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ABSTRACT

Diverse histolÃ³gica!types of lung cancer express neuroendocrine (NE)
markers. \Ye studied the expression and alternative splicing forms of the
neural cell adhesion molecule (NCAM) NKH-I, a member of the im-
munoglobulin superfamily, in 56 lung cancer cell lines representing all
histolÃ³gica!types. \Y'e found a strong correlation between expression of

NCAM with both NE phenotype and lack of substrate adhesion in
culture. Several cell lines expressed high levels of the leukocyte antigen
Leu-7 (HNK-1) but Â»ere negative for NCAM antigen and mRNA,
indicating that the Leu-7 antigen is distinct from NCAM. All of the
NCAM-positive cell lines demonstrate a single 6.2-kilobase mRNA, and
analysis of the known 3' alternative splices shows predominant expres

sion of only the membrane form with the small intracytoplasmic domain.
\Ve conclude that (a) expression of NCAM is associated with NE
phenotype regardless of the histolÃ³gica!type of lung cancer; (b) these
cell lines share a single form of NCAM; (c) with few exceptions, NCAM
expression is associated with cell to cell adhesion and lack of substrate
adhesion (growing as floating clusters); and (</) Leu-7 antigen is distinct
from NCAM. This form of NCAM may play a functional role in NE
differentiation or may be a part of the NE program expressed by these
cells.

INTRODUCTION

NCAM' is a member of the immunoglobulin superfamily
mediating homophilic cell-cell adhesion in a variety of cell types
in the embryo and in neurons, NE cells, glia, and the neuro-
muscular junction in adults (1-4). Multiple NCAM forms have
been found representing a combination of tissue- and develop
ment-specific alternative splicing and degree of sialylation (5-
8). The antigen (NKH-1, assigned to cluster group CD56) is
also expressed on natural killer cells (9, 10). Recent studies
have found that certain tumor tissues express the fetal pheno
type of abundant expression of a highly sialylated NCAM,
including Wilms' tumor ( 11) and SCLC ( 12). In SCLC, NCAM

is strongly expressed. Many antibodies that react preferentially
with cluster group 1 antigens of SCLC in fact recognize NCAM
(13), and a M, 140,000 NCAM protein product has been
described (14).

The anti-Leu-7 monoclonal antibody, generated against a
human T-cell line, recognizes antigen HNK-1 (15). This antigen
is present on a subpopulation of natural killer cells (16) and the
white matter of the central and peripheral nervous tissue (17).
In addition, most NE cells and tumors, including SCLC (4, 18,
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19), express the antigen. Because the immunoreactivity is pre
served in routinely processed pathology material, this antibody
has been used as a general marker of NE differentiation in lung
cancer (17, 20, 21). In the nervous system, it is associated with
the cell adhesion molecule myelin-associated glycoprotein (22)
and has a molecular weight of approximately 280,000. In
peripheral blood cells, the antigen has a molecular weight of
about 110,000 and has been assigned to cluster group CD57
(10). Although the carbohydrate antigen recognized by the anti-
Leu-7 antibody may be associated with NCAM (23), it is not
certain whether the antibodies anti-NKH-1 (NCAM) and anti-
Leu-7 (HNK-1) are recognizing different antigens on NE cells,
or whether they recognize protein and carbohydrate epitopes,
respectively, on the same molecule.

There are several types of NE lung tumors, including a subset
(about 15%) of NSCLC-NE, carcinoid tumors, as well as classic
and variant forms of SCLC (24). Tumors morphologically and
biologically similar to SCLC arise in other tissues, i.e., ExPuSC
(25). In this paper, we examine the pattern of expression of
NCAM and Leu-7 antigens as well as NCAM message levels
and 3' structure in these different types of cancer and correlate

that expression with NE markers and growth morphology.

MATERIALS AND METHODS

Cell Lines. With two exceptions, all cell lines were derived in our
laboratory and were maintained and characterized as previously de
scribed (24, 26). The SHP-77 cell line was obtained from Dr. J. Paulson
(27), and SMS-KAN was received from Dr. C. Reynolds (28).

Surface Marker Analysis. Anti-Leu-7 was obtained from Becton
Dickinson (Sunnyvale, CA), and anti-NKH-1 antibody was from Coul
ter Immunology (Hialeah, FL). Immunohistochemistry was performed
as previously described (4). Briefly, cell lines were cytocentrifuged onto
glass slides, fixed at 4Â°Cin ice-cold 95% ethanol, and stained using

Vectastain ABC staining kits (Vector Laboratories, Burlingame, CA),
modified as published (20). Positive and negative controls were included
in every assay. Immunostaining was scored positive if >10% of the
tumor cells showed staining.

Flow cytometry was performed as previously described (4). Briefly,
cell suspensions were incubated with monoclonal antibody at 4Â°Cfor

30 min, then washed twice, incubated with fluoresceinated goat anti-
mouse antibody (Becton Dickinson) at 4Â°Cfor 30 min, and analyzed

on an EPICS V fluorescence-activated cell sorter (Coulter Electronics,
Hialeah, FL). Nonreactive primary antibody and secondary antibody
alone were used as controls.

Neuroendocrine Analysis. NE markers were determined as previously
described (24). All cell lines stated to be NE had two or more of the
following NE cell markers: L-dopa decarboxylase, dense core secretory
granules, synaptophysin, or chromogranin A (29).

RNA Analysis. NCAM clone CD56 was the generous gift of Dr.
Lewis Lanier of DNAX Research Institute, Palo Alto, CA. It was
cloned from the KG la.5 cell line (30), is essentially identical to the
published sequence (31). and contains the 5' end of the coding sequence

up to and including the internal EcoRl site.
RNA preparation was by guanidinium thiocyanate extraction fol

lowed by ultracentrifugation through a CsCl cushion (32). Human brain
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RNA was purchased from Clontech (Palo Alto, CA), and human heart
atrial RNA was the generous gift of Drs. Bruce Johnson and Gary
Richardson. For Northern analysis, 10 /jg of total RNA were electro-
phoresed on a 1.5% formaldehyde agarose gel, blotted to nitrocellulose
filters, and hybridized as described (32). The probe was generated by
random priming (kit from Bethesda Research Laboratories, Bethesda,
MD) the CD56 clone gel-purified 1.5-kilobase HindlU/EcoRl insert.

cDNA PCR was performed using total cellular RNA with domain-
specific oligonucleotides. Twenty-five ^g of total cellular RNA were
heated to 70Â°Cfor 3 min and cooled on ice. Fifteen Â¿igof random

hexamer (Pharmacia, Piscataway, NJ), 0.5 mM final concentration of
deoxyribonucleotide triphosphates, 5x buffer (Bethesda Research Lab-
oratories-GIBCO, Bethesda, MD), and 300 units of Moloney murine
leukemia virus reverse transcriptase (Bethesda Research Laboratories)
were added to a final total volume of 50 n\. This reaction was incubated

at 37Â°Cfor l h and terminated by heating to 90Â°Cfor 5 min. As

recommended by Perkin Elmer/Cetus (Norwalk, CT), 0.5 n\ of this
cDNA and 250 ng of each primer were used for each 50 M'PCR reaction
with buffer and nucleotides. PCR conditions were: 2 min preheating at
94Â°C,then 45 s at 94Â°C,45 s at 58Â°C,and 3 min at 72Â°Cfor 20-40

cycles (see below), followed by analysis using agarose gel electropho-
resis. Oligonucleotides corresponding to human cytoplasmic 0-actin
were used as positive controls to test the cDNA preparation, and blank
reactions containing all of the oligonucleotides but no cDNA were used
as negative controls.

Oligonucleotides used were as follows (see Fig. 5), numbered ac
cording to Hemperly et al. (33), clone NII-6, and/or labeled according
to the corresponding chicken exons (33): oligo 0 (5' common to all
forms, 1570-1589), GAATTCATCCTTGTTCAAGC; oligo 1 (3' mus
cle-specific domain), TGGTGGAGACAATGGAACAGG; oligo 2 (3'

Table 1 HistolÃ³gica!subtype, flow cytometry, immttnohistochemistry, NCAM mKNA expression, and substrate adherence for a panel of cell lines"

Cell lineNCI-H28H290H5I3H

23H125H157H226H292H322H520H5%H650H66IH676H460H810HI155H679H720H835H727H60H69H

128H146H187H209H298H345H

369H
378H449H568H592H618H620H71IH719H740H774H889H

1092H1184H

1436H
1930H510H

1048H82H2I1H372N417H446H524H526SHP-77'KANmonTypeNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCNSCLCCarcinoidCarcinoidCarcinoidCarcinoidSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCSCLCNeuroblastomaNeuroepitheliomaSubtype

PCMNKH-1MesoMesoMesoAdenocaAdenosqSquamousSquamousMucoepAdenocaAdenocaAdenosqAdenocaLarge

CellAdenocaLarge

CellLarge
CellLarge
CellAtypAtypAtypTypClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicClassicExPuSCExPuSCVariantVariantVariantVariantVariantVariantVariantNENegNegNegNegNegNegNegNegNegNegNegNegPosPosPosPosPosPosNegPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosNegPosPosPosPosPosPosPosNegIHC

NKH-1NegNegNegNegNegNegNegNegPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosmRNANCAM NE SubstrateadherenceNegNegNegNegNegNegNegNegNegPDSPosPosPosNegPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosNegNegNegNegNegNegNegNegNegNegNegNegNegNegPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosPosÂ»Pos*PosÂ»PosÂ»PosÂ»Pos*Pos*PosPosNegPresentPresentPresentPresentPresentPresentPresentPresentPresentPresentPresentPresentPresentAbsentAbsentAbsentAbsentAbsentPresentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsentAbsent1*FCMLeu-7PosNegPosPosPosNegNegNegNegNegNegNegNegNegPosPosPosPosNegPosPosPosPosPosPosNegPosPosPosPosNegPosPosPosPosPosPosNegPosPosPosPosPosPosPosPosNegIHCLeu-7PosNegPosPosPosPosNegNegNegPosPosPosPosPosPosPosPosPosPosPosPosPosPos

" FCM. flow cytometry; IHC, immunohistochemistry; Meso: mesothelioma: Adenoca: adenocarcinoma: Adenosq: adenosquamous; Mucoep: mucoepidermoid;

Typ: typical carcinoid: Atyp: atypical carcinoid: ExPuSC, extrapulmonary small cell cancer.
Â»Variant SCLC cell lines express only part of the NE cell program (26). All other NCI cell lines were initiated by our laboratory, and their full designation includes

the prefix NCI-.
c This lung cancer-derived cell line (27). which expresses NE markers, does not readily fit into any of the other NE categories.
**SHP-77 grows in culture as a mixture of loosely adherent and floating cells.
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common to all forms, 2135-2116), GGTTCTCAGCCACCACGTAG;
oligo 4 (3' intracellular domain specific, exon 16, 2272-2247), CAG-

GACGAAGATGAGGATGC; oligo 5 (secreted form domain specific),
AGCAGTGATTCTGTGCAATG; oligo 6 (common to all forms),
GGACTGGCTGCGTCTTGAAC; oligo 7 (exon 16/17 junction,
2403-2422), CCTTCTCGAAAGATGAGTCC; oligo 8 (exon 19,
2645-2626), ATGCTTTGCTCTCGTTCTCC; and oligo 9 [exon 15,
nucleotides 767-748 of X9.5 (1)], GTGTAGGATGCAGAATTGCC.
Positive control oligonucleotides for human cytoplasmic fi-actin were:
CCAGGAAGGAAGGCTGGAAGAGTGC and AACCGCGAGAA-
GATGACCCAG.

RESULTS

Fifty-six cell lines representing all types of lung cancer and
one neuroblastoma cell line were analyzed for NCAM expres
sion by immunohistochemistry, flow cytometry, and Northern
analysis. These results were then correlated with Leu-7 antigen
expression, NE marker expression, and growth morphology
(Table 1). Cell lines are grouped by histological type and
subtype.

NCAM Expression. Intense immunohistochemical staining
to NCAM (NKH-1) was observed in most SCLC lines. The
pattern of immunoreactivity was variable from cell line to cell

line, being membranous, cytoplasmic, or, most frequently, both
(Fig. 1). All of the subtypes of SCLC tested were 100% positive
for NKH-1: 8 classic SCLC, 1 ExPuSC, and 4 variants. One
carcinoid and 1 NSCLC-NE were positive, and the rest (8) non-
NE NSCLC were negative. For Leu-7, 5 of 8 non-NE NSCLC
were positive, 1 NSCLC-NE was negative, and 1 carcinoid was
positive. Eight classic, 4 variant SCLC, and 1 ExPuSC were all
positive.

Representative histograms from flow cytometry are shown in
Fig. 2, A and B. All 18 (100%) classic SCLC and 7 of 8 (88%)
variant SCLC cell lines were positive for NKH-1. The 1 Ex
PuSC tested was also positive. None of 12 non-NE NSCLC
cell lines was positive for NKH-1, although 4 cell lines were
positive for Leu-7. All 3 NSCLC-NE and 3 of 3 atypical
carcinoid cell lines were positive for NKH-1. The single typical
carcinoid cell line was negative for NKH-1. All three meso-
thelioma cell lines were negative.

NCAM Northern Analysis. Northern analysis using 10 //g of
total RNA showed strong hybridization in a subset of the cell
lines to the NCAM probe corresponding to the 5' half of the

cDNA (Fig. 3; Table 1). In all of the NCAM-positive cell lines
tested, a single band of approximately 6.2 kilobases was seen
migrating above the 28S ribosomal band. Another band was

Â». y*:**
? < V

a ^ Â¿V b

Fig. 1. Photomicrographs of NKH-1 immunoreactivity in lung cancer. Cytospin preparations of lung cancer cell lines were stained by the avidin-biotin-complex
technique using the mouse monoclonal anti-NKH-l antibody and photographed using the same magnification (x 330). a, a classic SCLC cell line (HI 28) demonstrating
cytoplasmic as well as membranous staining in most of the tumor cells, b, a predominantly membranous staining in a cell cluster of a variant SCLC (H211). c, lack
of immunoreactivity in a NSCLC (H292). li. intense cytoplasmic and membranous immunoreactivity in scattered cells of a NSCLC-NE (H460).
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Fig. 2. A, indirect immunofluorescence analysis of anti-Leu-7 and anti-NKH-

1 staining of SCLC and carcinoid cell lines analyzed by flow cytometry. Because
the antigen Leu-Ila (CDI6), a low affinity Fc receptor (Fc-yRIIl) present on
natural killer cells, was not expressed by most lung cancer cell types (data not
shown). anti-Leu-ll was included as an additional negative control. NHK-1 is
expressed by all four cell lines tested. Leu-7 antigen is expressed by three of the
four cell lines but not by variant SCLC line H21 I.A. indirect immunofluorescence
analysis of anti-Leu-7 and anti-NKH-1 staining of NSCLC and mesothelionia
cell lines analyzed by flow cytometry. NKH-1 is expressed by cell line H810. a
large cell carcinoma expressing NE markers. It is not expressed by the other three
lines, which lack NE markers. Leu-7 is strongly expressed by the mesothelionia
cell lines but not by the NSCLC cell lines.

seen ahead of the 28S band (at about 4 kilobases) but was not
seen on analysis of polyadenylated RNA, suggesting that it was
an artifact. The level of expression varied considerably between
different cell lines. There was 100% correlation between im-
munohistochemistry, flow cytometry, and mRNA expression
with the exception of variant SCLC cell line H82, which was
negative by flow cytometry but positive by the other two assays.

Leu-7 Expression. Leu-7 was positive in all but one classic
SCLC cell line and positive in the one variant SCLC cell line
that was negative for NKH-1. Two of the NSCLC-NE cell lines
were negative for Leu-7, and the single typicai carcinoid cell
line was negative for Leu-7. Of interest, 2 of 3 mesothelioma
cell lines were strongly positive for Leu-7 expression but were
negative for NKH-1 expression (Fig. 2; Table 1). The immu-
nohistochemical staining patterns for Leu-7 were cytoplasr ic,

membranous, or both.
Neuroendocrine Markers. All of the classic and extrapulmo-

nary SCLC cell lines expressed NE markers, and variant SCLC
lines expressed only part of the full phenotype (26). All of the
carcinoid lines were positive, and a subset of the NSCLC lines
was positive (NSCLC-NE).

Growth Morphology and Substrate Adherence. The lung can
cer cell lines in our hands grow in a spectrum of morphologies
ranging from strictly adherent growth to growth in compact
spheroids in suspension (26) (Fig. 4). All of the SCLC cell lines
lack substrate adherence and grow in suspension, whereas most
of the NSCLC cell lines are adherent (Table 1). Two of the
NSCLC lines grow in suspension, and all of these are also
positive for NCAM. There is, however, one line (H460) that is
positive for NCAM and grows in a predominantly adherent
manner.

NCAM Message Structure. Domain-specific oligonucleotides
were used to determine the 3' splicing pattern of the NCAM

message expressed in a representative panel of these cell lines,
as described in "Materials and Methods." Fig. 5 shows the

locations of the oligonucleotide primers utilized for PCR reh-
tive to the forms of human NCAM as available in GenBank
(1,34).

PCR results were scored as positive, negative, or trace (Table
2). The number of PCR cycles was minimized to improve
linearity of response. In all cases, a predominant form was
clearly identified with 20 cycles of PCR and corresponds to the
form published as X4-4 (1), or clone NII-6 (33), the M, 140,000
transmembrane isoform of NCAM. This form has a 3' message

structure corresponding to chicken exons 14, 16, 17, and 19
(33). Other domains could be detected in every cell line, how
ever, with 35-45 cycles of PCR, indicating that all forms may
be present at extremely low (and probably insignificant) levels.
In some cases, predicted PCR products may be of different
sizes for various forms because they span an alternatively
spliced exon (e.g., oligo pairs 0 â€”¿�Â»2 span the MSD and SEC
domains, and 7 â€”¿�Â»8 span the alternative insertion of exon 18;
see Fig. 5). In these cases, the size of the product was also
consistent with the 14-16-17-19 exon structure.

These results indicate that SCLC and NSCLC cell lines
produce predominantly the transmembrane form of NCAM
with the short intracytoplasmic domain and without the muscle-
specific domain, like the published X4-4. Trace amounts of the
transmembrane form without the intracytoplasmic domain ( TM
in Fig. 5) were detectable in some types of lung cancer, and this
was the predominant form detected in the brain RNA tested
here. Trace expression of the SEC domain was detected in some
samples under these conditions. The PCR products from
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Fig. 3. Northern analysis of 10 ng of tola!
or 1 Mgof polyadenylated RNA, as indicated,
from a representative panel of cell lines probed
with the NCAM probe CD56. Positions of size
markers are indicated on left. Â¡\'B.neuro
blastoma; -C and -y, classic and variant forms.
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Fig. 4. Growth morphological appearances
of lung cancer cell lines. All illustrations are
photomicrographs of cultured cells, except the
typical carcinoid cell line (H727). which is a
hematoxylin & eosin stain of cells grown on a
glass coverslip. The classic SCLC cell line
(H64). the NSCLC-NE cell line H1385 (a large
cell cell line with NE properties), the extrapul-
monary cell line H510. and the atypical carci
noid H679 lack substrate adherence. The typ
ical carcinoid line H727 and the non-NE
NSCLC cell line H125 demonstrate substrate
attachment. All cell lines illustrated, except for
these two, expressed NCAM.

Extra-pulmonary Atypical

primers 0 and 2 were also consistent with the lack of the SEC
domain, and PCR products from oligos 7 and 8 indicate lack
of exon 18 in the predominant product. All of the carcinoid
cell lines examined (except H727, which was negative by surface
markers) also expressed the same form of NCAM, but, in
addition, other domains were detectable. H679 expressed
roughly equal amounts of the two transmembrane forms (nearly
identically sized products from primers 0 â€”¿�>4 and 0 â€”¿�>9,
corresponding to the first two forms, TM and X4-4, in Fig. 5)
whereas H835 had detectable amounts of the muscle-specific
domain as well. Interestingly, H727, which was negative by
flow cytometry and Northern blot analysis, had trace amounts

Other (Non-NE)

of the same form of the NCAM message found in the positive
lines detectable with 35 cycles of PCR.

DISCUSSION

Much effort has gone into the search for "tumor-specific"

antigens in a wide array of tumors. Frequently, these are found
to be expressed also in normal tissues or during embryonic
development. In the case of SCLC, many antibodies recognized
antigens on these cells which were similar or identical, one
group of which became known as "cluster 1" (10, 13). These

antibodies have subsequently been found to be directed against
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Fig. 5. Structure of three published human NCAM cDNAs (1, 34) with locations of PCR oligonucleotide primers used in this study. Exons are numbered above
each form by homology with the better characterized chicken gene (33). SEC, the domain specific for the secreted form; MSD, the muscle-specific domain. Top bar
(TM) corresponds to the transmembrane form without the intracytoplasmic domain found in brain and in small amounts in some of the lung cancer lines. The
designations at the right of the three lower bars correspond to the phage clone designations given by the authors ( 1. 34).

Table 2 Domain-specific PCR results on selected cell lines"

RNABrainHeartKANH679H720H727H835H

1926H
1395H460HI87H

1963H211NCAM

domains
celltypeAmygdalaAtrialNBCarcinoidCarcinoidCarcinoidCarcinoidExPuSCNSCLCNSCLC-NESCLCSCLCSCLC-VCOM0â€”2posposposposposto

posposnegposposposCOM0â€”6posposposposnegposNCAMMSD0â€”1POSPOSnegtrtrnegpostrnegnegnegtrnegoligonucleotide

pairdesignationSEC0â€”5negnegnegtrtrnegpostrnegnegnegnegnegICD0â€”4trnegPOSPOSPOStrPOSPOSnegPOSPOSPOSPOSTM0â€”9POSPOSPOStrnegtrtrnegtrtr0â€”8trnegnegnegPOS7â€”8POSPOSPOSPOSPOS

" COM, domains common to all published forms; MSD. muscle-specific domain: ICD, domain specific for forms with intracytoplasmic domains; SEC. domain

specific for secreted isotype; TM, domain specific for transmembrane form without an intractyoplasmic domain (containing exon 15); NB. neuroblastoma cell line:
capitalized POS, the predominant PCR product, detectable with low number of PCR cycles; lower case pos, significant product, but not predominant; tr, faint product
only with high numbers of cycles of PCR; neg, no significant PCR product. Primer pairs 0â€”8and 7â€”>8are not domain specific but served to confirm fragment sizes
of predicted products spanning alternative splices. No entry, not done.

Table 3 Summary of correlations of NCAM and Leu-7 expression as determined
by flow cytometry with neuroendocrine phenotype and substrate adherence"

Concordance (%)

NE phenotype Substrate adherence

NCAM
Leu-745/46

(98)
38/46 (83)44/46

(96)
28/46(61)

Â°See text.

NCAM epitopes (13, 35, 36). NCAM has a very limited tissue
distribution of expression in adult tissues, mainly limited to
neurons, glia, striated muscle, and NE cells (1-3). Total adult
lung RNA from the one individual examined was negative as

well (data not shown). However, pulmonary endocrine cells (the
putative precursor cells of SCLC, which are few in number in
the adult lung) stain with "cluster 1" antibodies (37), suggesting
that they may express NCAM. Some tumors, SCLC and Wilms'

tumors, for example, express high levels of NCAM, often in
the fetal, highly sialylated form (38).

In this report, we have examined the pattern of NCAM
expression in six different types of lung cancer cell lines, classic
SCLC, variant SCLC, ExPuSC, carcinoid, NSCLC, and
NSCLC with NE features, and in mesothelioma. We have found
good correlation (Table 3) between expression of NCAM and
NE phenotype [45 of 46, or 98% (P < 0.0001)] and with lack
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of substrate attachment [44 of 46, or 96% (^< 0.0001)], which
is a better correlation than with Leu-7. NKH-1 expression and
Leu-7 expression are only modestly associated with each other
by both immunohistochemistry [17 of 23, or 74% (P = 0.06)]
and flow cytometry [36 of 46, or 78% (P = 0.001)]. However,
there were two cases of strong Leu-7 expression by flow cytom
etry and immunohistochemistry in cells that were negative for
NCAM by NKH-1 antibody and Northern analysis (H23 and
H513), suggesting that these two epitopes are on different
molecules in these cells. Two additional cell lines (H28 and
H125) were positive for Leu-7 staining and negative for NCAM,
but RNA analysis was not performed.

The immunohistochemical staining pattern for both NKH-1
and Leu-7 was variable from cell line to cell line, suggesting
that the antigen is not limited to one compartment within the
cell. It is conceivable that there are defects in transport to the
cell membrane or glycosylation which cause accumulations of
the protein in abnormal locations or alter the immunoreactivity
of the protein to the antibody used. More accurate antigen
localization in individual cells would require ultrastructural
immunohistochemistry.

We find that only a single major form of mRNA is expressed
and, as expected, a high correlation between NKH-1 antigen
and NCAM mRNA expression (23 of 24, or 96%). The single
discrepancy is probably due to differences in the sensitivities of
the various techniques. Alternative splicing forms of NCAM
have been reported in many systems (1, 7, 31, 34), with many
different message sizes, sometimes multiple forms in a single
cell type. It appears that all types of lung cancer cell lines
examined express a single message form by Northern analysis
of approximately 6.2 kilobases. The domain-specific PCR tech

nique utilized here demonstrates that these NE lung cancers
express the transmembrane form of NCAM with the small
intracytoplasmic domain, without the muscle-specific domain
or the secretory-specific domain, corresponding to the M,

140,000 form in the literature (33). Carcinoid cell lines express
this same form, and some of them express small amounts of
others as well. Even cell line H727, which is negative by flow
cytometry and Northern analysis, expresses trace amounts of
the "common" form detectable only by cDNA/PCR. This find

ing lends support to its classification as a carcinoid and dem
onstrates the greater sensitivity of the cDNA/PCR technique.

The correlation between NCAM expression and NE pheno-
type is intriguing, given the data on the importance of NCAM
on neural development (39) and the expression of NCAM in
other NE cells (40). Our group and others have demonstrated
differences in both chemosensitivity and patient survival in
patients with NSCLC-NE versus those with non-NE NSCLC
(41). It has been postulated that homophilic adhesion between
NCAM molecules on different cells may allow specific inter
actions between other cell surface molecules. These molecules
could be involved in growth stimulation or maintenance, as, for
example, in a paracrine autostimulatory loop. Polysialylation
of NCAM markedly reduces the strength of the homophilic
interaction (42), and one of our SCLC lines (H69) has been
reported to express both high and low sialylation forms (12).
The significance of the isoform expression in lung cancer is yet
to be evaluated, but polysialylation of NCAM in cancer cells
may reduce homophilic adhesion and increase metastasic
potential.

In this report, we show a strong correlation between growth
morphology and NCAM expression. Under our culture condi
tions, SCLC cell lines almost always grow as tight clusters in

suspension and resist disaggregation into single cells (26). This
homophilic affinity may be due to NCAM surface expression.
A variant of one of these cell lines (H446) which adheres to
plastic has recently been isolated, and NCAM was shown to be
expressed only in the non-adherent subline (43). The single
exception in our series (H460), as well as some neuroblastomas
and other NCAM-expressing cells which also demonstrate sub
strate attachment, may attach to culture dishes due to expres
sion of another adhesion molecule such as the fibronectin
receptor in addition to NCAM.

Recent findings of other molecules with sequence similarity
to NCAM propose other possible mechanisms of action. The
DCC (deleted in colon cancer) gene is related to NCAM in
structure and may function as a tumor suppressor gene in colon
cancer (44), and as these molecules span the membrane, trans-
membrane signaling is a possibility. Treatment with retinoic
acid, a potent differentiating agent, has been found to up-
regulate NCAM expression in some systems (45). SCLC cell
lines are known to produce both opioids and a specific opioid
receptor (46), and an opioid receptor homologous to NCAM
has been cloned from bovine brain (47). Expression of this gene
in lung cancer has not been reported but may suggest a receptor
or transmembrane signaling function for members of the
NCAM family. Our finding of a close association of NCAM
expression with NE phenotype in these lung cancer cell lines
suggests that the two may be the common result of the same
developmental process or, in fact, that NCAM interactions may
initiate or potentiate differentiation along NE pathways. In the
latter case, transfection of the cloned isoform of NCAM found
in NE lung cancer might be expected to alter the morphological
or biochemical properties of nonexpressing cell lines.
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