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Abstract

Objective: To investigate the clinical significance of cyclin-dependent kinase (CDK) |5 in breast
cancer.

Methods: This prospective observational study enrolled |54 patients with breast cancer. Tumor
tissues and paired paracancerous normal tissues were collected. Additionally, 85 samples of
benign breast lesions were obtained from patients with mammary gland hyperplasia. Patient
characteristics were recorded, and CDKI15, human epidermal growth factor receptor (HER)2,
estrogen receptor, progesterone receptor, and Ki67 immunohistochemical expression were
determined.

Results: The rate of strong CDKI5 expression was 63.6% (98/154) in breast cancer tissues,
which was remarkably higher than that in benign breast lesions (34.1%, 29/85). Similarly, the ratio
of strong CDK5 expression was markedly higher in tumor tissues (63.6%, 98/15) than in para-
cancerous normal tissues (27.3%, 42/154). Pearson’s analysis showed that the CDKI5 expression
score was positively correlated with HER2 and Ki67. Patients with high CDKI5 expression
showed markedly higher ratios of TNM stage Ill to IV, lymph node metastasis, and increased
tumor diameters but a significantly lower rate of ductal carcinoma in situ. The median survival
time of these patients was significantly shorter. Kaplan—Meier curve analysis showed that low
CDKI5 expression predicted longer survival times.

Conclusion: Upregulated CDK15 predicted poor clinical outcomes in breast cancer.
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Introduction

Breast cancer, the most common malignant
cancer in the female population, accounts
for 23% of all new cancer cases in women
worldwide.'® Although the available treat-
ment methods reportedly enhance the qual-
ity of life for patients, the prognosis of
patients with advanced stages or recurrence
remains poor.* ® Thus, revealing the molec-
ular mechanisms underlying breast cancer
progression is important for the identifica-
tion of new biomarkers and research targets
for early diagnosis.

Cyclin-dependent kinase (CDK) 15 is a
member of the CDK family.”® In recent
years, several members of the CDK family
have been reported to be involved in cancer
development. Studies have shown that the
inhibition of CDK4 and CDKG6 is an effec-
tive treatment strategy in breast cancer,
including hormone receptor-positive
advanced or metastatic breast cancer.”'”
The inhibition of CDK9 also demonstrated
antitumor activity in breast cancer in vitro
and in vivo.'" ! Furthermore, CDK 11 was
found to promote the development of oste-
osarcoma.'* In contrast, CDK 12 appears to
play both anti-cancer and cancer-promotor
roles in breast cancer and ovarian cancer.'?
However, very few studies have focused on
CDKI5 in breast cancer.

In the present study, we aimed to dem-
onstrate the clinical significance of CDK15
in patients with breast cancer and found
that increased CDKI15 levels predicted the
poor prognosis of these patients. This study
might provide clinical evidence and a novel
research target in breast cancer.

Methods and materials

Subjects and tissue samples

The present prospective observational study
enrolled 154 patients with breast cancer
who were admitted to our hospital from
March 2010 to December 2014. The inclu-
sion criteria were as follows: 1) patients
consecutively enrolled and diagnosed with
primary breast cancer for the first time
and 2) diagnosis confirmed by histological
analysis and imaging methods. The follow-
ing patients were excluded: patients who
received any prior anti-tumor treatment,
including chemotherapy, radiotherapy,
and immunotherapy; patients with other
primary cancers; patients with severe renal
or heart diseases; and patients with severe
infections. For patient enrollment, we
included all patients who met the inclusion
criteria during the study period. Only the
tissue samples of the patients were
obtained. In addition, follow-up was con-
ducted, and clinical characteristics and out-
comes were assessed. No intervention was
performed during the treatment process.
Tumor tissue samples and paired para-
cancerous normal tissues collected for his-
tological analysis or surgical resection were
obtained from all patients. Additionally,
85 tissue samples of benign breast lesions
were obtained from patients with mammary
gland hyperplasia. Written informed
consent was obtained from all patients.
The present study was approved by the
Ethics Committee of Jiangxi provincial

People’s Hospital Affiliated with
Nanchang University (approval no.:
20161BBG70133).
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Immunohistochemistry (IHC) for the
measurement of CDK5

The tissue samples were immediately collect-
ed after resection and stored at —80°C until
use. For IHC, the samples were fixed,
embedded, sectioned into 4-pum slices, and
stained with hematoxylin and eosin.
Samples were then immersed in 3% H»O,
and incubated with an anti-CDK 15 primary
antibody (LS-B15719, Lifespan Bioscience,
Seattle, WA, USA) at 4°C overnight. After
incubation with the corresponding second
antibody (Abcam, Cambridge, MA, USA)
at 37°C for 30 minutes, samples were stained
with diaminobenzidine. For THC scoring,
the Allred scoring system was used as fol-
lows: the sum of staining intensity [0 (no
staining), 1 (weak staining), 2 (moderate
staining), and 3 (strong staining)] and the
percentage score of the stained area [0
(0%-10%), 1 (11%-25%), 2 (26%—50%),
3 (51%-75%), and 4 (76%—-100%)] was
regarded as the final IHC score [>3 strong
(high), <3 weak (low)].

Data collection and follow-up

The patients’ age, body mass index (BMI),
cancer stage, pathological type, tumor
diameter, and medical history were
recorded. The expression of HER?2, estro-
gen receptor (ER), progesterone receptor
(PR), and Ki67 was also determined by
the THC methods described above. All
patients were followed-up for at least 5
years or until death. The survival duration
was defined as the time from admission to
death or the last follow-up.

Statistical analysis

Data were presented as the mean +SD or
median (range). The Chi-squared test was
used to analyze the ratios, and Student’s
t-test was used for the analysis between
two groups. For comparisons among three
groups, one-way analysis of variance

(ANOVA) was used, followed by the
Tukey post hoc test. The correlation was
assessed by Pearson’s rank correlation anal-
ysis, and the Kaplan—Meier method was
used for survival and recurrence analysis.
P < 0.05 indicated a statistically significant
difference. All statistical analysis was per-
formed using IBM SPSS Statistics for
Windows, Version 20.0 (IBM Corp.,
Armonk, NY, USA).

Results

CDK15 was upregulated in breast cancer
tissues

All patient characteristics are shown in
Table 1. Among all 154 patients with breast
cancer, the mean age was 46.72+11.00
years, and the mean BMI was 23.81 +2.53.
In addition, 96 (62.34%) and 58 (37.66%)
cases had TNM stage I to II and TNM
stage I1I to IV, respectively. The pathological
types included invasive ductal carcinoma in
74 (48.05%) cases, invasive lobular carcino-
ma in 63 (40.91%) cases, and ductal carcino-
ma in situ in 17 (11.04%) cases. Additionally,
luminal A was found in 55 (35.71%) cases,
luminal B in 37 (24.03%) cases, HER2 in 39
(25.32%) cases, and triple-negative breast
cancer in 23 (14.94%) cases. No significant
difference was found in age or BMI between
patients with breast cancer and patients with
benign breast lesions. The expression of
CDKI15 was determined by THC, and the
results showed that the rate of strong
CDKI15 expression was 63.64% (98/154) in
patients with breast cancer, which was
remarkably higher than the 34.12% (29/85)
in patients with benign breast lesions
(P<0.05, Table 1). Additionally, the ratio
of strong CDK15 expression was found to
be markedly higher in tumor tissues
(63.64%, 98/154) than in paracancerous
normal tissues (27.27%, 42/154) (P <0.05,
Figure 1). The mean IHC score was also
markedly higher in tumor tissues than in
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Table I. Patient characteristics.

Patients with breast

Patients with benign

Variables cancer, n= 154 breast lesions, n =85 P value
Age, years 46.72 £ 11.00 46.24 £ 10.46 0.743
BMI, kg/m? 23.81 +2.53 23.55+2.78 0.463
TNM stage, n (%) -
land Il 96 (62.34) -
Il and IV 58 (37.66) -
Pathological type, n (%) -
Invasive ductal carcinoma 74 (48.05) -
Invasive lobular carcinoma 63 (40.91) -
Ductal carcinoma in situ 17 (11.04) -
Molecular classification, n (%)
Luminal A 55 (35.71)
Luminal B 37 (24.03)
HER2 39 (25.32)
Triple negative breast cancer 23 (14.94) -
Tumor diameter, n (%) -
>2 cm 89 (57.79) -
<2 cm 65 (42.21) -
Lymph node metastasis, n (%) 83 (53.90) -
CDKI5, n (%) <0.001
Strong 98 (63.64) 29 (34.12)
Weak 56 (36.36) 56 (65.88)

BMI, body mass index; HER2, human epidermal growth factor receptor 2; CDKIS5, cyclin-dependent kinase |5.

normal tissues. No significant difference was
found between the normal tissues and the
tissues from benign breast lesions.

Correlations among CDK 5 expression
with HER2, ER, PR, and Kié7

To further investigate the clinical signifi-
cance of CDKI15 in patients with breast
cancer, the relationships of CDKI15 with
HER2, ER, PR, and Ki67 was analyzed.
Patients with elevated CDKI15 expression
also showed markedly higher rates of
strong HER2 and K167 expression than
patients with weak CDKI15 expression
(P <0.05, Table 2). However, no significant
difference was found for ER and PR.
Pearson’s analysis revealed that the THC
scores of CDK15 expression were positively
correlated with those of HER2 and Ki67
(P <0.05, Table 3).

CDK15 was correlated with the clinical
characteristics of patients with breast
cancer

Next, the clinical characteristics of patients
were analyzed to determine their correlation
with CDK15. In patients with high CDK15
expression, the ratios of TNM stage III to
IV and lymph node metastasis were marked-
ly higher than those in the patients with low
CDK15 expression (P <0.05, Table 4). In
addition, the proportion of patients with a
tumor diameter >2 cm was significantly
higher in patients with increased CDKI15
expression (P < 0.05). Furthermore, the mor-
tality rate of patients with strong CDKI15
expression was remarkably higher than that
in patients with weak CDKI15 expression
(P <0.05). Together, these results indicated
that high CDKI15 expression might predict
advanced breast cancer stages.
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Figure 1. CDKI5 expression determined by IHC. (a) IHC results for CDKI5 expression in tumor tissues,
normal tissues, and benign breast lesions. (b) Mean IHC scores in different tissue samples. *P < 0.05 com-
pared with paracancerous tissues, #P < 0.05 compared with benign lesions.

CDKI5, cyclin-dependent kinase 15; IHC, immunohistochemistry.

Table 2. Relationships between CDKI5 expression and HER2, ER, PR, and Ki6é7 in patients
with breast cancer.

CDKI5 strong CDKI15 weak
Variables, n (%) expression, n =98 expression, n=56 P value
HER2 <0.001
Strong 64 (65.31) 12 (21.43)
Weak 34 (34.69) 44 (78.57)
ER 0.489
Strong 53 (54.08) 33 (58.93)
Weak 45 (45.92) 23 (41.07)
PR 0913
Strong 50 (51.02) 29 (51.79)
Weak 48 (48.98) 27 (48.21)
Ki67 0.001
Strong 55 (56.12) 20 (35.71)
Weak 43 (43.88) 39 (69.64)

CDKI5, cyclin-dependent kinase |5; HER2, human epidermal growth factor receptor 2; ER, estrogen
receptor; PR, progesterone receptor.
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Table 3. Pearson’s analysis of correlations between CDKI5 expression and HER2, ER, PR, and Ki67.

CDKI5 HER?2 ER PR Kié7

CDKI5 Pearson correlation | 0.497 <0.001 —0.021 0.292

P — <0.001 0.999 0.792 <0.001
HER2 Pearson correlation 0.497 | —0.061 0.035 0.193

P <0.001 — 0.450 0.665 0.016
ER Pearson correlation <0.001 —0.061 | —0.037 —0.020

P 0.999 0.450 — 0.649 0.808
PR Pearson correlation —0.021 0.035 —0.037 | 0.019

P 0.792 0.665 0.649 - 0.815
Ki67 Pearson correlation 0.292 0.193 —0.020 0.019 |

P <0.001 0.016 0.808 0.815 -

CDKI5, cyclin-dependent kinase 15; HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; PR,

progesterone receptor.

Table 4. Characteristics of all patients classified by CDKI5 expression.

CDKI5 strong expression,

CDKI5 weak expression,

Variables n=98 n=>56 P value

Age, years 46.59 £11.03 46.96 £ 11.05 0.841

BMI, kg/m? 23.92+2.55 23.63 +2.51 0.493

TNM stage, n (%) <0.001
land Il 51 (52.04) 45 (80.36)

Il and IV 47 (47.96) 11 (19.64)

Pathological type, n (%) 0.222
Invasive ductal carcinoma 48 (48.98) 26 (46.43) 0.669
Invasive lobular carcinoma 42 (42.86) 21 (37.50) 0612
Ductal carcinoma in situ 8 (8.16) 9 (16.07) 0.087
Triple negative breast cancer, n (%) 15 (15.31) 8 (14.29) 0.839

Tumor diameter, n (%) <0.001
>2cm 63 (64.29) 26 (46.43)
<2cm 25 (25.51) 30 (53.57)

Lymph node metastasis, n (%) 66 (67.35) 17 (30.36) <0.001

Recurrence, n (%) 17 (17.35) 10 (17.86) 0.925

Mortality, n (%) 25 (25.51) 7 (12.50) 0.019

BMI, body mass index; CDKI5, cyclin-dependent kinase 15.

Increased CDK 15 was associated with
reduced survival of patients with breast
cancer

Finally, we determined the association
between CDKI15 and the prognosis of
patients with breast cancer. The median
survival time of patients with high CDK15
expression was significantly shorter than
that of patients with low CDK 15 expression

(P <0.05). Kaplan—Meier curve analysis
also showed that low CDKI15 expression
predicted longer survival times (P < 0.05).
However, no significant difference was
found for recurrence (Figure 2).

Discussion

With advances in research, an increasing
number of oncogenes and anti-cancer genes
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Figure 2. Kaplan—Meier curve for 5-year survival (a) and recurrence (b) in patients with breast cancer and

high or low CDKI5 expression.
CDKI15, cyclin-dependent kinase 15.

and proteins have been found to be involved
in breast cancer development. However, the
underlying molecular mechanisms of breast
cancer remain unclear, and the identification
of new biomarkers is needed for early diag-
nosis. In the present study, we demonstrated
that CDKI15 was upregulated in breast
cancer tissues and that enhanced CDKI15
expression was correlated with poor clinical
outcomes and shorter 5-year survival in
patients with breast cancer.

Few studies have focused on the role of
CDKI15 in cancer development; however,
several reports have elucidated the molecu-
lar mechanisms underlying its oncogenic
effects. In an earlier study, it was found
that CDKI15 attenuated cell apoptosis
induced by TNF-related apoptosis-inducing
ligand in MDA-MB-231 cells.'"® However,
in recent research, the authors found that
CDK15 was downregulated by proteasome
activator 28a/f, leading to the enhanced cell
invasion and migration of breast cancer
cells, indicating potential differences in the
role of CDK15 in various breast cancer
types.!” Additionally, other studies have
shown that CDKI5 is upregulated in lung

cancer'® and hepatocellular carcinoma."
All of these studies indicated that the role
of CDKI15 is likely pro-cancer, but more
studies are needed. In the present study,
we found that CDK15 was upregulated in
breast cancer tissues and that its increased
expression predicted a shorter overall sur-
vival. However, the molecular mechanisms
by which CDKI15 regulates breast cancer
remain to be confirmed.

Several novel biomarkers have been
reported in breast cancer. For example, 12
miRNAs were found to be upregulated in
breast cancer, and miR-320a, miR-361-5p,
and miR-21-5p might predict longer surviv-
al in these patients.”® Ye et al.®! demon-
strated that patients with breast cancer
and elevated levels of cell division cycle-
associated protein 7 exhibited a worse
metastatic relapse status and poorer dis-
ease-free survival, and the effects might be
mediated through enhancer of zeste homo-
log 2 in triple-negative breast cancer. In a
recent study, chromobox 6 was identified as
a consistently downregulated gene in breast
cancer and found to suppress the develop-
ment of cancer cells.?> Moreover, CDK



Journal of International Medical Research

family members have been found to facili-
tate the development of other cancers,
including CDKIl in osteosarcoma,>
CDKI2 in prostate cancer,” and CDK14
in glioma.? In this research, we showed for
the first time that increased levels of CDK15
were also associated with the poor prognosis
of patients with breast cancer.

In conclusion, our observational study
found that patients with breast cancer and
strong CDK15 expression exhibited higher
rates of TNM stage III to IV and lymph
node metastasis, increased tumor diame-
ters, a lower rate of ductal carcinoma in
situ, and poorer 5-year survival. We also
showed that CDK15 expression was corre-
lated with HER2 and Ki67 levels. The pre-
sent study has some limitations. First, the
molecular mechanism underlying the role of
CDK15 in breast cancer remains unknown.
Additionally, the sample size was small, and
the relationship of CDK15 expression with
luminal A, luminal B, and H subtypes
requires further investigation. Thus, more
studies are needed in the future.
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