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Expression of livin, survivin and caspase-3 in prostatic
cancer and their clinical significance

Junfei Gu’, Lixin Ren”, Xiaolu Wang, Changbao Qu, Yong Zhang

Department of Urology, The Second Hospital of Hebei Medical University, Shijiazhuang 050000, Hebei, China.
“Equal contributors.

Received August 31, 2015; Accepted October 19, 2015; Epub November 1, 2015; Published November 15, 2015

Abstract: To explore the expressions level of Livin, Survivin and Caspase-3 in prostatic cancer and the relationship
among the 3 proteins and the clinicopathological features as well as the correlation among them. Totally, 43 paraf-
fin-embedded prostate cancer tissues obtained from patients who were performed with rectal prostate biopsy or ex-
cision and 17 paraffin-embedded prostatic hyperplasia tissues were collected. All the specimens were confirmed by
pathology. Immunohistochemistry SP method was used to detect the expressions of Livin, Survivin and Caspase-3
in prostatic cancer compared to hyperplasia tissues. The positive expression rates of both Livin and Survivin in pros-
tatic cancer tissue were higher than those in prostatic hyperplasia tissue (93.02% vs. 64.70%, P < 0.05; 83.72%
vs. 35.29%, P < 0.01). However, the positive expression rate of Caspase-3 in prostatic cancer tissue was obviously
lower than that in prostatic hyperplasia tissue (25.58% vs. 58.82%, P < 0.01). Both Livin and Survivin expressions
in prostatic cancer tissue were related to pathological grading (Gleason scores) (X2 = 14.000, P = 0.001), but not
related to preoperative PSA, clinical stages and distant metastasis (P > 0.05). Capsase-3 expression in prostatic
cancer tissue was related to pathological grading (Gleason scores) (X? = 14.000, P = 0.001) and clinical stages (X* =
4.896, P =0.027), but not related to preoperative PSA and distant metastasis (P > 0.05). In prostatic cancer tissue,
Livin expression had no correlation with Survivin expression (r = 0.127, P = 0.419 > 0.05), but negatively correlated
with Caspase-3 expression (r = -0.497, P = 0.001). Survivin expression was negatively correlated with Caspase-3
expression (r =-0.354, P = 0.020). Livin, Survivin and Caspase-3 are closely related to the occurrence and devel-
opment of prostatic cancer and which are expected to become new targets for diagnosis and treatment in future.
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Introduction to a certain extent which leads to suppression

of the urethra, and the abnormal urination. For

Prostatic cancer is a disease of serious impact-
ing the life equality of the elderly and ranks the
second of case fatality rate in males in Europe
and the United States, even all over the world,
second only to lung cancer [1, 2]. In recent
years, with the changes of environment, high
fat diet and population aging, the morbidity of
prostatic cancer is increasing year by year in
China and ranks the third of male urogenital
system tumors, which is gradually close to the
European and American. A study in the United
State shows that the morbidity of prostatic can-
cer is 12%~46%, which is found in a study of
general autopsy of the male elderly over 50
years old that the morbidity has been increas-
ing with the patients get older. Patients with
prostatic cancer have no obvious symptoms in
early stage, but when cancer tissue increases

example, dysuria and hematuresis occur in a
small number of patients, while the distant
metastasis such as mostly bone metastasis is
found in a large number of patients. It is in
advanced stage that patients feel lower back
pain, which with poor therapeutic effect and
unfavorable prognosis.

Apoptosis regulatory proteins are playing impor-
tant role in the occurrence and development of
tumors. At present, it is believed that gene
directly control the occurrence and develop-
ment of tumor cell apoptosis and other gene
expressions. Through signal transduction, gene
products activation is influenced by extracellu-
lar factors and indirectly regulates cell apopto-
sis finally. Cell apoptosis is regulated by cyste-
inyl aspartate-specific proyease, caspases.
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Inhibitory of apoptosis proteins (IAPs) family is
presently the only endogenous Caspases inhib-
itory factors which can directly inhibit end
effectors including Caspases-3 and Caspases
-7. The family consists of 8 members, namely,
HIAP-1, HIAP-2, NIAP, XIAP, ILP-2, Bruce, Survivin
and Livin [3, 4]. Liven is often over-expression
in some malignant tumors tissues and makes
cell apoptosis being restrained, so it is closely
related to the occurrence of malignant tumors
[5]. Survivin has function of antiapoptosis,
which can regulate cell cycle and participate in
angiogenesis. Survivin is seldom expression in
normal differentiated mature tissues except
from thymus gland and gonad, but is highly
expressed in most malignant tumors, so it can
be regarded as tumor associated factors.

Prostatic cancer belongs to a genetic disease.
At present, studies on the regulatory methods
and new targets for it were to explore in gene
level at home and abroad. Therefore, in this
study, Immunohistochemical staining method
was used to detect the expressions of Livin,
Survivin and Caspase-3 and explore the rela-
tionship among the 3 proteins, furthermore,
the clinicopathological features and the corre-
lation between Livin and Survivin, Livin and
Caspase-3, Survivin and Caspase-3 were also
investigated. In hoping to provide the optimal
markers for the diagnosis and prognosis of
prostatic cancer and the scientific experimen-
tal basis were applied for the effective targets
in the treatment of prostatic cancer.

Materials and methods

Specimens collection

Totally 43 paraffin-embedded prostate cancer
specimens obtaining from patients performed
with rectal prostate biopsy or excision were col-
lected from the Second Hospital of Hebei
Medical University from Jan., 2013 to Sept,
2014. All specimens were confirmed by histo-
pathology and have complete clinical and path-
ological data. All patients were not treated with
radiotherapy, chemotherapy and endocrino-
therapy. Patients aged 55 to 81years old, with a
mean age of 72.6 years. The average volume of
prostate was 51.24 cm3. The average value of
prostate-specific antigen (PSA) was 20.55 ng/
mL, including 4 cases with PSA < 4 ng/mL, 16
with 4~10 ng/mL and 19 with PSA > 10 ng/mL.
Pathological grading was judged by Gleason
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points-scoring system, including 4 cases in G1
(Gleason 2~4 points, well differentiated), 10
cases in G2 (Gleason 5~6 points, medium dif-
ferentiated), 29 cases in G3 (Gleason 7~10
points, poorly differentiated or undifferentiat-
ed). According to TNM staging system of
American Joint Committee on Cancer (AJCC) in
2002, there were 2 cases in stage |, 17 cases
in stage I, 12 cases in stage lll and 12 cases in
stage IV.

A total of 17 paraffin-embedded prostatic
hyperplasia specimens obtaining from patients
performed with excision and confirmed by
pathology were selected as control. Patients
aged 52 to 81 years old with the mean age of
71.9 years. The average volume of prostate
was 59.06 cm?® and the average value of PSA
was 4.59 ng/mL.

Key reagents

Rabbit anti-human Livin polyclonal (aa264-
280) antibody and rabbit anti-human Caspase-
3 polyclonal antibody were purchased from
Beijing Bo Orson Biological Technology Co., LTD
and Santa Cruz Biotechnology, Inc. Rabbit anti-
human Survivin polyclonal antibody, SP kit and
DAB chromogenic reagent kit were bought from
Wuhan Boster Biological Technology, Ltd.

Immunohistochemistry

All specimens were fixed by 10% formal in and
the paraffin-embedded tissue sections (4 ym
thick) were stained with rabbit anti-human Livin
polyclonal antibody, rabbit anti-human Cas-
pase-3 polyclonal antibody and rabbit anti-
human Survivin polyclonal antibody respective-
ly, which were incubated overnight after being
deparaffinized in xylene and rehydrated in etha-
nol at 50°C. To perform heat-induced antigen
retrieval, the sections were placed in 10 mM
citrate buffer (pH 6.0) and heated to a boil.
Endogenous peroxidase function was quenched
using peroxidase blocking solution and the sec-
tions were incubated with rabbit anti-Human
Livin polyclonal antibody (1:100), rabbit anti-
human Caspase-3 polyclonal antibody (1:100)
and rabbit anti-human Survivin polyclonal anti-
body (1:100), overnight at 4°C. After PBS wash-
ing, the sections were incubated with streptavi-
din horse radish peroxide (SA-HRP)-conjugated
goat anti rabbit secondary antibodies for 30
min and treated with DAB chromogen substrate
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Figure 1. Positive expression of livin in prostatic can-
cer tissue (x400).

Figure 3. Positive expression of survivin in prostatic
cancer tissue (x400).

Figure 2. Positive expression of livin in prostatic hy-
perplasia tissue (x400).

buffer for time periods determined by the
response of antigen with antibody. The sec-
tions were counterstained with hematoxylin for
4-5 min, washed, dehydrated in ethanol and
xylene and then mounted on slides.

Evaluation criterion

Double blind was used for reading sections by
two pathologists. Cells in which Livin, Survivin
and Caspase-3 showed yellow-brown in cyto-
plasm or cell nucleus were considered to be
positive. Staining intensity and number of posi-
tive cells were used to conduct semi-quantita-
tive analysis. The expression was graded
according to following staining intensity scores:
0 (no expression), 1+ (weak), 2+ (moderate) and
3+ (strong) scores stand for colorless, light yel-
low, clay bank and brown, respectively; and per-
centage of positive stained tumor cells: O <
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Figure 4. Positive expression of survivin in prostatic
hyperplasia tissue (x400).

10%, 1 (10%~50%), 2 (51%-75%), 3 (> 75%).
Five visual fields in each slice were selected
and the proportion of positive cells in 100 cells
under microscope (x400) was deemed as the
percentage of positive cells. The product of
integral of staining intensity and positive cells
proportion was used for evaluating the positive
degree: 0~1, 2~4, 5~8 and 9~12 points refers
to negative (-), weak positive (+), positive (++)
and strong positive (+++).

Statistical data analysis

SPSS15.0 software package was applied for
data analysis. Comparison of sample rate was
analyzed by chi-square test. Correlation
between Livin and Survivin, Livin and
Caspase-3, Survivin and Caspase-3 was ana-
lyzed by Spearman rank correlation. A value of
P < 0.05 was considered to be statistically
significant.
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Figure 5. Positive expression of caspase-3 in pros-
tatic cancer tissue (x400).

Results

Expressions of livin, survivin and caspase-3
in prostatic hyperplasia and prostatic cancer
tissues

The positive expression rates of Livin, Survivin
and Caspase-3 in prostatic cancer and pros-
tatic hyperplasia tissues were 93.02% (40/43)
and 64.70% (11/17); 83.72% (36/43) and
35.29% (6/17), respectively, the both differ-
ences were significant (P < 0.05 and P < 0.01).
The positive expression rate of Caspase-3 in
prostatic cancer tissue was 25.58% (10/43),
which obviously lower than that [58.82%
(10/17)] in prostatic hyperplasia tissue (P <
0.01).

Positive staining of Livin, Survivin and
Caspase-3 presented yellow-brown color. Livin,
Survivin  and Caspase-3 were positively
expressed in cytoplasm and nucleus (Figures
1-6).

Relationship among livin, survivin, caspase-3
expressions and clinicopathological features
of prostatic cancer

The expression of both Livin and Survivin in
prostatic cancer tissue was related to patho-
logical grading (Gleason scores) (X2 = 14.000,
P=10.001), but not related to preoperative PSA,
clinical stages and distant metastasis is (P >
0.05). Capsase-3 expression in prostatic can-
cer tissue was related to pathological grading
(Gleason scores) (X? = 14.000, P = 0.001) and
clinical stages (X2 = 4.896, P = 0.027), but not
related to preoperative PSA and whether dis-
tant metastasis is or not (P > 0.05, Table 1).
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Figure 6. Positive expression of caspase-3 in pros-
tatic hyperplasia tissue (x400).

Pairwise comparison between livin and sur-
vivin, livin and caspase-3, survivin and cas-
pase-3 in prostatic cancer

In prostatic cancer tissue, Livin expression had
no correlation with Survivin expression (r =
0.127, P = 0.419 > 0.05), but negatively corre-
lated with Caspase-3 expression (r = -0.497, P
= 0.001). Survivin expression was negatively
correlated with Caspase-3 expression (r =
-0.354, P = 0.020).

Discussion

It is believed that the occurrence and develop-
ment of tumors are molecular events, which are
involving in multi-stage process at the multi-
gene and multi-molecular levels. The occur-
rence of tumors, on one hand, is caused by the
indefinite cell proliferation which is due to the
disorder of cell cycle and out of control in cell
division, on the other hand, it is the result of
inadequate apoptosis. When the induction of
cell apoptosis happens, apoptotic genes are
activated by signal transduction pathway, which
leading to programmed cell death. Once the
apoptotic process is suppressed, cells of gene
mutation survive and proliferate, which thus
result in tumor genesis. In recent years, IAPs,
as a kind of important anti-apoptosis factor,
increasingly catch the attention of the scholars
and researchers. |IAPs family is a kind of highly
conservative anti-apoptotic adjustment fac-
tors, with amino terminal containing baculovi-
rus IAP repeat (BIR) domain which consists of
one or up to three highly conservative amino
acid residues. IAPs play a role of anti-apoptosis
by directly and indirectly inhibiting members of
caspases family [6, 7].
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Table 1. Relationship among livin, survivin, caspase-3 expressions and clinicopathological features [n

(%)]
Livin Survivin Caspase-3
" Positive Negative Positive  Negative P Positive  Negative P
PSA
<4 ng/mL 8(18.60) 8(100.00) 0 (0.00) 0.536 7 (87.50) 1(12.50) 0.477 1(12.50) 7(87.50) 0.317
4~10 ng/mL 16 (37.21) 14 (87.50) 2 (12.50) 12 (75.00) 4 (25.00) 5(31.25) 11(68.75)
> 10 ng/mL 19 (44.19)  18(94.74) 1(5.26) 17 (89.47) 2(10.53) 4(21.05) 15 (78.95)
Clinical staging
[+11 19 (44.19) 18 (94.74) 1(2.33) 1.000 15(78.95) 4(21.05) 0.451 7(36.84) 12(63.16) 0.027
H+1V 24 (55.81) 22 (91.67) 2(8.33) 21 (87.50) 3(12.50) 3(12.5) 21 (87.50)
Pathological grading
G1(2~4) 4(9.30) 4 (100.00) 0(0.00) 0.001 4(100.00) 0(0.00) 0.001 0(0.00) 4 (100.00) 0.001
G2 (5~6) 10 (23.26) 9 (90.00) 1 (10.00) 9(90.00) 1 (10.00) 4(40.00) 6 (60.00)
G3 (7~10) 29 (67.44) 27 (93.10) 2(6.90) 23(79.31) 6(20.69) 6(20.69) 23(79.31)
Distant metastasis
Yes 13 (30.23) 13 (100.00) 0 (0.00) 0.237 11(84.62) 2(15.38) 0.917 3(23.08) 10(76.92) 0.985
No 30 (69.77) 27 (90.00) 3(10.00) 25(83.33) 5(16.67) 7(23.33) 23(76.67)

Livin gene is located on chromosome 20q13.3,
with the length of 4.6 kb and includes 7 exons
and 6 intron. At present, relevant studies were
found in the following anti-apoptosis pathways
of Livin: (1) It bindings to Caspase-3, Caspase-7
and Caspase-9 directly/indirectly by regulating
Caspase signal pathway to inhibit the apoptosis
[8]; (2) The activation of TAK1/JNK1 signal
transduction pathway inhibits the apoptosis
[9]; (3) The interaction of Livin with Smac/
DLABLO regulates apoptosis [10]. Livin is not
expressed or low expressed in most of terminal
differentiated tissues of normal adults, but
highly specific overly expressed in certain
malignant tumors, such as esophageal cancer,
gastric cancer, liver cancer, intestinal cancer,
prostatic cancer, bladder cancer, renal carci-
noma, lymphadenoma, neuroblastoma and leu-
kemia [11-17]. Survivin was firstly separated in
hybridization of effector cell protease recep-
tor-1 (EPR-1) cDNA in human genome by
Ambrosini G et al in 1997. Survivin gene is
located on chromosome 20q13.3, which con-
tains 4 exons and 3 introns and a BIR domain
without RING. Survivin plays a role of apoptosis
by directly and indirectly binding to Caspase-3
and Caspase-7, and participates in regulating
effect of cell proliferation, division and cycle
and angiogenesis effect. Survivin is expressed
during embryonic development, but not in ter-
minal differentiated tissues. However, it is high-
ly expressed in most transformed cells and
human tumors. Another study was found that
Caspase-3 showed a trend of decrease gradu-
ally in non-hyperplasia tissue, adenoma and
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cancer tissues, which indicated that the abnor-
mal expression of Caspase-3 was closely asso-
ciated with the occurrence and development of
tumors [18].

In this study, the positive expression rate of
Livin in prostatic cancer and prostatic hyperpla-
sia tissues was 93.02% (40/43) and 64.70%
(11/47), respectively, and the difference
between them was significant. The positive
expression rate of Survivin in prostatic cancer
and prostatic hyperplasia tissues was 83.72%
(36/43) and 35.29% (6/17), respectively, and
there was significant difference between them.
The positive expression rate of Caspase-3 in
prostatic cancer tissue was 25.58% (10/43),
obviously lower than that 58.82% (10/17) in
prostatic hyperplasia tissue. Moreover, Livin
expression had no correlation with Survivin
expression, but negatively correlated with
Caspase-3 expression. Survivin expression
was negatively correlated with Caspase-3
expression. Those results indicate that Livin
and Survivin which are highly expressed in
prostatic cancer tissue play an important role
in tumorgenesis of prostatic cancer probably by
inhibition of apoptosis. Moreover, low-expresse-
Caspase-3 in prostatic cancer may inhibit
apoptosis and promote the tumorgenesis and
development of prostatic cancer.

Livin and Survivin belong to the members of
IAPs family and they are resistant to apoptosis
by directly acting on Caspase-3 and Capspase-7.
However, they are not completely the same in
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such function. Whether the mechanisms of
both are correlated, it is still unclear. Livin and
surviving are highly expressed in prostatic can-
cer, more obviously than those in prostatic
hyperplasia, which indicates there may be a dif-
ferent mechanism for roles of Livin and Survivin
in tumorgenesis and development of prostatic
cancer. In conclusion, Livin, Survivin and
Caspase-3 are closely related to the occur-
rence and development of prostatic cancer and
are expected to become new targets for diag-
nosis and treatment of prostatic cancer.
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