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Introduction

Helminth infections in man and several animar species
have been associated with a rarge production of IgE anti-bodies [lJ and with the moduration of the immune respon-
siveness of these hosts [2]. Thus, kichineila spiraris, Ascaris
suum' Nippostrongtlus brasiliensis, Nematospiroides dubius
and diverse filariae can depress or enhance the hetero-
logous humoral or celr-mediated immunities and affect
macrophage activity or the response to other invaders [2].using the N. brasiliensrs infectiàn to study the mechanisms

An extract from adultAscaris suumwas fractionated on a Sephadex G-2fi) col-umn and individual elution fractions assessed for their ability to induce or sup-press an IgE antibody response in mice immunized simultaneously with a het-erologous antigen (ovalbumin). The resulrs rrr.*.J-rtrlì, *ìir, fracrionseluted in the first peak suppressed the anti-ovalbumin IgE antibody produc-tion' those eluted in the Útiio pe.ak induced a signific anl anti-AscarislgE re-sponse' The mixture of the two kinds of fractiois resulted in suppression ofanti-Ascans IgE antibodies. The apparent molecurar weight (Mw) of the firstand third peaks was 530,(x)0 and zg,0w daltons, respectively. After delipida-tion' the extract still retained most of its biological activities. sDs-pAGE ofthis material showed selective loss of high-Mw ómponents when compared tothe whole extract' No bands were observed in sDS-pAGE of peak I in contrastto peak III, which displayed several bands. Immunoblots of àll th.r, samplesshowed at least 3 bands above Mw 150,000, which reacted with anti-peak I anti-serum' in the unfractionated extracts and in peak I, but not in peak III. whenthe extract was fracfionated by ufftnitt chromatogrupt y using anti-peak I anti_

Hi::: ::l':::51*, ll-unógenic ;-p";.;;?ere present in the efnuen r,;;ffi;d;;

of IgE regulation by helminrhs, Ishizaka [3] identified rwo
IgE-binding factors which potentiating o, suppressive ac-
tivity on the IgF antibody productio-n o.p.no, on two
other glycosylation-controlling lymphokines. In relation
to A' suum, it was shown that this nematode potentiates
the IgE response. in different species [4-óJ, aithough at-
tempts made in the mouse moder were unsuccessful [7].The worm extracts in various stages of purification have
9r:n also widely used as immun izlnganti^gen in studies on
IgE antibody formation tutz1. tt is inteósting to notice,
however, that high titres of IgE antibodywere Jnlyfor-ed
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in immunized animals after inactivation of the isotype-
specific regulatory mechanisms [9, 13]. Besides, when the
extract was injected with an unrelated antigen like ova-
lbumin (oA), a marked suppression of cytotropic anti-
body production to this protein was observ ed 114,151. The
effect on IgE but not on IgGl and IgG2 antibodies was
abolished by treatments such as X-irradiation and admin-
istration of cyclophosphamide before immunization [1ó,
17]. Moreover, we have demonstrated in an adoptive sec-
ondary IgE antibody response that T and B cell activities
were dampened upon concomitant immunization of cell
donors with antigen and,4scaris extract [1g]. we have also
reported that the integrity of heat-stable proteins present
in the whole extract is essentiar for its suppressive effect
[19]. The present experiments were performed in an at-
tempt to isolate and further characterize the components
of A. suum responsible for the above observations.

Materials and Methods

Animals
six- to 7-week-old male A/SN mice were used for immunization.

outbred wistar rats weighing between 150 and 200 g were used for
skin tests.

Antigens
oA, 5 times crystallized, was obtained from calbiochem (La

Jolla, calif., usA). Adurt worm extract fromr. suum (ASC) was pre-
pared as described earlier [14].

Analytical Methods
Protein and carbohydrate content of whole extract and gel fil-

tration column effluents were determined using the Lo*ry et al. mod-
ification of the Folin assay [20] and the phenol-sulphuric acid assay
[21], respectively. The primary standards used in these assays were
bovine serum albumin (BSA) and D-galactose (Sigma chemical,
St. Louis, Mo., USA). The amount of ASC employed in the experi-
ments was based on the protein content.

Gel Filtration
The parasite extract (a0 mg) was fractionated by upward elution

at 20 mllh on a column (80 x 3 cm) of sephadex c-zoo or a column
(1i0 x 2cm) of Sephacryl s-200 (pharmacia, uppsala, Sweden), equil-
ibrated wirh 0.05 M borate-buffered saline 1nÉsy, pH g.0. Fracrions
of 1.5 ml were collected after an initial elution volume of 40 ml. pro-
tein elution profile was determined by measuring the absorption at
280 nm and appropriate fractions were pooled and concentrated by
ultrafiltration under nitrogen using uM 10 membrane in Diaflo cells
(Amicon, Danvers, Mass., USA).

M o le c ular Weigh t D e t ermina t ion
The apparent molecular weight (Mw) of the ASC components

was determined by gel filtrationÍzzl on Sephacryl 5-200, using the
conditions described above. Their distribution was obtained by rifer_
ence to a standard curve of Kuu versus log MW. The MW markers

were obtained from pharmacia and included thyroglobulin (Mw
660,000), ferritin (440,000), catalase (232,000), BSA (67,000), OA
(43,000) and chymotrypsinogen (25,700). Data were analvsed bv lin-
ear regression.

Delipidation
The extract was delipidated according to Gidz t231. Fifty milli-

grammes of ASC in 5 ml of phosphate-buffered saline were incu-
bated with 0.1 mlof.l\vo dextran sulphate and 0.5 ml of 1 M CaClr,for
10 min at room temperature. After centrifugation for 30 min 10,000
rpm the supernatant was separated and exhaustively dialyzed against
saline with EDTA (2 gn). The precipitate was discarded.

Antisera to Extract Components
Rabbits were immunized intramuscularly with complete Freund,s

adjuvant containing 1 mg of pooled fractions obtained from the se-
phadex column. Secondary subcutaneous injections (200 pg) were
performed 20 days later and blood collected 10 days after this and 3
subsequent booster injections. sera from different bleedings were
pooled and tested for specificity by double immunodiffusion analysis
and titrated by ELISA.

SDS-PAGE and Immunoblots
Samples of the whole extract or gel filtration column fractions

were diluted in 0.125 M Tris-glycine buffer, pH g.6, containingz.5vo
sDS, 10 mM EDTA,I mM Tr-cK-1mM PMSF and0.05vo bromophe-
nol blue. After heating (100'c, 3 min), 0.3 ml of the mixrures were
analysed by SDS-PAGE on 4vo stocking and 6-r6vo resolving gra-
dient gels at 30 mA constant current [24]. prestained MW markers
(Sigma chemical) were included on each gel. Gels were stained for
protein with coomassie blue. The molecules separated by SDS-
PAGE were transferred to nitrocellulose membrines according to
Towbin etal.[25]. The membranes were then treatedwith rabbit anti-
peak I serum at 1:50 dilution, followed by addition of antirabbit IgG
labelled with peroxidase and Hro, plus 4-chloro-1-naphthol as the
enryme substrate.

Affinity Chromatography
Rabbit anti-peak I IgG antibodies were obtained by 50vo ammo-

nium sulphate precipitation of immune serum, followed by gel fil-
tration on a Sephacryl 5-200 column [26]. Seventy milligrammes of
purified IgG were then coupled to cNBr-Sepharose 48 (pharmacia)
and packed in a column (3.0 x 2.0 cm) equilibrated with 0.1 M BBS,
pH 8.0. Two millilirers of ASC (1 mg/ml) were filtered through this
column. Unbound ASCwas collected, pooled and concentrated to2.0
ml, and recycled 3 times through regenerated columns until depleted
of reactive components. Bound components were eluted after each
of the 3 rycles with 0.05 M diethylamine, pH 11.0, and monitored at
280 nm. Finally, bound and unbound fractions were concentrated to
the original volume (2 ml).

Expeimental Design
Groups of 8 mice were immunizcd intraperitoneally with 200 pg

of ASC (pre-treated or not) plus 50 pg of oA in 7.5 mg of aluminium
hydroxide gel as adjuvant. To test the individual elution fractions
from the gel filtration columns,50 pl of each fraction were mixed with
the same amount of oA and adjuvant. control groups received only
50 pg of oA in adjuvant. In some experiments, thi animals were
boosted 28 days after immunization with 1/5 of the first dose of anti-
gen.
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Fig' l' Sephadex G-?nelution prof'e of ASC (a0 mg). Fracrionswere analyzed for protein by absorbance at 2g0 nm i.u*Jj-rne brackbars represent the anti-oA IgE antibody titres (on àay zr; ormice im_munized with individuar.fraòtions prus oA unà uoluíaní. Th" whitebar represents the pcA titre ora gràup injected ontywitrr oA and ad-juvant.

Fig' 2' Anti-ASC IgE antibody response determined in the groups

:.T:Jf"a 
in figure 1. The ,u*" óhroratographic profile is also pre_

Measurement of IgE Antibodies
IgE anti-oA and anti-ASC antibodies were measured by passivecutaneous anaphyraxis (pcA) in rats according to Mota and wong[27]'The animals were chailenged intravenousry with 0.5 mg of oA or

Fig.3.IgE antibody production in mice immunized with 50 pr offractions 94 (') or 26 (a)or a mixrure of both (o), inadjuvant. pcA
reactions were elicited with ASC. The arrow represents a booster of10 pl of the respective fraction.

ASC in \'?svo Evans blue sorution, after a sensitization period of1u24 h. The pcA titre was expressed as the reciprocal of the highestdilution that gave a resion of more than 5 mm in diameter. Since var_iation of the pcA titre for the same sampre was z-fordor less, onry dif_ferences above this varue were consid-ered significant Izs, z,{. n,plasma sampres were.pooled routinery for each group of mice to pro-vide sufficient materiar for estimations, the variation in ,"rponse be-tween individuals was not determined.

Results

ASC was fractionated by gel filtration on Sephadex
G-zffi' as described previousty uy Ambler et ar. [30] and
the individual elution fractions were anarysed for their
ability to induce or suppress an IgE antiboày r.rponse in
mice immunized concomitantry *itt, oa and adjuvant. Asdepicted in figure 1, only fractions numbere dz+2g,corre-
sponding to peak I, suppressed the anti_OA antibody re_
sponse (up to 3}-ford).In contrast, anti-ASC antibodies
(fig.2) were solery induced by fractions confined to peak
III (94-101). New groups were then immunized with a mix-
ture of 50 pl of fractions 94 and 26. As shown in figure 3,the anti-ASC IgE response was very much dampened bythe simultaneous injection of fraction 26. Thus,^the sup-
pressive activity could be demonstrated in the homolo-
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Fig.4. A Gel filtration of delipidated ASC on a Sephacryl 5-200
column. The arrows delimit the fractions pooled in each peak. B
Anti-oA (tr) and anti-ASC (r) IgE anribody titres 21 days after im-
munization of mice with oA (c) or oA plus delipidated-Asc
(ASC-D), peaks I-D, II-D or III-D, in adjuvant

gous (anti-ASC) as well as in a heterologous (anti-OA)
IgE antibody response.

ASC was also fractionated on a Sephacryl 5-200 col-
umn, where the apparent MW of the peaks was deter_
mined as being 530,000, 80,000 and 29,000 daltons, respec_
tively. Analysis of the carbohydrate content of the frac-
tions showed also that most of the sugar residues were
eluted in peak I. Furthermore, the biological activity dis-
played by each fraction resembled that obtained in the Se-
phadex G-200 column (data not shown).

when lipids and lipoproteins of the extract were pre-
cipitated by dextran sulphate, the same elution profile was
obtained in the sephacryl s-200 column, although with a
loweryield in the tirst peak (fig. aA). Fractions comprising

the three peaks were then pooled (designated I-D, II-D
and III-D), concentrated to the original volume and ana-
lysed for their biological activity. Thus, 50 pl of each pool
was added to 50 pg of OA and injected in 3 groups of mice.
Two other groups received 50 pl of a delipidated, unfrac-
tioned ASC containing 10 mg/ml plus OA or OA only. Fig-
ure 48 shows the anti-OA and anti-ASC IgE antibody pro-
duction in these groups 21 days after immunization. In
spite of its low OD at 280 nm, peak I-D suppressed the
anti-OA response as much as the unfractionated sample.
On the other hand, peak III-D was the only pool to induce
a reasonable anti-ASC response.

The protein banding pattern of the whole extract was
quite complex as revealed by SDS-PAGE (fig.5A). In the
delipidated material, however, the polypeptides above
67,000 daltons were not detected. Analysing the pools of
fractions eluted in peaks I and III, we noticed that no
bands were stained in both peaks I and I-D, whereas peaks
III and III-D displayed several bands below 40,0ff) dal-
tons.

Immunoblots of these materials were then performed
using a rabbit anti-peak I antiserum. The results (fig.58)
showed at least 3 bands above 150,000 daltons in the un-
fractionated samples and in peaks I and I-D. In contrast,
nothing was detected in peaks III and III-D.

In order to demonstrate the biological activity of the
antigens recognized by immunoblotting, we performed an
affinity chromatography, using anti-peak I antibodies as li-
gands. The effluent and eluate fractions obtained from the
column were assessed for the ability to suppress an
anti-OA or to induce an anti-ASC antibody response. Fig-
ure 6 shows that there was no alteration in the anti-OA re-
sponse in the group injected with OA and unbound mate-
rial. On the other hand, the anti-ASC response in this
group was enhanced when compared to the group injected
with the unfractionated extract. When the animals re-
ceived oA and the fraction recovered by elution at basic
pH, they displayed a diminished anti-OA response and no
IgE antibodies to ASC were detected in this group.

Discussion

The studies described here showed that the suppressive
components present in the A. suum extract and respon-
sible for the previously reported damping of IgE antibody
production in mice can be isolated from its immunogenic
components by gel filtration chromatography. They were
detected in the first peak eluted from a column of Sepha-
dex G-200 or Sephacryls-200 and had an apparent MW of
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Fig. 5. A SDS-PAGE patterns of whole
extract (lane 1), delipidated extract (lane 2),
peak I (lane 3), peak I-D (lane 4), peak III
(lane 5) and peak III-D (lane 6) in a G76Vo
gradient gel. The MW markers (extreme
left) included mouse IgG (150,000), BSA
(67,000), OA (43,000), trypsinogen (24,000)
and lysozyme (14,000). B Immunoblotting of
the same preparations reaòted with rabbit
anti-peak I serum at 1:50 dilution.

530,000 daltons. However, since the major peak of carbo-
hydrates was obtained in the same fractions, it is possible
that this MW determined by an empirical method in this
study may not represent a true value l22l.The biological
activity of these components could be demonstrated not
only in a heterologous but also in the homologous system.
Thus, the anti-ASC antibody response obtained with an
immunogenic fraction (eluted in peak III) was diminished
upon concomitant injection of a suppressive fraction
(eluted in peak I). Besides, when the suppressive compo-
nents were removed by anti-peak I antibodies an en-
hanced anti-ASC IgE response was elicited in mice immu-
nized with the non-reactive components. These results
could therefore explain the low titres of anti-ASC IgE an-
tibodies obtained with the whole extract [1], 13] and may
indicate a predominance of the suppressive effect in the
unfractionated material. To exclude the possibility that
the suppression of specific IgE antibody response deter-
mined by PCA reactions was due to receptor occupancy
on mast cells by non-specific IgE immunoglobulins, we
performed some ELISA titrations. Plasmas of OA- or OA
+ASC-immunized mice were used in the assays. As ex-
pected, the results previously obtained were confirmed for
both anti-OA IgE and IgG antibodies (data nor shown).

ÉF-g

Fig. 6. Biological activity of extract fractions obtained by affinity
chromatography against anti-peak I antibodies as ligands. Anti-OA
(n) and anti-ASC (f) IgE antibody titreswere derermined on day 21
in mice immunized with OA (C) or OA plus the unfractionated ex-
tract (UNF), the effluent (EF-F) or the elution (ELF) fractions.

47



Allergens from A. suum perienteric fluid and body ex-
tracts have been isolated by gel filtration and identified as
low-MW components (14,00f45,000) in rats, rabbits and
man [L0,31-33]. As we demonstrated here, similar compo-
nents seem to be allergenic in the mouse too. Besides, we
showed that the first peak eluted from the chromatogra-
phy column, which did not induce or elicit anphylactic re-
sponses in these models, contained indeed other compo-
nents, which could suppress the production of IgE to the
own as well as to unrelated antigens.

It should be mentioned, however, that some high-MW
(360,000) allergens have also been identified in man, using
sera from naturally infected individuals [34, 35]. At the
present, it is not known why these components fail to trig-
ger a more prominent IgE response in animal models.
This is probably not due to the employment of unnatural
hosts, since it was shown that in N. brasiliensis-infected
rats (natural host) the allergenic activity was also associ-
ated with low-MW allergens [35].

We have recently observed [36] that lipoproteins iso-
lated from the wholsextract did not have any suppressive
activity in the IgE antibody response to OA. In the present
work, the lipoprotein-free extract was fractionated and
the results showed that the small amount of proteins ob-
tained in the first eluted peak was sufficient to induce the
same suppression as the unfractionated material applied
to the column.

Precipitation of lipoproteins, on the other hand, re-
sulted in alteration of the banding pattern in SDS-PAGE,
with loss of stained bands above MW 67,000. The absence
of these bands as well as bands in peaks I and I-D, which
displayed suppressive activity in vivo, suggested that we
were facing a problem of low concentration of polypep-
tides not detectable by SDS-PAGE. This was further con-
firmed in immunoblots where at least 3 bands above MV
150,000 could be recognized in these same preparations
with anti-peak I antibodies. In addition, when these anti-
bodies were used as ligands in affinity chromatography, we
obtained an effluent fraction devoid of any suppressive ef-
fect, which was recovered in the elution fraction. Part of
the reactive components, however, may have been lost in
the purification steps, leading to a less pronounced sup-
pression of the OA response when compared to the whole
extract. As mentioned before, anti-ASC IgE antibodies
were only induced by the effluent but not by the elution
fraction. These results demonstrated, therefore, that the
suppressive components could also be isolated from the
immunogenic ones through IgG antibodies raised against
peak I, which did not cross-react with peak III.

Regarding the possible mechanisms underlying the

suppressive phenomenon described here, we demon-
strated that distinct regulatory mechanisms are involved
in the suppression of IgE and IgG isotypes [16].

As it is well known by now, several cytokines regulate
the switching and expression of specific immunoglobulin
isotypes [37, 38]. Qrtokines do also present cross-inhib-
itory effects that may account for reciprocal regulation of
different helper T cell clones [39]. Finkelman et al. Í40,411
have demonstrated in in vivo studies on isotype selection,
using N. brasiliensis-infected mice, that interleukin-4 is re-
quired for generation and maintenance of antigen-specific
and polyclonal IgE responses. In addition, interferon-y in-
hibits both IgE and IgGl responses and induces lgG2a
production.

Based on these findings we may, therefore, suppose
that the preferential stimulation of one or more cytokines
by the suppressive components of the extract would in-
terfere with the response towards the immunogenic com-
ponents as well as unrelated antigens.

Further studies required to elucidate the proper role of
cytokines in the mechanisms responsible for the extract-
induced suppression of humoral immune responses are
now underway.
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