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Abstract Cox-2, Survivin and Bcl-2 are frequently over-
expressed in numerous types of cancers. They are known to
be the important regulators of apoptosis. This study was
designed to investigate the correlation between the clinical
characteristics and the expression of Cox-2, Survivin and
Bcl-2 in hepatocellular carcinoma. A total of 63 postoper-
ative hepatocellular carcinoma (HCC) samples, 10 adjacent
non-tumor samples and 10 normal liver samples were
immunochemically detected for the expression of Cox-2,
Survivin and Bcl-2. A median follow-up of 4 years for the
63 HCC patients was conducted. Univariate tests and mul-
tivariate Cox regression were performed for statistical
analysis. The Kaplan—-Meier method was used to analyze the
survival. Positive expression of Cox-2 (84.3%) and Survivin
(77.8%) was detected significantly more frequently in the
HCC samples than in the normal liver tissues (30% and O,
respectively). Bcl-2 was highly expressed in the adjacent
non-tumor tissue. Cox-2 was positively correlative to Sur-
vivin. Survivin and Bcl-2 were significantly associated with
the pathological grade of HCC (P < 0.05). Expression of
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both Cox-2 and Survivin was significantly associated with
the poor overall survival (OS) (P = 0.0141, P = 0.0039).
Furthermore, multivariate analysis confirmed the indepen-
dent prognostic value of Survivin expression, along with
tumor size and hepatic function. Cox-2 and Survivin were
highly expressed in the HCC tissue. Survivin and Bcl-2 were
significantly associated with the pathological grade of HCC.
The expression of Survivin was an independent prognostic
factor for HCC after a hepatectomy. Treatment that inhibits
Survivin may be a promising targeted approach in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignant tumors with the 5th incidence and 3rd
mortality among all malignant tumors [1]. About 306,000
new HCC patients and 300,000 deaths occur in China every
year [2]. Although surgical resection and liver transplan-
tation are the most important methods for earlier period
HCC, the recurrent rates may be about 50% at 2 years after
hepatectomy [3]. HCC is not sensitive to traditional che-
motherapeutic agents, the advances in the treatment of
advanced HCC is targeted therapies in recent years [4, 5].
There is a need for a better understanding of the biology of
HCC, the identification of potential prognostic factors and
clinically relevant molecular targets for therapy.

Cox-2 is the central enzyme in the biosynthetic path-
way to prost-aglandins (PGs) from arachidonic acid (AA).
It is composed when the cell is stimulated, and it takes
part in many pathophysiologic processes, such as carcino-
genesis and inflammation [6]. Cox-2 can participate in
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carcinogenesis by inhibiting cell apoptosis, facilitating
angiopoiesis and profiting tumors invasion or metastasis.
During recent years, more and more studies found that
Cox-2 overexpression is inversely correlated with the
prognosis of several cancers such as ampullary, gastric,
lung, cervical and ovarian cancers [7—11]. Survivin inclu-
ded in the family of inhibitor of apoptosis proteins (IAPs)
is strongly associated with apoptosis, cell proliferation and
cell cycle control. Survivin plays a crucial role in the
genesis and progression of malignancy, and it is an
important prognostic parameter in tumors [12—16]. Bcl-2 is
a proto-oncogene. Bcl-2 protein blocks the apoptotic pro-
cess by inhibiting the release of cytochrome C from
mitochondria and blocking the destruction of cell by oxi-
dation. Overexpression of Bcl-2 was found in some kinds
of tumors [17]. Some studies reported that high expression
of Bcl-2 suggests a better prognosis of some solid tumors
such as breast cancer and colon cancer [18, 19]. Several
authors already reported a relationship between Cox-2 and
Survivin in some kinds of malignant lesions such as
ovarian, breast and non-small cell lung cancer [20-22], and
another relationship between Survivin and Bcl-2 in stom-
ach cancer, cervical cancer [23, 24]. In human colon cancer
cell, PGE2 inhibited apoptosis and induced Bcl-2 expres-
sion [25] and NS398 (inhibitor of Cox-2) down-regulated
Bcl-2 expression in vitro [26].

Above all, Cox-2, Survivin and Bcl-2 are important
regulators of apoptosis. They were reported to be expressed
in many types of cancers. But the studies that investigate
the clinical value of these factors in HCC have not been
reported. The purpose of our study was to investigate the
impact of Cox-2, Survivin and Bcl-2 expression on clinical
characteristics and prognosis in HCC. Moreover, the
interrelationship among these three factors was initially
evaluated.

Methods
Patients and clinical-pathological data

This study was based on the analysis of 63 postoperative
HCC samples at the Department of General Surgery, West
China Hospital, Sichuan University from July 2000 to July
2003. A total of 62 patients were male, and one patient was
female. Age ranged from 32 to 78 (mean age 52). None of
these patients received any treatment before surgery. Ten
normal liver samples of operated patients with hepatic injury
or hemangiomas were collected as control. These HCC
patients were staged according to UICC 5th edition: 2 stage
I, 43 stage II, 15 stage III, 3 stage IV. Tumors were patho-
logically graded according to the criteria described by
Edmondson-Steiner: well-differentiated HCC group (grades

I + II) 21 samples, poorly differentiated HCC group (grades
IIT 4 IV) 42 samples. Other clinical-pathological charac-
teristics such as tumor size, tumor numbers, capsule, hepatic
cirrhosis, AFP, vaso-invasion, hepatic function (Child-Pugh
grade) and HBsAg were involved. These patients were fol-
lowed up for 4 years or death.

Immunohistochemistry assay

All specimens were routinely fixed by formalin (10%),
paraffin embedded and sectioned (4 um). The sections
were baked at 56°C for one night, dewaxed in xylene two
times and hydrated by passage through a graded series of
ethanols (100, 95 and 85%), then washed with distilled
water. After antigen retrieval by pressure cooking, sections
were washed with phosphate-buffered saline (PBS) three
times for total 15 min. Endogenous peroxidase activity was
blocked with 3% hydrogen peroxide (20 min). Then, the
sections were washed with PBS. These sections were,
respectively, covered with rabbit anti-Survivin polyclonal
antibody (1:50 dilution, Beijing Zhong Shan-Golden
Bridge Biological Technology CO, LTD, China), mice
anti-Cox-2 monoclonal antibody (DakoCytomation) and
mice anti-Bcl-2 monoclonal antibody (DakoCytomation)
for 60 min and stayed overnight in 4°C. After washing with
PBS, the sections were stained with a diaminobenzidine
liquid and were incubated for 30 min counterstained with
hematoxylin and mounted. The primary antibody was
replaced by PBS for negative control.

Intensity and percentage of positive cells were used to
evaluate each tissue section. The mean percentage of
positive tumor cells in five strongly staining areas at x400
magnification was determined. Positive cell rates of
6-25%, 26-50%, 51-75% and >75%, respectively, scored
1, 2, 3 and 4. The staining intensity was graded as follows:
no staining (score 0); pale yellow staining (score 1); buffy
staining (score 2); and strongly brown staining (score 3).
The scores for the above parameters were summed for each
section; a score of <3 as low expression, and >3 as high
expression.

Statistics

Statistical analyses were all performed using SPSS 11.5
software. The difference of Cox-2, Survivin or Bcl-2
expression in HCC, adjacent non-tumor and normal liver
tissue was assessed using Kruskal-Wallis test. To test for
difference between positive and negative of Cox-2, Survivin
and Bcl-2 expression scores, the chi-square analysis was
performed for categorical variables. Various typical factors
were considered for univariate analysis. The impact of Cox-
2, Survivin and Bcl-2 expression on survival was assessed
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with the Kaplan—-Meier method and compared by the
log-rank test. Multivariate survival analysis conducted with
a forward stepwise application of Cox regression was used.
Spearman correlation from ranks was used to analyze the
interaction among Cox-2, Survivin and Bcl-2. The results
were defined as P < 0.05 for statistical significance.

Results
Cox-2, Survivin and Bcl-2 expression

Cox-2 staining was detectable in the cytoplasm of cells
(Fig. 1). Of the samples, 52/63 (84.3%) HCC, 8/10 (80%)
adjacent non-tumor samples and 3/10 (30%) normal liver
samples were positive for Cox-2 staining. There was no
statistical difference between HCC and adjacent non-tumor
samples (P > 0.05). The expression of Cox-2 in normal
liver samples was the lowest (P < 0.05).

The immunostaining for Survivin was detected in the
cytoplasm (Fig. 2). Of the samples, 49/63 (78%) HCC,
2/10 (20%) adjacent non-tumor samples and O normal

liver samples were positive for Survivin staining. The
expression of Survivin in HCC was the highest (P < 0.05).
There was no statistical difference between normal liver
and adjacent non-tumor samples (P > 0.05).

Bcl-2 was weakly stained in the cytoplasm of 13/63
(20%) HCC samples and 1/10(10%) normal liver samples
(P > 0.05). And 6/10 (60%) expression in adjacent non-
tumor samples was higher than that in HCC or normal liver
samples (P < 0.05) (Fig. 3).

Interrelationship among Cox-2, Survivin and Bcl-2
expression

In Cox-2-positive group, 46/52 (88%) showed Survivin-
positive expression. While in Cox-2-negative group, 9/11
(82%) samples were detected of Survivin negative. Cox-2
expression showed strong significant correlation with
Survivin (r = 0.659, P < 0.001). No association was
observed between Cox-2 expression and Bcl-2 expression
(r =0.028, P = 0.828), nor was found between Survivin
expression and Bcl-2 expression (r = 0.084, P = 0.513)
by Spearman Rank Correlation test.

Fig. 2 Immunohistochemical cytoplasmic staining of Survivin in HCC (a) and in adjacent non-tumor sample (b)

@ Springer



Med Oncol (2011) 28:796-803

799

'B

Fig. 3 Immunohistochemical cytoplasmic staining of Bcl-2 in HCC (a) and adjacent non-tumor sample (b)

Cox-2, Survivin, Bcl-2 and clinical characteristics
of HCC

In univariate analysis, none of Cox-2, Survivin and Bcl-2
expression was associated with the following clinical
parameters: age, gender, tumor size, tumor numbers, cap-
sule, hepatic cirrhosis, hepatic function, HBsAg AFP, vaso-
invasion age, TNM stage (P > 0.05) (Table 1). Survivin
expression in poorly differentiated HCC samples was
higher than that in well-differentiated samples (P < 0.001).
Bcl-2 expression in poorly differentiated HCC samples was
lower than that in well-differentiated samples (P = 0.002).
Cox-2 expression in HCC had no association with patho-
logical grade (P > 0.05).

Survival analysis
Univariate prognostic analyses

With a total follow-up of 48 months, 22 of the 63 assess-
able HCC patients were still alive, and 41 patients were
known to have died. The 4-year survival rate for all
patients was 34.83%. Analysis of the impact of negative or
positive Cox-2 expression composite score on OS is shown
in Fig. 4. The 1- and 4-year survival rates were 96.4 and
81.4%, respectively, in HCC patients with Cox-2-negative
expression and 71.2 and 31.4% in patients with Cox-2-
positive expression. Patients with Cox-2-positive expres-
sion had poorer prognosis than that with Cox-2-negative
expression (log-rank: 5> = 6.02, P = 0.0141). The 1- and
4-year survival rates of patients with Survivin negative
were 96.3 and 78.6%, respectively, significantly higher
than that of the patients who were Survivin positive (69.4
and 29.1%) (P = 0.0039) (Fig. 5). The survival of patients
with Bcl-2 negative and positive expression was showed in
Fig. 6. The difference had no statistical significance
(P = 0.8909).

Multivariate analysis of survival

According to our multivariate analysis (Cox regression),
using all clinical-pathological characteristics except gen-
der (1/63 was female), Cox-2, Survivin and Bcl-2. Survivin
expression (P = 0.000) remained significantly associated
with OS (RR = 7.967, 95% confidence interval, 2.806—
22.616). Multivariate analysis identified that Survivin was
a statistically significant independent prognostic factor for
HCC patients after a hepatectomy along with tumor size
(P = 0.003) and hepatic function (P = 0.002) (Table 2).

Discussion

The present study referred to three molecular markers
(Cox-2, Survivin and Bcl-2) correlative to inhibition of the
cell apoptosis and found that Cox-2 and Survivin expres-
sion were significantly associated with each other and
implied poor prognosis in patients with HCC after hepa-
tectomy. Moreover, in multivariate analysis, overexpres-
sion of Survivin was an independent prognostic factor for
OS of HCC.

Our study shows 84.3% of HCC, 80% of adjacent non-
tumor samples and 30% of normal liver samples were
positive for Cox-2 staining that is consistent with previous
findings [27]. The expression of Cox-2 in different age,
tumor size, tumor numbers, capsule, hepatic cirrhosis,
hepatic function, HBsAg, AFP, vaso-invasion age, TNM
stage and differentiation had no difference (P > 0.05).
Cox-2 expression is generally higher in well-differentiated
HCC compared with poorly differentiated HCC [28, 29].
This difference with our data may be because of our small
sample size or the different cause of HCC. In China, HBV
is the main cause of HCC, and Cox-2 takes part in many
pathophysiologic processes, such as inflammation [6].
Increased expression of Cox-2 in noncancerous liver tissue
was significantly associated with shorter disease-free
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Table 1 Association of Cox-2, Survivin and Bcl-2 expression with clinical-pathological characteristics of HCC

Parameter No. of patients Cox-2 Survivin Bcl-2
No. of positive P value No. of positive P value No. of positive P value

Age
<52 28 24(86%) 0.892 22(79%) 0.892 5(18%) 0.600
>52 35 28(80%) 27(77%) 8(23%)

Sex
Male 62 51(82%) 0.643 48(77%) 0.590 13(21%) 0.607
Female 1 1(100%) 1(100%) 0

Tumor number
Single 50 41(82%) 0.825 38(76%) 0.506 11(22%) 0.506
Multitude 13 11(85%) 11(85%) 2(15%)

Tumor size
<5cm 25 21(84%) 0.804 22(88%) 0.113 4(16%) 0.461
>5 cm 38 31(82%) 27(71%) 9(24%)

Capsule
No 34 30(88%) 0.197 28(82%) 0.344 7(21%) 0.992
Yes 29 22(76%) 21(72%) 6(21%)

Cirrhosis
No 29 24(83%) 0.966 23(79%) 0.787 8(28%) 0.208
Yes 34 28(82%) 26(76%) 5(15%)

AFP
<400 ng/ml 39 32(82%) 0.896 31(79%) 0.677 8(21%) 0.976
>400 ng/ml 24 20(83%) 18(75%) 5(21%)

HBsAg
Negative 17 14(82%) 0.981 13(76%) 0.879 2(12%) 0.290
Positive 46 38(83%) 36(78%) 11(24%)

Pathological grade
Poor 42 38(90%) 0.051 40(95%) <0.001 4(10%) 0.002
Well 21 15(71%) 9(43%) 9(43%)

Hepatic function
Grade A 51 42(82%) 0.136 42(82%) 0.072 11(22%) 0.706
Grade B 12 10(83%) 7(58%) 2(17%)

Vaso-invasion
Negative 54 43(80%) 0.136 41(76%) 0.386 11(20%) 0.899
Positive 9 9(100%) 8(89%) 2(22%)

Tumor stage
I+ 10 45 35(78%) 0.115 33(73%) 0.180 10(22%) 0.623
I + 1V 18 17(94%) 16(89%) 3(17%)

survival in patients with HCC [30]. This result suggests
that Cox-2 expression reflects more aggressive clinical
behavior in HCC. High recurrence rate after curative
treatment might be the reason for poor prognosis. Our
results show that the 4-year OS of patients with negative
and positive Cox-2 expression was 81.4 and 31.4%,
respectively. Patients with positive Cox-2 HCC had a sta-
tistically significant poorer prognosis in comparison with
patients with negative Cox-2 HCC (log-rank: y* = 6.02,
P = 0.0141). Similar association of Cox-2 overexpression

@ Springer

with poor prognosis has been reported in hepatocarcinoma
[31] and other malignances [7—11]. In multivariate analysis
of Cox model, Cox-2 expression had no statistically sig-
nificant association with prognosis. This different finding
about Cox-2 in univariate and multivariate analysis should
logically encourage us to continue our investigations and
enlarge sample size. But in a recent study, KJ Schmitz et al.
reported Cox-2 overexpression was a feature of early and
well-differentiated hepatocellular carcinoma with a favor-
able prognosis [32]. This article included 196 HCC patients
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Fig. 4 Kaplan—Meier regression analysis showing that patients with
Cox-2-positive expression had significantly shorter survival time than
those with negative expression
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Fig. 5 Kaplan—Meier regression analysis showing that patients with
Survivin-positive expression had significantly shorter survival time
than those with negative expression
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Fig. 6 Kaplan—Meier regression analysis showing that patients with
Bcl-2 expression had no association with survival time of HCC

Table 2 Multivariable analysis for overall survival and final model

Parameter P value Hazard ratio 95% CI
Tumor size >5 cm 0.003 2.880 1.437-5.776
Hepatic function grade B 0.002 3.678 1.639-8.253
Survivin positive 0.000 7.967 2.806-22.616

treated by operation or liver transplantation who were
mostly early-stage patients. So a further study with enough
samples and subset analysis is needed to identify Cox-2
contribution to different stages of HCC.

Survivin is undetectable in terminally differentiated
adult tissues, but expressed in some precancerous changes
such as colonic polyps [33], premalignant lesions of
Bowen’s disease (SCC in situ) and hypertrophic actinic
keratosis (HAK) [34], and the mostly common human
cancers including colorectal, ovarian, breast carcinomas
[12, 14, 16] and so on. Prior study showed the sensibility
was 68.6%, and specificity was 100% in diagnosis of the
bladder transitional cell cancer by detecting Survivin in
urine, but the sensibility was 31.4% and specificity was
97.1% by cytological examination [35]. In our investiga-
tion, Survivin-positive expression was 77.8% in HCC that
was significantly higher than 20% in adjacent non-tumor
tissues or 0 in normal liver. Higher expression in poorly
differentiated samples was found than that in well-differ-
entiated samples. The 1- and 4-year OS of patients with
Survivin-negative and Survivin-positive expression were
96.3, 78.6, 69.4 and 29.1%. Compared to Survivin negative
HCC, Survivin-positive HCC had poorer OS (P = 0.0039).
In multivariate analysis of Cox model, Survivin was sta-
tistically significant as an independent prognostic factor for
OS (RR = 7.967) along with tumor size and hepatic
function. Survivin seemed to reflect more aggressive his-
tological and clinical behaviors and was an independent
prognostic factor of HCC. Survivin could be a potential
biomarker to evaluate prognosis and a promising target to
treat HCC.

Bcl-2 was found to be weakly stained in the cytoplasm
of 20% HCC cells and 10% normal liver cells. Sixty per-
cent of expression in adjacent non-tumor samples was
higher than that in HCC or normal liver samples. Positive
correlation between Bcl-2 and HBsAg was not found. And
this result is not consistent with the previous data about the
positive relationship between Bcl-2 expression and HBsAg
[36]. The reason might be Bcl-2-positive expression of
HCC in our study was 13 cases that were too few. Lower
expression in poorly differentiated HCC was found than
that in well-differentiated samples like in some other
tumors reported [18, 19]. In our study, there was no asso-
ciation between Bcl-2 expression and prognosis of HCC.
And the positive relationship between Bcl-2 and Cox-2 or
Survivin did not exist. Abnormal expression of Bcl-2 may
be a phenomenon in early HCC generation. Bcl-2 and the
other two molecular markers maybe block apoptosis by
different mechanisms and have roles in different stages of
hepatocarcinogenesis.

Spearman analysis shows the expression of Cox-2 was
positively correlative to Suvivin (r = 0.659, P < 0.001).
In vitro celecoxib (inhibitor of Cox-2) could induce
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apoptosis of hepatic cholangiocellular carcinoma by acti-
vating Caspase-3 and Caspase-7 [37]. Caspase-3 and Cas-
pase-7 were the targets of Survivin. So Cox-2 may block
apoptosis by up-regulating Survivin and down-regulating
Caspase-3 and Caspase-7. Efforts of further research are
required to determine the precise correlation between Cox-
2 and Survivin.

Conclusions

Cox-2 and Survivin were highly expressed in the HCC
tissue. Survivin and Bcl-2 were significantly associated
with the pathological grade of HCC. The expression of
Survivin was an independent prognostic factor for HCC
after hepatectomy. Treatment that inhibits Survivin may be
a promising targeted approach in HCC.
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