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ABSTRACT

The lamiiis. an intranuclear class of intermediate filament proteins,
are major structural proteins of the nuclear envelope. In the present
study, the three abundant mammalian lamins (lamins A, B, and C) were
observed to be present in roughly equivalent amounts in the Calu-l, Calu-
3, H157, and SK-MI s l non-small cell lung cancer lines. In the small
cell lung cancer lines OH-1, OH-3, NCI-H82, NCI-H209, and NCI-
H249, levels of lamin B were similar to those observed in the non-small
cell lines, but the levels of lamins A and C Â»erediminished by >80%.
The relationship between lung cancer phenotype and lamin expression
was explored further in the NCI-H249 small cell line. Introduction of
the v-raj" oncogene into this line gives rise to a cell line (NCI-H249ras")

with many features of large cell carcinoma of the lung (Falco, J. P.,
Baylin, S. B., Lupu, R., et al. J. Clin. Invest., 85: 1740-1745, 1990).
Concomitant with the v-raf"-induced change in phenotype, a > 10-fold

increase in the amounts of lamins A and C was observed. Levels of the
cytoplasmic intermediate filament protein vimentin also increased. In
contrast, levels of a variety of nonlamin nuclear polypeptides including
topoisomerase I, topoisomerase II, poly(ADP-ribose) polymerase, and
the nucleolar protein B23/nucleophosmin did not change. Comparison of
polyadenylated RNA from NCI-H249 and NCI-H249ras" cells on North

ern blots revealed similar levels of the mRNA for lamin B but higher
levels of the mRNAs for lamins A and C in the v-rai"-expressing cell

line. These observations provide evidence for differences in nuclear
envelope structure in histologically different neoplastic cells derived from
the same epithelial cell system and suggest that differences in lamina
structure result from phenotype-specific differences in lamin gene expres-

INTRODUCTION

Numerous studies have indicated that the expression of cy
toplasmic intermediate filaments varies extensively among dif
ferent cell and tumor types (reviewed in Refs. 1-6). For exam
ple, non-small cell lung cancer cells contain abundant inter
mediate filaments of the cytokeratin type (7-11). Several
different cytokeratin species are present in these tumors (8-
11). In contrast, small cell lung cancers express a more limited
number of cytokeratin species (11-14). These polypeptides are
diminished in amount (8, 15) or even absent (14) in many
specimens of this tumor. Consistent with these observations,
electron microscopy has revealed a paucity of intermediate
filaments in most small cell lung cancer specimens (7). Exam
ination of lung cancer cell lines has indicated likewise that small
cell lines contain lower amounts of intermediate filament poly
peptides than non-small cell lines (cf. Ref. 9 with Refs. 16 and
17).
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In addition to cytoplasmic intermediate filaments, most eu-

karyotic cells contain a nuclear class of intermediate filament
polypeptides. the lamins, which form a fibrous layer at the
nuclear periphery between the inner nuclear membrane and the
peripheral heterochromatin (reviewed in Refs. 18-24). Early
studies suggested that the nuclear lamina in mammalian cells
might be composed of roughly equal amounts (about 1 million
copies/nucleus) of three major polypeptides termed lamins A,
B, and C (18-26). More recent studies have revealed that there

are as many as five structurally related lamin polypeptides
(lamins A-E) in many mammalian somatic cells (27-30). On
the other hand, not all of the lamins are present in all cell types.
In particular, lamins A and C are diminished or absent from
certain mammalian cell types including resting lymphocytes
(29, 31-33) and proliferating lymphoid cell lines (33-36), mye-

loid cells (32, 33) and cell lines (33, 36, 37), embryonal carci
noma cells (38-41 ), and early mammalian embryos (32, 39. 42,

43). In some experimental systems, appearance of a more
differentiated phenotype is accompanied by the appearance of
lamins A and C (32, 38, 39, 44).

The composition of the nuclear lamina in various types of
carcinoma cells has not been previously examined in detail. In
view of the differences in the expression of cytoplasmic inter
mediate filament polypeptides between non-small cell and small

cell lung cancer, we have examined a panel of lung cancer cell
lines for differences in the composition of the nuclear lamina
as well. Lamin B was shown to be present in roughly equal
amounts in all lines. In contrast, lamins A and C were markedly
diminished in the small cell lines as compared to the non-small
cell lines. The relationship between lung cancer phenotype and
lamin polypeptide expression was examined in greater detail in
the NCI-H249 small cell line and its ras"-expressing derivative
NCI-H249ras" (45). Concomitant with expression of the \-ras"
oncogene, the NCI-H249ras" cells acquired several non-small

cell lung cancer characteristics including growth as a monolayer
in culture, enhanced production of transforming growth factor
Â«and epidermal growth factor receptor, loss of responsiveness
to bombesin, and loss of sensitivity to polyamine depletion (45).
Coincident with the expression of this non-small cell pheno
type, the NCI-H249rasH cells also displayed a > 10-fold increase

in lamins A and C when compared to the parental NCI-H249
cells. These results indicate the possibility of extensive pheno-
typic variation in the composition of the nuclear lamina in
human tumor cells derived from a single epithelial cell system.
In addition, these data also show that lamins A and C are
regulated differently from lamin B, particularly in response to
activation of pathways by the mutant \-ras" oncogene.

MATERIALS AND METHODS
Buffers. Alkylation buffer contained 6 M guanidinc hydrochloride,

250 m.MTris-HCl (pH 8.5 at 21 Â°C),10 mivi EDTA, and 1% (v/v) 2-

581

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/2/581/2445534/cr0510020581.pdf by guest on 19 M

ay 2023



NUCLEAR LAMINS IN LUNG CANCER CELL LINES

mercaptoelhanol. SDS1 sample buffer consisted of 4 M deionized urea,

2% (w/v) SDS, 62.5 mM Tris-HCI (pH 6.8 at 2PC), and 1 m\i EDTA.
STM buffer contained 250 mM sucrose, 50 mM Tris-HCI (pH 7.4 at
4Â°C).5 mM MgSO4, and 1% (w/v) thiodiglycol. LS buffer consisted of
10 mM Tris-HCI (pH 7.4 at 4Â°C),0.2 mM MgSO4, and 1% (w/v)

thiodiglycol. HS buffer contained 2 M NaCl, 0.2 mM MgSO4, and 1%
(w/v) thiodiglycol in 10 mM Tris-HCI (pH 7.4 at 4'C). Â«-Phenylmeth-

ylsulfonyl fluoride was added immediately before use to each aliquot of
alkylation, STM, LS, or HS buffer from a 100 mM stock in anhydrous
isopropanol.

Cell Lines. Calu-1 (a kind gift from Dr. Guy Poirier, Laval Univer
sity, Quebec, Quebec, Canada) is a squamous cell carcinoma line which
was propagated in McCoy's 5A medium containing 10% FBS, 250

units/ml penicillin G, 250 Â¿ig/mlstreptomycin, and 2 mM glutamine.
SK-MES-1, derived from a squamous cell carcinoma of the lung, and
Calu-3, derived from an adenocarcinoma of the lung, were obtained
from American Type Culture Collection (Rockville, MD) and propa
gated in Eagle's minimal essential medium containing 10% FBS, 250

units/ml penicillin G, 250 Â¿/g/mlstreptomycin, and 2 mM glutamine.
H157, a large cell lung cancer line, was cultured as previously described
(46). The small cell lines (obtained as described in Refs. 45 and 47)
were grown in RPMI 1640 containing 250 units/ml penicillin G, 250
Aig/mlstreptomycin, 2 mM glutamine, and 9% (v/v) FBS (NC1-H82 and
-H209), 10% (v/v) FBS (OH-1, NCI-H249, NCI-H249ras"), or 16%
(v/v) FBS (OH-3). The NIH-H249 cell line was stably infected with a
retroviral construct containing the v-ras" oncogene and characterized

as previously described (45).
Western Blotting. Adherent cell lines were released from their sub

strata by treatment with trypsin-EDTA. After dilution with an equal or
greater volume of serum-containing tissue culture medium, cells were
sedimented at 200 x g for 10 min, washed once with serum-free
medium, and solubilized by sonication in alkylation buffer. After re
duction and alkyation. samples were dialyzed sequentially into 4 M urea
and then into 0.1% (w/v) SDS as previously described (48). Small
aliquots were removed for protein determination (49). The remainder
of each sample was dried by lyophilization and solubilized in SDS
sample buffer.

Aliquots containing 50 >/gof total cellular protein were applied to
each well except as indicated. Electrophoresis, electrophoretic transfer
to nitrocellulose, and Western blotting were performed as previously
described (50). Primary antibodies used in these experiments included
chicken (29) and guinea pig antibodies raised against lamÃnA, chicken
antibodies raised against lamin B (29). and chicken antibodies against
the nucleolar protein B23 (51). All antigens were purified on two-
dimensional gels as previously described (51). Rabbit antibodies raised
against human topoisomerase I and against human topoisomerase II
(52) were kindly provided by Dr. Leroy Liu (Department of Physiolog
ical Chemistry, Johns Hopkins University School of Medicine, Balti
more, MD). A monoclonal antibody against histone HI was kindly
provided by Dr. James Sorace (Veteran's Administration Hospital.

Baltimore, MD). A monoclonal antibody (VIM-13.2) against human
foreskin vimentin was from Sigma Chemical Co. (St. Louis, MO).

Isolation of Nuclear Envelope/Cytoskeleton Preparations. Adherent
NCI-H249ras" cells (five 75-cm2 tissue culture flasks, 50-70% con
fluent) were harvested by treatment with trypsin-EDTA and diluted
with an equal volume of serum-containing medium. NCI-H249 cells
(five 75-cm2 tissue culture flasks containing small to medium size
spheroids) and NCI-H249rasH cells were sedimented at 200 x g for 10
min and washed with ice cold serum-free medium. All further steps
were performed at 4Â°C.Cells were first treated for 15 min with 5 ml

1% (w/v) Nonidet P-40 in STM buffer containing 100 units/ml Trasylol
and 0.1 mM EDTA. The nucleus/cytoskeleton fraction (53) was sedi
mented at 800 x g for 10 min, washed twice with STM buffer, and
treated for l h with 250 Mg/ml RNase A and 250 ^g/ml DNase I
[treated as previously described to inactivate any proteases (29)] in 2
ml STM buffer. The nuclei were sedimented at 800 x g for 10 min.

' The abbreviations used are: SDS. sodium dodecyl sulfate; cDNA, compli
mentary DNA; FBS, heat-inactivated fetal bovine serum; PAGE, polyacrylamide
gel electrophoresis; NEPHGE, nonequilibrium pH gradient clectrophoresis.

resuspended in 2 ml LS buffer, and diluted by the dropwise addition of
8 ml HS buffer containing 1.25% (v/v) 2-mercaptoethanol. Phase
contrast microscopy (not shown) revealed empty nuclear envelope
spheres (54) surrounded by variable amounts of cytoskeletal material.
After a 20-min incubation, these nuclear envelope/cytoskeleton prepa
rations were sedimented at 5000 x Â¡>for 20 min, reextracted with 1.6
M NaCl as described above, and then solubilized in alkylation buffer.
Samples containing 100 ^g of protein (49) were subjected to NEPHGE
followed by SDS-PAGE.

Northern Blotting. Oligo(dT)-selected RNA was isolated from NCI-
H249 and NCI-H249ras" cells, subjected to electrophoresis in formal
dehyde-containing agarose gels, and transferred to Zetabind as previ
ously described (45). Each lane contained 20 ^g of oligo(dT)-selected
RNA. The plasmids pHLA containing 2.7 kilobases of the coding
sequence of human lamin A (kindly provided by Dr. Frank McKeon,
Harvard Medical School, Boston, MA) or HLB containing 1.3 kilobases
of the coding sequence of human lamin B (kindly provided by Dr.
Georg Krohne. German Cancer Research Center, Heidelberg, Federal
Republic of Germany) were labeled by the random primer method (55).
Northern blotting was performed as previously described (45).

RESULTS

Low Amounts of Lamins A and C in Small Cell Lung Cancer
Lines. To examine the composition of the nuclear lamina in
lung cancer cell lines. Western blotting was performed using
previously characterized polyclonal antibodies (29) which rec
ognize lamins A and C or lamin B. A representative experiment
is shown in Fig. 1. In these experiments, rat liver nuclei, which
contain all three lamins (25-27, 29, 40, 54), served as controls
(Fig. 1, lane 3). When Calu-1 cells derived from a patient with
squamous cell carcinoma of the lung were examined, all three
major lamins were also detected (Fig. 1. lane 2). In contrast,
when the OH-1 small cell line was examined, lamin B was
readily detected (Fig. 1C, lane /) but the signal for lamins A
and C was markedly diminished (cf. Fig. \B, lanes 1 and 2).
When compared to the signal obtained with various dilutions
of rat liver nuclei, 1 x IO6 OH-1 cells displayed a signal for
lamins A and C which corresponded to the signal in 0.5-1 x
IO5 rat liver nuclei (data not shown). Thus, the signals for
lamins A and C were diminished by 90-95% in the OH-1 cell
line.

To assess the possibility that the differential expression of
lamins A and C was unique to the two cell lines in question,
the proteins from several additional lung cancer cell lines were
examined by Western blotting. Levels of lamin B appeared to
be similar in all cell lines examined. Likewise, the signals for
lamins A and C in SK-MES-1 (derived from another squamous
cell carcinoma of the lung), in Calu-3 (derived from an adeno
carcinoma of the lung), and in H157 (derived from a large cell
carcinoma of the lung) were similar to the signals observed in
an equal number of rat liver nuclei. In contrast, the signals for
lamins A and C were diminished in all of the small cell lines
examined (OH-3, NCI-H82, NCI-H209, NCI-H249). Similar
results were obtained using an independently derived guinea
pig antibody against lamins A and C (data not shown).

Increased Levels of Lamins A and C Accompanies \-ras"-
induced Phenotypic Change in NCI-H249 Cells. Previous results
have demonstrated that the expression of the \-ras" oncogene
in c-myc- or n-w>r-expressing small cell lung cancer lines alters
the phenotype of these cell lines (45, 47). The v-raj"-expressing

cells not only display diminished levels of neuroendocrine
markers but also show alterations in their cytoskeletons as
evidenced by their altered shape and increased adherence to
tissue culture substrata. To assess whether increased levels of
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Fig. l. Levels of lamins A and C' are lower in small cell lung cancer lines than
in non-small cell lines. Proteins from -I x 10" OH-1 cells (lane /). Calu-1 cells
(lane 2). or rat liver nuclei (lane 3) were subjected to SDS-PAGE followed by
staining with Coomassie blue (.-I) or transfer to nitrocellulose and blotting with
antibodies which recognize lamins A and C (A), lamin B (C), or histone HI (/)).
Nonadjacent wells from a single gel and accompanying blots have been juxtaposed
to compose this figure. Blotting with antibodies to lamin B (C) and to histone
HI (I)) confirms that similar numbers of cells have been loaded and transferred.
The signal for lamins A and C (B) was markedly lower in the small cell lung
cancer line (lane I) than in the non-small cell line (lane 2). \umhers on left,
molecular weight markers for .-I:numbers on righi, molecular weight markers for
B, C, and I).

lamins A and C accompanied these changes, NCI-H249 and
NCI-H249ras" cells were subjected to Western blotting using

the antilamin antisera (Fig. 2). Levels of lamin B were similar
in these two cell lines (Fig. 2C). Likewise, levels of the minor
lamins D and E were similar in these two cell lines (data not
shown). In contrast, the levels of lamins A and C were at least
10-fold higher in the NCI-H249ras" cells as compared to the

parental cells (cf. Fig. 2B, lanes 1 and 8).
To determine whether the v-rai"-induced change in levels of

lamins A and C was accompanied by changes in the levels of
other nuclear proteins, blots were probed with antibodies to the
nucleolar protein B23/nucleophosmin (Fig. ID) and the nuclear
enzyme topoisomerase II (Fig. 2E). Levels of these proteins
were unchanged in NCI-H249rasH cells as compared to NCI-

H249 cells. Likewise, levels of the nuclear enzymes topoisom
erase I and poly(ADP-ribose) polymerase were indistinguisha
ble between the two cell lines (data not shown). Thus, the
change in levels of lamins A and C is relatively unique to these
nuclear polypeptides.

To confirm that the changes observed by Western blotting
reflected changes in the composition of the nuclear lamina [as
opposed to posttranslational modifications in the lamins which
altered their recognition by the antibodies (see Ref. 40)], lam-
ina/cytoskeleton fractions prepared from NCI-H249 and NCI-
H249ras" cells were examined by one-dimensional SDS-PAGE

249 249RAS

12345678

200-

Lamin A/C

Lamin B â€¢*â€”

B23

Topo

Fig. 2. Levels of lamins A and C are selectively increased in NCI-H249rasH
cells as compared to NCI-H249 cells. Samples containing 50 ^g (lanes I and 5),
25 (jg (lanes 2 and (5). 12.5 ng (lanes 3 and 7), or 5 ><g(lanes 4 and *) of the
indicated cell lines were subjected to SDS-PAGE followed by staining with
Coomassie blue (A) or transfer to nitrocellulose and Western blotting with
antiserum raised against lamin A (B). lamin B (C). B23/nucleophosmin (D), or
topoisomcrase II (Â£).Lamins A and C were detectable in 5 //g of NCI-H249ras"
cells (B. lane 8) but undetectable in 50 Â»gof NCI-H249 cells (B, lane I). Thus,
the levels of lamins A and C are >:10-fold higher in the v-raj"-expressing cell
line. In contrast, the two cell lines had indistinguishable levels of lamin B (C),
B2.1 (/}). topoisomerase II (Â£),topoisomerase I, and poly(ADP-ribose) polymer
ase (latter two not shown). Numbers on left (A), molecular weight markers.

(Fig. 3/Ã•)and two-dimensional NEPHGE/SDS-PAGE (Fig. 3,
B and C). Lamin B was readily detected in lamina/cytoskeleton
preparations from both cell lines. In contrast, lamins A and C
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1 2
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Fig. 3. Comparison of nuclear lamina/cyloskelcton polypeptides in NCI-H249
and NCI-H249ras" cells. Nuclear lamina/cytoskcleton preparations from NCÃ•-
H249 cells (panel A, lane 1, and panel Â«)and NCI-H249ras" cells (panel A, lane
2, and panel O were subjected to unidimensional SDS-PAGE (panel A) or
(panels H and C) to NEPHGE (from ridili to left) followed by SDS-PAGE (from
top to bottoni), \umbers at left, molecular weight markers for panel A: numbers
at right, molecular weight markers for panels H and C. LamÃn B was readily
detected in cytoskeleton preparations from NCI-H249 and NCI-H249ras" cells
(* in panel .-l;H in panels B and ('). Likewise, an additional group of polypeptides

(closed arrowheads) including lamins D and E (closed arrowhead to left of lamin
B) were present in similar amounts in the two cell lines. In contrast, lamins A
and C were detectable only in NCI-H249rasH cells (O in panel A; A and C in
panel C). Likewise, a prominent acidic ,\/r 57.000 polypeptide identified as
vimentin based on its mobility and its reactivity with monoclonal anti-vimentin
antibodies was delected only in NCI-H249ras" cells (open arrowhead in panels A

and C).

2.5-
-2.3

Fig. 4. Northern blot analysis of lamin mRNA in NCI-H249 and NCI-
H249ras" cells. Polyadenylated RNA (20 Â¿ig/lane)from NCI-H249 cells (lane 1)
and NCI-H249ras" cells (lane 2) was probed with a cDNA for human lamin A

(A) or human lamin B (B). Message sizes were determined relative to the
migration of RNA standards. mRNA species with apparent sizes 2.5 and 1.3
kilobases (corresponding to the mRNA for lamins A and C. respectively) were
detected in much greater amounts in NCI-H249ras" cells (A, lane 2) than in NCI-
H249 cells (A, lane / ). In contrast, the mRNA for lamin B was present in similar
amounts in the two cell lines (B). .\unthers on left, size markers for A: number on
right, size marker for B.

were undetectable in one- and two-dimensional electrophero-
grams of lamina/cytoskeleton preparations from NCI-H249
cells (Fig. 3/4, lane 1, and Fig. 3fi). This result directly confirms
that the low signal for lamins A and C in Western blots from
small cell lung cancer cells results from diminished amounts of
these polypeptides in the lamina. In the NCI-H249ras" cells,

on the other hand, lamins A and C were readily detected on
one- and two-dimensional electropherograms (Fig. 3,4, lane 2,
and Fig. 3C) This increase in the levels of lamins A and C was
accompanied by an increase in the cytoplasmic intermediate
filament polypeptide vimentin (Fig. 3A and 3C, open arrow
head).

Elevated Levels of mRNA for Lamins A and C in NCI-
H249ras" Cells. Northern blot analysis was performed to assess
whether the differences in lamin polypeptide levels in the NCI-
H249 and NCI-H249ras" cell lines might reflect differences in

lamin mRNA levels. Hybridization with a partial cDNA from

human lamin A (56) resulted in the detection of 2.5- and 1.3-
kilobase mRNA species (Fig. 4.4). These correspond to the
mRNAs for lamins A and C, respectively (56, 57). The intensity
of the signal for these species was >10-fold higher in NCI-
H249ras" cells (Fig. 4.4, lane 2) as compared to the parent

NCI-H249cells (Fig. 4A, lane I). Thus, the differences in lamin
protein levels observed between the NCI-H249 and NCI-
H249ras" cells were paralleled by differences in mRNA levels

for these polypeptides. As a control, the blot shown in Fig. 4A
was stripped and hybridized with a partial cDNA from the
coding region for human lamin B. A single 2.3-kilobase mRNA
species which was present in similar amounts in the two cell
lines was detected (Fig. 4B).

DISCUSSION

The results of the present study indicate that the levels of
lamins A and C. two of the major structural polypeptides of the
nuclear envelope, vary with the phenotype of human lung cancer
cell lines. In particular, lamins A and C are readily detected in
non-small cell lines but are diminished by >80^r in small cell
lines (Figs. 1 and 2). Upon expression of the \-ras" oncogene,
the NCI-H249ras" cell line acquires a non-small cell phenotype
(45) and concomitantly manifests a > 10-fold increase in lamins
A and C relative to the parent NCI-H249 small cell line (Figs.
2 and 3).

The functional significance of these changes in levels of
lamins A and C is presently unknown. In NCI-H249 cells, the
v-ras"-induced increase in lamins A and C is accompanied by

an increase in vimentin (Fig. 3). This observation invites the
speculation that these two intermediate filament networks, one
in the cytoplasm and the other at the nuclear periphery, might
be functionally connected. (For amplification of this suggestion,
see Refs. 58-60.) On the other hand. Paulin-Levasseur et al.
(61) have observed that phorbol ester-treated MOPC-11 mye
loma cells (which also lack lamins A and C) accumulate vimen
tin without any detectable increase in lamins A and C. Thus,
lamins A and C are not invariably present whenever vimentin
filaments are present. In embryonal carcinoma cells, an increase
in lamins A and C has been observed to follow treatment with
retinoic acid (38, 39; for contrary data, see Ref. 40). In these
cells, however, changes in the composition of the lamina are
accompanied by changes in the amounts and complexity of
cytokeratins rather than vimentin (62). In summary, there is at
present no clear-cut relationship between the appearance of
lamins A and C and an increase in one particular class of
cytoplasmic intermediate filaments.4

In addition to differences in intermediate filament polypep
tide content, another striking difference between the NCI-H249
cells and their ras"-expressing counterparts is the adherence of
the NCI-H249ras" cells to plastic tissue culture substrata (45).
The non-small cell lung cancer lines which express lamins A
and C likewise all form monolayers in tissue culture. In contrast,
the tissue culture lines reported to lack lamins A and C (lymph-
oid and myeloid lines, F9 embryonal carcinoma cells, and the
small cell lung cancer lines examined in this work) adhere to
tissue culture substrata loosely, if at all. This observation sug
gests a relationship between adherence to substratum and
expression of lamins A and C. In further studies, however, we

4 A similar conclusion has been reached by Rober el al. (32). who examined
the tissue distribution of cytoplasmic intermediate filament proteins and lamins
A and C during mouse embryogenesis and observed that lamins A and C appeared
much later in development than cytoplasmic intermediate filaments.
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have been unable to confirm this relationship. Treatment of
HL-60 cells with dimethyl sulfoxide induces the accumulation
of lamins A and C but does not cause the cells to adhere to
their substratum.5 In contrast, propagation of Chinese hamster
ovary cells on plates coated with poly(2-hydroxyethyl methac-
rylate) causes the cells to grow in suspension but does not
diminish the content of lamins A and C.5 Until the functions
of the lamin polypeptides are further elucidated (18-24, 63.

64), the significance of the changes in levels of lamins A and C
observed in the present study will remain unclear.

Nonetheless, the results of the present study have implica
tions for the regulation of nuclear lamina structure. Levels of
lamins A and C in lung cancer cell lines were found to vary
independently of lamin B levels (Figs. 1 and 2). The changes in
levels of lamins A and C in NCI-H249 cells were accompanied
by changes in levels of mRNA for these two polypeptides (Fig.
4). This result implies that changes in mRNA level (and hence
polypeptide synthetic rate) are probably important determi
nants of the levels of lamins A and C in cells with differing
complements of lamins. If these v-ras"-induced changes in

lamin A and lamin C mRNA level are due to changes in
transcription rate, this might also imply the presence of a ras11-
responsive element (fos/A.P-\ or others; reviewed in Refs. 65
and 66) in the promotor of the gene for lamins A and C but
not lamin B. Further studies are required to assess this possi
bility.

Finally, the results from the present study might have diag
nostic utility as well. It has been noted that patients with mixed
small cell/large cell tumors do not respond to therapy as well
as patients with pure small cell tumors do (67, 68). As therapy
for lung cancer, particularly non-small cell lung cancer, im
proves, it might be important to detect the presence of cells
with non-small cell phenotype in tumors composed predomi
nately of cells with the small cell phenotype. Immunochemical
staining for lamins A and C might prove useful as one of a
battery of tests which can be used in this context.
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