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Summary

Purpose: Breast cancer (BC) is the most common can-
cer and the second leading cause of cancer death among 
women. While receptor-targeted therapies are used for other 
subtypes due to the presence of such receptors, studies are 
still continuing on receptor expression in order to identify 
new therapeutic targets as the triple-negative breast cancer 
(TNBC) lacks a target receptor and its prognosis is worse 
than the other subtypes. Cyclin D1 (CycD1) is a cell cycle 
regulator protein. It is stated that its overexpression plays a 
role in carcinogenesis. With the present study, we aimed to 
evaluate the prognostic significance of immunohistochemi-
cal expression of CycD1 in patients with TNBC.

Methods: The study included 56 operated patients with 
TNBC who were diagnosed between 2006 and 2011 at Iz-
mir Katip Celebi University, Ataturk Research and Training 
Hospital,  Department of Pathology. In tumor paraffin-em-
bedded sections,  CycD1 was immunohistochemically (IHC) 
studied. Demographic and survival data of the patients were 
obtained from the Department of Medical Oncology follow-
up files. ROC curve analysis was used to calculate the cut-
off value for CycD1 staining density. Patients were divided 
into two groups using 11.5 cutoff value for the expression 

of CycD1, obtained by ROC analysis. Kaplan-Meier analy-
sis was utilized for survival analyses, and log rank test for 
comparisons between the two groups.

Results: Of the patients, 62.5% had CycD1 expression 
(37.5% had not). In the whole group, the 5-year disease-free 
survival (DFS) was 51%, and the 5-year overall survival 
(OS) was 65%. No difference in DFS between the two groups 
was noticed (p=0.37). The 5-year DFS was 47% in the group 
with CycD1 expression below 11.5, while it was 57% in the 
group above the 11.5 value. The difference in OS between the 
groups was statistically significant (p=0.044). The 5-year 
OS was 55% in the group with a CycD1 expression below 
11.5, while it was 79% in the group above the 11.5 value 
(p=0.044).

Conclusion: OS differed significantly between the high 
and low-CycD1 expression. It was also demonstrated that 
CycD1 may have prognostic significance in TNBC. Further 
studies with larger populations are required to confirm the 
prognostic significance of CycD1.
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Introduction

 BC is the most common cancer and the second 
leading cause of cancer death among women [1].  
It comprises a heterogeneous group. Immunohis-
tochemically BC is classified according to the es-
trogen receptor (ER), progesterone receptor (PR), 
and HER2/neu expression. Immunohistochemi-

cally, the subtype without staining and is catego-
rized as TNBC. TNBC comprises 15-20% of all BC 
cases and exhibits a high risk of early relapse and 
poorer prognosis compared to other subtypes [2-
4]. Following the early 2000s, BC has also started 
to be classified according to gene expressions. The 
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basal-like breast cancer (BLBC) is another sub-
type in the classification performed based on gene 
expression profile. This subtype also expresses a 
poorer prognosis compared to others [5-8]. TNBC 
includes 70% of BLBC cases according to the im-
munohistochemical (IHC) classification. Moreo-
ver, 70% of the TNBCs consist of BLBCs [9]. Due 
to the presence of receptor expression in other 
subtypes, therapies targeting these receptors have 
been used, and new therapeutic agents for these 
receptors continue to be developed. Studies are 
still continuing on receptor expression in order 
to identify new therapeutic targets as the TNBC 
lacks a target receptor and its prognosis is worse 
than the other BC subtypes. 
 CycD1 is a cell cycle regulator protein. It is 
coded by the CCND1 gene located on chromosome 
11q13 and it binds to the cyclin-dependent kinase 
4/6 to control its activity. The resulting complex 
causes retinoblastoma gene product inactivation 
by phosphorylation. There are numerous gene 
activations that lead to G1/S transition through 
released E2F family transcription factors [10-12].  
CCND1 gene amplification is detected in around 
15-20% of BC cases [13,14]. Expression of CycD1 
is approximately 50% in BC [15] and it is stated 
that its overexpression may play a role in carcino-
genesis [16]. Although CCND1 gene amplification 
has been demonstrated to be associated with poor 
prognosis in patients with BC, conflicting reports 
are available regarding the prognostic significance 
of CycD1 expression. There are studies showing 
that it may be associated with either a good prog-
nosis or with a poor prognosis [13,14,17-22]. 
 In the present study, we planned to retrospec-
tively evaluate the prognostic significance of IHC 
expression of CycD1 in patients with TNBC who 
were not administered neoadjuvant chemotherapy.

Methods

Patients and tissues

 This study included operated patients with TNBC 
diagnosed between 2006 and 2011 at Izmir Katip Celebi 
University, Ataturk Research and Training Hospital, De-
partment of Pathology, and who were followed up at 
the Medical Oncology Clinic. Patient demographic and 
survival data were obtained from the follow-up files of 
the Medical Oncology Οutpatient Clinic. Clinical and 
pathological data including patient age at diagnosis, 
stage at diagnosis, tumor size, lymph node status, re-
currence status, use of adjuvant chemotherapy, histo-
logical grade, and operation type were registered. DFS 
was defined as the time period from diagnosis until 
relapse or metastasis, and OS was defined as the time 
period from the date of diagnosis to the time of death 
due to any cause. Patient diagnostic tumor blocks at the 

Department of Pathology were used for IHC staining 
of CycD1. IHC staining density and staining intensity 
were assessed. 

Immunohistochemical method

 IHC staining for CycD1 was performed on for-
malin-fixed and paraffin-embedded tissue using the 
streptavidin-biotin-peroxidase method. Tissue blocks 
containing representative tumor areas were selected 
for IHC stains. The expression of CycD1 was evaluated 
using a Dako Autostainer (DAKO, Santa Clara, CA, USA) 
and the DAKO Envision staining method. Sections were 
stained using monoclonal rabbit anti human CycD1 an-
tibody (Clone EP12 – DAKO, Pleasanton, CA, USA). Nor-
mal tonsil tissue was used as positive control for CycD1 
staining. Two of the authors evaluated the staining in-
tensity and staining density. Nuclear staining in tumor 
cells were considered positive. Besides CycD1, material 
concerning ER, PR, HER2 and Ki67 taken at the time of 
initial diagnosis was re-evaluated.

Statistics

 Statistical analyses were performed using the 
SPSS software, version 20. ROC curve analysis was em-
ployed to calculate the cutoff value for CycD1 staining 
density, Kaplan-Meier analysis for survival analyses, 
and log rank test for survival comparisons between the 
two groups. The independent t-test, Spearman’s rho cor-
relation test and Pearson’s correlation test were used 
to evaluate the relationship between CycD1 expression 
and other prognostic factors. P<0.05 was considered 
statistically significant. Patients were divided into two 
groups according to the cutoff value obtained by ROC 
analysis as part of the survival analyses. For the inde-
pendent t-test, patients were analyzed immunohisto-
chemically under two groups according to the presence 
of CycD1 expression.

Results 

 The clinical and histopathological character-
istics of the patients included in the study are 
shown in Table 1. The study included 56 operat-
ed patients with TNBC. All patients were female 
with median age 49 years (range 27-85). Except 
one patient, all patients received postoperative ad-
juvant chemotherapy. Twenty-two (40%) patients 
developed recurrence/metastasis after a median 
follow-up of 57 months and 25 (44.6%) died dur-
ing follow-up. Thirty-nine (69.6%) patients had in-
vasive ductal carcinoma, 4 (7.1%) invasive lobular 
carcinoma, and 3 (5.4%) had mixed breast carci-
noma histology. Six patients (10.7%) had grade I 
tumors, 30 (53.6%) grade II, and 20 (35.7%) grade 
III. Thirty (53.6%) patients had lymph node me-
tastasis at diagnosis. Thirty (53.6%) patients were 
subjected to total mastectomy and 26 (46.4%) un-
derwent breast-conserving surgery. Thirty (53.6%) 
patients had TNM stage II at diagnosis, 3 (5.4%) 
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had stage I, and 23 (41%) had stage III. Immu-
nohistochemically, 37.5% of the patients did not 
exhibit CycD1 expression and 62.5% showed this 
expression (Figures 1 and 2). 
 In the whole group, the 5-year DFS was 55%, 
and the 5-year OS 65%. Patients were divided into 
two groups according to CycD1 expression us-
ing 11.5 cutoff value for the expression of CycD1, 
which was obtained from ROC analysis. The 5-year 
DFS in the low CycD1 expression group was 47%, 
while it was 57% for the high CycD1 expression 
group (p=0.37; Figure 3). The 5-year OS was 55% 
in the group with CycD1 expression below 11.5, 
while it was 79% in the group above the 11.5 val-
ue (p=0.044; Figure 4). 
 Regarding the relationship between prognos-
tic indicators of patients and CycD1 expression, the 
results demonstrated that presence of multiple BC 
foci at diagnosis was not associated with CycD1 
expression at diagnosis (p=0.576). Similarly, pres-
ence of lymph node metastasis and menopausal 
status were not associated with CycD1 expression 
(p=0.77 and p=0.765), respectively. No correlation 
was found between CycD1 expression and histo-
logical grade (p=0.431) or CycD1 expression and 
tumor size at diagnosis (p=0.46). Also, although 

there was no correlation between Ki67 prolifera-
tion index and CycD1 (p=0.66), CycD1 expression 
was negatively correlated with the stage at diag-
nosis (p=0.020) and the number of lymph nodes 
involved at diagnosis (p=0.044).

Characteristics n (%)

Age, years, median (range) 49 (27-85)

Menopausal status
Premenopausal 29 (51.8)
Postmenopausal 27 (48.2)

Histological subtype
Invasive ductal carcinoma 39 (69.6)
Invasive lobular carcinoma 4 (7.1)
Mixed type 3 (5.4)
Other 10 (17.9)

Histological grade
Grade I 6 (10.7)
Grade II 30 (53.6)
Grade III 20 (35.7)

Surgical procedure
Modified radical mastectomy 30 (53.6)
Breast-conserving surgery 26 (46.4)

Lymph node status
Metastatic 30 (53.6)
Non-metastatic 26 (46.4)

Stage at diagnosis
Stage I 3 (5.4)
Stage II 30 (53.6)
Stage III 23 (41)

Cyclin D1 expression
Positive 35 (62.5)
Negative 21 (37.5)

Table 1. Patient and disease characteristics

Figure 3. Disease free survival according to Cyclin D1 
level (p=0.37).

Figure 1. Diffuse and strong nuclear immunopositivity of 
the tumor cells for CycD1 (x40).

Figure 2. Focal nuclear immunopositivity of the tumor 
cells for CycD1 (x200).
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Discussion 

 BC is a heterogeneous disease. Multiple genet-
ic modifications may play a role in its pathogen-
esis. TNBC is the group without an IHC receptor 
expression and has a worse prognosis compared 
with other subtypes. Due to the absence of recep-
tor expression, the targeted therapies available for 
other subtypes cannot be employed in TNBC. Al-
though 70% of TNBCs are included in the basal-
like subgroup based on the gene expression pro-
file, the TNBC is a heterogeneous group as well. 
A study conducted exclusively on TNBCs divided 
them into 6 subtypes based on the gene expres-
sion. Those subtypes differed in terms of survival 
as well [23]. Controversial results have been re-
ported in studies evaluating the prognostic signifi-
cance of CyclD1 in BC. The present study presents 
an IHC evaluation of CycD1 expression and its 
prognostic significance in patients with TNBC.
 In our study, CycD1 expression was detected 
in 35 (62.5%) of 56 operated patients with TNBC 
(except one patient) who were administered post-
operative adjuvant chemotherapy. The patients 
were categorized into two groups with ROC analy-
sis based on CycD1 expression. Unexpectedly, due 
to the effect of CycD1 on G1/S transition in the 
cell cycle, no difference was detected between 
the two groups in terms DFS (p=0.37). OS in the 
low and high CycD1 expression groups was 55% 
and 79% at 5 years, respectively. The difference in 
OS between the two groups was statistically sig-
nificant (p=0.044). A study conducted by Pelosio 
et al., immunohistochemically evaluated CycD1 
expression in tissue samples of 180 operated BC  
patients with lymph node metastases who were 
treated with adjuvant chemotherapy. The authors 
detected nuclear CycD1 staining in 70% of the 

patients and demonstrated that it was associated 
with DFS in this group of patients [24]. Another 
study conducted by Chung et al. assessed 236 op-
erated patients with BC. The group with increased 
CycD1 expression showed no difference in terms 
of DFS, while the disease-specific OS was higher 
in this group [25].  
 The study in which Gillett et al. immuno-
histochemically evaluated CycD1 expression in 
345 operated patients with BC reported that in-
creased CycD1 expression was associated with in-
creased DFS and OS [20]. Bao et al. demonstrated 
in a study, in which they immunohistochemically 
evaluated 102 cancerous and 60 normal breast tis-
sue samples, that tissue samples of patients with 
BC exhibited increased CycD1 expression com-
pared to normal tissue samples, which confirmed 
the role of CycD1 in the pathogenesis of BC. The 
same study also found an association between in-
creased CycD1 expression and increased OS [19].  
As part of the present study, we evaluated CycD1 
expression and its relationship with other prog-
nostic factors. Despite the negative correlation 
between CyCd1 expression and histological grade 
(p=0.431) and tumor size at diagnosis (p=0.46), 
the difference was not significant. Also, increased 
CycD1 expression was negatively correlated with 
the stage at diagnosis (p=0.020) and the number of 
lymph nodes involved at diagnosis (p=0.044). 
 A study published by Van Diest et al. immuno-
histochemically evaluated the CycD1 expression 
in 148 patients with BC and found 60% positiv-
ity. The authors also found that CycD1 expression 
negatively correlated with the histological grade 
and mitotic index [26]. In the study conducted by 
Quintayo et al. on 1686 operated patients with 
BC, 13.6% of the patients presented CCND1 gene 
amplification and 80.1% of them exhibited IHC 
CycD1 expression.  The gene amplification and ex-
pression of CycD1 were proved to be correlated. 
Although the gene amplification was found to be 
associated with poor DFS, high histological grade, 
increased lymph node involvement and increased 
tumor size, the CycD1 expression was associated 
with increased DFS, low tumor grade, and low 
proliferation index [17]. Another study published 
by Peurala et al. immunohistochemically evalu-
ated the CycD1 expression in 102 operated pa-
tients with BC; the authors reported that increased 
CycD1 expression was associated with low Ki67 
proliferation index and increased OS [27].  
 Lehn et al. studied MDA-MB-231 TNBC cell 
line and demonstrated that the loss of siRNA and 
CycD1 increased cell migration and they also re-
ported a high upregulation of the differentiation 
inhibitor 1 (ID1) gene following the CycD1 loss. 
The authors also showed that ID1 overexpression 

Figure 4. Overall survival according to Cyclin D1 level 
(p=0.044).
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increased cancer cell migration with respect to the 
control group [28]. A study by Tobin et al., which 
included 1106 patients with BC, immunohisto-
chemically evaluated CycD1 expression, ID1 ex-
pression, as well as CCND1 and the differentiation 
inhibitor gene expression in ZR75.1 and MDA-
MB-231 TNBC cell line. The authors demonstrated 
that reduced CycD1 expression caused an increase 
in ID1 expression. The study further showed that 
reduced CycD1 expression caused an increase in 
cancer cell migration through ID1, CycD1 expres-
sion was associated with low histological grade, 
and increased ID1 expression negatively correlat-
ed with tumor grade and size [29]. 
 CycD1 plays a role in the G1/S transition of the 
cell cycle. Binding to cyclin-dependent kinase 4/6, 
it forms a complex which then causes the phospho-
rylation and inactivation of retinoblastoma gene 
product [10-12]. CycD1 levels increase in the early 
G1 phase of the cell cycle, which continues until 
G1/s transition, and then sharply decrease. CycD1 
degradation is required for DNA replication. Cell 
culture experiments conducted with fibroblasts 
showed that acute CycD1 overexpression blocked 
DNA replication, reduced cyclin-dependent kinase 
2 activity by binding to cyclin-dependent kinase 2, 
and inhibited cell proliferation [30,31]. 
 The CycD1 protein comes as a result of rs9344 
polymorphism of CCND1 gene. CycD1a is known 
as the classical CycD1 [32]. Studies on BC cell cul-
tures have demonstrated that CycD1b also inhibits 
the activity of cYCd1A and prevents tumor prolif-
eration [33].  
 The inhibiting effect of P16 on cyclin-depend-
ent kinase  4/6 is another control mechanism part 
of G1/S transition in the cell cycle. P16 inhibits 
cyclin-dependent kinase 4/6 and thereby causes 
the retinoblastoma gene product to remain in the 
hypophosphorylated form, prevents the release 
of E2F family transcription factors, and controls 
G1/S transition [34,35]. 
 In conclusion, although the CCND1 gene 
amplification is found to be associated with poor 
prognosis in BC, the role of CycD1 in the prog-
nosis of BC remains controversial. Similar to the 
findings of recent studies, we found CycD1 ex-
pression to be associated with low grade and low 

lymph node involvement at diagnosis, which is an 
indicator of increased OS and good prognosis. We 
also demonstrated that CycD1 might have prog-
nostic significance in the TNBC, which is one of 
those subtypes exhibiting poor prognosis. 
 The association we found between increased 
CycD1 expression and prolonged survival and 
good prognostic factors might have been due to 
the small sample size of our study. Except one pa-
tient, all patients received adjuvant chemotherapy. 
The finding that the group with increased CycD1 
expression had a longer OS can be explained by the 
fact that the same group benefited more from the 
adjuvant chemotherapy. On the other hand, the ab-
sence of sharp CycD1 decrease in G1/S transition, 
required for DNA replication as demonstrated in 
cell culture experiments, can be explained by its 
inhibitory effect on DNA replication. Coded as a re-
sult of the CCND1 gene polymorphism in BC cells, 
the CycD1b’s inhibition of CycD1a’s effect might 
be explained by its inhibiting effect on tumor pro-
liferation. The elimination of CycD1 controlling 
effect on cells with low CycD1 expression might 
account for the high number of defects in those 
cells, which are related to P16, cyclin-dependent 
kinase 4/6, and retinoblastoma gene product, and 
which play a role in G1/S transition in those cells. 
The finding that other pathways were active in 
the carcinogenesis process in the cells with low 
CycD1 expression compared to those with a high 
expression might be explained by the associa-
tion of low CycD1 expression and poor prognosis 
in those patients. The relationship between in-
creased CycD1 expression and good prognosis in 
TNBC may be due to a possibly increased expres-
sion in the TNBC subtype that bears a better prog-
nosis according to gene expression. 
 Further studies with larger populations are 
required to confirm the prognostic significance 
of CycD1, which will guide future studies on its 
predictive significance as well as attempts for new 
therapies targeting CycD1.
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