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Suramin inhibits the growth of nasopharyngeal carcinoma cells
via the downregulation of osteopontin
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Abstract. Radiotherapy is the principal therapy for naso-
pharyngeal carcinoma (NPC) at early stages. A number of
chemotherapeutic methods have been used to inhibit the
progression of NPC at elevated stages. Suramin has been
reported to inhibit the growth of certain tumor cells via various
pathways. In the present study, we aimed to analyze the effects
of suramin on the proliferation of NPC cells (CNE-2). Suramin
was proved to demonstrate NPC cell growth-inhibiting effects
both in a dose- and time-dependent manner. To determine the
potential mechanisms of these effects, western blotting and
flow cytometric analysis were performed. Suramin was found
to have the potential to induce cell cycle arrest in S-phase
CNE-2 cells. Additionally, we found that the OPN level may
decrease in suramin-treated CNE-2 cells. The changes of
certain apoptosis- and p-AKT-associated proteins possibly
regulating the OPN expression were measured by western
blotting. In conclusion, suramin may function as a potential
agent for the adjunctive therapy of NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is a common malignant
tumor in southern China and Southeast Asia (1,2). Suramin
is a naphthalene trisulfonic acid derivative originally used as
an agent for treating trypanosomiasis and onchocerciasis (3).
Previous studies suggested that suramin inhibits the growth
of various tumor models (4,5). Suramin may interact with
cell enzymes, such as DNA polymerase, topoisomerase II
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and protein kinase C to inhibit tumor growth, and has been
tested in clinical trials (6). Osteopontin (OPN) is a secreted
arginine-glycine-asparic acid (RGD)-containing phosphopro-
tein which contains a predicted thrombin cleavage site. By
binding to several integrins and CD44 variants, OPN plays a
crucial role in tumorigenesis, tumor invasion, tumor angiogen-
esis and metastasis in several types of cancer (7-11). Findings
of previous studies have also demonstrated that OPN may
promote cell survival through the inhibition of apoptosis (12).
A recent report has proven that OPN has the potential to regu-
late the growth and migration of NPC cells (13). Radiotherapy
is the principal treatment for patients with early-stage NPC.
High pre-treatment plasma osteopontin level in NPC patients
has been demonstrated to be a significant predictor of poor
response to radiotherapy (14,15). The effect of suramin on the
OPN expression in NPC cells, however, has yet to be reported.

Suramin has as yet not been studied in the framework of
NPC. Therefore, we used a poorly-differentiated NPC cell line
(CNE-2) to investigate the effects of suramin on proliferation,
apoptosis, cell cycle arrest and the changes of various related
proteins in NPC cells.

Materials and methods

Materials. Antibody against OPN was purchased from Sigma
(St. Louis, MO, USA), against [3-actin from PTG (Chicago, IL,
USA), while other antibodies used in this investigation were
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA). Suramin was purchased from Alexis (Lausen,
Switzerland).

Cell culture. The cell line CNE-2 (a gift from Dr Kewei Wu,
State Key Laboratory of Oncology in Southern China,
SunYat-Sen University, Guangzhou, China) was cultured in
DMEM, supplemented with heat-inactivated fetal calf serum
supplemented with penicillin (100 U/ml) and streptomycin
(100 mg/ml) in 5% CO, at 37°C.

MTT assay. The effects of a sustained application of suramin
on the viability of CNE-2 cells were determined by MTT
assay. The cells were seeded in 96-well plates at a concentra-
tion of 5,000 cells/well in a volume of 150 ul of cell culture
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medium per well. After 24 h, suramin was added at different
concentrations (50, 100 and 200 M) to the wells in triplicate.
The plates were incubated at 37°C with 5% CO, for 48 h, and
cells were then additionally treated with suramin (100 M) and
cultured for 24, 48 and 72 h. A 20 pl sample of MTT solution
(5 g/1, dissolved in PBS) was added to each well, and the plates
were incubated at 37°C for an additional 4 h. The supernatant
was discarded, then 150 ul dimethylsulfoxide was added to
dissolve the insoluble MTT formazan. The absorbance values
at 570 nm (A570) were determined by a multi-well plate reader
(Tecan, Maennedorf, Switzerland).

Flow cytometric analysis. Cells were cultured with suramin
(100 M) for 24 or 48 h. Apoptosis and the cell cycle were
determined by cytofluorimetry. To detect apoptotic cells,
labeling tests involving both propidium iodide (PI) and
annexin-V were conducted using an Annexin-V staining kit
(Invitrogen, Shanghai, China), according to the manufacturer's
instructions. Briefly, at least 1x10° cells were harvested by
trypsinization, incubated with FITC-labeled annexin-V and PI
stock solutions for 10 min at room temperature and analyzed
using a flow cytometer (Beckman Counter, Miami, FL, USA).
For analysis of the cell cycle, cells treated in different ways
were subjected to flow cytometric analysis for chromosomal
DNA. DNA labeling was performed using the Cycle TEST™
PLUS DNA reagent kit (BD Biosciences Pharmingen, San
Diego, CA, USA). Briefly, the cells were washed 3 times
with PBS, then mixed with 250 ul of solution A, incubated
for 10 min at 25°C, and subsequently mixed with 200 ul of
solution B for 10 min at 25°C. Solution C (200 pl) was added
into each reaction, followed by a 10 min incubation in the dark
on ice. The samples were then analyzed using a flow cytometer
(Beckman Counter).

Western blot analysis. Cells were cultured with suramin
(100 pM) for 24, 48 and 72 h, then harvested and lysed for
total protein extraction. Protein concentration was determined
using a Bio-Rad protein assay kit (Bio-Rad, China). Equal
amounts of protein were separated by 12% SDS-PAGE and
transferred onto PVDF membranes. The membranes were
rinsed with Tris-buffered saline and Tween (TBST, Probe Co.
Ltd., China) and incubated in blocking buffer (5% dried milk
in PBS) for 1 h at 37°C, followed by incubation with primary
antibodies at 4°C overnight. The polyclonal antibody against
OPN was used at a 1000-fold dilution. Monoclonal antibody
against B-actin was used at a 2000-fold dilution. After three
washes with TBST, the membranes were incubated with their
corresponding secondary antibodies for 1 h. The blots were
visualized by an enhanced chemiluminescence detection
system (Invitrogen). The expression of [B-actin was used as an
optimization regulator for protein loading.

Statistical analysis. Statistical analysis was performed using
the unpaired Student's t-test. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Effects of suramin on the proliferation of NPC CNE-2 cells.
Cells were cultured at a low cell density of ~5,000 cells/well.
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Figure 1. Effect of suramin on the growth of nasopharyngeal carcinoma cell
lines. (A) Dose-dependent effect of the suramin on CNE-2 cell growth, after
48-h incubation. (B) Time-dependent effect of suramin (100 M) on CNE-2
cell growth, after 24-, 48-, 72- and 96-h incubation. Significance between
control and treated conditions: “p<0.05, “p<0.001.

Cell viability was measured by MTT assay following suramin
treatment. The results showed that CNE-2 cell growth was
inhibited by suramin treatment in a dose- and time-dependent
manner, with a marked effect after 48 h (Fig. 1A and B).

Effects of suramin on the cell cycle. Cell cycle analysis was
carried out to investigate whether the growth inhibitory effect
of suramin on NPC cells was induced by cell cycle arrest.
Following sustained incubation of the cells with suramin for
24 h, the proportion of CNE-2 cells in the S phase of the cell
cycle was found to have significantly increased when exposed
to suramin (Fig. 2). This finding indicated that S-phase arrest
was involved in the growth inhibitory effect on CNE-2 cells.
The concentration of suramin used was 100 gmol/I.

Determination of apoptosis by flow cytometric analysis.
Subsequent to 48-h incubation with suramin, flow cytometric
analysis with propidium iodide (PI) and annexin-V staining
was performed. A clear increase in the annexin V-positive and
PI-positive cell fractions was observed (Fig. 3A), indicating
that suramin may induce apoptosis in NPC cells. The level of
some genes was also found to be associated with CNE-2 cell
apoptosis (bcl-2, bax and caspase 3). Subsequent to suramin
treatment, the level of bcl-2 decreased while that of bax
increased, and caspase 3 also showed a cleaved band (Fig. 3B).
Thus, at a concentration of 100 gmol/l suramin may induce
apoptosis in NPC cells.

Suramin decreased OPN expression in NPC cells. Down-
regulation of the OPN level in NPC cells may increase the
sensitivity of NPC to radiotherapy, thus the OPN level of NPC
cells when treated with suramin was measured. To determine
the change in OPN expression following culture with suramin,
the cells were incubated in medium with or without suramin
content for 24,48 and 72 h. Western blotting showed an obvious
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Figure 2. Flow cytometric analysis for the cell cycle: the proportion of S-phase significantly increased when NPC cells were treated with suramin (100 M)

for 24 h.
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Figure 3. Suramin-induced apoptosis of NPC cells. (A) Flow cytometric
analysis for apoptosis of NPC cells treated with suramin (100 xM) for 48 h.
(B) The level of Bax was elevated while Bcl-2 decreased in suramin-treated
NPC cells. The cleaved band of caspase 3 indicated apoptosis occurred in
suramin-treated NPC cells.
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Figure 4. Effect of suramin on the level of OPN in NPC cells. The level of
OPN decreased in suramin-treated NPC cells at the indicated time. Western
blot analyses were performed three times.
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Figure5.Effectof suramin onthelevel of p-AKT in NPC cells. Western blotting
results showed that the quantity of p-Akt (Thr308, Ser473) was reduced in
suramin-treated NPC cells. Western blotting was performed three times.

decrease of OPN protein in CNE-2 cells, with the optimization
of equal protein loading regulated by B-actin (Fig. 4). Suramin
was used at a concentration of 100 M.

Akt pathway is involved in the growth inhibitory effect of
suramin on NPC cells. OPN expression is reportedly regulated
by the Akt pathway in several tumor models. In the present
study, the effect of suramin on Akt pathway in NPC cells
was investigated by western blotting. Akt phosphorylation at
Thr 308 and Ser 473 was reduced in suramin-treated NPC
cells (Fig. 5). These results suggest that suramin may decrease
the p-Akt expression in NPC cells.

Discussion

Suramin is known to inhibit cancer cell growth in several
models through a number of mechanisms (4-6). The present
study aimed to investigate the effects of suramin on NPC cell
growth as well as on the potential mechanisms. Our results
showed that suramin reduced cell viability in a time- and
dose-dependent manner. Similar to other studies, we found
that suramin-induced cell cycle arrest in the S phase may be
detected in NPC cells, the reason of which has yet to be deter-
mined. This finding may be associated with the inhibitory
effects of various cell cycle-related proteins (16). Some chemo-
therapeutic drugs show more cytotoxicity to the cells arrested
in S phase (17,18), therefore suramin-induced recruitment of
cancer cells to the S phase may sensitise poorly-differentiated
NPC cells to those drugs. Clinically, the poorly-differentiated
models are more common than the well-differentiated ones,
thus, in this investigation the poorly-differentiated CNE-2 cell
line was used. Suramin-induced apoptosis was also demon-
strated by flow cytometry, whereas changes in bcl-2, bax and
caspase 3 were detected by western blotting.

A recent study also showed that OPN might regulate NPC
cell growth (13). The present investigation demonstrates for the
first time that suramin inhibits NPC cell growth via the down-
regulation of OPN. Higher OPN levels were detected in NPC
patient serum, also proving that a higher OPN level decreased
the sensitivity of radiotherapy to NPC, provided that radio-
therapy is the principal therapy for NPC. Suramin-induced
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downregulation of OPN in NPC cells may sensitise poorly-
differentiated NPC cells to radiotherapy. The role of AKT
pathway to cell proliferation was thoroughly studied in a
number of tumor models, and certain recent reports have
demonstrated that OPN levels may be regulated by the AKT
pathway in several tumor cells (19,20). We hypothesized that
this might also be the case for NPC cells, and investiged
the effect of suramin on AKT pathway in NPC cells. OPN
is a secreted protein, often playing an extracellular role by
binding to certain membrane receptors, given that suramin
may interact with various growth and angiogenic factors. To
determine whether suramin is able to directly interact with
OPN, additional studies are required.

In conclusion, our data have shown that suramin has a
growth inhibitory effect and induces cell cycle arrest in NPC
cells. Given that additional related mechanisms are currently
being investigated, we believe that suramin is a promising
alternative for the adjunctive therapy of NPC.
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