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Anti-IL-4 Antibody Inhibits Antigen Specific IgE Response
but Fails to Prevent Chicken Gamma Globulin-induced Active
Systemic Anaphylaxis : Evidence for the Involvement
of IgG antibodies
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Jeong-Ho Lee, and Tai-You Ha

Department of Microbiology and Immunology,. Chonbuk National University Medical School,
Chonju, Chonbuk 560-182, Republic of Korea

it has recently been reported that interleukin-4 (IL-4) is required for the
production of IgE, and anti-IL-4 monoclonal antibody (mAb) inhibits in vivo
IgE responses. These suggest that blocking of IL-4 activity may be useful for
the prevention or treatment of immediate hypersenstiivity disorders. In this
study we investigated whether anti-IL-4 has a regulatory role in chicken-
gamma globulin (CGG)-induced active systemic anaphylaxis, Muttiple injec-
tions of anti-IL-4 (up to 40 mg / mouse} failed o prolect the mice from fatal
anaphylaxis. Anti-IL-4 strongly suppressed CGG-specific IgE response (>
90 %) without any suppressive effect on CGG-specific IgGflgG1, IgG2a,
IgG2b, and IgG3) responses. Because these data suggest the possibility that
fatal anaphylaxis could be induced by IgG antibodies, we examined the
possibility using anti~-CGG polyclonal and the subclasses of IgG monoclonal
antibodies. Passive sensitization of mice with polyclonal antibodies elicited
severe and fatal anaphylactic shock; about 50 % of the mice died. The
activity of antibodies was not diminished by heat treatment (56°C, 2h),
suggesting that the anaphylaxis was not mediated by IgE. Shock was also
elicited by each subclass of IgG mAb; of these, IgG1 was the most
effective. Combination of the IgG subclasses elicited more exaggerated
shock ; about 30 % of mice died. These data indicate that IgG antibodies are
themselves stifficient to induce systemic anaphylaxis. Therefore, the failure of
anti-IL-4 to prevent active anaphylaxis is probably due to the inability of
anti-IL-4 to suppress the production of IgG antibodies.
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IgE antibodies play a central role in immediate
hypersensitivity (Ishizaka and Ishizaka, 1967 ; Ishizaka
and Ishizaka, 1975). Suppression of IgE production
has long been considered to be the ideal treatment



12

for patients with allergy. The approaches which have
been studied include the use of immunological rea-
gents (Fnkelman et al,, 1988 ; Marshall and Bell, 1989
» Souillet et al, 1989), immunosuppressive drugs
{Okudaria et al., 1986), and modified allergens (Katz
et al, 1973; Takasu and Ishizaka, 1975; Lee and
Sehon, 1977 ; Hayglass and Stefura, 1991), but the
practical implications of such approaches remain
unclear.

Recently, interleukin-4 (IL-4) has been shown to
stimulate murine as well as human IgE synthesis both
in vitro and in vivo (Finkelman et al, 1988 ; Pene et
al, 1988 ; Snapper et al., 1988 ; Dekruyff et al,, 1989
Vercelli et al., 1989). Furthermare, anti-IL-4 monoclon-
al antibody (mAb) has been shown to block the
primary and secondary in vivo IgE responses (Finkel-
man et al, 1986 ; Finkelman et al,, 1988 ; Finkelman
et al, 1989; Finkelman et al., 1990; Sadick et 4l
1990 ; Ochel et al, 1991). This suggests that regula-
tion of IL-4 production or action may be useful for the
prevention or therapy of immediate hypersensitivity
disorders.

The purpose of this study was to investigate
whether in vivo administration of anti-IL-4 could pre-
vent active systemic anaphylaxis induced by chick-
en-gamma globulin(CGG).

MATERIALS AND METHODS

Animals

Female BALB/c mice were purchased from the
Korean Institute for Chemistry (Taejon, Chungnam).
Female athymic nude BALB/c mice were kindly
provided by Dr. Huh, Korean Cheil Sugar R & D
Center (Dokpyong, Kyonggi), and housed in the
specific pathogen-free animal care facilty in our
laboratory. All mice were used af 8-12 wks of age.

Antibodies

The rat-mouse hybridoma, 11B11, which secretes
rat IgG1 specific for murine IL-4 (Ohara and Paul,
1985) was purchased from American Type Cutture
Callection (Rockvile, MD). As a contrdl mAb,
Ja-1(Finkelman et al., 1988) which secretes rat IgG1
with specificity for the hapten nitrophenol (NP), was
kindly provided by Dr. F.D. Finkelman, Uniformed
Services University of the Health Sciences (Bethesda,
MD). Both mAbs were prepared as ascites in pris-
tane-primed nude mice. Preparations were precipi-
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tated in 45 % ammonium sulfate, dialyzed against
PBS, pH 7.2, and quantitated for protein before use
(Lowry et al, 1951),

Anti-CGG polyclonal antibodies were produced by
a method described by Tung et al(1978). Briefly,
BALB/¢ mice were immunized 3 times on day 0, 14,
and 21 by ip. injections of 0.2 ml mixture of 9 parts of
Freund's complete adjuvent(CFA) and 1 part of CGG
solution (50 mg/ml). The developed ascites were
collected and a gamma-globulin rich fraction was
prepared with ammonium sulfate and protein concen-
fration was measured as described above.

CGG-specific mouse IgG1, IgG2a, IgG2b, IgG3
and IgE mAbs were produced. A 6 weeks old BALB/
¢ mouse was immunized by s.c injection of 50 ug of
CGG with CFA (1:1, v/v). Two weeks later, another
S0ug of CGG was injected iv. Three days later,
spleen cells were prepared and fused with NS-1
mouse myeloma cells with polyethylene glycol 4,000
as described previously (Shulman et al, 1978:
Mckeam et al, 1979). Hybrids were selected with
HAT medium. Screening of mAb-producing hybrids
was performed by an ELISA in which microfiter plates
were coated with CGG (20 u g/ml) and their subclas-
ses were delermined using mAb isatyping kit. The
positive clones were selected and cloned 3 times by
limiting dilution. The mAbs were prepared in BALB/c
mice. The concentrations of IgG subclasses in ascitic
fluid were measured by a radial immunodiffusion
assay with standard mouse IgG and rabbit anti-
mouse IgG (Cappel Laboratories, Malvemn, PA). IgE
concentrations in ascitic fluid were measured by a
sandwich ELISA (Xia et al, 1989) using goat anti-
mouse IgE (Bethyl Laboratories, INC. Montgomery,
TX), mouse IgE mAb specific for dinitrophenol (ICN
ImmunoBiologicals, Lisle, IL}, and peroxidase-conju-
gated rat anti-mouse IgE (Biosource, Westlarke Vil-
lage, CA).

Determination of CGG-specific serum Ig levels

CGG-specific serum I1gG1, IgG2a, 1gG2b, IgG3,
and IgE levels were determined using an ELISA
calibrated against anti~-CGG mAbs. ELISA plates
were coated ovemight with CGG at 20ug/ml in
carbonate buffer (005 M, pH 9.6). After the plate
were washed, serial dilutions of serum samples were
incubated for 1 hr for IgG or 4 hrs for IgE at 37°C, the
plates were washed, and appropriately diluted perox-
idase-conjugated rabbit anti-mouse IgG subclasses
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(Cappel Laboratories) or rat anti-mouse IgE were
added and incubated for 2 hrs at 37°C. After washing
the plates extensively, substrate solution was added.
After optimal color development, the reaction was
stopped with 4 N HSO,. Absorbance at 492 nm was
measured in an ELISA reader. Results were express-
ed as concentration from a standard curve of known
concentrations of CGG-specific mAbs.

Reagents

A mouse mAb isotyping kit was purchased from
The Binding Site Inc. (San Diego, CA). CGG and
OVA(Grade V) were from Cappel Laboratories and
Sigma (St. Louis, MO), respectively. CFA was from
GIBCO (Grand Island, nNY). Recombinant human
IL-2 and murine IL-4 were gifts from Hoffman-La
Roche, Inc (Nutley, NJ), and Dr. Paul Trotta, Schering
Corp. (Bloomfield, NJ), respectively.

Induction of Active systemic anaphylaxis

BALB/c mice were sensitized by ip. injection of
500pg of CGG, 10 mg of aum and 2 X 10°
Bordetefla  pertussis (National Institute of Health,
Korea) as described previously (Ha and Reed, 1986 ;
Ha and Reed, 1987). Challenge was performed by
iv. injection of 500ug CGG 18 days after sensitiza-
tion. Thirty minutes after challenge, shock was scored
by McCaskil's criteria (McCaskill et al, 1984} with
some modifications : 0, no sign of shock ; 1, decreas-
ing bouts of spontaneous activity and piloerection ; 2,
loss of coordination and dyspnea; 3, no activity
following whisker stimuli and slight activity after prod-
ding with ball-point pen; 4, no - activity following
whisker stimuli, progressive paresis beginning with the
hind leg ; 5, no activity following Haffner's tail pinching
stimuli by forcep; 6, brief but violent conwulsion,
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prostration, coma but substantial recovery; 7, fatal
shock (died within 15-60 min); 8, fatal shock (died
within 15 min).

Induction of passive systemic anaphylaxis

BALB/c mice were injected iv. with 1 mg of
polyclonal or 2 mg of monoclonal IgG antibodies. The
mice thus sensitized for 1 hr and then tested for
anaphylactic shock by iv. challenge with 500 ug of
CGG. Shock was scored as described above.

RESULTS

Failure of anti-IL-4 to prevent ASA induction

An activity of anti-IL.-4 was determined using
murine CTLL cell proliferation assay (Lee et al., 1990).
A 50 % inhibition of CTLL proliferation in response to
20 U of murine IL-4 was observed at concenfration of
the mAb as low as 10 ng/ml, whereas high concen-
tration (up to 200w g/mi) of anti-IL-4 did not affect
IL-2-induced proliferation (data not shown).

To investigate whether anti-IL-4 is able to prevent
systemic anaphylaxis, mice were sensitized with CGG
and 2.5 mg, 5 mg or 10 mg of anti-IL-4 or 10 mg of
anti-NP were injected i.p. 4 times at 3 day intervals
from the day of sensitization (saline for control group).
Results from three separate experiments are summu-
rized in Table 1. Seventy-four percent of control mice
died of shock. However, there was no significant
difference in severity of anaphylaxis between control
and anti-lL-4- or anti-NP-treated groups. Anti-IL-4,
even at a high concentration (a total of 40 mg), did
not protect the mice from the fatal anaphylaxis.

Table 1. Anti-IL-4 has no protective activity on the CGG-induced active systemic anaphylaxis

No. of mice showing the following shock score®

' = .
mAb Concentration(mg) No. of mice o 1 5 3 4 5 6 7 8
— — 24 0 0 0 0 2 3 2 8 9
Anti-IL-4 10 19 0 0 1 0 2 3 0 5 8
Anti-ll-4 20 20 0 0 0 0 2 2 1 7 8
Anti-IL-4 40 21 0 0 1 2 2 3 0 7 6
_ Ani-NP 0 7 00 0 0 { - 48 © g 3
2 mAbs were injected i.p. 4 times, at 3 day intervals, from the day of sensitization. The amount of mAbs shown in Table is the tot-

al amount injected.
© . Scoting criteria are described in Materials and Methods.
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Table 2. Anti-IL-4 blocks in vivo CGG-specific serum IgE but not IgG responses

CGG-gpecific Ig( u g/mi)®

aste AL IgE lgG2a igG2b i0Ga
| = 68121 1860162 280+32 71420 TRENT
[ Anti-IL-4 0601 20184283 510255 33649 267432
1 Anti-NP 52413 18824217 224%18 217418 16,6220

2 Mice (six to eight/group) were sensitized with 500 pg of CGG plus 1.0 mg of alum and 2 X10° Bordetella pertussis.
P - Mice were injected ip. with either saline or 10 mg of anti-IL~4 or anti-NP for 4 times at 3 day intervals from the day of sensitiza-

tion

S Parﬁai bleeding was conducted on day 12, and CGG-specific IgG levels were determined by ELISA, and shown in ug/mi.

Data are shown as mean+S.D.

Anti-IL-4 suppressed CGG-specific IgE but not IgG
responses.

CGG-specific serum IgE as well as IgG levels
were determined on day 12, the time of peak re-
sponse in our expetimental conditions. The data in
Table 2, the mean of data from three independent
experiments, demonstrated that serum IgE levels were
suppressed by 90 % in anti-lL-4 treated mice (40
mg), but were not altered in the anti-NP-treated
group (40 mg), as compared with saline-treated
group. By contrast to the significant suppression of
the IgE response by anti-IL-4, the 1gG response was
not inhibited at all and there were increases in the
IgG2a, 19G2b, and IgG3 responses (ranging from 82
% to 140 %) by the antibody. Anti-NP had no
significant effect on IgG responses.

Induction of passive systemic anaphylaxis by
polyclonal and monoclonal IgG antibodies

The data described above suggested two possibili-
fies ; i) since anti-IL-4 did not completely suppressed
IgE response, a low level of IgE is sufficient to induce
fatal anaphylaxis, or i) Ig other than IgE may be
participated in the induction of the reaction. To prove
the latter possibility, we prepared anti-CGG polyclonal
antibodies and all subclasses of IgG mAbs and
tested whether these antibodies were able to induce
passive anaphylaxis. As shown in Fig. 1, all mice
which had been sensitized passively with polyclonal
antibody displayed severe signs of anaphylatic shock
greater than grade 5; about 50 % of the mice died of
shock. The antibody was then heated for 2 hrs at
56°C to remove IgE activity (MaCamish, 1967). This
treaiment of the antibody did not diminish its activity,
suggesting that the antibody class responsible for the
anaphylaxis may not be IgE but IgG. To prove this,
mice were sensitized with each subclass of anti-CGG

100

% of Mice
g

012345678012345678

Shock score

Fig. 1. Induction of passive systemic anaphylaxis by anti-
CGG polyclonal antibodies. BALB/¢ mice (ten/group) were
infected iv. with 1 mg of either untreated (A) or heat-treated
(B) (66C, 2h) ani-CGG polyclonal antibodies. One hour
later, the mice were challenged with 500 ug of CGG.

lgG mAb. As shown in Fig. 2, the majority of mice
which were sensitized with IgG1 displayed moderate
signs of shock corresponding to grade 3, 4 and 5,
whereas mice sensiized with other IgG subclasses
showed mild shock signs (less than grade 3). Next,
the effect of combinations of all IgG subclasses was
examined. As shown in Fig. 3, combinations of all IgG
subclasses elicited more exaggerated shock signs
than those by each subclass ; about 30 % of mice
died and the remaining showed shock signs greater
than grade 4. When IgG1 was excluded from the
combination, the reaction was no more than that of
each IgG2a, IgG2b or IgG3. The reactions elicited by
both anti-CGG polyclonal and monoclonal antibodies
were antigen specific, because no reaction was eli-
cited when mice were challenged with heterologous
antigen, e, OVA (data not shown). These data
clearly indicate that IgG antibodies are sufficient to
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Fig. 2. Induction of passive systemic anaphyiaxis by anti-
CGG IgG mAbs. BALB/c mice (ten/group) were injected
iv. with 2 mg of each subclass of IgG mAb. One hour later,
the mice were challenged with 500 pg of CGG.

induce lethal anaphylaxis and 1gG1 is the most potent
in inducing the anaphylaxis.

DISCUSSION

Our results show that in vivo administration of a
large quantity of anti-IL-4 (40 mg/mouse) fails t©
protect mice from CGG-induced active systemic
anaphylaxis. This concentration of anti-IL-4 significant-
ly suppressed anti~CGG IgE but not 1gG responses.
Fatal passive systemic anaphylaxis was elicited by
CGG-specific polyclonal antibodies and heat treat-
ment (56°C, 2 h) of the antibodies did not reduce their
anaphylaxis-inducing activiies, suggesting that the
class of antibody responsible for the anaphylaxis may
not be IgE. Therefore, we tested whether IgG anti-
bodies can elicit systemic anaphylaxis using all sub-
classes of IgG mAb specific for CGG. A moderate
shack by 1gG1 and a mild shock by IgG2a, lgG2b or
IgG3 were elicited. Injection of all subclasses of IgG
resulted in induction of a more exaggerated shock ;
about 30 % of the mice died. These results clearly
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Fig. 3. Loss of severe anaphylactic reactions by exclusion of
lgG1 mAbs. BALB/c mice (fen/group) were injected iv.
with 2 mg of combinations of all subclasses of IgG mAb (0.5
mg of each subclass) (A) or 2 mg of combinations of three
subclasses (IgG2a + IgG2b + IgG3) of IgG mAbs (B). One
hour later, the mice were challenged with 500 pg of CGG.

indicate that a fatal anaphylaxis is easily elicited by
IgG antibodlies. Therefore, the failure of anti-IL-4 to
prevent ASA is probably due to its inability to sup-
press IgG responses.

The finding that anti-lL-4 suppressed IgE but not
IgG responses is in agreerment with those reported by
Finkelman et al., (Finkelman et al., 1986 ; Finkelman et
al, 1988 Finkelman et al, 1989; Finkelman et al,,
1990} who showed thal in vivo administration of
anti-IL-4 inhibited 1gE witnout effect on IgG1 or IgG2a
responses in mice infected with Nippostrongylus bra-
siliensis or injected with goat anti-mouse IgD, but
differs from those obtained in another in vivo studies
in which anti-IL-4 significantly reduced the increase in
serum lgG1 levels (Schurmans et al., 1990, Ochel et
al., 1991). These differences might be due to the use
of different experimental systems.

In fact, the involvement of IgG antibodies in syste-
mic anaphylaxis in mice has also been reported by
other investigators. Munoz and Bergman (1977) found
that fatal anaphylaxis was transferred with purified
IlgG1, but not IgE. Recently, Armura et al(1990)
reported that passive systemic anaphylaxis was el
cited by IgG1 mAb in mast cell-deficient mice.
However, nobody has yet shown which subclass of
lgG is participated or effective in the induction of
systemic anaphylaxis as we carried out in this study.

It is generally accepted that IgE is the antibody
class responsible for anaphylatic reaction. However,
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our findings that i) there was no differences in saverity
of shock in spite of significant suppression of IgE
responses (Table 1 and 2), i) the shock-inducing
capacity of polyclonal antibodies was not diminished
by IgE inactivation (Fig. 1) and iii) more importantly,
our unpublished data showing that neither of the two
different monoclonal IgE preparations with specificity
for CGG was able to elicit shock signs in inbred
BALB/c, C57BL/6, and ICR mice (1 mg of IgE/
mouse) tempted us to speculate that the antibocly
class responsible for systemic anaphylaxis in this
experimental system may not be IgE but IgG. There-
fore, it is resonable o speculate that the occurrence
of fatal anaphylaxis in anti-IL~4-treated mice is due to
lgG  antbodies which are not suppressed by
anti-IL-4.

In conclusion, our study showed that in viva admi-
nistration of anti-IL~4 failed to prevent CGG-induced
active systemic anaphylaxis in BALB/c mice, and the
falure seems to be attributable to the inabilty of
anti-IL-4 to suppress IgG anlibodies which can in-
duce active systemic anaphylaxis, indicating that
simply blocking IL-4 activity is not sufficient to prevent
anaphylaxis in which IgG antibodies are pariicipated.
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