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ABSTRACT

The epidermal growth factor receptor (EGFR) and one of its ligands,
transforming growth factor Â«(TGF-a), are thought to function as a po
tential autocrine loup in non-small cell lung cancer (NSCLC). However,
the expression pattern of I (.1 R and the TGF-a-related ligands have not

been fully characterized in primary NSCLC and adjacent benign lung
tissue. For this reason, we comprehensively examined the coexpression
and differential expression of EGFR and its ligands, TGF-Â«, epidermal

growth factor (EGF), and amphiregulin (AR), by Northern analysis, in
paired samples of primary tumors and uninvolved lung. For those RNA
species overexpressed in malignant lung, single cell expression patterns
were studied by immunohistochemistry. Specimens were obtained from 57
consecutive patients who underwent resection of carefully staged resect-

able NSCLC and were followed prospectively. Most (112 of 114) tissue
samples yielded high-quality RNA. EGFR was expressed in 82 of 88 (93%)
tissue samples, while TGF-tt was expressed in 62 of 72 (86% ) samples, and

AR was expressed in 64 of 70 (92%) samples. EGF was unexpressed in
total cellular RNA in both tumor and uninvolved lung. In a comparison of
RNA expression patterns in tumors and uninvolved lung, overexpression
of EGFR was found in 45% (22 of 44) of tumors, while overexpression of
TGF-u was seen in 61% (22 of 36) of tumors, and decreased expression of

AR was seen in 63% (22 of 35) of tumors. Cell type and stage did not
influence differential expression, indicating that this is a frequent event in
primary NSCLC. Simultaneous overexpression of EGFR and TGF-a was

seen in only 38% of tumors. Simultaneous overexpression of EGFR and
decreased expression of AR were seen in only 21 % of tumors. Thus far, the
differential expression of EGFR, TGF-a, and AR does not correlate with
either disease-free or overall survival. These findings indicate that histo-

logically dissimilar tumors can express similar components of autocrine or
paracrine growth factor loops. Differential expression of It,I R and its
ligands in tumor specimens compared to uninvolved lung is a common
event in NSCLC and may participate in tumor growth without necessarily
influencing tumor progression or histology.

INTRODUCTION

Autocrine loops involving specific growth factors and their recep
tors are thought to play an important role in the development and
progression of lung cancers. One well-characterized autocrine loop is
that formed by gastrin-releasing peptide and its receptor in SCLC3 (1).

In NSCLC, the EGFR and one of its ligands, TGF-a. are hypothesized

to function in a similar autocrine manner (2). However, this has not
been clearly documented in primary tumors for several reasons.
Growth factor expression has usually been examined by immunohis
tochemistry due to a lack of large numbers of primary tumor speci
mens from which intact RNA could be isolated. Expression of EGFR
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at the RNA level has been investigated primarily in cell lines which
may not accurately reflect expression patterns in vivo. Immunohis
tochemistry cannot discriminate between autocrine or paracrine
growth factor expression and may be inaccurate if the antibody used
cross-reacts with related antigens (3). To date, there have been only

selected attempts to contrast growth factor expression in primary
tumors and in paired samples of uninvolved lung, making it difficult
to assess differential expression within tumors. In addition, the coex
pression of EGFR and its ligands, TGF-a, EGF. and AR, has not been

fully characterized in carefully staged NSCLC. Efforts to correlate the
coexpression pattern of EGFR and its ligands with clinical findings
have been limited.

This study was undertaken to characterize in detail the expression
of EGFR and its ligands in primary NSCLC at the RNA level; to
identify differential expression in primary tumors compared to paired
benign lung tissue; to extend the analysis of differentially overex
pressed RNA species within tumors to the single cell level of immu-

nohistochemical expression; and to correlate these findings with his
tology, stage, and outcome in a carefully staged group of patients with
completely resectable NSCLC who have been followed prospectively.

MATERIALS AND METHODS

Tumor Bank. Tissue specimens were obtained from consecutive patients
who were undergoing potentially curative operations for primary NSCLC.
Pulmonary resection was accompanied by careful intraoperative staging with
complete mediastinal lymph node dissection as described by Martini (4).
Lymph nodes were removed and separately labeled for the pathologist accord
ing to the American Thoracic Society Lymph Node Map (5).

Within 10 min of the pulmonary resection being completed, a specimen of
the primary tumor trimmed of the surrounding lung tissue and of any grossly
necrotic material was snap fro/en in liquid nitrogen. A separate specimen of
uninvolved lung tissue was harvested from an area distant from the primary
tumor and frozen in liquid nitrogen. Immediately adjacent specimens of tumor
and uninvolved lung were submitted to Pathology as fro/.en and fixed samples,
to correlate gene expression results with Â¡mmunohistochemical findings. Two
pathologists reviewed all of the submitted specimens in order to confirm the
histology and tumor stage, determine the amount of viable tumor present, and
exclude concurrent lung pathology. The tumor-node-metastasis stage of the

primary tumor was determined according to the new International Staging
System for NSCLC (6).

Isolation of Total Cellular RNA. Stored tissues were then removed from
liquid nitrogen, minced with a sterile ra/or blade, placed in ice-cold guanidine

isothiocyanate solution, sonicated before being placed on a cesium chloride
cushion, and ultracentrifuged to purify RNA as previously described (7). To
prevent RNA degradation, all solutions and instruments which came in contact
with the specimens were sterili/.ed and washed with diethylpyrocarbonate-

treated H:O. Following ultracentrifugation, RNA pellets were resuspended in
H:O. ethanol precipitated with 0.3 M sodium acetate on dry ice. washed once
with dry ice-cold 709Ã•ethanol, lyophilized. and resuspended in H2O as a 1
ug/ul stock stored at -70Â°C.

Nucleic Acid Probes. Probes were obtained as insens contained within
plasmid vectors. Inserts were freed from vectors as specified by the unique
flanking restriction sites for each probe. The fragments were gel purified,
electroluted. and further purified through passage over an elutip-D (Schleicher
and Schuell) column. The probes included: a 2.4-kilobase C/Â«I-cut human
EGFR cDNA (a gift of Glenn Merlino. National Cancer Institute); a 1.35-
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EXPRESSION OF EGKR IN LUNG CANCERS AND ADJACENT BENIGN LUNG

kilohase ErÂ«Rl-cut human TGF-a cDNA (8): a 3.8-kilobase X/ioI-cut human

EOF cDNA (a gilt of Dr. Graeme Bell. Howard Hughes Medical Institute
Research Laboratories, University of Chicago. Chicago. IL); a Â£<y<RI-cuthu
man AR cDNA (a gift of Dr. Greg Plowman. Bristol-Meyers Squibb Pharma
ceutical Research Institute. Seattle. WA); and a I .9-kilobase fianiHI-cut human
ÃŸ-aclincDNA (9). Probes for hybridization were radiolabeled with ["P|dCTP

using random-priming techniques.

Northern Analysis. Ten ug of total cellular RNA from each of the paired
samples of primary tumor and normal lung were used for Northern analysis.
This was performed by size fractiunution on a 1% agarose-formaldehyde gel in
a 0.2 M 3-/V-morpholino-propanesult'onic acid/0.05 M sodium acetate/0.01 M

EDTA buffer. Transfer to nitrocellulose filters was performed as previously

described, as were hybridizations, washings, and autoradiography (7. 10). The
stringency of the washings was optimized for each probe. Autoradiography
was accomplished with Kodak XAR film and exposure to an intensifying
screen at -70Â°C. The appropriate exposure time was determined for each

probe.
Immunohistochemistry. To correlate the RNA findings for those species

overexpressed in the NSCLCs with a single cell expression assay, established
immunoperoxidase staining methods were utilized to examine the fresh frozen
tissue specimens for EGFR and TGF-a expression (11. 12). To ensure that

tissue sections adhered, slides were cleaned in 95% alcohol and subbed in 0.3%
gelatin solution containing 0.05% chromium potassium sulfate in distilled
water. Cryostat-cut sections (4-8 urn thick) were taken from the fresh tumor
and normal lung tissues that had been stored in liquid nitrogen at -70Â°C and

were placed for 10 min in 1% formalin in PBS (pH 7.4). cold acetone, or 95%
ethanol. Endogenous peroxidase activity was quenched by incubation with
0.1% hydrogen peroxide in distilled H2O for IO min. Tissue sections were
washed three times in PBS for 5 min each and then incubated with blocking
serum ( 10% normal horse serum in 2% PBS/BSA) for 20 min. All incubations
were performed at room temperature in wet chambers. Blocking serum was

drained off. and the primary antibody was incubated for I h. appropriate
dilution having been previously determined. Sections were washed with PBS
and incubated for 45 min with secondary horse anti-mouse antibodies (also

previously titrated for optimal dilutions), followed by avidin-biotin peroxidase

complexes ( I : I(K) in PBS) and DAB solution as chromogen. The DAB solution

was filtered and incubated with the tissue sections for 6 to 12 min. After
treatment, the sections were washed with distilled H;O coumerstained with

hematoxylin and mounted with permount.
Mouse mAb 528 detecting EGFR (Hybritech. Inc., San Diego, CA) was

used at 20 ug/ml in PBS containing 2% BSA. A mouse monoclonal antibody
to an epitope of TGF-a (mAb 4.4; Oncogene Science, Inc., Manhasset, NY)

was utilized at 20 ug/ml in PBS/BSA. As a negative control, purified mouse
mAb IgG, class directed against the cell surface antigen anthranilate synthase
of E. culi (bcr-25; Oncogene Science, Inc.) was used at the same working

dilutions (20 ug/ml in PBS/BSA). As a positive control, purified mAb against
cytokeratins and other intermediate filaments (Cambridge Research Laborato
ries. Cambridge. MA) were also used at the same concentrations (20 ug/ml).
The secondary antibodies used were biotinylated horse anti-mouse IgG (heavy

and light chain specific) affinity-purified antibodies (1:100 dilution in PBS)
followed by avidin-biotin peroxidase complexes ( 1:100 dilution in PBS) (Vec

tor Laboratories. Inc.. Burlingame, CA). DAB was used as a chromogen (5 mg
of DAB tetrahydrochloride in 100 ml of PBS with 100 ul of 0.3% hydrogen

peroxide).
Scoring of Assays. Scoring of the results of hybridizations performed on

the paired samples of primary tumor and normal lung was done independently
by two individuals, one of whom was aware of the clinical data and one of
whom was not. The hybridization to ÃŸ-actinwas used as a control for the

integrity and amount of RNA loaded for Northern analysis. Results of the
hybridizations performed on each of the primary tumors were compared to the
paired samples of normal lung and were recorded as expressed or unexpressed;
and equal, increased, or decreased expression in the primary tumor compared
to the paired normal lung sample.

Scoring of the immunohistochemical results was performed by two indi
viduals who were unaware of the RNA and clinical data. The immunohis
tochemical staining was scored as negative if staining was absent and as + or

+ +, depending on the intensity of the staining when present. The percentage
of cells that stained in each sample was estimated.

Clinical Database. After pulmonary resection, patients were seen in fol
low-up by a single surgeon every 3 months for the first 2 postoperative years.
then every 6 months thereafter. Follow-up included a history and physical
exam, chest X-ray, complete blood count, and chemistry profile. Computerized

tomography and radionuclide bone scans were used selectively to investigate
new signs or symptoms or to provide more accurate follow-up in patients

whose potential area of recurrence could not be adequately evaluated by
standard clinical means. Suspected areas of recurrent disease (e.g.. adrenal
mÃ©tastases)were confirmed by biopsy whenever technically possible. The
clinical and pathologic parameters recorded included patient age and gender,
tumor cell type and stage, the estimated percentage of viable tumor in the
specimen, and the length of disease-free and overall survival as calculated from
the date of the operation. The clinical information. RNA. and immunohis-

lochemical data were entered prospectively into a computerized database.
The proportion of tumors with differential expression of EGFR or its ligands

was compared across the levels of prognostic factors using Pearson's \2d test.

Overall and disease-free survival were calculated from the date of thoracotomy

and described using the product limit method of Kaplan and Meier (13).
Overall and disease-free survival were compared across the levels of prognos
tic factors using the log-rank test (14). All statistical tests were conducted at the
two-sided 0.05 level.

RESULTS

Tissue specimens were harvested from 57 patients. There were 27
women and 30 men with a mean age of 64 years (range. 40 to 77
years). The stage and histopathology of these tumors are shown in
Table 1. Thirty of the tumors were Stage I, 6 were Stage II. 20 were
Stage III, and one was Stage IV (solitary brain metastasis resected by
craniotomy prior to thoracotomy). There were 31 adenocarcinomas,
19 squamous cell cancers, 3 large cell cancers, and 4 tumors that had
a mixture of squamous cell and adenocarcinoma components. Six
patients had received cisplatin-based chemotherapy, and one patient

both chemotherapy and radiotherapy prior to thoracotomy because of
positive mediastinal nodes found at initial mediastinoscopy (N2 dis
ease). One other patient had received preoperative radiotherapy be
cause of a tumor initially thought to be too locally advanced (T4 by
virtue of involvement of the main carina) to allow resection. With a
median follow-up of 14.8 months for all 57 patients, the median
disease-free and overall survival have not yet been reached. The
overall 2-year survival (Fig. 1) for the Stage I and II tumors was 85%,
while it was 45% for the Stage III and IV tumors (P = 0.01). As yet,

there is no significant difference in the survival of patients with

Table 1 Stage anil hislopatholoxy of the 57 tumors han'ested

TumorstageStage

IT,Nâ€žMâ€žT;Nâ€žMâ€žStage

U (n =6)T2N,Mâ€žStage

[HA (n =19)T.,Nâ€žMOT,N2Mâ€žT2N2M0T,N2M0Slage

IIIB (n =1)T4Nâ€žMâ€žStage

IV (n =1)T2N2M,aTotal:

57Squamous

cell cancer48141119Tumor

celltypeAdeno-

Large Mixed Adeno and
carcinoma cell cancer squamouscancer492

34

143

1411131

3 4

Simultaneous solitary brain metastasis resected prior to thoracotomy.
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EXPRESSION OF EGFR IN LUNG CANCERS AND ADJACENT BENIGN LUNG
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Fig. l. Overall survival by stage of the 48 patients whose specimens contained at least
50% viable tumor.

EGFR

-28S

-18S

TGF-a

AR -
ÃŸ-ACTIN

T N
Fig. 2. Northern analysis of growth factor expression in total cellular RNA isolated

from a primary tumor (T) and its adjacent benign lung (/V). The RNA isolated from the
tumor specimen from this patient exhibited overexpression of EGFR and TGF-a and
decreased expression of AR relative to the RNA isolated from its adjacent benign lung. As
a control for the amount and integrity of loaded RNA. hybridi/.ation to ÃŸ-actinwas
performed. Hybridi/ation of the indicated rauiolubelcd probes and autoradiography were
performed as indicated in "Materials and Methods."

squamous cell cancers compared to those with nonsquamous cell
cancers (P = 0.91).

Northern analysis revealed that 112 of the 114 tissue samples (57
tumor and 57 paired uninvolved lung samples) yielded high-integrity

RNA. On histolÃ³gica! review, 9 of the tumor specimens contained less
than 50% viable tumor. Even though these samples yielded intact
quality RNA, they were omitted from the analysis of growth factor
expression because it was felt that the findings might not accurately

reflect growth factor expression within the malignant tumors. Four of
these tumors were very small (TINO) adenocarcinomas with extensive
fibrosis. The other 3 tumors contained a large amount of necrotic
tissue perhaps due to the preoperative radiation or chemotherapy
given to these patients with Stage III disease. The results reported here
are based on hybridi/.ations that allowed unequivocal comparison of
the expression of EGFR and its ligands in the paired specimens of
uninvolved lung to the tumor. Northern analysis revealed that EGFR.
TGF-a, and AR RNAs of the expected sizes (15-17) were widely
expressed in both tumor and uninvolved lung. Eighty-two of 88 sam

ples (93%) examined were found to express EGFR. 62 of 72 (86%)
samples examined expressed TGF-a, and 64 of 70 (92%) samples

examined expressed AR. In contrast, none of the 90 samples (45
tumors and 45 paired samples of uninvolved lung) examined were
found to express EOF at the level of total cellular RNA (data not
shown).

Differential expression in the tumor compared to the paired unin
volved lung was frequent. An example of a tumor that demonstrated
overexpression of EGFR and TGF-a und decreased expression of AR

relative to the paired sample of uninvolved lung is shown in Fig. 2.
Twenty of 44 (45%) tumor samples showed overexpression of EGFR,
while 22 of 36 (61%) tumor samples showed overexpression of
TGF-a. In contrast, 22 of 35 (63%) tumor samples showed decreased

expression of AR, and 4 of 35 (11%) showed increased expression of
AR compared to the paired samples of uninvolved lung (Fig. 3).
Immunohistochemical staining of individual cells for EGFR and
TGF-a demonstrated that overexpression at the RNA level tightly

correlated with an increase in protein expression which was localized
to the tumor cells and not the stroma (Fig. 4, Â«-<â€¢).However, all

tumors that demonstrated increased expression at the RNA level were
associated with immunohistochemical staining that was rated as + +
in 100% of cells. Less intense staining, or specific staining in few
cells, did not correlate as highly with overexpression at the total
cellular RNA level of detection. The intensity of RNA expression and
of immunohistochemical staining was less for TGF-a than for EGFR

(Figs. 2 and 4), suggesting that this is a less abundantly expressed
protein.

70

10

TCP-alpha

n-36

Fig. 3. Proportion of lumors that demonstrated differential expression of EGFR,
TGF-a, and AR in the primary tumor compared to the paired sample of uninvolved lung.
â€¢¿�.decreased: D, equal; Ãœ,increased.
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EXPRESSION OF EGFR IN LUNG CANCERS AND ADJACENT BENIGN LUNG

Fig. 4. ReprÃ©sentatif example ot" immunohistochemical staining of a primary tumor

specimen that showed overexpression of EGFR and TGF-a relative to adjacent unin-
volved lung. The tumor shows intense staining lor EGFR, while nonepithelial cells
surrounding the tumor (arrow) do not stain for EGFR (a). A sample of benign lung tissue
from the same patient shows staining for EGFR in the bronchial epithelium (arrow) but
not in the remainder of the lung tissue (b). Tumor from the same patient also showed
diffuse intense staining for TGF-a (f).

As illustrated in Fig. 5, differential expression of EGFR, TGF-a,

and AR in tumor compared to paired uninvolved lung was seen in all
tumor stages. As shown in Fig. 6, cell type also did not influence
differential expression. Nine of 25 nonsquamous tumors (36%) and 11
of 19 squamous cell cancers (58%) overexpressed EGFR (P = .25).

Fifteen of 22 nonsquamous tumors (68%) and 7 of 14 (50%) squa
mous cell cancers overexpressed TGF-a (P = 0.46). Fifteen of 23

nonsquamous tumors (65%) and 7 of 12 (58%) squamous cell tumors
showed decreased expression of AR (P = 0.97).

Far fewer tumors demonstrated simultaneous overexpression of
EGFR and TGF-a than overexpression of either of these alone. Only

13 of 34 tumors (38%) showed overexpression of both EGFR and
TGF-a. Likewise, only 7 of 34 (21%) tumors showed simultaneous

overexpression of EGFR and decreased expression of AR. Thus far,
differential expression of EGFR, TGF-a, or of AR in tumor versus

uninvolved lung has not been associated with a significant difference
in either disease-free or overall survival. However, the survival curves

suggest a trend toward worse overall survival for the patients whose
tumors had overexpression of either EGFR or TGF-a (Figs. 7-9). The

number of patients whose tumors have simultaneous differential ex
pression of EGFR and TGF-a and of EGFR and AR is small, but they
also do not have a significantly worse disease-free or overall survival.

The number of tumors that had simultaneous overexpression of EGFR

100 Y

80

EGFR TGF-alDha AR

Fig. 5. Differential expression of EGFR. TGF-a. and AR by tumor stage. The v-axis
shows the percentage of tumors with expression different from that of normal lung.
Differential expression is seen in all stages, and there is no significant difference in Stages
I and II. compared to 111and IV. â€¢¿�Stages 1 and II: Q Stages III and IV.

15/23

7/12

EGFR TGF-alpha

Fig. 6. Differential expression of EGFR, TGF-a. and AR by cell type. The y-axis shows
the percentage of tumors with expression different from that of normal lung. There is no
significant difference between squamous cell and non-squamous cell tumors. â€¢¿�non-
small cell cancer; D. small cell cancer.
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EXPRESSION OF EOFR IN LUNG CANCERS AND ADJACENT BENIGN LUNG

0.8

0.6

0.4

0.2

p - .21

EGFR

not increased (n-24) increased (n-20)

6 8 10 12 14 16

months post surgery
18 20 22 24

Fig. 7. Overall survival of patients who had overexpression of EGFR in the primary
tumor compared to those who did not.

8Urviya'Pr0babil

ity10.80.60.40.2nT-p

â€¢¿�.47TGF

alphanot

increased <n-14) increased (n-22)

8 10 12 14 16
months post surgery

18 20 22 24

Fig. 8. Overall survival of patients who had overexpression of TGF-a in the primary
tumor compared to those who did not.

and TGF-a and decreased expression of AR was too small to allow a

statistically valid correlation with survival.

DISCUSSION

The identification of steps involved in lung carcinogenesis is a
subject under intensive study. Activation of oncogenes and inactiva-

tion of tumor suppressor genes have been linked to lung tumorigenesis
(18). Growth factors and their receptors are also hypothesized to play
an important role in lung tumor formation. Examples include gastrin
releasing peptide and its receptor, which act as an autocrine growth
loop in SCLC cell lines ( 1). NSCLC cell lines are known to express
high levels of EGFR (3), and it has been hypothesized that EGFR and
TGF-a function in a manner analogous to that of an autocrine loop in

NSCLC.
To date, studies have largely focused on the role of EGFR in lung

tumorigenesis. Immunohistochemical studies on primary tumors have
confirmed the finding in cell lines that expression of EGFR is a
frequent event in NSCLC and is rare in SCLC (19). Additional im-

munohistochemical studies on primary tumors have suggested that
EGFR expression is higher in tumors than in uninvolved lung, is more
common in squamous cell cancers than in adenocarcinomas, and may
be related to tumor stage or differentiation state (20-23). Other studies

have found no clear relationship between EGFR expression, cell type,
or tumor cell differentiation but have confirmed the differential ex
pression of EGFR in tumors and uninvolved lung (24-26). An in

crease in EGFR binding has been reported and is thought to be due to
an increase in the number of receptors, rather than to a change in
receptor affinity (27, 28). DNA studies on primary NSCLC suggest
that amplification and rearrangements of the EGFR gene are infre
quent (29-32). Augmented EGFR RNA and protein levels are there

fore unlikely to be secondary to gene amplification (32). Attempts to
correlate EGFR overexpression by immunohistochemistry with pa
tient survival have led to conflicting results, with some studies report
ing no impact on survival (26), some a worse survival (33), and others
an improved survival (3). The present study simultaneously analyzed
RNA and immunohistochemical growth factor expression and corre
lated these findings with clinical outcome.

The expression pattern of TGF-a in NSCLC has not been as ex

tensively explored. A study of human lung cancer cell lines found
TGF-a mRNA expression in one squamous cell line. 2 adenocarci-

noma cell lines, and one of 3 large cell lines (15). Another study of
RNA expression levels in various solid tumors and normal tissues
found high levels of expression in one squamous cell and one large
cell cancer of the lung, and no expression in 3 lung adenocarcinomas
and 2 normal lungs (16). A subsequent report found TGF-a expres

sion, as assessed by radioimmunoassay and by mRNA, was present in
normal lung as well as primary lung tumors (34). There did not appear
to be any correlation between TGF-a expression and cell type or
tumor stage. In contrast, an immunohistochemical study of TGF-a

expression in 138 lung adenocarcinomas suggested that the intensity
of staining correlated with 5-year survival (35).

AR is a recently identified ligand for EGFR and has been studied
primarily in breast cancer cell lines. AR is thought to be a bifunctional
growth factor, interacting with EGFR to promote the growth of normal
epithelial cells but inhibiting the growth of carcinoma cell lines (17,
36). To our knowledge, AR expression has not yet been compared in
lung cancers and paired uninvolved lung tissues. The observed over-

expression of AR in benign compared to malignant lung might exert
a growth-inhibiting effect on these malignant tissues. In contrast, total

cellular RNA expression of the related ligand EOF was not observed
in either benign or malignant lung tissues.

The potential clinical importance of the differential expression of
EGFR and its ligands in NSCLC compared to uninvolved lung has
been previously recognized. Radiolabeled monoclonal antibodies to
EGFR have already been used to image NSCLC in preliminary clin
ical trials (37). Immunotoxins based on murine monoclonal antibodies
to EGFR have been developed and are known to be cytotoxic to cell
lines that overexpress EGFR (38-^U). Clinical trials utilizing this

0.8

0.6

0.4

0.2 AR

not decreased (n-13) decreased (n-22)

6 8 10 12 14 16 18 20 22 24
months post surgery

Fig. 9. Overall survival of patients who had decreased expression of AR in the primary
tumor, compared to those who did not. Thus far. there is no significant difference in
survival between groups compared in Figs. 7, 8, or 9.
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growth factor receptor or its ligands as targets for therapy are planned.
However, the applications of such therapeutic strategies would be
aided by an improved understanding of the expression pattern of
EGFR and its ligands in lung cancer compared to normal lung. The
reported relationship of EGFR and its ligands to histology, tumor
stage, and survival has been inconsistent. Most studies have utilized
immunohistochemistry and suffer from the inherently qualitative na
ture of this approach. Comparison of expression pattern within tumors
and uninvolved lung has not been extensively studied. RNA studies
have been performed primarily on cell lines, perhaps attesting to the
prior difficulty encountered in developing tumor banks containing
large numbers of fresh tumor and lung specimens that yield intact
RNA of high integrity.

This study provides a comprehensive analysis of EGFR and its
ligands in a large, well-staged cohort of patients with resectable

NSCLC. The correlation of the analysis at the RNA level with a single
cell assay by immunohistochemistry within the same clinical speci
mens is an unusual feature of this study. This study demonstrates that
intact RNA can be reliably obtained from both primary lung cancers
and paired uninvolved lung, if the samples are harvested and snap
frozen in liquid nitrogen in the operating room immediately after the
lung tissue is removed. This approach permits the precise isolation of
tissue useful for the identification of molecular genetic abnormalities
in primary NSCLC.

Our findings confirm that expression of EGFR and TGF-a is fre

quent in both primary NSCLC and uninvolved lung. Expression of
EOF was not detectable at the level of total cellular RNA, but ex
pression of AR was widespread in tumor and in uninvolved lung. Of
note is the observation that only uniform and intense levels of immu-

nohistochemical staining in the primary tumor compared to the unin
volved lung correlated with overexpression at the RNA level. This
finding underscores the importance of examining the expression pat
tern in tissues at both the RNA and immunohistochemical levels.

Differential expression of EGFR, TGF-a, and AR is also common
and is seen in approximately one-half of all NSCLC. Both expression

and differential expression are seen in all cell types. The decreased
expression of AR in many primary tumors compared to uninvolved
lung is consistent with the hypothesis that this protein product exerts
an inhibitory growth effect on tumors. Hence, decreased expression of
AR in lung tumors could promote their growth. Simultaneous differ
ential expression of EGFR and either of its ligands, TGF-a or AR,

occurs in a small subset of tumors that had no distinguishing clinical
or histological features. The fact that differential expression of indi
vidual growth factors occurs more frequently than differential coex-

pression suggests that expression of EGFR and its ligands may be
responsive to independent regulatory mechanisms.

Both expression and differential expression of EGFR, TGF-a, and

AR are seen in NSCLC of all stages as compared to adjacent benign
lung tissues. It is not yet known whether overexpression of these
protein products participates in tumor initiation via the transformation
of preneoplastic lesions. However, since overexpression occurs in all
stages of overt lung cancer, it may represent a common event. Over-

expression of EGFR and its ligands does not yet appear to correlate
with either disease-free or overall survival in this study. Although
longer follow-up is needed to confirm this initial clinical correlation,

it is conceivable that these growth factors act to promote local tumor
growth without having an impact on tumor progression or metastasis.

ACKNOWLEDGMENTS

We gratefully acknowledge the helpful consultations and support of Dr.
George Bosl and Dr. Robert Ginsberg in the completion of the manuscript.

REFERENCES

1. Cuttitta, F., Carney. D. N., Mulshine, J.. el al. Bombesin-like peptides can function as
autocrine growth factors in human small cell lung cancer. Nature (Lond.), 316:
823-826. 1985.

2. Reynolds. F. H., Jr., Todaro, G. J., Fryling, C., et ai. Human transforming growth
factors induce tyrosine phosphorylation of EOF receptors. Nature (Lond.), 292:
259-262. 1981.

3. Lee. J. S.. Ro, J. Y., Sahin, A., Hittleman. W.. el al. Expression of epidermal growth
factor receptor (ECGR): a favorable prognostic factor for surgically resected non-
small cell lung cancer (NSCLCI (Abstract). Proc. Annu. Meet. Am. Soc. Clin. Oncol.,
8: A878, 1989.

4. Martini. N., and Flehinger. B. J. The role of surgery in N2 lung cancer. Surg. Clin.
North Am.. 67: 1037-1049, 1987.

5. Tisi, G. M., Friedman. P. J.. Peters. R. M.. Pearson, G., Carr, D.. Lee. R. E., and
Selawry. O. Clinical staging of primary lung cancer. Am. Rev. Respir. Dis., 727:
659-664, 1983.

6. Mountain, C. F. A new international staging system for lung cancer. Chest, 89:
225S-233S. 1986.

7. Miller, W. H.. Moy. D., Li. A.. Grippo. J. F.. and Dmitrovsky. E. Retinole acid induces
down-regulation of several growth factors and proto-oncogenes in a human embry
onal cancer cell line. Oncogene. 5: 511-517. 1990.

8. Derynck. R., Roberts. A. B.. Winkler. M. E., Chen, E-Y., and Goeddel. D. V. Human
transforming growth factor-a: precursor structure and expression in E. coli. Cell, 38:
287-297. 1984.

9. Gunning. P.. Ponte. P., Okayama, H.. Engel. J., Blau. H., and Kedes. L. Isolation and
characterization of full-length cDNA clones for human a. ÃŸ,and -y-actin mRNAs:
skeletal but not cytoplasmic actins have an amino-terminal cysteine that is subse
quently removed. Mol. Cell. Biol., 3: 787-795, 1983.
Southern, E. M. Detection of specific sequences among DNA fragments separated by
gel electrophoresis. J. Mol. Biol., 98: 503-517, 1975.
Cordon-Cardo, C.. Vlodavsky. I., Haimovitz-Friedman, A., Hicklin. D., and Fuks. Z.
Expression of basic fibroblast growth factor in normal human tissues. Lab. Invest., 63:
832-837, 1990.

12. Cordon-Cardo, C.. O'Brien, J. P., Boccia. J., Casals, D., Benino, J. R.. and Melamed.

M. R. Expression of the multidrug resistance gene product (/>-glycoprotein) in human
normal and tumor tissues. J. Histochem. Cytochem., 38: 1277-1287. 1990.

13. Kaplan. E. L.. and Meier. P. Non-parametric estimation from incomplete observations.
J. Am. Statist. Assoc., 53: 457-81. 1958.

14. Peto. R.. and Peto, J. Asymptotically efficient rank invariant test procedures. J. R.
Statist. Soc., 135: 185-206, 1972.

15. Soderdahl. G., Betscholtz, C.. Johansson. A.. Nilsson. K., and Bergh. J. Differential
expression of platelet-derived growth factor and transforming growth factor genes in
small- and non-small cell human lung carcinoma lines. Int. J. Cancer, 41: 636-641,
1988.

16. Derynck. R.. Goeddel. D. V., Ulrich. A., Gutterman, J. U.. Williams, R. D., Bringman.
T. S., and Berger, W. H. Synthesis of messenger RNAs for transforming growth
factors a and ÃŸand the epidermal growth factor receptor by human tumors. Cancer
Res., 47: 707-712, 1987.

17. Plowman, G. D., Green, J. M., McDonald. V. L., Neubauer, M. G., Disteche, C. M.,
Todaro, G. J., and Shoyab, M. The amphiregulin gene encodes a novel epidermal
growth factor-related protein with tumor-inhibitory activity. Mol. Cell. Biol.. 10:
1969-1981. 1990.

18. Viallet, J., and Minna. J. D. Dominant oncogenes and tumor suppressor genes in the
pathogenesis of lung cancer. Am. J. Respir. Cell. Mol. Biol., 2: 225-232. 1990.

19. Haeder. M., Rotsch. M.. Bepler. G., Hennig. C., Havemann, K., Heimann, B., and
Moelling. K. Epidermal growth factor receptor expression in human lung cancer cell
lines. Cancer Res., 48: 1132-1136, 1988.

20. Cerny, T., Barnes. D. M., Hasleton, P., Barber, P. V., Healy, K., Gullick, W., and
Thatcher, N. Expression of epidermal growth factor receptor (EGF-R) in human lung
tumours. Br. J. Cancer, 54: 265-269, 1986.

21. VÃ©ale.D., Ashcroft, T., Marsh, C., Gibson, G. H., and Harris. A. L. Epidermal growth
factor receptors in non-small cell lung cancer. Br. J. Cancer, 55: 513-516, 1987.

22. Cline, M. J., and Battifora, H. Abnormalities of protooncogenes in non-small cell lung
cancer. Correlations with tumor type and clinical characteristics. Cancer (Phila.), 60:
2669-2674. 1987.

23. Dazzi. H., Hasleton, P. S., Thatcher, N., Barnes, D. M., Wilkes, S., Swindell, R.. and
Lawson, R. A. M. Expression of epidermal growth factor receptor (EGF-R) in non-
small cell lung cancer. Use of archival tissue and correlation of EGF-R with histology,
tumour size, node status and survival. Br. J. Cancer, 59: 746-749, 1989.

24. Hendler, F. J.. and Ozanne, B. W. Human squamous cell lung cancers express
increased epidermal growth factor receptors. J. Clin. Invest.. 74: 647-651. 1984.

25. Sobol, R. E., Astarita. R. W., Hofeditz, C.. Masui. H.. Fairshter, R., Royston. I., and
Mendelsohn. J. Epidermal growth factor receptor expression in human lung carcino
mas defined by a monoclonal antibody. J. Nati. Cancer Inst.. 79: 403â€”405,1987.

26. Hwang. D. L., Yay, Y-C., Lin, S. S., and Lev-ran, A. Expression of epidermal growth
factor receptors in human lung tumors. Cancer (Phila.), 48: 2260-2263, 1986.

27. VÃ©ale,D., Kerr, N., Gibson, G. J., and Harris. A. L. Characterization of epidermal
growth factor receptor in primary human non-small cell lung cancer. Cancer Res., 49:
1313-1317, 1989.

28. Dittadi, R.. Gion. M.. Pagan. V, Brazzale, A., el al. Epidermal growth factor receptor
in lung malignancies. Comparison between cancer and normal tissue. Br. J. Cancer.
64: 741-44, 1991.

29. Lee, J. S., Ro, J. S., Eisbruch. A.. Shtalrid, M.. Ferrei, R. E.. Gutterman. J. U., and
Blick. M. Multiple restriction fragment length polymorphisms of the human epider
mal growth factor receptor gene. Cancer Res.. 48: 4045-4048, 1988.

30. Berger, M. S., Gullick, W. J.. Greenfield, C., Evans, S., Addis, B. J., and Waterfield.

2384

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

3
/1

0
/2

3
7
9
/2

4
5
0
3
1
1
/c

r0
5
3
0
1
0
2
3
7
9
.p

d
f b

y
 g

u
e

s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2



EXPRESSION OF EGFR IN LUNG CANCERS AND ADJACENT BENIGN LUNG

M. D. Epidermal growth factor receptors in lung tumours. J. Palhol.. 152: 297-307,
1987.

31. Kaseda, S., Ueda, M., Ozawa. S., Ishihara. T.. Abe, O., and Shimizu, N. Expression
of epidermal growth factor receptors in four histologie cell types of lung cancer. J.
Surg. Oncol.. 42: 16-20. 1989.

32. Lee. J. S.. Blick. M., Milici. A., and Gutterman. J. Enhanced expression of the
epidermal growth factor receptor (EGFR) gene without gene amplification or rear
rangement in uncultured non-small cell lung cancer (NSCLC) (Abstract). Proc. Annu.
Meet. Am. Assoc. Cancer Res., 2Â«:20, 1987.

33. Tateishi, M., Ishida. T., Mitsudomi. T.. Kaneko. S.. and Sugimachi. K. Immunohis-
tochemical evidence of autocrine growth factors in adenocarcinoma of the human
lung. Cancer Res.. 50: 7077-7080, 1990.

34. Liu. C.. Woo, A., and Tsao. M-S. Expression of transforming growth factor-a in
primary human colon and lung carcinomas. Br. J. Cancer, 62: 425^129, 1990.

35. Tateishi. M.. Ishida. T.. Mitsudomi, T., and Sugimachi. K. Implication of transforming
growth factor a in adenocarcinoma of the lungâ€”an immunohistuchemical study. Br.
J. Cancer. 63: 130-133. 1991.

36. Shoyab, M., McDonald. V. L.. Gradley. J. G.. and Todaro, G. J. Amphiregulin: a
bifunctional growth-modulating glycoprotein produced by the phorbol 12-myrisate
13-acetate-treated human breast adenocarcinoma cell line MCF-7. Proc. Nati. Acad.

Sci. USA, X5: 6528-6532. 1988.
37. Divgi, C. R., Welt, S., Kris. M.. Real. V. X.. Yeh, S. D. J.. Gralla. R., Merchant, B.,

Schweighart, S.. Linger, M., Larson, S. M.. and Mendelsohn. J: Phase 1 and imaging
trial of indium Ill-labeled anti-epidermal growth factor receptor monoclonal anti
body 225 in patients with squamous cell lung caricnoma. J. Nati. Cancer Inst.. K3:
97-104. 1991.

38. Ozawa, S.. Ueda, M., Ando. N.. Abe, O., Minoshima. S., and Shimizu, N. Selective
killing of squamous carcinoma cells by an immunotoxin that recognizes the EGF
receptor. Int. J. Cancer, 43: 152-157, 1989.

39. Vollmar, A. M., Banker. D. E.. Mendelsohn, J.. and Herschman, H. R. Toxicity of
ligand and antibody-directed ricin A-chain conjugates recognizing the epidermal
growth factor receptor. J. Cell. Physiol., 131: 418^425, 1987.

40. Hirota. N.. Ueda. M., Ozawa, S.. Abe, O., and Shimizu, N. Suppression of an
epidermal growth factor receptor-hyperproducing tumor by an immunotoxin conju
gate of gelonin and monoclonal anti-epidermal growth factor receptor antibody.
Cancer Res., 49: 7106-7109, 1989.

41. Draoui. M.. Siegall. C., FitzGerald. D., Pastan. I., and Moody. T. Non-small cell lung
cancer growth is inhibited by a chimeric toxin comprised of transforming growth
factor-a and pseudomonas exotoxin (Meeting abstract). Proc. Annu. Meet. Am. As

soc. Cancer Res.. 32: A272. 1991.

2385

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

3
/1

0
/2

3
7
9
/2

4
5
0
3
1
1
/c

r0
5
3
0
1
0
2
3
7
9
.p

d
f b

y
 g

u
e

s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2

2


