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Abstract
Background: Accumulating evidence indicates the essential role of EPHX2 in tumorigenesis. However, to date, no studies have
performed a systematic evaluation of EPHX2 gene in human cancers and the predictive role of EPHX2 in cancer
immunotherapy response has still not been explored.

Methods: In the present study, Oncomine, TIMER2, UALCAN, GEPIA2, PrognoScan, HPA and Kaplan-Meier Plotter database were
utilized to comprehensively analyze the expression landscape and prognostic clinical value of EPHX2 across 33 human
cancers. To gain a better understanding of the role of EPHX2 in cancer immunotherapy, the correlations between EPHX2 and
tumor immune microenvironment (TME) such as immune cell in�ltrations, immune modulators, and the major
histocompatibility complex were demonstrated. The underlying EPHX2-associated signaling pathways in cancer were also
analysed. Moreover, the correlation between EPHX2 and immunotherapeutic biomarkers such as tumor mutational burden
(TMB) and microsatellite instability (MSI) was explored. At last, the potential immune checkpoint blockers (ICB) response was
predicted using tumor immune dysfunction and exclusion (TIDE) algorithm.

Results: Overall, the mRNA expression of EPHX2 was signi�cantly downregulated in the majority of tumors compared with
normal tissues. Despite the signi�cant prognostic value of EPHX2 expression across cancers, EPHX2 played a protective or
detrimental role in different kinds of cancers. Generally speaking, immune cell in�ltrations, immune modulators and
immunotherapeutic biomarkers were all strongly related to the expression of EPHX2. Besides, EPHX2 expression was
signi�cantly related to immune-relevant pathways, especially in PAAD, THYM and UVM. Furthermore, our study demonstrated
diverse response patterns of ICB in response to EPHX2 expression in different tumor types.

Conclusion: Our �ndings here suggest that EPHX2 could be a prognostic factor in multiple cancers and play an important role
in tumor immunity by affecting in�ltrating immune cells, TMB and MSI. This study provides further insight into the role of
EPHX2 in tumor immunotherapy.

Background
In the past few decades, cancer is rapidly becoming the number one killer in the world and a major barrier to signi�cantly affect
quality of life. To date, no effective treatment for cancer is expected to be available[1]. Nowadays, cancer immunotherapy
especially ICB therapy has emerged as a promising cancer treatment[2]. With the continuous development and improvement of
public databases such as The Cancer Genome Atlas (TCGA), bioinformatics has been extensively applied in many research
�elds. New immunotherapeutic targets for cancer can be found through pan-cancer expression analysis of genes and the
assessment of their relevance to clinical prognosis and related signaling pathways[3]. In our present study, a comprehensive
analysis of the relationship among the expression of EPHX2, prognosis in multiple cancer types and immune
microenvironment was performed.

EPHX2 encodes soluble epoxide hydrolase (sEH)[4], which is an important enzyme in the degradation of endogenous lipid
epoxide, especially the inactivation of epoxyeicosatrienoic acids (EETs)[5]. Dysregulation of EPHX2 contributes to the
pathogenesis of several diseases, such as prostate, liver and kidney cancers[6-8], atherosclerosis[9], Parkinson’s disease[10],
Alzheimer’s disease[11], hypertension [12] and familial hypercholesterolemia[13]. In contrast, most studies of EPHX2 in cancer
have thus far been limited to speci�c tumor types and there has been no report on the association studies between EPHX2 and
pan-cancer. Generically, EPHX2 plays a crucial role in both the tumor progression and the immune system. Few studies have,
notwithstanding, focused on the value of immunotherapy of EPHX2 in human cancer

Accordingly, in this study, we showed the expression of EPHX2 in 33 different cancers and analyzed the association between
EPHX2 expression and the prognosis of patients with various types of cancer using multiple databases, including Oncomine,
TIMER2, UALCAN, GEPIA2, PrognoScan, HPA and Kaplan-Meier Plotter databases. We also explored the potential relationship
between EPHX2 expression and many important immunomodulators, MSI, TMB and the levels of immune in�ltration in pan-
cancer. Furthermore, we performed EPHX2–based gene set enrichment analysis (GSEA) to investigate the biological functions
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of EPHX2 in tumors. Additionally, the correlations between the EPHX2 expression and ICB response were explored. Taken
together, this study evaluated the prognostic and immunotherapeutic value of EPHX2 in pan-cancer, providing important
evidence for the function of EPHX2 and its role in clinical treatment. Notwithstanding, in consideration of the employment of
bioinformatics methods, further studies are required to validate the �ndings.

Results

The EPHX2 mRNA and protein expression levels in pan-cancer
We �rst analyzed EPHX2 mRNA levels in Oncomine database to systematically interrogate the relative EPHX2 expression in
different cancer types. The results indicated that EPHX2 showed generally lower expression in bladder, breast, cervical,
colorectal, esophageal, head and neck, kidney, liver, lung, ovarian, and pancreatic cancers, as well as melanoma and sarcoma
compared with the normal groups. Meanwhile, substantially upregulated EPHX2 expression was demonstrated in only one lung
cancer dataset, one myeloma dataset and two lymphoma datasets (Fig. 1A). The details of EPHX2 expression in the above
cancers were summarized in Supplementary Table 1.

To further assess the EPHX2 expression of tumor and normal tissues in human cancers, we applied the TIMER2 approach to
analyse EPHX2 expression using the RNA-seq data of multiple malignancies in TCGA. As shown in Fig. 1B, EPHX2 expression
was signi�cantly down-regulated in multiple cancer types, such as BLCA, BRCA, CHOL, COAD, HNSC, KICH, KIRC, KIRP, LIHC,
LUAD, LUSC, PRAD, READ, STAD, THCA and UCEC. Compared with normal tissue samples from GTEX, further validation results
indicated that the expression levels of EPHX2 in ACC, BRCA, CESC, GBM, LGG, OV, PAAD, TGCT and USC tumor tissues were
also profoundly decreased, and the expression was signi�cantly up-regulated only in THYM (Fig. 1C). For normal and paired
tumor tissues, EPHX2 was similarly low expression in tumor tissues of BLCA, BRCA, CHOL, COAD, HNSC, KICH, KIRC, KIRP, LIHC,
LUAD, LUSC, READ, THCA and UCEC (Supplementary Figure 1).

Tellingly, at the protein level, CPTAC data also presented lower expression of EPHX2 protein in breast cancer, ovarian cancer,
colon cancer, clear cell RCC, UCEC and lung adenocarcinoma primary tissues compared with normal tissues (Fig. 1D, P <
0.001). Moreover, we also sought to assess EPHX2 protein expression in pan-cancer levels using the Human Protein Atlas,
which demonstrated several cases of prostate and hepatocellular carcinomas as well as a few cases of renal cancer showed
moderate cytoplasmic positivity and remaining cancer tissues were negative or weakly stained (Supplementary Figure 2).

Furthermore, we investigated the correlation between EPHX2 expression and the tumor pathological stages via the GEPIA2
approach as well, and observed that the EPHX2 expression was signi�cantly associated with tumor stage in six cancers,
including COAD, KICH, KIRC, KIRP, LIHC and PAAD (Fig. 1E, all P < 0.05), but not others (Supplementary Figure 3). 

The potential prognostic value of EPHX2 in various cancers
Next, we identi�ed the prognostic value of EPHX2 via pan-cancer analysis in different databases. As shown in Fig. 2, EPHX2
expression was signi�cantly associated with the prognosis of 9 cancers in the Cox proportional-hazards models, including ACC,
CESC, KIRC, KIRP, LGG, LIHC, MESO, PAAD and UVM. Compared with the low EPHX2 expression group, beyond LGG (OS, overall
survival: HR, hazard ratio = 1.44, P = 0.037; DSS, disease speci�c survival: HR = 1.52, P = 0.023), EPHX2 acted positively in the
remaining eight tumour types, incl. ACC (OS: HR = 0.39, P = 0.019; DSS: HR = 0.37, P = 0.019), CESC (OS: HR = 0.55, P = 0.014),
KIRC (OS: HR = 0.52, P < 0.001; DSS: HR = 0.43, P < 0.001), KIRP (DSS: HR = 0.41, P = 0.028), LIHC(OS: HR = 0.62, P = 0.007),
MESO (OS: HR = 0.45, P = 0.001; DSS: HR = 0.50, P = 0.023), PAAD (OS: HR = 0.64, P = 0.034; DSS: HR = 0.60, P = 0.033) and
UVM (OS: HR = 0.28, P = 0.008; DSS: HR = 0.27, P = 0.01). Simultaneously, no signi�cant impact of EPHX2 expression on
cancer prognosis was observed in other cancer types. Collectively, these results demonstrated that high-expression of EPHX2
was associated with longer survival time in ACC, CESC, KIRC, KIRP, LIHC, MESO, PAAD and UVM patients, while shorter survival
time in LGG patients.

https://www.frontiersin.org/articles/10.3389/fonc.2019.01502/full#F1
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In light of these �ndings, we next sought to evaluate the prognostic potential of EPHX2 in different tumors using the Kaplan-
Meier Plotter tool and data derived from the combination of the EGA, GEO and TCGA databases. Fig. 3 revealed that, in addition
to its protective in CESC (OS: HR = 0.42, P = 0.00025), KIRC (OS: HR = 0.44, P = 4.5e-06), KIRP (OS: HR = 0.42, P = 0.003), LIHC
(OS: HR = 0.57, P = 0.0013) and PAAD (OS: HR = 0.53, P = 0.0041), the EPHX2 gene also acted protectively against HNSC (OS:
HR = 0.61, P = 0.0048) and LUAD (OS: HR = 0.59, P = 0.0034).

Finally, we evaluated the relationship between EPHX2 expression and prognosis of each cancer by PrognoScan database,
which mainly extracted data from the GEO database. Detailed outcomes were summarized in Fig. 4. Our results indicated that
EPHX2 played an oncogenic role in Blood cancer (OS, EFS, event free survival), and it played a protective role in Colorectal
cancer (DFS, disease speci�c survival), Eye cancer (DMFS, distant metastasis free survival), Lung cancer (OS), Prostate cancer
(OS) and Soft tissue cancer (DRFS, distant recurrence free survival). It was also worth noting that the precise role of EPHX2 in
Breast cancer was controversial (such as OS of GSE9893, OS of E-TABM-158, RFS, relapse free survival of E-TABM-158 and
DSS of E-TABM-158: HR > 1, Cox P < 0.05, remarkably differed from the other datasets in Breast cancer: all HR <1, Cox P <0.05).
                   

Taking all the above results into consideration, both survival analysis methods, Cox proportional-hazards model and Kaplan-
Meier plotter survival analysis, all demonstrated the signi�cant prognostic power of EPHX2 in CESC, KIRC, KIRP, LIHC and PAAD
tumors for OS or DSS. At the same time, some contradictory data related to EPHX2 expression was observed in some cancers
(Table 1). These contradictory results might be due to different data collection methods, sample sizes and based on
hypothetical mechanisms of different biological characteristics. 

Table 1

 The association between EPHX2 gene high expression and pan-cancer in different database.

Role TCGA
 ( COX )

Kaplan-
Meier
 plotter

PrognoScan

OS DSS OS OS DSS DFS RFS EFS DMFS DRFS

Protective ACC,
CESC,
KIRC,
 LIHC,
 MESO,

PAAD ,
 UVM

ACC,
KIRC,  
 KIRP,  
 MESO,
PAAD,
 UVM

CESC,
KIRC,
 KIRP,
 LIHC,
PAAD,
 HNSC,
 LUAD

Breast
 cancer,
 Lung
 cancer,
 Prostate
 cancer

Breast
 cancer

Breast
 cancer,
 Colorectal
 cancer

Breast
 cancer

 Breast
 cancer,
 Eye
 cancer

Soft
 tissue
 cancer

Detrimental LGG LGG  Blood
 cancer,
 Breast
 cancer

Breast
 cancer

 Breast
 cancer

Blood
 cancer

  

Significance of bold indicated that the high expression level of EPHX2 was significantly correlated with an
improved OS or DSS for these cancers, and the correlation was consistent across different databases.

The potential association between EPHX2 expression and immune
related factors
Determining the interaction of the host immune system with tumors was essential for discovering new prognostic biomarkers,
decreasing drug resistance and developing novel targeted therapies[14]. It has been widely accepted that the immune
in�ltration in the tumor microenvironment might have a great impact on patient survival. To further explore potential correlation
between EPHX2 expression and immune score, patients were divided into high and low EPHX2 expression groups using the
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median EPHX2 expression as the cutoff value. The results showed that EPHX2 expression was signi�cant negatively related to
immune score in BRCA, KICH, KIRC, KIRP, LIHC, MESO, OV, PRAD, SARC, TGCT, THCA and UVM, whereas positively related to
immune score in DLBC, LAML, LGG, LUSC, SKCM and THYM (Fig. 5A). These results suggested that EPHX2 expression was
related to abnormal immune in�ltration in some cancer types and might impact the progression of cancer by affecting the
regulation of immune in�ltration. 

In terms of immune cells in�ltration, CIBERSORT algorithm was applied to analyse the relationships between EPHX2 expression
and immune cell in�ltrates in the tumor microenvironment. Our data also presented that the level of immune cell in�ltration
was signi�cantly correlated with EPHX2 expression in most cancer types (Fig. 5B). Interestingly, EPHX2 expression showed
signi�cant negative correlation with M0 macrophage, M1 macrophage, M2 macrophage, activated NK cell and activated CD4+
memory T cell and positive correlation with naive CD4+ T cell, regulatory T cell and follicular helper T cell in THYM. Whereas in
TGCT, EPHX2 expression showed signi�cant positive correlation with M2 macrophage and negative correlation with follicular
helper T cell. Furthermore, the associations between EPHX2 expression and immunomodulators were investigated (P < 0.01
and |R| > 0.5). As shown in Fig. 6, 24 immune inhibitors were analyzed. The EPHX2 expression showed a negative correlation
with IL10 and TGFB1 in SARC, TGFB1 in MESO, and LAG3 in UVM. The correlation analysis of 45 immune stimulators (Fig. 7)
revealed that EPHX2 expression was negatively correlated with ULBP1 and TNFRSF8 in UVM, CD276 in PAAD and CD276 in
SARC. Strikingly, as shown in Fig. 8, a signi�cant negative correlation was found between the expression of EPHX2 and B2M,
HLA-DOB and TAP1 in UVM separately.

Given the strong correlation of EPHX2 with PAAD, SARC, TGCT, THYM, and UVM, GSEA was performed to investigate potential
several immune pathways related to EPHX2 signaling involved in these cancers (Fig. 9). Together these data indicated that
EPHX2 expression was positively correlated with primary immunode�ciency pathway in PAAD. Contrasting results were found
for cytokine-cytokine receptor interaction pathway in THYM and for chemokine signaling pathway and cytokine-cytokine
receptor interaction pathway in UVM. Additionally, the correlation between EPHX2 and immune checkpoint blockade (TMB and
MSI) was explored further. We observed that EPHX2 expression tended to have positive associations with TMB in LAML and
KIRP, while inverse correlations were observed in SKCM, KIRC, PCPG, OV, BLCA, LUAD, PRAD, SARC, PAAD, BRCA, ACC, THYM
and DLBC (Fig. 10A). For MSI, negative correlations with COAD, LAML and SARC were determined (Fig. 10B). 

The immunotherapy response prediction of EPHX2
Cancer immunotherapy, based on harnessing patients' own immune system to �ght cancer, is a promising class of treatments
after surgery, radiation, and chemotherapy[15]. ICB has revolutionized the cancer therapy. Here, based on the expression pro�le
data of TCGA, the ICB responses of high and low EPHX2 expression groups were predicted by TIDE algorithm. In 20 TCGA
tumor types (ACC, BRCA, CESC, COAD, ESCA, HNSC, KIRC, LGG, LIHC, LUAD, MESO, PAAD, PRAD, READ, SARC, THCA, THYM,
UCEC, LAML and TGCT), patients with high EPHX2 expression achieved a lower prediction of TIDE score compared with the low
EPHX2 group (Wilcox.Tests, P < 0.05; Fig. 11A-R). Yet, opposite results were obtained in LAML and TGCT (Wilcox.Tests, P <
0.01; Fig. 11S-T). There were no signi�cant differences between groups in TCGA other tumor types (Supplementary Figure 4).
Since patients with higher TIDE scores were signi�cantly more likely to have a higher opportunity of antitumor immune escape
and showed a lower response rate of ICB treatment[16], implying that patients with low-risk score appeared to be more sensitive
to treated with ICB.

Discussion
Emerging publications have reported the connections between EPHX2 and clinical disorders, especially with neoplastic
diseases[7, 8, 17-23]. It remains to be answered whether EPHX2 plays a role in the pathogenesis of different tumors by similar
mechanisms. Through an extensive literature search, we failed to retrieve any publications for pan-cancer analysis from the
perspective of the overall tumor. In this study, the purpose was to gain a greater understanding of the relationship between
EPHX2 and prognosis in 33 human cancers, as well as the underlying mechanisms of the potentially immune-related
associations.
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We �rst demonstrated the prognostic value of EPHX2 in pan-cancer and we performed the analysis based on the human
disease data sets. In accordance with our research, EPHX2 was generally downregulated in most of the cancer types shown in
Oncomine, TIMER and CPTAC dataset, suggesting that EPHX2 might play a tumor suppressive role. Additionally, we found that
EPHX2 expression was signi�cantly correlated to tumour stages in COAD, KICH, KIRC, KIRP, LIHC and PAAD. Interestingly, we
determined the prognostic value of EPHX2 expression in a variety of tumors by crossing databases, especially the consistent
prognostic value in CESC, KIRC, KIRP, LIHC and PAAD. Likewise, several previous studies identi�ed it as protective prognostic
factors of oncological outcomes (e.g. PRAD[7] and HCC[8]). Even so, there was very limited information on the prognostic value
of EPHX2 in other solid tumor types. The role of EPHX2 in breast cancer was controversial in the PrognoScan database. Hence,
much larger sample sizes would be required to con�rm the role of EPHX2 in the different types of Breast cancer prognosis and
survival. Collectively, these �ndings strongly demonstrated that EPHX2 could serve as a prognostic biomarker in pan-cancer.
Considering the low protein expression of EPHX2, we still did not recommend its use as a molecular diagnostic biomarker to
identify tumors.

Synthesizing analysis across studies of EPHX2 expression differences between tumour and normal tissues, we also observed
the immunotherapeutic potential of EPHX2 in a variety of tumor types. In order to achieve further insight into the potential
immune value of EPHX2, we estimated the immune score from the cancer patients of TCGA cohort using the ESTIMATE
algorithm and found that low EPHX2 expression was correlated with higher scores of immune in�ltrations in most tumors.
Also, we employed CIBERSORT to examine the relative proportions of in�ltrating immune cell types in 33 cancer types. Of note,
low EPHX2 expression was linked to signi�cant in�ltration of gamma delta T cells, activated memory CD4+ T cell and M0
Macrophage, respectively. Tumor-associated M0 Macrophage was generally believed to be pro-tumoral in many tumour
types[24, 25]. Conclusions from the diverse studies nonetheless have been inconsistent regarding the in�ltration of activated
memory CD4+ T cell[24, 25]. Compared to gamma delta T cells in the peripheral blood, tumor in�ltrating gamma delta T cells
were known to mediate robust anti-tumor activity[26]. These suggested that EPHX2-associated immune in�ltrations in different
tumors might have complex interplay affecting tumor development and progression and further demonstrated that expression
changes of EPHX2 could impact immune cell in�ltrations existed in the tumor microenvironment. This study now elucidates for
the �rst time, to our knowledge, the relationships between EPHX2 and tumor immune. Therefore, our results also require
additional validation by both in vivo and in vitro experiments.

Combining the results from GSEA enrichment analysis, EPHX2 in UVM might pass through activating cytokine‐cytokine
receptor interaction pathway and chemokine signaling pathway to promote tumorigenesis by interactions with various
signi�cantly related immune factors such as LAG3, ULBP1 and TNFRSF8, and MHC molecules such as B2M, HLA-DOB, TAP1,
etc. Furthermore, in this study, both biomarkers (TMB and MSI) for immunotherapy showed a signi�cant association with
EPHX2 in certain cancers. Generally speaking, the higher the TMB value was, the more somatic mutation-related neoantigens
were produced[27]. By contrast, MSI was de�ned as hypermutator phenotypes caused by DNA mismatch repair de�ciency and
was a potential predictive marker for immunotherapy[28]. In SARC, EPHX2 was inversely correlated with TMB and MSI, while
the opposite was the case in LAML, which suggested that EPHX2 might have indirect effects on the immunotherapy response
of SARC and LAML. 

In closing, we demonstrated the correlations between EPHX2 and immunotherapy response. Taken together with these data,
our �ndings indicated that high EPHX2 expression subtype patients might be more responsive to ICB in the majority of TCGA
tumors. ICB therapy has emerged as one of the most promising approaches to activate antitumor immune response and has
made great success in treatment of various cancers, which could produce durable responses and prolong survival. Despite the
considerable therapeutic potential, all patients did not derive bene�t equally well from this approach. Accumulating evidence
has indicated that the e�cacy of ICB mainly depends on the robust anti-tumor immunity responses, which were commonly
suggested to be compromised in most tumors. Therefore, the conclusions summarized above should be veri�ed in future
clinical trials. This is the �rst study, to the best of our knowledge, to comprehensively report on the value of EPHX2 in multiple
cancers (33 types). This study provides new insights into the role of EPHX2 in cancer immunotherapy and reveals the
associations between EPHX2 and important immunological indicators (immune cell in�ltrations, immunomodulators, and
immune biomarkers), which might be useful to understand the underlying mechanism by linking EPHX2 and immunotherapy.
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These �ndings underscore the immunological role of EPHX2 in speci�c cancers, which will become an effective mean to target
them, although not all tumors presented the association between EPHX2 and TME. None-the-less, in view of the bioinformatics
methods adopted in the present study, these �ndings are preliminary in nature. Thus, ultimately, extensive functional in vitro
and in vivo work is warranted.

Conclusions
Overall, this study investigated the �rst comprehensive immunotherapy value of EPHX2 in 33 human cancers. We believe that
these �ndings will set the stage for prospective functional experiments and ultimately may affect the clinical environment.

Materials And Methods

Gene expression analysis 
The Oncomine database () was employed to analyze the mRNA expression levels of the EPHX2 gene in various types of
cancers[29]. The threshold was de�ned as: P-value of 0.0001, fold change of 2.0 and gene rank of top 10%. We further
assessed the differential expression levels of EPHX2 between tumors or speci�c tumor subtypes and adjacent normal tissues
in the TCGA project by using TIMER database (http://cistrome.org/TIMER/)[14]. For certain cancer types without normal
tissues or with highly limited normal tissues [e.g., TCGA-ACC, TCGA-BRCA, etc.], we further used the UCSC XENA
(https://xenabrowser.net/datapages/) RNAseq data in TPM format of TCGA and GTEx through the Toil[30] process and
performed log2 transformation to compare the expression of samples to obtain box plots of the EPHX2 mRNA expression
difference between the these tumor tissues and the corresponding normal tissues.

In addition, the analysis of protein expression levels of EPHX2 was performed by UALCAN portal () based on the CPTAC
database[31]. Here, we separately explored the total protein expression levels of EPHX2 in six available tumor data sets
(primary tumor and normal tissues), such as breast cancer, ovarian cancer, colon cancer, clear cell RCC, UCEC, and lung
adenocarcinoma.

Moreover, the "Pathological Stage Plot" module of GEPIA2 web server (http://gepia2.cancer-pku.cn/#analysis)[32] was used to
identify violin plots of  EPHX2 expression across various pathological stages (stage I, stage II, stage III, and stage IV) of all
tumors available on the TCGA database.  

Survival prognosis analysis
The Cox proportional hazards models were carried out to assess the prognostic value of the EPHX2 gene on survival in
tumors[33]. Kaplan-Meier Plotter, a powerful in silico online tool (http://kmplot.com/analysis/) that enables users to predict
patient survival across various cancer types of TCGA based on large sample datasets[34]. PrognoScan database
(http://www.prognoscan.org/) is a large collection of publicly available cancer microarray datasets and a tool for assessing the
biological relationships between gene expression and prognosis, such as OS and DFS[35].  

Analysis of Potential Association Between EPHX2 Expression and
Immune-Related Factors 
The immune score of each sample was inferred according to the ESTIMATE algorithm [36]. Afterwards, the CIBERSORT
algorithm was utilized to assess the relative fractions of 22 in�ltrating immune cell types in each tumor sample[37]. Previous
studies have shown that TMB and MSI were closely linked to immune responses. Therefore, the study also examined the
correlations between EPHX2 expression and these indicators. TMB was de�ned as the total number of somatic, coding, base
substitutions, and indel mutations per Mb of genome examined. To calculate the TMB per megabase, the total number of
mutations counted was divided by the 38 Mb exome size[38]. The MSI score of each sample from TCGA database was
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accessed using the previously published studies[39]. Besides, the potential relationships between EPHX2 expression and
immunomodulators (immunosuppressants, immunostimulants and MHC molecules) were explored by TISIDB website ()[40].
The top 4 strongest associations were highlighted on the �gures. Finally, Gene set enrichment analysis (GSEA) was conducted
in the high-expression and the low-expression groups compared with the median level of EPHX2 expression respectively to
further investigate the top differentially regulated biological signaling pathways. The top 5 signi�cant pathways (P < 0.05) in
two groups with the highest normalized enrichment score were considered  and exhibited on the graphs. 

The prediction of ICB response 
Potential ICB response was predicted with TIDE algorithm[41]. TIDE integrated a set of gene expression markers to evaluate
two different mechanisms of tumour immune evasion: dysfunction of tumor-in�ltrating cytotoxic T-lymphocytes (CTL) and the
rejection to CTL by immunosuppressive factors. Higher scoring represented the worse e�cacy of ICB therapy and shorter
survival after ICB treatment. 

Statistical analysis
Cancer patients were separated into high and low EPHX2 expression groups based on the median value of EPHX2 expression.
Survival differences were described as Kaplan–Meier curves with median comparison by log-rank tests and hazard ratios from
Cox proportional-hazards models. The correlations between EPHX2 expression and checkpoint-related genes were performed
by Pearson's correlation analysis. Differences in continuous variables were compared using the Wilcoxon signed-rank test.
Multiple hypothesis testing was adjusted by the Benjamini–Hochberg method [42]. All statistical analysis was carried out in R
version 4.0.2 with P values of ≤ 0.05 considered signi�cant.
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TME, Tumor immune microenvironment; TMB, Tumor mutational burden; MSI,  Microsatellite instability; ICB, Immune
checkpoint blocker; TIDE, Tumor immune dysfunction and exclusion; TCGA, The Cancer Genome Atlas; sEH, soluble Epoxide
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leukemia; LGG, brain lower grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung
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Figure 1

Expression levels of EPHX2 in different tumor types and pathological stages. A The EPHX2 expression levels in different
normal tissues and normal tissues from Oncomine database (P-value: 0.0001, fold change: 2.0, gene rank: top 10%). B The
EPHX2 expression status in diverse cancers or speci�c cancer subtypes using TIMER2C database (*P < 0.05, **P < 0.01, ***P <
0.001). C Box plot analyzed the EPHX2 expression in ACC, USC, BRCA, CESC, GBM, LAML, LGG, OV, PAAD, TGCT and THYM of
TCGA project and normal tissues based on GTEx database (**P < 0.01, ***P < 0.001). D The EPHX2 total-Protein expression
levels of cancer and normal tissues in breast cancer, ovarian cancer, colon cancer, clear cell RCC, UCEC and lung
adenocarcinoma were analyzed based on the CPTAC dataset (***P < 0.001). E Based on the TCGA data, the expression levels
of the EPHX2 gene were analyzed by the main pathological stages (stage I, stage II, stage III, and stage IV) of COAD, KICH, KIRC,
KIRP, LIHC and PAAD. Log2 (TPM+1) was applied for log-scale.
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Figure 2

Kaplan–Meier survival curves for pan-cancer with high and low EPHX2 expression.
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Figure 3

OS curves of high and low EPHX2 expression in various cancers in Kaplan-Meier Plotter database. A EPHX2 in BLCA. B EPHX2
in BRCA. C EPHX2 in CESC. D EPHX2 in ESCA. E EPHX2 in HNSC. F EPHX2 in KIRC. G EPHX2 in KIRP. H EPHX2 in LIHC. I EPHX2
in LUAD. J EPHX2 in LUSC. K EPHX2 in OV. L EPHX2 in PAAD. M EPHX2 in PCPG. N EPHX2 in READ. O EPHX2 in SARC. P
EPHX2 in STAD. Q EPHX2 in TGCT. R EPHX2 in THYM. S EPHX2 in THCA. T EPHX2 in UCEC.
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Figure 4

Pan-cancer prognostic analysis of EPHX2 expression in different datasets of cancers in PrognoScan. The red circle represents
the hazard ratio.
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Figure 5

The relationship between the EPHX2 expression and TME factors. A Correlation between the EPHX2 expression and immune
score of 33 different cancer types. B Correlation between the EPHX2 expression and immune in�ltrating subtypes of 33 cancer
types. Blue represents positive correlations and red represents negative correlations (*P < 0.05; **P < 0.01; ***P < 0.001).
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Figure 6

The correlation between the EPHX2 expression and immune inhibitors. Red indicates positive correlation and blue indicates
negative correlation. The �rst 4 strongest associations are shown by dot plots.

Figure 7
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The correlation between the EPHX2 expression and immune stimulators. Red indicates positive correlation and blue indicates
negative correlation. The �rst 4 strongest associations are shown by dot plots.

Figure 8

The correlation between the EPHX2 expression and MHC molecules. Red indicates positive correlation and blue indicates
negative correlation. The �rst 3 strongest associations are shown by dot plots.
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Figure 9

The results of GSEA. KEGG pathway analysis of EPHX2 in multiple cancers. The different color curves represent different
pathways regulated in different tumors. The peak on the upward curve indicates positive adjustment, and the peak on the
downward curve indicates negative adjustment.
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Figure 10

The correlation between the EPHX2 expression and immunotherapy biomarkers. A Spearman correlation analysis of TMB and
EPHX2 gene expression. The horizontal axis in the �gure represents the correlation coe�cient between genes and TMB, the
ordinate is different tumors, the size of the dots in the �gure represents the size of the correlation coe�cient, and the different
colors represent the signi�cance of the P value. The bluer the color, the smaller the P value. B Spearman correlation analysis of
MSI and EPHX2 gene expression. The horizontal axis in the �gure represents the correlation coe�cient between genes and MSI,
the ordinate is different tumors, the size of the dots in the �gure represents the size of the correlation coe�cient, and the
different colors represent the signi�cance of the P value. The bluer the color, the smaller the P value.
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Figure 11

The TIDE score of EPHX2 expression in TCGA tumors. A-T Above: statistical table of immune response of samples in different
groups in the prediction results; Below: the distribution of immune response scores in different groups in the prediction results.
Red represents high expression group; blue represents low expression group (*P < 0.05; **P < 0.01; ***P < 0.001).
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