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A mAb that  reacts  with  the  high  affinity IgER on 
the  rat  basophilic  leukemia cells (RBC2H3) was 
used  to  inhibit  allergic  reactions. In vitro,  the  intact 
mAb BA3 and its Fab  fragment  inhibited  radiola- 
beled IgE binding to the RBL-2H3 cells. The mAb 
binds to  the IgE-R with a higher  affinity  than  does 
I@.  Whereas  the  intact  mAb  released  histamine 
from  the RBG2H3 cells, the  Fab  was  inactive.  The 
addition  of  the  Fab  fragments to R B L 2 H 3  inhibited 
the  IgE-mediated  histamine  release  reaction.  The 
Fab  fragments also inhibited  in  vivo  passive  cuta- 
neous  reactions  in  rats  when  injected  intradermally 
either  before  or  after IgJ3. The  injection  of  the mAb 
Fab i.v. before  the  injection  of  the IgE into  the  skin 
sites also inhibited  reactions,  although  it  was less 
effective. The results  demonstrate  that  anti-R  anti- 
bodies can be used as a model  for  inhibiting  imme- 
diate  hypersensitivity  reactions. 

Mediators of immediate  hypersensitivity are released 
from basophils and  mast cells after  the cross-linking of 
the high affinity IgE-R on  these cells (1-3). There  are 
conflicting  reports  on the capacity of nonspecific IgE to 
inhibit allergic reactions (4-6). This could be due  to  sev- 
eral  reasons. Only a few IgE molecules on the surface of 
the basophils are sufficient for activating  the cell for 
secretion and  the competing non-Ag-specific IgE has  the 
same  affinity of binding  to the receptor as the Ag-specific 
IgE. 

Cells from the rat basophilic  leukemia cell line RBL- 
2H3  have high affinity IgE-R and release  histamine  after 
the  cross-linking of their IgE-R (7). Here we report the 
isolation of an anti-R mAb that binds  with a higher 
affinity than does IgE to its own receptor. This mAb 
inhibits allergic reactions. 

MATERIALS AND METHODS 

Materials. All materials were  obtained as described previously (8). 
The monoclonal  anti-TNP IgE was purifled  from  mouse ascites (9). 

Preparation ofanti-FcJ?' mAb. The method previously described 
was used I n  these  studies (8. 10). Briefly, BALB/c mice were immu- 
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nlzed i.m. with lo7 RBL-2H3 cells  emulsified in CFA. The injections 
were  repeated  every 10  to  14  days for six  times  and  then  at monthly 
intervals.  The  spleen cells from  one mouse  were  used for adoptive 
transfer  into  irradiated mice as described previously. Hybridoma cell 
lines were  selected that reacted with  the high affinity IgE-R: these 
were  expanded, cloned. and  then eventually injected Into prlstane- 
primed mlce to  form  ascites.  The mAb BA3 was purified from ascites 
by ammonium  sulfate precipitation followed by ion exchange  chro- 
matography. 

The mAb BA3 was digested with  papain (2 to 5% by weight] for 2 
to 4 h at  37°C in 0.2 M sodium acetate  buffer (pH 5.6) with 4.0 mM 
cysteine  and  4.0 mM  EDTA. The  Fab were then  separated by DE-52 
ion exchange chromatography followed by gel filtration. The  Fab 
preparations did not  contaln  intact or partlally digested molecules 
as determined by SDS-PAGE. 

Histamlne  release.  The RBL-2H3 cells  were maintained as de- 
scribed previously (7). The  assay  for  histamine release  from the RBL- 
2H3 cells in monolayer culture  was performed as described previ- 

used in  blnding  assays as described previously (8). The lZ5I-IgE was 
Binding assays. The  different L251-labeled Ig were  prepared and 

the purified monoclonal anti-DNP IgE (13).  The association and 
dissociation rate for lZ5I-mAb BA3 Fab  was determined (14, 15). 

PCA reactions.  The PCA reaction was done  in Sprague-Dawley 
rats ( 16). 

surface labeled  with 1z51, and  the immunoprecipitation with  different 
Immunoprecipitation  with  the mAb. The RBL-2H3 cells  were cell 

antibodies  was done as reported previously (8). The  samples were 
analyzed by  SDS-PAGE. 

ously(l1,  12). 

RESULTS 

The mAb BA3 was of the IgG, isotype and  had similar 
characteristics  to  the previously described anti-Fc.R mAb 
(8). By 14% SDS-PAGE electrophoresis the mAb BA3, IgE, 
and  the previously described anti-receptor  antibodies im- 
munoprecipitated a broad 50 to  60-kDa  band from sur- 
face-labeled cells (Fig. 1). The  number of radiolabeled 
mAb BA3 molecules bound to the RBL-2H3 cells was 
similar  to the Fc,R number  (1.88 f 0.76 X lo5 intact mAb 
BA3 and  2.1 1 f 0.75 X lo5 Fab BA3 molecules/cell 
bound: mean f SD). Intact mAb BA3 and  the  Fab frag- 
ment efficiently inhibited the binding of  1251-IgE to the 
RBL-2H3 cells (Fig. 2).  The  concentrations  (mean k SD) 
for 50% inhibition of binding (IC5,,) were as follows:  mAb 
BA3, 0.028 f 0.010 fig/ml: Fab mAb BA3.0.038 & 0.01 1 
Fg/ml: and IgE, 6.03 f 1.2 &/ml. Therefore, both the 
intact mAb and  the  Fab  fragment  are  40- to 150-fold 
more efficient than I g E  in blocking the binding of  IgE to 
the Fc.R. The mAb inhibited the binding of  IgE at nano- 
molar concentrations. The high affinity of this mAb for 
binding  to the RBL-2H3 was  also  found in binding stud- 
ies. With the 1251-labeled Fab  fragment,  the  association 
rate  constant  at 4°C. k l ,  was  4.96 x lo6 M" sec"; this 
value is higher than  the kl for IgE binding  to RBL-2H3 
cells (7,  14,  15,  17).  The dissociation rate  constant at 
4°C. k-l, was  1.87 X sec-I,  a value similar  to that of 
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2 H 3  cells by mAb BA3. The cells  were  surface labeled as described and 
Ftgure 1.  Protelns  Immunopreclpltated  from '=I surface-labeled RBL- 

the solublllzed cells  incubated  wlth  the  antlbodles  attached  to  Sepharose 
4B. After  washlng. the  lmmunoprecipltated  protelns  were  eluted  and 
analyzed by 14% SDS-PACE under  nonreduclng  condltions. followed by 
autoradlography. A. mAb BA3: B. mouse I@. 

IgE. Therefore, the binding constant, K,. is 2.65 x 10" 
M" for this mAb. As has been observed with IgE. the K, 
was 10-fold lower when  estimated from Scatchard  analy- 
sis of binding data. In other  experiments,  the  addition of 
Fab mAb BA3 did not  affect the  rate of the dissociation 
of  '"I-IgE from cells. Therefore, the  anti-receptor  anti- 
body did not  induce a structural  change  in  the receptor 
that resulted  in a n  increased IgE dissociation. 

Cross-linking of  IgE or of the Fc.R results  in  histamine 
release.  Therefore, as expected, the  intact mAb  BA3 re- 
leased histamine  from  the RBL-2H3 cells: there  was 30% 
release  with 0.004 d m l .  In contrast,  the  Fab  fragment 
failed to release  histamine  even at  concentrations of 10 
d m l .  The addition of rabbit  anti-mouse Ig to the  Fab 
bound to  the RBL-2H3 cells  caused  histamine  release. 
The  Fab mAb BA3 inhibited histamine release from the 
IgE-sensitized RBL-2H3 cells (Fig. 3). This inhibition was 
most  prominent when  the  anti-R antibody was added 
before the Ag-specific IgE. When the IgE was added before 
the  Fab  there still was inhibition of histamine  release, 
although more of the  Fab mAb BA3 had  to be added for 
an  equivalent  decrease. The inhibition of histamine re- 
lease can be due  to a decrease  in cell surface IgE due  to a 
competition between the IgE and  the  Fab for binding  to 
the Fc.R. In addition  to the decrease  in  surface IgE the 
anti-R Fab  results  in  the desensitization of basophils ( S .  

CONCENTRATION Wd) 
FIgure 2. Inhibltlon of '=I-lgE blndlng  to  rat  basophlllc  leukemla cells. 

0. mAb BA3: 0. Fab  fragment of mAb BA3: A. IgE. The RBL-2H3 cells at  
1Oe/O.5  ml were  Incubated  for 60 mln in an  I c e  bath  with  the  dlfferent 
concentratlons of the lndlcated  antlbodles. 'a'I-lgE at a concentration  for 

Trlpllcate  allquots  were removed and centrlfuged through oil. and  the  tlps 
50% saturatlon  was  then  added  for  a  second lncubatlon of 60 mln. 

of the  tubes  contalnlng  the cell pellets  were  cut off and  the  radloactlvlty 
determlned (81. Nonspeciflc blndlng  was  determlned by the  additlon of a 
100-fold excess of unlabeled IgE. The  experlmental  determlnatlons  were 
In trlpllcate: the  results  are from five separate  experlments. 

Ol' I I I 1P lo-' loo 10 
CONCENTRATION (pg/ml) 

the antl-Fc,R mAb. 0. Dlfferent concentratlons of the  Fab mAb BA3 
FIgure3.  Inhibition of histamlne  release from the RBL-2H3 cells wlth 

added  first  to  the  cells  for  2  h  at 37OC. followed by antl-TNP IgE for 
another 2 h. 0. IgE added  flrst. followed 2 h  later by the  Fab mAb BA3 
and a further  2-h  incubation.  The  monolayers  were  then  washed  with a 

wlth  the Ag DNP-human  serum  albumin at   0.025  Mml. Control release 
Pipes-buffered  solutlon and activated  for  histamlne  release  for 45 mln 

from cells  that  were  Incubated  with only IgE antlbody  was 54.6 f 12.8% 
(mean f SD). The  experimental  determlnatlons were in  dupllcate:  the 
results  are  from  four  experiments. 

Kitani, and R. P. Siraganian,  manuscript  in  preparation). 
This mAb inhibited the PCA reaction in the  skin (Ta- 

bles I and 11). When the  Fab mAb BA3 was injected 2 h 
before 0.1 pg of  IgE into the  skin, 50% inhibition  was 
observed with 0.10 f 0.02 @/site Fab (Table I). This 
amounts to a four-fold molar excess of Fab mAb vs IgE 
at each  site.  There  was  inhibition of skin reactions even 
with a longer interval between the  intradermal injection 
of the anti-R Fab  and IgE. Rats were injected intrader- 
mally with the  Fab BA3 1 to 3 days before receiving 0.1 
fig of IgE per site  and challenged i.v. 16 h  later. Under 
these  conditions and with 1.0 fig of Fab BA3 per site, 
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TABLE I 
Inhibttion of PCA reactlons by lntraderrnal Injection of anti-Fc.R antlbody" 

56 rnhlbltlon  with Fab mAb BA3" 
Expt. I@ (&site) 

0.1 @/ate 0.3 &sac 1 &site 3 pglslte 
1% (&site)' 

1 0.1  60.3 f 19.6 78.7 f 15.8 93.2 f 4.9  99.3 f 0.4 0.10 f 0.02 
0.3 39.0 f 14.6  65.2 f 15.1 76.0 f 9.9 85.0 f 5.7  0.18 f 0.07 

2  0.1 33.9f  16.9 43.6f24.9  46.8f21.5  58.6f6.7  1 .44f0.91 
Sprague-Dawley rats were injected intradermally on shavcd  backs with 100 pl  of the different  antibodies.  Experiment 

1.  Fab mAb BA3 injected 2 h before the IgE; experiment 2. I g E  injected 2 h before the  Fab mAb BA3. Skin  sites were 
injected with the  different  amounts of Fab mAb BA3; control sites received either  the  same  amount of a nonspecific Fab 
prepared  from an  I@, mAb against bacterial Ag (26) or PBS. The  same  sites were injected with anti-TNP I g E  (9). After 16 
h. the rats were injected 1.v. with a solution of 1.2 mg of DNP-human serum  albumin  in 2% Evans blue. After 20 min, the 
rats were killed and  the area of skin bluing at each  site  was measured. 

with 0.3 pg of  IgE per site. 492.0 f 65.0. Values were calculated by measuring  the  area of skin bluing  compared  with the 
Area of skin bluing in mm' (mean f SD) in  the control was as follows: with 0.1 pg of  IgE per site, 383.4 f 91.2. and 

control and are  presented as mean f SD of three experiments. 
'ICw. concentration of mAb that inhibited PCA reaction by 50%. presented as mean f SD. 

TABLE I1 
Inhlbltlon of PCA reaction bu L.u. lnlection of mAb BA3 Fab" 

I g E  IdsW 
% Inhlbltlon  wlth Fab mAb BA3b 

1 E &site 3 &site 6 &site 

0.01 
0.02 

98.5 f 2.4  96.0 f 3.5  84.5 f 7.5 
92.0 f 10.6 83.3 f 14.9 68.8 f 25.5 

0.03 
0.10 

77.5 f 16.2 50.5 f 20.1 49.3 f 5.1 
56.5 f 22.2 56.3 f 19.6 38.8 f 27.9 

"Different rats received 30 pg i.v.  of Fab mAb BA3 or, as control. Fab 
prepared  from an  lgG, hybridoma. At 1 I 3. or 6 h,  skin sites were injected 
intradermally with 100 pl of different  concentrations of anti-TNP IgE. 
After 16 h. the  rats were  challenged and evaluated as described In the 
legend to Table I. 

follows: with 0.01 pg of I g E  per site, 118.6 f 72.7; with 0.02 jg of IgE per 
bArea of skin bluing in mm' (mean f SD) in  the controls was as 

site. 167.8 f 28.0; with 0.03 pg of  IgE per site, 223.7 f 57.8; and with 

experiments. 
0.10 pg of  IgE per site, 403.3 f 130.0. Results  are  the  mean i SD of four 

e Interval (h) between 1.v. mAb and  intradermal IgE. 

there  was  27  to 65% inhibition of the PCA reaction. 
Therefore, the tu, for 50% inhibition  with 1.0 pg of the 
Fab per site was 55 h,  and with 3.0 pg of the  Fab BA3. 
the t H  was 90 h. In other  experiments, it was observed 
that 1251-IgE and 1251-Fab  BA3 disappeared from rat  skin 
at similar  rates.  The injection of the  Fab  after  the IgE 
also  inhibited the PCA reaction,  although, as was ob- 
served  in  vitro, the anti-R  antibodies were 14-fold less 
efficient. The  anti-R  Fab injected i.v. inhibited the PCA 
reaction  when the IgE was injected into the  skin (Table 
11). This inhibition was  seen  when  there  was  up  to 6 h 
between the i.v. administration of the  Fab  and  the injec- 
tion of the IgE into  the  skin. 

DISCUSSION 

The  present  experiments  demonstrate  that  the PCA 
reaction can be blocked by a mAb that  reacts  with  the 
high  affinity IgE-R. In the  in vitro studies, this mAb has 
a significantly  higher  affinity  for the R than does IgE 
itself. In radiolabeled binding  studies, the  Fab  fragment 
of this mAb was at least 50-fold more effective than IgE 
in  inhibiting  binding  to the receptor. In the PCA reaction, 
a 4-fold molar excess of the  Fab  vs IgE injected per  site 
was required for 50% inhibition. 

The binding of  IgE to  basophils  or  mast cells can be 
inhibited by myeloma IgE (1 8) and IgE induced by para- 
sites (4) and by the Fc fragment  prepared  either by diges- 
tion  (19-21)  or by molecular cloning of the gene for IgE 
(22-25).  There are conflicting  reports  on the capacity of 
high levels of nonspecific IgE to  inhibit allergic reactions 
(4-6). In those  studies, the competition for cell binding 
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was with non-Ag-specific IgE that had the  same affinity 
as the Ag-specific IgE. Therefore, Inhibition required a 
large  excess of the nonspecific IgE. In contrast,  the pres- 
ent  study  was with a mAb that  has a higher  affinity than 
IgE for the R and  thus  can compete more effectively for 
binding  to the cells. In the present  experiments, the  anti- 
R  antibody was still  capable of inhibiting allergic reac- 
tions  even  when  the cells had previously been exposed to 
IgE. Therefore. this is a model that is closer to  the clinical 
situation  in  which  the allergic patient  already has IgE on 
the basophils and mast cells. Our  study  demonstrates 
that   an agent  binding  with high affinity  to the Fc,R can 
inhibit allergic reactions.  The design of drugs that mimic 
such anti-receptor mAb may be very useful  immuno- 
pharmacologic agents. 
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