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ABSTRACT

A cultured small cell lung cancer cell line (Lu-134-B-S) established
from a xenotransplanted tumor in a nude mouse, which had originated
from a primary focus of small cell lung cancer, showed morphological
changes when the medium was changed from RPMI 1640 supplemented
with 10% fetal calf serum to RPMI 1640 supplemented with 10%
delipidized fetal calf serum. That is, it consisted of "classic" small cells

in the former medium, but after eight passages in the latter medium many
cells became squamous cells, possessing abundant eosinophilic cytoplasm
and intercellular bridges. Immunohistochemically, they reacted to anti-
keratin and antiinvolucrin antibodies. Electron microscopically, well de
veloped desmosomes and associated tonofibrils were noted, and electro-
phoretically, the amount of medium (Vf, 57,000 and 59,000) and large-
sized (Mr 67,000) keratins were found to increase with the change of the
medium. These changes reversed to the original small cell morphology
within 4 weeks after addition of vitamin A (retinole acid) to the medium.
These findings suggested that deficiency of vitamin A caused the change
of the cell from small to squamous cell and vice versa.

INTRODUCTION

SCLC3 is a highly malignant human cancer which accounts
for 15 to 25% of all lung cancers (1-3). The combination of
SCLC and squamous or glandular components is seen occa
sionally in vivo (4, 5), and morphological changes of SCLC
have been observed in patients who received intensive chemo
therapy and radiotherapy and eventually were autopsied (6-8).
These morphological changes were associated with decreased
response to chemotherapy and shorter survival time (6). Cellu
lar morphological changes have also been observed in vitro after
long-term culture, along with changes in biochemical and bio
logical properties of the tumor cells, such as an increase in
radioresistance (9-11). The mechanisms by which tumors be
come resistant to chemotherapy or radiation therapy must be
clarified. We have reported that change of culture medium from
serum-free to serum-supplemented medium induced changes of
the cell type in a cell line of SCLC from "oat cell type" to
"intermediate cell type" and vice versa (12), and also reported

briefly that a conditioned medium, which was thought to be
relatively deficient in vitamin A, induced squamous cell changes
in the same cell line (13). We report here in detail that changes
of the culture medium from SSM to DL-SSM induced changes
of SCLC morphology from small to squamous cell and vice
versa in a short period of cultivation.
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MATERIALS AND METHODS

Cell Lines. The cell line used was Lu-134-B-S established from a
xenotransplanted tumor in a nude mouse, which had originated from a
primary focus of SCLC as described elsewhere (12). These cells were
cultured in a humidified atmosphere of 5% CO2/95% air at 37Â°C.

Medium Change. Lu-134-B-S cells cultured in SSM for 3 years were
transferred to DL-SSM and subcultured once a week. Delipidized fetal
calf serum was prepared by the method of Rothblat et al. (14). RPMI
1640 was purchased from Nissui Co., Ltd., Tokyo, Japan, and fetal calf
serum from Gibco, Grand Island, NY.

Addition of Retinole Acid to the Medium. Ten n\ of retinoic acid
(Sigma, St. Louis, MO) dissolved in DMSO (Sigma), were added to
the 5-ml culture medium (DL-SSM) (final concentration of DMSO
was 0.2%), at final concentrations of O, IO"7,and IO"6M, and cells were

cultured in retinoic acid-containing DL-SSM.
Light and Electron Microscopy and Immunohistochemistry. Cell pel

lets were washed and fixed with 4% paraformaldehyde and embedded
in paraffin for light microscopic observation, fixed doubly with 2.5%
glutaraldehyde and 1% osmium tetroxide, and embedded in Epon for
electron microscopic observation. Paraffin sections were also used for
immunohistochemical studies for keratin and involucrin by the avidin
biotin peroxidase complex method (15) using monoclonal anti-keratin
antibody (Immunotech, Marseille Cedex, France), which recognizes M,
55,000 to 57,000 keratin polypeptide, and anti-human involucrin rabbit
serum (courtesy of Dr. H. Green, Harvard Medical School, Boston,
MA).

Extraction of Keratins. Protein fractions rich in keratins were ex
tracted from cultured cells by the method described by Fuchs and Green
(16).

Electrophoretic Separation of the Keratins. Electrophoresis was per
formed in a slab gel with sodium dodecyl sulfate and the discontinuous
Laemmli system (17). We used 9% gels (acrylamide:bisacrylamide;
ratio, 30:0.8 by weight) for separating the keratins.

Assays of AADC, NSE, and CK-BB. Cultured cells at 5 days (18)
were frozen at -80*C and stored until use. For AADC activity, gener

ated dopammo was assayed by high-performance liquid chromatogra-
phy with electrochemical detection (19). NSE (20) (y subunit of enolase)
and CK-BB were determined by highly sensitive enzyme immunoassay
systems (21, 22). Line PC-13, derived from large cell carcinoma of the
lung (kindly supplied by Dr. Y. Hayata, Tokyo Medical College, To
kyo), was used as control material.

RESULTS

Morphological Changes of Cultured Cells. Paraffin sections
of the cell pellet of Lu-134-B-S cells grown in SSM stained

with hematoxylin and eosin showed features of small cell car
cinoma (intermediate cell type) (Fig. 1.)) and did not react
Â¡inninnoli Â¡stochernÂ¡calIy to an t i-in voi neri n antibody (Fig. IB)
but reacted slightly to anti-keratin antibody (Fig. 1C). Lu-134-
B-S cells cultured in SSM were transferred to DL-SSM. Eight

weeks after the medium change, cells grew floating in aggregates
as in the original medium and at no time were cells adherent
to the bottoms of flasks observed. However, in paraffin sections,
approximately 4% of cells were arranged in whorls and showed
an increase in cell size with eosinophilic cytoplasm and inter
cellular bridges (Fig. ID) and reacted to anti-involucrin anti
body (Fig. IE). These enlarged cells strongly reacted to anti-
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Fig. 1. Lu-134-B-S cells cultured in SSM stained with hematoxylin and eosin (.â€¢()reveal features of small cell carcinoma (intermediate cell type), and those

immunostained for involucrin (A) reveal no reaction products, and for keratin (Ã‡).slight reaction products. Some Lu-134-B-S cells cultured in DL-SSM stained with
hematoxylin and eosin (D) are arranged in whorls and possess increased amounts of eosinophilic cytoplasm and intercellular bridges, and those immunostained forinvolucrin (Â£)reveal a positive reaction, and for keratin (/ ') a strongly positive reaction, x 370.

keratin antibody (Fig. IF). Time lapse-observation of the cells
by phase contrast microscopy disclosed the appearance of "large
cells'" within cell aggregates around the third week of cultivation

in DL-SSM.
Electron Microscopy. Ultrastructures of Lu-134-B-S cells

grown in SSM were characterized by many neurosecretory type
granules (173 Â±21 (SD) nm diameter), occasional microvilli
on free cell borders, and junctional apparatuses between adja
cent cells (Fig. 2A). Some Lu-134-B-S cells transferred to DL-
SSM were large and possessed numerous well developed des-
mosomes and associated tonofibrils, features characteristic of
keratinizing squamous cells (Fig. IB). These cells possessed far
fewer granules (125 Â±26 nm diameter) per cell with unhomo-

geneous dense cores somewhat different from typical neurose
cretory granules seen in cells grown in SSM. A few cells were
still equipped with microvilli, a characteristic reminiscent of
glandular cells (Fig. 2Q. Remaining small cells continued to
possess neurosecretory granules beneath the cell membrane.

Cell Morphology after Addition of Vitamin A. In order to see
the effect of vitamin A on induced squamous cell differentiation,
retinoic acid dissolved in DMSO was added to Lu-134-B-S cells
that had morphologically changed to squamous cells in DL-
SSM. After 8 weeks' culture of the cells in DL-SSM, DMSO

(10 n\) was added to the medium (5 ml), which had no effect

on the morphology of the cells after four passages, i.e., cells
remained as squamous cells. However, addition of 10~7or IO"6

M retinoic acid dissolved in DMSO reversed the cell morphol
ogy after four passages from squamous cells to the original
small cells as shown in Fig. 3.

Electrophoresis of Keratins. Proteins rich in keratins were
extracted from Lu-134-B-S cells cultured in SSM, from cells
cultured in DL-SSM for 8 weeks, and from cells cultured in
DL-SSM with retinoic acid for 4 weeks after the cells were
cultured in DL-SSM for 8 weeks. Polyacrylamide gel electro-
phoresis showed that the amount of medium sized keratins (M,
57,000 and 59,000 proteins) which were scanty in Lu-134-B-S
cells cultured in SSM (Fig. 4, lane 1) increased significantly in
the cells cultured in DL-SSM (Fig. 4, lane 2). This increased
amount of medium sized keratins decreased when retinoic acid
was added to the culture medium (Fig. 4, lanes 4 and 5). The
amount of large-sized keratin (M, 67,000 protein) was also
found by densitometry to increase in the cells cultured in DL-
SSM. Addition of DMSO (final concentration, 0.2%) did not
change the amount of medium-sized keratins that increased in
cells cultured in DL-SSM (Fig. 4, lane 3).

AADC, NSE, and CK-BB. Cell pellets of Lu-134-B-S cells
cultured in SSM and in DL-SSM showed high activity of
AADC and high levels of NSE and CK-BB (Table 1).
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Fig. 2. /I, electron micrograph of Lu-134-B-S cells cultured in SSM showing many neurosecretory type granules with occasional microvilli on free cell borders and
junctional apparatuses between adjacent cells, x 4,600. Inset, higher magnification of neurosecretory type granules, x 22,500. B, and C, electron micrographs of Lu-
134 U S cells cultured in DL-SSM. B, several cells arranged in a whorl possess numerous well developed desmosomes and associated tonofibrils, which are
characteristics of squamous cells and show intracellular bridges (cytoplasmic processes with desmosomes). x 6,500. C, several cells have characteristics of squamous
cells, but cells equipped with microvilli, suggestive of glandular cells, are also seen in the right upper corner, x 7.600.

DISCUSSION

Carney et al. (9) reported that cultured SCLC changed to
large cells after long-term culture (more than 2 years), accom
panied by decreased AADC activity and increased resistance to
radiotherapy. We have recently reported that interchange of
culture medium from serum-free medium to SSM induced
changes of the growth pattern and cell type of SCLC from oat
cell type to intermediate cell type and vice versa (12). What
factors were the cause of these changes or how these changes
occurred are not yet clear. In order to find out the factor in the
serum that changed the cell type of SCLC from oat cell type to
intermediate cell type, we added serum to serum-free modified
hydrocortisone, insulin, transferrin, estradiol, and selenium
medium which contains additional excess vitamins other than
vitamin A (12) and observed changes in the morphology of the
cells cultured in the medium. The experiment revealed an
intriguing and unexpected result, that is, SCLC cells became
squamous cells (13). It was assumed that vitamin A in the

medium became relatively deficient through the addition of
excess vitamins other than vitamin A and that this relatively
deficient state of vitamin A caused the squamous cell change.
In order to discover the effect of vitamin A deficiency on SCLC
cells, we conducted the experiment to see cellular changes
induced after deprivation and addition of vitamin A (retinoic
acid). This is the first report in which definite morphological
and biochemical changes were induced in a cell line of SCLC,
that is, from small to squamous cell and vice versa in a short
period of cultivation.

Lu-134-B-S cells cultured in SSM were shown to be small
cell carcinoma not only from the morphology of the cells but
also from the amount or activity of NSE, CK-BB, and AADC
(12) and to be of the classic type described by Carney et al. (23).
A change of SSM to DL-SSM induced cell morphological
changes showing squamous cell features.

Involucrin is a precursor protein of the cross-linked envelope
and is known to be a specific marker of terminal differentiation
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Fig. 3. Morphological changes of Lu-134-B-S cells. Lu-134-B-S cells, which were cultured in DL-SSM for 8 weeks and changed their morphology from SCLC to
squamous cells, received the addition of retinole acid at a final concentration of IO M and were cultured in retinole acid containing DL-SSM for 4 weeks. Staining
with hematoxylin and eosin (A) reveals only small cells with no evident squamous cell changes. No reaction to anti-involucrin antibody is seen I/O and slight reaction
to anti-keratin antibody is noted (C). x 370.

12345
Fig. 4. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of proteins

rich in keratins extracted from cultured cells. Proteins rich in keratins were
extracted from Lu-134-B-S cells cultured in SSM (lane 1), in DL-SSM for 8
weeks (lane 2), in DL-SSM for 8 weeks then in DL-SSM (5 ml) with DMSO (10
M for 4 weeks (lane 3), in DL-SSM for 8 weeks then in DL-SSM (5 ml) with
retinoic acid (10"' M) dissolved in DMSO (IO (il) (lane 4) for 4 weeks, and in
DL-SSM for 8 weeks then in DL-SSM with retinoic acid (10"* M) for 4 weeks

(lane 5). Twenty ng of the proteins were applied to each lane and separated. The
amount of medium-[A/, 57,000 (57) and 59,000 (59)] and large-sized \M, 67,000
(67)) keratins which were scanty in Lu-134-B-S cells cultured in SSM (lane I)
increased in the cells cultured in DL-SSM (lane 2) and decreased when retinoic
acid dissolved in DMSO was added to the culture medium (lanes 4 and 5).
Addition of DMSO only (final concentration, 0.2%) did not change the amount
of these keratins (lane 3).

of squamous cells (24). A few involucrin-positive cells have been
observed in 19% of surgically resected SCLC (25), but cross-
linked envelope formation has not yet been reported in a
cultured SCLC cell line (26). It was shown that SCLC cells
cultured in SSM did not react to anti-involucrin antibody, and
enlarged cells which appeared in DL-SSM reacted to this
antibody and very strongly to anti-keratin antibody, indicating
that these enlarged cells were not only morphologically but
immunologically squamous cells.

Table 1 Characteristics of cells according to culture medium
Cell pellets of Lu-134-B-S cells cultured in SSM and in DL-SSM media and

of PC-13 cells cultured in SSM were fixed with formalin, embedded in paraffin,
sectioned, stained with hematoxylin and eosin, and their morphology was ob
served. Activity of AADC and immunoreactivity levels of NSE and CK-BB were
assayed by high-performance liquid chromatography with electrochemical detec
tion and highly sensitive enzyme immunoassay systems, respectively.

Lu-134-B-S

Medium SSM DL-SSM PC-13, SSM

Morphology SCLC SCLC -I-squamous Large
AADC (pmol/min/mg protein) 2840 2510 0
NSE (ng/mg protein) 1840 1230 38
CK-BB (ng/mg protein) 7060 6110 Not tested

Proteins rich in keratins were extracted from Lu-134-B-S
cells cultured in SSM, from cells cultured in DL-SSM, and
from cells cultured in DL-SSM with retinoic acid and compared
after sodium dodecyl sulfate polyacrylamide gel electrophoresis.
The results are consistent with the fact that the amount of
medium (M, 57,000 and 59,000) and large-sized (M, 67,000)
keratins increased with differentiation of SCLC to squamous
cells (27).

Although cells that changed to squamous cells in DL-SSM
possessed many fewer neurosecretory granules than did SCLC
cells, their reduction in AADC activity was limited unexpect
edly. This might be because only 4% of SCLC changed to
squamous cells and the rest remained as SCLC that possessed
neurosecretory granules, and biochemical data came from all
of these cells.

Vitamin A has been shown to regulate differentiation of
cultured human keratinocytes (16), and deficiency of vitamin A
has been reported to induce squamous metaplasia in hamster
trachea (28). Morphological, immunohistochemical, and elec-
trophoretical studies reported in this paper indicate that a factor
that caused the change of cells from SCLC to squamous cells
is vitamin A. But other serum factor(s) also appear to play a
role, because serum-free medium that contained no vitamin A
did not change the morphology of the cells to squamous cells
(12). It has been reported that 1 to 2% of DMSO affects cell
differentiation (29). In this study, the concentration of DMSO
used was 0.2%, which had no effect on morphology of the cells,
and the possibility of its synergistic or antagonistic action on
vitamin A, if any, may be negligible. Moreover, addition of
retinoic acid (final concentration, 10~7M) in a small volume of

DMSO (1 iti; final concentration, 0.02%) also reversed the cell
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morphology (data not shown), suggesting no possibility of the
synergistic action of DMSO. The results obtained here might
suggest the possibility that vitamin A blocks the change of
SCLC to squamous cells in humans.

Three other SCLC cell lines [Lu-24 (30, 13), Lu-130 (13),
and Lu-134-A-H (12)] were transferred from SSM to DL-SSM,
and their morphology and immunoreactivity with anti-involu-
crin and anti-keratin antibodies were observed. It was shown
that none of these three cell lines changed their morphology to
squamous cells after the medium change (data not shown),
indicating that not every SCLC cell line changed its morphology
to squamous cells and that the Lu-134-B-S cell line may be an
exceptional one. It is assumed that interconvertible squamous
cell characteristics were observed in this cell line, probably
because the cells originally possessed glandular characteristics
(12), and these glandular cells, which also possess neuroendo-
crine features, were the ones which displayed squamous meta
plasia in a vitamin A-deficient state. Carney et al* reported

that there were three subtypes in SCLC cell lines: classic,
variant, and multipotent. The cell line Lu-134-B-S described
herein is different from multipotent SCLC in that the "multi-
potent" cells grow partly in aggregates and partly adherent to

the bottoms of flasks, showing simultaneous multidirectional
differentiation without any treatment. However, our cell line is
also multipotent in a different sense, that directions of differ
entiation can be partially determined by culture condition.

These cells are considered to be "classic" SCLC biochemi

cally since their AADC activity is high as are levels of NSE and
CK-BB but "variant" morphologically. In other words, this cell

line is within the spectrum of the wide variety of SCLC, with a
more prominent neuroendocrine and less epithelial cell nature
at one end and more prominent epithelial but less neuroendo-
crine cell nature at the opposite end (31). Possession of dual
characteristics, neuroendocrine and epithelial, also supports the
hypothesis that SCLC originates in the stem cell derived from
the entoderm having a capacity to differentiate not only towards
epithelial cells but towards neuroendocrine cells (32).
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