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Abstract

Background Cyclin-dependent kinase 10 (CDK10) has re-
cently been identified as a tumor suppressor and, concordant-
ly, its encoding gene has frequently been found to be
inactivated in various human cancers. Here, we examined
the expression status of CDK10 in a panel of primary human
breast cancers and evaluated its correlation with clinicopatho-
logical parameters and clinical outcome.

Methods Western blotting was used to assess CDK10 protein
levels in 20 paired breast cancer tissues and adjacent noncan-
cerous tissues. In addition, immunohistochemistry was per-
formed in 128 formalin-fixed, paraffin-embedded tumor tis-
sues. Associations of CDK 10 expression with various clinico-
pathological parameters were evaluated and Kaplan-Meier
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survival analyses and Cox proportional hazards models were
used to estimate its effect on patient survival.

Results We found that CDK 10 protein expression was mark-
edly decreased in cancer tissues compared to adjacent noncan-
cerous tissues. Immunohistochemistry revealed decreased
CDK10 levels in 65/128 (50.8 %) of the primary breast cancer
tissues tested. These decreased levels were found to be signif-
icantly associated with lymph node metastasis (P=0.003), ad-
vanced tumor stage (P<0.001) and unfavorable overall sur-
vival (P<0.001). Furthermore, multivariate analyses indicated
that CDK 10 expression may serve as an independent prognos-
tic factor for survival (P=0.001).

Conclusion Down-regulated CDK10 expression frequently
occurs in breast cancers and correlates with disease progres-
sion and poor survival. CDK10 may serve as a prognostic
biomarker for breast cancer.

Keywords CDK10 - Breast cancer - Immunohistochemistry -
Prognosis

1 Introduction

Breast cancer is a heterogeneous disease encompassing a va-
riety of pathological entities. These entities exhibit variable
clinical characteristics [1, 2]. During the past decade we have
witnessed substantial advances in the comprehensive molec-
ular profiling of different breast cancer entities and the matu-
ration of our understanding of their biology [3—7]. Such ad-
vances allow a more precise molecular stratification of pa-
tients, allow a better understanding of their clinical behavior
and provide tools to identify novel targets for therapy [4, 8, 9].
Despite these improvements, however, numerous problems
remain. For example, endocrine therapies and newly devel-
oped targeted drugs may lead to a better survival, but still a
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number of patients encounters either de novo or acquired re-
sistance [10, 11]. Additionally, current molecular biomarkers
and gene expression signatures for prognostics and therapy
are still inadequate. Thus, there is a need to identify more
and/or better biomarkers to improve a personalized clinical
management of these patients [10].

Cyclin-dependent kinase 10 (CDK10; also called
PISSLRE), whose encoding gene is located at 16q24.3, has
in the past emerged as a tumor suppressor in breast cancer
[12—14]. The CDK10/ETS2/RAF-1 signaling pathway has
been found to act as an important determinant of resistance
to endocrine therapy for breast cancer, as well as for neural
progenitor survival [14—17]. Furthermore, it has been found
that CDK10 over-expression results in enhanced
chemosensitivity of hepatocellular carcinoma and biliary tract
cancer cells [18, 19]. Previously, we found that the CDK/0
gene is frequently silenced via promoter hypermethylation in
nasopharyngeal carcinoma cells and that restoration of its ex-
pression strongly suppresses the malignant behavior of these
cells [20]. More recently, we found that CDK10 expression,
both at the mRNA and protein level, is positively correlated
with Clorf63 expression, which may be involved in cell cycle
exit and, as such, may act as a cellular quiescence-controlling
gene [21]. These findings add new clues to our understanding
of the role of CDK10 in breast cancer and signify its clinical
value. Nevertheless, to the best of our knowledge, the prog-
nostic value of CDK10 expression in patients with primary
breast cancer has not been reported yet. Therefore, the specific
objective in this study was to better characterize the clinical
relevance of CDK10 expression in breast cancer. To do this,
we first set out to determine CDK 10 protein expression levels
in 20 paired breast cancers and its adjacent noncancerous tis-
sues by Western blotting. Next, we examined CDK10 expres-
sion in 128 primary breast cancer samples by immunohisto-
chemistry and investigated its association with clinicopatho-
logic parameters and clinical outcome.

2 Materials and methods
2.1 Patients and tissue samples

All patient samples were randomly collected from the Cancer
Hospital of Shantou University Medical College. We collected
128 formalin-fixed paraffin-embedded specimens from pa-
tients with breast cancer undergoing curative surgery between
2000 and 2005 (median age, 51 years; range, 2988 years).
The patients were followed up for a mean period of 42 months
(range, 1-77 months) from the date of surgery. In addition,
cancer tissues (n=20) and paired noncancerous tissues (n=20)
were collected for Western blot analysis. These latter tissues,
independently obtained from another cohort of patients with
breast cancer who underwent surgery at the same institution
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between May 2010 and July 2012, were immediately snap
frozen in liquid nitrogen and kept at - 80 °C until further use.

Tumor grade and stage were classified in accordance with
the American Joint Committee on Cancer (AJCC) pathologic
tumor-node-metastasis (TNM) classification, sixth edition.
The clinicopathologic characteristics of the patients, including
the expression status of the estrogen receptor (ER), progester-
one receptor (PR) and human epidermal growth factor recep-
tor 2 (HER-2), are listed in Table 1. All cases were confirmed
by two pathologists. No patients had undergone preoperative
radiotherapy or chemotherapy. Signed informed consents
were obtained. This study was approved by the Institution
Review Board (# 04-070) of the Cancer Hospital of Shantou
University Medical College.

2.2 Western blot analysis

CDK10 protein expression was assessed by Western blot anal-
ysis in human tissue lysates (60 mg of protein in RIPA lysis
buffer). Proteins were separated by SDS-PAGE and trans-
ferred to PVDF membranes. The membranes were incubated
in blocking buffer (Tris-buffered saline with 0.1 % Tween and

Table 1  Clinicopathological characteristics related to CDK10

expression in 128 breast cancers

Variables CDK10 expression

No. of Negative, Positive, P value
patients no. (%) no. (%)

Age (years)
<45 41 18 (43.9) 23 (56.1) 0.409
>45 87 45 (51.7) 42 (48.3)

Depth of tumors
T1/T2 65 30 (46.2) 35(53.8) 0.481
T3/T4 63 33(52.4) 30 (47.6)

Lymph node metastasis
NO 47 15(31.9) 32 (68.1) 0.003
N1-N3 81 48 (59.3) 33 (40.7)

Stage of tumors
v 53 16 (30.2) 37 (69.8) <0.001
v 75 47 (62.7) 28 (37.3)

Histological type
Non-ductal 33 13 (39.4) 20 (60.6) 0.190
Ductal 95 50 (52.6) 45 (47.4)

ER status
Negative 51 17 (33.3) 34 (66.7) 0.003
Positive 77 46 (59.7) 31(40.3)

PR status
Negative 60 27 (45.0) 33 (55.0) 0.370
Positive 68 36 (52.9) 32 (47.1)

HER-2 status
Negative 71 43 (60.6) 28 (39.4) 0.004
Positive 57 20 (35.1) 37 (64.9)




CDK10 expression in breast cancer

487

5 % nonfat dry milk) for 1 h and then incubated with a rabbit
anti-CDK10 antibody (Abgent, San Diego, USA) at a dilution
of 1:500 in blocking buffer, followed by a horseradish
peroxidase-conjugated secondary antibody directed against
rabbit IgG. Signals were visualized using an ECL chemilumi-
nescence system according to the manufacturer’s instructions
(Amersham Pharmacia, Piscataway, NJ, USA). Blots were re-
probed with an anti-3-actin monoclonal antibody (Abcam) to
confirm equal loading of the different samples. Quantification
of CDK10 on the Western blots was performed using Bio-Rad
Quantity One quantification software [22], and a ratio cancer
versus paired non-cancer of less than two-fold was considered
as down-regulated expression.

2.3 Immunohistochemistry and staining evaluation

Immunohistochemical staining for CDK10 was carried out
using a standard EnVision complex method as reported previ-
ously [21]. Sections (4-pm) were cut from resected speci-
mens, fixed in 10 % buffered formalin and embedded in par-
affin. After deparaffinization and rehydration, endoge-
nous peroxidase activity was blocked with 0.3 % hydro-
gen peroxide for 30 min at room temperature. For anti-
gen retrieval, tissue sections were autoclaved at 121 °C
in citrate buffer (10-mmol/L concentration, pH 6.0) for
10 min. Next, the specimens were incubated with a
rabbit polyclonal anti-CDK10 antibody (1:300 dilution,
Abgent). Immunohistochemical staining was carried out
by an EnVision antibody complex (anti-Mouse/Rabbit)
method using an Envision"™ Detection kit (ZSGB-BIO,
Beijing, China) and 3,3'-diaminobenzidine as the chromogen
substrate. Nuclei were counterstained with hematoxylin.
Negative controls were composed of identically treated histo-
logical sections with normal rabbit IgG to replace the primary
antibody.

Staining evaluations were performed as follows: 10 ran-
dom 400x microscopic fields per slide were evaluated by
two independent observers who were blinded to the clinical
information. CDK10 immunostaining was assessed using a
semi-quantitative approach, which combines the percentage
of positive cells and the staining intensity. The mean percent-
age of positively stained cells was scored as follows: 0 % (0);
1-25 % (1); 26-50 % (2); 51-75 % (3); 76-100 % (4). The
staining intensities were categorized as follows: absent (0);
weak staining exhibited as light-yellow (1); moderate staining
exhibited as yellow-brown (2); and strong staining exhibited
as brown (3). The sum of the intensity and percentage positive
cells scores was used as the final staining score. For the pur-
pose of statistical evaluation, tumors having a final staining
score of<3 were grouped into negative CDK10 expression
and those with scores>3 were grouped into positive CDK10
expression.

2.4 Statistical analyses

Statistical analyses were performed using the SPSS 17.0 sta-
tistical software package (SPSS Inc., IL, USA). Differences in
CDK10 expression between tumors and adjacent normal tis-
sues were assessed by Student’s ¢ test. Correlations between
CDK10 expression and other molecular and clinicopathologic
parameters were assessed using the Pearson x* test or Fisher’s
exact test. The correlation coefficient between variables was
obtained using the Spearman’s rank method. Overall survival
(OS) was defined as the time from diagnosis to the date of last
contact or of death from any cause. Survival curves were
calculated using the Kaplan-Meier method with a log rank
test. The impact of clinicopathological variables on patient
survival was determined by univariate analysis, and further
examined by multivariate regression analysis using the Cox
hazards model. P<0.05 (two-tailed) was considered as statis-
tically significant.

3 Results and discussion

Based on our previous results indicating that CDK 10 may act
as a tumor suppressor [22], we first set out to determine
whether CDK10 is down-regulated in primary breast cancer
tissues versus noncancerous tissues. In Fig. 1 representative
Western blot results are shown from a cohort of 20 cases. We
found that 15/20 (75 %) of the cancer tissues (C) exhibited a
lower CDK10 protein expression compared to the paired ad-
jacent noncancerous (N) tissues (P<0.001).

Next, we investigated the CDK10 expression profiles in a
cohort of 168 primary breast cancer specimens using immu-
nohistochemistry. By doing so, positive CDK10 immuno-
staining was observed in the nucleus of neoplastic cells in
65/128 (50.8 %) of the primary tumors (Fig. 2). To further
explore the significance of CDK10 expression in breast can-
cer, we next examined its relationship with various clinico-
pathological features. We found that CDK10 expression was
associated with earlier tumor stages (stagel/Il versus stage 111/
IV; P<0.001), a lack of lymph node metastasis (P=0.003),
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Fig. 1 CDKI10 protein levels determined by Western blot analysis in
primary breast cancer tissues (C) and adjacent noncancerous tissues
(N). A quantitative analysis of CDK10 expression normalized to (3-
actin expression is shown in the right panel (n=20). ***P<0.001
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correlated with clinical tumor stage (»=—0.395; P<0.001),
lymph node metastasis (r=—0.359; P<0.001), HER-2 expres-
sion (r=0.245; P<0.001) and ER expression (r=—0.177; P=
0.012). Together, these data indicate that loss of CDK10 ex-
pression may be associated with malignancy, mainly related to
lymph node metastasis, and support the notion that deregula-
tion of CDK10 expression may contribute to breast cancer
progression.

In order to assess the prognostic impact of CDK 10 expres-
sion on the outcome of breast cancer patients, Kaplan-Meier
survival analyses were performed. As shown in Fig. 3a, the
overall survival (OS) rate of patients with a positive CDK 10
score was significantly higher than that of patients with a
negative score (P<0.001). The relationship between CDK10
expression and patient survival was independently assessed in
patients with lymph node metastasis (N1-N3) and in patients
without lymph node metastasis (NO). In both groups, the OS
rate was higher in patients carrying tumors with a positive
CDK10 expression score than in patients carrying tumors with
a negative CDK10 expression score (P=0.019 for NO group
and P<0.001 for N1-N3 group) (Fig. 3b and c).

To test the possibility that CDK10 expression may serve as
a prognostic biomarker for breast cancer patients, we applied
univariate and multivariate Cox-regression models. Upon uni-
variate analyses, we found that older patient age (P=0.026),
negative CDK10 expression score (P<0.001), lymph node
metastasis (N1- N3 versus NO; P<0.001), advanced tumor
stages (ILI/IV versus 1/II; P=0.001), tumor histological type

(ductal versus non-ductal; P=0.001) and HER2 expression
(P<0.006) were significantly correlated with an unfavorable
OS (Table 2). Multivariate analyses, however, indicated that
age (P=0.029), tumor stage (P=0.045) and decreased CDK 10
expression (P=0.001) acted as independent prognostic indi-
cators for an unfavorable OS in our study. These results indi-
cate that CDK 10 expression may serve as a predictor for the
survival of patients with breast cancer.

Orderly progression through the cell cycle requires sequen-
tial activation and inactivation of cyclin-dependent kinases
(CDKs). This is achieved in part through the association of
CDKs with positive regulators (i.e., cyclins) and inactivation
of cyclin-CDK complexes by cyclin-CDK inhibitors [23]. The
role of cell cycle control proteins, both as primary effectors
and as mediators of tumorigenesis, has gained increasing in-
terest [24-26]. As a member of the family of Cdc2-related
kinases, CDK10 has been found to act as a cyclin-dependent
kinase (CDK) through the identification of cyclin M as acti-
vating cyclin [27]. Functional studies have revealed that
CDKI10 silencing increases ETS2-driven activation of the
MAPK pathway, which confers tamoxifen resistance to breast
cancer cells [14-16], raising the possibility that patients car-
rying tumors that express low levels of CDK10 may have a
worse clinical outcome.

The present work is part of our effort to unravel the link
between CDK10 expression profiles and clinical outcome,
with the aim to identify new diagnostic and prognostic bio-
markers, as well as new therapeutic targets. CDK10 down-

Table 2 Univariate and

multivariate Cox proportional Variables Univariate analysis Multivariate analysis
hazards model predicting overall
survival in breast cancer HR (95 % CI) P value HR (95 % CI) P value
Age (years)
>45 vs. <45 1.798 (1.073-3.012) 0.026 1.782 (1.061-2.983) 0.029
Depth of tumors
T3/T4 vs. T1/T2 2.840 (0.892-9.040) 0.447
Lymph node metastasis
NI1-N3 vs.NO 3.061 (1.671-5.607) <0.001
Stage of tumors
/IV vs /I 2.544 (1.434-4.513) 0.001 1.824 (1.014-3.283) 0.045
Histological type
Ductal vs. Non-ductal 2.353 (1.417-4.107) 0.001
ER status
Positive vs. Negative 0.700 (0.409-1.197) 0.192
PR status
Positive vs. Negative 1.931 (0.980-3.805) 0.057
HER-2 status
Positive vs. Negative 2.798 (1.346-5.815) 0.006
CDK10 expression
Negative vs. Positive 0.354 (0.224-0.558) <0.001 0.442 (0.275-0.708) 0.001

HR hazard ratio, CI confidence interval
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regulation has been reported to occur in several earlier cancer-
related studies [14, 18, 19]. Recently, we found that the
CDK10 gene was frequently silenced via promoter hyperme-
thylation in nasopharyngeal carcinomas [20], but in breast
cancer this mechanism is still controversial [14, 28]. A re-
duced CDK10 expression was previously found to be associ-
ated with lymph node metastasis and tumor stage in biliary
tract cancer [18] and with alpha-fetoprotein level, tumor size
and tumor stage in hepatocellular carcinoma [19]. Here, we
found that loss of CDK10 expression was associated with
advanced disease stage, lymph node metastasis, HER-2 ex-
pression and ER expression in breast cancer. Of these factors,
metastasis appears to be of major prognostic significance [29].
Our results suggest that CDK 10 silencing affects breast cancer
progression and, more directly, correlates with an aggressive
biological behavior. Our survival analyses revealed a prognos-
tic value of CDK10 expression in breast cancer patients in
general, whereas our multivariate analyses identified CDK 10
expression as a strong independent prognostic factor for a
favorable OS. These observations suggest that CDK10 may
serve as an important node in tumor progression. The exact
downstream effects of CDK10 in breast cancer progression
require further exploration. Since patients usually present with
locally advanced disease, biomarkers other than lymph node
status may be needed to predict patient outcome [30]. In this
study, a lack of CDK 10 expression was also associated with a
poor OS in patients without lymph node metastasis. This re-
sult suggests that CDK10 may be of value in predicting the
outcomes of patients with early-stage disease.

The estrogen receptor (ER)-alpha is a key regulatory mol-
ecule in mammary epithelial cell development. Therapies that
target estrogen signaling have transformed the treatment of
breast cancer. Loss of ER-alpha in breast cancer is correlated
with poor prognosis, increased recurrence after treatment, and
an elevated incidence of metastasis [29]. It has been shown
that patients carrying ER-alpha positive tumors that express
low levels of CDK10 relapse early upon tamoxifen treatment
[14]. CDK10 silencing leads to ETS2-driven activation of the
promoter of the RAFI gene, thereby enhancing ERK/MAPK
kinase pathway activity and relieving tamoxifen-induced G1
cell cycle arrest in cancer cells [14—16]. We, however, failed to
observe any significant difference in OS between patients with
or without CDK 10 expression in the subgroup of ER-positive
patients (data not shown).

There are some limitations to our current study. First, to
reveal more significant data an extension of our sample size
may be required. Second, to substantiate the results obtained
from primary patient samples, validation under well-
controlled conditions in cell and/or animal models may be
required. Nevertheless, collectively our results indicate that
decreased CDK10 expression serves as a molecular signature
of breast cancer progression. CDK10 down-regulation was
found to be associated with malignant properties mainly
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relevant to metastasis and to correlate with a poor overall
survival. We conclude that CDK 10 expression may serve as
an independent prognostic predictor that holds therapeutic
promise for breast cancer.
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