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Abstract

Introduction: Hepatocellular carcinoma is one of the most common cancers in
the world. In this study, we examined and nominated the genes present in the
pathways of hepatocellular carcinoma associated with HCV using
bioinformatics analysis.

Method: The appropriate dataset for analysis was selected from the GEO
database. This dataset included gene expression profiles in hepatocellular
carcinoma associated with HCV. Gene clusters with high and low expression
levels were categorized. Rich databases such as Enrichr, STRING, and GEPIA
were also used. Finally, the candidate genes were isolated.

Results: A total of 512 genes with high expression and 500 genes with low
expression were involved in the progression pathways of hepatocellular
carcinoma. The pathways associated with the cell cycle, cell adhesion, AMPK,
PPAR, and MAPK were clearly observed. After evaluating the relationship
between protein networks, ADH4, FBP1, and ACS1 showed increased
expression, while CDK4, E2F1, and MAPK3 genes displayed decreased
expression. All these genes were noted in the survival curve; over a period of
about 15 months, the survival rate of patients was less than 20%. miR-21-5p,
hsa-miR-24-3p, and hsa-miR-25-3p were significantly more effective in
regulating these genes.

Conclusion: Bioinformatics analyses of key and important genes were
introduced through the examination of gene expression profile data. ADH4,
FBP1, and ACS1 genes showed increased expression, whereas the CDK4,
E2F1, and MAPK3 genes displayed decreased expression, which may play an
important role in targeting the genes involved in hepatocellular carcinoma
associated with HCV.
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© 2024 The Author(s); Published by Kerman University of Medical Sciences. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cite

Journal of Health and Biomedical Informatics 2024; 11(3): 186-202 A


http://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2024.24&domain=pdf&date_stamp=2024-12-20
https://dx.doi.org/10.34172/jhbmi.2024.24
http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

@
VAFY Y o OFF o cpow o)lads wmdil 0)s0 oS 3 Comnd 3 9 CaoMw Syilo 49431 oo r

doi: 10.34172/jhbmi.2024.24
OlesS S35 pole oS K35y Syl Ui 350

®

CrossMark G"""Q 9).? Ao

9399 Al g &) Lo g 515 ¥ ghwgilad 31> 30 St 30 Jusd L 49 S0 (w3
C il
"Gk uaw! e *T s jlge ¢ ylasl” Sawgo bl o

Ol 01,6 atadhanl ¢ Dkl 15T oBils giadal oty ¢ oDl 15T oKl caly ke o dSCas ¢ gl 5035 (553 s, Son ) Ll IS

[)\f_‘ ng.&nm\ ‘@)LJ .>\)'T e\i.fw'\: cﬁ&a}\w\ .b-\; c@u S ) e}}f ‘J\‘.’\:““ Y

oS Al wleYb!
Sl ygilagg 56T 3 oolizul b adllns gl 3 ol 153 5 gl sloyllpus 51 oSy LogizusyS Yologiln :dondie o disls

8 431 HEV L Lo ) Yologilin (oo )3 39290 clay) (3908 08 5 (g0 &
VEXEN - il

Ol BBy Jols cunkid ol 03,8 Sl JJUT (glys caslio caskss GEO ool ool 4 axslypo L2yl g5 VEYIAIYA < b iy
) g 585 s okt b (5 a3 390 HOV b dpon LgilS Msboston .5 | | sgovmsrs s, s
05 s oads LS slays colps 4o . edlizw] GEPIA o STRING Enrichr jomen i€ o3l slaolSL

Bl 585 Logiunw )5 3 Yolwgiln b o iy (sl oo 13 b ol b 5 0%+ 9 YL Lo b o5 VY tlaaidly Ssiuno dbivuns o5
5 ) o 83 21l 55 90 s MAPK 5 AMPK, PPAR Jsko (Stirusy o Jlos 45 2 (510 (Shozs lige
MAPK3 4 E2F1 4 CDK4 ¢la ;9 ole iljsl ACS1 3 ADH4, FBP1 55, (slaaSis o bl
L505 sdalie Y+ 5l a8 lilew (Slo 015 colo VO 39> 03l 43 iy doxie ;5 Wy ol coles iily ol ials ot/
dg 55,350 g opl w2l )3 (g5,b &0 & hsa-mir-25-3p 4 hsa-mir-24-3p anir-21-5p m-mohamadi@jiiau.ac.ir

e 0F ol gy bl aw )3 awyp by oot 5 SIS o)) Soiloysiilan (sl bl 16 15 A

) o o ok D)8 gguge EL,/
ok uels MAPK3 4 E2F1 4 CDK4 lay5 9 ol oil38l ACS1 g ADH4, FBPL (glay5 s S

okl e (gozee cdobold
4zl ol yorr & HCV b Logi IS ) Woluwgiln y3 s (slays ool jl3 a3 1y oo (i3 Aiilgs o oS .ol 155 by e o sl
ALl ogle e b sbyl

oony dasly 4 bogi)lS
Sloyoil dome € cusln
AFY S Cawj g Codlw
AASY-Y AT

VAV Journal of Health and Biomedical Informatics 2024; 11(3): 186-202



https://dx.doi.org/10.34172/jhbmi.2024.24
https://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2024.24&domain=pdf&date_stamp=2024-12-20
http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

@
B OblSer g )13)8" (gwge loghan )5 ) Yolwsil sl 51 sbal 45 Jis (allg Suo (o) 2

dedo

Nbogl poi)ll Cul g geie low hol Jlo J (S «Sgigle RNA ugng S C coln g
Olie &S caw HCV  (‘hepatitis C VIrus) yogpg cosie b i e Jol 4o )le & HCC(Hepatocellular carcinoma)
G55 9 Silom Sta Jgb b cos g Casl ()5 0l SGHCV 1 L HCC dnugs )l (g5 JB (o)lse 5 e 9 S po
2o Jolge (ol HCC & oMul Jas zals 5 S50 o)yl & Jlisl s o ialS wigae Bis HCV loyd 5l Can .l awgpg
Sustained viral) )lul (wgny ol 5 b 5 Sload s eauSlonel (lopy glaanS plsie & puiee J1 L wgng
Ol s s HCC o) (gl ool jlas Joloe badye (608 595mw 5 cpojo HCV [VoY] situs ol o Y SVR(response
ke oSl Calise | S Ol (0,0 geos Jold ol i Jgb bl ol (See 45 sl (gl po din a1 16 G 0S8
2 el 5 4 oo el Sl (36 S oo (53,5 Sl Gyl 5l g ladsle iy (G555 b e i 0358 &
oo S yo S a5 1) Sjgn (5l s Losis Cnl Kan HOV (gl 38l o 311 gl oyl 5 ol e
LTor siile (S5t iz g5 9 45" 4 (99985 locasit) gas LHCV (ol ogMe S @I ROS sl 03,8 3900 )
e & 15 o 1085 |, ROS w5 cyoge o] 3950 pale el el ctitas lasyo HOC 685 b s 4 o8 LTP
sladsle ad Jub & prie o ol laye TGF-P jowe (Il pomen ROS 59000 a5 Jlas 5 (Sif sboive (Lo
s itie HOV 55 o Ul ilie = Jubial J51 55 soge 285 TLRA b olya TGE-B 393 n 35y 5 (5 (5l
MICA DEPDCS sl 5 bias dbpendygo s 4 cosl o 03l ()L 1l sl Silinkio 3 iS5, (ol ppaso 51l
v s o yilidl 1, HCC & Ml jlas

3lse woyd Ae el pus g i Mol (uili] 4288 a4y ol (S0l s Julse it £905 S 4 o sl 5 HCC g
S Ml (om0 )3 (585 )8 9 B sl b ol o ol s olge o amd o ¢ bl 58 5 8 31 (el gz HCC
g b oo YU W HCC 90 lise ol C csln (5 g gyl dSGyol odseio WL j3 agl jlas Jole aS” Jlbs 1wl
HCC b [il38] oudeo VY @ oa] amd 93 33 39, 00 5551 § 395 ygabin VY ¥+ VY Lo 10 HCC Ll o plps dus 42538 amd
2 VE Sloas s e b S ol jop )1 700 1 ieS Al g sldy 65ke HCC s 0 &) 01U 51y o pe
o lilesl 5 gy Syt ey ol o 31 Gy 9 VT plingy 9 Kzl loogy oo 53 58 Veee e P AR
2 ooy 3l b S ye cde uo)loa 5 00 00 (aokid bl lb jw e WS b s 45 39 oo (S i (ol 4Bl 5] 58]
o33 5 VA Jlo 53 35 wds 08 oylb ps (AF/V) AFY o oo ggomme )3 davlbo s plio b duslie )3 a3l VoVY Jlo o olas polymo
slely b gy 5 joyd & Mo (lilesy ;> HCC (el podlpble @)las [0 ] cosl od) yro g Syo (ZAT) VAY- - oy ]
Gyl 3o Ui AT 35 352 gamled o Sloyd> (saby) )3 Hrbg lacd iy bl oo a2y LB Sy 9 ool
O b yo nl 53 iz los 2l 551 &5 g WS e plnl Jgese sob s & a0 &) SVR y (liod 1 g WIgi oo jg b
o) Sl 59y Sllllas cslito yobo 4y Cul Jlsdd Wi o w05 1) g pud (wlid Bl (ysnmS) ool 1 s LT oS
O S yudie glaySlogsy (8L > (et 4 el @il 0 SVR 1 uy S93ed (90005 S 03 385 omd 52l ped (s
Orper 9 C cuilp ooy 4 Cighe [F] ol 4ty i et 5 loy g9y & dr oo ey wlgi o HCC s HCV
o 93 cnl dbml > s labjlgySee (8L L g o il (aag B gord lnl 3 Logi)l§ Yolugila by
Mol Sy Bl ) 580 Mo € il cigis 4 bpo (Shlow a5 Sloj b5 30 )15 5) i |y s siedan slagle
Ry sy daly & (g5 oo LIS ABd G )3 gy 4 (oode Slejaiilan 3929 b 3905 (b))l o Loginw ) )Y glugila b pus
pole gaw 53 boodls 3L S8y SiSS el 0y J118 (2551 3590 lilew 9 S sladiges )3 1y b ol (31581 L3I 5 ol
S ySHle & amd o Iy cuo)d (plbo & gl cpl 3508 QL) (5385 (s J5¥ge 5 ) Ol U S oo SaS Lo 4y 4L,
@ Sl S8 man 90 by 1) (2B Clgrge pls (b 5 pladl Sl 3 b b pys b <L gl 3 (s

Journal of Health and Biomedical Informatics 2024; 11(3): 186-202 VAA


http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

VAFY Y o OFF o cpow o)lads wmdil 0)s0 oS 3 Comnd 3 9 CaoMw Syilo 49431 oo

doi: 10.34172/jhbmi.2024.24
OlesS S35 pole oS K35y Syl Ui 350

I

Ol & b cage yel al [V ol anils oo 4y ilisie (sl yus glgil )3 1) psign U pois aaw I oS lege: glgil (il
SlacuSa g o B s g 4303 HCC s HCV (5 o by oy 0 4 Silogiilgns 4 )LSG g dtwge (sl 3T ) oolisl b adllias

S L8 it @byl 390 5 il 1w b badye (ilow 93 cnl > (ol

5 oh9;

0315 oS,y 5| GSE44074 cankys adllias oyl 15 HHOV L Logiaus )8 ¥ slussilens 5 Logiams 5 ;¥olugilas 5 ol Julba g cunliyd
oS ol diges OF (gl canliyd opl 8,5 )5 skl 3,90 ¢ sl GEO (https://www.ncbi.nlm.nih.gov/geo)

Casliyd ol 3 0 oozl pydtly 9 HOV L Loginus )57 Vsl 5 bogiaus 5 ) Yshogilin ©y90 a4y (e YV 0,5 50 Jols
g (Kanazawa Univ. Human Liver chip 10k) GPL13536

26 (gjlolis GEO2R 3JU1 (SaS 4y GSE146698 sl 1 LeaS5 cslozalll plosil (gl 3 ol aligys colmodly gjluoslel

D B85 eddiwd b 9 YU o b glayys o 5 e g 43 1is p- value< +/-ac 1ogFC<-1, logFC>1 L clag)5 (s

(V pgeas) 13,5 olol a3 JUl plo (glys g 0pdd JuST bl )5 mosls coles

GSE44074: HCC HCV vs HCC GSE44074: Expression density
B - = HCG HCV
M

g - §F =
g 2

™ |Padi<0.08

- down
= =u El
2 1 o 1 10 5 o 5 1
Iog2itid change) wnensity
GSE44074: Moderated t statistic
GSE44074: Adjusted P-value counts f;-, Y

8 F
g =2 =
g 3
® s 2 o
- H
=

o0 0z o4 o8 o8 i 4 2 o z 4
P Theoretical Guantiies

m HCG HOW
m HCC

o [ L] ..;.l. ]

HCV U bogina )5 ,¥olwgilas b Lo po o5 GSE44074 culivd o5 ol Jilgp f 5 Sledbl 1) yg0a5

5035515 (gixo slagyy s oliee 1My )b € pagea . smd o L oy s o515 Joged B jaguas )3l 00 00l (L5 09,5 93 (il o |y o ol 381 919 Jlag0 A g
sl 0313 (U5 09,5 ya 3 1y a3 ol 518l W15 e D pguas amd so LS 551y 09,5 pa (sla oges sl s Joges sl T STATIC aslis L bls)l s lsges

VAR Journal of Health and Biomedical Informatics 2024; 11(3): 186-202


https://dx.doi.org/10.34172/jhbmi.2024.24
http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

‘B Ohlen 5 )1, g9 loghaw )5 ) Yolwsil sl 51 sl ;5 L baliylg Suo (ow) 2

Enrichr el ol b ailBlis &g 4 2559 oyl 31 shyls a8 ol )3 GSE44074 conlys j: JUSuw (612 pomns oy
9 by JiKw sl e Human cyc s KEGG SaS 4 9 45 3JUI(https://amp.pharm.mssm.edu/Enrichr)
28,5 )18 oyt 3y90 S (b e axlllae (s P VAIUES <[00 &S cal 5 &y p3Y 05 Sl A ,m ps s gl o
25 e gl sl HOV L bogiaas ) Y slogiln b Lo jo 5 cottie (JiSm (sl e | cand ol 3 15 Cudlo o)
slaanlys « isw g panther (http://www.pantherdb.org)/geneListAnalysis.do) s Enrichr ool ool oS 4
ol o .cé)3 18 bjyl 550 MF(Molecular Functions) JsSse sla 5,Sles 3 BP(Biological Processes)
03 (gdm pi5 )3 g el Pl il Jolo lipl ) pogad 4 cuslie Sloge Sl Jd> 4 VL ple b sloj Ghomiw adllas
e PN (gly g Cond (ol 13285 )18 b)) )90 ABlix S 4 g il ]y ple (S g Gl ey S S
93,5 wyp P- Value< +/-0 a3 Ontology
(https://string-  STRINGS o5l oL 3 GO g JiKeww (sl ypunno jl o Sl (gloy5 (b pwiig g oo bLI )l oy
o3zl YY) aseus Cytoescape jljsle s il lmosly yip (isles (gly el Cowd 4 lniig s oy bl )l a8 ¢ 05 34b1 db.org)
A
ool 150l 5 ol (ol (elocutisn (ke (3905 DI ] g el > (sidly (500l 43 (5 (GBS sy
)5 18 byl ayee Sl 05y g 5 ole pdaw > (b slaedls b g 5,ls GEPIA
miRnet s miRwalk o3ls (ol 5l voe sy n g s 9505 LI s Ceond oyl 13 1ok (510U 19,500 oy ym
W i 031> Ui g paw 5 (gl ol (bl 4l g A solatuwl

\ J
Y

value< 0.05

E ~ Pathway analysis i

miRwalk
Siloya8lgn )_.Jbi Pl 090 Silowd o 1Y Ry

Candidate
genes
extraction

Node degre_a

8 5 90 42l g deg ©ygo g 0ud 4B slagiy el adllas (ul ) Slejsilse slaedls 15 Lol (gl LT
b obsl s gxe slaodly lgie 4 P-Value< «/+0 oS osel cows 4 polie cpimen 8,3

=W
HCV L L jo boginas )5 3 shogilin 13 6550k Ol 31581 elilgr (g)a595 5 joile i e Jg s’ i sSlS (sla 5
S oo 53 0GlgT o b Lo b 5 0 g YU Glu b o VY aS ol lis GSE44074 o5 ol Jlgy ).Jlj ol lis

Journal of Health and Biomedical Informatics 2024; 11(3): 186-202 4.


http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

WYY Lo OFT Lo o o)led ondfl 0)0) (oS 3 Coannd § § CooVow S lo 5851 aloes

doi: 10.34172/jhbmi.2024.24
Ola)S (S pole olSils ¢ (S5 Ssla)gis] wlasios S 50

I

Jsis) 823l sl ol MAPK o PIBK/AKT < iog) csla sl & koo ¢ b (Stipm ¢ b wSore ¥ lail ok

Biosyninests of coTactors

Ascorbate and aldarate
metabolism

PPAR signaling pathway

Trypiophan metabolism Beta-Alanine metabolism

Peraxisonme
Fatty ackd metabaolism

Metabolism of
cytochro

endbiotics by
e P45Q Valine, leucine and
[rdg metagolism iscleucine degradation

Arachidonic agid metabolism

=== ;q_* secretion Fatty acid degradation |
Chemical cafcinogenésts \
: Linolelc acid metabolism
S Adcoholic liver disease
-

Retinol metabalism —
Glycolysis { Gluconeogenesis——

Pyruw, m lism
Sterokd hormone biosynthesis yruvate metabolis:

AMPH signaling pathway

Tyrosme metabolism

Renal cell carcinoma

Pathogenic Escherichia col et
e infection Chemical carcinogenesis

Pertussis

: Endocrine resistance
Yersinia infection

othelial -
= - Y Hepatitis B
Shigellosis
gt janciion Relaxin signaling pathway

Viral carcinogenesis

on of actin
keleton

Salmonella infection

MAPK signaling pa

Focal adhesion

Proteoglycans in cancer PIZK-Akt signaling pathway

onl ol b S Sl 2 S5y 9 YU ol b (5L 0sj (81 308 Sy (JUSms (1 poumme Y 1900

RS Journal of Health and Biomedical Informatics 2024; 11(3): 186-202


https://dx.doi.org/10.34172/jhbmi.2024.24
http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

@
r OblSer g )13)8" (gwge loghaw )5 ) Yolwsil sl 51 sl ;5 L baliylg Suo (ow) 2

HCV b bs o Logiomw )l ;¥ glwgiln jo 1) (yly 31,581 0 508 090 135 00 9 b 180 oyl Jol (35 00 1) Jguor

LogFC p-value Genes
Upregulated genes
)/VAErTa 3.63E-12 IGFBP3
VVYArYF 2.39E-12 FBPI
VVAVYYY 7.21E-09 PCK1
VISVAYYA 2.74E-09 SLC22A41
\/SOYYD 1.63E-10 CYP2C9
V/o%avs¥ 3.04E-05 HAMP
V/¥OAYY 5.81E-08 ADH4
V¥V 3.14E-05 IGKC
V/FTA 4.80E-07 BHMT
V/FOAYY 3.31E-11 GLYAT
Downregulated genes
AN 1.73E-07 SPINK1
=Y/\AYYE 2.67E-09 GPC3
=V/+\54 1.27E-03 CHRDLI
=V/+-¥\a 9.39E-06 EPHXI
=V/eayyvy 1.22E-03 SPARCLI1
=V/++\a 3.34E-05 CSTA
—+/20-Y¥ 1.41E-02 DCBLDI1
—+/AFYAA 3.45E-08 S100410
—+/aY¥YY 8.20E-06 CCT3
—+ /A 3.98E-06 STMN1

3y50 JoSge 3, Slas 5 Jsbo slaanTyb jisu 95 50 gmb s YU ole b gl yj ceond ol o :Gene Ontology ;JU
6l s )3 St carlals 35 (ol slasi ] (B3l Jobe 45 j2 (lojpus ) glaai] B 5y 0 285 L))
Wi S rclind JsSlse slasShos )3 eizpon oo 59,3 SVES 5 (s5ikge Sl s (ol
o3 sl o oo &y g2 (e ails 3525 oS gl Called 5 ¥ JLbigi] oS 15, 45356 oy K] M
4 dooly e Jsbos (sl sl 4 Goly e Jshos 5 5 @S e uplis iS5 Sla e oS CE5 S50 55 ol ol b
NADH ¢l 5 (s sloatlh 55 b JsSlpagSle il oMol 5 Joho sl gailosls ¢ JT (sla J5Sse

(0 9¥ poa) cusly eS8y JoSUgo slod,Slas 3 ATP cld o dehydrogenase

Journal of Health and Biomedical Informatics 2024; 11(3): 186-202 Ay


http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

WYY Lo OFT Lo o o)led ondfl 0)0) (oS 3 Coannd § § CooVow S lo 5851 aloes

doi: 10.34172/jhbmi.2024.24
Ola)S (S pole olSils ¢ (S5 Ssla)gis] wlasios S 50

Monocarboxylic acid catabolic process -

Xenobiotic metabalic process =

Fatly acid catabolic process -

Ceallular response to xenabiotic stimulus -

Carboxylic acid catabolic process =

Response to xenobiotic stimulus -

Terpenoid metabolic process = —|Og1 D(FDR}
Organic acid catabalic process - 30
Dilefinic compound metabolic process =
Isoprenaid metabalic process = 25
Lipid modification = 20
Small molecule catabolic process - 15
Maonocarboxylic acid metabolic process =
Fatty acid metabolic process - 10
Carbaxylic acid biosynthetic process =
Organic acid blosynthetic process -
Steroid matabalic process =
Small molecule biosynthetic process - @ —0— & N. of Genes
Carboxylic acid matabalic process = -
Ooacid metabalic - ————ml » 25
process
Alcohol matabolic Process = . 50
Organic acid metabolic process = ——————y ® 75
Crganic hydroxy compound metabolic process = —————— ® 100
Small molecule metabaolic process = —————————— ® 125

Caellular lipid metabolic process -

B ——
Lipid metabalic process = =————

Organic substance catabolic process =
Cellular response to chemical stimulus =
Catabolic process -

Regulation of biological guality

Al

Translational initiation

Establishment of protein localization to arganelle
Translation

Peptide biosynthetic process

Wiral process

Amide biosynthetic process

Intracellular protein transport

Callular macromolecule catabolic process
Macromolecule catabolic process

Intracellular ranspart

Cellular macromolecule localization

Protein transport

Cellular pratein localization

Establishment of localization in call
Establishment of protein localization
Programmed cell death

Pratein localization

Nitrogen compound transport

Cellular localization

Regulation of cellular protein metabolic process
Cell death

Macromolecule localization

Megative regulation of macromolecule metabolic process
Catabolic process

Cellular response o organic substance
Megative regulation of metabolic process
Response to organic substance

Cellular response 1o chemical stimulus

Cellular protein modification process

3 B
Fold Enrichment

-log10(FDRY)

16
14
12

N. of Genes

« 25
* 50
® 75
® 100
® 125

Protein modification process

Fold Enrichment

shiny GO sols o183l <Ko a3 <obls ol 3 YU s a5 HCV b b o Logionw )5 3 sluogilds 53 s ) (glooiaTyd oo ey HUoF jgas

Ay Journal of Health and Biomedical Informatics 2024; 11(3): 186-202


https://dx.doi.org/10.34172/jhbmi.2024.24
http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

‘B O 5 )1 sgmge logim j5° ) ¥glwail sl 518 bl )3 S S )lg S (o) 32

arachidonic acid epoxygenase activity (GO:0008392)
steroid hydroxylase activity (GO:0008395)

arachidonic acid monooxygenase activity (GO:0008391)

—mpmatim or reduction of molecular oxygen, reduced flavin or
[ S SRR the CH-OH group of donors, NAD or NADP as acceptor (GO:0016616)
_.Nalor activity (GO-0061135)

[EETEBTREEEEEE . i+ . acting on the aldehyde or oxo group of donors, NAD or NADP as acceptor (GO:0016620)
R (o coosson

-hydroxvlase activity (GO:0101021)

RNA binding (GO:0003723)

ctor receptor binding (GO:0005 159)

hibitor activity (GO:0004866)

A binding (GO:0097100)

domain binding (GO-0070087)

spanning protein tyrosine phosphatase activity (GO .0004726)

[BRIEEBEEE - activity GO-0015925)
[IRSGIRTIRE o rowth factor Il binding (GO-0031995)

b e Yl ol b sy o (g0 s )Slas 10 41 guad

Ol 320 (g2 350 ALED €5 1 oo (5l pano 13 45 il 9 YL Gl b sl oo il 5 5 gy ASd 5L
Cusl 008 LS5 AJYYY 50,5 OY 130l ol b (g aSd gl 5 4 MY 50,5 Y8 YL plo b (g a8 ) ol

0 ua}:.wuo AMPK 9 MAPK sul.b).w OJ9S’ (929 Lgl.hw}c.c qu}Lw d.>)> L;me Bl mebs); O bl‘u)l LY
{5 ygum) o

Journal of Health and Biomedical Informatics 2024; 11(3): 186-202 VAL


http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

WYY Lo OFT Lo o o)led ondfl 0)0) (oS 3 Coannd § § CooVow S lo 5851 aloes

doi: 10.34172/;hbmi.2024.24
Ola)S (S pole olSils ¢ (S5 Ssla)gis] wlasios S 50

PPAR g (b juw 30 (w99 Soghe ¢ Jg il jiiwgas «Jgis joms| o i lmd (1o yuunno sy 9 Y (3l b 6oy oo (i 93 4t 17 o guatl

9 SV gare 5 o j Cond pl 13 HOV L b je bogi)l5 ) ¥slogilia L Lo po (2l (sloosly )5 0ads 2,808 glaj (o) 2
5 ol ol ACST s ADH4, FBPL slagyj poll cal a8 (bl LogiadligdlS” (Sloyo o3k slo Jgbo cllb L Loy
3 o 0o 10 390 4 liin Loy Sloj ol S5 55 g ol obod iy ol zals MAPK3 4 E2F1 s CDK4 (o 55
odnlie B oS aigS lan Slo 0dij laged 10 g A odalie d)8l Sle 05 )0 (6 pReuin ialS widgy boginw, S Y slwgila 4y Ml

(Y p9a) dopo 203 Ve pj iy Slo0kij &5 o

RY Journal of Health and Biomedical Informatics 2024; 11(3): 186-202


https://dx.doi.org/10.34172/jhbmi.2024.24
http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

‘B ohlSen 9,158 (qwge

Percen surdval

Parcent survival

1]

[T}

——
B
B
? 5.
E I
3 i
- L&
o E
i

LIHG
(mam T =363, numQhj=160)

Crverall Swrvival

LG
(] Ty=36; numi{Nj=180)

Owerall Survival

Percent surdval

Percent survival

Logiges 15 Yshuogilen ol 5 3yl 15 s> (S5 S0 oy

LiHC
(ram( =385 numi(h=180)
Crverall Swrvival

10

(1]

[ 1]

4

02

LIHC
Grumd T )=368; nurm{Mp=160)

Overall Survival

Percent surdval

Percen survival

»

A

=
P ] .
! -‘i : )
.'é' T
!

LIHC
Pasm T=360: num{MNI=160)

Onverall Survival

]

Linc
rasm T =360, rsmdM=150]

Owerall Survival

—— Low ACSLT TPM
—— g ACSL1 TP
e 05T

s 03 9 ole Gl33 ACST g ADH4, FBP1 o5 s bgs po i 35 49 ol 4 YU 5 ol 9 Vb oo b s ils' glay§ 5o by (Somio 9 ol iV el

(5l sials MAPK3 4 E2F1 s CDK4

sloodly 3 &S ol By Y gare 5 oy Cuond (pl ) b WA GGG L b e )5 @il (Ulg S (w2
hsa- hsa-mir-376¢-3p .cs,5 ob;)) 5)90 )] b g pe (clab,lg,Sue blod 11 1539) logiuw )5 ,Yologiln b bagpe b
hsa-let- 4 YL s b sl 5 ,> hsa-mir-3665 4 hsa-mir-1265 hsa-mir-1286 hsa-mir-873-5p air-143-5p
hsa-mir-25-3p 4 hsa-mir-24-3p hsa-mir-24-3p hsa-mir-21-5p hsa-mir-20a-5p hsa-mir-17-5p 7a-5p

(A pgad) Ab asie (55)b ©yg0 4

Journal of Health and Biomedical Informatics 2024; 11(3): 186-202

AR


http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

WYY Lo OFT Lo o o)led ondfl 0)0) (oS 3 Coannd § § CooVow S lo 5851 aloes

doi: 10.34172/jhbmi.2024.24
Ola)S (S pole olSils ¢ (S5 Ssla)gis] wlasios S 50

W h=a-mir-24-1

W hsa-mir-150
M hsa-mir-30b

- .“F KH] Mihsa-mir-155 _
W hsa-mir-146a Mihsa-mir-125b-1

S W hsa-mir-503 _
MW hsa-mir-100 Whsa-mir®24

L |
Whsa-mir-27b Whsa-mir-34a
M hsa-mir-148a ] hsa-mlr—# 29‘:' L
hsa-mir-200b h&a-mir-
.hsa-mir-429. " Shza-mir- 1456 ia—"
M hsa-mir-23b .;tELA <
M hsa-mir-200a W hsa-mir-130a =

®usF1 W hsa-mir-17 .hsa-mur—3151 o .
- W hsa-mir-132 .hsa_—mlr—1ﬂa "
.hs&mlr—zaa ]
FBP1 :
] .hsa—mlr—EdFZ B [ ]
@s- Whoamiige  MRsamiie2 W rsa-mic27a
sa-mir-19a

B 2 .hsa-mir-zz .hsa-mir—mtq
o = . hea-mir-92a-1 .hsa—mir-z«ua

= &
e, Y L e g W hsa-mir-27a
e Med BT (e heamin- 14
W ‘hs-a-mir—22’2 L : 4 B ]
k AR o e
AL R pe Misa-mic1%a, | mhsa-mir-200c
PURTL L R lnsamlﬁﬂ S 'hda—mir—'l&l}a B
! . ., -mir-; C .
gl -h piti .h‘“"“?'.hsm.rzz ihsa-mir-100
flmla e EHJH‘HI'
wle QAU T, Mhsa-mir-106a -hfa-mlf 145, Whsa-mir-150
1 B R : W hsa-mir-20a B
et e ietes Wheamiiaa | o . Mbsamin20s — e
. 14 h r r L -0 ’ - =1
ST .hs'“*“'rm’ : ; .hna-mir—.?m‘b o JARON 150
Qnsa-tmr-m«!f W hsa-mir-16-1 v Ehsa-mir-230

-t Mhsa-mir-158  Ehea-mir-17

CA ol JF 7 .hﬁa-nﬁ:-d-

iy A .hs.a-mlr 21 < s 2*!15& rilr-146a
I W hsa-mir-34a

.hsa-mn—lﬂ mmma 1 -hﬂ&-mlw
¥ Insa mir Z'Sa " .Hs-il'i'r'll';*?.i"b .hsa-mir-Z'UD.E
ey -hsa-mur 249

e =T _n lhsamr

e W hea-mir- 1466

- e 7y

3200 (SWaSind )3 comly 9 YU ol o (Sl Gladiged 15 2 (S5 oS walald (S lg S A aguas

Ay Journal of Health and Biomedical Informatics 2024; 11(3): 186-202


https://dx.doi.org/10.34172/jhbmi.2024.24
http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

@
B OblSer g )13)8" (gwge loghan )5 ) Yolwsil sl 51 sbal 45 Jis (allg Suo (o) 2

5 325 4ot 9 S

Jele oegd oS Casl (HCC) (08" Jsho pginas)l8 5 05 oo (ol Jle j (S (HCV) (030 C sl g g b cigas
o1 (alayby) drwgi 4 33ge ALS) (pl iy And duw LS (g GBS Sl el o puolp ) Gl Sl (B e 9 Sy
logley Blial s’ s HOV cigie il 35555k «s5lsmadn) (JoSse (swlidpog g )3 cig sloodygld il o o
(DAAS) s 51L 550 sl g cyoal slowopg 5] dbul a4 yoxie GBLEST pl cdod | St ool 031y |y wgpg o
5 b il oy I b Ve N [ 3jlo e Sen ployd Cod lilon j1ao)d el Gl )3 1) (g lop & Canl o
oAzl )l 5 (6l g Canl o pand 53 o polps )3 Mo lons 51 68 sl Lad o (loyd sl 05le (Bl odos cole
Coghe (35 ady) lp 6998 38 2)90 HOV (puSly sl oyid By ploys & aiiS (o (S35 (2loygdS )3 b g 0 o3>
s BB b 4 ST sl Y lizren HOC @ Ml jlas cgugg 350 (loy wépule el y oM s o piod 53 join
Shlew > HCC sge jlas li8l el 1) sanlsd (L5 adlllas cpiiz il oo (20l a0 iy jopud 4 Miso (ilows 13 025 &
O Yl HCC oy o sdalie b @l as canl ooly lis (gam Slalllas ax STl 03,8 dlpiig DAA L loyd cov
oS o] (JsSge daly a5 wloals (s 28 Sllllas Jlo ! b sl duglis BB 9,850 1 (e (LB slos, s DAAS
2 e b pleld) 5 [IYAY] w3l Ggliste (55551 (slojme 5 hjae (ol s 4 2257 b (g8 5 it Sy o ol
i OhlSan 5 Sl il e wax Slla @l Jood Jls 3 co g 4 HOC Jl 60Xy 5 (ugng (Saie) > 2lpille
Il g ool 5l o HOC 59503550 53 sl Sl e 9 39290 anlyd pizman s HOV (iglgasy] yus J 5ol
39 &S Ty DAA I G HCC g 5590 ,5 (b saleis op 31 ¢, Ken g Sanduzzi-Zamparelli sl olis |y (SVR)
B> 3590 50 L )3l g (6y9ye o )Ken g Alazard-Dany .cul 03,8 wyp ol a5 Jlo x> > Lol gla SIS
Sl o ppoe 40N )10 5 (5529 905 oyt ) O gy Slal sl s gy 10 sl s HCV (S
» Ols o, Ken o Luxenburger 63,8 8 yxe &l K alslie (¢ly 09all il ylgic 4 HCV b osds Jawi  Joko
s Hayes 55" |, SVR Sl g 355954 1o o] <o o DAAS bsgi o5 41 gy olo 3l o T slodsbo ks
Canl (San &S SVR jl s HCC tnnsg JoSg0 (clapuuilSo 590 55 0sid (6y9] gon pols Jbo 13 025 laodhy o)
ly oasaS e sRNA l,ISen 4 Plissonnier .cul 03,5 4555 csl cglite g,8 0] p e slans) 9 LDAA 0
cloaidly ) 3l )8 oy 3)50 SVR I g HCC o (50,5 50 gt sl Silis plgie 42 9 45 olo 3553 5 ] 8 ol
o0 s HCV Cigae oles Bl zen job 4 pbl o pd clalllas g siwn o aslil Jbs )0 ceyw 4 &S 055 9 b
o bl oS lose (5335 4 b gl pol ddllas )3 VY=YV ] a8 o S5 SVR Iy HCC il 000
ot SBByl9Se 5 oo n i Cald 53 9 48 w3l bosls cnl 3 05 Gl hloy ey 4 HEV 5 logivas )5 Yolusiln
s 3y HOC & s HOV 1 a8 lag 48 591 ol 8,8 )8 455 3y90 sl dalllas ] 55 88 (e a5 ol
buwg o alag €85 w6393 U ol oo bl (uSe Sl o5 45 €5l o0 (93905 U g ity Jglite ol 55X
4 ey 3 o 5 00)5 €8 o Login)lS Vologila (lojus Cdyby 5 collad glu) > 855 0 5,0 HCC Ly ks e HCV
diad o Sl i HCC a5 4 008 1,008 sl Sl (665 Logiany S Yolugiln als o

Jolss g 58 o dlyia oo §| 5 SEr249 15 1, CDK4/Cyclin D1 p53-RS S sl ol oS sWang adlaa
Aan3 o Sl L HCC (loJglo 5385 9 ©-MYC & atly (cagisey 55om 4208 50 iS00 g i > C-Myc L1,
ol S plgis 4 3290 SooS JoSge (glaoaiiS)les L 1) p53-RS 5 CDK4 S e (¢S ban o6l Wang bl 5
S, (P53-RS) sls HOC slo Jobo lojod oy caly 33 16558 oy ol PS3-RS slyls a8 HCC (gl ogilly oo 5
&S obsb 1y asl ies P53 gy, culled g S oS 5 Wlg e &S S 5 (CP)CP-31398 3 CDK4/6 o5 )
sladsho 13 Jleo 2 2l¥len 31 S CPLPD jl oS5 cpl 25 058 o ad 4 |y -Mye p33-RS (gjlu b 3)Slee
9 CDK4 S i (605 Gan oS amd o L5 ol cpl b lis 5wl 59 3 o9 4 PI3-RS 4 anly (6l ogus 4 HCC

Journal of Health and Biomedical Informatics 2024; 11(3): 186-202 aA


http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

@
VAFY Y o OFF o cpow o)lads wmdil 0)s0 oS 3 Comnd 3 9 CaoMw Syilo 49431 oo

doi: 10.34172/jhbmi.2024.24
OlaS (S e ol S35y Syl i 5o

D

ol a8 S Jes «wud p53-RS ()l S HCC (¢l e loyd Ko dnwg (6lp 058l 3,9, o lgie 4 wlg 0 PS3-RS

(il 3935 IMID6 g s CDKA Jobor 46 2 0055 oislh (g cym ciin Sinmsods [V ] ol s sloms CDKA 5 ,Slec
PCAF L g s 0 <)) o] yigogy 4 paiine 30 41,3 G b |y CDK4 -l IMID6 S 5l o)lis paucilSo Juloss 9 4550
CDK4 oo o8 wissly ofyKan 5 Wan opl s ogde 138 obais |, CDKA 5ggy 55y (ysimst lymsis b 135 o Jolss
oS 35 2 RNA 630 L5 oy b b Ko 5 KANG adllan [Y¥] 37 3 5| oo iS5 Ll 53 1, IMID6 Ul
HCC Jsho slacdl g aod, 5 LINCO0630 by owyp ¢l (QRT-PCR) i plosl 1S by p3 (LINC00630) il
ot (CCK-8) A= Jsbs o a8 i HCC sk (sl 03, ;5 LINC00630 o 31 s b 5 (g 45 ploed
&l CAtRAPID o3l oL .0 plosl Jobho 48 > it ¢ 5909)] HCC Joko (iS5 awis (sly (¢ iogiawsls ¢ BrdU
s RNA als o yiovuw g b 3,5 8 4 E2F 1 (E2F1) cw gy, 5956 3 LINC00630 (yo Jlasl dbasly oo i
030l b (5l 4y atnly (CDK2) Y 5LS 5gos s anb & E2F T Jlasl s plosl dlasly ol 40 sl (RNA) ol g
45 405 (ChIP-qPCR) (y5legS" (ygmaslpdgigaal (soS jlyesly (sl ooj (2Sy g, 9 Slyamg) 9890 SIS 05 b, |
oas HCC ;5 LINC00630 Ly .5 pbul HCC (sla Jghw ;5 CDK2 g E2F1 (pigp olo paseis clp oM o g
GHCC Jsbo 55 LINC00630 15 | s ol 2392 b yo cgolit) 302 & jttolio s TNM als o b angi b5 yobo & 5 o
cuily agSas @l LINCO0630 cansis 48 o 3 0,8 slae |y Jobo joioar] 5 5,5 s |y Jobo 450 iy
Iy CDK2 409y 4l 4 E2F1 Jlasl LINC00630 s> 5l i olo 395 0 3950 E2F1 L i y5bo 4 LINC00630
235 ke |y CDK2  swsg3g, LINCO0630 (30 oy 5l a5 Jb j5 ol (5,8 |) CDK2  wsgigy domis ;o by i3l
o> G ey el 50 g 03 S CDK2 504y anb w E2F1 (6,5,5 4 L1, CDK2 59, LINC00630 < g05xe
bl ol dasiio o Splio sazme (53200002 o] 53 45 sl o jalls (HCC) uS' o jus (sl S5 jlas S lsis
o)1 v ROmero dowl s [Y¥]ams lis HCC loyd d9un sl 1y Sloyd il ol (Soe Sgolio (slacs oo
o Slow Gy Job )0 SJglio 3350 b3l s bl cdls> gNAFLD L ks, HCC 51, E2F2 g E2F1 g,
HCC s E2f2 4 E2f1 b wis)S céb s (DEN) cpolisgis Juol 3 9 (HFD) Gy (013 5y &5 oo bge 55 .05,
Sl hge ALl Cto Stsan 438 Livl33l 55 E2F2 3 E2F1 pobauw ool NAFLD 5 cdly yial i3 NAFLD | Lag,
E2f1 sla bge ;> DEN-HFD 5556 1539 polie busye 2y go5 s DEN-HFD | Lsb 18 by 4 E2£2 y E2f1
b bje 48 Gloju b ol (talS a8 FAO (gl 65508 o231 CPE2 e Gl33l 5 (FAO) 0 sl pygliust E212
Iy e @l gl E212 so 5l i ol g s a8 S s E212 -9l SU 51 o ol opl by (iol33l ]y sl b e NAFLD
32 I3 oS s il i3l )5S 09,8 b duslio ;> DEN-HFD _go 18 > CPt2 sigagy & E2F2 Jlusl cousil
3850 woSae (Siwwed CPT2 Lo LE2F2 4 E2F1 wljle Ll HCC 3 5l s gigy w68 o 53 E2F2 uiine i
5 oy sl 315 3s30 o 3 i o S0 EZF1-E2F2-CPT2 s 5 Jsb o8 ami0 ol b5 ol o
ol Gl 5 wals HCC Jslo 1S5 L o yob 4 LINCO0852 a5l iy ol Chen adlles [YONF] AS o al,
3 o ol ol s Gaa |, E2F1 o8 5,5 wie |, LINC00852 miR-625 .cuily Joho jongl b e b3l a8 Jls 1 0l
S5 o)en g Rashad adlls [YV] 5,5 jogSes |, LINCO0852 5 oy I3l E2F1 ol s L miR-625 s
s ogls 8+ 5 (HCC 3)50 8Y HCV j1 e 59500 plase Y8 CHC Jlay $+) oiiS <8 15 Yo v Jolis (sanlis 5,90 aslllas
mMiRNA- b zbw 3 (605 o516l (QRT-PCR) jl eslazwl b g mIRNA-18b g miRNA-27a Ly sla By 29
09,5 33 il L3l g B pob 4 CHC g 8 09,5 b dulia 33 C sl §l s Jopmw 3,l30 »> MIRNA-18b 427a
miRNA- ; miIRNA-27a |l gdew ) g ogMe cdl il asg b6 b & MIRNA-27a by gaw ks HCC
St ygmw)S ) o5 9 4355 .Cdld Cute (Sumed (g9lad 30 E & jlwlie o Child-Pugh 45 )3 ccund)gs sk L 18b

a4 Journal of Health and Biomedical Informatics 2024; 11(3): 186-202


https://dx.doi.org/10.34172/jhbmi.2024.24
http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

@
‘B OblSer g )13)8" (gwge loghan )5 ) Yolwsil sl 51 sbal 45 Jis (allg Suo (o) 2

03,5 3,Shes dasiie Jo g 4555 09 CHC (o (5 5gpmm Jitus oaiiS dwo i o MIRNA-27a oLy &5 o ol
A58 o solat CHC 1y 39 pm0 45 Sitad (sshn 5lo 5 loges MIRNA-18b g mIRNA-27a 1l gokaw <8 3 it (ROC)
5l et 999 HC 5 CLD 51 5Vl o, Kan o SUN adllae )3 ans b6 yob & HCC adgl Jslye 5 miR-331-3p pyes [YA]
s M8 s 4 HOC syl Jolye 13 pyw MIR-236-3D e il 2alS sy M o & HOC sl Jolye 3 Jo
3 adsl Jolye > HCC aseis )3 pyw MIR-23b-3p «pl pogMe bl Jljdl (g2 JB jobo a0 (22 5l oy 5 952 o8
MiR-23b- miR-23b-3p 45, (F3 + F4) 105 gyl joyesd 1 gl oy o HCC s 1 590 5L CLD lyless
BCLC HCC ol b (s (sine bls) 55 MiR-331-3p cutls AFP & Coms (6 yige (s 3,Skee 3p). 331-3p
oy sl g0 3 o MIRNA by sla Lligy o0, Jbsé sl THlumina b s o Kes o Li adllas [Ya] sl ol
5 sls MIRNA 1,6 ¢l RT-qPCR .65 15 onlizl )90 (LC) 608 jgpmw hlow s HCV L ks e HCC o lows
sow 00 LC jlaw 0F HCC jlw ¥+ oy sladiges ;5 16 slmIRNA (pl 1 ogde 155,85 odliiw] 09,5 93 (o 48l
sly (ROC) 05,5 5)Slos dasuio bovio Julod 5 4325 L8)5 )18 (0 3)90 ol 3,8 Y0 s HCV (oo cilin 4 Mo
miR-331-3p miRNA miR-122-5p Jks zls a5 oolizwl HCC Lasuis ¢lp bMIRNA  oaseis 5,Slee o)
LB s 4 (MiR-23b-3p miRNA (miR-185-5p 3 ¢ wudly il3él a9 b6 jsb 4 (MiR-224-5p miR-494-3p
Wlg o MIRNA  is a5 ol lis ROC e Julos g 400 silasl, (ialS LC lilews b awslie wHCC ks 0 oo
9T 055 )8 oslisal 5,90 HCC asis (gl 0l (i sl S0LES s &
Nobogila sbal 5 age Jain] Libs odd OBl slablg,Ses 5 aalllas ol ,> 5] glo by & a8 ol e gl
MAPK3  E2F1 5 CDK4 islasj 5 ol Livl3l ACST g ADH4, FBP1 (glay 3, HCV cigic b b yo Loginun s

Lgd 2bj)l 3o aRislejl balyd )3 ens 1S ol g SKeo g b piSgys g g5 &8 29 o dloriu sl ly als
&8l o,
)15 g2 pdlie (5l AigS g gl O

‘B‘D)-\s 9 ,Suw""

ploi e pMel eilodges (63l 1y Lo imgly cnl 3 &5 (Slus S5l 355 (13,08 5 ol Gilye dliwy (o

Sl colos
D) 0539 (o Coles

G s

Cawl 48,5

23 3929 &8 Ui s SO 4 Bakan g

Journal of Health and Biomedical Informatics 2024; 11(3): 186-202 Yoo


http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

@
VAFY Y o OFF o cpow o)lads wmdil 0)s0 oS 3 Comnd 3 9 CaoMw Syilo 49431 oo t

doi: 10.34172/jhbmi.2024.24
OlaS (S e ol S35y Syl i 5o

References

[1]. Goto K, Roca Suarez AA, Wrensch F, Baumert TF, Lupberger J. Hepatitis C virus and hepatocellular carcinoma:
when the host loses its grip. Int J Mol Sci 2020;21(9):3057. doi: 10.3390/ijms21093057
[2]. Ioannou GN, Green PK, Beste LA, Mun EJ, Kerr KF, Berry K. Development of models estimating the risk of
hepatocellular carcinoma after antiviral treatment for hepatitis C. J Hepatol 2018;69(5):1088-98. doi:
10.1016/j.jhep.2018.07.024.

[3]. Goto K, Roca Suarez AA, Wrensch F, Baumert TF, Lupberger J. Hepatitis C virus and hepatocellular carcinoma:
when the host loses its grip. Int J Mol Sci 2020;21(9):3057. doi: 10.3390/ijms21093057.

[4]. Simon TG, Duberg AS, Aleman S, Chung RT, Chan AT, Ludvigsson JF. Association of aspirin with hepatocellular
carcinoma and liver-related mortality. N Engl J Med 2020;382(11):1018-28. doi: 10.1056/NEJMoal912035
[5]. Kim D, Li AA, Perumpail BJ, Gadiparthi C, Kim W, Cholankeril G, et al. Changing trends in etiology-based and
ethnicity-based annual mortality rates of cirrhosis and hepatocellular carcinoma in the United States. Hepatology.
2019;69(3):1064—74. doi: 10.1002/hep.30161
[6]. Petruzziello A. Epidemiology of Hepatitis B Virus (HBV) and Hepatitis C Virus (HCV) Related Hepatocellular
Carcinoma. Open Virol J 2018;12:26—32. doi: 10.2174/1874357901812010026
[7]. Mansoori B, Duijf PH, Mohammadi A, Safarzadeh E, Ditzel HJ, Gjerstorff MF, Cho WC, Baradaran B. MiR-142-3p
targets HMGA2 and suppresses breast cancer malignancy. Life Sciences 2021;276:119431.
https://doi.org/10.1016/j.1fs.2021.119431
[8]. Pichler S, Gu W, Hartl D, Gasparoni G, Leidinger P, Keller A, et al . The miRNome of Alzheimer's disease: consistent
downregulation of the miR-132/212 cluster. Neurobiology of Aging 2017;50:167-el.
https://doi.org/10.1016/j.neurobiolaging.2016.09.019
[9]. Balaji S, Rao A, Saraswathi KK, Sethu Nagarajan R, Santhi R, Kim U, et al. Focused cancer pathway analysis revealed
unique therapeutic targets in retinoblastoma. Medical Oncology 2024;41(7):168. doi: 10.1007/s12032-024-02391-9
[10]. Flynn MJ, Sayed AA, Sharma R, Siddique A, Pinato DJ. Challenges and opportunities in the clinical development
of immune checkpoint inhibitors for hepatocellular carcinoma. Hepatology 2019;69(5):2258-70. doi: 10.1002/hep.30337
[11]. Chen CJ. Global elimination of viral hepatitis and hepatocellular carcinoma: opportunities and challenges. Gut
2018;67(4):595-8. doi: 10.1136/gutjnl-2017-315407
[12]. Berkan-Kawinska A, Piekarska A. Hepatocellular carcinoma in non-alcohol fatty liver disease--changing trends and
specific challenges. Curr Med Res Opin 2020;36(2):235-43. doi: 10.1080/03007995.2019.1683817.

[13]. Baumert TF, Hoshida Y. Addressing the challenges of hepatitis C cure and persistent risk of hepatocellular
carcinoma. Viruses 2019;11(5):441. https://doi.org/10.3390/v11050441
[14]. Pradat P, Virlogeux V, Trepo E. Epidemiology and elimination of HCV-related liver disease. Viruses. 2018;10:545.
doi: 10.3390/v10100545
[15]. Sanduzzi-Zamparelli M, Boix L, Leal C, Reig M. Hepatocellular carcinoma recurrence in HCV patients treated with
direct antiviral agents. Viruses 2019;11:406. doi: 10.3390/v11050406
[16]. Alazard-Dany N, Denolly S, Boson B, Cosset FL. Overview of HCV life cycle with a special focus on current and
possible future antiviral targets. Viruses 2019;11(1):30. doi: 10.3390/v11010030
[17]. Virzi A, Roca Suarez AA, Baumert T.F, Lupberger J. Oncogenic signaling induced by HCV infection. Viruses
2018;10:538. doi: 10.3390/v10100538.

[18]. Luxenburger H, Neumann-Haefelin C, Thimme R, Boettler T. HCV-specific T cell responses during and after
chronic HCV infection. Viruses 2018;10(11):645. doi: 10.3390/v10110645
[19]. Hayes CN, Zhang P, Zhang Y, Chayama K. Molecular mechanisms of hepatocarcinogenesis following sustained
virological response in patients with chronic hepatitis C virus infection. Viruses 2018;10:531. doi: 10.3390/v10100531
[20]. Plissonnier ML, Herzog K, Levrero M, Zeisel MB. Non-coding RNAs and hepatitis C virus-induced hepatocellular
carcinoma. Viruses 2018;10(11):591. doi: 10.3390/v10110591
[21]. Guan J, Ren Y, Wang J, Zhu H. The knowledge on HCV: from the discovery to the elimination. Infectious Microbes
& Diseases 2022;4(1):1-6.

[22]. Wang H, Liao P, Zeng SX, Lu H. Co-targeting p53-R249S and CDK4 synergistically suppresses survival of
hepatocellular carcinoma cells. Cancer Biol Ther 2020;21(3):269-77. doi: 10.1080/15384047.2019.1685289.

[23]. Wan J, Liu H, Yang L, Ma L, Liu J, Ming L. IMJD6 promotes hepatocellular carcinoma carcinogenesis by targeting
CDK4. Int J Cancer 2019;144(10):2489-500. doi: 10.1002/ijc.31816.

[24]. Kang J, Huang X, Dong W, Zhu X, Li M, Cui N. Long non-coding RNA LINC00630 facilitates hepatocellular
carcinoma progression through recruiting transcription factor E2F1 to up-regulate cyclin-dependent kinase 2 expression.
Hum & Exp Toxicol 2021;40(12\ suppl):S257--S68.

[25]. Gonzalez-Romero F, Mestre D, Aurrekoetxea I, O’Rourke CJ, Andersen JB, Woodhoo A, et al. E2F1 and E2F2-
Mediated Repression of CPT2 Establishes a Lipid-Rich Tumor-Promoting EnvironmentE2F1 and E2F2 Promote
NAFLD-Related HCC. Cancer Res 2021;81(11):2874-87. doi: 10.1158/0008-5472.CAN-20-2052.

[26]. Wang X, Chen Y, Dong K, Ma Y, Jin Q, Yin S, et al. Effects of FER1L4-miR-106a-5p/miR-372-5p-E2F1 regulatory
axis on drug resistance in liver cancer chemotherapy. Mol Ther Nucleic Acids 2021:24:449-61. doi:

Yo Journal of Health and Biomedical Informatics 2024; 11(3): 186-202


https://dx.doi.org/10.34172/jhbmi.2024.24
https://doi.org/10.3390/ijms21093057
https://doi.org/10.1056/nejmoa1912035
https://doi.org/10.1002/hep.30161
https://doi.org/10.1016/j.lfs.2021.119431
https://doi.org/10.1016/j.neurobiolaging.2016.09.019
https://doi.org/10.1007/s12032-024-02391-9
https://doi.org/10.1002/hep.30337
https://doi.org/10.1136/gutjnl-2017-315407
https://doi.org/10.3390/v11050441
https://doi.org/10.3390/v11010030
https://doi.org/10.3390/v10110645
https://doi.org/10.3390/v10110591
http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html

[ Downloaded from jhbmi.ir on 2025-12-08 ]

[ DOI: 10.34172/jhbmi.2024.24 |

@
r OblSer g )13)8" (gwge loghaw )5 ) Yolwsil sl 51 sl ;5 L baliylg Suo (ow) 2

10.1016/j.0mtn.2021.02.006.

[27]. Chen S. LINC00852 Regulates Cell Proliferation, Invasion, Migration and Apoptosis in Hepatocellular Carcinoma
Via the miR-625/E2F1 Axis. Cell Mol Bioeng 2021;15(2):207-17. doi: 10.1007/s12195-021-00714-8.

[28]. Rashad NM, El-Shal AS, Shalaby SM, Mohamed SY. Serum miRNA-27a and miRNA-18b as potential predictive
biomarkers of hepatitis C virus-associated hepatocellular carcinoma. Mol Cell Biochem 2018;447(1-2):125-36. doi:
10.1007/s11010-018-3298-8.

[29]. Sun Q, Li J, Jin B, Wang T, Gu J. Evaluation of miR-331-3p and miR-23b-3p as serum biomarkers for hepatitis ¢
virus-related hepatocellular carcinoma at early stage. Clin Res Hepatol Gastroenterol 2020;44(1):21-8. doi:
10.1016/j.clinre.2019.03.011.

[30]. Li J, Jin B, Wang T, Li W, Wang Z, Zhang H, et al. Serum microRNA expression profiling identifies serum
biomarkers for HCV-related hepatocellular carcinoma. Cancer Biomark 2019;26(4):501-12. doi: 10.3233/CBM-181970.

Journal of Health and Biomedical Informatics 2024; 11(3): 186-202 Y.y


http://dx.doi.org/10.34172/jhbmi.2024.24
http://jhbmi.ir/article-1-875-fa.html
http://www.tcpdf.org

