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[ Abstract ]| Objective To construct and validate a prognostic model for sorafenib sensitivity-related genes
in hepatocellular carcinoma (HCC) based on bioinformatics methods, and to explore the predictive ability of the model
for prognosis and the efficacy for sorafenib treatment in HCC. Methods Differential gene analysis was performed on
GSE109211 data set of Gene Expression Omnibus, LIHC cohort of The Cancer Genome Atlas (TCGA) and LIRI cohort
of International Cancer Genome Consortium (ICGC). Sorafenib sensitivity-related genes in HCC were screened by
intersection, and Kyoto Encyclopedia of Genes and Genomes (KEGG) signal pathway enrichment analysis was performed.
A prognostic model was constructed using univariate Cox regression and least absolute shrinkage and selection operator
(LASSO) regression, and the patients were divided into high-risk and low-risk groups based on the median risk score.

Survival analysis was conducted using Kaplan-Meier method and multivariate Cox regression analysis. The half inhibitory
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concentration (ICs,) of sorafenib was analyzed through the Genomics of Drug Sensitivity in Cancer (GDSC) and its
relationship with risk score was explored. Results A total of 365 sorafenib sensitivity-related genes in HCC were screened,
and the KEGG enrichment analysis revealed the presence of pathways associated with drug metabolism. Univariate Cox
analysis identified 221 genes associated with prognosis, and a prognostic model containing 7 key genes (chaperonin containing
TCP1 subunit 3 [CCT3 ], erythropoietin [EPO ] , formimidoyltransferase cyclodeaminase [ FTCD ] , glucose-6-phosphate
dehydrogenase [ G6PD ] , kinesin family member 20A [ KIF20A | , phosphatidylinositol glycan anchor biosynthesis class
U [PIGU] , and secreted phosphoprotein 1 [SPP1] ) was constructed by LASSO regression. Risk score=CCT3X0.032+
EPOX0.055+FTCDX(—0.026 ) +G6PDX0.083+KIF204X0.039+PIGUX 0.144-+SPP1X0.009. The results showed
that the high-risk group had a shorter survival time compared to the low-risk group (£<<0.001). Multivariate Cox analysis
demonstrated that risk score was an independent prognostic factor. The ICs, of sorafenib in the high-risk group was lower
than that in the low-risk group, suggesting that the high-risk group may be more sensitive to sorafenib. Conclusion The
constructed prognostic model for HCC based on sorafenib sensitivity-related genes has good prognostic value for HCC.
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Fig1 Screening of sorafenib sensitivity-related genes and construction of prognostic model in HCC
A: Venn diagram to identify differentially expressed genes correlated with sorafenib sensitivity between tumor and adjacent normal
tissue. B: Bubble diagram of the top 10 terms in Kyoto Encyclopedia of Genes and Genomes enrichment analysis of the differentially
expressed genes. C: LASSO coefficient profiles of the expression of the candidate genes. D: Selection of the penalty parameter (1) in the
LASSO model via 10-fold cross-validation. The optimal 4 value is 0.061. E: Univariate Cox regression analysis of 7 key genes in the
TCGA-LIHC cohort. HCC: Hepatocellular carcinoma; LASSO: Least absolute shrinkage and selection operator; TCGA: The Cancer
Genome Atlas; ICGC: International Cancer Genome Consortium; PIGU: Phosphatidylinositol glycan anchor biosynthesis class U; G6PD:
Glucose-6-phosphate dehydrogenase; EPO: Erythropoietin; KIF20A: Kinesin family member 20A; CCT3: Chaperonin containing TCP1

subunit 3; SPP1: Secreted phosphoprotein 1; FTCD: Formimidoyltransferase cyclodeaminase; CI: Confidence interval.
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Fig2 Evaluation of prognostic model based on sorafenib sensitivity-related genes in HCC

A: The risk score distribution and patient survival status in the TCGA-LIHC cohort were depicted in ranked dot and scatter plots; B: The

risk score distribution and patient survival status in the ICGC-LIRI cohort were depicted in ranked dot and scatter plots; C: PCA plot of

the TCGA-LIHC cohort; D: Kaplan-Meier curves for the overall

survival of patients between the high-risk group and low-risk group in

the TCGA-LIHC cohort; E: AUC of time-dependent ROC curves verified the prognostic performance of the risk score in the TCGA-

LIHC cohort; F: PCA plot of the ICGC-LIRI cohort; G: Kaplan-Meier curves for the overall survival of patients between the high-risk

group and low-risk group in the ICGC-LIRI cohort; H: AUC of time-dependent ROC curves verified the prognostic performance of the

risk score in the ICGC-LIRI cohort. HCC: Hepatocellular carcinoma; TCGA: The Cancer Genome Atlas; ICGC: International Cancer

Genome Consortium; PCA: Principal component analysis; AUC: Area under curve; ROC: Receiver operating characteristic.
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Fig3 Relationship between clinicopathological features and risk scores of HCC prognostic model based on sorafenib

sensitivity-related genes in HCC

A: Heatmap of prognostic and clinicopathological features of 7 sorafenib sensitivity-related genes in 2 risk subgroups; B-E:

Associations between the risk scores and clinicopathological features, including event (B), histological grade (C), clinical stage (D)

and T stage (E) in the TCGA-LIHC cohort; F, G: Associations between the risk scores and clinicopathological features, including
event (F) and clinical stage (G) in the ICGC-LIRI cohort. HCC: Hepatocellular carcinoma; TCGA: The Cancer Genome Atlas; ICGC:

International Cancer Genome Consortium.



. 836 o MRS 2023457 5 44 %
23 AT riEdERABMS HCCTHE 45508 E B S (F4C~41) o M4 T R,
RIS TE GDSC1 if 2 GDSC2 a4, & XU 20 7 A K I R [ 2k UK T 24 5 R B AR JE W 1Cs,

AR NIARE 1Cs IR TIRABR A, U PF -5 - i
FEIEBIIC,, A (B 4A, 4B) , LW XU
PRI A R BAR e AR A RFE AR 7 ok
BEIEN IR AL . RFRAA, b 6 3
1415 A SRR IR Z [ A7 R JE 1Y 1Cs, A7

%, H v CCT3. EPO. G6PD. KIF204. PIGU.
SPPI1 F ik K5 & fi 4k Je 19 1Cs, 2 A ¢, i
FTCD ik K5 R AR 2 1 1Cs, 2 1AM & (K
4)) o DL R, 2R R] DL HCC 244
YRR e I UM

P=0.001 Density P<<0.001 Density
. =184 r n=184
275 a=184 drom n=184
2.50
2 3f 2
U% 2.25 R S =
= 5 = 5
2.00f A ok A
175 r=2029 .
P<<0.001 P<<0.001
1.50 : : 00 20 30 40 ! ' ' 1 p
" High-risk Low-risk Risk score A High-risk  Low-risk 0 loRiskstc Ore30 40 B
E=High expression 7= 184 EaHigh expression n=184 4 B High expression n=184
4 BLow expression n=184 % [ BELow expression n=184 1 4 B Low expression n=184 .
3t 3t k]
g i 2 i 2 i
ek T T e
27 . ¢ 2+ H . 2r s 5
. L “ L . .
. LI C . ., D . L E
GDSCl1 GDSC2 GDSCI1 GDSC2 GDSCI1 GDSC2
B High expression 1= 184 ES High expression n=184 B High expression =184
4 ’-Lotv ex;’ression n=184 'i: 4r -Loiv ex;)ression n=184 Ii: 4r -Lotv ex;’ression n=184 I.i|
3t ** 3t Hk 3t ok
2 H 2 H 2 H [ ]
S B R
21 ! . 2t ! . 2t ) .
. $ " . b . ¥
. e F . L G . & H
GDSC1 GDSC2 GDSC1 GDSC2 GDSC1 GDSC2
B High expression n=184 N 0 © O S
4 - B Low expression n=184 . fi 0 Cz ‘3 Q) Q N\
, R SR AR AR S
,
L ok 1.0
3 T GDSC2  ** * EE k% ok . 0.5
2o : —05
: o GDSC1 | ** ok sk sk sk ok —1.0
. LN 1
GDSC1 GDSC2 J

4 ETZRNIFRHEMMEXEREN HCC HEHEEE HCC REHIER IC, X R

Fig 4 Relationship between sorafenib IC,, and prognostic model based on sorafenib sensitivity-related genes in HCC

A: Analysis of correlations between risk scores and sorafenib IC5, of GDSC1 database in the TCGA-LIHC cohort; B: Analysis of
correlations between risk scores and sorafenib ICy, of GDSC2 database in the TCGA-LIHC cohort; C-I: The influence on the sorafenib ICs,
of CCT3 (C), EPO (D), FTCD (E), G6PD (F), KIF204 (G), PIGU (H) and SPPI (I) expression; J: The correlations between the sorafenib
IC, and the expression of CCT3, EPO, FTCD, G6PD, KIF20A4, PIGU and SPPI. 'P<<0.05, “P<<0.01. HCC: Hepatocellular carcinoma;

ICs,: Half inhibitory concentration; GDSC: Genomics of Drug Sensitivity in Cancer; CCT3: Chaperonin containing TCP1 subunit 3;

EPO: Erythropoietin; FTCD: Formimidoyltransferase cyclodeaminase; G6PD: Glucose-6-phosphate dehydrogenase; KIF20A: Kinesin

family member 20A; PIGU: Phosphatidylinositol glycan anchor biosynthesis class U; SPP1: Secreted phosphoprotein 1.



WREEE RS2 2023457 A5 44 %

* 837 -

3 3t i

AHF5EIEIT GEO. TCGA Fl ICGC $ 2 i ik
th 365 ME HCC Hh 22 5 %5k H 5 R AR Je fludrk
AHICY SN, 38 3 B ZR Cox [T LASSO [111H
T, ME TS 7T A S (CCT3. EPO.
FTCD. G6PD. KIF204. PIGU, SPPI) [{TiJ5
R, G ENIER A EAIEST HCC 4k

CCT3 2 FAHMABR G EZ R, S 52F
TR ) K 5 1R 28R, AEHCC HRERE I S
SR 200 ML Fy e s R 1 L EPO B9 TR BRI B K
CIANMIA N, WF5E & B EPO 5 HAZARTEFLIE . B
e P R A 1 P 200 L 8 B R e R 7S
FTCD J& —F W I aElE, A #F5E £ W, FTCD iyt
FIKBERSINH] HCC 40 A B AR B T
G6PD J2 i il [ W i 42 B9 265 1 4 PR il 76 2 Fh
R FE b R EE EAE . GOPD 78 2 F i v
ik B, I B S5k FER X2t
A FEAR L A OR oY R BLTE R AR JE T
25 1) 20 JfL T GOPD 1 3k T I, 5 T 24 48 it X6 A
2] W 5 SR 38 v DT 00 ) 2 M 2 A TR SO R AR
HI5E Y KIF20A 2 5K 3 2 11 505 1 B, fiE
fig 75 A0 LA 224y B, KIF20A JL T 156 T 4 i 988
s Rk, TR RS AR R . EFLIRE .
F 51 B Al B R, KIF20A RERSAE 1 bk 21
M2y . £ HCC , AR5 # & B KIF20A4 %
fICRE % 10 1) HHCC 41 A 154 Bl - 14 5 o I 4601 R 2%
Pk Je B EURAE 2 L PIGU J2 W il i 1ok L e e
%, [ ( glycosylphosphatidylinositol transamidase,
GPI-T) B AWM EE I, S 55 HEILE
HR AR IR AR, JFE a3 GPI-T Ay IS PE 2
PHEREDERE . 7E HCC W, PIGU ifiid NF-xB {5 5
FEAEUEITANATG . ANAE RN | IERE AR,
Ham T . SPP1 XAREARE A, 155
i 2 R I (14 08 P 4 i 00 (B 81 i S fgee L AR adE
JEasE . EI R AR T, 5 2R S AN R
FE ) IR, SPP1 Y FEIATE S Ly Fh
ST G IEAR S o AT RS R g
A—2, BT FTCD > HCC FiJm g4 R 46, H
A 6 N EEEEL NI N HCC B BIFEIR R 2 .

hy ik — A ¥R R e B A A HCC i Bz
AW ST 5 1 T I 254 TCGA-LIHC BA 51) Fl 56 SiF 4

ICGC-LIRI BAF Hp XUBS: #F- 49 X} HCC £8 35 T 5 1 5%
Wi, 25530, SRS AL i B A L, XU 4
BE RS, I HIRSIE Sl AR 2 A2l
UG B2 0 A IR R AE AR 58, J& HCC [yt 57 9
Ja R R, R ZEAN HCC B FH TG B A —&E
FITREINGE T o X e RS T X R P AR e iR YT
R R P o HH A ), ASBIF ST I8 R GDSC ¥ e
) 259 1Cs, {5 B L T TCGA-LIHC BA %1 HCC
BEXTRPAE W BUENE, R T ARIRE 545
RKHAEJE 1Cs, IR, 455 10 7w WU 41 1) HCC
B BRI 1Cs, FH R XU ALY 2 E W REXT R
Fr Al e 5 nsUs.

g bk, ARWF5EIT CCT3. EPO. FTCD,
G6PD . KIF204. PIGU. SPPI J R #47t fr) i Ji5 A5
RIXF HCC B35 i fifs S R P Ak Je Utk A —
PTG ) . FARAEYIE B 22 R R ik SE L R
FPAEE USRS, (AR5 R 5 R IR et
RO AR IR, (PR, AR
JR A T A oy M S AE AR 5 B 2Rl Y,
DAY E SRS BRI, RS AR L R
FERAH LR TAE, HE— PRI N SR PAE
JE T 25 11 2 22 KL, FEPEATIZ R AE HCC 1R
Bor)2 . B PR R T ROPAG S5 5 TR

(& % x #]

[1] SUNG H, FERLAY J, SIEGEL R L, et al. Global cancer
statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries[J].
CA Cancer J Clin, 2021, 71(3): 209-249. DOI: 10.3322/
caac.21660.

[2] CAOW,CHEN HD, YUY W, et al. Changing profiles
of cancer burden worldwide and in China: a secondary
analysis of the global cancer statistics 2020 [J]. Chin
Med J, 2021, 134(7): 783-791. DOI: 10.1097/
CM9.0000000000001474.

[3]  YANG ] D, HAINAUT P, GORES G J, et al. A
global view of hepatocellular carcinoma: trends, risk,
prevention and management[] ]. Nat Rev Gastroenterol
Hepatol, 2019, 16(10): 589-604. DOI: 10.1038/s41575-
019-0186-y.

[4] CASAK S J, DONOGHUE M, FASHOYIN-AJE L, et al.
FDA approval summary: atezolizumab plus bevacizumab
for the treatment of patients with advanced unresectable
or metastatic hepatocellular carcinomalJ]. Clin Cancer
Res, 2021, 27(7): 1836-1841. DOI: 10.1158/1078-0432.
CCR-20-3407.



° 838 -

R KE 2023457 H 45 44 4%

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

HUANG A, YANG X R, CHUNG WY, et al. Targeted
therapy for hepatocellular carcinomalJ]. Signal
Transduct Target Ther, 2020, 5(1): 146. DOI: 10.1038/
s41392-020-00264-x.

KULIK L, EL-SERAG H B. Epidemiology and
management of hepatocellular carcinomallJ].
Gastroenterology, 2019, 156(2): 477-491.el. DOI:
10.1053/j.gastro.2018.08.065.

LLOVET J M, ZUCMAN-ROSSI J, PIKARSKY E, et al.
Hepatocellular carcinomalJ]. Nat Rev Dis Primers,
2016, 2: 16018. DOI: 10.1038/nrdp.2016.18.

PINYOL R, MONTAL R, BASSAGANYAS L, et al.
Molecular predictors of prevention of recurrence in HCC
with sorafenib as adjuvant treatment and prognostic
factors in the phase 3 STORM trial[J]. Gut, 2019, 68(6):
1065-1075. DOI: 10.1136/gutjnl-2018-316408.
RITCHIE M E, PHIPSON B, WU D, et al. Limma
powers differential expression analyses for RNA-
sequencing and microarray studies[J]. Nucleic Acids
Res, 2015, 43(7): e47. DOI: 10.1093/nar/gkv007.
CHEN H, BOUTROS P C. VennDiagram: a package for
the generation of highly-customizable Venn and Euler
diagrams in R[J]. BMC Bioinformatics, 2011, 12: 35.
DOI: 10.1186/1471-2105-12-35.

YU G, WANG L G, HAN Y, et al. clusterProfiler: an
R package for comparing biological themes among
gene clusters[J]. OMICS, 2012, 16(5): 284-287. DOI:
10.1089/0mi.2011.0118.

GAO J, KWAN P W, SHI D. Sparse kernel learning
with LASSO and Bayesian inference algorithm[J].
Neural Netw, 2010, 23(2): 257-264. DOI: 10.1016/
j-neunet.2009.07.001.

FRIEDMAN J, HASTIE T, TIBSHIRANI R.
Regularization paths for generalized linear models via
coordinate descent[J]. J Stat Softw, 2010, 33(1): 1-22.
DOI: 10.18637/jss.v033.i01.

ITO K, MURPHY D. Application of ggplot2 to
pharmacometric graphics[J]. CPT Pharmacometrics
Syst Pharmacol, 2013, 2(10): ¢79. DOI: 10.1038/
psp-2013.56.

MAESER D, GRUENER R F, HUANG R S.
oncoPredict: an R package for predicting in vivo or
cancer patient drug response and biomarkers from cell
line screening data[J]. Brief Bioinform, 2021, 22(6):
bbab260. DOT: 10.1093/bib/bbab260.

LIU W, LU Y, YAN X, et al. Current understanding on
the role of CCT3 in cancer research[J]. Front Oncol,
2022, 12: 961733. DOI: 10.3389/fonc.2022.961733.
REINBOTHE S, LARSSON A M, VAAPIL M, et al.
EPO-independent functional EPO receptor in breast

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

cancer enhances estrogen receptor activity and
promotes cell proliferation[J]. Biochem Biophys
Res Commun, 2014, 445(1): 163-169. DOI: 10.1016/
j.bbrc.2014.01.165.

PARK S L, WON S Y, SONG J H, et al. EPO gene
expression induces the proliferation, migration and
invasion of bladder cancer cells through the p21 WAF1-
mediated ERK1/2/NF-kB/MMP-9 pathway[J].
Oncol Rep, 2014, 32(5): 2207-2214. DOI: 10.3892/
0r.2014.34238.

CHEN J, YANG Y, LIN B, et al. Hollow mesoporous
organosilica nanotheranostics incorporating
formimidoyltransferase cyclodeaminase (FTCD)
plasmids for magnetic resonance imaging and
tetrahydrofolate metabolism fission on hepatocellular
carcinomalJ]. Int J Pharm, 2022, 612: 121281. DOI:
10.1016/j.ijpharm.2021.121281.

YANG H C, STERN A, CHIU D T Y. G6PD: a hub for
metabolic reprogramming and redox signaling in cancer
[J]. Biomed J, 2021, 44(3): 285-292. DOI: 10.1016/
j.bj.2020.08.001.

YOU X, JIANG W, LU W, et al. Metabolic
reprogramming and redox adaptation in sorafenib-
resistant leukemia cells: detected by untargeted
metabolomics and stable isotope tracing analysis[J].
Cancer Commun (Lond), 2019, 39(1): 17. DOI: 10.1186/
s40880-019-0362-z.

JIN Z, PENG F, ZHANG C, et al. Expression, regulating
mechanism and therapeutic target of KIF20A in multiple
cancer[J]. Heliyon, 2023, 9(2): ¢13195. DOI: 10.1016/
j-heliyon.2023.¢13195.

WU C, QI X, QIU Z, et al. Low expression of KIF20A
suppresses cell proliferation, promotes chemosensitivity
and is associated with better prognosis in HCC[J].
Aging, 2021, 13(18): 22148-22163. DOI: 10.18632/
aging.203494.

WEI X, YANG W, ZHANG F, et al. PIGU promotes
hepatocellular carcinoma progression through
activating NF-xB pathway and increasing immune
escapelJ]. Life Sci, 2020, 260: 118476. DOI: 10.1016/
j.1£5.2020.118476.

LAMORT A S, GIOPANOU I, PSALLIDAS 1, et al.
Osteopontin as a link between inflammation and cancer:
the Thorax in the spotlight[J]. Cells, 2019, 8(8): 815.
DOI: 10.3390/cells8080815.

PANG X, GONG K, ZHANG X, et al. Osteopontin
as a multifaceted driver of bone metastasis and drug
resistance[ J|. Pharmacol Res, 2019, 144: 235-244. DOI:
10.1016/j.phrs.2019.04.030.

[(AxHmig] I A



