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Advancesin fecal microbiota transplantation for treatment of
Parkinson’s disease

Minna Zhang', Honggang Wang®, Liujun Xue?, and Xiaozhong Yang®

1 Department of Gastroenterology, the Affiliated Huai’an No.1 People’s Hospital of Nanjing Medical University, Huai’an 223300,
Jiangsu, China

2 Department of Neurology, the Affiliated Huai’ an No.1 People’ s Hospital of Nanjing Medical University, Huai’an 223300, Jiangsu, China
Abstract: Parkinson’'s disease (PD) is a common neurodegenerative disease in middle-aged and elderly people. Patients with
PD often suffer from gastrointestinal symptoms in the early stage of the disease. Several studies have confirmed that gut
microbiota is involved in the progress of PD. As one of the most effective ways to reconstruct the gut microbiota, fecal
microbiota transplantation (FMT) has shown potential therapeutic effects on PD. This review summarizes the basic and

clinical studies of FMT in the treatment of PD.
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BRUTE. HREIR, MBEREEATGESYS T PD
g ot BB, 2B A (Fecal microbiota
transplantation, FMT) J&—Fpfc A8 m B
AR T R (4 73, R B A S5 v Ay Ty g
EWEHE, B ARE B AN, EEH B R,
SEBM T K g AN H AT AR, FMT
IGYT PD UG T — S BRI IR, A S F B S
FMT 7697 PD HYSEEAHFIIG RO 5T A 74504

1 FpEw#AE PD

1.1 EE-B5-Aadh

DRLE- P -T2 i 1 5 X R 2 R R 2 ] — 2%
a5 S, Wil Es, mER%. b
BT . ML RME S TP i s
7 A R A 22 0 P 0 I AT T )RR B LA R i

& : 010-64807509

fecal microbiota transplantation, Parkinson’s disease, gut microbiota, gut-brain axis, therapy

G R, XL R i o 25 1 A B
P A, i REE R TR
A SE R, TR 520 T A s 1k A B0 181 A5
J2 T Y JRATE 3 S - - 2 R 9 R %
Fil bl 28 22 G550 (g BILZE B2 40 PD A
T /0K 2 1 SR 2 170 TR TR - I ) S
5T PD BRI, BCRBER TS WO T T i
AT 5

12 BFiEEES57T PD WRERT

22 15 JHe i 22 0 0 A8 1 Bl 4 R R M 0 T A
(B 50 /M) BITE SR PD A4 2 S5 BRARAE, T
o5 Ml A% B 1S 3% 5 /N 2 R P — il B A T
MRS, BRI, PD A 8 2 A
BT )2 0 1 22 21 i R 22715 AT o- 2 Ml A% 2R
FR SRR . S BRI o- 28 il A% 25 FH AR
Joese 5 1y 2 o 8] PR o A 4 2R 0 4 fof 3 ok
Wz 0 BCHRR T PD Y3 B R A RE R R
T, W8I, 2 80%MK PD & 1Eia it
R HE 3 22 2 A T e R 0 R P i 3 S AT
LR G ohheRerg i 2B, T PD BE I IE H
TR SR ANMAZ mfFTE 22 5%, RIAMIHE
B2 5 PD Ry ER MY PD 157 18 T A C Y
SCHRFE A SR IC A Blautia FUAFTF i Enterbacter

. cjb@im.ac.cn



3814 ISSN 1000-3061 CN 11-1998/Q A:# T #2244k Chin JBiotech

£ PD B EH MR # L., Keshavarzian 252 Li
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LTI RCT #H5%, kK MR HE w2 FMT Al f7
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#= 1 EEBHERTT PD WIEARAR
Tablel Clinical studiesof FMT for treatment of PD

Donors Patients EMT routes FMT-effects on motor FM T-effects on non-motor References
symptoms symptoms

A healthy A 54-year-old  Colonoscopy Tremor and bradykinesia 1. Constipation relieved in [30]
23-year-old man resolved in the 8th week the 4th week
man and maintained for 4 weeks 2. Anxiety relieved

3. Quality of lifeimproved
A healthy A 71-year-old  Colonoscopy Tremor disappeared at Constipation relieved [31]
26-year-old man 1week after FMT but
man recurred in the right lower

at 2 months after FMT

Healthy adults 22 Colonoscopy None 1. Constipation continued to [32]
aged 18-23 relieve until the 12th week

2. Quality of life improved
Five 15 Colonoscoy (x10) UPDRS decreased at 1. Anxiety and depression [33]
22-year-old Nasojgjunal tube (x5) 1 month after FMT relieved
healthy adults 2. Quality of life improved
Three healthy  12: 6 per group Oral capsule UPDRS, Hoehn-Yahr MoCA, PDQ-39m-Y PAS, [35]
donors GDS Intria
A health donor  40: 20 per Nasojegunal tube MDS-UPDRS MoCA, PDQ-39, Rmoe |V, [37]
stool or own group NMSS Intria
stool

UPDRS: unified Parkinson's disease rating scale;, MDS-UPDRS: movement disorder society-sponsored revision unified
Parkinson’s disease rating scale; MoCA: montreal cognitive assessment; PDQ-39: Parkinson’s disease questionnaire-39;
m-YPAS: the modified Yale preoperative anxiety scale; GDS: the geriatric depression scale; NMSS: non-motor symptoms

scale.

2.2 FMT j&¥7 PD HIEI¥ILEe

FMT 597 PD R91E ML i A B , Sampson
10 PDH % R B A 14 26 R 20 S RS A 5
W RIE o-FE A% E A TCH /N BUARN ,, R
T PD BEIAE R/ Uz gh R AR
XN BIERFATRES S o RMEEAN T
PD g B A BERE R, (HEARHLI B B 0% o TRk
b, WP AGOIESE T Hh KB ERE, D
R SCRAS, L3 T /NI 5 20 it ) A
2, ARTHES) T RAE SV . TR — S SE
r, Sun 251G RS AR T IE B/ R 2B BT
PD /NEUz sh 18 e R0, H PD /NERSUIRIAR
SRR ST b1

WHFEE IR, FMT fE—E L R 28 T PD
N I TE R REEREL D T S R A
SCFASs & . b, FMT if i 3o 8 2 28 o /N i
JoT 4 M AR T RS BT A i B 3K E B0 TLR4
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(Toll-like receptor 4, TLR4)/TNF-a (Tumor necrosis
factor, TNF-0) {5555, MM 1l iE Al
Wiz g, d PD /NEUE B EM . Zhou 4
WO T — R R kg inyy r A SRRk R
(Fasting-mimicking diet, FMD) #J i/ £ [ i fig
MZITER, EE RIS, 5% FMD
Qb B TEH /0N B S8 TR R E RS A B 22 BT AR R AL
FE PD /NEUAIE N, A B PD /N B A5 22 1L
KB ER R . X" FMD A RE @ 1
B R R 2R ER

FATE LR 2 8045 T FR FMT IRY7 PD 9 3)
Yiscs, BRRE R L BAE PD /NEUBI AR L T
b ) W TR R R R, T FMT B2 T PD /)
FZEME h SCRAs Y& i, XF PD /U™ A T Bk
ARSI AER . SR, BB B A WT 5T 1 Ok E
TE TR RE AR IS 5 e b X R 28 R G T M Y R
JE o PRUA FRATT 0T v A b R0 S A 3 9 A R
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*2 EREBEIATT PD WYKL
Table2 Animal experimentsof FMT for treatment of PD

Donors Animals FMT ARG FMT-effects on gut microbiota References
routes symptoms
Experimental Thyl-aSyn Oral Motor dysfunction increased: 1. Proteus sp., Bilophila sp., Roseburia [39]
group: 6 PD (ASO) mice gavage beam traversal, pole descent  sp. increased; Lachnospiraceae,
patients and nasal adhesive removal Rikenellaceae, Peptostreptococcaceae,
Control group: impaired Butyricicoccus sp. decreased
6 healthy adults 2. Three SCFA-producing KEGG families
increased
Normal mice MPTPmice Oral Motor function improved: 1. Turicibacterale, Enterobacteriales [40]

gavage performance in pole descent

increased; Firmicutes, Clostridiales

test and traction test improved decreased.

NS-FMD mice MPTPmice Oral

NS-AL mice gavage function improved
AL-MPTP mice motor
dysfunction increased

MPTP-FMD mice motor

2. Fecal SCFAs content decreased
None [41]

) AR 2 R, L HE TR 2 i T TR TR -
LI AR T XA AR B S AR 7E
A Ja BIBEFE Y, WERBREKE FMT S mdl | R
W2 | RS | B S GE 2 UL A A B EE
WA TR FMT X PD 1R FHLE

3 RELHRE

AR IR RS LR Bos i T FMT
XF PD WGRITVERT, (BANAAAEVT 2 ) AR U
Wi, HATHMBLZ FMT 3597 PD fIRFEA RCT,
KPR L VR A R — P I iE ok FMT
BIT PD WML R RN B Z , FFELS G2 A
SR — SRR, BT, FMT B 2E ] REsY
M) PD AT R, 3X — p e 00 2T E R 1 [

BRI ERAE (GenFMTer) M
2014 4EFFEE N F IR . Zhang 2838 1L B REfk )
SRR R R , R TR TR
FH (Washed microbiotatransplantation, WMT)
WA WMT BT FMT tmk, (232
TPZAS PR AL BE, K FMT AR B HEHEDE T —
Aol PRUESE FISh P 5250 ESE, WMT X 1BD &
HEA RN RIGITIE, TEAFEIR FMT J73L
(R L B WA TR R e RN H i

& : 010-64807509

TR WMT R FHF PD 3RS . FRATHIME, 2
BN K = N A2 R 2 Bh 22T i WMT R 7T PD
Bl K RCT 5T .

RAG BHREICT FMTIRYT PD ISR A BT
A ABZ BMT 1Ry i 38 1 A 2 A I EL AT 30 T
Tt PTLATIL FMT 3397 PD BIGRRT 5. Bl
BRI LE . BE AR BAIRAR FEEIN
AEEFRRE | AR AL . BRG 24 AE ) B TR AR
5%, WATARMAGIRAE . B, &2 FMT ¥
Jy PD B R A B

REFERENCES

[1] Blauwendraat C, Nalls MA, Singleton AB. The
genetic architecture of Parkinson’s disease. Lancet
Neurol, 2020, 19(2): 170-178.

[2] Travagli RA, Browning KN, Camilleri M. Parkinson
disease and the gut: new insights into pathogenesis
and clinical relevance. Nat Rev Gastroenterol
Hepatol, 2020, 17(11): 673-685.

[3] Shen L. Gut, oral and nasal microbiota and
Parkinson’s disease. Microb Cell Fact, 2020, 19(1):
50.

[4] Zhang FM, Cui BT, He XX, et a. Microbiota
transplantation: concept, methodology and strategy
for its modernization. Protein Cell, 2018, 9(5):
462-473.

. cjb@im.ac.cn



3818 ISSN 1000-3061 CN 11-1998/Q A=¥ T #2%4k Chin JBiotech

(5]

(6]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Benakis C, Martin-Gallausiaux C, Trezzi JP, et al.
The microbiome-gut-brain axis in acute and chronic
brain diseases. Curr Opin Neurobiol, 2020, 61: 1-9.
Morais LH, Schreiber 1111 HL, Mazmanian SK. The
gut microbiota-brain axis in behaviour and brain
disorders. Nat Rev Microbiol, 2020, 19(4): 241-255.
Cryan JF, O'Riordan KJ, Cowan CSM, et a. The
microbiota-gut-brain axis. Physiol Rev, 2019, 99(4):
1877-2013.

Obeso JA, Stamelou M, Goetz CG, et a. Past,
present, and future of Parkinson’s disease: a special

essay on the 200th Anniversary of the Shaking Palsy.

Mov Disord, 2017, 32(9): 1264-1310.

Holmgvist S, Chutna O, Bousset L, et al. Direct
evidence of Parkinson pathology spread from the
gastrointestinal tract to the brain in rats. Acta
Neuropathol, 2014, 128(6): 805-820.

Mulak A, Bonaz B. Brain-gut-microbiota axis in
Parkinson's disease. World J Gastroenterol, 2015,
21(37): 10609-10620.

Barichella M, Severgnini M, Cilia R, et al.
Unraveling gut microbiota in Parkinson’s disease

and atypical parkinsonism. Mov Disord, 2019, 34(3):

396-405.

Keshavarzian A, Green SJ, Engen PA, et al. Colonic
bacterial composition in Parkinson’s disease.
Movem Disord, 2015, 30(10): 1351-1360.

Li W, Wu XL, Hu X, et al. Structural changes of gut
microbiota in Parkinson’s disease and its correlation
with clinical features. Sci China Life Sci, 2017,
60(11): 1223-1233.

Benitez-Paez A, Gémez Del Pugar, Lopez-Almelal,
et al. Depletion of Blautia species in the microbiota
of obese children relates to intestinal inflammation
and metabolic phenotype worsening. mSystems,
2020, 5(2): e00857-19.

Scheperjans F, Aho V, Pereira PA, et a. Gut
microbiota are related to Parkinson's disease and
clinical phenotype. Mov Disord, 2015, 30(3):
350-358.

Unger MM, Spiegel J, Dillmann KU, et a. Short
chain fatty acids and gut microbiota differ between
patients with Parkinson’s disease and age-matched
controls. Parkinson Relat Disord, 2016, 32: 66-72.
Menezes-Garcia Z, Do Nascimento Arifa RD,

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

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Acurcio L, et al. Colonization by Enterobacteriaceae
is crucia for acute inflammatory responses in
murine  small intestine via regulation of
corticosterone production. Gut Microbes, 2020,
11(6): 1531-1546.

Weimers P, Halfvarson J, Sachs MC, et al.
Inflammatory bowel disease and Parkinson’s disease:
a nationwide swedish cohort study. Inflamm Bowel
Dis, 2019, 25(1): 111-123.

Fulling C, Dinan TG, Cryan JF. Gut microbe to brain
signaling: what happens in vagus. Neuron, 2019,
101(6): 998-1002.

Chai XY, Diwakarla S, Pustovit RV, et a.
Investigation  of pathways mediating
colorectal dysfunction in Parkinson’s disease model
produced by lesion of nigrostriatal dopaminergic
neurons. Neurogastroenterol Motil, 2020, 32(9):

nerve

€13893.
Liu B, Fang F, Pedersen NL, et al. Vagotomy and
parkinson disease: a Swedish register-based

matched-cohort study. Neurology, 2017, 88(21):
1996-2002.

Han WF, Tellez LA, Perkins MH, et al. A neural
circuit for gut-induced reward. Cell, 2018, 175(3):
665-678.€23.

Wood H. New models show gut-brain transmission
of Parkinson disease pathology. Nat Rev Neurol,
2019, 15(9): 491.

Mulak A. A controversy on the role of short-chain
fatty acids in the pathogenesis of Parkinson's
disease. Mov Disord, 2018, 33(3): 398-401.

Erny D, Hrab¢é de Angelis AL, Jaitin D, et a. Host
microbiota constantly control maturation and
function of microglia in the CNS. Nat Neurosci,
2015, 18(7): 965-977.

Bartels T, De Schepper S, Hong S. Microglia
modulate neurodegeneration in Alzheimer's and
Parkinson’s diseases. Science, 2020, 370(6512):
66-69.

Van Kessel SP, Frye AK, El-Gendy AO, et a. Gut
bacterial tyrosine decarboxylases restrict levels of
levodopa in the treatment of Parkinson's disease.
Nat Commun, 2019, 10(1): 310.

Ng SC, Kamm MA, Yeoh YK, et al. Scientific
frontiers in faecal microbiota transplantation: joint



K FEEBEATHERBHOARIRE 3819

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

document of Asia-Pacific association  of
gastroenterology (APAGE) and Asia-Pacific society
for digestive endoscopy (APSDE). Gut, 2020, 69(1):
83-91.

Vendrik KEW, Ooijevaar RE, De Jong PRC, et al.
Fecal microbiota transplantation in neurological
disorders. Front Cell Infect Microbiol, 2020, 10: 98.
BEXZE, 5w, FORN, 5. FEMBAEIBITInE AR
g — Pl IE . p AR Rl R F A, 2018, 17(9):
953-954.

Xue LJ, Tong Q, Wang HG, et al. One case of
Parkinson's disease treated with fecal bacteria
transplantation. Chin J Neuromed, 2018, 17(9):
953-954 (in Chinese).

Huang H, Xu H, Luo Q, et al. Fecal microbiota
transplantation to treat Parkinson's disease with
constipation: a case report. Medicine (Abingdon),
2019, 98(26): €16163.

BEXZE, ERiHE, MM, 5. JEREBAEIBITIRnE AR
o K (AR I ST 2. R AR di e B 2eik, 2019,
52(12): 1054-1058.

Xue LJ, Wang LJ, Ou Z, et al. Clinical efficacy of
fecal microbiota transplantation in treatment of
Parkinson's disease with constipation. Chin J
Neurol, 2019, 52(12): 1054-1058 (in Chinese).

Xue LJ, Yang XZ, Tong Q, et al. Fecal microbiota
transplantation therapy for Parkinson's disease: a
preliminary study. Medicine (Abingdon), 2020,
99(35): €22035.

Gulati M, Singh SK, Corrie L, et al. Delivery routes
for faecal microbiota transplants. available,
anticipated and aspired. Pharmacol Res, 2020, 159:
104954.

Foundation KR. Study of the fecal microbiome in
patients with Parkinson's disease. (2018-09-14).
https://Clinical Trials.gov/show/NCT03671785.

Jiang ZD, Jeng PR, Ajami NJ, et al. Safety and

& : 010-64807509

[37]

[38]

[39]

[40]

[41]

[42]

[43]

preliminary efficacy of orally administered
lyophilized fecal microbiota product compared with
frozen product given by enema for recurrent
Clostridium difficile infection: a randomized
clinical trial. PLoS ONE, 2018, 13(11): e0205064.
Ghent U. Fecal microbiota transplantation for
parkinson’ s disease. (2019-01-17). https://Clinical Trials.
gov/show/NCT03808389.

Holvoet T, Joossens M, Vazquez-Castellanos JF, et
al. Fecal microbiota transplantation reduces
symptoms in some patients with irritable bowel
syndrome with predominant abdominal bloating:
short- and long-term results from a placebo-
controlled randomized trial. Gastroenterology, 2021,
160(1): 145-157.€8.

Sampson TR, Debelius JW, Thron T, et al. Gut
microbiota  regulate  motor  deficits  and
neuroinflammation in a model of Parkinson’'s
disease. Cell, 2016, 167(6): 1469-1480.e12.

Sun MF, Zhu YL, Zhou ZL, et a. Neuroprotective
effects of fecal microbiota transplantation on
MPTP-induced Parkinson's disease mice: gut
microbiota, glial reaction and TLR4/TNF-a
signaling pathway. Brain Behav Immun, 2018, 70:
48-60.

Zhou ZL, Jia XB, Sun MF, et al. Neuroprotection of
fasting mimicking diet on MPTP-induced
Parkinson’'s disease mice via gut microbiota and
metabolites. Neurotherapeutics, 2019, 16(3): 741-760.
Zhang T, Lu G, Zhao Z, et a. Washed microbiot
transplantation vs. manual fecal microbiota
transplantation: clinical findings, animal studies and
in vitro screening. Protein Cell, 2020, 11(4):
251-266.

Shi QM. Nanjing consensus on methodology of
washed microbiota transplantation. Chin Med J,
2020, 133(19): 2330-2332.

(AT MEETT)

. cjb@im.ac.cn



