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Introduction

Cholangiocarcinoma (CCA) is a bile duct cancer 
which is difficult to diagnose at an early stage. Its high 
invasiveness and frequent metastasis contribute to the 
devastat¬ing prognosis and notoriously high mortality 
rate of CCA (Zeng and Tao, 2015). Complete resection 
is the only option for a cure. However, only a very small 
proportion of CCA patients can receive such surgery 
(Luvira et al., 2016). Metastasis has already occurred in 
about 80% of CCA patients at diagnosis. These patients 
usually receive ineffective chemotherapy or palliative 
treatments (Butthongkomvong et al., 2013). Currently, 
there is little understanding of the molecular processes 
involved in metastasis in CCA that might give clues 
leading to a more effective treatment of this highly 
metastatic cancer. 

Our previous study revealed high expression of 
annexin A1 (ANXA1) in a highly metastatic CCA cell line 
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(KKU-213AL5) relative to the parental KKU-213A cell 
line (Uthaisar et al., 2016). ANXA1 is a member of the 
annexin family which consists of calcium ion-dependent 
phospholipid-binding proteins (Caron et al., 2013). It 
plays a role in a variety of cellular biological activities 
including cell proliferation, cell death and carcinogenesis 
(Lim and Pervaiz, 2007). Increasing ANXA1 expression 
was observed during cholangiocarcinogenesis in a hamster 
model and was also found in human CCA cases (Wang et 
al., 2006a; Hongsrichan et al., 2013). Depletion of ANXA1 
expression inhibited TGF-β and MMPs but induced NF-κB 
expression in a CCA cell line (Hongsrichan et al., 2013). 
However, the function of ANXA1 in metastasis of CCA 
has not been clarified. Therefore, we aimed to investigate 
the cell proliferation and cell invasiveness in the highly 
metastatic KKU-213AL5 cell line following ANXA1 
knockdown. Additionally, the clinical significance of 
ANXA1 was evaluated in human CCA tissues.
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Materials and Methods 

Human CCA tissues, CCA cell lines and metastases of 
these cell lines in mouse lungs 

The KKU-213A CCA cell line, its highly metastatic 
derivative KKU-213AL5, and metastasized lung tissues 
from mice injected intravenously with KKU-213A and 
KKU-213AL5 cells were obtained as described previously 
(Uthaisar et al., 2016). The procedure was approved by 
the Institutional Animal Care and Use Committee of 
Kumamoto University . Paraffin-embedded human CCA 
tissues from histologically confirmed mass-forming type 
of CCA (n=44) were obtained from the specimen bank 
of the Cholangiocarcinoma Research Institute, Khon 
Kaen University, Thailand. The protocol was reviewed 
and approved by The Khon Kaen University Ethics 
Committee for Human Research (HE591063) based on the 
Declaration of Helsinki and ICH-Good Clinical Practice 
Guidelines.

Transient knockdown of ANXA1 using siRNA
ANXA1 suppression was performed using siRNA; sense 

sequence: 5’ GGACUUUGG UGUGAAUGAAtt 3’ and 
antisense sequence: 5’ UUCAUUCACACCAAAGUCCtc 
3’. KKU-213AL5 cells (2 x 105 cells) were plated into a 
6-well culture plate and transfected with 50 pmole/mL 
si-ANXA1 or scramble control. LipofectamineTM 2000 
(Invitrogen, CA, USA) was used as a transfection reagent. 
Cells were incubated at 37°C in a CO2 incubator for 24 h 
after transfection and used for further analysis.

Cell proliferation assay
KKU-213AL5 cells (1x103 cells/well ) were seeded 

into a 96-well plate and treated with scramble or si-
ANXA1 silencers. Cell proliferation was determined 
on days 1-3 after transfection using an MTT-based 
method according to the manufacturer’s recommendation 
(Invitrogen, CA, USA). Briefly, 10 µL of MTT reagent (0.5 
mg/mL final concentration) was added to each well. After 
incubation for 4 h, 100 µL of 0.01 N HCl in isopropanol 
was added to dissolve the crystals and absorbance was 
measured at 540 nm. 

Clonogenic assay
Survival and proliferative activities were determined 

using a clonogenic assay (Franken et al., 2006). Briefly, 
200 cells in Ham’s F-12 with 10% FBS were seeded in 
a 6-well plate and incubated in a 5% CO2 incubator at 
37°C for 7 days. Colonies (at least 50 cells) were fixed in 
4% v/v paraformaldehyde, stained with 0.5% w/v crystal 
violet and counted. 

In vitro cell-migration and invasion assays
The migration and invasion assays were performed 

using a Boyden chamber assay as described previously 
(Uthaisar et al., 2016). Briefly, Transwell® plates with 8 
µm pore polycarbonate-membrane inserts were coated 
with Matrigel (BD Biosciences) overnight. The CCA 
cells (3 x 104) were seeded onto the upper chamber of the 
Transwell® unit. Ham’s F-12 medium with 10% FBS was 
used as a chemoattractant in the bottom chamber. The cells 

were allowed to invade at 37°C and 5% CO2 for 7 h. Cells 
in the upper chamber were gently wiped off with a cotton 
bud. The membranes containing the migrating/ invading 
cells were fixed in 4% v/v paraformaldehyde, stained with 
0.4% w/v sulphorhodamine B and counted by averaging 
9 low-power fields. 

Real-time PCR 
Total RNA was isolated from cells with Trizol® 

reagent (Invitrogen, Carlsbad, CA) and 2 µg of RNA 
was reverse transcribed into cDNA using High-Capacity 
cDNA Reverse Transcription kits (Applied Biosystems, 
Foster City, CA). Real-time PCR was performed in 
the LightCycler®480 system (Roche Diagnostics, 
Germany). The reaction mixture (20 µL) contained 
cDNA template , Light Cycler®480 SYBR Green I 
Master reagent and the following primers: ANXA1 
(forward: 5’AACGCTTTGCTTTCTCTTG 3’, reverse: 
5’CTTCTGGTGGTAAGGATGG 3’) or β2 microglobulin 
(B2M) (forward: 5’AAGATG AGTATGCCTGCCG 3’, 
reverse: 5’ CGGCATCTTCAAACCTCC 3’). The PCR 
protocol consisted of an initial denaturation step of 95oC 
for 5 min, followed by 50 amplification cycles with 10 
sec at 95oC, 10 sec at the annealing temperature of 60oC 
and 3 sec at 72oC. The expression levels of ANXA1 gene 
were normalized with the B2M gene as internal control. 
The values were expressed as (2-∆cp), where ∆cp= [cp target 
gene-cp internal control and for fold change as (2-∆∆cp), 
where ∆∆cp= [cp target gene-cp internal control (tested 
cell)]/[cp target gene-cp internal control (control cells)].

Cell lysis, SDS-PAGE and western blot analysis 
Cells were lysed with lysis buffer containing 

protease inhibitor cocktails. The protein concentration 
of cell lysate was determined using the Bradford assay 
(Bradford, 1976). Twenty-five micrograms of protein was 
separated on 10% SDS-PAGE and then transferred to a 
PVDF membrane using Bolt & Mahoney transfer buffer 
according to the method described (Laemmli, 1970). 
The PVDF membrane was incubated with 1:1000 rabbit 
anti-ANXA1 polyclonal antibody (Abcam, MA, USA) or 
1:10,000 anti-β-actin antibody (Sigma-Aldrich, MO, USA) 
followed by 1:20,000 HRP-linked secondary antibody 
(Zymed Laboratories, CA, USA). The immunoreactive 
bands were detected using the Chemiluminescence ECL 
Prime Western Blotting Detection System (GE Healthcare, 
IL, USA). The intensities of bands were analyzed using 
ImageJTM analysis software.

Immunohistochemistry (IHC)
ANXA1 protein in the paraffin-embedded tissues 

was detected using a standard protocol. In brief, the 
sections were incubated with a 1:100 dilution of 
anti-ANXA1 antibody (Santa Cruz Biotechnology, 
CA, USA) at 4oC overnight and further incubated with 
the EnVision+system-HRP labeled polymer (Dako, 
Denmark). For cytokeratin 19 (CK19) (Sigma-Aldrich, 
MO, USA), the protocol was as described previously 
(Uthaisar et al., 2016). The frequency of ANXA1-positive 
cells was semi-quantitatively scored as 0% = negative; 
1–25% positive cells = +1; 26–50% = +2; and > 50% = 
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cells described previously. KKU-213AL5-injected mice 
developed >10-fold more lung metastatic foci than did 
those injected with KKU-213 cells. Mice injected with 
KKU-213AL5 also had shorter survival times (median 
of 21 days) compared to 36 days for those injected with 
KKU-213A cells (Uthaisar et al., 2016). We further 
verified the expression of ANXA1 in lung metastases 
from mice injected with KKU-213A or KKU-213AL5 
using IHC staining (Figure 1C). CK19 staining confirmed 
that the lung metastases were indeed due to these biliary 
epithelial cancer cells. ANXA1 was expressed at a higher 
level in lung metastases of KKU-213AL5 relative to those 
of the KKU-213A cell line. The percentage of positive 
staining for ANXA1 in lung metastases from mice injected 
with KKU-213AL5 cells (100%, 6/6, IHC index: 6.0 
±2.7) was significantly higher than for KKU-213A (33%, 
2/6, IHC index: 2.2±3.7), as presented in Figure 1D (P < 
0.05). These results imply that ANXA1 may play roles in 
metastasis of CCA cells. 

Knockdown of ANXA1 caused reduction in cell 
proliferation, colony formation, cell migration and 
invasion of KKU-213AL5 cells

To examine the functions of ANXA1 in CCA 
progression, we knocked down the ANXA1 expression 
using RNA interference in the KKU-213AL5 cell line. 
The specific silencer of ANXA1 (si-ANXA1) effectively 
decreased the expression of ANXA1 protein to 45% of that 

+3. The intensity of positive staining was scored as weak 
= 1, moderate = 2 and strong = 3. ANXA1 expression was 
evaluated using an IHC index (intensity x frequency, range 
0-9) and categorized as low (≤ 6) or high (> 6). 

Statistical analysis
Statistical analyses were performed using Sigma 

Stat version 3.5 software (Systat Software Inc., UK) 
and GraphPad Prism software (CA, USA). Student’s 
t-test was used for comparisons between two groups. A 
P-value < 0.05 was considered statistically significant. 
ANXA1 expression was evaluated for association 
with clinicopathological findings using the Chi2-test 
(*P < 0.05, **P < 0.01 and ***P < 0.001). 

Results

High expression of ANXA1 in the highly metastatic KKU-
213AL5 cell line and in lung metastases due to this cell 
line

ANXA1 expression levels in KKU-213A and 
KKU-213AL5 CCA cell lines were compared at the 
mRNA level using real-time PCR and at the protein 
level using western blot. As shown in Figure 1A-B, 
ANXA1 expression was elevated in the highly metastatic 
KKU-213AL5 compared with the parental KKU-213A 
cell line. The greater metastatic potential of the 
KKU-213AL5 cells relative to the parental KKU-213A 

Figure 1. ANXA1 Expression in KKU-213A and KKU-213AL5 Cell Lines and Metastases of These in Mouse Lungs. 
Comparison of ANXA1 expression at (A) the mRNA level; and (B) protein level in KKU-213A and highly metastatic 
KKU-213AL5 cell lines. The expression of ANXA1 in KKU-213A was normalized with β-actin and set = 1. (C) The 
expression of ANXA1 and CK19 in lung metastasized tissues from mice injected with KKU-213A and KKU-213AL5 
was determined using IHC (magnification 40x). (D) The percentages of cells staining positive for ANXA1 in lung tis-
sues from mice injected with KKU-213A or KKU-213AL5 CCA cells (n =6 each group).  *P < 0.05
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in the scramble control (Figure 2A). Cell proliferation was 
examined using the MTT assay. Viable cells cultured for 
1, 2 and 3 days were compared between scramble control 
and si-ANXA1-treated KKU-213AL5 cells. As shown in 
Figure 2B, the proliferation of si-ANXA1 treated cells 
was significantly lower than the scramble control on 
days 1 to 3. 

The involvement of ANXA1 with colony formation 
was next investigated using a clonogenic assay. Cells were 
allowed to form colonies for 7 days and the number of 
colonies was counted. KKU-213AL5 cells treated with 
si-ANXA1 formed significantly fewer colonies than did 

scramble-control cells (P < 0.001) as shown in Figure 
2C. The number of colonies in the scramble-control cells 
was 162.0 ± 1.4, whereas si-ANXA1-treated cells formed 
100.8 ± 7.0 colonies. 

In addition, migration and invasion abilities of 
si-ANXA1-treated KKU-213AL5 cells were also 
investigated using a Boyden chamber assay. Knockdown 
of ANXA1 expression dramatically reduced the number 
of migrating cells by 3/4 and decreased the number of 
invading cells by half when compared with the scramble 
controls (Figure 2D-E).

Figure 2. Suppression of ANXA1 Reduced Cell Proliferation, Colony Formation, Cell Migration and Invasion of 
KKU-213AL5 Cells. (A) Expression of ANXA1 protein was depleted by siRNA (si-ANXA1). (B) The rate of cell 
proliferation was determined daily for 3 days using the MTT assay. Relative proliferation was normalized to day 
0 and compared between scramble control cells and si-ANXA1-treated cells.  Data represent mean ± SD of three 
replicates from one of two independent experiments. (C) Silencing of ANXA1 reduced colony formation in the KKU-
213AL5 cell line. Crystal violet-stained colonies of KKU-213AL5 compared between the scramble control and si-
ANXA1-treated cells.  Data are presented as the mean ± SD of numbers of colonies in three replicates from one of 
two independent experiments. *P < 0.05, ***P < 0.001. The numbers of migrating cells (D) and invading cells (E) of 
KKU-213AL5 compared between scramble control and si-ANXA1-treated cells.  Data are presented as the mean ± SD 
of numbers of migrating/ invading cells in three replicates from one of three independent experiments. ***P < 0.001. 
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High ANXA1 expression was associated with tumor 
staging and lymph-node metastasis in human CCA tissues

To verify the clinical importance of ANXA1 expression 
in CCA patients, IHC of ANXA1 protein was performed 
in 44 human CCA tissues of the mass-forming type. 
As shown in Figure 3A, there was little or no staining 
of ANXA1 protein in bile-duct epithelia of non-tumor 
counterparts. More intense staining was observed in 
CCA tissues. Comparisons of ANXA1 expression levels 
in 44 individual CCA patients between normal bile duct 
epithelium and CCA (Figure 3B). ANXA1 protein was 
undetectable in 11 of 44 cases (25%) of bile-duct epithelia 

in non-tumor counterparts and expression was mostly low 
in the remaining cases. The mean IHC index for ANXA1 
in CCA tissues (6.89 ± 2.73) was significantly higher 
than that for normal bile duct (2 ± 2.08) (P < 0.001), as 
presented in Figure 3C. 

The associations between ANXA1 expression levels 
and clinicopathological features including age, sex, tumor 
staging, tumor size and lymph node metastasis were 
analyzed. As shown in Table 1, the median ANXA1-IHC 
index value (=6) was used to divide CCA tissues into 
two categories: low (≤ 6) versus high (> 6) levels of 
ANXA1 expression. There was no significant association 

Figure 3. Immunohistochemistry of ANXA1 in Human CCA Tissues. (A) Negative or low expression of ANXA1 is 
apparent in non-tumor tissues. CCA tissues with low ANXA1 expression (IHC index ≤6) and high ANXA1 expression 
(IHC index >6). NBD = normal bile duct, magnification 200x. (B) ANXA1 protein expression levels in each of 44 
CCA patients.  The IHC-index is shown of ANXA1 in normal bile duct (NBD) and CCA tissues from individual CCA 
patients.  (C) Comparison of IHC indices of ANXA1 in NBD and CCA tissues. ***P < 0.001. (D) Kaplan-Meier 
survival plot between low and high ANXA1 expressing CCA patients.  
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Variable n ANXA1 expression P value
Low (≤ 6) High (> 6)

Age (years)
     ≤ 56 28 14 14 0.227
     > 56 16 5 11
Sex
     Female 22 10 12 >0.999
     Male 22 10 12
Tumor staging
     III 10 7 3 0.027
     IVA 21 10 11
     IVB 13 2 11
Tumor size* (cm)
     ≤ 5 17 11 6 0.042
     >5 cm 27 9 18
Lymph node metastasis
     No 24 15 9 0.017
     Yes 20 5 15

*Tumor size based on longest diameter 

Table 1. Univariate Analysis of Low and High ANXA1 
Expression in 44 CCA Patients 

of ANXA1 expression with age or sex. However, high 
ANXA1 expression was significantly associated with 
tumor staging (P = 0.027), tumor size (P = 0.042) and 
lymph-node metastasis (P = 0.017). The median survival 
time of these two groups was not significant different 
(low ANXA1, 302 days versus high ANXA1, 275 days) 
as shown in Figure 3D.

Discussion

ANXA1 is a calcium-binding protein involved 
in diverse cellular functions, such as inflammation, 
proliferation and apoptosis. The contribution of ANXA1 
to tumorigenesis and metastasis is widely recognized (de 
Graauw et al., 2010; Kang et al., 2012; Han et al., 2017b). 
However, the exact mechanisms by which ANXA1 
exerts its effects in CCA progression are still not clearly 
understood. In our study, ANXA1 was overexpressed 
in the highly metastatic KKU-213AL5 cell line, both at 
the mRNA and the protein level. Association of ANXA1 
expression with metastatic properties of KKU-213AL5 
was also confirmed in the xenograft tissues. ANXA1 was 
overexpressed in primary tumor sections and metastasized 
lung sections of highly metastatic KKU-213AL5 cell line 
when compared with the parental KKU-213A cell line. 
Similar observations have been reported in rat and human 
mammary-adenocarcinoma tissues, showing ANXA1 was 
highly expressed in lung metastatic tumors compared with 
parental cells (Pencil and Toth, 1998). An association 
between ANXA1 expression and metastatic activity was 
also shown in highly invasive mouse breast-cancer cells 
(Okano et al., 2015). 

Our study demonstrated that suppression of 
ANXA1 using specific siRNA significantly reduced cell 

proliferation, colony formation, migration and invasion 
in KKU-213AL5 cells. The findings were consistent with 
multiple types of cancers (Babbin et al., 2006; de Graauw 
et al., 2010; Khau et al., 2011; Belvedere et al., 2014; Zhao 
et al., 2021), strongly suggesting ANXA1 contributed to 
metastasis of cancers. Knockdown of ANXA1 diminished 
the mRNA expression of transforming growth factor-β 
(TGF-β) and 2 types of matrix metalloproteinase 
(MMP2 and MMP9) in CCA cell lines (Hongsrichan et 
al., 2013). ANXA1 may regulate TGF-β signaling and 
induce epithelial-mesenchymal transition (EMT) (de 
Graauw et al., 2010) leading to up-regulation of MMP2 
and MMP9 (Wiercinska et al., 2011), which in turn 
degrades extracellular matrix (ECM), promoting cancer 
progression and metastasis. This supports the role of 
ANXA1 in CCA metastasis. In addition, overexpression 
of ANXA1 enhances the invasion and metastasis of 
esophageal squamous-cell carcinoma by inducing the 
Snail/E-cadherin pathway (Han et al., 2017b). To gain 
a better understanding of the molecular mechanisms 
underlying ANXA1-associated metastasis of CCA, it will 
be interesting to study expression of other EMT-related 
proteins in ANXA1-knockdown CCA cell lines . Ectopic 
overexpression of ANXA1 may be another tool for 
investigating the migratory/invasive properties of low 
ANXA1-expressing cells. Moreover, the role of ANXA1 
in the progression of CCA should be further investigated 
in a preclinical experiment. 

High expression of ANXA1 in CCA tissues was 
associated with advanced tumor stage and presence of 
lymph-node metastasis. This is consistent with other 
studies of metastasis in various cancers (Kang et al., 
2002; Wang et al., 2006a; Wang et al., 2006b; de Graauw 
et al., 2010; He et al., 2010; Bist et al., 2011; Sato et al., 
2011; Biaoxue et al., 2012; Kang et al., 2012; Gastardelo 
et al., 2014; Okano et al., 2015; Han et al., 2017a; Han et 
al., 2017b; Pessolano et al., 2018). This body of research 
strongly supports the clinical significance of ANXA1 as 
a metastatic marker of CCA.

 In conclusion, we have demonstrated that high 
expression levels of ANXA1 are associated with advanced 
tumor stage, tumor size and lymph-node metastasis 
in CCA patients. These findings strongly indicate that 
ANXA1 is a potential prognostic marker and may be 
used to screen CCA patients who are at risk of metastasis. 
Suppression of ANXA1 impeded proliferation, invasion 
and metastasis of a highly metastatic CCA cell line. 
Our research may prove useful in targeting ANXA1 for 
inhibition of metastasis in CCA patients. Further studies 
of the underlying mechanism are required to warrant our 
findings. 
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