
Chin Med Sci J                                                              Vol. 27,  No. 2 
June  2012                                                                    P.  65-72 

CHINESE 
MEDICAL SCIENCES 

JOURNAL  
ORIGINAL  ARTICLE 
 

PTEN and PDCD4 are Bona Fide Targets of microRNA-21 
in Human Cholangiocarcinoma△

 
Chang-zheng Liu1†*, Wei Liu2†, Yi Zheng2, Jin-mei Su3, Jing-jing Li2, 

Lan Yu2, Xiao-dong He2, and Song-sen Chen1* 
 

1Department of Biochemistry, National Laboratory of Medical Molecular 
Biology, Institute of Basic Medical Sciences, Chinese Academy of 

Medical Sciences & Peking Union Medical College, 
Beijing 100005, China 

2Department of General Surgery, 3Department of Rheumatology, 
Peking Union Medical College Hospital, Chinese Academy of 

Medical Sciences & Peking Union Medical College, 
Beijing, 100730, China 

 
Key words:  cholangiocarcinoma; microRNA-21; phosphatase and tensin homolog; 

programmed cell death 4 
 
Objective  To investigate the expression profile of microRNA-21 in human cholangiocarcinoma tis-

sues and to validate its bona fide targets in human cholangiocarcinoma cells.  
Methods  The expression profile of microRNA-21 in human cholangiocarcinoma tissues and cholan-

giocarcinoma cell line, QBC939, was evaluated by using real-time PCR analysis. The bona fide targets of  
microRNA-21 were analyzed and confirmed by dual luciferase reporter gene assay and western blot, respec-
tively. The expressional correlation of microRNA-21 and its targets was probed in human cholangiocarci-
noma tissues by using real-time PCR, locked nucleic acid in situ hybridization (LNA-ISH), and immunohis-
tochemistry analysis. 

Results  Real-time PCR analysis revealed that microRNA-21 expression depicted a significant 
up-regulation in human cholangiocarcinoma tissues about 5.6-fold as compared to the matched normal bile 

 
Received for publication March 27, 2012. 
†These authors equally contribute to this work. 
*Corresponding author Chang-zheng Liu, Tel: 86-10-69156424, Fax: 86-10-65253005, E-mail: cz-liu@ibms.pumc.edu.cn; Song-sen Chen, 
Tel: 86-10-69156424, Fax: 86-10-65253005, E-mail: chen_ss@263.net  
△Supported by Institute of Basic Medical Sciences (2009PY13 and 2010PYZ18) and the National Natural Science Foundation of China 
(81100608 and 30901342). 

 



66                             CHINESE MEDICAL SCIENCES JOURNAL                       June  2012 

 

duct tissues (P<0.05). The dual luciferase reporter gene assay revealed endogenous microRNA-21 in cholan- 
giocarcinoma cell line, QBC939, inhibited the luciferase reporter activities of wild-type PTEN (P<0.01) and 
PDCD4 (P<0.05) and had no this effect on mutated PTEN and PDCD4. Moreover, loss of microRNA-21 
function led to a significant increase of PTEN and PDCD4 protein levels in QBC939 cells. Elevated 
microRNA-21 levels were accompanied by marked reductions of PTEN and PDCD4 expression in the same 
cholangiocarcinoma tissue. 

Conclusion  microRNA-21 expression is up-regulated in human cholangiocarcinoma and PTEN, 
PDCD4 are direct effectors of microRNA-21. 

Chin Med Sci J 2012; 27(2):65-72 

 

ICRORNAs are small, 20- to 24-nucleotide 

non-coding RNAs found in diverse organisms.1 

They play important roles in multiple bio-

logical processes such as development, dif-

ferentiation, and cellular stress response.2, 3 Recent studies 

have revealed dysregulation of microRNAs correlates to 

various diseases including cancer.4, 5 Cholangiocarcinoma 

(CCA) is the second most common primary hepatic ma-

lignancy. Survival in CCA is dismal, usually measured in 

months. Moreover, the vast majority of patients are di-

agnosed at late stages, when surgery is not a viable op-

tion.6 Reports have demonstrated that deregulation of 

microRNAs is associated with CCA formation and progres-

sion.6 Therefore, microRNAs could be potential biomarkers 

for clinical diagnosis. 

Dramatic up-regulation of microRNA-21 has also been 

reported in multiple cancers and a few targets have been 

experimentally validated, including phosphatase and ten- 

sin homolog (PTEN), programmed cell death 4 (PDCD4), 

reversion-inducing-cysteine-rich protein with kazal motifs 

(RECK), tropomyosin 1 (TPM1), and tissue inhibitor of 

metalloproteinases 3 (TIMP3).6-12 Moreover, functional 

changes involved in these targets modulated by mi-

croRNA-21 were also found in tumorigenesis. Several 

questions remained unanswered. For example, are the 

above mentioned targets directly regulated by mi-

croRNA-21 in CCA? What is the correlation between mi-

croRNA-21 and its effectors in the same CCA tissue? In 

this study, the expression levels of microRNA-21 were 

evaluated in both CCA tissues and QBC939 cells by using 

real-time PCR or locked nucleic acid in situ hybridization 

(LNA-ISH) analysis. More importantly, we aimed to vali-

date the direct functional targets of microRNA-21 in CCA 

tissues and cells by using dual-luciferase reporter gene 

assay, western blot analysis, and immunohistochemistry 

analysis.   

MATERIALS AND METHODS 

Human CCA tissue specimen preparation and cell 

culture 

CCA tissue specimens and normal bile duct tissue speci-

mens adjacent to tumor obtained from 20 CCA patients 

were collected at surgery in Peking Union Medical College 

Hospital, immediately frozen and stored in liquid nitrogen 

until RNA extraction. The pathology of these specimens 

was confirmed by hematoxylin and eosin staining. The 

normal bile duct tissues were obtained from 3 donors with 

bile duct stones. The mean age of 13 male and 7 female 

CCA patients was 55 years. This study was approved by the 

Committee for the Conduct of Human Research and pa-

tient’s informed consent was obtained. 

The 293A and CCA cell line, QBC939 were conserved in 

our lab and grown in DMEM (GIBCO, USA) supplemented 

with 10% fetal bovine serum (Hyclone, USA) at 37°C in 5% 

CO2 cell culture incubator.  

 

RNA isolation and real-time quantitative PCR 

Total RNA was extracted from cells and tissues by using 

Trizol reagent (Invitrogen, USA). Real-time PCR of mi-

croRNA-21 was performed as the protocol supplied by ABI 

(USA). Real-time quantitative PCR analysis was conducted 

to detect the mRNA expression of PTEN (Forward: 5’- 

TGCAGAGTTGCACAATATCCTT-3’, Reverse: 5’-GTCATCTT- 

CACTTAGCCATTGGT-3’), PDCD4 (Forward: 5’-ATGAGCAC- 

AACTGATGTGGAAA-3’, Reverse: 5’-ACAGCTCTAGCAATA- 

AACTGGC-3’) and β-actin (Forward: 5’-CGTACCACTGG- 

CATCGTGAT-3’, Reverse: 5’-GTGTTGGCGTACAGGTCTTTG- 

3’). For these analyses, 1 μg of total RNA from the cell lines 

and tissues was converted to cDNA using SUPERSCRIPTTM 

Ⅲ First-Strand Synthesis System (Invitrogen) with the 

following incubations: 65°C for 5 minutes; 0°C for 1 minute; 

50°C for 50 minutes; 85°C for 5 minutes. Following cDNA 

synthesis, real-time quantitative PCR was performed on 

 M
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the ABI Prism 7500 HT Sequence Detection System (Ap-

plied Biosystems, USA) using SYBR® Green PCR Master Mix 

(Applied Biosystems) with the following cycling conditions: 

95°C for 10 minutes (initial denaturation), then 40 cycles 

of 95°C for 15 seconds, and 60°C for 1 minute. Real-time 

PCR analysis of mircoRNA-21 expression was performed in 

normal bile duct tissues, paired CCA tissues, and QBC939 

cells. U6snRNA served as loading control. Results repre-

sented three independent experiments. Mean±SD were 

obtained from three independent experiments.  

 

Plasmid construction and luciferase reporter gene 

assay

pRL-TK plasmid containing a cDNA encoding Renilla 

luciferase and pGL3-control plasmid containing a cDNA 

encoding Fly luciferase were obtained from Promega, USA. 

pRL-TK-21 PER plasmid containing microRNA-21 consen-

sus target sequence served as a positive control. The 

3'-untranslated regions (3'-UTRs) sequences of the human 

PTEN or PDCD4 mRNA were cloned into pRL-TK vector 

between the Not I and Xba I sites and denoted as PTEN_wt 

or PDCD4_wt, respectively. Primers for pRL-TK-21 PER, 

PTEN, and PDCD4 are shown in Table 1. Mutation of the 

referred mRNA sequence was created using a QuickChange 

Site-Directed Mutagenesis kit (Stratagene, USA). The 

mutant plasmids were denoted as PTEN_mut and 

PDCD4_mut, respectively. 

MicroRNA-21 mimic and the negative control, denoted 

as Ctrl-mimic were obtained from Ambion, USA. 

Anti-microRNA-21 and the corresponding negative control, 

scrambled oligonucleotide (here denoted as scramble), 

were products of Exiqon, Denmark.   

One day before transfection, 293A cells were plated in 

24-well plates at a concentration of 2×104 cells per well. 

These reporter plasmids, PTEN_wt (0.2 μg/well), PDCD4_wt 

(0.2 μg/well), PTEN_mut (0.2 μg/well), and PDCD4_mut 

(0.2 μg/well), and pGL-3 control (0.05 μg/well) were co-

transfected with either microRNA-21 mimic (50 nmol/L) or 

scramble (50 nmol/L), respectively. At 24 hours after 

transfection, cells were lysed for luciferase activity analysis 

using dual-Glo TM luciferase assay system (Promega, USA). 

The luciferase activity was normalized with that in cells 

treated with scramble. Results represented three inde-

pendent experiments. Mean±SD were obtained from three 

independent experiments. 

To further investigate the interaction between en-

dogenous microRNA-21 and its targets, QBC939 cells were 

seeded onto 24-well plates (2×104 cells per well) the day 

before transfection. PTEN_wt (0.2 μg/well), PDCD4_wt 

(0.2 μg/well), PTEN_mut (0.2 μg/well), and PDCD4_mut 

(0.2 μg/well) were cotransfected with pGL-3 control (0.05 

μg/well) into QBC939 cells, respectively. All transfections 

were carried out in triplicate using Effectene (Qiagen, 

Germany). Cell lysates were prepared and luciferase ac-

tivities were measured using the Dual Luciferase Reporter 

Assay and dual-Glo TM luciferase assay system (Promega, 

USA).  

 

Western blot 

QBC939 cells were transfected with anti-microRNA-21 or 

scramble. After 48 hours of transfection, Western blot 

analysis was performed as previously described12 and the 

membranes were blotted with antibodies for 2 hours at 

room temperature for PTEN, PDCD4, and GAPDH (rabbit 

polyclonal antibody to GAPDH from Santa Cruz, USA, used 

in 1/2000 dilution; rabbit polyclonal antibody to PTEN and 

PDCD4 from CST, USA, used in 1/1000 dilution). The 

membranes were incubated with the secondary antibody 

linked with horseradish peroxidase (HRP) against rabbit 

(1/5000 dilution; Santa Cruz, USA) for 1 hour. Exposure 

was performed by using Chemiluminescent Western Blot-

ting Kits (Pierce, USA). The signal was quantified by Kodak 

Imaging software and the ratio of PTEN or PDCD4 to 

GAPDH was determined. 

 
Table 1. Sequences of primers used for luciferase reporter gene assay 

                         Gene Sequences of primers 

pRL-TK-21PER  Forward 5’-CTAGATCAACATCAGTCTGATAAAGCTAGC-3’ 

 Reverse 5’-GGCCGCTAGCTTATCAGACTGATGTTGAT-3’ 

Wild-type  PTEN  Forward 5’-TCTAGACAAGAGGGATAAAACACC-3’ 

 Reverse 5’-GTCATCTTCACTTAGCCATTGGT-3’ 

Mutated PTEN Forward 5’-TGCAGAGTTGCACAATATCCTT-3’ 

 Reverse 5’-GTCATCTTCACTTAGCCATTGGT-3’ 

Wild-type PDCD4 Forward 5’-TCTAGAATAAGAACTCTTGCAG-3’ 

 Reverse 5’-GCGGCCGCGAGATTCAAAATTTACTG-3’ 

Mutated PDCD4 Forward 5’-TCTAGAATAAGAACTCTTGCAG-3’ 

 Reverse 5’-GCGGCCGCGAGATTCAAAATTTACTG-3’ 

PTEN: phosphatase and tensin homolog; PDCD4: programmed cell death 4. 
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LNA-ISH analysis 

LNA-ISH analysis of microRNA-21 expression was per-

formed as described previously.13 Five-micrometer-thin 

sections of formalin fixed, paraffin-embedded tissues 

adhered to glass slides were deparaffinized in three con 

secutive xylene baths for 1 minute each, followed by 1 

minute each in serial dilutions of ethanol (100%, 100%, 

95%, and 95%), and three changes of diethyl pyrocar-

bonate-treated water. Slides were then immersed in 0.3% 

H2O2 for 30 minutes at room temperature, washed thrice 

with diethyl pyrocarbonate-treated water, digested with 

400 μg/mL proteinase K (Roche, Switzerland) at 37°C for 

15 minutes, washed thrice with diethyl pyrocarbon-

ate-treated water, submerged in 95% ethanol for 1 minute, 

and air-dried completely. Slides were then hybridized in 

incubation chambers overnight at 37°C in an oven, using 

0.2 μmol/L LNA-modified probes diluted with mRNA ISH 

solution (DAKO, Denmark). After hybridization, slides were 

rinsed thrice in 0.5×SSC, washed for 30 minutes at 50°C in 

0.5×SSC/0.1% Brij35 (Sigma, USA), and rinsed twice in 

TBS. An anti-FITC horseradish peroxidase (HRP)-conju- 

gated antibody (DAKO, Denmark) at 1:100 dilution in 

TBS/1% bovine serum albumin was applied to the slides for 

60 minutes at room temperature, followed by three washes 

in TBS/0.1% Tween 20 (TBS-T). For amplification of an-

tibody signals, FITC-conjugated phenol (fluorescyl-tyra- 

mide, DAKO, Denmark) was applied to the slides for 30 

minutes at room temperature, followed by three washes in 

TBS-T. Finally, an anti-FITC antibody conjugated to HRP 

(DAKO, Denmark) was added to the slides for 30 minutes 

at room temperature, followed by three washes in TBS-T. 

The reaction products were visualized using a 50 mg/dL 3, 

3′-diaminobenzidine tetrahydrochloride solution contain-

ing 0.003% hydrogen peroxide.  

 

Immunohistochemistry 

Immunohistochemical staining was performed as follows. 

Paraffin-embedded tissue was pretreated at 65°C for 2 

hours, followed by deparaffinization using standard pro-

cedures. Antigen retrieval was performed in antigen re-

trieval solution before application of primary antibodies 

(rabbit polyclonal antibody to PTEN and PDCD4 from CST, 

used in 1/200 dilution) for 1 hour at room temperature. 

Slides were then incubated for 2 hours at room tempera-

ture with the secondary antibody against rabbit (1/500 

dilution), conjugated with HRP. HRP activity was detected 

using the Histostain-plus kit (Invitrogen, USA) according to 

the manufacturer’s instructions. Finally, the sections were 

counterstained with hematoxylin and mounted.  

 

Statistical analysis 

Microsoft Excel software was used for statistical analysis. 

Student's t test (two-tailed) was performed to compare two 

groups unless otherwise indicated (χ2 test). P<0.05 was 

considered as significant. 

RESULTS 

Up-regulation of microRNA-21 expression in CCA 

tissues and QBC939 cells 

Real-time PCR analysis showed the expression of mi-

croRNA-21 was consistently higher (about 5.6-fold) in CCA 

tissues compared with the tumor-adjacent normal tissues 

(P<0.05, Fig. 1B). Furthermore, microRNA-21 expression 

in QBC939 cells was also elevated compared with the 

normal bile duct tissues (P<0.05, Fig. 1C). 

 

PTEN and PDCD4 are direct targets of microRNA-21 

in CCA cells 

To validate PTEN and PDCD4 as bona fide targets of mi-

croRNA-21, we cloned the predicted target regions within 

PTEN’s and PDCD4’s 3'-UTR downstream of a Renilla 

luciferase reporter gene. Reporter gene assay in 293A cells 

revealed microRNA-21-dependent repression of these 

3'-UTRs, and mutation of these microRNA-21 sites abro-

gated the reduction in luciferase activities (Fig. 2A). 

To further verify this finding, we examined the regu-

lation of endogenous microRNA-21 on the binding sites 

located at 3’-UTR of PTEN and PDCD4 mRNA compared 

with seed mutants by using dual luciferase reporter gene 

assay. We observed that endogenous microRNA-21 in 

QBC939 cells could inhibit the luciferase activity of a re-

porter gene with the wild-type seed sequence but not for 

the mutants (Fig. 2B). Taken together, these findings in-

dicated the specificity of the interaction between mi-

croRNA-21 and its target regions located at the 3’-UTRs of 

PTEN and PDCD4 mRNA. 

 

Increased endogenous protein levels of PTEN and 

PDCD4 in QBC939 cells through inhibiting mi-

croRNA-21 

QBC939 cells transfected with anti-microRNA-21 achieved 

a greater than 80% inhibition of microRNA-21 levels    

(Fig. 3A). Western blot showed the expressions of PTEN 

and PDCD4 protein in QBC939 cells after anti-microRNA-21 

treatment were increased compared with the scram-

ble-treated QBC939 cells (Fig. 3B), while the mRNA ex-

pression level of these targets did not show the same trend 

(Fig. 3C). 
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Figure 1.  Relative ratio of microRNA-21 expression in 20 cholangiocarcinoma (CCA) and matched normal tissue specimens, as well as in 

QBC939 cells detected by using real-time PCR analysis.  

A. Relative ratio of microRNA-21 mRNA expression in the CCA tissues is higher than that in the matched normal tissues.  

B. Average ratio of microRNA-21 mRNA expression in the matched normal tissues and CCA tissues. U6 snRNA serves as control.

Data were expressed as mean±SD (n=3), *P<0.05.  

C. Relative ratio of microRNA-21 mRNA expression in normal bile duct and QBC939 cell line. U6 snRNA serves as control. Data

were expressed as mean±SD (n=3), *P<0.05. 

Figure 2.  microRNA-21 inhibits the activity of PTEN and PDCD4 reporters. 

A. Ectopic expression of microRNA-21 induced by microRNA-21 mimic markedly suppresses the activity of wild-type PTEN and 

PDCD4 reporters. Error bars are derived from six experiments in triplicate. *P<0.05, **P<0.01 compared with relative 

luciferase activity in 293A cells transfected with Ctrl-mimic. 

B. Endogenous microRNA-21 remarkably inhibits the activity of wild-type PTEN and PDCD reporters. Error bars are derived from 

six experiments in triplicate. *P<0.05, **P<0.01 compared with relative luciferase activity in QBC939 cells transfected with

PTEN_wt or PDCD4_wt. 

Figure 3.  microRNA-21, PTEN, and PDCD4 expression levels in QBC939 cells after transfection of anti-microRNA-21 or scramble detected 

using Western blot and real-time PCR. 

A.  Relative luciferase activity of microRNA-21 in QBC939 cells after cotransfection of pRL-TK-21PER with anti-microRNA-21 for 

48 hours was markedly inhibited. Error bars are derived from six experiments in triplicate. **P<0.01 compared with relative 

luciferase activity in QBC939 cells transfected with scramble.  

B. After 48 hours of transfection, Western blot analysis showed PTEN and PDCD4 expressions in QBC939 cells transfected with

anti-microRNA-21 markedly increased compared with cells transfected with scramble. 

C. Relative mRNA expressions of PTEN and PDCD4 in QBC939 cells transfected with anti-microRNA-21 or scramble for 48 hours 

respectively were analyzed by using real-time PCR. β-actin serves as control. The specificity of every real-time PCR was 

assessed with melting a curve in a tentative test (n=3). 
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A negative correlation between microRNA-21 and 

PTEN, PDCD4 in the same CCA sample 

Real-time PCR (Fig. 4A) and LNA-ISH analysis (Fig. 4B) 

indicated that microRNA-21 expression was markedly 

up-regulated in CCA sample 1(#1) and sample 4(#4) 

about 3.5-fold (P<0.05) and 2.9-fold (P<0.01), compared  

with the matched normal tissues, respectively. In contrast, 

PTEN and PDCD4 expressions were reduced as compared 

to the matched normal tissues, shown by immunohisto-

chemistry analysis (Fig. 4C).  

DISCUSSION 

CCAs are aggressive cancers, with high mortality and 

poor survival rates. Only radical surgery offers patients 

some hope of cure; however, most patients are not sur-

gical candidates because of late diagnosis secondary to 

relatively poor accuracy of diagnostic means.14, 15 Pre-

Figure 4.  A negative correlation between microRNA-21 and PTEN, PDCD4 is indicated in the same CCA samples.  

The CCA sample 1 and 4 were denoted as #1 and #4, respectively. NC: matched normal tissue. 

A. Relative expression level of microRNA-21 in 2 pairs of CCA tissues and matched normal tissues analyzed by using real-time 

PCR. U6 snRNA serves as control. The specificity of every real-time PCR was assessed with melting a curve in a tentative test 

(n=3). *P<0.05, **P<0.01 compared with NC.  

B. LNA-ISH analysis was performed to detect microRNA-21 in 2 pairs of CCA tissues. U6 snRNA serves as control. HRP ×20 

C. Expression of PTEN and PDCD4 was studied by using immunohistochemistry, which showed that PTEN and PDCD4 were 

down-regulated in CCA tissues, compared with the matched normal tissues. HRP ×100 
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vious studies have demonstrated that microRNA-21 acts 

as an oncomir through complex regulatory network in 

multiple human cancers including CCAs.6, 16-18 However, 

the expression profile of microRNA-21 in CCA tissues and 

CCA cell line, QBC939 is not well established. In this study, 

we demonstrated microRNA-21 expression levels were 

increased by using real-time PCR and LNA-ISH analysis in 

CCAs tissues and cell line, compared with the normal 

tissues. These data suggest that elevated microRNA-21 

expression is involved in cholangiocarcigenesis and   

microRNA-21 maybe plays the same role as in other 

cancers. 

One of the best ways to understand miRNA function is 

via the elucidation of functional targets. This usually  

involves analysis of changes in target protein following 

either a gain- or loss-of function of the specific miRNA.19-22 

In this study, we not only demonstrate that PTEN and 

PDCD4 are bona fide targets of microRNA-21 in CCA cell 

line, QBC939 through blocking microRNA-21 function by 

using anti-microRNA-21, but indicate a negative corre-

lation between microRNA-21 expression levels and its 

effectors, PTEN and PDCD4 proteins through LNA-ISH 

and immunohistochemistry analysis. These data provide 

strong evidence that PTEN and PDCD4 are direct targets 

of microRNA-21 in the formation and progression of 

CCA. 
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