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Epidermal Growth Factor Receptor L.,_pression in Radiation-Induced

Dog Lung Tumors by immunocytochemical Localization

F. L. Leung,1, 2 j. F. Park,and G. E. Dagle
/

Biology and Chemistry Department, Pacific Northwest Laboratory, P.O. Box 999, K4-13, Richland,
Washington 99352

ABSTRACT

In studies to determine the role of growth factors in radiation-

induced lung cancer, epidermal growth factor (EGFR) expression

was examined by immunocytochemistry in 51 lung tumors from

beagle dogs exposed to inhaled plutonium; 21 of 51 (41%) tumors

were positive for EGFR. The fraction of tumors positive for EGFR

an,d the histological type of EGFR-positive tumors in the plutonium-

exposed dogs were not different from spontaneous dog lung

tumors, in which 36% were positive for EGFR. EGFR involvement in

Pu-induced lung tumors appeared to be similar to that in

spontaneous lung tumors. However, EGFR-positive staining was

observed in only 1 of 16 tumors at the three lowest Pu exposure

levels, compared to 20 of 35 tumors staining positive at the two

highest Pu exposure levels. The results in dogs were in good

agreement with the expression of EGFR reported in human non-

small cell carcinoma of the lung, suggesting that Pu.induced lung

tumors in the dog may be a suitable animal model to investigate the

role of EGFR expression in lung carcinogenesis. In humans, EGFR

expression in lung tumors has been primarily related to histological

tumor types, in individual dogs with multiple primary lung tumors,

the tumors were either ali EGFR positive or EGFR negative,

suggesting that EGFR expression may be related to the response of

the individual dog as well as to the histological type of tumor.
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INTRODUCTION

Epidermal growth factor (EGF) is a small polypeptide (53 amino acids) with a
molecular weight of 6,045 that was first isolated from mouse salivary glands (1)

and subsequently shown to be present in a variety of tissues (2,3). The .

regulation of cellular growth and proliferation by EGF is mediated by the bind:ng
of EGF to a specific membrane glycoprotein receptor with a molecular weight oi

170,000 (4). This EGF receptor (EGFR) consists of an extracellular ligand-

binding domain, a transmembrane portion, and an intracellular domain with

tyrosine kinase activity (4, 5). The EGFR also phosphorylates a number of

protein substrates in addition to mediating autophosphorylation oI tyrosine
residues located near the carboxyl terminal (6).

The role of EGF and its receptor in normal and disease states is under active

investigation, but the mechanisms are poorly understood. EGF has been

shown to increase cell growth by increased DNA synthesis and to be involved

in cell proliferation, differentiation, wound healing in epithelial tissue, and

oncogenesis (7--9). The EGFR gene shares a highly significant degree of
homology with the erb-B family oi oncogenes, and the v-erb-B oncogene

derived from a strain of avian erythroblastosis virus encodes a transforming

protein with homology to a truncated lorrn of EGFR that lacks the extracellular

ligand-binding domain (7---10). EGFR is overexpressed in various malignant
tumors and appears to play an important role in the pathogenesis of these

carcinomas, in human lung cancer, increased EGFR has been demonstrated

using radioreceptor binding and immunocytochemical assays (11--13). The
overexpression of EGFR is mainly associated with non-small cell carcinoma of

-- the lung (NSCCL), particularly with epidermoid carcinomas (14---16).

" in studies to determine the role of growth factors in radiation-induced lung

cancer, we recently reported increased EGFR expression in plutonium-induced

dog lung tumors by radioreceptor binding assay (17). In this report, we further
examine the expression of EGFR in plutonium-induced dog lung tumors using

an immunocytochemical assay.
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MATERIALS AND METHODS

Formalin-fixed, paraffin-embedded dog lung tumor samples were obtained from

our ongoing long-term experiments to determine the life-span dose-effect

relationships of inhaled plutonium (18). Beagle dogs were exposed to either
inhaled 239PUO2, 238puO2, or 239Pu(NO3)4 (Table 1). A total of 51 randomly

selected primary lung tumors were obtained from Pu-exposed dogs and

compared with 6 primary lung tumors from control dogs; a total of 6 lung tumors

were observed in the control dogs. In the lung tumors from exposed dogs, 1
was from dose-level group 1,5 were from dose-level group 2, 10 from dose-

level group 3, 27 from dose-level group 4, and 8 were from dose-level group 5.

Histopathological diagnosis followed the W.H.O. classification system (19).

Standard immunocytochemical staining procedure using the avidin-biotin

complex (ABO) immunoperoxidase method as described by Hsu et aL (20) was

used. Reagents for the staining procedure were obtained from Vector

Laboratories (Burlingame, CA). A monoclonal antibody (29.1) against EGFR

from human-derived A431 cell membrane was purchased from Sigma (St.

Louis, MO). The development and characterization of 29.1 have been

described. Most recently, Stoscheck (2) reported that 29.1 also has a high
affinity for dog EGFR.

Briefly, 5-p.mparaffin sections were deparaffinized and trypsin treated before
immunostaining. Intrinsic peroxidase was blocked by incubation with H2O2 for

30 min. Nonspecific binding was determined by treatment with normal horse

serum for 20 min. The primary antibody, EGFR 29.1 ascites, was applied for 1 h

at room temperature at a dilution of 1:50, approximately 1.0 p.g/ml. The

biotinylated horse-antimouse antibody and the avidin-biotin-peroxidase

complex were applied for 30 min each. Tissue sections were washed with Tris

buffer after each reagent step. Peroxidase activity was developed with 10 mg
diaminobenzidine in Tris buffer containing 0.03% H202. The slides were

counterstained with hematoxylin and examined by light microscopy. For

negative controls, normal serum was substituted for the primary antiserum.

Tumor cells were graded as either positive or negative.
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RESULTS

J

The results of anti-EGFR monoclonal antibody staining with lung tumors from
control and Pu-exposed dogs are shown in Table 1. Four of 6 (67%) control

dog lung tumors stained positively for EGFR whereas 21 of 51 (41%) of the Pu- t
.

exposed dog lung tumors stained positively. In the Pu-exposed dog lung

tumors, EGFR-positive staining was observed in 2 of 5 epidermoid carcinomas,

11 of 19 bronchioloalveolar carcinomas, 5 of 15 papillary adenocarcinomas,
and 3 of 11 adenosquamous carcinomas. In the control dog lung tumors, EGFR

staining was positive in 2 of 2 bronchioloalveolar carcinomas, 2 of 3

adenocarcinomas, and 0 of 1 adenosquamous carcinoma.

EGFR expression was not specific for the tumors in Pu-exposed dogs as

compared to controls; both exposed and control dogs had EGFR-positive and

EGFR-negative tumors. However, fewer EGFR-positive tumors were seen

among dose groups 1 through 3 (0/1, 1/5, and 0/10, respectively) as compared

to dose groups 4 and 5 (16/27 and 4/8, respectively).

in most of the Pu-exposed dog lung tumors (16/21, 76%), staining was

heterogeneous and patchy; in a few tumors (5/21, 24%), however, staining was

homogeneous. Most positive-staining tumor cells displayed moderate to strong

staining intensity. Examples of anti-EGFR monoclonal antibody staining of

control and exposed dog lung tumors are shown in Fig. 1. There were no

obvious differences in the characteristics of 29.1 staining among EGFR-positive

lung tumors on the basis of histopathoiogical classification, in addition, there
were no apparent morphological differences between EGFR-positive and

EGFR-negative lung tumor cells. We have observed that anti-EGFR monoclonal

antibody also stained normal bronchial epithelium identified within lung tumor

sections in 1 of 4 EGFR-positive control dog lung tumors and 16 of 21 EGFR-
positive Pu-exposed dog lung tumors.

Of the 57 lung tumors, 28 occurred in 11 dogs with multiple primary lung

tumors and 29 occurred in dogs with single lung tumors. A dog was considered

to have multiple primary tumors when discrete tumors occurred in separate lung
lobes in the same dog. However, some of these tumors could have been

metastatic from other lobes. Table 2 lists the 11 dogs with multiple lung tumors.



•

7

If a tumor in an individual dog was EGFR positive, ali the tumors in that dog

were positive; if a tumor was EGFR negative, ali the tumors in that dog were

negative. Five dogs had multiple EGFR-positive tumors and 6 had multiple
EGFR-negative tumors" 14 of 28 (50%)tumors in these dogs were EGFR, /

.,

positive. In the 29 dogs with single lung tumors, 11 (38%) of the tumors were
EGFR positive. Of the 40 dogs with lung tumors, 16 (40%) were EGFR positive.

Because the EGFR expression seemed to be similar in multiple lung tumors

from the same dog, we also examined EGFR expression in iittermates with lung

tumors. Table 3 lists the litters with more than one dog with lung tumors, in 10

of 11 litters, ali the siblings were either EGFR positive (4 litters) or negative.(6

litters). In litter number 108, two dogs were EGFR positive and one was

negative.

" DISCUSSION

This study' on the immunocytochemical localization of EGFR in lung tumors of

dogs extends our earlier observations of elevated EGFR determined by
radioreceptor binding _ssay (17). The radioreceptor binding assay
demonstrated an incre_se in EGFR in Pu-induced dog lung tumors as great as

10 fold as compared to that found in normal lung tissue• The

immunocytochemical procedure, although it does not provide the quantitative
data obtained with radioreceptor binding assays, identified specific histological

types associated with EGFR expression, lmmunocytochemistry may lack
sensitivity in detecting low concentrations of antigen. The results reported here
reflect an increased concentration of EGFR abovenormal lung levels, as shown

by our procedure. However, it is possible that EGFR-negative tumors may still
have higher EGFR than normal lung as determined by this procedure.

We used a commercial monoclonal antibody that is generated against a

human cervical cancer cell line (A431) membrane (4) in our study because dog
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EGF and EGFR have not been purified and characterized. This monoclonal

antibody has recently been demonstrated to have a strong reactivity to dog liver

EGF receptor (21). Ideally, however, purified dog EGFR should be used for

sequence analysis and for use as ligand and reagent for generating antibodies,

and to clone the EGFR genomic gene and cDNA tor sequence analysis and its 'P

comparison to the human sequence.

Because only five control beagle dogs with six lung tumors were available

from these experiments, we have examined EGFR expression, using the

procedures described in METHODS, in 41 spontaneous dog lung tumors

collected from the University of Illinois, College of Veterinary Medicine, Small

Animal Clinic (Leung et al., unpublished observations). Table 4 shows the data

from the spontaneous tumors combined with the experimental controls as

compared to the tumors from Pu-exposed dogs. Of the Pu-exposed dog lung

tumors, 41% were EGFR positive, compared to 36% in the combined controls.

The fraction of tumors positive for EGFR and the major histological types of

EGFR-positive tumors in the Pu-exposed dogs were not significantly different

from the combined control dogs.

Fewer EGFR-positive lung tumors occurred among Pu-exposed dose-level

groups 1 through 3 (1 positive of 16 examined ) as compared to dose-level

groups 4 and 5 (20 positive of 35 examined) (see Table 1). In dose-level

groups 1 through 3, 1 of 11 dogs was positive as compared to 12 of 24 positive

in dose-level groups 4 and 5. The number of EGFR-positive tumors in dose-

level groups 1 through 3 was less than in dose-level groups 4 and 5 for each

major histological type. There was no apparent reason for this difference in
EGFR staining among dose-level groups.

Our results are in general agreement with the expression of EGFR observed

in human non-small cell carcinoma of the lung (NSCCL). The histological

phenotypes represented in the dogs are similar to the human classification of

NSCCL. In humans, a significant fraction of NSCCL overexpress EGFR (15, 16,

22); the fraction of EGFR-positive lung epidermoid tumors in humans ranged

from 62% to 100%, compared to 33% in ali the dogs. In humans, EGFR-positive

lung adenocarcinomas ranged from 34% to 75% compared to 45%

(bronchioloalveolar plus adenocarcinoma) in ali the dogs. In both humans and
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dogs, positive and negative EGFR staining was observed in each histological

phenotype. The similarity of the results in dog lung tumors to the findings in

human lung tumors suggests that Pu-induced dog lung tumors may be a

suitable model to investigate the role of EGFR expression in lung p

carcinogenesis. EGFR involvement in Pu-induced lung tumors appears to be

similar to that in spontaneous lung tumors.

The EGFR-positive or EGFR-negative staining characteristics of tumors may
reflect variations in differentiation status. However, there was no obvious

difference in the staining characteristics among EGFR-positive lung tumor types

or in the morphology between EGFR-positive and EGFR-negative tumors. Most

of the dogs were euthanized because of lung tumors, so these tumors represent

terminal tumor stages.

Most reports of human NSCCL have shown EGFR-positive and EGFR-

negative staining in each histological type. In the dogs, four observations

suggested that positive EGFR expression in the lung tumors, as determined by

immunocytochemistry, may be related to the response of the individual dog as

well as to the histological tumor type: (1) Some tumors were negative and

some positive for EGFR in ali major tumor types; (2) in EGFR-positive tumor

types, there was a tendency to positive EGFR staining in adjacent normal lung
tissue that was not observed with EGFR-negative tumors; (3) tumors in

individual dogs with multiple primary tumors of either the same or different

histological types were either ali EGFR positive or ali EGFR negative; and (4)
littermates tended to have either ali EGFR-positive- or ali EGFR-negative-

staining tumors. If EGFR-positive or EGFR-negative staining in tumors is related

to the individual, this might explaiP,why most reported human NSCCL have

both EGFR-positive and EGFR-negative histological types.
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Figure Legend

Fig. 1. A, Epidermoid carcinoma immunostained with anti-epidermal growth
,,. ..

factor receptor (anti-EGFR) shows intense homogeneous immunoreactivity.

B, Papillary adenocarcinoma immunostained with anti-EGFR. Most tumor cells

stained positively; note few negative-staining cells. C, Bronchioloaiveolar

carcinoma immunostained with anti-EGFR. Most cells immunostained distinctly

although variably. D, Epidermoid carcinoma immunostained with anti-EGFR.

Note variable staining.
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TABLE 2. Anti-EGFRMonoclonalAntibodyStainingof Lung Tumors from Control
and Plutonium-ExposedDogs with MultipleTumors

Dose- Numbe,r of Tumors P,o.sitive/NumberExamined .
Level Dog Epi- BronchiolOo Adeno- Adenosquamous Solid

No.. dermoid _alveolar .carcinoma_.,Carcinoma Ca.r,cinoma Total

O IDD5 2/2 2/2
2 877 0/2 0/2 ,p
3 771 o/2 0/2 " .
3 797 0/4 0/4
4 777 4/4 1/I I/I 6/6
4 BO5 0/I 0/I 012
4 80B O/1 0/I 0/2
4 B19 I/I I/i 2/2
4 " 839 '1/1 1/1 2/2
4 997 0/2 0/2
5 796 2/2 2/2

Total 2/4 6/6 5/11 I/6 0/I 14/28



TABLE3. Anti-EGFRStainingin Littermateswith LungTumors

Litter Numberof DogsPositive/
No. NumberExamined

100 2/2
lol 212
115 2/2
lIB 2/2 ..
lo5 0/2
109 0/4
lO2 0/2
1o4 o/2
119 0/2
125 0/2
lOB, 2/3
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TABLE 4. Anti-EGFRStainingof SpontaneousDog Lung Tumors and Lung
Tumors from Plutonium-ExposedDogs

. . Number of Tumor Post_ve/.NumberExamined
Bronchiolo-

Epidermoid alveolar Adeno- Adenosquamous Other
_ Groups Carcinoma Car_oinoma carcinoma Carcinoma lumor Total

Spontaneous I/4 6/10 3/15 2/3 I/9 13/41(32_a
control .

Experimental 0/0 2/2 2/3 0/I 0/0 4/6(67)
control

Combined I/4(25) B/12(67) 5/IB(28) 2/4(50) I/9 17/47(36)
control

Pu-exposed 2/5(40) 11/19(58) 5/15(33) 3/11(27) 0/I 21/51(41)

a Percentpositive in parentheses.
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