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PAS-1, a protein affinity purified from Ascaris suum worms,

maintains the ability to modulate the immune response

to a bystander antigen
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Summary Helminth infections and parasite components have potent immunomodulatory effects on a host’s immune

system. In the present study, we investigated the effect of PAS-1, a protein component of Ascaris suum adult worms

recognized by a monoclonal antibody (MAIP-1), on humoral and cell-mediated responses to a bystander antigen

(ovalbumin [OVA]). MAIP-1 recognized only one of the three polypeptide chains of PAS-1, but neutralized the sup-

pressive effect of the whole worm extract on OVA-specific antibody production. PAS-1 inhibited antibody pro-

duction against a T-cell-dependent, but not a T-cell-independent, antigen in a dose-dependent way. IgM, IgG1,

IgG2b, and also IgE and anaphylactic IgG1 levels were downregulated. In addition, PAS-1 inhibited OVA-specific

delayed type hypersensitivity reactions in the footpad of mice, showing a potent immunosuppressive activity on

both Th1 and Th2 responses that seems to be mediated by the induction of large amounts of IL-10 and IL-4.

Indeed, PAS-1-specific spleen cells secreted sevenfold more IL-10 and threefold more IL-4 than OVA-specific cells

in response to in vitro restimulation with the respective antigens. In conclusion, we showed that PAS-1, a single

protein component from A. suum, maintains all its immunosuppressive properties.
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Introduction

Infections by helminth parasites are generally associated with

modulatory effects on a host’s immune system1 that either

induce eosinophilia and mastocytosis, and increase IgE levels2

or suppress the immune response to the parasite or to

bystander antigens.3–5

The ability to interfere with the immune response has a

considerable biological significance, because infection may

suppress protective responses against other pathogens. Coinfec-

tion of Fasciola hepatica and Bordetella pertussis pro-

motes an impairment of the protective Th1 response against

B. pertussis, exacerbating the bacterial infection.6 In humans

infected with Schistosoma mansoni, Onchocerca volvulus or

Ascaris lumbricoides, bacterial vaccines are less effective in

stimulating Th1 responses.7–9 In contrast, helminth infections

reduce the inflammatory disease caused by Helicobacter

pylori10 and Plasmodium falciparum.11 Coinfection with

A. lumbricoides and P. falciparum has an important conse-

quence, protecting from the risk of cerebral malaria.12

The immunosuppression mediated by helminths can be due

to the presence of parasite components that negatively modulate

the immune system and interfere in many mechanisms, for

instance, blocking antigen processing through the secretion

of protease inhibitors, interfering with cytokine production or

imitating regulatory cytokine actions.13

In relation to Ascaris suum, it has been also shown that

antibody production and delayed type hypersensitivity (DTH)

are markedly suppressed either during the course of acute

infection14,15 or following injection of crude extracts.5,16

A. suum suppressive components are distinct from allergenic

ones17,18 and reduce Th1 and Th2 responses against an unre-

lated antigen by IL-4 and IL-10.19 Recently, we identified

a 200 kDa protein (PAS-1) from A. suum worms using

a monoclonal antibody (MAIP-1) produced against high

molecular weight suppressive components obtained by gel fil-

tration chromatography.20 PAS-1 has a potent anti-inflammatory

activity, probably because of the stimulation of regulatory

cytokines (IL-10 and TGF-b) in macrophages.21

In this study, we examined the neutralizing capacity of

MAIP-1 on the suppressive effect of A. suum extract. In

addition, the modulatory effects of PAS-1, isolated by affin-

ity chromatography using MAIP-1 coupled to Sepharose 4B,

on humoral and cell-mediated immune responses were ana-

lysed. Our findings showed that PAS-1, a single protein

component of A. suum, is responsible for its immunosup-

pressive activity.

� 2005 Australasian Society for Immunology Inc.

Correspondence: Dr Maria Fernanda Macedo-Soares, Laboratório
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Materials and methods

Animals

BALB/c mice at 4–5 weeks of age, weighing 18–22 g, were supplied

by the animal house of Butantan Institute. Food and water were

provided ad libitum. All the procedures were approved by the Animal

Ethics Committee of Butantan Institute.

Antigens

Ovalbumin (OVA) five times crystallized and keyhole limpet

hemocyanin (KLH) were obtained from Calbiochem (La Jolla, CA,

USA). DNP-OVA and DNP-hydroxyethylstarch (DNP-HES), thymus-

dependent and thymus-independent antigens, respectively, were pre-

pared, as previously described.22 A. suum worm extract (ASC) was

prepared as described by Strejan and Campbell.23 The protein com-

ponent from A. suum adult worm extract, PAS-1, was purified by

affinity chromatography using the mAb MAIP-1 coupled to Sepharose

4B, as previously described.20

SDS–PAGE and immunoblotting

Sampleswere heated at 95°C for 5 min in the presence or absence of 5%

2-ME. SDS–PAGE, as described by Laemmli,24 was carried out using

4% stacking and 7.5% resolving gels, and proteins were transferred

onto nitrocellulose membranes. For immunodetection, nitrocellulose

membranes were blocked with 5% non-fat milk and incubated

with mAb MAIP-1. Antigen–antibody complexes were revealed

by a second incubation with antimouse kappa chain–horseradish per-

oxidase conjugate. Colorimetric reaction was carried out using

4-chloro-alpha naphtol.

Immunization protocol

BALB/c mice were immunized with 50 mg of OVA or the same amount

of OVA mixed with different doses of ASC or PAS-1 in 7.5 mg of

aluminium hydroxide gel as adjuvant. For the neutralization protocol,

some groups were treated on days zero, three and six with 1 mg of

MAIP-1 or the isotype antibody control (MA-DNP-5) mAb. Other

groups were immunized with 10 mg of DNP-OVA or DNP-HES alone

or mixed with 500 mg of PAS-1, plus adjuvant. All groups were

bled 21 days after immunization and the serum antibody levels were

determined by ELISA.

Assessment of DTH reaction

Groups of BALB/c mice were immunized s.c. in the base of the tail

with 100 mg of OVAwith or without 500 mg of PAS-1 in CFA. Aweek

after, they were challenged with 600 mg of heat aggregated OVA in one

hind footpad and saline in the other. The footpad thickness was meas-

ured until 72 h after challenge and the net increase expressed as the

arithmetic mean ± SD of each group.

Measurement of antibodies by ELISA

Antibody levels were titrated by sandwich ELISA using antigen-coated

96-well plates and peroxidase-conjugated rat antimouse kappa

chain mAb (LO-MK-1 PO). For the titration of OVA-specific isotypes,

peroxidase-labelled rat mAb against different mouse Ig isotypes

(kindly provided by Dr H. Bazin) were used. The reactions were

developed with o-phenylenediamine and H2O2, and the plates were

read at 492 nm on an automated ELISA reader. The results are re-

ported as the mean absorbance of samples per group (±SD) at various
plasma dilutions.

Measurement of anaphylactic antibodies by passive

cutaneous anaphylaxis

The anaphylactic activity of IgG1 and IgE antibodies was evaluated by

passive cutaneous anaphylaxis (PCA) reactions on the back of mice

or rats, respectively. Mice were shaved and injected i.d. (50 mL) with
three serial dilutions of plasma (inactivated for 1 h at 56°C) in each

side of the back.25 After 2 h, they were challenged i.v. with 500 mg of

OVA 1 0.25% of Evans blue solution. For IgE titration, PCA reac-

tions were carried out in rats using 100 mL of non-inactivated

plasma.26 All tests were carried out in triplicate, and the PCA titres

were expressed as the reciprocal of the highest dilution that gave

a lesion of >5 mm in diameter. The detection threshold of the tech-

nique was established at 1:5 dilution. Because variation of PCA titre

for the same sample was twofold or less, only differences above this

value were considered to be significant.27,28

Cytokine assays

For in vitro cytokine measurements, spleen cells were cultured in

24-well tissue culture plates at a final concentration of 2 ´ 106 cells/

well and stimulated with OVA or PAS-1 (100 mg/well) for 72 h. All

cytokines were quantified by two-site sandwich ELISA using stand-

ards and antibody pairs specific for each cytokine according to the

manufacturer’s recommendation (R&D Systems, Minneapolis, MN,

USA). The detection limits were 15.6 pg/mL for IL-4, IFN-g and

TGF-b, and 31.25 pg/mL for IL-10.

Statistical analysis

Values were expressed as mean ± SD, using groups of four to six ani-

mals and three independent experiments. Differences between groups

were analysed by Student’s t-test for unpaired data. For DTH results,

a one-way analysis of variance followed by multiple comparisons

using the Tukey’s method was used. The differences were accepted as

significant at P < 0.05.

Results

MAIP-1 recognizes one of the three polypeptide

chains of PAS-1

We have previously described the production and characteriza-

tion of a mouse mAb (MAIP-1) that recognizes specifically

a 200 kDa component of A. suum20 (Fig. 1, lane 3). In add-

ition, we show here by SDS–PAGE and immunoblotting

(Fig. 1, lanes 4 and 5) that when PAS-1 is reduced by 2-ME,

three important bands of approximately 100, 65 and 45 kDa

can be visualized in the gel, and only the 100 kDa band is rec-

ognized by MAIP-1.

Neutralization of immunosuppression induced by

A. suum components using MAIP-1 antibody

Because MAIP-1 recognizes only one polypeptide chain of a

single protein of A. suum, we asked whether MAIP-1 could

neutralize the immunosuppressive effect of the whole extract.

Thus, BALB/c mice were immunized with OVA 1 ASC and

treated with MAIP-1 or the isotype control antibody MA-

DNP-5. The levels of anti-OVA antibodies detected in plasma

from mice treated with MAIP-1 were higher than those

present in mice treated with the isotype control and not
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significantly different from the antibody response of control

mice immunized only with OVA (Fig. 2). These results show

that the suppression induced by A. suum extract was abolished

by treatment with MAIP-1.

Effect of PAS-1 on humoral and cell-mediated immune

responses to a heterologous antigen

We next investigated the effect of the ASC component PAS-1

recognized by MAIP-1 on antigen-specific immune responses.

To examine the effect of PAS-1 on T-cell-independent or

T-cell-dependent antibody responses, BALB/c mice were im-

munized with PAS-1 1 DNP-HES or PAS-1 1 DNP-OVA,

respectively. Figure 3 shows the levels of anti-DNP antibodies

in both situations. PAS-1 strongly suppressed anti-DNP anti-

body production induced by a T-cell-dependent carrier (OVA)

(Fig. 3B) but had no effect on the T-cell-independent stimula-

tion (HES) (Fig. 3A). Moreover, the suppressive effect of

PAS-1 on antibody production induced by OVA was dose

dependent (Fig. 4) and affected IgM, IgG1 and IgG2b anti-

bodies (Fig. 5A,B,D), as well as anaphylactic (IgG1 and IgE)

antibodies measured by PCA (Fig. 5E,F). The levels of IgG1

Figure 2 Effect of MAIP-1 on immunosuppression induced by

Ascaris suum worm extract (ASC). Anti-OVA antibody levels

were determined by ELISA in plasma from mice immunized with

d, OVA 1 adjuvant; m, OVA 1 ASC 1 adjuvant, treated with

MAIP-1 mAb; j, OVA 1 ASC 1 adjuvant, treated with isotype

control MA-DNP-5 mAb. The animals were bled 21 days after

immunization. The results represent the mean ± SD absorbance

at different plasma dilutions (n = 6). *P < 0.05 compared with

OVA group.

Figure 1 SDS–PAGE profile and immunoblotting analysis of

Ascaris suum worm extract (ASC) and PAS-1. Silver-stained

7.5% acrylamide gel containing ASC (lane 1), PAS-1 (lane 2)

or PAS-1 treated with 2-ME (lane 4). Immunoblotting of PAS-1

(lane 3) and PAS-1 treated with 2-ME (lane 5), probed with

monoclonal antibody MAIP-1. Molecular weight markers (kDa)

at extreme left.

Figure 3 Effect of PAS-1 on thymus-independent (DNP-hydroxyethylstarch [DNP-HES]) and thymus-dependent (DNP-ovalbumin,

DNP-OVA) humoral responses. (A) BALB/c mice were immunized with s, 10 mg of DNP-HES; or d, 10 mg of DNP-HES 1 500 mg of

PAS-1; (B) Mice were immunized with ), 10 mg of DNP-OVA; or r, 10 mg of DNP-OVA 1 500 mg of PAS-1. The animals were

bled 21 days after immunization, and the levels of anti-DNP antibodies in a pool of five samples were determined by ELISA using a

peroxidase-conjugated anti-Ig kappa chain mAb. *P < 0.05 compared with DNP-OVA group.
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antibodies, however, were not decreased with the low dose of

PAS-1 (Fig. 5B). IgG2a (Fig. 5C) was not produced in signifi-

cant amounts in this immunization protocol. We also used

KLH, another protein with a molecular weight of 280 kDa

(similar to PAS-1), as a control, and this protein had no

effect on the antibody response when injected with OVA in

a dose equivalent to the highest dose of PAS-1 (Fig. 4).

To study the effect of PAS-1 on the cell-mediated immune

response, DTH reaction and cytokine production were meas-

ured. As shown in Figure 6, DTH reactions were inhibited

in mice immunized with OVA 1 PAS-1 in comparison with

the OVA group during almost all the time course. PAS-1

also influenced the cytokine secretion as shown in Table 1.

The production of IL-4 and IFN-g in cell cultures from

OVA 1 PAS-1-immunized mice stimulated with OVA was

suppressed compared with that in cell cultures from OVA-

immunizedmice. In contrast, whenOVA 1 PAS-1-primed cells

were stimulated with PAS-1, they secreted much more IL-4,

IFN-g, IL-10 and TGF-b thanOVA-primed cells stimulatedwith

OVA. The differencewas striking in IL-4 levels (2.9-fold) and in

IL-10 levels (6.8-fold). In vitro stimulation with PAS-1 did not

induce any detectable cytokine production in OVA-primed

cells (Table 1). Cytokine levels in spleen cell cultures from

non-immunized mice stimulated with OVA or PAS-1 were

also below the detection limits (data not shown).

Discussion

Fractionation of A. suum extract by gel filtration chromato-

graphy in a Sephacryl S200 column results in three distinct

peaks, namely PI, PII and PIII. The immunosuppressive effect

of the extract is restricted to PI, which contains high mol-

ecular weight components, and impairs the immune response to

bystander antigens and also to PIII. In contrast, PIII is the

allergenic fraction, with low molecular weight components

that induce IgE and anaphylactic IgG1 antibodies.17,18 The

mAb obtained against PI, MAIP-1, allowed the purification of

a single component, PAS-1, by affinity chromatography.20

Here we show that PAS-1, a 200 kDa protein with three

covalently linked polypeptide chains, mediates the suppressive

activity on humoral and cell-mediated immune responses to

bystander antigens in a dose-dependent way. MAIP-1, which

recognizes an epitope present only in the 100 kDa chain, can

neutralize the dampening effect ofASCon antibody production,

indicating that either this chain is crucial for this effect or the

antibody interferes alsowith the activity of the other polypeptide

chains. The absence of any effect of KLH, a protein with

a molecular weight close to that of PAS-1, excludes the possi-

bility that there is an antigenic competition between PAS-1 and

OVA at the level of antigen presentation by dendritic cells or

macrophages.

PAS-1, however, did not affect theB-cell response to a T-cell-

independent antigen. T-cell-independent antigens are nonpro-

tein substances that cannot be processed and presented by

MHCmolecules.HES is a polysaccharide composed ofmultiple

identical antigenic epitopes that induce cross-linking of

membrane Ig present on specific B cells, leading to activation

with no requirement for cognate T-cell help.29 Recently, we

observed a significant decrease in MHC class II, and CD80

and CD86 costimulatory molecules in APC from PI-injected

mice (Silva SR et al., unpubl. data, 2005). These molecules

play a crucial role in the activation of T-cell-dependent

immune responses.30 Therefore, if PAS-1 also has an inhib-

itory effect on the expression of MHC class II and co-

stimulatory molecules such as PI, this may explain how PAS-1

impairs antibody production against T-cell-dependent but not

T-cell-independent antigens. As a result of this inhibitory

effect, the frequency of OVA-specific T cells may be lower in

OVA 1 PAS-1-injected mice than in OVA-injected mice, and

consequently, the amounts of cytokines their spleen cells pro-

duce when stimulated in vitro with OVA will be decreased, as

we observed in the experiments reported in this study.

Ferreira31 has shown by limiting dilution assay that 8 days

after immunization, the frequency of OVA-responding cells in

OVA 1 ASC-immunized mice was at least threefold lower

than in OVA-immunized mice.

Figure 4 Dose-dependent effect of PAS-1 on antibody pro-

duction. Mice were injected with m, 50 mg of ovalbumin

(OVA) 1 50 mg; ), 200 mg; or j, 500 mg of PAS-1; in adjuvant.

Control groups received d, 50 mg of OVA; or u, 50 mg
of OVA 1 500 mg of keyhole limpet hemocyanin, in adjuvant.

Plasma obtained 21 days after immunization was titrated by ELISA

using a peroxidase-conjugated anti-Ig kappa chain mAb. The

results represent the mean ± SD absorbance at different plasma

dilutions (n = 4–5). *P < 0.05 compared with the OVA group.

Table 1 Effect of PAS-1 on the cytokine profile of spleen cells from

OVA-immunized mice

Cytokine†

(pg/mL)
Stimulus OVA PAS-1
Immunization

IL-4 OVA 87.5 ± 10.2 <15.6
OVA 1 PAS-1 66.3 ± 12.1* 255.1 ± 22.3*

IFN-g OVA 1057.9 ± 117.2 <31.25
OVA 1 PAS-1 554.6 ± 133.2* 1493.0 ± 232.0*

IL-10 OVA 283.9 ± 141.2 <31.25
OVA 1 PAS-1 144.6 ± 65.3 1940.3 ± 639.5*

TGF-b OVA 89.2 ± 4.2 <31.25
OVA 1 PAS-1 78.4 ± 15.9 133.9 ± 10.2*

*P < 0.05 compared with OVA-primed cells stimulated with OVA.
†Spleen cells from BALB/c mice immunized with OVA or

OVA 1 PAS-1 were stimulated for 72 h with OVA or PAS-1.

Cytokines were measured in culture supernatants by two-site

sandwich ELISA and the results represent the mean ± SD of five

mice per group. OVA, ovalbumin.
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Besides the T-cell-dependent humoral response, PAS-1

also inhibited DTH reactions elicited by aggregated OVA

challenge in the footpad of OVA 1 PAS-1-immunized mice.

The reduction of IFN-g secretion by OVA-specific cells from

these mice correlates well with the suppression of DTH

because IFN-g is known to mediate the effector phase of this

type of reaction.32 The ability of the OVA-specific cells to

secrete less IL-4 was also accompanied by the suppression

of OVA-specific IgG1 and IgE antibody production, which

are regulated by IL-4.33

In comparison with the cytokine response in OVA-

immunized mice, the response to a high dose of PAS-1 in mice

immunized with OVA 1 PAS-1 was biased towards Th2, with

much higher levels of IL-4 and IL-10 being produced by PAS-1-

specific cells when restimulated in vitro with PAS-1. We have

previously shown that neutralization of IL-4 and IL-10 in

OVA 1 ASC-immunized mice leads to a shift towards Th1

with enhancement of IL-2 and IFN-g production by ASC-

specific cells.34 In addition, when a low dose of ASC is used,

there is no downregulation of the response against OVA, and

the profile of cytokines synthesized in response to ASC

changes to a Th1 type, indicating that large amounts of

IFN-g are not suppressive.16 Our present results also showed

that, like in the ASC reports, the suppressive effect of PAS-1

is dose dependent. Therefore, the type of cytokines pre-

dominantly induced by different doses of PAS-1 might be cru-

cial in its ability to modulate the response to bystander

antigens.

In the experimental protocol reported here, the rise in IL-10

levels in cultures fromOVA 1 PAS-1-primed cells restimulated

Figure 5 Effect of PAS-1 on the production of different ovalbumin (OVA)-specific isotypes. OVA-specific (A) IgM, (B) IgG1, (C) IgG2a

and (D) IgG2b were titrated by ELISA in plasma of mice immunized with m, OVA 1 50 mg or j, 500 mg of PAS-1 in adjuvant and

bled after 21 days. The control group was immunized only with d, OVA. The results represent the mean ± SD absorbance at different

plasma dilutions (n = 4–5). *P < 0.05 compared with the OVA group. (E) Titres of anaphylactic IgG1 and (F) IgE anti-OVA antibodies

were determined by passive cutaneous anaphylaxis for plasma pooled from four to five mice injected with either OVA or OVA 1 PAS-1.
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with PAS-1 compared with those from OVA-primed cells

restimulated with OVA was remarkable (sevenfold). IL-10,

known as a regulatory cytokine, may well be inhibiting the

immune response in OVA 1 PAS-1-immunized mice. The

suppressor function of IL-10 has been attributed to its down-

regulatory effect on dendritic cell maturation and to the gener-

ation of regulatory T cells.35,36 Striking production of IL-10

and induction of anergy are distinctive characteristics of regu-

latory T cells, which can prevent the expansion of Th1 and

Th2 cells.37,38 Therefore, the source of IL-10 in PAS-1-

injected mice might be regulatory T cells. Studies focusing on

these cells in our model are already under way. The signifi-

cant role of IL-10 in the immunosuppressive effect of PAS-1

is further supported by the absence of suppression of Th2-

related (IgE and IgG1) and Th1-related (DTH) parameters in

IL-10-deficient mice and of Th1-related parameters (IgG2c

and IFN-g production) in IL-4 1 IL-10-deficient mice injec-

ted with OVA 1 PI.19 In regards to the participation of IL-4,

we observed in the experiments reported here that PAS-

1-specific cells produced threefold more IL-4 than OVA-

specific cells. This cytokine may therefore play a synergistic

role with IL-10 in the suppression of the immune response in

OVA 1 PAS-1-injected mice. In addition, the absence of any

detectable cytokines in spleen cell cultures from nonimmun-

ized or OVA-immunized mice stimulated with PAS-1 reinfor-

ces that its regulatory effect on the response against OVA in

the immunization protocol with both antigens is mediated by

PAS-1-specific cells.

In conclusion, our results show that the immunosuppressive

activity of A. suum is mediated by a single protein component.

The biological significance of PAS-1 in the expression of

a host’s immune response is further emphasized by its pres-

ence in all stages of the A. suum life cycle.39 As well as on the

body of adult worms, PAS-1 was detected by immunofluor-

escence using MAIP-1 mAb on the surface of eggs and in larval

stages L1, L2 and L3. The pseudocoelomic body fluid from

adult worms also contained PAS-1, as well as the supernatant

of 3 day cultures of embryonated eggs, as shown by capture

ELISA. Therefore, early stages of Ascaris larvae already

release PAS-1 that might modify the immune response.
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