Original Paper

International Archives of

Allergy..
Immunology

Int Arch Allergy Immunol 2002;128:24-32

Received: June 11, 2001
Accepted after revision: February 4, 2002

Rat Monoclonal Anti-Murine IgE Antibody
Removes IgE Molecules Already Bound to Mast
Cells or Basophilic Leukemia Cells, Resulting in
the Inhibition of Systemic Anaphylaxis and
Passive Cutaneous Anaphylaxis

Hiroaki Miyajima2 Naohiro Watanabe? Zoltan Ovary® Ko Okumurad

Takao Hirano®©

aDivision of Pathobiology, Juntendo University School of Medicine, and PDepartment of Tropical Medicine, Jikei
University School of Medicine, Tokyo, Japan; cDepartment of Pathology, New York University Medical School and
Kaplan Comprehensive Cancer Center, New York, N.Y., USA; 4Department of Immunology and €Division of
Hematology, Department of Internal Medicine, Juntendo University School of Medicine, Tokyo, Japan

Key Words
IgE - Anti-IgE - Anaphylaxis - Mast cell - FceRl

Abstract

IgE plays a central role in allergic reactions. Some anti-
IgE antibodies (HMK-12, 6HD5) inhibit the binding of IgE
to the FceRIl of mast cells/basophilic leukemia cells (PT-
18, RBL/2H3), but less inhibition is seen with the anti-allo-
typic JKS-6 and the anti-idiotypic Eb-1. Anti-IgE HMK-12
can detach bound IgE molecules from the FceRI. When
mast cells or basophils were incubated with monoclonal
anti-DNP-IgE SPE-7, washed and treated with anti-IgE
HMK-12, anti-IgE/IgE complexes were found in the super-
natant. Similar results were obtained with the Fab frag-
ment of HMK-12. Mice injected with anti-DNP-IgE SPE-7
and later with DNP-BSA had the typical systemic anaphy-
lactic shock. However, if they were injected with the anti-
IgE antibody (HMK-12) before the challenge, they did not
get an anaphylactic shock. In the sera of mice injected
with monoclonal IgE SPE-7 and anti-IgE antibody (HMK-
12), IgE/anti-IgE complexes were detected. No passive

cutaneous anaphylaxis occurred if the rats were injected
with anti-IgE antibodies before the challenge. In summa-
ry, anti-IgE antibodies can remove IgE antibodies from
the FceRlI; anti-IgE/IgE complexes can be detected in vitro
and in vivo, and anti-lgE antibodies can inhibit IgE-

mediated systemic or local anaphylactic reactions.
Copyright© 2002 S. Karger AG, Basel

Introduction

The reagenic antibody (IgE) plays a central role in aller-
gic reactions [1]. Many lines of evidence have led to the
concept that the interaction between IgE and mast cells/
basophils is the primary effector pathway in allergic
responses [2].

Mast-cell activation occurs by cross-linking cell-bound
IgE with multivalent allergens, resulting in the release of
mediators such as histamines, which directly produce
allergic symptoms in allergic disease.

As a result of genetic or environmental factors, atopic
patients synthesize allergen-specific IgE that attaches to
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circulating basophils and tissue mast cells via high-affini-
ty receptors (FceRI). The binding of multivalent allergens
by surface-bound-specific IgE cross-links FceRI and trig-
gers cellular events resulting in the release of mediators,
such as histamines and serotonins [2-4].

These facts explain the newer treatments used in hu-
man studies on chronic allergic diseases such as rhinitis
and asthma [5-7].

The recombinant humanized monoclonal antibody
(rhumAb-E25) was developed by immunizing mice with
human IgE. A monoclonal antibody was selected that rec-
ognizes IgE at the same site as the high-affinity receptor
for IgE (FceRI) [8]. This antibody forms complexes with
free (unbound) IgE but not with IgG or IgA. It blocks the
binding of IgE to cell-membrane receptors, thereby inhib-
iting the release of receptors, but it does not bind to cell-
bound IgE [9]. For clinical use, the amino acid residues of
the variable immunoglobulin regions of mouse origin that
were implicated in the binding of human IgG1 resulted in
an immunoglobulin protein that is more than 95% hu-
man. Early clinical trials of rhumAB-E25 infusion in aller-
gic asthmatic patients demonstrated the suppression of
both early and late responses to inhaled allergens.

In their studies [5-8], in vivo treatment with rhumAb-
E25 led to rapid and dramatic falls in free serum IgE lev-
els and FceRI receptors on circulating basophils. Reduc-
tions in allergen-specific basophilic histamine release
were also seen. Therefore, rhumAb-E25 may be a useful
tool for clinical investigations.

It is also known that in experimental systems using
mice, the anti-IgE antibody may play an important role in
vitro and in vivo [10, 11].

Baniyash et al. [12] had shown that an anti-IgE anti-
body, as well as the Fab fragment of this antibody, inhibit-
ed the binding of IgE to rat basophilic leukemia cells
(RBL/2H3) and also the antigen-mediated IgE-dependent
serotonin release from RBL/2H3. We established several
rat monoclonal antibodies specific for murine IgE [13].
Using these anti-IgE antibodies, we showed that antigen-
specific IgE antibodies could be detected in sera or culture
supernatants and surface IgE expression on B cells as well
[14, 15]. Our studies also demonstrated that the anti-IgE
antibody inhibited passive cutaneous anaphylaxis (PCA)
and elicited reverse PCA (RPCA) [13, 16, 17].

We attempted to examine here the inhibition of the
IgE-mediated anaphylactic reactions on mast cells and
basophils in vitro and especially that of a systemic ana-
phylactic shock or the PCA reaction in vivo with our rat
anti-murine IgE antibodies.

Anti-IgE Antibody Removes IgE on Mast
Cells

Materials and Methods

Animals
Female BALB/c mice and female Sprague-Dawley rats were
obtained from the Charles River Laboratory, Japan.

Cells

The mouse mast cells (PT-18) and the rat basophilic leukemia
cells (RBL/2H3) were generous gifts of Dr. C. Ra (Department of
Immunology, Juntendo University, Tokyo, Japan). The PT-18 cells
were maintained in tissue culture in MEM +3 mM L-glutamine and
1 mM sodium pyruvate with penicillin (100 U/ml), streptomycin
(100 pg/ml), and 10% heat-inactivated FCS. The RBL/2H3 cells
were maintained in tissue culture in MEM plus 10% heat-inactivated
FCS, 3 mM L-glutamine with penicillin (100 U/ml), and streptomy-
cin (100 pg/ml).

Monoclonal Antibodies

SPE-7 (anti-DNP murine IgE antibody) [18] was purchased from
Seikagaku (Tokyo, Japan). Rat mAb 6HDS5 and HMK-12 (specific
for the murine IgE) [13] and JKS-6 (specific for the IgEP allotype) [17]
have been described previously. The idiotype-specific Eb-1 has also
been established in our laboratory [unpubl. data].

Antigen and Staining

DNP4-BSA: 14 molecules of DNP (70 kD molecular weight) of
bovine serum albumin were prepared in our laboratory [13]. Evans
blue dye was obtained from Wako Pure Chemical Industries (Tokyo,
Japan).

Flow-Cytometric Analysis

Inhibition of Binding of IgE to FceRI on Mast Cells (PT-18) and
Basophilic Leukemia Cells (RBL/2H3) by Anti-IgE Antibodies.
FITC-labeled SPE-7 was preincubated at room temperature for
30 min with an equal volume of two concentrations (10 and 1 pg/ml)
of each of the following antibodies: 6HDS5, HMK-12, JKS-6 and
Eb-1. After 30 min at room temperature, 0.1 ml of each of the above
concentrations were added to 1 x 109/0.1 ml of 2H3/RBL of PT-18
cells, then kept at 4 °C for 30 min. The cells were then washed twice
in PBS and centrifuged for 5 min at 1,200 rpm, resuspended in 0.3 ml
of PBS, and analyzed by FACS Vantage (Becton-Dickinson, Calif.,
USA).

Removal of IgE Bound to FceRI on Mast Cells (PT-18) and Baso-
philic Leukemia Cells (RBL/2H3). FITC-labeled SPE-7 was incu-
bated for 1 h at 4°C with 0.1 ml of 1 x 107/ml RBL/2H3 and a
second series with PT-18 cells. After washing, the cells were resus-
pended in 0.2 ml of MEM culture medium and 10 pl of 10 mg/ml of
anti-IgE antibodies were added to each tube. The anti-IgE antibodies
were 6HDS, HMK-12, JKS-6, Eb-1, and rat IgG (control). The cells
were incubated in 5% CO, at 37°C for 30, 60, or 120 min. After
incubation, the cells were centrifuged and then resuspended in the
initial volume for FACS analysis. The culture supernatants were
decanted and kept at 4 ° C for the IgE complex assay by ELISA. FACS
data were calculated by the following equation:

Inhibition (%) or removal (%) =

sample MFI - auto-MFI
sIgE positive cell MFI — auto-MFI

100—( X 100>

where MFI = mean fluorescence intensity and sIgE = surface IgE.
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IgE Complex Assay

The IgE complex was detected using the ELISA system [19] with a
slight modification. The anti-DNP-IgE/rat-anti-mouse IgE antibody
complex in culture supernatants and serum was detected by a sand-
wich ELISA. The plates were coated with DNP-BSA at room temper-
ature for 1 h and then blocked with 1% BSA-PBS. Samples were
placed in the well, and the plates were incubated for 1 h at room
temperature. The bound anti-DNP-IgE/rat anti-mouse IgE antibody
complex was detected by an HRP-coupled anti-rat IgG (Zymed, San
Francisco, Calif., USA). The plates were developed by the addition
of a peroxidase substrate and read in an ELISA plate reader at
450 nm.

PCA Reactions

PCA reactions were performed as described [20]. Several sites of
the freshly shaved skin of 3 rats for each group were injected intrader-
mally with 0.1 ml of anti-DNP-IgE SPE-7 (10 ng/0.1 ml) and, 24 h
later, 0.1-ml dilutions of 6HD5 or HMK-12 were injected into the
same sites. Two hours after the second series of injections, the rats
were injected intravenously with 0.2 ml of a mixture of equal quanti-
ties of 0.5% Evans blue dye in saline and 1 mg/ml DNP4-BSA. The
reactions (the diameters of the blue spots) were measured 30 min
later.

Systemic Anaphylaxis

Systemic anaphylaxis was performed as described by Ando et al.
[21]. Three of the BALB/c mice for each group were injected intrave-
nously with 20 ug of anti-DNP-IgE SPE-7 in 0.1 ml of saline and,
after 24 h, they were injected intravenously with of 0.1 ml of 1 mg of
the anti-IgE antibody (HMK-12). The control was rat IgG. After 2 h,
they were challenged with an intravenous injection of 0.2 ml of
1 mg/ml of DNP4-BSA in 0.5% Evans blue dye.

Quantitative Extraction of Dye Extravasation to the Skin (Ear)

The systemic anaphylaxis reaction was quantified by measuring
the dye (Evans blue) concentration in the extracts of the skin (ear) of
BALB/c mice, as described previously [22]. Thirty minutes after the
intravenous injection of the dye, the blue area of the skin (ears) was
cut into small fragments (10 from each ear). The dye was then
extracted for 24 h in 2 ml of a mixture of 1.4 ml of acetone and 0.6 ml
of a 0.5% aqueous solution of sodium sulfate, and the preparation
was then centrifuged for 10 min at 1,000 rpm. The supernatant was
measured for OD at 620 nm. The percentage recovery of the dye was
calculated by comparing the absorbance of the supernatants at
620 nm with that of the test and control mice. Normal skin (dye only)
was similarly extracted as a negative control.

Purification and Fragmentation of the Anti-IgE mAb

Fab fragments were prepared with immobilized papain (Pierce,
Rockford, IlI., USA), and the fragments of papain cleavage were ana-
lyzed by electrophoresis on sodium dodecyl sulfate-polyacrylamide
gel [23].
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Table 1. Percent inhibition of PT-18

Antibody Concentration Inhibition
mg %

HMK-12 10 96.9

1 58.6
6HD5 10 30.9

1 28.0
JKS-6 10 62.5

1 51.2
Eb-1 10 24.2

1 30.1

Results

Inhibition Assay of IgE Binding to FceRI on Mast

Cells (PT-18) and Basophilic Leukemia Cells

(RBL/2H3) by Anti-Isotypic IgE Antibodies

(HMK-12, 6HDS5), Anti-Allotypic (JKS-6), and

Anti-Idiotypic (Eb-1) IgE Antibodies

To check whether the anti-IgE mAbs are directed
against sites within the Fc region, which bind to the
FceR1, we analyzed the ability of different mAbs to inter-
fere with the binding of IgE to RBL/2H3 or PT-18.

FITC-SPE-7 was incubated with HMK-12, 6HDS3, Eb-
1 and JKS-6 to see the eventual inhibition of binding of
FITC-SPE-7 to mast cells (PT-18) and basophilic leuke-
mia cells (RBL/2H3). FITC-SPE-7-bound PT-18 or RBL/
2H3 cells (surface IgE positive) were analyzed by FACS.

As shown in figure 1, HMK-12 inhibited the binding of
IgE to PT-18 and RBL/2H3 in a dose-dependent pattern.
Table 1 shows the percent inhibition of IgE binding to PT-
18. While a strong inhibitory effect was observed with
HMK-12 (inhibition: 96.9%), less inhibition was seen
with other anti-IgE antibodies, such as 6HD3, JKS-6, and
Eb-1 (inhibition was 30.9, 62.5, and 24.1%, respectively)
by FACS analysis.

Anti-IgE Antibody (HMK-12) Removes IgE Binding

to FceRI on Mast Cells (PT-18) and Basophilic

Leukemia Cells (RBL/2H3)

FITC-SPE-7 was incubated with PT-18 and RBL/2H3
for 1 h and then washed. Cold antibodies (HMK-12,
6HD5, JKS-6, Eb-1) were added to the cultures. Two
hours later, the surface expression of IgE-positive cells
was analyzed and compared to the controls.

As shown in figure 2, FITC-SPE-7-bound cells (sIgE-
positive cells) decreased in RBL/2H3 or in PT-18 treated
with HMK-12 as the incubation times were lengthened.

Miyajima/Watanabe/Ovary/Okumura/
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HMK-12 B6HDS JKS-6 Eb-1

-

PT-18

RBL/2H3

Fig. 1. Inhibition assay of IgE binding to FceRI on mast cells (PT-18) or basophilic leukemia cells (RBL/2H3) with
various anti-IgE antibodies measured by FACS. FITC-SPE-7 was incubated with HMK-12, 6HDS3, Eb-1 and JKS-6.
Antibody absorbed with 10 (black shading) or 1 ug (gray shading) was added to mast cells (PT-18) or basophilic
leukemia cells (RBL/2H3). Unshaded areas with broken outline: autofluorescence; unshaded areas with solid outline:
nontreated (SPE-7 only). FITC-SPE-7-bound (sIgE-positive) PT-18 and RBL/2H3 cells were analyzed by FACS.

HMK-12 B6HDS5 JKS-6 Eb-1

-

PT-18

—————

RBL/2H3

ae.
L T

Fig. 2. The anti-IgE antibody (HMK-12) removes IgE bound to FceRI on mast cells (PT-18) or basophilic leukemia
cells (RBL/2H3). FITC-SPE-7 was incubated with PT-18 and RBL/2H3 for 1 h. Then cold antibodies (HMK-12,
6HDS5, JKS-6, Eb-1) were added to the culture. We then analyzed IgE on both cells. Incubation time with cultured
cells (PT-18 and RBL/2H3) and anti-IgE antibodies were 30 min (light-gray shading), 1 h (dark-gray shading) and 2 h
(black shading). Unshaded areas with solid outline: control rat IgG; unshaded areas with broken outline: autofluores-

cence.
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PT-18

RBL/2H3
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Fig. 3. Fab fragment of HMK-12 removes IgE bound to FceRI of
PT-18 and RBL/2H3. FITC-SPE-7 was incubated with PT-18 and
RBL/2H3. Two hours later, cold antibodies (intact HMK-12, or Fab
fragments) were added to the culture. The antibody concentrations
were 10 (black shading) and 1 pg (gray shading). Unshaded areas
with broken outline: autofluorescence; unshaded areas with solid
outline: nontreated (SPE-7 only).

The percent removal of IgE binding (table 2) con-
firmed that HMK-12 (removal: 88.1%) had stronger re-
moval effects than other anti-IgE antibodies (6HDS5: 75%;
JKS-6: 78%, and Eb-1: 53.1%). The same results were
observed when Fab fragments instead of intact IgG of
HMK-12 were used for the experiments shown in fig-
ure 3.

Figure 3 demonstrated that SPE-7-bound positive cells
were dose-dependently decreased in RBL/2H3 treated
with Fab fragments and intact IgG of HMK-12.

IgE/Anti-IgE-Immune Complexes Detected in Culture

Supernatants of Mast Cells or Basophilic Leukemia

Cells Already Binding IgE with Anti-IgE Antibodies

When mast cells or basophilic leukemia cells already
binding with IgE were cultured with HMK-12, immune
complexes could be detected in the supernatants. When
6HDS5 was used instead of HMK-12, the amount of
immune complexes detected was low. No immune com-
plexes were detected with JKS-6 or Eb-1 (fig. 4).
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Table 2. Percent inhibition data presented in figure 2

Antibody Time Removal, %
i RBL/2H3 PT-18
HMK-12 120 86.8 88.1
60 80.8 83.6
30 40.8 52.1
6HD5 120 53.0 75.3
60 48.6 73.9
30 28.9 60.6
JKS-6 120 50.0 67.8
60 422 53.9
30 19.2 15.8
Eb-1 120 24.8 53.1
60 20.2 44.4
30 9.3 18.4

Anti-IgE Antibodies Prevent Systemic Anaphylaxis

Systemic anaphylaxis was performed as described. For
each group, 3 BALB/c mice were injected intravenously
with 1 mg of HMK-12 (fig. 5d), 6HD5 (fig. 5c), rat IgG
(fig. 5b) and PBS only (fig. 5a) 2 h before injection of the
antigen (DNP-BSA). The mice of the 6 HD5 and HMK-
12 groups did not show any anaphylactic symptoms, and
dye extravasation on their ears could not be seen. How-
ever, the mice of the PBS and rat IgG groups showed sys-
temic anaphylactic symptoms, and dye extravasation
could be observed (fig. 5).

The extracts of the skin lesions were quantified by
measuring the dye concentration (fig. 5e). The percentage
of dye extravasation was very high in the mice treated
with PBS (fig. 5a) and rat IgG (fig. 5b), but it was low in
the mice treated with 6HDS (fig. 5¢) and HMK-12
(fig. 5d). These data confirmed the results of figure 5a—d,
suggesting that HMK-12 and 6HDS5 had a strong inhibito-
ry effect on systemic anaphylactic reactions.

Anti-IgE Antibodies Inhibit PCA

Serial dilutions of SPE-7 were injected intradermally
into 3 rats of each group. Twenty-four hours later, the rats
were challenged by intravenous injection of 1 mg of
DNP,4-BSA and Evans blue dye. These rats served as con-
trols.

In a second series, the rats were injected intravenously,
just like the controls, except that 24 h later 0.1-ml dilu-
tions of the different monoclonal anti-IgE antibodies were
injected into the same sites. Two hours later, the animals
were challenged by intravenous injection of DNP4-BSA

Miyajima/Watanabe/Ovary/Okumura/
Hirano
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Fig. 4. Anti-DNP-IgE/anti-IgE immune complexes in culture super-
natants. Anti-DNP-IgE/anti-IgE immune complexes detected in cul-
ture supernatants of IgE-fixing mast cells treated with several anti-
IgE antibodies: HMK-12 (white columns), 6HDS5 (black columns),
JKS-6 (dark-gray columns) and Eb-1 (light-gray columns). OD:
490 nm.

and Evans blue dye (table 3). As shown in table 3, sites
injected with HMK-12 or Fab of HMK-12 did not induce
PCA reactions, but sites injected with JKS-6 and rat IgG
did.

IgE/Anti-IgE-Immune Complexes Detected in Sera of

Mice Treated with the Anti-IgE Antibody (HMK-12)

BALB/c mice were injected intravenously with SPE-7
and were treated 1 day thereafter with the anti-IgE anti-
body (HMK-12 or rat IgG). These mice were bled from
the tail vein 1-3 days after the anti-IgE antibody injec-

Anti-IgE Antibody Removes IgE on Mast
Cells

Fig. 5. a-d Anti-IgE antibodies prevent IgE-induced systemic ana-
phylaxis. Dye extravasations in anti-DNP-IgE-sensitized mice dur-
ing IgE-induced systemic anaphylaxis. BALB/c mice were injected
intravenously with 20 pg of anti-DNP IgE. 24 h later, they were
injected intravenously with 1 mg of anti-IgE antibodies. a Control.
b Rat IgG. c 6HDS. d HMK-12. 2 h later, they were injected intrave-
nously with 1 mg of DNP-BSA in 0.5% Evans blue. As a control,
mice were injected intravenously with only 1 mg of DNP-BSA in
0.5% Evans blue. e Extracts of the skin lesions were quantified by
measuring the dye (Evans blue) concentration. Gray column: rat IgG;
black column: HMK-12; white column: 6HDS5.

tions. IgE/anti-IgE immune complexes were detected in
the sera of mice injected intravenously with HMK-12
from day 1 through day 3, but the amounts of immune
complexes were low in the sera of those injected intrave-
nously with rat IgG (control; fig. 6).
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Fig. 6. Anti-DNP-IgE/anti-IgE immune complexes were detected in
the sera of mice injected intravenously with the anti-IgE antibody
(HMK-12). Mice were injected intravenously with SPE-7 and 1 day
later with the anti-IgE antibody [HMK-12 (white columns), 6HDS5
(gray columns), rat IgG (black columns)], also intravenously. The
sera were obtained by bleeding from tail veins 1-3 days after anti-IgE
injections. OD measured at 450 nm.

Table 3. Anti-IgE antibodies inhibit PCA

Antibodies, pg

100 10 1 0.1 0
6HDS - - - ++ +++
HMK-12 - - +++  +++ 4+
HMK-12Fab ~ — * +4+4+ +++
JKS-6 o e T e S e
Rat IgG +4+4+  ++4+ +++

Serial dilutions of SPE-7 were injected intradermally into rats. 24
h later, several dilutions of anti-IgE antibodies (HMK-12, Fab of
HMK-12, 6HDS, JKS-6, or rat IgG) were injected into the same sites.
Another 2 h later, DNP-BSA + Evans blue were injected intrave-
nously for the challenge. +++ = Blue spot of =15 mm in diameter;
++ = =10 mm in diameter; + = <10 mm in diameter; £ =<5 mm in
diameter; — = no visible blue spot.

Discussion

Mast cells are usually distributed in vascularized tis-
sues and serosal cavities, where they can function as effec-
tor cells in IgE-dependent immune responses. Indeed,
IgE-dependent immune responses of mast cells mediator
secretions are thought to contribute significantly to the
pathogenesis of allergic diseases.

30 Int Arch Allergy Immunol 2002;128:24-32

Baniyash et al. [12] described monoclonal anti-IgE
antibodies in 1986. They showed that anti-IgE antibodies
inhibit the binding of IgE to mast cells/basophilic leuke-
mia cells and suppress serotonin release in vitro, and PCA
reactions in vivo. We have also established several mono-
clonal antibodies specific for the murine IgE (the isotype,
allotype and idiotype) [13, 17]. In our studies, isotype- or
allotype-specific IgE antibodies could be detected in the
sera or culture supernatants and surface IgE expression on
B cells, too [14, 15].

We found that HMK-12 inhibited the IgE binding to
FceRI, because it competed with the binding site of IgE to
FceRI on mast cells and basophils by FACS analysis
(fig. 1).

HMK-12 also removed IgE molecules from mast cells,
even if an anti-IgE antibody was added after IgE had been
fixed to mast cells (fig. 2, 3). Why is HMK-12 able to
detach IgE from FceRI? It is speculated that the affinity of
HMK-12 for IgE is stronger than that of FceRI. However,
further studies are required to solve this problem. We also
found that IgE/anti-IgE immune complexes were detected
in supernatants of IgE-binding mast cells cultured with
anti-IgE antibodies (fig. 4). The Fab fragments of the anti-
IgE (HMK-12) antibody could have the same ability as
the intact antibodies to inhibit allergic reactions using
mast/basophilic leukemia cells in vitro. Our experiments
showed that an anti-IgE antibody could get rid of IgE mol-
ecules from mast cells and produce IgE/anti-IgE immune
complexes. When we used B cells instead of mast/baso-
philic leukemia cells, we could not detach the bound IgE
[unpubl. data].

This was the first observation that anti-IgE antibodies
could detach IgE molecules from mast cells. Therefore, we
carried out the in vivo studies on systemic anaphylaxis
and PCA with the use of these antibodies.

In the case of systemic anaphylaxis, mice injected with
the anti-IgE antibody (HMK-12) did not show symptoms
of a systemic anaphylactic shock, and dye extravasation
could not be seen on the ear in this group, but mice treated
with other antibodies (JKS-6/Eb-1) showed shaking, dys-
pnea, and incontinence (data not shown), and dye extrav-
asation could also be observed (fig. 5a—d). As shown in
figure 5e, the eluates of the skin confirmed that the anti-
IgE antibody (HMK-12) prevents systemic anaphylaxis.

IgE/anti-IgE immune complexes were also detected in
the sera of mice treated with HMK-12 (fig. 6). PCA reac-
tions with anti-IgE antibody were inhibited by HMK-12
(table 3). We showed that anti-IgE antibodies inhibit or
suppress allergic reactions in vivo without any side ef-
fects.

Miyajima/Watanabe/Ovary/Okumura/
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Why did anti-IgE antibodies inhibit/suppress allergic
reactions in mast cells or basophils? The reason is that the
anti-IgE antibody (HMK-12) can remove IgE molecules
from FceRI on mast cells and can produce IgE/anti-IgE
immune complexes. Many studies demonstrated the
physiological significance of the FceRI interaction with
FcyRs in vitro and in vivo, and a novel regulatory path-
way for the type I hypersensitivity response was repre-
sented [24-28].

The ability of IgE to bind with low affinity to Fc recep-
tors for IgG (FcyRIIB and FcyRIII) is complex. Takai et
al. [24] showed that FcyRIIB knockout mice display an
enhanced IgE-mediated anaphylactic response, whereas
FcyRIII knockout mice display a decrease in the IgE-
mediated response, suggesting that in relation to FceRI
the IgE-mediated response was downregulated by
FcyRIIB but upregulated by FcyRIIL.

It would be interesting to study the importance of the
FcyRIIB/FcyRIII interaction with FceRI in our future
work.

Saini et al. [29] and MacGlashan et al. [30] showed that
anti-IgE antibodies could decrease free IgE levels and
finally downregulated FceRI on mast cells/basophilic
cells. Therefore, FceRI densities may be regulated by plas-
ma free IgE levels. Our studies show that anti-IgE anti-
bodies remove IgE molecules from mast/basophil cells
and generate immune complexes.

Recently, Milgrom et al. [31] showed in clinical studies
that a humanized monoclonal antibody against IgE has
potential as a treatment for patients with severe allergic
asthma. We have reported here in vivo studies of systemic
anaphylaxis and PCA reactions using anti-IgE antibodies.
Anti-IgE antibodies inhibit systemic anaphylaxis and
PCA reactions. These studies show that monoclonal anti-
IgE antibodies could be important in regulating IgE-
mediated anaphylactic reactions in animal systems and
also in treating human patients with type I allergic dis-
cases.
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