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Introduction
Triple-negative breast cancer, defined as ER-negative, PR-negative, and lacking HER-2neu 

overexpression, accounts for approximately 15% of breast cancers and typically affects patients 
younger than 50 years of age, is more prevalent in African–American women, and is more aggressive 
than other breast cancers [1,2]. Currently, these patients do not benefit from effective targeted 
therapies in the age of personalized medicine. Only a subset of patients benefits from systemic 
chemotherapy, while most patients show increased risk of recurrence early in the disease course, 
and increased mortality in the first 5 years following treatment [3]. Furthermore, the identification 
of reliable biomarkers to help select high and low risk subsets of patients and guide treatment 
has been elusive, and markers to date, primarily immunohistochemical, have been prognostically 
inconsistent. We evaluated a small sample of ER-, PR-, and HER2neu-negative invasive ductal 
carcinomas of no special type to investigate the relationship between Cyclin D1 tumor expression 
and clinical and pathologic parameters. Twenty-five tumors were morphologically reviewed and 
Cyclin D1 immunohistochemistry applied using BCL-1. Patients with tumors showing intense BCL-
1 staining had larger tumors with more capillary/lymphatic invasion and lymph node metastases, 
and were less likely to respond to treatment. We believe Cyclin D1 expression may serve as a robust 
biomarker for more aggressive triple-negative breast cancer, and that targeted therapy that down-
regulates Cyclin D1 amplification may hold potential treatment promise for these patients [4,5].
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Abstract
While targeted therapies are available for breast cancer patients whose tumors express ER, 
PR, or show HER-2 overexpression, no such treatment exists for “triple-negative” cases. As 
immunohistiochemistry (IHC) expression of Cyclin D1 has been shown concordant with Cyclin D1 
gene amplification, we evaluated Cyclin D1 IHC expression in 25 cases of triple-negative invasive 
ductal carcinoma to clarify its relationship with clinical and pathologic parameters. Twenty-six 
invasive carcinomas negative for ER, PR, and HER-2 were reviewed. One sarcomatoid carcinoma 
was omitted leaving 25 invasive ductal carcinomas for this pilot study. Clinical information, 
including treatment response, was gleaned from patient records. Only one case was known to be 
BRCA-positive. Tumors were morphologically reviewed and Cyclin D1 IHC applied using BCL-1. 
Chi square and t-test statistical analyses were performed. Patients were female and ranged in age 
from 32 to 88 years (m=59). Tumors were in left (n=16) and right breasts (n=9) with tumor size 
ranging from 0.4 cm up to 7.2 cm (m=2.7cm). Tumors were invasive dustal carcinomas of no special 
type, Nottingham grade 1 (n=1), 2 (n=10) and 3 (n=14). Eight cases had an in-situ component, high 
grade (n=7) or low grade (n=1), ranging from 5% to 70% of tumor (m= 23%). All tumors showed 
Cyclin D1 expression from light and focal staining (1+; n=6; Group 1) to focal intense (2+; n=9) or 
diffuse intense staining (3+; n=10). The latter two groups were combined for analyses (Group 2). 
While patients were younger in Group 2, this was not statistically significant. Patients with tumors 
showing intense BCL-1 staining (Group 2) had larger tumors (p<.05) with more capillary/lymphatic 
invasion (p<.005) and lymph node metastases (p<.007), and were less likely to respond to treatment 
(p=.01; see Table 1). Cyclin D1 expression may serve as a marker for more biologically aggressive 
triple-negative breast cancer. These tumors may respond to targeted therapy that down-regulates 
Cyclin D1 amplification. Further research with larger sample sizes is needed.
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Methods
Twenty-six invasive carcinomas, negative for ER, PR, and 

HER-2 were reviewed from our files. One sarcomatoid carcinoma 
was omitted leaving 25 invasive ductal carcinomas of no special 
type for study. Clinical information, including treatment response, 
was gleaned from patient electronic records and hematologist/
oncologist assessment (DF). Only one case was BRCA-positive. 
Specimens included mastectomies, lumpectomies, and needle 
biopsies [3]. Tumors were morphologically reviewed by a surgical 
pathologist with interest in breast pathology (PHH) and Cyclin D1 
immunohistochemistry applied using BCL-1. Tumors showing 
BCL-1 staining in greater than or equal to 80% of tumor cells were 
considered to show diffuse staining, while tumors showing BCL-1 
staining in less than or equal to 20% of tumor cells were considered 
to show focal staining. Intensity of staining was either 1+ (light) or 3+ 
(intense). Chi square and t-test statistical analyses were performed on 
categorical and continuous data, respectively. 

Results
Patients were female and ranged in age from 32 to 88 years 

(m=59). Tumors were in left (n=16) and right breasts (n=9) with 
tumor size ranging from 0.4cm up to 7.2 cm (m=2.7cm). Tumors 
were invasive ductal carcinomas of no special type, Nottingham 
grade 1 (n=1), 2 (n=10) and 3 (n=14) predominantly with solid nests 
and cords of tumor cells, large irregular and vesicular nuclei with 
prominent nucleoli, numerous mitoses, and focal necrosis. Eight 
cases had an in-situ component, high grade (n=7) or low grade (n=1), 
ranging from 5% to 70% of tumor (m= 23%). All tumors showed 
Cyclin D1 expression from light and focal staining (1+; n=6; Group 
1) to focal intense (2+; n=9) or diffuse intense staining (3+; n=10; 
Figure 1). The latter two groups were combined for analyses (Group 
2). While patients were younger in Group 2, this was not statistically 
significant. Patients with tumors showing intense BCL-1 staining 
(Group 2) had larger tumors (p<.05) with more capillary/lymphatic 
invasion (p<.005) and lymph node metastases (p<.007), and were less 

likely to respond to treatment (p=.01; see Table 1).

Discussion
Patients with “triple negative” breast cancer do not currently 

benefit from targeted therapies in the age of personalized medicine. 
We evaluated a small sample of ER-, PR-, and HER2neu-negative 
invasive ductal carcinomas to investigate the relationship between 
Cyclin D1 tumor expression and clinical and pathologic variables. 
Cyclin D1 amplification is known to exist in many cancers, including 
breast cancer, and plays a role in carcinogenesis [6]. Cyclin D1 locus 
amplification has been shown to exhibit near complete concordance 
with immunohistiochemical protein expression [7]. While larger 
sample sizes are needed, we believe that, based on our results, 
Cyclin D1 may serve as a potent biomarker identifying a subgroup 
of triple-negative cancers with poor prognostic indicators, and 
may serve as a treatment target for affected patients [4,5]. Much of 
the recent research on triple-negative breast cancer has focused 
on subclassifying basal-like and non-basal-like tumors. Basal-like 
tumors comprise a heterogeneous group, similar to triple-negative 
breast cancer, that accounts for up to 15% of all breast cancers, affect 
younger patients, are more prevalent in African-American women, 
and are more aggressive [1]. Histologically, the majority of basal-
like breast cancers are invasive ductal carcinomas of no special type, 
have high nuclear grade and high mitotic counts, focal necrosis, 
pushing borders, conspicuous lymphocytic infiltrate, and sometimes 
medullary features [8-10]. While there is no accepted international 
definition of “basal-like” breast cancer, the majority of basal-like 
breast cancers lack ER, PR, and HER2 protein over expression, 
whereas they express genes and proteins usually found in basal 
(myoepithelial) cells of the normal breast, most notably including 
high-molecular-weight cytokeratins (CK5/6, 14 and 17) [9,11-14]. 
Immunohistochemical expression of p53 or  TP53  gene mutations 
are observed in up to 85% of cases [15,16], and alterations of the 
pRB and p16 G1/S constituents of the cell-cycle are prevalent [17]. 
Basal-like cancers also share high proliferation indices as defined by 
mitotic counting or by Ki67 immunohistochemistry [17]. Overall, 
however, prognostic results have been variable, with some studies 
finding basal-like tumors to have poorer prognosis [1,3,18], while 
others suggest a better prognosis with some variables compared with 
non-basal like triple-negative cancers [19]. These differences tend 
to be a function of how basal-like tumors are defined, for example, 
by histology, immunohistochemistry, or gene expression. A recent 
study compared triple-negative breast cancers defined as basal-like 
by all three parameters, ie, histology, immunohistochemistry, and 
genomics [19]. Basal-like triple-negative breast cancers defined by 
either EGFR and/or CK5/6 immunoreactivity showed an increase risk 
of death within 15 years compared with tumors classified as basal-like 
due to morphologic features such as solid growth pattern, pushing 

Figure 1: Cyclin D1 (BCL-1 IHC) expression in triple negative breast cancer.

Group 1 (light 
BCL-1 tumor 

staining)

Group 2 
(intense 

BCL-1 tumor 
staining)

Statistical p 
values

Patient age 62 55 p=.30

Positive treatment response 5/6 (83%) 12/19 (63%) p=.01

Tumor size 1.4cm 4.0cm p<.05
Capillary/lymphatic invasion 

present 0/6 (0%) 7/19 (37%) p<.005

Lymph node metastases 
present 2/6 (33%) 11/19 (58%) p<.007

Table 1: Clinical and pathologic parameters and Cyclin D1 (BCL-1) tumor 
expression.
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margin, and necrosis. In contrast, those tumors classified as basal-like 
based on gene expression [20] showed a significantly better 15-year 
survival than other groups. Such discordant findings highlight the 
heterogeneity within triple-negative breast cancers when evaluated 
according to the presence or absence of basal-like features, and raise 
questions as to the clinical utility of this designation. We found that 
all of our triple-negative breast cancers, similar in morphology, all 
expressed Cyclin D1 although with variable intensity. Our results 
showed a consistent relationship with Cyclin D1 immunoreactivity 
and tumor size, the presence of prognostic indicators such as 
capillary/lymphatic invasion and lymph node metastases, and 
treatment response. We believe that Cyclin D1 may serve as a more 
robust and consistent biomarker for aggressive triple-negative breast 
cancers than classification based on presence or absence of basal-like 
features, and may serve as a useful treatment target in this patient 
population. Future work must duplicate the present findings with 
larger study samples.
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