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ABSTRACT

By using the newly developed adhesive tumor cell culture system, we
analyzed the chromosomal constitutions of primary lung tumor and
nonmalignant normal lung tissue from 10 previously untreated patients
with non-small cell lung cancer. Chromosomal analyses were successfully

carried out in banded chromosome preparations from 10 tumor and 8
normal lung tissue samples. All analyzed tumor and normal lung tissue
samples had a predominantly normal diploid chromosome number. How
ever, there was at least one structural or numerical alteration in every
tumor and lung tissue sample analyzed. Chromosomes 1, 3, 4, 6, 7, 8, 9,
12, 15, and 20 were more often involved in rearrangement. The most
consistent finding was trisomy 7; 4 patients had trisomy 7 in both tumor
and normal lung tissue, and another 2 had this anomaly in tumor tissue
only. Of the 4 patients without trisomy 7,2 had a homogeneously staining
region in the short arm of chromosome 7 in tumor tissue. Phytohemag-
glutinin-stimulated peripheral blood lymphocytes from 7 patients, includ

ing 5 patients with trisomy 7 in tumor tissue, did not show trisomy 7.
These cytogenetic data suggest that chromosome 7 may be associated
with lung cancer development and that trisomy 7 may be the hallmark of
premalignant changes, at least in a subgroup of patients with non-small

cell lung cancer.

INTRODUCTION

Nonrandom chromosomal abnormalities have been observed
in many types of human hematological neoplasms and in certain
solid tumors (2, 3). However, only a few cytogenetic studies on
NSCLC4 have been reported (4-14), even though lung cancer

is the most common cause of cancer deaths and 149,000 new
cases of lung cancer were expected in the United States in 1986
(15). Most of these studies have dealt with metastatic tumor
cells in pleural effusion (4-7, 10), and the cytogenetic changes
in those tumor cells were so complex that no consistent chro
mosomal abnormalities have been identified.

Recently, a new monolayer culture system was developed and
successfully used for the culturing of fresh human tumor cells
from various tissues of origin, including lung cancer (16). We
analyzed the chromosomal constitutions of primary tumor and
nonmalignant normal lung tissue from the same patients after
culturing them using this culture system for approximately 2
weeks. Here we report the results of successful cytogenetic
analysis of 10 primary lung tumors and 8 nonmalignant normal
lung tissue samples from patients with NSCLC.
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MATERIALS AND METHODS

Primary lung tumor and nonmalignant normal lung tissue samples
were obtained from 10 previously untreated patients (5 men, 5 women)
immediately after surgery (6 pneumonectomies, 4 lobectomies) accord
ing to institutional guidelines. Nonmalignant normal lung tissue sam
ples were taken from the far margins of resection of the lung and were
free of tumor grossly and microscopically.

Each tumor and lung tissue sample was cultured in a 6-well culture
plate (Costar, Cambridge, MA) coated with a cell-adhesive matrix from
Lifetrac, Ltd. (Irvine, CA) according to the method of Baker et al. (16).
All tissue samples were minced with scalpels to 1-mm pieces and then
enzymatic-ally disaggregated to single cells by incubating with 0.075%

collagenase type III (Cooper Biomedicai, Malvern, PA) and 0.005%
DNase (Sigma Chemical Co., St. Louis, MO) in Ham's F-12 (K. C.

Biological, Lenexa, KS) with 10% fetal calf serum for 16 h with constant
stirring. Each culture well was inoculated with 100 x IO3viable cells in

4 ml of attachment medium. After 24 h of incubation, the attachment
medium was removed, the adherent cells were washed with phosphate-
buffered saline, and 4 ml of culture medium were added to each well.
All culture wells were refed by an 100% medium exchange after 6 and
12 days of incubation.

Culture medium was Ham's F-12 with 4-(2-hydroxyethyl)-l-pipera-

zineethanesulfonic acid buffer (2.7 mg/ml) (Sigma), 10% swine serum
(J. R. Scientific, Woodland, CA), and penicillin-streptomycin (100
units/ml) (GIBCO, Grand Island, NY) supplemented with the following
hormones: transferrin (10 /Â¿g/ml),hydrocortisone (0.5 Mg/ml), epider
mal growth factor (5 ng/ml), and insulin (5 ug/m\) (Collaborative
Research, Lexington, MA). Attachment medium was the same formu
lation as the culture medium plus 0.6% methycellulose 4000 (Fisher
Scientific, Houston, TX).

Thirteen-day-old cultures were harvested for chromosomal prepara
tions according to the procedure described elsewhere (17). If cells did
not grow sufficiently to cover the surface of the well, they were left in
the incubator to grow for 7 to 10 more days and harvested in the same
manner 24 h after a change of culture medium. Chromosome numbers
were counted on 4 to 50 metaphase spreads (median, 50), and 4 to 36
banded metaphase spreads (median, 30) were analyzed for each sample.
Chromosomal abnormalities were designated according to the short
version of the designation system formulated at the Paris conference
(18). An abnormal clone was defined by the presence of identical
anomalies in 2 or more metaphase spreads. To exclude the possibility
of a constitutional chromosome abnormality, we analyzed the chro
mosomal constitutions of phytohemagglutinin-stimulated lymphocytes
from 7 patients (cases 1, 4, and 6 to 10). Ultrastructural characteristics
of the cultured cells from tumor and normal lung tissue samples were
studied with electron microscopy in 2 patients (cases 9 and 10) accord
ing to a previously described procedure (19).

RESULTS

Histopathologically, 5 patients had adenocarcinoma, 4 had
squamous cell carcinoma, and 1 had atypical carcinoid tumor.
No one had previously received chemotherapy or radiotherapy,
and all patients except cases 1, 4, and 8 had a heavy smoking
history. Two normal lung tissue samples did not grow in the
culture. All analyzed tumor and normal lung tissue samples
had a predominantly normal diploid chromosome number, but
there was at least one structural or numerical chromosomal
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alteration in every tumor and normal lung tissue sample ana
lyzed. Chromosomes 1, 3, 4, 6, 7, 8, 9, 12, 15, and 20 were
more often involved in structural or numerical rearrangements.

Although many chromosomal changes were observed, the
most consistent chromosomal abnormality was trisomy 7 as
shown in Table 1, which was observed in approximately 10%
of metaphase spreads analyzed. Four patients (cases 4, 7, 8,
and 9) had trisomy 7 in both normal lung (Fig. 1) and tumor
tissue (Fig. 2), and another 2 patients (cases 1 and 5) had the
same abnormality in tumor tissue only. Of particular interest is
that 3 of the 4 patients with squamous cell carcinoma had
trisomy 7 in both normal lung and tumor tissue (cases 7, 8, and
9). In addition, a metaphase spread of the tumor sample from
a patient with trisomy 7 in the normal lung tissue had an
additional marker chromosome (case 4) (Fig. 2). Another tumor
sample (case 8) had a metaphase spread showing trisomy 7 with
structural rearrangements, t(7;15)(qll:pll), suggestive of
clonal evolution.

Of the 4 patients not exhibiting trisomy 7, 2 had a homoge
neously staining region in the short arm of chromosome 7
(partial trisomy?) in the tumor tissue (cases 3 and 6) (Fig. 3).

Table I Clonal chromosomal abnormality in primary lung tumor and
nonmalignant normal lung tissue

No. of mitoses
analyzed

(abnormal/total)Normal

Case Sex Age Tumor lungClonal

chromosomal
abnormalityTumor

Normal lung

M
M
F
M
F

65

58
70
42
60
59

Carcinoid tumor

4/16 1/4 47.XX.+7

Adenocarcinoma
1/8 NA'

6/15 NA
8/34 4/31
6/32 4/29
3/31 7/32

Squamous cell carcinoma

NA
NA

47,XX,+7 47.XX.+7
47.XY.+7 46,XY,9q+

78910FFMM676660584/126/3411/297/318/3210/361/86/30*47.XX.-I-747.XX.-l-947.XY.+7â€”47.XX.-1-747.XX.-I-7tâ€”

* NA, not analyzed.
* One mitotic spread showed trisomy 7.
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Fig. 2. Complete karyotype of a G-banded metaphase from a primary tumor
from case 4 showing 48,XX,+7. and an additional unidentified marker chromo
some (UM).

Fig. 3. Partial karyotype of Q-banded metaphases from primary tumors from
case 3 (a) and case 6 (b), showing a homogeneously staining region (HSR) in the
short arm of chromosome 7. A normal chromosome 7 is seen on the right side of
each pair.

Two patients each (cases 3 and 7) had a metaphase spread with
4 copies of chromosome 7 and near-triploid chromosome num
ber in their tumor tissue. Other chromosomal abnormalities
included 9q+ (case 5, lung tissue), trisomies of 12 and 20 (case
6, lung tissue), trisomy 9 (case 8, tumor) and trisomy 15 (case
9, tumor). A single metaphase spread with trisomy 12 was also
seen in the tumor tissue of cases 4 and 5 and in the normal
lung tissue of cases 6, 7, and 8. Phytohemagglutinin-stimulated
peripheral blood lymphocytes did not show trisomy 7 in any of
the 7 patients studied, 5 of whom had trisomy 7 in their tumor
tissue.

The electron microscopic study of the cultured tumor and
normal lung tissue from case 9 showed intracytoplasmic tono-
filaments (Fig. 4), indicating the squamous cell origin of the
tumor. Cultured tumor and lung tissue from case 10 did not
show any ultrastructural characteristics of differentiation.

DISCUSSION

Fig. 1. Complete karyotype of a Q-banded metaphase from nonmalignant In this rePort we have described a nonrandom chromosomal
normal lung tissue (case4) showing47.xx.-i-7. abnormality trisomy 7 in a group of patients with NSCLC and
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Fig. 4. Electron micrograph of cultured
squamous cell carcinoma (case 9), showing
bundles of tonofilaments (arrows). I ran vI ace
tate and lead citrate stain: original magnifica
tion, x 6000.

"

a patient with atypical cart-moid tumor. One may certainly
argue that trisomy 7 might have been a culture artifact. How
ever, further cytogenetic studies of other primary tumors grown
under the same culture conditions have demonstrated that that
is an unlikely explanation for the abnormality. Among 10
primary breast tumors and 8 adjacent normal breast tissue
samples studied, trisomy 7 was observed in only 2 breast tumor
specimens and 1 normal breast tissue sample (20). If the trisomy
7 were induced in the culture system and if it occurred in 10%
of cells as observed, there would be a better-than-95% chance
of seeing one or more metaphase spreads with trisomy 7 in 29
consecutive metaphase spreads analyzed. The absence of tri
somy 7 in cases 6 and 10 and in most breast tumor samples,
for which more than 29 metaphase spreads of each sample were
analyzed, strongly suggests that the culture system used is not
the reason for this numerical chromosomal abnormality.

Another point of concern has been the potential growth of
fibroblasts in the monolayer culture system. To test this possi
bility, 3 fibroblast cell lines werecultured under the same culture
conditions. One fibroblast cell line did not adhere to the surface
and failed to grow. The other 2 adhered poorly to the surface
and yielded only a few cells without a single metaphase spread
after 19days of culture, suggesting that potential contamination
of the tumor cell cultures by fibroblasts may not be the major
problem. Furthermore, the documentation of tonofilaments
within the cultured tumor cells (Fig. 4) has provided more
positive evidence that the present culture system supports the
growth of tumor cells.

The significance of trisomy 7 observed in both tumor and
nonmalignant normal lung tissue remains to be further ex
plored. However, one obvious consideration is that trisomy 7
in normal lung tissue may represent an early stage of lung
cancer development. Teyssier et al. (12) described a case of
carcinoid tumor with trisomy 7 as the sole chromosomal ab
normality and speculated that it might be the early index of
malignant transformation.

Since trisomy 7 has been observed in many other solid tumors
including malignant melanoma, brain tumors, breast cancer,
and colon cancer (2), it may not be a anomaly specific to lung
cancer. Nevertheless, recent observation of trisomy 7 in pre-

malignant lesions such as villous adenoma of the colon (21)
and colonie mucosa from individuals with familial polyposis
(22) strongly supports the idea that an extra copy of chromo
some 7 may play a crucial role in the early stages of tumorigen-
esis. A possible analogy may be drawn from experimental
studies. The cytogenetic study of spontaneously transformed
Chinese hamster cells in vitro showed that chromosome 5
trisomy preceded detectable transformation and was the first
step leading to the frank malignant state (23). Association of
trisomy 15 in mouse chromosomes with murine T-cell leuke-
mias induced by various chemical or physical carcinogens or by
viruses is another example (24).

If only a few strategic chromosomes are involved in the early
stages of malignant transformation (12, 25), then human chro
mosome 7 is likely to be one of them. Located in this chromo
some are several genes critical to cell proliferation and chro-
matin functions (26). Several cellular protooncogenes, includ
ing erbB (27), met (28), and hA-raf-2 (29) are also located in
chromosome 7. Of particular interest is the EGFR gene because
the EGFR has a striking homology to the transforming protein
of the \-erhB oncogene of the avian erythroblastosis virus (30),
and several lines of evidence suggest that an EGFR-related
growth regulatory system is involved in both normal and neo-
plastic cellular proliferation (31).

Recent studies on EGFR levels in lung cancer have shown
that most squamous cell carcinomas of the lung and some other
cell types of NSCLC have greater EGFR levels than normal
skin, adjacent lung tissue, and small cell lung cancer (32-35).
High EGFR levels have also been observed in other squamous
cell carcinomas (34, 36), breast cancer (37-39), brain tumors
(40-41), malignant melanoma (42), and transitional cell carci
noma of the bladder (43). There was a close correlation between
increased EGFR levels and an extra copy of chromosome 7 in
malignant melanoma (42).

Taken together with the multistep carcinogenesis model (44)
and the observation that normal lung tissue in sections contain
ing lung cancer does not bind EGFR antibody (33, 35), it seems
reasonable to postulate that the extra copy of chromosome 7 in
nonmalignant normal lung tissue may represent the early stage
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of tumorigenesis requiring activation for EGFR expression by
another as yet unknown factor.

Studies are in progress to correlate the cytogenetic alterations
with molecular biological changes. Preliminary results have
shown that the EGFR gene was overexpressed in squamous cell
carcinomas of the lung without gene amplification or re
arrangement (45). In addition, trisomy 7 was observed in 2
tumor samples that had high EGFR levels.5 If confirmed by

further studies, these observations may lead to a better under
standing of the development of lung cancer and potentially
other solid tumors.

REFERENCES

1. Lee, J. S., Pathak. S., Spitzer, G., Baker, F. L., Tomasovic, B., Hopwood.
V., and Neidhart, J. A. Involvement of chromosome #7 in primary lung
cancer and non-malignant lung tissue. Chest, 89: S05S, 1986.

2. Mitelman, F. Catalog of Chromosome Aberrations in Cancer, Ed. 2. New
York: Alan R. Liss, 1985.

3. Berger, R., Bloomfield, C. D., and Sutherland, G. R. Report of the committee
on chromosome rearrangements in neoplasia and on fragile sites. Cytogenet.
Cell Genet., 40:490-535, 1985.

4. Sandberg, A. A. The Chromosomes in Human Cancer and Leukemia. Am
sterdam: Elsevier/North-Holland Biomedicai Press, 1980.

5. Hansson, A., and Korsgaard, R. Cytogenetic diagnosis of malignant pleural
effusions. Scand. J. Respir. Dis., 55: 301-308, 1974.

6. Unnici, N. Identification par denaturation thermique mÃ©nagÃ©edes anomalies
chromosomes observÃ©esdans six tumours metastiques humanies. Biomedi
cine (Paris), 23: 423-430, 1975.

7. Kakali, S., Hayata, I., Oshimura, M., and Sandberg, A. A. Chromosomes
and causation of human cancer and leukemia. X. Banding patterns in can
cerous effusions. Cancer (Phila.), 36: 1729-1738, 1975.

8. Pickthall, V. J. Detailed cytogenetic study of a metastatic bronchial carci
noma. Br. J. Cancer, 34: 272-278, 1976.

9. Sonta. S., Oshimura, M., Evans, J. T.. and Sandberg, A. A. Chromosomes
and causation of human cancer and leukemia. XX. Banding patterns of
primary tumors. J. Nati. Cancer Inst., 58:49-53, 1977.

10. van der Reit-Fox, M. F., Retief, A. E., and van Niekerk, W. A. Chromosome
changes in 17 human neoplasms studied with banding. Cancer (Phila.), 44:
2108-2119, 1979.

11. Wake, N., Slocum, H. K., Rustum, Y. M., Matsui, S-I., and Sandberg, A. A.
Chromosomes and causation of human cancer and leukemia. XLIV. A
method for chromosome analysis of solid tumors. Cancer Genet. Cytogenet.,
3: 1-10, 1981.

12. Teyssier, J. R., Sadrin, R., Nou, J. M., Bureau. G.. Adnet, J. J., Bayolle, F.,
and Pigeon. F. Trisomy 7 in a lung carcinoid tumor: precocious index of
malignant transformation? Cancer Genet. Cytogenet., IS: 277-282, 1985.

13. Zech, L., Bergh, J.. and Nilsson, K. Karyotypic characterization of established
cell lines and short-term cultures of human lung cancers. Cancer Genet.
Cytogenet., IS: 335-347, 1985.

14. Liang, J. C, Kurzrock, R., Gutterman, J. U., and Gallick, G. E. Trisomy 12
correlates with elevated expression of p21â„¢in a human adenosquamous
carcinoma of the lung. Cancer Genet. Cytogenet., 23: 183-188, 1986.

15. Silverberg, E., and Lubera. J. Cancer statistics, 1986. CAâ€”Cancer J. Clin.,
36:9-25, 1986.

16. Baker, F. L., Spitzer, G., Ajani, J. A., Brock, W. A., Lukeman, J., Pathak,
S., Tomasovic, B., Thielvoldt, D., Williams, M., Vines, C., and Tofilon, P.
Drug and radiation sensitivity measurements of successful primary mono-
layer culturing of human tumor cells using cell-adhesive matrix and supple
mented medium. Cancer Res., 46: 1263-1274. 1986.

17. Pathak, S., Hopwood, V., Lee, J. S., Tomasovic, B., and Spitzer, G. An
improved cytogenetic technique for human solid tumors grown in adhesive-
tumor-cell culture system. Anticancer Res., 6: 973-976, 1986.

18. Paris Conference (1971), Supplement (1975): Standardization in human
cytogenetics. Cytogenet. Cell Genet., /5: 201-238, 1975.

19. Ahearn, M. J.. Trujillo, J. M.. Cork, J., Fowler, A., and Hart, J. S. The
association of nuclear blebs with aneuploidy in human acute leukemia. Cancer
Res., 34: 2887-2896, 1974.

20. Lee, J. S., Hopwood, V., Tomasovic, B., Hortobagyi, G., Spitzer, G., and
Pathak, S. A cytogenetic study of human primary breast tumor and nonma-
lignant breast tissue (Abstract). In: Proceedings of the Second International
Conference on Chromosomes in Solid Tumors, p. 43. Tucson, AZ: Arizona
Cancer Center University of Arizona, 1987.

21. Reichmann, A., Martin, P., and Levin, B. Karyotypic findings in a colonie
i illiHISadenoma. Cancer Genet. Cytogenet., 7: 51-57, 1982.

" Unpublished data.

22. Moertel, C. A., Dewald, G. W., Coffey, R. J., and Gordon, H. Cytogenetic
examination of colonie mucosa in familial polyposis (Abstract). In: Proceed
ings of the Second International Conference on Chromosomes in Solid
Tumors, p. 41. Tucson, Arizona Cancer Center University of Arizona, 1987.

23. Cram, L. S., Bartholdi, M. F., Ray, F. A., Travis, G. L., and Kraemer, P. M.
Spontaneous neoplastic evolution of Chinese hamster cells in culture: nuil
tistep progression of karyotype. Cancer Res., 43:4828-4837, 1983.

24. Klein, G. The role of gene dosage and genetic transpositions in carcinogen-
esis. Nature (Lond.), 294: 313-318, 1981.

25. Atkin, N. B., Baker, M. C., and Ferti-Passan-Tonopoulou, A. Chromosomes
change in early gynecologic malignancies. Acta Cytol., 27: 450-453, 1983.

26. Smith, M., and Spence, M. A. Report of the committee on the genetic
constitution of chromosomes 7, 8, and 9. Cytogenet. Cell Genet., 40: 156-
178, 1985.

27. Spurr, N. K., Solomon, E., Jansson, M., Sheer, D., Goodfellow, P. N.,
Bodmer, W. F., and Vennstrom, B. Chromosomal localization of the human
homologues to the oncogenes erbA and B. EM BO J., 3: 159-164, 1984.

28. Cooper, C. S., Park, M., Blair, D. G., Tainsky, M. A., Huebner, K., Croce,
C. M., and Vande Woude, G. F. Molecular cloning of a new transforming
gene from a chemically transformed human cell line. Nature (Lond.), 311:
29-33, 1984.

29. Huebner, K., ar-Rushdi, A., Griffin, C. A., Isobe, M., Kozak, C., Emanuel,
B. S., Nagarajan, L., Cleveland, J. L., Bonner, T. L, Goldsborough, M. D.,
Croce, C. M., and Rapp, U. Actively transcribed genes in the raf oncogene
group, located on the X chromosome in mouse and human. Proc. Nati. Acad.
Sci. USA, 83:3934-3938, 1986.

30. Downward, J., Yarden, Y., Mayes, E., Scrace, J. G., Totty, N., Stockwell,
P., Ullrich, A., Schlessinger, J., and Waterfield, M. D. Close similarity of
epidermal growth factor receptor and v-erb-B oncogene protein sequences.
Nature (Lond.), 307: 521-527, 1984.

31. Stoschek, C. M., and King, L. E., Jr. Functional and structural characteristics
of EGF and its receptor and their relationship to transforming proteins. J.
Cell. Biochem., 31: 135-152, 1986.

32. Cowley, G., Smith, J. A., Gusterson, B., Hendler, F., and Ozanne, B. The
amount of EGF receptors is elevated in squamous cell carcinomas. /;/.- A.
Levine, G. Vande Woude, W. Topp, and J. D. Watson (eds.). Cancer Cells,
Vol. 1, pp. 5-10. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory,
1984.

33. 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.

34. Hunts, J., Ueda, M., Ozawa, O., Abe, O., Pastan, I., and Shimizu, N.
Hyperproduction and gene amplification of the epidermal growth factor
receptor in squamous cell carcinomas. Jpn. J. Cancer Res., 76: 663-666,
1985.

35. 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 tumors. Br. J. Cancer, 54: 265-269, 1986.

36. Gullick, W. J., Marsden, J. J., Wittle, N., Ward, B., Bobrow, L., and
Waterfield, M. D. Expression of epidermal growth factor receptors on human
cervical, ovarian, and vulvar carcinomas. Cancer Res., 46: 285-292, 1986.

37. Perez, R., Pascual, M., Macias, A., and Lage, A. Epidermal growth factor
receptors in human breast cancer. Breast Cancer Res. Treat., 4: 189-193,
1984.

38. Fitzpatrick, S. L., Brightwell, J., Wittliff, J. L., Barrows, G. H., and Schultz,
G. S. Epidermal growth factor binding by breast tumor biopsies and relation
ship to estrogen receptor and progestin receptor levels. Cancer Res., 44:
3448-3453, 1984.

39. Sainsbury, J. R. C., Farndon, J. R., Sherbet, G. V., and Harris, A. L.
Epidermal growth factor receptors and estrogen receptors in human breast
cancer. Lancet, /: 364-366, 1985.

40. Libermann, T. A., RazÃ³n,N., Bartel, A. D., Yarden, Y., Schlessinger, J., and
Soreq, H. Expression of epidermal growth factor receptors in human brain
tumors. Cancer Res., 44: 753-760, 1984.

41. Libermann, T., Nusbaum, H. R., RazÃ³n, N., Kris, R., Lax, L, Soreq, H.,
Wittle, N., Waterfield, M. D.. Ullrich, A., and Schlessinger, J. Amplification,
enhanced expression and possible rearrangement of EGF receptor gene in
primary human brain tumors of glial origin. Nature (Lond.), 313: 144-147,
1985.

42. Koprowski, H., Herlyn, M., Balaban, G., Parmiter, A., Ross, A., and Nowell,
P. Expression of the receptor for epidermal growth factor correlates with
increased dosage of chromosome 7 in malignant melanoma. Somatic Cell
Mol. Genet., //: 297-302, 1985.

43. Neal, D. E., Marsh, C, Bennett, M. K., Abel, P. D., Hall, R. R., Sainsbury,
J. R. C., and Harris, A. L. Epidermal-growth-factor receptors in human
bladder cancer: comparison of invasive and superficial tumors. Lancet, /:
366-368, 1985.

44. Land, H., Parada, L. F., and Weinberg, R. A. Cellular oncogenes and
multistep carcinogenesis. Science (Wash.), 222: 771-778, 1983.

45. Lee, J. S., Blick, M., Milici, A., and Gutterman, J. Enhanced expression of
the epidermal growth factor receptor (EGFR) gene without gene amplifica
tion or rearrangement in uncultured non-small cell lung cancer (NSCLC).
Proc. Am. Assoc. Cancer Res., 28: 20, 1987.

6352

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2429499/cr0470236349.pdf by guest on 19 M

ay 2023




