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The Research Progress on the Role of Gut Commensal Bacteria

Response to Toxoplasma gondii Infection

SU Ruijing, YANG Yurong*
(Henan Agricultural University, College of Animal Science and Veterinary Medicine, Zhengzhou 450002)

Abstract Ingestion of Toxoplasma gondii oocysts or cysts is the main pathway for infection of 7. gondii
in animals and humans. 7 gondii enters the small intestine to initiate Th1 cellular immune response and intestinal
dysbiosis, and induces Paneth cell loss, the changes of composition of commensal bacteria and translocation causing
an acute inflammatory response in the intestine and increasing the infection and invasion of 7. gondii. However,
after germ-free mice infected with 7. gondii, intestinal pathological damage is milder and the mice maintain a
longer survival time. In addition, some gut commensal bacteria play a molecular adjuvant role in the infection of 7.
gondii. The commensal bacteria and mucosal immunity maintain the balance of immune system to defense against
pathogen microbiota invasion. During the infection of 7. gondii, the process of infection, the degree of Paneth cell
loss and the process of gut commensal dysbacteria are mutually promoted. This paper reviews the related researchs
on intestinal commensal bacteria and infection of 7. gondii.

Keywords Toxoplasma gondii; gut commensal bacteria; Paneth cell; mucosal immunity; Thl; gut

commensal dysbacteria
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BAE. /N RARERIESE, 5 B S K Th1 40 j(T
helper cell type )% e Al P A2 s 2R 0 AT ik
5] g JRE S B2, 512 /N BRAE TP, (B AE 5 T BB gy i
TR, il A B ik 5 % HUBRGLIALH] M ANE 2
A i A AR S RS 5 8 HURGL I AH AR
AT SRR, 9 i 3 A2 1 A FE B iR =5 8 R 2
BEARHR .

1 FEHYEREEHE

o T8 3 A B R N AR RN BN i A K A 7
WO A BARAE . A LRI 2B A A, iE 3k
AR LIA 1044, 3048, 5007, T ETA T
LT BRI TR B EES, X
L A TR R AF [ A 5 PO A 2 BE R L ABLRE S,
Pt F AR IFORIERCE Y B E TR W H
ARSI N AR 78 N JC B, 18 HAESE — AR 1R, il
A WD HEAE 22 R 1 ARG e PR T T O 35 38 m, IF HLAE
B /5 1 LA gk 21 R A KPS

LA B RS NN o % 2R 458 1) B 2 2H i o,
A F WA R T8 ERERANIEFIZIT. W
T8 AR B AT 3k i T AH STk EE 2 2N o0 JE Ik S e
(RZK DR &5 0 I 20 T 45 46 1 1, 3 vl i ik 22 o
77 ARG 5200 SR B R, B S0 R
AW TE G R B S AR E FRIE L IR R AR R
ML Ak, A B B A AR IR 451
REAIE , ZRAK 95 i AH 5C 7 1152 3K (pathogen-associated
molecular patterns, PAMPs)$i J5i iJ B 42 il ¥ R AR Ho 2
AR, BE I bR AN, A SR 4 A (dendrritic cells,
DCs)HH B W i 1) 2 T 5244, AT 3 hasAE -4l -1
88(myeloid differentiation factor 88, MyD88)/{ i 1 Toll
FESZAK(Toll-like receptor, TLR)HK 45t 1) 5 28 Bl B FE 17,

77 A I B i-2(cyclooxygenase-2, COX-2). £ i 4]
Jfo A= K511 (keratinocyte growth facter-1, KGF-1). ffi
JFL 4 B AR 1K [ F-2(keratinocyte growth facter-2, KGF-2)
AL AR i ZR -S540 B8 P S5 R RT3 TS A AE  TA
Bl (transforming growth facter-p1, TGF-B1)""2, 4§
B WA . (HIEFAEOLT, il X LA g 4+
G 52, R 5 T L2 T B GR, HLAARE 25 iy i
AR S B T 52 58 )™, T i 55 % NI,
ARICATL I AR A

2 SHARRENmELE RN
2.1 SHEHRBRESEMENRSKE

SR FURGY, 51K 1 i 2 0E [ 85 I iE
AT H K A K. Med9 5 1 B A 5 Jk g
TR, WIEAR T ] A B HE SRS 22, 0
I T2 B okl T JEEBE TR 1D R4 TR B B A IR RF AR
JipE AR TR e TR e — i PR, B 5 R 14K,
JpE AR K R IEFED, DR R, SR
IR 5| L 5 iz JREAH SC I B A 1 3 22, R 2R
JAT s AN A S 22, BN Th1 40 i A~ IFN-y
IL-12H1TNF, JI 18 B 1 2 G 2 4 i R Btk B2 45 . i
B R I R D)
22 SHEHBREFSERMAAITRE

W IR A7 T T8 3 53 R 8, =& WiE b b
e ) B L AH R, i DA L PN 1 W TR R,
PR BB OB, & Fa-PiER. %
P BENEBEA2. I AR R DR AR AR R B AT AR
£ 1 3y(regenerating islet derived protein 3y, reg3y),
97N T A M A it /N AR 55 DL R R Il TE B R, AR
T RS2 ENZ U, 3% R R B m o = )
AT R A F RN I 2(nucleotide-binding

R1 Medtk ST B EES X/ RIFELEERIFNT

Table 1 Effect of Me49 Toxoplasma gondii cysts on mice gut commensal bacteria by oral

b7 N B 2 iR ] Bmmase -y AR S 275 3CHR
Inoculation dose ~ Mice Increased bacteria Decreased bacteria ~ Increased ytokines  Bacteria translocation ~ Reference
50 cysts Human Aerobic enterobacteria, Lactobacilli IL-12, IFN-y, NO  Mesenteric lymph [14]
microbiota Enterococci, Bacillus spp. nodes, liver, lungs,
associated Bacteroides/Prevotella spp., spleen, blood
mice Clostridium/Eubacterium
spp.
20 cysts C57BL/6 mice  Proteus, Escherichia coli, Bacteroides IFN-y Unknown [2]
Shigella
1 cyst Mice harboring  Enterobacteria, Bacteroides IFN-y, TNF Unknown [15]
a human gut Enterococci

microbiota
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oligomerization domain 2, NOD2). & &R IREL T
512 (leucine-rich repeat kinase 2, LRRK2). H I AH
K HE [R5 (autophagy associated gene 5, A1g5) AtgloL1%%,
AT AR AR S B . RRNOD2, AtgS. %
40 H{E F % [12(receptor-interacting protein 2, RIP2)
FEPA, AT IOAE A W, 2 PR U 5 %
R ) AR A7 2R P02 X R B 1 IR B A B
BRIA BT 5 8 BAE L, (0 BARPLE A TE . 58
R, A B AN i E R B AR AL A BT T 4
REZAKBENEF/NRBR . IR IEEREHE R
UNGFIAE S ROE A ETD ¥ o NI E G i)
EP SR R E T R G RR N B,
A A B Th1 20 i G0 8 S B, 51 ESTFN-y At ) 472 e
87, eI g4 i R K 5 % BAE F, SR I 0 1)
Th1 s S ANH 18 40, 7T 51 & 7% IS 20 i 05 ek
A2 S b I R R RS B R S A
B, NIRRT T B T, SO iE bR R
Bk N[ A 2, > & iE S A R 5 A N A JE
TR SRR A ML, ] B 55 T8 H 23 s 1) A0 o 2 1 R0 R
SRORGHIE27, fid A toxf I AR T A 5 7% R Th1 40 i
oAk, 51 P A A D Sk B e D i R A
M R B AEE Y, T Reg3y ) 73 Wb B IF K
RN G R 9 IC A i S L 23 Wb ) B R A
KAt v B e SR 5k, 51k W 18 2 A0 R i
AR, NTTIE 1 5 7 2R A R .

5 UG AR v, R IR R R R — Fh ] 2
PR B SONE . TR, 5T BRI G (Me49 5
TEH bk, BRGYSET7R), /N BT TE A A 2130 A
HIB, TR AR BoR, SE KRGS, WA A
RIURE FR) FL 7 P2 IS 2R P e AR e 4 R 2% .
T P M A5 00 1 B R, AN B 4l B R AR B 1,
R g 200 0 £ T B R AR R AE A T PR i
KIe AR SR B A, 5% R Gudt NS YE, 7
PR S 28 1R TS IR Y,

WE SR, 5 UG I TLR11 5iMyD88
ANER, 5B AE T R B, i PR A T R TR TG )
Sk D, AR T B AU R 4 A B B Te W] R AR,
TMTLRITAIMyD8S 11 5 & B 3 1) i [C 41 %
Bk BRI, MHI TLR1IAIMyD88 &
Ui (R R0 BT - TFN-y FAE FH, 7T 5 4 B 139 PR 4 i
IR, 5 BRRGLIFNy /N R, 1518 58 Bt
JR A B 2, H% R YH R S8 B 1, X L84 U],

IFN-yZ: 5145 5 8 B 15 3 100 IR 40 i 2= b
AR, JHICD4T T ELCDS” TN M/EH . MLk
B = F 40 f A 25152 4K 1 (interleukin-1 receptor 1, IL-
TR) BN HITL- 1R, X2 mT 40 s 2 i 2 k2>,
R NE G, MmN RAEAZR, E—DUlIL-12
55 % QA B 20 el /D220 JB L U 1 K W AT 1 AT
g1 S P A s el /D, T L it A TR e R A ) 38,
T DA AR B0 8 93 /B, AHE BH 3 P AN A 2 i A
W5 M iE A K.
2.3 PFERRSKEREBMERIEEFEE
DR] 5t 2> 3 D4 Pt 2 o WA I BL B R, KT
FECE SRR, Wi NRRES M, B A &) At
ANEA ZFHEAbSS B, 355 R TLR 1S 1) (5]
¥ 9 RE S S S S BRI A, W Hh MR 4 B A FRA% B R
MR ST RAmE. MEEY BRI E. I
W S A A 2388 B0, SR/ BRUIIG R R I A SE T %
mtHe NI 5 B G AR T/ B, o] Re 5 b
DIREPETLRITA KB, 5B g MRS, piEdtd
BERE Sy AR g v Rr 0 AR I 2 R R ARS AR 4
JH P 358 A2 RV, X AL 56 PR A A 5 TR R A A
PRI L TR SR AR R, FE PRI
JLFN SR A A 5 % HUR B K I AR B, B S
TE B 5 T N AR X S8 58 R A i, 5 T dhdk A\ 2 i
Jei, BEWs PRI T B Heyfe, J8E 4 o B A0 H 1 R,
XLy S MAE i E 2 8, Ik 7 5B R
MIGIEE A ZE5 8 R 7 b, gl js s 5 T 3
T, gH M AR ARAR R, (H R H B T R BE, i B AE
TG R, A IR RN SR G RS E I, SRR
AN 2 ], R E AR AR K AR 2 S B, 4R 2R
MRAE TIN5 RAes e R PN 27 4,
JIt 240 PR ) % MR PR, AN 4 BT B, S rR R B
TS AN K W3 o

3 BAEHEEXNRBES SRR
SEAFK, Rt 36 B 5 T LU (0 S W
Bl K. D RZ R S, AT e
il 5 M R 0, TS 2 T M R i
NI MK TR AR . R R GG T AE X
A BRI PEEOR B, B AN R S UK e
SRR, WU RGBS E AL B, Je s
T (TR R 57 S SR, S P B P A A
FARTMA /N B, 4R BN B S T LR e () A7 5,
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AR 5 HO5) 1 e BE AR A, 7T g Rk AN i
TR TE A KR BurgerF5PgE— Ll i K
B, g AR B A I S IFN-y ik & 7% P4 i A 4 5
PEEWE, Bk B I AteS, Ui fads. Xt
SE IR, JiE SR AR 5 % B G i 38 90
(R AR, A= D BR R 7| A AT TF Ny 0t 2 2 T 24 i e
& I TE R B Al . BRARIX T B 7 2 K EH /N
B BRI T 45 R, BB R AR B T DA =
FE HUBRGL I 3ERE (R 2) . RaetzZ5 210 51 K AT o Al
M S50 B FE M 45 Tom /D R, SRJE gL 5 B, K
KT B 58 5y 5| e i s BEpa 4, HL5E 5 gy 5 T
M. Bereswill %P 57 & AL, HE 2095 K i A & Al n
5 I HUBGL 0] 1 7 1E e B . 25/ BRI 31
WSS B JE IR 5 T R OB BN, OB B R
FaRE I ThAE, AT{ERECD19" Bibk L4 o 38 A, i ik
NERPE AR R T S T HIgGHUAR K, Bz /N 98
JiE SN, ek 2D /N BROK G 55 0 B JE B 2D BB
PRl FTAEG SR SRR ] 92D KRR 5 T H K i B 4 e, 0o
PUHE FE AR (1) o B A FH, ZE R FH i ZE KA 1)

K ERAEAF IS [R]BS), —F% LR B AR N 5 7% I 92 v 4
7, AT 2D 5 U R Ki B RE R, IRt
TE HIgMIKF, W15 T8 B3P, DL A T 4h St B,
Bl VEB0w WA R T 5 T8 K S HIFNAR, 7L
AR T 508 BG4 (R2).

B B TR, T TLRT /)N BB Sy
S, MiE F A (I 41/ 2 12(interleukin-1,
IL-12), (H/N BRI G 2 B8 5 T 72 AR IL-12, Ho= 8 5
A R/INR G B 22 5, B 2 0] S TLR4AZE A,
WO S A M AR L B 1, R Bht S T HUROREP
¥ T 3 A= B T ) RO A 7 A B A A RO, I
TERIORANAL, W A RER D TLR U BhEE, 274 A
AE B 845 B TLRI1JA 3l JORE e B, (H SR AR B T 45 &
P SEIRANME I TLR2 . TLRAFITLROFIEMyD88I& 17,
FEARIL-12, M5 LA P2 AR P 27 AR U NPT, X
BERFF 0 45 SEHEM, — 050 JL AR R A A A HUR gL R
HOR AR S T R BIAE L, i 3 A B AN R G g 3L
) 2 4 G % R G0, 0 TR ONR BT, JE 3iE 4 Th
2 L G928 S L, T A | B S PR T s R A A

R2 WEN ST RBREHIZRIFN

Table 2 Effect of bacteria on the process of Toxoplasma gondii infection

ik R S il T &R X 5 SR
Strain Inculation dose Host Bacteria Bacterial content Impact on the host Reference
Me49 Oral infection C57BL/6 Bifidobacterium animalis, 1.6x10" CFU/day, Increased 7. gondii 1gG, [37]
10? oocysts mice subsp. lactis oral for 15 days increased the number of
CD19" B cells, reduced
the amount of brain
cysts, alleviated intestinal
inflammation
Me49 Oral infection C57BL/6j Non-pathogenic 3x10%~3x10° Increased the number of T [36]
10? oocysts mice Escherichia coli CFU/day, oral for4  lymphocytes and apoptotic
days cells, increased ileal
inflammatory response,
and promoted bacterial
translocation to mesenteric
lymph nodes, spleen and liver
BTU 4 Oral infection Wistar rat Bifidobacterium animalis, ~ 2>10° CFU/day, Reduced the amount of brain [38]
10* bradyzoites fructooligosaccharides oral for 15 days cysts
Me49 Unknown NIH mice Lactobacillus casei T. gondii antigen Reduced the amount of brain [39]
adjuvant, cysts and increased 7. gondii
intraperitoneal IgM
injection
Me49 Oral infection C57BL/6 Enterobacteriaceae Unknown Severe intestinal inflammation  [2]
20 oocysts mice Bacteroides fragilis Attenuated intestinal

inflammatory response
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