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Abstract; To investigate the effect of tumor mutation burden (TMB) on the prognosis of hepatocellular carcinoma (HCC) patients,
357 HCC samples were download from the Cancer Genome Atlas and analyzed. The results showed that In HCC patients, C > T
mutation, missense mutation and TP53 gene mutation had the highest frequencies, and that the high level of TMB presented a worse

prognosis (P <0.05). Functional analysis of the genes showed that differentially expressed genes ( DEGs) were enriched in the

pathway of the formation of extracellular matrix organization and sulfur compound metabolic ( P <0.05). Based on the SFRP4, IL7R,
FBLN2, COLECIO and CHGA genes, a prognosis prediction model for HCC was constructed, and the results showed that patients in
the high-risk group had poor 1-year, 3-year and 5-year prognosis (P <0.001).
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DGR RN T Z R R (s . 78 O i SC BRI SRS AR XU P23 (risk score,

IR . LR e NS I B ) 9T S0 A RUEE
FRC7 2T B R TMB 5 5 i
IEEZ AW R & TMB 5 HCC Hr (i S8 137 2 18]
I AR, H T e ) 2 A PR T AR, AN R AT
REJ 2 L T S 216 97 97 R0 m PR PEHr. Zhang
AN LT 2020 AEAFRERIEST T HCC th TMB AH2&
A8, SR, T 2 4F the Cancer Genome Atlas (TC-
GA) Bidfa P SR I A AH DG4

AWETE B IEH T (TCGA) s FE R &R HCC
R S AR MR, AR T B 2 e Al S B
Brifiife i TMB AH G I T 5 BE AL, O 5k 0 2 1 33
Jo KRR 8 HCC T 9 0 455 8.

1 #¥57F=%

1.1 #3¥ERR

M TCGA %i#z)%  (http ;www. ncbi. nlm. nih. gov/
geo) T #R5 HCC AH G A Ak K 4 i R s 314K 4
S i 500 FPRML T80 52k, #aA
APMBR, FUeFE 357 DR EEA T 5 200 M.
[, M TCGA % d e v L HCC A 241 Jify 58 72 %k
B, FEEH R AR “maftool” ALEFTAMT
1.2 TMB it H fe 520

i2 [ Perl P45 TMB.  Ffi 4T X-tile 454 &
FERAELFER (overall survival, 0S) 4% TMB [
IRAEBUNTE, AR5 AKIEZ AR 8 43y TMB-H 4
1 TMB-L 2{.
L3 FREFLARA

R A “limma” ZLFREHE, Gk 5 TMB
Gy 22 v 3R 0K ( differentially expressed
genes, DEGs). Fffl|log2 FC| >1, false discovery
rate (FDR) <0. 05 fifi &t ir A 2 S B PR, Jf-fe )
“pheatmap” fi % 22 F L H EA T 20 TR SR 2K

EH R fJ “org. Hs. eg. db” 47 Gene Ontology
(GO) EHE/Hr#1 Kyoto Encyclopedia of Genes and
Genomes (KEGG) @& #r, “clusterProfiler” il
“ggplo2” FLFATFIERMLE ™. K P<0.05 i
TG TR A 3 g
1.4 TMB g 45 &gty &

{#i | Gene Expression Profiling Interactive Analysis
(GEPIA) %% (http://gepia. cancer-pku. cn/ )"
i ZE S ALY OS #. AR5 ML logrank P <0. 05

RS) WA BE A EGHAREH. R K-M
LFOR RSKF-5 0S ZIRII KR, e, 4filsZik
FHHF TR Z (receiver operating characteris-
tic curve, ROC), {15 TN (caculate the ar-
ea under the curve, AUC), DIPPALTGHCEF0E.
1.5 %it o

{#F] R Studio (https://www. rstudio. com) #f7
et 3. 0S SR K-M Al log-rank #5367 11
B 2 HIESE R BRI ¢ KRB AR R Ty 2247
Br. P{E <0.05, FnEmAGI»EX.

2 HR

2.1 TMB 4 HCC a9 #F A

e, BIIEEEA HCC REAR By AR5 10 & B0 .
B R £ B 1% (Single nucleotide polymorphism,
SNP) |, 4 LA C > T 5878 J& HCC H ey W AR
SR Hi C>T AR RS, ik 15420. HCC
SEAR {10 {7 ) 3 A . TPS3, TTN, CTNNBI,
MUC16, PCLO 1 ALB, RYR2, ABCAI3, MUC4 §i%
HETF 10 (P<0.001) (& 1).
2.2 REERANGFERZE AL X F

K2(a) %z 17 HCC i 30 278 KPR Y i A
Kl FNTHE— 20 BT 20 42848 B PRI A HH G B,
2EHEE. CTNNBI 5 TP53, AXINI FikfAH%E (P
<0.05), CTNNBI 5 SPTA1, OBSCN; MUCI6 5 SP-
TAL, ABCAI3, RYR2; PCLO 5 CACNAIE, HMCNI;
RYR2 5 XIRP2; APOB 4 LRPIB; FLG 4 CSMD3,
OBSCN; LRPIB 5 CACNAIE; HMCN1 5 SPTAl;
TTN 5 LRPIB FHAIEAHX (P <0.05) (& 2(b)).
2.3 TMB X516 kA8 % 1

FIF X-tile i€ TMB =4. 61 FymefE#IE{E, If
P oK 357 AN FE AR 4y O TMB-H 4 fil TMB-L 4.
TMB-H ZH il TMB-L 21 {4~F- Y448 4351 A 8. 19 F1 2. 79
(El3(a)). Afmtias i R TMB 5 HCC )5 i
BRI (P <0.05). TMB &y # g g2
(P<0.05) (EI3(b)). K 3(c)~(e)MT TMB
SIGARWHRE R E R 16 HCC & TMB 5 N
A (P <0.05), 4B (P <0.05), %] (P <
0.05) AHK. BRPRUL, BFE (>65%) Tikf:
o B PE TMB 4, {H TMB /K5 T/M 43030 I
PRAT AN R BAHCYE (B 3(f) ~ ().
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p=0.005
45 b 100 ~ TMB-Low 8 E—
E %8 7 -~ TMB-High i 6l i T
E}Z & Logrank p=0.031 8 g
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(h) T™MB Sl R 7 I 5 5

(i) TMB SRR A KR

& 3

2.4 EFARAGE RSN

T el B K 22 S4B, Bk 39 4~ 5 TMB
FHKH DEGs. & 4(a) A DEGs [ RISHAE. AT
b3t GO TRE & &£ /- M 5% DEGs AHOCH) 3=
Tt 2 (biological process, BP) . 43 T g
(molecular function, MF) #0140 g 5 4> ( cellular
component, CC) (&K 4(b)). KEGG i /i i
/N, DEGs REEETAMIETHIN, Ao,
WAL B SWAY & B RS AT
(B 4 (c)).
(GSEA) J3trai R 7%, TMB-H 21 & 4 7€ RNA £R
W RE, TMB-L 2H 5 S 7e Hofth i A2 A0 45 458 40 1
UL, RS A2, IR AR gs 4121
WEhEH 22020, =g E 2R, DshE AR
GER . RENSE R 2SR, REIsEA
22 (18 4(d)).

Gene set enrichment analysis

TMB 5 HCC B3 Iif R X 1%

2.5 COX w)a4#r

FF A A oy b, Al o — 2k Bl. SFRP4,
IL7R, FBLN2, COLEC10 F1 CHGA 33k ] fig &
2 HCC BE WG i Nz (B 5). fmk, T
FIFH COX [a] 9 43t 2 37 T s TS A4, I 1)
ROC B uE B (P HEf 4. 4 R 40 “ merge”
T#T 357 5] HCC g 191 () 5 s 1 408, R4 £ 00
COX [H] ALY, T4 TMBPI Jy

PI = (0.088 94538 x SFRP4 — 0.009 912 19 x
COLECI10 - 0. 000 690 51 x CHGA - 0. 024 612 34 x
FBLN2 -0. 165 479 22 xIL7R).

BEAARR RS 8 TMBPL 152, SR)5 Al A4
AU VP4 B o 57 ZBCRE A AR 53 Ay vy JXUI: 2 RPATR JXUI: 2
(Bl 6(a)). xBEALL, 3, 5 47311 AUC 435
#0.64, 0.67, 0.59 (E6(b)). Z5HEBREMG
HEHFEEZE (P<0.001) (El6(c)).
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HCC {2281k, HBA & 5 Pk 206
G101 W R A0 A P 1 3 5 T 40 s
. i, PI3K/AKT F1 IKK/NF - «B i@ #%7E HCC
PR, DTG E A 3 A 755 b e — Al BT
A2 A, G B G IR B kR i R
HREKEEAIEH. Marina 252 WELF] MYC/CT-
NNBI 3l % A0S AR 2 T 095 1k skt 1 -9 24 P it 24
PE. TMB R e 28 8 G U1 A0 X0t JHF 9 4 i i) 5%
BNZE, ARREE LW EENTUE. A, 1
AT RE AT ULER 2] TMB 5 % WL 2% fif 2% i %5 A
FP AR, TR B L5 HCC
I WA AL BIEgY R B TPS3 [ 4t L2878 il
HCC 434k 0 N TRl 9 W2 8, 5 1T 6 A2 0k 952 9 A ok
J&' P 7E HCC v SNP AR S 4 K428, e TRAT1Y
WFgEr, C>T A8 54k s] 15 420, X5 HCC (1)
KA YIRS

IR/t R3], DEGs 32 %0 5 40 i S 3L it
HA AL G PG A G 240 oh 2 i
HCC el B B8 (0 AL 4, 0 ) 45 25 2L A —

SERGH . BRSPS AR 5 HCC P v
PIARSC . esh, FRATRBE RNA PR R A 35

55 TMB Z[A] 77 AL W2 i AR 5C. OR824 ik 4l
F W, ATE A FE %6 15 RNA  ( non-coding RNAs,
ncRNAs) Z5ZRTFHES A (B35 LT, A
FRRTPENG D5 ) ACHPIR S W, IR & 8L

HCC %) R[S TMB-H 20 SR T g A4 1 o
FHEFEREZ—.

SFRP4 . IL7R. FBLN2, COLECI10 1 CHGA 7£
HCC kAR R EEZA/ER. SFRP4 fi T4 {4
K Tpl4. 1 b, &H —AE &8 BB i 45 5.
ZA AT 5 Wit BHE455 R AT Wit (545
e, AT TR A I HCCRY . IL-7R
75 T 443 A0 itk B2 40 it % 7 F e kA
IL-7TR - AT 33076 40 MO 9 i 2%, 5 A OG0 1 3R
i, AEHET R 40 M A AT Y. COLECI0 %
JHENERE IR BE 4R 2R 1, i C BEEE R KM
528 ) COLEC10 32 miR-452-5p fyiids, fi
HEJ 98 40 MO Y 39 FE . 1R 28 FN AT B, CHGA (5§
CGA) fE HCC REA P ik, BRAERRST W
BRI LME R HCC W Hi B2 W 7. AR BoR

_E[MJ'

FBLN2 ik 4 SRR R A M WG 2 5 H Gl 2#
B SR, FBLN2 78 48 b i 8 FH R H R
(B A WARGE , 3XATRESE— MEMHE R T,

FETF I, ASCHE T £o0 COX [al TR R, 52
BT X R E AR A AR A A 3BT FEARBIESE
o, RT3 S ARAAERRIY AUC 435k 0. 64
0.67, 0.59, HA—@EMUHERE. %50 HIRR
HCC B 1 f PR 4 48 7 i L % Besh, e
RITCHTR S B E MR AN 2848, T 23 o e A
TMB FHC 1 5 AL, 33Xl 75 3 5G5S R 17
) R AR AR . T 5 ANk PR 39 T A
A4 O R S, X T REA B T8 SR R
HIIGRIGYY. FER IR B, I IR BV 258
T A e IR F B [ HCC Jig BEE A6
PR, ZHEBERBARRGZRS (W CT, MRI)
aE AR ARTERR (401 AFP, CEA, CA199) Ziffd
. AT A1 PE s TMB . DEGs 5 HCC Iifs
PRBHEARLE 4, SEat COX [R] P R0 i 28 3 TS
HOTEA e, RAMET/N. 7ERSUHEEY TG, A
FHOY T oA 25 6 9 B8 43 B 10 T 5 0000 A% 58 s
o UEAA.

B EAT X HCC fR35 1 52 5 14 T &g ) A
(e, SRR B Mg in e, B, Bl
WHoEs = BH I e ia Y7 5 B, X RS T IRAT
TMB 45 () HCC S R 8 A e iFoe. Hak,
H1 T TCGA 3 H v A — 5 43 FE A ELAT 1 P BE A
TMB 4 71 B F 430, H i R A 5 A7 7 R L
e, Bz s RE NN P EE, R
AT S A O I R B R G TESS 16, B, 10
DS T P 3550 5 A6 ARl e Sy BA S A TR 22
(1) 1 BRI

gi b, ARWFIEES T — BT 5 A IEE T
HCC B3 Flf5 W A 7. 70 v] g & HCC Wi
RS A 2 A AT H, FEN ARG IR IS Wi 25 &
PR STF A BT Bt 18 0 S B
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