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Background: Pancreatic cancer has poor prognosis by surgical and chemotherapy when it is diagnosed, so 
other anti‑cancerous assistant therapeutic drugs are suggested e.g. epigenetic reversal of tumor‑suppressor 
genes on promoter hypermethylation. 5‑Aza‑CdR is a nucleoside analog of DNMTi but it has long‑term 
cytotoxicity effects. This study compares the anticancer effect of 5‑Aza‑CdR and Disulfiram potencies on 
PANC‑1 cell line and up‑regulation of p21.
Materials and Methods: PANC‑1 cell line was cultured in DMEM high glucose and treated by 5‑Aza‑CdR 
with 5 and 10 µM concentration for four days and 13 µM DSF (Diulfiram) for 24 hours. MS‑PCR and RT‑PCR 
were carried out to detect the methylation pattern and estimate the mRNA expression of RASSF1A and 
p21 in PANC‑1.
Result: MS‑PCR demonstrated partial unmethylation after treatment with 5‑Aza‑CdR while there was no 
unmethylated band after DSF treatment. RT‑PCR showed significant differences between re‑expression 
of RASSF1A before and after treatment with 10 µM 5‑Aza‑CdR (P < 0.01) but not after treatment with 
13 µM DSF (P > 0.05). The significant correlation was observed between RASSF1A re‑expression and p21 
up‑regulation before and after treatment with 10 µM 5‑Aza‑CdR (P < 0.01) but not after treatment with 
13 µM DSF (P > 0.05), while p21 up‑regulation was significantly higher after DSF treatment (P < 0.01).
Conclusion: Our findings indicated that 5‑Aza‑CdR induces the re‑expression of RASSF1A and p21 
up‑regulation in PANC‑1. DSF showed no epigenetic reversion while it affected p21 up‑regulation.
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INTRODUCTION

Pancreatic cancer is the 4th leading cause of cancer 
death in the US.[1,2] It is called “silent killer” as it 
has no clear symptoms neither at the early stage nor 
the late. Therefore, pancreatic cancer is often not 
diagnosed until it is advanced.[3,4] Surgery represents 
the only curative treatment, but due to late diagnosis, 
only minorities (10-20%) of patients are willing to 
surgical intervention. Owing to the high pancreatic 
cancer recurrence, chemotherapy with or without 
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radiotherapy is performed but unfortunately they 
have a poor prognosis and less than 5% of them live 
more than 5 years.[5]

Research in the past 10 years indicates that 
epigenetic alterations play a critical role in tumor 
genesis. Epigenetic gene silencing through promoter 
hypermethylation is a common and early event in the 
pathogenesis of many solid tumors.[6,7] The process 
of DNA methylation involves the transfer a methyl 
group from S-adenosyl-L-methionine (SAM) to C5 
position in CpG dinucleotides. The catalyzing enzymes 
for this procedure are known as DNMTs which 
DNMT1 is considered to maintain DNMT by copying 
DNA methylation from parental strand to newly 
synthesized strand.[8,9] Methylated gene detection can 
be used for early diagnosis of cancer and to monitor 
the response to chemotherapy, epigenetic events can 
re-exchange so the DNA methyltransferase inhibitors 
can be used as assistant therapeutic anti-cancerous 
drugs in low doses and have clinical activity against 
some tumors.[10-12]

There are two kinds of  DNMT inhibitors, 
the nucleoside and non-nucleoside analogous 
demethylating agents. The nucleoside analogues 
such as 5-Aza-CR (5-Azacytidine) and 5-Aza-CdR 
(5-aza-deoxycytidine) are produced from cytosine 
by a nitrogen substitution at the fifth carbon. 
During replication, they are replaced instead 
of cytosine and trap DNMT enzyme, so there is 
decrease in cytosine methylation by reducing the 
cell DNMTs enzymes after treatment.[9] 5-Aza-CdR 
is approved by FDA for MDS (myelodysplastic 
syndromes) treatment, but it has some cytotoxic 
effects as a result of high concentration required for 
cytosine demethylation. Furthermore, the nucleoside 
analogues perform their function by trapping 
DNMT (DNA methyl- transferases enzyme) and it 
doesn’t effect on consequences of demethylation. They 
also become inactivated by cytosine deamination in 
neutral situation and are unstable both in‑vitro and 
in‑vivo.[8]

DSF has a long history of alcoholic abuse treatment.[13] 
It contains strong thiol reaction functional group 
which attacks the thiol group of cytosine and limits the 
catalytic mechanism of DNMTs on the C6 position of 
cytosine. A recent screen of more than 3,000 patients 
revealed that DSF can induce prostate cancer cell 
death. Furthermore, DSF shows mild side-effects and 
is well-tolerated in alcohol abuse therapy so makes it 
a new candidate for repurposing.[14]

RASSF1A is one of the tumor suppressor genes, 
which is a key cell cycle-related gene at the G-S 

checkpoint by modulation of cycline D1 levels 
and inhibition of JNK pathway. Its inactivation 
is occurred by gene deletion, point mutation and 
inappropriate promoter hypermethylation, but 
epigenetic inactivation is most common in different 
solid tumors and cell lines such as lung, thyroid, 
liver, kidney, breast cancers, cervix adenocarcinoma, 
prostate carcinomas, pancreatic adenocarcinomas, 
pancreatic neuroendocrine tumor, pancreatitis and 
pancreatic cell line.[15-17] Furthermore, RASSF1A may 
upgrade CDKI (cycline-dependent kinase inhibitor) 
P21.[18] P21 Cip1/Waf1 is a significant production 
of Ras/Raf activation. P21 expression is occurred at 
the transcriptional and posttranscriptional level, 
for instance at transcription level, it is expressed by 
p53-dependent and independent mechanisms while 
its expression during senescence is induced by Ras/
Raf and make cell cycle arrest in primary fibroblasts 
and keratinocytes.[19]

As pancreatic cancer is incurable at the time of 
diagnosis, other anti-cancer assistant therapeutic are 
necessary. On the other hand little is known about the 
anti-tumor mechanisms of DSF, so the present study 
investigates the comparison of DSF and 5-Aza-CdR 
effects on re-expression of RASSF1A in pancreatic 
cancer cell line. Subsequently up regulation of p21 
gene was considered.

MATERIALS AND METHODS

Cell line and cell culture
Human PANC-1 cell line was purchased from national 
cell bank Pasteur Institute of Iran. The cells were cultured 
in high glucose DMEM (Sigma USA) supplemented 
with 10% fetal bovine serum (FBS) (Sigma USA) and 
1% penicillin-streptomycin (Sigma USA) at 37oC and 
in humidified atmosphere containing 5% CO2. After 
80% confluence in T25 culture flask, 105 cells were 
transferred to 24 well cultural plates. Drug treatment 
was done one day after seeding.

Drug treatment
5‑Aza‑CdR treatment
5-Aza-CdR was purchased from Sigma, USA. Its Stock 
solution (50 mM) was prepared by dissolving in DMSO, 
and stored at –80°C. The stock was diluted in cell 
culture media at different concentration (0, 1, 5, 10, 
15, 20, 25, and 30 µM) at experience day. 5 and 10 µm 
for 4 days were chosen according to Stresemann 2006. 
MTT survival assay was carried out for evaluating cell 
viability (group 1. Untreated, 5 and 10 µM).[20]

DSF treatment
The DSF was purchased (Sigma USA). DSF stock 
solution (50 mM) was prepared by dissolving in 
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DMSO and stored at –20°C. The final concentration 
of DSF drug was obtained by the IC50 assay. 105 
PANC-1 cells were transferred in each well of 24 -well 
cell culture microplate and treated with different 
concentrations of DSF (0, 2.5, 5, 7.5, 10, 15, 20, 25, 
30 µM) for 24 hours. Then MTT survival assay was 
carried out for evaluating cell viability (group 2: 
Untreated, 13 µm).[21]

MTT assay
To examine viability of PANC-1 cells in the presence of 
DSF, MTT (3-[4,5-dimethythiaziazol-2yl]-2,5-diphenyl 
tetrazoliumbromide), was dissolved in PBS at 5 mg/ml. 
The stock solution was added to the culture medium at 
a dilution 1:10. The plates were incubated at 370C for 
4 hours. The medium was then aspirated and 400 µl 
of DMSO was added to extract the MTT formazan and 
the absorbance of each well was detected by microplate 
reader (Hiperion MPR 4, Germany) at the wavelength 
of 540 nm.[21]

DNA extract ion,  b i su l f i t e  t reatment ,  and 
methylation‑specific PCR (MSP)
Genomic DNA was isolated by primepreptm Genomic 
DNA isolation Kit (GeNet Bio, Korea) according to its 
protocol. DNA was treated by sodium bisulfate using 
epitect bisulfate kit (Qiagen, Germany), according 
to its instruction. The PCR reaction were carried 
out in thermal cycler EP-gradien PCR (Ependorf, 
Germany): 94oC for 5 min followed by 40 cycles of 
94oC for 30s, 60oC for 30s and 72oC for 30s and the 
final extension 72oC for 5 min. PCR products were 
transferred to electrophoresis on a 2% agarose gel 
and visualized with staining by DNA green viewer. 
Methylated and unmethylated RASSF1A primers 
were

M1 (forward) 5’-GTGTTAACGCGTTGCGTATC-3’;
M (reverse) 5’AACCCCGCGAACTAAAAACGA-3’; 
U1 (forward) 5’-TTTGGTTGGAGTGTGTTAATGTG-3’;
U2 (reverse) 5’-CAAACCCCACAAACTAAAAACAA- 3’.[22]

RNA extraction and Real‑time PCR
Total RNA was isolated by RNeasy mini kit (Qiagen, 
USA). RNA samples were treated by RNase free 
DNase (Qiagen, USA) to eliminate the genomic 
DNA. The RNA concentration was measured using 
a Biophotometer (Eppendorf Germany). 5 µl of 
total RNA was reverse-transcribed to cDNA. The 
cDNA construction was performed by RevertAidTM 
Kit (Fermentas EU) according to the protocols. 
Real-time RT-PCR was carried out by the Maxima 
SYBR Green Rox qPCR master mix kit (Fermentase 
EU). The Real-Time primers were designed using 
AlleleID software (Primer Biosoft) which generated 
the following sequences:

RASSF1A (Forward -TCATCTGGGGCGTCGTG, 
reverse- CGTTCGTGTCCCGCTCC),
P21 (forward- GACCAGCATGACAGATTTCTACCA, 
reverse-AACTGAGACTAAGGCAGAAGATG), 
ACTB (forward- GTTGTCGACGACGAGCG, 
reverse- GCACAGAGCCTCGCCTT).

Real-time PCR reactions were performed using 
the Steponeplus quantitative real-time PCR 
detection system (Applied Biosystem USA). The PCR 
amplification conditions consisted of 10 min at 95oC 
followed by 40 cycles of denaturation step at 95oC 
for 15 sec and annealing and extension for 1 min at 
60oC. The expression level of each target gene was 
calculated as 2-∆∆Ct, as previously described. Briefly 
the epression mRNA levels of RASSF1-A, p21 and 
Bax were calculated by determining a ratio between 
the amount of them and endogenous control (ACT B). 
Melting curve analysis (60oC → 95oC increment at 
0.3oC/S) was used to determine melting temperature 
of specific amplification products and primer. These 
experiments were carried out in triplicate and 
independently repeated at least three times.[21,22]

Statistical analysis
All the quantitative data were presented as the 
mean ± standard deviations. Kolmogorov-Simonov 
test was used for assessing normal distribution of 
variables. One-way-analysis of variance (ANOVA) 
with LSD post hoc test was performed to determine 
statistical significance among different groups by 
using SPSS software package16.0. Significance was 
accepted at (P < 0.05).

RESULT

5‑Aza‑CdR
In this study, different concentration of 5-Aza-CdR 
were tested during first, second and third days but 
no death result was shown by MTT. At the fourth 
days of treatment, it demonstrated around 50% 
cell death at the concentration of 5 µM (55%) and 
10 µM (45%). It was accordance to Stresemann 
2006 [Figures 1a and 2b].

DSF
As cell death was observed in the first day of treatment 
IC50 value in PANC-1 was determined after 24 hours 
of treatment by DSF. The reduction of cell living was 
dependent on DSF concentration as shown by the 
IC50 index (half-maximal inhibitory concentration). 
The IC50 values for the DSF were established and the 
results showed that the essential DSF concentration 
to achieve the IC50 in PANC-1 cells at 24 hours was 
13 µM [Figures 2a and b].
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MS‑PCR
The result  of  MS-PCR showed that in the 
control (untreated) sample methylated DNA band 
was amplified by using methylated RASSF1A 
primers and no DNA band was detected. Treatment  
by 5-Aza-CdR in  10 μM for 4 days showed 
partially methylated compared to nontreated 
PANC-1. (Partially methylated showed both 
methylated and un-methylated bands because 
some of the RASSF1A promoters are converted into 
demethylation and become re-expressed). Treatment 
by 13 µM DSF for 24 hours showed no unmethylated 
band in MS-PCR [Figures 3a and b].

Real‑time PCR
Real-time PCR was used to evaluate RASSF1A 
re-expression induced by 5-Aza-CdR and DSF 
in mentioned concentration, and following p21 
up-regulation afterward. The result demonstrated 
that 10 µM 5-Aza-CdR treatment (for 4 days) induced 
RASSF1A re-expression significantly (P < 0.01) but 
not in 5 µM concentration (P > 0.05). Subsequently, 
P21 expression was significantly up regulated in 
the 10 µM 5-Aza-CdR treated PANC-1 compared to 
control (P < 0.01), but there wasn’t significant up 
regulation with 5 µM treated one (P > 0.05).

Figure 1: (a) The structures of cytosine and 5-aza-2’-deoxycytine derived from cytosine. (b) Effect of 5-Aza-CdR in PANC-1 cell lines as individual 
dose-response curves; cell lines with monophasic curve

ba

Figure 2: (a) Structure of disulfiram. (b) Effect of disulfiram in PANC-1 cell lines as individual dose-response curves; cell lines with monophasic curve

ba

Figure 3: (a) Detection of methylation and unmethylation bands in promoter region of RASSF1A by MS-PCR in 5-Aza-CdR treated PANC-1. 
(b) Detection of methylation band in promoter region of RASSF1A by MS-PCR in DSF treated PANC-1. *M: Product by using methylated primers, 
*U: Product by using unmethylated primers. The M and U primer sets generated 94-bp and 108-bp products, respectively

ba
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On one hand DSF treatment for 24 hours didn’t show 
any significant alteration of RASSF1A re-expression in 
13 µM (P > 0.05) but on the other hand the significant 
increase of p21 expression was demonstrated in 
13 µM (P < 0.01) [Figures 4a and b].

DISCUSSION

We have studied the potency and functional mechanism 
of 5-Aza-CdR and DSF on re-expression of RASSF1A 
at mentioned concentrations on PANC-1. Our result 
showed that 5-Aza-CdR as a nucleoside DNMTi can 
demethylate the RASSF1A promoter hypermethylation 
while there was no epigenetic effect by DSF.

RASSF1A is one of the tumor suppressor genes and 
its inactivation induces tumor development. Many 
studies demonstrated RASSF1A expression in all 
normal tissues but silencing in different cancers.[23,24] 
Some studies have showed that RASSF1A performs its 
duties without any clear enzymatic activity but may 
serve as a scaffold for activation of other signaling 
complexes.[17,25,26]

In this study, PANC-1 was chosen as it contains 
RASSF1A promoter hypermethylation and P53 
mutation. Stresemann demonstrated 3-day incubation 
is sufficient for epigenetic reversion.[20] After treatment 
by 5-Aza-CdR the MSP, the result demonstrated 
partially unmethylated band which was confirmed 
by RASSF1A re-expression by Real time (P < 0.01). 
Present data were verified by different studies such 
as Harada in 2002 and Shen in 2008 who displayed 
RASSF1A promoter hypermethylation is critical point 
of cancer pathogenesis.[27,28] Consequently, reversing 
epigenetic changes has been considered as a valuable 
therapeutic approach. 5-Aza-CdR has been used in 
different fields such as mammalian development, 
cell differentiation, cancer therapy, and reverse of 

cancer malignant phenotype as a nucleoside DNMT 
inhibitor.[8,29-31] Similar approaches were carried out 
by Shivakumar in 2002, Agathangglou in 2005, and 
Zuo in 2007 in neuroblastoma, rhabdomyosarcoma, 
and retinoblastoma cell lines.[16,32,33] Furthermore, 
5-azaC and 5-aza-dC have been approved by the FDA 
for cancers and other solid malignancies treatment.[34]

Since 5-Aza-CdR has been used for a long term and 
incorporated to DNA during S-phase, so it is toxic and 
carcinogenesis. It can inhibit DNMT by permanent 
trapping of DNA and DNA mutations.[35] Clinical trials 
proved that nucleoside analogues have poor clinical 
activity in late stage of solid tumor malignancies. 
Hence, small-molecule and non-nucleoside DNMTs 
inhibitors are safer for prolonged epigenetic therapy.[18] 
DSF has strong thiol-reactive functional groups; it 
has a long history of alcohol abuse treatment but its 
anti-cancer effect is novel. DSF is an oral agent so is 
more suitable than the existing nucleoside analogous.[21]

In the present study, RASSF1A MSP result showed poor 
epigenetic reversion and there was no un-methylated 
band after treatment and real time result demonstrated 
no RASSF1A re-expression (P > 0.05) while cell death 
was observed.

As it is known, cancer development is closely related 
to the deregulation of G1/S checkpoint of cell cycle 
and one of the important roles of RASSF1A, as an 
important tumor suppressor gene is cell cycle arrest; 
moreover, P21 is a key protein of CKI and is expressed 
after DNA damage and p53 induction.[18,36] So this 
paper investigated p21 up-regulation after 5-Aza-CdR 
treatment. The results showed significant correlation 
between P21 and RASSF1A re-expression (P < 0.01). 
Present data were confirmed by Thalar in 2009. They 
found that RASSF1A induces cell death up regulation 
of p21 in vitro and in vivo due to age. Additionally, 

Figure 4: (a) 5-Aza-CdR treatment on PANC-1. 10 µM 5-Aza-CdR made re-expression of RASSF1A and up-regulation of p21 (P < 0.01). (b) 13 µM 
DSF treated PANC-1 for 24 h showed no re-expression of RASSF1A (P > 0.05) but made the up-regulation of p21 (P < 0.01)

ba
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they found that re-expression of RASSF1A enhances 
nuclear accumulation of p21.[19]

Although DSF demethylating effect is weaker 
than 5-Aza-CdR to detect the unmethylation band 
by MS-PCR, it makes p21 up-regulation in other 
non-epigenetic ways. This result has controversy to 
Lin in 2010 who demonstrated DSF epigenetic therapy 
in prostate cancer cell line but confirmed by previous 
studies that pronounced non-nucleoside DNMTi has 
lower potentially of DNA demethylation effect.[37,38] It 
was also in accordance with Lloyd, Roper and Sewing 
who demonstrated that arrested fibroblasts and 
keratinocytes had high expression of p21.[39-41] Also, 
Latha Shivakumar et al. showed that in H1299 cells, 
p21 can contribute to negative regulation of CDK2 
so it helps to control cell cycle in H1299 cells.[16] 
Furthermore, present results were accordance with 
Wangin in 2003, Chen in 2006, Wickstrom in 2007, 
and Cho in 2007 who showed that DSF eliminates 
various cancer cell lines such as melanoma, leukemia, 
small lung cell cancer, osteosarcoma, cervical 
adenocarcinoma, and colorectal adenocarcinoma cell 
lines through non-epigenetic mechanism.[42-45]

In conclusion, we can say that although DSF did not 
show the potentially of DNA demethylation effect, 
its multi-potential antineoplastic effects induce 
tumor-specific toxicity and favorable safety which is 
worth to its prolonged use compared with the other 
group in epigenetic cancer therapy.
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