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DNA vaccines

Plasmid DNA (pDNA) encoding an antigen or allergen and
injected intramuscularly or intradermally is taken up by
various somatic cells including antigen-presenting cells
{APC). These cells synthesize the antigen, resulting in the
induction of an immune response (1, 2). Both in experi-
mental animals and in man {2, 3}, pDNA vaccination results
in relatively strongly cytotoxic T-cell responses, presumably
because the intracellular antigen is processed and presented
on MHC class I molecules. The antibody response,
especially in man in early clinical trials, is less pronounced,
presumably because only very small amounts of antigen
are secreted, processed, and presented on MHC class 11
molecules by the transfected cells, as compared with
exogenous antigens. Interestingly, pDNA encoding not
only bacterial and viral antigens but also allergens, which
normally induce a Tha response, induces a Th1 response in
mice and rats (4-6).

Furthermore, the pDNA-induced Thi response is domi-
nant over the Th2 response. Mice primed with pDNA failed
to produce IgE antibodies after boosting with allergen in
alum. Boosting with pDNA of mice having a pre-existing
Th2 response resulted in a decrease of the IgE titre and
interferon-y {IFN-y)-secreting Th cells. Ovalbumin pDNA
immunization also inhibited the eosinophilic infiltration in
the lung after OVA inhalation. Analysis of the mechanism
of the pDNA-induced Th1 response showed that noncoding
immunostimulatory DNA sequences (ISS) having the motif
s’-purine-purine-CG-pyrimidine-pyrimidine-3’ in the plas-
mid backbone were mainly responsible for the induction of
the Th1 response (7). The ISS induce the secretion of IFN-y,
IFN-a«, IFN-B, Interleukin-12 (IL-12), and IL-18 (6, 8} from
APC, all of which are cytokines that cause the differentia-
tion of mnaive T  helper cells into Thi cells.
Oligodeoxynucleotides (ODN) having the CG motif also
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induce Th1 responses when mixed with allergen (8] and
injected.

To take advantage of the Thi-inducing ISS-ODN and
the high titre antibody-inducing ability of protein antigens
such as allergens, we chemically conjugated the short
ragweed allergen Amb a 1 (Amb a 1) to a 22-mer ISS-ODN
at a mean ratio of 1:4 and investigated the immune response
to such conjugates in BALB/c mice (H. Tighe, H. Spiegelberg,
E. Raz, in preparation). The conjugates induced an earlier
and stronger Th1 response to Amb a1 than the mixture and
at a 25-fold lower ISS-ODN dose. Amb a 1-ISS-ODN
conjugates were also compared with Amb a 1 in an
immunotherapy model of mice first primed with Amb a 1
in alum. When the sensitized mice were treated with
conjugates or Amb a 1 and subsequently challenged with
Amb a 1, the conjugates had a much stronger Thi-inducing
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effect during the treatment period and prevented a rise in the
IgE titre, reduced the IL-5 secretion by Amb a 1-specific Th
cells, and induced higher IFN-y secretion by T cells after
Amb a 1 challenge. Furthermore, a 30-fold higher concen-
tration of conjugate was necessary to induce the same
amount of histamine release from basophils of ragweed-
sensitive donors than Amb a 1, suggesting that the
conjugates may induce less anaphylactic reactions in man
than classical immunotherapy. Although allergen pDNA
immunization has not yet been tested in man for efficacy,
the preclinical data of immunotherapy with allergen-ISS-
ODN conjugates suggests that they may be superior in
induction of high titre “‘blocking” antiallergen IgG anti-
bodies and downregulation of a pre-existing allergic Th2
response to allergen pDNA or classical immunotherapy in

man.
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