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WE BEHEZ—MHTENMERFER, LBRELR LA, AR RARTE, RATERENLY
MImATHRERE. BRESMEMAENRERT-HiRE TR, B THRAT S WA RAREY, BfaL
YILE TR BN EMENRERE T e FERNS. e d TRLIRETW., ok, RN UR
REMZEFREDWEFE. FEAGEHENTREZAIHAED-F-HH ., A MESTHEARASR, AYH
ERAARA WERE T AREMIBT B AE. 354 W DU WA B R BOT RO B RE A O B T T k.
AXKHIERE A BE DA R 8 REF RH#ATER, ARES LT G B FE R A K £ B D ER

5%,

Kol

H M E 3% & BE 5% (autism  spectrum disorders,
ASD)WLFR) ¥z M & & Bf i MUE, B R itt
S AAT ) 0 A | %R R A A% K A 2 ARA T A N
FERAER & B R, BE 8 E6~24 A T h %
M ASDIEIR, WA BE RWEFIER, 24~367H
PR AT AR AL, 1B T A s B R R P

ASDTEHEFYL Fl N B &l N i E RS kKT
Baft 2z —, Fa 1504 JLE A — N BR, B AR
RAWTEETHO, LY iy L b AF68 N st A — A
A ASDY!, i [ JL % ASD B R 5 18 2.64%; i
PR, BT E ASD R R N 1%, 0~14% 1)L
HHEE K200 TR AAN N FEE L B A Aok
EREIE, RIS MRRE Kt & 7 e, FIRIR
IRITH M VI SER . B XHEBIR YT s, ASDELZ Y,
Ry A A

ASDEIR RN Z, it 5 MM A5 A BAEH
SRR AL R R REMRE5%~25%" "Bk A,
WL R X ASDI 2 v] i K FistfE N &E. ASDA

B (IR ), B, Rk, Mok t-Pa-Ro b, a5 A T

o 24 A BRSSP, RN X
P AN — A 5 R R T A 18 S DDA G A R R
SR AR R R . gLsh, [0 XA 7 5
P — A AR TR, WIS 7 [R] BR XUAE - 22 6] ASDAE
o EAR R, L AR AE— A O ) — N IEH
TEBLY, BLITEREE K 2 1] R 7EASD R T Z AR .

S ME ASDRY PR A 3R 2 B4 AR 5 50 IR SR T
ALY, R, . AR R SRR
e DA B fa 8 28 AR AE . AT 2 30 A 0 O X ek
AR, AR | ARGERE B O B Tl A
25 1y M A5 TR 3R S Il 1 A 0 G P
%26 UL T g 5 ASD ISR s R AH DL i A )
NI BETEASDI A A 5 e il AR v A% A

1 A RPERZ P

1.1 g e 2 S A e
I IR BT 5E W, Wi e & & vl eels T 6 )L

SIARR: RuEmn, B, £, % BiEHAEYS B AENST R, Blisaik, 2018, 63
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BF 8, BRETE T8 TS5 88 H 2 0 W BRI R 52
ni 1OV 2 3 5w D) 2% T R S o 5 e G L T B A
T3 hn s JL ASDJRUE: .

Z A BB B AT B JE AR B &k B RS (RS
ASD)I XK. 20114EDoddsZE NV R B, B R AE M A2
AR B 90 keh 38 i [ FAE JLEE A& 19 1 B
M. AR, 20124F Krakowiak 2 A 'S8 7R T ) 32 20 3
JIE NS AR B PRE 1) & A= Z TR BB 56 &R . 20134F
Bilder%5: A "7H120144EReynoldsZs A POy Bl 1 2%
IR R ST 3, AT % BURE R IR 5 )5 1005 = B hE
FESRAFAEAH N, 20164 A IT it — 20 R B, REREAY
2 VR A ) A A 8 in i 2 S T R AR R A
I A KU Y. B W S g B 5 ok — AR RE, 2R I A0
A B3 A 52 M) i 3 A A G S AR R R e R R
AU 2 B IR AKX B 45 28 (modified high-fat diet,
MHFD)H, ®Ag k&% L&A RIER:, Hi5RmiE M
AR R A B 5w, RSB, X EE
/N (germ free, GF)#ATZE B M STIE, 1F &
e kBB R R AN BB U Y R AL R T
CATRE AT A B AG; dE— A 5T & B T R R
WD LT (T R 1 90 %) J2: 1 /N Bt
A2 B Y O 2,

TR T RE RR AT 3 0 iR L ASD U 220 B
A G 02 TR (MILA) B 1% 8 30 4 28 32 450 20 B 17
AT ONRE R, W L 5 ASDAH S # 2 5 B R AE
1 3 DA K G e R PT), AE MIA /N BRI 52 1,
BEAR G52 A M B G B, B TANME L7 (Th17)& 5™
He — Pl RE RN 4> FIL-17, MR B BG LA i iz o
FFT R EE . HERERE, IR LI R A8
ST IR (Segmented filamentous bacteria, SFB)HY
BE A 00 J5 AR AR/ B AT O S
MHYUE R AR E N XA E S, A
A BMIER. BYoiH A& RN RRIR A
B 15] F 375 S Th1 741 i 01k B9 B 8 s e 9, FoiR Lk
P22 0 T R ) DRI, 2 348 i B0,

ZH N 7 E AL P T & ASD. fIE £ B (lipopoly-
saccharides, LPS)>k &% % FG BH M 41 B 40 Jg B2 B 43,
FRoMNEEZE, A 2 [ PE AT R B . 3
Yysege R IR oG T 2R B RLPS AR B, LPS 23 i i
Jifs 455 S5 I 0 0L 5 e 2 1 i JL R & B PY. LPSiA &
(A48 28 9 E 52 T Jifs L) 7N 26 52 I 4 i 2 76 0 L 30 o
2y = I =X W NI A F s R s 0 S E L T

2

1.2 eSS HME

ASDHUREXREY, &
EHA Y L.

WL, RS R EENEY). I PSR EZM
AR Y, B LARAS 2L R T BB FT 1R 45 AT 25
B A W 0 T R TR REFLE SR 24 A 2L
SRR SR F D6 H B LAH L S ASD XU bl 2 1
T LR 3R ) B L TE N ORUEE AT B R T
1M BC T W Ry TR I B LG T, SUECFT B . BUFF A
PR AR 2 0 AT T 088 2 B T L ) 0 PO, I ok R
B BiE LS M Rm, 2L
WA BEZ KRBT ELELSRE. mik
i i AR R AR EAOURT TR R AR, i T IR I e AR
AN S SRR KA PR B R ASD R il
U R s SRk ), SR IEE B AR R
B, 7RI S8 M E A Y T, o R A
YR eIl )L AT 52 DA RS B AU

BRI AR B O RS 28 4 1 £ 0 m] 5] i 3 1
AL S| & ASDREAT . ASD L 38 35 ik 7 7 "
IR E R, FERI N E YRR, %
I B v B K AR A 0 B A B T2 i, i FE 48 7K
R R L R AR XA Uk
2B AT BE 5 | R i 3 R W e B VG Ak, 2T 42 #E ASD
(10 S 2 21 pl A G R A D K TR T e o T A
A R B4R, AT RE & ASD B A\ B0 Y T
JEPA . Pk B 3 A 0 R A 5 T 1 ORI
TP BT UAS SR A IR 7 R BUASD R 3 1 1 f
Yy i A RIS o R A 3 IR TR ) i T ok %
PEOGER. BUAR I T A o (% % Jn 590 g oy )L 22 1 i 1
fathRE. RILALERS0 ., & F S F i K 4 7L Ak 57 ] i AL EF
A= TN BV 3 R R RO, IR BE R B I e AR 25
FIE 44490 A 2 B R B R B 0 P B A A
WFFE R, YA —RZ N 5| &M s s,
I Hoax Fh ek A8 36 m 32 B b ok i S AR AR s
ma PR, W 3 AR W #E ASD B IR R AR
N CIES QL

Campbell-McBride I\ Jy, #4455 32 (1 7 4R 7
EATLURITAIEASD . MRIEAE . IARLE . Z8hETI &
Kt oy S D HPR . e B SIRTHA i
J B A, A B A, e B A
A= 2% AR A5 T SO AMERHIERE, oy AP
T B — Y15 IR A A A 3R W] DLSE B 1 TR 08 AR

% i ASD 1] 3 15 i



IR

Yok AT LLsE 8. #b e il A A A 2 il i 18
WA AREE 4 28 A SRR, 2= B
ERUEYIRZRENE. LB, MR
TR SE R i i & 75 BN TR B, R 2k
B REAT ALE A KUK

1.3 ipiss A HDE

Ji i v B4 3 S ASD & 9 Y B A BRI 2 —.
I & A AF 18 M B D RE K AL BR, LR TF4)
. AR BCHAR SRR Y A SR S R,
Z RPN I ). ASD R 3 rh 3 5 77 78 1 T 0]
SiEH SRR LEA G, ASDJLEE I 18 18 17 11 14 fin 50,
FEEASDBE A, Wi st LRt il g T
F P TN IR (VPA) S S 19 ASD Sh A A s 286 FIE AL
JZIEE R sh 1 R, Za e i iR i RE R, R
FRBR T RIMASDIIAZ ORI, 3825 BT I 16 38 i3
PEIEAN, R LI B T A A PR .
Bk HAA s e 4 B DR, (AR IE RIS
BN ASZE S 1 g BE 1 0 T B A A PR P 7).

R TR R R AR 2, Wi Gl o S HAR
WO, Wi EM, FEhERE, BiEmEy
s /N BRI A 5 B AN % B BRBE 0 IE R R F, WA iE
Ji B T B Y 8 ST 58 4 P i T8 R a0 Y. Al 1
A= 20 R A7 TT R s S B0 T A TR B LA K
i BF BT REI 5. ASDREE I E R R S PR
T H ) 2 it S B0 e, 000 B 18 i e dE AR
PR HE ML VR A PR Y. ASD i 35 17 3 e A 4y vh i 2
RS £, MKW RKF T XL
OO R M A0 T o 22 2 R Y fE 6 TR
R, HrraNEFE R L RS 5] kiR
iE, WFEMZRGIIEE

T AR 2B T O S AR S AR T AR W i A
BGOSR, Iz PiE R AR R EFIDL
B IS IR ) 0 s R A A A e 2 R R
JE KR T M, 5280538 B i 2 s, BER Ak
SE g e R X K K A REEUm IE A )
AT RN ASDRG & A= i L& f 4T

2 AMESMIER Y & OIAIEG

2.1 HAE RS G E T O A
e kB, ASDIEE A G Y) Iy, 401 K

PRI ISR He A8 e A i AR

ASD (& 1Y 8 40 R e AE . S fa N BEA L,
ASDH 7B AR B 8 & W 0 AT S
JELRE A B RN [, FLIR T R RN R O R e
00 HR BOR ZE AT R S M R A, B
B 1 20 7 25 T o 2K 2 A8 A CNSS, 1 o 22
SRR, M 5] ASDAH I 47 R BN, A HF 5T
R, ASDEF B H, B MK A9 i E
B R AL [ R | R R AN 5 SR BR R
RRTO2O3 530 S T Ji il 0% V81 1 2 AR Ml I R A0 i o B
PE1O4051 - 20174E CorettiZg AV B, ASDREEA 7 I8 H
B, HAp BT e . BIRUTHE . 5 .
Dehalobacterium 18R T2 J& & 14 ) 45 55 09 14 8 4
ViR, HS SR MR, am & vk e in & i 4
G, AT LM, AlkaliflexusUl X 5545 i 8 R A
7T ASDEE# 730407,

HH 3 BT & A R I R 9 R 1 ASD
L EE H B A B PR R e A S TR O X B L B R R
ST R RINASDIRE BA T 288w s L2 A
S TREHC?, WS REM A AERA
KL e SR A AR R SR, HER
A K5 R K A Y A o W iR BT 5| &
ASDAI AT A,

2.2 HMHERERRRAET i S nE i A%

Z B ASD B 7 5 8 B i i M40 ASD A
HE MR RIS | (ER . B
i AR R T, I HE R iE R 5 ASD
(i 7 B P IE A 56 PO RV R [ BF 5T i ASD A it
HiEE R R AL, IXMESCRCH
WFFE A AT, B 5 i ASD 8 #5141 BE i
AR . AR NS S AT A DR (A
5 ASDJLE M ZI M -5 30 17 R A 7 5 R 3 R R R
110 5% ¥ 52 B 3B A W 2 i %) 7R ASD 5 i 3
A ek A A e,

2.3 BB NmiE R A By a2 A PEASGREIR
PN S TR Rl R N Py Y
B, R BUAE S [l R 2B AT 0, AR TR SR B W A
PO, WA S AR T Z IRTA T, [k
B —Se R VAT, FEANSERE YA, AR ARl EA
HAEAT NGB S, (HAL 2RI AR IF R 13 LA

3
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AU B A Rl 5 AR TR 5 1 A B R AR T S B
ASDHISIEIR & A28 k. ASDAER 5Pt Rl % 1)
FIJ. Sandler N PUR R, 1144 %1 JL(WF 55 A 4Lbn i
FLRMASDILE, W AWHRIRT—% )5, HTFRH—B
BB AR RS A B RE R Ak, HoimRiZ Wk A
PATAE ), 3 4 R0 25 {1+ 5 3% T 5001 1) H X ASDE
R, (B2 SO IER A, X WA i —
LR ASDE B AW A G, BT EIPUA F
MR T B 38 TR R AT RE 2 B PR & 1) — A5 L 3
SE A e T T T R A0 A AT RE R 3E A AR P E L
T 22 )RR T R R B AR B T G E R IR,
B 7R FRATTAS [F] 0 40 A 2R el A8 B 3 2B 4 B AT X
ASDAHE MR 38 BUAS [R] 52 e, o e — 20 U B T 1 18 1L
AEWTE B AE &9 BRI RIS TERZ e ). HA A
LW FE A & BT AR 2 FH -5 ASDAE IR A1 H R 2l 38 A
SRR, A RN T Y DU BR R AE I R AE ST A S
R BIE5E b R XF T ASDAE IR 19 36 97 /8 #0821,
#h 78 75 A2 TR T R 1B U W e RS 2l ASD R E AT
S A e R, RN I AR Y AE ASD R R $E
B USSR R e R B B A, b nE i
#% 1 #4 41 (fecal microbiota transplantation, FMT) 1]
M ASD R 110 B i 1 LA B A7 e R ™Y, {H R FMT
W Jo X F /N ASD B E 1 T HUE B, RO M RRLL )
() 3 85 DA B T e A A AU, AR5 K £ gl 4 S 56 DL
Il PRAFF 5 $2 AL TE 4

TR EMEY T kg T BREN
ASDEHIEIR, $27R8 ASDA L F R YLE I RFAE, T
JInAIESE B 38 A= 0 5 ASDI U ER &R . WF 58 B AT 1E
FE % 40 7R I 18 1A B % i 5 ASDE AR i SC B Pk
(7] B 380 7 T BRANAR 52 W 18 T2 ) 7E ASDAH G HE IR
T AE I BL .

3 NiE R il PR

3.1 iR e i o S e o
[7B1-PEYNES - IR R R A EIN SRS Ay o o)
W E. BRI AU E, MR
BRI 2 B0 U E B e Y. R AR TR 32000 ¢
ZEA WA Y, € R IR W 4 G i T
B g AR A B R B 50015, BERR o AR <4
TR s R i . R
G AN T AR Bt

4

A A 5 A B A AR G R O AR I B i
X HUATA S ARSI RE M 4E b R E R B .
T8 T A W 02 W Wi 48 T e 1) B B AL R, il T
A AR A RE 5 15 Bl AT AL A IS0 R R, A fig
A S A I A5 RS, A B e Ak A R AR W T T
TR RIS, SRR, 5 B A R 4 Y
fRA LB I8 1 ARG 22 40550 il i b K 4970%
sk A TR ™, oA 36% /N4 F ) i
38 80 A 0 7 A i 2. i A SR 0 S AR Wi A AR 1Y
A TR, A AT Ok 2k 2E W R B AR AR, S
AU H AT R O3]

32 ik E SRk E N

EUFARERESE, HiEMAEDLAGHET
AL, MR Dy i R B B e At TR E
)R JE b FE . QSR TR RE IE H & B o R AT R i R 3L
Jo 3 A A R A, AR T RE A R B K IR D RE 54T R
S, WRERHE AR KATAIE, SRS kA ASD,
ZE . MBAE . L2 IS 1 BURE H4r SLRE ),
HEEDIFERE B, Rl 27EASDHIPER], C 4kt
T A 195 27 A 22 B4 R 5 A B TV

i A & B 5 ILE KN & & FAEP, ASD
S M [B) 5 P 3 A A 0 B4 e YT ek LA IS TR AR R
ASD & Bf 1] 38 5 3% AN, SCHEI ok th AR 2 i
WA IR A JE AR K. ASD A 1 5 SR ()P Al S iy 1
AR R B WA, 552 RN IRER 2. A
KB A R & B I TR, A= iy
2L B B S 2 5 ) i 3 B 0 Y KA
£, HEBS W #E B mRE, BiEsAKE. 2
JLR G ) % & 1T RE A B 25 i 18 1 e 9 & 7 e B0
Jo A A B LR R B R T R BASDI &
A, BT IE AR B A A B A A SR SRR X — I
WL W TE T W R G /N 28 e o 4 L & 7R OE
DIRe TN, KW s B g se, A vk
WHENRIER LT, FlRRkET 51 hhRE
BAER. 5% /NS SPE/N B L, GE/NE R
R 3 PR 2 508 A 22 A T T S R AT A L &
SRR ISR FE R SRS AR, 4 ) X A
7 F A FMIRNAZR 5 Az AR, 1 skt X3 K i 1
A 5 T e ) S AR U AR O g sl e R 4
5 SRS R AR A 2L AR, VA e 2
BRI RS AR AU, TR 5 (5-hydroxy-



IR

tryptamine, 5-HT)fE . £ZEIEENAZARERG S5
S5 1E /N R A 22 5 U023 90 1031090 GR N U )
e ARt e =R S Ee , GR/ANR R B A
Zk L, s AR SRR EAE R 2N, B
I b 5 2G& N BAt s EHEBE A /N7 GRS
PoAE AL H /N R B 2 ST Ae A2 RE ) BB ).
GF/NEUT B -4 - 15 F IR ((hypothalamus-pituitary-
adrenocortical, HPA)%ili 2 b i 5%, L % 1 2 B
210 Bz IR AR R R OO b S L SUE KT
PR AT A s i S U,

TER B RHEM, Mol (e Y s K & B
KA RO R AE S AE K i 2 1F S8 1 REXT T ASD
BOLIE R PR R, IR E IEH Ik B LA IE S5
TTAAZREZENE L. Wil 247 GF/N e 8 B
A RN B i 38 T W e 8 30 e GR/IN IR A A8 AT R
SR U w1 25 3h W G R AR 0] K 2 H AR R Y
28~42 d, /B AR 6] P H AR s X T A0
GF/MNRFEI MBI LZF | s AT 75, L
MHPARIIIRE R WA EM®Y, BiteMm AW AA
st (HICIRMK R BT B, $ 7 BAE R Dy se A
AU P (e B 5 0 A1 300 R 7 8 MDA S DD AR O

3.3 NipiE ik W s Bk - - i it 5 v K i A

Tl

B Wil 5 KM Z M7 2 2508 428 3% 12 1 WL ) 28
WARSE, PR M-Rkdh. R o W T 3 o I s FR
ARG, WA I RGP R G K AT R, EA
2 A0 M B W R T R - - T A 07108 R
SRR, WA ek AR LA A R R E RGP
2 Z G ARIEEE 6, R 325 & ASDPO
331 MEMpAEwEIRBZHY W E HE

B W 18 () — > 5 2T R B SR B o R
o, XL/ NGy O 2 B i As ML A T 1A 2
JIEE 241 i 149 53 — T A9 00 90 BB A Ak B AL B TR A T
k& 0 205 A 2B B 4% B U7 R (short-chain
fatty acids, SCFA; WAL . THER. BER). W5, H
HBEIRSE; Kk E A A AR TRRER . =
PR ER 5 AU B e F B A s, e an
A 5 B A A R ME S B, R AR B T A R IR
ARG [ ] AL TE - TE SRR AR,
ek I B R T R A A T S R T R, PR
AETFRRAC A vk BRI B 210 e iz ik 2=

L, 2 REOHE R, RN 27 A 5 e A A
(UESEZ AL LR

AR A FNAG- IR A EME RS, T
G 25 AT R S8 ) ASDER 5% I8 Al R i 5 2%
ER A AT T8 R T SR &% B M RUE B AR
PR A, BN, 3-(3-FE KR )-3FE HE KR (3-(3-
hydroxyphenyl)-3-hydroxypropionic acid, HPHPA) /&
— MR AR, EREIHAE LB e, T ol N
ZIARAT Ry o WBE T B g B - 2 W M 1 ASDAE A g 1101
FEASD/I ST i 2 B, MIAZINERZ i i 1R &
o Th R, b Ol A R A0 AU P 4- R
LI FR TG (4-ethylphenylsulfate, 4EPS). i id 5 55 U FT
T PESCE 2 AEMIA/DN B IE A= Y, Al i 35 oG
ASDHEIR AP,

W TE U AR AR IO SCRA L 2RIk | i
B R EIR A, T E Rk S P AL ik RN, TS | K
ASD, WINNER 5 THR. ASDIE IR MR A AE1E )
A, ZEP MSCFARIE W& &, B TERZH, &
2. T, ST, B, S e & s T et
B U YRR W AR G R, WT i 2 iE
WA A= ASDENIRA O, TR W 38 5 ML AK
5 F% (blood-brain barrier, BBB)!''?, i % ASDAT X .
ST I, A N TE SN IR AT 51 K B ASD R
TR ANZIRAT Ry #E 2 28 HANBU AT Ry s/ S5 Fpf
26 Rk R UL ASD L # 3 A op Y R
e L TR S R ORI AT A L LRI R
BRI G, X L 20 B AR RE - A T R O

X BT ISR AE A T R T, P SRR ST
HNTERLH] . A8 8 A W A ) 52 R ASDAR OC
T B 2B A LKA, HAE W E HUE Y i
A AR ] B Lo W) Jon & B S W e, DL I8 R
A=Wy i A LA AR A T I A )4
32 B TR - S R A R A A T
i AR SRR, JE 25 W A T B A
332 EMAENBL LR EER W E FE

o3 A= 45 G g 2R e A A R i L g
T A R 4 B B A P 1 K B R AR 0 Gl R e
e 3 o A AR B B R AT RPN, BER
KEAIMLA -, 7R AEN. P PE T4 (Treg), AR
i B R E AT, TR G T U OE
O BB AH H, ASD R Treg M Thill s /1191,

AEHIEWE K TR WILERERGERNET.

5



a4 % b B

RN R BUR I NSRRI K NG EZ A LN K e R =
U210 B i T Bl A AR R MO R R R R AR,
SEH BRGNS — eI A AR ) K
AT R o> B2 R 18 X P 9 0E, L HECNS R
iE Pl T AR 0 A e AR P R ) G 5 4
151 4 €0, 2 R A Q3 7 A 5 45 4 97 R E AL S W kA
A i 1 240 R 5 B 7R A U2 Treg Rl % Bk R i 5 U
PIAR AT S5 TG, a2 e 4 Qi =4 LA B 4 e 2,
i 316 4 B A e % I AR 9 SCFA ] i i G 2R (A (8 1k <2
PR F5 IS Treg!"?®), SCERATR AR E L HE s 18
45 17 Treg B0 H Ko Ho/r I IL-1010 B F1, I H 7E SPE/)
U A [ REVE ., SCFRAME i 18 FH T 45 1 Treg 4 iy
FE T 1 Ffar2 32 (K LA i 41 26 4 25 S e AL, Mmi i
PETreg 5 5 g7 ZE /N 437 220K B AR BT 3
16 Th17 40 J AR AE IR BE, 78 KT R Treg 5 44 7 A
PUFF BRSO /IMASS 538 S 5 1 R -1
FEAE, BB T, SRS E A Sk
PR . ABZ AR Y- KA /MAR-BU R RS, T E
EH BRI B 45 4. BB A =gt
RERI S ANZS 2. %5 B 3R (GLIO) & M th 25 7 4
() EC TR B 2R, 0T 7L o0 W 20 T LA B 0 o) B A O
T-VEF, A58 2k 304 NAPDH 48 Ak Ji 0 P 326 17 400 11 e
20 M4 A 0 VE JH . GLIO N 7E 25 i F1 48 e A o 72 4
WO AR AR KAt B A I HIEE. &Y
5 W IgGHL R 5 GLIO S [R) A/ B K 48 5iE 1 7, i
B T8 4 A AR 10
RAETEASDE A h B EEA/EH, WIsmh 4%
JiE FVAN R G 0E . XoF 2l 4F LA B i AF ASD H & A i 6 )
& IR 1 L T S5 440 R0 2 S5 4 5 928 440 g
DL AN R T A AFAE, I 7 B3 G b 22 4o e 32,
FEL = RS A 0 5 i 38 A I L HP AR & e e RG22 (]
AT AR R . SE VAR R 71 R L 4 5 2O o0 3
JE 345 PS8 E S 07 386 22133 ASD S A A A AE
ZERAE, ki AN P AR S A0 it PR K SF BT A7
FEANE RAE, B o XY™ A i U N Ak, ASDRE
1108 R 2 it I P R b A 3 O (1712 R 1
P F- 7K B AR, B SR AN TR ATF 5 AR 250 184 Jin A9 112 4% A
YA PR A R 222 51, (E I 4 W 5 AR A S ASD AR
BAEAESNE S e Y, B SE & B, ASDJLEE 1 I
HIL-1B, TL-6, TL-14, PAOSE AN K 77Kt 3 & T 1E
WRBILE, Feul I BATRIT M ASDEA. 41
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Figure 1 ASD closely associated with imbalanced intestinal flora and abnormal gut-brain axis. Gut brain has collaborative development with the
great brain, while variety of factors in the critical period may damage the intestinal flora and increase the risk of ASD. Microorganisms in gut may
influence ASD through metabolites, immunity, neuroendocrine, and vagal nerves. Abnormal intestinal microbiota causes leaky gut and blood-brain
barrier permeability which act an important role in ASD
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Autism spectrum disorder (ASD) is one of the most severe neurodevelopmental disorders in the world, and it has
brought tremendous burden for family and society. However, there is still no effective method clinically to cure this
disorder. The morbidity of the disorder has increased rapidly in recent decades, which does not correspond with
Hardy-Weinberg Equilibrium, indicating the disorder is more involved in some environmental factors than genes.
Maternal disturbances, poor diet, and leaky gut are remarkable risk factors for autism, all of which can induce gut
microbiota dysbiosis. More and more studies have indicated that autism is closely related to imbalanced gut micro-
biota and abnormal gut-brain axis. Autistic children have different gut microbiota including bacteria and fungi from
healthy children, and gut microbiota modulation using either antibiotics, probiotics, or fecal microbiota transplanta-
tion may change autistic symptoms. Due to the synchronization of gut brain development and brain development,
factors that affect the gut microbiota development of infants during the critical period will increase the incidence
rate of autism.

Gut microbiota can influence brain development and brain function like behavior and cognition through gut-brain
axis/microbiota-gut-brain axis. The microbiota-gut-brain axis mainly include four pathways, which are metabolism,
immune system, neuroendocrine system, and vagus nervous system. Abnormal microbiota can increase the harmful
metabolites including 3-(3-hydroxyphenyl)-3-hydroxypropionic acid (HPHPA) and 4-ethylphenylsulfate (4EPS) to
induce autistic-like behaviors. Gut microbiota regulates the development and function of immune system, and mi-
crobiota dysbiosis can result in chronic inflammation to impair the normal development of brain and mentality.
Abnormal microbiota can induce autistic symptoms through neuroendocrine pathway, it probably disturbs the de-
velopment and function of hypothalamus-pituitary-adrenal (HPA) axis, influence the activity of serotonergic system
and oxytocin system, and increase the content of harmful gas neurotransmitters such as hydrogen sulfide (H,S) and
ammonia (NH;). Microbiota dysbiosis can also lead to autistic-like behaviors through vagus nervous system.

Gut microbiota dysbiosis will possibly be the effective target of autism treatment. Increasing studies have shown
that gut microbiota restoration including probiotics supplementation alleviates autism symptoms. Certain beneficial
microbial strains can recover normal microbiota, prevent pathogen infection, alleviate gut barrier leakiness, prompt
gastrointestinal function, and improve behavior and cognition development. These beneficial bacteria probably al-
leviate autism through regulating the microbiota-gut-brain axis function. They can improve brain function via vagus
nervous systems, alleviate brain inflammation through immune response regulation, and restore normal brain neu-
rotransmitters and neurogenesis through HPA function recovery and neurotransmitters metabolism regulation.

The new intervention is different from traditional interventions which usually focus on one or two symptoms of
autism, it not only restores normal gut microbiota but also improve the whole microbiota-gut-brain axis function
including the gut brain and the great brain. Certain symbiotic microorganism intervention will probably become
promising auxiliary treatment for autism. In the present paper, we review and summarize some valuable related
researches between autism and gut microbiota, to provide an important reference for comprehensive prevention and
treatment of autism in China.

autism, gut brain, leaky gut, microbiota-gut-brain axis, probiotics
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