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Research progress in the role of gut microbiota in acute
kidney injury
CHEN Tianxiao, CHANG Chang, HOU Bao, QIU Liying, SUN Haijian, ZHU Xuexue
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ABSTRACT Acute kidney injury (AKI) remains a global public health problem with high incidence,
high mortality rates, expensive medical costs, and limited treatment options. AKI can
further progress to chronic kidney disease (CKD) and eventually end-stage renal disease
(ESRD). Previous studies have shown that trauma, adverse drug reactions, surgery, and
other factors are closely associated with AKI. With further in-depth exploration, the role of
gut microbiota in AKI is gradually revealed. After AKI occurs, there are changes in the
composition of gut microbiota, leading to disruption of the intestinal barrier, intestinal
immune response, and bacterial translocation. Meanwhile, metabolites of gut microbiota

can exacerbate the progression of AKI. Therefore, elucidating the specific mechanisms by

Y #5 B HA(Date of reception): 2023-11-21

% —1E& (First author): [5K%, Email: 19006485524@163.com, ORCID: 0009-0007-0376-2384

1B151E3& (Corresponding author): K&, Email: xuexue.zhu@jiangnan.edu.cn, ORCID: 0000-0002-4735-5648

E £ 10 B (Foundation item): [¥ 5 F SRR} 5L 42 (82300414); VLI H AR 3L 4:(BK20231049). This work was supported by the Natural
Science Foundation (82300414) and the Natural Science Foundation of Jiangsu Province (BK20231049), China.

FFHFRER(Open access): A SCEAFHITAIEZZVFAT UM, FLVFER =05 B 44 B8 44 -JE Rl M FH -5 1R 78 25 4.0(CC BY-NC-ND 4.0)f )5 =X,
TEATATEEAN LRI . AL HEASAE i (https://creativecommons.org/licenses/by-nc-nd/4.0/) o

©Journal of Central South University (Medical Science). All rights reserved.



386

PR R AR (BE2EI ), 2024, 49(3)  hitp:/xbyxb.csu.edu.cn

which gut microbiota is involved in the occurrence and development of AKI can provide

new insights from the perspective of intestinal microbiota for the prevention and treatment

of AKI.
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acute kidney injury; gut microbiota; inflammation; toxins; short-chain fatty acids;

probiotic; postbiotics; traditional Chinese medicine

21 B 51475 (acute kidney injury, AKID) 248 EAH
oA AT 12 P B JIER (chronic kidney disease, CKD)HY
B LN BULR N 8™ i S DR pesis, R
R PR I (D PR B 58 2 BR(EIR), IF A A
B, K. R B R ALY 2
B PR R S AT R BCAKL B & A, H DL 45 254 5|
AT B ED D BAMLSURAT JEE Hl
FE 140 (ischemia reperfusion injury, IRI)®4§, £
AWEFE R AR N BT Lok iR
PR 9% T e 25 AL T 8 AKIL & AR FUR SR IR 0
B, IFLAE R SR TR SE . HET, AKIAY
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it FE A B4 J 18 AE AR 1 000 A3, 100 77
EATEY) . TEERDIRET, XL EY 5 £ 4t
A AT R R e, MR AR, SRR
KA A P FRG T 0 PR ACE, DT A B T 5%
A o X HE RTINS B REA AT, 2520
7N+ Clostridium . Ruminococcus ¥ J& 3 fin ., 1
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WGP B . /)N BV I TRI A AR b i 38 B R A= 2 2R
P 3 FE F MW N Enterobacteriacea W) ¥ N,
Lactobacilli, Ruminococacceae IRV o 5k SR EEIA %
M. SRR REE AL, AKLEE S
il B #f P Bifidobacterium . Bacteroides B it il ,
Escherichia coli. Streptococcus B 5.8 /0 o 76555
SR/ AKI B tf | Lachnospiraceae NK4A4136 .
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TR,
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synthase, iINOS)FRIAIGIN, HHZFREFRAW AT, X
oAV R IE IR, Wi RIAEM K.tk
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B B 7 20 i 6 Toll 4 5Z {4 (Toll-like receptors,
TLR)BC A &5 B O, AT R aE 2o 0 £ 40 24 0 1L 1Y
118 ¥ (mitogenactivated protein kinase, MAPK)i&
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BT TS PR A A, DT fink e 22 2% A R N
4%, G0 c-Jun N K ¥ 84 B (c-Jun N-terminal kinase,
INK), MAPK #1#% A ¥ «B(nuclear factor kappa-B,
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/NEHT, ZO-1 Flloccludin FIRFEAR" . £5 2E TR A] i
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PREGAE 5 22 0] L B 05 B /NS A0 o 3 e
Horp ) BRERMSIWE} (indoxyl sulfate, 1S). ARERXT H iy
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Jei o /N ERAR P LT A A 2] 0 e i 570 1L 7 1S
FIPCS JK -5 LI 35 B £6 3 10 ML S R A 3R A
RAEFAH P — IR REME BRI ST PEE SR i
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A% 20 M A0 IE K 4 B A R A D BB A
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BOITE ST . H R 4 A 5 20 25 DA R
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PR30 7 T T P A T AR ) LR A TR,

Lactobacillus 38 33 W85 55 0, FEAR AL I
I TG AKL, Lactobacillus salivarius BP121 £ 35
A A R MRS AMPK A TLR4 Y 595 34 12 26 11 4123
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AL TR G N B AEL 4 RS A A 0 2l B 1 OA B
eIk SCFA AR UL A PN B 20 M A 8088 56, Al
PRI IG AKT VS SRR3R AL 1R a1,

32 F&ETT
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p16/p-Rb 1 p53/p21/p-Rb i fif ekt 35 1 JIE 3 &1, D-22
CAN IR R = AN R TB IR i - AN = 2 b7 W NTITR
BIRIGLEAFEH . R0, AKIH D-22 4 FR A
AR DIHLE R I, PTRE S B /NVE I 8 iRk 1

oy — i M JE % FBH B R 11 2(general control
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bR . RGRYUE, T GEE A AR AKT
RETS 7RI A5 TR EAS HE— IR A IS

EETMER: BWRE. 7 B UHWESRE,
T, WA BB NEE. RTT B
BT A VEE T [R) B i & SO

PR s ER: EE SRR e

S 3Lk

[1] Kellum JA, Romagnani P, Ashuntantang G, et al. Acute kidney
injury[J]. Nat Rev Dis Primers, 2021, 7: 52. https://doi. org/
10.1038/s41572-021-00284-z.

[2] Morales-Alvarez MC. Nephrotoxicity of antimicrobials and
antibiotics[J]. Adv Chronic Kidney Dis, 2020, 27(1): 31-37.

©Journal of Central South University (Medical Science). All rights reserved.



I BRI R E O PR RIOUE RS PR, 4§

389

[3]

(4]

[3]

[l

(7

(8]

9]

[10]

(1]

[12]

[13]

[14]

https://doi.org/10.1053/j.ackd.2019.08.001.

DAC, Halbgebauer R, Nilsson B, et al
Immunopathophysiology of trauma-related acute kidney injury
[J]. Nat Rev Nephrol, 2021, 17(2): 91-111. https://doi. org/10.
1038/s41581-020-00344-9.

Ozrazgat-Baslanti T, Loftus TJ, Mohandas R, et al. Clinical

Messerer

trajectories of acute kidney injury in surgical sepsis: a
prospective observational study[J]. Ann Surg, 2022, 275(6):
1184-1193. https://doi.org/10.1097/SLA.0000000000004360.
Watchorn J, Huang DA, Bramham K, et al. Decreased renal
cortical perfusion, independent of changes in renal blood flow
and sublingual microcirculatory impairment, is associated with
the severity of acute kidney injury in patients with septic shock
[J]. Crit Care, 2022, 26(1): 261. https://doi.org/10.1186/s13054-
022-04134-6.

Thomas K, Zondler L, Ludwig N, et al. Glutamine prevents
acute kidney injury by modulating oxidative stress and
apoptosis in tubular epithelial cells[J/OL]. JCI Insight, 2022, 7
(21): €163161[2023-11-01]. https://doi.org/10.1172/jci. insight.
163161.

Rane MIJ, Zhao YG, Cai L. Krippel-like factors (KLFs) in
renal physiology and disease[J]. EBioMedicine, 2019, 40: 743-
750. https://doi.org/10.1016/j.ebiom.2019.01.021.
Aranda-Rivera AK, Cruz-Gregorio A, Aparicio-Trejo OE, et al.
Mitochondrial redox signaling and oxidative stress in kidney
diseases[J]. Biomolecules, 2021, 11(8): 1144. https://doi. org/
10.3390/biom11081144.

Yang J, Kim CJ, Go YS, et al. Intestinal microbiota control
acute kidney injury severity by immune modulation[J]. Kidney
Int, 2020, 98(4): 932-946. https://doi. org/10.1016/j. kint. 2020.
04.048.

Lee SA, Cozzi M, Bush EL, et al. Distant organ dysfunction in
acute kidney injury: a review[J]. Am J Kidney Dis, 2018, 72
(6): 846-856. https://doi.org/10.1053/j.ajkd.2018.03.028.
Nakade Y, Iwata Y, Furuichi K, et al. Gut microbiota-derived D-
serine protects against acute kidney injury[J/OL]. JCI Insight,
2018, 3(20): €97957[2023-11-01]. https://doi. org/10.1172/jci.
insight.97957.

KR, TRIE . AE B B0 R L KLFS A CXCL8 /K- 5
TR E A5G ROFFE[I]. v B TR A 2 2k 5, 2023, 18(6):
713-716. https://doi.org/10.13350/j.cjpb.230618.

ZHANG Ran, ZHANG Han. Study on the relationship between
serum KLF8 and CXCLS levels and intestinal flora in patients
with acute renal injury[J]. Journal of Pathogen Biology, 2023,
18(6): 713-716. https://doi.org/10.13350/j.cjpb.230618.

Zou YT, Zhou J, Zhu JH, et al. Gut microbiota mediates the
protective effects of traditional Chinese medicine formula
Qiong-yu-Gao against cisplatin-induced acute kidney injury[J/
OL]. Microbiol Spectr, 2022, 10(3): ¢0075922[2023-11-01].
https://doi.org/10.1128/spectrum.00759-22.

Manoharan I, Swafford D, Shanmugam A, et al. Genetic
deletion of LRP5 and LRP6 in macrophages exacerbates colitis-

associated systemic inflammation and kidney injury in response

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

[27]

to intestinal commensal microbiota[J]. J Immunol, 2022, 209(2):
368-378. https://doi.org/10.4049/jimmunol.2101172.

Wang YH, Zhang YG. Kidney and innate immunity[J].
Immunol Lett, 2017, 183: 73-78. https://doi.org/10.1016/j.imlet.
2017.01.011.

Park SW, Kim M, Kim JY, et al. Paneth cell-mediated
injury[J]. J
Immunol, 2012, 189(11): 5421-5433. https://doi. org/10.4049/
jimmunol.1200581.

Usuda H, Okamoto T, Wada K. Leaky gut: effect of dietary

multiorgan dysfunction after acute kidney

fiber and fats on microbiome and intestinal barrier[J]. Int J] Mol
Sci, 2021, 22(14): 7613. https://doi.org/10.3390/ijms22147613.
Mishra SP, Wang B, Jain S, et al. A mechanism by which gut
microbiota elevates permeability and inflammation in obese/
diabetic mice and human gut[J]. Gut, 2023, 72(10): 1848-1865.
https://doi: 10.1136/gutjnl-2022-327365.

Xiang H, Wang Y, Yang L, et al. Novel MAGL inhibitors
alleviate lps-induced acute kidney injury by inhibiting nlrp3
inflammatory vesicles, modulating intestinal flora, repairing
the intestinal barrier, and interfering with serum metabolism[J].
Molecules, 2023, 28(21): 7245. https://doi:  10.3390/
molecules28217245.

Yang J, Ji GE, Park MS, et al. Probiotics partially attenuate the
severity of acute kidney injury through an immunomodulatory
effect[J]. Kidney Res Clin Pract, 2021, 40(4): 620-633. https://
doi.org/10.23876/j.krcp.20.265.

Kim MG, Cho WY, Chung SM, et al. Altered gut microbiome
plays an important role in AKI to CKD transition in aged mice
[J]. Front Med, 2023, 10: 1238960. https://doi. org/10.3389/
fmed.2023.1238960.

Chen YY, Chen DQ, Chen L, et al. Microbiome-metabolome
reveals the contribution of gut-kidney axis on kidney disease
[J]. J Transl Med, 2019, 17(1): 5. https://doi. org/10.1186/
$12967-018-1756-4.

Gupta K, Bhurwal A, Law C, et al. Acute kidney injury and
hepatorenal syndrome in cirrhosis[J]. World J Gastroenterol,
2021, 27(26): 3984-4003. https://doi. org/10.3748/wjg. v27.
i26.3984.

Nakano T, Watanabe H, Imafuku T, et al. Indoxyl sulfate
contributes to mTORC1-induced renal fibrosis via the OAT/
NADPH oxidase/ROS pathway[J]. Toxins, 2021, 13(12): 909.
https://doi.org/10.3390/toxins13120909.

Devlin AS, Marcobal A, Dodd D, et al. Modulation of a
circulating uremic solute via rational genetic manipulation of
the gut microbiota[J]. Cell Host Microbe, 2016, 20(6): 709-
715. https://doi.org/10.1016/j.chom.2016.10.021.
Rydzewska-Rosotowska A, Sroka N, Kakareko K, et al. The
links between microbiome and uremic toxins in acute kidney
injury: beyond gut feeling-a systematic review[J]. Toxins,
2020, 12(12): 788. https://doi.org/10.3390/toxins12120788.
Wang WJ, Hao GH, Pan Y, et al. Serum indoxyl sulfate is
associated with mortality in hospital-acquired acute kidney

injury: a prospective cohort study[J]. BMC Nephrol, 2019, 20

©Journal of Central South University (Medical Science). All rights reserved.



390

PR R AR (BE2EI ), 2024, 49(3)  hitp:/xbyxb.csu.edu.cn

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

(1): 57. https://doi.org/10.1186/s12882-019-1238-9.

Lee TH, Park D, Kim Y], et al. Lactobacillus salivarius BP121
prevents cisplatin-induced acute kidney injury by inhibition of
uremic toxins such as indoxyl sulfate and p-cresol sulfate via
alleviating dysbiosis[J]. Int J Mol Med, 2020, 45(4): 1130-
1140. https://doi.org/10.3892/ijmm.2020.4495.

Agus A, Clément K, Sokol H. Gut microbiota-derived
metabolites as central regulators in metabolic disorders[J]. Gut,
2021, 70(6): 1174-1182. https://doi. org/10.1136/gutjnl-2020-
323071.

Shi HH, Chen LP, Wang CC, et al. Docosahexaenoic acid-
acylated curcumin diester alleviates cisplatin-induced acute
kidney injury by regulating the effect of gut microbiota on the
lipopolysaccharide- and N-oxide-mediated
PI3K/Akt/NF- kB signaling pathway in mice[J]. Food Funct,
2022, 13(11): 6103-6117. https://doi.org/10.1039/d1f004178a.
Martin-Gallausiaux C, Marinelli L, Blottiére HM, et al. SCFA:
mechanisms and functional importance in the gut[J]. Proc Nutr Soc,
2021, 80(1): 37-49. https://doi.org/10.1017/S0029665120006916.
Gong J, Noel S, Pluznick JL, et al. Gut microbiota-kidney

trimethylamine-

cross-talk in acute kidney injury[J]. Semin Nephrol, 2019, 39
(1): 107-116. https://doi.org/10.1016/j.semnephrol.2018.10.009.
Rios-Covian D, Ruas-Madiedo P, Margolles A, et al. Intestinal
short chain fatty acids and their link with diet and human health
[J]. Front Microbiol, 2016, 7: 185. https://doi. org/10.3389/
fmicb.2016.00185.

Chou YT, Kan WC, Shiao CC. Acute kidney injury and gut
dysbiosis: a narrative review focus on pathophysiology and
treatment[J]. Int J Mol Sci, 2022, 23(7): 3658. https://doi. org/
10.3390/ijms23073658.

Schlatterer K, Peschel A, Kretschmer D. Short-chain fatty acid
and FFAR2 activation - A new option for treating infections?
[J]. Front Cell Infect Microbiol, 2021, 11: 785833. https://doi.
org/10.3389/fcimb.2021.785833.

Liu YZ, Li YJ, Loh YW, et al. Fiber derived microbial
metabolites prevent acute kidney injury through G-protein
coupled receptors and HDAC inhibition[J]. Front Cell Dev
Biol, 2021, 9: 648639. https://doi.org/10.3389/fcell.2021.648639.
Andrade-Oliveira V, Amano MT, Correa-Costa M, et al. Gut
bacteria products prevent AKI induced by ischemia-reperfusion
[J]. T Am Soc Nephrol, 2015, 26(8): 1877-1888. https://doi.org/
10.1681/ASN.2014030288.

Zhu H, Cao CJ, Wu ZC, et al. The probiotic L. casei Zhang
slows the progression of acute and chronic kidney disease[J/
OL]. Cell Metab, 2021, 33(10): 1926-1942. ¢8[2023-11-01].
https://doi.org/10.1016/j.cmet.2021.08.015.

Al-Harbi NO, Nadeem A, Ahmad SF, et al. Short chain fatty
acid, acetate ameliorates sepsis-induced acute kidney injury by
inhibition of NADPH oxidase signaling in T cells[J]. Int
Immunopharmacol, 2018, 58: 24-31. https://doi. org/10.1016/].
intimp.2018.02.023.

Zhang P, Han XW, Zhang X, et al. Lactobacillus acidophilus
ATCC 4356 alleviates renal

ischemia-reperfusion injury

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

through antioxidant stress and anti-inflammatory responses and
improves intestinal microbial distribution[J]. Front Nutr, 2021,
8: 667695. https://doi.org/10.3389/thut.2021.667695.

Ikeda Y, Suga N, Matsuda S. Efficacy of life protection
probably from newly isolated bacteria against cisplatin-induced
lethal toxicity[J]. Microorganisms, 2023, 11(9): 2246. https://
doi.org/10.3390/microorganisms11092246.

Chavez- fﬁiguez JS, Ibarra-Estrada M, Gallardo-Gonzalez AM,
et al. Probiotics in septic acute kidney injury, a double blind,
randomized control trial[J]. Ren Fail, 2023, 45(2): 2260003.
https://doi.org/10.1080/0886022X.2023.2260003.

WA, SKRFIE, BB, A a5 AR WG N B AN R IE SR
U 9 30F J 11 At AR B L F [Z]. 20T: 2018, hittp://www.
whkx.org.cn/news_show.aspx?id=43538.

YAO Ying, ZHANG Heping, ZENG Rui,
technologies and applications of probiotics combined with

to delay the

et al. Key
endothelial progenitor cell transplantation
progression of kidney disease[Z]. Wuhan: 2018. http:/www.
whkx.org.cn/news_show.aspx?id=43538.

Salminen S, Collado MC, Endo A, et al. The International
Scientific Association of Probiotics and Prebiotics (ISAPP)
consensus statement on the definition and scope of postbiotics
[J]. Nat Rev Gastroenterol Hepatol, 2021, 18(9): 649-667.
https://doi.org/10.1038/s41575-021-00440-6.

Wang Q, Ma XY. Gut microbial sodium butyrate alleviates
renal ischemia-reperfusion injury by regulating HES1/PPARa
[J]. Mol Immunol, 2022, 150: 20-28. https://doi.org/10.1016/j.
molimm.2022.07.009.

Zheng JY, Wang SC, Tang SC, et al. Sodium acetate
ameliorates cisplatin-induced kidney injury in vitro and in vivo
[J]. Chem Biol Interact, 2023, 369: 110258. https://doi. org/
10.1016/j.cbi.2022.110258.

Zhou B, Wan Y, Chen R, et al. The emerging role of cellular
senescence in renal diseases[J]. J Cell Mol Med. 2020 Feb;24
(3): 2087-2097. https://doi: 10.1111/jcmm.14952.

PN, DL, WSO, &8 BT S B B0 K B T
BE 98 AR 0] b B b 25 24 A 2019, 44(4): 758-764.
https://doi.org/10.19540/j.cnki.cjcmm.20181105.002.

SUN lJiang, LUO Jingwen, YAO Wenjie, et al. Effect of
emodin on gut microbiota of rats with acute kidney failure[J].
China Journal of Chinese Materia Medica, 2019, 44(4): 758-
764. https://doi.org/10.19540/j.cnki.cjemm.20181105.002.
SR, ¥dE, SR, A5 UL L IEEERE 2t B 0/
FR 38 1 T S NLRP3/caspase-1/GSDMD £ T 3 [ A 52 i
[1]. vh4EfE TR AR 2, 2023, 9(3):250-255. https://doi.org/
10.3760/cma.j.cn121430-20221122-01018.

ZHOU Min, YANG Lei, ZHUO Yuzhen, et al. Effect of
Liangxue Huoxue decoction on intestinal flora and NLRP3/
caspase-1/GSDMD signaling pathway in mice model of sepsis-
injury[J].
Medicine, 2023, 9(3): 250-255. https://doi. org/10.3760/cma. j.
cn121430-20221122-01018.

Zou YT, Zhou J, Wu CY, et al. Protective effects of Poria

induced acute kidney Chinese Critical Care

©Journal of Central South University (Medical Science). All rights reserved.



I BRI R E O PR RIOUE RS PR, 4§

[51]

cocos and its components against cisplatin-induced intestinal
injury[J]. J Ethnopharmacol, 2021, 269: 113722. https://doi.org/
10.1016/j.jep.2020.113722.

XN, ZRARAR, Bk, % BRI R CON A S i %5
SR T kB AR 5 il R IR 2 SR B B[], A
I 2R 2 2, 2022, 34(4): 400-406. https:/doi. org/10.3760/
cma.j.cn121430-20210401-00767.

LIU Xue, QIN Zhenzhi, GUAN Chen, et al. Scutellarin
alleviates  lipopolysaccharide-induced renal injury via
mediating cysteine-rich protein 61-connective tissue growth
factor-nephroblastoma overexpressed gene 1 expression to

inhibit nuclear factor-kB signaling pathway[J]. Chinese Critical

ARSI A BRREE, Wig, R4, BRIAT, INEEE, RS JmiETE
RETE SR B A Ot VR T RO S HE S (D], T g I 2 i (B2 ),
2024, 49(3): 385-391. DOI:10.11817/j.issn.1672-7347.2024.230526
Cite this article as: CHEN Tianxiao, CHANG Chang, HOU Bao,
QIU Liying, SUN Haijian, ZHU Xuexue. Research progress in the

role of gut microbiota in acute kidney injury[J]. Journal of Central
South University. Medical Science, 2024, 49(3): 385-391. DOI:
10.11817/j.i8sn.1672-7347.2024.230526

[52]

Care Medicine, 2022, 34(4): 400-406. https://doi.org/10.3760/
cma.j.cn121430-20210401-00767.

SRAEAT, BETE, PMIL, SF | BT IERAE /N B B B Y
PR X HLHIBESE[I]. A e B 2R BR 2%, 2021, 33(7):
866-870. https://doi. org/10.3760/cma. j. cn121430-20201204-
00756.

LE Jianwei, FAN Heng, SUN Min, et al. Protective effect and
mechanism of Baicalin on acute kidney injury in septic mice
[J]. Chinese Critical Care Medicine, 2021, 33(7): 866-870.
https://doi.org/10.3760/cma.j.cn121430-20201204-00756.

(e 4T 3R4E)

©Journal of Central South University (Medical Science). All rights reserved.



