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lntroduction

Food allergy affects about 6%-8% of children less than 4 years of age and about2"/o
of the u.S. population beyond the first decade of l i fe [1], and is the single leading cause
of anaphylaxis treated in hospital emergency departments in the U.S. and many "west-
ernized" countries. Extrapolating from a regional survey in Olmstead County,
Minnesotal2l, it is estimated that food allergy accounts for about 30,000 anaphylactic
reactions,2000 hospitalizations and 200 deaths each year in the United States. Peanut
and tree nut allergy account for the vast majority of fatal and near-fatal anaphylactic
reactions 13,4l.A national survey indicated that about 11%, or 3 mill ion Americans,
are allergic to peanuts and/or tree nuts [5]. Ironically, despite an increasing public
awareness of food allergy, most patients are i l l-prepared to deal with anaphylactic reac-
tions [6]. tn a recent series, over 807o of patients dying from food allergic reactions
were not provided with appropriate information or self-injectable epinephrine to avoid
or manage accidental food-induced reactions [4].

Unlike traditional immunotherapy for inhalant and bee sting allergy, the benefit-to-
risk ratio for injections of peanut extracts appears to be unacceptable. In a trial of stand-
ard rush immunotherapy in 6 patients with peanut allergy, Nelson and colleagues were
able to achieve "maintenance" levels in 4 of 6 patients, but in 2 subjects the dose had
to be reduced because of unacceptable side effects [7]. While the 4 patients achieving
"maintenance" therapeutic doses were able to tolerate significantly more peanut dur-
ing subsequent blinded challenge compared to 6 placebo control subjects, this benefi-
cial effect was lost in 2 patients when the allergen dose had to be decreased due to
adverse side effects. Overall, the adverse reactions rate was 23"/" during the "build-up"
phase and39"/" during the "maintenance" phase. Given this unfavorable benefit-to-risk
ratio, several novel immunotherapeutic strategies are being examined as treatment
modalities for food allergy: (1) humantzed anti-IgE monoclonal antibody therapy, (2)
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demonstrated that B cell and T cell responses of peanut-allergic mice were similar to

those observed in peanut-allergic man. This model appears to closely mimic physiolog-

ical and immunological phenomena seen in human peanut-allergic patients.

Fig. 2. Allergic
reac'tion in
peoruÍ-sensitized
mice: .sc'ore - 3.
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Allergic reaction: puffiness around

eyes and snoutl pilar erecti, decreased Non'reactive mouse

activity, audible wheezing & cyanosis

As depicted in Figure 1. 5-week old C3H/HeJ mice were sensitized to Ara h 2 and

then treated with four weekly doses of either native-Ara h 2 (n-Arah2) or engineered,

recombinant-Ara h 2 (r-Ar a h 2) injected subcutaneously. Mice were then challenged

with Ara h 2 and theìr reactions scored uti l izing a scoring system previously published:

scored as follows: 0 - no symptoms; 1 - scratching and rubbing around the snout and

head; 2 - puffiness around the eyes and snout. pilar erecti, decreased activity and/or

increased iespiratory rate; 3 - audible wheezing. labored respiration. cyanosis around

the snout, ears, feet and tail; 4 - no activity after gentle prodding, or tremor and con-
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Several investigators have shown that the use of antigen linked to cytokines (e.g.
IL-72,IL-18) [12) or the use of bacterial adjuvants, such as heat-killed, Listet ia monoqv-
togenes [13], could induce deviation of antigen-specific Th2 responses to moreThl-l ike
responses. Since our engineered recombinant proteins are generated tn E.coli, and
since E. coli possess l ipopolysaccharides that favor Th1 responses, we hypothesized that
administering heat-kil led E.coli containing the purif ied r-Ara h 1-3 proteins may prove
more efficacious than administering modified Ara h I -3 proteins alone. Subsequent
experiments demonstrated that administering heat-kil le d E. coli containing r-Ara h 1-3
proteins (HKE-Ara h 1-3) subcutaneously or per rectum were more effective at
"desensitizing" peanut-allergic mice, as determined by post-challenge clinical score
(Figures 4 and 5), body temperature, airway response andplasma histamine compared
to the PBS control (sham-treated) mice or mice receiving HKE-mAra h 1-3 adminis-
tered by the intragastric route. Peanut-specific IgE was significantly decreased in mice
treated with HKE-mAra h 1-3 administered by the subcutaneous or rectal routes. but
this decrease was most marked in the mice receiving rectal HKE-mAra h 1-3 (data not
shown). Following the oral challenge, spleen cells were isolated and cultured in the
presence or absence of peanut protein. As demonstrated in Figure 6, spleen cells from
mice receiving HKE-mAra h l-3 were significantly suppressed compared to cells from
PBS-treated (sham) mice. In addition, splenic cells from these mice cultured in the
presence of peanut protein produced significantly less IL-4 and IL-5 compared to pBS-
treated mice or mice receiving HKE-mAra h 1-3 administered by the intragastric route;
no difference in peanut-induced interferon-gamma production was seen among any
group (data not shown).
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administered in a methylcellulose carrier (to simulate a suppository form of the drug in
man) or saline and then challenged one month, two months and three months follow-
ing the thi rd dose of  rectal  HKE-mAra h 1-3 (Figure 7).A port ion of  each group of
mice was sacrif iced after each challenge to determine the effect of the desensitization
protocol on peanut-induced splenic cell proliferation and cytokine production. Figure
8 depicts the outcome of the third peanut challenge performed 12 weeks after the final
HKE-mAra h 1-3 administration. As can be seen, only mice receiving the 3prg and 30ptg
doses of HKE-mAra h l-3 in methylcellulose were significantly protected at 12 weeks
post-therapy. and only the 30prg treated group had significantly lower plasma histamine
at this time (Figure 8A and 8B). lnterestingly, all HKE-mAra h 1-3 groups were pro-
tected after the first challenge (week 14). However, the 0.3pg HKE-mAra h 1-3 in
methylcellulose and the 30pg HKE-mAra h l-3 in saline just failecl to reach clinically
significant protection following the second challenge (week 18) but were not signifi-
cantly different than PBS in preventing symptoms after the third challenge (week22).

Discussion

The numbers of severe and fatal food allergic reactions indicate that the current
methods of therapy, i.e. allergen avoidance, are not adequate for dealing with this
disorder. In addition, standard immunotherapeutic approaches also are not adequate
due to their unacceptably high risk-to-benefit ratio. Novel therapeutic approaches are
clearly needed for the treatment of food altergy. tn the past several years, we have eva-
luated the efficacy of "engineered" recombinant proteins in our mouse model of
peanut-induced anaphylaxis. Allergenic (IgE-binding) epitopes were modified by a sin-
gle amino acid substitution in order to largely abrogate IgE binding to the proteins
(mAra h 1-3) for use in the vaccine. It was felt that this would decrease the risk of indu-
cing an allergic response following the administration of the protein in peanut-allergic
subjects and largely eliminate stimulation of Th2 responses that are promoted by IgE-
bearing APCs in allergic patients, and which are l ikely to interfere with the achieve-
ment of desensitization in many cases. Administration of mAra h 2 was shown to be
superior to nAra h 2 in the "desensitization" of Ara h 2-allergic mice (Figure 2).

Work by others suggested that administration of allergenic proteins with a bacterial
adjuvant may be more efficacious in "down-regulating" the allergic response [13]. Since
our modified Ara h 1-3 proteins are produced in E. coli that do not produce endotoxin,
it was decided to investigate the adjuvant effect of heat-kil led E. coli proclucing the
three modified peanut proteins (HKE-mAra h 1-3) in "down-regulating" the allergic
response in peanut-sensitized mice. In addition to the possible adjuvant effect, it was
felt that administering the mAra h 1-3 proteins within E. coli would provicle another
level of protection by preventing the modified proteins from activating mast cells. As
shown in Figure 5, HKE-mAra h 1-3 administered subcutaneously or per rectum was
very effective in protecting peanut-allergic mice. In other studies not shown. HKE-
mAra h 1-3 was shown to be more effective than mAra h 1-3 alone injected subcutan-
eously. Administration of HKE-mAra h 1-3 led to a decrease in serum peanut-specific
IgE, slight rise in peanut-specific IgG2a, a decrease in peanut-induced splenic T cell
proliferation and IL-4 and IL-5 production in vitro, and no significant change in peanut-
induced splenic T cell interferon-gamma production in vitro.
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Díscussion

Ferreira: Dicl you have anv control as to thc loacl anc-l  exposl lre of thc bactcria using
the recta l  route  o1 ' t reatment ' /

Sampson: Yes. basical lv we tr iecl  to calculatc equivalents.  So when wc aclminis lerecl
30 pg or 3 ! - ts o1'protein.  we basical lv calculated l - row much protein wi l l  be present in thc
bacler ia i t r ' t^ . ,e t r ied to isolatc the protein.  Wc useci  that  equivalent amount o1'bacter i : t
fo r  admin is t ra t ion .

Petrunov: I  rvoulc l  l ike to ask voLl  what k incl  o i ' i ìn iqals have vou usecl  in vour exper i -
Inents ' l  I  rnei in germ-1ree or convent ional  i ìn i r ra ls 'J I f  vou used convent ional  i ìn in la ls
vou know vcry wel l  that  these zìnirna ls are colonizec- lwi th manv di f ferent gram ncgat ivc
bac ter ia  wh ich  conta in  a  lo t  o l 'endotox in .  Enc lo tox in  i s  we l l  knr l l vn  as  a  po lvc lona l
st i rnulatol '  of  the i tnr t rur tc systcm ancì enclotc lx in mav interfcre wi th vour resul ts.  Would
vou please comment on this hvpothesis ' l

Sampson: I mar n
heavily colonized v
E. coli that produc
quite impressed L'r
have endotoxin-p'p,

Petrunov: Yes. L"'u
which is a normal r

Sampson: Well. r o
are  d i l ' fe ren t  than ]
bacter ia in there.  '

hea t -k i l led  E.  t t , l t  :

Akdis:  I t  is  a rerr
whether you har e :
i s  IgA,  IgGl  o r  Is (

Sampson: Yes. I c
IgG l .  We are  jus l
done that in the p-,
the  mice  t rea ted  u :

de Weck: Ale r l : -

Sampson: t r 'e l l .  r :

de lVeck: D()  \  ( 'Lt  .
resorbe d'J

Sampson: , {etr i . ,  .
the É. r 'o l i .  So u. .  :
g o i t t l ] .  t o  l r \  t o  1 1 '  - .

Lehrer: You chlLi -
c lesensi t iznt ion.  I  r -
1 o  n l r l i v c  l l l o l c . . .  -
l ' e  s p o n s c .  T h e  r . .

m o l c c u i e s  t o  s c n . ' -

Sampson:  Thc i ' t , . .
t i o r t  u  i t h  c h o l e  i . ,

sec l  the c lc l iver '1  : r .
u  l t v .  T h c  l a s t  : l i . i -
s e c  t h l r t  i t  i s  l r  , - [ u t . .

m c n t s  t h a t  r t e  l t l ' i  *
L .  co l i pc r  r ec ta l  i i i , .
thcv can becontc  se
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