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ABSTRACT

To determine the impact of bacillus Calmette Guerin (BCG) vaccination on IgE
production in ovalbumin (OVA)-sensitized newborn mice, four groups (1, Il, 111,
[V) of BALB/c mice were immunized on the first day of life with live BCG,
kitled BCG, BCG diluent, and saline, respectively. No injection was applied
to mice in group V (control). All mice except group V were sensitized and
challenged with OVA in the fourth and sixth weeks, respectively, and serum
total Igk levels were determined at 8 weeks, 2 weeks after the second OVA
challenge. IgE levels of all groups were significantly higher than the control
group except for group Il (p = 0.95). Mice in group Il showed significantly
lower IgE values than group IV and | (p = 0.007 and p = 0.003, respectively).
We concluded that heat-killed BCG may downregulate IgE response to OVA
in newborn mice.
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INTRODUCTION

The prevalence of atopic diseases has been
increasing in developed countries in recent de-
cades, now affecting more than 30% of the
population (1), whereas in underdeveloped
countries the frequency is lower and the in-
crease in prevalence is less (2-4). Suggested
causes of this increase in prevalence include
environmental changes associated with indus-
trial development, such as increased indoor
exposure to dust mites, changed indoor cli-
mate, exposure to tobacco smoke, and in-
creased air pollution (5-8). A recently ad-
vanced hypothesis suggests that the increased
prevalence of atopy in developed countries
could be associated with the decline of many
infectious diseases, such as tuberculosis,
which induces T helper (Th)l immune re-
sponse (9). In humans ThO cells are polarized
to Th2 class in atopic and to Th1 class in nona-
topic individuals in response to allergen stim-
ulation (10,11).

The Th2 subset of lymphocytes secretes in-
terleukin (IL) 4 and IL5 leading to enhanced
production of IgE and IgG1 by B cells and eo-
sinophilia, whereas the Th1 subset of lympho-
cytes secretes IL2 and interferon (IFN) gamma
and helps the B cells to secrete [gG2a. In addi-
tion, IFN gamma consistently inhibits the IL4-
induced IgE synthesis by B cells (12,13). If Th1
response could be augmented and /or Th2 re-
sponse could be suppressed by certain factors,
the outcome of immunoglobulin response
would be shifted to IgG2 from IgE.

Tuberculoproteins are candidates for such
a modulation; it has been shown that purified
protein derivative (PPD)-specific T cell clones
are in accordance with Thl type cytokine pro-
duction profile (14), and in a number of stud-
ies mycobacteria were shown to be very po-
tent inducers of Thl type immune response
(15-17).

In many underdeveloped countries Bacillus
Calmette Guerin (BCG), which is a live attenu-
ated vaccine, is being administered routinely
in the newborn period (18). Such an antigen
stimulation may increase the proliferation of
ThQ cells in favor of Thl subset and the bal-
ance between Th1- and Th2-like response may
predominantly remain in a Thl-like cytokine
pattern.

Bakir et al.

Recently Shirakawa et al. demonstrated a
strong inverse relationship between atopy and
infection with, or exposure to mycobacterium
(M) tuberculosis in Japanese children (19).

In this report we addressed the question of
whether immunization of newborn BALB/c
mice with live or heat-killed Mycobacterium
bovis prior to sensitization with ovalbumin
(OVA) can suppress serum IgE response.

Systemic injection of OVA adsorbed to ad-
juvant results in a T-cell-dependent allergen-
specific IgE response and an increase of total
and allergen-specific antibody titers in serum
of BALB /¢ mice (20).

MATERIAL AND METHODS
Mice

Twelve 20-week-old pregnant BALB/c
mice (provided by Scientific and Technical Re-
search Institute of Turkey, Istanbul) were
raised and maintained in a specific pathogen-
free condition with an OVA-free diet. They
went into labor at the 20th day of pregnancy
and newborn mice were raised and main-
tained in the same conditions.

Immunization and Study Design

First DAY OF LIFE

Newborn mice were comprised in five
groups. Group I (n = 44) and group Il (n = 7)
mice were immunized subcutaneously on the
left shoulder area with a 30-gauge needle from
a tuberculin syringe with 20 pL of live BCG
and killed BCG, respectively. The same
amount of BCG diluent and 0.9% saline was
injected to group III (n = 21) and group IV
(n = 10), respectively. Group V (n = 17)
mice were not injected. The number of mice
in group I was much higher than in the
other groups because of the increased risk of
death due to live mycobacteria injection.

FourtH WEEK

All mice except group V were immunized
intraperitoneally twice with 1 ug of OVA
(Sigma Chemical Co., St Louis, MO) in 4 mg
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of aluminium hydroxide dissolved in 0.5 mL
0.9% NaC(Cl, at a 2-week interval.

EiGHTH WEEK

Two weeks after the second immunization,
the sensitized mice were killed by intraperito-
neal injection of 0.01 mL xyalazine (Rompun™)
and 0.01 mL ketamine (Ketalar®), and blood
samples were obtained from the right cardiac
ventricle. The sera were stored at —20°C until
assay.

Preparation of BCG

Lyophilized 4 X 10° CFU of M. bovis (BCG)
Danish 1331 strain (provided by Staten Serum-
institut, Denmark) was diluted with 2 mL of
its own diluent containing 0.75 mg of sodium
glutamate, 125 ug of magnesium sulfate, 125
ug of dipotassium phosphate, 1 mg of L-aspar-
agine monohydrate, 12.5 pg of ferriammon-
ium citrate, 15 mg of glycerol (85%), and 0.5
mg of citric acid monohydrate. Lyophilized
4 X 10° CFU of BCG was diluted in the same
diluent and heated at 60°C for 30 min for prep-
aration of killed BCG.

Determination of Serum Total IgE

The serum total IgE levels were determined
by sandwich enzyme-linked immunosorbent
assay (purified anti-mouse IgE monoclonal
antibody [Pharmingen catalog no. 02111D,
San Diego, CA] and biotinylated anti-mouse
IgE monoclonal antibody [Pharmingen cata-
log no. 02122D}).

Statistical Analyses

Serum total IgE values of each group
were compared by Mann-Whitney U-test
(GraphPad Instat™, Dr. Granger, LSU Medical
Center). A p value of less than 0.05 was consid-
ered significant.

RESULTS

The distribution of serum total IgE values
of all groups is shown in Fig. 1. The median
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and range of serum total IgE levels were 148.8
(0-445) ng/mL in the sera of group I, 42.5
(2.5-60 ng/mL) in group II, 87.5 (2.5-352.5
ng/mL) in group III, 131.3 (32.5-665 ng/mL)
in group 1V, and 35 (0-90 ng/mLj} in group
V.

There was a statistically significant differ-
ence between the serum total IgE values of all
groups versus control group except for group
II (killed BCG), as shown in Table 1 (p = 0.95).
Comparison of IgE values of all groups is pre-
sented on Table 2. Serum total IgE levels of
mice immunized with killed BCG (group II)
were found to be significantly lower than mice
in groups IV (saline) and I (p = 0.007 and
p = 0.003, respectively). On the other hand,
no statistically significant difference was ob-
served between the serum total IgE values of
live BCG-immunized mice (group I) and mice
in groups III (BCG diluent) and IV (saline)
(p = 0.06 and p = 0.89, respectively). In addi-
tion, IgE values of mice in groups 11l and IV
were not significantly different (p = 0.186).

DISCUSSION

To determine the impact of BCG vaccina-
tion in early life on IgE production, we immu-
nized four groups of BALB/c mice on the first
day of life with live and killed BCG, BCG dilu-
ent, and saline prior to OVA sensitization. We
observed that although immunization with
killed BCG suppressed the IgE response in
OV A-sensitized mice, live BCG did not have
the same effect. The serum total IgE values of
mice immunized with killed BCG were sig-
nificantly lower than those which received
only saline injection or live BCG immuniza-
tion.

To test whether BCG diluent itself can con-
fer some IgE suppressive effect, group IIl mice
were immunized with BCG diluent prior to
OVA sensitization. On the other hand, mice
in group IV represented the OVA-sensitized
group, because the only injection applied prior
to OV A sensitization was saline. The IgE levels
of those two groups were not significantly dif-
ferent, indicating that the IgE suppressive ef-
fect of BCG was not due to the effect of the
diluent.

Taken together, our results revealed that
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Figure 1. The distribution of serum total IgE values of all groups (logarithmic representation of the serum total IgE

values).

immunization with killed BCG before OVA
sensitization hindered IgE response to OVA in
BALB/ ¢ mice.

Despite the increased risk of death due to
injected live BCG, all animals in group I sur-
vived until the end of study. Although we had
expected a better response to immunization
with live BCG, we also tested the effect of
killed BCG in a small group of mice. To our
surprise, killed BCG demonstrated a better
downregulation of serum IgE response. Our
explanation of this finding is that administer-
ing live microorganisms as vaccines might
have caused the number of immunized organ-
isms to increase, and thus exceed the optimal
dose for evoking Th1 response. In return, this
increased dose can stimulate a mixed Thl +

Th2 response due to increased load of antigen.
Previous dose-response studies in mice iden-
tified 10" as the optimum dose for inducing a
Th1 response to the mycobacterial antigens
contained within M. vaccae, with no detectable
Th2 component, while 10° evoked a mixed
Th1 + Th2 response (21).

[t could be speculated that, with the other
factors such as geographic, environmental, ra-
cial, and antigenic variations, acquisition of
frequent infections as well as administration
of BCG vaccine may in part be responsible
for the lower frequency of allergic diseases
in underdeveloped countries in contrast to
higher incidence in the developed countries.

Recently, Shirakawa et al. demonstrated a
strong inverse relationship between atopy and

Table 1. Comparison of the Serum Total IgE Values of Mice in All Groups with Mice in the Control Group

TOTAL gk (ng/mL) p VALUE
MICE GROUP NO. OF MICE MEDIAN (RANGE) COMPARED TO CONTROL
Live BCG (group 1) 44 148.8 (0-445) <0.0001
Killed BCG (group 1) 7 42.5 (2.5-60) 0.95*
BCG diluent (group 1) 21 87.5 (2.5-352.5) 0.0076
Saline (group V) 10 131.3 (32.5-665) 0.0003
Control (group V) 17 35 (0-90)

*Not significant (Mann-Whitney U-test).



12: 08 20 January 2009

[ Uppsal a University Library] At:

Downl oaded By:

Heat-Killed Mycobacterium bovis 333
Table 2. Comparison of the Serum Total Igk Values of All Groups
GROUP I GROUP Il GROUP IV GROUP V
(KILLED BCQ) (BCG DILUENT) (SALINE) (CONTROL)
Group | (live BCG) 0.003* 0.063 0.89 <0.0001*
Group Il (killed BCG) - 0.055 0.007* 0.95
Group I (BCG diluent) - - 0.186 0.008*

*Statistically significant (Mann-Whitney U-test).

The numbers show p values of the comparison of IgE levels of groups.

infection with, or exposure to, M. tuberculosis
in Japanese children. Positive tuberculin re-
sponses predicted a lower incidence of
asthma, lower serum IgE levels, and serum cy-
tokines shifted toward Th1 type (19). Lin et al.
observed an 80% improvement in the asthma-
tic patients who received killed BCG by oral
route (22).

In conclusion, the result of this study sug-
gests that heat-killed BCG may downregulate
the serum IgE response to OVA in newborn
mice. This finding supports the hypothesis
that BCG vaccination at birth may suppress
Th2 response to allergens, and may have im-
plications on the course of allergic disorders.
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