
Summary. Introduction. The biology and patho-
mechanisms of bilateral breast cancers is not fully
understood. We compared the morphological and
immunohistochemical characteristics of primary tumors
in patients with synchronous (sBBC) and metachronous
bilateral breast cancers (mBBC), with special focus on
cell cycle regulation and its correlation with markers
determining intrinsic phenotype.

Methods. Immunohistochemical expression of
p16Ink4A, p21(WAF1/CIP1), p27Kip1, p53, cyclin A, cyclin
B, cyclin D1, cyclin D3 and cyclin E was assessed in
tissue microarrays containing primary breast tumor cores
from 113 mBBC and 61 sBBC. Expression of these
markers was correlated with tumor grade and expression
of estrogen receptor (ER), human epidermal growth
factor receptor 2 (HER2) and Ki-67.

Results. In univariate analysis, mBBC demonstrated
higher expression of p16Ink4A (both cytoplasmic:
p=0.002 and nuclear: p=0.014), cyclin A (p=0.024) and
B (cytoplasmic; p=0.015). In multivariate analysis
mBBC were associated with lower expression of p21:
p=0.038 and higher cytoplasmic expression of cyclin B:
p=0.019. Lower ER expression for all BBCs and mBBC,
respectively, was associated with stronger p16
expression (cytoplasmic: both p<0.000001 and nuclear:
p<0.000001, p=0.00002), p53: p<0.000001, p=0.000001,
cyclin A: p=0.00002, p=0.00045, cyclin B (cytoplasmic:
p=0.00037, 0.00015 and nuclear: both p=0.0004) and

cyclin E: p=000003, p<0.000001, and weaker expression
of p27: p=0.00003, p=0.0001 and cyclin D1: both
p<0.000001; for sBBC some of these correlations were
absent. Higher p27 score correlated with lower HER2
expression in sBBC: p=0.018, whereas higher HER2
expression was associated with higher p53: 0.024 and
cyclin E: p=0.048 expression in all BBC and higher
nuclear expression of cyclin B in sBBC: p=0.027.
Higher Ki-67 expression was correlated with higher
expression of p16 (cytoplasmic: p=0.000015, p=0.086,
p=0.0002 and nuclear: p=0.000009, p=0.016,
p=0.00003) in all subsets [all BBC, sBBC (non-
significant for cytoplasmic score), mBBC, respectively],
p21 (all BBC: p=0.05) and sBBC: p=0.017), p53 (all
BBC: p=0.0003 and mBBC: p=0.0002), cyclin A: all
p<0.000001, cyclin B (cytoplasmic: p<0.000001,
p=0.004, p<0.000001, respectively and nuclear:
p=0.0002, p=0.047, p=0.0026, respectively), cyclin D3
(all BBC: p=0.005 and mBBC: p=0.02) and cyclin E (all
BBC: p<0.000001 and mBBC: p=0.000002), and lower
expression of cyclin D1 (all BBC: p=0.046 and mBBC:
p=0.035) and p27 (sBBC: p=0.048).

Conclusion. Compared to sBBC, mBBC are
characterized by lower expression of p21 and higher
cytoplasmic expression of cyclin B, suggesting its more
aggressive behavior. Correlations between cell-cycle
regulation proteins and markers of breast cancer
phenotype parallel those reported for unilateral breast
cancer. 
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Introduction

Bilateral breast cancers (BBC) are a heterogenous
group of tumors with specific risk factors, prognosis and
treatment. Tumor in the contralateral breast may either
grow synchronically (sBBC) or metachronically
(mBBC), displaying different phenotypes. 

The risk of contralateral primary breast cancer
patients ranges between 2 and 15% and is estimated to
be 2 to 6 times higher than that of first breast cancer in
general population (Dawson et al., 1991; Chen et al.,
1999; Vaittinen and Hemminki, 2000). In a recent series
of over 4000 breast cancer patients treated at one
institution over more than 30 years, the incidence of
sBBC among all breast cancers was 1% and mBBC - 7%
(Jobsen et al., 2015). Approximately 30% of BBC occur
synchronously, with the incidence of approxi-mately
1.6x10-5 person-years, which constitutes less than 2% of
all breast cancers (Kollias et al., 2004; Hartman et al.,
2005; Schaapveld et al., 2008). The annual risk of
mBBC cancer in unselected breast cancer patients ranges
from 0.4 to 0.8% (Chen et al., 1999, 2001; Hartman et
al., 2007; Schaapveld et al., 2008). Considering that (at
least in older series) most patients had only one breast
“at risk”, the relative “per breast” risk may actually be
even doubled (Vaittinen and Hemminki, 2000; Hartman
et al., 2005). Interestingly, the risk of mBBC is similar to
that observed in monozygotic twin sisters with breast
cancer, suggesting a genetic background (Peto and
Mack, 2000).

The development of two separate breast primaries
may result from a genetic predisposition, exposure to
common environmental risk factors, or simply an
accumulation of two unrelated and incidental events
(Dawson et al., 1991). The incidence pattern of sBBC is
similar to that of unilateral breast cancer, suggesting a
relationship to accumulated exposure to environmental
carcinogens (Kollias et al., 2004; Hartman et al., 2005;
Howe et al., 2005). In contrast, the high relative risk of
contralateral mBBC in young patients is suggestive of a
genetic predisposition. Remarkably, BRCA mutations are
more frequent among patients with mBBC, although in
one series BRCA2 mutations were overrepresented in
synchronous tumors (Bergthorsson et al., 2001;
Rogozińska-Szczepka et al., 2004).

Different biology of sBBC and mBBC is also
reflected by differences in histopathological features,
stage and prognosis (Safal et al., 2002; Hartman et al.,
2005; Howe et al., 2005; Takahashi et al., 2005). Little is
known, however, about the molecular characteristics of
these two subtypes of BBC.

The cell-cycle is a complicated machinery
depending on various regulators. Interactions between
cyclins, cyclin-dependent kinases (CDKs) and their
inhibitors (CDKIs) are essential for the successful
completion of the entire cell cycle (Casimiro et al.,
2012). Cyclins are a group of proteins activating cyclin-
dependent kinases. Several events may lead to cyclin
overexpression in cells, e.g. gene amplification, defected

proteasome degradation or abnormal ubiquitination
(Hwang and Clurman, 2005). Overexpression of cyclins
is a known factor involved in carcinogenesis in many
tissues, including breast. For example, cyclin D/CDK4
and cyclin E/CDK2 complexes inactivate retinoblastoma
(Rb) protein, leading to progression from G1 to S phase
(Connell-Crowley et al., 1997). Cell cycle progression
may be regulated by CDKIs, which belong to two
families: the INK4 inhibitors (p16, p15, p19, and p18)
and the Cip/Kip inhibitors (p21, p27, and p53). The first
ones are G1-phase specific and block the function of
CDK4 and CDK6, whereas the latter act regardless of
the cycle phase (Deshpande et al., 2005). 

The role of the cell-cycle regulators in breast cancer
pathogenesis and their clinical relevance is well
established. Cyclin D1 amplification is an early event in
breast carcinogenesis and serves as a marker of
malignant transformation (Velasco-Velázquez et al.,
2011). As cyclin D1 expression is regulated by estrogen
receptor, its changes may impact endocrine
responsiveness in tamoxifen-resistant tumors (Kilker et
al., 2004). Similarly, cyclin E overexpression contributes
to the pathogenesis of breast cancer, whereas cyclin A
overexpression is associated with poor prognosis (Geng
et al., 2001; Husdal et al., 2006). In turn, some of the
CDKIs showed predictive and prognostic value in breast
cancer patients. The relocation of p27 from the nucleus
to the cytoplasm may drive anti-HER2 therapy
resistance, whereas p21 loss confers tamoxifen-
stimulated growth of breast cancer (Abukhdeir et al.,
2008). While many studies have shed some light on the
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Table 1. Patient and tumor characteristics.

Variable mBBCa (%) sBBCb (%) p 

Number of patients (%) 113 (65) 61 (35)
median age (years) 55 52 0.52
median latency between tumors (months) 75 0 N/A
Histology 0.037

non-special type 98 (87) 47 (77)
invasive lobular 5 (4) 8 (13)
other 10 (9) 6 (10)

Grade 0.17
1 25 (22) 20 (33)
2 42 (37) 24 (39)
3 46 (41) 17 (28)

Estrogen receptor (Allred score) 109 tumors 59 tumors 0.047
0-6 36 (33) 11 (9)
6-8 73 (67) 48 (81)

HER2 111 tumors 58 tumors 0.6
0, 1+ 60 (54) 29 (50)
2+, 3+ 51 (46) 29 (50)

Ki-67 110 tumors 60 tumors 0.15
≤30% 61 (56) 40 (67)
>30% 49 (44) 20 (33)

a: metachronous bilateral breast cancer, b: synchronous bilateral breast
cancer, N/A: not applicable.



role and clinical relevance of the cell-cycle proteins in
breast cancer, such knowledge in relation to BBC is
limited. 

We have previously demonstrated that compared to
sBBC, mBBC are characterized by lower expression of
ER and stronger expression of CK5/6 and vimentin
(Senkus et al., 2014a). We also showed that compared to
unilateral breast cancers, sBBC present more often with
low grade, high ER expression and low expression of
cytokeratin 5/6 (CK5/6), epidermal growth factor
receptor (EGFR) and E-cadherin, and are less often of
triple-negative phenotype. In turn, compared to sporadic
cancers, mBBC demonstrate lower ER, progesterone
receptor (PgR) and HER2 expression, higher Ki6 and
vimentin expression, are more often of triple-negative
and less often of HER2-positive phenotype. Overall
BBC, compared to sporadic tumors present with lower
HER2 expression, higher Ki-67 expression and are less
often of HER2-positive phenotype (Senkus et al.,
2014b). 

The aim of the current study was to analyze the
distribution of markers related to cell cycle regulation
(p16Ink4A, p21(WAF1/CIP1), p27Kip1, p53, cyclin A, cyclin
B, cyclin D1, cyclin D3, cyclin E) in primary tumor
samples of sBBC and mBBC. We have also compared
expression profiles of sBBC and mBBC, and analyzed
correlations between the cell-cycle regulators and
expression of markers determining surrogate (IHC
based) intrinsic phenotype (estrogen receptor - ER,
progesterone receptor - PgR, HER2, Ki67) for all BBC
subpopulations.
Materials and methods

The study was approved by the Ethics Committee of
the Medical University of Gdańsk, Poland
(NKEBN/280/2003 of 9-Jun-2003 and NKEBN/280-
33/2007 of 6-Feb-2007). Cases were obtained from 4
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Table 2. Antibodies used in the study.

Antigen Clone Dilution Incubation time Epitope retrieval buffer pH Positive control* Supplier 

ERa 6F11 1:800 overnight 9 endometrium, breast cancer Novocastrab

HER-2 CB11 1:100 overnight 9 breast, tonsil, breast cancer Novocastra
Ki 67 MM1 1:1200 90 min. 6 breast, tonsil Novocastra
p16Ink4A JC8 1/200 90 min. 6 CIN3 Santa Cruzc

p21(WAF1/CIP1) DCS-60.2 ** ** ** colon, non-small cell lung carcinoma Ventanad

p27Kip1 SX53G8 ** ** ** colon, non-small cell lung carcinoma Ventana
p53 DO-7 1/200 overnight 9 breast, tonsil, placenta Novocastra
cyclin A 6E6 1/100 90 min. 6 tonsil, small intestine Novocastra
cyclin B 7A9 1/40 90 min. 6 tonsil Novocastra
cyclin D1 P2D11F11 1/50 90 min. 6 liver Novocastra
cyclin D3 DCS-22 1/30 60 min. 9 tonsil Novocastra
cyclin E 13A3 1/60 60 min. 9 placenta Novocastra

*: for negative control the same tissues and processing were used, apart from omitting the primary antibody. **: stainings were performed on
autostainer according to manufacturers’ instructions. a: estrogen receptor, b: Leica Microsystems GmbH, Wetzlar, Germany, c: Santa Cruz
Biotechnology, Inc., Dallas, TX, d: Ventana Medical Systems, Inc., Tucson, AZ.

Table 3. Antigen expression in sBBC and mBBC tumors.

Score sBBCa (%) mBBCb (%) p (χ2)

p16 (cytoplasmic) score 57 tumors 108 tumors 0.002
0-6 51 (89) 77 (71)
7-8 6 (11) 31 (29)*

p16 (nuclear) score 57 tumors 108 tumors 0.014
0-6 48 (84) 76 (70)
7-8 9 (16) 32 (30)*

p21 score 54 tumors 104 tumors 0.051
0-6 38 (70) 87 (84)
7-8 16 (30)** 17 (16)

p27 score 56 tumors 105 tumors 0.72
0-6 31 (55) 55 (52)
7-8 25 (45) 50 (48)

p53 score 58 tumors 109 tumors 0.15
3-5 46 (79) 75 (69)
6 12 (21) 34 (31)

Cyclin A score 55 tumors 103 tumors 0.024
2-4 30 (55) 37 (36)
5-7 25 (45) 66 (64)*

Cyclin B (cytoplasmic) score 58 tumors 106 tumors 0.015
2-4 54 (93) 83 (78)
5-6 4 (7) 23 (22)*

Cyclin B (nuclear) % 58 tumors 106 tumors 0.061
0 56 (97) 93 (88)
1-2 2 (3) 13 (12)**

Cyclin D1 score 57 tumors 104 tumors 0.25
2-6 27 (47) 59 (57)
7-8 30 (53) 45 (43)

Cyclin D3 score 56 tumors 106 tumors 0.67
0-2 4 (7) 6 (6)
3-8 52 (93) 100 (94)

Cyclin E score 54 tumors 106 tumors 0.43
0-3 26 (48) 58 (55)
4-8 28 (52) 48 (45)

a: synchronous bilateral breast cancer, b: metachronous bilateral breast
cancer, *: subgroups with significantly higher expression of analyzed
markers; **: subgroups with a trend of higher expression of analyzed
markers.



Polish institutions. Clinical data were encoded, thus no
individual written consent of patients was required.

Archival formalin-fixed paraffin-embedded tissue
blocks from bilateral breast tumors were collected and
centrally verified for diagnosis of invasive breast cancer
and for presence of sufficient invasive tumor to prepare
tissue microarrays. Tumors were considered
synchronous if diagnosed within 3 months. A total of
174 tumors diagnosed between 1985 and 2010 were
available: 61 from patients with synchronous tumors (19
pairs of tumors from the same patient and 23 un-paired
tumors) and 113 from patients with metachronous
cancers (26 pairs of tumors from the same patient and 61
un-paired tumors; 44 first tumors and 69 second tumors)
(Table 1). 

Tissue microarrays (TMA) were built using Manual
Tissue Microarrayer 1 (Beecher Instr. Inc, Sun Prairie,
WI), using 2 representative cores for each tumor. The
blocks were cut into 4 µm thick sections and stained
according to standard procedures, as described by
manufacturers. Incubation with primary antibody was
conducted overnight or for 90 min, depending on the
antibody used (Table 2). The Novolink Polymer
Detection System (Leica Microsystems GmbH, Wetzlar,
Germany) was used for all the procedures, apart from the
primary antibody and buffers used for antigen retrieval

(DAKO, Glostrup, Denmark). Tumor samples were
characterized for the expression of the following
markers: p16Ink4A, p21(WAF1/CIP1), p27Kip1, p53, cyclin
A, cyclin B, cyclin D1, cyclin D3, cyclin E.

The immunohistochemistry scoring was carried out
by an experienced pathologist (JSz). ER was scored
according to Allred criteria (with percentage and
intensity scores noted separately) and HER2 - in
accordance with ASCO/CAP guidelines [ASCO/CAP].
For Ki-67, the proportion of positive cells was divided
into 3 categories: ≤14%, 15-30% and >30%. 

Expression of p16Ink4A, p21(WAF1/CIP1), p27Kip1, p53,
cyclin A, cyclin B, cyclin D1, cyclin D3 and cyclin E
was assessed in the nucleus, whereas for p16Ink4A and
cyclin B cytoplasmic expression was also assessed.

Expression of p16Ink4A, p21(WAF1/CIP1), p27Kip1,
cyclin A, cyclin B, cyclin D1, cyclin D3 and cyclin E
was scored as a percentage of stained cells on a 0-5 scale
(0: 0%, 1: 1-5%, 2: 6-25%, 3: 26-50%, 4: 51-75%, 5:
>75%). Expression of cells stained for p53 was scored
on a 0-3 scale (0: 0%, 1: 1-10%, 2: 11-50%, 3: >50%). If
some staining percentages could not be counted, scales
were simplified to encompass only existing scores.
Intensity of staining for all cell-cycle markers was
scored as 1 - weak, 2 - moderate and 3 - strong. Overall
expression score was obtained by adding scores of
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Table 4. Uni- and multivariate analysis of immunohistochemical markers in sBBC vs mBBC.

N (%) Univariate analysis Multivariate analysis
Marker sBBCa mBBCb ORc (95% CId) p (logistic regression) OR (95% CI) p (logistic regression)

p16 (cytoplasmic) score 0-6 51 (89) 77 (71) 0.29 (0.11-0.75) 0.011 - NS
7-8 6 (11) 31 (29)

p16 (nuclear) score 0-6 48 (84) 76 (70) 0.45 (0.2-1.01) 0.054 - NS
7-8 9 (16) 32 (30)

p21 score 0-6 38 (70) 87 (84) 2.15 (0.99-4.71) 0.054 2.38 (1.05-5.37) 0.038
7-8 16 (30) 17 (16)

p27 score 0-6 31 (55) 55 (52) 0.89 (0.46-1.7) 0.718 - NS
7-8 25 (45) 50 (48)

p53 score 3-5 46 (79) 75 (69) 0.58 (0.27-1.22) 0.151 - NS
6 12 (21) 34 (31)

Cyclin A score 2-4 30 (55) 37 (36) 0.47 (0.24-0.91) 0.025 - NS
5-7 25 (45) 66 (64)

Cyclin B (cytoplasmic) score 2-4 54 (93) 83 (78) 0.27 (0.09-0.82) 0.02 0.26 (0.08-0.8) 0.019
5-6 4 (7) 23 (22)

Cyclin B (nuclear) % 0 56 (97) 93 (88) 0.26 (0.06-1.17) 0.08 - NS
1-2 2 (3) 13 (12)

Cyclin D1 score 2-6 27 (47) 59 (57) 1.46 (0.76-2.79) 0.256 - NS
7-8 30 (53) 45 (43)

Cyclin D3 score 0-2 4 (7) 6 (6) 0.78 (0.21-2.89) 0.71 - NS
3-8 52 (93) 100 (94)

Cyclin E score 0-3 26 (48) 58 (55) 1.3 (0.67-2.51) 0.432 - NS
4-8 28 (52) 48 (45)

a: synchronous bilateral breast cancer, b: metachronous bilateral breast cancer, c: odds ratio, d: confidence interval. The results that are statistically
significant are typed in bold.



stained cell percentage and staining intensity (for cyclin
B nuclear expression no separate score assessment was
conducted due to limited number of positive staining).
Cut-off points were optimized to allow best
discrimination between groups. 
Statistical methods

Correlation between synchronous and metachronous
status and dichotomized variables were tested by χ2 or
Fisher’s exact test. Odds ratios with 95% confidence
intervals were calculated with logistic regression
analysis. Similarly, in a multivariate analysis, logistic
regression was used (stepwise backwards logistic
regression, 95%). Statistical significance was assumed
for p <0.05. Calculations were performed using STATA
11 (StataCorp LP, College Station, TX) - license No.
30110532736.

Results

The number of missing TMA cores for particular
assays ranged from 1 to 6% - most missing cores were
from the oldest tumor blocks, for which suboptimal
fixation techniques were most pronounced. 

Compared to sBBC, mBBC demonstrated higher
expression of p16Ink4A (both cytoplasmic: p=0.002 and
nuclear: p=0.014), cyclins A (p=0.024) and B
(cytoplasmic: p=0.015) (Table 3).

The multivariate analysis used multiparameter
logistic regression model including tumor grade and
expression of ER, HER2, Ki-67, p16 (cytoplasmic and
nuclear), p21, p27, p53 and cyclins A, B (cytoplasmic
and nuclear), D1, D3 and E. The step-wise analysis
identified p21 and cyclin B (cytoplasmic) as
independently correlated with the occurrence of sBBC
vs mBBC (Table 4).
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Table 5. Correlation between ER expression and cell-cycle regulation markers in all BBC, sBBC and mBBC.

BBC sBBCa mBBCb

Marker ER low (%) ER high (%) p (χ2) ER low (%) ER high (%) p (χ2) ER low (%) ER high (%) p (χ2)

p16 (cytoplasmic) score 46 tumors 117 tumors <0.000001 10 tumors 47 tumors 0.027 36 tumors 70 tumors <0.000001
0-6 21 (46) 106 (91) 7 (70) 44 (94) 14 (39) 62 (89)
7-8 25 (54) * 11 (9) 3 (30)* 3 (6) 22 (61)* 8 (11)

p16 (nuclear) score 46 tumors 117 tumors <0.000001 10 tumors 47 tumors 0.02 36 tumors 70 tumors 0.00002
0-6 22 (48) 101 (86) 6 (60) 42 (89) 16 (44) 59 (84)
7-8 24 (52)* 16 (14) 4 (40)* 5 (11) 20 (56)* 11 (16)

p21 score 44 tumors 113 tumors 0.38 9 tumors 45 tumors 0.18 35 tumors 68 tumors 0.74
0-6 37 (84) 88 (78) 8 (89) 30 (67) 29 (83) 58 (86)
7-8 7 (16) 25 (22) 1 (11) 15 (33) 6 (17) 10 (14)

p27 score 45 tumors 113 tumors 0.00003 10 tumors 45 tumors 0.074 35 tumors 68 tumors 0.0001
0-6 36 (80) 49 (43) 8 (80) 22 (49) 28 (80) 27 (40)
7-8 9 (20) 64 (57)* 2 (20) 23 (51)** 7 (20) 41 (60)*

p53 score 44 tumors 119 tumors <0.000001 9 tumors 47 tumors 0.006 35 tumors 72 tumors 0.000001
3-5 17 (39) 101 (85) 4 (44) 40 (85) 13 (37) 61 (85)
6 27 (61)* 18 (15) 5 (56)* 7 (15) 22 (63)* 11 (15)

Cyclin A score 41 tumors 115 tumors 0.00002 8 tumors 46 tumors 0.059 33 tumors 69 tumors 0.00045
2-4 6 (15) 61 (53) 2 (25) 28 (61) 4 (12) 33 (48)
5-7 35 (85)* 54 (47) 6 (75)** 18 (49) 29 (88)* 36 (52)

Cyclin B (cytoplasmic) score 45 tumors 118 tumors 0.00037 10 tumors 48 tumors 0.67 35 tumors 70 tumors 0.0015
2-4 30 (67) 106 (90) 9 (90) 45 (94) 21 (60) 61 (87)
5-6 15 (33)* 12 (10) 1 (10) 3 (6) 14 (40)* 9 (13)

Cyclin B (nuclear) % 45 tumors 118 tumors 0.0004 10 tumors 48 tumors 0.25 35 tumors 70 tumors 0.0004
0 35 (78) 113 (96) 10 (100) 46 (96) 25 (71) 67 (96)
1-2 10 (22)* 5 (4) 0 (0) 2 (4) 10 (29)* 3 (4)

Cyclin D1 score 44 tumors 115 tumors <0.000001 10 tumors 47 tumors 0.00024 34 tumors 68 tumors <0.000001
2-6 41 (93) 43 (37) 10 (100) 17 (36) 31 (91) 26 (38)
7-8 3 (7) 72 (63)* 0 (0) 30 (64)* 3 (9) 42 (62)*

Cyclin D3 score 45 tumors 114 tumors 0.9 10 tumors 46 tumors 0.08 35 tumors 68 tumors 0.36
0-2 3 (7) 7 (6) 2 (20) 2 (4) 1 (3) 5 (7)
3-8 42 (93) 107 (94) 8 (80) 44 (96)** 34 (97) 63 (93)

Cyclin E score 44 tumors 114 tumors 0.000003 9 tumors 45 tumors 0.32 35 tumors 69 tumors <0.000001
0-3 10 (23) 73 (64) 3 (33) 23 (51) 7 (20) 50 (72)
4-8 34 (77)* 41 (36) 6 (67) 22 (49) 28 (80)* 19 (28)

a: synchronous bilateral breast cancer, b: metachronous bilateral breast cancer, ER low - ER Allred score 0-5, ER high - ER Allred score 6-8. 
*: subgroups with significantly higher expression of analyzed markers; **: subgroups with a trend of higher expression of analyzed marker.



In the next step, we correlated expression of cell-
cycle regulation proteins with markers determining
breast cancer phenotype (ER, HER2, Ki-67) for both the
whole BBC population, and mBBC and sBBC
subgroups. Lower ER expression was associated with
stronger expression of p16 (both cytoplasmic and
nuclear) p53, cyclin A, cyclin B (both cytoplasmic and
nuclear), and cyclin E, for both all BBC and mBBC
(Table 5). Some of these relationships were not found in
the sBBC subgroup, possibly due to smaller sample size.
In this subset, the positive correlation with higher ER
levels was observed only for p27 expression (NS for
sBBC) and cyclin D1.

Higher p27 score correlated with lower HER2
expression in sBBC, whereas higher HER2 expression
was associated with higher p53 and cyclin E expression
in all BBC, and with higher nuclear expression of cyclin

B in sBBC (Table 6).
Like for ER, there was a consistent pattern of

positive correlation between Ki-67 levels and higher
expression of most cycle-regulation markers, including
p16 (both cytoplasmic and nuclear), p21, p53, cyclin A,
cyclin B (both cytoplasmic and nuclear), cyclin D3 and
cyclin E (Table 7.). Some of these relationships were not
significant in the sBBC and mBBC subgroups (although
the pattern of correlations was similar), possibly due to
smaller sample sizes. The only exception was cyclin D1,
which negatively correlated with Ki-67 expression both
for all BBC and mBBC. A similar trend (borderline
significant only for sBBC) was also observed for p27.

In the step-wise multivariate analysis, only p21,
cyclin A and cyclin B (cytoplasmic) expression was
independently associated with occurrence of sBBC vs
mBBC (Table 8).

60
Cell cycle regulation in bilateral breast cancer

Table 6. Correlation between HER2 expression and cell-cycle regulation markers in all BBC, mBBC and sBBC.

BBC sBBCa mBBCb

Marker HER2 low (%) HER2 high (%) p (χ2) HER2 low (%) HER2 high (%) p (χ2) HER2 low (%) HER2 high (%) p (χ2)

p16 (cytoplasmic) score 123 tumors 40 tumors 0.64 39 tumors 17 tumors 0.87 84 tumors 23 tumors 0.73
0-6 94 (76) 32 (80) 35 (90) 15 (88) 59 (70) 17 (74)
7-8 29 (24) 8 (20) 4 (10) 2 (12) 25 (30) 6 (26)

p16 (nuclear) score 123 tumors 40 tumors 0.97 39 tumors 17 tumors 0.31 84 tumors 23 tumors 0.65
0-6 92 (75) 30 (75) 34 (87) 13 (76) 58 (69) 17 (74)
7-8 31 (25) 10 (25) 5 (13) 4 (24) 26 (31) 6 (26)

p21 score 117 tumors 39 tumors 0.22 36 tumors 17 tumors 0.9 81 tumors 22 tumors 0.2
0-6 39 (33) 9 (23) 9 (25) 4 (24) 30 (37) 5 (23)
7-8 78 (67) 30 (77) 27 (75) 13 (76) 51 (63) 17 (77)

p27 score 119 tumors 39 tumors 0.3 38 tumors 17 tumors 0.018 81 tumors 22 tumors 0.71
0-6 41 (34) 17 (44) 8 (21) 9 (53) 33 (41) 8 (36)
7-8 78 (66) 22 (56) 30 (79)* 8 (47) 48 (59) 14 (64)

p53 score 125 tumors 40 tumors 0.024 40 tumors 17 tumors 0.086 85 tumors 23 tumors 0.07
3-5 95 (76) 23 (58) 34 (85) 11 (65) 61 (72) 12 (52)
6 30 (24) 17 (42)* 6 (15) 6 (35)** 24 (28) 11 (48)**

Cyclin A score 116 tumors 40 tumors 0.48 36 tumors 17 tumors 0.17 80 tumors 23 tumors 0.9
2-4 51 (44) 15 (37) 22 (61) 7 (41) 29 (36) 8 (35)
5-7 65 (56) 25 (63) 14 (39) 10 (59) 51 (64) 15 (65)

Cyclin B (cytoplasmic) score 123 tumors 40 tumors 0.85 40 tumors 17 tumors 0.83 83 tumors 23 tumors 0.56
2-4 103 (84) 33 (83) 37 (93) 16 (94) 66 (80) 17 (74)
5-6 20 (16) 7 (17) 3 (7) 1 (6) 17 (20) 6 (26)

Cyclin B (nuclear) % 123 tumors 40 tumors 0.84 40 tumors 17 tumors 0.027 83 tumors 23 tumors 0.55
0 112 (91) 36 (90) 40 (100) 15 (88) 72 (87) 21 (91)
1-2 11 (9) 4 (10) 0 (0) 2 (12)* 11 (13) 2 (9)

Cyclin D1 score 120 tumors 39 tumors 0.2 39 tumors 17 tumors 0.95 81 tumors 22 tumors 0.08
2-6 60 (50) 24 (62) 18 (46) 8 (47) 42 (52) 16 (73)
7-8 60 (50) 15 (38) 21 (54) 9 (53) 39 (48)** 6 (27)

Cyclin D3 score 121 tumors 38 tumors 0.067 38 tumors 17 tumors 0.16 83 tumors 21 tumors 0.2
0-2 10 (8) 0 (0) 4 (17) 0 (0) 6 (7) 0 (0)
3-8 111 (92) 38 (100)** 34 (83) 17 (100) 77 (93) 21 (100)

Cyclin E score 120 tumors 39 tumors 0.048 37 tumors 17 tumors 0.2 83 tumors 22 tumors 0.16
0-3 68 (57) 15 (38) 20 (54) 6 (35) 48 (58) 9 (41)
4-8 52 (43) 24 (62)* 17 (46) 11 (65) 35 (42) 13 (59)

a: synchronous bilateral breast cancer, b: metachronous bilateral breast cancer, HER2 low - IHC 0-1, HER2 high - IHC score 2-3. *: subgroups with
significantly higher expression of analyzed markers; **: subgroups with a trend of higher expression of analyzed marker.



Discussion

This study presents a pathological analysis of a
relatively large sample of BBC, with a focus on markers
related to cell proliferation. To our knowledge this is the
first study addressing this issue in BBC. We have also
compared expression profiles of sBBC and mBBC and
analyzed correlations between the cell cycle regulators
and ER, HER2 and Ki-67 status.

Abnormalities of CDKIs have been reported for a
variety of human malignancies, including breast cancer,
and some of them showed prognostic and predictive
importance. In breast cancer, high p16 immunoreactivity
(both nuclear and cytoplasmic) have been shown to be
associated with a more aggressive phenotype (high
grade, high Ki-67 and negative ER status) (Milde-
Langosch et al., 2001). Similar associations, and
generally higher p16 scores in mBBC were also found in

our study. These relationships may be partly explained
by a very long p16 half-life, allowing its accumulation in
rapidly dividing cells, such as those with high Ki-67
index (Milde-Langosch et al., 1998, 2001). In turn,
several studies indicated that p21 expression may be
related to better prognosis and more indolent phenotype
(Elledge and Allred, 1998; Mathoulin-Portier et al.,
2000; Göhring et al., 2001), whereas its loss may be
predictive for tamoxifen resistance (Abukhdeir et al.,
2008). In our study lower p21 immunoreactivity was
observed in mBBC, which may correspond to its overall
more aggressive behavior.

Mutated TP53 is present in around one fourth of
breast cancer samples (The Cancer Genome Atlas
Network, 2012). This abnormality is involved in three
main carcinogenesis events: early tumorigenesis, tumor
growth and metastasis. Thus, defective p53 is considered
the driving oncogene in breast cancer (Walerych et al.,
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Table 7. Correlation between Ki-67 expression and cell-cycle regulation markers in all BBC, mBBC and sBBC.

BBC sBBCa mBBCb

Ki-67 low (%) Ki-67 high (%) p (χ2) Ki-67 low (%) Ki-67 high (%) p (χ2) Ki-67 low (%) Ki-67 high (%) p (χ2)

p16 (cytoplasmic) score 95 tumors 69 tumors 0.000015 37 tumors 20 tumors 0.086 58 tumors 49 tumors 0.0002
0-6 85 (98) 42 (61) 35 (95) 16 (80) 50 (86) 26 (53)
7-8 10 (11) 27 (39)* 2 (5) 4 (20)** 8 (14) 23 (47)*

p16 (nuclear) score 95 tumors 69 tumors 0.000009 37 tumors 20 tumors 0.016 58 tumors 49 tumors 0.00003
0-6 91 (96) 49 (71) 37 (100) 17 (85) 54 (93) 32 (65)
7-8 4 (4) 20 (29)* 0 (0) 3 (15)* 4 (7) 17 (35)*

p21 score 91 tumors 67 tumors 0.05 34 tumors 20 tumors 0.017 57 tumors 47 tumors 0.36
0-5 51 (56) 27 (40) 18 (53) 4 (20) 33 (58) 23 (49)
6-8 40 (44) 40 (60)* 16 (47) 16 (80)* 24 (42) 24 (51)

p27 score 94 tumors 66 tumors 0.075 37 tumors 19 tumors 0.048 57 tumors 47 tumors 0.4
0-6 45 (48) 41 (62) 17 (46) 14 (74) 28 (49) 27 (57)
7-8 49 (52) 25 (38) 20 (54)* 5 (26) 29 (51) 20 (43)

p53 score 98 tumors 68 tumors 0.0003 38 tumors 20 tumors 0.56 60 tumors 48 tumors 0.0002
3-5 81 (83) 39 (57) 31 (82) 15 (75) 50 (83) 24 (50)
6 17 (17) 29 (43)* 7 (18) 5 (25) 10 (17) 24 (50)*

Cyclin A score 91 tumors 66 tumors <0.000001 35 tumors 20 tumors <0.000001 56 tumors 46 tumors <0.000001
2-4 63 (69) 4 (6) 30 (86) 0 (0) 33 (59) 4 (9)
5-7 28 (31) 62 (94)* 5 (14) 20 (100)* 23 (41) 42 (91)*

Cyclin B (cytoplasmic) score 95 tumors 68 tumors <0.000001 38 tumors 20 tumors 0.004 57 tumors 48 tumors <0.000001
2-4 94 (99) 42 (62) 38 (100) 16 (80) 56 (98) 26 (54)
5-6 1 (1) 26 (38)* 0 (0) 4 (20)* 1 (2) 22 (46)*

Cyclin B (nuclear) % 95 tumors 68 tumors 0.0002 38 tumors 20 tumors 0.047 57 tumors 48 tumors 0.0026
0 93 (98) 55 (81) 38 (100) 18 (90) 55 (96) 37 (77)
1-2 2 (2) 13 (19)* 0 (0) 2 (10)* 2 (4) 11 (23)*

Cyclin D1 score 94 tumors 67 tumors 0.046 37 tumors 20 tumors 0.41 57 tumors 47 tumors 0.0035
2-6 44 (47) 42 (63) 19 (51) 8 (40) 25 (44) 34 (72)
7-8 50 (53)* 25 (37) 18 (49) 12 (60) 32 (56)* 13 (28)

Cyclin D3 score 93 tumors 68 tumors 0.005 36 tumors 20 tumors 0.12 57 tumors 48 tumors 0.02
0-2 10 (11) 0 (0) 4 (11) 0 (0) 6 (11) 0 (0)
3-8 83 (89) 68 (100)* 32 (89) 20 (100) 51 (89) 48 (100)*

Cyclin E score 92 tumors 68 tumors <0.000001 34 tumors 20 tumors 0.4 58 tumors 48 tumors 0.000002
0-3 64 (70) 20 (29) 20 (59) 6 (30) 44 (76) 14 (29)
4-8 28 (30) 48 (71)* 14 (41) 14 (70) 14 (24) 34 (71)*

a: synchronous breast cancer, b: metachronous breast cancer, Ki-67 low - ≤30%, Ki-67 high - >30%. *: subgroups with significantly higher expression of
analyzed markers; **: subgroups with a trend of higher expression of analyzed marker.



2012). In this series p53 expression correlated with low
ER and higher HER2 for both sBBC and mBBC. Higher
p53 score was also associated with higher Ki-67 in
mBBC. Similarly, Ackerman et al. (1995) did not
demonstrate significant differences in p53 expression
between sBBC and mBBC, whereas other studies
confirmed the correlation between p53 mutations and
Ki-67 expression in BBC (Özer et al., 1998).
Interestingly, the prevalence of p53 alterations in BBC
does not seem to be higher compared to unilateral breast
cancers (Lidereau and Soussi, 1992). Nevertheless, in
one study TP53 mutations were detected in 50% BBC
and in 26% unilateral cases respectively (p<0,01), and
within BBC were more frequent in mBBC (Kinoshita et
al., 1995). Other breast cancer studies showed that
HER2 driven proliferation of breast cancer cells is
dependent on mutated p53 (Casalini et al., 2001) and the
coexistence of p53 accumulation and HER2
overexpression carries poor prognosis (Yamashita et al.,
2004). Interestingly, in the present BBC series, high p53
score correlated with high HER2. 

Homeostasis aberrations of the cyclin-CDK system
lead to dysregulation of the cell cycle and eventually to
malignant transformation. In breast cancer, overexpression
of cyclin A, B1 and E seems to correlate with high tumor
grade, high Ki-67 index and HER2 overexpression,
whereas cyclin D1 correlates positively with ER, PgR and
non-basal histology (Husdal et al., 2006; Aaltonen et al.,
2009a,b; Boström et al., 2009). Unsurprisingly, in our
study mBBC tumors showed stronger cyclin A and B
immunoreactivity, cyclin A and B expression correlated
with high Ki-67 in both mBBC and sBBC, and cyclin E -
in mBBC, and cyclin D1 had a significant positive
correlation with ER. 

A study by Lodén et al. (2002) implies that cyclin
D1 mediates proliferation in ER-positive cancer cells. In
turn, cyclin E may drive proliferation in ER negative
breast cancer (Aaltonen et al., 2009a,b). Our results
suggest that this phenomenon may also refer to BBC.
Moreover, in our cohort high expression of cyclin E was
found to positively correlate with HER2 overexpression.
Interestingly, cyclin E overexpression and the ensuing
increase in CDK2 activity is a mechanism of
trastuzumab resistance in HER2 positive breast cancer
(Scaltriti et al., 2011).

This study demonstrated a clear and consistent
pattern of positive correlation of most cell-cycle
regulation proteins (and a negative correlation for p27
and cyclin D1), with more aggressive tumor phenotype,
as well as with lower ER and higher Ki-67 expression.
No such clear pattern emerged for HER2, so the
identified correlations might have been incidental.

In this series patients were not selected for survival
status (as is often the case in patients selected from
genetic clinics), apart from surviving long enough to
develop second malignancy. However, as for the mBBC,
the more recently diagnosed cases were generally more
available, a possible bias seems to be of minor
importance.

A major limitation of this study is the lack of both
long term patient outcomes and the clinical data, such as
disease stage, family history or exposure to other risk
factors for breast cancer. 

To increase the informative value and statistical
power of our study, we included both matched tumors
from the same patients and also cases in which only one
of the two paired BBC was available. This was in line
with our belief that each tumor represented a separate
carcinogenic event.

However, the lack of available tissue for a
proportion of paired tumors precluded a reliable
comparative analysis of matched tumors from the same
patients. This was not the aim of our study though, as
this subject has been addressed earlier (Russnes et al.,
2011). 

Owing to the relative rarity of BBC, our material
was collected over a long period of time and acquired
from many institutions. In consequence, differences in
fixation techniques might have affected the IHC
analysis. However, as this limitation applies in similar
degree to both sBBC and mBBC, it probably had only a
minor impact on the final results.

In conclusion, we demonstrated that compared to
sBBC, mBBC are characterized by lower expression of
p21 and higher cytoplasmic expression of cyclin B,
suggesting its more aggressive behavior. Additionally,
our study confirmed that a number of previously
described correlations between cell-cycle regulation
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Table 8. Multivariate analysis of factors associated with expression of
cell cycle regulation proteins.

Cell cycle regulation Related parameters OR (95% CI) p
protein

p16 (cytoplasmic) score ER 0.12 (0.05-0.30) 0.000
Ki-67 2.78 (1.11-6.93) 0.028

p16 (nuclear) score ER 0.18 (0.08-0.41) 0.000
p21 score mBBCa vs sBBCb 2.35 (1.06-5.19) 0.034
p27 score ER 5.14 (2.26-11.68) 0.000
p53 score ER 0.11 (0.05-0.24) 0.000

HER2 2.89 (1.21-6.88) 0.017
Cyclin A score Ki-67 37.86 (12.13-118.20) 0.000

mBBC vs sBBC 0.38 (0.15-0.95) 0.039
Cyclin B (cytoplasmic) score Grade 8.19 (2.09-32.11) 0.003

Ki-67 25.08 (3.07-204.81) 0.003
mBBC vs sBBC 0.27 (0.07-0.98) 0.046

Cyclin B (nuclear) % Ki-67 7.23 (1.48-35.37) 0.015
ER 0.29 (0.09-0.96) 0.043

Cyclin D1 score ER 23.43 (6.83-80.35) 0.000
Cyclin D3 score Ki-67 8.19 (2.09-360.61) 0.005
Cyclin E score ER 0.25 (0.10-0.61) 0.002

Grade 2.57 (1.08-6.13) 0.034
Ki-67 2.45 (1.04-5.75) 0.039

a: metachronous breast cancer, b: synchronous breast cancer, the
results that are statistically significant are typed in bold.



proteins and breast cancer phenotype are also valid for
BBC.
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