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The use of arsenic trioxide (As2O3) as a drug has a
long history in Chinese traditional medicine. In the early
1970s, researchers from Harbin Medical University in
China found that As2O3 was more effective in the treat-
ment of acute promyelocytic leukemia (APL) patients than
all-trans retinoid acid (ATRA). Since then many studies
have shown that As2O3 is a promising anticancer drug
not only for APL, but also for solid tumors. It has been
documented that As2O3 can arrest variety cell lines, in-
cluding nasopharyngeal carcinoma (NPC) cells, at G2/M
phase [1–4]. Cells at this phase of cell cycle are well
known to be relatively radiosensitive. Meanwhile, it has
been confirmed that As2O3 triggers apoptosis through a
mechanism associated with the down-regulation of bcl-2
gene and up-regulation of wild-type p53 [5]. It is now
quite certain that p53 and bcl-2 genes were associated
with response of tumor cells to ionizing radiation. The
down-regulation of bcl-2 expression causes an increase
of intrinsic cellular radiosensitivity [6, 7]. Given the known
role of p53, up-regulation of wild-type p53 by As2O3

would also expect to sensitize cells to radiation [8, 9].
Actually, the combined effect of As2O3 on response

of cancer to ionizing radiation has been explored in a
few malignancies [10, 11]. However, such effect on NPC
has never been examined before. In this study we in-
vestigate, using in vitro method, As2O3 as radiosensi-
tizer in the radiotherapy for NPC.

MATERIALS AND METHODS
Cell line and compounds. A nasopharyngeal can-

cer cell line named CSNE-1, which proven to be poor-
ly differentiated squamous cell carcinoma, was estab-
lished in our laboratory [12]. The cell line possesses
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analyzed by flow cytometry. TUNEL assay was adopted to detect apoptotic cells and immunochemistry used to deter-
mine p53, bax and bcl-2 expression. Results: As
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definitely enhanced radiosensitivity of CSEN-1 cells. Cell survival

experiments showed sensitivity enhancement ratio(SER) of 1.33 and 1.57 for 1.0 µµµµµmol/L and 1.5 µµµµµmol/L of As
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respectively. DNA flow cytometric analysis indicated that As
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 (0.5–1.5 µµµµµmol/L) induced G2/M phase arrest in this

cell line following 48 h of exposure. Meanwhile, the expression of wild-type p53, as well as the ratio of bax/bcl-2 was
obviously increased after As
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treatment. Conclusion: As
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might be a potential radiosensitizer for NPC. The mecha-

nisms of radiation enhancement may, at least in part, involve more cells being accumulated in G2/M, the radiosensitive
phase. The change of wild-type p53 and bax expression induced by As
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 may also contribute to the radiosensitization.
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tumorigenic characteristics and is transplantable in se-
vere combined immunodeficiency (SCID) mice.

The CSNE-1 cells were cultured in a water-jacket
incubator in humidified atmosphere at 37 °C with 5%
CO2. Cells were grown in Medium 199 supplemented
with 10% fetal calf serum.

As2O3 was purchased from Harbin-Eda Pharma-
ceutical Co. Ltd, China. Dilution was made with 0.9%
NaCl to different final concentrations as the experiment
design required.

Cytotoxicity of As2O3. CSNE-1 cells were exposed
to As2O3 at different concentrations ranging from 0 to
2.5 µmol/L for 48 h. Clone forming assay was carried out
to test the cell growth inhibition ability and calculate the
medium inhibition concentration (IC50). Briefly, cells were
plated at specified concentrations in 6-well plates, grown
up, and exposed to various concentration of As2O3 as
described above. After 48 h of drug exposure, the cells
were washed and fresh medium replaced. All experiments
were performed on exponentially growing tumor cells. In
each of at least three independent experiments, each di-
lution was plated in triplicate. Colonies were counted after
8–10 days and each point at the survival curve was nor-
malized against the plating efficiency of control cells.

The lethal concentration 50% (LC50) was determined
as the drug concentration that resulted in a 50% growth
inhibition.

X-ray irradiation and clonogenic cell survival
assay. Log-phase cells were trypsinized and serial di-
lutions of the cells were made. Appropriate numbers of
cells were plated in triplicate per data point in to 60-mm
dishes with different concentrations of As2O3 in complete
medium. After 48 h incubation at 37 oC, the cells were
washed with PBS and replaced with As2O3-free com-
plete medium. The cells were then irradiated with 140 kVp
X-rays filter with 12 mm Al at a dose rate of 1.23 Gy/min.
Cells were incubated for 14 days at 37 oC in 5% CO2

and 95% air and stained with crystal violet. Colonies
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consisting of more than 50 cells were scored. Cell sur-
vival was analyzed using multi-target model.

DNA flow cytometry. CSNE-1 cells were washed
with PBS after the treatment of As2O3 at a dose of 0.5,
1.0 and 1.5 µmol/L, respectively, for 48 h. They were
then fixed with 70% pre-cooled alcohol in ice. Cells
were suspended in PBS contained 100 µl RNase
(1 µg/ml) and then stained with propidium iodide at a
dose of 30 µg/ml for 15 min. Cell cycle phases were
measured by flow cytometry FACSort, B-D Co (USA).
Data from 10 000 cells per each sample were ana-
lyzed using Multiplus software II.

Apoptosis detected by TUNEL (TdT-mediated
dUTP nick end labeling) assay. CSNE-1 cells were
washed with PBS after the treatment of As2O3 at a dose
of 1.5 µmol/L for 48 h. Cells were then tripsinized and
centrifuged. The cell pellets were fixed in 10% neutral
formaline and processed in paraffin wax. Sections were
prepared for TUNEL assay and immunohistochemical
staining. The TUNEL assay was performed following
the manufacturer’s instruction of In Situ Cell Death De-
tection Kit (Boehringer Mannheim, Germany).

Immunohistochemical staining for p53, bcl-2,
and bax oncoprotein. Paraffin sections from the same
preparation as for TUNEL assay were deparaffinized
in xylene and then rehydrated through graded alcohol.
Endogenous peroxidase activity was blocked with 0.3%
hydrogen peroxide for 30 min. To reduce nonspecific
binding, the sections were incubated with normal goat
serum for 30 min at room temperature. For bcl-2, bax
and wild-type p53 oncoprotein staining, monoclonal
mouse antihuman bcl-2, bax and wild-type p53 on-
coprotein antibodies (Boster CO, China) were mount-
ed on the cell pellet sections (20 min, room tempera-
ture). For negative control, section was incubated with
mouse serum. Immunostaining was performed by the
avidin-biotin-peroxidase complex (ABC) method. The
cells were counterstained lightly with hematoxylin.

A positive immunoreaction of bcl-2 or bax was defined
as diffuse cytoplasmic staining in cells, wild-type p53 im-
munoreactivity was defined as nuclear reactivity of cells.

The stained slides were examined by an independent
experienced observer. The apoptotic indices (AI) and the
positive indices of p53, bcl-2, and bax were scored as
the fraction (%) of positively stained tumor cell evaluated
in 5 microscopic fields with at least 1000 cells.

Statistical analysis. The statistical analysis was
performed with the computer program SPSS 10.0 for
Windows program package. The values of the apop-
totic indices (AI) and the positive indices of p53, bcl-2
and bax were reported as means with standard devia-
tions. The significance of the differences was deter-
mined by using Student’s two-tailed t-test.

RESULTS
Cell growth inhibition by As2O3. In vitro study

showed that As2O3 at the dose of 0.25 to 2.5 µmol/L could
inhibit the growth of CSNE-1 in a dose dependent man-
ner (Fig. 1). The medium inhibition concentration (IC50)
at 48 h was 2.08 µmol/L by clone forming assay.

Radiation response of cells. The cell survival
curves given in Fig. 2 indicate that As2O3 at the con-
centrations of 1.0 and 1.5 µmol/L can sensitize CSNE-1
cells to radiation in vitro, with a SER of 1.33 and 1.57,
respectively (see Table 1).

Cell cycle distribution assay. To address the
mechanism of radiosensitizing effect of As2O3, cell cycle

Table 1. Parameters of CSNE-1 cell survival curves 

As2O3 (µmol/L) D0
a SERb Dqc Nd Remainder Fitting 

0 1.25  1.16 3.37 0.015 0.965 
1.0 0.94 1.33 0.44 1.84 0.016 0.974 
1.5 0.80 1.57 0.48 2.21 0.017 0.974 
a D0 — mean lethal dose; 
b SER-sensitivity enhancement ratio. SER = D0 (As2O3 + radiation) / D0 

(radiation alone); 
c Dq — quasi-threshold dose; 
d N — extrapolation number. 

Table 2. Influence of As2O3 on cell cycle distribution of CSNE-1 cells 

Cell cycle phase distribution (%, mean ± SD) As2O3 (µmol/L) 
G0/G1 S G2/M 

0 28.57 ± 5.90 55.17 ± 9.71 16.26 ± 2.95 
0.5 30.30 ± 5.32 48.85 ±11.45 20.85 ± 5.34 
1.0 26.03 ± 5.11 42.57 ± 7.60 a 31.40 ± 6.58 a 
1.5 22.67 ± 6.84 33.73 ± 6.92 b 43.60 ± 7.52 b 
Compared with the control: a p < 0.05; b p < 0.01. 

Table 3. Apoptosis index and expression of bax, W-p53, bcl-2 genes in 
CSNE-1 cells incubated with 1.5 µmol /L of As2O3 for 48 h (%, mean ± SD) 

Groups Apoptotic index bax W-p53 bcl-2 
Normal saline 2.1± 0.9 14.0±1.3 17.0±5.5 77.6 ± 6.7 
As2O3 23.2 ± 0.7 

t = 9.865 
p = 0.000 

84.8±11.1 
t =10.970 
p = 0.000 

58.0±9.0 
t = 9.504 
p = 0.000 

76.4 ±12.7 
t = 0.211 
p = 0.84 
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Fig. 1. Cell growth inhibition of exponentially growing CSNE-1
cells exposed to As2O3 at concentration range from 0 to 2.5 µmol/L
for 48 h. In each of at least 3 independent experiments, each
dilution was plated in triplicate. Colonies were counted after 8–
10 days and each point at the survival curve was normalized
against the plating efficiency of control cells
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Fig. 2. Radiosensitization of exponentially growing CSNE-1 cells
by As2O3 (incubation with 1.0 µmol/L or 1.5 µmol/L of As2O3 for
48 h prior to irradiation). Each data point is an average of 3 sep-
arate experiments

radiation alone
1.0 µmol/L of As2O3 plus radiation
1.5 µmol/L of As2O3 plus radiation
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distribution assays were performed with flow cytometry.
Table 2 shows that As2O3 induced G2/M phase arrest,
while causing a decrease of S phase cell proportion.

Apoptosis, p53, bax and bcl-2. The apoptosis, p53,
bax and bcl-2 expression induced by As2O3 were shown
in Table 3. The results clearly demonstrated that As2O3 in-
duced apoptosis, as well as p53 and bax expression. How-
ever, it had no significant impact on bcl-2 expression.

DISCUSSION
Despite optimal radiotherapy for NPC, local-regional

recurrences are not infrequent and remain a challeng-
ing problem. Location and extension of the primary tu-
mor and bilateral cervical lymph nodes are dilemma of
high dose external beam irradiation. Cisplatin and fluo-
rouracil have been widely used in conjunction with ra-
diotherapy for the treatment of advanced NPC [13, 14].
However the benefit of such a regimen for the treat-
ment of this malignancy has been controversial [15,
16]. Furthermore, gastrointestinal toxicities and myelo-
suppression remain the most significant side effects and
led to the interruption of chemotherapy. Novel thera-
pies with high efficacy and low toxicity for the treat-
ment of NPC, therefore, are urgently needed.

As2O3 has been confirmed to be an effective and
safe agent for the treatment of patients with APL in
China. Randomized clinical trial in the USA led to the
FDA approval of As2O3 for relapsed or refractory APL
recently. Our previous investigation revealed that As2O3

inhibits cell growth and induces apoptosis in NPC cells
[17]. However, its effect on response of tumor cells to
ionizing radiation has not yet been explored.

In the present study, we demonstrated for the first time
that As2O3 sensitized human nasopharyngeal cancer cells
CSNE-1 to radiation. The doses we used in this study
were far below the IC50 value ( 2.08 µmol/L by clone form-
ing assay) for growth inhibition. The values of D0 for 1.0
and 1.5 µmol/L are 0.94 Gy and 0.80 Gy respectively,
compared with 1.25Gy for D0 of radiation alone.

Several mechanisms have been proposed as be-
ing involved in the radiation enhancing activity of As2O3.
One possible mechanism is the alteration of cell cycle
distribution induced by As2O3. It is apparent that As2O3,
based upon our flow cytometric cell cycle measure-
ments with propidium iodide, accumulated more cells
in G2/M phase. We selected a 48-h time-point for cell
cycle analysis, since the maximum lethal effects of
As2O3 plus radiation for CSNE-1 cells were achieved
at this time. The results indicated that As2O3 can am-
plify the cytotoxic effect of ionizing radiation in vitro,
presumably by inducing cell arrest at metaphase, known
to be a very radiosensitive phase of the cell cycle.

There is a direct correlation between the degree of in-
duced apoptosis and the cell response to irradiation [18].
Evidence has been provided that increasing the sensitivity
of tumor cells to death by apoptosis increased the efficacy
of radiotherapy [19]. Our results demonstrated that the ex-
tent of apoptosis is enhanced in NPC cells by As2O3 treat-
ment. It is reasonable to suggest that As2O3 augments ap-
optotic death of NPC cells in response to ionizing radiation.

Many oncogenes and tumor suppressor genes have
roles in the apoptosis pathway [20]. Three well-known
genes regulating apoptosis are bcl-2, p53, and bax.
Wild-type p53 is able to produce G1 arrest and direct
cells toward apoptosis. Whereas bcl-2 oncogene blocks
apoptosis, preventing tumor cells from dying in response
to severe DNA damage from radiation therapy. On the
contrary, bax expression counteracts bcl-2 protein.
Therefore, the bax/bcl-2 ratio is the key determinant for
cell death [21]. Radiation-induced apoptosis is signifi-
cantly increased when bax is overexpressed [22].

It seems from our data that As2O3 did not have sig-
nificant influence on bcl-2 protein expression. Howev-
er, the bax/bcl-2 ratio was obviously increased due to
bax overexpression. The overexpression of bax, as well
as of Wild-type p53, was associated with the radiosen-
sitizing effect of As2O3 on NPC cells. This was consis-
tent with the roles of these genes in cell survival. There-
fore, we suggest that As2O3 sensitizes NPC cells to ir-
radiation through p53 and bax pathway thus triggering
apoptosis and blocking more cells in G2/M phase, and
eventually resulting in radiosensitization of cells.

In conclusion, As2O3 is an effective radiation sensi-
tizer in NPC cells in vitro. The radiosensitization in-
duced by As2O3 may be attributable to alterations of
cells in their capacity for apoptosis and in their cell-
cycle status, as well as the expression of wild-type p53
and bax. Since the success of radiotherapy of cancer
patients largely depends on tumor radiosensitivity, the
combination of As2O3 with radiation may have potential
clinical utility against human nasopharyngeal cancer.
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ÏÐÈÌÅÍÅÍÈÅ ÒÐÅÕÎÊÈÑÈ ÌÛØÜßÊÀ ÄËß ÏÎÂÛØÅÍÈß
ÐÀÄÈÎ×ÓÂÑÒÂÈÒÅËÜÍÎÑÒÈ ÊËÅÒÎÊ ÍÀÇÎÔÀÐÈÍÃÅÀËÜÍÎÉ

ÊÀÐÖÈÍÎÌÛ IN VITRO
Ä.Ð. Ëè, Ë.Ê. Êñè, ß.×. Ëèí, Ê.Â. Äó, Ì.ß. Âó

Öåëü: èçó÷åíèå ðàäèîñåíñèáèëèçèðóþùåãî ýôôåêòà òðåõîêèñè ìûøüÿêà â êëåòêàõ íàçîôàðèíãåàëüíîé êàðöèíîìû
in vitro. Ìåòîäû: êëåòêè ëèíèè CSNE-1 íàçîôàðèíãåàëüíîé êàðöèíîìû ÷åëîâåêà îáðàáàòûâàëè As

2
O

3
.

Âûæèâàåìîñòü êëåòîê îïðåäåëÿëè â êëîíîãåííîì òåñòå. Ðàñïðåäåëåíèå êëåòîê ïî ôàçàì êëåòî÷íîãî öèêëà
àíàëèçèðîâàëè ñ ïîìîùüþ ìåòîäà ïðîòî÷íîé öèòîìåòðèè. Àïîïòè÷åñêèå êëåòêè âûÿâëÿëè ñ ïîìîùüþ ìåòîäà
TUNEL, ýêñïðåññèþ p53, bax è bcl-2 — èìììóíîöèòîõèìè÷åñêîãî ìåòîäà. Ðåçóëüòàòû: As

2
O

3 
ïîâûøàåò

ðàäèî÷óâñòâèòåëüíîñòü êëåòîê CSNE-1 ñ êîýôôèöèåíòàìè 1,33 è 1,57 ïðè äîçàõ As
2
O

3 
1 è 1,5 ìêìîëü/ë

ñîîòâåòñòâåííî. Èíêóáàöèÿ ñ ïðåïàðàòîì â äîçàõ îò 0,5 äî 1,5 ìêìîëü/ë íà ïðîòÿæåíèè 48 ÷ ïðèâîäèò ê
îñòàíîâêå êëåòîê â ôàçå G2/M. Ïðè ýòîì ïîâûøàþòñÿ óðîâåíü ýêñïðåññèè ð53 äèêîãî òèïà è ñîîòíîøåíèå
ìåæäó ýêñïðåññèåé bax è bcl-2. Âûâîäû: As

2
O

3 
ìîæåò ïîòåíöèàëüíî èñïîëüçîâàòüñÿ êàê ðàäèîñåíñèáèëèçàòîð

êëåòîê íàçîôàðèíãåàëüíîé êàðöèíîìû ÷åëîâåêà. Ìåõàíèçì ðàäèîñåíñèáèëèçèðóþùåé àêòèâíîñòè ýòîãî ïðåïàðàòà
ìîæåò áûòü îò÷àñòè ñâÿçàí ñ íàêîïëåíèåì êëåòîê â ôàçå G2/M, ãäå èõ ðàäèî÷óâñòâèòåëüíîñòü ÿâëÿåòñÿ íàèáîëåå
âûñîêîé. Èçìåíåíèÿ óðîâíÿ ýêñïðåññèè ð53 è bax òàêæå ìîãóò âíîñèòü ñâîé âêëàä â ýôôåêò ðàäèîñåíñèáèëèçàöèè
êëåòîê íàçîôàðèíãåàëüíîé êàðöèíîìû.
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