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Abstract. – OBJECTIVE:  We investigated the 
expression of annexin A5 (ANXA5) in human 
cholangiocarcinoma (CCA) cell line and its ef-
fect on proliferation, migration, and apoptosis 
of human CCA cells.

MATERIALS AND METHODS: Expression of 
ANXA5 was detected by fluorescent quantitative 
reverse transcriptase polymerase chain reaction 
(qRT-PCR) and western blotting method in 2 hu-
man CCA cell lines, QBC939 and RBE. 3 shRNA 
plasmids for ANXA5 silencing (ANXA5-sh1, ANXA5-
sh2, ANXA5-sh3) and 1 negative control plasmid we-
re constructed to infect QBC939 cells. The infection 
efficiency, expression of ANXA5, apoptosis and cell 
cycle of QBC939 cell were measured separately.

RESULTS: The expression of ANXA5 in QBC939 
cell was significantly higher than RBE cell. Ex-
pressed ANXA5 protein in the QBC939-KD cell 
(QBC939 cell treated by RNAi) was significant-
ly lower than QBC939-BC (QBC939 cell) and 
QBC939-NC cells (QBC939 cell treated by scram-
ble plasmid). The ratio of G0/1 phase cells and 
apoptosis rate increased in QBC939-KD cell. 
The proliferation activity and invasion ability 
decreased in QBC939-KD cell compared with 
QBC939-NC and QBC939-BC cells.

CONCLUSIONS: ANXA5 play important role in 
the migration and apoptosis of CCA cells. Inhibit-
ing the expression of ANXA5 significantly reduce 
the proliferation, migration and invasion ability 
of QBC939 cells, and increase the apoptosis of 
QBC939 cells.
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Introduction

Cholangiocarcinoma (CCA) or bile duct carci-
noma is a malignant tumor originated from bile 

duct epithelial cells. According to the anatomical 
location of the tumor, CCA is divided into extra-
hepatic bile duct carcinoma and intrahepatic chol-
angiocarcinoma1. Compared with intrahepatic chol-
angiocarcinoma, extrahepatic bile duct carcinoma is 
more common in CCA patients2. Ranked after liver 
cancer, CCA accounts for about 3% of gastrointesti-
nal cancer worldwide3 and accounts for 10% to 15% 
of malignant hepatobiliary tumor4. The incidence 
rate of CCA increased gradually in recent years. 
Northeastern Thailand and China have the highest 
incidence rate of CCA (96/100,000), and the lowest 
incidence area of CCA is Australia (0.2/100,000)5. 
The anatomical and physiological characteristics 
made early diagnosis and treatment of CCA diffi-
cult. The clinical symptoms of CCA at early stage is 
latent, occurrence of typical symptoms often means 
CCA already entered into the advanced stage, and 
the cure rate is very low6.

Surgery is the effective treatment for CCA only 
when CCA is diagnosed at the early stages. CCA is 
not sensitive to chemotherapy, and recurrence often 
occurred within 2 years after surgery. The 5-year 
survival rate of CCA is about 5%-15%7,8. Reports9,10 
showed over 50% CCA patients can only receive 
palliative treatment due to metastasis or progression 
of CCA. The invasion and metastasis of CCA are 
the key factors affecting patients’ survival. annexin 
A5 (ANXA5) a Ca2+ regulated phospholipid mem-
brane binding protein of the annexin family11,12. 
ANXA5 mainly exists in the cytoplasm; it can be 
secreted outside the cell. ANXA5 participates in 
a variety of biological and metabolic activities, in-
cluding anticoagulation13, exocytosis, endocytosis, 
cell proliferation14, signal transduction15, and cell 
apoptosis16. Abnormal expressed ANXA5 is asso-
ciated with many diseases17,18. 
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It is interesting that ANXA5 plays the op-
posite role in different tumors. Expression of 
ANXA5 is positively correlated with advance 
of colon cancer18. And it promotes invasion and 
chemo-resistance to temozolomide in glioblasto-
ma cells19. On the other hand, ANXA5 inhibits 
expression of protein kinase C (PKC) directly, 
and finally promote the apoptosis of tumor cells20. 
The role of ANXA5 in cholangiocarcinoma is not 
well elucidated. This study investigated the ex-
pression of ANXA5 in human CCA cells, and the 
effect of ANXA5 on the proliferation, apoptosis, 
migration and invasion of QBC939 cells.

Materials and Methods

Cell line
Two human CCA cell lines, QBC939 and 

RBE, were purchased from Cell Bank of Type 
Culture Collection of Chinese Academy of Sci-
ences (Shanghai, CHN). The cells were cultured 
in RPMI-1640 medium (Gibco-BRL, Life Tech-
nologies, Grand Island, NY, USA) (containing 
10% fetal bovine serum and 100 U/L of penicillin 
and streptomycin) then sub-cultured in 37°C in-
cubator with 5% CO2.

Expression of ANXA5 in human 
cholangiocarcinoma cell line

Quantitative reverse transcriptase poly-
merase chain reaction (qRT-PCR) was used to 
detect ANXA5 mRNA expression. QBC939 
cells and RBE cells in logarithmic phase were 
collected and washed with cold PBS buffer. The 
total RNAs was extracted by RNA Isolation 
Kit (Vazyme Biotech, Nanjing, China). cDNA 
was reverse transcripted. Human glyceraldehyde 
-3- phosphate dehydrogenase (GAPDH) was 
chosen as the internal reference gene. SYBR 
Green I (qPCR SYBR-Green Master Mix, Va-
zyme Biotech, Nanjing, CHN) was used as 
fluorescent dye. Used primers for amplifica-
tion (designed and synthesized by Gene Chem 
Biotech, Shanghai, China) were: ANXA5: (F) 
5’-AACCCTCTCGGCTTTATGATGC-3’, (R) 
3’-CGCTGGTAGTACCCTGAAGTG-5’. GAP-
DH (F) 5’- TGACTTCAACAGCGACACCCA-3’, 
(R) 3’-CACCCTGTTGCTGTAGCCAAA-5’. 
Mx3000P fluorescent quantitative PCR in-
strument was used for PCR reaction (Agilent, 
Santa Clara, CA, USA). The relative expres-
sion of ANXA5 was calculated by 2-ΔCt method 
(ΔCt= CTANXA5-CTGAPDH). Protein expression of 

ANXA5 was measured by Western blotting. 
Briefly, cell lysate was added to cells, total 
proteins were collected, protein concentration 
was determined by bicinchoninic acid (BCA) 
assay. Proteins were separated by sodium do-
decyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE, 10%, 25 μg/ well); then, they were 
transferred to polyvinylidene difluoride (PVDF) 
membrane (Millipore Life Science, Boston, MA, 
USA). The membrane was cultured in skimmed 
milk at 4°C overnight. The rabbit anti-human 
ANXA5 monoclonal antibody (1:300 diluted) 
or mouse anti-human GAPDH monoclonal anti-
body (1:2,000 diluted) were added and cultured 
1 hour at room temperature; then, a fluorescent 
dye-labeled secondary antibodies (1:5000) were 
added and cultured 2 hours at room tempera-
ture. The Odyssey® Imaging system (LI-COR 
Biosciences, Lincoln, NE, USA) was used for 
semi-quantitative analysis (Quantity One image 
analysis system, BioRad Laboratories, Inc., Her-
cules, CA, USA).

Construction of lentiviral vector 
for RNA interference

GV248 plasmid (TIANGEN Biotech, Beijing, 
CHN) was used to construct RNAi lentiviral vec-
tor. The vector was digested to linear form by re-
striction endonuclease enzyme Age I (ACCGGT) 
and EcoR I (GAATTC). Targets RNAi sequences 
(Table I) were connected to the linear GV248 
vector. Scramble sequence (TTCTCCGAACGT-
GTCACGT) was used in control group. Accord-
ing to the sequence of targets gene, the single 
oligomeric chain of DNAs (Table II) for shRNA 
was synthesized (Gene Chem Biotech, Shanghai, 
CHN). The double stranded shRNA oligonucle-
otide was obtained, digested and linked in GV248 
vector. The recombined plasmids were named as 
psc-anxa5-sh1, psc-anxa5-sh2, and psc-anxa5-
sh3 separately. Recombined plasmids were trans-
formed into competent E. Coli DH5 alpha cell. 
Single colonies were cultured in flask. The posi-
tive clone was identified by sequencing. The suc-
cessfully constructed plasmids were extracted. 

Table I. shRNA targets for the ANXA5 gene.

Abbreviation: ANXA5, Annexin A5.

No.	 Target sequence	 Start pos.

1	 TGGAATTGATGAAGCTCAA	       685
2	 ATGATTAAGGGAGATACAT	     1085
3	 CGAGACTTCTGGCAATTTA	       871
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Cell infection
After 293T cell, a lentiviral packaging cell 

was co-transfected by the recombined plasmid, 
virus packaging plasmids 1 (Helper 1) and vi-
rus packaging helper plasmid 2 (Helper 2). The 
virus was harvested 48-72 hours after transfec-
tion and named as LVpsc-sh1, LVpsc-sh2, LVp-
sc-sh3. Viruses were concentrated and purified 
with high titer, then preserved. The expression 
of green fluorescent protein (GFP) was detect-
ed under an inverted fluorescence microscope. 
CCA cells in exponential growth phase were 
prepared to 5×104/ml cell suspension. 4 ml of 
cell suspension was inoculated into 12-well 
plate. Enhanced infection solution (ENi.S), and 
polybrene were added to enhance infection. 
The virus multiplicity of infection (MOI, 15) 
was determined by pre-experiment. CCA cells 
were collected in 1.5 ml EP tube 16 hours after 
infection; then, they were centrifuged at 2000 
rpm 2 min; the supernatant was removed. The 
rest part was mix gently and cultured in plate. 
48 hours after infection, cells were treated by 
Puromycin (2.00 ug/ml) and observed. The effi-
ciency of infection was measured 96 hours after 
infection. The most cytoplasm of infected cells 
showed green fluorescence under the fluorescent 
microscope (Axiovert 200, Carl Zeiss, Göttin-
gen, Germany). 4 random fields were selected 
from each group to analyze infection efficiency 
by Image Pro Plus software (repeated 3 times). 
If the infection efficiency were over 80%, the 
following research could proceed.

Expression of ANXA5 in 
infected CCA cells

The infected cells were collected 96 hours 
after infection. The expression of ANXA5 at 
mRNA level was measured by method de-
scribed above. The silencing effect of each 
virus on ANXA5 gene was evaluated. The cell 
line (such as QBC939) containing virus with 
best interference effect was named as QBC939-
KD (KD group), cell with packaged negative 

control virus (LVpsc-scramble plasmid) was 
named as QBC939-NC (NC group); the unaf-
fected QBC939 cell was named as QBC939-BC 
(BC group). The protein expression of ANXA5 
in each group was measured by the same method 
described above.

Effect of RNAi on the cell cycle 
and cell apoptosis

Flow cytometry was used to evaluate the ef-
fect of RNAi on cell cycle. Briefly, logarithmic 
growth cells were collected, washed with cold 
PBS, and fixed with 75% ethanol for 1 hours 
at 4°C. Then, washed with PBS, cells were ad-
justed to concentration of 1×107/ml. 1 ml iodide 
aziridine was added in 100 ml cell suspension, 
cultured at 4°C for 30 minutes then detected 
by flow cytometry. MultiCycle AV software 
(Beckman Coulter, Miami, FL, USA) was used 
for cell cycle analysis. Cell apoptosis was also 
detected by flow cytometry (Epics-XL, Beck-
man Coulter, Miami, FL, USA). 100 μl cell 
suspension (concentration of 1×107/ml) was 
suspended in 100 μl 1× binding buffer. 10 μl 
ANXV-APC (BD Biosciences, Franklin Lakes, 
NJ, USA) was added, and the suspension was 
cultured in the dark for 15 minutes. The cells 
fluorescence and the apoptosis rate in 3 groups 
were measured.

Effect of RNAi on migration 
ability of QBC939 cells

Cell migration ability was evaluated by in 
vitro wound healing model. A horizontal line 
was drawn evenly in the 6-well culture plate 
with marker-line distance of 0.5 cm. 5 lines were 
drawn in each well. 5×105 cells were inoculated in 
each well and reached to 100% fusion after cul-
tured overnight. 10 μl of pipette tip was used to 
scratch cells along the drawn line on the bottom. 
The non-attached cells were removed by PBS 
washing. Cells were cultured in 37°C incubator 
with 5% CO2. Cell images were acquired at 0 
hours and 24 hours respectively.

Table II. Sequences of the oligo DNA for shRNA.

Oligo	 Sequence of the oligomeric single-stranded DNA (5’ to 3’)

ANXA5-sh1-a	 CCGGGCTGGAATTGATGAAGCTCAACTCGAGTTGAGCTTCATCAATTCCAGCTTTTTG
ANXA5-sh1-b	 AATTCAAAAAGCTGGAATTGATGAAGCTCAACTCGAGTTGAGCTTCATCAATTCCAGC
ANXA5-sh2-a	 CCGGCCATGATTAAGGGAGATACATCTCGAGATGTATCTCCCTTAATCATGGTTTTTG
ANXA5-sh2-b	 AATTCAAAAACCATGATTAAGGGAGATACATCTCGAGATGTATCTCCCTTAATCATGG
ANXA5-sh3-a	 CCGGCGCGAGACTTCTGGCAATTTACTCGAGTAAATTGCCAGAAGTCTCGCGTTTTTG
ANXA5-sh3-b	 AATTCAAAAACGCGAGACTTCTGGCAATTTACTCGAGTAAATTGCCAGAAGTCTCGCG
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Effect of RNAi on invasion 
of QBC939 cells

Trans-well assay was used to evaluate inva-
sion ability. The Extra Cellular Matrix (ECM) gel 
(Sigma-Aldrich, St. Louis, MO, USA) was mixed 
with serum-free RPMI-1640 medium (1:8). 30 μl 
of mixed medium was added to each Transwell 
chamber (Transwell®, Corning Life Science, 
Tewksbury, MA, USA). ECM gel was added to 
surface of the chamber evenly. The chamber was 
placed in an incubator at 37°C (with 5% CO2) for 
4 hours. After removal of the residual water in 
the culture medium, 50 μl RPMI-1640 serum-free 
medium was added to each well. Cells were cul-
tured in 37°C incubator with 5% CO2 for 30 min-
utes. Cells in logarithmic phase were collected 
and starved in serum-free medium for 12 hours. 
Then 200 μl cell suspension (containing 1×105 
cells) were added into the upper chamber, and 
600 μl complete medium were added in the lower 
chamber. The cells were cultured at 37°C for 24 
hours. Unmoved cells in the upper chamber were 
wiped out gently. The moved cells were dyed 
by 2-3 drops of crystal violet solution about 3-5 
minutes. The chamber was washed several times 
and dried in the air. 3 visual fields were selected 
randomly. The number of cells moved from the 
upper chamber to lower chamber was counted 
under a microscope at 200× magnification.

Statistical Analysis
SPSS software version 18.0 (SPSS Inc., Chi-

cago, IL, USA) was used to analyze the data. 
Data are presented as the mean ± standard devi-
ation (SD). Analysis of variance (Bonferroni ad-
justment for post-hoc analysis) and independent 
t-tests were performed for group comparison. 
p<0.05 was considered as a statistically signifi-
cant difference.

Results

Expression of ANXA5 in human 
cholangiocarcinoma cell lines

Fluorescent quantitative RT-PCR and west-
ern blotting were used to measure ANXA5 ex-
pression in 2 human cholangiocarcinoma cells, 
QBC939 and RBE. The relative expression of 
ANXA5 mRNA was 0.0629 ± 0.0036 in QBC939 
cell and 0.0227 ± 0.0028 in RBE cell (p <0.01). 
The relative expression of ANXA5 protein (Fig-
ure 1) was 0.5467 ± 0.0351 in QBC939 cell and 
0.3533 ± 0.0551 in RBE cell (p <0.01). Thus, 
QBC939 cell was used for following studies.

Constructed RNAi lentiviral vector
The sequencing results (Figure 2) showed 

the lentiviral vectors for RNAi were constructed 
successfully. The tested sequences were identical 
to designed sequences (in Supplementary Table, 
the shaded part shows shRNA primers, and in-
sert sequences are in box). After packaging and 
transfection of plasmid to 293T cells, 3 viruses 
(LVpsc-sh1/2/3) were harvest. The virus titer 
was calculated according to the formula (virus 
titer = number of fluorescent cells / the amount 
of virus solution). The calculated virus titer of 
LVpsc-sh1/2/3 was 8E + 8 TU/ml according to re-
lated fluorescence microscope images (Figure 3).

The efficiency of virus infection
4 groups of viruses, LVpsc-sh1 (KD1 group), 

LVpsc-sh2 (group KD2), LVpsc-sh3 (KD3 group) 
and negative control (LVpsc-scramble, NC) virus, 
were used to infect QBC939 cells. 96 hours after 
infection, cells with green fluorescent could be 
observed under a fluorescence microscopy, while 
blank control (BC group, QBC939 cell) has no 
green fluorescence (Figure 4). After calculation, 

Figure 1. Assessment of the ex-
pression of ANXA5 protein in the 
QBC939 and RBE cells using western 
blotting. A, Western blotting showed 
that the expression of ANXA5 pro-
tein was higher in the QBC939 cells 
than that in the RBE cells. B, Ex-
pression of ANXA5 protein in the 
QBC939 vs. RBE cells (*p<0.01).

A B
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the virus infection efficiency of KD1, KD2, KD3 
and control group (NC) were 86.97± 0.45%, 
82.25±1.17%, 83.33± 0.52% and 81.41± 0.39%, 
respectively.

Expression of ANXA5 
in QBC939 cells after RNAi

qRT-PCR results showed the relative mR-
NA expressions of ANXA5 in LVpsc-sh1 (KD1 
group), LVpsc-sh2 (KD2 group), LVpsc-sh3 
(KD3 group) and LVpsc-scramble (NC group) 
infected QBC939 cells were: 0.0060 ± 0.0003, 
0.0098 ± 0.0004, 0.0306 ± 0.0027 and 0.05487 
± 0.0059, respectively. And 0.0643 ± 0.0047 in 
the control group (BC group). The expression of 
ANXA5 mRNA in the KD1 group was signifi-
cantly lower than other groups (p <0.05; Figure 
5A), suggesting that the KD1 group has the best 
silencing effect on ANXA5 gene. Therefore, KD1 
group was selected for subsequent cell function 
experiments. 

The LVpsc-sh1 infected QBC939 cell was 
named as KD group then. The LVpsc-scramble 
infected QBC939 cell was named as negative 
control group (NC group); QBC939 cell was 
selected as blank control group (BC group). The 
relative expression of ANXA5 protein in the KD 
group (0.1546 ± 0.02151) was significantly lower 
than the NC group (0.5212 ± 0.01526) and the BC 
group (0.5612 ± 0.01237) (p <0.01; Figure 5B), 
suggesting that the transfection of ANXA5-tar-
geting shRNA downregulated the expression of 
ANXA5 protein significantly.

The effect of RNAi on cell cycle 
of QBC939 cells

The flow cytometry results (Figure 6A) 
showed the ratio of G0/1 phase cell in the KD 
group (51.25 ± 1.568%) was significantly higher 
than the NC group (49.21 ± 1.20%) and the BC 
group (48.13 ± 1.392%) (p <0.05, compared with 
the NC and the BC group). The proliferation 

Figure 2. Sequences of the shRNA 
interference lentiviral vector (part).
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index (PI, an index reflects the cell proliferation 
activity, i.e. the ratio of S and G2/M phase cells to 
all cells) in the KD group was significantly lower 
than the NC group and the BC group (p <0.05). 
There was no significant difference in ratio of 
G0/1 phase and PI between NC group and BC 
group (Figure 6B).

The effect of RNAi on the apoptosis 
rate of QBC939 cells

The apoptosis rate of KD group (12.30 ± 0.3579 
%) was significantly higher than NC group (4.72 ± 
0.2893%) and BC group (4.21± 0.2577%) (p <0.01). 
The apoptosis rate in the BC and the NC group have 
no significant difference (p> 0.05; Figure 7).

Supplementary Table III. Sequence results of constructed RNAi lentiviral vector.

shRNA	 Sequencing results. (shRNA primer shRNA target site)

   ANXA5-sh1	 A A A G A AT TA C A A A A A C A A AT TA C A A A A AT T C A A A AT T T T C G G G T T TAT T
	 A C A G G G A C A G C A G A G AT C C A G T T T G G T TA AT TA AT C G A G C G G C C G C C C C
	 C T T C A C C G A G G G C C TAT T T C C C AT G AT T C C T T C ATAT T T G C ATATA C G AT
	 A C A A G G C T G T TA G A G A G ATA AT T G G A AT TA AT T T G A C T G TA A A C A C A A A
	 G ATAT TA G TA C A A A ATA C G T G A C G TA G A A A G TA ATA AT T T C T T G G G TA G
	 T T T G C A G T T T TA A A AT TAT G T T T TA A A AT G G A C TAT C ATAT G C T TA C C G T
	 A A C T T G A A A G TAT T T C G AT T T C T T G G C T T TATATAT C T T G T G G A A A G G A C
	 G A A A C A C C G G G C T G G A AT T G AT G A A G C T C A A C T C G A G T T G A G C T T C AT C
	 A AT T C C A G C T T T T TA AT T C T C G A C C T C G A G A C A A AT G G C A G TAT T C AT C C
	 A C G G AT C C TA A C C C G T G T C G G C T C C A G AT C T G G C C T C C G C G C C G G G T T T
	 T G G C G C C T C C C G C G G G C G C C C C C C T C C T C A C G G C G A G C G C T G C C A C G T C
	 A G A C G A A G G G C G C A G C G A G C G T C C T G AT C C T T C C G C C C G G A C G C T C A G
	 G A C A G C G G C C C G C T G C T C ATA A G A C T C G G C C T TA G A A C C C C A G TAT C A G
	 C A G A A G G A C AT T T TA G G A C G G G A C T T G G G T G A C T C TA G G G C A C T G G T T T
	 T C T T T C TA G A G A G C G G A A C A G G C G A G G A ATA ATA
   ANXA5-sh2	 C A G AT TA C A A A A A C A A AT TA C A A A A AT T C A A A AT T T T C G G G T T TAT TA C
	 A G G G A C A G C A G A G AT C C A G T T T G G T TA AT TA AT C G A G C G G C C G C C C C C T
	 T C A C C G A G G G C C TAT T T C C C AT G AT T C C T T C ATAT T T G C ATATA C G ATA C
	 A A G G C T G T TA G A G A G ATA AT T G G A AT TA AT T T G A C T G TA A A C A C A A A G A
	 TAT TA G TA C A A A ATA C G T G A C G TA G A A A G TA ATA AT T T C T T G G G TA G T T
	 T G C A G T T T TA A A AT TAT G T T T TA A A AT G G A C TAT C ATAT G C T TA C C G TA A
	 C T T G A A A G TAT T T C G AT T T C T T G G C T T TATATAT C T T G T G G A A A G G A C G A
	 A A C A C C G G C C AT G AT TA A G G G A G ATA C AT C T C G A G AT G TAT C T C C C T TA
	 AT C AT G G T T T T TA AT T C T C G A C C T C G A G A C A A AT G G C A G TAT T C AT C C A C
	 G G AT C C TA A C C C G T G T C G G C T C C A G AT C T G G C C T C C G C G C C G G G T T T T G
	 G C G C C T C C C G C G G G C G C C C C C C T C C T C A C G G C G A G C G C T G C C A C G T C A G
	 A C G A A G G G C G C A G C G A G C G T C C T G AT C C T T C C G C C C G G A C G C T C A G G A C
	 A G C G G C C C G C T G C T C ATA A G A C T C G G C C T TA G A A C C C C A G TAT C A G C A G
	 A A G G A C AT T T TA G G A C G G G A C T T G G G T G A C T C TA G G G C A C T G G T T T T C T
	 T T C C A G A G A G C G G A A C A G G C G A G G A a A A G TA G T C C C T T C T C G G C G AT T C
	 T G C G G A G G G AT C T C C G T G G G G C G G T G A A C G C C G AT G AT TATATA A G G A
	 C G C C G C C G G G T G A G G C A C A G C
   ANXA5-sh3	 A A A G A AT TA C A A A A A C A A AT TA C A A A A AT T C A A A AT T T T C G G G T T TAT T
	 A C A G G G A C A G C A G A G AT C C A G T T T G G T TA AT TA AT C G A G C G G C C G C C C C
	 C T T C A C C G A G G G C C TAT T T C C C AT G AT T C C T T C ATAT T T G C ATATA C G AT
	 A C A A G G C T G T TA G A G A G ATA AT T G G A AT TA AT T T G A C T G TA A A C A C A A A
	 G ATAT TA G TA C A A A ATA C G T G A C G TA G A A A G TA ATA AT T T C T T G G G TA G
	 T T T G C A G T T T TA A A AT TAT G T T T TA A A AT G G A C TAT C ATAT G C T TA C C G T
	 A A C T T G A A A G TAT T T C G AT T T C T T G G C T T TATATAT C T T G T G G A A A G G A C
	 G A A A C A C C G G C G C G A G A C T T C T G G C A AT T TA C T C G A G TA A AT T G C C A G A
	 A G T C T C G C G T T T T TA AT T C T C G A C C T C G A G A C A A AT G G C A G TAT T C AT C C
	 A C G G AT C C TA A C C C G T G T C G G C T C C A G AT C T G G C C T C C G C G C C G G G T T T
	 T G G C G C C T C C C G C G G G C G C C C C C C T C C T C A C G G C G A G C G C T G C C A C G T C
	 A G A C G A A G G G C G C A G C G A G C G T C C T G AT C C T T C C G C C C G G A C G C T C A G
	 G A C A G C G G C C C G C T G C T C ATA A G A C T C G G C C T TA G A A C C C C A G TAT C A G
	 C A G A A G G A C AT T T TA G G A C G G G A C T T G G G T G A C T C TA G G G C A C T G G T T T
	 T C T T T C C A G A G A G C G G A A C A G G C G A G G A A A A G TA G T C C C T T C T C G G C G A
	 T T C T G C G G A G G G AT C T C C G T G G G G C G G T G A A C G C C G AT G AT TATATA A G
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Figure 3. Images of the bright field and green fluorescent field of 293T cells infected with virus, left row images: bright field 
(200×); right row images: green fluorescent field (200×).

Figure 4. Observation of the expression of green fluorescence using the fluorescence microscope (magnification, 200×). KD1 
group: LVpsc-sh1; KD2 group: LVpsc-sh2; KD3 group: LVpsc-sh3; NC group: LVpsc-scramble; BC group: QBC939 cell.
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Figure 5. Assessment of the expression of ANXA5 after RNAi. A, mRNA expressions in the transfected cells using fluores-
cence quantitative RT-PCR; *p<0.05, compared with the expression of ANXA5 mRNA in the QBC939 cells transfected with 
LVpsc-sh1. B, The expression of ANXA5 protein in the transfected cells using western blotting. The expression of ANXA5 
protein in the KD group cells decreased significantly, *p<0.01, compared with the BC group.

Figure 6. Evaluation of the cell cycle of the transfected cells using flow cytometry. A, Flow cytometry results. B, Bar com-
parison of the ratio of G0/1 phase and PI in each group. *p<0.05, compared with BC and NC groups. 

A

B

A

B
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Cells’ mobility changes
In vitro cell wound healing results showed that 

the migration ability of the KD group (0.33± 0.17 
mm/24 h) were significantly lower than the NC 
group (0.79 ± 0.21 mm/24 h) and the BC group 
(0.82 ± 0.14 mm/24 h (p<0.01); Figure 8).

Cell invasion ability 
in Transwell

The number of cells passes through the base-
ment membrane was 35.33± 6.03 in the KD 
group, which was significantly lower than the 
NC group (55.78 ± 8.7) and the BC group (57.65 
± 10.2) (p<0.01, Figure 9).

Discussion

Annexin A5 (ANXA5), also known as pla-
cental anticoagulant protein I, thromboplastin 
inhibitor V, endonexin II, calphobindin I and 
lipocortin V, is a member of the annexin fam-
ily21. Its gene locates on human chromosome 
4q26-q28, encoding a non-glycosylated single 
chain protein with 319 amino acid22,23. The mo-
lecular weight of ANXA5 is 35.7 KD. Researches 
have demonstrated ANXA5 plays an important 
role in the development, drug resistance and 
metastasis of tumors. However, the depth of re-
search on ANXA5 cannot be comparable to other 

Figure 7. Evaluation of the cell apoptosis rate in blank control cells (BC), negative control cells (NC) and the transfected 
cells (KD) using flow cytometry. *p<0.05, compared with the NC and BC cells.

Figure 8. Evaluation of the cell migration ability using the wound healing assay (magnification, 100×).
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members of ANXA families, such as ANXA1, or 
ANXA2. In this research, we studied the effect 
of ANXA5 on the proliferation, apoptosis, migra-
tion and invasion ability of human cholangiocar-
cinoma (CCA) cell line. Our research showed that 
ANXA5 play important role in the migration and 
metastasis of CCA cells. Inhibiting the expression 
of ANXA5 significantly increases the apoptosis 
of QBC939 cells, the proliferation, migration and 
invasion abilities of QBC939 cells also reduced.

Using two-dimensional gel electrophoresis 
analyzed 5 pairs of primary liver cancer and 
cancer embolus samples, Guo et al24 reported 
that ANXA5 was upregulated 134% in the tu-
mor samples. They suggested that ANXA5 may 
become a potential biomarker for portal venous 
emboli. ANXA5 also related with hepatocellular 
carcinoma lymph node metastasis. Liu et al25 
and Sun et al26 analyzed the lymph node metas-
tasis potential of 2 mouse hepatoma cell lines, 
Hca-F and Hca-P. Results showed that lymph 
node metastasis potential in Hca-F was 75%, 
and only 25% in Hca-P. Compared with Hca-P, 
the expression of ANXA5 in Hca-F increased in 
216%. Pancreatic ductal adenocarcinoma (PDAC) 
is one of the most common types of pancre-
atic cancer. Most PDAC are diagnosed in late 
stage with poor prognosis. Cui et al27 speculated 
hypoxic conditions may cause up-regulation of 
ANXA5 in PDAC. Lacking blood supply is the 
imaging features of most pancreatic cancer. The 
insufficient blood supply may be associated with 
the rapid growth of tumor. Continuously exposed 
to severe hypoxia conditions, the hypoxia-induc-
ible factor in cells could be activated28. Thus, 
it promotes the transcription of pro-angiogenic 
factors and the progress of malignant tumor; 
even it might increase the resistance of tumor 

cells to radiation and chemotherapy. Proteomics 
and immunohistochemical results showed that 
the expressed ANXA5 in pancreatic cancer nest 
increased by 325% compared with normal pan-
creatic duct. However, detailed mechanism of 
ANXA5 in PDAC still need further study. 

Drug resistance is the main reasons for failure 
of chemotherapy. Compared with adjacent tis-
sues, the multidrug resistance protein (MRP) in 
gastric cancer is highly expressed29. ANXA5 is 
correlated with positive expressed MRP in gastric 
cancer. And up-regulation of ANXA5 could pro-
mote drug resistance of gastric cancer30. Wu et al31 
compared the expressions of MRP and ANXA5 
in 2 gastric cancer lines, SGC-7901 cell and SGC-
7901/DDP cell. They indicated the expression of 
ANXA5 elevated in SGC-7901/DDP cell with the 
up-regulation of MRP protein. siRNA silencing of 
ANXA5 leads to decreased expression of MRP in 
SGC-7901/DDP cell. In addition, the IC50 of cis-
platin, paclitaxel, and 5-Fu in SGC-7901/DDP cell 
decreased significantly. The sensitivity of SGC-
7901/DDP cell to cisplatin, paclitaxel, and 5-Fu 
increased in 36, 17 and 4 times respectively. Xue 
et al18 analyzed 207 pair of colorectal adenocarci-
nomas (CRC) and adjacent tissues. Results showed 
that the expression of ANXA5 increased in tumor 
tissues. Further analysis showed that up-regulated 
ANXA5 was correlated with tumor stage, liver 
metastasis, increased recurrence rate and low sur-
vival of these CRC patients. 

Zheng et al32 demonstrated ANXA5 affects 
the occurrence and development of breast cancer 
via Ras/Raf/MEK/ERK pathway through acting 
on Shc protein. This pathway plays important 
roles in regulating metabolism, proliferation, and 
differentiation of cell. Sato et al33 and El-Shem-
erly et al34 found that Shc might be the substrate 

Figure 9. The cell invasion of the transfected cells under inverted microscope (magnification, 200×).
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of protein kinase (PKC) in Ras/Raf/MEK/ERK 
signaling pathway. PKC induces phosphorylation 
of Shc and promotes its combination with Grb2. 
The overexpression of ANXA5 may inhibit Shc 
through inhibiting PKC. Abnormal functioned 
PKC lead to abnormal differentiation and pro-
liferation of cell, and the occurrence of tumors. 

ANXA5 not only plays the opposite role in dif-
ferent tumors18-20, it also demonstrates the opposite 
roles at the cellular and organ level: ANXA5 pro-
motes the apoptosis of colorectal cancer cells35, on 
the other hand, it is highly expressed in advanced 
colon cancer tissues18. Although up-regulation of 
ANXA5 promotes progression of cervical cancer, 
it is markedly suppressed in cervical carcinoma 
cells. This might because ANXA5 involved in 
inflammatory carcinogenesis process. It mediates 
apoptosis of cancer cells, promotes the occurrence 
of immune response. After been exposure to early 
inflammatory cell, ANXA5 made cells with low 
tumorigenic and low tumorigenicity transform-
ing into tumor cells with highly tumorigenic and 
metastatic. All together, these researches demon-
strate ANAXA5 plays important roles in cancer; 
however, its mechanism is far more complex than 
we researched so far. A large number of follow-up 
studies are needed to explore and verify the related 
mechanisms.

Conclusions

We demonstrated that ANXA5 plays an im-
portant role in the migration and metastasis of 
cholangiocarcinoma cells. Inhibiting the expres-
sion of ANXA5 significantly increases the apop-
tosis, reduces the proliferation, migration, and 
invasion of QBC939 cells. Our study provides 
an experimental basis for the further mechanism 
study of ANXA5 in CCA. However, the exact 
mechanism needs further study.

Conflict of interest
The authors declare there is no conflict of interest.

References

   1)	 Ito Y, Takeda T, Sasaki Y, Sakon M, Yamada T, Ishiguro 
S, Imaoka S, Tsujimoto M, Monden M, Matsuura N. 
Expression of p57/Kip2 protein in extrahepatic bile 
duct carcinoma and intrahepatic cholangiocellular 
carcinoma. Liver 2002; 22: 145-149.

   2)	Zhu Y, Zhu Y, Cai F, Zhao J, Liu F. Prognostic risk fac-
tors associated with recurrence and metastasis af-
ter radical resection in patients with hepatolithiasis 
complicated by intrahepatic cholangiocarcinoma. 
Cell Biochem Biophys 2015; 73: 455-460.

   3)	Sirica AE. Cholangiocarcinoma: molecular targeting 
strategies for chemoprevention and therapy. Hepa-
tology 2005; 41: 5-15.

   4)	Khan SA, Taylor-Robinson SD, Toledano MB, Beck A, 
Elliott P, Thomas HC. Changing international trends 
in mortality rates for liver, biliary and pancreatic tu-
mours. J Hepatol 2002; 37: 806-813.

   5)	Bergquist A, von Seth E. Epidemiology of cholan-
giocarcinoma. Best Pract Res Clin Gastroenterol 
2015; 29: 221-232.

   6)	 Jackson MW, Amini A, Jones BL, Rusthoven CG, 
Schefter TE, Goodman KA. Treatment selection and 
survival outcomes with and without radiation for 
unresectable, localized intrahepatic cholangiocar-
cinoma. Cancer J 2016; 22: 237-242.

   7)	Chung C, Bautista N, O’Connell TX. Prognosis and 
treatment of bile duct carcinoma. Am Surg 1998; 
64: 921-925.

   8)	Bennett JJ. Biliary tract cancers. Preface. Surg On-
col Clin N Am 2009; 18: 15-16.

   9)	Brito AF, Abrantes AM, Encarnacao JC, Tralhao JG, 
Botelho MF. Cholangiocarcinoma: from molecular 
biology to treatment. Med Oncol 2015; 32: 245.

 10)	Zhu AX. Future directions in the treatment of chol-
angiocarcinoma. Best Pract Res Clin Gastroenter-
ol 2015; 29: 355-361.

 11)	 Bouter A, Carmeille R, Gounou C, Bouvet F, Degrelle 
SA, Evain-Brion D, Brisson AR. Review: annexin-A5 
and cell membrane repair. Placenta 2015; 36: S43-
49.

 12)	 Rinaldi L, Milione S, Porta G, Siniscalchi LI, Franci G, 
Di Francia R. Inhibition of the JNK signaling pathway 
increases sensitivity of hepatocellular carcinoma 
cells to cisplatin by down-regulating expression of 
P-glycoprotein. Eur Rev Med Pharmacol Sci 2016; 
20: 2947-2949.

 13)	Ravassa S, Bennaghmouch A, Kenis H, Lindhout T, 
Hackeng T, Narula J, Hofstra L, Reutelingsperger C. 
Annexin A5 down-regulates surface expression of 
tissue factor: a novel mechanism of regulating the 
membrane receptor repertoir. J Biol Chem 2005; 
280: 6028-6035.

 14)	 Qing Y, Yingmao G, Lujun B, Shaoling L. Role of 
Npm1 in proliferation, apoptosis and differentiation 
of neural stem cells. J Neurol Sci 2008; 266: 131-
137.

 15)	Zhang Y, Du Z, Zhuang Z, Wang Y, Wang F, Liu S, 
Wang H, Feng H, Li H, Wang L, Zhang X, Hao A. 
E804 induces growth arrest, differentiation and 
apoptosis of glioblastoma cells by blocking Stat3 
signaling. J Neurooncol 2015; 125: 265-275.

 16)	Hawkins TE, Das D, Young B, Moss SE. DT40 cells 
lacking the Ca2+-binding protein annexin 5 are 
resistant to Ca2+-dependent apoptosis. Proc Natl 
Acad Sci U S A 2002; 99: 8054-8059.

 17)	Sofiadis A, Becker S, Hellman U, Hultin-Rosenberg L, 
Dinets A, Hulchiy M, Zedenius J, Wallin G, Foukakis 
T, Hoog A, Auer G, Lehtio J, Larsson C. Proteomic 
profiling of follicular and papillary thyroid tumors. 
Eur J Endocrinol 2012; 166: 657-667.



X.-M. Ding, J.-X. Li, K. Wang, Z.-S. Wu, A.-H. Yao, C.-Y. Jiao, J.-J. Qian, D.-S. Bai, X.-C. Li

1488

 18)	Xue G, Hao LQ, Ding FX, Mei Q, Huang JJ, Fu CG, 
Yan HL, Sun SH. Expression of annexin a5 is asso-
ciated with higher tumor stage and poor progno-
sis in colorectal adenocarcinomas. J Clin Gastro-
enterol 2009; 43: 831-837.

 19)	 Wu L, Yang L, Xiong Y, Guo H, Shen X, Cheng Z, 
Zhang Y, Gao Z, Zhu X. Annexin A5 promotes in-
vasion and chemoresistance to temozolomide in 
glioblastoma multiforme cells. Tumour Biol 2014; 
35: 12327-12337.

 20)	 Lu B, Zhao J, Xu L, Xu Y, Wang X, Peng J. Iden-
tification of molecular target proteins in berber-
ine-treated cervix adenocarcinoma HeLa cells by 
proteomic and bioinformatic analyses. Phytother 
Res 2012; 26: 646-656.

 21)	 Liu XR, Li YQ, Hua C, Li SJ, Zhao G, Song HM, Yu 
MX, Huang Q. Oxidative stress inhibits growth 
and induces apoptotic cell death in human U251 
glioma cells via the caspase-3-dependent path-
way. Eur Rev Med Pharmacol Sci 2015; 19: 4068-
4075.

 22)	 Schutters K, Reutelingsperger C. Phosphatidylserine 
targeting for diagnosis and treatment of human 
diseases. Apoptosis 2010; 15: 1072-1082.

 23)	 van Genderen HO, Kenis H, Hofstra L, Narula J, Re-
utelingsperger CP. Extracellular annexin A5: func-
tions of phosphatidylserine-binding and two-di-
mensional crystallization. Biochim Biophys Acta 
2008; 1783: 953-963.

 24)	 Guo WX, Man XB, Yuan HX, Shi J, Xue J, Wu MC, 
Cheng SQ. [Proteomic analysis on portal vein tu-
mor thrombus-associated proteins for hepatocel-
lular carcinoma]. Zhonghua Yi Xue Za Zhi 2007; 
87: 2094-2097.

 25)	 Liu S, Sun MZ, Tang JW, Wang Z, Sun C, Greenaway 
FT. High-performance liquid chromatography/na-
no-electrospray ionization tandem mass spectrom-
etry, two-dimensional difference in-gel electropho-
resis and gene microarray identification of lymphatic 
metastasis-associated biomarkers. Rapid Commun 
Mass Spectrom 2008; 22: 3172-3178.

 26)	 Sun MZ, Liu S, Tang J, Wang Z, Gong X, Sun C, Green-
away F. Proteomics analysis of two mice hepatocarci-

noma ascites syngeneic cell lines with high and low 
lymph node metastasis rates provide potential pro-
tein markers for tumor malignancy attributes to lym-
phatic metastasis. Proteomics 2009; 9: 3285-3302.

 27)	Cui Y, Zhang D, Jia Q, Li T, Zhang W, Han J. Pro-
teomic and tissue array profiling identifies elevated 
hypoxia-regulated proteins in pancreatic ductal ad-
enocarcinoma. Cancer Invest 2009; 27: 747-755.

 28)	Cheng KJ, Bao YY, Zhou SH. The role of hypoxia in-
ducible factor in nasal inflammations. Eur Rev Med 
Pharmacol Sci 2016; 20: 5067-5076.

 29)	Xu HW, Xu L, Hao JH, Qin CY, Liu H. Expression of 
P-glycoprotein and multidrug resistance-associat-
ed protein is associated with multidrug resistance 
in gastric cancer. J Int Med Res 2010; 38: 34-42.

 30)	Peng B, Guo C, Guan H, Liu S, Sun MZ. Annexin A5 
as a potential marker in tumors. Clin Chim Acta 
2014; 427: 42-48.

 31)	 Wu XP, Tang YZ, Huang WG, Wu YH. Identification 
of proteins interacting with multidrug resistance 
protein in gastric cancer. World Chinese Journal of 
Digestology 2011; 19: 3568-3573.

 32)	Zheng W, Yin T, Chen Q, Qin X, Huang X, Zhao S, 
Xu T, Chen L, Liu J. Co-delivery of Se nanoparti-
cles and pooled SiRNAs for overcoming drug re-
sistance mediated by P-glycoprotein and class III 
beta-tubulin in drug-resistant breast cancers. Acta 
Biomater 2016; 31: 197-210.

 33)	Sato H, Ogata H, De Luca LM. Annexin V inhibits the 
12-O-tetradecanoylphorbol-13-acetate-induced 
activation of Ras/extracellular signal-regulated ki-
nase (ERK) signaling pathway upstream of Shc in 
MCF-7 cells. Oncogene 2000; 19: 2904-2912.

 34)	El-Shemerly MY, Besser D, Nagasawa M, Nagamine Y. 
12-O-Tetradecanoylphorbol-13-acetate activates 
the Ras/extracellular signal-regulated kinase 
(ERK) signaling pathway upstream of SOS involv-
ing serine phosphorylation of Shc in NIH3T3 cells. 
J Biol Chem 1997; 272: 30599-30602.

 35)	Jeong JJ, Park N, Kwon YJ, Ye DJ, Moon A, Chun YJ. 
Role of annexin A5 in cisplatin-induced toxicity in 
renal cells: molecular mechanism of apoptosis. J 
Biol Chem 2014; 289: 2469-2481.


