.3) and Perl software. Comparisons
between two independent groups were analyzed by Student’s
t-test. The survival curves were calculated by the
Kaplan-Meier method and the difference by the log-rank
test. Moreover, the prognostic significance of the related
genes was valued by Cox regression analysis. A P <0.05 was
considered statistically significant.

3. Results

3.1. Identification of the DEGs in HCC Datasets. In this study,
the data of 125 normal liver tissues and 326 HCC tissues in
the experimental group (GSE57957, GSE84402, GSE112790,
GSE113996, and GSE121248) were analyzed by the use of the
limma package. A total of 232 DEGs were screened, of which
58 genes were significantly upregulated and 174 genes were
significantly downregulated (Figures 1(a) and 1(b)).

3.2. Functional Enrichment Analyses of DEGs. The biological
functions of DEGs were analyzed by GO, KEGG, and DO
enrichment analyses. GO enrichment analysis showed that
BP of DEGs was enriched in terpenoid metabolic process,
olefinic compound metabolic process, amino acid metabolic
process, and small molecule catabolic process. The CC is
mainly enriched in collagen-containing extracellular matrix;
MF was remarkably enriched in oxidoreductase activity
(Figure 2(a)). KEGG assays revealed that DEGs were mainly
concentrated in retinol metabolism, cytochrome P450,
chemical carcinogenesis-DNA adducts, various amino acids,
and other biological metabolic activities, etc (Figure 2(b)).
DO assays indicated that DEGs were involved in cancer-
related diseases such as hepatitis, nonsmall cell lung carci-
noma, liver cirrhosis, biliary tract cancer, chol-
angiocarcinoma, esophageal cancer, and so on (Figure 2(c)).
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(b)

F1GURE 1: DGSs between normal liver tissues and HCC tissues in GSE57957, GSE84402, GSE112790, GSE113996, and GSE121248 datasets.

(a) The volcano plots of DEGs. (b) The heat map of DEGs.

3.3. GSEA Enrichment Analysis. The GSEA enrichment
analysis showed that complement and coagulation cascades,
cytochrome P450, glycine serine and threonine metabolism,
retinol metabolism, and tryptophan metabolism were highly
active in normal liver tissues, while spliceosome, ribosome,
proteasome, DNA replication, and cell cycle were highly
active in HCC samples (Figures 3(a) and 3(b)).

3.4. Identification of Feature Biomarkers. We used two dif-
ferent ML algorithms of LASSO regression and SVM-RFE to
identify potential biomarkers of HCC. 26 genes were ob-
tained as diagnostic markers of HCC by using LASSO re-
gression algorithm to narrow the range of DEGs
(Figure 4(a)). 31 feature genes in DEGs were identified by the
SVM-RFE algorithm (Figure 4(b)). Then, 11 diagnostic
feature genes were obtained by intersecting the two sets of
algorithms (Figure 4(c)).

3.5. Diagnostic Value of Feature Biomarkers in HCC.
With AUC>0.85 as the threshold, five diagnostic feature
genes of FCN2, ECM1, VIPRI1, IGFALS, and ASPG were
identified for further research. As shown in the Figures 5(a)-
5(e), the AUC values of FCN2, ECM1, VIPR1, IGFALS, and
ASPG were 0.877 (95% CI 0.832-0.915), 0.870 (95% CI
0.827-0.908), 0.871 (95% CI 0.827-0.912), 0.856 (95% CI
0.811-0.899), and 0.857 (95% CI 0.813-0.898), which in-
dicated that these five feature genes had a high diagnostic
ability.

3.6. Validation of the Differential Expressions and Diagnostic
Values. In order to obtain more reliable results, we used the
GSE36376 dataset to validate our results. The results showed
that the expressions of FCN2, ECM1, VIPR1, IGFALS, and
ASPG were significantly downregulated in HCC (P <0.05,

Figures 6(a)-6(e)), and all of them had high diagnostic
values (AUC > 0.85) (Figures 6(f)-6(j)).

3.7. The Correlations of Diagnostic Genes with OS and Clin-
icopathological Characteristics of Patients. First of all, we
analyzed the relationships between diagnostic genes and OS of
patients. The results showed that the patients with lower ex-
pression of VIPR1 and IGFALS predicted shorter OS (P < 0.05),
while the expressions of FCN2, ECM1, and ASPG had no
statistical significance with OS (Figure 7(a)). To further screen
the diagnostic genes with clinical prognostic value, we analyzed
the relationships between the diagnostic genes and clinico-
pathological characteristics of HCC patients and performed Cox
regression analyses. The results showed that the lower expres-
sion of VIPR1 was associated with the poor differentiation of
tumor grade classification and malignant progression of clinical
stage (P <0.05) (Figures 7(b) and 7(c)). Multivariate assays
demonstrated that VIPR1 could be used as an independent
prognostic factor for HCC (P < 0.05), while other diagnostic
genes could not be used as independent prognostic factors for
HCC (Figures 8(a)-8(e)). Finally, we identified VIPRI as
a prognostic feature biomarker gene for diagnosing HCC.

3.8. Evaluation of Immune Cell Infiltration. We used the
CIBERSORT algorithm to calculate the proportions of im-
mune cells in the data set of normal liver tissues and HCC
tissues (Figure 9(a)). Then, the correlations between dif-
ferent immune cells were evaluated. The heat map showed
that T cells CD8 was positively correlated with T cells CD4
memory activated (R=0.35), T cells follicular helper
(R=0.33), and macrophages M1 (R=0.30); mast cells ac-
tivated was positively correlated with neutrophils (R =0.33);
and monocytes were positively related to dendritic cells
activated and NK cells resting (R =0.33). The heat map also
showed that T cells CD4 memory resting was negatively
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FiGure 2: Functional enrichment analyses of DEGs. (a) GO enrichment analysis of DEGs, including BP, CC, and MF. (b) KEGG enrichment

analysis of DEGs. (c) DO enrichment analysis of DEGs.

correlated with T cells CD8 (R =-0.52) and T cells follicular
helper(R =-0.41); mast cells activated was negatively related
to mast cells resting (R=-0.42); and macrophages M0 was
negatively correlated with macrophages MI1(R=-0.41)
(Figure 9(b)). In addition, the results of the CIBERSORT
algorithm showed that the proportions of T cell regulator-
y(Tregs) and macrophages M0 in HCC tissues were sig-
nificantly higher than that in normal tissues (P < 0.05), while

the proportions of T cell gamma delta and macrophages M1
in HCC tissues were significantly lower than that in normal
tissues (P <0.05) (Figure 9(c)).

3.9. Correlation between VIPRI and Immune-Infiltrating
Cells. As shown, VIPR1 was positively correlated
with T cell gamma delta (R=0.33), T cell CD4 memory
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resting (R=0.25), macrophages M2 (R=0.2), and
monocytes (R=0.2) (P<0.05). VIPR]I was negatively
correlated with macrophages M0 (R=-0.41), NK cells
activated (R=-0.29), T cell regulatory (Tregs)
(R=-0.25), and T cells follicular helper (R=-0.23)
(P<0.05) (Figures 10 and 11).

4. Discussion

Despite the significant leaps forward that have been achieved
in both the diagnosis and treatment of HCC, there are still
a significant number of patients who are diagnosed with the
disease at a more advanced stage, which results in a low rate
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of patient survival. AFP is the most commonly used bio-
marker for monitoring liver cancer, but it is still not ideal for
early diagnosis of liver cancer due to its lack of sensitivity
and specificity. Therefore, it is of great significance to find
and study specific biomarkers for early diagnosis of HCC. In
this study, we identified VIPR1 as a diagnostic feature
biomarker for HCC based on a combination of the ML
algorithms and traditional bioinformatics. In addition, we
compared the immune cell infiltration seen in HCC tissues
to that shown in normal liver tissues, and we also in-
vestigated the relationship between VIPR1 and immune cell
infiltration.

We downloaded multiple HCC microarray datasets from
the GEO database. 232 DEGs were identified in 125 normal
liver tissues and 326 HCC tissues. The DEGs were mainly
enriched in small molecule catabolic process, amino acid
metabolic process, and other biological processes. Small
molecules are natural compounds with relatively small mo-
lecular weight, usually referring to biological molecules with
relative molecular weight less than 1000 Dalton (especially less
than 400 Dalton), which can participate in many biological
processes including metabolic reactions. Studying the small
molecules in metabolic pathway will help people design drugs
for human diseases more effectively [33]. In addition, small
molecular metabolites are sensitive to endogenous and exog-
enous changes in the body and have great potential and value in
identifying the state and phenotype of liver cancer cells [34, 35].

In cancer, malignant cells usually exhibit greater pro-
liferative capacity and metabolism than nonmalignant cells.
Due to the increased demand for growth and metabolism, an
adequate supply of amino acids is necessary for cancer cells
to maintain their ability to proliferate. In addition, this rapid
growth and metabolism may also exhibit a vulnerability
specific to cancer, which is an increase in the demand for
amino acids [36, 37]. KEGG assays revealed that DEGs were
mainly enriched in retinol metabolism, cytochrome P450,
chemical carcinogenesis-DNA adducts, various amino acids,
and other biological metabolic activities and other tumor-
related pathways. DO assays suggested that DEGs were
involved in various cancers and related diseases such as
hepatitis, nonsmall cell lung carcinoma, liver cirrhosis,
biliary tract cancer, cholangiocarcinoma, and esophageal
cancer. These results suggest that DESs are activated in many
cancer-related pathways.

The retinoid metabolites are involved in a wide range of
biological processes, such as cell differentiation, apoptosis,
and inflammatory reaction [38]. In the human body, more
than 70% of retinol metabolites are stored in the liver, so
changes in their content may be involved in the occurrence
and development of liver cancer [39]. Cytochrome P450
(CYP450) refers to an enzyme that is abundant in the
smooth endoplasmic reticulum of hepatocytes and small
intestinal epithelial cells. It is involved in the synthesis of
various hormones and affects hormone-related cancer,
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FIGURE 8: Univariate and multivariate Cox regression analyses between diagnostic genes and other clinical characteristics. (a) FCN2, (b)

ECM1, (c) VIPRI, (d) IGFALS, and (e) ASPG.

which plays an important role in the metabolism of many
anticancer drugs [40]. Long-term exposure to chemical
carcinogens has been linked in certain studies to the for-
mation of DNA adducts, and experts believe that a higher
concentration of these adducts may raise the risk of
tumorigenesis [41].

GSEA enrichment results showed that cell cycle, DNA
replication, proteasome, ribosome, and spliceosome were
highly active in hepatocellular carcinoma, which may be
closely related to the occurrence and development of he-
patocellular carcinoma. In order to improve the diagnostic
and clinical availability of HCC diagnostic markers, we used
the LASSO regression algorithm to minimize regression
coefficients to reduce overfitting and the SVM-RFE algo-
rithm to generate the minimal classification error, and the
two ML algorithms took the intersection to select the op-
timal feature genes. Then, the feature genes were analyzed
for the correlations with survival prognosis and clinico-
pathological characteristics for further screening. Finally,
VIPRI was identified as a diagnostic feature marker of HCC.

VIPRI is a G protein-coupled receptor that is primarily
found in normal tissues and plays a vital role in a variety of
physiological tasks, including the metabolism of glycogen
and the regulation of the immune system [42]. According to
the findings of earlier research, VIPR1 has been found to
have a variety of expressions and functions, depending on
the specific type of malignant tumor. For example, VIPR1

was highly expressed in breast, gastric, and colon cancers,
while it was significantly low expressed in lung, liver, and
other cancers [42-45]. In breast cancer, VIP or VPACI1
receptor antagonists can enhance the killing ability of
chemotherapy on breast cancer cells [46]. Functionally,
elevated VIPR1 expression in gastric cancer promotes the
malignant progression of gastric cancer by increasing the
potential of gastric cancer cells to metastasis to distant re-
gions. Ca2+ signaling is required for the carcinogenesis and
progression of gastric cancer, and activation of VIPRI by
VIP can stimulate TRPV4-mediated Ca2+ entry [43]. It has
been shown that the overexpression of VIPRI in colon
cancer may be related to the activation of EGFR, which can
lead to poor differentiation of colon cancer, thereby pro-
moting cancer progression. In addition, the overexpression
of VIPRI in tumor vessels and macrophages may play an
important role in cancer invasion [44]. However, the ex-
pression of VIPRI1 is lower in lung cancer tissues than in
adjacent tissues, and overexpression of VIPR1 in lung cancer
cells can inhibit cell proliferation, invasion, and migration
[45, 47]. In HCC, VIPR1 mRNA expression is negatively
correlated with DNA methylation, and the transcriptional
silencing of VIPR1 caused by DNA methylation may con-
tribute to the development of HCC [42]. The above studies
have shown that VIPR1 plays different roles in different
cancers, which is involved in the proliferation, invasion,
migration, and differentiation of cancer cells.



10

100%

0%

Relative Percent

Journal of Oncology

«d o 005 02 038 008 007 041 <013 01 082 0 005 ~0A7 005 0.5 ~024 -003 -007

] s o a0 oo or s oo [ o0 oM

023 016 0 -02 -0.05 -0.04 -0.03 016 ~014 -0.08 =032 0.22

o e

wn oo [lam on 41 -2 o Sk -0

g 026 =018 -0.11 034 01 -001 0 =015 009 02 -027 -019 -004 01 01 001 042 008 0

vaes )2 oo Ca2 0z 01 ez oot oz fa a1 o [ll-0m -0nt 00 00 01 01016 0w
048 -0.08 -0.01 ~0.05 -0.07 015 -0.47 02

003 005 -0.01 -0.09 006 0.04

ng ~021 <021 -02 -005 -0A7 -002 -003 0 007 -0.04 -0.09 -0.06 003 005 011 005 0 o008

N T R
o R B [l o 556 o2
B e PR D

o I e ol B e o [ e e o o [

(b)

. p=0805
05 4 0174 B

p<0.001

p=0010

o
i od
o
02 o4 7
iz
P=0.575 |
Nk -
i
ST Ll AW
H 2 K

F1GURE 9: Evaluation of immune cell infiltration. (a) Pattern of infiltration of immune cells in normal and tumor tissues. (b) Correlations
between different immune cells. (¢) The difference of immune cell infiltration between normal liver tissues and HCC tissues.

In recent years, it has been abundantly obvious that
the infiltration of immune cells plays a key role in both the
beginning and the progression of malignancies. This in-
formation was uncovered as a direct consequence of re-
cent research. Therefore, investigating the components of
immune infiltration cells in HCC and locating diagnostic
biomarkers for the diagnosis of HCC could potentially
impact the clinical results of HCC patients. We used
a bioinformatics technique known as CIBERSOTR to
determine the relative amounts of immune cell infiltration
in normal liver tissues and HCC tissues so that we could
further investigate the function that immune cell in-
filtration plays in the development of HCC. We found that
the proportions of T cell regulatory (Tregs) and macro-
phages MO in HCC tissues were significantly higher than
that in normal tissues.

In addition, the expression of VIPRI in HCC was
positively correlated with the levels of T cell gamma delta
(0.33), T cell CD4 memory resting (0.25), macrophages
M2 (0.2), and monocytes (0.2), while the expression of
VIPRI1 was negatively correlated with macrophages MO0

(0.41), NK cells activated (0.29), T cell regulatory (Tregs),
and T cell follicular helper (0.23). According to the pre-
vious studies, macrophages are central players in liver
fibrosis and play a bidirectional role in the regulation of
matrix deposition and catabolism [48]. Monocytes can
influence the tumor microenvironment through mecha-
nisms such as induction of immune tolerance, angio-
genesis, and increased tumor cell dissemination [49]. In
addition, peritumoral monocytes can induce autophagy of
tumor cells and promote the occurrence and development
of liver cancer [50]. In hepatocellular carcinoma (HCC),
T cell gamma delta shows potent antitumor efficacy and
has played an important role in tumor monitoring and
antitumor immunity [51]. Tregs have the ability to pro-
duce an immunosuppressive tumor environment by re-
leasing a variety of inhibitory cytokines. Additionally,
Tregs have the potential to lead to immunological dys-
function in HCC through a number of different mecha-
nisms [52]. The above research evidence and our findings
suggested that various types of immune cell infiltrations
played an important role in the pathogenesis of HCC.



Journal of Oncology

T cells gamma delta

T cells CD4 memory resting
Macrophages M2
Monocytes

NK cells resting

Mast cells resting

B cells memory

Plasma cells

Neutrophils

T cells CD8

Dendritic cells resting
Dendritic cells activated
T cells CD4 memory activated
B cells naive

Mast cells activated
Macrophages M1

T cells CD4 naive
Eosinophils

T cells follicular helper

T cells regulatory (Tregs)
NK cells activated
Macrophages M0

FiGgure 10: Lollipop plot of the correlations between VIPRI and infiltrating

00{ w'emer s mbe

Correlation Coefficient

R=033,p=000021 ° R=025p=00072

2 00] o et

11

<0.001
0.007
0.030
0.033
0.061  abs(cor)
0.116 ® o1
0.343 ® o
0575 @ 03

0755 @ o4

0.845 . 0.5

0.926

0.810

0.760

0.520

0.343 pvalue
0.224 0
0.164 0.2
0.051 0.4
0.014 0.6
0.007 0.8
0.001 1
<0.001

immune cells.

R=03p=0033

5 7 5
VIPRI expression

Macrophages Mo

NK cellsactivated

T cels follicular helper

000] o

5 T

7 H
VIPRI expression

H & 7 ]
VIPRI expression

FIGURE 11: Scatter plot of the correlations between VIPRI and infiltrating immune cells.



12

5. Conclusions

In summary, VIPR1 can be used as a diagnostic feature
marker of HCC, which is distinctly related to the occur-
rences, developments, and immune cell infiltration of HCC.
It can also be used as an independent prognostic factor of
HCC and may become a potential target for the early di-
agnosis and treatment of HCC in the future.
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