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Abstract. Extrahepatic cholangiocarcinoma (CC) is an aggres-
sive malignancy with dismal prognosis and characterized 
by early invasion, metastasis and postoperative recurrence. 
Therefore, understanding the main molecular mechanisms of 
this malignancy is the key for the development of novel and 
effective therapeutic strategies for extrahepatic CC. Foxj2 is 
a novel forkhead factor. Several FOX family members have 
been reported to play an important role in tumorigenesis 
and the progression of certain cancers. In this study, real-
time quantitative RT-PCR (qRT-PCR), western blotting, and 
immunohistochemical staining were used to examine FOXJ2 
expression in extrahepatic CC tissues and adjacent normal bile 
duct tissues. The molecular mechanisms of FOXJ2 expression 
and its effects on cell proliferation, migration and invasion 
were also explored by MTT assay, wound healing assay 
and Transwell assay. The relationships between the FOXJ2 
expression levels, the clinicopathological factors, and patient 
survival were investigated. FOXJ2 mRNA and protein levels 
were downregulated in extrahepatic CC tissues compared 
to adjacent normal bile duct tissues. In addition, decreased 
FOXJ2 was associated disease progression in extrahepatic CC 

samples. Overexpression FOXJ2 expression markedly inhibited 
cell proliferation, migration and invasion in vitro. FOXJ2 is a 
transcription factor that has been reported to induce epithelial-
mesenchymal transition (EMT). These findings indicated that 
FOXJ2 gene played a tumor suppressor role in extrahepatic 
CC, which proposed this gene as a new therapeutic target for 
extrahepatic CC patients.

Introduction

Cholangiocarcinoma (CC) is a malignant tumor that arises 
from the ductal epithelium of the biliary tree (1). CC accounts 
for ~3% of all gastrointestinal malignancies; however, it 
represents the second most common hepatic malignancy after 
hepatocellular carcinoma (HCC) (2). CC is currently classified 
as intrahepatic CC and extrahepatic CC, depending on the 
carcinogenic site. Extrahepatic CCs are further divided into 
hilar (Klatskin tumor) or distal tumors and the incidence of 
this cancer has been increasing in recent years (3). Surgical 
resection remains the only potentially curative therapeutic 
option, however, as a result of the early invasion and metastasis, 
more than half of patients present with unresectable disease 
at diagnosis (4). Although many patients may receive exten-
sive surgical resection and adjuvant chemotherapy to improve 
chance of cure, the therapeutic effect and postoperative 
prognosis are still unsatisfactory, with a 5-year survival rate 
of 30-42% for hilar CC, and 18-54% for distal CC (5,6). Thus, 
discovery of new relevant biomarker to increase specificity or 
sensitivity for early diagnosis and to improve the prognosis of 
extrahepatic CC is important and urgently needed.

Fork-head factors are transcription factors that share an 
evolutionarily conserved DNA-binding domain, termed the 
‘fork-head’ or ‘winged-helix’ domain (7). Most members of the 
Fork-head Box (FOX) family have been reported to be widely 
distributed across several organs and tissues in very different 
species from yeast to humans and play extraordinarily diverse 
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roles that are critical to the organism (8). Nowadays, mounting 
evidence suggests that FOX family members are important for 
a wide spectrum of biological processes, including metabo-
lism, development, differentiation, proliferation, apoptosis, 
migration, invasion, and longevity (9). Deregulation of FOX 
family genes leads to congenital, diabetes mellitus, or carci-
nogenesis (10).

Given their important role in the expression of numerous 
genes that affect cell proliferation, differentiation and survival, 
FOX family members may represent direct targets, and indirect 
effectors of therapeutic intervention. In addition, FOX family 
members have been shown to be upregulated or downregu-
lated in many cancers. For example, Foxp1 transcription factor 
may function as either an oncogene or as a tumor suppressor 
depending on the cell types (11-14). FOXA1 gene is ampli-
fied and overexpressed in esophageal and lung cancer (15). 
Furthermore, FOXJ1 was remarkably upregulated in human 
HCC specimens (16). Increased expression of FOXM1 protein 
was found in variety of human tumors, including HCC (17), 
intrahepatic CC (18).

Foxj2 is a novel forkhead factor, belonging to the FOX 
family, with a dual DNA binding specificity (19). Some 
studies have shown that FoxJ2 is a transcription factor of this 
family that shows a rather broad expression pattern, both in 
the adult as well as during embryonic development, but the 
levels of expression vary between organs and, in each organ, 
not all cells types express the factor (20). Recent study has 
reported that upregulation of FOXJ2 might inhibit of cell 
migration and invasion of breast cancer (21). However, the 
role of FOXJ2 in EHCC has not been explored thus far. In 
this study, we surveyed the expression of FOXJ2 in human 
patient samples. To explore its associated molecular mecha-
nisms in extrahepatic CC cells, we examined the effect of 
targeted overexpression of FOXJ2 gene on cell proliferation, 
migration and invasion in vitro. These studies will be useful 
in identifying potential candidates for targeted therapeutic 
intervention of extrahepatic CC.

Materials and methods

Patients and clinical samples. We included a total of 63 
paraffin-embedded extrahepatic CC and matched paracancer 
normal bile duct tissue samples from patients who underwent 
surgical treatment at Affiliated Hospital of Nantong University 
during the period from January 2005 to January 2009. The 
patients or their legal guardian provided written informed 
consent to the surgical procedures and gave permission to use 
resected tissue specimens for research purposes. The patients 
with preoperative history of radiotherapy, chemotherapy, 
and positive surgical margins were excluded. Furthermore, a 
diagnosis of extrahepatic CC was confirmed pathologically 
by two independent experienced pathologists. All specimens 
excluding the pathological diagnosis of pancreatic ductal carci-
noma and periampullary carcinoma confirmed pathological 
diagnosis and were classified according to the World Health 
Organization (WHO) criteria. The tumor stage was performed 
according to the 7th Union for International Cancer Control 
(UICC)-TNM Staging. The follow-up data of the extrahepatic 
CC patients in this study are available and complete. Overall 
survival, which was defined as the time from the operation 

to the time of patient death or the last follow-up, was used as 
a measure of prognosis. Postoperative follow-up occurred at 
our outpatient department and included clinical and labora-
tory examinations every 3 months for the first 2 years, every 
6 months during the third to fifth years until patient death.

Cell culture and transfection. The human extrahepatic CC cell 
line QBC939 were purchased from a cell bank at the Chinese 
Academy of Sciences and grown in RPMI-1640 medium 
(Hyclone, Logan, UT, USA) supplemented with 10% fetal 
calf serum (Gibco, Grand Island, NY, USA). All cell lines 
were cultured at 37˚C in a humidified atmosphere of 5% CO2. 
Transfection reagent Lipofectamine 2000 was purchased 
from Invitrogen (St. Louis, MO, USA). For overexpression 
of FOXJ2, the full-length FOXJ2 cDNA was amplified and 
cloned into the pEGFP-N-3 expression vector (GeneChem, 
Shanghai, China). QBC939 cells were then transfected with a 
negative control vector or a FOXJ2 expressing plasmid using 
Lipofectamine 2000 according to the manufacturer's instruc-
tions.

Real-time quantitative PCR. Total RNA was extracted from 
tissues lysate using a Trizol kit (Invitrogen, Carlsbad, CA, 
USA), and cDNA was subsequently synthesized from total 
RNA using an Omniscript RT kit (Qiagen, Valencia, CA, USA) 
according to the manufacturer's instructions. For detecting the 
mRNA level of FOXJ2, quantitative real-time RT-PCR was 
conducted on the Mastercycler ep realplex (Eppendorf 2S, 
Hamburg, Germany). A 25-µl reaction mixture contained 1 µl 
of cDNA from samples, 12.5 µl of 2X Fast EvaGreen™qPCR 
Master Mix, 1 µl primers (10 mM), and 10.5 µl of RNase/
DNase-free water. PCR procedures: incubation at 96˚C for 
2 min, 40 cycles at 96˚C for 15 sec and 60˚C for 1 min. The 
Ct value was defined as the cycle number at which the fluores-
cence intensity reached a certain threshold where amplification 
of each target gene was within the linear region of the reaction 
amplification curves. Relative expression level for each target 
gene was normalized by the Ct value of GAPDH (internal 
control) using the 2-∆∆Ct relative quantification method. The 
sequences of the primers for FOXJ2 were: FOXJ2 forward: 
5'-TATGGTAGGGCATGAGGACAAC-3'; FOXJ2 reverse: 
5'-GCAAACAATTAAAGGAGGACAAAC-3'. The glyceral-
dehyde-3' phosphate dehydrogenase (GAPDH) gene served as 
an internal control.

Western blot analysis. Since January 2013, fresh surgical spec-
imens after surgical removal were collected and immediately 
frozen in liquid nitrogen until used for western blot analysis. 
The extrahepatic CC samples, including tumor and para-carci-
noma normal tissues, as well as cell lines, were lysed in RIPA 
lysis buffer, and the lysates were harvested by centrifugation 
(12,000 rpm) at 4˚C for 30 min. Approximately 50-mg protein 
samples were then separated by electrophoresis in a 12% 
sodium dodecyl sulfate polyacrylamide gel and transferred 
onto a polyvinylidene fluoride membrane. After blocking the 
non-specific binding sites for 60 min with 5% non-fat milk, the 
membranes were incubated overnight at 4˚C with a goat poly-
clonal antibody against FOXJ2 (Santa Cruz Biotechnology, 
USA at a 1:1,000 dilution). The membranes were then washed 
three times with TBST (Tris-buffered saline with Tween-20) 
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for 10 min and probed with the horseradish peroxidase (HRP)-
conjugated donkey anti-goat IgG antibody (Immunology 
Consultants Laboratory, USA, at a 1:2,000 dilution) at 37˚C 
for 1 h. After three washes, the membranes were developed 
by an enhanced chemiluminescence system (Cell Signaling 
Technology, Danvers, MA, USA). The band intensity was 
measured by densitometry using Quantity One software (Bio-
Rad Laboratories, Inc., Hercules, CA, USA). The protein levels 
were normalized to glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH).

Immunohistochemistry (IHC). The paraffin-embedded 
sections were deparaffinized with dimethylbenzene and 
rehydrated with raded alcohol solutions. After three washes 
in phosphate-buffered saline (PBS), the slides were boiled 
in antigen retrieval buffer containing 0.01 M sodium citrate-
hydrochloric acid (pH 6.0) for 15 min in a microwave oven. 
After rinsing with PBS, the tissue sections were incubated 
with goat polyclonal anti-human FOXJ2 antibody (1:100, 
Santa Cruz Biotechnology, Inc., USA) and E-cadherin 
(diluted 1:1,000, Santa Cruz Biotechnology, Inc.), and then 
rinsed in 3% peroxidase quenching solution (Invitrogen) to 
block endogenous peroxidase. The sections were then incu-
bated with a donkey anti-goat second antibody conjugated 
horseradish peroxidase (1:5,000; Abcam, Cambridge, UK) at 
4˚C overnight. After washing in PBS, the visualization signal 
was developed with 3, 3'-diaminobenzidine (DAB) solution, 
and all of the slides were counterstained with hematoxylin. 
As negative controls, adjacent sections were processed as 
described above except that they were incubated overnight 
at 4˚C in blocking solution without the primary antibody. 
The IHC results were scored by two experienced patholo-
gists, who were blinded to clinical data. The total FOXJ2 
immunostaining score was calculated as the sum of the 
percentage of positively stained tumor cells and the staining 
intensity and ranged from 0 to 9. Briefly, the percentage of 
positive staining was scored as 0 (0-9%, negative), 1 (10-25%, 
sporadic), 2 (26-50%, focal) or 3 (51-100%, diffuse), and the 
intensity was scored as 0 (no staining), 1 (weak staining), 
2 (moderate staining) or 3 (strong staining). The expression 
level of FOXJ2 was defined as follows: ‘-’ (negative, score 
of 0), ‘+’ (weakly positive, score of 1-3), ‘++’ (positive, score 
of 4-6), ‘+++’ (strongly positive, score of 7-9). We defined 
strong FOXJ2 expression as a total score of >3, and weak 
FOXJ2 expression as a total score of ≤3. As described else-
where (22), we evaluated the intensity of E-cadherin staining 
on tumor cells, based on the staining of the control normal 
bile duct epithelium. E-cadherin was considered positive 
(high expression), if the staining intensity on tumor cells was 
the same as in normal bile duct epithelial cells. When the 
intensity of E-cadherin staining on tumor cells was weaker 
than the normal cells, E-cadherin was considered negative 
(low expression).

Cell proliferation assay. The tetrazolium-based cell viability 
(MTT) assay was performed to test cell proliferation. Cells 
transfected with the FOXJ2 plasmid or empty vector were 
seeded in a 96-well plate at 1x103 cells/well containing 
200 µl DMEM supplemented with 10% FBS. After 1, 2 and 
3 days of incubation, 100 µl of sterile MTT dye (0.5 mg/ml, 

Sigma) was added to each well and cultured for another 4 h. 
The supernatant was discarded and then 150 µl of dimethyl 
sulphoxide (DMSO) (Sigma, St.  Louis, MO, USA) was 
added to each well, the spectrophotometric absorbance was 
measured for each sample at 490 nm, all the experiments 
were performed in triplicate and repeated 3 times, and the 
average was calculated.

Cell invasion and migration assays. The cell invasion capacity 
was determined using transwell chambers (Corning, Corning, 
NY, USA). The membrane filters were coated with Matrigel. 
Briefly, cells (1x105/well) were suspended in 100 µl serum-free 
medium and then added to the upper chamber of the inserts, 
RPMI-1640 medium (Gibco) containing 10% FBS (500 µl) 
was added to the lower chamber as the chemotactic factor. 
After 48 h of incubation, the cells that had invaded through 
the Matrigel were visualized using 0.1% crystal violet staining. 
The numbers of migrated cells were calculated by counting 
five different views under the microscope. Independent experi-
ments were repeated three times.

In addition, we examined migration using QBC939 cells 
that were transfected with either pEGFP-N-3-FOXJ2 or 
control vector. Transfected cells were cultured on 6-well plates. 
The confluent monolayers were scraped in a line across the 
slides with a sterile 20-µl plastic pipette tip and incubated in 
serum‑free medium for 48 h. Plates were then imaged at 0, 12, 
24 and 48 h with Olympus IX71 fluorescence microscope with 
a TH4-200 camera. Quantification was blinded, and performed 
by creating a longitudinal axis over the area of minimal density 
that corresponded to the site of wound formation. The average 
baseline wound area was centered over the axis and all the 
cells presented in that area were assumed to have migrated 
there. These cells were counted for data analysis.

Statistical analysis. All quantified data represented an average 
of at least triplicate samples. SPSS 17.0 (SPSS Inc, Chicago, 
IL, USA) was used for statistical analysis. Data are expressed 
as mean ± SEM. The significance of the differences between 
values was determined using Student's t-test. χ2 test or Fischer's 
were used to identify differences between categorical vari-
ables. Survival curves for the patients were calculated using 
the Kaplan-Meier method and analyzed using the log‑rank 
test. Prognostic factors were examined by univariate and 
multivariate analyses using a Cox proportional hazards model. 
Values of P<0.05 were considered to indicate statistically 
significant results in all cases.

Results

Downregulated expression of FOXJ2 gene in extrahepatic CC 
and adjacent non-cancer normal bile duct tissues. In order to 
assess the role of FOXJ2 in extrahepatic CC, we performed 
real-time PCR to measure the expression of FOXJ2 mRNA in 
21 freshly collected extrahepatic CC tissues and corresponding 
paracancer normal bile duct tissues. FOXJ2 protein was found 
to be markedly downregulated in 19 cases of extrahepatic CC 
compared with corresponding adjacent non-cancer normal 
bile duct tissues by western blotting (P=0.029, Fig. 1B and C). 
In the 21 extrahepatic CC specimens, 9 cases had lymph node 
metastasis, and the other 12 cases were without metastasis. 
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We also found that the mRNA level of FOXJ2 in metastatic 
extrahepatic CCs was significantly decreased compared with 
that in the extrahepatic CCs without lymph node metastasis 
(*P<0.05, Fig. 1A). Compared with match paracancer normal 
tissues, extrahepatic CC tissues exhibited lower expres-
sion levels of FOXJ2 mRNA (P=0.042, Fig. 1D). We also 
measured the expression levels and subcellular localization 
of FOXJ2 in 63 paraffin-embedded extrahepatic CC samples 
by immunohistochemistry (Fig. 2). FOXJ2 protein showed 
low expression in 66.7% (42/63) of extrahepatic CC samples, 
while high expression in 33.3% (21/63) of extrahepatic CC 
samples, with staining mainly observed in the nucleus of the 
tumor cells.

The correlations between the expression of FOXJ2 and 
various clinicopathological characteristics. The relationship 
between clinicopathologic characteristics and FOXJ2 expres-
sion levels in individuals with extrahepatic CC were assessed 
by the χ2 analysis. We found no significant association between 
FOXJ2 expression levels and the patient age, sex, location, 
tumor size, differentiation, perineural invasion or tumor stage 
in the 63 extrahepatic CC cases. However, we observed that 
the expression level of FOXJ2 was positively correlated with 
lymphatic invasion (P=0.045), venous invasion (P=0.031), 
lymph node metastasis (P=0.012), TNM stage (P=0.006) and 
E-cadherin expression (P=0.011) in extrahepatic CC patients 
(Table I).

Figure 1. Expression of FOXJ2 in extrahepatic CC tissues. (A) The FOXJ2 mRNA expression in extrahepatic CC tissues compared to paired adjacent normal 
tissues was evaluated by real-time PCR. 1-9, extrahepatic CC with lymph node metastasis; 10-21, extrahepatic CCA without lymph node metastasis. The 
expression levels are normalized with GAPDH mRNA in each sample. The data are means ± SEM (*P<0.05, compared with extrahepatic CC with lymph node 
metastasis). (B) Expression of FOXJ2 in six representative paired samples of extrahepatic CC tissues (T) and adjacent normal tissues (N). β-actin was used as 
a control for equal loading. (C) Western blot analysis shows that FOXJ2 protein expression was decreased in extrahepatic CC compared with adjacent normal 
tissues (P=0.029). The bar chart demonstrates the ratio of FOXJ2 protein to β-actin by densitometry. The data are means ± SEM. (D) The average relative 
expression of mRNA level of FOXJ2 in extrahepatic CC tissues compared to paired adjacent normal tissues (P=0.042).
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Expression of FOXJ2 and clinical outcome. The overall 
survival of patients with low FOXJ2 expression was signifi-
cantly poorer than that of FOXJ2-high patients (P<0.001, 

log-rank test (Fig.  3). Univariate Cox regression analyses 
showed that FOXJ2 expression was a prognostic factor for 
poor survival (P<0.001), differentiation, lymphatic invasion, 

Table I. Correlation between FOXJ2 expression and the clinicopathological characteristics of extrahepatic CC patients.

		  FOXJ2 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor	 Cases (n=63)	 Low (n=42)	 High (n=21)	 P-valuea	 χ2

Age				    0.589	 0.292
	 ≤60	 27	 19	   8		
	 >60	 36	 23	 13		

Gender				    0.202	 1.625
	 Male	 38	 23	 15		
	 Female	 25	 19	   6		

Location				    0.475	 0.511
	 Hilar	 34	 24	 10		
	 Distal	 29	 18	 11		

Tumor size 				    0.280	 1.167
	 ≤2 cm	 27	 16	 11		
	 >2 cm	 36	 26	 10		

Differentiation				    0.143	 3.886
	 Well	 12	   6	   6		
	 Moderate	 33	 21	 12				  
	 Poor	 18	 15	   3		

Lymphatic invasion				    0.045b	 4.012
	 -	 25	 13	 12		
	 +	 38	 29	   9		

Venous invasion				    0.031b	 4.667
	 -	 27	 14	 13		
	 +	 36	 28	   8		

Perineural invasion				    0.205	 1.604
	 -	 26	 15	 11		
	 +	 37	 27	 10		

Tumor stage				    0.209	 1.575
	 T1-2	 35	 21	 14		
	 T3-4	 28	 21	   7		

Lymph node metastasis				    0.012b	 6.262
	 -	 34	 18	 16		
	 +	 29	 16	   5		

TNM stage (UICC)				    0.006b	 7.572
	 I-II	 39	 21	 18		
	 III-IV	 24	 21	   3		

E-cadherin expression				    0.011b	 6.499
	 Low 	 38	 30	   8		
	 High	 25	 12	 13

aStatistical analyses were performed by the Pearson χ2 test. bP<0.05 is considered significant.
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venous invasion, tumor stage and lymph node metastasis were 
also prognostic factors in the univariate analysis (Table II). 
Furthermore, a multivariate Cox regression analysis confirmed 
FOXJ2 expression (P=0.012), tumor stage and lymph node 
metastasis as independent predictors of the overall survival of 
extrahepatic CC patients (Table II).

Overexpression of FOXJ2 inhibits extrahepatic CC cell 
invasion, migration and proliferation in vitro. Because our 
above results indicated that FOXJ2 expression was reduced in 
extrahepatic CC and FOXJ2 might act as a tumor suppressor, 
we next explored the function of FOXJ2 in extrahepatic CC 
development. To evaluate the effects of FOXJ2 on cell inva-
sion, the FOXJ2 overexpressing vector and the empty vector 
were respectively transfected into QBC939 cells. The cells 
were seeded in the chamber and their invasion ability was 
determined 48 h later. The results revealed that overexpres-
sion of FOXJ2 was associated with a significant reduction of 

Figure 2. Immunohistochemical staining exhibits the detection of FOXJ2 and E-cadherin expression in paraffin-embedded extrahepatic CC tissues. ‘-’ repre-
sents that lymph node metastasis is negative; ‘+’ represents that lymph node metastasis is positive. (A-D) Tumor tissues with no metastasis showed high FOXJ2 
and E-cadherin expression. (E-H) Tumor tissues with metastases showed low FOXJ2 and E-cadherin expression. Original magnification, x200 and x400.

Figure 3. By comparison of overall survival cumulative Kaplan-Meier 
curves for patients grouped by immunohistochemical levels of FOXJ2, 
Kaplan‑Meier curves for OS in extrahepatic CCA patients with low level 
and high level FOXJ2 expression (χ2 = 15.918, P<0.001).

Table II. Univariate and multivariate analysis of prognostic factors using Cox proportional hazards model.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Factor	 HR	 95% CI	 P-value	 HR	 95% CI	 P-value

Age (≤60/>60)	 0.628	 0.368-1.070	  0.087	 -	 -	 -
Sex (M/F)	 1.241	 0.731-2.108	  0.423	 -	 -	 -
Location (hilar/distal)	 0.884	 0.524-1.491	  0.664	 -	 -	 -
Tumor size (≤2 cm/>2 cm) 	 1.514	 0.888-2.579	  0.127	 -	 -	 -
Differentiation (well/mod/poor)	 2.136	 1.040-4.390	   0.039a	 1.631	 0.782-3.402	 0.192
Lymphatic invasion (-/+)	 2.448	 1.395-4.295	  0.002a	 1.621	 0.909-2.893	 0.102
Venous invasion (-/+)	 2.339	 1.332-4.106	   0.003a	 1.545	 0.876-2.752	 0.140
Perineural invasion (-/+)	 1.653	 0.915-2.669	  0.102	 -	 -	 -
Tumor stage (T1-2/ 3-4)	 2.778	 1.615-4.779	 <0.001a	 2.008	 1.149-3.509	 0.014a

Lymph node metastasis (-/+)	 3.121	 1.807-5.393	 <0.001a	 2.161	 1.226-3.809	 0.008a

FOXJ2 expression (low/high)	 0.277	 0.141-0.545	 <0.001a	 2.393	 1.215-4.712	 0.012a

HR, hazard ratio; CI, confidence interval; aP<0.05 was considered significant.
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Figure 4. (A and B) QBC939 cells were transfected with either pEGFP-N3-FOXJ2 (FOXJ2) or pEGFP-N3-vector (vector) for 12, 24 and 48 h, respec-
tively (*P<0.05 compared to empty vector). (C) Western blot analysis showed that cells with exogenous expression of FOXJ2 expressed epithelial markers 
(E-cadherin) and showed loss of mesenchymal markers (vimentin and N-cadherin). However, snail was not significantly changed. β-actin was used as a control.

Figure 5. (A and B) Exogenous expression of FOXJ2 inhibited cell invasion in QBC939 cells as demonstrated by transwell assays (P=0.039). Representative 
images of stained cells are shown with the original magnification of x100. (C) QBC939 cells transfected with pEGFP-N3-FOXJ2 (FOXJ2) had significantly 
reduced proliferation of cells compared with cells transfected with pEGFP-N3-vector (vector) (*P<0.05, **P<0.01). Cell vitality was evaluated with the MTT 
assay using absorbance readings at 490 nm. The values shown are the mean of three determinations.
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invasion compared to control empty vector extrahepatic CC 
cells (Fig. 5A and B, P=0.039), which showed that FOXJ2 
significantly repressed the invasion of extrahepatic CC cells.

The above results were further confirmed by the wound 
healing assay. The overexpression of FOXJ2 significantly 
inhibited the migration of QBC939 cells at 48 h after transfec-
tion (Fig. 4A and B, P<0.05). Moreover, the cell growth by 
MTT assay revealed that cell growth rate in FOXJ2-transfected 
extrahepatic CC cells were significantly lower than empty 
vector-transfected extrahepatic CC cells (Fig. 5C, P<0.05). 
These data showed that the overexpression of FOXJ2 inhibited 
extrahepatic CC cell invasion, migration and proliferation 
in vitro.

To reveal how FOXJ2 regulates cell invasion and migration 
in QBC939 cells, we decided to study EMT because the cells 
acquire migrating potential and may invade the surrounding 
stroma and enter circulating blood (23). To determine whether 
EMT is involved in the effects of FOXJ2 on cell invasion and 
migration, change in expression level of EMT-related genes 
was measured by using western blotting, including E-cadherin, 
vimentin, N-cadherin and snail (Fig. 4C). The results imply 
that the changed expression of FOXJ2 was accompanied by 
the upregulation of epithelial marker E-cadherin and down-
regulation of mesenchymal marker vimentin and N-cadherin, 
and the protein expression level of snail, a transcriptional 
regulator, was not significantly changed.

Discussion

Extrahepatic CC is an aggressive malignancy with dismal 
prognosis and characterized by early invasion, metastasis 
and postoperative recurrence. Therefore, understanding the 
main molecular mechanisms of this malignancy is the key for 
the development of novel and effective therapeutic strategies 
for extrahepatic CC. This is the first report on the clinico-
pathological significance of FOXJ2 expression in patients 
with extrahepatic CC. We found that the expression of FOXJ2 
was significantly reduced at both mRNA and protein levels 
in extrahepatic CCs compared with paired paracancer normal 
bile duct tissues. We also found that extrahepatic CC patients 
with low expression of FOXJ2 showed shorter postoperative 
survival than high FOXJ2 expression patients. Therefore, it 
is proposed that downregulation of FOXJ2 may contribute to 
extrahepatic CC initiation and progression.

Lymph node metastasis frequently occurs in patients with 
extrahepatic CC. Recent studies have reported rates for lymph 
node metastasis of 24-47% for hilar CC, and 25-63% for distal 
CC (5, 6, 24-31). In the present study, lymph node involvement 
was found in 42.8% of all patients. Our results showed that 
both the level of FOXJ2 mRNA and immunostaining rates in 
the extrahepatic CCs with lymph node metastasis were signifi-
cantly decreased compared with those in extrahepatic CCs 
without lymph node metastasis. In addition, we showed that 
the low level of FOXJ2 expression has a propensity to be asso-
ciated with lymphatic invasion, and lymph node metastasis in 
extrahepatic CC patients. We also found that the expression 
level of FOXJ2 was positively correlated with of E-cadherin. 
According to previous reports, lymph node metastasis and 
E-cadherin may serve as independent prognostic factors for 
extrahepatic CC (26,28,30,32-34). By combining with the 

results of univariate and multivariate analyses, these data 
suggested that FOXJ2 may be a new prognostic marker for 
extrahepatic CC patients after surgical resection.

Epithelial-mesenchymal transition (EMT) is essential 
for phenotypic transition during embryogenesis and wound 
healing, and could also be reactivated during the malignant 
progression of numerous cancers (35). During EMT, tumor 
cells are expected to lose their epithelial phenotype and 
gradually acquire a mesenchymal phenotype. E-cadherin 
is a transmembrane glycoprotein which serves as the prime 
mediator of epithelial adhesion and also plays a critical role 
in suppression of tumor progression (35). Some research has 
shown that expression of EMT-related proteins is closely 
associated with tumor progression and a poor prognosis in 
extrahepatic CC (34,36), suggesting that the EMT process may 
act as an important molecular event during the progression 
and metastasis of extrahepatic CC.

Immunostaining of individual EMT markers, such as 
E-cadherin, has shown that high expression of FOXJ2 is corre-
lated with high E-cadherin, while low expression of FOXJ2 
is correlated with low E-cadherin in the same tissue. Western 
blotting showed that exogenous FOXJ2 overexpression resulted 
in the increase of epithelial markers E-cadherin, and decrease 
of mesenchymal marker vimentin and N-cadherin, whereas 
FOXJ2 overexpression had no effect on Snail expression. Thus, 
the above data indicate that the FOXJ2 protein is able to bind 
to E-cadherin promoters and transactivate their transcription, 
which suggest that FoxJ2 is involved in the regulation of cell 
adhesion events (37).

FOX family genes are implicated in carcinogenesis through 
gene amplification, retroviral integration, chromosomal trans-
location, and transcriptional regulation (38). FOXJ2 belongs to 
the human Fox family and was able to activate transcription 
(19). Furthermore, FOXJ2 appeared to be involved in positively 
regulating the progression of the cell cycle or contributing to 
tumorigenesis (39). Currently, several FOX subfamilies such 
as FOXA, FOXC, FOXM, FOXO, FOXP have been shown to 
play an important role in tumorigenesis and the progression of 
certain cancers (9). Besides, previous evidence suggests that 
FOXJ2 might actively participate in the metastatic process. In 
this study, we identified and functionally characterized FOXJ2 
as an important role in extrahepatic CC progression. Whereas, 
our data, obtained by modulating FOXJ2 expression, establish 
a role for FOXJ2 in modulating the biological properties of 
extrahepatic CC cells, including proliferation, migration and 
aggressiveness in vitro. Overexpression of FOXJ2 resulted in 
suppression of cell migration and invasion, which suggests a 
potential role for FOXJ2 in the regulation of tumor cell migra-
tion, invasion, in line with previous studies (21). Considering 
cell proliferation function of FOXJ2 identified in spinal cord 
injury, FOXJ2 expression was increased predominantly in 
astrocytes, which highly expressed proliferating cell nuclear 
antigen, a marker for proliferating cells (40), we suggest that 
exogenous FOXJ2 resulted in arrest of extrahepatic CC cell 
proliferation in this study.

Thus, based on previous studies and the present study, we 
suggest that overexpression of FOXJ2 contributed to extra-
hepatic CC initiation and progression through promoting the 
migration and invasion of extrahepatic CC cells, and possibly 
functions as a tumor suppressor gene, which is consist with in 
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an earlier study (21). Therefore, the data in this study suggest 
reasons to believe that FOXJ2 could be a new therapeutic 
target for improving the treatment efficiency of extrahepatic 
cholangiocarcinoma.

In conclusion, we provide compelling evidence that 
overexpression of FOXJ2 leads to suppressed cell growth, 
migration and invasion in extrahepatic CC cells. FOXJ2 
expression may be a therapeutic target, or useful to guide 
therapy of extrahepatic CC patients. However, the complex 
molecular mechanisms of FOXJ2 contributing to extrahepatic 
CC require further investigation.
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