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Vitamin K Contents in Liver Tissue of Hepatocellular Carcinoma Patients
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Serum protein induced in vitamin K absence-II (PIVKA-II) is used as a tumor marker because it
increases at a notably higher rate in patients with hepatocellular carcinoma. To clarify the mecha-
nism causing the elevation of serum PIVKA-II, we measured the contents of vitamins K1 (phyllo-
quinone, PK) and K2 (menaquinone, MK) (MK-4, MK-5, MK-6, MK-7, MK-8, MK-9, MK-10) in
liver tissue resected from 21 hepatic cancer patients (12 patients with hepatocellular carcinoma
and 9 patients with metastatic hepatic cancer), using HPLC combined with coulometric reduction
and fluorometric detection. In the cancerous tissue of hepatocellular carcinoma patients, PK, MK-
7, MK-8, and MK-10 were significantly lower than that found in the noncancerous tissue. Further-
more, MK-6, MK-7, MK-8, and MK-10 in the cancerous tissue of hepatocellular carcinoma
patients were significantly lower than that in the cancerous tissue of metastatic hepatic cancer
patients. These data suggested that one of the mechanisms of the elevation of serum PIVKA-II lev-
els in hepatocellular carcinoma patients is a vitamin K deficiency in the local cancerous tissue.
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Vitamin K is a general term for nutrients or 2-methyl-
1,4-naphthoquinone compounds that show antihemor-
rhagic action when given to animals with vitamin K defi-
ciency. Vitamin K1 has a 2-methyl-1,4-naphthoquinone
ring with a phytyl side chain at the third position and is
generically called phylloquinone (PK). Vitamin K2 has a
2-methyl-1,4-naphthoquinone ring with an isoprenyl side
chain at the third position and is generically called
menaquinone (MK). Homologues of menaquinone have 1
to 15 isoprenyl side chains. These homologues are desig-
nated as menaquinone-n (MK-n), with n denoting the
number of isoprenyl side chains.1, 2)

There are many vitamin K-dependent proteins in the
body such as prothrombin (factor II), coagulation factor
VII, coagulation factor IX, coagulation factor X, protein
C, protein S, osteocalcin, and matrix Gla protein. The rele-
vant genes encode precursor proteins (proteins induced in
vitamin K absence: PIVKA). Vitamin K is an essential
cofactor required for the reaction (γ-carboxylation) that
modifies a specific glutamic acid residue, near the amino
acid terminal of the precursor proteins, into γ-carboxy-
glutamic acid. When vitamin K is deficient, the conversion
of the glutamic acid residue to γ-carboxyglutamic acid is
inhibited, then the precursor proteins without γ-carboxy-
glutamic acid accumulate in cells and are partly released
into the blood.3–6) PIVKA corresponding to prothrombin

(factor II) is called PIVKA-II and is measured clinically as
a means to diagnose vitamin K deficiency.

In patients with hepatocellular carcinoma, α-fetoprotein
has been used as a tumor marker. In 1984, Liebman et al.7)

measured serum PIVKA-II levels in hepatocellular carci-
noma patients by means of competition radioimmunoas-
says using a polyclonal antibody and reported that it was
increased in 91% of those patients. Motohara et al.8) sub-
sequently developed a highly sensitive method for measur-
ing serum PIVKA-II using a monoclonal antibody. Several
clinical studies9–13) with this method supported the view
that serum PIVKA-II is a useful tumor marker with high
specificity for hepatocellular carcinoma. However, the
underlying mechanism causing the elevation of serum
PIVKA-II levels in hepatocellular carcinoma patients
remains unclear.

The aim of this study is to clarify this mechanism by
measuring PK and MK homologue contents in the cancer-
ous and noncancerous liver tissue of hepatocellular carci-
noma patients and the cancerous liver tissue of metastatic
hepatic cancer patients.

MATERIALS AND METHODS

Subjects  Portions of liver tissue resected from 21 hepatic
cancer patients, who were admitted to our university hos-
pital to undergo hepatic resection between April 1995 and
December 1996, were used for this study. Informed con-
sent was obtained from all the patients. Among them, 12
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patients had hepatocellular carcinoma and 9 had metastatic
hepatic cancer. Normal human liver tissues were not used
as controls because of ethical problems.

The clinicopathological characteristics of the 12 patients
with hepatocellular carcinoma are shown in Table I. Ten
patients were males and 2 females. Their average (±SD)
age was 67.1 (±6.5) years, ranging from 59 to 80 years.
None had received supplemental vitamin K for at least 1
month before the operation and oral intake of all patients
was good before surgery. None had been administered fat
emulsion or anticancer agents. Four had received intrave-
nous administration of 1 g of cefmetazole immediately
before surgery. The serum PIVKA-II level was measured
by using an enzyme immunoassay kit (Eitest Mono P-II,
Eisai, Tokyo),10, 11) which employs an improved enzyme
immunoassay using a monoclonal antibody developed by
Motohara et al.8) Serum PIVKA-II levels above 0.1 arbi-
trary unit (AU)/ml were considered positive. Five patients
were positive for serum PIVKA-II and 7 were negative.
Prothrombin time and activated partial thromboplastin
time revealed no apparent prolongation. Nine patients had
hepatitis C and 2 had hepatitis B. Histopathological find-
ings of the resected cancerous tissue of hepatocellular car-
cinoma patients were well differentiated hepatocellular
carcinoma in 4 patients, moderately differentiated hepato-
cellular carcinoma in 7, and a combination of these in 1.
The resected cancerous tissues were 7.0×8.0 cm maximum
and 1.2×1.2 cm minimum in size. Histopathological find-
ings of the resected noncancerous tissue of hepatocellular

carcinoma patients were liver cirrhosis in 10 patients and
normal in 2.

Of the 9 patients with metastatic hepatic cancer, seven
patients were males and 2 females. Their average (±SD)
age was 63.2 (±6.2) years, ranging from 57 to 78 years.
None had received vitamin K for at least 1 month before
surgery. Five patients had good ingestion, 3 had had no
oral intake for 3 days, and 1 had had no oral intake for a
week before surgery. Fat emulsion was administered to 1
patient before surgery. Six patients had received kanamy-
cin and clindamycin orally the day before surgery. Pro-
thrombin time and activated partial thromboplastin time
showed no apparent prolongation. The underlying disease
(primary tumor) was cancer of the sigmoidal colon in 6
patients, cancer of the ascending colon in 2, and rectal
cancer in 1. Histopathological findings of the resected can-
cerous tissue of metastatic hepatic cancer patients were all
adenocarcinoma, and their sizes were 10.0×8.0 cm maxi-
mum and 1.0×1.0 cm minimum.

Thirty-three samples of the resected cancerous and non-
cancerous liver tissue (only the cancerous tissue for meta-
static cancer patients) were stored frozen at −30°C. Their
PK and MK homologue contents were measured later.
Measurement of PK and MK homologue contents in
liver tissue  PK and MK homologue (MK-4, MK-5, MK-
6, MK-7, MK-8, MK-9, MK-10) contents in the resected
liver tissue were measured by using HPLC combined with
coulometric reduction and fluorometric detection,14) as pre-
viously described. A 1.0 g sample of freeze-dried liver tis-

Table I. Clinicopathological Characteristics of 12 Patients with Hepatocellular Carcinoma

Patients Age
(yr) Sexa) Etiology b) PIVKA-II c)

(AU/ml)
PTd)

(%)
aPTTe)

(s)
Liver histologyf)

Cancer size
(cm×cm)Cancer Noncancer

1 59 M B 12.60 (+) 75 30.3 Well Cirrhosis 7.0×8.0
2 69 M C 10.90 (+) 73 32.4 Mod Cirrhosis 5.0×5.0
3 76 M C 0.97 (+) 75 29.5 Mod Normal 4.8×4.5
4 63 M C 0.15 (+) 64 32.2 Well Cirrhosis 4.0×3.0
5 72 M C 0.12 (+) 85 31.3 Mod Cirrhosis 3.0×2.8
6 67 M C 0.07 (−) 86 30.9 Well Cirrhosis 1.2×1.2
7 80 M C 0.06 (−) 100 30.4 Mod Normal 2.2×1.5
8 63 M B 0.02 (−) 50 33.3 Mod Cirrhosis 3.3×2.6
9 60 M C <0.06 (−) 83 28.2 Well Cirrhosis 2.3×2.2

10 61 M C <0.06 (−) 63 36.8 Well+Mod Cirrhosis 3.0×3.0
11 70 F C <0.06 (−) 55 35.5 Mod Cirrhosis 2.0×1.8
12 66 F C <0.06 (−) 78 28.4 Mod Cirrhosis 4.0×4.5

a) M, male; F, female.
b) B, hepatitis B; C, hepatitis C.
c) PIVKA-II, protein induced in vitamin K absence-II (positive value, (+)>0.1 AU/ml).
d) PT, prothrombin time (reference value≥70%).
e) aPTT, activated partial thromboplastin time (reference value, 24.9 to 33.2 s).
f) Cancer, cancerous liver tissue; Noncancer, noncancerous liver tissue; Well, well differentiated hepatocellular car-
cinoma; Mod, moderate differentiated hepatocellular carcinoma.
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sue was homogenized in 5 ml of 66% isopropyl alcohol.
The homogenate was mixed with 6 ml of n-hexane. The
mixture was centrifuged at 800g for 5 min. A 5 ml portion
of the upper layer was evaporated to dryness under
reduced pressure at room temperature. The residue was
dissolved in 2 ml of n-hexane, and the solution was
applied to a Sep-Pak silica cartridge. This was washed
with 10 ml of n-hexane and vitamin Ks were eluted with 5
ml of n-hexane–diethyl ether (96:4, v/v). The eluate was
evaporated to dryness under reduced pressure at room
temperature. The residue was dissolved in 150 µl of n-
hexane and the solution was applied as a 13 cm band to a
silica gel plate. The plate was dried for 5 min in air at
room temperature. The 13 cm rectangular silica gel layer
was scraped and the materials were extracted with 7 ml of
chloroform and centrifuged at 800g for 5 min. A 5 ml por-
tion of the chloroform layer was evaporated to dryness
under reduced pressure at room temperature. The residue
was dissolved in 200 µl of ethanol and 50 µl of the solu-
tion was injected into the HPLC system. At the same time,
50 µl of the working standard solution for calibration was
also injected into the system. The PK and MK homologue
contents in the sample extract were measured by the peak-
height method and calculated from their calibration
graphs.
Measurement of plasma PK and MK homologue con-
centrations  Plasma samples were collected from the 12
patients with hepatocellular carcinoma immediately before
surgery and the plasma PK and MK homologue (MK-4,
MK-5, MK-6, MK-7, MK-8) concentrations were mea-
sured by HPLC combined with coulometric reduction and
fluorometric detection, as previously described.15, 16)

Statistical analysis  A statistical analysis was performed
with the Wilcoxon signed-rank test to compare the vitamin
K homologue content in the cancerous tissue of hepatocel-
lular carcinoma patients with that of the noncancerous tis-
sue. We used the Mann-Whitney U test to compare the
vitamin K homologue content in the cancerous tissue of
hepatocellular carcinoma patients with that in the cancer-
ous tissue of metastatic hepatic cancer patients; to com-
pare that in the cancerous tissue of serum PIVKA-II
positive hepatocellular carcinoma patients with that in
the cancerous tissue of serum PIVKA-II negative patients;
and to compare the plasma vitamin K concentration in
the serum PIVKA-II positive hepatocellular carcinoma
patients with that in the serum PIVKA-II negative
patients. A value of P<0.05 was considered statistically
significant.

Regarding the detection limit of measurements of vari-
ous liver tissues, if the level was less than 1.00 ng/g in the
analysis of vitamin K content of the cancerous tissue of
hepatocellular carcinoma patients, for example, we treated
it as 1.00 ng/g, and if less than 1.00 ng/g in the analysis of
the noncancerous tissue of hepatocellular carcinoma

patients or the cancerous tissue of metastatic hepatic can-
cer patients, for example, we treated it as 0 ng/g.

RESULTS

PK and MK homologue contents in the cancerous liver
tissue of hepatocellular carcinoma patients  Only PK
was detected in all patients and the average (±SD) was
3.12 (±4.83) ng/g. MK-4 and MK-7 were detected in all
but 1 patient and the average values (±SD) of 11 patients
were 2.03 (±3.22) ng/g and 1.35 (±0.92) ng/g, respec-
tively. MK-6 was at the detection limit or below in 6
patients, MK-8 was similar in 7, and MK-9 and MK-10
were similar in 11 each. MK-5 was at the detection limit
or below in all patients.

No significant differences were seen in PK and MK
homologue contents in the cancerous liver tissue between
serum PIVKA-II positive patients and negative patients
(Fig. 1).
PK and MK homologue contents in the noncancerous
liver tissue of hepatocellular carcinoma patients  PK,
MK-4, and MK-7 were detected in all patients, and the
average (±SD) was 10.50 (±14.15) ng/g, 2.42 (±2.33) ng/
g, and 32.76 (±43.15) ng/g, respectively. MK-6, MK-8,
and MK-10 were detected in all but 1 patient, and the
average values (±SD) of 11 patients were 4.81 (±8.50) ng/
g, 15.71 (±35.34) ng/g, and 15.35 (±29.19) ng/g, respec-
tively. MK-9 was at the detection limit or below in 9
patients and MK-5 was the same in all patients.
PK and MK homologue contents in the cancerous liver
tissue of metastatic hepatic cancer patients  PK, MK-6,

Fig. 1. Comparison of PK and MK homologue contents in the
cancerous liver tissue between the serum PIVKA-II positive and
negative patients with hepatocellular carcinoma. The results are
expressed as average±SD. MK-5 is omitted. The apparent differ-
ences between the serum PIVKA-II positive and negative
patients with hepatocellular carcinoma were not significant,
Mann-Whitney U test.  PIVKA-II negative (n=7),  PIVKA-
II positive (n=5).
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MK-7, MK-8, and MK-10 were detected in all patients,
and the average values (±SD) were 9.17 (±9.87) ng/g,
7.23 (±7.90) ng/g, 117.98 (±248.95) ng/g, 6.14 (±7.09)
ng/g, and 23.08 (±12.27) ng/g, respectively. MK-4 was at
the detection limit or below in 4 patients, MK-9 was simi-
lar in 3, and MK-5 was similar in all patients.
Comparison of PK and MK homologue contents
between the cancerous and the noncancerous liver tis-
sue of hepatocellular carcinoma patients  PK, MK-7,
MK-8, and MK-10 contents in the cancerous tissue were
significantly lower than those in the noncancerous tissue
(Fig. 2).
Comparison of PK and MK homologue contents in the
cancerous liver tissue between hepatocellular carci-
noma patients and metastatic hepatic cancer patients
MK-6, MK-7, MK-8, and MK-10 contents in the cancer-
ous tissue of hepatocellular carcinoma patients were sig-
nificantly lower than those in the metastatic hepatic cancer
patients (Fig. 3).

No differences were seen in PK and MK homologue
contents between the noncancerous tissue of hepatocellular
carcinoma patients and the liver tissue of metastatic
hepatic cancer patients.
Plasma PK and MK homologue concentrations of
hepatocellular carcinoma patients  Only PK was
detected in all patients and the average (±SD) was 0.72
(±0.62) ng/ml. MK-6 was detected in 8 patients, MK-7 in
10, and MK-8 in 7, and the average (±SD) levels of the
detected patients were 0.15 (±0.11) ng/ml, 0.98 (±1.30)
ng/ml, and 0.54 (±0.83) ng/ml, respectively. MK-4 was at

the detection limit or below in 8 patients and MK-5 was
the same in all patients.

No significant differences were seen in the plasma PK
and MK homologue concentrations between serum
PIVKA-II positive patients and negative patients (Fig. 4).

Fig. 2. Comparison of PK and MK homologue contents
between the cancerous and the noncancerous liver tissue of hepa-
tocellular carcinoma patients. The results are expressed as
average±SD. MK-5 is omitted. ∗ P<0.05, ∗∗ P<0.01, Wilcoxon
signed-rank test.  cancerous liver tissue of hepatocellular car-
cinoma patients (n=12),  noncancerous liver tissue of hepato-
cellular carcinoma patients (n=12).

Fig. 3. Comparison of PK and MK homologue contents in the
cancerous liver tissue between hepatocellular carcinoma and met-
astatic hepatic cancer patients. The results are expressed as
average±SD. MK-5 is omitted. ∗ P<0.05, ∗∗ P<0.01, ∗∗∗ P<0.001,
Mann-Whitney U test.  cancerous liver tissue of hepatocellular
carcinoma patients (n=12),  cancerous liver tissue of meta-
static hepatic cancer patients (n=9).

Fig. 4. Comparison of plasma PK and MK homologue concen-
trations between the serum PIVKA-II positive and the negative
patients with hepatocellular carcinoma. The results are expressed
as average±SD. MK-5 is omitted. The apparent differences
between the serum PIVKA-II positive and negative patients with
hepatocellular carcinoma are not significant, Mann-Whitney U
test.  PIVKA-II negative (n=7),  PIVKA-II positive (n=5).
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DISCUSSION

The mechanism causing the elevation of serum PIVKA-
II levels in hepatocellular carcinoma patients is proposed
to be as follows; (1) vitamin K deficiency in local cancer-
ous tissue due to an abnormal vitamin K uptake of hepatic
cancer cells17–19); (2) excessive production of a prothrom-
bin precursor (PIVKA) in hepatic cancer cells18–20); (3)
decline of γ-glutamylcarboxylase activity in hepatic cancer
cells20); (4) decline of the ability to use vitamin K due to
oxidation-reduction cycle abnormality in hepatic cancer
cells; or (5) prothrombin gene abnormality in hepatic can-
cer cells.20, 21) But details of the mechanism are not known.

Huisse et al.,17) Ono et al.,18) and Yamagata et al.19)

reported vitamin K contents in hepatocellular carcinoma.
Huisse et al. measured PK and MK contents (sum of MK-
4–MK-10) in the cancerous and the noncancerous tissues
of 10 patients with hepatocellular carcinoma and in the
normal liver tissues of 10 patients with metastatic carci-
noma of the liver, and reported that MK contents in the
cancerous tissues of hepatocellular carcinoma patients are
significantly more decreased than in the noncancerous tis-
sues of hepatocellular carcinoma patients or the normal
liver tissues of metastatic liver carcinoma patients. Fur-
thermore, they demonstrated that MK contents are lower
in the cancerous tissues from the patients with elevated
serum levels of PIVKA-II than in the cancerous tissues
from those with normal serum levels of PIVKA-II. They
concluded that deficiency of vitamin K content in the can-
cerous tissues plays a critical role in the elevation of
serum PIVKA-II associated with human hepatocellular
carcinoma. However, they did not compare PK and MK
contents in the cancerous tissues of hepatocellular carci-
noma with those of metastatic liver carcinoma. For this
reason, their results do not support the idea that MK con-
tents in the cancerous tissues of hepatocellular carcinoma
patients are particularly lower than those of metastatic
liver carcinoma patients. Ono et al. measured only PK,
MK-4, and MK-7 contents in the cancerous and noncan-
cerous tissues of their hepatocellular carcinoma patients,
and Yamagata et al. measured only PK and MK-4 contents
in these types of tissues of their hepatocellular carcinoma
patients. In these studies, there were no significant differ-
ences in vitamin K contents between the cancerous and the
noncancerous tissues. They concluded that the main mech-
anism of serum PIVKA-II elevation in patients with hepa-
tocellular carcinoma is excessive synthesis of PIVKA-II.
Thus, there is conflict concerning the mechanism of serum
PIVKA-II elevation in hepatocellular carcinoma patients.

Therefore, we measured the contents of PK and each
menaquinone from MK-4 to MK-10 in the cancerous tis-
sue and the noncancerous tissue of hepatocellular carci-
noma patients, and furthermore in the cancerous tissue of
metastatic hepatic cancer patients. The contents of PK and

MKs in the cancerous tissue of metastatic hepatic cancer
patients had not been measured in previous studies. As
shown above, we found that PK, MK-7, MK-8, and MK-
10 contents in the cancerous tissue of hepatocellular carci-
noma patients were significantly lower than that in the
noncancerous tissue, and that the contents of MK-6, MK-
7, MK-8, and MK-10, which have long isoprenyl side
chains, in the cancerous tissue of hepatocellular carcinoma
patients were significantly lower than those of metastatic
hepatic cancer patients. Also, no differences were seen in
plasma PK and MK homologue concentrations between
the hepatocellular carcinoma patients and healthy adults,
whose plasma PK and MK homologue concentrations
were measured by the same method.15, 16) This indicates
that PK and MK homologue contents are especially lower
in the cancerous tissue of hepatocellular carcinoma patients.

Although some reports22, 23) suggest that MKs with long
isoprenyl side chains, which showed lower levels in the
cancerous liver tissue of our hepatocellular carcinoma
patients, do not participate in γ-carboxylation, other
reports24–27) indicate that they do participate. Therefore, we
believe that the low levels of MKs with long isoprenyl
side chains in the cancerous tissue of hepatocellular carci-
noma patients play a role in the serum PIVKA-II increase
in these patients. The mechanism of vitamin K content
decreases in the cancerous tissue of hepatocellular carci-
noma patients is presumed to involve decreased vitamin K
uptake into hepatic cancer cells, vitamin K nuclear recep-
tor abnormality, vitamin K hypermetabolism, and a
decrease in vitamin K supply to cancerous tissue due to
blood distribution abnormality. Further studies are needed
on this question.

We measured PK and MK contents of only 2 normal
liver tissues and 10 cirrhotic tissues in the noncancerous
portion from 12 hepatocellular carcinoma patients. Usui et
al.28) reported vitamin K contents in the noncancerous por-
tion of 38 human liver specimens from patients with pri-
mary or metastatic liver cancer. They included 6 normal
liver tissues and 22 cirrhotic liver tissues. In their study,
PK, MK-7, MK-8 and MK-9 contents were not signifi-
cantly different between normal liver tissues and cirrhotic
liver tissues, but MK-10, MK-11 and MK-12 contents of
cirrhotic liver tissues were significantly lower than those
of normal liver tissues. In our study, PK, MK-7, MK-8 and
MK-10 contents of the cancerous tissues from hepatocellu-
lar carcinoma patients were significantly lower than those
of the noncancerous tissues, which were histologically
close to liver cirrhosis. This indicates that the PK, MK-7,
MK-8 and MK-10 contents of the cancerous tissues of
hepatocellular carcinoma patients are significantly lower
than those of cirrhotic liver tissues and normal liver tis-
sues.

We found no differences in the vitamin K contents of
the cancerous tissue between the serum PIVKA-II positive
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and negative patients with hepatocellular carcinoma. One
reason for this may be the size of the hepatocellular carci-
nomas in patients enrolled in this study, i.e., the larger the
hepatocellular carcinoma, the higher the serum PIVKA-
II.11) Our largest cancer was 7.0×8.0 cm. Serum PIVKA-II
concentration reflects the total PIVKA-II produced by the
whole cancer rather than the PIVKA-II production per unit
of liver tissue weight, so it is natural that the vitamin K
content per unit of liver tissue weight does not always cor-
relate to the serum PIVKA-II. In our study, the serum
PIVKA-II level was 12.6 AU/ml at the highest and there
were no cases with a marked increase of serum PIVKA-II.
These findings suggest that the cancer sizes in our hepato-
cellular carcinoma patients were relatively small and the

total PIVKA-II production was low. Another reason may
be the small number of study patients.

In conclusion, a vitamin K deficiency in the cancerous
tissue might account for at least a portion of the elevation
of serum PIVKA-II levels in hepatocellular carcinoma
patients.

ACKNOWLEDGMENTS

We thank Mr. Shigeru Notsumoto of Shionogi & Co., Ltd. for
providing technical support in the measurement of vitamin K
homologue contents.

(Received August 25, 1999/Revised October 12, 1999/Accepted
October 16, 1999)

REFERENCES

1) Suttie, J. W.  The importance of menaquinones in human
nutrition.  Annu. Rev. Nutr., 15, 399–417 (1995).

2) Shearer, M. J.  Vitamin K.  Lancet, 345, 229–234 (1995).
3) Hemker, H. C. and Muller, A. D.  Kinetic aspects of the

interaction of blood-clotting enzyme.VI. Localization of the
site of blood-coagulation inhibition by the protein induced
by vitamin K absence (PIVKA).  Thromb. Diath. Haem-
orrh., 20, 78–87 (1968).

4) Ganrot, P. O. and Nilehn, J. E.  Plasma prothrombin during
treatment with dicumarol. II. Demonstration of an abnormal
prothrombin fraction.  Scand. J. Clin. Lab. Invest., 22, 23–
28 (1968).

5) Stenflo, J., Fernlund, P., Egan, W. and Roepstoref, P.  Vita-
min K dependent modifications of glutamic acid residue in
prothrombin.  Proc. Natl. Acad. Sci. USA, 71, 2730–2733
(1974).

6) Nelsestuen, G. L. and Suttie, J. W.  The purification and
properties of an abnormal prothrombin protein produced by
dicumarol-treated cows.  J. Biol. Chem., 247, 8176–8182
(1972).

7) Liebman, H. A., Furie, B. C., Tong, M. J., Blanchard, R. A.,
Lo, K.-J., Lee, S.-D., Coleman, M. S. and Furie, B.  Des-γ-
carboxy (abnormal) prothrombin as a serum marker of pri-
mary hepatocellular carcinoma.  N. Engl. J. Med., 310,
1427–1431 (1984).

8) Motohara, K., Kuroki, Y., Kan, H., Endo, F. and Matsuda,
I.  Detection of vitamin K deficiency by use of an enzyme-
linked immunosorbent assay for circulating abnormal pro-
thrombin.  Pediatr. Res., 19, 354–357 (1985).

9) Fujiyama, S., Morishita, T., Sagara, K., Sato, T., Motohara,
K. and Matsuda, I.  Clinical evaluation of plasma abnormal
prothrombin (PIVKA-II) in patients with hepatocellular car-
cinoma.  Hepatogastroenterology, 33, 201–205 (1986).

10) Fujiyama, S., Morishita, T., Hashiguchi, O. and Sato, T.
Plasma abnormal prothrombin (des-γ-carboxy prothrombin)
as a marker of hepatocellular carcinoma.  Cancer, 61,
1621–1628 (1988).

11) Fujiyama, S., Izuno, K., Gohshi, K., Shibata, J. and Sato, T.

Clinical usefulness of evaluation of des-γ-carboxy pro-
thrombin assay in early diagnosis of hepatocellular carci-
noma.  Dig. Dis. Sci., 36, 1787–1792 (1991).

12) Soulier, J.-P., Gozin, D. and Lefrere, J.-J.  A new method to
assay des-γ-carboxyprothrombin.  Gastroenterology, 91,
1258–1262 (1986).

13) Tsai, S. L., Huang, G. T., Yang, P. M., Sheu, J. C. and
Chen, D. S.  Plasma des-γ-carboxyprothrombin in the early
stage of hepatocellular carcinoma.  Hepatology, 11, 481–
488 (1990).

14) Hirauchi, K., Sakano, T., Notsumoto, S., Nagaoka, T.,
Morimoto, A., Fujimoto, K., Matsuda, S. and Suzuki, Y.
Measurement of K vitamins in animal tissues by high-per-
formance liquid chromatography with fluorimetric detec-
tion.  J. Chromatogr., 497, 131–137 (1989).

15) Hirauchi, K., Sakano, T. and Morimoto, A.  Measurement
of K vitamins in human and animal plasma by high-perfor-
mance liquid chromatography with fluorometric detection.
Chem. Pharm. Bull., 34, 845–849 (1986).

16) Hirauchi, K., Sakano, T., Nagaoka, T. and Morimoto, A.
Simultaneous determination of vitamin K1, vitamin K1 2,3-
epoxide and menaquinone-4 in human plasma by high-per-
formance liquid chromatography with fluorimetric detec-
tion.  J. Chromatogr., 430, 21–29 (1988).

17) Huisse, M.-G., Leclercq, M., Belghiti, J., Flejou, J.-F.,
Suttie, J. W., Bezeaud, A., Stafford, D. W. and Guillin, M.-
C.  Mechanism of the abnormal vitamin K-dependent γ-car-
boxylation process in human hepatocellular carcinomas.
Cancer, 74, 1533–1541 (1994).

18) Ono, M., Ohta, H., Ohhira, M., Sekiya, C. and Namiki, M.
Measurement of immunoreactive prothrombin, des-γ-car-
boxy prothrombin, and vitamin K in human liver tissue:
overproduction of immunoreactive prothrombin in hepato-
cellular carcinoma.  Am. J. Gastroenterol., 85, 1149–1154
(1990).

19) Yamagata, H., Nakanishi, T., Furukawa, M., Okuda, H. and
Obata, H.  Levels of vitamin K, immunoreactive prothrom-
bin, des-γ-carboxy prothrombin and γ-glutamyl carboxylase

query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8527227&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1721019&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7823718&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5708900&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4178913&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4528109&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4118354&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6201741&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4000762&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2433199&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2450634&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1721019&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3019818&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2155866&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2625450&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3708734&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2851012&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7520347&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1697141&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7620113&dopt=Abstract


Jpn. J. Cancer Res. 91, January 2000

74

activity in hepatocellular carcinoma tissue.  J. Gastroen-
terol. Hepatol., 10, 8–13 (1995).

20) Shah, D. V., Zhang, P., Engelke, J. A., Bach, A. U. and
Suttie, J. W.  Vitamin K-dependent carboxylase activity,
prothrombin mRNA, and prothrombin production in two
cultured rat hepatoma cell lines.  Thromb. Res., 70, 365–
373 (1993).

21) Tagawa, M., Omata, M. and Ohta, M.  Nucleotide sequence
of prothrombin gene in abnormal prothrombin-producing
hepatocellular carcinoma cell lines.  Cancer, 69, 643–647
(1992).

22) Buitenhuis, H. C., Soute, B. A. M. and Vermeer, C.  Com-
parison of the vitamins K1, K2, and K3 as cofactors for the
hepatic vitamin K-dependent carboxylase.  Biochim. Bio-
phys. Acta, 1034, 170–175 (1990).

23) Reedstrom, C. T. and Suttie, J. W.  Comparative distribu-
tion, metabolism, and utilization of phylloquinone and
menaquinone-9 in rat liver.  Exp. Biol. Med., 209, 403–409
(1994).

24) Friedman, P. A. and Shia, M.  Some characteristics of a
vitamin K-dependent carboxylating system from rat liver
microsomes.  Biochem. Biophys. Res. Commun., 70, 647–

654 (1976).
25) Jones, J. P., Fausto, A., Houser, R. M., Gardner, E. J. and

Olson, R. E.  Effect of vitamin K homologues on the con-
version of preprothrombin to prothrombin in rat liver
microsomes.  Biochem. Biophys. Res. Commun., 72, 589–
597 (1976).

26) Yen, C. S. and Mac, D. O.  Solubilized rat liver vitamin K
carboxylase demonstrates little selectivity between vitamin
K1 and the menaquinones.  Proc. Soc. Exp. Biol. Med., 165,
306–308 (1980).

27) Cheung, A. Y., Wood, G. M., Funakawa, S., Grossman, C.
P. and Suttie, J. W.  Vitamin K-dependent carboxylase: sub-
strates, products, and inhibitors. In “Current Advances in
Vitamin K Research,” ed. J. W. Suttie, pp. 3–16 (1987).
Elsevier, New York.

28) Usui, Y., Nishimura, N., Kobayashi, N., Okanoue, T.,
Kimoto, M. and Ozawa, K.  Measurement of K vitamins in
human liver by gradient elution high-performance liquid
chromatography using platinum-black catalyst reduction
and fluorometric detection.  J. Chromatogr., 489, 291–301
(1989).

query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7620113&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=938518&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8378893&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1309675&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2112953&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7638250&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=938518&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=985500&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7443718&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2753953&dopt=Abstract

