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T RE WK R .
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Bioinformatics analysis of glutathione peroxidase 1 expression in
liver cancer tissue and its significance
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China)

Abstract Objective: To analyze the expression of glutathione peroxidase 1 (GPX1) in hepatocellular carcinoma (HCC)
tissue and its significance by bioinformatics approaches.
Methods: The expression data of GPX1 in normal lover tissue and HCC tissue were obtained in Ualcan database,
the co-expressed genes of GPX1 were retrieved in LinkedOmics, and the biological processes and functions of

these genes were determined by GO enrichment analysis and KEGG pathway analysis. Then, the interaction
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network of the proteins encoded by the relevant genes was analyzed by using STRING. Finally, the relationship
between GPX1 expression and the prognosis of the HCC patients was analyzed based on GEPIA database.

Results: Compared with normal liver tissue, the expression levels of GPX1 in HCC tissues from patients
with different disease stages (except stage IV) or different ages were significantly increased, further the GPX1
expression levels in HCC tissues from male patients were significantly higher than that from female patients
(all P<0.05). The co-expressed genes of GPX1 mainly participated in the biochemical processes such as the
transcription and translation of genes, ubiquitination and sulfonylation of proteins, regulation of mRNA stability,
and translation of proteasome complex and mitochondria, and were involved in the TGF-f, mTOR, WNT,
MAPK, HIF-1a, NF-kB, VEGF and Notch pathways as well as cancer-related pathways. Ten proteins encoded by
HCC-related genes were found having interactions with GPX1 encoded protein. The overall survival rates and

disease-free survival rates in HCC patients with high GPX1 expression were significantly lower than those in HCC

Conclusion: GPX1 expression is increased in HCC tissue, and its expression is closely related to the occurrence and

development as well as prognosis of HCC. So, it can be used as a marker for screening and prognosis estimation of HCC.
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patients with low GPX1 expression (P=0.048, P=0.035).
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LinkedOmics%t 48 )& (http://www.linkedomics.
org) MR RGCGPX1ILEHRIEN, H i 5cPXI
1E R G Bt AR G 26 3k ik R AR, ) B R 3R R
HEHMGCOEE 4 . KEGGHE 1T, T
STRING10.5 (htips://string-db.org ) #E4741%
HE DA G B 2 B AH BAE R 2 e B o B e R T
GEPTAZUHE 1 £ i (http://gepia.cancer—pku.cn)
S HTGPX1 5 I B SR A A% (0S) . Tk
FERFE] (DFS) BIKEHR, L2l GPX15RIKk/K 5 i
Ja AR
1.3 HitFLE

GPX 11 3A /K28 U 735 053 Y 55 453 9
I 2 i) AR 2k LR AT Le R, Bl LA AL g (b gy
fiflal#E ) [M (P25, P75) %, RHABAIK L
GEPIABUHE FE{fi H1 Kaplan-MeierE ££ 43 BT 15 3% 31
B AR SRR R TIR oS DFS T 4k, R
Log-rank A 5 b AN [A] 2 32K 7K 19 A 47 22 5 T A
i P{E .

2.1 GPX1 EHESEERALRPREBR

Ualcan ¥4 & 5041 1E 5 4L 2LGPX 1 R ik
JKFH266.211 (231.986, 316.004) ; 3710AF
FEH AT GPX1RIBIKF J446.254 (325771,
637.913) . HFEHAL P CPX1IRILKFHE ST
ER AL (P<0.05) (K1) .

1 250+
1 000+
il
) 750+
2 |
ﬁt‘t 500_ } -
250- —
0
TEH T LR
(n=50) (n=371)

1 FFESEERAR GPX1 RiAKFE
Figure 1 GPXI1 expression levels in liver cancer and normal liver

tissues

2.2 GPX1 ERHEAB S RIZFR
Ualcan B4 2 P 1685 T T 9 4L L GPX 1
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FikKFEHN418.032 (319.815, 608.761) ;
S4B TTHI A P GPX1RIEKFERN
527.488 (406.292, 708.117) ; 82T )T
TR AP GPX1RIB/KF7396.883 (292.728,
586.859 ) ; 6BITVHIIF AL GPX 1R LK
H571.242 (536.796, 719.670) . I. I1. 1113y
JH- 988 A1 20 GPX 1 3R 3K /K F- B W 5 v 1 1F % JH- 41 41
(¥P<0.05) , MIVIHEHAA P CPX1EIEK
FHIEE AN 227G L (P=0.09) .
2R 9 218U P GPX 1 32 38 7K T 9 L 4 4 1 ik
7N, T 41 2L G P X 3 1k 7K - i 1 130 i i 2 41
(P<0.01) , Hp&SMZHGPX1RIEKF-TH
R (HP>0.05) (K2) .
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Figure 2 GPXI1 expression levels in liver cancer tissues of

different stages

2.3 GPX1 EEARE S5 HPRIEFER
Ualcan 085 5 b 24561 55 P 17 9 58 3 I 98
HAHPCPX1EIEKFER477.440 (333.705,
689.337 ) ; 1176t B H WAL GPX 1Rk
K- 4418.591 (269.648, 524.148) . BENFE
BB T 41 20 GPX 1 RGOk P B S & T 2 M i
BE (P=0.02) (KI3) .
2.4 GPX1 EFHEARER S HARRIEFR
Ualcan B4R FE 276121 ~40% & &
HAPGCGPX1EKIEKF7396.302 (257.820,
578.551) 3 1400141~60% B & T 9 4 41
FEPX1E£IKKFEH420.743 (286.715,
651.264) ; 1814161 ~80% H & T 4l 4
FCPX1EIRKFEH469.043 (356.222,
652.360 ) ; 107]81~100% ¥ T 441 rh GPX1
FIKKFHF443.651 (314.771, 506.432) . £4F
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B3 AREMEAFESEE GPX1 RIAKTE
Figure 3 GPXI1 expression levels in liver cancer tissues from

patients of different sexes
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Figure 4 GPXI1 expression levels in liver cancer tissues from

patients of different ages
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Table 1 Biological process

#H

K p EAEMR RELR

GO: 0006351~ F%5%, DNA f5Al

GO: 0006355~ 4% 51JE4a DNA Fitlk

GO: 0070125~ LR R RHIF (K

GO: 0070126~ LRIl BHIFL 1k

GO: 0000209~ % A iz %1k,

GO: 0006120~ ZERifARHL T1458

GO: 0016032~ JiREal 74

GO: 0032981~ ZERI{RIFIREERE 54 1 413
GO: 0043161~ 25 I BHAAN T 12 ZARMER 111 7 i 72
GO: 0043488~mRNA F& & PEIE

GO: 0006521~ 4l g Femaf Ciffh i A2 1 i 75

482 3.56E-35 1.672736 6.79E-32
370 2.36E-26 1.669095 4.50E-23
45 1.15E-15 3.591872 2.12E-12
44 1.17E-14 3.471214 2.22E-11
70 1.83E-14 2.581116 3.47E-11
31 1.01E-13 4.292327 1.93E-10
92 2.48E-12 2.087584 4.73E-09
34 2.67E-12 3.661555 5.09E-09
68 3.88E-11 2.272689 7.39E-08
43 1.09E-10 2.832425 2.07E-07
27 1.20E-09 3.591872 2.29E-06

GO: 0002479~ i@k MHC 128, TAP 4K ) AMNERGTR AP BRAL FRAN 6 4 29 1.42E-08  3.123091  2.71E-05

GO: 0016567~ FE Mz £k
GO: 0000398~mRNA By, i 8742/ MA
GO: 0006974~ AHMEXT DNA 545 3138 ) [ g

94 1.69E-08 1.776481 3.22E-05
66 1.79E-08 2.017057 3.41E-05
63 1.81E-08 2.054965 3.46E-05

GO: 0051436~ 2 &K — & HFEHEBRGHEAEA 2250 2440 M JE30 A i £l s VR 31 1.84E-08 2.96231 3.51E-05

GO: 0031145~ JE IR IEE ZARHS i1 A2
GO: 0016925~ & [ Fifisi it ik

32 8.46E-08 2.748211 1.61E-04
41 1.10E-07 2.377526 2.10E-04

GO: 0051437~ 32 % — B I FEREBEG HEXTAT 220 2440 R I e i iE RS VEFT 31 L1I7TE-07 2767422  2.22E-04

GO: 0006368~RNA FEA T 11 )i 801 1% S AL f
GO: 0032543~ kiR TR

GO: 0045893~ %53 FHH AT DNA A4k

GO: 0006511~ 77 ZE M 1 8 115 o ffe i A

GO: 0000122~RNA B 1T J2 35 755 510t
GO: 0051603~ 4 EE [ ot 433 A5 P i 2 1 50
GO: 0006383~RNA HA T 111 Jii 8 114 5%

31 2.57E-06 2.445628 0.004895
18 3.57E-06 3.392323 0.0068
114 5.57E-06 1.501844 0.010613
51 5.78E-06 1.901192 0.011015
149 9.75E-06 1.404045 0.018589
20 2.29E-05 2.826936 0.04369
16 2.38E-05 3.289526 0.045275
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Table2 Cellular component
% H T P [GE PRI
GO: 0005654~ #JFIE T, 3 715 1.27E-69 1.81129 1.98E-66
GO: 0005634~ F1.0y, Hls 1094 1.37E-49 1.424853 2.15E-46
GO: 0005743~ Zhi APy fist 149 1.13E-25 2.382862 1.76E-22
GO: 0005829~ Ay, MW 640 5.00E-20 1.361594 7.83E-17
GO: 0005737~ 4HE, A 918 1.71E-16 1.239815 3.44E-13
GO: 0005747~ ZRiARIFI SR Ak 1 32 3.56E-15 4.6058 5.56E-12
GO: 0005739~ ZekiriA 283 3.15E-13 1.499545 4.94E-10
GO: 0000502~ F& FIRHAL A1 31 4.53E-11 3.64386 7.10E-08
GO: 0016607~ FZHF ik 64 3.29E-10 2245614 5.15E-07
GO: 0005730~ #%{ " 186 1.12E-09 1.530676 1.76E-06
GO: 0005762~ LR KAZAEAN 25 3.95E-09 3.673246 6.19E-06
GO: 0005839~ #& [IHARL & A1k 15 5.56E-08 5.037594 8.70E-05
GO: 0016020~ ( ZYskAa AP ) 391 3.64E-07 1.253445 5.70E-04
GO: 0005694~ YL fafA 36 5.27E-07 2.418045 8.26E-04
GO: 0005622~ 4RI 251 8.61E-07 1.328987 0.001349
GO: 0005813~ HupMA 98 9.41E-07 1.622436 0.001474
GO: 0031965~ Kk 61 1.08E-06 1.878649 0.001688
GO: 0016605~PML {4 33 2.65E-06 2.374866 0.004147
GO: 0005761~ Lk At {4k 15 7.19E-06 3.778195 0.011253
GO: 0005677~ Yo R ESY) 8 3.16E-05 6.269006 0.049401
x3 HFEE
Table 3 Molecular function

%H T P [GE SR ThEIR
GO: 0005515~ TR 45 1592 1.07E-37 1.224636 1.79E-34
GO: 0003677~ JEERER 45 G 1 403 2.10E-26 1.626879 3.51E-23
GO: 0003676~ R4S 4 266 1.03E-24 1.824951 1.72E-21
GO: 0044822~ % (A)RNA 454 294 1.34E-24 1.759783 2.25E-21
GO: 0046872~ G5B HE AR E T 464 1.70E-23 1.515525 2.84E-20
GO: 0008137~NADH i & (4l ) 761% 30 4.73E-13 4.223629 7.91E-10
GO: 0004842~ 12 % — B LR RGP 96 2.88E-11 1.971883 4.82E-08
GO: 0003700~ &K ik, FRolERFE DNA 454 216 7.24E-11 1.518924 1.21E-07
GO: 0061630~ V2 K & [ i H2 il 15 14 59 1.23E-08 2.132142 2.06E-05
GO: 0003713~ F& TG PTG 72 1.33E-08 1.961944 2.22E-05
GO: 0004386~ MRJHEA % I 34 4.90E-08 2.703122 8.19E-05
GO: 0004298~ Jj 2z 2 70 N Y B 1 15 9.64E-08 4.827004 1.61E-04
GO: 0003682~ Yo iizh 4 08 1.03E-07 1.693772 1.73E-04
GO: 0003723~RNA 454 122 2.18E-06 1.507226 0.003652
GO: 0016874~ JEHERF 15T 69 4.58E-06 1.726995 0.007656
GO: 0004402~ 4155 H LBEFE RS TG 1 21 5.93E-06 2.95654 0.009914
GO: 0008270~ SFEF454 227 6.85E-06 1.312252 0.011459
GO: 0004674~ T 122508 | T PR BB A 87 1.72E-05 1.563641 0.028773
GO: 0032452~ 415K AN O SEBRE PE 13 2.93E-05 3.81963 0.049

2.6 KEGG B H IR . 45 . B AR . R R L /)

KEG G J% 73 B 285 3L 7R ik e 5L R W g g 4R T
TGF-B 5 5B . MAPKIE Sl . HIF-1af55
B NF-« Bf5 Sl B . VEGF @ . Notch
{55 . RASS il 6 M 4% FmiE (BB . 1
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Table 4 Pathway analysis
%H D B P FEIE P
Rt hsa01100 220 3.00E-32 4.32E-30
JREIRAR hsa05200 64 7.18E-09 1.59E-07
TGF-B {55 hsa04350 24 8.09E-08 1.37E-06
ErbB {55 iH #% hsa04012 23 5.66E-07 8.15E-06
mTOR {55 % hsa04150 30 2.67E-06 3.32E-05
T T4 Z Re S hsa04550 28 4.63E-06 4.69E-05
FRODR R R A T i hsa04919 25 4.98E-06 4.79E-05
Wt {5538 hsa04310 28 5.20E-06 4.83E-05
FoxO {553 % hsa04068 26 1.28E-05 9.67E-05
iR 5 2 A hsa04910 26 2.22E-05 0.0001562
MAPK {5518 % hsa04010 37 7.30E-05 0.0004043
mRNA W8 % hsa03015 19 8.76E-05 0.0004761
HIF-1 o {57530 % hsa04066 20 0.000121 0.0006218
MEFL R A5 E hsa04917 16 0.000149 0.0007406
NF- k B {55 hsa04064 18 0.000268 0.001243
B 18 i hsa04071 21 0.000323 0.0014515
T ANEAZ A 53 hsa04660 19 0.000386 0.0016605
B 20l 32 (4:05 53 1 hsa04662 15 0.000489 0.0020725
GnRH {5518 % hsa04912 17 0.000558 0.0023284
iR ST PR {5 5 3 B hsa04668 19 0.000639 0.0025912
A IR ARG Y R LS S hsa05120 14 0.000732 0.0029278
RIG-T 4553 4% hsa04622 14 0.000936 0.0035957
BENRMENLE S R4t hsa04070 17 0.001152 0.0041484
cAMP {5518 fif hsa04024 27 0.001561 0.0054164
RAS {5518 % hsa04014 28 0.004631 0.0134707
cGMP-PKG {5538 % hsa04022 22 0.005479 0.0153197
VEGF {55 % hsa04370 11 0.006293 0.0166266
% DNA 1% 8% % hsa04623 11 0.008553 0.0221909
Notch {5 518 #% hsa04330 9 0.010406 0.0256143
Nod FEZ 5538 [ hsa04621 10 0.010537 0.0257182
Toll #3715 53 % hsa04620 15 0.011396 0.0273493
= A i hsa04921 19 0.020717 0.0452002

2.7 GPX1 #hRixEEHE I, M6 5 GPX1RIK B AH M 2 il Hh AL 3k JE IR
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Figure S The heat maps of the co-expressed genes

A: IEAISEEEE; B: AR

A: Positively correlated genes; B: Negatively correlated genes
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2.8 WEEQHEEERANKSH
STRING10.5% 4% K R GPX 14 ¢ 5
K, 2R B RAEMHTIKAERE (glutathione
GSR) . ALY B fLhg1~3
(superoxide dismutase SOD 1-3) . &MHIK
A il (glutathione synthetase, GSS) . 4Bk
T AKS-#4 4 #2 ( glutathione S-transferase theta
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Figure 6 Interaction network of the proteins encoded by liver cancer related genes and GPX1
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Figure 7 Survival curves of patients with different GPX1 expression profiles
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