Reportes

Reports

RESHAPING OF A HUMAN MONOCLONAL ANTIBODY
TO EPIDERMAL GROWTH FACTOR RECEPTOR

TO RECOVER BINDING AFFINITY

Cristina Mateo,' Josefa Lombardero,' Kathryn Armour,?

Ernesto Moreno'? and Rolando Pérez'

'Center of Molecular Immunology, P.O. Box 16040. Havana, Cuba.
2Scotgen Biopharmaceuticals Inc. Kettock Lodge, Aberdeen AB22 8GU, Scotland.
3Department of Medical Biochemistry, Goteborg University, Medicinaregatan 9,

5-41390 Goteborg, Sweden.

Introduction

Previous studies of epidermal growth factor receptor
(EGF-R) expression in human breast cancer suggest
that this receptor is important in the growth regula-
tion of these tumors (1, 2). The experimental results
have led to the development of the EGF-based
blocking immunotherapy concept (3). We have gen-
erated a mouse monoclonal antibody (R3) against
the EGF-R, which inhibits the EGF binding and the
EGF-dependent autophosphorylation of the receptor
(4). While this antibody proved to have anti-tumor
effects in vivo, as several other anti-EGF-R murine
MAbs, results from clinical trials using these anti-
bodies have been disappointing (5, 6).

Humanization by CDR-grafting has been devised
in an attempt to reduce the undesired immuno-
genicity associated with murine MAbs. In this pro-
cedure, only the genetic information for the hyper-
variable complemer'ltarity determining regions
(CDRs) of the murine antibody is transplanted into
human variable region frameworks (7). However, to
recover the binding capability of the original anti-
body, some murine aminoacids from the frameworks
have to be retained. A comprehensive list of frame-
work residues that may have some influence on the
binding site structure has been published by Padlan
(8). Nevertheless, it might be necessary to retain
other residues not found in this study. In this paper
we report the reshaping of a human antibody to have
the binding site of the murine MAb R3. A full paper
describing all the experimental work will be pub-
lished elsewhere.

Results and Discussion

Cytoplasmic RNA was extracted from R3 murine
hybridoma cells and cDNA was obtained using spe-
cific primers for the Ig heavy chain variable region
(VH) and kappa light chain variable region (VK).
VH and VK were then amplified using the po-
lymerase chain reaction (PCR) and cloned into the
M13 vector. Twelve independent clones from two
separate cDNA samples were sequenced in both di-
rections. VH and VK were digested and ligated into
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the pSV-gpt (conferring resistance to mycophenolic
acid) and pSV-hyg (conferring resistance to hygro-
mycin) expression vectors (9). These vectors contain
human IgG1 and human kappa constant regions, re-
spectively. The chimeric antibody was assayed for
its ability to bind to EGF-R using a radio receptor
assay (RRA). This antibody inhibited the binding of
EGF to its receptor with approximately the same in-
hibition constant (8 x 10° M) as the original murine
antibody, confirming that the correct mouse variable
regions were cloned and that the new antibody iso-
type did not affect the binding.

To select the human frameworks (FRs) on which
to graft the mouse CDRs, the VH and VK regions of
MAD R3 were compared with consensus sequences
of all subgroups of human VH and VK regions, re-
spectively. The FRs of the human inmunoglobulins
Eu and REI were selected for VH and VK, respec-
tively.

Oligonucleotides were synthesized containing the
VH and VK CDRs flanked by short sequences
drawn from the selected human frameworks and
were subsequently grafted into these FRs by site-
directed mutagenesis. Humanized R3 (humR3) VH
and VK domains were cotransfected into NSO
myeloma cells. Afterwards, mycophenolic acid re-
sistant clones were selected and screened by ELISA
for human antibody production. Human IgG was
detected at levels ranging from 1 to S pg/mL. Func-
tional binding of purified humR3 to EGF-R was un-
detectable. However, when cells were cotransfected
with murine R3-VH and humR3-VK, the produced
antibody bound to EGF-R, while transfection with
the opposite combination did not yield a functional
receptor antagonist.

In order to recover the binding capability, several
changes were made in the VH framework region of
humanized R3 based on previously published work
and molecular modeling. Six versions of reshaped
R3-VH were constructed, in which different combi-
nations of residues at positions 66, 67, 75, 76 and
93 were mutated back to the original murine amino
acids.
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A molecular model of the nsrine R3 variable re-
gion was constructed to analyze the ‘possible effects
of these mutations.

Experimental data and molecular modeling
analysis indicated that the loss of binding for the
humanized antibody was due mainly to the substitu-
tions made at positions 76 (Thr—Asn) and 93
(Thr—»Ala) in the original mouse sequence.

The reshaped antibodies, that contain these
two residues, showed an almost complete recov-
ery of the EGF-binding inhibition properties
(K; ~ 1.0 x 10®* M). Residue 76 is located on the
top of VH, in a loop that connects two B-sheet
strands. This amino acid was not included by
Padlan (8) as a critical residue for CDRs con-
formation.
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Introduction

Gangliosides, which are glycolipids containing sialic
acid in their structure, have demonstrated to be im-
portant tumor-associated antigens due to their dif-
ferential expression in tumoral tissues in compari-
son with their normal counterparts (1).

Different immunotherapeutic approaches have
been used to obtain an effective immune response
against cells expressing defined gangliosides. One
of these approaches is the use of anti-idiotypic
MADs as antigen surrogates (2, 3).

We have previously described the obtention of an
IgM murine MADb, named P3, generated by the im-
munization of Balb/c mice with purified GM3
(NeuGec) included in liposomes (4). This MAb rec-
ognizes the N-glycolyl variants of different gan-
gliosides. Also, P3 MAD reacted with antigens ex-
pressed in breast cancer cell lines and malignant
human tissues of this origin. In this paper we re-
ported our results in the generation and primary char-
acterization of anti-idiotypic MAbs against P3 MAb.

Materials and Methods

Balb/c mice were immunized with two doses
(50 pg/dose) of P3 MAD coupled with KLH, in the
presence of Freund's adjuvant. Animals with high
anti-idiotypic antibody response against P3 MADb
(1/50 000) were sacrificed and the spleen cells were
fused with the murine myeloma cell line
P3X63Ag8.653.

Hybrid culture supernatants were screened by
ELISA against different anti-ganglioside IgM MAbs.
Hybridomas secreting antibodies specific to P3
MAb were selected. Further characterization in-
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cluded the study of their blocking capacity of P3
MAD binding to GM3 (NeuGc) by ELISA, and their
ability to generate antibody response against this
ganglioside when they were injected coupled with
KLH and emulsified in Freund's adjuvant in synge-
neic and allogeneic mice.

Results and Discussion

Seven IgG1 anti-idiotypic MAbs were obtained. All
of them reacted strongly with P3 MAb and no reac-
tivity was observed with the other anti-ganglioside
IgM MAbs tested. The seven anti-idiotypic MAbs
had the capacity to block P3 MAb binding to GM3
(NeuGc), in a concentration range between 1 to
10 pg/mL.

Five of these anti-idiotypic MAbs were capable to
elicit a humoral response against GM3(NeuGc) with
antibody titers ranged between 1/320-1/1280, in
both syngeneic and allogeneic mice, but the speci-
ficity of this response differed from P3 MAD recog-
nition due to the reactivity of animal sera not
only with N-glycolyl containing gangliosides but
also with N-acetyl variants. This anti-ganglioside
antibody response generated by the immunization
with the anti-idiotypic MAbs resembled the hu-
moral responses raised when animals were im-
munized with GM3(NeuGc) ganglioside included
in liposomes.

Ongoing studies are directed to elucidate the ca-
pacity of these anti-idiotypic MAbs to develop a
humoral anti-idiotypic response in Xenogeneic mod-
els and also, to define their possible anti-tumoral ef-
fects in vivo.
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