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Abstract
Background—A mouse monoclonal anti-
body (2C7/IgG2bê) has been described
recently, which is directed against the
major house dust mite allergen Der p 1,
and whose epitope specificity is represen-
tative of a major component of the human
IgE anti-Der p 1 response.
Aims—To characterise an anti-idiotypic
antibody (2G10/IgG1ê) raised against
monoclonal antibody 2C7 as surrogate
human IgE anti-Der p 1.
Methods—The specificity of the anti-
idiotype antibody 2G10 was determined by
competitive inhibition experiments using
human and mouse immunoglobulins of
known VH gene families. The epitope
recognised by monoclonal antibody 2G10
was located on the molecular model of the
Fv (fragment variable) region of mono-
clonal antibody 2C7.
Results—The data suggest that mono-
clonal antibody 2G10 is directed against a
crossreactive idiotype on human IgE that
is shared by polyclonal IgG. Competitive
inhibition studies against human immuno-
globulins, representative of VH2, VH3, and
VH4 gene families, showed that mono-
clonal antibody 2G10 is mostly likely to be
directed against sequences encoded by
either VH3 or VH4 genes. The fact that
monoclonal antibody 2G10 binds to the
humanised (complementarity determin-
ing region (CDR) grafted) CAMPATH-1H
antibody, but not to the original rat
CAMPATH-1 YTH34.5.6 antibody, indi-
cates that it is directed against a frame-
work region rather than the CDRs.
Analysis of amino acids in the VH region
for charge, hydrophobicity, and accessi-
bility suggests that reactivity with mono-
clonal antibody 2G10 is defined by a
hexapeptide spanning residues 74–79
within framework region 3.
Conclusion—The anti-idiotype mono-
clonal antibody 2G10 could potentially be
used as a probe for determining the
contribution of the VH3 and VH4 gene
segments to antigenic specificity.
(J Clin Pathol: Mol Pathol 2000;53:77–82)
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We have recently cloned, sequenced, and three
dimensionally modelled the V regions of a
mouse monoclonal antibody (2C7/IgG2bê)
directed against the major house dust mite

allergen Der p 1.1 The predicted amino acid
sequences were then compared with the
V-BASE directory of human germline V gene
segments2–4 and homologous VH and VK gene
segments were identified.1 The monoclonal
antibody 2C7 heavy chain showed greater than
70% homology with three members of the VH3
family: DP-35, DP-53, and DP-54.3 Similarly,
the light chain showed greater than 70%
homology with 11 VK sequences, including the
VKII sequences DPK18, DPK19, and DPK28.4

The V-BASE directory contains immuno-
globulin gene segments that are commonly
found within the human population.2–4 There-
fore, it is likely that antibodies similar to
monoclonal antibody 2C7 could be generated
as part of the human repertoire, particularly
when allowing for combinatorial eVects and
also somatic mutations of the complementarity
determining regions (CDRs) within the rear-
ranged genes. This is very much in keeping
with the results of our competition experi-
ments, which showed that the epitope specifi-
city of monoclonal antibody 2C7 is representa-
tive of a major component of the human IgE
response to Der p 1.1

These observations prompted us to attempt
to raise anti-idiotypic antibodies against mono-
clonal antibody 2C7, as surrogate human IgE
anti-Der p 1, with a view to using them as
probes for defining the specificity of human
IgE anti-Der p 1, and as immunomodulatory
agents to suppress the biosynthesis of such IgE
antibodies. Here, we describe a mouse mono-
clonal anti-idiotypic antibody (2G10/IgG1ê)
directed against monoclonal antibody 2C7,
which apparently recognises a V region se-
quence commonly used by human immuno-
globulins.

Materials and methods
ANTIBODY REAGENTS

Mouse monoclonal antibody 2C7 (IgG2bê)
was produced by conventional hybridoma
technology, as described recently.1 Other anti-
Der p 1 monoclonal antibodies, namely 5H8
and 4C1,5 were obtained from Indoor Biotech-
nologies Limited (Manchester, UK). Anti-
human IgE monoclonal antibody (HE-47E)6

was kindly provided by Dr S Harada (Shionogi
Institute for Medical Science, Osaka, Japan).
Chimaeric mouse–human IgE anti-NP7 was
obtained from Serotec (Oxford, UK). A human
myeloma IgEë (IgE-WT) was purified by
aYnity chromatography from a plasma sample
kindly provided by Professor D Stanworth
(Peptide Therapeutics plc, Cambridge, UK).
A purified human myeloma IgG1ê protein

J Clin Pathol: Mol Pathol 2000;53:77–82 77

Division of Molecular
and Clinical
Immunology,
University of
Nottingham, Faculty of
Medicine and Health
Sciences, Queen’s
Medical Centre,
Nottingham NG7 2UH,
UK
J E McElveen
P B Furtado
S J Smith
H F Sewell
F Shakib

Immunology Division,
Department of
Pathology, Cambridge
University, Tennis
Court Road,
Cambridge CB2 1QP,
UK
M R Clark

CRC Department of
Academic Oncology,
University of
Nottingham, Faculty of
Medicine and Health
Sciences, City
Hospital, Nottingham
NG5 1PB, UK
I Spendlove

Correspondence to:
Dr Shakib
email: farouk.shakib@
nottingham.ac.uk

Accepted for publication
25 January 2000

 group.bmj.com on February 10, 2012 - Published by mp.bmj.comDownloaded from 

http://mp.bmj.com/
http://group.bmj.com/


(IgG-CH) was also obtained from Professor
Stanworth. The human monoclonal antibody
105AD7 (IgG1ê),8 the rat CAMPATH-1 anti-
body YTH34.5.6 (IgG2aê), and its humanised
(CDR grafted) version, CAMPATH-1H
(IgG1ê), are described elsewhere.9 The human
monoclonal antibodies Cal-4G and A2 were
kindly donated by Dr K Potter (University of
Southampton, Southampton, UK). Cal-4G is
an IgMë monoclonal antibody that uses the
VH4–34 germline gene segment,10 11 and A2 is a
recombinant IgAê form of the human VH3
encoded antibody RF-SJ3(57K).12 13 The poly-
clonal IgG antibodies IgG-MW and IgG-JM
were isolated by protein G aYnity chromatog-
raphy from two normal human sera. The
mouse monoclonal antibodies MOPC-21
(IgG1ê)14 15 and MOPC-141 (IgG2bê)16 17

were purchased from Sigma Chemical Com-
pany (Poole, Dorset, UK).

PRODUCTION OF MOUSE MONOCLONAL

ANTI-IDIOTYPES

The anti-idiotype monoclonal antibodies
2G10 (IgG1ê) and 4E10 (IgG1ê) were pro-
duced by immunising mice with monoclonal
antibody 2C7 coupled to keyhole limpet
haemocyanin (2C7-KLH). The monoclonal
antibody 2G10 was derived from a CBA mouse
given an initial subcutaneous injection of 50 µg
2C7-KLH in complete Freund’s adjuvant
(CFA), followed by three injections of 2C7-
KLH in incomplete Freund’s adjuvant (IFA;
50 µg, intraperitoneally) at 14 day intervals,
and a final injection of native 2C7 (50 µg intra-
venously) 86 days later (that is, four days before
fusion). The monoclonal antibody 4E10 was
derived from a Balb/c mouse given an initial
subcutaneous injection of 50 µg 2C7-KLH in
CFA with a booster intraperitoneal injection
21 days later, followed by a final intraperitoneal
injection of 2C7 after 42 days (that is, five days
before fusion). Spleen cells from monoclonal
antibody 2C7 immunised mice were fused with
P3/NSO myeloma cells, and hybridomas se-
creting anti-idiotype antibodies were selected
by screening for reactivity with monoclonal
antibody 2C7 in a “sandwich” enzyme linked
immunosorbent assay (ELISA). Briefly, micro-
titre plates (Nunc Maxisorp, Life Technologies
Limited, Paisley, UK) were coated with mono-
clonal antibody 2C7 (1 µg/ml) and incubated
with culture supernatant. Bound anti-idiotype
antibody was detected by the addition of bioti-
nylated monoclonal antibody 2C7, followed by
alkaline phosphatase conjugated ExtrAvidin
(Sigma Chemical Company). Secreting hybri-
domas were cloned three times by limiting
dilution. The monoclonal antibodies were
purified from spent culture supernatants by
protein G aYnity chromatography.

DETERMINATION OF THE SPECIFICITY OF

MONOCLONAL ANTIBODIES 2G10 AND 4E10

The specificity of the anti-idiotype monoclonal
antibodies 2G10 and 4E10 was assessed by
testing them against a panel of 20 mouse
monoclonal antibodies, including two IgG2b
isotype controls, two other anti-Der p 1 mono-
clonal antibodies (5H8 and 4C1), and 16

monoclonal antibodies of irrelevant specifici-
ties, which were substituted for solid phase
monoclonal antibody 2C7 in the sandwich
ELISA described above. In another modifica-
tion of the sandwich ELISA, the specificity of
monoclonal antibody 2G10 was tested further
by preincubation with a selection of mouse and
human monoclonal or myeloma antibodies
representative of diVerent VH gene families
before incubation on the monoclonal antibody
2C7 coated plate.

The reactivity of monoclonal antibodies
2G10 and 4E10 with human IgE was detected
by capturing IgE on CHK1E1 cells (kind gift
from Professor J-P Kinet, Harvard University,
Boston, Massachusetts, USA) expressing the á
and ã subunits of the high aYnity IgE receptor
(FcåRI).18 Briefly, the cells (2 × 104/well) were
cultured for three days at 37°C in 96 well plates
in Iscove’s modified Dulbecco’s medium
(IMDM) containing 10% fetal calf serum
(FCS), L-glutamine, and Geneticin (Life
Technologies Limited). All subsequent steps
were performed at room temperature. The cells
were washed gently three times with IMDM
containing 2% FCS and 0.05% sodium azide
(wash medium), and incubated for 30 minutes
with either 1/4 dilution of human serum (18 in
total; 12 atopic patients, with or without IgE
anti-Der p 1, and six non-atopic controls) or
1 µg/ml either of chimaeric mouse–human IgE
anti-NP or human myeloma IgEë (IgE-WT).
Cells were washed as before and monoclonal
antibodies 2G10 or 4E10 were added at a con-
centration of 10 µg/ml in wash medium. A
mouse antihuman IgE monoclonal antibody
(HE-47E) was used as control. The cells were
incubated for one hour and washed as before.
Bound monoclonal antibody was detected with
a goat antimouse IgG conjugated to alkaline
phosphatase (Sigma Chemical Company).
Background values for wells containing no IgE
were subtracted from the mean value for dupli-
cate wells containing IgE. A modification of
this assay was used to assess the ability of
diVerent antibody preparations to block the
binding of monoclonal antibody 2G10 to
CHK1E1 captured human IgE. The assay was
carried out as described above, except that
monoclonal antibody 2G10 was preincubated
with the test antibody for 30 minutes.

SERUM IgE ASSAYS

Total IgE concentrations in serum were deter-
mined using a Milenia IgE kinetic EIA kit
(DPC, Oxford, UK). Der p 1 specific IgE was
determined by ELISA, as described recently.1

SEQUENCE ALIGNMENT AND MOLECULAR

MODELLING

Comparison of the monoclonal antibody 2C7
protein sequence with the sequences of anti-
bodies tested for reactivity with monoclonal
antibody 2G10 was carried out using Gene
Doc (Nicholas KB, Nicholas HBJr, 1997,
Gene Doc: analysis and visualisation of genetic
variation, http:/www.cris.com/∼ketchup/
genedoc.shtml). We have described molecular
modelling of 2C7 previously,1 and the epitope
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for monoclonal antibody 2G10 was viewed
using the Swiss Pdb viewer.19 20

Results
REACTIVITY OF MONOCLONAL ANTIBODY 2G10

WITH MOUSE AND HUMAN IMMUNOGLOBULINS

We have generated two mouse monoclonal
anti-idiotypes (2G10/IgG1ê and 4E10/IgG1ê)
directed against monoclonal antibody 2C7, as
surrogate human IgE anti-Der p 1. Both anti-
idiotypes were found to be specific for
monoclonal antibody 2C7 because they did not
bind to a panel of 20 other mouse monoclonal
antibodies, including two isotype controls
(IgG2b), two other anti-Der p 1 monoclonal
antibodies (5H8 and 4C1), and 16 antibodies
of irrelevant specificities (fig 1). However,
monoclonal antibodies 2G10 and 4E10 did not
block the binding of monoclonal antibody 2C7
or human IgE to Der p 1 (data not shown),
thereby suggesting that they are directed
against V region determinants not directly
involved in Der p 1 binding.

Interestingly, monoclonal antibody 2G10,
but not monoclonal antibody 4E10, recognised

FcåRI bound human IgE, irrespective of its
antigenic specificity (fig 2). However, mono-
clonal antibody 2G10 is directed against the Fv
(fragment variable) region of IgE, because it
does not bind to a chimaeric mouse–human
IgE anti-NP, consisting of mouse variable
region domains and human IgE constant
region domains.7 We then tested the ability of
human IgE and IgG to inhibit the binding of
monoclonal antibody 2G10 to FcåRI bound
human IgE. Both myeloma proteins, IgE-WT
and IgG-CH, were found to be equally inhibi-
tory, regardless of whether a myeloma IgE
(IgE-WT) or a polyclonal serum IgE was used
to coat the cells. However, approximately four-
fold more polyclonal serum IgG (IgG-MW and
IgG-JM) was required to achieve 50% inhibi-
tion of binding compared with the myeloma
proteins (fig 3).

These data indicate that monoclonal anti-
body 2G10 recognises an idiotope that is
present both on the IgE and IgG myeloma pro-
teins, but is only present on approximately 25%
of polyclonal serum IgG. This leads us to
speculate that the idiotope recognised by
monoclonal antibody 2G10 is encoded by a
commonly used human VH gene family, most
likely VH3, because members of this family have
been shown previously to share more than 70%
homology with the idiotype monoclonal anti-
body 2C7.1 To investigate this further, we
tested three human antibody preparations,

Figure 1 Anti-idiotype monoclonal antibodies 2G10 and 4E10 are both specific for
monoclonal antibody 2C7 (antibody number 1) because they do not bind to a panel of 20
other mouse monoclonal antibodies, including two isotype controls (IgG2b; antibody
numbers 2 and 3), two other anti-Der p 1 monoclonal antibodies (5H8 and 4C1; antibody
numbers 4 and 5),5 and 16 antibodies of irrelevant specificities (antibody numbers 6–21).
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Figure 2 Reactivity of anti-idiotype monoclonal antibodies 2G10 and 4E10 with FcåRI
bound IgE. Samples 1–6 are sera from atopic patients with IgE anti-Der p 1 (total
IgE > 1000 IU/ml), 7–12 are sera from atopic patients with no IgE anti-Der p 1 (total
IgE, 174 to > 1000 IU/ml), 13–18 are sera from non-atopic controls (total IgE
< 100 IU/ml), 19 is an IgEë myeloma protein (IgE-WT), and 20 is a chimaeric
mouse–human IgE anti-NP.7
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Figure 3 Inhibition of monoclonal antibody 2G10 binding
to (A) FcåRI-bound IgE-WT and (B) FcåRI-bound
serum IgE by human myeloma proteins (IgE-WT and
IgG-CH) and polyclonal human IgG (IgG-MW and
IgG-JM).
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representative of diVerent VH gene famlilies
(VH2, VH3, and VH4), for their ability to inhibit
the binding of monoclonal antibody 2G10 to
its idiotype monoclonal antibody 2C7 (fig 4).
Both A2 (VH3) and Cal-4G (VH4) immuno-
globulins inhibited the binding of monoclonal
antibody 2G10 to the same extent as mono-
clonal antibody 2C7. However, monoclonal
antibody 105AD7 (VH2) caused no such
inhibition of binding, even at the highest
concentration tested. Interestingly, the human-
ised CAMPATH-1H (CDR grafted) antibody,
but not the original rat CAMPATH-1
YTH34.5.6 antibody, inhibited by about 50%
the binding of monoclonal antibody 2G10 to
monoclonal antibody 2C7, thereby indicating
that monoclonal antibody 2G10 is directed
against a framework region rather than the
CDRs. Neither mouse monoclonal antibody
MOPC-21,14 15 nor mouse monoclonal anti-
body MOPC-141,16 17 for which V region
sequences are available, was inhibitory.

Figure 4 Inhibition of monoclonal antibody 2G10 binding to solid phase bound
monoclonal antibody 2C7 by monoclonal antibody 2C7 and by three human monoclonal
antibodies (Cal-4G, A2, and 105AD7), humanised CAMPATH-1H (complementarity
determining region (CDR) grafted) antibody, two human myeloma proteins (IgE-WT and
IgG-CH), rat CAMPATH-1 YTH34.5.6 antibody, and two mouse monoclonal antibodies
(MOPC-21 and MOPC-141).
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Figure 5 Protein sequence alignments of (A) the heavy chain and (B) the light chain of the monoclonal antibody 2C7 V region with sequences of three
antibodies that react with monoclonal antibody 2G10 (human Cal-4G, human A2, and humanised CAMPATH-1H) and sequences of four antibodies
that do not react with monoclonal antibody 2G10 (human 105AD7, mouse MOPC-21, mouse MOPC-141, and rat CAMPATH-1 YTH34.5.6).
Complementarity determining regions (CDRs) are indicated by solid lines above the sequences; dots indicate missing amino acids. Boxed residues represent
the hexapeptide sequence in monoclonal antibody 2G10 reactive antibodies and the corresponding sequences in those that are not reactive.
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IDENTIFICATION OF A POSSIBLE IDIOTOPE FOR

MONOCLONAL ANTIBODY 2G10

The VH and VL sequences of the diVerent anti-
bodies that were used in the monoclonal anti-
body 2G10 inhibition experiments were com-
pared with the VH and VL sequences of
monoclonal antibody 2C7 to identify the
idiotope recognised by monoclonal antibody
2G10 (fig 5). Sequence analysis of the VH

regions revealed the presence of a hexapeptide
spanning residues 74–79 within framework
region 3 (FRW3) of monoclonal antibody
2G10 reactive antibodies, which might com-
prise part of the epitope targeted by mono-
clonal antibody 2G10 (fig 6). This hexapep-
tide consists of polar amino acids in positions
74, 76, 77, and 79 of antibodies reactive with
monoclonal antibody 2G10, whereas this pat-
tern of amino acid distribution is not seen in
antibodies that do not react with monoclonal
antibody 2G10 (table 1). Given that both ê
and ë light chains were found in the
monoclonal antibody 2G10 reactive antibod-
ies, we consider that VL does not make a major
contribution to the reactivity with this anti-
idiotype.

Discussion
Our data suggest that monoclonal antibody
2G10 is directed against a crossreactive idio-
type on human IgE that is shared by polyclonal

IgG, which is in keeping with an early report
showing that antibodies raised against a single
human myeloma IgE protein detected crossre-
active idiotype determinants on polyclonal
IgG.21 We have shown previously that mono-
clonal antibody 2C7, the idiotype against
which monoclonal antibody 2G10 was raised,
uses a germline gene from the mouse VH4
(X-24) family,1 which is known to have consid-
erable homology with the human VH3 gene
family.22 This leads us to speculate that the idio-
tope recognised by monoclonal antibody 2G10
is encoded by a commonly used human VH

gene family, most likely VH3. Competitive inhi-
bition studies against human immuno-
globulins representative of VH2, VH3, and VH4
gene families confirmed that monoclonal anti-
body 2G10 is mostly likely to be directed
against sequences encoded either by VH3 or
VH4 genes.

It has been suggested that highly conserved
FRW1 and FRW3 regions of murine and
human antibodies encoding the VH3 gene seg-
ment might be responsible for their broad
specificity.23 Interestingly, binding to staphylo-
coccal protein A is reported to be restricted to
antibodies that use this gene segment, and
non-binders are thought to have two or more
amino acid diVerences at positions 74–77 in
FRW3.24 Given that the VH region of mono-
clonal antibody 2C7 shows up to 70% homol-
ogy with the human VH3 gene family,1 it is
tempting to suggest that the idiotope for
monoclonal antibody 2G10 is present on a
conservative region of FRW3. Analysis of
amino acids in the VH region for charge, hydro-
phobicity, and accessibility suggests that reac-
tivity with monoclonal antibody 2G10 is
defined by a hexapeptide spanning residues
74–79 within FRW3, which implies that the
CDRs are not part of the idiotope. The fact
that monoclonal antibody 2G10 binds to the
humanised CAMPATH-1H (CDR grafted)
antibody,9 but not to the original rat
CAMPATH-1 YTH34.5.6 antibody, is further
evidence that it is directed against a FRW
region, rather than the CDRs. This is, of
course, very much in keeping with our
observation that monoclonal antibody 2G10
does not block the binding of monoclonal anti-
body 2C7 or human IgE to Der p 1.

Our monoclonal antibody 2G10 anti-
idiotype could potentially be used as a probe
for determining the contribution of the VH3
and VH4 gene segments to antigenic specificity.
Furthermore, given that monoclonal antibody

Figure 6 A molecular model of the Fv region of monoclonal antibody 2C71 showing the
heavy chain (blue) and the light chain (yellow). The hexapeptide sequence is shown in
space filling representation, with polar residues coloured red and the non-polar residue
coloured green.

Table 1 Characteristics of the monoclonal antibodies (mAbs) used for testing the reactivity of mAb 2G10

Antibody Species Isotype Residues 74–79 VH family VL family
Reactivity with
mAb 2G10 Reference

2C7 Mouse IgG2b S K N T L Y 4 ê2 + 1
Cal-4G Human IgM S K N Q F S 4-34 ë9 + 10, 11
A2 Human IgA S K N T L Y 3 ê10 + 12, 13
CAMPATH-1H Human IgG1 S K N Q F S 4 ê1 + 9
105AD7 Human IgG1 S K N Q V V 2 ê1 _ 8
MOPC-21 Mouse IgG1 P K N T L F 2 ê19 _ 14, 15
MOPC-141 Mouse IgG2b S K S Q V F 1 ê10 _ 16, 17
YTH34.5.6 Rat IgG2a T Q N M L Y 2 ê1 _ 9

Polar amino acids are shown in bold.
The VH of mAb 2C7 is highly homologous to the human VH3 gene family.1

Antibodies A212 and the CDR grafted CAMPATH-1H9 are recombinant proteins.
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2G10 does not block the binding of Der p 1 to
monoclonal antibody 2C7, it would be of great
interest to investigate its molecular disposition
in relation to antigen in a tri-molecular
complex.
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