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Progress in understanding hepatic fibrosis and renal fibrosis based
on the gut-liver-kidney axis
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Abstract: Fibrosis is a pathological process of abnormal hyperplasia and excessive deposition of extracellular
matrix during the process of repair after tissue and organ damage. Injury/inflammation caused by variously chronic
diseases is a major trigger for fibrogenesis. Fibrosis of the liver and kidney is a common organ fibrosis. Recently,
the intestinal microbiota has been shown to be extensively involved in the development of liver and kidney diseases,
which may follow from changes in the intestinal microbial composition and intestinal integrity. This promotes
the development of liver and/or kidney fibrosis through endocrine, cell signaling and other pathways. This paper
reviews the research progress in understanding liver fibrosis and kidney fibrosis based on the gut-liver-kidney axis,
which may be helpful for providing new strategies and theoretical basis for the diagnosis and treatment of hepatic
and renal fibrosis.
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Figure 1 A schematic diagram of liver-kidney axis in the process of hepatorenal fibrosis. HBVV/HCV: Hepatitis B virus/hepatitis C virus;

ALD: Alcohol liver disease; NAFLD: Non-alcohol fatty liver disease; ROS: Reactive oxygen species; IR: Insulin resistance; AKI: Acute kid-

ney injury; CKD: Chronic kidney disease; NOD1: Nod-like receptor-X1; TGF-4: Transforming growth factor-
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B [N B CKD M= i, H CKD & LA R R
R (1) Tt i 55 2 5 3% B 2B & (hepatitis B virus,
HBV) = HCV Jp 2 & & AH K8, IIm K b, B3 8 5r &
JHF998 55 A DG A " 9% B8 35 A8 JH AR ] B 5 A (R FE 1)
BN ]S AR 4L . B AT HBV 2 35 B i R AR TR
5 Z AP (insulin resistance, IR) ) XU, S SOHE JR 955
A% 5 5 20 Bk o R B XU 386, JE4 v& T iR AR K
[# ¥ -p (transforming growth factor-B, TGF-p) /K%, &
FAMLE T, BN 7 E AR D, LR R E
R ARG IR I 2% B bR S 4 HBsAg A HBCAg,
WE W] i B S A T E B I DT B HBY BE H
P B INE, Pl R A TR0 B 4 B R DRI 51 R S %
JSLAHRRO2 - 2 JFE s 7 M 9% BRI 1 A SR TH e
J5 HLA-A3 1 HLA-AL0 Fb 1E 5 A &1, E B 2 FF 80 %
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78] %) BE 2 15 32 44 2 (sodium-glucose cotransporter 2,
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SEVRIT BRI I 7 SRz — o SRk, B b 2 fe i@ i
UL B = % B8 3% & 1 (inositol triphosphate receptor 1,
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7% 77 Philips ZUMRiE 1 3 E AW 1 (fecal mi-
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PR 2 PR, I ELAE LR BE U O ek, e i
EikE . REWMEWA I RN, LE R JERER [T
F R, FMT G R TR B 1100, w1138 m. -
2 24 PR e AU R A T 42 28 R AT, ARV 2 i 5 2R 4
WL IR Ko BIR G5 SRR WY, I o3 1) 7 = B AT
DL3E I i T8 TR R PR R S AR A AR, B (7] Ji7- Sl 9T
55 8 AR A0 R HLA 0 L, S I A AL i
SR AT SR

AL, T8 B AR 9 IRV R AR 1 R 1 70 4 T 4F
HeA o R S EE R, Bk W LR v BR AR
KRR IR, 3 — D381 FXR 5 K 980 5 1 H 9%
SE, AR BE AT YA I HERE ;5 Z AR R AR 2 B R AR
AT R FXR 5 WA 7 38 382 A ] ik e R e,
R R AR B R R AL R R 22—, RE VIR
JL-T- 100% R i& A4k, 52 B a7 AV i AR 5
Ak 2 [8] (R 2R AL I ANTE 2 o ARS8, IRV R
A 40 BRI, (E 20 P 35 R R R R ORI T
I B AR BEYE B A AN O P R R SR AR T U
S R o, G X SUIH FRMHE 1 TGR5/EGFR {5 5 i
PR T I i ROS, (7] i i3k B Wk 248 it B T30 — ok IR g
(adenosine triphosphate, ATP), i it P2X7 52 /& 7 HE K*;

FET ) ATP A K AT e 2 (2 2F LW 41 i NLRP3 25 /)y
A A0 J0E R 1L-18 (interleukin-18, 1L-1/3) &)
BRI, i ARE B 2 1 R A4 EE S R . Liao
S5V T ILAE Mdr2 A 5% 18 TR 1 B A8 8 b Ok A i
Ji# 5 )y RE BRERS S 18 I 4 T 2 A RO, [ I P 2 3K
I B Ik A B2 2 T B S0E NLRP3 48 5E /M 51 T 45
i, B — DA KR . 7E BDL 3 J 11 JH 2 4 A A
RYZH OV 3, B A2 /N BR 5 TLRA-KO /N SRR ZE T AH
BAFR 45473, 15 TLRA-KO /N B 1 4 A0 7% B2 86 35 B
i, B AEVH VA AR BT TLRA {5 5 18 2% 1 6k 2k A FR 1B
F o ek, 78 BT 2R gH i (hepatic stellate cells, HSCs)
W TLRA B0GE — 77 10 B 7 AR 1) 43 ih, 11 75
S, 53— T N T TGR-p O 24k [
T3S KA B RIS R 45 & 41 77 (bone morpho-
genetic protein and activin membrane-bound inhibitor,
BAMBI)] EbAE, M1 $2 5 HSCs Xf TG-S [ &k, Al
Al 75 20 R TG B il A 0 o i P 2 W L, IE IR
UM 21 444 10 50 i R 5 HSCs b TLR4 {5 5 1
PR AH G

¥ =Pk ) 3 — 7 T W 36 e gy TE IR ACER I P i,
A28 P AL 3R A7 A () B AH B2 e, Bl JE i 1 T
TR 78 AR A DL SR AR ™ ) 7 s Al R 1R 1 5
A EAE ] . A 0T ek B, 40 i 2B K BT (hepa-
tocyte growth factor, HGF) 7K ~F- Fifi %5 1 k% 14 JT i 1k 1)
R IR, 5 H A0 HGF 78 18RS M A 44 77 T F
FOA FTR . NAFLD (1 & i AL 3222 2 5 i [ v
SR N O, ATk — 2 R Ry NASH, 1 20%
(1 NASH & & JE N A2, NASH K& e Jy i 4k,

Table 1 The correlation between intestinal flora imbalance and the etiology and development stage of liver fibrosis

Fibrogenesis

Abundance in intestinal flora

Source Ref.
factor Increase Decrease Other
Primary biliary Clinical research Acidobacteria, Lactobacillus, Bacteroides, Proteus, Enterobacteriaceae, - [29]
cirrhosis Ruminococcus Streptococcus, Klebsiella
Bile duct ligation Akkermansia, Prevotella, Bacteroides and ~ Faecalibact-erium prausnitzii  Overgrow of intestinal bacteria [30,31]
unclassified Ruminococcaceae
Cirrhosis Clinical research Proteus, Fusobacterium Bacteroidetes - [32]
Toxicity CCl, Firmicutes, Actinomycetes, - Gut bacterial translocation [33,34]
Janibactergenus (Actinobacteria phylum)
Alcoholic liver Alcohol feeding Parasutterella Allobaculum, Lactobacillus, - [35,36]
disease Galactococcus
Viral liver Clinical research Bacteroides Firmicutes - [37]
fibrosis
Steatohepatitis  Clinical research Firmicutes Bacteroides - [38]
ob/ob mice Firmicutes Bacteroides - [38]
NAFLD Clinical research Proteus Prevotellaceae Firmicutes increased in patients [39,40]
with mild fibrosis
Mice model Bacteroidetes, Turicibacter and Bilophila  Firmicutes, Prevotella The abundance of bacteroides and [41-44]

ruminococcus was correlated with
the degree of fibrosis. Decreased
phylogenetic diversity
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Figure 2 The presence of the enteric-hepatic axis in the process of hepatic fibrosis due to cholestasis. ATP: Adenosine triphosphate; I1L-1:

Interleukin-14; TGR5/EGFR: G protein coupled bile acid receptor Gpbarl/epidermal growth factor receptor; FXR: Farnesoid X receptor;

LPS: Lipopolysaccharide; TLR4: Toll-like receptor 4

2R ER B F ST, Wi7E NASH 27 416 33 72 1 B
T IR AR AN ARG 2 AN T R TT TR TR
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Nemo®a) 1] DL 175 3 i B 5 UL T NASH 118 14 JiT 431
43, Nemo”"er2a&MyD88" X it [5% 1) /I B LT W K E,
P9 10t P M T WA L (Nemo2herd) t 47 FIT U 22, 5 5+
P f 3% S My D88 /)y B U 5 Nemo2hera A i/, iE H /)N
B NASH 114 i 1 Ji& 15 A 52 J5t My D88 4 i 1) TLRs
18 5 18 BR 75 K 10 980 A SR, S5 A iF AU B, Nod
¥t 52 & X1 (Nod-like receptor-X1, NLRX1, El NOD1)
FEVRYT NAFLD 1587 #E 25, 8 I mi B NODL R4 e 2k ki
A2 T 107 T MRS P 4 T A ik 2 g 07 A8 2, AR AE s T i
A5 BRI P 40 R AR, AU R AR 4RI R AR R T
B B 4540 . DRI, AE 455 i SO K 8 5 I T R R B
A AR AR M 1 At b, BT RO e A W g T T SR 12
PRI R DR B R B B, R R HH AR N R 5 0 12 T
T, SEEIR IRRIL FR T A U . HAE
RN T~ o6 T B 47 b Rk A2 R R ML =
B ILRR, IR T AR A 3R A 3 JE B B SR
3 B-BiEBAHENEHBIHINHAR

5l - - AEACL, 1 BRI 7 3% B I B R S A 4
e la AR AE — E R B Pk & (83). Yoshifuji S5EE4OR
Fi 516 '& V) Bk i 5 B 1A B 41 4k 4 A Y R B 1A
(Bacteroides, Bact) 1 FC# 1% (Prevotella) £ & & £,
FLER AT % (Lactobacillus, Lact) i /b B &, 1 #b 78 Lact
RE W0 IR 0 Lact ¥ TLR2 DA o 35 B U 45 55 A i i A2
o FEMRMERS 5 2 1/ B Sl AR A b i 45 T )
HSUE K (F 1897 NS PR 4R R A A A R 2 i 5
WLk A E) 1T LA /N BRUE 2R 446 KR, k2> F4/80
(M 4 P 3 TR s 25 B 1) BH PR B TE &5 1l 1) 4 o, B

i = B iZ-N-Z AL ) (trimethylamine-N-oxide, TMAO)
K, 05 R 2 T Re AR B H B AR A OG0, Gupta
156115 T iy T Tl 2 7 FEL R, = P i A Tl 4 1) 75 (R R
S REC) 0] R BB | A ) /N A T O A A A A
A EE R RIE, AR T — ML E Y
TMAO & 45 I 25 1R 7778, B RE 1844 P B 11 B 3 R
FE IR F/INE 6] Jo £ 44K, 7] B 30 B B i 245 4 4 & 3 55
MVEAE G EA R RS . Zou 2507 e T 38 i K #5741
FEW (45 W) mT LUk 7 18 30 77 5, 2035 1 38 B B 1)
R, U1l 1 TR, IR0 B R B EE R (0] R
Py B 2 2h) 1 7 A RO 0L, AT SE 2% ' U 2F 4 1k 55 1
JIE 275 3 FE o Ding 25590 B i 25 26 B VSL#3 il i
IL-10/GSK3p/PTEN i ' I/R 15147 Ji5 Hp 1 B¢ [ AH 5% B
1 (ZO-1.Occludin 1 Claudin-1), 9 /b 7 & B [ 6 3R,
PEARIE I N B R K P R — 5 T4 AR S 22 5 )
¥ T TR A 0 2E ORI, 5 — O TH A E AR 7 2
PREEIE 1) 55 3 R R, LG B R 51 PR B (indoles sulfate,
IS) . X} H iy % 1% &5 (para-cresol sulfate) A1 TMAQBo6,
WA, 3 BAAG BF FE N R IR R LA R N B A R A B
SERE, I HAERRE NS i S (ORI GY) BT e 1
(120 i B A % 2 5 (P<0.000 1), iX— R BN -5
B 7RG, UEY T - B A EAER, HE
X T =l PR AT 9 IR AN B = F

W DRI A2 B £ 4 Ak 1) 32 B2 IR, Kikuchi 2502 ] HE
B ) R 1 4 27 0 B i 3 A A T A A A R R R R
5 (phenyl sulfate) 7K T~ Fifi 35 Kl R Jis 1 2k Je& 17 v,
FE HE 1 PRAR DURA I (0 K BV IE o PR B E B R LB 1 H
HLF & 712 2 % (organic anion transporting polypep-
tide, OATP: A &' JIfE v i — (1) OATP H[I 2y SLCO4C1)
FOAKNA P TR FLIE I BA 00 o] s 2 Py 2 A I T LA
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Figure 3 Diagram of the enterorenal axis in renal fibrosis. BT: Bacterial translocation; BUN: Blood urea nitrogen; TMAO: Trimethyl-

amine-N-oxide; IL10/GSK3A/PTEN: Interleukin-10/glycogen synthase kinase-3p/phosphatase and tensin homologue; IS: Indoles sulfate;

TLR2: Toll-like receptor 2

D W R /N BRI 1 B R, B8R T - 2 TR A
fEM . ENREE A MBI IE L 260 2E K7
58 A R K T 3 AR O, JF R UK ok
ENAE AR R . Tao Z00%} 14 4 2 Bk
PRIV B A AT R 5 R I, 51 R ANAR LE, B
A QT B R BE, R A B A g . 2R3
B B A S B M SOE R R I, R4 A T iE
B s s Y2k S B E BT, HAEHK R4 s £ 6
(lipopolysaccharide, LPS) 3 it 4 B T~ 4 #F 18 1 %
iE o HHT, AR IR B RN T B B,
W R BB M A A AT sCD14 /K P 5 AR 5 2 E R
LGB A A BAGAR O6, 5 IR U W] g 2 AR B R S
LPS /K-l 435 A e, RN A7 i 2 A 5 LPS 45 & B AIK
LPS V& L DA K S8 K3 52 T N 3 R S B0 e 2
S RO 7B SOE K, AT R AR S HE R S S
AR AR, 7R B BE 1Y N 3 Bk A pH {1 K0
] B2 M B A A A 1 SR Rl 2 — i i 18 LPS S
WHEANEIN R G F T 4 S VR RE DA R BRIE, %
B 55 fa v U 5 i T R ) S A LR (9681
4 FB-FF-BHSRS FHE N HFLHRILHIHR
[ 38 AE S R 0 TG T R A A, S
FE AR R, BT -5 B AR AR 4,
o Tl A A R AT ) 10 A LA P 68 JH B AR AT
RAERBAE KK . lebba ZECOF 7t R BH, T {k
R N B FORVE T I TE AR, A0 R A A ] bk o e
LA 2 16 FhAZTEAT B, RWIER 1 1l 16 A7 B R R AR
SRR A1 I AT e I I VAT FE 5 0 R A I, X R -
F-BHMKRZ —. HF AR, ERRREHES
NASH #5114 o Ji7y 38 1L B B A A 3R, B 51 S 1) BT 78
NASH 1 CL 4 Az, 3% BH T 45 4 A0 R A 1 B st

AIRE R A B . B IR G (WiE BT) % 5 BUH-fE
b B B D RESE o5, 48 4 18 B8 F 4 O 34%(08, -
1 BB 3 R T 9% T 8 52 0 R0 i 1 3 PR 3G, S 80T
ik v e 5 R B AH B RS AL, AT HG 0 TR G 1R XU
P E RARAE I B D e vl e AT A I R E L — 2
J B 25 A E, o ds B R AR vT RE 2 H RTME— VR T
VL8, Kromrey Z509% FH # ik i3 5 1x109~1x107 1§ 7%
1% B 47 (colony-forming units, CFU) 4= 7 K 1 it Bl
60%~80% /I 5t JH-"EF Jie Jifr, oA 3L JH A JUE 24 L UL Sk,
2% UH 20 B R S5 T 2L 4 AR PR R T K, S R v A
G 1 K R AT 2R A7 B A . Baranova SO XS
hSR-BI/I %% 5 (Kl /N R SF LPS J&, R ILHE FE R /N IR 9%
JiE R [IL-18. IL-6 & 46 Kl (C-X-C %: %) Fifk 1 8
1 [chemokine (C-X-C motif) ligand 1 protein, CXCL1]
198 PR AE IR T o (tumor necrosis factor-a, TNF-a)] 7K
P LGB AR TN By 2~3 %, VE ST LPS J5 ROS A B3
I, MAPK G B 45 S0, o 4 24 ERKL/2 AR 40
ZUr INKE AL 235 5 2E /MR NLRP3 45 307, 155
JHF B 98 0 A, R BH LPS REAR I IIE 8 %2 7. 1) S 5 it
ZAAAS, S R0, HRA 25l 4 9%
71. 1 BDL LAY Al JH 4 B2 7 2H 23 P4 1 v AR 1 I
B 2R AAE, 5 ik A I %32 25 H Mrpl~5 mRNA /& 15
H 3, Mrpl~3 mRNA 7E g iE + i, HoAd Mrpl.3.
AR5\ AN RE Bl AT R RETRRE
BEAREEINGRIBEHS R R, W& T 5
B ARG InAS R LUANME BDL & RE VT 78 41 23 b 3t
N, T BRAE A 23 rb R IE VT R A B i e A DR AR g 1)
JEE 545 o BRI AR AL /N BROGE LPS B0 5 ey, BE
TR 5 FXR R I # NLRP3 4 JiE /N 1] 58 7 ik 2 1
9 R AR A AR PR T 2 3 iy Fh B B 2R U,



A T - - R A AT A R T AT R - 15 -

Jr = I Al e B b = I e TR i
AR R LI D e, R BRI LN AR - I TR
S8 B, 40 i 0 AR N i 1 R 4 B 2 AR, i iE
S5 B 52 40 AT e 51 S BT AN 285 1 s S5 15 0L, gk — 2B 1%
R4 B JORE, AR IR B R o R E R AR AR
MRS, 218 T 708 &2 BT, 3 — 5 (2 ik B/ o5
TR & AL, BHR 5 B R A A B R,
HNAFLD 2 8t CKD i A& A 5 5, ik 2 533
B Ty e 5 8 1 KUK, DL S RAAS 1) 55 2 S 3 Th g
T B A g B, S A4S - - E
e B B MR, Insmx T - - S A
YA HIAH A I, R HESh 0T T 2T AL K AL
0T A, NIRRT B eI IT SRmE S 15 B
5 XRRAT/EFHEEIER R EIN

TE 5256 = HEAT S0 AH SCHIT FUB, 8 5L A I PR R
T (A5 L 2 BiF 5 RO AL ) e B il () — 28 . B R, X5 T
B AT YE A BB 268 K th B S 25 (S PR R AT
W& ST A PROR B R4 AR (000 4 PR 45 FLFH Bk 1f
FHEESU) 7R, SV AE TS 2 5 RN [A) Y
HILAE T Bl AR AR A AR, AR R o T R 4L
P97 IV AR A RN I RORE S AIT FEAS JE U3, B £F AL A AE
5 B i o R 4 A 2H 2R e i 8 A ) s B AR,
HEAREK AEER RIS I RE SRR i, g v
I 30 I A I RORE R FF I - B PR B s 7 e B e
B AP B I E R . R, ZEF A
H A S 56 28 27 4E AR R FH 15 3 7 VAR 8 7 AR
W IERAEIN T 52, SXANFI T 15 £ 4 A i B 1R AF
Fio MR F, KW F A 4E B A mT e
IIIE A Wt 018 M B 5 0 A 4 A AE R0 7 AR S B
HI 1T 536 97, Roediger 51721 I /)y B 7R I 4% 1 A i
R 41 /N5 % (mouse kidney parvovirus, MKPV) 200
R J5 B 18] 5T 47 4E A4k, T 7E 100 K A A3 I A H B4
A IR R RO, 6T R R O R 2 LA 1 AR
FMIF 7 B R O Wang B v IR B A S 2
RN PR 1) [ B 5 SR M JH 1) A 25 7 okt 92 15 41
YEAG I T RIE N 2 — A R A7 20 ek, Bhm ek
& FIAT T BE T AR R 5 8 (dextran sulfate sodium, DSS)
755 ) Be 3 0 1Y 38 98 E DA I LPS 5 07, {2 12 JHF IE 48
it 5 T 4R b i) R RS, [RIf, 45 678 7 IR 5 DSS
LR 0 T 0 A S AR 44 3L 5 i (0 R B PE A
RN —Fh RUFE MR 7. 3T AP £F 44k =, SR
NEAL /N BRUBEGS 298 BE AN 2R R — PO U4 P s 7
ARIYI ] R 77 3925, e AD TR JE 9 0 R E G N5 %%,
N FH BDL 5 & 21 24 A4 1) () 6 3 s 0 DR AR

ST ARAMERNT S, BT AT B A 4E 2R N B B R T
(A, B — 20 AR B AEAS S DRI A2 BRI AS
FIT-F2 88 B AL, DR 78 LA A &R g ST A AU, Jd
W 5 2 A0 R AR WL IR D% 1) 4 it g AT 3 5% R ok @A,
RETE —E F2 B HA N IR S, (IR AT, (H
RV GEZ i R AN =R ER YA EZ S N
FEAE TGRS A R R K.

LB NN HEAT 25 28 4E 40 10 1k P 41 S 58 B 9T I
Xof BT R LA T 1) ML R T bR S TR T R S
DA B lfe R 2855 1) LA /9 A 45 SR DLSGIE 5, e sk
56 = B A B I PRI 05 1 R AR Ok R R, IO HR AR
YR IT 75 B R AT AE PR A TR . XHE R
AT SE A AR 42 DL I R E 70 I B B T —— ARk Ap 5 38
B AR UL (organoid, —Ff DL 4 gt 4 15 5% 1
B &MU =4S MIEE, BA —E R E SR
it LA LUK FH 4 M ASE 7Y o1 5 3 ) S AR 2%, H TR A
T VB R S5 T D), DA I A B = A R
VE A4 P9 41 S50 1 b 78 147 95 90 WL AL/ 24 2805 B W 9
W HE R X 90 e RN 2 45 4 5 — 2R 41 PR AR B )
(AR DA ST, H T A B FE e e Dl g S
KA B RS AY F TR R M A 4R ) 254, HLZY
YIE AR /NSRS BIIESE . PRk, B R 1 58
50 FEHIRN, FAE s PR By L K 20 BB 2 i) #h 78
IS FH T BF 5 T 2 £ 4 A0 K i ok R R, WF 5 SR W
I I 20 SR R R SR BN A A I AT =)= IR AT
H BB G 'S =3 WAH TG A £F 4R 1L 52
DN, P BB =R B RS e (R i AT 4R AL 2R,
T 3 T A A T L ) e R R R R R AR, i
T K A A P sk A2 P AU D VR R R R R 2 5 1 4
YR I I AR I R T HI; A, AR B 7R — 2K
UM AR 45 SR . R, SR A [ f i i IR 2% (o
LPS . XU DNA FIJIE SR B 45) HEAT I8, IFH 5 21 4t
A S A AR O () A L AT L 5% 5% LA 9 & A i T ) A L
1 P 5245 351 2 75 5 A () 40 AL A b O 25, ks 7
JH 1 4 Ak A v e S S A FH 1 HSC 5 LAtk AH 5 41 it
(JFF 40 B A 75 40 B AN B SR A0 i 55) JE4T L RE 9%, B¢
SR M e 75 5 L Ath 48 M AH ELAE AR 1E ECM 15
2 J5, I S O A M L B RS ) 45 R 2R AT IR IE,
IR T LR IR T, W I 2888 B kA7 L
7 LSS AIE FF RORE I AR R m AL . e, PR s i
S B UE S SIS S5 10, 0 R AR 4R AL S TR RE R
B B (B8 AR ) I AR 45 i) A AT AR GBI 9T, UE 5K
FHRZBE (VR IT IS . B, A Re il I PR B TE R
W HE A 2 AT R I S P2 A A B0 T BE A (1 4) o



- 16 - 2% %4%  Acta Pharmaceutica Sinica 2021, 56(1): 9 —20

e e ]

< Mmjurylndex. Mechanism | .

Biochemical

Pathology Genome
Function Protcome
||, Stimulus 3D hepatic organoid

. Hepatic stellate cell

= Cell culture plate
Kupffer cell

o Transwell cab
7 Dendritic cell
w

ﬁHepatocyte :

Figure 4  Analysis of research strategy of liver fibrosis

6 RESRE
FIAT, X T 27 4 40 58 1 18 12 T 2 Tl 1 Vs AR
TN, (VA2 — AR A L & SRR I 77 3%, HonT
BE H T OV B 10 J IR o iR 12 . IR, R —
B AR R AR ke I 7 ikt A U N T A
X ==l A AR BT RE R HE — AR AR AR A Y
P BAASE I 75 v 3 3G N o A VA R ) = R SRS BT R
I3 BIAS [R5 A AR [R] B B 2EAT TN P0G (R 2). %
ER SR YAT S /9 7 b e R HES N =P/ PN
BB LR W LR .
I £ 2 A 2 T e B 5 3 2 T A7 E [ A BBk R
[ IF =" il S B LR - - A 2 TRl % i AR
HBEAT A B AZ I (1815). ELFEQOAN R R A R B BUH-£F
Y b B P TR AR AL, IR S AT DA IR RE A
T 1R 2 52 R A2 W7 I 2 2 A 10 B B s A0 iR Rl —— -
. @8R 20 88 1 il i 4 57 16 B 0 A0 1 R A
S A YRR, R W] i S A R RO R —
Disease/injury

b

,’);,))

IR, /'R

. f5 " ks
Epithelial barrier system™ - >
is destroyed, intestinal ‘
flora imbalance {

Fibrosis

ECM. EMT (I -
|
7|

- Al @BLIR IR B IR T, B0 i TE T R KL DARS
TAAE 22 T 21 24 Al 08 o 45 i WD 4 1v) fi 3 T A X T
B L YEf iy R FHITE 7). @3 IR 25 FL AR 18 U
2 YR AL (R I ad RS 21 4k, B0 T 2 RO FR 9 A i
R AT AL I [RI N, 3 FSCRT 21 45 A0 55308 B BT 27 4E Ak
MEfRE#HE—F-Fh. ©EdEN T B MYl
7 RFER4EAL, BSO8R T B 259 LUIG 7 1 27 ek
LAAIE B =l 1S T AP AL R T 0. BRI,
VRN T~ =l 8 D B 2T AL ) R A
HUHI 4 B8 8%, I8 28 40 29T T B AL g
S o

H1 T £F AL AL B SR BT S AN IS 384T, 42 B
RIS P, 45 B R A 4TS A2 W U BT 27 AL iR 9 1) e £
Ji e T M AS B A7 AE — € 1) Bk, A 45 T4
BRIF ' RIRA 2, TR M) e B 7Yk 4 %
75 CLagE S R LR o BEAh, TR R s B I/R 45
3, ARG I R S DUAS AT 8E G, DR IR T 47 4 A 7 22

Fibrosis
ECM e
HSC _ ;;;31’9‘%"%
i
& Wy
% & £
§§ 2 <
oS Bacterial
4)%%)!2: = translocation 3

/.
44':6 _ \;00\ -
. e
) \F/Epilhelial barrier system
is destroyed, intestinal
flora imbalance

Disease/injury

Figure 5 Diagram of correlation between enterohepatic and renal axis and pathogenesis of hepatorenal fibrosis. ECM: Extracellular

matrix; HSC: Hepatic stellate cell; I/R: Ischemia-reperfusion; EMT: Epithelial-mesenchymal transition; RAAS: Renin-angiotensin-aldoste-

rone system



FE A FET - B Rl T T 40 5 B LT 4 At ik

17

Table 2  Analysis of related liver and kidney fibrosis with gut-liver-kidney axis. NASH: Non-alcoholic steatohepatitis; NLRX1: Nod-like

receptor-X1; T2D: Type 2 diabetes; HGF: Hepatocyte growth factor; TNF-a: Tumor necrosis factor-a; a-SMA: a-Smooth muscle actin

Fibrogenic factor Follow-up impact Secreta Bacteria Signaling pathway AXis
NAFLD NASH, CKD Ethyl alcohol Degeneration bacterium, Oxidative stress, NLRX1 Liver-kidney axis,
Firmicutes, Bacteroid gut-liver axis
NASH Intestinal barrier injury, LPS, ethyl alcohol Bacteroid, Firmicutes TLRs-MyD88 Gut-liver axis
cirrhosis, hepatoma,
death
Alcoholic liver Cirrhosis, IR, T2D HGF, LPS Verrucomicrobia, Bacteroid, LPS-TLR4, glycometabolism  Gut-liver axis,

injury

Virus hepatitis

Cirrhosis, CKD,

HBsAg, HBCcAg,

Parasutterella, Allobaculum,
Lactococcus
Bacteroid, Firmicutes

Probiotics

Gram-negative bacterium

Prevotella, Escherichia coli

diabetes, atherosclerosis TGF-p
I/IR Renal fibrosis, AKI, Cytokines
CKD
Cholestasis Cirrhosis, biliary ROS, IL-15,
nephropathy TGF-B, LPS,
bile acid
Diabetic Renal fibrosis Phenyl sulfate,
nephropathy LPS, sCD14
Renal failure Liver injury, NAFLD, IL-18, TNF-q, -
Cirrhosis ROS, TGF-4,
a-SMA
Experimental Kidney fibrosis, TMAO

urinaemia

Bacteroid, Pret bacillus,
Lactobacillus, Clostridiales

Immunoreaction
IL-10/GSK3B/PTEN

FXR, TGR5/EGFR, NLRP3,
TLR4, mitochondrial
dysfunction, arginine
metabolism disorder, Mrp1-5
SLCOA4C1 transporter,
tyrosine phenollyase

RAAS

TLR2

liver-kidney axis

Gut-liver axis,
liver-kidney axis
Gut-kidney axis

Liver-kidney axis,
gut-liver axis,
gut-liver-kidney
axis

Gut-kidney axis

Liver-kidney axis

Gut-kidney axis

kidney injury
(5/6 nephrectomy)
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