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ABSTRACT

Objective: To study the effect of 3™-azido-3"-deoxythymidine (AZT) on telomerase activity and the prolifera-
tion of ovarian cancer cells in vitro. Methods: Telomerase activity was detected by enzyme linked immunosorbent
assay (ELISA) in treated and untreated HO-8910 cells by AZT. The detection of cell viability was performed with
3-(4,5-dimethylthiazol-2-yl)-2,5-Diphenyl tetrazolium bromide (MTT) assay and the ultrastructure of the cells
was observed by electron microscopy. The apoptotic rate of the cells was measured by flow cytometry. Results:
AZT significantly inhibited telomerase activity of HO-8910 cells, and the effect was both time- and dose-depen-
dent. The HO-8910 cells treated at different concentrations of AZT showed a significant reduction of cell viability
and morphological changes of apoptosis. The apoptotic peak was detected in the AZT treated cells and the apop-
totic rate was 14.2%. Conclusion: AZT can effectively inhibit both telomerase activity and proliferation of human
ovarian cancer HO-8910 cells in vitro, suggesting that AZT may be used in the clinic treatment of ovarian cancer.
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Telomerase is a specialized reverse transcriptase
(ribonucleoprotein polymerase) consisting of telomer-
ase RNA and protein. Telomerase RNA with a short
template element directs the synthesis of telemet-
ric repeats at chromosome ends, maintains chromo-
somal stability, stabilizes telomere length, and leads
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to neoplasm occurrence and cell immortality (1, 2).
The telomerase activity was expressed in 85% of hu-
man cancers but not or seldom in normal somatic cells
and benign tumors (3, 4). Telomerase activation was
thought to be an essential event for tumor prolifera-
tion (5, 6). 3"-azido-3-deoxythymidine (AZT) belongs
to nucleoside analogs, which is currently used in the
treatment of acquired immunodeficiency syndrome
(AIDS). The main effect of AZT is to inhibit the activ-
ity of reverse transcriptase and synthesis of virus (7,
8). In recent years, researchers have found that AZT
can inhibit many enzyme activities of cells in vitro, es-
pecially the telomerase activity. AZT can also inhibit
reverse transcription process, activity of reverse tran-
scriptase, telomerase activity and telomere expanding.
AZT can also inhibit cell division and telomere short-
ening. Thus cell stability is disrupted, and cell prolif-
eration and growth are inhibited (9, 10).

Ovarian cancer is the most common malignant tu-
mor of women, with high mortality and poor progno-
sis. Although advances in ovarian cancer treatment
with cytoreductive surgery and chemotherapy have
improved survival rates in the last decade, the prog-
nosis remains poor in patients with ovarian carcinoma
because of ineffective diagnosis and treatment. There-
fore, it is essential to explore novel forms of diagnosis
and treatment. Numerous studies have demonstrated
that telomerase is highly expressed in ovarian cancer
(11-13). In this study, the inhibitory effect of AZT on
telomerase activity and proliferation of ovarian cancer
cells in vitro were examined and the possibility of AZT
for clinical therapy of ovarian cancer was explored.

MATERIAL AND METHODS

Regents

AZT was purchased from Sigma (St. Louis, MO,
USA), telomerase ploymerase chain reaction-enzyme
linked immunosorbent assay (PCR-ELISA) Kit from
Boehringer Manheim (Germany), RPMI-1640 from
Hyklong Company (USA), and trypsin from DIFCO

Company (USA). Penicillin and streptomycin were
the products of Pharmaceutical Factory of Haerbin,
(China), fetal calf serum was obtained from Zhejiang
Evergreen Company (China), 3-(4,5-dimethylthiazol-
2-yl)-2,5-Diphenyl tetrazolium bromide (MTT) from
Huamei Biological Company (China), and dimethyl
sulfoxide from Jinshan Chemical Plant (Shanghai,
China).

Cell line

Ovarian cancer cell line HO-8910 was developed in
the laboratory of the Department of Obstetrics and Gy-
necology, Xijing Hospital, China. HO-8910 cells were
cultured in RPMI 1640 supplemented with 100mg/ml
streptomycin, 100mg/ml penicillin and 10% fetal calf
serum. The cells were incubated at 37°C in the pres-
ence of 5% CO,. Logarithmically growing cells were
used for subsequent experiments.

Telomerase activity assay

HO-8910 cells were randomly divided into exper-
imental and the control groups. Cells in the experi-
mental group were maintained in culture medium with
supplemented with AZT at he concentrations of 0.5
mM, 0.8 mM, 1.0 mM and 1.5 mM for 24 h, 48 h and
72 h, respectively. The same culture medium without
AZT was used for the cells in the control group. Cells
were collected at different time points by centrifuga-
tion at 2000 g for 10 min at 4°C. The pelleted cells
were resuspended in 200 pL lysis reagent and incu-
bated on ice for 30 min followed by centrifugation at
12,000 g for 25 min at 4°C. In the control group, HO-
8910 cells were treated for 10 min at 65°C. The telom-
erase activity of HO-8910 cells was measured using a
telomerase PCR-ELISA Kit.

MTT assay on suppression of tumor cell growth
HO-8910 cells were cultured in RPMI 1640 con-

taining 10% fetal calf serum, in which the cultured

cells reached over 90% confluence in 96 well plates.

35



36

EFFECT OF ATZ ON OVARIAN CANCER CELL

Different concentrations of AZT (0.05 mM, 0.1 mM,
0.2 mM, 0.5 mM, 0.8 mM, 1.0 mM, 1.2 mM, 1.25 mM,
1.6 mM, 2.0 mM) were added to the cells in the experi-
mental group while equal volumes of culture medium
were added to the cells in the control group. After 24,
48 and 72 h, 20 uL of MTT (5 mg/mL) was added to
each well and the cells were incubated for another 4 h
at 37°C. The supernatant was carefully removed, and
150 pL of dimethyl sulfoxide was added into each well
and shaken for 10 min. Absorbance (A) of the samples
was measured at 490 nm by an enzyme linked immu-
noassay meter. The inhibitory rate of tumor cells = (1-
A A o) %100%.

A

Ultrastructure of tumor cells

HO-8910 cells were cultured in 100 mL flasks in
RPMI 1640 containing 10% fetal calf serum. When the
cells reached over 90% confluence, AZT was added
to the cells in the experimental group at the final con-
centration of 0.8 mM or 1.2 mM, and equal volume of
culture medium was added to the cells in the control
group. Subsequently, cells in both groups were incu-
bated for another 72 h, after which cells were trans-
ferred to a fresh tube and collected by centrifugation
at 2000 g for 10 min. 2 mL of 20 g/L glutaraldehyde
was then added and the cells were fixed for 2 h. After
cells were embedded and ultrathin sections were cut,
the ultrastructure of the cells were observed by trans-
mission electron microscope.

Cell cycle definition

HO-8910 cells (5 x 10°) in the experimental group
were added to culture medium containing 0.8 mM or
1.2 mM AZT and the cells in the control group were
added to culture medium without AZT. After incuba-
tion for 72 h, the cells in both groups were collected
by centrifugation at 1000 g for 10 min and the pel-
let was carefully washed twice with 0.01 M phosphate
buffered saline (pH7.3). Then 1 mL of 70% ethanol
was added to the collected cells and the cells were
kept at 4°C for further processing. After washed twice

with 0.01 M phosphate buffered saline, the cells were
stained with 300 pL of propidium iodide for 30 min.
The cell cycle was detected by flow cytometer.

Statistical analysis

The SPSS 12.0 software was used to determine the
statistical significance of the differences between the
two groups. The result was examined by the Repeated
Measure ANOVA. P value less than 0.05 was consid-
ered significant.

RESULTS

Inhibition of telomerase activity of HO-8910 cells
by AZT

Telomerase activity of HO-8910 cells was inhibited
by AZT at 0.5 mM for 24 h. The inhibitory effect was
significantly increased with the elevation of drug con-
centration and elongation of exposure time. (P<0.05,
Table 1).

Suppression of cell growth with MTT assay
The inhibition on HO-8910 cell growth of AZT at
different concentrations for 24 h, 48 h and 72 h, re-

Table 1. Inhibition of AZT on telomerase activity
of HO-8910 cells

AZT Concentration Assonm
(mM) 24 h 48 h 72h
Control 063+05 058+05 056+0.7
0.5 049+0.7¢ 04607 0.39+0.6®
0.8 0.45+0.6° 040+0.8® 0.35+0.6%®
1.0 0.34+£0.6° 0.29+05® 0.22+04%*
15 0.30+£0.5° 0.28+0.2® 0.16+0.3*

2P<0.05, vs control group; °P<0.05, vs value at 24 h.
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Figure 1. A value of HO-8910 cells exposed to AZT at different
concentrations for 24 h, 48 hand 72 h.

Table 2. Inhibitory rate (%) of AZT on the
growth of HO-8910 cells

AZT Concentrations (mM)

Time (h)
0.05 01 0.2 05 0.8 1.0 1.2 125 16 2.0
72 4 11 23 32 41 46 52 52 62 67
48 6 12 16 30 34 39 44 45 56 62
24 7 16 18 19 28 30 32 33 38 42

spectively, was detected with MTT assay. The results
showed that lower concentrations of AZT had a slight
inhibitory effect on HO-8910 cells. With the increase
of AZT concentration, the A value was decreased and
the inhibitory rate was increased and the effect was
dose-dependent. Similarly, with the elongation of act-
ing time, the inhibitory rate was also increased in a
time-dependent manner. The minimum inhibitory ef-
fect appeared with 0.8 mM at 24 h, with 0.5 mM AZT
at 48 h, and with 0.1 mM AZT at 72 h (Fig. 1, Table 2).

Ultrastructural changes of HO-8910 cells

The cells in the control group were observed to be
polygon- or anomalous-shaped with various sizes by
electron microscope. There were lots of long and thin
microvilli on cellular surface (Fig. 2A). These cells
had well-developed organelles, including mitochon-
dria, rough endoplasmic reticulum, lysosomes and
free ribosomes, etc. The nucleus was large with many
karyokinesis, and abnormal nucleus mitosis was ob-
served. After treated with AZT at 0.8 mM for 72 h,
some HO-8910 cells became swollen with dilated en-
doplasmic reticulum and fewer mitochondria appeared
when compared with the cells in the control group
(Fig. 2B). After treated with AZT at 1.2 mM for 72
h, the microvilli of the cells were decreased in number
and plenty of bubble-shaped convex appeared on cell

Figure 2. Morphologic changes of HO-8910 cells in the control group (A) and in the groups treated with AZT at 0.8 mM (B) and 1.2
mM (C) for 72 h.
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Figure 3. Cell cycles of HO-8910 cells in the control group (A) and in the groups treated with AZT at 0.8 mM (B) and 1.2 mM (C) for

72 h.

surface. The chromatin was condensed and aggregated
against the nuclear membrane, the structure of which
was intact (Fig. 2C).

Changes of cell cycle

The cells treated with AZT at various concentra-
tions had cell cycle profiles different from those of the
cells in the control group. After exposure to 0.8 mM
AZT for 72 h, the percentage of the cells in the phase
G1 dropped from 57.6% (in control group) to 1.1%, the
percentage of the phase G2/M cells rose from 15.5%
to 57.6%, and the percentage of the phase S cells rose
from 26.9% to 41.2%. When AZT was used at the
concentration of 1.2 mM, the percentage of the phase
Glcells rose to 67.7%, the phase G2 cells fell to 12.2%,
and the phase S cells dropped to 20.1%. The apoptosis
cusp was observed and the apoptotic rate was 14.2% in
the group of 1.2 mM AZT (Fig. 3).

DISCUSSIONS

AZT is a nucleoside analog able to inhibit reverse
transcriptase by competing for deoxynucleotides, re-

sulting in termination of chain elongation (1). AZT
was originally used to treat AIDS. AZT not only inhib-
its certain enzyme activities of cells but also induces
apoptosis of lymphoma correlated with AIDS (14, 15,
16). It is reported that AZT can inhibit telomerase ac-
tivity and proliferation of mammary cancer cells, cer-
vix cancer cells, and other cancer cells in vitro (17, 18).

In our study, we observed the effects of AZT at dif-
ferent concentrations on HO-8910 cells of ovarian can-
cer and their results at different time points. Our find-
ings showed that AZT effectively inhibited telomerase
activity and proliferation of human ovarian cancer HO-
8910 cells in vitro, and that the viability of cancer cells
had a significant reduction. At the same time points,
the inhibitory effect of AZT was increased with the
elevation of drug concentration; at the same drug con-
centration, its inhibitory effect was significantly in-
creased with elongation of time. The inhibitory effect
was both time- and dose-dependent. The notable cyto-
toxic effect of AZT on HO-8910 cells at 0.1 mM was
observed 72 h after drug treatment and at 0.8 mM 24
h after AZT administration. The results indicated that
drug concentration and exposure time of AZT were
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important for the suppressed growth of ovarian cancer
HO-8910 cells. Cellular swelling, endoplasmic reticu-
lum expanding and mitochondrium were observed to
decrease in number by electron microscopy. The chro-
matin of cells was condensed and peripherally located.
Flow cytometry detection showed that the cells treated
with the drug at different concentrations had differ-
ent cell cycles. The cells treated at low concentrations
of AZT (0.8 mM) for 72 h were gathered at the phase
G2/M. When the cells were treated with 1.2 mM of
AZT for 72 h the cells at the phase G1 increased and
the cells at the phase S decreased. The apoptotic peak
was detected by flow cytometry and the apoptotic rate
was 14.2%. The growth suppression of cells might be
related to apoptosis. Nevertheless, it is still unknown
whether AZT itself or apoptosis inhibiting genes in-
duce the apoptosis, and the mechanism of cell apopto-
sis needs further investigation.

We also found that some cells survived at the 2.0
mM of AZT concentration due to their resistance to
AZT. The development of these cells and their relation
to drug resistance of tumor cells require further study.

Some researchers reported that the effect of tumor
chemotherapy was more obvious when AZT was com-
bined with drugs for chemotherapy. AZT may act as
a synergist of drug for chemotherapy (19, 20). In our
previous research we studied the effect of AZT com-
bined with the drugs of chemotherapy on the growth
of human ovarian cancer line HO-8910. The inhibitory
effect on cancer cells of AZT combined with adriamy-
cin or carboplatin was stronger than that of each drug
singly used (21).

Chemotherapy is an essential therapeutic approach
in the treatment of ovarian cancer. The results from
our research showed that AZT had some significantly
inhibitory effects on telomerase activity and prolifera-
tion of HO-8910 cell line of ovarian cancer cells. The
ideal targeting strategy for tumor therapy should focus
on some essential components present in tumor cells
but not in normal cells. Telomerase is an essential con-
dition of cell immortalization and an important factor
of tumor development. Theoretically, the inhibition of
telomerase activity by AZT may become a new treat-
ment target because AZT can directly inhibit telom-
erase, which is absent in normal somatic cells. AZT
can inhibit the growth of tumor cells with little injury
to most normal cells by inhibiting telomerase activity.
Moreover, it may also increase the specific effect and
reduce the side effects of chemotherapy.

Since most tumor cells have telomerase activity,
treating cancers by inhibiting telomerase activity is of
great prospect (22). Therefore, the application of AZT
might provide a novel approach to the targeted treat-
ment of ovarian cancer and other cancers. However,
the mechanism by which AZT inhibits the cell growth
and interrupts the cell cycle of ovarian cancer needs
further investigation.

REFERENCES

1. Kim NW, Piatyszek MA, Prowse KR, et al. Specific association
of human telomerase activity with immortal cells and cancer. Sci-
ence. 1994; 266: 2011-2015.

2. Harly CB, Kim NW, Prowse KR, et al. Telomerase, cell immor-
tality and cancer. Cold Spring Harbor Symposia on Quantitative
Biology. 1994; 59:307-315.

3. Shay JW, Bacchetti S. A survey of telomerase activity in human
cancer. Euro. J. Cancer. 1997, 33: 787-791.

4. Collins K. Mammalian telomeres and telomerase. Curr. Opin.
Cell. Biol. 2000; 12: 378-383.

5. Klingelhutz AJ. The roles of telomeres and telomerase in cellular
immortalization and the development of cancer. Anticancer Res.
1999; 19: 4823-4830.

6. SONG Min, MI Xiaoyi, LI Bailin, et al. Expression of telomerase
genes in cancer development in atypical hyperplasia of the mam-
mary duct. Chin. Med. J. 2002; 115: 1221-1225.

7. Mazamder A, Cooney D, Agbaria R, et al. Inhibition of human
immunodeficiency virus type | integrase by 3'-azido-3'-de-
oxythymidylate. Proc. Natl. Acid. Sci. USA.1994; 91: 5771-5775.

8. Ghosh AK, Jana S, Das T, et al. Protection by protein A of apop-
totic cell death caused by anti-AIDS drug zidovudine. Biochem.
Biophys. Res. Common. 1999; 264: 601-604.

9. Gonez DE, Tejera AM, Olivero OA. Irreversible telomere shorten-
ing by 3’-azido-3'-deoxythymidine treatment. Biocheml. Biophys.
Res. Common. 1998; 246: 108-110.

10. Brown T, Sigurdson E, Rogatko A, et al. Telomerase inhibition
using azidothymidine in the HT-29 colon cancer cell line. Ann.
Surg. Oncol. 2003; 10: 910-915.

11. Gorham H, Yoshida K, Sugino T. Telomerase activity in human
gynecological malignancies. J. Clin. Pathol. 1997; 50: 501-504.
12. Kyo S, Kanaya T, Takakura M, et al. Expression of human
telomerase subunits in ovarian malignant, borderline and benign

tumors. Int. J. Cancer. 1999; 80: 804-809.

13. Song Y, Kong BH, Liu PS, et al. Relationship between human
telomerase reverse transcriptase transcriptional level and telom-
erase activity in three ovarian cancer cell lines. Ai Zheng. 2003;
22: 486-491.

14. Murakami J, Nagai N, Shigema K, et al. Inhibition of telomer-
ase activity and cell proliferation by a transcriptase inhibition in
gynecological cancer cell lines. Eur. J. cancer. 1999; 35: 1027-
1034.

15. Mediavilla MD, Sanchez-Barcelo EJ. Doses time-dependent
effects of 3'azido-3 deoxythymidine on T470 human breast cancer
cells in vitro. Pharmacol. Toxicol. 2000; 87: 138-143.

16. Melana SM, Holland JF, Pogo BG. Inhibition of cell growth and
telomerase activity of Breast cancer cells in vitro by 3’-Azido-
3-deoxythymine. Clin. Cancer. Res. 1998; 4: 693-696.

39



40

17.

18.

19.

EFFECT OF ATZ ON OVARIAN CANCER CELL

Lee RK, Cai JP, Deyev V, et al. Azidothymidine and interferon-
alpha induce apoptosis in herpes virus-associated lymphomas.
Cancer Res. 1999; 59: 5514-5520.

Tejera AM, Alonso DF, Gomez DE, et al. Chronic in vitro expo-
sure to 3’-azido-3’-dideoxythymidine induces senescence and
apoptosis and reduces tumorigenicity of metastatic mouse mam-
mary tumor cells. Breast Cancer Res. Treat. 2001; 65: 93-99.
Yasuda C, Kato M, Kuroda D, et al. Experimental studies on poten-
tiation of the antitumor activity of 5-fluorouracil with 3'-azido-
3'deoxythymidine for the gastric cancer cell line MKN28 in vivo.
J. cancer Res. 1997; 88: 97-102.

20.

21

22.

Johnston JS, Johnson A, Gan Y, et al. Synergy between 3’-azido-
3’-deoxythymidine and paclitaxel in human pharynx FaDu cells.
Pharm. Res. 2003; 20: 957-961

XIN Xiaoyan, Li Hongmei, DU Hui, et al. The effect of retran-
scriptase inhibitor (AZT) combined with drug of chemotherapy on
the growth of human ovarian cancer line HO-8910. Prog. Obstet.
and Gynecol. (J). 2002; 11: 325-327.

WANG lJie, LIU Xuyi, JIANG Wei, et al. Telomerase activity and
expression of the telomerase catalytic subunit gene in non-small
cell lung cancer: correlation with decreased apoptosis and clinical
prognosis. Chin. Med. J. 2000; 113: 985-990.



