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Introduction

Although the incidence has declined in recent years,
cervical cancer remains a common malignant tumor in
women. Cervical cancer occurs in two main pathological
types, squamous cell carcinoma and adenocarcinoma;
80%-90% of cervical cancers present as squamous cell
carcinoma [1]. The disease is typically caused by the
human papillomavirus (HPV), which can activate onco-
genes such as p16 [2] and p53 [3], thereby causing cell
proliferation and cell apotosis disorders [4] that promote
tumorigenesis.

Research efforts have been devoted to understanding
how proteins involved in apoptosis become dysregulated
in cancer cells. In particular, inhibitors of apoptosis
(IAPs) appear to play important roles in preventing apop-
tosis by binding to caspases, the activators of pro-
grammed cell death, allowing tumor cells to avoid elimi-
nation. Expression of several IAPs is higher in tumor
cells than in normal tissues. One IAP, livin (also known
as ML-IAP), is expressed in normal fetal kidney and liver
and adult testis and thymus, but is also highly-expressed
in lymphoma [5], melanoma cell lines, breast [6], and
esophageal carcinoma [7]. Livin inhibits apoptosis by
binding caspases 3, 7, and 9 [8]. Caspase-3 is a signifi-
cant executioner in the caspase family because it
hydrolyzes a number of substrates [9]. This protein initi-
ates cell death following activation by either the mito-

chondrial or the death ligand pathway, after which the
caspase cascade is triggered [10]. 

Given the interaction between livin and caspase-3 and
the role of IAPs like livin in tumorigenesis, the authors
sought to determine whether expression of livin is dys-
regulated in cervical squamous cell carcinoma, whether
its expression effected a change in caspase-3, and
whether these changes may correspond to disease sever-
ity. To determine the relationship between livin and
caspase-3, immunohistochemistry was applied to these
two proteins in tissue samples from normal and cancer-
ous cervixes. Protein expression was also correlated to
tumor pathology. 

Materials and Methods 

Specimens

Cervical tissues were collected from 134 patients who
received biopsy or surgery treatment in Department of Obstet-
rics and Gynecology in the first People’s Hospital of Yancheng
City from June 2009 to June 2011 and had not received any
radiotherapy and chemotherapy. These samples included 98
cases of cervical squamous cell carcinoma and 36 normal cer-
vical tissues. Of the cancer patients, 45 women were less than
45 years old, and 53 were greater than or equal to 45 years old.
Samples were clinically classified according to the International
Federation of Gynecology and Obstetrics (FIGO): 61 cases
were Stage I, and 37 cases were Stage II. Pathological classifi-
cation [11] indicated 14 well-differentiated cases (low-grade),
46 moderately-differentiated cases, and 38 poorly-differentiated
(high-grade) cases. Additionally, 31 cases had lymph node
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Results 

Expression of livin and caspase-3 in cervical carcinoma

Expression of livin was compared between 98 squa-
mous cell carcinoma and 36 normal cervical tissues. In
normal cervix, only 4/36 samples (11.1%) exhibited livin
expression in more than 5% of cells. However, 77/98
(78.6%) cervical carcinoma samples were positive for
livin expression (Table 1). This difference in livin expres-
sion between normal and squamous cell carcinoma cervi-
cal tissues was significantly different (χ2 = 50.1, p <
0.05). In contrast, caspase-3 was more likely to be
detected in normal cervix than in cervical cancer: 26/36
(72.2%) of normal tissue samples were positive for
caspase-3 expression and just 26/98 (26.5%) cervical
squamous cell cancer tissues were positive for caspase-3
(Table 1). Thus, the differences in expression of caspase-
3 between normal and cancerous cervical tissues were
statistically significant (χ2 = 23.2, p < 0.05).

Livin and caspase-3 expression are differentially corre-
lated with clinico-pathological parameters of cervical
squamous cell carcinoma 

Although expression of livin in cervical squamous cell
cancer was not correlated with patient age, its expression
was more prevalent in Stage II vs Stage I tumors
(p < 0.05; Table 2). Similarly, livin expression was lower
in well-differentiated tumors than in moderately- and
poorly-differentiated tumors, and thus its expression was
correlated with higher tumor grade (p < 0.05). Livin
expression was also higher in tumors with lymph node
metastasis than those without lymph node metastasis
(p < 0.05). 

Age was also not a factor for caspase-3 expression in
cervical squamous cell cancer. In contrast to livin expres-

metastasis and 67 cases did not. All pathology specimens were
fixed with four percent paraformaldehyde, paraffin-embedded,
and sectioned at five μm thickness.

Immunohistochemistry

Paraffin sections were dewaxed and re-hydrated. Antigens
were repaired in tissue by microwave heat for five min, and
endogenous peroxidase was blocked with incubation for 10 min
in three percent hydrogen peroxide. Sections were soaked for
20 min in five percent normal rabbit serum, then treated with
rabbit anti-human livin antibody (1:100) and rabbit anti-human
caspase-3 antibody (1:200). Sections were incubated with
primary antibodies overnight at room temperature, then washed
with 0.05% phosphate-buffered saline Tween-20 (PBST, pH
7.4). Goat anti-rabbit IgG/HRP (1:100) secondary antibody was
incubated with sections for 40 min at room temperature. Sec-
tions were washed again with PBST. Vectashield Elite-AP alka-
line phosphatase substrate was applied to sections for 30 min,
then sections were washed with PBST before detection with
DAB chromogen for 20 min. Tissue was counterstained with
hematoxylin prior to visualizaiton under light microscopy. 

Staining assessment  
Staining for livin and caspase-3 indicated localization of both

proteins to the endochylema. Five visual fields were randomly
selected at high magnification. The proportion of positively-
stained cells in the total number of cells was multiplied by 100
to determine percent positive. Fewer than 5% positive for livin
or caspase-3 staining was scored as (-), between 6% and 25%
positive was scored as (+), between 26% and 50% was scored
as (++), and > 50% positive was scored as (+++). “Positive” is
used in the results to describe scores of +, ++, and +++. 

Statistical analysis
SPSS13.0 statistical software was used for statistical analysis.

The chi-squared (χ2) test and Wilcoxon rank sum test were used
to compare each set of samples. Spearman rank correlation test
was used to analyze the relationship between livin and caspase-
3. A p value < 0.05 was considered statistically significant.

Table 1. — Expression of livin and caspase-3 proteins in normal and squamous cell carcinoma cervical tissues.

Livin Percent cells Caspase-3 Percent cells
n – + ++ +++ positive (%) – + ++ +++ positive (%)

Normal cervical tissue 36 32 2 1 1 11.1 10 6 9 11 72.2
Cervical squamous cell cancer 98 21 35 24 18 78.6 72 7 9 10 26.5
χ2 50.1 23.2
p < 0.05 < 0.05

Table 2. — Livin and caspase-3 expression correlate with clinico-pathological parameters.

n Livin p Caspase-3 p
– + ++ +++ – + ++ +++

Age (years)
< 45 45 9 16 10 10 > 0.05 32 3 4 6 > 0.05
≥ 45 53 12 19 14 8 40 4 5 4
FIGO clinical classification
Stage I 61 17 18 14 12 < 0.05 39 5 8 9 < 0.05
Stage II 37 4 17 10 6 33 2 1 1
Pathological grade
Well-differentiated 14 12 1 1 0 < 0.05 4 3 5 2 < 0.05
Moderately-differentiated 45 5 21 14 5 35 2 3 5
Poorly-differentiated 39 4 13 9 13 33 2 1 3
Lymph node metastasis
Yes 31 2 12 9 8 < 0.05 28 1 2 0 < 0.05
No 67 19 23 15 10 44 6 7 10
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sion, caspase-3 expression was more common in Stage I
cervical squamous cell cancer than in Stage II (p < 0.05;
Table 2). Additionally, correlations of caspase-3 with
pathological grade were identified: expression of
caspase-3 was more common in well-differentiated than
in moderately- or poorly-differentiated tumors and, there-
fore, caspase-3 expression was correlated with lower
tumor grade (p < 0.05). Finally, caspase-3 expression in
cervical squamous cell cancer was correlated with not
having lymph node metastasis as it was more commonly
detected in tumors that had not metastasized (p < 0.05).

Livin and caspase-3 expression correlation in cervical
squamous cell cancer

In cervical squamous cell cancer tissues, livin was
expressed in 78.6% of tumors, while caspase-3 was
expressed in 26.5%. Spearman rank correlation test indi-
cated that the expression of these proteins in cervical squa-
mous cell tumors was negatively-correlated (Table 3).

Discussion 

The occurrence of cervical squamous cell cancer is not
only related to HPV infection, but also to the imbalance
of carcinogen-induced cell proliferation and apoptosis
that follows HPV infection. Cell apoptosis initiates in
response to intrinsic or extrinsic factors via a signaling
program [12]. Several important players in this program
are the caspase family proteins [13], Bcl-2 family pro-
teins [14], p53 [15], and survivin [16].

The inhibition of apoptosis can allow cancer cells to
escape elimination, promoting tumorigenesis. IAP pro-
teins have therefore become central to the investigation of
cancer mechanisms. In particular, the IAP protein livin is
important for its ability to inhibit apoptosis by interacting
with caspases, especially caspase-3. Recent work has
demonstrated that livin expression is dysregulated in
tumors, such that it is more abundantly expressed in the
tumor cells [6,7]. Additionally, Gazzaniga et al. showed
that, in bladder cancer, the postoperative recurrence time
of patients with expression of livin in their tumors was
shorter compared to patients lacking livin expression;
thus, livin expression is correlated with poorer prognosis
[17]. The present research results were consistent with
those obtained by Gazzaniga et al. Livin was signifi-
cantly more commonly expressed in cervical squamous
cell carcinoma than in normal cervical tissues. Further,
expression of livin in tumors was significantly correlated
with higher cancer Stage (clinical classification,
p < 0.05), worse pathological grade (differentiation
degree, p < 0.05), and lymph node metastasis (p < 0.05).
Thus, expression of livin protein can predict poorer prog-
nosis in patients with cervical squamous cell carcinoma. 

Of the caspase family proteases involved in apoptosis,
caspase-3 is one of the most significant. In cases in which
caspase-3 expression is dysregulated (i.e., expression is
reduced), apoptosis may not occur at a normal level.
Indeed, in tumor cells, caspase-3 expression is down-reg-
ulated. The authors investigated whether caspase-3

expression is dysregulated in cervical squamous cell car-
cinoma. They found that caspase-3 appears to be down-
regulated in these tumors; expression was more common
in normal cervical tissues than in the carcinoma tissues.
Additionally, caspase-3 expression was correlated with
lower cancer Stage (clinical classification; p < 0.05),
lower pathological grade (differentiation degree, p <
0.05), and lack of lymph node metastasis (p < 0.05).
Thus, reduced or absent caspase-3 expression can predict
a poorer prognosis in patients with cervical squamous
cell carcinoma. These results are consistent with reports
from ovarian cancer [18] and breast cancer [19].

Finally, the authors determined whether livin and
caspase-3 expression were correlated with one another.
Indeed, these proteins displayed a negative correlation of
expression in cervical squamous cell cancer, suggesting
that livin may regulate and control cell apoptosis by
inhibiting expression of caspase-3. In fact, recent work
indicates that livin reduces apoptosis by directly decreas-
ing expression of caspase-3 and inhibiting death acceptor
pathways. Furthermore, livin can inhibit mitochondrial
apoptosis pathways by combining with caspase-9 [20]. 

In summary, the authors found that that livin is highly-
expressed in cervical squamous cell cancer tissues, and
its expression level is related to disease severity. In con-
trast, caspase-3 is minimally expressed in cervical squa-
mous cell cancer tissues, and its expression level is
inversely related to disease severity. The negative corre-
lation between livin and caspase-3 expression suggests
that livin expression can promote cervical squamous cell
cancer by inhibiting cellular apoptosis.
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