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Introduction

The escape from the immune system re-
acting to the tumor cells may play an impor-
tant role in tumor outgrowth and metastasis.
The tumor cells escape from immunological
rejection by a diversity of mechanisms. Fas re-
ceptor (Fas)/ligand (FasL) system is regard-
ed as one of such mechanisms. Fas/FasL sys-
tem plays an important role in T lymphocyte
cytotoxicity as well as B- and T-lymphocyte
development and maturation’'?, Cross-
linking of Fas with either FasL or with acti-
vating antibody induces apoptosis of Fas-
bearing cells!®*'®. Fas is constitutively ex-
pressed in various human organs, e.g., heart,
liver, lung and kidney!'”.

Many solid-tumor cell lines have been
shown to constitutively express low levels of
Fas'” '8 Ligation of Fas by specific antibody
has been shown to induce apoptosis in a va-
riety of hematopoietic and non-hematopoietic
tumor cell lines, and to mediate tumor regres-
sion in vivo!®¥?%, In hepatocellular carcinoma
(HCC), partial or complete loss of Fas expres-
sion has been detected®”. Midis et al.?? have
reported that soluble Fas (sFas), generated by
alternative mRNA splicing and antagonizing
FasL killing in a dose dependent manner?329,
is increased in patients with solid tumors in a
manner reflective of the disease stage and
tumor burden. They proposed the hypothesis
that sFas can be synthesized and released both
systemically and locally within the tumor
microenvironment. In patients with HCC, ele-
vation of the serum sFas levels has been re-

ported?”.

It has been found that cells in immunolo-
gically privileged sites, such as Sertori’s cells
of the testis and parenchymal cells of the
anterior chamber of the eye, express Fas[.?% 29,
Any activated T cell bearing Fas that enters
such a site would encounter cells expressing
FasL and receive a death signal, thereby pre-
venting an immune response. Recent studies
have demonstrated that tumor cells express
FasL as possible means of actively destroying
T cell and creating immune privileged site3>%,
In HCC, expression of the functional FasL has
been also detected, and production of soluble
FasL (sFasL) acting in a paracrine fashion has
been suggested®®. Indeed, the presence of
sFasL has been described in serum samples
from patients with hematological malignan-
cies®. However, the relationship between
Fas/FasL system including sFas/sFasL and
the clinicopathological features including he-
patic metastasis and outcome has been scarce-
ly studied and less attention has been paid to
the correlation of Fas/Fasl. expression and
the role of Fas/FasL interaction in vivo. In
addition, a study using transduction of p53
has demonstrated that the wild-type p53 ac-
tivity could induce Fas expression®®. There-
fore, we investigated the tissue expression of
Fas, FasL and p53 and the alteration of sFas
and sFasL in patients with HCC to reveal what
advantage is achieved by alteration of Fas/
FasL system involving modulation of the
soluble forms and whether Fas expression is
dependent on the wild-type p53 activity in
vivo.
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Materials and Methods

Forty-four patients suffering from HCC re-
ceived radical resection at the first department
of surgery, Nara Medical University Hospital
from 1994 to 1998 and these cases were en-
rolled in this study. In all cases, HCC was con-
firmed histologically, and the noncancerous
liver tissues were diagnosed as chronic hepa-
titis or liver cirrhosis. The patients after he-
patic resection were strictly followed up. The
median follow-up period for all patients was
25.7 months with a range of 349 months.

PCR analysis of Fas and FasL mRNA

RT-PCR was performed on total RNA
extracted from the noncancerous liver tissues
and HCCs in 20 cases selected at random from
44 cases. The primers used for amplification
of Fas and FasL have been described recent-
1y**4Y Amplification of human S-actin served
as a control for sample loading and integrity.
The PCR products were analyzed on a 2%
agarose gel and visualized by ethidium bro-
mide staining.

Immunohistochemical staining

Detection of Fas, FasL, and p53 was perform-
ed using a monoclonal antibody directed
against Fas (UB2 : MBL Co., Nagoya, Japan ; 10
pg/ml), FasL (NOK2: Pharmingen Co., San
Diego, USA; 1: 20 dilution), and p53 (DO-7 :
Dako Co., Glostrup, Denmark ; 1: 60 dilution),
respectively. Immunostaining was performed
by the streptavidin-biotin (SAB) method using
a Histofine SAB-POM) kit . (Nichirei Co.,
Tokyo, Japan). The specimen was evaluated
as Fas-positive when it stained as intensively
as the normal liver tissues. FasL and p53
expression was evaluated as positive if the
stained cells were distributed in more than
10% of the cancer cells.

Apoptosis

TUNEL assay to detect the fragmented DNA
in situ was performed  twice on cryosections
according to the manufacturer’s instructions
(Apoptag Plus Peroxidase kit ; Oncor, Gaithers-

Table 1

burg, USA).

Measurement of sFas and sFasL

Serum concentration of sFas and sFasL was
measured in 37 patients with HCC, 16 patients
bearing liver cirrhosis (LC) without HCC, and
31 healthy volunteers. The serum concentra-
tions of sFas and sFasl. were measured by
sandwich ELISA as described previously®® 42,

Results

Fas and FasL expression

Fas expression of the noncancerous liv-
er tissues was upregulated compared with
the normal liver tissues. FasL expression on
hepatocytes of the noncancerous liver tissues
was detected in six (16.2%) cases although
that was not detected in the normal liver.
Many mononuclear cells infiltrating into or
around HCC expressed Fas and FasL.

Fas expression was positive in 15 (34.1%)
of 44 HCCs tested. FasL expression was posi-
tivein 19 (43.2%) of 44 HCCs. FasL expression
was mainly observed on the periphery or the
perivascular area of the tumor. An inverse
relationship was noted between Fas and FasL
expression in HCCs (Table 1).

RT-PCR revealed that HCCs expressed Fas
in 7 (35%) cases, and FasL in 11 (559) cases of
20 cases tested (Fig.1). The analysis of Fas
and FasL mRNA expression by RT-PCR was

Fig. 1 Representative cases of Fas and FasL expression
in human hepatocellular carcinomas detected by

RT-PCR. Lane M, molecular marker; lane L,
normal liver bearing a metastatic liver tumor;
lanes N and T, noncancerous liver tissues and
HCC, respectively. Expression of B-actin served
as a posivive control

The relationship between Fas and FasL expression in HCC

Fas positive (n=15; 34.1%)

Fas negative (n=29; 65.9%)

FasL positive. (n=19; 43.2%) 2 17
FasL negative (n=25; 56.8%) 13 13
p=0.005*

*Fisher exact test
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equivalent to the positivity of Fas and FasL
expression by immunohistochemistry.

Clinicopathological findings and Fas/FasL ex-
pression

Table 2 shows the relationship between
Fas status and the clinicopathological fea-
tures. None of Fas positive cases showed
intrahepatic metastatic foci, but eight cases of
Fas negative cases showed intrahepatic me-
tastatic foci (p=0.034). The disease-free sur-
vival rate of Fas positive cases was signifi-
cantly higher than that of Fas negative cases
(Fig. 2).

Table 3 shows the. relationship between
FasL status and the clinicopathological fea-
tures. FasL positive cases were more frequent
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Fig.2 Disease-free survival curves for Fas-positive and
-negative patients, respectively. The disease-free
survival rate of Fas-positive patients was sig-
nificantly higher than that of Fas-negative pa-
tients (p=0.0043)

Table 2 Clinicopathological features of HCC with regard to Fas expression

Fas positive

Fas negative

Factors (n=151;34.1%) (n=29;65.9%) P value
Gender (male/female) 12/3 21/8 0.7228
Age (mean=*SD) 63.7x10.0yr. 64.5+9.0yr. 0.7774
Hepatitis viral infection (B/C/NBNC)! 3/8/5 8/19/3 0.1928
AFP (median) 13.6ng/ml 53.2ng/ml 0.1055

(range) (1.5-13600) (1.3-41600)
Tumor size (mean=*SD)? 3.9+2.8cm 5.3+3.4cm 0.1974
stage I/1I/1I1/IV 2/9/2/2 2/15/8/4 0.4525
Cases with multiple tumors 26.7% (4/15) 13.8% (4/29) 0.41483
Cases with histological capsular formation 73.3% (11/15) 65.5% (19/29) 0.7353
Cases with histological capsular infiltration | 72.7% (8/11) 89.5% (17/19) 0.638?
Histology (well/moderately/poorly)? 2/10/3 1/13/15 0.0933
Cases with histological portal invasion 66.7% (10/15) 69.0% (20/29) 0.9993
Cases with histological metastatic foci 0% 26.9% (8/29) 0.0372

! B, positive for hepatitis B surface antigen; C, positive antibody against hepatitis C virus and NBNC,

negative B antigen nor C antibodies (including two cases with both positive of B and C)

Chi square test or Fisher exact test
Student’s t test
Mann-Whitney U test

o os W N

In case of multiple tumors, tumor size and histology are expressed by examining the largest tumor

Table 3 Clinicopathological features of HCC with regard to FasL expression

FasL positive

FasL negative

Factors (n=19;432%)  (n=25;568%) F 'alue
Gender (male/female) 15/4 18/7 0.7328
Age (mean*xSD) 65.7+10.8yr. 63.1£7.9yr. 0.3694
Hepatitis viral infection (B/C/NBNC)! 1/15/3 10/12/5 0.030°
AFP (median) 40.4ng/ml 44.3ng/ml 0.487°

(range) (3-21600) (1.3-41600)
Tumor size (mean=*SD)? 5.7+3.3cm 4.1%3.0cm 0.1114
Stage I/II/1II/IV 1/10/4/4 3/14/6/2 0.1245
Cases with multiple tumors 21.1% (4/19) 16.0% (4/25) 0.710%
Cases with histological capsular formation 68.4% (13/19) 68.0% (17/25) 0.9993
Cases with histological capsular infiltration | 76.9% (10/13) 88.2% (15/17) 0.676°
Histology (well/moderately/poorly)? 0/9/10 3/14/8 0.169%
Cases with his‘tological portal invation 68.4% (13/19) 68.0% (17/25) 0.9992
Cases with histological metastatic foci 21.1% (4/19) 16.0% (4/25) 0.7108

1

negative B antigen nor C antibodies (including two cases with both positive of B and C)

Chi square test or Fisher exact test
Student’s test
Mann-Whitney U test

Aok W

B, positive for hepatitis B surface antigen; C, positive antibody against hepatitis C virus and NBNC,

In case of multiple tumors, tumor size and histology are expressed by examining the largest tumor
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in patients with hepatitis C infection and less
in those with hepatitis B infection, compared
with FasL negative cases (p=0.030). The
disease-free survival rate of FaslL positive
cases tended to be lower than that of FasL
negative cases (Fig.3). Fas status, multiple
tumors, portal vein invasion and capsular for-
mation were identified as significant factors
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Fig.3 Disease-free survival curves for FasL-positive

and -negative patients, respectively. The disease-
free survival rate of FasL positive cases tended
to be lower than that of FasL negative cases (p=
0.083)

indicative of a low disease-free survival on
multivariate analysis (Table 4 ).

Apoptosis and p53 status

Fas positive cases showed significantly
higher apoptotic index than Fas negative
cases (Table 5). pb53 positive cases were ob-
served in 12 (27.3 %) of 44 HCCs. All of p53
positive cases were Fas negative,and converse-
ly all of Fas positive cases were pb3 negative.
On the other hand, no correlation between p53
and FasL expression was recognized.

Serum sFas and sFasL levels .

Fig. 4 shows the distribution of individual
concentrations of serum sFas and sFasL levels.
The median of serum sFas levels was 228.2,
302.4, and 7124 pg/ml in the controls, LC
patients and HCC patients, respectively. On
the other hand, the median of sFasL were 32.2,
32.4, and 19.0 pg/ml in the controls, LC pa-
tients and HCC patients, respectively. Signifi-
cant difference of serum sFas and sFasL levels
was detected among these groups. Both sFas
and sFasL levels correlated with neither Fas/
FasL status nor apoptotic index in HCC tis-

Table 4 Results of multivariate analysis for predictive factors associated with intrahepatic recurrence

variables Hazard ratio  95% confidence intervals  p value!
Fas positive vs. negative 0.042 0.005 - 0.312 0.002
FasL positive vs. negative 1.686 0.563 — 5.053 0.351
Histological grading well, moderately vs. poorly 0.277 0.061 - 1.256 0.096
Histological portal invasion positive vs. negative 4428 1.193 - 16437 0.026
Histological capsular formation positive vs. negative 0.194 0.058 — 0.652 0.008
Size {(cm) continuous variables 1.039 0.854 - 1.264 0.702
AFP (ng/ml) continuous variables 1.000 1.000 - 1.000 0.149
Multiplicity solitary vs. multiple 9.174 1.468 — 57.307 0.018
! Cox proportional hazards regression model
Table 5 Relationshp between Fas/FasL system and apoptotic index and p53 status
Fas value FasL alue
valu
positive (n=15) negative (n=29) P positive (n=19) negative (n=25) P
apoptotic index 3.0 1.1 p=0.004! 1.1 1.6 0.0921
median (range) (0.8-4.0) (0.4-2.2) (0.4-3.1) (0.4-4.0)
p53 positivity 0% 41.4% (12/29) | p=0.0032 36.8% (7/19) 209% (5/25) 0.308?

! Mann-Whitney U test
2 Fisher exact test

Table 6 Relationship between Fas/FasL tissue expression and serum sFas/sFasL in HCC patients

Fas value! FasL. value!
positive (n=9) negative (n=17) P positive (n=13) negative (n=13) P
sFas (pg/ml) 573.7 537.8 0.797 537.8 573.7 0.923
median (range) (83-1115) (300-1051) (318-1051) (83-1115)
sFasL (pg/ml) 17.9 18.2 0.700 17.7 179 0.808
median (range) (0-24.9) (0-206) (0—206) (0—43)

! Mann-Whitney U test
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Fig.4 Serum levels of soluble Fas' (sFas) (a) and FasL
(sFasL) (b) in patients carrying liver cirrhosis
(LC) with or without HCC. Sera from patients
carrying LC with or without HCC and from
healthy volunteers were assayed by ELISA for
sFas and sFasL. Significant differences of serum
sFas and sFasL levels were detected among the
controls, LC patients and HCC patients (Kruskal
Wallis test). The values are expressed as mean
SD

Fig.5 Fas and Fas splice variant expression in HCC
detected by RT-PCR. Lane M, molecular marker;
lane B, N, and T, peripheral blood mononuclear
cells before ‘the operaton, noncancerous liver
tissues, and HCC, respectively. The minor band
(1104bp) corresponds to the Fas mRNA splice
variant, which encodes a soluble form of Fas. In
cases 1 and 4, where sFas level was high, Fas
mRNA splice variant was more clearly detected
in the noncancerous liver tissues than in HCC

sues (Table 6).

To investigate the origin of sFas in HCC
patients, RT-PCR was performed. A distinct
smaller DNA fragment, adding the anticipated
full-length Fas cDNA fragment (1167 base
pair), on RT-PCR was detected in HCCs and
the noncancerous liver tissues but not in the
circulating mononuclear cells (Fig. 5).

Discussion

Hepatoma cells may eliminate Fas expres-
sion on themselves and let the hepatocytes

and infiltrating mononuclear cells generate
sFas to escape from the immune system
and to produce metastasis. FasL might con-
tribute to malignant transformation in some
circumstances because hepatocytes in the
pericancerous pseudolobules expressed FasL.
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