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Boosting the suppressive effects of Ascaris suum
components in IFN-y-deficient mice

Potencializacdo do efeito supressor de componentes do
Ascaris suum em camundongos deficientes em IFN-y

Valdénia Maria Oliveira Souza' and Mahasti Sahihi Macedo?

ABSTRACT

High molecular weight components from Ascaris suum extract suppress ovalbumin-specific immunity in mice. In IFN-y-deficient mice, ovalbumin-
specific delayed-type hypersensitivity reactions are more strongly downregulated by these suppressive components. Here, the cellularity of the
delayed-type hypersensitivity reaction in [FN-y-deficient mice and the increased downregulation induced by Ascaris suum components were analyzed.
1L-12p40-dependent neutrophilic influx was predominant. Suboptimal doses of the suppressive fraction from this nematode completely inhibited
the hypersensitivity reaction, thus indicating intensification of the immunosuppression under conditions of intense recruitment of IFN-y-independent
neutrophils.
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RESUMO

Componentes de alto peso molecular do extrato de Ascaris suum suprimem a imunidade especifica 2 ovalbumina em camundongos. Em camundongos
geneticamente deficientes de IFN-y a reagdo de hipersensibilidade tardia especifica para ovalbumina foi mais fortemente prejudicada por estes
componentes supressivos. Aqui, a celularidade da reaciio de hipersensibilidade tardia em camundongos deficientes de IFN-y e o incremento na
supressdo induzida por componentes do Ascaris suum foram analisados. Influxo neutrofilico, dependente de IL-12p40, foi predominante. Dose sub-
G6tima da fragdo supressiva do nematddeo inibiu completamente a reacio de hipersensibilidade, indicando uma intensificacio da imunossupressdo

em condigdes de recrutamento intenso de neutréfilos independente de IFN-y.

Palavras-chaves: Ascaris suum. Hipersensibilidade tardia. Imunossupressdo. Camundongos deficientes em IFN-y. Neutréfilos.

Helminth infections inhibit the host’s protective Th1-type
immune response to non-related pathogenic agents such as virus,
parasites and bacterial antigens' . On the other hand, harmful
Th1 or Th2 responses leading to autoimmune encephalomyelitis
or enteric allergy, respectively, can be also controlled in the
presence of helminth antigens® °. With regard to the nematode
Ascaris suum, the regulatory mechanisms induced by its
immunosuppressive components have been the focus of our
studies for some time. These components correspond to the
high molecular weight fraction, eluted in the first peak (PT), after
gel filtration chromatography of the adult Ascaris suum body
extract’. In mice, when PI was combined with ovalbumin (OVA)
and adjuvant, both OVA-specific Th1 and Th2 immune responses
were found to be impaired (lymphoproliferation, delayed-type
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hypersensitivity (DTH) reactions, 1gG2a/IgG1/IgE and IL-2/
IFN-y/IL-4/1L-10 production)®. Using IL-4 or IL-10 knockout
mice that were immunized in the same way, we demonstrated
the essential role of IL-10 in suppressing the OVA-specific
Th2 immune response, while IL-10 plus IL-4 were required
for suppressing Thl-related parameters'®. In IL-12 or IFN-y
knockout mice, the PI suppressive ability remained intact.
Unexpectedly, OVA-immunized IFN-y-deficient mice developed a
very intense OVA-specific DTH reaction, that seemed to be more
strongly impaired when these mice received PI'®. Thus, in the
present study, we investigated the type of infiltrating cell in an
OVA-specific DTH and analyzed the intensity of the suppressive
effect of PI in the absence of IFN-y.

For this, C57BL/6 mice that presented targeted disruption
of the IFN-y gene (IFN-y-/-) and wild-type C57BL/6 mice were
subcutaneously immunized with OVA (200ug of protein/animal;
Sigma Chemical Co) or OVA (200ug of protein/animal) plus PI
(200 or 50ug of protein/animal) , emulsified in complete Freund’s
adjuvant (Sigma Chemical Co), on the base of the tail (0.2ml/
animal). PI was obtained after gel filtration chromatography (XK
26/100 column of Sephacryl S-200; Pharmacia, Uppsala, Sweden)
on adult Ascaris suum body extract and was concentrated
with Centriprep 100 (Amicon, Beverly, MA, USA)°. After eight
days, the mice were challenged in the hind footpad with 2%
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aggregated OVA, and the DTH reaction was measured 24 hours
later. Histopathological analyses on footpads (stained with Lunas)
from animals in each group were compared. The results represent
the mean + standard error of the mean for 5-7 animals/group.
To test the significance between the groups, one-way analysis of
variance was used, followed by multiple comparisons using Tukey’s
method?!. Statistical significance was set at p < 0.05. The results
were representative of three experiments.

As expected, the anti-OVA DTH reaction in IFN-y-/- mice was
significantly greater than in wild-type mice (Figure 1). The high
dose of PI (200pg) completely suppressed DTH in both wild-type
and IFN-deficient mice. In contrast, the low dose (50ug) had this
same drastic effect only in IFN-y-/- mice. In wild-type mice, this
dose reduced the reaction to half of that obtained in wild-type mice
immunized with OVA alone. Analysis on the cellular infiltrate in the
footpads showed predominance of neutrophils in OVA-immunized
IFN-y-/- mice, with a few eosinophils, in comparison with intense
mononuclear cell infiltrate in the OVA-immunized wild-type mice.
Ovalbumin plus PI-immunized IFN-y-/- mice presented scarce
cellular infiltrate (data not shown).
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FIGURE 1

Delayed-type hypersensitivity reaction in wild-type or IFN-y knockout (IFN-y-/-) C57BL/6
mice immunized with ovalbumin or ovalbumin plus Ascaris suzm suppressive components,
in complete Freund’s adjuvant. The reaction was measured 24 hours after challenge
with aggregated ovalbumin on the eighth day after immunization. Non-immunized mice
(controls) were challenged in the same way. The results represent the mean + standard error
of the mean for 5-7 animals/group. * < 0.05 compared with corresponding ovalbumin-
immunized group. e p < 0.05 compared with ovalbumin-immunized wild-type group.

IL-12 is required for type 1 immune responses and IFN-y
production to develop’. We have shown that almost no DTH
reaction is obtained in our immunization model for genetic
deficiency of IL-12 production'®. Additionally, another IL-12
family member, IL-23, is committed to the Th17-subtype mediated
immune response, in which IL-17 is secreted®. The Th17-type
immune response elicits acute inflammation/neutrophilic
response'*?’. IL-12 and IL-23 share the IL-12p40 subunit, which
binds respectively to distinct p35 and p19 subunits, while binding
to a specific cell receptor'®.
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Here, we analyzed the role of the IL-12p40 subunit in anti-
OVA DTH from IFN-y-/- mice using an anti-IL-12p40 monoclonal
antibody treatment (C17.8; kindly provided by Dr R.L. Coffman,
Dynavax Technologies, Berkeley, CA, USA), before immunization
with OVA (200ug of protein/animal) or OVA (200ug of protein/
animal) plus PI (200ug of protein/animal). Wild-type and IFN-
v knockout mice received anti-[3-galactosidase monoclonal
control antibody (GL117) before similar immunization. IL-12p40
neutralization eliminated the anti-OVA DTH reaction in the footpad
of IFN-y-deficient mice (Figure 2), thus corroborating the
regulatory function of IL-12 family cytokines in both mononuclear
cells and the neutrophilic influx into the footpad after antigen
challenge.
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FIGURE 2

Delayed-type hypersensitivity reaction in wild-type or IEN-y knockout (IFN-y -/-)
C57BL/6 mice injected with isotype control anti-[3-galactosidase (GL117) monoclonal
antibodies or IFN-y knockout mice injected with anti-IL-12 (C17.8) monoclonal
antibodies, before immunization with ovalbumin or ovalbumin plus Ascaris suum
suppressive components (OVA+PI), in complete Freund’s adjuvant. The reaction was
measured 24 hours after challenge with aggregated ovalbumin on the eighth day after
immunization. Non-immunized mice (controls) were challenged in the same way.
The results represent the mean + standard error of the mean for 5-7 animals/group.
* < 0.05 compared with corresponding ovalbumin-immunized group.

Replacement of a mononuclear cell by eosinophilic or
neutrophilic infiltrate due to lack of IEN-y has been demonstrated
in experimental infection models?®'. Here, for OVA immunization,
few eosinophils were observed whereas neutrophils were
predominant. The pro-inflammatory cytokine TNF-ou and
neutrophil-attractive chemokines are extensively produced in
IFN-y-/- mice*® and could become committed to this type of cell
influx. Furthermore, the IL-23-IL-17 axis provides synthesis of
attractant chemokines and extracellular matrix proteins relating
to neutrophil recruitment'42,

Induction of IL-10 synthesis by PI has been demonstrated to be
the main immunosuppressive mechanism®'*#, It has been shown
that PI downregulates the expression of costimulatory agents
(CD40, CD8O and CD86) and major histocompatibility complex
II molecules on the surface of dendritic cells and, consequently,
reduces the antigen-presenting function of these cells. This effect
was mediated by IL-10'°. TFN-y and IL-10 have opposite effects on
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immune system activation'’. It is most likely that, in the absence of
IEN-y, IL-10 induced by PI has a more potent suppressive function,
including on TNF-o, IL-12 and IL-23 action. This would explain
why low doses of PI are more effective in IFN-y-deficient mice.

Ascaris species are similar in their capacity to suppress the
protective immune response of the host®. In this regard, our
results show that Pl impaired the IL-12p40-mediated neutrophilic
influx. IL-23 action has been related to the protective neutrophil
response to infection by extracellular bacterial species® or
intracellular parasites’. On the other hand, Ascaris products
have been demonstrated to be a potential therapeutic strategy
for inflammatory diseases'” such as lung allergic inflammation
and LPS-induced inflammation. We hypothesize that PI could
fulfill a control strategy for autoimmune inflammation, mediated
independently of IL-12-IFN-y (arthritis, multiple sclerosis,
psoriasis and inflammatory bowel disease), but strikingly related
to IL-23-IL-17 synthesis®.

In conclusion, our results indicate that the products from IL-10-
inducing Ascaris nematodes exhibit improved immunosuppressive
properties in settings in which IFN-y synthesis is not essential for
the inflammatory process. This finding emphasizes that these
molecules have wide use as therapeutic tools for different clinical
approaches.
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