
Summary. A rat IgG2a monoclonal antibody against a
stage-specific fetal glycoprotein with a molecular mass
of 68 kDa (FGP68) was produced and applied to paraffin
sections. This monoclonal antibody was used to compare
the expression of FGP68 with that of both alpha-
fetoprotein (AFP) and carcinoembryonic antigen (CEA)
in 75 hepatocellular carcinomas (HCCs). Seventy-five
primary HCCs from patients aged 36 to 77 years were
examined. Formalin-fixed, paraffin-embedded tissue
sections were used for immunohistochemical analyses.
Histologically, 6 cases of  HCC were classified as type I
according to the Edmondson and Steiner criteria, 57
cases as type II, and 12 cases as type III. The cancer
tissues showed positive reactions with the antibody
against FGP68. Approximately one-third of the HCCs
(26/75) contained tumor cells that expressed FGP68 -
(21/57 for Edmondson and Steiner type II; 4/12 for type
III; and 1/6 for type I) - and positive immunoreactivity
was observed in the cytoplasm of the cancer cells.
Twenty-five of the 75 HCCs had tumor cells that
expressed AFP and there was a significant correlation
between FGP68 expression and AFP expression.
Twenty-three of the 75 HCCs had tumor cells that
expressed CEA and there was no significant correlation
between FGP68 expression and CEA expression. No
positive reactions for FGP68, AFP and CEA were
observed in samples of non-neoplastic liver tissues.
Based on the possibility that stage-specific FGP68 plays
an important role in liver embryogenesis, FGP68-
expressing tumor cells might ontogenetically revert to
more primitive cells.
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Introduction

The rapid growth of tumor tissues whose
proliferation is not under normal control may resemble a
kind of normal embryogenic cell growth (Alexander,
1972). Morphologically, tumor cells derived from adult
organ cells sometimes look like fetal organ cells:
embryogenic characteristics reappear in some tumors.
These tumor cells sometimes produce several embryonic
antigens that have been designated as oncofetal antigens;
for example, alpha-fetoprotein (AFP) (Abelev et al.,
1963), carcinoembryonic antigen (CEA) (Gold and
Freedman, 1965), fetal fibronectin (Wunderlich et al.,
2001) and immature laminin receptor (Zelle-Rieser et
al., 2001). These oncofetal antigens are diagnostically
applied as tumor markers, and they are also analyzed to
elucidate the cytobiological characteristics of the tumor.
Furthermore, protein-specific genetic therapy against
tumor cells which produce these proteins has been
applied (Vollmer et al., 1999; Ueda et al., 2001).

A fetal development-specific glycoprotein, termed
fetal glycoprotein 68 (FGP68), with a molecular mass of
68 kDa and a pI value of 5.6 was initially isolated from
mouse embryos on the 11th day of gestation by using the
two-dimensional gel-electrophoretic method of Noguchi
et al. (1984). In mouse livers, FGP68 was expressed
between the 13th day and the 17th day of gestation
(Noguchi et al., 1984) or in the 12th day of gestation
(Morita et al., 1998). However, the level of FGP68 was
hardly detectable after these days. These findings
suggest that this developmental stage-specific FGP68
might play an important role in liver embryogenesis.
Although FGP68 is one of the fetal-specific proteins
originating from the liver, its biological characteristics
remain unknown. Moreover, it is unknown whether this
FGP68 is expressed in human liver tissues and
hepatocellular carcinoma (HCC) cells or not. To address
these points, we have applied a monoclonal antibody
against the purified mouse FGP68 to HCC cells since the
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sequence of human FGP68 is still unknown. To obtain a
new insight into the biological significance of the fetal-
specific FGP68 in HCC cells, comparative
immunohistochemical studies were employed to
characterize the expression of FGP68, AFP and CEA in
these cells.
Materials and methods

Isolation of FGP68 and production of monoclonal
antibody against FGP68 

Pregnant BALB/c mice and three-week-old female
Wistar rats were obtained from CLEA JAPAN, Inc. The
rat myeloma cell line YB2/0 was purchased from
Dainippon Pharmaceutical Co. (Osaka, Japan). The
cerebra of BALB/c mouse embryos on the 12-14th day of
gestation in these pregnant mice were removed and
homogenized in ice-cold 0.01 M Tris-HCl buffer
containing 2% Triton X-100, 0.15 M NaCl and 0.005%
phenylmethylsulphonyl fluoride (0.01 M Tris-HCl/2%
Triton X-100 buffer). After the centrifugation, the
supernatant was removed and applied to an RCA-1
agarose (EY Laboratories Inc., San Mateo, USA)
column. The FGP68 was eluted and its purity was
confirmed by sodium dodecylsulfate polyacrylamide gel
electrophoresis (SDS-PAGE). The monoclonal antibody
was prepared according to the methods of Fujita et al.
(1982) and Kato et al. (2002). Each inoculation sample
consisted of 300 µg of the purified FGP68 in Freund’s
complete adjuvant; the Wistar rats were given five
injections, subcutaneously and intraperitoneally. After
the final injection, the spleen cells were removed and
fused to rat myeloma cells (YB2/0) according to the
method of Köhler and Milstein (1975). Hybridomas
were distributed into 96-well microplates and fed with
growth medium in a 7% CO2 incubator (Napco Model
6101C) (Jouan Inc., Winchester, USA) at 37 °C.
Antibody activity in the supernatants of the hybridoma
culture was examined by dot immunoassay (Hawkes et
al., 1982). Classification of the obtained antibodies into
isotypes of IgG1, IgG2a, IgG2b, IgG2c, IgM, or IgA was
performed by Ouchterlony's immunodiffusion method
employing a rat monoclonal antibody typing kit
(Binding Site, Birmingham, UK). The antibody reaction
with purified FGP68 or bovine serum albumin (BSA)
was examined by dot immunoassay.

Western blot analysis (Burnette, 1981) was
performed to confirm there was lack of cross-reactivity
between the monoclonal antibody against FGP68 and
human AFP (Gelco Diagnostics, Inc., Shreveport, USA).
Human AFP and purified isolated FGP68 were studied
by SDS-PAGE. The specific anti-FGP68 antibody
reaction with purified FGP68 was tested by electroblot
immunoassay.
Tissue preparations

This retrospective study was carried out on 50

surgical and 25 autopsy samples of primary HCCs that
had been referred to the surgical and autopsy files at our
laboratories. A total of 75 tumor specimens from patients
aged 36-77 years, (62 males and 13 females) were
examined. Formalin-fixed, paraffin-embedded tumor
tissues were used. Histologically, 6 cases of HCC were
classified according to the Köhler and Milstein (1975).
Edmondson and Steiner criteria (Edmondson and
Steiner, 1954) as type I, 57 cases as type II and 12 cases
as type III. As a non-neoplastic disease control, we also
investigated 25 surgical and autopsy liver samples from
individuals aged between 32 and 75 years without HCC.
Immunohistochemical analysis

Multiple 4-µm-thick sections were prepared from
each of the specimens. One section was stained with
hematoxylin and eosin (H&E) and the others were used
for immunohistochemical analyses. The avidin-biotin-
immunoperoxidase complex (ABC) method was
employed for FGP68 detection (Hsu et al., 1981).
Sections were deparaffinized, endogenous peroxidase
activity was quenched by incubation for 30 min with
0.3% H2O2 and then sections were washed with
phosphate-buffered saline (PBS). Normal sera
homologous with the secondary antibody were used as
blocking reagents. The primary antibodies used for the
immunohistochemical studies were as follows:
monoclonal antibody against FGP68 (concentration: 2
mg/ml); anti-AFP monoclonal antibody (ready-to-use)
(Nichirei, Tokyo, Japan); and anti-CEA polyclonal
antibody (ready-to-use) (Nichirei, Tokyo, Japan). We
used limiting dilution technique to set FGP68 antibody
concentration for paraffin sections. Characterization and
usefulness of these primary antibodies were previously
reported respectively (Gold and Freedman, 1965; Tsung,
1977; Noguchi et al., 1984). The appropriate Vectastain
ABC kits (Vector Laboratories, Burlingame, CA, USA)
were used to detect these antibodies. As a chromogen,
3,3'-diaminobenzidine tetrahydrochloride was used.
Some sections were counterstained with methyl green.
FGP68 immunoreaction was considered positive when
the cell cytoplasm was stained, irrespective of the
percentage of positive cells. For the assessment of
FGP68 immunostaining, only neoplastic areas,
delineated by the histological features seen on
contiguous H&E-stained serial sections, were evaluated. 

The data were analyzed by the chi-square test.
Results

Specificity of FGP68 and monoclonal antibody against
FGP68

The purified FGP68 isolated from the mouse
embryos on the 12-14th days of gestation revealed a
single band of 68kDa by SDS-PAGE analysis. Four
clones that were obtained by cell fusion and cloning
produced antibodies of the IgG2a type. These antibodies
recognized FGP68, but did not react with BSA. In
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Western blot analysis, a single band was detected in the
isolated FGP68 lane, but no positive reaction was
observed in the human AFP lane (Fig. 1).
Immunohistochemistry

Histologically, the majority of cancer cells exhibited
a trabecular growth pattern (Fig. 2A) and had abundant
cytoplasm and prominent nucleoli. Tissue sections of
HCC were classified according to the Edmondson and
Steiner criteria (Edmondson and Steiner, 1954) as type II
(57 cases), type III (12 cases) and type I (6 cases). When
control sections were incubated with PBS and non-
immunized rat IgG, no staining was detected.
Furthermore, the anti-FGP68 antibody pretreated with an
excess of the purified FGP68 antigen did not stain
sections. The immunohistochemical results for the 75
HCCs are summarized in Tables 1 and 2. We have
succeeded in applying this anti-FGP68 monoclonal
antibody for use on paraffin sections. The staining
intensity and proportion of positively-stained tumor cells

varied. Cytoplasmic staining with anti-FGP68 antibody
was observed in many tumors, and the staining pattern
was heterogeneous; patchy staining was seen in some
specimens (Fig. 2B). No significant immunoreactivity
was found in vascular or mesenchymal cells in any of
the cancers examined. A positive reaction with anti-
FGP68 antibody was observed in 26 out of the 75 HCCs
(35%). FGP68 expression was seen in 21 out of the 57
HCCs (37%) classified as Edmondson type II, 4 out of
the 12 HCCs (33%) classified as type III, and 1 out of
the 6 HCCs classified as type I (17%) (Table 1). When
the tumors were classified as having 0%, <5%, 5%-0%,
or >20% of cells positive for FGP68, more than 20% of
the cancer cells were stained in 1 out of the 6
Edmondson type I HCCs. In 4 out of the 21 Edmondson
type II HCCs, more than 20% of the cancer cells were
stained, and in 10 out of the 21 specimens, the
proportion of immunostained cells ranged between 5%
and 20%; in 7 specimens, less than 5% of the cancer
cells were positively stained (Table 1). Although there
were no statistically significant differences in FGP68
expression among the histologically different specimens,
the number of moderately differentiated HCCs with
FGP68-positive tumor cells was higher than that of well
or poorly differentiated HCCs. The staining of the
surrounding non-tumor liver tissues was negative.
Furthermore, the 25 samples of non-neoplastic liver
tissue which did not contain HCC were also negative for
FGP68. 

The results of comparison between FGP68
expression and AFP expression as well as between
FGP68 expression and CEA expression are summarized
in Table 2. A positive reaction with anti-AFP antibody
was found in 25 out of the 75 HCCs. AFP expression
was seen in 21 out of the 57 Edmondson type II HCCs, 3
out of the 12 type III HCCs, and 1 out of the 6 type I
HCCs. Positive staining for AFP was found throughout
the cytoplasm (Fig. 2C), and showed a staining pattern
similar to that of FGP68 (Fig. 2B,C). In 23 out of the 75
HCCs, a surface membranous pattern was observed with
the anti-CEA antibody. CEA expression was seen in 16
out of the 57 Edmondson type II HCCs, 5 out of the 12
type III HCCs and 2 out of the 6 type I HCCs. There was
a significant relationship between FGP68 expression and
AFP expression (P<0.01), but no significant relationship
between FGP68 expression and CEA expression (Table
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Fig. 1. Western blot analysis using
monoclonal antibodies against fetal
glycoprotein 68 (FGP68) and alpha-
fetoprotein (AFP). Although a single
band is detected in the lane
containing isolated FGP68, no
positive reaction is observed in the
lane containing human alpha-
fetoprotein (H-AFP). 

Table 1. Immunohistochemical expression of fetal glycoprotein 68 in hepatocellular carcinoma.

EDMONSON CLASSIFICATION NUMBER OF CASES FGP68-POSITIVE CASES PERCENTAGE OF FGP68-POSITIVE TUMOR CELLS
<5% 5%-20% >20%

type I 6 1(17) 1
type II 57 21(37) 7 10 4
type III 12 4(33) 1 3 0
type IV 0 0(0)

The percentages of tumors expressing fetal glycoprotein 68 (FGP68) are in parentheses. No staining was negative.



2, Fig. 2B,D). Most individual HCC cells that expressed
FGP68 also expressed AFP (Fig. 2B,C).
Discussion

In addition to AFP (Abelev et al., 1963) and CEA
(Gold and Freedman, 1965), several oncofetal proteins
such as fetal fibronectin (Wunderlich et al., 2001),
immature laminin receptor (Zelle-Rieser et al., 2001),
M2A (Marks et al., 2001) and 5T4 oncofetal antigen

(Starzynska et al., 1998) have been reported and applied
to tissue diagnosis. We have newly purified a
developmental stage-specific protein, FGP68 from fetal
mouse embryos and in addition have successfully
produced a rat IgG2a monoclonal antibody against it.
FGP68 was derived from a fetal development-specific
glycoprotein with a molecular mass of 68 kDa. Although
oncofetal proteins are produced in some tumor tissues in
large amounts, they are detected only in very small
quantities in normal adult tissues (Ritchie 1990; Rosai
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Fig. 2. Serial sections of hepatocellular carcinoma (HCC) stained with hematoxylin and eosin (H&E) (A) and immunostained by the antibodies against
fetal glycoprotein 68 (FGP68) (B), alpha-fetoprotein (AFP) (C) and carcinoembryonic antigen (CEA) (D). A.  This tumor presents a trabecular pattern,
and shows moderate variation in cell and nuclear size. B. The cytoplasm of some tumor cells is strongly stained by the anti-FGP68 antibody (large
arrows). C. The cytoplasm of some tumor cells is strongly stained by the anti-AFP antibody (small arrows). D. No immunoreaction products to CEA are
seen in the tumor cells. A-D x 200

Table 2. Comparison with the expression of fetal glycoprotein 68, alpha-fetoprotein and carcinoembryonic antigen in hepatocellular carcinoma.

ALPHA-FETOPROTEINa CARCINOEMBRYONEIC ANTIGEN
+ - + -

FGP68 positive 14 12 11 15
negative 11 38 12 37

Numbers represent case numbers. a: There is a significant relationship between fetal glycoprotein 68 (FGP68) expression and alpha-fetoprotein
expression ( P<0.01, chi-square test)



1996). Therefore, immunohistochemical analyses using
optimally diluted antibody against each of these
oncofetal proteins have shown that only oncofetal
antigen-producing tumor cells can be easily visualized in
association with greatly-reduced background staining.
We have successfully applied our monoclonal antibody
against FGP68 for staining of paraffin sections. Using
this antibody, FGP68 was not detected
immunohistochemically in normal liver tissue from
control individuals, but overexpression of FGP68 was
found in approximately one third of the HCCs we
examined. This is the first report of aberrant expression
of FGP68 in HCCs, although the biological significance
of this and its possible relationship to tumor behavior is
still unclear. 

AFP and CEA as oncofetal proteins are reported to
be frequently overexpressed in HCCs (Ishak et al.,
2001). The frequency of AFP expression in HCCs is
reportedly to be from 35-73% (Thung et al., 1979;
Kojiro et al., 1981), and its expression is more frequent
in Edmondson type II or III than in other types. AFP is
expressed in the cytoplasm of tumor cells. Regarding
CEA expression, between 30% and 60% of HCCs
express CEA, and positive staining is found in the
surface membranes of the tumor cells (Imoto et al.,
1985; Balaton et al., 1988). The expression of FGP68 in
HCCs was similar to that of AFP in terms of both
frequency and expression pattern, and there was a
significant relationship between the expression of the
two proteins. Based on the findings FGP68 could be
another marker for HCC, in addition to several others.

It has been reported that AFP might play some type
of biological role such as suppression of the immune
response (Murgita and Tomasi, 1975a,b), estrogen-
binding (Ureil et al., 1972), as a carrier protein (Aoyagi
et al., 1978, 1979), for inhibition of protein synthesis
(Aoyagi et al., 1982) or stimulation of tumor-cell growth
(Wang and Xie, 1999), and CEA might play a role in
cell-adhesion activity in vitro (Oikawa et al., 1989) and
in the production of cytokines (Minami et al., 2001).
Although the definitive biological significance of these
oncofetal proteins has yet to be determined, FGP68
expression in certain brain tumors was reported to be
related to proliferation potential (Kato et al., 2002). In
the present study, FGP68 appeared to be expressed in
certain HCCs. Taken together with the fact that FGP68
expression is similar to that of AFP, our data in this
report may lead to a new insight, which is that FGP68 is
also an oncofetal protein in HCCs. To ultimately
elucidate the relationship between FGP68 expression
and AFP expression, a further complete understanding of
the molecular mechanism of FGP68 expression in HCCs
cells will be necessary.

Based on the possibility that fetal stage-specific
expression of FGP68 plays an important role in liver
embryogenesis, FGP68-overexpressing tumor cells
might ontogenetically revert to more primitive or
regenerating cells. Whether these considerations apply to
HCCs, whose cells lack normal proliferation control

mechanisms, remains to be determined.
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