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OBJECTIVE

The aim of the present study was to evaluate rate of cyclin D1 expression and examine its relationship to
clinicopathological factors and impact on prognosis in breast cancer patients.
METHODS

Total of 85 estrogen receptor (ER)-positive breast cancer patients were included. Expression of cyclin D1,
ER, progesterone receptor (PR), and Ki-67 were determined using immunohistochemistry evaluation.
RESULTS

Patients’ median age was 49 years (range: 27–83 years) and cyclin D1 was positive in 90.5% of the
patients. Cyclin D1 expression was positively correlated with rate of ER positivity and Ki-67 expression (r=0.4; p<0.0001 and r=0.3; p=0.001, respectively). Five-year disease-free and overall survival (OS)
rates were not different between patients with or without cyclin D1 expression (81% vs 79% and 93%
vs 87%; p=0.8 and 0.4, respectively). High modified Bloom-Richardson grade (p=0.04), high nuclear
grade (p=0.021), and PR negativity (p=0.011) were found to be poor prognostic factors for OS rate in
univariate analysis.
CONCLUSION

In this study, cyclin D1 was not found to be prognostic factor; however, it is correlated with ER positivity
and Ki-67 expression in breast cancer patients.
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Introduction

Breast cancer is the most common cancer among
women. It is estimated that in 2016 the number of
newly diagnosed breast cancer in the United States will
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be 246.660 and the number of estimated deaths due to
breast cancer will be 40.450.[1] With the widepread use
of screening programs and advances in treatment (targeted drugs, modern radiotherapy (RT) techniques)
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cure rates of breast cancer is improved.[2] The treatment of breast cancer is patient-oriented so the sequencing of surgery, radiotherapy, chemotherapy, and
targeted therapies might show differences in every patient.[3]
There are well known and widely used prognostic
and predictive factors of breast cancer include patient
age, stage, presence of lymph node metastasis and tumor biology.[4] There are elaborate studies on molecular markers which might have prognostic importance
in breast cancer. Identification of prognostic and predictive molecular markers will lead to more aggressive
treatment for high-risk patients and prevent unnecessary treatment and side effects in low-risk patients. It is
thought that the survival difference observed between
cases with similar clinical and pathological features is
due to many factors not yet clarified in tumor biology.
Recently, researchers have reported that breast cancer
is a heterogeneous disease and composed of different
subtypes (luminal A, luminal B, Her-2, and basal). In
our daily practice identification of subtypes informs
clinicians about the treatment response and local regional/distant recurrence patterns of the patient.[5]
However, intensive investigations have been carried
out on signal transduction mechanisms involved in cell
cycle.[6,7] Among these, cyclins are one of the most
studied markers. Cyclins, cyclin-dependent kinases
(CDKs) and inhibitors (CDKI) are proteins that directly
control the cell cycle. Overexpression of Cyclin D1 and
Cyclin E lead to impaired control of the cell cycle. It has
been suggested that overexpression of Cyclin D1 and
Cyclin E in breast cancer might be prognostic factors.
[8–10] There are reports that cyclins may play a role in
some of the hormone sensitive breast cancer cases that
are resistant to tamoxifen and the mechanism of action
of tamoxifen is affected by the deterioration of control
of cell cycle.[11,12] However there is no consensus in
the literature on the role of Cyclin D1 in breast cancer
biology and its prognostic and predictive value.
We aimed to evaluate Cyclin D1 expression and
to investigate its prognostic significance in our breast
cancer patient population.
Materials and Methods

Between 1994 and 2004, breast cancer patients treated
with surgery, and irradiated in our department were
evaluated. Among them, 85 of the patients who had ER
positive breast cancer and the paraffin blocks are available in our Pathology Department were included to the
analysis.
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External RT was applied to the breast / chest wall
and peripheral lymphatics with a total of 50–60 Gy at
5–6 weeks with 2 Gy fractions per day; chemotherapy
(CT) were administered before or after RT or by sandwich method. Hormonal therapy (antiestrogen / aromatase inhibitor) was administered to patients for 5
years after RT. Patients were followed up once every 3
months for the first 2 years, every 6 months for 2–5
years after treatment and annually thereafter.
Immunohistochemical analysis
Macroscopic data of the operation materials were
obtained from archival records of Pathology Department. The operation material for each patient was
stained with hemotoxylin-eosin for 6–8 hours after
10% neutral formalin fixation. In our study, sections
of 4–5 micrometer thickness were taken and immunohistochemical examination was performed on sections made from paraffin embedded tissue samples
with formalin fixation. Estrogen (clone SP1, Neomarkers, 1: 250 dilution), progesterone (clone SP2,
Neomarkers, 1: 250 dilution) p 53 (Clone DO-7, Dako,
1:50 dilution), cyclin-D1 (clone SP4, Neomarkers, 1:
100 dilution) primer antibodies were investigated. As
the immunohistochemical staining system, we used a
biotin-free, HRP multimer-based, hydrogen peroxide
substrate and 3,3’-diaminobenzidine tetrahydrochloride (DAB) chromogen (UltraView™ Universal DAB
Detection Kit, Catalog number 760–500, Ventana
Medical Systems, Tucson, AZ). Tissue sections were
taken from electrostatically charged slides (X-traTM,
Surgipath Medical Industries, Richmond, Ill., USA)
and dried at 60 ° C for at least two hours. All immunohistochemical staining procedures, including deparafinization and antigen removal, were performed
in the BenchMark XT fully automatic immunohistochemical staining device. Only the primary antibodies estrogen (SP1), progesterone (SP2), cyclin D1
(SP4) were manually instilled and incubated at 37°C
for 32 minutes. In the device, the process was terminated by dehydration of hematoxylin and bluerization
solution, cross-sectioning of xylenes, transparency of
xylene and closure of coverglass.
Histological evaluation was performed using a
standard light microscope (Olympus Bx50; x40 magnification, 0.54 mm diameter, Ocular magnification:
x10) without using a special ocular grating. As positive
controls, serial sections for breast carcinomas detected
by immunohistochemistry for 100% (+3) for estrogen
and progesterone and mantle cell lymphoma for cyclin
D1 were used.
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Table 1

Patient characteristics

Feature

Fig. 1. Negative staining of Cyclin D1 immunohistochemically (Cyclin D1, x200).

Fig. 2. Positive staining of Cyclin D1 immunohistochemically (Cyclin D1, x200).

In immunohistochemical examination, nuclear
staining of estrogen, progesterone and cyclin-D1 was
accepted as positive. The ratio of tumor cells showing
nuclear positivity and the intensity of staining were
evaluated as 1, 2 and 3 positive for ER and PR. The ratio of tumor cells showing nuclear positivity for Cyclin
D1 and the intensity of staining were evaluated as 1, 2
and 3 positive. Nuclear positivity for Ki-67 and p53 was
considered significant. Positive tumor cell ratios were
given by choosing the areas that were most intense.
The threshold value for positive staining was accepted
as 10%. Negative and positive expressions of Cyclin D1
are shown in Figures 1 and 2 respectively.
For statistical analysis, data were entered in SPSS
13.0 (Statistical Package for the Social Sciences) soft-

Median age 49 (range: 27–83)
Menopause
Premenopausal
Perimenopausal
Postmenopausal
Operation
MRM
SM
PM+AD
PM
Histhopathology
Invasive ductal carcinoma
Invasive lobular carcinoma
Mixt
Other
T Stage
T0
T1
T2
T3
T4
N stage
N0
N1
N2
N3
Nx
Stage
I
II
III
Undetermined

n

%

30
15
40

35.3
17.6
47.1

58
4
25
6

58.8
4.7
29.4
7.1

51
4
12
18

60
4.7
14.1
21.2

1
30
35
9
10

1.2
35.3
41.2
10.6
11.8

21
24
27
3
10

24.7
28.2
31.8
3.5
11.8

14
26
35
10

16.5
30.6
41.2
11.8

MRM: Modified radical mastectomy; SM: Simple mastectomy; PM+AD: Partial
mastectomy+axillary dissection; PM: Partial mastectomy.

ware, general characteristics of cases were defined with
basic statistical methods and Kaplan Meier, log-rank
and chi-square methods were used for correlation and
survival analysis.
Results

Median age of the patients was 49 (range: 27–83) and
approximately 2/3 of the cases were stage II and III.
The most common type of surgery is modified radical
mastectomy and general characteristics of the patients
are summarized in Table 1. In 10 patients axillary intervention was not performed and were accepted as
Nx. Axillary dissection was performed in 68 (80%)
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Table 3

Immunohistochemical results

Marker

n

%
Variable

p53
Negative
Positive
Ki-67
Negative
Positive
Estrogen receptor
(+)
(++)
(+++)
Progesterone receptor
Negative
<%10
≥%10
Progesterone receptor
(-)
(+)
(++)
(+++)
Cyclin D1
Negative
<%10
≥%10
Cyclin D1
(-)
(+)
(++)
(+++)

Evaluation of prognostic factors for disease free
and overall survival

68
17

80
20

36
49

42.4
57.6

18
10
37

21
35
43

30
8
47

35.2
9.4
55.2

30
28
19
8

35.2
32.9
22.4
9.4

5
3
77

5.9
3.5
90.5

5
4
12
64

5.9
4.7
14.1
75.3

cases and the median number of dissected lymph node
was 17 (range: 10–44). In 7 cases number of dissected
lymph nodes was below 10 and accepted as axillary
sampling. The most common histopathological type
is invasive ductal carcinoma. Lymphovascular invasion was present in 16 (18.8%), perineural invasion
in 4 (4.7%), pectoral muscle invasion in 2 (2.4%) and
fascia invasion in 4 cases (4.7%). Histological grades
were 1, 2 and 3 in 7 (8.2%), 31 (36.5%) and 47 (55.3%)
and nuclear grades were 1, 2 and 3 in 12 (14.1%), 55
(64.7%) and 14 (16.5%) patients respectively. According to the Modified Bloom Richardson grading, grade
1, 2, and 3 cases were 26 (30.6%), 41 (48.2%) and 15
(17.6%) respectively.
All cases were ER positive and immunohistochemical results are presented in Table 2. Cyclin D1 expression
was positively correlated with ER-positive rate and Ki-67
expression (r=0.4, p<0.0001 and r=0.3, p=0.001, respectively). In the follow-up period of median 60 months
(range: 6–156 months), 13 (15.3%) cases had distant

Cyclin D1
≤%10
>%10
Cyclin D1
(-)
(+)
(++)
(+++)
ER
(+)
(++)
(+++)
PR
(-)
(+)
(++)
(+++)
Modified Bloom
Richardson grade
1
2
3
HG
1
2
3
NG
1
2
3

5 y DFS (%)

p

5 y OS (%)

p

79
p=0.8
81		

87
93

p=0.4

80
p=0.8
75		
82		
82		

50
100
100
92

p=0.2

75
p=0.4
81		
85		

90
96
89

p=0.9

68
p=0.2
83		
88		
100		

82
100
100
85

p=0.011

93
p=0.1
72		
79		

100
93
78

p=0.04

100
p=0.6
78		
75		

100
94
88

p=0.4

77
p=0.1
85		
56		

100
94
73

p=0.021

HG: Histological grade; NG: Nuclear grade; ER: Estrogen receptor; PR: Progesterone receptor; DFS: Disease free survival; OS: Overall survival.

metastases and 3 (3.6%) cases had local recurrences.
There was no difference in the 5-year disease-free (DFS)
and overall survival (OS) rates (81% vs 79% vs 84% vs
87%, p=0.8 and p=0.4) among patients with Cyclin D1
positive and negative staining. In our study, negative
prognostic factors for OS were found to be high Modified Bloom Richardson grade (p=0.04), high nuclear
grade (p=0.021) and progesterone receptor negativity
(p=0.011), while any prognostic factor could not be detected for disease free survival in our study (Table 3).
Discussion

Carcinogenesis process is caused by numerous mutations affecting biological events such as cell viabil-
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ity, growth control, and differentiation. During cancer development, tumor cells gain many phenotypic
properties. These changes cause rapid and unlimited
proliferation of tumor cells and their invasion to the
surrounding tissues. Serial mutations of protooncogenes and tumor suppressor genes contribute to the
formation of malignant phenotypes through different
mechanisms. Oncogenic mutations targeting signaling pathways and signaling proteins are also common.
The changes in the signal transmission affect the control of the growth and/or survival functions of the cell.
Thus, oncogenic signal transduction plays an active
role in tumor development, invasion and metastasis
processes.[13]
Cyclins, cyclin-dependent kinases (CDKs) and inhibitors (CDKI) are proteins that directly control cell
cycle. Cyclin D1 is located on the chromosome 11q13
and encodes the 36kD Cyclin D1 protein. Cyclin D1
plays a role in regulating the G1 phase in normal cell
cycle. With the induction of cyclin D1, the duration
of the G1 phase is shortened and the number of cells
passing through the G1 phase increases. Therefore the
overexpression of Cyclin D1 is resulted with uncontrolled growth in tumor cell. In normal cells, Cyclin D1
behaviour varies according to external stimuli such as
growth factors, and estrogen.[14]
Cyclin D1 levels were found to increase by 20% in
benign and premalign (atypical ductal hyperplasia)
breast lesions, by 70–80% in ductal carcinoma in situ
lesions and by 30–70% in invasive breast cancer.[15]
Cyclin D1 expression rate was found higher in ER (+)
breast cancer. In our study, it was determined that Cyclin D1 expressed in 90% of the cases. This expression
ratio is higher than the studies in the literature, because
only ER (+) cases are included in our analysis.
Cyclin D1 is one of the 21 genes evaluated in the
Oncotype DX gene test using for the patient-specific
treatment selection for breast cancer. While some studies reported increased expression as a good prognostic factor in estrogen receptor positive patients, other
studies found that it was associated with early recurrence and poor prognosis. Pelosio et al. investigated the
association of Cyclin D1 expression with ER and PR
receptor status and its prognostic significance in 180
breast cancer patients with axillary lymph node metastasis. They found that ER and PR positivity was higher
in tumors with Cyclin D1 expression and the increased
Cyclin D1 nuclear staining is related with high recurrence free survival rates.[16]
Seshadri et al. investigated the relationship between
CCND1 gene amplification and its relation with the
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clinicopathologic features and prognosis of 1014 breast
cancer cases. The researchers found that CCND1 gene
amplification was observed in hormone receptor positive tumors and this amplification was significantly
correlated with ER and PR positivity. With a median
follow-up of 66 months, they found that CCND1 amplification was not associated with breast cancer recurrence and breast cancer-related mortality in the whole
group. However this amplification was associated with
increased recurrence rates in node-negative and ER (+)
groups.[17]
Xu et al. performed a meta-analysis including approximately 9000 cases in 33 trials and found that for
patients with overexpression of Cyclin D1, HR was 1.13
(p=0.35), 1.25 (p=0.12) and 1.04 (p=0.76) for overall
survival, progression free survival and distant metastases free survival respectively. However, specifically for
ER (+) breast cancers, overexpression of Cyclin D1, HR
was 1.67 (p=0.00) for overall survival, and researchers
found that Cyclin D1 expression is related with poor
prognosis of ER (+) patients.[18]
Among the published literature, there is no consensus on the prognostic value of Cyclin D1. In our ER
(+) breast cancer patient population we did not demonstrate Cyclin D1 expression as a prognostic factor for
DFS and OS. We think that the inconsistency regarding the prognostic significance of Cyclin D1 expression might be related with the heterogeneity among
the published studies, possible genetic polymorphisms
in CCND1 encoding Cyclin D1, and possible subtypes
with different functions of Cyclin D1 that are yet to be
identified.
Warwick et al. analysed the prognostic factors in
their 20 year follow-up study, and concluded that the
importance of tumor grade at the time of diagnosis
have a lasting influence on survival.[19] Debled et al.
analyzed prognostic factors of early distant recurrence
in hormone receptor-positive, postmenopausal breast
cancer patients who receive adjuvant tamoxifen therapy. Among 715 breast cancer patients, a distant recurrence occured in 38 patients (5.3%) within the first 3
years of tamoxifen therapy. In this analysis, modified
Scarff-Bloom-Richardson grade 3 was the only significant predictive factor of early recurrence (hazard ratio,
3.72; p<.001).[20] In our analysis we also reiterate that
high nuclear grade and high modified Bloom Richardson grade are unfavorable prognostic factors for OS.
Since we don’t have the HER-2 information of the
patient, we cannot perform prognostic analysis according to molecular subtypes. However as already shown
in other studies, we also found that ER (+) PR (+) tu-
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mors tend to have better survival rates than ER (+) and
PR(-) tumors.[21,22]
Jirström et al. suggest that Cyclin D1 is associated
with ER and PR receptors and may interact with antiestrogen therapy. They immunohistochemically assessed CCND1 gene amplification in 500 breast cancer
patients. It has been reported that there is an agonistic
effect between tamoxifen treatment and CCND1 amplification in ER-positive tumors.[23] Gillett et al. also
showed that breast cancer cases receiving tamoxifen
have better response and better survival rates in the
presence of Cyclin D1 expression.[10] In our study,
we also found that Cyclin D1 expression was positively
correlated with ER positivity and also with Ki-67 expression.
Ahnström et al. investigated the prognostic significance of overexpression of Cyclin D1 and C-erbB2
in 230 breast cancer patients randomized to tamoxifen, chemotherapy and radiotherapy arms and found
that the prognostic value of C-erbB2 expression was
greater in patients with overexpressed Cyclin D1. In
ER positive cases, it was found that cases with no
expression or poor expression of Cyclin D1 did not
benefit from tamoxifen treatment. Investigators have
indicated that Cyclin D1 may be a marker for tamoxifen resistance.[24]
Understanding the potential role of Cyclins, cyclin
dependent kinases (CDKs) and inhibitors (CDKI) in
breast cancer has made them an important target. In
the recently published PALOMA-1/TRIO-18 trial, palbociclib, an inhibitor of Cyclin-dependent kinases 4
and 6, was used. In the cell cycle, G1 to S phase transition is controlled by cyclin dependent kinases (CDK4
and 6) and palbociclib is an oral CDK 4/6 inhibitor. In
this Phase II trial, ER-positive metastatic breast cancer
patients were randomised to letrazol versus letrazol
and palbociclib arms. At 2.5 years follow-up, median
progression-free survival was 20.2 months in the palbociclib arm, whereas only 10.2 months in the letrazol
arm, and this difference was statistically significant.
[25] This study reiterates the importance of defining
and targeting the molecular mechanisms of breast
cancer.
Our study is valuable in determining the expression and prognostic role of Cyclin D1 in the ER
positive breast cancer population in Turkey and but
limited with the number of cases. In our daily clinical practice, we believe that the identification of cases
with Cyclin D1 expression and administration of targeted therapies will increase response and cure rates
of the patients.
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