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Abstract Lung cancer cell lines which show features of neuroendocrine (NE) differentiation can be divided into 4 
types which have distinct clinicopathologic correlates: classic small cell lung cancer (SCLC), variant SCLC, pulmonary 
carcinoid, and non-small cell lung cancer with NE features (NSCLC-NE). These cell lines form a spectrum regarding their 
degree of NE differentiation which ranges from high levels seen in carcinoid cell lines to very low which is typical of the 
variant SCLC. A careful comparison of the properties of tumors and their cell lines and correlating these data with the 
clinical history of the patient has markedly enhanced the relevance of cell lines as models for NE biology and lung car- 
cinogenesis. D 1996 WiIey-Liss, Inc.* 
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For a number of clinical and biological rea- 
sons lung cancers can be divided in two main 
categories: small cell lung cancer (SCLC) com- 
prising 20-25%, and non-small cell lung cancer 
(NSCLC), comprising 75% of all lung cancers 
[l]. In 1959, Azzopardi described the uniform 
composition and behavior of SCLC [21. Subse- 
quently the unique nature of SCLC with its 
neuroendocrine (NE) features [3,41, early dis- 
semination [51, and initial responsiveness to cy- 
totoxic therapy [61 prompted extensive research 
efforts, including the establishment of large pan- 
els of continuous SCLC tumor cell lines. 

The first continuous SCLC cell line was de- 
scribed by Oboshi et al. in 1971 [71. Interest- 
ingly, this cell line was a floater, unlike most 
human epithelial tumor cultures which grew as 
attached monolayers of cells with characteristic 
“epithelial” appearance. Few reports on occa- 
sional SCLC cell lines were published until the 
1980s when several independent groups pre- 
sented panels of SCLC cell lines, and by now 
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hundreds of cell lines have been characterized in 
the world literature [8-111. 

In contrast to SCLC which is the most com- 
mon cancer with NE differentiation, bronchial 
carcinoids are rare but unique NE tumors with 
distinct clinicopathologic features [121. Pulmo- 
nary carcinoid tumors are characterized by or- 
ganoid growth pattern, well-differentiated NE 
phenotype with indolent growth, and infrequent 
metastases. Typically these cancers are initially 
managed by surgery which often leads to cure. 
In 1967, Bensch et al. demonstrated the pres- 
ence of neurosecretory, dense core granules in 
this tumor, confirming the NE nature of this 
neoplasm [131. While Bensch et al. [19761 suc- 
ceeded in growing explants of bronchial carci- 
noids in organ culture for as long as 5 months 
without the cells losing their ability to produce 
large numbers of neurosecretory granules, per- 
manent cell lines were not established [141. The 
first permanent human carcinoid cell lines, grow- 
ing as monolayers at  a slow rate but fully retain- 
ing their unique NE features, were established 
from intestinal tumors in the early 1980s [15,161. 
In 1972, Arrigoni and colleagues reported a group 
of lung tumors that they designated as atypical 
carcinoids characterized by increased numbers 
of mitotic figures, disorganization of architec- 
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ture, or tumor necrosis [17]. Perhaps most mark- 
edly, metastases were present in 70% of cases, 
and 30% of patients had died, on average, at 27 
months following the diagnosis. Since then, mul- 
tiple reports have confirmed the clinicopatho- 
logic entity of atypical carcinoids. A number of 
NE cell lines established from this lung cancer 
type are featured in the current manuscript. 

The expression of NE properties is not limited 
to SCLC or bronchopulmonary carcinoids [181. 
Approximately 10-20% of histologically defined 
NSCLCs also demonstrate NE features, and 
some studies suggest that clinically and biologi- 
cally these tumors may demonstrate features in 
between SCLCs and NSCLCs with initial respon- 
siveness to cytotoxic treatment and early metas- 
tases [191. 

In 1985, Luster et al. reported a group of 25 
lung cancer cell lines of four histologic types 
(SCLC, squamous cell, adenocarcinoma, and 
large cell carcinoma) all of which were capable of 
synthesizing a broad spectrum of immunoreac- 
tive peptide hormones including bornbesin/ 
gastrin releasing peptide (GRP), calcitonin, and 
ACTH and possessed characteristic dense core 
vesicles by electron microscope (EM) [201. We 
have previously shown that by routine histology 
NSCLC tumors with NE features which we have 
designated as NSCLC-NE are indistinguishable 
from other NSCLCs [211. A group of such cell 
lines is included in the current paper. 

The objective of this manuscript is to illus- 
trate the characteristic patterns of NE differen- 
tiation in human lung cancer cell lines that have 
been established at the NCI-Navy Branch. Cell 
culture routines, tissue procurement, and their 
relationship to clinical protocols will be re- 
viewed, in a complementary fashion to the ar- 
ticle by Oie et al. in this supplement [221. Fea- 
tures of SCLC cell lines will be summarized. 
Subsequently the characteristics of cell lines 
obtained from pulmonary carcinoids and 
NSCLC-NE, and how they reflect the pathobiol- 
ogy and range of NE differentiation of their 
original tumors will be presented. Finally we 
will discuss the expression of NE spectrum in 
vivo and in vitro, and its clinical implications. 

MARKERS OF NEUROENDOCRINE 
DIFFERENTIATION 

The distinctive function of normal as well as 
neoplastic NE cells is the formation, packaging, 
and secretion of specific peptide and amine prod- 
ucts. Pulmonary NE tumors such as SCLCs and 

carcinoids as well as their normal counterpart 
pulmonary endocrine cells (PECs) share charac- 
teristics of neural and endocrine cells, collec- 
tively referred to as NE features, and they are 
part of the diffuse endocrine system (DES) dis- 
tributed throughout the body [23]. Other compo- 
nents of DES include paraganglia, pancreatic 
islets, thyroid C cells, endocrine cells of the 
breast, gastrointestinal and genitourinary tracts, 
and Merkel cells of the skin. The markers for 
NE properties can be divided into general or 
“pan” NE markers and specific products. 

The expression of specific products is highly 
variable, is limited to subgroups of NE cells and 
their tumors, and can be species dependent [241 
such as calcitonin (CT) in thyroid C cells and in 
subsets of human PECs and insulin or glucagon 
in pancreatic islet cells. One of the most charac- 
teristic peptide products of human lung is gas- 
trin releasing peptide (GRP) or the mammalian 
analog of bombesin [251. In addition to the spe- 
cific products, PECs and pulmonary NE tumors 
share characteristics common to the entire DES. 
These general markers include: dense-core gran- 
ules (the storage site of the amine and peptide 
products), high levels of the key amine-handling 
enzyme L-dopa decarboxylase (DDC) 1261, and 
certain surface markers, other enzymes, and 
proteins (Table I). The advantage of using gen- 
eral NE markers is that it allows investigators 
to study the entire population of NE cells, nor- 
mal or neoplastic, at one time. Moreover, using 
lung cancer cell lines and tumor specimens we 
have demonstrated excellent concordance be- 
tween such markers as dense-core granules by 
electron microscopy, high DDC levels, and chro- 
mogranin A expression both at the mRNA and 
protein levels [271. 

ESTABLISHMENT OF CELL LINES 
AND TISSUE PROCUREMENT 

Initially, using a few established SCLC cell 
lines, a number of different hormones and 
growth factors were tested for their mitogenic 
effects on growth [28], which led to the develop- 
ment of the serum-free HITES medium [22]. 
Subsequent studies showed that this medium 
was useful also in selectively supporting the 
growth of clinical (fresh) specimens of SCLC, 
but not of stromal cells or tumor cells obtained 
from specimens of different histologic tumor 
type [29]. This work provided the basis for the 
oldest protocol at the NCI-Navy Medical Oncol- 
ogy Branch on in uitro growth and drug testing 
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TABLE I. Markers  of Neuroendocrine Differentiation in Lung Cancer  Cell Lines 
~- 

Marker 
~ 

Common techniques Comments 

A. 

B. 

General or “pan” markers 
Dense-core granulesa 

L-dopa decarboxylase (DDC)” 
Chromogranin A 

Synaptophysin 

Cluster I SCLC antigens 

PGP9.5 
Neuron-specific enolase 

Brain isoenzyme 

Specific products 
Peptides and amines 

Electron microscopy 

Histochemistry 

Bioassay 
Immunohistochemistry , 

radioimmunoassay , 
Northern blot 

Lmmunohistochemistry 

Immunohistochemistry 

Immunohistochemistry 
Immunohistochemistry, 

radioimmunoassay 
Bioassay, immunohisto- 

chemistry 

Radioimmunoassay , 
immunohistochemistry 
Northern blot 

Common to all or most neuroendocrine cells 
Storage site of specific products visualized as 

ultrastructural organels 
Indirect detection of dense-core granules at light 

microscopic level using argyrophilic, masked 
metachromasia, or lead hematoxylin reactions 

One of key amine-producing enzymes 
Matrix protein of granules 

Structural protein of cytoplasmic clear vesicles 

Antigensicompounds related to neural cell 
of neurons and neuroendocrine cells 

adhesion molecules (n-CAM) such as Leu-7, 
NKH-1, and MOC-1; shared by neurons and 
neuroendocrine cells 

Neural protein 
Glycolytic isoenzyme found in neurons and neu- 

High levels detected in brain and endocrine 
roendocrine cells 

tissues 

More than 35 specific peptide and amine prod- 
ucts identified, including gastrin releasing pep- 
tide (GRP), calcitonin, adrenocorticotropin, 
atrial natruretic peptide, serotonin, etc. 

, 

aMarkers consistently applied to classify the cell lines at NCI-Navy Medical Branch. 

of human tumors which is still running in 1996. 
The goal of this protocol is to create a ready 
source of replicating well-characterized tumor 
cell lines for a variety of biological studies, and 
also to provide information on initial histology 
and patient history as well as fresh tumor and 
non-neoplastic tissue, as previously described 

By 1984, the establishment of permanent cell 
lines from SCLC had become part of Branch 
routine, and clinical protocols for SCLC and 
NSCLC were devised to prospectively select indi- 
vidualized chemotherapy based on in uitro drug 
sensitivity testing of established cell lines de- 
rived from the patient’s SCLC tumor or short- 
term cultures of fresh SCLC or NSCLC tumors 
[33,34]. Figure 1 illustrates the establishment 
of new cell lines as the function of specimens 
which were received in the laboratory from No- 
vember 1983 till December 1990. Approximately 
half of the cell lines were derived from the 430 
patients in the 4 NCI-Navy clinical protocols 
which have been previously described [34-381. 

Specimens were obtained in sterile RPMI 
growth media or physiological saline from an 

[30-321. 

anatomic pathology laboratory following mostly 
routine diagnostic, surgical, or staging proce- 
dures, and transported to the laboratory as 
quickly as possible. The specimens were then 
prepared for culture as described in detail else- 
where [22,39]. At this time, a representative 

Fig. 1. Establishment of lung cancer cell lines and tissue 
procurement at the NCI-Navy Medical Oncology Branch. These 
diagrams illustrate the number of specimens (continuous black 
line corresponding to the scale on the right) that were received 
at the laboratory during November 1983 through December 
1990, the number of specimens containing tumor cells as 
identified by cytospin preparations (positive specimens; discon- 
tinuous gray line corresponding to the scale on the right) and 
number of established cell lines (solid bars corresponding to the 
scale on the left). A: Small cell lung cancer (SCLC). Note the 
relatively small fraction of positive specimens due to the stan- 
dardized pathologic staging procedures which were part of the 
clinical protocols producing multiple negative samples from the 
same patient. B: Non-small cell lung cancer (NSCLC). Note that 
most specimens contained tumor cells, because a requirement 
in the main clinical protocol I341 included the procurement of a 
positive tumor specimen for in vitro studies. C: A small number 
of selected other tumor specimens were received in the labora- 
tory leading to the establishment of cell lines. 
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Fig. 2. Photomicrographs of characteristic tumor morphology 
in pulmonary neuroendocrine neoplasms which correspond to 
cell lines. A: The mediastinal lymph node of a 59-year-old man 
with extensive stage disease which gave rise to the classic SCLC 
cell line NCI-H1769. Normal architecture was effaced by sheets 
of tumor cells with salt-and-pepper chromatin and scanty cyto- 
plasm with nuclear molding (open arrow). Note areas of necro- 
sis and DNA streaking (solid arrow; hematoxylin and eosin 
stain, x330). B: Low power view of an atypical carcinoid in the 
right lung of a 41-year-old female leading to the establishment 
of NCI-H1435 cell line reveals an organoid pattern with palisad- 
ing tumor cells and areas of necrosis (ne); (hematoxylin and 
eosin stain, x80). C: The original tumor of NCLH1570, an 

cytological sample from each specimen was fixed 
in Saccomanno’s fixative [40], and H&E stained 
cytospin slides were prepared in duplicate. These 
slides constituted a permanent record at the 
NCI-Navy Medical Branch, and were evaluated 
for the presence and histology of malignancy by 
the pathologist. This simple procedure was 
highly accurate, and results correlated well with 
the routine histopathology specimens and in 
uitro (“flask”) morphology and growth. Conse- 
quently, as has been also noted by other investi- 
gators, it may be unnecessary to culture the 
samples determined to lack tumor cells, because 
the yield of cell lines is negligible [9]. Based on 
the NCI-Navy Medical Oncology Branch experi- 
ence in 1983-1991, the establishment of one cell 
line would have been potentially missed (0.5%) 
if all the samples called negative by cytospin 
would have been discarded immediately follow- 
ing the assessment. 

It was not uncommon to obtain multiple speci- 
mens from the same patient. This is particularly 
true for SCLC (Fig. 1A) because repeated, often 

NSCLC-NE, obtained from the right lung of a 48-year-old man, 
shows poorly differentiated adenocarcinoma (hematoxyliri and 
eosin stain, x80). D: A nude mouse tumor of the variant SCLC 
line NCI-Nut 41 7 shows a diffuse growth pattern by larger cells 
than in A with prominent nucleoli and multiple mitoses (solid 
arrows; hematoxylin and eosin stain, x300). E: At higher power 
the  original atypical carcinoid tumor for NCI-HI 435 rewaled 
large atypical cells with abundant cytoplasm and palisading on 
the left and efforts to form gland-like structures on the right 
(hematoxylin and eosin stain, X500). F: The aggressive nature 
of the original NSCLC-NE tumor of NCI-HI 570 was evidenced 
by the invasion of cartilage (cr) by tumor cells (open arrows) in 
the lung specimen (hematoxylin and eosin stain, x 1 70). 

negative specimens such as bilateral bone mar- 
row aspirates were procured as part of routine 
staging and follow-up procedures. For example, 
in 1988, out of the 156 specimens obtained from 
SCLC patients and brought to the laboratory, 30 
(19%) were positive for tumor and gave rise to 
16 (53%) SCLC cell lines. In NSCLC (Fig. 1B) 
the goal was more focused on procuring a tumor 
containing specimen to the laboratory. More- 
over, the formative years of 1984 and 1985 
showed success rates (percentage of NSCLC cell 
lines established from histologically positive 
samples) of only 13 and 6%, respectively. How- 
ever, in 1988 a total of 101 specimens from 
NSCLC patients were received in the laboratory 
of which 78 contained tumor cells leading to the 
establishment of 23 (29%) continuous lung can- 
cer cell lines. 

SMALL CELL LUNG CANCER 

SCLC accounts for 20-25% of lung cancers, 
and over 100 SCLC cell lines have been estab- 
lished at  the NCI-Navy Medical Oncology 
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Branch. Because SCLC has a tendency to metas- 
tasize early and resection specimens are rarely 
available, most cell lines have been established 
from metastatic sites such as a lymph node, 
bone marrow, pleural effusion, liver, mediasti- 
num, or subcutaneous nodule [41]. No differ- 
ences have been observed in the biological prop- 
erties of SCLC lines established from these 
different metastatic sites. Since the develop- 
ment of the serum-free defined HITES medium, 
it has been possible to propagate tumor cell 
growth in up to 74% of SCLC specimens contain- 
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Fig. 4. Neuroendocrine characteristics of the classic SCLC line 
NCLH774. A Original tumor was a soft tissue mass composed 
of sheets of tumor cells obtained from a 42-year-old man 
(hematoxylin and eosin stain, X300). B: Electron micrograph of 
the established cell line demonstrates several small clusters of 
dense-core endocrine-type granules (open arrows; lead-uranyl- 

acetate stain, magnification 3,200). C: The cytospin preparation 
of the cell line at passage 25 reveals immunorcdactivity for 
synaptophysin in the majority of the cells (immunoperoxidase, 
~ 2 1 0 ) .  D: Scattered cells also show granular immunoprecipi- 
tate for chromogranin A (open arrow; immunoperoxidase, 
X 500). 
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Fig. 6. Characteristics of variant SCLC lines. A: Original tumor 
of the variant SCLC line NOH841 was a supraclavicular lymph 
node from a 51-year-old man revealing sheets of tumor cells 
with moderate amounts cytoplasm and prominent nucleoli. 
Mitoses were frequent (hematoxylin and eosin stain, x 31 0). B: 
A cytospin of passage 14 of the established cell line also 
demonstrated conspicuous nuclei (solid arrow; Papanicolaou 
stain, ~550). C: In vitro growth was characterized by floating 
cells in very loose clusters (passage 16, phase contrast micro- 

lines have been established with equal efficiency 
from treated and untreated patients. 

By histologic appearance SCLC is a poorly 
differentiated neoplasm composed of sheets of 
cells and areas of necrosis. Typical features in- 
clude “crush artifact” especially in small biop- 
sies when tumor cells exhibit marked artifactual 
distortion and nuclear encrustation or DNA 
streaking when basophilic nuclear material is 
deposited on the blood vessel walls and adjacent 
connective tissues (Fig. 2A). In the oat-cell sub- 
type cells appear small, round, and hyperchro- 
matic and in the intermediate type individual 
cells are small with finely dispersed “salt and 
pepper” chromatin pattern, and because of their 
scanty cytoplasm, they may display nuclear 
molding. Most of the established, classic SCLC 
cell lines recapitulate the intermediate features. 
They grow in spherules or floating aggregates 
without substrate adherence, and cytospin 
preparations reveal the characteristic fine chro- 
matin pattern (Fig. 3). The consistent display of 
this appearance by both the cell lines as well as 
most nude mouse xenografts suggests that the 
intermediate subtype of SCLC, irrespective of 
the subtype of the original tumor, is the true 
morphologic appearance of the original tumor, 

graph, x340). D: Electron micrograph of passage 10 revealed 
rare dense-core granules (solid arrow). Note the presence of a 
nucleolus (open arrow; lead-uranylacetate stain, x8,200). IU = 
nucleus. E: A cytospin of the variant SCLC line NCI-N4-17 at 
passage 28 with intense synaptophysin immunoreactivity (im- 
munoperoxidase, ~ 1 7 0 ) .  F: Intense labelling for c-myc mRNA 
1491 in thevariant SCLC line NCW82 at passage 30, a reflection 
of the myc gene amplification (RNA-RNA in situ hybridization, 
dark field illumination, x340). 

while the oat-cell subtype is an ischemic artifact 
[43] (Fig 4A). 

Classic SCLC cell lines express the entire range 
of NE markers [301. By electron microscopy small 
clusters of small, dense core (endocrine-type) gran- 
ules are present (Fig. 4B). Accordingly, by immu- 
nohistochemistry, scattered cells demonstrate 
reactivity for chromogranin (Fig. 4D), which is a 
structural protein of the storage granules, in 
57% of cell lines 144,451. Interestingly, while 
only scanty immunoprecipitates were visualized 
in individual cells, relatively high levels of chro- 
mogranin mRNA can be detected in classic SCLC 
cell lines, suggesting that these cells are able to 
manufacture it while there may be deficiencies 
in the storage of the peptide product 146,471. 

The presence of dense core granules and chro- 
mogranin in classic SCLC cell lines is also associ- 
ated with high levels of the DDC activity. In fact, 
the cultures frequently express DDC and other 
NE products at higher concentrations and at 
higher frequencies than the tumors from which 
they originated (Fig. 5). This is due to the fact 
that cell lines represent pure tumor cell popula- 
tions which lack stromal cells, and contain higher 
percentages of cycling, active cells than do tu- 
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mors, which may often have extensive areas of 
necrosis. 

In addition to general markers, classic SCLC 
cell lines express a variety of NE peptides charac- 
teristic of SCLC. Individual lines may express as 
many as 10 peptides. One of the most commonly 
produced peptides by classic SCLC cell lines has 
been GRP which is also the major product in 
non-neoplastic human pulmonary endocrine 
cells. The concentrations of bombesin/GRP-like 
immunoreactivity have been 1-2 logs higher 
than other peptides and appear to be clonally 
and temporally retained [481. 

A subset of SCLC cell lines called variant 
SCLC cell lines [30,31] differs from classic SCLC 
lines by a number of morphologic and biologic 
characteristics (Fig. 6). They compose approxi- 
mately 5% of all the established SCLC cell lines. 
Original tumors typically contain larger cells 
with prominent nucleoli than do classic SCLCs, 
and mitoses are more conspicuous (Figs. 2D, 
6A). Variant SCLC cell lines grow as loose, float- 
ing aggregates which occasionally develop rib- 
bon-like projections or sometimes adhere loosely 
to the bottom of tissue culture dishes, and cyto- 
spin preparations of established cell lines again 
display prominent nucleoli (Fig. 6B, C ) .  

Variant SCLC cell lines express only a partial 
spectrum of NE markers [311 (Fig. 6D, E). By 
electron microscopy, only rare solitary or no 
dense core granules are detected, which is asso- 
ciated with low DDC levels or the lack of chromo- 
granin expression in these cell lines. The expres- 
sion of other general or “pan” NE markers such 
as neuron specific enolase, synaptophysin, and 
Leu-7 is retained (Fig. 7). In contrast to classic 
lines, variant SCLC cell lines do not produce 
neuropeptides such as GRP or calcitonin. More- 
over, variant SCLC cell lines are associated with 
shorter doubling time, increased cloning effi- 
ciency, and frequently with c-myc amplification 
[31,49] (Fig. 6F). As discussed elsewhere in this 
issue by Johnson et al., it appears that MYC 
family DNA amplification in SCLC is more fre- 
quently present following treatment with chemo- 
therapy regimens [50]. Other laboratories have 
also established variant lines [42,51-53]. 

PULMONARY CARCl NO I D 

In contrast to SCLCs, carcinoids are rare tu- 
mors that constitute approximately 2% of lung 
tumors. They are well-differentiated NE neo- 
plasms with distinct clinicopathologic features 
Cl21. Six out of the 160 lung cancer cell lines 

Fig. 7. Western blot analysis of the general neuroendocrine 
markers synaptophysin and chromogranin A in a variant SCLC 
(NCLN417) and carcinoid (NCLH727) cell lines. Whole cell 
lysates were subjected to SDS-PACE fractionation under reduc- 
ing conditions and electroblotted to nitrocellulose membranes 
[681. The membranes were treated with anti-synaptophysin 
(u-synaptohysin, SY38, left) or anti-chromogranin A iu-chromo- 
granin, LK2H10, right) antisera, respectively, as previously de- 
scribed 1681. Both cell lines contained peptides with synaptophy- 
sin-like immunoreactivity at M, 43,000, while only the carcinoid 
line NCLH727 contained immunoreactivity characteristic for 
chromogranin A with a major band at the range of M, 64,000 to 
66,000. When membranes were treated with undiluted indiffer- 
ent monoclonal antibody MOPC21 (data not shown), no bands 
were seen, verifying the specificity of the immune rtaaction. 

(4%) established at the NCI-Navy Medical Oncol- 
ogy Branch between 1984-1991 that were exam- 
ined fulfill these criteria. Pulmonary carcinoids 
are slow growing tumors, and not surprisingly, 
all six carcinoid lines were established from lung 
primary tumors obtained from lung resection 
specimens. Original tumors demonstrated char- 
acteristic organoid growth pattern with fibrovas- 
cular stroma and islands of palisading tumor 
cells (Figs. 2, 8A). Cells had moderate amounts 
of cytoplasm, and prominent nucleoli. Due to 
the areas of necrosis, cellular atypia, and fre- 
quent mitoses, these tumors were classified as 
atypical carcinoids C12,17,541. 
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Fig. 8. Morphologic and ultrastructural characteristic of a 
bronchopulmonary carcinoid cell line (NCLH727). A: In the 
original resection specimen from a 65-year-old woman, organ- 
oid growth pattern and fibrovascular stroma typical for a carci- 
noid tumor were present (hematoxylin and eosin stain, ~ 9 0 ) .  
B: In vitro growth at passage 12 in RPMI 1640 with 10% calf 
serum was characterized by substrate attachment, large epithe- 
lioid cells with conspicuous nucleolus (arrow; phase contrast, 
x330). C. Nude mouse xenograft revealed organoid growth 
pattern, similar to the original tumor (hematoxylin and eosin 
stain, x330). D: A cytological examination of cultured tumor 

cells at passage 8 in R10 revealed conspicuous nucleolus (ar- 
row) and abundant cytoplasm (Papanicolaou stain, x 790). 
E: Ultrastructurally, these cells contained numerous relatively 
large dense core granules (solid arrow) throughout the cyto- 
plasm. Note the conspicuous nucleolus (open arrow). nu = 
nucleus. (Electron micrograph, X4,700.) F: intense granular 
chromogranin-like immunoreactivity in the cytoplasm of the 
NCILH727 cells grown on a slide in R10 (immunoperoxidase, 
x300). C: A subculture of the NCI-H 727 original tumor during 
early passages in LA3 medium revealed intracellular mucin 
droplets (arrow; mucicarmine, x 790). 

TABLE 11. Characteristics of Pulmonary Carcinoid Cell Lines* 

Cell line 
(NCI) 

H679 
H720 
H727 
H835 
H1435 
H1734 

Date Specimen 

1/84 Lung 
4/84 Lung 
4/84 Lung 

10184 Lung 
6/86 Lung 
9/87 Lung 

Growth 
pattern/ media 

DDC (tumor) 
Electron microscopy (U/mg protein) 

S/F H5 
F H5 
S R10 
SIF A4 
S A4 
S SCRRL 

Clusters of DCGs 580 (129) 
Clusters of DCGs of various sizes 100 (9.4) 
Abundant DCGs of various sizes 174 (15.6) 
Small DCGs scattered and clusters 3.1 (1.9) 
Clusters of DCGs with large halos 52.2 (31.5) 
Clusters of DCGs of various sizes 54.1 (7.0) 

*S = sticker, growing with substrate adherence; F = Boater, growing in floating aggregates without substrate adherence; 1x5 = 
HITES with 5% serum; R10 = RPMI with 10% serum; A4 = adenocarcinoma medium [221; SCRRL = modified squamous cell 
medium 1221; DCG = dense core granule; DDC = L-Dopa decarboxylase; Units = nmol COz per hour. 

In vitro, four of the carcinoid cell lines grew as 
stickers, while two of them lacked the substrate 
adherence and grew as floating aggregates simi- 
lar to SCLC lines. Nude mouse xenografts of the 
cell lines demonstrated the characteristic organ- 
oid growth pattern. Carcinoid cell lines ex- 
pressed the entire range of NE markers (Table 
11; Figs. 7, 8). In fact, established cell lines 
demonstrated 2-ll-fold increase in the DDC 

activity when compared with the activity mea- 
sured in the original tumors. Ultrastructurally, 
all carcinoid cell lines showed abundant dense 
core, endocrine-type granules which appeared 
larger in size and more variable in appearance 
than the same granules in SCLC lines. By im- 
muno-electronmicroscopy, granules were posi- 
tive for chromogranin A, confirming their endo- 
crine nature (Fig. 9). In addition to the general 
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Fig. 9. Dense core granules with chromogranin-like immuno- 
reactivity in a carcinoid cell line (NCI-H727). A: Transmission 
electron microscopy revealed characteristic dense core gran- 
ules surrounded by a unit membrane (lead, uranylacetate stain, 
~26,000). B: Dense core granules labeled with chromogranin 
A-like immunoreactivity from the same cell line. Note numer- 
ous fine spheres over four granules (arrows; immunogold, 
x 13,000). 

Fig. 10. Expression of chromogranin A mRNA in lung cancer 
cell lines. Northern blot analysis was performed using 10 p,g of 
total RNA per lane from the specimens listed. The pulmonary 
carcinoid cell lines NCI-H679 (passage 26), NCI-H720 (passage 
22), and NCI-H727 (passage 16) all showed consistent expres- 
sion of chromogranin mRNA at 2.1 Kb which is the expected 
size as shown in the lane for the positive control tissue derived 
from human pheochromocytoma tumor (pheo). The NSCLC-NE 
lines NCI-H11.55 (passage 13) and NCI-H810 (passage 20) 
reveal variable amounts of chromogranin mRNA, comparable to 
the amount obtained for the classic SCLC line NCI-H345 (pas- 
sage 68). No mRNA was detected in the lanes of the variant 
SCLC lines NCI-H 82 (passage 30) and NOH841 (passage 22). 
Negative controls included an esthesioneuroblastoma cell line 
(NCI-H1 01 1) and peripheral neuroectodermal tumor (PNET; 
Northern blot a courtesy of Dr. Lee Helman). 

NE markers, synaptophysin, neuron specific eno- 
lase, and chromogranin, many carcinoid lines 
produced several neuropeptides. 

By multiple criteria of morphology and mark- 
ers, the carcinoid line NCI-H727 appeared most 
differentiated (Fig. lo), also producing large 
amounts of immunoreactive calcitonin at 21,600 
pg/mg and neurotensin at 3,000 pg/mg of pro- 
tein by radioimmunoassay [551. Subsequently 
this cell line has been used in a variety of stud- 
ies. Interestingly, culturing this cell line in a 

media defined for adenocarcinomas [221 leads to 
a phenotype characterized by low DDC activity, 
and no chromogranin but, in contrast, abundant 
mucin expression (Fig. 8G). 

NON-SMALL CELL LUNG CANCERS 
WITH NEUROENDOCRINE FEATURES 

NSCLC-NE by definition are tumors which by 
routine hematoxylin-eosin stain are morphologi- 
cally indistinguishable from other NSCLCs, but 
by special techniques demonstrate NE features 
(Figs. 2C, F, 10). The potential significance of 
this subgroup is that clinicopathologically it may 
behave like SCLCs with early dissemination and 
initial responsiveness to chemotherapy [19,561. 
Among the 86 NSCLC cell lines established at 
the NCI-Navy Medical Oncology Branch from 
1984 through 1991, which were reviewed for NE 
differentiation, 6 cell lines (7%) fulfilled the cri- 
teria of NSCLC-NE of two (high DDC level and 
the presence of dense core granules) or more NE 
markers positive. 

In accordance with the potentially aggressive 
nature of this neoplasm, 4 out of the 6 cell lines 
were established from metastatic lesions and 2 
from the primary lung tumors. Figure 2F illus- 
trates the original tumor of NCI-H1570 infiltrat- 
ing a bronchial cartilage. With the exception of 
NCI-H820, which originated from a papillary 
adenocarcinoma, all the other tumors were 
poorly differentiated, large cell carcinomas com- 
posed of cells with abundant cytoplasm and 
prominent nucleoli, and similar histologies were 
seen both in metastases and nude mouse tumors 
(Figs. 2 , l l ) .  Differential diagnoses included the 
large cell-neuroendocrine tumors, but in spite of 
careful analysis, features of organoid pattern or 
endocrine appearance suggestive of this entity 
were not noted in the original tumors [1,571. In 
the case of NCI-H1155 the original specimen 
consisted of a very small biopsy in which case 
the presence of areas with more differentiated 
patterns cannot be totally excluded. 

All 6 NSCLC-NE cell lines grew as floating 
aggregates without substrate adherence (Fig. 
11D). Cytospins of the established cell lines re- 
vealed the features of the original tumor cells, 
including abundant cytoplasm and prominent 
nucleoli (Fig. 11E). The NSCLC-NE cell lines 
demonstrated features of the entire NE pro- 
gram (Table 111). By electron microscopy four 
cell lines contained clusters of dense core, endo- 
crine-type granules, which were variable in size 
and shape, while 2 cell lines demonstrated only 
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Fig. 11. Morphologic and ultrastructural characteristics of the 
cell line NCLH810, a non-small cell lung cancer with neuroen- 
docrine features (NSCLC-NE). A: Original lung tumor from 
which the cell line was established consisted of sheets of 
undifferentiated large cells with abundant cytoplasm and promi- 
nent nucleoli. Frequently multiple nucleoli were seen in the 
same nucleus (arrow; hematoxylin-eosin stain, x380). B: One 
of the subcutaneous nodules that developed 10 months later 
was biopsied and revealed metastatic disease with similar mor- 
phology. An arrow points to a cell with multiple nucleoli 
(hematoxylin-eosin stain, x380). Subsequently, this patient 
was treated by chemotherapy which led to complete remission, 

Fig. 12. Evidence for dual differentiation in a non-small cell 
lung cancer cell line with neuroendocrine features (NSCLC-NE; 
NCI-HI 570). A Ultrastructural analysis of the cell line at pas- 
sage 12 demonstrated characteristic dense core granules (solid 
arrow) and lamellar bodies (open arrows) in the cytoplasm 
(transmission electron micrograph, lead, uranylacetate stain, 

solitary small dense-core granules. Interest- 
ingly, it was these 2 cell lines which also con- 
tained lamellar bodies suggesting type 2 pneumo- 
cyte, non-endocrine differentiation [58]. This 
multidirectional differentiation was further con- 
firmed by the expression of surfactant associ- 
ated protein A (SPA) in both cell lines (Fig. 12C). 

including the disappearance of his skin nodules [34,561. C: A 
nude mouse xenograft of NCI-H810 at passage 29 also demon- 
strated similar morphologywith frequent mitoses (arrow; hema- 
toxylin-eosin stain, ~ 4 2 0 ) .  D: In vitro growth was charactwized 
by floating cell aggregates (passage 14; phase contrast micros- 
copy, x80). E: Cytospin of the cell line revealed large cells with 
moderate amount of cytoplasm, and conspicuous, often mul- 
tiple nucleoli (passage 14; Papanicolaou stain, X420). F: Ultra- 
structural features at passage 20 included cytoplasmic clusters 
of dense core granules of variable sizes (solid arrows) and 
conspicuous nucleoli (open arrow). nu = nucleus. (Transmis- 
sion electron micrograph, lead, uranylacetate stain, x 4,600.) 

~6,600). B: In the cells cultured on chamber slides dark 
cytoplasmic precipitate indicated chromogranin A-like irnmuno- 
reactivity (passage 70; immunoperoxidase, ~ 8 3 0 ) .  C: RNA in 
situ hybridization [58]  revealed labelling for surfactant associ- 
ated protein A (passage 12; dark field, x330). 

As expected, the presence of dense core gran- 
ules correlated with high levels of DDC activity 
and the expression of chromogranin A (Table 
111). Selected NSCLC-NE cell lines also pro- 
duced high levels of neuropeptides. Additional 
evidence for NE differentiation in these cell lines 
was provided recently by the detection of high 
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TABLE 111. Characteristics of Non-Small Cell Lung Cancer Lines With Neuroendocrine 
Features (NSCLC-NE)* 

Cell line 

H810 
H820 
H1155 
H1385 

H1570 
H1944 

Date 

9/84 
9/84 
9/85 
4/86 

12/86 
6/88 

Growth 
Specimen patternlmedia 

Lung F H2 
Lymph node F A4 

Hilar mass F R10 
Mediastinal biopsy F A4 

Lung F SCRRL 
Subcutaneous nodule S R10 

Electron microscow 
~ 

Clusters of DCGs of variable size 
Rare DCGs 
Clusters of small DCGs 
Abundant DCGs of various size 

Scattered small DCGs 
Clusters of small DCGs 

and shape 

DDC (tumor) 
(U/mg protein) 

406 (12.9) 
16 (neg) 
20.4 (neg) 

253 (not done) 
249 (142) 
38.5 (1.7) 

*S = sticker, growing with substrate adherence; F = floater, growing in floating aggregates without substrate adherence; 
DCG = dense core granule; DDC = L-Dopa decarboxylase; U = nmol COz per h. For media see Table I1 and [221. 

levels of the human homolog-1 of aschaete-scute 
basic helix-loop-helix transcription factor, which 
is essential for nervous system development in 
Drosophila [59,601. 

the well-documented heterogeneity of lung tu- 
mors in general, clear patterns of NE marker 
expression have emerged which appear to be 
relatively stable. As shown in the current ar- 

IMPLICATIONS OF PULMONARY 
NEUROENDOCRINE CELL LINES 

The establishment of continuous lung cancer 
cell lines which express NE differentiation has 
allowed extensive characterization of a plethora 
of features associated with this phenotype. These 
cell lines continue to provide an essential and 
renewable resource for the testing of novel NE 
markers or concepts [61,621. 

The results, in return, have greatly advanced 
our knowledge of biology and molecular genetics 
of lung carcinogenesis in general and, more spe- 
cifically, led to a better understanding of the 
implications of NE differentiation. Despite 
marked differences between individual cell lines, 
possible alterations during in uitro growth, and 

ticle, using cytomorphology, ultrastructure, bio- 
chemical markers, and the phenotype of corre- 
sponding tumors, NE lung cancer cell lines can 
be divided into 4 distinct groups (Fig. 2, Table 
IV): classic and variant SCLC, pulmonary carci- 
noid, and NSCLC-NE. 

The most common of the NE lung cancer cell 
lines is the classic SCLC which is a morphologi- 
cally poorly differentiated tumor but expresses 
the entire spectrum of NE markers including 
the production of specific neuropeptides. In uitro 
drug sensitivity testing of large panels of SCLC 
cell lines has indicated that they are representa- 
tive of the clinical sensitivity of this tumor type 
[33]. Pulmonary carcinoids are more differenti- 
ated, and express NE markers a t  a higher level. 
In uitro chemosensitivity testing of cell lines has 

TABLE IV. Major Properties of Human Neuroendocrine Lung Cancer Cell Lines 

Prmertv Classic SCLC Variant SCLC Carcinoid NSCLC-NE 

Original tumor histology 
Growth pattern and sub- 

strate adherence 
Xenograft histology 
Doubling time 
Degree of NE differentia- 

tion 
General NE markers 

Dense-core granules 
Others 

Specific NE markers 
GRP 
Other peptides 
Chemosensitivity 
Sensitivitv to radiation 

SCLC 
Floating 

SCLC 
Long 
Moderate 

aggregates 

Present 
Present 

Present 
Present 
High 
High 

Small cellllarge cell 
Loose floating aggre- 

Large cell 
Short 
Low 

gates or semiadherent 

Absent 
Variable 

Absent 
Absent 
Low 
Low 

Atypical carcinoid 
Floating or adherent 

Carcinoid or NSCLC NSCLC 
Long Long 
High Moderate, variable 

Adeno or large cell 
Floating or adher- 

monolayer ent monolayer 

Abundant Present 
Abundant Present 

Present Present, xpariable 
Present Present 
Low High 
Low Low 
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confirmed the clinically known fact that, in gen- 
eral, this tumor type is chemoresistant [631. 

On the other hand, both variant SCLC as well 
as NSCLC-NE cell lines express some features 
which are more characteristic of NSCLCs such 
as morphology. The evidence for multidirec- 
tional differentiation which is seen in both SCLC 
and NSCLC-NE cell lines is in accordance with 
the current hypothesis that all lung cancer types, 
including those with NE differentiation, origi- 
nate from one multipotent stem cell [64,651. 
Variant SCLC cell lines express only some NE 
markers, and while NSCLC-NE cell lines ex- 
press the entire program of NE markers, se- 
lected cell lines also express specific markers of 
peripheral airway cell differentiation. Moreover, 
there is now in uitro evidence that NSCLC-NE 
may be sensitive for chemotherapy, as suggested 
by some clinical studies [19,34,63]. The overall 
correlation of in vitro drug sensitivity testing 
results with response to chemotherapy and sur- 
vival is further discussed by Shaw et al. in this 
supplement [661. 
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