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SUMMARY ; We have used genetic manipulation to produce chimeric
bispecific antibodies. Plasmids containing variable regions of
immunoglobulin from a murine hybridoma secreting anti-hepatitis B
surface antigen were joined to human constant regions. These
chimeric plasmids were introduced into transfectomas, secreting
chimeric antibodies to iodo-hydroxy-nitrophenyl, by electro-
poration. Transfectomas secreting bispecific antibodies were

identified. This approach has advantages over the fusion of
hybridomas or chemical linking of two antibody molecules and will
enable the use of bispecific antibodies In vivo. & 1989 academic press, inc.

The use of bispecific monoclonal antibodies (BsAbs) for
immunodiagnosis and therapy have shown some encouraging results.
They have been used for targeting effector cells (1-3) and
delivering effector substances such as toxins and drugs (4,5) to
tumours. The production of murine BsAbs has concentrated mainly
on two methods: fusion of two hybridomas or hybridoma and immune
cells (6,7), and chemical linking of two antibody molecules or
their derivatives (8,9).

For in vivo immunotherapy, human immunoglobulins would be
preferred since the murine or rat monoclonal antibodies induce an
anti-globulin response. In a recent development, murine
antibodies have been genetically modified by replacing the

constant regions with their human counterparts (10-12). These

Abbreviations used are : BsAbs, bispecific antibodies; HBsAg,
hepatitis B surface antigen; NIP, 5-icdo-4-hydroxy-3-nitrophenyl,
Ig, dimmunoglobulin; E, enhancer; P, promoter; K enh, IgKappa
enhancer; gpt, =xanthine-guanine phosphoribosyltransferase; hyg,
hygromycin; amp, ampicillin.
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chimeric human antibodies have been shown to be less immunogenic
than murine antibodies.

We describe here a new strategy for producing bispecific
antibodies by introducing two sets of chimeric human
immunoglobulin genes with different specificities into murine
myeloma cells. Antibodies with both designed specificities were
identified in the cell culture supernatants. This approach can
be used to produce bispecific antibodies for in vivo
immunodiagnosis and therapy, and will enable BsAbs to be made,

that cannot be produced by conventional techniques.

MATERIALS AND METHODS

Plasmid construction. A murine hybridoma secreting anti-hepatitis
B surface antigen (HBsAg), D2H5, was kindly given by Dr. R. S.
Tedder, Middlesex Hospital, London, U.K. (13). Construction of
plasmids was based on a modified procedure of Orlandi et al. (14).
Briefly, mRNA was prepared using oligo(dT)-cellulose columm (15).
Double-stranded c¢DNA synthesis was performed using a cDNA
synthesis kit (Pharmacia LKB Biotechnology, Uppsala, Sweden).
Variable regions of heavy and light chains of immunoglobulin were
amplified by polymerase chain reaction using primers derived from
the relatively conserved sequences at each variable region end,
and were then force-cloned into M13-VHPCR1 and M13-VKPCR1l vectors
for sequencing. Nucleotide sequences were determined by the
dideoxynucleotide sequencing method (16). The amplified variable
regions were recloned into plasmids derived from pSV-gpt (aLys—30)
and pSV-hyg (alLys-17) (kindly provided by Dr. J. Foote, Laboratory
of Molecular Biology, Cambridge, U.K.) containing human
immunoglobulin constant regions, ¥l and kappa respectively.

Antibody expression. Linearised plasmids were cotransfected by
electroporation into a non-secreting murine myeloma cell line NSO
(17) and into transfectomas, THG1-24 and JW183/5/1, secreting
chimeric human antibodies (IgGl, and IgG2 respectively, kindly
provided by Dr. M. Bruggemann, AFRC Institute of Animal Physiology

and Genetics, Babraham, U.K. (18)), to 5-iodo-4-hydroxy-3-
nitrophenyl (NIP). Cells were selected in the presence of
mycophenolic acid and hygromycin. Cell culture supernatants were

collected seven days after transfection.

Assay for anti-HBsAg. Anti-HBsAg antibodies were determined by
AUSAB radioimmunoassay kit (Abbott Labs., IL, USA). Results are
expressed as means and standard deviations of radiocactivity of
duplicated wvalues.

Assay for Bispecific antibodies. Bispecific anti-HBsAg/anti-NIP
antibody activity was assayed by two radioimmunoassays. Briefly,
a microtitre plate was coated with NIP-albumin, incubated with
cell culture supernatants, washed, and then incubated with
[1?5I]recombinant HBsAg (kindly provided by Professor K. Murray,
Department of Molecular Biology, University of Edinburgh, U. K.).
In the reciprocal assay, HBsAg-coated beads (Abbott Labs, IL, USA)
were used in combination with [!25I]NIP-albumin. Results are
expressed as means and standard deviations of radioactivity of
duplicated values.
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RESULTS

Structures of the expression plasmids, pSV-gpt-H-DZH> and
pSV-hyg-L-D2H5, containing the variable regions of murine anti-
HBsAg antibody, D2HS5, assembled together with human heavy (Y1) and
light (X) constant regions respectively, are shown in figure 1.
Mouse IgH enhancer (E) and promotor (P) are located upstream of
the variable regions. In addition, the IgKappa enhancer 1s located
between the variable and constant region exons of pSV-hyg-L-D2HS
(J. Foote, personal communication). Nucleotide and derived amino
acid sequences of variable region of D2HS5 were compared with the
consensus sequences of immunoglobulin genes in the Kabat database
(19) and were identified as members of family IIIc and family III
of the murine heavy and kappa genes respectively {(data not shown).

NSO cells transfected with these plasmids secreted antibodies
with anti-HBsAg specificity (Figure 2). After being transfected
with the plasmids containing anti-HBsAg activity, bispecific anti-
HBsAg/anti-NIP antibodies were identified in cell culture
supernatants from THG1-24 and JW183/5/1 cells, wusing both

radioimmunoassays (Figure 3).

DI SSTON

Bispecific antibodies produced by chemically linking antibody

molecules or their derivatives have different physical and

pSV-gpt-H-D2HS

HindIII BamHI gpt amp
E PL VH C gamma 1

pSV-hyg-L-D2HS

HindIli BamHI BamHI hyg amp
- - — ~— -

E PL VL K enh C kappa

Figure 1. Schematic diagrams (not drawn to scale) of the
expression plasmids pSV-gpt-H-D2HS5 and pSV-hyg-L-D2H5, containing
the variable regions of heavy and light chain of D2HS (open box)
joined to the human gammal and kappa constant regions (close box)

respectively. Immunoglobulin enhancer (E) and promoter (P) are
shown. pSV-hyg-L-D2H5 has an additional IgKappa enhancer (K enh)
between the variable and heavy region exons. Drug resistance
markers, guanine-xanthine phosphoribosyltransferase (gptj).,

hygromycin (hyg), and ampicillin (amp) are also shown.
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Figure 2. Assay for anti-HBsAg activity in supernatants (7th day
after transfection) of NSO cells transfected with plasmids pSV-
gpt—-H-D2HS and pSV-hyg-L-D2HS5 comparing with the non-transfected

cells. Results are expressed as means and standard deviations of
duplicated values.

biological properties from native immunoglobulin molecules.
Chemical manipulations frequently disturb the biological activity

of antibody by alteration of the antigen-binding sites (5,6).
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Figure 3. Assays for bispecific antibody activity using a NIP-

coated plate (a), and HBsAg-coated beads (b) (see text). Host

cells, THG1-24 and JW183/5/1, are transfectomas secreting chimeric
human anti-NIP antibodies (IgGl and IgG2 respectively).
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Heteroconjugates may also suffer from limited access to tumours
due to their size. Their stability in vitro and in vivo, and
pharmacokinetic has yet to be investigated.

Hybrid hybridomas obtained from fusion of two hybridomas
secrete two sets of heavy and light chains. By total random
assoclation of the two heavy and light chains, ten different
combinations of immunoglobulin molecule are generated, only one
has the desired bispecific activity (20). Chromosomes of these
hybridomas are polyploid and unstable (21). Yield of bispecific
antibodies also depends on the affinity between heavy chains from
both parents and, theoretically, should be lower than expected
from random association since the hybrid molecule containing
different heavy chains should be less stable than the native one
(6) . In addition, the total absence of association between the
two heavy chains of different class or subclass, such as between
IgM or IgA and IgG (7,22), may prevent the formation of bispecific
molecules.

Here we show the production of bispecific antibodies by
genetic manipulation. Variable regions have been amplified from
cDNA Dby polymerase chain reaction and inserted into a set of
specifically engineered vectors to facilitate cloning (14). They
were recloned into plasmids containing human constant regions that
have been chosen for the best match between the two heavy chains.
This allows random heavy chain association for the best yield of
bispecific antibody. Since only the variable regions are derived
from the parent hybridomas, BsAbs that cannot be produced due to
the parental heavy chain incompatibility can also be engineered by
replacing with the heavy chains of suitable class or subclass. 1In
addition, for some applications where polyvalent, rather than
monovalent, bispecific antibodies are preferred (7), dimeric IgA
or pentameric IgM Dbispecific or multispecific monoclonal
antibodies may be constructed by selecting the appropriate heavy
chains.

Since Dbispecific antibody specificity 1s obtained by
introducing only the small chimeric¢ genes and drug resistance
markers which will ‘be integrated into the host genome,
transfectomas will have smaller number and complexity of
chromosomes compared with hybrid hybridomas from cell fusion, and,
thus, should be more stable.

The strategy described here will provide a very powerful and
flexible tool for the production of the more useful bispecific

antibodies for immunodiagnosis and therapy.
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