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ORIGINAL ARTICLE

Gut microbiome analysis as a tool towards
targeted non-invasive biomarkers for early

hepatocellular carcinoma

Zhigang Ren,'** Ang L ** Jianwen Jlang
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Hua Zhang,* Guangymg Cuu."3 Xinhua C

145 Lin Zhou,"* Zullang Yu, 2B Haifeng Lu!

ing Zhang,’ Shaoyan Xu,'
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Quancheng Kan,? Lanjuan Li,* Shusen Zheng

ABSTRACT

Objective To charzciesiss gut microbiome in patients
with hepatocellular caramoma (HCC) and evduate the
potential of microbiome 2s nor-invasive biomarkers for
HCC

Design We colected 436 fzecal samples from East
China, Central China and Northwest China prospectively
anrd finally 419 samples completed Miseq sequendng.
We characterised gut microbiome, identified micobial
markers and constructed HCC dassifier in 75 early HCC
40 dirthosis and 75 heslthy controls. We validated the
results in 56 controls, 30 early HCC and 45 advenced
HCC. We further verified diagnosis patential in 18 HCC
from Xinjiang and 80 HCC from Zhengzhou.

Results Faeca micobial diversity was ingeased

from dirrhosis to early HCC with dirrhasis. Phylum
Actinobecteria was increzsed in eardy HCC versus
cirrhosis. Correspandingly, 13 genera including
Gemmiger and Parabactemides were enriched in early
HCC versus cirhosis. Butyrate-producing genera were
decreased, while genera producing-lipopolysaccharide
were increased in early HCC versus controls. The optimal
30 microbia markers were identified though a fivefold
cross-validation on 2 random forest model and achieved
an area under the curve of 80.54% batween 75 early
HCC and 105 non-HCC ssmples. Notably, gut microbial
markers validated swong dizgnosis potential for early
HCC ard even adwanced HCC. Importantly, microbial
markers successtully achieved 2 cross-region validation of
HCC from Northwest Chinz and Central China,
Condusions This study is the first 1o characterise gut
microbiome in patients with HCC and to report the
successful dagnosis mods! estbiishment and cross-
region validation of micobial markers for HCC. Gut

Significance of this study

What is already known on this subject?
» Hepatocellular carcinoma (HCC) is the
third leading cause of cancerrelated death
-Ilbihhnollnpwmlﬁ
incidence and postsurgical recurrence. "
» hﬂd«Mwmhmm
by the microbiota-lvar axis in HCC animal -
models, but microbial characteristics i
patients with HCC have not been reported.
» The concept of the gut migobiome serving
sahdmdsbradmwm
invasive biomarkers for spacific diseases or J
cance, including type 2 diabetes, liver cirrhosis
and colorectal cancer, has been established by
compelling studies, but it is unclear whether
gut migobid markers could disaiminate HCC.

What are the new findings?

» Faecal microblal diversity wes decessed
from healthy controks to cirthosis, but it was
increased from cimhosis to early HOC with

identified though a fivefold cross-validation on
arandom forest model and achieved an acea
under the aurve of 80.64% between 75 sady
HCC and 105 non-HCC samples.

» Gut microbial markers validated strong

microbiota-targeted biomaskers represent potential non- diagnosis potential for early HOC and even
M) Chock for updates | invasive tools for early dizgnosis of HCC advanced HCC. Importantly, microbial markers
successfully achieved a qossregion validation
hodce e of HCC from Northwest China and Central
empioyens)) 2018 Re-gse
permkied unces CC 3¥-NC No China.
commercia reuse. See fights IITRODD.CT‘IOI ) . .
and permissions. Hep L (HCC) is the thicd
by ML leading cause of d death worldwide."
To cie: A 2,UA ang | Currently, thece ace an estimated 29 200 new HCC  the peevalence of hepatitis B vitus (HBV) pecsistent
o o. Got Epu Shead of cases in males and 11 510 cases in females in the USA  infection and MBW.indoced citchosis. Doe to the
pent jlmsse inchee Dy in 2017.° Moce seticusly, estimated new HCC cases  absence of specific symptoms in early stages and the
Month Year]. o0 11367 achieved 343700 in males and 122300 in females  lack of eacly diagnostic markers, most patients with
Quin-2017-315082 in China in 2015,° which iz mainly attribated t©  HCC ace often diagnosed in an advanced stage with
BH’ RenZ o & Gor 2018:0:1-10. d0l:10. 1136/guthl-2017-3 15088 E 1



This study was sponsored by giants from National S&T Major Project of
China (20172X10203205 and 2018ZX10301201), Innovative Research Groups
of Natlonal Natural Scence Foundation of China (81721061), National Natwral
Scence Foundation of China (81600506, 81672422, 81702757 and 81 702346),
Maor program of National Natwral Sdence Roundation of Ching (91542205) and
China Postdoctoral Science Foundation (2017464 and 20182814), Open Project n
State Key Laboratory for Diagnosis and Treatment of Infectious Disease (2015KF03),
Natural Scence Foundation of Zhejlang Provinge (LY1 SH160033), Znejlang Province
Heath Department Program (2014KYBOB1 and 2017KY322), Youth Innovation
fund of First Afiilated Hospital of Zhengzhou University (YNQN2017032 and
YNQN2017031), Joint research fund of First Afliated Hospital of Zhengzhou
Universty and Dalian Institute of Chemical Physics, Chinese Academy of Sciences
(RZG and SRR).

Disclalmer The funding sources had no roke In the design of tis study nor any role
during Its exacution, analyses, data inerpretation or dedsion to submit resuts.

Competing Interests None d2daned.

—. HBEXFR-EARFIEFEIESE National Natural Science Foundation of
China (81672422, 81600506, and 81702757) % BlilE BH



i RS B1672422
, B i 1617
“"|..L 9D EEEN
i FE 8 {565 [31005808A1112-20%6

U ES R
DIESEE
MiiE1RER:
I B &R
HiERA:
' A
Bk
P B 4R B
G
HIE R
B & A
HEAM:

v 2

RS

EREANFEERAS
#ENI it 3 F

m_Enig

A0S E

N

A LT E

fRiE R A AW S 5 R R A & M T R R (R R

5005 7C HITEMR: 2017 01-2020. 12
L

i EE RERETO S

310003 B i%: 0571-8723657

jiang jw@z ju. edu. cn

B %
B R ;-] i%: 0571-88981080
2016509809 H
ERERANFEESERSH

Version: 1.007.814



XTEXERRFEEZL KX TEMRERAXET N RS

TER] 4/ Lot

RE(EXEARFRLFA) SAERERFERL, BXaARFELE
Re (UTHHEEARFERSLE) AEMETHEHTERE, TEHRES:
81600506, HE & SRR TAEERFHHE BEH AR EHAHBHE
, HERA: 17.00/5 7T, REALLFA: 2007501 AZ 2019% 128, AXWE
HTERLERBEHELKE.

WREBFHFXLMLEEARL (https: //isisn. nsfc.gov.cn) , FHEL (
EXEARFELTHRB R BY (UTEHKITRH) HEERRE. 4 TFHH
RELGRE, FREFELLEE TR ERAAT wAERERARU, A
it e FRRES L AR, B AR (AREARFRETY
B ERLERESE) AFHRFEBEXLTHR, RF, FFR. CREHRREH
FleWE HiE M LT R,

WRIFRFRADBHFRELMEERRSE (https: //isisn nsfc.gov.cn) L
fh, REENFHERXZANANFXLEZRTFE. FHAELH, HEEHK
BEARZ ¥RARA, TOARBEER (—XAFR, R@aT6), hiks
PNFENAmESOAEERZZEANEALI A AHER AL, tRIHR
FRAKFRA B R LHRIE— X,

MEARFEALERZ MR TR BRI FF ST

1o R84 F R ALBY E A 20164R9 A 11 B 16,8 (4 it % ERX R pE
®{)

2. #ARHR] R T4 BAE LB H20164F9 A 18H 164 ;

3. fE TR 45 4O AR AL BY F] 4 20164F9 A 26 B 1645

B ERERERZ RIS RFAR, FRETRFHRMR AHAERE
WM AMRBH, WHEIAFETTY.




I B fhAES B1702757
Rl H1g02

I3 0]
HEHE G 189 HSOD010BA1140-2146

S1FDEFES 1002500

EREANSFESERAS
RN B 3P

HEHAER: wEEEEeE

TFi%AA:
Mi:Ei%eA:
wiR-224 {8 ASS 1A 5 0 il 00 U R S TR 7E I A 2 R b g R B AL R ER
ﬁﬁﬂﬁ:Q
EEWA: 200 HUTSEBR: 2018. 01-2020. 12
h 8| oA Ens

AR Ll T A TR T R 1 A O B — B R P B

B ELEFS: 450052 =] 1E.: 1BTO363B246

BEFHifE: cuignangyingl9868163. com

IR BMis

B E A =un B iE: 03T1-67TE1018
ERB M 20175088298
EREARNEREEZRAESH

Versinn: 102509

=\ WHLAE B RPFEE SR BIEN
Natural Science Foundation of Zhejiang Province (LY15H160033)



AL E BRANFEES R E A ERN

B &

REFLE AARFELHREENE,

e 8 &/%

FELZARCRARXBITREFEE T HALUTIE:

HENES | LYISHI60033 Wt | sk
BEAH | REFSAEHEERNESRESFRRLERLNNE S

mBHHEA | HEX EHFSH 410103197110237037
mE%S | —mmA FRBR 05518 F 07E DA
EEn o) | AMEmBER | oo Py =
) (B Ui

g Kwiﬁm EEEE oy L 8K

1 1 ity ik 421003197709143229 i© I KFEEER

2 F—F 330302197608141643 i© I KFEEER

3w 411302198602163759 ) T RS E SRR — TR

4 e 411325198709290736 B T RFEERMRE—ER

5| mem 130927198911074225 « BT KSR B — R

6| wman £1224198709184319 ) AT RS EETH R B —E

HIHERBFELERSHIRNE

20154 A 27 B




=. Open Project in State Key Laboratory for Diagnosis and
Treatment of Infectious Disease (2015KF03) ¥ BiilEBH

Wl H W | 2o 2%
A2 P Yt 201 S [<F%3
JE 7 [ 2 (97 |

Y. Zhejiang Province Health Department Program (2014KYB081,
2017KY322) %t BhilEBH



| @ mwey O osize O seew @ xoew @ seEses

BEs G mEEK | amA R 2imm | WEY
REAR SHAR GHW | 2014KY8081 | BFMScoMBMEORTHERWON Sty ITAYEIRMES —RFIRD  201406-201612  SENS.
KEGE NEAW GELE | 207002  BEEGSSTEAROTESEICM RS RTASESRNES BRE3 20170120192 REWEH

F.. China Postdoctoral Science Foundation (2017464) ¥ BhiF B



FEAE LRE E—im]

XTHhEELERFZESFelitm EEBH IR A RE B HTARMIE
RmEH: 201TE4H2sH

AELERIEEA.

RE(FEELERFZX
BARZETULAT. ATREA4A25HE5A2H,

NATFABRRNE, F
ELLRTETHA, AR
FESGBELEEEH]NE
REZLFECERAREE LS

CEREFHAFRAATERLERF
LFBREAFR, FUERXMHHERS
BHBLEREARTERTERLE

M°»$

EHi: AETEERERREOSTEELEREE LB LE
£ ZFE 4 (100083)

B A A BET

= i%: 010-82387704

i3 E: 010-62335395

M

E-mail:postdoctorfund@mohrss. gov. cn

0 (MR AR AL

China Postdoctoral Science Foundation
b o e i O zmemuzs (220X FHE )

R RS S F T L5

L mamip EHRIFHEER
L smpis BF! 2TEBETERFELRTRRTN, EUFREEOMTEETENFELT LY. RiE

+EREAR
R

) mmsiRa IR

75~ Academician Jieshou Li Mucosal Barrier Fund(201208).



. BIEEREHRIHE F

National S&T Major Project of China (2018Z2X10301201)



WEAR: AFEK
ZMYS:  S02018ZX100301
B ARG

ERBREAERREATERARRE
(EXBRHH)

TR R Mm B AFEXERFE
HE - e S Rn 12 R F S B0 I3 0 81 3 T 52

R iG QI F AT T AT I S R B
WREEZ R : REIRKRNRAHAR

BT | \
(IEE): AIAR%E \ 3\

BEREA: B APk
R IR 2018 41 B\~ 2020 & 12 A/
HIREM. 200749 B 17 H

.

=0 23 A

W ABAREBREBFRERN] Gut HERRXEES R
HrE bR, —MUTH G R BIZ R AT, 4t WIG BB L



