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ABSTRACT

A cytogenetic analysis was performed on direct preparations and short-
term cell cultures of lung tumor and normal bronchial epithelium of 19
patients carrying either a first or a second primary lung cancer. In 9
tumors (6 squamous cell carcinomas, 1 adenocarcinoma, 1 mucoepider-
moid carcinoma, and 1 small cell lung carcinoma) successfully analyzed,
pseudodiploid and hyperdiploid karyotypes were observed with a heter
ogeneous pattern of chromosome abnormalities but with a consistent
involvement (5 cases) of the short or the long arm of chromosome 3. The
normal bronchial epithelial cells had a normal karyotype in 11 patients,
whereas in 6 patients clonal and nonclonal chromosomal abnormalities
were observed. Involvement of chromosome 7 was present in 4 cases.

In addition, overexpression of the growth factor receptors, epidermal
growth factor receptor and HER-2/neu, was found in 9 of 18 tumors and
in 6 of 13 bronchial epithelium samples. These findings suggest that
early genetic lesions could be present in the normal bronchial epithelial
cells that are the target of further complex and multiple genetic changes
occurring during the pathogenesis of lung cancer.

INTRODUCTION

Cytogenetic and molecular studies have provided evidence
that multiple genetic lesions occur during the pathogenesis of
lung cancer. In fact, chromosomal abnormalities, activation of
dominant oncogenes, and inactivation of tumor suppressor
genes have been described (1, 2). However, the sequence of
occurrence of these lesions during the multistep carcinogenetic
process is still unknown.

Bronchial epithelial cells are extensively exposed to chemical
and physical environmental carcinogens so that early mutagenic
events resulting in the initiation of several cells can be hypoth
esized.

A model for studying the role of environmental and genetic
factors in the pathogenesis of cancer is provided by the occur
rence of second primary tumors in the lung. In fact, patients
treated for a first cancer of the lung or of the upper respiratory
tract can develop a second cancer of the lung with a frequency
of 10-20%. Most of the second cancers occur metachronously,
on average more than one-half year after diagnosis of the first
tumor.

The aim of our study was to analyze the chromosome changes
in tumor cells in patients carrying either a first or a second
primary lung cancer and to investigate whether the normal
bronchial epithelium of these patients show cytogenetic abnor
malities which could be considered early genetic lesions predis
posing to the development of tumors of this district. In addition,
since an altered regulation of the growth control could be
regarded as an early event leading to the proliferation and
expansion of a cellular clone, the expression of the growth
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factor receptors EGFR1 and HER-2/neu was evaluated in tumor

cells as well as in the normal bronchial epithelium of the same
patients using specific monoclonal antibodies.

MATERIALS AND METHODS

Lung tumor and nonmalignant bronchial epithelial samples were
obtained at the time of surgery from 19 male patients. The normal
bronchial epithelium was taken from a main bronchus in a tumor-free
area. Cases 1-11 (Table 1) had a second primary tumor of the lung,
whereas cases 12-19 were carriers of a single malignancy. Twelve
patients had a squamous cell carcinoma, 4 had an adenocarcinoma, 1
had a mucoepidermoid carcinoma, and 2 had a small cell lung carci
noma (Table 1). In the patients with a second malignancy the first
tumor was diagnosed as squamous carcinoma of the larynx (cases 1, 2,
and 8), bladder carcinoma (cases 3, 4, 5, and 11), mucoepidermoid lung
carcinoma (case 7), squamous cell carcinoma of the lung (cases 9 and
10), and squamous oral carcinoma (case 6). Cases 2 and 3 previously
had, in addition, Hodgkin's disease and a non-Hodgkin's lymphoma,

respectively. These two patients received chemotherapy and radiother
apy 14 and 12 years, respectively, before the present analysis. All the
other patients had only surgical resection of the previous tumor without
any radio-/chemotherapeutic treatment.

Patients with prior bladder cancer were considered suitable for this
study on the basis of common etiological factors. All the patients had
a history of heavy smoking and no occupational exposure to carcino
gens. All samples were mechanically minced and enzimatically disag
gregated by digestion with 0.8% collagenase type II (Sigma Chemical
Co., St. Louis, MO) in culture medium for 18 h. The culture medium
used was RPMI 1640 (Whittaker Bioproducts, Walkersville, MD)
supplemented with 5% fetal calf serum (Flow Laboratories, Irvine,
Scotland) penicillin (200 units/ml), streptomycin (200 Â¿ig/ml),trans-
ferrin (10 Mg/ml), hydrocortisone (0.5 Mg/ml), epidermal growth factor
(5 Mg/ml) (Sigma), and insulin (5 Â¿ig/mg)(Eli Lilly, Indianapolis, IN).
Bronchial epithelial cells were cultured in plastic dishes, whereas tumor
cells were seeded in dishes coated with collagen (25 Mg/m') (Sigma)
alone or in combination with laminili (20 Mg/ml) (Flow Labs). Direct
preparations or short-term cell culture of 8-10 days were utilized for
the chromosome harvesting of tumor cells following the method of
Gibas et al. (3). Chromosome preparations from the normal epithelium
were performed within 1 week of culture without passages. G-banding
was achieved by Wright's stain or trypsin-Giemsa. PHA-stimulated

lymphocytes were analyzed in all patients in order to exclude constitu
tional abnormalities.

Karyotype was determined by analyzing at least 10 metaphases from
the bronchial epithelium cells, 2-10 metaphases from tumor cells, and
10 metaphases from lymphocyte cultures for each individual. Chro
mosome abnormalities were described following the International Sys
tem for Human Cytogenetic Nomenclature (4).

Electron microscopic study of the cultured normal bronchial epithe
lium was done in 2 patients. The cell cultures were fixed in situ with
2.5% glutaraldehyde in phosphate buffer, postfixed in 1% OsO4 in the
same buffer, and embedded in Epon.

Immunohistochemical analysis was performed on frozen sections
and on cell suspensions from both tumor and nonmalignant bronchial

1The abbreviations used are: EGFR, epidermal growth factor receptor; SCLC,
small cell lung cancer; NSCLC, non-small cell lung cancer.
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Table 1 Chromosome findings in tumor and normal bronchial epithelium samples

CaseNo.1234567891011121314IS16171819Age(yr)63467076626453687655646460707756735271HistologySQC"SQCADCADCADCSQCADCSQCsecSQCsecSQCSQCSQCSQCMucoepidermoidcarcinomaSQCSQCSQCTumorKaryotype46,

xy46,xy,del(3)(p21p23)46,xy,del(3)(p2

1p23),t( 12; 14)(q 13;q32)91
,xxyy,del(3)(p2 1p23),t( 12; 14)(ql3;q32),t(ll;14)(pI5;ql2),t(ll;15)(pl5;ql5)46,xy,t(3;15)(ql3;q26)46,xy,t(3;20)(ql3;ql3)46.xy,t(5;18)(q35;ql2)60,

multiple unidentifiedmarkers.HSR
andDMNENENENE46,xy,lqh+46,xy,inv(9qh)85,xxyy,del(3)(pl4p23),+2mar49,xy,del(3)(pl4pter).+t(3;?)(p25;?),+7p+(HSR;?),+marNE45,xy,-8,inv(2)(p22p24),3q+NENE46.xy,del(3)(pl4p23)46,xy45,x,-y45,

xy,â€”446,xy,inv(4)(pI5ql3)NENENENormal

bronchialepitheliumNo.

of mitosis No. of mitosis
analyzed analyzed

(abnormal/total) Karyotype(abnormal/total)3/164/165/164/163/102/101/104/108133/53/33/32/34/124/122/122/1246,

xy46,xy,del(7)(pl3pl4)46,xy46,xy,t(y;5)(ql2;q31)46,xy,del(3)(p22p23)46,xy,t(4;

17)(q 12;q22),t( 15:18)(q23;q22)46,xy,inv(7)(p22q22),t(3;

14; 17)(p2 1;q23;q22)46,xy,7p+46,xy,t(l;22)(q25;ql3)46,xyNE46,xy,lqh+46,xy46,xy,lqh+46,xy,inv(9qh)46,xy,46,xy,-l7,+946xy,+7,-846,xy,inv(9qh)46,xy46,xy,del(3)(p22p23)inv(9qh)46,xy46,xy,dic(4;7)(q22;q21)46,xy46,xy,lqh+NE46,xy46,xy,mar

die46,xy46,xy,del(7)(pl3pl4)46.

xy5/138/133/91/91/91/91/91/91/910101019104/61/61/683/85/86/115/111010103/107/114/1110
* SQC, squamous cell carcinoma; ADC. adenocarcinoma; SCC. small cell carcinoma; NE, not evaluated.

cells. The immunoperoxidase technique was performed on frozen sec
tions with avidin-biotin peroxidase complex kits (Vector, Burlingame,
CA). Indirect immunofluorescence on cell suspensions was carried out
using fluorescein isothiocyanate-conjugated goat anti-mouse immuno-
globulin (Meloy Laboratories Inc., Springfield, VA) (5).

The MAbs used were MGR1 and MGR2 directed against epidermal
growth factor receptor (6) and p 185 HER-2/neu (7), respectively.

RESULTS

Table 1 summarizes the cytogenetic findings in the lung
tumors and in the nonmalignant bronchial cells. Nine of the 19
tumors were successfully analyzed, 7 showed aneuploid, and 2
showed a normal diploid karyotype. The cytogenetic analysis
of the normal bronchial epithelium was successful in 17 of 19
patients.

In tumor cells the chromosome number was in a near-diploid

range in 6 cases, whereas in 3 samples hypotriploid (case 2)
and hypotetraploid clones (cases 1 and 9) were observed. The
most consistent chromosomal change involved chromosome 3.
In the 5 squamous cell carcinomas, a del(3p) was noticed in 3
patients, with a proximal breakpoint at pi4 (cases 10 and 15)
and p21 (case 1), and a distal breakpoint at p23. The other 2
cases showed translocations of 3q resulting in a 3qâ€”(case 2)

and in a 3q+ (case 12) marker chromosome. Chromosomes 2,
5, 7, 11, 12, 14, 15, 18, and 20 were also involved in structural
rearrangements. Case 9 was a SCLC and had a del(3)(pl4p23)
and 2 unidentified marker chromosomes. In case 16, a muco-

epidermoid carcinoma, the only structural alteration was an
inv(4)(pl5ql3). Cases 7 and 8 revealed a normal diploid kary-
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otype. Partial karyotypes from tumor samples are shown in
Fig. 1.

The normal bronchial epithelial cells had a normal karyotype
in 11 patients, whereas structural chromosomal abnormalities
were identified in 6 patients with either a first or a second
primary tumor (cases 1, 2, 11, 12, 17, and 18). Chromosome 7
was involved in 4 cases: cases 1 and 18 had a clonal del(7)(pl3-
p 14), case 12 showed a clonal dic(4;7)(q22;q21 ), and case 2 had
multiple stable chromosome rearrangements of nonclonal ori
gin, involving chromosome 7 and several other chromosomes.
A clonal del(3) (pl4p23) was present in case 11 and an uniden
tified dicentric marker in case 17. Partial karyotypes are shown
in Fig. 2.
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Fig. 2. Partial karyotypes from lung epithelium samples. Arrows, rearranged

chromosomes. See Table 1 for description.

Fig. 3. Phase-contrast micrograph of the bronchial epithelial cell outgrowth
(x 56).

15 ft-

16

Fig. I. Partial karyotypes from lung tumor samples. Arrows, rearranged chro
mosomes. See Table 1 for description.

In patients 1, 2, and 12, in whom both the normal epithelium
and the tumor sample showed chromosomal rearrangements,
the abnormalities observed in the bronchial epithelial cells were
not observed in the tumor cells.

Phase microscopy and ultrastructure studies of the cultured
normal bronchial epithelium confirmed their epithelial nature
(Figs. 3 and 4).

A normal diploid karyotype with no evidence of constitu
tional fragility at specific chromosomal sites was observed in
peripheral blood lymphocytes of all the patients.

Overexpression of EGFR and/or HER-2/neu was found in 9
of 16 tumors and in 6 of 13 bronchial epithelium samples
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Fig. 4. Electron micrograph of the cultured bronchial epithelial cells lining a
bronchial lumen. The cells are connected by tight junctions and desmosomes and
show microvilli, mucous granules, and tonofilaments (x 17,250).

Table 2 Overexpression ofEGFR and/or HER-2/neu in tumor and normal
bronchial epithelium samples

CaseNo.2357810121516171819TumorEGFR

+EGFR
+NEU
+EGFR

+NEU
+EGFR
+NEU
+EGFR
+NEU
+EGFR

+NEU
+EGFR
+NEU
+EGFR
+EGFR

+Normal

bronchial
epitheliumEGFR

+NEU
+EGFR

+NEU
+EGFR
+NEU
+EGFR

+NENENEEGFR

+

Fig. 5. Immunoperoxidase test performed with MGR2 on a frozen section of
lung carcinoma.

(Table 2; and Fig. 5). Patients with a first or second primary
lung cancer did not differ in the pattern of EGFR and HER-2/
neu overexpression in their tumor samples. In normal epithelial
samples EGFR overexpression was seen in patients with both

a first or a second primary tumor, whereas HER-2/neu over-
expression was observed only in the bronchial epithelium sam
ples of 3 patients with a second primary cancer (cases 3, 5, and
7).

DISCUSSION

Our analysis has revealed a complex and heterogeneous pat
tern of chromosomal abnormalities in the different tumor sam
ples examined. However, an overlapping deletion spanning
from 3pl5 to 3p23 was present in 3 of 5 cases of squamous cell
carcinomas, pointing to this region as critically rearranged in
this histolÃ³gica! type of NSCLC. It is noteworthy that previous
studies have demonstrated a del(3)(pl4p23) as a typical feature
of SCLC (8), whereas this cytogenetic abnormality in NSCLC,
although observed at a molecular level (9), has been reported
in only a few cases, mostly in established cell lines (10), met-
astatic specimens, and pleural effusions (11-13). Our findings
of a del(3p) in 2 direct preparations and in a primary culture
from NSCLC, as well as in a direct preparation from a SCLC,
confirm that this lesion is a prominent feature in squamous cell
lung cancer also and suggest that a cluster of genes, most likely
with oncosuppressor function, located at 3p could be associated
with the neoplastic transformation of different cell types in the
bronchial mucosa.

A recurrent involvement of 3q should also be noted since in
2 patients with squamous cell carcinoma a 3qâ€”and a 3q+
marker chromosome were found. A 3qâ€”chromosome has been

reported, in addition to other abnormalities, in cell lines estab
lished from SCLC (14), adenocarcinoma (10), and large cell
lung cancer (13).

Three apparently unrelated clones carrying as the sole abnor
mality an inv(4), monosomy 4, and loss of Y have been found
in tumor cells from a mucoepidermoid carcinoma. To our
knowledge, cytogenetic studies of this histolÃ³gica! subtype have
not been previously reported.

The finding of abnormal karyotypes in normal bronchial
epithelial cells of 6 of 17 patients is noteworthy since in 5 cases
stable and clonal structural chromosome rearrangements were
observed. All 5 patients were untreated and were carriers of a
second or first primary tumor. Another patient had stable, but
nonclonal rearrangements in the majority of the cells analyzed.
Although the latter patient had received radio-/chemotherapy
for Hodgkin's disease 14 years before the present analysis, it is

unlikely that the observed rearrangements could be related to
the treatment because of the long interval elapsed from the
therapy, the absence of chromosome changes in peripheral
blood, and the observation that unstable chromosome aberra
tions, as gaps and breaks, were not seen in the bronchial cells.
Moreover, case 3, who received similar treatment for a lym-
phoma, did not show either stable or unstable chromosome
changes in the bronchial epithelium or in the peripheral blood.
The chromosome abnormalities observed in the bronchial epi
thelium of the 6 patients were different but in 4 cases involved
chromosome 7. Extracopy, inversion, and translocation of 7p
were observed in 2 patients. Since the EGFR gene has been
localized to 7p 12-13 (15), changes in this chromosomal region
could interfere with the growth regulatory system as demon
strated in other epithelial tumors (16, 17). Cases 1 and 18
shared a similar del(7)(pl3pl4). This rearrangement seems
particularly interesting since the finding of chromosomal dele
tions and monosomies has been associated in some tumors with
the inactivation of oncosuppressor genes (18). These findings,
together with the description of trisomy 7 in both tumor and
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nonmalignant normal lung tissue from 1 of 5 cases of adeno-
carcinoma and 1 of 4 cases of squamous cell carcinoma, re
ported by Lee et al. ( 19), suggest a key role for chromosome 7
in the early stages of lung cancer. A del(3)(p22p23) was present
as a clonal change in the normal bronchial cells of case 11 who
carried a SCLC as a second malignancy. Although we did not
obtain the karyotype of the tumor cells, it is interesting that
this typical abnormality of SCLC (8) appeared in the nonmalig
nant bronchial mucosa. In cases 1, 2, and 12 the chromosome
aberrations found in normal bronchial cells were not maintained
in the tumor cells. The most likely explanation is that a loss or
a further rearrangement of the abnormal chromosomes should
have occurred during the process of neoplastic transformation.

Overall, the karyotypes observed in these nonmalignant cells
had a diploid chromosome number and showed balanced struc
tural alterations or small deletions. These observations are in
keeping with the concept that, when a genomic destabilization
occurs in a not yet transformed cell, it should be still restrained
and compatible with most of the normal cell functions. How
ever, the occurrence of stable structural chromosome abnor
malities support the hypothesis that early genetic lesions can
be present in the normal bronchial epithelial cells, thus predis
posing to the development of tumor(s) of this district. This
hypothesis agrees with a "field cancerization" process (20) by

which carcinogens can exert an early mutagenic effect in several
fields of the bronchial epithelium producing irreversible
changes. Heim et al. (21, 22) gave support to this theory with
the description of multiclonality in squamous cell carcinomas
of the skin and of the tongue.

Further indication of a loss of genomic stability comes from
the observation of increased expression of the growth factors
receptors EGFR and HER-2/neu in the normal bronchial mu
cosa of 6 of 13 patients with either a first or a second primary
tumor. These results suggest that an early alteration of growth
control could provide these cells with the ability to continually
proliferate and/or to escape terminal differentiation. Over-
expression of EGFR has been also found in 9 of 16 tumors, a
finding previously reported (23-25), whereas the overexpres-
sion of HER-2/neu, observed here in 6 of the 16 fresh lung
tumors, has been described in established cell lines of lung
adenocarcinomas (26). Taken together these findings, which
need to be confirmed, support the hypothesis that chronic
damage of the bronchial epithelial cells can result either in a
cytogenetic instability or in a misregulation of the normal
growth control. The progression toward the full tumorigenicity
will than be accomplished by further multiple genomic changes
which occur during the multistep pathogenesis of lung cancer.
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