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[HZE] B - @7 — A ST Lok 5L B AN K AE B W4 il 9% (hepatocellular carcinoma, HCC) G /Ef7# (overall
survival, OS) BT ERELR . F75E - MIEEIEL 4 K% (The Cancer Genome Atlas, TCGA) T %369 5l HCC i Fi1 50 %l T
JUE 1 X B A R DR 6 a3 Al PR B0 o 4% 4 i RO 2R AR JE[R] (nuclear encoded mitochondrial gene, NEMG) M MitoCarta3.0
B FESRAS ./ “DEseq2” RALFIFAAS i Cox MMk 5 HCC ¥ OS eI 2 5 A LR L . = RIRIGEF AU M 9 1=
EHNEMG [ (JZ Z41E 6% CREFE4EE 11 (ubiquinol cytochrome C reductase hinge protein, UQCRH) . N =#i2
FrG R 2L (ATP citrate lyase, ACLY) . WM} NEHIR L #4052 (phosphoenolpyruvate carboxykinase 2, PCK2) . Bcl-
2 [AJE#EHLH 1 (Bel-2 homologous antagonist/killer 1, BAKI), Bel-2 #H5¢ X #5[1 (Bcl-2-associated X protein, BAX) il Bcl-
2/ B EIB A EAEFHZE A 34 (Bcl-2/adenovirus E1B interacting protein 3-like, BNIP3L) . I FHZ 784 Cox M- K #
HCC OS WM S e &R o sy — TR N R (61 NEMG KUSZ AR IE A TNM 23-31) #4454 TS AR A 95 91 2k
B, RN R ES . LR UG PR 1E R s, B HCC B 43 0w XU 2 RGBS 4 o #2547 Kaplan-Meier A5 77 il £k
YT, FEIEAT T BB A 56 fe A AR XUBS: 20 N v KUB 4 R OS B 25 5% o A “timeROC” BRI 57 32 1 4 BAF 4R 1iE
(receiver operating characteristic, ROC) £k F i1 (area under the curve, AUC). FBEIN FiXHIEFE (Gene Expression
Omnibus, GEO) T# HCCBASI (GSE14520) #iELia HURKIRRT 1, 3, 54FOSRPINTERE . 4 52 PO E 5 2R A il
BERZ W (real-time quantitative polymerase chain reaction, qPCR) 7E H b ¥ 5838 K2 5 24 B s B 16 5 e 1Y 34 5 HCC IIfi PR
FEAH R TIE 6-NEMG M FHXS FRIKKT-o Z558R - ROC/MTES R IR, 5L 6-NEMG XEAFAE (1. 3. 54 AUC /M0 0.77,
0.66. 0.65) BI{LTNMAHY (1. 3. S4EAUCHHIR0.66. 0.67. 0.63) ML, ELEABUSHIRNT 14E (AUC, 0.78). 34F
(AUC, 0.73) F154F (AUC, 0.69) HCC OS /R H A B HUMPERE . Kaplan-Meier A< A7 2k 20 HT45 R i XU 4 A8 3 Y
OS W LR R 4 22 (P=0.001), AP, 7E GEO SNSRI v Jk BRI TR B A f 0 PR e AF (1. 3. 54F AUC 43l
0.67. 0.66. 0.74), . RMBRABHHUS2ZRAGE XL (P=0.001), 5 TCCGA B MZER—E. TR K HCC FAF
o, SRS S L, B BNIP3L AL, JAth 54~ NEMG £ M 4 21 R kK BR s R . Mot en, #
GSE14520 51ifi K HCC BAS Hh F5U5 31435 HCC g 9 R /INVFIEc RIEAR DG . 2518 - A ETFIRIE T — 1 6-NEMG KU FFAE
5 TNM - WIAHZS G 0 HCC T AR . R0 ] GE A Bl T HCC &35 i TS i
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[Abstract]

mitochondrial genes and clinical information. Methods- The gene expression and the clinical data of 369 HCC patients and 50

Objective- To establish a prognostic model for the overall survival (OS) of hepatocellular carcinoma (HCC) based on

controls with normal liver were downloaded from The Cancer Genome Atlas (TCGA) database. The nuclear-encoded mitochondrial
genes (NEMGs) were obtained from the MitoCarta3.0 database. The "DESeq2" R package and univariate Cox analysis were used to
select NEMGs [ubiquinol cytochrome C reductase hinge protein (UQCRH), ATP citrate lyase (ACLY), phosphoenolpyruvate
carboxykinase 2 (PCK?2), Bcl-2 homologous antagonist/killerl (BAK1), Bel-2-associated X protein (BAX) and Bcl-2/adenovirus E1B
interacting protein 3-like (BNIP3L)] in HCC that were associated with OS of HCC and participated in dysregulation of oxidative
phosphorylation, tricarboxylic acid cycle and cell apoptosis. Multivariate Cox analysis was applied to select independent risk factors for
OS of HCC. A comprehensive prognostic model and a prognostic nomogram with 6-NEMG risk characteristics and TNM staging were
established. By using the median of prognostic scores as a cut-off, HCC patients were classified into low-risk and high-risk group.
Kaplan-Meier survival curve analysis was conducted and log-rank test was performed to evaluate the survival rates between the low-
risk and high-risk group. The area under the curve (AUC) values of receiver operating characteristic (ROC) curve were calculated via
using the "timeROC" package. The prognostic model for HCC was validated by using the GEO HCC cohort (GSE14520) for 1, 3 and 5
years. Finally, the relative expression level of 6-NEMG was validated in 34 clinical samples of HCC from Xinhua Hospital, Shanghai
Jiao Tong University School of Medicine by using real-time quantitative polymerase chain reaction (qPCR) method.
Results - Compared to 6-NEMG risk signature only (AUCs for 1, 3 and 5 years were 0.77, 0.66 and 0.65, respectively) or TNM stage
only (AUCs for 1, 3 and 5 years were 0.66, 0.67 and 0.63, respectively), ROC curve analysis showed that this integrated prognostic
model displayed better predictive performance for 1-year (AUC, 0.78), 3-year (AUC, 0.73) and 5-year (AUC, 0.69) OS of HCC. The
Kaplan-Meier survival curve analysis showed that the OS of HCC patients in the high-risk group was significantly worse than that in
the low-risk group (P=0.001). In addition, predictive performance of the prognostic model (AUC for 1, 3 and 5 years is 0.67, 0.66 and
0.74, respectively) and prognostic differences between the high-risk and low-risk group (P=0.001) were further validated in GEO
(GSE14520) external cohort, and these results were consistent with the TCGA data. In addition to BNIP3L, dysregulation of five other
NEMG:s in the clinical HCC cohort was validated. The correlation analysis in GSE14520 and HCC clinical cohort showed a positive
correlation between prognosis score and the size and number of tumors. Conclusion A new prognostic model that combines 6-NEMG
risk characteristics with TNM staging for predicting OS in HCC patients was constructed and validated. This model may help improve
the prognosis prediction of HCC patients.
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Joint Committee on Cancer-Tumor Node Metastasis
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Liver Cancer, BCLC) 43 ] fl & K #| B ¥& ¥ 45
(Cancer of the Liver Italian Program, CLIP) #%t, &

e
@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

JoE N FIERPEN HCC HE il s , (HaxX 2526
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LRAE—FOSUZ AR A%, 7E A AR
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ZEFBME 0 1T 99% BYL KL (T i
T4 M A% b A9 i i 2 bR L ) (nuclear encoded
mitochondrial gene, NEMG) % i iy ", % £
NEMG £ 5 Z fp & fi (K i 12, A0 46 A 1L w5 12 fk
(oxidative phosphorylation, OXPHOS) . i ifg i T~ .
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(fumarate hydratase, FH) "' 55 Jifrfgg i) 6 4 Fn ot e A
S, MeAh, BEFERFSY P KW, NEMG &5 HCCH
K Mk g . RAF NEMG 1E HCC By & E & e rh AR B
B, {HET NEMG Y Hls BRI 58 47 B E AN il 8
R, @7 —AHT NEMG 1Y U5 5 8 m] GEXF HCC
) LI A7 AR =3 A F A1 1

AT 3L T W15 B 22 B0 PE R HCC I RFEAR
F i I IIE T — AN KT NEMG XU 5E R Rl TR R
B HCC FUS#EA, DU SGE HCC 38 19 KBS 43 2
A AT

(succinate

dehydrogenase,

1 BESAE

L1 Bt

43 0 DA 9 IE JE [ 41 161 % (The Cancer Genome
Atlas, TCGA) Hu#i g K 5 9 32 35 %96 % (Gene
Expression Omnibus, GEO) H' & #£ 419 5 (369 fi
HCC 1 50 fi] 4k HCC #£ A& ) TCGA-LIHC (liver
hepatocellular carcinoma) £l 247 il HCC £ # Ay 3
FE IR AR N I R A5 2. FEAS BR A BE VT 10 5% Fl o8
Rl R A5 B FEAJS . 8 TCGA B4 4 h 339 4]
HCC A A 50 11 1E 5 TP REREASAE S I ZR A1, GEO
B £ (GSE14520) v 219 /i) HCC H # 1E M ¥
WE BA 1 o A\ MitoCarta 3.0 5 4 E (https://www.
broadinstitute. org/mitocarta) I %% I F 3 ¥ £k ki AR
ORI BT B, R 1 123 N Ee ki IR BE A

1.2 HCC W2 54 ik (A% G i 2l o4 JE A 1 50

2 P “DEseq2” R fU Wi i 22 5 £ 18 %
(differentially expressed gene, DEG) , Ui & #5 i .
llog,fold change (FC) [>0.5, Q (P adjusted) <0.05.
Xt TCGA B4 7 v 369 5] HCC 4125 50 4] i & JHF ik
411 2% 5 % 35 NEMG  (differentially expressed
nuclear encoded mitochondrial gene, deNEMG) #E1T
o3 #T, IR TCGA Bdli 4 (1 deNEMG 5 5 ik BA 3]
GSE14520 % s 4 b 4 & i FE N s 4, L3158
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1.3 JE %5 OXPHOS. TCA Fildi 125l ¥ 1f) deNEMG

PG ASERY A t

K FHBAR 5 LA XURS: BT H (Cox) 5 i6 R 5
HCC & 4 fF % (overall survival, OS) #H & 19
deNEMG, i & i 2 5 3 Fp i 22 & 2 (OXPHOS.
TCATEM AT T:) IF5 OSHIIEH) deNEMG, K
F T NEMG (19 U FRAE B R . 3% 6-NEMG F#AIE
LY fg AU B o0 R FH R 1 2 SO H 5 . R 143 =3
coefficient xgene, (gene,, & HCC & # ' deNEMG
(A X 23K K5 coefficient, NEMG [ £ 78 & Cox
R0 o

1.4 HCC Y 1 e BE78Y Ke 5 28 Vel iy et 7 B % Dk

XPALHG AW . P . R (o-fetoprotein,
AFP) #I1 TNM 73 1 45 5 2 59 I PR i B 47 A LA %
deNEMG (1) XU BFfE i i “forestplot” A “survival”
AL AT B N2 [H 2K Cox [BIH /081, A4S I 37 11
WERZE. i/ “rms” F “nomogramEx” {1y
HENT T AN BT S T PR ER T AR TR S 5
S RS SR R R VATV ERES D ES
5, e A~z R EA B FE UG, DLRUE
VRO TR AL EVE S i S, HCC J835 43 e KU
HAMEABE 4L . SR “survival” 1 “survminer” {1
147 Kaplan-Meier 2 77 i1 2643 #7, IR FH log-rank £
5 VF Al IR XU RS 20 R KURS: 2 =2 ) /9 OS. i
“timeROC” #4115 32 i & #RAEFFIE (receiver
operating characteristic, ROC) [l & T~ m ! (area
under the curve, AUC).

1.5 AR A B

T 2018 4 22 2020 47 I (] 75 |- i 52 38 K27 B 2 B
B i A 4 B e I A AR RIS 34 647 IR & R IF DI BR AR
SUFBAAR 5 HCC 3 1 IR 55 41 2L, BT A i 191
Y212 HCC, AR FTH AR 3% 52 iU R IT sl fk

T

1.6 SIS E it . 58 A Ik g

FH TRIzol i 5] (Invitrogen, ) M 34 X} &
52 4 P BB RNA . i F PrimeScript RT 387
& (Takara, H &) #E47 &% 5. R SYBR

LSRR (B0, 2004, 44(1) (@)



4 | rmzExzER (EEm

PrimeScript RT-PCR i ] & (Takara, HA) #E475%
ff 5% )% 8 & R A W 4% N (real-time quantitative

%1 PCR3|¥F3!
Tab 1 Primer sequences for gPCR

Primer Forward sequence (5'—3")
UQCRH GCTCTGTGATGAGCGTGTATCC
ACLY GCTCTGCCTATGACAGCACCAT
PCK2 TAGTGCCTGTGGCAAGACCAAC
BAK1 TTACCGCCATCAGCAGGAACAG
BAX TCAGGATGCGTCCACCAAGAAG
BNIP3L TGTGGAAATGCACACCAGCAGG
18S GGAGAGGGAGCCTGAGAAACG

2024, 44(1)

polymerase chain reaction, qPCR) 4. 514551 Il
1o SRR 27O TR R A X R IR KF o

Reverse sequence (5'—3")
GTTGTTAAAGAGTTTGTGGGCCAC
GTCCGATGATGGTCACTCCCTT
GAAGCCGTTCTCAGGGTTGATG
GGAACTCTGAGTCATAGCGTCG
TGTGTCCACGGCGGCAATCATC
CTACTGGACCAGTCTGATACCC
TTACAGGGCCTCGAAAGAGTCC

Note: UQCRH—ubiquinol cytochrome C reductase hinge protein; ACLY—ATP citrate lyase; PCK2—phosphoenolpyruvate carboxykinase 2; BAKI—Bcl-2
homologous antagonist/killerl; BAX—Bcl-2-associated X protein; BN/P3L—Bcl2/adenovirus E1B interacting protein 3-like; 18S—18S ribosomal RNA.

1.7 Sl #ohi

B A BCHE 0 R B4 (42,0 B ) ER
GraphPad Prism 51 (9.4.1 1) #4750, &&=
PR xbs T o EHETRER - (%) Fomo RH
“corrplot” FLHATIE PF4r 5 HCC I RAF B 2Z 1Al A AH
KNS . R Fisher K56 LB 278 5 (Ml L 4P
W) o R F X BURRAS 56 1) Kaplan-Meier [ 262087, 3T
MR OS Y 22 57+ . P<0.05 F/m 22 7 HAT 481t

RURESV
=X,

2 &R

2.1 B3R ERE N5 HUGH OCH NEMG 5§ ik

T % E 5 HCC i R AH ¢ 1 NEMG, fif
“DEseq2” #k 4 {1 7€ TCGA-LIHC BA 51 h % 52 T
369> deNEMG (|log,FC[>0.5, P<0.05) (Kl 1A). 1F
369 1> deNEMG 1, 7E GEO K iE BA %1 GSE14520 H1 o]
6 I 2] 264 4~ deNEMG (102 4~ EiE, 1624 T i)
(1B, C). TCGA-LIHC A% s HCC % OS iy #1
A4 Cox M3 7R, 954 deNEMG 5 OS i % #H
% (P<0.05). %JEF| OXPHOS. TCA 1§ ¥R 14 it i
TR X HCC #FJRAREZ, B 95> deNEMG filZ 5
3/ 1 NEMG 1384 o #5488 61 deNEMG [1Z %
i i (1 C b R LB 2K - (ubiquinol cytochrome C
reductase hinge protein, UQCRH) . N = W15
12 24 fft i (ATP citrate lyase, ACLY) . /R K % =
TR i 1% 2 3% M 2 (phosphoenolpyruvate carboxykinase
2, PCK2) ., Becl-2 [d]JEFEPCH 1 (Bcel-2 homologous
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antagonist/killer 1, BAKI) ., Bcl-2 #13¢ X #H 1 (Bcl-
2-associated X protein, BAX) #lBcl-2/Jf5%5 7 E1B
HAE M & H 34 (Bcl-2/adenovirus E1B interacting
protein 3-like, BNIP3L) ] K4 %3 T NEMG ) A
B ARIERAD (181 1D), i3t 275 & Cox M 43 Hr 45 5
6 ML A R (FI1E) . 2315, 6-NEMG 4¥F
fiIE B JXUBS: BE 43 =0.517 3xUQCRH H %& K 2 35 /K S
+0.307 4xACLY ) FE H 3R 1K 7K F-+0.135 3xPCK2 1y &
IR 1K 7K SF+0.153 3xBAKT 1) 3£ K 3¢ 35 7K - 40.020 1x
BAX (1) % [H 2 35 /K °F +0.193 7xBNIP3L 1) 3 [N % ik
Ko

2.2 JET TCGA BAFII I HCC i Jia B 00 i 4t

i 5 X HCC U A 56 NEMG #E47 B F 22
F Cox 7T, &I TNM 53 Wi A1 6-NEMG F#1IE g XU
WAk HCC OS Az R & (EI2A. B). T
HWABF A T — A4 T TNM 43 81 F1 6-NEMG 4
TERTIE R . SR BN A AR R A T B A 1Y)
BRI BURTTFor= KBS T4 > R B R+TNMix &
BT RSITArFE 2 6-NEMG KU 45 fE £ MA HCC
BBE RS TES s TNMi A& HCC B3 19 TNM 43
W1, REUR AR5 248 5 Cox MIH Rk AL
T}y TNM 231 228 5 Cox N 2 %0) . 2415, il
Je PF53=0.888 x XUES PE43+0.418 X TNM.,

R [ 8 ) ROC B £k 7R, 1 &5 T A 70
AJG 14F (AUC=0.78) . 34F (AUC=0.73) 54
(AUC=0.69) Fil J5 LI R4y PEfE (&12C) .
FIH S PE53 0 o O AR A I B8, 4% TCGA-LIHC
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ol L f 4 kA : 15 Group
I
L Change : N
L *Down 10 T
L *Up i
I 5
Zaof .
§ . o |l | o 0
< .
z L ! ‘
ﬂ'a . .'. ..I I é‘.. ;- y S i _5
< 0t 10 ‘
I - NI ER
S 20 X2 Is;_ . R | -10
2 8. foe
.. F ] l.. _15
: 3 i R
o~ o, T !
0 5 i
log, (FC) ' ‘
C
D
Gene HR Lower 95%CI Upper 95%CI P value
UOCRH 1683 1316 2151 e 0000
ACLY 1.490 1173 1.893 —e— o001
PCK2 0.876 0.772 0.995 0.042
BAKI 1.419 1164 1.731 o 0.001
BAX 1.258 1,004 1.575 R 0.046
BNIP3L 1.402 1103 1.781 e 0.006
T
15 HR
E
Factor Coefficient P value HR (95%CI)
UQCRH 05173 e 0001 1,677 (1.231-2.287)
AcLy 0.307 4 e 0.039 1.361 (1.015-1.822)
PCK2 0.1353 e 0.165 1,145 (0.946-1.386)
BAX 0.020 1 —— 0.888 1022 (0.772-1.349)
BAKI 0.1533 e 0.323 1.166 (0.861-1.583)
BNIP3L 0.1937 | e 0.154 1,214 (0.930-1.584)
1.0 HR

Note: A. DEGs between HCC and adjacent paired normal tissues. Red dots represent significant upregulation and blue dots represent significant
downregulation of DEGs in HCC tissues. B. Heatmap of 264 deNEMGs in TCGA cohort. N—adjacent paired normal tissues; T—HCC tumor tissues. C. Venn
diagram showing differently expressed deNEMGs between tumor and adjacent tissues. D. Univariate Cox regression analysis of 6 significant prognostic
NEMGs associated with OXPHOS, TCA cycle and cell apoptosis. E. Multivariate Cox analysis of 6-NEMG risk signature.

1 FEH3%NEMG 8RB F1E F 6-NEMG B XU 45 fEAE B jo g 2

Fig1 Identification of prognosis-related NEMGs and construction of a 6-NEMG-based risk signature
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BAFI (R2) 339 il R A5 2 58 B 1 HCC (& 43k
KB 20 (n=169) FIK XK 2 (n=170) . Kaplan-

2024, 44(1)

Meier Hh£8 B~ , o XU 2 35 19 OS B A TR AU
EH (P=0.001, E2D),

A
Factor HR Lower 95%CI Upper 95%CI P value
AFP 0.868 0.545 1.384 Hor— 0.552
TNM 1.384 1.067 1.795 e 0.014
Age 2.177 1.115 4.249 1 0023
Gender 1.545 0.982 2432 —e— 0.060
Risk score 2.088 1.441 3.027 * 0.000
T T
051.01.5 HR
B
Factor Coefficient P value HR (95%CI)
Risk score 0.888 F—e——1  0.001 2.433 (1.684-3.505)
Age 0.287 H—e—i 0.124 1.333 (0.924-1.923)
TNM 0.418 e 0.001 1.518 (1.221-1.890)
05 1.0 1.5 HR
C D
1.00 Strata + Low risk = High risk
10 -
= 075F
2
0.8 3
& 050 — — — — — —='H
=
z I
206 g I
2 3 957 pgoon I
Z |
& 04 r 1 Il | Il 1 Il
0 1 2 3 4 5
.7 ———AUC at 1-year: 0.78 tlyear
0.2 L7 . e
. AUC at 3-year: 0.73 Number at risk/n
e —— AUC at 5-year: 0.69 £ Low risk
. & Lowrisk | 170 140 75 54 39 25
! ! ! & Highrisk | 169 101 51 31 22 14
0 0.2 0.4 0.6 0.8 1.0 0 n 5 3 1 s
1-Specificity t/year

Note: A/B. Univariate (A) and multivariate (B) Cox analysis of risk score and clinicopathological features for OS of HCC. C. ROC analysis for the prognostic
model at 1-, 3- and 5-year survival in the TCGA-LIHC cohort. D. Kaplan-Meier survival analysis of OS in the high- and low-risk group in the TCGA-LIHC

cohort.

2 6-NEMG RU4HES TNM £ #1845 & SR E a2
Fig 2 Construction of a prognostic model integrating the 6-NEMG risk signature with TNM stage
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Tab 2 Baseline characteristics of the patients in different risk groups

TCGA (n=339)

Feature
High-risk group Low-risk group

Age/n(%)

<50 years 36 (21.30) 39 (22.94)

>50 years 133 (78.73) 131 (77.06)
Gender/n(%)

Male 107 (63.31) 124 (72.94)

Female 62 (36.69) 46 (27.06)
Stage/n(%)

I+1 89 (52.66) 165 (97.06)

M+1V 30 (47.34) 5(2.94)
AFP/n(%)

:fz;ogo' :gin(;(‘:&}?m 118 (69.82) 111 (65.29)

;22;50' ?;;(LT,?E}G?O) 51(30.18) 59 (34.71)
Event/n(%)

Survival 92 (54.44) 131 (77.06)

Death 77 (45.56) 39 (22.94)

2.3 JE P TCGA BAS I HCC fil Jiv it i A5 794 %) 28 Pl

TEFET TCGA BASIEA T HE PR 0 16 A K 8 57 FU 131
MALR 2 5, #F—25 B E % B R AE FUl HCC i 3% 1
JE BRI AT M. ROC e &5 R3], 7E il HCC
TG 7, BSO8R 43 5 TNM 431
(K3A~C).

R T BRI AL A SO A RE AR RS PEo
T TR SNZE (CHEECH 0.689), ULIKI3D. A
B, T 81 2k P F0 9 195 5 52 B OS JE 4 23
(EI3E) . X —RPIHET NEMG Fl TNM 53 i
S HCC 15 7 HAT 5 s i AT A5 B

2.4 LI HCC &5 4 i I BE R { GEO FA %1 il
I A A o 1%y 35 iE
Sk T I T AR R Y R e M, FE GEO il 4
GSE14520 (#£2) Hxf =i it — L5k, RIEHE
PEA A8, GSE14520 il HCC 8 E 943 M s K
K2 (n=109) FUEXEE L (n=110) . If[E ROC #Hh
2R BT IE 52 T 9% 1 455 8L X GSE14520 H HCC OS
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GEO (n=219)

P value High-risk group Low-risk group P value
0.681 0.969
53 (11.93) 58 (52.73)

56 (88.07) 52 (47.27)

0.254 0.156
96 (88.07) 93 (84.55)

13 (11.93) 17 (15.45)

0.000 0.000
65 (59.63) 105 (95.45)

44 (40.37) 5(4.55)
0.031 0.045
57 (52.29) 61 (55.45)
52 (47.71) 49 (44.55)
57 (52.29) 78 (70.91)
52 (47.71) 32(29.09)

AP TERE, 76 1. 31 54F OS i AUC{E 551 K
0.67. 0.66 F10.74 (K 4A). Kaplan-Meier [ii] £& if .
N, SRR AL E AR L, XU 4 AR TS
7 (K4B, P=0.001),

FHOCHE S BT iR, TR PE4r 5 — S0 2 B I PR
PR AF Q0 = B PR K /R CLIP 43 W S EAH 5 (P=
0.000, P=0.000, K4C). Ik, 134X HCC I
FHLBNG] (£3) w, BEIEKRE R S5 HUGEES
Z AN AE G PR AT R WY, 1005 435 e /N R i
R R IEME (B4D), 5 GEO $dE 4 iy o br
G503, B, 7E LR 34 X% HCC Mg kEA b
U5 4F T 15 AR R 6 A NEMGs (UQCRH ., ACLY,
PCK2. BAKI. BAX F1 BNIP3L) 1 HXf ik K .
S 4UM L, HCC 4 41 vh i UQOCRH (P=
0.010) . ACLY (P=0.000). BAX (P=0.001) F1BAKI
(P=0.000) HyZRILKF-RE FiH (K4E), 1M PCK2
) 223k K F W 3% F 9 (P=0.007, K 4E), X5
TCGA-LIHC BAF Hh 1) 45 i R ) ik i 3450 — 2, (3
BNIP3L B 335 /K A8 I T 55 4 2 1) 24 57 A 48
I E X (P=0.974, KEI4E),
p
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Note: A—C. ROC analysis of the prognostic score, risk score and TNM stage for 1-year OS (A), 3-year OS (B) and 5-year OS (C). D. Nomogram constructed
by the prognostic score to predict OS of HCC. E. Calibration curves of the prognostic score-derived nomogram for 1-year, 3-year and 5-year OS of HCC.
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Fig 3 Establishment of the prognostic score-derived nomogram based on TCGA cohort
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Note: A. ROC analysis of the prognostic model for OS of HCC in GSE14520. B. Kaplan-Meier analysis of OS in HCC patients of GSE14520 which were
stratified into high- and low-risk groups by this prognostic model. C. Correlation analysis between clinicopathological features and prognostic score in HCC
patients of GSE14520. The correlation coefficient in red indicates P<0.05. D. Correlation analysis between clinicopathological features and prognostic score in
34-pair HCC and matched normal tissues. The correlation coefficient in red indicates P<0.05. E. Gene expression levels of the 6 NEMGs involved in this
prognostic model in 34-pair HCC tumor tissues (T) and matched normal tissues (N).
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Fig 4 Validation of the prognostic model in GEO and clinical HCC cohort
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3 IGRBIIH HCC B&E MG RFERE
Tab 3  Clinicopathological features of HCC patients in the

clinical cohort

Feature Total/n(%)

Age

<50 year 8(23.53)

>50 year 26 (76.47)
Gender

Male 24 (70.59)

Female 10 (29.41)
TNM stage

| 15 (44.12)

Il 5(14.71)

I 11 (32.35)

v 3(8.82)
AFP

<20 ng-mL™ 21 (61.76)

>20 ng-mL™" 13 (38.24)
Size

<5cm 20 (58.82)

>5cm 14 (41.18)
Tumor number

=1 22 (64.71)

>1 12 (35.29)
HBsAg

= 7(20.59)

+ 27 (79.41)
GPT

<40 U-L”! 25(73.53)

>40 U-L" 9 (26.47)
Cirrhosis

= 16 (40.06)

+ 18 (59.94)

Note: HBsAg—hepatitis B surface antigen; GPT—glutamic pyruvic transaminase.

3 itig

H1 T HCC i 1Y 5 B PR 235 2R LA KA BRFIG T 9K
WA B R, 38 VDG B — A R HCC i3
JE TR AR . I PRETTFE B SR 2RI R T RE R A
S AP AT FREAE AR AL ) SRR 3, X it —20
FWITT e R A PR [0 35 97 2 A ) HCC i e ) —
FOA 3 s . WESE 2 IR, SR LR
PRAE SRS AT B TR AE 00 & AR M R i o ZORiiR TCA
VPR BEHGR E ] 7 A R A Q™ 4, (R ERh R A A . 2
KL ) E i 5 /2 HH mtDNA 28748 | TCA 1§ 0l ik [
FRL I A i s 1t I 140 S P 8 RS 1) 5 08 A

e
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{5 T DL A AR R AR, R S Ak D ) o
i, TS IEAE 19 &R Y. NEMG 58 25
SR B IR TTRE B0 R & A RO S R A
IR 8 7 55 T NEMG #9 HCC H 3% TR A8 6 HCC B
R TS G

A WF5E % EHFFE OXPHOS . TCA 11 ¥l 41 it I
T3 343 A TS A SE I, X 95 45 HCC T
JE A deNEMG Fil 2 5 3 Fivfy 22 73 4538 [ 1) NEMG
Wosg s, R 6ANZ53 A 2 5 245 i 1)
deNEMG (UQCRH. ACLY. PCK2. BAKI. BAX Fi
BNIP3L) 5 HCC il 2 ViAo, P AHIE 5 1
X 6 AN FL PR R M T NEMG (9 XU 78 L 53X 64
NEMG ', UQCRH %% — > 5 5 T 26 b A4 Fn 41 it 4%
MBERR 1. UQCRHAE Iz -4 (4K C ik JR &2
HY (FRh OXPHOS I E A ) Ay EZ
Hz—, MREAYNMAREERCHC ZH K HE
TR, B, fEfligE P fHCC Y hELH
X F UQCRH ik F A . t4h, UQCRH
BRI ORI CI AR BME, IS
HCC I H A R HG #IIAH5E ** . ACLY Ml PCK2 &
5 TCAEH, Horp ACLY JE il — Ff 41 g J5 ] Y5 Y 58
B, AL TCA G FR i) v i) fA Ay 468 1R 2k e Ak oy B2
BE 2 B2 AN LS A . T Z A A 2
Az R AR [ AR ) A R BB 2 —, I ACLY
Je—FEZ AR G, LS B . AE/NA
i SR R R N HCC 45 i o 2K vh i &
kB RRE, fEHCC BE R, ACLY s £k
RNEBUG . IR PR AIC . PCK2 ik —Fif
LT VAT T s e =X AT 2 2 Y, AL TCA
AT A 1 Bk £ TR Ak A W R s Bt N T, e b
GTP K fift . PCK2 FEHESLFiE 2R, anfifidis . w91 AR
e FLIRE B HE O SR P &% B RN
WD AT RE LA MO R SR B b AR L TR
AP peAh, BEfEFSE T KM, PCK2AY FIHE
HCC i g s a7 ¢, Jf H PCK2 iy it &
K AT R 1375 5 HCC 4 174 6 28 A e = 1T 8 0K 400 g
W 11. BAX. BAKI M BNIP3LJEJHT- AL, Hop
BAX Fll BAK 1 J2& 2 A4 AP 53 375 P i) e P G B 1A
V0T BNIP3L S (A I (0 L 5 (X7, T
LR R A I T B A2 B R R B A Y P R
BNIP3L 5 BAX fll BAK f#H B AEH], T i (51 g
BT aR AT 2 R, BNIP3L A S04k
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TCGA-LIHC A% ¥ B[R 3 F1 2 [H 3 Cox 43 BT 45
R, 6-NEMG KU F#AEFT TNM 43 B J& HCC [ 7
SLIERE R E L I, ¥ 6-NEMG XU FFE 5 TNM 43
WIS, BT —PH N HCC LA WURRA . %
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YE Rl A1, ¥ TCGA-LIHC F1 GSE14520 BA %] 2 %
oy R WU AR 4, 60T T W 22 5000, 45
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