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ABSTRACT

Background: Prostaglandin 12 synthase (PTGIS) is a crucial gene for the synthesis of prostaglandin 12, which has
multiple roles in inflammation and immune modulation. However, studies on the prognostic value of PTGIS and
its correlation with tumor-infiltrating immune cells in multiple cancers are still rare.

Results: Multiple datasets of the Oncomine database showed that PTGIS was expressed at low levels in lung
cancer and ovarian cancer compared to the levels in normal tissues. Kaplan-Meier plotter showed that high
PTGIS was associated with poor overall survival and progression-free survival in lung, ovarian, and gastric
cancers. Moreover, PTGIS expression was significantly positively correlated with infiltrating levels of
macrophages and was strongly associated with a variety of immune markers, especially tumor-associated
macrophages (TAMs) and T-regulatory cells (Tregs).

Conclusions: High expression of PTGIS could promote the infiltration of TAMs and Tregs in the tumor
microenvironment and deteriorate outcomes of patients with lung, ovarian, and gastric cancers. These
findings suggest that PTGIS could be taken as a potential biomarker of prognosis and tumor-infiltrating
immune cells.

Methods: PTGIS expression was investigated in different datasets of the Oncomine database, and its expression
levels in various tumors and corresponding normal tissues were analyzed by the Tumor Immune Estimation
Resource (TIMER). Then, the clinical prognostic value of PTGIS was assessed with online public databases. In
addition, we initially explored the correlation between PTGIS and tumor-infiltrating immune cells by TIMER and
Gene Expression Profiling Interactive Analysis (GEPIA).
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INTRODUCTION

Solid tumors are the most extensive and common
malignant tumors worldwide, including lung tumors,
ovarian tumors, and gastric tumors. Insidious onset,
invasive and fast growth, and high recurrence and
metastasis rates are common characteristics leading to
poor prognosis [1]. Recently, immunotherapy has been
widely used in the treatment of solid tumors, including
melanoma and lung, ovarian, breast, and stomach cancers,
and its tolerable toxicity and long-term survival
improvement have benefited many advanced cancer
patients, leaving immunotherapy as the most promising
direction for curing cancer [2]. Some immunotherapies,
such as programmed death-1 (PD-1) and programmed
death ligand-1 (PD-L1) inhibitors or cytotoxic T
lymphocyte-associated antigen 4 (CTLA4) therapies, have
shown an optimistic antitumor effect in melanoma [3, 4],
lung cancer [5], gastrointestinal cancer [6] and ovarian
cancer [7]. However, the current anti-CTLA-4 agent
showed no effect in a clinical study of prostate cancer [8],
and anti-PD1 therapy showed less effect in colorectal
cancer [9] and even promoted tumor progression for some
patients with murine double minute2 (MDM2)
amplification or epidermal growth factor receptor (EGFR)
aberration [10]. Moreover, increasing evidence has
demonstrated that tumor-infiltrating immune cells interact
with tumor cells and immunotherapy and have important
implications for efficacy and patient outcomes [11-13].
Therefore, the elucidation of the mechanism of the
interaction between tumor phenotype and infiltrating
immune cells in the microenvironment and the
exploration of new immune-related therapeutic targets are
urgent for the treatment of solid tumors.

Prostaglandin 12 synthase (PTGIS) is a protein-
encoding gene localized on chromosome 20g13.11-
g13.13 and was first reported in 1996 [14]. PTGIS
encodes a member of the cytochrome P450 superfamily,
a monooxygenase that catalyzes the metabolism of
many drugs and the synthesis of lipids such as
cholesterol and steroids. In addition, PTGIS could be
involved in iron and heme metabolism, oxidative stress,
xenobiotic and drug metabolism, glutathione and
prostaglandin metabolism, and the conversion of
prostaglandin H2 to prostaglandin 12 (PGI2) [14, 15]. A
previous study observed that hypermethylation of the
PTGIS promotor was associated with diminished gene
expression in  colorectal carcinogenesis  [16].
Furthermore, other studies suggested that PTGIS
variants may affect breast cancer susceptibility [17], and
elevated PTGIS was associated with liver metastasis
and poor survival outcomes for patients with colon
cancer [18]. These findings suggest that PTGIS has
distinctly  essential impacts on  tumorigenesis,
progression, and metastasis.

PGI2 is an important product of the arachidonic acid
(AA) metabolism pathway, and PTGIS is one of the key
enzymes. PGI2 is involved in inflammatory responses
and activation of CD4+ T cells during physiological
processes [19]. In addition, PGI2 is a crucial
immunoregulatory lipid mediator that affects the
differentiation of Thl7 cells and T-regulatory cells
(Tregs) [20]. The above results suggest that PTGIS has
an indirect regulatory effect on microenvironment
immune cells. Nevertheless, the potential functions and
mechanisms of PTGIS in tumorigenesis and
development and the immune microenvironment are
undefined.

In this study, our aim was to comprehensively analyze
the relationship between the expression of PTGIS and
prognosis in cancer patients and to explore the
correlation between PTGIS and tumor-infiltrating
immune cells. Our findings provide new ideas for
elucidating the potential mechanism of PTGIS in tumor
progression and the mechanism by which PTGIS is
associated with tumor-infiltrating immune cells.

RESULTS
PTGIS expression level in various kinds of tumors

To investigate the expression levels of PTGIS, the
PTGIS mRNA levels in various tumors and normal
samples were analyzed with the Oncomine database.
Across various cancer types, significantly more datasets
showed low expression of PTGIS in cancer samples
versus normal samples than overexpression of PTGIS
(Figure 1A). The expression of PTGIS was absolutely
lower in bladder cancer, cervical cancer, colorectal
cancer, head and neck cancer, leukemia, lung cancer,
ovarian cancer, and prostate cancer than in normal
samples. In addition, higher expression was found in
pancreatic cancer and other cancer samples than in the
corresponding normal samples, and the expression
levels in some cancers were controversial. The specific
data of PTGIS mRNA expression levels in various
cancer datasets are displayed in Supplementary Table 1.
Next, we further examined PTGIS expression in
multiple human cancers with RNA-seq data from The
Cancer Genome Atlas (TCGA). The expression levels
of PTGIS between tumor and matched normal tissues in
all TCGA datasets are shown in Figure 1B. Taken
together, the data confirmed that the PTGIS gene was
downregulated in multiple cancers compared to normal
samples.

Prognostic value of PTGIS in cancers

To explore the correlation between PTGIS expression
and prognosis in human cancers, we investigated the
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effects of PTGIS expression on survival via
PrognoScan. Eight out of thirteen cancers showed a
potential correlation between PTGIS and prognosis
(Supplementary Table 2). Interestingly, compared with
low PTGIS expression, high expression of PTGIS
indicated a better survival prognosis for overall survival
(OS) (hazard ratio [HR]=0.63, 95% confidence interval
[CI]=0.44 to 0.90, P=0.012) and disease specific
survival (DSS) (HR=0.60, 95% CI=0.40 to 0.90,
P=0.013) in breast cancer (Figure 2A and 2B).
However, among the other three common solid tumors
(colorectal cancer, ovarian cancer, and lung cancer),
high PTGIS expression was associated with a worse
prognosis than low PTGIS expression (Figure 2C-2H).
In addition, PTGIS had no significant effect on OS in
colorectal cancer. The survival plots generated from
different datasets are shown in Supplementary Figure 2.

Then, we further assessed the prognostic value of
PTGIS in tumors with the Kaplan-Meier plotter, which
is based on Affymetrix microarray data. Notably,
PTGIS had less influence on OS in this analysis than it
had been shown to have in the PrognoScan analysis for
breast cancer (HR=0.89, 95% CI=0.72 to 1.1, P=0.28)
(Figure 3A), and high PTGIS expression was correlated
with poor prognosis in gastric cancer (OS HR=2.03,
95% CI=1.69 to 2.44, P=7.8e-15; progression-free
survival [PFS] HR=2.05, 95% CI=1.65 to 2.54, P=2.5e-
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11) (Figure 3C and 3D). Consistent with previous
results, patients with high expression of PTGIS had a
poor prognosis in both lung cancer (OS HR=1.47, 95%
Cl=1.28 to 1.69, P=4.8e-08; PFS HR=2.13, 95%
Cl=1.74 to 2.6, P=3.5e-14) and ovarian cancer (OS
HR=1.23, 95% CI=1.08 to 1.4, P=0.002; PFS HR=1.26,
95% Cl=1.11 to 1.43, P=3.1e-4) (Figure 3E-3H). Based
on this large-sample validation analysis, these results
suggest that high PTGIS expression implies reduced
survival in ovarian, lung and gastric cancer.

The above analyses of PTGIS were based on microarray
data from Kaplan-Meier plotter and the PrognoScan
database. The prognostic value of PTGIS was explored
for various tumors with RNA-seq data from TCGA with
the Gene Expression Profiling Interactive Analysis
(GEPIA) website. A total of 33 cancer types were
included in the analysis of the relationship between
PTGIS expression and survival (Supplementary Figure
3). Compared with downregulated PTGIS expression,
elevated PTGIS expression was associated with worse
OS or disease free survival (DFS) in ACC
(adrenocortical carcinoma), BLCA (bladder urothelial
carcinoma), COAD (colon adenocarcinoma), GBM
(glioblastoma  multiforme), KIRP (kidney renal
papillary cell carcinoma), LUSC (lung squamous cell
carcinoma), OV (ovarian serous cystadenocarcinoma)
and STAD (stomach adenocarcinoma). In addition,
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Figure 1. Expression of PTGIS in various human tumors. (A) Increased or decreased expression of PTGIS in different tumors compared
to normal tissues in the Oncomine database. (B) PTGIS expression of different tumor types from the TCGA database was investigated by
TIMER (*P < 0.05, **P < 0.01, ***P < 0.001).
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Figure 2. Survival curves of high or low expression of PTGIS in different tumors from the PrognoScan database. (A, B) High
PTGIS expression was correlated with better OS and DSS than low PTGIS expression in the breast cancer cohort [GSE1456-GPL96 (n = 159)].
(C, D) High PTGIS expression was correlated with poorer DFS (n = 145) and DSS (n = 177) than low PTGIS expression in the colorectal cancer
cohort (GSE17536). (E, F) High PTGIS expression was correlated with poorer OS and DFS than low PTGIS expression in two ovarian cancer
cohorts [GSE8841 (n = 81) and GSE26712 (n = 185)]. (G, H) High PTGIS expression was correlated with poorer OS and DSS than low PTGIS
expression in a lung cancer cohort (GSE14814, n = 90). OS, overall survival; DFS, disease-free survival; DSS, disease-specific survival.
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Figure 3. Survival curves of high or low expression of PTGIS in different tumors from Kaplan-Meier plotter. (A, B) OS and DFS
survival curves of breast cancer (n = 1,402 and n = 3,951, respectively). (C, D) OS and PFS survival curves of gastric cancer (n = 876 and n =
641, respectively). (E, F) OS and PFS survival curves of lung cancer (n = 1,926 and n = 982, respectively). (G, H) OS and PFS survival curves of
ovarian cancer (n = 1,656 and n = 1,435, respectively). OS, overall survival; PFS, progression-free survival; DFS, disease-free survival.
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elevated PTGIS expression was associated with
improved DFS for only SARC (sarcoma). These results
demonstrate the important prognostic value of PTGIS as
an oncogene in certain types of cancer, suggesting that
it plays a crucial role in the progression of cancer.

High expression of PTGIS deteriorates the outcomes
of ovarian and gastric cancer patients with lymph
node metastasis

To explore the potential mechanism by which PTGIS
expression affects prognosis, we studied the association
between expression levels of PTGIS and clinical
variables in ovarian (Supplementary Table 3) and
gastric cancer patients (Supplementary Table 4). For
serous ovarian cancer, high expression of PTGIS was
related to reduced OS and PFS. Specifically, compared
with low PTGIS mRNA expression, high PTGIS
MRNA expression was correlated with worse OS and
PFS only in stage 3 disease (OS HR = 1.2, P = 0.0398;
PFS HR = 1.28, P = 0.0025), which includes
involvement of retroperitoneal lymph nodes [21]. In
addition, PTGIS high expression alone did not impair
the OS of patients treated with optimal debulking
surgery. For gastric cancer patients, compared with
lower levels of PTGIS, elevated PTGIS was correlated
with worse OS and PFS after stratification by HER2
status, Lauren classification, or differentiation (P <
0.05). Moreover, PTGIS expression had a significant
prognostic correlation with the N stage. Stages NO-4
indicate different degrees of regional lymph node
metastasis [22]. The above results imply that the
expression level of PTGIS can deteriorate the prognosis
of patients with ovarian or gastric cancer with lymph
node metastasis.

The expression level of PTGIS is positively
correlated with infiltrating immune cells in lung,
ovarian and gastric cancers

Tumor-infiltrating lymphocytes (TILs) are associated
with sentinel lymph node metastasis and prognosis in
tumors [23-25]. Thus, the correlation between PTGIS
and tumor-infiltrating immune cells was assessed in
different cancers with TIMER. We observed that PTGIS
expression levels were significantly associated with
tumor purity in 26 kinds of cancer, of which 23 kinds of
cancer showed a negative correlation between PTGIS
expression and tumor purity. In addition, PTGIS
expression was significantly correlated with infiltrating
immune cells, including B cells, CD4+/CD8+ T cells,
macrophages, neutrophils, and dendritic cells, in various
types of cancers (Figure 4 and Supplementary Figure 4).
After the preliminary analysis of the correlation
between PTGIS and infiltrating immune cells in various
cancers, we then selected the specific cancers in which

PTGIS was correlated with oncologic outcomes and
infiltrating immune cells. It was reported that the tumor
purity level had an impact on immune infiltration in an
analysis of clinical sample data based on genetic testing
[26, 27]. TIMER and GEPIA have most of the common
transcriptomics data derived from the TCGA database
[28, 29], so we selected the types of cancer in TIMER
in which PTGIS had a significantly negative correlation
with tumor purity and prognostic significance in
GEPIA. Based on the prognostic results related to
PTGIS from the PrognoScan, Kaplan-Meier-plotter and
GEPIA analyses, we eventually selected LUSC, OV and
STAD for further research on immune infiltration via
TIMER. The PTGIS expression level had a significant
negative correlation with tumor purity but significant
positive correlations with the levels of 6 infiltrating
immune cells in LUSC (Figure 4A). However, there
were significantly negative correlations with tumor
purity (r = -0.481, P = 2.01e-29) and the level of
infiltrating B cells (r = -0.168, P = 2.15e-04) and a
positive correlation with only macrophages (r = 0.134, P
= 3.23e-03) in OV (Figure 4B). Interestingly, there was
no significant correlation with tumor purity (r = -0.045,
P = 3.77e-01) and the level of infiltrating B cells (r = -
0.09, P = 8.42e-02) but significant positive correlations
with the levels of infiltrating CD8+ T cells (r = 0.25, P
= 1.13e-06), CD4+ T cells (r = 0.477, P =3.63e-22),
macrophages (r = 0.638, P = 1.12e-43), neutrophils (r =
0.218, P = 2.30e-05), and DCs (r = 0.443, P = 2.68e-19)
in STAD (Figure 4C). These findings strongly
demonstrate that PTGIS could recruit immune cells in
the tumor microenvironment (TME) in LUSC, OV and
STAD, especially on macrophages.

Correlation analysis between PTGIS and markers of
infiltrating immune cells

To explore the effects of PTGIS expression on tumor-
infiltrating immune cells, we analyzed the relationships
between PTGIS expression and various markers of
immune cells in LUSC, OV, and STAD via public
databases. We selected some of the infiltrating immune
cells, including innate immune cells (Supplementary
Table 5) and adaptive immune cells (Supplementary
Table 6), and analyzed the relationship between PTGIS
and specific markers of these immune cells in LUSC,
OV and STAD (Figure 5). In LUSC and STAD, the
changes in correlation coefficients between the
expression level of PTGIS and the expression of gene
marker sets of different immune cells were not
significant after adjustment for purity. However, the
association between PTGIS and immune markers
changed dramatically in OV. It is worth noting that the
correlation between PTGIS and various immune cell
markers was significantly increased without adjustment
for purity.
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Specifically, we found that PTGIS expression was more
highly ~ correlated  with  gene  markers  of
monocytes/macrophages (monocytes, TAMs, and M2
macrophages) than with gene markers of other
infiltrating immune cells in LUSC, OV and STAD
(Supplementary Table 5). In addition, we determined
the correlation coefficients between PTGIS and specific
markers of monocytes, TAMs, M1 macrophages, and
M2 macrophages in LUSC, OV and STAD (Figure 5).
We further investigated the relationship between PTGIS
and the above gene markers of immune cells in normal
tissues and tumors using the GEPIA database. Notably,
there was no correlation between PTGIS and most
immune markers of monocytes and TAMs in normal
lung tissues. The results of the correlation were
generally consistent with those of the TIMER analysis
in tumors (Supplementary Table 7). These results imply
that PTGIS likely plays a promoting role in the
regulation of macrophage polarization in LUSC, OV,
and STAD.

Elevated PTGIS expression levels were associated with
a high degree of Tregs infiltration in LUSC, OV and
STAD, and Tregs markers such as FOXP3, STAT5B,

TGFBL1, and IL2RA also showed obvious correlations
with PTGIS expression (Supplementary Table 6). These
results suggest a strong positive correlation between
PTGIS and Tregs infiltration. There is evidence that
Tregs can negatively regulate CD8+ T cell and natural
killer cell responses to tumor cells as well as promote
angiogenesis and metastasis [30]. Whether PTGIS is a
pivotal factor that activates Tregs and tumor
progression still needs further study.

Furthermore, we also observed a significant positive
correlation between PTGIS and some of the markers of
Tregs and T cell exhaustion, including FOXP3,
STAT5B, TGFB1 (TGFp), IL2RA (CD25), and
HAVCR2 (TIM-3), in LUSC, OV, and STAD. FOXP3
has a crucial role in the development and function of
Tregs, and excessive Tregs could prevent the immune
system from destroying cancer cells and promote cancer
progression [31]. Interestingly, PTGIS expression also
has a positive correlation with TIM-3, an important
gene mediating T cell exhaustion and macrophage
activation; the presence of the exhausted phenotype
downregulates the immune response in tumor-bearing
hosts [32, 33]. Therefore, these results further confirm
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Figure 4. Correlation of PTGIS expression with immune infiltration level in LUSC (lung squamous cell carcinoma), OV (ovarian

serous cystadenocarcinoma) and STAD (stomach adenocarcinoma).

(A) PTGIS expression was significantly negatively related to

tumor purity and had significant positive correlations with the levels of infiltrating B cells, CD8+ T cells, CD4+ T cells, macrophages,
neutrophils, and dendritic cells in LUSC (n = 496). (B) PTGIS expression was significantly negatively related to tumor purity and the levels of
infiltrating B cells but has no significant correlations with the levels of infiltrating CD8+ T cells, CD4+ T cells, neutrophils, and dendritic cells in
OV. PTGIS expression showed a very weak positive correlation with macrophage infiltration in OV (n = 537). (C) PTGIS expression had no
significant correlations with tumor purity and the levels of infiltrating B cells but had significant positive correlations with the levels of
infiltrating CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in STAD (n= 407).
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the correlation between PTGIS and infiltrating immune
cells in the microenvironment of LUSC, OV, and STAD
and indicate that PTGIS promotes significantly to the
process of tumor immune escape.

DISCUSSION

PTGIS is a member of the P450 superfamily and a
membrane protein that localizes to the endoplasmic
reticulum. It is widely expressed in various tissues,
especially in the lung, ovary, skeletal muscle and
prostate. The main product of this enzyme is PGI2,
which is the major metabolite of AA and a potent
vasodilator and platelet aggregation inhibitor [14].
Although studies of PTGIS are still few, it is known that
PTGIS may play an important role in tumorigenesis and
cancer development in colon cancer, lung cancer, breast
cancer, and head and neck cancer [17, 18, 34, 35]. In
addition, PGI2, as a product of PTGIS, has a pro-
inflammatory effect that increases microvascular
permeability and an anti-inflammatory effect that
stimulates T cell 1L-10 production [36]. Furthermore, it
was reported that PGI2 signaling could increase
immature dendritic cell migration and inhibit immune
responses [37]. In our study, we observed that the
PTGIS expression level was associated with the
prognosis of various cancers. Compared with low
PTGIS expression, elevated PTGIS was associated with
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a poorer outcome in LUSC, OV, and STAD. Notably,
high expression of PTGIS could significantly impair the
prognosis of patients with lymph node metastasis in
ovarian or gastric cancer. In addition, our further
analysis showed that immune cell infiltration levels and
various immunological markers were associated with
PTGIS expression levels in LUSC, OV, and STAD.
Therefore, our study provides clues to shed light on the
potential effects of PTGIS in the TME and its
application as a prognostic biomarker.

In our research, PTGIS mRNA expression profiles and
prognosis were analyzed with datasets from multiple
kinds of cancer from Oncomine and TCGA. In the
comparison of various cancers with normal tissues, we
observed differences in PTGIS expression. According to
the analysis of the Oncomine data, PTGIS showed low
expression in most tumors compared to that in normal
tissues, and the TCGA data confirmed these results in
BLCA, BRCA, COAD, ESCA, HNSC, KICH, KIRC,
KIRP, LIHC, LUAD, LUSC, PRAD, READ, SKCM,
STAD, THCA and UCEC (Figure 1A and 1B). It has
been reported in the literature that hypermethylation of
gene promoters leads to transcriptional silencing as a
common event in cancer, and hypermethylation of the
PTGIS promoter was also detected in colorectal cancer
[16]. Because of the differences in data collection and
processing mechanisms between different databases, the
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Figure 5. PTGIS expression correlated with macrophage polarization in LUSC (lung squamous cell carcinoma), OV (ovarian
serous cystadenocarcinoma) and STAD (stomach adenocarcinoma). Markers included CD14, CD86 and FCGR3A for monocytes;
CD68, CCL2 and CCL5 for TAMs (tumor-associated macrophages); NOS2, CXCL10, and TNF for M1 macrophages; and MRC1, CD163, and IL10
for M2 macrophages. (A-D) Scatterplots of correlation between PTGIS expression and the expression of gene markers of monocytes (A),
TAMs (B), and M1 (C) and M2 macrophages (D) in LUSC (n = 496). (E-H) Scatterplots of correlation between PTGIS expression and the
expression of gene markers of monocytes (E), TAMs (F), and M1 (G) and M2 macrophages (H) in OV (n = 537). (I-L) Scatterplots of
correlation between PTGIS expression and the expression of gene markers of monocytes (A), TAMs (B), and M1 (C) and M2 macrophages

(D) in STAD (n= 407).
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expression of and prognosis related to PTGIS may be
inconsistent in these data. For example, high expression
of PTGIS was associated with a good prognosis for
breast cancer patients in PrognoScan, while there was
no significant effect on prognosis in Kaplan-Meier-
plotter and the GEPIA database. However, in these
databases, we found consistent results regarding
prognosis in lung, ovarian, and gastric cancers (Figure 3
and Supplementary Figure 3). Moreover, compared with
low expression of PTGIS, elevated expression of PTGIS
was revealed to be associated with poorer survival
outcomes for patients with stage 3 disease, patients with
wild-type TP53, and patients treated with suboptimal
debulking surgery in ovarian cancer, as well as for
patients with advanced-stage disease or lymph node
metastasis in gastric cancer. In summary, these results
powerfully demonstrate that PTGIS is a prognostic
marker for lung, ovarian, and gastric cancers.

We found that PTGIS expression was associated with
tumor immune cell infiltration in lung, ovarian, and
gastric cancers. It was reported that the types of tumor-
infiltrating immune cells could be determined from
statistical approaches using tumor RNA-seq data of a
series of immune cell-specific genes [38]. However,
tumor purity can confuse such genomic sequencing
analyses, and thus, coexpression analysis should use
partial correlation analysis to adjust for tumor purity
[39]. After purity adjustment, we found that the
correlation of genes obviously changed, especially the
values in ovarian cancer, which were the most
significant changes (Supplementary Tables 5 and 6).
Interestingly,  immune-specific genes of M1l
macrophages, such as NOS2, CXCL10, and TNF,
displayed weak or no correlations with PTGIS, but M2
macrophage genes, such as MRC1, CD163, and IL10,
displayed relatively strong correlations (Supplementary
Tables 5 and 7). These findings suggest a possible
activating effect of PTGIS in the polarization of TAMs.
Moreover, our other findings imply that PTGIS also
influences Tregs activation and induces T cell
exhaustion to some extent. Increased expression of
PTGIS was positively correlated with the expression of
Tregs and T cell exhaustion markers (Supplementary
Table 6). These correlations may indicate a potential
mechanism by which PTGIS suppresses T cell function
in LUSC, OV, and STAD. Therefore, the above results
show that PTGIS plays a vital role in infiltrating
immune cell recruitment and functional suppression in
the TME.

Previous studies have provided possible explanations
for why PTGIS expression in a tumor is associated with
immune infiltration and poor prognosis. Platelets are the
"first responders” to cancer and metastasis, and this
initial role of platelets depends on the metabolism of

prostacyclins; in addition, pharmacological, clinical,
and epidemiological studies indicate that nonsteroidal
anti-inflammatory drugs (NSAIDs), which target
cyclooxygenases, could help prevent cancer [40]. PGI2
is the primary metabolite of PTGIS, and the 5-year
survival rate of lung cancer patients with high
expression of PGI2 is significantly worse than that of
lung cancer patients with low expression of PGI2 [41].
PGI2, as a precursor of protumorigenic metabolites, not
only promotes cancer growth by activating peroxisome
proliferator-activated receptor & (PPARS) and increases
the expression levels of the proangiogenic factor
vascular endothelial growth factor [42] but also seems
to act primarily on TAMs, which promote all aspects of
cancer growth and progression [43]. PTGIS may be a
crucial factor leading to increased accumulation of
PGI2 in tumors and may affect the release of
inflammatory factors through the synergistic action of
the AA pathway, leading to the recruitment of various
immune cells in the TME. PGI2 could regulate the
innate immune system, including dendritic cells,
macrophages, and monocytes, by increasing anti-
inflammatory 1L-10 and decreasing TNF-a, IL-1a, IL-6,
and IL-12 [44]. Additionally, PGI2 displays an
immunosuppressive capability via elevation of cAMP
levels and downregulation of NF-kB [45]. The release
cytokines and growth factors into the TME are crucial
for tumor progression. Thus, the interaction between the
AA pathway and the TME may be a likely reason
explaining why elevated PTGIS leads to poorer
outcomes in LUSC, OV, and STAD.

There are some limitations in this study. Since our study
is based on data from public databases, it may have
biases resulting from confounding factors. Moreover,
the mechanisms by which PTGIS polarizes M1
macrophages into M2 macrophages are also unclear and
need to be uncovered in future studies.

Our results showed that, compared with low PTGIS,
elevated PTGIS suggested worse survival outcomes and
promoted immune cell infiltration in diverse tumors. In
addition, in lung, ovarian, and gastric cancers, the
PTGIS expression level was closely related to the
activation of immune cells, especially TAMs and Tregs,
as well as T cell exhaustion. Thus, PTGIS may play a
role of immune suppression by affecting tumor-
infiltrating immune cells and be used as a prognostic
marker for lung, ovarian and gastric cancer patients.

MATERIALS AND METHODS
Oncomine database analysis

PTGIS expression levels in different tumors were
analyzed via the Oncomine database (https://www.
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oncomine.org) [46, 47]. The threshold settings were as
follows: gene ranking of top 10%, fold change of 2.0,
and P-value of 1E-4.

PrognoScan database analysis

PrognoScan  (http://dna00.bio.kyutech.ac.jp/PrognoScan/)
[48] is a powerful platform that contains a great number of
publicly available cancer microarray datasets with
corresponding clinical information and is also a tool for
assessing the biological relationship between gene
expression and clinical outcomes. The associations
between PTGIS expression levels and different cancer
patient prognoses were obtained from the PrognoScan
database. The threshold was specified as a P-value < 0.05.

Kaplan-Meier-plotter database analysis

Kaplan-Meier plotter was used to analyze the
association of PTGIS expression with prognosis in
5,353 breast, 3,091 ovarian, 2,909 lung, and 1,517
gastric cancer patients (http://kmplot.com/analysis/)
[49]. The number of patients at risk at certain time
points between subgroups based on gene expression
status is provided in Kaplan-Meier survival plots. The
hazard ratio (HRs), 95% confidence intervals (Cls) and
log-rank P-values were calculated. A P-value <0.05 was
considered statistically significant.

TIMER database analysis

Tumor Immune Estimation Resource (TIMER) is a
powerful computational tool for the systematic analysis
of immune cell infiltration according to RNA
sequencing data from various tumors (https://cistrome.
shinyapps.io/timer/) [28, 50]. The expression of PTGIS
in various cancers and its correlation with the
abundances of six tumor-infiltrating immune cells
(THCs) (B cells, CD4+ T cells, CD8+ T cells,
macrophages, neutrophils, and dendritic cells) was
analyzed by the corresponding functional modules.
According to related references [51-53] and the
CellMarker database (http://biocc.hrbmu.edu.cn/
CellMarker/) [54], a total of 66 related gene markers of
THCs were used for the analysis. The expression scatter
plots between PTGIS and immune-related gene markers
based on a specific cancer type were generated by
correlation modules, and Spearman's correlation
coefficient and the P-value are displayed. Gene
expression levels are shown as log2 RSEM values.

Gene correlation analysis in GEPIA

There is a new interactive web server for analyzing and
visualizing RNA sequencing expression data called
Gene Expression Profiling Interactive Analysis

(GEPIA) (http://gepia.cancer-pku.cn/index.html) [29].
GEPIA is based on data from 9,736 tumors and 8,587
normal tissues from TCGA [55] and the Genotype-Tissue
Expression (GTEXx) Project [56], which was used to
confirm the gene correlation analysis in TIMER. The
survival plots of 33 different types of cancer were
analyzed by GEPIA depending on the expression levels
of a gene with the log-rank test. Gene expression
correlation analysis was performed on tumor tissues and
normal tissues using TCGA and GTEx datasets. The
correlation coefficient was calculated by the Spearman
method. PTGIS expression is displayed on the x-axis,
and the expression of other genes is shown on the y-axis.

Statistical methods

PrognoScan and Kaplan-Meier plots were used to
obtain curves related to survival outcomes, including
overall survival (OS), disease-free survival (DFS), and
disease-specific survival (DSS). Gene expression
profiling results from Oncomine are shown with gene
rankings, fold changes, and P-values. All the data were
from Kaplan-Meier plotter, PrognoScan, and GEPIA,
and the results are displayed with P-values based on a
log-rank test and a hazard ratio (HR). Spearman's
correlation coefficients and P-values were used to
evaluate gene correlation. P-values less than 0.05 were
considered statistically significant. The flow diagram is
displayed in Supplementary Figure 1.
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Supplementary Figure 3. Correlation of PTGIS expression with prognosis in diverse types of cancer.
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Supplementary Figure 4. Correlation of PTGIS expression with tumor-infiltrating immune cells in various types of cancers via
the TIMER database.
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Supplementary Tables

Supplementary Table 1. PTGIS expression in cancers vs. normal tissue in Oncomine database.

Cancer Cancer type P-value Fold Rank Sample Reference
change (%) (PMID)
Bladder Superficial Bladder Cancer 8.01E-25 -31.339 1% 76 16432078
Infiltrating Bladder Urothelial Carcinoma 7.30E-24  -8.600 1% 129 16432078
Superficial Bladder Cancer 1.28E-15 -4.420 1% 194 20421545
Infiltrating Bladder Urothelial Carcinoma 2.09E-07 -2.889 4% 130 20421545
Superficial Bladder Cancer 7.13E-07 -3.141 4% 42 15173019
Breast Invasive Breast Carcinoma Stroma 6.26E-14  6.187 7% 59 18438415
Ductal Breast Carcinoma 1.39E-07 -2.352 1% 39 10963602
Invasive Breast Carcinoma 1.88E-08 -3.227 4% 165 22522925
Invasive Ductal and Ir_1vaS|ve Lobular Breast 6.68E-30 -2.667 4% 934 99592925
Carcinoma
Invasive Lobular Breast Carcinoma 2.97E-29 -2.341 5% 292 22522925
Medullary Breast Carcinoma 9.26E-12 -2.592 6% 176 22522925
Invasive Ductal Breast Carcinoma 1.20E-47 -2.943 6% 1700 22522925
Tubular Breast Carcinoma 1.25E-18 -2.339 8% 211 22522925
Mucinous Breast Carcinoma 7.35E-13 -3.019 9% 190 22522925
Invasive Ductal Breast Carcinoma 2.96E-21 -5.071 9% 450 TCGA
Cervical Cervical Squamous Cell Carcinoma 1.55E-06 -2.400 4% 56 18506748
Cervical Squamous Cell Carcinoma 1.23E-06 -3.521 3% 45 18191186
Colorectal Cecum Adenocarcinoma 3.87E-10 -7.035 8% 44 TCGA
Rectal Adenocarcinoma 9.26E-13 -7.478 10% 82 TCGA
Head and Neck Tongue Squamous Cell Carcinoma 9.85E-07 -5.788 3% 57 19138406
Kidney Papillary Renal Cell Carcinoma 5.43E-18 4.434 1% 34 16115910
Renal Oncocytoma 2.65E-18 2.870 2% 35 16115910
Chromophobe Renal Cell Carcinoma 3.86E-06 2.892 5% 29 16115910
Clear Cell Sarcoma of the Kidney 1.45E-07 -13.915 1% 17 16299227
Leukemia Chronic Lymphocytic Leukemia 6.88E-05 -2.242 6% 111 15459216
Liver Cirrhosis 8.49E-13  2.758 5% 77 19098997
Hepatocellular Carcinoma 5.22E-20 -3.308 2% 171 12058060
Hepatocellular Carcinoma 2.84E-46  -2.562 3% 445 21159642
Hepatocellular Carcinoma 2.91E-06 -2.407 6% 43 21159642
Lung Lung Adenocarcinoma 2.73E-08 -2.500 3% 39 16314486
Lung Carcinoid Tumor 1.06E-07 -58.003 6% 37 11707567
Lung Adenocarcinoma 2.60E-17 -2.314 4% 116 22613842
Lung Adenocarcinoma 6.11E-06 -2.780 8% 57 17540040
Melanoma Cutaneous Melanoma 9.44E-05 2.148 1% 18 18442402
Benign Melanocytic Skin Nevus 2.05E-06 -5.545 2% 25 16243793
Cutaneous Melanoma 7.38E-09 -11.640 3% 52 16243793
Ovarian Ovarian Serous Cystadenocarcinoma 3.00E-06 -6.836 3% 594 TCGA
Ovarian Carcinoma 3.74E-07 -6.303 8% 195 18593951
Ovarian Serous Adenocarcinoma 7.59E-07 -4.999 10% 45 19486012
Pancreatic Pancreatic Ductal Adenocarcinoma 9.45E-05 2.826 1% 49 16053509
Pancreatic Ductal Adenocarcinoma 3.20E-11 4.660 3% 78 19260470
Prostate Prostate Carcinoma 6.69E-07 -2.467 5% 87 22722839
Sarcoma Gastrointestinal Stromal Tumor 2.23E-13 9.876 1% 25 21447720
Clear Cell Sarcoma of the Kidney 1.45E-07 -13.915 1% 17 16299227
Other Pleural Malignant Mesothelioma 1.33E-06 3.368 2% 49 15920167
Teratoma 1.05E-07 3.328 5% 20 16424014
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Supplementary Table 2. Positive results associated with PTGIS expression in different cancers from Prognoscan
database.

Cancer type Dataset Endpoint N Hazard ratio (95%CI) Cox P-value
Blood cancer GSE12417-GPL570 0s 79 2.82[1.23-6.47] 0.015
E-TABM-346 EFS 53 1.71[1.12 - 2.59] 0.012
E-TABM-346 0s 53 1.82[1.13 - 2.94] 0.014
Brain cancer GSE4412-GPL96 (O] 74 1.79[1.04 - 3.09] 0.036
Breast cancer GSE3143 0os 158 0.73[0.55 - 0.98] 0.035
GSE9195 DMFS 77 0.01[0.00 - 0.39] 0.012
GSE1456-GPL96 DSS 159 0.60 [0.40 - 0.90] 0.013
GSE1456-GPL96 0os 159 0.63[0.44 - 0.90] 0.012
GSE3494-GPL96 DSS 236 0.63[0.42 - 0.96] 0.031
Colorectal cancer GSE17536 DSS 177 1.341.01 - 1.77] 0.042
GSE17536 DFS 145 1.63[1.15 - 2.30] 0.006
GSE14333 DFS 226 1.26 [1.01 - 1.58] 0.041
Head and neck cancer GSE2837 RFS 28 1.96 [1.01 - 3.83] 0.048
Lung cancer GSE31210 RFS 204 2.42 [1.35 - 4.35] 0.003
GSE14814 0s 90 7.50 [1.68 - 33.39] 0.008
GSE14814 DFS 90 5.88 [1.05 - 33.10] 0.044
Ovarian cancer GSE9891 0S 278 1.16 [1.02 - 1.32] 0.019
GSE8841 0s 81 4.00[1.29 - 12.42] 0.016
GSE26712 DFS 185 1.90 [1.06 - 3.40] 0.031
GSE26712 0s 185 1.98 [1.06 - 3.70] 0.033
Soft tissue cancer GSE30929 DRFS 140 1.51[1.00 - 2.28] 0.047

Abbreviation: OS Overall survival; DFS Disease free survival; EFS Event free survival; DMFS Distant metastasis free survival;
RFS Relapse free survival; DSS Disease specific survival; Cl Confidence interval

Supplementary Table 3. Correlation of PTGIS mRNA expression and clinicopathological factors in ovarian cancer by
Kaplan-Meier plotter database.

Variables of ovarian cancer Overall survival (n=1657) Progression-free survival (n=1436)
N Hazard ratio P-value N Hazard ratio P-value

Histology

Endometroid 37 2.84(0.47-17.01) 0.2319 51 2.15(0.71-6.55) 0.1677

Serous 1207 1.26(1.07-1.48) 0.0055 1104 1.33(1.14-1.54) 0.0002
Stage

1 74 3.39(0.74-15.51) 0.0940 96 2.48(0.69-8.91) 0.1498

2 61 2.39(0.51-11.23) 0.2574 67 2.34(0.9-6.09) 0.0721

3 1044 1.2(1.01-1.42) 0.0398 919 1.28(1.09-1.50) 0.0025

4 176 1.39(0.92-2.11) 0.1159 162 0.82(0.54-1.24) 0.3466
Grade

1 56 2.44(0.9-6.59) 0.0698 37 4.93(1.61-15.08) 0.0020

2 324 1.41(1.03-1.92) 0.0305 256 1.96(1.41-2.72) 4.60E-05

3 1015 1.16(0.97-1.38) 0.0940 837 1.24(1.05-1.48) 0.0123
TP53 mutation

Mutated 506 1.27(0.98-1.65) 0.0651 483 1.27(0.98-1.63) 0.0663

Wild type 94 2.2(1.27-3.8) 0.0040 84 1.57(0.87-2.83) 0.1291
Debulk

Optimal 801 1.21(0.99-1.49) 0.0656 696 1.26(1.04-1.53) 0.0181

Suboptimal 536 1.26(1.03-1.54) 0.0266 459 0.80(0.65-0.99) 0.0375
Chemotherapy

contains platin 1409 1.29(1.12-1.49) 0.0003 1259 1.23(1.08-1.40) 0.0017

contains Taxol 793 1.24(1.01-1.52) 0.0369 715 1.28(1.08-1.52) 0.0041

contains Taxol+platin 776 1.24(1.01-1.53) 0.0404 698 1.28(1.08-1.53) 0.0049

contains Avastin 50 2.08(0.72-6.02) 0.1693 50 1.75(0.83-3.70) 0.1390
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contains Docetaxel 108 1.46(0.8-2.64) 0.2129 106 1.96(1.13-3.39) 0.0141

contains Gemcitabine 135 1.64(1.07-2.52) 0.0230 131 1.49(0.95-2.34) 0.0787
contains Paclitaxel 220 1.53(0.97-2.42) 0.0658 229 1.32(0.92-1.90) 0.1346
contains Topotecan 119 1.66(1.11-2.49) 0.0133 118 1.41(0.90-2.20) 0.1307

Bold values indicate P < 0.05.

Supplementary Table 4. Correlation of PTGIS mRNA expression and clinicopathological factors in gastric cancer by
Kaplan-Meier plotter database.

. . Overall survival (n=882) Progression-free survival (n=646)
Variables of gastric cancer - -
N Hazard ratio P-value N Hazard ratio P-value
Gender
Female 236 1.13(0.98-1.31) 0.1003 201 2.07(1.40-3.04) 0.0002
Male 545 2.18(1.75-2.70) 5.80E-13 438 2.20(1.73-2.80) 4.70E-11
Stage
2 140 2.17(1.17-4.02) 0.0118 131 1.58(0.84-2.95) 0.1499
3 305 2.39(1.63-3.50) 4.00E-06 186 1.84(1.25-2.69) 0.0015
4 148 1.48(1.00-2.20) 0.0485 141 1.38(0.93-2.04) 0.1114
Stage T
2 241 1.60(1.03-2.50) 0.0358 239 1.51(1.00-2.29) 0.0495
3 204 2.48(1.63-3.77) 1.30E-05 204 1.81(1.23-2.67) 0.0024
4 38 1.82(0.72-4.62) 0.1992 39 2.13(0.95-4.76) 0.0605
Stage N
0 74 2.43(0.99-5.93) 0.0453 72 2.10(0.88-5.01) 0.0868
1 225 2.19(1.44-3.32) 0.0002 222 2.00(1.35-2.97) 0.0005
2 121 3.12(1.95-4.98) 5.60E-07 125 2.33(1.50-3.61) 1.00E-04
3 76 1.70(0.99-2.94) 0.0538 76 1.75(1.01-3.02) 0.0428
1+2+3 422 2.08(1.57-2.74) 1.50E-07 423 1.76(1.37-2.28) 1.10E-05
Stage M
0 444 2.03(1.51-2.72) 1.80E-06 443 1.64(1.26-2.14) 0.0002
1 56 1.87(1.03-3.41) 0.0372 56 0.70(0.36-1.34) 0.2771
HER?2 status
negative 532 2.06(1.62-2.62) 1.50E-09 408 1.88(1.44-2.45) 2.00E-06
positive 344 1.98(1.50-2.61) 7.30E-07 233 2.43(1.76-3.37) 3.20E-08
Lauren classification
Intestinal 320 2.33(1.70-3.21) 8.10E-08 263 1.81(1.27-2.57) 0.0009
Diffuse 241 1.75(1.22-2.52) 0.0022 231 1.54(1.09-2.17) 0.0134
Differentiation
poorly 165 0.76(0.48-1.20) 0.2404 121 0.66(0.38-1.12) 0.1192
moderately 67 3.56(1.22-10.43) 0.0145 67 3.10(1.18-8.15) 0.0167

Bold values indicate P < 0.05.
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Supplementary Table 5. Correlation analysis between PTGIS and relate genes and markers of innate immunity cells

in TIMER.
LUSC oV STAD
Description Gene markers Purity None Purity None Purity None
Cor P Cor P Cor P Cor P Cor P Cor P
Monocyte CD14 0.387  *** 0.468  *** -0.032 0.618 0.357  *** 0369  *** 0.368  ***
CD86 0.372  *** 0.452  *** -0.077 0.226 0.289  *** 0.303  *** 0300  ***
CD16(FCGR3A) 0.433  *** 0.496  *** 0.023 0.720 0.354  *** 0.274  *** 0.269  ***
TAM CD68 0.302  *** 0.392 *** -0.029 0.653 0.329  *** 0.123 0.016 0.136 *
CCL2 0.456  *** 0.503  *** 0.034 0.590 0.325  *** 0.482  *** 0.486  ***
CCL5 0.188  *** 0.279  *** -0.061 0.337 0.242  *** 0217  *** 0219  ***
M1 Macrophage INOS (NOS2) 0.178  *** 0.168 ** 0.093 0.145 0.172 * -0.137 * -0.123 0.012
CXCL10 0.111 0.015 0.184  *** -0.235  ** -0.034 0.556 -0.022 0.671 -0.001 0.982
TNF-a (TNF) 0.048 0.291 0.152  ** -0.015 0.613 0.080 0.167 -0.067 0.194 -0.060 0.222
M2 Macrophage CD206(MRC1) 0.442  *** 0504  *** 0.157 0.013 0.421  *** 0.368  *** 0367  ***
CD163 0471  *** 0.534  *** -0.092 0.147 0.398  *** 0367  *** 0.366  ***
1L10 0.342  *** 0.410 *** 0.211 el 0.414  *** 0.359  *** 0.346  ***
Neutrophils CD66b (CEACAMS) 0.134 * 0.158  ** 0.122 0.055 0.074 0.198 -0.028 0.587 -0.019 0.702
CD11b (ITGAM) 0.436 *** 0502  *** -0.001 0.992 0.341  *** 0416  *** 0.410  ***
CCR7 0.343  *** 0.429  *** 0.058 0.359 0.301  *** 0.427  *** 0.413  ***
CD15(FUT4) 0.219  *** 0.247  *** 0.109 0.086 0.197 o -0.245  *** -0.239  x**
Natural killer cell KIR2DL1 0.092 0.046 0.139 * 0.041 0.519 0.132 0.021 0.087 0.090 0.105 0.032
KIR2DL3 0.177  ** 0210 *** -0.026 0.687 0.064 0.266 0.025 0.630 0.067 0.171
KIR2DL4 0.055 0.235 0.114 0.011 -0.236  ** 0.007 0.906 -0.157 * -0.141 *
KIR3DL1 0213 *** 0.267  *** 0.036 0.574 0.180 * 0.064 0.216 0.086 0.082
KIR3DL2 0.130 * 0.186  *** 0.002 0.975 0.141 0.014 0.114 0.027 0.138 *
KIR3DL3 0.071 0.123 0.095 0.039 0.034 0.593 0.059 0.310 -0.135 * -0.116 0.018
KIR2DS4 0.173  ** 0.207  *** 0.061 0.336 0.149 o 0.003 0.958 0.013 0.799
Dendritic cell HLA-DPB1 0.399  **x* 0.476  *** -0.142  0.025 0.169 o 0.247  *** 0.249  ***
HLA-DQB1 0.253  *** 0.340  *** -0.052 0.413 0.161 o 0.109 0.034 0.120 0.015
HLA-DRA 0.365  *** 0.442  *** -0.166 * 0.104 0.071 0.127 0.013 0.134 *
HLA-DPA1 0.407  *** 0.479  *** -0.148 0.019 0.136 0.018 0174  ** 0.181 wx
BDCA-1(CD1C) 0.263  *** 0.372  *** 0.014 0.820 0.245  *** 0528  *** 0502  ***
BDCA-4(NRP1)  0.350 *** 0.427  *** 0.164 * 0.412  *** 0551  *** 0551  ***
CD11c (ITGAX) 0.399  **=* 0.479  *** -0.003 0.956 0.306  *** 0324  *** 0.335  ***
NKp46(NCR1) 0211  *** 0.263  *** -0.003 0.962 0.166 o 0171  ** 0.188 wx

LUSC, lung squamous cell carcinoma; OV, ovarian serous cystadenocarcinoma; STAD, stomach adenocarcinoma; TAM, tumor-
associated macrophage; Cor, R value of Spearman’s correlation; None, correlation without adjustment. Purity, correlation
adjusted by purity. *P < 0.01; **P < 0.001; ***P < 0.0001.
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Supplementary Table 6. Correlation analysis between PTGIS and relate genes and markers of adaptive immunity

cells in TIMER.
LUSC oV STAD
Description Gene markers Purity None Purity None Purity None
Cor P Cor P Cor P Cor P Cor P Cor P
CD8+ T cell CD8A 0275  *** 0.346  *** 0.007 0918 0.284  *** 0.280  *** 0.286  ***
CD8B 0.297  *** 0.335  *** 0.002 0.970 0.222 *x 0.220  *** 0.215  ***
T cell (general) CD3D 0.239  *** 0339  *** -0.031 0.631 0.278  *** 0.188  ** 0.189  **
CD3E 0.318  *** 0409  *** 0.000 0.999 0.309 *** 0.242  *** 0.227  ***
CD2 0.307  *** 0.359  *** -0.014 0.831 0.293  *** 0.254  *** 0.247  ***
B cell CD19 0.344  *** 0438  *** -0.025 0.699 -0.033 0573 0.365  *** 0.348  ***
CD20(MS4A1) 0.334  *** 0.428  *** 0.164 * 0.326  *** 0.408  *** 0.401  ***
CD138(SDC1) -0.171 ** -0.152 * 0.191 * 0.320  *** -0.290  *** -0.297  ***
CD23(FCER2) 0.343  *** 0.429  *** 0.213 * 0.313  *** 0.405  *** 0.392  ***
Thl T-bet (TBX21) 0.276  *** 0.361  *** -0.046 0.467 0.269  *** 0.255  *** 0.252  ***
STAT4 0311  *** 0.396  *** 0.048 0446  0.289  *** 0.328  *** 0.319  ***
STAT1 0.046 0.318 0.119 * -0.230 * -0.118 0.041 -0.070 0.172 -0.064 0.196
IFN-y (IFNG) 0.076 0.098 0.134 * -0.125 0.049 0.125 0.029 -0.092 0.074 -0.093 0.057
TNF-a (TNF) 0.048 0.291 0.152 * -0.015 0.613 0.080 0.167 -0.067 0.194 -0.060 0.222
Th2 GATA3 0215  *** 0.288  *** 0.004 0946  0.253  *** 0.384  *** 0.375  ***
STAT6 -0.063 0.170 -0.033 0462 -0.100 0.115 -0.110 0.055 0.122 0.018 0.129 *
STAT5A 0.334 = 0.414  *** 0.027 0677 0136 0.018 0360 *** 0.350  ***
IL13 0.177  *** 0223  *** 0.053 0401 0.072 0.211 0131 0.010 0.130 *
Tth BCL6 0.019 0.685 0.000 0.998 0.000 0.997 -0.027 0642 0530 *** 0.517  ***
IL21 0.156  ** 0213  *** -0.114 0.073 -0.082 0.154 0.052 0312 0.049 0.318
CD278(1COS) 0.280  *** 0374  *** -0.033 0.606 0.235  *** 0.130 0.012 0.132 *
CXCL13 0.197  *** 0.293  *** -0.026 0.680 0.199  ** 0.243  *** 0.236  ***
Th17 STAT3 0.184  *** 0232  *** 0.038 0549 0222  ** 0.363  *** 0.365  ***
IL17A 0.038 0.405 0.074 0.097 -0.105 0.097 0.042 0470 -0.261  *** -0.272  *F**
Treg FOXP3 0.350  *** 0.429  *** -0.024 0.711 0.240  *** 0.241  *** 0.244  ***
CCR8 0.381  *** 0.453  *** -0.033 0.604 0.130 0.024 0.344 > 0.345  ***
STAT5B 0.262  *** 0.264  *** 0.269  *** 0.275  *** 0.603  *** 0.608  ***
TGFp (TGFB1) 0.084 0.067 0.181  *** 0.169 * 0472  *** 0.527  *** 0.528  ***
CD25(IL2RA) 0.346  *** 0.429  *** 0.200 * 0.450  *** 0.187 ** 0.197  ***
T cell exhaustion PD-1 (PDCD1) 0.271  *** 0.356  *** -0.106 0.096 0.200 *x 0.147 * 0.158 *
CTLA4 0.253  *** 0.349 > -0.044 0.490 0.240  *** 0.088 0.087 0.092 0.062
LAG3 0.128 * 0.206  *** -0.169 * 0.051 0.373 0.075 0.145 0.080 0.103
TIM-3 (HAVCR2) 0.390  *** 0464  *** -0.036 0.572 0.336  *** 0.291  *** 0.294  ***
GZMB 0.144 * 0.236  *** -0.068 0.282 0.203 *x -0.089 0.085 -0.064 0.194

LUSC, lung squamous cell carcinoma; OV, ovarian serous cystadenocarcinoma; STAD, stomach adenocarcinoma; Th, T helper
cell; Tfh, Follicular helper T cell; Treg, regulatory T cell; Cor, R value of Spearman’s correlation; None, correlation without
adjustment. Purity, correlation adjusted by purity. *P < 0.01; **P < 0.001; ***P < 0.0001.
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Supplementary Table 7. Correlation analysis between PTGIS and immune relate genes of monocyte and
macrophages in GEPIA.

LUSC oV STAD

Description Gene markers Normal Tumor Normal Tumor Normal Tumor
R P R P R P R P R P R P
Monocyte CD14 0.011 0.86 049 *** 0.46  *** 0.41  *** 0.67  *** 0.40  ***
CD86 -0.011 0.86  0.46 *** 0.41  *** 0.36  *** 0.49  *** 0.33  ***
CD16(FCGR3A) 6E-04 099  0.52 *** 0.42  *** 0.43  *** 0.51  *** 0.30  ***
TAM CD68 -0.11 0.052 0.42 *** 0.39 *x 04  *** 0.44  *** 0.19  ***
CcCL2 0.085 0.150 0.51 *** 0.43  *** 0.31  *** 0.66  *** 0.51  ***
CCL5 0.22 w* 0.27 *** 0.21 0.044 0.2 folakel -0.27  ** 023  ***
M1 Macrophage  INOS (NOS2) 0.19 * 0.18 *** -0.084 0440 0.36 *** 0.63  *** -0.086 0.081
CXCL10 022  ** 017 ** -0.18 0.095 0.018 0.710 0.03 0.690 0.023 0.640

TNF-a (TNF) 0.039 051 0.15 ** 0.13 0.240 0.16 0.001 027 ** -0.007 0.890

M2 Macrophage CD206(MRC1) -0.06 0.33 0.53 *** 0.37 ** 0.51  *** 0.67 *** 040  ***
CD163 -0.13 0.033 0.53 *** 0.32 * 036  *** 0.60 *** 037  ***

I1L10 0.029 0.620 0.42 *** 0.44  *** 0.49  *** 0.62  *** 0.38  ***

LUSC, lung squamous cell carcinoma; OV, ovarian serous cystadenocarcinoma; STAD, stomach adenocarcinoma. TAM, Tumor-
associated macrophages. Tumor, correlation analysis in tumor tissue of TCGA. Normal, correlation analysis in normal tissue of
GTEx. *P < 0.01; **P < 0.001; ***P < 0.0001.
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