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Abstract
Transforming growth factor ÃŸ,(TGf-ÃŸ,)is a potent growth inhibitor
for many cell types, including tumor cells. We recently have reported the
establishment and characterization of two human gastric scirrhous car
cinoma cell lines, HSC-39 and HSC-43. Here we examined the effect of
I <.1 -,(, on the growth of these lines as compared to five other human
gastric adenocarcinoma cell lines. Proliferation of HSC-39 and HSC-43
cells was strongly inhibited by I (.1 -/*,, whereas the other gastric ade
nocarcinoma cell lines were unresponsive to I (â€¢!
-/j,. Both HSC-39 and
HSC-43 cells gradually lost viability following exposure to TGF-/9,.
This response was dose dependent up to 4 ng/ml. When TGF-/?, was
removed, the cells failed to exhibit regrowth, indicating an irreversible
growth-inhibitory effect of this agent, leading to cell death. DNA frag
ments were observed consisting of multimers of approximately 180 base
pairs 24 h after I (Â¡1-,j, treatment. The chromatin condensation of each
cell line was confirmed by Hoechst 33258 fluorochrome staining. IItrastructurally, condensed and fragmented nuclei were observed in
TGF-0, -treated cells. These features are generally associated with apoptotic processes. Both cell death and DNA fragmentation were par
tially inhibited by cycloheximide, suggesting the requirement for new
protein synthesis. Our results suggest that I ( .1 -/Ã•
, induces cell death in
human gastric scirrhous carcinoma cells in vitro which is mediated by
activation of a signal transduction pathway for apoptosis.

Introduction
,3 is a polypeptide homodimer with a molecular
weight of 25,000 that is present in platelets and in other normal
and cancerous cells and that is a member of a larger family of
growth and differentiation regulatory peptides (see current re
view in Refs. 1 and 2). While stimulating the proliferation of
mesenchymal cells, TGF-/3, inhibits the growth of most epithe
lial cells (1, 2), including certain tumor cells such as colon
carcinoma (3), breast carcinoma (4), and gastric carcinoma (5).
The inhibitory effect of TGF-|8| has generally been considered
fully reversible in some experimental systems (6, 7). However,
recent evidence indicates that TGF-0, participates in the en
hancement and induction of programmed cell death of a variety
of normal epithelial cells in vitro (8-10). Moreover, these stud
ies have indicated that apoptotic cell death can be induced by
exogenous TGF-0,. However, it is still unknown whether a
similar response can be induced in tumor cells by TGF-/?!.
Additionally, the mechanisms underlying TGF-0,-mediated
signal transduction and growth-inhibitory action are only
poorly understood.
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We have recently reported the establishment and character
ization of two human stomach scirrhous cancer cell lines4 (11).
Therefore, in this study, we have examined the effect of TGF-/3,
on fnese cultured gastric cancer cells and demonstrate that
TGF-0, induces cell death by an apoptotic process.
Materials and Methods
Materials. Purified human TGF-/J, was purchased from R & D Sys
tems, Inc. (Minneapolis, MN). The lyophilized preparations were re
constituted in 4 mm HCI containing 1 mg/ml of BSA. Recombinant
human TGF-/3, was obtained from Otsuka Assay Laboratories
(Tokushima, Japan). Dilutions were made in 5 HIMHCI containing 1
mg/ml of BSA (globulin free). Cycloheximide was obtained from Sigma
Chemical Co. (St. Louis, MO). Hoechst 33258 was purchased from
Flow Laboratories, Inc. (McLean, VA). TGF-/3-neutralizing antibody
(chicken anti-TGF-ÃŸ)was purchased from R & D Systems, Inc.
Cell Line and Culture. The human signet ring cell gastric cancer cell
line, HSC-39, was originally established and maintained in a-MEM
supplemented with 10% FCS as previously described (11). In order to
further characterize these subpopulations, the cell lines were adapted to
continuous culture in serum-free CDM, which consisted of DMEM:
Ham's F12 (1:1) supplemented with 0.05% BSA (Sigma). HSC-39
cells at 20 to 50% confluency were transferred from 10% FCS contain
ing a-MEM to serum-free CDM. After approximately 10 passages, the
growth rates of HSC-39 cells had stabilized with a doubling time of 36
to 38 h. The HSC-43 cell line was established from a human gastric
scirrhous carcinoma in serum-free CDM by us.4 These lines were rou
tinely cultured in serum-free CDM supplemented and antibiotics. The
5 other human gastric cancer cell lines (MKN-1, adenosquamous cell
carcinoma; MKN-7, MKN-28, and MKN-74, well-differentiated ade
nocarcinoma; and MKN-45, poorly differentiated adenocarcinoma)
were kindly provided by Dr. T. Suzuki (Fukushima Medical University,
Japan). These lines were maintained in DMEM (GIBCO Laboratories,
Grand Island, NY) containing 10% heat-inactivated FCS (Hazleton
Research Products, Lenexa, KS).
Effect of TGF-/8] on Cell Growth. In order to determine the effect of
TGF-0, on cell proliferation, cells were seeded at 1, 2, or 5 x IO4
cells/ml per well with FCS-containing or serum-free CDM in 24-well
plates. TGF-/3, was added after 24 h. Medium containing growth factor
was replaced every 72 h. Trypan blue dye exclusion was used to assay
for cell viability. Cells resuspended in culture medium were stained by
addition of an equal volume of 0.4% trypan blue in 0.7% saline and
counted on a hemocytometer. The extent of the cell growth was also
determined by a crystal violet dye elution assay as described previously
( 12). Viability was expressed as a percentage relative to the untreated
cells. Each experiment was repeated at least 3 times.
DNA Fragmentation Assay. Cells were seeded at 1 x IO6 cells per
100-mm plate with 10% FCS-containing or serum-free CDM, and they
were treated with 1 ng/ml of TGF-@Â¡.DNA was isolated from the
cultured cells as described previously (11). Electrophoresis was carried
out on 1.6% agarose gel in Tris-borate buffer (pH 8.0) containing 1 nui
EDTA. Gels were stained with ethidium bromide.

' K Yanagihara. N. Kamada, and M. Tsumuraya. unpublished data.
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Results and Discussion
We have previously established and characterized two human
scirrhous-type gastric carcinoma cell lines, HSC-39 (11) and
HSC-43.4 In order to determine whether the responsiveness to
specific peptide growth regulators was altered in scirrhous-type
gastric carcinoma cells relative to that in non-scirrhous-type
gastric carcinoma cells, we compared the effect of TGF-ÃŸion
the growth of gastric carcinoma cell lines which are represen
tative of the two groups. Fig. \A compares the growth inhibi
tion produced by TGF-0, in the scirrhous-type carcinoma cell
lines HSC-39 and HSC-43 to the TGF-/3,-induced, growthinhibitory response in the non-scirrhous-type carcinoma cell
lines MKN-1, MKN-7, MKN-28, MKN-45, and MKN-74. Cell
proliferation of HSC-39 and HSC-43 cells was strongly inhib
ited by 1 ng/ml of TGF-0! in medium containing either 1% or
5% FCS. This inhibitory effect could be blocked by the addition
of a polyclonal TGF-ÃŸ-neutralizing antibody (data not shown).
In other gastric adenocarcinoma cell lines, MKN-1, MKN-7,
MKN-28, MKN-45, and MKN-74, cell growth was not signif
icantly affected by the addition of TGF-0,. These results
indicated that two scirrhous carcinoma cells were sensitive to
exogenous TGF-ÃŸ,,whereas gastric adenocarcinoma cells were
insensitive to TGF-/3,. Accordingly, it was of interest to deter
mine the kinetics of the inhibition of cell proliferation by
TGF-/3, in the two scirrhous-type carcinoma cell lines.

To study the kinetics in the decrease in cell growth produced
by TGF-/3,, cultures were exposed to 1 ng/ml of TGF-/J, in
medium containing 1% PCS for 1 to 5 days (Fig. \B). The loss
of cell viability was assayed by the loss of ability of the cells to
exclude trypan blue. Exogenous TGF-ÃŸ,leads to the death of
the HSC-39 and HSC-43 cells. Both cell lines were also grown
in serum-free COM and were found to be slightly more sensitive
to the cytocidal effect of TGF-/3, as compared to cells grown in
serum-containing medium (Fig. IB). The magnitude of the cy
tocidal effect of natural or recombinant TGF-0 on HSC-39 and
HSC-43 cells was dose dependent with a maximum effect ob
served at 1 ng/ml (Fig. 1C). To determine whether the cytocidal
effect was reversible, cells were incubated with TGF-/3, (3 ng/
ml) for 24 h, after which TGF-0, was removed from the me
dium. Both HSC-39 and HSC-43 cells failed to show regrowth,
confirming the irreversible nature of the effect of TGF-0, (Fig.
\D). These results are of interest because they suggest that
TGF-0, induces a programmed cell death in human gastric
carcinoma cells in vitro.
Generally, the mechanisms of cell death can occur by either
apoptosis (programmed cell death) or by necrosis (13). Apoptosis has been described extensively in embryogenesis, morpho
genesis, hematopoiesis, and clonal selection in the thymus (1416), where it performs an essential role in various physiological
processes. Apoptosis also occurs in a variety of other systems
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Fig. 1. Effect of TGF-tfi on proliferation of
cultured human gastric cancer cells. A, growthinhibitory effect of TGF-fii in various cell lines.
Cells (2 x IO4 cells/ml) were cultured without
(D) or with (â€¢)1 ng/ml of TGF-rf, in 1% FCScontaining medium for 7 days. Cell density was
determined by the crystal violet elution assay as
described previously ( 12). B. time course of the
effect of continuous exposure to TGF-0i on
HSC-39 and HSC-43 cells. The cells (2 X IO4
cells/ml) were incubated with 1 ng/ml of
TGF-rfi in 1% FCS-containing medium or
COM. Viable cells were counted by the trypan
blue exclusion method and were expressed as
the percentage relative to the untreated cells. A,
control; O. HSC-39 (1% PCS); â€¢¿.
HSC-39
(COM); D. HSC-43 (1% PCS); â€¢¿.
HSC-43
(CDM). C, concentration response of TCF-tfi
on the viability of HSC-39 and HSC-43 cells.
Cells (2 x IO4 cells/ml) were treated with vary
ing concentrations of TGF-tf, for 7 days. The
100
cell density of viable cells was determined and
expressed as the percentage relative to the un
treated control cultures. G. HSC-39 (natural
TGF-ff,); O, HSC-43 (natural TGF-fi,); â€¢¿
HSC-43 (recombinant TGF-tf,). D. irreversible
effect of TGF-ti, on HSC-39 and HSC-43 cells.
Both types of cells were seeded at 2 x 1(H
cells/ml in CDM and were incubated overnight.
= 50Then 3 ng/ml of TGF-ii, was added. After 24 h,
cells were washed and incubated in CDM. Vi
ability was expressed as described in Fig. 1B. O.
control: â€¢¿
HSC-39; D, HSC-43.
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Fig. 3. Inhibition of TGF-Ormediated cell death by cycloheximide. HSC-43
cells were seeded at 2 x IO4 cells/ml in COM and treated with 0.25 ng/ml of
TGF-^i 6 h later. Then cultures were incubated in the presence of varying con
centrations of CHX for 1 days. Viability was expressed as a percentage of the ratio
in untreated control cultures by cell density. Columns, mean; bars, SD.

and in response to different stimuli (17, 18). In all of these
systems, apoptotic cells have a distinct morphology and show a
characteristic "ladder" pattern of DNA fragmentation resulting

1 23

from cleavage of nuclear DNA in internucleosomal regions
(19).
To discriminate between apoptosis or necrosis that might be
induced by the TGF-/3,, we have examined the morphological
change of TGF-/3,-treated HSC-39 and HSC-43 cells by Hoe
chst 33258 fluorochrome staining. As shown in Fig. 2A, chromatin condensation is visible after a 24-h incubation with 0.5
ng/ml of TGF-0,. Such a morphological change was not ob
served in untreated cells. Furthermore, transmission electron
microscopy of TGF-/3,-treated HSC-39 or HSC-43 cells
showed extensive condensation of chromatin, fragmentation of
nuclei, and the presence of much necrotic debris (Fig. 2B). In
contrast, untreated control cells were viable and showed a nor
mal morphology (data not shown).
DNA fragmentation was assessed in the HSC-39 and
HSC-43 cells after incubation with 1 ng/ml of TGF-j8, (Fig.
2Q. This is one of the few specific biochemical features that is
characteristic of apoptosis (19). When HSC-39 cells are cul
tured with TGF-/3, in COM or in 1% FCS-supplemented COM
for 24 h, DNA is converted to a "ladder" pattern of fragments
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Fig. 2. Apoptotic features of TGF-^-induced cell death. In A, a fluorescence
micrograph shows four fragmented apoptotic cell nuclei and three intact nuclei.
The HSC-43 cells were incubated with TGF-0, at 0.5 ng/ml after 24 h in COM
plus 1% PCS on tissue culture chamber/slides (Lab-Tek). Cultured cells were
fixed with Carnoy's fixative (glacial acetic acid: absolute methanol. 1:3) and
stained for 30 min for DNA with Hoechst 33258 fluorochrome (0.1 wg/ml in
distilled water). Slides were then mounted with Aquamount and coverslips. Pho
tographs were obtained with a Nikon EFD2 fluorescence microscope (x 400). In
//. a transmission electron micrograph shows condensed and fragmented nuclei.
The HSC-39 cells were incubated for 24 h with 1 ng/ml of ^GF-ÃŸÂ¡.
The electron
micrograph was taken using a JEM-1200 as described previously (11). A1,normal
nucleus; â€”¿,
apoptotic cell nuclei (x 4200); bar, 3 um. C, DNA fragmentation in
TGF-tfrtreated cells. Exponentially growing cells were treated with 1 ng/ml of
TGF-/3, for 24 or 48 h (Lanes 2. 3. and 7 to 9). Each DNA sample (5 ng) was

of integer multiples of roughly of 180 base pairs (Lanes 2 and
3). A similar pattern of DNA fragmentation was observed in the
HSC-43 cells following the same condition at 24 or 48 h (Lanes
7 and 8). No chromosomal DNA cleavage was observed in
untreated control cells (Lanes 1 and 6). These observations are
consistent with cell death occurring by the process of apoptosis,
or programmed cell death.
Apoptosis is an active process requiring new protein synthe
sis (20). The effect of CHX on the TGF-/3-induced death was
therefore investigated. HSC-43 cells were incubated with vari
ous concentrations of CHX following exposure to 0.25 ng/ml of
TGF-01. The effect of CHX was not observed at high doses of
TCP-/?, (1 or 2 ng/ml). However, at lower TGF-/3, concentra
tions, CHX partially prevented TGF-/ÃŽ,-induced cell death in a
electrophoresed through a 1.6% agarose gel. DNA bands were visualized by
staining with ethidium bromide. Lanes: I, DNA from untreated HSC-39 cells, 48
h, COM; 2, TGF-ii,-treated HSC-39 cells, 24 h, CDM; 3, TGF-/3,-treated
HSC-39 cells, 48 h, 1% PCS; 4, 0.25 ng/ml of TGF-/3,-treated HSC-39, 72 h,
COM; 5, 0.25 ng/ml of TGF-Ã–,-and 0.1 wg/ml of CHX-treated HSC-39, 72 h; 6,
DNA from HSC-43 cells, 48 h, CDM; 7, TGF-/3,-treated HSC-43 cells, 24 h,
CDM; Â«,TGF-f),-treated HSC-43 cells, 48 h, 1% PCS; 9. TCF-^-treated
HSC-43 cells, 48 h, CDM; 10, 0.25 ng/ml of TGF-^-treated HSC-43 cells, 72 h,
CDM; //, 0.25 ng/ml of TGF-0,- and 0.1 jig/ml of CHX-treated HSC-43, 72 h;
and Lane 12, restriction enzyme ///ndlll digest of X-phage DNA.
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dose-dependent fashion (Fig. 3). These results suggest that
CHX can provide protection from TGF-/3,-induced cell death
within the limits of its own toxicity. This was also correlated
with a reduction in DNA fragmentation produced by TGF-ÃŸi
(Fig. 2C, Lane II). Similar results were observed on the
HSC-39 cells (Fig. 2C, Lane 5). Therefore, under these condi
tions, CHX also appears to protect from TGF-/3,-induced DNA
cleavage. This DNA fragmentation has been shown to result
from activation of a Ca2+- and Mg2+-dependent endonuclease
present within the cell nucleus which selectively hydrolyzes
DNA at regions located between nucleosomal units, thus re
sulting in a ladder of DNA fragments in various systems (19,
21, 22). The present data also suggest that exogenous TGF-/3,
can possibly induce the activation of endonuclease at a very
early step in the process of apoptosis. This process is analogous
to the glucocorticoid-induced apoptosis of lymphocytes and in
dicates a potentially common signal transduction pathway.
This endonuclease activation has been demonstrated to be trig
gered by a sustained elevation in the intracellular free Ca2+
concentration initiated early in the process of apoptosis (23,
24). There is recent evidence that the calcium ionophore pre
vents apoptosis in interleukin 3-dependent pre-B-cells (25). It is
possible that TGF-/3, is involved in the regulation of intracel
lular calcium homeostasis.
As this paper was being prepared for submission, Lin and
Chou (26) also reported apoptosis in a human hepatoma cell
line induced by TGF-/3,. However, our experimental system
differs from theirs by several criteria: (a) when serum-starved
hepatoma cells were exposed with TGF-0,; (b) although DNA
fragmentation was observed, chromatin condensation was not
found; and (c) treatment of CHX had no effect upon the TGFi3-mediated hepatoma cell death. Lin and Chou therefore con
clude that TGF-/3, causes early minor apoptotic effects in
hepatoma cells. Our data are in agreement with recent studies
which have demonstrated that elevation of TGF-/S, gene expres
sion is closely associated with some apoptotic cell death (27,
28). Finally, the present study provides the first evidence to
suggest that TGF-/3, causes apoptotic cell death in human gas
tric carcinoma cells. However, the explanation and physiolog
ical significance for this cell death phenomenon of cancer cells
by TGF-/3, are not clear. Further studies are required for delin
eating the mechanisms of this form of cell death.
Acknowledgments
We are grateful to Professor E. Tahara, Dr. F. Amano for fruitful
discussion, and Professor O. Niwa for his generous help. We thank Dr.
D. S. Salomon for critical reading of the manuscript. We also thank T.
Nishioka for graphics and A. Kinomura for manuscript preparation.

References
1. Roberts, A. B., and Sporn, M. B. Transforming growth factor-beta. Adv.
Cancer Res., 51: 107-145. 1988.
2. Moses, H. L., Yang, E. V.. and Pietenpol. J. A. TGF-fi stimulation and
inhibition of cell proliferation: new mechanistic insights. Cell, 63: 245-247,
1990.
3. Hoosein, N. M., Brattain, D. E., Mcknight, M. K., Levine. A. E., and Brattain, M. G. Characterization of the inhibitory effects of transforming growth
factor ÃŸ
on a human colon carcinoma cell line. Cancer Res.. 47: 2590-2594,
1987.

4. Arfeaga, C. L., Tandon, A. K., Von Hoff, D. D., and Osborne, C. K. Trans
forming growth factor ti: potential autocrine growth inhibitor of estrogen
receptor-negative human breast cancer cells. Cancer Res., 48: 3898-3904,
1988.
5. Ho, M., Yasui, W., Kyo, E., Yokozaki, H., Nakayama, H., Ito, H., and
Tahara, E. Growth inhibition of transforming growth factor .< on human
gastric carcinoma cells: receptor and postreceptor signaling. Cancer Res., 52:
295-300, 1992.
6. Shipley, G. D.. Pittelkow, M. R., Wille, J. J., Jr., Scott, R. E., and Moses, H.
L. Reversible inhibition of normal human prokeratinocyte proliferation by
type .-'transforming growth factor-growth inhibition in serum-free medium.
Cancer Res., 46: 2068-2071, 1986.
7. Silberstein, G. B., and Daniel. C. W. Reversible inhibition of mammary gland
growth by transforming growth factor-^. Science (Washington DC), 273:
291-293. 1987.
8. Martikainen. P.. Kyprianou, N., and Isaacs, J. T. Effect of transforming
growth (actor-tii on proliferation and death of rat prostatic cells. Endocri
nology. Â¡27:2963-2968. 1990.
9. Roteilo, R. J., Lieberman, R. C., Purchio. A. F., and Gerschenson, L. E.
Coordinated regulation of apoptosis and cell proliferation by transforming
growth factor ÃŸ,in cultured uterine epithelial cells. Proc. Nati. Acad. Sci.
USA, Â«Â«.-3412-3415,1991.
10. Oberhammer. F.. Bursch. W., Parzefall, W., Breit, P., Erber, E., Stadier, M.,
and Schulte-Hermann, R. Effect of transforming growth factor ÃŸon cell
death of cultured rat hepalocytes. Cancer Res., 51: 2478-2485, 1991.
11. Yanagihara. K., Seyama, T., Tsumuraya. M., Kamada, N., and Yokoro, K.
Establishment and characterization of human signet ring cell gastric carci
noma cell lines with amplification of the c-myc oncogene. Cancer Res., 51:
381-386. 1991.
12. Tagliaferri, P., Yanagihara, K., Ciardiello, F., Talbot, N., Flatow, U., Benade, L., and Bassin. R. H. Effects of ouabain on NIH/3T3 cells transformed
with retroviral oncogenes and on human tumor cell lines. Int. J. Cancer, 40:
653-658, 1987.
13. Wyllie, A. H.. Kerr, J. F., and Currie, A. R. Cell death: the significance of
apoptosis. Int. Rev. Cytol., iÂ«:251-306, 1980.
14. Duvall, E., and Wyllie, A. H. Death and the cell. Immunol. Today, 7: 115119, 1986.
15. McConkey, D. J., Orrenius, S., and Jondal, M. Cellular signaling in pro
grammed cell death (apoptosis). Immunol. Today, //: 120-121, 1990.
16. Williams, G. T., Smith, C. A., Spooncer, E., Dexter, T. M., and Taylor, D.
R. Haemopoictic colony stimulating factors promote cell survival by sup
pressing apoptosis. Nature (Lond.). 343: 76-79, 1990.
17. Yamada, T., and Ohyama. H. Radiation-induced interphase death of thymocytes is internally programmed (apoptosis). Int. J. Radial. Mini.. 53: 6575. 1988.
18. Shimizu, T.. Kubota. M., Tanizawa, A., Sano, H.. Kasai. Y., Hashimoto, H.,
Akiyama, Y., and Mikawa, H. Inhibition of both etoposide-induced DNA
fragmentation and activation of poly(ADP-ribose) synthesis by zinc ion. Biochem. Biophys. Res. Commun., 169: 1172-1177, 1990.
19. Wyllie, A. H. Glucocorticoid-induced thymocyte apoptosis is associated with
endogenous endonuclease activation. Nature (Lond.), 284: 555-556, 1980.
20. Wyllie, A. H. Apoptosis: cell death in tissue regulation. J. Pathol., Â¡53:
313-316, 1987.
21. Cohen, J. J., and Duke, R. C. Glucocorticoid activation of a calcium-depen
dent endonuclease in thymocyte nuclei leads to cell death. J. Immunol., 132:
38-42, 1984.
22. Kyprianou. N., English. H. F.. and Isaacs, J. T. Activation of a Ca2*-Mg2*dependent endonuclease as an early event in castration-induced prostatic cell
death. Prostate, 13: 103-118, 1988.
23. Poenie, M., Tsien, R. Y., and Schmitt-Verhulst, A-M. Sequential activation
and lethal hit measured by Ca+*. in individual cytolytic T cells and targets.
EMBO J., 6: 2223-2232. 1987.
24. McConkey, D. J., Nicotera, P., Hartzell, P., Bellomo, G., Wyllie, A. H., and
Orrenius, S. Glucocorticoids activate a suicide process in thymocytes through
an elevation of cytosolic Ca2+ concentration. Arch. Biochcm. Biophys., 269:
365-370, 1989.
25. Rodrignez, T. G., Collins, M., and Lopez. R. A. Regulation of apoptosis in
interleukin-3-depcndent hemopoietic cells by interleukin-3 and calcium ionophores. EMBO J.. 9: 2997-3002. 1990.
26. Lin, J-K., and Chou, C-K. In vitro apoptosis in the human hepatoma cell line
induced by transforming growth factor. Cancer Res., 52: 385-388, 1992.
27. Kyprianou. N., and Isaacs, J. T. Expression of transforming growth factor-if
in the rat ventral prostate during castration-induced programmed cell death.
Mol. Endocrinol., 3: 1515-1522, 1989.
28. Kyprianou, N., English, H. F., and Isaacs, J. T. Programmed cell death
during regression of PC-82 human prostate cancer following androgen abla
tion. Cancer Res., 50: 3748-3753, 1990.

4045

Downloaded from cancerres.aacrjournals.org on September 20, 2020. © 1992 American Association for Cancer
Research.

Transforming Growth Factor β1 Induces Apoptotic Cell Death in
Cultured Human Gastric Carcinoma Cells
Kazuyoshi Yanagihara and Masaru Tsumuraya
Cancer Res 1992;52:4042-4045.

Updated version

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/52/14/4042

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/52/14/4042.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on September 20, 2020. © 1992 American Association for Cancer
Research.

