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Purpose: The cyclin D1 protein regulates cell cycle progression which is mediated by its
interactions with cyclin-dependent kinases. Over-expression of cyclin D1 has been observed
in several human cancers. This study was conducted to evaluate cyclin D1 expression in
a large cohort of Middle Eastern breast cancers and determine its prognostic significance.
Patients and Methods: Cyclin D1 expression was assessed immunohistochemically and
its association with clinico-pathological parameters was analyzed in 1003 breast cancer
patients.

Results: Cyclin D1 was over-expressed in 59.4% (596/1003) of cases and significantly
associated with a subset of breast cancers having favorable prognostic features, such as low
grade (p < 0.0001), low stage (p = 0.0276), estrogen receptor (p < 0.0001) and progesterone
receptor positive (p < 0.0001) tumors. An inverse association was found with triple negative
breast cancers (p < 0.0001). More importantly, cyclin D1 expression was an independent
predictor of favorable overall survival in our cohort (hazard ratio = 0.70; 95% confidence
interval = 0.50-0.98; p = 0.0395). Also, tumors that highly expressed cyclin D1 had a longer
recurrence-free survival. However, this significant association was seen only in univariate
analysis. We also found cyclin D1 to be associated with phospho-Rb in luminal subtype of
breast cancer and co-expression of both these markers was an independent predictor of
luminal A breast cancer.

Conclusion: Our results reinforced the role of cyclin D1 in breast cancer pathology and
revealed its expression as a valuable independent prognostic indicator for breast cancer from
Middle Eastern ethnicity.
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Introduction
Breast cancer (BC) is known to be a molecularly heterogeneous cancer.' It is
the second most frequent cancer worldwide.” In Saudi Arabia, breast cancer is
the most prevalent cancer affecting women and usually presents at an advanced
stage and younger median age.> Therefore, identifying prognostic molecular
marker for BC in Middle Eastern ethnicity is of great interest to predict prognosis
and therapeutic response in this population.

Cyclin D1 (CCNDI) gene, located on chromosome 11ql3, encodes an
important cell cycle G1 regulation protein, cyclin D1.° The cyclin DI protein
regulates cell cycle progression, which is mediated by its interactions with
kinases (CDK4, 6). The main role of

cyclin-dependent cyclin
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D1/CDK-dependent pathway is to initiate phosphoryla-
tion of retinoblastoma protein and relieve histone dea-
cetylase-binding, allowing cells to progress from G1
phase to S phase.” Cyclin D1 also has CDK indepen-
dent functions and could activate estrogen receptor
(ER)-mediated transcription, independent of estrogen,
which might modify the estrogen response.® Currently,
new functions have been described for CCND1, includ-
ing the inhibition of mitochondrial metabolism, con-
trolling the activity of transcription factors by
recruitment of chromatin remodeling proteins, control
of DNA damage by repair complexes and upregulation
of noncoding sequences.’"'°

Over-expression of cyclin D1 has been observed in

several human cancers.'!™!®

This over-expression in
tumors can be explained by multiple mechanisms, such
as chromosomal translocation, gene amplification, poly-
morphism, post-transcriptional regulation of micro-RNA
and post-translational mechanisms such as altered nuclear
export and proteolysis.'®

We have previously shown CCND/I amplification in the
range of 15-20%>'" in primary Middle Eastern and
European breast cancer. Several other studies have shown
a similarly low percentage of CCNDI amplification,'*'®2°
despite the reported frequent over-expression of cyclin D1
protein in primary BC,'"'%'®2122 implying that elevated
expression of cyclin DI is not always secondary to gene
amplification in breast cancer. However, the prognostic
value of cyclin D1 overexpression is controversial, with
very limited data about its expression in breast cancer from
this population. While several studies have reported cyclin
D1 expression to be a favorable prognostic marker,'**%?
other studies found it to be unfavorable®*2® in
unselected BC. Some studies have reported the favorable
prognosis only in ER positive BC.2*® Disparities between
studies can be partly explained by smaller sample size, mixed
tumor analysis (ER positive/negative) and differences in
applied methodologies, such as mRNA expression, gene
amplification and protein expression.

To understand the contribution of cyclin DI to tumor
progression, a detailed analysis of its expression in
Middle Eastern BC must be explored. Therefore, we
conducted this study on a large cohort of unselected
Middle Eastern BC from a single institute to evaluate
the expression of cyclin D1 protein and its correlation
with clinico-pathological markers as well as the effect of
its expression on overall survival and recurrence-free

survival.

Patients and Methods

Patient Samples and Data Collection

One thousand and nine patients with breast cancer diag-
nosed between 1990 and 2011 at King Faisal Specialist
Hospital and Research Centre (KFSHRC) were included in
the study. Detailed clinico-pathological data, including
follow-up data, were noted from case records and have
in Table 1. 2019 World Health
Organization (WHO) classification of breast tumors was

been summarized

used to classify the histologic subtype of each breast tumor
sample. Overall survival was defined as the length of time
from the date of diagnosis, in which patients diagnosed
with the disease are still alive. Recurrence-free survival is
defined as the length of time after primary treatment for
a cancer ends that the patient survives without any signs or
symptoms of that cancer. The Institutional Review Board
of King Faisal Specialist Hospital and Research Centre
provided ethical approval for the current study. The
Research Advisory Council (RAC) granted a waiver of
informed consent for use of retrospective patient case
data under project RAC# 2140 008. This study was con-
ducted in accordance with the Declaration of Helsinki.

Tissue Microarray (TMA) Construction
TMA construction was performed as described earlier.”’
Briefly, tissue cylinders with a diameter of 0.6 mm were
punched from representative tumor regions of each donor
tissue block and brought into the recipient paraffin block
using a modified semi-automatic robotic precision instru-
ment (Beecher Instruments, Woodland, WI). Two cores of
breast cancer were arrayed from each case.

Immunohistochemistry (IHC) Staining

and Evaluation

Standard protocol was followed for IHC staining, as described
previously.”” Briefly, for antigen retrieval, Dako (Dako
Denmark A/S, Glostrup, Denmark) Target Retrieval Solution
pH 9.0 (Catalog number S2368) was used, and the slides were
placed in Pascal pressure cooker at 120°C for 10 minutes.
Primary antibody against cyclin D1 (EP12, 1:200 dilution,
pH 9.0, Dako, Carpinteria, CA) and phospho-Rb (Ser 807/
811, 1:100 dilution, pH 9.0, Cell Signaling Technology,
Danvers, MA, USA) was used. The Dako Envision Plus
System kit was used as the secondary detection system with
3, 30-diaminobenzidine as chromogen. All slides were coun-
terstained with hematoxylin, dehydrated, cleared and mounted.
Negative controls included omission of the primary antibody.
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Table | Clinico-Pathological Variables for the Patient Cohort
(n=1009)

Clinico-Pathological Variables n (%)
Age (years)

<50 686 (68.0)
>50 323 (32.0)
Median 45.0
Range(IQR) 39.0-54.0
Histological type

Infiltrating Ductal carcinoma 913 (90.5)
Infiltrating Lobular carcinoma 44 (4.4)
Mucinous carcinoma 16 (1.6)
Others 36 (3.5)
TNM Stage

[ 91 (9.0)
Il 401 (39.7)
1] 379 (37.6)
v 91 (9.0)
Unknown 47 (4.7)
Histologic Grade

Well differentiated 77 (7.6)
Moderately differentiated 514 (50.9)
Poorly differentiated 405 (40.2)
Unknown 13 (1.3)
Estrogen Receptor

Positive 662 (65.6)
Negative 346 (34.3)
Unknown 1 (0.1)
Progesterone Receptor

Positive 579 (57.4)
Negative 426 (42.2)
Unknown 4 (0.4)
Her-2 neu

Positive 379 (37.6)
Negative 628 (62.2)
Unknown 2 (0.2)
Triple Negative Breast Cancer

Yes 149 (14.8)
No 852 (84.4)
Unknown 8 (0.8)
Survival Duration (in months)

Median 48.0
Range(IQR) 26.0-74.0

Abbreviation: IQR, inter-quartile range.

Normal tissues from different organ systems were also
included in the TMA to serve as control. Only fresh cut slides

were stained simultaneously to minimize the influence of slide
aging and maximize reproducibility of the experiment.

Both nuclear and cytoplasmic stainings of tumor cells
were noted (Supplementary Figure 1). However, only

nuclear staining was considered for scoring. Scoring of
cyclin DI was performed as described previously,™
using H score. Briefly, each TMA spot was assigned an
intensity score from 0 to 3 (I0, I1-3) and the proportion of
the tumor staining for that intensity was recorded from
a range of 0-100 (PO, P1-3). PO and P1-3 signify the
proportion of positively stained cells corresponding to
the respective intensity score (I0, 11-3) (ie, P1 signifies
the proportion of tumor cells which show intensity 11, P2
signifies the proportion of tumor cells which show inten-
sity 12, and so on. Supplementary Figure 2). A final

H score (range 0—300) was obtained by adding the sum
of scores obtained for each intensity (I) and proportion (P)
of area stained (H score =I1XP1+I12XP2+I3XP3). Two
scores per tumor were analyzed in order to minimize the
number of missing/un-interpretable spots. However, the
higher of the two scores was used as the final score.
X-tile plots were constructed for assessment of biomarker
and optimization of cut-off points based on outcome, as
has been described earlier.’' Based on X-tile plots, BC
cases were classified into two subgroups: those with
H score < 40 were defined as low expression of cyclin
DI and those with H score > 40 were defined as over-
expression.

Phospho-Rb was scored as described previously.*?
Briefly, the proportion of positively stained cells were
calculated as a percentage for each core and the scores
were averaged across two tissue cores from the same
tumor to yield a single percent staining score representing
each cancer patient. For the purpose of statistical analysis,
the scores were dichotomised. Cases showing an expres-
sion level of > 25% were classified as over-expression for
phospho-Rb and those with less than 25% as low expres-
sion. Staining and scoring of ER, PR and Her-2 neu was
performed as described previously.*”

Statistical Analysis

The associations between clinico-pathological variables
and protein expression was performed using contingency
table analysis and chi-square tests. Mantel-Cox Log rank
test was used to evaluate overall survival and recurrence-
free survival. Survival curves were generated using the
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Kaplan—Meier method. Cox proportional hazards regres-
sion model was used for multivariate analysis. Two-sided
tests were used for statistical analyses with a limit of
significance defined as p value < 0.05. Data analysis was
performed using the JMP11.0 (SAS Institute, Inc., Cary,
NC) software package.

Results

Patient Characteristics

The median age of the study population was 45 years
(range: 14-94 years). Infiltrating ductal carcinoma was
the most common histologic subtype, accounting for
90.5% (913/1009) of BC. The majority of the patients
had moderately to poorly differentiated tumors (91.1%,
919/1009) and 9.0% (91/1009) presented with distant
65.6% (662/1009) of tumors
were ER positive, 57.4% (579/1009) were progesterone
receptor (PR) positive and 37.6% (379/1009) were Her-2
14.8% (149/1009) of tumors were triple
negative breast cancers (Table 1).

metastasis at diagnosis.

neu positive.

Cyclin DI Expression in Breast Cancer

and lIts Clinico-Pathological Associations

Cyclin D1 protein expression was analyzed immunohisto-
chemically in 1009 BC samples. However, immunohisto-
chemistry data were interpretable in 1003 samples and
hence were included for further analysis. Nuclear over-
expression of cyclin D1 was noted in 59.4% (596/1003) of
cases (Figure 1). Cyclin D1 over-expression was found to

be associated with favorable clinico-pathological charac-
teristics, such as low-grade tumors (p < 0.0001), smaller
tumor size (p = 0.0013), stage I tumors (p = 0.0276), ER
positive (p < 0.0001) and PR positive tumors (p < 0.0001).
Interestingly, an inverse association was noted between
cyclin D1 over-expression and triple negative breast can-
cers (p < 0.0001) (Table 2).

Cyclin DI Expression and Clinical

Outcome

Nuclear cyclin D1 over-expression was found to have
0.0011,
Table 2, Figure 2A). On multivariate analysis, cyclin

a favorable impact on overall survival (p =

D1 was an independent prognostic indicator of overall
survival (HR = 0.70, 95% CI = 0.50-0.98, p = 0.0395)
(Table 3). Patients with cyclin D1 over-expression were
also found to have a favorable recurrence-free survival
(p = 0.0327, Table 2, Figure 2B). However, recurrence-
free survival was not significant on multivariate analysis
(HR = 0.85, 95% CI = 0.66—1.13, p = 0.2682) (Table 3).

Cyclin DI Expression in Different

Subgroups of Breast Cancer

Prognosis of breast cancer varies in different molecular
subgroups of BC. Since we found a significant associa-
tion between cyclin D1 expression and clinical outcome
in the entire cohort, we analyzed the expression and
clinical outcome in three molecular subgroups of BC:
luminal, hormone receptor-negative/HER2-positive and
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Figure | Cyclin DI immunohistochemical staining in Breast cancer TMA. Representative examples of tumors showing (A) high expression and (B) low expression (right
panel) of cyclin DI. (20 X/0.70 objective on an Olympus BX 5| microscope. (Olympus America Inc, Center Valley, PA, USA) with the inset showing a 40x0.85 aperture

magnified view of the same TMA spot).
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Table 2 Correlation of Cyclin DI Protein Expression with Clinico-Pathological Parameters in Breast Cancer

Clinico-Pathological Variables Total Cyclin DI High Expression Cyclin DI Low Expression p value
N % N % N %

Total Number of Cases 1003 596 59.4 407 40.6

Age Groups

<50 68l 67.9 399 58.6 282 41.4 0.4396

>50 322 32.1 197 61.2 125 38.8

Histology

Infiltrating Ductal Carcinoma 910 94.0 544 59.8 366 40.2 0.1741

Infiltrating Lobular Carcinoma 42 43 24 57.1 18 429

Mucinous Carcinoma 16 1.7 13 8l1.2 3 18.8

Histological Grade

Well differentiated 76 7.7 55 724 21 27.6 < 0.0001*
Moderately differentiated 511 51.5 357 69.9 154 30.1

Poorly differentiated 404 40.8 177 43.8 227 56.2

pT

TI 214 222 148 69.2 66 30.8 0.0013*
T2 484 50.3 289 59.7 195 40.3

T3 143 14.8 70 49.0 73 51.0

T4 122 12.7 68 55.7 54 443

pN

NO 306 33.1 181 59.1 125 40.9 0.3338
NI 298 323 172 57.7 126 423

N2 192 20.8 123 64.1 69 35.9

N3 127 13.8 69 54.3 58 45.7

pM

MO0 913 91.0 550 60.2 363 39.8 0.0948
MI 90 9.0 46 51.1 44 48.9

Tumor Stage

[ 91 9.5 65 714 26 28.6 0.0276*
Il 398 41.6 24| 60.5 157 395
11l 377 395 216 57.3 161 42.7
v 90 9.4 46 5.1 44 48.9
Estrogen receptor
Positive 656 65.5 476 72.6 180 274 < 0.0001*
Negative 346 345 120 347 226 65.3
Progesterone receptor
Positive 574 57.5 422 735 152 26.5 < 0.0001*
Negative 425 42.5 171 40.2 254 59.8
Her-2 neu
Positive 377 37.6 232 61.5 145 385 0.2796
Negative 625 62.4 363 58.1 262 41.9

(Continued)
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Table 2 (Continued).
Clinico-Pathological Variables Total Cyclin DI High Expression Cyclin DI Low Expression p value

N % N % N %

Triple Negative Breast Cancer
Yes 149 15.0 38 25.5 Il 745 < 0.0001*
No 847 85.0 554 65.4 293 34.6
Phospho-Rb
High 298 31.0 189 634 109 36.6 0.1011
Low 664 69.0 384 57.8 280 422
Overall Survival 83.3 75.6 0.001 1*
Recurrence-free survival 788 71.6 0.0327*

Note: *Significant p value.

triple-negative breast cancer. Cyclin D1 over-expression
was noted in 70.1% (500/713) of luminal, 40.2% (53/
132) of hormone receptor-negative/HER2- positive and
25.5% (38/149) of triple-negative breast cancer cases.
We found a significant association between cyclin D1
expression and phospho-retinoblastoma (Rb) expression
in luminal subgroup (p = 0.0041) but not in the other
two subgroups of BC. Cyclin D1 over-expression was
significantly associated with good overall survival in
only hormone receptor-negative/HER2- positive BC (p
= 0.0262), whereas recurrence-free survival was not
significant in any of the three subgroups analyzed

(Supplementary Tables 1-3, Supplementary Figure 3).
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Cyclin DI and Phospho-Rb
Co-Expression Predicts Luminal Subtype

of Breast Cancer

Since we found a significant association between cyclin D1
and phospho-Rb expression in luminal BC, we sought to
determine if cyclin D1 and phospho-Rb co-expression could
predict luminal subtype of BC. In multivariate logistic regres-
sion analysis, combined cyclin D1 and phospho-Rb over-
expression was indeed a predictor of luminal BC (Odds
ratio = 3.68; 95% confidence interval = 2.08-6.51; p <
0.0001). On further stratification of the luminal subtype, we
found that the cyclin D1 and phospho-Rb overexpression was
a predictor of luminal A subtype (Odds ratio = 1.96; 95%

B .,
Cyclin D1 over-expression
— 08 !
o Cyclin D1 low expression
e
@ 06
o
=
©
S 04
E
=
™ 02
Log rank p value = 0.0327
00
0 12 24 36 48 60

Recurrence-free survival duration (in months)

Figure 2 Survival Analysis of Cyclin DI protein expression in Breast cancer. (A) Kaplan Meier survival plot showing statistically significant good overall survival in cyclin DI
over-expression (H score > 40) cases compared to cyclin DI low expression (H score < 40) (p = 0.001 I) (B) Kaplan Meier survival plot showing statistically significant good

recurrence-free survival for cyclin DI over-expression (p = 0.0327).
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Table 3 Univariate and Multivariate Analysis of Clinico-Pathological Variables and Cyclin DI Expression Using Cox Proportional

Hazard Model for Overall Survival and Recurrence-Free Survival

Clinico- Overall Survival Recurrence-Free Survival
Pathological L. L. L. L.
. Univariate Multivariate Univariate Multivariate
Variables
Hazard p-value Hazard Ratio | p-value Hazard Ratio | p-value Hazard Ratio | p-value
Ratio (95% CI) (95% CI) (95% CI)
(95% CI)
Age (years) >50 0.98 0.8876 0.90 0.5519 0.93 0.5961 0.87 0.3421
(vs = 50) (0.70-1.34) (0.63—-1.26) (0.70-1.21) (0.65-1.15)
Histology IDC 0.45 0.0276* 0.39 0.0383* 0.38 0.0027* 0.37 0.0034*
(vs others) (0.20-0.86) (0.16-0.95) (0.19-0.68) (0.19-0.72)
Grade 1.53 0.0048* 1.30 0.1239 1.53 0.0006* 1.44 0.0068*
3 (vs 1-2) (1.14-2.06) (0.93-1.82) (1.20-1.96) (1.11-1.88)
Lymph node 291 <0.0001* | 1.71 0.0342* 1.91 < 0.0001* | 1.20 0.3474
metastasis N1-3 (1.94-4.52) (1.04-2.81) (1.44-2.59) (0.82-1.74)
(vs NO)
Distant metastasis 6.70 <0.0001* | 3.12 < 0.0001 1.65 0.0526 0.96 0.8918
M1 (vs MO) (4.75-9.30) (2.04-4.70) (0.99-2.56) (0.55-1.58)
Stage -1V (vs I-I) 4.79 < 0.0001* | 2.74 <0.0001* | 2.57 <0.0001* | 2.37 < 0.0001*
(3.39-6.91) (1.78-4.31) (2.00-3.33) (1.72-3.32)
TNBC Yes (vs No) 1.87 0.0007* 1.25 0.3103 1.35 0.0882 1.03 0.8913
(1.28-2.66) (0.80-1.92) (0.94-1.87) (0.69-1.50)
Cyclin DIHigh 0.62 0.0013* 0.70 0.0395* 0.76 0.0338* 0.85 0.2682
(vs Low) (0.46-0.83) (0.50-0.98) (0.60-0.98) (0.66—1.13)

Note: *Significant p value.

confidence interval = 1.35-2.85; p = 0.0004) but not luminal
B subtype of breast cancer (Odds ratio = 1.13; 95% confi-
dence interval = 0.79-1.62; p = 0.5071) (Table 4).

Discussion

It has been widely accepted that cyclin D1 is involved in breast
carcinogenesis, through enhancement of cell proliferation and
differentiation, as well as shortening the G1/S transition and
interaction with ER.>**> Our present study showed that cyclin
D1 expression was upregulated in Middle Eastern breast can-
cer tissues. Overexpression of cyclin D1 by immunohisto-
chemistry has in 35-80%
cancers,'"'%?122 in line with our results. In our series of

more than 1000 Middle Eastern BC, 59.4% (596/1003) of
cases showed overexpression of cyclin D1. We observed

been reported of breast

a positive correlation between low expression of cyclin D1
and triple-negative breast cancer, which is a highly aggressive
subtype of breast cancer, whereas overexpression of cyclin D1

was significantly associated with lower histological grade and
stage. Similar associations have been reported in previous
studies.'**'***® One of the proposed explanations could be
attributed to the interaction between cyclin D1, histone acet-
ylase and Rb which could potentially cause cell cycle exit and
induce growth arrest.’’=® As expected, there is a strong and
statistically significant association between cyclin D1 protein
overexpression and ER expression, which is in agreement with

previous studies.' >80

There is no clear consensus regarding the predictive and
prognostic values of cyclin D1 overexpression in breast
cancer.”*** Qur series confirms that cyclin D1 overexpres-
sion has a favorable impact on overall survival (HR = 0.70,
95% CI = 0.50-0.98, p = 0.0395), which stands true even in
multivariate analysis. In addition, tumors that highly expressed
cyclin D1 tended to have longer recurrence-free survival in our
cohort. However, this significant association was seen only in

univariate analysis. A recent study has also explored the impact
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Table 4 Multivariate Logistic Regression Analysis to Assess the Predictive Value of CyclinD| and Phospho-Rb Co-Expression for

Luminal Breast Cancer

Clinico-Pathological Variables Luminal (A and B) Breast Luminal A Breast Cancer Luminal B Breast
Cancer Cancer
Odds Ratio p-value Odds Ratio p-value Odds Ratio p-value
(95% CI) (95% CI) (95% ClI)

Age (years) >50 (vs < 50) 1.51 (1.06-2.15) 0.0215* 1.25 (0.90-1.73) 0.1794 1.17 (0.87-1.57) | 0.2992
Histology IDC (vs others) 2.06 (1.00-4.28) 0.0396* 2.30 (1.34-3.95) 0.0024%* 0.71 (0.41-1.21) | 0.1996
Grade 3 (vs 1-2) 0.28 (0.20-0.39) < 0.0001* 0.26 (0.19-0.37) < 0.0001* 0.96 (0.72-1.28) | 0.7722
Lymph node metastasis N1-3 (vs NO) 1.32 (0.88-1.99) 0.1841 I.11 (0.75-1.64) 0.6108 1.19 (0.84-1.68) | 0.3277
Distant metastasis M| (vs M0) 0.48 (0.27-0.86) 0.0140 0.45 (0.22-0.91) 0.0258* 0.87 (0.50-1.51) | 0.6184
Stage -1V (vs I-I) 0.86 (0.57-1.30) 0.4847 1.15 (0.78-1.68) 0.4822 0.81 (0.57-1.14) | 0.2232
Cyclin DI + phospho-Rb over- 3.68 (2.08-6.51) <0.0001 1.96 (1.35-2.85) 0.0004* 1.13 (0.79-1.62) | 0.5071
expression Yes (vs No)

Note: *Significant p value.

of cyclin D1 expression on patient survival. They found that
breast cancer patients with cyclin D1 alterations had improved
prognosis when compared to patients without cyclin D1 altera-
tions, which is similar to our results.*’ In addition, other pre-
vious reports that have also shown overexpression of cyclin D1

1222.23 in concordance with our

to be a good prognostic factor,
findings. A possible explanation for the favorable prognosis in
our cohort could be the association of cyclin D1 with low-
grade tumors and ER positive tumors, which are known to
have a lower breast cancer stem cell population and hence tend
to have a better prognosis.*'

Since many studies have succeeded in finding a prognostic
value for cyclin D1 overexpression in luminal (hormone recep-

tor positive) BC,'>2!27-28:42

we sought to further explore the
prognostic impact of cyclin D1 on hormone receptor-positive
tumors. Upon analysis of prognosis in luminal tumors, which
accounted for 71.1% (713/1003) of our cohort, no prognostic
correlation was observed in this subset of BC, which is incon-
sistent with previous studies, where favorable prognosis was
seen in this subset of BC.?”*® These discrepancies might be
partly explained by differing sample size, different antibodies
used, prior treatment for BC or could be due to heterogeneity of
breast cancer and reflect the role of different ethnicity in breast
cancer biology. Previous studies have shown that cyclin
D regulates cell cycle progression by phosphorylation of reti-
noblastoma (Rb) protein.***** Hence, we examined the expres-
sion of phospho-Rb and its association with cyclin D1. We
found a significant association between cyclin D1 and

phospho-Rb in the luminal subgroup of breast cancer but not
in the entire cohort. However, multivariate logistic regression
analysis revealed that co-expression of cyclin D1 and phospho-
Rb was an independent predictor for luminal A subtype of BC.
This indicates that cyclin D1 may be linked to cell cycle in
luminal A breast cancer and its expression may be used as
apredictor in this subgroup of BC. Indeed, a previous study has
shown cyclin D1 to be associated with cell cycle activation in
luminal BC.?! This predictive role of cyclin D1 and phospho-
Rb adds strength to the paper since analysing phospho-Rb by
immunohistochemistry can be translated easily to the clinical
setting.

Despite the strength of our study being the use of
a clinically and histologically  well-characterized
large BC cohort from a unique ethnic population (Middle
Eastern), there are few limitations. This is a retrospective,
single centre study, where patients were enrolled over
a long period of time, during which the surgical and
therapeutic approaches may have changed.

Conclusions

In summary, our results demonstrate that cyclin D1 over-
expression is frequent in our unselected large cohort of
Middle Eastern BC. Our data have also shown that cyclin
D1 overexpression is associated with a subset of BC having
favorable prognostic features (ER positive, PR positive, low
grade and low stage), and inversely correlated with aggres-
sive TNBC, which might suggest that cyclin D1 plays
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different roles in different molecular subtypes of BC. More
importantly, cyclin D1 expression is an independent predic-
tive marker of favorable outcome in Middle Eastern BC.
Overall, our results reinforce the role of cyclin D1 in BC
pathology and reveal that co-expression of cyclin D1 and
phospho-Rb can predict luminal A breast cancer, which
could have important therapeutic implication for this sub-
group of BC.
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