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Abstract
Background. The importance of prostaglandin F2 receptor inhibitors (PTGFRN) in the progression of a variety
of malignant tumors has been recognized in recent years. So far, no role of PTGFRN in hepatocellular
carcinoma (HCC) has been reported. In this study, we focused on the possible mechanisms of PTGFRN in
HCC based on the Cancer Genome Atlas (TCGA) data.

Methods. The mRNA gene expression data of PTGFRN were downloaded from TCGA database to analyze the
expression level of PTGFRN in HCC. According to the human protein atlas database, the expression
difference of PTGFRN protein between HCC and adjacent tissues was veri�ed. Wilcoxon signed-rank test and
logistic regression were used to analyze the relationship between PTGFRN and clinicopathological
characteristics. Kaplan Meier method and Cox proportional hazards model were used to explore the
prognostic role of PTGFRN in HCC. The ROC curve was used to evaluate the diagnostic value of PTGFRN in
HCC. Gene Set Enrichment Analysis (GSEA) was used to investigate the function of PTGFRN related Gene
sets. Finally, obtain the co-expressed genes of PTGFRN through the cBioPortal database, and use the Kyoto
Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO) function enrichment analysis to
further explore the role of PTGFRN in HCC regulated related pathways.

Results. Analysis of mRNA expression data of 377 HCC patients showed that the expression of PTGFRN was
up-regulated in HCC, which was con�rmed by immunohistochemistry. The overexpression of PTGFRN was
signi�cantly correlated with clinical stage (P = 0.028) and histological grade (P = 0.027). High expression of
PTGFRN was associated with poorer overall survival.. Meanwhile, multivariate Cox analysis showed that
PTGFRN may be a potential independent risk factor for HCC. GSEA enrichment results showed that the up-
regulated PTGFRN phenotype was concentrated in "endocytosis", "oocyte meiosis" and "ERBB signaling
pathway". In addition, through the analysis of KEGG and GO pathways, we found that PTGFRN co-expressed
genes are mainly involved in extracellular matrix tissue, epithelial-mesenchymal transition, cell adhesion and
cell cycle, and PI3K-Akt/NF-kB signaling pathways.

Conclusions. PTGFRN is highly expressed in HCC and can be used as an independent predictor of the clinical
prognosis of HCC.

Introduction
Hepatocellular carcinoma (HCC) is one of the most lethal malignant tumors in the world and the second
leading cause of cancer-related death [1, 2]. And Guangxi Province in China is one of the high-incidence areas
of HCC [3]. Due to the high heterogeneity and complex etiology of HCC, it is di�cult to predict the prognosis
of tumors [4].

In recent years, progress has been made in the early diagnosis and treatment of HCC, which has effectively
improved the prognosis of patients [5]. However, due to the high recurrence rate and high metastasis rate, the
survival of HCC patients is still facing challenges [6, 7]. Traditional prognostic models, such as tumor lymph
node metastasis (TNM) stage and vascular in�ltration, are not ideal for prediction due to the extreme
heterogeneity of HCC [8, 9]. In addition, biomarkers and histological classi�cation, such as CD34 and AFP,
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etc., are widely used clinically to evaluate the prognosis of HCC patients. But the prognostic effect is limited
by sample size, validation bias and other factors [1, 10]. Thus, new speci�c molecular markers are urgently
needed to improve the prognosis and treatment of patients.

With the rapid development of genome sequencing technology, more and more evidence show that molecular
markers have a great contribution to the diagnosis and prognosis prediction of HCC [8, 11]. Prostaglandin F2
Receptor Inhibitor (PTGFRN, also known as CD9P-1, FPRP, EWIF) is a cell surface immune globulin (Ig)
superfamily protein that has an effect on angiogenesis and tumor growth in vivo [12]. Its Ig domains include
CD101, EWI-2 and IgSF3 [13]. Moreover, PTGFRN can act as a scaffold protein to bind to other proteins in
TEM and regulate downstream signaling pathways [14]. Up to now, more and more evidence has shown that
PTGFRN is signi�cantly associated with a variety of cancer types and has different expressions and
functions in different tumors. For example, Colin et al. [12] found that the expression level of PTGFRN is
positively correlated with lung cancer metastasis. Guilmain et al. [15] found that the up-regulation of PTGFRN
expression is closely related to the poor prognosis of patients with renal cell carcinoma. Brittany Aguila et al.
[14, 16] showed that inhibiting the expression of PTGFRN gene can signi�cantly down-regulate the PI3-K/AKT
signaling pathway, which affects the survival of solid tumor cells. S Colin et al. [12] found that the high
expression of PTGFRN could negatively affect the growth and metastasis of solid tumors. In addition,
inhibition of PTGFRN can reduce DNA damage perception and repair, increasing the sensitivity of
glioblastoma multiforme (GBM) cells to radiotherapy and chemotherapy [14]. In conclusion, we can see that
PTGFRN is related to tumor metastasis, important signaling pathways and so on. However, there is no report
about PTGFRN in HCC, and its diagnostic effect and molecular mechanism remain unclear.

In addition, multiple family members of PTGFRN have also played an important role in the development of
HCC. Ricardo et al. found that the increased expression and activity of prostaglandin reductase 1 (PTGR1)
was often closely related to the progression of HCC [17]. Min Zhang et al. found that the expression level of
prostaglandin E2 (PGE2) in HCC cells was signi�cantly higher than that in normal liver cells. PGE2 can
activate the EGFR/Akt/NF-κB pathway, promote Snail expression, and thus accelerate the migration and
invasion of HCC [18]. Ricard et al. found that high level of 8-EPI-prostaglandin F2α (8-EPI-PGF2α) was
positively associated with the risk of HCC and could be used as a biomarker to diagnose people at high risk
of HCC [19]. However, the potential role of PTGFRN in HCC remains to be clari�ed.

In this study, we conducted the �rst bioinformatics analysis of PTGFRN expression in HCC, and discussed the
correlation between PTGFRN expression and clinical features and prognosis. We also evaluated the effect of
PTGFRN on overall and relapse-free survival. GSEA was used to further understand the regulatory network of
PTGFRN involved in biological pathways of disease in HCC. PTGFRN co-expressed genes were screened by
cBioPortal database, and they were analyzed by KEGG and GO for annotation, visualization and integrated
discovery (DAVID) to analyze the potential function of PTGFRN in HCC. Our results demonstrate the
important role of PTGFRN in the prognosis of HCC, which may provide a potential target and strategy for the
diagnosis and prognosis of HCC.

Results
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Patient characteristics
Based on the data of TCGA hepatocellular carcinoma, the clinicopathological features and gene expression
data of 377 primary tumors in August 2020 were retrospectively analyzed, the details are shown in Table 1.
The median age of patients at diagnosis was 59 years (range 16–90 years). In the study cohort, 49.6% were
white, 42.7% were Asian, and less than 8% were African American/American Indian. The cancer status
included 374 cases with tumor (88.2%) and 50 cases tumor-free (11.8%). Stage I, II, III, and IV patients
comprised 175 (46.4%), 87 (23.1%), 86 (22.8%) and 5 (1.3%) respectively.
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Table 1
Clinical characteristics of TCGA LIHC patients (n = 

377)
Clinical characteristics Total (n = 377) (%)

Age    

<60 172 45.6

≥ 60 204 54.1

NA 1 0.3

Vital status    

Dead 132 35.0

Alive 244 64.7

NA 1 0.3

Gender    

Female 122 32.4

Male 255 67.6

Histologic grade    

G1–2 235 62.3

G3–4 137 36.3

NA 5 1.3

Stage    

I-II 262 69.5

III-IV 91 24.1

NA 24 6.4

Lymph nodes    

N0 257 68.2

N1-3 4 1.0

Nx 115 30.5

NA 1 0.3

Distant metastasis    

M0 272 72.1

M1 4 1.1
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Clinical characteristics Total (n = 377) (%)

Mx 101 26.8

High expression of PTGFRN in HCC
The TCGA data set provides support for our research on the expression level of PTGFRN in LIHC. Through the
differential expression scatter plot and paired differential analysis, RNA-seq data from the TCGA-LIHC cohort
indicated that PTGFRN expression was signi�cantly increased in HCC tissues (n = 374; p = 7.147e-14;
compared with normal liver tissues (n = 50), as shown in Fig. 1A. The expression of PTGFRN in paired cancer
tissues is also highly statistically signi�cant (P = 1.653e-09), as shown in Fig. 1B. Then, the expression level
of PTGFRN protein in HCC and adjacent tissues was veri�ed by immunohistochemical analysis. Compared
with adjacent tissues, the expression level of PTGFRN in HCC tissues was signi�cantly increased in density
and intensity (Fig. 1C.D).

Correlation of PTGFRN gene expression on survival and
multivariate analysis
We performed relevant analyses to evaluate the effect of PTGFRN on the prognosis of patients with HCC. As
shown in Fig. 2A, the ROC curve of PTGFRN was executed, and the area under the curve (AUC) was 0.719,
indicating moderate diagnostic ability. The subgroup analysis indicated that high expression of PTGFRN is
signi�cantly different from clinical-stage (P = 0.028) and histological type (P = 0.027) (Fig. 2B.C). However,
the correlation with distant metastasis (P = 0.696) and lymph node metastasis (P = 0.232) was not signi�cant
(Fig. 2D.E). We plotted Kaplan-Meier curves for OS and DFS based on gene expression. As shown in Fig. 3A.B
survival analysis, the increase of PTGFRN expression was signi�cantly associated with decreased OS and
DFS in patients with liver cancer. The prognosis of LIHC patients with high PTGFRN expression was worse
than that of LIHC patients with low PTGFRN expression (P = 0.0048). Univariate analysis of the variables
listed in Table 2 showed that PTGFRN-high was signi�cantly associated with poor OS (hazard ratio [HR]:
1.343; 95% con�dence interval [CI]: 1.056–1.707; P = 0.016). Other clinicopathological variables related to
poor survival include clinical stage and pathology M. The signi�cant risk factors identi�ed in univariate
analysis were used in multivariate Cox analysis and �nally found that the expression of PTGFRN (HR = 1.277,
P = 0.045) may be a potential independent risk factor for HCC (Table 3). Forest plot analysis (Fig. 3C) showed
that clinical stage (P<0.001) and PTGFRN expression (P = 0.045) were statistically signi�cant with the
prognosis of HCC patients. and the expression of PTGFRN (P = 0.045) and the outcome of LIHC patients. In
general, PTGFRN can be used as a reliable and effective independent prognostic factor.
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Table 2
Univariate Cox regression analysis of overall survival in TCGA

LIHC patients.
Clinicopathologic variable HR HR (95% CI) P

Age (continuous) 1.005 0.987–1.023 0.591

Gender (male/female) 0.780 0.487–1.249 0.301

PTGFRN expression 1.343 1.056–1.707 0.016

Grade (G1/G2/G3/G4/Gx 1.017 0.746–1.387 0.914

Stage (I/II/III/IV) 1.865 1.456–2.388 0.000

Lymph nodes 2.022 0.494–8.276 0.328

(positive/negative) 3.850 1.207–12.281 0.023

Bold values indicate statistically signi�cant, P<0.05.

Table 3
Multivariate Cox regression analysis of overall survival in TCGA

LIHC patients.
Clinicopathologic variable HR HR (95% CI) P

Age (continuous) 1.008 0.988–1.027 0.441

Gender (male/female) 1.074 0.640–1.803 0.788

PTGFRN expression 1.277 1.006–1.621 0.045

Grade (G1/G2/G3/G4/Gx) 1.068 0.765–1.490 0.700

Stage (I/II/III/IV) 1.889 1.429–2.497 0.000

Lymph nodes 0.741 0.167–3.293 0.693

(positive/negative) 0.941 0.257–3.441 0.927

Bold values indicate statistically signi�cant, P<0.05.

To explore the potential mechanism of PTGFRN affecting the occurrence of hepatocellular carcinoma, we
used gene set enrichment analysis to compare the differential regulation pathways between the high and low
expression groups of PTGFRN. Results with signi�cant differences (NOM P<0.05, FDR<0.25) in the
enrichment of MSigDB Collection (c2.cp.kegg.v7.2.symbols.gmt) (Table 4). The Fig. 4 and Fig. 5A-F shows
that “endocytosis”, “oocyte meiosis”, “cancer pathways”, “purine metabolism”, “renal cell carcinoma”,
”apoptosis”, “glioma” and “ERBB signaling pathway”, “ubiquitin-mediated proteolysis”, “focal adhesion”, “jak
stat”, “axon guidance”, “apoptosis” and “phosphatidylinositol” were signi�cantly enriched in PTGFRN high
expression phenotype.
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Table 4
Genome enrichment of GSEA high phenotype.

MSigDB
collection

Gene set name NES NOMp-
val

FDR
q-val

c2.cp.kegg.
v6.2.symbols.gmt

KEGG_ENDOCYTOSIS 2.203 0.000 0.000

  KEGG_OOCYTE_MEIOSIS 2.146 0.000 0.001

  KEGG_PATHWAYS_IN_CANCER 2.156 0.000 0.001

  KEGG_PURINE_METABOLISM 2.164 0.000 0.001

  KEGG_RENAL_CELL_CARCINOMA 2.230 0.000 0.000

  KEGG_GLIOMA 2.129 0.000 0.000

  KEGG_APOPTOSIS 2.053 0.000 0.002

  KEGG_ERBB_SIGNALING_PATHWAY 2.107 0.000 0.000

  KEGG_AXON_GUIDANCE 2.098 0.000 0.001

  KEGG_JAK_STAT_SIGNALING_PATHWAY 2.091 0.000 0.001

  KEGG_UBIQUITIN_MEDIATED_PROTEOLYSIS 2.082 0.000 0.001

  KEGG_FOCAL_ADHESION 2.082 0.000 0.001

  KEGG_SMALL_CELL_LUNG_CANCER 2.081 0.000 0.001

  KEGG_PHOSPHATIDYLINOSITOL_SIGNALING_SYSTEM 2.063 0.000 0.002

Gene sets with NOM P<0.05 and FDR q<0.25 are considered as signi�cant.

GO analysis and KEGG analysis of PTGFRN co-expressed
genes
Genes with similar expression patterns may be linked with some functions. In order to explore the function
and signaling pathways of PTGFRN in HCC, GO and KEGG enrichment analyses of PTGFRN co-expressed
genes were performed. A total of 215 co-expressed genes of PTGFRN were obtained by screening. As shown
in Fig. 6A, PPI analysis using STRING database revealed that 10 genes, including PTGFR, CD81, CD9,
TSPAN15, TSPAN2, CD63, CD82, GDPD5, CD151, and ENSG00000250349 have interacted with PTGFRN.
KEGG analysis showed that PTGFRN co-expressed genes were mainly concentrated in the regulatory
signaling pathways of “PI3K-Akt signaling pathway”, “ECM-receptor interaction”, and “Regulation of actin
cytoskeleton” (Fig. 6B). GO functional analysis showed that co-expressed genes were mainly involved in
biological processes such as “extracellular matrix organization”, “epithelial-mesenchymal transformation”,
“TNF-α/NF-kB signaling pathway”, “chemotaxis” and “angiogenesis” (Fig. 6C).

Discussion
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Due to the cellular heterogeneity and complex pathogenesis of HCC, its fatality rate remains relatively high
worldwide [20, 21]. In recent years, more and more evidence have shown that prognostic gene markers have
great potential in the prognosis of HCC [8]. In this study, the PTGFRN gene was used as the research object,
and 377 HCC patients from TCGA were evaluated and found factors related to high expression of PTGFRN,
namely clinical stage, histological grade, and survival time. The potential functions and related pathways of
PTGFRN in HCC were obtained by enrichment analysis. It further con�rmed the correlation between PTGFRN
and the malignant phenotype and prognosis of HCC, and clari�ed the importance of PTGFRN as a potential
biomarker of HCC.

In this study, we used the TCGA database for bioinformatics assessment to explore the expression level of
PTGFRN in HCC. Previous studies have shown that PTGFRN is overexpressed in renal cell carcinoma and
glioblastoma multiforme and is closely associated with poor prognosis [14, 22]. In addition, PTGFRN has
also been shown to be increased in lung tumors and is closely associated with lung tumor growth restriction
and lung transplantation metastatic status [15]. We can see that the gene PTGFRN is highly expressed in
many cancers, and we found that PTGFRN is also highly expressed in HCC patients. In addition, we analyzed
the relevant expression data and found that the expression of PTGFRN in HCC was signi�cantly higher than
that of adjacent non-tumor tissues. Therefore, we speculated that the high expression of PTGFRN might
affect the related progression of HCC, and carried out further analysis.

Next, we performed a series of correlation analyses in order to explore whether PTGFRN could be used as an
independent target. In our study, we discovered increased expression PTGFRN in HCC associated with late-
stage clinical and pathological features and predict a poor prognosis. The elevated expression level of
PTGFRN at the high stage suggests a negative impact on the progression of HCC. Importantly, we found that
the high expression of PTGFRN in tumor tissues is closely related to shorter OS and DFS. Global gene
expression pro�le analysis of HCC tissue samples showed that PTGFRN mRNA expression was signi�cantly
up-regulated compared with normal liver tissue. The ROC curve of PTGFRN showed that its mRNA expression
level had a high diagnostic value for HCC. Previous studies have not clari�ed the relationship between
PTGFRN expression level and HCC tissue stage. However, the present study found that PTGFRN expression
has a good predictive ability in low, high and histological grades. Through the analysis of HCC stage M and
N, although the results were not statistically signi�cant, it was undeniable that the expression level of
PTGFRN in M1 and N1 stages was higher than that in M0 and N0 stages. In addition, multivariate Cox
analysis showed that overexpression of PTGFRN was an independent risk factor affecting the survival of
patients with HCC. Therefore, according to the data we analyzed above, PTGFRN can serve as a potential
new therapeutic target and an independent prognostic factor for HCC. Moreover, we urgently need to
understand how the high expression of PTGFRN affects the occurrence and development of HCC.

To further explore the potential pathways regulated by PTGFRN in HCC, we performed GSEA analysis of
PTGFRN. We have observed that the high expression phenotype of PTGFRN is mainly enriched to
“endocytosis”, “oocyte meiosis”, “cancer pathways”, “purine metabolism”, “renal cell carcinoma”, “regulation
of actin cytoskeleton”, “glioma” and “ERBB signaling pathway”. Studies have pointed out that changes in the
endocytosis of cancer cells will affect the changes in related cancer signaling pathways, thereby promoting
the occurrence and development of tumors [23]. Zhou et al. [24] found that overexpression of SNX5 can
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promote the migration and invasion of HCC cells by mediating endocytosis. Qi et al. [25] found that CD147
was up-regulated in HCC, and its endocytosis played a key role in the occurrence, invasion, and distant
metastasis of HCC. We suspect that the overexpression of PTGFRN may affect the progression of HCC by
mediating endocytosis. In addition, related study has shown that purine nucleotides are the basic and
necessary factors of tumor cell proliferation, abnormal purine metabolism can promote the rapid proliferation
and growth of tumor cells [26]. For cancer pathways, overexpression of miR-296-5p has been reported to
inhibit the oncogenic role of the ERBB signaling pathway in HCC with a favorable prognosis [27]. In addition
to the ERBB pathway, oocyte meiosis and jak/stat pathways have also been shown to play an important role
in the carcinogenesis or progression of HCC [28, 29]. Perhaps this prompted that HCC activates the various
signaling pathway by increasing the expression of PTGFRN, which in turn leads to a poor prognosis for
patients. GSEA results also showed that PTGFRN was involved in the regulation of the actin cytoskeleton.
Actin regulatory proteins are considered to be a basic mechanism of cell migration. Studies have shown that
actin regulatory proteins are considered to be the basic mechanism of cell migration. It is closely related to
the poor prognosis of breast cancer and liver cancer, and is involved in the development of many cancers
[30]. Based on GSEA, we also identi�ed pathways associated with the cell cycle. However, the effect of
transcriptional activation of PTGFRN on cell cycle progression and HCC progression still needs to be further
studied. It can be seen that PTGFRN is related to many important pathways, and its up-regulation changes
may affect the changes of a series of important pathways.

Finally, GO and KEGG enrichment analysis was performed on the co-expression genes of PTGFRN, and some
important �ndings were obtained. The results showed that PTGFRN co-expressed genes were mainly involved
in biological processes such as “PI3K-Akt signaling pathway”, “ECM-receptor interaction”, “extracellular matrix
organization”, “cell development”, “angiogenesis”, “adhesion”, “TNF-α/NF-kB signaling pathway” and
“epithelial-mesenchymal transformation”. As we all know, the growth and migration of solid tumor cells are
closely related to angiogenesis. S Colin et al. found that the domain GS-168AT2 of PTGFRN can inhibit the
proliferation and migration of human endothelial cells (hEC) in vitro and in vivo, and its anti-angiogenic
activity is likely to be the main reason for the anti-tumor growth effect [15]. It indicated that PTGFRN might be
involved in the malignant biological behavior of HCC. Moreover, our study also demonstrated that
overexpression of PTGFRN was signi�cantly associated with histological grade of HCC and predicted poor
prognosis. In addition, the co-expression genes of PTGFRN are also importantly involved in the extracellular
matrix organization (EMO) process. Previous studies have shown that EMO can provide a complex
microenvironment for HCC cells and actively participate in the tumor development of HCC, such as
angiogenesis, epithelial-mesenchymal transformation (EMT), invasion and metastasis [31, 32]. Besides, EMT
is believed to play an important role in the anti-apoptosis, invasion, chemical drug resistance and other
pathological processes of HCC cells [33, 34]. In addition, we found that PI3K-Akt and NF-kB signaling
pathways were also signi�cantly enriched. Studies have shown that NF-kB can act as downstream effectors
of the PI3K-Akt pathway, and their abnormal activation is positively correlated with the malignant progression
of HCC and leads to poor prognosis of HCC patients [35]. These enriched pathways suggest that PTGFRN
may be involved in the progression of HCC at different stages. In addition, GO term enrichment analysis
showed that PTGFRN may affect the cycle progression of tumor cells through cell adhesion and cell
proliferation. Studies have con�rmed that cell adhesion molecule overexpression can interact with ECM
receptor, which is the key factor to accelerate the metastasis of HCC cells in blood vessels [36]. In addition,
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recent studies have shown that inhibition of PTGFRN can lead to a decrease in cell proliferation levels [14].
Furthermore, we reported for the �rst time that the expression of PTGFRN may also be related to chemotaxis,
lateral plasma membrane, and in�ammatory response pathways. But its regulatory mechanism needs to be
further elucidated. In summary, the abundant GO and KEGG pathways explain the important role of PTGFRN
in the progression of HCC to a certain extent.

Conclusions
In summary, our study preliminarily con�rmed that PTGFRN is a promising biomarker for the diagnosis and
prognosis of HCC. We also further explored its potential mechanisms in HCC. To our knowledge, this is the
�rst study to determine the correlation between PTGFRN expression and clinical features of HCC based on
database mining. However, this study was limited by its retrospective nature, and further studies are needed
to con�rm these results. Current studies on the functional role of PTGFRN are super�cial, and future studies
should focus on the molecular mechanisms by which PTGFRN promotes the occurrence and development of
HCC.

Materials & Methods

Data Mining and Collection
The corresponding mRNA sequencing data and clinical data of HCC patients were downloaded from TCGA.
Samples with missing expression data were excluded from the study. Finally, the transcriptome sequencing
(RNA-Seq) gene expression level 3 high-throughput sequencing - fragments per Kilobase of transcript per
million mapped reads (HTSeq-FPKM) data of 377 patients with LIHC and clinical data were retained and
further analyzed [37]. Obtain the corresponding RNA-Seq expression data of patients in the public open-
access database The Human Protein Atlas Project (http://v13.proteinatlas.org/) [38].

Kaplan - Meier survival analysis
Survival analysis was performed using gene expression pro�ling and interaction analysis (GEPIA)
(http://gepia2.cancer-pku.cn/). Kaplan - Meier plots of overall survival (OS) and disease-free survival (DFS)
were drawn and hazard ratios (HRs) were calculated for each selected gene individually. The P-value was
calculated by log-rank test. The Cox proportional hazard ratio and the 95% con�dence interval information
can also be included in the survival plot [39]. The P-ROC package was used to draw the receiver operating
characteristic curve (ROC) to evaluate the diagnostic value [40].

Statistical analysis
All acquired data were statistically analyzed by R (V.3.6.3). The relationship between clinicopathological
characteristics and PTGFRN were analyzed with the Wilcoxon signed-rank test and logistic regression.
Univariate Cox was used to analyzing and evaluate potential prognostic factors, and multivariate Cox
analysis was used to compare the effect of PTGFRN expression on survival and other clinical characteristics
(age, gender, stage, lymph node status, and distant metastasis). P<0.05 was considered statistically
signi�cant [41].
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Functional enrichment analysis
Using The co-expression function of The cBioPortal for Cancer Genomics (http://cbioportal.org), sequencing
data named hepatocellular carcinoma (TCGA, 373 cases) were selected for co-expression analysis of
PTGFRN [42]. Protein-protein interaction analysis (PPI) PTGFRN was executed through the STRING database
(https://string-db.org/) [43]. The genes with a Pearson S correlation greater than 0.4 were selected as co-
expressed genes of PTGFRN. With DAVID system (https://david.ncifcrf.gov/) and gene ontology (GO) and
genome encyclopedia (KEGG) terms of PTGFRN expressed genes for further analysis to determine the
potential biological functions and methods. GO and KEGG enrichment analyzes were based on the P-value
and q-value thresholds of <0.05 [44].

Gene Set Enrichment Analysis (GSEA)
GSEA is a computational approach that determines whether a set of a pre-de�ned genes show statistically
signi�cant differences between two biological phenotypes [45]. TCGA-LIHC RNA-seq data as gene expression
data. We choose the annotated c2.cp.kegg.v7.2.symbols.gmt gene set as the reference gene set. The
normalized enrichment score (NES) obtained by 1000 permutation analysis was used as the main statistic.
Genes with false discovery rate (FDR)<0.25 and Nominal (NOM) P-value<0.05 were considered to be
signi�cantly enriched.
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Figure 1

PTGFRN expression in HCC. A: PTGFRN in 374 cases of HCC tissues and the general expression in 50 cases
of tissue adjacent to carcinoma; B: Paired difference analysis based on PTGFRN mRNA expression in the
TCGA -- LIHC cohort; C: Immunohistochemical results showed low expression of PTGFRN in adjacent tissues
(4×); D: High expression of PTGFRN in HCC tissues (4×)

Figure 2



Page 18/21

TCGA database analysis of the relationship between PTGFRN and clinical and pathological parameters. A:
ROC curve veri�es the diagnostic value of up-regulation of PTGFRN expression in HCC B: PTGFRN expression
in clinical stages of HCC patients; C: The expression of PTGFRN in the histological grading of HCC patients;
D: The expression of PTGFRN in distant metastasis of HCC patients; E: Expression of PTGFRN in lymph node
metastasis in HCC patients

Figure 3
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Survival analysis and forest map analysis. A: Expression of PTGFRN and survival analysis of overall survival;
B: Expression of PTGFRN and survival analysis of disease-free survival; C: Expression and
clinicopathological characteristics of forest atlases

Figure 4

Concentration graph of multiple GSEA enrichment pathways
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Figure 5

Pathways associated with GSEA enrichment. A-F: The results showed that "ubiquitin-mediated proteolysis",
"adhesion plaque", "axon-directed", "apoptosis", "jak stat" and "phosphatidylinositol" signaling pathways were
signi�cantly enriched in the high expression phenotype of PTGFRN
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Figure 6

PPI interaction analysis and functional enrichment analysis. A: PTGFRN protein interaction network diagram
in String; B: Biological process enrichment of KEGG co-expressed genes; C: Biological process enrichment of
GO co-expressed gene


