Reviews and Monographs ERud=gars

0) )L S i R
Progress in Biochemistry and Biophysics
' l12024,51(11);2921~2935

www.pibb.ac.cn

EREBERT PIRME RS KK
Bl S lm AR

FHRILT AR A ED HEEY R ORY EREYT
(0 RUEPEEL RIS BF I, KT 301617 ) RIIELKHIEFHAR BT, K 301617;
O R RSB, K 301617)

Z‘j’—i}‘gl\/f'ﬂf‘; 1)** Z‘j’—i,‘&i3)***

HWE FREFAH (fecal microbiota transplantation, FMT) 1 A—FPE MG ik, ARG ZHE, FMT EBOESL 26
STARMER ARG . M5 e G AR . SOREMEG S5 B PSR A RO 15 . ARSI N, FMT W] i i o5 48 £ 5 1 0 DR R DA T 5
Wi AR 28 R G S LR 1 R AR S R R . ARSCAY AR T FMT 1 & R DA 5 B FMT AP B0IR T 0 OG T FMT 7E M A48 Py
Jog (BJR PR . WA ), PR BMAPEE CEBERIGE . MRS ) DL RS i BEa S5 I RA ST, 43 3N b3

L WIEERRFIE . FMT RS PLH SR 7 AT 1 40k

KEEIR  FEEMA, BURSERN, WA, BRERIO, Sk, e

FESES Q93, R74

N1 N7 JE A TR A e, X ssfiE
Yt NASTHALDIRE A S S5 15 B o 2 e HL B AR
o VERUCE I W R AR TR Z—,
F W P A (fecal microbiota transplantation, FMT)
A SRR RS i D B A AR A 2 R
N, ST E AR T A 5 . AR
K, HokBZAEERY], B s R fE s
SR Z2 P 28 RGP I A AR R YL i
A VR R R A 28 FR G 2 ()3 3 i T - T A T
W 2Eh, FMT Al gt ties . e . A=y
FZPIBRE MM L RGN . ASCHERNAT
FMT [ & R S5EUIR,, Rk 5 Fhdh 4 R 4 80% FMT
gt , L4, FMT X HoA fi 28 22 498 95393 1 2 i)
DL R LA RERIVEFAALEL, JF 58 I8 FMT IR 7 50% 1Y
IR A

1 EFEHBE (FMT) HEXRHESIK

FMT 697 B PR BA A L, BAERF
WY, FiE e 207) hicsE RHIZERR
STEYIh R LS R ER RS B TR CRF
XHIT) M (FE2TEEIT) AT FMT )
FOICHE: “/NLBWE, FEREEK, WIHRIL, I

DOI: 10.16476/j.pibb.2024.0029

IR, f—t08E"; “BREIR, AKAIRZ”
20 T4 50 4R, 36 B 8T S IR R AR I & 1Y
ZEM53E RV N 0 7 B ATL 45 4 24 SR DR REVE S Tl R
LI, AR T H 36 2, AR
SCICHR RO F FMT i 8. 2013 4F, H A%
FHFMT 697 52 VERRERR B AH DG PE IR T8 A9 1l RXS
HRBFFE R LFMT P R T i R o W)
AR FMT #98 A 3R J7 B R PR ME R R
(Clostridium difficile infections, CDI) #§prg, £
2y Y WS B R (Food and Drug
Administration, FDA) '8 1 il AN ZEME1E R
2yl B, FMT TR RIAYT HAs B HT T AR A 1Y
FAL, MM FMT RJERE E AT M. 20154F6 1,
B[ 24 i AT EE ST R 4™ 5 RS R (MHRA) W&
FAr g, BN FMT & T 25 F = 5 1 Tl
[, 20224F 11 A 30 H, FDA 55 —Ff

x [F5E HARRAE RS (82105019, 82174524) WHIHH .,
wx I —EH

st IR R

AR Tel: 15502265098, E-mail : whylittlee@163.com
Z=HE Tel: 13207660853, E-mail: lizhzh2008@163.com
Wk H #1:2024-01-23, 3% H#1:2024-04-18



2922 EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (1D

FMT j* fili Rebyota [F] 1, ] T Hi B CDI F &2 8
OEMUE S IE R R — A EE AR, HE
2023 4F 10 A, 25 i R i 59 v U ML S 1) sk
(www.clinicaltrials.gov) F:7EMHAT 471 30 5& T FMT
GRS, HERRPEC 2200 Bs . MR AR
I RIS 7 0 H , A 321 Tl RIS 7] 49 A 45
Br, G045 26 W% by R G AE . 87 AR KETE A
26 JHUARMERR TR DL A DG I R g . Th AR R 58
95 1Y FMIT Il PRI 36 A 18 301, H: rp i 6 AR
(Parkinson’s disease, PD) Ifi Kifk5¥eA 6 i, F/K
WIS (Alzheimer’s disease, AD) IR H
A 1T, 20154, HEES TEAS ChARIEEET,
TR SV 55— 1A ) S b LRy IR 55 B 2 TRT I
20194F, ER CEW BB B Im R4S 21 4%
] (ESREILRE) ) A4 RS AR by AR AU AR )
B 2020457 H Ry (e S Bmshebae
) EREMT (EREBAEAMEL e s 5
I R T A e g ) (R0 ) 70, 2021 4F
8H27H, LilpmDERmG (LT R
AREFRAE (2021 /1) ), Xy TAATECE
IR0 2 M FMT 5 3G . HAT, 2EREUES
M5 ARl S 50 %, B NI 258 7 4y
Ly TIAED R 25 7 3 5e A Jmy, 485 KT
Y, Wiy ErfE Rk

2 HEBEEBTHIREERZER PN
itk

2.1 FMR%iEERF (AD)

AD J&—FP A A TSR IR A 7 A b 28
R g 0 HIG IR 2 ZARE M ieiZ S . R
W R RN s IRt 3 . AT YRR RS
DL NAS AT R ek Y AT s AT T B
AD AR R A AE IS 3 E R g, #2060 4F:
FH AD B ANECK IS 21 380 7. AD FRAE IR IR
5RE R EAL TR R DRI T, it S A
FEZok TE R ARm 2 A225 A AD
P BRRFE ARG DUR 35T, AR A AR Y B UE
MEEEE 1 (amyloid B protein, AB) UTFR M 40 A
(P 22T LR YE tau £ 1 3of BEBERR L . 2o BE M 28 S 0E
RN FREETTIE R S0 (B B TE R
J 5 AD R KA FE RAFAE S VIO, 2]
HARS W, WP BN, AD B B EIE MAE Y
. FEL AR RL T BN Y, AD
B, SRR AR LR A T AR, iRy

G/ ECE E T, T A BT T R G 553 40U AF
WECE TR, IS AD EE NI REPEr S5 piE
PRIHFRRIE 2 (0] F7 A 0 3 A AR DG 2, AD /N FABE 7Y
(5xFAD) 5 AD B # BA U A Y AS 1k
B QN JRRE G AR R0 LA i 2 JELRE TR
B . AT AR IR AR R 2, % AD
INER SRS AR 25 fil /N B, AR/ B2 M R K A
o AB4A2 BKFE B TR Y LIRSS AR
Joit st AD S I 2 AD SR g 18 TR A AE
— B MY FEVERRIE RD i s T B I . BOR TR
FEEREEN, WA W AR AR,
T P HE R A AT BESE 5 | R SO AD BRI 22—
FMT 2K & R0 A 8072 —, AD &
THZ FMT G R b =& B 5 25 20 422 3
THEFEXT IR >, B2 IR FMT iRY7 0 AD B3
NI RE R 0] 75 38— R B2 kst % 2 JLRfAT
FEJ5 T, FMT Al R8I i 0002 58 0 ) 35 i A2 DA S T
FEACI =W anfis Z B (lipopolysaccharide, LPS) .
S HEAE TR (short-chain fatty acids, SCFAs)., —
HJE fe-N-%2 b 9 (trimethylamine N-oxide,
TMAO) 520 AD i 22 DI fE *7 0 BP9 kB,
FMT A] Ak AD /)N Bl tau 25 FIBERR L AT A K-, ()
IF 38 5% fak mT EB A, IR R B COX-2
CD11b L ), B3k AD/NRIEMZRAE. 55
—J5 T AD F8 #1738 A Q1) LPS 1Y & 14 i
WP EAMSTIESE, AD BE N2 hE
B R s i S A ok R ) LPS LA K i A 4 = A
ITERFERL T P LPS &V 2 =2 QPR R 1 AR
WY, CABRAE AL HF AD A DG BRRRIE 1Y K
&, UNGE R RE S 1 LR 4 B T8 B K/ IN BRI 28 4R B
Ji] 34330 SCFAs N2 5 U 1) i 18 g 26 AR 1l ™
Y, TERUZZER I SMEAL ARG 58 DL G &R
P IR SZ 1K 19 AD 11 Bl Hh A& 45 — & BYAPE 7
WIS & B, 545 2 Aat R XoF BE 20 2845 %) TG v /) BRUAH
W, %52 AD ZEE 1) Jo /D BRI D e A,
SCFAs 7 i i 2 FAIK . SCFAs i BRI B 0% 1l i
X AD /N BRI B B A IR, i R R 28 R G
K BAMERTEPEAL G I 2R R . TMAO & —Fh
P 1 1 TR R RIS ] 2 A= F A, AT RETE
ADJGYT ot B Rk R B A AE . BFSE R AL,
TMAO BE 5 8L F e 5, I 76 i 3 9 v g e i
), ikt aiaee Z R UM C . R,
TMAO % 1 Bifi 75 4F- 3 FH 5C (A DA H T B R A T 15
FEAE RN i LR T RE AT . PR . A



2024; 51 (1D

ZEME, % EEBERT PIRME RERRBIOERM S KR

+2923-

ZILHER P ME MBI . Govindarajulu
A B R REIESS , TMAO IR HEE PN 5 T 5
SR R BTG L 5 R PN TR D S A
HIEEG . DR, B3 AD/NERUFMT (8 A= /)N
BRI 2 J22 PN S5 IO oy b i B T, IR
] g% 3,3- " H F-1- T B (3,3-dimethyl-1-butanol,
DMB) % %, (HFEZME, DMB [ R
FHA RS A FFALE) b, E—Fh e
RIS, AT AP SR P IR0 TMA 26 i i)
W, IH TMAO [y =4 o, XN T B e
YRR =4 TMAO 1l G825 AD PN 9 R 384114
Biibuyi

Zr I, FMT i i 5 9 i 3 v R4 ofl ook B i 22
RAE, VR tau B FABERR LA AR DURBCSE I pfi 252))
fik, VR AD B 2R AR UL, T g —Fh
A A EH ADRYT NS, {0 BT FMT #E AD Bl IR
LA AL TR R B B, AR R B T LG
TMAO 5 AD 2 [ i) It A S P Fn 2 F BL I I 5T
DK AR HA A 2B AT P EBER IET VR . IR AT
Y ELARG A DR S AR ARG, srRERS R A
Biiif AD ROV I PERS AR B, DB & O ELA I )
IRYT RN
22 tHEFHF® (PD)

PD S UL AR PR 22—, Ife R S A
R Jyiz shix il ts, WiEisshilsg ., ks
i, WU SR NS 4T, XSRS R
i 2B Jo 0 S 22 L i RE A 28Tk A A o0 5 i R
F (a-Syn) fEMILRGENSFHBIR 45X, PD
AR IRt P & T RS B T RE R, X
R W - W 3% #27E PD Hh /R R fE TR 0, W]
AD BEFALL, PD EEIE P AT RIEANEIE
WA EFT RS . 7 S BR8P G s T
RIS, T ELA I SV 18 7R [CAS T 1 s B e T
iy 0 RRGERE, Ks PDASERL R AY S AL A 4G
fat B /N RS AT LA & PD IR ), i 32 {24
HARAE Y PD R E W 8 SR R R 2 R R 4R
T, TR B4 PD AERAS B e =, ALk,
ST ARG PRAF 5T id B ks 8 i T BE Y T
J1, BlanyE s PD B AR, 45 PD B
TG o Y

FMT 23 PD (94 FIAL I 0] B85 40 i i 5 i
N o-Syn i ik DAL RAEA & . Sampson 55 7
W, BB P e S0 4 2%/
FEZRIK a-Syn 5| L1z BIy k5 RIS J5T 240 Jf 3% A 1 a2

KR o a-Syn®OA 2 5 RKAE WG, miE
AEY RTINS N ARE RN Y, AR a-Syn 3R
ik FRITE AR A, oA A B AT Y S At e
% IR a-syn AMUTT LU IR, 6
A LLE 5 PD W1F 2 R R FRARAE , 4GS0k IR
% M f¢ (dopamine, DA) 5 fi& & i ¥ 1k i
(tyrosine hydroxylase, TH) FEAIL ', Z ERZHEHH
220 R AT IZ B G Y, FMT 23 ik
PR DA S RAEAR ), W AN, FEIR a-syn
FERARERIK I R B Y 55— T T, IAiE T
REJCAT ] e AR T | T kb 8 2R 4 s 4
A A BE TS Ak, T FIMIT 380 Ao 308 7 B A~ A ik A ik
JERZE 58 . SundE Y BB, FMT 6B AR
Jigith TLR4/TNF-o RAE (55 M ER G , A2 R T
/N o 240 RN BT I o A ML R S o VSR B 45 1Y
Ji G =4, W SCFAs, Al AELE PD %0 1d 74
R T —ERE . BF5ERY], FMT 83 PD /)
SR B TE A, SN 2R (E SCFAs T, [R]
T 8UIRIA DA R 5-¥2 Ak (5-hydroxytryptamine,
5-HT) & 5 %, 16 4 19#h 78 SCFAs X} PD /)N i
iz 2y I fig 1 2035 AT g -5 080 /0N RS T 4 L 3 Ak RN
o-Syn REH K, BHEE, MHiEMAEYLEPD
1 A& HLEI TR Rl RE A EEAEH . FMTIRYT I
TG PD SE R IE TSR 77, 31X PD Y Ilm IR
IR HRAE TR A AT
2.3 HEEHG

G HEH15 (spinal cord injuy, SCI) J&—#f ™
RO, KRR 0.1% 4 BT H
Hesg ) i iz s FURsE DiBe, SCIR T RS & H
Fh s PR LB REZ . ZIm IR
WFFEUESE, SCI 8 2 i A7 76 1 18 RO Al o
SCI 8 F4 T2 FE 5 7 38 TR R () S5 A A U AE—
PIAROCHE, BEE BRI, I E RS
RY btz kAR, A HE R RS IAA £
BRI S 3 1, Kigel 55 7 5 Jing 58 7 1)
WA R, SCUANUIE INRE 2 I 18 T A 4 A -
BE, HRRSETRE R A R S /NI S D REVE O3 B
YIAEDG, JeHERE H . MRS SRR, 1
TH TR A TR 9 =F B sl vT LA AR Bl SCTiz 3l
DIREM R, DA s 2k 208 SCT /)N BUAY g 3 AT
B, A EXIHIE S BE AR ™ A R ARSI

FIRTE A SCIAY FMT Il PRILEK:, — 44 65 % 14
JRCRER Y B8 A TE BT AR AR I 48 ) 3™ B CDIL,
TEZRGTRIRIT RS FAEH L2, B il



2924+ EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (1D

RIGAWH CDI R & ", BbAh, FMT BB RENS
W SCI 51 e A AR AN AR IR . FMT ] g il
TR A SR 5 A R 8 S E SN 2 5 SCII il
LB R . Rong % 7 IFSE B, 4 SCT AR
(IZEEREA S 7 — 4 SCT R R)G, 5 AEZ FMT
() SCTAH L, FEZ A A SCT A FR A 28 9 E S N
#, MLICIRT BRI, AR 414 4 TLR4/
MyD88 5 Sl G . A, #HRFA (Sham)
7K BB Z RS A 25 SCTK BN Rl 3o e FaRk P4 .
Jing 55 ) B I8 [RIBEUESE , B fa R R RS M AL A
Y5 SCUKR, REMSEVEMERARE, WHIASES A
Z1IL-1B/NF-kB {5 53 I 36 4, i fie o SCI R
iz ThRerIMk ., I mmh s SR A TRk,
HCE BRI AL OB . 53— T, BFAR A
7R, SCI/IN KU i s 11 I35 6 5 o il 52 e M e
FMTIRYT REU dERr b bR B . 16 & BF b o8 B %
W A1 JE JRAE P T E AR, el N R A2 B
itg .

WA IR BRI A B — LE P T, Wy 2
FTHR (GABA)., 5-HT. DA. ZBEEfHF&EE 775,
S-HT &2 —Fh B Z A28 i, W3l o A Sl o 22 ol
ARV S-HT M DIREFE 5153k ; S-HT o nf DLl
1 1 - ik B A% 35 A 5 52 ) K A ) R R 25 RS
Cheng 55 7' [5G 45 L3RI, BEAH AT IRYT IS W
SCI K B I8 B RE ) Z e S E B34,
DiRe A B 3%, X rl B85 FMT 34 n i 41 41
S-HT ZAR & k. oh, W w e =y
SCFAs ] LAiE A ML AGIR, 387 Ui 15 M i 1R 27 14k
RAEPU I, SR maE b AR s R g 7
BN, ez R 7 B (3 MRYT JE FMT
SCI A B SCFAs 38 in, I HL/IMise Jo 40 B 38 52 214
il 7, R HE SCLIG IR S LA 5T, FMT R
BT, (AHAEFNLEI N R 2R, FMT
FE SCT I PRI H A 25167 SCRATA RESRIE
2.4  fRR%

145 4 ki #5245 (traumatic brain injury, TBI)
BT R BRI A L AR Y, B
IR 1000 5 Az H sz 0, wFgE R, TBI
(AT J5 R — e I T RE A 1, il B R
eI HEME PR AN I ik 57 5% (blood brain barrier, BBB)
SEREVESZ L 2, Weaver % ) [fifF 5 W, 7E TBI
KA 4~6 h, WABERR RS 5 4w AL 1A%,
RCFRIRI AT BN EE M7, AR/ BRI Rl 22 A K
PSR . B AR R A] B2 TBLS 4k &P

T WA 45105 1 i B I 8 e A ER B o . AR
7N, TBUX I G A Wi s i & 5 ), A
PRRESSH B, WA A R 5K
X o A AR ) 2 Bk JEEBE A T 1 S TR 1D E B T
W, S8 5 TBI A ™ B RE AT R ThAE ARG
FRYIFHC ™,

FMT 497 BE A% eh 36 0 784 i oG 461 497 F6 o4 I V5
AR SR TBI 51 S A /0 BRI % 97 5K Rl 32 i 4
LUES SR EE e, KAy ER TR
FMT 301 /0N o A 3 £k 7% A B AR i AR o i
;A G T A OC ™, S —Jr i, TBIJEMAiA
FRBEINRESZ L, FEEYIR LPS Uk A M R AG 38,
ZE 1L A2 1 BBB #E— 25 0SB I AR AR, in ) wh
2 ROE'™ . FMT 0] DL BH Wr i 9 TNF {5 5 il
% o0 R A O, R E BBB B, g
T REHR

1 3 TR BEAC 37 ) TMAO H1 SCFAs 1] i 5
T FMT X TBL #2474 o DusE ©Y 95
RIL, FMT it BEAREEAE TMA RN . i
TMAO % i, 184 TMA-TMAO-MsrA {5 5 i 1% ,
IR AL N R A D RE B . 9 — I TBL)S
SCFAs [ it F R, JUHIE AMRER R B30
#FE AT SCFAs AT LMK & TBLS NG IE T RE, [F]
W2 () 2A ) e 2. Beah, Il MR REs e
A i (I S-HT fly Z 26 TR %) Al A
YT, 38 I 0 A AR e AR R ik 14 DT RE LA
FAZIEFN R M 2 R GG 8 . HE R
HL, TBIRFESI R A LIRS F 58 Wb
DIne AL . BRSSP R B RER . B
RIAIFRECAESE, Wi AR Y Re s I8 15 i 5 B
LG SRR UK 2 il B i I, TR 1 -
o[l IFRE— R AR T A E ARG
W, USRS THAEYES WS a g 2 Rt
A2EF NN B FAPZ AT e TBI S 3 s i A
Wi (ML 22— . (HGRAR A0S, H Ru A G = o
TBLF & 1 B 2D RekE i 5 W 8 A P FMT
AH IR A — SO
2.5 fuEed

i 2 i 2 9 [ 55 TR B S K 1R e i I 7
FE ARG MR AN S S R, SR
11201 I Z0 s w7 K3 11K 75 3 11K Y N S 1
SR, R A RN 98 i SN AN A B A Hp
Az, T H AT R IE A - B s e R 0 SR
T, BEE/DRARIK, s kAl



2024; 51 (1D

ZEME, % EEBERT PIRME RERRBIOERM S KR

*2925-

FAR, QJEERERE T SR A T T B AR
N W = g (111 U1 S R A = R S R P 8
i rosest A E AR, G0 FMT B B T
BEAEM S 1, BRAR 4 B 1 20 O el st i A rh 45
Jag MOt AR FMT B3R YT b R w1 AR SRR
FEAE, Spychala % " BRI, SHEZAER/N
SRV 8 B RE ) R Bl kR ZE B R (MCAO) /)
SAH L, 32652 A4/ U A AR A AR A /N R A ZH 40
1 IL-4, G-CSF 4L R K+ b ZF Wi D>, FEflih
SCFAs Y 1% it b & FE A%, 1Mk N IL-6, TNF-a.
Eotaxin S5 4ig 48 K1 W 2. 3 F+ =5 . 53— 5 T LPS JR
J& FMT B i 25 i SCHE R . il il , BBB
ZW, WHTE RS =2 a0 LPS #E A AR5 /MG
4 TLRA 32 K45 G, {2 i K& 5E - TNF-a.,
IL-1B. IL-6. TNF Rl 112 T fisi oo o 28 9 S
i o FMT WU BB S D842 3 Ff R AE S, 9 A /)
UMEIPEATR, ez s, Won T IHAER
ZIIREJT T S

SCFAs 1 hy i 38 B R A K i 22 [ (R VA E LAY
X Fii A< v () e HA B . SCFAs il Il 41
AR . YT i 1 o B ) AT i 6 S RE S N 4
ZFPHLE] o0 s i A rh A T Re B . Rk
1552 SCFAsIRYT, WE SHREM TR, Wie
A T I Tl 11375 1) p- Akt 7 [ R IARRAR, sl
ZGIA T M, SufE M WESY T FMT Fl SCFAs 45 2)
XoF 18 ik e I P B A 22 2V, FMT il SCFAs 1
AL I O SRR IRV A, DR M R T
A, BN IR . NRRANE S O &, i
ZINJGE 240 LRI B T A M Ak, AR E ML RN
SN ) M2 BUEE AL . BT SR AR =4 TMAO
SR RCA FMT AT G 25 OCEEAE AT A5 . TMAO
AR iE 5 sh Pk RERE AL RNMARTE RO VIAH G, 1IEH
A= BRVR B Y TMAO 1] fi 3 1o 55 5% 34 2 8 15 B K 2
FI AT 3858 1A 57 B 114 56 28 kO 4 A 52 RE
15 118 TR E I TMAO 7K R A AR 4 41
JHLRE o LA RS , S T R Aok S8 T i P ) A 0 A
S % 1S 41 NF-xB. NLRP3 4 % /MA Fl MAPK/
INK "7 AE TEIRR 2 R . I IRBFTE R B, A
W CE IR P TMAO & & TH i, -5 B il 1 A A<
w1 2 IS B i 6 T e b R S I AR O 1Y
FHR TR0 e i 1 A v BB TS R R ZS sy T, &5
I, SCFAs i3 hnAy B T2 sl A< rhpfr 2 g fn oy
AR, TMTREAK TMAO ZKF ) AT BE I /D 98 9 2 b7
IV I 45908 KUK, , 38 ek FMUT 38145 i 38 i 2 4 A

APy T REXS A p SO A s 22 28 L 4 T
B AT B R

3 REH5RE

o EAER], -k — U I TG
', WX p 2 R GG IE 2 [0 AR MR sS it , B
ST RIS RAEE A WA RS . i A
FEYIERE . PR NI R GRS IR . AREER G
07 3 WM RGEPIN, A2 AE M
AD FIPD. #4455 SCI A TBI, DL K fi A<
S S T R I FMT IR TT A 22 R Gy Ak
PERIBLEI P REALHE AT 328 a. i R =)
SCFAs. TMAO. LPS; b. %45E P F LA K 52 4 i
i % TLR-MyD88 . NF-kB%5; c. #fi% Jifi 5-HT &
(£ 1), FMTIRITHS RGP ISR,
VWHEMARE ., ARG SAE N3RS
PIFLEI AR . eI IRIF 7 T, AD, PD
EL A FMT ¥R Y7 BYIE R AE 12, FMT M0 8 35 9
R EREE, RESRE MR (F2), 1
REJRIRTT 2 P il 28 2R L0 1 — PP AR A AT ik 1
Bio (HARERMIE, ZE0F5E I FMT A%
MR, RVBARAE R B Fh g S mT LIRS
FERYT R, JFAE SCLIG PRI I 7 L i A< vy 1100
TBI ) Zh P B AL 45 256 3E 2 LTk il
JE R 22 o B 9 85 AR RS R AR 9 FMT
Al BE S A BT i K T SCFAs FIA 25 TR Bk, X 26
it LY ISR T AR T RB RGN PRIk B R EL
AR ARG Y FMT i) G267 M 48 RPN I G
HHNEZ—.

FMT 76 N LR Wi 52 ik AL AR — i JR BR
PE, AL4% FMT B2 &5 08 P AE 2= sl AR R Fp
HIFi A &, LR A EMT A . A ) Y A4
AN [) 79 P S TR P A D) 6 43 A 1k T EMIT 28000 Y
FRELI )5 . XA SR ERA” 1RIT T B
VNS REAF A BT, RRHE L SN AL
5 FMT IR AL a8 ST TE U Z R 6 R, AR
(IBIFSE T RE T W OCTE FMT 222k, Jodim 6
FMT ¥ 76 K W 4 1152 ) FOR B S0 174, FF
FMT A SV E IR ST B S5 R 1 (HAS—1%
RS2, FMT MG RAF IR i il 5%, 2013
4 Science Il TIME Y15 FMT -k A= 4 5 27 4538 A
T REMWZ —. FMTIFIETEIRIT 4 RGP T
HEAAE KT, A RIFREE AR R, I
AT RE R A B2 AR BB iR



+2926°

EMUFESEYIRHR

Prog. Biochem. Biophys.

2024; 51 (1D

Table 1 The summary of basic research on the treatment of central nervous system diseases with FMT

R1 FMTET PR RGRFHIEMARE A5

R T 4 A FMT FEM A FELER Sk
AD  CS57BL/6/IMR, AD FAEf@F M/ HC (AD) vs. HC (HC): ([]) HC (AD) vs.HC (HCO): GABA | ; [38]
ZAEADMME SFEE | TR L EBOA T AREERR | SRR . BER ]
B BHAFIE T ;. Shannonfd % 1 Feale | : R T nThAE |
APPswe/PS1dE9 AD A ARREAL ] Tg (WT) ws. Tg: (17D BJEH Tg (WT) vs. Tg: tauil [ ##2 [28]
(Te) /MR /NBR Lo JERI L BIHE T 61 AB40. Ap42 | ; COX-2.
UB) WAFE T JBBEE T BITE CDIIb | ZEf %4k 15 SCFAs
2 | CTED T WmIhaE T =A%
SR
C57BL/6/NRR AD APP/PSI/INE. FMT (AD) ws. FMT (con) : FMT (AD) vs. FMT (con) : [24]
G EREE T, (B %EIRK BACEL T A2 15 A& IhfE
Wl WER L xE®W L Ui | Ibal T: iNOST
GRS |
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PD  C57BL/6/MR MPTP fEERE /N B MPTP (FMT) vs. MPTP (PBS): MPTP (FMT) vs. MPTP (PBS): [54]
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Table 2 The summary of clinical studies on the treatment of central nervous system diseases with FMT
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Abstract As a microbial therapy method, fecal microbiota transplantation (FMT) has attracted the attention of
researchers in recent years. As one of the most direct and effective methods to improve gut microbiota, FMT
achieves therapeutic benefits by transplanting functional gut microbiota from healthy human feces into the
intestines of patients to reconstruct new gut microbiota. FMT has been proven to be an effective treatment for
gastrointestinal diseases such as Clostridium difficile infection, irritable bowel syndrome, and inflammatory
bowel disease. In addition, the clinical and basic research of FMT outside the gastrointestinal system is also
emerging. It is worth noting that there is bidirectional communication between the gut microbial community and
the central nervous system (CNS) through the gut-brain axis. Some gut bacteria can synthesize and release
neurotransmitters such as glutamate, gamma-aminobutyric acid (GABA) and dopamine. Imbalanced gut
microbiota may interfere with the normal levels of these neurotransmitters, thereby affecting brain function. Gut
microbiota can also produce metabolites that may cross the blood-brain barrier and affect CNS function. FMT
may affect the occurrence and development of CNS and its related diseases by reshaping the gut microbiota of
patients through a variety of pathways such as nerves, immunity, and metabolites. This article introduces the
development of FMT and the research status of FMT in China, and reviews the basic and clinical research of FMT
in neurodegenerative diseases (Alzheimer’s disease, Parkinson’s disease), neurotraumatic diseases (spinal cord
injury, traumatic brain injury) and stroke from the characteristics of three types of nervous system diseases, the
characteristics of intestinal flora, and the therapeutic effect and mechanism of fecal microbiota transplantation,
summarize the common mechanism of fecal microbiota transplantation in the treatment of CNS diseases and the
therapeutic targets. We found that the common mechanisms of FMT in the treatment of nervous system diseases
may include the following 3 categories through summary and analysis. (1) Gut microbiota metabolites, such as
SCFAs, TMAO and LPS. (2) Inflammatory factors and immune inflammatory pathways such as TLR-MyD88 and
NF-«B. (3) Neurotransmitter 5-HT. In the process of reviewing the studies, we found the following problems. (1)
In basic researches on the relationship between FMT and CNS diseases, there are relatively few studies involving
the autonomic nervous system pathway. (2) Clinical trial studies have shown that FMT improves the severity of
patients’ symptoms and may be a promising treatment for a variety of neurological diseases. (3) The
improvement of clinical efficacy is closely related to the choice of donor, especially emphasizing that FMT from
healthy and young donors may be the key to the improvement of neurological diseases. However, there are
common challenges in current research on FMT, such as the scientific and rigorous design of FMT clinical trials,
including whether antibiotics are used before transplantation or different antibiotics are used, as well as different
FMT processes, different donors, different functional analysis methods of gut microbiota, and the duration of
FMT effect. Besides, the safety of FMT should be better elucidated, especially weighing the relationship between
the therapeutic benefits and potential risks of FMT carefully. It is worth mentioning that the clinical development
of FMT even exceeds its basic research. Science and TIME rated FMT as one of the top 10 breakthroughs in the
field of biomedicine in 2013. FMT therapy has great potential in the treatment of nervous system diseases, is
expected to open up a new situation in the medical field, and may become an innovative weapon in the medical
field.

Key words fecal microbiota transplantation, Alzheimer’s disease, Parkinson’s disease, spinal cord injury,
traumatic brain injury, stroke
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