o T BO¥ # DT % | REBEATHE RGRROTEHR
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn May 25, 2024, 40(5): 1293-1308

DOI: 10.13345/j.cjb.230448 ©2024 Chin J Biotech, All rights reserved

k.

EEBEATHERGTRBARER

DT, KEE, B, RE

HEAO R B bR IR TR B [ ZOR G T TR EOR BTG, JEaT 100083

IhRT, SRERE, mEE, BRDY. ZEWRAEIR T A RGO AT S IE (D], AEW) AR R, 2024, 40(5): 1293-1308.
MA Xiangning, ZHANG Lujia, GAO Jianwei, CHEN Fang. Advances in the application of fecal microbiota transplantation for
the treatment of nervous system diseases[J]. Chinese Journal of Biotechnology, 2024, 40(5): 1293-1308.

B E: W mANSPRNZAANA B MAL, TRAIWRER, LEEBRME KA
MFLED-BEER THmEER N, MEMAENERALSIRE. FMREERE. MEARTFHE
ARG R R A KB A, S ELEH AT LB EAT 2 R G sk RS AR s R B 6K,
RIS AR BB R . A ABR AR BTN - i 5N E R %R ROIRE BATEE, TPk
B A5 AL 06 I7 AV 22 R Yo SR R R R 50 R An AR B AU S ATAR AT, A6 RIE T AP B R R ARAE T #7534
KR ME AR, M-Inth, ERAMBME, WERASLKR, BREST

Advances in the application of fecal microbiota
transplantation for the treatment of nervous system diseases
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Nutritional Engineering, China Agricultural University, Beijing 100083, China

Abstract: The intestinal microbiota exhibits a strong correlation with the function of the central
nervous system, exerting influence on the host brain through neural pathways, immune
pathways, and microbial metabolites along the gut-brain axis. Disorders in the composition of
the intestinal microbial are closely associated with the onset and progression of neurological
disorders, such as depression, Alzheimer’s disease, and Parkinson’s disease. It has been proven
that fecal microbiota transplantation can improve symptoms in animal models of neurological
diseases and clinical patients. This paper provides a comprehensive review of the composition
and function of the human intestinal microbiota, as well as the intricate the relationship between
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the human intestinal microbiota and nervous system diseases through the gut-brain axis.
Additionally, it delves into the research advancements and underlying mechanism of fecal
microbiota transplantation in the treatment of nervous system diseases. These findings offer
novel insights and potential avenues for clinical interventions targeting nervous system

diseases.

Keywords: intestinal microbiota; gut-brain axis; fecal microbiota transplantation; nervous

system diseases; clinic treatment
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Figure 1 The way intestinal flora interacts with the central nervous system.
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AR BT FVE L #T 17] (Verrucomicrobia) 55 4B &
A, Hop B A JE (Desul fovibrio) 78
PIARAE . AD 1 ASD H 35454k i 25, Bl 5 2 7R
J& (Akkermansia)’;7 AD ., PD Fl ASD H 217484k
(14 JE 220, [ s S £ 1 9 Ak ) B e E
IEAEREE B W E D RE R AL R . AR,
P A 3m /N B, TC TR/ B R )22 R v i ik
Pt b 278 IR R KO & RRAIL, HRE
H O A2 B B R 2 B R Sk R R T
F R RE S KAk, 25 Bl 2R G P0% 1k
FAA A, ULIIRROE B RGN IEE R X )
RERYZEFF BT 2, Rl R I A 22950 5 i A
HRERIAAEA AR R R (G 1),

Changes in gut microbiota in neurological diseases

Nervous Ascend Descend References
system disease
Depression
Phylum Firmicutes, Actinobacteria Bacteroidetes [24-25]
Family Thermoanaerobacteriaceae Prevotellaceae
Genus Desulfovibrio, Oscillospira, Ruminococcus, Prevotella, Dialister
Eggerthella, Holdemania, Turicibacte,
Anaerofilum, Clostridium, Streptococcus
AD
Phylum Proteobacteria, Verrucomicrobia Bacteroidetes, Firmicutes [26-27]
Family Enterobacteriaceae, Veillonellaceae Clostridiaceae, Lachnospiraceae
Genus Desulfovibrio, Akkermansia Alloprevotella, Blautia, Ruminococcus
PD
Phylum Verrucomicrobia, Proteobacteria Firmicutes [22,28]
Family Ruminococcaceae, Prevotellaceae, Lachnospiraceae,
Enterobacteriacea,Odoribacter Peptostreptococcaceae
Genus Proteus, Bilophila, Roseburia, Akkermansia, Butyricicoccus, Prevotella
\eillonella, Enterococcus
ASD
Phylum Bacteroidetes, Proteobacteria Verrucomicrobia, Actinobacteria, [29-30]
Desulfobacterota, Firmicutes
Family Lachnospiraceae -
Genus Turicibacter, Ruminococcus, Sreptococcus, Faecalibacterium, Akkermansia, Dialister,

Bifidobacterium, Sutterella, Desulfovibrio,
Lactobacillus

Clostridium

—: Not mentioned.
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Table 2 FMT in clinical and animal experimental studies of depression

Design Follow-up Number of Administration Microbiota effects of Neurological effects of ~ Gut effects  References
after FMT transplants route FMT FMT of FMT
Animal 7 days 3 Oral gavage Bacteroidete relative  Astrocyte dysfunction Not [40]
model abundance decreased decreased; the number of mentioned
(NLRP3-KO and Desulfovibrio, positive cells increased;
mice) Oscillospira, and the number, length, and
Ruminococcus volume of astrocyte
increased after FMT  branches increased
significantly
Animal 1 day 5 Oral gavage Not mentioned The levels of IL-6 and Not [41]
model TNF-o in the prefrontal ~ mentioned
(depression) cortex and hippocampus
were decreased, and the
levels of oxidative
damage of proteins were
decreased
Human 6 months 4 Duodenum The number of Appetite improved, Constipation [43]
case series Firmicutes increased mental condition symptoms
significantly, improved improved and
Bacteroidetes health
decreased questionnaire
significantly, and the scores
number of returned to
Lachnospiraceae normal
increased after FMT
ik, XATRERTARFEAL AD MBI RO EREfaSaitEds, & FMT 7E AD iaJ7 B R
(K 3). A RGP RIS
BRI, K UM MR H% AD 33 PD

N TUﬂmA%L-ﬁ&ﬁﬁ%ﬁm R
FEff R SCFA & ™, 5L, Kim &
WFoE R, 7E/NE T FMT 697 71 Lk AD /)
B B-TE AR 2R (1 BE BT | tau 2K 119 P22 FRAE
FUINIE LA B rE 5, F B T AD /NERIW
TR P i 7R
Ifi K b FMT 1497 AD IR IE 24 M 1A
— 15, ZR ) s — 44 82 % R E B FMT e,
I0HC . N, LS AD SEIRIIE R T B
o R4§ HEl FMT 78 AD (s R 4D,
mm%%m¢m BRI T FMT BERSIK
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Table 3 FMT in clinical trials and animal models of AD

Design Follow-up Number of Administration Microbiota Neurological effects Gut effects ~ References
after FMT transplants route effects of FMT of FMT of FMT

Animal model 4 weeks 28 Oral gavage Desulfovibrio  The mice stayed in the target Not [48]

(transgenosis decreased and  quadrant much more mentioned

AD mice) Bacteroidete frequently and much longer

Animal model 16 days 16
(transgenosis
AD mice)

Human case 6 months 1

series

Animal model 24 days 24
(APPPSI1-21

mice)

Oral gavage

Not mentioned

Oral gavage

increased after
FMT
Not mentioned

Not mentioned

There was no
difference in
alpha-diversity
between donor
and FMT, and
the difference
was significant
in the control
group without
FMT

than the model

The total plaque area of
frontal cortex and
hippocampus decreased
significantly, and the levels
of soluble and insoluble
AP40 in cerebral cortex
decreased significantly. Glial
cell formation decreased
Cognitive function score
increased from 20 points
(cognitive impairment) to
26 points (normal function);
after 6 months, mood
improved and the score rose
to 29

The cortical plaques and
microglia body area
increased, the total number
of microglia cells did not
change, the dendritic branch
length of microglia
shortened, and the dendritic

branch points decreased

Intestinal [49]
permeability

and intestinal
barrier

integrity were
enhanced

Not [50]
mentioned

The cecum  [51]
weight

increased

after FMT

YR, /NN ERRE . 29 k8 BiE
DIRERERT, WK WE R BEZ AN, FF R RE
WITEESE; 5— 5, FMT SRk
R o, HR AR BT v )N 5 2 M AN AL
AN R A, FRARAAE 1~ A1 LPS 7KF, I
i 13 BB TLR4/TNF-a/NF-xB/MyD88
PTG MR R E T AR G PD /MR

RIS,

FMT 77 PD fEl R A5 5 7 — % i N
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MR BE Bt —44 PD B E AT FEMT BT E &
B, 76 4 R ERCE G 25 . BRI B Y TR
B7E 12 FRTRSA G L3 R FMT g

ere—ERE Lo PD BEMER, (AZ5R
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Table 4 FMT in clinical trials and animal models of PD
Design Follow-up Number of Administration Microbiota effects ~ Neurological effects Gut effects of References
after FMT transplants route of FMT of FMT FMT
Animal 8 days 7 Oral gavage Firmicutes increased, Activated astrocytes Not mentioned [55]
model Proteobacteria and microglia
(MPTP decreased; in the decreased; reduce
induce PD order level, the expression of
mice) Clostridiales TLR4/TBK1/
decreased, NF-kB/TNF-a
Turicibacterales and signaling pathway
Enterobacterales
increased
Animal 6 weeks 14 Oral gavage Increased Restoring neuron  Increased [56]
model alpha-diversity; loss, decreasing frequency of bowel
(rotenone there was no a-synuclein movements; the
induce PD difference between aggregation and blood-brain barrier
mice) FMT and control decreasing astrocyte connection and
group proliferation; tissue structure
inhibition of were restored, the
TLR4/MyD88/ damage of
NF-«B signaling endothelial cells
pathway was reduced
Human 12 weeks 27 Capsule FMT alleviate the ~ Not mentioned Those participants [57]
case clinical symptoms of had a significantly
series 1 patients with PD by better quality of life
strengthening the regarding
correlation between abdominal pain,
the microbial genera flatulence, nausea,
etc.
Human 12 months 1 Fibercolonoscopy, Ruminococcus, Constipation, mood Not mentioned [58]
case injected into the ~ Blautia, Prevotella  and sleep quality
series 2 end of the ileum  and were improved, and
Faecalibacterium  tremor and
increased, bradykinesia were
Bacteroidete significantly
decresed improved after 4
weeks
3.4 ASD CNTNAP4) M ifE = X & S K F 2 11 (familial
ASD & —FhTE JLE h i WL i ph 2 kR mental retardation protein, FMRP){ .3 T 14 o621,
FRMERAL AR A SR AR BN BE5e i CNTNAP4 Fil FMRP JE [ iR /N R

ZARRAT Ry, FRAAE S22 L e i) —Fol U5 101,
T RERE AL ASD Sk i) 2L, 7E ASD
RREHY rpoL % 31 5 G 8 AH G Y 2 11 A0 28 AR
FHHEH 4 (contactin associated protein-like 4,

http://journals.im.ac.cn/cjben

V£l ASD H5

J X TR HE AT LA e 90 B 5 Dy 24 SR S i)
L ARG YIRE, LAk ASD WIRTT 25T
T Bk 3% 7 T (32 5). Zhang 26171% B CNTNAP4



DT ¥ | EEBERTRERGRFOARER 1301

x5 ImKRIRIEFEHRE ASD hE) FMT
Table 5 FMT in clinical trials and animal models of ASD
Design Follow-up Number of Administration Microbiota effects Neurological effects ~ Gut effects of References
after FMT transplants route of FMT of FMT FMT
Animal model  Not 7 Oral gavage Akkermansiaand FMT significantly Intestinal [61]
(FMRP-KO mentioned Gordonibacter reduced the homeostasis
mice) increased expression of TNF-a.  improved after
mRNA in the colon ~ FMT, significantly
of recipient mice increasing the
expression level
of ZO-3 in the
colon of recipient
mice
Animal model 15 days 7 Oral gavage Lactobacillus The time residence ~ Not mentioned ~ [62]
(CNTNAP4-KO increased time in the open
mice) colonisation regional center area
in the colon increased; the rate of
social interaction in
the interaction zone
increased
Human case 8 weeks 10 Oral or rectal ~ Bifidobacterium  There was no The [63]
series 1 (upper digestive increasing difference between gastrointestinal
mixed drink, 4 times oral and rectal symptom score
lower digestive significantly, ingestion, and scale decreased,
enema) Prevotella and behavioral symptoms and the number of
Desulfovibrio also improved days with
increased significantly abnormal or no
stool decreased
significantly
Human case 10 weeks 18 Not mentioned lignificant Not mentioned Levels of sulfuric [64]

series 2

increases in levels

of Bifidobacteria,
Prevotella, and

Desulfovibrio

acid against cresol
were similarly
reduced in healthy
children

LA AR /N R B IMUEREA T, B T R
ééi"él?’ii’}?fﬂ:, FUAT B & i 5 B 5 A, T
177 IE 5 /N B ZE 08 RS AR S AT 22 fif FL RV AN
?IMHEEH— TR FMRP 3[R A B /)N B 2 0
SR FIFERY R, i PRIR A (fish oil, FO)$R I
22 AN RN g Wi R W LA % A /N B A B G R
iE . AR ELFIMET T . [FIE, E FMRP
SE RN, B FO MEIRA R SRR A
J& FO MEFRAAT DL EWE/NRImERE, K

&: 010-64807509
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AR T %
Wb, A RES
e oA B

. MBI MBS RO S IR
(EPSETRINCRTE 573518
20 T 2 A AT LU T,

I H.
fFi F

A FMT HES 1 i v 25 Fp A RR AL A 722

Ak, ELFE K R /A T Ji A
SCEUER] T FMT 3697 ASD Rl 474k,

AR, 5 ik,
PIEE
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PR TG IR A0 TR S 20 B 53 (A LPS)K -, &
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Atk ER 1 ERA BT, shEE ERAE
KA . FMT 38 i B4 fa 65 AR i e (2 1R
PRI T IR 2 i, T S R TR R
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Figure 2 Potential mechanism of the action of FMT.
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HEEAE, TRERET, Wi RgEsm
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