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OSCAR MESÓN1
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The immunomodulation of IgE synthesis in the allergic process mediated by the Th1/Th2
cytokine balance is now better understood. Lactic acid bacteria (LAB) are used as
microorganisms to improve health. Also well demonstrated is the effect of these bacteria as
an adjuvant on the mucosal and systemic immune response. These previous reports lead us
to study if some LAB, such as Lactobacillus casei strain CRL 431 which has been determined
its immunopotentiator capacity, is able to modulate IgE synthesis in a mouse experimental
model of allergy induced with ovalbumin. Animals were sensitized with ovalbumin by
injection and aerolization. A challenge with the antigen after four weeks of IgE induction was
done. L.casei was administered for 2 days at a concentration of 109 cells day–1 before
sensitization, before challenge, before sensitization, and before and after challenge. In the
control animal, an increase in the IgE levels, with diminution in the IFN-g production and
high level of IL-4 release was observed. In the animal treated with L.casei a down regulation
of IgE synthesis by increasing of IFN-g and diminution of IL-4 cytokines was determined.
This effect was only observed when L. casei was administered before sensitization, but not
before challenge. These results would indicate that the L. casei would induce Th1 activation
able to increase IFN-g cytokine with diminution of IL-4 released by Th2 lymphocytes
avoiding the switch toward IgE synthesis. However, L. casei does not have an effect when Th2
are triggered and IL-4 levels are increased. The strain L. casei CRL 431 would be able to
modulate Th1/Th2 cytokine balance.
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INTRODUCTION

Over the past several years progress has been made in understanding the regulation of IgE
production in different species (Benner et al., 1991). Induction of IgE synthesis is under
control of Th2 cytokines. These T cells are characterized by the production among them of
IL-3, IL-4, IL-5, IL-6 and IL-13. However, the profile of cytokines from T cells differs in
children and adults (Lilic et al., 1997). Some of these cytokines, such as IFN-g, control the
production of IgE by B cells and play an important role in the activation and differentiation
of effector cells, eosinophils and mast cells in the allergic response (Maggi et al., 1988). The
critical role of IL-4 in the stimulation of IgE production has been demonstrated in different
experimental models (Sadick et al., 1990; Urban et al., 1991). In contrast IFN-g has been
shown to have an inhibitory effect on ‘in vitro’ IgE production by murine and human
lymphocytes (Chrétien et al., 1990).

Although the mechanism of action is not entirely defined, IFN-g is known to antagonize
the effect of IL-4 on IgE synthesis in the presence of CD4 T cells (Shirakawa et al.,
2000).

IgE is important in the early and late phase of allergic responses (Ishizaka, 1981), thus the
regulation of this immunoglobulin is important in the prevention of allergic diseases.

Much attention has been focused on the importance of the intestinal microflora as a
mucosal barrier (Wells et al., 1988; Gaboriau-Routhiau et al., 1997) and on the probiotic
immunomodulating capacity over the host immune response in experimental models.
Probiotics such as lactic acid bacteria (LAB) have been reported to exhibit beneficial effects
(Perdigon et al., 1993; Matsuzaki et al., 1997; Pelto et al., 1998) and to induce several
cytokines (Matsuzaki et al., 1996).

In previous work we demonstrated that a strain of Lactobacillus casei could be used as an
oral immunomodulator (Perdigón et al., 1993; Petrino et al., 1995; Petrino et al., 1996).
These reports suggest that L. casei has the potential to regulate the immune response of the
host, without undesirable side effects.

This research was performed to examine the influence of oral administration of L. casei on
the diminution of IgE levels in an experimental model of atopy, induced by ovalbumin, in
mice.

MATERIAL AND METHODS

Animals
BALB/c mice, each weighing 25–30 g were obtained from a randomly bred closed colony
kept in our Microbiology Department. The animals were housed in plastic cages at room
temperature, each experimental group consisting of 40–50 mice and for each assay 5–6 mice
were used.

Sensitization and Challenge Protocol
Animals were given two intradermic injections (0.05 ml) of 1% ovalbumin (OVA) (chicken
OVA, grade V, Sigma, St Louis, MO, USA) 15 days apart. A week after the last inoculation,
the immunization was continued using a daily exposure to OVA 1% for 20 min each day for
a period of 10 days. The aerosol was generated with an ultrasonic nebulizer (RESPIREX,
particle size 1–6 mm) connected to a plastic exposure chamber (5 l). Aerosol was given in
groups of maximal five animals.

Four weeks after the last nebulization, the mice were again challenged with OVA 1% for
20 min by aerosolization, for 3 consecutive days.

Administration of Lactic Acid Bacteria
The microorganism used was Lactobacillus casei CRL 431, from the CERELA culture
collection. The Lactobacillus was cultured in Deman, Rogosa and Sharpe (MRS) broth
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(Oxoid) for 8 h at 37°C. The viable culture was suspended in 5 ml of sterile non-fat milk
(NFM, 10%) at a concentration of 109 cells/day/mouse. It was administered at 20% (v/v) in
the drinking water for 2 consecutive days.

The experimental groups were as follows:

(1) Groups of mice were given L. casei for two days before the sensitization period.

¯
L. casei

sensitization period challenge

(2) Animals where L. casei was administered for two days prior to the challenge, second
series of exposure with OVA 1%.

sensitization period ¯
L. casei

challenge

(3) Animals given L. casei several times (two days previous to the sensitization period,
before and after challenge).

¯
L. casei

sensitization period ¯
L. casei

challenge ¯
L. casei

(4) Control group without treatment with L. casei.

Determination of Specific Anti-OVA IgE Levels
Levels of OVA-specific mouse IgE were measured by ELISA test, using horseradish
peroxidase (HRP)-conjugated rat anti-mouse IgE monoclonal antibody (MAb) (Pharmingen,
San Diego, CA, USA). The samples were collected on days 2, 9, 15 and 23 (samples S1, S2,
S3 and S4, respectively), after the sensitization period. After challenge, samples were
collected on days 2 and 5 (S5 and S6)

Immunoplates (Maxisorb F96, Nunc) were incubated with 200 ml per well of chicken OVA
at a concentration of 10 mg ml–1 in 0.06 M-bicarbonate–carbonate buffer, pH 9.6, for 18 h at
4°C. The plates were washed three times with phosphate-buffered saline (PBS) and 0.1%
Tween 20, and then blocked with 2% non-fat milk in PBS (200 ml per well) for 1 h at room
temperature. Then, 100 ml aliquots of serum samples (diluted by one-half) were added to each
well. The plates were incubated for 1 h at 37°C, washed three times with PBS and 200 ml of
HRP anti-mouse IgE MAb was added. They were incubated for 1 h at 37°C. 200 ml of
o-phenilendiamine (8 mg) – 30% hydrogen peroxide (50 ml) – citrate buffer (20 ml) pH 4.5
was added. The reaction was developed at room temperature for 20–30 min in darkness. It
was stopped by addition of 20 ml of 2 N-sulphuric acid and read with an ELISA reader at
493 nm. The results were expressed as nanograms of specific OVA-IgE per ml of serum.

Cytokine Levels
The cytokines examined were IL-4 and IFN-g in serum samples from animals of group 1 and
4. These were measured at the same periods of time as the specific IgE anti-OVA.

For cytokine detection, mouse IL-4 and IFN-g, the Immunoassay kits from R&D System
were used. Both assays employed the quantitative sandwich enzyme immunoassay technique
(ELISA test). The results were expressed as picograms per ml of serum.

Histological Preparation From Lung
Mice from group 3 and 4 were sacrificed and lungs were removed from test and control
groups in order to quantify mast cells. Tissues were collected on the last day of sensitization
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(sample 1), on day 23 post sensitization (sample 2), the day before the challenge (sample 3),
and five days post challenge (sample 4).

These samples were washed with saline solution and fixed in ice cold alcohol 96° at 2–4
°C for 24 h. Then they were dehydrated and embedded in paraffin using routine methods.

Serial paraffin sections (4 mm) of the lung of each mouse were obtained. In order to study
mast cells associated with bronchial tissue, the histological samples were stained with Alcian
Blue Safranine O at pH 1 (Tas, 1977).

The cells associated with the peribronchial area were observed with a video microscope
(Olympus). This allowed us to count mast cells in the peribronchial area (three slices per
mice). The results were expressed as number of cells mm–2.

Statistical Analyses
Data were expressed as the mean of n independent experiments ± standard error of the mean
(SEM). The Student’s t-test was used to calculate the statistical significance of the results.

RESULTS

Effect of L. casei on Specific IgE Levels
The OVA specific IgE values in serum each group determined by the ELISA test, are shown
in Figure 1 (a) and (b).

L. casei, administrated previous to the sensitization (group 1) decreased OVA specific IgE
with significant differences (P < 0.01) in relation to control sensitized mice (Figure 1 (a)). Ig
E was also inhibited after challenge. Levels of IgE in mice fed with L. casei for 2 days before
challenge (group 2) were significantly decreased with regard to the control. These results are
expressed in Figure 1(b). In group 3, the effect of the repetitive doses of L. casei, before

FIG. 1. Effect of L. casei on the levels of specific IgE anti-OVA in an allergic model. Groups of animals were
given L. casei before sensitization, one group before challlenge and another with a repeated dose:
before sensitization and before and post challenge. Serum samples were taken on days 2, 9, 15 and
23 post sensitization (a) and on days 2 and 5 post-challenge with OVA (b). Control values IgE anti-
OVA: 0–4 ng ml–1. Bars represent mean values of n = 5 ± SD. *P < 0.01.

Group (1) of mice treated with L. casei for two days before sensitization (a) and (b); Group (2)
of animals sensitized with ova and feeding with L. casei during two days before challenge (a) and
(b); Group (3) of mice were given L. casei prior to the sensitization period and before and after
challenge, *P < 0.01; Group (4) of sensitized and challenged control animals, untreated with L.
casei (a) and (b).
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sensitization and previous- and post-challenge, showed a significative diminution of Ig E
values in all the periods assayed in relation to the control group, reaching control values
(2–4 ng ml–1).

Effect of L. casei on the Mast Cells Associated With the Peribronchial Area
Based on the results obtained in group 3, related to the levels of IgE, we determined the
number of mast cells associated with the peribronchial area in this group. The counting of
these cells showed the positive effect of L. casei. We obtained values similar to the control
(Figure 2) from mice untreated with OVA.

Effect of L. casei on Cytokine Production
We analysed the cytokines IFN-g and IL-4, measured only in group 4, the sensitized controls,
and group 1, treated with L. casei prior to sensitization.

The samples were tested at the same time as specific IgE anti-OVA determination.
Previously we determined that L. casei administered for two days to non-sensitized mice
stimulated IFN-g production (18 pg ml–1), as compared to the non-exposed control (up to
2 pg ml–1).

Our results show that L. casei stimulated IFN-g production until day 9 post-sensitization
(Figure 3(a)), but after OVA challenge the values were similar to the controls (Figure
3(b))

As regards to IL-4, we observed that L casei administered prior to sensitization diminished
significantly (P < 0.01) IL-4 levels (Figure 4 (a)) in relation to the untreated animal.
However, after challenge L. casei was not effective and the IL-4 values were similar to the
sensitized controls (Figure 4(b)).

FIG. 2. Effect of L. casei on the mastocytes associated to bronchial tissue. Group (3) of mice were given
L. casei prior to the sensitization period and before and after challenge, *P < 0.01;

Group (4) of sensitized and challenged control animals, untreated with L. casei (a) and (b);
Values from control animals untreated with OVA: 19 ± 4 mastocytes mm–2
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FIG. 3. Effect of L. casei on the levels of IFN-g in host sensitized to OVA. Group, of animals were given
L. casei before sensitization. Serum samples were taken on the same days than those for specific IgE
determination. (a) Levels of IFN-g post sensitization; (b) IFN-g levels after challenge. Bars represent
mean values of n = 5 ± SD, *P < 0.01. Group (1) of animals with previous feeding with L. casei
for two days and then sensitized (a) and (b); Group (4) of sensitized and challenged control
animals, untreated with L. casei (a) and (b); Values from control animals untreated with
ovoalbumin = up to 2 pg ml–1.

FIG. 4. Effect of L. casei on the IL-4 production in an allergic process. Groups of animals were given L. casei
before sensitization. Serum samples were taken on the same days as those for specific IgE
determination. (a) Levels of IL-4 post sensitization; (b) IL-4 levels after challenge. Bars represent
mean values of n = 5 ± SD, *P < 0.01. Group of animals with previous feeding for two days with
L. casei and then sensitized (a) and (b); Group of sensitized and challenged control animals,
untreated with L. casei (a) and (b); Control values for untreated mice with ovalbumin: up to
15 pg ml–1.
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DISCUSSION

The intestinal microflora is an important constituent of the gut mucosal barrier. In the absence
of intestinal microflora, antigen transport is increased and the induction of oral tolerance may
be abrogated (Moreau & Corthier, 1988).

The use of specific microorganisms, called probiotics, able to influence the intestinal
microflora, may aid in host protection by stimulation of cytokines released from the
immune cells associated to gut mucosa. These probiotics strains also could influence the
down regulation of an allergic process, modulating the balance Th1/Th2, which is
important in the regulation of IgE synthesis through cytokine release. Attention has
recently been focused on the lactic acid bacteria microorganisms capable of regulating the
host immune response in experimental systems, especially, the genus Lactobacillus
(Matsuzaki et al., 1998)

The primary objective of this study was to establish a model of atopy in BALB/c mice
similar to that reported by Rentz et al. (1994), to determine the validation of use of L casei
as an immunomodulator in this process. This microorganism was selected due to its ability
to survive passage through the gastrointestinal tract and to exhibit immunopotentiator
capacity (Perdigón et al., 1993; Petrino et al., 1996). To produce an effective sensitization
with OVA, aerosolization was necessary. Intradermic injections were not enough to reach a
high level of IgE. After the sensitization period we detected in the serum from control
animals, high levels of specific IgE anti-OVA and a significant increase in the levels of IL-4,
with low levels of IFN-g at various time points. After challenge, the profile of specific IgE,
and IL-4 were increased even more in this group of animals (Figures 1,3 and 4)

We demonstrated the effect of L. casei in the regulation of IgE production in our model of
atopy. This effect was also showed by Matsuzaki et al. (1998). We observed a marked
diminution of IgE when the probiotic was administered prior to the antigen sensitization
period (Figure 1) This regulatory effect may be due to the increase of IFN-g released by Th1
cells (Figure 3), which were activated by L casei, inducing down regulation in the IL-4 levels
(Figure 4). This interleukin may also play a predominant role in the pathogenic of airway
inflammation in atopic asthma, leading to bronchial hyperresponsiveness with mast cells and
eosinophilic airway infiltration (Brusselle et al., 1995). We found that L.casei was able to
modulate the increase of mast cells in the peribronchial area after sensitization and before
challenge with OVA (Figure 2). This effect, we think, was due to a diminution in the IL-4
levels. The diminution in the number of mast cells is an important fact considering the role
for mast cells in the development of several chronic diseases such as asthma and in innate
immunity (Wedemeyer et al., 2000).

It has been shown that probiotics promote antigen specific immune responses, particularly
in the IgA class and can reverse intestinal permeability (Isolauri et al., 1993; Majamaa et al.,
1995). Moreover, lactobacilli and yogurt have been used to improve IFN-g levels (Halpern
et al., 1991) and inhibit TNF-a release, reducing allergic inflammation. TNF-a plays an
important role in inflammatory processes, depending on the Th1/Th2 cytokine balance
(Hernandez-Pando & Rook Gaw, 1994).

The preservation in the balance of cytokine produced by Th1 cells and Th2 cells has been
reported (Coffman & Carty, 1986) to be an important factor in the regulation of IgE
production. Therefore the functional augmentation of Th1 cells and the inhibition of Th2 cells
are critical in the regulation of Ig E synthesis.

The beneficial effect observed with L. casei was not a long-term response. It was not
effective in increasing IFN-g levels when the animals were challenged with aerosolized
OVA, however L. casei was effective when it was administered at various times during the
development of this model of atopy (Figure 1).

Our observations would indicate that repeated doses of L. casei could immunomodulate
the allergic process via Th1 cytokine production, and down regulate the hypersensitivity
reaction.
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Our finding would justify the use of probiotics as a preventive in food allergy, where the
mechanisms of this process and Th1/Th2 paradigm are being closely examined (Helm &
Burks, 2000). We demonstrated the immunomodulatory capacity of L. casei in an atopy
model.
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CHRÉTIEN, I., PÉNE, J., BRIÉRE, F., DE WAAL-MALEFIT, R., ROUSSET, R. & DE VRIES, J. E. (1990) Regulation
of human Ig E synthesis – I. Human Ig E synthesis in vitro is determined by the reciprocal antagonistic
effects of interleukin-4 and interferon g, European Journal of Immunology, 20, 243– 247.

COFFMAN, R. L. & CARTY, J. A. (1986) T-cell activity that enhances polycolonal IgE production and its
inhibition by Interferon-g, Journal of Immunology, 136, 949– 954.

GABORIAU-ROUTHIAU, V. & MAREAU, M. C. (1997) Oral tolerance to ovalbumin in mice: induction and long
unaffected by Staphylococcus aureus enterotoxin B and perfringens type A enterotoxin, Pediatric
Research , 42(4), 503– 508.

HALPERN, G. M., VRUWINK, K. G., VAN DE WATER, J., KEEN & C. L. GERSHWIN, M. E. (1991) Influence of
long-term yoghurt consumption in young adults, International Journal of Immunotherapy, 7,
205– 210.

HELM, R. M. & BURKET, A. W. (2000) Mechanisms of food allergy, Current Opinion in Immunology, 12,
647– 653.

HERNANDEZ-PANDO & R. ROOK G. A. W. (1994) The role of TNF-a in T-cell-mediated inflammation depends
on the Th1/Th2 cytokine balance, Immunology, 82, 591– 595.

ISHIZAKA, T. (1981) Analysis of triggering events in mast cells for immunoglobulin E-mediated histamine
release, Journal of Allergy and Clinical Immunology, 67, 90– 96.

ISOLAURI, E., MAJAMAA, H., ARVOLA, T., RANTALA, I. VIRTANEN, E. & ARVILOMMI, I. (1993) Lactobacillus
casei strain GG reverses increased intestinal permeability induced by cow milk in suckling rats,
Gastroenterology , 105, 1643–1650.

LILIC, D., CANT, A. J., ABINUN, M., CALVERT, J. E., SPICKETT, G. P. (1997) Cytokine production differs in
children and adults, Pediatric Research 42(2), 237– 240.

MAGGI, E., DEL PRETE, G., MACCHIA, D., PARRONCHI, P., TIRI, A., CHRÉTIEN, I., RICCI, M. & ROMAGNANI, S.
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PETRINO, S. F., DE, DE JORRAT, M. E. B. B. & PERDIGÓN, G. (1996) Effect of different lactic acid bacteria on
immune response in corticoid-immunosuppressed mice, Microbiologie-Aliments-Nutrition , 14,
227– 236.

RENTZ, H., LACK, G., SALOGA, J., SCWINZER, R., BRADLEY, J, KUPLWR, A., LARSEN, G. & GELFAND, E. (1994)
Inhibition of IgE production and normalization of airways responsiveness by sensitized CD8 T cells in
a mouse model of allergen-induced sensitization, Journal of Immunology, 152, 351– 360.

SADICK, M. D., HEINZEL, B. J., HOLADAY, R. T., DAWKINGS, R. S. & LOCKSLEY, R. M. (1990) Cure of murine
Leishmaniasis with anti-interleukin 4 monoclonal antibody: evidence for a T cell-independent, Interferon
g- independent mechanism, Journal Experimental Medicine , 171, 115–121.

SHIRAKAWA, T., DEICHMANN, K., IZUHARA, K., QUON MAO, X., ADRA, C. & HOPKIN, J. (2000) Atopy and
asthma: genetic variants of IL-4 and IL-13 signaling, Immunology Today, 21, 60–64.

TAS, J. (1977) The alcian blue and combined alcian blue-safranin staining of glucoseaminoglycans studied in
a model system and in mast cells, Histochemistry Journal , 9, 205– 230.

URBAN, J. F., JR, KATOMA I. M., PAUL, W. E. & FINKELMAN, F. D. (1991) Interleukin 4 is important in
protective immunity to a gastrointestinal nematode infection in mice, Proceedings of the National
Academy of Science, USA, 88, 5513– 5520.

WELLS, C., MADDAUS, M., JECHOREK, R. & SIMMONS, R. (1988) Role of intestinal anaerobic bacteria in
colonization resistance, European Journal of Microbiology and Infections Diseases, 7, 107–113.

WEDEMEYER, J., TSAI, M. & GALLI, S. (2000) Roles of mast cells and basophils in innate and acquired
immunity, Current Opinion in Immunology, 12, 624– 631.

http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0954-0105^28^295L.39[aid=3184607]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0954-0105^28^297L.365[aid=831427]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0759-0644^28^2914L.227[aid=831428]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-1007^28^29171L.115[aid=170225]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0167-5699^28^2921L.60[aid=2276463]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0027-8424^28^2988L.5513[aid=3184610]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0934-9723^28^297L.107[aid=3184611]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0952-7915^28^2912L.624[aid=3184612]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0759-0644^28^2914L.227[aid=831428]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0027-8424^28^2988L.5513[aid=3184610]

