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 Background: Bile duct carcinoma is a common digestive tract tumor with high morbidity and mortality. As a kind of impor-
tant non-coding RNA, microRNA (miR) plays an important role in post-transcriptional regulation. MiR-122 is 
the most abundant miR in the liver. Multiple studies have shown that miR-122 level is reduced in a variety of 
liver tumors and can be used as a specific marker for liver injury. P53 is a classic tumor suppressor gene that 
can induce tumor cell apoptosis through various pathways. Whether miR-122 affects p53 in bile duct carcino-
ma still needs investigation.

 Material/Methods: miR inhibitor or mimics was transfected to bile duct carcinoma cells to evaluate its function on proliferation, 
invasion, apoptosis, and p53 expression.

 Results: MiR-122 overexpression reduced cell invasion and migration ability, and inhibited cell apoptosis and p53 ex-
pression. Inhibiting miR-122 caused the opposite results.

 Conclusions: Upregulating miR-122 can suppress bile duct carcinoma cell proliferation and induce apoptosis. MiR-122 could 
be used as a target for bile duct carcinoma treatment, which provides a new strategy for cholangiocarcinoma 
patients.
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Background

Bile duct carcinoma refers to the malignant tumor derived from 
the extrahepatic bile duct, including the lower segment of the 
bile duct. Its etiology may be related to bile duct stones and 
primary sclerosing cholangitis. Similar to other tumors, it can 
be treated by surgery, radiotherapy, chemotherapy, and other 
methods, but the prognosis is poor [1].

In recent years, studies have shown that microRNA (miR) plays 
an important role in occurrence and development of a variety 
of diseases. miR is a small non-coding single-stranded RNA 
with length of 18–24 bp and can bind with the 3’UTR of tar-
get mRNA. Under the effect of RNA excision enzyme, it can se-
lectively degrade mRNA to inhibit or activate the downstream 
genes [2]. MiR regulates downstream genes mainly through 
inhibiting mRNA transcription. It can also impact cell function 
and oncogene activation by mediating mRNA degradation and 
activation [3]. MiR-122 is especially expressed in the liver in 
large amounts [4], and has been confirmed to participate in 
liver cell cycle and fat metabolism [6]. MiR-122 is considered 
to be a marker of liver injury. Recent studies have shown that 
miR-122 is closely related to hepatocellular carcinoma (HCC) [7].

P53 was the first discovered tumor suppressor gene that can 
inhibit cancer cells through multiple pathways, such as pro-
moting cancer cell apoptosis and restraining the cell cycle [8]. 
MiR-122 expression decreased in liver cancer and might be a 
biomarker of HCC occurrence and development. Its level could 
be treated as one of the diagnosis criteria of HCC differentiation 
and malignant degree. Some studies also suggested that miR-
122 content increased significantly in the apoptotic cells [9]. 
Its role in intrahepatic cholangiocarcinoma proliferation and 
effect on p53 and cell apoptosis is still unclear.

This study aimed to investigate the effect of miR-122 on chol-
angiocarcinoma proliferation, invasion, apoptosis, and p53 ex-
pression by transfection.

Material and Methods

Main reagents

Cholangiocarcinoma cell line QBC939 was bought from the cell 
bank of the Chinese Academy of Sciences (Shanghai, China). 
DMEM-F12 medium, penicillin, streptomycin, fetal calf serum, and 
PBS buffer were from Hyclone (UT, USA). POLD deliver3000 and 
Opti-MEM medium were purchased from Invitrogen (CA, USA). 
b-actin antibody was from KangCheng Biotechnology Company 
(Shanghai, China). P53 antibody was from Abcam (Hong Kong, 
China). Rabbit Anti-Mouse IgG (H+L) and Rabbit Anti-Mouse IgG 
(H+L) were from ProteinTech (Wuhan, China). SYBR Green PCR 

Master Mix was from Takara (Dalian, China). MiR-122 mimics 
and inhibitor were from Genepharma (Shanghai, China).

MTT

After transfection with miR-122 mimics or inhibitor, the cells in 
logarithmic phase were seeded in a 96-well plate at 5~10×103/well 
with 10 replications. The cells were cultured for 24 h and 10 μl 
MTT was added. We added 100 μl triple fluid to each well after 
4-h incubation. The well was tested at 450 nm for calculation.

Cell transfection

The cells were seeded in 6-well plates 1 day before transfec-
tion. Ten pmol miR-122 inhibitor, mimics, or negative control 
were mixed with 5 μl POLDdeliver3000 in 100 μl for 5 min. 
After instilling the mixture to the plate, the cells were incubated 
for 48 h for proliferation determination and protein detection.

Total RNA extraction

The cells were washed with PBS 3 times at 48 h after trans-
fection. One ml Trizol was added to the cells on ice for 5 min 
and then the lysate was moved to a 1.5-ml EP tube. We added 
200 μl chloroform and the tube was shaken for 15 s. After 3 
min at room temperature, the tube was centrifuged at 12 000g 
and 4°C for 15 min. The aqueous phase was moved to a new 
EP tube together with 500 μl isopropanol. After 10 min at 4°C, 
the tube was centrifuged at 12 000g and 4°C for 10 min. After 
removing the supernatant, the mixture was washed with 1 ml 
ethanol 3 times. We added 20 μl DEPC water to get the mRNA.

Real-time PCR

MiR-122 primer was designed and synthesized by Sigma, 
and the sequence was as follows: forward, 5’-TTGAATTCTA 
ACACCTTCGTGGCTACAGAG-3’; reverse, 5’-TTAGATCTCATTTA 
TCGAGGGAAGGATTG-3’. U6 was treated as reference, forward, 5’- 
CTCGCTTCGGCAGCACA-3’; reverse, 5’-AACGCTTCACGAAT 
TTGCGT-3’ [10]. Real-time PCR was performed at 50 μl system 
according to the manual. PCR reaction contained at 50 °C for 
30 min and 95°C for 5 min, followed by 40 cycles including 
95°C for 30 s, 55°C for 30 s, and 72°C for 50 s, and 72°C for 5 
min. Amplification curve and melting curve were verified for 
quality control. Gene expression levels were quantified rela-
tive to the expression of reference gene using the optimized 
comparative Ct (2–DCt) value method.

Transwell detection of cell migration

Transwell chamber and related instruments were precooled at 4°C 
overnight. ECM matrigel were thawed at 4°C. We placed 50 μl di-
luted ECM matrigel into the transwell chamber and the chamber 
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was at 37°C for 4 h. The cells in logarithmic phase were seeded 
into the upper chamber, while 10% fetal calf serum was added 
to the lower chamber. The cells were grouped as normal control, 
miR-122 mimics group, miR-122 mimics negative control group, 
miR-122 inhibitor group, and miR-122 inhibitor negative control 
group, 3 times in each group. After incubation, the chamber was 
stained with 0.1% crystal violet and observed under an inverted 
microscope. Five views in each well were counted for calculation.

Total protein extraction

The cells were washed with PBS 3 times and we added 10 μl 
100 mM PMSF. After being cracked on ice for 5–10 min, the 
cells were moved to an EP tube and centrifuged at 12 000 rpm 
and 4°C for 5 min. The supernatant was whole protein solution.

Western blot

After BCA qualification, the protein solution was standardized 
to unified concentration. The protein was degenerated at 95°C 
for 5 min after adding buffer. The protein was then separated 
by 10% SDS-PAGE electrophoresis and transferred to a PVDF 
membrane at 300 mA for 1 h. The membrane was incubated 
with p53 antibody (1:1000) at 4°C overnight and secondary 
antibody (1:1000) at 37°C for 2 h. The binding was detected 
by chemiluminescence.

Tunnel method for detecting cell apoptosis

We seeded 2×105 cells in a 24-well plate and transfected them 
for 24 h. After being fixed by paraformaldehyde, the cells were 
infiltrated in 3% hydrogen peroxide methanol for 10 min. After 
being perforated by 0.5% Triton for 5 min, the cells were add-
ed with 50 μl Tunnel reaction liquid and incubated at 37°C 
for 1 h. The cells were observed under a fluorescence micro-
scope and 5 views were selected for positive cell calculation.

Statistical analysis

All statistical analyses were performed using SPSS10.0 soft-
ware (Chicago, IL). Numerical data are presented as means and 
standard deviation (c

_
±S). Differences between multiple groups 

were analyzed by one-way ANOVA or SNK-Q test.

Results

miR-122 expression in cholangiocarcinoma cells

Real-time PCR was used to detect miR-122 expression in each 
group after miR-122 mimics or inhibitor transfection. As shown 
in Figure 1, miR-122 level decreased or increased significantly 
compared with negative control after transfecting miR-122 in-
hibitor or mimics (p<0.05), suggesting that miR-122 inhibitor 
or mimics was successfully transfecting into the cells.

miR-122 transfection impact on cell proliferation

The cells were counted at 24 h after transfection and seeded 
in a 96-well plate. MTT method was performed to evaluate the 
effect of miR-122 inhibitor or mimics on cell proliferation. We 
found that cell proliferation rate in miR-122 inhibitor or mim-
ics negative control showed no obvious difference from normal 
control. miR-122 inhibitor transfection significantly increased 
the cell proliferation rate, while miR-122 mimics transfection 
markedly reduced it (p<0.05) (Figure 2).

miR-122 transfection impact on cell invasion

As shown in Figure 3, the cell numbers penetrating the mem-
brane gradually increased from 12 h over time and slowed 
after 36 h. Compared with miR-122 inhibitor negative con-
trol and normal control, cell invasive ability was significantly 

Figure 1.  miR-122 expression after transfection. ** p<0.05, 
compared with normal control.
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Figure 2.  The effect of miR-122 inhibitor or mimics transfection 
on cell proliferation.
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enhanced after transfection with miR-122 inhibitor (p<0.05). 
In contrast, it clearly weakened in cells transfected with miR-
122 mimics compared with miR-122 mimics negative control 
and normal control (p<0.05).

Effect of miR-122 transfection on p53 expression

p53 is a common cancer suppressor gene that plays an im-
portant role in tumor occurrence and development [11]. As 
shown in Figure 4, miR-122 inhibitor transfection can signif-
icantly decrease p53 expression level compared with normal 
control and miR-122 mimics negative control (p<0.05), where-
as miR-122 mimics transfection can elevate p53 level (p<0.05). 
The 2 negative controls showed no significant difference from 
normal control.

Effect of miR-122 mimics or inhibitor transfection on cell 
apoptosis

Promoting cancer cell apoptosis is an important strategy in can-
cer therapy [12]. We used Tunnel method to evaluate the effect 
of miR-122 inhibitor or mimics on cell apoptosis. Compared 
with normal control and negative control, miR-122 inhibitor 
or mimics transfection can significantly decrease or increase 
cell apoptotic rate (p<0.05), indicating that miR-122 overex-
pression can promote intrahepatic cholangiocarcinoma cell 
apoptosis (Figure 5).

Figure 3.  Invasive cell number at 48 h after miR-122 inhibitor or 
mimics transfection. ** p<0.05, compared with normal 
control.
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Figure 5.  Effect of miR-122 mimics or inhibitor transfection on cell apoptosis. ** p<0.05, compared with normal control.
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Figure 4.  Effect of miR-122 transfection on p53 
expression.** p<0.05, compared with normal control.
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Discussion

In this study we transfected miR-122 inhibitor or mimics to 
cholangiocarcinoma cells by liposome to determine the effect 
of miR-122 on p53 and cell apoptosis. We aimed to evaluate 
the effect of miR-122 on cholangiocarcinoma by detecting 
cell proliferation rate, invasive ability, p53 protein expression, 
and cell apoptosis.

We discovered that miR-122 overexpression can suppress chol-
angiocarcinoma cell invasion and migration, while elevating 
p53 level and promoting cell apoptosis, suggesting that miR-
122 plays an important role in cholangiocarcinoma occurrence 
and development.

Cholangiocarcinoma is a type of malignant tumor in the bile 
duct, with high morbidity and mortality [13]. Complications 
of cholangiocarcinoma include obstructive jaundice, cholangi-
tis, and biliary sepsis [14]. It is difficult to treat because of the 
specific pathogenic site. MiR is a type of non-coding RNA at 
the length of 20–24 bp that newly discovered in recent years. 
It can bind with 3’ UTR of the mRNA to post-transcriptional-
ly regulate mRNA expression level. MiR is quite important in 
regulating protein synthesis under the physiological condition. 
Its dysregulation is associated with multiple cancers, includ-
ing thymic carcinoma [15], hepatic carcinoma, and bile duct 
carcinoma [16]. Different miRs play important roles in differ-
ent malignant tumors. MiR-122 is rich and specific in the liv-
er, and it accounts for 72% of the total miRs [17]. It has an 
important regulating effect in physiological and pathological 
conditions and is also considered as the marker of liver inju-
ry [18]. Previous research showed that miR-122 is significantly 
decreased in liver cancer tissue, suggesting it could be a bio-
marker reflecting HCC development [19].

p53 is an important tumor suppressor gene in the cell. Its up-
regulation facilitates cell survival by promoting cancer cells 
apoptosis directly and by changing the AKT phosphorylation 
level. Therefore, p53 expression level can directly acceler-
ate tumor cell apoptosis [19]. MiR-122 has been reported to 
regulate p53/Akt signalling and the chemotherapy-induced 

apoptosis in cutaneous T-cell lymphoma [20]. Through mod-
ulating its target gene, cyclin G1, miR-122 can also influence 
p53 protein stability and transcriptional activity and reduc-
es invasion capability of HCC-derived cell lines [21]. In addi-
tion, overexpression of miR-122 triggers doxorubicin-induced 
apoptosis of HCC-derived cell lines. However, the exact mech-
anism by which miR-122 overexpression induces p53-depen-
dent apoptosis in cholangiocarcinoma cells (possibly through 
cyclin G1) was not investigated in the present study and re-
mains unclear. Several target genes of miR-122 have been 
identified to be involved in hepatocarcinogenesis, epitheli-
al mesenchymal transition, and angiogenesis, including cy-
clin G1, Bcl-w, Wnt1, transcription factor CUTL1, a disinteg-
rin and metalloprotease (ADAM)10, ADAM17, serum response 
factor, insulin-like growth factor-1 receptor, the embryon-
ic isoform of pyruvate kinase (Pkm2), pituitary tumor-trans-
forming gene 1 binding factor, Cut-like homeobox 1, and c-
myc [22]. Among these targets, Bcl-w, an anti-apoptotic Bcl-2 
family member, has also been identified as the miR-122 tar-
get gene involved in apoptosis of human hepatocellular carci-
noma cell lines, apart from cyclin G1 [23]. Several other mole-
cules are also involved in cell apoptosis, such as p21 [24] and 
Dock180 [25]. Further research is needed to determine which 
gene is involved in the miR-122-induced apoptosis in chol-
angiocarcinoma cells and which signaling molecules connect 
miR-122 with p53. Experimental results suggested that miR-
122 participates in cell proliferation, invasion, and migration 
in renal cell carcinoma cells through PI3K/AKT signaling path-
ways [10,26]. Thus, in this study, we examined miR-122 reg-
ulation function on p53. We found that the effect of miR-122 
on apoptosis is dependent on p53, and we also found that 
miR-122 upregulation or downregulation can decrease or in-
crease cholangiocarcinoma cell invasive ability.

Conclusions

Our results demonstrated that upregulating miR-122 can sup-
press bile duct carcinoma cell proliferation and induce apop-
tosis, suggesting that MiR-122 could be a new target for the 
treatment of bile duct carcinoma.
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