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Life cycle of T.gondii 



Prevalence of human Toxoplasma infection 

across the world  
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    弓形虫对于人类健康的危害：       Toxoplasmosis: a foodborne disease threatening humans health 

  Losses of livestocks 



Questions to be answered: 
 

 1. How about the population structure  of T.gondii in 

china? 

 2. What is the medical significance of the dominant 

genotype (virulence and effectors polymorphisms)? 

 3. What is the mechanism by which  the parasite is 

able to duplicate within its host macrophages 

(immune evasion)? 



1 Genotypes and clonal lineage dominantly prevalent in 
China   

One species worldwide: T. gondii  

High genetic diversity:ToxoDB#231 (Jun. 2014) 

Multiloci (9 markers) 

Typing techniques (PCR-RFLP, MS） 



Howe, D.K. and Sibley, L.D. 1995.  J. Infect. Dis. 172:1561-1566. 

(n=20) 

(n=57) 

(n=29) 

Six PCR-RFLP makers (mutation 

rate 10-8) 

   clonal population structure of T.gondii in human and domestic 

animals in North America and Europe. 

 



中国T.g分离株基因型与地理分布  geographic location and 
genotypes of T.gondii in China 

Genetic structure of Toxoplasma in China 

human infections come from 

animals? 

 

 46 isolates from animals 

 13 samples from human 

 7 types were found [ToxoDB#9, 

type, I, type II, #203, #205, #213, 

and #215]. 

 ToxoDB#9 is dominantly defined 

and termed as Chinese 1 

 Strains of type Chinese 1 account 

for 73.8% in animals and 

76.9%in human. 

中国的Toxo基因型数据表2015-07-21.doc
中国的Toxo基因型数据表2015-07-21.doc


    PCR-RFLP genotyping (isolates from Anhui and Hubei)  

Chin 1 



Microsatelite (MS) genotyping for confirmation 



Twelve genotypes of T. gondii defined with PCR-RFLP at 10 loci from 

220  isolates  in China 



GRA3, ROP38, RON3: What do they mean? 

Gene expression profiles （29 factors） among the three strains 

It shows a significant increase of RON3 and GRA3 expression inWh6 strain. 



   中国人兽T.g分离株的遗传进化树phylogeny  of isolates in China  Instead of types I, 

II, and III 

commonly found in 

Europe and North 

America, type 

Chinese 1 

dominates in China 

mainland. 

Type II 

Chinese 1 

Type I 

#205 

Ref. genotypes 



Chinese 1 携带ROP1 
Type Chinese 1 strains share polymorphic ROP16I/III with 

type I/III，and GRA15II with type II strains 



What is the medical significance of  type Chinese 1 
strains? 

Genotype-associated macrophage polarization and its 

pathogenesis Cell Host & Microbe， 2011 

  M2 M1 



表 6. 中国T.g不同基因型对小鼠的毒力 
 

Isollates    Locations Mortality of mice 

         ( %) 

Survival days  

postinfection 

genotypes Comments 

RH 100 (10/10) 5-7 #10, Type I Contr 

PRU 0 (0/10) Survived  #3, Type II Contr 

Wh6 Wuhan, Hubei 0 (0/10) Survived  Chin 1 Pres Res 

Wh3 Wuhan, Hubei 

 

100 (10/10) 6-8  Chin 1 Pres Res 

Wh14 Wuhan, Hubei 100 (10/10) 5-6  Chin 1 Pres Res 

Ctsd2 Jinan, Shandong 10 (1/10) Survived   Chin 1 Pres Res 

Ctsd3 Jinan, Shandong 0 (0/10) Survived   Chin 1 Pres Res 

Ctxz1 Xuzhou, Jiangsu 100 (10/10) 3-4 #10, Type I Pres Res 

Ctxz5 Xuzhou, Jiangsu 100 (10/10) 5-6 #205 Pres Res 

Ctxz8 Xuzhou, Jiangsu 100 (10/10) 5-7 #205 Pres Res 

     Different virulence was identified in the isolates of   genotype Chinese 1. 

2.  High- and low- virulent strains of type Chinese 1 



Wh3 and Wh6 differ in virulence compared with RH or PRU 

in mice 



图 9. 成囊株T.g感染小鼠后的体内动态分布（ Wh6） 

 50 cysts (Wh6) 

 A: DNA copy No. in 

5 mice 

  B: T.g PCR 

products（529bp） 

in the brains and 

peritoneal exudates 

 

     a: blood  

     b: heart 

     c: brain 

     d: liver 

     e: lymphonode 

    (B, control；N, 

negative control；P, 

positive control) 

Time phase of tissue location following  Wh6 cyst infection 

  in mouse (DNA copy number tested by q-PCR) 



Inflammation Pathology of lung tissues of mouse following infection of 

T.gondii  type II PRU and type Chinese 1 Wh6 and Wh3 strains (HE staining)  



3. Interactions of T.gondii with its host macrophages: 

Resistance/susceptibility and immune evasion 

(1) Host resistance or susceptibility depends on the 

balance of iNOS/NO and Arginase of macrophages 

 

 



Duplication of 

parasites in Macs 

of rats and mice 

(with fluorescent 

microscopy)  

No. of parasites /100 Macs (0-24h) 



RT-PCR 

Concentration of iNOS and NO generated in the Macs of rats or mice (24h cell 

culture) 

 High expression of Arg-1 in peritoneal Macs of mice 

B 

C 



BN rat produced less NO but more urea， whereas Lewis rat secreted  more 

NO but low urea. 

Nitric oxide produced by F1 falls in between its parents.  



   

A 

B 

C 

(2) Stat3-MiR17s-Bim signaling associated inhibition of 
Macs apoptosis 

Chips- based 

identification of 

microRNA 17-92a 

in Tg infected 

human PBMCs 

verified by qRT-

PCR. 



T.g infection 

inhibited 

expression of BIM 

Similar to WT 

T.g infection, 

miR17s 

transfection 

inhibited BIM 

expression. 

Constructs of luciferase reporter 

plasmids 



Wh3 infection upregulated expression of pSTAT3 

 



A. Wh3 infection upregulated miR17-92 transcription,which was 

downregulated   following STAT3 siRNA silencing  

B. 在miR17~92基因簇转
录本的上游启动子区域，
存在两个高度保守的
STAT3结合位点  



Wh3 infection and pSTAT3 remarkably inhibited expression of Bim，
while inhibition of pSTAT3 enhanced Bim expression  



ROP16I/III , 

ROP18 

or….？ 

Stat3-MiR17s-Bim signaling is involved in inhibitory apoptosis in 

infected macrophages, a putative mechanism of immune evasion. 



(3)T.gondii ROP18 degraded p65 and inhibited activation 

of NF-κB，driving polarization of the host macrophages 

to M2 (alternatively activated macrophage) 



Pulldown 
Co-IP 

ROP18/p65 Co-

localization 



ROP18 directly phosphorylates C-terminus of NF-kB p65 

ROP18 

phosphorylated 

the full length and 

C terminus of p65

（white arrow)） 

It is ROP18-WT 

rather than 

ROP18-Mut that 

phosphorylated 

p65（red arrow） 



Kinase activity of ROP18 suppresses NF-B activation 



A，B，C: When 

Macs were 

transfected with 

ROP18-WT and –

MUT plasmids ，

no reactivation of 

NF-κB was noted 

(showing low 

expression of TNF-

a,IL-6, and IL-12. 

D,E,F:When Macs 

were infected with 

WT,rop18-mutant 

or –knockout  

strains of parasites, 

NF-κB  was 

disabled and TNF-

a, IL-6, and IL-12  

were 

downregulated  

(M2 polarization） 



Summary   

1. Population structure of T.gondii in China differs   greatly   from 

other continents of the world, type Chinese 1  dominates in China 

mainland;    

2.Chinese 1 strains share ROP16I/III with type I and GRA15II with type 

II although Chinese 1 possesses both virulent and avirulent strains; 

3. Resistance/susceptibility depends on the ratio of iNOS/NO and 

Arginase in macrophages of rats and mice; 

4. Stat3-MiR17s-Bim signaling is involved in inhibition of apoptosis of 

human macrophages; ROP18 phosphoryletes p65, resulting in 

degradation of NF-kB and reduction of inflammation cytokines, 

driving the macrophages to polarization of M2.  

The mechanisms might provide an explanation for the immune 

evasion of the intracellular apicomplexan. 
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  RH 

Negative 

 control 

ROP16I/III sequences ( mouse-virulent strains) were noted in 45.5%- 

83.3% patients and soldiers.  

Of note, ROP16II sequences ( mouse avirulent type II) were seen in 7 

of 7 (100%) from meat samples. 

Only 11 of 104 (10.5%) serum samples had specific antibodies against 

mouse-virulent ROP16I peptide. 

Striking divergence in Toxo rop16  sequences from human (virulent) 

and meat samples (avirulent) in Colombia 

Why? 



pEZ-miR-17~92 

transfection 

inhibited activity 

of Bim-3′UTR-1，2，

3′，showing  

reduced luciferase 

activity and 

inhibited effect of 

miR17~92  

binding to Bim-

3′UTR. 



                        弓形虫感染诱导的IFN-r介导的精神分裂症可能的机制 

   吲哚胺 2’3-双氧酶 





SNPs and Indels 

comparison and 

distribution 

(A) Venn diagram of 

shared and unique SNPs 

between two samples and 

the GT1 reference 

genome. 

(B) Venn diagram of 

shared and unique Indels 

between two samples and 

the GT1 reference 

genome. 

(C) SNP mutation type 

distribution of TgCtWh3 

and TgCtWh6 

(D) CDS InDel length 

distribution of TgCtWh3 

and TgCtWh6 

           Next generation sequencing of Wh3 and Wh6 

      SNPs                                                   Indels 



           CN(copy number)Vs and S(structure)Vs distribution 

(A) Distribution of CNVs annotation result 

(B) Distribution of SVs length 



      虫株 host SAG1 SAG2 SAG3 BTUB GRA6 C22-8 C29-2 L358 PK1 Apic

o 

ToxoDB 

ZS, ZS1    (n=2) 

              （n=11） 

Human μ-1 Π Ш Ш Π Π Ш Π Π Ι #9  

(Chin 1) 

TgCtPRC2, 6, 7, 8, 9, 

10, 11, 12, 13, 14, 

15, 16, 17; 

TgCtwh1, 2, 3, 4, 

5, 6, 7, 8, 

TgCtgd1, 2, 

TgCtsx1, 2, 

TgCtys1, 2;  

TgC1, 2, 3, 4, 5, 6, 

7, 8 , TgCatBj1, 2, 

3, 4, 5, 6, 7, 8, 9, 

10, 11 (n=46) 

Cat μ-1 Π Ш Ш Π Π Ш Π Π Ι #9 

 (Chin 1) 

GYS, PYS, ZC, FS, 

NY5, NY19, 

NY11, NY8, 

NY13, LC-13, PE-

18, ZT-11, WS-

29, WS-30  (n=14) 

Pig μ-1 Π Ш Ш Π Π Ш Π Π Ι #9 

 (Chin 1) 

SH (n=1) Humn I I I I I I I I I I #10 (Type I) 

CN, NT, TgPHs1, 

TgPXx,TgPXd, 

TgPNx,TgPLh, 

TgPxda,Tgpxdb1, 

Tgpyh, TgPNY, 

TgPGZ (n=12) 

Pig I I I I I I I I I I #10 (Type I) 

表2 中国的弓形虫优势基因型T.gondii genotypes in China 



S10 (n=1) 麻雀 I I I I I I I I I I #10 (Type I) 

TgCtPRC1,3 

(n=2) 

猫 I I III I III II I III III I #18 

QHO (n=1) 绵羊 II II II II II II II II II I #3 (Type II) 

JSEM1 (n=1) 麻雀 II II II II II II II II II I #3 (Type II) 

H2 (n=1) 

 

Tgpkf171 
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#9(Chin 1） 

 

#2（Type III) 

   虫    株                宿     主       SAG1    SAG2  SAG3  BTUB  GRA6 c22-8 c29-2  L358     PK1   Apico    ToxoDB 

  

表3 中国的优势弓形虫基因型 



4 

TgCatStK7a 
ENVL-MAC TgBBeCa01 

TgCatBr40 

TgCkBr06

1 
TgCatBr34 

TgCatBr06-

20 

TgCkBr03

7 

6 

9 

4 

1 

7 

11 

13 

5 

10 12 
2 

3 

15 

8 

8 

 

Global T.g genetic 

diversity 

PNAS 2012;109:5844-5849 

Presented By 

Dr. C Su 

At Intl Confer 

Toxo, Oxford 

2013 

 





ROP18-induced p65 degradation resulted in inhibition of NF-κB, driving Macs polarization to M2 
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WT Toxo 

degraded 

HFF p65 

ROP18-WT 

(neither -mutant 

nor –knockout ) 

degraded p65  

IF indicated 

degradation 

of p65 by 

ROP18 
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