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BIOLOGICAL SCREENING OF MONOCLONAL ANTIBODIES
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SUMMARY: A method was developed to screen hybridomas secreting immunoglobulin
to cell surface receptors by observing the ability of antibodies to inhibit
cell attachment and survival. The model used to develop the screening proce-
dure involved mouse hybridomas secreting monoclonal IgG to human epidermal
growth factor (EGF) receptors. Conditioned medium from these hybridomas
inhibited the attachment and subsequent growth of human foreskin fibroblasts
unless excess EGF was added to the cultures. This procedure aliows for the
selection of hybridomas producing increased levels of immunoglobulin.
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Cellular events induced by hormones and growth factors are mediated by
interactions between these 1igands and specific cell surface receptor molecules
(1). Such interactions take on added significance since they have been
jmplicated in diseases as diverse as diabetes, cancer, and atherosclerosis
(2-4). Monoclonal antibodies directed against hormones and growth factors or
their receptors have potential applications in controlling such diseases. For
example, it has been demonstrated that monoclonal antibodies to surface immuno-
globulin (5), transferrin receptors (6), and EGF receptors (7) can reduce or
inhibit the growth of tumor cells bearing these receptors.

Traditional methods of selecting hybridomas of interest usually involve
jimmunoglobulin binding assays based on differential screening, inhibition of
Vigand binding or binding to purified antigen. These approaches do not ensure
that antibodies selected in early rounds of screening will have potentially

useful intrinsic biological activities. This limitation would be most acute in
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cases where neither a growth factor nor its receptor were available in purified
form. We describe a method of screening immunoglobulins based on their ability
to inhibit cell attachment and survival. The method was developed using a
monoclonal antibody to human EGF receptors (8,9), but it should be flexible
enough for use with antibodies to any growth factor or cell surface growth
factor receptor. This method can also be used to identify subclones that

exhibit increased antibody production.

MATERIALS AND METHODS

Cell culture. Hybridoma 528 (8,9) and A431 human epidermoid carcinoma cells
(10) were maintained as described previously (9). Human foreskin fibroblasts
were maintained in a 1:1 mixture (by volume) of Dulbecco's modified Eagle's
medium (DME, Gibco) and Ham's F~12 medium (Gibco) supplemented with 15 mM Hepes
buffer (Sigma), and either 5% fetal calf serum (Scott Laboratories) or 2 ug/ml
human transferrin (Sigma) and bovine insulin (Sigma), 4 wug/ml fibronectin
(Collaborative Research), 1 wg/ml hydrocortisone (Sigma) and 16 ng/ml EGF
(Collaborative Research).

Screening. Hybridoma cells were plated in microtiter wells at 1-2 cells per
well in defined medium (9) supplemented with 5 mg/ml bovine serum albumin (BSA
fraction V, Sigma) to increase cloning efficiency. When clones had developed,
three replicas were made of each plate. After colonies were macroscopic in
size, the replica plates were centrifuged, and 100 ul of medium from each well
were transferred to an additional microtiter plate, which was incubated over-
night at -20°C to kill any transferred hybridoma cells. The following day the
plates were warmed to 37°C and 40-80 foreskin fibroblast cells were added to
each well. EGF was added to replicate wells to final concentrations of 0, 1,
and 8 ug/ml. Control plates contained no conditioned medium or medium condi-
tioned with a non-inhibitory mouse monoclonal antibody. The plates were in-
spected daily for 3 or 4 days for fibroblast attachment and growth.

Quantitation of antibodies. Conditioned medium was collected after 2-4 days
from hybridoma subclones plated at 1 x 10° cells per well in serum-free medium
(9), and the medium was clarified by filtration. Secreted antibody was mea-
sured by two methods: peroxidase-linked immunoassay (Kirkegaard and Perry)
using A431 target cells and purification on protein A-Sepharose (Sigma) (9) and
protein determination by the method of Lowry, et al. (11) using commercial
mouse IgG as a standard.

Growth inhibition assay. Fibroblasts were plated in duplicate at 4 x 10°
cells/well in serum-free medium containing 4 ng/m] EGF and 10% hybridoma
conditioned medium. Control wells received no conditioned medium. After one
week the cells were trypsinized and counted with a model ZBl Counter counter.

RESULTS AND DISCUSSION

Antibody screening procedures must be rapid, specific and unequivocal. We
have used a well-characterized mouse monoclonal antibody to human EGF recep-
tors, 528 IgG (8,9), to demonstrate that these criteria can be met in a bio-
logical assay for receptor antibodies based on antibody-mediated growth inhibi-
tion of target cells. Medium conditioned by 528 subclones was tested for the
ability to inhibit the attachment of human foreskin fibroblasts. In the
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Table 1. Antibody Production and Fibroblast Growth Inhibition

IqG Protein A Inhibition of
From EIA Purified IgG Fibroblast Growth
Clone (Units/m1) (ug/m1/day/10¢ cells) (%)
528 1.0 6.0 60
D3 1.2 7.0 69
2F7 4.2 24.0 78
1G8 3.8 19.0 67
2C12 3.4 26.0 88
1F9 3.1 18.0 73
2B1 2.2 12.0 73
108 2.0 11.0 60
2C11 1.3 10.0 73
1A9 0.9 9.0 Not determined
2G12 0.7 4.0 60
2811 0.6 2.5 42

presence of EGF receptor antibody the fibroblasts either did not divide and
died, or they rounded up and detached from the culture surface. This effect
was inhibited by the addition 1 or 8 ug/ml EGF, and it was not seen with
initial fibroblast densities above 2,000 cells/ml. 528 hybridoma cells and
eleven subclones were expanded, and conditioned media were assayed for antibody
concentration and for the ability to inhibit fibroblast growth (Table 1). For
each clone antibody levels measured by enzyme-linked immunoassay corresponded
well with antibody production measured by Lowry determinations of purified IgG.
Antibody production varied approximately 10-fold between clones with the
highest producers secreting 4-5 times as much antibody as the original 528
culture. In the fibroblast growth inhibition assay the degree of inhibition
correlated with the amount of antibody produced by each clone.

This procedure can thus be used to assess directly the intrinsic effect on
cell growth of receptor monoclonal antibodies. In principle this assay could
be used to detect growth factor-specific antibodies (eg., 12) as well as
receptor-specific antibodies. The only requirement is that target cell growth
be dependent upon or responsive to the growth factor-receptor interaction under
study. This method may be particularly useful in instances where a growth
factor and its receptor are not available in pure form or where they have not

been previously characterized.
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