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Abstract

Background: Hepatocellular carcinoma (HCC) is one of the most common tumors in China, and ac-
counts for the second largest number of cancer deaths. With the popularity of immunotherapy,
immune checkpoint inhibitors are gradually applied to liver cancer, and some patients have
achieved good therapeutic effects. However, there is still a lack of accurate biomarkers to predict
immune checkpoint inhibitors. Tumor mutation load and immune infiltrating cells are commonly
used as biomarkers of immune checkpoint inhibitors, which can effectively predict efficacy. It has
been confirmed in malignant melanoma and non-small cell lung cancer. In order to explore
whether there is a synergistic relationship between tumor mutation load and immune infiltrating
cells, so as to better predict the efficacy of immune checkpoint inhibitors in liver cancer, we
launched this study. Methods: The mutation data, clinical data and gene expression data of liver
hepatocellular carcinoma patients were downloaded from TCGA database. Differentially ex-
pressed genes were identified from high and low TMB groups. Functional enrichment analyses
and protein-protein interaction (PPI) network analysis were used to identify the functions and
pathway of the DEGs. And immune cell infiltration signatures were evaluated by CIBERSORT algo-
rithm. Results: TP53 is the gene with the highest mutation frequency in hepatocellular carcinoma.
The expression of magea3, magea6 and mageal2 genes is the most significant in high tumor muta-
tion load group and low tumor mutation complex group. Its function is closely related to cell pro-
liferation, epithelial mesenchymal transition and other malignant phenotypes. The number of
memory CD# T cells in low mutation group was significantly higher than that in high mutation
group, and the survival time was significantly longer. Conclusion: In HCC patients, the number of
CD** T cells in low mutation load group was significantly higher than that in high mutation com-
plex group, and the clinical prognosis was better. This suggests that high mutation load may not be
a positive prognostic marker of immunosuppressive agents in HCC.
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A, (BT S, e S I AR R R AL AR[3] [4]. BEE e iOskfe, IRIdn i & A= S ik
AR R —— R A F ORI, DL & s AR I S IR T RO IR R T IR S
BERE, ERAERIEROEE . AR N SR BE T RIS T NIRE IR . ZRELR CTLA-4,
PD-1 S5 S A5 w1 B 50 B LA GG FHUCA BT A R BR 47T S N A I RT3 S A 2 s A 7R it
HEF T Z AR — e sk iRy T [5]. Herh, PD-1 MR AIER 4T CAE A BRI T I 40 1 — 2677
Britz Ah, SCE FDA Q% THUFADUR 250 e S Rk fotal Sy riE R I wes, 1T —
LIBITANE & SRR DA T I AN eI DI RR M A e 8, 48T 1 e T B P RE[6] [7]

SR, R 7T S 70 ) SR R0 30% [8]. F H T G i o xSkl ) ol H B 5, BRItk H i
18V B RE G HERA TN T R A bR B LA L B 18 SAE (0 R, JROAT RESIBIURG HE R T )1 8 22 B B0
BRI R T GBI ey2e S LIRS & U JEg SR B ik 2 A2 06 (1) e P2 240 2 ) U A
S G RS A R AR FRITE SN, SERITAIT IR SE S B IR 4 A 5 e e 2 s A 750 A ik PRV 7 7 R0 AR G
[9]. HULIEm, kR AT S UE SR 94 ifif (tumor mutation burden, TMB)5 £ Fitjhi 28 AU G e o 25
RAMEIFNGTT JEBA A A IR, $ox TMB AT DMy — Rl ek & s 37506 797 2K 700 AR b &
WI[10]o JilIeg SAZ AT RE SRR P13 BBtk v AR A 00 LS PO AR O R S B R R B . R PRI A B
PR AR XL 20 ) S AZ AT AR SRR 1, TR RGBT AR L, 1 e e 2T TR AR TC A4
R[] R RA AT S , TR U A0 2, v Jag ) G e SR P o, JX RE A1 9 S R T (172K [12]

FERTHE rF S JJes 5822 G A7 5 IR 952 4 3K 7P A M SR 8 4 7 28 PR A e 2 B0 i P 3R 2 [A] 52 147
FEP RV, e JET 5 A G0 A7 B 75 5 5 22 R 10 4 2 e 88 ol 855 o DA 5 i e ey 2 A 700 7
R XL i FUE — e R P T RS MR R SR AL S a2 15 W) AN I S B ia T A M bn 5. A, 4
R SCE, FATRS 1T AR rh MR SR AR S S R R R AR 2 TR DR 2R, SR TR L AR B AT RE
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1) BIEMALE

A9 JEE ] 1% (The Cancer Genome Atlas, TCGA)f 2 T 2% 3 AN H AR T 4H e 58 35 AR 40
RALHHE . FIH maftools FRAFEUT TRAZEAE BEAT S0 A AN A, o i e R e PR SR BE R A5 3 R4 B
HHTMB fH. limma 6 Lo 2R s 5l . 845 14 P {8 (adj. P) < 0.05 F|logFC| > 1.0 1E M
TE 22 SRR IS IR IEAE . pheatmap AL E B & DLRT R AL B o

2) EFThREAER B £

FE R A4 (The Gene Ontology, GO) % ¥ 7 3= A H5 =25 4= #id #£(Biological Process, BP). 4/ il 7>
(Cellular Component, CC)F14> 1T &E(Molecular Function, MF) [13]. 5% #3& X A1 3 X 45 75 #H4= 5 (The Kyoto
Encyclopedia of Genes and Genomes, KEGG)%i i & Wt 45 2 R 4 . fb 22 F1 &R 4t Wy e {5 B [14] . ff H
clusterProfiler Rt G 3E47 e R A4 & A 73 i A RL R 5 BE R 20 B BH e P AR & 4R i, &R BIME N P <
0.05 [15].

3) By EHEMEMS

STRING %4 %2 F1 Cytoscape F T M5 F1 43 #1285 B - 25 A A EAE FH 2% [16] [17]. #ubbriE e
NEEE35r > 0.4, Cytoscape ffiff CytoHubba @i A 12 Fih 7041 i 4R B HT 30 AN FEH (1958 XAk
WU hub JE[R, I AEERP L 45 J A ik HE AT 10 4 hub JE[AI[18].
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Figure 1. (A) (B) Primary genetic alterations in liver hepatocellular carcinoma; (C) Variant classification and type of genetic

alterations; (D) (E) The SNV class of liver hepatocellular carcinoma
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Figure 2. Correlation of TMB with prognosis, gender and tumor grades of LIHC patients. (A) Kaplan-Meier survival curve
of male patients; (B) Kaplan-Meier survival curve of female patients; (C) The TMB showed no statistically significant dif-
ferences at different pathological stages; (D) Higher TMB level correlated with gender
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Figure 3. Comparison of the gene expression profiles in different TMB groups. The heatmap plot show the 198 DEGs (170
downregulated and 28 upregulated) identified based on the TMB
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Figure 4. (A) Functional and pathway enrichment analysis; (B) Enrichment of biological process, enrichment of cellular
component, and enrichment of molecular function
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Figure 5. (A) PPI network and module analysis; (B) Protein-protein interaction networks of DEGs; significant module se-
lected from PPI network. red nodes, upregulated genes; yellow nodes, downregulated genes
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Figure 6. Correlation of TMB with immune signatures in liver hepatocellular carcinoma
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e S R0 35 IR 5O (P AT R A7 AE 58 22 S [21]) o DR 988 n 1 iR () S e S itk . E R, A P 1 R A A
2R (OS)BEAE o2 K8 2 p 745 NI R S 1 73 DARE K [1] . TMB IETE BN — R 7E 1 2E Dby, T
TOO GG 2T s BRI 7 vt B R il s T R Sk 3 e e 1T 3% [20] [22] .

TMB 15 JUT-Ar G KA fE R 394746, H TMB 1E A — eS8 rh i g 15 3% 22 5 [23]. TMB et T
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