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Abstract

Key words

Background and Aims: Hepatocellular carcinoma (HCC) is one of the most common malignant tumors with
poor prognosis, and its etiology and pathogenesis are still elusive. Therefore, identification of reliable prognostic
factors and survival biomarkers of HCC patients is of great clinical importance. This study was to screen the
prognostic immune-related genes of HCC through bioinformatics approach, and then construct a prognostic risk
score model based on an immune-related gene signature, so as to provide a basis for prognosis evaluation and
individualized treatment decision-making regarding the HCC patients.

Methods: The clinical information and RNA-seq data (377 HCC samples and S0 adjacent non-cancerous
samples) of HCC patients were obtained from the TCGA database. The information of immune-related genes
was downloaded from the Immport database, and the differentially expressed immune-related genes were selected
from HCC tissues using the limma package of R software. The immune-related genes closely related to the overall
survival (OS) among the HCC patients (344 cases with complete clinical record in the 377 HCC patients) were
determined by univariate and multivariate Cox proportional risk regression models, and then the prognostic risk
score model based on an immune-related gene signature was constructed by using the determined genes, by which
the prognostic risks of the HCC patients were scored. Meanwhile, 50% cases (172 cases) were randomly picked up
from the above model sample as an internal validation sample for internal validation. Kaplan-Meier method was
used to analyze the survival status between patients with high and low risk score, and the accuracy of the risk score
was evaluated by ROC curve and C-index analysis. Finally, the relations of the risk score with the clinicopathologic
factors of HCC were analyzed, and the effectiveness of this risk score as an independent prognostic risk factor for
HCC was ascertained by univariate and multivariate Cox regression analysis.

Results: A total of 329 differentially expressed immune-related genes between HCC tissue and tumor adjacent
were identified, in which 24 were significantly associated with the OS of the HCC patients (all P<0.001), and
9 genes that included PSMD14, S100A11, FABP6, RBP2, LCNL1, FCN2, NDRGI1, CSPGS and NR6A1 were
determined as high-risk genes for OS by using forward and backward selection algorithm in multivariate Cox
proportional hazards regression analysis. According to the classification by the 9-gene signature based prognostic
risk score model, the OS in patients with high risk score was significantly worse than that in patients with low risk
score in the model sample (P=1.715E-08), and the same result was also obtained in the internal validation sample
(P=2.222E-05). The 1- and 3-year values of the area under the ROC curve (AUC) were 0.790 and 0.733 in the model
sample, and were 0.799 and 0.743 in the internal validation sample, respectively. The results of C-index analysis showed
that the C-index values in the model sample and the internal validation sample were 0.715 (95% CI=0.683-0.829) and
0.756 (95% CI=0.668-0.762), respectively. Tumor grade, pathological stage, T stage and new tumor events were
correlated with the risk score (all P<0.05). Univariate and multivariate Cox analysis showed that the risk score was
an independent prognostic factor for HCC (univariate: HR=1.057, 95% CI=1.041-1.074, P<0.001; multivariate:
HR=1.050,95% CI=1.033-1.067, P<0.001).

Conclusion: Nine immune-related genes closely related to the prognosis of HCC patients are identified by
TCGA database mining, and a 9-gene signature based prognostic risk score model is developed, which may help
the clinicians to assess the prognosis of the HCC patients and design a personalized treatment plan for them.
Carcinoma, Hepatocellular; Biomarkers, Tumor; Immune Genes; Prognosis; Computational Biology

CLC number: R735.7

© A )7 [5] 8 38 51 F 3 & FT A http://www.zpwz.net



5523 YA, % T AR R RN R R AR TUR T2 R S oL 181

M4 g% (hepatocellular carcinoma, HCC)
JE AR 7N K B UL P R, o R R RE A O
FET- RS PR B I, HCC R B 55 3 (K 5845 1Y 1
ARG, W™ AR e B A L A A
B R A . T RN, AN B g A
AT LAXTHCCHEAT S e i, AT A7 R4 20 S8 1 e
EA B . SR, HCCHE ik T2 5 4 7 i e 4
P8 42 ] 1) 2R L2 0 okl e 9 S 9

W& BRIT HOR B K, HCCHY 2 W AR
FERKGE, HIEMRIRZE, SEEFRKT
40% . R LU EYAREY, P IREA
(AFP) . DES-y RIEEEE MM . F140HL M H19
Bz B T IR S e rp Y, H B AT A R 2
AR, i H AR bR A T RE AN
AABZ, i PR b 2 A0 O 4 1) 0000 PR BB, 22 36 PRI
J5 bR T AR S I IR B D e R 58 S 3R T

I, BE B 1R FE s AR G Bk R A0 I Y A
BE R AL A0 R TF R B T e, 7
PubMe d 45 2 A0 [ 0 9 v kG 20 40 it R . G s
B UGB A OCHET] M OR A HER A HCC
F18) B 922 R OC ik R s 28 T A 2

K AW 38 5 T The Cancer Genome Atlas
(TCGA ) Hdi i, X FHCCYE A % H T 51 b
P8 PRURH DG A= Wb i W L) kAT B 00 A TR
FAEHCCHIZ i 22 5 RIK IR PEFE N, 455 TCGA
AR FEPHCCHR RFEA T B W E, ik
PEH 5 50U B AR 5C A 5 i PR A A ET L $
HCC TG 1Y PR bR 2 o 8 s 50 200 v 1) A% 0 i 92 Ak
PRI R i A28 R LA it ol PR L, 4 BT 035 97 R R
I 7 A A O I S 1T DL A%

1 HRST®

1.1 HiERERARAR

56 B 1Y m RN A 2 38 $0 40 Al R A5 B AT ATCGA
B 4 ( https://cancergenome.nih.gov ) 315 PN
W FE AL 45 3774 HCCREAS F1504 41 45 1) 3 968 1
HAUREA . SR N A Im R A5 B, B G 4R | 1k
BOTNMZRZE . R B0 . AU . IR
A% MImmportE g % ( https://www.immport.
org/home ) T BEILHAMKEE R HHRIES M

© WA )3 i [ & F A F A EFH

limmatd $E 25 S Ik (9 G BEAH S 25 S 3 . Bl 2
G RAR B e, BEVIME B <30 diy 835, Hm
T Cox [A1H 4> W1 A% 534401 HC C 3 3k A 1 %
(0S) WEMEHRPEILH , SR HH £ ITCoxth
5] XIS, 0] 01 43 B kAT g — 2B i e, T R
MAER L (HR) o SR, ARG FRB K1 L4l
A He) g IS KOS TE A A TR, 9z KU F 43 i N £ 0T
Cox [F1H 23 M 3R A5 189 [0 3 R BOm AL, 58 71 457 KU
TEOr 45 3440 £ 35 53 by i DAL 43 L FDAER AU 4341
[F) B DA I 3% 344051 455 780 A A v i L 91k H5 0 9% ) s 6
(17241 ) A UEREARTT N HEUE . i F Kaplan-
Meier il 28 b3 9 41 09 00, O o G 50 R A 560 1
fli 22 5 . 2 HIROC LR DL 2> B 11000 58 2 AR LR A
(A 8 o T Z A B A A RO C il 2k i i £ F 1 AR
(AUC) FI—EPE+8%0 ( C-index ) 43 B #5ERY (1) i
Btk . FEAT R ML Cox 1A 43 BT LARIF 53 4F
AR XU 37535 1 PR AR R 22 1] 1Y 56 R
1.2 Git=4bE

DL BT it s iR 3.6.1 ( www.r-project.
org ) #4T, P<0.05HIN HEAGET2ETRE L.

21 HCCHERKRIEMABRERLETE

fli FHWilcoxon®k MASL 5 43 B T 3774 HCC A
50/ 1F & BT ERE 5 2 4984 f 8 4H ¢ 3 [H Y 3
ik, JF%E 7329122 R RIBMGREEAHCER,
F52674 118 1 G 8 AH O I PR A6 24~ T IR 1 G 95 AH
XHPH (FDR<0.05, llog2FCI>1) (1) .
2.2 EHCCAGFHXMEEHEXERLERE

XFHCCH329 22 5 3R 35 1Y H0 92 AH OC 3 A Y
FIRPEAT T AL & Cox [HNH A0 B, DASS R TG M 22
SRPEM IR B BN, 240 EREIRW R
PEM RN XA SHCCRFNOSH B A X (1
P<0.001 ) o A T B W00 70 J5 %) fe A 78, i
I 1) R ] 36 B AR L HE AT T 2 A8 it Cox Lb ) XU
[l 9 4+ #r. PSMD14. S100A11. FABP6. RBP2.
LCNL1. FCN2, NDRG1. CSPG5FINROA 1§ #fi &
O SR v g UG FE P, v XU 5 PR 55 28 2 1 s
TUAHOG . AR ) SR 4 g IKUB R (261)

http://www.zpwz.net



182 B E AR A & 4529 %
Volcano
Freriont e |
25— BT I I T
&
< 207 3
= “
; 15
I 10+ s o
... . .
5+ ~ LI
0 T T -|'. T
-10 -5 0 5 10
: A logFC. B
El1 £RREEEMRXEERSHT A GEHCEERTE HCC AL 201 22 5 2k A B Al E B HCC 4140

Fedh (n=377) 2 498 DRBEAHCHE N S IE W AFHERE R (n=50) B9ZEFRIE (Ll MU 267 A LIHIEEIN, araifik
Figure 1 Analysis of the differentially expressed immune-related genes A: Heat map of differentially expressed genes between HCC
tissue and tumor adjacent tissue; B: Volcano showing the differential expressions of 2 498 immune-related genes in HHC tissue samples
(n=377) compared with normal liver tissue sample (n=50) (the red dots standing for the 267 up-regulated genes, the green dot standing

for the down-regulated genes and the black dots standing for the rest genes without differential expression)
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Figure 2 Analysis of HCC patients with high-risk score and low-risk score in the model sample A: Distribution of the patients with

high-risk score (red color) and low-risk score (green color); B: Survival status of the HCC patients (the red dots standing for the dead
cases and the green dots standing for the survivors); C: The OS Kaplan-Meier curves of patients with high-risk score (red line) and low-
risk score (blue line); D: Time-dependent ROC curve showing the AUC of 1-year OS of the HCC patients; E: Time-dependent ROC
curve showing the AUC of 3-year OS of the HCC patients
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Figure 3 Analysis of HCC patients with high-risk score and low-risk score in the internal validation sample A: Distribution of the

D E

patients with high-risk score (red color) and low-risk score (green color); B: Survival status of the HCC patients (the red dots standing
for the dead cases and the green dots standing for the survivors); C: The OS Kaplan-Meier curves of patients with high-risk score (red
line) and low-risk score (blue line); D: Time-dependent ROC curve showing the AUC of 1-year OS of the HCC patients; E: Time-
dependent ROC curve showing the AUC of 3-year OS of the HCC patients
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Figure 4 Relationship between risk score distribution and clinical factors

A: Histological grade; B: New tumor events; C: Pathologic
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Table 2 Univariate and multivariate Cox regression analysis of OS in HCC patients
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W, AT LUfH3K4me2 FTH3K4me3 i 35 i F 225
RBP2 I GE F % 595 M b & - [ 5T % 1k
(EMT) . &% . REMAMIEIE A . RBP2
Al RE3E 3 PI3K / AKT /HIF-1 o {5 51652 S5{¢
VEGF#3ik, RBP25VEGFUMEZ 5 T HCCME i
B, FCN2FEH 405 A6 B2 ( L-ficolin,
FCN2) , J&—Fnl s imiE & m, ok s
FoRREE T RHEEEEN, FEAEMFNE DR
kL, IR WA MR AE IR BeAh, dEARIEFCN2TE
TGF- B 155 72 W 7 i i ECH 2 M @,
I Z 5700 . B . S5 fHC R
KA RMFEFE . NDRG1UEN-Myc FiiFE #3519 %
Bl1, fEHCCH', NDRG i f B4 5GSK-3 8 #
Nur77H B AR HI KB AE B -catenin F& i 1 A i &
R ShiZEP L INDRG il i ] B -cateninfi
W AR R A% S o RN A5 A CSCREARME TR F T HCCR%
BE 71, NDRGIH LI SHCCHITIE A R A X,

W AR A WEFEUE FABPG ( (8] 7 i 5T 45 & 46 1 ;
Bl LT R4 A8 H ) . LCNL1 (BEmEHFEL)
FINRO6AL (ARJLAZAAR ) 76 o v & A2 & R i ¢
F . FABP6Z 5251 I Bz 40 i o i IR T i il oy i
By, Ohmachi% V% Bl T FABPOE S, B i it &
ik, M H Keler %Pk BLT T IE AL AR 5 2 1 45 5 4K
F (L-FABP ) 7e T4 g N {2 #E DN A5 50\ T 412 i
YA A K M AERF A LS . LONLIAEY TR W
R RPN, IR W EH EFRES TN
AR BEF], YangZEU R BILCNL Y & Rkt g
NHER-2MAPEFLAREFE AR . NR6A1/CT15052
— MLk, EEIUE (CT) PUEF MK
B BAHBFRPTIRBINREA LTE A8 40 i fiy iz
A5 20 M AR KR oAl B & AR R AR B AN gy Ak
A FEEVEN . Cheng 5 W58 ZWINR6A 13
FIRFHEIRD U145 FMIPCI 20 M 2 14 1 iz — 6] 78 o 4%
b CEMT) &8, XS5 mmE EHEAR
FilJ5 % YIMH %, FABP6. NR6A1. LCNLIYEZ Fh
S i AR B AR, HHCCH B /E AL E
it — 25T .
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H B i R A7 BF 55 ) B €SP G 5 16 9 i w1 4 1
BLl, CSPG52& & ML & R I & & EGFREZ5 1
B E T (CALEB) , RMEERPKE &= &N R
(CSPG ) SEUMZRMC, B HMABHERME
B KN F (EGF) Z5Hs s I E M. EMa R
Gim)kE P REZEEMN, JitnerFE AT 5T
LKWICSPGCSZ 5 /Nl v — 2 H T TR BE 28 ik 119 2 fioh i
34k o CSPGS7E H A B I LA B i E v i 7 F (B A5
Pk — 25T o

AW GE R HC C 3 N 3R K 3 E 47 1 4% 18T 1M 7 20
BI43 BT, AR AT BE7E HC C B 3 1Y kB A TS h
RAENZ OAE B DEIRG o A B 53 1Y 95 0 45 50 5 1
O 3 AH 56 e PR 1) e 3k AKOF- o X RO Ik A SR
YL 7 o 2 T MG R BT A7 9L PR & 45 A I IR
e BB R, AT DU I PR S A o o R A 4 B A R
TG . BRI RS THE, AT
SE WG M7 IR

ARG HE A HCCH 4r F AL . BRI
T JE ) T B AR TR A LA . AR F ST A YR 1
HCC i XUBS: §F 73 450 20 1) £ i 2 — 2 . FL OS Jy
AT LA AR A R R e O HLBE AL PN AR 5
UE A UF B A 20k o BeAh, KBS PE A B A S e g
00 1) P 1% R0 G 28 A A AR AR AH G, DA S B I R
B4 M HCC B H B A g2y 7 12

FEy, AR EAE —-LRRME., Tk, K
6 DT 7 455 R0 75 A 22 v I A IR 56 RN I BE T A A
AR B — 2D B E . R, AT E— 20 X9 g
HH G HE PR 1) ) BE AN AL ER E AT R AT . X 28 T AR RR
Fit—Ir R,

AR SC R T A 19 9 B 8 i PR IS B 2 R R T B
CL P o O o w1 o N 1= I S B O NP 1 R
AYE BT, Tk HPSMD14, S100A11,
FABP6. RBP2, LCNL1., FCN2, NDRGI .,
CSPGSHINROA T4 B 1) G 8 A O L bR 4, Ff-HIE
W AEHCCH I FLfS M0 5 R AL W] L) 30 I 70 5
ARIFHCCEAEROS, THeA B TR G YT /I
PRYLRE T B R, KU P A 4 it T
GaE WA, L) B 7 HC CIIG PR 25 SR i AL o
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