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To investigate the potential application of allergen gene immunization in the modulation of food allergy, C3H/HeSn (C3H) mice
received i.m. injections of pAra h2 plasmid DNA encoding one of the major peanut allergens, Ara h2. Three weeks following pDNA
immunization, serum Ara h2-specific IgG2a, IgG1, but not IgE, were increased significantly in a dose-dependent manner. IgG1
was 30-fold higher in multiply compared with singly immunized mice. Ara h2 or peanut protein injection of immunized mice
induced anaphylactic reactions, which were more severe in multiply immunized mice. Heat-inactivated immune serum induced
passive cutaneous anaphylaxis, suggesting that anaphylaxis in C3H mice was mediated by IgG1. IgG1 responses were also induced
by intradermal injection of pAra h2, and by i.m. injection of pPOMC, the plasmid DNA encoding the major egg allergen protein,
ovomucoid. To elucidate whether the pDNA immunization-induced anaphylaxis was a strain-dependent phenomenon, AKR/J and
BALB/c mice also received multiple i.m. pAra h2 immunizations. Injection of peanut protein into these strains at weeks 3 or 5
following immunization did not induce reactions. Although IgG2a was increased significantly from week 2 in AKR/J mice and
from week 4 in BALB/c mice and remained elevated for at least 6 wk, no IgG1 or IgE was detected. These results indicate that
the type of immune responses to pDNA immunization in mice is strain dependent. Consequently, models for studying human
allergen gene immunization require careful selection of suitable strains. In addition, this suggests that similar interindividual
variation is likely in humans. The Journal of Immunology,1999, 162: 3045-3052.

DNA (pDNA)3-encoding specific Ags are a novel oping a new form of allergen immunization therapy.
means of generating immune responses. Intradermal Peanuts are highly allergenic and cause allergic reactions in both
(i.d.) and i.m. injections of naked pDNA are the most com- children and adults (9, 10), and are the most frequent cause of fatal
monly used methods to deliver DNA and induce a prolongedfood-allergic reactions (11, 12). The prevalence of peanut allergies
immune response. DNA vaccine has been shown to be effectivlas increased in the past decades (13). At the present time, the only
in eliciting protective immunity against various viral (1-3), available therapy for peanut allergy is strict avoidance (14), al-
bacterial (4, 5), and parasitic diseases (6). Hsu et al. (7) reporteghough accidental ingestions remain common (15). In view of the
that i.m. injection of Brown Norway rats with pDNA-encoding prevalence and severity of peanut allergy, research has been di-
house dust mite allergen (Der p 5) prevented the induction ofected toward developing new therapeutic approaches for control-
IgE synthesis, histamine release, and airway hyperresponsiving peanut allergy. Traditional desensitization therapy (immuno-
ness following challenge with aerosolized allergen. Raz et altherapy) was shown to reduce reactions to oral peanut challenge in
(8) showed that i.d. immunization with pDNA-encodigga- 4 minority of patients, but frequent systemic anaphylactic reactions
lactosidase induced a predominant IgG2a response, and reducglring immunotherapy limit the application of this approach (16,
B-galactosidase-induced specific IgE Ab levels by 66-75% in7) Three major protein fractions have been identified in peanut,
BALB/c mice. These two studies suggest that immunizationa g p | (63.5 kDa), Ara h2 (17 kDa), and Ara h3 (14 kDa), and
more than 95% of peanut-allergic patients are sensitive to both Ara
h1l and Ara h2 (18, 19). The characterization of the major peanut
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Materials and Methods administration, the mice’s feet were examined for signs of vascular leakage
Mice and reagents (visible blue color).

Female C3H/HeSn (H!9, BALB/c (H-29, and male AKR (H-8) mice, ~ Detérmination of plasma histamine levels

6 wk of age, were purchased from The Jackson Laboratory (Bar Harborgjye 1o eight minutes following peanut injection, 0.3—0.5 ml of blood from

ME) and r_'n'alntalned on peanut protein-free chow under specific pathogensach mouse was collected into chilled tubes containing 3040 7.5%

free conditions. ) ) ) otassium-EDTA. After centrifugation (1500 rpm) for 10 min at 4°C, the
PN and Ara h2 protein were prepared as previously described (20). Ard|asma was collected and frozen-a80°C until used. The levels of his-

h2 cDNA was generated as previously described (21). Conalbumin (CA)iamine were determined using an enzyme immunoassay kit (Immunotech,

Con A, DNP-BSA, and ovomucoid were purchased from Sigma (St.\yesthrook, ME), as described by the manufacturer. The concentration of

Louis, MO). Abs for ELISAs were purchased from The Binding Site pistamine was calculated by comparison with a standard curve provided by
(San Diego, CA). the manufacturer.

Plasmid DNA preparation Histologic studies

The plasmid DNA-based gene construct, pAra h2, was generated by usi
a TA cloning kit (Invitrogen, San Diego, CA). Briefly, PCR-amplified Ara
h2 coding region gene segment with the addition of a Kozak consensu
translation codon was ligated into a pCR3.1-Uni expression vector con
taining CMV promoter. The pOMC was also generated using the sam
vector, pCR 3.1-Uni, encoding the ovomucoid, a major allergen from egg;
The plasmid DNA pcDNA3 (pcDNA) (Invitrogen) was used as a mock
DNA control since its backbone is identical to pAra h2 and pOMC, with
the exception of the cloning site. The pDNA was prepared and purified b
BioServe (Laurel, MD), and resuspended in endotoxin-free water.

"ast cell degranulation during systemic anaphylaxis was assessed by his-
tologic examination of ear tissues. Samples were collected immediately
Sfter anaphylaxis-related death or 40 min after challenge from surviving
mice. Tissues were fixed in 4% paraformaldehyde, 2.5% glutaraldehyde in
.1 M sodium cacodylate buffer (pH 7.3), at room temperature for 30 min,
hen stored at 4°C until processing intoun paraffin or glycol methac-
rylate, toluidine blue-stained sections. A degranulated mast cell was de-
fined as a toluidine-positive cell with five or more distinct stained granules
y(:ompletely outside of the cell (25). One section from each of three sites of
each mouse ear was examined by light microscopy400 by an observer
DNA immunization and Ag administration unaware of their identities. A total of 200—400 mast cells was classified in
each ear sample. In some instances, Wright's stained blood smears were
Mice were anesthetized by i.p. injection with a mixture of ketamine (45 also prepared from mice experiencing anaphylactic shock.
mg/g) and xylazine (10 mg/g), and each mouse was then injected i.m. with . .
15 pg of naked pDNA diluted in PBS to a final volume of 50. In the ~ Passive cutaneous anaphylaxis (PCA) test
dose-dependent study, mice received one injection (single immunizatio
or three daily injections, followed by a fourth injection 1 wk later (multiple
immunization). Control mice received mock DNA (pcDNA), or were un-
treated. Three weeks after the initial pPDNA immunization, mice were in-
jected i.p. with 1 mg/mouse of PN or Ara h2-purified protein, or an irrel-
evant Ag, CA.

néera were obtained from 4 to 6 pAra h2 multiply immunized C3H mice and
pooled. The PCA test was modified slightly from previous descriptions (26,
27). Briefly, the abdomens of naive C3H mice were carefully shaved 1 day
before i.d. injection of 3Qul of heated (56°C for 3 h) and unheated undi-
luted sera. Control mice received equal amounts of pooled sera from mock
DNA-immunized mice or an equal amount of PBS. Injections were re-
Measurement of serum Ag-specific Abs peated 24 h later. Three hours after the second injection, mice were injected
i.v. with a mixture of 10Qul of 0.5% Evan’s blue dye and 1 mg PN protein.
Blood was obtained weekly from each group of mice following the initial Thirty minutes following the dye/PN injection, the mice were sacrificed,
pDNA immunization. After centrifugation, the sera were collected andthe skin of the belly was inverted, and PCA reactions were examined by
stored at—80°C until analyzed. The levels of Ag-specific IgE, IgG1, and visible blue color. A reaction was scored as positive if the bluing of the skin
IgG2a Abs were measured by ELISA, as described previously (22). Im-at the injection sites was-0.5 cm in diameter.
mulon Il plates (Dynatech Laboratories, Chantilly, VA) were coated with o )
10 wg/ml purified Ara h2 protein in coating buffer (Sigma). After overnight Quantitation of cytokines

incubation at 4°C, plates were washed three times with PBS/O.OSO/% | df h f mi t 3 wk after DDNA i
Tween-20 and blocked with 1% BSA-PBSrft h at37°C. After three ~ SP'€ENS WETE FEMOVEC from each group of mice at 3 wk after pUIvA im-

washings, serum samples (1/5 or 1/10 dilutions in 1% BSA-PBS Weremunization. Cells were isolated and sus_pgnded in compl_ete culture medium
added 9t]o the plates :fnd ir(lcubated overnight at 4°C. Plates we)re thefiPM! 1640 plus 10% FBS, 1% penicillin/streptomycin, and 1% glu-
washed, and 10@J of goat anti-mouse IgE or 1gG1, or IgG2a Abs (0.3 tamine). Cell suspensions were cultured in 24-well platex (#0°/well/

: I) in the presence or absence of PN (@/ml) (Ara h2 comprises 15—
ng/ml) were added to the plates for detection of IgE, IgG1, and IgG2a AbsM ;
respectively. The plates were incubated Zch at37°C. After three wash- 20% of total peanut protein) or Con A (2g/ml). The supermatants were

ings, 100yl of donkey anti-goat IgG Ab conjugated with peroxidase (0.3 collected after 24-, 48-, and 72-h culture. Levels of cytokines, 4FN=4,

/ml) was added fol h at37°C. Plates were developed with tetrameth- and ”."5 were detgrmined by E.LISA’ according to th_e manufactgrer’s in-
i;l%en;idine (TMB) (Bio-Rad, Hercules, CA) for 30 mri)n at 22°C, stopped structions (PharMingen, San Diego, CA) and as previously described (22).

by the addition 61 N H,SO,, and read at 450 nm. The levels of IgE, I19G1, giatistical analysis
and 1gG2a Abs were calculated by comparison with a reference curve

generated by using mouse mAbs, anti-DNP IgE, 1gG1, and IgG2a (AccuThe statistical significance of the data was determined by ANOWAest.
rate Scientific, Westbury, NY). All analyses were performed in duplicate,A p value of <0.05 was considered significant.

and discrepant values (coefficient of variatiorl0%) were repeated to

ensure a high degree of precision. Values less than 4 ng/ml were regardd@esults

as undetectable in this assay. Isotype profile of Ag-specific Abs induced by pDNA

Assessment of hypersensitivity responses immunization in C3H mice

Signs of systemic anaphylaxis became apparent in C3H mice 10 to 15 mifhree weeks after the initial pPDNA immunization of C3H mice,
following i.p. PN injection and peaked at 20—40 min. Symptoms of ana-significantly increased levels of Ara h2-specific IgG2a as well as
phylaxis were evaluated by a scoring system 40 min after challenge. Th'?gGl were present in pAra h2-immunized mice (Fig. 1), but not in

scoring system was modified slightly from previous descriptions (23, 24), h . .
and scored as follows: 0, no symptoms; 1, scratching and rubbing arounHCDNA (mock DNA)-immunized mice. The level of IgG2a was

the nose and head:; 2, puffiness around the eyes, pilar erecti, reduced ak0-fold higher than IgG1. The dose-dependent study showed that
tivity, and/or decreased activity with increased respiratory rate; 3, wheeztgG2a in the multiply immunized group was twofold higher than in

ing, labored respiration, cyanosis around the mouth and the tail; 4, nghe singly immunized group. The titer of IgG1 in the multiply
activity after prodding, or tremor and convulsion; 5, death. immunized group was 30-fold higher than that in singly immu-
Detection of vascular leakage nized group. No Ara h2-specific IgE was detectable in either singly
At the time of peanut protein Ag injection, C3H mice from each group or multiply immunized mice (data not shown). In addition, multi-

received 10Qul of 0.5% Evan’s blue dye by tail vein injection, immedi- Ple i.d. injections of pAra h2 produced significant increase of Ara
ately followed by i.p. peanut injection. Thirty to forty minutes after dye/Ag h2-specific IgG1 (data not shown).
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FIGURE 2. Peanut-induced anaphylaxis in C3H mice. Three weeks fol-
lowing the initial pDNA immunization, micen = 4-7) in each group
2000 received an i.p. injection of PN, or Ara h2, or CA. The severity of ana-
phylaxis was scored 20—40 min after i.p. Ag administration, as described
in Materials and Methods, **, p < 0.001 versus pcDNAs*, p < 0.01
versus pAra h2, sin.
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mice (Fig. 3). In addition, peripheral blood smears showed exten-
sive platelet aggregation in pAra h2-immunized mice following
PN administration (data not shown).

FIGURE 1. Levels of Ara h2-specific Abs in C3H micé, Levels of ~ Clevated plasma histamine following PN injection of pAra
Ara h2-specific IgG2aB, Levels of Ara h2-specific IgG1. Sera from dif- N2-immunized C3H mice
ferent groups of micen(= 4-7) as indicated were obtained 3 wk after Fojlowing PN administration, plasma histamine was increased sig-

pDNA immunization. The levels of Ara h2-specific IgG2a and IgG1 were nificantly in the pAra h2-immunized group when compared with
determined by ELISA, and calculated by comparison with a reference : : : .
curve generated using mouse mAb, anti-DNP Absp < 0.05 versus control groups (Fig. 4). Moreover, the histamine levels in pAra h2

pCDNA, sin: ##, p < 0.001 versus pcDNA, mul multiply immunized mice were significantly greater than in singly
I ' T immunized mice. These results indicate that histamine is most
likely one of the mediators of anaphylaxis in this model.

Induction of anaphylactic reactions by PN injection of pAra
h2-immunized C3H mice

The initial experiment was designed to investigate whether pArdlistologic analysis of mouse ear tissue showed a significant in-

h2 immunization could prevent peanut-induced hypersensitivity S'€S€ in the number of degranulated mast cells in pAra h2-im-

as reported for different Ags by others (7, 8). In this study, micem_unizec_i mice following PN ir_ljection yvhen cqmpared with control
were immunized with pDNA 3 wk before peanut protein Ag sen- mice (Fig. 5,A and_B). C_onS|stent with the findings of elevated
sitization. Surprisingly, i.p. injection of either PN or Ara h2 protein €Vels of plasma histamine, the percentage of degranulated mast
into the mice immunized with pAra h2 resulted in anaphylacticce”S in mice given multiple pAra h2 immunizations was markedly

reactions. The severity of the reactions was evaluated and scordlj€ater than in singly immunized mice (Fig° These data dem-

as shown in Fig. 2. Anaphylactic reactions in the multiply pAra onstrate thgt mast cgll degr_anulapon and consequz_ant_ histamine re-
h2-immunized group were more severe than in singly immunized®2S€ are involved in the induction of anaphylaxis in pAra h2-
mice, with a mortality rate of 60%, indicating an association be-mmunized C3H mice following PN injection.

tween the increased level of IgG1 and the severity of the anaphy- ) ) )

lactic reactions. No anaphylactic reactions were observed in mocRCA reactions in C3H mice

DNA-immunized mice following peanut injection or in the pAra The virtual absence of IgE and the high levels of IgG1 induced by
h2-immunized mice following injection with an irrelevant Ag CA. pAra h2 immunization, together with the association between the
Thus, the anaphylactic reactions in this model were Ag specifidevel of IgG1 and the severity of anaphylactic reactions (Figs. 1
and dose dependent. and 2) suggested that peanut-induced anaphylactic shock in the
C3H mouse model is IgG1 mediated. To further evaluate this hy-
pothesis, PCA testing was performed as describédkiterials and
Methods PCA reactions were induced by heat-inactivated and
Increased vascular permeability is a hallmark of systemic anaphyaonheated sera from pAra h2-immunized C3H mice (Table I). In
laxis. To further characterize the anaphylaxis, vascular leakageontrast, no PCA reactions were found in peanut-injected mice that
was assessed by PN/Evan’s blue injection. Extensive Evan’s blueeceived mock pDNA immune sera or PBS. These results demon-
extravasation was evident in mouse feet of pAra h2-immunizedstrate that IgG1, but not IgE, was the reagenic Ab in this model.

Mast cell degranulation in C3H mice

Increased vascular permeability following PN injection of pAra
h2-immunized C3H mice
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. 4 ¥ ‘ J
FIGURE 3. Peanut Ag-induced vascular leakage in C3H migepAra
h2 multiply immunized showing marked bluing, pcDNA multiply im-
munized mouse. Slight bluing of the skin is due to intravascular Evan’s
blue dye in cutaneous blood vessels. Naive mouse not injected with
Evan’s blue dye.

Isotype profile of Ag-specific Abs induced by pOMC
immunization of C3H mice

To determine whether the induction of Ara h2-specific IgG1 in
pAra h2-immunized C3H mice is specific to peanut allergen, C3H
mice were multiply immunized with pOMC, the plasmid DNA
encoding the major egg allergen protein, ovomucoid. The Ab re-
sponses were measured kinetically after immunization. Similar to
pAra h2-immunized C3H mice, both IgG1 and IgG2a Ab levels
were markedly increased 2 wk after immunization (Fig. 6). At 3
wk, the level of ovomucoid-specific IgG1 levels in the multiply
immunized group was about 32-fold greater than that in the singly
immunized group, whereas IgG2a levels in multiply immunized
mice were threefold greater than in singly immunized mice. Chal-
lenge of pPOMC-immunized mice with ovomucoid also resulted in
severe anaphylactic reactions (data not shown). These results dem-
onstrate that pPDNA immunization-induced IgG1 Ab responses in
C3H mice are not unique to pAra h2.

Strain-dependent reactions to peanut protein injection following
pAra h2 DNA immunization

Since the results described above differed from those of the two
previous studies of allergen gene immunization, in which different
rodent models were used (7, 8), we hypothesized that the conse-
guences of allergen gene immunization may be strain dependent.
To evaluate this possibility, we employed AKR and BALB/c mice,
utilizing the same multiple pDNA immunization protocol used in
C3H mice. In contrast to C3H mice, peanut protein injection of

% of degtalulated mast cells

100

B e
X Al 'z & z
e

AKR or BALB/c mice at 3 or 5 wk following pAra h2 DNA
immunization did not elicit any sign of anaphylaxis (Table II).

100 o
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FIGURE 4. Plasma histamine levels following PN injection of C3H
mice. Five to eight minutes after PN injection, plasma from different

FIGURE 5. Mast cell degranulatiord, Shows degranulated anon-
degranulated mast cells in ear samples of pAra h2 and mock DNA multiply
immunized mice, respectively (bar 50 [um]m).C, Shows the percentage

of degranulated mast cells in ear samples of pAra h2- and mock DNA-
immunized mice (200—400 mast cells were analyzedp. < 0.01 versus
PcDNA, sin;s*#, p < 0.001 versus pcDNA, mulz#, p < 0.01 versus pAra

h2, sin.

Kinetics and isotype profile of Ag-specific Abs induced by pDNA
immunization of AKR, BALB/c, and C3H mice

To elucidate the immunologic mechanisms underlying these dif-
ferent types of responses in AKR, BALB/c, and C3H mice, we
examined the kinetics of the Ara h2-specific IgG2a, IgG1, and IgE
Abs from week 1 through week 6 following multiple doses of
pDNA immunization (Fig. 7). In AKR mice, IlgG2a was markedly
increased at 2 wk and reached a peak at 5 wk. In BALB/c mice, no
IgG2a Ab was present until week 4; the peak level was found at

groups of mice, as indicated & 4-5), was obtained. The level of hista- W€K 6. No IgG1 or IgE Ara h2-specific Abs were detected fol-
mine was measured by ELISA, and calculated by comparison with a stal@Wing pAra h2 immunization at any time point in either AKR or

dard curves, p < 0.01 versus pcDNA, sing#, p < 0.001 versus pcDNA,
mul.; #%, p < 0.01 versus pAra h2, sin.

BALB/c mice. Although BALB/c mice presented a similar pattern
of IgG2a responses as AKR mice, the responses occurred slightly
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Table I. PCA reactions in C3H mice Table Il. Anaphylactic reactions to PN injection in different strains of

mice following pAra h2 DNA immunizatidn

Positive Reaction

Donor Heat Diameter (cm) ——mm 3 wk 5 wk
Immunization  Inactivation (mean= SE) n/total %
Strain n/total % n/total %
pAra h2 + 2.67*+0.21 6/6 100
pAra h2 - 2.75%0.17 6/6 100 C3H 10/10 100 5/5 100
PcDNA - 0.14=+ 0.06 0/5 0 AKR 0/10 0 0/8 0
PBS - 0.12+ 0.05 0/5 0 BALB/c 0/10 0 0/6 0

2Naive C3H mice in each groum (= 5-6) as indicated received heated or non- 2Mice (n = 5-10) in each group as indicated received i.p. injection of PN at 3 or
heated pAra h2 immune sera, mock DNA (pcDNA) immune sera, or PBS followed by5 wk following pDNA multiple immunization. The incidence of anaphylaxis in each
PN/Evan'’s blue dye administration. PCA reactions were scored as describéat in  group of mice was calculated and described as morbidity rate.
terials and Methods.

T cell cytokine profiles induced by pAra h2 immunization

) __ To determine whether the different Ab responses of these three
later and were weaker. In contrast to the I9G isotype profile insrains were related to differential production of T cell cytokines,
AKR and BALB/c mice, both IgG2a and 1gG1 were increased cytokines produced by spleen cells were measured 3 wk following
significantly in C3H mice at week 3, and peaked at week 3 formitiple pAra h2 immunization. Since cytokine production in cul-
lgG2a and at week 4 for IgG1. No significant decrease in the levele following PN stimulation revealed that levels of IFNpeaked
of either IgG2a or IgG1 was observed thereafter. Furthermore, thg; 7o h, IL-4 increased significantly at 24 h, but did not decrease
levels of IgG2a in C3H mice were significantly lower than that in gjgnificantly thereafter, and IL-5 was not detected at any time
AKR mice. These findings demonstrate that the variability of Ab hqint Taple 11l depicts supernatant cytokine levels after 72 h of
responses to pDNA immunization is primarily strain dependent. cjtyre. Levels of IFNy were markedly increased in Con A-stim-

ulated cultures from all three strains. Levels of IFNR PN-stim-
ulated cultures were also significantly higher than unstimulated
cultures from all three straingp(< 0.001 in C3H; 0.01 in AKR;

A 0.05 in BALB/c). C3H spleen cells produced approximately twice
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FIGURE 7. Kinetics of isotype profile of Ara h2-specific Abs induced

FIGURE 6. Ovomucoid-specific Abs induced by pOMC in C3H mice. by pAra h2 immunization of AKR, BALB/c, and C3H micé, Levels of
Sera from different groups of mice (= 5) as indicated were obtained at Ara h2-specific IgG2aB, Levels of Ara h2-specific IgG1. Sera from dif-
weekly intervals from 1-3 wk after the initial pPDNA immunization. The ferent groups of micen(= 5) were obtained at weekly intervals following
levels of ovomucoid-specific IgG2a and 1IgG1 were determined by ELISA,multiple pDNA immunization. The levels of Ara h2-specific IgG2a and
and calculated by comparison with a reference curve generated usinigG1l were determined by ELISA, and calculated by comparison with a
mouse mADb, anti-DNP Abs.

reference curve generated by using mouse mAb, anti-DNP Abs.
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Table Ill. Cytokine secretion by spleen cells from different strains of mice following pAra h2 immurization
IFN-vy (pg/ml) IL-4 (pg/ml) IL-5 (pg/ml)

Strain PN Con A Control PN Con A Control PN Con A Control
C3H 749+ 101  >6000 <7.8 115+ 5 389+ 21 56+ 1 <7.8 564+ 10 <7.8
AKR 397 + 69 >6000 133+ 15 105+ 7 207+ 2 70+ 4 <7.8 131+ 14 <7.8
BALB/C 360 + 57 >6000 296+ 4 68+ 2 712+ 51 52+ 3 <7.8 385+ 12 <7.8

2 Spleen cells from the micen(= 2-3) at 3 wk after pAra h2 multiple immunization were cultured in the presence or absence of Con A or PN. Levels
of IFN-v, IL-4, and IL-5 in 72-h culture supernatants were measured by ELISA and calculated by comparison with a standard curve. The lower and upper
levels of the assay in this experiment were 7.8 and 6000 pg/ml.

as much PN-induced IFN-as AKR and BALB/c cells. Although degranulation and histamine release via Ilg& Feceptors on the
Con A stimulation significantly increaseg (< 0.01) IL-4 secre- mast cells (35-37).

tion in cultures from all three strains, PN stimulation resulted in  In the present study, we demonstrated that anaphylactic reac-
similar significantly increaseda(< 0.02) levels of IL-4 production  tions induced by peanut protein injection of pAra h2 DNA-immu-
by the cells from C3H and AKR, but not from BALB/c. Levels of nized C3H mice are also IgG1 mediated. First, no significant levels
IL-5 were increased significantly in Con A-stimulated cultures of Ara h2-specific IgE Ab were present following pAra h2 immu-
(p < 0.01) from all three strains. However, IL-5 was not detect- pization. Lack of IgE response following plasmid DNA immuni-
able in PN-stimulated cultures from any of the three strains. Theseation appears to be a general phenomenon following DNA im-
results indicate that Th1/Th2 cytokine production in splenic cellsyynization. Second, the IgG1 levels were increased significantly
does not reflect the differential expression of pAra h2-inducedp para h2-immunized mice with markedly greater (30-fold) levels
IgG1 or IgG2a between the three strains in these experiments. iy myltiply immunized mice than that in singly immunized mice.

. . In addition, 1gG1 levels directly reflected the severity of anaphy-
Discussion lactic reactions. Finally, PCA reactions were not reduced by heat
To investigate the potential application of allergen gene immuni-inactivation of sera from pAra h2-immunized mice.

zation for the modulation of peanut allergy, our first experiments Serum IgG2a was also markedly increased in this model, and
were aimed at determining whether pDNA immunization couldwas in fact even higher than 1gG1 following pAra h2 immuniza-
prevent peanut-induced hypersensitivity, as reported for other Agdon. Lack of any protective effect of IgG2a following peanut pro-
(7, 8). C3H mice were immunized with pAra h2, a plasmid DNA tein injections in C3H mice may be due to the fact that IgG1 levels
encoding a major PN allergen. Unexpectedly, following the firstwere so high that IgG1 binding to mast cells could not be blocked
i.p. injection of peanut protein at week 3, the mice exhibited anaty competitive IgG2a binding on the mast cells.

phylactic symptoms. These anaphylactic reactions were both Ag |n recent years, DNA vaccination has emerged as a novel thera-
specific and dose dependent. The marked vascular leakaggeutic approach for the control of infectious diseases and allergic dis-
hemoconcentration in major organs, and marked platelet aggregarders. Raz and Spiegelberg et al. (8, 38, 39) demonstrated that i.d.
tion in peripheral blood smears suggested that death in these Miggiections of plasmid DNA-encoding-galactosidase in BALB/c
resulted from hypovolemic shock. Mast cell degranulation andmice induced a Th response and the generation of IgG2a Abs, but
plasma histamine |§vels |n.pAra hz-lmmunlz_ed mice were mark-gimost no IgG1 or IgE Abs. Similar results were reported by Hsu et
edly increased, particularly in multiply immunized mice. Increased (7), who immunized Brown Norway rats with pDNA-encoding
serum histgmine Igvels were associated with the. sevgrity of thf)er p 5, which produced IgG2a, but not IgE Abs, and inhibited Ag
anaphylactic reqctlons. These ‘i'ata suggest that h!stamlne ,releasagallenge-induced airway hyperresponsiveness and histamine release.
from mast cells is a major mediator of anaphylactic shock in th'sMore recently, Slater et al. (40) reported that BALB/c mice primed

model. . ) .
It has been demonstrated that IgE plays an important role ir¥VIth latex allergen Hev b5 and boosted with pDNA encoding the

_ 0 . i .
mediating type 1 hypersensitivity in response to Ag in humans (28allergen He b 5 exhibited a 23% decrease in the specific IgE Ab titer

. %v:thin 10 days following immunization. One possible mechanism of
have shown that IgE is not required for Ag-induced anaphylaxis int ese pDNA-elicited Thl responses includes the induction of IL-12

mice. Oettgen et al. (32) generated IgE-deficient mice with a hof’md IFN«/3 secretion by accessory cells induced by noncoding im-

mozygous null mutation of Egene. These mice made no IgE, but munostimulatory DNA sequences containing CpG motifs in the back
produced 1gG2a, IgG1, and IgM after OVA sensitization, and ex-POne Of the pPDNA (41-43). _

hibited anaphylactic shock following OVA challenge. It has also _ Immunization with pDNA, however, does not always induce a
been reported that sensitization of several mouse strains with BSA| N1 response. Thl- or Th2-like responses can be driven by several
horsey-globulin, and lysozyme induced Ag-specific IgG1, but not factors. Feltquate et al. (44), for example, showed that the nature
Ag-specific IgE responses in these models. Death from anaphy?f PDNA-induced immune responses can be dependent on the
lactic shock was induced by iv. Ag Cha”enge_ Immune serummethod of inoculation. Immunization with pDNA by i.d. or i.m.
could induce anaphylactic death, and heating did not destroy it§ijection produced a Thl-like immune response with mostly IgG2a
activity (33). Oshiba et al. demonstrated that immediate hyperserAbs. However, the same DNA delivered i.d. or i.m. by gene gun
sitivity and airway hyperresponsiveness could be passively trangeroduced a Th2-like response and predominantly IlgG1 Abs. In the
ferred by allergen-specific IgE and IgG1, but not IgG2a or IgG3present study, neither the method nor route of pDNA inoculation
(34). These studies indicate that IgG1 Abs can play as important was the determining factor because i.m. injection of pAra h2 was
role as IgE in the induction of immediate hypersensitivity in mice. used in all animals studied. Moreover, IgG1 was also produced by
It has also been demonstrated that IgG was able to trigger mast célt. injection of C3H mice with pAra h2.
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In our model, the nature of the Ag encoded in the plasmid DNAAcknowledgments

was also not the major factor in determining the isotype profile of
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in the same type of allergic reactions as i.m. injection of pAra h2.
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In addition, the resulting Ab isotype was not dose dependent. A'References
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In conclusion, C3H mice were sensitized by peanut allerger?!-
gene immunization, which resulted in a peanut-specific IgG1 re-
sponse. Subsequent administration of PN protein caused severe,
often fatal anaphylactic reactions. AKR and BALB/c mice were 22
not sensitized by peanut allergen gene immunization because these
strains synthesized only anti-Ara h2 1IgG2a Ab. Careful consider-=23.
ation should be given to selection of a suitable mouse strain in,,
attempts to develop models of human disease. In addition, it is
possible that further understanding of murine strain-related allergic
reactions may assist in our understanding of the genetic basis &f
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