
Abstract. The aim of this study was to examine the expression
patterns of apoptosis-related antigens, such as Fas, FasL, and
cFLIP, in cervical squamous cells, and investigate the role of
Fas-mediated apoptosis in the pathogenesis of cervical neo-
plasia. Using specific antibodies for Fas, FasL, and cFLIP,
we examined protein expression in 19 specimens of normal
cervix, 15 mild dysplasia (CIN I), 22 moderate dysplasia
(CIN II), 23 severe dysplasia (CIN III), and 34 invasive
squamous cell carcinoma (SCC) by immunohistochemistry.
We detected the apoptotic indices by TUNEL in the same
specimens. Fas expression levels were quite similar in CIN I,
CIN II and the normal cervix. Though Fas expression tended
to increase in grade 2 cancer compared to grade 1 cancer and
CIN III, and a slight decline was present in grade 3 compared
with grade 2 cancer, these differences did not reach statistical
significance. Almost all CINs did not express FasL, while
FasL expression increased with the grade of the tumor.
Statistically significant differences could be observed between
grade 1 and grade 2 (p<0.01) and between grade 2 plus grade
3 and grade 1 (p<0.001). All cases of normal cervix and CIN,
except two cases of CIN III, did not express cFLIP. cFLIP
expression tended to increase with the grade of the tumor.
Apoptosis was determined in all samples by TUNEL. There
was a decreasing tendency of apoptotic cells from normal
cervix to cancers. A negative correlation between cFLIP and
apoptosis (r=-0.499 and p=0.000) was observed. Deregulated
Fas/FasL system and constitutive expression of cFLIP in
SCC may be an important mechanism by which SCCs escape
apoptosis during the malignant transformation and progression
of these tumors.

Introduction

A prerequisite for neoplastic cells to expand their population
and eventually form solid tumors is the development of

strategies for escaping surveillance by the host immune system.
The Fas-Fas ligand (FasL) pathway figures prominently in
the execution of apoptosis induced by the immune system.
Fas (CD95/APO-1) and its ligand (FasL/CD178) are cell
surface molecules of the tumor necrosis factor receptor family.
Fas is expressed in normal and neoplastic cells (1), and FasL
expression is largely restricted to the immune system. On
contact with FasL-positive cytotoxic lymphocytes, Fas-bearing
tumor cells rapidly undergo apoptosis. However, tumors may
mount a counterattack by expressing FasL, which represents
a mode of tumor escape from immune surveillance (3).
Effective utilization of the Fas system by tumor cells in
fighting or defending cytotoxic lymphocytes would also require
resistance to Fas-mediated cytotoxicity. Thus, a decreased
susceptibility to apoptosis has indeed appeared to play a role
in tumor survival (4) and viral immune escape (5).

The development of anti-apoptotic strategies by tumor cells
is a prerequisite for overcoming autocrine suicidal elimination
resulting from autologous Fas-FasL ligation. Cellular FLICE-
like inhibitory protein (cFLIP) has been identified as an
endogenous inhibitor of apoptosis by virtue of its capability
to bind to the death effector domain of Fas-associated death
domain protein, a signal transducer of Fas-mediated apoptosis
(6). Since tissue homeostasis is a delicate balance between
proliferation and apoptosis, abnormal regulation of cFLIP
expression may contribute to tumorigenesis (7).

In this study, we compared the indices of apoptosis and
expression patterns of apoptosis-related antigens, Fas, FasL
and c-FLIP in the normal cervix, cervical intraepithelial
neoplasia (CIN) and cervical squamous cancer. In particular,
we investigated the role of Fas-mediated apoptosis in the
pathogenesis of cervical neoplasia.

Materials and methods

Cervical specimens. The study subjects were enrolled
between November 2002 and April 2004 at the Center of
Clinical Sample Resource Library, Women's Hospital, School
of Medicine, Zhejiang University. None of the patients received
chemotherapy or radiotherapy before surgery. A total of 94
patients with cervical lesions were enrolled, including 15 with
mild dysplasia (CIN I) aged 26-64 years, 22 with moderate
dysplasia (CIN II) aged 30-52 years, and 23 with severe
dysplasia (CIN III) aged 26-71 years. Of 34 SCCs, 21 were
stage IB and 13 were stage IIA; histopathologically, 10 were
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grade 1, 14 were grade 2 and 10 were grade 3. The samples
were collected in 10% buffered formalin and embedded in
paraffin within 24 h for long-term preservation.

To obtain cytologically normal controls, 19 normal uterine
cervical epithelia were obtained from patients undergoing a
hysterectomy for various nonmalignant diseases. All of the
original hematoxylin-and-eosin-stained slides were blindly
reviewed by two experienced pathologists.

Immunohistochemistry. The staining procedure strictly
followed the guidelines of the Powervision test kit. Briefly,
adjacent sections of 4-μm thickness were cut and placed on
poly-L-lysine-coated glass slides, and air-dried overnight at
60˚C. The sections were dewaxed in xylene and rehydrated
in graded ethanol of 100%, 95%, 85%, and 75% for 5 min
each, and then rinsed in water. Slides were incubated for
30 min in 3% hydrogen peroxide in methanol to quench
endogenous peroxidase activity and then pressure cooked
for 2 min for antigen retrieval in 0.01 M citric acid buffer.
Immunostaining methods varied, depending on the antibody
used. Ready-to-use Fas mouse monoclonal antiserum (ZM-
0295; Beijing Zhongshan Golden Bridge Biotechnology Co.,
Ltd.) was incubated overnight at 4˚C. Antibody binding was
detected using a commercially available EnVision Plus-HRP
kit (Dako, Dakopatts, Glostrup, Denmark) for 2 h. FasL
rabbit polyclonal antibody (N-20, sc-843; Santa Cruz, CA)
was used at a dilution of 1:50 and incubated for 2 h. The
cFLIPS/L rabbit polyclonal antibody (H-202, sc-8347; Santa
Cruz) was used at a dilution of 1:80 and incubated overnight
at 4˚C. The latter two antibody bindings were detected with
EnVision+™ rabbit peroxidase (Gene Tech Biotechnology
Company Ltd.) for 1 h. All three antibodies were developed
by DAB substrate (3,3-diaminobenzidine tetrahydrochloride),
and the sections were eventually counterstained with Harris'
hematoxylin. Appropriate validation (negative controls) was
performed by replacing the primary antibody with PBS
alone.

Evaluation of IHC staining results. The scoring method of
Sinicrope et al was applied to evaluate the IHC staining
intensity and the proportion of positively stained epithelial
cells (8). Membrane and nuclear staining were independently
considered. The staining intensity was subclassified as 1,
weak; 2, moderate; and 3, strong. The number of positive
cells was expressed as the percentage of the total number of
epithelial cells and assigned to one of five categories: 0, <5%;
1, 5-25%; 2, 26-50%; 3, 51-75%; and 4, >75%. The percentage
of positive-stained tumor cells and the staining intensity were
multiplied to produce an immunoreactive score (IS) for each
specimen. Each lesion was examined and scored separately
by two pathologists at the same time under the same conditions.

TUNEL and evaluation of apoptosis. To detect apoptotic
cells in 4-μm-thick sections of 10% formaldehyde-fixed and
paraffin-embedded tissue, the in situ DNA nick-end labeling
method (cat. no. 1684817; Roche, Germany) was used. All
sections were mounted on poly-L-lysine-coated slides and
deparaffinized. To facilitate the penetration of enzymes and
biotinylated deoxyuridine into the nuclei, the slides were
digested with proteinase K by incubating them in DNAase-
free proteinase K (20 μg/ml) for 20 min at room temperature.
The slides were then immersed in terminal deoxynucleotidyl
transferase enzyme (Tdt) labeling buffer for 5 min. DNA
fragments generated during apoptosis were end-labeled with
modified nucleotides using a highly purified Tdt in a labeling
buffer with cobalt chloride. Subsequently, in situ end-labeling
of the fragmented DNA was performed by incubating the
slides with Tdt/biotinylated deoxyuridine triphosphate diluted
in Tdt buffer in a humidified chamber at 37˚C for 1 h. The
slides were then immersed in a Tdt stop buffer for 5 min at
room temperature, rinsed in PBS for 5 min, and incubated
with avidin-biotin peroxidase complex for 15 min. The slides
were then developed by using diaminobenzidine hydrogen
peroxide. In negative controls, slides were incubated in Tdt
buffer without the Tdt or biotinylated dUTP. The preparations
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Table I. Expression of Fas, FasL, cFLIP and TUNEL score in the normal cervix, cervical intraepithelial neoplasia, and cervical
squamous cell carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Group Total no. Fasa FasLa cFLIPa TUNELb

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
NC 19 2.00 (4.00)c 2.00 (4.00)d 0.00 (0.00)e 3.50±0.77f

CIN 60 2.00 (3.00) 0.00 (3.50) 0.00 (1.50) 3.08±1.82
CIN I 15 0.00 (3.00) 0.00 (0.00) 0.00 (0.00) 3.90±1.08
CIN II 22 2.00 (3.00) 0.00 (2.50) 0.00 (0.00) 3.45±0.79
CIN III 23 3.00 (4.00) 0.00 (4.00) 0.00 (4.00) 2.35±1.15
SCC 34 4.00 (6.00) 2.00 (4.00) 4.00 (3.75) 1.03±1.17
Grade 1 10 3.00 (6.50) 0.00 (1.00) 4.00 (6.50) 0.82±0.58
Grade 2 14 6.00 (4.50) 2.00 (2.25)g 3.50 (3.25) 1.43±0.85
Grade 3 10 3.00 (2.50) 4.00 (2.50) 6.00 (5.75) 0.72±0.64
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
NC, normal cervix; CIN, cervical intraepithelial neoplasia; SCC, cervical squamous cell carcinoma. aIS M(QR). bPer 100 epithelial cells
–(x±s). cNC vs. CIN, p<0.01; CIN vs. SCC, p<0.001. dCIN vs. SCC, p<0.01. eNC vs. CIN, p<0.05; NS vs. SCC, p<0.001; CIN vs. SCC, 

p<0.001. fNC vs. CIN III, grade 1, grade 2, grade 3, p<0.001; CIN I vs. CIN III, grade 1, grade 2, grade 3, p<0.001; CIN II vs. CINI II, grade
1, grade 2, grade 3, p<0.001; CIN III vs. grade 1, grade 2, grade 3, p<0.005. gGrade 1 vs. grade 2, p<0.01; grade 1 vs. grade 3, p<0.001;
grade 1 vs. grade 2+grade 3, p<0.001.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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were counterstained with 0.3% methyl green solution. The
apoptotic labeling index was calculated as percentages after
counting the number of stained nuclei per 1000 cells under a
light microscope at a x400 magnification. Apoptotic cells
were identified by positive nuclear staining in combination with
the typical histomorphological characteristics of apoptosis.

Statistical analysis. Statistical analyses were performed using
SAS 8.0. To compare the means of immunoreactive scores,
the Kruskal-Wallis test or one-way ANOVA was used.
Associations between numeric variables were tested using the
Spearman rank correlation coefficient. The Bonferroni test
was used as the post-hoc test. A p-value <0.05 was regarded
as statistically significant.

Results

Expression of Fas and FasL in cervical cancer. Results from
the immunohistochemical analysis are summarized in Table I,
and examples of typical staining are shown in Fig. 1. Fas
showed clear membrane staining, but FasL appeared to be
present in intracellular granules. In normal squamous
epithelium, Fas was mainly expressed near the surface as
expected and FasL, in contrast, was expressed predominantly
in the basal layers. In many SCCs, very strong Fas expression
appeared in the center of tumor areas often associated with
keratinization, whereas FasL was expressed peripherally.
Fas and FasL expression were seen in almost all tumor
samples, although it varied considerably in both intensity and
distribution. IS of Fas were quite similar in CIN I, CIN II and
the normal cervix. Though Fas expression tended to increase
in grade 2 cancer compared to grade 1 cancer and CIN III,
and a slight decline was present in grade 3 compared with
grade 2 cancer, these differences did not reach statistical
significance. Almost all cases of CIN did not express FasL,
while FasL expression increased with the grade of the tumor.
Statistically significant differences were observed between
grade 1 and grade 2, and between grade 2 plus grade 3 and
grade 1.

Expression of cFLIP and apoptosis. All cases of normal
cervix and CIN except two cases of CIN III did not express
cFLIP. cFLIP expression increased during the process of
tumorigenesis from normal cervix to CINs and carcinoma.
cFLIP expression tended to increase with the grade of the
tumor, but no significant differences were observed between
grade 1 and grade 2, or between grade 2 and grade 3. Apop-
tosis was determined in all samples by TUNEL. There was a
decreasing tendency of apoptotic cells from normal cervix to
cancers. Statistically significant differences were observed
between normal cervix and CIN III, and between CIN III and
grade 1, grade 2 and grade 3.

Correlation between expression of Fas, FasL, cFLIP and
apoptosis. When correlation among all four markers was
evaluated in SCC, a positive correlation between Fas and
cFLIP(r=0.423 and p=0.000) and a negative correlation
between cFLIP and apoptosis (r=-0.499 and p=0.000) were
observed.

Discussion

Once the neoplastic process has settled, cell proliferation
exceeds cell death. However, in the early stage of carcino-
genesis, putative cell regulatory mechanisms come into
play with increased apoptosis temporarily balancing cell
proliferation (9). In our study, no apoptotic change was
observed in CIN I and CIN II compared with normal cervix,
while apoptosis decreased in CIN III and SCCs.

The regulation of apoptosis involves complex interactions
among several proteins, including bcl-2, bax, and Fas (9-11).
Since Fas expression was shown to be altered in a variety of
many other neoplasms (11,12), we assumed that Fas-mediated
apoptosis might also be involved in cervical carcinogenesis.
Fas is a membrane protein that belongs to the nerve growth
factor receptor family, and its interaction with its ligand is
one of the essential events in the induction of apoptosis
(11,13). When engaged with its ligand, Fas receptor undergoes
trimerization, which in turn recruits caspase-8, activates the
caspase cascade (10,14) and initiates cell apoptosis. In the
present study, we observed Fas positivity in normal cervix,
CINs and SCCs, but there was a tendency towards increasing
Fas expression in SCCs. However, Fas expression levels
were similar in the CIN III and carcinoma groups, probably
because CIN III lies close to carcinoma in the neoplasia-
carcinoma spectrum. These two observations led us to suggest
a role for Fas in early cervical carcinogenesis. Deregulated
Fas and FasL expression were shown to also be involved in
early esophageal carcinogenesis (5). Fas overexpression has
been found in neoplasms, including esophageal, oral, hepato-
cellular, thyroid, and lung carcinomas (12,16-18). In our study,
Fas expression was stronger and more diffuse in grade 2
carcinomas than grade 3 carcinomas. Muraki et al observed a
similar relationship between Fas expression and tumor grade,
with Fas being positive in well- and moderately well-
differentiated oral carcinomas, and negative in poorly differ-
entiated types (18). Shibakita et al found similar results in
esophageal carcinomas and suggested that downregulated
Fas expression enabled tumor cells to survive host immune
attack (16). Thus, Fas and FasL-mediated apoptosis might
serve as a proofreading mechanism in human neoplasia.
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Figure 1. (A) Strong Fas positivity is seen in cervical squamous cell carcinoma.
(B) Strong FasL-positive staining is present in cervical squamous cell carci-
noma. (C) Strong membrane staining of cFLIP is seen in cervical squamous
cell carcinoma. (D) Positive nuclear staining of TUNEL is seen in cervical
squamous cell carcinoma. Original magnification, x400.
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Upregulation of Fas receptors is possibly a defense mechanism
of the host tissue against the neoplastic process. As the tumor
grade increases, tumor cells might develop strategies to
abrogate Fas receptor expression, and resist the apoptotic
mechanism. As a result, apoptotic mechanisms that are func-
tional in low-grade tumors fail in high-grade neoplasms, and
this explains why we found lower levels of Fas in high-grade
carcinomas than in low-grade carcinomas. 

FasL is expressed on activated cytotoxic T cells and NK
cells that have the ability to kill tumor cells by activating the
Fas receptor on the latter. Thus, if tumor cells downregulate the
expression of Fas, they might become less sensitive to FasL-
mediated killing by host immune cells. Conversely, FasL
expression on the surface of tumor cells might lead to the
death of Fas-sensitive infiltrating lymphocytes. In our study,
FasL expression significantly increased with the grade of
carcinoma. Thus, poorly differentiated carcinoma acquires an
immune privilege. Membranous FasL plays a vital role in
immune escape. Although the precise mechanism of Fas/FasL-
induced apoptosis during the development of cervical cancer
is unknown, studies of other tumor types, including melanomas
(19) and hepatocellular carcinomas (3), have indicated that
these tumors use Fas/FasL to induce apoptosis of infiltrating
lymphocytes akin to immune privilege, which has been aptly
termed ‘tumor counterattack.’

cFLIP is one of the most extensively studied inhibitors of
Fas-mediated apoptosis, which interacts with Fas-associated
death domain (FADD) to form a complex that prevents
cleavage of procaspase-8 in the apoptotic cascade (20). Since
tissue homeostasis is a delicate balance between proliferation
and apoptosis, abnormal regulation of cFLIP expression may
contribute to tumorigenesis (7). Several previous studies
documented that increased expression of cFLIPs contributed
to tumor resistance to Fas-mediated apoptosis, resulting in
the escape of tumor cells from T-cell immunity, and was
possibly related to tumor development, growth, and metastasis
(21-23). In addition, it was previously shown that high
expression levels of FLIP were sufficient to render sensory
neuronal cells expressing moderate to low levels of Fas
resistant to Fas-mediated death (24). Although the precise
physiological role of cFLIP in malignant squamous cervical
cancer is unknown to date, it is conceivable from this study
that the significantly increased cFLIP expression in all cases
of SCC probably plays a key role in counterattacking Fas-
mediated apoptosis by host immune cells and promoting
subsequent tumor growth. Furthermore, we also demon-
strated that cFLIP expression tended to increase with the
grade of the tumor. In addition, a negative correlation between
cFLIP and apoptosis (r=-0.499 and p=0.000) was observed.
Therefore, our speculation that constitutive expression of
cFLIP by SCC could be an important mechanism by which
SCCs escape apoptosis during malignant transformation and
progression of these tumors has been confirmed. Collectively,
these results might allow speculation that the overexpression
of cFLIP is involved in the process of malignant transformation.

The current study demonstrated that the malignant
transformation of cervical epithelia is associated with abnormal
expression of the Fas/FasL system. SCCs may counterattack
immune cells by downregulation of Fas and killing lympho-
cytes through the expression of FasL. Furthermore, the

overexpression of cFLIP in SCCs and a negative correlation
between cFLIP and apoptosis appear to be an important
mechanism by which SCCs escape apoptosis during the
malignant transformation and progression of these tumors.
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