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Abstract: Cyclin kinase subunit 2 (CKS2) protein is a small cyclin-dependent kinase-interacting protein, which is es-
sential for the first metaphase/anaphase transition of mammalian meiosis. CKS2 is up-regulated in various malig-
nancies, suggesting that CKS2 maybe an oncogene. However, data on its expression pattern and clinical relevance
in breast cancer are unknown. The aim of this study is to investigate CKS2 expression and its prognostic signifi-
cance in breast cancer. The CKS2 expression was examined at mRNA and protein levels by real-time quantitative
polymerase chain reaction (RT-PCR) and Western blotting analysis in paired breast cancer tissues and the adjacent
normal tissues. The expression of CKS2 protein in 126 specimens of breast cancer was determined by immunohis-
tochemistry assay. The relations between CKS2 expression and clinicopathological features were analyzed. The re-
sult show the expression of CKS2 mRNA and protein was higher in breast cancer than the adjacent normal tissues.
Compared with adjacent normal breast tissues, Overexpression of CKS2 was detected in 56.3% (71/126) patients.
Overexpression of CKS2 was significantly associated with large tumor size (P = 0.035), poor cellular differentiation
(P = 0.016), lack expression of progesterone receptor (P = 0.006), and decreased overall survival (P = 0.001). In
multivariate analysis, CKS2 expression was an independent prognostic factor for overall survival (Hazard ratio [HR]
= 3.404, 95% confidence interval [Cl] 1.482-7.818; P = 0.004). CKS2 is up-regulated in breast cancer and associ-
ated with large tumor size, lack expression of progesterone receptor, poor tumor differentiation and survival. CKS2
may serve as a good prognostic indicator for patients with breast cancer.
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Introduction

Cyclin kinase subunit (CKS) proteins are small
cyclin-dependent kinase-interacting proteins,
which are essential components for cell cycle
control [1]. There are two CKS proteins in mam-
mals, CKS1 and CKS2. CKS1 expression has
been shown to be up-regulated in various
tumors, including breast, lung, colorectal, pros-
tate and renal cancer [2-7]. Furthermore, over-
expression of CKS1 is associated with tumor
development and poor prognosis in breast can-
cer [2, 3]. There is accumulating evidence that
SKS2 is also up-regulated in a variety of can-
cers, including colorectal, prostate, bladder
and liver cancer [8-12]. However, the expres-
sion of CKS2 and its significance in breast can-
cer is unclear.

In this study, we sought to investigate the
expression of CKS2 and its prognostic signifi-
cance in breast cancer. We found that CKS2
was significantly up-regulated in breast cancer
tissues compared with adjacent non-tumor tis-
sues both at mRNA and protein levels.CKS2
overexpression was connected with large tumor
size, lack expression of progesterone receptor,
poor tumor differentiation, and decreased over-
all survival. The results suggest that CKS2 may
have a diagnostic and prognostic value for
patients with breast cancer.

Materials and methods
Patients and specimens

The ethics committee at the Third Affiliated
Hospital of Sun Yat-Sen University approved
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Table 1. Correlation of CKS2 expression with clinicopathologic features ~ cancer. Tumor size, retrieve

CKS2 and involved lymph nodes
Characteristics Total Negative Posiive _ Pvalue  Were ascertained based on
(n=126) (n = 55) (n=71) final pathologic assess-
Age (years) 0.214 ment. Tumors were stqged
> 60 37 (29.4%) 13 (23.6%) 24 (33.8%) according to the American
<60 89 (70.6%) 42 (76.4%) 47 (66.2%) Joint Committee on Cancer
(seventh Edition) staging
T stage 0.035 .
. . . system. Human epidermal
1 26 (20.6%) 17 (30.9%) 9 (12.7%) growth factor receptor-2
2 87 (69.0%) 32 (58.2%) 55 (77.5%) (HER2), estrogen receptor
3 13 (10.3%) 6 (10.9%) 7 (9.9%) (ER), and progesterone
N stage 0.334 receptor (PR) were also
0 49 (38.9%) 24 (43.6%) 25(35.2%) routinely reported in the
1 39 (31.0%) 19 (34.5%) 20 (28.2%) final pathologic report. ER
2 30(23.8%) 10 (18.2%) 20 (28.2%) and PR status was
3 8 (6.3%) 2 (3.6%) 6 (8.5%) assessed by immunohisto-
TNM stage 0.156 chemistry (IHC) technique
| 10 (7_9%) 6 (10‘9%) 4 (5.6%) and at least 1% of nuclear
I 76(60.3)  36(65.5%) 40 (56.3%) staining was defined as
1 40 (3L7) 13(23.6%) 27 (38.0%) positive. HER2 status was
Tumor differentiation 0.016 assess,ed t?y IHC or' fl'uor.es—
Well 13(10.3%) 10 (18.2%) 3 (4.2%) eence n Sltu. hypr|d|zat|on
(FISH). The criteria of deter-
Moderate 94 (74.6%) 40 (72.7%) 54 (76.1%) mining HER-2 positive were
Poor 19 (15.1%)  5(9.1%) 14 (19.7%) in accordance with a previ-
ER 0.322 ous study [13].
Positive 81 (64.3%) 38(69.1%) 43 (60.6%)
Negative 45 (35.7%) 17 (30.9%) 28 (39.4%) Patients who underwent
PR 0.006 breast-conserving surgery
Positive 72 (57.1%) 39 (70.9%) 33 (46.5%) or had 4 or more than 4
Negative 54 (42.9%) 16 (29.1%) 38 (53.5%) involved lymph nodes were

suggested to receive adju-
vant radiotherapy. Adjuvant
chemotherapy therapy was
delivered to patients with
tumor size > 2 ¢cm or lymph
node involvement. Patients
with positive ER or/and PR

HER2 0.140
36 (28.6%) 12(21.8%) 24 (33.8%)
Negative 90 (71.4%) 43 (78.2%) 47 (66.2%)

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor-2.

Positive

this study, and all the patients gave written
informed consent on the use of clinical speci-
mens for medical research. For real-time PCR
and Western blotting analysis, paired primary
breast cancer and adjacent normal tissues
were collected. A total of 126 patients with pri-
mary breast cancer undergoing curative resec-
tion at our institution between March 2001 and
December 2003 were included in this study. No
patients received any type of neoadjuvant ther-
apy, and all underwent curative surgery.

Postoperative specimens were examined by at
least two pathologists specialized in breast
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received at least 5-year adjuvant endocrine
therapy. Anti-HER2 therapy was administered
to patients with positive HER-2 status.

After hospital discharge, patients were sug-
gested to visit the doctors every six month with-
in first five years and yearly thereafter. During
each follow-up, patients received a series of
evaluations, including physical examination,
complete blood count, and liver function test.
Breast, abdominal and pelvic ultrasound, and
chest X-ray were conducted every 6 months
after surgery. Mammography was performed
per year after surgery.
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Legend

1. Breast Carcinoma vs. Normal
Curtis Breast, Nature, 2012

2. Ductal Breast Carcinoma in Situ vs.
Normal
Curtis Breast, Nature, 2012

3. Invasive Breast Carcinoma vs. Normal
Curtis Breast, Nature, 2012

4, Invasive Ductal and Invasive Lobular
Breast Carcinoma vs. Normal
Curtis Breast, Nature, 2012

5. Invasive Ductal Breast Carcinoma vs.
Normal
Curtis Breast, Nature, 2012

6. Invasive Lobular Breast Carcinoma vs.
Normal
Curtis Breast, Nature, 2012

7. Medullary Breast Carcinoma ws. Normal
Curtis Breast, Nature, 2012

8. Mucinous Breast Carcinoma ws. Normal
Curtis Breast, Nature, 2012

9. Tubular Breast Carcinoma vs. Normal
Curtis Breast, Nature, 2012

10. Invasive Breast Carcinoma Stroma ws.
Normal
Finak Breast, Not Med, 2008

11. Invasive Breast Carcinoma vs. Normal
Gluck Breast, Breast Concer Res Treat,
2011

12. Invasive Ductal Breast Carcinoma
Stroma vs. Normal
Karnoub Breast, Nature, 2007
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13. Ductal Breast Carcinoma in Situ
Epithelia wvs. Normal
Ma Breast 4, Breast Cancer Res, 2009

14. Ductal Breast Carcinoma ws. Normal
Perou Breast, Nature, 2000

15. Ductal Breast Carcinoma vs. Normal
Richardson Breast 2, Cancer Cell, 2006

16. Ductal Breast Carcinoma vs. Normal
Sorlie Breast, Proc Natl Acad S¢i U S A,

2001

17. Ductal Breast Carcinoma vs. Normal
Sorlie Breast 2, Proc Natl Aced Sci U S
A, 2003

18. Invasive Breast Carcinoma vs. Normal
TCGA Breast, No Associated Paper, 2011

19. Invasive Ductal Breast Carcinoma ws.

Normal
TCGA Breast, No Associated Paper, 2011

20. Invasive Lobular Breast Carcinoma vs.

MNormal
TCGA Breast, No Associated Paper, 2011

21. Invasive Ductal Breast Carcinoma vs.

Normal
Turashvili Breast, BMC Cancer, 2007

22. Invasive Lobular Breast Carcinoma ws.

MNormal
Turashvili Breast, BMC Cancer, 2007

23. Invasive Ductal Breast Carcinoma ws.

Normal
Zhao Breast, Mol Biol Cell, 2004

24. Lobular Breast Carcinoma vs. Normal

Zhao Breast, Mol Biol Cell, 2004

5 1
COE B [ Not measured

Figure 1. CKS2 expression is upregulated in human breast carcinoma in Oncomine datebase. Oncomine heat map
of CKS2 gene expression in clinical breast carcinoma samples compared with the normal breast tissues.

RT-PCR analysis

Total RNA from human breast cancer tissues
and their adjacent normal breast tissues was
extracted using Trizol reagent (Invitrogen)
according to the manufacturer’s instructions,
cDNA was synthesized from 1 ug of total RNA
using the First-Strand Synthesis System
(Thermo), then Real-time PCR procedure was
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carried out using an CFX96 Real-Time System
(BIO-RAD). The primer sequences were as fol-
lows: CKS2 sense 5-CGCTCTCGTTTCATTTTC-
TGC-3’, antisense 5-TGGAAAGTTCTCTGGGTA-
ACATAACA-3'. GAPDH (sense 5-TGTTGCCATCA-
ATGACCCC-3’, antisense 5-CTCCACGACGTACT-
CAGC-3’) was used as an internal control. All
reactions were run in triplicate in three inde-
pendent experiments.

Int J Clin Exp Pathol 2014;7(12):8593-8601
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Figure 2. Expression levels of CKS2 mRNA in 10
paired breast cancer tissues. Expression levels of
CKS2 mRNA in 10 paired breast cancer tissues by
real-time PCR. Normal, para carcinoma (normal)
breast tissues. Tumor, breast cancer tissues.

Western blotting analysis

Total 8 paired tissue samples were collected
and solubilized in SDS lysis buffer, and then the
protein concentrations were detected by the
BCA protein assay kit (PIERCE, Rockford, IL).
Equal amounts of protein samples (30 ug) were
separated by electrophoresis through resolving
SDS-polyacrylamide gel, the protein was trans-
ferred to PVDF membranes (Amersham
Pharmacia Biotech Inc in Piscataway, NJ). The
membranes were incubated with a primary
polyclonal antibody to CKS2 for 2 hr at room
temperature. After washing 3 times with TBST,
the membranes were incubated with second-
ary antibody (1:2000) for 40 min at room tem-
perature. Then, the membranes were washed 3
times with TBST and proteins were detected by
enhanced chemiluminescence system (Ame-
rsham Pharmacia Biotech). GAPDH was used
as loading control (1:2000; Santa Cruz
Biotechnology). Image J software version 1.38
(National Institutes of Health, Bethesda, Md)
was used to analyze the amount of CKS2
expression.

Immunohistochemistry

Immunohistochemical (IHC) was performed
according to the manufacturer’'s protocol
(Zymed®, Life Technologies, Carlsbad, CA,
USA). The section was baked 1 h at 63°C and
deparaffined with xylenes and rehydrated
through graded ethanol series to distilled water.
Then, the section was submerged in sodium
citrate buffer and heated for antigenic retrieval.
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The section was blocked by the endogenous
peroxidase with 0.3% H,0, for 15 min at room
temperature, and then incubated with normal
goat serum for 30 min at room temperature to
reduce the nonspecific binding. Next, the sec-
tion was incubated with rabbit polyclonal anti-
CKS2 antibody (1:100; Abcam) overnight at
4°C. After 3 washings in sterile phosphate-buff-
ered saline, the section was incubated with a
biotinylated anti-rabbit secondary antibody
(Zymed) followed by further incubation with
streptavidin-horseradish peroxidase (Zymed) at
37°C for 30 min. Diaminobenzidine (DAB) was
used for color reaction, and the antibody was
replaced by normal goat serum for negative
controls.

Evaluation of immunostaining

Tissue section immunoreactivities were viewed
and scored separately by two independent
pathologists, who were blind to the histopatho-
logical features and patient information of the
samples. Scores given by the two pathologists
were averaged for further comparative evalua-
tion of CKS2 expression. Immunoreactivities
were scored by the intensity of staining (O, no
staining; 1, weak = light yellow; 2, moderate =
yellow brown; 3, strong = brown) and the per-
centage of stained cells (0, no staining; 1,
1-25%; 2, 26-50%; 3, 51-75%; 4, > 75%). By
multiplication of both values, a final score rang-
ing between O and 12 was obtained. The
expression level of CKS2 was defined as fol-
lows: “” (negative, score 0), “+” (weakly posi-
tive, score 1-4), “++” (positive, score 5-8), “+++”
(strongly positive, score9-12). CKS2 overex-
pression was defined as final score more than
zero.

Statistical analysis

Continuous variables are expressed as median
and range, and were analyzed with the Student’s
t-test, while categorical ones are expressed as
numbers with percentages, and were analyzed
by chi-square test or Fisher’s exact test when
appropriate. Overall survival (0S) was defined
from the date of operation to the date of death.
Kaplan-Meier method was used to analyze
overall survival (OS) of patients, and compari-
sons were analyzed by log-rank test. Cox’s pro-
portional hazards model was used for multivari-
ate analysis, adjusted hazard ratios (HRs) and

Int J Clin Exp Pathol 2014;7(12):8593-8601
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Figure 3. Expression levels of CKS2 protein in 8 paired breast cancer tissues. Expression levels (A) and quantitative
analysis (B) of CKS2 protein in 8 paired breast cancer tissues by Western blotting. T, breast cancer tissues, ANT,
matched adjacent non-tumor breast tissues.
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Figure 4. Expression analysis of CKS2 protein by immunohistochemistry. CKS2 expression was mainly localized in
the cytoplasm of tumor cells. A. Negative CKS2 staining in cancer cells (x400). B. Weak CKS2 staining in cancer
cells (x400). C. Median CKS2 staining in cancer cells (x400). D. Strong CKS2 staining in cancer cells (x400).

Table 2. Univariate analysis of the effect of
covariates on overall survival

Overall survival

Characteristics
5-year (%) P value
Age (years) 0.517
>60 81.1
<60 82.0
T stage 0.281
1 88.5
2 82.8
3 61.5
N stage 0.103
0 87.8
1 84.6
2 70.0
3 75.0
TNM stage 0.034
I 100.0
Il 85.5
1 70.0
Tumor differentiation 0.144
Well 92.3
Moderate 80.9
Poor 78.9
ER 0.004
Positive 88.9
Negative 68.9
PR 0.001
Positive 87.5
Negative 74.1
HER2 0.987
Positive 83.3
Negative 81.1
CKS2 0.001
Positive 90.9
Negative 74.6

ER, estrogen receptor; PR, progesterone receptor; HER2,
human epidermal growth factor receptor-2; CKS2, cyclin
kinase subunit 2.

their 95% confidence intervals (Cls) were calcu-
lated. All the statistical analyses were evaluat-
ed using the Statistical Package for the Social
Science (SPSS) 18.0 for Windows (SPSS Inc.
Chicago, IL, USA). All statistical tests were two-
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Figure 5. Overall survival according to CKS2 expres-
sion.

sided and a P value of less than 0.05 was con-
sidered statistically significant.

Results
Patient characteristics

The demographic features and clinicopatholog-
ic data were detailed in Table 1. A total of 126
patients with primary invasive ductal carcino-
ma were included in this study. All patients
were female and the median age was 50 years
(range 29-83 years). Pathologic tumor staging
was stage | in 10 (7.9%) patients, stage Il in 76
(60.3%) patients, stage Il in 40 (31.7%)
patients. 81 (64.3%) patients were found to be
ER positive, and PR was positive in 72 (57.1%)
patients. 36 (28.6%) patients had tumors with
positive HER-2.

CKS2 is up-regulated in human breast cancer

To determine whether the CKS2 expression lev-
els were differentially between breast cancer
and normal breast samples, we first queried
the Oncomine database, in the meta-analysis,
CKS2 expression significantly higher than the
corresponding normal tissues in breast cancer
with a median rank of 143 and a P-value of
7.06E-6 (Figure 1). To confirm this result, we
obtained paired breast cancer tissues and
adjacent normal breast tissues for real-time
RT-PCR and Western blot analysis. The result
as shown in Figure 2, the expression level of

Int J Clin Exp Pathol 2014;7(12):8593-8601
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Table 3. Multivariate analysis of the effect of
covariates on overall survival

Overall survival
HR 95% ClI P value
CKS2 expression 3.404 1.482-7.818 0.004
Tumor stage 1.843 1.010-3.365 0.046
ER expression 0.420 0.215-0.818 0.011
CKS2, cyclin kinase subunit 2; ER, estrogen receptor.

Characteristics

CKS2 mRNA is significantly higher in 10 breast
cancer tissues compared to the adjacent non-
tumor tissues with a P-value of 0.008. Western
blotting analysis revealed that CKS2 protein
was differentially increased in 8 breast cancer
tissues compared to the adjacent non-tumor
tissues, indicating that CKS2 is up-regulated in
breast cancer (Figure 3). For immunostaining
result, overexpression of CKS2 was observed
in 56.3% (71/126) patients. CKS2 protein
staining was weak in the adjacent non-tumor
tissues.CKS2 was predominantly present in the
cytoplasm of tumor cells (Figure 4). These data
showed that CKS2 was significantly increased
in breast cancer tissues.

CKS2 expression correlates with clinicopatho-
logical features of breast cancer

For better understanding of the potential roles
of CKS2 in breast cancer development and pro-
gression, patients were grouped according to
CKS2 expression (Table 1). CKS2 expression
was significantly associated with large tumor
size (P = 0.035), poor cellular differentiation (P
=0.016), and lack expression of PR (P =0.006).
However, there was no correlation of CKS2
expression with other clinicopathologic fea-
tures, such as age, ER and HER2 status (Table
1).

Expression of CKS2 in breast cancer patients
correlates with worse overall survival

After a median follow-up of 111 months (range
2-131 months), 35 (27.8%) patients died. The
estimated 5-year overall survival (0S) was
81.7% (95% CI 75.0-88.4). In univariate analy-
sis, tumor stage, ER status, PR status, and
CKS2 expression was significantly associated
with OS (Table 2). Patients with negative CKS2
expression had a 5-year OS rate of 90.9% (95%
Cl 83.3-98.5), whereas those with positive
CKS2 expression had a 5-year OS rate of 74.6%
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(95% Cl 64.4-84.8; P=0.001; Figure 5). In mul-
tivariate analysis (Table 3), factors associated
with OS were CKS2 overexpression (HR =3.404,
95% Cl 1.482-7.818; P = 0.004), tumor stage
(HR = 1.843; 95% Cl 1.010-3.365; P = 0.046),
and ER expression (HR = 0.420; 95% Cl 0.215-
0.818; P = 0.011). These results indicated that
CKS2 expression maybe an independent prog-
nostic marker for OS in breast cancer patients.

Discussion

Breast cancer is the most common malignancy
diagnosed in women worldwide and the second
leading cause of cancer-related death among
women [14]. It has been clearly demonstrated
that breast cancer is a heterogeneous disease
including various pathological entities that are
showed to have distinct clinical features and
outcomes. Patients with similar clinical charac-
ters may vary in their response to therapy and
show distinct prognoses. Approximately one-
third of patients with early stage breast cancer
will eventually develop recurrence, while about
one-third of patients with lymph node involve-
ment remain free of metastases [15, 16]. The
development of gene expression profiling has
led to a novel way of classifying tumor, breast
cancer can be divided at least into 5 types with
distinct clinical features: luminal type A and B,
HER2/neu type, normal breast-like, and basal-
like types [17, 18]. Although gene expression
profiling classification shows strong overall
association with patients’ features and out-
comes, it has its own limitation and has not
been widely used in clinical practice [18, 19].
Currently, tumor staging system and molecular
biomarkers instead of genotyping are routinely
used, including ER, PR, and HER-2 [20].
However, it has been estimated that all these
traditional clinicopathological and molecular
factors divide breast cancer patients into dif-
ferent risk groups at an approximate absolute
specificity level of only 10% to achieve an
acceptable degree of sensitivity [21]. Therefore,
new biomarkers are in great need to improve
patients risk stratification and guide treat-
ment.

The CKS family, including CKS1 and CKS2, are
essential components of cyclin/cyclin-depen-
dent kinase (CDK) complexes contributing to
the cell cycle control. The structures of CKS
proteins are highly conserved and have 81%
identical amino acid sequence [22]. CKS has
been shown to play a direct role in cell-cycle
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regulation [23]. Complete silencing of CKS
leads to cell-cycle arrest in G2 in somatic cells
[24]. A variety of tumors have showed the dif-
ferential dysregulation of CKS. CKS1 has been
revealed to be up-regulated in various tumors,
including breast, lung, colorectal, prostate and
renal cancer [2-7]. Wang et al. [3] found that
overexpression of CKS1 was strongly associat-
ed with lymph node metastasis and poor prog-
nosis in patients with breast cancer. Similarly,
Slotky et al. [2] reported that overexpression of
CKS1 in breast cancer was associated with
younger age, loss of tumor differentiation, lack
of expression of ER and PR, and decreased sur-
vival. There is also accumulating evidence that
CKS2 is also elevated in a variety of cancers,
including colorectal, prostate, bladder and liver
cancer. However, the expression of CKS2 and
its significance in breast cancer is unclear.

Based on previous studies, we investigated the
expression of CKS2 in breast cancer and its
prognostic values in predicting survival follow-
ing curative resection in the present study. Our
results clearly showed that CKS2 was up-regu-
lated in breast cancer tissues compared with
matched non-tumor breast tissues. In accor-
dance with our results, Chen et al. [12] demon-
strated that CKS2 gene expression significantly
increased after superficial bladder cancer pro-
gressing to muscle-invasive cancer. The differ-
ence in CKS2 expression among different tis-
sues may indicate that CKS2 is a key regulator
in tumorigenesis.

CKS2 over-expression in breast cancer was
associated with large tumor size, lack expres-
sion of progesterone receptor, poor tumor dif-
ferentiation and survival. Similar to our results,
Kang et al. [10] found CKS2 was significantly
up-regulated in gastric cancers and overex-
pression of CKS2 was correlated with tumor
differentiation and tumor size, lymph node, and
metastasis. Wang et al. [25] also showed a high
level of CKS2 in esophageal carcinoma was
closely associated with poor pathological fea-
tures, including higher histological grade of
tumor, regional lymph nodes invasion, and neo-
plastic embolus. In present study, we found
that CKS2 over-expression was associated with
worse outcome, and it was an independent
prognosis factor for breast cancer patients
after curative resection (HR = 3.404, 95% CI
1.482-7.818; P=0.004). These results indicate
that CKS2 could be a new biomarker for breast
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cancer and a potential therapeutic target.
However, the molecular mechanism connecting
worse outcome and CKS2 overexpression is
unclear and remains to be elucidated.

In conclusion, CKS2 is up-regulated in breast
cancer and correlates with tumor size, cellular
differentiation, and PR expression. Most impor-
tantly, CKS2 overexpression is associated with
worse outcome in breast cancer patients, and
CKS2 may serve as a potential prognostic bio-
marker for breast cancer. To the best of our
knowledge, this is the first report to indentify
CKS2 as an independent prognostic factor for
breast cancer patients. Further studies are
warranted to reveal the molecular mechanism
of CKS2 in the development and progression of
breast cancer.
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