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Role of cyclin D1 in breast carcinoma

Fereshteh Mohammadizadeh, Mohsen Hani, Mohammad Ranaee1, Marzie Bagheri
Departments of Pathology, School of Medicine, Isfahan University of Medical Sciences, 1Babol University of Medical Sciences, Isfahan, Iran

Background: Breast carcinoma is the most frequent cancer among women with considerable invasive and metastatic behavior. CCND1, 
the oncogene encoding cyclin D1, is amplified in a substantial proportion of human cancers. Although cyclin D1 overexpression 
has been reported in up to 50% of human breast cancers, its prognostic impact on breast carcinoma is still controversial.  Materials 
and Methods: In this cross-sectional investigation, 89 patients with breast invasive ductal carcinoma enrolled in the study. Tumor 
tissue samples were stained immunohistochemically for cyclin D1. The marker was semiquantitatively scored using the Allred scoring 
method and its relationship with ER, PR, and HER2-neu status as well as age, tumor grade and stage was then determined. Results: 
Cyclin D1 was strong (S), intermediate (I), weak (W), and negative (N) in 19.1%, 44.9%, 14.6%, and 21.3% of the cases, respectively. 
Estrogen receptor (ER), progesterone receptor (PR), and HER2- neu were positive in 60.7%, 58.4%, and 36% of the cases, respectively. 
There was a statistically significant reverse relationship between tumor grade and cyclin D1 (P = 0.009). The relationship between 
cyclin D1 and both hormone receptors was also statistically significant (P = 0.0001). There was no statistically significant relationship 
between cyclin D1 on one hand and age, stage, and HER2-neu on the other (P > 0.05). Conclusion: The reverse relationship between 
cyclin D1 overexpression and tumor grade as well as its positive relationship with ER and PR in invasive ductal carcinoma suggest 
that cyclin D1 may directly or indirectly result in maturation and differentiation of tumor cells.
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human cancers including parathyroid carcinoma, colon 
cancer, lymphoma, melanoma, prostate cancer and breast 
cancer.[5] Cyclin D1 overexpression has been reported 
in up to 50% of human breast cancers.[4,5] However, the 
impact of cyclin D1 overexpression on behavior of breast 
cancer remains controversial.[2] Although cyclin D1 has 
a pivotal role in promoting cell cycle progression and 
its overexpression in breast cancer is expected to be 
associated with poor prognosis, recent studies have 
shown both positive and negative prognostic impacts.[4]

Besides inducing cell cycle progression through regulation 
of CDKs activity, cyclin D1 promotes other regulatory 
molecules by CDK-independent mechanisms.[4] Cyclin 
D1 represses the transcriptional activity of signal 
transducer and activator of transcription 3 (STAT3) in 
vitro. The resultant loss of antiapoptotic activity of STAT3 
is apoptosis.[4] Cyclin D1 is the intermediary molecule in 
other cell cycle pathways such as nuclear factor-κB (NFκB), 
Rac1 and 5′ adenosine monophosphate-activated protein 
kinase (AMPK) signaling pathways. Decline in Rac1 
levels causes inhibition of NFκB signaling and induces 
downregulation of cyclin D1.[6,7] Active AMPK leads to 
loss of cyclin D1 messenger ribonucleic acid and protein.[8]

Only a minority of breast cancers with cyclin D1 
overexpression show amplification of the cyclin D1 

Introduction

Breast carcinoma is the most frequent cancer among 
women with considerable invasive and metastatic 
behavior. The recent increased knowledge in molecular 
mechanisms of this cancer and consequent targeted 
treatments have improved its outcome.[1]

Cyclin D1 is one of the main regulatory molecules of the 
cell cycle.[2] It belongs to the family of D-type cyclins, which 
regulate cell cycle progression from G1 to S phase by 
regulating the activity of cyclin-dependent kinases (CDKs).
[3] Cyclin D1 and its close relatives, cyclin D2 and cyclin 
D3, all appear to associate with the same kinase partners.
[3] Binding of cyclin D1 to CDK4 and CDK6 induces 
hyperphosphorylation of retinoblastoma protein (Rb). 
Hyperphosphorylated Rb loses its ability to bind to the E2F 
family of transcription factors. This leads to the activation 
of E2F and transcription of several genes required for 
the G1 to S phase transition, thereby promoting cellular 
proliferation.[4] Recent findings have revealed further roles 
of cyclin D1 in promoting cell cycle progression through 
CDK-independent mechanisms such as interaction with 
and modulation of transcription factor activities.[5]

The well-known oncogene CCND1, which encodes 
cyclin D1 is amplified in a substantial proportion of 
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gene, indicating that pathogenic transcriptional activation 
of this gene by factors such as estrogen receptor (ER) 
could be another important mechanism triggering its 
overexpression.[5] Using antibody against cyclin D1 protein, 
overexpression of the protein can be detected even in 
the absence of any apparent increase in copy numbers. 
Therefore, immunohistochemical staining with the specific 
monoclonal antibody provides an accurate method for 
detection of deregulated cyclin D1 expression.[3]

ER is another regulatory molecule with critical roles in 
proliferation of cancer cells in reproductive organs such as 
breast and uterus. ER status accompanies specific histologic 
characteristics of breast cancer. Most ER positive breast 
cancers are low-grade and have lower metastatic potential 
while ER negative ones demonstrate poor differentiation.[1] 
ER expression is in turn influenced by the expression of 
other genes such as MTA1. Silencing MTA1 gene results in 
ER expression in ER negative cells.[1]

Genetically modified mouse models reveal the necessity of 
cyclin D1 expression for postnatal mammary development 
in response to the sex steroids. Indeed, cyclin D1 expression 
in mammary epithelial cells is induced by estrogen and 
progesterone.[5]

The present study aims to find the frequency of cyclin D1 
overexpression and the relationship between cyclin D1 
overexpression and some well-known clinicopathologic 
prognostic determinants in breast invasive ductal carcinoma.

Materials and methods

In this descriptive-analytical and cross-sectional 
investigation, 89 patients with breast invasive ductal 
carcinoma hospitalized in Alzahra Hospital, Isfahan, 
Iran from 2003 to 2008 enrolled in the study. Patients had 
undergone mastectomy and axillary lymph node dissection 
and the status of ER, progesterone receptor (PR) and human 
epidermal growth factor receptor 2 (HER2)-neu had been 
determined immunohistochemically using the formalin 
fixed and paraffin embedded tissue samples of the primary 
tumor.

The studied variables included age, tumor grade, tumor 
stage, ER, PR, HER2-neu and cyclin D1 status.

Grading was carried out based on the Nottingham 
modification of Bloom and Richardson system, which 
considers the three parameters of tubule formation, nuclear 
pleomorphism and mitotic count as determining factors.[9] 
Staging was carried out based on the TNM classification 
of malignant tumours (TNM staging system) for breast 
carcinoma.

Expression of ER and PR was considered as negative if 
lesser than 1% of nuclei were stained and as positive if 1% 
or higher of nuclei were stained. The antibodies used were 
against ER (monoclonal mouse anti-human; Clone: 1D5; 
isotype: IGg1, kappa; Dakocytomation, Denmark) and PR 
(monoclonal mouse anti-human; Clone: 1A6; isotype: IGg1, 
kappa; Dakocytomation, Denmark).

The antibody used for HER2-neu study was polyclonal 
rabbit antihuman antibody against c-erbB-2 oncoprotein, 
Dakocytomation, Denmark. HER2-neu expression was 
scored as 3+ (positive) when strong complete staining 
of the membrane was present in more than 30% of the 
neoplastic cells, 2+ (positive) if weak to moderate complete 
staining of the membrane was seen in more than 10% of 
the neoplastic cells, 1+ (negative) when faint staining 
was detected in a portion of the circumference of the 
cytoplasmic membrane in more than 10% of the neoplastic 
cells and 0 (negative) when no membranous staining was 
identified or membrane staining was observed in less than 
10% of the tumor cells.[10]

The cyclin D1 antibody used was monoclonal mouse 
anti-human antibody, clone cyclin D1 antibody (DCS-6) 
(isotype: IgG2a, kappa), Dakocytomation, Denmark. The 
staining was carried out according to the manufacturer’s 
instructions. Four micron sections were prepared from each 
formalin-fixed and paraffin-embedded tissue sample to be 
stained with antibody against cyclin D1 using the envision 
method. Sections were placed on poly-l-lysine slides and 
dried in an oven at 60° c for 60 min. Subsequently, they were 
deparaffinized, rehydrated and rinsed in tap water before 
antigen retrieval. After inactivation of endogenous catalase 
by 3% hydrogen peroxide, the sections were incubated 
with primary antibody for 1 h and secondary antibody for 
30 min. After each step of antibody treatment, slides were 
drained with phosphate buffer to eliminate excess antibody. 
Diaminobenzidine was used as the chromogen. The slides 
were counterstained with hematoxylin. The validity of 
immunohistochemistry staining was provided by using 
positive and negative controls in each set of staining.

The intensity and distribution of cyclin D1 immunoreactivity 
were semiquantitatively scored using the Allred scoring 
method. The intensity of immunohistochemical reaction 
by light microscopy was recorded as 0 (negative) when no 
staining of the nuclei was seen even at high magnification, 
1 (weak) if staining was visible only at high magnification, 
2 (moderate) when staining was readily visible at low 
magnification and 3 (strong) if staining was strikingly 
positive even at low power magnification. The proportion of 
tumor cell nuclei showing positive staining was also scored 
as either 0 (none), 1 (<1/100), 2 (1/100-1/10), 3 (1/10-1/3), 4 
(1/3-2/3) and 5 (>2/3).
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It has been shown in previous studies that cyclin D1-
deficient mice are susceptible to mammary carcinomas 
induced by c-myc or Wnt-1, but not those induced by c-neu 
and v-Ha-ras. These findings suggest a pivotal role for cyclin 
D1 in a subset of breast cancers.[12]

The intensity and proportion scores were then added to 
obtain a total score ranging from 0 to 8 and the tumors 
were categorized into four groups based on their total score:

	 Negative expression: Total score of 0
	 Weak expression: Total score of 1 or 2
	 Intermediate expression: Total score of 3-5
	 Strong expression: Total score of 6-8.
	 Only nuclear staining was considered specific.[11]

Data was collected in prepared checklist and analyzed 
by version 16 of statistical package for the social sciences 
(SPSS) software (SPSS Corp, Chicago, USA) using ANOVA 
and Chi-square tests.

Results

The mean age of patients (±SD) was 51.38 ± 11.37 years 
(range: 26-83 years). 18%, 41.6% and 40.4% of the tumors 
were Grade I, II and III, respectively. 7.9%, 40.4%, 18%, 
30.3%, 1.1% and 2.2% of the cases fitted into stages 1, 2A, 
2B, 3A, 3B and 3C, respectively.

ER, PR and HER2-neu were positive in 60.7%, 58.4% and 
36% of the cases, respectively.

Cyclin D1 was strong (S), intermediate (I), weak (W) and 
negative (N) in 19.1%, 44.9%, 14.6% and 21.3% of cases, 
respectively [Figures 1 and 2].

There was a statistically significant reverse relationship 
between cyclin D1 and tumor grade (P = 0.009). The N status 
of cyclin D1 was mostly seen in grade 3 while S, I and W 
states were most frequent in Grade 2 [Table 1].

The relationship between cyclin D1 and ER was also 
statistically significant (P = 0.0001). The S and I states were 
mostly seen in patients with positive ER while the N status 
was most frequent in patients with negative ER [Table 2].

A statistically significant relationship was found between 
cyclin D1 and PR (P = 0.0001). The S, I and W states were 
mostly seen in patients with positive PR while the N status 
was most frequent in patients with negative PR [Table 3].

There was no statistically significant relationship between 
cyclin D1 on one hand and age, stage and HER2-Neu on 
the other (P > 0.05).

Discussion

The present study was conducted to determine the 
relationship between cyclin D1 overexpression and well-
known clinicopathologic prognostic determinants in breast 
invasive ductal carcinoma.

Table 1: The relationship between cyclin D1 and tumor 
grade

Group
W I S N Total

Grade 1 Count
% within grade
% within group

1
6.3%
7.7%

8
50%
20%

6
37.5%
35.3%

1
6.3%
5.3%

16
100%
18%

2 Count
% within grade
% within group

7
18.9%
53.8%

17
45.9%
42.5%

9
24.3%
52.9%

4
10.8%
21.1%

37
100%
41.6%

3 Count
% within grade
% within group

5
13.9%
38.5%

15
41.7%
37.5%

2
5.6%
11.8%

14
38.9%
73.7%

36
100%
40.4%

Total Count
% within grade
% within group

13
14.6%
100%

40
44.9%
100%

17
19.1%
100%

19
21.3%
100%

89
100%
100%

W = Weak expression of cyclin; D1, I = Intermediate expression of cyclin D1; S = Strong 
expression of cyclin D1; N = Negative expression of cyclin D1

Table 2: The relationship between cyclin D1 and estrogen 
receptor

Group
W I S N Total

ER Pos Count
% within ER
% within group

6
11.1%
46.2%

32
59.3%
80%

14
25.9%
82.4%

2
3.7%
10.5%

54
100%
60.7%

Neg Count
% within ER
% within group

7
20%

53.8%

8
22.9%
20%

3
8.6%
17.6%

17
48.6%
89.5%

35
100%
39.3%

Total Count
% within ER
% within group

13
14.6%
100%

40
44.9%
100%

17
19.1%
100%

19
21.3%
100%

89
100%
100%

W = Weak expression of cyclin D1; I = Intermediate expression of cyclin D1; S = Strong 
expression of cyclin D1; N = Negative expression of cyclin D1; ER = Estrogen receptor

Table 3: The relationship between cyclin D1 and 
progesterone receptor

Group
W I S N Total

PR Pos Count
% within PR
% within group

8
15.4%
61.5%

28
53.8%
70%

13
25%
76.5%

3
5.8%
15.8%

52
100%
58.4%

Neg Count
% within PR
% within group

5
13.5%
38.5%

12
32.4%
30%

4
10.8%
23.5%

16
43.2%
84.2%

37
100%
41.6%

Total Count
% within PR
% within group

13
14.6%
100%

40
44.9%
100%

17
19.1%
100%

19
21.3%
100%

89
100%
100%

W = Weak expression of cyclin D1; I = Intermediate expression of cyclin D1; S = Strong 
expression of cyclin D1; N = Negative expression of cyclin D1; PR = Progesterone 
receptor
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The oncogene CCND1 is amplified in 10-20% of breast 
carcinomas while the overexpression of its product cyclin 
D1 is more frequent and seen in about 34-81% of breast 
carcinomas.[3,13] In our study, cyclin D1 expression was 
seen in 78.6% of the cases. The frequency of strong (S), 
intermediate (I), weak (W) and negative (N) states of 
cyclin D1 were found to be 19.1%, 44.9%, 14.6% and 21.3%, 
respectively. No statistically significant relationship was 
found between age and cyclin D1.

Many researches have shown that overexpression of cyclin 
D1 in tumors is related to an unfavorable outcome, but 
others have yielded different results.[14] In our study, there 
was no statistically significant relationship between cyclin 
D1 overexpression and tumor stage. This finding may be 
explained by the fact that cyclin D1 overexpression cannot 
always be attributed to gene amplification. Activation of 
other mitogenic pathways such as β-catenin, STAT 5, STAT 
3, nuclear factor kappa b, c-jun, e2f-1, ppar y, calveolin-1 
and ras signaling may provide alternate routes to disturb 
regulation of cyclin D1.[15] Moreover, the promotion 
provided by cyclin D1 to proceed the cell through the cell 
cycle notwithstanding, degradation of cyclin D1 is essential 
for replication of deoxyribonucleic acid (DNA). Cyclin D1 
level rises early in G1 phase of the cell cycle and continues 
to accumulate followed by a rapid decline by the entrance 
to the S phase. Some studies have demonstrated that 
acute overexpression of cyclin D1 in fibroblasts prevents 
S-phase entry. Cyclin D1 has been shown to repress DNA 
replication by binding to proliferating cell nuclear antigen 
and CDK2.[16]

In the present study, a statistically significant reverse 
relationship was found between cyclin D1 and 
tumor  grade  as evidenced by the observation that 
negative  cyclin D1 status was mostly seen in grade III 
while strong, and intermediate states of cyclin D1 were 
more frequent in grades I and II. This observation is the 
same as the finding of some other studies in this field.[17] 
The grade of invasive ductal carcinoma is estimated by 

histological evaluation of tubular formation, mitosis and 
pleomorphism. Low grade tumors are well-differentiated 
and show histological features closer to their original 
tissue. The reverse relationship observed between cyclin 
D1 overexpression and tumor grade suggests that higher 
expression of cyclin D1 may directly or indirectly result 
in maturation of tumor cells. Some of the past researches 
support this opinion.[18]

We found a statistically significant relationship between 
cyclin D1 expression and ER. S and I states of cyclin 
D1were mostly seen in patients with positive ER while 
N status was most frequent in patients with negative 
ER. A statistically significant relationship was also 
found between cyclin D1 expression and PR. S and 
I states were most frequent in patients with positive 
PR while  N status was mostly seen in patients with 
negative PR. These findings further confirm the results 
of some previous studies in this field, which have stated 
a positive relationship between hormone receptor status 
and cyclin D1 overexpression in breast carcinoma.[19] This 
is in favor of the effect of cyclin D1 on cell maturation 
and differentiation. There was no statistically significant 
relationship between cyclin D1 overexpression and HER2-
neu status. However, overexpression of HER2-neu has 
been reported to be associated with the high expression 
of cyclin D1.[19] Further studies are needed to resolve this 
discrepancy.

Conclusion

The reverse relationship between cyclin D1 overexpression 
and tumor grade as well as the positive relationship 
between the overexpression of this marker and hormone 
receptor status in breast carcinoma suggest a regulatory 
role of cyclin D1 overexpression in cell maturation and 
differentiation.

Figure 1: Negative cyclin D1 status was mostly seen in grade III

Figure 2: Strong cyclin D1 status was more frequent in grades I & II
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