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Introduction

Pancreatic cancer (PC) is the fourth leading cause of cancer 
death in the USA. It is one of the most devastating cancers among 
all types of solid cancers. In 2013, it is estimated that 45 220 
Americans will be diagnosed with PC.1 One of the main factors 
contributing to the poor survival in PC is the lack of early diagnos-
tic and prognostic markers. At the time of diagnosis, about 40% to 
50% of patients have metastatic PC in advanced stages. Only 15% 
to 20% of patients suffer from small, non-metastatic disease that 
can be considered for resection. The 5-y survival rate is less than 
5% after diagnosis. Additionally, this disease shows an intrinsic 
chemotherapeutic resistance and remains unresponsive to most 
chemotherapeutic agents.2,3 Therefore, a deeper understanding of 
the biological mechanisms responsible for the development of this 
type of cancer and its progression is necessary for implanting effec-
tive therapeutic modalities and early detection approaches.

Over the past decades, many studies have been devoted to 
discover genetic mutations involved in the pathogenesis of PC. 

These genes include K-RAS, CDKN1A/P16, TP53, SMAD4, 
DPC4, MADH4, and BRACA2.4 Moreover in correlation with 
these genetic alterations, many changes in gene expression and 
specific signaling pathways (such as the aberrant activation of 
the Hedgehog and Wnt transduction) have been characterized 
in PC.5,6

Epigenetic changes, including DNA hypermethylation and 
hypomethylation, leading to transcriptional modifications, in 
the affected genes, have also been involved in PC development 
and progression.7 These suggest that PC arise from accumulation 
of genetic and epigenetic alterations.

Recent works have verified that DNA methylations give rise to 
transcriptional silencing of tumor suppressor genes (TSG), thus 
it may play an important role during carcinogenesis.DNA meth-
ylation mainly occurs at the C5 position of CpG dinucleotides 
by three DNA methyltransferases (DNMTs), namely DNMT-1, 
DNMT3A, and DNMT3B. DNMT3A and 3B are responsible 
for de novo DNA methylation, while DNMT-1 is the “mainte-
nance” methyltransferase that ensures faithful transmission of 
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Overexpression of DNA methyltransferase 1 (DNMT-1) is observed mostly in pancreatic cancer and it can cause tumor 
suppressor genes silencing in this disease. Recent studies suggest that abnormal expressions of microRNAs (miRs) are 
involved in pathogenesis of different types of human cancers including pancreatic cancer. In this study we aimed to 
investigate the effect of miR-148b and -152 on reverting the tumorigenic phenotype of pancreatic cancer cell lines.

In order to investigate whether miR-148b and -152 are involved in the regulation of DNMT-1, luciferase reporter assay 
was used and confirmed that the DNMT-1 mRNA could be a target for miR-148b and miR-152. Furthermore, overexpression 
of miR-148b and -152 in pancreatic cancer cell lines (MIA PaCa-2 and AsPC-1) decreased DNMT-1 expression (53% and 
59% respectively), returned DNA methylation to normal patterns and induced re-expression of tumor suppressor genes, 
like BNIP3 (4.7- and 3.8-fold) and SPARC (5.3- and 2.9-fold) for miR-148b and -152 respectively. Moreover, the introduced 
miR-148b and -152 could inhibit the proliferation of MIA PaCa-2 (35% and 37% respectively) and AsPC-1 (39% and 40% 
respectively) cell lines. The apoptosis rates of MIA PaCa-1 after treatment with miR-148b and -152 were 10% and 8% 
respectively; while these rates in AsPC-1 were 16% and 11% respectively. Conclusively these findings mean that miRs 
that are targeting DNMT-1 and modifying methylation status of tumor suppressor genes such as BNIP3 and SPARC can be 
applied in killing the pancreatic cancer cells and decreasing the tumorigenicity of these cells.
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the methylation profile from maternal to daughter cells during 
cell division.8 Overexpression of DNMT-1 has been reported in 
many types of cancer.9,10 In human cancer cells DNMT-1 can 
be blamed for both de novo and maintenance methylation of 
tumor suppressor genes.11 The mechanism of overexpression of 
DNMT-1 has remained unclear. However, a study has shown that 
deletion of P53 gene in the HCT116 human colon carcinoma cell 
line resulted in increase of DNMT-1 transcript and translation.12 
Another report showed that dysregulation of p53/Sp1 could lead 
to DNMT-1 overexpression in lung cancer.13 Analysis of clinical 
tissue samples revealed that increased in expression of DNMT-1 
was significantly correlated with the malignant potential and 
poor prognosis of some human cancers.14 Previous reports have 
demonstrated that the level of DNMT-1 expression in PC was 
considerably higher compared with their corresponding non-
cancerous mucosa. Also progressive dysregulation of DNMT-1 
expression is observed during the development of the disease.15,16 
However, the underlying mechanism of DNMT-1 overexpression 
in human cancer cells, especially in PC cells, remains unclear.

MicroRNAs (miRs) are a class of small non-coding RNAs 
which participate in posttranscriptional regulation of gene 
expression in eukaryotic organisms. miRs function via complete 
or partial matching to target mRNA at their 3′ untranslated 
regions (UTR). This usually results in gene silencing through 
translational repression or target degradation. Currently more 
than 1500 miRs have been identified in human being which are 
believed to influence and control the expression of approximately 
30% of human genes and most genetic pathways.17 It is becom-
ing clear that deviations from normal pattern of miR expression 
are associated with various human diseases, like lung, colon and 
PCs.18,19 Hence mutations in miRs, dysfunction of their biogen-
esis, and dysregulation of their target interactions may play roles 
in carcinogenesis in pancreas.19,20

In the current study, we investigated the role of miR-148b and 
-152 in the regulation of DNMT-1 and whether it can return 
normal pattern methylation of TSGs in PC cells. Additionally, 
we characterized several factors, including modulation of the 
expression of TSGs after returning the methylation patterns of 
their promoters, as well as apoptosis induction and inhibition of 
PC cells proliferation.

Results

DNMT-1 is a direct target of miR-148b and miR-152
We analyzed the 3′-UTR of DNMT-1 as potential target 

sites for different miRNA binding sites in online tools. For this 
issue we combined bioinformatic algorithms including miRanda 
(http://www.microrna.org/microrna/searchMirnas.do),21 Pic-
Tar (http://www.pictar.mdc-berlin.de/),22 Microcosm (http://
www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/), and 
TargetScan 4.0 (http://www.targetscan.org/).23 Interestingly, a 
group of miRs including miR-148b and -152 showed sequence 
complementarity to the same region in the 3′-UTR of DNMT-1 
gene.

To verify these miRs target interactions, we cloned the 
DNMT-1 complementary site into the 3′-UTR of the Renilla 

luciferase gene in psiCHECK™-2. This plasmid was co-trans-
fected with miR-148b, -152 and scrambled in MIA PaCa-2 and 
AsPC-1 cells. As shown in Figure 1A, miR-148b and -152 mark-
edly reduced the luciferase activity compared with the scrambled 
oligonucleotide. Transfecting miR-148b and -152 into MIA 
PaCa-2 cell line decreased the luciferase activity to 44% ± 0.51% 
and 48% ± 0.41% respectively in comparison with the control 
(P < 0.05), while in AsPC-1 cell, the luciferase activity decreased 
to 41% ± 0.81% and 50% ± 0.71% respectively. These results 
suggested that DNMT-1 can be considered as a candidate target 
gene for miR-148b and -152 and also its 3′-UTR is a functional 
target site for these miRs in PC cells.

MiR-148b and miR-152 have the ability to downregulate 
DNMT-1

To confirm the hypothesis that overexpression of miR-148b 
and -152 downregulate DNMT-1 mRNA expression in PC cell 
lines, we transfected pre-miR-148b, -152 or a scrambled oligo-
nucleotide into MIA PaCa-2 and AsPC-1 and measured levels 
of DNMT-1 mRNA by quantitative real-time PCR. As shown 
in Figure 1B, the overexpression of miR-148b and -152 caused 
reductions in the level of DNMT-1 mRNA in MIA PaCa-2 to 
0.47 ± 0.031 and 0.418 ± 0.025 respectively, and in AsPC-1 to 
0.50 ± 0.049 and 0.46 ± 0.090 respectively.

Overexpression of miR-148b and -152 decreases the meth-
ylation level of BNIP3, SPARC, PENK, and TFPI-2 promoter 
regions in MIA PaCa-2 and AsPC-1 cell lines

The observation that miR-148b and -152 target DNMT-1 sug-
gested that expression of these miRs contributes to the DNA epi-
genetic modifications of promoters of target genes (i.e., SPARC, 
BNIP3, TFPI-2, and PENK ). In order to evaluate the effects of 
the methylation changes on gene expression, we first analyzed 
the methylation pattern of SPARC, BNIP3, TFPI-2, and PENK 
promoters by HRM curve analysis. During each HRM analysis 
standard methylated controls (0%, 25%, 50%, 75%, and 100%) 
were analyzed parallel to the samples (Fig. 2).

Overexpression of miR-148b and -152 decreases the DNA 
methylation levels of SPARC, BNIP3, TFPI-2, and PENK pro-
moter regions in AsPC-1 and MIA PaCa-2 cells (Table 1).

Overexpression of miR-148b and -152 increases the expres-
sion level of SPARC and BNIP3 genes

In the next step, in order to determine whether miR-148b 
and -152 regulate the expression level of SPARC, BNIP3, TFPI-
2, and PENK genes by altering promoter methylation status of 
these genes, we examined the expression levels of these genes. 
Transfection of MIA PaCa-2 cells with precursors of miR-148b 
and -152 after 48 h increased the expression of BNIP3 to 4.7 ± 
0.86 and 3.8 ± 0.76 respectively (P < 0.05) and SPARC to 5.3 ± 
0.9 and 2.9 ± 0.32 respectively (P < 0.05) in comparison to non-
transfected cells (Fig. 3). Similar effects of miR-148b and -152 
were also seen in AsPC-1 cells. However in the expression level of 
PENK and TFPI-2 genes no significant change was seen.

MiR-148b and -152 inhibit the proliferation of MIA PaCa-2 
and AsPC-1 cells and induce apoptosis by targeting DNMT-1

In order to understand the functional role of miR-148b and 
-152, we evaluated the impact of these miRs on cellular prolifera-
tion using MTT proliferation assay in MIA PaCa-2 and AsPC-1 
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cells. As shown in Figure 4A transfecting miR-148b and 
-152 into MIA PaCa-2 and AsPC-1 cell line after 72 h 
decreased proliferation of these cells up to 35% ± 8% and 
37% ± 9% (mean ± SE) respectively while these miRs 
in AsPC-1 cells decreased the proliferation up to 39% ± 
13% and 40% ± 11% of control respectively (P < 0.05).
We hypothesize that overexpression of miR-148b and 
-152 can inhibit PC cell proliferation.

The effect of miR-148b and -152 on the apoptosis of 
MIA PaCa-2and AsPC-1 cells was evaluated by staining 
the cells with Annexin-PI. As shown in Figure 4B and C, 
the ectopic expression of miR-148b and-152 in compari-
son to control miR induced apoptosis up to 11% ± 0.7% 
and 8% ± 1% respectively in MIA PaCa-2 cells while 
these miRs induced apoptosis in AsPC-1 up to 16% ± 
4% and 11% ± 1.5% respectively (P < 0.05). It can be 
hypothesized that overexpression of miR-148b and -152 
can induce apoptosis and reduced cell proliferation in PC 
cell lines.

Discussion

Hypermethylation at CpG islands of promoters and 
inactivation of multiple TSGs are common event in pan-
creatic cancer and it contributes to tumor growth.7,24 In 
pancreatic cancer, silencing TSGs might be due to abnor-
mal methylation of CpG islands within their promoter 
region.7,25 The underlying mechanism of hypermethyl-
ation in pancreatic cancer remains poorly understood.

One of the suggested mechanisms for the abnormal 
hypermethylation of these genes is dysregulated expres-
sion of DNMT-1 gene. Irregular DNMT-1 expression 
has been detected in several tumors26,27 supporting a role 
for DNMT-1 in tumorigenesis. Previous studies have 
shown that DNMT-1 expression is upregulated in pan-
creatic cancer15,16 though the mechanism for DNMT-1 
overexpression is not fully elucidated. Possible causes for 
DNMT-1 overexpression may be alterations in the expres-
sion of regulatory miRs.

There are several facts about the role of miRNAs 
in aberrant methylation of DNA through regulating 
DNMTs translation.28 A previous study has proved that 
miR-29b can indirectly target DNMT-1 and induce 
global DNA hypomethylation and reexpression of TSGs 
in acute myeloid leukemia.29

In the present study, we focused on the effect of miR-
148b and -152 on pancreatic cancer cells. These miRs 
have shown to be downregulated in pancreatic cancer cells.19,30 In 
addition miR-148b and -152 have been predicted to show intrigu-
ing complementarity to 3′-UTR of DNMT-1, these predictions 
have been done by several in silico methods for target gene pre-
diction such as MiRanda,21 PicTar,22 and TargetScan3.1.23

Our study showed that miR-148b and -152 exert its func-
tion by specifically targeting DNMT-1 in pancreatic cancer cell 
lines, and upregulation of these miRs downregulates DNMT-1 
(Fig. 1B). While overexpression of miR-148b and -152 inhibited 

the expression of DNMT-1, luciferase activity assay provided 
evidences that DNMT-1 was a direct target of miR-148b and 
-152. On the other hand miR-148b and miR-152 are specifically 
involved in the regulation of DNMT-1 expression. These results 
are in accordance with Braconi et al. study proving the role of 
these miRs on controlling DNMT-1 expression in cholangiocar-
cinoma.31 Another study showed that mir-342 targeted DNMT-1 
in colorectal cancer.32 DNMT-1 may be regulated by different 
miRs in various cell types. This hypothesis is consistent with the 

Figure 1. Mir-148b and -152 directly target DNMT-1. (A) MIA PaCa-2 and AsPC-1 
cells were transfected with the Renilla and firefly luciferase expression construct 
psiCHECK™-2 harboring DNMT-1 3′-UTR and miR-148b, miR-152, or scrambled 
miR. After 24 h, Dual-Luciferase assays were performed and the decrease in rela-
tive Renilla luciferase activity was observed, while no effect was detected with 
the scrambled miR. (B) MIA PaCa-2 and AsPC-1 were transfected with miR-148b 
and -152 or scrambled. After 48 h, DNMT-1 expression was evaluated by real-time 
quantitative PCR. The decrease in relative mRNA expression was evident with 
miR-148b and miR-152, while no effect was detected with the scrambled miR. 
Data represents mean ± SE from 3 independent experiments performed in tripli-
cates. *P < 0.05 vs. the control group.
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Figure 2. Normalized HRM standard curves and difference plot of Bnip3 gene. (A) Templates with different ratios (from 100% to 0%) of methylated DNA 
were amplified by BNIP3-specific primer and subjected to HRM analysis. (B) Difference plot of the same sample. Fluorescence of each control sample 
was normalized as differential signal against the unmethylated control. (C) Measurement of methylation status of BNIP3 gene in the MIA PaCa-2 cell line 
transfected with miR-148b. Fluorescence of each sample was normalized as differential signal against unmethylated control. After 48 h the percentage 
of DNA methylation for BNIP3 decreased from 100% to 50%. The difference in melt profiles are associated with different methylation states.
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proposed combinatorial miRNA target regulation, in which a 
given miRNA may have multiple different mRNA targets, and a 
given target might similarly be targeted by multiple miRs.23

Among different DNMTs, DNMT-1 contributes much more 
to the maintenance of methylation status in the chromosomes 
hence deregulated expression of DNMT-1 may play a causal role 
in cancer progression.11,33

In human pancreatic cancer, decreased expression of miRNAs 
such as miR-148b and -152 can contribute to increased level of 
DNMT-1. This phenomenon can subsequently lead to inhibition 
of critical TSGs through altered promoter methylation. Hence we 
provide insights about whether miR-148b and -152 are involved 
in the control of DNA methylation by targeting DNMT-1 in 
pancreatic cancer cells. In our study, we focused on four TSGs, 
namely, BNIP3, SPARC, PENK, and TFPI-2, in which another 
studies were observed to be silenced.34-37 Then the methyla-
tion level of these genes’ promoters was studied in MIA PaCa-2 
and AsPC-1 cells by high resolution melting curve analysis. As 
shown in Table 1, inhibition of DNMT-1 by miR-148b and -152 
decreased the methylation level of their promoters, which leads to 
reexpression of BNIP3 and SPARC genes (Fig. 3). These results 
indicate that DNMT-1 is necessary and sufficient to maintain 
aberrant CpG island methylation of BNIP3 and SPARC genes 
and miR-148b and -152 can restore the hypomethylation status 
of BNIP3 and SPARC TSGs by targeting DNMT-1 in pancreatic 
cancer cells. However we did not detect reexpression inTFPI-2 
and PENK genes at the mRNA level. One possible cause for this 
result is the effect of histone modification on the silencing of 
PENK and TFPI-2 in addition to aberrant promoter methyla-
tion38 which could not be restored by miR-148b and miR-152.

MiRNAs have recently been demonstrated to potentially 
play a significant role in tumorigenesis. Since miRs are negative 
regulators of gene expression, changes in the amounts of these 
non-coding RNAs can be tumorigenic if they target mRNAs 
for either a tumor suppressor or an oncogene.39 To date, hun-
dreds of different miRs regulate many known oncogenic and 
TSGs involved in the pathogenesis of cancer. It has been shown 
that miR-148b and -152 are downregulated in various types of 
cancers including pancreatic cancer.40,41 Reduced expression of 
these miRs in pancreatic cancer suggests a potential role of these 
miRs in tumorigenesis. We showed that introducing these miRs 
suppressed cell growth and induced apoptosis in these cell lines 
(Fig. 4). These findings suggest that miR-148b and -152 play the 
tumor-suppressive role. Another possible justification for this 
phenomenon is partly through decreasing DNMT-1 expression. 
According to this result, Bitzer et al. reported that inhibition of 
DNMT-1 through 5-azacytidine in human hepatoma, colon, 
renal, and lung cancer cells caused apoptosis.42

The demethylation and reexpression of TSGs such as BNIP3 
and SPARC after reducing DNMT-1 expression may be respon-
sible for decreased cell proliferation in pancreatic cancer cells.

BNIP3 belongs to the Bcl-2 family and the Bcl-2 homology 
domain-3-only subfamily.43 Induced expression of BNIP3 has 
been shown to lead to cell death in Rat-1 fibroblasts and MCF-7 
breast carcinoma cells.44 Thus, BNIP3 is considered to be a key 
regulator of hypoxia-induced cell death. Okamiet al. reported 

that restoration of Bnip3 in pancreatic cells caused cell death.34 
On the other hand SPARC is a TSG that is downregulated in 
pancreatic cancer cells. Restoration of this gene with miRNA-
148b and -152 may also cause growth suppression and apoptosis 
induction. Yiu et al. have shown that treatment of ovarian can-
cer cells with exogenous SPARC inhibits cell proliferation and 
induces apoptosis.45 In addition, expression of SPARC in ovar-
ian cancer cells resulted in reduced tumorigenicity in nude mice, 
suggesting that SPARC has a tumor-suppressor function.46 In 
the previous reports, addition of exogenous Sparc protein inhib-
ited the proliferation of pancreatic cancer cells,35,47 suggesting a 
growth-inhibitory effect of Sparc.

In summary, our results revealed that overexpression of 
the DNMT-1 in pancreatic cancer cells could be the result of 
decreased levels of miR-148b and -152. Through downregulating 

Figure 3. MIA PaCa-2 and AsPC-1 were transfected with miR-148b and 
-152 or scrambled. After 48 h SPARC, BNIP3, TFPI-2, and PENK expression 
was evaluated by real-time quantitative PCR. MiR-148b and -152 induced 
increased expression of BNIP3 and SPARC genes, while these miRs 
showed no effect on TFPI-2 and PENK gene expression. Data represents 
mean ± SE from 3 independent experiments performed in triplicates. 
*P < 0.05 vs. the control group.

Table 1. The effect of miR-148b and -152 on demethylation of TSG

Experiment BNIP3 SPARC TFPI-2 PENK

MIA PaCa-2 100% 100% 50% 100%

AsPC-1 75% 50% 100% 50%

MIA PaCa-2 + miR scrambled 100% 100% 50% 100%

AsPC-1 + miR scrambled 75% 50% 100% 50%

MIA PaCa-2 + miR-148b 50% 50% 25% 75%

MIA PaCa-2 + miR-152 50% 50% 25% 75%

AsPC-1 + miR-148b 25% 25% 50% 25%

AsPC-1 + miR-152 50% 25% 25% 25%

Note: MIA PaCa-2 and AsPC-1 were transfected with miR-148b and -152 or 
scrambled. After 48 h methylation level of TSGs promoter was evaluated 
by HRM analysis. Data represents mean from 3 independent experiments 
performed in triplicates.
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DNMT-1 expression, miR-148b and -152 led to reactivation of 
TSGs via decreasing methylation of promoters.

Furthermore, miR-148b and -152 can significantly suppress 
pancreatic cell proliferation and induce apoptosis. Results of this 
study offer a robust motivation for developing epigenetic therapies 
that use synthetic miRNAS such as miR-148b and -152, alone or 
in combination with other treatments, to reactivate TSGs and 
normalize abnormal patterns of methylation in pancreatic can-
cer cells. Because decreased expression of miR-148b and -152 is 
detected in other common human cancers, this approach may be 
considered for other types of cancers too.

Materials and Methods

Cell culture
MIA PaCa-2 and AsPC-1, human PC cell lines were obtained 

from National Cell Bank of Iran (Pasteur Institute of Iran). The 
MIA PaCa-2cells were grown in Dulbecco’s modified Eagle’s 
medium (DMEM), (Life Technology, 12100046) and AsPC-1 
cells were grown in Roswell Park Memorial Institute (RPMI), 
1640 medium (Life Technology, 11875119). Media were supple-
mented with l-glutamine, antibiotics (100 units/mL of penicillin 

and 100 μg/mL of streptomycin) and 10% fetal bovine serum 
(Life Technology, 1600044). The cells were maintained at 37 °C 
in 5% CO

2
.

MicroRNA transfections
Pre-miR miRNA precursors of pre-miR-148b, pre-miR-152, 

and control pre-miR precursor (scrambled) were purchased from 
Ambion (Life Technology, AM17102). Each well of a 24-well 
plate was seeded by 0.8 × 106 cells 1 d before transfection. When 
the confluence of seeded cells reached to 80%, they were trans-
fected with 100 nM of synthetic pre-miR-148b, -152, or scram-
bled oligonucleotide (Ambion) using Lipofectamine 2000 (Life 
Technology, 11668019), according to the manufacturer proto-
col. After 6 h, the transfection medium was replaced with fresh 
medium containing 10% FBS. Transfected cell lines were har-
vested 24, 48, and 72 h post-transfection.

Luciferase assay
For luciferase reporter experiments, 3′-UTR of DNMT-1 

(region 5079–5400, in NM_001130823) was amplified using the 
following primers: CTCGAGACTA GTTCTGCCCT CCC-
GTCAC (forward), and GCGGCCGCCA AATCACGAAT 
ACCCAC (reverse). Bold sequences indicate the endonuclease 
restriction site. PCR was performed in a total volume of 25 μL 

Figure 4. MiR-148b and -152 induce cell death and apoptosis in MIA PaCa-2 and AsPC-1. (A) MIA PaCa-2 and AsPC-1 cells were transfected with 100 nM miR-
148b and -152 precursors or scrambled. Cell proliferation was assessed by MTT proliferation assay. (B) Percentage of apoptosis is increased after transfec-
tion of mir-148b and -152. MIA PaCa-2 and AsPC-1 were transfected with miR-148b and miR-152 or scrambled miR. Two day later, the cells were stained 
with Annexin-PI. The rate of apoptosis in the cells increased significantly after treatment with miR-148b and miR-152, while no effect was detected with 
the scrambled. Data represents mean ± SE from 3 independently performed experiments. *P < 0.05 vs. the control group. (C) Representative histograms 
depicting apoptosis of MIA PaCa-2 cell transfected with miR-148b and -152 or scrambled.
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with 100 ng of genomic DNA, 10 pmol of each primer, 2 mM 
MgCl

2
, 200 mM dNTP, and 1.5 unit Pfu polymerase (Fermen-

tas, EP0501), under the following conditions: 95 °C for 5 min; 
and 30 cycles of 95 °C for 1 min, 57 °C for 30 s, 72 °C for 1 min, 
and final extension in 72 °C for 10 min.

After Taq polymerase (Cinnagen) treating, The PCR prod-
uct was cloned into pTZ57R/T (Fermentas, K1214). Insertion of 
the PCR product into pTz57R/T was confirmed by colony-PCR 
with M13 forward and reverse primers.

The product was then digested out from T vector with NotI 
(Fermentas, ER0571) and Xho1 (Fermentas, ER0691) and 
inserted into psiCHECK™-2 Vector (Promega, C8021) imme-
diately downstream to the stop codon of renilla luciferase.

Luciferase assays were performed with Dual-Glo® Luciferase 
Assay System (Promega, E2940). In order to perform this test, 
4–5 × 104 of MIA PaCa-2 and AsPC-1 cells were plated into 
each well of a 48-well plate 1 d before transfection. The cells 
were transfected with 400 ng psiCHECK™-2 Vector harboring 
DNMT-1 3′-UTR and 100 nM of each precursor miRs (148b, 
152, or scrambled miRs) using Lipofectamine 2000 reagent (Life 
Technology) according to the manufacturer protocol. Lucifer-
ase activities were measured 24 h after transfection using dual-
luciferase reporter assay system (Promega). The multiwell plate 
luminometer Renilla luciferase activity was normalized to that of 
firefly luciferase.

Genomic DNA bisulfate modification
Genomic DNA was isolated from MIA PaCa-2 and AsPC-

1after treatment with each precursor miRs (148b, 152, or scram-
bled miRs) using the DNeasy® Blood and Tissue Kit (Qiagen, 
69581). One and a half micrograms of genomic DNA was modi-
fied using EZ DNA methylation Gold kit (Zymo Research, 
D5006) according to the manufacturer’s instructions. The eluted 
DNA (10 μL) was used for high resolution melting (HRM) curve 
analysis. EpiTect Control DNAs (Qiagen, 59655) was used as 
100% methylated and unmethylated controls.

Primer design for HRM and real-time PCR analysis
Primers for SPARC, BNIP3, TFPI-2, and PENK were 

designed with MethylPrimer Express V1.0 software (ABI) and 
Methprimer (http://www.urogene.org/methprimer/index.html). 
Then BLAST was performed using methBLAST (http://www.
medgen.ugent.be/methBLAST).

Primers for real-time PCR were designed with AlleleID 6. To 
determine the specificity of each primer BLAST was performed 
using NCBI Nucleotide software (http://blast.ncbi.nlm.nih.
gov/) (Table 2). All oligos were purchased from Metabion inten-
tional AG (Lena-Christ-Strasse).

HRM analysis
The bisulfite modified DNA was amplified using primer pairs 

(Table 2) that specifically target the methylated sequences of the 
target genes. Standard controls (25%, 50%, and 75%) were made 
by diluting 100% methylated with different ratios of unmethyl-
ated bisulfite-modified control DNA (Qiagen). These standards 
were included in each experimental run. The reaction mixture 
was made up of 10 μL Meltdoctor master mix (Life Technol-
ogy, 4415440), 10 ng of bisulfite-treated DNA, 200 nM of each 

primer, and PCR grade water in a final volume of 20 μL. PCR 
cycling and HRM were performed on a Rotor-Gene 6000TM 
(Corbett Research).

All reactions were performed according to the following con-
ditions: one cycle of 95 °C for 15 min; 40 cycles of 95 °C for 15 s, 
58 °C for 30 s, 72 °C for 20 s; and a final denaturation step from 
65 °C to 90 °C at intervals (ramps) of 0.1 °C/s.

HRM-curve analysis was performed using the Rotor Gene 
6000 software. A differential profile was then evaluated for each 
sample by comparing fluorescence at the melting point against 
the value of fluorescence of the unmethylated DNA. All experi-
ments were performed in triplicate. Melting curves were normal-
ized using the HRM software before and after the major fluores-
cence decrease.

RNA isolation, cDNA synthesis, and quantitative real-time 
PCR

Total RNA was isolated from MIA PaCa-2 and AsPC-1after 
transfection with each precursor miRs (148b, 152, or scrambled 
miRs) using RiboPurTM kit (Life Technology, AM1924). RNA 
concentration was determined by spectrophotometer (IMPLEN,) 
and RNA quality was evaluated by determining the A260/A280 
ratio. cDNA was synthesized by M-MuLV reverse transcriptase 
enzyme with 1 μg RNA using the cDNA synthesis kit (Fermen-
tas, EP0351) according to the manufacturer’s recommendations. 
In each experiment, for evaluation of the DNA contamination, 
2 RNA samples selected for negative controls, in which no reverse 
transcriptase added.

Twenty microliters of reverse transcription products were 
diluted (1:5) and 1 to 2 μL of them were used for real-time PCR. 
Real-time PCR reactions were performed in a volume of 25 μL 

Table 2. Primer sequence for HRM and real-time PCR analysis

Name of the gene
Sequence of oligonucelotides from 

5′ to 3′ for HRM analysis

BNIP3
Forward: AGTTTTTTTA TTAGTAGGAT GGAAAG

Reverse: AACGACCGCC TAAAATAAAC

SPARC
Forward: TTTGTTTGTT ATTGAGGTAT GTGTG

Reverse: CAAAACTTCC CTCCCTTACA C

PENK
Forward: TTAATTGTTT TGGGTTTGTT ATTTGG

Reverse: AAAAATRGAT CCCCCAACAC C

TFPI-2
Forward: CGTGTATGAA TTAGTTATTT TTTAGG

Reverse: AATARGRGAC TTTCTACTCC AAAC

Name of the gene
Sequence of oligonucleotides from 5′ to 3′ for 

real-time PCR analysis

DNMT-1
Forward: CGAGTTGCTA GACCGCTTCC

Reverse: CTGTTTGGGT GTTGGTTCTT TG

BNIP3
Forward: GATTGGGGAT CTATATTGGA AGG

Reverse: ACCCCAGGAT CTAACAGCTC

SPARC
Forward: TGGCGAGTTT GAGAAGGTGT G

Reverse: TTGCAAGGCC CGATGTAGTC

PENK
Forward: CTCCATCCGA ACAGCGTCAA C
Reverse: AAGCCAGGAA GTTGATGTCG G

TFPI-2
Forward: GCACCATGGA CCCCGCTC

Reverse: GCGTTATTTC CTGTTGGCTC C
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containing 140 ng of specific primers (Table 2) and 12.5 μL 
SYBR green master mix (Life Technology, 4309155) in the fol-
lowing condition:

Initial denaturing: 95 °C for 10 min, followed by 40 cycles 
of denaturing at 95 °C for 30 s, annealing at 59 °C for 40 s, and 
extension at 72 °C for 30 s. Beta actin was used as an internal 
reference gene. Statistical analysis for relative mRNA expression 
was performed by REST proposed by Pfaffl.48 Fold change and 
P value (< 0.05) were estimated by REST, where all requirements 
of this software was considered.

For each primer, the efficiency of amplification was examined 
by measuring the degree of amplification from a serially 4-fold 
diluted cDNA template. A standard curve containing 5 dilution 
points was measured in triplicate. All PCR assays displayed effi-
ciencies between 1.8 and 2.0.

Cell proliferation analysis
Cell proliferation assay was performed using 3-(4, 5-dimeth-

ylthiazole-2-yl)-2, 5-biphenyl tetrazolium bromide (MTT) 
(Sigma, M2128). Briefly, MIA PaCa-2 and AsPC-1 cells (3 × 
104 cells/well in 96-well microplates) were transfected with pre 
miR-148b, -152, or negative control. After 72 h cells were incu-
bated by MTT (500 μg/mL), the supernatants were discarded 
and the insoluble formazan was dissolved by dimethylsulphoxide 
(DMSO). The optical density was measured at 540 nm (refer-
ence wavelength: 630 nm) and then cell viability was defined 
relative to untreated control cells; viability = 100 × (absorbance 

of treated sample) / (absorbance of control). All experiments were 
repeated 3 times, and the average results were calculated.

Apoptosis assay
MIA PaCa-2 and AsPC-1 cells (1 × 104 for each well) were 

seeded into 24-well plate one day before transfection. Thereafter 
scrambled oligonucleotides, pre-miR-148b or -152 were trans-
fected at a final concentration of 100 nM, by Lipofectamine 
2000 (Life Technology), according to the manufacturer’s proto-
col. After 48 h, cells were harvested and resuspended in bind-
ing buffer containing annexin V–FITC and propidium iodide 
according to the instructions of the supplier (Roche Applied 
Sciences, 11858777001) and were analyzed by flow cytometery. 
Each sample was run in triplicate.

Statistical methods
All experiments were repeated at least three times. Results are 

expressed as the mean ± standard error (SE). Differences between 
groups were analyzed by analysis of variance (ANOVA) with 
subsequent post hoc Tukey test for sub-two group comparison. 
P value < 0.05 was considered significant.
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