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Progress ,n the Development of New Methods
of Immunotherapy: Potential Application of
Immunostimulatory DNA-Coniugated to Allergens for
Treatment of Allergic Respiratory Conditions

Peter S. Creticos' and Lawrence M. Lichtensteinr

Abstract

Allergen immunotherapy was first introduced in the early part of the twentieth cen-
tury. It is widely practiced despite having specific l imitations. Considerable effort has
been devoted to developing new modified allergens that, compared with conventional
allergen immunotherapy, improve efficacy, decrease the time required to achieve
effect, reduce inconvenience, and enhance safety. Increased understanding of allergic
respiratory inflammation has led to the development of therapeutic modalit ies that
potentially arrest the disease process in asthma or allergic rhinit is. This paper addresses
an adjuvant approach in which highly active immunostimulatory phosphorothioate
oligodeoxyribonucleotide sequences (i.e., immunostimulatory DNA) are conjugated to
the principal allergenic moiety of a relevant aeroallergen. We have recently completed
the first human safety studies in patients with allergic rhinit is with Amb a 1-immuno-
stimulatory oligonucleotide conjugate (AIC) - a novel therapeutic vaccine comprised of
Amb a 1, the principal allergenic protein of ragweed, conjugated to specific immuno-
stimulatory oligonucleotides (ISS). The results demonstrate that AIC was several hun-
dred-fold less reactive than a standardized ragweed extract when evaluated by quanti-
tative intradermal skin titration methodology. Furthermore, AIC reduced histamine
release from basophils to a similar degree. The DNA vaccine induced IgG antibody
production in treated patients. AIC compared with standardized aqueous ragweed
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potential for clinically significant allergic reactions to the treatment. Therefore. con-
siderable effort has been devoted to developing improved immunotherapy for treat-
ment of allergic diseases to a) improve efficacy; b) decrease the time required to
achieve effect; c) reduce the inconvenience and hence improve compliance with immu-
nization regimens; and d) enhance safety.

Allergen dose is l imited by systemic reactions to the respective immunizing aller-
gens. Thus, efforts have largely been directed at decreasing the "allergenicity" of the
antigens (i.e., their potential for inducing an allergic reaction) while maintaining or
heightening their immunogenicity (i.e., their abil ity to generate IgG anti-allergic anti-
bodies which usually parallel the clinical response). Although various chemical modifi-
cations of allergens have been attempted, the end-result has been that allergenicity and
immunogenicity have either decreased or increased in tandem. A therapeutic material
with reduced allergenicity, but maintained immunogenicity, that could be given in a few
doses would have important therapeutic implications. Mill ions of patients with poorly
controlled allergic rhinit is and asthma would be candidates for such a form of
immunomodulation.

This paper addresses a specific adjuvant approach in which highly active immuno-
stimulatory phosphorothioate oligodeoxyribonucleotide sequences (immunostimula-
tory DNA) are conjugated to the principal allergenic moiety of a relevant aeroallergen
(e.g. ,  ragweed Amb a 1) (16.71) (Figure 1).  This adjuvant approach may prove to be
highly effective at directing the immune response towarcls upregulation of a more
favorable Th1 phenotypic expression to counterbalance the untowarcl Th2-clriven pro-
inflammatory allergic diathesis.
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consisting of ragweed allergen (Amb a 1) l inked to immunostimulatory phosphoro-
thioate oligodeoxyribonucleotide. The Amb a 1-immunostimulatory oligonucleotide
conjugate (AIC) induces an enhanced, ragweed-specific Th I -type response in mice,
dogs, and primates, in comparison to either Amb a 1 alone or Amb a 1 + alum (16.34).

Background for adjuvant approaches

A variety of molecules including l ipopolysaccharides. aluminum hydroxide salts, and
Freund's adjuvant have been recognized to possess immunostimulatory properties.
Tokunaga and his colleagues made the init ial discovery of the adjuvant effect of bacte-
rial DNA (35,36). Subsequent confirmation of the sequence specificity of the immuno-
stimulatory DNA was made by Pisetsky et al. (37) and Klinman et al. (38,39). Krieg et
al. (a0) recognized that specific oligonucleotides derived from bacterial DNA could
induce B-cel l  act ivat ion.  Subsequent ly,  Raz, Carson, and col leagues @l,a\  made the
observation of enhanced immunostimulatory properties if these specific immunostim-
ulatory sequences were incorporated into a plasmid.

The basis for enhancement of Th1 response by immunostimulatory DNA sequences
is the recognition that bacteria induce an immune response that is characterized by a
potent lL-12 activation of Th1 cells to secrete IFN-v and a lower level activation of Th2
cells. These properties are related to the higher frequency of CpG motifs and to the
absence of cytosine methylation in bacterial as opposed to vertebrate DNA (methyla-
tion abolishes the immunostimulatory activity) (a5). The effects of bacterial DNAs can
be mimicked using synthetic oligonucleotides - allowing a more accurate definit ion of
the speci f ic  bacter ia l  immunost imulatory DNA sequences.

Ear ly research ef for ts ident i f ied opt imal ISS sequences containing pal indromic
hexamers based on the general  formula of :  5 ' -pur ine-pur ine-CG-pyr imicl ine-pyr imi-
dine-3'  ( . .g. ,  5 ' -GACGTC-3' ,  5 ' -AGCGCT-3'  and 5'-AACGTT-3') .  Subsequent work
has extended these observat ions to include CpG-enr iched non-pal indromic ol igont -
c leot ides wi th ISS act iv i ty (8.46).

Both bacter ia l  DNA and speci f ic  synthet ic ol igonucleot idcs ( lSS) have mult ip le
ef fects on the immune svstem including induct ion of  B cel l  prol i ferat ic ln ancl  immuno-
globul in product ion:  secret ion of  IFN-o, - fJ,  IL-12, ancl  IL- l t ì  ( interferon samma in-
ducing factor ( IGIF)) .  by macrophages: and IFN-y secret ion f rom natur i i l  k i l ler  cel ls.
Such cvtokines are involved in the c l i f ferent iat ion of  ThO to Thl- type cel ls uporr
engagement wi th speci f ic  ant igen. Therefore,  bacter ia l  DNAs appear to st imulale the
innate immune system to produce IFN-y and speci f ic  inducers of  IFN-y ( IFN-cr.  IFN-f- ì .
lL-12,IL-18),  and foster a cytokine mi l ieu that dr ives the ac' lapt ive immune responsc
towards  a  Th l  phenotvpe (8 .10) .

Effect of Immunostimulatory Oligonucleotide
Seguences on Antibody Production

The imntunomodulatory  e f fec t  o f  con jugat ion o f  a l le rgcn wi th  ISS is  eas i ly  dcmon-
st ra ted in  a  mur ine an imet l  mocle l  in  which immunizat ion wi th  a  con iusate o f  Amb a I
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Clinical applications with DNA vaccine
This paper reviews in a cursory fashion our recently completed init ial human safety

study with the use of immunostimulatory DNA in ragweed-allergic rhinit ic patients. In
this U.S. FDA-defined clinical safety study, the technique of quantitative intradermal
endpoint skin test t itration was used to assess the relative potency of AIC as compared
to a standardized ragweed extract. The results of this study demonstrated that AIC was
several hundred-fold less reactive than licensed ragweed when evaluated by this paral-
lel l ine bioassay methodology (50). Histamine release from basophils was similarly
reduced in these ragweed-allergic subjects (50). Our observations that AIC exhibited
fewer local reactions on skin testing, in comparison to l icensed ragweed, suggests that
this novel product may offer the potential for an improved safety profi le for
immunotherapy.

Our init ial cl inical trial, with subcutaneous administration of the AIC product in a
conventional weekly (24-injection) regimen, showed that the vaccine induced IgG anti-
body production in ragweed allergic patients (51). We have also recently completed a
clinical trial with a more favorable 6-injection AIC regimen and wil l report the prom-
ising results of this trial in the near future (52).
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Discussion

Drachenberg: What is the difference between the ISS approach and the CpG approach?

Creticos: That is a good question. As you know, on the one hand Art Creagan and his
colleagues have now formed a company and make just the ISS by itself using it as an
adjuvant to add to an allergen mix as an example. It is a simple adjuvant. IÀ this ap-
proach these oligonucleotides are covalently l inked to the allergen of interest. The
question therefore becomes: Is one approach superior or not? In terms of the animal
studies that were done by Eyal Raz, they looked at the ISS by itself and then looked at
the ISS conjugated to the purified Amb a 1 from ragweed. They were able to show in
animal studies a markedly better response in terms of Th1 activity with production of
interferon-y and suppression or non-induction of lL- 4 and IL-5. So, in thàir hands they
felt that conjugating the product provided a superior method of immunization. But it
may be possible as we have seen to tinker with and adjust the ISS in a way that you
might be able to show comparable responses without having to use the vehicle of attach-
ing it to an allergen. But right now, the state-of-the-art would say that in the animal




