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Abstract. Sugi basic protein (SBP), a major allergen of Japanese cedar pollen, conjugated to pullulan
acquires suppressive activities for IgE, but not for IgG antibody production, and for IgE-mediated PK reac-
tions in a SBP-specific manner. When either normal or IgE anti-SBP antibody-producing mice were treated
with the conjugate, IgE anti-SBP antibody levels scarcely increased even after immunization with SBP + alum.
This suppression was shown to be SBP specific and IgE selective. The ability of SBP-pullulan conjugate to eli-
cit PK reactions on passively sensitized rat skin was markedly reduced. Furthermore, the conjugate inhibited
the reactions mediated by the IgE antibodies and native SBP when it was injected into the IgE antibody-sensi-
tized sites 2 h prior to SBP challenge. The reduced ability of the conjugate to elicit PK reactions was not due to
loss of antigenic determinants during the conjugation procedures because binding activity of the conjugate to
anti-SBP antibodies was as strong as that of native SBP. These results indicate that SBP-pullulan conjugate
may be useful for ‘desensitization therapy’ against the pollinosis.

Introduction

Patients suffering from seasonal allergic rhinitis
and/or conjunctivitis caused by pollen from Japanese
cedar (Cryptomeria japonica) have recently been in-
creasing in numbers. For example, in Japan several
million cases have been reported [1]. Desensitization
immunotherapy by multiple injections of allergen
over extended time periods has been effective in alle-
viating allergic symptoms in some but not all patients.
However, there are a number of recognized problems
with this type of immunotherapy: for instance, there is
a risk in inducing systemic or local anaphylactic reac-
tions, specific IgE antibody levels might be elevated,
and the time course required to achieve favorable re-
sults is over many months or years [2-4].

We have previously reported that IgE class-selec-
tive and antigen-specific suppression as well as en-
hanced IgG antibody production could be achieved
in mice be injection of an ovalbumin-pullulan conju-
gate [5].

In the present study, we found that the Sugi basic
protein (SBP)-pullulan conjugate was also capable of
inducing suppression of IgE anti-SBP antibody pro-

duction and of enhancing IgG anti-SBP antibody
production; SBP being the major allergen in Japanese
cedar pollinosis. Moreover, the dose of conjugate re-
quired for eliciting Prausnitz-Kiistner (PK) reactions
on passively sensitized rat skin is approximately
100-fold greater than that of native SBP. In addition,
the conjugate was found to be capable of inhibiting
the PK reaction. Thus, treatment of the patients with
the conjugate rather than conventional SBP solutions
may be more advantageous in the improvement of
allergic symptoms.

Materials and Methods

Animals

BALB/¢ female mice, 8-12 weeks of age, and Sprague-Dawley
(SD) rats, 9-12 weeks old, were purchased from Charles River Ja-
pan, Inc., Kanagawa. New Zealand white rabbits, 3 months old,
were obtained from Yanahara Rabbit Center, Okayama.

Ant?gens and Reagents .

SBP was prepared according to the procedure of Yasueda et al.
[6] with slight modifications. In this procedure, Cetavlon (hexade-
cyltrimethylammonium bromide, Sigma) was used to remove poly-
saccharides by precipitation: Purified SBP had characteristics simi-
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Table 1. Induction of IgE-selective and SBP-specific unresponsiveness in mice by treatment with SBP-pullulan conjugate

Pretreatment Immunization Anti-SBP Anti-TT

IgE IgG IgE 1gG
Experiment 1
SBPin saline SBP +alum 320(13.0) 120 ND ND
SBP-puliulan conjugate SBP +alum 50 (6.0) 584 ND ND
Mixture of SBP and pullulan SBP +alum 320(13.0) 171 ND ND
Experiment 2
SBP-pullulan conjugate SBP+TT+alum 40 (6.0) 6,410 640 (15.0) 13,800
Saline SBP+ TT + alum 160 (11.0) 3,050 320(14.0) 16,200

Normal mice were treated 3 times with SBP, SBP-pullulan conjugate or a mixture of SBP and pullulan at 1-week intervals, and 7 days

later, immunized with SBP or SBP + TT adsorbed onto alum.
Numbers in parentheses represent a sample score.
ND = Not done.
Immunization with SBP + TT + alum was done twice.

lar to those described by Yasueda et al. [6]. It showed a M, 37- to
50-kdalton component by SDS-PAGE analysis, and strong anti-
genicities in ELISA using sera of the cedar pollen allergic patients
and B- D-galactosidase-labeled antihuman IgE antibodies (Pharma-
cia Fine Chemicals). The amino acid composition was found to be
similar to that reported by Yasueda et al. [6]. Eighty milligrams of
SBP was obtained from 500 g of dried pollen. SBP protein concen-
tration was determined by measurement of ultraviolet absorption
using absorption coefficient of E{* at 280 nm 12.6 [6]. Tetanus to-
xoid (TT) was kindly donated by Dr. A. Yamamoto of the National
Institute of Health, Japan. .

Preparation of S BP-Pullulan Conjugate

SBP-pullulan conjugate was prepared according to the method
described previously [5]. Briefly, 8 mg of cyanuric chloride (Wako
Junyaku, Tokyo; used after recrystallization) dissolved in 1ml
chilled acetone were mixed with 25 ml of 2% pullulan solution
(Mw 390 kdaltons, Hayashibara Biochemical Laboratories, Inc.,
Okayama), and the mixture was stirred in an ice bath for 2 h. The
pH of the reactants was maintained at 6.8-7.0 by adding 5%
NaHCO, dropwise. Activated pullulan was mixed with 50 mg of
SBP, and the mixture was incubated at 37°C for 5 h with continu-
ous stirring. The resulting preparation was dialyzed against 0.01 M
acetate buffer, pH 5.0 and applied to CM-Sephadex C-25 (Pharma-
cia) column equilibrated with the same buffer to remove unconju-
gated SBP from the preparation. Molecular weight of the SBP-pul-
lulan conjugate was estimated to be 400-1,600 kdaltons by HPLC
analyses using a GPC column. This suggests that pullulan-pullulan
and SBP-pullulan-pullulan conjugates might be formed in addition
to SBP-pullulan conjugate. An immunoelectrophoretic analysis us-
ing rabbit or mouse anti-SBP antiserum revealed that the electro-
phoretic mobility of the conjugate was altered to the anode side
from that of native SBP, and that the precipitin line formed with
the anti-SBP antiserum was observed as a ‘clear line’ indicating hy-
drophilicity of the precipitin line [S]. These results indicate that the
conjugate of SBP with pulullan had been formed and was separated

from unconjugated SBP by the procedures described above. In this
study, the dose of conjugate was expressed as concentration of SBP
in the conjugate by optical absorption at 280 nm.

Determination of Antibody Titers

Mice were bled from the tail vein on the day indicated. IgE anti-
SBP and anti-TT antibodies were titrated by passive cutaneous ana-
phylaxis (PCA) reactions in SD rats according to Mota and Wong
[8], using 200 g SBP per rat or 100 Lf TT per rat as an eliciting anti-
gen. IgE antibody titers are expressed as reciprocal of the highest
dilutions giving a 5 X5 mm blue spot. A sample score was calcu-
lated as the sum of the strength of blue spots at each dilution of the
sample, the strength of blue spots are expressed as follows: (1) + =
5 mm in diameter; (2) ++ = 6-10 mm; and (3) +++ = more than
10 mm.

I1gG anti-SBP or anti-TT antibodies were measured by ELISA
using horseradish peroxidase (HRPO)-labeled rabbit antimouse Igs
(DAKO) and SBP- (5 pg/ml, 100 ul) or TT- (4 Lf/ml, 100 ul)
coated 96-well microplates. IgG antibody titers are expressed as re-
ciprocals of dilutions giving a half of the maximum optical density.

Preparation of Rabbit Anti-SBP Antibodies

Specific antiserum to SBP was prepared by immunizing rabbits
twice at 1-week intervals with 1 mg of SBP emulsified in Freund’s
complete adjuvant (Difco). The rabbits were bled 7 days after the
last injection, and IgG fraction of the serum was obtained by preci-
pitation with ammonium sulfate (50% saturation) and protein
A-Sepharose (Pharmacia) chromatography. A portion of the IgG
fraction was labeled with HRPO (Sigma) according to Nakane and
Kawaoi [9].

PK Reaction and Its Inhibition Test

0.1 ml of 1:50 diluted mouse or rat serum containing IgE anti-
SBP antibodies was injected intradermally to the back of shaved
normal SD rat. The antibody doses had been previously ascer-
tained to be sufficient for sensitizing rat skin for PCA reaction eli-
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Table 2. Suppressive effect of SBP-pullulan conjugate on secondary anti-SBP IgE responses

Primary Treatment Secondary Before treatment After treatment After 2nd immunization
immunization immunization
IgE IgG IgE IgG IgE 1gG
Anti-SBP
SBP +alum saline SBP + alum 160 (11.7) 1,570 80(9.0) 2,470 640 (15.0) 2,900
SBP +alum SBP-pullulan conjugate SBP +alum 160 (11.0) 1,010 80(9.0) 1,820 160 (10.0) 5,840
SBP + alum mixture of SBP and pullulan  SBP+alum 160 (5.0) 1,180 80(9.0) 3,120 320(14.0) 4,900
Anti-TT
TT + alum saline TT +alum 80(7.0) 22,000 80 (7.0) 22,600 320(12.0) 33,400
TT+alum  SBP-pullulan conjugate TT +alum 80(7.0) 11,670  80(8.0) 14,400  320(12.0) 23,200

SBP- or TT-primed mice were treated 2-3 times/week for 3 weeks with SBP-pullulan conjugate, a mixture of SBP and pullulan, or sa-
line. Seven days later, mice were challenged twice with SBP or TT adsorbed onto alum. Numbers in parentheses represent a sample score.

cited by 200 ug of i.v.-administered SBP solution. Twenty-four
to seventy-two hours later, 0.1 ml of serial 10-fold dilution
(10°-10"? ug/ml) of SBP or SBP-pullulan conjugate was injected in-
tradermally to the sensitized sites. Immediately after the injections,
the rat was given 1 ml of 0.5% Evans blue solution.

To study the ability of SBP-pullulan to inhibit PK reactions,
shaved SD rat skin was sensitized with 0.1 ml of 1:50 diluted mouse
serum containing IgE anti-SBP or anti-tetanus toxin (TT). Twenty-
four hours later, SBP-pullulan conjugate, 5.0-0.1 ug/0.1 ml/site, or
saline was injected intradermally to the sensitized sites. After an ad-
ditional 2 h, the specific PK reactions were elicited by intradermal
injections of corresponding antigen, 500 ng SBP or 0.6 Lf TT/site,
to the sensitized sites. Immediately after the injections, 1 ml of 0.5%
Evans blue was given to the rat.

Enzyme- Linked Immunosorbent Assay (ELISA) for SBP and

SBP-Pullulan Conjugate

Various doses of SBP or SBP-pullulan conjugate were reacted
onto 96-well microplates coated with 100 ul of 20 ug/ml rabbit
anti-SBP IgG fraction. Two hours later, the amounts of SBP or
SBP-pullulan bound onto the solid-phase anti-SBP antibodies were
visualized with HRPO-labeled anti-SBP antibodies.

To study of neutralizing ability of SBP or SBP-pullulan conju-
gate, various doses of SBP or SBP-pullulan conjugate were reacted
with a constant dose of free anti-SBP antibodies. Two hours later,
the residual anti-SBP antibodies were measured using SBP-coated
96-well microplates and HRPO-labeled antirabbit Igs (DAKO).

Results

SBP-Pullulan Conjugate Induces IgE-Selective and

SBP-Specific Unresponsiveness in Normal Mice

Groups of 4 mice each were treated 3 times with
1 ug of SBP in saline solution, conjugate with pullu-

lan or in mixture with pullulan, respectively, at
1-week intervals. One week after the last treatment,
the mice were immunized with 1 ug SBP adsorbed
onto 4 mg alum precipitates. One week later, serum
antibody titers were determined by rat PCA reactions
and ELISA using HRPO-labeled antimouse Igs. The
experiments were performed several times using 4 dif-
ferent lots of SBP-pullulan conjugate. Results of a re-
presentative experiment are shown in table 1, experi-
ment 1. In mice receiving pretreatment with SBP-pul-
lulan conjugate, IgE, but not IgG, anti-SBP response
was markedly suppressed after the immunization. By
contrast, mice receiving SBP in saline or a mixture of
SBP and pullulan showed good IgE and IgG anti-
SBP responses. To investigate the specificity of the
IgE-suppressive effect of the conjugate, SBP-pullu-
lan-treated mice were immunized twice with 4 Lf of
TT in addition to SBP. As shown in table 1, experi-
ment 2, the conjugate treatment suppressed selec-
tively the IgE anti-SBP response and did not affect TT
responses. These results indicate that the SBP-pullu-
lan conjugate is capable of inducing IgE-selective and
SBP-specific unresponsiveness in normal mice.

SBP-Pullulan Suppresses the Secondary Anti-SBP
IgE Response in Mice Producing IgE Anti-SBP
Antibodies

Mice were immunized i.p. with 1 ug SBPor4 Lf TT
adsorbed onto alum 3 times at 1-week intervals. Two
weeks after the last injection, 3 groups of SBP-immu-
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nized mice and 2 groups of TT-immunized mice were
treated 2-3 times/week for a period of 3 weeks with
200 ng of the SBP-pullulan conjugate, or a mixture of
SBP and pullulan, and, as a control, saline alone, re-
spectively. One week after the last treatment, mice
were challenged with the same doses of respective an-
tigens as the primary immunization, and, 7 days later,
the challenge was repeated again. After an additional
7 days, serum antibody titers were determined. As
shown in table 2, SBP-immunized mice treated with
the SBP-pullulan conjugate showed little increase in
IgE anti-SBP titers following allergenic SBP injec-
tions. IgG anti-SBP titers, however, increased mark-
edly. On the other hand, in TT-immunized mice,
treatment with SBP-pullulan conjugate exerted little
effect on anti-TT IgE and IgG responses, suggesting
that suppressive effect of the conjugate on secondary
IgE responses is also SBP-specific.

Capability of SBP-Pullulan Conjugate for Eliciting

PK Reactions in Rats Is Lower than That of Native

SBP

The following experiments were performed to de-
termine whether SBP-pullulan conjugate is capable of
eliciting PK reaction in rat skin passively sensitized
with rat or murine IgE anti-SBP antibodies. As seen
in table 3, 100 ng of SBP could elicit a positive PK
reaction when the murine anti-SBP serum was used
for sensitization and 10 ng of SBP elicited a positive
reaction when the rat antiserum was used for sensiti-
zation. It should be noted that at even 10 ug of SBP-
pullulan only a faint reaction was elicited, suggesting
that concentrations higher than 10 pg of the conjugate
would be required for eliciting positive PK reactions.

SBP-Pullulan Conjugate Blocks the PK Reactions

Mediated by SBP and IgE Anti-SBP Antibodies

To investigate whether SBP-pullulan conjugate is
capable of inhibiting PK reactions mediated by SBP
and IgE anti-SBP antibodies, the following experi-
ments were performed. As shown in table 4, the anti-
SBP-sensitized sites receiving no SBP-pullulan prior
to SBP challenge showed strong positive reactions
(+++), whereas the reactions at the anti-SBP-sensi-
tized sites receiving SBP-pullulan conjugate were
markedly reduced. It was noted that more than 0.2 pg
SBP-pullulan conjugate could completely block the
reactions mediated by IgE anti-SBP antibodies and
500 ng SBP. Furthermore, it was demonstrated that
SBP-pullulan conjugate exerted little effect on the TT-

Table 3. Comparison of antigenicities for eliciting PK reactions
between SBP and SBP-pullulan conjugate

Sensitizing Eliciting Dose of antigens, pg/site
antibodies antigens
10 1 0.1 0.01 0.001

Murine
IgE anti-SBP  native SBP +++ +++ + - -

SBP-pullulan

conjugate + - - - -
Rat
IgE anti-SBP  native SBP +++ +++ ++ + -

: SBP-pullulan
conjugate + - - - -

10-10 pg/0.1 mi/site of SBP or SBP-pullulan conjugate was
injected intradermally at the previously sensitized rat skin site. Im-
mediately after the injection, the rat was given | ml i.v. of 0.5%
Evans blue solution.

Table 4. Inhibitory activity of SBP-pullulan conjugate on PK
reactions mediated by SBP and IgE anti-SBP antibodies

Intradermal injections PK
reaction
Ist 2nd 3rd
Anti-SBP saline SBP 500 ng +++
Anti-SBP SBP-pullulan 0.1 pg SBP 500 ng +
0.2ug SBP 500 ng -
0.5ug SBP 500 ng -
1.0ug SBP 500 ng -
20ug SBP 500 ng -
S5.0ug SBP 500 ng -
Anti-SBP SBP-pullulan 5.0 pug saline -
Anti-TT saline TT 0.6 Lf +++
Anti-TT SBP-pullulan 0.2 ug TT 0.6 Lf +++
1.0ug TTO0.6 Lf +++
5.0ug TTO0.6 Lf +++

5-0.1 pg/0.1 ml of SBP-pullulan conjugate or saline was in-
jected intradermally to the rat skin site previously sensitized with
IgE anti-SBP or anti-TT. Two days later, SBP- or TT-specific PK
reactions were elicited with SBP or TT, respectively.

specific PK reactions, indicating that the inhibitory
effect of the conjugate is SBP specific. These results
suggest that SBP-pullulan actually binds to IgE anti-
SBP on mast cells or basophils, thus these cells might
be protected from binding of allergenic native SBP,
and subsequent triggering events mediated by aller-
genic SBP.
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Fig. 1. Comparison of binding amounts of SBP apnd SBP-pullu-
lan conjugate to immobilized or free anti-SBP antibodies. a The
binding amounts of SBP or SBP-pullulan to anti-SBP antibodies
immobilized on a 96-well microplate were determined using
HRPO-labeled rabbit anti-SBP antibodies. b The binding amounts
of SBP and SBP-pullulan to free anti-SBP antibodies were esti-
mated by neutralizing activities to the antibodies. ® = SBP;
O = SBP-pullulan conjugate.

Comparison of Binding Amounts of SBP and

SBP-Pullulan Conjugate to Immobilized or Free

Anti-SBP Antibodies

One possible reason for the reduced capability of
the conjugate to elicit a PK reaction is that the SBP-
pullulan conjugate might be unable to bind suffi-
ciently to promote IgE antibody cross-linking on
mast cells or other cell surfaces. Alternatively, SBP-
pullulan might lose its antigenic determinants during
conjugation procedures. Therefore, the amounts of

SBP and SBP-pullulan bound to immobilized or free
anti-SBP antibodies were compared. As a model for
cell-bound antibodies, anti-SBP antibodies coated
onto 96-well microplates were used. As shown in fig-
ure 1a, the amounts of SBP-pullulan binding to solid-
phase antibodies were about 100-fold less than that of
native SBP solution. However, if the antibodies were
not immobilized, the conjugate could bind to the an-
tibodies as well as native SBP because the neutraliza-
tion curve of SBP-pullulan against unfixed antibodies
fell on that of native SBP solution (fig. 1b). These re-
sults suggest that the reduced binding of the conjugate
to immobilized anti-SBP is not due to loss of its anti-
genic determinants, but that the binding space of
SBP-pullulan conjugate to the immobilized antibod-
ies on a solid surface is about 100-fold broader than
that of native SBP.

Discussion

As mentioned, our previous studies [5] have dem-
onstrated that administration of ovalbumin (OA)-
pullulan conjugate induces in mice OA-specific and
IgE-selective suppression of primary antibody re-
sponses to the antigen. In the present study, we pre-
pared a similar pullulan conjugate with SBP, a major
allergen for Japanese cedar pollen allergy and suc-
ceeded in the induction of SBP-specific and IgE-se-
lective suppression in mice. We also found that the
conjugate bears new immunobiological properties
that are lacking in the native SBP: the SBP-pullulan
treatment causes no increase in IgE antibody levels of
normal or even IgE anti-SBP antibody-producing
mice. The ability of the conjugate to elicit PK reac-
tions on presensitized rat skin is markedly reduced,
i.e. 100 times less than that of the native SBP and,
moreover, such a pretreatment of the sensitized skin
with the conjugate blocks subsequent PK reactions
upon challenge with the allergenic SBP.

Regulation of IgE antibody responses has been ex-
tensively studied in humans and animals [10, 11].
Cells and factors involving in regulation of IgE anti-
body responses have been claimed [12-20] and, more
recently, IL-4 and IFN-y were also shown to be in-
volved [21-25]. Our previous studies on the antigen-
pullulan conjugates have demonstrated that the OA-
specific and IgE-selective suppression could be trans-
ferred by spleen cells from the conjugate-treated mice
to normals [5] and that intravenous administration of
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NP-pullulan conjugate induced at least two distinct
suppressor T cell populations, Ts1 (inducer) and Ts2
(transducer) [26]. In our preliminary experiments, the
antigen-specific and IgE-selective suppression was
also observed in mice receiving spleen cells from SBP-
pullulan-treated donors (data not shown), indicating
the involvement of suppressor cells in SBP-pullulan-
induced suppression. Studies are now in progress in
our laboratory to delineate cellular mechanisms re-
sponsible for the suppression.

Immunochemical analyses on the SBP-pullulan
conjugate revealed that the antigenic determinants of
SBP are presumably fully available, since the conju-
gate was able to neutralize free anti-SBP antibodies as
effectively as the native SBP. On the other hand, the
amounts of the conjugate bound to immobilized an-
tibodies were shown to be 50-100 times less than that
of the SBP, indicating that each conjugate molecule
occupies a much greater space of the antibody-coated
surface than the SBP molecule does. This drastically
reduced binding of the conjugate to the antibody-
coated surface might have been simply due to steric
hindrance, because the molecular weight of the conju-
gate was estimated as 400-1,600 kdaltons and the con-
jugation ratio was calculated to be approximately 1:1.
Therefore, it is reasonable to assume that such a very
limited binding of the conjugate, if it took place in
vivo on IgE-sensitized mast cells, might be unable to
cross-link two IgE molecules resulting in its reduced
ability to elicit PK reactions and also blocking of PK
reactions with allergenic SBP challenge.

The above-described properties of the SBP-pullu-
lan conjugate seem to warrant further investigations
toward the development of a new immunotherapy
against Japanese cedar pollen allergy, since such an
improved therapy should be able to suppress specif-
ically IgE antibody production and simultaneously
reduce symptoms mediated by IgE antibodies and
corresponding allergens. The data presented in this
study clearly indicate that the SBP-pullulan conjugate
would be a potential candidate to fulfill both require-
ments.

Acknowledgements

The authors are greatly indebted to Prof. Dr. K. Kano, Institute
of Medical Science, University of Tokyo, for his excellent advice
and help for preparation of this manuscript. The authers also ex-
press their thanks to Dr. A. Yamamoto, National Institute of
Health, Japan, for his kind donation of tetanus toxoid.

17

References

Takafuji, S.: Epidemiology and treatment of Japanese cedar
pollinosis (in Japanese). Med. Immunol. 15: 73-78 (1988).

Lee, T.M.; Grammer, L.C.; Shaughnessy, M.A_; Patterson, R.:
Modified antigens in the treatment of allergic disease. Year Im-
munol., vol. 2, pp. 338-350 (Karger, Basel 1986).

Hussain, R.; Ottesen, E.A.: IgE responses in human filariasis.
IV. Parallel antigen recognition by IgE and IgG4 subclass an-
tibodies. J. Immun. 136: 1859-1863 (1986).

Norman, P.S.; Lichtenstein, L.M.; Kagey-Sobotka, A.; Marsh,
D.G.: Controlled evaluation of allergoid in the immunotherapy
of ragweed hay fever. J. Allergy clin. Immunol. 70: 248-260
(1982)..

Usui, M.; Matuhasi, T.: IgE-selective and antigen-specific unre-
sponsiveness in mice. I. Induction of the unresponsiveness by
administration of ovalbumin-pullulan conjugate. J. Immun.
122: 1266-1272(1979).

Yasueda, H.; Yui, Y.; Shimizu, T.; Shida, T.: Isolation and par-
tial characterization of the major allergen from Japanese cedar
(Cryptomeria japonica) pollen. J. Allergy clin. Immunol. 71:
77-86 (1983).

Sakaguchi, M.; Inouye, S.; Suzuki, S.: Fluorometric enzyme-
linked immunosolvent assay for the measurement of IgE anti-
body to Cryptomeria japonica pollen (in Japanese). Jap. J. Al-
lerg. 35: 233-237 (1986).

Mota, I.; Wong, D.: Homologous and heterologous passive cu-
taneous anaphylactic activity of mouse antisera during the
course of immunization. Life Sci. 8: 813-820(1969).

Nakane, P.K.; Kawaoi, A.: Peroxidase-labeled antibody. A new
method of conjugation. J. Histochem. Cytochem. 22:1084-1091
(1974).

Ishizaka, K.: Regulation of IgE synthesis. A. Rev. Immunol. 2:
159-182(1985).

Katz, D.H.: Recent studies on the regulation of IgE antibody
synthesis in experimental animals and man. Immunology 41:
1-24 (1980).

Deguchi, H.; Suemura, M.; Ishizaka, A.; Ozaki, Y.; Kishimoto,
S.; Yamamura, Y.; Kishimoto, T.: IgE class-specific suppres-
sor T cells and factors in human. J. Immun. 131: 2751-2756
(1983).

Malley, A.; Deppe, L.B.; Brandt, C.J.: Induction and characteri-
zation of suppressor T cells and soluble factors with modified
Timothy grass pollen AgB. Int. Archs Allergy appl. Immun.
65: 129-137 (1981).

Mathur, A.; Kamat, D.K.; Van Ness, B.G.; Lynch, R.G.: Thy-
mus-dependent in vivo suppression of IgE synthesis in a murine
IgE-secreting hybridoma. J. Immun. 139: 2865-2872 (1987).
Suemura, M.; Yodoi, J.; Hirashima, M.; Ishizaka, K.: Regula-
tory role of IgE-binding factors from rat T lymphocytes. 1.
Mechanisms of enhancement of IgE responses by IgE-potenti-
ating factor. J. Immun. 125: 148-154 (1980).

Hirashima, M.; Yodoi, J.; Ishizaka, K.: Regulatory role of IgE-
binding factors from rat T lymphocytes. 1II. IgE-specific sup-
pressive factor with IgE-binding activity. J. Immun. 125:
1442-1448 (1980).

Ishizaka, K.; Yodoi, J.; Suemura, M.; Hirashima, M.: Isotype-
specific regulation of the IgE response by IgE-binding factors.
Immunol. Today 4: 192-196 (1983).

Ishizaka, K.; Jardieu, P.; Akasaki, M.; Iwata, M.: T cell factors




142

Taniguchi/Ikegami/Usui/Ando/Kurimoto/Sakaguchi/ Inouye/Matuhasi

19

20

21

22

23

involved in the regulation of the IgE synthesis. Int. Archs Al-
lergy appl. Immun. 82: 383-388 (1987).

Marcelletti, J.F.; Katz, D.H.: FcRe* lymphocytes and regula-
tion of the IgE antibody system. II. FcRe™ B lymphocytes
initiate a cascade of cellular and molecular interactions that
control FcR, expression and IgE production. J. Immun. 133:
2829-2836 (1984).

Marcelletti, J.F.; Katz, D.H.: FcR;* lymphocytes and regulation
of the IgE antibody system. III. Suppressive factor of allergy
(SFA) is produced during the in vitro FcR, expression cascade
and displays corollary physiologic activity in vivo. J. Immun.
133: 2837-2844 (1984).

Coffman, R.L.; Ohara, J.; Bond, M.W; Carty, J.; Zlotnick, A.;
Paul, W.E.: B cell stimulatory factor-1 enhances the IgE re-

sponse of lipopolysaccharide-activated B cells. J. Immun. 136:

4538-4541 (1986).

Coffman, R.L.; Carty, J.: A T cell activity that enhances poly-
clonal IgE production and its inhibition by interferon-gamma.
J. Immun. 136: 949-954 (1986).

Finkelmann, F.D.; Katona, .M.; Mosmann, T.R.; Coffman,
R.L.: IFN-y regulates the isotypes of Ig secreted during in vivo
humoral immune responses. J. Immun. 140: 1022-1027 (1988).

24

25

26

Hudak, S.A.; Gollnick, S.0.; Conrad, D.H.; Kehry, M.R.: Mu-
rine B-cell stimulatory factor-1 (interleukin4) increases expres-
sion of Fc receptor for IgE on mouse B cells. Proc. natn. Acad.
Sci. USA 84: 4606-4616 (1987).

Conrad, D.H.; Waldschmidt, T.J.; Lee, W.T.; Rao, M.; Keegan,
A.D.; Noelle, R.J.; Lynch, R.G.; Kehry, M.R.: Effect of B cell
stimulatory factor-1 (interleukin-4) on Fce and Fc, receptor ex-
pression on murine B lymphocytes and B cell lines. J. Immun.
139: 2290-2296 (1987).

Taniguchi, N.; Usui, M.; Okuda, K.; Matuhasi, T.: Hapten-pul-
lulan conjugate-induced CMI suppression. Demonstration ofa
common pathway of suppressor cells involving idiotypic inter-
actions. J. Immun. 129: 1816-1822 (1982).

Received: July 25, 1988

Correspondence to: Dr. Yoshifumi Taniguchi
Hayashibara Biochemical Laboratories, Inc.
675-1, Fujisaki

Okayama, 702 (Japan)




