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Abstract: Diabetic kidney disease (DKD) is a serious metabolic disease caused by diabetes
mellitus. In high glucose, DKD causes chronic inflammation and oxidative stress in the kidney,
destroys the physiological structure of the kidney, and leads to renal interstitial fibrosis.
Numerous studies have shown that intestinal microbiome influences the body’s metabolism and
health. This review summarized the latest research findings on the relevance of the intestinal
microbiota to DKD, which aimed to elucidate the effects of the intestinal microbiota on the
prevention and treatment of DKD. In addition, the association between intestinal barrier and
intestinal microbiome metabolism with DKD was established, and the related mechanisms of
the intestinal microbiome against DKD in recent studies were summarized. What’s more, the
feasibility of supplementing prebiotics and probiotics as well as fecal transplantation in the
treatment of DKD was discussed. By combing relevant content, this review provides certain
theoretical references and data support for the treatment of DKD.

Keywords: intestinal microbiome; diabetic kidney disease; mechanism; prevention and treatment

Bl PRI B % (diabetic kidney disease, DKD)
SR S R R BRI REZ —, W
5| A B 3 R v 1 2 R (R 2 —
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G AR | e o B NVE R B AT L, X
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SRR S A AR R B B T I TE AR S R

G510, i SR AN AUAE B 3R 0 5 A R A
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I"] (Proteobacteria) . Jit £k i ] (Actinobacteria)
FIR AT ] (Fusobacteria)®, Ji7 8 i) ek FER 25
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TR RS, BRI EFRY . B
KB iz, IEAMBHIEA F W RNERF
Y% i B B e AR Y P T Ak 2 B R
BT WM bR Ao WA R BT R AL S ) R R
AR A AN A L, 5 N R
SNERBZ . SNERTRZE JR  TE A i A
HHb . R )Z 58 & R0 T IR 23 W 1 fe i
BKEE 1 A (immunoglobulin A, IgA), ‘Efi1AfL2E
J5 ARBUI R AR T g B B R
bRz B A TR A A0 A A, A0 B 4
RESIRAHME . Ik O 40 A A LR A A, ] DL 43 il
BRPURAL . SRR G A Tk 4E
i T G BE RS A O i O R R R 1 T
AW GERE, Yl EMCE YRR E TR RS
1V 38 S FEARBT ) T R, B b e P 5
EFFI AR . 7£ DKD #, 73 A WriE i £
FEVER A AR INER 1 FoR, SR IE RS
FlpiEEEEE N, Flan, 76 DKD H, ZEHIHT
i (Bacteroides caccae) i DA 1o 43 K 2 [ A 2k
T ER (R S A BE 20" il Bt R4 4N
T W 2 25 11 BT v 2 TR (Akkermansia muciniphila)
18 FG MG 2% A1 B4 (Faecalibacterium  prausnitzii)
AR /L, K AT (Escherichia coli)yg finJf:
SIS Y14 b i (secreted protease of C1 esterase
inhibitor, StcE) e iR 2 2K [ R i i Y
1 18 B BE R A R, B N AR TR L A RAE
K FA F Y B A MRAERS , 51 k4 5 RAE
RO BH, lhn, BsZ#i(lipopolysaccharide, LPS)
SE 2 [CBAE A  P Eay, VRS AR A
RO AR 1 — 3R 7E B 1 h K AF7E; LPS
A3 ) Toll B2 44 4/884F 73 fL 1K+ 88 (Toll-like

receptor 4/myeloid differentiation factor §8,
TLR4/MyD8&) i 11 i A2 i B W 2 it , Bk
RAEPH 1,

2 FpEMAEMFERESE DKD
B ER &

2.1 FEHERRRLER

% 5% JIg W7 R (short-chain fatty acids, SCFAs)
&AL IE & 2R 2™, VR R4S
AR L R A RE, XA B A B Y,
F2HE SCFAs A Wnsi /b, pRibi e T mia e
&RV . SCFAs Ml G & AT AL 5 i i i
WG TENE . B0 . J9E AR ARG 5 ot o8 1 b
RRACEHT. SCFAs BEMS il I3 3 4 AE 71 4 AL 1L
B, EAEOE G PR Z AR 109A (G-protein-
coupled receptor 109A, GPR109A) il /)N FRAZ s
A F-xB (nuclear factor-kB, NF-«xB){f 4k Fl i
% B 4NME RAECY, #MFT SCFAs ] LAFD il #MA
C5 THALT BB /NEKR N B2 20 M i A% 15 5 5 =
M S B M 3 (signal transducer and activator
of transcription 3, STAT3) B iR LK L7, i
1F YIWr STAT3 15 S i 12 K vk 22 /)N BB I 7 2R i
SR, Huang PR B, 7EmpEEl LPS 5% T,
H SCFAs 5 G 25 {3214 43 (G-protein-coupled
receptor 43, GPR43)H BN I 5 K /N RN,
Ay 4R (reactive oxygen species, ROS)AYf™
A A4k A F(monocyte chemoattractant protein-1,
MCP-1), 4ifiF14Z&-1p (Interleukin-1p, IL-1B)fY
Fiko #MFE SCFAs F 2 o 5 A s 27 14
GPR43 #l GPR109A £545, S2BI8 2% i DKD fr
5 | RS B B /NSRRI 72 AR 98 SV o
2.2 REER

JH 712 (bile acids, BAs) & 7E I i iH
WA BB TR 2701 B RS S IR R
HAE R, WIGR YT FR 7 AR R 7K A i A 70/ B-Mid Y2
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Table 1 Variation of intestinal bacterial species relative abundance in DKD
i 3 TR A TEIhRE DKD
Intestinal microbiome Main function
LIFFFT] Bacteroidetes
DUFF WeAR M, PERRENRIIIR, RSO, MEIRIRZME, sotmERnE, & |
Bacteroides 5T A
Degrade polysaccharide, produce SCFAs, reduce inflammation, reduce LPS,
improve endotoxemia, related to bile acid metabolism
T3 B PRI, NI CIRER, MR IEEEE, W H R A )
Alistipes Produce indole, propionic acid and acetate, destroy intestinal permeability,
decrease fibrosis
Sl PNAVTEE W or oK S A BT, s i 202
Prevotella Breaking down carbohydrates and proteins increases intestinal permeability
JEREER ] Firmicutes
FUFF i A SN UL, W DKD BRI F A4, SR MR (.
Lactobacillus Reverse inflammation and reduce renal tissue injury caused by DKD, related to
bile acid metabolism
EAN FEEPETHR, AR, 50 X Jel
Roseburia Mainly produces butyric acid, anti-inflammatory, negatively correlated with
blood glucose
B2 4 A=t T RS 15 2 TR PRSP JAE 1 2 JEE LT A G 1
Oscillospira Butyrate production, positively associated with the development of type 2
diabetes and inflammation
Sl i) PR, 5 DKD /NP REIER(TCA) . B0 B-RUHBR(TR-MCA) S it |27
Lachnospiracea IEAHZR
The production of acetic acid, positively correlated with the content of taurocholic
acid (TCA) and taurof-murine cholic acid (TB-MCA) in DKD mice
AJE R T] Proteobacteria
IS BRI 4 I AT AERIENR IR . HoS, SHURTE. HHh =R ARG N 2 DG (.
Desulforibrioaceae Produce short chain fatty acid and H,S, negatively correlated with the increase of
body weight and triglyceride
TR ] Actinobacteria
WU 1) RYP AR, 7=t R B TR e

Bifidobacyerium

Protect the intestinal barrier and produce short chain fatty acids

VARAENE BRAVG Fa HP 2% T Ja ARG = B2/, 1 3RRTE M R B 2% e AR X S E 3

| indicates that the relative abundance of the bacterial community decreases in DKD, while 1 indicates that the relative

abundance of the bacterial community increases in DKD.

FEAEFA T A R BT R ,  HE R 7K i T 2 L s
AR, Tou/B-JIE 32 A FH S5 R IR 2F 4
¥ J& (Clostridium) A 5, BAs 7EHLIA P T %
WIS G B R R — ez RS Aok
e YT R AW R S IR N SR o T SR
SR, BAs EEELL 5. AR . R rk

JETE X #00E 5% /4 (farnesoid X recrptor, FXR)F1#5
IR G A MEEZIK 5 (takeda G protein-coupled
receptor, TGRS)%5 & 2k 2 B, FXR Al
TGRS HTEIRE) B 4BMrh ik, J BB = A
F A RS SRS 2 Y, 78 DKD
R B FXR 32 1 B30 RE A5 190 77 1 R v
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BAs UKV 1 250 5 5 I FXR 32400 5 i
Feik Ay Xk, T2DM A I AT R 1 v RE
FRRE . A IRRR KRS DD A EA R,
] BB DKD B if iy — A s,
2.3 H,S

H,S HAZMAEY v+ Ihee, WiEhiiEt .
PUAALILEL . FPakIAE . BRIRIME, DL RHTR
P AEALVE ™), HoS Ay 7= A 32 5230 3 B Al
WA, — PR T AR, O — R AR
T B A AR T R iR e R
M D AYEY L R D 2 R G A — A A A A
H,S 1855 — 7 e 07 sCE 2 i A, it
fiti. I8l (Desulfobacter) . i &% 5K [ (Desulfovibrio)
IS B 1 bR 7 (D esul fotomacul um) it S B R 55
SLECPRAA AR A R R , WA IE D] TR (Salmonella
enterica) . KT I A1 77 S AT # (Enterobacter
aerogene) i fk 2 Bt & iR 7~ 4 H,S. ROS #ysd
JE7 A BRGSO R R R
K, AMIEE H,S dE it Keleh A ECH MG 1
(kelch-like ECH-associated protein 1, Keapl)3i
HAb Cys151 #iEZ K+ E2 #HCHF(nuclear
factor erythroid 2-related, Nrf2){5 514 5k 411 il
SN, DT TS TR S ) 0 J o A A
RO, H,S L BTG A ATP M 4 i
(ATP-sensitive potassium channel, KATP){]l il Ji
By 250w, 0B e g S B A0 AR I Tk 3
TR RE T AN HLS 38 e R AEOME PR
HAPI SR E AN, VR 5 a2
ity 25 2L ) B9 IR IKAF, - DL R A A K B Ak
[K-F-B1 (Transforming growth factor, TGF-B1)f5
530 RO B R R R DR 175 T 1Y) B A R AT
HEALIS TEYE HoS AT 00 i B PR s A B I e
A M AP 3k BEARER , 1EZE DKD Bk Bl ek
AR HRT, HaS vk XL T v s AN [R5
i AL 1o AN S8 4T A8, T L HLS 3 4 B bl

PR 23 T HLAAT 5 20— 2P

3 DKD#XxWHEHHK

AR, AR 2282 AT Y B 1 1k A )
REME) 12 K. DRR R B, HaEHES s HA R
KRBT EMZG TR, RATZ AT
B4 E B K p e R P (TR KA
B -3-O- B M) . 215 K E B EE RAr40
RRTFP, LR ARLTE R OT R B P% DKD
HAMRERBHaER, Efsgmditg . i
A4k . M TGF-pl1/Smad 155 i % ok o 3%
DKD. It4h, 7En—seifssh &8, EES%
iR YI MH 2552 % DKD HAGRIFAIRTT
ROR . ENTESIR . PRk g IE R
AR 2 BE L DR i o e S AR FHATL TR A ik 20 vy
WS T B BF ) RE I A R ' O B0 45 A & 4
fb, Wk 2 P,

IRAR T 1 vh B B 2200 o B SRR
2 RIVERI/INGERE S, 8% 12 -FIR YT DKD (1)
WEFE s EATT AT LIE A R 4 1 R ok
el g 1 A= 25 R GRS E | 187> DKD By & B &
JRlOO SZIG YRR, W R 2T B R 220k
ZHEDY | Be i Z MO RE RS IR 5 I T R Y
AR, IR 50 ) N, FF BN /D LPS & &,
AT 8/ W PR K B B A it . o5k,
g . LT & (Lactobacillus) . AU &
(Bifidobacterium) 1 i 5e £ [ J& (Akkermansia) -
JE XG0 5 i 18 e R 4 2 BE AR A I K LPS Wk i
B RR 55 S TR SR X e ST DL A
A TR AR 32 B2 R 2D 72 A2 LPS A 48 T8 SF fR 4
J TE T R e S R k4% DKD K B 4 4
FVE /NG 8] T 2T 441220,

B R RPN RO R T b
JiP7%t DKD MiRI7 A EER S, fEiE
7 TR SRAE {5 5 G R 3 A R D R
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Table 2 Therapeutic mechanisms of drugs on DKD in some studies

EiL) fai s & AL

Medicine Introduce Mechanism

REHF-3-0-w pEtrEs ORI EY) C3G #i%k . HuAfk, 877 TGFB1/Smad i

Cyanidin-3-glucoside (C3G)P""]

SR B
Magnesium lithospermate B
(MLB)P¥

i it 22 )

Cordyceps cicadae

polysaccharides
(ccp)i4

28 2 B R 1 2 Pk 2 D)
Armillariella tabescens
polysaccharides (AT)P*

Black rice extract

PSR Y0 E RS
The major component of
danshen water extracts

2 A LR ELA i
o
Active ingredients of

natural medicinal fungi

PN
[ESC e Wiy

Active ingredients of

natural medicinal fungi

B 22 00 S BRI Z WO
Bupleurum polysaccharides Bupleurum

(BP)P®! polysaccharides

Vi 22 HEsE 7 sz

Shenyan Kangfu tablet Traditional Chinese
(SYKFT)P7-38 herbal medicine

EE R AURL ) gt iz
QiDiTangshen granules Traditional Chinese
(QDTS)?” herbal medicine

B ) gt iz

Tangshen formula (TSF) P Traditional Chinese

herbal medicine

C3G suppressing oxidative stress and inflammation, and
regulating TGFB1/Smad expression
MLB #3518 B AR AR A QR B0

MLB can improve intestinal flora and bile acid metabolism

CCP ] TLR4/NF-kB Fl TGF-B1/Smad {5 5@ K, iz
SEAE SN Iy 1 R A2

CCP improve inflammation, intestinal flora dysregulation,
inhibiting TLR4/NF-xB and TGF-f1/Smad signaling
pathways

HAT 45 B8 AR P RE L AL
LPS 7 5l 4 5 S

HAT regulates gut microbiota composition, improves

BIE 73] NECA(S

intestinal barrier function, reduces LPS and systemic
inflammation

BP 385 i 18 R A JRAE S

BP regulates gut microbiota and inflammation

SYKFT %5 5 JIE S AE 15 52530 M il ol A= oy
SYKFT regulates renal inflammatory signaling cascades and
gut microbiota

QDTS P 15 il A i, st HE R

QDTS regulate gut microbiota and improve bile acid profile

TSF 75 38 B2 A, BEAIR LPS FG AR 15
K-

TSF regulates the composition of intestinal flora, reduces the

Iope S 119

levels of LPS and indoleoxyl sulfate

BRG B  /1 B B I A I S Iy M 21 Ak, i
B IhaE. Horb, BEE 7 e R B 2H R
FN9 i S g 55 M T T 2 0 R L s %) w3 728 A i 2
BRZ; TE1 DK b, O BUAT I ) A B TR )
(Elusimicrobia) ] 5 K [ #5 1 ALEF H {E (urinary
albumin to creatinine ratio, UACR)FI'E /NE 45
AR B TEAHDG; RERTRE ]S B /N R ARAE |

IMiL3E MCP-1 FJHIE IAFE A F-a (tumor necrosis
factor-o, TNF-o)4 IEAHIC; TR RER [ ] A £

W15 UACR A1 /NVEB R SR A G i
LB 5 & ] (Euryarchaeota) 5 5 Ih iE %
A EL T S

4 BHAREE

4.1 mETHMTHEE

i A A e 2o S B A AR P AR T R —
TR AN TR L B 1 — 2 X 1| 3 25 090 PE R
Y. taAEJuE A RBEA gL s A T A,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WA S WIE Sl E WAL PR B R BT Hh ORI FU et 3665

XA AR EREAT 3510, 28R TR 25 AR TR AN TS
XA A 2 . AR, 1
Il 5 260 W AL 5 32 32 2 A TR /DS BR8] 2 B K
PR & IE #1, B ECELAT A (Lactobacillus
reuteri) ] A% 2 OB PR 58 4 B AL 21 25
R o 3 A [ PO gkl 2 -] o A R A R R
FRR S IRAAE . RS R HCHU 2 BB RN 2 f
3, WL 4 SCFAs, fRIM7E FERE, AL
PR LPS ZKF4, Hi e 20T LIVE W2 40T, #E
o JOR A7 TR 2575 5 1 T DR S ) B 45 72 R B
WATIFSY, S5 RFRUANM L R BA RIFbiA
VERD, 2 38 5 355 4 4 A MR BR s S 6] o
25 A% RIS B A AR, R 4R
IO A DR K R ) L o i AR 10
42 EEBHE

3% 4 % M (fecal microbiota transplantation,
FMT) 2 fi B0 FH T3 07 AR ME AR B e i 2 )y
e, I i R 55 R B AT R L 2 R A0
FAN, B IR B EMT 164858 T 48 rh A5 1
W VER . Xiao 7N SANERZE I R 5 & LT
I 1% TL-10 S FA BN RS RY 4 7 A4 Y C57BL/6)
INECYVEHEA ETT FMT, & B8 FMT RE AR 7
/N B i AN PR KPR A AR A A0 2 O I
OYE, DR ZH /N B 5 5 . Bastos ZEM
RIWE ST 48 78 T FMT R L sscas B R 9 /)N B0 it
PRET DI REFNIE A5 24 S50, BRI R, B AIR IR0
THa5 N E A IR A TNF-o K, 301518 45
P SE M, s I PR /DN BRI B 2 2R .
Cai 551V BH, K (e B2 /I R 2558 1 0 (1L DR
465 B 2 248403 1A DR /DN R 5 465 24 11 2R
FE, ik 6 JRYT I, KB FMT Refg /b
BE PR /N BB G A A E , I el st i 1 i
Bk 28 AT, FMT I A iR 0 S 56 b AT 45
R R, (B DKD J& 2 HLiJE
(900, FMT FAS BE T4 AR I ook 2% ' 4

B0, ££ FMT 7k LIk 2 & HAth 259
A

5 &

J B TR AT DKD A9 52 0 32 284 W0 T, —
5 T 2 g 3 5 B A O A N B AR L
SNE A F Y R E A MR, 51k Bk
RAESI 5 75— 7 T2 B A8 A 0 i il 4 T
AR ANRAE F R, @AW FET
Kk, Mad i Wi ot A T A A AR DT IR . BT ER
P A AL A 7 A2 Sk DKD 19 & A= o #b
FEAs AR A3 A e LAek 3% DKD & B
PRI G, B0 B e . FMT I R AR 52
B B L e, BFEEE—
WFFERAE B HAE IR R BByl A7k

bl 25 & IR HEE, R & MY 2
FAMERE T A&, AR Nz, i H S
A BN, ERMNZATOR T, il
SRME R SD R BRI S 4 IR A4 A 2 ok 4 mi PR
R ERABEAL, JRABOKAEH 7. AR R %R
SRE SR B AL B — B R) 25 R I SR AE
HT . 2L KT RS OGS R B ) i B A5
Pk /L B e BB 1 S —setF g, B2
FHAE P $ B A vh 245 52 07 o BE 05 PR ' 21
LU RN B DI RR A, IR YT R T T A A )
AL, PR bR,

# %= HHi, DKD 57 LY i =z )
PR R B Z 05, {H R F DKD A SwALEI
ZebE, LUK DKD &g K s, W
TR i AR Y #E DKD BRI BE 2 %
A=Ak, BRI, HETHIMFR K Z AKX H B ST
FReWaml . B, KR A5 AN 5 1 7 8 1H
-5 A 2 8] 4 40 F-AH EAE AL, 348 0
HRE AR I A [F) 75 3R F1 DKD % J 1A [ B Bk
FrahZSAem, DAfE 5 22 A £ R IG YT .
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