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ABSTRACT  

The expression of kinesin spindle protein (Eg5) and its significance of clinical prognosis of patients with epi-
thelial ovarian cancer (EOC) were evaluated in this study. Forty-five fresh frozen tissue samples for quantitative 
real-time polymerase chain reaction (qPCR) and 196 samples for immunohistochemistry (IHC) analysis with tis-
sue microarray (TMA) were applied to characterize Eg5 mRNA and protein expressions in EOC. The correlation 
between clinical parameters and Eg5 protein expression was investigated using statistical analysis. The expression 
of Eg5 protein was significantly higher in EOC tissues compared with that in corresponding non-cancerous tissues 
(P < 0.05). The high Eg5 expression was significantly correlated with older age (P = 0.003), higher stage (P = 
0.001), presence of metastasis (P = 0.041) and higher CA125 serum level (P = 0.013). For univariate analysis, as-
sociated prognostic markers in patients with ovarian cancer were analyzed for correlations with poor overall sur-
vival, including Eg5 (P = 0.011), age (P = 0.001), FIGO stage (P = 0.011), CA125 serum level (P = 0.001), lymph 
nodes (P = 0.012), and metastasis (P = 0.001). For multivariate analysis, Eg5 expression, FIGO stage and age 
were independent factors found contributing to a largely unfavorable prognosis in patients with ovarian cancer. In 
conclusion, the high expression of Eg5 is correlated with an unfavorable prognosis in EOC. 
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INTRODUCTION

Epithelial ovarian cancer (EOC) is a high ma-
lignancy gynecological cancer with a 5-year aver-
age survival rate of 30%[1]. Worldwide, the number 
of EOC cases has shown an increasing trend. Most 
patients cannot be diagnosed until they are at an ad-
vanced stage[2-3]. Although progress has been made 
in diagnosis and treatment, the majority of patients 
with EOC are resistant to chemotherapy, and their 

prognosis still remains poor[4-5]. In recent years, the 
prognosis of EOC patients has mostly depended on 
the completeness of surgical tumor resection, and no 
established preoperative markers have been found to 
predict EOC patients' overall survival. 

Kinesin spindle protein(Eg5), also known as KIF11, 
KSP, KNSL1, is a motor protein which catalyzes the 
bipolarization of the spindle, and is responsible for 
spindle elongation and poleward MT translocation [6-7]. 
Eg5 can tether microtubules' plus-ends or push apart 
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interpolar microtubules, as well as recruit microtu-
bules into bundles[8]. Structurally, Eg5 is a homo-
tetramer, which includes four kinetic domains: two 
polypeptide chains are dimerized to form a coiled-coil, 
while two dimers form an anti-parallel tetramer helix 
structure [9]. Recent studies have evaluated the signifi-
cance of Eg5 expression in different kinds of malignant 
tumors [10-11]. For example, the overexpression of Eg5 in 
malignant astrocytic neoplasms, has been found to cor-
relate significantly to their histopathological grade[12]. 
The overexpression of Eg5 has also been found to 
interfere with the balance of normal spindle assembly 
and function-related forces, leading to spindle de-
fects, genetic instability and tumor development [13]. 
Eg5 inhibitors, as targeted drugs have positive effects 
in the treatment of prostate cancer in vivo where it is 
believed that the inhibition of Eg5 leads to the stag-
nation of the mitotic cell cycle, ultimately triggering 
growth arrest and apoptosis in tumor cells [14-16]. These 
studies indicate that the oncogenicity of Eg5 forms an 
attractive target for the chemotherapeutic management 
of cancer. However, the potential association between 
Eg5 expression and its clinicopathological signifi-
cance in EOC has not been studied.

Here, Eg5 mRNA expression was detected using 
one-step quantitative reverse transcription-polymer-
ase chain reaction (qPCR) analysis, while Eg5 protein 
expression was measured by immunohistochemistry 
(IHC) analysis. The relationship between Eg5 expres-
sion and EOC clinicopathology, as well as patient 
prognostic outcomes including overall survival and 
disease-free survival were evaluated. 

MATERIALS AND METHODS 

Patient specimens
This study samples were collected from the De-

partment of Gynecology, Affiliated Hospital of Nan-
tong University from July 2005 to July 2010. Total 
196 samples included 15 cases with nor-mal ovarian 
tissue, 30 cases of normal fallopian tube tissue, 20 
cases of ovarian benign tumor, 20 cases of borderline 
ovarian tumor and 111 cases of EOC. The 15 cases 
with normal ovarian tissue of control group were re-
moved from patients with non-ovarian disease. Those 
111 cases of EOC included 84 cases of serous carci-
noma, 13 cases of endometrioid carcinoma, 4 cases of 
clear cell carcinoma, 5 cases of mucinous carcinoma, 
2 cases of transitional cell carcinoma, and 3 cases of 
adeno-squamous carcinoma. 

All patients underwent standard surgery without any 
therapy prior to surgery, such as chemotherapy, radia-
tion or immunotherapy. Then, all EOC patients were 

treated with platinum-based chemotherapy at least six 
times after surgery. All samples gained medical-ethics 
approval from the Nantong University Affiliated Hos-
pital's Human Research Ethics Committee.

Eg5 mRNA isolation and real-time qPCR assay
There were 45 fresh frozen tissue samples, includ-

ing 15 cases of normal ovarian tissue, 20 cases of 
benign ovarian tumor and 10 cases of EOC. Total 
RNA was extracted using Trizol reagent (Invitrogen, 
Carlsbad, CA) according to instructions. qPCR was 
performed using SyberGreen on an ABI 7500 Ther-
mal Cycler (Applied Biosystems, Foster City, CA, 
USA). The qPCR conditions were as fol-lows: UDG 
pre-treatment at 50°C for 2 min, 1 cycle; initial dena-
turation at 95°C for 10 min; denaturation at 95°C for 
15 s; and annealing and extension at 60°C for 60 s, 40 
cycles. The primers for Eg5 were as follows: forward 
primer 5′-GAA CAA TCA TTA GCA GCA GAA-
3′ and reverse primer 5′-TCA GTA TAG ACA CCA 
CAG TTG-3′. β-actin was employed as an internal 
control: forward primer 5′-TAA TCT TCG CCT TAA 
TAC TT-3′ and reverse primer 5′-AGC CTT CAT 
ACA TCT CAA-3′. 

Immunohistochemistry (IHC) analysis
IHC analysis was performed as described previ-

ously [16-17]. Antigen repair was executed in citrate 
buffer (pH 6.0) under microwave heating conditions. 
TMA sections were incubated with 3% H2O2 for 20 min 
to remove endogenous enzymes, then incu-bated with 
5% bovine serum albumin (BSA) in PBS for 20 min for 
blocking non-specific binding. After washing with 
phosphate buffer, a polyclonal anti-Eg5 antibody 
(1:100, Abcam, Cambridge, USA) was applied to the 
sections overnight at 4℃ . The next day, samples were 
incubated with Envision goat anti-rabbit HRP second-
ary antibody (DAKO, Carpinteria, CA). IHC experi-
ment methods were performed at the same time under 
the same conditions. Immunostained sections were 
observed through a common upright microscope and 
scored by two independent pathologists under blind 
experimental conditions according to intensity and 
percentage of Eg5-positive cells. 

The intensity of Eg5-positive cells was scored as 
follows: 0 (no intensity), 1 (mild intensity), 2 (me-
dium intensity), or 3 (strong intensity). The percent-
age of Eg5-positive cells was scored as follows: 0 for 
0%-19%, 1 for 20%-39%, 2 for 40%-59% and 3 for 
60%-100%. The optimal Eg5 cutoff score was set 
using the X-tile software program (The Rimm Lab at 
Yale University; http://www.tissuearray.org/rimmlab). 
The final Eg5 staining score (including the intensity 
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and percentage scores) was defined as follows: 0-4 
for no or low expression; 6-9 for high expression. 

Statistical analysis
Eg5 mRNA expression in fresh EOC tissues was 

compared with that of corresponding non-cancerous 
tissues by the Wilcoxon signed rank nonparametric 
test. A chi-square test was conducted to examine the 
association of Eg5 protein expression and clinico-
pathological parameters. Kaplan-Meier and log-rank 
tests were performed to calculate the survival curves. 
The univariate and multivariate analyses were identi-
fied using a Cox regression model for the prognostic 
factors. For all tests, the statistical significance level 
was set at P < 0.05. All statistics were analyzed us-
ing STATA Version 12.0 software (Stata Corporation, 
College Station, TX).

RESULTS

Eg5 mRNA expression in ovarian tissues 
To test the expression of Eg5 mRNA, qPCR was 

performed for normal ovary, benign ovarian tumor 
and EOC samples. Eg5 mRNA expression was sig-
nificantly higher in EOC tissues (0.7489 ± 0.0421) 
compared with those of benign ovarian tumor tissues 
(0.2645 ± 0.0253) and normal ovarian tissues (0.2851 
± 0.0226) (P < 0.001,Fig.1). 

including 15 normal ovarian tissues, 30 normal fal-
lopian tube tissues, 20 benign ovarian tumor tissues, 
20 borderline ovarian tumor tissues and 111 EOC 
tissues. Eg5 positive staining was mainly detected in 
the cytoplasm of ovarian cancer cells (Fig.2), which is 
consistent with previous Eg5 mRNA detection results. 
Eg5 high expression was detected in 61.26% (68/111) 
of EOC cases, and in 13.33%-25.00% of normal or 
benign ovarian tissues. The results showed that the 
frequency of high Eg5 expression in EOC tissues was 
higher compared to those of normal or benign ovarian 
tissues (Pearson χ2 = 45.486, P = 0.001,Table 1). 

Association between Eg5 expression and EOC 
clinical characteristics 

Furthermore, we correlated Eg5 expression with 
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Fig.1   Eg5 mRNA level was higher in EOC tissues 
than those in normal and benign ovarian tissues. A: 
Normal ovary samples. B: Benign ovarian tumor samples. C: 
Epithelial ovarian cancer samples. Eg5 mRNA was detected 
by real-time RT-PCR assay in normal ovary, benign ovar-
ian tumor and epithelial ovarian cancer samples, followed by 
relative quantitative analysis with β-actin mRNA. Data are 
presented as means ± SD. *** P < 0.001.

Eg5 protein expression in ovarian tissues 
For further investigation, TMA immunohistochem-

istry analysis was performed to evaluate Eg5 protein 
expression in ovarian tissue blocks (196 in total), 

Fig.2  Eg5 Immunohistochemical analysis in ovar-
ian cancer tissues and normal ovarian tissues. a1-
a2: Strong positive for Eg5 protein expression in EOC tissues. 
b1-b2: Weakly positive for Eg5 protein expression in benign 
ovarian tumor tissues. c1-c2: Negative for Eg5 protein expres-
sion in normal ovarian tissues. a1, b1 and c1 were × 40 mag-
nifification (bar = 500 μm); a2, b2 and c2 were × 200 magnifi-
fication (bar = 50 μm). Red arrow indicates positive staining 
of cytoplasm in ovarian cancer cells, and green arrow indicates 
negative staining of follicular epithelium in ovarian tissue.
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(> 100 U/mL).
The chi-square test analysis showed that the Eg5 

expression was significantly correlated with older age 
(˃ 60 years, P = 0.003), higher stage (FIGO stage III-
IV, P = 0.001), presence of metastasis (P = 0.041) and 
higher serum CA125 level (> 100 U/mL, P = 0.013). 
In contrast, high Eg5 expression was not significantly 
correlated with other clinical indicators, including tu-
mor grade, histological classification and tumor site 
(Table 2). 

High Eg5 protein expression predicts poor 
survival in EOC

Both univariate and multivariate analysis were 
used to identify prognostic factors in EOC. For uni-
variate analyses, associated prognostic markers were 
analyzed for correlations with poor overall survival, 

111 EOC patients who had clinical characteristics. 
Among them, 57.66% were grouped as younger ( ≤ 
60 years, n = 64) and 42.34% patients older (>60 
years, n = 47). With respect to tumor grade, 22 pa-
tients (19.82%) were classified as low grade, while 
89 patients (80.18%) were high grade. In addition, 84 
patients (57.68%) presented with serious carcinoma, 
13 patients (11.71%) with endometrioid carcinoma 
and 14 patients (12.61%) with other carcinomas. The 
FIGO stage distribution was 41 patients (36.94%) with 
lower stage (FIGO stage I-II) and 70 patients (63.06%) 
with higher stage (FIGO stage III-IV). Regarding tu-
mor metastasis, 55 patients (49.55%) had metastases, 
while the remaining patients did not. For tumor sites, 
66 patients (59.46%) were unilateral and 45 pa-
tients (40.54%) were bilateral. Finally, 44 patients 
(39.64%) had lower CA125 values ( ≤ 100 U/mL) 
and 67 patients (60.36%) had higher CA125 values 

Characteristic
N

(196)
Eg5 expression              

        None or low    	                  High	               Pearson χ2	     P-value
45.486 0.001*

Normal ovarian tissue 15 12(80.00) 3(20.00)
Normal fallopian tube tissue 30 26(86.67) 4(13.33)
Benign ovarian tumor 20 17(85.00) 3(15.00)
Borderline ovarian tumor 20 15(75.00) 5(25.00)
Epithelial ovarian cancer 111 40(36.04) 71(63.96)

Table 1　Eg5 expressions in normal ovarian, normal fallopian tube, benign ovarian tumor, borderline ovarian 
tumor and EOC tissues [n(%)]

         *P < 0.05

Groups
Eg5

                   N                        None or low    	                  High	               Pearson χ2	     P
Age 8.779 0.003*

  ≤ 60 years 64 24(37.50) 40(62.50)
  >60 years 47 16(34.04) 31(66.96)
Grade 0.001 0.971
  Low 22 8(36.36) 14(63.64)
  High 89 32(35.96) 57(64.04)
Histological classification 1.126 0.569
  Serous carcinoma 84 28(33.33) 56(66.67)
  Endometrioid carcinoma 13 6(46.15) 5(53.85)
  Othera 14 6(42.86) 8(57.14)
FIGOb stage 29.384 0.001*

  I – II 41 28(68.29) 13(31.71)
  III–IV 70 12(17.14) 58(82.86)
Metastasis 4.196 0.041*

  Yes 55 25(45.45) 30(54.54)
  No 56 15(26.79) 41(73.21)
Unilateral or bilateral 0.100 0.752
  unilateral 66 23(34.85) 43(65.15)
  bilateral 45 17(37.78) 28(62.22)
CA125 6.167 0.013*

  ≤ 100 44 22(50.00) 22(50.00)
  >100 67 18(26.87) 49(73.13)

      Table 2　Correlation of Eg5 expression with clinicopathological characteristics in ovarian cancer   [n(%)]

*P < 0.05.
a Clear cell carcinoma, 4 cases; mucinous carcinoma, 5 cases; transitional cell carcinoma, 2 cases; adeno-squamous carcinoma, 3 cases.
b FIGO: Federation of Gynecologists and Obstetrics
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including: Eg5 (HR: 2.111, 95% CI: 1.188-3.752, P 
= 0.011), age (HR: 2.398, 95% CI: 1.431-4.019, P = 
0.001), FIGO stage (HR: 2.113, 95% CI: 1.190-3.752, 
P = 0.011), CA125 level in serum (HR: 4.321, 95% 
CI: 2.306-8.098, P = 0.001), lymph nodes (HR: 2.114, 
95% CI: 1.184-3.875, P = 0.012), and metastasis (HR: 
4.748, 95% CI: 2.651-8.507, P = 0.001). For mul-

tivariate analyses, high Eg5 expression (HR: 1.915, 
95% CI: 1.115-3.289, P = 0.019) and high CA125 
serum level (HR: 3.107, 95% CI: 1.594-6.059, P = 
0.001) were independent prognostic factors correlated 
with poor overall survival (Table 3). The Kaplan-
Meier survival curve showed similar results to the 
multivariate analysis (log rank, P < 0.001, Fig.3). 

Groups
Eg5

                   N                        None or low    	                  High	               Pearson χ2	     P
Eg5 expression

Low vs high 2.111 0.011* 1.188-3.752 1.915 0.019* 1.115-3.289
Age (years)

≤ 60 vs >60 2.398 0.001* 1.431-4.019
Grade

Low vs high 1.698 0.147 0.831-3.469
Pathological type

Unilateral vs bilateral 1.463 0.144 0.878-2.437
CA125

Low vs high 4.321 0.001* 2.306-8.098 3.107 0.001* 1.594-6.059
Lymph nodes

None vs yes 2.114 0.012* 1.184-3.875
Metastasis

None vs yes 4.748 0.001* 2.651-8.507
Type

Serous vs others 0.875 0.511 0.587-1.304
FIGO stage

Stage I vs stage II–IV 2.113 0.011* 1.190-3.752

Table 3　Univariate and multivariate Cox proportional hazard model analysis of prognostic markers for over-
all survival in ovarian cancer   

 vs: versus
HR: Hazard ratio; CI: Confidence interval. * P < 0.05.
FIGO: Federation of Gynecologists and Obstetrics

DISCUSSION

In this study, the expression of Eg5 in ovarian 
cancer specimens and non-cancerous samples were 
compared. The results indicated that Eg5 mRNA ex-
pression and protein levels were significantly higher 

in EOC than those in normal and benign ovarian tis-
sues. In the IHC analysis, the Eg5 expression pattern 
was predominantly localized to the EOC cell cyto-
plasm. In addition, this study also found that high Eg5 
protein expression was associated with the following 
clinicopathological attributes: older age, higher stage, 
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Fig.3 Survival curves of EOC patients according to Eg5 expression and CA125 level by Kaplan-Meier method. 
A: Overall survival curves of high Eg5 expression (green line, 1) and low Eg5 expression (blue line, 0) in EOC patients. B: Overall 
survival curves of high CA125 level (green line, 1) and low CA125 level (blue line, 0) in EOC patients.  
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presence of metastasis and higher CA125 serum level. 
This finding suggests that the expression of Eg5 is 
related to malignant behaviors in the development of 
EOC. 

Eg5, a member of the kinesin family, is involved 
in spindle formation and tumorigenesis[17]. Hayashi 
et al . [18].reported that Eg5 expression levels seem to 
be directly proportional to the mitotic population in 
prostate cell lines Marcus et al. [19] stated that there 
was a positive correlation between mitotic index and 
Eg5 gene expression level in breast tumors. Recent 
researches also showed that Eg5 has been increas-
ingly implicated in tumorigenesis[20-22]. Tang et al. [23]

showed that Eg5 was expressed in all cases of head 
and neck squamous cell carcinoma, and the level of 
Eg5 expression was correlated with the prolifera-
tion activity of cancer cells. A series of investigations 
on the possible mechanism of Eg5 in cancers have 
been studied. Research showed that intracellular Eg5 
is closely related to the MAPK cascade and that the 
expression of Eg5 in tumor derived cell lines leads to 
the induction of resistance to monastrol in cells[24-25]. 
Several inhibitors for Eg5 have been reported, such as 
K858, S-trityl-L-cysteine and pyrazolopyrimidine de-
rivates [26-28]. These experimental data show that Eg5 
is oncogenic and may be a therapeutic target for dis-
covering novel cancer treatments.

However, little work on the prognostic significance 
of Eg5 in human ovarian cancer has been conducted. 
Based on the information obtained from this study, 
a substantial relationship was demonstrated between 
Eg5 expression and poor overall survival in patients 
with ovarian cancer by univariate and multivariate 
survival analyses (P < 0.05). Therefore, Eg5 could 
predict an unfavorable prognosis as an independent 
marker of EOC. This is in accordance with previous 
studies which identified that a low overall survival 
rate is correlated with a high expression of Eg5 in 
certain cancers, for example, renal cell carcinoma and 
hepatocellular carcinoma[29-30].

Interestingly, studies have shown a significant nu-
clear expression of Eg5 in prostate cancer[31]. In com-
parison, we mainly observed cytoplasmic expression 
of Eg5 in EOC samples, while the nuclear expression 
of Eg5 was ruled out by statistical analysis. This may 
be due to the differences in the tumor types and anti-
bodies used. In future research, enrolling larger sam-
ples or with the ability to perform in vitro and in vivo 
experiments are necessary to investigate the role of 
Eg5 in EOC tumor biology.

Overall, this study analyzed the expression of Eg5 
in ovarian cancer quantitatively. The data found that 
Eg5 was highly expressed in EOC, suggesting that 

high Eg5 expression is related to poor overall survival. 
Eg5 is an independent prognostic factor of EOC. More 
studies are necessary to verify the function of Eg5 as 
an oncogene in EOC, in order to deliver promising 
applications in its diagnosis and treatment. 
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