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Abstract. The aim of the present study was to investigate 
the role of NK4, an antagonist for hepatocyte growth factor 
(HGF) and the Met receptor, in regulating the response of 
cholangiocarcinoma (CCA) cells to 5-fluorouracil (5-FU). We 
established the CCA cell line, HuCC-T1, to produce abundant 
NK4 (Hu-NK4). Cell proliferation, cell cycle distribution, 
apoptosis, 5-FU metabolism and intracellular signaling were 
examined. There were no significant differences in the mRNA 
levels of thymidylate synthase, thymidine phosphorylase and 
dihydropyrimidine dehydrogenase between the mock-trans-
fected control Hu-Em cells and Hu-NK4 cells, suggesting that 
NK4 expression does not alter 5-FU metabolism. Moreover, 
cell cycle analysis showed that 5-FU treatment caused a 
decrease in the proportion of cells in the G2/M phase while 
NK4 gene expression had little effect on the cell cycle distri-
bution. However, 5-FU-induced apoptosis was significantly 
increased in the Hu-NK4 cells when compared to that in the 
Hu-Em cells. Further investigation revealed that NK4 gene 
expression enhanced 5-FU-induced caspase-3 and caspase-9 
activation, and that the apoptosis of cells was associated 
with modulation of expression of the Bcl-2 family members. 
Furthermore, western blot analysis revealed that both NK4 
and 5-FU were inhibitors for HGF-induced phosphorylation of 
Met, but they may be independent factors. Collectively, these 
results suggest that following 5-FU treatment in CCA cell lines, 
NK4 was involved in apoptosis induction through the intrinsic 
mitochondrial pathway. This indicates that NK4 may be an 
important mediator of 5-FU-induced cell death. Moreover, 
downregulation of NK4 in response to 5-FU may represent an 
intrinsic mechanism of resistance to this anticancer drug.

Introduction

Cholangiocarcinoma (CCA) is an incurable and lethal cancer 
which arises from the epithelial cells of the bile ducts. Early 
diagnosis, with potential surgical intervention, has been the 
exception rather than the rule with only 30% of patients 
qualifying for attempted surgical cure (1). Despite advances, 
the median survival is <24 months (2). 5-Fluorouracil (5-FU), 
an antimetabolite, is currently the standard treatment for 
CCA. Although 5-FU yields great clinical benefit in patients 
with advanced CCA, the response rates of ~10-40% and the 
survival benefits when 5-FU is used alone are very low (3). 
The prognosis for the majority of patients with advanced CCA 
remains poor due to intrinsic or acquired chemoresistance. 
Therefore, identification of the signaling molecules involved 
in mediating the response of CCA to 5-FU is required to deter-
mine the underlying mechanisms of 5-FU resistance.

A common cause of treatment failure in CCA is chemore-
sistance, which may be related to the redox state of cancer cells 
and the tumor microenvironment, where growth factors play 
important roles. Hepatocyte growth factor (HGF) was origi-
nally identified as a mitogenic protein for hepatocytes, and it 
can promote CCA cell invasiveness through dyslocalization of 
E-cadherin and induction of cell motility by distinct signaling 
pathways (4,5). Met, which is overexpressed in the tissues of 
CCA patients, is known to be the only specific receptor for 
HGF. NK4 is a fragment of HGF, consisting of the N-terminal 
(N) and four kringle domains (K4) of HGF. It competitively 
inhibits HGF binding to Met and inhibits the phosphoryla-
tion of Met tyrosine kinase. It was the first-identified specific 
inhibitor for the HGF/Met pathway (5).

The HGF/Met pathway has become a hot target in anti-
cancer drug development (6,7). Activation of the HGF/Met 
pathway in cancer cells contributes to resistance to chemical 
and physical treatment of cancer (8,9). Recent studies revealed 
that activation of the HGF/Met pathway is a novel mecha-
nism by which non-small cell lung cancers become resistant 
to EGFR inhibitors (10). It has been reported that combined 
treatment with an adenoviral vector expressing NK4 (Ad-NK4) 
with gemcitabine may be a promising approach for treating 
pancreatic cancer, and that this combination therapy may 
decrease the risks of side effects (11). In addition, NK4 gene 
therapy combined with cisplatin inhibits tumor growth and 
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the metastasis of squamous cell carcinoma (11). Murine colon 
cancer CT26 cells expressing NK4 demonstrated enhanced 
5-FU-induced cell apoptosis via downregulation of intracel-
lular signaling of the HGF/Met pathway (12). In brief, NK4 is 
a potential regulator of chemotherapy resistance in many types 
of malignances. Therefore, treatment with NK4 may offer a 
new therapeutic option for the inhibition of chemoresistance 
and better outcomes for cancer patients.

A review summarized the epigenetic mechanisms trig-
gering resistance to three commonly used agents in colorectal 
cancer, including 5-FU (13). Studies undertaken to determine 
the molecular mechanisms of intrinsic and acquired resistance 
to 5-FU have found various alterations of drug target(s) and 
metabolism (14,15), such as key enzymes of 5-FU anabolism 
and catabolism including thymidylate synthase (TS)  (16), 
thymidine phosphorylase (TP) (17) and dihydropyrimidine 
dehydrogenase (DPD). It had been confirmed in tissue and 
from mRNA levels that negative DPD (not TS) expression is 
significantly associated with the enhanced tumor cell prolif-
eration and poorer prognosis in patients with intrahepatic 
cholangiocarcinoma (18,19). In addition, altered expression 
of apoptosis-regulating genes also can lead to resistance to 
5-FU (20). Since research is limited concerning the combina-
tion of NK4 gene therapy and 5-FU chemotherapy in CCA, the 
aim of this study was to investigate the mechanism by which 
NK4 regulates the 5-FU response in HuCC-T1 cells.

Materials and methods

Reagents. Antibodies against Met, Bcl-2 and Bax were 
obtained from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). Rabbit monoclonal antibodies against phospho-Met 
(Tyr1003) were obtained from Cell Signaling Technology 
(Danvers, MA, USA). Antibodies against β-actin and anti-
goat/rabbit immunoglobulin G (IgG)-horseradish peroxidase 
(HRP) were obtained from BioWorld (Atlanta, GA, USA). 
5-FU and cisplatin were obtained from Qilu Pharmaceutical 
Co., Ltd. (Shandong, China), and doxorubicin was from 
Nanjing KeyGen Biotech., Co., Ltd. (Nanjing, China). All the 
other chemicals used were of analytical reagent grade.

Cell cultures. HuCC-T1 human cholangiocarcinoma cells 
(ATCC, Manassas, VA, USA) were cultured in Dulbecco's 
modified Eagle's medium (DMEM; Gibco Laboratories, 
Grand Island, NY, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco, Carlsbad, CA, USA) in 5% CO2 at 37˚C 
until reaching a confluence range of 50-60%. Then the human 
NK4 expression plasmid pcDNA3/NK4 (provided by Professor 
Toshikazu Nakamura, Osaka University, Japan) was transfected 
into HuCC-T1 using X-tremeGENE HP (Roche Molecular 
Biochemicals, Indianapolis, IN, USA). After 48 h, the cells were 
cultured in selective medium containing 900 µg/ml G418 (Sigma, 
St. Louis, MO, USA) for the selection of resistant colonies. The 
expression of NK4 protein was assessed by western blotting. A 
transfectant expressing a high level of NK4 was designated as 
Hu-NK4. Cells transfected with empty vector pcDNA3 alone 
were designated as Hu-Em and used as the control.

Cell growth assay. Hu-Em and Hu-NK4 cells were cultured in 
96-well plates at a density of 5x103 cells/well overnight, and 

then treated with 5-FU (0, 0.1, 1, 10 and 100 µM), cisplatin 
(0, 0.01, 0.1, 1 and 10 µM) or doxorubicin (0, 0.01, 0.1, 1 and 
10 µM). Cells were cultured for 48 and 72 h. During the last 
4  h, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) (Sigma) was added to a final concentration 
of 1 mmol/l. The formazan product was dissolved in dimethyl 
sulfoxide (150 µl), and the absorbances were read on a micro-
plate reader (Bio-Rad Laboratories, Hercules, CA, USA) at 
490 nm. Each result was corrected by values from a control 
study. Experiments were performed in triplicate and repeated 
at least three times.

Real-time reverse transcription (RT)-PCR. Total RNA was 
isolated from cells using the TRIzol total RNA isolation kit 
(Invitrogen) according to the manufacturer's protocol. RNA 
was eluted with RNase-free water. RT-PCR was performed 
using the Transcriptor First Strand cDNA Synthesis kit (Roche 
Molecular Biochemicals) according to the manufacturer's 
protocol. Briefly, reactions were incubated at 65˚C for 10 min, 
at 55˚C for 30 min, and then at 85˚C for 5 min. Oligonucleotide 
primers (TYMS forward, 5'-CCTGCTCACGTACATGAT 
TGC-3' and reverse 5'-TTT GGGAAAGGTCTGGGTTC-3'; 
TYMP forward, 5'-GCTGCTGTATCGTGGGTCA-3' and 
reverse, 5'-GAGAATGGAGGCTGTGATGAG-3'; DPYD 
forward, 5'-CAATGAGATGCCTGAAATGTG-3' and reverse, 
5'-AAGTCAGACCAAGTGGGTTGT-3'; β-actin forward, 
5'-TCACCCACACTGTGCCCATCTACGA-3' and reverse, 
5'-CAGCGGAACCGCTCATTGCCAATGG-3') were 
designed using Primer 5 software, and synthesized by 
Invitrogen. Real-time monitoring of PCR products was carried 
out using the SYBR-Green Master Mix (Roche Molecular 
Biochemicals) and the Prism 7500 Real-Time PCR Detection 
system (Applied Biosystems, Foster City, CA, USA). Cycling 
conditions were 95˚C for 10 min, followed by 40 repeats of 
95˚C for 15 sec and 60˚C for 1 min. Levels of mRNAs were 
calculated using the comparative cycle threshold (ΔΔCT) 
method and normalized to β-actin, the internal control, to 
obtain the relative mRNA level of each target.

Flow cytometry for cell cycle analysis and measurement of 
apoptosis. Hu-Em and Hu-NK4 cells were seeded in a 6-well 
plate at a density of 1x105 cells/well and incubated overnight. 
Cells were treated with 0, 1, 10 and 100 µM 5-FU for 48 h, then 
harvested by trypsinization, fixed in ice-cold 70% ethanol at 
4˚C overnight. Cells were washed, suspended in 1 ml propidium 
iodide (PI) staining solution (50 µg/ml PI, 30 U/ml RNase A, 
0.1% Triton X-100, 4 mM sodium citrate) and incubated at 
37˚C for 10 min. Typically, 10,000 gated events were collected 
on a FACScan machine (Beckton-Dickinson, Franklin Lakes, 
NJ, USA) and analyzed by CellQuest software (Beckton-
Dickinson). Cell cycle analysis was carried out using FlowJo 
software (Tree Star, San Carlos, CA, USA). Apoptotic cells 
were measured by flow cytometry using the FITC Annexin V 
Apoptosis Detection Kit I (BD Biosciences, San Diego, CA, 
USA) according to the manufacturer's instructions.

Assays of caspase-3 and caspase-9 activity. Hu-Em and 
Hu-NK4 cells were cultured in 6-well plates overnight, and 
then treated with 0, 1, 10 and 100 µM 5-FU. After treatment 
with 5-FU for 48 h, caspase-3 and -9 activity was assayed using 
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the Caspase Colorimetric Assay kit (Nanjing KeyGen Biotech) 
according to the manufacturer's protocol. Briefly, the cells 
were lysed in a lysis buffer for 30 min in an ice bath. The lysed 
cells were centrifuged at 12,000 x g for 10 min, and 200 µg of 
the protein was incubated with 50 µl of a reaction buffer and 
5 µl of the substrate for caspase-3 and caspase-9, respectively, 
at 37˚C for 4 h. The optical density of the reaction mixture was 
quantified spectrophotometrically at a wavelength of 405 nm. 
The assay was repeated three times and similar results were 
obtained.

Western blot analysis. For Bcl-2 and Bax detection, Hu-Em 
and Hu-NK4 cells were serum-starved for 12  h and then 
incubated with 0, 1, 10 and 100 µM 5-FU for 48 h and total 
proteins were extracted. For Met detection, 5-FU and HGF 
were added to cells, respectively, or their combination, in 
which 10 µM 5-FU was incubated with Hu-Em and Hu-NK4 
cells for 48 h, and then 20 ng/ml HGF was added to the cells 
1 h before harvested. Then protein extracts were run on a 7% 
polyacrylamide gel and were transferred onto polyvinylidene 
difluoride (PVDF) membranes (Millipore, Billerica, MA, 
USA). Non-specific binding was blocked by incubation of 
the membranes with 5% non-fat milk for 2 h, followed by 
incubation with the primary antibody at 4˚C overnight. The 
membrane was then washed with TBST for 15 min. This step 
was repeated four times. After being washed, the membrane 
was incubated with HRP-conjugated secondary antibodies for 
1 h at room temperature, washed with TBST for 10 min and 
repeated four times, and visualized by an enhanced chemilu-
minescence kit (Amersham, Piscataway, NJ, USA).

Statistical analysis. Data are presented as the means ± SE. 
Statistical analysis was carried out using the independent-
samples t-test or one-way ANOVA, with P<0.05 considered to 
indicate a statistically significant difference.

Results

NK4 overexpression increases the sensitivity of HuCC-T1 cells 
to 5-FU. To select the best partner for NK4 gene therapy from 
among conventional chemotherapeutic agents, we examined 
the effect of 5-FU, cisplatin and doxorubicin on the in vitro 
proliferation of NK4-expressing HuCC-T1 cells by MTT 
assay. There was little difference in cell proliferation between 
the Hu-Em and Hu-NK4 cells under conditions without drugs. 
All drugs reduced the cell proliferation of both transfectants in 
a dose-dependent manner. 5-FU, in particular, dose-depend-
ently reduced the cell proliferation of Hu-NK4 cells to a 
greater extent when compared to that of Hu-Em cells and to a 
greater exent than did cisplatin and doxorubicin (Fig. 1). From 
the results of the cell proliferation assay, we selected 5-FU as 
the best chemotherapeutic agent for combination with NK4 
gene therapy and examined the assays using 5-FU thereafter. 
Furthermore, this method indicated that treatment with 10 µM 
of 5-FU actually resulted in a significant, time-dependent 
growth inhibition of HuCC-T1 cells.

mRNA expression levels of TYMS, TYMP and DPYD were 
slightly altered. When considering the additive effect of NK4 
gene expression in combination with 5-FU on cell growth, 

we hypothesized that NK4 gene expression influences 5-FU 
metabolism. Therefore, we assessed the expression of the 
metabolic enzymes of 5-FU. The mRNA levels of TYMS 
(encoding TS), TYMP (encoding TP) and DPYD (encoding 
DPD) tended to be slightly decreased in Hu-NK4 cells, but 
the gene expression levels were not significantly different from 
that in the Hu-Em cell line (Fig. 2).

NK4 overexpression enhances 5-FU-induced apoptosis of 
HuCC-T1 cells. Since NK4 overexpression enhanced cell 
sensitivity to 5-FU, we investigated its role in mediating the 
5-FU-response. We examined whether apoptosis is involved in 
the cytotoxic effect induced by the combination of NK4 gene 
expression and 5-FU. Flow cytometric analysis showed that 

Figure 1. Effects of NK4 gene expression on CCA cell proliferation in vitro. 
Hu-NK4 and Hu-Em cells were incubated with 5-FU, cisplatin and doxoru-
bicin. Over the time period of 48 and 72 h following treatment, the viability 
of the cells was assessed by MTT assay. (A) 5-FU, (B) cisplatin, (C) doxo-
rubicin. Values shown are the means ± SE from 3 independent experiments. 
The value in Hu-Em cells at 0 µM 5-FU was set as a control. The value in the 
control cells was set to 1.0 and the values in other cells were expressed as the 
fold over control (*P<0.05, **P<0.01).
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5-FU at concentrations of 1 and 10 M increased the propor-
tion of cells undergoing apoptosis at 48 h; Hu-NK4 cells were 
affected to a greater extent than Hu-Em cells (Fig. 3A and B).

5-FU acts as a cytostatic agent by arresting cells in the 
G2 phase (21,22). Therefore, we performed cell cycle analysis 
following treatment with 5-FU for 24 h to analyze cell cycle 
distribution of these transfectants. The proportion of cells in 

the G2/M phase of the cell cycle decreased after 1 µM 5-FU 
treatment, and even disappeared when the concentration was 
increased to 10 and 100 µM. Higher concentrations of 5-FU 
mainly caused arrest in the G1 phase and depletion of S phase. 
There were no significant differences between Hu-Em and 
Hu-NK4 cells, suggesting that NK4 did not affect cell cycle 
distribution (Fig. 3C).

Figure 2. mRNA expression of (A) TYMS, (B) TYMP and (C) DPYD in CCA-transfected cell lines Hu-NK4 and Hu-Em as determined by RT-PCR. Each level 
of mRNA expression was normalized to β-actin mRNA. Values are expressed as the means ± SE from 3 separate experiments.

Figure 3. Flow cytometric analysis for quantification of apoptotic cells and cell cycle analysis. (A and B) Hu-NK4 and Hu-Em cells were treated with different 
concentrations of 5-FU, and the proportions of apoptotic cells were determined with flow cytometry. (C) Hu-NK4 and Hu-Em cells were stained with PI for 
DNA content after treatment for 24 h with 5-FU. DNA content was analyzed using flow cytometry. Bar graphs show the cell cycle phase distribution. Values 
are expressed as mean ± SE from 3 separate experiments **P<0.01).
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NK4 augments 5-FU-induced apoptosis through the intrinsic 
pathway. We measured the activity of caspase-3 and caspase-9, 
the critical mediators of apoptosis, by colorimetric assay. 
5-FU-induced activation of caspase-3 and caspase-9, except 
at 1 µM 5-FU, was significantly reduced in the Hu-NK4 cells 
(Fig. 4A and B). We further investigated the role of the intrinsic 
apoptotic pathway in 5-FU resistance. The pro-apoptotic Bcl-2 
family members, Bcl-2 and Bax, are important initiators of 
mitochondrial-mediated apoptosis. Western blot analysis 
revealed that 5-FU dose-dependently downregulating Bcl-2 
and upregulating Bax expression (Fig. 4C-F). Bcl-2 expres-
sion following the different treatments (except at 1 µM) was 
higher in Hu-Em cells than that in Hu-NK4 cells. Significant 
difference in the Bcl-2/Bax ratio, but not in Bax, was observed 
between the two groups. These results further suggest a role 
for NK4 in regulating the 5-FU-induced intrinsic apoptotic 
pathway.

NK4 affects inhibition of HGF/Met signaling independent 
of 5-FU. We analyzed 5-FU-induced changes in the expres-

sion levels of phosphorylated Met (p-Met) protein relative to 
an untreated, time-matched control. Western blot analysis 
demonstrated that phosphorylated Met was downregulated 
in response to treatment with 10 µM 5-FU at 48 h in both 
Hu-Em and Hu-NK4 cells. The level in the Hu-NK4 cells 
was decreased similarly when compared to Hu-Em cells, 
suggesting that 5-FU had little effect on the HGF/Met 
pathway. In our previous study, we demonstrated that the 
NK4 gene inhibits HGF-induced activation of Met. To clarify 
the functional role of HGF-induced activation of Met and 
5-FU-induced deactivation, we investigated HGF in our study. 
Western blot analysis indicated that p-Met expression levels 
were increased in the HGF stimulation group, which was 
inhibited by NK4 transfectant and 5-FU treatment, and c-Met 
was strongly inhibited in the Hu-NK4 cell group, while there 
was no significant difference between the HGF stimulation 
group and HGF and 5-FU co-treatment group (Fig. 5). The 
result revealed that both NK4 and 5-FU were inhibitors of 
HGF-induced phosphorylation of Met, but they may be inde-
pendent factors.

Figure 4. NK4 enhances 5-FU-induced apoptosis through the intrinsic pathway. (A and B) Effect of NK4 gene expression on 5-FU-induced caspase activity. 
Hu-NK4 and Hu-Em cells were treated with different concentrations of 5-FU for 48 h, the cell lysates were assayed for in vitro caspase-3 and -9 activity. The 
released fluorescent products were measured. Data are expressed as means ± SE of 3 independent experiments. (C-F) Effects of NK4 gene on the expression of 
the Bcl-2 family. Each cell line was treated with 5-FU at indicated concentrations for 48 h. Protein levels of Bcl-2, Bax and β-actin were detected using western 
blotting. Values expressed as mean ± SE from 3 independent experiments (*P<0.05, **P<0.01).
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Discussion

In the present study, we demonstrated that the combination of 
NK4 gene therapy with chemotherapeutic agents, particularly 
5-FU, enhanced the growth inhibition of HuCC-T1 cells. 
When we assessed the mechanism involved, 5-FU was found 
to exert an additional effect on apoptosis through the intrinsic 
pathway. The association between NK4 and 5-FU prompted 
us to further investigate the role of the intrinsic intracellular 
signaling of the HGF/Met pathway. NK4 gene expression 
alone exerts potent antitumor activity by downregulating the 
HGF-induced phosphorylation of Met. 5-FU was another 
HGF/Met signaling inhibitor independent of NK4. The influ-
ence of NK4 gene expression on enzymes involved in 5-FU 
metabolism was not elucidated.

Although 5-FU is the most common chemotherapeutic 
drug used in the treatment of CCA, evidence of 5-FU resis-
tance has been reported both in in vitro studies using human 
CCA cell lines (23) and in vivo in CCA patients (24). Previous 
studies have demonstrated that the development of resistance 
of cancers to 5-FU may involve mechanisms including 
alterations in the exon of several genes including thymidylate 
synthase (TS) (16), thymidine phosphorylase (TP) (17) and 
dihydropyrimidine dehydrogenase (DPD) (25). In the present 
study, when cells were treated with 5-FU, the mRNA levels 
of TYMS (encoding TS), TYMP (encoding TP) and DPYD 
(encoding DPD) tended to be slightly decreased in the Hu-NK4 
cells, while the gene expression level was not significantly 
different when compared to the Hu-Em cell line, consistent 
with previous reports of 5-FU-resistant CCA cell lines (26).

We next investigated the apoptosis of HuCC-T1 cells 
induced by the combination of 5-FU and NK4 gene expression 

from various aspects. The increase in the cell apoptosis rate 
evaluated by flow cytometry confirmed that NK4 gene expres-
sion enhances the cell apoptosis induced by 5-FU. The results 
prompted us to further investigate the apoptotic pathway 
involved in 5-FU resistance. Control of the intrinsic pathway 
is known to be governed by the Bcl-2 family members, and 
dysregulation of Bcl-2 family members are a common occur-
rence in tumorigenesis. Anti-apoptotic family members 
contain 4 Bcl-2 homology (BH) domains (BH1-4) and include 
Bcl-2, Bcl-XL, Mcl-1 and A1 (27). The pro-apoptotic molecule 
Bax normally resides in the cytoplasm and translocates to the 
mitochondria following an apoptotic stimulus. Loss of Bax 
expression has been shown to decrease sensitivity to chemo-
therapies in  vitro (28) and enhance tumorigenesis in  vivo 
(29). Preclinical models have clearly demonstrated a role for 
Bcl-2 family members in regulating the response to anticancer 
strategies. Furthermore, the ratio of Bcl-2 to Bax protein 
appears to determine the susceptibility of cells to apoptotic 
stimuli (30,31).

Activation of Bax and Bak results in the formation of pores 
in the mitochondrial membrane that allow pro-apoptotic mole-
cules such as cytochrome c, Smac and Omi to be released into 
the cytosol. Cytochrome c together with apoptotic protease-
activating factor-1 (APAF-1), procaspase-9 and ATP form 
the apoptosome, a complex that results in the cleavage and 
activation of caspase-9, the initiator caspase for the intrinsic 
apoptotic pathway (32). Smac promotes apoptosis by binding 
to the IAP family of proteins (33). Binding of Smac to the 
IAPs de-represses IAP-mediated inhibition of caspases-3, -7 
and -9. When released from the mitochondria, Smac and Omi 
bind to members of the IAP family, alleviating IAP-induced 
caspase inhibition to promote apoptosis. In the direct activa-
tion model, anti-apoptotic members of the Bcl-2 family, Bcl-2, 
Bcl-XL and Mcl-1, inhibit binding of BH3-only molecules to 
Bax/Bak, thereby preventing their activation.

In the present study, 5-FU induced the activation of 
caspase-3 and caspase-9. Bcl-2 expression was dose-depend-
ently downregulated by 5-FU; the level in Hu-NK4 cells 
decreased to a greater extend compared to that in the Hu-Em 
cells. Bax is an important initiator of mitochondrial-mediated 
apoptosis. It was upregulated by 5-FU; a significant difference 
in the Bcl-2/Bax ratio, but not in Bax, was observed between 
the two groups. These results confirm that the Bcl-2 family 
and the intrinsic apoptotic pathway are major effectors of 
5-FU-induced apoptosis.

Having identified that 5-FU sensitivity was modified by 
NK4, we aimed to ascertain whether it affected the HGF/
Met signaling pathway. The difference in the level of p-Met 
between Hu-NK4 and Hu-Em cells was thought to be due to 
NK4 gene expression as the difference was observed even 
at 0 µM of 5-FU. In addition, 5-FU at 10 µM suppressed the 
phosphorylation of Met in both transfectants, indicating that 
5-FU also has a suppressive effect on the the phosphorylation 
of Met, but there was no significant difference between the 
HGF stimulation group and HGF and the 5-FU co-treatment 
group. Therefore, we demonstrated that NK4 and 5-FU are two 
independent inhibitors of the HGF/Met signaling pathway.

In conclusion, this study identified a novel role for NK4 
as a modulator of 5-FU-induced death in CCA cells through 
activation of the intrinsic apoptotic pathway.

Figure 5. NK4 affects inhibition of HGF/Met signaling independent of 
5-FU. The expression of total and phosphorylated forms of Met (p-Met) was 
assessed in Hu-NK4 and Hu-Em cells. Densitometric analysis was used and 
the band densities are shown as ratios of the objective band density/β-actin 
density. Values are represented as means ± SE from 3 independent experi-
ments. The value in the control cells was set to 1.0, and the values for the 
other cells were expressed as the fold over that in Hu-Em cells (*P<0.05, 
**P<0.01).
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