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Abstract The prognostic significance of the epidermal growth factor receptor status (EGF-R-status) for certain 
human tumors requires the development of antibodies useful for clinical application. We used purified receptor 
preparations to generate monoclonal antibodies immunoreactive with the EGF-R purified from placenta membranes 
and A431 tumors. Four of the hybridomas contained antibodies (R2, R3, R5, and R9) which recognized both antigens. 
Antibody R3 was shown to display the following properties: it binds with a KD value of about 10~9-10-’o M to the 
receptor, a half maximal inhibition of ECF-binding is achieved at 5 x M, and in Western blots of cell membranes 
R3 specifically detects the EGF-R at 0.1 kg/ml. R3 inhibits ECF-dependent clonogenic growth of NRK cells and 
completely blocks EGF stimulated autophosphorylation of the receptor. Moreover, R3 also detects ECF-R in paraffin- 
embedded tissue sections taken from human salivary gland, term placenta, and adult skin and mammary carcinomas. 
Thus, R3 can be used in retrospective diagnostic clinical studies and might help to develop new immunotherapeutic 
intervention. Q 1992 Wiiey-Liss, Inc. 
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EGF-R expression has been found in a variety 
of human malignancies [ 1-51. Data reported by 
different groups about the expression of EGF-R 
in breast cancer indicate a relationship between 
EGF-R expression and bad prognosis [6-81. 
Moreover, we showed that the rate of mitosis 
of breast cancer cells directly correlates with 
the number of EGF binding sites in sections 
of primary breast cancer biopsies [9,101. It 
was shown that the EGF-R status correlates 
with typical clinical risk factors such as lymph- 
node incidence, estrogen-receptor status, and 
histological grading or size of primary tumor 
[6,7,10,111. For patients with estrogen receptor 
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positive primary breast tumors, the EGF-R sta- 
tus may have special prognostic significance as 
an independent risk factor indicating worse prog- 
nosis. 

However, other authors [12-141 could not 
confirm these conclusions. The discrepancies 
may in part arise from methodological problems 
and from applying different criteria for evalua- 
tion of the data. For example, the EGF-R status 
was estimated by different methods including 
measurement of lz5I-EGF binding to cryostat 
sections [9] or to a microsomal fraction obtained 
from the primary tumor [6-81, and by immuno- 
cytochemical analysis of cryosections with a mon- 
oclonal anti-EGF-R antibody [12,131. In addi- 
tion, due to the limitations of the methods 
applied so far, in some of the prospective studies 
only a relatively small number of patients has 
been analysed. It is therefore desirable to define 
the role of EGF-R status by investigating larger 
patient groups. Here we introduce a new mono- 
clonal antibody directed against the EGF-R. This 
antibody detects the receptor in tissue sections 
after formaldehyde fixation and paraffin embed- 
ding, and in Western blots after SDS-PAGE. It 
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competes for EGF binding to the receptor and 
inhibits EGF-dependent autophosphorylation of 
the receptor and EGF-dependent growth of NRK 
cells in soft agar. 

MATERIALS AND METHODS 
Materials 

Murine EGF was isolated according to Savage 
and Cohen [161 and radioiodinated by the chlo- 
ramine T method [ 171. Wheat germ agglutinin 
(WGA) agarose, protein A-sepharose, and acti- 
vated sepharose 4B were obtained from Pharma- 
cia (Sweden). EGF-sepharose was prepared fol- 
lowing the protocol recommended by Pharmacia. 
Gamma-32P-ATP, antimouse-IgG-conjugated 
horseradish peroxidase (POD), biotinylated 
mouse-IgG and the streptavidin-biotinylated 
POD complex were from Amersham (U.K.). The 
substrates o-phenylene-diamine (OPD) and 1-Br- 
2-naphthol (1Br2N) were from Sigma (St. Louis, 
MO) and diaminobenzidine (DAB) from Abbott 
(Chicago, IL). The anti-human interferon anti- 
body alphalmab D11 was kindly provided by Dr. 
F. Schneider, Department of Immunology, Cen- 
tral Institute of Molecular Biology. All other 
reagents were of analytical grade. 

Cells 

A43 1 cells were continuously grown in DMEM- 
F12 supplemented with 5% calf serum as de- 
scribed [181. For development of solid carcino- 
mas 3 x lo6 A431 cells per athymic mouse 
(nuinu) were inoculated subcutaneously. Ap- 
proximately one month after inoculation the 
A431 tumors werde excised and used for EGF-R 
purification. 

The Sp 2 / 0  AG14 myeloma cells were main- 
tained in RPMI-1640 supplemented with 10% 
calf serum, 26 mM sodium bicarbonate, 18 mM 
HEPES, 2 mM L-glutamine, 1 mM sodium pyru- 
vate and antibiotics [191. 

Monoclonal Antibody Production 

Purification of an EGF-R fraction from solubi- 
lized human placenta was performed according 
to Cohen et al. [20] using EGF-affinity chroma- 
tography with slight modification: Briefly, a 
crude placenta membrane fraction was solubi- 
lized in 20 mM Tris/HCl, pH 7.4, containing 
10% glycerol/ 1% Triton X-100. After centrifuga- 
tion at  100,OOOg for l h, the supernatant was 
applied to EGF-sepharose. The EGF-R fraction 
was eluted with 5 mM ethanolamine, pH 9.7, 

containing 10% glycerol/O.l% Triton X-100. This 
EGF-R fraction was used for immunization. 

Enzyme-Linked lmmunosorbent Assay (ELISA) 

Immunoreactivities of hybridoma superna- 
tants were tested with two ELISAs by coating 
the microtiter plates with EGF-R preparations 
purified either from placenta membranes or from 
A431 tumors. Initial screens of fusions were 
performed with the EGF-R fraction purified from 
human placenta. Positive clones were selected 
and then tested for reaction with the EGF-R 
preparation purified from solid A431 tumors as 
described above [20]. Immobilization of the 
EGF-R on polysterol plates was performed fol- 
lowing the procedure of Yarden et al. [21]. Bound 
immunoglobulins were detected using a commer- 
cial anti-mouse POD conjugate [221. 

Blocking of ECF Binding by Anti-EGF-R MAbs 

To determine if monoclonal antibodies against 
the EGF-R (anti-EGF-R MAbs) purified by pro- 
tein A-chromatography blocked EGF binding to 
its receptor, a radioreceptor assay was used. 
Displacement of 1251-EGF by antibodies was mon- 
itored using EGF-R receptor rich crude mem- 
branes from human placenta as described ear- 
lier [ l l]. 

Dot Blot Analysis 

Immunoreactivity of anti-EGF-R MAbs was 
tested with purified receptor protein immobi- 
lized on nitrocellulose. To this end, EGF-R pro- 
tein was purified from cultured A431 cells by 
affinity chromatography on WGA agarose accord- 
ing to the procedure of Akiyama et al. [231. 
Aliquots of the eluted fraction containing the 
EGF-R were then dotted directly onto pre- 
washed nitrocellulose. The blots were blocked 
with 3% BSA in PBS/0.2% Tween 20 and incu- 
bated with different concentrations of anti- 
EGF-R MAbs in PBS/l% BSA/O.l% Tween 20 
at 4°C for 20 h. Blots were developed by incuba- 
tion with biotinylated anti-mouse IgG followed 
by the preformed streptavidin-biotinylated-POD- 
complex and visualized with 1Br2N in PBS (0.23 
mg/ml) containing 0.01% H202. 

Autophosphorylation and Western-Blot Analysis 

A membrane fraction was prepared from A43 1 
cells according to Akiyama et al. [231. EGF- 
dependent autophosphorylation of the EGF-R 
was performed as outlined by Davies and Czech 
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[24]. Analysis for 32P-labeled proteins was per- 
formed for membranes and lysates after SDS- 
PAGE in 7.5% gels and subsequent autoradiog- 
raphy. A corresponding part of the same gel was 
transferred to nitrocellulose and either pro- 
cessed for autoradiography or Western-blot anal- 
ysis as described [251. A transfer efficiency of 
90% was calculated by counting 32P-labeled pro- 
tein bands in gel strips before and after electro- 
blotting and analysed by Western blotting as 
outlined above. Cell lysates of A431 cells were 
obtained as described [261 and were analysed in 
parallel to the membranes. 

lmmunohistochemistry 

Human placenta, sublingual salivary gland, 
skin, lymph node, and 13 primary mammary 
carcinomas of the invasive ductal type were used 
for immunohistochemical analysis. Tissue sam- 
ples fixed in 4% formalin and embedded in par- 
affin were employed. Five micrometer sections 
were dried on defatted glas slides at 37°C and 
processed in xylene and ethanol. After washing 
in PBS for 30 sec, the sections were incubated 
for 5 min in 3% Hz02 at room temperature to 
block endogenous peroxidase activity. They were 
then washed again in PBS, and incubated for 20 
min in 1% BSAiPBS to prevent nonspecific bind- 
ing. Subsequently, the sections were treated with 
20 pg/ml of the anti-EGF-R MAb R3 in presence 
of 1% BSA. The slides were washed three times 
in PBS, treated with biotinylated anti-mouse 
IgG (1:200) and, subsequently, with the strept- 
avidin-biotinylated POD complex (1:200) accord- 
ing to the manufacturer’s instructions. DAB 
was used as the substrate. Controls comprised 
either omission of the specific primary antibody 
or incubation with an unrelated primary anti- 
body. Sections were counterstained with hema- 
toxylin. 

inhibition of EGF Dependent Clonogenic Growth 
of NRK Cells 

EGF-dependent clonogenic activity was esti- 
mated with NRK cells, clone 49F, as described 
before [27]. For testing anti-EGF-R MAb R3, 
2 x lo4 cells supplemented with fetal calf serum 
were preincubated with different amounts of 
antibodies for 3 h at  37°C in a humidified atmo- 
sphere at  5% C02. The mixture was then added 
directly to the clonogenic assay containing 1 
ng/ml of human EGF. All values are corrected 
for the background values (about 0-20 cell aggre- 
gates per plate) using an appropriate buffer con- 

trol or the unrelated monoclonal antibody D11 
directed against human interferon. 

Inhibition of Autophosphorylation of the EGF-R 

Various amounts of antibody, dissolved in 15 
p1 of 50 mM Tris-HC1, pH 7.6, were incubated 
with 20 pl of the placenta membrane suspension 
(40 pg protein in a solution containing 71 mM 
HEPES, pH 7.5, 214 mM sodium chloride, 29 
mM magnesium chloride, 4.3 mM manganese 
chloride, 143 pm sodium ortho-vanadate) for 30 
min on ice. Then, 10 pl EGF were added (final 
concentration 100 mM) and incubation contin- 
ued for another 20 min. For phosphorylation, 
gamma-32P-ATP was added (5 pI, about 5 pCi, 
final concentration 15 pM) and after 2 min the 
reaction was terminated by addition of 10 p1 of 
6-fold concentrated electrophoresis sample 
buffer. Analysis was performed by SDS-PAGE, 
autoradiography, and liquid scintillation count- 
ing of the sections corresponding to the EGF-R 
band. 

RESULTS 
Characterization of Monoclonal Antibodies 

by ELiSA 

Four of the hybridomas contained anti-EGF-R 
MAbs subsequently designated as R2, R3, R5, 
and R9, reacting with both the partially purified 
EGF receptor from A431 cells and human pla- 
centa. All four monoclonal antibodies were of 
the IgG2a Kappa isotype. In all experiments 
described below, before using, the anti-EGF-R 
MAbs were purified by protein-A-sepharose- 
chromatography. The solid phase ELISA was 
used to estimate affinity constants of the se- 
lected antibodies R2, R3, R5, and R9 (Fig. 1). 
The apparent dissociation constant (Kd) was 
defined as the molar concentration of antibodies 
giving half maximal saturation in the ELISA. 
The Kd-value was estimated to 10-9-10-10 M for 
R3 and did not differ if membranes from pla- 
centa or A431 tumors were used (Fig. 1). The 
Kd-values for antibodies R2, R5, and R9 were in 
the same range (not shown). 

Characterization of Antibodies in a 
Radioreceptor Assay 

The anti-EGF-R MAbs were tested for their 
ability to  block 1251-EGF binding to its receptor 
in human placenta membranes (Fig. 2). Half- 
maximal inhibition of EGF binding was achieved 
with 5 x lops  M R3. For control, murine EGF 
blocked lz51-EGF binding by 50% at M. 
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Fig. 1. Relative affinities of anti-EGF-R MAb R3 to membrane 
fractions from placenta (x) or A431 tumors (0). The solid phase 
ELISA was performed as outlined in Materials and Methods. 
Antibody concentrations 0.5-7,500 ngiml. 

' . O I  0.8 

-10 -9 -8 -7 -6 
Log concentration C M 1 

Fig. 2. Inhibition of '251-EGF binding to human placenta mem- 
branes by anti-EGF-R MAb R3. Microsornal fractions (200 Fg/ 
ml) were incubated for 60 min at 23°C with 0.2 ng '251-EGF per 
ml and with 1-100 bg/ml of anti-EGF-R MAb R3 (x). For 
control, unlabeled EGF (0-200 ngiml) was used as competitor 
(0). A non-related anti-cytokeratin MAb did not block '251-EGF 
binding (0). 

lmmunodetection of Immobilized ECF-R 

The immunoreactivity of antibodies to EGF-R 
immobilized on nitrocellulose was estimated (Fig. 
3). At a concentration of 0.1 Fg/ml the anti- 
EGF-R h4Ab R3 detected 9 ng of the EGF-R 
purified from A431 cells. 

We next addressed the question of whether or 
not R3 would also recognize the denatured form 
of the EGF-R in Western blots after SDS-PAGE. 
To this end, A431 cell lysates and purified plasma 

1.0 

0.3 
10 1 0.1 0.01 

Fig. 3. Dot-blot analysis of reactivity of anti-EGF-R MAb R3 to 
the EGF-R purified from A431 cells. Aliquots (3.0, 1 .O, 0.1 111) of 
the WGA agarose-purified EGF-R (30 ngipl) were dotted onto 
nitrocellulose and incubated with the indicated concentrations 
of R3. 

membranes were treated with the antibody R3 
(Fig. 4). To identify the EGF-R, A431 cell mem- 
branes were phosphorylated in presence of EGF, 
then undergone SDS-PAGE and analysed by 
autoradiography (Fig. 4a). The other part of the 
same gel was electroblotted on nitrocellulose 
and then incubated with different concentra- 
tions of R3 for immunostaining the EGF-R in 
the membrane fraction obtained from A431 cells 
(Fig. 4, lanes b-d) or in A431 cell lysates (Fig. 4, 
lanes e-g) . 

As shown, 0.1 Fglml of R3 detects one band 
which co-migrates with the phosphorylated re- 
ceptor protein of 170 kDa (lane a). The speci- 
ficity of immunostaining is further documented 
by the amidoblack staining of the nitrocellulose 
strip containing cell lysate proteins (lane h). 

With the same Western-blot technique we were 
able to detect the EGF receptor also in human 
placenta membranes (not shown). In total cell 
lysates obtained from MCF-7 cells, which ex- 
press only a low number of EGF-R [91 the EGF 
receptor band could not be visualized (not 
shown). 

Inhibition of ECF-Dependent Clonogenic Growth 
and EGF-Stimulated Autophosphorylation 

In order to test whether or not blocking of 
EGF binding by anti-EGF-R MAb R3 results in 
inhibition of cell proliferation, increasing 
amounts of R3 were added to NRK cells in 
presence of EGF (Table I). As shown, there was 
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Fig. 4. Detection of ECF-R by Western blot analysis with anti-ECF-R MAb R3. A431 cell membranes (lanes b-d, 45 
kg of protein per lane) or A431 total cell lysates (lanes e-g, 140 kg of protein per lane) were analysed with different 
concentrations of MAb R3: b, e 10 kgirnl; c, f 1 kgiml; d, g 0.1 kg/ml. To identify the ECF-R, A431 cell membranes 
were phosphorylated in presence of ECF as outlined under Materials and Methods. The phosphorylated ECF-R was 
visualized by autoradiography (a, 40 kg  of protein per lane). For control, cell lysate proteins were stained with 
amidoblack (h). 

EGF - + + + + + + +  TABLE I. Inhibition of 
EGF-Dependent Clonogenic Growth of 

NRK-Cells by Anti-EGF-R MAb R3 

Concentration of 
antibody (unlml) % Inhibition" 

0.04 
0.4 
4.0 

10.0 

7 
10 
38 
65 

'In the presence of 1 ngiml EGF, 2,500 colonies per plate 
were estimated and set as 100%. Inhibit ion is expressed as 
the difference between this value and that obtained in pres- 
ence of the antibody. 

a dose dependent inhibition of EGF-dependent 
clonogenic growth reaching a value of 65% at 10 
pg/ml of R3. 

We next addressed the question of whether or 
not EGF-R MAb R3 would also inhibit EGF- 
dependent receptor autophosphorylation which 
is considered to be the crucial step in signal 
transduction leading to cell proliferation. As 
shown in Figure 5 and quantified in Table 11, 
increasing amounts of the anti-EGF-R MAb R3 
prevented EGF-stimulated autophosphoryla- 
tion of the EGF receptor in placenta mem- 
branes. 

1 2  3 4 5 6 7 0  
Fig. 5. inhibition of ECF-stimulated autophosphorylation of 
the ECF-R in placenta membranes by anti-ECF-R MAb R3. 
Membranes were incubated with gamma 32P-ATP in absence 
(lane 1) or presence of ECF (lanes 2-8) and analysed by 
SDS-PACE and autoradiography. The effect of increasing concen- 
trations of MAb R3 on "P-incorporation into the 170 kDa-ECF-R 
band is shown: lanes 2,3, without R3; lane 4,1.8 kg/ml; lane 5, 
6 pg/ml; lane 6,18 &mi; lane 7,60 kg/ml; lane 8,180 kg/ml 
R3. 

lmmunohistochemistry 

Human sublingual salivary gland, term pla- 
centa, adult skin, lymph node, and primary mam- 
mary carcinomas were subjected to immunohis- 
tochemical analysis with the anti-EGF-R MAb 
R3 using paraffin embedded tissue sections. 

In the salivary gland, positive staining was 
found in the granular convoluted tubules, being 
located linearly at the luminal surface and in 
granular form in the perinuclear region of the 
epithelial cells. Occasionally, groups of acinar 
cells displayed granular intracellular staining 
(Fig. 6A). In the skin, immunoreactivity was 
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TABLE 11. Inhibition of 
EGF-Stimulated Autophosphorylation in 

Placenta Membranes 

Concentration of 
antibody (w4ml) % Inhibition" 

1.8 
6 

18 
60 

17 
25 
91 

100 

"Membranes were incubated with EGF and gan~ma-~'P-ATP 
and analysed by SDS-PAGE, autoradiography and counting 
of radioactivity incorporated into the 170 kDa EGF-receptor 
protein as described in Materials and Methods and shown in 
Figure 5. Inhibition is expressed as the difference between 
the EGF-dependent incorporation of radioactivity set as 
100% and that obtained in the presence of the antibody. 

most intense in keratinocytes of the basal and 
spinous layers (Fig. 6B). Langerhans' cells were 
not stained. Additionally, hair root sheat epithe- 
lia and basal sebocytes were stained (Fig. 6 0 .  
Likewise, smooth muscle cells of the arrector 
pilorum were immunostained with R3. An abun- 
dant reaction was regularly found at the outer 
surface of syncytiotrophoblastic cells of term 
placenta (Fig. 6D). Only slight and diffuse stain- 
ing could be detected in the cytoplasm. Lymph 
node regularly failed to react with the MAb R3 
(not shown). In all organs tested, connective 
tissue cells were negative, except for some occa- 
sional staining of vascular smooth muscle cells. 

The immunohistochemical staining of two 
mammary carcinomas of the invasive ductal type 
is shown in Figure 6 (E,F). Both tumors were 
clearly stained with R3, though of different inten- 
sity. In general, the reactivity was located both 
at  the surface and within the cytoplasm. Occa- 
sionally, nuclei were found positive. For 13 pri- 
mary mammary carcinomas the intensity of im- 
munostaining with MAb R3 was compared with 
the EGF-R status determined earlier [lo] in 
frozen sections of the same tumors by use of the 
lz5I-EGF-binding assay (Table 111). As outlined, 
a rough correlation between the results of both 
assays which had to be performed using dif- 
ferent pieces of carcinoma tissue, is shown. 

DISCUSSION 

Overexpression of the EGF-R in primary 
breast, cervical, ovarian, head and neck, gastric 
and bladder cancer, comprising squamous and 
adenocarcinomas has been discussed in regard 
to molecular mechanisms responsible for growth 

and metastatic potential of human tumors 11-61. 
By use of ligand binding assays, we [9,101 and 
other groups [6,281 described a statistically sig- 
nificant correlation between EGF-R status and 
clinically important risk factors for breast can- 
cer such as lymph-node status, tumor size, or 
grading. 

However, immunohistochemical evaluation of 
the EGF-R status which could be in practice the 
method of choice has not given unequivocal re- 
sults. Sainsbury et al. [151, by comparing the 
immunohistochemical staining of cryosections 
with the monoclonal anti-EGF-R antibody R1 
with the ligand binding data, estimated a similar 
receptor status, although the latter assay was 
more sensitive. Contrary to these studies, Bevil- 
acqua et al. [131, as well as Wrba et al. [12], were 
not able to confirm a relationship between 
EGF-R status and clinically relevant prognostic 
markers using the anti-EGF-R antibody R1. 

This antibody and other monoclonal antibod- 
ies produced with A431 cells as immunogen 
[29-311 have not been reported to recognize the 
EGF-receptor in paraffin-embedded tissue sec- 
tions. By using MAb R3 we analysed paraffin- 
embedded sections from human adult skin, sali- 
vary gland, term placenta, and lymph node. The 
EGF-R distribution and tissue localization we 
demonstrated qualitatively corresponds with 
those of radioactive ligand binding results re- 
ported in the literature [10,32-351. Here recep- 
tor expression of 120-150,150, and less than 1.0 
fmollmg of protein were found in placenta syn- 
cytiotrophoblast, skin epidermis, and lymph 
nodes, respectively. These data even quantita- 
tively fit in with those found immunohistochem- 
ically in our studies. The specificity and selectiv- 
ity of MAb R3 staining in paraffin sections is 
also supported by our finding that tumors bio- 
chemically estimated as EGF-R positive were 
recognized by the antibody. With regard to the 
technical premises for the application of both 
methods (use of different samples of each tu- 
mor, arbitrary quantitative histochemical evalu- 
ation of the paraffin sections with respect to 
both intensity and distribution of reactivity), 
only a rough correlation between lz5I-EGF bind- 
ing and immunohistochemical reactivity could 
be expected and was actually found as also re- 
ported by other authors [361. The use of anti- 
EGF-R-MAb R3 thus allows inclusion of larger 
patient groups in retrospective clinical studies. 
We hope that this will help to further assess the 
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Fig. 6. lmmunohistochemical analysis of paraffin embedded human tissue sections with anti-ECF-R MAb R3 
(original magnification, 1 0 0 ~ ) .  A Sublingual salivary gland. Epithelial cells of granular convoluted tubules (short 
arrow) and some acinar cells (long arrow) are immunostained. B: Adult skin. Keratinocytes of the basal and spinous 
layers are strongly stained. C: Sebaceous gland. Intensity of the immunohistochemical reaction in cells of the outer 
layer decreases towards the center of the gland. D: Placenta at term. Dense receptor staining of the superficial 
syncytiotrophoblastic cell layer. E: Lymphatic capillaries of mammary adipose tissue. Cells of an invasive ductal 
mammary carcinoma (tumor No. 6488 of Table 111) show intense staining. F: Broad infiltration of connective mammary 
tissue by an invasive ductal mammary carcinoma (tumor No. 955 of Table 111). Tumor cells are moderately stained. 

prognostic value of the EGF receptor in human 
malignancies. 

The heterogeneity of immunostaining we ob- 
served in paraffin-embedded sections is similar 
to the staining pattern described for sections 
incubated with the R1 antibody. It is widely 

known that breast cancer is comprised of vari- 
ous cell populations with different metastatic 
potential. Our preliminary immunohistochemi- 
cal data give rise to hope that the new anti- 
EGF-R antibody will contribute to a better char- 
acterization of cell clones with high metastatic 
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TABLE 111. Comparison of 
EGF-R Status Estimated by "'1-EGF Binding 
in Frozen Sections to Immunostaining With 

Anti-EGF-R-MAb R3 in Paraffin Sections 

Tumor  Ligand binding" Immuno- 
No. (fmolimg protein) histochemistry' 

3329 22.9 + diffuse 
6488 21.1 ++ diffuse 
6380 18.4 + diffuse 
2828 14.8 ++ local 
3173 11.7 + diffuse 
2106 11.5 + diffuse 
1156 11.1 + local 
1756 1.9 + diffuse 
955 0.0 + local 

2604 0.0 
3965 0.0 
3509 0.0 
4009 0.0 

"Data on binding of T - E G F  taken from an earlier publica- 
tion [lo]. 
bArbitrary grading: -, negative; +, moderate reaction; + +, 
strong reaction. 

- 

- 
- 

- 

potential by including larger patient groups in 
the analysis. 

The strategy we have chosen to  generate 
monoclonal antibodies against the EGF-R was 
directed to select hybridomas immunoreactive 
to both the EGF-receptor from A431 cells and 
the "native" receptor partially purified from 
normal human placenta membranes, which was 
used as immunogen. This approach was success- 
ful in obtaining antibodies which recognize the 
EGF receptor in normal and transformed cells 
in its denatured form after Western blotting or 
formalin fixation and paraffin embedding. On 
the other hand, the anti-EGF-R MAb R3 com- 
pletely blocked EGF binding, suggesting that a 
part of the unfolded denatured extracellular 
ligand binding site is still recognized by the 
antibody. In this way, the high-affinity-binding 
of R3 could lead to inhibition of EGF-dependent 
receptor autophosphorylation and clonogenic 
growth of NRK-cells in soft agar. 

There have been several published reports 
about monoclonal and peptide directed poly- 
clonal anti-EGF-R antibodies blocking EGF bind- 
ing, receptor phosphorylation, or cell prolifera- 
tion in vitro [31,371. 

Fendly et al. [311 raised a panel of monoclonal 
antibodies inhibiting EGF binding and cell pro- 
liferation. 

Polyclonal antisera were also produced to short 
synthetic peptides derived from the cytoplasmic 

domain of the EGF-R, which prevented receptor 
autophosphorylation [38]. More recently, these 
antibodies were also characterized with respect 
to immunohistochemical staining of fixed par- 
affin-embedded human tissues [361. A future 
application of anti-EGF-R antibodies in immuno- 
therapy employing their ligand binding charac- 
teristics seems to be possible. Also, use of cyto- 
toxic antibody conjugates directed to cells 
overexpressing the EGF-R can be considered 
[39]. In order to approach a therapeutic applica- 
tion, more should be known about the EGF-R 
expression in human malignancies. The new 
antibody R3 allows us to conduct new retrospec- 
tive and prospective clinical studies. A first retro- 
spective study with a large group of patients is 
under way in our laboratory to further assess 
the value of the EGF-R as prognostic marker 
and potential therapeutic target. 
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