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This study aimed to using bioinformatics tools, gPCR, and the immunohistochemical analysis to find out factors related to the
early diagnosis and prognosis of kidney renal clear cell carcinoma (KIRC). The expression profiles of IncRNA, miRNA, and
mRNA of KIRC were downloaded from The Cancer Genome Atlas database. A ceRNA regulatory network was constructed based
on the interaction between these three differentially expressed genes. The CIBERSORT deconvolution algorithm was used to
analyze the differential distribution of 22 types of immune cells. The Kaplan—Meier survival and Cox analyses were used to screen
genes of the ceRNA network and also immune cell subtypes related to the clinical and prognostic prediction of KIRC. Co-
expression regulatory relationships were found among LINC01426, LINC00894, CCNA2, L1 cell adhesion molecule (L1ICAM),
and T follicular helper cells, which served as potential biomarkers. The results of quantitative reverse transcriptase-polymerase
chain reaction showed that LINC01426 was upregulated while LICAM was downregulated in KIRC, but no difference was found
in the expression levels of LINC00894 and CCNA2 in cancer and adjacent samples. The immunohistochemical analysis showed
that T follicular helper cells were more concentrated in core tissues and metastases of KIRC. In a word, co-expression relationships
were found among LINC01426, L1CAM, and T follicular helper cells, and they may serve as biomarkers for early diagnosis and
prognostic evaluation of KIRC.

1. Introduction

Kidney renal clear cell carcinoma (KIRC) originates from
proximal tubular epithelial cells [1]. It is the most common
and aggressive subtype of renal cancer, accounting for ap-
proximately 75%-80% [2]. Most patients are diagnosed in
the advanced stage because the initial clinical symptoms and
signs of KIRC are relatively hidden [3]. Compared with
other subtypes of kidney cancer, KIRC has a higher

recurrence rate and metastasis rate. Although surgical
treatment, molecular-targeted therapy (sorafenib and
sunitinib), immunotherapy (interleukin-2), and other
treatments developed in recent years have greatly improved
the survival time of patients; the 5-year survival rate is still
less than 10% [4, 5]. Therefore, a biomarker that can detect
KIRC early and predict its prognosis needs to be identified.

Salmena et al. formulated a hypothesis about ceRNA in
2011; they believed that long noncoding RNAs (IncRNAs)
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use some core seed sequences to adsorb the corresponding
miRNA, thereby interfering with the abundance of target
gene mRNA and affecting gene expression [6]. A large
number of studies have shown that ceRNA played a vital role
in the occurrence, development, and prognosis of tumors
[7]. For example, Wang et al. experimentally proved that
IncRNA UCA1 was used as the ceRNA of miR-182-5p to
positively regulate the expression of Delta-like4 (DLL4),
thereby promoting the malignant phenotype of renal cancer
cells and playing a carcinogenic role in the pathogenesis of
renal cancer [8]. Human immune surveillance is an im-
portant immune function of the body to prevent tumors, and
evading the destruction of the body’s immune function is
one of the important mechanisms of tumors [9, 10]. In
recent years, the distribution and density of local immune
cells have received wide attention from scholars in tumor
diagnosis and prognostic evaluation [11]. Studies have
shown differences in infiltrating immune cells in different
types of sarcoma [12]. Liang et al. found that Janus Kinase 3
(JAK3) moderately to strongly positively correlated with the
abundance of B cells, CD8+ T cells, CD4+ T cells, neutro-
phils, and dendritic cells in KIRC, which may become po-
tential biomarkers of KIRC [13]. Although a large number of
studies have explored the correlation between infiltrating
immune cells and tumor occurrence, development, prog-
nosis, and so on, the specific mechanism of action in tumors
has not yet been clearly elucidated.

This topic analyzed the potential roles of the ceRNA
network and tumor-infiltrating immune cells in KIRC in
tumorigenesis, metastasis, and prognosis. A flowchart
explaining this process is given in Figure 1. In conclusion,
this study might offer new ideas for prognostic monitoring
of patients with KIRC and research on new treatment
methods.

2. Materials and Methods

2.1. Data Acquisition and Differential Expression Analysis of
Genes. Metadata files, manifest files, and cart files of KIRC
transcriptome and miRNA and patient clinical information
were downloaded from The Cancer Genome Atlas (TCGA)
database. After decompressing the cart file, the Perl script
was run to obtain the original transcriptome and miRNA
matrix files. The gene names were converted using the
human. gtf file downloaded from the Ensembl database and
the mature. fa file downloaded from the miRBase database.
DESeq2 package in R4.0.2 software was used for differential
expression analysis to obtain differentially expressed
IncRNAs, miRNAs, and mRNA ((false discovery rate, FDR)

<0.05, |log (fold change)| > 2).

2.2. Construction of the ceRNA  Network.
LncRNA-miRNA and miRNA-mRNA interactions pre-
dicted from the miRcode [14] and StarBase [15] databases,
respectively, showing significant results in hypergeometric
testing and correlation analysis, were selected for the vi-
sualization of the ceRNA network using the Cytoscape 3.7.2
software.

Journal of Oncology

2.3. Clinical Significance of the ceRNA Network in KIRC.
Single-factor Cox regression, lasso regression, and multi-
factor Cox regression analyses were performed on all genes
in the ceRNA network, and a risk scoring model was built for
the selected genes. The diagnostic value of the model was
assessed through the risk survival curve and receiver op-
erating characteristic (ROC) curve. The Kaplan-Meier
survival method was employed to perform the survival
analysis of all genes in the network in batches.

2.4. Abundance Analysis and Differential Expression Analysis
of Infiltrating Immune Cells. The gene expression feature set
of 22 types of immune cell subtypes was downloaded from
the CIBERSORT website. Based on the gene expression
profile, the e1071 package was run to obtain the abundance
of infiltrating immune cells and statistical accuracy (P value)
of 22 types of immune cells in each sample (the number of
permutations was set to 1000). The samples with P <0.05
were retained for subsequent analysis. The difference in
immune cells between KIRC tissue and adjacent tissues was
analyzed by a two independent-sample ¢ test.

2.5. Survival Correlation Analysis of Infiltrating Immune Cells
in KIRC. Single-factor Cox regression, lasso regression, and
multifactor Cox regression analyses were conducted on
infiltrating immune cells to build a risk assessment model.
The risk survival curve and ROC curve were drawn to
evaluate the diagnostic value of the model. The correlation
between immune cell subtypes and clinical metastasis was
predicted using the Wilcoxon rank-sum test (The clinical
research objects are all T staging in TNM). The
Kaplan-Meier survival method was used to analyze the
survival of all immune cells with different distributions.

2.6. Co-expression Analysis of Genes in the ceRNA Network
and Immune Cells. The relationship between ceRNAs and 22
types of immune cells was investigated using Pearson’s
correlation coefficient.

2.7. Quantitative Reverse Transcriptase-Polymerase Chain
Reaction. Quantitative reverse transcriptase-polymerase
chain reaction (qQRT-PCR) was used to quantitatively ex-
press key genes in the ceRNA network. Clinical tissue cDNA
chips were purchased from Shanghai Outdo Biotech Co.,
Ltd. The chip lot number was cDNA-HKidE030CS01 (15
cases of renal clear cell carcinoma, 1 spot on the cancer/
adjacent, the RNA of the frozen sample was reverse-
transcribed into ¢cDNA and spotted on a 96-well plate,
and the samples covered clinical stage 1, stage 2, and stage
3.). The relative expression levels of IncRNA and mRNA in
cancer and adjacent cancer samples of KIRC were detected
using the PerfectStart Green qPCR SuperMix (TransGen
Biotech, China) following manufacturer’s instructions.
Primers for IncRNA and mRNA are shown in Table 1. The
reaction conditions were predenaturation at 94°C for 30
seconds; 94°C for 5 seconds, 60°C for 30 seconds, 40 cycles;
finally, the temperature was lowered to 37°C for 20 min until
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KIRC gene expression profiles and clinical data were
downloaded from the TCGA database

!

Differentially expressed IncRNA, miRNA,
mRNA in KIRC

Analysis of the infiltration abundance of
22 types of immune cells in KIRC

Construction of the KIRC-specific ccRNA
network

Differentially distributed immune cells
in KIRC

|

Survival correlation analysis of all genes in
the ceRNA network

Survival correlation analysis on all
immune cells

!

Co-expression analysis between genes in the ceRNA network
and tumor infiltrating immune cells related to KIRC survival

Validation in KIRC clinical samples (QRT-PCR detection and
immunohistochemical analysis)

FIGURE 1: A flowchart depicting the analytical process.

TABLE 1: Primers for IncRNA and mRNA.

Gene Primer sequence (5'-3')

F ACTGTCCCTTTATCACCCTT
LINCO1426 R CGTTGAAGCTCCTTGCCTAT

F GCTCCTGGGACCACATTA
LINC00894 R TAGTACAAGCTGAGGCAAA
LICAM F TGGGAATGTAAATACACCGTGAC

R GCACAGGCATACAGGGAGG
CCNA2 F ATGAGCATGTCACCGTTCC

R AAGCCAGGGCATCTTCACG

F:forward, R:reverse.

the reaction was completed. The gene expression profiles
downloaded from TCGA database were statistically analyzed
in the R software (GDCRNATools, ggplot2, DESeq2, sur-
vival, glmnet, survminer). The results of qRT-PCR were
analyzed by 27°““" and independent ¢ test in IBM SPSS
statistics 25.0.

2.8. Immunohistochemistry in Clinical Tissues. Clinical
tissue chips were purchased from Shanghai Outdo Biotech
Co., Ltd. The chip lot number was KidE085CS01 (26 cases of
renal clear cell carcinoma, one spot on the carcinoma/ad-
jacent/distal, and 7 metastases, one site per metastases, and
the samples covered clinical stage 1, stage 2, and stage 3).
Immunohistochemical (THC) staining was performed using
a Leica BOND-MAX auto-stainer (Leica Instrument Co.,
Ltd., Germany), and the CD4 (EP204) rabbit mAb (48274,
Cell Signaling Technology, China) was diluted to 1:200. The
marker of T follicular helper cells was CD4, respectively [16].
IHC was performed as follows. Briefly, 4 ym thick tissue

sections were cut with a microtome, deparaffinized in xylene,
dehydrated through graded ethanol (100% and 95%), and
rinsed with water. Subsequently, the sections were subjected
to heat-induced antigen retrieval and finally loaded onto the
Benchmark auto-stainer, and the detection was performed
using a bond polymer refine detection kit (Leica Instrument
Co., Ltd.).

2.9. Immunohistochemical Digital Pathological Analysis.
The expression levels of CD4 were estimated by QuPath
(open source software for Quantitative Pathology, version
0.2.0) [17]. Each slice included 26 cores of tumor tissues,
corresponding peritumor normal renal tissue, distal normal
renal tissue, and 7 cores of metastatic renal carcinoma.
Digitized IHC microarrays of CD4 were acquired at 100x
magnification using an Olympus slide scanner (Olympus
motorized BX61VS). The annotation of each core was
manually delineated on the pathological slice, while the
peritumoral region of the tumoral core and nonspecific
staining was excluded. Then, cells within the annotations
were detected. The positive cell ratio, Allred score, and H
score of each core were calculated to assess the expression
levels of CD4. The process of digital analysis of IHC is shown
in Supplemental Material 3.

2.10. Statistical Analysis. All statistical analyses of the gene
expression profiles downloaded from the TCGA database
and the immune cells obtained by the CIBERSORT algo-
rithm were performed using the R version 4.0.2 software.
The qRT-PCR results were calculated using the 27444
method and the paired samples t test, and the IHC results
were analyzed wusing nonparametric tests. The
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FiGURE 4: Kaplan-Meier survival curve of key genes. (a) Kaplan-Meier survival curve of LNC00894. (b) Kaplan-Meier survival curve of
LINCO01426. (c) Kaplan-Meier survival curve of CCNA2. (d) Kaplan-Meier survival curve of LICAM.

aforementioned analysis was performed using the IBM SPSS
statistics 25.0 software. Only the two-sided P value <0.05
was considered to be of statistical significance.

3. Results and Discussion

3.1. Identification of Differentially Expressed Genes. KIRC
transcriptome data of 611 cases (72 cases in the normal
group and 539 cases in the cancer group) and miRNA data of
616 cases (71 cases in the normal group and 545 cases in the
cancer group) were downloaded from the TCGA database.
Gene differential expression analysis revealed 126
DEIncRNAs (119 upregulated and 7 downregulated), 25

DEmiRNAs (12 upregulated and 13 downregulated), and
957 DEmRNAs (688 upregulated and 269 downregulated).
See Supplementary Material 1 for all differential gene names.

3.2. Construction of the ceRNA Network Based on Differen-
tially Expressed Genes. A ceRNA network, composed of 97
pairs of IncRNA-miRNA and 41 pairs of miRNA-mRNA
predicted from the miRcode and StarBase databases, re-
spectively, was constructed (Figure 2), which included 57
IncRNAs, 7 miRNAs, and 34 mRNAs. The IncRNA, miRNA,
and mRNA gene names in the ceRNA network are listed in
Supplementary Material 2.



Journal of Oncology

0.8
p=0.092
0.6 p=0.582
p=0.013 =
p=0.017 p=0.399
=
]
= 0.4 4
Q
[+
—
= p=0.016
p<0.001 p<0.001 -
p=0.321 p=0.052
0.2 4 A p=0.454 = e
- _ | p=0.622 0.048
p=0276 P 0‘—45370 o P p=o.ist’ —
‘ ¥ P02 p=0.051 A ° p=0.290
=0.133
0.0 4 . v pL0.001 Ak A L | ] A o B AA A ,,.“p ,,,,,, A
[ =N 12} <o [ oo o S —~ o] o0 o 12} (=} — N oo o [=1s) ae] %2} »
— (% @ = Q — —
2 ¢ 3 8 % £ £ &2 P33 £ £ 22232 £ £ £ & EE
= =) O =1 171 = ) = o @ = Q ] @ 7] @ = @ = o o
s © 2 =2 4 £ 5 <= E < £ £ 9 § H »H & & & = g 2
= g g = Q = e g I Q = 3 3 B I Q I Q g =
] 3 S a 2 < k= > 4 < s & & £ = s 2 < 2 =1
o «a g ] 3 >~ 3 3 =) T @ > & & & 9O @ T @ Q 17}
m T A F « g 9 o £ < o = 1) 19 5 S = S = |\ Z
2 ST 5] o0 ) = = = o ] - ]
O 3 3] g = = * N o] s) ) g 2 o 2 o
/A °c 8§ & € B =z 24 M S £ £ E B2 S %
H v & 5 £ O Z < = S
2 + T 9 K g S =
®) ) o= o) =}
j
K2} Q = o A
T o IS
° 3
I o
=
—— Normal
—— Tumor

Ficure 5: Difference in the proportions of 22 types of immune cells in cancer and adjacent cancer samples.

3.3. Survival Analysis of the ceRNA Network in KIRC.
After performing Cox regression analysis on the ceRNA
network, nine genes (SIX1, PCSK6, CCNA2, L1 cell adhe-
sion molecule (LICAM), DUXAPS8, AL590094.1,
LINCO01426, LINC00894, and AC107021.2) were obtained to
construct a risk scoring model (Figures 3(a)-3(c)). The risk
survival curve indicated that the survival rate of the high-risk
group was significantly lower compared with the low-risk
group (P <0.001) (Figure 3(d)). The area under the curve
(AUC) (1-, 3-, and 5-year survival was 0.757, 0.729, and
0.757, respectively) of the ROC curve indicated a higher
diagnostic efficiency of the model (Figure 3(e)). The
Kaplan-Meier survival analysis showed that LINC00894,
LINC01426, CCNA2, and L1ICAM were significant to pa-
tients with KIRC (Figures 4(a)-4(d)).

3.4. Composition of Immune Cells in KIRC. The CIBERSORT
algorithm was used to obtain the immune cell infiltration
abundance of all samples, and 223 samples with P <0.05
were retained for subsequent analysis. The heatmap and the
violin map showed the difference in the distribution of
immune cells between cancer and adjacent cancer samples
(Figure 5).

3.5. Clinical Correlation Analysis of Immune Cells in KIRC.
Three potential prognostic biomarkers (T-cell CD4 memory
activated, T follicular helper cells, and resting mast cells)
were regarded as key members among 22 types of immune

cells and were integrated into a new multivariable model
(Figures 6(a)-6(c)). The risk survival curve suggested that
the survival rate of the high-risk group was considerably
higher than that of the low-risk group (P = 0.006)
(Figure 6(d)). The ROC curve (AUC of 1-, 3-, and 5-year
survival was 0.587, 0.642, and 0.616, respectively) demon-
strated the sensitivity and specificity of the model
(Figure 6(e)).

The Wilcoxon rank-sum test suggested that resting mast
cells had significant differences in T stage and stage
(Figures 7(a) and 7(b)). The results of the Kaplan-Meier
survival analysis showed that plasma cells (Figure 7(c)), T
follicular helper cells (Figure 7(d)), and regulatory T cells
(Figure 7(e)) correlated with the survival of patients
with KIRC.

3.6. Co-Expression Analysis. Important co-expression pat-
terns between immune cells (Figure 8(a)), key members of
the ceRNA network, and co-expression of some important
co-expression patterns of key members of immune cells
(Figure 8(b)) were analyzed. The results showed a positive
correlation between CCNA2 and T follicular helper cells
(R=0.37, P<0.001) (Figure 8(c)), between LICAM and T
follicular helper cells (R=0.30, P<0.001) (Figure 8(d)),
between LINC00894 and T follicular helper cells (R=0.35,
P <0.001) (Figure 8(e)), and between LINCO01426 and T
follicular helper cells (R=0.24, P <0.001) (Figure 8(f)).
These results indicated that their relationship might be
a biomarker for the diagnosis and prognosis of KIRC.
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4. Results of Clinical Tissue Specimen
Verification

The qRT-PCR results showed that IncRNA LINC01426 was
upregulated while mRNA L1ICAM was downregulated in
kidney cancer tissues, which was consistent with the ex-
pression pattern in the TCGA database (P <0.05)
(Figures 9(a) and 9(b)). However, there was no difference in
expression levels of IncRNA LINC00894 and CCNA2 mRNA
in renal cancer tissue and adjacent tissue (P >0.05)

(Figures 9(c) and 9(d)). The IHC results showed that the level
of T follicular helper cells (CD4 marker positive) was the
highest in the core of tumor tissues, which was significantly
different from the corresponding normal renal tissue adjacent
to cancer, distal normal renal tissue and metastatic renal
cancer core tissue (P <0.05). The level of T-follicular helper
cells is the second highest in the metastatic renal cell carci-
noma core tissue, which was a significant difference between
adjacent normal renal tissues and distal normal renal tissue
(P <0.05) (Figures 9(e) and 9(f)). The results demonstrated
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FIGURE 8: Co-expression analysis between tumor-infiltrating immune cells and key members of the ceRNA network. (a) Co-expression
heatmap among immune cells. (b) Co-expression heatmap among two risk scoring models. (c) A positive correlation was found between
CCNA?2 and Tfollicular helper cells (R=0.37, P < 0.001). (d). A positive correlation was found between LICAM and T follicular helper cells
(R=0.30, P <0.001). (e) A positive correlation was found between LINC00894 and T follicular helper cells (R=0.35, P <0.001) 0.001. (f) A
negative correlation was found between LINCO01426 and T follicular helper cells (R =-0.24, P <0.001).

that the expression characteristics of IncRNA LINC01426 and  relationship existed between LINC01426, LICAM, and T
mRNA L1CAM as well as T follicular helper cells were verified ~ follicular helper cells, and they might be used as biomarkers
in clinical specimens. This suggested that a co-expression  for early diagnosis and prognostic evaluation of KIRC.
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FIGURE 9: Verification in clinical samples. ((a)-(d)) Differentially expressed CCNA2, LICAM, LINC01426, and LINC00894 in the cancerous
and paracancerous groups. LINC01426 was upregulated, LICAM was downregulated in kidney cancer tissues (P < 0.05), LINC00894 and
CCNA2 had no difference (P > 0.05). (e) IHC results (including 26 cores of tumor tissues, corresponding to peritumor normal renal tissue,
distal normal renal tissue, and seven cores of metastatic renal carcinoma). (f) IHC results using nonparametric tests. T follicular helper cells
(CD4 marker positive) displayed difference in the core of the tumor tissues, and the corresponding normal kidney tissue adjacent to the
cancer, the distal normal kidney tissue, and the core of metastatic renal cancer (P < 0.05).

5. Conclusions

At present, many patients with KIRC whose diagnoses were
mainly based on the clinical symptoms and imaging
methods have already developed distant metastases at this
time; the recurrence rate after surgical radical treatment was

high [18]. In recent years, a large number of researchers have
focused on exploring the mechanism of genes, tumor-
infiltrating immune cells, and the interaction between the
two in the occurrence, development, metastasis, and
prognosis of KIRC, indicating that genes and immune cells
were closely related to tumors, and provided direction for
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the diagnosis and treatment of KIRC in the future [19-22].
For example, Zhengyan Chang et al. separately constructed
the risk scoring model of the ceRNA network and infiltrating
immune cells in colon cancer and found that T follicular
helper cells and hsa-miR-125b-5p, macrophages MO and
hsa-miR-125b, and macrophages MO and FAS might be-
come potential biomarkers through co-expression analysis,
and this conclusion was verified in clinical tissues [23]. This
research model based on bone metastatic melanoma, gastric
cancer, breast cancer bone metastasis, mesothelioma bone
metastasis, and other tumors has been adopted by various
studies [24-26]. The present study also used this model and
used bioinformatics analysis to identify co-expression reg-
ulation relationships among LINC01426, LINCO00894,
CCNA2, L1CAM, and T follicular helper cells. These key
members might become KIRC diagnostic and therapeutic
potential biomarkers.

LINCO01426 was upregulated in renal clear cell carcinoma
tissues and its overexpression was correlated with a disap-
pointing prognosis [27]. So far, the data on LICAM ex-
pression in renal clear cell carcinoma were contradictory;
studies have shown that cell adhesion, metastasis, and in-
vasion abilities were significantly increased with the upre-
gulation of LICAM expression in KIRC, and in turn, the
downregulation of LICAM expression decreased the pro-
liferation of renal cancer cell and reduced the expression of
cyclin D1 [28, 29]. However, this just illustrated the im-
portance of LICAM in the progression of KIRC. T follicular
helper cells are a specialized subset of CD4+ T cells that were
first identified in tonsils in humans. They play an essential
role in forming germinal centers, and Xiaoliang Hua et al.
found that tumors from high-risk patients had a higher
relative abundance of T follicular helper cells [30]. The
present study confirmed the high expression of LINC01426,
L1CAM, and tumor infiltration of T follicular helper cells
because these cells were closely related to the clinical and
prognostic prediction of KIRC. Thus, these cells were found
more likely to be KIRC biomarkers.

In conclusion, the present bio-report analysis indicated
a relationship among LINC01426, L1CAM, and T follicular
helper cells, which was meaningful. As it is difficult to detect
the patient’s immune cells, the abundance of T follicular
helper cells in KIRC was determined by detecting the ex-
pression levels of LINC01426 and L1CAM, which have a co-
expression relationship to provide new prospects for the
early diagnosis of KIRC so as to develop new
therapeutic drugs.
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Objective. To investigate the effects of LncRNA SNHGI on the proliferation, migration, and epithelial-mesenchymal transition
(EMT) of colorectal cancer cells (CRCs). Methods. 4 pairs of CRC tissue samples and their corresponding adjacent samples were
analyzed by the human LncRNA microarray chip. The expression of LncSNHGI1 in CRC cell lines was verified by qRT-PCR.
Colony formation assays and CCK8 assays were applied to study the changes in cell proliferation. The transwell assay and wound
healing experiments were used to verify the cell invasion and migration. EMT progression was confirmed finally. Results.
LncSNHGI1 was overexpressed both in CRC tissues and cell lines, while the miR-181b-5p expression was decreased in CRC cell
lines. After knock-down of LncSNHGI, the proliferation, invasion, and migration of HT29 and SW620 cells were all decreased.
Meanwhile, LncSNHG1 enhanced EMT progress through regulation of the miR-181b-5p/SMAD?2 axis. Conclusion. LncSNHG1

promotes colorectal cancer cell proliferation and invasion through the miR-181b-5p/SMAD2 axis.

1. Introduction

Colorectal cancer (CRC) is one of the most common gas-
trointestinal malignant tumors and the second leading cause
of cancer mortality worldwide [1]. In spite of multiple
treatment such as surgery, radiotherapy, and chemotherapy,
the 5-year subsistence rate of CRC remained around 55%
while metastasis and recurrence are the leading causes of
death [2, 3]. Accordingly, exploring the molecular mecha-
nisms associated with the incidence of CRC may be of great
help to seek effective treatment strategies and improve the
prognosis. Although 80% of human genes may be tran-
scribed into RNA, more than 98% are non-protein-coding
RNAs (ncRNAs). Long noncoding RNAs (LncRNAs) are a
kind of noncoding RNA which has about 200 nucleotides.
LncRNAs have been improved to associated with diverse
diseases such as Parkinson’s disease and various cancers
[4, 5]. Long noncoding RNA small nucleolar RNA host gene
1 (LncRNA SNHGI1 and LncSNHG1), which localized at
11q12.3 region and has 11 exons, was reported to play an

important role in enhancing cell proliferation, invasion,
apoptosis, and epithelial-mesenchymal transition (EMT) in
several cancers, including colorectal cancer, non-small-cell
lung cancer, and gastric cancer [6-9]. The increased ex-
pression of LncSNHGT is an effective marker in predicting a
poor outcome in CRC patients [10]. LncRNAs have been
reported to function through competition for microRNA
(miRNA) binding, resulting in imposing posttranscriptional
regulation in CRC cells [11].

MicroRNAs (miRNAs) are a group of noncoding RNAs
which have 21-24 nucleotides in length. miRNAs often play
their function in the posttranscriptional regulation through
ceRNA with LncRNA [12]. The expression change of
miRNA has been related with different cancers. Fridrichova
et al. have reported that miRNAs are involved in regulating
invasive processes, cell-cell adhesion junctions, cancer cell-
extracellular matrix interactions, and cancer cell stem
abilities in breast cancer [13]. Cao et al. proved that miRNA-
124 and miR-552 regulate tumor cell proliferation and
migration in hepatocellular carcinoma and CRC [14, 15].


mailto:eycaojie@scut.edu.cn
mailto:wanglibin007@126.com
https://orcid.org/0000-0002-3135-1140
https://orcid.org/0000-0003-1958-482X
https://orcid.org/0000-0002-4823-9323
https://orcid.org/0000-0001-9521-5415
https://orcid.org/0000-0001-9800-4277
https://orcid.org/0000-0001-8211-7656
https://orcid.org/0000-0003-3196-8738
https://orcid.org/0000-0002-6132-8611
https://orcid.org/0000-0002-3541-0689
https://orcid.org/0000-0002-0401-590X
https://orcid.org/0000-0002-7861-1560
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/4181730

miR-181b is a member of miR-181 family and positioned at
chr9q3.33 [16]. It has been reported that miR-181b could
inhibit the progression of human colon cancer cell prolif-
eration [17]. However, the molecular mechanism by which
miR-181b mediates CRC progression still needs further
study.

In this study, we used TargetScan software to search the
potential miRNA sites that complement the untranslated
area (UTR) of the SNHG1 3 ’end. miR-181b-5p was
upregulated more than 2 times with LncSNHGI silencing.
miR-181b directly binds to the 3’ untranslated regions
(UTRs) of both LncSNHG1 and SMAD2 in CRC cells.
Furthermore, the TGF-$/SMAD2 pathway was activated
abnormally and closely related to cell proliferation, EMT
progress, chemoresistance, and poor prognosis in CRC [18].

Epithelial-mesenchymal transition (EMT) is defined as
the transformation of an epithelial cell into mesenchymal
cells. Accompanying the process was the loss of membrane
E-cadherin expression and the gain of mesenchymal marker
positivity [19]. EMT has been shown to be an essential
process during CRC invasion and metastasis since 1995 [20].
Previous studies have shown the association between
LncSNHGI1 and EMT in different cancers. Liu et al. have
shown that the overexpression of LncSNHGI1 enhances the
EMT process via the miR-15b/DCLK1/Notchl axis and
promotes the metastasis in GCcells [9]. LncSNHGI also
plays a vital role in the promotion of the cell cycle, migration,
and EMT progression of hepatocellular carcinoma [21].
Although LncSNHGI can indicate CRC deterioration by
cooperating with miR-497/miR-195-5p to modify the EMT
process, the molecular mechanism mediated by LncSNHG1
in CRC progression remains unknown [22].

Based on the abovementioned background, we assumed
the LncSNHG1 promoted the CRC progress via miR-181b-
5p binding. In this study, we aim to present in vitro results to
certificate the change of LncSNHGI, miR-181b-5p, and
SMAD?2 in CRC to provide a potential application for the
treatment of CRC.

2. Materials and Methods

2.1. Clinical Samples Collection. Approval for this research
was given by the General Hospital of Ningxia Medical Uni-
versity Ethics Committee. All the patients involved have signed
informed consent forms. We recollected 24 paired colorectal
tissues and adjacent normal samples from the oncology surgery
department of the General Hospital of Ningxia Medical
University. All of the tissue specimens were confirmed for
diagnosis based on hematoxylin-eosin and pathological ex-
amination. 4 pairs of cancer tissues and adjacent tissues were
randomly selected for differentially expressed LncRNA
screening (LncRNA chip hybridization, Biochip, China).

2.2. Microarray Analysis. 4 pairs of cancer tissues and ad-
jacent normal tissues were used for the microarray analysis.
Human LncRNA Array v2 microarray (Beijing Capital Bio
Biotechnology Corporation, China) has been used for
LncRNA microarray profiling analysis. The LncRNA array
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data were analyzed by GeneSpring 13.0 (Agilent) software.
Bioanalyzer 2100 (Agilent Technologies, USA) was used for
the RNA integrity analysis. RNA digestion, amplification,
and labelling were performed according to protocol. The
microarray contained 162351 human LncRNA probes. With
the filter criteria fold-change >2, Pvalue < 0.05, fluorescence
value > 100, differentially expressed LncRNAs were detected
and separated.

2.3. Cell Line and Cell Culture. The human colorectal cancer
cell lines HCT116, HT29, LOVO, and SW620 and human
colon epithelial cells NCM460 were purchased from the cell
bank of the Chinese Academy of Sciences. The cells were
cultured with high glucose DMEM medium (HyClone,
Logan, USA) supplemented with 1% penicillin-streptomycin
solution and 10% fetal bovine serum (Gibco, Australia). The
cells were incubated at 37 °C with 5% CO,.

2.4. Plasmids and Cell Transfection. shRNA for LncSNHG1
and negative control shRNA-NC plasmid, miR-181b-5p in-
hibitor and negative control (NC) vector were all designed and
synthesized from HanBio Company (China). HT29 and
SW620 cells were cultured in 6-well plates. When the cell
density reaches 70%-80% confluence, a 2.5 ug plasmid vector
was transfected to the cells using Lipofectamine 3000 (Invi-
trogen, CA, USA) according to the manufacturer’s protocol.
Fluorescence microscope, qRT-PCR, and western blot assays
were used for observing the cell transfection efficiency.

2.5. Real-Time Quantitative Reverse Transcription-PCR (qRT-
PCR). Following the manufacturer’s protocol, the total RNA
was extracted from tissues and cells by using TRIzol reagent
(Invitrogen, CA, USA). cDNA was synthesized with the
TaKaRa verse transcription kit (TaKaRa, Shanghai, China).
The PCR amplification was performed with specific primer
sat Prism 7900 system (ABI, USA). GAPDH served as in-
ternal control. Using 27**“" methods, we calculated the
relative expression of each gene.

2.6. Dual-Luciferase Reporter Assay. Based on the TargetS-
can database, LncSNHGI has binding sites with miR-181b-
5p at the 3’-UTR. To identify it, the wt-Lnc SNHG1 and mut-
LncSNHGI luciferase expression vectors were constructed
from GeneChem Co. and incubated into the vector and cells
in a 24-well plate (5x10°cells per well). When the cells
fusioned to 80%, the wt-LncSNHG1 and mut-LncSNHG1
groups were transfected into miR-NC and miR-181b-5p,
respectively. The double luciferase reporting experiment was
carried out using the luciferase reporter kit. The ratio of
luciferase activity was statistically analyzed. All the experi-
ments was repeated three times.

2.7. Cell Migration and Invasion Assay. To determine the cell
migration and invasion, wound healing assay was used.
1910° HT29 and SW620 cells were seeded in a 6-well plate
and transfected with an interfering vector for 48 h. The cell
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was wounded with a 200l pipet tip scraping across the
monolayer. After that, the speed of the wound’s recovery was
photographed. The cell mobility was assessed by calculating
the wound width.

2.8. Colony Formation Assay. After being transfected with an
interfering or overexpressing vector, the HT29 and
SW620 cells were seeded in a 6-well plate. The medium was
exchanged every three days. Two weeks later, the cells were
fixed with 100% methanol for 15 min. Then, it was stained
with crystal violet for 10 min. The colony numbers of rep-
resentative areas were observed and calculated. All experi-
ments were performed three times.

2.9. Flow Cytometry. The HT29 and SW620cells were
seeded in a 6-well plate after being transfected with an
interfering or overexpressing vector for 48 h. Then, the cells
were digested with trypsin and 1 x 10° cells were counted for
analysis. The cells were washed with cold PBS three times.
They were then collected and suspended into a single cell in a
binding buffer. According to the instructions of the apo-
ptosis detection kit (Best Bio, Shanghai, China), the cells
were stained with Annexin V-APC for 10 min and propi-
dium iodide (PI) for 10 min. A BD flow cytometer examined
the samples, and FlowJo software (Tree Star Corporation,
Ashland, OR, USA) analyzed the data.

2.10. Western Blot. The total protein of each group was
extracted and the protein concentration was detected by the
BCA protein reagent kit (Thermo Fisher Scientific, Inc.). The
protein samples were separated with 10% SDS-PAGE and
transferred to a PVDF membrane. The membranes were
blocked with 5% defatted milk in TBST at 25°C for 1h. The
membrane was incubated with a specific primary antibody
(1:1 000) at 4°C overnight. Then, the HRP-conjugated
secondary antibodies were incubated at 25 °C for 2 h. After
washing the membrane with TBST 3 times, the protein
bands were detected and scanned by Bio Imaging Systems
(BIO-RAD, CA, USA). The absorbance of the protein bands
in each group was measured by Quantity One gel analysis
software. The protein expression level is assessed by the ratio
of the target band to the GAPDH band. Each protein sample
was applied with 3 repeats.

2.11. Statistical Analysis. Statistical analysis was carried out
using SPSS 20.0 software. The mean + standard deviation
(x+s) was used to measure the data expression. The T test
was performed between the two groups. A single factor
variance analysis was used to analyze the variance between
the two groups. Pvalue < 0.05 indicated that the difference
has the significance of statist.

3. Result

3.1. Expression Analysis of LncRNAs and Its Verification in
CRC Tissues and Cells. To screen for specific LncRNA in
colorectal cancer, we selected 4 CRC tissue samples

(CA1-CA4) and adjacent normal samples (AP1-AP4) for in-
vestigating the expression of LncRNAs by microarray profiles.
The cluster analysis displayed the different expression of
LncRNAs between the two groups (Figure 1(a)). Based on the
different fluorescence signal values, the variation in LncRNA
expression between the CRC and adjacent normal tissues is
described in the volcano plot (Figure 1(b)). As illustrated in
Figure 1, 13198 differentially expressed LncRNAs were sepa-
rated. Taking the fold-change >5 or < -5, the P value <0.01 and
the processed signal >100 as screening criteria, 18 candidate
LncRNAs were selected including 8 upregulation and 10
downregulation. Among them, LncSNHGI was significantly
highly expressed in CRC tissues.

To further verify the selected LncSNHGI1 with CRC,
qRT-PCR explored the LncSNHG1 expression in CRC tis-
sues and cell lines. The results showed the expression of
LncSNHG1 in 24CRC was 4.45+2.11, which was higher
than that in para cancerous tissues (Figure 1(c); (p) <0.05).
Compared with human normal colorectal cancer
NCM460 cells, LncSNHG1 was highly expressed in SW620,
HT29, HCT116, and LOVO cell lines (Figure 1(d); P < 0.05).
Based on the results, we selected HT29 and SW620 cell lines
for the following experiments.

3.2. LncSNHGI Promoted CRC Cells Proliferation and
Migration. To investigate the effect of LncSNHGI on CRC cell
growth, we constructed siRNA for LncSNHG1 and transfected
it into HT29 and SW620 cells. After 48 h, all cell proliferation
was significantly inhibited, while cell mobility was decreased
(Figure 2(a)-2(d)). The results demonstrated that sh-SNHG1
had anticancer effects on CRC cells. The results of colony
formation assays showed that the colony numbers were smaller
and fewer when treated with sh-SNHG1 (Figure 2(e)). These
results illustrated that LncSNHGlhas the function of pro-
moting CRC cell proliferation.

3.3. Downregulation of LncSNHGI Influence the Cell Cycle
and Promoted Apoptosis of HT29 and SW620 Cells. With the
flow cytometry analysis, the effects of LncSNHGI on the cell
cycle and apoptosis were evaluated. The results showed that
the GO/G1 phrases were all increased after being treated with
sh-SNHGI in HT29 and SW620 cells. Meanwhile, the cells”S
phrases were all decreased. The results proved that inhibition
of LncSNHGI enhanced the cells GO/G1 accumulation
(Figures 3(a) and 3(b)).

Compared with the control and NC groups, the apo-
ptosis rate in the sh-SNHGI1 group was significantly in-
creased both in HT29 and SW620 cells. The results indicated
that inhibition of LncSNHG1 promoted apoptosis of CRC
cells (Figure 3(c) and 3(d)).

3.4. miR-181b-5pas ceRNA to LncSNHGI in CRC Cells. A
large body of research literature has proved that LncRNA is
an important factor to regulate the expression of miRNA. In
this study, we identified the target miRNA of LncSNHGI1
through starBase database (http://starbase.sysu.edu.cn/) and
searched for potential sites that complement the
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untranslated area (UTR) of theSNHG1 3 'end with Tar-
getScan software. Based on the bioinformatic analyses, we
selected 10 miRNAs which matched to LncSNHGI
(Figure 4(a)). The expression of 10 miRNAs was measured in
HT29 and SW620 cells after LncSNHGI silencing. The re-
sults proved that the expression of miR-181b-5p was sig-
nificantly decreased in the cell lines (Figure 4(b)). In order to
confirm the binding site of LncSNHG1 to miR-181b-5p,
luciferase reporter assays were used. We found that in the
LncSNHG1-wt report vector transfer group, miR-181b-5p

mimic could reduce the activity of luciferase. But there is no
difference between LncSNHG1 mutation and the miR-181b-
5p mimic group. The results proved that there was a direct
combination between LncSNHG1 3’UTR and miR-181b-5p
(Figure 4(c)).

To further identify the specific target genes that are
regulated by LncSNHGI1 in CRC, RNA transcriptome se-
quencing was carried out. Based on the results, the most
highly expressed genes such as ATP6V1C2, CLDN2,
SMAD?2, ITGA2, FOSL1, FBXO34, and others are selected.
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gqRT-PCR were used to verify these genes, the results showed
that SMAD2 was high expressed in HT29 and SW620 cells
(Figure 4(d)). Bioinformatics analysis showed that there
were seven complementary bases in the miR-181b-5p and
SMAD2 3’UTR regions. Luciferase reporter assays proved
that of the wild type SMAD2 and the miR-181b-5p mimic
group was significantly lower than that of the miR-NC
group. But the luciferase activity between the miR-NC and
miR-181b-5p mimic groups was no significant difference
(Figure 4(e)).

3.5, LncSNHG!  Induced CRC  EMT  through
miR-181b-5p/SMAD?2. To identify the relationship between
LncSNHG1 and miR-181b-5p and the EMT regulated by the
ceRNA in CRC, western blot was used. After transfecting
miR-181b-5p mimics and inhibitor into the cells, SMAD?2,
BCL-2, and BAX were tested. The results proved that
SMAD2 and the apoptosis related protein Bax were

remarkably decreased in the miR-181b-5p inhibitor group,
while the apoptosis stimulating protein Bcl-2 showed a
reduction. When the cells were treated with sh-SNHGI,
SMAD2 and Bax expression were increased. Combined
treated the cells with sh-SNHG1 and 181b-5p inhibitor could
reverse the expression meanwhile (Figure 5(a) and 5(b)).

EMT is a process which often occurs in different cancer
oncogenesis. Previous research has proved that SMAD2
could induce EMT and influence CRC progression. To verify
the results, we tested the EMT-related protein after being
transfected with 181b-5p and sh-SNHGI. Western blot
results proved that N-cadherin, vimentin, and slug was
increased while E-cadherin was decreased in the 181b-5p
inhibitor group as well as in the sh-SNHGI group.

When treated the cells with 181b-5p inhibitor combined
with sh-SNHGI, all the protein expression would be re-
versed (Figure 6(a) and 6(b)). These results suggested that
inhibiting miR-181b could reverse the anticancer effect of
sh-SNHGI on CRC cells through SMAD?2.
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4. Discussion

Due to the lack of effective methods for the early diagnosis
of CRC and its unoptimistic survival rate, the study of the
incidence and mechanism of CRC has been a hotspot these
years. Plenty of LncRNAs and miRNAs have been indi-
cated to be in association with CRC development, via
kinds of pathways such as Wnt/p-catenin or TGF-
B/Smad2/3 [11, 16, 23]. The essential finding of this

research is that we identified LncSNHGI1 plays an im-
portant role in proliferation, migration, invasion, and
EMT progress by acting as a molecular sponge for miR-
181b in CRC processing.

LncRNAs are transcribed by RNA polymerase IT (Poll)
but not translated into protein. Although they have been
thought to be junk genes, LncRNAs have been identified as
key regulatory elements in multiple physiological processes,
such as cell cycle and proliferation, with the development of
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high-throughput technologies nowadays [24]. LncRNAs
have been associated with a variety of malignant tumors
progression [25]. Meanwhile, LncSNHGI involvement in
gene transcription, invasion, cell migration, metastasis, tu-
morigenesis, and chemoresistance of multiple cancers has
been reported widely [26]. By analyzing the RNA-Seq and
miR-Seq and corresponding clinical data of CRC from the
TCGA database, A. Poursheikhani et al. reported that
SNHG1 was one of the significant diagnostic LncRNAs in
CRC development [23]. In our research, we utilized the
Human LncRNA Microarray chip to determine that
LncSNHG1 was upregulated in CRC tissue and was qualified
by qRT-PCR. This finding was consistent with previous
studies, while the relationship between poor prognosis of
CRC patients and high level LncSNHGI had been reported
[10, 11, 27-29]. In our gain-of-function and loss-of-function
experiments, LncSNHG1 was verified to enhance prolifer-
ation, migration, EMT progress, cell cycle progression, and
inhibition of apoptosis in CRC cells. These results which
were in accordance with forepassed literature identified that

LncSNHG1 might serve as an oncogene in CRC develop-
ment [7, 22, 29].

Most LncRNAs are involved in gene regulation mech-
anisms by acting as competing endogenous RNAs (ceRNAs)
by miRNA recognition elements (MREs) [30, 31]. A couple
of miRNAs (such as miR-154-5p and miR-137) mediate the
part of LncSNHG1 in modulating CRC development have
been demonstrated [10, 29]. The miR-181b family had been
implicated in the progression of kinds of malignant tumor
such as glioblastoma, osteosarcoma, pancreatic cancer,
breast cancer, and colorectal cancer [14, 15, 32-36]. Inter-
estingly, the miR-181b family may act as oncogenes [32, 33]
or tumor suppressors [36, 37] in different cancer types.
Moreover, whether the miR-181b family in cancer tissue is
upregulated or downregulated in prostate cancer [38-40]
and gastric carcinoma [41, 42] remains a controversy. The
function of miR-181b depend on not only the type of tumor
but also the cellular circumstances may be the cause [43, 44].
A similar situation emerged in the research studies about the
miR-181b family in CRC. miR-181b in CRC has been
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reported to be an oncomiRNA and the probable mechanism
could be that association with the mutation status of the p53
gene [45], Warburg effect promotion [46], cylindromatosis
(CYLD) expression suppression, PDCD4 suppression
[35],and the NF-«B signaling pathway [15] inhibition. But
LUN-DE ZHAO and others and Si Chen, et al. showed that
miR-181b could act as a tumor suppressor in CRC by tar-
geting RASSF1A [34] and regulating TUSC3 [14], respec-
tively. In our research, we verified that LncSNHGI positively
regulated proliferation, migration, invasion, and EMT by
competing with miR-181b-5p in CRC cells. The result is
similar with the previous one [14], and we are the only two
reports in LncRNA-miR181b-CRC while the first study
figured out the LncRNA-miR181b-EMT in CRC develop-
ment until now. Every cloud has a silver lining; the different
effects miR-181b would exert in CRC development might be

decided by upstream factors such as LncRNAs. Further
studies on the function of the miR-181b family in CRC
processing are needed.

LncSNHGI can act as an oncogene by regulating Wnt/
B-catenin signaling, the PI3K/AKT signaling pathway, and
the HIF-1a/VEGF signal pathway in different tumor pro-
gression [28, 47, 48]. In our research, the positive correlation
between LncSNHG1 and SMAD2 was verified by the in vitro
assays. The TGF-f3 was demonstrated to act as both tumor
suppressor (in the early stage) and progression promoter (in
the advanced stage) by multifaceted impacts in cancer
progression [49]. Smad2 is located at 18q21. It belongs to the
Smad superfamily that transmit signals of TGF-f from re-
ceptors on cell membranes to the nucleus [50]. The role of
TGF-f/Smad2 in colon cancer has been reported in various
studies. Xinke Wang, et al. reported that LncRNA SNHG6



10

was a promoter in CRC progression by activating TGF-
B/Smad signaling pathway [51]. While Xuning Shen, et al.
proved the role of LncRNA TUGI in CRC metastasis by
TGEF-f3 promotion [52]. In the current study, we report the
function of LncRNA SNHGI in TGF-/SMAD?2 signal way
regulation in cancer development, which was similar with
the previous study [51], indicating that the LncRNA SNHG
family may regulate CRC progression in a similar way.
Although EMT via the TGF-f/Smad pathway is a funda-
mental process for cancer metastasis and chemoresistance in
CRC [17, 51], the literature about LncRNA SNHGI1 in EMT
is limited. Liu ZQ and others discovered the mechanism of
SNHGI in promoting EMT in gastric cancer cells [9]. Meng
XF and others proved SNHGI could mediate the prolifer-
ation, invasion, and EMT of prostate cancer by regulating
miR-195-5p expression [53]. In our research, compared with
the cells transfected with sh-SNHGI, the E-cadherin was
reduced and the N-cadherin and vimentin were increased.
These results suggested that inhibiting miR-181b-5p could
reverse the anticancer effect of silent SNHG1 on CRC cells.

In brief, this study first proved that LncSNHG1 regulated
the biological behavior of miR-181b-5p-miediated cells in
colorectal cancer. Targeting the LncSNHGI1 may present a
promising therapeutic target for CRC, while more detailed
research is still needed in near future [54, 55].
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Long noncoding RNA (LncRNA) is closely associated with the development of colorectal cancer (CRC). The chip data and clinical
information of GSE104364 and GSE151021 were downloaded by GEOquery. Limma and Kaplan-Meier analysis were performed.
Lnc-S100B-2 was obtained, and high expression of Lnc-S100B-2 was predicted to be associated with a lower survival rate. Online
software was adopted to predict downstream regulatory genes, and miR-331-3p and Mixed Lineage Leukemia Translocated to 10
(MLLT10) were screened and verified. After silencing Lnc-S100B-2 and MLLT10, the proliferative activity of CRC cells decreased,
and the apoptosis rate increased. At the gene and protein levels, the expressions of PCNA, Ki67, and Bcl-2 were decreased in the
sh-Lnc-S100B-2 group, sh-MLLT10 group, and sh-Lnc-S100B-2 + sh-MLLT10 group, while the expressions of cleaved caspase 3,
caspase 9, and Bax were increased. In vivo, the volume and mass of the tumor decreased in the sh-Lnc-S100B-2 + sh-MLLT10
group. Proliferation and apoptosis-related index (PCNA, Ki67, cleaved caspase 3, caspase 9, Bax, and Bcl-2) expression level was
also altered. Meanwhile, the infiltration of immune cells (CD3 (-), CD16 (+), and CD11Db (+) cells) decreased. The expressions of
epithelial-mesenchymal transformation (EMT) related indicators (E-cadherin, N-cadherin, Vimentin, $-catenin, Snail, and Slug)
were changed. E-cadherin and -catenin were increased in the sh-Lnc-S100B-2 + sh-MLLT10 group, while N-cadherin, vimentin,
snail, and slug were decreased. In conclusion, our study found that the expression of Lnc-S100B-2 was dysregulated in CRC. Lnc-
S100B-2 could affect cell apoptosis and the microenvironment of CRC through regulating MLLT10.

1. Introduction

Colorectal cancer (CRC) is one of the most common ma-
lignant tumors in humans and the fourth deadliest cancer in
the world, with nearly 900,000 deaths every year [1]. CRC
has become a major global public health problem [2]. As
previously described, CRC might develop in patients with
distinct intestinal diseases such as inflammatory bowel
diseases, microscopic colitis, and irritable bowel syndrome
[3]. It might bring some difficulties to the diagnosis of CRC.
Studies have shown that some progress has been made in
diagnosing, treating, and preventing CRC. For example,
colonoscopy’s targeted screening and surveillance policy will
curb the rising incidence of CRC [4]. Allium constituents are
shown to modify the risk of colon cancer and reduce the

mortality rates associated with this malignancy [5]. The poor
prognosis of CRC patients remains a major problem [6].
CRC patients are usually diagnosed as advanced, with a poor
prognosis and a low 5-year survival rate [7]. Previous studies
have shown that the poor prognosis of CRC is related to
molecular and gene changes [8]. Differential genes and
molecules have essential research value in CRC [9,10].
Long noncoding RNAs (LncRNAs) are more than 200
nucleotides in length without protein-coding potential.
LncRNAs are involved in regulating biological processes
such as cell proliferation, differentiation, migration, and
invasion [11-13] via mediating interactions between DNA
and proteins, adsorbing microRNAs, and binding to pro-
teins as decoys [14,15]. In recent years, studies on LncRNAs
have attracted widespread attention. LncRNA interacts with
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cell metabolism (glucose metabolism, mitochondrial func-
tion, and oxidative stress) to affect cancer development [16].
In breast cancer and bladder cancer studies, LncRNAs can be
used as prognostic markers for patients [17,18]. Similarly, in
studies on CRC, prognostic LncRNAs have been found to
promote or inhibit the growth, metastasis, invasion, and
affect the microenvironment of CRC [9,19,20]. However, the
role of Lnc-S100B-2 played in CRC cells, and the CRC
microenvironment has never been reported previously.

Mixed Lineage Leukemia Translocated to 10 (MLLT10)
is a transcriptional activator of gene expression. MLLTI0
rearrangement is closely related to the development of
leukemia. MLLT10 is one of the most common fusion
partners of mixed-lineage leukemia (MLL, also known as
KMT2A) in acute leukemia [21]. MLLT10 and IL3 are in-
volved in gene rearrangement in patients with early T-cell
precursor acute lymphoblastic leukemia [22]. Meanwhile,
MLLT10 might be involved in the metastasis of non-small
cell lung cancer [23]. The expression of MLLT10 is different
in CRC [24]. However, the regulatory pathway of MLLT10 in
CRC remains unclear.

In the study, we aimed to obtain prognostic LncRNA and
their downstream regulatory genes through database
screening and bioinformatics prediction. The expression of
genes and their interrelationships were verified by experi-
ments. Its functions were verified by in vitro and in vivo
experiments. The study was expected to provide a biomarker
and a promising therapeutic target for the treatment of CRC.

2. Methods

2.1. CRC Dataset and Bioinformatics Analysis. CRC datasets
(GSE104364 and GSE151021) were downloaded from Gene
Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/
geo/). Among them, the GSE104364 dataset included CRC
patients (N=12) and normal controls (N=6). The
GSE151021 dataset included CRC patients (N=4) and
normal controls (N=4). The original chip expression data
and the corresponding clinical information were down-
loaded by GEOquery.

Limma was used to analyze LncRNA differentially
expressed on chip data [25], selection criteria for | logFC | > 1
and P <0.05. The R-package pheatmap was used to cluster
the expression patterns of differentially expressed LncRNAs
in the two groups, and a heatmap was drawn for
visualization.

2.2. Clinical Specimens. CRC samples (N=5) and matched
adjacent tissues (N=5) were randomly collected from
Zhuzhou Central Hospital. Before participation, we ob-
tained the informed consent of the study subjects.

2.3. Cell Culture and Transfection. Human CRC cell line
HCT116 was purchased from Shanghai Zhong Qiao Xin
Zhou Biotechnology Co., Ltd. Cells were cultured in DMEM
medium containing 10% FBS with 1% penicillin-strepto-
mycin solution (C0222, Beyotime, China) in an incubator at
37°C, 5% CO,, and saturated humidity.
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The silenced plasmid (NC), Lnc-S100B-2 silenced
plasmid (sh-Lnc-S100B-2), Lnc-S100B-2 overexpressed
plasmid (oe-Lnc-S100B-2), and MLLT10 silenced plasmid
(sh-MLLT10) were purchased from HonorGene. Briefly,
5 ug plasmid was added to 250 yL serum-free medium and
mixed. Lipofectamine 2000 (Invitrogen, USA) was used for
transfection according to the manufacturer’s instructions.
The specific groups were as follows: a control group (without
any treatment), an NC group (NC was transfected), a sh-
Lnc-S100B-2 group (sh-Lnc-S100B-2 was transfected), a sh-
MLLT10 group (sh-MLLT10 was transfected), and a sh-Lnc-
S100B-2+sh-MLLT10 group (sh-Lnc-S100B-2 and sh-
MLLTI10 were transfected).

2.4. RNA Isolation and Quantitative Real-Time PCR (qRT-
PCR). The Trizol method was used to isolate the total RNA
from tissues and HCT116 cells. Briefly, 0.02g tissues or
5x10° cells were lysed with 1 mL Trizol. Isopropyl alcohol
and ethanol were successively added for extraction and
separation. 30uL sterile enzyme-free water was used to
dissolve RNA precipitates. After detecting the RNA con-
centration, HiFiScript ¢cDNA Synthesis Kit (CW2569 M,
CWBIO, China) and miRNA c¢DNA Synthesis Kit
(CW2141S, CWBIO, China) were used reverse transcription
with a 20 uL reverse transcription reaction system. SYBR-
Green PCR Master Mix (CW2601S, CWBIO, China) was
used for PCR amplification using the 30 uL amplification
system. 40 cycles were amplified. 27**“" was applied to
calculate RNA expression levels. The sequences of primers
used in the study were listed at Table 1. The expression of U6
and f-actin was applied as control.

2.5. Plate Clone Formation Assay. As previously described,
the plate clone formation assay was adopted to detect cell
proliferation [26]. Briefly, cells were digested with 0.25%
trypsin (C0201, Beyotime) and cultured for 14 days. The cells
were fixed with 4% paraformaldehyde ((N1012, NCM
Biotech) for 15 min and stained with crystal violet (G1062,
Solarbio) for 30min. A microplate reader (MB-530,
HEALES) was adopted to measure the cell colony number,
and pictures were taken.

2.6. Western Blot. The RIPA buffer (P0013 B, Beyotime) was
used to extract proteins by lysing cells and tissues. The SDS-
PAGE gel was used to separate the proteins. The proteins
were transferred to the nitrocellulose membrane. 5%
skimmed milk was used to block the membrane at 4°C
overnight. The membranes were incubated with primary
antibodies or secondary antibodies at room temperature
(RT) for 90 min. The antibodies used were as follows: anti-
B-actin (1:5000, 66009-1-Ig, proteintech), anti-PCNA (1:
2000, 10205-1-AP, proteintech), anti-Ki67 (1:1000, 27309-
1-AP, proteintech), anti-cleaved caspase 3 (1:1000, 9664S,
CST), anti-caspase 9 (1:500, bs-20773R, Bioss Antibodies),
anti-Bax (1:1000, ab32503, abcam), anti-Bcl-2 (1:1000,
12789-1-AP, proteintech), anti-E-cadherin (1:1000, 20874-
1-AP, proteintech), anti-f3-catenin (1:1000, bs-1165R, Bioss
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TaBLE 1: The primers sequences in the study.

Name Sequences (5-3")

Hsa-miR-331-3p F GCCCCTGGGCCTATCCTAGAA
RT GCTGTCAACGATACGCTACGTAAC

U6 F CTCGCTTCGGCAGCACA Product length 94 bp
R AACGCTTCACGAATTTGCGT

Lnc-S100B-2 F AAGCGACAACCCCTACGAG Product length 172bp
R CTCCCCACAACAGAAACGTCA

MLLT10 F ATGTTCAGGGGAATTTTAAAGTCAA Product length 100 bp
R TGTTACAGAATAACAACCAGTGGG

Ki67 F AAGAAGCCCATGAAGACCTCC Product length 170 bp
R CTCTTCTGCCCTCCGCTCT

Caspase3 F TGGCAACAGAATTTGAGTCCT Product length 161 bp
R ACCATCTTCTCACTTGGCAT

Caspase9 F AAGCCAACCCTAGAAAACCTTACCC Product length 126 bp
R AGCACCGACATCACCAAATCCTC

Bcl-2 F AGCTGCACCTGACGCCCTT Product length 147 bp
R ACATCTCCCGGTTGACGCTCT

PCNA F TAGCTCCAGCGGTGTAAACCT Product length 243 bp
R ACTTTCTCCTGGTTTGGTGCTT

Bax F TCACTGAAGCGACTGATGTCCC Product length 96 bp
R ACTCCCGCCACAAAGATGGTC

N-cadherin F TGCCCCTCAAGTGTTACCTC Product length 182 bp
R CAAAATCACCATTAAGCCGAGT

E-cadherin F ATTTTTCCCTCGACACCCGAT Product length 109 bp
R TCCCAGGCGTAGACCAAGA

Vimentin F CCCTTGACATTGAGATTGCCACC Product length 166 bp
R ACCGTCTTAATCAGAAGTGTCCT

B-Catenin F ATTCTTGGCTATTACGACAGACT Product length 176 bp
R AGCAGACAGATAGCACCTT

Snail F CGTCCTTCTCCTCTACTTCAGTC Product length 125bp
R CTTTCGAGCCTGGAGATCCTT

Slug F AGGACACATTAGAACTCACACGG Product length 196 bp
R TACACAGCAGCCAGATTCCTC

B-Actin F ACCCTGAAGTACCCCATCGAG Product length 224 bp

\ R AGCACAGCCTGGATAGCAAC

Antibodies), anti- N-cadherin (1:2000, 22018-1-AP, pro-
teintech), anti-vimentin (1 : 2000, 10366-1-AP, proteintech),
anti-Snail (1:1000, 13099-1-AP, proteintech), anti-Slug (1:
1000, #9585, CST), HRP goat anti-mouse IgG (1:5000,
SA00001-1, proteintech), and HRP goat anti-rabbit IgG (1 :
6000, SA00001-2, proteintech). Proteins were detected by
Western Bright ECL kit (K-12045-D50, advansta). The ex-
pression of B-actin was applied as control.

2.7. Flow Cytometry. Apoptosis analysis was as follows. The
cells were digested by trypsin without EDTA. Cells were
washed twice by PBS and centrifuged at 2000 rpm for 5 min.
500 L binding buffer was added to resuspend cells. After
being mixed with 5uL Annexin V-FITC, 5uL propidium
iodide (PI) was added to the cells and mixed and incubated
for 10 min in the dark at RT. Flow cytometry (A00-1-1102,
Beckman Coulter, USA) was used for observation and
analysis.

Cell-cycle analysis was as follows. The cells were digested
by trypsin and centrifuged at 800 rpm for 5 min. After being
resuspended with 400 uL PBS, 1.2mL of 100% precooled
ethanol was added, and the cells were placed at 4°C over-
night. Cells were washed twice with 1 mL precooled PBS.

Then, cells were fixed with 150 yL PI staining solution and
incubated for 30 min in the dark at 4°C. Flow cytometry
(A00-1-1102, Beckman Coulter, USA) was applied to ana-
lyze the cell cycle.

Identification of CD3 (-) CD16 (+) cells and CD11b (+)
cells was as follows. 1x10° cells were resuspended with
200 uL PBS volume. Cells were incubated with 5 uL CD3 (12-
0038-42, eBioscience), CD16 (17-0168-42, eBioscience), or
CD11b (12-0118-42, eBioscience) for 30 min in the dark.
Cells were washed twice by 1 mL PBS. 200 uL PBS was added
to resuspend cells. After filtration with a nylon net, flow
cytometry was used to detect the percent of CD3 (-) CD16
(+) cells and CD11b (+) cells.

2.8. Dual-Luciferase Reporter Assay. The online software
miRDB (http://mirdb.org/index.html) was used to predict
the target gene of miR-331-3p. Dual-luciferase reporter assay
was used to identify the correlation between miR-331-3p and
its target gene MLLTI10. Briefly, 293A cells, MLLT10-wt
plasmids, and MLLT10-Mut plasmids were purchased from
HonorGene. MiR-331-3p mimics and mimic NC were
purchased from Shanghai GenePharma Co., Ltd. The
MLLT10-wt or MLLT10-Mut or miR-331-3p mimics or
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mimic NC were cotransfected into precultured 293A cells
using Lipofectamine 2000. After 48 h, the luciferase activity
was analyzed with the Dual Luciferase Reporter Assay
System (Promega, USA).

2.9. Animal Experiments. Male BALB/c nude mice (N=24)
were purchased from Human SJA Laboratory Animal Co.,
Ltd. As previously mentioned [27], animal models were
constructed. Briefly, mice were fed adaptively for a week
with normal food, water, and light. Stable HCT116 cells were
cultured after NC, sh-MLLTI10, and sh-Lnc-S100B-2
transfection. After the cells had grown to about 80% fusion,
they were digested with trypsin and counted. 200 uL PBS
containing 2 x 10° HCT116 cells was injected into the right
lower flank of 6-8 weeks old mice. They were randomly
divided into four groups: the NC group, the sh-MLLT10
group, the sh-Lnc-S100B-2 group, and the sh-Lnc-S100B-
2+sh-MLLT10 group, with 6 rats in each group. After
35 days of normal feeding, the mice were euthanized hu-
manely. The tumor body was taken, and the tumor volume
was measured (volume = (widths x width x length)/2).

2.10. Immunohistochemistry (IHC). Briefly, after 12 hours of
baking at 60°C, the paraffin slices were dewaxed. After
heating for antigenic repair, 1% periodic acid was used to
inactivate endogenous enzyme activity. After incubation
with anti-caspase 3 (1:200, 19677-1-AP, proteintech) at 4°C
overnight, 100 yL anti-rabbit IgG was inoculated at 37°C for
30 min. After DAB color development, the hematoxylin was
counterstained for 10 min. Then, the sections were sealed
with the neutral resin and observed with a light microscope.

2.11. Immunofluorescence (IF) Assay. The expression of
CD3, E-cadherin, and vimentin in tissues was determined by
IF. Briefly, after heating for antigenic repair, the sample was
treated with hydrogen boride solution and Sudan black dye.
10% serum and 5% BSA were used to seal the sample for
60 min. Anti-CD3 (1:50, 17617-1-AP, proteintech), anti-E-
cadherin (1:50, 20874-1-AP, proteintech), and anti-
vimentin (1:50, 10366-1-AP, proteintech) were incubated
overnight at 4°C, and anti-rabbit -IgG labeled fluorescent
antibodies were incubated at 37°C for 90 min. Nuclear DNA
was labeled with DAPI (blue). Cells were analyzed with a
fluorescence microscope.

2.12. Statistics Analysis. Data were analyzed using the
GraphPad Prism 8.0.1 and presented as the mean +SD.
Kaplan-Meier analysis and log-rank test were adopted to
analyze the survival time of patients. Correlation between
the expression of miR-331-3p and Lnc-S100B-2 was ana-
lyzed by Pearson’s correlation analysis. Paired t-test, one-
way ANOVA or two-way ANOVA with Tukey’s multiple
comparisons test were performed to evaluate the statistical
significance. P <0.05 was considered to indicate a statisti-
cally significant difference.
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3. Results

3.1. Lnc-S100B-2 Is Highly Expressed with a Poor Prognosis in
CRC. To obtain differential LncRNAs in CRC, we analyzed
the expression profiles of LncRNAs in the GSE104364 and
GSE151021 datasets. We found a series of differentially
expressed LncRNAs in CRC (Figure 1(a). Kaplan-Meier
analysis showed that the survival curve of Lnc-CA14-1, Lnc-
FABP2-4, Lnc-MYHI1-1, and Lnc-S100B-2 was P <0.05
(Figure 1(b)). Higher Lnc-S100B-2 level was associated with
poorer survival. These results suggested that Lnc-S100B-2
might be involved in the prognosis of CRC.

3.2. Lnc-S100B-2 Affects the Proliferation and Apoptosis of
HCT116 Cells. We randomly collected 5 pairs of tumor and
matched adjacent tissues. Clinical samples were used to
verify the level of Lnc-S100B-2. The paired t-test
(Figure 2(a)) were consistent with those of predicting results
(Figure 1(a)). The expression of Lnc-S100B-2 was signifi-
cantly upregulated in tumor tissues. The results of plate
clone formation assay showed that the activity of HCT116
cells was decreased when Lnc-S100B-2 was inhibited
(Figure 2(b)). Apoptosis results proved that Lnc-S100B-2
was positively correlated with CRC cell activity (Figure 2(c)).
Knockdown of Lnc-S100B-2 resulted in cell stagnation in the
G2 phase (Figure 2(d)). Expression of proliferation (PCNA
and Ki67) and apoptosis-related indicators (cleaved caspase
3, Bax, and Bcl-2) at the gene and protein levels was
identified (Figure 2(e) and 2(f)). Expressions of PCNA,
Ki67, and Bcl-2 decreased in the sh-Lnc-S100B-2 group
compared to the control group, while cleaved caspase 3 and
Bax were the opposite. Combined with the above results, the
expression of Lnc-S100B-2 in CRC might affect cell pro-
liferation and apoptosis.

3.3. Lnc-S100B-2 Regulates MLLTIO in CRC. Next, we val-
idated the expression of the downstream gene of Lnc-S100B-
2. MiR-331-3p was decreased in cancer tissue (Figure 3(a)).
Pearson’s analysis showed that the levels of miR-331-3p were
significantly negatively correlated with Lnc-S100B-2
(Figure 3(b)). The expression of miR-331-3p increased or
decreased with the decrease or increase of Lnc-S100B-2
(Figures 3(c) and 3(d)). These results hinted that Lnc-S100B-
2 could regulate the levels of miR-331-3p. Meanwhile, the
expression of MLLT10 was higher in tumors than in adjacent
mucosa (Figure 3(e)). The online software miRDB (http://
mirdb.org/index.html) was used to predict the target gene of
miR-331-3p. Dual-luciferase reporter assay results showed
that miR-331-3p targeted MLLT10 (Figure 3(f)). The above
experimental results suggested that Lnc-S100B-2 might
regulate the expression of MLLT10 through miR-331-3p.

3.4. MLLTIO Could Promote HCT116 Cell Apoptosis. To
verify the role of MLLT10 in CRC, we stably transfected sh-
MLLT10 in HCT116 cells. qRT-PCR results showed that sh-
MLLTI10 had good efficacy (Figure 4(a)). The expression of
apoptosis-related indexes (cleaved caspase 3, caspase 9, Bax,
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and Bcl-2) significantly changed in the sh-MLLT10 group = was negatively correlated with the apoptosis rate
(Figure 4(b) and 4(c)). Meanwhile, the apoptosis rate of  (Figure 4(d)). These results suggested that the levels of
HCT116 cells also indicated that the expression of MLLT10 ~ MLLT10 in CRC could affect cell apoptosis.
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3.5. Effects of Lnc-S100B-2 and MLLT10 on the Development of
CRC. Then, HCT116 cells transfected with NC, sh-MLLT10,
sh-Lnc-S100B-2, or sh-Lnc-S100B-2+ sh-MLLT10 were
subcutaneously injected into nude mice. The expression of
Lnc-S100B-2 and MLLTI0 was altered in the tumor
(Figures 5(a) and 5(b)). Tumor volume and mass were
significantly reduced after inhibition of Lnc-S100B-2 and
MLLTI0 (Figures 5(c) and 5(d)). After IHC staining of the
tumor (Figure 5(e)), the expression of caspase 3 was sig-
nificantly increased after sh-Lnc-S100B-2 and sh-MLLT10
treatment. Meanwhile, the sh-Lnc-S100B-2+sh-MLLT10
group was markedly higher than the sh-MLLT10 group.
These results suggested that Lnc-S100B-2 might regulate the
expression of MLLT10 to affect cell apoptosis. At the gene
and protein levels, the levels of proliferation (PCNA and
Ki67) and apoptosis-related indexes (cleaved caspase 3, Bax,
and Bcl-2) further suggested that Lnc-S100B-2 could affect
the development of CRC by regulating the expression of
MLLTI0 (Figures 5(f)-5(k)). These results indicated that
Lnc-S100B-2 might affect the proliferation and apoptosis of
CRC cells by regulating MLLTI0.

3.6. Effects of Lnc-S100B-2 and MLLTI0 on Immune Cell
Invasion and EMT in CRC. Immune cell invasion and EMT
are two essential components of the tumor microenviron-
ment. To further explore the role of Lnc-S100B-2 and
MLLT10 in CRC, we investigated the immune cell invasion
and the degree of EMT in the tumor. CD3 expression was
significantly decreased after sh-Lnc-S100B-2 and sh-
MLLTI10 treatment (Figure 6(a)). It suggested that the in-
filtration degree of lymphocytes in the tumor tissue was
reduced. The number of CD3 (-) CD16 (+) cells and CD11b
(+) cells were also significantly decreased with the silencing
of Lnc-S100B-2 and MLLT10 (Figures 6(b) and 6(c)). These
results suggested that regulation of Lnc-S100B-2 and
MLLT10 might affect the abundance of immune cells in
tumor tissues. In addition, the expression of E-cadherin was
significantly increased in the sh-MLLT10 group compared
with the other three groups. Vimentin is the opposite
(Figure 6(e)). We examined the expression levels of EMT-
related indicators (E-cadherin, N-cadherin, vvimentin,
p-catenin, snail, and slug) at the gene and protein levels. The
results showed (Figures 6(f)-6(1)) that E-cadherin and
B-catenin were significantly increased in the sh-Lnc-S100B-
2+sh-MLLT10 group, compared with the sh-Lnc-S100B-2
group and the sh-MLLTIO group, while N-cadherin,
vimentin, snail, and slug were decreased considerably. It is
suggested that Lnc-S100B-2 might affect the EMT of tumor
cells through MLLT10, at least partially. Combined with the
above experimental results, we found that the regulation of
Lnc-S100B-2 and MLLTI0 could affect the immune cell
invasion and EMT in the tumor.

4, Discussion

In our study, Lnc-S100B-2 has obtained through Limma and
Kaplan-Meier analysis in the CRC datasets (GSE104364 and
GSE151021). At the cellular and animal levels, the effects of
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Lnc-S100B-2 and its downstream MLLT10 signaling on CRC
have been identified.

Lnc-S100B-2 is a long noncoding RNA. Our study found
that Lnc-S100B-2 was overexpressed in CRC. The expression
of Lnc-S100B-2 could affect the proliferation, apoptosis, and
EMT of CRC cells. The prognosis of CRC is closely related to
EMT. Kaplan-Meier analysis showed that the over-
expression of Lnc-S100B-2 predicted a poor prognosis in
CRC. EMT is closely associated with poor prognosis of
cancer patients, including gastric cancer [28], glioma [29],
and bile duct cancer [30]. In bladder cancer, Cao R. et al.
found that EMT, as a negative independent prognostic
factor, had a tumor-promoting effect due to its related ge-
netic characteristics [31]. These findings suggest that EMT in
CRC may affect patient prognosis. At the same time, this
verified our results from the side that Lnc-S100B-2 affected
the prognosis of CRC through EMT of CRC cells.

Our study found that Lnc-S100B-2 might regulate the
expression of MLLT10 through miR-331-3p. miRNA is also
involved in CRC development and prognosis [32]. Lin et al.
showed that miR-195-5p/NOTCH?2 signaling could affect
the polarization of M2-like tumor-associated macrophages
by mediating tumor cell EMT [33]. Zhang Y et al. found that
miR-17-5P could activate cancer-associated fibroblasts by
regulating  RUNX3/MYC/TGF-f1 signaling, influencing
tumor microenvironment and promoting CRC development
[34]. These results suggest that miRNA might influence the
tumor microenvironment and CRC development by regu-
lating the expression of downstream target genes.

Studies have shown that MLLT10 is often observed in
acute myeloid and lymphoid leukemia, affecting its treat-
ment and prognosis [35,36]. Previous studies have shown
that inhibition of MLLTI0 expression can affect the pro-
liferation, migration, and invasion of non-small cell lung
cancer cells [23]. It is similar to our findings. MLLT10 could
affect the apoptosis level of CRC cells. The expression of
apoptosis-related indicators (cleaved caspase 3, caspase 9,
Bax, and Bcl-2) was altered with the silence of MLLT10.
MLLT10 also has a particular regulatory effect on cell EMT
and immune cell infiltration. After inhibiting the expression
of MLLTI0, the expression levels of EMT-related indicators
(E-cadherin, N-cadherin, vimentin, -catenin, snail, and
Slug) changed. EMT is involved in the migration, invasion,
and metastasis of cancer cells [37]. EMT is closely related to
cell apoptosis. A negative correlation between apoptosis and
EMT has been reported in ovarian cancer [38]. Vimentin can
affect the apoptosis of SMMC-7721 cells in liver cancer
studies [39]. Regulation of Snaill expression can restore
EMT and prevent ethanol-induced apoptosis of neural crest
cells [40]. All these proved from the side that MLLT10 affects
CRC cell apoptosis and EMT, with sure accuracy. Jing et al.’s
study further proved our results, knockdown of MLLT10
could also inhibit EMT and affect the development of co-
lorectal cancer [24].

In our study, MLLT10 expression could affect the degree
of infiltration of immune cells. After regulating the ex-
pression of MLLT10, the proportion of CD16 and CDI11b
positive cells decreased. The abundance of tumor-infiltrating
immune cells is highly correlated with the progression of
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CRC [41]. Our study found that the proportion of CD3
positive cells (T cells) decreased after MLLT10 silencing. It is
suggested that MLLT10 could affect the infiltration degree of
T cells in CRC. Studies have shown that the proportions of
T cells, NK cells, and macrophages in CRC are higher than
those in normal tissues [41]. CD3 (-) CD16 (+) are cytotoxic
natural killer cells (NK) that can directly kill tumor cells [42].
In the peripheral blood of CRC patients, it was identified that
CRC patients with high CD16 (+) NKT-like cells had shorter
disease-free survival [43]. That is, relative CD16 (+) NKT-
like cells are reduced in patients with high survival. These
findings are similar to ours. Low levels of MLLT10 have a low
degree of immune cell infiltration.

5. Conclusion

Lnc-S100B-2 was screened out in this study, which is closely
associated with a poor prognosis of CRC. Regulation of Lnc-
S100B-2 and its downstream MLLTI0 can affect CRC cell
apoptosis. Lnc-S100B-2 and MLLTIO0 are associated with
EMT and immune cell infiltration in CRC cells. It might
provide a potential biomarker for CRC prognosis.
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Background. Long noncoding RNAs (IncRNAs) could function as competitive endogenous RNAs (ceRNAs) to competitively
adsorb microRNAs (miRNAs), thereby regulating the expression of their target protein-coding mRNAs. In this study, we aim to
identify more effective diagnostic and prognostic markers for lung adenocarcinoma (LUAD). Methods. We obtained differentially
expressed IncRNAs (DEIncRNAs), miRNAs (DEmiRNAs), and mRNAs (DEmRNAs) for LUAD by using The Cancer Genomes
Atlas (TCGA) portal. Weighted gene coexpression network analysis (WGCNA) was performed to unveil core gene modules
associated with LUAD. The Cox proportional hazards model was performed to determine the prognostic significance of
DEIncRNAs. The diagnostic and prognostic significance of DEIncRNAs was further verified based on the receiver operating
characteristic curve (ROC). Cytoscape was used to construct the ceRNA networks comprising the IncRNAs-miRNAs-mRNAs axis
based on the correlation obtained from the miRcode, miRDB, and TargetScan. Results. Compared with normal lung tissues, 2355
DEIncRNAs, 820 DEmiRNAs, and 17289 DEmRNAs were identified in LUAD tissues. We generated 8 WGCNA core modules in
the IncRNAs coexpression network, 5 modules in the miRNAs, and 12 modules in the mRNAs coexpression network, respectively.
One IncRNA module (blue) consisting of 441 IncRNAs, two miRNA modules (blue and turquoise) containing 563 miRNAs, and
one mRNA module (turquoise), which consisted of 15162 mRNAs, were mostly significantly related to LUAD status. Fur-
thermore, 67 DEmRNAs were found to be tumor-associated as well as the target genes of the DEIncRNAs-DEmiRNAs axis.
Survival analyses showed that 6 IncRNAs (LINC01447, WWC2-AS2, OGFRP1, LINC00942, LINCO01168, and AC005863.1) were
significantly correlated with the prognosis of LUAD patients. Ultimately, the potential ceRNA networks including 6 DEIncRNAs,
4 DEmiRNAs, and 22 DEmRNAs were constructed. Conclusion. Our study indicated that 6 DEIncRNAs had the possibilities as
diagnostic and prognostic biomarkers for LUAD. The IncRNA-mediated ceRNA networks might provide novel insights into the
molecular mechanisms of LUAD progression.

1. Introduction

Lung cancer is the leading cause of cancer-related death
worldwide, of which lung adenocarcinoma (LUAD) is the
dominant histological subtype, accounting for 40% of all
cases [1, 2]. Statistics show that a dismal 5-year survival rate
is less than 20% despite recent advances in therapies [3]. The
major factors in unfavorable prognosis of LUAD are di-
agnosis at terminal cancer and the propensity for metastasis

[4]. Hence, there is an urgent need to identify new bio-
markers to predict diagnosis and prognosis at an early stage
and explore novel therapeutic targets for LUAD [5].
High-throughput genome sequencing and microarrays
have indicated that 75% of the human genomes are tran-
scribed into noncoding RNAs with the exception of protein-
coding genes [6, 7]. Long noncoding RNAs (LncRNAs) are a
class of RNA transcripts with a length of more than 200
nucleotides without protein-coding ability [8]. LncRNAs are
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FIGURE 1: Research diagram of the ceRNA networks in LUAD.

broadly perceived for their functions in regulating biological
processes through different mechanisms in various cancer
types and have held substantial promise as novel biomarkers
for cancer therapy [9-11]. MicroRNAs (miRNAs) have also
been confirmed to play an important role in cancer pro-
gression over the past decades [12, 13]. Intriguingly, in-
creasing evidence supports that IncRNAs act as endogenous
molecular sponges that recognize and competitively bind to
miRNAs by sharing miRNA response elements (MREs),
indirectly regulating target mRNAs at a post-transcriptional
level [14, 15]. Besides, the hypothesis that the complicated
ceRNA networks participate in tumor development has been
verified [16, 17]. For instance, the IncRNA ITGB8-AS1-miR-
33b-5p-ITGA3 axis was reported to promote invasion and
migration in colorectal cancer [18]. LncRNA PVTI, as a
ceRNA for miR-143, upregulated HK2 expression and
promoted proliferation of gallbladder cancer cells [19].
Weighted gene coexpression network analysis
(WGCNA) lied in the construction of scale-free gene
coexpression networks to identify crucial modules of highly
correlated genes that are associated with specific clinical
features [20, 21]. The advantage of WGCNA is that it can
identify and cluster highly correlated genes into the same
module. At present, WGCNA plays a significant role in
multiple fields, such as cancer, nervous system, and genetic
data analysis, which is extremely useful for identifying

potential candidate biomarkers or novel treatment targets
[22-25].

In the current study, we identified differently expressed
IncRNAs (DEIncRNAs), miRNAs (DEmiRNAs), and
mRNAs (DEmRNAs) and obtained the key modules rele-
vant to LUAD traits by using WGCNA. Six diagnostic and
prognostic DEIncRNAs and 6 IncRNAs-4 miRNAs-22
mRNAs ceRNA networks may provide a useful basis for
formulating early diagnosis and individualized treatments in
LUAD.

2. Methods

2.1. Research Process Design. The bioinformatics scheme
design of the study is shown in Figure 1.

2.2. Data Collection and Processing. The transcriptome
profiling data and clinical data of patients with LUAD
(tumor = 534; normal = 59) were obtained from the TCGA
database (https://portal.gdc.cancer.gov/) (Supplementary
Table S3). LncRNA-seq data were extracted by comparing
IncRNA annotation according to Genecode (https://www.
gencodegenes.org/). We performed data analysis based on
‘Level 3’ read count. TMM (trimmed mean of M value)
normalization and differential expression analysis were
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implemented with the R package edgeR (JlogFC| > 1.5 and
p value < 0.05). Volcano maps were created using ggplot2 on
Sangerbox (https://sangerbox.com/). The Venn diagram was
performed using the Venny website (https://bioinfogp.cnb.
csic.es/tools/venny/index.html).

2.3. Construction of the Weighted Gene Coexpression Network
and Identification of Module Eigengenes. We incorporated
RPKM (Reads Per Kilobase per Million) files of IncRNAs,
miRNAs, and mRNAs into WGCNA analysis and con-
structed gene coexpression networks using the WGCNA R
package [26]. The process included the following key steps
[20, 21]: Firstly, the outliers were removed using the abline
function for the clustered samples. Secondly, the established
similarity matrix was converted into an adjacency matrix
based on the f value. On this foundation, a topological
overlap matrix (TOM) was constructed which was used to
carry out the corresponding dissimilarity, and the hierar-
chical clustering tree of genes (dendrogram) was generated
through hierarchical clustering to implement module de-
tection. Finally, Module Members (MMs) and Gene Sig-
nificance (GS) were counted and further investigated for
module signature genes that were closely associated with
cancer progression.

The construction process among IncRNA, miRNA, and
mRNA coexpression networks was similar with the excep-
tion of some parameters: in the selection of soft power
values, f values of IncRNAs, miRNAs, and mRNAs were 4, 3,
and 1, respectively. The height cutoff MEDissThres of
IncRNA, miRNA, and mRNA settings of similar modules
was 0.5, 0.8, and 0.4, respectively. In terms of recognizing
dynamic modules, 3 kinds of RNAs had the same conditions
(deepSplit =2, minModuleSize = 30).

2.4. Prediction of IncRNAs-miRNAs-mRNAs Networks.
Forecasting target genes for IncRNAs and miRNAs through
website tools: first of all, the overlapping IncRNA-targeted
miRNAs (pre-miRNAs) were predicted via the miRcode
website (https://www.mircode.org/) from which we ob-
tained miRNA response element (MRE) information. The
mRNAs (pre-mRNAs) targeted by shared miRNAs were
predicted by TargetScan (https://www.targetscan.org/
vert_72/) and miRDB databases (https://mirdb.org/).
Genes with the same targeting relationship were extracted to
construct the IncRNAs-miRNAs-mRNAs ceRNA networks
using Cytoscape for visualization.

2.5. Survival Analysis. In combination with clinical information
of TCGA-LUAD samples, univariate and multivariate Cox
regression analysis were performed using survival R
package Coxph function to clarify the relationship be-
tween characteristic IncRNAs and overall survival (OS),
and forest maps were drawn using forestplot R package
for visualization. LncRNAs significantly associated with
prognosis were involved in the construction of the ceRNA
regulatory networks. The area under the curve (AUC)

for 1-year, 3-year, and 5-year OS was calculated by the
‘timeROC’ R package to assess the predictive accuracy of
prognosis. In addition, diagnostic ROC curves were
plotted with IBM SPSS Statistics 26 for the IncRNA
signature. P < 0.05 was considered statistically significant.

3. Results

3.1. Identification of DEIncRNAs, DEmiRNAs, and DEmRNAs
in LUAD. TCGA-LUAD mRNA expression data, including
534 LUAD samples and 59 normal samples, were down-
loaded and matched with Genecode v38 for obtaining
IncRNA expression data. The expression profiles of miRNAs
in 521 tumor samples and 46 normal samples were explored.
Original count data were standardized, and differential
expression analysis was implemented with the R package
edgeR. In total, 641 DEIncRNAs, 224 DEmiRNAs, and 5000
DEmRNAs were screened out (|logFC|> 1.5 and p <0.05)
(Supplementary Table S1). Volcano plots presented that 109
IncRNAs were downregulated, 48 miRNAs and 536 mRNAs
were downregulated, and 532 IncRNAs, 176 miRNAs, and
4464 mRNAs were upregulated in LUAD samples
(Figures 2(a)-2(c)).

3.2. Construction of Gene Coexpression Networks to Obtain
Hub Modules. WGCNA, a systematic biological approach,
was conducted to certify clinical phenotype in relation to
coexpressed genes in networks. Selection of soft threshold
power was a critical step in constructing WGCNA. To de-
termine the relative balance between scale independence and
average connectivity, we analyzed network topologies with
soft threshold power ranging from 1 to 20. When the power
value (f8) was confirmed to 4 (IncRNAs), 3 (miRNAs), and 1
(mRNAs), the corresponding fitting index reached 0.9, and
the coexpression network satisfied the scale-free distribution
(Supplementary Figures S1(a)-S1(c)). We generated 8, 5, and
12 key modules (noted by different colors) in IncRNA,
miRNA, and mRNA coexpression networks through the
dynamic tree cutting method (Figures 3(a)-3(f)). Each
module was color coded, but the genes in the gray module
did not belong to any other module. Notably, we also
identified the relationship of each module with the LUAD
phenotype.

The results showed that there was a significant associ-
ation between the blue module and tumor phenotype in the
IncRNAs coexpression networks (weighted correlation of
module features =0.78) (Figure 3(b)). Meanwhile, the tur-
quoise module was obviously correlated with tumor char-
acteristics in the mRNAs coexpression networks (module
trait weighted correlation = 0.71) (Figure 3(f)). For miRNA
coexpression networks, both blue and turquoise modules
were significantly correlated with the tumor phenotype
(module trait weighted correlation = 0.59/0.56)
(Figure 3(d)). The genes in the core module were extracted
for further analysis (WGCNA-IncRNAs =441, WGCNA-
miRNAs =563, and WGCNA-mRNAs =15162)
(Figures 4(a), 4(c), 4(d), and 4(f)).
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FiGure 2: Identification of DEIncRNAs, DEmiRNAs, and DEmRNAs in TCGA-LUAD. (a) Volcano plot of DEIncRNAs from the TCGA
database. (b) Volcano plot of DEmiRNAs from the TCGA database. (c) Volcano plot of DEmRNAs from the TCGA database. The x-axis and
y-axis stood for log2 (fold change) of gene expression and lg-transformed p value, respectively. Red dots: the significantly overexpressed
genes, green dots: downregulated genes, and gray dots: not significantly differentially expressed genes. |log2FC| > 1.5 and p < 0.05 were the
cutoff criteria. Volcano maps were created using ggplot2 on the Sangerbox website (https://www.sangerbox.com/tool).

3.3. Prediction of IncRNAs-miRNAs and miRNAs-mRNAs
Pairs. At first, we screened out 197 IncRNAs through
matching the DEIncRNAs with WGCNA-IncRNAs using
the Venny website (Figure 4(b)). The predicted potential
miRNAs (pre-miRNAs) that interacted with 197 IncRNAs

were obtained using the miRcode database and identified a
total of 7770 IncRNAs-miRNAs pairs, including 150
IncRNAs and 282 miRNAs. Taking the intersection of 24
DEmiRNAs, 282 pre-miRNAs, and 563 WGCNA-miRNAs,
10 miRNAs were ultimately included (Figure 4(e)). Then,
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FIGURE 3: Drawing hierarchical clustering dendrograms of identified coexpressed genes and assessing the associations between module traits
and the LUAD phenotype. Clustering dendrograms of IncRNAs (a), miRNAs (b), and mRNAs (c). Note. Each short vertical line cor-
responded to a gene and an expression module of genes that was highly interconnected (labeled on each branch). Two coloured rows below
the dendrograms separately represented the original modules and merged modules. Analysis of module-trait relationships of LUAD based
on IncRNA data (d), miRNA data (e), and mRNA data (f). Note. Each row corresponded to a module eigengene, and each column
corresponded to a trait. Each cell contained the corresponding correlation (first line) and p value (second line). Color coding the table was
according to the correlation of the color legend. P value < 0.05 represented statistical significance.
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FIGURE 4: Scatter plots of gene significance (GS) and module membership (MM) in tumor-specific coexpression modules were displayed,
and IncRNAs, miRNAs, and mRNAs were preliminarily screened for further analysis. Association between the vital modules included
module eigengenes and tumor phenotypes in the coexpression network of (a) IncRNAs (weighted correlation of blue module charac-
teristics = 0.89), (¢, d) miRNAs (blue and turquoise modules trait weighted correlation = 0.74/0.83), and (f) mRNAs (turquoise module trait
weighted correlation = 0.85). (b) The overlapping IncRNAs shared by DEIncRNAs and WGCNA-IncRNAs. (e) The Venn diagram showed
the intersection of DEmiRNAs, WGCNA-miRNAs, and pre-miRNAs (the target miRNAs of IncRNAs predicted by miRcode online
prediction tools). (g) Venn diagram presented 1107 common mRNAs by intersecting DEmRNAs and WGCNA-mRNAs. (h) Based on the
TargetScan and miRDB website, 1388 target genes of miRNAs were mostly overlapped. (i) The Venn diagram showed the unique correlation

of genes among DEmRNAs, WGCNA-mRNAs, and pre-mRNAs.

1107 mRNAs were selected by taking the intersection of
5000 DEmRNAs and 15162 WGCNA-mRNAs (Figure 4(g)).
Next, 10 intersectional miRNAs were predicted by Tar-
getScan and miRDB online target gene prediction tools for
their target genes (Figure 4(e)). No targeted genes were
predicted for miR-142-3p at the TargetScan website, and

results of the remaining 9 miRNAs showed that 3074
miRNAs-mRNAs pairs included 2742 target genes; 6121
miRNAs-mRNAs pairs were retrieved on the miRDB
website, containing 2742 target genes. There were 1388
mRNAs that were duplicated in both sites (Figure 4(h)).
Finally, 67 target mRNAs were selected from DEmRNAs,
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FIGURE 5: Univariate and multivariate Cox regression analysis. (a) The forest plot showed the prognostic factors associated with overall
survival rates using univariate analysis. (b) Six IncRNAs were independent prognostic factors for patients with LUAD by performing
multivariate Cox regression analysis. Hazard ratios (HRs) > 1 indicated a factor with poor prognosis, whereas HRs <1 were related to
favorable prognosis. All the variables shown were statistically significant with p value < 0.05.

mRNAs in the WGCNA core module, and predicted mRNAs
(pre-mRNAs) (Figures 4(g) and 4(i)) (Supplementary Table S2).
We performed reverse inferences based on 67 target genes
and received 38 pairs of miRNAs-mRNAs (including 6
miRNAs and 38 mRNAs). The interaction effect between 6
miRNAs and 99 IncRNAs was also concluded at length.

3.4. Construction of IncRNAs-miRNAs-mRNAs Networks for
LUAD. When miRNA binds to MRE on IncRNAs, mRNA
expression is not inhibited; hence, miRNAs are mostly
negatively correlated with IncRNA and mRNA expression
(Supplementary Figure S2) [27]. Therefore, we screened for
negatively associated genes, which included 59 IncRNAs, 4
miRNAs, and 22 mRNAs. Clinical data were downloaded
from TCGA-LUAD, of which 512 samples had complete
clinical information. Clinicopathological features of pT
stage, pN stage, pM stage, and pTNM stage were incorpo-
rated into analysis, and the Coxph function in the survival R
package was used to perform univariate and multivariate
Cox regression analysis (Supplementary Tables S4 and S5.).
As a consequence, 6 IncRNAs were identified as crucial
prognostic factors (WWC2-AS2, OGFRP1, LINC00942,
LINCO01168, and AC005863.1 were risk factors, and only
LINCO01447 belonged to protective factor) (Figures 5(a) and
5(b)) (Supplementary Table S6). Cox regression analysis was
performed to obtain risk scores of each sample which were
used for ROC analysis of the prognosis classification uti-
lizing the ‘timeROC’ R package. As shown in Supplementary
Figure S3(a), the IncRNA signature is an independent
predictor which reached an optimism-corrected AUC of
0.79 (1 year), 0.79 (3 years), and 0.77 (5 years). Meanwhile,
diagnostic ROC curves further demonstrated the superior

clinical utility of the prognostic IncRNA model (AUC =0.728)
(Supplementary Figure S3(b)). Eventually, we constructed
ceRNA networks for 6 IncRNAs, 4 miRNAs, and 22 mRNAs,
that were visualized using Cytoscape v3.7.2 software and an
alluvial plot (Figures 6(a) and 6(b)).

4. Discussion

Due to the unfavorable prognosis and high mortality rate of
LUAD, it is necessary to improve the strategy of diagnosis
and treatment. The IncRNA-mediated ceRNA hypothesis
proposed that IncRNA functions as a ceRNA to regulate the
gene expression by influencing miRNA activity. A previous
study suggested that IncRNA-KRTAP5-AS1 and IncRNA-
TUBB2A could serve as ceRNA to reinforce proliferation,
invasion, and EMT function of Claudin-4 [28]. HOXD-ASI1
was bound to miR-130a-3p in a competitive manner, which
activated the expression of EZH2 and MMP2 and fa-
cilitated liver cancer metastasis [29]. Previous studies
suggested that IncRNA as ceRNA played an important
biological function in LUAD, but the tumor-specific
ceRNA networks launched by IncRNAs remained largely
unknown [30, 31]. Different from IncRNA-regulated
ceRNA networks in LUAD established by Wu et al,, six
distinct IncRNAs were exhibited in our ceRNA networks.
The reason may be that different bioinformatics tools and
concerns were applied (i.e., we used the WGCNA analysis and
conducted Cox regression analysis to identify cancer-related
prognostic IncRNAs).

In the present study, we identified 6 differentially
expressed and prognostic IncRNAs. Among them,
LINCO01447, LINC01168, and AC005863.1 have not been
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reported to date. It is interesting to explore the biofunctional
role in the development and progression of LUAD for these
three IncRNAs. The other three were IncRNA OGEFRPI,
LINC00942, and WWC2-AS2, which were both reported in
the field of malignant tumors [32-36]. OGFRP1 promoted
tumor progression by increasing the activity of the AKT/
mTOR pathway or directly interacting with miR-4640-5p
[32, 33]. Recent studies have shown that LINC00942 po-
tentiated breast cancer cell proliferation and progression by
affecting METTL14-mediated m6A methylation [34].
WWC2-AS2 and LINC00942 were involved in the con-
struction of a prognostic IncRNA signature in cervical
cancer and lung adenocarcinoma [35, 36]. In the current
study, high expression of OGFRP1, LINC00942, and
WWC2-AS2 was associated with poor prognosis of LUAD
patients, which was in line with the abovereported results.
Nevertheless, all these IncRNAs associated with molecular
events still need further experimental validation in LUAD.

Four predicted miRNAs in ceRNA networks stand out in
our study. These DEmiRNAs are as follows: miR-139-5p
(downregulated), miR-30a-5p (downregulated), miR-490-
3p (downregulated), and miR-449c-5p (upregulated).
Consistently, miR-139-5p was downregulated in LUAD and
exerted the ability to inhibit proliferation, migration, and
invasion of cancer cells by targeting MAD2L1 [37]. More-
over, several studies have found that miR-30a-5p inhibited
the proliferation of multiple cancers, such as breast cancer,
glioma, and lung squamous cell carcinoma [38-40]. It is
reported that miR-490-3p overexpression significantly
inhibited the proliferation, invasion, and migration of he-
patocellular carcinoma cells by activating BCYRN1 [41].
MiR-449¢-5p was a hub for circ-NOTCHI to promote

metastasis and stemness of gastric cancer cells, leading to the
disease progression of gastric cancer [42]. These DEmiRNAs
might serve as putative targets for LUAD diagnosis and
therapy.

In the established ceRNA networks, the 22 DEmRNAs
attracted the researchers’ attention, and they found that they
were effective regulators during cancer progression [43-49].
EPHB2 has been associated with cancer stemness and ac-
quired sorafenib resistance via the -catenin/TCF1 axis [43].
CXCL5 as a tumor angiogenic factor promoted the ex-
pression of FOXD1 by activating the AKT/NF-xB pathway
in colorectal cancer [44]. High expression of CDCA7 pro-
moted tumorigenesis and predicted poorer prognosis in
patients with TNBC and ESCC [45, 46]. Downregulation of
TNNCI1 (Troponin Cl1) expression accelerated tumor for-
mation and increased mortality in LUAD patients [47].
Glioma cells with low SYT14 (Synaptotagmin 14) expression
were observed to suppress the proliferation capacity [48].
Upregulation of SPOCK2 negatively regulated MMP2 gene
expression, which in turn inhibited the invasion and me-
tastasis of prostate cancer cells [49]. These studies indicated
these potent cancer regulators involved in the present
ceRNA networks.

5. Conclusions

We used bioinformatics methods to construct the LUAD-
specific IncRNA-mediated ceRNA regulatory networks. We
also identified 6 DEIncRNAs as prognostic biomarkers
which might play critical roles in tumorigenesis and de-
velopment of lung cancer. Further experimental verification
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is needed to elucidate the underlying regulatory mechanism
in the future.
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Short-stranded miRNAs are single-stranded RNA molecules involved in the regulation of gene expression. miRNAs are involved
in a variety of cellular physiological processes, including cell proliferation, differentiation, and apoptosis. miR-23b have been
identified to act both as oncogenes and as tumor suppressors. In addition, miR-23b is related to inflammation resistance to various
autoimmune diseases and restrained inflammatory cell migration. The characterization of the specific alterations in the patterns of
miR-23b expression in cancer and autoimmune disease has great potential for identifying biomarkers for early disease diagnosis,
as well as for potential therapeutic intervention in various diseases. In this review, we summarize the ever-expanding role of miR-
23b and its target genes in different models and offer insight into how this multifunctional miRNA modulates tumor cell

proliferation and apoptosis or inflammatory cell activation, differentiation, and migration.

1. Introduction

According to GLOBOCAN 2020, an assessment of cancer
morbidity and mortality, it is reported that the number of
new cancer cases reached 19.3 million worldwide, and al-
most 10 million people died from cancer [1]. Moreover,
breast cancer in women has overtaken lung cancer as the
primary cause of cancer incidence worldwide in 2020 [1, 2].
Then, lung cancer is the second most frequently occurring
cancer and the leading cause of cancer death [1]. Moreover,
changes in incidence and trends are closely related to the
prevalence of tobacco [3, 4]. So, men are more likely to suffer
from this disease. Among male cancers, liver cancer is also a
high incidence disease, ranking second in male mortality,
and the incidence of primary liver cancer has continued to
rise since 2020 [4, 5]. Gastric cancer is a significant disease
worldwide. Notably, in the United States, Canada, and the
United Kingdom, the incidence of gastric cancer has in-
creased in both low- and high-risk young adults (younger
than 50 years) [6]. At present, the treatment of tumors can be

divided into drug therapy and surgical treatment [7]. Drug
therapy refers to using drugs to destroy cancer cells, which is
often used in clinical treatment. However, while killing
tumor cells, it will kill normal cells, so it often brings a series
of side effects, and chemotherapy does not have specificity
for tumor tissue [8]. Thus, most drug therapy has side effects.
In addition, surgical treatment has adverse effects such as
postoperative recurrence and slow healing. Importantly,
their pathogenesis is also unclear [9]. These factors lead to
limited treatment options. Therefore, clarifying the specific
mechanism of the disease is of great significance for the
treatment of the disease.

Autoimmune disease refers to a disease in which the
body’s immune response to its antigen causes damage to its
own tissues [10]. Multiple sclerosis (MS) is an autoimmune
demyelinating central nervous system (CNS) disease, in
which immune cells infiltrate into the central nervous
system from the periphery, activate microglia and astrocytes,
and inhibit the differentiation of oligodendrocytes into ol-
igodendrocytes, resulting in pathological features such as
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demyelination of myelin and axon [11, 12]. However, its
exact molecular mechanisms remain unclear. Besides,
rheumatoid arthritis (RA), also a chronic autoimmune
disease, affects nearly 0.5%-1% of the population in the
world [13]. The most common clinicopathological features
of RA patients are cartilage degeneration and bone erosion
of large and small joints, leading to mobility difficulties and
even disability in severe cases [14, 15]. Although there is
some genetic and environmental correlation, the specific
pathogenesis is not clear [16]. Systemic lupus eryth-
ematosus (SLE) is also a chronic multisystem autoimmune
disorder. Although the cause of SLE is unknown, both
genetic and environmental elements are relevant to the
disease mechanism [17]. Infection and environmental el-
ements have been hypothesized to cause cell damage,
promote the exposure of autoantigens to the immune
system, and cause B- and T-cell activation [18]. Indeed,
clarifying the pathogenesis plays a critical role in the di-
agnosis and timely treatment of diseases.

Small endogenous regulatory RNAs, also known as
short-strand ribonucleic acid microRNAs (miRNAs), are
critical posttranscriptional regulators of gene expression and
were first identified in C. elegans [19-21]. There are many
kinds of miRNAs, among which miRNA-23b belongs to
miR-23b/27b/24-1 cluster [22]. miR-23b possessed regula-
tory roles, especially in the development of cancer and
autonomic immune diseases [23]. In conclusion, this review
reveals miR-23b in various diseases, including cancer and
autoimmune diseases, and its role in disease progression.

2. miRNA

MicroRNA (miRNAs), which belonged to a category of
single-stranded RNA molecular, is not involved in coding
with a role in regulating gene expression [24, 25]. The
formation of miRNA includes the multistage process. Firstly,
in the nucleus, RNA polymerase II or I1I transcripts miRNA-
related genes into primary miRNAs (pri-miRNAs), where
miRNAs are several thousand nucleotides (nt) long [26-28].
Subsequently, the microprocessing complex Drosha-
DGCRS, consisting of the RNA binding protein DiGeorge
syndrome critical region gene8 (DGCR8) and the ribonu-
clease type III RNase Drosha, splits the precursor miRNA
(pre-miRNA), which forms the hairpin structure [29, 30].
This process is carried out in the nucleus. Then, in the
cytoplasm, the RNA Dicer enzyme decomposed per-miRNA
into mature miRNA, and the miRNA was still in the double-
stranded state [29]. Finally, the double-stranded miRNA
combined with Argonaute2 (AGO2) to form RISC (RNA-
induced silencing complex) [31]. One strand of the miRNA
double strand is preserved in the RISC complex, while the
other strand is expelled from the complex and rapidly de-
grades [30]. In the cytoplasm, miRNAs exert various bio-
logical functions by RISC [32]. miRNAs processing and
loading into RISC is performed by specific RNA-biding
proteins (RBPs), which exert cotranscriptional and post-
transcriptional regulation of miRNA transcription product
[33]. Moreover, a number of miRNAs can have different
nuclear functions independently of RISC [33].
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MicroRNA regulation commonly occurs based on
microRNA binding to the 3’ untranslated region (3'-UTR)
of target mRNA [34]. MicroRNAs inhibit the expression of
target genes by 3’-UTR combining with target RNAs [35].
Therefore, different miRNA biological processes occur at
different sites in the cell, including RNA transcription,
processing, transport, and RISC binding. Importantly,
miRNAs are critical for cell proliferation, differentiation,
and apoptosis [36]. miRNAs have been involved in many
cancers and neurodegenerative diseases, such as multiple
sclerosis, Parkinson’s disease, and Alzheimer’s disease
[37, 38]. Overall, miRNAs play an essential part in the
occurrence and development of diseases [39].

3. miR-23b Research Progress

The miR-23b is due to the chromosomal region 9q22,32
encoding mi-23b/27b/24-1 [23]. The biogenetic process of
miR-23b is similar when miRNA is cut into miRNA double
strand by Dicer enzyme-containing protein complex. One
strand is a passenger strand that will be degraded, and the
other is miR-23b. miR-23b is involved in regulating normal
physiological function, cell differentiation, and cellular
immunity [40]. Thus, when the miR-23b homeostasis is
damaged, the normal physiological function of the cell will
also be affected, and then diseases will occur. miR-23b can
induce a complex network of responses by directly targeting
multiple transcripts. To be specific, the changes of miR-23b
expression were closely related to various transcription
factors, such as TAB2, TAB3, NF-«B, tumor suppressor P53,
estrogen receptor ER-a, mitogen-activated protein kinase
MAPK, activation protein AP-1, reactive oxygen species
ROS, and CCL7 [19, 41, 42]. It has been reported that miR-
23b is closely related to the occurrence and development of a
variety of diseases, including tumors and autoimmune
diseases [23]. This review summarized tumor-related dis-
eases such as breast cancer, lung cancer, gastric cancer, and
liver cancer [43-45] and autoimmune diseases such as
multiple sclerosis, systemic lupus erythematosus, and ar-
thritis [46-48]. The above studies indicated that miR-23b is
mainly involved in a variety of physiological processes such
as cell proliferation, migration, and adhesion [49, 50].

4. The Role of miR-23b in Cancer

4.1. Breast Cancer. miR-23b is a pathogenic gene in the
course of the occurrence of breast tumors. Because miR-23b
expression changes abnormally in breast cancer, it is con-
sidered a biomarker for breast cancer development. The
expression rate of miR-23b in breast cancer tissues was
significantly higher than that in benign breast fibroadeno-
mas. Through KEGG pathway enriching analysis, it is found
that miR-23b is involved in the metabolism and cellular
pathway of breast cancer, such as EGFR and c-Met signaling
pathways [51, 52]. In addition, the function of miR-23b at
the cellular and molecular level has also been extensively
studied. The CRISPR/Cas9 system was able to knock out
miR-23b and miR-27b thoroughly; therefore, some re-
searchers used this system to knock out the miR-23b gene in
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MCEF-7 cells. The results showed that the cell behaviors were
changed, such as cell growth rate and colony formation, and
significantly decreased [53, 54]. Moreover, miR-23b ex-
pression is regulated by multiple factors. A study shows that
the membrane receptor tyrosine kinase (HER2/neu) can
induce miR-23b by regulating its downstream transcription
factor NF-L1B, promoting the growth of breast cancer cells
[55]. On the other hand, miR-23b blockades tumor cell
invasion by inhibiting the expression of B-lymphocyte-in-
duced maturation protein-1 (Blimp1l) [43, 56]. Cas/ErbB2
MCF10A.B2 represents invasive human mammary epithelial
cells with characteristics of overexpression p130Cas and
activation of ErbB2. miR-23b can directly reversely mediate
Blimpl and increase its level of expression [43].

4.2. Lung Cancer. miR-23b is identified to be related to lung
cancer according to a variety of validation methods, in-
cluding PCR array, logistic regression, and receiver oper-
ating characteristics curve analyses; mir-23b is determined
to be closely related to the formation of lung cancer [57]. By
performing an MTT assay, it was demonstrated that, in the
H1838 lung cancer cell line, the overexpression of miR-23b
significantly improved cell viability. In H1437 and H1944
lung cancer cell lines, inhibiting the expression of miR-23b
significantly reduced the ability of cell proliferation [45]. The
specific mechanisms of action indicate that, by increasing
the expression of miR-23b, it acts on myeloid leukemia 1
short (Mcl-1S) gene to enhance the proliferation, migration,
and invasion ability of A549 cells [58]. Mcl-1S has a
proapoptosis effect, which is a short splicing variant of
antiapoptosis protein Mcl-1 [59]. This may be the main
reason that miR-23b can promote the growth of lung cancer
cells. A new study proved that kinectinl antisense RNA 1
(KTN1-AS1) is negatively correlated with miR-23b in
NSCLC (non-small-cell lung cancer) cells, and the over-
expression of KTN1-AS1 can significantly reduce the ex-
pression level of miR-23b. Administration of KTN1-AS1 can
restore the proliferation and growth of NSCLC cells [60].
KTN1-AS1 contributes to facilitating NSCLC progression by
inhibiting miR-23b [60].

4.3. Liver Cancer. There is a critical relationship between
liver cancer and immunity [61, 62]. The liver acts as an
immune organ, maintaining immune homeostasis and
containing many immune cells, such as DC cells and T cells
[61]. Tregs are an immunosuppressive subset of CD4+
T cells. Tregs have an important feature; that is, they have
both activating and inhibitory receptors. Blocking activated
receptors and/or stimulating inhibitory receptors shifts the
balance to inhibiting Tregs, treating tumors and chronic in-
fectious diseases. Furthermore, Tregs play a crucial role during
tumor development and progression by regulating other im-
mune cells. Notably, Tregs work with neutrophils to reduce the
incidence of liver cancer [63]. On the contrary, the therapeutic
effects of Treg can be achieved by blocking the inhibitory
receptors or stimulating the activation receptors in auto-
immune diseases [62]. According to the reports, autoim-
mune liver disease is related to the number and functional

defects of Tregs. Therefore, the treatment of autoimmune
liver disease aims to restore the sufficient number and
function of Treg [64, 65].

In hepatocellular carcinoma (HCC) cells, miR-23b
possessed important functions [66]. miR-23b may possess a
dual function of oncogenic and inhibitory effect on the
tumor. Because the expression of miR-23b is detected in 125
HCC patients, 48 of them were upregulated, and 77 were
downregulated [67]. In Cao’s research, it was shown that the
expression of miR-23b in HCC tissues was remarkably
decreased, which was positively correlated with metastasis of
HCC [44]. Intriguingly, body fat is also associated with the
progression of liver cancer. Compared with HCC patients
with low body fat percentage, the study has found that serum
exosomes of HCC patients with a high body fat ratio express
a high level of miR-23b [68]. Besides, hepatocellular car-
cinoma cell line SMMC-7721 demonstrated that miR-23b
could promote tumor cell growth by targeting suppression
of tumorigenicity 7 like (ST7L) [66]. Proline-rich tyrosine
kinase 2 (PYK2) is a nonreceptor tyrosine kinase belonging
to the adhesion-focused kinase family [69]. PYK2 plays an
essential role in regulating cell proliferation and migration in
various cancer cells [70, 71], and miR-23b inhibits the HCC
cell line MHCC97L by targeting Pyk2 [72].

4.4. Gastric Cancer. The high expression of miR-23b, a
typical feature of gastric cancer, is believed to facilitate this
disease’s aggressive progression [73]. Moreover, miR-23b in
plasma expression is correlated with a poor prognosis of
gastric cancer [74]. miR-23b is one of the critical factors in
the initiation and progression of gastric cancer. By per-
forming experiments in a gastric cancer xenograft mouse
model and gastric cancer cells MKN-45 and AGS, results can
identify that miR-23b could target programmed cell death
(PDCD4) and promote tumor growth [75]. Besides, it has
demonstrated that miR-23b and long noncoding RNA,
tumor suppressor candidate 7 (TUSC7), inhibited each
other. Contrary to the effect of miR-23b, TUSC7 suppressed
the growth of gastric cancer cells AGS and MKN-45 [76].
The latest clinical data has shown that miR-23b encapsulated
in the exosomes can also be used as a biomarker to predict
the recurrence and prognosis of gastric cancer patients at
different stages [77].

The mechanism of miR-23b in breast cancer, lung
cancer, liver cancer, and gastric cancer is shown in Figure 1.

5. The Role of miR-23b in Autoimmune Disease

5.1. MS/EAE. Abnormal expression of a series of micro-
RNAs can be used as potential therapeutic targets for EAE,
assessed in the plasma and spinal cord tissue of EAE mice
[78]. In addition to the dysregulation of miR-23b in the
tumor diseases mentioned above, miR-23b also reflected
abnormal expression in autoimmune diseases. The analysis
of a miRNA-microarray found that, with the aggravation of
EAE, the expression of miR-23b gradually increased. This
result is considered to be one of the biomarkers of the disease
[79]. Moreover, several studies have reported that miR-23b
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FIGURE 1: The mechanism of miR-23b in cancers. (1) Breast cancer: HER2, EGF, and TNF-a promote the growth of BT474 cells by
promoting the upregulation of miR-23b. Cas/ErbB2 MCF10A.B2 represents overexpression p130Cas with activation of ErbB2. miR-23b
impairs Cas/ErbB2 MCF10A.B2 cell invasion by downmodulating Blimp1 expression. (2) Lung cancer: miR-23b promotes H1838, H1437,
and H1944 lung cancer cell proliferation. It is beneficial for the growth of A549 by Mcl-1S. In addition, KTN1-AS1 promotes NSCLC
proliferation by inhibiting miR-23b. (3) Liver cancer: miR-23b boosts the proliferation of H1838, H1437, and H1944 lung cancer cell lines. It
is useful for the expansion of A549 by Mcl-1S. Furthermore, KTN1-AS1 accelerates NSCLC proliferation by inhibiting miR-23b. (4) Gastric
cancer: miR-23b modulates tumor growth by targeting PDCD4. Moreover, as a potential target of miR-23b, TUSC7 also regulates the

growth of gastric cancer cells AGS and MKN-45.

regulates autoimmune disease pathogenesis by targeting
different protein molecules, such as TAB2, TAB3, IKK-a,
and CCL-7.

Bone marrow mesenchymal stem cells (BMSCs), adult
pluripotent stem cells, exert the immunoregulatory role by
carrying miRNA. BMSCs combined with miR-23b had a
better synergistic effect and could effectively alleviate EAE
[46]. BMSC loading overexpression miR-23b inhibits Th17
cell differentiation, blocks the secretion of inflammatory
factor IL-17, on the contrary promotes the secretion of
tumor growth factor-beta 1 (TGF-f1), and ultimately
inhibits the development of EAE [46]. In addition to
analyzing the effect of miR-23b on EAE verification from
the perspective of inflammatory subset cells Th17, the
research focuses on the effect of inflammatory chemokine
CCL7. Similar to the effect of miR-23b in Th17 cells, miR-
23b inhibits Thl and Th17 cells and diminishes the in-
filtration of encephalitogenic T cells into the central
nervous system contributing to halting EAE by binding
with CCL7 in the 3’-UTR site [41]. In addition, miR-23b
could alleviate the severity of EAE by targeting TAB2,
TAB3, and IKK-« [42].

5.2. RA. RA chronically damages the heart, skin, and
many other organs, accompanied by pathological char-
acteristics of erosive changes in joint surfaces that lead to
the destruction of the joints [80]. Besides its specific
expression in MS, miR-23b is also expressed explicitly in
arthritis. It is therefore considered to be a biomarker of
RA [47]. The identification of miR-23b expression shows
downregulation in inflammatory lesions from RA indi-
viduals and related mouse models compared with healthy
controls [42]. It is well known that RA is more common in
old age [81]. However, juvenile idiopathic arthritis will
also occur in a high proportion, which is very detrimental
to the growth of children [82]. The study has shown that
miR-23b helps in the diagnosis and monitoring of RA
[83]. miR-23b is negatively related to inflammation in RA
[47]. Similarly, the negative correlation between IL-17
and miR-23b is verified in comparing RA patients and
healthy subjects [42]. In addition, Zhu et al. found that
(TAB2), TAB3, and nuclear factor k-B kinase subunit a
(IKK-a) were down-regulated after transfection of miR-
23b in fibroblast-like synovial cells (FLSs), which were
obtained from synovial joint tissues of individuals with
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knee joint injury. [42]. Therefore, it is implied that miR-
23b can target TAB2, TAB3, and IKK-a to alleviate
disease.

5.3. SLE. SLE is an autoimmune disease in women with
features of multiple tissues and systems [84]. Moreover,
brain tissue is often the target organ of this disease. Due to
the long-term and widespread existence of intracranial
vascular inflammation, part of the gray matter shows is-
chemia, infarction, atrophy, and several demyelinations of
white matter areas [85]. The injury of the gray and white
matter directly affects nerve function and leads to abnormal
clinical symptoms. The incidence of SLE is increasing year by
year, with facial erythema, joint pain, fever, and fatigue as the
primary manifestations. Using the mouse model of SLE, the
research has verified that the treatment of adipose-derived
stem cells (ADSCs) can effectively alleviate the progression
of the disease. Specifically, it reduces the expression of in-
flammatory factor IL-17, which may be related to the
upregulation of miR-23b [48]. Additionally, through RNA
differential analysis of renal biopsy samples from several
patients with SLE, it is found that miR-23b is downregulated
in the inflammatory sites of SLE patients [42]. Similar to RA,
miR-23b also inhibited the development of SLE upon
inhibiting TAB2, TAB3, and IKK-« [42]. All in all, the high
expression of miR-23b will be helpful for the relief of SLE.

The mechanism of action of miR-23b in EAE, RA, and
SLE is summarized in Figure 2.

6. Treatment

miRNAs are abnormally expressed in various pathological
processes. Restoring miRNA normal levels might be regarded
as a promising therapy. Up to date, miRNA inhibitors have
been frequently used in the study of miRNA function and
mechanism. It is common to use artificial inhibitors, in-
cluding anti-miRNA oligonucleotide (AMO) and miRNA
sponges [86]. AMO is a short-stranded RNA oligonucleotide
that is complementary to natural miRNAs [87]. AMO has
been used in various cancers [88-91]. Artificial miRNA
sponge is constructed by inserting tandemly arrayed miRNA
sites into 3'-terminus (3’ 3'-UTRs) of a reporter gene [92].
This type of miRNA sponge is characterized by inductive and
stable expression, driven by the most potent promoters in
mammalian systems, such as U6 or cytomegalovirus (CMV)
[93]. MicroRNA (miRNA) sponges are transcripts with re-
peated miRNA antisense sequences that can sequester
miRNAs from the endogenous target, leading to miRNA
translation inhibition or mRNA degradation to fail [94]. The
microRNA sponge can play a role in cancer treatment. For
example, there have been studies based on the bladder cancer
xenograft model of BALB/c nude mice, and lentivirus-
transduced miR-130b/miR-494 sponge inhibits tumor growth
[95]. Besides, the miRNA sponge also has excellent potential
in the treatment of liver cancer. To be specific, miR-17-3p,
miR-181b-5p, and miR-9 sponges all demonstrated the ability
to inhibit the growth of liver cancer cells [96-98]. Interest-
ingly, the team identified a circRNA that is highly expressed in
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F1Gure 2: The mechanism of miR-23b in MS, RA, and SLE. IKK-«
could promote the expression of inflammatory factor NF-[IB,
which contributes to the occurrence of autoimmune diseases RA,
SLE, and MS/EAE. Additionally, miR-23b could alleviate these
diseases by inhibiting TAB2 and TAB3, which are beneficial for
IKK-a. Besides, the binding of miR-23b to CCL7 can inhibit the
migration of inflammatory cells Thl and Th17 and ultimately
inhibit disease development.

human and mouse brains and later showed that this circRNA
could act as a sponge for miRNAs [99, 100]. For example,
circHIPK3 is the sponge of miR-558 inhibiting bladder cancer
development both in vivo and in vitro [101]. Notably, miR-23b
sponge is also applied to liver cancer cells and glioma cells,
and the results show that it has a good effect in inhibiting the
disease [102, 103]. In addition to the above methods for
regulating miRNA levels, RNA mimics can be used as well.
miRNA mimics are double-stranded RNA molecules, which
modulate miRNA level [25]. miRNA mimic is a strategy to
restore miRNA function. Even viral vectors can transfect
miRNA into cells, but they have genome integration and the
potential danger of immunogenicity [104]. For example, miR-
125b-5p mimic has been demonstrated to inhibit acute liver
injury in vivo [105]. Therefore, miRNA mimic does not in-
tegrate into the genome, making it a good prospect in disease
treatment [104]. In conclusion, the AMO, sponge, and mimic
of miR-23b can potentially treat cancers and autoimmune
diseases.

7. Conclusion

miR-23b is frequently upregulated in a variety of tumors and
human cancer cell lines and exerts a vital function in



tumorigenesis. The expression level of miR-23b is induced
by the HER2/neu, EGF, TNF-«, and Blimpl, constitutively
activated in breast cancer [43, 55]. In studies on lung cancer
cell lines and NSCLC cells, miR-23b has been shown to
promote cancer development. Therefore, miR-23b is a po-
tential clinical pathologic marker in lung cancer [57]. In
addition, miR-23b can be used as a novel therapeutic target.
Studies in liver cancer have shown that ST7L, as the direct
target of miR-23b, plays a regulatory role in liver cancer cells
and can act as an oncogene [66]. Finally, for gastric cancer,
miR-23b promotes tumor development by targeting PDCD4
[75]. It has been shown to antagonize TUSC7, a tumor
inhibitor [76]. However, the regulatory role of miR-23b
looks paradox in different cancer. In conclusion, miRNA-
23b expression profiles differ between disease states and
normal tissue, and the abnormal regulation of miR-23b can
be used as a warning for tumors in tumor studies. However,
its regulatory effects on a variety of proteins make it a very
challenging target for cancer therapy. In general, for tumors,
miR-23b often has different roles in divergent systems or
environments. It is consistent with previous research il-
lustrating that one of the frustrating aspects of microRNA
research is that individual microRNAs have opposite
functions in different systems, suggesting that microRNA
communication is environment-dependent [34]. Some ex-
amples demonstrate that miR-125b is downregulated in
various cancers such as hepatocellular carcinoma and breast
cancer and overexpressed in colon cancer and hepatocellular
tumors [106]. Furthermore, future work should build on the
study of how miR-23b participates in the tumor suppressor
pathway or promotion pathway to lay a theoretical foun-
dation for tumor therapy.

The discovery of miRNAs has expanded the knowledge
of human diseases, including autoimmune diseases. Here,
we have summarized the crucial functions of miR-23b as an
anti-inflammatory gene in MS/EAE, RA, and SLE. Hundreds
of cell- and animal-based studies agree on the inflammatory-
suppressive role of miR-23b and suggest recovery of miR-
23b level as a potential therapeutic approach. In autoim-
mune diseases, the overexpression of miR-23b primarily
reflects the ability to inhibit the differentiation of th17 cells,
reduce inflammatory cytokines, and block the infiltration of
inflammatory cells into the lesion. The benefit of miR-23b-
based therapy is the chance to suppress multiple proin-
flammatory cytokines and chemokines production con-
currently in EAE [41, 42]. As a marker of RA, studies have
shown that it can help diagnose and detect the disease.
Moreover, it can downregulate Tab2, Tab3, and IKK-a. In
SLE studies, studies in animal models have shown that
overexpression of miR-23b can inhibit the inflammatory
factor IL-17 and alleviate SLE. Next, miR-23b inhibitors can
be administrated to observe whether they can consistently
inhibit inflammatory factors secretion and disease devel-
opment in animal models of SLE. Furthermore, a more
detailed understanding of mechanisms underlying how
miR-23b modulates therapeutic effect might be a study focus
in the future.

Although miR-23b functions based on multiple path-
ways and multiple targets in the disease’s pathological
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process, it is inevitable that the expression of miR-23b is
abnormal and undulatory during the occurrence of the
disease. Regulating miR-23b to its normal level is a new
potential therapeutic strategy for treating related diseases. So
far, the application of miRNA sponges, AMOS, and mimics
has provided favorable conditions for regulating abnormal
miR-23b expression.
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Solute Carrier Family 38 Member 1 (SLC38A1) is a principal transporter of glutamine and plays a crucial role in the trans-
formation of neoplastic cells. However, the correlation between SLC38A1 expression, prognosis, and immune infiltration in
hepatocellular carcinoma (HCC) has yet to be elucidated. We used two independent patient cohorts, namely, a Cancer Genome
Atlas (TCGA) cohort and a Clinical Proteomic Tumor Analysis Consortium (CPTAC) cohort, to analyze the role of SLC38A1 in
HCC at the mRNA and protein levels, respectively. In these two cohorts, SLC38A1 mRNA and protein expression levels were
higher in HCC tissues than in adjacent nontumor tissues. Both SLC38A1 mRNA and protein expression were positively associated
with clinicopathological characteristics (clinical stage, T stage, pathological grade, tumor size, and tumor thrombus), were
negatively associated with survival, and were independent prognostic factors in HCC patients. Functional enrichment analyses
further indicated that SLC38A1 was involved in multiple pathways related to amino acid metabolism, tumors, and immunity.
High expression levels of SLC38A1 were inversely proportional to CD8+ T cells and directly proportional to macrophages MO0,
neutrophils, programmed cell death-1/programmed cell death ligand 1 (PD-1/PD-L1), and cytotoxic T lymphocyte-associated
protein 4 (CTLA-4). Moreover, we used immunohistochemical analysis of tissue samples and other online databases to further
validate the expression levels and prognostic significance of SLC38A1 in HCC. Collectively, our study demonstrated that the
upregulated expression of SLC38A1 was related to an unfavorable prognosis and defective immune infiltration in HCC.

1. Introduction

Hepatocellular carcinoma (HCC) is the most common
primary tumor of the liver and the fourth leading cause of
global cancer-related deaths [1]. A previous study that was
based on the Surveillance, Epidemiology, and End Results
Program (SEER) registry project indicated that the incidence
of HCC will continue to rise in the future and is expected to
peak in the year 2030 [2]. While treatment strategies for liver
cancer have expanded with the emergence of new therapies,
the prognoses of patients in advanced stages of HCC are still

relatively unsatisfactory [3]. Therefore, it is of great signif-
icance to identify an effective biomarker that could predict
prognosis and could be used as a therapeutic target for HCC
patients [4].

The Solute Carrier Family 38 (SLC38) is the principal
transporter for glutamine and plays a major role in main-
taining homeostasis in the body [5]. Glutamine has a large
number of vital functions in mammalian cells; consequently,
the dysregulation of the SLC38 transporter may result in
tumorigenesis and the progression of cancers [6]. The SLC38
transporter has been described as having the functional
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nature and regulatory mode of system A and system N
transport activities [7]. As the first member of system A,
SLC38A1 is predominantly expressed in the placenta and the
brain [8]. Like other family members, the main function of
SLC38A1 is to regulate the transport of short chain neutral
amino acids, including glutamine. Although the upregula-
tion of SLC38A1 expression has been demonstrated in a
variety of tumors [9-12], the prognostic significance of
SLC38A1 expression has not been reported in HCC. Fur-
thermore, immunotherapy has been considered as a
promising treatment for cancers, including HCC. It is also
possible that tumor-infiltrating lymphocytes may influence
the efficacy of immunotherapy. However, the correlation
between SLC38A1 expression and immune infiltration in
HCC has yet to be determined.

In the present study, we used various public databases to
comprehensively analyze the expression of SLC38A1 and
evaluate its prognostic significance at the mRNA and protein
levels. We further validated the differential expression levels
of SLC38A1 between HCC and adjacent nontumor tissue by
performing immunohistochemistry (IHC) on our tissue
samples. We also performed multiple enrichment analysis to
explore the potential molecular mechanisms that might be
mediated by SLC38A1 in HCC. In addition, we investigated
the correlations between SLC38A1 expression and tumor-
infiltrating immune cells (TIICs) or immune checkpoints.
These analyses demonstrated that SLC38A1 was expressed at
higher levels in HCC and associated with an unfavorable
prognosis and defective immune infiltration.

2. Materials and Methods

2.1. mRNA Expression and Clinical Data from the TCGA
Database. We used The Cancer Genome Atlas (TCGA)
database to investigate the mRNA expression patterns of
SLC38A1 in HCC. We downloaded transcriptome and
corresponding clinical data for HCC patients from the
Genomic Data Commons Data Portal (https://portal.gdc.
cancer.gov/). The TCGA RNAseq data consisted of 424
samples, with 374 samples of HCC tissues and 50 samples of
adjacent hepatic tissues. We selected HCC samples with a
complete set of clinical information for the subsequent
analysis of clinical significance. The clinicopathological
characteristics included age, sex, pathological grade, clinical
stage, tumor stage (T), lymphatic metastasis (N), distant
metastasis (M), survival time, and survival status.

2.2. Protein Expression and Clinical Data from the CPTAC
Database. We used the Clinical Proteomic Tumor Analysis
Consortium (CPTAC) database to explore the protein ex-
pression profiles of SLC38A1 in HCC. The CPTAC database
is a centralized data repository of proteomics data sets and
clinical data for a variety of cancers (https://proteomics.
cancer.gov/data-portal). We downloaded and extracted
protein expression data relating to SLC38A1 and corre-
sponding clinical data from the CPTAC-HCC proteome,
including 159 samples of tumor tissue and adjacent hepatic
tissue. The unshared log-ratio value was defined as the
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protein expression value. The clinicopathological charac-
teristics included age, sex, tumor differentiation, medical
history of liver cirrhosis, tumor size, tumor thrombus, tumor
encapsulation, and survival time.

2.3. The Analysis of Other Online Databases. The Oncomine
database combines 715 datasets and 86733 samples into one
comprehensive database that aims to help researchers design
better experiments and obtain more robust results (https://
www.oncomine.org/) [13]. We performed meta-analysis of
SLC38A1 RNA expression using the Oncomine database
with a threshold of p <0.01 and a fold change (FC) > 1.5. The
Hepatocellular Carcinoma Expression Atlas Database
(HCCDB) is an online resource for comprehensively an-
notating liver cancer gene expression and includes 15 public
HCC expression datasets from 4000 samples (http://lifeome.
net/database/hccdb/home.html) [14]. We used this database
to further confirm whether the mRNA expression of
SLC38A1 in HCC tissues was higher than that in nontumor
tissues. The Kaplan-Meier plotter database offers a conve-
nient way to assess the impact of multiple genes on survival
in patients with 21 different cancer types (http://kmplot.
com/analysis/) [15]. In the present study, we used this da-
tabase to validate the correlation of SLC38A1 expression
with the prognosis of HCC patients.

2.4. Immunohistochemistry. We retrospectively collected 30
pairs of paraffin-embedded HCC tissues and adjacent non-
tumor tissue samples from surgeries taking place between May
2019 and December 2020 at the Third Hospital of Hebei
Medical University. This study was approved by the Ethics
Committee of the Third Hospital of Hebei Medical University
and carried out in accordance with the principles of the
Declaration of Helsinki. The need for informed consent was
waived by the Ethics Committee of the Third Hospital of Hebei
Medical University given the retrospective nature of the study.

The paraffin-embedded tissue samples were sectioned,
deparaffinized, hydrated, and boiled in a pressure cooker for
antigen retrieval. The sections were then incubated with 3%
hydrogen peroxide to inactivate endogenous peroxidase
activity. Next, the samples were blocked in 10% goat serum
and incubated overnight with a rabbit anti-human primary
SLC38A1 antibody (Proteintech, China) at 4°C. Next, the
sections were incubated with goat anti-rabbit horseradish
peroxidase (HRP) conjugated secondary antibody (ZSGB-
Bio, China) at 37°C. Finally, the sections were incubated with
3,3'-diaminobenzidine (DAB) and stained with hematoxy-
lin. Two experienced pathologists independently assessed
the samples. Each tissue sample was scored according to the
intensity of staining and the proportion (%) of tumor cells
that were stained. The scores ranged from 0 to 3; a score of
0-1 was considered as a negative stain while a score of 2-3
was considered as a positive stain.

2.5. Gene Set Enrichment Analysis (GSEA). We used GSEA
software (version 4.1.0) to explore the potential signaling
pathways by which SLC38A1 may be involved in HCC. In
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this study, we categorized samples as either high- or low-
SLC38A1 phenotypes in accordance with the median value
of SLC38A1 expression from the TCGA database. Annotated
gene sets (c2.cp.kegg.v7.3.symbols.gmt) were used as in-
ternal gene sets. The phenotypic enrichment pathways were
sorted based on the nominal p value and normalized en-
richment score (NES) [16]. Nominal p value and false
discovery rate (FDR) g-value less than 0.05 were considered
to be statistically significant.

2.6. Gene Coexpression and GO/KEGG Enrichment Analysis.
We screened the genes that were coexpressed with SLC38A1
from the CPTAC database. Those with an absolute value of
Pearson’s correlation coefficient |R| > 0.4 and a p value <
0.001 were selected as the screening threshold. Then, we
performed Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analysis of the
coexpression genes by the R package “clusterProfiler”
(version 3.18.1) which used multiple databases, including
Disease Ontology database, Network of Cancer Gene da-
tabase, Gene Ontology database, KEGG database, and
Reactome Pathway database [17]. Before performing en-
richment analysis, gene symbol codes were converted to
Entrez ID by using human genome annotation package
“org.Hs.eg.db.” Adjusted p values that were <0.05 were
considered to be statistically significant.

2.7. Analysis of the Immune Landscape Related to the Ex-
pression Level of SLC38A1. CIBERSORT is a tool for
deconvolving the expression matrix of immune cell subtypes
based on the principle of linear support vector regression
(http://cibersort.stanford.edu/) [18]. Using CIBERSORT
analysis, it is possible to estimate the proportion of tumor-
infiltrating immune cells (TIICs). In this study, we calculated
the proportion of 22 TIICs in all HCC samples from the
TCGA dataset. Tumor samples with a p value < 0.05 were
chosen for subsequent analysis. Then, we carried out dif-
ferential and correlation analysis to evaluate the correlation
between SLC38A1 expression and TIICs or immune
checkpoints. In the differential analysis, we divided the
samples into high- and low-SLC38A1 expression groups in
line with the median level of SLC38A1 expression. For the
correlation analysis, our screening criteria were an |R| = 0
and p value < 0.05.

2.8. Statistical Analysis. Statistical analyses were performed
on the IHC data using SPSS software (version 23.0) and
McNemar’s test. All statistical analyses from the TCGA and
CPTAC datasets were performed with R software (version
4.0.3). The median level of SLC38A1 expression was con-
sidered as a cutoff value. The association of clinicopatho-
logical characteristics with SLC38Al1 expression was
analyzed by Wilcoxon’s rank sum test or the Kruskal-Wallis
rank sum test and logistic regression. The effect of SLC38A1
expression on survival was evaluated by the Kaplan-Meier
method, followed by the log-rank test. The effects of
SLC38A1 expression and other clinicopathological

characteristics on survival were compared by using uni-
variate and multivariate Cox regression. Receiver Operating
Characteristic (ROC) curves and the area under the curve
(AUC) were used to compare the predictive accuracy of
SLC38A1 expression with other clinicopathological char-
acteristics. Correlation analysis of gene expression was
evaluated by Spearman’s correlation coefficient and statis-
tical significance. A p value or FDR <0.05 was considered to
be statistically significant.

3. Results

3.1. The Expression Levels of SLC38A1 Were Upregulated in
HCC. The analytical process used in the present study is
shown in Figure 1. We first performed a meta-analysis of
SLC38A1 mRNA levels from the Oncomine database which
included four HCC studies that used the same thresholds as
described above [19-21]. Our analyses demonstrated that the
mRNA expression of SLC38A1 in the tumor group was
significantly higher than that in the nontumor group
(Figure 2(a)). Then, we analyzed the mRNA and protein
expression of SLC38A1 from the TCGA and CPTAC da-
tabases, respectively. Our results showed that both the
mRNA and protein expression of SLC38A1 was upregulated
in tumor samples when compared to adjacent nontumor
samples (Figures 2(b) and 2(c)). Furthermore, the online
HCCDB database showed consistent results based on data
from the Gene Expression Omnibus (GEO) and the Inter-
national Cancer Genome Consortium (ICGC) datasets.
Further details were given in Supplementary Table 1.
Moreover, the IHC staining results from 30 paired HCC
tissues in our hospital further confirmed the significantly
higher protein levels of SLC38A1 in tumor tissues (76.7% vs.
46.7%, p <0.05). Representative immunohistochemical im-
ages of SLC38Al1 protein expression are shown in
Figure 2(d). Collectively, these data indicated that SLC38A1
expression was upregulated in HCC.

3.2. The Upregulation of SLC38A1 Expression Predicted a
Worse Prognosis in HCC Patients. First, we evaluated the
impact of SLC38A1 expression on survival using the TCGA
dataset. We found that high expression levels of SLC38A1
were significantly associated with poor overall survival (OS),
progression-free survival (PFS), and disease-specific survival
(DSS)  (p=0.002, p=0.003, p=0.009, respectively;
Figures 3(a) and 3(c)). Then, we wused the online
Kaplan-Meier plotter database to validate the prognostic
value of SLC38A1 in HCC and obtained results that were
consistent with the TCGA database (Figures 3(d) and 3(e)).
We also used the CPTAC database to further verify the
relationship between the expression level of SLC38Al
protein and prognosis; the higher the expression level of
SLC38A1, the worse the prognosis for HCC patients
(p =0.004, Figure 3(f)).

3.3. The Expression Level of SLC38A1 Was Associated with the
Clinicopathological Characteristics of HCC Patients. As
shown in Figures 4(a) and 4(c), the upregulated mRNA
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FIGURE 1: Analytical workflow of this study. GSEA, gene set enrichment analysis; GO, gene ontology; HCC, hepatocellular carcinoma; IHC,
immunohistochemistry; KEGG, Kyoto Encyclopedia of Genes and Genomes; ROC, receiver operating characteristic.

expression of SLC38A1 was significantly correlated with the
pathological grade of tumors (p=8.124E-04), clinical stage
(p=0.001), and T'stage (p =6.295E-04), based on the TCGA
database. Figures 4(d) and 4(f) show that high protein levels
of SLC38A1 were significantly associated with tumor dif-
ferentiation (p=0.028), tumor size (p=0.026), and tumor
thrombus (p=0.003), as based on the CPTAC database.
Univariate logistic regression analysis further showed that
the upregulation of SLC38A1 expression in HCC was sig-
nificantly correlated with high pathological grade, clinical
stage, T stage, tumor differentiation, and tumor thrombus
(Tables 1 and 2). These results further revealed that the
upregulation of SLC38A1 expression was significantly as-
sociated with poor clinicopathological characteristics and
suggested that HCC patients with high levels of SLC38A1
expression are more likely to progress to advanced stages
than those with low levels of SLC38A1 expression.

3.4. SLC38A1 Represents an Independent Prognostic Predictor
for Patients with HCC. As shown in Figures 5(a) and 5(b),
the univariate cox regression analysis showed that high

levels of SLC38A1 expression were significantly associated
with a poor OS (hazard ration [HR]: 1.482, 95% confi-
dence interval [CI]:1.232-1.784, P < 0.001; HR: 2.305, 95%
CI:1.466-3.623, P<0.001, from the TCGA and CPTAC
databases, respectively). Although other clinicopatho-
logical characteristics including clinical stage, T stage, M
stage, differentiation, tumor size, and tumor thrombus,
were also related to OS, as based on univariate cox re-
gression analysis, only the expression levels of SLC38A1
remained associated with OS when we performed mul-
tivariate cox regression analysis (HR: 1.397, 95% CI:
1.144-1.705, P<0.001; HR: 1.766, 95%CI: 1.061-2.940,
P=0.029, respectively), as shown in Figures 5(c) and 5(d).
Therefore, our univariate and multivariate Cox regression
analysis demonstrated that the expression level of
SLC38A1 was an independent prognostic factor for HCC
patients. To further evaluate the predictive accuracy of
SLC38A1 expression, we performed ROC. Compared to
other predictive factors (age, sex, tumor pathological
grade, clinical stage, T stage, N stage and M stage), the
AUC for SLC38A1 expression was greater (AUC =0.734,
Figure 6).
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FIGURE 2: The expression levels of SLC38A1 in HCC. (a) Meta-analysis of SLC38A1 expression levels in HCC tissues relative to nontumor
tissues, as determined by the Oncomine database. (b) Comparison of SLC38A1 mRNA expression level in HCC tissues and adjacent
nontumor tissue, as determined by the TCGA database. (c) Comparison of SLC38A1 protein expression levels in HCC tissues and adjacent
nontumor tissues, as determined by the CPTAC database. (d) Representative immunohistochemical images of SLC38A1 protein expression
in adjacent nontumor tissues and HCC tissues from our hospital (scale bars =200 ym).
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F1GURE 3: The effect of SLC38A1 expression on survival in HCC patients. (a) OS in TCGA. (b) PFS in TCGA. (c) DSS in TCGA. (d) OS in K-
M plotter. (e) PFS in K-M plotter. (f) OS in CPTAC. OS, overall survival; PFS, progression-free survival; DSS, disease-specific survival.

3.5. The Potential Molecular Mechanisms That Might Be
Mediated by SLC38A1 in HCC

3.5.1. GSEA. We performed GSEA between high- and low-
SLC38A1 expression phenotypes to explore potential sig-
naling pathways based on the TCGA dataset. According to
NES and FDR values, we selected significantly enriched
KEGG signaling pathways. We identified a total of 85 sig-
naling pathways that were differentially enriched in the high
expression SLC38A1 phenotype (Supplementary Table 2). The
most typically enriched signaling pathways are shown in
Figure 7; analysis showed that multiple pathways that are
related to tumor and immunity were differentially enriched in
the high expression SLC38A1 phenotype.

3.5.2. Gene Coexpression and GO/KEGG Enrichment
Analysis. To further explore the potential mechanisms that
might be mediated by SLC38A1 in HCC at the protein level,
we conducted coexpression and GO/KEGG enrichment
analysis, as based on the CPTAC database. According to a
threshold set by |R| and p values, a total of 158 genes were
found to be coexpressed with SLC38A1 and selected for
subsequent GO/KEGG enrichment analysis (Supplementary
Table 3). GO annotation revealed that 142 biological pro-
cesses (BP), 48 molecular functions (MF), and 19 cellular
component (CC) terms were significantly enriched (adjusted
p value < 0.05). The top 10 GO terms are shown in
Figure 8(a). These data suggested that the genes that were
coexpressed with SLC38A1 may have a regulatory effect on
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FIGURE 4: The association between SLC38A1 expression and clinicopathological characteristics. (a) Pathological grade, as determined from
the TCGA database. (b) Clinical stage, as determined from the TCGA database. (c) T stage, as determined from the TCGA database. (d)
Tumor differentiation, as determined from the CPTAC database. (¢) Tumor size, as determined from the CPTAC database. (f) Tumor
thrombus, as determined from the CPTAC database. The number of patients in the TCGA database that were in stage IV was very small;
thus, patients with stages III and IV were pooled together for analysis. There was one patient in the well differentiation group derived from
the CPTAC database; therefore, patients in the well differentiation and moderate differentiation groups were pooled for analysis.

HCC via mitochondrial matrix, pre-ribosome, oxidore-
ductase activity, and small molecule catabolic process. In
addition, we identified 26 KEGG pathways that were sig-
nificantly enriched (adjusted p value < 0.05), as shown in
Figure 8(b). These highly enriched pathways included
tryptophan metabolism, glycine, serine and threonine
metabolism, valine, leucine and isoleucine degradation, and
the PPAR signaling pathway.

3.6. The Expression of SLC38A1 Was Correlated with Tumor-
Infiltrating Immune Cells (TIICs) and Immune Checkpoint
Genes. To analyze the correlation between the expression
levels of SLC38A1 and TIICs, we first calculated the pro-
portion of 22 types of TIICs in HCC samples by CIBER-
SORT analysis (Figure 9). As shown in Figures 10(a) and
10(b), we obtained 4 and 6 types of TIICs that were sig-
nificantly associated with SLC38A1 expression, as based on
the differential and correlation analysis, respectively. As
shown in Venn diagrams (Figure 10(c)), we obtained 3 types
of TIICs (CD8+ T cell, Macrophages M0, and Neutrophils)
that were associated with SLC38A1 expression, as deter-
mined by differential and correlation analysis. To be specific,
high expression levels of SLC38A1 were inversely propor-
tional to the numbers of CD8+ T cells and directly

proportional to the numbers of macrophages MO and
neutrophils. Similarly, we used the differential analysis and
correlation analysis to evaluate the relationships between
SLC38A1 expression and immune checkpoints (PD-1, PD-
L1, and CTLA-4). These analyses indicated that high ex-
pression levels of SLC38A1 were directly proportional to
PD-1, PD-L1, and CTLA-4 (Figure 11).

4. Discussion

As a principal transporter of glutamine, SLC38A1 is selec-
tively and physiologically expressed in normal human brain
and placental tissues [8]. Studies have shown that SLC38A1
is overexpressed in malignant tumors and can promote the
proliferative, invasive, and metastatic potentials of tumor
cells [9-12]. However, prior to this study, the prognostic
significance of SLC38A1 for patients with HCC was un-
known. In the present study, we investigated the clinical
significance of SLC38A1 by analyzing RNAseq and pro-
teomic data. These public databases, along with IHC analysis
of our own tissue samples, confirmed that the expression of
SLC38A1 was upregulated in HCC. Both the mRNA and
protein expression of SLC38A1 were associated with the
clinicopathological characteristics and outcomes of HCC
patients. In addition, we explored the correlations between
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TaBLE 1: The association between SLC38A1 expression and clinicopathological characteristics (logistic regression, TCGA database).

Clinicopathological characteristics Total (N) Odds ratio for SLC38A1 mRNA expression p value
Age (years)

>60 vs. <60 370 0.823 (0.546-1.237) 0.349
Sex

Male vs. female 371 1.237 (0.801-1.915) 0.337
Pathological grade

Grade II vs. grade I 232 1.527 (0.821-2.911) 0.187
Grade III vs. grade I 177 3.242 (1.683-6.411) 0.001"
Grade IV vs. grade I 67 3.789 (1.053-15.750) 0.048"
Clinical stage

Stage II vs. stage I 257 2.104 (1.247-3.581) 0.006*
Stage III+IV* vs. stage I 261 2.380 (1.417-4.041) 0.001"
Tumor stage (T)

T2 vs. T1 275 2.185 (1.320-3.647) 0.003*
T3 vs. T1 261 2.449 (1.435-4.233) 0.001"
T4 vs. T1 194 3.486 (1.091-13.260) 0.044"
Lymphatic metastasis

Positive vs. negative 256 3.048 (0.384-62.071) 0.337
Distant metastasis

Positive vs. negative 270 1.685E-07 (NA-2.860 E +29) 0.983

Note. *Since the number of patients with stage IV was very small, we pooled patients with stage III and stage IV for analysis. *p <0.05.

TaBLE 2: The association between SLC38A1 expression and clinicopathological characteristics (logistic regression, CPTAC database).

Clinicopathological characteristics Total (N) Odds ratio for SLC38A1 protein expression p value
Age (years)

>60 vs. <60 152 0.523 (0.252-1.061) 0.076
Sex

Male vs. female 152 1.181 (0.530-2.657) 0.684
Differentiation

Poor vs. well + moderate® 152 2.619 (1.346-5.206) 0.005"
Cirrhosis

Positive vs. negative 152 1.284 (0.642-2.586) 0.480
Size (cm)

>5vs. <5 152 1.447 (0.765-2.753) 0.257
Thrombus

Positive vs. negative 152 2.237 (1.051-4.935) 0.040"
Lymphatic metastasis

Positive vs. negative 152 1 (0.039-25.600) 1.000
Encapsulation

Positive vs. negative 152 0.939 (0.466-1.887) 0.859

Note. ®There was only one patient in the well differentiation group. Therefore, patients with well and moderate differentiation were pooled for analysis;

*p<0.05.

SLC38A1 expression and TIICs or immune checkpoints;
these data suggested that the upregulated expression of
SLC38A1 was associated with defective immune infiltration
in HCC.

In the present study, we combined results from public
databases with our own data acquired from IHC of tissue
samples and confirmed that the expression levels of
SLC38A1 were upregulated in HCC; this was consistent with
the findings of previous studies [9, 22]. However, neither of
these studies evaluated the clinical and prognostic signifi-
cance of SLC38Al1 expression in HCC patients. In the
present study, we found that the upregulation of SLC38A1
expression predicted a worse prognosis for HCC patients.

Similarly, other studies have indicated that high levels of
SLC38A1 expression represented an unfavorable prognostic
indicator for human osteosarcoma, cholangiocarcinoma,
gastric cancer, and acute myeloid leukemia [9-12, 23]. In
addition, our study illustrated that the expression levels of
SLC38A1 were positively associated with clinical stage, T
stage, pathological grade, tumor size, and tumor thrombus,
but were not significantly associated with M stage or N stage.
Due to the small numbers of M1 and N1 patients in the
TCGA database, it was not possible to define the precise
association of SLC38A1 expression with lymphatic and
distant metastasis. Therefore, it is necessary to perform
further studies with larger sample sizes to confirm this
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FIGURE 5: Univariate and multivariate Cox regression analysis of SLC38A1 expression and other clinicopathological characteristics. (a)
Univariate cox regression analysis, as based on the TCGA database. (b) Univariate cox regression analysis, as based on the CPTAC database.
(c) Multivariate cox regression analysis, as based on the TCGA database. (d) Multivariate cox regression analysis, as based on the CPTAC

database.

finding. Moreover, our univariate and multivariate Cox
regression analysis indicated that SLC38A1 expression was
an independent predictor for prognosis in HCC patients.
More importantly, the predictive accuracy of SLC38A1
expression was slightly better than that of the clinical stage.
Collectively, these results strongly suggested that SLC38A1
expression is a good prognostic biomarker for HCC.

In order to further explore the potential mechanisms
that might be mediated by SLC38A1 in HCC, we performed
GSEA, coexpression analysis, and GO and KEGG enrich-
ment analysis. GSEA results demonstrated that a phenotype
characterized by high expression levels of SLC38A1 showed
enrichment with tumor and immune-related pathways,
including the JAK-STAT, Wnt, MAPK, mTOR ,and TGF-f3
signaling pathways. KEGG pathway enrichment analyses of
genes that were coexpressed with SLC38A1 further indicated
that SLC38A1 was involved in multiple metabolic pathways,
the most important of which was amino acid metabolism;
these findings were similar to those of a previous report.’
Therefore, we concluded that SLC38A1 is involved in
pathways related to substance metabolism, tumors, and
immunity. However, the specific regulatory mechanisms
involved needs to be investigated further.

Another major finding of this study was that the ex-
pression levels of SLC38A1 correlated with TIICs in HCC.
Previous  studies  have  shown  that  tumor-
infiltrating lymphocytes can serve as independent predictors
of survival in cancer patients [24, 25]. For this reason, we
explored the correlation between SLC38A1 expression and
immune infiltration in HCC. It is well established that CD8+
T cells are the main effector cells against tumors and stimulate
cell death via the Fas-Fas ligand pathway or by releasing
perforin granules to eliminate tumors [26]. A recent study
confirmed that the number of CD8+T cells is closely asso-
ciated with the prognosis of patients with a variety of tumors
[27]. Furthermore, recent studies have shown that neutrophils
can stimulate tumor angiogenesis and mediate immune
suppression mechanisms to promote tumor growth and
metastasis, and also represents a biomarker of tumor prog-
nosis [28, 29]. In the present study, we found that high ex-
pression levels of SLC38A1 were inversely proportional to
CD8+ T cells and directly proportional to macrophages M0
and neutrophils; this explained why high levels of SLC38A1
can predict a poor prognosis, at least in part. A series of
immune checkpoints, including CTLA-4, PD-1, PD-L1,
and lymphocyte activation gene 3 (LAG-3), have been
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confirmed to be involved in the induction and maintenance of
immune tolerance in HCC [30-32]. Moreover, immune
checkpoint inhibitors have shown therapeutic potential for
patients with advanced HCC in clinical trials [33, 34].
Therefore, we investigated the association between SLC38A1
expression and immune checkpoints and found that high
expression levels of SLC38A1 were directly proportional to
PD-1, PD-L1, and CTLA-4. This indicated that the poor
outcomes of HCC patients with high levels of SLC38A1
expression may be attributable to the immunosuppressive
microenvironment. Thus, we considered that SLC38A1 may
have a potential impact on tumor immunology.

The main advantage of this study is that we com-
prehensively analyzed the prognostic significance of
SLC38A1 expression at the RNA and protein levels;
previous prognostic biomarkers based on bioinformatics
mining were mainly focused on RNA levels. Further-
more, our study population included not only European
and American populations but also Asian populations.
Collectively, these factors increase the reliability and
applicability of SLC38A1 as a prognostic biomarker for
HCC patients. However, this study still has certain
limitations that need to be considered. Firstly, there were
clear differences in clinical characteristics between the
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immune checkpoint genes.

TCGA and CPTAC databases. Secondly, the specific
relationship between SLC38A1 expression and tumor
immune infiltration requires further investigation.

5. Conclusions

In summary, we systematically analyzed the clinicopatho-
logical significance of SLC38A1 expression at the RNA and
protein levels in HCC. Our study demonstrated that higher
levels of SLC38A1 expression were associated with disease
progression and a worse prognosis, as well as impaired
immune infiltration in HCC.

Data Availability

The dataset of the public database can be found from the
following websites: The Cancer Genome Atlas (TCGA)
database: https://portal.gdc.cancer.gov/; The Clinical Pro-
teomic Tumor Analysis Consortium (CPTAC) database:
https://proteomics.cancer.gov/data-portal; The Oncomine
database: https://www.oncomine.org/; The Hepatocellular
Carcinoma Expression Atlas (HCCDB) database: http://
lifeome.net/database/hccdb/home.html); and The
Kaplan-Meier plotter database: http://kmplot.com/analysis/

Disclosure

Yun Liu and Yong Yang should be considered co-first authors.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this study.

Acknowledgments

The authors would like to express their gratitude to Edit-
Springs (https://www.editsprings.com/) for the expert

linguistic services provided. This work was supported by the
Science and Technology Research and Development Project
of Handan city (Grant nos. 19422083010-22).

Supplementary Materials

Supplementary Table 1: details of GEO series and ICGC
dataset from the HCCDB database. Supplementary Table 2:
gene sets enriched in phenotype high. Supplementary Ta-
ble 3: coexpression genes of SLC38Al. (Supplementary
Materials)

References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers
in 185 countries,” CA: A Cancer Journal for Clinicians, vol. 68,
no. 6, pp. 394-424, 2018.

J. L. Petrick, S. P. Kelly, S. F. Altekruse, K. A. McGlynn, and

P. S. Rosenberg, “Future of hepatocellular carcinoma inci-

dence in the United States forecast through 2030,” Journal of

Clinical Oncology, vol. 34, no. 15, pp. 1787-1794, 2016.

M. Omata, A.-L. Cheng, N. Kokudo et al, “Asia-Pacific

clinical practice guidelines on the management of hepato-

cellular carcinoma: a 2017 update,” Hepatology International,

vol. 11, no. 4, pp. 317-370, 2017.

[4] S. Liu, W. Zhao, X. li et al., “AGTRAP is a prognostic bio-
marker correlated with immune infiltration in hepatocellular
carcinoma,” Frontiers in Oncology, vol. 11, Article ID 713017,
2021.

[5] P. Kandasamy, G. Gyimesi, Y. Kanai, and M. A. Hediger,
“Amino acid transporters revisited: new views in health and
disease,” Trends in Biochemical Sciences, vol. 43, no. 10,
pp. 752-789, 2018.

[6] H. B. Schiéth, S. Roshanbin, M. G. A. Higglund, and
R. Fredriksson, “Evolutionary origin of amino acid trans-
porter families SLC32, SLC36 and SLC38 and physiological,
pathological and therapeutic aspects,” Molecular Aspects of
Medicine, vol. 34, no. 2-3, pp. 571-585, 2013.

[2

[3


https://portal.gdc.cancer.gov/
https://proteomics.cancer.gov/data-portal
https://www.oncomine.org/
http://lifeome.net/database/hccdb/home.html
http://lifeome.net/database/hccdb/home.html
http://kmplot.com/analysis/
https://www.editsprings.com/
https://downloads.hindawi.com/journals/jo/2021/5680968.f1.zip
https://downloads.hindawi.com/journals/jo/2021/5680968.f1.zip

Journal of Oncology

[7] B. Mackenzie and J. D. Erickson, “Sodium-coupled neutral
amino acid (system N/A) transporters of the SLC38 gene
family,” Pflugers Archiv European Journal of Physiology,
vol. 447, no. 5, pp. 784-795, 2004.

[8] N. King, H. Lin, and M.-S. Suleiman, “Oxidative stress in-
creases SNATI expression and stimulates cysteine uptake in
freshly isolated rat cardiomyocytes,” Amino Acids, vol. 40,
no. 2, pp. 517-526, 2011.

[9] N. Kondoh, N. Imazeki, M. Arai et al., “Activation of a system
a amino acid transporter, ATA1/SLC38A1, in human hepa-
tocellular carcinoma and preneoplastic liver tissues,” Inter-
national Journal of Oncology, vol. 31, no. 1, pp. 81-87, 2007.

[10] M. Wang, Y. Liu, W. Fang et al., “Increased SNATI is a marker
of human osteosarcoma and potential therapeutic target,”
Oncotarget, vol. 8, no. 45, pp. 78930-78939, 2017.

[11] W.-. Yu, W.-m. Cong, Y. Zhang, Y. Chen, F. Wang, and
G. Yu, “Overexpression of ATA1/SLC38A1 predicts future
recurrence and death in Chinese patients with hilar chol-
angiocarcinoma,” Journal of Surgical Research, vol. 171, no. 2,
pp. 663668, 2011.

[12] J. Xie, P. Li, H.-f. Gao, J.-x. Qian, L.-Y. Yuan, and J.-j. Wang,
“Overexpression of SLC38Al is associated with poorer
prognosis in Chinese patients with gastric cancer,” BMC
Gastroenterology, vol. 14, no. 1, p. 70, 2014.

[13] D. R. Rhodes, S. Kalyana-Sundaram, V. Mahavisno et al.,
“Oncomine 3.0: genes, pathways, and networks in a collection
of 18,000 cancer gene expression profiles,” Neoplasia, vol. 9,
no. 2, pp. 166-180, 2007.

[14] Q. Lian, S. Wang, G. Zhang et al., “HCCDB: a database of
hepatocellular carcinoma expression atlas,” Genomics, Pro-
teomics & Bioinformatics, vol. 16, no. 4, pp. 269-275, 2018.

[15] A. Nagy, G. Munkécsy, and B. Gyérffy, “Pancancer survival
analysis of cancer hallmark genes,” Scientific Reports, vol. 11,
no. 1, Article ID 6047, 2021.

[16] A. Subramanian, P. Tamayo, V. K. Mootha et al., “Gene set
enrichment analysis: a knowledge-based approach for inter-
preting genome-wide expression profiles,” Proceedings of the
National Academy of Sciences, vol. 102, no. 43, pp. 15545—
15550, 2005.

[17] G.Yu, L.-G. Wang, Y. Han, and Q.-Y. He, “ClusterProfiler: an
R package for comparing biological themes among gene
clusters,” OMICS: A Journal of Integrative Biology, vol. 16,
no. 5, pp. 284-287, 2012.

[18] A. M. Newman, C. L. Liu, M. R. Green et al., “Robust enu-
meration of cell subsets from tissue expression profiles,”
Nature Methods, vol. 12, no. 5, pp. 453-457, 2015.

[19] S. Roessler, H.-L. Jia, A. Budhu et al.,, “A unique metastasis
gene signature enables prediction of tumor relapse in early-
stage hepatocellular carcinoma patients,” Cancer Research,
vol. 70, no. 24, pp. 10202-10212, 2010.

[20] X. Chen, S. T. Cheung, S. So et al., “Gene expression patterns
in human liver cancers,” Molecular Biology of the Cell, vol. 13,
no. 6, pp. 1929-1939, 2002.

[21] E. Wurmbach, Y.-b. Chen, G. Khitrov et al., “Genome-wide
molecular profiles of HCV-induced dysplasia and hepato-
cellular carcinoma,” Hepatology, vol. 45, no. 4, pp. 938-947,
2007.

[22] Q. Su and H. Wang, “Long non-coding RNA 01559 mediates
the malignant phenotypes of hepatocellular carcinoma cells
through targeting miR-511,” Clinics and Research in Hep-
atology and Gastroenterology, vol. 45, no. 2, Article ID 101648,
2021.

[23] Y. Li, H. Shao, Z. Da, J. Pan, and B. Fu, “High expression of
SLC38A1 predicts poor prognosis in patients with de novo

15

acute myeloid leukemia,” Journal of Cellular Physiology,
vol. 234, no. 11, pp. 20322-20328, 2019.

[24] J. C.Kong, G. R. Guerra, T. Pham et al., “Prognostic impact of
tumor-infiltrating lymphocytes in primary and metastatic
colorectal cancer: a systematic review and meta-analysis,”
Diseases of the Colon & Rectum, vol. 62, no. 4, pp. 498-508,
2019.

[25] F. Azimi, R. A. Scolyer, P. Rumcheva et al., “Tumor-
infiltrating lymphocyte grade is an independent predictor of
sentinel lymph node status and survival in patients with
cutaneous melanoma,” Journal of Clinical Oncology, vol. 30,
no. 21, pp. 2678-2683, 2012.

[26] P. Golstein and G. M. Griffiths, “An early history of T cell-
mediated cytotoxicity,” Nature Reviews Immunology, vol. 18,
no. 8, pp. 527-535, 2018.

[27] C. S. Jansen, N. Prokhnevska, V. A. Master et al., “An intra-
tumoral niche maintains and differentiates stem-like CD8
T cells,” Nature, vol. 576, no. 7787, pp. 465-470, 2019.

[28] M. E. Shaul and Z. G. Fridlender, “Tumour-associated neu-
trophils in patients with cancer,” Nature Reviews Clinical
Oncology, vol. 16, no. 10, pp. 601-620, 2019.

[29] A. Ocana, C. Nieto-Jiménez, A. Pandiella, and
A.J. Templeton, “Neutrophils in cancer: prognostic role and
therapeutic strategies,” Molecular Cancer, vol. 16, no. 1, Ar-
ticle ID 137, 2017.

[30] A. A. Beek, G. Zhou, M. Doukas et al., “GITR ligation en-
hances functionality of tumor-infiltrating T cells in hepato-
cellular carcinoma,” International Journal of Cancer, vol. 145,
no. 4, pp. 1111-1124, 2019.

[31] G.Zhou, D. Sprengers, P. P. C. Boor et al., “Antibodies against
immune checkpoint molecules restore functions of tumor-
infiltrating t cells in hepatocellular carcinomas,” Gastroen-
terology, vol. 153, no. 4, pp. 1107-1119, 2017.

[32] Y. Chen, R. R. Ramjiawan, T. Reiberger et al.,, “CXCR4 in-
hibition in tumor microenvironment facilitates anti-pro-
grammed death receptor-1 immunotherapy in sorafenib-
treated hepatocellular carcinoma in mice,” Hepatology,
vol. 61, no. 5, pp. 1591-1602, 2015.

[33] A. G. Dufly, S. V. Ulahannan, O. Makorova-Rusher et al.,
“Tremelimumab in combination with ablation in patients
with advanced hepatocellular carcinoma,” Journal of Hep-
atology, vol. 66, no. 3, pp. 545-551, 2017.

[34] A. B. El-Khoueiry, B. Sangro, T. Yau et al., “Nivolumab in
patients with advanced hepatocellular carcinoma (CheckMate
040): an open-label, non-comparative, phase 1/2 dose esca-
lation and expansion trial,” The Lancet, vol. 389, no. 10088,
pp. 2492-2502, 2017.



Hindawi

Journal of Oncology

Volume 2021, Article ID 4279039, 12 pages
https://doi.org/10.1155/2021/4279039

Review Article

Hindawi

ceRNAs in Cancer: Mechanism and Functions in a Comprehensive

Regulatory Network

Ni Yang ), Kuo Liu({), Mengxuan Yang

, and Xiang Gao

Second Hospital of Hebei Medical University, Shijiazhuang 050000, China

Correspondence should be addressed to Xiang Gao; gaoxiang@hebmu.edu.cn

Received 9 June 2021; Revised 14 September 2021; Accepted 16 September 2021; Published 7 October 2021

Academic Editor: Zhigian Zhang

Copyright © 2021 Ni Yang et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Noncoding RNAs have been shown with powerful ability in post-transcriptional regulation, enabling intertwined RNA crosstalk
and global molecular interaction in a large amount of dysfunctional conditions including cancer. Competing endogenous RNAs
(ceRNAs) are those competitively binding with shared microRNAs (miRNAs), freeing their counterparts from miRNA-induced
degradation, thus actively influencing and connecting with each other. Constantly updated analytical approaches boost out-
standing advancement achieved in this burgeoning hotspot in multilayered intracellular communication, providing new insights
into pathogenesis and clinical treatment. Here, we summarize the mechanisms and correlated factors under this RNA interplay
and deregulated transcription profile in neoplasm and tumor progression, underscoring the great significance of ceRNAs for

diagnostic values, monitoring biomarkers, and prognosis evaluation in cancer.

1. Pervasive Noncoding RNAs in Genomic Scope

Numerous evidence has emerged regarding the noncoding
properties of RNA transcripts over the past years, unraveling
whose great capacity that goes far beyond the previously
well-characterized genetic information carrier and indis-
pensable messenger for protein synthesis to post-tran-
scriptional  regulation and multilayered sequence
interactions, whereby extensively interweaved molecular
crosstalk along with rapidly changing cellular environment
composes a robust intracellular connection. The identified
verification and importance of prevalent noncoding RNAs
(ncRNAs) in evolutionary complexity of diverse organisms
lies partially in the comparison, where up to 75%-95% of the
human genome is transformed into RNA transcripts basi-
cally varying in length and functions, with actually less than
2%, quantitively 21,000 genes [1], attributed with protein-
coding properties [2, 3], yet almost genome-wide translation
has been confirmed in simply structured species such as
unicellular yeast [4], and Caenorhabditis elegans possess
about an equal amount of genes encoding a protein with
human but a 30 times smaller genome [5]. Mingled with
multiple  contributing factors, various modes of

transcription generate products including but not limited to
antisense strands or noncoding intergenic transcripts, which
were previously unrecognized and thought to be useless
remainders of an immature expressing mechanism. Taking
200 base pairs as a boundary, noncoding transcripts are
roughly divided into two categories corresponding with
their size, namely small ncRNAs and long ncRNAs
(IncRNAs) [6]. Small ncRNAs have been deeply function-
alized, among which miRNAs enrolled in the intricate RNA-
RNA regulation network are one of the most representative
components and will be clarified later in detail, concerning
their noteworthy roles in biochemical behaviors and path-
ophysiological conditions [3, 7, 8]. Conversely, presenting
pleiotropic effects as guides, scaffolds, natural decoys, and
sponges in large-scale molecular correlations in transcrip-
tional, post-transcriptional, epigenetic, and gene-expressing
events, IncRNAs have been reportedly viewed as “master
regulator” [9], even so, those hitherto hidden approaches
through which IncRNAs flexibly participate in cellular ho-
meostasis stabilization and response to perturbation in
development of plenty of diseases, herein exemplified by
cancer, still await further exploration. Based on existing
achievements underscoring the remarkable potential of
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ncRNAs as regulating elements in carcinogenesis, we
overview the profile of ncRNAs, their derived identity as
ceRNAs in tumor pathogenesis, and objective conditions
affecting their inner action, which facilitates the renewal of
highly targeted predicting tools and lays a deeply rooted
foundation for future research and clinical implications in
biomarker detection, prognosis judgement, and therapeutic
regimen selection.

2. ceRNA Hypothesis: Derivation and Extension

Transcribed mainly from introns of coding genes, with the rest
from exons of coding genes as well as intronic and exonic
regions of noncoding sequences [10], miRNAs are small single-
stranded RNAs consisting of generally 19-23 nucleotides,
centralizing ceRNAs to regulate and interplay with each other
by recognizing miRNA response elements (MREs) of target
transcripts [2, 11, 12]. miRNA biosynthesis is a sequential
enzyme-dependent process, in which canonically transcribed
precursor miRNAs (pre-miRNAs) in the nucleus, in tandem
catalyzed by RNA polymerase and nuclear Drosha/DGCRS8
complex, are released into the cytoplasm and cleaved into
double-stranded miRNAs with appropriate length by Dice, and
finally incorporated into Argonaute-loaded miRNA-induced
silencing complexes (miRISC) after degeneration of comple-
mentary strands [6, 13], base pairing with targets under the
direction of 6-8 nucleotides in miRNAs’ 5’ ends [9]. Seed
matches in target transcripts are required for binding with
miRNAs, while perfect complementarity is not always neces-
sary. MREs are commonly 2-8 nucleotides sited in coding
sequences (CDS), 5’ untranslated regions (5" UTRs), and mostly
3" UTRs of several subsets of RNAs comprising IncRNAs,
transcribed pseudogenes, circular RNAs (circRNAs), and
mRNAs [14-16], which are subjected to inhibition on ex-
pression through either complete degradation or translation
repression, respectively, occurring when in high or relatively low
degrees complementary base pairs are matched between MREs
and miRNAs [2, 3]. Some have pointed out that imperfect
bindings, implying “bulged sponges” in seed regions, are more
effective in soaking up miRNAs and serving as competing
molecules partly because of the longer period of occupation;
otherwise, miRNAs are released once the perfectly paired targets
go through degradation [17]. As a mutual interaction, the
availability and activity of miRNAs are impaired by their
binding targets, some of which degrade them, while others
sequester them from alternative sequences of interest [11, 18].
What’s more, 3' end modification of miRNAs and target RNA
function in a mathematical titration principle also account for
such reduction in miRNA levels [19]. Given the above, it is
conceivable that miRNAs may act as axis center in complicated
intracellular crosstalk in both homeostatic status and disturbed
physiological milieux like cancer.

Theoretically, when various transcripts are targeted
by the same miRNAs, an elevated transcription level of
one side would alleviate miRNA-induced suppression on
the other, leading to direct or indirect regulation on gene
expression. Transfected into viral vectors, artificial
sponges of specific miRNAs were exploited before natural
targets came into view, which were transcribed by strong
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promoters and synthesized to bear repeated binding sites
for aimed miRNAs, thus exhibiting fascinating effects on
derepressing counterpart targets [20, 21], showing pro-
found significance for RNA crosstalk, and more precisely,
the formation of ceRNA hypothesis.

The first discovered natural sponge was IncRNA IPS1 found
in Arabidopsis thaliana, which was observed to decoy phosphate
starvation-induced miR-399 and subsequently help maintain
the stability and abundance of its partner target PHO2 [22].
Unlike precedently clarified perfect complementarity in plants,
the mismatched loop on the miRNA cleavage site made IPS1
bypass the impairment and competent for efficient binding
[3, 22]. Following the uncovery of this phenomenon termed
“target mimicry” [22], the parallel finding was disclosed in
animal cells, where ectopic overexpression of MREs resulted in
moderately declining miRNA levels and 1.5-2.5-fold accu-
mulation of the targets [21]. Later in 2010, Herpesvirus saimiri
transformed T cells were reported to express ncRNA H. saimiri
U-rich RNAs (HSURs), which were correlated with miR-27
degradation and increased FOXO1 levels [23]. The underlying
implication and mechanism of these promising discoveries were
extended to the field of cancer when pseudogene PTENP1 was
proved to share common miRNAs with its homologous coding
RNA [24]. With the antecedent supporting evidence assembled,
the ceRNA hypothesis was put forward in 2011, demonstrating
that each miRNA has manifold RNA targets and most RNAs
bear a wealth of MREs, thus endogenous coding and noncoding
RNAs regulate and crosstalk with each other by competitively
binding to the shared but limited miRNA pools [12]. In the
same year, other three research reinforced the crucial role of
ceRNAs in the molecular characterization of cancer cells
[25-27].

Grouping all the noncoding RNAs and noncoding
properties of mRNAs into a functional complexity, the
ceRNA hypothesis essentially opens the window for a
multilevel and trans-regulatory ceRNA network (ceRNET)
over the transcriptome, where competition and interplay
among all subsets of ceRNAs occur in direct, indirect, or
secondary manners with the help of miRNAs, together
shedding light on the biochemical mechanism and post-
transcriptional-layered explanations for pathogenesis and
progression of massive disordered conditions such as cancer.
Moreover, correlation with other factors such as RBPs and
transcription factors also influences ceRNAs’ biological
activities [28], and miRNAs similarly vie for potent binding
with shared target pools [29]. Some suggested ceRNA
concept to be expanded to whatever RNA crosstalk sur-
rounding common regulators [6], while others by the same
token proposed “ceRNome” as a notion referring to the
integration of reciprocally tying RNA molecules in a
comprehensive cellular environment [9], indicating that
ceRNA crosstalk is in no way standalone but in a global post-
transcriptional context.

3. Building Blocks of ceRNA

3.1. Pseudogenes. Previously regarded as nonfunctional
relicts of their ancestral genes due to detrimental mutations
impeding them from being translated into explicit
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phenotypes [2], pseudogenes are gradually performing as
bona fide competitors for their cognate genes with highly
homologous MRE overlaps. Independent epigenetic modi-
fications in pseudogenes signify initiative and stable evo-
lutionary conservation [2]. About 14,505 pseudogenes
contribute to making up human genome according to
GENCODE Release (version 24) [2], consisting of unpro-
cessed pseudogenes originating from gene duplication,
processed pseudogenes through reverse transcription, and
de novo synthesized unitary pseudogenes with no coding
partners [30], whose transcripts participate in gene regu-
lation as antisense sequences or compelling miRNA decoys
as a subset of IncRNAs in ubiquitously expressing and tu-
mor-specific patterns [31].

3.2. IncRNAs. There are estimated approximately 17,910
InRNAs varying in length from 0.2 to 100 kilobases [32],
which display tissue and developmental complexity, align
with functional and spatial diversity of chromatin
modification, RNA processing in the nucleus, and gene
coding management in cytoplasmic parts [33], coun-
teracting the reportedly low abundance as competitive
candidates for miRNA binding in given conditions [3].
More precisely, IncRNA X-inactive specific transcript
(Xist) could act in cis to devitalize the entire chromosome
[34], and HOX transcript antisense RNA (HOTAIR)
function in trans to drive metastasis through gene ex-
pression regulation [35], and chromatin structure is
remodeled by alternative splicing associated with me-
tastasis-associated lung adenocarcinoma transcript 1
(MALAT1) [36]. The most studied IncRNA in hepato-
cellular carcinoma, highly upregulated in liver cancer
(HULQC), is able to disengage protein kinase catalytic f8
(PRKACB) from miR-372 restraint, therefore promoting
cAMP response element-binding protein (CREB) phos-
phorylation and, in turn, amplifying HULC upregulation
[37]. Besides, IncRNAs are of great importance in con-
trolling cell differentiation and pluripotency mainte-
nance with respect to the effects of long intergenic
noncoding RNAs (lincRNAs) [38].

3.3. circRNAs. circRNAs are fairly abundant in mam-
malian cells, generated from nearly 20% of functional
genes [39]. Self-circularization depends on covalent
conjunction of 3’ and 5' ends after “backsplicing,”
conferring high stability to these loop RNA structures
compared with their linear counterparts, due to lack of
free terminals and thereby resistance to exonuclease-
induced degradation and miRNA-mediated repression
[40]. circRNA ciRS-7 was identified to contain 60-70
MREs for miR-7 [40], acting as crucial regulators in
cerebral development and tumorigenesis [40, 41]. Con-
siderable evidence disclosed key roles of circRNAs as
ceRNAs with dominant intracellular localization in
malignancy progression [42], and the distinct stability
makes them ideal biomarkers in body fluids such as blood
or saliva for clinical assessment [43, 44].

3.4. mRNAs. Since more than 60% of human mRNAs
harbor MREs according to computational prediction [45], it
is unsurprising to postulate that the function of protein-
coding RNAs is no more restricted to translation templates
but propagated to active fine-tuners in ncRNA-mRNA and
mRNA-mRNA crosstalk, which may give rise to accordant
or opposite effects with their inherent encoding features. It
has been widely studied that VAPA, CNOT6L, ZEB2, and
VCAN mRNAs are ceRNAs for tumor suppressor PTEN
mRNA, representing aberrant transcription levels and
resulting in downregulation of PTEN mRNAs in a Dicer-
dependent way in various cancer types such as colorectal
cancer [25], breast carcinoma [46], and melanoma [26].
Similarly, other classically identified molecules include
VCAN and CD44 with their competing RNAs, endowed
with complex roles in cell proliferation, invasive behaviors,
and some other malignant signatures in contexts of cancer
[47, 48].

4. ceRNA Crosstalk Decipherment

Increasing computational, mathematical, and experimental
tools have been posed for decoding ceRNA crosstalk and
identifying putative candidates for their topology and dynamic
fluctuation. Typical verifying process of ceRNA interactions
successively includes corroborative tests such as RNA immu-
noprecipitation for miRNA-ceRNA binding, confirmation of
positive correlation of transcription levels of ceRNAs, repeated
miRNA-dependency tests through Dicer knock-out or MRE
mutations, and finally epigenetic changes induced by up- or
downregulation of ceRNAs in disrupted physiological condi-
tions [6]. Prediction algorithms including PITA, TargetScan,
miRanda, and rna22 have been validated efficient for seeking
ceRNAs through recognition of MREs and scoring overlaps in
quantified assessment, forming the database of predicted
ceRNA interactions (ceRDB), yet the unclear targeting rules and
incomplete complementarity brought out limitations in some
cases [49]. With high-throughput sequencing of RNA isolated
by crosslinking immunoprecipitation (HITS-CLIP) and pho-
toactivatable ribonucleoside-enhanced crosslinking and im-
munoprecipitation (PAR-CLIP) introduced into wide use,
RISC-bound targets are more efficiently and precisely identified
[49-51]. Moreover, MS2-tagged RNA affinity purification
(MS2-TRAP) makes it possible for context-specific verification
[52]. Further elucidation of ncRNA regulation for each subtype
includes PseudoFun for pseudogenes [53] and GDCRNATools
for IncRNAs [54]. The combination of HITS-CLIP/PAR-CLIP
with subcellular RNA imaging [5] and mass spectrometry-based
RBP abundance measurement allows analysis of sublocalization
and RBP binding [6]. Taken together, the Smart Cancer Survival
Predictive System and the Gene Survival Analysis Screen System
are brought up for individual prognostic evaluation and precise
clinical supervision [55].

5. Molecular Bases for ceRNA Interaction

Mathematical, in silico, and laboratory approaches have
been carried out as above enumerated, yielding conclusions
that abundance of ceRNAs and miRNAs, subcellular



localization, the number of shared MREs, and many other
indirect contributing factors are suggested to influence
ceRNA-miRNA interaction efficiency.

Analyses for optimal cross-talk conditions showed that
only when the stoichiometry of the interrelated ceRNA and
miRNA falls in a narrow range of equivalence could sig-
nificant cross-regulation occur [18, 56, 57]. Such swift
mutual effects are initiated with a threshold-like behavior,
accounting for miRNAs presenting both their roles as
“switches” when target transcripts are highly repressed in
low abundance and “fine-tuners” when ceRNA levels are
floating around the threshold for sensitive regulation
[58, 59], partly consistent with the assumption that higher
amount of miRNAs for target ceRNAs exert stronger re-
pressive effects [60]. Furthermore, with MREs in equal af-
finity for the shared miRNAs, the wider repertoire of
ceRNAs targeted by the miRNA is, the weaker influence the
miRNA would exert on each individual target [57]. In other
words, distant ceRNAs in the same regulatory network
bidirectionally detriment miRNAs’ efficacy on each other.
Notably, a quantitative assay for miR-122 and its ceRNA
aldolase mRNA revealed that significant derepression for
ceRNA rivals was only observed when aldolase mRNA
experienced nonphysiological overexpression [59], indi-
cating particular ceRNA crosstalk may be quite mild in
normal conditions but prevalent in pathological contexts.

RNA-binding proteins (RBPs) are greatly involved in
post-transcriptional regulation by means of RNA splicing,
transport, and stability mediation. Except for MREs, there
are RBP binding sites located in ceRNA sequences, whereby
RBPs antagonize or cooperate with miRNAs by directly
occupying specific binding sites or indirectly altering affinity
to miRNAs through reordering the secondary structure of
ceRNAs. With numerous binding locus neighboring or
overlapping miRISC binding sites in 3’ UTR [61], RBP HuR
largely stabilizes RNA transcripts, whereas AUF1 exerts
synergistic effects with miRNAs on target energy [62].
Similarly, HuR recruits let-7 RISC for repression of tran-
scriptional regulator c-Myc [63], and c-Myc is widely ac-
cepted in controlling miRNA transcription, including
upregulation of oncogenetic miR-17-92 cluster [64]. Ex-
pectedly, RNAs may be relocated into different subcellular
distributions once loaded with RBPs, which also affects the
efficacy of spatiotemporally mutual interaction.

Hydrolytic deamination of adenosine to inosine (A to I
editing), most frequently existing in UTRs and intronic
sequences [65], epitomizes widespread RNA editing events
in post-transcriptional regulation. It has been validated
predominant in the majority of pre-mRNAs relying on
adenosine deaminase, and to create new seed regions and
accordingly corresponding target spectrum for miRNAs,
destroying or generating miRNA matching substrates in
ceRNAs [66]. Other forms of RNA editing resulting in base
insertion, deletion, and nucleotide substitution simulta-
neously enrich the variation and diversity of the ceRNA
network.

ceRNA crosstalk embraces multilayered regulatory
hallmarks. Aside from the aforementioned aspects, the
abundance of argonaute also causes competition among
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miRNAs as a bottleneck in the enzyme catalyzing process of
miRISC synthesis [67]. Single-nucleotide polymorphism
(SNP) allows subtle nucleotide component differences in
MREs sharing collective miRNA pools, and alternative
splicing provides miRNAs with shortened 3’ UTRs in a
variety of cancer cells [68], both embodied in the altered
affinity of MREs for miRNA binding, with higher affinity
possessing stronger binding capacity. Hence, the overall
regulating network is presented in given conditions, where
additional  determinants are exactly taken into
consideration.

6. ceRNAs in Cancer

Chromosomal rearrangement, point mutation, shortened 3’
UTR, and other alterations in chromosome structure are
commonly seen in the cancer cell genome, as a consequence,
dysregulation of the ceRNA network and closely linked
tumorigenesis, cell proliferation, and resistance to con-
ventional treatment occur in such circumstances (Table 1).

As has been well elucidated, a decreased level of pseu-
dogene PTENPI1 leads to inhibition of tumor suppressor
PTEN in a miRNA-dependent manner in numerous cancer
types. The antisense IncRNAs, asRNAa, and asRNAb, de-
rived from PTENPI locus, respectively, recruit epigenetic
regulators to the PTEN promoter region, confining PTEN
transcription, and stabilize PTENP1 to derepress PTEN
from miRNA absorption [69]. Coincident with previously
published materials, ceRNA rivals for PTEN mRNA also
includes mRNAs, whose competition for a large number of
miRNAs is weakened in given pathological conditions, thus
disrupting the downstream anti-oncogenic PTEN/AKT/p53
pathway [70].

Recent evidence deepens the body of knowledge con-
cerning circRNAs in cancer progression. The absence of
NUDT?21, an RNA splicing factor, causes downregulation of
circRNAs in HCC occurrence [71], and UGUA elements
were pointed out to be crucial for sequence cyclization
through binding with NUDT?21 to form a dimer. Microarray
revealed cirr5615 as an effective sponge for miR-149-5p, and
its upregulation results in worse clinical outcomes in CRC
patients, through disinhibition of f-catenin stabilization
regulator tankyrase (TNKS) [72]. Similar mechanisms and
positive correlation are found between increased circTP63
and FOXM1 levels in lung cancer, linked by miR-873-3p
[73]. A prognostic model of N stage in TNM classification
and overexpression of circCRIM1 was established based on
circCRIM1-miR-422a-FOXQ]1 crosstalk in nasopharyngeal
carcinoma, which is related to peripheral implantation,
epithelial-mesenchymal transition (EMT), and impaired
chemosensitivity [74].

Constantly emerging IncRNA protagonists also provide
new avenues for refinement of deregulated ceRNA interplay
in carcinoma development. Based on vast achievements in
this field, integrated analysis has risen up luxuriantly,
delving into tissue- and cancer-specific differentially
expressed genes (DEGs), harnessing intensive databases
such as the Cancer Genome Atlas (TCGA) and the Gene
Expression Omnibus (GEO), with statistical methods
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supporting bioinformatics analysis. Profile of IncRNA
transcription has been outlined in a multitude of cancers
such as HCC, breast cancer, glioblastoma, GC, and meta-
static melanoma [75-80], providing promising biomarkers
for prognostic evaluation and early-stage detection of these
pathological changes.

Countless breakthrough in ceRNAs has undoubtedly
sparkled diagnostic and curative potent towards cancer; what
deserves extra attention, on the other hand, is that sometimes, it
is the part of the integrated regulatory axis that paves the way for
more outward-extending investigations. It has been revealed in
2018 that scaffold protein disabled-2 (DAB2), whose antineo-
plastic role was initially identified in ovarian cancer, was
downregulated by miR-191 through binding with its MREs in 3’
UTR in response to estrogen stimulation, heralding promoted
cellular viability, tumor growth, and poor long-term survival in
patients with ER +breast cancer [81]. At the same time, the
miR-203/SNAI2 axis emerged as a high-profile symbol in tumor
stemness, EMT, and angiogenesis in prostate cancer, in which
suppression of miR-203 on transcriptional inhibitor SNAI2 is
relieved due to lessened miR-203 existence, rendering rean-
imation of the downstream oncogenic GSK-33/3-CATENIN
signal pathway by activated SNAI2 [82]. Later in 2019, similar
molecular activities, somewhat replenishing the former, were
unveiled in tumorigenesis of lung adenocarcinoma (LUAD),
where overexpressed IncRNA chromatin-associated RNA 10
(CAR10) and IncRNA histocompatibility leukocyte antigen
complex P5 (HCP5), which was transcriptionally up-regulated
by SMAD3 after TGFf communication in advanced stages of
LUAD, were both identified to prompt cell proliferation and
metastasis exactly by means of miR-203/SNAI regulatory access
[83, 84]. Such findings suggest a vast potential for future de-
velopment with previous research.

7. Resistance to Immunotherapy
and Chemotherapy

Despite endlessly upgraded triumphs in typical immu-
notherapies, such as monoclonal antibodies, immune
checkpoint (IC) inhibitors, chimeric antigen receptor
(CAR) genetically-modified T cell therapy, and genetic
modification of T cell receptor (TCR), which are cate-
gorized into adoptive T cell therapy (ACT), tumor cells
obstinately escape from internal or exogenously ad-
ministered immune surveillance, through intrinsic,
adaptive, or acquired accommodation, leading to ma-
lignant performance and nonresponse to immunother-
apy. Cytotoxic T-lymphocyte-associated protein 4
(CTLA4) on T cells has been well studied as an immune
checkpoint, which blocks T-cell-stimulating binding of
CD28 and APC B7 molecules, inducing T cell inactivation
[85]. Contrary regulatory trends of miR-29 and B7-H3,
one of the eight isoforms of the B7 family, were confirmed
in solid tumors such as neuroblastoma, sarcoma, cuta-
neous melanoma, and breast cancer [86-88]. Another
commonly upregulated IC in cancers is PD-1, whose
binding with its ligand PD-L1 induces T cell disability.
Somatic mutation of guanine to cytosine in PD-L1 3’
UTR leads to altered MRE sequences in various

gastrointestinal cancers (GCs), freeing PD-L1 mRNA
from the restriction of miR-570 [89, 90]. Additionally, an
array of miRNAs have been found related to aberrant
overexpression of PD-L1 in both solid and hematological
cancers and to motivate chemoresistance and metastasis.
IncRNA-miRNA-PD-L1 regulations are also broadly
discovered in tumor growth, cell proliferation, and mi-
gration in GCs and nonsmall cell lung carcinoma
(NSCLC) [91-94]. Possible explanations for resistance to
IC inhibitor (ICI) immunotherapy reside in the hetero-
geneity of MHC loss and susceptibility to spontaneous
mutations, with deteriorated recognition and immune
response to abnormal stimuli.

The development of TCR-engineered T cell therapy
and CAR-T cell therapy reflects and, to a great extent,
stands for the longstanding exploration of adoptive T cell
therapy. Granted as a breakthrough designation with
CD19-targeting CAR-T cell therapy on CD19+ B cell
hematological malignancies leading to complete or
partial remission in clinical trials, cancer immunotherapy
focuses on fully arousing or assisting the autologous
immune system to exert intensified supervision and re-
striction on tumor progression, but in fact, immune
evasion is always inevitable ascribed to the ever-changing
tumor microenvironment, immunosuppressive cytokine
pathways (e.g., IFNy in PD-L1 expression, TGFf in
urothelial cancer, VEGF in producing myeloid-derived
suppressor cells (MDSCs), Wnt/B-catenin signals in co-
lorectal cancer, and lack of sensitizing cytokines such as
IL-2, IL-12, and IL-15), impaired function or expression
of antigen loading molecules and abnormal post-tran-
scriptional background of ceRNAs, letting tumor cells
subtly get away with immunological monitoring
[95-100]. LncRNA MALAT1 drives dendritic cells (DCs)
into tolerogenic types with the secretion of IL-10 and
low-level expression of CD80 and MHC by acting as an
miR-155 sponge [101]. Meanwhile, PD-L1 is overex-
pressed in the regulation of miR-195 on MALATI in
diffuse large B-cell lymphoma and Linc00473 in pan-
creatic cancer [91, 102]. The above-mentioned IncRNA
HOTAIR frees human leukocyte antigen-G (HLA-G)
expression from miR-152, oppressing immune response
through devitalizing NK cell activity in gastric cancer
[103, 104]. CD8+ T cell fatigue and exhaustion, which is
positively related with T cell immunoglobulin and mucin
domain protein 3 (Tim-3), is a common route of immune
escape in hepatic cell carcinoma and could be restored by
inhibition of nuclear-enriched autosomal transcript 1
(NEAT1) to enhance Tim-3 capture via miR-155 [94].
Also, NEAT1 directly binds with DNMTI, a member of
DNA methyltransferase family, with aberrant methyla-
tion in promoter regions leading to epigenetically
downregulated antioncogene P53 expression and cGAS/
STING pathway for T cell invigoration [105]. Here, we
have merely touched on limited elements of ceRNA
regulation in adoptive immunotherapy, while the un-
derstanding of therapeutic agents and regulatory hinges
informs a feasible combination of T cell therapy with
selected chemokines, cytokines, ICIs, and monoclonal
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TaBLE 1: ceRNAs in cancers.

Cancer ceRNA miRNA Target Reference
Breast cancer CYP472P-3' UTR miR-211, miR-197, miR-204 CYP4Z1 [111]
FOXO1 3' UTR miR-9 E-cadherin [112]
VERSICAN 3’ UTR miR-136, miR-199a-3p, miR-144 Rbl, PTEN [46]
IncRNA GAS5 miR-21 — [113]
linc-ROR miR-205 ZEB2 [114]
miR-145 ARF6 [115]
IncRNA-CDC6 miR-215 CDC6 [116]
CC IncRNA XLOC_006390 miR-331-3p, miR-338-3p PKM2, EYA2 [117]
CRC OCT4B mRNA miR-145, miR-20a/b, miR-106a/b, miR-335 OCT4A [118]
circ-ITCH miR-7, miR-17, miR-214 ITCH [119]
circ5615 miR-149-5p TNKS [72]
Endometrial cancer linc-ROR miR-145 — [120]
GC IncRNA GAPLINC miR-211-3p CD44 [121]
IncRNA HOTAIR miR-331-3p HER2 [122]
LncRNA MT1JP miR-92a-3p FBXW7 [123]
HCC IncRNA CCATI1 let-7 HMGA2, c-Myc [124]
IncRNA HOTTIP miR-125b — [125]
IncRNA HULC miR-372 PRKACB [37]
LINC00974 miR-642 KRT19 [126]
IncRNA UCAL miR-216b FGFR1 [127]
Pseudogene INTS6P1 miR-17-5p INTS6 [128]
PTENP1 miR-17, miR-19b, miR-20a PTEN, [129]
IncRNA FAL1 miR-1236 AFP, ZEB1 [130]
Lung cancer IncRMA LCATI1 miR-4715-5p RACI1 [131]
LUSC circTP63 miR-873-3p FOXM1 [73]
NPC circCRIM1 miR-422a FOXQl [74]
IncRNA FAM225A miR-590-3p, miR-1275 ITGB3 [132]
IncRNA PTPRG-AS1 miR-194-3p PRC1 [133]
IncRNA ZFAS1 miR-892b LPARI1 [134]
NSCLC AEG-1 3’ UTR miR-30a Vimentin, snail [135]
OoC Inc-OC1 miR-34a, miR-34c — [136]
Prostate cancer CNOT6L/VAPA miR-17, miR-19a, miR-20a/b, miR-106a/b, miR-93 PTEN [25]
IncRNA PCAT1 miR-3667-3p c-Myc [137]
K-RAS1P — K-RAS [24]
PTENP1 miR-17, miR-19, miR-21, miR-26, miR-214 PTEN [24]
IncRNA UCA1 miR143 MYO6 [138]

Abbreviation: CC: cervical cancer; CRC: colorectal cancer; GC: gastrointestinal cancer; HCC: hepatocellular carcinoma; LUSC: lung squamous cell car-
cinoma; NPC: nasopharyngeal carcinoma; NSCLC: nonsmall cell lung cancer. —: not available.

antibodies, foreboding accessible application and benefits
of optional strategies in cancer treatment.
Chemoresistance is an Achilles heel for progression
and unsatisfying prognosis of malignancy and is always
accompanied by disadjust biological mechanisms in-
cluding drug outflow, cell proliferation, distant migra-
tion, and EMT. One of the most exploited regulators in
chemoresistance is IncPVTI-representing noncoding
sequences transcribed from the cancer-prone 8q24
chromosome [106] (Table 2). IncPVTI1 is empowered with
three regulating approaches. First, it recruits modifiers

such as EZH2 to epigenetically dampen tumor sup-
pressors, including p53 in HCC [107], large tumor
suppressor kinase 2 (LATS2) in NSCLC [108], and miR-
195 [109]. Second, differential processing of IncPVT1 is
referred to the generation of IncPVTI-derived miRNAs,
taking miR-1204 in NSCLC for instance, which accel-
erates cell proliferation through targeting paired-like
homeodomain 1 (PITX1) [110]. Finally and predomi-
nantly, IncPVTI1 dysregulation in resistance to chemo-
therapeutic agents towards a myriad of cancers reconciles
its tremendous vitality as a ceRNA.
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TaBLE 2: ceRNAs in chemotherapy resistance.

ceRNA miRNA Target Chemotherapeutic agent Cancer Reference
LncPVT1 miR-195 SMAD3 Paclitaxel CC [139]
miR-216b Beclin-1 Cisplatin NSCLC [140]
miR-152 ¢-MET Gemcitabine Osteosarcoma [141]
miR-1207-5p/3p SMAD Gemcitabine PC [142]
miR-143 Hexokinase 2 — GBC [143]
miR-186-5p YAPI1 — HCC [144]
IncRNA HOTAIR miR-17-5p Beclinl Sunitinib Renal cancer [145]
IncRNA HOXA-AS2 miR-520c-3p S100A4 Adriamycin AML [146]
IncRNA GAS5 miR-221 — Gemcitabine PC [147]

Abbreviation: CC: cervical cancer; NSCLC: nonsmall cell lung cancer; PC: pancreatic cancer; GBC: gallbladder cancer; HCC: hepatocellular carcinoma; AML:

acute myelocytic leukemia. —: not available.

8. Conclusion

In this review, we present a genome-wide molecular
interaction dominated by ncRNAs in a deep-going extent
of post-transcriptional regulation regarding different
types of cancer, where detailed mechanisms of the dy-
namic network, powerful predicting tools, and typical
ceRNA crosstalk in pathogenesis, progression, and drug
resistance in cancer have all together sketched out an
encouraging blueprint for in-depth scientific research
and translation into clinical application. Still, we have to
acknowledge that despite extensive efforts endeavored
into broadening our understanding of this realm, there is
much more Terra incognita remaining to be carved out.
Primarily, with most of the current research carried out
on the overall cell-cluster level, intratumor heterogeneity
among cancer cells has long been neglected, which is also
crucial for neoplasia and therapeutic resistance. Here, we
lay emphasis on two points of concern. First, even if
numerous regulating nodes have been implicated as
prospective targets for clinical therapy, accurate ma-
nipulation on these hubs without the involvement of
other irrelevant locus waits for delicate Polish. Given that
each single molecular tends to be the junction of, or to be
indirectly covered by separate regulatory pathways with
synergistic, antagonistic, or unrelated functions, con-
trollable and unidirectional interventions would furthest
avoid adverse reactions and achieve desired outcomes.
Second, phenotypes observed through lowered expres-
sion or overexpression of single ccRNA/miRNA axis may
need to be dialectically viewed, as its significance could be
overmuch exaggerated under counteraction of other
seemingly nonessential issues when conducting the re-
search, or it is so tightly dragged by many other un-
clarified interlinks that enforced changes on the target
axis alone is too weak to stand out in physiological
conditions. There is no denying that booming advance in
ceRNA network provides an exciting starting point for
clinical practice and future research in cancer.
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Background. Circular RNAs (circRNAs) may function as the decoys for microRNAs (miRNAs) or proteins, the templates for
translation, and the sources of pseudogene generation. The purpose of this study is to determine the diagnostic circRNAs, which
are related to lung adenocarcinoma (LUAD), that adsorb miRNAs on the basis of the competing endogenous RNA (ceRNA)
hypothesis. Methods. The differentially expressed circRNAs (DEcircRNAs) in LUAD were revealed by the microarray data
(GSE101586 and GSE101684) that were obtained from the Gene Expression Omnibus (GEO) database. The miRNAs that were
targeted by the DEcircRNAs were predicted with the CircInteractome, and the target mRNAs of the miRNAs were found by the
miRDB and the TargetScan. The ceRNA network was built by the Cytoscape. The potential biological roles and the regulatory
mechanisms of the circRNAs were investigated by the Gene Ontology (GO) enrichment analysis and the Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis. The expression of the host genes of circRNAs was examined by the Ualcan. The survival
analysis was performed by the Kaplan-Meier plotter. Results. In comparison with normal lung tissues, LUAD tissues contained
7 overlapping cancer-specific DEcircRNAs with 294 miRNA response elements (MREs). Among the 7 DEcircRNAs, 3
circRNAs (hsa_circ_0072088, hsa_circ_0003528, and hsa_circ_0008274) were upregulated and 4 circRNAs (hsa_circ_0003162,
hsa_circ_0029426, hsa_circ_0049271, and hsa_circ_0043256) were downregulated. A circRNA-miRNA-mRNA regulatory
network, which included 33 differentially expressed miRNAs (DEmiRNAs) and 2007 differentially expressed mRNAs
(DEmRNAs), was constructed. These mRNAs were enriched in the biological function of cell-cell adhesion, response to hypoxia,
and stem cell differentiation and were involved in the PI3K-Akt signaling, HIF-1 signaling, and cAMP signaling pathways.
Conclusion. Our results indicated that 7 DEcircRNAs could have diagnostic value for LUAD. Additionally, the circRNAs-mediated
ceRNA network might provide a novel perspective into unraveling the pathogenesis and progression of LUAD.

1. Introduction

Lung cancer is the second most commonly diagnosed cancer
and the primary cause of cancer-related death worldwide [1].
In 2020, over 2.2 million new lung cancer cases and 1.8
million lung-cancer-related deaths were estimated [1]. Non-
small-cell lung cancer (NSCLC) cases account for 85% of
lung cancer, and the most common histological type of
NSCLC is lung adenocarcinoma (LUAD) [2]. In spite of the
improvement in chemotherapy and radiotherapy, the 5-year

survival rate of LUAD remains below 20% [3]. Therefore, it is
critical to clarify the underlying mechanisms and therapeutic
targets of LUAD, which are beneficial for the diagnosis and
prognostic evaluation [4].

An increasing amount of evidence has shown that
noncoding RNAs such as long noncoding RNAs (IncRNAs),
pseudogenic RNAs, and circular RNAs (circRNAs) may act
as competing endogenous RNAs (ceRNAs) by competitively
binding to several miRNAs [5, 6]. Compared with the
traditional liner RNAs, circular RNAs (circRNAs) have a
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completely closed-loop structure [7]. CircRNAs have been
identified to be the miRNA sponges involved in cancer
development [8-10]. CircRNAs and mRNAs compete for
binding to the limited targeting miRNAs via plentiful
miRNA binding sites (MREs) regions to construct a ceRNA
regulatory network [11]. When mRNAs competitively bind
to miRNAs, the translation process is interrupted and the
stability of miRNAs is compromised [12-14]. However,
circRNAs remain stable and resist the degradation by RNA
exonucleases [11].

Interestingly, ceRNA regulatory networks are dysregu-
lated and are closely related to the occurrence and pro-
gression of different types of cancers, including LUAD
[11, 15-17]. For example, a previous study revealed that
circRNA-ENOL1 played a crucial role in glycolysis and tumor
progression of LUAD by promoting the expression of its
host gene ENOI1 [18]. In addition, circ_EPB41L2 played a
protective role by repressing proliferation, migration, and
invasion through regulating CDH4 and miR-211-5p in
LUAD cells [19]. Moreover, in vivo studies indicated that the
overexpression of circ. EPB4112 inhibited tumor growth by
regulating miR-211-5p and CDH4 [19]. Furthermore, bio-
informatics analysis, which depends on the rise of high-
throughput sequencing technology, has been widely used in
the research on the etiology and the underlying mechanism
of cancers. To explore the tumor markers with prognostic
significance, researchers need to build a comprehensive
ceRNA regulatory network through the in-depth analysis of
public databases. Although many bioinformatics studies
have been conducted on ceRNAs, novel circRNA molecules
and ceRNA networks are worth further investigation
[20-22]. Further research on the ceRNA network will help to
explore novel diagnostic and treatment methods of LUAD.

In the present study, we collected the expression profiles
of circRNAs (GSE101586 and GSE101684), miRNAs
(GSE135918 and TCGA-LUAD), and mRNAs (TCGA-
LUAD) of LUAD. Seven differentially expressed and cancer-
specific circRNAs in LUAD were identified by bioinformatic
analysis. A circRNA-miRNA-mRNA regulatory network
was constructed. Furthermore, we performed functional
enrichment analysis to reveal the potential biological
function and mechanism of the circRNAs, which might
provide new insights into the diagnosis and treatment of
LUAD.

2. Methods

2.1. Research Process Design. The experimental design and
the specific implementation scheme of the study are shown
in Figure 1.

2.2. Collection of the Data from Public Database. The Gene
Expression Omnibus (GEO, https://www.ncbi.nlm.nih.gov/
geo/) is a database widely applied in many fields. It involves
the noncoding RNA analysis, the comparative genomic
analysis, the proteomics analysis, the single nucleotide
polymorphism genome analysis, and the DNA methylation
status analysis. We searched for the microarray data in the
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GEO dataset by inputting “lung adenocarcinoma” and
“circRNA” keywords. The inclusion and exclusion criteria
were (1) human LUAD tissues and the adjacent normal
human lung tissues, (2) microarray expression profiling of
circRNA, and (3) data annotation platform and the original
data matrix. Two datasets (GSE101586 and GSE101684) that
satisfied the screening criteria were obtained and
downloaded.

2.3. Data Processing. The base 2 logarithm (log,) transfor-
mation was used to transform the expression value of
circRNAs and the R software was used to interpret the raw
microarray data. For similar circRNAs in the expression
matrix, we took the average expression value of the duplicates.
The information on the probe annotation of the circRNAs
was downloaded from GPL19978 and GPL21825 platform
files. The detailed annotation of the probe, the sample, and the
platform was obtained from GEO database. We standardized
original expression data by the log, transformed. We used an
R package for the differentiation analysis of the microarray
data and set the thresholds of |log, (fold-change)|>1 and
P <0.05 to determine the DEcircRNAs in each dataset. Then,
we retained the DEcircRNAs and removed the circRNAs that
were not differentially expressed.

2.4. Identification of DEcircRNAs. When multiple probes
were mapped to a certain Agilent ID, the corresponding
mean value was selected. The Perl scripting was used to
convert the Agilent ID to gene names. To standardize the
matrix information and analyze the differential gene ex-
pression among models, we used the limma package to
normalize the raw microarray data. Whereafter, the fold-
change and the P value were used to determine the dif-
ferentially expressed genes in the 2 datasets, the screening
criteria of which were |log, (fold-change)| > 1 and P value
<0.05. We used the CircBase database to obtain the host
genes related to the circRNAs [23].

2.5. Prediction of CircRNA-MicroRNA-Target Gene Networks.
The CircBase database (circbase.org/) and cancer-specific
circRNAs database (CSCD, https://gb.whu.edu.cn/CSCD/)
were used to predict MREs of the circRNAs that provided
information on the circRNAs from multiple perspectives,
including the location of circRNAs on chromosomes, the
length variation of the circRNAs, and the interaction be-
tween the circRNAs and miRNAs. Specific miRNA targets
were predicted based on the MicroRNA Target Prediction
Database (miRDB, http://mirdb.org/) and the TargetScan
(http://www.targetscan.org/vert_71/). ~The  overlapping
genes of the three databases were selected as host genes. The
prognostic value of host genes were investigated by the
Kaplan-Meier plotter.

2.6. GO Enrichment Analysis. In order to understand the
potential function of the circRNAs, we performed the
GO enrichment analysis of target genes by DAVID (https://
david.ncifcrf.gov/home.jsp). GO analysis included the
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F1Gure 1: Flowchart for bioinformatics analysis of this study.

analysis of cellular components (CC), molecular functions
(MF), and biological processes (BP). Each category of the
GO analysis explained the different biological function of the
genes. We used Sangerbox (http://www.sangerbox.com/) to
visualize the results of the GO enrichment analysis.

3. Results

3.1. Identification of DEcircRNAs. We downloaded and
analyzed the GSE101586 and GSE101684 microarray data by
the GEO2R tool to identify the DEcircRNAs between paired
NSCLC tissues and adjacent nontumor tissues. The basic
information on these 2 datasets is illustrated in Table 1. We
obtained 68 DEcircRNAs that included 47 upregulated and
21 downregulated circRNAs on the basis of GSE101586
dataset and 305 DEcircRNAs that consisted of 168 upre-
gulated and 137 downregulated circRNAs on the basis of the

GSE101684 dataset (Figures 2(a) and 2(b), P value < 0.05 and
absolute value of fold-change >1). We provided two volcano
plots to visualize the DEcircRNAs (Figures 2(c) and 2(d)).
The Venn diagram shown in Figure 2(e) displays the 10
overlapping DEcircRNAs between the two datasets.

The cancer-specific circRNA database (CSCD, http://gb.
whu.edu.cn/CSCD) is a useful circRNA database to deduce
whether particular circRNAs are cancer-specific [24]. The 7
differentially expressed and cancer-specific circRNAs in
LUAD are presented in Figure 2(f).

3.2. Characterization of DEcircRNAs. As shown in
Figures 3(a) and 3(b), 3 circRNAs (hsa_circ_0072088,
hsa_circ_0003528, and hsa_circ_0008274) were upregulated
and 4 circRNAs (hsa_circ_0003162, hsa_circ_0029426,
hsa_circ_0049271, and hsa_circ_0043256) were
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TaBLE 1: The information of GSE101586 and GSE101684 datasets obtained from the GEO database.
Reference Tissue GEO Platform Normal Tumor Upregulated gene Downregulated gene
Qiu M. et al., 2017 LUAD GSE101586 GPL19978 5 5 47 21
Xu M. et al., 2019 LUAD GSE101684 GPL21825 4 4 168 137
GSE101586 GSE101684 downregulated. In this study, we used the CircBase database
Normal  Cancer Normal  Cancer to determine the loc?tion, genomic lepgth, stranq, e.md gene
5 symbol of the 7 DEcircRNAs. The basic characteristics of the
1 DEcircRNAs are listed in Table 2.
0 Moreover, the structural patterns of the 7 circRNAs from
-1 the CSCD database are shown in Figure 3(c). 294 MREs were
-2
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Figure 2: Identification of differentially expressed circRNAs in
LUAD. (a, b) Hierarchical clustering heat map of the DEcircRNAs
of LUAD samples compared with normal lung samples from
GSE101586 and GSE101684, with absolute fold-changes >1 and P
value < 0.05 as significant. (¢, d) The volcano maps showed the
number and distribution of the DEcircRNAs. The red dots rep-
resent the upregulated circRNAs and the blue dots indicate the
downregulated circRNAs. (e) Venn diagram of the intersection of
DEcircRNAs in GSE101586 and GSE101684 datasets. (f) Venn
diagram of the intersection of differentially expressed and cancer-
specific circRNAs based on Cancer-Specific CircRNA Database
(CSCD, http://gb.whu.edu.cn/CSCD).

predicted for the cancer-specific DEcircRNA candidates.
Specifically, we found that hsa_circ_0072088 harbored 32
MREs, hsa_circ_0003528 harbored 57 MREs, hsa_-
circ_0008274 harbored 51 MREs, hsa_circ_0049271 harbored
38 MREs, hsa_circ_0003162 harbored 42 MREs, hsa_-
circ_0029426 harbored 28 MREs, and hsa_circ_0043256
harbored 48 MREs. These findings suggested that the DEc-
ircRNAs were potential miRNA sponges (Figure 3(c)).

The DEcircRNAs were the partial fragments transcribed by
the host genes. Next, we examined the expression and diagnostic
and prognostic significance of the host genes of these 7 cancer-
specific DEcircRNAs. The host genes of hsa_circ_0049271,
hsa_circ_0029426, and hsa_circ_0072088 had diagnostic and
prognostic significance (Supplementary Figure S1).

3.3. The Determination of Differentially Expressed miRNAs
and Differentially Expressed mRNAs. On the basis of the
GSE135918 dataset, we determined out 624 differentially
expressed miRNAs (DEmiRNAs) in LUAD. CircInteractome
database was used to predict the miRNAs targeted by the 7
DEcircRNAs, and 114 miRNAs were found. Figure 4(a) il-
lustrated GSE135918 dataset contained 2693 miRNAs, with
624 DEmiRNAs. On the other hand, the TCGA-LUAD dataset
contained 2197 miRNAs and 362 DEmiRNAs (Figure 4(b)). 33
DEmiRNAs that were related to the DEcircRNAs were found
by Venn analysis (Figure 4(c)). Then, by the miRDB and
TargetScan databases, we searched for the target mRNAs of the
DEmiRNAs targeted by the 7 DEcircRNAs. A total of 7622
target genes were bound to the 33 DEmiRNAs. On the basis of
the TCGA-LUAD database, 2007 out of 7622 mRNAs were
found to be differentially expressed (Figure 4(d)).

3.4. Construction of a ceRNA Network. In previous sections,
we obtained 7 DEcircRNAs, 33 DEmiRNAs, and 2007
DEmRNAs and elucidated the interaction among the DEc-
ircRNAs, the DEmiRNAs, and the DEmRNAs. Next, we used
Cytoscape 3.8.2 to visualize the circRNA-miRNA-mRNA
regulatory network (Figures 5(a) and 5(b) and Supplementary
Table 1).

3.5. Functional Enrichment Analysis. The potential biolog-
ical roles and regulatory mechanisms of circRNAs were
investigated using GO enrichment analysis and Kyoto En-
cyclopedia of Genes and Genomes (KEGG) analysis. The
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FIGURE 3: Characterization of DEcircRNAs. (a, b) The expression levels of DEcircRNAs in human LUAD tissues and normal lung samples
were analyzed based on GSE101586 and GSE101684 datasets. The differences were compared by paired t-test. Mean + SEM, n =3, * P < 0.05;
**P<0.01; ***P<0.001. (c) Structural patterns of the 7 circRNAs: hsa_circ_0072088, hsa_circ_0003528, hsa_circ_0008274, hsa_-
circ_0049271, hsa_circ_0003162, hsa_circ_0029426, and hsa_circ_0043256. The green part represents the open reading frame (ORF) of

circRNAs. The blue part is the place where circRNA binds to the proteins. The red small triangle represents the binding position of the
circRNA to the miRNA.

mRNAs were enriched in the biological function of cell-cell ~ the mRNAs were involved in the PI3K-Akt signaling, HIF-1
adhesion, response to hypoxia, and stem cell differentiation  signaling, and cAMP signaling pathways (Figure 6(b) and
(Figure 6(a) and Supplementary Figure S2(a)). Moreover, Supplementary Figure S2(b)).
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TaBLE 2: The information of the 7 cancer-specific DEcircRNAs.

Genes total Up-/downregulated Position Genomic length Gene symbol Strand
hsa_circ_0029426 Down chr12:131357380-131357465 85 RAN +
hsa_circ_0043256 Down chr17:35604934-35609962 5028 ACACA -
hsa_circ_0049271 Down chr19:10610070-10610756 686 KEAP1 -
hsa_circ_0003162 Down chr7:33185853-33217203 31350 BBS9 +
hsa_circ_0003528 Up chr5:134032815-134044578 11763 SEC24A +
hsa_circ_0072088 Up chr5:32379220-32388780 9560 ZFR -
hsa_circ_0008274 Up chr13:96485180-96489456 4276 UGGT2 -

DEmiRNAs-GSE135918 DEmiRNAs-TCGA

Normal Cancer

(b)

DEmiRNAs- DEmRNAs-TCGA
GSE135918 L

Predicted miRNAs targeted by 7 DEcircRNAs

() (d)

FiGURe 4: Identification of differentially expressed miRNAs and mRNAs. (a, b) Hierarchical clustering heat map of the DEmiRNAs of
LUAD samples compared with normal lung samples from GSE135918 dataset (a) and TCGA-LUAD dataset (b). (c) Venn diagram of the
union of DEmiRNAs in GSE135918 dataset and TCGA-LUAD dataset. (d) Hierarchical clustering heat map of the DEmRNAs of LUAD
samples compared with normal lung samples based on TCGA-LUAD dataset.
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FIGURE 6: Functional enrichment analysis of targeted mRNA. (a) GO enrichment analysis and (b) KEGG pathway enrichment analysis of
DEmRNASs of hsa_circ_0072088, hsa_circ_0049271, and hsa_circ_0029426.

4. Discussion

In view of the high mortality and the extremely low survival
rate of LUAD, the determination of the specific biomarkers
for the diagnosis and the treatment of LUAD remains critical
[4, 25]. Previous studies found that noncoding RNAs, es-
pecially circRNAs, contribute to the malignant progression
(the metastasis, proliferation, and tumor growth) of multiple
types of cancer [26-30]. CircRNAs have high stability due to
the unique covalent closed-loop structure that allows the
circRNAs to resist the RNase R degradation [31]. Many
studies reported that the ceRNA regulatory networks that
were constructed by circRNAs contained substantial diag-
nosis and prognostic value. In our study, we comprehen-
sively analyzed the ceRNA network for reliable diagnostic
markers. Similarly, Li et al. [32] selected the combination of
GSE101586, GSE101684, and GSE112214 and identified the

DEcircRNAs in the patients with early-stage NSCLC. By
utilizing the CSCD, we identified that the differentially
expressed and cancer-specific cirRNAs in LUAD were po-
tential miRNA sponges for the first time.

Subsequently, the function enrichment analysis of
mRNAs suggested the relevant biological function and
pathways for LUAD. Our study revealed that the target
mRNAs selected from the ceRNA network were enriched in
the biological function of cell-cell adhesion, response to
hypoxia, and stem cell differentiation. Moreover, the target
mRNAs were involved in the PI3K-Akt signaling, HIF-1
signaling, and cAMP signaling pathways. Then, we applied
bioinformatics analysis to explore the structure of circRNAs
and used CircBase and CSCD database to figure out the
location, genomic length, strand, and gene symbol of the
circRNAs. The cancer-specific circRNAs that exhibited the
MRE, the RNA binding protein (RBP), and the open reading
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frame (ORF) were determined to be ceRNAs. MREs are
observed on IncRNAs, circRNAs, and protein-coding
mRNAs, which can compete for the miRNAs, form a
ceRNA regulatory network, and absorb RBPs [12]. A large
amount of evidence identified that noncoding RNAs
played a role in regulating gene expression at both the
transcriptional and posttranscriptional level by the
physical interaction with RBPs or other noncoding RNAs
[33]. On the other hand, RBPs contribute to circRNA
biogenesis of exons circularization through narrowing the
distance between the donor site and the receptor site by
binding to the introns on the flank regions [34]. Addi-
tionally, ORF advances the translation of engineered
circRNAs [35].

Out of the 7 DEcircRNAs identified in this study, 3
DEcircRNAs had been reported in previous studies
[36, 37]. Hsa_circ_0072088 was identified as a ceRNA of
miR-377-5p via upregulating NOVA2 to expedite the
proliferation and metastasis of NSCLC [36]. Moreover,
hsa_circ_0008274 and hsa_circ_0043256 that were derived
from the ceRNA network were reported to be involved in
the cancer progression [37]. Bioinformatics-related anal-
ysis suggested the significance of the understanding of the
potential mechanisms of circRNAs-miRNAs-target gene
network [10, 38-40].

Although we have described the significance of the
ceRNA network in the clinical diagnosis of LUAD, the
investigation of the prognostic value and clinical parameters
is urgently needed to validate our findings in the samples
from the patients with clinical LUAD. Moreover, molecular
experiments need to be conducted to validate the biological
function and the molecular mechanisms of the identified
genes in LUAD cell lines.

5. Conclusions

In summary, by bioinformatics analysis, we identified 3
significantly upregulated circRNAs and 4 significantly
downregulated circRNAs from public databases, which in-
dicated the potential of the DEcircRNAs for the noninvasive
biomarkers for the LUAD diagnosis. In future study, the
biological function and the molecular regulatory mecha-
nisms of the DEcircRNAs need to be experimentally
validated.
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Introduction. Long noncoding RNAs (IncRNAs) have been implicated in a variety of biological functions, including tumor
proliferation, apoptosis, progression, and metastasis. IncRNA metastasis-associated lung adenocarcinoma transcript 1 (MALAT1)
is overexpressed in various cancers, as well as osteosarcoma (OS); however, its underlying mechanism in OS is poorly understood.
This investigation aims to elucidate the mechanisms of MALAT1I in OS proliferation and migration and to provide theoretical
grounding for further targeted therapy in OS. Methods. In the present study, we applied qRT-PCR to assess the MALATI
expression in OS tissues and cell lines. The effects of MALATI1 and miR-124-3p on OS cell proliferation and migration were
studied by CCK-8 and scratch assays. Cell cycle and apoptosis were tested using a flow cytometer. The competing relationship
between MALATI1 and miR-124-3p was confirmed by dual-luciferase reporter assay. Results. MALAT1 was overexpressed in OS
cell lines and tissue specimens, and knockdown of MALAT1 significantly inhibited cell proliferation and migration and increased
cell apoptosis and the percentage of GO/G1 phase. Furthermore, MALATI could directly bind to miR-124-3p and inhibit miR-
124-3p expression. Moreover, MALATI overexpression significantly relieved the inhibition on OS cell proliferation mediated by
miR-124-3p overexpression, which involved the derepression of sphingosine kinase 1 (SphK1). Conclusions. We propose that
IncRNA MALATI interacts with miR-124-3p to modulate OS progression by targeting SphK1. Hence, we identified a novel

MALAT1/miR-124-3p/SphK1 signaling pathway in the regulation of OS biological behaviors.

1. Introduction

Osteosarcoma (OS) is a common primary bone tumor with
predilection in children and adolescents, the incidence of
which has been ranked as the highest of all primary ma-
lignant bone tumor types [1]. OS is characterized by high
degree of malignancy and early metastasis. Many patients
with OS already have advanced disease with distant me-
tastases at the time of initial presentation, and thus it poses
great challenges to clinical practitioners. OS has a dismal
prognosis after metastasis has occurred although the 5-year
survival of treated OS patients has significantly increased in
the past decades. Recent breakthroughs in the use of targeted
therapies in the management of malignant tumors, such as
leukemia and lung cancer, bring beneficial inspiration for OS

treatment. Thus, it is essential to explore the molecular
mechanisms underlying OS tumorigenesis and progression
and to identify clinically relevant biomarkers and targets for
OS.

Although 93% of human genome can be transcribed into
RNAs, only 2% of these RNAs can be translated to proteins.
The rest of 98% of the RNAs are noncoding RNA (ncRNA)
with limited or no protein-coding capacity. Among them,
long noncoding RNAs (IncRNAs) are a class of RNA
molecules with lengths in the range of 200-100,000 nucle-
otides and engaged in diverse biological processes. In-
creasing evidence has suggested that IncRNAs can
participate in gene expression, including epigenetic regu-
lation, transcription regulation, and posttranscriptional
regulation, thus playing a pivotal role in cancer development
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and progression. Previous studies show that metastasis as-
sociated lung adenocarcinoma transcript 1 (MALATI) is
related to the occurrence, development, metastasis, and
prognosis of multiple tumor types, including OS [2].
MALATI is highly expressed in OS primary tissues and cell
lines, and downregulation of MALATI decreases prolifer-
ation, migration, invasion, and epithelial-mesenchymal
transition (EMT) in OS cells. In addition, inhibition of
MALATI can lead to cell cycle arrest and apoptosis [3-5].
However, the molecular mechanism underlying MALATI
regulation on OS is not clear enough.

MicroRNAs (miRNAs) are a class of endogenous non-
coding single-stranded RNA molecules with lengths in the
range of 18-24 nucleotides. They can degrade mRNAs or
inhibit mRNAs translation by binding to the 3'-untranslated
regions (3'-UTR) of the target mRNA, resulting in down-
regulation of target gene expression. In the latest years,
increasing attention has now been paid to the role of
miRNAs in tumor initiation and progression [6]. Previous
studies indicate that miR-124-3p is a tumor suppressor miR
due to its low expression in a variety of cancers and that it
may inhibit proliferation, migration, and invasion of cancer
cells by suppressing different targets [7, 8]. However, the
specific mechanism of miR-124-3p in OS is still obscure.

It has been reported that MALAT1 can competitively
bind with miRNAs, thus indirectly regulating miRNA-target
expression. This competitive binding to miRNAs is also
called miRNA sponges [9, 10]. In the present study, we
identified the overexpression of MALATI1 in OS and its
oncogenic role in OS development. Moreover, our research
validated that MALAT1 could bind to miR-124-3p, thereby
competing directly with sphingosine kinase 1 (SphK1) as
endogenous molecular sponges. This study identified the
MALATI/miR-124-3p/SphK1 pathway in human OS for the
first time.

2. Materials and Methods

2.1. Specimen Collection. Fresh tumor specimens were
surgically isolated from OS patients who were treated in
Hunan Provincial People’s Hospital. Adjacent healthy tis-
sues were also taken from these patients with OS to serve as
control tissue. All specimens were pathologically confirmed
as OS. All of the specimens were immediately snap-frozen in
liquid nitrogen and stored at —80°C until use. All study
procedures conformed to the ethical standards of the
Declaration of Helsinki. Approval for the study was obtained
from the hospital ethics committee (approval number 2019-
S14), and informed consent was obtained from all
individuals.

2.2. Cell Source and Culturation. Human osteoblast cell line
(HfoB1.19) and human OS cell lines (MG63, U20S, and
Saos-2) were all purchased from Procell Life Science &
Technology Co., Ltd. (Wuhan, China).

Cell culture: HfoB1.19 cells, MG63, U20S, and Saos-2
OS cells were cultured in DMEM medium supplemented
with 10% fetal bovine serum (FBS). The media were
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purchased from Procell Life Science & Technology Corpo-
ration (Wuhan, China), and the FBS were purchased from
Hyclone (South Logan, UT, USA). The medium contained
penicillin (100 U/mL) and streptomycin (100 U/mL). All cell
lines were grown in a 37°C incubator with 5% CO,.

2.3. Binding Site Prediction for MALATI, miR-124-3p, and
SphK1. Binding sites between MALAT1 and miR-124-3p
were predicted with online prediction software starBase V2
(http://starbase.sysu.edu.cn/starbase2/), while binding sites
between miR-124-3p and SphK1 were predicted with online
prediction software TargetScan (http://www.targetscan.org/
vert_72/).

2.4. RNA Extraction and Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR). Total RNA extraction was
performed using MiniBEST Universal RNA Extraction Kit
(Cat.#9767) (Takara, Dalian, China) according to the
manufacturer’s instructions. An amount of 1.5288 ug of
RNA was reverse transcribed into cDNA by using a Reverse
Transcriptase kit (Primescript RT reagent kit with gDNA
Eraser perfect real time). Standard qRT-PCR reactions were
performed on the ABI 12K Real-Time PCR System in-
strument, and mRNA levels were quantified using a SYBR-
Green Mix Kit (LightCycler 480 SYBER Green I Master,
Roche).

miRNA extraction was performed using miRNeasy
Micro Kit (QIAGEN, Valencia, CA, USA) according to the
manufacturer’s instructions. RNA was reverse transcribed
into cDNA and then subjected to a qRT-PCR assay.

All primers were purchased from Jima Pharmaceutical
Company (Shanghai, China), and all primer sequences are
available in Table 1. Relative expression levels were calcu-
lated as ratios normalized against the endogenous control
(GAPDH or U6 snRNA). The relative fold changes of
candidate genes were analyzed using the 2**CT method.

2.5. Cell Transfection. Three small interfering RNA (siRNA)
targeting MALAT1 sequences were designed, and the se-
quence with the best suppressive effect was selected and used
in further studies to minimize off-target effects. Lipofect-
amine RNAiIMAX Reagent (Life Technologies, Carlsbad,
CA) was used for the transfection of various siRNA con-
structs into OS cells, and for luciferase reporter assay,
Lipofectamine 2000 Reagent was used for the cotransfection
of pmirGLO-MALATI/SphK1-WT or pmirGLO-MALAT1/
SphK1-MUT and miR-124-3p mimic or mimic-NC into
HEK 293T cells. siRNA targeting MALAT1 (si-MALATI),
siRNA targeting SphK1 (si-SphK1), scrambled negative
control (si-NC), miR-124-3p, miR-124-3p mimic, and NC
mimics were all purchased from Jima Pharmaceutical
Company (Shanghai, China).

2.6. Cell Counting Kit-8 (CCK-8) Assay. A CCK-8 assay was
used to detect cell proliferation. 24 h after transfection,
cells in the logarithmic growth phase were seeded in 96-
well plates, with 5000 cells per well, and three replicates
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TaBLE 1: Primer sequence of PCR.
Gene name 5'-3' sequence Size (bp)
Forward ACTGTAATGCTGGGTGGGAA
MALATL Reverse CATTGGAGATCAGCTTCCGC 168
SphK1 Forward TGACCAACTGCACGCTATTG 159
P Reverse CCAGACGCCGATACTTCTCA
GAPDH Forward TCAAGAAGGTGGTGAAGCAGG 115
Reverse TCAAAGGTGGAGGAGTGGGT
miR-124-3 Stemloop GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTTGGCATT
I F-PCR TGCGCTAAGGCACGCGGTGAAT
Stemloop GAATTTGCGTGTCATCCTTG
U6 Forward GCTTCGGCAGCACATATACTAAAAT
Reverse CGCTTCACGAATTTGCGTGTCAT

were set in each group. Cells were cultured at 5% CO2,
37°C in an incubator. After an additional 4h incubation
with 10 L CCK-8 reagent, the optical density (OD) at
the 450 nm wavelength (OD450) was measured using
an EnSpire Multimode Plate Reader (PerkinElmer,
Woodbridge, ON, Canada) at 1, 2, 3, and 4 days after
transfection.

2.7. Scratch Assay. A scratch assay was applied to evaluate
the migration of human osteoblast cell line and OS cell
lines. Two parallel lines were drawn on back of the 6-well
plates with a marker pen before cell seeding, and the cells
were seeded in 6-well plate after digesting. We used a 10 ul
pipette tip to gently draw lines on the plate when cells
covered the bottom of the plate, and the width of each
scratch should be as close to identical as possible. After
rinsing the plate with PBS buffer for three times to remove
cell debris produced by the scratching, the cells were
photographed (0 h). Next, pictures were taken at 6 h, 24 h,
and 48h incubation, respectively. Finally, the pictures
were collected for analysis.

2.8. Cell Cycle and Apoptosis Assay. Cell cycle phase dis-
tribution was measured and analyzed with CytoFLEX
flow cytometer (Beckman Coulter). Cells were transiently
transfected with siRNA after overnight incubation, and
OS cells were collected at 48h after transfection and
washed with PBS. Then, the collected cells were fixed by
70% ethanol overnight at 4°C. Finally, DNA dye liquor
was added for flow cytometry detection after ethanol
removing and PBS washing. Data were collected and
analyzed with the CytExpert v.2.3 software (Beckman
Coulter).

Cell apoptosis was analyzed using the Annexin V-PI
apoptosis detection kit (A211, Vazyme, Nanjing, China).
The cells were transfected with a specific siRNA (6 x10*
cells per well in a 24-well plate). The transfected OS cells
were harvested and washed with PBS. Then, cells were
resuspended in 100 ul of Annexin Binding Buffer and
incubated with 5yl of Annexin FITC and 5yl of PI for
15min. The solutions were protected from light and
incubated at room temperature. Finally, we examined cell
apoptosis after adding 150 yl Annexin Binding Buffer.

2.9. Dual-Luciferase Reporter Assay. The luciferase assays
were carried out using Dual-Luciferase Reporter Assay
System (Promega, Madison, WI, USA). Cells were collected
and lysed for luciferase detection according to the manu-
facturer’s instructions at 48 h after cotransfection.

2.10. Western Blotting. Cells were lysed using RIPA buffer
(Beyotime Biotechnology, Shanghai, China). Following lysis,
cells were mixed with 5 x SDS loading buffer and boiled for
5min at 100°C. The proteins were separated by 10% SDS-
PAGE and transferred onto PVDF membranes. Then,
membranes were blocked with 5% milk/TBST for 1 h and
subsequently incubated with primary antibodies at 4°C
overnight, and secondary antibodies were diluted in 5%
milk/TBST at room temperature for 1h. The protein
expressions were analyzed using an enhanced chem-
iluminescence (ECL) reagent and ChemiDoc™ XRS + imaging
system System (Bio-Rad, CA, USA), and GAPDH served as
internal reference.

2.11. Statistical Analysis. All statistical analyses were per-
formed with SPSS software (version 22.0). Values are pre-
sented as the mean + SD, and each experiment was repeated
at least three times. The Fisher analysis, independent sample
t-test, and one-way analysis of variance (ANOV A) were used
as appropriate. p values less than 0.05 were considered
statistically significant. All graphs were prepared using
GraphPad Prism 7.0 software (GraphPad Software, San
Diego, USA) and Adobe Illustrator (Adobe, San Jose, CA).

3. Results

3.1. LncRNA MALATI Plays an Important Role in Progression
of OS. The effect of IncRNA MALATI on OS development
and progression was investigated. The qRT-PCR results
showed that MALAT]I was elevated in human OS specimens
compared to adjacent healthy tissues (p < 0.01) (Figure 1(a)).
We further explored the association between MALATI
expression and clinical pathologic parameters. Based on the
MALAT]I expression median value, OS patients were divided
into two groups: high and low MALAT1 expression groups.
Our data suggested that high MALATI expression was
correlated with advanced clinical stage and distant
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FiGure 1: (a) Long noncoding RNA metastasis associated lung adenocarcinoma transcript 1 (MALAT1) was upregulated in osteosarcoma
(OS) tissues. (b) Survival curve revealed that high MALATI expression was associated with a poorer overall survival in OS patients.
(c) MALATI was upregulated in OS cell lines. The three OS cell lines Saos-2, MG63, and U20S all had a higher level of MALATI expression
than the normal osteoblast cell line HfoB1.19. (d, e) MALAT1 knockdown was achieved by MALATI small interfering RNA (si-MALAT1),
especially in siRNA6108 group. (f, g) Knockdown of MALAT1I increased ratios of apoptotic cells, compared with the si-NC (negative
control) group. (h-j) MALATI silence increased the percentage of OS cell lines in GO/G1 phase, compared to the si-NC group in MG63 and

U208 cells. *p<0.01.

metastasis (Table 2; p <0.05). Moreover, the analysis of the
survival curve revealed that high MALATI expression was
associated with poorer overall survival in OS patients
(Figure 1(b); p <0.05).

Next, we measured MALAT1 expression in different OS
cell lines (MG63, U20S, and Saos-2) and human osteoblast
cell line (HfoB1.19) using qRT-PCR. The results showed that
MALATI was significantly upregulated in all the OS cell
lines, particularly in MG63 and U20S (p<0.05)
(Figure 1(c)). Therefore, MG63 and U20S cell lines were
selected for subsequent experimentations. Together, it was
suggested that MALATI1 may significantly associated with
OS development and progression.

To ensure that OS cells were effectively and specifically
blocked, cells were transfected with either a control
scrambled siRNA (NC-siRNA) or the MALATI-specific
siRNA (siRNA1790, siRNA209, and siRNA6108). Compared
with the NC-siRNA group, MALATI expression was de-
creased in siRNA groups, especially in siRNA6108 group
(Figures 1(d) and 1(e)). Thus, siRNA6108 was selected for
the following experiments.

To explore the association of MALATI expression with
OS cell cycle and apoptosis, MALATI siRNA (si-MALAT1)
and negative control (si-NC) were transfected into two OS
cell lines: MG63 and U20S. Compared with the si-NC
group, ratios of apoptotic cells were increased in cells
transfected with si-MALAT1 as measured by flow cytometry
analysis (Figures 1(f) and 1(g)), while MALAT1 silence
increased the percentage of OS cell lines in GO/G1 phase
(Figures 1(h)-1(j)). Cell proliferation and migration were
determined by CCK-8 and scratch assays, respectively.
When compared with the si-NC group, knockdown of
MALATI relatively decreased the cell viability of both MG63
and U20S cells for up to 4 days (Figures 2(a) and 2(b)).
Knockdown of MALAT!1 also reduced the relative migration
distance in both MG63 and U20S cells (Figures 2(c)-2(e)).

Together, the above data indicated that si-MALATI1 could
extremely downregulate expression level of MALATI and
that MALATI1 decreases the percentage of GO/G1 phase,
inhibits apoptosis, and promotes cell proliferation and
migration in human OS cells.

3.2. Negative Regulation Relationship between miR-124-3p
and MALATI in OS. Accumulating evidence has suggested
that IncRNAs could function as miRNA sponges and inhibit
miRNAs activity. Does MALATI also regulate miRNAs in
the form of sponge molecule in OS? First, we searched for
miRNAs with complementary base pairing with MALATI
using the online software Starbase v2.0, and a comple-
mentary binding site between miR-124-3p and the 3'-UTR
of MALATI1 (Figure 3(d)) was identified. Next, we con-
centrated on miR-124-3p, a tumor suppressor involved in
cancer cell proliferation and migration.

We found a negative linear relationship between the
expression of miR-124-3p and MALATI1 in OS tissue
(Figure 3(a)). The qRT-PCR assay showed that miR-124-3p
expression was increased in the si-MALATI1 group when
compared with the si-NC group (Figure 3(b)), while
MALATI1 expression was decreased in the miR-124-3p
overexpression group when compared with the negative
control (NC) group (Figure 3(c)). Together, the above data
suggested that expression of miR-124-3p is negatively cor-
related with expression of MALATI in OS cells.

We explored the targeted binding relationship between
miR-124-3p and MALATI using dual luciferase assay in
further experiments. We cloned the predicted miR-124-3p
binding site of MALATI (MALATI-WT) and a mutated
binding site (MALAT1-MUT) into a luciferase reporter
plasmid. Luciferase activity was assayed 24h after trans-
ient cotransfection. The results showed that miR-124-3p
mimic significantly decreased the luciferase activities of
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TaBLE 2: Correlation between MALATI expression and clinical pathologic parameters of OS.
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FIGURE 2: MALATI is associated with OS cells proliferation and migration. (a, b) CCK-8 assay showed that knockdown of MALATI
decreased the cell viability of both MG63 and U20S cells for up to 4 days, compared with the si-NC group. (c—e) Cell migration in MG63 and
U20S cells transfected with si-MALAT1 or si-NC was detected by scratch assay and is shown both pictorially and graphically. Compared to
the si-NC group, knockdown of MALAT1 reduced the relative migration distance in both MG63 and U20S cells for up to 48 hours. *p <0.05
and **p <0.01.
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FiGure 3: MALATI is associated with microRNA-124-3p (miR-124-3p) expression in OS tissues. (a) An inverse correlation between
MALATI and miR-124-3p expression was observed in OS tissues. (b) Real-time PCR assay showed that knockdown of MALATI (si-
MALAT1) caused upregulation of miR-124-3p in the MG63 and U20S cell lines. (c) MALAT1 expression was decreased in response to miR-
124-3p overexpression, compared with the miR-NC (NC) group. (d) Generation of MALAT1-WTand MALAT1-MUT containing luciferase
reporter vectors by sequentially mutating the predicted miR-124-3p binding site in the MALATI 3’-untranslated region (3'-UTR). (e) The
MALATI-WT/MALATI-MUT vectors and miR-NC/miR-124-3p mimics were cotransfected into human embryonic kidney (HEK)
293T cells, respectively. miR-124-3p mimic significantly decreased the luciferase activities of MALAT1-WT compared with mimic-NC.
Cotransfection with miR-124-3p mimic and MALAT1-MUT did not alter luciferase activities either. (f, g MG63 and U20S cells were
transfected with NC, miR-124-3p, miR-124-3p + NC, or miR-124-3p + MALATI. Cell viability was determined by CCK-8 assay in
transfected MG63 and U20S cells at 24, 48, 72, and 96 h. Results showed that MALAT1 overturns the miR-124-3p induced inhibitory effect

on proliferation of OS cells. Data are presented as mean + SD of three independent experiments. *p <0.05 and **p < 0.01.

MALATI-WT compared with mimic-NC. Cotransfection
with miR-124-3p mimic and MALAT1-MUT did not alter
luciferase activities either (Figure 3(e)). Together, these data
suggested that miR-124-3p could directly bind to MALAT1
and decrease its expression.

To confirm the biological function of this targeted
binding relationship, we observed the cell viability of MG63
and U20S cells transfected with NC, miR-124-3p, miR-124-
3p + NC, or miR-124-3p + MALAT1. CCK-8 results showed
that miR-124-3p overexpression significantly inhibited cell
viability in MG63 and U20S cells when compared with the
NC transfected group, whereas MALATI alleviated the
inhibitory effect (Figures 3(f) and 3(g)). Collectively, the
results indicated that targeted binding relationship between
miR-124-3p and MALATI] might present functional regu-
latory effect except for expression alterations.

3.3. Identifying the Regulatory Relationship between MALATI,
miR-124-3p, and SphK1. Further analysis was conducted
with a focus on the relationship between miR-14-3p and
Sphkl. First, we predicted the binding sites between miR-
124-3p and SphK1 using online prediction software Tar-
getScan (Figure 4(a)). Then, we validated the targeted
binding relationship between miR-124-3p and SphK1 using
dual luciferase assay. We cloned the predicted miR-124-3p

binding site of SphK1 (SphK1-WT) and a mutated binding
site (SphK1-MUT) into a luciferase reporter plasmid. Lu-
ciferase activity was assayed 24 h after transient cotrans-
fection. The results showed that miR-124-3p mimic
significantly decreased the luciferase activities of SphK1-WT
compared with mimic-NC. Cotransfection with miR-124-3p
mimic and SphK1-MUT did not alter luciferase activities
either (Figure 4(b)). Together, these data suggested that miR-
124-3p could directly bind to SphK1 and decrease its
expression.

To identify the regulatory relationship between
MALATI, miR-124-3p, and SphK1, we first explored the
effect of miR-124-3p and MALATI on Sphkl mRNA/
protein expression in human OS cells. Sphkl was
downregulated by the knockdown of MALAT1 and
overexpression of miR-124-3p, as demonstrated by
Western blot (Figures 4(c) and 4(d)). Similar results were
also observed in mRNA levels (Figures 4(e) and 4(f)). We
next evaluated the effects of SphK1 on OS cells. Western
blot results showed that si-SphK1 obviously decreased the
SphK1 expression in MG63 and U20S cells when com-
pared with the si-NC group (Figure 4(g)). CCK-8 assays
revealed that OS cells viability was decreased in response
to SphK1 inhibition by si-SphK1 (Figures 4(h) and 4(i)).
Together, these results suggested that SphK1 promotes
proliferation in OS cells, and MALATI may interact with
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FIGURE 4: Identifying the regulatory relationship between MALATI, miR-124-3p, and SphKI. (a) The putative binding sequences of miR-
124-3p and 3'-UTR of SPHKI. (b) The SphK1-WT/SphK1-MUT vectors and miR-NC/miR-124-3p mimics were cotransfected into
293T cells, respectively. miR-124-3p mimic significantly decreased the luciferase activities of SphK1-WT compared with mimic-NC.
Cotransfection with miR-124-3p mimic and SphK1-MUT did not alter luciferase activities either. (¢, d) Western blot assay showed that the
expression of SphK1 was downregulated by knockdown of MALAT1 and miR-124-3p overexpression in both MG63 and U20S cells. (e, )
Real-time PCR assay also showed similar results in both MG63 and U20S cell lines. (g) SphK1 knockdown was achieved by si-SphK1 as
demonstrated by Western blot assay. (h, i) CCK-8 assay results showed that SphK1 inhibition by si-SphK1 reduced the proliferation of OS
cells. Data are presented as mean + SD of three independent experiments. *p <0.05 and **p <0.01.

miR-124-3p to modulate OS progression by targeting
SphK1.

4. Discussion

In recent years, numerous studies demonstrated that
IncRNAs play a pivotal role in cancer development and
progression, including breast cancer [11], gallbladder cancer
[12], prostate cancer [13], and other malignancies, as well as
OS [14]. Considering that biological behaviors of malig-
nancies can be regulated by IncRNAs, they may be a po-
tential therapeutic target in patients with malignant tumor.

IncRNA MALATI1 expression has been demonstrated
increased in human OS, and it was shown to regulate the
proliferation, invasion, and metastasis of OS cells via several
signaling pathways [3, 4, 15, 16]. Moreover, IncRNA
MALATI was shown to be an independent prognostic factor
in OS [17]. In the present study, we demonstrated that
IncRNA MALATI was markedly upregulated in OS tissues
and cell lines when compared with adjacent healthy tissues
and normal cell lines. We also found that knockdown of
MALATI decreased proliferation and migration in OS cells.
These results were concordant with the findings of previous
studies, and it suggested MALATI could serve as a potential
target for OS treatment.

As a member of miR-124 family, miR-124-3p could
inhibit cell proliferation, and dysregulation of miR-124-3p
has been demonstrated to be involved in tumorigenesis and
progression in multiple tumor types, including breast cancer
[7], bladder cancer [18], non-small cell lung cancer [19], and
prostate cancer [20], as well as OS. Huang demonstrated that
miR-124-3p was downregulated in OS, functioning as a
tumor suppressor by attenuating OS cell proliferation and
invasion. Moreover, miR-124-3p was associated with the

adverse clinical and pathological features observed in OS
[21]. Our previous study also found that miR-124-3p could
function as a tumor suppressor in OS by targeting ROCK1
[22]. However, the underlying mechanism of miR-124-3p
inhibiting OS remained unclear, requiring further study and
exploration.

To explore the correlation between MALATI1 and miR-
124-3p, we performed bioinformatics analysis, and the result
demonstrated a putative binding site in MALATI for miR-
124-3p. Next, a luciferase assay indicated that miR-124-3p
indeed could bind to MALATI directly by the putative
miRNA response element. In addition, MALATI knock-
down led to an elevated miR-320b expression, while miR-
124-3p overexpression suppressed MALATI expression.
These results indicated the negative regulatory relationship
between MALAT1 and miR-124-3p. Further experimental
results revealed that MALATI could alleviate the prolifer-
ation inhibition mediated by miR-124-3p, suggesting neg-
ative regulation of miR-124-3p by the MALATI1 could
regulate biological behavior in OS cells.

The sphingosine kinase 1 (SphK1) is a key regulator of
the balance between pro-death sphingosine and ceramide
and pro-survival sphingosine-1-phosphate (SIP). The role of
SphK1 in the regulation of cell cycle progression through the
G1/S phase has been well documented. As an oncogenic
kinase, it exhibits high expression in many types of tumors,
including breast cancer, colon cancer, lung cancer, ovarian
cancer, gastric cancer, uterine cancer, renal cancer [23, 24],
and acute leukemia [25], as well as OS [26]. Patients with
SphK1 overexpression are often with poor prognosis [27].
Previous studies showed that the expression of SphK1 was
significantly increased in OS tissues, and SphK1 proved to be
a critical oncogene of OS, and it could promote growth of OS
and endorsed its resistance against chemotherapeutic drugs
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[26]. Further study suggested that SphK1 participated in the
development of doxorubicin resistance and contributed to
glycolysis in OS cells by regulating HIF-1a expression [28].
In the present study, the CCK-8 assay showed that a
downregulated expression of SphK1 reduced the prolifera-
tion of OS cells, which in turn proved that SphK1 promoted
the proliferation of OS cells.

However, the relationship between SphK1, MALATI,
and miR-124-3p in OS is currently unclear. On the basis of
proving the negative-regulation relationship between
MALATI and miR-124-3p, we further identified that SphK1
was a potential target of miR-124-3p using a bioinformatics
tool. Luciferase reporter assay and regulatory analysis in this
study showed that miR-124-3p downregulated the expres-
sion level of SphK1. We also observed that overexpression of
miR-124-3p or knockdown of MALATI both led to a sig-
nificantly reduced SphK1 expression.

In recent years, a new RNA regulation mecha-
nism—competing endogenous RNA (ceRNA)—has been
proposed [29]. In this mechanism, RNAs can compete with
each other miRNAs to bind with miRNAs, thereby regulating
downstream RNAs, achieving posttranscriptional regulation,
and participating in the regulation of biological behaviors of
OS. For example, our previous study suggested that IncRNA
HOXAI1-AS acts as an endogenous sponge by directly
binding miR-124-3p and decreasing the expression of miR-
124-3p and then exerts an oncogene function in OS [22].

In the present study, we found that the expression of
SphK1 was significantly downregulated after MALATI
knockout and miR-124-3p overexpression. Combined with
the negative regulatory relationship between MALATI and
miR-124-3p, we believed that SphK1 expression is positively
correlated with MALAT1 expression and negatively corre-
lated with miR-124-3p expression.

Together, we speculated that MALAT1 acted as an en-
dogenous sponge by directly binding to miR-124-3p and
consequently decreasing the expression of miR-124-3p.
Also, we found that MALATI1 may regulate OS progression
by affecting miR-124-3p targeting SphK1 expression, indi-
cating that MALATI functioned as a ceRNA to regulate
SphK1 expression by sponging miR-124-3p in OS.

5. Conclusions

Overall, the present study demonstrated that MALATI
overexpression facilitates cell proliferation and migration in
OS. More importantly, our data revealed a novel MALAT1/
miR-124-3p/SphK1 regulatory pathway in OS cells. Among
them, MALAT1 could act as a competing endogenous RNA
to bind miR-124-3p, then potentially promoting OS pro-
gression via targeting SphKI1.
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As a selective histone deacetylase (HDAC) inhibitor developed in China, chidamide has been applied for the treatment of refractory
peripheral T-cell lymphoma (PTCL) and multiple solid tumors, including lung cancer. However, the underlying mechanisms are not well
elucidated. In our present study, we found that chidamide and radiation acted synergistically to suppress cell and xenograft growth of lung
squamous cell carcinoma cells by inducing cell apoptosis. Moreover, chidamide alone or a combination of chidamide and radiation
treatment inhibited cancer cell stemness. miRNA microarray analysis demonstrated that miR-375 was the highest upregulated microRNA
(miRNA) in NCI-2170 and NCI-H226 cells treated with chidamide alone or treated with chidamide plus radiation, compared with normal
control. Inhibition of miR-375 attenuated the promoting effect of chidamide alone and chidamide plus radiation-induced NCI-2170 and
NCI-H226 cell apoptosis and reverted the suppression of cancer stemness caused by chidamide alone or chidamide plus radiation
treatment. Moreover, EIF4G3, a scaffold protein in the translation initiation complex, was found to be a direct target of miR-375 based on
the luciferase reporter assay and western blot analysis. Interestingly, both chidamide alone and chidamide plus radiation treatments
suppressed the mRNA and protein expression of EIF4G3. Silence of EIF4G3 also induced cell apoptosis and suppressed tumor growth in
NCI-2170 and NCI-H226 cells. These data suggest that chidamide shows a synergistic effect with radiation therapy on lung squamous cell
carcinomas by modulating the miR-375-EIF4G3 axis, which may afford an effective strategy to overcome the drug resistance of chidamide
in clinical cancer therapy.

1. Introduction

Lung cancer is one of the leading causes of cancer-associated
deaths all over the world, with a high metastatic potential [1].
Lung cancer can be divided into two main groups: small-cell
lung cancers (SCLCs) and non-small-cell lung cancers
(NSCLCs) [2]. NSCLCs account for 85% of lung cancer and can
be further classified into four subtypes according to their

histological and molecular features: lung large-cell carcinomas
(LCLGCs), lung neuroendocrine tumors (LungNETs), lung
adenocarcinomas (LUADs), and lung squamous cell carci-
nomas (LSCCs) [3]. LSCCs are the main type of NSCLC
showing strong malignancy. Although advanced treatment
strategies and technologies such as surgical treatment, radio-
therapy, and chemotherapy have been developed rapidly, the
five-year survival rate among patients with LSCC remains very
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poor with increased risk of recurrence [4]. Therefore, it is
urgently needed to furtherly understand the molecular
mechanisms underlying LSCC initiation and progression and
to seek effective methods for early detection and treatment.

Chidamide, a selective inhibitor of HDACI, 2, 3, and 10
developed wholly in China, has been entered into clinical
trials both in the United States and China. In December
2014, chidamide has been approved by the China Food and
Drug Administration (CFDA) as a treatment strategy for
peripheral T-cell lymphoma (PTCL) [5]. Interestingly, ac-
cumulating studies have demonstrated that chidamide
shows an effective antitumor activity in multiple solid tu-
mors, including liver cancer, colon carcinoma, and lung
cancer [6-11]. In lung cancer, Hu et al. have performed a
phase I trial of chidamide combined with paclitaxel and
carboplatin in patients with advanced NSCLC and found
that a combination treatment of chidamide and paclitaxel or
carboplatin was tolerated without unanticipated toxicities or
pharmacokinetic interactions [6]. Chidamide has also been
reported to enhance the suppressive effect of platinum on
NSCLCs [11]. However, the underlying mechanisms
through which chidamide suppresses lung cancer are
unclear.

MicroRNAs (miRNAs) represent a class of noncoding
short RNAs with 19-24 nucleotides in length, which was
highly conserved in eukaryotes. miRNAs play an important
role in regulating multiple physiological and pathological
processes by binding to the 3'-untranslated regions (3'-
UTRs) of target genes [12, 13]. Dysregulation of miRNA has
been implicated in the initiation and progression of a wide
range of cancers, including liver, gastric, breast, lung, and
colorectal cancers. For instance, Tian et al. found that silence
of miR-203 promotes tumor cell growth and invasion by
upregulating the SNAI2 in prostate cancer [14]. miR-22
inhibits breast cancer cell proliferation and increases pac-
litaxel sensitivity by suppressing N-RAS [15]. Aberrant
expression of miRNAs has also been observed in lung
cancer. For example, downregulation of miR-98-5p in
NSCLC suppresses NSCLC proliferation and metastasis by
targeting TGFBR1 [16]. miR-5195-3p inhibits cell prolifer-
ation, migration, and invasion in human NSCLC by tar-
geting MYO6 [17].

Among these cancer-related miRNAs, miR-375 was
initially identified as a critical regulator of insulin secretion
and a novel therapeutic target for diabetes treatment [18].
Further studies have demonstrated that miR-375 partici-
pates in various cancer types by targeting several critical
target genes including ATG7, AEG-1, YAPI1, SP1, IGFIR,
JAK2, and PDK1 [19]. The deregulation of miR-375 in tu-
mors can be caused by a variety of mechanisms such as
aberrant promoter methylation [20-22]. Deregulation of
miR-375 can also be used as a biomarker for cancer pre-
diction and diagnosis [23, 24]. In lung cancer, Jin et al. have
reported that miR-375 expression was obviously increased in
lung adenocarcinoma and SCLCs but reduced in LSCCs
[25]. However, the exact role of miR-375 in lung cancer,
especially in LSCCs, is not fully understood.

In the present study, we found that a combination of
chidamide and radiation treatment promoted synergistic
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cytotoxicity and suppressed tumor stemness in LSCCs.
Importantly, miR-375 was upregulated in NCI-2170 and
NCI-H226 cells treated with chidamide alone or with chi-
damide plus radiation, compared with normal control. In
addition, suppression of miR-375 attenuated chidamide
alone and chidamide plus radiation-induced NCI-2170 and
NCI-H226 cell apoptosis and suppressed tumor growth and
stemness. Moreover, EIF4G3 was identified as a direct target
of miR-375. Interestingly, both chidamide alone and chi-
damide plus radiation treatments suppressed the mRNA and
protein expression of EIF4G3. Silence of EIF4G3 also in-
duced cell apoptosis and suppressed tumor growth in NCI-
2170 and NCI-H226 cells. These data suggest that chidamide
shows a synergistic effect with radiation therapy on lung
squamous cell carcinomas by modulating the miR-375-
EIF4G3 axis.

2. Materials and Methods

2.1. Cell Cultures and Treatment. Human lung squamous cell
carcinoma NCI-H2170 and NCI-H226 cells were obtained
from ATCC (Manassas, VA, USA) and maintained in
DMEM (Invitrogen, Carlsbad, CA, USA) with 10% fetal
bovine serum (FBS; GIBCO, Waltham, MA, USA) and 1%
penicillin/streptomycin (Beyotime, Shanghai, China) at 37°C
in a 5% CO, incubator. Chidamide (BioVision, Milpitas, CA,
USA) was diluted in dimethyl sulfoxide (DMSO; Sigma-
Aldrich, Shanghai, China). Cells were exposed to 300 nM of
chidamide for 24h or/and 6 MV X-ray radiation using a
linear accelerator (Elekta; Stockholm, Sweden) at single
doses of 0, 1, 2, and 4 Gy.

2.2. miRNA Mimic, Inhibitor, and siRNA Transfection.
Cells were cultured to about 75% confluence before trans-
fection. Control mimic, miR-375 mimic, control siRNA, and
EIF4G3 siRNA were transfected into cells using Lipofect-
amine RNAiIMAX Reagent (Thermo Fisher Scientific,
Waltham, MA, USA) following the manufacturer’s manual.
Forty-eight hours after transfection, the cells were applied
for the following experiment. The siRNA oligos were syn-
thesized by Santa Cruz (CA, USA).

2.3. Cell Proliferation. Cell Counting Kit-8 was applied to
determine the proliferation rate of NCI-H2170 and NCI-
H226 cells with indicated treatment as previously described.
Briefly, two thousand treated cells were plated into 96-well
plates. Then, CCK-8 solution was added at the harvest time
and incubated for an additional 30 min. The absorbance was
determined at 450 nm on the microplate reader (Molecular
Devices, Walpole, MA, USA).

2.4. Apoptosis Assay. Apoptosis assay was performed by
Annexin V/PI double staining using the Annexin V-FITC
apoptosis detection kit (BD Biosciences, Pharmingen, CA,
USA) following the standard manual. Briefly, treated cells
were washed with cold 1x PBS and resuspended in 1x
binding buffer. Five ul of FITC-labeled Annexin V and 5 ul
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of propidium iodide (PI) were added to the suspended cells
and gently mixed, following by the incubation at room
temperature for 15min in dark. At last, the samples were
detected on the flow cytometer (BD Biosciences).

2.5. miRNA Microarray. miRNA microarray was performed
as previously described [26].

2.6. Real-Time RT-PCR. Real-time RT-PCR was performed as
previously described [27]. The primers used for real-time PCR
detection were as follows: 5-GTCGTATCCAGTGCAG
GGTCCGAGGTATTCGCACTGGATACGACGGTTTG-3'
(miR-375 reverse transcription), 5'-GTGCAGGGTCCG
AGGT-3' (miR-375, forward), 5-GCGCGACGAGCCCC
TCGCT-3' (miR-375, reverse), 5'-CTCGCTTCGGCAG-
CACA-3' (U6, forward), 5'-AACGCTTCACGAATTTGCGT-
3" (U6, reverse), 5'-CCACAGCGCCATGTTGGAT-3' (EIF
4G3, forward), 5'-GATCTTTATCCCCCTCCCCG-3' (EIF4G
3, reverse), 5'-GCACCGTCAAGGCTGAGAAC-3' (GAPDH,
forward), and 5'-ATGGTGGTGAAGACGCCAGT-3' (GAP
DH, reverse).

2.7. Luciferase Reporter Assay. The luciferase reporter assay
was determined using the psi-CHECK2 dual-luciferase
system (Promega, Madison, WI, USA) following the stan-
dard manual. The QuickMutation™ Site-Directed Muta-
genesis Kit (Beyotime, Shanghai, China) was applied for
construction of EIF4G3 3'-UTR reporter plasmids with a
mutant miR-375 binding site. Primer sequences used for
construction of these plasmids were as follows: 5'-
GCGCGATCGCAACTTCAAATACACAAAATG-3' (EIF4
G3-WT, forward), 5'-GCGTTTAAACCTGTCCAAAGGA
GAAGTCAC-3' (EIF4G3-WT, reverse); 5-AGGCTTGT
AAATACATACTTGTTTTATTTAAAAAAAC-3' (EIF4G3
-Mutl, forward), 5'-GTTTTTTTAAATAAAACAAGTATG
TATTTACAAGCCT-3' (EIF4G3-Mutl, reverse); 5'- CAC
TTTGAAAATATAAACTTGTTTTAAAGACAAAC-3' (EI
F4G3-Mut2, forward), and 5-GTTTGTCTTTAAAACA
AGTTTATATTTTCAAAGTG-3' (EIF4G3-Mut2, reverse).

2.8. Western Blot Analysis to Determine Protein Expression.
Western blot analysis was performed as previously described
[28]. The primary antibodies were as follows: anti-EIF4G3
(AV40487; Sigma, Shanghai, China), anti-Bax (ab182733;
Abcam), anti-BCL2 (#2872; Cell Signaling Technology), and
anti-fB-actin (AF0003; Beyotime).

2.9. ALDEFLUOR Assay and Flow Cytometry. The ALDE-
FLUOR Kit (Stemcell Technologies) was used for ALDH"
cell analyses according to the manufacturer’s manual. For
each sample, one-half of cells was treated with 50 mM of
diethylaminobenzaldehyde (DEAB) to define negative gates.

2.10. Sphere Formation Assay. Sphere formation assay was
determined as previously described [29].

2.11. Xenograft Mouse Model. Treated cells were subcuta-
neously injected into both sides of flank areas of 6-8-week-
old BALB/c nude mice for 42 days. Tumor volumes were
measured using the following equation: 0.5 x length x width?
each other day after palpable tumors appeared. The study
protocol was approved by the Animal Care and Use com-
mittee of Harbin Medical University.

2.12. Immunohistochemistry. Immunohistochemistry assay
was performed as previously described [30].

2.13. Statistical Analysis. All data were expressed as
mean * standard deviation (SD). Statistical analysis was
performed using the software GraphPad Prism 5. Student’s
t-test was used to determine the statistical differences, in
which p <0.05 was considered to be significant.

3. Results

3.1. Both Chidamide Alone and Chidamide Plus Radiation
Combinational Treatment Synergistically Promote Cell Apo-
ptosis and Suppressed Cancer Cell Stemness in NCI-H2170 and
NCI-226 Cells. Initially, to determine the effect of chida-
mide on cellular proliferation in LSCC cells, we treated
NCI-H2170 and NCI-226 cells with 300 nM of chidamide
for 24h or/and 6 mV X-ray radiation using a linear ac-
celerator at single doses of 0, 1, 2, and 4 Gy. The results
indicated that chidamide, radiotherapy, and their combi-
national treatment inhibited cell proliferation in NCI-
H2170 and NCI-H226 cells (Figures 1(a)-1(c)). Next, to
explore the possible mechanism underlying chidamide-
regulating proliferation of LSCC cells, we intended to
testify whether cellular apoptosis could be contributed to
the synergistic anticancer effect of chidamide and radiation
on LSCC. After treating the NCI-H2170 and NCI-226 cells
with 300 nM of chidamide for 24h and/or with 2 Gy ra-
diation, the effect of chidamide, radiotherapy, and their
combinational treatment on cell apoptosis was determined
by flow cytometry. Both the early and late apoptosis rates
were significantly increased in cells treated with chidamide,
radiotherapy, and their combination (Figures 1(d)-1(f)).
The results demonstrate that chidamide and radiation
synergistically inhibit LSCC cell proliferation potentially
via inducing cellular apoptosis.

It has been known that cancer stem cells (also named
cancer-initiating cells or cancer stem-like cells) play a central
role in tumor progression, metastasis, recurrence, and
chemotherapy resistance. Herein, we also detect the effect of
chidamide on lung cancer stemness. Results of sphere for-
mation assay demonstrated that the sizes and number of
spheres were suppressed by chidamide alone or a combi-
nation treatment of chidamide and radiation (Figures 2(a)-
2(j)). To determine the population of cancer stem cells,
ALDEFLUOR assay was performed. The results demon-
strated that chidamide alone or a combination treatment of
chidamide and radiation reduced the population of ALDH"
cells (Figures 2(k)-2(m)).
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FiGgure 1: Chidamide or chidamide combined with radiation synergistically promotes apoptosis in NCI-H2170 and NCI-H226 cells. (a)
CCKS8 assay to determine the cell viability of NCI-H2170 and NCI-H226 cells with chidamide (300 nM), radiation (2 Gy), and their
combinational treatment, respectively. (b-c) The proliferation rate of NCI-H2170 (b) and NCI-H226 (c) cells with chidamide (300 nM)
combined with radiation treatment at single doses of 0, 1, 2, and 4 Gy. (d)-(f) Annexin V-PI double staining to determine the apoptosis rate
of NCI-H2170 and NCI-H226 cells with chidamide (300 nM), radiation (2 Gy), and their combinational treatment.

3.2. Chidamide Alone or a Combinational Treatment with
Chidamide and Radiation Upregulates miR-375 Expression.
Next, we sought to elucidate the molecular mechanism
underlying antitumor activity of chidamide. As miRNAs
play a critical role in tumorigenesis, we hence focused on the
expression profile alterations of miRNAs. The Affymetrix
miRNA 2.0 Array was applied to identify differentially
expressed miRNAs in NCI-H2170 and NCI-H226 cells in
response to chidamide, radiotherapy, and their combina-
tional treatment. Among the upregulated miRNAs, miR-375
showed the most remarkable fold (Figure 3(a)). Moreover,
real-time PCR results also validated that both chidamide and
chidamide plus radiation combinational treatment elevated
the expression of miR-375 in NCI-H2170 and NCI-H226
cells (Figure 3(b)). Interestingly, radiation alone could not
upregulate miR-375 expression, which indicates a crucial
role of miR-375 in mediating the antitumor activity of
chidamide against LSCC.

3.3. Suppression of miR-375 Reverses the Promoting Effect of
Chidamide on LSCC Cell Apoptosis and Attenuates Reduction
of Cancer Stem Cells Caused by Chidamide. To delineate the
role of miR-375 in the chidamide-induced LSCC cell
apoptosis, we transfected NCI-H2170 and NCI-H226 cells
with control inhibitor and miR-375 inhibitor following
chidamide, radiation, and their combinational treatment,
respectively. CCK8 assay was performed to measure the
proliferation rate in these treated cells. As shown in
Figures 4(a) and 4(b), transfection of miR-375 inhibitor
effectively suppressed the expression of miR-375 both in
NCI-H2170 (Figure 4(a)) and NCI-H226 (Figure 4(b))
cells. Moreover, miR-375 inhibition significantly reele-
vated the proliferation rates of NCI-H2170 and NCI-
H226 cells, which were suppressed by chidamide or
chidamide plus radiation combinational treatment
(Figures 4(c) and 4(d)). In addition, both the chidamide

and chidamide plus radiation combinational treatment-
induced cell apoptosis were rescued by miR-375 inhibitor
(Figures 4(e)-4(j)). To further address the underlying
mechanism, western blot analyses were performed to
detect the expression of BAX and BCL2 in these treated
cells. Data from the western blot analysis revealed that
both chidamide and chidamide plus radiation combina-
tional treatment upregulated the protein expression of
BAX and downregulated BCL2 protein level, which were
diminished by the transfection of miR-375 inhibitor
(Figure 4(k)). Moreover, inhibition of miR-375 also re-
versed the population of ALDH" cells suppressed by
chidamide alone or chidamide and radiation combina-
tional treatment (Figures 5(a) and 5(b)).

3.4. Chidamide Reduces Xenograft Growth by Elevating miR-
375 Expression In Vivo. Our in vitro results demonstrated
that chidamide inhibited LSCC cell proliferation and in-
duced cell apoptosis via upregulation of miR-375 expres-
sion. Here we sought to further investigate the in vivo
antitumor activity of chidamide. Xenograft nude mice were
established by subcutaneous inoculation of treated NCI-
H2170 cells. The results indicated that the cells treated with
chidamide or chidamide plus radiation generated smaller
tumors than control (Figures 6(a)-6(c)). Meanwhile, as
Figures 6(d)-6(f) show, transfection with miR-375 reele-
vated the tumor growth rate suppressed by chidamide or
chidamide plus radiation combinational treatment. In
addition, these results were confirmed by TUNEL staining
(Figures 6(g)-6(j)).

3.5. EIF4G3 Is a Direct Target of miR-375. Furthermore, we
identified the target genes of miR-375 using TargetScan
online  software  (http://www.targetscan.org/vert_72/).
Among the numerous targets, eukaryotic translation initi-
ation factor 4 gamma 3 (EIF4G3) was selected as the
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FIGURE 2: Chidamide or chidamide combined with radiation treatment suppressed cancer stemness in NCI-H2170 and NCI-H226 cells.
(a-j) Sphere formation assay to determine the self-renewal capacities of NCI-H2170 and NCI-H226 cells treated with chidamide alone or a
combination of chidamide and radiation. The sphere sizes and number were calculated in Figures 2(c)-2(j). (k-m) Treated cells with
chidamide alone (300 nM) or combined with radiation treatment were subjected to ALDEFLUOR assay and the population of ALDH" cells
were counted by flow cytometry. Statistical significance was determined by Student’s t-test and indicated by * p <0.05; **p <0.01; and

*** <0.001 (vs. control); ** p<0.01; ### p <0.001 (vs. Gy).

candidate target gene for miR-375 for further analysis, as its
3'-UTR contains two conserved binding regions of miR-375.
The binding sites between miRNA-375 and EIF4G3 are
shown in Figure 7(a). To clarify whether EIF4G3 is a direct
target of miR-375, a dual-luciferase reporter assay was ap-
plied to determine the luciferase activities of EIF4G3 3'-
UTR. As shown in Figure 7(b), transfection of miR-375
mimic significantly reduced the luciferase activity of the

wild-type 3’-UTR of EIF4G3 compared with the control
mimic-transfected cells (Figure 7(b)). However, less sig-
nificant differences were found between cells transfected
with control mimic and the miR-375 mimic when
cotransfected with the mutated 3'-UTR of EIF4G3
(Figure 7(b)). Additionally, results of western blotting
revealed that miRNA-375 significantly downregulated
EIF4G3 (Figure 7(c)).
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3.6. Silence of EIF4G3 Promotes Cell Apoptosis and Suppresses
Xenograft Growth in NCI-H2170 and NCI-H226 Cells. To
determine the role of EIF4G3 in the biological behaviors of
LSCC cells, we first detected the expression of EIF4G3 in NCI-
H2170 and NCI-H226 cells treated with chidamide or chi-
damide plus radiation combinational treatment. The results
demonstrated that both chidamide and chidamide plus radi-
ation combinational treatment suppressed EIF4G3 expression
both at the mRNA and protein levels (Figures 7(d)-7(f)). Next,
we silenced the expression of EIF4G3 in NCI-H2170 and NCI-
H226 cells and found that silence of EIF4G3 significantly
induced cell apoptosis (Figures 7(g)-7(i)). Moreover, silence of
EIF4G3 in NCI-H2170 cells obviously suppressed xenograft
growth (Figures 7(j)-7(1)).

Taken together, our study systematically demonstrates
that chidamide and radiation synergistically promote LSCC
cell apoptosis and suppressed tumor growth and stemness by
modulating the miR-375-EIF4G3 axis.

4, Discussion

The HDAC inhibitors can be used for various diseases, some
of which have entered clinical trials. In cancer, HDAC in-
hibitors are becoming promising novel tumor therapeutic

drugs exerting anticancer function across a wide range of
cancers, especially in leukemia. Chidamide, an orally active
novel HDAC inhibitor of the benzamide class, selectively
inhibits HDACI1, HDAC2, HDAC3, as well as HDACI10. In
pancreatic cancers, chidamide augments gemcitabine-in-
duced cell growth arrest and apoptosis by downregulating
the antiapoptotic gene MCL-1 [31]. Chidamide has been
tested extensively for its tumor inhibitory activity. In colon
cancer cells, chidamide suppresses cell proliferation and
induces cell cycle arrest by inhibiting the PI3K/AKT and
RAS/MAPK signaling pathways. In non-small-cell lung
cancer cell lines, chidamide and carboplatin synergistically
induce cell growth arrest [11]. In the present study, we
demonstrated that chidamide-induced cellular growth in-
hibition of NCI-H2170 and NCI-H226 LSCC cells and it
synergistically augmented radiation-induced cell apoptosis.
Previous reported studies have demonstrated that HDAC
inhibitors show significant single-agent anticancer activity
in T-cell lymphomas. Consistent with these results, our data
also show that chidamide alone induces cell apoptosis and
suppresses tumor growth in LSCC.

Although previously published data also demonstrate
chidamide induces cell apoptosis, the underlying mecha-
nism is not very clear. Our data showed that both chidamide
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Figure 7: EIF4G3 is a direct target of miR-375. (a) Schematic view to present putative miR-375 binding sites in the 3'UTR region of EIF4G3.
The mutant sequences are shown below. (b) Luciferase reporter assay to assess the effect of miR-375 on the transcription of Renilla luciferase
with 3"UTR of EIF4G3 expression. Data were shown as means + SEM. Each group was performed in six biological replicates. * p < 0.05;
**p<0.01. (c) Western blot analysis to determine the protein expression of EIF4G3 in NCI-H2170 and NCI-H226 cells transfected with
miR-375 mimic at the concentration of 0nM, 50 nM, and 100 nM, respectively. (d)-(e) Detection of the mRNA expression of EIF4G3 in
NCI-H2170 and NCI-H226 cells with indicated treatment. (f) Western blot analysis to detect the expression of EIF4G3 in the indicated
groups. (g-1) The apoptosis rate of NCI-H2170 and NCI-H226 cells transfected with 100 nM of EIF4G3 siRNA, compared with control. (j-1)
EIF4G3 inhibition significantly suppresses tumor growth in vivo in NCI-H2170 cells. Tumor growth curves and tumor weight analysis are
shown in Figures 5(h) and 5(i), respectively. All the data were statistically analyzed by Student’s t-test. *p <0.05; **p<0.01; and

***p<0.001.

and chidamide plus radiation combinational treatment in-
duced the expression of endogenous miR-375 in NCI-H2170
and NCI-H226 cells. Moreover, rescue experiments indi-
cated that the apoptosis-promoting function of chidamide
depended on the upregulation of miR-375 expression. In
addition, the scaffold protein EIF4G3 was identified as a
direct target of miR-375 and the suppression of EIF4G3
induced cell apoptosis and inhibited tumor growth in NCI-
2170 and NCI-H226 cells. These data conclude that chida-
mide exhibits a synergistic effect with radiation therapy on
LSCC by modulating the miR-375-EIF4G3 axis. Our finding
may represent a universal mechanism underlying the syn-
ergistic antitumor interactions between HDAC inhibitors
and DNA damaging agents in tumorigenesis, which should
be confirmed in our future studies.

In the study of NCI-H2170 and NCI-H226 cell lines, it
has been found that chidamide, radiation, and their
combinational treatment could exert an anti-LSCC effect.
However, unlike chidamide and chidamide plus radiation
combinational treatment, radiation alone could not
upregulate the expression of miR-375 and downregulate
the expression of EIF4G3. These results suggest the miR-
375/EIF4G3 axis may not be involved in the regulation of
radiotherapy alone-induced cell apoptosis. On the other
hand, acquired drug resistance frequently occurred to
destroy effective therapy with chemotherapeutic agents,
leading to an unsatisfactory clinical outcome. Therefore,
HDAC inhibitor combined with radiation at different dose
might have multiple targets and pathways to induce cell
apoptosis.
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In conclusion, our results systematically explored the
role of miR-375/EIF4G3 axis in chidamide-induced LSCC
apoptosis and tumor growth arrest, which may afford an
effective strategy to overcome the drug resistance of chi-
damide in clinical cancer therapy.
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