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Effect of helminths on intestinal flora and its role in host immunity
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Abstract: Gastrointestinal parasites share symbiotic habitats with other organisms such as commensal flora. Studies have
shown that there are a large number of interactions between helminth and gut microflora in vertebrate infection models that
have a major impact on host immunity and metabolism. This review summarizes the interactions between helminth and micro-
organisms and their roles in host immunity and aims to provide a theoretical basis for the study of the interaction between hel-
minth and gut microbes.

Keywords: helminth; intestinal bacteria; regulatory T cells

Supported by the National Key Research and Development Program of China (No.2017YFD0501200) , National Natural Science
Foundation of China ( No. 31672528),
20160519011JH, No.20170204034NY) and Special Funds for Industrial Innovation of Jilin Province (No.2016C063)

the Science and Technology Development Program of Jilin Province ( No.

Corresponding author: Yang Gui-lian, yangguilian@jlau.edu.cn; Zhao Quan, Email: zhaoquan0825@163.com

2l Wy g T8 T AR R A S e VR R B R R
25 K& 10" cfu/g 406, #id 1 000 4>
P . T 8 R AE S W (R R AR
LG S PE RGN AT RS B B Z WY 1 fe 4L
X2 B A5 7 A Bl Ak T L AT L BT A A
AR . i T8 T A B A 1 0 i T2 NAKCR R AR BE
WM. W HUR A A T 2 e A B2 AR 1

Yy AL FE Mty RN L, RE RS SRR LIRS
O KT ZEROIR T BRI A A TR L e
B¢ S AH AR FH X6 A 2 G e P AR R R L BURE  H—
T2 P AR B R A A 3 s vh i 4 B 4
mr,

EESIER

Jigo T T TR ARG 1 A Bl W e P SR L R
— LT LA SR B 25 2R . WS R L, Bh
W B A e S O P i 2 R DD AR O L P
YIRE s SV A8 VRS A G R UL A &
TR PEPO S B R B RS S e &

HFEEEA LR T E (No.2017YFD0501200) , [H KX B #4 &% &£ 4
B EH (No. 31672528), # #& & # £ X & it %] B B ( No.
20160519011JH, 20170204034NY) 1 & #& & 7= & 4] # & H % 4
(No.2016C063) Bt & ¥ B

# WA . % . Email :yangguilian@jlau.edu.cn;

# A ,Email ;: zhaoquan0825@163.com
EEBRM: EMR Y AFA MR FERRF R EAE W E A H A
IRFEFC.KE 130118

TBE RN R GE . (oA W T O P R o o S ) 200 1 7
e /D 2 e IR A B S e e 2R TR
RIFEBD 46 T 40 M0 ) R PRI B T 408 (Thy 17 2



6 4 EiIR 4

B0 R AT I A AR e B R 2 SR P 9 AR R 571

P FLR AT T A 2 T T 40 (Treg) 73
(A

e R R 2 A TG ME R A T 2 R 2
A A L I BE M A G B, A5 A EE SAE L PR 3P R
B DI BE RIS 2 AU . ] Ly A 22 b B4 S TR
PEV T TIRE ) 1 (0 E AT A BE T 52 W A 1 19
L TR S W S 2 DT RE . 0 SR 5 R A AR
A BT £ 45 < A 3 D3R A A B AR (A B AR £ R
) 555 HORSE CE SR i 2 G 88 AR GE Y2 D LR At
AR CTR)RE 1 i 2 SR RS NS 5%

TR AR 85 1R A Sl W il o 22 T I AR B
ITTHE % 36 3 17 14 0 928 28000 HL A g ik B AL ) T o
ALAE T T AU AR T T B R SO . AR Al
JE R T A AE TR . fa BE Y i 2 M 3 T R
PRAF — R R A5G 2 L 3 Bl 00 Al LUBE 1k i
PR ARG [R] I SR i 18 A7 7E — A 2R il A
Yoeds . A TR R e s — B P BIL R R 4%
AR R AR A0 J AR B 475 7 2 08 456 Dol 2 IR e )
PR 3 107 S A By e e Dl 2 AP S o 5 1 S ) B
PO A M R R 2 SR T A A
W F . I, 18 T A B 25 W] RE T 2L AR A
TR LR A TR . IR A X PR R A
ATRE ST R R AR GE R I 1OR 2 i 22 s T
7 AL JERE SR 0 5w % R e B i

2 SRR IFIEE AN

H Al X 56 005 A W AR BAE e e B 2
il sl 49 #0257 A AR R S ) R AL AT e
i 28 1) 2 AR HURRGY L fg T W T8 TR RE A A SORR 2 A
AR R R E AR . X FRZ AR AR AT RE Ud B i 5 i 1
AR Z AR CAE I C &R /D USRS & L (56
i et R L P ) B Sl W T AR TE R, S B K
G PAREVE A C A FLR A R I 2 . AR, &
e 7% [ B B g T LR T AR B A Y
Hohr, FUMR TR M £l vh & 45 e 08 1 D g L d
I POE T A0 o AR S PR 1 T 4i e 2
M & 5 4 A B IR 9T H W I8 R A PR 1Y 4R 2R AR
MY,

Bl 17 s e R e O AN A i 3 T R V3 TR R
X i HUBGERE A — BRI . BER R LT
WEHE Lk B (Heligmosomoides polygyrus) B /N %
TE LR AT DA A A5 B S 1 L O LA A AR R R
BT X /0N B IR L R A T, T AW ¢ 8 i ke i
Heohn . 338 B L IR T A i 3 W e 2 JR) TT R AR AE —
Foft LA AR R OC FR L BRAR T A T A 9 S R B A 1R

RIS o A () 0 H X6 g T T Y 52 R A 2 R — B
. SR 2201 R E 2k BU/N BUIY I AT T B (Enter-
obacteriaceae) $UiE 35 3 N, B T3 2 41 TR RE 6 i
2 AR LR S e A B 0 1 5 A A UL S
B SAE I KA A DR N R BRME R (Trichu-
ris muris) B 7 8 B B S s LA B ] (Bacte-
roidetes) (3 F& B (Prevotella) F1AE B 40 B J& (Para-
bacteroides)) W E W V>, B EMAY + 5 EMZE
FEME T Ca ZREM) . o M ZFEMERE U TE—14
T Wy PR P9 7 B W b 2 B B AR T AR )
8 = R L 502 T A 0 R 0 ) e ) AU
89 28 5 P CRIRORE v 4 — b R B B AR 2 )

TE S WA YR o Z2REVE 3G i w5 s 18
WAL A K AHVF 2 RE M B 19 B34 B 530 1 b
A oo ZHERIFEAC. DRI B KA g B A
2t /N R g LR ey 2ok e 3 S S U R
oo AR E DD SR I R Y R 22 BT
F L B R o 280 TR A AR USRI TR 1
FEAAL X A] g A O 37 A A 28 18 i 18 2 Ve R AE
WA o Z2FEVED | i B 12 MR 1 ST
T TR RE R S . R A0 B i R R e R
W7 1B T RE o 22 1R 8 A0 X5 3l ) 1Y) 52 i) 2t 28 O i L
F8 o PR R i S A g A ORI I R 1 3 TR
JF B 7 38 v e AT LR R M T 4 M Y R

#0

3 ERXMEERENEIE

G ARVLAR . 15 3 B 40 5 W i TgE AN
Th2 2 §d 53 W5 1) 48 Jf 5 40 1 40 B A 3R -4 (TL-4) AN
F 20 A -5 (TL-5) 55, Ji 2l e 5 1 280 38 Bk W 3 s
O BRI R LB T IgE A1 Th2 %40 i B 741
1L-9 7€ Bt J i W% ke g b & 4 5 1R DY
Th9 J& 11-9 5 H 2RI L 1L-9 7] LU #E BE 41 A
5 T B4R M IR T TL-130%) i T AR i e
BUE RS, 3 S0 AR 0 N AE B 15 5 RS, a0 = Ik
K 2 PUAR CTFF2) AR, 3 AT LA 38 240 1l 3 0
1L-33.1L-25 F1 TSLP, M5 5 2 AL 40 ffd I+ B
AN T4 A1 TL-130710 3 3ok — A~ IF &2 35 8 7,
1L-4/13 W55 I B 200 B 3% 5, 3 AT LA ) 35 bk 28 440 it
FeAE TL-13 i 2 A dUHE B R gt . TL-13 43 i 38 fin
AT DU SF RS Wi = A, 9F BRI RS 8 1 2 (Muc2)
A3 &R H 5ac(Mucbac) ™, A By du Al e ek 28 T
o 18 N R85

U A R /2 I CES) R BLA S s
TIRE > 32 B S 38 1k T I LR B P G g5 0 B R 1 e 0



572 BOE AN

B M

2018,34(6)

0BT A & 1 e e SN i o A (2 = = = A K
2%, H.polygyrus W ES % 1E S Treg /1L, I
A3 TGEF-B, 310 il B 28 1k 40 il & 1 TLR B 44 14 3%
T I A 58 2

855 AT DL R 0 M B W e R S
X S Y T R[] 4 52 e i 1 B AR T A R e A R
PRACI RS2 o 3 7 SR Y 0t B, 25 3 B B
T 1 ) B B T BN B B . A EORS 4N TR R
#E15 & 1) Thl/Th17 B 23 W0 HE b 25 Az BT i
Th2 F g8 K, G0 s #5346 P F- (MyD88) i i /) Bl
Xof fi T8 T e P M B R L A R I AT BE 2 4
il 2 TR JER e 5 T 1 A RE B o T P % R A 1) R
PEN s (IBD) (Y BF 5% 3R B L >4 2% e B8 e i, IBD 4 3
(A 98 S ] Th2 J 6 A%, I HL 1 3 Bl 2k ik
A BB A Y B RE DI REIK &

I ORI T B RS Y T 40 (Treg) % VI AH
K Tregs fig 96 8 HL Ik By B, ZLIR FF 1A
25 AR A Tregs 45 il 05 Ho iy SR YL , k3% R E
SN W03k SRR B G M A L I S AR e i 2
(18 8 4T 2 Pl I SRR e B T 0 8 R h i R R
WUAR G IR A UESE . (R — T 5T iR & T
o S T Y G g2 R Y Y T RE A L N BRUBR Y H. poly-
gyrus PGV T 400, e 1 2% fif 3o B0 12 0 L
Jo 3B v AR A A BB BN . B R R SR 1
S T P A5 2 R B 1 N B BE S i i A
W Wi . 10 B G AT ) 2 R TR R A R R R D R
(SCFAS)RFE . 71 W IE 5 He Az DA ] ™ A i B
BV 2 J 5 N 7 TR 2 40K S 1) 2 4 AT IR A% T R AT
JEEAGEE A, TR AR TR, R
Ji 3 P9 1 T R A DR SRR b AT e S B T
R ALy e K e B AR R A AN 5 . TR G Y
W LI, SCFAs RN T 18 Treg 4 i V- , I
PR TR ol AR 2R 4R T 4 2tk Ml Tregs, 2
TR RN R )2 A Tregs (4 1% 38 V5 546 L 3 7
(NS T o TR

4 % 5

TE 3 W) B WF 5 b e B T 1 5 SRR e T LR i
i 18 B A= W A T RE S B VIR PR BUE IR BiE
T3 He AR AR 3 W] 5 R g PR A 0 T YRR
1715 B B A (R SR e 5 | e FEAB R o [R] I B A A 2
Az R 2Z 8] B AR T AL L B0k i 80 S O B
M

Wt 2 0 SR % 0BT B (BT AR R B D 2
Wi 5 5 22 Gt LA e s R 3 15 A= 0 1 A S 2 R

PR IR T A 25 A H 20 A0 S 2 e A A LR
A X LA AR L — DRI S RS, ]
RE A 0 o 42 ] ol 2 0 A DA R i/ i R e 5
(P B 7 A B L0 38 AR 0 A 2R 1A 5 R 4K
WA . R W 5 L5 Tt — 28 R A M 3 TR A A
A A 05 H 2 ) ) R B A A R e M A A
LW AR R AR

B2 3K
[1] Tizumi T,Battaglia T, Ruiz V,et al. Gut microbiome and antibiot-
ics [J]. Arch Med Res, Available online 6 December 2017, DOI:
10.1016/j.aremed.2017.11.004
[2] Guinane CM, Cotter PD. Role of the gut microbiota in health
and chronic gastrointestinal disease: understanding a hidden
metabolic organ[J]. Ther Adv Gas troenter, 2013,6(4): 295-
308. DOI: 10.1177/1756283X13482996
[3] Mclean MH, Dieguez Jr D, Miller LM, et al. Does the microbi-
ota play a role in the pathogenesis of autoimmune disease[ J]
Gut, 2015, 64(2): 332-341. DOI: 10.1136/gutjnl-2014-308514
[4] Geuking MB, Cahenzli J, Lawson MA, et al. Intestinal bacterial
colonization induces mutualistic regulatory T cell responses[]].
Immunity, 2011, 34 (5): 794-806. DOI. 10.1016/j. immuni.
2011.03.021
[5] Farkas AM, Panea C, Goto Y.et al. Induction of Th17 cells by
segmented filamentous bacteria in the murine intestine[ J]. J Im-
munol Methods, 2015,421: 104-111. DOIT; 10.1016/j.jim.2015.
03.020
[6] Belkaid Y, Hand TW . Role of the microbiota in immunity and
inflammation[ J]. Cell,2014,157(1): 121-41. DOI:10.1016/j.
cell.2014.03.011
[7] Round JI., Mazmanian SK. Inducible Foxp3+ regulatory T-cell
development by a commensal bacterium of the intestinal micro-
biota[ J]. Proc Natl Acad Sci USA, 2010, 107 (27): 12204-
12209. DOI: 10.1073/pnas.0909122107
[8] Sargison N.D, Wilson DJ, Penny CD, et al. Unexpected produc-
tion loss caused by helminth parasites in weaned beef calves[]].
Vet Rec, 2010, 167(19): 752-754. DOI: 10.1136/vr.c5428
[9] Nono JK, Ndlovu H, Abdel AN.Interleukin-4 receptor alpha is
still required after Th2 polarization for the maintenance and the
recall of protective immunity to Nematode infection[ J]. PLoS
Neglect Trop,2017,11(6): e0005675. DOI; 10.1371/journal.
pntd.0005675
[10] Garg SK, Croft AM, Bager P. Helminth therapy (worms) for
induction of remission in inflammatory bowel disease[ M]. John
Wiley & Sons, Ltd,2014,1(1): CD009400-CD009400. DOI;
10.1002/14651858
[117] Reynolds LA, Smith KA, Filbey KJ, et al. Commensal-patho-
gen interactions in the intestinal tract: lactobacilli promote in-
fection with, and are promoted by, helminth parasites[]J]. Gut
Microbes, 2014, 5(4):522-32, DOI: 10.4161/gmic.32155.
[12] Medzhitov R, Schneider D, Soares M, et al. Disease tolerance
as a defense strategy[ ]J]. Science. 2012, 335; 936-941. DOI:



6 1 HHEF SRS HEREOYARERE L REPHER 573

10.1126/science.1214935

[13] Houlden A, Hayes KS, Bancroft AJ, et al. Chronic trichuris
muris infection in C57BL/6 mice causes significant changes in
host microbiota and metabolome: effects reversed by pathogen
clearance[ J ]. PLoS One, 2015, 10(5): ¢0125945. DOI: 10.
1371/journal.pone.0125945

[14] Geuking MB, Cahenzli J, Lawson MA, et al. Intestinal bacte-
rial colonization induces mutualistic regulatory T cell responses
[J7. Immunity. 2011, 34(5): 794-806. DOI; 10.1016/.immu-
ni.2011.03.021

[15] Forbes EE. Groschwitz K, Abonia JP, et al. IL-9 and mast
cell-mediated intestinal permeability predisposes to oral antigen
hypersensitivity[]J]. ] Exp Med, 2008, 205(4):897-913. DOI:
10.1084/jem.20071046

[16] Chang HC, Sehra S, Goswami R, et al. The transcription fac-
tor PU.1 is required for the development of IL-9-producing T
cells and allergic inflammation[ J]. Nat Immunol, 2010, 11
(6): 527-534. DOI: 10.1038/ni.1867

[17] Wills-Karp M, Rani R, Dienger K, et al. Trefoil factor 2 rapid-
ly induces interleukin 33 to promote type 2 immunity during al-
lergic asthma and hookworm infection[J]. J Exp Med. 2012,
209(3): 607-622. DOI: 10.1084/jem.20110079

[18] Patel N, Wu W, Mishra PK, et al. A2B adenosine receptor in-
duces protective antihelminth type 2 immune responses|[ ] ].
Cell Host Microbe, 2014, 15(3): 339-350. DOI. 10.1016/j.
chom.2014.02.001

[19] Gerbe F, Sidot E, Smyth DJ, et al. Intestinal epithelial tuft
cells initiate type 2 mucosal immunity to helminth parasites[J].
Nature, 2016, 529(7585): 226. DOI: 10.1038/naturel6527

[20] Hasnain SZ, Evans CM, Roy M, et al. Mucbac: a critical com-
ponent mediating the rejection of enteric nematodes[ J]. ] Exp
Med, 2011, 208(5): 893-900. DOI: 10.1084/jem.20102057

[21] Guivier E, Lippens C, Faivre B, et al. Plastic and micro-evolu-
tionary responses of a nematode to the host immune environ-
ment[ ]J]. Exp Parasitol, 2017 (181) 14-22. DOI. 10.1016/j.
exppara.2017.07.002

[22] Verdelho MM, Helena CP. Diet, Microbiota, obesity, and
NAFLD: A dangerous quartet[J]. Int J] Mol SCI,2016,17(4) :
481. DOI:10.3390/ijms17040481

[23] Ramstead AG. Robison A, Blackwell A,et al. Roles of TLR2,
TLR4, and MyD88 during pulmonary Coxiella burnetii infec-
tion[J]. Infect Immun,2016,84(4): 657-674. DOI: 10.1128/
TAL.00898-15

[247] Reynolds LA, Harcus Y, Smith KA, et al. MyD88 signaling
inhibits protective immunity to the gastrointestinal helminth
parasite Heligmosomoides polygyrus[J]. ] Immunol, 2014,
193(6): 2984-2993. DOI: 10.4049/jimmunol.1401056

[25] Geuking MB, Cahenzli J, Lawson MA, et al. Intestinal bacte-
rial colonization induces mutualistic regulatory T cell responses
[J]. Immunity, 2011, 34(5); 794-806. DOI; 10.1016/j.immu-
ni.2011.03.021

[26] Partidarodriguez O, Serranovazquez A, Nievesramirez ME, et
al. Human intestinal microbiota: interaction between parasites
and the host immune response[ J]. Arch Med Res, 2017 12
(28): S0188-4409(17)30248-5.DOI: 10.1016/j.arcmed.2017.
11.015

[27] Ohnmacht C, Park JH, Cording S, et al. The microbiota regu-
lates type 2 immunity through RORYt-+ T cells[]]. Science,
2015, 349(6251): 989-993. DOI. 10.1126/science.aac4263

[28] McSorley HJ, Maizels RM. Helminth infections and host im-
mune regulation[J]. Clin Microbiol Rev, 2012, 25(4);: 585-
608. DOI:10.1128/CMR.05040-11

[29] Zakeri A, Borji H. Haghparast A. Interaction between hel-
minths and toll-like receptors: possibilities and potentials for
asthma therapy[ ] ].Int Rev Immunol, 2016.35(3): 219-248.
DOI: 10.3109/08830185.2015.1096936

[30] Kim SV. Xiang WV, Kwak C, et al. GPR15-mediated homing
controlos immune homeostasis in the large intestine mucosa
[J]. Nature, 2013, 504 (7480): 451-455. DOI: 10.1126/sci-
ence. 1237013

i BH2017-11-06 HEHFE . KEF

(455 569 T0)

[54] sk EF, PN, BREESE. & AN EHUIE R MR 5 0 od BT IR 1)
M S%E T M ER RS2 M CARR M, 2012, 32
(6): 739-744.

(550 FAHR, SRR, AR HUE KO 8 00 5 e 47 7 250 1A% 1y A et R A
BEIENBRSEL)]. R R, 2011, 46(2) . 46-49. DOI: 10.
3969/].iss1.0006-3193.2011.02.018

[56] FWBESE, WiEEk, T, %3877 M KR B 20 od B BT 14 19 BF
SRt REL) ] A E A Yl a2, 2009, 22(10): 1032-1035.

(571 RWed , BEE T, BRANT, 5. & &80 Bk i i b &4l AR
AEURE R 5 B ow B BUR [A] 12 ELISA ¥e e sr (1], AR
I, 2008, 19(3): 407-409.DOI: 10.3969/j.issn.1009-0002.
2008.03.026

[58] BT, #REsbk, &A1, 45, EHAPUIE R B # P SO57.50]B
o AN [R)AE R 3 3 0k o AR TR B 9e ) ). 224 . 2006, 22
(4):256-262.DOT: 10.3321/j.issn:1000-8721.2006.04.003

[59] A=Hisi, Bl ik W7 r g Sk m i JH [T ]. 25 % % 4k,
2015, 50(12):1527-1533.

[60] Kuzmina NA, Kuzmin IV, Ellison JA, et al. Conservation of
binding epitopes for monoclonal antibodies on the rabies virus
glycoprotein[ ] ]. Antivirals and Antiretrovirals. 2013, 5(2):
37-43. DOI: 10.1099/0022-1317-74-8-1539

[61] EEE. UM, &6, & A FM & H A BEHUE R P55 0
U T SR AR B R 5 25 Y 2 A e [T ). b AR o 2 2k A
2013, 26(7): 986-990.

Wi B HA:2017-09-21 #iE: EBEXK





