
Background: Anaphylactic hypersensitivity is the most serious
clinical concern facing allergists. However, for the majority of
anaphylactic hypersensitivities, avoidance is the only therapeu-
tic option presently available.
Objective: This study evaluated the effectiveness of primary
gene and protein-immunostimulatory DNA vaccination in the
prevention of anaphylactic hypersensitivity in a murine model.
Methods: Female C3H/HeJ mice were immunized with a plas-
mid encoding β-galactosidase (β-gal) or β-gal protein plus an
immunostimulatory sequence oligodeoxynucleotide. The mice
were then TH2 sensitized to β-gal by coinjection with alum and
pertussis and then intravenously challenged with this model
allergen.
Results: Primary gene and protein-immunostimulatory DNA
vaccination of subsequently TH2-sensitized mice reduced the
risk of death after anaphylactic challenge from 100% to 67%
and 58%, respectively (P < .018 vs control mice). In addition,
gene and protein-immunostimulatory DNA vaccination
reduced postchallenge plasma histamine levels by greater than
4-fold (P < .05 vs control mice). Consistent with previous stud-
ies, these DNA-based vaccination strategies were further
shown to blunt the development of TH2-biased immune
responses after allergen sensitization. Vaccination with protein
alone, the experimental equivalent of a traditional
immunotherapy reagent, provided no protection from anaphy-
laxis nor did it prevent the development of a TH2-biased
immune profile after allergen sensitization.
Conclusion: The present series of experiments demonstrate that
both gene vaccination and coimmunization with protein and
immunostimulatory DNA are effective in attenuating the devel-
opment of anaphylactic hypersensitivity in subsequently TH2
sensitized mice. (J Allergy Clin Immunol 2000;106:349-56.)
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In humans, anaphylaxis is a life-threatening hypersen-
sitivity response in which IgE/FcεRI–mediated systemic
mast cell degranulation occurs.1 However, only a small
fraction of allergic individuals have anaphylactic hyper-
sensitivities.1 The true incidence of anaphylaxis and ana-
phylactic hypersensitivities is not known, in part because
of difficulties in defining what constitutes an anaphylac-
tic reaction and in part because of underreporting.1-3 One
study, from Sorenson et al,2 proposes that 3.2 cases of
anaphylaxis per 100,000 persons occur each year, that
40% are misdiagnosed, and that 5% are fatal. Of particu-
lar concern in the case of food allergies is that many ana-
phylactic reactions occur in individuals after the acciden-
tal ingestion of known allergens.3 Because of their lethal
potential, effective therapies for the desensitization of
individuals with anaphylactic hypersensitivities would be
of great clinical utility. Unfortunately, except for stinging
insects, traditional protein-based immuno-therapy has no
established value in the desensitization of individuals at
risk for anaphylaxis, and avoidance remains the only
therapeutic option.4,5 However, recent reports suggest
that plasmid DNA (pDNA) and immuno-stimulatory
sequence oligodeoxynucleotide (ISS-ODN) prove to be
effective reagents for the prevention and reversal of a
number of TH2-mediated hypersensitivity states, includ-
ing anaphylactic hypersensitivity.6-13

Previous studies in mice have demonstrated that anti-
gen-specific IgE and IgG1 production is robust in
response to immunization with protein in alum and poor
after pDNA vaccination, whereas high levels of IgG2a are
produced with the latter form of antigen exposure.13-15

These Ig profiles are reflective of TH2- and TH1-biased B-
cell antibody production, respectively, because IgG1 and
IgE are produced in response to IL-4, whereas IgG2a is
produced in response to IFN-γ. pDNA vaccination has
further been shown to prevent IgE production after TH2
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sensitization with clinically relevant allergens, such as
latex (Hev b 5), house dust mite (Der p 5), and peanut
(Ara h 2).6-8 It has been proposed that immunostimulato-
ry DNA sequences within the backbone of immunization
plasmids play a major role in the TH1-biased immune
response induced by pDNA vaccines.18-20 Indeed, a num-
ber of investigators have demonstrated that coimmuniza-
tion with antigen and ISS-ODN leads to a TH1-biased
immune response that mimics the immune response seen
after pDNA vaccination.18-22 Furthermore, protein/ISS-
ODN immunization has been shown to prevent IgE syn-
thesis after sensitization with cedar pollen and other pro-
teins.9,18 However, although both pDNA and
protein/ISS-ODN immunizations are highly effective in
inhibiting IgE production and TH2 cytokine responses in
sensitized mice, IgG1 synthesis is only modestly affected
by these vaccination schemes (personal observations).9,13

To prevent the manifestations of allergic hypersensitiv-
ity, the TH1-biasing immunomodulatory activity of pDNA
and antigen/ISS-ODN vaccination must translate into
neutralization of the pathophysiologic response toward
allergen exposure. In the case of protein-based
immunotherapy, there is no single immunologic parame-
ter that reliably predicts successful anaphylactic desensi-
tization in clinical practice.4,23-25 Anaphylactic hypersen-
sitivity responses have even been demonstrated in
individuals who have lost their skin test reactivity after
receiving immunotherapy for 5 or more years.25 Although
DNA-based immunization strategies have been shown to
prevent the development of TH2-biased immune responses
and to prevent late-phase allergic reactions in mouse and
rat models of asthma, it has proven more difficult to pre-
vent the early phase of the immediate hypersensitivity
response, which characterizes anaphylaxis.6,8-12

A recent publication demonstrates that pDNA vacci-
nation can prevent relatively mild anaphylactic reactions
to peanut allergen.7 However, the prevention of death and
other severe outcomes remains the principal clinical
objective in treating patients with anaphylactic hypersen-
sitivities. Therefore the following series of experiments
investigated the efficacy of pDNA and protein/ISS-ODN
immunization in the prevention of death caused by ana-
phylaxis. The results demonstrate that primary immu-
nization with either pDNA or protein and ISS-ODN sig-
nificantly reduces the risk of death from anaphylaxis
after TH2 sensitization and antigen challenge. Consistent
with previous reports, these DNA-based vaccination
strategies are further shown to be effective in the preven-
tion of antigen-specific TH2-biased immune responses.
Therefore the present series of experiments further sup-
port consideration of the use of pDNA and protein/ISS-
ODN immunotherapy for the desensitization of individu-
als with TH2-mediated hypersensitivities, including those
that have the potential to mediate anaphylactic reactions.

METHODS

Mice

Female, 6- to 8-week-old, C3H/HeJ mice were purchased from
Jackson Laboratory (Bar Harbor, Me). All mice were maintained in

the University of California, San Diego, Animal Facility, which is
certified by the American Association for the Accreditation of Lab-
oratory Animal Care, and all experiments were approved by the ani-
mal care committee at our institution.

Reagents

pACB-LacZ contains the CMV IE1 promoter intron, the simian
virus 40 t-intron, the Escherichia coli LacZ cDNA, and the simian
virus 40 polyadenylation site. pACB is the same construct without
the E coli LacZ insert. Plasmids were purified by using a megaprep
kit (Qiagen, Chatsworth, Calif), and endotoxin was removed by
extraction with Triton X-114 (Sigma, St Louis, Mo) to below the
limits of detection (0.005 EU/mL) by using the limulus amoebocyte
lysate assay (Bio-Whittaker, Walkersville, Md). β-Galactosidase (β-
gal) and pertussis toxin were obtained from Sigma (St Louis, Mo).
Phosphorothioate ISS-ODN and mutated oligodeoxynucleotide (M-
ODN) were purchased from Trilink Biotechnologies (San Diego,
Calif). The ISS-ODN used in these studies has the sequence 5´-
TGACTGTGAACGTTCGAGATGA-3´, and the M-ODN has the
sequence 5´-TGACTGTGAACCTTCCAGATGA-3´. Endotoxin
could not be detected in these ODN preparations by using the limu-
lus amoebocyte lysate assay (Bio-Whittaker).

Vaccination, sensitization, and anaphylactic

challenge protocols

Mice received intradermal injections with 50 µg of pACB-LacZ
or pACB or 10 µg of β-gal alone or mixed with ISS-ODN (10 µg)
or M-ODN (10 µg) in 50 µL of normal saline solution in the base
of the tail on 3 occasions 10 days apart (Fig 1). Twenty-five days
after the last vaccination, the mice were TH2 sensitized with a mix-
ture of β-gal (100 µg), pertussis toxin (300 ng), and alum (1 mg) in
500 µL of normal saline solution injected intraperitoneally on 2
occasions 7 days apart. Mice received an intravenous challenge with
150 µg of β-gal in 50 µL of normal saline solution 3 weeks after
their last intraperitoneal sensitization. The mice were then observed
for 1 hour after intravenous anaphylactic challenge because prelim-
inary experiments demonstrated that challenged mice either died or
recovered from challenge in this first hour. Ten minutes before and
2 minutes after challenge, a subset of mice were bled, and plasma
was collected in EDTA tubes for histamine analysis using a com-
mercial ELISA kit according to the manufacturer’s recommenda-
tions (Immunotech, Westbrook, Minn). Mice used to assess hista-
mine release were not used in the final analysis of death from
anaphylactic challenge.

Antibody assays

Serum β-gal–specific IgG2a and IgG1 were measured by using
ELISA, as previously described.13,18,19,21 Results are expressed in
units per milliliter on the basis of pooled high-titer anti-β-gal IgG2a
and IgG1 standards that were given arbitrary concentrations of 4000
U/mL. Ninety-six–well plates were coated with 5 µg/mL β-gal
(Sigma) in 50 µL of borate-buffered saline solution (BBS; pH 9.2)
overnight at 4°C. Plates were then blocked with 1% BSA in BBS at
37°C for 2 hours, washed with BBS/0.5% Tween-20 (Sigma), and
incubated with standards and samples overnight at 4°C. Plates were
then incubated with alkaline phosphatase–linked anti-IgG1 or
IgG2a (Southern Biotechnologies, Birmingham, Ala) at a 1:2000
dilution, washed, and then incubated with p-nitrophenyl phosphate
(2.63 mg/mL; Boehringer Mannheim). Absorbance at 405 to 650
nm was read at 1 hour. Sample concentrations were calculated by
comparison with the standard curve on each plate using the Delta-
SOFT II version 3.66 program (Biometallics, Princeton, NJ). 

Antigen-specific serum IgE titers were also measured with
ELISA, and results are expressed in units per milliliter on the basis
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of a pooled high-titer anti-β-gal IgE standard given an arbitrary
value of 2560 U/mL. To remove antigen-specific IgG, serum sam-
ples were incubated with protein-G sepharose beads according to
the manufacturer’s recommendations (Pharmacia, Piscataway, NJ).
Ninety-six–well plates were coated with β-gal at 5 µg/mL in 0.05
mol/L carbonate buffer, and nonspecific binding sites were saturat-
ed by incubation of plates with 1% BSA in BBS. Protein
G–absorbed 1:10 and 1:40 dilutions of sera were added, and the
plates were incubated overnight at 4°C. Plates were then washed
and incubated with goat biotinylated anti-mouse IgE at 8 µg/mL
(Pharmingen, San Diego, Calif). Plates were subsequently washed
and incubated with horseradish peroxidase–linked streptavidin at a
1:2000 dilution (Zymed, San Francisco, Calif) and then TMB sub-
strate (3,3´,5,5´-tetramethyl benzidine; Kirkegaard and Perry Labo-
ratories, Gaithersburg, Md). The color reaction was stopped with an
equal volume of 1 mol/L phosphoric acid. Absorbance at 450 to 650
nm was read and compared with the standard curve on each plate
using the DeltaSOFT II version 3.66 program.

Splenocyte cytokine profiles

Antigen-specific splenocyte cytokine profiles were assessed, as
previously described.13,18,19,21 Briefly, mouse spleens were harvest-
ed after intravenous challenge, teased to prepare single cell suspen-
sions, and resuspended in RPMI-1640 supplemented with 10%
heat-inactivated FCS, 2 mmol/L glutamine, M2-mercaptoethanol,
and 1% penicillin-streptomycin (complete media). Splenocytes
were incubated at 5 × 105 cells per well in 96-well plates in a final
volume of 200 µL of complete media with β-gal added at 10 µg/mL
at 37°C in a 5% CO2 atmosphere. Culture supernatants were har-
vested at 72 hours and analyzed by using ELISA. Samples were
tested for the presence of IL-4, IL-5, and IFN-γ by using ELISA
with capture and biotinylated detecting antibodies for IL-4 (Gen-
zyme), IL-5 (Pharmingen), and IFN-γ (Pharmingen). Washing and
blocking steps were analogous to those used in the Ig ELISA
described previously. Detection of the biotinylated secondary anti-
body was performed by adding 1:2000 diluted horseradish peroxi-
dase–labeled streptavidin (Zymed) followed by TMB peroxidase
substrate reagent (Kirkegaard and Perry Laboratories). The color
reaction was stopped with an equal volume of 1 mol/L phosphoric
acid, and absorbance was read at 450 to 650 nm. A standard curve
was generated by using known amounts of recombinant IL-4, IL-5,
and IFN-γ (Genzyme and Pharmingen). Each supernatant was com-
pared with the standard curve on the plate to quantitate cytokine lev-
els using the DeltaSOFT II version 3.66 program.

Statistical analysis

Statistical analysis was conducted using Statview and Mathsoft
computer software. Death as an outcome variable was compared
between groups by using the Fisher exact test. Two-tailed unpaired
Student t tests were conducted to compare histamine, antibody, and
cytokine histamine levels.

RESULTS

pDNA vaccination provides protection

against the development of anaphylactic

hypersensitivity

In preliminary studies 6- to 8-week-old, female,
C3H/HeJ mice were sensitized with β-gal, alum, and per-
tussis toxin and subsequently received an intravenous β-
gal challenge. Sensitizing doses and dosing intervals
were optimized to induce death in 16 of 16 consecutive
mice after intravenous challenge. Next, the protective

TABLE I. Anaphylactic challenge outcomes of pACB-
LacZ–vaccinated mice

Vaccination Survival % Survival P value

pACB-LacZ 5/15 33 .018
pACB 0/16 0 —
None 0/16 0 —

Mice were vaccinated, sensitized, and challenged as outlined in Fig 1. Mice
that died did so within 1 hour of challenge. Surviving mice demonstrated
signs of anaphylaxis within the first half hour after challenge but appeared
healthy 1 hour later.

FIG 1. Timetable for vaccination, sensitization, and anaphylactic
challenge. C3H/HeJ mice received intradermal vaccinations with
50 µg of pACB-LacZ or pACB or 10 µg of β-gal alone or mixed with
ISS-ODN (10 µg) or M-ODN (10 µg) on 3 occasions 10 days apart.
Twenty-five days after the last vaccination, mice were TH2 sensi-
tized with a mixture of β-gal (100 µg), pertussis toxin (300 ng), and
alum (1 mg) injected intraperitoneally on 2 occasions 7 days
apart. Mice then received an intravenous challenge with 150 µg of
β-gal 3 weeks after their last intraperitoneal sensitization.

FIG 2. Plasma histamine levels after anaphylactic challenge in
pACB-LacZ–vaccinated mice. Mice were vaccinated, sensitized,
and challenged as outlined in the “Methods” section and Fig 1.
Two minutes after intravenous β-gal challenge, plasma was col-
lected for histamine determination. Results represent mean val-
ues ± SE for 4 mice in each group. Before challenge, plasma his-
tamine levels were less than 10 nmol/L in all mice (data not
shown).
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effect of pACB-LacZ vaccination on outcomes after sen-
sitization and challenge was evaluated. The timetable for
vaccination, sensitization, and challenge is outlined in
Fig 1. As shown in Table I, pACB-LacZ vaccination pro-
tected 5 of 15 mice from death in 4 experiments, where-
as 0 of 16 pACB-vaccinated mice survived challenge (P
= .018). Despite the protection offered by pACB-LacZ
vaccination, mice surviving challenge demonstrated
behavioral changes, such as decreased activity and rapid
and labored respirations, that were consistent with mild
anaphylactic reactions within the first 30 minutes. How-
ever, by the end of the first hour, mice surviving the ana-

phylactic challenge appeared normal. To evaluate
whether pACB-LacZ vaccination reduced mast cell
degranulation from TH2-sensitized and challenged mice,
plasma histamine levels were measured before and 2
minutes after intravenous β-gal injection. Before anaphy-
lactic challenge, plasma histamine levels were less than
10 nmol/L in all mice (data not shown). As seen in Fig 2,
postchallenge plasma histamine levels increased in all
mice. However, they were significantly lower in pACB-
LacZ–vaccinated (7.4 ± 3 µmol/L) versus pACB-vacci-
nated (41 ± 13 µmol/L) mice (P = .018).

pDNA vaccination effectively inhibits the

development of a TH2-biased immune

response after allergen sensitization

Because anaphylactic hypersensitivity is associated
with TH2-biased immunity, β-gal–specific antibody and
cytokine profiles of vaccinated and sensitized mice were
further evaluated. As seen in Fig 3, A, antigen-specific
IgE levels were on average 15-fold lower in pACB-
LacZ– versus pACB-vaccinated mice (P < .0001). In
addition, pACB-LacZ–vaccinated mice produced
approximately 3-fold less IgG1 (P = .002) and 4-fold
more antigen-specific IgG2a than pACB-vaccinated

FIG 3. Serum antibody and cytokine responses of pACB-LacZ–vaccinated mice. Mice were vaccinated, sen-
sitized, and challenged as described in the “Methods” section and Fig 1. Results represent mean values ±
SE for 4 mice in each group and are representative of 3 independent experiments. A, Antigen-specific anti-
body levels. One day before challenge, serum was obtained for antibody determination by means of ELISA.
B, Antigen-specific cytokine responses. After intravenous β-gal challenge, splenocytes were harvested and
cultured with and without β-gal. Supernatants were harvested at 72 hours for cytokine ELISA. Culture with-
out β-gal led to negligible cytokine production (data not shown).

A

B

TABLE II. Anaphylactic challenge outcomes of β-gal/ISS-
ODN–vaccinated mice

Vaccination Survival % Survival P value

β-Gal + ISS-ODN 5/12 42 .01
ISS-ODN 0/12 0 —
β-Gal 0/12 0 —
β-Gal + M-ODN 0/12 0 —

Mice were vaccinated, sensitized, and intravenously challenged as outlined
in Fig 1. Mice that died did so within 1 hour of challenge. Surviving mice
demonstrated signs of anaphylaxis within the first half hour after challenge
but appeared healthy 1 hour later.



J ALLERGY CLIN IMMUNOL

VOLUME 106, NUMBER 2

Horner et al 353

mice (P = .0004). Splenocytes from mice vaccinated with
pACB-LacZ before sensitization also demonstrated sig-
nificantly higher antigen-specific IFN-γ (P = .0002) and
lower IL-4 (P = .024) and IL-5 (P = .012) responses than
control mice (Fig 3, B).

Protein/ISS-ODN vaccination prevents the

development of anaphylactic hypersensitivity

Protein/ISS-ODN coimmunization and plasmid vacci-
nation induce similar immune profiles.18-22 Therefore the
efficacy of β-gal/ISS-ODN vaccination in protecting
against the development of anaphylactic hypersensitivity
was next evaluated. Mice were vaccinated with β-gal and
ISS-ODN and then sensitized and intravenously chal-
lenged with the model allergen (Fig 1). Control mice
were immunized with ISS-ODN or β-gal alone or β-gal
plus M-ODN. As seen in Table II, in 3 experiments 5 of
12 β-gal/ISS-ODN–vaccinated mice survived intra-
venous β-gal challenge versus 0 of 36 control mice
receiving β-gal or ISS-ODN alone, or B-gal vaccination
with M-ODN (P = .01 for β-gal/ISS-ODN vaccination vs
each control group). Again, surviving mice demonstrated
behavioral changes consistent with a mild anaphylactic
reaction within the first 30 minutes, but all surviving
mice appeared normal 1 hour after intravenous chal-
lenge. Plasma histamine levels, before and after chal-
lenge, were also measured. Plasma histamine levels were
less than 10 nmol/L in all mice before challenge (data not
shown). As seen in Fig 4, postchallenge histamine levels
increased in all mice, but they were significantly lower in

β-gal/ISS-ODN–vaccinated mice (6.1 ± 2.7 µmol/L)
than in mice vaccinated with β-gal (25.2 ± 11 µmol/L) or
ISS-ODN (26 ± 6 µmol/L) alone or mice vaccinated with
β-gal and M-ODN (29 ± 7.8 µmol/L; P < .05).

Protein/ISS-ODN vaccination effectively

inhibits the development of a TH2-biased

immune response after allergen sensitization

To establish whether β-gal/ISS-ODN vaccination pre-
vented the development of a TH2-biased immune profile
after β-gal/alum/pertussis toxin sensitization, serum anti-
body and splenic cytokine profiles of β-gal/ISS-
ODN–vaccinated and control mice were evaluated. As
seen in Fig 5, A, β-gal/ISS-ODN–vaccinated mice had
greater than 9-fold lower serum IgE levels than control
immunized mice (P < .035). In addition, although β-
gal/ISS-ODN–vaccinated mice had similar IgG1 levels to
control mice, IgG2a levels were 8-fold higher (P < .007).
β-Gal/ISS-ODN–vaccinated mice also produced signifi-
cantly more IFN-γ (P < .03) and significantly less IL-4 (P
< .04) and IL-5 (P < .002) than control mice (Fig 5, B).

DISCUSSION

The present series of experiments demonstrates that
pACB-LacZ and β-gal/ISS-ODN vaccination of subse-
quently TH2-sensitized mice reduces the risk of death
after intravenous β-gal challenge from 100% to 67% and
58%, respectively, with associated reductions in plasma

FIG 4. Plasma histamine levels after anaphylactic challenge in β-gal/ISS-ODN–vaccinated mice. Mice were
vaccinated, sensitized, and challenged as outlined in the “Methods” section and Fig 1. Two minutes after
intravenous β-gal challenge, plasma was collected for histamine determination. Results represent mean
values ± SE for 4 mice in each group. Before challenge, plasma histamine levels were less than 10 nmol/L
in all mice (data not shown).
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histamine levels 2 minutes after challenge. This protec-
tion occurs in the context of IgE titers, which are dra-
matically reduced with either form of vaccination. In
addition, the IgG subclass and cytokine profiles of
pACB-LacZ– and β-gal/ISS-ODN–vaccinated versus
control mice demonstrate a persistent TH1 bias after TH2
sensitization. In contrast to the antianaphylactic protec-
tion offered by DNA-based vaccination, vaccination with
β-gal alone neither protected mice from the development
of anaphylactic hypersensitivity nor from the develop-
ment of a TH2-biased immune profile after allergen sensi-
tization. Given that β-gal protein is the experimental
equivalent of reagents used in clinical practice, the pre-
sent results suggest that DNA-based vaccination schemes
may be more effective than traditional immunotherapy
for allergen desensitization in the setting of anaphylactic
hypersensitivity.

Although our results demonstrate that both pACB-
LacZ and β-gal/ISS-ODN vaccination have dramatic
inhibitory effects on IgE production after sensitization,

mice receiving these DNA-based immunizations still
demonstrate residual anaphylactic hypersensitivity.
This could be explained by production of sufficient
allergen-specific IgE to arm mast cells, even in mice
receiving DNA-based vaccinations before sensitiza-
tion. Alternatively, another Ig isotype might contribute
to the anaphylactic phenotype of these mice. IgE-
dependent mast cell degranulation occurs in mice
through FcεRI cross-linking, as it does in human sub-
jects.1,26,27 However, the anaphylactic response can
also be elicited in IgE-deficient mice, and IgG1 has
been found to mediate mast cell degranulation and ana-
phylaxis through FcγRIII cross-linking.26-30 In contrast
to IgE and IgG1, IgG2a has been suggested to block
anaphylactic responses.29

In the present series of experiments pACB-LacZ and
β-gal/ISS-ODN vaccination only modestly inhibits post-
sensitization IgG1 production, whereas IgG2a produc-
tion increases compared with that of control animals.
Interestingly, pDNA vaccination against peanut Ara h 2

FIG 5. Serum antibody and cytokine responses of β-gal/ISS-ODN–vaccinated mice. Mice were vaccinated,
sensitized, and challenged as described in the “Methods” section and in Fig 1. Results represent mean val-
ues ± SE for 4 mice in each group and are representative of 3 independent experiments. NS, No significant
difference. A, Antigen-specific antibody levels. One day before challenge, serum was obtained for antibody
determination by means of ELISA. B, Antigen-specific cytokine responses. After intravenous β-gal chal-
lenge, splenocytes were harvested and cultured with and without β-gal. Supernatants were harvested at 72
hours for cytokine ELISA. Culture without β-gal led to negligible cytokine production (data not shown).
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leads to anaphylactic hypersensitivity in some mouse
strains, even though no IgE is produced. Further analysis
has shown that anaphylactic hypersensitivity only devel-
ops in those strains that respond to pDNA vaccination
with an IgG1 response and not in strains in which IgG2a
is produced in the absence of IgG1.28 The complex and
variable mechanisms by which anaphylaxis occurs in
mice makes quantitative analysis of the relative contribu-
tion of IgE and IgG1 in mediating and of IgG2a in block-
ing the anaphylactic response in the vaccinated and con-
trol C3H mice used in these experiments difficult. In this
vein, it should be noted that with more than 80 years of
experience using protein-based immunotherapy in clini-
cal practice, we still do not have completely reliable
immunologic markers for its effectiveness.4,23-25

Recently, oral gene vaccination has been shown to
provide immunologic protection in a mouse model of
peanut allergy.7 A subjective anaphylaxis score after
intraperitoneal challenge was used to assess protection,
and it was found that mice orally immunized with chi-
tosan-DNA nanoparticles encoding Ara h 2 had fewer
symptoms of anaphylaxis after sensitization and chal-
lenge than did control immunized mice. The series of
experiments presented in this article extends this obser-
vation, demonstrating that both pDNA and protein/ISS-
ODN vaccination reduce the risk of lethal anaphylactic
reactions in sensitized mice. Mice immunized with
pDNA or protein and ISS-ODN are further shown to
have a persistent TH1-biased immune phenotype after TH2
sensitization. Finally, traditional immunotherapy with
protein allergen alone is demonstrated to be inferior to
two different DNA-based vaccination schemes in pre-
venting both the development of lethal anaphylactic
hypersensitivity and allergen-specific, TH2-biased,
immune deviation.

In further consideration of the viability of DNA-based
vaccination for the treatment of anaphylactic hypersensi-
tivity in clinical practice, it should be remembered that
except for serum sickness–type reactions with blood
products, only IgE-mediated, allergen-specific, anaphy-
lactic reactions have been clearly identified in human
subjects.1 It has even been suggested that IgG4, the like-
ly human equivalent of murine IgG1, may serve as a
blocking antibody with respect to allergic hypersensitiv-
ity.4,23-25 With regard to antigen-specific IgE production
in mice, both pDNA and protein/ISS-ODN vaccinations
appear to be highly effective in preventing its production.
Further investigations are needed to prove that DNA-
based vaccination can reverse anaphylactic hypersensi-
tivity in an IgE-dependent model of anaphylaxis. How-
ever, if human IgE responses prove to be as readily
inhibited by pDNA and protein/ISS-ODN vaccination as
IgE responses in mice, then the immunization schemes
outlined in this article may prove to be viable approach-
es to the treatment of anaphylactic hypersensitivity in
clinical practice.

We thank Mrs Nancy Noon and Jane Uhle for their help in
preparing the manuscript and Drs Hans Spiegelberg and Hans
Oettgen for their critical review and excellent suggestions.
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