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Neonatal bacillus Calmette-Guérin vaccination inhibits de novo
allergic inflammatory response in mice via alteration of CD4"CD25"
T-regulatory cells
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Aim: The hygiene hypothesis suggests a lack of bacterial infections would favor the development of allergic diseases. My-
cobacterium bovis bacille Calmette-Guérin (BCG) infection can inhibit allergen-induced asthma reactions, but the underly-
ing mechanism of this infection on the immunological responses is unclear. T-regulatory (Treg) cells are thought to play
a role as a crucial immunoregulatory cells that are capable of regulating adaptive immune responses. We conducted this
study to investigate whether the protective effect of the BCG vaccination on allergic pulmonary inflammation is associated
with the alteration of CD4"CD25" Treg cells in a murine asthma model and the mechanisms of Treg cells.

Methods: Newborn C57BL/6 mice were vaccinated 3 times with BCG on d 0, 7, and 14 and subsequently sensitized and
challenged with ovalbumin. Eosinophil infiltration was investigated. The frequencies of spleen CD4"CD25" Treg cells and
the expression of specific transcriptional factor Foxp3 were assayed. The cytotoxic lymphocyte associated antigen (CTLA)-4
expression and cytokine interleukin-10 (IL-10) and transforming growth factor-p (TGF-P) levels were measured.

Results: We showed that treatment of mice with BCG inhibited de novo allergic inflammatory response in a mouse model of
asthma. BCG treatments are associated with the increase of CD4"CD25" Treg cells and Foxp3 expression, accompanied by
an increased CTLA-4 expression and cytokine IL-10 and TGF-{ levels (P<0.05).

Conclusion: Neonatal BCG vaccinations ameliorate de novo local eosinophilic inflammation induced by allergen and in-
crease the numbers of CD4'CD25" Treg cells and Foxp3 expression. The cell-cell contact inhibition and regulatory cytokine
production may be involved in the regulatory mechanism.
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Introduction produce a long—term protective immune response.

. ' o _ Epidemiological and clinical studies have provided com-
Allergic asthma is a chronic inflammatory disease char- pelling evidence that suggest a link between the relative lack
of infectious diseases and the increase in allergic disorders. It

has been demonstrated that a positive tuberculin test result

acterized by reversible airway obstruction, airway hyper-
reactivity, airway infiltration by inflammatory cells — par-

ticularly eosinophils and T lymphocytes — and high levels suggestive of past infections with mycobacterium tubercu-

epe . . [1-3]
of allergen-specific immunoglobulin (Ig)E - Although losis was inversely related to the subsequent development

current asthma therapy is effective and well-tolerated in ¢ atopy and asthma'®l. Several animal studies showed that

. [4] .
TnOSt p atlenFS » these d1:ugs do not Change the underly.lng vaccination with mycobacteria prevented asthma develop-
immunological mechanisms, and there is a clear medical ment or treated asthmatic manifestations'é™’. However, the
need for the development of new therapies capable of chang- mechanism by which mycobacteria inhibits the inflammatory

ing or reprogramming the underlying immune processes to . . .
8 prog g ying P response remains unclear. Induction of Thl cytokines, such
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as interferon-y (IFN-y), and thus reversion of the imbalance
between Th1/Th2, has been proposed”*. However, Zuany-
Amorim demonstrated that mycobacterium vaccae blocked
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allergic inflammation by a mechanism independent of
IEN-y™. Our previous study also demonstrated that the
neonatal bacille Calmette-Guérin (BCG) vaccination sig-
nificantly inhibited allergic inflammation, but did not signifi-
cantly change IFN-y, interleukin (IL)-4, and IL-S responses
in late-challenged mice!'®.. We thought that mechanisms
other than simple changes in the balance between Th1 and
Th2 may account for the observed effects of vaccination with
mycobacteria.

T regulatory (Treg) cells are thought to be the crucial
immunoregulatory cells that are capable of suppressing
adaptive immune responses. CD4"CD25" Treg cells are a
distinct population of CD4" Treg cells that constitutively
express CD2S, with suppressive properties inhibiting the
functions of effector CD4" and CD8" T cells"''"*, Foxp3 is
a master gene governing the development and function of
Treg cells!"*'S), The suppressive mechanisms of CD4"CD25"
Treg cells are not clear, but there is evidence that cell-
cell contact by cytotoxic lymphocyte associated antigen
(CTLA)-4 is required[m]. There is growing and conflicting
evidence concerning the roles of IL-10 and transforming
growth factor (TGF)-B!"”'®. A number of studies have
shown that CD4"CD25" Treg cells play an essential role in
limiting the development of immune response in allergy

and asthma!'*2!

| Therapeutic opportunities to exploit the
immunosuppressive effects of Treg cells for prophylactic or
therapeutic treatment may become feasible. Treg cells may
be involved in the inhibitory effect of BCG upon asthma in-
flammatory response.

Vaccination with mycobacteria is associated with per-
sistent chronic intracellular infection in vivo that maintains
a sustained immune response. The immune system has
regulatory mechanisms for suppressing the effector response
to persistent infection. It has been demonstrated that tuber-
culosis (TB) infection and the BCG vaccination induced
increased Foxp3 expression and CD4"CD25" Treg cells in
human peripheral blood?* 4,

Given the role of Treg cells in asthma and the effect of
mycobacteria infection on Treg cells, we conducted this
study to investigate whether the protective effects on allergic
pulmonary inflammation of the BCG vaccination are associ-
ated with the alteration of CD4"CD25" Treg cells in a murine

asthma model and the mechanisms of Treg cells.

Materials and methods

Animals, immunization, and treatment Newborn
CS7BL/6 mice were purchased from the Experimental Ani-
mal Center of Zhejiang University (Grade CL, Certificate No
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22-010014 conferred by Zhejiang Medical Laboratory Ani-
mal Administration Committee; Hangzhou, China). Mice
receiving the following treatments were studied: (1) sensiti-
zations and airway challenges with ovalbumin (OVA group);
(2) treatment with BCG plus sensitizations and challenges
with OVA (BCG-treated group); and (3) the control group.
Mice in the BCG-treated group were subcutaneously injected
in the back 3 times with 25 uL. BCG (D2-BP302 strain; Bio-
logical Institute of Shanghai, Shanghai, China; 10° CFU) on
d 0,7, and 14; the mice in the OVA and control groups were
injected by the same volume of saline solution. The mice in
the OVA and BCG-treated groups were sensitized intraperi-
toneally with 0.1 mL of 0.1% OVA (Sigma-Aldrich, St Louis,
MO, USA) plus 0.1 mL aluminum hydroxide on d 42 and
56. On d 66-68, the mice were killed by inhaling OVA (10
mg/mL) aerosols in a Plexiglas exposure chamber for 40 min
each day. The mice in the control group were administered
saline solution. In each experiment, each group consisted of
12 mice.

Bronchoalveolar lavage fluid and histological analy-
sis Animals were intraperitoneally anesthetized with 100
mg/kg pentobarbitone sodium 48 h after the last OVA or
saline challenge. The trachea was cannulated and bronchoal-
veolar lavage fluid (BALF) was collected by injecting 0.3 mL
phosphate-buffered saline 3 times into the left lung. Total
leukocyte numbers were counted under microscopy. Differ-
ential cell counts were performed on cytospin slides stained
with Wright-Giemsa in a blinded fashion by counting at least
400 cells under immersion oil at x1000 magnification. The
absolute number of eosinophils was calculated. After obtain-
ing the BALF, the left lungs were inflated and fixed with 10%
phosphate-buffered formalin, embedded, and sectioned. Tis-
sue sections were stained with hematoxylin-eosin (HE) for
identification of inflammation. The sections were examined
in a blinded fashion under light microscopy.

Flow cytometry Spleens from mice were collected and
single-cell suspensions were prepared by passing the cells
through a cell strainer. Red blood cells (RBC) were removed
by hypotonic lysis. The cells were stained for surface mark-
ers CD4 [GK1.5, fluorescein isothiocyanate (FITC) labeled]
and CD2S$ [3C7, phycoerythrin(PE)-labeled]. The isotype
controls used were FITC-rat IgG2b (A95-1) and PE-rat Ig-
G2b (A95-1). All antibodies were purchased from BD Bio-
sciences (San Jose, CA, USA). The frequency of CD2S was
determined by gating on CD4 cells. For each sample, at least
10 000 cells were analyzed. The data were collected and ana-
lyzed using CellQuest 3.1f software and a FACSCalibur flow
cytometer (Becton Dickinson, Franklin Lakes, NJ, USA).

RT-PCR reaction RNA was extracted from frozen
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spleen tissue using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA). In total, 2 g total RNA was then reverse tran-
scribed into cDNA using MMLYV reverse transcriptase
(Promega, Madison, WI, USA) and oligo(dT) as a primer.
PCR consisted of 94 °C for 3 min followed by 10 cycles
of 94 oC for 10 s, 70 °C for 20 s, 72 °C for 20 s, and then
30 cycles at 94 °C for 10 s, 60 °C for 20 s, and 72 °C for
20 s, terminated by 72 °C for 10 min. All PCR were per-
formed on a Life Express programmable thermal control-
ler (Bioer Technology, Hangzhou, China). As a control,
cDNA samples were also amplified with GAPDH-specific
primers. The specific primers sequences are as follows:
Foxp3: 5'-GAGCCAGAAGAGTTTCTCAAGC-3" and
5'-GCTACGATGCAGCAAGAGC-3’, CTLA-4: 5'-
CTGCTCACTCTTCTTTTCATCC-3" and 5'-CAA-
TGACATAAATCYGCGTCC-3’, and GAPDH: 5'-
AAGGTCGGTGTGAACGGATTT-3" and 5'-ATGACC-
TTGCCCACAGCCT-3". After separation on agarose gels,
the specific bands were quantified with Biosens gel imaging
system (Shanghai Bio-Tech, Shanghai, China).

Western blot analysis Frozen spleen tissue was lysed
in protein extraction buffer containing protease inhibitors.
Lysates were boiled, and equal amounts of proteins were
separated on 10% SDS-polyacrylamide gel and transferred to
a nitrocellulose membrane. After blocking, the membrane
was reacted with a Foxp3 monoclonal antibody (1:500;
eBio7979; eBioscience, San Diego, CA, USA) and a GAPDH
monoclonal antibody and further incubated with the donkey
antimouse IgG horseradish peroxidase secondary antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) and
washed. Detection was carried out with enhanced chemilu-
minescence (Pierce, Rockford, IL, USA). Protein expression
was determined by photodensitometry with the Biosens gel
imaging system.

Cytokine assays Splenocytes were prepared as de-
scribed earlier, plated in 24-well plates (2x10° cells/mL) in
triplicate, and cultured with medium containing OVA (40
ug/ mL) at 37 °C in 5% CO, for 48 h. The supernatants were
then collected and the cytokine levels were determined by
ELISA using commercial kits for mouse IL-10 and TGF-f
(R&D Systems, Minneapolis, MN, USA). ELISA were per-
formed according to the manufacturer’s directions. The lim-
its of detection were 4 pg/mL.

Statistical analysis For all of the groups, data are pre-
sented as mean+SEM. Results were analyzed by one-way
ANOVA to identify significant differences between groups.
The levels of statistical significance were set at P<0.0S, and all
statistical calculations were done using SPSS software (ver-
sion 10.1; SPSS, Chicago, IL, USA).

Results

BCG treatment abolishes eosinophil accumulation
in airway and peribronchial/perivascular tissue To
determine the effects of BCG on the eosinophilic airway
inflammation following allergic sensitization and challenge,
the cellular content of BALF and the histological examina-
tion of tissue stained with HE were assessed. The mice in
the OVA group developed a predominance of eosinophils
in BALF. The administration of BCG at birth prevented the
increase of eosinophil numbers. The control mice had al-
most no eosinophils in BALF (Figure 1A). Sensitization and
subsequent airway challenge resulted in significant increases
in numbers of peribronchial and perivascular eosinophils.
Treatment with BCG abolished the eosinophil accumulation.
Few eosinophils were detected in the control group mice
(Figure 1B).

Treatment with BCG increases frequencies of spleen
CD4'CD25" Treg cells and Foxp3 expression We evalu-
ated the effect of the BCG on the changes of CD4'CD25" T
cells by flow cytometry present in mouse splenocytes (Fig-
ure 2A). The mice in the OVA group had a lower percent-
age of CD25" T cells within the CD4" T-cell population in
splenocytes compared with the control group (P<0.05). The
mice in the BCG-treated group had almost twice the number
of CD4'CD25" T cells in the splenocytes compared with the
control mice (P<0.0S; Figure 2B).

The transcription factor Foxp3 that is specifically con-
fined to CD4*CD25" Treg cells’® was used as a definitive
marker for Treg cells. The relative level of Foxp3 mRNA
was assessed by RT-PCR in mouse spleens. The relative
level of Foxp3 mRNA in the mouse spleens was 0.60+0.18
in the BCG-treated group, 0.38+0.11 in the OVA group, and
0.23%0.12 in the control group, respectively. Consistent with
the increased percentage of CD4"CD25" T cells, there was a
significant 1.6-fold increase in the Foxp3 mRNA expression
in the mouse spleens of the BCG-treated group compared
with the OVA group (P=0.000), and a 2.7-fold increase com-
pared with the control group (P=0.000). There was also a
significant increase in the OVA group compared with control
group (P=0.011; Figure 3A).

The Foxp3 protein expression was also determined.
Parallel with the mRNA level, the Foxp3 protein was also
upregulated in the mouse spleens of the BCG-treated group
compared with the OVA group (P<0.05) and the control
group (P<0.05). There was also a significant increase in the
OVA group compared with control group (P<0.0S, Figure
3B).

Treatment with BCG increases CTLA-4 expression
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Figure 1. (A) treatment with BCG prevents eosinophil airway infiltra-
tion. Cellular content of BALF was assessed. Absolute number of total
cells and eosinophils is expressed. Data represent mean+SEM of the
number of the different cell types from 36 mice in 3 groups. Eosino,
eosinophil; "P<0.05 OVA group vs BCG-treated group or control
group. (B) BCG treatment abolishes eosinophil accumulation in the
peribronchial-perivascular tissue. Histological examination of lung
sections stained with HE was performed. Representative tissue section
from a mouse in OVA group (B1), BCG-treated group (B2), and con-
trol group (B3) is shown. Final magnification: x100.
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The suppressive mechanisms of CD4"CD25" Treg cells are
unclear, but there is evidence that cell-cell contact is required
and the inhibitory costimulatory molecule CTLA-4 might
be involved"'®. The expressions of CTLA-4 in the spleen
tissue of each group of mice were assessed by RT-PCR. The
expression of CTLA-4 mRNA in the BCG-treated group was
higher than that in the OVA group and the control group
(P<0.05) and there was no significant difference between the
OVA group and the control group (Figure 4).

Treatment with BCG alters cytokine production in
splenocyte culture There is conflicting evidence concerning
the roles of IL-10 and TGF-p in the suppressive mechanisms
of CD4"CD25" Treg cells!'*'”. 'We therefore examined the
levels of regulatory cytokines IL-10 and TGF-p in the cul-
tured splenocyte supernatant. The cultures of splenocytes
from BCG-treated mice contained significantly higher levels
of IL-10 and TGF-p compared with the mice in the OVA
and control groups (P<0.05). There was also an increase of
IL-10 in the OVA mice compared with control mice
(P<0.05). No significant differences were found in the
TGE-p levels between the OVA and control mice (Figure ).

Discussion

The present study demonstrates that a neonatal subcuta-
neously injection of BCG can prevent the development of de
novo allergen-induced bronchial inflammation in a murine
model of allergic pulmonary inflammation. The reduction
of the allergic response was associated with an induction of
CD4°CD2S" Treg cells and Foxp3 expression. The cell-cell
contact inhibition and regulatory cytokine production may
be involved in the regulatory mechanism.

In this study, we selected C57BL/6 mice as the animal
model. Previous studies reported that BALB/c mice were
more prone to a Th2 allergic response than C57BL/6 mice.
However, C57BL/6 mice were also selected to make asthma
models and used in a series of studies on asthma in our labo-
ratory and those of others!'®***”), In this study, the asthma
model was proven to be successful based on the eosinophil
accumulation in the airway and peribronchial/perivascular
tissue pathology.

An inverse relationship between the reduced incidence
of infection and increased allergy has been observed in the
worldwide over the past 2-3 decades, which has led to the
“hygiene hypothesis”, that is, that the existence of microbial
infections may prevent or inhibit the development of al-

(28291~ Consistent with previous studies'®?),

lergic diseases
this experiment suggests that the neonatal BCG vaccination

can inhibit the development of a de novo allergic response
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Figure 2. Increased percentage of spleen Treg cells in BCG-treated mice. (A) representative flow cytometric analysis of CD4 and CD2S on spleno-
cytes of 3 mice from 3 different groups. Numbers represent percentages of events within the CD4"CD25" T-cell gate in the total CD4" population.
(B) percentage of CD25" T cells within the CD4" T-cell population in splenocytes from mice of 3 groups are shown. Results of each group are ex-
pressed as mean+SEM (%) of 12 mice. "P<0.05 BCG treated group vs OVA group or control group. *P<0.05 OVA group vs control group.
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characterized by a significant reduction of local eosinophilic
inflammation. Also, in the previous study!"”, we investigated
the effects of neonatal BCG treatment on allergic inflamma-
tion in mice of different ages and found that BCG treatment
could attenuate airway hyperresponsiveness and eosinophilia
not only in early-challenged (9 weeks age) mice, but also in
late-challenged (45 weeks age) mice. We concluded that the
neonatal BCG vaccination had a long-term effect on inhibit-
ing airway allergic inflammation.

However, the mechanism by which BCG inhibits the
inflammatory response is debatable. The induction of Thl
cytokines, such as IFN-v, and thus the reversion of the im-
balance between Th1/Th2, has been proposed[m]. It has
been shown that repeated BCG vaccinations improve lung
function and increase the IFN-y/IL-4 ratio in the peripheral

Figure 3. Expression of Foxp3 is upregulated
in the spleen of BCG-treated mice. (A) rela-
tive level of Foxp3 mRNA normalized to
GAPDH was assessed by RT-PCR in mouse
spleens (12 per group) and is presented as
the percentage of the levels. (B) relative level
of Foxp3 protein normalized to GAPDH was

Foxp3 protein

assessed by Western blot in mouse spleens
(12 per group) and presented as the per-
centage of the levels. Results are expressed
as mean+SEM (%) of 12 mice. "P<0.0S,
‘P<0.01 BCG treated group vs OVA group or
control group. “P<0.05 OVA group vs control

group.

blood in asthmatic patients[”]

. Similarly, our previous study
demonstrated that the neonatal BCG vaccination induces
a strong Th1 type response, which downregulated allergen-
specific Th2 responses in an early-challenged asthmatic
model. Surprisingly, we found that the neonatal BCG vac-
cination significantly inhibited allergic inflammation, but
did not significantly change IFN-y, IL-4, and IL-S responses
in late-challenged mice"”. Zuany-Amorim demonstrated
that mycobacterium vaccae was effective in blocking aller-
gic inflammation by a mechanism independent of IFN-y™,
The mechanisms other than simple changes in the balance
between Th1 and Th2 must be at play. A novel finding in
this study is that the neonatal BCG vaccination gives rise to
CD47CD2S" Treg cells and Foxp3 expression in the experi-

mental asthma mice. CD4"CD25" cells represent 5%-10%
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1.0 we can conclude that the neonatal BCG vaccination induces
the increase of CD4"CD25" Treg cells in mice.
T 08 The 3 BCG vaccinations induced a systemic infection in
E b the mice, and the immune responses were not limited to a
s %6 regional lymph node. The spleen is the important peripheral
2 lymph organ and abundant in lymphocytes. It plays a key
z 4 role in the immune response to BCG. The tissue order of the
é o) proportion of CD4"'CD25"/CD4" T cells from high to low is
° spleen, lymph node, peripheral blood, and thymus. The total
0 number of CD4"CD25" Treg cells in 1 mouse lung is approx-
OVA BCG-treated Control

Figure 4. Expressions of CTLA-4 are upregulated in the spleens of
BCG-treated mice. Relative level of CTLA-4 mRNA normalized to
GAPDH was assessed by RT-PCR in mouse spleens (12 per group)
and presented as the percentage of the levels. Results of each group are
expressed as meantSEM (%) of 12 mice. *P<0.05 BCG treated group
vs OVA group or control group.
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Figure 5. BCG treatment upregulates the production of IL-10 and
TGF-p by OVA-stimulated splenocytes in vitro. Culture cell-free su-
pernatants were harvested and analyzed for cytokine release by ELISA.
Results are expressed in pg/mL. Each condition was cultured in trip-
licate wells in each experiment. Data represent mean+*SEM from 12
mice for each group. "P<0.05 BCG-treated groups vs OVA group or
control group. ‘P<0.05 OVA group vs control group.

of periphery CD4" T cells, expressing CD25, the IL-2 recep-
tor a-chain!".
of activation of T cells, its specificity as a marker of Treg is

limited. Foxp3 is a master gene governing the development
1415

However, because CD2S5 is also a marker

and function of Treg cells!**! and Foxp3 expression distin-

guishes Treg from activated effector cells within the CD25"

BU " Thus the Foxp3 expression is con-

T-cell population
sidered to be the most definite marker of Treg cell activity.
We demonstrated that the increases in both the cell surface
CD2S5 expression and Foxp3 expression were the 2 most ac-

curate available markers for the activation of Treg. Therefore,
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imately 5x10*-7x10" after being intranasally infected with
BCG™., The low number of Treg cells can not ensure stable
experiment results. Considering all the facts, we selected the
spleen as our target tissue.

The BCG vaccination is associated with persistent anti-
gen stimulation and chronic infection in vivo. Many patho-
gens that cause persistent or chronic infections have evolved
strategies to subvert the immune responses of the host. One
important immune-subversion strategy is the generation
of Treg cells. A number of bacterial, viral, and protozoal
infections have been shown to maintain the involvement of
CD4"CD25" Treg cells, such as Leishmania major[m, Plas-
modium yoeli®), polymicrobial sepsis™**, and hepatitis C1**.
Treg cells are activated by infections. Microbial products can
evolve to favor Treg cells’ priming, recruitment, and survival.
Regarding mycobacteria infection, Guyot-Revol found that
in patients with TB, percentages of CD4"CD2S high T cells
and levels of Foxp3 mRNA expression in peripheral blood
mononuclear cells were both significantly higher compared
with controls®. In blood samples from 5675 10-week-old
South African infants routinely vaccinated with BCG at birth,
the Foxp3 mRNA expression is inducted, which suggests the
presence of BCG-induced CD4" Treg cells™), CD4"CD25
high Foxp3" Treg cells can be expanded or induced in the
peripheral blood of mycobacterium tuberculosis latently
infected individuals in conditions known to be predisposed
to progression towards active tuberculosis and may therefore
play an important role in the pathogenesis of the disease!*".

Once activated by the antigen-specific stimulation via the
T-cell receptor, CD4"CD25" cells can suppress the activa-
tion and proliferation of other effector CD4" and CD8" T
cells. The suppression acts in an Ag-non-specific bystander
manner** ], Allergic asthma is characterized by inflam-
mation mediated by CD4" Th2 cells. CD4'CD25" T cells
can suppress Th2 maturation®®, possibly by inhibiting IL-4
production®”. Jaffar demonstrated that CD4"CD25" T cells
limited the development of a CD4" Th2 phenotype by re-
duced cytokine production'*). There is increasing evidence
that Treg play an essential role in limiting the development of
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immune response in allergy and asthma. It has been shown
that CD4"CD25" Treg cells isolated from hay fever patients
have an impaired ability to suppress proliferation and IL-5
production of CD4*CD25 T cells compared with healthy
controls'”. Lewkowich et al used an anti-CD25 antibody to
deplete CD25" cells in vivo and showed that the depletion of
CD25" cells before delivery of a house dust mite allergen led
to significantly increased Th2 cytokine responses, IgE levels,
eosinophilia, and allergen-induced airway hyperresponsive-

201 Using a comple-

ness (AHR) in allergy-resistant mice
mentary approach, Kearley et al transferred Treg cells to the
immunocompetent mice previously sensitized with OVA
and thus inhibited AHR, eosinophil recruitment, and Th2
cytokine production®. Collectively, we speculated that the
activated CD4"CD25" Treg cells by BCG vaccination sup-
pressed the polarized Th2 response in the asthma mice and
thus inhibited the allergic inflammatory response.

The mechanism of the suppressive function of Treg
cells is still unclear. Suppressive activity has been shown
to be mediated through cell-cell contact essentially'**) or
through secretion of immunosuppressive cytokines equivo-
cally. Cell-cell contact is mediated by CTLA-4 expressed
by CD4'CD25" Treg cells, which interacts with CD80 and/
or CD86 on the surface of antigen-presenting cells (APC).
This interaction delivers a negative signal for effector T-cell
activation®’. Read et al found that the blockade of CTLA-4
on CD4"CD25" Treg cells abrogated their function in vivo e,
Our data demonstrate that the CTLA-4 mRNA expression
was increased in the spleens of the BCG-treated mice. Al-
though CTLA-4 is not absolutely expressed on Treg, consid-
ering the activation of Treg and the essential role of CTLA-4
in the suppressive mechanism, we can reason that the sup-
pressive effects of the activated Treg were at least partially
conducted through cell-cell contact mediated by CTLA-4.
Transwell experiments are needed to definitely elucidate
whether direct cell-cell contact is required and whether
CTLA-4 actually works.

In the present study, we demonstrate that cultures of sple-
nocytes from BCG-treated mice contain significantly higher
levels of IL-10 and TGF-B compared with that in OVA and
control mice. The production of IL-10**) and TGE-B**! have
been shown to be required in the suppression of effector T
cells by CD4'CD25" T cells. In allergies, IL-10 and TGF-f
skew the production of IgE towards non-inflammatory iso-
types IgG4 and IgA, respectively“**”), However, most stud-
ies suggest that CD4"CD25" Treg cells are not major pro-
ducers of IL-10 and TGF-B[48]. Pathogens have been shown
to induce the production of either one or both of these

cytokines by immature or semimature APC and dendritic
cells (DC), and to facilitate the induction of aTreg cells in
this way**", CD4"CD25" Treg cells were also found to aid
the generation of aTreg that mediated suppression by these

cytokines[“'sz]

. Taken together, we hypothesized that the
involvement of the inhibitory cytokines in the suppression
effect of CD4"CD25" Treg cells induced by BCG-treatment
was indirect.

We propose in this study that neonatal repeat BCG
vaccinations inhibited the de novo allergic inflammatory
response in mice via the alteration of the CD4"CD25" Treg
cell pathway. It is interesting to further investigate other im-
munoregulatory mechanisms that underlie the inhibitory
effects of BCG vaccinations. We also examined the contents
of IL-5, IL-13, and IL-17E in BALF by ELISA"” and found
that higher levels of IL-S were observed in the BALF of mice
in the OVA group while the levels of IL-5 in the BCG group
were greatly reduced. Furthermore, low levels of IL-13 and
IL-17E were detected from different groups of mice, but
were indistinguishable among these groups. These data were
consistent with the conclusion and suggested IL-13 and IL-
17E may be not involved in the protection of BCG treatment
in our experimental models, although they have been shown
to be crucial for asthmatic inflammation in other experimen-
tal models.

In this study, we propose that neonatal BCG vaccinations
ameliorate de novo local eosinophilic inflammation induced
by allergens and increase the numbers of CD4"CD25" Treg
cells and Foxp3 expression. The cell-cell contact inhibition
and regulatory cytokine production may be involved in the
regulatory mechanism.
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