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Introduction
Cyclin D1, an important cell cycle regulator located on chromosome 11q13, is overexpressed in several human cancers
including esophageal, squamous head and neck, non-small cell
lung, hepatocellular, bladder, colon, prostate, and breast (1– 8).
Cyclin D1, along with cyclin E and their associated cyclindependent kinases, phosphorylate the Rb2 protein, thus preventing Rb from performing its inhibitory role in the cell cycle (2,
9). When cyclin D1 protein is overexpressed in a cell, phosphorylated Rb does not prevent the cell from passing through
the cell cycle, and cell replication continues to the S-phase
(9, 10).
In the breast, cyclin D1 protein plays a role in both normal
mammary development and malignant transformation (3, 11).
In particular, alterations in the cyclin D1 gene may be a fundamental and early step in breast cancer progression (12, 13).
Cyclin D1 overexpression has been strongly associated with
well-differentiated, estrogen receptor-positive tumors (1). Both
estrogens and progestins activate the transcription of the gene
(13, 14 –17). These steroid hormones and their interplay with
cyclin D1 recruit noncycling cells into the cell cycle and
shorten the overall cell cycle time by reducing the length of G1
(14, 18 –20). In addition, many other lines of evidence support
the relationship between hormones and cyclin D1: antiestrogens have been shown to reduce cyclin D1 protein levels in
estrogen receptor-positive breast cancer cell lines (13, 21);
pregnancy-induced changes in mammary tissues do not occur in
cyclin D1 knockout mice (5, 9, 22, 23); and transgenic mice that
are bred with additional cyclin D1 have increased mammary
hyperplasia (17, 24).
Little is known, however, as to whether breast cancer risk
factors are associated with the subset of tumors that overexpress
cyclin D1. In particular, we were interested in whether use of
exogenous estrogens, such as OCs, is associated with tumors
that overexpress cyclin D1. Using a population-based study of
young women ⬍45 years in New Jersey, we undertook a study
to examine whether OCs and other risk factors were associated
with the overexpression of cyclin D1 in breast cancer tissue.

Abstract
Cyclin D1, an important cell cycle regulator, is
overexpressed in several human cancers including breast.
Both estrogens and progestins activate the transcription
of the gene; antiestrogens have been shown to reduce
cyclin D1 protein levels. Cyclin D1 protein overexpression
has been strongly associated with well-differentiated,
estrogen receptor-positive tumors. Little is known,
however, as to whether epidemiological risk factors are
related to this molecularly defined subset of tumors.
Using a population-based study of young women <45
years in New Jersey, we analyzed whether oral
contraceptives (OCs) and other risk factors were
associated with the overexpression of cyclin D1 in breast
cancer tissue. We measured cyclin D1 status in paraffinembedded, archived tissue from 78.8% of the breast
cancer cases using immunohistochemistry. Cyclin D1 was
overexpressed in 33.7% of the cases (123 of 365). We
used unordered polytomous logistic regression to estimate
the odds ratios (ORs) for two case groups—(a) breast
cancer with cyclin D1 overexpression (n ⴝ 123) and
(b) breast cancer without overexpression (n ⴝ
242)— compared with 462 population-based controls. The
multivariate-adjusted OR for ever use of OCs was 1.6
[95% confidence interval (CI), 1.0 –2.5] for cases that
overexpressed cyclin D1 and 1.0 (95% CI, 0.7–1.5) for
those with no overexpression. Among women who started
using OCs at least 20 years before the reference date, the
OR was increased 2-fold for breast cancer with cyclin D1
overexpression (OR, 2.2; 95% CI, 1.2– 4.0) but not for
breast cancer without cyclin D1 overexpression (OR, 1.1;
95% CI, 0.7–1.8). If replicated, these findings suggest that
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Sujects and Methods
Study Population. This study builds on information collected
as part of a large multicenter, population-based case-control
study (25). The cases and controls are derived from the New
Jersey site of the parent study (26). Cases were women who
were characterized as follows: diagnosed with in situ and in-
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Table 1

Demographic and tumor characteristics of breast cancer cases and controls by cyclin D1 status among young women ⬍45 years of age in New Jersey
from 1990 to 1992

Age (yrs) at diagnosis
23–29 yr
30–34 yr
35–39 yr
40–44 yr
Stage at diagnosis
In situ
Local
Regional/Distant
ER status
No test or unknown
Positive
Borderline
Negative
Progesterone receptor status
No test or unknown
Positive
Borderline
Negative
Race
White
Black
Asian and other
Religion
Protestant
Jewish
Catholic
Other/None

Cyclin D1⫹a
n (%)

Cyclin D1⫺b
n (%)

38.91 (4.28)d
3 (2.44)
18 (14.63)
36 (28.10)
66 (53.31)

38.83 (4.36)d
10 (4.13)
35 (14.46)
68 (28.10)
129 (53.31)

15 (12.30)
57 (46.72)
50 (40.98)

27 (11.34)
124 (52.10)
87 (36.55)

24 (19.51)
69 (56.10)
12 (9.76)
18 (14.63)

30 (12.40)
99 (40.91)
18 (7.44)
95 (39.26)

25 (20.33)
72 (58.54)
4 (3.25)
22 (17.89)

37 (15.29)
109 (45.04)
13 (5.37)
83 (34.30)

108 (87.80)
8 (6.50)
7 (5.69)

201 (83.06)
30 (12.40)
11 (4.55)

382 (82.68)
48 (10.39)
32 (6.93)

0.34

39 (31.71)
15 (12.20)
65 (52.85)
4 (3.25)

77 (31.82)
21 (8.68)
138 (57.02)
6 (2.48)

154 (33.33)
46 (9.96)
238 (51.52)
24 (5.19)

0.52

Controlsc
n (%)
37.75 (4.80)d
27 (5.84)
83 (17.97)
147 (31.82)
205 (44.37)

P
0.003
0.21

0.62

0.01

0.001

N ⫽ 123.
N ⫽ 242.
N ⫽ 462.
d
Mean (SD).
a
b
c

vasive breast cancer between May 1, 1990 and December 31,
1992; between the ages of 20 to 44 years at diagnosis; and lived
in a five-county study area in New Jersey (Middlesex, Monmouth, Morris, Somerset, and Union). Controls were women
without breast cancer, were between the ages of 20 to 44, and
who lived in the same five-county area. Cases were identified
through rapid reporting; controls were identified through random digit dialing (27).
Questionnaire Data. Interviews were completed for 509 cases
(83.4% of eligible cases) and 462 controls (76.9% of eligible
controls). The in-person interview included determination of
OC use (using reproductive and contraceptive calendars); menstrual and reproductive histories including pregnancies, lactation, and abortions; lifetime alcohol consumption patterns; adolescent diet; body size and development; physical activity;
demographic factors; family history of cancer; and medical
history including biopsy-proven benign breast disease and gynecological surgery. Subjects were also requested to complete
a self-administered food frequency questionnaire.
Block Retrieval. We retrieved paraffin-embedded tissue
blocks for 401 (78.8%) of the breast cancer cases. As reported
previously (26), there were no statistically significant differences between the distribution of known and suspected breast
cancer risk factors for cases with tumor tissue available and
those without tumor tissue available.
Immunohistochemistry. We performed immunohistochemistry (1, 6) using 5 m of formalin-fixed, paraffin-embedded
tissue sections, placing them on silane-coated slides, and bak-

ing them at 60°C for 30 min. Afterward, the slides were
deparaffinized, hydrated, placed in 10 mM citrate buffer (pH 6),
and microwaved for a total of 10 min (antigen retrieval). Appropriate blocking serum (horse serum) and an anti-cyclin D1
(Immunotech 1:20) monoclonal mouse IgG2a antibody was
used. The detection method used Vectastain, Elite ABC kit
(Vector Laboratories, Burlingame, CA). Chromagen diaminobenzidine) was used, and sections were counterstained
with methyl green (Ethyl Green; Sigma Chemical Co., St.
Louis, MO).
The study pathologist (H. H.), blinded to case status, reviewed the stained slides and scored each case based on staining intensity and percentage of nuclei showing evidence of
overexpression. The following categories were used for scoring: intensity (none, mild, moderate, and strong); and percentage of positive nuclear staining (none or rare; ⬍10%; 10 –25%;
25–50%; and ⬎50%). Categories reflect levels of staining not
observed in normal tissue of the breast. Cases were classified
as: positive (cyclin D1⫹) if the intensity score was moderate or
strong and at least 10% or more of cells showed evidence of
overexpression; and negative (cyclin D1⫺) if the intensity score
was none or mild or ⬍10% of cells in showed evidence of
overexpression. Cyclin D1 status was successfully determined
for 365 cases (91%); the remaining 9% had too little tissue
available for analysis.
Statistical Methods. For univariate analyses, we used 2 tests to
evaluate differences in characteristics by cyclin D1 status. For
multivariate analyses, we used unordered polytomous logistic re-
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gression models to adjust for potential confounding variables (28).
There were a total of three outcome categories: (a) cyclin D1⫹
cases; (b) cyclin D1⫺ cases; and (c) controls. Comparisons were
made using ORs and 95% CIs for cyclin D1⫹ cases versus controls, cyclin D1⫺ cases versus controls, and cyclin D1⫹ versus
cyclin D1⫺ cases. We examined differences across cyclin D1
status by examining the OR of cyclin D1⫹ cases compared with
cyclin D1⫺ cases (which is equivalent to exponentiation of the
difference in the ␤ coefficients in a model using controls) and the
95% CI (based on the variance for the difference in the beta
coefficients; see Ref. 28). After estimating associations based on
the a priori cutoffs described above for cyclin D1 status, we
performed sensitivity analyses to examine whether altering the
cutoffs changed the overall results.
Results
Cyclin D1 was overexpressed in 33.7% of the breast cancer
cases (123 of 365). Table 1 reports the distribution of demographic and tumor characteristics for breast cancer cases and
controls by cyclin D1 status. Cases with cyclin D1 overexpression were more likely to have ER-positive tumors (56% of
cyclin D1⫹ cases were ER positive compared with 41% of
cyclin D1⫺ cases) and PR-positive tumors (59% of cyclin D1⫹
cases were PR positive compared with 45% of cyclin D1⫺
cases). There were no differences in cyclin D1 status by age,
stage at diagnosis, race, or religion.
The multivariate-adjusted OR for ever use of OCs was 1.6
(95% CI, 1.0 –2.5) for cases that overexpressed cyclin D1 and
1.0 (95% CI, 0.7–1.5) for those with no overexpression (see
Table 2). Among women who started using OCs at least 20
years before the reference date, the OR was increased 2-fold for
breast cancer with cyclin D1 overexpression (2.2; 95% CI,
1.2– 4.0) but not for breast cancer without cyclin D1 overexpression (OR, 1.1; 95% CI, 0.7–1.8). The OR for OC use at
least 20 years before the reference date for cyclin D1⫹ versus
cyclin D1⫺ cancer was statistically significant (OR, 2.0; 95%
CI, 1.1–3.7). The risk from OCs did not differ whether use
started before or after the first full-term pregnancy (data not
shown). We also analyzed whether the association between OC
use and cyclin D1 status was altered by ER status. The OR for
any use of OCs for cyclin D1⫹ overexpression was stronger in
ER-negative cases (2.5; 95% CI, 0.7–9.3) than in ER-positive
cases (OR, 1.3; 95% CI, 0.7–2.3).
Table 2 also reports associations between other exposures
and cyclin D1 status. Consumption of seven or more alcoholic
drinks兾week was only modestly associated with cyclin D1⫺
breast cancer and not statistically significant. The association
with first-degree family history of breast cancer was lower
among cyclin D1⫹ cases (OR, 1.6; 95% CI, 0.8 –3.3) than for
cyclin D1⫺ cases (OR, 2.6; 95% CI, 1.5– 4.3), but the case/case
difference was not markedly different (OR, 0.6; 95% CI, 0.3–
1.2). Prior breast biopsy was associated with breast cancer risk,
irrespective of cyclin D1 status.
Sensitivity analyses altering the cutoff for cyclin D1 positivity—(a) liberally, by including those with moderate staining
and ⬍10% of cells positive, and (b) conservatively, by excluding those with percent positive ⬍25%— did not lead to different interpretations. We also examined whether the associations
we found with early OC use could be explained by Her2/neu
status. There was no association between Her2/neu status and
cyclin D1 status in these data (37.2% of the cyclin D1⫹ subjects
also overexpressed Her2/neu compared with 45.4% of the cyclin D1⫺ subjects).

Table 2

Multivariate adjusteda ORs and 95% CIs for cyclin D1 status among
women ⬍45 years of age in New Jersey from 1990 to 1992
Cyclin D1⫹ vs.
controls

Cyclin D1⫺ vs.
controls

Cyclin D1⫹ vs.
cyclin D1⫺

OR (95% CI)

OR (95% CI)

OR (95% CI)

1.0
1.04 (0.74–1.48)

1.50 (0.92–2.47)

1.0
1.14 (0.66–1.98)
0.92 (0.60–1.44)
1.10 (0.70–1.76)

1.26 (0.59–2.69)
1.16 (0.61–2.12)
2.01 (1.08–3.74)

1.0
1.05 (0.73–1.49)
1.31 (0.73–2.38)
1.03 (0.99–1.07)

0.81 (0.50–1.32)
0.50 (0.21–1.21)
1.03 (0.98–1.08)

1.0
1.11 (0.73–1.69)

1.01 (0.57–1.80)

1.0
0.74 (0.53–1.03)

0.98 (0.62–1.53)

1.0
2.55 (1.52–4.28)

0.63 (0.32–1.24)

1.0
2.52 (1.32–4.83)

1.39 (0.68–2.82)

1.0
1.48 (0.91–2.39)
1.34 (0.82–2.18)
2.01 (1.24–3.23)

0.92 (0.48–1.75)
0.71 (0.36–1.42)
0.74 (0.39–1.42)

Ever use of OCs
Never
1.0
Ever
1.57 (1.0–2.49)
No. of years since first use of OC (yr)
Never users
1.0
⬍15
1.44 (0.72–2.89)
15–19
1.08 (0.59–1.96)
ⱖ20
2.23 (1.24–4.01)
Alcohol intake (drinks兾week)
None
1.0
⬍7
0.85 (0.54–1.32)
ⱖ7
0.66 (0.28–1.55)
Age at first birth
1.06 (1.00–1.11)
(for each
additional yr
relative to
mean)
Parous Ever
1.0
Never
1.12 (0.66–1.91)
Age at menarche (yr)
8–12
1.0
13⫹
0.73 (0.48–1.10)
Family history
None
1.0
First-degree
1.60 (0.79–3.25)
relatives
Prior breast biopsy
No
1.0
Yes
3.49 (1.68–7.27)
Caloric intake (kcal, in quartiles)
⬍1100
1.0
1100–1450
1.36 (0.76–2.44)
1450–1830
0.95 (0.50–1.78)
ⱖ1830
1.49 (0.82–2.70)
a

Adjusted for all other variables in the table.

Discussion
We found an overall prevalence of cyclin D1 overexpression of
33.7%. This estimate is similar to other studies that report a
range of 30 – 45% of breast tumors (1, 2, 23), although other
estimates are higher at 60 – 80% (3–5, 12). Similar to others (1),
we have also found that cyclin D1 overexpression is strongly
associated with ER-positive tumors. We also found that cyclin
D1 is associated with PR positivity.
We found that most risk factors for breast cancer did not
differ by cyclin D1 status. However, OC use, particularly first use
ⱖ20 years before diagnosis, was more likely to be associated with
tumors that overexpressed cyclin D1 protein than those that did
not. This finding is consistent with laboratory data suggesting that
estrogens can activate transcription of the cyclin D1 gene (13, 15,
16). The heterogeneity in risk estimates that we found (ORs for
cyclin D1⫹ ranging from 1.5 to 2.0 and the ORs for cyclin D1⫺ of
⬃1.0) also is consistent with previous reports (25, 29) of a modest
effect (20 –30%) of OC use and breast cancer risk (ever use in the
parent study: OR, 1.3; 95% CI, 1.1–1.5). We had reported previously an association between early OC use and Her2/neu protein
overexpression in the same study population (30). The lack of
association between cyclin D1 status and Her2/neu status suggests
two distinct pathways for OC action in altering breast tissue
markers.
The dependent variable we used in the regression models was

Downloaded from cebp.aacrjournals.org on November 15, 2019. © 2002 American Association for Cancer
Research.

Cancer Epidemiology, Biomarkers & Prevention

a three-level variable (cyclin D1⫹, cyclin D1⫺, and controls). This
type of modeling has an advantage over case/case because a risk
factor may be positively associated (OR ⬎1.0) for cases with the
marker and negatively associated (OR ⬍ 1.0) for cases without the
marker (or vice versa) relative to controls, and case/case analyses
do not reveal these differences. Polytomous outcome variables
require consideration of all pair-wise misclassification patterns
because not all comparisons will be attenuated (31). If the risk
factor is associated monotonically with disease (marker-positive
cases have a greater risk than marker-negative cases), associations
between the marker-positive cases and controls will be biased
toward the null, and associations between the marker negative
cases and controls will be biased away from the null. Case/case
analyses will therefore be biased toward the null. Thus, measurement error in the outcome variable cannot explain the 2-fold
association between early OC use and cyclin D1⫹ tumors as
compared with cyclin D1⫺ tumors, and the true association is
likely to be larger.
Recall bias is also unlikely to provide an alternative explanation for our findings because although it is possible that
OC use and other exposure information was differentially recalled by cases and controls, it is unlikely that such misclassification would differ by cyclin D1 status. Selection bias is also
unlikely to explain the results because there were no differences
between subjects who had paraffin-embedded tissue blocks
available for analyses and those who did not (see Ref. 26 for
detailed comparisons). Although it is possible that there were
differences between subjects who participated in the parent
study and those who did not, it is unlikely that those who
participated differed in terms of cyclin D1 status from those
who did not participate. We also considered confounding by
other risk factors as an explanation for the findings. In multivariate models, we considered joint confounding by sets of risk
factors. We were able to consider a range of confounders
because the parent study questionnaire was very comprehensive
(25). It is possible that there was unmeasured confounding;
however, a confounder would have to differ by both cyclin D1
status and OC use to explain the results presented in this report.
In conclusion, we found that early contraceptive use was
more likely to be associated with cyclin D1⫹ cancer than with
cyclin D1⫺ cancer. There is no strong evidence that measurement error, recall bias, selection bias, and/or confounding could
have accounted for these findings. If replicated, these findings
suggest that early OC use may be associated with a subset of
mammary tumors that overexpress cyclin D1.
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