Measuring cytokine responses to vaccination
with live and killed BCG 290

Sarah Hook, Lynn Slobbe, Ngaire Chinn, Frank Griffin,
Jan Hesketh, Colin Mackintosh and Glenn Buchan
Tb Research Group, University of Otago

The members of the M, tuberculosis complex are extremely successful
intracellular pathogens of many mammalian species. The ultimate goal of a suc-

immune response generated by antigenic stimuli. Cell mediated response are driven
by cytokines such as IL-2 and IFN-y which are produced by Type I T cels, while
humoral responses are generated under the influence of Type 2 cell cytokines such
as IL.-4 and IL-10. A third subset, called Tjpe 0 T cells, has also been recognised
and these produce a mixture of Tipe I and Tipe 2 cytokines. These are thought to
be the precursors of both Dpe 1 and 2 T cells.

We have recently shown that killed BCG in oil (KO/BCG) is not protective
against challenge with virulent A/ bovis. This is consistent with work carried out
in mice. We have also shown that vaccination with low doses of live BCG (L/
BCG) can afford high levels (80-90%) of protection against tuberculosis as sug-
gested by Bretscher (1992). We have therefore used this as an experimental model

nated and boosted with either low/medium doses of live BCG (2x10° cfu) or high
doses of killed BCG (5x1¢7 cfu) in oil adjuvant to determine if cytokine patterns
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gether the data suggests that before boosting a Tjpe 0 response is generated in
both groups of animals but that after boosting this switches to a protective Type 1
response in some animals vaccinated with L/BCG. Animals given KO/BCG do
not switch to a classical Fpe 2 response in that IFN-y and IL-4 are expressed
concurrently.

Table 1: Cytokine profiles in deer vaccinated with live or killed BCG.

Disease IFN-y IFN-y
Status Positive Negative % Protection
Nondiseased 2/4 0/4
Live BCG Diseased 0/4 2/4 50%
% Protection 100% 0%
Nondiseased 0/5 0/s
Killed BCG
+Adjuvant Diseased 2/5 3/5 0%
% Protection 0% 0%

We have also found that IL-2 may also be present in relatively high con-
centrations in animals with large amounts of circulating antibody and active tu-
berculosis. This has led us to hypothesise that in the early part of the disease
process an intermediary form of immune response (Tpe 0/2) is generated in which
IL-4 is beginning to dominate the response but IL-2 and [FN-yare still present. It
is not until later in the disease process that IL-2, and possibly IFN-y, are switched
off and a more classic Type 2 response is generated. We have recently found that
*hypervaccination’ (3-6 doses) of mice and deer with KBCG results in shutdown
of antigen specific IL-2 production. Despite this the antigen specific lymphocyte
transformation activity is not affected, suggesting that another growth factor is
involved. This phenomenon is also found in tuberculous animals with advanced
disease. We are currently investigating whether IL-4 or other T cell growth factors
are involved.

The data from animals vaccinated with BCG suggests that while IFN-y is
an important factor in the protective immune response. A single dose of BCG is
not sufficient to induce IFN-y production in all animals. Experimental infection
trials on larger numbers of animals that while two doses of BCG can induce 80-
90% protection against the development of pathology following challenge with
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virulent M. bovis, one dose only gives 60% protection. This is an important obser-
vation as most vaccine regimes rely on a single dose. This may be a factor contrib-
uting to the variable efficacy of BCG which has been reported in the field. We are
now addressing the question of how to ensure that all vaccinated animals convert
to IFN-ypositive status without producing [L.-4. It may require a number of doses
with BCG or a recombinant BCG that secretes a cytokine which is
immunopotentiating. Such a vaccine is currently being developed in this labora-
tory in association with Dr Mike O'Donnell (Boston, USA). The second question
that arises from the data is whether it is more important that certain cytokines are
switched off (e.g. 1L-4), rather than others being switched on. The data suggests
that IL4 is immunodominant and overrides the positive effects of IFN-, so that
switching it off may be crucial.
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