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1 | INTRODUCTION

Gut microbiota, comprised of trillions of microbes, are of great signifi-
cance to the human body. They coevolve with humans for mutual and
beneficial coexistence and play vital roles in maintaining overall health
and in preventing the development of diseases.! Gut microbiota are
relatively stable and participate in various physiological processes in
the human body.? They maintain host homeostasis in multiple ways,
with their roles including modulating metabolism, maintaining the
integrity of the intestinal barrier, inhibiting pathogenic bacterial inva-
sion and regulating physiological and immune responses.® In contrast,
dysbiosis, or a state of imbalance in gut microbial composition and
function, is closely linked to the occurrence and development of many
chronic diseases, both within and outside the gastrointestinal tract.*
We have briefly summarized the known extraintestinal diseases
related to gut microbiota (Figure 1).

Diabetic kidney disease (DKD), or diabetic nephropathy (DN)—a del-
eterious complication of diabetes mellitus (DM)—is an important cause

other kidney diseases.

This review discusses the influence of gut microbiota dysbiosis on diabetic kidney dis-
ease through metabolite profile changes and immune and inflammatory mechanisms.

We also elaborate on the mechanism of dysbiosis in the onset and development of

diabetic kidney disease, gut microbiota, immune reaction, mechanism, metabolism

of chronic kidney disease, and its prevalence in China has risen rapidly in
recent years.” Patients often experience complications related to cardio-
vascular and neurological diseases and are characterized by having an
increased risk for the progression of end-stage renal disease (ESRD). This
increases both patient mortality and the social burden associated with
DKD. Despite the impact of this, the condition's pathogenic mechanism
remains unclear. However, recent studies have indicated that gut micro-
biota dysbiosis is one of the most characteristic changes in DKD.

To provide a theoretical reference for DKD pathogenesis from
the perspective of gut microbiota, we reviewed the role of gut micro-
biota in DKD and related mechanisms.

2 | GUT MICROBIOTA, THE DRIVERS OF
KIDNEY DISEASES

Immunoglobulin A nephropathy (IgAN), lupus nephropathy (LN) and
membranous nephropathy (MN) are characterized as immune
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disturbances, with emerging evidence showing that they are related
to gut microbiota dysbiosis.

Gut microbiota surface antigens stimulate dendritic cells to pro-
duce B-cell activating factor (BAFF), whose function is to promote the
class switching of B cells to IgA+ B cells, whether the process is medi-
ated by T cells.” Abnormally produced gut-derived IgA can leak into
the bloodstream and lead to immunocomplex deposition in the kid-
ney, thereby promoting the occurrence and development of IgAN.
Studies have also shown that five metabolites of gut microbiota are
related to increased serum BAFF levels in patients with IgAN.8

LN is an autoimmune disease characterized by the production of
pathogenic autoantibodies. Studies have found that supplementing
Lactobacillus spp. in LN mice can alleviate kidney disorders. Possible
mechanisms behind this effect include supplementation improving
intestinal barrier integrity, increasing IL-10, and reducing IL-6 and
IgG2, thereby decreasing the incidence of kidney diseases.”

Patients with MN had higher Fusobacteria and Proteobacteria but
lower Firmicutes populations than those of individuals in the healthy
control (HC) group.® Our research revealed that lipopolysaccharide
(LPS)-producing bacteria were enriched in MN and DKD. Increased
LPS leaks into the bloodstream through the damaged intestinal bar-
rier, activates the NF-xB pathway and triggers the release of inflam-
matory factors, resulting in the aggravation of kidney damage.'!

In recent years, emerging studies have shown that gut microbiota
affect CKD progression via uremic toxin production, interactions with
chronic inflammation and immune response regulation. Gut microbiota
dysbiosis and intestinal barrier destruction in CKD lead to bacteria, or their
metabolites, entering the bloodstream.'? Many previous studies have
shown that metabolites produced by dysbiotic gut bacterial communities
can destroy the intestinal mucosal barrier and cause kidney damage. 4

Current studies have revealed that traditional Chinese medicine aids
in the management of kidney diseases. Traditional Chinese medicine can
improve the intestinal barrier, regulate intestinal flora and inhibit micro-

inflammation induced by gut-derived metabolites in order to exert its

SUMMARY AT A GLANCE

This review presents scientific evidence on the pathophysio-
logic links between gut microbiota and diabetic kidney dis-
ease (DKD), highlighting the influence of gut microbiota
dysbiosis on DKD through metabolite profile changes and

immunologic mechanisms.

renoprotective effects.'>*¢ Zheng et al identified the keystone micro-
biome markers in CKD.Y” As a result of in-depth study of the gut-kidney

t.18 After eval-

axis, diet therapy has become a hot topic in CKD treatmen
uating the gut microbiota of kidney transplant donors and recipients, it
was found that microflora similarity may be related to the prognosis of
recipients after transplantation.” However, relevant studies have shown
that gut microbiota dysbiosis and impaired intestinal barrier function exist
in oxalosis-related CKD, but microbiota-targeted therapy cannot prevent
its progression.2® Therefore, the precise molecular mechanism of the gut
microbiota in kidney diseases remains unclear.

Numerous studies have also revealed that enterotypical differ-
ences in gut microbiota exist between various kidney diseases, and
the dominant bacteria in different kidney diseases overlap. Therefore,
further study is needed regarding whether the virulence factors of
these dominant bacteria differ.?

3 | GUT MICROBIOTA, THE CENTRAL
REGULATORS OF DKD
3.1 | Gutmicrobiota are altered in DM

As early as 2010, it was found that type 2 diabetes mellitus (T2DM)

was linked to gut microbiota alterations.?? In recent years, emerging
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FIGURE 1 The relationship
between gut microbiota and
local/distal organs. IBD
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IgAN (immunoglobulin A
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evidence from experiments in both humans and mice suggest that the
gut microbiota of patients with diabetes are altered significantly as
compared to that of healthy individuals,® even in the pre-diabetes
state.?* As for the composition of gut microbiota, a higher Firmicutes/
Bacteroidetes ratio was observed in patients with T2DM,?® which
was reported to be positively correlated with increases in plasma glu-
cose levels and the occurrence of metabolic disorders.?® Patients with
T2DM had higher abundances of Enterobacteriaceae, Collinsella, Strep-
tococcus, Lactobacillus and Lachnospiraceae/Ruminococcus than those
of healthy individuals. These bacteria may be involved in low-grade
inflammation and can aggravate insulin resistance.?>?¢ However,
short-chain fatty acid (SCFA)-producing probiotics, including Bacte-
roides, Prevotella, Lachnospira, Roseburia and Faecalibacterium, were
markedly depleted in DM as compared to those in healthy individ-
uals.?4?7 Butyrate is an SCFA that acts as an energy resource for
colonic epithelial cells. However, the examination of altered T2DM
gut microbiota revealed the depletion of several butyrate-producing
bacteria such as Akkermansia, Bacteroides and Faecalibacterium. These
bacteria, and their metabolite, butyrate, help improve glucose metabo-
lism.28 Thus, depletion of the butyrate-producing bacteria mentioned
above, and the resulting decreased levels of butyrate, may participate
in DM pathogenesis. Members of the genus Blautia decreased signifi-
cantly in Japanese patients with T2DM as compared to those in con-
trol subjects. Blautia was reported to be an SCFA producer, whose
abundance was negatively correlated with haemoglobin Alc and
fasting plasma glucose levels.2? In summary, the alteration of DM gut
microbiota usually manifests as a decreased beneficial bacteria and an
increased harmful bacteria.

In the DM state, the functions of intestinal bacteria also change to
some extent. It has been reported that the profiles of gut microbial
functions, such as tyrosine and butyrate production, are altered in
T2DM as compared to those in controls.>® Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathways, including the insulin signalling
pathway and glycolysis/gluconeogenesis, were upregulated in patients
with DM.?? Many antidiabetic drugs can prevent DM progression, or
alleviate symptoms by regulating the gut microbiota and reducing endo-
toxin- and microbe-mediated inflammation. Metformin can treat DM by
regulating the structure and function of gut microbiota.>? After metfor-
min use, positive connections among microbial genera are strengthened,
and abundances of Escherichia, Bifidobacterium and A. muciniphila
increased, whereas that of Intestinibacter decreased. Bifidobacteriaceae
can act as a probiotic to improve endotoxemia and glucose tolerance,>?
and A. muciniphila can relieve T2DM by reducing oxidative stress and
inflammation.®® Dapagliflozin can also improve DM by adjusting gut
microflora. Using an Sprague-Dawley(SD) rat diabetic model, Mei Yang
found that, while similar blood glucose-lowering effects were observed
after treatments with dapaglifiozin and metformin, the dominant
enterotypes in the dapagliflozin group were Ruminococcaceae, whereas
the dominant types in the metformin group were both Ruminococcaceae
and Muribaculaceae. Dapagliflozin increased Desulfovibrionaceae (Prote-
obacteria), reduced Bacteroidetes/Proteobacteria and decreased the
abundance of Actinobacteria and Spirochaetes, compared with those of

metformin treatment.3?

Interestingly, a study performed on Zucker diabetic fatty rats
found that Roux-en-Y gastric bypass surgery (RYGB) and sleeve gas-
trectomy (SG) induced similar glucose profile improvement, and
increased microbiota diversity, compared with those of sham-oper-
ated groups. However, RYGB resulted in a higher abundance of Prote-
obacteria, Gammaproteobacteria, Betaproteobacteria, Fusobacteria
and Clostridium than that of control groups. SG, on the other hand,
resulted in more abundant Actinobacteria than that of the control
groups.3* Clostridium and Fusobacterium were also negatively corre-
lated with serum insulin levels.*> Overall, gut microbiota affect host
metabolism, the state of which is also determined by many other

intrinsic and extrinsic factors.

3.2 | Gut microbiota are related to DKD

DKD is one of the most serious complications of DM. At present, sev-
eral studies on gut microbiota in DKD exist, mainly focusing on how
gut microbiota change. This includes the effects of such changes, their
involvement in the mechanisms behind the development of DKD, and
the effects of medications meant to treat DKD by regulating gut
microbiota (Table 1).

3.21 | Changes of gut microbiota composition in
patients with DKD

Like DM, DKD is associated with abnormal gut microbiota. A study
from China recruited DNs diagnosed using renal biopsy, T2DMs with-
out renal diseases (T2DM) and HCs. The research revealed that faecal
samples from patients with DM contained higher abundances of
Firmicutes and Proteobacteria than did those of HCs and T2DMs.
According to the authors, Proteobacteria can increase the level of cir-
culating LPS, resulting in persistent inflammation. The richness of gut
microbiota, based on operational taxonomic unit (OTUs), was signifi-
cantly lower in DNs than in T2DMs, and there were obvious dispar-
ities between the microbiota compositions of patients with HC, DM
and DN. Escherichia-Shigella was significantly increased in the DN
group, whereas Prevotella_9 decreased, and the richness of the two
genera can allow for effective distinguishment between DN and DM
subjects.3¢

A study on CKD suggested that the abundances of Escherichia-
Shigella spp. were positively related to disease progression. The gen-
era Escherichia-Shigella were enriched in the faecal samples of patients
with advanced CKD and played a role in renal impairment by generat-
ing additional indoxyl sulphate (1S).3” Escherichia-Shigella are also con-
ditional pathogenic bacteria that can penetrate the intestinal epithelial
barrier and aggravate gut leakiness.>® In a C57BL/6 mouse model,
with DN induced by streptozotocin (STZ) and a high-fat diet, some
differences in gut microbiota composition existed between mice with
severe and mild proteinuria (SP and MP, respectively). For example,
Allobaculum and Anaerosporobacter were enriched in SP mice, whereas

Blautia were enriched in MP mice. In SP subjects, the genus



WANG ET AL.

JAPSN

| WiLEY_NEPHROLOGY

Jamoj st
ueydoidAuy Jo [9A9] ay3 Inq “4aysiy
2Je SUIUAINUAY-T pue aul||ni3R-T
‘2eyd|ns JAXopul JO SUOI}eJ3UaIU0D
ewse|d ay3 ‘eLnwngjeouLiou
pUE BLINUIWNG[EOIDIW UM 350y}
yum paJedwod ‘elnuiwungieooew

YaIm sjusied oiaqelp T adA U

198481

J13nadessay) jeipualod e pue N

JO sisou3elp Ajes 1oy Joyewolq

€ 9W029q Ued Sd ‘a10ja49y] ‘NAd

ul 93ewep a3Ad0pod 3upnpul Aq

eunuiajoud asealdul ued ajeyd|ns
JAuayd paALISp-swoIqoIdIW N5

Na jo

JusWdO[9ASP pue 92Ua.INJ0 By}

10 INQTL JO Sisejsoawoy |eur}sajul

3yj ul 9|04 Ady| e Aejd jou saop
V60T ddD 38U} SMOYs Apnis siy L

Na ul

J1030B} 3AI309304d B 3 ABw elne|g

3JIYM ‘UOI}OUNY [EUD UISIOM Aew
J910EqOIOdSOISBUY PUE WN|NJEGO|Y

NQ ul 93ewep |ef3i3sia3uiongny

ul unInsal ‘ei7¥do SuneAinde

Aq sisejsoawoy |0493s9|0yd

JO 9duejequil 3yl S1eIpaW aulISAUl
9y} ul eLd)oeq 3upnpouid-a)e1ady

Aauppj ayy

ul Sy a3 SunjeAn}oe Aq a3ewep

Aaupiy NQ Al1es ayj ul paAjoAul

9q Aew ejoiqo.udiw In3 ayy Aq
paonpoud pide 213928 SAISS9IXS Y |

suoisn|puo)

(joww

/3w 04°€£<) euUNUIWNG|eOIDBW

(€) (loww/3w 6/°€€

-6£°E) BlNUIWNg[eo.IDIW (Z) ‘(loww

/3w ¢£°€>) elnuILINg|eowou

(T)o3ul papIAIp S1om

sajaqelp T 2dA} yum sjenpialpu|

'S|eENpIAIpUI 0J3u0D Ay3jeay Qg pue
sa3aqelp T 9dA3 yym sjenplaipul 19T

P/33/3W 0§ ZLS Aq padnpul siem
U21ym 921w gp/qp pue 201w Ay

‘21w 919/6D ‘s¥ed 1-TI¥0I1S
1°Ip

a.quy Y1y e yum pajeas) ad1w | M ()
p

|013U0D B YlIM paleat] adlw | AA (€)
191p 2491 Y3y

B U}im pajeal) aolw —/—e40T4d9 ()
191p |043Uu0d

€ UY1IM pajeal) adlw —/—esQT4do (T)

(dIN) dnou3 eunuisjoud pjiw (g)

(dS) dnou3 eunuiaload 919Ass (T)
sdnoJ3 g ojul paplAIp
a4om Asyy usy “[epow N PIing
01 Z1S p/3/3W 08 ynm paroslul

oM d1W 9/79/8D 4dS dlew /T

Joiqiue ue yum pajeass sied ING (€)
PEMY

3upjuup yum pajeass siel NG (2)
J91eM
BuBjuLIp Y1IM pajead) sied | A\

dnou3 NG
dnoJ8 jos3u0d ay3
[spow INQ PlIng
01 Z1S p/3%/3W G9 Ynum pagoaful
919M sdnou3 om} Ja3e| sy}
‘sdnoJ8 234y} 03Ul PapIAIp 1am
syes Aoymeq-an3euds sjew AyjjesH

(T)
av + Na (€)
(4]
(1)

sdnoi3qng

SN
/SN 03 p3|dnod JdH eN—wniss
$90uUaNbas auad YNYJI S9T—Sa09e

s92uanbas auad YNY4 S9T—Sa29e4
uoldpuNy [eual Jo siojedipul
9WOsS 104 Asees [edlwaydoiq—aulin
VSI13 ‘SIN/SIN/DT ‘sisAjeue
solwojogelaw pajadiejun—poolg
¥Ddb ‘SVd—sanssh [eusy

UDd- LY ‘T9H—AS0|03sIH wn3)|
¥Dd-L¥ ‘SVd—AS0jo1sIH Asupiy
VSI13—auln

VSI13—poojg

uolduNy [eudd Jo s1ojedlpul
2WOS 104 Asees [edjwayd0iq—aulin
VSIM3—wniss
SIN-29 “42db ‘LIN4
‘s92uUdNbas auasd YNYJ S9T—Sa09e4
UOI3eJ3uUadU0d
PIoE 213928 JO JUSWAINSES|A
uojje|nwndde pidi| 4O JUSWAINSEIN
Adodsoudiw uoJ3dde
UOISSIWSUEBIY} ‘S/d—SaNSsI} [euay
1IN4 ‘Suuanbas WNQ- S 9T —Sa29e4
uol1duUNy |eUdJ JO SI10}BDIpUl SWOS
10} Asees |eajwayd01q—aulin/poo|g

dod
- 1Y ‘Bupuanbas YNQ4 S9T —S929e
SVY 8unienduid Jo JuUsWaINSe|A|
‘9183208 JO JUBWIAINSE3|N —BeWSse|d
SVd—A30[03sIH Asupiy

spoyjaw pue 3jdwes

JBYUIM - 020

‘eunujwing|e Aq uoijedlizesns

YHM pue noypm saiaqelp

T 2dA1 ul sayjogelsw ewseld
pa309|3s pue 3|i40.d B301qo.IdIW 3N

‘9seas|p
Aaupy 2133gelp ul elnuiwnge
03 S9INQI3U0D 33eyd|ns

610C JAuayd paALIRp-aWoIqoIdIW IND

‘Ayredoaydau on3agelp
ul e40THdD J03dadal Buisuas
610¢ -9]ijogelaw 8y} Jo 3joJ 8y} Suliojdx3

JUSWIUOIIAUS SWES Ul Pays!|elsa
s[opow suunw Ayjedoaydau
J139gelp |ejuswiIadxa ul uoiduny
|euas Suizejnpow Ul ejoIqoIdIW

020T N3 3y} Jo 3o enpuajod By |

‘sIseIsoswoy
|0433s9]0YD Jo uondnisip
a3 eln Ayjedoaydau o13aqelp
ul Ainful jenasiajuiongny sajelpaw
0coc B101q0.DIW [eunsaqul Jo sisolqsAQ

‘Ayjedoiydau
J139gelp jed ul saunful Asupiy
Ul PAAJOAUL S| WBISAS ulsuajolSue
-UJUSJ [euaJeliul aY3 JO UOIFeAlOe
0¢0c¢ pa2npul-sisolqsAp ejolqo.diw N9

1eaA saipnys paysiiqngd

e301qo.oiw 3nS pue N UO YdIeasal JuaLind Jo Alewwng

salpn3s uewnH

SaIpn3s [ewiuy

sadA]

T 31avl



645

Gw WILEY

NEPHROLOGY

9dA} plIM ‘I M ‘9pIXO-N dulwejAyiawil} ‘OVIA L ‘u1030zojdauls ‘7] S 9aij-uadoyied d110ads ‘4dS {walsAs

uisuajoidue-ujual ‘Syy 93eydins |Auayd ‘Sd ‘g aseuly uijoad/aseun|-g-joysouljApireydsoyd ‘Py/Eld Duopiuaid ‘g4d (93awouidads ssew-AydeiSolewolyd ses ‘Sin -9 ‘uolejuejdsuesy e301qoldiw [eddey
‘LINA ‘Aesse Juagiosounuuul paxull swAzuUs ‘ys|73 ‘dnoJd Ayzedoaydsu onagelp dnoid NQ (Mg 3/3w QOT) dnoJd apiuendiq |Ayzawip ‘DgING apiuensiq [Ayiawip ‘OgiAd Shiljjlsw d3adelp ‘|INg ‘sonolgiue
Yum pajesd syed dl3adelp ‘ay + INQ “1Is93IpPo| *a ‘drd ‘esessip JenaseAolped ‘aAD (M8 33/8w 0GT) dnod asop-s|ppiw 4D ‘INdID (M8 34/3w G/) dnoud asop-mol 4D “1dID ‘(Mg 331/3w 00g) dnoJ3
950p-y31y 4D ‘HdDD ‘sepleyddesAjod aepedid sdadAplo) ‘dDD ulupjo3sAds|oyd ‘YD ‘wnijojiated “JeA liyjiws wninajdng ‘sdg ‘uoipodap wesuedoyyag ‘diHg D@ asuaulyd wnunajdng ‘dDg :suoleinsiqaqy

WANG ET AL

e301qoJoiw N3 JO AYSISAIP

pue souepunqe ayj 3unsnipe A4d Sunoe-poys + qp/ap (¢ SIN-DD—auln uodn AyisJaAIQ [eIqOdIN
Aq paAsIyde sI 193449 SIY} pue ‘9d1w 221w gqp/qp (¢ 3upusnbas ‘e 10 AJSA0D9Y pue 21| qp/qp
qp/gp U0 30343 |eldlyauaq e sey 4d W w/qp (T VNQJ S 9T—3Nssl} wnda) Hysuls  0zoc o132l ul sa8ueyd [elqodiN IND
paonpaJ sJe uolewwejul 1IN4
pue Ajljigeswuad ‘pasueyud ‘s9ouanbas auasd YNYJ S9T—s929e4
S| Jalileq |esodNW [eulIsalul syl JH—aNss] aunIsalul |[ews 01| Ul AyredoaydaN
puy "S21w w/qgp ueyy ejolqosoiw dlw w/qp ¥Dd-1Y ‘SVYd—anssiy Asupiy dl3aqel( Jsulesy 39930.d SUDIPSN
N3 ul 93ueyd Jajeais e sAey 1w 201w VSI13 ‘uoilduny eusa. Jo sio3edipul ‘e 0} Uoljewwe|ju| pue ejolIqoJdiA asauIy)
2119geIp ‘QUBWIE] [0I1BIDASDI SIS qp/qp 2139delp (s)/19/45D 9 SWOsS 10} Asees |eolwayd01q—wniasg 111D 0202 1N95) 33 S918|NPO|A |0J1BISASDY uo youeasay
S3¥oaM T Joj ogade|d 3uluiejuod
s[nsded e axe) :dnoJ3 |043u0d ()
S¥oaM ZT
104 WNpijiq wnusoeqopiilg
'SSaU)S pue 19sed sn||12eqolde]
9AI1EPIXO pUE UOljeWWeuUl JO ‘snjiydopioe snjjioeqoioeT]
SJ9XJewolq awos pue siajaweled sopjolqoad ayy ujuiejuod
sise}soawoy 9s02n|3 pooj|q uo a|nsded e e} :dnoJ3 Juswiea) (1)
1034J9 |eIdlyauaq e sey SY9aM g T sdnoJ3 g ojul paplAIp 'S1094J9 dljogejaw [edausq
J0J sualjed sisA|elpowaey d13aqelp Alwopuel a1am sisAjelpowaey $53.]S SAIJEPIXO pue ey sey sjualjed sisAjelpowaey
ul sonjoiqoud jo uonejuaws|ddng uo sjualjed s139gelp 09 uojjewweljul Jo SI93Jewolq—wniasg luewd|os  £I0Z  212gelp ul uonejuawsa|ddns d1301qo.ad
‘uonisodwod
e301qo.JoIw I3 3y} JO SisAjeue
6 e|[210A31d 3 dnoi3 NG Jo Ue :S|0J3u0d Ayjjeay pue snjijjpow
pue e||a81ys-elyouayss3 8 (HH) s32e3u0d pjoyssnoy pue (JH) sa31agelp g adAy ‘Ayzedoaydsu
JO S3|qelieA sy} ;N SNSISA Nd S|043u0d Ayzjeay 4T (INQ) sosessip ‘e J139gelp usaoud-Asdoiq Suowe
6 ©|[910A21d ™8 :DH SnsJ4aA INA |euad INOYIM SINAZL T ‘SNA T $90UaNbas auad YNYJ S9T—S09e4 soe] 6T0C sixe Asuppy-31n8 sy Suipueisispun
sisougoud uol1dPuUNy [eual Jo siojedipul ‘sa1aqelp T 9dA}
|eusas J0od pue sjusAs gAD Yim awos J0J Asees |ediwaydoiq—aulin UM S|enplAlpul Ul suoljedljdwod
pajeIdosse s| uoljeauaduod Jaydiy uol1duNy eual JO S101edIpul SWOos |euas pue JejnaseAolpJed 3uipdipaid
S} pUE ‘uoIouNy [BUSJ JO J3XIew sa31agelp 104 Asees [ea1waydolq ‘OVIAL 40 NERERVIS ul SpIXO-N SulwejAyswiLy
e 9q Aew QYN L PaALISp-[eulIsalu| T 9dAY yum sjenpiAlpul 6GTT UOIJBUIWIS}SP UOIJBIJUSIUOI—WNISS JBUYWIM 6102 JO uoljesuaduod ewse|d Jo AN
suoisn|puo) sdnoa3qnsg spoyjaw pue sjdwes Joyiny  Jesp salpn3s paysliqnd sadA]
(penunuod) T 374dVL

MDD 3s0p-y3iy + qp/qp (9)
MDD 3s0p-Mmo| + qp/qgp (S)
En_mc_tm-mco_i_nsis
v
v
v

“Juswieal| auopiusHid




s | W1LEY_NEPHROLOGY &=

WANG ET AL

Allobaculum was positively related to body weight and blood sugar,
and the genus Anaerosporobacter was positively related to 24 h urine
protein. Conversely, in mice with MP, Blautia was found to be nega-
tively correlated with 24 h urine protein. Intriguingly, after the mice
received faecal microbiota transplants (FMT) from DKD subjects with
SP and MP, FMT-SP mice experienced more severe proteinuria after
STZ injection than did FMT-MP mice.®® Collectively, these findings

indicate that gut microorganisms are linked to DKD development.

3.2.2 | Gut microbiota aid in DKD diagnosis

Our previous study found that patients with DKD presented with
higher richness of Bacteroidetes and lower Firmicutes/Bacteroidetes
patients with  MN.
Peptostreptococcus, a potential pathogen, is one of the genera

ratios as compared with those of
enriched in patients with DKD. There were significant differences in
gut microbiota composition between patients with DKD and those
with MN, and microbiota profiles based on four OTUs could distin-
guish MN from DKD with high accuracy. As for microbial functions,
modules related to the metabolic pathways of some amino acids, car-
bohydrates, energy and lipids were increased in the gut microbiota of
DKDs.* Therefore, gut microbiota may also aid in the diagnosis, and

differential diagnosis, of DKD.

3.23 | Gut microbiota provide potential targets for
DKD treatment

To date, studies have focused on the effects of traditional Chinese
medicine in treating DKD by modulating the composition or function
of gut microbiota, such as Cordyceps cicadae polysaccharides, Tan-
gshen formula and Shenyan Kangfu tablets.3?! Recently, researchers
found that QiDiTangShen (QDTS) granules, a traditional Chinese med-
icine composed of seven herbs, could reverse mucosal injury, reduce
proteins in urine and KIM-1 and relieve pathological damage to the
kidney. However, QDTS granules did not impact body weight, blood
glucose, or urea nitrogen. QDTS treatment improved serum BA pro-
files and reduced abnormally elevated Lactobacillus, Bacteroides and
Roseburia levels in DM mice, wherein the above bacteria regulate bile
acid metabolism. KEGG pathway analysis revealed that primary bile
acid biosynthesis and secondary bile acid biosynthesis were lower in
the DMQD group. In brief, QDTS effectively reduced urine protein
levels and alleviated renal injuries in mice with DN through the gut
microbiota-bile acid axis.*?> Thus, gut microbiota may be a potential

target for future management of DKD.

4 | MECHANISMS BEHIND THE EFFECTS
OF GUT MICROBIOTA ON DKD

Through the gut-kidney axis, gut microbiota may promote the devel-

opment and progression of DKD in many ways (Figure 2).

4.1 | Gut microbiota can promote DKD
progression through metabolite production

Gut microbiota can affect the host by producing numerous metabo-
lites. Levels of phenyl sulphate (PS), a derivative of dietary L-tyrosine
metabolism in the gastrointestinal tract, have been reported to be
obviously correlated with the basal and predicted 2-year progression
of albuminuria in patients with DKD. After db/db mice were treated
with PS, foot process effacement and glomerular basement membrane
thickening became apparent, and mRNA levels of Tnfa, Ccl2, Emr1 and
Fn1 in kidney tissues increased. Meanwhile, the albuminuria level in
db/db mice treated with PS was higher than that in controls. PS is
toxic to human podocytes in vitro*® and can cause podocyte injury
and promote renal inflammation and fibrosis in DM.

In SD rats with STZ-induced DM, plasma acetate concentration
and abnormal gut flora increased, accompanied by RAS system activa-
tion and renal function impairment. Nonetheless, these phenomenon
can be reversed using broad-spectrum antibiotics, indicating that the
presence of abnormal intestinal flora in DM can lead to renal injury by
activating the RAS system through metabolites.** Tryptophan can be
metabolized into kynurenine (Kyn) by tryptophan 2,3-dioxygenase
(TDO) and indoleamine (2,3)-dioxygenase (IDO).*> The kynurenine
pathway is influenced by gut microbiota.*® Kyn, and its derivatives,
can promote vascular endothelial dysfunction and atherosclerosis in
patients with CKD.*” Kyn was found to be positively correlated with
the urinary albumin-to-creatinine ratio (UACR) and negatively corre-
lated with estimated glomerular filtration rates (eGFR) in DKD. How-
ever, the molecular mechanisms behind these relationships remain

unclear*®

4.2 | Gut microbiota increase intestinal
permeability and promote inflammation in DKD

Additionally, gut microbiota can promote the occurrence of DKD by
inducing or aggravating inflammation. Growing evidence has shown
that, during DM and DKD, the intestinal mucosal barrier becomes
more permeable owing to structural and functional abnormalities.
This can even occur before the onset of DM itself. Intestinal bacteria
may pass through the leaky intestinal barrier and act as dietary path-
ogens, or antigens, to elicit an immune response.***° According to
an experiment performed on db/db mice, a high-fat diet could alter
gut microbiota composition and reduce the expression of epithelial
tight junction proteins (ZO-1 and occludin). These changes increased
intestinal permeability and enhanced LPS absorption, thereby pro-
moting visceral adipose tissue inflammation, oxidative stress and
macrophage infiltration. However, such pathological changes can be
reversed using antibiotic therapy.>® In fact, some agents can
improve the intestinal mucosal barrier, lower the intestinal perme-
ability, reduce inflammation by regulating gut microbiota and allevi-
ating diabetes or DKD.*®>! However, the underlying association
between intestinal flora and inflammation needs to be investigated

in detail.
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FIGURE 2 The mechanism of gut
microbiota on the kidney. The gut
microbiota itself and its metabolites can
enter the Interstitial fluid through the
increased permeability of the intestinal @
mucosa. Macrophages can phagocytose
bacteria and release inflammatory factors.
Metabolites and inflammatory factors
enter the blood, reach the kidneys and )
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4.3 | Gut microbiota promote DKD by activating
the immune response

The human immune system and gut microbes interact with each
other.>2 Gut microbiota can participate in the development of DKD
by disturbing the immune system. The activation of complement C5,
which was enhanced in db/db mice, resulted in the increased expres-
sion of inflammatory and fibrogenic factors in renal tissues and pro-
moted both oxidative stress and renal damage. However, despite its
effect on renal tissues, C5a was enriched in the gut. After using C5aR
antagonist (C5aRA), decreased abundances of Proteobacteria and
Epsilonbacteraeota were restored at the phylum level in the gut
microbiota of db/db mice. Meanwhile, the reduced abundance of Des-
ulfovibrio and the increased abundances of Bacteroides, Eubacterium
and Roseburia were reversed at the genus level. C5aRA also restored
the reduced production of SCFAs.

Overactivation of C5 can induce gut microbiota dysbiosis and
reduce SCFA production by intestinal microbiota. C5 can promote
DKD by activating the STAT3 pathway and inducing inflammation in
the kidneys, but SCFAs can partially offset its injurious effects.>® A
gut microbiome-immune axis exists in the human body. Gut micro-
biota-derived metabolites can pass through the intestinal epithelium
and accumulate in the circulatory system. They can also be recog-
nized by the immune system and cause a wide variety of conse-
quences in the body through various pathways.>* Intestinal flora,
such as Firmicutes, Proteobacteria, Clostridium asparagiforme,
Escherichia fergusonii and Desulfovibrio desulfuricans, can produce
trimethylamine N-oxide (TMAO).>> Escherichia coli can metabolize

tryptophan into indole, which can, in turn, be converted into IS and

Kyn in the liver.>® Bacteroides, Bifidobacterium, Lactobacillus and
Clostridium are all related to p-cresyl sulphate (PCS) generation.®”
PS, TMAO, Kyn, IS and PCS are uremic toxins that increase in the
DKD state.*3#858 |t has been reported that their accumulation con-
tinuously stimulates the immune system, which could result in
increased inflammatory factor production and renal damage.>25%-61
In conclusion, there are various mechanisms by which bacteria affect

the progression of DKD.

5 | SUMMARY AND PROSPECTS

This article reviews the relationship between gut microbiota dysbiosis
and the onset and development of kidney diseases. The most common
pathogenetic mechanism is the presence of abnormal intestinal flora
that cause intestinal inflammation and destroy the intestinal mucosal
barrier, allowing live bacteria or their metabolites enter the blood. This
can damage local organs and elicit systemic inflammation. Maintaining
gut microbiota and keeping the intestinal environment in a stable and
healthy state can help reduce activity leading to the onset and pro-
gression of kidney diseases. In DKD, gut microbiota dysbiosis can pro-
mote DKD through mechanisms such as metabolite changes,
inflammatory responses and immune activation. Altered intestinal
flora do exist in DKD mice with different proteinuria stratifications,
suggesting that gut microbiota may be potential indicators for
predicting disease stratification of DKD. In the future, we should fur-
ther study the mechanisms through which gut microbiota promote
DKD, with the goal of providing insights for improving the clinical

diagnosis and treatment of the condition.
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