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Abstract


(1) Background: Oxidative stress is crucial in carcinogenesis and the response of tumors to treatment. Antioxidant genes are important determinants of resistance to chemotherapy and radiotherapy. We hypothesized that genes involved in the oxidative stress response may be valuable as prognostic biomarkers for the survival of cancer patients and as druggable targets. (2) Methods: We mined the KM Plotter and TCGA Timer2.0 Cistrome databases and investigated 205 antioxidant genes in 21 different tumor types within the context of this investigation. (3) Results: Of 4347 calculations with Kaplan–Meier statistics, 84 revealed statistically significant correlations between high gene expression and worse overall survival (p < 0.05; false discovery rate ≤ 5%). The tumor types for which antioxidant gene expression was most frequently correlated with worse overall survival were renal clear cell carcinoma, renal papillary cell carcinoma, and hepatocellular carcinoma. Seventeen genes were clearly overexpressed in tumors compared to their corresponding normal tissues (p < 0.001), possibly qualifying them as druggable targets (i.e., ALOX5, ALOX5AP, EPHX4, G6PD, GLRX3, GSS, PDIA4, PDIA6, PRDX1, SELENOH, SELENON, STIP1, TXNDC9, TXNDC12, TXNL1, TXNL4A, and TXNRD1). (4) Conclusions: We concluded that a sub-set of antioxidant genes might serve as prognostic biomarkers for overall survival and as druggable targets. Renal and liver tumors may be the most suitable entities for this approach.
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1. Introduction


Oxidative stress is widely recognized to be involved in many aging and disease processes, e.g., cancer, neurodegenerative diseases, chronic obstructive pulmonary disease, chronic kidney disease, etc. [1]. Reactive oxygen (ROS) and reactive nitrogen species (RNS) are involved in this process. ROS and RNS can damage cells through lesions in DNA, RNA, and proteins, as well as lipid peroxidation [2]. ROS-induced DNA damage contributes to carcinogenesis [3]. The human body has multiple antioxidant mechanisms and DNA repair mechanisms [4,5]. Despite the effectiveness of these defense mechanisms, persistent DNA damage occurs as the initial events of carcinogenesis. Antioxidant agents, including zinc, selenium, vitamins A, C, and E, and polyphenolic plant compounds are, therefore, considered promising for cancer prevention [6,7,8]. During carcinogenesis, the expression and activity of antioxidant proteins may be upregulated [9,10,11]. This carcinogenic deregulation does not lead to the protection of the body from ROS-induced damage; on the contrary, it leads to the protection of the tumor from ROS-inducing anticancer agents and the development of drug resistance [12,13,14,15]. A recently established therapeutic strategy aims to target and specifically inhibit cancer-related proteins, thereby effectively killing the tumor while sparing the normal tissue. Examples of clinically established targeted therapeutics are tyrosine kinase inhibitors [16,17,18] and therapeutic monoclonal antibodies [19,20,21].



Following the paradigm of targeted therapy, strategies can be developed to specif-ically address the upregulation of antioxidant proteins. The goal of inhibiting antioxidant genes and proteins in tumors should be to resensitize tumors to standard chemotherapy again. To approach this goal, however, we first need to know which genes and proteins are upregulated in tumors and are of prognostic importance for the survival of patients. Furthermore, it is necessary to analyze which tumor types are particularly suitable for such an approach using targeted antioxidant inhibitors. The aim of the present study was a systematic analysis of antioxidant genes that are overexpressed in tumors and are associated with an unfavorable survival prognosis. To this end, we chose the following strategy:



(1) Mining the literature, we identified 205 genes that are involved in antioxidant response. (2) Using the Kaplan–Meier plotter (https://kmplot.com/analysis/; accessed on 19 October 2022) [22,23], overall survival curves demonstrating the worse survival prognoses of these genes in 21 different tumor entities were identified. (3) Next, we compared the expression of these genes in tumors and corresponding normal tissues by using the Timer2.0 Cistrome tool of The Cancer Genome Atlas (https:/timer.cistrome.org) to identify genes that are significantly highly expressed in tumors, with the aim of delineating genes that may serve as druggable targets for targeted therapy in the future.




2. Materials and Methods


2.1. Kaplan–Meier Survival Analysis


Kaplan–Meier statistics are a well-established standard tool to calculate the probability of death based on diagnostic and molecular biomarkers (e.g., gene expression) or clinicopathological parameters (e.g., treatment, stage, and grade). In this investigation, we used the KM Plotter online tool (https://kmplot.com/analysis/) [22,23]. The KM Plotter is an online repository with data regarding mRNA, miRNA, protein expression, and DNA data based on diverse “-omics” technologies (RNA-Seq, proteomic data, etc.) from more than 30,000 samples of 21 tumor types. This database enables the identification of biomarkers for the survival of cancer patients. To cope with type I errors of multiple comparisons, we applied false discovery rate (FDR) corrections [24]. We included only Kaplan–Meier statistics with FDR rates ≤ 5%, indicating that not more than 5% of “declared” positive results were truly negative.




2.2. Comparative mRNA Expression in Tumor and Normal Samples


The Cancer Genome Atlas (TCGA) is a program driven by the National Cancer Institute, USA, that investigated more than 20,000 cancers and matched normal tissues from 33 cancer types for gene expressions, gene mutations, markers of genetic instability (rearrangements, deletions, and amplifications), and protein expressions. The Timer2.0 Cistrome tool compared the mRNA expression of genes in tumors and their matched normal tissues (https://timer.cistrome.org). In this investigation, we examined the cancerous and normal expression of genes that have been previously identified as candidate genes using Kaplan–Meier analyses.





3. Results


3.1. Assembling a List of Antioxidant Genes


As a first step, we mined the scientific literature for genes and proteins that are involved in antioxidant stress response. Based on a previous publication [25], we further screened the PubMed literature database to obtain an updated list of antioxidant genes. If identified genes belonged to a gene family with several other members, the other gene family members were also included in our list. A total of 205 genes/proteins were assembled. Their names, gene symbols, and functions are shown in Supplementary Table S1.




3.2. Correlation of mRNA Expression of Antioxidant Genes with Survival Prognosis of Patients


Using Kaplan–Meier statistics, the mRNA expressions of these 205 genes were correlated with the overall survival times of patients. For this purpose, we took advantage of the KM Plotter database (https://kmplot.com/analysis/) that contains the mRNA sequencing data of 7489 individual tumors derived from 21 tumor types. We performed 4347 Kaplan–Meier calculations. Only 3 of 21 tumor types did not show statistically significant Kaplan–Meier statistics with any of the 205 genes (esophageal squamous cell carcinoma, lung squamous cell carcinoma, and thyroid carcinoma). In 17 tumor types, we obtained 845 calculations with a statistical significance of p < 0.05. Figure 1 shows representative examples of overall survival curves based on Kaplan–Meier statistics of each of these 17 tumor types.



To cope with the type I error problem of multiple significance calculations, we used a false discovery rate (FDR) of 5% as a threshold. As shown in Figure 2, 117 Kaplan–Meier calculations fulfilled this criterion. Out of all 205 genes investigated, only 84 displayed at least one significant survival statistic in one of the 17 tumor types. Of these, 55 were associated with patient survival of one tumor type, 22 with two tumor types, and 7 with three tumor types.



We wanted to see in which tumor types antioxidant gene expression was most frequently correlated with worse overall survival. The three most frequently appearing tumor entities were renal clear cell carcinoma (KIRC), renal papillary cell carcinoma (KIRP), and hepatocellular carcinoma (LIHC), followed by lung adenocarcinoma (LUAD), breast cancer (BRCA), and pancreatic ductal adenocarcinoma (PAAD) (Figure 3).



After evaluating 7489 individual tumors, we focused on 84 genes and 6 tumor types (KIRC, KIRP, LIHC, LUAD, BRCA, and PAAD).




3.3. mRNA Expression of Antioxidant Genes in Tumor and Normal Tissues


Next, we compared the mRNA expression of these 84 genes not only in tumors, but also in the corresponding normal tissues to see whether or not the gene expression was tumor specific, i.e., more expressed in tumors than in normal tissues. For this reason, we mined the Timer2.0 Cistrome database of The Cancer Genome Atlas. We only included pairs of tumor and normal tissues where the corresponding expression values of normal tissues were deposited in the database; we excluded ovarian carcinoma, thymoma, testicular germ cell carcinoma, and uterine endometrial squamous cell carcinoma from further analysis. Thereby, the number of genes was narrowed down from 84 to 71. In 88 Kaplan–Meier statistical calculations from 71 genes, 43 (=49.9%), showed a statistically significant overexpression of the gene of interest compared to the corresponding normal tissue (Figure 4). In 21 calculations (=23.9%), the mRNA expression was not statistically different in tumor and normal tissues; in 24 (=27.3%), the mRNA expression in normal tissues was even higher than that of tumor tissues. Figure 4 shows three statistical levels (p < 0.05, <0.01, or < 0.001). Even if we focused only on those cases where the statistical level was p < 0.001, visual inspection revealed that in only 17 cases a clear distinction between mRNA expression was apparent (i.e., ALOX5, ALOX5AP, EPHX4, G6PD, GLRX3, GSS, PDIA4 (in HNSC), PDIA6, PRDX1, SELENOH, SELENON, STIP1 (in LIHC), TXNDC9, TXNDC12, TXNL1, TXNL4A, and TXNRD1).



In summary, we further downscaled the number of genes of interest to 17.





4. Discussion


The basic concept of this investigation was to identify biomarkers and druggable targets from a large panel of oxidative stress response genes. In the past few years, a paradigm shift took place in cancer therapy from cytotoxic to targeted therapy [26,27,28,29]. This concept can be applied to cancer prevention as well as to cancer therapy. Although there is a plethora of compounds that have been described to act in a cancer-preventive manner because of their antioxidant characteristics [30,31], systematic searches for target-specific inhibitors of antioxidant proteins are rare. As antioxidant genes play an important role in the resistance of tumors to standard chemotherapy [14,32,33], inhibitors of antioxidant proteins may resensitize tumors to chemotherapeutic drugs.



We focused on genes with upregulated expressions and the worst survival prognoses. To identify potential biomarkers and targets for treatment, the overlap of genes with upregulated expression and relationship to prognosis represented a precondition. We did not consider the expression of genes without prognostic difference. To facilitate future drug development, we require overexpressed genes that are linked to short patient survival. If we inhibit such genes, the expectation is that, thereby, patient survival can be prolonged. Our manuscript describes the identification of these genes as a first step in the concept of individualized treatment with a combination of biomarker-driven diagnosis of antioxidant genes and subsequent treatment with targeted drugs against these genes and their encoded proteins.



This investigation represents a data-mining approach. Its first aim was to identify genes whose expression in tumors are associated with a worse overall patient survival prognosis. The second aim was to analyze these antioxidant genes for their potential suitability as druggable targets. This analysis compared the mRNA expression in tumors and normal tissues. Applying this approach identified 17 potential genes from the 205 genes analyzed.



Several thioredoxin-related genes appeared in our analysis (TXNDC9, TXNDC12, TXNL1, TXNL4A, and TXNRD1). Thioredoxins are electron-transferring oxidoreductases that counteract oxidative stress via thiol reduction and thereby contribute to redox homeostasis in cells [34,35,36]. The thioredoxin system is involved in tumors’ drug resistance [37]. It has been suggested that inhibitors may improve the response of tumors to anticancer drugs [37,38]. Regarding genes in this analysis, TXNDC9 was reported to be upregulated upon oxaliplatin treatment and may confer oxaliplatin resistance in colorectal adenocarcinoma cells [39]. TXNRD1 was a significant predictor of poor treatment outcome in non-small cell lung cancer and was correlated with shorter disease-free survival [40]. TXNRD1 was proposed as a biomarker to monitor therapeutic efficacy for liver cancer [41]. Interestingly, TXNRD1 has been inhibited by numerous electrophilic compounds [42]. It can be concluded that thioredoxin-related proteins may serve as treatment targets to improve standard cancer chemotherapy.



Similar to thioredoxin, periredoxins (PRDX) are reactive oxygen species (ROS) scavengers that maintain redox homeostasis. Higher PRDX1 expression in tumors than in corresponding normal tissues has been observed in cervical carcinoma and Burkitt lymphoma [43,44,45]. Hypermethylation silenced the PRDX1 promoter and sensitized brain tumors to temozolomide and ionizing radiation [46] PRDX1 overexpression in glioma cells enhanced resistance to bis-chloroethyl nitrosurea (BCNU) [47]. In ovarian carcinoma, high PDRX1 expression was associated with poor response to chemotherapy and lower 5-year disease-free survival [48]. Interestingly, the naturally occurring small-molecular peptidomimetic SK053 targeted PRDX1 and PRDX2, leading to cell cycle arrest and apoptosis in Burkitt lymphoma cells [44]. These data indicate that PRDX1 inhibition might be a valuable strategy to reduce oxidative stress and increase chemosensitivity in cancer cells.



The expression of protein disulfide isomerase 4 (PDIA4) was correlated to docetaxel resistance by inhibiting apoptosis and activating the Akt-signaling pathway [49]. Furthermore, PDIA6 upregulation enhanced cisplatin resistance in gastric cancer cells [50]. Inhibitors of PDIA4 and PDIA6 deserve further investigation as chemosensitizers.



Stress-induced phosphoprotein 1 (STIP1) is a co-chaperone involved in the transfer of damaged proteins to the heat shock proteins HSP70 and HSP90 [51]. In advanced bladder carcinoma, high STIP1 expression significantly correlated with worse overall survival and chemotherapeutic pretreatment with a cisplatin-based regimen [52]. Whether STIP1 has potential as biomarker for survival and as predictive marker for drug resistance in other tumor types warrants further investigation.



While glutathione and enzymes involved in the glutathione redox cycle have been intensively discussed regarding their role in anticancer drug resistance [15,53,54], the role of glutathione synthetase (GSS) in chemoresistance is largely unknown. A single nucleotide polymorphism study in 903 small cell lung cancer patients revealed that the rs725521 polymorphism in GSS was significantly correlated with response to platin-based chemotherapy [55]. The relevance of GSS for drug resistance should be clarified in future studies.



The antioxidant and chemopreventive features of selenium have been widely investigated for several diseases, including cancer [56,57,58]. Selenium compounds also induced apoptosis and prevented the development of cisplatin resistance [59,60,61]. The role of SELENOF and SELENOH genes, which appeared in this investigation as candidate biomarkers, is unknown from the literature, but deserves further investigation.



Glucose 6-phosphate dehydrogenase (G6PD) is a key enzyme in the pentose phosphate cycle. G6PD oxidizes glucose-6-phosphate and reduces NADP+. A deficiency in this enzyme is associated with the most inherited diseases, affecting approximately 5% of the world’s population. Patients suffering from G6PD deficiency are hypersensitive to oxidative stress and susceptible to hemolytic anemias [62,63,64,65]. Leukocytes of G6PD-deficient patients are more prone, in vitro, to induce apoptosis upon exposure to daunorubicin, dexamethasone, ionizing radiation, and UV radiation compared to healthy leukocytes [66,67,68]. Data for G6PD-deficient cancer patients are rare, either because patients are not routinely tested for their G6PD status or because anticancer chemotherapy remains without negative symptoms in these patients [69,70]. Therefore, the value of G6PD inhibitors to sensitize G6PD-positive cancer patients to chemotherapy remains elusive.



There are contrary results regarding the role of arachidonate 5-lipoxygenase (ALOX5) for drug resistance. ALOX5 overexpression in gastric cancer cells was associated with reduced drug activity, and genetic or pharmacological ALOX5 inhibition increased drug efficacy [71]. On the other hand, ALOX5 overexpression in acute myeloid leukemia increased sensitivity to chemotherapy [72]. A conclusion regarding the feasibility of ALOX5 inhibitors as possible chemosensitizers cannot yet be drawn.



In addition to genes and proteins that may serve as prognostic and predictive biomarkers, it is important to clarify which tumor types are the most susceptible to inhibition of antioxidant genes/proteins. We found that the overall survival of renal clear cells carcinoma (KIRC), renal papillary cell carcinoma (KIRP), and hepatocellular carcinoma (LIHC) was most frequently associated with high expression of antioxidant genes. This indicates that these tumor entities may be more suitable for chemosensitization via inhibition of antioxidant genes than the other tumor types investigated. Interestingly, these tumor types are known to be rather chemoresistant [73,74,75,76,77,78]. Hence, chemosensitization strategies may be attractive to improve treatment outcomes.



Renal clear cell carcinoma is not usually treated with cytotoxic chemotherapy because of its ineffectiveness. Surgery, immunotherapy, and targeted therapy with tyrosine kinase inhibitors are applied with modest success [73,74,79]. The situation in renal papillary cell carcinoma is not fundamentally different [75,80]. Hepatocellular carcinoma can be treated with monoclonal antibodies and tyrosine kinase inhibitors [76,77,78,81]. Chemotherapy with doxorubicin and cisplatin can be applied with limited success. The 5-year overall survival rates are between 20 and 50%. Therefore, investigating possibilities for chemosensitization to treat these three tumor entities using inhibitors of antioxidant genes as discussed above may be meritorious in light of their currently limited cure rates.




5. Conclusions


We identified a panel of antioxidant genes, using our transcriptome-wide RNA-sequencing data-mining approach, as possible biomarkers with prognostic value for overall survival and predictive value for poor response to chemotherapy. Additionally, these genes/proteins may serve as druggable targets in the search for specific inhibitors of these genes/proteins to resensitize tumors for standard chemotherapy. In future studies their potential as biomarkers should be further validated and specific small molecule inhibitors should be screened as chemosensitizers to overcome drug resistance. Researchers should discuss and interpret their results from the perspective of previous studies and working hypotheses. The findings and the implications thereof should be discussed in the broadest context possible. Future research directions may also be highlighted.
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Figure 1. Kaplan–Meier statistics of overall survival for 17 tumor types. 
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Figure 2. Color-coded plot of Kaplan–Meier statistics of 84 genes for 17 tumor types. Yellow indicates significant correlations between high gene expression in tumors and worse overall survival of patients. Blue indicates irrelevant outcomes. 
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Figure 3. Number of significant Kaplan–Meier calculations for 11 tumor types. 
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Figure 4. Comparative expression of 71 genes in tumors and corresponding normal tissues (part 1). Comparative expression of 71 genes in tumors and corresponding normal tissues (part 2). 






Figure 4. Comparative expression of 71 genes in tumors and corresponding normal tissues (part 1). Comparative expression of 71 genes in tumors and corresponding normal tissues (part 2).



[image: Pharmaceutics 15 00427 g004a][image: Pharmaceutics 15 00427 g004b]













	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



























media/file4.png
each one significant correlation each two significant correlations  each three
significant
correlations

Kidney renal papillary cell carcinoma

Liver hepatocellular carcinoma

Breast cancer

Ovarian carcinoma

Kidney renal clear cell carcinoma

Head and neck squamous cell carcinom;

Pancreatic ductal adenocarcinoma

Thymoma

Uterine corpus endometrial carcinoma

Esophageal adenocarcinoma

Testicular germ cell tumor

Cervical squamous cell carcinoma

Stomach adenocarcinoma

Sarcoma

Lung adenocarcinoma .:

Esophageal squamous cell carcinoma

Bladder carcinoma

SEHEEENEEEEEENEEEEEEEEEEEEEEEEREEEEEEEEEEREREEEEEEEEEEEEEEEEE8858EEEEEREEREEEREEEEEEE
e BN MR R R R AN R R §a*83=§§g§§§§ Sﬁaﬁ
- =T ~ = = M =






nav.xhtml


  pharmaceutics-15-00427


  
    		
      pharmaceutics-15-00427
    


  




  





media/file8.jpg
rwu rws POMS PORT PO

i il
T m

A 1 i
!I §oom HH 'I i

l\

5
ﬂ ‘I‘l §§

mooc2 m«ncn

B

Fy

by

i

H
i
i

i
LI

o
i
Wowoow

T

:
P
:
iI
i
.
i

rl

N

1

1
i i {}
i H






media/file2.png
Bladder cancer

24 MSRB3
HR =1.77 (1.3 - 2.39)
- logrank P = 0.00019
2 -
g3
o
) N
™~ lo - . "
< | Expression
>
g T hm T T T
0 50 100 150

Time (months)

Esophageal adenocarcinoma

e OSER1
HR =341 (1.71-6.8)
i logrank P = 0.00022
@ |
58 "
- -
(=]
1
N ——
(=]
— low
g o T hlghl L4 T 1
0 20 40 60 80
Time (months)
Hepatocellular carcinoma
o | SELENON
HR = 1.93(1.36 - 2.73)
logrank P = 0,00016
« |
(=]
3
i,
(=]
~
S | Expression ——t
— low
g L ’f 'an L 1 1 1 L}
0 20 40 60 80 100 120
Time (months)
Pancreatic ductal
adenocarcinoma
24 SERP1 |
HR = 3.52 (1.94 - 6.38)
logrank P = 1.1e-05 |
@ | |
(=]
L’Hﬁ-
2 2 L R
1
b A
o ol 1
M
S Expression g
— low H
g '7 higg T T T
0 20 40 60 80
Time (months)
Sarcoma
o GLO1
HR = 2.54 (1.69 - 3.83)
logrank P = 3.6e-06
© |
o
£ 31
2
2 “
e = H—++
a o |
N
o
o
o 1 T 1] 1
0 50 100 150
Time (months)
Thymus carcinoma
. GCLC
3 i "
58
]
£
a o
o )
© | Expression
— low
g L I— h|gh T 1 T
0 50 100 150
Time (months)

Probability
04

Probability

Probability

Probability
04

Probability

04

Probability
04

1.0

0.8

06

1.0

0.8

0.6

0.2

0.0

0.8 1.0

06

E K—»—&M ALOXSAP
Ly e logrank P = 0.00073
%«T

Il OSGIN2

Breast cancer
N GPX6
HR =2.25(1.61-3.15)
logrank P = 1,.2e-06

]
Expression ‘
— low S
| — high
0 5 100 150 200 250
Time (months)

Esophageal squamous cell
carcinoma

HR = 5.06 (1.81 - 14.18)

L*—‘
'| Expression
— low
—— high
0 10 20 30 40 50 60 70
Time (months)

Lung adenocarcinoma

HR = 1.86 (1.35 - 2.56)
logrank P = 0.00013

Expression 5
0 50 100 150 200 250

Time (months)

Renal clear cell carcinoma

HR = 2.68 (1.99 - 3.62)
logrank P = 2e~11
Lp**—*—o—~—-»
| Expression
-~ low
| — high
0 50 100 150
Time (months)
Stomach adenocarcinoma
. GGTS
HR =1.82 (1,31 - 2.54)
logrank P = 0,00028
| Expression
— low
—— high
0O 20 40 60 80 100 120
Time (months)
Uterine corpus endometrial
carcinoma
HIF3A
HR = 2.85 (1.89 - 4.3)
logrank P = 2e-07
|
Expression B2
— high
0 50 100 150 200

Time (months)

Probability

Probability

Probability

Probability

04

Cervical sauamous cell

carcinoma
e MSRB3
HR =2.31(1.44 - 3.73)
o logrank P = 0.00039
@
ol
o o — *
! P
|
° |8
N ‘ -+
© | Expression
—  low
g _ l— h’ghl T 1 1
0 50 100 150 200
Time (months)
Head and neck squamous cell
carcinoma
Q- PRDX6
HR = 1.81 (1.38 - 2.39)
logrank P = 1.7e-05
@© |
o
-
o
<
o
N
(=]
o
o
Time (months)
Ovarian carcinoma
= GGTLC3
HR = 1.93 (1.45 - 2.57)
& logrank P = 5e-06
@ .
o
o
b B
o
™
© | Expression Tt
— low ——
g L I— h‘gh L 1 1
0 50 100 150
Time (months)
Renal papillary carcinoma
e SERP1
HR =3.28 (1.75 - 6.13)
i logrank P = 8.2e-05
® |
© M.
e l
3 L
N | e ‘
< | Expression
g L I_ h'g‘ 1 T T ]
0 50 100 150 200
Time (months)
Testicular germ cell
carcinoma
GGTS

0.8

06

0.2

0.0

mmmmmmm
-04

Expression

— low

4 —— high

0 50 100 150 200 250
Time (months)





media/file5.jpg
KIRC: Kidney renal clear cell carcinoma
KIRP: Kidney renal papillary cell carcinoma
UIHC: Liver hepatocellular carcinoma
LUAD: Lung adenocarcinoma

PAAD: Pancre:

adenocarcinoma
BRCA: Breast invasive carcinoma

HNSC: Head and neck carcinoma

ESCA: Esophageal carcinoma

STAD: Stomach adenocarcinoma

CESC: Cervical and endocervical carcinoma

BLCA: Bladder urothelial carcinoma

o 5 10 15 20
Number of significant Kaplan-Meier correlations





media/file3.jpg





media/file9.png
ESD

10.07
5

CHAC1 CHAC2 DUOX1 DUOXAP EPHX4

ABCC1 ABCC2 ALOXS5 ALOXSAP

’
ﬁ?vls 1BUWON"DSNH
(0ZG=u) JownL ISNH

i

-
-

T
o

T
< ,
n ~N P~

7.
5

(WdL zboj) |2Aa7 uoissaidx3 gs3

_ * = ﬁ.vus [PUWLION"OYYd

(841=u) Jown'Avvd

4-‘ — 1’:

:‘?-..
o

(WdL Nuoc _m>3 co_mmmaxm ¥XHd3

_ m ~ ..“ (ZL=U) [PWION'DYIN
LA T X | F(EEG=U) Jowny DY

® © < B &
(WdL Z60)) [2A27 uoIssaidx3 TYXONA

. 7 ) ﬁ.ﬁns [eWION DU
(EEG=U) JownL DYIN

o
o
na

(WdL Nmo: _w>3 co_mmwaxw X0
AR . ﬁsmns [BULION'DHIN
. ! (TLE=U) JOWNL'DHIN

i .

(WAL Nmo_v 9A37 UoISS31dX3 ZIVHD

_ : e O _”:us [eWLON QY Vd
. o D L T (8£T=u) Jown|'Qvvd
i b 7 Y (ZE=U) |eWIONQYIN
b L e sl - (062=U) JownLdyid
m eI TR L (ZL=U) |PWION" DU
L RS - (EES=U) JownL DY

w
(WdLl N@O-v |2Aa7 CO_WW@LQXN TIDOVHD

_ m — T _”:75 [BUWLON VST
. TR (pRT=U) Jown] '¥IS3
— N R s
o ("2 ] (=] w o
> ~ n o~ o

(WdL Z60) 1927 uoIssaIdx3 dYSXOTY

E

~ v ~N o
(WdL zbo|) [9A37 uoissaidx3 SXOTV

T T _”amns [eULON YN
AN e (06Z=U) JownL dui
v

T . .
- o e

_ m £ ] ﬁamus [eWLION" QYT
S RAGRIRL TN NS - (STS=u) JownLQvm

@ o < ~ o
(Wd1 zboy) [2Aa7 uoissaidx3 zJ08av

= F(05=U) [BWIONDHIT
0 Lt - (TLE=U) JownL DHN
k‘ _”.Nmus _nccozmx_x

(06Z=u) JownL gy

*k dokk

> ¥ T T T
S \n S n =)
o ~ v o~ o

(WdL zbo)) |2As7 uoissaidx3 1208V

GCLC GCLM GGCT  GGTS5 GGTLC1  GLRX3

FDX2 FMO1 G6PD

ETF1 ETFA

..s!u,. am-c:aesz.uz:
N~ . (TLE=U) JownL DH

A T T

1

. | ﬁaﬁancv |BULIONYOHE

@ < -« ~
(WdL z60J) |2Aa7 uoissaidx3 £XY1O
Ce W ueEEn

n o n W
~ "2 ~ o
(WdL zboj) 12Aa7 uoissaidx3 121199
AT e ¢ Tmmus |eUWLON'QVLS
i.fs (§Tp=u) JownL'QVLS

k:

(WdL Nmos _w>w._ co.mmw.axm G19

4
o
o
9

m . N

T T T T

(ZL=U) |EWION"DHIN
. (EEG=U) JownL DY

(Wd1 Zbo)) [2Aa7 uoissaidx3 1399

?

(0§=U) |BULION"DHIN
(TLE=U) JoWNL"DHIN

T
o
o

9

(WdL Nooz _w>w.. :o_mmm.axm W1

_ g3 ﬁ?-c:méoz.ﬁé
¢ L. . (8£1=u) Jown|'Avvd
” - (ZE=U) |eULION YN
. ?k . (06Z=U) JownL dy
S T T T
m ~ al ~ [=]
(WdL zb0j) [2Aa7 uoissaidx3 D109
7 m ; s ¢ ﬁamns [PUWLION"DHI
R aae L T4 (TLE=U) JOoWNL"DHN

[+, (o) m
(Wd.L Zboj) 19Aa7 uoissaidx3 ad99
_ m SR F(SE=U) [eULON'QVLS
U ASSSSNIE  (STy=U) JownL'QvLS
s ® & =% o
o ~ 723 ~ o

(WdL zboj) 19A=7 uoissaidx3 TOWA

£

:z& Nmo_v [3Aa7 :o_mmmaxw I1Xa4

’. _”ANTS _nccoz.ux_v.
e (E£5=u) JownL DU

Jl

_ Bilj T,.us |PULION QYVd
. (8LT=U) JownL " AYYd
S ®  © <
(WdL z6oj) |]9Aa7 uoissaldx3 y413
m AL P (0G=U) |eUWUON"DHN
B s i S (TLE=U) JownL ' DHN

~N

w [T+} ..
(Wd1 z6o)) [9Aa7 uoissaidx3 1413

(E60T=u) JownL'vDug

LPO MGSTZ

GSS IDO3

GSR

GPX5 GPX6 GPX8

GPX1 GPX2 GPX3

(TT=U) |BWION'YIS3
(p8T=u) Jowny ¥z

m y
o ~ w ~
-
(

| *

n =] ")

Wdl z60j) [aaa7 uoissaidx3 ZISOW
m A | (zL=v) jewion Dy
. A | (EES=U) JownL DY)

5w 5 5 =

= n 0 ~N o

(Wd1 z60j) |9A27 uoIssaidx3 Od1
*. —~0E _”am-s [RULION dHIN

(06Z=U) JownLdu

T T e +

a o m™m o
(WdL zb60oj) [2aa7 uoissaidx3 TOAl

o

@ <
(WdL z60j) [2Aa7 uoissaidx3 SS9

..é _Hamus _m::oz.uz:
T (TLE=U) JOWNL"DHN

T

% e (0§=U) |BULION DHIT
SACTRIr e ¢ [ (TLE=U) JOWNL'DHN

n o in

~ v ~
(Wd.L zboj) |9A37 uoissaldx3 Yso

e < (ZL=U) FULION"JUDN
S (£€£5=u) JownL Dy

P
Az& Nmo_v 19A31 co_mmoaxm 8Xd9

_ .
T T

M m ~ 5.5 P
(Wd1 zboj) [9Aa7 uoissaidx3 9XdO

1 _”a:..s [BUWLION YOHE
#4 - (£60T=U) Jown| 'vDug

_ (] ﬂ,:ns_m::az.ﬁmm
. M F(p8T=U)ownL¥IS3

h (ZTT=U) |eULON VOHE

= (£60T=U) Jowny ¥Iyg

- _”.mmus [EUWLON'AYLS

(WdL ~mo: _w>w._ co_mmwaxm mxao
..i . (STp=u) JownL'QviLS

Ly o
:za 1L Nmo: _w>w._ uoissaldx3 £XdO
M b
(Wd.L zboj) |aAa co_mmw..axm ZXdO

%

(Wd.L Zb0]) |9Aa7 uoissaidx3 TXdD

(ZE=U) |BULION dYIY
....:. .vu...p\i 82-55&2&2

(ZL=U) [EWION DHIN
« F(€ES=U) Jowny Dy

NQO1 NXNL2 OSER1

NOS3 NOX4

MSRB3 MT1B MT1G MTI1X MTZA MT4

| — ﬁ

7.5

5.0

2.5
0.04

(WdL Noo: _o>3 :o.mmwaxm 4SO
| m -

- i
:zn_._. Zboy) _0>w.. :o_mmm._nxm N._zxz

- —

[
[

(WdL z60|) |2Aa7 uoissaidx3 TOON

(
(

(
(

(
(
(
(

™1

E i

T T v v

o < ~N (<]
(Wd.L zboj) 19A37 uoissaidx3 yXON

_ i e ﬁ
b n Q n o
o ~ n ~ (=]
~

(Wd.1 zboj) |9Aa7 uoissaidx3 ESON

-

(Wd.L Nmo: _o>w._ co_mmwaxw v hi

| »
if

© -

:>E L Nmo: [ELER :o.mmwaxm vZin

S

o

o
(WdL Zb0]) [2Aa7 uoissaidx3 XT.LW

m SNE TR ﬁ

r -r v +
5 0 5 0

(WdL zb0oj) |2A97 uoissaidx3 4TI

| Al

. T

el

(WdL Nmo: |9Aa7 uoissaidx3 g1

S ppa—"

_ mrluHUlll

[
|

:zn_._. Nmo: 1977 co_mmwaxm mmxmi

T1=U) |PWION'YDSI
81=U) JownLv¥IS3

6S=U) [BULION AV
STS=U) JownL Qv

ZE=U) |PUWONdYIN
06Z=Uu) JownL gy
pp=U) |EWION DSNH
0ZS=U) JOWNL DSNH

(SE=U) |eWON QYIS
(STy=u) JownL avis

(ZE=U) |[eWIONJHIY
(06Z=u) JownLduIy

(ZTT=U) |PULION'VDYE
(E£60T=Uu) JownL ¥Ooua

(ZL=U) |ULION"DHIN
(EES=U) JownL DU

(ZL=U) jeulioN" DU
(EES=U) JownL DH

(ZL=U) |BWION DY
(EES=U) JownyL DY

(ZTT=u) |euloN vYOHE
(E60T=Uu) Jowny ¥Ousg

(€=U) jeuIoN"DS3D

(POE=u) JownL'DS3D
(6T=U) |jeuloN'vI18
(80p=u) JownL'¥D18





media/file1.jpg





media/file7.jpg





media/file10.png
PON1

PDIA6 PDILT

PDIA4  PDIAS

PDIA2 PDIA3

OSR2 OXR1

OSGIN2

i ¥ P | | _”:ﬂu.: [BULION DY
* . . e 43 FEES=U) JOWn] DA
5 3 : 5

~ W ~ =
(WdL zBoj) [9Aa7 uoissaidx3 TNOd

| |(ZTT=Uu) |ewoN YIHE
;.-HmmEuctoEE__qumm

T T T

(e = ™~ _W
(Wd.L zboj) |]2Aa7 uoissaudx3 171ad

m e (0S=U)} [EWION IHIT
vy, . - (TLE=U) Jowni JHT
7 ¥ R _”:&nE |EWION " DISNH
¥ RS - (0ZG=U) JOWNL ISNH
o "y o
o ~ i
—

(WdL zbo|) |ana7 uoissaldx3 9viad

X =y (ZE=U) |ELLION dHIA
% Lt 2 A (D6Z=U) JoWNLdYIN

T ]
'3 o [Fyl (=]

~ i ™ <
(WdL zboj) [2A37 uoissaldx3 GvIAd

¥ o dl (ZE=U) |[BULONDHIX
* e S (06Z=U) JOWNLdYIH
¥ e (ZL=U) |eLUON DI
¥ o Vasmeec . (EEG=U) JOWNL" IHIMA
_ ¥ A _”:;.us [BULION JSNH
* . B N {(0Z5=u) JownL JSNH
o @ © 5 ~

(WdL zboj) [2A37 uolssaidx3 vvIdd

—4IF (ZE=U) |BULON DY

A RN . (06Z=U) JOWNLdHIN

i o AR, . (ZL=U) |PULION' JHIX

* SR L o (EEG=U) JOWNL YN
o @ o

(WdL zbo)) |9Ae7 uoissaudx3 £vIad

i | _”ﬂwnu:u [BULION DY

ol F(EES=U) JownL IdIA
S L S " S
o F~ g ™~ =]

(WdL1 zboj) |2Aa7 uoissaudx3 zvIad

A (tr=u) |eWION OYYd
] R (8LT=u) JoWnL avyd

o [f=] = ™~ (=]
(lndL zboj) |2Aa7 uoissaldx3 TUXO

o = TTW |(ZE=U) [BWIONCYMA
L | (067=U) JownLdYIX
o " o n S
w = u (5] o
(ldL zboj) |2Aa7 uoissaldx3 ZHSO
¥ s s (6S=U) [BUION OV
* ) ~ - (STS=u) Jownl aym
¥ ‘SNl (0S=U) [BWLION"DHIT
% - iR — [TLE=U) JOWNL"IHN

T T
~ o

° +
(Wd.L zBo|) |2Aa7 uoissaidx3 ZNIDS

STIP1

SERP1

PRDX6 PRDL2B SELENOFSELENOHSELENON

PRDX1 PRDX4

PON2

_ * Ceagl Tl ﬁsmu:. |EUUION"JHIT
* SN s - - [ (TLE=U) JOWNLDHIN
] ﬁamns [EULION dHIN
e e (06Z=U) JOWNL dHIN

w w =

(WdL zboj) |2A37 uoissaidx3 TdILS

104

AT (p=u) |EWION QYYd
(84 T=U) JownL avvd
ﬁ_ﬂmmns |eWLION dHIH

ol
'3 e
CSERNIIRNEESS. | (062=U) JOWNL Y

© © -
(WdL zBo)) |ona7 uoissaldx3 TdH3s

_ ¥ A Tomns [EULION'DHI
* TR e o o (TLE=U) JOWNL'DHIN

(T3] o Ca]

- i ~
(ldL zbo|) |9Aa7 uoissaidx3 TNA3IS

ﬂ e (ZL=U) [BULON DY
* (EES=U) JOWNL YA

(lWdL zboj) |2Aa7 uoissaldx3 TEJHOTTID

(TLE=U) JOWNLDHN

T
(=] (=] w o ™~
—

(WdL zboy) [2Aa7 uolssaudx3 GTd3S

L7 | TN ﬁsmus [EULION'DHIT

_ﬂ : _”Homuc:mE._oz.UI_._
*

s, i & oot
¢ e e NS | (TLE=U) JownlDH

Al Ll Ll

w T ™~ L=
(WdL zboj) |9na7 uoissaidx3 GETINYA

_ ¥ L Tmmns [eULION I
¥ . A (06Z=u) JoWnNLdH(y
_ I . _”:;is [EULION ISNH
et (0Zg=u) JownL ISNH
& & © ©

(WdL zboj) |2Aa7 uoissaudx3 9XAdd

i S (06Z=U) JOWNLdHIA
m rr

(Wd1 zboj) [2na7 uoissaldx3 pXaYd

_ * e ﬁamns [EULION d¥IX

il _” (05=U) [EWION DHIT
(TLE=U) JownL JH

_ . _ .
ul = v <
i = - u

[ ~
(ldLl zboj) ]ana uoissaidx3 TXAHd

* . (ZL=U) |PWION DU
vl v . (££5=U) JOWNL Y[

T T T

n“,._ {Fa] m o
(ndL zBoj) |ana uoissaidx3 ZNOd

TXNRD1 TXNRD3

TXNL4A

TXNDC8 TXNDC9 TXNDC12 TXNDC17 TXNL1

(8£T=u) JownL’ Qvvd

7 L O Y _”:is |BWLION VY

-

{F=] ™~ =]
(WdL zbo|) |]ana7 uoissasdx3 TLIEQUNXL

¥ ¥ o (0S=U) |euLION DHIN
* R e o T T (TLE=U) JOWnL JHI
A s TNmuE [BLLLION dH N
it oL 7 . o (06Z=U) JownL gy
0 o 0 ) 0 S
™~ o ~ un ™~ o
- -

(Wd1 zboj) |9Aa7 uoissaidx3 TAUNXL

.én. ﬁsmns _mELoz.u_.__._
B s | O (TLE=U) JOWnNLIHI
_ e ﬁahus [ELLION DU

R o (E€S=U) JOWNL DHIN

Fokok

T T T

[+8] P~ (Ta] u =t
(WdL Zbo|) |2Aa7 uoissaldx3 YHINXL

i o~
% - -l e (TLE=u) JownLJHN

ﬁSmuE [BLLION IHIT

(=) o m
(WdL zbo|) |9A37 uoissalrdx3 TINXL

_”Amhus |2LLION DI
(EEG=U) JOWnNL 244

_ ol o i

Cx o
@ @ < o~

(WdL zboJ) |2na7 uoissaudx3 (TDANXL

T L

.vab amuc:mssz.u:_._
© COROEIeS . . (TLE=U) JownLDH

w P~

(F=] i =
dl zboj) |9na7 uolssaidx3 ZTDANXL

0+ sk

(

=

_ m = _HamuE [BWUION DHI
T L T (T£E=U) JOWnL JHN

- T T T
™~ o

ow w ==
(WdLl zBo)) |]2aa7 voissasdx3 DANXL

(E60T=U) JOwn| yJHg

L T ¥

_ I _”E:u:_ [euLON YOHE
|
T
[ =]

i L= i

(=

- - =]
(lWdL ZBo|) |ana7 uoissaidx3 gDANX

P<0.05
P<0.01

L

Kidney renal papillary carcinoma

KIRP
LIHC

Breast cancer

BRCA

CESC

*£%

Liver hepatocellualr carcinoma

Cervical endometrium squamous cell carcinoma

*¥* P<0.001

Lung adenocarcinoma

LUAC =

PAAD

Esophageal squamous cell carcinoma

ESCA

Pancreatic adenocarcinoma

Head and neck squamoud cell carcinoma

HNSC

Stomach adenocarcinoma

STAD

Kidney renal cell carcinoma

KIRC =





media/file6.png
KIRC: Kidney renal clear cell carcinoma
KIRP: Kidney renal papillary cell carcinoma
LIHC: Liver hepatocellular carcinoma
LUAD: Lung adenocarcinoma

PAAD: Pancreatic adenocarcinoma

BRCA: Breast invasive carcinoma

HNSC: Head and neck carcinoma

ESCA: Esophageal carcinoma

STAD: Stomach adenocarcinoma
CESC: Cervical and endocervical carcinoma

BLCA: Bladder urothelial carcinoma

0 5 10 15 20
Number of significant Kaplan-Meier correlations





