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A Pulmonary Large Cell Carcinoma Cell Line Expressing Neuroendocrine Cell
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A cell line producing the neuroendocrine cell surface antigen and human chorionic gonadotropin
(hCG) a-subunit, designated as KTA7, was established from human large cell carcinoma using a
serum-free medium, ACL-3. KTA7 continued to grow in the ACE-3 medium, showing the morpholog-
ical characteristics of large cell undifferentiated carcinoma. The KTA7 cells reacted with antibodies
such as 6H7 and MOC1 directed against the cell surface antigens and PGP9.5 directed against a
cytoplasmic protein of neuroendocrine cells but did not possess either most epithelial markers other
than low-molecular-weight keratin (Cytokeratin) or neuron-specific enolase. The KTA7 cells, by
immunostaining with anti-hCG subunit antibodies, were shown to produce hCG a- but not S-subunit.
Northern blot analysis showed KTA7 RNA to synthesize hCG a-subunit mRNA but not that of the
hCG A-subunit. Thus, the hCG a-subunit alone was independently expressed in KTA7. Chromosome
analysis showed loss of alleles of chromosome 3p and 17 in KTA7 cells but not loss of 13q. KTA7 was
considered to be derived from large cell undifferentiated carcinoma with neuroendocrine differentia-
tion (large cell neuroendocrine tumor) and thus may fine use in studies on the pathobiology of large
cell-type neuroendocrine tumors since it expresses at the same time marker substances of neuro-

endocrine differentiation and the hCG a-subunit.
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Small cell carcinoma of the lung (SCCL) has neuro-
endocrine properties; neurcendocrine features in non-
SCCL have also been observed and multidifferentia-
tions such as mixed neurcendocrine and epithelial fea-
tures in lung cancers have been described.”™ Various
neuroendocrine markers including peptide hormones,”®
enzymes of the APUD cell system> and monoclonal anti-
bodies against surface antigens of small cell carcinomas®™®
have provided clarification of the neuroendocrine fea-
tures in iung cancers. Although cultured SCCLs in
serum-free medium showed morphoelogical, biochemical
and neuroendocrine properties, along with the ability to
differentiate in vitro,” the neuroendocrine features of
non-SCCL cell lines have yet to be described in detail. A
cell line derived from non-SCCL was established using
ACL-3, which was developed as a serum-free medium for
a non-SCCL cell culture,’” and its neurcendocrine fea-
tures were determined. The present study was conducted
to establish its morphological and molecular charac-
teristics.

Tumor tissue was obtained at surgical operation on a
46-year-old man with lung cancer. The histology of the
original lung tumor was adenocarcinoma mixed with foci
of large cell carcinoma. The tumor specimen was cut into
small pieces with fine scissors. Cells of the lung tumor
and the small tumor pieces were placed in 25-cm” tissue
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culture dishes and cultured in ACL-3 medium sup-
plemented with RPMI1640, 20 pg/ml insulin, 10 ug/
ml transferrin, 50 nM hydrocortisone, 25 nM sodium
selenite, 10 pg/ml epidermal growth factor, 100 pM
triiodothyronine, 2 mAM glutamine and 5 mg/ml bovine
serum albumin. Tumor cells were examined by phase
contrast microscopy and cytology. Two milliliters of the
medium was added to each culture twice a week. The
tumor cells continued to grow in ACL-3 medium in 25
cm’ culture flasks (Corning, New York) and the estab-
lished line was designated as KTA7. They were then
transplanted subcutaneously into the backs of 5- to 8-
week-old BALB/c female nude (xnu/nu) mice (Clea
Japan Inc., Tokyo). Serial transplantations of the tumeor
were similarly carried out. The transplanted tumors were
fixed in 10% formalin and embedded in paraffin. Cul-
tured KTA7 cells were cytocentrifuged and fixed im-
mediately for 5 min in cold acetone or 10% formalin.
Paraffin-embedded sections or cytocentrifuged KTA7
cells were stained with hematoxylin and eosin or im-
munostained by the avidin-biotin-complex method as
described previously.” The following antibodies were
used for immunohistochemistry. Antibodies reactive
with epithelial membrane antigen (EMA), carcinoem-
bryonic antigen (CEA), secretory component (SC), ker-
atin {polyclonal antibody), a-fetoprotein (AFP) and



neuron-specific enolase (NSE) were purchased from
DAKOpatts, Copenhagen. Anti-Cytokeratin monoclonal
antibody reacting with low-molecular-weight keratin was
purchased from Becton Dickinson, Mountain View,
CA."" Monoclonal antibodies (MAbs) reacting with
sialosylated Lewis® (SLEX) or sialosylated Lewis®
(SLEA) were from UCLA Tissue Typing Laboratory,
Los Angeles, CA.'> ™ MADb against a surface antigen of
neuroendocrine tumors and tissues, 6H7, was developed
in our laboratory.® MOC1 reactive with small cell carci-
noma was purchased from Daiichi Seikagaku Kogyo,
Tokyo."" Anti-hCG «¢ monocional antibody was pur-
chased from ICN Immunobiologicals, Lisle, USA. Anti-
hCG S antibody was purchased from Ortho Diagnostic
Systems, Raritan, NJ. Antibody reacting with protein
gene product (PGP) 9.5 was purchased from Ulira
Clone, Isle of Wight, England." Anti-chromoranin
monoclonal antibody (CG) was purchased from Lip-
shaw, Detroit, ML.'® For electron microscopic studies,
the specimens were fixed in a 2.5% glutaraldehyde solu-
tion followed by 1% osmium tetroxide, then embedded in
Epon, and ultrathin sections were stained with uranyl
acetate and lead citrate, and observed under an electron
microscope. For the assay of hCG in the KTA7 culture
supernatants, time-resolved flnoroimmunocassay (TR-
FIA) was conducted by Kitasato Biochemical Labora-
tories.'” Chemical assay for NSE of KTA7 cells was
performed by Dr. K. Kato of the Department of Bio-
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chemistry, Institute for Developmental Research, Aichi
Prefectural Colony.'® Extraction of total cellular RNA
was performed according to the guanidinium/hot phenol
method and polyadenylated RNA was isolated by oligo
{dT)-cellulose chromatography. Northern transfer, hy-
bridization with *P-labeled cloned ¢cDNA-hCG a- and
f-subunits gene probes (provided by Dr. John C. Fiddes,
California Biotechnology Inc., CA)™* and postwashes

Fig. 1.

Hematoxylin and eosin staining of KTA7 cultured
cells (a) and a nude mouse transplanted tumer (b}). a, b; X<200.

Fig. 2. Immunoperoxidase staining of KTA7 cul-
tured cells by 6H7 (a) and by anti-Cytokeratin
antibody (b}, and immunostaining by anti-hCG «
monoclonal antibodies of a nude mouse trans-
planted tumor (¢} and KTA7 cultured cells (d).
a; X200, b; X200, ¢; X100, d; X200,
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were carried out as reported previously’” and auto-
radiography, at —70°C. Chromosome analysis of KTA7
cells was performed at the Special Reference Labora-
tories, Tokyo.™®

The established KTA7 cell line continued to grow in
the ACL-3 medium in 25 cm’ flasks, the population
doubling time being 28 h. KTA7 grew as floating cell
clusters with loose intercellular contact and had a single
round or polygonal nucleus with one or more prominent
nucleoli and scanty cytoplasm (Fig. 1a). Nude mouse
xenografts exhibited undifferentiated large cell carci-
noma without formation of acini or keratinization (Fig.
1b). Immunchistochemical studies on both cytocentri-
fuged KTA7 cells and nude mouse xenografts indicated
KTA7 to express 6H7 and MOC] antigens (Fig. 2a), and
Cytokeratin (Fig. 2b), which consists of low-molecular-
weight cytokeratin polypeptides of 39,000, 43,000 and
50,000 daltons, but not keratin consisting of polypeptides
of 56,000 and 64,000 daltons. KTA?7 cells bore no SLEX,
SLEA, EMA, CEA, SC, AFP, CG or NSE. NSE content
detected by chemical assay of KTA7 cells was 63.3 ng/

mg protein, thus being much less than that of SCCL and
neurogenic tumors® ' and the cells did not immunostain
positively for the anti-NSE antibody. However, KTA7
cells were positive for PGP 9.5, which was a 27,000-
molecular-weight soluble protein isolated from brain and
a cytoplasmic marker for neurons and some endocrine
cells.” hCG q-subunit immunoreactivity was noted in
nude mouse transplanted KTA7 tumors (Fig. 2¢) and
KTA7 cultured cells (Fig. 2d), whereas no reaction for
hCG fS-subunit could be detected in the cells and trans-
plants. Electron microscopic examination showed that
adjacent cell membranes of the KTA7 cells were closely
apposed to a few long tight junctions and that the cyto-
plasm of the KTA7 cells contained abundant free ribo-
somes, scattered dilated rough endoplasmic reticulum
and a moderate number of mitochondria, but some cells
had glycogen granules in the cytoplasm. No secretory
granules were observed in the cells (Fig. 3). No basement
membrane which separated the parenchyma from the
connective tissue was present in transplants of K'TA7
(photograph not shown). hCG was shown to be secreted

Fig. 3.

Electron microscopic examination of cultured KTA7 cells, Adjacent cell membranes of KTA7 cells were closely

apposed to a few long tight junctions. The cytoplasm contained abundant free ribosomes, scattered dilated rough
endoplasmic membranes and a moderate number of mitochondria (a). Some KTA7 cells had abundant glycogen granules

in the cytoplasm (b). a; X 15,400, b; X 10,000
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Fig. 4. Northern hybridization analysis. Total cellular and
poly (A)" RNA (3 ug) was denatured and separated in a 1%
agarose gel containing formaldehyde and hybridized with hCG
a- and S-subunit gene cDNA probes, which were the 621 bp
Hind 11 genomic fragment containing the hCG a-subunit gene
and the 491 bp of Hind I11-Apa 1 genomic fragment containing
the hCG S-subunit gene, respectively. Lane 1, total RNA of
KTA7 cells hybridized with the hCG a-subunit gene probe;
lane 2, poly {A)" RNA of KTA7 cells hybridized with hCG
a-subunit gene probe; lane 3, poly (A)* RNA of KTA7 cells
hybridized with the hCG S subunit gene probe; lane 4, poly
(A)*" RNA of the placenta hybridized with the hCG S-subunit
gene probe. The exposure times were 15.5 h in lanes 1 and 2,
and 44 h in lanes 3 and 4.

into the culture medium by immunoassay of KTA7
culture supernatant (4.8 ng/ml per 10° cells per 48 h).
The hCG secretion of KTA7 cells was that of hCG
c-subunit because the polyclonal anti-hCG antibody
used in the present immunoassay could react with not
only whole hCG molecule but also either of the hCG
subunits. Its level was quite low compared to those of
gestational choriocarcinoma cell lines.” Northern blot
analysis was conducted on total cellular and poly-
adenylated RNA. to examine the transcription of hCG a-
and S-subunits genes in the KTA7 cells, hCG g-subunit
transcripts of 0.85 kb were demonstrated in the KTA7
cells (Fig. 4, lane 1 and lane 2). However, no transcript
of the hCG S-subunit could be detected in the cells,
although hCG S-subunit transcript of 0.9 kb was
detected in the placenta as a positive control (Fig. 4, lane
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3 and lane 4). Chromosome analysis of KTA7 cells
showed that its modal chromosome number was 55 with
a narrow distribution. Loss of alleles of chromosome 3p
and translocations of alleles of chromosomes 9p, 17p and
20q were observed in the KTA7 cells. Chromosomes 6, 9,
17 and 20 were found to be monosomic. Chromosomes
21 and 22 were trisomic. Deletions of chromosome 13q
were not found in the KTAT cells, although loss of
heterozygosity was reported in 3p, 13g and 17p in small
cell lung carcinomas and may be-involved in tumori-
genesis in SCCL.*%®

In summary, a new non-small cell lung cancer cell line,
KTA7, which was established in serum-free media, ACL-
3, was found to produce and secrete the hCG a-subunit
by immunohistochemistry, immunoassay and northern
hybridization analysis. hCG consists of a- and S-
subunits, and the g-subunit is almost identical with that
of the pituitary glycoprotein hormones. Although hCG is
a pregnancy-associated hormone produced and secreted
by the trophoblast of the placenta, the immunoreactivity
was demonstrated in various extraplacental tissues and
tumors.”” The hCG a-subunit-containing cells were
found to be present not only in small cell carcinomas of
the lung (SCCL) and carcinoid tumors but also in non-
SCCLs including adenocarcinomas, squamous cell carci-
nomas and large cell carcinomas.”™ hCG q-containing
cells have also been reported in most cases to lack hCG
B-subunit immunoreactivity in lung tumors.®® The hCG
subunits are thus considered to be expressed through
independent genetic mechanisms in KTA7 cells as well as
most hCG a-subunit-positive lung tumors. Lung cancer
cell lines producing hCG subunits have already been
reported. Belper ef al. described the features of 3 lung
cancer cell lines producing hCG subunits but did not
mention their molecular characteristics.”” The molecular
mechanisms of hCG production and secretion of two
clonal strains from the ChaGo cell line, derived from
lung cancer and possessing the morphological features of
trophoblastic tumor, have been examined in detail >V
Production of a-hCG has been shown to be controlled
pretranslationally in ChaGo cells.*” However, the rela-
tionship between production of a-hCG and expression of
other neurcendocrine markers in non-SCCL was not
described.

While 6H7 was reported to recognize a polypeptide of
128,000 daltons,® it was found to react with the same
molecule recognized by MOC1,*” and thus is considered
to belong to the cluster T antigen of smali cell carcinoma
(SCC) since the MOCI antigen is classified as the cluster
1 antigen of SCC.* Recently, the antigenic specificity of
the cluster I antigen was found to be quite similar to that
of the neural cell adhesion molecule (N-CAM).*” Mono-
clonal antibodies reactive with cluster I antigen of SCC
such as MOC1 and 6H7 react with a small population of
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non-SCCL and are capable of detecting the neuroendo-
crine differentiation of non-SCCL, while other neuro-
endocrine features of non-SCCL expressing the cluster 1
antigen have yet to be described in detail.”**® Recently,
the cluster I antigen expression in non-SCCL was sug-
gested to represent an oncofetal form of expression since
it was found to be expressed in fetal bronchi without
accompanying co-expression of other endocrine cell
markers,”® However, the cluster I antigen expression in
non-SCCL is considered to represent neuroendocrine
features when other neuroendocrine markers are co-
expressed in the tumors, because it is expressed in not
only neurons and neurogenic tumoers but also endocrine
cells and tumors to a high degree.® '

In the present study, the expression of the cluster I
antigen of SCC in non-SCCL was confirmed and its
relation to neuroendocrine features in non-SCCL was
clarified since the cluster I antigen expression in KTA7
cells was accompanied with co-expression of an endo-
crine cell marker, hCG a-subunit and a cytoplasmic
marker for neurons and some endocrine cells, PGP9.5.
Although immunoreactivity of the anti-NSE antibody
could not be detected in KTA7 cells, immunochemical
assay for NSE of KTA7 cells showed NSE to be present
at a very low concentration in them and the enzymes of
APUD cell systems such as NSE have been shown to
have low activity in certain non-SCCL cell lines that
produce hCG.*

The relationships among morphologic features, expres-
sion of the cluster I antigen and production of hCG
a-subunit in non-SCCL were not determined in previous
reports. A small proportion of large cell undifferentiated
carcinomas has been reported to express neuroendocrine
properties and such tumors have consequently been
designated as large cell undifferentiated carcinomas with
neuroendocrine differentiation or large cell neuroendo-
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Chromosomal analysis of KTA7 cells showed chromo-
some 3p deletion and monosomy of chromosome 17 but
not chromosome 13q deletion. Chromosomal deletion at
3p was suggested to be a common pathogenetic step to
most types of lung cancers since such deletion was found
in not only SCCL but also non-SCCL.* Simultaneous
loss of heterozygosity for loci on chromosomes 3p, 13q
and 17p was demonstrated in most SCCL patients by
restriction fragment length polymorphism (RFLP) anal-
ysis, although no cytogenetic abnormalities of chromo-
somes 13 and 17 have been reported.’® Thus, further
studies of KTA7 cells by RFLP analysis will be per-
formed in order to look for a pathogenetic step common
to pulmonary neuroendocrine tumors including SCCL
and large cell neuroendocrine tumors.
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