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Abstract

Background and Aims: Gut microbiota is closely related to the occurrence and development of hepatocellular
carcinoma (HCC). This association suggests that gut microbiota balance should also be an important target for
the treatment of HCC in addition to the treatment of primary liver diseases. Therefore, this study was aimed to
explore the influencing factors for gut microbiota in patients with HCC.

Methods: A total of 121 HCC patients were enrolled. Fecal DNA samples of the HCC patients were extracted,
and the relative abundance of gut microbiota was analyzed by quantitative real-time PCR. Intestinal dysbacteriosis

(ID) was diagnosed by Bifidobacterium/Enterobacteriaceae (B/E) <1. The major factors affecting the gut
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microbiota in HCC patients were determined by univariate and multiple linear regression analysis .

Results: The abundance of Bifidobacterium was significantly lower than that of Enterobacteriaceae in patients
with HCC [Log; (6.24+1.30)/g vs. Log,(7.59+1.11) /g, P<0.000]. The incidence of ID was 77.69% (94/121).
Multiple linear regression analysis showed that monocyte was the only main influencing factor for Bifidobacterium
(P<0.000) and ID (P=0.008); total bilirubin (P=0.011), sex (P=0.027) and fasting blood glucose (P=0.038) were
the main influencing factors for Enterobacteriaceae.

Conclusion: Monocyte, total bilirubin, sex and fasting blood glucose are possibly important factors affecting the
gut microbiota and thereby cause ID in HCC patients. The correlation between these factors and gut microbiota

may not only provide the potential targets for modulating gut microbiota in HCC patients, but also give a solid

theoretical basis for gut microbiota intervention as a therapeutic strategy for HCC.
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HF4ifedEE (hepatocellular carcinoma, HCC)
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2234 (intestinal dysbacteriosis, D) , L
HE 25 BB I &R R RS I, i R T 4
AN B R R B OCE B, ARk, Bl
B X - R B EHR A, BIERERFSHCCZ
[E1) Y I AR MK Rz B Y, — O, BT
EBARIDRESEHCC s 55— i, HCCH) % A5
EERE, FEADKRAES, XA BRI W
AR PG, RN M A e T - i T AR G 1
fE4R 7R, BR TR Y7 NE I & A8 A, T 1B BRUE S
ARG MRS WNAENHCCIH PR EER L T
fRHCCRE B WML m N R, A8 TR %
A RS . AW, HETRZHOET
i T8 RE S HCCAH R A BT 529 2 sh 4 s 56 o Wi
B RZEHCCHRE M EAER EZ KR R
WHCCHRE A, SR HEAFMNR, HKITHCCH
R RS R A RIE . i, A
WFFE I H By 2 BRI HCC 8 7 38 T8 R Y 32 2252
PUER o 8B 3R 5 il T RE 22 () 0 A0 G 1 A7 B T
HCC 5 i 18 TR 9 I 45 4 A8 0 e 0 AT DL K
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1 #MBRERE

1.1 AR RAEIREW E

BEI20184E 11 H —20194E7 H T 16 B RL K%
£ — B B B AT RSN RLAT & 25 PR 121 T HCC R
RN A REYAHRBS SRR, %
FEREMEFEE . ARE) HER K8 —
BiF T S B A PR 51 o bt . M ARRHE: (1) 4RI N
18~65%; (2) RJFHRBLHIIZ HHCC; (3) H KEEAT
HCCHFUIBRA ; (4) HCCHIFCHTE; (6G) AES A
WAESE, JFEFRER G MR 1) A5
K R EE I HALEEME s (2) HCCBR R 22
TR ) ABEHT I A N AE LA 3R 8435 A T il
5 (4) ARHTA BEWCER S FRAS

JIr A5 B ¥ BE ST N LR o BRI T T RE
FR G 00 R B I AL A1, HA B 2 7R BE B &R 4t
Wesk, BARIER; ik FDhRERlr . BHAR
( total bilirubin, TBIL) . H&E M (albumin,
ALB) . BRI (total bile acid, TBA) . K
A1 R 5 A Tl (aspartate transaminase, AST) .
NRAMRAELE 1 (alanine aminotransferase,
ALT) . Child-Pugh?¥43 . ISHAKRAE P4 .
ISHAKE HEALIT I 5 SRR MR AR . B BCX
W #E H (hypersensitive c-reactive protein, hs-
CRP) . F4HJETTHEC (white blood cell, WBC) |
oh MR 4 B 5K (neutrophil, NEU ) . #E 44
et % (lymphocyte, LYM ) | PR 4031 %L
(monocyte, MONO ) , =5 I (fasting blood
glucose, GLU) ; IMihg. MRS HR:. EEENR
A E [ A% B R AR I [ B (high-density
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lipoprotein cholesterol/low-density liporprotein
cholesterol, HDL-C/LDL-C) . &% N84 (1 HH [
fis/ e B [ ( high-density lipoprotein cholesterol/
total cholesterol, HDL-C/T-CHO ) . & EI5%k
(body mass index, BMI) ; HCCHrH. %D
B R T4 ( Barcelona Clinical Liver Cancer,
BCLC) 438, 458 ( Chinese Stage, CS)
Forp, o FOR BT B 2608 B A K6 00 M 8 TR AR 5 A B
2K M4 F M A M TBIL, ALB. TBA. AST,
ALT. hs-CRP, WBC. NEU., LYM, MONO,
GLU., HDL-C/LDL-C. HDL-C/T-CHO; A5 H¥
AR APEAGISHAKRAE . £F 4R LT 53

1.2 BBERFXIEICH

WA E /AR (Bifidobacterium/
Enterobacteriaceae, B/E) {H>13/R8 %18 & B 4
WAEH . B/EfH<1E/RID, i HB/EEBAL, R
1D ™
1.3 BRI AFEEREAWE

WF 78 N B0 Al IR 25 4R 8 PE Al & R IF A HCC
AR Ry R EOK P o IR TR R A ] A AR AR
e B O BEISAE AR b A, bR RIS g, M
IRAR A J5 A A KA YR &b o PR AR
PR FEMEREA R AE IR %, P INO0.2 o/ B L
A =80 C I kHE AT
1.4 FEEFEN

filf 17 2% i R ZH DN A B2 Bl ) & (B0 A
) (dEETRAR, DP328-02) 4 BUZE i bR A (19
DNA, H AL B ™ s 4 BEUL W] 45 47 o A BIF 5T fiE
MGk, mAETAEY TR (i) K
AT PR W& e BUAFE (126 bp) 1EH: 5'-
GCG TGC TTA ACA CAT GCA AG TC-3', &IA]:
5'-CAC CCG TTT CCA GGA GCT ATT-3'; JH#F
# (195 bp) 1EA: 5'-CAT TGA CGT TAC CCG
CAG AAG AAG C-3', Jx: 5'-CTC TAC GAG
ACT CAA GCT TGC-3',

{FHTB Green™ Premix Ex TaqTM 1T ( Tli
RNaseH Plus) (dtiiTaKaRa, RR820A ) fF
Applied Biosystems 7500 ( £ [E ) #E47 5 26
FEEPCRY M, 47 HY A R AL 18 XUCECFT B A AT
B o FEVK ERCEPCR M, A 14 PCRIX
(20 uL) fFETB GreenPremix Ex Taq 11 (Tl
RNaseH Plus) (2x ) 10 pL. PCR Forward
Primer ( 10 umol/L) 1 pL. PCR Reverse Primer
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(10 umol/L ) 1 uL, ROX Reference Dye 11 0.4 pL.
DNABIAR2 pL. KE/K5.6 pl. §IGFTFH: HE
P£95 C (30 s) , M5 C (5s) , B KIEH[IL
AP : 60 C (34s) , WAFRE: 59 °C (345s) 1,
40E A, il i il 220 TR A 2R BN o 51 W Y Ay
S PR S B Y Rl it AR 2 o TR 1K
PCRY™ 14 i Ay g bR vl ih Ze 2 B BT . PHPEXT IR,
1.5 FREMZEHE

XIS AT T R FF T 1Y J5RE B v o H A2 AR )
TR C B ) By A R A G, Je A AR HE i
M REE, THE I DNAYE DUEC, SR 5 5 OB bR UHE i
548 Hb 84 2 s BE S5 HEAT SE I SEO6E EEPCR, DA
DNAP5 DUECH x5 B g 5 A, PCRY B A 25 231
CTIE WAL br R AR ME RN £ . e Jm, FEEAEA
rh R AT TR A A R A 5 DL B J R o it 2ok
JE B o
1.6 ZitFAE

SRHSPSS 22,0847 581431 IR BRIy
BoetnifE2 (xxs) Fono KRR 4G 50 TR
WM ERE . [ Pearsonfl X . Spearman®kAH 5k
PIAEA K 56 JEAT B R 3 b, SR 4 B PR R 40 i
R AP<0 AN AZELMER I (F L FIH
%) o LIP<0.05EREFBAGIH 7 E L.

2.1 FRAEMZ

MU FF B L W FF B8 R B I i ) 8 B9 s 2
LR L P RECRY AR 0 R -2.46 .
0.99. 92%F1-2.55. 0.99. 88%, HikF| & & H
brifE CEI1) o
2.2 BERBENEEN

HCC 83 A7 & 0 F B2 U] s T 0L #F B
[Logs (6.24 +1.30) /g vs. Logs (7.59+1.11) /g,
P=0.000]. ID (B/E<1) B E4EFNTT.69%
(94/121) .
2.3 BERSWER

BN R BoR, RUEAE R, R
TBA. WBC. NEU, MONO, HDL-C/LDL-C .
HDL-C/T-CHOMZS HASZIT¥E X (¥
P<0.05) o X FMAFE, TBIL, M%), GLUR 2
SHEAGHFE Y (¥P<0.05) . X TB/EMH,
MONOZ S A G E L (P<0.05) (F£1) .
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Figure 1 Standard curves of plasmid DNA standards A: Standard curve for standard of Bifidobacterium; B: Standard curve for standard
of Enterobacteriaceae
F1 BEESWHEEHNZNES
Table 1 Univariate analysis of the influencing factors for gut microbiota
" BB Tkt B/E
ww\
L Ada rt P rt P r/t P
PER [n (%) ]

% 105 (86.78 )

4 16 (13.22) 2.60 0.010 1.829 0.070 0.888 0.376
RS (B, x+s) 47.92 +9.06 0.022 0.811 0.086 0.350 -0.024 0.797
TBIL ( pmol/L, x+s) 14.17 £5.54 0.076 0.407 0.194 0.033 -0.042 0.651
ALB (g/L, x+s) 37.89 £4.19 0.034 0.71 0.093 0.311 -0.019 0.836
TBA (pmol/L, x+s) 15.70 £ 23.48 0.210 0.024 0.128 0.173 0.074 0.431
AST (U/L, x+s) 49.93 + 38.93 0.055 0.548 0.000 0.999 0.034 0.712
ALT (U/L, x+s) 43.24 + 30.65 -0.068 0.462 -0.056 0.540 -0.026 0.776
Child-Pugh (43, x+s) 5.54 +0.82 -0.105 0.253 -0.079 0.387 -0.039 0.674
ISHAK RIEFESr (43, x+5) 5.96 +2.65 -0.017 0.854 -0.052 0.568 0.061 0.505
ISHAK ZF4E4biF55 (43, x+s) 4.16+1.53 0.084 0.357 0.009 0.919 0.046 0.613
Hs-CRP[n (%) |

<1 51 (42.15)

> 70 (57.85) 0.241 0.810 1.592 0.114 -1.018 0.311
WBC (10°/L, x+s) 6.37 +2.07 -0.242 0.010 -0.042 0.657 -0.141 0.136
NEU (10°/L, x+s) 3.77 +1.62 -0.210 0.024 -0.009 0.927 -0.130 0.166
LYM ( 109/L, xX+s) 1.77 £ 0.68 -0.053 0.575 -0.084 0.373 0.012 0.895
MONO (10°/L, x+s) 0.58 +0.24 -0.328 0.000 -0.015 0.872 -0.245 0.008
GLU (mmol/L, x+s) 4.87 £ 1.08 0.105 0.252 0.172 0.059 0.019 0.836
HDL-C/LDL-C (x+s) 0.40 +0.15 0.170 0.071 0.153 0.107 0.018 0.855
HDL-C/T-CHO (x+s) 0.24 + 0.06 0.169 0.073 0.150 0.113 0.019 0.845
BMI ( kg/m2, X+s) 23.06 + 3.09 0.016 0.862 -0.046 0.614 0.038 0.677
BCLC 4+l [n (%) ]

0 13 (10.74)

A 61 (50.41)

B 9 (7.44) 0.047 0.608 -0.015 0.874 0.054 0.559

C 38 (31.40)

CS[n (%) |

Ia 37 (30.58)

Ih 16 (13.22)

Ila 10 (8.26)

Ih 1(083) 0.095 0.298 0.022 0.809 0.064 0.484

Illa 44 (36.36)

I11h 13 (10.74)

FEE (4, x+5) 5.43 +3.92 0.010 0.917 0.010 0.919 0.015 0.881
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24 ZEXMEEEASTER

Z ELMER 8 R, MONO & W T
( P<0.000) FIID (P=0.008) (¥ FE 50 H %,
TBIL (P=0.011) . #% (P=0.027) . GLU
(P=0.038) ZEMFFH M EEZmMEE (F2) .

®2 ZELZMENPASWHEEROZMESR
Table 2 Multiple linear regression analysis of the influencing

factors for gut microbiota

i) B t P 95% CI
U T
MONO -0.326 -3.768 0.000 -2.808~-0.874
P31 -0.167 -1.903  0.060 —
TBA 0.138 1548 0.124 —

HDL-C/LDL-C 0.135 1.554 0.123 —
HDL-C/T-CHO  0.129  1.482 0.141 —

NEU 0.019 0.161 0.872 —
WBC 0.000  0.004  0.997 —
L1 iR}
TBIL 0.229 2,591 0.011  0.011~0.080
el -0.197 -2.234 0.027 -1.208~-0.073
GLU 0.183  2.097 0.038  0.010~0.366
B/E
MONO -0.240 -2.697 0.008 -0.386~-0.059

fit FE N B T i o R B R LR A A
YR, AU FF B, 4 i G DA RE S . AR B
8 R LHCC B T RUE AT T 19 3 B2 31K T I 41
B, 5 N B Y AR S, X S 2 R R
JE—EY B/EAA LG A 35 AU AT
T2 S SO R A AT T, R R I Y R A BT
o W, B/EfEW LLHRMREID. B/E<1FIR
ID, 1fi HB/E#AR, FoRIDM™E", AMF5EE K
M, HCCEFIDW LA HNTT.69% . VITEA IR
i, HCCERHF BN R E KN EERNT1.8%,
W TR AL R R AR (4119 ) M

ABEFE T, TBILS AT 2 IEM G, 2T
W EZERZWERZ—; MONOS XU A B HID &
G, B FFE DAY 3 m %, H4y
FHLE RN FCCHKTE (C-C motif chemokine
ligand, CCL) WCCL3, CCL4, CCL5%, M
i 98 20 Bt 43 i - 2 S MONO s 70 4 M I
WRER EZ e b5, TBILT &R IF IR % .
JFJUE Ty BE B A BEAS T IFAEVE BR N B R Ae Ty, H
FEEHE R IR Z M ARG . MIEZ S
MONOZ [ i AR B Z AR 45 G i, — RINIME S5
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AL R B R AE A B, SR B RAE ROV SR
fiE (systemic inflammatory response syndrome,
SIRS) My kAP, —J5l, SIRSTEHA N
R, HAWATRER I, W b 540 i 4|
YRR, Sy — 7, mTSIRSHEE R, WER-
I 58 5K 3R A S SR /Nl B 4 L /N i s I
SHE— LT NS kR W AR Ak, FE B
F 52 T & B R 1 580 A I3 {6l gy 3 b T ) 3 3
B, R RS b DR AR L i it R i R E i
PESG I R IR, SR AR A, LigERY
AT SE R B, TBILS N8 R 2 IEAME, i3
WNEE R KV 5 EEAFREHEED T EER
IEAH G o WF5E & BEH C C A 18 BE A BUBCAT 18 1Y 9
A AT A, FEARMONOR ", Bhah,
Chen %5 B 98 UESE T 1 38 T HF 5 MON O /i 2
] By DIHE &R . XSS R 5 AR 4 R — B, A
WEEUEB T DI RE . RAETE bR 5 W 18 T RE A AH O
PE, s I Re B 1 A5 E B3R T A A T AR 2
AR, ok I R T U SV HCC IR
TR AR AL T IR R

PRI S B W R A ARG, oM B AR
17 18 T REAAAE D] WA 22 5 HuangZ5EP R, Jf
P DR A0 T RH RS S B ) 184 0 A DR AR A T AR X R
(4 B AT AT AR A P HC C I RS #8 4, (H T 5
PEHCCICRL, PR Ay 0 1 g T T P L 2 6T T 45
iR, ARG RB LR T RUMASE, H
HerE IR A W AP B AE L EHC G L 7E B PEHCC
TR FE o 5k R L M I R Y 25 = N AR R
TR A HCCTUE R AR, Ay fig 18 B R 7Y 1
FHRAE T ASTR] B B T SRR i

WAk, AWFFESE RIE R GLUZHCCH & 7
R FEZWMNEZ —, MHEZIEMX., HCC
8 2 A B Bt A DD RE Y B, AT 5] RS Il A Y
WA, WA 2 I CLUT2 H 82 5w i bt
Jir & R 20 M B e SRR g, DR i B R AN O
T RN b B 3% H 0 SE HE R, Y N T i A R R 1Y) 38
PE, TR E R SR Y I A R B 1E
BRI RE 5 A O A il 4 AR OGP AR A R PR AR
WA UESE T 4% 5 I T8 8 R A DG . X IR
[ B 1) RS A B TS DR A B T TR 4P

Zi LWk, MONO. TBiL. B FGLUBLIE
S HCCHEE M BB ERE, W FHID, XL
PR 2R 5 i 3 TR B RE OGP AT RE D HC.C AR i 1 TR
T A0 O] Y B (L R AN, R Oy i R T
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