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Abstract  
Background: High expression of telomerase and Bcl-2 are reported in hepatocellular 
carcinoma. Some anticancer drugs show their effects through reduction of these fac-
tors. In this study, it was aimed to investigate the effects of a new synthetic com-
pound, platinum azidothymidine, on inhibition of telomerase and Bcl-2 expression in 
hepatocellular carcinoma compared to azidothymidine.  
Methods: To study the effects of Pt-AZT on hepatocellular carcinoma and compare its 
effects with AZT in inhibition of telomerase and Bcl-2 gene expression, pathogen-free 
male Wistar rats (n=100) were used. They were randomly divided to 4 groups (n=25). 
Group A as the control group contained 25 healthy rats; in the rest of animals, 
preneoplastic lesions were induced in their livers (groups B, C, and D) using Solt-
Farber resistant hepatocyte protocol. Cancer development was approved by a pa-
thology laboratory. Group B was negative control (untreated), groups C and D were 
treated by intraperitoneal injection (IP) of Pt-AZT (0.9 mg/kg/day) and AZT (0.3 
mg/kg/day), respectively for 14 days. At the end of the protocol, all rats were sacri-
ficed and Bcl-2 and telomerase gene expression was determined using real -time PCR.  
Results: No tumor in the livers was found in group A at any point of the study, but it 
was present in livers of all animals in B, C and D groups. Results showed that telomer-
ase and Bcl-2 expression was significantly lower in group C compared with group B 
(0.473±0.231 vs. 5.137±5.08, p<0.001, for telomerase expression, and 0.41±0.276 vs. 
7.25±11.6, p<0.001, for Bcl-2 expression) and also compared with group D (0.473±0.231 
vs. 3.48±4.02, p<0.001, for telomerase expression, and 0.41±0.276 vs. 4.93±18, p<0.001, 
for Bcl-2 expression). 
Conclusion: For the first time, it was demonstrated that Pt-AZT has more inhibitory 
effect on telomerase and Bcl-2 expression than AZT. It effectively inhibits the growth 
of liver tumor in rats by extending apoptosis.   
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Introduction 
 

Cancer is one of the major causes of mortality in the 
world and in 2008 accounted for approximately 7.6 
million deaths (13% of all deaths). Cancer mortality 
rate is projected to increase to 11 million deaths in 
2030 1,2. The prognosis of Hepatocellular Carcinoma 
(HCC) remains weak, because of its early metastasis 
and rapid progression. Medications used to treat this 
disease have not progressed so far and for this reason 
using stronger and more effective new drugs are re- 
 

 
 
 
 
quired. In recent years, antiviral drugs and anticancer 
nucleosides to treat cancer were the center of focus e.g. 
Ribavirin and Azidothymidine (AZT) 3,4. The reviews 
in this field indicate an increase in the expression of 
telomerase and Bcl-2 in cancer cells 5,6. 

Telomeres are tandem repeated guanines of rich se-
quences of 5′TTAGGG3′ at the end of chromosomes of 
all vertebrates which protect the ends of chromosomes 
from damage and degradation 7,8. Telomerase is a ribo-
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nucleoprotein enzyme and its expression extends telo-
meres and prevents DNA damage leading to mainte-
nance of telomeres. Telomerase over expression was 
reported in a number of human cancer tumors 9,10. 
While in normal hepatocytes there are low telomerase 
activities, cancer cells including HCC cells contain 
high telomerase activity 11-13. For this reason, telomer-
ase inhibition by some drugs is a novel approach for 
cancer therapy 14. 

B cell lymphoma protein-2 (Bcl-2), a 26 kDa onco-
protein, is present in the outer mitochondrial membrane 
and poses antiapoptotic properties. By regulation the 
pores of mitochondria membrane it prevents release of 
caspase-3 activating factor that contributes to apoptotic 
pathway and therefore inhibits apoptosis. In normal 
cells, Bcl-2 expression is very low and in this condition 
Bcl-2 is known to promote cell survival, even when the 
cell proliferation rate is not elevated, it acts as the 
negative regulator. On the other hand, in cancer cells, 
the increase in both of its mRNA and protein level 
leads to resistance to apoptosis 15. However, Bcl-2 pro-
tein expression has been reported to increase in a varie-
ty of human cancer and its precise biological role in the 
development of malignant tumors is still controversial 
16-21. Nevertheless, telomerase and Bcl-2 are potential 
targets for cancer therapy and their inhibition created a 
new approach in this field 14,22. 

AZT inhibits synthesis of cancer genome by its ac-
tive anabolite AZTTP (azidothymidine triphosphate) 
through chain termination mechanism which may in-
hibit telomerase activity competitively 23. Also, accord-
ing to the pathological findings, treatment with AZT 
leads to a decrease in expression of genes such as te-
lomerase and Bcl-2. AZT acts to arrest the cells with 
inducing senescence and apoptosis in tumor cells 24,25. 
High telomerase expression is present in 85-90.9% of 
tumor cells and telomerase activity is observed during 
the period that normal cells transit towards tumor cells 
26. AZT interrupting reverse transcriptase of cells 
blocks the cell cycle, and inhibits replication of cells 
and cell growth 27,28; also, AZT inhibits several kind of 
enzymes in tumor cells and some of them contribute to 
cell cycle regulation such as Mad1. Consequently, re-
duction of these cell cycle factors inhibits cell growth 
in S phase and cells enter apoptosis phase which indi-
cates AZT is an effective anticancer drug 29,30. 

There is no published study showing in vivo effects 
of Platinum azidothymidine (Pt-AZT) upon HCC. To 
our knowledge, this is the first investigation to examine 
the in vivo effects of Pt-AZT on telomerase and Bcl-2 
genes expression in rats with HCC that can demon-
strate its potential as a new drug for HCC treatment. 
Also, in this study, the association between the expres-
sions of these two genes in HCC was examined.   
 

Materials and Methods 
 

Animal grouping and cancer induction in rats 
Pathogen-free male Wistar rats whose average weights 

 

were about 50 gr were purchased from Razi Institute of 
Karaj in Iran and were maintained under standard con-
ditions for two weeks for acclimatization. The animals 
had free access to industrialized food and water.  

To study the effects of Pt-AZT on HCC and com-
pare its effects with AZT (Sigma, Munich, Germany), 
four groups of pathogen-free male Wistar rats (n=100) 
were included in the study. Group A containing 25 
healthy rats was considered as the control group. Pre-
neoplastic lesions were induced in the liver of all re-
maining animals (n=75) using Solt-Farber resistant 
hepatocyte (RH) protocol as reported previously 31. 
After approving the cancer induction by a pathologist, 
they were randomly divide into three groups i.e. B, C 
and D (n=25 in each group). 

Two weeks after the beginning of cancer induction 
in the rats, groups B, C and D received 200 mg/kg body 
weight (BW) of diethyl nitrosamine by IP injection for 
the initiation phase of hepatocarcinogenesis. The de-
tails of induction method were according to the report-
ed standard protocols as described previously 31.  
 

Histopathological studies 
After preparation of paraffin-embedded blocks from 

samples, the slides were prepared and using Hematox-
ylin & Eosin (H&E) procedure, they were reviewed by 
a pathologist for confirming preneoplastic lesions in 
the studied animals 31. Drug treatments and biochemi-
cal studies were started after confirming preneoplastic 
lesions in the animals. 
 

Drugs treatment 
After confirmation of preneoplastic lesions on rat’s 

liver, groups C and D were treated by intraperitoneal 
injection (IP) of 0.9 mg/kg/day of Pt-AZT and 0.3 mg/ 
kg/day of AZT, respectively 38 for 14 days. These drug 
concentrations were selected according to Jeng’s report 
4 and our preliminary studies. At the end of the proto-
col, all rats were gradually sacrificed and molecular 
studies were carried out as follows. 
 

RNA extraction 
RNA was extracted from rat liver using commer-

cially available kit (QIAzol Lysis Reagent) (Qiagen, 
Frankfurt, Germany). Slices of rat liver (50-100 mg) 
were prepared for extraction and all procedures were 
carried out according to the protocol of kit’s manufac-
turer.  
 

cDNA synthesis of extracted RNA  
cDNA was synthesized using commercially availa-

ble kit (Transcriptor First Strand cDNA Synthesis Kit, 
Roche, Bavaria, Germany). The protocol was accord-
ing to the kit’s manufacturer.  
 

Quantitation of gene transcript by real-time quantitative 
RT-PCR 

All real-time quantitative PCRs were performed by 
an ABI 7500 Real-Time PCR System (Applied Bio-
systems company, California, USA), utilizing Taqman 
reagents (Applied Biosystems company, California, 
USA) according to the manufacturer’s instructions. 



52 

Platinum-Azidothymidine Effects on Bcl-2 and Telomerase Gene Expression 

Avicenna Journal of Medical Biotechnology, Vol. 7, No. 2, April-June 2015        52 

Amplification of PCR products was quantified during 
PCR by measuring fluorescence associated with bind-
ing of Taqman dye incorporated into the reaction mix-
ture to double-stranded DNA.  

The sequences of the oligonucleotide used in PCR-
amplification of telomerase, B-cl2 and β-actin (a house-
keeping gene as reference gene) are shown in table1. 
Briefly, each PCR test was performed in a 20 µl total 
volume mixture containing 10 µl of Taqman master 
mix Ex Taq (2×), 0.4 µl of ROX Reference Dye (50×), 
1 µl of the mixture of Taqman probe and primer with 
20× concentration and 2 µl of cDNA samples and then 
final volume reached to 20 µl with double distilled 
water (7 µl of dd water). After an initial denaturation 
step of 50°C for 2 min, an annealing step of 95°C for 
10 min, elongation step of 58°C for 1 min, for both 
sense and antisense were followed in the reaction. 

The Δct of target genes was obtained by subtracting 
the threshold cycle (ct) of target genes from those of β-
actin as endogenous control and was calculated for 
each group separately. Then, by subtracting the Δct of 
target genes from Δct of control group, ΔΔct was cal-
culated. The fold change of the target gene was esti-
mated by using the following formula: fold change of 
target gene=2-ΔΔct. 
  

Statistical analysis  
The SPSS statistical software package version 16 

was used for statistical analyses. A p-value<0.05 was 
considered significant. A nonparametric independent 
sample Mann-Whitney U-test was used to compare 
Bcl-2 and telomerase expression between related stud-
ied groups.  
 

Results 
Histopatological findings  

There were no preneoplstic lesions in normal rats in 
the control group at any level of our study, also there 
were not any abnormal preneoplastic lesions on hepato-
cyte of normal rat after treatment with AZT or Pt-AZT 
(Figure 1), but there were some necrosis and hemor-
rhage after treatments with these drugs (Figures 1G and 
H).  

Preneoplstic lesions in rat liver lobes were devel-
oped following the neoplasm induction in untreated 
and medicine-treated groups. At the end of preneo-
plastic lesion induction protocol, there were few num-
bers of lesions and the sizes of them were small and 
with passage of time both size and number of lesions 
increased. After drug treatments, sizes of some lesions 
decreased and some small lesions disappeared; but the 

efficacy of Pt-AZT expression was higher compared to 
those of AZT.  

According to pathological reports, there were no 
metastases after ending of (8 weeks) Solt Farber proto-
col in other organs such as stomach and lungs and be-
cause of small preneoplastic lesions after 8 weeks there 

Figure 1. Cytological changes during preneoplastic lesion induction 
and after treatment with Pt-AZT and AT in rats’ liver (H&E staining 
method). A and B) rat liver with malignant cells. The arrows show 
the enlarged nucleuses of preneoplastic cells (original magnification 
400× in A and 100× in B); C and D) rat’s liver after treatment with 
Pt- AZT. The arrows show disrupted nucleus (karyolysis) which is 
the sign of apoptosis in D slide, arrows also show in some parts ne-
crosis and hemorrhage (original magnification 100×); E and F) rat’s 
liver treated with AZT. Arrows show karyolysis and pyknosis, also 
necrosis and hemorrhages are seen in some parts (original magnifica-
tion 100×); G and H) normal rat’s liver treated with AZT and Pt-
AZT, respectively. There were no preneoplastic lesions in some parts 
and there were some necrosis and hemorrhage (original magnifica-
tion 100×).  

 

Table 1. Primers of target genes in sense and antisense with qPCR conditions 
 

Name Sequence Direction Expected product size Stages  of qPCR 
Bcl-2-S AGA TGA AGA CTC CGC GCC CCT CAG G Sense 

566 bp Stage1:50°C-2 min 
Review 1 cycle Bcl-2-AS CCA GGT ATG CAC CCA GAG TGA TG Antisense 

Telomerase-S GAC ATG GAG AAC AAG CTG TTT GC Sense 
185 bp Stage 2:95°C -10 min 

Review 1cycle Telomerase-AS ACA GGG AAG TTC ACC ACT GTC Antisense 
β-actin-S AGG GAA TCG TGC GTG AC Sense 305 bp Stage 3:95°C -15 s 58°C-1 min 

Review 50 cycles β-actin-AS CGC TCA TTG CCG ATA GTG Antisense 
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were no significant changes in weight of rat liver.    
 

Gene expression results 
The Bcl-2 and telomerase expression in studied 

groups are shown in figure 2. Comparing group C with 
group B, there was a significant decrease in Bcl-2 ex-
pression (0.41±0.276 vs. 7.25±11.6, p<0.001) and te-
lomerase expression (0.473±0.231 vs. 5.137±5.08, p< 
0.001) in group C. Also comparison between C and D 
groups showed lower expressions of Bcl-2 (0.41±0.276 
vs. 4.93±5.18, p<0.001) and telomerase (0.473±0.231 
vs. 3.48±4.02, p<0.001) in group C. These results indi-
cated lower expression of these two genes in Pt-AZT 
treated group compared to AZT treated group. Expres-
sion of Bcl-2 in group B was higher as compared with 
group A (7.25±11.6 vs. 0.328±0.23 p<0.001). Similar 
results were found for telomerase (5.137±5.08 vs. 
0.37±0.252, p<0.001) showing higher expression in 
group B. There was also higher expression of these two 
genes in group D as compared with group A. Bcl-2 and 
telomerase expressions were not significantly different 
between D and B groups. Similar results were obtained 
in comparing A and C groups.   

Our results indicated a significant direct correlation 
between telomerase and Bcl-2 expression in untreated 
rats (r=0.54, p=0.006), however, there was no signifi-
cant correlation between telomerase and Bcl-2 expres-
sion in other studied groups. 
 

Discussion 
Our study confirmed the inhibitory effects of Pt-

AZT on HCC and allows us to study anticancer effect 
of this new synthetic compound in vivo. In this study, it 
was found that Pt-AZT is more effective than AZT in 
HCC inhibition in the rats that cancer was induced by 
resistant hepatocyte Solt-Farber protocol. Our findings 
showed that telomerase and Bcl-2 expression in Pt-
AZT-treated rats was lower than those of AZT-treated 
ones (Figure 2). Also similarly, these factors were re-
duced in AZT-treated rats compared to untreated HCC 
group (Figure 2). A study reported that AZT blocks 
telomerase expression and activity which effectively 
inhibits tumor growth and liver metastasis induced by 
the carcinogen diethyl-nitrosamine (DEN) in rats 3. Our 
finding indicted that telomerase expression increased 
after HCC development in untreated group but in the C 
and D groups that were treated with Pt-AZT and AZT, 
respectively it significantly decreased. These changes 
in telomerase and Bcl-2 expression can be novel tumor 
biomarkers to detect HCC either at primary or progres-
sive stage. Our finding indicated that Pt-AZT effective-
ly inhibited telomerase and Bcl-2 whose expressions 
significantly increased in untreated HCC group.  

As mentioned earlier, PT-AZT was more effective 
than AZT in inhibition of telomerase and Bcl-2 expres-
sion and then metastasis and progression of HCC be-
cause of platinum atom in its molecular structure. 
Some reports confirming our results are mentioned in 
the following paragraphs. 

Some authors reported that platinum derivatives of 
some drugs had more inhibitory effects on cancers than 
original drugs (without platinum) 32-35. Coluccia et al 
reported that platinum compound of acyclovir (antivi-
ral drug) had anticancer properties, and had broader 
and stronger effect than acyclovir and had the same 
effect as cisplatin among anticancer properties 32. Mus-
cella et al reported that a new platinum called Pt-ACD 
[Pt (O, O′-acac) (γ-acac) (DMS)] could induce apopto-
sis in various human cancer cells including human 
breast carcinoma cells (MCF-7) that are resistant to 
cisplatinum 33. Abu-Surrah et al explained the molecu-
lar structure of a vast majority of platinum compound 
groups and emphasized their powerful anticancer ef-
fects 34. Ruiz et al reported that a new platinum and 
palladium complex has anticancer effects about 8-fold 
more active than cisplatin against the human breast 
cancer cell line T47D and indicated this effect is due to 
the presence of platinum or palladium atoms in their 
molecular structure 35. All the above reports indicated 
that platinum element in structure of some anticancer 
drug will give them higher anticancer properties.  

Also in addition to platinum atoms in the molecular 
structure of Pt-AZT which showed anticancer proper-
ties as previously mentioned, AZT component in Pt-
AZT showing anticancer effects decreased expression 
of the two mentioned genes. Some studies confirmed 
our results as follows.   

Jeng et al reported that AZT blocks telomerase and 
effectively inhibits tumor growth and liver metastasis 
induced by the carcinogen diethylnitrosamine (DEN) in 
rats 3. Chen et al showed synergistic effect of AZT 

Figure 2. Expression of Bcl-2 A) and telomerase B) in different ex-
perimental groups (mean±SEM). A) Control group, B) Untreated 
cancer group, C) Cancer group treated with Pt-AZT, D) Cancer group 
treated with AZT.  
*p<0.001. 
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with arsenic oxide in treatment of HCC with decreased 
expression of telomerase and increased levels of cas-
pase 3 36. Slamenova et al reported that AZT was re-
sponsible for widely destroying DNA strands in cancer 
cells 37. AZT also can inhibit telomerase activity and 
induced apoptosis in cultured-cancer cells 38. Our re-
sults emphasized that telomerase may be an important 
factor in cell growth and therapy. Tejera et al using 
mouse mammary carcinoma cell culture showed AZT 
has anti-metastatic potential and can reduce telomerase 
expression 25.  

Some reports showed how AZT exerts its anticancer 
effects on cancer cells. AZT is probably phosphory-
lated intracellularly and then attaches to telomere re-
gion of DNA that can cause shortening and disruption 
of this region due to induction of apoptosis 39. AZT can 
also lower telomerase concentration and thereby short-
en the telomeres 23.  

Also platinum component of Pt-AZT exerts its anti-
cancer effects on cancer cells in the following way. 
Cancer cells  by excessive proliferation of their ge-
nome and then excessive absorption Platinum com-
pounds  respect to normal cells due to  creation  ad-
ducts with base sequences especially with guanines of 
DNA, these adduct especially 1,3 intrastrand guanines 
which form 97% adducts in DNA  not repaired  and 
finally due to apoptosis of cancer  cells 40.  

The relationship between Bcl-2 concentration and 
resistance to drug treatment remains controversial. Ac-
cording to our results showing the lower Bcl-2 expres-
sion and then concentration in Pt-AZT- treated rats 
compared to AZT-treated group 41, there was less re-
sistance to the drug in the former compound.  Compar-
ing the extension of apoptosis that was wider in Pt-
AZT-treated group than AZT, greater inhibition of Bcl-
2 gene expression and concentration decline by Pt-AZT 
in comparison to AZT was observed.  

Some studies indicated inverse relationship between 
Bcl-2 expression and concentration and resistance to 
anticancer drugs 42,43. Beale  et al showed a statistically 
significant inverse correlation between inhibition of 
cell line growth and Bcl-2 levels in human ovarian car-
cinoma cells treated with cisplatin; over-expression and 
therefore increased concentration of Bcl-2 in these cells 
led to resistance to cisplatin compared to the control 44. 
In this study, it is concluded this relationship depends 
on some factors such as nature of anticancer drug and 
the applied concentration.   

Our results indicated a significant direct correlation 
between telomerase and Bcl-2 expression in untreated 
rats (r=0.54, p=0.006), but there was no significant 
correlation between telomerase and Bcl-2 expression in 
other studied groups. Furthermore, there is discrepancy 
in the relationship between telomerase and Bcl-2 ex-
pression in some reported studies 44-46. However, Iida et 
al reported a possible relationship between telomerase 
and Bcl-2 expression in colorectal carcinoma 45. Elkak 
et al reported no relationship between telomerase and 

Bcl-2 expression in human breast cancer 46. Also, 
Ohmura et al suggested that Bcl-2 expression and 
therefore concentration was conversely correlated with 
telomerase expression and activity (similar to our find-
ings) and the biological role of Bcl-2 expression differs 
by degree of tumor aggressiveness in low grade tumor 
47. Similar to the above mentioned study, induction of 
HCC in our studied animals was in primary level 
(preneoplastic lesions); therefore, the degree of tumor 
aggressiveness was in low grade and the inverse corre-
lation between telomerase expression and Bcl-2 ex-
pression was statistically significant.  
 

Conclusion 
In this study, by inducing HCC to animal model, the 

inhibitory effects of Pt-AZT in animal was investigated 
and it was concluded that Pt-AZT can reduce Bcl-2 and 
telomerase expression more effectively compared to 
AZT (the highest levels of Bcl-2 and telomerase ex-
pression were found in untreated HCC group). Our 
research was an in vivo study and hence it can be con-
sidered as an advantage of the study that it differs from 
most of the studies in this field. The novel finding in 
our study was introduction of Pt-AZT as a new anti-
cancer drug in vivo that can be more efficient than 
AZT. However, further studies are needed to shed light 
on inhibitory effect of Pt-AZT on the growth of liver 
tumor in rats by extending apoptosis.  
 

Acknowledgement 
This study was supported by a grant from Hamadan 

University of Medical Sciences, Hamadan, Iran. This is 
a part of A. Sabokrouh PhD thesis. The authors would 
like to thank Dr. Nahid Shahabadi for providing Pt-
AZT drug.   
 

References 
 

1. Cannon G, Gupta P, Gomes F, Kerner J, Parra W, Weid-
erpass E, et al. Prevention of cancer and non-com-
municable diseases. Asian Pac J Cancer Prev 2012;13(4 
Suppl):3-11. 

 

2. Bridges JF, Joy SM, Gallego G, Kudo M, Ye SL, Han 
KH, et al. Needs for hepatocellular carcinoma control 
policy in the Asia-Pacific region. Asian Pac J Cancer 
Prev 2011;12(10):2585-2591. 

 

3. Jeng KS, Sheen IS, Jeng WJ. Azidothymidine treatment 
of hepatocellular carcinoma in rats: an in vivo study of 
telomerase inhibition. Hepatogastroenterology 2011;58 
(112):2091-2096. 

 

4. Pettersson F, Yau C, Dobocan MC, Culjkovic-Kraljacic 
B, Retrouvey H, Puckett R, et al. Ribavirin treatment ef-
fects on breast cancers overexpressing eIF4E, a bio-
marker with prognostic specificity for luminal B-type 
breast cancer. Clin Cancer Res 2011;17(9):2874-2884. 

 

5. Nasiri M, Zarghami N, Koshki KN, Mollazadeh M, 
Moghaddam MP, Yamchi MR, et al. Curcumin and 
silibinin inhibit telomerase expression in T47D human 
breast cancer cells. Asian Pac J Cancer Prev 2013;14 
(6):3449-3453. 



Sabokrouh A, et al 

Avicenna Journal of Medical Biotechnology, Vol. 7, No. 2, April-June 2015  55

6. Elkak AE, Kirkpatrick K, Mears L, Wells C, Ghilchik M, 
Newbold R, et al. Telomerase activity and Bcl-2 expres-
sion in human breast cancer. Eur J Surg Oncol 2002;28 
(1):14-18. 

 

7. Greider CW. Telomeres, telomerase and senescence. 
Bioessays 1990;12(8):363-369. 

 

8. Zakian VA. Structure and function of telomeres. Annu 
Rev Genet 1989;23:579-604. 

 

9. de Lange T. Activation of telomerase in a human tumor. 
Proc Natl Acad Sci USA 1994;91(8):2882-2885. 

 

10. Harley CB, Villeponteau B. Telomeres and telomerase in 
aging and cancer. Curr Opin Genet Dev 1995;5(2):249-
255. 

 

11. Avilion AA, Piatyszek MA, Gupta J, Shay JW, Bacchetti 
S, Greider CW. Human telomerase RNA and telomerase 
activity in immortal cell lines and tumor tissues. Cancer 
Res 1996;56(3):645-650. 

 

12. Bestilny LJ, Brown CB, Miura Y, Robertson LD, Ria-
bowol KT. Selective inhibition of telomerase activity 
during terminal differentiation of immortal cell lines. 
Cancer Res 1996;56(16):3796-3802. 

 

13. Kojima H, Yokosuka O, Imazeki F, Saisho H, Omata M. 
Telomerase activity and telomere length in hepatocellular 
carcinoma and chronic liver disease. Gastroenterology 
1997;112(2):493-500. 

 

14. Mo Y, Gan Y, Song S, Johnston J, Xiao X, Wientjes 
MG, et al. Simultaneous targeting of telomeres and te-
lomerase as a cancer therapeutic approach. Cancer Res 
2003;63(3):579-585. 

 

15. Vaux DL, Cory S, Adams JM. Bcl-2 gene promotes hae-
mopoietic cell survival and cooperates with c-myc to im-
mortalize pre-B cells. Nature 1988;335(6189):440-442. 

 

16. Pezzella F, Turley H, Kuzu I, Tungekar MF, Dunnill MS, 
Pierce CB, et al. bcl-2 protein in non-small-cell lung car-
cinoma. N Engl J Med 1993;329(10):690-694. 

 

17. Fontanini G, Vignati S, Bigini D, Mussi A, Lucchi M, 
Angeletti CA, et al. Bcl-2 protein: a prognostic factor in-
versely correlated to p53 in non-small-cell lung cancer. 
Br J Cancer 1995;71(5):1003-1007. 

 

18. Ohsaki Y, Toyoshima E, Fujiuchi S, Matsui H, Hirata S, 
Miyokawa N, et al. bcl-2 and p53 protein expression in 
non-small cell lung cancers: correlation with survival 
time. Clin Cancer Res 1996;2(5):915-920. 

 

19. Higashiyama M, Doi O, Kodama K, Yokouchi H, Naka-
mori S, Tateishi R. bcl-2 oncoprotein in surgically re-
sected non-small cell lung cancer: possibly favorable 
prognostic factor in association with low incidence of 
distant metastasis. J Surg Oncol 1997;64(1):48-54. 

 

20. Ishida H, Irie K, Itoh T, Furukawa T, Tokunaga O. The 
prognostic significance of p53 and bcl-2 expression in 
lung adenocarcinoma and its correlation with Ki-67 
growth fraction. Cancer 1997;80(6):1034-1045. 

 

21. Laudanski J, Chyczewski L, Niklinska WE, Kretowska 
M, Furman M, Sawicki B, et al. Expression of bcl-2 pro-
tein in non-small cell lung cancer: correlation with clinic-
pathology and patient survival. Neoplasma 1999;46(1): 
25-30. 

 

22. Huang Z. Bcl-2 family proteins as targets for anticancer 
drug design. Oncogene 2000;19(56):6627-6631. 

 

23. Ji HJ, Rha SY, Jeung HC, Yang SH, An SW, Chung HC. 
Cyclic induction of senescence with intermittent AZT 
treatment accelerates both apoptosis and telomere loss. 
Breast Cancer Res Treat 2005;93(3):227-236. 

 

24. Brown T, Sigurdson E, Rogatko A, Broccoli D. Telomer-
ase inhibition using azidothymidine in the HT-29 colon 
cancer cell line. Ann Surg Oncol 2003;10(8):910-915. 

 

25. Tejera AM, Alonso DF, Gomez DE, Olivero OA. Chron-
ic in vitro exposure to 3'-azido-2', 3'-dideoxythymidine 
induces senescence and apoptosis and reduces tumor-
igenicity of metastatic mouse mammary tumor cells. 
Breast Cancer Res Treat 2001;65(2):93-99. 

 

26. Engelhardt M, Kumar R, Albanell J, Pettengell R, Han 
W, Moore MA. Telomerase regulation, cell cycle, and te-
lomere stability in primitive hematopoietic cells. Blood 
1997;90(1):182-193. 

 

27. Meeker AK, De Marzo AM. Recent advances in telomere 
biology: implications for human cancer. Curr Opin Oncol 
2004;16(1):32-38. 

 

28. Mediavilla MD, Sanchez-Barcelo EJ. Doses and time-
dependent effects of 3'-azido-3'-deoxythymidine on 
T47D human breast cancer cells in vitro. Pharmacol 
Toxicol 2000;87(3):138-143. 

 

29. Marty R, Ouameur AA, Neault JF, Nafisi S, Tajmir-Riahi 
HA. AZT-DNA interaction. DNA Cell Biol 2004;23(3): 
135-140. 

 

30. Melana SM, Holland JF, Pogo BG. Inhibition of cell 
growth and telomerase activity of breast cancer cells in 
vitro by 3'-azido-3'-deoxythymidine. Clin Cancer Res 
1998;4(3):693-696. 

 

31. Sabokrouh A, Goodarzi MT, Vaisi-Raygani A, Khatami 
S, Taghizadeh-Jahed M. Effects of treatment with plati-
num azidothymidine and azidothymidine on telomerase 
activity and bcl-2 concentration in hepatocellular carci-
noma- induced rats. Avicenna J Med Biotechnol 2014; 
6(4):200-209. 

 

32. Coluccia M, Boccarelli A, Cermelli C, Portolani M, Nat-
ile G. Platinum(II)-acyclovir complexes: synthesis, anti-
viral and antitumour activity. Met Based Drugs 1995; 
2(5):249-256. 

 

33. Muscella A, Vetrugno C, Fanizzi FP, Manca C, De Pas-
cali SA, Marsigliante S. A new platinum(II) compound 
anticancer drug candidate with selective cytotoxicity for 
breast cancer cells. Cell Death Dis 2013;4:e796. 

 

34. Abu-Surrah AS, Kettunen M. Platinum group antitumor 
chemistry: design and development of new anticancer 
drugs complementary to cisplatin. Curr Med Chem 2006; 
13(11):1337-1357. 

 

35. Ruiz J, Villa MD, Cutillas N, Lopez G, de Haro C, Bau-
tista D, et al. Palladium(II) and platinum(II) organome-
tallic complexes with 4,7-dihydro-5-methyl-7-oxo[1,2,4] 
triazolo[1,5-a]pyrimidine. Antitumor activity of the plat-
inum compounds. Inorg Chem 2008;47(11):4490-4505. 

 

36. Chen C, Zhang Y, Wang Y, Huang D, Xi Y, Qi Y. Syn-
ergic effect of 3'-azido-3'-deoxythymidine and arsenic 
trioxide in suppressing hepatoma cells. Anticancer Drugs 
2011;22(5):435-443. 

 



56 

Platinum-Azidothymidine Effects on Bcl-2 and Telomerase Gene Expression 

Avicenna Journal of Medical Biotechnology, Vol. 7, No. 2, April-June 2015        56 

37. Slamenova D, Horvathova E, Bartkova M. Nature of 
DNA lesions induced in human hepatoma cells, human 
colonic cells and human embryonic lung fibroblasts by 
the antiretroviral drug 3'-azido-3'-deoxythymidine. Mutat 
Res 2006;593(1-2):97-107. 

 

38. He M, Jiang YY, Zhu M, Wei X, Qin J, Zhang ZY, et al. 
[Effects of 3'-azido-deoxythymidine on telomerase ac-
tivity and protein expression of hepatocarcinoma cell line 
SMMC-7721]. Ai Zheng 2006;25(5):543-548. Chinese. 

 

39. Ji HJ, Rha SY, Jeung HC, Yang SH, An SW, Chung HC. 
Cyclic induction of senescence with intermittent AZT 
treatment accelerates both apoptosis and telomere loss. 
Breast Cancer Res Treat 2005;93:227-236. 

 

40. Egorov EE, Akhmalisheva AKh, Smirnova IuB, Shinka-
rev DB, Chernov DN, Zelenin AV, et al. [Azidothymi-
dine, blocking telomerase functioning, shortens telomeric 
repeats in transformed human cells]. Genetika 1997;33 
(10):1444-1446. Russian. 

 

41. Florea AM, Busselberg D. Cisplatin as an anti-tumor 
drug: cellular mechanisms of activity, drug resistance and 
induced side effects. Cancers (Basel) 2011;3(1):1351-
1371. 
 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

42. Sen A, Atmaca P, Terzioglu G, Arslan S. Anticarcino-
genic effect and carcinogenic potential of the dietary 
phenolic acid: o-coumaric acid. Nat Prod Commun 2013; 
8(9):1269-1274. 

 

43. Geng M, Wang L, Li P. Correlation between chemosen-
sitivity to anticancer drugs and Bcl-2 expression in gas-
tric cancer. Int J Clin Exp Pathol 2013;6(11):2554-2559. 

 

44. Beale PJ, Rogers P, Boxall F, Sharp SY, Kelland LR. 
BCL-2 family protein expression and platinum drug re-
sistance in ovarian carcinoma. Br J Cancer 2000;82 
(2):436-440. 

  

45. Iida A, Yamaguchi A, Hirose K. Telomerase activity in 
colorectal cancer and its relationship to bcl-2 expression. 
J Surg Oncol 2000;73(4):219-223. 

 

46. Elkak AE, Kirkpatrick K, Mears L, Wells C, Ghilchik M, 
Newbold R, et al. Telomerase activity and Bcl-2 expres-
sion in human breast cancer. Eur J Surg Oncol 2002;28 
(1):14-18. 

 

47. Ohmura Y, Aoe M, Andou A, Shimizu N. Telomerase 
activity and Bcl-2 expression in non-small cell lung can-
cer. Clin Cancer Res 2000;6(8):2980-2987. 

 
 

 
 

 


