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Vitamin K2-induced cell growth inhibition via autophagy
formation in cholangiocellular carcinoma cell lines
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Abstract. Vitamin K2 (MK4) has antitumor effects on various
types of cancer cell lines in vitro, and its efficacy has also
been reported in clinical applications for patients with
leukemia, myelodysplastic syndrome, and hepatocellular
carcinoma (HCC). However, details of the mechanism of the
antitumor effects of MK4 remain unclear. In the present study,
we examined the antitumor effects of MK4 on cholangio-
cellular carcinoma (CCC) cell lines and its mechanism of
action using the HL-60 leukemia cell line that exerts MK4-
induced cell growth inhibition via apoptosis induction and
cell cycle arrest as a control. MK4 exerted dose-dependent
antitumor effects on all three types of CCC cell lines.
However, apoptosis occurred in a smaller percentage of cells
and there was less cell cycle arrest compared with other
cancer cell lines studied previously, which suggested slight
MK4-induced cell growth inhibition via apoptosis induction
and cell cycle arrest. On the contrary, histopathological
fidings showed a large number of cells containing vacuoles
in their cytoplasm, and electron microscopic findings showed
a large number of cytoplasmic autophagosomes and
autolysosomes. These findings suggested evidence of
autophagy-related cell death. Fluorescence microscopy
following acridine orange staining revealed an increase in
the number of cytoplasmic acidic vesicular organelles
characteristic of autophagy. Moreover, there were few cells
forming autophagic vesicles in the control group, while the
percentage of cells containing vacuoles in the MK4-treated
group increased with the duration of culture. These results
suggested that, unlike in leukemia, gastric cancer, HCC, and
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other cancer cells, the antitumor effects of MK4 on CCC
cells are induced via autophagy formation.

Introduction

Vitamin K2 (VK2) is a fat-soluble vitamin that plays a role
in the synthesis of prothrombin in the liver and affects the
clotting system. VK2 has been reported to exert in vitro anti-
tumor effects on malignant cells of various types of cancers
including acute myeloid leukemia (AML), lung cancer,
gastric cancer, and hepatocellular carcinoma (HCC) (1-5).
Clinical investigations have also reported on the efficacy of
VK2 describing a decreased number of blastic cells associated
with oral medication of VK2 in patients with post-myelody-
splastic syndrome AML (6) and a decreased percentage of
blastic cells, an increased number of mature neutrophils,
and improvement in decreased red blood cells and platelets
in patients with myelodysplastic syndrome (MDS) (7).
Furthermore, in a randomized controlled study in HCC patients
judged as in complete remission following various treatments
who were divided into a VK2-treated group and non-treated
group, the VK2-treated group had lower recurrence, with a
3-year accumulated recurrent rate of 65.5%, compared with a
rate of 92.2% in the non-treated group (8). Although factors
including cancer cell-induced apoptosis, cell cycle arrest, and
induction of differentiation are believed to contribute to the
mechanisms of these in vitro and in vivo antitumor effects of
VK2 (1-4), details remain to be examined.

Homologues of vitamin K consist of natural-found vitamins
K1 (phytonadione: VK1) and K2 (menaquinone: VK2), and
chemically-synthesized vitamin K3 (menadione: VK3). In
general, antitumor effects are greatest in VK3, followed by
VK2, and VK1 is believed to have the smallest effects (5,9).
Although VK3 is considered to exert a large antitumor effect
(10), its safety has not been documented because of no clinical
use. VK2 is denoted by menaquinone-n (MKn) according to
the number of isoprenoid radicals that make up its side chain,
and 14 of these (MK1-MK14) are found in nature. MK4
(menatetrenone), the VK2 used in the present study, has a
geranylgeraniol radical as its side chain, which is clinically
used for treatment of diseases such as osteoporosis and
hypoprothrombinemia. Since VK2 has already been used in
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many clinical applications with few side effects (11), it is
expected to be promptly used for clinical applications in
cancer treatment.

In recent years, attention has been drawn to autophagy,
like apoptosis, as a programmed cell death (PCD) (12).
Autophagy fundamentally refers to a process where cells
enclose their own cell organelles with an isolated
membrane and deliver them to lysosomes for degradation,
serving as a nonspecific degradation mechanism of
autologous proteins. Autophagy, when induced by various
types of stresses such as starvation, forms and re-utilizes the
amino acid pool. Autophagy is a biological phenomenon
inherent in all eukaryotes essential for vital activities. For this
reason, autophagy has been recognized as a cytoprotective
mechanism for cells to protect themselves from extracellular
stresses (13,14). Furthermore, since autophagy-related gene
knock-out mice were reported to exhibit an increased risk of
developing cancers, autophagy has also been recognized as a
tumor suppressor (15,16). However, in a culture using cells
in which autophagy-related genes were suppressed by siRNA
and to which an autophagy inhibitor, 3-methyladenine (3-
MA), was added, cytotoxic effects of some anticancer agents
on cancer cells were diminished. Based on this result, the
concept of caspase-independent cell death via autophagy,
that is autophagic cell death (type II PCD), has been
receiving increased attention (16-18).

We previously reported that VK2 has antitumor effects on
cell lines of leukemia (1), MDS (19), lung cancer (2,3), and
gastric cancer (4) via apoptosis induction and cell cycle arrest
and that Bcl-2 overexpressed HL-60 cell lines by bcl-2 gene
transfection (HL-60-bcl-2) are resistant to VK2-inducing
apoptosis, but show differentiation-inducing effects via the
induction of G1 arrest (1). We also reported that VK2 shows
cancer protective effects in an experiment using hamster
models of biliary carcinogenesis in pancreaticobiliary
maljunction (20). However, the detailed mechanism of cancer
inhibition of VK2 remains to be defined. In the present study,
we performed experiments using cholangiocellular
carcinoma cell lines to examine to what extent autophagy
contributes to VK2-induced antitumor effects and their
mechanism of action.

Materials and methods

Cell lines and reagents. VK2 (menaquinone-4: MK4) was
supplied by Eisai Co. Ltd. (Tokyo, Japan). Three types of
cholangiocellular carcinoma cell lines, TFK-1 (21), MEC
(22), and HuCC-T1 (23), were provided by the Institute of
Development, Aging and Cancer, Tohoku University (Sendai,
Japan). The HL-60 leukemia cell line that exerts cell growth
inhibition via apoptosis induction and cell cycle arrest with
the addition of VK2 were used as a control (1).

All cell lines were cultured in RPMI-1640 medium (Gibco,
Grand Island, NY, USA) with 10% FBS (Hyclone, Logan,
UT, USA) in an atmosphere of 5% CO, air at 37°C. Adherent
cholangiocellular carcinoma cell lines were treated and
separated using a 0.25% trypsin and 0.02% EDTA solution
during the logarithmic growth phase to form a cell suspension
with an adjusted cell count of 5x10* cells/ml for the following
experiments.
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Assessment of the cell growth inhibition in response to MK4.
MK4 was added to each cell suspension (5x10* cells/ml) to
obtain final concentrations of 0.1,0.5, 1, 2, 5, 10, 20, 50, and
100 uM. The cell suspensions were placed on each 96-well
tissue culture plate (BD Biosciences, Bedford, MA, USA)
to make five samples of wells containing 100 pl of cell
suspension for each concentration including the control group,
and incubated for 96 h. After adding a 10 pl of reagent (5 mM
WST-1, 20 mM HEPES, I-methoxy PMS 5 ml) prepared
using a cell counting kit (Dojindo Laboratories, Kumamoto,
Japan) into each well, the optical density of each well was
measured with a microplate reader equipped with a 450-nm
filter to calculate the percentage of optical density for each
concentration to the controls as the relative cell number.

Assessment of apoptosis induction. Cells undergoing apoptosis
were assessed by flow cytometry using APO2.7 (clone 2.7
A6A3) mouse monoclonal antibody (mAb) (Immunotech,
Marseille, France) that reacts to the 7A6 antigen expressed by
cells undergoing apoptosis (19). Cultured cells were separated
using a 0.25% trypsin and 0.02% EDTA solution and washed
twice with PBS containing 5% FBS. Then, 1x105 cells were
placed in 0.5 ml of PBS containing 5% FBS and incubated
with the addition of APO2.7 mAb and FITC-conjugated
goat anti-mouse IgG mAb (Immunotech) for 30 min at 4°C.
Immunofluorescence was analyzed by flow cytometry using
an Epics XL2 flow cytometer (Coulter Japan, Tokyo, Japan)
to compare the percentage of APO2.7-positive cells in each
cell line between the MK4-treated group and the control

group.

Cell cycle analysis. For each cell line, two groups, with and
without the addition of 50 M of MK4, were established and
the cells were separated using a 0.25% trypsin and 0.02%
EDTA solution after 96-h incubation. The cell suspensions
were stained with a solution containing 1% propidium iodide
(Sigma), 100 pg/ml digitonin, 0.01% NaNj;, 200 pg/ml RNase
(Sigma), and 2.5% FBS for 10 min at room temperature, and
fluorescence intensity of the cells were measured using a
flow cytometer (Epics XL2 flow cytometer). Based on this
result, the populations of the GO/G1, S, and G2/M phases were
analyzed using a cell-cycle analysis program, MultiCycle AV
(Phoenix Flow Systems, San Diego, CA, USA) (1).

Immunoblotting for detection of Bcl-2. After each of the
TFK-1 cell lines and the HL-60 cell lines was lysed using a
lysis buffer solution (10 mM Tris-HCI pH 7.8, 150 mM
NaCl, 1% NP-40, 1 mM EDTA, 10% glycerol, 1 mM
phanylmethylsulfonyl fluoride, 0.15 U/ml aprotinin, 10 mg/
ml leupeptin, 100 mM sodium floride, 2 mM sodium
orthovanadate), determination of protein concentration was
performed with a protein assay kit (Bio-Rad, Richmond, CA,
USA). After the TFK-1 and the HL-60 cell lines at the same
cell count were spinned down, the same amount of lysis
buffer solution was added and solubilization of protein was
performed under the same conditions. Then, the solubilized
solutions with equalized protein content and cell count were
fractionated on 15% SDS-PAGE and blotted to an
Immobilon-P membrane (Bio-Rad). After reacting to anti-
human Bcl-2 mAb (BD Biosciences Pharmingen, San Jose,
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Figure 1. Cell growth inhibition of cholangiocellular carcinoma cell (CCC) lines after treatment with MK4. MK4 at the concentration range from 5 to 50 uM
exerted dose-dependent cell growth inhibitory effects on each of the three types of CCC cell lines. Dose-dependent cell growth inhibitory effects on HL-60
leukemia cell lines were observed at the concentration range of MK4 from 2 to 20 uM.

CA, USA), they were reacted to horseradish peroxidase-
conjugated goat anti-mouse IgG mAb, and visualization of
immunoreactive proteins was carried out using an ECL kit
(Amersham Biosciences Co.).

Assessment of morphological changes. After adding MK4
and incubation, cell solutions were prepared. Specimens were
prepared using cytospin 2 (Thermo Fisher Scientific Inc.,
Worcester, MA, USA) and the cell morphology was
observed under May-Giemsa staining. Cells were classified
into the following four types: 1) cells without significant
morphological change, 2) polynuclear cells, 3) apoptotic
cells, 4) autophagic cells, and were observed chronologically.
Autophagic cells were defined as those with five or more
vacuoles in the cytoplasm.

Electron microscopy. For TFK-1 cell line, two groups with
and without the addition of 50 yM of MK4 were established
and the cells were fixed for 1 h using a 3% glutaraldehyde
plus 2% paraformaldehyde in 0.1 M cacodylate buffer (pH 7.3)
solution. Then, the cells were post-fixed using the same buffer
solution to which 1% OsO, was added. After embedding in
gelatin, the cells were observed by electron microscopy.

Detection of acid vesicular organelles (AVOs). Vital staining
was performed using acridine orange (Polysciences,
Warrington, PA, USA) to confirm the presence of acid
vesicular organelles (AVOs), characteristic of autophagy. For
TFK-1 cell line, two groups, with and without the addition of
50 uM of MK4, were established and incubated for 96 h, the

cells were separated using a 0.25% trypsin and 0.02% EDTA
solution. Acridine orange was dissolved in RPMI-1640 to
reach a concentration of 1 xg/ml. The cells were then
cultured for 30 min in an atmosphere of 5% CO, air at 37°C
and observed using a fluorescent microscope (25,26).

Statistical analysis. The data are shown as means + SD.
Comparisons between two groups were assessed using the
Student's t-test. A p-value of <0.05 was considered to indicate
a statistically significant difference.

Results

Growth inhibitory effects of MK4 in cholangiocellular
carcinoma (CCC) cell lines. MK4 at the concentration range
from 5 to 50 yM exerted dose-dependent cell growth inhibitory
effects on each of the three types of CCC cell lines (Fig. 1).
Observed 50% inhibitory concentrations (ICs,) were 10.7,
10.6, and 7.3 uM for TFK-1, MEC, and HuCC-Tl1,
respectively. In addition, dose-dependent cell growth inhibitory
effects on HL-60 leukemia cell lines were observed at the
concentration range of MK4 from 2 to 20 M, with an ICy, of
6.8 uM.

Apoptosis induction. To confirm the effects of apoptosis
on MK4-induced cell growth inhibition, the percentage of
APO2.7 positive cells was measured by flow cytometry. In
the cell lines TFK-1, MEC, and HuCC-T1, although the
percentage of APO2.7 positive cells tended to slightly increase
in the MK4-treated group, no statistically significant difference
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Figure 2. Assessment of apoptosis induction in response to MK4 in cholangiocellular carcinoma cell lines. For all CCC cell lines, the percentage of APO2.7
positive cells tended to slightly increase in the MK4-treated group, while no statistically significant difference was observed as compared with the control
group. For HL-60 cell lines, on the contrary, a statistically significant increase in the percentage of APO2.7 positive cells was observed in the MK4-treated
group (p<0.01).
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Figure 3. Cell cycle analysis after exposure to MK4 in cholangiocellular carcinoma cell lines. Among the cells that did not undergo cell death, the percentage
of GO/G1-phase cells for HL-60 was 66% in the control group and 88% in the MK4-treated group, suggesting an obvious increase by MK4. On the other
hand, the percentage of GO/G1-phase cells for TFK-1, MEC, and HuCC-T1 was 57, 60, and 64% in the control group and 63,71, and 70% in the MK4-treated
group, respectively. Although an increasing tendency was observed in each of the MK4-treated groups, the degree of cell cycle arrest was small.

was observed compared with the control group (Fig. 2). In  cells was observed in the MK4-treated group (p<0.01). Thus,
the HL-60 cell lines, on the contrary, a statistically = MK4-induced cell growth inhibitory effects were observed in
significant increase in the percentage of APO2.7 positive  CCC cell lines; however, the degree of apoptosis induction
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Figure 4. Comparison of Bcl-2 expression between TFK-1 and HL-60 cells.
The expression level of Bcl-2 protein was compared between TFK-1 and
HL-60 by immunoblotting with anti-Bcl-2 mAb. For standardization, two
methods of measurement using equalized soluble protein content and cell
counts were used. Both measurements showed a higher expression of Bcl-2
protein in TFK-1 than in HL-60.

was smaller than that observed in HL-60 leukemia cell lines.
It was reported that overexpression of Bcl-2 prevents
apoptosis from being induced in HL-60, but G1 arrest of the
cell cycle was induced by MK4 (1). Therefore, we considered

TFK-1 (MK4, 50uM)
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that MK4-induced cell growth inhibition is attributable to the
cytostatic action via cell cycle arrest.

Cell cycle analysis and expression level of Bcl-2. Among the
cells that did not undergo cell death, the percentage of GO/G1-
phase cells for HL-60 was 66% in the control group and 88%
in the MK4-treated group, suggesting an obvious increase by
MK4. On the other hand, the percentage of GO/G1-phase
cells for TFK-1, MEC, and HuCC-T1 was 57, 60, and 64% in
the control group and 63, 71, and 70% in the MK4-treated
group, respectively. Although an increasing tendency was
observed in each of the MK4-treated groups, the degree of
cell cycle arrest was low (Fig. 3).

The expression level of Bcl-2 protein was compared
between TFK-1 and HL-60. For standardization, two
methods of measurement using equalized soluble protein
content and cell counts were used. Both measurements
showed a higher expression of Bcl-2 protein in TFK-1 than
in HL-60 (Fig. 4).

Morphological appearance. Since we recognized that the
effects of apoptosis and cell cycle arrest on MK4-induced
cell growth inhibition were smaller than anticipated, we
focused our attention on morphological differences. In HL-60
cells, the addition of MK4 resulted in typical apoptotic
images including condensation of chromatin and nuclear
fragmentation (apoptotic body). In TFK-1 cells, on the
contrary, the addition of MK4 did not result in such apoptotic
images, and a large number of cells containing vacuoles in
their cytoplasms were observed, suggesting autophagy-
induced cell death (12) (Fig. 5).

HL-60 (Control)

HL-60 (MK4, 10puM)

Figure 5. Comparison of morphologic changes between TFK-1 and HL-60 cells after treatment with MK4. In HL-60 cells, the addition of MK4 resulted in
typical apoptotic images including condensation of chromatin and fragmentation of nucleus. In TFK-1 cells, on the contrary, the addition of MK4 resulted in
autophagy images including a large number of cells containing vacuoles in their cytoplasms. May-Giemsa staining: original magnification, x1000.
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Figure 6. Induction of autophagy in response to MK4 in TFK-1 cells. (A) Electron microscopy showed a large number of cytoplasmic autophagosomes and
autolysosomes in the MK4-treated group. (B) Fluorescence microscopy following acridine orange staining revealed an increase in the number of cytoplasmic
acidic vesicular organelles (AVOs) characteristic of autophagy in the MK4-treated group.
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Figure 7. Chronological morphologic changes of TFK-1 cells during
exposure to MK4. Morphological observation in the MK4-treated and
control group showed that there were few cells forming vacuoles in the
control group. In the MK4-treated group, on the contrary, the number of
cells with vacuoles significantly increased at 48-h post culture. Moreover,
the percentage of the cells increased with the duration of culture and cells
with vacuolation accounted for ~90% of the cells at 96 h.

Autophagy induction of TFK-1 cells in response to MK4. To
confirm the evidence of autophagosome and autolysosome
formation characteristic of autophagy, the following
observation was performed. Electron microscopy showed a
large amount of cytoplasmic autophagosomes and auto-
lysosomes in the MK4-treated group (Fig. 6A). In the MK4-
treated group, fluorescence microscopy following acridine
orange staining revealed an increase in the number of
cytoplasmic acidic vesicular organelles (AVOs) characteristic
of autophagy (Fig. 6B) (24-26). Moreover, chronological
morphological observation in the MK4-treated and the
control group showed that few cells formed vacuoles in the
control group. In the MK4-treated group, on the contrary, the
number of cells with vacuoles significantly increased at 48-h
post culture. Moreover, the percentage of the cells increased
with the duration of culture, and ~90% of the cells showed
vacuolation at 96 h (Fig. 7).

Discussion

We set out to determine whether VK2 has antitumor effects
through the induction of autophagy on cholangiocellular
carcinoma (CCC) cells. Although in vitro and in vivo antitumor
effects of VK2 have been documented previously (1-8), details
of the mechanisms of the effects remain unclear. Bouzahzah
et al described that VK2 may increase the expression of jun
and c-myc, leading to apoptosis induction and that it may also
increase prothrombin and other VK2-dependent proteins,
resulting in growth inhibition of hepatocellular carcinoma
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(5). In the study of the effects of VK2 using MDS-KZ cell
lines derived from MDS patients, Nishimaki et al reported
that the addition of VK2 led to decreased Bcl-2 expression
and increased BAX expression, which caused depolarization
of mitochondria membrane potential, release of cytochrome c,
and activation of caspase-3, and thereby inducing cell death
via apoptosis. They also reported that the addition of a caspase
inhibitor, ZVAD, suppressed apoptosis induced by VK2. These
results led to the speculation that mitochondria is a target organ
for apoptosis by VK2 (27). Moreover, Miyazawa et al reported
that examination of the effects of VK2 in an HL-60 leukemia
cell line overexpressing Bcl-2 as a result of bcl-2 gene
transfection (leukemia HL-60-bcl-2) showed the suppression
of apoptosis in HL-60-bcl-2 cells due to the stabilization of
mitochondrial membrane, while also showing an increase of
GO0/G1 phase and monocytic differentiation inducibility (1).
These results suggest that the antitumor effects of VK2 are
caused mainly by apoptosis induction and cell cycle arrest.

The present study demonstrates that the addition of VK2
resulted in dose-dependent cell growth inhibitory effects on
all three CCC cell lines (Fig. 1). The ICy, for the three types
of CCC cells ranged from 5 to 20 xM, which was slightly
higher than the ICy, of 5 to 10 uM for leukemia cell lines.
When compared with the ICy, for the same type of solid
tumor, gastric cancer and lung cancer cell lines, of 20 to 60
M (4) and 10 to 50 uM (2,3), respectively, the ICs, for CCC
cell lines tended to be lower. In addition, previous studies
reported that the IC, for HCC cell lines ranged from 100 to
200 M and that certain HCC cell lines have only <50%
growth inhibition rate (5,28). Based on these reports, it was
considered that CCC cells were more sensitive to the
antitumor effects of VK2 than hepatocellular carcinoma (HCC)
cells.

In the present study, the apoptosis induction effect of
VK2 on CCC cells was assessed using APO2.7. Although the
percentage of APO2.7-positive cells tended to slightly increase
(9-15%) in each of the MK4-treated CCC cells, the apoptosis
induction effect of VK2 in CCC cells was relatively small,
compared with the rates of ~50% for leukemia cell lines (1),
20 to 40% for gastric cancer cell lines (4), and 30-40% for
lung cancer cell lines (2,3). A possible reason for this smaller
effect is that Bcl-2 expression is higher in CCC cells (TFK-1)
than in HL-60 (Fig. 4). Regarding the cell cycle, although the
percentage of GO/G1-phase cells tended to increase in the
VK2-treated (50 uM) group with a rate of 63.2% as compared
with 57.4% for the TFK-1 control group, the percentage of
GO0/G1-phase cells was lower than that in HL-60 (Fig. 3).
Furthermore, in a previous study from our group among four
types of gastric cancer cell lines, all had >70% GO/G1-phase
cells and two had =80% GO/G1-phase cells (4). Although the
in vitro antitumor effects of VK2 on CCC cells, as described
above, were equal to those on known solid cancer cell lines,
the effects of apoptosis induction and cell cycle arrest were
confirmed to be smaller.

The morphologic changes observed by May-Giemsa
staining was a large number of cells containing vacuoles in
their cytoplasms in TFK-1 of the VK2-treated group. Since this
change was rarely or never observed in the control group, it
was considered due to the effects of VK2 (Fig. 5). In addition,
the increased number of AVOs observed with acridine orange
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staining and the increased number of autophagosomes
observed by electron microscopy demonstrated that autophagy
had been induced in the VK2-treated CCC cells (Fig. 6).
Cytoplasmic vacuolation became obvious at 48 h after the
addition of VK2 and accounted for ~90% of the TFK-1
cultured cells at 96 h (Fig. 7).

Autophagy increases with stimulation by starvation and is
a biological phenomenon that occurs as a cytoprotective
reaction for cells to survive (13,14). Apoptosis is considered
to be type I programmed cell death (PCD), while autophagy
is considered to be type II PCD (12). Morphologically,
apoptosis involves nuclear changes such as fragmentation and
condensation, while autophagy is characterized by few nuclear
changes and increased cytoplasmic autophagic vesicles, which
is highly consistent with the altered nuclear morphology
observed in the VK2-treated TFK-1 (12). This suggested that
the antitumor effects of VK2 result from autophagic cell
death, not from apoptosis and cell cycle death. There have
been reports on autophagy-related cell death in certain types
of tumor cell lines including breast cancer cell lines (17) and
malignant glioma cell lines (29,30).

It was reported that new alkylating agents, temozolomide
(TMZ) and arsenic trioxide (As,0;), induce autophagy in
malignant glioma cell lines (30) and that histone deacetylase
inhibitors, sodium butyrates and suberoylanilide hydroxamic
acid (SAHA), induce autophagy in Bcl-XL overexpressing
HeLa cells (31). The addition of etoposide can induce auto-
phagy even in Bax/Bak-double knock-out murine embryonic
fibroblasts (MEF), and inhibiting this autophagy pathway by
siRNA or 3-methyladenine results in suppressed cytotoxic
effects of etoposide, indicating that this autophagy represents
autophagic cell death and is an essential process to induce
cell death (32). Thus, when autophagy occurs in association
with cell death, it is controversial whether autophagy itself
causes autophagic cell death or protective autophagy is induced
in order to prevent cell death. Also in the present study,
non-apoptotic cell death and autophagy in CCC cells induced
by VK2 were observed. Whether the autophagy observed in
this study is cytoprotective or contributory to cell death
induction from a biological aspect remains to be established in
future studies.

Although the ICs, for CCC cells was higher than that for
leukemia cells, it was considered to be equal to or lower than
that for hepatocellular carcinoma, which is the same type of
solid tumor and the chemoprevention effects of VK2 have
been confirmed. In addition, because of hepatic metabolism,
VK2 has higher tissue concentrations in the liver than in
other organs, and after being metabolized by the liver, it is
excreted in bile. It has been confirmed that after a single
administration of VK2 to rats, 79.0% of VK2 is excreted into
bile (33). In dogs administered with '*C-menatetrenone, it is
known that its radioactive concentration in bile remains
extremely high for long periods in comparison to other
organs and the maximum biliary level is 51.2 times the blood
level (34,35). Although there have been no reports on the
investigation of tissue concentrations, since VK2 levels in
cholangiocellular carcinoma tissue are expected to be higher
than in the tissue of solid tumors other than hepatobiliary
tumors, clinical applications of VK2 are anticipated in this
disease entity.
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