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1.3|= R S A BALAI[4]. K, MK % T I

PEfh s, —AMKE 70 kg AR N 41 B 2K
Z143.8X 1074, L AR (KZ3.0X 1074
NG Z — L[], NAE B RS FEE LM
W, XA GG E R 2], HA AL T B
T8 22 490 K i 1A 465 i R B W EL A N AR TN e v D TR R
[2]. f7 i B B IX AN 52 4% 10 A2 35 R G0 2 22 ol 41 B 4H R
HAMAFER . . RAEEYMER2]. ik,
SRR 1 Y T R — B DA N T 3 IR R R R R SR HLAE
FHI R ZE R3], I H 15 5 R g ol B 2 (M A7 75 A

* Corresponding author.

7~ oy T TR B AR TR Y e R AR B D) e T T R $E R HELE A,
WNAERETE 10 G2 FACH 7 [5]

NN — ARG T iE e, JF BAEEANEa
Mk, WMIEE#H LT &M SN2 A (RD. 2L
AR, MWBESEIR B3RS il w #F . 3% LAAT, WmiE
FERERACH 57, AR REIZ. 32 E, W
TER A OB T8, FEEERR AR AR N R 7 AH XS A
B, FEHPAMEFET] (Bacteroidetes) FIJEEERE ] (Fir-
micutes) k. FEEZEN (=65%) 1, MFIEREBFFHIK
RARIZIEAZ[6]. F35b, Wi o B IL 2 B &5 Fh 2% A 52
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Wi, HrpBERARSMR A I g7 A R SR RS
I AR, AR MER IR, RIS
ST ASFRATIE— W IR IX Ll T8 B RF A2 R 3R

RZAEYER T, I8 B A R 2 S B0 R MR
MR A, WAEE. 2R RIRAE[8]. XL R BN, It
A P A R RE 2 AR AR @ BRI P A R
WA RES SR ERIA AT R [9].

AR, KEMTTTUEN] 1 38 -5 06 D BE R A 5%
PE[10], Fi i < I AT e 55 & A 282 3R G0 o DA
K[11]e KT - AR A G 7S 1 B A 51
GepIv BVEAERR L, T HIE v eh 2 RGpm iR 18
FEZ Wibn EHIANGE ST SR o

AR A T RIE R RS AL R REZ 1A KA ELA
FIML] CED -, DS i w2 I S AP R g
R ORI, IF BT H AT B- i s AR, i
APEA T DA TE B R O TR D9 48 R R 42 R U500 T TR
W&, WEFH AR 2T A AR TT AR B RIS 7R

2. B7 - B

RG22 (IR R B, — SRS 50 AT 2 50
WE PR FEREAE . HAIRE AR R AT RO 48, 1A
5 8 s hRe ki L [10-13]. thAk, KEMBFER
B, B R ST T RO R 8Tl RE SO N ) 1 48 ANAT
N YIAER[10]. friE M E 5 i Ah 42 22 S D RE ) D)
LR E A0, HATMAEEE L. ITSEREN “
T - - T RS T TR R BB . i AN
Z A AR EAE FAALHI[14]. P38 g R - - o o — oW
B N4, AFEME RS (NP IRE RS, HE
ARG ARG RIERG. WM RGENG
TERAE[14]o LAT A - Wil — 28 B B iR AR .

2.1. RRAEMLE
WEMEK ARG S P IXME R B ER,

R1 AT AER B I E R

R 1 T8 TR B AR R R T A A R A DI RE IR E
P15, Blan, g/ BRORh 78 20 AR B IR S REALAF R IB 1 AT
ol /0N BB B EE AR B SR T 24 /0 B D7) W oK S #
Zfa, ZmAEwKA mlEHAZFLE16]. Bk, FEE
W, iz T B B A A 28 o B A AR T e T 3 i )
R T A 28 A N JERCE 28 0 L A T K E R Y
#1[16,17].

22 E R GE

T R G Ae 2 fa i i iy 18 R 75 3 3™ AR () 5
AR PR X 1 22 22 4t Dy e 7 A2 52 i 1) — B 15 1B 4 .
XA AR T PR A TR
HIRTAAY R . % BENE iR (short chain fatty acid, SCFA)
SE[10]. — SR nT LLIZ I 17 18 B [ E NP6 BF R 48,
B i 2 3k A B R, B AR R AT AE[18-20].

2.2.1. i A S AR T

P23 ot — KA AR A, Bl A R A S
G ARG TOAE IS B I — AR A T, UL B A
Mo [8]. WML R AR MG R (5-HT), ZHYE L
fRE. ZEME. v-&&E T (gamma-aminobutyric acid,
GABA) &, "EAT RIWAAT N HA HE/EH 8],

(D BT MHEIERES. HitoauEnyg
T TR FEANVRE 5 4 TR T DAJE o 4 o) o 2 368 5T B FL 2 A4 T
WX RGN E R G EIETUE S . OWiER
T AT DLUA T rhoRx i 22 568 o7 I Hosz ik Rk . iltn, 5k
HWANBAHEL, IH (germ-free, GF) /)N ERZEAS [H] i X i
N ARKFRS-HT, ZHE EIRE. 2 BRI L
ZAR[21]. MEAh, FHERZPEAMEIB-1#EE EH /N AT
SN U E K X GABA Z AR /K- K A48 4k [16]. @
T PR B T DAY A R MR K. BN, SR/
AR, GF/NER B9 A1 #0245 2 48R0 iz i vh i) I 25 K
SRS, AT DUE I X GF /)y B E A ™ £ B R P2 LT
FKF[22]. BEAh, HIEHE/NERAHLL, GF /NG A )

Life stage Dominant bacterial taxa
Gestation Proteobacteria, Actinobacteria (gut), Lactobacillus (vaginal)
Birth—1 year Bifidobacterium, Enterococcus, Escherichia/Shigella, Streptococcus, Bacteroides, Rothia

1 year-3 years
3 years—adulthood Bacteroidetes, Firmicutes

>65 years

Clostridium, Ruminococcus, Veillonella, Roseburia, Akkermansia, Alistipes, Eubacterium, Prevotella

Proteobacteria, Bacteroides, Alistipes, Parabacteroides




Z ML GABA KT HiK[23,24]

(2) WHIEBEBEATT AL R A . PAXFSNE R
0 o 228 R 1R BT DB AR LR IR 43S B i T A RE
B AR TR . O I8 R B AR
i, CABFFLERE, i g e nr DL AR KR R 4
Ji. fihn, fERSMIETY, SRR BEEREE. B
IX @ A1 i BR 1 8 e 7 4B 5-HT,  ZEFAF 13 8 A vb &5
JERerm A2 B, B REE. FHFEE. BEEHE R
D ate S TR = g oY 5= I o e = A Y W St L
FF B AN XU AT B 7] LL2r i GABA [25,26]. b4k, R4
I — 6 fizy T8 41 A 7 A 1 € i o] DA ) K R 5-HT 2
Be, (G it — B I0AE[27]. @M iE BB A 315 5
AR . RN B, W i S 5T AR s K P T R
TR . #EHIE, AR KZHS-HT 2 H7iE r
WS ML= A2 1) [28]. BT MW TR, i i = A
[ISCFA =& 175 T g % 4t i =R 45 1% 5-HT T 0 75 1 26
(22,291 AT FI, RpiES-HTLE 545 g is 3 ok
HEE [28].

SRTIT, T V1 R B 0 7 A ) 20 8 T A 75 52 1) LA
FAnfal s Xt 42 RGeS 2 . BAR— 1L
RIS, n5-HT. GABAMIZ T AN BE 28 3k 1L oG
PR, (IR Gl 8 A 22 0 5 T B4R A Tk ph 4 Bl T
SMEES, BN I RE [26].

Fiok, B R A AR T LAE A R X R
22 RGN LB T A BT [18,19]. Bk, il 1E s A
FE AR ) € B R T LA e i o R L i B B, oS Rk
XA RS T6 B 408 T [19].

2.2.2. B AT T 1) HPA %

™ - AR E R fl (hypothalamic-pituitary-
adrenal axis, HPA) /& N M. MARFNE IR 6] & Jx
(IR ]I AS Y 2% . HPARIE R 3 ZER P4 N 40 W R4
P e 7 0 A2 B S R R T & B B AR T RE, WAk
(CE

AL, SRR, HPARIG I /)i N2t
X 2| B AR E[30]. 5ok E R JEAR (specific-
pathogen-free, SPF) /NEAHEL, JoW (GF) /NERAER4E
ST F A H B i R HPA Bl5 14 [30]. - SR04 GF /) B AN
Fe82 ) LSUSAT B A) DLRRACHPA BG4 [30]. b4k, 75
AR Bt K SPE /)N B AR 3 58 B A 2 4 B GF /)N B ] LA
B GF /NI SR HPA R SN, X R BAE R WIR BB

3

EH 1) it B B L RO T 1E 5 () HPA SR B R Je 2
i [ [30]

AN, 7 AR 0 A & AR TR T TR A HPA il D) g GE
b, HA 2 TR SR E S IRAS[31,32]. RRA L
B T TE AT I 75 AT ARG #o 2R E THPA B T
REIEH b

2.2.3. & B A1) SCFA

SCFA L5 LR EE. WA T RRE, AW
T BRI 2 2R KA & R AR h = A . SCFAXY
1 F R B AE B Th e B A 2 PPz

BT B — BT 5E R B, /N i 5T 4 B R 5 i Y
SCFA X [AMFAER BE B R . /N5t 40 o 2 rh A ph 22
F G0 R I IR R A R S B S B A AR [33].
SPE/NEUAHLE, GF /N BRI /8 i 5T 20 B 1) 2 i TR S
AT RE R I A 75 HAT BREE[33]. SR XS GF /)N B AN 78
SCFAR] LM GF /N B /N i o 4 iR i . TR AT
AEIEFAL[33]. HF HLIX LR HIH T SCFA # G 8 1 1
BX521£43 (G-protein coupled receptor 43, GPR43) [33].
Rtk DA W FE 48 7 1 1 40 1 Jd i SCFA W 715 /) i st 48
i s A o

AN BT TR dE T SCFA R 5 1L v 5 B 1) 38 355 1
[34]. 5 SPF/INRAHLL, GF /NI LN F By 1 S 54,
X BT I e PN R R R G A B ) R AR I/ B
H[34]. i, EEETRRE (Clostridium tyro-
butyricum) S Z AT H (Bacteroides thetaiotaomicron)
AT DAIE I i 3 85 5 e i 1 1) S SR SR Ik 5 B 1) 2
BVE[34]. BT REN, XL E A AR T R
ERAT BT S L R B 1) S BV [34]

2.3. EE BN RIME - (S5

ARFITFE S0, S5 22 9 2 i T R - M - Pkl 1) 2 2 1)
TR R W TE B REAS SO Y R R 2R G O
Y BRIV AN D B (U R T4 AR D [33], 38 2R A1 JE
G P2 20 WL FRT AL, DT R0 PR R R 2 2R G 1) B 2
[21,35]0 HH T2 280 S K o A 8 950 1) 32 2495
FRML 2 —, DR A0 i 3 A R T R e Y % R 4t
1B 2 5 w4 500 1 EFE [35]

W, A TE AR Y B S N T R R G
3o Blhn, JiE B AL SCFA R 5 /N B ot 41 A 1) Ji
BAINEE, XTI E R REREN R B IRE
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B[33]. AL, AWFFERY, IE R REAT A R R
MRS T3, (microbial-associated molecular pattern,
MAMP), #iflsZ¥% (lipopolysaccharide, LPS). #f1# i
A (bacterial lipoprotein, BLP). #ifiF &5 [ Al Jifg 4% I -
2 - %9 (cytosine-phosphate-guanosine, CpG) DNA,
RIBOE AN A % RGN 4RI, BE R RSO AR R A
M7, WiTl-la. TNF-a [10]. —J70H, XL 44000
7 rr DAEH TRREME, S SR B PR A2 R 5
[35-37]. A1, XL RGMERAE K iR T
GRS S uliNin gz 5w DU P (V3 e e ST I E LY i
YL, A PR RGETIRE[35-37].

3. pEEE AT R EE S M ERRIFRE INRE ZEL

3.1, W AR R 4 K A B S

BT FLARIE, B MAEY R T AR A
REISHRE, G I B R TR BOF 5E B [34] A TR ik
[38]s /NKRJRANMIEA[33] BRI AR [39]. 14 E IR
I [40] A 22566 57 S FLZ AR 11T R0k, IX R B I iE i
AEPLERTT AR RS ARG BAA EEE .

TE3 % H RS AE Al By, an e B AR R AR S B,
J i BT ] e S B e R R E B, U E P
Z[ERY (autism spectrum disorder, ASD) [41]. Ak, #F
TG S A S TR S M) DA B Bt ok i T R A 2 1
M7 V5B A S .

ASD R —MI&E K BN, E35 AT, Wik
—RINE R E K G RENG, QA B3R A i bR
5. EEATRHFNGE[41]. H HPAE & 38 R RHIE 2 158
VHIE RS, X2 E FE LB SR @[41]. AT, B
PAVRE F0) 0 B A0 B 22 R SE AT R, K 2 B AR J i
f&. ZEPP AR A R 2R Rk Isig.
ZEYNAE[41]. IR, VPR R ILEH ASDYE
LB 2 H H I B il e, WA R A R
friE s m (CHE. A e B AEK LKL B %
Ft 4 [42].

Finegold %5 [43 ]k iE 7)™ 5 H AVAE B, A&
I DRI S B 11 A T30 i 7K ST, T A RN 1 52 B R 1] A
BTEAT R T N FE . B WE )L 2 S b i i 9K 3
(Desulfovibrio) FIEEIFTE (Bacteroides vulgatus)
B TR R . T H Wang %5 [44] 1 S5 5 {d B
HEZHARLL,  H PRE & 0 ST 14 J8 Al Akkermansia mu-
ciniphila WX FEEEAK. o, ROV 40 Akker-

mansia muciniphila (¥ 2% B B F9E 835 19 18 765057
Fg &2 T AR . KangZ5E[45,4614E - H FIGE B 3 B 26 (E
BRI Z e, Hh R IREJE (Prevotella). 353K
BiJE (Coprococcus) FARF M HRIERE B (Veillonel-
laceae) F LA, XA H HEZ UIAHOC, AR
5 B ik A 5. Kang25[47]1H1E 52 T ASD )L iy
TEWMAEY Z FEMHEEAL, HF HASD L Fi R 5% K
W g (Prevotella copri) % VIMAR, & IRIEF M (Feacal-
ibacterium prausnitzii) FE|VIEYE AT H (Haemophilus
parainfluenzae) WIFFEEAR. 5D FEMEER], HIH
N LE N B piE & 502 s /KPR & (Clostridium)
FGERE QT & (Sutterella) 5l HE[48]. A H 2 HHT
SRR G T H PAE )L AH BT B L EE 1) iy T T A BT
5 [49-51].

i T TR B R AT AN R AR AE DA 22 IR B MR TR A FE B 4
J A e, T AR R AR AR DA SR IR PR 24 EBH 1 B
NERT A8 [52,53]

BT Yim &5 [ 541 AT K im 5 [ 55]HIF SR 4 # ] 52 Jgk 4y
RESEAE TN B PE LB SR e R A IE R, RSy
420k (segmented filamentous bacteria, SFB) 5 A\
M E PREA K. AT sl il BB EE 1 7
TE TR B SR B ARG 5 AR B PDRE U 2 — P AR B T8 1T
TRASD 5 .

AL, —LRIm PR AT FE R, b 78 2 A B AT DAGE i
ASDYEIR . TabouyZE[56]45 R~ 2 IRFLAT BTG IT AT LALE
fift Shank3 JE A Fi 4 (knock-out, KO) /)N FRAR T o 1 i i
B RIAIASDAT Ay bk, HRdRkiE, Hassiirtw-a B
T/ R ASDAEAT MR I, WD fEE. 5HA
NERIEE 2 BB LA R 2 b B R AT . IR R AT
RIFR wi AR TR TIRTT NP R G PG I SRR BE5E [
Al

3.2, JiE R TR AR

FRIERE —Fh LLVE RS SRR ORI (L BR S, iR
W ILFIRE AT 2 — [57] FIAIIE A& — Fh DL ARA75 B 5 7%
NFHEROEARGS, A R0 E, B L, Wi
MENR . BBk, VEBK, (EA, eI TRt i fE 71 5%
[58]. fEAERVEEEIN, BORBZ 9N BAT S8 IR E
[59]. XUEkEH i HEfmtG S BU EHE, WA I TRE,
FEE DT PR AR S SE N, A I P AERME RGEM AT 4E
RN [8].

P s, FEREAAS 55 Th B 1 Rl i e L

il



XA W gy - Jii i ] B8 92 KX 00 BE Ty RE P A ) 95 BE AL A
[16,60]. A= EAIAL & F B2 R H HPA B D) REFEAT
KA Thi . P A5 5 DIREFRlG s . £ T IiE R
BETLAUA T DAL D Re R [30,37], i1 B A T REAE T
FIHSAN £ FERE 7 T R A B Ja[61]

3.2.1. B RS

H AT C A UEHE 7 38 B R AT DUUA /0 B AR
54, 5SPF/NRXTREAHEL, GF Swiss Webster, it
[E] 37, T2 #E 5 [National Institutes of Health (NIH) Swiss]#/l
 EE =TT (Naval Medical Research Institute,
NMRD /R R EAEAT b [10]. M1, 5 SPF
/N X HRALE, GF BALB/cFICS7B16/) BRI H £ L&
FEAT NI IN[10]. RAEASEIRGF /N R b R BEA A FEE
FEREAT N, (BT IXELE JERW], ARREREAT N5/ B
B A E AR DG . AN, TR R BAE R A 2 R
B I A& A, 8 I EEE E FE SPF /)N B 2 5 R R
A UAE GF /N B ) £E EAEAT AR B IR B A, (HAE BAE B
BOIAT R EBME A ARIEN, XUESE T i w# rT LA
/N AR RE[62]

i, KEUEYE R B o A2 B B A W 7R I P AR IR
Y. SudoZ%[30]4IE #h 72 22 ) LOUEL AT B AT LAZZ % GF /s
B4 5 1) HPA il S S 7, B8 300 e S A b i e Joia
TE AN B LB T . eAh, FH B 2R FLAT B TB-1 4b 2
/INERFS TR E i X GABA SZAR KT ISR AR 4L, W] BAJL
b REEE T FTHPA fill ) N AR FEFEAT N[16]. Bl W2
21 FH 5t FUAT 3 2038 1 A SPF K SR ER oR 28 37 38 5 | S 1)
FEREFFNAR . [FI, B LA BTG IT RS 1 MK B
HPABWFNSERE RIS N, FFVRE T 5- A 2 i 1
JRFE KT [63]. M4, Messaoudi s [32]F B i+ FLAT B
RO052 A BUEFF B RO 175 [ 214 75 K B 3R B0 HH 7 HE
PIPTEE REFETEYE, B 28 TR b g B N i O 3R 14
Savignac 5 [64 ] UE B 4 R Kb 78K XSS 1 17 14 BT AL
FFR 1205 7] LLy /b R4S EE I BALB/ ¢/ B T /A K
1T CREJEEATARD o

T3 07 T AR TR S AR FE AHARAE A 7. il
) — I FE R, #b 7o (RS FLBE (galacto-oligosaccha-
ride, GOS) Ll GOS MK S KM (fructo-oligosaccharide,
FOS) ZH & AT LSS i iA 3 P £E IE A AR AT N [65].
[FIF, b7 28 A oo 5| B B Eh A0 B XA B A FL IR A
PR E DL SCFAZK I TR (ZBRERAINER R, IFFE
{IRHPA & P14 A2 98 48 i DX 5 7K1~ [65]

3.2.2. Jigp il W RE T SR E

TR 2 (BT LR B, SR AL, HAE
JIHRAE (major depressive disorder, MDD) 34 [ i1
R R AE T B2 . Zheng 25 [66] 4118 5 {8 e BR 40
AAEL, MDD B I il B R 1T,
KD . (HR Jiang S5 [671400E, S5 g e BAH EL,
MDD 3 B E RN AT ] AT IR R ]
K, T PR TR B T 1K Ak, LinZE[68]4F
LN, TEIT/KF, MDD &3t Fext A A H 2 1) )2
BER AN /D BT B . R X sl g A e A [,
{HI5JUESEMDD 883 i B RE A SR A2 T A8

A, SRy, EMEDES RS
BGE/NRIHIFEAT . B, ZhengZE[66]4k1E 5K
EE R A S B E M AL, SR A MDD SR 37 113
R HEFL AL GF /N BRI AR AT MR L. 5
Zheng (A BL—3,  Kelly 55 [69] tUESE FIHIMRIE 4 3
{EEHFFLIEZE GE /N AT 15 SHIABAEAH AT . Bk A 5T
XK, pEEi SRS EMDD ) EZER R,

AN, — SR ARIE R E I iE i AF S MDD AH K.
Jiang 25 [67] #%1E MDD £ # 74T 15 £} ( Enterobacteriaceae )
HMidlistipes H/N, AH 5 4HRAE ™ B A2 E 2 57U O 19 54T
B & (Faecalibacterium) /> . AizawaZ5[70]#iEMDD
AR R ST B AN LR AT TR P g BT FEZHAIE, X mTRE Y
MDD K JEA K. Lin%s[68]457~, fEJ&/KF, MDD &
FHEBAEZHERE (Prevotella). 7 FEHIKH (Klebsiel-
la). ¥EERIE (Streptococcus) FAZH X1 (Clostridium XD,
AR, PG R v 7 A BB 7K T S5 MDD 35 12 W i 8]
(R RETAMAR V8 B R A5 A G, h4h, Kelly55[69]
8 5 i B R A AR b, FARRE A 2 13 R G R R
(Prevotellaceae) /b, MIREF EE} (Thermoanaer-
obacteriaceae) M. YuZ (711387~ 118 B8 BE % P 5 F0AE
R BRE B  FH TE TR A QU 0 S 38 A O o

CAMRE AR, WREREAFFE[16]. Bt FUAT
B[32]. KOUEAFT R [64]. 2 LAEATH([72], LA
FHFOS + GOS A& 78 A i 2 £ 6 ] LU FIAR AH 9% AT Hy
[65]. MbAb, AR IRITIET] LAk B S B4R,
A FARE R, TR [21],

3.3. B R T e 2 1R AT I

FEEEA L2 6], W ALB ) K 5 BRI A B AR
b, G T B IR AT R MR EE, B R AR ER
55 (Alzheimer’s disease, AD) FIfH 4 A% (Parkinson’s
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disease, PD) [11]. Hl 2L, —L& 5 HIE B 1N E
BEAE R GG N [73], 658 LA E AR 2T B
Ji7p 0 505 1 RO L) N 24%[74]. HiFIE R B miE &
BL S IBAT MR A B 3 AR, X PR 1l B
AEFS IR AT RERC A PP R ST (1) R AE UK J2[75,76]

3.3.1. B R BT AD

AD & — P i AT Ve 1) e SR AT R, HARHAE
Rz g ok AT IR ) B A TS TE S AT N e
AR[77]. HETADYE A& 2 N a5 R T 3
[771. ADJKJ% 2 b6 0 K msg i, ¥t A
550 /7€ E N 32 2| ADISEN, Hrh 455307765 % 8L
FIAN[77]. ADEEWA FERH IR E, B EAE
B-VEMKEER 1 (amyloid-beta, AB) ZH i FIFHZE % BEHLIT
Y, DAL HH e B s R Ak B 3 A G tau 2 3 4H BT
R A A LE[TT] .

—EBIR PR AT ANRAT R 2 FC R, I E RIS
ADWIRAERK A R[78]. BN, — TUIRAT IR 2A0 7%
KW, W5 R GAE B A B0 I AD & AU [79]

T W 70 8o W 8 AR W B 2R 5 AD R UE #
FEER VR R 28 RGER B 22 A OC . S N IA I, —
Lol iE g (R D A LALE & h e A e R R
Ho SRJETEMFEE IR 5 N R G083 IF 78 i Hh AR
B, IXATRE G| AR % I B HEGE, et AD H AR
JRPE[78,80]. fEH —IiBtFiH, SigEexT AL, TE
MR A EERE P B EAE (Eubacterium
rectale) FREFIHIFTE (Bacteroides fragilis) />, 1%
75 K/ BRI (Escherichia/Shigella) #5817, It
Ah, ORI A IR/ B8 IR SR R 40 1 2 IEAE G,
1M B AT B S5 R4 R+ 2 Ao [8 1] b4h, 7E
FI7KSF, SER R R P 1 A AR TR B 1] PRI 28 448 1 3
I, TS EE R AT R T T AP AR A B gD [81]. BLE
g RUESL, TR YU 5 AD R FE R A SR R
FSCFIH 22 98 SE T3 BR 27 AH O

eAh, —SEEF IR R, iE G YR R s 5
W ph2p BE R (ANB-N-H ik -L-IN & 1R iR 55 3 -a Fllks
A 20 AR5 (ANGABAD 7= £ TR K AD [78].

Akbari %5 [82]1IE W] i A2 1 AT LA AD,  Akbari H &
TERANT . TR P9 SO T AT R B LA
TR 4 /= 95T T30 2 J8 T LA S 25 92 e A D S8 38 2 Tl 3 R ofoIR
S EEX (mini-mental-state examination, MMSE) &,
I HR 22 ST FEIZRE 71(82]. bAh, —LemsuiRkiE, #b

Fe 2 Wy vl PRI IE P R ] S E T TR Ee g, X5
RAENRDFH IR, FTREH F T MK AD B XS [78].

3.3.2. JlpIE R BT PD

PD 2t 5t b5 8 WA s 2R AT MW, 65 % DA
N B RO 1%~2%[83]. PDHYE EAFE 2153
DIREEIR, CIEE LR, B, 23R ZAILHA
Fa[84]. UbAk, PDIGPEAE KEARZSAER, Feal2dE
J8 (gastrointestinal, GI) I}REFEHRS[85].

HEB 02, EREPDH CE W RTE sk, [
Fib T 18 B RE AR 1045 B B[R] & 42 [85]. b4k, PD
BB b i —— R W R R M- R (35
7 IR B BERmEE KRG HEL, BRI
XA RS I [86]. FYSLIR R, o FfbA%
] LMz B B 3 R e R R A 22 R SE[87]. 1k
A&, P R M BABIT S R, R AR E T
ARJGEPD KR AERBFARF G, XRPEEMHZXTPDE]
RIRALE 2 G EH B [88,89], AT A IX LEAff 7T AR it T S HF
Braak B (EYE, BIPD (1) #% 5 (i EEH L ] 58 M i
W& RGITG, ARG E M4 DU A r 5
PR HX 4R R S0[89]. Kk, PDYp EE Al GE M7 IE FF 46,
i HL it ) LSS 24 PD (1) £ 5L T 167 A

PEARIE, TEBNY LI g 18 B A R U 5 PD s B
YK, BT Rika- R flA% & B FIPDRE AL /N A,
GF /N B 6 SPE /N B2 AR BE /DRI Bl BB /)N B TR 4 Bk
TR - S A B R EL[90]. hAh, 5ok E B
TR AL, >k B PD & 1) 3815 i 18 1 B #2245 GF /)N
5T T PDIRHL AL [90]. IXUERBLRY], f7ih it
W T PD R B AR, A P 38 B B O T R 2 PD
) —FifaRE R 2 [90]. 55— S IRIESE, PD /MR R (E
PR BERE AR 25 1E 5 /)N BR AT 75 5 113 4 8 2R TR A P D 2 4
g, XG5ZATHIARIE —3[91]. 4h, fEMPTPE S
PD/IN FRE A o, RS AR I 5 6k I 4 /)N BR, 116D 28168 7 7 T LA
RO PD /N R E M AE A R, R S AR,
HA S 50, FFIEINPD /) R B SUIRAR IR 4238 i 2 2 i
FS-Fr ol B[91]. XS R, 7 g B
A S ST TIPD [ 7E SR [91].

DRI, WF 70 1 38 B R % 1 5 PD i 38 AR B FR IR 50 R
BAEHEER Y. B2 C&ifiE 7 PD B i wiit
AR KA LS S PD IR I EAR DG [92-98], TR 2.

R, X i B - - AR B R B — 2B RN
W FE ] LR SR PD BT s EEALH, I PD$E ()7 36 - 3




WA EY . teAh, CAEWIUIE B g Y il
AERE, AfEb R E W s e, A A oK
B, T THPD R E R

4. IRBEMEFEEEEREFPRIER

BT, 4 TIRERRATH ¥ (molecular pathological
epidemiology, MPE) il 7 B2 0 M Ol 2 T
TF 5 47030 R0 P 30 DR 20 e & SR s i AR A 4 i g )
RIYIFEIE[99,100]0 X T T8 AL M) A 28 22 G0
(ST, 18IEMPE 73 #1517 18 TR ) 28 3 G2 9
FHSCHIAMER NN R 25, AMXAT L3Rt g i il A P 5
2 RGO BAE R BEALE], T HAIE vT AR R IR AT X
TE TR 2R R A 42 2R G900 AR R ML ) AR TS S

R2 BB E AR S PD R B R AR S

7

DALk, 38 3 MPE 43 BT i 95 11 T8 T A2 P 5 #0482 3R G 9
Z [A) AR AR B R S

J B AE P 52 &P A A A B AR K, BLdE 2 Uk
T RS AENETT . 2GR, DLRS AL A i
RERGLEE NI R [ 7] FHAEFTA 58 T 1 18 A= 2 1 ik
E R R HAEAR SO ——FRiR .

WEFCUEBH, DB 2 5 M B A A= i Jo 1A o fig i o A
SEAVH R B R R 2 —[101,102], BEEIATR &1 3
BT LAFE JLR N B I i s E[103]. BRltk, AL
LR EAE N POE iE R — MR &=, IRt
R AIVE FE AN S0 [ T B A AN 4 SR A

4.1, A S M i R
NAR & GRS A BT FEYI[104], BILHEZ

Patients and samples Altered gut microbiota and metabolites

Potential correlation with progression of PD Ref.

Fecal samples of 72 PD patients  Prevotellaceae |

vs. 72 controls Enterobacteriaceae 1

Sigmoid mucosal biopsies and

fecal samples of 38 PD patients ~ Coprococcus, and Roseburia in feces) |
vs. 34 healthy controls (Faecalibacterium in the mucosa)]
“Pro-inflammatory” Proteobacteria:

(Ralstonia in mucosa)?

Fecal samples of 52 PD patients  Lactobacillus 1

vs. 36 healthy cohabitants
Hydrogen-producing bacteria|
Serum LPS-binding protein levels |

Fecal samples of 34 Bacteroidetes |

PD patients vs. 34 age- Prevotellaceae |
matched controls Enterobacteriaceae 1

SCFA |
Fecal samples of 31 early stage
PD patients vs. 28 age-matched  unclassified Firmicutes
controls

(Eubacterium biforme) |

Fecal samples of 24
PD patients vs. 14 healthy

volunteers

Faecalibacterium, Ruminococcus) |

The putative pathobionts:

(Escherichia/Shigella, Streptococcus, Proteus,

Enterococcus) 1
Fecal samples and demographic
features in 2 years in 36 PD
patients. group at year 0 but not at year 2.

(0 year vs. 2 year)

“Anti-inflammatory” butyrate-producing bacteria: (Blautia,

Clostridium coccoides, Bacteroides fragilis |

Verrucomicrobiaceae (Akkermansia muciniphila) and

The putative cellulose degrading bacteria: (Blautia,

The deteriorated PD group had lower Bifidobacterium,
Bacteroides fragilis, and Clostridium leptium than the stable

Low Prevotellaceae was associated with [92]
increased gut permeability and reduced SCFA

High Enterobacteriaceae was positively

associated with the severity of postural

instability and gait difficulty

Genes involved in metabolism were significantly [93]
lower in the PD fecal microbiome

Pro-inflammatory dysbiosis in fecal microbiome

was positively associated with PD

PD disease duration was negatively correlated [94]
with Clostridium coccoides, but positively
correlated with Lactobacillus gasseri

The decrease in SCFA might induce ENS [95]

dysfunction and GI dysmotility in PD

Alteration of f-glucuronate and tryptophan [96]
metabolism in PD

Prevotellaceae (Prevotella copri) and Erysipelotrichaceae

PD severity and duration was negatively [97]
correlated with the putative cellulose degraders,
whereas positively correlated with the putative
pathobionts

Lower Bifidobacterium and Bacteroides fragilis  [98]
at year 0 were positively associated with the
worsening of PD in 2 years

|: decrease; 1: increase.
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g FEABE B R SCFF IR W I IE T E R AR K ThReAn
ZHEE[105]. IRE ZREME IR L FE FRRA L
Al RE S MR S M AE I A K, B E SEUE E A
BRIA[105]. LA E & JLANAS [F) ok 88 =0 e 52
M i 3 B A

41.1. R E

VU7 IR B RE SR ZL A R T B RO ) B 1 %
ANEEKR, FEE < SERME. O IR R
s PAEZE[105]. V8 7 R & 4 5] i PAT B 11 KF %
I, JEEER I 1ACFThm, X AR b ] G 5 iy e i i 1 4
. REE RIS A A7 BE 77 LA S R IEAH C[106]

4.1.2. Wi

PR E R EARERY (2B, 52 B,
BRI, SmAKEHREET, WREREMR K
DL SR — BB — P R B AR £ ST [107]. Hbifg
B ORI PUEE . APEIBAT R . AR R
Ja A B G B P B SR E I [108]. & NI AF
(A2, Hi AR AR £ AT AR AR 5 B SR 1) 98 i )R B [109],
P> C- IR N 7K, SEINFULAT B T T RAR 1R KR, ks
ARTE TR AN ZE AT B 7K [109]

413 KB/ ARRE

Al AT B AU AT 2RE S A R E I [105].
ARWEH S T — MR ) I8 W RERRE, RICAR
PR A gD A i B AP S 22 (11010 AEFARE T ipiE w
AT e e ik PG 98 E 7K P 2R I HE R P A BE RS [110] 6
H5xaMHRarmt, ReMdRkess rFKRE
(Bacteroidese Prevotella). % JUAUFTH# (Bacteroides the-
taiotaomicron). ¥R (Clostridium clostridioforme)
FIZMAR W (Faecalibacterium prausnitzii) ¥4 hn, {H
Clostridium cluster XIValg/>[111].

4.1.4. FEYEIRE

E AR AR T KRN B 5E, JEEE T SCFA
B AE[112] 2T 4R B S R T TR B8 1] 1) =
JE IEAH R [113] .

4.1.5 mEHRE
i i RCE N B IE r E T 52 B AR A 1 B AT
WG Alistipes. WERHWE J& (Bilophila) FHFF# R (Bac-

teroides), {HJEEERE ] LB, W% BT K (Roseburia)
EWENE (Eubacterium rectale) FIAG B B BRE (Ru-
minococcus bromii), 'EA1TE B REEHEYZHE[103].

4.2, B TRy R i 1A B R

TRB R SR BT TR AR A A R R R i 3 A
T RN 1 40 22 BORS 1 T RE MM OSBRI R [107]. KEFIT
KW, RERREFRRS S5 e B A EAER, JF
IS - I SR AR T T T AL BRI T BE[107]. 5 S
&l Sandhu ZEIAR [107] 545 5% 52 M fizg 18 TR B AR 5 22 B
A Th RE K 3 P 75 A B EAE S, Hoh B8 K AL
Y APk Y. 4E. IR, (RREI
B k. B-HIRAE. EAK. HITR. o-3fe-62
MBS . 4R R LH.

MZ, FIRWFFRR, BT R e R R A -
il ) B PR A PR KB T RT A A T T 28 BRS04 1)
TETE TR o

5. 5185 RE

SRESR R, il AL 5 SR i Y]
[ FR) e 20 T E 3 T % 56 W L B AR . i R
I R % - i P B B e (R B R
AN W RGP RS

W T T R R R R o 22 D E O BIE SO AE At SR R
Vi I MERIEREYE B S R 5
T BRI T8 RS 5 1 2 R GE D) RERRE G 1]
B BEAH SR A, S T R USRS B AN [R] A= i By
BURIAH 22 22 G2 Dy R i 15 A 5 93 BEBTL A1) A £ T TSR
W o REHIEAEMLRE RGP IR AT RO Ty
T, X EEPT I R AN e e TE 4, 125 IEiaIT J7 ik
PN HAT, — 22T T8 AR AL A R SR
I T TSRS L S T NSPR I RCR

JRAE I T T B R 5 o 22 2R SR A SR Ak T T )
FUEFER K ERHE, (EAE TR B H RTRE 0T
FU A ELORE i R A2 S A e AR G i PR IPEAE 2 1]
(RIDRIER, T 10 AR UE SE o 1 A XU 2 15 A4 R GU T
FOEL IR E R e BRI, ORSRAIBIE TE S 24 IR T R £
BHATHREMERI A, DA 718 325 HOAH 5K i T8 A 2 1)
HEEFI R A ELAE T, 5 ) B AN 70 il v A ) 1 4 e
AP (A 7 BRBUR E FH 2> T AL B, ROR 2
KHZHAWHE NI, CEENAY. 'EERA
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L T AR A i - 0 i ) A 2 4B 7 e 28 2R GER BT IR
A B TR R RGPIR AL S W EbR S, B
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Bt

AR E K A ARG E ST H (31530056).
Exambly¥5 TE —-m¥*F & &3 H JUF-
STR20180102). VL34 B 2 4> 5 o &4 i ¥[8 G138
LR

Compliance with ethics guidelines

Wangqiang Wu, Qingmin Kong, Peijun Tian, Qixiao
Zhai, Gang Wang, Xiaoming Liu, Jianxin Zhao, Hao Zhang,
Yuan Kun Lee, and Wei Chen declare that they have no con-

flict of interest or financial conflicts to disclose.

References

[1] Sender R, Fuchs S, Milo R. Revised estimates for the number of human and
bacteria cells in the body. PLoS Biol 2016;14:e1002533.

[2] Gill SR, Pop M, Deboy RT, Eckburg PB, Turnbaugh PJ], Samuel BS, et al.
Metagenomic analysis of the human distal gut microbiome. Science
2006;312:1355-9.

[3] Franzosa EA, Morgan XC, Segata N, Waldron L, Reyes ], Earl AM, et al.
Relating the metatranscriptome and metagenome of the human gut. Proc
Natl Acad Sci USA 2014;111:E2329-38.

[4] Ley RE, Lozupone CA, Hamady M, Knight R, Gordon JI. Worlds within worlds:
evolution of the vertebrate gut microbiota. Nat Rev Microbiol 2008;6:776-
88.

[5] Tremaroli V, Backhed F. Functional interactions between the gut microbiota
and host metabolism. Nature 2012;489:242-9.

[6] Kelly JR, Clarke G, Cryan JF, Dinan TG. Brain-gut-microbiota axis: challenges
for translation in psychiatry. Ann Epidemiol 2016;26:366-72.

[7] Lozupone CA, Stombaugh ]I, Gordon ]I, Jansson JK, Knight R. Diversity,
stability and resilience of the human gut microbiota. Nature 2012; 489:220-
30.

[8] Rieder R, Wisniewski PJ, Alderman BL, Campbell SC. Microbes and mental
health: a review. Brain Behav Immun 2017;66:9-17.

[9] Relman DA. The human microbiome and the future practice of medicine.
JAMA 2015;314(11):1127-8.

[10] Sampson TR, Mazmanian SK. Control of brain development, function, and
behavior by the microbiome. Cell Host Microbe 2015;17:565-76.

[11] Sharon G, Sampson TR, Geschwind DH, Mazmanian SK. The central nervous
system and the gut microbiome. Cell 2016;167:915-32.

[12] Vandvik PO, Wilhelmsen I, Ihlebaek C, Farup PG. Comorbidity of irritable
bowel syndrome in general practice: a striking feature with clinical
implications. Aliment Pharm Therap 2004;20:1195-203.

[13] Gros DF, Antony MM, McCabe RE, Swinson RP. Frequency and severity of
the symptoms of irritable bowel syndrome across the anxiety disorders and

depression. ] Anxiety Disord 2009;23:290-6.

[14] Cryan JF, Dinan TG. Mind-altering microorganisms: the impact of the gut
microbiota on brain and behaviour. Nat Rev Neurosci 2012;13:701-12.

[15] Forsythe P, Bienenstock J, Kunze WA. Vagal pathways for microbiome-
brain- gut axis communication. Adv Exp Med Biol 2014;817:115-33.

[16] Bravo JA, Forsythe P, Chew MV, Escaravage E, Savignac HM, Dinan TG, et al.
Ingestion of Lactobacillus strain regulates emotional behavior and central
GABA receptor expression in a mouse via the vagus nerve. Proc Natl Acad Sci
USA 2011;108(38):16050-5.

[17] Goehler LE, Gaykema RPA, Opitz N, Reddaway R, Badr N, Lyte M. Activation
in vagal afferents and central autonomic pathways: early responses
to intestinal infection with Campylobacter jejuni. Brain Behav Immun
2005;19(4): 334-44.

[18] Sharon G, Garg N, Debelius ], Knight R, Dorrestein PC, Mazmanian SK.
Specialized metabolites from the microbiome in health and disease. Cell
Metab 2014;20(5):719-30.

[19] O'Mahony SM, Clarke G, Borre YE, Dinan TG, Cryan JF. Serotonin, tryptophan
metabolism and the brain-gut-microbiome axis. Behav Brain Res
2015;277:32-48.

[20] Koh A, De Vadder F, Kovatcheva-Datchary P, Backhed F. From dietary fiber
to host physiology: short-chain fatty acids as key bacterial metabolites. Cell
2016;165:1332-45.

[21] Kennedy PJ, Murphy AB, Cryan JF, Ross PR, Dinan TG, Stanton C. Microbiome
in brain function and mental health. Trends Food Sci Technol 2016;57(Pt
B):289-301.

[22] Yano JM, Yu K, Donaldson GP, Shastri GG, Ann P, Ma L, et al. Indigenous
bacteria from the gut microbiota regulate host serotonin biosynthesis. Cell
2015;161(2):264-76.

[23] Velagapudi VR, Hezaveh R, Reigstad CS, Gopalacharyulu P, Yetukuri L, Islam
S, et al. The gut microbiota modulates host energy and lipid metabolism in
mice. ] Lipid Res 2010;51(5):1101-12.

[24] Matsumoto M, Kibe R, Ooga T, Aiba Y, Kurihara S, Sawaki E, et al. Impact of
intestinal microbiota on intestinal luminal metabolome. Sci Rep 2012;2:
233.

[25] Lyte M. Probiotics function mechanistically as delivery vehicles for
neuroactive compounds: microbial endocrinology in the design and use of
probiotics. BioEssays 2011;33:574-81.

[26] Barrett E, Ross RP, O'Toole PW, Fitzgerald GF, Stanton C. y-Aminobutyric
acid production by culturable bacteria from the human intestine. ] Appl
Microbiol 2012;113:411-7.

[27] Zucchi R, Chiellini G, Scanlan TS, Grandy DK. Trace amine-associated
receptors and their ligands. Br ] Pharmacol 2006;149:967-78.

[28] Gershon MD. 5-Hydroxytryptamine (serotonin) in the gastrointestinal tract.
Curr Opin Endocrinol 2013;20:14-21.

[29] Reigstad CS, Salmonson CE, Rainey JF, Szurszewski JH, Linden DR,
Sonnenburg JL, et al. Gut microbes promote colonic serotonin production
through an effect of short-chain fatty acids on enterochromaffin cells. FASEB
]2015;29 (4):1395-403.

[30] Sudo N, Chida Y, Aiba Y, Sonoda ], Oyama N, Yu X, et al. Postnatal microbial
colonization programs the hypothalamic-pituitary-adrenal system for
stress response in mice. J Physiol 2004;558(Pt 1):263-75.

[31] Schmidt K, Cowen PJ, Harmer CJ, Tzortzis G, Burnet PW]. Prebiotic intake
reduces the waking cortisol response and alters emotional bias in healthy
volunteers. Psychopharmacology 2015;232:1793-801.

[32] Messaoudi M, Lalonde R, Violle N, Javelot H, Desor D, Nejdi A, et al.
Assessment of psychotropic-like properties of a probiotic formulation
(Lactobacillus helveticus R0052 and Bifidobacterium longum R0175) in rats
and human subjects. Br ] Nutr 2011;105(5):755-64.

[33] Erny D, De Angelis ALH, Jaitin D, Wieghofer P, Staszewski O, David E, et al.
Host microbiota constantly control maturation and function of microglia in
the CNS. Nat Neurosci 2015;18:965-77.

[34] Braniste V, Al-Asmakh M, Kowal C, Anuar F, Abbaspour A, Toth M, et al. The
gut microbiota influences blood-brain barrier permeability in mice. Sci
Transl Med 2014;6(263):158.

[35] Fung TC, Olson CA, Hsiao EY. Interactions between the microbiota, immune
and nervous systems in health and disease. Nat Neurosci 2017;20:145-55.

[36] Dantzer R, Konsman JP, Bluthe RM, Kelley KW. Neural and humoral
pathways of communication from the immune system to the brain: parallel
or convergent? Auton Neurosci Basic 2000;85:60-5.

[37] Dantzer R. Cytokine, sickness behavior, and depression. Immunol Allergy
Clin 2009;29(2):247-64.

[38] Ogbonnaya ES, Clarke G, Shanahan F, Dinan TG, Cryan JF, O'Leary OF. Adult
hippocampal neurogenesis is regulated by the microbiome. Biol Psychiatry
2015;78(4):E7-9.

[39] Hoban A, Stilling R, Desbonnet L, Shanahan F, Dinan TG, Claesson M]J, et al.
Regulation of myelination in the prefrontal cortex by the gut microbiota:
implications for health and disease. FASEB ] 2015;29(1 Suppl):672.4.

[40] Bercik P, Denou E, Collins ], Jackson W, Lu ], Jury ], et al. The intestinal
microbiota affect central levels of brain-derived neurotropic factor and
behavior in mice. Gastroenterology 2011;141(2):599-609.

[41] Wang C, Geng H, Liu W, Zhang G. Prenatal, perinatal, and postnatal factors
associated with autism: a meta-analysis. Medicine 2017;96:e6696.

[42] Fond G, Boukouaci W, Chevalier G, Regnault A, Eberl G, Hamdani N, et al. The



“psychomicrobiotic”: targeting microbiota in major psychiatric disorders: a
systematic review. Pathol Biol 2015;63(1):35-42.

[43] Finegold SM, Dowd SE, Gontcharova V, Liu C, Henley KE, Wolcott RD, et al.
Pyrosequencing study of fecal microflora of autistic and control children.
Anaerobe 2010;16(4):444-53.

[44] Wang L, Christophersen CT, Sorich M], Gerber JP, Angley MT, Conlon MA. Low
relative abundances of the mucolytic bacterium Akkermansia muciniphila
and Bifidobacterium spp. in feces of children with autism. Appl Environ
Microbiol 2011;77(18):6718-21.

[45] Kang DW, Park JG, Ilhan ZE, Wallstrom G, LaBaer ], Adams ]B, et al. Reduced
incidence of prevotella and other fermenters in intestinal microflora of
autistic children. PLoS ONE 2013;8:e68322.

[46] Kang DW, Adams ]B, Gregory AC, Borody T, Chittick L, Fasano A, et
al. Microbiota transfer therapy alters gut ecosystem and improves
gastrointestinal and autism symptoms: an open-label study. Microbiome
2017;5:10.

[47] Kang DW, Ilhan ZE, Isern NG, Hoyt DW, Howsmon DP, Shaffer M, et al.
Differences in fecal microbial metabolites and microbiota of children with
autism spectrum disorders. Anaerobe 2018;49:121-31.

[48] Ding HT, Taur Y, Walkup JT. Gut microbiota and autism: key concepts and
findings. ] Autism Dev Disord 2017;47:480-9.

[49] Wang L, Christophersen CT, Sorich MJ, Gerber JP, Angley M, Conlon MA.
Increased abundance of Sutterella spp. and Ruminococcus torques in feces of
children with autism spectrum disorder. Mol Autism 2013;4:42.

[50] Son ]S, Zheng L], Rowehl LM, Tian XY, Zhang Y, Zhu W, et al. Comparison
of fecal microbiota in children with autism spectrum disorders and
neurotypical siblings in the simons simplex collection. PLoS ONE 2015;10
(10):e0137725.

[51] De Angelis M, Piccolo M, Vannini L, Siragusa S, De Giacomo A, Serrazzanetti
DI, et al. Fecal microbiota and metabolome of children with autism and
pervasive developmental disorder not otherwise specified. PLoS ONE 2013;8
(10):e76993.

[52] Williams BL, Hornig M, Parekh T, Lipkin WI. Application of novel PCR-based
methods for detection, quantitation, and phylogenetic characterization of
sutterella species in intestinal biopsy samples from children with autism
and gastrointestinal disturbances. MBio 2012;3(1):e00261-11.

[53] Riordan SM, Mclver CJ, Wakefield D, Duncombe VM, Thomas MC, Bolin
TD. Small intestinal mucosal immunity and morphometry in luminal
overgrowth of indigenous gut flora. Am ] Gastroenterol 2001;969(2):494-
500.

[54] Yim YS, Park A, Berrios ], Lafourcade M, Pascual LM, Soares N, et al. Reversing
behavioural abnormalities in mice exposed to maternal inflammation.
Nature 2017;549(7673):482-7.

[55] Kim S, Kim H, Yim YS, Ha S, Atarashi K, Tan TG, et al. Maternal gut bacteria
promote neurodevelopmental abnormalities in mouse offspring. Nature
2017;549:528-32.

[56] Tabouy L, Getselter D, Ziv O, Karpuj M, Tabouy T, Lukic I, et al. Dysbiosis of
microbiome and probiotic treatment in a genetic model of autism spectrum
disorders. Brain Behav Immun 2018;73:310-9.

[57] Baxter A], Patton G, Scott KM, Degenhardt L, Whiteford HA. Global
epidemiology of mental disorders: what are we missing? PLoS ONE 2013;8:
e65514.

[58] Belmaker RH, Agam G. Major depressive disorder. N Engl ] Med 2008;358:
55-68.

[59] Kessler RC, Bromet EJ. The epidemiology of depression across cultures. Annu
Rev Public Health 2013;34:119-38.

[60] Mussell M, Kroenke K, Spitzer RL, Williams JBW, Herzoga W, Lowe B.
Gastrointestinal symptoms in primary care: prevalence and association with
depression and anxiety. ] Psychosom Res 2008;64:605-12.

[61] Dinan TG, Cryan JF. Melancholic microbes: a link between gut microbiota
and depression? Neurogastroenterol Motil 2013;25:713-9.

[62] Clarke G, Grenham S, Scully P, Fitzgerald P, Moloney RD, Shanahan F, et al.
The microbiome-gut-brain axis during early life regulates the hippocampal
serotonergic system in a sex-dependent manner. Mol Psychiatry 2013;18
(6):666-73.

[63] Liang S, Wang T, Hu X, Luo ], Li W, Wu X, et al. Administration of Lactobacillus
helveticus NS8 improves behavioral, cognitive, and biochemical aberrations
caused by chronic restraint stress. Neuroscience 2015;310:561-77.

[64] Savignac HM, Kiely B, Dinan TG, Cryan JF. Bifidobacteria exert strain-
specific effects on stress-related behavior and physiology in BALB/c mice.
Neurogastroenterol Motil 2014;26:1615-27.

[65] Burokas A, Arboleya S, Moloney RD, Peterson VL, Murphy K, Clarke G, et al.
Targeting the microbiota-gut-brain axis: prebiotics have anxiolytic and
antidepressant-like effects and reverse the impact of chronic stress in mice.
Biol Psychiatry 2017;82(7):472-87.

[66] Zheng P, Zeng B, Zhou C, Liu M, Fang Z, Xu X, et al. Gut microbiome
remodeling induces depressive-like behaviors through a pathway mediated
by the host’s metabolism. Mol Psychiatry 2016;21(6):786-96.

[67] Jiang HY, Ling ZX, Zhang YH, Mao HJ, Ma ZP, Yin Y, et al. Altered fecal
microbiota composition in patients with major depressive disorder. Brain
Behav Immun 2015;48:186-94.

[68] Lin P, Ding B, Feng C, Yin S, Zhang T, Qi X, et al. Prevotella and Klebsiella
proportions in fecal microbial communities are potential characteristic
parameters for patients with major depressive disorder. J Affect Disord

2017;207:300-4.

[69] Kelly JR, Borre Y, O'Brien, Patterson E, Aidy SE, Deane ], et al. Transferring
the blues: depression-associated gut microbiota induces neurobehavioural
changes in the rat. ] Psychiatr Res 2016;82:109-18.

[70] Aizawa E, Tsuji H, Asahara T, Takahashi T, Terashi T, Yoshida S, et al. Possible
association of Bifidobacterium and Lactobacillus in the gut microbiota of
patients with major depressive disorder. ] Affect Disord 2016;202:254-7.

[71] Yu M, Jia HM, Zhou C, Yang Y, Zhao Y, Yang M, et al. Variations in gut
microbiota and fecal metabolic phenotype associated with depression by
16S rRNA gene sequencing and LC/MS-based metabolomics. ] Pharmaceut
Biomed 2017;138:231-9.

[72] Desbonnet L, Garrett L, Clarke G, Bienenstock ], Dinan TG. The probiotic
Bifidobacteria infantis: an assessment of potential antidepressant properties
in the rat. ] Psychiatr Res 2008;43:164-74.

[73] Britton E, McLaughlin JT. Ageing and the gut. Proc Nutr Soc 2013;72:173-7.

[74] Alameel T, Basheikh M, Andrew MK. Digestive symptoms in older adults:
prevalence and associations with institutionalization and mortality. Can ]
Gastroenterol 2012;26:881-4.

[75] Westfall S, Lomis N, Kahouli I, Dia SY, Singh SP, Prakash S. Microbiome,
probiotics and neurodegenerative diseases: deciphering the gut brain axis.
Cell Mol Life Sci 2017;74(20):3769-87.

[76] Catanzaro R, Anzalone M, Calabrese F, Milazzo M, Capuana M, Italia A, et
al. The gut microbiota and its correlations with the central nervous system
disorders. Panminerva Med 2015;57(3):127-43.

[77] Alzheimer’s Association. 2018 Alzheimer’s disease facts and figures.
Alzheimers Dement 2018;14:367-425.

[78] Mancuso C, Santangelo R. Alzheimer’s disease and gut microbiota
modifications: the long way between preclinical studies and clinical
evidence. Pharmacol Res 2018;129:329-36.

[79] Chen CH, Lin CL, Kao CH. Irritable bowel syndrome is associated with an
increased risk of dementia: a nationwide population-based study. PLoS ONE
2016;11(1):e0144589.

[80] Alkasir R, Li ], Li XD, Jin M, Zhu BL. Human gut microbiota: the links with
dementia development. Protein Cell 2017;8:90-102.

[81] Cattaneo A, Cattane N, Galluzzi S, Provasi S, Lopizzo N, Festari C, et al.
Association of brain amyloidosis with pro-inflammatory gut bacterial taxa
and peripheral inflammation markers in cognitively impaired elderly.
Neurobiol Aging 2017;49:60-8.

[82] Akbari E, Asemi Z, Kakhaki RD, Bahmani F, Kouchaki E, Tamtaji K, et al. Effect
of probiotic supplementation on cognitive function and metabolic status in
Alzheimer’s disease: a randomized, double-blind and controlled trial. Front
Aging Neurosci 2016;10(8):256.

[83] Felice VD, Quigley EM, Sullivan AM, O’Keeffe GW, O’'Mahony SM. Microbiota-
gut-brain signalling in Parkinson’s disease: implications for non-motor
symptoms. Parkinsonism Relat Disord 2016;27:1-8.

[84] Kalia LV, Lang AE. Parkinson’s disease. Lancet 2015;386:896-912.

[85] Fasano A, Visanji NP, Liu LWC, Lang AE, Pfeiffer RF. Gastrointestinal
dysfunction in Parkinson’s disease. Lancet Neurol 2015;14:625-39.

[86] Braak H, de Vos RAI, Bohl ], Del Tredici K. Gastric alpha-synuclein
immunoreactive inclusions in Meissner’s and Auerbach’s plexuses in
cases staged for Parkinson’s disease-related brain pathology. Neurosci Lett
2006;396:67-72.

[87] Holmqvist S, Chutna O, Bousset L, Aldrin-Kirk P, Li W, Bjorklund T, et al.
Direct evidence of Parkinson pathology spread from the gastrointestinal
tract to the brain in rats. Acta Neuropathol 2014;128(6):805-20.

[88] Svensson E, Horvath-Puho E, Thomsen RW, Djurhuus JC, Pederson L,
Borghammer P, et al. Vagotomy and subsequent risk of Parkinson’s disease.
Mov Disord 2015;30:5445-6.

[89] Liu B, Fang F, Pedersen NL, Tillander A, Ludvigsson JF, Ekbom A, et al.
Vagotomy and Parkinson disease: a Swedish register-based matched-cohort
study. Neurology 2017;88(21):1996-2002.

[90] Sampson TR, Debelius JW, Thron T, Janssen S, Shastri GG, Ilhan ZE, et al. Gut
microbiota regulate motor deficits and neuroinflammation in a model of
Parkinson’s disease. Cell 2016;167(6):1469-80.

[91] Sun MF, Zhu YL, Zhou ZL, Jia XB, Xu YD, Yang Q, et al. Neuroprotective effects
of fecal microbiota transplantation on MPTP-induced Parkinson’s disease
mice: gut microbiota, glial reaction and TLR4/TNF-alpha signaling pathway.
Brain Behav Immun 2018;70:48-60.

[92] Scheperjans F, Aho V, Pereira PAB, Koskinen K, Paulin L, Pekkonen E, et al.
Gut microbiota are related to Parkinson’s disease and clinical phenotype.
Mov Disord 2015;30(3):350-8.

[93] Keshavarzian A, Green SJ, Engen PA, Voigt RM, Naqib A, Forsyth CB, et al.
Colonic bacterial composition in Parkinson’s disease. Mov Disord 2015;30
(10):1351-60.

[94] Hasegawa S, Goto S, Tsuji H, Okuno T, Asahara T, Nomoto K, et al. Intestinal
dysbiosis and lowered serum lipopolysaccharide-binding protein in
Parkinson’s disease. PLoS ONE 2015;10(11):e0142164.

[95] Unger MM, Spiegel ], Dillmann KU, Grundmann D, Philippeit H, Burmann J,
et al. Short chain fatty acids and gut microbiota differ between patients with
Parkinson’s disease and age-matched controls. Parkinsonism Relat Disord
2016;32:66-72.

[96] Bedarf JR, Hildebrand F, Coelho LP, Sunagawa S, Bahram M, Goeser F, et al.
Functional implications of microbial and viral gut metagenome changes
in early stage L-DOPA-naive Parkinson’s disease patients. Genome Med



2017;9:1-13.

[97] Li W, Wu XL, Hu X, Wang T, Liang S, Duan Y, et al. Structural changes of gut
microbiota in Parkinson’s disease and its correlation with clinical features.
Sci China Life Sci 2017;60(11):1223-33.

[98] Minato T, Maeda T, Fujisawa Y, Tsuji H, Nomoto K, Ohno K, et al. Progression
of Parkinson’s disease is associated with gut dysbiosis: two-year follow-up
study. PLoS ONE 2017;12(11):e0187307.

[99] Ogino S, Nishihara R, VanderWeele TJ], Wang M, Nishi A, Lochhead P, et al.
The role of molecular pathological epidemiology in the study of neoplastic
and non-neoplastic diseases in the era of precision medicine. Epidemiology
2016;27(4):602-11.

[100] Ogino S, Nowak JA, Hamada T, Milner DA Jr, Nishihara R. Insights into
pathogenic interactions among environment, host, and tumor at the
crossroads of molecular pathology and epidemiology. Annu Rev Pathol
2019;14:83-103.

[101] Lankelma JM, Nieuwdorp M, De Vos WM, Wiersinga W]J. The gut microbiota
in internal medicine: implications for health and disease. Neth ] Med
2015;73:61-8.

[102] Zhang C, Zhang M, Wang S, Han R, Cao Y, Hua W, et al. Interactions between
gut microbiota, host genetics and diet relevant to development of metabolic
syndromes in mice. ISME ] 2010;4(2):232-41.

[103] David LA, Maurice CF, Carmody RN, Gootenberg DB, Button JE, Wolfe BE, et
al. Diet rapidly and reproducibly alters the human gut microbiome. Nature
2014;505(7484):559-63.

[104] Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L, Sargent M, et
al. Diversity of the human intestinal microbial flora. Science 2005;308
(5728):1635-8.

11

[105] Oriach CS, Robertson RC, Stanton C, Cryan JF, Dinan TG. Food for thought: the
role of nutrition in the microbiota-gut-brain axis. Clin Nutr Exp 2016;6:25-
38.

[106] Murphy EA, Velazquez KT, Herbert KM. Influence of high-fat diet on gut
microbiota: a driving force for chronic disease risk. Curr Opin Clin Nutr
Metab Care 2015;18:515-20.

[107] Sandhu KV, Sherwin E, Schellekens H, Stanton C, Dinan TG, Cryan JF. Feeding
the microbiota-gut-brain axis: diet, microbiome, and neuropsychiatry.
Transl Res 2017;179:223-44.

[108] Del Chierico F, Vernocchi P, Dallapiccola B, Putignani L. Mediterranean diet
and health: food effects on gut microbiota and disease control. Int ] Mol Sci
2014;15:11678-99.

[109] Marlow G, Ellett S, Ferguson IR, Zhu ST, Karunasinghe N, Jesuthasan AC, et
al. Transcriptomics to study the effect of a Mediterranean-inspired diet on
inflammation in Crohn’s disease patients. Hum Genomics 2013;7:24.

[110] Glick-Bauer M, Yeh MC. The health advantage of a vegan diet: exploring the
gut microbiota connection. Nutrients 2014;6:4822-38.

[111] Matijasic BB, Obermajer T, Lipoglavsek L, Grabnar I, Avgustin G, Rogelj I,
et al. Association of dietary type with fecal microbiota in vegetarians and
omnivores in Slovenia. Eur ] Nutr 2014;53(4):1051-64.

[112] De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M, Poullet ]B, Massart S, et
al. Impact of diet in shaping gut microbiota revealed by a comparative study
in children from Europe and rural Africa. Proc Natl Acad Sci USA 2010;107
(33):14691-6.

[113] Wu GD, Chen ], Hoffmann C, Bittinger K, Chen YY, Keilbaugh SA, et al.
Linking long-term dietary patterns with gut microbial enterotypes. Science
2011;334 (6052):105-8.



