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Functional and physical heterogeneity of polyclonal IgE has 
been reported. Extremely low serum concentrations of |gE 
have limited the study of these important differences. We 
have purified polyclonal dog IgE and developed polyclonal 
and monoclonal (mAb C2) anti-dog IgE antibodies. In this 
study chromatofocusing of dog IgE revealed two biologically 
active IgE fractions: IgE1 eluted at pH 5.0, and IgE2 eluted 
at pH 4.7. The two IgE subforms (IgEs) exhibited typical IgE 
characteristics: positive in th e 48-hour passive cutaneous 
anaphylaxis response, heat-labile, identical molecular weight, 
and reactive to polyclonal anti-dog IgE. However, the two 
IgEs were found to be significantly heterogeneous. IgE1 
bound to protein A and did not react with mAb C2 in ELISA 
and isoelectric focusing-immunoblotting, whereas IgE2 did 
not bind to protei n A and reacted with mAb C2. Further, in 
sodium dodecylsulfate-polyacrylamide gel electrophoresis 
and immunoblotting, lgE2, but not IgE1, reacted with seven 
well-defined mAb anti-human IgE antibodies and an mAb 
anti-m0use IgE antibody, even though both IgE1 and IgE2 
reacted with polyclonal anti-human and anti-mouse IgE. 
Neuraminidase or endoglycosidase treatment did not abolish 
the differential antigenicity and charge of IgE1 and IgE2, 
although the antigenicity of IgE2 was significantly reduced 
after incubation with endoglycosidase. These data suggest 
that carbohydrate moieties are not involved in the observed 
differences in antigenicity and charge and that the two IgE 
molecules represent distinct isotypes. In studies with seven 
purified IgE fractions obtained from different ragweed-aller- 
gic dogs, the distribution of ragweed IgE2 varied 200-fold, 
whereas ragweed total IgE levels varied only fourfold. This 
raises the possibility of a relationship between different IgEs 
and the allergic response. (J Allergy Clin Immunol 1997;100: 
87-95.) 
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Abbreviations used 
IEF: isoelectric focusing 
IgEs: IgE subforms 
mAb: Monoclonal antibody 
PCA: Passive cutaneous anaphylaxis 

pI: Isoelectric point 
SDS-PAGE: Sodium dodecylsulfate-polyacrylamide 

gel electrophoresis 

Heterogeneity of polyclonal IgE has been reported on 
the basis of functional characteristics such as the re- 
sponse to a histamine releasing factor, TM binding to IgE 
receptors in rats 5 and human beings, 6 and the capacity to 
induce histamine releasU, 8 The partial binding of IgE 
to protein A 9, ~0 and lectins, 11, 12 its response to heating 
at 56 ° C, 13 and complement fixation 14 have also provided 
evidence for IgE heterogeneity. However, the extremely 
low concentration of serum IgE has limited the study of 
these important differences. Recently, several forms of 
membrane and secreted IgE encoded by alternative 
RNA splicing of IgE heavy chain transcripts have been 
reported?5. ~6 To date, these differences in physicochem- 
ical or functional properties in IgE have not been related 
to any antigenic differences. 

We have established a dog model of allergy and 
asthma? 7 In our studies the measurement of dog IgE has 
been hampered by the lack of a dog myeloma-secreting 
IgE. To overcome this obstacle, we recently purified 
polyclonal IgE from ragweed-sensitized dog sera, TM de- 
veloped both monoclonal (designated C2) and poly- 
clonal anti-dog igE, and established ELISAs for the 
measurement of dog ragweed-specific IgE. 19 Although 
our monoclonal antibody (mAb) C2 and polyclonal 
antibodies were specifically directed against dog IgE, the 
ELISA values measured by the mAb C2 correlated less 
well with passive cutaneous anaphylaxis (PCA) titers 
(r = 0.59,p < 0.0001) compared with the ELISA values 
measured by the polyclonal antibody (r = 0.84, p < 
0.0001). 19 These observations suggest the possible exis- 
tence of heterogeneous IgE subforms (IgEs) in dogs. 

In this study we provide evidence of the existence of 
two physically distinct subforms of polyclonal dog IgE, 
and more importantly, evidence of differences in antige- 
nicity between the two IgEs. This raises the possibility of 
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FIG. 1. Chromatofocusing of dog igE (pH 4.0 to 7.4). The dog IgE 
fraction was loaded on a polybuffer exchanger column and eluted 
from the column with polybuffer, pH 4 (described in Methods). A, 
Dog IgE (blank bar, measured by PCA), IgG, IgA, IgM (measured 
by ELISA), and protein. B, Dog IgE measured by PCA with different 
calculations. Blank bar shows PCA titer; dotted line shows skin 
blue area at dilution of 1:2; sofid fine shows blue area at dilution 
of 1:10. C, Dog IgE measured by PCA (titer) and ELISA with 
polyclonal and mAb C2 anti-dog IgE antibodies. IgE1 (eluted at pH 
5.0) reacted with only polyclonal anti-dog IgE antibodies, whereas 
IgE2 (eluted at pH 4.7) reacted with both polyclonal and mAb C2 
antibodies. 

a relationship between different IgEs and the allergic 
response. 

METHODS 
Reagents 

Neuraminidase (Arthrobacter ureafaciens), endoglycosidase 
F/N-Glycosidase F (Flavobacteriurn meningosepticum), and 
DIG Glycan Detection kit were purchased from Boehringer 
Mannheim Canada (Laval, Quebec, Canada). IsoGel Agarose 
plates were purchased fiom FMC BioProducts (Rockland, 
Maine). The remaining reagents were obtained from either 

Pharmacia LKB Biotechnology Inc. (Baie D'urf6, Quebec, 
Canada) or Bio-Rad Laboratories (Richmond, Calif.). 

Dog IgE and anti-dog IgE antibodies 

Dog ragweed IgE-enriched fractions were purified from 
ragweed-sensitized dog sera by using a previously established 
procedure) 8 Polyclonal rabbit anti-dog IgE antiserum was 
developed, purified, and identified as described previously. I8 

Monoclonal anti-dog IgE antibodies were produced with the 
dog IgE-enriched fraction by the method described previous- 
ly. so Hybridoma cultures were tested for anti-IgE antibody 
activity by ELISA. Polystyrene microtiter plates coated with 
ragweed extract (Hollister-Stier, Rexdale, Ontario, Canada) 
were sequentially incubated with dog IgE-enriched fraction, 
hybridoma supernatants, and peroxidase-conjugated goat anti- 
mouse IgG. The color was developed by the addition of 
substrate 2,2'-azino-di-(3-ethylbenzthiazoline)-6-sulfonic acid. 
The optical density at 405 nm was determined 30 minutes later. 
After the primary screening, several cultures were selected and 
expanded, and their corresponding supernatants were retested 
as described above. At this stage the selected supernatants were 
also tested with ragweed-specific dog IgG (purified from rag- 
weed-sensitized dogs in our laboratory), heat-inactivated dog 
IgE-enriched fraction, and normal dog serum proteins (precip- 
itated by 30% to 55% ammonium sulfate) substituting for IgE 
in this assay. Selection was based on supernatants, which 
reacted strongly with IgE and not with either IgG or heat- 
inactivated IgE and serum proteins. One culture, which met this 
criterion, was cloned and designated C2 (278.49.C2.6/73). The 
isotype of this mAb C2 was determined to be -r-l/kappa by a 
mouse Ig isotyping kit. The supernatant from this cell line was 
collected, and mouse IgG was purified by a Protein G-Sepha- 
rose column (Pharmacia). 

Purified polyclonaP 8 and mAb C2 anti-dog IgE antibodies 
were demonstrated to be specific for dog IgE by inhibition of 
PCA response, reactions to heat-labile dog IgE, and absence of 
reactions to dog serum proteins as measured by ELISA. 

A newly available mouse mAb anti-dog IgE i designated D9, 
was generously provided by Dr. Douglas J. DcBoer, University 
of Wisconsin, 2~ and was used for isoelectric focusing (IEF) 
studies of glycosidase treatment only. 

Other antibodies 

Dog IgG, affinity-purified rabbit anti-dog IgG Fc, alkaline 
phosphatase conjugates of rabbit anti-dog IgG (Fc fragment), 
goat anti-rabbit IgG (heavy and light chain), goat anti-mouse 
IgG, and rabbit anti-goat IgG Fc fragment were purchased 
from Jackson Immunoresearch Labs, Inc. (West Grove, Pa.). 
Rabbit anti-dog IgA and IgM sera were obtained from 
Nordic Immunological Labs (Tilburg, The Netherlands) and 
ICN ImmunoBiologicals (Lisle, Ill.), respectively. Peroxi- 
dase-conjugated goat anti-mouse • chain, used for the hy- 
bridoma screening assay, was purchased from Sigma Chem- 
ical Co. (St. Louis, Mo.). Rabbit anti-human IgE and goat 
anti-mouse IgE (Fc) were purchased from Dakopatts 
(Glostrup, Denmark) and Cedarlane Laboratories, respec- 
tively. For monoclonal anti-human IgE, clone CIA-E-7.12 
(ascites), was provided by Dr. Andrew Saxon (University 
of California Los Angeles)ZZ; and the remaining seven 
clones were provided by Drs. William A. Hook and 
Reuben Siraganian (National Institutes of Health, Bethesda, 
Md.). 23 Monoclonal rat anti-mouse IgE e chain (LO-ME-3) 
was purchased from Serotec Canada (Toronto, Ontario). 
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FIG. 2. IEF immunoblot for dog IgE, IgE1, and IgE2 fractions. The 
dog IgE fraction before chromatofocusing (strips 2, 5, and 8), the 
IgE1 (lanes 3, 6, and 9) and IgE2 (lanes 4, 7, and 10) fractions 
obtained from chromatofocusing, and dog IgG (lane 1) were 
separated by IEF. Separated proteins were either stained with 
Coomassie Brilliant Blue (lanes 1 to 4) or transferred onto nitro- 
cellulose, fol lowed by immunoblott ing with potyclonal (lanes 5 to 
7) or mAb C2 (lanes 8 to 10) anti-dog IgE. Lanes 5, 6, and 7 show 
that IgE, IgE1, and IgE2 fractions reacted with rabbit anti-dog IgE. 
Lanes 8, 9, and 10 show that IgE2 contained in the IgE fraction 
(lane 8) and the IgE2 fraction (lane 10) reacted with mAb C2 
anti-dog IgE, whereas IgE1 fraction (lane 9) did not react with the 
mAb. 

PCA 
PCA was used throughout this study for the biologic mea- 

surement of dog ragweed-specific IgE. is Dilutions of test sam- 
ples and reference serum were injected intradermally into a dog 
not sensitized to ragweed. After 48 hours, the dog was chal- 
lenged with intravenous injection of ragweed extract and Evan's 
blue dye. The blue skin area was measured 30 minutes later. 

Measurement of dog ragweed-specific IgE, IgG, 
IgA, and IgM by ELISA 

The levels of ragweed-specific antibodies were measured by 
indirect ELISA, as previously described. 19 For standardization 
of ELISA results among assays and estimation of the relative 
amount of ragweed-specific antibodies in each sample, the 
reference serum that was obtained from a ragweed-sensitized 
dog was used and defined as 1000 U/ml for ragweed-specific 
IgG, IgA, and IgM antibodies. A dog IgE-enriched fraction was 
used as a reference and defined as 1000 U/ml for ragweed- 
specific IgE and 1000 U/ml for ragweed-specific IgE2. Briefly, 
polystyrene microtiter plates coated with ragweed extract were 
sequentially incubated with the following: (1) test sample or 
reference; (2) polyclonal or mAb C2 anti-dog IgE antibodies or 
rabbit antibodies to dog IgG, IgA, and IgM; (3) enzyme- 
conjugated goat antibodies to rabbit IgG or to mouse IgG; (4) 
substrate. 

Chromatofocusing of dog IgE by polybuffer and 
polybuffer exchangers 

The dog IgE-enriched fraction (3.5 ml) was loaded onto a 
Sephadex G-25 column (Pharmacia) equilibrated with 0.025 
mol/L imidazole buffer, pH 7.4. The IgE fraction was then 
applied to a 25 ml column of polybuffer exchanger, which was 
equilibrated with the imidazole buffer. The column was eluted 
with polybuffer, pH 4.0. The pH of each fraction (2 ml) was 
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FIG. 3. Binding properties of dog IgE to protein A. Dog tgE fraction 
was loaded on a Protein A-Sepharose 4B column and then 
washed and eluted as described in Methods. Dog IgE was mea- 
sured by PCA and ELISA with polyclonal and mAb C2 anti-dog IgE 
antibodies. 

measured and, if required, carefully neutralized by 1 N NaOH 
to bring it up to pH 7. The IgE in each fraction was measured 
by PCA and ELISA with polyclonal and mAb C2 anti-dog IgE 
antibodies; and the IgG, IgA, and IgM were measured by 
ELISA. Protein elution from the column was monitored at an 
optical density of 280 nm. Fractions eliciting positive PCA 
responses in dogs (Fig. 1) were pooled and concentrated by 
using Centriprep-30 concentrators. IgE1 refers to the first 
PCA-positive pooled fraction, whereas IgE2 refers to the 
second PCA-positive pooled fraction. These fractions, IgE1 and 
IgE2, were used in IEF immunoblot, heat-lability tests by 
ELISA and PCA, and determination of molecular mass. 

IEF immunoblot analysis for IgE1 and IgE2 
The dog IgE-enriched fraction and its two subforms (IgE1 

and IgE2) obtained by chromatofocusing were analyzed by IEF 
immunoblot with a horizontal, precast Isogel agarose plate (pH 
3 to 10). The separated proteins were either stained with 
Coomassie Brilliant Blue or transferred onto nitrocellulose and 
immunoblotted. Before immunoblotting, free binding sites on 
the membrane were blocked by 3% (wt/vol) bovine serum 
albumin dissolved in Tris-buffered saline solution. The mem- 
brane was incubated with either rabbit anti-dog IgE, followed 
by alkaline phosphatase-conjugated goat anti-rabbit IgG, or 
the mAb C2 anti-dog IgE, followed by alkaline phosphatase- 
conjugated goat anti-mouse IgG. The color reaction was devel- 
oped with a p-toluidine salt of 5-bromo-4-chloro-indolyl phos- 
phate and nitro blue tetrazolium dissolved in 0.1 mol/L 
ammediol buffer, pH 9.6, at 0.25 mg/ml and 0.50 mg/ml, 
respectively. 

Molecular mass of IgE1 and IgE2 
The intact molecular mass of the two IgE molecules was 

determined as previously reported. 18 The dog IgE-enriched 
fraction and dog IgE1 and IgE2 fractions obtained by 
chromatofocusing were separated on a 5% to 15% gel by 
sodium dodecylsulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) under reducing and nonreducing conditions, 
respectively, and then electrotransferred onto nitrocellulose 
membranes. The membranes were immunoblotted with rabbit 
anti-dog IgE, followed by incubation with goat anti-rabbit IgG 
conjugate. 
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TABLE I. Ragweed-specific IgE, IgE2, IgG, IgA, and IgM values in unheated and heated (56 ° C, 2 hours) IgE1 
and IgE2 fractions obtained by chromatofocusing 

IgE activity ELISA (U/ml) 

PCA ELISA (U/ml) ELISA (U/ml) 
Sample (t iter) (polyclonal antibody) (mAb C2) IgG IgA IgM 

IgE1 
Unheated 32 >200 0 0.6 0 0 
Heated 4 20 0 0.7 0 0 

IgE2 
Unheated 64 >200 >200 0.3 14 0.2 
Heated 8 17 <3 0.3 21 0.3 

Affinity chromatography of dog IgE on protein A 
The dog IgE-enriched fraction (2 ml) was loaded on a Protein 

A-Sepharose CL-4B column (bed volume, 6 ml) equilibrated 
with 0.1 mol/L phosphate buffer, pH 8.0. After loading, the 
fraction was allowed to stand in the column for 30 minutes. The 
column was then washed with phosphate buffer and eluted 
sequentially with pH 7 and 6 (0.1 mol/L phosphate) and pH 5, 
4, and 3 (0.1 mol/L glycine) buffers. The fractions eluted with 
glycine buffers were neutralized by 0.5 mol/L Tris buffer, pH 
8.0, to bring the pH up to 7.0 and dialyzed against phosphate 
buffer, pH 7.0, overnight. Each eluted fraction (2.5 ml) was 
assayed for dog IgE by PCA and by ELISA. The IgE1 and IgE2 
fractions isolated by protein A were used in the experiments of 
cross-reactivity and neuraminidase and endoglycosidase treat- 
ment. 

Cross-reactivity of IgE1 and IgE2 to human and 
mouse IgE 

SDS-PAGE and immunoblot were performed according to 
our previous method. 24 The dog IgE-enriched fraction and dog 
IgE1 and IgE2 fractions obtained by chromatography on pro- 
tein A, as described above, were separated on 10% SDS-PAGE 
and then transferred to nitrocellulose membranes. The mem- 
branes were immunoblotted with anti-IgE antibodies, followed 
by incubation with the appropriate conjugated anti-IgG anti- 
bodies. The anti-IgE antibodies included a rabbit anti-human 
IgE, eight mouse mAb anti-human IgE, a goat anti-mouse IgE, 
and a rat mAb anti-mouse IgE. 

Neuraminidase- and endoglycosidase-treated 
IgE1 and IgE2 

To determine whether sialic acid residues or oligosaccharide 
chains were involved in the differential response of IgEl and 
IgE2 to the mAb anti-dog IgE C2 or D9, dog IgE1 and IgE2 
fractions were digested with neuraminidase or endoglycosidase 
F/N-Glycosidase F and subsequently subjected to IEF immu- 
noblot analysis. The IgE1 and IgE2 fractions used in this study 
were obtained by chromatography of the dog IgE-enriched 
fraction on protein A-Sepharose. Fifty microliters of IgE1 (0.4 
mg/ml) or IgE2 (1 mg/ml) was incubated with 0.5 U of 
neuraminidase F in 10 mmol/L Tris acetate buffer, pH 6.0, 
containing 1 mg/ml cholic acid 25 for 18 hours at 37 ° C. Identical 
incubations without neuraminidase served as controls. Endogly- 
cosidase F/N-Glycosidase F digestion of IgE1 and IgE2 was 
conducted by incubation of the two IgE fractions (100 ixl for 
each) with 1 U of the enzyme in 0.25 mol/L sodium acetate 
buffer, pH 7.0, with 20 mmol/L ethylenediaminetetraacetic acid 
in the presence of protease inhibitors (leupeptin, aprotinin, 

phenylmethylsulfonyl fluoride) for 18 hours at 37 ° C. At the end 
of the incubations, the fractions were subjected to IEF immu- 
noblot analysis with the anti-dog IgE mAb C2 and D9. 

To determine the extent of removal of carbohydrates after 
the digestion, dog IgE fractions treated with neuraminidase or 
endoglycosidase F/N-Glycosidase F under conditions identical 
to those described above were subjected to SDS-PAGE on 10% 
gels under reducing conditions. 24 The proteins were transferred 
to nitrocellulose membranes and either stained for glyeopro- 
teins with a DIG Glycan Detection kit or immunoblotted with 
rabbit anti-dog IgE for identification of the IgE ~ chains. 

RESULTS 
Chromatofocusing and IEF immunoblot analysis 
for dog IgE 

Two fractions, IgE1 and IgE2, were obtained from the 
chromatofocusing column by pooling fractions from the 
column that produced a positive PCA response. The first 
fraction, IgE1, was eluted at pH 5.0. The second frac- 
tion, IgE2, was eluted at pH 4.7. These two fractions 
were different from those of IgG, IgA, and IgM, which 
were eluted at pH 4.9, 4.3, and 4.2, respectively (Fig. 1, 
A). The separation was observed regardless of whether 
the PCA results were expressed as the titer or the blue 
area of skin response at different dilutions (Fig. 1, B). 
Both IgE1 and IgE2 were recognized by the polyclonal 
anti-dog IgE, whereas only IgE2 was recognized by mAb 
C2 (Fig. 1, C). 

The above results were further confirmed by IEF 
immunoblot  analysis. As shown in Fig. 2, the isoelectric 
spectrum of IgE1 had higher isoelectric points (pIs) and 
reacted with the polyclonal anti-dog IgE but  not with the 
mAb C2. The spectrum of IgE2 had a lower pI and 
reacted with both polyclonal and mAb C2 anti-dog IgE 
antibodies. 

Heat lability of IgE1 and IgE2 

IgE1 and IgE2 fractions separated by chromatofocus- 
ing were heated at 56°C for 2 hours. Fractions were 
tested before and after heating for ragweed-specific IgE 
by PCA and by ELISA with the polyclonal or the mAb 
C2 anti-dog IgE, and for ragweed-specific IgG, IgA, and 
IgM by ELISA. As shown in Table I, IgE activity in the 
IgE1 and IgE2 fractions was significantly reduced after 
heating. In contrast to IgE and its subforms, IgG, IgA, 
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FIG. 4. Estimation of molecular mass for dog IgE, IgE1, and IgE2. 
Dog IgE (lane 1), IgE1 (lane 2), and IgE2 (lane 3) were separated by 
5% to 15% gel SDS-PAGE under nonreducing conditions and 
electrotransferred onto nitrocellulose membranes. Membranes 
were incubated with rabbit anti-dog IgE, followed by incubation 
with enzyme-conjugated goat anti-rabbit IgG. Molecular mass of 
dog IgE was 226 kd, as indicated. Ab, Antibody. 

and IgM activities in the two fractions were unchanged 
after heating. 

Molecular mass for IgE1 and IgE2 

As shown in Fig. 3, the approximate intact molecular 
weight estimated by Western blot, under nonreducing 
conditions, was 226 kd for dog IgE, IgE1, and IgE2. The 
molecular mass of the e chains was 75 kd for dog IgE, 
IgE1, and IgE2 (data not shown). 

Affinity of dog IgE to protein A 

As described in the section on results of chromatofo- 
cusing, the IgE that did not react with mAb C2 was 
designated as IgE1, whereas the IgE that reacted with 
mAb C2 was designated as IgE2. Chromatography of the 
IgE fraction on protein A revealed that IgE1 bound to 
protein A and was eluted at pH 3, whereas IgE2 did not 
bind to protein A and was found in the effluent (Fig. 4). 

Cross-reactivity of IgE1 and IgE2 

As shown in Fig. 5, although both IgE1 and IgE2 
reacted with polyclonal anti-human and anti-mouse IgE 
(lanes 2 and 3), differential cross-reactivity was found 
between the two IgEs when monoclonal anti-human or 
anti-mouse IgE was used. IgE2 reacted with both mAb 
anti-human IgE (clone 7.12) (Fig. 5,A, lane 6) and mAb 
anti-mouse IgE (Fig. 5, B, lane 6), whereas IgE1 did not 
react with the two mAbs at all (lane 5). Identical results 
were found when six of the remaining seven mAb 
anti-human IgE antibodies (clones 3, 8, 9, 10, 13, and 15) 
were used (data not shown). Only one mAb anti-human 
IgE (clone 6) reacted with both IgE1 and IgE2. The 
results are summarized in Table III. 
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FIG. 5. SDS-PAGE and immunoblot analysis of cross-reactivity of 
dog IgE1 and IgE2 to human and mouse IgE. Proteins of dog 
IgE-enriched fraction (lanes 1 and 4) and dog IgE1 (lanes 2 and 5) 
and IgE2 (lanes 3 and 6) fractions, as indicated at bottoms of lanes, 
were separated by SDS-PAGE on 10% gel and then transferred to 
nitrocellulose membranes. Membranes were immunoblotted with 
anti-human IgE (A) or anti-mouse IgE (B), followed by incubation 
with relevant conjugated anti-lgG antibodies. Lanes 1, 2, and 3 
were incubated with polyclonal anti-lgE; and lanes 4, 5, and 6 were 
incubated with mAb antMgE. 

Neuraminidase- and endoglycosidase-treated 
IgE1 and IgE2 

Glycoprotein staining showed that digestion of dog 
IgE with neuraminidase caused only a slight decrease in 
the carbohydrate content, whereas endoglycosidase di- 
gestion removed most of the carbohydrate moieties from 
the IgE, resulting in a reduction of the molecular mass of 
the e chains. Because only one e band was found in both 
glycoprotein staining and immunoblotting, this suggests 
that IgE1 and IgE2 have the same molecular weights 
after glycosidase treatments (data not shown). IEF 
immunoblot analysis of neuraminidase- and endoglyco- 
sidase-treated IgE1 and IgE2 (Fig. 6) showed that before 
digestion with neuraminidase and endoglycosidase, mAb 
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FIG. 6. tEF immunoblot analysis of neuraminidase- and endogly- 
cosidase-treated IgE1 and IgE2 fractions. Dog IgE1 (lanes 1, 2, 5, 
and 6) and IgE2 (lanes 3, 4, 7, and 8) obtained by chromatography 
on Protein A-Sepharose were incubated with indicated enzymes 
or relevant buffers as controls. A, Lanes 2, 4, 6, and 8 were 
incubated with neuraminidase; lanes I, 3, 5, and 7 were incubated 
with buffer. B, Lanes 2, 4, 6, 8 were incubated with endoglycosi- 
dase F/N-Glycosidase F; lanes 1, 3, 5, and 7 were incubated with 
buffer. These incubations were then subjected to IEF immunoblot 
with mAb D9 (lanes 1 to 4) or mAb C2 anti-dog IgE (lanes 5 to 6), 
as described in Methods. 

D9 reacted with IgE1 (lane 1) but not IgE2 (lane 3), 
whereas mAb C2 reacted with IgE2 (lane 7) but not 
IgE1 (lane 5). After neuraminidase and endoglycosidase 
digestion, mAb D9 was still only able to recognize IgE1 
(lane 2) but not IgE2 (lane 4). Similarly, the ability of the 
mAb C2 to react with IgE2 (Fig. 6, A, lane 8) but not 
IgE1 (Fig. 6, A, lane 6) was unchanged by neuraminidase 
treatment. However, the antigenicity of IgE2 was abol- 

TABLE II. Ragweed-specific IgE and IgE2 values 
in IgE-enriched fractions from ragweed-sensitized 
dogs 

Ragweed IgE Ragweed IgE2 

ELISA (u/ml)*  ELISA (U/ml)* 
Dog No. PCA titer (polyclonal Ab) (mAb C2) 

1 1024 1775 835 
2 1024 584 1242 
3 1024 2164 35 
4 2048 1000 1000 
5 2048 1388 3575 
6 2048 2232 28 
7 256 634 18 

Ab, Antibody. 
* The values (in units per milliliter) of ragweed IgE and IgE2 in samples 

were calculated by interpolation from a reference dilution curve. This 
reference was a purified dog fraction (dog no. 4) and was defined as 
1000 U/ml for ragweed IgE and 1000 U/ml for ragweed IgE2. 

ished after endoglycosidase treatment (Fig. 6, B, lane 8) 
compared with the control (Fig. 6, B, lane 7). 

Fig. 6 also shows that after glycosidase treatment, 
IgE1 and IgE2 still show different pIs, although the pIs 
of both IgEs are reduced after the neuraminidase treat- 
ment. This strongly suggests that the differential pIs of 
IgE1 and IgE2 are not dependent on glycosylation. 

Distribution of ragweed-specific IgE and IgE2 in 
allergic dogs measured by ELISA 

Dog IgE fractions purified separately from seven 
ragweed-sensitized dogs were tested for ragweed-spe- 
cific IgE by PCA and ELISA with the polyclonal anti- 
dog IgE, and for ragweed-specific IgE2, by ELISA with 
the mAb C2 (Table II). In the ELISA each IgE deter- 
mination was performed on two dilutions of the fraction 
with each dilution duplicated. The ELISA standard 
curve was diluted in parallel with all of the seven dog IgE 
fractions, as shown by the very small coefficients of 
variation between dilutions (mean coefficient of varia- 
tion < 0.20), a9 indicating accurate measurement of the 
IgE levels. Although the values in units per milliliter 
obtained by ELISA with the polyclonal and the mAb C2 
anti-dog IgE antibodies are not the same and cannot be 
compared, valid comparisons can be made within the 
same assay. The ELISA results obtained with the mAb 
C2 among dogs with the same PCA titer (dogs 1, 2, and 
3 or dogs 4, 5, and 6) clearly demonstrate a differential 
distribution of the IgE2 levels. In general, there was a 
much greater variation in the IgE2 levels measured by 
ELISA with the mAb C2 (200-fold) compared with the 
IgE levels obtained by PCA and ELISA with the poly- 
clonal antibody (fourfold). 

Summary of the characteristics of IgE1 and IgE2 

The characteristics of the two subforms of dog IgE are 
summarized in Table III. 
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TABLE III. Characteristics of dog IgE1 and IgE2 

IgE1 IgE2 

IgE characteristics of the 2 subforms 
1. PCA response (48 hr) 
2. Reaction with rabbit anti-dog IgE 
3. Heat lability 
4. Molecular mass 

Intact 
e Chain 

Heterogeneity of the 2 subforms 
1. pI 
2. Binding to protein A 
3. Reaction with mAb anti-dog IgE 

mAb C2 (IEF immunoblot) 
mAb D9 (IEF immunoblot) 

4. Cross-reactivity to the IgE of other species (Western blot) 
Human: Rabbit anti-human IgE, to whole molecule 
Human: Mouse mAb anti-human IgE: 

Clone 7A2, to C~H2 aa 218-301 
Clone 3, to C~H1 
Clone 6, binding sites not identified 
Clone 8, to CcH1 
Clone 9, to Fc 
Clone 10, to Fc 
Clone 13, to Fc 
Clone 15, to C~H2 

Mouse: Goat anti-mouse IgE, to Fc 
Mouse: Rat mAb anti-mouse IgE, to e 

5. Reduction of antigenicity after incubation with 
Neuraminidase 
Endoglycosidase 

Yes Yes 
Yes Yes 
Yes Yes 

226 kd 226 kd 
75 kd 75 kd 

4.7 5.0 
Yes No 

No Yes 
Yes No 

Yes Yes 

No Yes 
No Yes 
Yes Yes 
No Yes 
No Yes 
No Yes 
No Yes 
No Yes 
Yes Yes 
No Yes 

No No 
Low High 

DISCUSSION 

In this study two subforms of polyclonal dog IgE were 
physically separated by chromatofocusing, IEF, and 
chromatography on protein A-Sepharose. Evidence that 
these two fractions were immunoglobulins of the IgE 
class includes the following: (1) PCA response; (2) loss 
of IgE activity after heating at 56°C for 2 hours; (3) 
specific reactions with the polyclonai anti-dog IgE, but 
not with anti-dog IgG, IgA, and IgM; and (4) a molec- 
ular mass of 226 kd, identical to that recently established 
for dog IgE. 18 Both IgE1 and IgE2 elicited a positive 
response in a 48-hour PCA test. This long sensitizing 
period (48 hours) in the PCA test limited the possibility 
of the response being elicited by IgG sensitizing antibod- 
ies, which have a short sensitizing period 26 and which 
have been shown to induce PCA response at 3 to 4 
hours, but not at 48 hours, in dogs. 27 The 226 kd band, 
identical to that of dog IgE, was present in both IgE1 
and IgE2 fractions and was the only band that reacted 
with the polyclonal anti-dog IgE. This suggests that one 
of the IgE subforms was not derived from the other by 
proteolysis and also that, in spite of their different pIs 
and binding properties to protein A, the two IgEs have 
an identical molecular mass. 

Protein A binding property has separated human 
IgG1, IgG2, and IgG4 from IgG328 and human IgA2 

from IgA1.29 Studies of human IgG and IgE suggest that 
the binding sites to protein A are located on the heavy 
chains, but not on the light chains? °, 31 

The most significant and novel differences were the 
reaction of IgE2, but not IgE1, with the mAb C2 anti-dog 
IgE and the reaction of IgE1, but not IgE2, with the newly 
available mAb D9 anti-dog IgE, 21 even though both IgE1 
and IgE2 fractions reacted with the polyclonal anti-dog IgE 
and elicited positive 48-hour PCA responses. Although 
heterogeneity of IgE has been proposed in human beings 
and rodents, 1-16 as far as we are aware, our study is the first 
to demonstrate that specific mAbs recognize subforms of 
biologically active polyclonal IgE that are physically and 
immunologically different, suggesting that there may be 
distinct isotypes for the two IgEs. 

This is further supported by differential cross-reactiv- 
ity to human and mouse IgE. As shown in Table II and 
Fig. 5, IgE2 is closer to human and mouse IgE in 
cross-reacting with anti-human and anti-mouse IgE. 
IgE2, not IgE1, reacted with seven mAb anti-human IgE 
antibodies including the well-defined mAb clone 7.12, 
which was specific to CH2 aa 218-301. 22 The epitopes 
recognized by the remaining six mAb anti-human IgE 
were also well-defined to be on the human IgE epsilon 
CH1, CH2, or the F c Y  The lack of the binding of IgE1 
to the mAbs suggests that either IgE1 lacks the epitopes 



94 Peng et al. J ALLERGY CLIN IMMUNOL 
JULY 1997 

recognized by the  mAbs  or the  epi topes recognized by 
the  mAbs  are masked  or sterically h inde red  by the  
carbohydrates .  

Early suggestions tha t  funct ional  he te rogene i ty  of 
IgE l s  might  be  due to pos t t rans la t ional  events and  also 
tha t  he te rogenous  sialylation might  be  responsible  for 
the  differential b inding  of polyclonal h u m a n  IgE to 
lectins11,12 led to the  quest ion of involvement  of carbo- 
hydrates  in this process: Our  study with neuramin idase  
indicated tha t  a l though sialic acid residues cont r ibute  to 
the  charge of IgE1 and IgE2, clearly they are no t  
involved in differential ant igenic responses  to the  mAbs  
and  differential pls. Digest ion of the  IgE fract ions with 
endoglycosidase r emoved  most  of the carbohydra tes  and  
resul ted in the  loss of the  antigenicity of IgE2, recog- 
nized by m A b  C2. Thus  carbohydra te  moiet ies  are 
impor t an t  in recogni t ion  of ant igenic de te rminan t s  by 
the m A b  C2. On  the  o ther  hand,  the same degree  of 
endoglycosidase digest ion of IgE1 did not  significantly 
affect its recogni t ion  by m A b  D9. However,  m A b  D9 was 
still unab le  to recognize endoglycosidase- t reated IgE2. 
Thus  the ant igenic  de te rminan t s  recognized by m A b  D9 
do not  directly or indirectly depend  on the  carbohy- 
drates  tested. A recent  repor t  tha t  lectins did not  
dist inguish funct ional  he t e rogeneous  IgE molecules  is 
consis tent  with our  observations.  32 

The  available evidence therefore  indicates  tha t  the 
he te rogene i ty  of the  two IgEs is unlikely to be  due to 
carbohydrates ,  but  ra ther ,  is due to differences in the  
pr imary pro te in  structure,  which may be  caused by the  
existence of a second funct ional  e - immunoglobul in  gene 
in dogs or by al ternat ive R N A  splicing of IgE heavy 
chain  transcripts  as r epor t ed  in h u m a n  beings. 15; 16 

Interestingly,  we were able to demons t r a t e  tha t  these  
two IgE subforms par t ic ipate  to a different extent  in 
total  ragweed-specific IgE level of allergic dogs. This 
raises the  possibility of a re la t ionship be tween  the  levels 
of different IgEs and  the  pathophysiology of the  IgE- 

media ted  hypersensit ivity response.  

We thank Dr. Ming Yang, Ms. Jaquie D. Fischer, Ms. 
Elizabeth Thomas, and Mrs. Marylin K. Lilley for their excel- 
lent technical assistance. We also thank Dr. Douglas J. DeBoer, 
University of Wisconsin, for providing the mAb D9 anti-dog 
IgE, Drs. William A. Hook and Reuben Siraganian, National 
Institutes of Health, for seven mAb anti-human IgEs, and Dr. 
Andrew Saxon, University of California Los Angeles, for one 
mAb anti-human IgE. 

REFERENCES 

1. MacDonald SM, Lichtenstein LM~ Proud D, Plant M, Naclerio RM, 
MacGlashan DW Jr, et al. Studies of IgE-dependcnt histamine 
releasing factors: heterogeneity of IgE. J Immunol 1987;139:506-12. 

2. MacDonald SM, White JM, Kagey-Sobotka A, MacGlashan DW Jr, 
Lichtenstein LM. The heterogeneity of human IgE exemplified by the 
passive transfer of D20 sensitivity. Clin Exp Allergy 1991;21:133-8. 

3. Lichtenstein LM. Histamine-releasing factors and IgE heterogene- 
ity. J Allergy Clin ImmunoI 1988;81:814-20. 

4. MacDonald SM, Lichtenstein LM. Histamine-release factors and 
heterogeneity of IgE. Springer Semin Immunopathol 1990;12:415- 
28. 

10. 

11. 

5. Bergstrand H, Pauwels R, Bazin H. Is there a functional heteroge- 
neity among IgE-type mast cell-sensitizing antibodies? Allergy 1986; 
41:11-25. 

6. Godfrey RC, Gradidge CF, Hawksley MR, Elliott EV. Differences in 
binding affinity of human lgE for receptors in chopped human lung. 
Immunol 1978;35:581-7. 

7. Conroy MC, Adkinson NF Jr, Lichtenstein LM. Passive sensitization 
of human basophils: evidence for heterogeneity in the IgE molecule. 
Int Arch Allergy Immunol 1979;60:106-9. 

8. Assem ESK, AttalIah NA. Increased release of histamine by anti-IgE 
from leucocytes of asthmatic patients and possible heterogeneity of 
lgE. Clin Allergy 1981;11:367-74. 

9. Johansson SGO, Ingan~is M. Interaction of polyclonal human IgE 
with protein A from Staphylococcus aureus. Immunol Rev 1978;41: 
248-60. 
Peng Z, Becker AB, Simons FER. Binding properties of protein A 
and G for human IgE. Int Arch Allergy Immunol 1994;104"204-6. 
Zavfizal V, Krauz V. Lectin-binding ability of immunoglobulin E and 
its participation in triggering of mast cells. Folia Microbiol (Praha) 
1985;30:237-46. 

12. Robertson MW, Liu F-T. Heterogeneous IgE glycoforms character- 
ized by differential recognition of an endogenous lectin (IgE-binding 
protein). J ImmunoI 1991;147:3024-30. 

13. Popa V. The effect of thermal treatment of immunoglobulin E as 
measured with competitive and non-competitive assays: Is circulat- 
ing immunoglobulin E serologically heterogeneous? Int Arch Al- 
lergy lmmunol 1985;77:349-52. 

14. Saint-Remy J-MR, Magnusson CGM, Masson PL. Activation of the 
classical pathway of human complement by a human monoclonaI 
IgE, IgE (DES). J Immunol 1983;130:1341-4. 

15. Zhang K, Max EE, Cheah HK, Saxon A. Complex alternative RNA 
splicing of epsilon-immunoglobulin transcripts produces mRNAs 
encoding four potential secreted protein isoforms. J Biol Chem 
1994;269:456-62. 

16. Saxon A, Max EE, Diaz-Sanchez D, Zhang K. Alternative RNA epsilon 
transcripts produces MRNAS encodhlg two membrane and four se- 
creted IgE isoforms. Int Arch Allergy Immunol 1995;107:45-7. 

17. Becker AB, Hershkovich J, Simons FER, Simons KJ, Lilley MK, 
Kepron MW. Development of chronic airway hyperresponsiveness 
in ragweed-sensitized dogs. J AppI Physiol 1989;66:2691-7. 

18. Peng Z, Arthur G, Kierek-Jaszczuk D, Thomas E, Sehon AH, 
Rector ES, et aI. Purification and identification of polyclonal IgE 
antibodies from ragweed-sensitized dog sera. Int Arch Allergy 
Immunol 1993;102:176-84. 

19. Peng Z, Simons FER, Becker AB. Measurement o[ragweed-specific 
IgE in canine serum by use of enzyme-linked immunosorbent assays, 
containing polyclonal and monoclonal antibodies. Am J Vet Res 
1993;54:239-43. 

20. Rector ES, Nakajima T, Rocha C, Duncan D, Lestourgeon D, 
Mitchell RS, et al. Detection and characterization Of monoclonal 
antibodies specific to IgE receptors on human lymphocytes by flow 
cytometry. Immunol 1985;55:481-8. 

21. DeBoer DJ, Ewing KM, Schults KT, Production and characteriza- 
tion of mouse antibodies directed against canine IgE and IgG. Vet 
Immunol Immunopathol 1993;37:183-99. 

22. Macy E, Kemeny M, Saxon A. Enhanced ELISA: how to measure 
less than 10 picograms of a specific protein (immunoglobulin) in less 
than 8 hours. FASEB J 1988;2:3003-9. 

23. Hook WA, Zinsser FU, Berenstein EH, Siraganian RP. Monoclonal 
antibodies defining epitopes on human IgE. Mol Immunol 1991;28:631-9. 

24. Peng Z, Yang M, Simons FER, Becker AB. Cross-reactivity and 
molecular mass of the e chains of the IgE antibodies in dogs, 
humans, rats, and mice. Int Arch Allergy Immunol 1996;110:149-55: 

25. Saito M, Sugano K, Nagai Y. Action of Arthrobacter ureafaciens 
sialidase on sialoglycolipid substrate. J Biol Chem 1979;254:7845-54. 

26. Ishizaka T. Mechanisms of lgE-mediated hypersensitivity. In: Middle- 
ton E Jr, Reed CE, Ellis EF, Adkinson NF Jr, Yunginger JW, editors. 
Allergy: principles and practice. St. Louis: CV Mosby; 1988. p. 79. 

27. Willemse A, Noordzi j A, Rutten VPMG, Bernadina WE. Induction 
of non-IgE anaphylactic antibodies in dogs. Clin Exp Immunol 
1985;59:351-8. 



J ALLERGY CLIN IMMUNOL Peng et al. 95 
VOLUME 100, NUMBER 1 

28. Kr0nvall G, Williams RC Jr. Differences in antiprotein A activity 
among IgG subgroups. J Immunol 1969;103:828-33. 

29. Saltvedt E, Harboe M. Binding of IgA to protein A containing 
staphylococci: relationship to subclass. Scand J Immuno11976;5:1103-8. 

30. Forsgren A, Sj6quist J. "Protein A '~ from S. aureus 1. Pseudo- 
immune reaction with human ~-globulin. J Immunol 1966;97:822-7. 

31. Ingan~ts M, Johansson SGO, Bennieh HH. Interaction of human 
polyclonal IgE and IgG from different species with protein A from 

Staphylococcus aureus: demonstration of protein A-reactive sites 
located in the Fabt2 fragment of human IgG. Scand J Immunol 
1980;12:23-31. 

32. Kleile-Tebbe J, Kagey-Sobotka A, MacGlashan DW Jr, Lichtenstein 
LM, MacDonald SM. Lectins do not distinguish between beteroge- 
nous lgE molecules as defined by differential activity of an IgE- 
dependent histamine releasing factors. J Allergy Clin Immunol 
1996;98:181-8. 


