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ABSTRACT

Hybrid cell lines between HuT292-DM, a human lung carcinoma line
resistant to 6-thioguanine and ouabain, and either normal human bron
chial epithelial cells (NHBE) or an SV40 "immortalized" but nontumo-

rigenic derivative thereof (BEAS-2B), have been isolated by double
selection. Hybrids of NHBE and HuT292-DM cells senesced after 40-
43 population doublings in culture. In contrast, hybrids of BEAS-2B and
HuT292-DM showed no sign of a culture "crisis" and have an indefinite

life span. HuT292-DM cells produced tumors in 100% of athymic nude
mice with a mean latency of 27 days, whereas tumorigenicity was totally
suppressed in 76% of the BEAS-2B x HuT292-DM hybrids, with a 2-
to 3-fold increased tumor latency in the remaining 24% of these hybrids.
While the hybrids are hypotriploid to hypotetraploid, the parental lines
are hypodiploid. The growth of HuT292-DM cells is stimulated, whereas
NHBE and BEAS-2B cells are inhibited by serum. The growth response
of the BEAS-2B x HuT292-DM hybrids to serum is similar to that of
HuT292-DM cells. Thus, tumorigenicity and culture longevity are dom-
inantly controlled by the nontumorigenic parent (NHBE or BEAS-2B).
On the other hand, serum responsiveness is more similar to that of the
tumorigenic parent (HuT292-DM).

INTRODUCTION

Although human lung cancer constitutes a major public
health problem, its clinical expression is an event of very low
probability considering the large number of potential progenitor
cells. The difficulty in inducing experimental neoplastic trans
formation of cultured human cells by chemical, physical, and
viral agents, as well as the lack of convincing evidence for their
"spontaneous" transformation in vitro, implies the intervention

of inherent suppressive factors (1). Evidence for the existence
of dominant-acting tumor suppressor genes (also referred to as
"antioncogenes") has come from epidemiological studies (2),
RFLP3 analysis of alleile- sequence deletions (3), and somatic

cell hybridization experiments (4).
The epidemiological data indicate that heterozygotic individ

uals are at increased risk of developing retinoblastoma or
Wilms' tumor. RFLP analysis has revealed a loss of heterozy-

gosity of allelic sequences on chromosome 13q in retinoblas
toma (5), or chromosome 1Ip in both Wilms' tumor (6) and in

transitional carcinoma of the bladder (7). Deletions on the short
arm of chromosome 3 have been implicated in lung cancer (8)
and renal cell carcinoma (9). Recent studies have revealed a
more complex situation in the case of lung cancer (10-12). For
example, differential DNA sequence deletions from chromo
somes 3, 11, 13, and 17 have been found by RFLP analysis of
3 histopathological types of non-small cell lung cancer (10).

Henry Harris (4) showed that when mouse cells of high and
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low tumorigenic potential were fused, the tumorigenicity of the
resultant hybrids was transiently suppressed. Because of the
chromosomal instability of rodent cell hybrids, tumorigenic
segregants rapidly developed. The renewed tumorigenicity of
these segregants was thought to be due to loss of chromosomes
from the normal parent. The problem of rapid chromosomal
loss in hybrids is less troublesome in the case of intraspecific
human hybrids. Stanbridge et al. clearly demonstrated that the
tumorigenicity of a human cervical carcinoma line (HeLa) is
suppressed in hybrids of these cells with normal human fibro-
blasts (13) or epidermal keratinocytes (14). These results sup
port the hypothesis that suppressor activity is dominant to
tumorigenicity.

Since the objective of this study was to investigate directly
the loss of suppressor activity involved in the multistage process
leading to the development of human lung cancer, normal and
cancer cells derived from human bronchus were used to generate
somatic cell hybrids. To our knowledge, this is the first report
of normal and neoplastic epithelial cells from the same human
tissue being used in this type of analysis.

MATERIALS AND METHODS

Cell Culture. A double mutant of the lung cancer line HuT292
(obtained from Dr. Adi Gazdar, National Cancer Institute) was isolated
for these studies. This line (HuT292-DM) is resistant to 6-thioguanine
and ouabain. Normal human bronchial epithelial cells (15) and BEAS-
2B, an "immortal," nontumorigenic line were cultured as previously
described (16). The cell line B39-TL was isolated from a slow-growing
nude mouse tumor resulting from inoculation of BEAS-2B cells at
passage 39 and has acquired a chromosome 3p deletion (17).

All cell lines were cultured on surfaces coated with a mixture con
taining 10 Mg/ml bovine fibronectin, 20 Mg/ml bovine serum albumin
(both from Calbiochem), and 20 pg/ml type 1 collagen (Vitrogen 100,
Collagen Corp., Palo Alto, CA) in serum-free medium LHC-8 (15)
purchased from Biofluids, Inc., Rockville, MD. Cultures were sus
pended with PET as previously described (18), and were replated at 1-
2x 106cells/T75 flask.

Hybridization and Selection. Three pairs of cell lines consisting of
HuT292-DM x NHBE (passage 2), HuT292-DM x BEAS-2B (passage
31), and HuT292-DM x B39-TL (passage 10) were hybridized by PEG
fusion. The first cell type (2 x IO6 cells/100-mm dish) was plated
on coated dishes on day 1 in LHC-8 medium. The next day, the same
number of the second cell type was added. After 4 h to allow for
attachment, the monolayer was washed with HBS, and 2 ml of 45%
PEG in HBS (w/v) were added. The dish was tilted back and forth
several times to ensure thorough mixing and coverage. After 1 min, the
PEG was aspirated and the monolayer was washed with LHC-8 medium
3 times. The monolayer was incubated overnight (36.5Â°C,4% CO2) in
LHC-8. One day after fusion, the cells were suspended with PET and
replated at 4 x 10" cells/T75 flask in 10 ml of LHC-8. Two days later,
the medium was replaced with selective medium (SM-5) which con
sisted of LHC-8 without adenine plus 0.2 ITIMhypoxanthine, 0.4 ^M
aminopterin, 16 UMthymidine, and 0.32 nM ouabain. All cultures were
switched to nonselective LHC-8 media after 4 weeks. Hybrid colonies
were expanded and frozen by established methods (19).

Tumorigenicity Assay. Cell suspensions were injected into a single
s.c. site in a volume of 0.2 ml in athymic nude mice which had been
irradiated with 350 rads 24 h previously. A standard inoculum of 2 x
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Fig. 1. Cumulative growth of hybrid clones. Each data point indicates a

passage. The hybrid lines were frozen at the last passage shown. The NHBE cells
senesced and failed to increase in cell number.

Table 1 Suppression of tumorigenicity in somatic cell hybrids between a lung
cancer cell line and immortali:ed bronchial epithelial cells

CelllineBEAS-2BB39-TLHuT292-DMBEAS-2B

XHuT292-DM'B39-TL

xHuT292-DM'No.

ofinjectedmice1515205530Tumors0/no.ofinjectedmice0/127/1419/1913/5413/28Latency*(days)>2941482788'83'%
totallysuppressed1005007654No.regressed'03013

a A nonregressing nodule >1.0 cm in the largest dimension. Mice surviving

less than 3 months without tumors have been excluded.
* Mean number of days to reach scoratale size.
c Not scored as tumors.
d Mean tumor latency in the remaining 24% of the hybrids that produced

tumors.
' Pooled data from 11 hybrid lines each injected into 5 mice.
^Pooled data from 6 hybrid lines each injected into 5 mice.
* Mean tumor latency in the remaining 46% of the hybrids that produced

tumors.

Table 2 Tumorigenidty of tumor-derived cell lines

Cellline"Hybrid

710C5. P12*
Hybrid 7 IOCS, P9C

Tumor line 113T (from 7 IOCS)
Hybrid 709C 10. P 16*
Hybrid 709C 10. P13f

Tumor line 127T (from 709C10)
HuT292-DM (control)Tumor

frequency4/5

1/45/55/5

5/5
5/5
4/4Latency

(days)110

56
17
46
39
21
28%

of tumor
incidence80

25
100
100
100
100
100

" Cell lines were established from tumors arising in nude mice after injection
of hybrids of HuT292-DM X B39-TL (710C5) or BEAS-2B (709C10).

* Cell line and passage "PI 2" that produced tumor.
c An earlier passage of same cell line that produced the tumor-derived line.

IO6cells/s.c. site was adopted for the tumorigenicity assay on the basis

of a preliminary experiment in which the time course of tumor forma
tion for 3 inoculation levels of HuT292-DM was determined (not
shown). At least 5 animals per cell line were given injections. Devel
opment and growth of tumors was monitored weekly. A nodule was
scored as a tumor when it measured 10 mm in the largest dimension
and did not subsequently regress. Non-tumor bearing mice were ob
served for at least 6 months.

Clonal Growth Assays. The clonal growth rate, population doublings/
day, was used to measure growth (20). Subconfluent cultures were
suspended with PET and plated at 500-1000 cells/60-mm coated dish
containing 4 ml of LHC-8. After overnight incubation, the medium
was removed and experimental media containing graded concentrations
of fetal bovine serum were added. Plates were fixed in 10% neutral
buffered formalin and stained with crystal violet after 6-8 days of

incubation. The mean clonal growth rate (PD/day) was based on counts
of at least 18 colonies.

Chromosomal and Isozymal Analyses. Chromosomal studies were
performed by Dr. Ward D. Peterson, Children's Hospital of Michigan,

Detroit, MI, using standard methods (21). Metaphases were stained
with Giemsa and counted at low power for ploidy determination. Exact
counts on 30 metaphases were made on banded chromosomes and at
least 8 karyotypes per cell line were prepared. Analyses of 8 isozymes
were carried out by standard procedures (21).

RESULTS

Hybridization and Isolation of Hybrids. Fusions between
NHBE and HuT292-DM yielded 6 colonies resistant to selec
tive medium (SM-5) out of the 2 x IO6 cells of each type fused.

Although these hybrids had an extended doubling potential,
they ceased multiplying after 40-42 PDs and senesced (Fig. 1).
On the other hand, fusions between HuT292-DM and BEAS-
2B yielded a total of 11 resistant colonies (705C1, 709C1-
C10), and fusion of HuT292-DM and B39-TL yielded 6 resist
ant colonies (710C1-C6). All of these lines were expanded and

frozen at frequent passage levels. The cumulative growth of 3
of these lines is also shown in Fig. 1. Except for a brief lag in
growth rate of 709C2 and 710C1, which we attribute to a
substandard batch of medium, there was no evidence of a culture
crisis. The cumulative PDs of 6 lines were calculated from
routine laboratory records and represent a conservative estimate
of their doubling potential. Five of these had exceeded 50
doublings when they were frozen and showed no indication of
senescence. Rather, their growth rates were increasing.

Tumorigenicity of Hybrids. All hybrid lines between NHBE
and HuT292-DM cells had a limited doubling potential in

culture and senesced. Therefore, there was an insufficient num
ber of cells to carry out tumorigenicity assays. Data on the
tumorigenicity of the immortalized lines are given in Table 1.
Tumor incidence in the parental lines was 100% (HuT292-
DM), 50% (B39-TL), and 0% (BEAS-2B). In the hybrids in
which BEAS-2B was the immortalized parent, tumorigenicity

was totally suppressed in 41 of 55 (76%) of the mice given
injections. When the immortalized, weakly tumorigenic cell
line B39-TL was the parent, tumorigenicity was totally sup

pressed in 54% of the mice inoculated (comparable to that of
B39-TL). The latency of tumor development in the remaining
mice was, in both types of hybrid, increased 3-fold over that of
HuT292-DM. It should be emphasized that these are pooled

data. The tumorigenicity of individual hybrids varied.
Tumor-derived Cell Lines. Two cell lines were isolated from

tumors arising after injection of hybrids. The tumorigenicity of
these lines is shown in Table 2. Both tumor-derived lines (l 13T

and 127T) produced tumors in 100% of mice with a latency
comparable to the tumorigenic control HuT292-DM. The table

also gives additional data on the same cell line that gave rise to
the tumor and a subsequent control injection of the same line
at the time the tumor line was injected. Although the number
of animals per variable is small, 7IOCS appeared to lose some
of its suppressor activity with passage, and showed no change
in either latency or tumor incidence.

Histopathology of Suppressed Hybrids. Nodules that formed
s.c. shortly after inoculation of athymic nude mice were exam
ined histologically 3, 7, 10, and 14 days after inoculation. The
tumors derived from HuT292-DM cells were poorly differen

tiated carcinomas with frequent mitoses and prominent nucleoli
(Fig. 2, a and b). No glandular features were noted. There was
minimal squamous differentiation and inflammation, and little
necrosis of the tumor cells was seen in the subcutis of the nude
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Fig. 2. Histopathology ofs.c. nodules. HuT292-DM cells 14 days after implantation (a and ft). Note lack of cytoplasmic differentiation, large nuclei with prominent
nucleoli, and frequent mitoses (arrows). Nontumorigenic hybrid line 7IOC4 10 days after inoculation |< and d). Fig. 2c is a section through the entire nodule at the
level of maximal diameter. Note keratinized squamous pearls. Nodules were not found on mice 14 days after inoculation. Tumorigenic hybrid line l I3T (e and/) 14
days after implantation. Note tumor mass comparable to a with significant squamous differentiation (<â€¢and/). Magnification: a. c, and <â€¢â€žx 60; A,d, and/ x 380.

mouse during the first 14 days. The suppressed hybrids (710C4) days contained highly differentiated squamous pearls of kera-
had substantial necrosis 3-7 days after inoculation (Fig. 2, c tinized cells. Reactive stroma surrounded the squamous pearls;
and d). Surviving cells of this line apparently underwent ter- however, there was only minimal inflammatory infiltration by
minai squamous differentiation, since the nodules seen at 10 neutrophils. Other tumorigenic or partially suppressed hybrids
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Table 3 Chromosomai characteristics of hybrids and parental lines

Marker chromosomes

CelllineHvbrids709CIO.

PI4709CI.
PIO710CI.P12710C4,

PIOPloidy"75-85

(92)'75-90
(95)80-90
(94)75-90

(98)HuT292-DM131312ISBEAS-2B98B39-TL87New633Ychromo

somePresentPresentPresentPresent

Tumor lines
113T. P4
127T, P4

65-85(93)
68-78(92)

Parental lines
HuT292-DM 43-45 (96)
BEAS-2B, P27 44-48 (85)
B39-TL. P3 40-47 (90)

10 Absent
5 Present

Absent
Present
Present

Â°Range of chromosome numbers ('; in range) based on counts of 100 meta-

phases/cell line.
* The remaining metaphases had 120 to 150 chromosomes.

(709C10) had significant squamous differentiation with inter
cellular bridges and keratinized cells, but also had many poorly
differentiated cells with mitoses or prominent nucleoli. The
tumor-derived lines 113T (Fig. 2, e and/) and 127T formed
epithelioid aggregates which had frequent mitoses and showed
little evidence of necrosis and reduced squamous differentiation,
although there was some inflammatory activity.

1 Â»f IÂ«

IMÂ«Â« M
ii

Cytogenetic and Isozymal Characterization. Five hybrid
(709C1, 709C10, 710C1, 710C4, 7IOCS) and 2 tumor-derived
(113T, 127T) hybrid lines were examined for their isozymal
profiles and chromosomal constitution to establish that they
are hybrids and to examine their relationship among each other
and to the parental lines used in the fusions. The isozymal data
show that the phenotypes of the hybrids are identical and
similar to that of BEAS-2B and HuT292-DM (data not shown).
Isozyme bands other than from humans were not detected. The
chromosomal features of both hybrids and parental lines, sum
marized in Table 3, provide firm evidence that the cell lines are
really hybrids. The parental lines are mostly hypodiploid,
whereas the hybrid lines are hypotriploid to hypotetraploid
(>90%). Generally, less than 10% of metaphases were in the
120-150 range. All hybrid lines contained the marker chro
mosomes of both parents. In addition, the complement of
marker chromosomes distinguished between fusions of BEAS-
2B or B39-TL and HuT292-DM. New marker chromosomes
were observed in the 2 tumor-derived lines. Finally, the Y
chromosome (from BEAS-2B) was present in all hybrids ex
amined and was absent in only one tumor-derived line (l 13T).
The karyotype of a suppressed hybrid with 79 chromosomes
(709C1) is shown in Fig. 3. This line is aneuploid with chro
mosome counts ranging from triploid to hypotetraploid. Nor
mal chromosomes 1,8, 13, 19, and 22 tend to be underrepre-

IM
131% â€¢¿�â€¢â€žÂ«

Mlill
H* M Â«MÂ»

â€¢¿�IIMI UH
16 17 18

â€¢¿�Â»M iti
21 22 Â»1 t Y

Ml4ts&?..Â»tMitÂ»!I/%*., ".""*"""* -S"."""* "
M,

HuT292-DM Markers BEAS-2B Markers New Markers

Unassignable
Fig. 3. Karyotype of a suppressed hybrid (709C1) of HuT292-DM and BEAS-2B with 79 chromosomes. Note marker chromosomes of both parental lines. There

are 2 Xs and one Y chromosome.
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TUMOR SUPPRESSION IN HUMAN LUNG SOMATIC CELL HYBRIDS

?w u *
ft Â¿etÂ«

13 14

21

17

22

19
20

BEAS-2B Markers

<l t
M3 M4 M6

MT M5

New Markers

HuT292 DM Markers

Unassignable
Fig. 4. Karyotype of tumor-derived line 127T which developed after injection of a hybrid of HuT292-DM and BEAS-2B. This metaphase has 73 chromosomes

including 6 HuT292-DM markers, 2 BEAS-2B markers, and 6 new markers. There is one X but no Y chromosome.

sented, while chromosome 20 is overrepresented. Marker chro
mosomes associated with cell lines HuT292-DM and BEAS-
2B are present, which, along with the normal chromosome
distribution and the presence of the Y chromosome documents
the hybrid nature of the line. Random loss and/or gain of
chromosomes from metaphase to metaphase is apparent. A
karyotype of tumor line, 127T, with 73 chromosomes is aneu-
ploid with most chromosome counts in the triploid range (Fig.
4). Three of 5 karyotypes of this line had the Y chromosome.
The karyotype shown has one X but no Y chromosome. Mark
ers from both parents are present as well as new markers not
seen in either parent.

Growth Response of Hybrid and Parental Lines to Serum.
Since HuT292 is stimulated while BEAS-2B is inhibited by
serum, the serum response of hybrids between these lines was
examined. The effect of serum on the growth rate of HuT292,
BEAS-2B, B39-TL, and 3 hybrid lines is shown in Fig. 5. The
nontumorigenic parental line, BEAS-2B, was inhibited by
serum, whereas the other weakly tumorigenic line, B39-TL,
was unaffected. HuT292 was the most responsive (22). Hybrid
710C4 was stimulated, whereas hybrid 709C3 was unaffected

by serum. All other hybrids were stimulated by serum in variable
degrees (data not shown). Maximal stimulation was obtained
with 4-8% serum in most cases.

DISCUSSION

There is now considerable evidence consistent with the hy
pothesis that inactivation or deletion of tumor suppressor genes
is involved in lung carcinogenesis (9-12). The data presented
herein are also consistent and show that the suppressor mech
anism is operative in cultured cells derived from human bron
chus. Hybrids have been generated by fusion of a tumorigenic
lung cancer cell line (HuT292-DM) and normal NHBE, im
mortalized BEAS-2B, or its derivative B39-TL. The cell lines
isolated in this way have been shown to be hybrids by their
growth in double selective medium, their increased chromo
some number, the presence of marker chromosomes from both
parents, and the presence of the Y chromosome from BEAS-
2B. Hybrids between NHBE and HuT292-DM cells senesced
in culture and failed to produce sufficient cells for tumorigenic-
ity and karyological studies; although we presume them to be
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Fig. 5. Effect of serum on the growth rates of hybrid and parental lines. Data
are plotted as percentage of control PD/day. The control values were 0.46
(HuT292-DM). 1.18 (BEAS-2B), 0.97 (B39-TL), 0.63 (710C4), and 0.71 (709C3).
All hybrids were stimulated by serum (data not shown). Maximal stimulation was
obtained with 4-8% serum in most cases.

isolation of rare tumorigenic revertants.
Cytogenetic studies of the hybrid lines showed that they

retained chromosomes from both parents. The chromosome
numbers were close to the sum of those of the fusion partners.
There was considerable random variation in the number of
copies of chromosome numbers 3,11, 13, and 17, chromosomes
that have high frequencies of alleile sequence deletions in non-
small cell lung cancer (10). Additional RFLP analysis will be
required to determine the cellular origin of these chromosomes
in the suppressed versus the nonsuppressed hybrids and the
possible loss of specific chromosomes in the two tumor-derived
hybrid cell lines. The involvement of these chromosomes is also
being investigated by the microcell fusion technique and RFLP
analysis in this laboratory (26).
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nontumorigenic based on the results of others, direct proof is
lacking. Similar results have been reported in cases where
normal diploid human fibroblasts were fused with human cer
vical carcinoma cell lines (13, 23) or the EJ bladder cancer cell
line (7). On the other hand, when immortalized lines were used,
the resultant hybrids were immortal. Cellular senescence has
been proposed to represent a natural mode of tumor suppres
sion (24). However, since our hybrids are both suppressed and
immortalized, senescence is not essential for suppression. There
is also evidence that terminal differentiation is important in
tumor suppression. Suppressed somatic cell hybrids between
normal human epidermal keratinocytes and the human cervical
carcinoma line (HeLa) expressed the terminal squamous differ
entiation phenotype of the normal fusion partner (14). Histo
lÃ³gica!examination of our implanted hybrid cells, shortly after
inoculation, revealed squamous differentiation in both sup
pressed and nonsuppressed hybrid lines. The expression of
squamous differentiation in the hybrid lines is interesting in
view of their lack of serum sensitivity. Normal NHBE cells and
the immortalized line BEAS-2B are inhibited by serum and
induced to terminally differentiate in culture (22). The hybrids,
like HuT292-DM, are either stimulated or are not affected.
Thus, whereas tumor suppression by genes from the "normal"

parent in the hybrids is dominant to tumorigenic potential,
serum resistance in vitro appears to be conferred by the tumor
igenic parent, HuT292-DM. As xenographs in the nude mouse,
additional unknown factors can still elicit terminal squamous
differentiation in the hybrids.

The tumorigenicity and time required for the growth of a
tumor in the nude mouse (latency) varied among the 17 indi
vidual colonies isolated in doubly selective medium. Only a
single line (709C1) was as tumorigenic as HuT292-DM. Others
were suppressed to varying degrees. The data on the reinjection
of tumor-derived lines which produced tumors in 100% of mice
support the hypothesis that these hybrids have lost suppressor
activity. The extended latency in the remaining tumorigenic
hybrids suggests that a few cells with tumorigenic potential may
be present in the hybrid populations. The data presented in
Table 2 are consistent with genetic changes occurring either in
culture (7IOCS) or, after inoculation, in the mouse. These
observations differ from those of Stanbridge et al. (13, 25) in
that protracted growth in culture was not required for the
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