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Abstract. - OBJECTIVE: To evaluate the ex-
pression of apoptosis-related genes and their cor-
relation with prognosis in cervical cancer patients.

MATERIALS AND METHODS: The expressions
of Survivin, Fas and FasL in tissues of cervical
cancer, cervical intraepithelial neoplasia (CIN),
chronic cervicitis and normal cervix wer detected
by immunohistochemical staining, and the rela-
tionship between the expression of Survivin, Fas
and FasL and clinical pathologic characteristics of
cervical cancer was correlation analysis.

RESULTS: The positive expression rates of Sur-
vivin and FasL in cervical cancer tissues were
significantly higher than those in tissues of nor-
mal cervix, chronic cervicitis and CIN (p < 0.05),
but lower positive expression rate of Fas was ob-
served in cervical cancer tissues when compared
with that in normal cervix, chronic cervicitis and
CIN tissues (p < 0.05). The expression of Survivin
was significantly correlated with clinical staging
and lymph node metastases of cervical cancer (p
< 0.05). The expression of FasL was correlated
with lymph node metastases, clinical staging and
pathological grading of cervical cancer (p < 0.05).
The expression of Survivin was negatively corre-
lated with that of Fas (r = -0.517, p < 0.01), but
positively correlated with that of FasL (r = 0.381, p
< 0.01) in tissues of cervical cancer.

CONCLUSIONS: The up-regulated expression
of Survivin and FasL and down-regulated ex-
pression of Fas may be involved in the carcino-
genesis and development of cervical cancer. The
expression of FasL may be one of the prediction
indexes for disease progression and prognosis
in cervical cancer.
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Introduction

Apoptosis, or programmed cellular death, re-
sults from the activation of elements belonging to
a family of 14 cysteine proteases called caspases,
enzymes that cleave cellular proteins, including
other caspases, at aspartic acid residues'. Apopto-

sis plays a key role not only in normal physiolog-
ical regulation but also in the process of malig-
nant pathological changes. It is co-regulated by
the suppressor genes and the activation genes>>.
One class of molecules that block apoptosis by
direct binding to caspases is the inhibitor of
apoptosis proteins*. Targeting the apoptotic path-
ways for cancer treatment is supported by several
findings emphasizing the role of aberrant apopto-
sis in tumorigenesis and also resistance to anti-
cancer treatment. Evasion of apoptosis is critical
for tumor growth and a hallmark of cancer cells’.
The dysregulation of apoptosis, including the
overexpression of anti-apoptotic Beell lym-
phoma-2 (Bcl-2) homologues®, the diminished
expression of apoptotic protease activating factor
17, and the overexpression of Survivin® have all
been reported to contribute to drug resistance.
Survivin is a bifunctional protein that acts as a
suppressor of apoptosis and plays a central role
in cell division. The protein is strongly expressed
in the most common human neoplasms, has
prognostic relevance for some of them and ap-
pears to be involved in tumor cell resistance to
anticancer agents and ionizing radiation®. The
human Survivin gene spans 14.7 kb on the telom-
eric position of chromosome 17 and is tran-
scribed from a TATA-less, GC-rich promoter® to
generate the wild-type transcript and four differ-
ent splice variant mRNAs!®. Several preclinical
studies have demonstrated that down-regulation
of Survivin expression or function, accomplished
by means of various strategies, reduces tumor
growth potential, increases the apoptotic rate and
sensitize tumor cells to chemotherapeutic drugs
and radiation in different human tumor models!!.
Moreover, the first Survivin inhibitors recently
enter clinical trials. Recent studies suggest a pos-
sible role for Survivin in regulating the function
of normal adult cells. FasL is a member of the tu-
mor necrosis factor (TNF) superfamily of cy-
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tokines. Similar to other members of the TNF su-
perfamily, FasL is synthesized as a type 2 trans-
membrane protein and acts in a juxtacrine man-
ner. As with TNF-a, FasL can be cleaved by sev-
eral matrix metalloproteinases, giving rise to a
soluble form of FasL'%. Fas is a signaling mole-
cule which facilitates apoptosis. It is a type I
transmembrane protein and a member of the TNF
receptor (TNFR) superfamily. The crosslinking
and signal transduction of FasL and Fas play im-
portant roles in inducing apoptosis, maintaining
body’s stability and keeping the environment in
balance'’. Once Fas combines with FasL, the
apoptosis signal would be started, and then Fas
positive cell apoptosis with few hours>*!#16, Sur-
vivin and Fas act together on Caspase 3 and Cas-
pase 7 which play key roles in apoptosis.

We investigated the expression of Survivin and
Fas/FasL system in tissues of normal cervix,
chronic cervicitis, cervical intraepithelial neopla-
sia (CIN) and cervical cancer, and the clinical
significance in cervical cancer occurrence and
development process.

Materials and Methods

Case and Sample

The cervical tissues were obtained from the
Obstetrics and Gynecology Department of The
First People’s Hospital of Shanghai Jiaotong
University. The tissue samples were obtained
from uterine surgery or cervical biopsy between
Jan. 2001 and Dec. 2008, and were tested and
confirmed by hematoxylin-eosin (HE) staining.
There were 47 cases of cervical cancer, 25 cases
of CIN, 20 cases of chronic cervicitis, and 20
cases of normal cervix. The patients of cervical
cancer were 25-52 years old, median age was
38 years old, 42 cases were squamous carcino-
ma and the other 5 cases were adenocarcinoma.
Divided by the differentiation degree, there
were 15 cases of well differentiated, 29 cases of
moderately differentiated, and 3 cases of poorly
differentiated. According to clinical stages (Fed-
eration Internationale de Gynecologie et d’Ob-
stetrique: FIGO, 2000), there were 5 cases of la
stage, 39 cases of 1b-Ila stage, and 3 cases of
IIb-1II stage. Thirty cases of them suffered from
lymph node metastases, and the other 17 cases
didn’t (The operated samples were tested by
pathological diagnosis, and non-operated sam-
ples were based on magnetic resonance imaging
(MRI) diagnosis). All patients had no history of

radiotherapy or chemotherapy. The patients of
CIN were 25-49 years old, median age was 37
years old. There were 9 cases of CINI, 11 cases
of CINII, and 5 cases of CINIIIL. The patients of
chronic cervicitis were 30-55 years old, median
age was 42 years old. The patients of normal
cervix were 25-51 years old, median age was 38
years old. No significant differences of age dis-
tribution were found between groups (p > 0.05).

Reagent and Immunohistochemistry Test

Cervical samples were cut into 4 um thick sec-
tion, and stained with immunohistochemistry
self-potential method (SP method). The primary
antibodies of rabbit anti human polyclonal anti-
body to Survivin, Fas and FasLL were from Santa
Cruz Biotechnology, Santa Cruz, CA, USA. The
immunohistochemistry reagent was purchased
from Beijing Zhongshan Biotechnology Co., Ltd.
The concentration of primary antibody was
1:100. The experimental procedures were per-
formed strictly according to the kit’s instructions:
dewaxed the paraffin section, repaired the anti-
gen with citrate, color developed with di-
aminobenzidine (DAB), re-stained with hema-
toxylin, dehydration, transparence, mount sec-
tions, then observed the sections with optical mi-
croscope. The breast cancer section was used as
positive control, and phosphate buffered saline
(PBS) as negative control.

Criterion

The sections were confirmed by pathologist
that they had antigen expression and localization.
The positive cells of Survivin, Fas, and FasL
were identified by claybank particle. Semi-quan-
titative analysis was taken to analyze overall in-
tensity of cell staining under high power micro-
scope (x400). The staining intensity was O (nega-
tive), 1 (yellow), 2 (claybank) or 3 (tawny). Each
section was observed 5 fields randomly, calculat-
ed the percentage of positive cells in 500 cells
and scored. The percentage of positive cells was
scored as follows: 0, < 10% labeled tumor cells;
1, 10%-40% labeled tumor cells; 2, 10%-70% la-
beled tumor cells; and 3, > 70% labeled tumor
cells. A composite score was obtained by multi-
plying the grade by the intensity, that is, — (0-1);
+ (2); ++ (3-4); +++ (5-6). (—) represented nega-
tive, (+) represented positive.

Statistical Analysis

All statistical procedures were performed us-
ing SPSS version 16.0 (SPSS Inc., Chicago, IL,
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USA). Enumeration data were performed using
% test and Fisher exact test as appropriate. Cor-
relation analysis was performed using Sperrman
rank correlation analysis. p <0.05 was considered
to be statistically significant.

Results

The Expression of Survivin, Fas, and FasL
in Tissues of Different Cervical Lesions
The positive cell of Survivin was located in
the cytoplasm (Figure 1), while Fas and FasL
were located in cytoplasm and cytomembrane
(Figures 2, 3). The expressions of Survivin, Fas,
and FasL in tissues of different cervical lesions
are shown in Table I. The positive expression
rates of Survivin and FasL in tissues of cervical
cancer were significantly higher than those in
tissues of normal cervix, chronic cervicitis and
CIN (p < 0.05), and they were not expressed in
normal tissues. The positive expression rate of
Survivin in tissues of CIN had no significant
difference compared to chronic cervicitis (p >
0.05), and had significant differences compared
to normal cervix (p < 0.05). However, the posi-
tive expression rate of Survivin had no signifi-
cant difference between chronic cervicitis and
normal cervix (p > 0.05). The positive expres-
sion rate of FasL had no significant difference
between CIN and chronic cervicitis (p > 0.05),
and both of them were higher than those in tis-
sues of normal cervix (p < 0.05). The positive
expression rate of Fas in tissues of cervical can-
cer was significantly lower than that in tissues
of normal cervix, chronic cervicitis and CIN (p

Figure 2. Expression of Fas in tissues of normal cervix (SP
method, x 100).

< 0.05); however, there were no differences
among normal cervix, chronic cervicitis and
CIN (p > 0.05).

The Relationship Between the Expression
of Survivin, Fas and FasL and Clinical
Pathologic characteristics of Cervical Cancer
The expressions of Survivin, Fas, and FasL
cervical cancer were analyzed using Fisher exact
test (Table II). The positive expression rate had
no significant difference between patients of < 35
years old aged = 35 years old (p > 0.05). The ex-
pression of Survivin was correlated with clinical
staging and lymph node metastases of cervical
cancer (p = 0.043, p = 0.008), and had no signifi-
cant relationship with pathological grading, tis-
sue type and tumor growth type of cervical can-
cer (p > 0.05). The expression of Fas had no rela-
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Figure 1. Expression of Survivin in tissues of cervical can-
cer (SP method, x 100).

Figure 3. Expression of FasL in tissues of CIN (SP
method, x 100).
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Table I. Expression of survivin, Fas and FasL in different cervical tissues (n, %)

Groups Survivin Fas FasL
Normal cervix (N = 20) 0 (0)®° 18 (90.0)° 0 (0)°
Chronic cervicitis (N = 20) 3 (15.0)° 17 (85.0)° 10 (50.0)*®
CIN (N =25) 9 (36.0)° 20 (80.0)° 17 (68.0)*°
Cervical cancer (N = 47) 32 (68.1) 23 (48.9) 44 (93.6)

3Compared to normal cervix, p < 0.05; *Compared to cervical cancer, p < 0.05.

tionship with clinical staging, pathological grad-
ing, tissue type, tumor growth type, and lymph
node metastases of cervical cancer (p < 0.05).
The expression of FasL. was correlated with clini-
cal staging, pathological grading, and lymph
node metastases of cervical cancer (p = 0.034, p
= 0.049, p = 0.042), but had no significant rela-
tionship with tissue type and tumor growth type
(p > 0.05).

The Relationship Between the
Expression of Survivin, Fas, and
FasL in Tissues of Cervical Cancer

Among the 32 cases of cervical cancer that
Survivin expressed positively, there were 10
cases that Fas expressed positively, and 32 cases
that FasL expressed positively. Among the 15
cases of cervical cancer that Survivin expressed
negatively, there were 13 cases that Fas ex-

pressed positively, and 12 cases that FasL ex-
pressed positively. The expression of Survivin
was negatively correlated with that of Fas in tis-
sues of cervical cancer (r = =0.517, p < 0.01),
and was positively correlated with that of FasL.
(r =0.381, p < 0.01). Among the 44 cases of
cervical cancer that FasL expressed positively,
there were 21 cases that Fas expressed positive-
ly. Among the 3 cases of cervical cancer that
FasL expressed negatively, there were 2 cases
that Fas expressed positively. The expression of
Fas was not significantly correlated with that of
FasL (r =-0.093, p > 0.05).

Discussion

Survivin, the smallest member of the in-
hibitors of apoptosis proteins (IAP) family, is a

Table Il. Relationship between clinical pathologic characteristics and expression of Survivin, Fas and FasL in 47 patients with

cervical cancer (n, %).

Index Survivin Fas FasL

Age

< 35 (n=20) 14 (70.0) 12 (60.0) 19 (95.0)

=35 (n=27) 18 (66.7) 11 (40.7) 25(92.6)
Tumor growth type

Exogenous type (n=25) 17 (68.0) 11 (44.0) 24 (96.0)

Endogenous type (n=14) 10 (71.4) 8(57.1) 12 (85.7)

Ulcerative type (n=8) 5(62.5) 4 (50.0) 8 (100.0)
Clinical staging

Ia (n=5) 1 (20.0) 3 (60.0) 3 (60.0)

Ib-IIa (n=39) 28 (71.8) 19 (48.7) 38 (93.7)

IIb-IIT (n=3) 3 (100.0) 1(33.3) 3 (100.0)
Tissue type

Squamous carcinoma (n=40) 28 (70.0) 21 (52.5) 38 (95.0)

Adenocarcinoma (n=7) 4 (57.1) 2 (28.6) 6 (85.7)
Pathological grading

Well differentiated (n=15) 10 (66.7) 10 (66.7) 12 (80.0)

Moderately differentiated (n=29) 20 (69.0) 12 (41.4) 29 (100.0)

Poorly differentiated (n=3) 2 (66.7) 1(33.3) 3(100.0)
Lymph node metastases

Yes (n=30) 25 (83.3) 12 (36.7) 30 (100.0)

No (n=17) 7(41.2) 11 (70.6) 14 (82.4)
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142-amino acid, 16.5-kDa protein coded by a
single-copy gene located on the human 17925
chromosome, and it acts as a suppressor of apop-
tosis and plays a central role in cell division?.

The protein of Survivin is strongly expressed
in the most common human solid tumor and
hematologic malignancy, while expressed at low
level in most of undifferentiated tissues, and it
has closely related with tumor development, in-
filtration and prognosis®!*. Our study showed
that there was relevance between Survivin ex-
pression and cervical clinical staging and lymph
node metastases, which is consistent with the
above discussion. This suggests that Survivin, as
a specific factor of cervical cancercan be used to
predict disease risk.

There are two major pathways for Survivin to
inhibit apoptosis: (1) Survivin regulating apopto-
sis by cyclin-dependent kinase (CDK). It pro-
motes CDK4 to release p21, and inhibits apopto-
sis. (2) Survivin binds to active Caspase3 and
Caspase7, preventing accumulation of Asp-Glu-
Val-Asp (DEVD)-cleaving suicide enzyme which
induces by Caspase activator or apoptosis induc-
er, and Caspase3 is an important pathway medi-
ated by Fas. The p21 is triggered to release when
Survivin/CDK4 complex is formed, and the p21
interacts with Caspase3 in mitochondria and in-
hibits apoptosis mediated by Fas**!*“!15, However,
report’> suggests that Survivin inhibits Caspase9
but doesn’t inhibit Caspase3 and Caspase7, and
this may explain why the results of Survivin and
Fas were not consistent in our experiment.

Fas is a 45-kDa, type I transmembrane glyco-
protein, which is encoded by Fas gene, located
on the human 10g23 chromosome, and plays a
regulatory role in apoptosis. FasL is a member of
TNF family. It is a 40-kDa, type II transmem-
brane protein, which is located on the human
1923 chromosome, and mediates apoptosis via
binding with its receptor. The Fas/FasL interac-
tion plays an important role in immune system
adjustment and tumor progression'®!®, Recent re-
searches!'”!? suggest that many tumor cells not
only can effectively escape from the body’s lym-
phocyte attacks through Fas and FasL. expression
on the surface of them, but also actively kill the
immunocompetent cells that come into contact
with them, which ultimately leads to failure of
immunotherapy. Our study found that the expres-
sion of FasL increased gradually in the tissues of
normal cervix, chronic cervicitis, CIN and cervi-
cal cancer, and the difference was statistically
significant. Especially the expression of FasL in

chronic cervicitis cells increased compared to
normal cells suggesting that FasLL can promote
cell to escape the attack from lymphocytes effec-
tively. This is enough to explain the clinical phe-
nomenon that patients of chronic cervicitis are
susceptible to CIN and cervical cancer, and veri-
fy the role of chronic inflammation in the occur-
rence and development of cervical cancer.
Currently, the occurrence and development of
cervical cancer is considered as a continuous
process: cervical dysplasia (light — medium —
heavy) — carcinoma in situ — early invasive
carcinoma —> invasive carcinoma. Consequent-
ly, we compared the expression difference of
Survivin, Fas, and FasL in the tissues of normal
cervix, chronic cervicitis, CIN and cervical can-
cer, and the expression difference of the three
indicators according to the occurrence and de-
velopment process of cervical cancer, which
were different from other researches. We found
that the positive expression rate of Fas in tissues
of cervical cancer was significantly lower than
that in tissues of normal cervix. This result sug-
gests that there may be antigenic loss of Fas in
the occurrence of cervical cancer, which may be
one of the pathogenesis mechanisms of cervical
cancer. The expression of FasLL was correlated
with lymph node metastases, clinical staging
and pathological grading of cervical cancer.
This result suggests that the positive expression
rate of FasL in tissues of cervical cancer can re-
flect the malignant degree of pathological
changes and disease progression. Another result
of our study was that the positive expression
rate of FasL in the tissues of cervical cancer and
CIN was significantly higher than that in tissues
of normal cervix. This reveals that the occur-
rence of cervical cancer is related to the up-reg-
ulated expression of FasL. It is suggested that
tumor cells expresses FasL, and evades the im-
mune surveillance by promoting apoptosis of
Fas-positive lymphocytes'”!?. The positive ex-
pression rate of FasL increased gradually in the
tissues of chronic cervicitis, CIN and cervical
cancer, and the high expression in the tissues of
CIN, suggesting that the influence of FasL ap-
peared in the early period of disease process.
When the FasL. expression can’t be down-reg-
ulated, CIN will develop into invasive carcinoma
by inhibiting the immune system of host. This is
consistent with and closely related to the current-
ly accepted process of cervical cancer. Our study
also found that the expression of FasL. was corre-
lated with clinical staging and pathological grad-
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ing of cervical cancer, the positive expression
rate of the tissues with lymph node metastases
was significant higher than the tissues without
lymph node metastases, suggesting that the prog-
nosis was poor in the tissues with high expres-
sion of FasL. More importantly, FasL is closely
related to the disease process, however, the ex-
pression of Survivin was only related to clinical
staging and lymph node metastases, this suggest-
ing that the expression of FasL may be one of the
prediction indexes for disease progression and
prognosis in cervical cancer.

The physiological function of Fas/FasL sys-
tem is to limit excessive expansion or contrac-
tion of certain cell populations, involve normal
cell proliferation, differentiation and apoptosis
to maintain homeostasis, and it plays an impor-
tant role in the clinical course of many diseases.
Fas, as a receptor molecule that expresses preva-
lently, can occur on the surface of many kinds of
cells, however, FasL is only expressed in the ac-
tivated T cells and natural killer (NK) cells, so
the activated NK cells tend to be the most effec-
tive way to kill the target cells by apoptosis®*!.
Studies find that the expressions of Fas of most
benign tumors are similar to the normal tissue
where it is derived from. But the expressions of
Fas of malignant tumor are significantly down-
regulated or loss expressed to escape from the
elimination of Fas/FasL system'>!°. We investi-
gated the relevance of the three indicators above
and found that Survivin was correlated to the ex-
pression of Fas/FasL. system, and this is consis-
tent with the mechanism above that Survivin can
resist against apoptosis. Although Fas and FasL.
is a pair of indicator, the relevance between them
isn’t significant, and this may be because of the
involvement of other mechanisms. Besides, the
positive expression rate of FasL increased gradu-
ally in the tissues of chronic cervicitis, CIN and
cervical cancer, and the high expression in the
tissues of CIN, suggesting that the influence of
FasL appeared in the early period of disease pro-
gression, and this provides a better prediction
value of prognosis. Especially in the tissues of
chronic cervicitis and CIN, different from Sur-
vivin and Fas, the positive expression rate of
FasLL was significant different from the normal
cervix. This suggests that the down-regulation of
Fas antigen in tissues of cervix is only one of the
factors resulting in tumor occurrence and devel-
opment, while the up-regulation of FasL and the
immune factors involved may be the more im-
portant factors.
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