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ABSTRACT
It is well known that microRNAs (miRNAs) play an important role in many diseases, including tumorigenesis. However, the mechanisms by

which miRNAs regulate pancreatic cancer (PC) development remain poorly understood. In the present study, we assayed expression level of

miR-301a in PC tissues by real-time PCR, and defined the target gene and biological function by luciferase reporter assay and Western blot

analysis. We first verified that the expression level of miR-301a was significantly increased in PC tissues. Moreover, miR-301a overexpression

promoted PC cell proliferation, whereas its depletion decreased cell proliferation. We further demonstrated that miR-301a directly targeted

30-UTR of Bim gene, and inhibited its protein expression in vitro and in vivo. Importantly, Bim re-expression reduced PC cell proliferation

induced by miR-301a. These data suggest an important role of miR-301a in the molecular etiology of PC and implicate the potential

application of miR-301a in PC therapy. J. Cell. Biochem. 113: 3229–3235, 2012. � 2012 Wiley Periodicals, Inc.
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P ancreatic cancer (PC) is one of the most aggressive

malignancies with worst prognosis, which is the fourth

leading cause of cancer-related deaths in the world [Lebedeva et al.,

2006]. Despite efforts made in multiple fields, there has been little

success in improving the disease-free survival rate of patients [Chen

et al., 2009]. The advances in suitable therapy for the purpose of

increasing survival rate have been limited because the pathophysi-

ological mechanisms causing this are not known. Therefore,

revealing the molecular mechanism for the PC development is

indispensable for developing effective therapy.

Bcl-2 family proteins appear to control a distal step in what might

represent a final common pathway for apoptotic cell death [Yan

et al., 2003]. The Bcl-2 family consists of both anti-apoptotic and

pro-apoptotic proteins with the balance of these proteins regulating

cell apoptosis [Drury et al., 2010]. Pro-apoptotic Bcl-2 family

members are further characterized as multi-domain or BH3-only

proteins. BH3-only proteins such as Bim sense apoptotic stimuli and

initiate apoptosis through activation of multi-domain pro-apoptotic

proteins such as Bak and Bax [Willis et al., 2005]. Depletion of Bim

enhances anchorage-independent survival in both transformed and

non-transformed cells [Marani et al., 2004; Woods et al., 2007].

Overexpression of Bim can trigger cell apoptosis by inducing

cytochrome c release from mitochondria [Liu et al., 2007]. However,

the regulation of Bim expression remains unclear.

There is increasing evidence that post-transcriptional regulation

of gene expression, mediated by microRNAs (miRNAs), plays an

important role in the control of cell proliferation, apoptosis, and

tumorigenesis [Hwang and Mendell, 2006; Saito et al., 2009; Bao

et al., 2011]. miRNAs are non-coding RNAs that have been highly

conserved during evolution and have emerged recently as potent

regulators of gene expression [Zeng et al., 2002]. Overexpression of

oncogenic miRNAs or underexpression of tumor suppressor miRNAs

plays pivotal roles in tumorigenesis [Bo et al., 2011]. Dong et al.

[2011] demonstrated that Bcl-2 upregulation induced by miR-21 via

a direct interaction was associated with apoptosis and chemoresis-

tance in MIA PaCa-2 PC cells. Aberrant expression of miRNAs, such

as miR-15a and miR-214 resulted in different cellular effects in PC

[Zhang et al., 2010]. Downregulation of miR-15a contributed to
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proliferation of PC cells, whereas upregulation of miR-214 in PC

specimens might be related to the poor response of PC cells to

chemotherapy. Zhang et al. [2010] further demonstrated that

miR-15a directly targeted multiple genes relevant in PC, suggesting

that it may serve as a novel therapeutic target for treatment of the

disease. A recent study showed that miR-301a is involved in PC

progression. Lee et al. [2007] investigated aberrant miRNA

expression in PC, and showed increased levels of miR-301a in PC

tissues. Lu et al. [2011] certified that miR-301a downregulated

NF-kB-repressing factor (Nkrf) and elevated NF-kB activation.

However, little is known whether miR-301a directly regulates cell

proliferation in PC development.

In the study, we showed that upregulated miR-301a promoted PC

cell proliferation, whereas its depletion decreased cell proliferation.

We further demonstrated that miR-301a directly targeted 30-UTR of

Bim gene. Importantly, Bim re-expression reduced PC cell

proliferation induced by miR-301a.

MATERIALS AND METHODS

CELL CULTURES AND TISSUE SAMPLES

Thirteen specimens of PC tissues and their adjacent benign tissues

were collected at Cancer Hospital, Fudan University, China from

2008 to 2010 (Table I). Written informed consent for the biological

studies was obtained from the patients involved in the study or from

their parents/guardians. The study was approved by the Ethics

Committee of the Fudan University.

BxPC-3 and Hs766T human PC cells were obtained from the

American Type Culture Collection (ATCC, Manassas, VA) and

maintained in RPMI 1640 medium containing 10% FBS (GIBCO,

Carlsbad, CA). HEK293 cells were maintained in DMEM containing

10% FBS and cultured at 378C with 5% CO2.

REAL-TIME POLYMERASE CHAIN REACTION (PCR)

Total RNA was extracted by using Trizol reagent (Invitrogen,

Carlsbad, CA), and the reverse-transcription reactions were

performed using an M-MLV Reverse Transcriptase kit (Invitrogen).

The gene-specific stem–loop RT primers for miRNAs, which were

released by the Sanger Institute, were designed according to Chen

et al. [2005]. Real-time PCR was performed using a standard SYBR

Green PCR kit (Toyobo, Osaka, Japan) and a Rotor-Gene RG-3000A

(Corbett Life Science, Sydney, New South Wales, Australia)

according to the instructions from the respective manufacturer.

U6 and b-actin were used as references for miRNAs and RNAs,

respectively. Each sample was analyzed in triplicate. The 2�DDCt

method was used to quantify the relative levels of gene expression.

LUCIFERASE REPORTER ASSAY

HEK293 cells (1–2� 105 cells/well) were plated in a 24-well plate

and then cotransfected with 20 nM of either miR-301a mimics or

miRNA control, 40 ng of either pGL3-Bim-30-UTR-WT or pGL3-

Bim-30-UTR-MUT, and 4 ng of pRL-TK (Promega, Madison, WI)

using LipofectamineTM 2000. HEK293 cells were collected 48 h after

transfection and analyzed using the Dual-Luciferase Reporter Assay

System (Promega). The pRL-TK vector was cotransfected as an

internal control to correct for differences in both transfection and

harvest efficiencies. Transfections were performed in triplicate and

repeated at least thrice in separate experiments.

WESTERN BLOT ANALYSIS

Western blot analysis was carried out on 10% SDS–PAGE. Briefly,

proteins were electrotransferred onto nitrocellulose filter. After

blocking for 1 h in PBS with 0.1% Tween 20 (PBST) and 5% BSA, the

membranes were incubated over night with specified primary

antibody in PBST containing 5% BSA. Detection was carried out by

the use of HRP conjugated IgG and DAB assay kit (Sigma, St. Louis,

MO). The antibodies used included Bim (Cell Signaling Technology,

Beverly, MA) and b-actin (Sigma). Western blot was scanned and

band intensity was quantified by using Quantity One Imaging

Software from Bio-Rad.

TREATMENT OF BxPC-3 WITH miR-301a MIMICS OR ITS INHIBITOR

Human PC cells BxPC-3 and Hs766T were plated in 24- or 6-well

plates and miR-301a mimics (GCUCUGACUUUAUUGCACUACU) or

its inhibitor (AGTAGTGCAATAAAGTCAGAGC; Ambion, Austin,

TX) were transfected at a final concentration of 20 nM by using

Lipofectamine 2000 (Invitrogen). Cells were harvested for Western

blot analysis or cell death assay at the indicated time points.

CELL PROLIFERATION ASSAY

Cell proliferation was determined by using CyQUANT Cell

Proliferation Assay (Invitrogen) according to the manufacturer’s

protocol. The fluorescence intensity was measured by using a

fluorescence microplate reader (Molecular Devices, Sunnyvale, CA).

pcDNA-Bim was constructed to re-express Bim by introducing a

BamHI–EcoRI fragment containing the Bim-mRNA into the same

sites in pcDNA3.1. The following primer sequences were selected:

sense primer, 50-CGGGATCCCGATGGCAAAGCAACCTTCTG-30, an-
tisense primer, 50-GGAATTCCCTATTTCTCTAACCTCCTTGC-30. Bim
was re-expressed in BxPC-3 cells treated with miR-301a, and the

numbers of cells per well were measured by the absorbance (450 nm)

of reduced WST-8 at 12, 24, 48, 60, and 72 h, respectively.

STATISTICAL ANALYSIS

All data were expressed as the mean� standard deviation (SD) from

at least three separate experiments. The differences between groups

TABLE I. Clinic-Pathological Characteristics of the Patients With

Pancreatic Cancer

Sample Age Gender Tumor stage Collection

1 43 M IV Surgical resection
2 70 M III Surgical resection
3 60 F III Surgical resection
4 55 M II Surgical resection
5 57 F IV Surgical resection
6 62 M III Surgical resection
7 41 M I Surgical resection
8 39 M IV Surgical resection
9 59 M I Surgical resection
10 64 M IV Surgical resection
11 73 F III Surgical resection
12 70 F II Surgical resection
13 64 M I Surgical resection

3230 miR-301a PROMOTES PANCREATIC CANCER JOURNAL OF CELLULAR BIOCHEMISTRY



were analyzed using the Student’s t-test. The difference was deemed

statistically significant at P< 0.05.

RESULTS

miR-301a LEVEL IS SIGNIFICANTLY INCREASED IN PANCREATIC

CANCER

In order to assess the role of miR-301a in PC development, we firstly

evaluated the different expression of miR-301a in PC tissues and

their adjacent benign tissues by using quantitative real-time PCR.

Figure 1 showed that miR-301a was expressed at low levels in

benign tissues, whereas miR-301a level was significantly increased

in PC tissues. Compared with the adjacent non-cancerous tissues,

miR-301a level was significantly upregulated in 11 pairs of PC

tissues (Fig. 1). These data indicate that upregulation of miR-301a

may be related to PC development.

miR-301a PROMOTES CELL PROLIFERATION AND SUPPRESSES

CELL APOPTOSIS IN VITRO

To study the biologic role of miR-301a in cell proliferation, the PC

cell lines BxPC-3 or Hs766T treated with miR-301a were analyzed.

The miR-301a levels were significantly increased in BxPC-3 cells

transfected with miR-301a mimics (Fig. 2A), and upregulated miR-

301a promoted BxPC-3 cell proliferation (Fig. 2B). Furthermore,

downregulated miR-301a by its inhibitor inhibited BxPC-3 cell

proliferation (Fig. 2C,D). Upregulated miR-301a also promoted

Hs766T cell proliferation (Fig. 2E,F), together with decreased

caspase-3 processing (Fig. 2G). These results suggest that

upregulated miR-301a positively regulates PC cell growth.

miR-301a DIRECTLY TARGETS BIM 3(-UTR
In order to identify the target gene of miR-301a in regulating PC cell

proliferation, we searched for candidate genes using TargetScan5.2

(http://www.targetscan.org/) and miRBase (http://www.mirba-

se.org/) miRNA databases. The Bim gene is one of the predicted

target genes of miR-301a (Fig. 3A), and the binding site sequence of

miR-301a (TTGCACTG) appears in isoforms 3, 4, and 10. We

constructed a firefly luciferase reporter contained 30-UTR of Bim,

and co-transfected HEK293 cells with the pGL3-promoter-Bim-30-
UTR and miR-301a. The reporter assay showed that miR-301a was

able to significantly repress luciferase expression of pGL3-

promoter-Bim-30-UTR (Fig. 3B), and mutation of 4 nt in the miR-

301a target sequence led to complete abrogation of the suppressive

effect (Fig. 3B). We further observed that miR-301a overexpression

decreased the Bim protein content in BxPC-3 cell (Fig. 3C). We next

assayed the Bim mRNA and protein level in the PC tissues, and a

significant negative correlation was observed between Bim

expression levels and the miR-301a expression levels in vivo

(Fig. 3D). These observations confirm that miR-301a inhibits

endogenous Bim in PC cells.

miR-301a PROMOTES PANCREATIC CANCER PROGRESSION BY

REPRESSING BIM

Bim is an important determinant of cells proliferation or apoptosis in

cancer development, and downexpression of Bim results in

abnormal cell growth. Therefore, we speculated that the role of

miR-301a in PC cell growth was mediated by regulating endogenous

Bim expression. The inhibition of Bim by miR-301a was partially

recovered after co-transfection with a plasmid-expressing Bim

(Supplementary Fig. 1). Figure 4 showed that BxPC-3 or Hs766T cell

proliferation was inhibited when Bim was re-expressed in BxPC-3

cells treated with miR-301a. These data confirm that miR-301a

promotes PC progression, at least in part by repressing endogenous

Bim.

DISCUSSION

Recent studies showed that miRNAs are involved in several

important biological events, such as cell growth and tumorigenesis

[Basu et al., 2011; Zhang et al., 2011]. miRNAs are known to act as

regulators in PC cell growth and to regulate PC development [Wang

and Sen, 2011]. Deregulation of some miRNAs, including miR-148,

miR-132, miR-15a, and miR-214, have been observed in PC [Zhang

et al., 2010, 2011; Liffers et al., 2011]. Liffers et al. demonstrated that

miR-148a was downregulated in human pancreatic ductal adeno-

carcinomas and regulated cell survival by targeting CDC25B.

Downregulation of miR-132 by promoter methylation contributed

to PC development. Downregulation of miR-15a contributed to

proliferation of PC cells, whereas upregulation of miR-214 in PC

specimens might be related to the poor response of PC cells to

chemotherapy. Patel et al. [2011] demonstrated the involvement of

miR-301a in immediate induction of plasminogen activator

inhibitor-1 by placental growth factor in human pulmonary

endothelial cells. Recently, the relationship between miR-301a

Fig. 1. miR-301a level was significantly increased in pancreatic cancer

tissues. The analysis of the miR-301a expression level was performed in

pancreatic tumor tissues (n¼ 13) and their adjacent benign tissues. Total

RNA was subjected to real-time RT-PCR to analyze the expression level of miR-

301a in each sample. U6 was used as a reference for miRNAs. Relative miR-

301a level of every sample was calculated with respect to a normal control.

Each sample was analyzed in triplicate. The 2�DDCt method was used to

quantify the relative gene expression levels.
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and PC was reported [Lu et al., 2011]. Lu et al. [2011] demonstrated

that miR-301a downregulated Nkrf and elevated NF-kB activation.

However, little is known whether miR-301a directly regulates cell

proliferation in PC development.

In the study, we firstly verified that the expression level of

miR-301a was significantly increased in PC tissues. miR-301a

overexpression promoted PC cell proliferation, whereas its depletion

decreased cell proliferation. We further demonstrated that miR-301a

directly targeted 30-UTR of Bim gene, and inhibited its expression.

Importantly, Bim re-expression reduced PC cell proliferation

induced by miR-301a. These data confirm that miR-301a promoted

PC progression, at least in part by repressing endogenous Bim.

Additionally, we found that miR-301a targets ZEB1 and ZEB2

mRNAs. However, miR-301a could not regulate PC cell metastasis

by targeting ZEB1 and ZEB2. There are already several miRNAs

implicated in PC development, such as miR-148 and miR-214. We

also found that miR-214 overexpression contributed to PC cell

growth, whereas miR-148 did not regulate PC cell proliferation.

Currently, we did not found the target gene of miR-214 in regulating

PC cell growth although miR-214 has predicted targets sites in the

Bim 30UTR.
The Bcl-2 family consists of both anti-apoptotic and pro-

apoptotic proteins with the balance of these proteins regulating cell

apoptosis. The life-death switch is governed by the BH3-only

Fig. 2. miR-301a promoted pancreatic tumor cells proliferation. A: BxPC-3 cells were treated with mature miR-301a and miR-301a expression level was assayed by real-time

PCR. The negative control (N.C.) is miR control (UUCUCCGAACGUGUCACGUTT). B: BxPC-3 cells were transiently transfected with miR-301a mimics, and at the indicated time

points, the numbers of cells per well were measured by using CyQUANT Cell Proliferation Assay kit. C,D: BxPC-3 cells were transiently treated with miR-301a inhibitor, and the

numbers of cells per well were measured by using CyQUANT Cell Proliferation Assay kit. The results show data from at least three independent experiments, expressed as the

mean� SD. �P< 0.05 versus miR control or inhibitor control. E,F: Hs766T cells were transiently treated with miR-301a, and the numbers of cells per well were measured by

using CyQUANT Cell Proliferation Assay kit. �P< 0.05. G: Western blot analysis for active caspase-3 (20 kDa) after BxPC-3 and Hs766T cells were treated with miR-301a for 24,

48, and 120 h.
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members of the Bcl-2 family, which reside upstream of Bax and Bak,

and promote apoptosis by directly activating Bax or Bak, or by

antagonizing the antiapoptotic activity of prosurvival Bcl-2 family

members [Cheng et al., 2001; Greenhough et al., 2010]. Bim is one of

the most powerful BH3-only proteins, able to engage all prosurvival

proteins [Certo et al., 2006]. Therefore, Bim is a tumor suppressor.

Chen et al. [2011] showed that one of the mechanism of Myc

inhibiting multiple myeloma cell apoptosis is through Myc activates

miR-17-92 cluster and subsequently down-modulates proapoptotic

protein Bim. Chen et al. [2004] demonstrated that overexpression of

Bim alpha3 results in cell apoptosis. Bim expression and activity is

controlled by both transcriptional and post-translational mechan-

isms. For example, Bim is transcriptionally upregulated by FoxO3a

in response to cytokine deprivation or PI3K-Akt pathway inhibition

and by CHOP-C/EBPa under conditions of ER stress [Dijkers et al.,

2000; Greenhough et al., 2010]. Qian et al. [2011] showed that

miR-24 inhibited apoptosis by repressing Bim expression by post-

translational mechanisms in mouse cardiomyocytes.

In conclusion, our data demonstrate that upregulated miR-301a

promoted PC cell proliferation by inhibiting Bim expression in vitro

and in vivo. Importantly, Bim re-expression reduced PC cell

proliferation induced by miR-301a. These data suggest an important

role of miR-301a in the molecular etiology of PC and implicate the

potential application of miR-301a in PC therapy.

Fig. 3. miR-301a directly targeted Bim 30-UTR. A: Schematic representation of the miR-301a site in Bim 30-UTR. B: The 30-UTR reporter assay was carried out in HEK293 cells
that overexpressed miR-301a. PGL3-promoter-Bim-30-UTR-WT or PGL3-promoter-Bim-30-UTR-MUT was co-transfected with pRL-TK using Lipofectamine 2000. Luciferase

assays were performed 48 h after transfection using the Dual-Luciferase Reporter Assay System. Firefly luciferase activity was standardized to Renilla luciferase control. An

asterisk indicates significantly different from the N.C. ( P< 0.05). C: Western blot analysis for endogenous Bim protein level using antibodies against Bim in BxPC-3 cells. N.C. is

miR control (UUCUCCGAACGUGUCACGUTT). D: Real-time PCR and Western blot analysis for Bim level in the randomly selected pancreatic cancer tissues, and a significant

negative correlation was observed between Bim expression levels and the miR-301a expression levels in vivo. Relative miR-301a or Bim mRNA level was calculated with respect

to N1. Western blot was scanned and band intensity was quantified by using Quantity one software (Bio-Rad).

JOURNAL OF CELLULAR BIOCHEMISTRY miR-301a PROMOTES PANCREATIC CANCER 3233



REFERENCES

Bao B, Ali S, Kong D, Sarkar SH, Wang Z, Banerjee S, Aboukameel A, Padhye
S, Philip PA, Sarkar FH. 2011. Anti-tumor activity of a novel compound-CDF
is mediated by regulating miR-21, miR-200, and PTEN in pancreatic cancer.
PLoS ONE 6:e17850.

Basu A, Alder H, Khiyami A, Leahy P, Croce CM, Haldar S. 2011. MicroRNA-
375 and microRNA-221: Potential noncoding RNAs associated with
antiproliferative activity of benzyl isothiocyanate in pancreatic cancer.
Genes Cancer 2:108–119.

Bo J, Yang G, Huo K, Jiang H, Zhang L, Liu D, Huang Y. 2011. microRNA-203
suppresses bladder cancer development by repressing bcl-w expression.
FEBS J 278:786–792.

Certo M, Del Gaizo Moore V, Nishino M, Wei G, Korsmeyer S, Armstrong SA,
Letai A. 2006. Mitochondria primed by death signals determine
cellular addiction to antiapoptotic BCL-2 family members. Cancer Cell 9:
351–365.

Chen JZ, Ji CN, Gu SH, Li JX, Zhao EP, Huang Y, Huang L, Ying K, Xie Y, Mao
YM. 2004. Over-expression of Bim alpha3, a novel isoform of human Bim,
result in cell apoptosis. Int J Biochem Cell Biol 36:1554–1561.

Chen C, Ridzon DA, Broomer AJ, Zhou Z, Lee DH, Nguyen JT, Barbisin M, Xu
NL, Mahuvakar VR, Andersen MR, Lao KQ, Livak KJ, Guegler KJ. 2005. Real-
time quantification of microRNAs by stem-loop RT-PCR. Nucleic Acids Res
33:e179.

Chen ZK, Lin LW, Weng XH, Xue ES, Lin YH. 2009. Interstitial chemotherapy
with ricin-loaded thermosensitive hydrogel in pancreatic cancer xenograft.
Hepatobiliary Pancreat Dis Int 8:418–423.

Chen L, Li C, Zhang R, Gao X, Qu X, ZhaoM, Qiao C, Xu J, Li J. 2011. miR-17-
92 cluster microRNAs confers tumorigenicity in multiple myeloma. Cancer
Lett 309:62–70.

Cheng EH, Wei MC, Weiler S, Flavell RA, Mak TW, Lindsten T, Korsmeyer SJ.
2001. BCL-2, BCL-X(L) sequester BH3 domain-only molecules preventing
BAX- and BAK-mediated mitochondrial apoptosis. Mol Cell 8:705–711.

Dijkers PF, Medema RH, Lammers JW, Koenderman L, Coffer PJ. 2000.
Expression of the pro-apoptotic Bcl-2 family member Bim is regulated by
the forkhead transcription factor FKHR-L1. Curr Biol 10:1201–1204.

Dong J, Zhao YP, Zhou L, Zhang TP, Chen G. 2011. Bcl-2 upregulation
induced by miR-21 via a direct interaction is associated with apoptosis and
chemoresistance in MIA PaCa-2 pancreatic cancer cells. Arch Med Res 42:
8–14.

Drury LJ, Wendt MK, Dwinell MB. 2010. CXCL12 chemokine expression and
secretion regulates colorectal carcinoma cell anoikis through Bim-mediated
intrinsic apoptosis. PLoS ONE 5:e12895.

Greenhough A, Wallam CA, Hicks DJ, Moorghen M, Williams AC, Paraskeva
C. 2010. The proapoptotic BH3-only protein Bim is downregulated in a
subset of colorectal cancers and is repressed by antiapoptotic COX-2/PGE(2)
signalling in colorectal adenoma cells. Oncogene 29:3398–3410.

Hwang HW, Mendell JT. 2006. MicroRNAs in cell proliferation, cell death,
and tumorigenesis. Br J Cancer 94:776–780.

Lebedeva IV, Sarkar D, Su ZZ, Gopalkrishnan RV, Athar M, Randolph A,
Valerie K, Dent P, Fisher PB. 2006. Molecular target-based therapy of
pancreatic cancer. Cancer Res 66:2403–2413.

Lee EJ, Gusev Y, Jiang J, Nuovo GJ, Lerner MR, Frankel WL, Morgan DL,
Postier RG, Brackett DJ, Schmittgen TD. 2007. Expression profiling identifies
microRNA signature in pancreatic cancer. Int J Cancer 120:1046–1054.

Liffers ST, Munding JB, Vogt M, Kuhlmann JD, Verdoodt B, Nambiar S,
Maghnouj A, Mirmohammadsadegh A, Hahn SA, Tannapfel A. 2011. Micro-
RNA-148a is down-regulated in human pancreatic ductal adenocarcinomas
and regulates cell survival by targeting CDC25B. Lab Invest 91:1472–1479.

Liu L, Chen J, Zhang J, Ji C, Zhang X, Gu S, Xie Y, Mao Y. 2007.
Overexpression of BimSs3, the novel isoform of Bim, can trigger cell
apoptosis by inducing cytochrome c release from mitochondria. Acta
Biochim Pol 54:603–610.

Lu Z, Li Y, Takwi A, Li B, Zhang J, Conklin DJ, Young KH, Martin R. 2011.
miR-301a as an NF-kappaB activator in pancreatic cancer cells. EMBO J
30:57–67.

Marani M, Hancock D, Lopes R, Tenev T, Downward J, Lemoine NR. 2004.
Role of Bim in the survival pathway induced by Raf in epithelial cells.
Oncogene 23:2431–2441.

Patel N, Tahara SM, Malik P, Kalra VK. 2011. Involvement of miR-30c and
miR-301a in immediate induction of plasminogen activator inhibitor-1 by
placental growth factor in human pulmonary endothelial cells. Biochem J
434:473–482.

Qian L, Van Laake LW, Huang Y, Liu S, Wendland MF, Srivastava D. 2011.
miR-24 inhibits apoptosis and represses Bim in mouse cardiomyocytes. J Exp
Med 208:549–560.

Saito Y, Suzuki H, Tsugawa H, Nakagawa I, Matsuzaki J, Kanai Y, Hibi T.
2009. Chromatin remodeling at Alu repeats by epigenetic treatment activates
silenced microRNA-512-5p with downregulation of Mcl-1 in human gastric
cancer cells. Oncogene 28:2738–2744.

Fig. 4. miR-301a promoted pancreatic cancer progression by inhibiting Bim. Bimwas re-expressed in pancreatic cells by co-transfecting pcDNA-Bim with with miR-301a, and

the numbers of cells per well were measured by the absorbance (450 nm) of reduced WST-8 at 12, 24, 48, 60, 72 h, respectively. The results show data from at least three

independent experiments, expressed as the mean� SD. �P< 0.05. N.C. is miR control (UUCUCCGAACGUGUCACGUTT).

3234 miR-301a PROMOTES PANCREATIC CANCER JOURNAL OF CELLULAR BIOCHEMISTRY



Wang J, Sen S. 2011. MicroRNA functional network in pancreatic cancer:
From biology to biomarkers of disease. J Biosci 36:481–491.

Willis SN, Chen L, Dewson G, Wei A, Naik E, Fletcher JI, Adams JM, Huang
DC. 2005. Proapoptotic Bak is sequestered by Mcl-1 and Bcl-xL, but not
Bcl-2, until displaced by BH3-only proteins. Genes Dev 19:1294–1305.

Woods NT, Yamaguchi H, Lee FY, Bhalla KN, Wang HG. 2007. Anoikis,
initiated by Mcl-1 degradation and Bim induction, is deregulated during
oncogenesis. Cancer Res 67:10744–10752.

Yan W, Huang JX, Lax AS, Pelliniemi L, Salminen E, Poutanen M, Toppari J.
2003. Overexpression of Bcl-W in the testis disrupts spermatogenesis:

Revelation of a role of BCL-W in male germ cell cycle control. Mol
Endocrinol 17:1868–1879.

Zeng Y, Wagner EJ, Cullen BR. 2002. Both natural and designed micro RNAs
can inhibit the expression of cognate mRNAs when expressed in human cells.
Mol Cell 9:1327–1333.

Zhang XJ, Ye H, Zeng CW, He B, Zhang H, Chen YQ. 2010. Dysregulation of
miR-15a and miR-214 in human pancreatic cancer. J Hematol Oncol 3:46.

Zhang S, Hao J, Xie F, Hu X, Liu C, Tong J, Zhou J, Wu J, Shao C. 2011.
Downregulation of miR-132 by promoter methylation contributes to
pancreatic cancer development. Carcinogenesis 32:1183–1189.

JOURNAL OF CELLULAR BIOCHEMISTRY miR-301a PROMOTES PANCREATIC CANCER 3235


