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Abstract: Background: Inhibitor of apoptosis proteins (IAPs) have been reported to control mitotic progression and 
induce tumor cell invasion. Overexpression of IAPs, such as survivin and livin, appears to promote tumorigenesis 
in cervical cancer. However, the relationship of IAPs coexpression and clinical prognosis of cervical cancer patients 
remains unknown. Methods: Immunohistochemical staining of survivin and livin were performed on 109 paraffin-
embedded cervical cancer specimens. The association between survivin expression, livin expression, survivin/livin 
coexpression and clinicopathologic characteristics and survival of patients were analyzed. Results: High expression 
of survivin was significantly correlated with tumor stage (P=0.041), whereas high expression of livin was posi-
tively correlated with lymph node metastasis (P<0.001). Survivin/livin coexpression was significantly associated 
with lymph node metastasis (P=0.012) and tumor size (P<0.001). Univariate survival analysis showed that both 
high survivin expression and survivin/livin coexpression were prognostic factors for poor overall survival (OS) and 
disease-free survival (DFS). Multivariate survival analysis demonstrated that survivin/livin coexpression was an 
independent prognostic factor for OS and DFS. Conclusion: Our results suggest that survivin/livin coexpression 
contributes to the progression and prognosis of cervical cancer.
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Introduction

Cervical cancer ranks the third most common 
female malignancy [1]. there are estimated 
527,600 new cases and 265,700 deaths 
reported worldwide annually [2]. One of the 
most difficult challenges in the treatment of 
cervical cancer is tumor recurrence. The recur-
rent rate of early stage cervical cancer after 
radical hysterectomy or radiotherapy are re- 
ported between 10 and 18% [3], and approxi-
mately 50% cervical cancer patients with lymph 
node metastasis will die because of recurrence 
of disease [4]. However, there is a lack of pre-
dictive markers for lymph node metastasis and 
clinical prognosis in cervical cancer patients.

Apoptosis, also called programmed cell death, 
is a basic physiological process contributing to 
the maintenance of cell hemostasis. Dysfun- 
ction of apoptosis can lead to several diseases, 
including cancer [5]. The process of apoptosis 

is regulated by a variety of chemical factors 
through extrinsic and intrinsic pathways. The 
inhibitor of apoptosis proteins (IAPs) are a group 
of protein that block programmed cell death via 
the intrinsic pathway [6]. The human IAP family 
consists of 8 members, including HIAP-1, HIAP-
2, NIAP, XIAP, ILP-2, Bruce, Survivin and Livin 
[7]. The member of IAPs consists of at least one 
baculovirus IAP repeat (BIR) domain, which is a 
zinc-binding region of a ~70 amino acid and is 
essential for antiapoptotic activity [8]. Survivin, 
encoded by BIRC5 gene, is the smallest mem-
ber of IAPs. It localizes to the mitotic spindle by 
interaction with tubulin and negatively regulate 
caspase activation and cell apoptosis [9]. 
Elevated expression of survivin was observed 
in a variety of malignancies, such as colon ade-
nocarcinomas, lung cancer, prostate cancer, 
and was correlated with decreased clinical sur-
vival [10-12]. Livin, also known as KIAP, is a 
newly discovered IAP family member. The 
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vivin and livin play an important role in cervical 
carcinogenesis and that it may represent a 
potential therapeutic target for the treatment 
of cervical cancer.

Materials and methods

Patients and tissue specimens

A total of 109 cervical cancer patients clinica- 
lly diagnosed at Guangzhou Women and Chil- 
dren’s Medical Center of Guangzhou Medical 
University from January 2004 to December 
2009 were included in this study. The clinical 
data for all the cases were available and all 
specimens were confirmed by histopathology. 
None of them had received chemotherapy or 
radiotherapy before surgery. In order to use 
these clinical materials for research purposes, 
we obtained informed consent from patients 
and approval from the Research Ethics Com- 
mittee of Guangzhou Women and Children’s 
Medical Center.

Immunohistochemical (IHC) staining

All samples were fixed with 10% formalin, 
embedded in paraffin and cut into 4-μm sec-
tions. The sections were baked at 60°C for 3 
hours, then deparaffinized in xylene and rehy-
drated followed by boiling in citrate buffer (10 
mmol/L, pH=6.0) for antigen retrieval. Endo- 
genous peroxidase activity was quenched using 
3% hydrogen peroxide. Non-specific binding 
was blocked by incubation with 1% fish skin 
gelatin. The slides were then incubated over-
night at 4°C with monoclonal rabbit antibody 
against survin (Abcam, Cambridge, USA; 
1:200), and polyclonal rabbit antibody against 
livin (Abcam, Cambridge, USA; 1:200). After 
washing, sections were incubated with bio- 
tinylated goat anti-rabbit secondary antibody 
(Dako, Denmark; 1:200), followed by a further 
incubation with 3,3-diaminobenzidine tetrahy-
drochloride (DAB). Finally, the sections were 
counterstained with hematoxylin for 2 minutes, 
washed, dehydrated in ethanol and xylene and 
then mounted in an aqueous mounting 
medium.

IHC score

Slides were examined by two investigators with-
out the knowledge of the corresponding cli- 
nicopathologic data. All tissue samples were 

expression level of livin protein is low in normal 
tissues, but is highly detected in several types 
of cancers and functions to restrain cell apop-
tosis. So it is closely related to the occurrence 
of malignant diseases [13, 14]. Livin expres-
sion has been demonstrated to be correlated 
with the prognosis of human malignancies; 
however, livin expression and its prognostic rel-
evance have not been evaluated in cervical car-
cinoma. Moreover, the prognostic role of coex-
pression of IAP members in cervical cancer has 
not been elucidated in previous studies.

In the present study, we found that survivin 
expression was significantly correlated with 
tumor stage, that livin expression was signifi-
cantly correlated with lymph node metastasis, 
and that survivin/livin coexpression was signifi-
cantly associated with lymph node metastasis 
and tumor size. In addition, high expression of 
survivin and survivin/livin coexpression was 
markedly associated with poor clinical survival 
of cervical cancer patients, while livin expres-
sion alone has no impact on the prognosis of 
cervical cancer patients. Multivariate analysis 
indicated that survivin/livin coexpression is an 
independent prognostic factor for cervical can-
cer patients. Our results suggested that sur-

Table 1. Clinicopathological characteristics
Charecrestics No. of Patients %
Age (y)
    ≤40 63 57.8 
    >40 46 42.2 
FIGO Stage
    Ib1 50 45.9
    >Ib1 59 54.1 
Differentiation
    Well 2 1.8 
    Moderately 42 38.5 
    Poorly 65 59.7 
Timor Size 
    ≤4 cm 80 73.4
    >4 cm 29 26.6 
LN metastasis
    - 87 79.8
    + 22 20.2
Recurrence
    - 91 83.5
    + 18 16.5
Total No. of Patients 109 100 
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was calculated as the time from the date of pri-
mary surgery to the date of death or the date of 
the last follow-up. Disease-free survival (DFS) 
was defined as the time from the date of pri-
mary surgery to the date of first recurrence or 
the date of the last follow-up. Correlation 
between survivin, livin, survivin/livin coexpres-
sion and the clinicopathological characteristics 
were analyzed by chi-square test. Survival 
curves were plotted using the Kaplan-Meier 
method, and the log-rank test was applied to 
determine statistical differences. We use uni-
variate and multivariate Cox regression analy-
sis to assess the independently significant vari-
ables on OS and DFS. P<0.05 was considered 
as statistically significant.

Results

Clinical features of cervical cancer patients

Clinical information of the 109 cervical cancer 
tissues was described in detail in Table 1. All 

assessed in a consecutive analysis to ensure 
maximal internal consistency. The analysis was 
assessed according to both the proportion and 
intensity of positively stained cancer cells. The 
intensity of the staining was scored using the 
following scale: 0 (no staining); 1 (weak staining 
= light yellow); 2 (moderate staining = yellow 
brown) and 3 (strong staining = brown); and 
extensional standards taken were as: 0, nega-
tive; 1, 10% or less; 2, 11% to 50%; 3, 51% to 
80%; or 4, 80% or more positive cells. The 
staining index was calculated by multiplying the 
percentage of positive cells and the intensity. 
The final score was defined as low expression 
for score of 0-4 and high expression for scores 
of 6-12. Coexpression was defined as tumors 
expressing both high levels of survivin and livin.

Statistical analysis

All statistical analyses were conducted using 
SPSS (version 16.0, SPSS Inc, Chicago, USA) 
statistical software. The overall survival (OS) 

Figure 1. Representative immunostaining of survivin and livin in cervical cancer specimens. A. High expression of 
survivin; B. Low expression of survivin; C. High expression of livin; D. Low expression of livin.
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livin expression and patient’s age (p=0.554), 
FIGO stage (P=0.316), differentiation (P= 
0.580), or tumor size (P=0.496). Moreover, we 
found that survivin/livin coexpression was 
markedly correlated with tumor size (P<0.001) 
and lymph node metastasis (P=0.012). These 
results suggested a correlation between IAPs 
expression and tumor progression in cervical 
cancer.

Univariate and multivariate cox regression 
analyses for prognosis of patients with cervical 
cancer

To investigate the prognostic value of IAPs 
markers, we use survival analysis to assess the 
correlation between survivin expression, livin 
expression and survivin/livin coexpression and 
the clinical prognosis of cervical cancer pa- 
tients. The results showed that high survivin 
expression was associated with shorter overall 
(Figure 2A, P=0.002) and disease-free survival 
time (Figure 2D, P=0.020). The expression of 
livin had no significant relationship with overall 
(Figure 2B, P=0.125) and disease-free survival 
rates (Figure 2E, P=0.157). However, the OS 
and DFS of the patients with high survivin/livin 
coexpression was much higher in compared 
with that with low or no survivin/livin coexpres-
sion (Figure 2C, P<0.001 and Figure 2F, 
P<0.001, respectively). Univariate cox regres-
sion analysis showed that high suvivin expres-
sion (P=0.017 and P=0.015, respectively) and 

the patients were diagnosed as cervical squa-
mous cell cancer, and stages of specimens 
were classified according to the standard of 
International Federation of Gynecology and 
Obstetrics (FIGO), including 50 stage Ib1, 45 
stage Ib2, 11 stage IIa1, and 3 stage IIa2 
tumors. The cohort included 2 cases of high 
grade, 42 cases of intermediate grade, and 65 
cases of low grade tumors. 29 cases of tumors 
were larger than 4 cm, while 80 cases of tumors 
were smaller than 4 cm. Lymph node metasta-
sis was detected in 22 of 109 cases. During the 
follow-up period, 18 cases had recurrent dis-
ease and 91 cases had no recurrence.

Correlation between survivin and livin expres-
sion and clinical characteristics of cervical 
cancer patients

We examined the correlation between the sur-
vivin expression, livin expression, and survivin/
livin coexpression and the clinicopathological 
features of cervical cancer. The representative 
immunostaining of survivin and livin expression 
in cervical cancer was shown in Figure 1. As 
described in Table 2, survivin expression was 
associated with FIGO stage (P=0.041), while  
it was not correlated with patient’s age (P= 
0.806), differentiation (P=0.157), tumor size 
(P=0.091), or lymph node metastasis (P= 
0.534). Livin expression was strongly correlat-
ed with lymph node metastasis (P<0.001). 
There was no significant relationship between 

Table 2. Association of survivin and livin expression with clinicopathologic characteristics
Charecrestics No. Survivin High N (%) P Livin High N (%) P Survin/Livin High N (%) P
Age (y) 0.806 0.554 0.924
    ≤40 63 30 (47.6) 32 (50.8) 20 (31.7)
    >40 46 23 (50.0) 26 (56.5) 15 (32.6)
FIGO Stage 0.041 0.316 0.398
    Ib1 50 19 (38.0) 24 (48.0) 14 (28.0)
    >Ib1 59 34 (57.6) 34 (57.6) 21 (35.6)
Differentiation 0.157 0.580 0.637
    Grade 1/2 44 25 (56.8) 22 (50.0) 13 (29.5)
    Grade 3 65 28 (43.1) 36 (55.4) 22 (33.8)
Timor Size 0.091 0.496 <0.001
    ≤4 cm 80 35 (43.8) 41 (51.3) 18 (22.5)
    >4 cm 29 18 (62.1) 17 (58.6) 17 (58.6)
LN metastasis 0.534 <0.001 0.012
    - 87 41 (47.1) 39 (44.8) 23 (26.4)
    + 22 12 (54.5) 19 (86.4) 12 (54.5)
Total No. of Patients 109 53 58 35
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to other organs. In the present study, we inves-
tigated the relationships between survivin and 
livin expression and clinical features, and the 
prognosis of patients with cervical cancer. Our 
data suggest a critical role of cervical cancer in 
the progression of human cervical carcinoma.

The survivin gene locates on chromosome 
17q25 with the length of 16.5 kb and has a 
three-intron-four-exon structure in human [16]. 
It can inhibit both intrinsic and extrinsic apop-
totic pathways by interacting with capasase-3 
and capasase-7 [17]. Survivin is limitedly 
expressed normal physiological tissues, while 
the expression level of survivin is much higher 
in tumorous tissues, including pre-cancerous 
lesions and cancer lesions [18]. In cervical 

high survivin/livin coexpression (P=0.002 and 
P=0.002, respectively) were significantly corre-
lated with OS and DFS (Table 3). Multivariate 
Cox regression analysis revealed that survivin/
livin coexpression was an independent pre- 
dictor for both OS and DFS (P=0.002 and 
P=0.002, respectively) (Table 4).

Discussion

IAPs have the ability to directly bind and inhibit 
caspases and block programmed cell death, 
which accelerate tumor formation [15]. In addi-
tion, IAPs function to block caspases, the key 
effector proteins of apoptosis. Owing to their 
ability to escape apoptosis, malignant cells 
expressing IAPs can successfully metastases 

Figure 2. Kaplan-Meier analysis of overall survival and Disease-free survival in relation to survivin expression (A and 
D), livin expression (B and E), and surviving/livin coexpression (C and F) in cervical cancer patients.

Table 3. Univariate analysis of overall survival (OS) and disease-free survival (DFS)

Prognostic variables
OS DFS

Hazard ratio (95% CI) P Hazard ratio (95% CI) P
Age (>40 vs ≤40) 0.840 (0.237-2.987) 0.787 0.781 (0.220-2.772) 0.703
FIGO Stage (>Ib1 vs Ib1) 3.476 (0.738-16.376) 0.115 3.527 (0.749-16.611) 0.111
Differentiation (Grade 3 vs 1/2) 0.294 (0.076-1.137) 0.076 0.303 (0.078-1.174) 0.084
Timor Size (>4 vs ≤4 cm) 1.388 (0.358-5.383) 0.635 1.334 (0.344-5.168) 0.667
LN metastasis (+ vs -) 2.045 (0.528-7.916) 0.300 1.850 (0.478-7.158) 0.373
Survivin (high vs low) 12.447 (1.571-98.596) 0.017 13.186 (1.661-104.672) 0.015
Livin (high vs low) 2.518 (0.649-9.762) 0.182 2.229 (0.594-8.905) 0.228
Survivin/livin (high vs not high) 9.199 (2.315-36.558) 0.002 8.472 (2.130-33.698) 0.002
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recurrence [14]. Kim et al. reported that overex-
pression of livin in neuroblastoma patients with 
amplified Myc expression had shorter median 
survival time [27]. However, studies in patients 
with lung cancer, colon cancer, nasopharyngeal 
cancer and metastatic melanoma did not show 
correlation between clinical prognosis and livin 
expression [28-31]. The clinical significance of 
livin expression is still controversial in different 
types of malignancies. Currently, the clinical-
pathological role of livin in cervical cancer has 
not been investigated. In the current study, we 
found that livin expression was associated with 
lymph node metastasis of cervical cancer, and 
that livin expression was not correlated with 
the clinical prognosis of cervical cancer 
patients. The results implied that the prognos-
tic role of livin may be tissue specific and 
diverse in different tissues.

Importantly, we analyzed the correlation of sur-
vivin/livin coexpression with the clinical out-
comes and pathological characteristics. Pati- 
ents with high survivin/livin coexpression had 
shorter overall survival and disease-free sur-
vival time than those with low or no survivin/
livin coexpression. Besides, survivin/livin coex-
pression was correlated with both tumor size 
and lymph node metastasis. Multivariate analy-
sis showed that only survivin/livin coexpression 
was an independent prognostic factor for 
patients with cervical cancer. This is the first 
study demonstrating the prognostic role of IAPs 
coexpression in cervical cancer. 

In conclusion, livin and survivin are closely 
related to the prognosis and development of 
cervical cancer and are expected to become 
new targets for the treatment of cervical 
cancer. 

lesions, survivn expression appeared to be 
more closely related to the progression of cervi-
cal intraepithelial neoplasia and invasive squa-
mous cervical carcinoma [19]. Moreover, ele-
vated survivin expression was observed and 
was associated with poor clinical prognosis in 
human cancers, such as breast cancer, colon 
cancer, colon cancer and urothelial carcinomas 
[20, 21]. Recent studies also demonstrated 
that survivn expression was associated with 
lymph node metastasis and poor prognosis in 
patients with cervical cancer [22, 23]. In this 
study, we found that patients with high expres-
sion of survivin had poorer clinical outcomes 
than those with low survivin expression. Similar 
finding were observed by Cao et al. and Liu et 
al. [22, 24]. Our follow-up time was longer than 
the that in their studies, indicating that survivin 
was a long term prognostic marker in cervical 
cancer. Expression of survivin was correlated 
with FIGO stage, which is consistent with previ-
ous studies [22], further indicating that survivin 
expression was associated with cervical cancer 
progression.

Livin is encoded by BIRC7 gene, which located 
on chromosome 20q13.3. Dysregulation of 
livin expression lead to the escape of tumor 
cells from surveillance, and thus the inhibition 
of cancer cell apoptosis. Livin can activate MAP 
kinase JAK1 and JAK2, with strong activating 
function to against tumor necrosis factor α 
(TNF-α) and ICE-mediated cell apoptosis [25]. 
Another function of livin is to degrade the piv-
otal apoptotic regulator Smac/DIABLO through 
the ubiquitin-proteasome pathway [26]. Studies 
showing livin were associated with the develop-
ment and clinical outcome of several malignan-
cies. Gazzaniga et al. demonstrated that livin 
might be involved in the progression of bladder 
cancer and could be used as a marker of early 

Table 4. Multivariate analysis of overall survival (OS) and disease-free survival (DFS)

Prognostic variables
OS DFS

Hazard ratio (95% CI) P Hazard ratio (95% CI) P 
Age (>40 vs ≤40) 0.531 (0.138-2.046) 0.358 0.584 (0.157-2.178) 0.423
FIGO Stage (>Ib1 vs Ib1) 3.247 (0.598-17.632) 0.173 3.101 (0.589-16.312) 0.182
Differentiation (Grade 3 vs 1/2) 0.290 (0.075-1.122) 0.073 0.286 (0.074-1.107) 0.070
Timor Size (>4 vs ≤4 cm) 0.292 (0.063-1.342) 0.114 0.336 (0.074-1.523) 0.157
LN metastasis (+ vs -) 2.929 (0.682-12.583) 0.148 3.125 (0.678-14.408) 0.144
Survivin (high vs low) 2.648 (0.222-31.596) 0.442 3.517 (0.227-44.622) 0.332
Livin (high vs low) 0.118 (0.006-2.181) 0.151 0.225 (0.015-3.474) 0.285
Survivin/livin (high vs not high) 9.195 (2.326-36.345) 0.002 8.757 (2.207-34.746) 0.002
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