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Abstract
Non-alcoholic fatty liver disease (NAFLD) is a

2000

clinical pathologic syndrome characterized by
steatosis and storage of hepatic parenchymal
cells due to liver damage caused by factors
other than alcohol. In recent years, with the
change of people’s lifestyle, NAFLD has
become a global public health problem. The
incidence of NAFLD is associated with obesity,
type-2 diabetes and other metabolic syndromes.
More and more studies indicate that intestinal
flora is closely related with the occurrence
and development of NAFLD: (1) Intestinal
flora can promote the energy metabolism of
the host; (2) Intestinal flora can induce the
body lipid metabolism disorders and liver cell
lipid accumulation; and (3) Intestinal flora can
increase the intestinal mucosal permeability
and activate inflammation. This article
summarizes the relationship between NAFLD
and intestinal flora imbalance, which may be a
new target for NAFLD treatment.

© The Author(s) 2017. Published by Baishideng
Publishing Group Inc. All rights reserved.

Key Words: Non-alcoholic fatty liver disease;
Intestinal flora; Energy metabolism; Lipid accu-
mulation; Inflammation

Tang W], Zhou BJ. Imbalance of intestinal flora: A new
target for nonalcoholic fatty liver disease treatment.
Shijie Huaren Xiaohua Zazhi 2017; 25(22): 2000-2006
URL: http://www.wjgnet.com/1009-3079/full/v25/
i22/2000.htm DOI: http:/ /dx.doi.org/10.11569/wcjd.
v25.i22.2000

LR

3F VB A4 H g W5 B % (non-alcoholic fatty liver
disease, NAFLD),;2 —FF R4 B VAR AL BT
A F B F ST B0 VAT 5 R 4m R P A

2017-08-08 | Volume 25 | Issue 22 |



B Ve AR Ay B A0 W SRR B 4R A, ISR R,
MEANAEF X9 L, NAFLDE R A
AR AR P, LA EFL R, 28
AR AR R A AR 5. AR AR S kR
i A SNAFLD# X A X & * & Zbr:
(B E AR AT B8 20K P S w4k
% (2) i A B KR T A FAUVR S R
2, FFam e Rs &, (3) M i Bk A T3
ImBpEEIRIE A M, ARAE K E. Bk, At
B W AR S NAFLD X R #4752 4 FHRE
FINAFLD#) 25 th 3% 437 e b Bt AT 18 B 4738

© The Author(s) 2017. Published by Baishideng
Publishing Group Inc. All rights reserved.

KB EERE RS AR, BB R fe R AR
REBE AR, RAE RN

BORE: MAR S IHANHERHELALE
Pk LR 2O, IR, KEA P
KA FREFRRBEGHER, Rk it 21045
S A VB AP IS W5 BT 9% (non-alcoholic fatty liver
disease, NAFLD)X £ & & ¥ 69 2R, KL
B KT Xk kWi Wi B B X A ENAFLD
YA ERRBTHER, S8R i h A
8T R, ket AR AE. AT, HA4AH
EHMAKTITIFNAFLDE R A% —BE P,
It A B K 4 T NAFLD 25 4 F- %47 e 5.

BINKR, BAZ. eaEdNE—aFEEMEhRSTH
. HRENEZYE 2017; 25(22): 2000-2006 URL:
http://www.wjgnet.com/1009-3079/full/v25/i22/2000.htm
DOI: http://dx.doi.org/10.11569/wcjd.v25.i22.2000

0512

AV K M 8 105 BF i (non-alcoholic fatty liver
disease, NAFLD)& — B E DA R HoAth 45
IR 3R A0 i 500 LA S 5 4 A g s 7 1k A D
FEONFRRAE I PR B 2% 5 1E, NAFLD¥E A
FE T H Bl 1 N 7 P 32 e D ARG I 7 1
4 (nonalcoholic steatohepatitis, NASH). AT4F
AL RN g s v BT AR AL, B E AT R wE e
BRAEPE T B HAT K2920%-30%FINAFLD &
#, HH2%-5% WNASHEE, 1%-2%NASH
WA RS, RIS R %, &4
E X NIBIT A S m &, 2B R ERIT
NAFLD# AL KL 103 T4 TT, s
B fEE L vEE DL RS IR 35T
ZRRTEY. 7675 RN AFLD s R R 5 HE

Beishideng®  WCJD | www.wjgnet.com

BINR, 5. IpEEEt K

B A R W R B IR R OG &, Bk
TR 2 P TIE 1 2 B e IR OB e T R
SER R AT, T e Bk TE T RE IR, T
B M BUIEIE . 280 PRI AU SR A . 5
— R, FHEA R IE IR T R R, A
NI P AT AR BRI B S 1] A K YA
W, R MIEWACE TR B TE R LR, LR, T
JUE 2 i B REAR U T e e G e AR A
TFF 5C 17148 LS T S8 P B A M 1 T
SR, R Ly T R K R R P R
o, WEA RIS, AT, FATRM
RER MU, AR BT JOME S B BA R 3 5 1
TRIE R R AR R, AR, A
TG B LANJT I iR S RN AFLDA
AR T R AR .

| HEBFUEHBEES RN

o T T B 5 N 280 R TR LT 46 YR HE
A KR, IENLRRE R R IR &
BER. — 710, FiE DS A
T 2 08 K e N F2 55 N 7 R (short-chain fatty
acids, SCFAs)IITAER. T HR%. SCFAsII T IR
AR R ] E A RN B, JF A 2Bk
AR N RR G IR, IS R A R, R
] 257 R SR A R I R R A7, W ST
£ Y T FE R0 2 B I R G 2 I RS 5
— 771, SCFAsIE v JIB AR (1 73 v, anse
V) e D86 1 R 14 71 Pk e LB 2R RE Ik 1 (glucagon-
like peptide-1, GLP1)HIKY Y (peptide YY, PYY).
GLPIANIPY'Y I T iy AT 025 4 32 11 i o 46 4k i
&=, 5 R ME R R K. Gordon/hH !
T8 gk % 6 B 0 BRI g P R A LE R R
/N TR, RIESS T IRIFE & (57 %0k
IKAEYI, 5% 7)1 BL T, 88 /N A
FIHE /N G S BB T 42%, M&R
IS FEEN 2 29%. TurnbaughZ5!" 51 %
B, K LR /IS BRPF) P e T 8 o A 816 1 /0 BRU A
W, 2 wkJE JE B /N BRI IR RE /N R — B, A5
IR, B PR R AL, A E
I RE IR IR, SRR R F AL, AR R
BFEEN I B AR AR A T R, B2
TR W, T A L P £ 3 M T 2 i e
BIRE, T 5]l R ARRE, (Rt RE
LS LR AT ST BoR, NAFLD
RN BT RS A R AE T IR AR M. 5

2001

EEBMEEIRIR ST HEER

W47 B4 08

J 18 TR BE R AT
F 5 B ROk
£ J B g ARG
Fi. AEZE
FARM e
%. WA iE g
P0G 3G e B
F AU ENAFLD
KR e AE R
ST B AR AR R
PR B
5.

2017-08-08 | Volume 25 | Issue 22 |



BINR, 5. IpEEERE

Wi £RE

Po A # e LA
W iE A BT K R
HOH ALY %
e KB a4k R
BB R, T
B, Mk g
W BR fENAFLD
REXEREWY
YEA.

J3aishideng®

WCJD | www.wjgnet.com

FEREEINR ST HEER

FI4HAH b, NAFLD 3 BA B gl i iR
B, S8 B ARG LB AR AR, S 4h,
TE VR R AT I AR R A
S FE RN R FERE & 2 . Basseri%'?
K FH 18] 2 1 20 B8 35 1o T E R ™ B RE AT P
3 RS0 6 P S A R Y R b i, SRR
LIt A HR J A 0 B ek 9 R A A o 4
ST AR B A 1 A, L AR A W P
S AR IR AR B TR 1 s 3 B P L, 1%
6 2 WRR AR P O NBE, AR P9 Il T B R R BT
(7= e oy B T B SE 2. kB R R B, AR
JHE(ob/ob) /)N 5t 738 T 25 R 4H 45 " KEGG R fie
SRS ER AR P AL TE RS RERE . P FURER T R 2
ARG S, X Sely r] A0 N2 B & ToiE R H
)2 WERLRR. BRibz ob, J T e A 45 1 1 oo
IR R 3G 2, P RE S FEWLATERREIR
W7 THT P A 22 S, 0 NATTR B 22 AU T 2 A
SF IR A K R R A R 2 R R AR 1 G
T LR, X 4845 2 T AT B AT 7020 I & Fh 2
3 1 R R AL A R, X AR R AT,
g S AN R A] DA BonE 3 1 T A 2
225, Mr=Re2 . 203 I B RF S5 A T fei 1
FRFEZMRRE, KINR R —2 %
SHE PR B A AR 505 (1 7= 4.

2 PmEESFO{EHAs R

Biackhed!" " FIRF 75N R W 18 B R T (2 2R AL
PR 2 Bl I R I T B KA A ) OB TG
455 B M (carbohydrate response element
binding protein, ChREBP)/[&lf J b o &5 &
& M (sterol regulatory element binding protein,
SREBP)[J#IA, A 3CHRUESZChREBPAE H 4
DN 3 R I I BT S R AR S, Tizuka
SRR ob/ob/N K W ICAR EBPIE A A,
SIS BRAAR 5T & B R T B LR A B S e
3. SREBP I 27 75 A AR 7 40 B rp 20k,
SREBPZ 1A It & 1] 5] AL A4 b A £ 59 25 L.
T3 P 5[] B ok 22 AT i 1 AL A i o AR 3%
FLEY, S ECH M = ER R A0 R B R, T 1
e 3 JE R 107 5 s[RI, o T B ) 48 o ]
A AR R 7 13K, i — B iR
5 A I Wi B (lipoprteinlipase, LPL)HIHI¥1 4 ik,
MIMAELPLAE il 2, (i 2k i Jou 76 40 i Hh iR,
AR MUAR M BAR M 35 EL" Y, 5 4h, Spencer
P AT AR = B, A T AN AT TR

2002

0K ELREAR 9% ARPIT R RN, B — o R
FIRY LR PO T I 2L RSB 7, 13 P U s I A
TSR BE 7y, FR A AR R PR TR E 2 I T A
o 3 T T 3 o K £ 4 JEL B A D JH R A
i = H N0, PR 3 B IR A
I, CABSORRAR 2 2 i 2 3 2 Wh v/« I H
=B, RINAFLDI R A [N, i
ATV I e U AR m] A SRR
PR o AR, RIS A 4 1 3 i T T R 4L Bk
DCAR T AE R S e I [ AR R, AT
AR BERLAAR RS i 07 A0 8 1k 4 A2 R R e
BN A, AN —FE S 0 TR
Be A7 A= WX 52 M (farnesoid X receptor, FXR)4k
T7 A 5 e B AR 227, gyl T s T LR AR
PR i 52 44(G protein coupled bile acid receptor 5,
TGRS {2 1M R R, B AR A Joi 7K
SRR DL b SCHR s SR B i 1 R R T 1
i AE B RIEXR/ TGRS 544 2, #—5
{2 ENAFLD (3R

3 BT IAAEEEN. RAKRAE
ARG 4 g s PHE R AR AT A B A /N i 4 B
£ K (small intestinal bacterial overgrowth,
SIBO)®Y, ShanabZ5 4} 1 80%INASHF132
ol ik o 75 8 2 FL AR I A 1 45 R, R
NASH & H ZHSTB O & = B 2 =y T R &
JR#(77.8% vs 31.3%). FanZe™ K WusPY % 1
BE TR R S HINASHK R IR L Bk ek
PRKFEZR, KBRS P I35 e 2 i R T 2EL 23 98 ohie
ISR BURE FE o] 2 25 k4%, F IR B 73R /RSIBO
A[REANAFLD “ 4T ” WMEEREK. 7
Ak, CaniZEP FiMuccioiZEP VR Bl i &
A = Y B A AR, O R o i 2 b
(lipopolysaccharide, LPS)RE L, A H 11 4
BERIRFEEIG N2-34%, Bk AU N 5 5 ME
(R R T ATL A4 P2 2% AR 38 o vT VR 1 R
S M ) R BRI, TS S RN B At
KL SRBE. S, Ak in R =, &
J M R MBI T T 7. Miiele S0 506 R
FENAFLD &, Jigid i g v i i 5 1 g
177 7% (1 77 B 5L BRI A O, [N B 5 1LY 26
SEH 7 2% LT

W — 0 R R & AT LiCD14%Z
PRIFRBELP SV 203, M7= 4 4 B MRk B R
BT, X5 AL T /N RIERLPS A= 4 i

2017-08-08 | Volume 25 | Issue 22 |



i B FARPUA A, 15 R B e/ B 3 T A
SR AT B X H P I OC R L a A T T2
BENGIEAT af AU B ARG, IS AR, AT SR
15 HH 2 A Je RE G e it o 22 FRPE R B0 A, AR
e AR O S 2 R BAEAT R A, AT
% i FEFJUE 98 RE J JR 5 R AR A,

4 PpEEFF IR EFSHEYR-288
NAF LD -5 K5 P i iy 0 93 76975 B2 1 5 A
6L, T 2, 5 O 78 40 UE B HL 56 P T 5 2 1 DA
Fo RN NG S, 5 R HOFR A8 T AR A
B T MU N B R A R, g T B R R
RACINE & E M E YR LY G N
ZhuZ5E MR B, NASH 3 1718 i T & K
A T B R M 2 R P 38 R 2 v T S
JIE ik S Ak B 5 JR 2 (P<0.01). BAE P8 H
K15 A B T SO 72 AR R 2 [ N R T 2
M. PIRTE CRETEN LA AR 2 /8, T — H
HUAAR A 2T It Sty 1 B AT, 2 S Ul R v
LI L REAENUAR BRIt 2/ 2 %
AE T D E R R N A, 4K T 5 R T4
AE A5 %5 Le PoulZE™IW 50i8 K I 2 | fe
AN b R A TR P S R, TGN
FhOEE . H B A0 N RE S B R 28
RLAR TR, {340 M 55 B AL A5 . H
AL, NAFLD A4 P 0T ] i 18 B 7 45 14 o
NI SR IR Z B AR 2, 1S O E
NAFLDIJR AKX E.

5 IHEEEF I ENFEE R THFS/ENAFLDAYZY)
WIRTATIA, RiE W BERe A2 A7 TH 2 516 ERE
AR, &R kg R AR EHE
PIm I B B R AR . Rk, LA
B REONEE S FHRPTIENAFLD 25 A5 &
BRI EEEEAPUE R HE
B RS2, BB N AFL D S #4

m, R T, a7 ook,
Bt /) B PYIALVR N 25 3T 8D, AR ALY
(9 ZREACT FEA, 7] 300 sl OB T B ML
PRI AT AT 2 1 25

H P T E R B FU AT B TR L
PR IAE S, I LS P985 3R MRE 2 A 2 1. 28
A TR (R AFEIE S AT e R T A0 N 2RE AT 5
JFF 408 7 7 P R M . Fan® 097
i PR A N A S HOK BRASE A v 5 B L R

Beishideng®  WCJD | www.wjgnet.com

BINR, 5. IpEEEt R

AJ DAFEAR R BRI 28 RE AT T E# KL PS/K 1. H
fih [FTN A F L DASE B 31 SIA 58 SR 2L A BHLIE
i B A A A Y. XS PR IR sh
T} Hh s n 2 AR B AT BARE AN AF LD Zh 0 i
I 7 & . IR, VajroZsP R B, 45204
NAFLD LIk A B, 8 wk/a B AST.
ALTEGE. AllerE 1 & UL A fd I FLAT B A0
BEERTE, WU FINAFLDHEFAST. ALT R
Bk e PG a6 e 2 B SOUBI AT 1 BB SR 38 SR
HUENAFLD & P 7 3 ML A 40 i AR 5 42
PEB 70 REG 45 TN ASH R IR 25 25 1 &%
AT 4EAE BRI R A2 mo
Ji, NASHE A 4 AH B 1 A5 18 A K S35
EL YRS BT BH S AR,

g h R 4R %5 %2, 1ERITNAFLD
B EA A RN/ AER S 2 B RE s
ZiiEE im0 R 2, i MLk 1k
TETE R a4 ke /E L, mivE A E OCH 2 W
)RR A Y7 A i B B B P, 5 g
WA R %010 Har 2 m i eliE
VA W B AT B 9N AF LD A 24 il 43 5
A AL RS, BAF. 2RSS mEeY
I E A S5 WA AR A Ak P R R /N B i el e
VRPN A4 i 18 T TS 2B VAN AFLD 1
M. S35 B Z 2 R B KR i B
APEAAER, LinEPRIGEZEZ5 i v /Ty
J¥7 T VR T 5 A S oA L 22 v DA T A 1 R

6 4518

¥ 30 240 B ot 24 45 4 114 73 A4 T S e AR R T
A R B, XN () B R 22 K SRR AT
TR P SR PR (1) P2 AR, (RIS, i B A
KRBt N EE 2R LPS NUETE CBERY
B, TSI P 250 P30 35 1 448 v R i 3 R
FEAr, 4k 75 A JH- 2 i G s 5 AR B A it A 4
JERA. WA, CHERIIESE —sehi A K. 2k
B 8 2E 0 R R 2 RS 4 i Ak E
HEZNAFLDIE R AEH, [Hlt, M s aenl {F
TR BT TENAFLD 24 47 1) 357 40 45

7 BN

1 Musso G, Gambino R, Cassader M. Non-
alcoholic fatty liver disease from pathogenesis
to management: an update. Obes Rev 2010; 11:
430-445 [PMID: 19845871 DOI: 10.1111/j.1467-
789X.2009.00657.x]

2 Goh GB, McCullough A]J. Natural History of

2003

FEBMEINIR T HEER

WA # A E
AXAAEMET
i 8 W BE KA BT
FEWGEEIRE
B E . R
R FE LA K
B R FENAFLD
PR P A94EA.

2017-08-08 | Volume 25 | Issue 22 |



BINR, 5. IpEEERE

Wi2REE
AR HiEH
B EIRARLE T
ANAFLD:% 77 89
e L, FF K
L An X 09857
%,

J3aishideng®

10

11

12

13

14

WCJD | www.wjgnet.com

FEREEINR ST HEER

Nonalcoholic Fatty Liver Disease. Dig Dis Sci
2016; 61: 1226-1233 [PMID: 27003142 DOI:
10.1007/s10620-016-4095-4]

Younossi ZM, Blissett D, Blissett R, Henry L,
Stepanova M, Younossi Y, Racila A, Hunt S,
Beckerman R. The economic and clinical burden
of nonalcoholic fatty liver disease in the United
States and Europe. Hepatology 2016; 64: 1577-1586
[PMID: 27543837 DOI: 10.1002/hep.28785]

Do TT, Hindlet P, Waligora-Dupriet AJ, Kapel N,
Neveux N, Mignon V, Deloménie C, Farinotti R,
Feve B, Buyse M. Disturbed intestinal nitrogen
homeostasis in a mouse model of high-fat diet-
induced obesity and glucose intolerance. Am |
Physiol Endocrinol Metab 2014; 306: E668-E680 [PMID:
24425764 DOI: 10.1152/ ajpendo.00437.2013]

Haque TR, Barritt AS. Intestinal microbiota in
liver disease. Best Pract Res Clin Gastroenterol
2016; 30: 133-142 [PMID: 27048904 DOI: 10.1016/
j-bpg.2016.02.004]

Wigg AJ, Roberts-Thomson IC, Dymock RB,
McCarthy PJ, Grose RH, Cummins AG. The role
of small intestinal bacterial overgrowth, intestinal
permeability, endotoxaemia, and tumour necrosis
factor alpha in the pathogenesis of non-alcoholic
steatohepatitis. Gut 2001; 48: 206-211 [PMID:
11156641 DOI: 10.1136/ gut.48.2.206]

LiL, WuZ, Ma W, Yu Y, Chen Y. Changes in
intestinal microflora in patients with chronic
severe hepatitis. Chin Med | (Engl) 2001; 114:
869-872 [PMID: 11780370]

Guilloteau P, Martin L, Eeckhaut V, Ducatelle R,
Zabielski R, Van Immerseel F. From the gut to the
peripheral tissues: the multiple effects of butyrate.
Nutr Res Rev 2010; 23: 366-384 [PMID: 20937167
DOI: 10.1017 /50954422410000247]

Cani PD, Everard A, Duparc T. Gut microbiota,
enteroendocrine functions and metabolism. Curr
Opin Pharmacol 2013; 13: 935-940 [PMID: 24075718
DOI: 10.1016/j.coph.2013.09.008]

Backhed F, Ding H, Wang T, Hooper LV, Koh
GY, Nagy A, Semenkovich CF, Gordon JI. The
gut microbiota as an environmental factor that
regulates fat storage. Proc Natl Acad Sci USA 2004;
101: 15718-15723 [PMID: 15505215 DOI: 10.1073/
pnas.0407076101]

Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V,
Mardis ER, Gordon JI. An obesity-associated gut
microbiome with increased capacity for energy
harvest. Nature 2006; 444: 1027-1031 [PMID:
17183312 DOI: 10.1038 / nature05414]

Ley RE, Turnbaugh PJ, Klein S, Gordon JI.
Microbial ecology: human gut microbes associated
with obesity. Nature 2006; 444: 1022-1023 [PMID:
17183309 DOI: 10.1038/4441022a]

Ridaura VK, Faith JJ, Rey FE, Cheng ], Duncan
AE, Kau AL, Griffin NW, Lombard V, Henrissat
B, Bain JR, Muehlbauer M]J, Ilkayeva O,
Semenkovich CF, Funai K, Hayashi DK, Lyle
BJ, Martini MC, Ursell LK, Clemente JC, Van
Treuren W, Walters WA, Knight R, Newgard CB,
Heath AC, Gordon JI. Gut microbiota from twins
discordant for obesity modulate metabolism in
mice. Science 2013; 341: 1241214 [PMID: 24009397
DOI: 10.1126/ science.1241214]

Raman M, Ahmed I, Gillevet PM, Probert CS,

2004

15

16

17

18

19

20

21

22

23

24

Ratcliffe NM, Smith S, Greenwood R, Sikaroodi M,
Lam V, Crotty P, Bailey ], Myers RP, Rioux KP.
Fecal microbiome and volatile organic compound
metabolome in obese humans with nonalcoholic
fatty liver disease. Clin Gastroenterol Hepatol 2013;
11: 868-875.e1-e3 [PMID: 23454028 DOI: 10.1016/
j.cgh.2013.02.015]

Samuel BS, Gordon JI. A humanized gnotobiotic
mouse model of host-archaeal-bacterial
mutualism. Proc Natl Acad Sci USA 2006; 103:
10011-10016 [PMID: 16782812 DOI: 10.1073/
pnas.0602187103]

Basseri RJ, Basseri B, Pimentel M, Chong K,
Youdim A, Low K, Hwang L, Soffer E, Chang C,
Mathur R. Intestinal methane production in obese
individuals is associated with a higher body mass
index. Gastroenterol Hepatol (N Y) 2012; 8: 22-28
[PMID: 22347829]

Xu J, Bjursell MK, Himrod ], Deng S, Carmichael
LK, Chiang HC, Hooper LV, Gordon JI. A
genomic view of the human-Bacteroides
thetaiotaomicron symbiosis. Science 2003; 299:
2074-2076 [PMID: 12663928 DOI: 10.1126/
science.1080029]

lizuka K, Miller B, Uyeda K. Deficiency of
carbohydrate-activated transcription factor
ChREBP prevents obesity and improves plasma
glucose control in leptin-deficient (ob/ob)
mice. Am | Physiol Endocrinol Metab 2006; 291:
E358-E364 [PMID: 16705063 DOI: 10.1152/
ajpendo.00027.2006]

EEE. BRI SE O eIt B
Besr: - O ser o) it 2002; 22: 328-331

Dentin R, Pégorier JP, Benhamed F, Foufelle F,
Ferré P, Fauveau V, Magnuson MA, Girard J,
Postic C. Hepatic glucokinase is required for the
synergistic action of ChREBP and SREBP-1c on
glycolytic and lipogenic gene expression. | Biol
Chem 2004; 279: 20314-20326 [PMID: 14985368
DOI: 10.1074/jbc.M312475200]

Kersten S, Mandard S, Tan NS, Escher P,
Metzger D, Chambon P, Gonzalez FJ], Desvergne
B, Wahli W. Characterization of the fasting-
induced adipose factor FIAF, a novel peroxisome
proliferator-activated receptor target gene. | Biol
Chem 2000; 275: 28488-28493 [PMID: 10862772
DOI: 10.1074/jbc.M004029200]

Yoon JC, Chickering TW, Rosen ED, Dussault
B, Qin Y, Soukas A, Friedman JM, Holmes
WE, Spiegelman BM. Peroxisome proliferator-
activated receptor gamma target gene encoding
a novel angiopoietin-related protein associated
with adipose differentiation. Mol Cell Biol 2000;
20: 5343-5349 [PMID: 10866690 DOI: 10.1128/MC
B.20.14.5343-5349.2000]

Yoshida K, Shimizugawa T, Ono M, Furukawa
H. Angiopoietin-like protein 4 is a potent
hyperlipidemia-inducing factor in mice and
inhibitor of lipoprotein lipase. | Lipid Res 2002;
43: 1770-1772 [PMID: 12401877 DOI: 10.1194/jlr.
C200010-JLR200]

Spencer MD, Hamp TJ, Reid RW, Fischer LM,
Zeisel SH, Fodor AA. Association between
composition of the human gastrointestinal
microbiome and development of fatty liver
with choline deficiency. Gastroenterology 2011;

2017-08-08 | Volume 25 | Issue 22 |



25

26

27

28

29

30

31

32

33

34

35

36

37

38

J3aishideng®

140: 976-986 [PMID: 21129376 DOI: 10.1053/
j.gastro.2010.11.049]

Turnbaugh PJ. Microbiology: fat, bile and gut
microbes. Nature 2012; 487: 47-48 [PMID: 22763552
DOI: 10.1038/487047a]

ZpE, RS B K I ERZIREXRIGIF 5T I
HAEFRRAEERR 2003; 34: 314-318

Trauner M, Claudel T, Fickert P, Moustafa T,
Wagner M. Bile acids as regulators of hepatic lipid
and glucose metabolism. Dig Dis 2010; 28: 220-224
[PMID: 20460915 DOI: 10.1159/000282091]
Thomas C, Gioiello A, Noriega L, Strehle A,
Oury J, Rizzo G, Macchiarulo A, Yamamoto H,
Mataki C, Pruzanski M, Pellicciari R, Auwerx J,
Schoonjans K. TGR5-mediated bile acid sensing
controls glucose homeostasis. Cell Metab 2009;
10: 167-177 [PMID: 19723493 DOI: 10.1016/
j.cmet.2009.08.001]

Keitel V, Hdaussinger D. Perspective: TGR5
(Gpbar-1) in liver physiology and disease. Clin
Res Hepatol Gastroenterol 2012; 36: 412-419 [PMID:
22521118 DOI: 10.1016/j.clinre.2012.03.008]
Tremaroli V, Backhed F. Functional interactions
between the gut microbiota and host metabolism.
Nature 2012; 489: 242-249 [PMID: 22972297 DOI:
10.1038/naturel1552]

Sajjad A, Mottershead M, Syn WK, Jones R,
Smith S, Nwokolo CU. Ciprofloxacin suppresses
bacterial overgrowth, increases fasting insulin
but does not correct low acylated ghrelin
concentration in non-alcoholic steatohepatitis.
Aliment Pharmacol Ther 2005; 22: 291-299 [PMID:
16097995 DOLI: 10.1111/§.1365-2036.2005.02562.x]
Shanab AA, Scully P, Crosbie O, Buckley M, O’
Mahony L, Shanahan F, Gazareen S, Murphy E,
Quigley EM. Small intestinal bacterial overgrowth
in nonalcoholic steatohepatitis: association with
toll-like receptor 4 expression and plasma levels
of interleukin 8. Dig Dis Sci 2011; 56: 1524-1534
[PMID: 21046243 DOI: 10.1007 /s10620-010-1447-3]
Fan JG, Xu Z]J, Wang GL. Effect of lactulose
on establishment of a rat non-alcoholic
steatohepatitis model. World | Gastroenterol 2005;
11: 5053-5056 [PMID: 16124065 DOI: 10.3748/ wijg.
v11.i32.5053]

Wu WC, Zhao W, Li S. Small intestinal bacteria
overgrowth decreases small intestinal motility
in the NASH rats. World | Gastroenterol 2008; 14:
313-317 [PMID: 18186574 DOI: 10.3748 / wjg.14.313]
Cani PD, Neyrinck AM, Fava F, Knauf C,
Burcelin RG, Tuohy KM, Gibson GR, Delzenne
NM. Selective increases of bifidobacteria in gut
microflora improve high-fat-diet-induced diabetes
in mice through a mechanism associated with
endotoxaemia. Diabetologia 2007; 50: 2374-2383
[PMID: 17823788 DOI: 10.1007/s00125-007-0791-0]
Muccioli GG, Naslain D, Backhed F, Reigstad
CS, Lambert DM, Delzenne NM, Cani PD. The
endocannabinoid system links gut microbiota to
adipogenesis. Mol Syst Biol 2010; 6: 392 [PMID:
20664638 DOI: 10.1038/ msb.2010.46]

R, TV, TREENG, TR, I E RN R
RESAEERE R AT, SS9 2012;
15: 163-165

Miele L, Valenza V, La Torre G, Montalto M,
Cammarota G, Ricci R, Masciana R, Forgione A,

WCJD | www.wjgnet.com

39

40

41

42

43

44

45

46

47

48

BINR, 5. IpEEEt K

Gabrieli ML, Perotti G, Vecchio FM, Rapaccini
G, Gasbarrini G, Day CP, Grieco A. Increased
intestinal permeability and tight junction
alterations in nonalcoholic fatty liver disease.
Hepatology 2009; 49: 1877-1887 [PMID: 19291785
DOI: 10.1002/hep.22848]

Cani PD, Amar ], Iglesias MA, Poggi M, Knauf
C, Bastelica D, Neyrinck AM, Fava F, Tuohy KM,
Chabo C, Waget A, Delmée E, Cousin B, Sulpice
T, Chamontin B, Ferriéres J, Tanti JF, Gibson GR,
Casteilla L, Delzenne NM, Alessi MC, Burcelin
R. Metabolic endotoxemia initiates obesity and
insulin resistance. Diabetes 2007; 56: 1761-1772
[PMID: 17456850 DOI: 10.2337 / db06-1491]

Mutlu EA, Gillevet PM, Rangwala H, Sikaroodi
M, Naqvi A, Engen PA, Kwasny M, Lau CK,
Keshavarzian A. Colonic microbiome is altered in
alcoholism. Am | Physiol Gastrointest Liver Physiol
2012; 302: G966-G978 [PMID: 22241860 DOI:
10.1152/ ajpgi.00380.2011]

Bajaj JS, Hylemon PB, Ridlon JM, Heuman DM,
Daita K, White MB, Monteith P, Noble NA,
Sikaroodi M, Gillevet PM. Colonic mucosal
microbiome differs from stool microbiome
in cirrhosis and hepatic encephalopathy and
is linked to cognition and inflammation. Am
] Physiol Gastrointest Liver Physiol 2012; 303:
G675-G685 [PMID: 22821944 DOI: 10.1152/
ajpgi.00152.2012]

Zhu L, Baker SS, Gill C, Liu W, Alkhouri R, Baker
RD, Gill SR. Characterization of gut microbiomes
in nonalcoholic steatohepatitis (NASH) patients:
a connection between endogenous alcohol and
NASH. Hepatology 2013; 57: 601-609 [PMID:
23055155 DOI: 10.1002/ hep.26093]

Baker SS, Baker RD, Liu W, Nowak NJ, Zhu L.
Role of alcohol metabolism in non-alcoholic
steatohepatitis. PLoS One 2010; 5: €9570 [PMID:
20221393 DOI: 10.1371/journal.pone.0009570]
JEIR, Y. et SRS AR R 5T
PR, 559515 B 2015; 28: 200-202

Le Poul E, Loison C, Struyf S, Springael JY,
Lannoy V, Decobecq ME, Brezillon S, Dupriez
V, Vassart G, Van Damme J, Parmentier M,
Detheux M. Functional characterization of human
receptors for short chain fatty acids and their role
in polymorphonuclear cell activation. | Biol Chem
2003; 278: 25481-25489 [PMID: 12711604 DOI:
10.1074/jbc.M301403200]

Samuel BS, Shaito A, Motoike T, Rey FE, Backhed
F, Manchester JK, Hammer RE, Williams SC,
Crowley J, Yanagisawa M, Gordon JI. Effects
of the gut microbiota on host adiposity are
modulated by the short-chain fatty-acid binding
G protein-coupled receptor, Gpr41l. Proc Natl Acad
Sci USA 2008; 105: 16767-16772 [PMID: 18931303
DOI: 10.1073/ pnas.0808567105]

Carvalho BM, Guadagnini D, Tsukumo DML,
Schenka AA, Latuf-Filho P, Vassallo J, Dias
JC, Kubota LT, Carvalheira JBC, Saad MJA.
Modulation of gut microbiota by antibiotics
improves insulin signalling in high-fat fed mice.
Diabetologia 2012; 55: 2823-2834 [PMID: 22828956
DOI: 10.1007 /s00125-012-2648-4]

Wagnerberger S, Spruss A, Kanuri G, Stahl C,
Schroder M, Vetter W, Bischoff SC, Bergheim I.

2005

EEBMEIERR T HEER

mzaw#E

e & o 4 F AR B
1(GLP1): @8 A
2k 4 L 3 44
— i B Ak, B
WEEMEA2A
¥ B Jm 2o AE
Aegde s, T
GLP-1T# 4 §
HE, BRI W5
, WA T
B R, RBAK
RE;
KYY(PYY): i
BRI —
B itk Kk,
e 3 7N
) Rk R 5
wktm o uk . A
& M AR A
WG L R Y
o NP N U
W B iz e §
B b5

2017-08-08 | Volume 25 | Issue 22 |



BINR, 5. IpEEERE

W& 153
AXLBEA—ZH
Se b e T AR,
BAFWE T %
AT B 7SN AT B i
B#L5NAFLD
HEFRN TS
.

FEREEINR ST HEER

Lactobacillus casei Shirota protects from fructose- M, Chisari G, Acquaviva R, Mastrojeni S,
induced liver steatosis: a mouse model. | Nutr Malaguarnera G, Mistretta A, Li Volti G,
Biochem 2013; 24: 531-538 [PMID: 22749137 DOI: Galvano F. Bifidobacterium longum with fructo-
10.1016/j.jnutbio.2012.01.014] oligosaccharides in patients with non alcoholic
49  Nanji AA, Khettry U, Sadrzadeh SM. Lactobacillus steatohepatitis. Dig Dis Sci 2012; 57: 545-553 [PMID:
feeding reduces endotoxemia and severity of 21901256 DOI: 10.1007/s10620-011-1887-4]
experimental alcoholic liver (disease). Proc Soc 55 Loguercio C, De Simone T, Federico A,
Exp Biol Med 1994; 205: 243-247 [PMID: 8171045 Terracciano F, Tuccillo C, Di Chicco M, Carteni
DOI: 10.3181/00379727-205-43703] M. Gut-liver axis: a new point of attack to treat
50  Delzenne NM, Cani PD, Neyrinck AM. Modulation chronic liver damage? Am | Gastroenterol 2002;
of glucagon-like peptide 1 and energy metabolism 97: 2144-2146 [PMID: 12190198 DOI: 10.1111/
by inulin and oligofructose: experimental data. | j.1572-0241.2002.05942.x]
Nutr 2007; 137: 25475-2551S [PMID: 17951500] 56  SEEBR, sk, ARE. 2GR I Eiig
51  Xu RY, Wan YP, Fang QY, Lu W, Cai W. Supple- BHTETIERPFRBR. hEhz4ed 2015; 40:
mentation with probiotics modifies gut flora 3534-3537
and attenuates liver fat accumulation in rat 57  Al-Tamimi MA, Palframan R], Cooper JM, Gibson
nonalcoholic fatty liver disease model. | Clin GR, Rastall RA. In vitro fermentation of sugar
Biochem Nutr 2012; 50: 72-77 [PMID: 22247604 beet arabinan and arabino-oligosaccharides by
DOI: 10.3164/jcbn.11-38] the human gut microflora. | Appl Microbiol 2006;
52 Vajro P, Mandato C, Licenziati MR, Franzese 100: 407-414 [PMID: 16430518 DOI: 10.1111/
A, Vitale DF, Lenta S, Caropreso M, Vallone G, j-1365-2672.2005.02780.x]
Meli R. Effects of Lactobacillus rhamnosus strain 58 Resende PE, Verza SG, Kaiser S, Gomes LF,
GG in pediatric obesity-related liver disease. | Kucharski LC, Ortega GG. The activity of mate
Pediatr Gastroenterol Nutr 2011; 52: 740-743 [PMID: saponins (llex paraguariensis) in intra-abdominal
21505361 DOI: 10.1097/ MPG.0b013e31821f9b85] and epididymal fat, and glucose oxidation in male
53 Aller R, De Luis DA, Izaola O, Conde R, Gonzalez Wistar rats. | Ethnopharmacol 2012; 144: 735-740
Sagrado M, Primo D, De La Fuente B, Gonzalez [PMID: 23088849 DOI: 10.1016/j.jep.2012.10.023]
J. Effect of a probiotic on liver aminotransferases 59  Liu Z, Chen Z, Guo H, He D, Zhao H, Wang Z,
in nonalcoholic fatty liver disease patients: a Zhang W, Liao L, Zhang C, Ni L. The modulatory
double blind randomized clinical trial. Eur Rev effect of infusions of green tea, oolong tea, and
Med Pharmacol Sci 2011; 15: 1090-1095 [PMID: black tea on gut microbiota in high-fat-induced
22013734] obese mice. Food Funct 2016; 7: 4869-4879 [PMID:
54  Malaguarnera M, Vacante M, Antic T, Giordano 27812583 DOI: 10.1039/ c6f001439a]

YpdE: L bR Bk B4

ISSN 1009-3079 (print) ISSN 2219-2859 (online)  DOI: 10.11569 © 2017 Baishideng
Publishing Group Inc. All rights reserved.

(RFATELE) 2011 F A G ABRRTHE |

AFRR AT AR KA, CRAER R A AERACE, (HEFENHRE) R R RE, I
201 VAETFURT BIrA SRAR AN FEUSCH e A 2. o A ol 391 S AR T IIIAN AR . ( (SRR VA2 35D SR T)

Jaishideng® WCJD | www.wjgnet.com 2006 2017-08-08 | Volume 25 | Issue 22 |



Jnishideng®

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton,
CA 94588, USA
Fax: +1-925-223-8242
Telephone: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

ISSN 1009-3079

DN

7710097307056

9

© 2017 Baishideng Publishing Group Inc. All rights reserved.



