Effect of Suramin on Differentiation of Human Stomach Cancer

Cell Lines

This study was designed to demonstrate that differentiation of stomach cancer
cells can be modified by microenvironmental change and to look for a method
inducing or promoting tumor cell differentiation. To evaluate the biomorphological
characterization of tumor cell differentiation in suramin-containing /n vitro culture
of human stomach cancer cell lines, inverted phase-contrast microscopic ex-
amination, analysis of growth curves and BrdU-positive S-phase fraction, im-
munocytochemical study, radioimmunoassay for CEA, transmission electron
microscopic examination, DNA flow cytometry, and heterotransplantation in
SCID mice were performed. Suramin inhibited tumor cell growth. Development
of intracytoplasmic lumina and intercellular lumina was noted in suramin-
containing culture with formation of numerous microvilli and frequent desmo-
somes. The amount of CEA released by a cell was increased in suramin-
containing culture. Suramin inhibited heterotransplantation, and a transplant
from suramin-containing culture revealed a much higher degree of differentiation
than that from suramin-absent culture. Suramin induced no change in DNA
ploidy pattern. Elimination of suramin from the culture medium did not reverse
the tumor cell differentiation. Each stomach cancer cell line showed a different
degree of responsiveness to suramin. In conclusion, this study shows that
suramin inhibits growth of SNU-5 and SNU-16 cells and that suramin induces
differentiation of SNU-16 cells. (JKMS 1997, 12:433~42)
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INTRODUCTION

Differentiation refers to the extent to which paren-
chymal cells of neoplasms resemble comparable normal
cells, both morphologically and functionally (1). Well-
differentiated tumor cells are thus composed of cells
resembling the mature normal cells of the tissue of origin
of the neoplasm. In general, benign tumors are well
differentiated; malignant neoplasms, in contrast, range
from well differentiated to undifferentiated. Indeed, lack
of differentiation is considered a hallmark of malignant
transformation. Cancers arise from stem cells present in
all specialized tissue, and the well-differentiated cancer
evolves from maturation ot specialization of undifferenti-
ated cells as they proliferate, whereas the undifferentiated
malignant tumot derives from proliferation without mat-
utation of the transformed cells (1).

We reviewed 400 cases of surgically resected gastric
catcinoma using histo-topogtraphic analysis, and obsetved
changes in histologic type and degree of differentiation
accotding to gasttic wall invasion (2). Histologic type was
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homogeneous regardless of invasion in 44.7%; howevert,
in 28%, degree of differentiation was changed according
to tumor invasion, and 27.3% showed mixed histologic
types both in the mucosa and in the invasive component.
With the above obsetvations, we hypothesized that the
histologic type ot differentiation of gastric catcinoma
could be changed with tumor invasion and it might be
influenced by the microenvironment around the cat-
cinoma cells. Thetefore, we attempted to use an in vitro
culture model of human gasttic carcinoma cell lines, and
looked for factors inducing or promoting tumor cell
differentiation.

As factors inducing differentiation in cultured cell
lines, addition of retinoic acid (3), addition of sutamin
(4~8), and removal of glucose and its replacement by
galactose (9) in the culture medium have been teported.
These inducers of differentiation have been examined in
the kidney epithelial cell line (3) ot colon cancer cell lines
(4~9); however, no study using stomach cancer cell lines
has been reported according to induction of differen-
tiation.
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There has been a renewal of interest in suramin, a
drug used in the therapy of trypanosomiasis and oncho-
cerciasis, following recent discoveties : a) the observation
that suramin exhibits an inhibitoty effect on reverse
transcriptase activity in vitro provided the basis for clin-
ical trials of suramin in the treatment of acquited immu-
nodeficiency syndrome (10, 11), b) suramin has been
shown to be a potent anticancer agent and has been used
successfully for the treatment of a variety of malignan-
cies, such as metastatic prostate cancet, progressive
nodular lymphoma, metastatic tenal cell or adrenal gland
catcinoma (12), and ¢) suramin has been shown to block
specific receptor binding of epidermal growth factor,
transforming growth factor-83, platelet-derived growth
factor and insulin-like growth factor-1, and also to intet-
fere with adrenocotticotropic hormone-stimulated adrenal
cottical cell function. Furthermote, suramin is also active
at vatious intracellular sites inasmuch as it is able to
inhibit inositol 1,4,5-triphosphate-mediated Ca™ relcase
from intracellular stores, protein kinase C as well as cyclic
AMP-dependent protein kinase activity (12).

The effect of suramin on growth factor functions held
our attention, and we investigated the action of suramin
on the growth and differentiation of human stomach
cancer cell lines.

MATERIALS AND METHODS
Materials

Human stomach cancer cell lines, SNU-1, SNU-5 and
SNU-16, wete obtained from the Korea Cell Line Bank
(KCLB), Cancet Research Institute, Seoul National Uni-
versity College of Medicine. The cell lines are alteady
characterized (13), and the basic characteristics are sum-
marized in Table 1.

Thirty female 6 week-old SCID (severe combined im-
munodeficiency) mice were obtained from the Asan Life
Science Research Institute, and they were kept in the
specific pathogen free (SPF) observation room.

Suramin was obtained from CB Chemicals (Woodbuty,
CT, USA). It was prepared as a stetile stock solution of

Table 1. Profile of original gastric carcinoma cell lines
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100 mg/ml in 0.9% NaCl and stored at -20C.

Cell culture

Three stomach cancer cell lines, SNU-1, SNU-5 and
SNU-16, were cultured in RPMI-1640 medium (Gibco,
#430-1800) containing 12 mM glucose and 10% fetal
calf serum in a humidified atmosphete of 95% air, 5%
CO,. Suramin was added in the medium to the concen-
tration of 100 yg/ml. The RPMI-1640 medium and the
suramin-containing medium were respectively changed
every 2 days, and the cells wete grown for ten setial
passages. The cells were hatvested with 0.05% trypsin
in 0.53 M ethylenediaminetetraacetate (EDTA).

Immunocytochemistry

Harvested cells wete attached to the glass slides using
a cytocentrifuge in the number of 2 X 10° pet slide. They
were fixed in 4°C cold acetone, and were immunocyto-
chemically stained with monoclonal anti-CEA (DAKO,
Catpinteria, CA) using the avidin-biotin-peroxidase com-
plex method (ABC Elite kit, Vector Laboratories, Butl-
ingame, CA).

To evaluate S-phase fraction, 10 uM of bromodeoxy-
uridine (BrdU) was added to the 25 cm® culture plate
containing 1 X 10° cells. After incubation for 30 minutes,
the cells were washed with phosphate-buffered saline
(PBS). They were attached to the glass slides and fixed
as described above. The slides were incubated in 37C,
1 M HC for 30 minutes to denature DNA, and then,
they were immunocytochemically stained with anti-BrdU
monoclonal antibody as described above.

Radioimmunoassay (RIA)

To evaluate the levels of CEA released by cells, radio-
immunoassay was petformed. 1 X 10” cells from each cell
line were cultured in 4 ml of medium (RPMI-1640 or
suramin-containing medium, respectively) for three days.
After centrifugation, the amount of CEA was measured
in 1 ml of supernatant medium. The level of CEA detet-
mined with RIA was corrected by the number of viable

Cell Date of Ade Sex Country Blood Prior Tumor QOriginal tumor
line initiation g of origin type therapy site® differentiation
SNU-1 4/84 44 M Korea O+ None Stomach Poor
SNU-5 6/87 33 F Korea O+ FAMP Ascites Poor
SNU-16 7/87 33 F Korea A+ None Ascites Poor

a: Tumor site used for cell culture
b : 5-flucrouracil, doxorubicin, and methotrexate
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cells.

Electron microscopy

The cells were fixed in situ with 2.5% glutaraldehyde
in 0.2 M sodium cacodylate buffer, pH 7.4, for two
hours, washed overnight in the same buffer with 7.5%
saccharose, post-fixed in 1% osmium tetroxide in 0.2 M
sodium cacodylate buffer for one hour, then dehydrated
in ethanol, and embedded in Epon. Thin sections were
stained with lead citrate and uranyl acetate, and exam-
ined under a Jeol JEM-1200 ExII electron mictoscope.

DNA flow cytometry

DNA ploidy pattern was examined by flow cytometty
as has been described in detail before (14,15). Briefly, the
harvested cells were filtered with nylon mesh and fixed
in ice-cold 70% ethanol for 30 minutes. After treatment
with ttypsin for 30 minutes, RNase treatment for 10
minutes and staining with propidium iodide for 10
minutes, DNA-content per cell was measured in a flow
cytometer (EPICS, Coulter).

Heterotransplantation

To evaluate the capacity for tumotigenecity (hetero-
transplantation), each cell line was subcutaneouslg inject-
ed to five female 6 week-old SCID mice. 5x10° tumor
cells were suspended in 0.3 ml of RPMI-1640, and the
suspension fluid was contained in a 1 ml syringe. SCID
mice wete punctured at the patavertebral flank with a
23 gauge needle, and the needle was subcutaneously
advanced toward the head. Tumor cells were injected in
the infra-scapular region. All the SCID mice wete sac-
rificed at 10 weeks after inoculation and the size of
tumot, if formed, was measured. The “Guiding Principles
in the Care and Use of Animals” approved by the Ameri-
can Physiological Society were observed.

RESULTS
Inverted microscopic observation

SNU-1 cells grown in RPMI medium were round or
oval, and the size was vatiable. They grew as a singly
scatteted floating individual without cohesive cluster or
substrate attachment. SNU-1 cells grown in suramin-
containing medium were similar to those grown in RPMI
medium (Fig. 1). Long-term culture for mote than three
months revealed no specific motrphologic change except
degenerative change.
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SNU-5 cells grown in RPMI medium were singly
scatteted ot formed loosely attached clusters with partial
substrate attachment (Fig. 2-A). In suramin-containing
culture, round intracellular structures with distinct phase
contrast in the margin wete noted in the cytoplasm of
SNU-5 cells. The intracytoplasmic structutes were vari-
able in size. Larger ones occupied neatly all the cyto-
plasm, and the nucleus was crescent and displaced by the
sttuctute to the petiphery (Fig. 2-B). Smaller ones were
found singly or in multiples in a cell. Compare to the
electron  microscopic findings, these intracytoplasmic
structutes ate consideted to be intracytoplasmic lumina
(ICL). In long-term culture for more than three months,
the intracytoplasmic structures petsisted.

SNU-16 cells grown in RPMI medium formed loose-
ly attached clusters with partial substrate attachment
(Fig. 3-A). In suramin-containing culture, SNU-16 cells
changed to round, singly scattered, floating cells in 24
hours (Fig. 3-B). The cells progressively formed cohesive
clusters with partial substrate attachment. Large cohe-
sive clusters were formed in long-term culture for more
than three months(Fig. 3-C). The intracytoplasmic struc-
ture present in SNU-5 cells was not noted by inverted
mictoscopic obsetvation.

To evaluate whether the morphologic change by
suramin was teversible or not, suramin-containing medi-
um was replaced by RPMI-1640 medium after 4 week
culture in suramin-containing medium. No additional
motphologic change was induced in each cell line. There
was no change in size and shape of cohesive clusters and

Fig. 1. Phase contrast micrograph of SNU-1 cells cultured in
suramin-containing medium.
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partial substrate attachment. The intracytoplasmic struc-
ture representing ICL persisted in SNU-5 cells (Fig. 2-C),
and the effect of suramin was considered to be irreversi-
ble after culture for 4 weeks.

Growth curve and cell cycle analysis

Suramin inhibited growth of SNU-5 cells and SNU-16
cells (Fig. 4). Growth inhibition by suramin was minimal
in SNU-1 cells.

BrdU-positive S-phase fractions measured immuno-
cytochemically in each cell line are listed in Table 2. The
result of cell cycle analysis is considered to correlate well
with growth curves.

Immunocytochemistry and RIA for CEA

SNU-1 cells and SNU-5 cells expressed no CEA in the
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Fig. 2. Phase contrast micrographs of SNU-5 cells. A: RPMI-
1640 medium, B : Suramin-containing medium, C : Elimination of
suramin after 4 week culture in suramin-containing medium.
Arrows indicate intracytoplasmic lumina.

cytoplasm or cell membrane, immunocytochemically.
SNU-16 cells immunocytochemically exptressed CEA dif-
fusely and strongly both in the cytoplasm and in the cell
membrane. The CEA immunoteactivity of SNU-16 cells
grown in the presence of suramin was as strong as that
of SNU-16 cells grown in the absence of suramin.
Therefore, no immunocytochemical difference could be
detected.

CEA levels measured by RIA in the supernatant
medium of each cell line are listed in Table 3 with CEA

Table 2. Proportion of BrdU-positive cells in stomach cancer cell

lines

Culture medium SNU-1 SNU-5 - SNU-16
(%) (%) (%)

RPMI-1640 66 a7 72

Suramin + RPMI-1640 60 40 46
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levels corrected by viable cell number. The level of CEA
released in the culture medium was higher in SNU-16
cells grown in the presence of suramin than in SNU-16
cells grown in the absence of suramin.

Electron microscopic observation

SNU-1 cells had a large itregular nucleus and prom-
inent nucleoli with many mitochondtia, rough endo-
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Fig. 3. Phase contrast micrographs of SNU-16 cells. A: RPMI-
1640 medium, B: Suramin-containing medium, C: Culture in
suramin-containing medium for 4 months.

plasmic reticulum and ribosomes in the cytoplasm.
Microvilli were barely seen in the cytoplasmic membrane
(Fig. 5), and therefore, SNU-1 cells were evaluated to
be pootly differentiated (worst differentiation among
three cell lines). SNU-1 cells grown in the presence of
suramin frequently revealed karyolysis and many sec-
ondaty lysosomes (Fig. 6). However, suramin induced no
change in SNU-1 cells according to differentiation.
SNU-5 cells had a large irregular nucleus and prom-

Table 3. Measurement of CEA released in the culture medium of each cell line by RIA

Culture medium SNUA1 SNU-5 SNU-16 Cell number Corrected CEA level
{(ng/ml) {ng/mi) (ng/ml) of SNU-16 per 10° SNU-16 cells

RPMI-1640 3.3 29 84.4 40x10° 211

Suramin + RPMI-1640 2.7 2.3 136.0 2.8x10° 485

* CEA level lower than 6 ng/ml is insignificant
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Fig. 4. Growth curves of SNU-16 cells. Note inhibition of tumor
cell growth by suramin.

inent nucleoli with increased nucleat/cytoplasmic ratio
(Fig. 7). Endoplasmic reticulum and mitochondria wete
well developed in the cytoplasm. SNU-5 cells disclosed
more differentiated microvilli than SNU-1 cells, but less
differentiated mictovilli than SNU-16 cells. In SNU-5

Fig. 5. Transmission electron micrograph of SNU-1 cells. Note
poorly developed microvilli (bar=1 pm).
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Fig. 6. Transmission electron micrograph of SNU-1 cells grown in
suramin-containing medium. Note numerous secondary lyso-

somes and myelin figures in the cytoplasm (bar=1 pm).

cells grown in the presence of suramin, a specific intra-
cellular structure, “intracytoplasmic lumen (ICL)”, was
noted (Fig. 8). The intracytoplasmic lumen was an intra-
cytoplasmic cavity lined by microvilli, which displaced
the nucleus and cytoplasmic organelles to one side. No
communication was noted between the ICL and the cell
exteriot. Round intracellular structures with distinct

Fig. 7. Transmission electron micrograph of SNU-5 cells. Note
moderate degree of microvilli development (bar=2 pm).
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Fig. 8. Transmission electron micrograph of SNU-5 cells grown in
suramin-containing medium. Note a intracytoplasmic lumen (ICL)

lined by microvilli (par=1 pm).

phase contrast in the margin, which were obsetved by
inverted microscope, wete considered to be intracyto-
plasmic lumina.

SNU-16 cells had a large nucleus with itregular nu-
clear membrane and coarse heterochromatin. Mitochon-
dtia, endoplasmic reticulum and tibosomes were well
developed and mucin granules were abundant in the
cytoplasm. Many microvilli were present along the
cytoplasmic membrane, and desmosomes were also fre-
quently noted in the cell junctions (Fig. 9). SNU-16 cells
wete evaluated to be relatively well differentiated (best
differendiation among three cell lines). SNU-16 cells
grown in the presence of suramin disclosed numerous
mictovilli and more frequent desmosomes with formation
of tightly cohesive clusters (Fig. 10). By inverted micto-
scope, no ICL was observed in SNU-16 cells; however,
ICL's were demonstrated by electron mictoscope in
SNU-16 cells. In some cells, “intercellular lumen” was
also noted (Fig. 11). The intercellular lumen lined by
numerous microvilli was formed along the cell junctions
including desmosomes, mimicking ptimitive gland forma-
tion composed of small numbets of tumor cells. Small
ICL's were present in the vicinity of intercellular lumen
in the same cell, which suggested a close relationship
between intracytoplasmic lumen and intercellular lumen.

When suramin was eliminated from the culture me-
dium after culture in suramin-containing medium for 4
weeks, no reversible change was induced. The degree of
differentiation remained stationaty in each cell line. The
intracytoplasmic lumina were also obsetved in SNU-5

Fig. 9. Transmission electron micrograph of SNU-16 cells. Note
abundant mucin granules in the cytoplasm with well developed
microvilli and desmosomes (bar=1 pm).

and SNU-16 cells.

DNA flow cytometry

By DNA histogram analysis, SNU-1 cells showed
tetraploidy with a DNA index between 2.01 and 2.02.

Fig. 10. Transmission electron micrograph of SNU-16 cells grown
in suramin-containing medium. Note exuberant microvilli formation
and more frequent desmosomes compared to Figure 9 (bar=1

Lmy.
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Fig. 11. Ultrastructural morphology of SNU-16 cells grown in
suramin-containing medium. Note intercellular lumina lined by
numerous tall microvilli and ICL's in a cell cluster. Desmosomes
are present in the vicinity of intercellular lumina (bar=1 pm).

SNU-5 cells had a tetraploidy pattern with a DNA index
between 1.97 and 2.02. SNU-16 cells revealed neat-
tetraploidy/tetraploidy with DNA indices ranging from
1.85 to 1.92. Suramin made no recognizable change on
the DNA ploidy pattern in SNU-1, 5 and 16 cells.

Heterotransplantation

SNU-16 cells grown in the RPMI-1640 medium with-
out suramin were tumorigenic in 3 out of 5 SCID mice.
Sizes of the transplanted tumots were 7 mm, 5 mm and
5 mm in maximal diameter, tespectively. SNU-16 cells
grown in the presence of suramin were tumorigenic in
only one out of 5 SCID mice. The size of the tumot was
3 mm in maximal diameter. The tesult could be inter-
preted as that suramin inhibited tumotigenecity of SNU-
16 cells. No metastasis was detected in the internal
organs of SCID mice. SNU-1 cells and SNU-5 cells wete
not tumotigenic with both culture media.

Electron microscopic examination was petformed to
compate the ultrastructure of transplanted tumors. The
tumor otiginated from SNU-16 cells grown in the
absence of suramin disclosed solid or compact sheets of
tumot cells with rare gland formation. Signet ring cells,
which had abundant cytoplasmic mucin granules and a
petipherally displaced crescent nucleus, were also noted
(Fig. 12). By contrast, the tumor otiginated from SNU-
16 cells grown in the presence of suramin disclosed

Fig. 12. Transmission electron micrograph of a heterotransplant-
ed tumor originated from SNU-16 cells grown in the absence of
suramin. Note a compact sheet of tumor cells with no gland for-
mation. Nuclei have prominent nucleoli and a signet ring cell with
abundant mucin granules is seen (bar=1 pm).

numerous well-developed gland formations, the lumina of
which were lined by many mictovilli and were filled with
secretions (Fig. 13). Small intercellular lumina were also

Fig. 13. Transmission electron micrograph of a heterotransplant-
ed tumor originated from SNU-16 cells grown in the presence of
suramin. Note well-developed intercellular lumina or glandular lu-
men formations. The lumina are lined by microvilli and are filled
with secretions (bar=2 pm).
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Fig. 14. Ultrastructural morphology of a heterotransplanted tumor
originated from SNU-16 cells grown in the presence of suramin.
Tumor cells reveal florid microvilli even in an area where tumor
cells form a solid or diffuse sheet rather than gland formation

(bar=1 pm).

present. Tumor cells revealed flotid microvilli even in an
area where tumor cells formed a solid or diffuse sheet
rather than gland formation (Fig. 14). Ultrastructurally,
the tumor otiginated from SNU-16 cells grown in the
presence of suramin demonstrated a much higher degree
of differentiation than that originated from SNU-16 cells
gtown in the absence of suramin.

DISCUSSION

This study shows that suramin inhibits growth of
SNU-5 and SNU-16 cells and that suramin induces
differentiation of SNU-16 cells. We found that BrdU-
positive S-phase fraction was decreased by suramin in
SNU-5 and SNU-16 cells (Table 2). Similarly, the
growth curves (Fig. 4) demonstrated that the addition of
suramin to the culture medium entailed a significant
inhibiion of cell growth. Several lines of evidence
presented in this paper indicate that suramin induces
differentiation of SNU-16 cells. Fitst, SNU-16 cells
grown in the presence of suramin disclosed numerous
mictovilli and more frequent desmosomes with formation
of tightly cohesive clusters (Fig. 10). Second, SNU-16
cells grown in the presence of suramin disclosed intra-
cytoplasmic lumina and intercellular lumina which ate
lined by numerous microvilli (Fig. 11). Thitd, suramin
inhibited tumotigenecity of SNU-16 cells in SCID mice.
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Fourth, the transplanted tumor otiginated from SNU-16
cells grown in the presence of suramin demonstrated a
much higher degree of differentiation than that origi-
nated from SNU-16 cells grown in the absence of
sutamin. Fifth, the level of CEA released in the cultute
medium was higher in SNU-16 cells grown in the
presence of suramin than in SNU-16 cells grown in the
absence of suramin.

Differentiation refers to the extent to which paren-
chymal cells of neoplasms resemble comparable normal
cells, both morphologically and functionally (1). Well-
differentiated tumor cells are thus composed of cells
resembling the mature normal cells of the tissue of origin
of the neoplasm. Therefore, in stomach cancer cells,
development of microvilli and desmosomes, mucin pro-
duction, cellular polarity and gland formation can be
used as indicators to evaluate the degree of morphological
differentiation. In our experiments, numetous microvilli
and mote frequent desmosomes with formation of tightly
cohesive clusters were developed by addition of suramin
in the culture medium of SNU-16 cells. Similarly, it can
be confidently said that the transplanted tumor origi-
nated from SNU-16 cells grown in the presence of
suramin showed a much higher degree of differentiation
than that otiginated from SNU-16 cells grown in the
absence of suramin. Howevert, the significance of intet-
cellular lumen and intracytoplasmic lumen is not yet
established in relation to differentiation.

Intracytoplasmic lumen is described as a round cyto-
plasmic cavity which does not communicate with the cell
exterior (16, 17). Intracytoplasmic lumina have been ob-
setved in vatious epithelial cancer cells in vivo and in
vitro, for example in the breast, in the bladder, in the
cetvix, in the stomach and in the pleura. Some authots
consider these structures to be characteristic of undiffer-
entiated ot pootly differentiated carcinomas. However,
these structures are not characteristic of only carcinoma
cells since they also appear in normal cells isolated for
culture such as potcine thyroid cells, rat thyroid cells
stimulated by thyroxin in vivo and fetal rat thyroid
stimulated by thytotropin in vitro (9). Nevalainen and
Jaetvi consider ICL as expression of a lost surface polarity,
in other wotds, sutface structure built inside the cyto-
plasm (16). Kim et al. consider that ICL reflects the
ultrastructural expression of a compensatory unicellular
secretory function by expansion of the sutface area (18).
Remy et al. consider that intracytoplasmic lumina repte-
sent both a compensatoty mechanism for the loss of
polarity and also an important step in the tepolarization
process (9). These observations suppott the view that the
formation of intracytoplasmic lumen is an intracellular
process closely related to differentiation.

Intercellular lumen is a mote differentiated structure
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than ICL. As found in our observations, the intercellular
lumen consists of mote than two cells which are tightly
attached with well-developed desmosomes. Intercellular
lumen is lined by numerous microvilli. Alchough intet-
cellular lumen is relatively small, it mimics the lumen
of gastrointestinal gland or tubule. It is an interesting
finding that both intercellular lumen and ICL are present
in the same cell (Fig. 11). This observation leads us to
speculate that an intracytoplasmic lumen can differentiate
to become an intercellular lumen, and then, to form a
well-developed glanular lumen with terminal differentia-
tion.

In our study, the level of CEA released in the culture
medium was higher in SNU-16 cells grown in the
presence of suramin than in SNU-16 cells grown in the
absence of suramin. This finding is consistent with the
observation of previous investigatots that CEA release in
the culture medium was cotrelated with cell differentia-
tion (9).

In our study, when suramin was eliminated from the
culture medium after culture in  suramin-containing
medium for 4 weeks, no reversible change was induced.
This observation is contrary to that of an eatlier study
(6), in which the process of differentiation was fully
reversible when suramin was temoved from the culture
medium. The disctepancy may be due to the duration
of suramin treatment : 4 days in the eatlier study vs. 4
weeks in out study.

In conclusion, this study shows that suramin inhibits
the growth of SNU-5 and SNU-16 cells and that
suramin induces differentiation of SNU-16 cells.
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