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Immunocytochemical Expression of Microtubule-associated Protein-2 (MAP-2) in 
Small Cell Lung Cancer Cell Lines with Neuronal-like Processes
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Five of six human small cell lung cancer (SCLC) cell lines changed morphologically into cells with
neuronal-like processes on the extracellular matrix of human lung adenocarcinoma cell line PC-9
cells (PC-9/ECM substrate). The features of the neuronal-like processes of these SCLC cell lines
were examined immunocytochemically using monoclonal antibodies against ββββ-chains of tubulin and
microtubule-associated protein-2 (MAP-2), which is somatodendritic MAP of neurons. It was
observed that ββββ-chains of tubulin and MAP-2 were expressed along the neuronal-like processes of
SCLC cell lines. These findings suggest that the ββββ-chains of tubulin and MAP-2 are expressed func-
tionally in SCLC cell lines in association with the development of dendrite-like processes on PC-9/
ECM substrate.
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Small cell lung cancer (SCLC) is high-grade malignant
tumor.1–3) SCLC has been shown to have the properties of
neuroendocrine cells, such as elevated specific enzyme
activities (i.e., aromatic L-amino acid decarboxylase, neu-
ron specific enolase and creatine kinase BB)4) and produc-
tion of peptide hormones (i.e., adrenocorticotropic hor-
mone, antidiuretic hormone, gastrin releasing peptide, calcito-
nin and somatostatin).5–7)

We have previously reported that a small cell lung can-
cer cell line Lu-134A, which grows as floating cell aggre-
gates, changed morphologically into cells possessing long
neuronal-like processes on the extracellular substrates of
human adenocarcinoma cell line PC-9 cells (PC-9/ECM
substrate) or polyethyleneimine (PEI substrate).8) Expres-
sion of microtubule-associated protein-2 (MAP-2)9) has
been observed immunocytochemically along the neuronal-
like processes of these cells.8)

To know whether the development of the neuronal-like
processes occurs similarly in other SCLC cell lines on PC-
9/ECM substrate, we examined six SCLC cell lines mor-
phologically and immunocytochemically.

We report here that five of the six SCLC lines devel-
oped neuronal-like processes on PC-9/ECM substrate, and
MAP-2 and β-tubulin protein were expressed immunocy-
tochemically along these processes.

MATERIALS AND METHODS

Cell lines  Six SCLC cell lines were used. Cell lines N-
417 and H-82 were kindly supplied by Dr. A. Gazdar,
Bethesda, MD.10) Cell lines Lu-134A, Lu-134B, Lu-130

and Lu-135 were established in our laboratory from tissues
obtained at surgery or from xenotransplanted tumors in
nude mice.11) Cell lines Lu-134A, Lu-134B, and Lu-130
are classic type and N-417, Lu-135 and H-82 are variant
type SCLC cell lines by the published criteria.10, 12) Each of
these SCLC cell lines grew in suspension as floating cell
aggregates. Human adenocarcinoma cell line PC-913) was
also used as a source of extracellular substrate. These cell
lines were cultured in RPMI1640 medium supplemented
with 10% heat-inactivated fetal calf serum (FCS, BIO-
CELL Co., Carson, CA) (10% FCS/RPMI) or in serum-
free HITES medium,14) which contained RPMI1640
medium supplemented with 10 nM hydrocortisone, 30 nM
sodium selenite, 10 nM 17β-estradiol, 10 µg/ml transfer-
rin and 5 µg/ml insulin.
Extracellular substrata  PC-9/ECM substrate and PEI
substrate were prepared by the reported methods.8)

Cultivation of SCLC cell lines in the presence of dB-
cAMP  SCLC cell lines were cultured on PC-9/ECM sub-
strate for 3 days, then dibutyryl cyclic adenosine 3′,5′-
monophosphate (dB-cAMP) (Sigma Chemical Co., St.
Louis, MO) was added to the culture medium at a concen-
tration between 0.1 and 1.0 mM. The medium containing
dB-cAMP was changed every 3 days.
Immunocytochemistry  Mouse monoclonal antibodies
against MAP-2 (280 kDa clone M13, recognizing a phos-
phate-independent epitope) and β-tubulin were purchased
from Zymed Laboratories, Inc. (South San Francisco, CA).
We used these antibodies as supplied (indicated as ready-
to-use, do not dilute). SCLC cell lines cultured on PC-9/
ECM substrate or adhering to PEI substrate were briefly
rinsed in calcium-magnesium-free Dulbecco’s PBS (PBS−).
These cells were fixed in 95% ethanol for 30 min at 0°CE-mail: ktanaka@ncc.go.jp
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for MAP-2. For β-tubulin, these cells were fixed in
4% paraformaldehyde in microtubule-stabilizing buffer
(MTSB)15) for 30 min at room temperature, then held in
MTSB containing 0.1% Triton X-100 for 4 min, and
washed with PBS−. Immunocytochemical staining was
performed in a moist chamber using a HistoScan Mono-
clonal Detector Kit (06-601A). Normal mouse IgG1 was
used as the control.
Immunoprecipitation and SDS-PAGE  We used the
IMMUNO-catcher system (CytoSignal Research Prod-
ucts, Irvine, CA) for protein immunoprecipitation. Cell
pellets (1×107 cells) of SCLC cell lines (Lu-134A, N-417,
H-82) were resuspended in lysis solution containing pro-
tein inhibitors, sonicated for 10 s on ice and centrifuged.
The supernatants were precleared by using protein A/G
resin which had been treated with preimmune serum (iso-
type control mouse IgG1-purified, Leino Technologies,
Inc., Manchester Rd, UK). The precleared cell lysates (100
µl) were immunoprecipitated using mouse monoclonal
anti MAP-2 antibody (4 µg) (280 kDa, clone M12, recog-
nizing a phosphate-independent epitope, Zymed Laborato-
ries, Inc., South San Francisco, CA) overnight at 4°C. The
protein A/G resin suspension (10 µl) was added to the
immune complex and rotated for 2 h at 4°C. After rinsing,
the immune complex was eluted with the sample buffer.
Immunoprecipitated proteins were subjected to 5% SDS-
PAGE under non-reducing conditions and the gel was
stained using silver stain II kit (Wako Pure Chemical
Industries, Ltd., Osaka). Molecular weight marker DAI-
ICH II was used (Daiichi Pure Chemicals Co., Ltd.,
Tokyo) as an indicator of molecular size.

RESULTS

Development of neuronal-like processes in SCLC cell
lines cultured on PC-9/ECM substrate  SCLC cell lines
(Lu-134A, Lu-130, Lu-134B, N-417 and Lu-135) grew as
floating cell aggregates (Fig. 1, A–E). When these cell
lines were cultured on PC-9/ECM substrate, floating cell
aggregates attached to the substrate, spread and then
developed neuronal-like processes after 1 to 20 days. To
develop effectively these neuronal processes, we used dB-
cAMP, a traditional differentiating agent.16) Accelerated
development and elongation of neuronal-like processes
were observed in Lu-134A, Lu-134B, N-417 and Lu-135
cell lines after addition of dB-cAMP, within 5 to 10 days
(Fig. 1, F, H, I and J). The length of these processes was
from three to more than ten times the cell body length.
The addition of dB-cAMP to Lu-130 cells cultured on PC-
9/ECM substrate did not accelerate development or elon-
gation of neuronal-like processes (data not shown). These
processes appeared to be dendrite-like features. The mor-
phologies of neuronal-like processes were different among
these SCLC cell lines. In Lu-134A cells, obvious branch-

ing of elongated processes was observed in the presence of
dB-cAMP (Fig. 1F). In N-417 cells, thick elongated pro-
cesses were observed in the presence of dB-cAMP, but
there were few branching processes (Fig. 1I). Lu-130 cells
adhered and spread most strongly on PC-9/ECM substrate
among the examined cell lines, as observed under a phase-
contrast microscope (Fig. 1G). The length of neuronal-like
processes was about five times the length of the cell body
and flat features in the distal tip of processes were charac-
teristically observed (Fig. 1G). In Lu-135 cells, bipolar
long neuronal-like processes were observed in the pres-
ence of dB-cAMP (Fig. 1J). In Lu-134B cells, the length
of neuronal-like processes was about three to five times
the length of the cell body (Fig. 1H). H-82 cells showed
neither cell adherence nor development of neuronal-like
processes on PC-9/ECM substrate (data not shown).
Immunocytochemical expression of ββββ-tubulin and
MAP-2 in SCLC cell lines with neuronal-like processes
To analyze cytoskeleton components of neuronal-like pro-
cesses in SCLC cell lines which developed on PC-9/ECM
substrate, we examined immunocytochemically the expres-
sion and distribution of β-tubulin and MAP-2 using mono-
clonal antibodies.

Both the cytoplasm and neuronal-like processes of Lu-
134A, N-417 and Lu-135 cells reacted intensely with
monoclonal antibody against β-chains of tubulin (Fig. 2A,
data for Lu-134A and Lu-135 not shown). The thick long
processes in Lu-134A and N-417 cells reacted especially
intensely with this antibody (Fig. 2A, data for Lu-134A
not shown). The cytoplasm of Lu-130 cells with neuronal-
like processes reacted with monoclonal antibody against
β-chains of tubulin, but the processes reacted weakly with
this antibody as compared with other cell lines (Fig. 2B).
Both the cytoplasm and neuronal-like processes of Lu-
134A, N-417 and Lu-135 cells reacted intensely with
monoclonal antibody against MAP-2 (Fig. 2, C, D and E).
The cytoplasm and neuronal-like processes of Lu-130 cells
reacted weakly with this antibody (Fig. 2F). Both the cyto-
plasm and processes of Lu-134B cells with neuronal-like
processes reacted intensely with monoclonal antibodies
against β-tubulin and MAP-2 (data not shown). The con-
trols did not react with the antibodies (data not shown).
Immunocytochemical expression of MAP-2 in SCLC
cell lines without processes on PEI substrate  To exam-
ine the expression of MAP-2 in Lu-134A, N-417 and H-82
cells grown as floating cell aggregates without processes,
we studied these cell lines attached to polyethyleneimine-
coated cover slips (PEI substrate).

Cell lines Lu-134A, N-417 and H-82 attached to PEI
substrate within 10 min without forming processes, and
we examined immunocytochemically the expression of
MAP-2 in these cell lines without processes.

Both the cytoplasm of N-417 and Lu-134A cells reacted
intensely with monoclonal antibody against MAP-2 (Fig.
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Fig. 1. Development of neuronal-like pro-
cesses in SCLC cell lines. A–E: Cell lines
grew as floating cell aggregates on non-
coated cover glass. A: Lu-134A cells
(×150), B: Lu-130 cells (×150), C: Lu-134B
cells (×150), D: N-417 cells (×150), E: Lu-
135 cells (×200). F, H–J: Cell lines were
cultured on PC-9/ECM substrate in the pres-
ence of 0.25 mM dB-cAMP. F: Lu-134A
cells, after 8 days of culture, clear branching
of elongated processes was seen (×200). G:
Lu-130 cells were cultured on PC-9/ECM
substrate in the absence of dB-cAMP. After
9 days of culture, cells adhered and spread
most strongly as compared with other cell
lines. The branching of the thin processes
and flattened distal tip of processes were
characteristic (×200). H: Lu-134B cells,
after 6 days of culture, the length of pro-
cesses was about five times the length of
the cell body (×200). I: N-417 cells, after 3
days of culture, long thick processes were
observed. There were few branching pro-
cesses (×200). J: Lu-135 cells, after 9 days
of culture, the development of bipolar pro-
cesses was characteristic (×200).
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Fig. 2. Immunocytochemical expression of β-tubulin and MAP-2 in SCLC cell lines. A–F: SCLC cell lines developed neuronal-like
processes on PC-9/ECM substrate in the presence (Lu-134A, N-417 and Lu-135 cells) or absence (Lu-130 cells) of 0.25 mM dB-cAMP.
A, B: Reactivity with anti β-tubulin antibody. The cytoplasm and neuronal-like processes of N-417 cells (A, ×400) reacted intensely
with the antibody. Lu-130 cells (B, ×200), the cytoplasm reacted intensely with the antibody, while the processes reacted weakly. Coun-
terstained with hematoxylin. C–F: Reactivity with anti MAP-2 antibody. The cytoplasm and processes of Lu-134A cells (C, ×200), N-
417 cells (D, ×400) and Lu-135 cells (E, ×400) reacted intensely with the antibody. The cytoplasm and processes of Lu-130 cells (F,
×200) reacted weakly with the antibody. Counterstained with hematoxylin. G, H: Reactivity with anti MAP-2 antibody of SCLC cell
lines without processes, attached to PEI substrate. The cytoplasm of N-417 cells (G) reacted intensely with the antibody. The cytoplasm
of H-82 cells (H) did not react with the antibody. Counterstained with hematoxylin (×400).
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2G, data in Lu-134A not shown), but the cytoplasm of H-
82 cells did not react with this antibody (Fig. 2H). The
controls did not react with this antibody (data not shown).
Immunoprecipitation/SDS-PAGE analysis  To confirm
the specificity of the expression of MAP-2 in N-417 and
Lu-134A cells with neuronal-like processes, we performed
immunoprecipitation and SDS-PAGE analysis of cell
lysates of SCLC cell lines (Lu-134A, N-417, H-82) using
anti MAP-2 antibody. MW ~280 kDa and weak MW ~220
kDa protein bands were observed in lysates of N-417 and
Lu-134A cells (Fig. 3, lane 2, 3), while the MW ~280 kDa
band was not observed, but a weak MW ~220 kDa band
was observed in the lysate of H-82 cells (Fig. 3, lane 4)
under non-reducing conditions.

Table I shows a summary of the formation of neuronal-
like processes, and immunocytochemical expression of
MAP-2 and β-tubulin in six SCLC cell lines on PC-9/
ECM substrate.

DISCUSSION

The attachment of floating cell aggregates and the
development of neuronal-like processes were observed in
five (Lu-134A, Lu-134B, Lu-130, N-417 and Lu-135) of
six SCLC cell lines on PC-9/ECM substrate. These results
were more marked when the cells were cultured in serum-

free HITES/RPMI medium than in 10% FCS/RPMI
medium. The development of neuronal-like processes in
Lu-134B cells on PC-9/ECM substrate was observed in
the present study, but not in the previous report.8) This
might be attributed to the use of 10% FCS/RPMI medium,
which contained lysophosphatidic acid (LPA) in serum. It
has been reported that neurite retraction in neuronal tumor
cells was evoked by LPA in serum.17) To avoid the effects
of serum, we used serum-free HITES/RPMI medium for
the culture of SCLC cell lines in this study. In the previous
report, Lu-139, Lu-140 and Lu-165 cell lines also did not
show the development of neuronal-like processes on PC-
9/ECM substrate in 10% FCS/RPMI medium. We exam-
ined whether these cell lines develop neuronal-like pro-
cesses in serum-free HITES/RPMI medium, and found
that they did not. Non-development of neuronal-like pro-
cesses in these cell lines did not depend on the effects of
serum.

The expression of MAP-2, which is the somatodendritic
MAP of neurons,9) has been observed immunocytochemi-
cally on neuronal-like processes in the SCLC cell line Lu-
134A on PC-9/ECM substrate.8) We examined whether the
expression of MAP-2 also occurs in other SCLC cell lines
with neuronal-like processes on PC-9/ECM substrate, and
whether MAP-2 is expressed in these cells grown as float-
ing cell aggregates without processes.

200

kDa

116

1 2 3 4

Fig. 3. Immunoprecipitation of MAP-2 in N-417, Lu-134A and
H-82 cell lysates. Cell lysates were prepared as described in
“Materials and Methods.” Following immunoprecipitation with
anti MAP-2 antibody, proteins were subjected to 5% SDS-PAGE
under non-reducing conditions, followed by silver staining. Lane
1: Molecular weight marker (200 kDa, 116 kDa), lane 2: N-417,
lane 3: Lu-134A, lane 4: H-82. MAP-2: ~280 kDa (upper arrow),
~220 kDa (lower arrow).

Table I. Immunocytochemical Expression of MAP-2 and β-
Tubulin in SCLC Cell Lines Which Developed Neuronal-like
Processes on PC-9/ECMa) Substrate

Cell lines Neuronal-like 
processes c) MAP-2 d) β-Tubulin e)

Lu-134A (C)b) +++ + +
Lu-134B (C) + + +
Lu-130 (C) + + +
Lu-135 (V) ++ + +
N-417 (V) +++ + +
H-82 (V) − − −

a) Extracellular matrix derived from PC-9 cells (human adeno-
carcinoma cell line).
b) C, classic type; V, variant type.
c) Development of neuronal-like processes in SCLC cells on
PC-9/ECM substrate 10 days after culture. + + +, processes
more than ten times the length of the cell body; + +, processes
five to ten times the length of the cell body; +, processes about
three times the length of the cell body (floating cell aggregates
attached to the substrate); −, no neuronal-like process formation
(floating cell aggregates did not attach to the substrate). 0.25
mM dB-cAMP was added to the culture of  Lu-134A, Lu-134B,
Lu-135 and N-417 cells.
d) Immunocytochemical reactivity with anti MAP-2 antibody.
+, positive; −, negative.
e) Immunocytochemical reactivity with anti β-tubulin anti-
body. +, positive; −, negative.
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Immunocytochemical studies using antibodies against
β-tubulin and MAP-2 showed that these proteins were also
expressed on neuronal-like processes of four cell lines,
Lu-134B, Lu-130, N-417 and Lu-135 on PC-9/ECM sub-
strate. It also appeared that considerable numbers of neu-
ronal-like processes in these cell lines contained bundles
of microtubules (MTs) and MAP-2, indicating that they
were dendrite-like processes. The result that MAP-2 was
expressed in the cytoplasm of Lu-134A and N-417 cells
without processes on PEI substrate suggests that these
cells originally expressed MAP-2. These findings indicate
that MAP-2 is expressed functionally in these SCLC cell
lines to form MTs, that are a major component of neuronal
cell processes. Low expression of MAP-2 in Lu-130 cells
with neuronal-like processes may correlate with the short
extension of neuronal-like processes in this cell line. Non-
development of neuronal-like processes in H-82 cell line
on PC-9/ECM substrate may be due to deficient adhesion
to this substrate and low or deficient expression of MAP-2
in this cell line. It is suggested that the expression of
MAP-2 in human SCLC cell lines is a requirement for the
development of dendrite-like processes on PC-9/ECM
substrate. We also performed immunoprecipitation/SDS-
PAGE analysis to confirm the immunocytochemical expres-
sion of MAP-2 in SCLC cell lines which developed neu-
ronal-like processes on PC-9/ECM substrate. N-417 and
Lu-134A cells expressed MAP-2 of MW ~280 kDa, but
H-82 did not express this protein. The expression of
lower-molecular (MW ~220 kDa) MAP-2 was detected
weakly in N-417, Lu-134A and H-82 cells. This molecule
might be an alternatively spliced variant of this gene.

These findings support the immunocytochemical expres-
sion of MAP-2 in SCLC cell lines with neuronal-like pro-
cesses on PC-9/ECM substrate. It was also suggested that
the expression of MW ~280 kDa MAP-2 is related to the
development of these neuronal-like processes.

Recently, it has been reported that several SCLC cell
lines adhered on thrombospondin-1 (TSP1) substrate and
one of them, OH1, extended neurite-like outgrowths con-
taining F-actin without organization of actin on this sub-
strate.18) It has also been reported that the extracellular
matrix proteins protect SCLC cells against apoptosis by
chemotherapeutic agents.19) These reports suggest that the
biological properties of SCLC are influenced by the extra-
cellular matrix (microenvironment).

Although most SCLC cell lines grow anchorage-inde-
pendently as floating cell aggregates on tissue culture sub-
strates, five of the six SCLC cell lines adhered to PC-9/
ECM substrate and developed long neuronal-like pro-
cesses (dendrite-like processes) containing β-tubulin and
MAP-2. In vivo, a certain population of SCLC cells might
differentiate into neuronal-like cells with neuronal-like
processes under the influence of the specific type of extra-
cellular matrix secreted from SCLC cells or normal cells.

Interactions between SCLC cells and extracellular
matrix (microenvironment) should be further examined to
improve our understanding of the biological properties of
SCLC, and for the development of differentiation therapy
and chemotherapy for SCLC.

(Received January 11, 2002/Revised April 1, 2002/Accepted
April 5, 2002)

REFERENCES

1) Greco, F. A. and Oldman, R. K.  Small-cell lung cancer.  N.
Engl. J. Med., 301, 355–358 (1979).

2) Yoshimura, K. and Yamashita, N.  Clinical statistical obser-
vation of 4,931 cases with lung cancer by histological
types; results of field study in Japan.  Lung Cancer, 22, 1–
17 (1982) (in Japanese).

3) Vincent, R. G., Pickren, J. W., Lanne, W. W., Bross, I.,
Takita, H., Houten, L., Gutierrez, A. C. and Rzepka, T.
The changing histopathology of lung cancer: a review of
1,682 cases.  Cancer, 39, 1647–1655 (1977).

4) Shimosato, Y., Nakajima, T., Hirohashi, S., Morinaga, S.,
Terasaki, T., Yamaguchi, K., Saijo, N. and Suemasu, K.
Biological, pathological and clinical features of small cell
lung cancer.  Cancer Lett., 33, 241–258 (1986).

5) Yamaguchi, K., Abe, K., Adachi, I., Otsubo, K., Nagasaki,
K., Suzuki, M., Maruno, K., Asanuma, F., Tsuchihashi, T.,
Miyake, Y., Yoshinaga, K., Matsubara, H., Imanishi, K.,
Kimura, S., Kodama, T., Kameya, T. and Shimosato, Y.
Peptide hormone production in small cell lung carcinoma
with particular reference to gastrin-releasing peptide.  Jpn.

J. Clin. Oncol., 16, 235–241 (1986).
6) List, A. F., Hainsworth, J. D., Davis, B. W., Hande, K. R.,

Greco, F. A. and Johnson, D. H.  The syndrome of inappro-
priate secretion of antidiuretic hormone (SIADH) in small-
cell lung cancer.  J. Clin. Oncol., 4, 1191–1198 (1986).

7) Suzuki, H., Tsutsumi, Y., Yamaguchi, K., Abe, K. and
Yokoyama, T.  Small cell lung carcinoma with ectopic
adrenocorticotropic hormone and antidiuretic hormone syn-
dromes: a case report.  Jpn. J. Clin. Oncol., 14, 129–137
(1984).

8) Tanaka, K. and Terasaki, T.  Development and elongation
of neurite-like outgrowth on small cell lung cancer cell
lines.  Jpn. J. Cancer Res., 88, 176–183 (1997).

9) Trojanowski, J. Q., Schuck, T., Schmidt, M. L. and Lee, V.
M.-Y.  Distribution of phosphate-independent MAP2 epi-
topes revealed monoclonal antibodies in microwave-dena-
tured human nervous system tissues.  J. Neurosci. Methods,
29, 171–180 (1989).

10) Gazdar, A. F., Carney, D. N., Nau, M. M. and Minna, J. D.
Characterization of variant subclasses of cell lines derived



MAP-2 in SCLC Cell Lines

705

from small cell lung cancer having distinctive biochemical,
morphological and growth properties.  Cancer Res., 45,
2924–2930 (1985).

11) Terasaki, T., Shimosato, Y., Nakajima, T., Tsumuraya, M.,
Morinaga, S., Hirohashi, S., Yamaguchi, K., Kato, K.,
Ichinose, H. and Nagatsu, T.  Changes in  cell characteris-
tics due to culture conditions in cell lines from human small
cell lung cancer.  Jpn. J. Clin. Oncol., 16, 203–212 (1986).

12) Carney, D. N., Gazdar, A. F., Bepler, G., Guccion, J. G.,
Marangos, P. J., Moody, T. W., Zweig, M. H. and Minna, J.
D.  Establishment and identification of small cell lung can-
cer cell lines having classic and variant features.  Cancer
Res., 45, 2913–2923 (1985).

13) Oboshi, S. and Sekiguchi, M.  Human cancer cell lines in
Japan.  Protein Nucleic Acid Enzyme, 23, 697–711 (1978)
(in Japanese).

14) Carney, D. N., Bunn, P. A., Gazdar, A. F., Pagan, J. A. and
Minna, J. D.  Selective growth in serum-free hormone-sup-
plemented medium of tumor cells obtained by biopsy from
patients with small cell carcinoma of the lung.  Proc. Natl.
Acad. Sci. USA, 78, 3185–3189 (1981).

15) Keating, H. H. and Asai, D. J.  Distribution of phosphory-

lated microtubule-associated protein 1B during neurite out-
growth in PC-12 cells.  Dev. Biol., 162, 143–153 (1994).

16) Reiss, M., Gamba-Vitalo, C. and  Sartorelli, A. C.  Induc-
tion of tumor differentiation as a therapeutic approach: pre-
clinical models for hematopoietic and solid neoplasm.
Cancer Treat. Rep., 70, 201–218 (1986).

17) Tigyi, G. and Miledi, M.  Lysophosphatidates bound to
serum albumin activate membrane currents in Xenopus
oocytes and neurite retraction in PC 12 pheochromocytoma
cells.  J. Biol. Chem., 267, 21360–21367 (1992).

18) Guo, N., Templeton, N. S., Al-Barazi, H., Cashel, J. S.,
Krutzsch, H. C. and Roberts, D. D.  Thrombospondin-1 pro-
motes α3β1 integrin-mediated adhesion and neurite-like
outgrowth and inhibits proliferation of small cell lung carci-
noma cells.  Cancer Res., 60, 457–466 (2000).

19) Sethi, T., Rintoul, R. C., Moore, S. M., Mackinnon, A. C.,
Salter, D., Choo, C., Chiverss, E. R., Dransfield,
I., Donnelly, S. C., Strieter, R. and Haslett, C.  Extracel-
lular matrix proteins protect small cell lung cancer cells
against apoptosis: a mechanism for small cell lung cancer
growth and drug resistance in vivo.  Nat. Med., 5, 662–668
(1999).


