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Development of an Asthma Vaccine
Research into BCG
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Absfroct Asthrna is an atopic disorder characterised by the activation and recruitment
of eosinophils to the lung result ing in chronic swell ing and inf larnmation of the
airways. Al lergic disorders such as atopic asthma and dermatit is have been in-
creasingly prevalent in developed countries, and the inverse correlation between
exposure to major diseases such as tuberculosis and atopy prevalence has been
reported. Intranasal administration of Mycobacterium bovis-Bacillus Calmette-
Guerin (BCG) has been demonstrated to suppress airway eosinophil ia in a model
of atopic asthma. This immunomodulation is attributed to the ability of interferon
(lFN)-yproduced by BCG-specif ic Tsl lymphocytes to inhibit  the development
of lung Ts2 responses such as airway eosinophil ia. The mechanism of IFNy-
induced inhibition is yet to be defined, but could involve activation of macro-
phages, direct suppression of developing Tg2 lymphocytes, or altered denclritic
cel l  act ivat ion and antigen presentation. Mycobacteria such as BCG and certain
mycobacterial fractions are strong inducers of a Tgl immune response. The ef-
fect iveness of BCG in inhibit ing atopic airway eosinophil ia suggests i ts potential
as a useful therapeutic agent in the treatment of atopic asthma.

Asthma is an atopic disorder characterised by
the activation and recruitment of eosinophils to the
lung resulting in chronic swell ing and inflamrna-
tion of the airways. T lymphocytes of the immune
system are a key instigator of much of the pathol-
ogy seen in atopic asthma.il,21 In particular, the type
2 T helper (TH2) lymphocyte through its production
of the cytokines interleukin (IL)-4 and IL-5 pro-
grammes the timing and characteristics of atopic
airway disease including mast cell sensitisation and
degranulation, eosinophil and lymphocyte recruit-
ment and activation in the airways,[3'+] and mucus
secretion.[5] Current theory holds that the Ts2 lym-
phocyte subset is principally designed to regulate
or control infection by metazoan parasites which
migrate through the tissues often involving the lung
and eut.[6'7]

The other major CD4+ T helper lymphocyte sub-
set is comprised of Ts1 lymphocytes which pro-
duce IL-2, interferon (IFN)-y and tumour necrosis
factor (TNF)-p, cytokines which atÍract and acti-
vate macrophages and induce the production of com-
plement fixing antibodies by B lymphocylss.[8'eì
The Ts1 lymphocyte subset is thought to be ffrore
directly involved in neutralising viral infections
and intracellular pathogens such as mycobacteria.
One of the intriguing features of the Ts subsets is
that they appear able to reciprocally balance each
others' activity.tto,tt l Such observations have raised
the possibil i ty that either the Tg I or Ts2 cytokines
or the agents which selectively induce Ts I or Tp2
lymphocyte populations could be used to modulate
or regulate the activity of opposite Ts 1 or Tg2 im-
mune responses.
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l. Intronosol Administrotion of BCG
Voccine Cqn lnhibit Atopic
Airwoy Diseose

Prior intranasal administration of Mycobacterium
bovis-Bacil lus Calmette-Guerin (BCG) inro rhe
airways of mice is able to block the development
of allergen (ovalbumin)-induced airway eosino-
phil ia.tt2l The inhibit ion of eosinophil ia correlated
with a greatly reduced IL-5 producrion by Ts2 lym-
phocytes in the lymph nodes draining the lung.
BCG was found to exert its inhibitory effects throush
the action of IFNy as BCG infection failed ,o l"n-
hibit atopic airway inflammation in IFNy receptor
deficient mice. The conclusion of this study was
that IFNy produced by BCG-specific Ts 1 lympho-
cytes was able to inhibit the development of local
Tp12 immune responses in the lung leading to sup-
pression of allergen-induced airway inflammation.
Importantly, the BCG-induced suppression was con-
fined to the atopic immune response in the airways
as serum levels of allergen-specific antibody and
blood eosinophil ia were unaffected. In related ex-
periments, other workers have demonstrated that
ei ther administrat ion of  IFNy direct ly into the air-
ways of  a l lergen-chal lenged mice oi  in ject ion of
IL-12 wil l also suppress atopic airway inflamma-
t ion. t l l - t6ì  15ir  data has been made al l  the more
compelling by the many recent reports speculating
that in the developed world lack of frequent expo-
sure to infections by organisms such as mycobac-
teria has lead to an increased risk of developing
atopy. Il 7-20]

2. Mycobocterium bovis Contoins
Mony lmmunostimulotory Molecules

Mycobacteria are well recognised as powerful
inducers of  Tsl  type immune responses, known to
stimulate the development of IFNy-producing Ts 1
lymphocytes, and cause extensive recruitment and
activation of macrophages.t2l,22l The abil ity of my-
cobacteria to induce the Tp I immune response has
been attributed to diverse features of the mycobac-
teria including its cell wall constituents,[2:] the pro-
teins it secretes,[2a] the intracellular environment of

the macrophage in which it sequesters, and even the
unmethylated copies of DNA it releases.[25] How-
ever, it is generally accepted that the unique char-
acteristic of mycobacteria, both in terms of their bi-
ology and interaction with the host immune system,
is the chemical structure of their cell wall.tz:l It is
this cell wall which gives the mycobacteria bacil l i
i ts gram positive and acid fast nature, making it
resistant to acids and alkalis and to dehydration,
and contributing to its prolonged survival within
sequestering macrophages. The essence of the my-
cobacterial cell wall is the mycolyl arabinogalactan-
peptidoglycan complex (mAPG) and the associated
lipoarabinomannan (LAM). The mAPG constitutes
the underlying core of the mycobacterial cell wall,
whereas LAM has been shown to stimulate many
of the cellular inflammatory events associated with
mycobacterial infection, including rnacrophage ac-
tivation and production of the cytokines IL-12,
TNFg un6 1p_6.t26-30J

Another important antigenic preparation of my-
cobacteria is purif ied protein derivative or, as it is
most commonly known. PPD.t2al ppO represents the
conglomerate of proteins which are extracted from
the supernatant of heat-killed, M. tuberculosis or M.
bovis cultures. Depending on the classification sys-
tem used, between 7 to 50 different protein anti-
gens have been recognised in this crude prepara-
tion, with most of them being able to stimulate either
T cells or B cell antibody responses.

3. Suppression olTu2 Lymphocyte
lmmune Responses by Interferon]

Several studies have reported the suppressive eÈ
fects of IFNyon Ts2 lymphocyte development, but
verl few have demonstrated or speculated a clear
mechani-sm of act ion. t l0, l3,3t ' l : l  161, is largely be-
cause in ín vitro studies the Ts2 immune response
(principally IL-4 activity) appears ro dominate and
suppress Tsl development.[33] In contrast, in vivo
studies have reported clear immune suppressive ef-
fects of IFNy on Ts2 immune responses.l4-16'341
There are several possible explanations for this ap-
parent contradiction. The Ts2 lymphocyte which
develops in vivo may be more sensitive to the ac-
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t ion of IFNythan the in vitroTyl2lymphocyte. The
development of Ts2 lymphocytes may be indi-
rectly influenced through the action of IFNyon the
antigen presenting dendritic cell or macrophage. We
have previously reported that Ts2 immune re-
sponses in the airways are exquisitely dependent on
costimulatory signals provided by the molecules
CDB0 and CD86.[35'36] I t  is  possible that  IFNy is
able to suppress Tp2 lymphocyte activation through
i ts abi l i ty  to modulate CDBO upregulat ion on den-
drit ic cells. The caveat to this would have to be that
antigen presentation to the Ts I lymphocytes would
not be affected by IFNy, possibly because under the
circumstances of mycobacterial infection macro-
phages can present the antigen and this macro-
phage presentation abil ity is enhanced by exposure
to IFNy.

Mycobacteria are not the only microbial agents
that can provoke a Tp I lymphocyte response in a
mammalian host. Infection with a virus such as in-
fluenza,Í37'38ì protozoan parasites such as Leish-
mania[3e] andToxoplasma,[1) or gram negative bac-
teria such as Bricella abortur'í+ot 6uu! all been
demonstrated to induce quite profound Ts I im-
mune responses characterised by the production of
IFNy. However, each of these infectious agents
does vary with respect to specific cytokine profiles
and additional effector arrns of the immune response
they induce. For example, influenza also induces a
strong cytotoxic CDS+ T cell response and high
levels of immunoglobulin (Ig)G2a antibody pro-
duct ion. [37,38] pu.udoxical ly,  many studies con-
cerning influenza infection have associated it with
exacerbation of many of the symptoms of asthma
in both childrental-431 and udulls.laa,asì

4. Future Directions

The effectiveness of BCG in inhibiting atopic
airway eosinophil ia suggests its potential as a use-
ful therapeutic agent in the treatment of atopic
asthma. However, important questions remain to
be addressed relevant to its clinical application.
One important aspect of vaccine development is to
determine whether M. bovis BCG needs to be via-
ble to induce immune suppression of airway in-

>d, All rights reserved.

f lammation. Possible advantages of infection with
viable organisms is that the quantity of the bacte-
rial load is increased, or that viable bacteria imme-
diately sequester to the intracellular compartment
of the macrophage modulating its subsequent func-
tion, or that some rare molecules are only produced
in sufficient quantit ies by viable bacteria. Recently
it has been reported that concurrent administration
of allergen and heat-killed Listeria monocytogenes
modified primary and. secondary antigen-specific
immune responses, enhancing systemic Tsl cyto-
kine response and attenuating antigen-specific IgE
production.t46l Although this study did not address
the specific efficacy of this treatment to modify
asthma-like responses in the lungs, it does suggest
that treatment with nonviable BCG, or possibly
mycobacterial extracts such as LAM, may be able
to induce suppression of atopic airway inflamma-
t ion.

Research conducted in our laboratory has dem-
onstrated that a single dose of BCG administered
subcutaneously or intraperitoneally versus directly
into the airways is less effective at inducing the
local Ts1 effects associated with inhibiting airway
eosinophillu.tt2ì However, others have reported that
BCG administered intravenously was able to sup-
press antigen-induced airway eosinophil ia and re-
duce airway hypenesponsiveness.[47] More recently,
intraperitoneally administered M. tuberculosis-
containing adjuvant was also reported to suppress
airway eosinophilia following antigen exposure.[a8J
Further investigation is needed to determine the
most effective route of delivery forpotentialmyco-
bacterial therapeutics.

5. Conclusion

Our recent f inding that BCG vaccine can be
used to inhibit airway eosinophilia has the potential
to open up several new therapeutic strategies for
treating or vaccinating against diseases such as
atopic asthma. There are now several studies which
describe the basic phenomenon of IFNy-dependent
Ts 1 immune responses inhibit ing Ts2 immune re-
sponses, but there is very lrttle in vivo data avail-
able identifying the target cells for IFNy (i.e., the
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developinETn2 lymphocyte or the local antigen
presenting dendrit ic cell). Future research should
attempt to elucidate the mechanism of action of the
BCG-induced suppression of airway eosinophil ia.
Furthermore, determining which component(s) of
the BCG is Ts2-immune suppressing and identify-
ing the optimal route of vaccine delivery wil l prove
very important for the future development of BCG
as a therapy.
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