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Immunotherapy for allergic diseases by injection of
aqueous allergen extracts to desensitize reactivity is a
procedure used since early in the 20th century. Con-
trolled studies support use of immunotherapy for allergic
rhinitis,1 for systemic anaphylaxis induced by insect
stings,2 and for many cases of allergic asthma.3,4 Postu-
lated mechanisms for therapeutic effects have been
revised successively. Prior emphasis on induction of IgG
antibodies that block allergen from binding to IgE on
mast cells5 has given way to ideas about inhibition of
allergy effector TH2 cells6,7 and IgE by suppressive
cytokines such as IL-108,9 or via IFN-γ and IL-12
induced in counterbalancing TH1 cells.8,10-13

Revision of materials administered for clinical allergen
immunotherapy has included alum precipitates, pyridine
extracts, formalin-denatured allergoids, and glutaralde-
hyde polymers,1 but these generally lost immunogenicity
at the price of lessened allergenicity. Now the latest poten-
tial method concerns possible administration of allergens
together with adjuvant DNA oligonucleotides, which may
preferentially induce counterbalancing TH1 responses14

while also having reduced allergenicity.
This is the subject of an important article in this issue

of The Journal of Allergy and Clinical Immunology (p
124).15 These adjuvant DNA immunostimulatory
sequences (ISS) favor TH1 responses by containing
unmethylated cytosine and guanosine dinucleotide repeat
motifs in DNA with adjuvant properties. Such CpG
motifs are found in bacteria and are present at low fre-
quency in vertebrates and thus stimulate elements of
antibacterial innate immunity, such as antigen-presenting
dendritic cells and natural killer cells that produce IL-12,
IFN-α/β, tumor necrosis factor-α, and IL-18 (IFN-γ
inducing factor)16,17 to bias responses to the associated
allergen in a TH1 direction. CpG DNA may potentially
suppress TH2 responses, including IgE to the allergen, via
induced IFN-γ or IL-10,18,19 or via CD8 cells,20 which
could be related to previously described immunotherapy

suppressor cells.21 CpG DNA sequences can have
immunostimulatory properties when administered in dif-
ferent ways, for example, when encoded with an allergen
complementary DNA sequence for production of the
allergen protein in the host,22 when given alone23,24 or
together with the allergen,25,26 and even when adminis-
tered orally.27 Recently, this has made for an exploding
literature that promises to produce a wide dissemination
of this CpG approach into virtually all conceivable situa-
tions (Fig 1). Importantly, the study by Tighe et al, in
which synthetic ISS were used, has introduced the novel
approach of conjugating the immunostimulatory DNA
sequences to purified Amb a 1 protein, the dominant rag-
weed allergen, to use for immunotherapy in mice.15

Injection of Amb a l chemically linked to ISS CpG
indeed led to TH1-biased responses to Amb a 1, with pro-
duction of TH1 IFN-γ–dependent IgG2a and IgG2b anti-
body isotypes. Moreover, a key finding was that the con-
jugates inhibited IgE production to Amb a 1, even in
mice that were immunized previously with Amb a 1 in
alum, which as usual induced IgE. Therefore therapeutic
conjugates of ragweed allergen linked to CpG DNA
inhibited IgE responses in mice that were previously
immunized to produce IgE by virtue of their genetic
makeup and the adjuvants used. This is analogous to
patients whom allergists treat with desensitization, that
is, genetically susceptible individuals who were immu-
nized previously and are actively producing IgE. Thus
there is promise that if this CpG-linked form of
immunotherapy is extended to the clinical arena, there
might be a great anti-allergic benefit.

There also is another potential virtue to therapy with
CpG-allergen conjugates. Anaphylactic reactivity usually
greatly limits dose-progressive allergen immunotherapy
with native proteins. In preliminary clinical studies, these
authors studied the potential allergenicity of the Amb a
1–CpG conjugates. The results show that conjugates had
significantly less ability to bind IgE27 and were less able to
trigger basophil histamine release via specific anti-Amb a
1 IgE, probably because of attached interfering DNA.
Also, there was nearly 200-fold less ability to produce
immediate skin test responses.28 These results suggest that
future immunotherapy with conjugates of allergens and
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CpG-containing DNA ISS might simultaneously induce
protective TH1 responses to counterbalance allergy-pro-
voking TH2 and IgE responses and might simultaneously
trigger less allergic reactivity. The effects of the conjugates
were quite specific. DNA conjugates without CpG
sequences were not protective, and even coinjection of
unlinked Amb a 1 with the identical adjuvant CpG ISS was
much less effective. Thus the key here was a requirement
for conjugate linkage, suggesting that the ISS and allergen
need to be focused in the same antigen-presenting cell,

which makes sense. A further important point was that
conjugates also induced high-titer specific IgG antibodies
in rabbits and monkeys, providing further hope that the
results obtained in mice might also occur in humans.

Thus overall, these CpG conjugates may offer more
effective and simultaneously safer allergen immunother-
apy than heretofore possible. However, an important
point in analyzing the potential use of CpG conjugates in
allergen immunotherapy concerns whether the induced
augmentation of TH1 responses will actually be suppres-

FIG 1. Blossoming CpG therapy promises to soon show up in virtually all conceivable situations.
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sive of allergic diseases in humans. Although it is clear
from basic studies, particularly in mice, that TH1 IFN-
γ–dominated responses are suppressive of TH2 and par-
ticularly IgE responses and result in protection from
manifestations of allergy, there is only limited evidence
that this paradigm applies to human allergic diseases.
Noteworthy are studies that do suggest that accompany-
ing the benefit of conventional allergen immunotherapy,
there is activation of TH1 cells to stimulate production of
IFN-γ and possibly IL-12 and simultaneous inhibition of
IL-4 and IL-5. However, in some studies immunotherapy
inhibits allergic disease and TH2 cytokines without
apparent induction of TH1 IFN-γ or IL-12.29-32 Impor-
tantly, patients undergoing venom immunotherapy for
anaphylactic stinging insect hypersensitivity become
protected, but not via counterbalancing TH1 effects.
Instead, this immunotherapy induces suppressor or regu-
latory T cells, and subsequently, macrophages that pro-
duce suppressive IL-10, which inhibits TH2 proliferation,
cytokine production, and IgE responses7,8 by inhibiting
CD28 tyrosine phosphorylation that hampers co-stimula-
tory signaling of allergy-effector TH2 cells.33

Thus if stimulation of TH1 responses is not universal-
ly beneficial in allergen immunotherapy, then the CpG
approach may only apply to some patients or to some
allergens, making its general use difficult. On the other
hand, CpG conceivably could stimulate inhibitory IL-
10–producing Treg cells and IL-10–producing cells.
Another unresolved point is that immune responses are
most easily manipulated at the beginning, whereas
established responses, which surely pertain to patients
with existing allergy, are more difficult to alter.
Although this point was addressed in the study by Tighe
et al15 by showing inhibition of a primed IgE response
during boosting, most successful studies of CpG therapy
of allergic disease models have started treatment at
induction of the primary response or before the sec-
ondary boost,34 whereas only a few studies have report-
ed significant inhibition of thoroughly established aller-
gic responses.35

Furthermore, there is a potentially significant down-
side to TH1 enhancing immunotherapy in asthma. Some
asthma models in mice have failed to show TH1 inhibi-
tion of TH2 airway responses.36 In fact, some investiga-
tors have stressed that induction of allergen-specific TH1
cells could produce a synergistic and also eosinophil-rich
airway inflammation, which might make things worse.37-39

However, this is controversial, because other groups
working with mice that were similarly immunized with
ovalbumin reported beneficial TH1 effects via IFN-γ
reduction of airway mucus production and eosinophil-
ia.40 Further, in a rat model of ovalbumin allergic asthma
with robust actual airway resistance measurements of
hyperreactivity, it was shown that allergen-specific TH1
T-cell lines that produced mild inflammation without
hyperreactivity on their own, when given together with
asthma-promoting TH2 lines, were potent suppressors of
bronchoalveolar lavage eosinophils and airway IL-4
messenger RNA expression.41 Most importantly, the TH1

lines clearly inhibited airway hyperreactivity that was
produced by the TH2 T-cell lines, and in a dose-response
and antigen-specific fashion.41 Another caution is that
enhanced TH1 responses could induce IFN-γ–dependent
complement-activating antibody isotypes, leading to
immune complex–type inflammation.

Thus although the jury is still out on the possible
effectiveness of TH1-augmented immunization for
human allergic diseases and on the beneficial versus
potentially deleterious effects of such therapy, particular-
ly in asthma, and on the ability of CpG conjugates to
inhibit established allergy, it is anticipated that this new
CpG technology will proceed into human trials.

Finally, one must wonder whether we have been here
before. Ideas of CpG adjuvant sequences in cDNA vac-
cines are new. However, for many years previously, aller-
gists used bacterial vaccines of heat-killed organisms as
adjuvants with allergen immunotherapy42 without con-
firmed proof of efficacy or knowledge of mechanisms or
constituent substances. In hindsight, bacterial vaccine
undoubtedly contained CpG adjuvant sequences that
may have produced some benefit. Thus CpG sequence
allergen immunotherapy may represent a more advanced
molecular adjuvant version, which may provide more
benefit and safety by use of defined substances.

Still, important questions remain. Will we need to
administer CpG conjugates to the separate molecules of
each allergen mixture and thus need repeated, prolonged,
complex, and expensive regulatory processes in each
case? Alternatively, can ways be found to increase the
benefit of CpG ISS given unlinked but together with
diverse allergens, as is often effective,25,26 to still focus
on the same antigen-presenting cell and thus require less
regulatory processing? These are some of the problems
that this area of great promise will have to face in an
interesting future.
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