Toxoplasma gondii prevalent in China: genotypes and Its
Interactions with host macrophages
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Prevalence of human Toxoplasma infection
across the world
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Toxoplasmosis: a foodborne disease threatening humans health
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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)?



One species worldwide: T. gondii

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

Multiloci (9 markers)

Typing techniques (PCR-RFLP, MS)
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clonal population structure of T.gondii in human and domestic
animals in North America and Europe.
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Genetic structure of Toxoplasma in China

“* 46 isolates from animals

*» 13 samples from human

“» 7 types were found [ToxoDB#9,
\‘\“ S type, |, type 11, #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.

N *»*human infections come from
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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)
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Microsatelite (MS) genotyping for confirmation
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Twelve genotypes of T. gondii defined with PCR-RFLP at 10 loci from

220 isolates in China

#10 (Type I), 43, 19.55%
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#1(Type II), 4, 1.82%
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The genes expression levels

of T.gondii isolates
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GRA3, ROP38, RON3: What do they mean?
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Gene expression profiles (29 factors) among the three strains
It shows a significant increase of RON3 and GRA3 expression inWh6 strain.
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Type Chinese 1 strains share polymorphic ROP161 with
type I/lll, and GRA151 with type Il strains
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What is the medical significance of type Chinese 1
strains?

Genotype-associated macrophage polarization and its
pathogenesis Cell Host & Microbe, 2011



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

Isollates Locations Mortality of mice | Survival days genotypes Comments
(%) postinfection
RH 100 (10/10) 5-7 #10, Type | Contr
PRU 0 (0/10) Survived #3, Type 1l 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
Ctsd?2 Jinan, Shandong 10 (1/10) Survived Chin 1 Pres Res
Ctsd3 Jinan, Shandong 0 (0/10) Survived Chin 1 Pres Res
Ctxzl Xuzhou, Jiangsu 100 (10/10) 3-4 #10, Type | Pres Res
Ctxz5 Xuzhou, Jiangsu 100 (10/10) 5-6 #205 Pres Res
Xuzhou, Jiangsu 100 (10/10) 5-7 #205 Pres Res

Ctxz8

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




Wh3 and Wh6 differ in virulence compared with RH or PRU
In mice

A Summary of mouse virulence of representative strains with different dosage of 7.gondii tachyzoites

Toxoplasma gondii isolates

RH TgCtxz1 TgCtxz3 TgCtxz5 TgCtgy1 TgCtwh3 TgCtwh6é PRU
% Mortality in 100 25 (1/4) 83.3 (5/6) 0 (0/4) 12.5 (1/6) 50 (3/6) 10 (1/10) 0 (0/10) 0 (0/5)
wi'&ed';;’;:':tted 10" 80 (4/5) 100 (6/6) 100 (6/6) 75 (6/8) 83.3 (5/6) 60 (6/10) 6.2 (1/16) 0 (0/6)
dosage of 102 100 (5/5) 100 (6/6) 100 (6/6) 100 (6/6) 100 (6/6) 78.6 (11/14)  18.2 (4/22) 0 (0/6) - ———
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(No.died/ 10" 100 (5/5) 100 (6/6) 100 (6/6) 100 (6/6) 100 (6/6) 92.9 (13/14) 45 (9/20) 16.7 (1/6) -
No.infected) 4
0" 100 (5/5) 100 (6/6) 100 (6/6) 100 (6/6) 100 (6/6) 100 (10/10)  43.7 (7/16) 42.9 (3/7)
Cyst found in mice No No No No No No Yes Yes
Haplogroup& C 3.1 C 3.1 c32 Cc3.2 C3.3 c3.3 C33 c3.2
Genotypes (ToxoDB)  Type | (#10) Type [ (#10) Atypical (#205) Atypical (#205) Chinese 1(#9) Chinese 1(#9) Chinese 1(#9) Type Il (#1)
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Time phase of tissue location following Wh6 cyst infection
In mouse (DNA copy number tested by g-PCR)

-o- blood -#= heart
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Inflammation Pathology of lung tissues of mouse following infection of
T.gondii type Il 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
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RT-PCR ‘
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(2) Stat3-MiR17s-Bim signaling associated inhibition of

Macs apoptosis

Mature miRNAs Relative Expression
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B Macrophages + TgCtwh3
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Wh3 infection upregulated expression of pSTAT3

Macrophages + TgCtwh3
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A. Wh3 infection upregulated miR17-92 transcription,which was
downregulated following STAT3 siRNA silencing

Mature miRNAs
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Wh3 infection and pSTAT3 remarkably inhibited expression of Bim,
while inhibition of pSTAT3 enhanced Bim expression
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miR-17~82 miRNAs Inhibition
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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-kB, driving polarization of the host macrophages

to M2 (alternatively activated macrophage)
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ROP18 directly phosphorylates C-terminus of NF-kB p65

A
p65-His - full MM C - full N1 C
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phosphorylated
p65 (red arrow)



Kinase activity of ROP18 suppresses NF-B activation
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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 ROP16l/1ll with type | and GRALS5II with type
Il 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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Striking divergence in Toxo rop1l6 sequences from human (virulent)
and meat samples (avirulent) in Colombia

1 2 8.4 S 6 7 8 9 10 11 12 13 141516 17 18 19 20
=-- (s Gae e e e —— e ezre ene ames ——
RH
™

I"\-\.'.-"'

21 22 23 24 25 26 Whyf)
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= «® control

ROP16I/Ill sequences ( mouse-virulent strains) were noted in 45.5%-
83.3% patients and soldiers.

Of note, ROP16Il sequences ( mouse avirulent type Il) 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.

Catalina Alvarez et al. JID, 2015:211
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Profilin NK

Type | parasites

GRA151 no NF-kB activation
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ROP18- IRGs phosphorylation —~
ROPS, - high virulence

CCRS 4
9\' sTaTE tTNFu. IL-12, IL-23 voom ®,
INF-kB ‘IL-G IL-1p Acute death by g
Macrophages IL-10, IL-27 excessive parasite burden
i IL-6
Type 1l paras:tes WIFNY o 117
pIL-17, IL-22 N8 @ IFNy
W GRA15,- NFXB activation IL-10

Late
IL-12 @

HOP16,- transient STAT3/6 activation

i

AOP18, ~ no 1RGs phosphorylation NK +
\\ ROPSi- low virulsnce Thi7 S @CD?FNY
(® w22
IL-1p Thi
inleas &:tﬁalL 18, IL-18 g . N
istarag 116, IL-1B, IL- 7 Recruitment of IRGs, destruction of the PV, Acute death by
IL-10, IL-27 necrosis, NO and ROS synthesis, autophagy Inflammation
Type Il parasites — Establishment of chronic infection \ \ ' .

B T\ NK

GRA15,- no NF-kB activation
ROP16y- constitutive STAT3/E activation
ROP18,- no IRGs phosphorylation—»

VINFa, IL-12, 1L-23 Recruitment of IRGs  TLA
{STAT3/S

g Control of parasite growth atis &4 ms;
i NF-kB IL-6 Recruitment of IRGs, destruc tion of the PV,
¥iL-10, 1L-27 necrosis, NO and ROS synthesis, autophagy
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Mutation type

T:A>G:C -

T:A>C:G -

T:ASAT -

C:G>T:A-

C:G>G:C -

C:G>AT -
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Next generation sequencing of Wh3 and Wh6

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 TgCtwWh6

(D) CDS InDel length
distribution of TgCtWh3
and TgCtwWh6
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>1200 - L
1100-1200 -
1500 -
1000-1100 -
900-1000 - |
800-900 - l
Category
1000 - . Downstream S 700-800- [
Exoni 2,
. xonic T Sample
. Intergenic 2 500-700 - | .TgCiWHS
- Intronic K -TthWHS
>
. Upstream ) 500-600 - |
Upstream/Downstream
400-500 - ‘
500 -
el h
200-300 - L
100-200 ) —
0~ 0-100 -
1 I 1 1 I
TgCtwH3 TgCtWH6 0 20 40 80
Sample Percentage of SVs(%)

CN(copy number)Vs and S(structure)Vs distribution
(A) Distribution of CNVs annotation result
(B) Distribution of SVs length



<2 FEINSEHRMHIBEEBRIT. gondii genotypes in China

HUR

host

SAG1

SAG2

SAG3

BTUB

GRAG

C22-8

C29-2

L358

PK1

Apic

0

ToxoDB

ZS,ZS1 (n=2)
(n=11)

Human

#9
(Chin 1)

TgCtPRC2, 6, 7, 8, 9,
10, 11, 12, 13, 14,
15, 16, 17;
TgCtwhl, 2, 3, 4,
5,6,7,8,
TgCtgdl, 2,
TgCtsx1, 2,
TgCtys], 2;
ToCl, 2, 3,4,5, 6,
7,8, TgCatBj1, 2,
3,4,5,6,7,8,9,
10, 11 (n=46)

Cat

#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

#9
(Chin 1)

SH (n=1)

Humn

#10 (Type I)

CN, NT, TgPHsl,
TgPXx,TgPXd,
TgPNx,TgPLh,
TgPxda, Tgpxdbl,
Tgpyh, TgPNY,
TgPGZ (n=12)

Pig

#10 (Type I)
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L EQ S i ¥  SAGl SAG2 SAG3 BTUB GRAG6 c22-8c29-2 L358 PK1 Apico ToxoDB
S10 (n=1) JoR 2 | | | | | | | | | #10 (Type 1)
TgCtPRC1,3 Y] I | 11 I I [ n I 11 11 #18
(n=2)
QHO (n=1) e | 1 | 1 1 #3 (Type 11)
JSEM1 (n=1) | W% | 1 (| |u 1 1 #3 (Type 1)
H2 (n=1) L) | 1 o 1 1 #3 (Type 1)
Tgpkfl71 MR #213
(n=416) A #9(Chin 1)
SHR 5 1 Il I e e e | 11 11 #2 (Type llI)
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diversity

#Toxo12

Presented By

TgBBeCa0lENVL-MA

Dr. C Su TgCatSt TgCatBro6-
Ta%Br%ngBMS TgCkBro6
At Intl Confer 1gCatP®® 2T _ , 9 %Z,Trégl(():kBr%
W S /R N N 9Ckp, 19Ckn7TaCk
Toxo, Oxford 10 (W PN NN\ oo s e i
, <N 4 S Tor, 019 T9CatB B¢\
2013 O 05 z 4 ey 909;9,77 "B
TgCa\Pr -

PNAS 2012;109:5844-5849



IL-12" BNl Imon uptake IL-1 | YA Iron releasa
IL-1¢*® ROl Metabolism IL-10"  FIZZ1  Folate uptake
IL-2an IL-1RA™ Arginase Metabolism

MSF Polyamines
* Promation of Ty 1 response * Promation of T2 response
= Efficiant antigen presantation capacity = Encapsulation and clearmnca of parasites
= Killing of imtracellular pathogaens = Tumor promotion and tissue remodalling
= Tumor destruction and tissue damage = Immunoregulation




{Degradation|

kK ERE

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