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SHORT COMMUNICATION

Interleukin-4 Production in BALB/c Mice Immunized with
Anisakis simplex

María Jesús Perteguer, Carmen Cuéllar+

Departamento de Parasitología, Facultad de Farmacia, Universidad Complutense, Ciudad Universitaria,
28040, Madrid, España

We investigated the interleukin (IL-4) levels in BALB/c mice immunized with Anisakis extract in
single or  multiple doses and in mice orally infected with a larva. From animals immunized maximum
responses were obtained with the multiple doses with an only IL-4 peak. Conversely, in the mice
inoculated with a larva per os,  the IL-4 levels showed two peaks of different rates.
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During the latest years a relation among the
different subsets of T cells (Th1/Th2) and the
resistence or susceptibility against certain diseases
has been almost established. The capability of a
host to eradicate with effectiveness any invasive
organism depends on the kind of the specific im-
mune response scored (Romagnani 1997). In gen-
eral terms, the protection against intracellular para-
sites  is carried out by T cell Th1 response, while
the protection against extracellular parasites is bet-
ter leaded by the synergic action of both Th1 and
Th2 cytokines together, as it occurs with Th0, for
example (Daugelat & Kaufman 1996).

Since the specific antibodies showed by the
murine BALB/c strain (susceptible strain) indicated
a Th2 response after the Anisakis infection
(Perteguer &  Cuéllar 1998), we proposed the in-
vestigation of the interleukin (IL-4) levels (marker
of Th2 responses) in mice immunized with A. sim-
plex crude extract (CE) in a single dose or in mul-
tiple doses, as well as,  in mice orally infected with
a living third stage larva (L3).

A. simplex L3 were picked up manually from
naturally infected blue whiting (Micromesistius
poutassou).  A. simplex antigens were prepared as
previously described (Perteguer & Cuéllar 1998).
Briefly, to obtain excretory-secretory (ES) products
L3 were cultivated in Minimum Essential Eagle
Medium with Earle’s salts (ICN Biomedical Inc.,
Costa Mesa, CA, USA). For the preparation of CE

L3 were homogenized, sonicated and delipidized
with n-hexane.

Thirty BALB/c mice were divided into three
equal groups: group 1 (inoculated with one L3 of A.
simplex by oral administration with gastric tubing);
group 2 (immunized with a single dose of 1 mg of A.
simplex CE in Freund’s Complete Adyuvant, FCA,
by the intramuscular route) and group 3 (immunized
with a single dose of 1 mg of A. simplex CE in FCA
following by two doses in Freund’s Imcomplete
Adyuvant, FIA, given weekly during three weeks).
As negative controls animals immunized with adju-
vant alone were used. Other 20 BALB/c mice were
divided into two equal groups: group 2A (immu-
nized with a single dose of FCA by the intramuscu-
lar route) and group 3A (immunized with a single
dose of FCA following by two doses of FIA given
weekly during three weeks, by the same route).
Animals from group 2, 2A, 3, and 3A were bled
weekly. Animals from group 1 were bled each two
days (during the first 21 days) and weekly for the
remainder of the experiment.

Specific IgG1 levels were measured by ELISA
against larval ES or CE antigen using a goat affin-
ity-isolated, horseradish peroxidase-conjugated
antibody specific to mouse IgG1 (CALTAG Labo-
ratories, San Francisco, CA, USA; Perteguer &
Cuéllar 1998).

Serum IL-4 levels were detected using a com-
mercial ELISA system according to the
manufacturer’s specifications (Mouse IL-4,
Cytoscreen Immunoassay kit, BioSource Interna-
tional, Inc., Camarillo, CA, USA).

The patterns of production of IL-4 were differ-
ent among the three groups of animals tested, with
higher responses in the immunized animals than
that observed in the infected ones. Within the
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groups immunized with antigen the maximum re-
sponses were obtained after the multiple doses of
antigen (Table I). In this case, a single peak was
observed (weeks 8-14 p.i.) being correspondent with
a gradual increase of IgG1 levels detected by ELISA
(Fig. 1B). No production of the IgG1 subclass was
detected in the control groups (Table II).

Conversely, in the mice infected orally with one
larva, the IL-4 levels showed two peaks of different
intensity. One peak with moderate levels, between
the days six and 12 p.i. (Table I). By the day 21
(week 3), a second increase of IL-4 was produced,
although very higher than the former. This response
was maintained until the week 9 (Table I).

On the other hand, other two peaks were seen
against the ES antigen (weeks 3-8 p.i., 9-31 p.i.) (Fig.
1A).

When the IL-4 production patterns were stud-
ied, the higher responses were observed in the im-
munized animals when compared to those obtained
in the infected ones. The maximum responses were
obtained within the group immunized with the mul-
tiple doses of antigen. This fact was consequent
with the higher concentration of antigen used in
this experiment. IL-4 peaks were correspondent with
gradual increases of IgG1 levels detected by ELISA.

In the case of the mice infected orally with one
larva, we observed one peak with moderate levels,
between the days six and 12 p.i., probably due to
the stimulation induced by the ES products released
from the living larva. This fact was confirmed by
the observation of a correlative increase of IgG1
(IL-4 mediated/Th2-dependent) when the optical

TABLE I

Plasma concentrations in pg/ml of interleukin (IL-4) determined by ELISA. Measurements were undertaken in
sera from group 1 (BALB/c mice inoculated with one Anisakis simplex L3), group 2 (BALB/c mice immunized

with a single dose of A. simplex CE in Freund’s Complete Adyuvant, FCA) and group 3 (BALB/c mice
immunized with a single dose of A. simplex CE in FCA following by two doses in Freund’s Incomplete

Adyuvant, FIA)

Group 1 Group 2 Group 3

Days p.i. X±SD Days p.i. X±SD Days p.i. X±SD

   2     0±7.4 14 20.5±9 7 0±0
   4  0±0 28    12.6±2.9 28    0±1.4
   6  0±0 37      3.6±4.1 35    0±3.3
   8  1.5±7.7 70      47.8±61.3 44 0±0
 12  0±0 91   11.5±20 51 0±0
 14  0±0 105 11.5±0 57 0±0
 21  0±0 334      0±0 62 54.2±86.3
 35  25.2±32.7 343      12.6±14.5 83 15.7±27.1
 49 12.6±8.9 414         0±0.7 98   0±0.7
 63   0±0 508      0±0 142 0±0
106   0±0 592      0±0 176 0±4
555   0±0 600      0±0 219 0±4

p.i.: postimmunization; X±SD: mean±standard deviation; CE: crude extract

TABLE II

Seric IgG1 production determined by ELISA of the
control groups (Group 2A: BALB/c mice immunized
with a single dose of Freund’s Complete Adyuvant,

FCA, and group 3A: BALB/c mice immunized with a
single dose of FCA following by two doses of

Freund’s Incomplete Adyuvant, FIA) against Anisakis
simplex CE. Results were expresed as O.D.p-O.D.c by

subtracting the mean optical density (O.D.) of the
control (day 0) from the mean O.D. of the test sera
once the non-specific reaction with the bovine seric

albumin used in the blocking was subtracted

Weeks Group 2ACE Group 3A
CE

  1 0.012
  2 0.010
  3 0.015 0.000
  4 0.007 0.002
  5 0.015 0.015
  6 0.040 0.000
  7 0.042
  8 0.040 0.018
  9 0.015 0.033
10 0.026 0.050
11 0.041
12 0.000 0.017
13 0.000
14 0.087 0.002
15 0.000
16 0.000 0.006
17
18 0.000 0.023
19 0.000
20 0.072 0.015

CE: crude extract
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quently, reasonable to assume that the immunity
is, in this case, dependent of the Th2 subset of T
lymphocytes (Finkelman et al. 1991). The IL-4 con-
tributes to the control of the infections, by the in-
duction of several effects, as the stimulation of the
IgG1 production, the inhibition of the sinthesis of
the inducible nitric oxide sinthasa by the macroph-
ages, etc., although the IL-4 could be only one of
the multiple stimuli necessary of the protective im-
munity against nematodes. Is necessary observed
that all the cytokines associate to Th2 responses
are not protective to the host. At a distance of the
evolution, hosts have developed capabilities to
recognize the characterictics of parasitic nematodes
as a factor able to arise a serotype response of
cytokines, but they have not developed the capa-
bility of distinguishing individual characteristics.
As consequence, hosts initiate a conjunct of de-
fence mechanisms that controlled the infection in
the greater part of members of these community,
but they cannot be necessary for the defence
against a particular parasite and, inclusively, can
cause damage to the host (Finkelman 1995). These
“parasitic characteristics” are comparted by numer-
ous allergens, and may be responsible of the poor
adaptation developed against molecules, such as,
the proteases of the dust acari, and the phospho-
lipids of the bee venom or the pollen antigens
(Finkelman 1995). Such, it could be the case of the
Anisakis antigens which have been implicated as
cause of allergic disorders (Audícana et al. 1995).

In a general manner, Th2 responses are protec-
tive against Heligmosomoides polygyrus infections,
neutral against Nippostrongylus brasiliensis and
blokader of the protective responses in Trichinella
spiralis infections when Th1 and Th2 responses
appeared simultaneously but in different locations
(Scott &  Kaufmann 1991) and in the Schistosoma
mansoni ones (Finkelman et al. 1991). In our experi-
mental model, a Th2 response, as it is induced in
the BALB/c strain, does not appeared to be protec-
tive, although a predominance of this response
close to a Th1 stimulation contribute to the
resistence in the C57BL/10 strain (Perteguer &
Cuéllar 1998).

REFERENCES

Audícana M, Fernández L, Muñoz MD, del Pozo MD,
Fernández E, Navarro A 1995. Recurrent anaphy-
laxis caused by Anisakis simplex parasitizing fish. J
Allergy  Clin Immunol 96: 558-560.

Daugelat S, Kaufman SHE 1996. Role of Th1 and Th2
cells in bacterial infections. Chem Immunol 63: 66-
97.

Finkelman FD 1995. Relationship among antigen pre-
sentation cytokines, immune deviation and autoim-
mune disease. J Exp Med 182: 279-282.

Finkelman FD, Pearce EJ, Urban JL,  Sher A 1991. Regu-

Fig. 1-A: dynamics of IgG1 production determined by
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pressed as O.D.p-O.D.c (by subtracting the mean optical
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of the test sera once the non-specific reaction with the
bovine seric albumin used in the blocking was subtracted.

density against the ES antigen were measured by
ELISA (Fig. 1A). On the other hand, the second
increase of IL-4 was observed probably due to the
stimulation of the somatic products released from
the dead larva.

Other two peaks were seen against the ES anti-
gen, probably also due to the somatic antigen re-
leased from the dead larva, being, their products,
capable of recognizing the ES antigen due to its
partial antigenic community. Newly, we seen that
the response of IgG1 against A. simplex is mainly
due to the products released from the dead larva
showing their capability of inducing immediate
hypersensibility reactions

Traditionaly, it is accepted that in the immunity
induced by helminth parasites, are involved
eosinophyls, mastocytes and IgE and it is, conse-
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