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A recently advanced hypothesis suggests that decreased exposure to T-
helper (Th) 1-inducing agents causes Th2-biased differentiation in
response to concomitant allergens. We therefore examined the effect of
pre-immunization with killed Mycobacterium bovis and killed M. vaccae
which are known to be very potent inducers of Thl immune response, on
serum IgE response in ovalbumin (OVA)-sensitized newborn mice.
Eighty-four newborn Balb/c mice were divided into four groups and were
immunized intraperitoneally 24 h after birth with 50 pl of 5 X 10*
colony-forming units (c.f.u.) of killed M. bovis in group 1 (M. bovis
group, n = 19), with 25 ul of 2.5 X 10® c.f.u. of killed M. vaccae plus
25 ul of 5 x 10% c.f.u. of killed M. bovis in group II (M. vaccae + M.
bovis group, n = 28) and with 50 ul of only phosphate-buffered saline
(PBS) in group III (no mycobacterial immunization, n = 18). No
injection was applied to mice in group IV (control group, n = 19).
Starting from 8 weeks of age, all mice except the control group were
sensitized with 0.5 ml of 20 mg/ml OVA administered intraperitoneally 7
times every other day. Thirty days after the final injection, all animals
except those in the control group were challenged with an aerosol of

2 mg/ml OVA. Forty-eight hours later, blood was collected from all mice
for determination of serum IgE levels. A statistically significant
difference was observed in the serum total IgE levels between groups 111
and IV (p = 0.0099), indicating that the mice were successfully sensitized
with OVA. Serum total IgE values of the female mice in M. bovis group
were found to be significantly lower than group III (p = 0.009), while no
difference was observed in males. Serum total IgE levels of the M. vaccae
+ M. bovis group were found to be significantly lower than group III
both in male and female mice (p < 0.0001 and p = 0.0001, respectively).
Female values were even lower than controls (p = 0.0092). Pre-
immunization in the newborn period with killed M. bovis alone or in
addition to M. vaccae may potentially be helpful in down-regulating an
IgE response.
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Development of atopy depends on the interaction
of heterogeneous environmental factors and is
controlled predominantly by the Th2 (T-helper)
subset of T lymphocytes which secrete interleu-
kins 4 and 5 (IL-4 and IL-5) leading to enhanced
production of IgE by B cells and to eosinophilia,

respectively (1-5). The prevalence of atopic
diseases including hay fever, asthma, atopic
dermatitis and food allergy has been increasing
in developed countries in recent decades, now
affecting more than 30% of the population in
these countries (6). The reasons for this increase
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in prevalence are largely unknown. Suggested
causes include environmental changes associated
with increased indoor exposure to dust mite,
changed indoor climate, exposure to cigarette
smoke and increased air pollution (7-10). A
recently advanced hypothesis suggests that the
increased prevalence of atopy in developed
countries could be associated with the decline
of some infectious diseases such as tuberculosis
that induce Thl immune responses as a result of
improved living standards (11,12).

Induction of interferon-y (IFN-y) especially
occurs during infections by viruses, intracellular
bacteria, fungi and certain protozoa (1,13).
Mycobacteria are known to be very potent
inducers of the Thl immune response (13,14).
Shirakawa et al. demonstrated a strong inverse
relationship between atopy and infection with, or
exposure to, M. tuberculosis (15). In a recent
study, infection of mice with M. bovis suppressed
allergen-induced airway eosinophilia and IL-5
production, dependent on IFN-y signalling (16).
Wang & Rook also recently reported that a single
injection of killed M. vaccae into OVA-pre-
immunized mice suppressed serum IgE and
allergen-specific IL-5 synthesis (17). A growing
body of evidence suggests that M. vaccae, one of
the saprophytic mycobacterium species, is a more
potent inducer of Thl immune responses than M.
bovis (18).

In this study we addressed the question of
whether immunization of newborn Balb/c mice
with heat-killed M. vaccae and/or killed M. bovis
in the newborn period prior to sensitization with
OVA can suppress serum IgE production.

Materials and methods

One-year-old pregnant Balb/c mice were
obtained, bred and housed until labor. After
labor, the newborn mice were fed with breast milk
up to 1 month of age and then with an OVA-free
diet. At 1 month of age, they were separated
according to gender (8-9 mice per cage). The
experimental procedures were approved by the
Animal Ethics Committee of Marmara
University, and maintenance of animals was in
accordance with institutional guidelines.
Eighty-four newborn mice were divided into
four groups. Group I consisted of 19 mice (10
females, 9 males), group II had 28 mice (17
females, 11 males), group III had 18 mice (7
females, 11 males), and group IV had 19 mice (9
females, 10 males). Mice in group I were
immunized intraperitoneally 24 h after birth
with 5 X 10* colony-forming units (c.f.u.) of M.
bovis (Pasteur Merieux Serum & Vaccine; strain
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Fig. 1. The distribution of serum total IgE values of all
groups. *Logarithmic representations of the serum total IgE
values. Group I, M. bovis; group 11, M. bovis + M. vaccae;
group III, mice undergoing OVA sensitization but no
mycobacterial immunization; group IV, control. The
median (range) of IgE values (ng/ml) for groups I-1V are
19.3 (1-312), 2.7 (0.9-193), 77.6 (2.2-494) and 12.2 (0.9—
109.3), respectively.

1077) in 50 ul of PBS autoclaved at 120°C for
15 min (group I: M. bovis). Group II were
immunized intraperitoneally 24 h after birth
with 2.5 X 10® c.fu. of M. vaccae (North
Carolina State University strain ATCC 29678)
in 25 ul PBS autoclaved at 1200°C for 15 min in
addition to 25 ul of the same M. bovis strain as in
group I (group II: M. bovis + M. vaccae)
Intraperitoneal injection of 50 ul of PBS was
performed at the same time in the mice in group
III (group III: no mycobacterial immunization).
No injection was performed to mice in group IV
(group IV: control).

Starting from 8 weeks of age, 0.5 ml of 20 mg/
ml OVA (Sigma) in 0.9% saline was administered
intraperitoneally 7 times every other day to all
mice except the control group. Thirty days after
the final injection (14 weeks of age), all animals
except for those in the control group were
exposed to an aerosol of 2 mg/ml OVA in 0.9%
saline for 5 min with a Devilbiss 2000 ultrasonic
nebulizer. Forty-eight hours after the aerosol
OVA challenge, blood was collected from all
mice. Sera were stored at —30°C until assay. The
serum total IgE levels were determined by
sandwich enzyme-linked immunosorbent assay
(purified anti-mouse IgE monoclonal antibody
(Pharmingen catalogue number: 02111D) and
biotinylated anti-mouse IgE monoclonal anti-
body (Pharmingen catalogue number: 02122D)).

Statistical analysis

The Kruskal-Wallis test was used for comparison
of the serum total IgE values of all groups. Since
standard deviations of the IgE values of the



groups were not equal, the logarithmic values
were calculated for further comparisons. The
significance of pair differences was determined by
unpaired ¢ test.

Results

The distribution and median (range) of serum
total IgE values for all groups, and for males
and females separately, are shown in Figs 1-3,
respectively.

A statistically significant difference was
observed in the serum total IgE levels between
groups III and IV (p = 0.0099), indicating that
the mice were successfully sensitized with OVA.
Log IgE values of the M. bovis + M. vaccae group
were found to be significantly lower than groups
I, IIT and IV (p = 0.0084, p < 0.0001, p = 0.015,
respectively). A statistically significant difference
was also seen in the comparison of log IgE values
between the male mice in groups III and IV.
When log IgE values of male mice in the M. bovis
+ M. vaccae group were compared with the
values of male mice in the other three groups, the
differences were found to be statistically signifi-
cant (group II versus group I (p = 0.023), III (p
= 0.0001) and IV (p = 0.026). No significant
difference was observed between the log IgE
levels of males of group I versus group III and
group I versus group IV (p = 0.326, p = 0.39).
These results indicate that although M. bovis +
M. vaccae suppressed IgE response in OVA-
sensitized male mice, M. bovis alone did not.

The evaluation of serum total IgE levels of
female mice revealed that they were successfully
sensitized with OVA (p = 0.0031). In females,
both group I and group II showed significantly
different log IgE values when compared with
group IIT (p = 0.009, p < 0.0001, respectively).
While immunization with M. bovis prior to OVA
sensitization suppressed the IgE response in
female mice, this suppression was even more
evident in the female mice immunized with M.
bovis + M. vaccae (p = 0.05). Finally log IgE
values of female mice in group II were found to be
significantly lower than the female controls (p
= 0.0092). The differences for all mice groups
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Fig. 2. The distribution of serum total IgE values of males
in all groups.*Logarithmic representations of the serum
total IgE values. Group I, M. bovis; group 11, M. bovis + M.
vaccae; group III, mice undergoing OV A sensitization but no
mycobacterial immunization; group IV, control. The median
(range) of IgE values (ng/ml) for groups I-1V are 4.6 (1-312),
1.5(0.9-12.6), 27.2 (2.2-252) and 6.15 (0.9-34), respectively.

independent of and according to gender are
shown in Table 1.

Discussion

Development of atopy is controlled predomi-
nantly by the Th2 subset of T lymphocytes which
secrete 1L-4, leading to enhanced production of
IgE by B cells (1-5). Thus, using immunomodu-
lators which induce IFN-y production may
suppress Th2 and/or stimulate Th1 cells resulting
in decreased IgE synthesis. In a number of
studies, mycobacterium species such as M.
bovis, M. tuberculosis and M. vaccae have been
shown to be very potent inducers of the Thl-type
immune response, leading to secretion of Th1-like
cytokines (13,18-23).

In the study by Lin & Zhu, improvement was
observed in 80% of the asthmatic patients who
received killed bacillus Calmette-Guérin (BCG)
by the oral route (24). Shirakawa et al. showed
that there was an inverse association between
atopy and positive tuberculin responses (15).
Positive tuberculin responses predicted a lower
incidence of asthma, lower serum IgE levels, and
serum cytokine profiles shifted toward Thl type
(15). On the other hand, in a study conducted in

Table 1. Comparison of pair differences of all mice groups independently of and according to gender

Group | vs group Il Group | vs group Il

Group | vs group IV Group Il vs group Il

Group Il vs group IV Group Il vs group IV

Independent of gender 0.0084 0.0774* 0.5992* < 0.0001 0.015 0.0099
Male 0.0230 0.3255* 0.3904* 0.0001 0.0257 0.0254
Female 0.050 0.0090 0.6437* < 0.0001 0.0092 0.0031

*Not significant The numbers shown in the table are p values. Group I, M. bovis; group Il, M. bovis + M. vaccae; group I, mice undergoing OVA sensitization but no

mycobacterial immunization; group IV, control.
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Fig. 3. The distribution of serum total IgE values of females
in all groups.*Logarithmic representations of the serum
total IgE values. Group I, M. bovis; group 11, M. bovis + M.
vaccae; group III, mice undergoing OV A sensitization but no
mycobacterial immunization; group IV, control. The median
(range) of IgE values (ng/ml) for groups I-1V are 34.05 (1.2—
230), 8.1 (1.5-193), 256 (50.4-494) and 25.3 (8.9-109.3),
respectively.

Sweden, BCG-vaccinated children did not show a
statistically significant lower frequency of allergy
than unvaccinated ones. However, a low pre-
valence was observed only in immigrant children,
suggesting that other factors besides BCG,
attributable to the environmental influences,
could play role in the prevention of allergy (25).
We hypothesized that, in addition to BCG
vaccination, environmental influences occurring
very early in life such as exposure to saprophytic
mycobacterium species may have a protective
effect on development of atopic disease later in
life.

Intradermal injection of killed M. vaccae has
been demonstrated to promote cell-mediated
responses to antigens common to all myco-
bacteria. Studies of vaccination in children
showed that those receiving BCG plus killed M.
vaccae were more likely to have an enhanced
delayed-type hypersensitivity reaction to leprosin
A than those who were given BCG alone (26).
Skinner et al. (18,27) demonstrated that heat-
killed M. vaccae, unlike other mycobacteria
species, contains both adjuvant and antigen
components capable of stimulating CD8+ T-cell
responses, thus after immunization with killed M.
vaccae CD8+ cells are generated. Furthermore,
following in vitro stimulation with mycobacteria
species, cytotoxic CD8+ T cells are revealed,
consistent with the activation of memory cells.
They suggested that these CD8+ T cells secrete
Thl class cytokines maintaining the dominance
of the Thl-type immune response (18,27).

Our group recently demonstrated that pre-
immunization of Balb/c mice by heat-killed BCG
prior to OVA sensitization significantly decreased
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serum total IgE values, whereas live BCG had no
such effect (28).

In the light of these data, we attempted to
determine the effect of killed BCG alone and in
addition to M. vaccae on serum IgE response. We
hypothesized that, in order to be able to
demonstrate the protective effect of M. vaccae
and/or M. bovis, a newborn mice model would be
more successful than the inhibition of an already
established allergic response in older mice.

Due to the difficulty in distinguishing gender in
the newborn period, both genders of mice were
included initially in our study. Our results
demonstrated that female mice gave a better
IgE response, in accordance with the findings of
Renz et al. (29).

Although both immunization with M. bovis
and M. bovis + M. vaccae resulted in a lower
serum total IgE value in the female mice when
compared with those undergoing OVA sensitiza-
tion but no mycobacterial immunization, the
latter resulted in a more pronounced decrease,
even significantly lower than the healthy control
group.

Recently, Erb et al. demonstrated that when
OVA-sensitized mice were infected with BCG
before allergen airway challenge, airway eosino-
philia and IL-5 production by T cells of draining
lymph nodes were inhibited (16). Also Wang and
Rook recently showed that a single injection of
different doses of killed M. vaccae into OVA-pre-
immunized Balb/c mice suppressed serum IgE
response. They observed suppression of serum
IgE levels over a wide dose range of M. vaccae
(107, 108, 10%) and concluded that higher doses
can evoke a mixed Thl + Th2 response. Twice-
injection of 107 c.f.u. M. vaccae showed not only
suppression of the IgE response, but also
inhibition of OVA-induced IL-5 production by
spleen B cells (17). In our study, we preferred to
administer half the dose used by Skinner et al. for
immunization of adult mice (27).

In conclusion, immunization within the new-
born period with killed M. bovis alone or in
addition to M. vaccae may potentially be helpful
in reducing the risk of developing allergic diseases
by suppressing the serum IgE response in mice.
The relevance of these observations to human
atopic disease remains to be elaborated but
indicates a potential major prevention strategy.
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