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Abstract

AIM: To characterize the alpha-fetoprotein (AFP) positive
and negative hepatocellular carcinoma (HCC) samples.

METHODS: Thirty-seven paraffin-embedded human HCC
samples were analyzed by immunohistochemistry for the
following antigens: AFP, -catenin, p53, CD44, MSH-2,
MLH-1, and HNF-4. The tumors were divided into two groups
based on the AFP expression. The immunophenotypic data
and important clinical parameters were studied between
the two groups.

RESULTS: Twenty-one of the thirty-seven examined HCCs
were AFP positive. Seven with nuclear p53 staining were AFP
positive, while seven tumors with nuclear -catenin staining
were AFP negative. CD44 staining and high histological
tumor grade were more frequent among the AFP-positive
HCCs. The other immunophenotypical and clinical parameters
did not show statistically significant difference in their
distribution between the AFP positive and negative samples.

CONCLUSION: AFP expression in HCC correlates with
unfavorable prognostic factors, while nuclear -catenin
positivity is more common among the AFP-negative liver
tumors. This observation supports the microarray data
on in vivo human tumors.
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INTRODUCTION

Alpha-fetoprotein (AFP) is one of the earliest recognized
oncofetal markers[1]. It is produced in large amount by the
fetal liver, but its expression reduces sharply at birth. AFP
is synthesized by most hepatoblastomas and approximately
half of hepatocellular carcinomas (HCC), and widely used
in differential diagnosis and follow-up of patients with liver
tumors, but so far no correlation has been found between
the clinical behavior and AFP production in HCC.

DNA microarray analysis may result in the discovery
of new tumor markers and can re-evaluate the known tumor
parameters. Two independent teams studied the gene
expression profile of human HCC cell lines and divided
the cell lines into two groups, based on their gene expression
pattern. AFP expression is highly correlated with the molecular
subtypes of  HCC[2,3]. This observation led us to study the
AFP expression in HCC samples and to compare it with
other immunophenotypic and clinical features of the tumor.

MATERIALS AND METHODS

Thirty-seven recently diagnosed HCC cases were collected.
Formalin-fixed and paraffin-embedded tumor samples (19
needle biopsies and 18 resected tumors) were immunohis-
tochemically stained. The primary antibodies used were:
AFP: DAKO (A 0008), MLH-1: Bio PharMingen (554072),
MSH-2: Bio PharMingen (556349), -catenin: Sigma
(C2206), CD44: R&D (BBA10), HNF-4: Santa Cruz (SC
6556), p53: DAKO (M 3566). The reaction was visualized
using Vector Laboratories’ Elite kit (Burlingame, CA, USA),
DAB was used as a chromogen. Since AFP expression was
frequently focal, all tumors were taken as positive when
any reliable staining was detected. In case of p53 and -
catenin, tumors with at least 20% nuclear staining were
deemed as positive. CD44 staining resulted in a more or
less diffuse stromal reaction in positive cases. Tumor grade
and histological subtype were evaluated on H&E-stained
sections. Grading was done as previously described by
Edmondson and Steiner[4]. The tumors were classified
histologically into pseudoglandular, trabecular, sheet-like, and
mixed pattern groups. The clinical parameters studied were
age and gender of the patients, the presence of cirrhosis
and etiological factors (HCV, HBV, alcoholism, etc.).
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Unfortunately, no serum AFP value was available for half
of the patients; therefore, it was not included in our study.
Since the majority of the cases were diagnosed in the last
2 years, their survival was not analyzed. Statistical analysis
was done by 2 and Student’s t-test.

The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in a priori
approval by the institution’s guidelines (permission number:
TUKEB 156/2003).

RESULTS

The tumors were divided into two groups, based on the
AFP staining and other parameters. Twenty-one of  the
thirty-seven examined HCCs were AFP positive (Figure 1A),
which was comparable to previous data in the literature.
No correlation was found between the AFP staining and
age/gender of the patients, etiological factors, presence or
absence of cirrhosis, histological subtype of the tumor,
MLH-1, MSH-2, HNF-4 staining (data not shown). However,
four of the parameters showed statistically significant
(P<0.05) difference between the AFP positive and negative
HCCs (Tables 1 and 2). Seven p53-positive tumors (Figure 1B)
were positive for AFP, while seven nuclear -catenin-positive
tumors (Figure 1C) AFP negative. Nineteen of the twenty-
one AFP-positive tumors were positive for CD44 (Figure 1D),
while only 3 of the 17 AFP-negative tumors were positive
for this adhesion molecule. Statistical comparison resulted
in a significant difference between the tumor grades (P<0.05).
The AFP-positive tumors had a higher statistical value.

DISCUSSION

We compared the distribution of  several parameters between
AFP positive and negative HCCs and found that some of

them were significantly different between the two groups.
All the p53-positive tumors were stained with AFP antibody
and the CD44 positivity was also more common in this
group.

-catenin nuclear staining occurred exclusively in the
AFP-negative tumors and the tumor grade was significantly
lower in this group, which is in agreement with the reports
of Kawai et al.[2], and Lee and Thorgeirsson[3]. There are
some sporadic observations that AFP is more frequently
expressed in poorly differentiated HCCs[5-8].

We found that three unfavorable prognostic markers
were correlated with positive AFP. Tumor grade is not as

Figure 1  Immunohistochemical reactions on tumor specimens. A: Trabecular
HCC, strong cytoplasmic AFP staining; B: Nuclear staining with p53 antibody in

Table 1 AFP negative cases

Case number B-catenin1     p531  CD442 grade

  1         -        -      -     2

  2         +        -      -     1

  3         -        -      -     2

  4         -        -      +     2

  6         +        -      -     2

  7         -        -      -     2

10         +        -      -     2

11         +        -      -     2

14         +        -      -     2

16         -        -      +     1

18         +        -      -     1

19         +        -      -     1

29         -        -      -     2

34         -        -      +     2

36         -        -      -     1

37         -        -      -     2

16 cases       7/16      0/16    3/16

1Positivity indicates more than 20% nuclear staining. 2Positivity indicates diffuse
stromal staining.

tumor cells; C: -Catenin nuclear staining in tumor cells; D: CD44 immunoreactivity
in tumor stroma.
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meaningful in HCCs as in other tumors (e.g., prostate
carcinoma), but shorter survival has been described in poorly
differentiated tumors[9]. Nuclear p53 staining indicates
increased protein half-life, which is usually the consequence
of point mutation. Therefore, we can assume that tumors
with p53 nuclear staining carry p53 mutation. It is well
documented that p53 mutation or nuclear accumulation is
a valuable marker for predicting the poor prognosis of HCC
patients[10,11]. CD44, a widely distributed integral membrane
protein, has been implicated in tumor invasion and
development of metastasis. It was reported that upregulation
of  CD44 in liver tumors is associated with a shorter survival
and p53 overexpression[12,13].

-catenin nuclear staining is observed in AFP-negative
liver carcinomas. Nuclear accumulation of this protein
indicates the increased activity of Wnt signal pathway[14]. In
cases of HCC, this is most frequently caused by -catenin
mutation[15,16]. The significance of nuclear -catenin positivity
in HCC is controversial. Suzuki et al.[17], have described
nuclear expression in poorly differentiated tumors. Van
Nhieu et al.[18], reported that the higher proliferative index
and poor outcome correlate with nuclear -catenin-stained
HCCs, but others could not confirm the role of  -catenin
in the progression of HCC[19]. In fact, Hsu et al.[20], and
Mao et al.[21], have found that the nuclear expression of
-catenin is present in a subgroup of HCCs with a favorable
prognosis. Laurent-Puig et al.[22], demonstrated that nuclear
-catenin staining occurs in HCC with a low AFP serum
level, but there is high chromosomal instability, frequent
p53 mutations, and high AFP level in tumors without
-catenin mutation. A similar conclusion can be found
in studies by Calvisi et al.[23,24]. They suggested the existence
of two major genetic pathways of neoplastic development
in the liver. The first was characterized by disruption of

Wnt signaling, including -catenin mutation and a low rate
of loss of heterozygocity. The Wnt signaling is intact in the
second group of tumors, but they could detect chromosomal
instability in them. AFP expression was more common in
the second group. Mao et al.[21], also described that nuclear
-catenin expression is less frequently associated with serum
AFP elevation. Unfortunately, the serum AFP values were
not available in all the cases in our study, but our results
had a close correlation with immunohistochemical staining.

Among the parameters we studied, only CD44 was
detected in microarray experiments as differentially
expressed between the AFP positive and negative HCC cell
lines[2]. This is not surprising, since the difference in p53
and -catenin is not transcriptionally regulated.

In brief, the three clearly unfavorable prognostic markers
of p53 nuclear staining, CD44 expression, and high grade
are more common in AFP-producing HCCs, while one
potentially favorable parameter, nuclear -catenin staining
occurs in AFP-negative tumors, indicating that AFP can be
used as a prognostic marker in patients with liver tumors.
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