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ABSTRACT

The modal chromosome number of 13 non-small cell lung carcinomas
placed into culture was compared to the DNA index of the tumor tissue
as measured by flow cytometry in order to determine whether cytogenetic
results from such cultures are representative of the original solid tumor.
The modal chromosome number observed in culture, which ranged from
45-146, fell within the range of aneuploidy predicted from the DNA
content of the original tissue in all 13 cases. In 7 cases, flow cytometry
results showed that the aneuploid (,,(,â€žpopulation of the tumor tissue
(DNA index of 1.5 or higher) represented 11-76% of the cells present,
while diploid cells (presumably normal tissue) made up the remainder of
the population. In these 7 cases, modal chromosome numbers of 61-92
were found in tumor cells cultured from the tissue. In 3 cases, only a
diploid or near-diploid population was found by flow cytometry, consistent
with the near-diploid modal chromosome number of cultured cells ob
served (45-55). In 3 cases, the aneuploid Gi/G0 population (DNA index
of 1.5, 1.6, and 3.2) of the original tissue represented only a small fraction
of the solid tumor (1-5% of cells). Modal chromosome number found in
cells cultured from these 3 cases was 64-69, 62-68, and 136-146, which
is in close agreement with the aneuploid peak observed in the tissue.
HistolÃ³gica!analysis of the tumor tissue in two of the latter cases showed
large numbers of infiltrating lymphocytes and/or stromal tissue which
could have dominated the measurement by flow cytometry. In the third
case, tumor cells made up at least 75% of the specimen examined,
implying that part of the population in the "diploid" peak contained

tumor cells in this specimen. Only the aneuploid population was detected
in culture of this tumor. Agreement between flow cytometry and cytoge-
netics was found in cases in which metaphase spreads Â»ereobtained
within a few days of culture as well as after several months. These results
indicate that highly aneuploid populations are found in many, but not all,
non-small cell lung tumors. Although in some cases multiple populations
may exist in the tumor which do not all proliferate in vitro, tumor cells
which are found in culture of solid lung carcinomas are representative of
the original tumor. Flow cytometry findings in the solid tumors confirmed
the findings of aneuploidy observed by cytogenetic analysis.

INTRODUCTION

Detailed karyotypic analysis of solid lung tumors may reveal
specific chromosomal abnormalities that have clinical signifi
cance in prognosis and therapy; these alterations may be indic
ative of important molecular events in lung cancer etiology.
Solid tumors, particularly solid non-small cell lung tumors,
often have a low mitotic index and are very difficult to analyze
cytogenetically (1-3). Most studies have been performed on
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metastatic lesions, effusions, or cell lines (4-6). We have re
cently compiled detailed karyotypes from 21 cases of non-small
cell lung cancer by using several different culture techniques
(7). These results included karyotypes from 16 fresh primary
tumors, 2 pleura! effusions, and 3 cell lines. Since it was
important to determine whether tumor cells undergoing cell
division in culture are representative of the original tumor
tissue, we compared the modal chromosome number for a series
of primary and established lung tumor cultures with the DNA
content of the original tissue as determined by flow cytometry.
We also examined the histology of tumor specimens to aid in
the interpretation of flow cytometry results. Among 24 cases
for which we were able to obtain a modal chromosome number,
tissue was available for flow cytometry in 13. The results for
these 13 cases are reported here.

MATERIALS AND METHODS

Tumor Cell Culture. Two methods were used to obtain primary
cultures of solid lung tumors. In the first method, mechanical means
were used to disaggregate solid tumors. Tissue was minced with two
scalpels in RPMI 1640 medium containing 10% FBS,1 antibiotics, and

antimycotics. Hard specimens were also dissociated further by shaking
tumor pieces 3-5 h in the above medium with 0.5 mg/ml collagenase
A (Boehringer Mannheim). After disaggregation, cells were washed
twice in Hanks' balanced salt solution and single cells and aggregates

were plated directly into plastic tissue culture flasks using RPMI
supplemented with 10% FBS plus antibiotics and antimycotics. In three
cases at least one successful harvest was performed within the first 7
days. In six cases the harvests were performed between 9 and 28 days,
and in one case in which this method was used, chromosomes were
examined at passages 9 and 12 from a cell line established from the
tumor (Table 1).

In the second method, 3T3 fibroblasts inactivated by treatment with
mitomycin C were used as a feeder layer for attachment of primary
tumor tissue (8). Tumor specimens were trimmed of necrotic tissue and
nontumorous tissue and minced between two scalpels. The tissue ag
gregates and fragments were triturated in a 10 nil pipet and plated into
confluent flasks of inactivated 3T3 cells. Tumor cells were cultured in
50% Hams's F-12 medium containing 1% FBS and 50% basal Eagle's

medium containing 1% FBS, which was conditioned for 48 h by A549
cells (9). The basal Eagle's medium was centrifuged at 1800 rpm for 10

min and filtered through a 0.22-Mm filter before being added to fresh
Hams's F-12 medium for use in culturing primary tumor tissue. Me

dium was also supplemented with antibiotics and antimycotics. After
primary tumor tissue was plated, cells were allowed to attach for 48 h,
and nonattached tissue aggregates were removed to additional flasks to
increase the total number of cells attaching. All flasks were monitored
for colonies of tumor cells, which usually developed in 7-14 days. Cells
from primary tissue in two cases were harvested for chromosomal
analysis between 9 and 27 days after initiating primary cultures. In five
cases, chromosomal analysis was performed between passage 3 and 8,
on cell lines produced from primary lung tumors (Table 1).

In two cases, specimens were placed in culture using both methods.
The modal chromosome number was the same regardless of method
(Table 1), but a higher mitotic index was observed using feeder cells.

1The abbrev iation used is: FBS. fetal bovine serum.
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MODAL CHROMOSOME NUMBER AND DNA INDEX OF LUNG TUMORS

Table I DIVAindex and modal chromosome number of primar)- lung tumors

Specimen
no.119091-86DiagnosisAdenocarcinomaAdenosquamousHistolÃ³gica!findingsModerate

stromal com
ponent(-30%)Moderate

infiltration of
lymphocytes (50%)
with minimal stromal
(20%)DNA

index of
primarytumor1.0

1.71.0

1.9GÃ¬/Co

cells
(% oftotal)137666

19Modal

chromosome
no. of tumorculture62-7468-76Time

of
chromosome

harvest9

daysPassage

6 (cell line)Culture

methodused"12

1186

764

Adenocarcinoma Moderate stromal com
ponent (-30%)

Adenocarcinoma Pleomorphic tumor
with minimal stroma

101-87 Squamouscell Prominent stroma and
heavy infiltration of
lymphocytes (>90%)

1.0

1.0

93

68
(asymmetric)

93

45 6. 10 days

51-53 Passages 9, 12 (cell line) 1

48-55 Passage 8 (cell line)

121812401302105-871063119-8711021262AdenocarcinomaLarge

cellSquamous

cellLarge

cellLarge

cellSquamous

cellSquamous

cellAdenosquamousModerate

stromal com
ponent(-30%)Moderate

stromal com
ponent(-50%)Moderate

stromal com
ponent(-50%)Prominent

stromaandheavy
infiltrationoflymphocytes

(>90%)Heavy

infiltrulionoflymphocytes
(>90%)Poorly

differentiatedtumor
withminimalstroma

(25%)Moderate

stromal com
ponent(-30%)Not

determined1.01.91.01.91.01.81.01.71.01.51.03.21.01.63.11.01.63.126"11Â»701853309517858452435306691882-858462-6862-6864-69136-14661-92(60%,

61-92)(40%,
47-60)67-719,

27 days 1 and27,

12 days 1 and26

days1Passage

3 (cell line)228

days1Passage

4 (cell line)221

days1Passage

3 (cell line) 2

" See "Materials and Methods."
* The quality of this specimen was poor. A high proportion of the tissue contained debris that could not be gated out. A high number of cells also fell outside the

G./Go and G:M peaks.

Chromosome Harvest. Cultures were exposed overnight to colcemid
(Gibco Laboratories) at a concentration of 0.01 Mg/ml. For cell cultures
exhibiting a high proliferation rate, a 2-h exposure to colcemid was
used. To inhibit chromosome contraction during prolonged treatment
with mitotic arrestant, cells were sometimes exposed to ethidium bro
mide (10 ^ig/ml) for 2 h prior to termination of the culture. Cells were
collected by trypsinization and centrifuged at 1000 rpm. In early
cultures, any nonattached tumor cells were included with cells removed
by trypsinization. If trypsin-resistant adherent cells were observed, they
were removed from the flasks with a cell scraper. Trypsin activity was
inhibited by resuspension in medium containing 10% FBS. The cells
were pelleted by centrifugation, washed with phosphate-buffered saline,

and resuspended in hypotonie medium (either 0.075 M KC1 or 4 parts
0.075 M KO: 1 part 1% sodium citrate) for 30 min at 37Â°Cfollowed

by fixation in a 3:1 mixture of methanohacetic acid. Metaphase spreads
were prepared on slides by a steam-drying technique. Chromosomes
were G-banded for analysis. Four to 29 metaphase spreads were kary-

otyped/specimen. Whenever possible we attempted to obtain chromo
some counts on at least 10 metaphase cells/specimen to determine the
modal chromosome number. In two cases (1063. 1302) the mitotic

index was very low and only 4 and 6 analyzable mitotic cells were
found, respectively.

Flow Cytometry. Thirteen tumors were analyzed. This included four
paraffin blocks and nine frozen tissue sections, seven of which had
matched normal samples of uninvolved lung tissue. Paraffin blocks
were prepared by a modified technique of Medley et al. (10). Two 50-
^m sections were deparaffinized with xylene, rehydrated in a series of
decreasing concentrations of ethanol, washed, resuspended in a 0.5%
pepsin solution for 30 min at 37Â°Cwith vortexing at 10-min intervals,

and filtered through a 54-^m nylon mesh. Samples were loaded on a

discontinuous gradient consisting of 1.75 M sucrose and 1.5 M sucrose
at room temperature. They were centrifuged at 800 x g for 45 min.
The pellet was washed in Dulbecco's modified Eagle's medium contain

ing 10% FBS and resuspended in DNA fluorochrome buffer (0.04 M
Tris-5 mM MgCl3-0.3% NaPO4-0.05 mg/ml propidium iodide 1 mg/
ml RNAse A, pH 7.0) and incubated in the dark for 35 min at 37Â°C.

Each sample was filtered through a 37-^im mesh before running on the
flow cytometer. Frozen sections were prepared for analysis by the
method described by Dressier et al. (11). The frozen tumor was pulver
ized in a mortar and pestle with liquid nitrogen. Approximately 100
mg of tumor was added to 1.5 ml homogenization buffer (0.5 Msucrose-

3268

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/12/3267/2443972/cr0510123267.pdf by guest on 19 M

ay 2023
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1.5 mM MgClj-0.04 MTris, pH 7.4), gently hand homogenized, filtered
through a 210-Mfn mesh, and then filtered through a 54-nm mesh. The

suspension was layered over a discontinuous sucrose gradient composed
of 1.75 M sucrose and 1.5 M sucrose. After centrifugation at 800 x g
for 40 min at 4Â°C,the pellet was resuspended in 1 ml of Dulbecco's
modified Eagle's medium plus 10% FBS. After adjustment to 2 x IO6

cells/ml, the material was pelleted and 1.0 ml of Krishan buffer (0.1%
sodium citrate, 0.2 mg/ml RNAse A, 0.3% Nonidet P-40. a nonionic
detergent purchased from Sigma, and 0.5 mg/ml propidium iodide)
was added with vortexing for 10 s. The suspension was incubated in a
covered ice bath for 30 min to 1 h. After centrifugation at 280 x g the
buffer was decanted and the cells were resuspended in fresh buffer. The
samples were filtered through a 37-^m mesh before running on the flow
cytometer.

Ethanol-fixed chicken erythrocyte nuclei (Becton-Dickinson) were
used for alignment and to calibrate the FACScan flow cytometer
(Becton-Dickinson) with a peak coefficient for variation of <2.5%.
Twenty thousand events were collected for each analysis with a doublet
discrimination module. Paraffin-embedded lymph nodes and normal
lung and frozen normal lung tissue from the patients were used as
controls. Data were analyzed with the Cell Fit software (Becton-Dick
inson), version 2. Because of differences in uptake of propidium iodide,
diploid peaks are observed at a lower channel in formalin-fixed tissue
compared to frozen tissue. We verified results in each case by using
both normal tissue which was formalin fixed and embedded and frozen
normal tissue as controls. The lower channels were gated out in most
cases because of debris in all specimens. This debris typically fell outside
of the normal diploid peaks for both formalin-fixed and frozen tissue.
Also, analyses were performed with and without the doublet discrimi
nation module.

Histogram Classification. Histograms with a single symmetrical G,/
Go peak were classified as diploid type. If another G,/G0 peak, either
pointed or rounded, was present, the histogram was classified as aneu-
ploid. Histograms with a prominent G2/M peak and with a correspond
ing octaploid peak were classified as tetraploid. The G, peaks with
slight asymmetry were called near diploid. The peak with the least
DNA content was designated as the diploid peak when calculating the
DNA index. The coefficient of variation of the Gi/Go peaks varied from
2.6-9.2% with a mean of 4.5%.

Histological Classification. Formalin-fixed, paraffin-embedded sec
tions were rehydrated and stained for 10 min with Meyer's hematoxylin,

treated with ammonia water, and mounted. Sections were also immu-
nostained with antibodies for keratin, carcinoembryonic antigen, and
SP-1 glycoprotein to aid in distinguishing tumor cells as described
before (9). Lung carcinomas were typed according to the World Health
Organization classification (12).

RESULTS

Lung tumor tissue attached to flasks and formed outgrowths
of epithelial-like cells within 1-10 days (Fig. \A). Individual
carcinoma cells also attached and grew as adherent colonies
(Fig. IB) and in some cases were subculturable (Fig. 1C).
Cultures were exposed to colcemid and harvested at times
ranging from 6 days to 15 weeks, depending on the growth rate
of the culture. In some cases several harvests were required
before a sufficient number of metaphase cells was found. An
illustration of the quality of the metaphase spreads is shown in
Fig. 2. Modal chromosome number or modal range for each
tumor specimen is indicated in Table I.

Frozen or fixed and embedded tissue was used to assess DNA
index of primary tumor by flow cytometry. Fig. 3 shows cell
cycle analyses for three such specimens. For specimen 1190
(Fig. 3/1), there was a dominant aneuploid peak along with a
small diploid peak. The diploid peak most likely results from
normal cells present within the tumor, while the aneuploid peak
results from the carcinoma cells. It is also possible that some

Fig. 1. Phase-contrast photomicrographs of lung tumor tissue in culture using
3T3 fibroblast feeder layers. A, primary tissue attached to flask, showing tumor
cells growing out from tissue fragment, x 800: B. primary lung tumor cell colonies
grow ing on 3T3 feeder cells, x 800; C, long-term culture of tumor cells, passage
3, showing epithelial colony growing on feeder cell layer, x 800.

malignant cells have a near-diploid karyotype but were not
observed in our cytogenetic analysis of cells in culture. The
aneuploid population contains cycling cells, as evidenced by the
presence of a 4 N cell population at channel 1000 (Fig. 3/4).
The DNA index of the aneuploid population was 1.7, which
appears to correlate well with a modal chromosome number of
62-74, as found in the cells cultured from this tumor (Table 1).
Fig. IB shows results of flow cytometry for specimen 91-86,
which was analyzed from formalin-fixed, paraffin-embedded
tissue. In this specimen, a diploid G,/G,> peak was found which
represented 66% of the cells, as well as an aneuploid Gt/G0
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Fig. 2. Metaphase spreads of cultures from non-small cell lung tumors. A, specimen 101-87: metaphase cell containing 64 chromosomes; B, specimen 764:
metaphase cell containing 53 chromosomes; C. specimen 1262: metaphase cell containing 71 chromosomes; D. specimen 1302: metaphase cell containing 63
chromosomes. Arrows, a few of the prominent karyotypic abnormalities observed. Karyotypes of cases 101-87. 764, and 1302 have been described in detail in Ref. 7.
Case 1262 will he described in detail elsewhere.4

peak with a DNA index of 1.9, which was seen in 19% of the peaks found in frozen tumor specimens (Fig. 3, A and C)
cells. The diploid peak is in a lower channel than the diploid because formalin fixation affects the binding of propidium

'J.R. Testa. J-Y. Zhou. T. Taguchi. J. Rcsau. J. Hunt, and J. M. Siegfried. iodide tO DNA Although the aneuploid peak in this case is
manuscript in preparation. close to a 4 N value for the diploid peak, the population is
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Fig. 3. Results of flow cytometry analysis for three tumor specimens. A,
specimen 1190 (frozen block), which contained a diploid peak of cells in Gi/G0
phase with a peak channel of 301. making up 13% of cells, and an aneuploid peak
of cells in GÃ¬/Cophase, making up 76% of cells with a peak channel of 513. A
small aneuploid G:/M peak was also discernible at channel 1000. Results are
reported without gating to make the small aneuploid peak more apparent. B,
specimen 91-86 (paraffin block), which contained a diploid Gi/G0 peak at channel
169. and an aneuploid d/G0 peak at channel 329. A small G2/M peak is also
observed for the aneuploid population at channel 640. The diploid peak for this
specimen is in a lower channel than seen with the frozen material because of
formalin fixation and paraffin embedding. This is controlled for using both
chicken erythrocytes and paraffin-embedded lymph nodes as standards. Matched
patient controls showed a G2/M peak of 1%. Results are reported without gating.
C, specimen 1186 (frozen block), which contained a single peak of diploid cells
in GÃ¬/Cophase at channel 321. and a small G2/M peak at channel 595. Debris
was gated out in this example.

probably too large to represent the G2/M population of the
normal cells. Also, a matched control of the patient's normal

lung tissue had a G2/M population of 1%. In addition, a small
but discernible 4 N peak for the aneuploid population is seen
at channel 640, indicating that the aneuploid peak contains
dividing cells. The modal chromosome number of this tumor
in culture ranged from 68-76 (Table 1). Within the accuracy of
DNA content measurable by flow cytometry, this is consistent
with a DNA index of 1.9. Duplication of the larger chromo
somes may also contribute to a higher DNA index in this case.
In Fig. 3C, results from specimen 1186 are shown. In this
tumor, a single diploid peak was observed, along with a small
4 N peak which represents the G2/M population. The DNA
index of 1.0 correlated with the modal chromosome number of
45 (Table 1), found in the tumor culture, which would not be
discernible from the diploid number of 46 by flow cytometry.

Table 1 summarizes our results for each specimen. In all 13
cases, there was very good agreement between the modal chro
mosome number and the DNA index found by flow cytometry.
In two of these cases, 764 and 101-87, the exact DNA index

was difficult to calculate. In case 764, the single G|/G0 peak
was asymmetric, suggesting a pseudodiploid population. This
specimen contained no significant stroma or other normal
population to contribute to a diploid Gi/G0 peak in the sections
used for flow cytometric analysis. In case 101-87, the G,/Go
peak was symmetric (coefficient of variation, 3.6%) and the G2/
M peak was very small. The DNA peak in this specimen
probably also resulted from a combination of diploid and near-
diploid cells. The flow cytometry results for these two speci
mens agreed well with modal chromosome numbers of 51-53
and 48-55, respectively, found in cultured tumor tissue. In
cases 1218, 1240, and 1302, there was also good agreement
between the two values (Table 1).

In three cases, 105-87, 1063, and 119-87, although there
was good agreement between the modal chromosome number
and the flow cytometry results, the aneuploid Gi/G() population
of the tumor tissue was very small (between 1 and 5% of cells).
Histological analysis of the tumor tissue in case 1063 revealed
a heavy infiltration of lymphocytes, representing at least 90%
of the tissue. Thus, a finding of 5% aneuploidy is not surprising.
In case 105-87, histolÃ³gica! analysis showed that this tissue
also contained prominent stroma, lymphocyte infiltration, and
very few tumor cells, which is consistent with the observed 1%
aneuploidy. No diploid metaphase cells were observed in culture
from either of these cases. This suggests that diploid cells within
these two tumors probably are not malignant. In the third case,
119-87, histological analysis showed that the tissue was com
posed of at least 75% tumor cells, even though the aneuploid
peak represented only 5% of the tissue (Table 1). Cells cultured
from this tumor had a near-hexaploid modal number of 136-
146, consistent with the DNA index of 3.2 seen in the minority
aneuploid peak. This suggests that a portion of the tumor was
near diploid and that these cells did not proliferate in culture.
Since the chromosomal analysis was performed on cells at
passage 4, it is not known whether malignant near-diploid cells
were originally present in the culture.

In two cases, 1102 and 1262, two aneuploid populations
(multiploid) were observed by flow cytometry. In case 1102, a
near-triploid G,/G0 peak with a DNA index of 1.6 was ob
served, representing 35% of cells, along with an aneuploid GÃ¬/
G,, peak with a DNA index of 3.1, representing 30% of cells.
This latter peak probably consists of a combination of dividing
aneuploid cells (the G2/M peak) and aneuploid cells in which
chromosome duplication has taken place (near-hexaploid cells).
In this case, both aneuploid peaks were very broad, with coef
ficients of variation of 7.4 and 5.5, indicating that several
populations of aneuploid cells may have been present. In cells
cultured from this tumor, widely varying chromosome numbers
were observed, ranging from 47-92 chromosomes. In 6 of 10
metaphase cells, the modal number was 61 or higher. This
indicates that several populations were cultured from the orig
inal tumor and that the cells which were cultured reflected the
complex flow cytometry results. We did not observe any hex-
aploid cells in culture from this case, but one cell had 279
chromosomes (approximately 12 N). Hexploid cells may not
have been identified in culture, because metaphase spreads
containing high numbers of chromosomes are likely to contain
numerous overlaps and may not be analyzable.

Case 1262 also contained two aneuploid populations with
DNA indices of 1.6 and 3.1. The latter aneuploid Gi/G0 pop
ulation (18% of cells) is too large to represent the G2/M
population of the first aneuploid peak (9% of cells) and, there
fore, probably also contains near-hexaploid cells which arose
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from polyploidization of the near-triploid population. No met-
aphase spreads from this larger aneuploid peak were observed
in culture. The modal number observed, 67-71, is consistent
with the DNA index of the first aneuploid peak (1.6).

In most cases the aneuploid population did not represent the
majority of cells in the tumor tissue. Histological analysis
showed that stroma and necrosis were present to varying extents
in the primary tissue, and in general the extent of aneuploidy
by flow cytometry agreed with the histolÃ³gica! finding (Table
1).

DISCUSSION

Karyotypes of cultured non-small cell carcinomas are often
complex, with multiple numerical changes and structural ab
normalities. Because it has been so difficult to obtain karyotypes
from these solid tumors, and because those which were obtained
were often from cell lines or metastatic lesions, it was uncertain
whether the abnormalities observed were found in primary
tumor tissue or whether they arose during culture or donai
expansion in vivo during the development of mÃ©tastases.We
have reported several chromosomal abnormalities which oc
curred in >50% of the non-small cell lung tumors which we
successfully examined (7). These abnormalities were found in
16 primary tumors, 2 effusions, and 3 cell lines. Thus, it
appeared from our results that complex karyotypes are char
acteristic of primary lung tumors as well as cell lines or met
astatic cells. In order to confirm this interpretation, we com
pared the DNA index of the original solid tumors with the
modal chromosome number. This analysis was performed on 7
specimens in which the modal chromosome number was ob
tained early in culture and 6 in which cell lines at passages 3-
12 were used. Seven of these cases were also part of the karyoype
study we performed previously. Cell lines were used in some
cases because the quality of metaphase spreads in short-term
cultures was so poor that repeated harvests were necessary for
successful analysis. Five of 6 of these cell lines were established
using the feeder cell/conditioned medium method, which we
have previously described as having a high success rate for
sustaining in vitro growth of lung tumors (13). This method
has allowed us to establish 15 cell lines from non-small cell

primary tumors.
We observed highly aneuploid malignant cells in 10 of 13

cases (77%) and near-diploid malignant cells in 3 cases. This
incidence of aneuploidy is similar to the occurrence reported
by other investigators (14-16) in non-small cell carcinomas
(84-97% of cases by flow cytometry). Both the presence of
aneuploidy (16-18) and the percentage of aneuploid cells (19)
has been correlated with shorter survival times for non-small
cell lung cancer. Although this has been attributed in part to an
association between late stage disease and aneuploidy, two
recent studies have shown the correlation between aneuploidy
and survival to be independent of stage (20, 21). If more data
were available concerning specific chromosomal abnormalities
in solid lung tumors, a relationship with prognosis might be
found. Our data indicate that it is feasible to obtain such
information from cells cultured from primary lung tumors.

The agreement we found between chromosome number and
DNA index indicates that cells which adapt to culture come
from the major aneuploid or near-diploid component of the
solid tumor in most cases. Although we found one case in which
the "diploid" peak of the tumor probably did contain malignant

cells, we detected no metaphases from that population in cul

ture. Because the analysis was done with cells at passage 4, it
is possible that near-diploid malignant cells were present in the
culture at earlier times. While some stromal cells were observed
in the cultures, normal diploid metaphases were rarely observed.
We observed a normal diploid karyotype in a few mitotic cells
in only one case (1218); these were probably stromal cells which
proliferated in culture. Thus, it appears that tumor cells were
preferentially cultured from these specimens. We are undertak
ing a comparison of karyotypes found in short-term and long-
term cultures, when it is possible to obtain sufficient metaphase
cells, in order to determine whether chromosome evolution
occurs over time and whether multiple populations can be found
initially.

A correlation similar to that we have reported here between
cytogenetic and flow cytometric results was found in urinary
bladder carcinoma in a study reported by Coon et al. (22). They
reported an 87% agreement in occurrence of aneuploidy as
measured by DNA index and modal chromosome number in
30 analyzable cases. However, the authors did not find a close
agreement between the actual modal number and the DNA
content of hyperdiploid tumors. This may have been due to
tumor heterogeneity. In a study of 32 colorectal tumors reported
by Petersen and Friedrich (23), measurement of ploidy by flow
cytometry and cytogenetics gave very comparable results, agree
ing within 4-18%. Given the differences in chromosome size,
which is not assessed by flow cytometry, discrepancies of 20%
or less are not unexpected. This was confirmed in a study by
Roa et al. (24), in which flow cytometry accurately predicted
modal chromosome number of human squamous cell carcinoma
cell lines.

In 2 of 13 cases we also found that two aneuploid populations
exist within the solid tumor. Other investigators have also
reported multiple aneuploid populations in lung tumors (14,
16-18, 25). Within the limits of measurement by flow cytome
try, the DNA indices of the two aneuploid populations we
observed are consistent with a model in which near-hexaploid
cells develop from a near-triploid population by chromosome
duplication. Such karyotypic evolution has been observed to
occur over 40 passages in cells derived from a large cell lung
carcinoma (26). Stable structural abnormalities were retained,
however, regardless of the number of duplication events (26).
Since two of the solid tumors we examined contained near-
hexaploid populations in addition to an aneuploid peak, this
type of chromosome duplication probably occurs in vivo as well
as in vitro and could be an aspect of tumor progression. These
findings suggest that cell cultures can be a useful means of
detecting clinically and biologically relevant cytogenetic abnor
malities in primary lung tumors, especially if successful harvests
can be made early in culture. Our previous observation (7) of
consistent chromosomal abnormalities found"jn cells cultured
from non-small cell lung tumors is therefore.most likely a valid
reflection of changes which have occurred in the primary tumor.
Cell lines established by our methods will also prove valuable
in cloning the breakpoints of recurrent chromosome translo
cations found in non-small cell lung tumors.
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