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Abstract. – OBJECTIVE: To investigate the 
role of mir-637 on the proliferation, migration 
and apoptosis in human cholangiocarcinoma 
(CCA) cell line QBC939, and the impact of mir-
637 on Cathepsin B (CTSB) expression. 

MATERIALS AND METHODS: Expression of 
mir-637 and CTSB in CCA tissues and adjacent 
non-tumor tissues were measured by Real-time 
PCR. CTSB expression in human CCA cell lines 
was detected with or without mir-637 exogenous 
overexpression through fluorescent quantita-
tive reverse transcriptase polymerase chain re-
action (qRT-PCR) method. The efficiency of len-
tivirus-mir-637 vector infection, and the effect 
of mir-637 on the proliferation, migration abili-
ty, apoptosis and cell cycle of CCA cell were de-
tected, respectively. The possibility of mir-637 
targeting CTSB was also tested by bioinformat-
ics method, correlation analysis and molecular 
biology method. 

RESULTS: Decreased mir-637 and increased 
CTSB expression were observed in CCA tis-
sue compared with adjacent non-tumor tissues. 
CTSB expression in mir-637 exogenously over-
expressed QBC939 cells decreased compared 
with negative control. Mir-637 overexpression 
caused significant decrease of proliferation and 
migration ability of QBC939 cell. In addition, 
mir-637 overexpression induced that the cell cy-
cle was blocked in G0/G1 phase, and cell apop-
tosis rate increased significantly. 

CONCLUSIONS: mir-637 and CTSB play an 
important role in the proliferation and migration 
of CCA cells. Mir-637 could inhibit CTSB expres-
sion significantly, which in-turn down-regulates 
the proliferation, migration and invasion abili-
ty of QBC939 cell, and promotes apoptosis in 
QBC939 cell line.

Key Words:
Cathepsin B, RNAi, Cholangiocarcinoma cell, Prolif-

eration, Apoptosis.

Introduction

Cholangiocarcinoma (CCA) is a malignant 
tumor originating from bile duct epithelial cells, 
and is a rare tumor accounting for less than 
2% of all cancers1. The incidence rate of CCA 
accounts for 3% to 5% of gastrointestinal can-
cer and 10% to 15% of hepatobiliary tumors 
reported globally2,3. CCA is not common in Eu-
rope and USA with recorded incidence ranging 
from 0.8 to 2 per 100,000; it has shown highest 
prevalence in Southeast Asia4. CCA incidence is 
gradually increasing in recent years and its com-
mon risk factor is chronic biliary inflammation5. 
Based on its location and surgical intervention, 
CCA is divided into intrahepatic bile duct and 
extrahepatic bile duct cancers6. The extrahepatic 
bile duct carcinoma is more common in CCA 
and is divided into upper third (hilar), middle 
third and lower third7. Similarities are seen be-
tween intrahepatic and extrahepatic CCA, but 
they hold distinct epidemiological and clinical 
features, especially their etiopathogenetic path-
ways8. The anatomical location and the occult 
clinical presentation make CCA to be diagnosed 
at a very late stage, thus making treatment 
of CCA difficult. The presentation of clinical 
symptoms often means that CCA has entered 
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the advanced stage, and the prognosis is very 
poor. Surgical treatment for CCA is effective 
only in the early stages9, and CCA is not sen-
sitive to chemotherapy. The recurrence rate of 
CCA in postoperative patients could reach to 
50% within 2 years10. Reports indicate that more 
than 50% of CCA patients receive only palliative 
treatment due to metastasis and the advanced 
progression of CCA11. The 5-year survival rate 
of CCA is about 5% to 15% 12. The invasiveness 
and metastatic features of CCA is an important 
factor affecting the survival of patients. Gener-
ally, surgical approach remains the best treat-
ment option, and the normal life expectancy for 
patients with unresectable intrahepatic CCA is < 
5% at 5 years, but increases to 20-44% at 5 years 
for patients having early stage disease (T1-T2) 
undergoing surgical intervention13.

Cathepsin B (CTSB) belongs to a family of 
lysosomal cysteine proteases and it plays an 
important role in intracellular proteolysis. It is 
encoded by the CTSB gene in humans. As one 
of the members of the cathepsin family, CTSB 
could alter the microenvironment of tumor by 
activating, processing or degrading different 
growth factors, cytokines and chemokines, fur-
ther remodeling extracellular matrix (ECM)14,15. 
Through activation of MMP2, MMP3 and pro-
moting the degradation of extracellular matrix 
by CTSB and urokinase plasminogen activator 
(uPA), the generation, migration and metastasis 
of new “parent tumor vessels” were promoted16. 
CTSB protein is usually located in the lyso-
somes, and acts on laminin, type I collagen, 
type IV collagen and other extracellular matrix 
components after these matrix proteins have 
been transferred or secreted to cytoplasm or 
extracellular. The over expression of CTSB is 
correlated with development and progression 
of a variety of tumors, especially in gastric 
cancer, lung cancer, liver cancer, head and 
neck cancer, breast cancer, prostate cancer, and 
ovarian cancer, etc.17. The expression of CTSB 
in CCA tissue tends to be significantly higher 
than that in adjacent tissues, and the expression 
of serum CTSB was inversely related to the 
prognosis of cholangiocarcinoma18,19. 

There were reports demonstrating that mir-
637, a primate specific miRNA, could inhibit the 
proliferation of hepatoma carcinoma cell (HCC) 
by disrupting the activation of signal transducer 
and activator of transcription 3 (STAT3)20. mir-
637 expression negatively correlates with the 
prognosis of glioma, and mir-637 also inhib-

its the occurrence, development and metastasis 
of glioma through regulating Akt expression21. 
Meanwhile, the activation of cathepsin B may 
be via Akt/PTEN pathway22. Caspases are a 
family of protease enzymes that play essential 
role in programmed cell death and inflamma-
tion. Reports23 indicate that CTSB, caspase-3 
and caspase-9 are correlated with the apoptosis 
in cancer cells. 

We speculated that mir-637 might inhibit the 
proliferation and migration of CCA cell by reg-
ulating CTSB and play an inhibitory effect on 
the viability of CCA cells. We used resected 
CCA tumor sample to investigate the expression 
of mir-637 and CTSB in tumor tissues, further 
using CCA cell line by exogenous overexpres-
sion of mir-637. Also, we investigated the role of 
mir-637 and CTSB on CCA proliferation and cell 
cycle distribution, further study their relationship 
in vitro.

Materials and Methods

Samples and Cell Lines
41 cases of resected CCA tissues and adjacent 

tissues (all were confirmed by pathology) were 
obtained from CCA patients from June 2014 to 
August 2015 in Jiangsu Province People’s Hos-
pital. The using of these tissues was approved 
by the Ethics Committee of the hospital. The 
informed consent form was signed by all the 
patients. All tissues were immediately frozen in 
liquid nitrogen after resection and stored at -80°C 
in refrigerator.

Human CCA cell lines QBC939, RBE, 
HuCCT1 normal bile duct cells HIBEpiC were 
purchased from Cell Bank of Type Culture Col-
lection (CTCC), Chinese Academy of Sciences 
(Shanghai, China). All cells were cultured in Ros-
well Park Memorial Institute-1640 (RPMI-1640) 
medium with 10% fetal bovine serum (FBS) 
(Ausbian, VS500T) with 100 IU/ml penicillin 
and 100 μg/ml streptomycin at 37°C in 5% CO2 
incubator.

Expression of mir-637 and CTSB in 
CCA Tissues and Cells

The tissue samples were cut into 3 mm × 3 mm 
× 3 mm cube in dry ice, and added into a 1.5 mL 
Eppendorf (EP) tube containing 1 mL TRIzol 
lysate. The RNA enzymes were inactivated for 
5-10 s. After grinding, the tissue suspension was 
centrifuged at 5000 rpm at 4°C for 3 min. The 
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supernatant was transferred into a new 1.5 mL 
Eppendorf (EP) tube. The cultured cells (6-well 
plate, 80% cell density) were centrifuged at 2000 
rpm for 5 min, the supernatant was removed and 
1 mL of TRIzol was added. After they were fully 
mixed for 5 min at room temperature, the suspen-
sion was transferred to a new 1.5 mL Eppendorf 
(EP) tube. 

The total RNAs was extracted using a RNA 
Isolation Kit (Pufei Biotech, Shanghai, China). 
cDNA was reverse transcripted. Human glyc-
eraldehyde -3- phosphate dehydrogenase (GAP-
DH) was used as the internal reference gene. 
SYBR Green I (qPCR SYBR-Green Master Mix, 
Vazyme Biotech, Nanjing, CHN) was used as 
fluorescent dye. The miRNA U6 was used to 
standardize miRNA-637 expression. The ampli-
fied sequence of U6 was: 5‘UUCUCCGAACGU-
GUCACGUUU3’; miRNA-637: 5’ACUGGGG-
GCUUUCGGGCUCUGCGU3’. The expression 
level of CTSB mRNA was detected by RT-PCR 
method. Total RNA was extracted using methods 
described above. Used primers for amplifica-
tion (designed and synthesized by Gene Chem 
Biotech, Shanghai, China) were: CTSB (F)5’ 
TACAGCCCGACCTACAAAC 3’, (R) 3’GAG-
CAGGAAGTCCGAATACAC 5’; GAPDH (F) 5’ 
TGACTTCAACAGCGACACCCA 3’; GAPDH 
(R) 3’ CACCCTGTTGC TGTAGCCAAA 5’. The 
relative expression of target gene was calculated 
by 2-ΔCt method (ΔCt = CT target gene-CTGAPDH).

Establishment of Exogenous mir-637 
Transfected Cell

Aimed to exogenous overexpressing mir-637 
in CCA cells, mir-637 lentiviral vectors with 
green fluorescent protein (GFP) was constructed 
by Tiangen Biotech (Beijing, China). The vector 
was digested by restriction endonuclease I and 
EcoR I, the mir-637 vector was termed as LV-
hsa-mir-637. The scramble sequence (TTCTC-
CGAACGTGTCACGT) was chosen as the neg-
ative control. The virus titer (MOI, 10) was 
detected before the experiment. The expression 
of GFP was observed under the inverted fluores-
cence microscope. CCA cells were collected 16 
h after infection, then centrifuged at 2000 rpm 
for 2 min, and the supernatant was discarded. 
The rest was gently mixed and cultured in plate. 
The cells were processed by Puromycin (2 µg/
ml) 48 h after infection. The infection efficiency 
was detected 96 h after infection. Most infected 
cells showed green fluorescence under the fluo-
rescence microscope (Axiovert 200, Carl Zeiss, 

Göttingen, Germany). Image Pro Plus software 
was used to analyze the effect of infection rate. 
The follow-up study was performed when fluo-
rescence rate reached to 70-80%, and the cells 
confluence rate reached to 80%. 

Effect of Exogenous mir-637 on the 
Cell Growth and Cell Migration

QBC939 cells containing higher overex-
pressed miR-637 were named as QBC939-KD 
group, cells containing negative virus packag-
ing (LVpsc-scramble plasmid) were named as 
QBC939-NC group. The growth of the cells was 
tested by MTT method. OD value was detected 
by microplate reader (Multiskan Ascent 354, 
Labsystems, Dragon, Finland) at 490/570 nm; 
the cells growth were detected at 24 h, 48 h, 
72 h, 96 h and 120 h. Scratch test was used to 
evaluate cell migration ability evaluation: 3 × 
104 infected cells were inoculated in each well 
and they reached 90% fusion after culturing 
overnight. Scratch tester was used for scratching 
in 96-well plate. Images were obtained 0 h, 8 h, 
16 h and 24 h after the scratch; after that, the 
migration rate (width) of cells in each group was 
calculated. 

Effect of Exogenous mir-637 on 
Cell Cycle and Cell Apoptosis

Cell cycle distribution (G1, S and G2/M) 
was analyzed with flow cytometry 5 days af-
ter infection. The logarithmically growing cells 
were trypsinized and resuspended in Dulbecco’s 
Modified Eagle Medium (DMEM) with 10% 
fetal bovine serum (FBS), then rinsed with 
pre-cold D-Hanks. After centrifugation, the su-
pernatant was removed, cells were fixed in 70% 
cold ethanol for 1 h. Fixed cells were rinsed with 
D-Hanks and permeabilized with 0.1% Triton 
X-100 and 2 mg/ml RNase A in D-Hanks for 
30 min. Cells were rinsed with D-Hanks and 
stained with 50 mg/ml of propidium iodide (PI) 
(Sigma-Aldrich, St. Louis, MO, USA). Stained 
cells were analyzed with the Guava easyCyte 
HT flow cytometry system (Millipore, Billerica, 
MA, USA). Cell apoptosis was measured 5 days 
after lentivirus transfection. Cells were stained 
with 200 μl cell suspension containing 10 μl 
Annexin V-APC (Cat. 88-8007, eBioscience, 
Thermo Fisher scientific, Waltham, MA, USA) 
at room temperature in the dark for 10 to 15 min; 
next, flow cytometry analysis was performed on 
the Guava easyCyte HT flow cytometry system 
(Millipore, Billerica, MA, USA).
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Western Blotting
Total proteins were extracted from cells and 

the protein concentration was determined us-
ing the bicinchoninic acid (BCA) assay. To-
tal proteins (60 µg) were subjected to 12% 
sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred to 
polyvinylidene difluoride (PVDF) membranes 
(EMD Millipore, Billerica, MA, USA). Mem-
branes were blocked with 5% skimmed milk 
for 1 h, and subsequently incubated with the 
following primary antibodies at 4°C overnight: 
goat anti human -CTSB (1:1,000; catalog No. 
sc-163595; Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA, USA), goat anti human - 
caspase-3 (1: 1,000; catalog No. sc-22140; San-
ta Cruz Biotechnology, Santa Cruz, CA, USA), 
goat anti human - caspase-9 (1:1,000; catalog 
No. sc-8297; Santa Cruz Biotechnology, Santa 
Cruz, CA, USA) and goat anti human - GAP-
DH (1: 5,000; catalog No. sc-20357; Santa 
Cruz Biotechnology, Santa Cruz, CA, USA). 
The membranes were washed three times with 
Tris-buffered saline (TBS) and incubated with 
rabbit anti goat, IgG-horseradish peroxidase 
(HRP) (1:5,000; polyclonal; sc-2922; Santa 
Cruz Biotech, Santa Cruz, CA, USA) at 37°C 
for 45 min. The proteins were visualized by 
Pierce™ enhanced chemiluminescence (ECL) re-
agent (Thermo Fisher Scientific, Inc., Waltham, 
MA, USA). The ChemiDoc XRS Imaging system 
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) 
and ImageJ software were used to obtain image and 
semi-quantitative analysis.

Statistical Analysis
All statistical analyses were performed using Stata 

11 software (StataCorp LP, College Station, TX, USA) 
and presented by GraphPad Prism software (GraphPad 
Software, Inc. La, Jolla, CA, USA). The continuous 
variable data were presented as mean with standard 
deviation (SD). The differences between 2 groups were 
compared with Student’s t-test. p < 0.05 was consid-
ered statistically significant.

Results

Expression of mir-637 and CTSB in
Human CCA Tissue and CCA Cells

As shown in Figure 1A, mir-637 expression in 41 
CCA tissues was significantly down-regulated than 
adjacent non-tumor tissues, while CTSB expression 
in CCA tissues was significantly higher than adja-

cent non-tumor tissues (Figure 1B, p < 0.05). 
In addition, CTSB expression negatively cor-
relates with mir-637 (Figure 1C). The QBC939 
cell line had the lowest mir-637 expression 
among different CCA cells (Figure 1D), so it 
was chosen in the following virus infection 
study. 

Virus Infection Efficiency and 
Possible mir-637 Target Prediction 

The sequencing results (supplemental Table I) 
showed that mir-637 lentiviral vector was suc-
cessfully constructed. The titer of the virus was 
calculated by formula (virus titer = fluorescence 
cell number/virus solution amount). The calculat-
ed titer of LV-hsa-mir-637 virus was 8E 8 TU/ml, 
according to the relative fluorescence microscop-
ic image, and the virus was found successfully 
infecting QBC939 cells (Figure 2A, 100×) with 
three parallel experiments, which were named 
KD1, KD2 and KD3 groups. 

The possible target gene for mir-637 on reg-
ulating CTSB was predicted by the TargetScan 
software. Analysis indicated that mir-637 has the 
potential to regulate CTSB and may be involved 
in the pathogenesis of cholangiocarcinoma. The 
potential mir-637 binding domain locates 372-378 
of CTSB 3’UTR:

5’..........GUUCCCCCAUCAGUUCCCCCAGU...
 | | | | | | | | | |

3’UGCGUCUCGGGCUUUC------GGGGGUCA

The relative expression levels of CTSB mRNA 
were detected in KD 1 group, KD 2 group, KD3 
group, and LV-scramble (NC group). The relative 
expression of CTSB in KD3 group was signifi-
cantly lower than other groups (p < 0.05; Figure 
2B). KD3 group was selected for subsequent cell 
function experiments.

mir-637 Overexpression Inhibits 
Proliferation of QBC939 Cell

The cell growth of virus-infected cells was 
observed 72 h after infection. Results showed that 
the morphology of infected cell was unchanged 
(Figure 3A, 200×). Cell proliferation was tested 
by MTT assay. The absorption value of KD group 
and control group (NC) at 490 nm was measured. 
The OD value was positively correlated with 
number of viable cells. Comparison showed the 
growth of KD cells was significantly lower than 
NC cells. KD cells proliferation was significantly 
lower than NC cells either (p < 0.01, Figure 3B). 
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In addition, the colony formation test also showed 
the number of formed clones of KD cells were 
significantly lower compared to NC cells (Figure 
4, 100×).

mir-637 Overexpression Inhibits 
Migration Ability of QBC939 Cell 

After 3 days’ culture of infected QBC939 
cell, the migration ability of cells in NC and KD 
group were measured with 8 h and 24 h duration, 
respectively. The migration rate in KD group was 
decreased in 8 h and 24 h in scratching test (Fig-
ure 5) compared with NC group. The migration 
ability of KD group was significantly lower than 
NC group at 24 h scratching test (p < 0.05).

Cell Cycle and Apoptosis Analysis
Cell cycle was analyzed at 5 days after infection 

in KD group and NC group. The distribution of 

G1, S and G2/M phase in KD and NC group was 
listed in Figure 6. The cell numbers in G1 phase of 
KD group were significantly higher than NC group 
(p = 0.0069), while the cell numbers in G2/M 
phase were significantly lower than NC group (p = 
0.0098). This indicates that the cells in KD group 
were suspended in G1 phase and the transition to 
S, G2/M phase was blocked. Also, the cell apopto-
sis rate in KD group was significantly higher than 
NC group (p = 0.00017, Figure 7).

mir-637 Overexpression Inhibits CTSB 
Expression, Promotes Caspase-3 and 
Caspase-9 Expression

Western blot results showed that miR-637 over 
expression (KD group) inhibited CTSB protein 
expression, while promoted the caspase-3 and 
caspase-9 expression. The differences were all 
statistically significant (Figure 8). 

Figure 1. The expression of mir-637 and CTSB in human CCA tissue and CCA cells. A, The expression of mir-637 in 41 CCA 
tissues were significantly lower than adjacent normal tissues; B, The expression of CTSB in CCA tissues were significantly 
higher than adjacent normal tissues. C, The expression of CTSB was negatively correlated with mir-637; D, The QBC939 cell 
has the lowest mir-637 expression among these CCA cells.
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Table I. Sequencing results of constructed vectors.
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Figure 2. A, The fluorescence microscopic image of QBC939 with LV-hsa-mir-637 virus vector for three parallel groups 
(100×). B, The relative expression of CTSB in KD3 group was significantly lower than other groups (p < 0.05).

Figure 3. The proliferation of 
QBC939 cells after LV-hsa-mir-637 
infection. A, The infected cells grow 
normal, and overexpressed mir-637 
does not influence the morphology 
of QBC939 (200×). B, The MTT 
assay shows that the growth of KD 
cells was significantly lower than NC 
cells.



J.-X. Li, X.-M. Ding, S. Han, K. Wang, C.-Y. Jiao, X.-C. Li

1272

Discussion

We investigated the role of mir-637 in clinical 
cholangiocarcinoma (CCA) tissues, which was 
found to have lower expression than the adjacent 
non-tumor tissues. The results were consistent 
with previous miRNA chip detection results, 

which reported the lower mir-637 expression in 
several other tumors and cancerous tissues21,24. To 
further explore the specific function of mir-637 
in CCA, QBC939 cell line was selected, as it had 
the lowest mir-637 expression compared to other 
CCA cell lines. In our study, over expression of 
mir-637 significantly inhibited the proliferation 
and migration of QBC939 cells. Similar pattern 
was observed when miR-122 was over expressed, 
and it could inhibit the proliferation and migra-
tion of QBC939 cells25.

We predicted that CTSB might be a potential 
target for mir-637 by bioinformatics analysis us-
ing microRNA.org and TargetScan. CTSB is a 
family member of cysteine protease, which is 
highly abundant and widely distributed among 
all the cysteine cathepsins, and has often been 
implicated in tumor progression26. Mature CTSB, 
as well as the proteolytically inactive proenzyme, 
was detected in soluble form within the extracel-
lular space and also found to be associated with 
the plasma membrane27. CTSB can directly de-
grade extracellular matrix or indirectly degrade 
through activating plasminogen activator and 
matrix metalloproteinase28. By enhancing the mi-
gration ability of tumor, CTSB could promote the 
invasion and metastasis of tumors 29. Expression 

Figure 4. The colony formation test. The formed clones of 
KD cells were significantly lower than NC cell (100×).

Figure 5. Comparison of the migration ability of cells with 
scratching assay in NC and KD group at 8 h and 24 h after 3 
days’ culture of infected QBC939 cells. The migration rate 
in KD group was decreased in 8 h and 24 h compared with 
NC group.

Figure 6. Cell cycle analysis of KD group and NC group 
at 5 days after infection. The distribution of G1, S and 
G2/M phase in KD and NC group were compared. Mir-637 
overexpression induces the G1 arrest in KD group compared 
with NC group. 
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of CTSB is correlated with development and evo-
lution of many tumors, including gastric cancer, 
liver cancer, head and neck cancer, and other can-
cers 30,31. Studies32 have shown that knocking out 
CTSB could retard cell proliferation and tumor 

growth and significantly reduce the tumor inva-
sion. A report33 has indicated that the expression 
of CTSB in CCA was significantly higher than 
that in adjacent tissues. CTSB expression nega-
tively correlates with the prognosis of cholangio-

Figure 7. The cell apoptosis analysis 
showed the apoptosis rate in KD 
group was significantly higher than 
NC group.

Figure 8. Western blot analysis of CTSB, caspase-3 and caspase-9 protein expression. Expressed CTSB was significantly 
higher in NC group compared with KD group. Expressions of caspase-3 and caspase-9 protein were significantly lower in NC 
group compared with KD group.
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carcinoma18,19. In a previous mass spectrometry 
analysis of 4 fresh CCA tissues from patients (da-
ta not show), we found out that 37 proteins were 
up-regulated compared to the proteins in normal 
adjacent tissues, in which, the CTSB expression 
was 8.4 times higher than the adjacent tissues. 
Our further analysis of 41 CCA tissues confirms 
that CTSB has significantly higher expression in 
CCA tissue compare with normal corresponding 
tissues. 

Several genes are known to be downregu-
lated by mir-637. Zhang et al20 indicated that 
mir-637 inhibits tumorigenesis in hepatocellular 
carcinoma by disrupting signal transducer and 
activator of transcription 3 (STAT3) signaling. 
They reported that mir-637 overexpression could 
decrease activated Stat3 levels, suggesting the 
disruption of Stat3 phosphorylation, and the sup-
pressed expression of the antiapoptotic target 
genes of Stat3, including Cryab and Mcl1 21. mir-
637 could regulate the proliferation, development, 
and metastasis of glioma by regulating Akt1 
levels21. Silencing of Akt1 inhibited the growth 
and invasion of glioma cells by decreasing phos-
phorylated Akt, β-catenin, phosphorylated Foxo1 
and Cyclin D1 and induced expression of Foxo122. 
We showed that targeted regulation of CTSB by 
mir-637 could inhibit the proliferation and mi-
gration of CCA cells. The detailed mechanism 
might be that CTSB alters the microenvironment 
of tumor through remodeling and degradation 
of extracellular matrix (ECM), and activating, 
processing or degrading different growth factors, 
cytokines and chemokines14,15. Researches34 have 
shown that knockdown of CTSB in the HBSP-3 
cells by siRNA, could significantly reduce the 
matrix metalloproteinases (MMP)-9 or uPA. The 
major MMPs involved in tumor angiogenesis are 
MMP-2, -9, -14, and to a lesser extent MMP-1 
and -735. By suppressing the CTSB triggered 
activation of several matrix metalloproteinases, 
mir-637 might have reduced the CTSB mediated 
degradation of extracellular matrix, proliferation 
of vascular remodeling, and other related process, 
which, in turn, inhibited the migration and me-
tastasis of CCA.

Caspases, or cysteine-dependent aspartate spe-
cific proteases, are a family of enzymes cru-
cial for initiating and executing apoptosis within 
a cell, an important biological event especially 
during organ development. Caspase-3 is a protein 
that is cleaved and thus activated upon the initia-
tion of apoptosis36. Caspase-9 is the main initiator 
caspases in mammals37. Caspase-9 propagates 

a cascade of further caspase processing events 
by directly cleaving and activating caspase-3 
and caspase-7. After that, caspase-3 processes 
caspases-6 and -2, and in turn, caspase-6 process-
es caspases-8 and -10 downstream38. Research-
es23,39 have indicated that caspase-3, caspase-9 
and cathepsin B (CTSB) are involved in the 
apoptosis of cells. Studies have shown that CTSB 
plays a role in an apoptotic ‘rescue’ program in 
cells undergoing lysosome-mediated cell death 
by affecting the apoptosis-regulating Bcl-2 fam-
ily, i.e by proteolytic activation of Bid (tBid)40. 
Our results showed that mir-637 could decrease 
CTSB expression, which, in turn, increased the 
caspase-3 and caspase-9 expression. Currently, 
no studies have reported the direct regulatory 
effect of mir-637 on caspase-3 and caspase-9, 
so, we speculate that the regulated expression of 
caspase-3 and caspase-9 is mainly by the action 
of CTSB40. Our results provide some useful infor-
mation for further study on the regulatory role of 
mir-637 with respect to apoptosis.

We found that CTSB in CCA specimens was 
significantly higher than that in adjacent non-tu-
mor tissues. The expression of mir-637 was neg-
atively correlated to CTSB level. Monsouvanh et 
al33 demonstrated serum cathepsin B to cystatin 
C ratio could be used as a potential marker for 
the diagnosis of cholangiocarcinoma. However, 
whether CTSB and mir-637 can be used as a pre-
dictor of prognosis of cholangiocarcinoma needs 
further study.

Currently, the poor prognosis and lack of 
effective treatment methods to cholangiocar-
cinoma lead to potential new diagnosis and 
therapeutic methods to be highly urgent. Sev-
eral scientific reports indicate that miRNAs are 
involved in important biological processes of 
tumors, including cell proliferation, differenti-
ation, migration, invasion and apoptosis. The 
abnormal expression of miRNAs plays an im-
portant role in intracellular signaling networks. 
It promotes the malignant phenotype of CCA in 
development and evolution process. We believe 
that more we understand the role of mir-637 in 
the development of CCA, more will be possible 
to lead to the potential application of mir-637 in 
cancer therapy for CCA in the near future. The 
relationship between the downstream-targeted 
genes of miRNAs and the regulatory networks 
of mRNA is complex, and miRNAs locate at the 
upstream or intermediate link of the regulatory 
networks. The proliferation and migration of 
CCA might involve in multiple miRNAs and 
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multiple biological processes (such as methyla-
tion of the promoter). The regulation mechanism 
of a single abnormal miRNA cannot fully reflect 
the real situation of gene-regulated network. 
There is uncertain and limitations in clinical ap-
plication of inhibiting tumor growth through ad-
justing a miRNA. It still needs to design better, 
especially through correcting the imbalance of 
overall miRNAs to inhibit tumor proliferation. 
At the same time, the mechanism of cholangio-
carcinoma is complicated and has not been fully 
understood. The real action pathway of mir-637 
in CCA, involved genes and target proteins, still 
need further investigation.

Conclusions

We find out down-regulated mir-637 expres-
sion and up-regulated CTSB expression in CCA 
tissue. mir-637 inhibits the expression of CTSB 
significantly, in turn, reducing the proliferation, 
migration and invasion ability of QBC939 cells; 
thereby, it enhances apoptosis in vitro.
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