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Ovalbumin Fused with Diphtheria Toxin Protects Mice from
Ovalbumin Induced Anaphylactic Shock
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For those with allergy, vaccination with a specific allergen
has often been used as a major therapeutic measure. However,
the universal application of this technique in clinics have been
restricted due to its low success rates and the risk of active
systemic anaphylactic shock (ASAS). In this regard, we
constructed a fusion protein (OVA-DT), ovalbumin (OVA)
fused with diphtheria toxin protein (DT), which may exert a
specific cytotoxicity to cells bearing OVA-specific IgE. Its
therapeutic effect was evaluated in mice (BALB/c) sensitized
with OVA (Os-mice). OVA challenges to the OV A-sensitized
mice (Os-mice) caused ASAS to death within 30 min, but
OVA-DT treatment afforded mice complete protection. When
OVA-DT was treated to the Os-mice, none showed the signs
of ASAS when re-challenged 48 h after the treatment. OVA-
DT itself was not found to be toxic or allergenic in normal
mice. The effect of OVA-DT on the biological functions of
mast cells was also studied. Binding of OVA-DT to OVA-
specific IgE bearing mast cells and the inhibition of histamine
release from these cells were observed. In addition, OVA-DT
treatment inhibited the proliferation of OV A-specific B cells
in mice. In Os-mice treated with OVA-DT, levels of anti-OVA
IgG2a in serum and the production of IFN-y by splenic
lymphocytes were found to increase, but the production of 1L-4
by these cells decreased. Re-direction of cytokine profiles from
OVA-specific Th2 to OVA-specific Thl is suggested.

These results indicate that OVA-DT can protect Os-mice
from ASAS due to OVA challenge, because it inactivates
OV A-specific IgE-expressing cells, including mast cells and B
cells.
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INTRODUCTION

Allergies are immunological disorders that are
accompanied by various clinical symptoms, such
as allergic asthma, rhinitis, conjunctivitis, and
dermatitis. The therapeutic approach for allergy is
mainly dependant on chemotherapy, which gene-
rally provides temporary relief and rarely, com-
plete remission. Curtis et al (1900)" and Noon et
al (1911)" developed a therapeutic vaccination
with specific allergen (immunotherapy) for the
permanent and complete treatment of allergy.
Since then this method has been used as the major
therapeutic measure. However, allergy therapy by
vaccination requires long-term therapy (one to
three years) since a specific antigen must be
identified prior to the therapy and the patient
must receive a specific allergen in increasing
doses periodically. Furthermore, its low success
rates and the risk of ASAS, limits the universal
application of this method in clinics.

Various attempts and alternative approaches
had been made to develop safe complete thera-
pies, but without significant results. These have
included modifying allergens (allergoids),”® and
the use of immunologic adjuvants.”” Recently,
cytokines have been reported to be important
factors in the regulation of immune responses,
especially in allergic response,” in which the major
responding cells are known to be type 2 helper T
lymphocytes, (Th2). Activation of Th2 cells trig-
gers numerous events, including the induction of
IgE switching factors, such as IL-4 and IL-13,
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which induce B cells to produce IgE."*"" Activated
Th2 also produces IL-5, which induces the
proliferation of eosinophils and recruits them into
the site of inflammation resulting in an allergic
reaction. In this respect, for the purpose of allergy
therapy, efforts are mainly focused on the
induction of non-specific IFN-y production in
vivo, on the basis that it might enhance Thl
mediated cytokine production, which in turn
might repress the function of Th2 mediated
cytokines and IgE. In this regard, various means
of enhancing Th1l induced IFN-y and/or macro-
phage induced IL-12 have been examined, such
as, the application of fusion proteins of IL-12 and
allergen, produced by cDNA technology™ or by
vaccination with plasmid containing allergen
¢DNA® to induce TFN-y production. These efforts
have resulted in a partial reduction in the levels
of allergen specific IgE produced by B cells.
However, the possibility of ASAS remains since
the complete elimination of cells involved in
allergen specific IgE production cannot be ex-
pected using these methods.

An experimental therapy for allergy has been
designed that involves eliminating the allergen
specific IgE-expressing cells involved. This
therapy is based on specifically killing the allergen
specific IgE-expressing cells by using a cytotoxic
protein fused with the allergen. The allergen-toxin
fusion protein was prepared using OVA, which
has been proven to be a fatal allergen,” and
Corynebacterium diphtheria toxin (DT) as the cyto-
toxic protein. It has been well established that
diphtheria toxin is a potent cell-killing agent and
has been used commonly in preparations of
immunotoxins for cancer therapy.”" The novel
fusion protein, OVA-DT was expressed using
recombinant genes transformed and produced in
E. coli. As a result of this work, we are able to
demonstrate that OVA-DT protects OVA sensi-
tized mice from death due to anaphylactic shock
caused by OVA challenge.

MATERIALS AND METHODS
Mice
Female BALB/c mice (6 and 7 wks. of age, 17-18
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g/mouse) bred in specific pathogen free condition
were obtained from the Korean Institute of
Science and Technology (Denjeon, Korea) and
housed in a pathogen-free animal facility at
Yonsei University College of Medicine, Seoul,
Korea

Reagents

OVA, concanavalin A (ConA, Type IV) and
lipopolysaccharide (LPS, L 4005) were purchased
from the Sigma Chemical Co. (ST. Louis, MO,
USA), and formalin-inactivated Bordetella pertussis
was obtained from the Green-Cross Co. (Seoul,
Korea).

Antibodies

Purified mouse IgE, IgM and IgG subclasses
(IgG1, IgG2a and IgG3), purified monoclonal
antibodies (mAbs) of rat anti-mouse IgE, IgM and
IgG subclasses, and biotin-conjugated mAbs of rat
anti-mouse-IgM and IgG subclasses were pur-
chased from PharMingen (San Diego, CA, USA).
Peroxidase-conjugated goat anti-biotin Ab and
peroxidase substrate (o-phenylenediamine, OPD)
were purchased from Sigma. Anti-diphtheria toxin
Ab was prepared from rabbit immunized with
diphtheria toxoid once a week for 4 weeks. FITC-
conjugated goat anti-rabbit immunoglobulins
(IgM and IgG) and horseradish peroxidase (IHRP)-
cojugated goat anti-rabbit Ab were purchased
from Southern Biotechnology Associates, Inc.
(Birmingham, AL, USA). Anti-OVA Ab was pre-
pared from rabbit immunized with mixture of
OVA and complete Freunds adjuvant once a week
for 4 weeks.

Plasmid constructions

The chicken OVA ¢DNA (pOV1)"* and Coryre-
bacterium diphtheriae toxin ¢cDNA (pDT)”" were
kindly provided by Michel M. Sanders (Dept. of
Biochemistry, Minnesota University) and Jae-Ku
Park (Dept. of Microbiology, National Institute of
Health, Korea), respectively. The truncated form
of DT containing the ADP-ribosylation catalytic
domain and the transmembrane domain (1170bp)
was obtained by PCR with pDT as the template
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and the oligonucleotide primers: 5 -GGATCCGG
CGCTGATGATGTTGTTGA-3" and 5 -CTGCAGT
CGCCTGACCAGATTTCCTGC-3'. The PCR pro-
duct was then subcloned into a pRSETA vector
containing a T7 promotor (Invirtogen, Carlsbad,
CA), which was named pRSETA/DT. The OVA
insert fragment, which removed signal peptide
(+484-+1222, 738bp), was prepared by PCR with
pOV: as a template, and by using the following
primers: 5 -GCTGCAGATCAAGCCAGAGAGCT-
3 and 5 -GAATCCAGGGGAAACACACTCTGC
C-3’. The PCR product was then subcloned into
a pRSETA vector, which was named pRSETA/

93

OVA. After an initial denaturation step of 7 min
at 94C, the DNA was amplified using, 25 cycles
of, denaturation at 94C for 1 min, annealing at 55
C for 1 min, and extension at 72°C for 2 min, and
re-extended at 72C for an additional 10 min.
Finally, the amplified OVA insert fragments were
digested with PstI and EcoRI, and ligated into
pRSETA/DT, which was named pRSETA/OVA-
DT. The plasmids were transformed into E. coli
BL21, and clones containing the correct insert
were identified by agarose gel electrophoresis

(Fig. 1).
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Fig. 1. Plasmid construction of OVA-DT.
The truncated form of DT was obtained by
PCR with the oligonucleotide primers 5-
GGATCCGGCGCTGATGATGTTGTTGA-3
and 5-CTGCAGTCGCCTGACCAGATTIC
CTGC-3. The PCR product was then sub-
cloned into a pRSETA, which was named
pRSETA/DT. The OVA insert fragment
was prepared by PCR with the following
primers: 5-GCTGCAGATCAAGCCAGAG
AGCT-3 and 5-GAATCCAGGGGAAACA
CACTCTGCC-3. Finally, the amplified
OVA insert fragment was digested and
ligated into pRSETA/DT, which was
named pRSETA/ OVA-DT.
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Expression of recombinant proteins

BL21 transformed with pRSETA/OVA-DT fu-
sion plasmids were grown until ODgp is 0.6. IPTG
(isopropyl- 8 -D-thiogalactoside) was added to a
final concentration of TmM, and this was followed
by additional growth for 2h. Purification of
OVA-DT was performed using a Ni-NTA puri-
fication system (QIAGEN, Hilden, Germany).
Briefly, the bacterial cells were harvested, and
lysed in sonication buffer (50 mM NalI.PPOs, 300
mM NaCl, 10 mM imidazole, pIH 8.0), and then
centrifuged at 15,000 rpm for 30min at 4C. The
pellet was suspended in solubilization buffer (8M
urea, 0.1M NaH,PO,, and 0.01M Tris-Cl, pH 8.0)
and incubated for 1 h with shaking at room
temperature (RT). The resuspended pellet was
then centrifuged at 15,000 rpm for 30 min at 4C,
and the supernatant mixed with Ni-NTA resin at
4C for 1 h. The protein-Ni-NTA resin mixture
was loaded and packed into a column. Conta-
minants were removed by washing the resin with
washing buffer (8M urea, 0.1IM Nall,PO,, 0.01M
Tris-Cl, pHI 6.3) and the fusion proteins were
renatured using a linear 6M-1M urea gradient in
0.85% NaCl (pH 7.4) for 2h at the each step. After
renaturation, the proteins were eluted in 250mM
imidazole and the eluates were concentrated and
desalted using a (Vivascience, UK).

SDS-PAGE and Western blot of OVA-DT

The purity and identity of OVA-DT were
examined by SDS-PAGE and Western blot™.
Protein separation was performed using 8%
SDS-polyacrylamide minigels (Bio-Rad Labora-
tories Cambridge, MA) and 0.1% Coomassie blue
(Sigma) for staining. For immuno-detection, pro-
teins were transferred to a nitrocellulose mem-
brane (Hybond-C; Amersham Pharmacia Biotech
Inc., Piscataway, NJ, USA) using the transfer
apparatus supplied by Bio-Rad Laboratories, CA,
USA. Immunoblots were blocked with 5% bovine
serum albumin (BSA) in phosphate buffered
saline containing 0.1% Tween 20 (PBST) for 1h
and then incubated with a rabbit anti-OVA or a
rabbit anti-DT serum at a dilution of 1:4000 in 5%
BSA in PBST for 1h. After washing in PBST, the
blots were incubated with HRP-conjugated goat
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anti-rabbit Ab diluted 1:6000 in 5% BSA in PBST
for 1 h, developed with chemiluminescent rea-
gents (SuperSignal; Pierce, Rockford, IL, USA)
according to manufacturers instructions, and
exposed to medical X-ray film (HR-G30; Fuji
photo film Co., Tokyo).

Sensitization and active systemic anaphylactic
shock

For OVA sensitization, BALB/c mice were
injected once intraperitoneally with a mixture of
OVA (100 g/ mouse), aluminium hydroxide (20
g/mouse) and B. pertussis (1 x 10° bacteria/
mouse). ASAS was induced by intravenous
injection with 100 zg of OVA 15 days of the
sensitization and measured using an ASAS
scoring system (Table 1).”

Table 1. Scoring of Active Systemic Anaphylactic Shock

Shock

sore Slgﬂ

0 No sign

1 Decreasing bouts of spontaneous activity
and piloerection
Loss of coordination and dyspnea
3 No activity following whisker stimuli and

slight activity after prodding with
ball-point pen

4 No activity following whisker stimuli,
progressive paresis beginning with the
behind leg

5 No activity following Haffner’s tail
pinching stimuli by forcep

6 Brief but violent convulsion, prostration,
coma or substantial recovery

Fatal shock (died within 30-60 min)
Fatal shock (died within 15 min)

Isolation of mast cells

Peritoneal exudate cells were collected from
normal mice injected intraperitoneally with 10 ml
of serum free RPMI 1640 medium with a syringe
fitted with a no. 18-gauge needle, and contami-
nating red blood cells were lysed with an ACK
lysing buffer.* The peritoneal cells were then
suspended in RPMI 1640 medium supplemented
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with 10% heat-inactivated fetal calf serum (FCS),
2 mM L-glutamine, 2.2 mM sodium bicarbonate,
100 units/ml penicillin, and 100 xg/ml strepto-
mycin (Life Technologies, Grand Island, NY, USA;
complete RPMI medium). Fifteen milliliters of the
cell suspension (2 x 10°cells/ml) were added to a
75cm’ plastic culture flask (Costar, Cambridge,
MA, USA) and incubated for 3 h at 37C in a
humidified 5% CO; incubator. Non-adherent cells
were harvested by gently shaking the culture
flask. Mast cells from those cells were isolated by
depleting Thy 1.2- and B220-positive cells with
Dynabeads mouse pan T and pan B (Dynal AS,
Oslo, Norway), respectively, and confirmed by
staining with toluidine blue.

IgE-mediated binding of OVA-DT

One milliliter of the peritoneal mast cells (4 X
10° cells) were incubated with 150l of heat-
inactivated serum (harvested 15 days after
sensitization) from Os-mice or normal mice by
shaking at 4C for 30 min, and washing three
times with PBS. The cells were suspended in 1 ml
of PBS containing 10 g of OVA-DT and placed on
ice for 30 min; unbound OVA-DT was removed
by washing three times with PBS. The cells were
then resuspended in 1 ml of PBS, and 100 x4l of
heat- inactivated serum from rabbits immunized
with diphtheria toxoid were added. Cells were
then placed on ice for 30 min, washed three times
with PBS, suspended in 2001 of PBS, containing 2
11 of FITC-conjugated goat anti-rabbit immuno-
globulins (IgM and IgG), placed on ice for a
further 30 min, then rewashed three times with
PBS and observed under the fluorescent micro-
scope.

Histamine assay

The peritoneal mast cells (4 x 10° cells) were
treated with serum from Os-mice or normal mice
and washed with PBS, as described in the ‘IgE-
mediated binding of OVA-DT above. They were
then suspended in 1ml of a complete RPMI
medium containing 10 zg of OVA-DT or OVA,
incubated for 30 min at 377, and their culture
supernatants harvested and stored at -20C. The
supernatant histamine concentration was then

determined by automated fluorometry (Astoria
TM analyzer series 300, Astoria Pacific Interna-
tional, USA).

Cytotoxicity by OVA-DT

To examine the cytotoxicity of OVA-DT, mast
cells were treated with serum from Os-mice and
OVA-DT or OVA, as described in the ‘histamine
assay section’ above, and then incubated for 6 h at
37°C. They were then washed twice with PBS, and
their viability measured by staining with trypan
blue and using a haemocytometer chamber.

Proliferation assay

The cytotoxic activity of OVA-DT to OV A-spe-
cific B cells was investigated by examining the
proliferative responsiveness of splenic lympho-
cytes. Fifteen days after sensitization, the mice
were intravenously treated with OVA-DT (200 x
g/mouse) or saline, and two days later, the mice
were killed and their spleens removed. The single
cell suspensions of lymphocytes were prepared by
gently teasing between two glass slides. Pooled
cell suspensions were prepared from 3 mice per
group. Red blood cells in the spleen cell suspen-
sion were lysed by ACK lysing buffer.”” The
lymphocytes were adjusted to 1 x 10° cells/ml in
a complete RPMI medium and 200xl of cell
suspensions plated in 96-well round bottomed
microtiter plates. The wells were added with OVA
(100 g/ well), ConA (0.5 g/ well), or LPS (2.5 g/
well) and incubated at 37C for 2 days (in case of
ConA and LPS) or 4 days (in case of OVA). Cell
proliferation was measured by determining 6
h-"H-thymidine (*H-TdR, New England Nuclear
Boston, MA, USA) incorporation.

Antibody assay

The levels of OV A-specific IgG subclasses in the
serum were determined by ELISA using 96-well
microtiter plates (Nunc, Copenhagen, Denmark)
as follows:™- 100 ul/well of OVA (10 zg/ml) in
PBS was added per well and left overnight at 4C,
the plates were then washed three times with
PBST. The wells were blocked with 150 ¢zl of PBS
containing 10% BSA (PBS-BSA) for 2 h at RT, and
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washed three times with PBST. The wells were
then filled with 100zl of the individual serum
samples diluted with PBS-BSA and incubated at
RT for 1 h and then washed five times with PBST.
Biotin-conjugated rat anti-mouse IgGl, -mouse
IgG2a, or -mouse IgG3 mAbs were then added to
the wells at a concentration of 2 zg/ml, and the
plates incubated at RT for 1 h then washed five
times with PBST. 100 #l of 1/1,500 peroxidase-
conjugated goat anti-biotin mAb was added to the
wells, which were then incubated at RT for 1 h,
washed five times with PBS-Tween, and reacted
with peroxidase substrate (Sigma) at 37°C for 30
min. The reaction was stopped by adding dilute
sulfuric acid, and read an optical density (OD) of
405 nm using an ELISA plate reader. The OVA-
specific IgE levels were measured by capture-
ELISA, as previously described.” Plates were
coated with 100 zl/well of a purified anti-mouse
IgE mADb (2 uxg/ml) and blocked with 150zl of
PBS-BSA for 2 h at RT. The plates were then
washed three times with PBST, and 100 xg/well
of serum samples diluted with PBS-BSA were
added and incubated for 2 h. 100 zl/well of the
biotinylated OVA (10 xg/ml) prepared using a
EZ-link Sulfo-NHS-LC-biotinylation kit (Pierce,
Rockford, IL, USA) was added and incubated at
RT for 1 h. The plates were then washed five
times and 100 1 of 1/1,500 peroxidase-conjugated
goat anti-biotin mAb was added/well. The plates
were then incubated at RT for 1 h, washed five
times with PBS-Tween, and reacted with pero-
xidase substrate (Sigma) at 37C for 30 min. The
reaction was stopped by adding dilute sulfuric
acid, and read an optical density (OD) of 405 nm
using an ELISA plate reader. Standard curves for
IgG subclasses and IgE were obtained using
capture Abs (rat anti-mouse-IgGl, IgG2a, IgG3,
and IgE) and purified mouse Abs (IgG1, IgG2a,
IgG3, and IgE) (Pharmacia Fine Chemicals).

Cytokine assays

Os-mice were treated intravenously with
OVA-DT or saline 15 days after sensitization, and
after 2 days, their splenic lymphocytes were
prepared as described in the proliferation assay
method. For in vitro production of IFN- y and IL-4,
lymphocytes were adjusted to 1 x 10° cells/ml in
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a complete RPMI medium and 1ml of cell sus-
pensions were plated in each well of 24-well
tissue culture plates. OVA (100 zg/well) or ConA
(2.5 pg/well) were added and the plates cultured
for 2 days (in case of ConA) or 4 days (in case of
OVA) at 37C in a humidified 5% CO; incubator.
The culture supernatants were then harvested
from the culture plates and stored at -20TC. The
concentration of IFN-y and IL-4 in the superna-
tants was determined with murine IFN-y and
IL-4 ELISA kits (Endogen Inc., Boston, MA, USA).

Analysis of Results

All results are expressed as mean SD. Differ-
ences were analyzed by the Students t test. A p
value of <0.05 was considered as statistically
significant.

RESULTS

Expression and analysis of OVA-DT

OVA-DT was expressed in E. coli BL21 and
purified using the Ni-NTA system. This fusion
protein was composed of an OVA fragment
containing the allergenic determinants (+484 -
+1,222) that induce hypersensitivity in mice, a DT
fragment which contained A fragment (ADP-
ribosylation catalytic domain, +1-+579) and
transmembrane domain of B fragment (+580 -
+1,170). The binding domain of B fragment (+
1,171 -1,880) was removed in order to block the
binding of DT to its cell receptors (Fig. 1). Purified
OVA-DT was analyzed by SDS-PAGE (Fig. 2A)
and by immunoblotting using rabbit anti-OVA or
antidiphtheria toxoid Abs (Fig. 2B); its molecular
weight was approximately 75kDa.

The administration of OVA-DT did not cause
any sign of allergic response in mice sensitized
with OVA

Mice sensitized with a mixture of OVA (100 ng/
mouse) and adjuvants 15 days previously and
normal mice were used to evaluate the allergic
and toxic effect of OVA-DT in the mice. The mice
were challenged with OVA-DT (200 £g/mouse) or
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A) SDS-PAGE
kDa M 1 2 3
200 -
974
' -—
68 - .
43 .-
; Fig. 2. Analysis of OVA-DT fusion protein. The
N identification of OVA, DT and OVA-DT was performed
using 8% SDS-polyacrylamide gel electrophoresis (A)
followed by western blot (B). Western blot analysis was
performed using rabbit anti-OVA serum and rabbit
29 i anti-DT serum. (lane M, marker; lanel, OVA; lane 2, DT
and lane 3, OVA-DT).
B) Western blot
Anti-OVA Anti-DT
kDa 1 2 3 1 2 3
97.4 —
68 —
o -
29 —

OVA (100 zg/mouse) via tail veins to induce
ASAS and comparatively evaluate the ASAS
scores. When Os-mice were challenged with OVA-
DT, all had zero ASAS scores. In contrast, Os-mice
challenged with OVA died due to ASAS 15 to 30
min after OVA challenge and average ASAS
scores were 7.4. In an investigation of the toxicity
of OVA and OVA-DT, neither were found to
cause any sign of acute toxicity when injected into
normal mice (Table 2).

The time course of the protective effect of
OVA-DT on the ASAS of OV A-sensitized mice

The time course of the protective effects of
OVA-DT was examined by challenging the mice
with OVA (100 g/mouse) at different time in-
tervals after the injection of OVA-DT. Mice
sensitized with a mixture of OVA and adjuvants
13 days earlier were treated with OVA-DT and
challenged with OVA 15 min, 24 h, and 48 h after
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Table 2. The Active Systemic Anaphylactic Shock Score in the OVA-sensitize Mice Challenged with OVA or OVA-DT

Group l()jhallenged Nf)' of *No. of mice showing shock score +Mean of
y mice 01 2 3 4 5 6 7 8 shock score

None OVA 5 5 0
OVA-DT 5 5 0

Sensitized OVA 10 6 4 74
OVA-DT 10 10 0

The mice were intraperitoneally sensitized with a single injection of mixture of OVA (100 zg/mouse) and adjutants, aluminium hydroxide
(20 zg/mouse) and B. pertussis (1x10" bacteria/mouse). Induction of active systemic anaphylactic shock in the sensitized mice was
performed by a single intravenous injection of OVA (100 zg/mouse) or OVA-DT (200 zg/mouse) on the 15th days after sensitization.
*Shock score was determined as described in Table 1.

+Mean of shock score (Shock score No. of mice showing shock score) / No. of total mice tested.

Table 3. The Time Course of Therapeutic Effect of OVA-DT in Mice Sensitized with OVA

OVA challenged No. of *No. of mice showing shock score ¥ Mean of
after OVA-DT . shock score
mice 0 1 2 3 4 5 6 7 8 o
treatment (mortality, %)
10 min 10 7 3 7.3 (100)
24 hr 10 1 4 2 3 6.7 (30)
48 hr 10 2 3 5 2.3 (0)

The mice were intraperitoneally sensitized with a single injection of mixture of OVA (100 g/mouse) and adjutants, aluminium hydroxide
(20 g/mouse) and B. pertussis (1109 bacteria/mouse), and thirteen days later, the mice were treated with OVA-DT (200 g/mouse) or saline.
Induction of active systemic anaphylactic shock in the sensitized mice was performed by a single intravenous injection of OVA
(100g/mouse) 15 min, 24 h, or 48 h after OVA-DT treatment. * Shock score was determined as described in Table 1.

+ Mean of shock score (Shock score No. of mice showing shock score) / No. of total mice tested.

OVA-DT treatment, and their ASAS scores The effect of OVA-DT on the booster

compared (Table 3). When Os-mice were treated
with OVA-DT 15 min after challenge with OVA,
all of the mice died from shock, seven mice after
30 min and three after 15 min. The average ASAS
score for the mice was 6.7. However, when
Os-mice were challenged with OVA 24 h after
OVA-DT treatment, only three (3/10) died and the
survivors (7/10) appeared to be seriously ill; the
average ASAS score for the group was 6.7. In
contrast, when mice were challenged with OVA
48 h after OVA-DT treatment, none of the mice
(0/10) died and the average ASAS score for the
group was 2.3, which reflected the signs of minor
symptom. These results suggest that OVA-DT
acted as an anti-shock agent that protected the
Os-mice on OVA challenge due to ASAS, and
indicates that the protective effects of OVA-DT
can be expected after 48 h.
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sensitization of mice sensitized with OVA

The therapeutic effect of OVA-DT in terms of
unresponsiveness to OVA re-sensitization was
examined. OVA challenge was began on 15 days
after the initial sensitization. Two groups of OVA-
DT treated-Os-mice were prepared. One group of
mice received the initial treatment only in 13 days
after the sensitization (single dose) and the others
received two more treatments in two days interval
(triple doses). In challenge experiments, none of
the mice both groups were dead due to the OVA
injected on the second days after the final
treatments. Extent of therapeutic effect of OVA-
DT was comparatively examined between two
groups. The mice survived from the shock were
re-sensitized with a mixture of OVA and adju-
vants as booster to restore OVA allergic responses
in them. In previous experiments, we noticed that
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Table 4. Failure in Booster Sensitization of OVA Allergic Mice Treated with OVA-DT

* Mean of shock score after

®Mean of shock score after

* - +
OvA-DT OVA challenge (mortality, %) Booster OVA challenge(mortality, %)

Non-treated 7.4 (100)

Single treated 3.2 (0) + 6.3 (50)

Triple treated 2.6 (0) + 22 (0)

* Mice sensitized with a mixture of OVA and adjuvants in 13 days earlier were divided into two groups. One group of mice was treated
once with OVA-DT 13 days after the sensitization (single dose) and the other group was treated three times with OVA-DT in two

days interval (triple doses).

* The mice were challenged i.v. with OVA on the second days after final treatment with OVA-DT and the therapeutic effect of OVA-DT
was evaluated by means of active systemic anaphylactic shock score.
fTwo days later, the mice survived in active systemic anaphylactic shock test were re-sensitized with the same mixture of OVA and

adjuvants (+).

The mice were re-challenged i.v. with OVA 15 days after re-sensitization and evaluated by means of active systemic anaphylactic shock

score.

OVA induced allergic reponses in mice had been
maintained only for a month (data not shown).
The mice were then challenged with OVA 15 days
after the booster sensitization. As a result, 50% of
the mice received single dose (5/10) were sur-
vived, while 100% of those received triple doses
were survived. These results indicated that triple
doses rendered a complete protection (Table 4).

OVA-DT binds to mast cells via OV A-specific
IgE

Mast cells express FcRI on their cell surfaces.
Release of histamine along with other mediators
by mast cells following binding of IgE and
allergens with FcRI is known well to be the major
mechanism of systemic anaphylactic shock. Our
results demonstrated that OVA-DT did not cause
OVA-induced ASAS in Os-mice. Accordingly, we
investigated whether specific binding of OVA-DT
is specific to mast cells bearing FcRI. Mast cells
isolated from the peritoneal exudate of normal
mice showed ~95% toluidine blue staining (Fig.
3A, x 100 and 3B, x 400). To determine the bind-
ing of IgE to FcRI, mast cells were incubated with
serum from Os-mice or normal mice. The cells
were washed and reacted with OVA-DT. The
binding of OVA-DT was examined using anti-
diphtheria toxoid Ab and FITC-conjugated goat
anti-rabbit immunoglobulins (IgM & IgG). Stained
cells were observed by light (Fig. 3C, x 400) and
fluorescein microscopy (Fig. 3D, x 400). Specific

immunofluorescence was detected only in the
cells treated with serum from Os-mice (Fig. 3D)
and not in those treated with serum from normal
mice (data not shown). These results suggest that
OVA-DT specifically binds to the mast cells via
OVA-specific IgE bound FcRI on the cells.

The effect of OVA-DT on the production of
histamine by mast cells.

The fact that OVA-DT prevented the active
systemic anaphylactic response of Os-mice sug-
gests the inhibition of histamine granule release
by OVA-DT bound to the OVA-specific IgE
expressed on the mast cells. Thus, two types of
mouse peritoneal mast cells treated with OVA-
immune serum or with normal serum were
prepared to compare the cell responses to OVA-
DT treatments. The amounts of histamine released
from the mast cells treated with OVA-DT and
with OVA-immune serum or with normal serum
were measured. In brief, mouse peritoneal mast
cells were incubated in serum from Os-mice at 4C
for 30 min. The cells were washed and cultured
in media containing OVA-DT or OVA for 1 h at
37C. The amount of histamine released in the
media was measured by using automated fluoro-
metry (Fig. 4). When the mast cells were treated
with normal serum, the amounts of histamine
release were not altered by the challenging
antigens, OVA only (356 + 34 ng/ml) or OVA-DT
(345 + 56 ng/ml). Whereas, when mast cells
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Fig. 3. OVA-DT binds to mast cells via OVA specific IgE. Mast cells from mice peritonia were stained with Toluidine
blue (A, X100 and B, x400). The cells (4x10° cells) were incubated with serum from OV A-sensitized or not sensitized
mice. After washing, the cells were sequentially reacted with OVA-DT, rabbit anti-diphtheria toxoid, and the
FITC-conjugated goat anti-rabbit immunoglobulins (IgM and IgG). The cells stained were observed under light (C, x400)
and fluorescein microscopy (D, 400). Specific immunofluorescence was detected only in the cells treated with serum from
Os-mice (D, x400) and not that treated with serum from normal mice (data not shown).

treated with OVA-immune serum were chal-
lenged with OVA only, the amounts of histamine
released from the cells was increased up to 592 +
14 ng/ml (base line level was 344 + 57 ng/ml). In
contrast, the amounts of histamine released from
the same mast cells were not enhanced by treat-
ment with OVA-DT. The amount of histamine
remained at base line level. This difference was
statistically significant (p<0.05). The result sug-
gests that OVA-DT binds specifically to mast cells
bearing OV A-specific IgE and blocks the release of
histamine granules into the media.

Cytotoxic effect of OVA-DT on OVA-specific
IgE bearing mast cells

Specific mast cell death by OVA-DT was

Yonsei Med J Vol. 42, No. 1, 2001

believed to be responsible for the decreased level
of histamine in culture supernatants of the cells.
Mast cells treated with OVA-immune serum and
normal serum (for 30 min at 4C) were incubated
in culture media containing OVA-DT or OVA for
6 h at 37°C. The survival rates of the cells were
measured by trypan blue assay (Fig. 5). Survival
rates of normal peritoneal mast cells pretreated
with normal serum were not affected by OVA or
OVA-DT treatment. Viable cell counts were 13 +
2 (x 10% cells/ml in OVA treated groups and 14
+ 1 (x 10% cells/ml in OVA-DT treated group. In
contrast, survival rates of mast cell pretreated
with serum from Os-mice were lower after
OVA-DT treatment than after OVA treatment.
Total viable cell numbers in groups treated with
OVA and OVA-DT were 13 + 4 (x 10% cells/ml
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Fig. 4. The effect of OVA-DT on the production of
histamine by mast cells. Mast cells were obtained from
the peritoneal exudate cells of normal mice. The exudate
cells were pooled and cultured in a culture flask (75cm2)
for 3 h, and non-adherent cells were harvested from the
cultured flask. Mast cells of the non-adherent cells were
isolated by depletion of Thy 1.2- and B220-positive cells
with the Dynabeads mouse pan T and pan B, respec-
tively, and confirmed by staining with toluidine blue.
Mast cells (2x10° cells) were reacted with the sera of
mice sensitized or not sensitized with OVA at 4C for 30
min and washed three times with PBS. The washed cells
were cultured in the presence of OVA (10ug) or
OVA-DT (20 zg) for 1 h and their culture supernatants
harvested. The level of histamine in the cultured
supernatants was measured by automated fluorometry.
Results indicated the means + S.D. of three independent
experiments. *p<0.05 vs cells treated with sensitized
serum and OVA.

and 6 + 1 (x 10% cells/ml, respectively, and this
difference was statistically significant (p<0.05).

The in vivo effect of OVA-DT on the
proliferation of OV A-specific B cells of mice
sensitized with OVA.

Since B cells are known to capture antigens via
the low affinity IgE receptor (FcRII) expressed on
their surfaces,”® the effect of OVA-DT treatments
on B cells was examined. The effect of treating
Os-mice with OVA-DT or saline was studied by
comparing the proliferative responses of splenic
lymphocytes to T and B cell mitogens such as
ConA and LPS (Table 5). In the case of ConA
treated cells, enhancements in cell proliferation
were noticed in both groups. However, cells post
treated with OVA-DT to LPS responded to a lesser
extent [6.2 + 1.8 (x 10’ cpm)]. The count was a
half of that of the cells from the mice post treated
with saline [12.2 + 1.8 (x10° cpm)] to the same
level of LPS stimulation and this was statistically
significant (p <0.05). Proliferative responses of the
cells of both groups were examined to OVA, and

Normal serum +
OVA

Normal serum +
OVA-DT

Sensitized serum +

Sensitized serum +
OVA-DT

No. of cells survived (x 10 cells/ml)

Fig. 5. IgE-mediated cytotoxicity of OVA-DT to mast
cells. Mast cells were obtained from the peritoneal cavity
of normal mice. Cells of the lavaged fluids were pooled
and cultured in a culture flask (75cm2) for 3 h, and
non-adherent cells were harvested. Mast cells of the
non-adherent cells were isolated by depletion of Thy 1.2-
and B220-positive cells with the Dynabeads mouse pan
T and pan B, respectively, and confirmed by staining
with toluidine blue. Mast cells (2x10° cells) were reacted
with serum from mice sensitized or not sensitized with
OVA at 47 for 30 min and washed three times with PBS.
The washed cells were cultured in the presence of OVA
(251 g) or OVA-DT (50ug) for 6 h and their viability
counted by trypan blue stain and a haemocytometer
chamber. Results indicate means + S.D. of three indepen-
dent experiments. *p<0.05 vs cells treated with sensi-
tized serum and OVA.

the proliferation response of splenic lymphocytes
from mice post treated with OVA-DT was found
to be approximately a quarter [1.5 + 0.8 (x10’
cpm)] of that of the saline treated mice [6.6 + 0.9
(x10° cpm)].

OVA-DT {reated to OVA-sensitized mice
increased the level of OVA-specific IgG2a

Changes in OVA-specific Abs production in
Os-mice treated with OVA-DT were examined.
For this exercise Os-mice were treated with
OVA-DT (200 zg/mouse) or saline via tail veins
once 15 days after sensitization. The mice were
killed after a further two days and blood was
collected from the vena cava. Serum Abs to OVA
was assayed by ELISA. As shown in Table 6,
OVA-DT treatment caused a slight reduction in
serum IgE (968.4 + 16.1 ng/ml) and IgG1 (223.0 +
31.6 £g/ml) compared to that in mice treated
with saline (OVA-specific IgE, 1,198.2 + 20.5
ng/ml; OVA-specific IgG1, 319.1 + 48.8 ug/ml)
but this was not statistically significant. Whereas,
levels of OV A-specific IgG2a increased in OVA-

Yonsei Med J Vol. 42, No. 1, 2001



102 Bong Ki Lee, et al.

Table 5. The Effect of in vivo Treatment with OVA-DT on the Proliferation of Splenic Lymphocytes from Mice Sensitized
with OVA

*H-thymidine incorporation (X10° cpm ) by lymphocytes

Treatment in vivo

Medium only OVA ConA LPS
Saline 06 + 02 6.6 = 09 1356 + 21.1 236 + 7.0
OVA-DT 03 + 00 1.5 + 08 1029 + 233 122 £ 18

The mice were intraperitoneally sensitized with a single injection of a mixture of OVA (100 zg/mouse) and adjutants, aluminium
hydroxide (20 zg/mouse) and B. pertussis (1x10° bacteria/mouse), and thirteen days later, the mice were treated with OVA-DT (200
g/mouse) or saline. After 2 days, the mice were sacrificed and the splenic lymphocytes pooled from 3 mice of each group. Cells were
seeded in 96-well round bottomed microtiter plates (2x10° cells/200 z1/well) and cultured in the absence or the presence of OVA (100
g/well), ConA (0.5ug/well), or LPS (2.5 ug/well) for 2 days (in case of ConA and LPS) or 4 days (in case of OVA). Cell proliferation

was determined by the technique of *H-thymidine incorporation. Results shown are the mean + S.D. of three independent experiments.
*p<0.02 vs saline-treated group. ¥p<0.05 vs saline-treated group

Table 6. The Effect of OVA-DT Treatment on the Production of OVA-specific Antibodies in OVA Sensitized Mice

Level of OVA-specific immunoglobulin isotypes in serum

Treatment in vivo

IgG1 (g/ml) IgG2a (g/ml) 1gG3 (g/ml) Igk (ng/ml)
Saline 319.1 + 488 439 + 36 16 + 05 11982 + 205
OVA-DT 223.0 + 316 651 + 5.4 20 + 03 968.4 + 16.1

OVA-sensitized mice were intravenously treated with OVA-DT (200 zg/mouse) or saline 13 days after sensitization, and thirteen days
later, they were treated with OVA-DT (200 zg/mouse) or saline. The mice were sacrificed 48h after the OVA-DT treatment and blood
from 3 mice from each group was harvested. The levels of OVA-specific immunoglobulin isotypes were determined by ELISA as
described in Materials and Methods. Each value indicated mean S.D. of three independent experiments.

*p<0.05 vs saline-treated group

DT treated mice (65.1 + 5.4 ug/ml) compared to
the control mice (43.9 + 3.6 ug/ml). However, dif-
ferences in the levels of OVA-specific IgG3 were
not observed.

OVA-DT treatment in OV A-sensitized mice
increased the production of IFN-y by splenic
lymphocytes but decreased IL-4

Changes in the production of IFN-y and IL-4
by splenic lymphocytes from Os-mice treated with
OVA-DT were investigated. Os-mice were treated
with OVA-DT (200 zg/mouse) or saline via tail
veins once 15 days after sensitization. Two days
later, splenic lymphocytes were isolated and
cultured in media with ConA or OVA for 2-5
days. IFN- 7 and IL-4 levels in the culture super-
natants were assayed by ELISA. As shown in
Table 7, after ConA stimulation, production of
IFN-y (3,479.6 = 523.9 pg/ml) by lymphocytes
from OVA-DT treated mice was higher than of the
cells from saline treated mice (2,364.5 + 2353

Yonsei Med J Vol. 42, No. 1, 2001

pg/ml). Although these observations were repro-
duced by cells stimulated with OVA instead of
ConA, the differences between the extent of IFN-
7 production by cells from OVA-DT treated mice
and that from the saline controls were more
exaggerated and this was also statistically
significant (p<0.01). In contrast, in experiments
using IL-4, the results were the reverse of those
observed for ConA stimulated cells, and a lower
level of IFN-y production by the cells from
OVA-DT treated mice (182 * 59 pg/ml) was
observed compared to the saline treated mice 45.0
+5.8 pg/ml, which was also statistically signifi-
cant (p<0.05).

DISCUSSION

A fusion protein was constructed by combining
the allergen OVA with DT as a means of
eliminating cells responsible for allergy reactions
such as mast and B cells. The hypothesis was



OVA-Toxin Fusion Protein 103

Table 7. The Effect of OVA-DT on the Production of IFN-y and IL-4 by Splenic Lymphocytes from Mice Sensitized
with OVA

Treatment in vivo IEN-7y (pg/ml) IL-4 (pg/ml)

OVA Con A OVA Con A
Saline 131.3 = 36.5 23645 £ 2353 NT 45.0 =+ 58
OVA-DT *1,951.0 = 4184 3,479.6 = 5239 NT 82 + 59

OVA-sensitized mice were intravenously treated with OVA-DT (200 zg/mouse) or saline 13 days after sensitization. Two days later,
the mice were sacrificed, and the splenic lymphocytes from 3 mice of each group were isolated and pooled. The cells (1 x10°/ml)
were cultured in the absence or the presence of OVA (500 g/well) or ConA (2.5 ug/well) for 2 days (in case of ConA) or 4 days
(in case of OVA). The levels of cytokines in the culture supermatants were determined using murine IFN-y and IL-4 ELISA kits. Results
shown are the mean + S.D. of three independent experiments. *p<0.01 vs saline-treated group. *p<0.05 vs saline-treated group.

based on the following ideas, 1) the fusion
protein, OVA-DT should bind to cells only
through OV A-specific surface IgE or its IgE bound
receptors, FcRI or FcRII, 2) the immune complex
of IgE and OVA-DT including the toxin would
then be transported into the cytoplasm and that
DT should the result in the specific death of FcRI
or FcRII bearing mast cells and other similar cells
involved in the allergy reaction. The specificity of
the DT induced cytotoxicity should be solely
depending upon the OVA complex with specific
IgE as the normal receptor-binding domain of DT,
which might have caused non-specific toxicity
was removed. Internalization of an IgE-immu-
notoxin into the cytoplasm of cells, especially B
cells has previously been reported.””

An animal model of active systemic anaphy-
lactic shock to OVA was established using
BALB/c mice” This system proved an ideal
model for this allergy study. Throughout the
experiments, the routes of inoculation of OVA
into the mice were fixed, as intraperitoneal for the
sensitization and intravenous for the challenges.
After a single dose of OVA sensitization, the mice
became an ideal model, the Os-mice, which
expressed ASAS to OVA challenge on every
occasion. Fifteen days after sensitization, typical
ASASs were reproduced by OVA challenges. This
fatal anaphylactic response induced by the initial
sensitization was demonstrated over a period of
30 days. The fusion protein, OVA-DT, was con-
firmed to be nontoxic in normal mice, unless an
extreme dose (> 800xg/mice) was introduced
(data not shown). OVA-DT, was inoculated into
the Os-mice via tail veins thirteenth days after
sensitization, and a remarkable therapeutic effect

of OVA-DT was then observed in the Os-mice
treated when with OVA-DT (200 g/ mouse). The
protective effect of OVA-DT in the mice from
ASAS was demonstrated as early as 24 h after the
treatment, and complete cure was observed 48 h
after treatment. This effect of OVA-DT in mice
was examined with respect to their responses to
OVA re-sensitization. Surprisingly, mice that
received three times with OVA-DT remained
unresponsive to OVA challenges. These results
suggested that a single dose of OVA-DT is not
enough to make the mice free from OVA shock.

In this respect, mast cells were considered to be
the primary target for the rapid and complete
protection offered by OVA-DT. It is generally
accepted in theory that a rapid release of stored
mediators, notably histamine, from the high
affinity IgE receptor (FcRI) bearing mast cells and
other associated cells, such as eosir10phils,29”3 0
basophils,”* and Langerhans cells,”** following
exposure to allergen is the most important process
involved in the allergy reaction.*

The specific binding of OVA-DT on mast cells
was firstly examined. By immunofluorescent
microscopy, specific binding of OVA-DT was
observed only on those mast cells treated with
serum from Os-mice (Fig. 3D). These results
indicated that OVA-DT binding on mast cells was
mediated by OVA specific IgE in the serum from
Os-mice, which were bound to FcRI on the mast
cells. A significant reduction in histamine release
by OVA-DT treatment was recorded in mast cells
treated with serum from Os-mice compared to
that expressed by cells treated with normal serum.
The reduction of mast cells due to OVA-DT
containing cytotoxic DT was considered as the
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major effect especially in vivo. Decrease in the
absolute number of mast cells was indirectly
evidenced by confirming the cytotoxic effect of
OVA-DT on mast cells in wvitro. Thus, it was
tentatively concluded that OVA-DT blocks the
deregulation of histamine from mast cells and
eventually and specifically induces the death of
the mast cells.

Lymphocytes from spleens were prepared from
Os-mice treated with OVA-DT or saline. A rela-
tive number of specific cell types in the popu-
lation were compared in terms of their pro-
liferative responses to mitogens or OVA antigen.
The stimulants compared were, ConA for T cells,
LPS for B cells, and OVA for specific cells. Thus,
the effect of OVA-DT on T cells was believed to
be minor or insignificant based upon the fact that
the proliferation rates of the cells stimulated by
ConA did not vary in the mice treated with saline
or OVA-DT. By contrast, in experiments with LPS,
a significant decrease in proliferation was ob-
served in lymphocytes from the OVA-DT treated
mice, which strongly suggests that B cells were
the targets of the cytotoxin. By stimulation with
the specific antigen OVA, further exaggerated
decreases in the proliferation rates of lymphocytes
were observed in the treated mice, which
indicated strongly that OVA primed B cells were
the specific targets of OVA-DT.

These OVA primed B cell group might include
not only B cells bearing IgE but also B cells
expressing IgG. If OVA-DT destroys B cells
bearing OVA specific IgE and/or FcRII, changes
of IgG-producing B cell population and IgG
production in the treated mice seemed likely. In
the serum of OVA-DT treated mice, decrease in
the levels of both IgE and IgGl were not signi-
ficant but IgG2a increased significantly increased.
Thus, an effect of the OVA-DT treatment was to
eliminate IgE bearing cells and cause the B cell to
produce switched OVA specific Ig isotype from
IgM to IgG2a. In this respect, IL-4 and IFN-y
known to be the switching factors for IgG1/IgE
and IgG2a, respectively,37 and were examined.
Surprisingly, increased IFN-y production was
observed in lymphocytes from OVA-DT treated
mice. Since T cells are known to produce these
cytokines, the further enhancement of cytokines
by T cell mitogens was examined. As expected,
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further enhanced by the same lymphocytes was
observed by stimulating them with ConA. A
much higher level of enhancement was noticed
when OVA were used as stimulant. In contrast,
the production of IL-4 by the lymphocytes of the
treated mice decreased. These results suggest that
OVA-DT changed the cytokine profile of T cell
response from Th2 to Thl in OV A-sensitized mice.

In conclusion, our results demonstrate a new
therapeutic approach, based on the use of that
specifically eliminates allergen specific mast cells.
Furthermore, OVA-DT treatment induced a
switching of the immune response from Th2 to
Thl by increasing the level of IFN-y. OVA-DT
could provide an immediate therapy for allergy
and offers a complete cure to animals when
treated over three times.

Bong Ki Lee, PhD

Department of Microbiology, Yonsei University
College of Medicine, C.P.O. Box 8044, Seoul
120-752, Korea,

Tel: 82-2-361-5281, Fax: 82-2-392-7088,
E-mail: BKL4646@yumc.Yonsei.ac.kr

REFERENCES

1. Curtis H. The immunizing cure for hay fever. N Y Med
J 1900;74:16.

2. Noon L. Prophylactic inoculation against hay fever.
Lancet 1911;1:1572-3.

3. Moran DM, and Wheele AW. Chemical modification of
crude timothy grass pollen extract. I. Antigenicity
changes following amino group modification. Int Arch
Allergy Appl Immunol 1976;50:693-708.

4. Bacal EB, Zeiss CR, Susco I, Levitz D, and Patterson
R. Polymerized whole ragweed:an improved method of
immunotherapy. J Allergy Clin Immunol 1978;62:289-
94,

5. Yang X, Gieni RS, and Mossman TR. Chemically
modified antigen preferentially elicits induction of
Th1-like cytokine synthesis patterns in vivo. ] Exp Med
1993;178:349-53.

6. Hayglas KT, and Stefura BP. Antigenic-specific inhibi-
tion of ongoing murine IgE responses. II. inhibition of
IgE responses by treatment with glutaraldehyde-
modified aleerens is paralleled by reciprocal increases
in IgG2a synthesis. ] Immunol 1991;147:2455-60.

7. Sledge RF. Treatment of hay-fever with alum-pre-
cipitated pollen extract. U S Naval Bull 1938;36:18-29.

8. Wheeler AW, Moran DM, Robins BE, Driscoll A.
L-Tyrosine as an immunological adjuvant. Int Arch



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

OVA-Toxin Fusion Protein

Allergy Appl Immunol 1982;69:113-9.

. Vilcek J. The cytokines: An overview. In the cytokine

handbook, Third ed. Angus Thomson. Academic press;
1988. p.1-20.

Dolecek C, Steinberger P, Susani M, Kraft D, Valenta
A, and Boltz-Nitulescu G. Effects of IL-4 and IL-13 on
total and allergen specific IgE production by cultured
PBMC from allergic patients determined with recom-
binant pollen allergens. Clin Exp Allergy 1995;25:879-
89.

Romagnani S. The role of lymphocytes in allergic
disease. J Allergy Clin Immunol 2000,;105:399-408.
Kim TS, DeKruyff RH, Rupper R., Maecker HT, Levy
S, and Umetsu DT. An ovalvumin-IL-12 fusion protein
is more effective than ovalbumin plus free recombinant
IL-12 in inducing a T helper cell type 1-dominated
immune response and inhibiting antigen-specific IgE
production. J Immunol 1997,158:4137-44.

Hsu CH, Chua KY, Taoc MH, Lai YL, Wu HD, Huang
SK, and Hsieh KH. Immunoprophylaxis of allergen-
induced immunoglobulin E synthesis and airway
hyperresponsiveness in vivo by genetic immunization.
Nature Medicine 1996;2:540-4.

Ha TY, Lee HK, Park HJ, Lee HH, Chi YC, and Im SY.
Effects of monoclonal anti-IL-4 antibody (11B11) and
interferons on IgE production in vivo and hypersen-
sitivity reactions. II. Suppressive effects of a PAF
antagonist, BN 50739 on active systemic anaphylaxis in
sensitized mice. Korean ] Immunol 1992;14:231-45.
Strom TB, Anderson PL, Rubin-Kelley VE, Williams
DP, Kiyokawa T, and Murphy JR. Immunotoxins and
cytokine toxin fusion protein. Ann N Y Acad Sci.
1991;636:233-50.

Pastan I, Chaudhary V, and FitzGerald DJ. Recom-
binant toxins as novel therapeutic agents. Annu Rev
Biochem 1992;61:331-54.

Kreitman R], Pastan I Immunotoxins for targeted
cancer therapy. Adv Drug Deliv Rev 1998;31:53-83
Kreitman R]. Immunotoxins in cancer therapy. Curr
Opin Immunol 1999;11:570-8.

Haecker SA, Muramatsu T, Sensenbaugh KR, and
Sanders MM. Repression of the ovalbumin gene in-
volves multiple negative elements including a ubig-
uitous transcriptional silencer. Mol Endocrinol 1995;9
(9):1113-26

Renz H, Bradley K, Larsen GL, McCall C, and Gelfand
EW. Comparison of the allergenicity of ovalbumin and
ovalbumin peptide 323-339. J Immunol 1993;151(12):
7206-13

Lee BK, Park JK, Lee JK, Yoo JI, Yeom BJ, You KH, and
Shin KH. Study on expression of fusion protein of
Diphtheria and tetanus toxin (I): cloning of diphtheria
toxin gene. The Report of National Institute of Helath

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

105

in Seoul, Korea 1994;31(1):48-53.

Laemmli UK. Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature
1970,227:680-5.

Haffner F, Experimentelle durfung des schmerzstil-
lender. Mittel. Deut. Med. Wochschr. 1929;55:731.
Kruisbeek AM, Margulies DH, Shevach EM, and
Strober W. Current protocols in immunology, Vol. 1.
John Wiley & Sons, Inc. 1998:3.0.1-3.1.5.

MacLean JA, Sauty A, Luster AD, Drazen JM, and
Sanctis GT. Antigen-induced airway hyperrespon-
siveness, pulmonary eosinophilia and chemokine
expression in B cell-deficient mice. Am J Respir Cell
Mol Biol 1999;20:379-87.

Kehry MR, and Yamashita LC. Low-affinity IgE
receptor (CD23) function on mouse B cells: role in
IgE-dependent antigen focusing. Proc. Natl. Acad. Sci.
USA 86(19):7556-60.

Boltansky B, Dyer ], Eswortiny S, and Kaliner M.
IgE-immunotoxins. I IgE-intact ricin. Immunophar-
macology 1987;14:35-45.

Boltansky B, Slater J, Youle R, Isersky C, and Kaliner
M. IgE-immunotoxins. II. IgE-intact ricin A-chain. Im-
munopharmacology 1987;14:47-62.

Abdelilah SG, Bouchaib L, Morita M, Delphine A,
Marika S, Andre C, and Monique C. Molecular
characterization of the low-affinity IgE receptor epsilon
RII/CD23 expressed by human eosinophils. Int Immu-
nol 1994;10:395-404.

Gounni AS, Lankhioued B, Ochiai K, Tanaka Y,
Delaporte E, Capron A, Kinet JP, and Capron M. High
affinity IgE receptor on eosinophils is involved in
defense against parasites. Nature 1994;367:183-6.
Metzger H, Blank U, Kinet J-P, Kochan ], Ra C, Rivera
J, and White K. Epidermal Langerhans cells from
normal human skin bind monomeric IgE via Fc epsilon
R1. Int Arch Allergy Appl Immunol 1989;88:14-8.
Ravetch ], and Kinet JP. Fc receptors. Annu Rev
Immunol 1991;9:457-92.

Wang, B. Emerging picture of the receptor with high
affinity for IgE. ] Exp Med 1992;175:1353-65.

Galli §J, Gordon JR, and Wershii B. Cytokine pro-
duction by mast cells and basophils. Curr Opin
Immunol 1991;3:865-73.

Mudde GC, Hansel TT, Reijsen FC, Osterhoff BF, and
Bruijnzeel-Koomen CAFM. IgE: an immunoglobulin
specialized in antigen capture? Immunol Today 1990;
11:440-3.

Sutton BJ, and Gould HJ. The human IgE network.
Nature. 1993;366:421-8.

Snapper CM, Finkelman FD, and Paul WE. Differential
regulation of IgG1 and IgE synthesis by interleukin 4.
] Exp Med 1988;167:183-96.

Yonsei Med J Vol. 42, No. 1, 2001



