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Abstract

Tissue PIVKA-II was examined in 32 hepatocellular carcinomas and 2 metastatic liver tumors
using indirect immunofluorescence, and the results were compared with the size, histological grad-
ing and serum PIVKA-II level. The specificity of this method was confirmed by the disappearance
of reactivity in PLC/PRF/5 cells after the addition of vitamin K to the culture medium. Positive
PIVKA-II staining was observed as a clustered or a single cell pattern only in the HCC nodules,
but not in the surrounding cirrhotic tissue. PIVKA-II staining was observed in all HCC groups re-
gardless of histological grade. There was no relationship between PIVKA-II staining and the size
of HCC. PIVKA-II was detected immunohistochemically even in small HCC of patients whose
plasma PIVKA-II levels were below the detection limit. These results suggest that PIVKA-II pro-
duction is a specific phenotype of HCC regardless of its histological grading and demonstrate that
this immunofluorescent PIVKA-II staining is more sensitive and useful than plasma PIVKA-II
assay for the diagnosis of HCC.
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Immunohistochemical Studies of PIVKA-II in Hepatocellular Carcinoma

by Indirect Immunofluorescence

Naoaki KUWAHARA, Toshihiro HIGASHI*, Kazuhiro Nouso, Toshio ITO and Takao TSUJI

First Department of Internal Medicine, Okayama University Medical School, Okayama 700, Japan

Tissue PIVKA-Il was examined in 32 hepatocel-
Jular carcinomas and 2 metastatic liver tumors
using indirect immunofluorescence, and the
results were compared with the size, histological
grading and serum PIVKA-Il level. The specificity
of this method was confirmed by the disappear-
ance of reactivity in PLC/PRF/5 cells after the
addition of vitamin K to the culture medium.
Positive PIVKA-Il staining was observed as a
clustered or a single cell pattern only in the HCC
nodules, but not in the surrounding cirrhotic
tissue. PIVKA-Il staining was observed in all HCC
groups regardless of histological grade. There
was no relationship between PIVKA-Il staining and
the size of HCC. PIVKA-ll was detected immu-
nohistochemically even in small HCC of patients
whose plasma PIVKA-Il levels were below the
detection limit. These results suggest that
PIVKA-Il production is a specific phenotype of
HCC regardless of its histological grading and
demonstrate that this immunofluorescent PIVKA-
Il staining is more sensitive and useful than
plasma PIVKA-Il assay for the diagnosis of HCC.
Key words: hepatocellular carcinoma, PIVKA-II, im-
munofluorescent staining, tumor marker

I n 1968, Hemker and Muller (1) reported an abnor-
mal prothrombin in the plasma of patients treated
with anticoagulation drugs such as warfarin. After this
report, the abnormal prothrombin produced by the
absence of vitamin K was referred to as PIVKA (protein
induced by vitamin K absence or antagonists). In 1974,
Stenflo and Suttie (2) reported that the coagulation factors
dependent on vitamin K were synthesized in the liver.
Pre-prothrombin has 10 glutamic acid (Glu) residues.
These residues are converted to y-carboxylglutamic acid
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(Gla) residues by carboxylation under normal conditions,
and vitamin K acts as a cofactor in the carboxylation
process. When anti-vitamin K drugs or dysfunction of
liver cells produce a deficiency of vitamin K, the carbox-
ylation process of pre-prothrombin is disturbed and abnor-
mal prothrombin accumulates in the plasma.

In 1983, Liebman HA et al. (3) first reported that
PIVKA-II was a new tumor marker for hepatocellular
carcinoma (HCC). They measured plasma abnormal
prothrombin in 76 patients with HCC, and found that 67
(91%) showed plasma des-y-carboxy prothrombin, while
this prothrombin was not detected in patients with chronic
hepatitis, liver cirrhosis or metastatic liver cancers.
PIVKA-II was thereafter confirmed as a tumor marker
for HCC (4-6) and was widely used to assess the
effectiveness of various treatments, such as surgery,
transcatheter arterial embolization, or percutaneous eth-
anol injection therapy. Furthermore, no relationship be-
tween the plasma levels of PIVKA-II and a-fetoprotein
(AFP) has been confirmed (7-9). Therefore, the diag-
nostic rate for HCC is increased after both tumor markers
are examined routinely (10).

Staining of PIVKA-II in HCC tissues has been
reported in several investigations, in each of which the
following results were observed: PIVKA-II positive cells
were observed in not only HCC nodules but also the
surrounding cirrhotic tissue (11); PIVKA-II was more
strongly stained in well differentiated HCC than in poorly
differentiated HCC (12). In another report, paradoxically,
there was no relationship between positive staining for
PIVKA-II and the histological grade of HCC (13).

To clarify the relationship between histological grade
of HCC and PIVKA-II positivity, we analyzed PIVKA-
11 production using freshly frozen samples by indirect
immunofluorescent staining.
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Materials and Methods

Anti-PIVKA-II mouse monoclonal antibody (anti-
PIVKA-II) was supplied by Eisai Co. Ltd., (Tokyo,
Japan). Fluorescein isothiocyanate (FITC)-labeled rabbit
anti-mouse IgG was purchased from DAKO (Copen-
hagen, Denmark). Two cultured HCC cell lines, PL.C/
PRF/5 and huH-7, were obtained from the Japanese
Cancer Resources Bank (JCRB). PLC/PREF/5cells
were cultured in Dulbecco’s modified Eagle’s minimal
essential medium containing 10 % fetal bovine serum until
they became confluent. To suppress PIVKA-II produc-
tion, vitamin K (1 #g/ml) was added to the medium, and
the cells were cultured for 1 week until they became
confluent. PIVKA-II staining was performed in mono-
layer cultured cells on covered glasses before and after the
vitamin K addition to confirm the specificity. The huH-7
cells were cultured in the same way.

Autopsy specimens were obtained within 2-3h after
death, embedded in the Tissue-Tek O.C.T., frozen in dry
iced-acetone solution, and were preserved at — 80°C until
use. Specimens obtained by the ultrasound-guided tumor
biopsy with a 21-gauge needle (Majima needle, Top,
Japan) were stored under the same conditions.

The tested materials included 16 autopsy specimens
(15 HCC and 1 liver metastasis of colon cancer), 15
specimens obtained by the ultrasound-guided tumor biop-
sy (14 HCC and 1 liver metastasis of gastrinoma), and 3
operated HCC specimens. The subjects of this investiga-
tion consisted of 2 patients with well differentiated, 18
moderately, 12 poorly differentiated HCCs, and 2
patients with metastatic liver cancers (colon cancer and
gastrinoma). The histological classification was deter-
mined based on the criteria outlined by the Japan Hep-
atoma Research Group (14). We tested three fixative
solutions, paraformaldehyde, acetone and formalin, to
determine the most reliable fixing method.

Tissue sections (4um) were cut in a cryostat at
— 18°C, then were allowed to air-dry for 30 min. Mono-
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layer cultured cells on covered glass were washed with
phosphate-buffered saline (PBS) and air—dried for 30 min.
These samples were at first fixed with saturated ammo-
nium sulfate solution for 30min. Then, 1% paraformal-
dehyde solution in cooled saturated ammonium sulfate
solution was applied for S5min for further fixation. Para-
formaldehyde was substituted for 10% formalin fixation
(30min) or cold acetone fixation (15 min) to compare these
fixation methods. Anti-PIVKA-II diluted to 10 times with
0.01 M Tris-HCI buffer was used for the first antibody
and the specimens were incubated overnight at 4°C in a
moist chamber. After being washed with PBS three
times, the specimens were reacted with the second anti-
body (FITC-conjugated rabbit anti-mouse IgG) overnight
at 4°C. The samples were then washed with PBS 3times,
and observed by fluorescent microscopy.

Plasma levels of PIVKA-II were measured with an
enzymeimmunoassay (Eitest Mono P-II, Eisai Co. Ltd.).

Results

PIVKA-II staining was performed at first using 2
cultured human hepatoma cell lines to determine the
optimum fixation method and the specificity of the
PIVKA-II staining. The PIVKA-II level in the medium
of PLC/PRF/5 cells at confluent growth was 2.6 AU/ml,
and was undetectable 1 week after the addition of vitamin
K. The level of PIVKA-II in huH-7 cultured medium was
under the detection limit.

The cytoplasm of PLLC/PRF/5 cells was positive for
PIVKA-II staining when the cells were fixed with parafor-
maldehyde. PIVKA-II-positive cells were not seen after
the addition of vitamin K (Fig. 1). No immunofluorescent
product was observed when the cells were fixed with
formalin or acetone (data not shown). The huH-7cells
were not stained in all cases examined. These results
indicate that paraformaldehyde is the optimum fixative
solution for the detection of tissue PIVKA-II. Therefore,
we used paraformaldehyde fixation for the following
experiments. '

Fig. |

Immunohistochemical staining of PIVKA-Il. PIVKA-!I staining of PLC/PRF/5 cells fixed with | % paraformaldehyde solution. PIVKA-II

specific immunofluorescence was observed in the cytoplasm only when cells were fixed with paraformaldehyde (a). PIVKA-Il staining was
negative after the addition of vitamin K (b). The PIVKA-Il level in the medium was 2.6AU/ml, but PIVKA-Il was not detected after vitamin K

addition (I ug/ml of the medium).
Fig. 2

PIVKA-Il staining in human HCC tissues. Liver specimen from an autopsy patient with replacing type well differentiated HCC.

PIVKA-Il-positive cells were observed only in the HCC portion (right upper portion, indicated with arrowheads) and not in the cirrhotic tissue.

PIVKA-II-positive cells form clusters.
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Fig 3
from the clustered area in the HCC nodule shown in Fig. 2.

Table | Relationship between plasma PIVKA-II level and immuno-
histochemical staining of PIVKA-II

Plasma PIVKA-II N“’;‘fber Staining of PIVK-Ii
(AU/ml) patients Positive Negative

< 0.l 16 6 10

0.1-1.0 7 6 |

1.0 < I Il 0

Total 34 23 Il

Human HCC tissues with positive staining for
PIVKA-II are shown in Figs. 2 and 3. PIVKA-II-
positive cells were observed only in the HCC portion and
not in the surrounding cirrhotic tissue. PIVKA-II- posi-
tive cells formed clusters and occupied approximately 30
% of the total area in HCC nodules (Fig. 2). On the

other hand, a few solitary single positive cells were also

http://escholarship.lib.okayama-u.ac.jp/amo/vol 49/iss1/3

Solitary cell pattern of PIVKA-Il staining in human hepatoma nodule. A single PIVKA-Il-positive cell is shown. The cell was located apart

seen in the same nodules (Fig. 3). We observed that the
positive staining rate of PIVKA-II increased with the
plasma PIVKA-II level. However, even in 16 patients
who showed undetectable plasma PIVKA-II level (cut off
value, 0.1 AU/ml), PIVKA-II-positive cells were recog-
nized in 6 cases (Table 1).

We measured the plasma PIVKA-II level of 93
patients with HCC in the other series of the study. The
plasma PIVKA-II value was greater than or equal to 0.1
AU/ml in 3 (6 %) of the 50 patients with a tumor size less
than 20mm, 4 (16%) of the 25 patients with tumor, 20
to 30mm in diameter and 7 (39 %) of the 18 patients with
tumors greater than 30mm in diameter (Table 2). This
result indicates that the plasma PIVKA-II level of HCC
patients increases with tumor size, especially when it is
more than 30mm in diameter.

In the histochemical investigation, however, PIVKA-
IL-positive cells in HCC nodules were recognized in 6 (60
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Table 2  Relationship between tumor diameter and plasma PIVKA-I|
Level
Tumor diameter Nur;\fber Plasma PIVKA-II (AU/ml)
(mm) : <0.1 0.1-1.0 1.0<
patients
< 20 50 47 ] 2
20-30 25 21 2 2
30 < 18 Il 3 4
Total 93 79 6 8
Table 3  Tumor diameter and immunohistochemical staining of
PIVKA-II
Tumor diameter N“mfbe' Staining of PIVKA-I
0
(mm) patients Positive Nagative
< 20 10 6 4
20-30 14 10 4
30 < 10 3
Total 34 23 Il
Table 4  Histological gradihg and immunohistochemical staining of
PIVKA-II
Histological Nur:fber Staining of PIVKA-Ii
grade of HCC : Positive Negative
patients
Well 2 2 0
Moderately 18 13 5
Poorly 2 8 4
Metastatic 2 0 2
(Colon cancer, Gastrinoma)
Total 34 23 I

%) of 10 patients, 10 (71%) of 14, and 7 (70%) of 10
patients whose tumor sizes were < 20mm, 20-30mm,
and > 30mm in diameter, respectively (Table 3).
PIVKA-II positive cells were identified in 100% (2 in 2),
72% (13 in 18) and 67 % (8 in 12) of the patients with
well, moderately, and poorly differentiated HCCs,
respectively. PIVKA-II positive cells were not recog-
nized in metastatic lesions in the 2 patients with metastatic
liver cancer (Table 4).

These data suggest that PIVKA-II production has no
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correlation with the histological grade or the size of HCC.

Discussion

In the present study, we used the indirect im-
munofluorescent staining method. This method has an
advantage in that the effect of endogenous peroxidase can
be eliminated and a highly contrasted specific staining can
be obtamned.

By this method, PIVKA-II positive cells were seen
only in hepatoma nodules, and not in the cirrhotic por-
tions, although it has been reported that PIVKA-II was
also stained in the surrounding cirrhotic tissues (11). The
difference in PIVKA-II production by non-cancerous
tissues may be due to differences in the vitamin K
concentration or in the specificity of the staining method.
In the present study, we used many freshly frozen needle
biopsy specimens. They had an advantage in terms of
minimizing the effect of vitamin K deficiency which might
occur in patients at the terminal stage. Furthermore, we
did not detect any positive PIVKA-II staining in non-
cancer tissue. Therefore, the possibility of positive
PIVKA-II staining caused by vitamin K deficiency in
these biopsy specimens is low.

However, the mechanism of PIVKA-II production by
HCC remains unclear. Sakon M et al. (15) reported that
elevated PIVKA-II levels were not due to vitamin K
deficiency, but might result from the unavailability of
vitamin K as a cofactor of prothrombin production in the
tumor cells. In contrast, Okuno M et al. (16) found that
the vitamin K level was decreased in HCC tissues where
PIVKA-II levels were high, although they found no
relationship between the plasma levels of PIVKA-II and
vitamin K. In our study, the distribution pattern of
PIVKA-II-positive cells in HCC nodules showed both a
clustered and a single-cell pattern, indicating polymor-
phism of HCC cells for abnormal prothrombin formation.
It is more likely that this polymorphism of each cancer cell
is responsible for the variable production of PIVKA-IT in
HCC rather than the plasma vitamin K deficiency because
a systemic phenomenon such as the plasma vitamin K
deficiency would cause PIVKA-II production in all cells.

No relationship was identified between the histological
grade of HCC and the frequency of PIVKA-II staining in
the present study. Furthermore, the size of the tumor
was not correlated with the positive rate of PIVKA-IL
In other words, PIVKA-II can be stained even in small
and well differentiated HCCs. Therefore, PIVKA-II
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production could be considered as a marker of the early
phenotypic change of HCC.

In this study, plasma PIVKA-II was detected in only
3 (6%) of 50 patients with small HCC diagnosed by
ultrasound-guided tumor biopsy, whereas 6 (60%) of 10
patients with small HCC showed PIVKA-II-positive cells.
This result also indicates that immunohistochemical
PIVKA-II staining is useful in the diagnosis of early
HCC. Hence, the utility of plasma PIVKA-II measure-
ment in the detection of small HCC may increase if a
sensitive assay for plasma PIVKA-II is developed.
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