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Background. PTGES3 is upregulated in multiple cancer types and promotes tumorigenesis and progression. However, the clinical
outcome and immune regulation of PTGES3 in lung adenocarcinoma (LUAD) are not fully understood. This study aimed to
explore the expression level and prognostic value of PTGES3 and its correlation with potential immunotherapy in LUAD.
Methods. All data were obtained from several databases, including the Cancer Genome Atlas database. Firstly, gene and protein
expression of PTGES3 were analyzed using Tumor Immune Estimation Resource (TIMER), R software, Clinical Proteomic
Tumor Analysis Consortium (CPTAC), and Human Protein Atlas (HPA). Thereafter, survival analysis was conducted using
the R software, Gene Expression Profiling Interactive Analysis 2 (GEPIA2), and Kaplan–Meier Plotter. In addition, gene
alteration and mutation analyses were conducted using the cBio Cancer Genomics Portal (cBioPortal) and Catalog of Somatic
Mutations in Cancer (COSMIC) databases. The molecular mechanisms associated with PTGES3 were assessed via Search Tool
for the Retrieval of Interacting Genes/Proteins (STRING), GeneMANIA, GEPIA2, and R software. Lastly, the role of PTGES3
in immune regulation in LUAD was investigated using TIMER, Tumor-Immune System Interaction Database (TISIDB), and
SangerBox. Results. The gene and protein expression of PTGES3 were elevated in LUAD tissues and compared to the normal
tissues, and the high expression of PTGES3 was correlated with cancer stage and tumor grade. Survival analysis revealed that
overexpression of PTGES3 was associated with poor prognosis of LUAD patients. Moreover, gene alteration and mutation
analysis revealed the occurrence of several types of PTGES3 gene alterations in LUAD. Moreover, co-expression analysis and
cross-analysis revealed that three genes, including CACYBP, HNRNPC, and TCP1, were correlated and interacted with
PTGES3. Functional analysis of these genes revealed that PTGES3 was primarily enriched in oocyte meiosis, progesterone-
mediated oocyte maturation, and arachidonic acid metabolism pathways. Furthermore, we found that PTGES3 participated in
a complex immune regulation network in LUAD. Conclusion. The current study indicated the crucial role of PTGES3 in
LUAD prognosis and immune regulation. Altogether, our results suggested that PTGES3 could serve as a promising
therapeutic and prognosis biomarker for the LUAD.

1. Introduction

Lung cancer is a leading malignant tumor with a high rate of
incidence and mortality worldwide [1]. Lung adenocarci-
noma (LUAD), a subtype of non-small cell lung cancer
(NSCLC), accounts for approximately 40% of all lung
tumors [2]. Traditional therapeutic methods, including sur-
gical excision, radiotherapy, and chemotherapy, have played
an important role in the past several decades. However, the
5-year overall survival (OS) rate of LUAD is still <20% [3].
This is possible because the gradual progression of LUAD

leads to non-specific symptoms in early-stage patients, so
most of the patients are diagnosed at an advanced stage with
a poor prognosis. We have recently entered the era of preci-
sion medicine [4], and targeted therapy has significant
potential in the diagnosis and prognosis of various cancers
[5, 6]. Therefore, it is of great significance to identify novel
biomarkers of LUAD to improve the treatment and clinical
outcomes of LUAD patients.

PTGES3 gene encodes prostaglandin E synthase 3
enzyme (also known as p23), which acts as a molecular
chaperone, localizes to the genomic response elements in a
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hormone-dependent manner, and disrupts the receptor-
mediated transcriptional activation through promoting dis-
assembly of transcriptional regulatory complexes [7]. There
has been a recent increase in studies focusing PTGES3
expression in several cancer types. A study reported that
PTGES3 is overexpressed in tumor tissues and underex-
pressed in the adjacent mucosa, in colorectal cancer [8].
Moreover, bioinformatics analysis indicated that PTGES3
played an important role in the progression of osteosarcoma
[9]. Another study demonstrated that mRNA expression of
PTGES3 is higher in NSCLCs than in normal lung tissues
[10]. However, studies on the molecular mechanism and
clinical outcome of PTGES3 in NSCLC are limited. In recent
years, combination therapy, consisting of immunotherapy,
traditional surgery, and radiochemotherapy, has shown
great potential in cancer treatment. Immunotherapy has
been used for over 100 years including toxins and tumor
necrosis factor, vaccines, interleukin 2 (IL-2), antibody ther-
apies, checkpoint inhibitors, oncolytic virus therapy, and
chimeric antigen receptor (CAR) T-cell therapy [11]. In a
clinical trial, a whole-cell immunotherapy regimen with
SV-BR-1-GM cells could suppress breast cancer (BRCA)
metastasis [12]. In pancreatic cancer (PC), cancer-
associated fibroblasts could modify the tumor microenviron-
ment (TME) to facilitate cancer immune escape, which
could be a target for immunotherapy [13]. In LUAD, α5 nic-
otinic acetylcholine receptors could mediate STAT3/PD-L1
to regulate cell migration and invasion [14], while high
THBS2 expression predicted poor outcomes of immuno-
therapy response and post-treatment prognosis [15]. Thus
far, several studies have been conducted on immunotherapy
for LUAD; however, information on the role of PTGES3 in
clinical outcomes and immune regulation in LUAD is
limited.

In this study, we identified the gene and protein expres-
sion levels of PTGES3 in LUAD and normal tissues based on
the Cancer Genome Atlas (TCGA) and other public data-
bases. Thereafter, we evaluated the role of PTGES3 on the
clinical characteristics and survival of LUAD patients. More-
over, we explored gene alterations and mutations of PTGES3
in LUAD. Furthermore, we conducted co-expression and
enrichment analyses of PTGES3. Lastly, we performed
immune-related analyses to investigate the role of PTGES3
in immune regulation in LUAD. We believe that the results
of our study would provide the basis for the development of
immunotherapy for LUAD treatment.

2. Materials and Methods

2.1. Data Extraction. The transcriptome profile and clinical
data of LUAD patients (Table 1), including TNM stage
(T1: tumor size ≤3 cm, T2: 3–5 cm, T3: 5–7 cm; T4: >7 cm;
N0: no lymph node metastasis, N1: the involved lymph
nodes are mainly located around the tumor, N2: the involved
lymph nodes have reached the central region, and N3: the
involved lymph nodes have reached the contralateral or supra-
clavicular lymph nodes; M0: no distant metastasis and M1: dis-
tant metastasis), pathologic stage (stage I: T1N0M0 and
T2N0M0; stage II: T1N1M0, T2N0M0, T2N1M0, and

T3N0M0; stage III: T1N2M0, T1N3M0, T2N2M0, T2N3M0,
T3N1M0, T3N2M0, T3N3M0, T4N0M0, T4N1M0, T4N2M0,
and T4N3M0; stage IV: M1), primary therapy outcome,

Table 1: Clinical characteristics of lung adenocarcinoma (TCGA).

Characteristic
Low expression
of PTGES3

High expression
of PTGES3

p

n 267 268

T stage, n (%)

T1 104 (19.5%) 71 (13.3%)

0.009
T2 128 (24.1%) 161 (30.3%)

T3 25 (4.9%) 23 (4.3%)

T4 7 (1.3%) 12 (2.3%)

N stage, n (%)

N0 184 (35.5%) 164 (31.6%)

0.069
N1 38 (7.3%) 57 (11%)

N2 32 (6.2%) 42 (8.1%)

N3 1 (0.2%) 1 (0.2%)

M stage, n (%)

M0 165 (42.7%) 196 (50.8%)
0.057

M1 6 (1.6%) 19 (4.9%)

Pathologic stage, n (%)

Stage I 159 (30.2%) 135 (25.6%)

0.029
Stage II 55 (10.4%) 68 (12.9%)

Stage III 40 (7.6%) 44 (8.3%)

Stage IV 7 (1.3%) 19 (3.6%)

Primary therapy outcome, n (%)

PD 28 (6.3%) 43 (9.6%)

0.070
SD 21 (4.7%) 16 (3.6%)

PR 3 (0.7%) 3 (0.7%)

CR 187 (41.9%) 145 (32.5%)

Gender, n (%)

Female 157 (29.3%) 129 (24.1%)
0.017

Male 110 (20.6%) 139 (26%)

Age, n (%)

≤65 133 (25.8%) 122 (23.6%)
0.427>65 126 (24.4%) 135 (26.2%)

Residual tumor, n (%)

R0 176 (47.3%) 179 (48.1%)

0.019R1 3 (0.8%) 10 (2.7%)

R2 0 (0%) 4 (1.1%)

Anatomic neoplasm subdivision, n (%)

Left 105 (20.2%) 100 (19.2%)
0.667

Right 154 (29.6%) 161 (31%)

Anatomic neoplasm subdivision 2, n (%)

Central lung 32 (16.9%) 30 (15.9%)
0.474

Peripheral lung 57 (30.2%) 70 (37%)

Smoker, n (%)

No 35 (6.9%) 39 (7.5%)
0.762

Yes 228 (43.4%) 220 (42.2%)

Age, median (IQR) 65 (58.5, 72) 56 (59, 72) 0.449
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gender, age, residual tumor, anatomic neoplasm subdivision,
and smoking status, were extracted from TCGA database
(https://portal.gdc.cancer.gov/). The RNAseq data in
FPKM (Fragment Per Kilobase of transcript per Million
mapped reads) format were converted to TPM (Tran-
scripts Per Million) format and then log2 transformed
for further analysis. The RNA expression data were con-
ducted with mean± SD by R software (version 3.6.3).

2.2. Gene and Protein Expression. The Tumor Immune Esti-
mation Resource (TIMER, https://cistrome.Shinyapps.io/
timer/) was used to analyze the differential expression of
PTGES3 across various cancers and corresponding nor-
mal tissues based on TCGA database. Thereafter, the R
software was used to explore PTGES3 expression in
LUAD in unpaired and paired samples by the “ggplot2”
package. The PTGES3 proteomic expression profile based
on sample type, cancer stage, age, gender, weight, tumor
grade, and tumor histology in LUAD was obtained from
Clinical Proteomic Tumor Analysis Consortium (CPTAC,
https://proteomics.cancer.gov/programs/cptac). In addi-
tion, the Human Protein Atlas (HPA, https://proteinatlas
.org/) was used to explore PTGES3 expression at the
translation level under the “Tissue” and “Pathology” mod-
ule. P < 0:05 was regarded as statistically significant.

2.3. Survival Analysis. Receiver operating characteristic
(ROC) curve was plotted to evaluate the predictive power
of PTGES3 by “pROC” and “ggplot2” packages. Thereafter,
“survival” and “survminer” packages were used to explore
the role of PTGES3 in the OS and disease-specific survival
(DSS) in LUAD. In addition, the Gene Expression Profiling
Interactive Analysis 2 (GEPIA2, http://gepia2.cancer-pku
.cn/) and Kaplan–Meier (KM) Plotter (http://kmplot
.com/analysis/) were used to further validate these results.
P < 0:05 was considered as statistically significant.

2.4. Gene Alteration and Mutation Analysis. The cBio Can-
cer Genomics Portal (cBioPortal, http://cbioportal.org/)
and Catalog of Somatic Mutations in Cancer (COSMIC,
https://cancer.sanger.ac.uk/cosmic/) were used to analyze
the alteration and mutations of PTGES3 in LUAD.

2.5. Gene Network and Enrichment Analysis. We used the
Search Tool for the Retrieval of Interacting Genes/Proteins
(STRING; http://string-db.org, v11.5; medium confidence:
0.400) database and GeneMANIA (http://genemina.org/) to
identify 20 PTGES3-interacting genes. In contrast, the
GEPIA2 tool was used to obtain the top 100 PTGES3-
correlated genes based on TCGA data. Thereafter, we con-
ducted a cross-analysis between PTGES3-correlated genes
and PTGES3-interacting genes via a Venn diagram using
Jvenn (http://bioinfo.genotoul.fr/jvenn). The common genes
were then examined with TIMER, GEPIA2, and R software
and also subjected to functional enrichment analyses,
including Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis and Geno Oncology (GO) enrich-
ment analysis, using “ggplot2” and “ClusterProfiler” pack-
ages. P < 0:05 was regarded as statistically significant.

2.6. Immune-Related Analysis. The TIMER was used to
assess the correlation between PTGES3-expression/cumula-
tive survival (CS) and immune infiltrates, including B cells,
CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and
dendritic cells (DCs), in LUAD. In addition, Tumor-Immune
System Interaction Database (TISIDB, https://cis.hku
.hk/TISIDB) was used to explore the correlation between
PTGES3 expression and the abundance of 28 tumor-
infiltrating lymphocytes (TILs) as well as immune sub-
types. Additionally, PTGES3-targeting drugs from the
DrugBank database were also investigated in TISIDB.
Furthermore, the immune checkpoint (ICP) genes and
ESTIMATE score associated with PTGES3 expression
were analyzed by SangerBox (http://sangerbox.com/
Tool) based on TCGA and Genotype-Tissue Expres-
sion databases. P < 0:05 was regarded as statistically
significant.

3. Results

3.1. Gene and Protein Expression of PTGES3 in LUAD. The
TIMER tool was used to assess the differential expression
of PTGES3 in diverse tumor tissues. As seen in Figure 1(a),
PTGES3 expression was higher in bladder urothelial carci-
noma (BLCA), breast invasive carcinoma (BRCA), cholangio-
carcinoma (CHOL), colon adenocarcinoma (COAD),
esophageal carcinoma (ESCA), head and neck squamous cell
carcinoma (HNSC), liver hepatocellular carcinoma (LIHC),
LUAD, lung squamous cell carcinoma (LUSC), rectum ade-
nocarcinoma (READ), and stomach adenocarcinoma (STAD)
than those in normal tissues. In contrast, PTGES3 expression
was lower in kidney chromophobe (KICH), thyroid carci-
noma (THCA), and uterine corpus endometrial carcinoma
(UCEC) compared to the normal tissues. For healthy tissues,
the expression levels of PTGES3 in bile duct, esophagus, liver,
and stomach were significantly lower than those in the other
tissues, in which the PTGES3 expression levels are similar.
Unpaired (Figure 1(b)) and paired (Figure 1(c)) data analyses
revealed that PTGES3 was significantly overexpressed in
LUAD than the normal tissues. Furthermore, CPTAC
(Figure 1(d)) and HPA (Figure 1(e)) databases revealed that
PTGES3 protein expression was upregulated in LUAD com-
pared to the normal tissues.

3.2. Association between PTGES3 Expression and Clinical
Variables in LUAD. The CPTAC data further demonstrated
that PTGES3 expression level was significantly associated
with cancer stage (P < 0:05, stage 1 vs. stage 3) and tumor
grade (P < 0:001, grade 2 vs. grade 3). However, no signifi-
cant association was found between PTGES3 expression
and other clinical characteristics, such as age, gender, weight,
and tumor histology (Figure 2).

3.3. Survival Analysis. TCGA samples were classified into
low- and high-expression groups based on the median
expression level of PTGES3. ROC curve analysis showed a
promising predictive value of PTGES3 expression with an
area under curve (AUC) of 0.705 (95% confidence interval,
CI: 0.655–0.755; Figure 3(a)). Moreover, our results revealed
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Figure 1: Continued.
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that high expression of PTGES3 was significantly associ-
ated with poor OS (hazard ratio, HR= 1.75, P < 0:001;
Figure 3(b)) and DSS (HR=1.64, P = 0:01; Figure 3(c)),
which were further validated by analyses using GEPIA2
(Figure 3(d)) and KM Plotter (Figure 3(e)).

3.4. Gene Alterations and Mutations of PTGES3 in LUAD.
The cBioPortal database was used to analyze the genomic
alterations and mutations of PTGES3 in LUAD, and the
results revealed that PTGES3 gene alterations occurred in
2% of LUAD patients (Figure 4(a)) and that only splice
mutations occurred in PTGES3 (Figure 4(b)). Moreover,
the genomic alteration type in LUAD was primarily amplifi-
cation (1.93%) rather than mutation (0.046%) (Figure 4(c)).
Additionally, analysis by the COSMIC tool revealed the
occurrence of three types of mutations in PTGES3 in LUAD,
including nonsense (14.29%), missense (28.57%), and syn-
onymous (14.29%) (Figure 4(d)). Among these, the substitu-
tions of A>T, C>A, G>A, and G>T occurred in equal
proportions (Figure 4(e)).

3.5. Gene Enrichment Analysis. We obtained 37 PTGES3-
interacted genes from the STRING (Figure 5(a)) and Gene-
MANIA (Figure 5(b)) and 100 PTGES3-correlated genes from
GEPIA2 database (Supplementary 1). Thereafter, we identified
three common genes, including CACYBP, HNRNPC, and
TCP1, after the cross-analysis of the PTGES3-correlated and
PTGES3-interacted genes (Figure 5(c)). Figure 5(e) illustrates
the positive relationships between PTGES3 expression and
the expression levels of CACYBP,HNRNPC, and TCP1, as ver-
ified by R software, GEPIA2, and TIMER. Furthermore,
KEGG enrichment analysis (Figure 5(d)) revealed that the
PTGES3-coexpression genes were primarily enriched in oocyte
meiosis, progesterone-mediated oocyte maturation, and arachi-
donic acid (AA) metabolism. While GO enrichment analysis

(Figure 5(d)) revealed that PTGES3 was primarily involved
in heat shock protein (Hsp) binding, unfolded protein
binding, and Hsp90 protein binding in biological processes
(BP); chromosomal region, chaperone complex, and pro-
tein kinase complex in cellular components (CC); and reg-
ulation of DNA metabolic process, positive regulation of
DNA metabolic process, and telomere maintenance in
molecular functions (MF).

3.6. Association between PTGES3 Expression and Immune
Regulation in LUAD. To understand the role of PTGES3 in
immune regulation in LUAD, we analyzed the correlation
between PTGES3 expression and six immune cells using the
TIMER database. As seen in Figure 6(a), PTGES3 expression
was significantly associated with B cell (r = −0:149, P = 6:59
× 10−3), CD8+ T cell (r = 0:175, P = 1:02 × 10−4), CD4+ T
cell (r = −0:159, P = 4:41 × 10−4), and neutrophil (r = 0:152,
P = 8:36 × 10−4) levels. Moreover, we found that a higher
abundance of B cells was associated with favorable CS, while
a higher abundance of DCs was associated with poor CS
(Figure 6(b)). Additionally, analysis of the correlation between
PTGES3 expression and 28 TILs (Figure 6(c)) using the
TISIDB database revealed that 25 TILs were significantly
associated with PTGES3 in LUAD. Among these, 10 TILs,
including activated CD8 T cell (Act CD8), activated CD4 T
cell (Act CD4), effector memory CD4 T cell (Tem CD4),
gamma delta T cell (Tgd), CD56bright natural killer cell
(CD56bright), CD56dim natural killer cell (CD56dim),
activated dendritic cell (Act DC), immature dendritic cell
(iDC), and monocyte and type 2 helper cell (Th2), showed
a positive correlation with PTGES3 expression. In con-
trast, 15 TILs, including effector memory CD8 T cell
(Tem CD8), T follicular helper cell (Tfh), type 1 T helper
cell (Th1), type 17 T helper cell (Th17), regulatory T cell
(Treg), activated B cell (Act B), immature B cell (Imm
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B), memory B cell (Mem B), natural killer cell (NK),
myeloid-derived suppressor cell (MDSC), plasmacytoid
dendritic cell (pDC), macrophage, eosinophil, mast cell
(Mast), and neutrophil, showed a negative correlation
with PTGES3 expression (Figure 7). Furthermore, among
the 60 ICP genes, 28 (13 inhibitor and 15 stimulator
genes) were significantly correlated with PTGES3 expres-
sion in LUAD (Figure 8(a)). As seen in Figure 8(b),
PTGES3 expression was negatively correlated with stro-
mal (P = 1:2 × 10−4), immune (P = 3:0 × 10−6), and ESTI-
MATE (P = 3:6 × 10−6) scores in LUAD. In addition, the
immune subtypes in LUAD were divided into: C1 (wound
healing), C2 (Interferon-γ dominant), C3 (inflammatory),
C4 (lymphocyte depleted), C5 (immunologically quiet),
and C6 (Transforming Growth Factor-β dominant)
(Figure 8(c)). Lastly, we found two drugs that targeted
PTGES3, including Grn 163l and copper (Figure 8(d)).

4. Discussion

In the present study, we found that the mRNA and protein
expression of PTGES3 were higher in LUAD tissues com-
pared to be normal tissues. Additionally, we found the
overexpression of PTGES3 was positively associated with
cancer stage and tumor grade in LUAD. In addition, the
ROC curve suggested that high expression of PTGES3
was associated with poor OS and DSS in LUAD and that
PTGES3 could serve as a promising predictive biomarker
for survival analysis. Moreover, co-expression and enrich-
ment analyses revealed that PTGES3 was involved in a
complex regulatory network in LUAD. Furthermore, we
discovered that PTGES3 played an important role in
immune regulation in LUAD. Altogether, our results

suggest that PTGES3 could serve as a potential prognos-
tic biomarker for immunotherapy in LUAD.

PTGES3 encodes prostaglandin E synthase enzyme, and
the deregulation of these enzymes in the prostaglandin-
endoperoxide synthase pathway by inhibition of COX-2 activ-
ity leads to an abnormal level of pro- and anti-inflammatory
signals associated with tumorigenesis. Prostaglandin, pro-
duced in a COX2-dependent manner, could act on the epithe-
lium to regulate intravasation and immune cell function in
malignant cells [16, 17]. Previous studies have revealed that
PTGES3 participates in the regulation of various diseases,
including pediatric recurrent abdominal pain, oscillatory
shear stress, dyspepsia, and cancers [18–20]. In recent years,
there has been an increasing interest in the tumorigenic role
of PTGES3 in multiple cancer types, including colorectal can-
cer, prostate cancer, and acute lymphoblastic leukemia [8, 22].
For instance, PTGES3 was reported to regulate the function of
oncoprotein telomerase, which could affect epithelial cell
transformation and human mammary epithelial cell immor-
talization. In prostate cancer, PTGES3 was reported to induce
the androgen receptor activity and chromatin binding to pro-
mote tumorigenesis [22]. Interestingly, several in vitro and
bioinformatics studies revealed that PTGES3 is upregulated
in NSCLC [10, 23]. However, the expression level and prog-
nostic value of PTGES3 in LUAD are still unknown. Consis-
tent with the results of previous studies, our study revealed
that PTGES3 was abnormally expressed in many cancers.
Additionally, it revealed that mRNA and protein expres-
sion of PTGES3 were significantly upregulated in LUAD
and that its high expression was associated with cancer
stage and tumor grade. Similar results were observed in a
previous study, which revealed that high PTGES3 expres-
sion was associated with the stage of endometrioid endo-
metrial cancer [24]. Interestingly, we found that there was
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no significant difference on the expression level of PTGES3
between tumor and normal tissues in several cancer types,
including kidney renal clear cell carcinoma (KIRC), kidney
renal papillary cell carcinoma (KIRP), and prostate adeno-
carcinoma (PRAD), which belongs to genitourinary cancer.
The present studies were still superficial. The reason that
why these types of tumors do not need PTGES3 to regu-
late and the relationship between PTGES3 and urinary
system have not been clearly described. Therefore, in-
depth studies were needed. Furthermore, the prognostic
value of PTGES3 in LUAD was evaluated through TCGA,
GEPIA2, and KM Plotter databases, which demonstrated
that the upregulation of PTGES3 in cancer tissues was corre-
lated with poor OS and DSS. Bioinformatics analysis of COX/
prostaglandin pathway genes in BRCA demonstrated that
PTGES3 had a significant negative effect on survival [25]. In
addition, PTGES3 was found to be a hub gene enriched in cell
cycle-related pathways in cholangiocarcinoma (CCA), which
could serve as a prognostic marker [26]. Therefore, we specu-
lated that PTGES3 could serve as a prognostic predictor for
LUAD.

To further understand the molecular mechanisms of
PTGES3 in LUAD, we used STRING, GeneMANIA, and
GEPIA2 to identify the PTGES3-interacted and coexpres-
sion genes and used R software to conduct enrichment
analyses. We found three common genes, including

CACYBP, HNRNPC, and TCP1 through the cross-
analysis between the PTGES3-correlated and -interacted
genes. Although correlations between PTGES3 and these
three genes have not been reported, several studies imply
an intrinsic connection between these genes. A study
reported an interaction between CACYBP/SIP and Hsp90,
suggesting that CACYBP/SIP participated in the regulation
of Hsp90 chaperone activity, in which PTGES3 is a critical
candidate [27, 28]. Furthermore, in acute lung injury,
CACYBP could modulate cell signaling in vivo [29]. More-
over, CACYBP was upregulated in NSCLC cells than the
human bronchial epithelial cells, further promoting cell
proliferation and invasion via the AKT signal pathway
[30]. HNRNPC, a member of the HNRNP family, serves
as a RNA-binding protein in N6-methyladenosine (m6A)
methylation, which is involved in the occurrence and pro-
gression of multiple cancers. In prostate cancer, HNRNPC
could promote proliferation and metastasis and inhibit
prognosis [31]. Additionally, upregulation of HNRNPC in
metastatic in vivo models could accelerate tumorigenesis
in PC [32]. Moreover, bioinformatics analysis and immu-
nohistochemical staining revealed that HNRNPC was neg-
atively associated with the OS in LUAD [33]. Therefore, we
speculate that PTGES3 and HNRNPC could synergistically
promote cancer occurrence and development, which needs
to be explored further. TCP1 is an oncogene in various
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cancers, which improves cell proliferation through the acti-
vation of the PI3K/AKT/mTOR signaling pathway [34]. In
hepatocellular carcinoma, TCP1 regulates cell proliferation
and migration by modulating the Wnt7b/β-catenin path-
way [35]. However, the role of TCP1 in LUAD and its asso-
ciation with PTGES3 are not fully understood. Enrichment
analysis revealed that the PTGES3-coexpression genes were
associated with AA metabolism pathway. In oral squamous
cell carcinoma, the AA metabolism pathway contributed to
lipid oxidation, inflammation, proliferation, and migration,
which were associated with tumorigenesis [36]. Moreover,
targeting enzymes related to AA metabolism and cancer
inflammation, including cPLA(2), COXs, and LOXs, for
cancer radiotherapy, improved prognosis [37]. A previous
study reported that prostanoid signaling is a part of the
AA metabolism pathway [38]. However, the role of
PTGES3 in the regulation of AA metabolism in LUAD is
unclear. Functional analysis, in our study, demonstrated
that PTGES3 participated in complex network in LUAD,
with several genes and pathways.

In recent years, many studies have focused on immuno-
therapy for cancer treatment. The immunobiology of TME is
associated with several modulators, including TILs, vascula-
ture, tumor location, and tumor stroma [39–41]. A few stud-
ies have reported the promising role of PTGES3 in cancer
immunity. A previous study demonstrated that the RNA-
binding function of PTGES3 could be beneficial for the reg-
ulation of macrophage phagocytotic activity and migration

[42]. In BRCA, upregulation of PTGES3 was significantly
correlated to CD8+ T cell abundance in TME, suggesting
that PTGES3 could be an immune regulator. In addition, it
was revealed that PTGES3 was negatively associated with
immunoinhibitors, immunostimulators, and Major Histo-
compatibility Complex molecules in cervical cancer [43].
However, the relationship between PTGES3 expression and
immune regulation in LUAD has not yet been studied. In
the current study, we conducted immune-related analysis,
including immune infiltrates, ICPs, immune subtypes,
ESTIMATE scores, and PTGES3-targeting drugs, based
on several public databases. We found that PTGES3 was nega-
tively associated with B cell and CD4+ T cell abundance and
positively associated with CD8+ T cell and neutrophil abun-
dance in LUAD. Interestingly, the low abundance of B cells
was associated with poor CS. Moreover, increasing evidence
has demonstrated that low levels of infiltrating B cells are corre-
lated with poor outcomes in HNSC [44], gastric cancer [45],
hepatocellular carcinoma [46], and BRCA [47]. In contrast, high
levels of infiltrating B cells are correlated with shorter survival in
renal cell cancer [48]. Thus, it was speculated that PTGES3
affected the prognosis of LUAD patients by regulating the
immune infiltrating cells such as B cells. Furthermore, we also
investigated the correlation between PTGES3 and ICP genes
and found that PTGES3 was significantly associated with
approximately half of the ICP inhibitors and stimulators, includ-
ing CD274 and CD276. A previous study revealed that CD274
and CD276 showed potential effectiveness in immunotherapy

(d) (e)

Figure 4: Genomic alterations and mutation of PTGES3 in LUAD based on cBioPortal and COSMIC databases. OncoPrint of PTGES3
expression in LUAD (a). Only splice mutation occurred in PTGES3 (b). Details of PTGES3 gene alteration types in LUAD (c). Overall
(d) and substitutions (e) of mutation types in PTGES3.
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for LUAD patients with a history of smoking [49]. In addition,
we found that PTGES3 was negatively correlated with stromal,
immune, and ESTIMATE scores and found that upregulation
of PTGES3 was correlated with low infiltration of immune
and stromal cells but high tumor purity in LUAD. Further-
more, it was reported that PTGES3 affected sensitivity of che-
motherapeutic drugs. PTGES3 has been reported to reduce
geldanamycin sensitivity in mammalian cancer cells [22]. In
the present study, we identified two PTGES3-targeting drugs,
including Grn 163I and copper. Copper is a transition metal
in the human body and plays an important role in many
enzymes, including cytochrome c oxidase, monoamine oxidase,

and superoxide dismutase. Grn 163l is a novel anti-cancer drug
that has been reported to inhibit telomerase in lung cancer and
BRCA [50, 51]. These results suggest that PTGES3 can serve as
a therapeutic target for immunotherapy in LUAD.

Although our findings provide novel insight into the
correlation between PTGES3 and LUAD, there were sev-
eral limitations to our study. Firstly, in vitro and in vivo
studies should be performed to elucidate the MF of
PTGES3 in LUAD and to further validate our results.
Secondly, more clinical factors should be considered to
promote the clinical application of PTGES3-targeting
treatments for LUAD.

(e)

Figure 5: PTGES3-related gene networks and enrichment analysis. Interacted genes of PTGES3 were screened by STRING (a) and
GeneMANIA (b) databases. Three common genes including CACYBP, HNRNPC, and TCP1 were identified (c). Enrichment analysis of
combined genes (d). PTGES3 was positively correlated with the three common genes based on R software, GEPIA2, and TIMER (e).
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(a)

(b)

(c)

Figure 6: Correlation between PTGES3 expression and immune cell infiltration. PTGES3 expression was significantly related to B cell,
CD8+ T cell, CD4+ T cell, and neutrophil (a). The more abundance of B cell was related to favorable cumulative survival, while the
more abundance of dendritic cell was related to poor cumulative survival (b). Correlations between expression of PTGES3 and 28
TILs types in pan-cancer perspective based on TISIDB database (c).
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5. Conclusion

In this study, we found that PTGES3 expression is upregulated in
LUAD and that its overexpression is closely correlated with short

survival in LUAD patients. Moreover, we found that PTGES3
played an important role in the immune regulation network in
LUAD, suggesting that PTGES3 can serve as a promising thera-
peutic and prognostic target for immunotherapy in LUAD.

Figure 7: PTGES3 was significantly correlated with Act CD8, Act CD4, Tem CD4, Tgd, CD56bright, CD56dim, Act DC, iDC, monocyte,
Th2, Tem CD8, Tfh, Th1, Th17, Treg, Act B, Imm B, Mem B, NK, MDSC, pDC, macrophage, eosinophil, Mast, and neutrophil.
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Figure 8: Continued.
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(b)

Figure 8: Continued.
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