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Idiotype conservation between human and mouse antibodies has been
observed in association with various infectious and autoimmune diseases.
We have isolated a human anti-idiotypic antibody to a mouse monoclonal
anti-IgE antibody (BSW17) suggesting a conserved interspecies idiotype
associated with an anti-IgE response. To find the homologue of BSW17 in
the human genome we applied the guided selection strategy. Combining
VH of BSW17 with a human VL repertoire resulted in three light chains.
The three VL chains were then combined with a human VH repertoire
resulting in three clones specific for human IgE. Surprisingly, one clone,
Hu41, had the same epitope specificity and functional in vitro activity as
BSW17 and VH complementarity-determining regions identical with that
of BSW17. Real-time PCR analysis confirmed the presence of the Hu41
VH sequence in the human genome. These data document the first
example of the isolation of a human antibody where high sequence simi-
larity to the original murine VH sequence is associated with common anti-
gen and epitope specificity.
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Introduction

Idiotype conservation between mouse and
human antibodies of the same antigen specificity
has been reported in several antigen systems.1–4

Eilat et al. showed that a major cross-reactive idio-
type on mouse anti-DNA monoclonal antibody
was also expressed on serum anti-DNA antibodies
in systemic lupus erythematosus (SLE) sera.5

Analysis of the human influenza-specific B cell
repertoire has documented the presence of shared
idiotypes expressed on murine and human
influenza-specific antibodies.6

Such shared idiotypes are referred to as public,
recurrent, dominant or cross-reactive idiotypes
(CR1). The importance of CR1 in the pathogenesis
of disease and in the idiotype anti-idiotype net-
work interaction has been demonstrated in several

systems.7–10 In sera of patients with different
forms of clinical paracoccidioidomycosis, anti-
idiotypic antibodies were found that recognize
both human and monoclonal murine antibodies
specific to parasite glycoprotein gp43.10 Analysis
of the autoimmune response in thromobocytopenic
patients has demonstrated the presence of anti-
idiotypic antibodies produced against cross-
reactive idiotypes shared by human and mouse
anti-platelet antibodies.9 These findings underlie
the role of shared idiotypes in idiotypic modu-
lation and may imply that specific antibody
responses are associated with immunoglobulin
variable-region genes that are highly conserved
during evolution.11–13

Using a pool of non-immune human Fab phage
display libraries we have previously described the
isolation of two human anti-idiotypic antibodies
that mimic epitopes located in the constant domain
of the IgE molecule and are specific to a murine
monoclonal anti-IgE antibody, termed BSW17.14

Additionally these antibodies showed functional
mimicry and were able to induce in vivo a BSW17-
like anti-IgE response after rabbit immunization.
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These findings suggested a conserved functional
idiotype and a possible structural relationship
between mouse and human associated with an
anti-IgE response. Thus, we addressed of whether
a human anti-IgE antibody displaying the same
epitope specificity and idiotype sequence as
BSW17 exists in the human repertoire.

We previously tried to isolate BSW17-like human
anti-IgE from human antibody libraries using the
phage technology. With this approach only two
clones were isolated with an anti-isotypic
specificity to IgE but not with the same epitope
specificity as BSW17.15 This might be due to the
limited size of the libraries, which do not allow
access to the whole anti-isotypic repertoire. Indeed
previous results with recombinant antibody
repertoires of non-immunized donors provided
evidence for a correlation between the repertoire
size and the presence of specific, high-affinity
antibodies.16,17 Thus antibody libraries have been
constructed with high diversity and a size of up to
6.5 £ 1010 clones from where high-affinity anti-
bodies to many different target antigens have been
selected.17–19 However, in vitro selection procedures
can be subject to bias especially in the case of
complex antigens and it still remains difficult to
isolate antibodies recognizing a particular
epitope.20,21

During the last few years an alternative method
termed “guided” selection has been developed for
the generation of human antibodies. This
technique combines chain shuffling and phage
selection to derive the antibody with the designed
specificities. The VH or VL of a parental murine
antibody serve as a guiding structure for the
selection of a human complementary V-region
from a repertoire of cloned human VL or VH

genes. Several studies have shown the feasibility
of this method to generate human antibodies with
different specificities.22–32

We describe here the humanization of the mouse
monoclonal anti-IgE antibody, BSW17 by guided

selection based on phage display. The VH region of
the BSW17 monoclonal antibody was first used to
guide the selection of a human VL from a VL

repertoire. In a consecutive step, three selected
human VL were used to select a human BSW17-
like VH region from a human VH repertoire. This
strategy allowed the isolation of a fully human
anti-IgE antibody that retained the same binding
specificity and in vitro functional activity as the
murine monoclonal antibody BSW17. Remarkably,
the selected VH sequence shared 97% identity with
the parental murine VH. To our knowledge, this is
the first time that a highly conserved human VH

sequence with the same functional specificity as
the murine parental antibody has been isolated by
guided selection.

Results

Light chain humanization

To obtain a human anti-IgE the strategy of
guided selection, which combines chain shuffling
and phage display (Figure 1), was followed using
the VH of the mouse monoclonal anti-IgE antibody,
BSW17 as the guiding molecule. The V genes of
BSW17 were first cloned as a Fab fragment into
the phagemid vector pMVS and both V chains
were sequenced (Figure 2). As the interaction of
two matching human constant domains CL and
CHg1 is preferred to stabilize the hybrid Fab, the
mouse Fd was substituted by a chimeric Fd frag-
ment composed of mouse VH linked to the human
first constant domain of the heavy chain which
was then cloned into pMVS. The human light
chain repertoire derived from four human combi-
natorial Fab libraries14 was then cloned into pMVS
containing the chimeric mouse/human Fd frag-
ment yielding a phage library of about 2.3 £ 107

different clones expressing hybrid Fab. To
isolate human light chain analogs of BSW17 this

Figure 1. Schematic drawing of humanization of mouse monoclonal anti-IgE antibody, BSW17 using guided
selection. Mouse sequences are indicated in gray, human sequences in white. In a first step a chimeric mouse/human
Fd is used as guiding structure to select human light chains from a human light chain repertoire. In the second step
three human light chain fragments were used as guiding structure for the selection of human VH from a human VH

repertoire. The two sequential shuffling procedures were performed using phage display technology.
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Figure 2. Deduced amino acid sequence of selected human VL and VH genes. The sequences are segregated into CDR (complementarity-determining regions) and FR
(framework regions) and aligned towards parental mouse BSW17 VL and VH fragments. Dashes indicate identical amino acids. Loop regions of VL (L1, L2 and L3) and VH

(H1 and H2) are deduced using V Base.



library was subjected to three rounds of panning
on solid phase IgE. After the last round of panning,
15 clones were tested for IgE reactivity in the
competitive immunodot assay where the binding
of phage clones to IgE was inhibited by BSW17.
Three clones demonstrating the same IgE epitope
specificity as the monoclonal antibody (mAb)
BSW17 were selected and sequence analyzed.
Figure 2 shows their deduced amino acid
sequences, which are aligned to the mouse BSW17
sequence. Databank screening indicated that they
belonged to the same VkIII family but to two
different germlines, namely DPK22 and Vg/38K
(Table 1). One clone, HuL14 carried a l chain
derived from the germline DPL5 of the Vl1 family
(Table 1). As shown in Table 1, the selected VL

have different canonical structures and amino acid
lengths for L1 compared to that used by BSW17
VL. No differences in canonical loop were observed
for L2. In the case of L3, loop lengths could be
determined in only two clones (HuL1 and HuL5)
and were different from that used by BSW17. No
known canonical structure for L3 could be found
in any of the three human selected VL sequences.
As the three selected clones showed the same
specificity to IgE as BSW17, the light chains of all
three clones were used to guide the selection of
the human heavy chain.

Heavy chain humanization

For the shuffling of the heavy chain, the selected
human light chains were cloned separately into
pMVS, which did not carry any VH to avoid risk
of contamination with the BSW17 VH. Human Fd
fragments were amplified by PCR amplifying
from phagemid DNA of four human Fab combi-
natorial libraries.14 These PCR products were
pooled and cloned into the vectors containing the
selected light chain sequences to generate three
libraries of 2 £ 107 clones each. The libraries were

pooled and selected by four rounds of panning on
immobilized IgE. After the fourth round, 50 phage
clones were tested for binding to IgE in the com-
petitive immunodot assay described above. One
clone (Hu41) was found whose binding to IgE was
completely inhibited by BSW17, suggesting that
this clone recognized the same IgE epitope as
BSW17. Two clones (Hu19 and 22) were also
selected whose binding to IgE was only partially
inhibited by BSW17. Sequence analysis of the
three clones revealed two different human VL

(reselected from chimeric clones HuL1 and
HuL14) and three different VH sequences. The
human Vl1 reselected from chimeric clone HuL14
was found in two clones (Hu19 and Hu41),
whereas the third clone (Hu22) carried the human
VkIII reselected from the chimeric clone HuL1. The
VH amino acid sequences of the three clones
(Hu19, Hu22 and Hu41) and of the parental anti-
body BSW17 are aligned in Figure 2. Two clones
(Hu19 and Hu22) had closely related VH fragments
that derived from the same germline DP49 of the
VH3 family. The third clone (Hu41) contained a VH

fragment that derived from the germline DP58 of
the VH3 family. Amino acid sequence alignment
revealed that the VH sequence of clone Hu41 was
97% identical with the parental murine VH

gene. As shown in Table 1, the H1 canonical
lengths and structures for the three clones (Hu19,
Hu22 and Hu41) were identical with that of
BSW17 VH, whereas only clone Hu41 used the
same canonical class for H2 as BSW17 VH. These
results imply that a murine-like VH sequence
was selected from the human genome. However,
as the selected VH sequence differed in only three
amino acid residues from the parental mouse VH a
potential reason for this selection would be a carry-
over PCR contamination. To rule out this possi-
bility, the presence of the VH sequence from
the clone Hu41 in the human genome was verified
by PCR.

Table 1. Classification and predicted canonical structures of the antigen binding loops of V-genes

Predicted canonical structures of
antigen binding loopsb

Clonesa V-gene familyb Loop1b Loop2b Loop3b

Human germline
gene with closest
protein sequencec

Amino acid
sequence identity

with murine
BSW17 (%)

BSW17-VL Vk7 1/10d 1/7 1/9 B1 þ 100
HuL1-VL Vk3 n.f./12 1/7 n.f./10 DPK22 65
HuL5-VL Vk3 2/11 1/7 n.f./10 Vg/38K 69
HuL14-VL Vl1 5/13 1/7 n.f. DPL5 58
BSW17-VH VH3 1/10 1/9 n.a. DP58 100
Hu19-VH VH3 1/10 3/10 n.a. DP49 76
Hu22-VH VH3 1/10 3/10 n.a. DP49 75
Hu41-VH VH3 1/10 1/9 n.a. DP58 96

n.f., not found, canonical structure classes could not be assigned based on currently known classes; n.a., not applicable.
a Selected human VLs were assigned in combination with BSW17 VH. Selected human VH of Hu19 and Hu41 were assigned in

combination with the VL of HuL14 whilst selected human VH of clone Hu22 with the VL of HuL1.
b Canonical structures were assigned as described by Martin & Thornton.61 Loop1, loop2 and loop3 correspond to the antigen

binding loops of heavy and light chains.
c V-gene families and closest human germlines were deduced from V BASE (http://www.mrc-cpe.cam.ac.uk).
d The class numbers consist of the Chothia-equivalent structural class number followed by the number of amino acids in the

antigen binding loops.
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Identification of Hu41 VH sequence in the
human genome by PCR

The presence of the clone Hu41 VH sequence in
the human genome was monitored by conven-
tional reverse transcriptase (RT)-PCR and real-
time PCR. RT-PCR was performed using cDNA of
21 randomly chosen donors. For PCR amplification
a pair of primers was designed that were specific to
the complementarity-determining regions (CDR2
and CDR3) regions of the VH fragment. A PCR
band of the expected size was obtained for 17
donors (data not shown) and was sequenced. All
the samples showed identical sequences corre-
sponding to the same VH fragment found in the
selected Hu41 clone, suggesting that the selected
BSW17-like VH sequence is present in the human
genome. However, this result might still be a sub-
ject of controversy due to the problems associated
with conventional RT-PCR, namely specificity and
carryover contamination.

To circumvent these problems and reduce the
potential for false-positive results we chose the
real-time PCR approach using the TaqMan tech-
nology. The TaqMan assay was performed on
DNA of the same donors as used for the RT-PCR.
DNA was preferred to RNA because of the repro-
ducibility and sensitivity problems related to
RT-PCR. To increase sequence specificity a 30

minor groove binding (MGB) probe was used
instead of a normal TaqMan probe. This probe
prevented annealing with single nucleotide mis-
matches. To ensure that quantification of the VH of
Hu41 was not affected by differences in the quality
and quantity of the DNA, the housekeeping gene,

porphobilinogen deaminase (PBGD) was chosen
as reference standard. Quantification analysis was
performed using the comparative CT method. This
was possible because the efficiencies of amplifica-
tion of Hu41 and PBGD genes were equal.33 The
amount of Hu41 VH gene for each donor was
given by 22DDCT. As shown in Figure 3, 22DDCT

values higher than 0 were obtained in all 21
samples tested, indicating that all donors contain
the Hu41 VH gene in their genome. However,
these 22DDCT values vary considerably among the
donors and show changes between 1.9 and 8051-
fold, suggesting that the Hu41 VH gene copy
number differs greatly between the donors.

Affinity measurement and binding specificity
of humanized BSW17

As clone Hu41 was the only clone showing the
same IgE specificity as BSW17, it was produced as
full-length IgG in eukaryotic cells for further
characterization. The affinity of clone Hu41 for IgE
was assessed by online monitoring of binding
using the IAsys cuvette system. The affinity was
3.0 £ 1028 M, which is similar to the value of
6.0 £ 1028 M obtained for the parental murine
antibody, BSW17.
In order to show that BSW17 recognizes an

epitope on IgE, which is also responsible for the
binding of IgE to the FceRIa, we tested whether
clone Hu41 can still bind to IgE bound to FceRIa.
Sequential binding of clone Hu41 to IgE and of
the mouse monoclonal anti-IgE antibodies, BSW17
and Le27, was assessed by online monitoring
using the IAsys system. As shown in Figure 4, a

Figure 3. Relative quantification of Hu41 VH gene using the comparative CT method. DNA from peripheral blood
mononuclear cells of 21 donors was used as template for real-time PCR reactions containing primers and probes either
for Hu41VH or for PBGD. The copy number of Hu41VH gene normalized to PBGD and relative to the calibrator (Donor
1) was given by 22DDCT.
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binding curve was obtained after addition of IgE,
whereas no enhancement of the binding curve
was observed after sequential addition of clone
Hu41 and then BSW17. These results indicated
that Hu41 behaved like BSW17 and that both anti-
bodies recognized overlapping epitopes on IgE
that are used for binding IgE to FceRIa. In contrast,
addition of the same amount of Le27 showed an
enhancement of the binding curve, indicating that
this antibody reacted with a different epitope on
IgE that is still exposed in FceRIa-bound IgE.

Non-induction of IgE-mediated mediator
release from human basophils

Our previous data have shown that BSW17 is
non-anaphylactogenic and does not induce
mediator release from basophils.34 Therefore, the
non-anaphylactogenic properties of Hu41 were
tested using freshly isolated peripheral blood
lymphocytes enriched for basophils. Figure 5A
shows the effect of different monoclonal anti-
human IgE antibodies on histamine release after
priming with IL-3. An anaphylactogenic anti-
FceRIa monoclonal antibody, 29C6, was used as a
positive control for histamine release. However,
stimulation with either Hu41 or BSW17 did not
trigger the cells for histamine release, whereas an
anaphylactogenic anti-human IgE antibody, Le27,
triggered a strong histamine release response
compared to the spontaneous release in the
presence of IL-3 alone.

Similar results were obtained for sulfido-
leukotriene (sLT) release. As shown in Figure 5B,
no sLT release was observed from cells treated
with Hu41 and BSW17. Again, stimulation of the
cells with Le27 induced a marked enhancement of
sLT production over spontaneous release.

Non-induction of IgE-mediated
hexosaminidase release from human FceRIa-
transfected rat RBL-2H3 cells

We further tested the capacity of Hu41 to modu-
late hexosaminidase secretion from rat basophilic
leukemia cells expressing human FceRIa (RBL-
2H3E5.D12.8 cells). To monitor cellular activation,
we measured the extent of degranulation of the
preformed mediator hexosaminidase from RBL-
2H3E5.D12.8 cells that were stimulated with an
optimal amount of an anaphylactogenic anti-
FceRIa mAb, 22E7. Under these conditions the
release of hexosaminidase was in the range of 18%
of the total cell cellular hexosaminidase (Figure 6,
22E7) with 5% spontaneous secretion (Figure 6,
buffer control). We then tested the capacity of anti-
human IgE antibodies to modulate degranulation
of RBL-2H3E5.D12.8 cells preincubated for
90 minutes with saturating amounts of IgE Sus11.
Figure 6 shows that addition of Hu41 and BSW17
did not produce an increase of release compared
with the buffer control. In contrast, the anaphylac-
togenic anti-human IgE antibody Le27 triggered
b-hexosaminidase release in the same range as
22E7.

Discussion

Antibody humanization has become a standard
procedure to reduce immunogenicity of rodent
monoclonal antibodies for clinical application in
humans.35 The humanization strategy termed
guided selection was successfully used for obtain-
ing human antibodies with the same functionality
and antigen specificity as the parental mouse
antibody.22,25–29,36 In most of the cases the
humanized antibodies showed rather low
sequence similarity with the parental mouse
antibody. Here, we report the cloning of a human
anti-IgE antibody by guided selection that showed
the same specificity but also carried a VH sequence
highly similar to the parental murine monoclonal
anti-human IgE, BSW17.

In our guided selection and in contrast to other
studies,26,37 we did not retain the VH and VL CDR3
region of the parental murine antibody. The ration-
ale for this strategy was to ensure full humaniza-
tion of VH and VL sequences. Humanization of the
light chain was performed by using the murine
BSW17 VH sequence as guiding structure to select
human light chains from a light chain repertoire
obtained from four different human Fab libraries.
Three chimeric clones containing different kappa
and lambda chains that had the same epitope
specificity as BSW17 were isolated. Comparison of
the sequences of the original murine VL chain
with the human VL chains revealed differences in
length and sequence of the CDR1 and relative low
similarity in the CDR2 and CDR3. The kappa
chains were not derived from the human germline
closest to the mouse VL chain. This corresponds to

        

Figure 4. On-line monitoring of anti-IgE antibodies
interacting with IgE bound to FceRIa. IgE Sus11
(100 nmol) was incubated with immobilized FceRIa for
ten minutes. The volume was then replaced successively
with 100 nmol of Hu41, BSW17 and Le27 and incubated
for ten minutes. Finally, the cuvette was washed with
3 £ 50 ml of PBS/Tween 0.05%. Arrows indicate the
addition of antibodies. Antibody binding is displayed as
arc seconds of angle correction with maximal laser
reflection.

482 Human Anti-IgE Antibody by Guided Selection



other examples of human VL chain selection where
the guided selection did not yield the most similar
human counterpart sequence.22,26,27,29,36 For the
antigen binding site, more important than
sequence homology are the canonical structures
defined by Chothia et al.38,39 Previous studies have
shown the isolation of human antibodies by
guided selection, which shared these structural
elements with the parental mouse antibody. In our

case the three light chains did not share similar L1
and L3 canonical structures with the mouse anti-
body BSW17. This observation suggests that the
light chain can be more promiscuous and not only
one chain plays a role for maintaining the antigen
binding specificity.
To increase the probability of obtaining a fully

human Fab in the VH selection step the three VL

chains were used to guide the selection of a VH

 

 

Figure 5. A, Non-induction of in vitro histamine release with Hu41. Freshly isolated and enriched basophils (3 £ 105

cells containing 41% basophils) isolated from peripheral blood were primed with IL-3 (10 ng/ml) and then incubated
with anti-human IgE antibodies (Hu41, BSW17 and Le27) at the concentrations of 10 mg/ml (black bars) and
0.1 mg/ml (gray bars). Monoclonal anti-FceRIa antibody 29C6 was used as positive control. Results are expressed as
mean percentage of total histamine cell content (TC) of triplicate cultures. B, Non-induction of in vitro sulfoleukotriene
(sLT) release with Hu41. Basophils were isolated and treated as for the histamine release assay. Pg sLT represents the
mean of triplicate assays of sLT release from 106 cells.
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chain. Three clones were selected that paired with
two different VL chains. This differs from what
was found by other groups, where only one
particular light chain with the best binding charac-
teristics was reselected.24,26,28,36 This might be due to
the fact that in our case the selected light chains
did not differ in their IgE binding specificity. The
heavy chains of two clones (Hu19 and 22) showed
common features in the CDR1 and CDR2 and
were derived from the same germline DP49 of the
VH3 family. Compared with the original murine
VH they showed minimal similarities especially in
the sequences of the CDR2 and CDR3.

Surprisingly, one clone, Hu41, which demon-
strated the same IgE binding specificity as BSW17,
carried a VH sequence sharing 97% identity with
the original murine VH sequence and differed in
only three residues located in FR2 and FR3. For
the heavy chain shuffling the selected light chains
were recloned separately into a vector not carrying
any VH genes in order to prevent contamination
with BSW17 VH. Therefore the isolation of a VH

highly similar to the BSW17 VH is highly unlikely
to be due to a cross-contamination with the
original or a mutated murine VH sequence.

Interestingly Watzka et al., who used a similar
guided selection approach, described the isolation
of a human Fab carrying VL and VH sequence with
an overall similarity of about 90% and 80%,
respectively, compared to the parental murine
antibody.23 However, this human Fab did not have
the same antigen epitope specificity as the parental

mouse antibody. Nevertheless this result is in line
with our present data suggesting the presence of
variable immunoglobulin sequences highly similar
to mouse in the human genome. In fact comparison
studies of human and mouse IgVH have previously
demonstrated strong similarity existing between
some VH families of these two mammalian
species.40 Our data indicate that Hu41 VH was
derived from the human germline gene DP58 of
the VHIII family. Interestingly there are reports
showing that human and mice VHIII genes have
above 80% DNA sequence similarity, suggesting
that they shared a common ancestor and have
been conserved throughout mammalian
evolution.11,41 Additionally, pairwise comparison
of human and mouse VH allowed us and others to
identify human/mouse VH pairs demonstrating
similarity above 80%, suggesting some form of
environmental selection for the maintenance of
specific antibody gene sequences.13 Interestingly
some of these highly similar VH sequences have
been identified in autoreactive antibody molecules
of either human or mouse origin.42 Thus, it has
been reported that sera from patients with SLE
contain antibodies that compete with the mouse
monoclonal antibodies for binding on DNA,
suggesting structural similarities between human
and mouse anti-DNA antibodies.3,4,43 In sera of
patients with thrombocytopenia, anti-idiotypic
antibodies were found against murine antibodies
specific to a platelet glycoprotein, suggesting
cross-reactive idiotypes shared by human and

 

Figure 6. Non-induction of hexosaminidase release from RBL-2H3E5.D12.8 cells. Cells were pulsed with 50 mg/ml of
IgE Sus11 and incubated with anti-IgE antibodies (Hu41, BSW17 and Le27) at a the concentrations of 10 mg/ml (black
bars) and 1 mg/ml (gray bars). Anaphylactogenic monoclonal anti-FceRIa antibody 22E7 was used as a positive control
at 1 mg/ml. Spontaneous release was measured using a buffer (0.5% BSA in Hank’s balanced salt solution) control. The
results are shown as mean percentage of duplicate cultures of total hexosaminidase release. The total hexosaminidase
release was calculated as the sum of spontaneous release and the content of hexosaminidase present in the lysate of
unstimulated cells.
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mouse anti-platelet antibodies.9 In a previous
study we have isolated a human monoclonal anti-
idiotypic antibody against the mouse anti-IgE anti-
body, BSW17, implying an interspecies idiotype
conservation associated with the anti-IgE
response.14 Furthermore, shared idiotypic speci-
ficity was also observed in non-autoreactive
immune responses. Analyses of human and mur-
ine influenza responses after immunization
demonstrated the existence of interspecies idio-
types expressed on murine and human influenza-
specific antibodies.6

Our data confirm and extend these findings by
the isolation of a murine-like human VH sequence
in the human genome. By using RT-PCR, a tran-
script whose size and sequence correspond to the
VH of clone Hu41 was found in most of the tested
donors. Additionally we have performed real-time
quantitative PCR that provides a highly reliable
method for rapid quantification of gene copies.
This method eliminates the need for post sample
processing and thereby prevents potential PCR
carryover contamination. Until now most real-
time PCR methods have been performed using
sequence-specific fluorescent probes for geno-
typing, like TaqMan and molecular beacon probes.
We used a novel fluorescent oligonucleotide that
contains a 30 minor binding group (MGB) which
binds to the minor groove of DNA with higher
affinity compared to ordinary DNA probes.44 This
method reduces non-specific probe hybridization
and has been successfully used for single nucleo-
tide polymorphism (SNP) analysis.45 Real-time
PCR analysis revealed the clone Hu41 VH gene in
all the donors tested, thus supporting the presence
of a highly homologous murine sequence in the
human genome.

Antigen specificity and non-anaphylactogenicity
are critical parameters to be maintained during
the humanization of BSW17, which binds to a dis-
continuous epitope on the IgE molecule that is
involved in the binding of the IgE to a chain of
the high-affinity receptor for IgE (FceRIa).46 By
binding to this epitope BSW17 prevents the bind-
ing of IgE to FceRIa and shows unique properties,
as it is non-anaphylactogenic and thereby prevents
the sensitization of the effector cells implicated in
allergic diseases. Our data indicate that the
humanized clone Hu41 binds to the same epitope
as BSW17, as determined by competition studies
and IAsys analysis. In addition, clone Hu41
demonstrated the same in vitro functional activity
as the parental murine BSW17 antibody, namely it
does not induce preformed and de novo synthesis
mediator release from either human basophils or
human FceRIa transfected rat leukemia cells.
Thus, the fact that the clone Hu41 retained the
binding and non-anaphylactogenic properties of
the murine BSW17 suggests that it could be used
as a passive vaccine for immunotherapy against
allergy. However, further in vivo experiments in
animal models, e.g. in monkey, are required to
investigate whether clone Hu41 will be a potent

immunotherapeutic agent to prevent the sensitiz-
ation of the effector cells implicated in allergic
diseases.
In summary, we have been able to obtain a

human full-length anti-IgE antibody, which
demonstrates the same epitope specificity and
functional activity as the original murine BSW17
antibody. Moreover this antibody carries a highly
conserved interspecies VH sequence. These results
demonstrate structural similarities between mouse
and human immunoglobulin VH sequences and
point out the usefulness of the guided selection
approach for the isolation of human antibodies
with the same functional specificity and common
idiotypic sequence as murine antibodies.

Material and Methods

Vectors, bacterial strains and cell lines

The pMVS vector is a phagemid vector based on
pComb3H which allows expression of Fab on the surface
of filamentous phage M13.47 The Escherichia coli strain
XL-1 Blue and the VCSM13 helper phage were pur-
chased from Stratacyte (La Jolla, CA). The mouse
hybridoma cell line BSW17 was isolated in our
laboratory from mice immunized with purified myeloma
IgE.46 The human embryonic kidney (HEK-293) cells
were purchased from American Type Culture Collection
(ATCC No. TIB202). The cell line RBL-2H3E5.D12.8
(RBL-2H3 transfected with human FceRIa) was a kind
gift from S. Mécheri, Institut Pasteur, Paris, France.

Antibodies and reagents

The following human IgE were used: IgE PS was
kindly provided by Drs T. Ishizaka and K. Ishizaka (La
Jolla, CA); IgE Savazal was kindly provided by Dr
V. Savazal (Pilzen, Czech Republic). IgE JW8 is a
mouse/human chimeric IgE, IgE ND is a myeloma IgE
and IgE Sus11 is a monoclonal IgE.48–50 BSW17 and Le27
are mouse anti-human IgE mAbs as described.46 Murine
anti-FceRI mAb, 29C6, directed against the non-IgE bind-
ing epitope of the high-affinity IgE receptor a-chain51

was a gift from Drs Hakimi and Chizzonite (Hoffman-
La-Roche, Nutley, NJ). Recombinant human IL-3 was
provided by Novartis (Basel, Switzerland). Recombinant
FceRIa, a fusion protein of human serum albumin as car-
rier, flanked by two extracellular parts of the a chain of
the high-affinity IgE receptor was kindly provided by
Dr H. Kocher (Novartis Pharma, Basel, Switzerland).

Humanization of the light chain

In order to use the heavy chain of the mouse mono-
clonal BSW17 as template for the humanization of the
light chain, the V genes of BSW17 were cloned as Fab
fragment into the vector pMVS15,37,47 and sequenced at
Microsynth GmbH (Balgach, Switzerland). To stabilize
the hybrid Fab the mouse CH1 region of the cloned
BSW17 Fd fragment was substituted with human CH1
and cloned into the pMVS vector as described.28 The
light chain coding sequences were obtained by restric-
tion enzyme digestion from four human combinatorial
Fab libraries14 and cloned into the pMVS vector contain-
ing the chimeric mouse/human Fd fragment. The
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ligation product was electrotransformed into E. coli
strain XL1-Blue resulting in a light chain library and
phages were produced as described.37 Three rounds of
panning against hybridoma IgE Sus11 carried out in
polystyrene immunotubes (Becton, Dickinson) using
10 mg/ml of protein in 50 mM NaHCO3 (pH 9.6) for coat-
ing, blocking and washing steps were performed as
described.37 Phages were competitively eluted with
100 mg/ml of BSW17. After the third round of panning
single phage clones were produced and tested for bind-
ing to different human IgE in a competitive phage
immunodot assay using BSW17 as competitor antibody
and horseradish peroxidase (HPR)-conjugated rabbit
anti-phage as developing antibody. Light chain coding
genes of positive clones were analyzed by DNA sequenc-
ing. The sequences are available from the EMBL Gen-
bank under the numbers AJ633625, AJ633626 and
AJ633627 for HuL1, HuL5 and HuL14, respectively.

Humanization of the heavy chain

To prevent contamination with BSW17 Fd fragment
the light chains of the three selected clones were recloned
into the pMVS vector. The human Fd fragments were
obtained from the above-mentioned libraries by PCR
amplification using five upstream primers, which
hybridize to VH families,28 and the downstream IgG1
primer, which hybridizes to the hinge region of the con-
stant domain.15 The PCR fragments encoding human Fd
fragments were cloned into the pMVS vectors containing
the selected human light chains, thus generating three
libraries. The phage libraries were pooled and four
rounds of panning on immobilized IgE were carried out
as described for the light chain. After the fourth round
of panning, phages were produced from single clones
and were tested for binding to different IgE using com-
petitive phage immunodot assay as described above.
Light chain and Fd fragment coding sequences of
positive clones were analyzed by DNA sequencing. The
sequences are available from the EMBL Gen bank under
the numbers AJ633622, AJ633623 and AJ633624 for
Hu19, Hu22 and Hu41, respectively.

Full-length IgG from clones Hu19, 22 and 41 was
produced in HEK-293 cells using an integrated vector
system kindly provided Dr A. Bradbury (Trieste, Italy).
Antibodies in the cell supernatant were purified on
protein G-Sepharose columns (Pharmacia) and purity
was controlled on an SDS/6% (w/v) acrylamide gel
(data not shown).

RT-PCR amplification

Total RNAwas extracted from peripheral blood mono-
nuclear (PBM) cells of 21 unselected healthy donors and
synthesized into cDNA using the Superscript reverse
transcriptase system with oligo(dT) priming (Invitrogen,
AG, Basel, Switzerland). Analysis of the presence of
Hu41 VH in the human genome was done with specific
Hu41 VH-CDR2 forward primer (50-TAG TGG TAA TAT
CAT CTA CTA TCC AGA CAA-30) and Hu41 VH-CDR3
reverse primer (50-GTC AAA TCC CCC GTA GGT ACT-
30). Primers specific for the actin gene were used as con-
trol for testing the quality and quantity of RNA. PCR
amplification was performed in 50 ml of PCR reaction
mixture containing 6 ml of cDNA, tenfold PCR mix, 1 ml
of each primer (20 pmol), 2.5 units of Platinium Pfx
DNA polymerase (Invitrogen) and water. Amplifications
were done at 94 8C for five minutes, 94 8C for 30 seconds,

51.8 8C for 50 seconds, 72 8C for 30 seconds for a total of
60 cycles followed by a final extension at 72 8C for ten
minutes.

Primers and TaqMan probes

The primers and the TaqMan probes for real-time
quantitative PCR were designed from appropriate
sequences using the PrimerExpress software (Applied
Biosystems). The primers and the TaqMan MGB probe
for amplification of Hu41 VH gene and the housekeeping
gene porphobilinogen deaminase (PBGD) are Hu41VH-

for, 50-GTG GTA ATA TCA TCT ACT ATC CAG ACA
ATG-30; HuVHrev 50-CCG TAG GTA CTG CGG CCT
C-30; Hu41VHpr 50-TGT CAG GAA CAT CCT GTA CC-
30; PBGDfor 50-TGA CCC ACA GTT GGT AGG CAT-30;
PBGDrev 50-ATG CCC AAG TTC TGG GCA G-30 and
PBGDpr 50-CGT AAC ATT CCA CGA GGG CCC CA-30.
The primers were synthesized by Microsynth (Balgach,
Switzerland) and the TaqMan probes by Applied Bio-
systems (Rotkreuz, Switzerland). The Hu41VH TaqMan
MGB probe was labeled at the 50 end with 6-carboxy
fluorescein (FAM) and minor groove binder (MGB)/
non-fluorescent quencher at the 30 end. The house-
keeping gene porphobilinogen deaminase (PBGD)
TaqMan probe was labeled at the 50 end with FAM and
tetramethyl rhodamine (TAMRA) at the 30 end.

Real-time quantitative PCR

DNAwas extracted from the same donors as for RNA.
Quantitative DNA PCR was performed using the Taq-
Man Universal PCR Master Mix (Applied Biosystems).
All reactions were done in triplicate and in 25 ml with
1.5 mg of DNA of the 21 donors, 12.5 ml of PCR mix,
900 nM each specific forward and reverse primer,
200 nM TaqMan probe. The amplification conditions for
quantification were as follows: 50 8C for two minutes;
95 8C for ten minutes; 60 cycles at 95 8C for 15 seconds
and 60 8C for one minute. The amplifications were per-
formed on an ABI prism 7700 sequence detector
equipped with 96-well thermal cycler. Data were
collected and analyzed with Sequence Detector software
(Applied Biosystems). To ensure that quantification of
the VH of Hu41 was not affected by differences in the
quality and quantity of the DNA, the housekeeping
gene PBGD was taken as reference standard. The
average CT values of PBGD gene in the various DNA
samples differed by less than 1.1 (data not shown),
implying that the efficiency of the amplifications of
DNA per sample were comparable. Quantitative analysis
of gene copy number was done using the comparative CT

method, in which CT is the threshold cycle number (the
minimum number of cycles needed before the product
can be detected). The arithmetic formula for the com-
parative CT method is described as the copy number of
the Hu41 VH gene normalized to PBGD copy number
relative to a normalized calibrator and is given by the
formula 22DDCT, where DDCT ¼ DCT (sample)2 DCT

(calibrator), and DCT is the CT of the Hu41 VH subtracted
from the CT of PBGD. Donor 1 was chosen arbitrarily as
calibrator sample. The standard deviation of the
difference was calculated for the Hu41 VH and PBGD
values using the following formula:

S (std dev of difference) ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

S12 þ S22
p

.
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IAsys analysis

Affinity of full-length Hu41 IgG for IgE was
determined using the IAsys cuvette system as
described.52 The subsequent binding of anti-IgE anti-
bodies to IgE bound to FceRIa was assayed by on-line
monitoring using the IAsys cuvette system. The cuvette
was immobilized with 10 mg of FceRIa as described52

and incubated with 100 nM IgE diluted in PBS/0.05%
Tween 20. Each anti-IgE antibody was diluted in PBS/
0.05% Tween 20 and added in 50 ml samples (100 nM) to
the cuvette.

Mediator release from human basophils

Basophil-enriched peripheral blood leucocytes from a
randomly selected healthy donor were prepared as
described53,54 by dextran sedimentation and Percoll
gradient (Pharmacia). Cells were stimulated with 10 ng
of IL-3 for 15 minutes, followed by the addition of
different antibodies at the concentrations of 10 mg/ml
and 0.1 mg/ml for 30 minutes at 37 8C. Triggering of the
basophils was stopped by incubating the cells on ice for
20 minutes. Histamine release was measured in the cell
supernatants using an automated fluorimetric method55

and calculated as percentage of total histamine. Soluble
sulfidoleukotriene (sLT) was quantified in an RIA
assay.56,57

Hexosaminidase release from RBL-2H3-hua cells

The release of hexosaminidase from the cell line RBL-
2H3E5.D12.8 was performed in a similar manner as
described.58–60 Briefly, the cells were distributed to
24-well tissue culture plates (5 £ 104 cells in 0.5 ml of
antibiotic-free complete Dulbecco’s modified Eagle’s
medium (DMEM)/well). The medium was sup-
plemented with 0.1 mM hydroxyurea to induce the
expression of FceRIa and the cells were cultured for two
days. The medium was removed and cells were treated
with 50 mg/ml of IgE Sus11 in prewarmed complete
DMEM (100 ml/well) for 90 minutes at 37 8C. The cells
were washed with Tyrode buffer (Sigma) and triggered
with antibodies (at 1 mg/ml and 10 mg/ml, in 100 ml of
Tyrode buffer) for 45 minutes at 37 8C. Secreted and
intracellular hexosaminidase levels were measured as
described.58 The percentage of secreted hexosaminidase
was calculated as the ratio of secreted to total available
hexosaminidase £ 100.
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