
[CANCER RESEARCH 51. 5471-5475, October 15. 1991]

Epidermal Growth Factor Receptor-reactive Monoclonal Antibodies: Xenograft

Antitumor Activity Alone and as Drug Immunoconjugates
Magda C. Gutowski, Stephen L. Briggs, and David A. Johnson1

Lilly Research Laboratories, Eli Lilly and Co., Indianapolis, Indiana 46285

ABSTRACT

Antibodies reactive with human epidermal growth factor receptor
(EGFr), such as 225 IgGl (Masui el al.. Cancer Res., 44: 1002-1007,
1984), are effective tumor-suppressive agents in xenograft models. In the
present study an additional antibody reactive with EGFr was made and
compared to 225 IgGl for antitumor activity as an unmodified antibody
or as a drug immunoconjugate. This IgGl clone, designated EGFrLll,
competed with EGF and immunoprecipitated a M, 178,000 protein
identical to that immunoprecipitated with 225 IgGl. Cross-competition
and immunodepletion studies indicated that the two antibodies bound to
distinct epitopes on the same molecule. Immunofluorescence studies
confirmed that the EGFrLll epitope was expressed on the surface of
viable human squamous cell carcinoma lines including T222. Unmodified
EGFrLll and 225 IgGl were tested for antitumor activity in T222
xenografts. At a dose of 81 mg/kg given twice weekly for 3 weeks, tumor
suppression, but not regression, occurred with EGFrLl 1. A similar result
was obtained with 225 IgGl. To gauge the potential of these antibodies
as immunoconjugates, both were tested for antitumor activity in the T222
model after conjugation to the Vinca derivative 4-desacetylvinblastine-3-
carboxhydrazide. Both immunoconjugates completely regressed estab
lished tumors. These data suggest that Vinca conjugates with EGFr-
reactive monoclonal antibodies warrant further investigation as possible
clinical candidates.

INTRODUCTION

A number of monoclonal antibodies have been explored for
their potential as anticancer agents. One antigenic target for
such efforts has been EGFr.2 This molecule is preferentially

expressed on human squamous carcinomas (1, 2), breast carci
nomas (3), and glioblastomas (4). Masui et al. (5), using squa
mous carcinoma target cells, have shown that antibodies that
block binding of EGF to EGFr can inhibit tumor cell growth
in EGF-dependent tumors. Efforts have also been made to
enhance the antitumor activity of EGFr-reactive antibodies by
conjugating them to ricin A chain (6, 7). When tested in vivo,
however, one group found enhanced normal tissue toxicity with
a ricin-anti-EGFr immunoconjugate (8).

We previously reported that F/nca-based immunoconjugates
with the antibody L/1C2 completely regressed established tu
mors in nude mouse xenograft models without toxicity (9). The
L/1C2 antigen, although distinct from EGFr, shares some
characteristics with the latter molecule, including in vitro tumor
cell growth inhibition and internalization kinetics (10). Since
the normal tissue reactivity of the L/1C2 antibody may limit
its therapeutic utility in humans, we wished to explore the
potential of EGFr-reactive monoclonal antibodies as Vinca
immunoconjugates. In the present efforts a new EGFr-reactive
monoclonal antibody was made, and its antitumor activity alone
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and as an immunoconjugate was compared to that of the EGFr-
reactive monoclonal antibody 225 IgGl (5).

MATERIALS AND METHODS

Generation of EGF Receptor-specific Monoclonal Antibodies. A431
(CRL 1555; American Type Culture Collection) squamous carcinoma
cells were grown to confluency in Dulbecco's modified Eagle's medium

supplemented with 10% fetal calf serum and 50 M8/m' gentamicin and
harvested with Trypsin/EDTA (Gibco, Life Technologies, Grand Is
land, NY). Cells (5 x IO6) were injected i.p. weekly into young adult

BALB/c mice for 4 weeks. Two weeks after the fourth injection the
mice were injected again. The fusion was carried out 3 days later using
a variation (11) of the procedure originally described by Kohler and
Milstein (12). Hybridomas producing antibodies that blocked EGF
binding were detected using a radioimmunoassay that is described
below. Selected hybridomas were then cloned specifically for the IgG
isotype and enhanced immunoglobulin production using flow cytome-
tric cell sorting and automated laser nephelometry (13).

Antibody Purification. EGFrLl 1and 225 IgGl (5) were purified from
ascites using a high-salt protein A procedure. Briefly, antibody was
loaded onto a protein A-Sepharose (Pharmacia, Uppsala, Sweden)
column in 1.5 M glycine-3.0 M NaCl, pH 8.9. Bound antibody was
eluted with 0.1 M NaH2PO4, pH 6.O.

Competitive Radioimmunoassays. The initial screening assay for
EGFr antibodies was carried out using radioimmune competition with
'"I-labeled EGF (Collaborative Research, Waltham, MA). EGF was
labeled with '"I using lodobeads (Pierce Chemical Co., Rockford, IL)
according to the manufacturer's recommendations. A431 EGF recep
tor-positive tumor cell antigen targets were distributed into 96-well

Falcon flexible plates (Becton Dickinson, Oxnard, CA) and allowed to
dry. Hybridoma supernatants and I25I-EGF, 100,000 cpm/well, were

added simultaneously to the wells and allowed to compete for binding.
After a 60-min incubation at room temperature and a wash step, the
amount of radioactivity bound to the target was determined. The
monoclonal antibody designated EGFrLl 1was selected from this initial
screen for further evaluation.

Competition between the EGFrLll antibody and 225 IgGl was
determined in a similar fashion, using '"I-EGFrLll or '"1-225 IgGl

and air dried T222 (5) targets. Antibody iodinations were performed as
described above for EGF.

Immunoprecipitation. A431 target cells were grown in tissue culture
to 50-75% confluency in leucine-free medium, and the attached cells
were washed twice with sterile PBS, pH 7.4 (Gibco). One mCi [3H]

leucine (New England Nuclear, Boston, MA) was diluted in culture
medium and added to the flask. Twenty-four h later the metabolically
labeled cells were washed twice with cold PBS and extracted for 20 min
on ice with PBS containing 0.02% sodium azide, 2 HIMphenylmethyl-
sulfonyl fluoride, 1% Nonidet P-40 (Sigma), and 0.1 % lauryl sulfate.
Following centrifugations at 15,000 x g for 15 min and at 100,000 x
g for 1 h, both at 4Â°C,the radiolabeled supernatant extracts were stored

frozen until used. Prior to use, extracts were incubated with protein A-
Sepharose to remove nonspecific binding materials.

Indirect immunoprecipitation was carried out by adding up to 50 Mg
of antibody to 1 x IO7cpm of labeled cell extract and incubating at 4Â°C

for 4 h. One hundred ÃŸlof 20% washed protein A-Sepharose (Sigma)
in PBS-I% bovine serum albumin-0.1% Nonidet P-40 was then added
to the tube and rocked gently for an additional 4 h. The complexed
antigen, antibody, and protein A-Sepharose were washed by centrifu-
gation (Fisher Microcentrifuge 235B) two times with PBS-1% bovine
serum albumin-0.1% Nonidet P-40 followed by two washes with PBS
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alone. In an immunodepletion study supernatants from the protein A-
Sepharose incubation were reutilized. After the final wash, the pellet
was analyzed by SDS-PAGE as indicated below. High- and low-molec
ular-weight markers were obtained from BioRad (Richmond, CA). Slab
gels (14) containing separated samples were stained with Coomassie
blue to visualize the molecular weight markers, and the gels were
subsequently subjected to autoradiography to visualize the labeled
antigen.

In Vitro Immunofluorescence. An indirect immunofluorescent assay
was utilized to evaluate the relative immunoreactivity of EGFrLl 1 and
225 IgGl to the squamous carcinoma cell line T222 and a melanoma
line M14. Briefly, tissue-cultured cells were removed from culture flasks
with Trypsin/EDTA (Gibco). Cells (1 x 10') were washed and reacted
with antibody preparations for l h at 4Â°C.The cells were washed free

of unreacted antibody with a fetal calf serum underlay and washed
again with Hanks' balanced salt solution (Gibco). Fluorescein isothio-
cyanate-labeled goat F(ab')2 anti-mouse IgG (TAGO, Burlingame, CA)

was added, and the cells were incubated and washed as indicated above.
They were resuspended in 1% paraformaldehyde in PBS and evaluated
for fluorescence with an EPICS-Coulter Mark IV cell analyzer.

Drug and Immunoconjugates. DAVLBHYD (15) was generously pro
vided as the hydrogen sulfate salt by G. Cullinan and M. Gleisner (Lilly
Research Laboratories). DAVLBHYD was conjugated to the carbohy
drate moieties of the antibodies exactly as described (16).

Xenograft Efficacy Studies. The T222 human carcinoma cells were
grown in RPMI 1640 supplemented with 10% fetal bovine serum plus
50 Mg/ml gentamicin. Prior to each xenograft experiment, cells were
collected by treatment with Trypsin/EDTA (Gibco, Life Technologies),
washed with supplemented RPMI, and finally suspended in Hanks'
balanced salt solution. Cells (1 x 10") were injected s.c. into the flank

of young adult female nude mice (Charles River Breeding Laboratories,
Boston, MA). The mice were treated by i.v. injection in the tail vein at
indicated time points. Tumor measurements were taken in two dimen
sions and converted to an estimate of mass using the formula
(length)(width2)/2 as described (17). Control groups contained 10 mice,
with test groups containing 5 mice each. Student's t test was used to

evaluate differences between mean tumor masses.

RESULTS

EGFrLl 1 Selection. The clone designated EGFrLl 1 pro
duced an IgGl antibody that blocked binding of 125I-EGF to

A431 target cells. Immunocompetition studies on A431 targets
with '"I-EGFrLll or '"1-225 IgGl and corresponding unla-
beled antibodies indicated that the two antibodies do not cross-
compete with each other for the same binding site, although
each antibody competed well with itself (Fig. 1). Unlabeled
EGF at high concentrations partially blocked the binding of
125I-EGFrLl 1 but not of '"1-225 IgGl.

Immunoprecipitation. EGFrLll and 225 IgGl immunopre-
cipitated molecules that appeared identical, both having molec
ular weights of 178,000 on a reducing SDS-PAGE gel (Fig. 2,
Lanes A and B). This is consistent with a reported molecular
weight for EGFr from A431 cells of approximately 170,000
(18). The small difference observed is probably within the
experimental variation for this technique. To confirm identity,
a depletion study was carried out, in which labeled cell extract
was repeatedly immunoprecipitated with EGFrLll, showing
decreasing quantities of antigen in the preparation (Fig. 2,
Lanes C-E). 225 IgGl did not immunoprecipitate significant
amounts of antigen from the cell extract that had been previ
ously reacted with EGFrLl 1 (Fig. 2, Lane F).

In Vitro Immunofluorescence. T222 human squamous carci
noma cells were examined for cell surface expression of the
EGFrLl 1 and 225 IgGl epitopes in anticipation of subsequent
in vivo human tumor nude mouse xenograft studies. The results
are shown on Fig. 3 and demonstrate positive reactivity. At the

0.5 ng/m\ concentration, considerable heterogeneity in reactiv
ity with T222 was noted with both antibodies. In contrast, at
the higher concentration of 5 jig/ml, EGFrLll gave homoge
neous staining to the T222 cells, while the staining with 225
IgG 1 remained heterogeneous. No reactivity was observed with
the negative control melanoma line M14.

Conjugate Characterization. Following protein A purification,
both 225 IgGl and EGFrLll were found to be >95% pure, as
determined by using SDS-PAGE and Coomassie blue staining.
Conjugation yields were 66% and 53% for 225 IgGl-C-
DAVLBHYD and EGFrLll-C-DAVLBHYD, respectively.
The conjugation ratio (drug:antibody) was 6.6 for the 225 IgGl
conjugate and 4.8 for the EGFrLl 1 conjugate. Immunoreactiv
ity of both conjugates was in the range of 74-100% as deter
mined by indirect immunofluorescence comparing the conju
gates to unmodified antibody at several concentrations.

Immunoconjugate Efficacy Studies. An initial nude mouse
xenograft study was carried out to determine the utility of anti-
EGFr Vinca immunoconjugates in vivo. The results are shown
on Fig. 4. Mice were injected with the indicated compounds in
the tail vein on days 3, 6, and 9 after implantation of T222
tumor cells. 225 IgGl-C-DAVLBHYD completely suppressed
tumor growth at 1.0, 0.5, and 0.25 mg drug/kg when measured
at day 21. Free 225 IgGl suppressed tumor growth at 40 mg
protein/kg, but no significant suppression was observed at 20
or 10 mg protein/kg. Note that the protein doses were equiva
lent to the protein content used in the conjugate arm of the
experiment. Free DAVLBHYD showed modest tumor suppres-
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Fig. 1. Antibody binding in a solid-phase radioimmunoassay using '"I-labeled

antibodies in competition with unlabeled antibodies or EGF.
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Fig. 2. Autoradiograms of immunoprecipitations of [3H]leucine-labeled T222

targets with 225 IgGl or EGFrLl 1. Lanes A and B, comparison of the molecules
precipitated by the two EGFr-reactive antibodies. Lane A, 225 IgGl; Lane B,
EGFrLl I. In Lanes C-F immunoprecipitation of a single antigen preparation
was reacted repeatedly with EGFrll, followed by reaction with 225 IgGl. Lane
C, EGFrLl 1 lx; Lane D, EGFrLl 1 2x; Lane E, EGFrLl 1 3x; Lane F, 225
IgGl.

sion, although a clear dose response was not observed. A
mixture of free 225 IgGl and free DAVLBHYD achieved dose-
dependent tumor suppression, but not to the level achieved with
the 225 IgGl-C-DAVLBHYD.

A second in vivo study was carried out, utilizing established
tumors to compare the efficacy of Vinca immunoconjugates
made with the two EGFr-reactive antibodies. The results are
depicted in Fig. 5. T222 tumor cells were implanted in the mice
on day 0, and the indicated compounds were injected i.v. on
days 12, 15, 19, and 22. Both the 225 IgGl-C-DAVLBHYD
and EGFrLll-C-DAVLBHYD conjugates regressed the tu
mors at 2 mg drug/kg and suppressed tumor growth at 0.5 mg
drug/kg. Free EGFrLll achieved tumor suppression at the
high dose (81 mg protein/kg), and, at the same dose, free 225
IgGl achieved a similar, perhaps slightly better suppression of
tumor growth. Two tumors within the latter group regressed to
zero, although the mean tumor mass at the time of maximum
suppression was not significantly different from the mass at the
start of therapy (P > 0.05; day 12 versus day 29). At a dose of
20 mg protein/kg, free EGFrLl 1 achieved little tumor suppres
sion, while free 225 IgGl induced clear tumor suppression
throughout the course of the experiment. Free DAVLBHYD
had no antitumor effect on this dose schedule.

No toxic deaths occurred in either of the efficacy studies.

DISCUSSION

The present study explored the reactivity and antitumor
potential of two EGF receptor-reactive monoclonal antibodies,
225 IgGl and the newly derived EGFrLl 1.

EGFrLl 1 was made from mice immunized with EGF recep
tor-positive A431 cells using standard monoclonal antibody
techniques. The antibody was identified by its ability to block
the binding of '"I-EGF to A431. Subsequent analysis con

firmed that EGFrLll and 225 IgGl react with two distinct
epitopes on the EGF receptor, with neither antibody competing

with the other. It is interesting to note that EGF can compete
l25I-EGFrLll away from its target epitope at high concentra

tions of the growth factor. In contrast, EGF was unable to
compete l25I-225 IgGl away from its target epitope under

identical conditions, presumably due to the high affinity of 225
IgGl for the EGF binding site. These results suggest that 225
IgGl (a known competitor of EGF) (5) is more efficient at
blocking the EGF binding site than is EGFrLl 1. This conclu
sion is confounded, though, by results from reverse competition
studies in which cold 225 IgGl and cold EGFrLll competed
equally with 125I-EGF (data not shown). The reason for such

conflicting results is unclear and warrants additional study.
The epitopes recognized by both antibodies were expressed

on the surface of the squamous carcinoma cell line T222.
Interestingly, the EGFrLll showed considerably greater ho
mogeneity than 225 IgGl in its reactivity pattern as analyzed
by fluorescence-activated cell sorter, reacting at 5 Me/ml with
essentially 100% of the cells. At lower concentrations, the two
antibodies had similar heterogeneous reactivity patterns, with
a significant cell population showing little antigen expression.
This result may reflect low-affinity binding of EGFrLll to a
second site on T222 that only became evident as the antibody
concentration was increased.

In the low-tumor-burden in vivo study (therapy starting on
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Fig. 3. Flow cytometry analysis of antibody reactivity with tumor cell targets.
Top, reactivity of the antibodies or an IgGl myeloma negative control with T222
cells; bottom, reactivity of the same antibodies with the EGFr-negative cell line
M14. The target cells were viable during reaction with the antibodies.
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Fig. 4. Human tumor nude mouse xenograft growth in nude mice with
conjugate, antibody, or drug therapy on days 3,6, and 9 after tumor implantation.
T222 human squamous carcinoma cells were implanted s.c. in nude mice, which
then received i.v. injections of the indicated compounds. At day 21 after tumor
implantation, the masses of the tumors on the mice were estimated. 0, no
detectable tumor at the injection site at the time of the measurement. Doses of
free drug and conjugates are indicated in terms of drug concentration for purposes
of direct comparison. Free antibody doses are indicated as protein concentration
that are equivalent to the protein dose present in the corresponding conjugate.
225-IgGl-DAVLBHYD: D, 1 mg drug content/kg; O, 0.5 mg drug content/kg;
S3, 0.25 mg drug content/kg. Free 225 IgGl: d, 40 mg protein/kg; G. 20 mg
protein/kg; B, 10 mg protein/kg. Free 225 IgGl + free DAVLBHYD: D. l mg
drug/kg + 40 mg protein/kg; ^, 0.5 mg drug/kg + 20 mg protein/kg; Â§!,0.25 mg
drug/kg + 10 mg protein/kg. Free DAVLBHYD: G, 1 mg drug/kg; O, 0.5 mg
drug/kg; S. 0.25 mg drug/kg.

day 3), 225 IgGl-DAVLBHYD conjugate was clearly better at
suppressing tumor growth than free DAVLBHYD, free 225
IgGl, or a mixture of the two. This result establishes EGFr as
a viable target for Vinca immunoconjugate therapy. It also
strengthens the argument that drug immunoconjugates may
have significant advantages over free drug or free antibody with
regard to antitumor potency.

The next in vivo study was designed to make a side-by-side
comparison of the two EGFr-reactive antibodies and their
corresponding Vinca immunoconjugates. The established tu
mor model also provides an additional challenge to the immu
noconjugates by requiring efficacy against a larger tumor. In
the free antibody arm of this experiment, 225 IgGl at 20 mg
protein/kg suppressed tumor growth throughout the course of
the study. In contrast, EGFrLl 1 had minimal antitumor activ
ity at the same dose. The 225 IgGl result is consistent with
reports of Masui et al. (5, 19) in which 225 IgGl was shown to
suppress tumor xenograft growth, an activity believed to be
mediated by blocking of EGF from its receptor. The present
results suggest that the epitope recognized by 225 IgGl may be
a more appropriate target for unmodified antibody therapy than
the epitope recognized by EGFrLl 1, although the advantage is
not large.

In the conjugate arm of the experiment, 225 IgGl-DAVLB
HYD and EGFrLl 1-DAVLBHYD conjugates both had potent
antitumor activity, with complete regression being accom
plished at the highest dose. This activity was superior to that
observed with the free antibodies, which at best accomplished
tumor stabilization. The activities of the two conjugates were
essentially identical.

We reported similar results with immunoconjugates made
with the squamous carcinoma-reactive antibody L/1C2 (9).
Unfortunately L/1C2 suffers from significant normal tissue

Fig. 5. Human tumor nude mouse xeno
graft growth in nude mice with conjugate, an
tibody, or drug therapy on days 12, 15, 19,22,
26, and 29. Tumors were measured at the
indicated time points.
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O PBS
â€¢¿�81 MC PROT./KG
V 20 MG PROT./KG

- 225 lgG1-C-DAVLBHYD
O PSS
â€¢¿�2 MG DRUG/KG
V 0.5 MG DRUG/KG ,

14 21 28 35 42 49 56 62

14 21 28 35 42 49 56 63
DAYS POST TUMOR IMPLANTATION

5474

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/20/5471/2445114/cr0510205471.pdf by guest on 19 M

ay 2023



ANTI-EGFr ANTIBODIES AND IMMUNOCONJUGATES

reactivity including endothelium and some red blood cells that
may limit its clinical utility. The anti-EGF receptor antibodies
described here lack these particular normal tissue reactivities.3

However, the EGF receptor is widely distributed, particularly
in the liver, such that the utility of immunoconjugates based on
this antigenic system will also need to be explored cautiously.
Early positive clinical data from Divigi et al. (20) with unmod
ified 225 IgGl are encouraging, with tumors being successfully
imaged without significant toxicity. Human efficacy studies
with unmodified 225 IgGl have yet to be reported, but the
present studies suggest that Finca immunoconjugates with
EGFr-reactive antibodies may ultimately prove more efficacious
than free antibody, if they can be administered safely. It was
encouraging that no toxicities were noted in the current nude
mouse xenograft studies, in contrast to what was observed by
Masui et al. (8) with a ricin-anti-EGFr conjugate. It must be
noted, however, that the Vinca conjugates tested in the present
study do not cross-react with mouse EGFr, which limits the
significance of toxicity results in the mouse model.

In sum, these studies have explored the xenograft tumor
activity of two EGF receptor antibodies. The results with 225
IgGl are consistent with earlier reports of antitumor activity of
this antibody. The new antibody, EGFrLll, reacts with a
distinct epitope on the EGFr and has antitumor activity as an
unmodified antibody, although less than that observed with
unmodified 225 IgGl. In contrast, the two antibodies made
equally potent immunoconjugates with the Vinca derivative
DAVLBHYD. The activity of the immunoconjugates was su
perior to that observed with free antibodies, suggesting that
Vinca conjugates with EGFr-reactive monoclonal antibodies
warrant further investigation as possible clinical candidates.
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