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Observation

IL-10~/~ mice die of acute encephalitis during Toxoplasma infection, associated with elevated cytokine levels, but not with enhanced
parasite proliferation

IL-4~/~ mice succumb during acute Toxoplasma infection despite having fewer circulating parasites, but chronic IL-4 suppresses
the restriction response, leading to increased pathogen burden and pathology

Mice deficient in 5-lipoxygenase (the enzyme responsible for generating lipoxin Ag) succumb to otherwise sublethal doses of
Toxoplasma, have elevated circulating IL-12, IFN-y, and TNF-a, and have increased T cell infitration, despite harboring lower cyst
burdens than WT mice

Mice lacking the IL-27 receptor have enhanced mortality and CD4* mediated tissue damage, independently of parasite burden
during oral Toxoplasma infection

Chronic IL-10 is required to limit fatal immunopathology mediated by CD4+ T cells in the brain during Toxoplasma infection

IL-10 is required to limit fatal immunopathology at acute and chronic Toxoplasma infection. In this context, it is primarly produced by
Tbet*Foxp3™~ Thi cells

IL-27 signaling promotes a subset of Tregs that limit intestinal pathology and improve host survival during oral Toxoplasma infection
Lamina propria-infitrating Ly8CM monocytes release IL-10 and PGE; that limit neutrophil-induced tissue pathology in oral
Toxoplasma infection

Gut infiltrating neutrophils create multicellular casts to prevent bacterial translocation, improving host survival independently of
parasite burden

Reference

Gazzinelii et al., 1996

Roberts et al., 1996

Aliberti et al., 2002

Villarino et al., 2003

Wilson et al., 2005
Jankovic et al., 2007

Hall et al., 2012
Grainger et al., 2013

Molloy et al., 2013
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Doses of oocysts (Mice/Sheep) Offspring mortality® Morbidity in the offspring® Vertical transmission®

(Mice/Sheep) (Mice/Sheep) (Mice/Sheep)
High (500 cocysts/500 oocysts) Medium/High*** High/NA High/NA
Intermediate (100 oocysts/50 cocysts) Low/High*** High/High High/High
Low (25 cocysts/10 oocysts) Low/Medium** ~/Medium Medium/High*

Mortality of fetuses during pregnancy in sheep and of pups/lambs after birth in mice and sheep.

bMorbidity in the offspring was evaluated by decrease of the body weight of pups from day 14 pp in mice and by clinical signs in Iive lambs (weakness) at bith.

©In mice, PCR-positive brains in surviving pups at day 28 pp. In sheep, seropositive live lambs with a PCR-positive resuit in at least one tissue.

NA, not availeble. High, medium, low or minus (-) mean presence of clinical signs, offspring mortality, or vertical transmission of the parasite in >67, 66-34, <33, and 0% of the
fetuses/pups/lambs, respectively. Body weights lower than the uninfected group are considered high morbidity, while no difference compared to uninfected group is represented as
minus (-). *P < 0.05, *'P < 0.01, **P < 0.001, and ""P < 0.0001 significant differences between mice and sheep in the number of fetuses/pups/lambs died or in the number of
surviving offspring infected with T. gondi.
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Non-pregnant mice

Oocysts N° Pregnant®  Lung B Serum
positive  positive  positive

GroupA 2000 9 59 o4 a4 a4
GroupB 500 9 69 o3 3/3 3/3
GroupC 100 10 6/10 3/4 a4 a4
Group D 25 10 6/10 o/4 3/4 3/4

Group E Control 9 5/9

Number of pregnant mice/mice housed with males.
Number of full-term delivered pups.

Pregnant mice

Lung Brain  Serum
positive  positive  positive

3/5 5/5 5/56
5/6 6/6 6/6
5/6 6/6 6/6
3/6 3/6 3/6

Number of litters with at least one pup born dead or euthanized due to severe clinical signs/total number of litters.
9INumber of ftters in which all defivered pups born dead or have to be euthanized due to severe clinical signs/total number of litters.

®Number of pups surviving at day 28 pp (percentage).
*P < 0.05 and ***P < 0.0001 significant differences.

Litter size
(0 days
post-partum)P

62
71
83
72
2

Pups

Mortality per
litter (28 days
post-partum)®

5/5
5/6
1/6
5/6
1/5

Litter with 100%
mortality (28
days
post-partum)d

1/5
206
o6
16
/5

Surviving
(28 days
post-partum)®

31 (50%)"
36 (50%)"
76 (91%)
58 (73%)
71(98%)

Brain positive
(28 days
Ppost-partum)

31 (100%)
36 (100%)
76 (100%)

20 (37%)
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Group

Group 500A (500
TgShSp1 oocysts)

Group 5008 (500
TGME49 oocysts)
Group 50A (50
TgShSp1 oocysts)

Group 50B (50 TgME49
oocysts)
Group 10A (10

TgShSp1 oocysts)

Group 108 (10 TgME49
oocysts)

NA, not available.

Fetal/lamb

mortality (%)

a2

42

Clinical
outcome

Early abortions

Late abortions
Early abortions

Early abortions

Stillborns/lambs
Early abortions,

Late abortions
Stilborns/lambs
Late abortions

Stilloorns/lambs
Early abortions

Stilborns/lambs

Number
of ewes

Number of
fetuses/lambs

Placentomes/cotyledons

H/E (%)
NA

100
NA

NA

NA
NA

100
NA
100

NA
NA

NA

PCR (%)

16

100

100
100
100

100

75

Fetal brain
H/E (%) PCR (%)

100 -
100 100
100 -
100 -
63 60
100 -
100 100
100 100
100 100
69 100
100 -
60 60

Fetal lung

H/E (%)

PCR (%)

100

100
100
100

100

50
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Non-infected

cbe2L. 90.03 £ 11.6"
CcDe4 165.83 + 14.06
CCR2 20021 + 31.06
HLA-AB.C 1305.95 + 100.06

HLA-DR,DPDQ 857.66 £ 73.4

*Data are means + S.EM.

Chronic toxoplasmosis ~ P-value

47.98 +10.2
146.9 £ 27.57
146.17 £ 40.87
1156.63 + 317.58
895.2 £ 172.84 p=0817
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Study title

Plasma microRNAS are promising novel
biomarkers for the early detection of
Toxoplasma gondi infection

Analysis of MIRNA expression profiling in
mouse spleen affected by acute Toxoplasma
gondii infection.

Characterization of mouse brain microRNAS
after infection with cyst-forming Toxoplasma
gondii

Toxoplasma gondi infection of fibroblasts.
causes the production of exosome-like vesicles
containing a unique array of MRNA and miRNA
transcripts compared to serum starvation

Exosomes secreted by Toxoplasma
gondi-infected L6 cells: their effects on host
cell proliferation and cel cycle changes
Differential brain microRNA expression profiles
after acute and chronic infection of mice with
Toxoplasma gondii cocysts

STAT3-dependent transactivation of mRNA
genes following Toxaplasma gondi infection in
macrophage

Toxoplasma gondii infection specifically
increases the levels of key host microRNAs
Global miRNA expression profiling of domestic
cat livers following acute Toxoplasma gondi
infection

MicroRNA-132 dysregulation in Toxoplasma
gondi infection has implications for doparmine
signaling pathway

miR-146a and miR-155 delineate a MicroRNA
fingerprint associated with Toxoplasma
persistence in the host brain

Toxoplasma Modulates Signature Pathways of
Human Epilepsy, Neurodegeneration and
Cancer

Comparison of splenocyte microRNA
expression profiles of pigs during acute and
chronic toxoplasmosis

Expression profile of microRNAs in porcine
alveolar macrophages after Toxoplasma gondi
infection

Microarray analysis of long non-coding RNA
expression profiles uncovers a
Toxoplasma-induced negative regulation of
host immune signaling

Toxoplasma gondli manipulates expression of
host long non-coding RNA during intracellular
infection

#Tachyzoites used unless othenwise stated,
bFunctional data.

©Human foreskin fibroblasts.

9Peripheral blood mononuclear cells.
°Human neuroepithelial cell .

1S-NSC are adult human neural stem/progenitor cells; S-NDC are a differentiated form of S-NSC; MM are in vitro culture-adapted human monocytes.

9alveolar macrophages.

Type

mMIRNA

mMIRNA

mMIRNA

mMiRNA

miRNA

mMIRNA

mMIRNA

mMIRNA

mIRNA

mMIRNA

mMIRNA

mMIRNA

mMIRNA

mIRNA

IncRNA

IncRNA

Host

Mouse

Mouse

Mouse

Human

Rat

Mouse

Human

Human

Cat

Human

Human

Human

Pig

Pig

Human

Mouse

Cell/tissue

Plasma from infected
mice

Spleen from infected
mice

Brain from infected
mice.

Exosome-like vesicles

isolated from HFF®

Exosomes isolated
from L6 myoblast cell
line

Brain from infected
mice

Macrophages derived
from PBMCs?

Primary HFF cells

Liver from infected cats

SK-N-MC cells®

Primary HFF

$-NSC, §-NDC, MM6
cells’; Serum samples
from ill children
Spleen from infected
pigs

3D4-21 cell lined

HFF cell line

Bone marrow-derived
macrophages

Strain®

RH, ME49

RH

PRU coysts

PRU

RH

PRU oocysts

TgCtwhd

RH

PRU

RH, PRU,
CTG

RH, ME49

GT1, PRU,
ME49, VEG

YZ-1 (Chinese
1)
RH, ME49

ME49

RH, PTG

Method

Real-time PCR
arrays

High-throughput
sequencing

High-throughput
sequencing

Microarray

Microarray
High-throughput
sequencing

Microarray

Microarray

High-throughput
sequencing

Microarray

Microarray

High-throughput
sequencing;
GRT-PCR panel
High-throughput
sequencing

High-throughput
sequencing

Microarray

Microarray

FDP

No

No

No

No

No

No

Yes

No

No

No

Yes

No

No

No

Yes

No
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Accession Protein
P28309+ Aipha-defensin 2 (DEFA2)

P28312 Apha-defensin 5 (DEFAS)

Q45VNZ* Alpha-defensin 20 (DEFA20)

Q56865 Alpha-defensin 24 (DEFA24)

P17897+ Lysozyme C-1 (LYZ1)

088312 Anterior gradient protein 2 homolog (AGR2)
Q07105 Chloride intracellular channel protein 1 (GLGA1)
P17182 Alpha-enolase (ENOA)

P19467™ Mucin-13 (MUG13)

Q8KOCS Zymogen granule membrane protein 16 (ZG16)
P55050 Fatty acid-binding protein, intestinal (FABP2)
Q62468 Villin-1 (VIL1)

P16014™ Sectretogranin-1/Chromogranin-B (CHGB)

*Detected in two of three biological samples only.
~Detected in one of three biological samples only.

Cell type

Paneth cell

Goblet cell

Enterocyte

Enteroendocrine
cell

Peptide
counts

% Coverage

19.1
19.4
16

16.1
26.9
25

253
19.1
183
18.3
67.7

43.9
51.7
46.9
303
54.5
58.5
34.9
75.2
82.7
74.4
89

488
34.7
25.1
69.2
4.7
318
615
52.1
37.6
72

emPAl score

1.98
1.29

127
074
0.74
072
073
204
1.32
0.75
4.95

251
153
2.47
0.86
0.99
256

9.43
41.93
18.18
017

1.32
0.66
04

5.14
4.08
1.76
3.41
2.59
093
0.13
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Acronym Full name Function Expressing cells Species References

GAD Glutamate GABA synthesis DG, T cell, microglia Human, mouse Dionisio et al., 2011; Fuks et al., 2012;
decarboxylase Bhandage etal., 2019
GABAT GABA- GABA degradation T cell, microgia Human, mouse Dionisio et al., 2011; Bhandage et al.,
transaminase 2019
GAT GABA transporter GABA transportation DG, microgla, T cel Human, mouse Dionisio et al., 2011; Fuks et al., 2012;
across the cell Bhandage etal., 2019
membrane for
secretion
GABA-AR  GABA-Areceptors  Polarization/depolarization DG, PBMG?, T cell, Human, mouse, Tian et al., 2004; Bhat et al., 2010;
of the cell membrane monocyte, rat Dionisio et al., 2011; Wheeler et al., 2011;
via CI~ flux into/out of macrophage, microglia Fuks et al., 2012; Mendu et al., 2012;
the cell Bhandage et al., 2015, 2018a, 2019
NKCC Nat-K+-CI~ GABA-A R regulation PBMC, microgia Human, mouse Bhandage et al., 2015, 2018a, 2019
co-transporter via GI~ transport into
the cell
Kee K+-CI™ GABA-A R regulation PBMC, microgiia Human, mouse Bhandage et al., 2015, 2018a, 2019
co-transporter via CI~ transport out of
the cell
vDCo Voltage- Ca?* signaling via flux DG, PBMC, microgia Human, mouse Kanatani et al., 2017; Bhandage et al.,
(Cay) dependent into/out of the cell 2018b, 2019
calcium channels

4peripheral blood mononuclear cells.
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Murine and human subsets highlighted in yellow produce IL-12 in response to stimulation with T. gondii tachyzoites in vitro (Sher et al., 2017). The porcine subsets which respond to
T. gondii exposure are currently unknown.
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