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COLLABORATIONS

« National university hospitals
* |International research centers and universities

TEAM THEMES

They are structured around a vision of:

Applied research

Basic research
approach



SCIENTIFIC APPROACH

Evaluate the implication of

Cytokines / NO Synthases in Immun responses modulation

during CE

In vivo
(sera, immune cells)
during human CE

In vivo In an
experimental model of
murin echinococcosis
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CONCLUSION 1
U This implies the

, : | | existence of an
Parasite | oSt i ilibri
7 L N ZH10StY immun equilibrium
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This may explain the lack of effective parasite rejection,
even in the presence of specific Immune responses

Suggests the existence of complex and
evolving escape and survival strategies
Induced by the parasite
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CONCLUSION 2

$

These results highlight the potential of these
cytokines, notably IFN-y and 1L-4, as biomarkers of interest
In the clinical monitoring and prognosis
of patients with CE

\‘/

These data confirm the existence
of the survival strategies induced by the parasite




SCIENTIFIC APPROACH

Identify the molecular mechanisms
Involved In parasite

survival or susceptibility

EX vivo In vivo in an
on Patients PBMCs- experimental model of
PSC cocultures echinococcosis treated
stimulated by cytokines by cytokines

Coculture

Patients Protoscolex
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CONCLUSION 3

The existence of a parasitic immune evasion mechanism
Is therefore clearly established

Which specific component of the hydatid cyst
IS responsible for this immune escape ?




SCIENTIFIC APPROACH

Evaluate the implication of different components
of hydatid cyst in the regulation of these pathways

Ex vivo on PBMCs
cultures or PBMC-PSC
cocultures stimulated by

different cyst part

GL

Culture

Patients




CONCLUSION 4

LL:
v Accellular
v Rich in carbohydrates

Regulation of v" Physical protection of the cyst

inflammation
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These parasite survival strategies involve:
the LAMINATED LAYER (LL)

Hydatic cyst
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nitric oxide and the effect of the laminated layer on nitric oxide
production
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CONCLUSION 5
All of these data suggest

LL exhibits an anti-inflammatory &
Immunoregulatory effect

-
>

g

Do they act as protective or therapeutic agents in inflammatory diseases?

Notion: THE "HYGIENE HYPOTHESIS"




THE "HYGIENE HYPOTHESIS"

The reduced exposure to microbial components and
Infections during childhood in the industrialized countries
decreases the maturation of
the iImmune system
Increases the prevalence of allergic, autoimmune,
Inflammatory diseases, and certain cancers.




Theory based on several epidemiological studies

Which highlights the existence of an inverse correlation
between the incidence of certain inflammatory
and autoimmune diseases and exposure to helminths

Inflammatory
diseases and cancers

Helminth
Infections



using helminth therapy for
the treatment of autoimmune diseases

Pathologies Helml.nth Treatment Observed outcomes Referen
species ces
*Inoculation of larvae at *No serious adverse events. (Croese
Crohn’s Necator |week 0 (n=9). *5 patients from the first ot al
disease americanus |Reinoculation between inoculation entered remission 200 63
weeks 27 and 30 (n =5). by week 45.
*Patients infected with
helminths experienced fewer
. . exacerbations. (Correale
Multlp!e Multlople Infection of 12 patients. * A significant increase in IL-10 | et al.,
sclerosis SPECIes and TGFp and a decrease in IL- | 2007)
12 and IFNy were observed in
autoreactive cells.
Larval inoculation at weeks *No serious adverse events (Croese
Celiac Necator |0 and 4, followed by a £10 subi '
] ) . subjects tolerated a low- et al.,
disease americanus | brogressive 10W—d0§e gluten dose gluten challenge. 2015)
challenge in 12 subjects.
(Rajama
Type 2 Strongyloifdes Infection of 60 patients. Decre'ase in plasma leYels of nickam
diabetes stercoralis cytokines and chemokines. et al.,

2020)




HYGIENE HYPOTHESIS / Echinococcus granulosus

We hypothesize that the immunomodulation
Induced by Echinococcus granulosus
or its larval components offers a
protective and/or curative potential against
chronic inflammatory diseases,
autoimmune disorders, allergies,
and cancers."




Several publications support our hypothesis

Protective or Therapeutic effect of Echinococcus granulosus
on inflammatory and auto-immune diseases
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IL-5 and IL-17A. Parasites & Vectors, 7, 522.



Several publications support our hypothesis

Anti-cancer effect
of Echinococcus granulosus (REVIEW)
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2019 Sep 25;10:1137.



SCIENTIFIC APPROACH

i
m Confirm the application of

« the hygiene theory » to our study
model

Evaluate the effect of
Echinococcus granulosus infection

during experimental colitis
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Echinococcus granulosus infection protects mice against
DSS-induced colitis
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SCIENTIFIC APPROACH

m Confirm that the Laminated layer (LL) is
(at least partially) the component responsible

for the observed effects.

Evaluate the effet of LL during several diseases:
1/ Experimental colitis
2/ Experimental allergic asthma

3/Experimental autoimmune uvelitis
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The laminated layer (LL) protects mice against
DSS-induced colitis
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iNntestinal damage and inflammatory responses in
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The laminated layer (LL) protects mice against
ovalbumin-induced allergic asthma
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1P THEN aErosol)

) Experimental
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The laminated layer (LL) protects mice against
autoimmune uveitis
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The Hydatid fluid (HF) protects mice against
Cell Line-Derived Xenograft (CDX)-induced breast cancer
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CONCLUSION

Our work on Cystic Echinococcosis (CE) has enabled us to draw a complex
portrait of the host-parasite interactions, with implications that extend far
beyond the field of parasitology itself.

1. Immune equilibrium between the parasite (Echinococcus granulosus)
and 1ts host,
2. The potential of cytokines as prognostic marker for patient follow-up.

3, The key role of the laminated layer in the parasite's survival strategies.

4, Therapeutic potential of hydatid cyst components, particularly the
Laminated layer in experimental models of various pathologies, including;:
‘Inflammatory diseases

*Autoimmune conditions

*Cancers



Ongoing research in our lab

Highlight the potential immunoregulatory,
protective and/or curative effect of LL, HF, and
excretory-secretory products of PSC on other
pathologies (PR, CCR, ..)

. Ex vivo during human CE | . In vivo in experimental models:
. (PBMC, biopsies, ...) | ' 1) Freud's adjuvant-induced arthritis
R e ' . 2) DSS+DMH-induced colorectal cancer
. mouse model
. 3) Breast cancer
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Identify and characterize the biomolecules
responsible for these effects




Proteomic analysis
(Zeghir-Bouteldja et al., 2017 et 2022)

*Hydatid fluid
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reveals cyst location-related variatiom in
FEchinococcus granulosus
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IDENTIFICATION OF PROTEINS OF LAMINATED LAYER
OF ECHINOCOCCUS GRANULOSUS: INTERFACE AMONG
HOST AND PARASITE
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