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Abstract: Tn the present study, the protein expression of cyclin D1 was determined in human breast cancer T47D
cells and its TAM-resistant subline (T47D/TAMR-6 cells). The resistant subline was established in vitro
following stepwise increase in TAM concentration n the culture medium of parent cells. Immunocytochemical
method was used to determine the expression of cyclin D1 in both parent and resistant cells. The slow growing
T47D/TAMR-6 cells showed lower level of expression of cyclin D1 protein compare to parent T47D cells.
Expression of cyclin D1 protein was significantly decreased in both cell types following exposure to TAM
(1 pM). Therefore, it can be suggested that TAM can regulate the expression of cyclin D1 protein that affects
the cell proliferation. In conclusion, determimation of protein expression of cyclin D1 in tumor samples of
patients would be helpful in tumor prognosis and prediction of outcome of chemo-hormonal therapy of breast

cancer.
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INTRODUCTION

The cyclin-dependent kinases are a family of
serine/threomne kinases that play an important role in
controlling progression through the cell cycle™.
Dysregulation of the cell cycle control system is an almost
uniform aberration in tumorigenesis'™. The cyclins encode
regulatory subunits of the kinases which phosphorylate
specific proteins, including the retinoblastoma (pRB)
protein, to promote transition through specific cell cycle
checkpoints®. Cyclin D1 plays a crucial role in G1/S
phase of cell cycle progression i fibroblasts and
mammary epithelial cell proliferation™. Overexpression of
cyclin D1 is found in 1/3 of human breast cancers that
cormrelates with poor prognosis™. Several different
oncogenic signals mcluding mutations of the Ras and
¢-catenin pathway induce cyclin D1 expression™.
Mammary-targeted expression of cyclin D1 is sufficient
for the mduction of mammary adenocarcinoma and
cyclin D1+~ mice are resistant to ErbB2-induced
tumorigenesis™'”. In addition to binding cyclin-
dependent kinases 4 and 6 (cdk4 and cdk6) and pRB,
cyclin D1 forms physical associations with P/CAF
(p300/CBP-associated factor), Myb, MyoD and the cyclin

D1 myb-like binding protein (DMP1 ***. Cyelin D1 binds
to the estrogen receptor alpha (ERe) and enhances
reporter gene activity but inhlibits androgen receptor
reporter gene activity™ . The in vivo or genetic evidence
indicating a requirement for cyclin D1 in nuclear receptor
function needs to be more elucidated.

Anti-estrogens, especially tamoxifen, are the drugs of
choice for the treatment of all stages of breast cancer!' ™",
Tamoxifen as a classical anti-estrogen and its new
congeners as well as compounds known as Specific
Estrogen Receptor Modulators (SERMs) are regarded as
competitive inhibitors of estrogen receptors!™%. As
results of hormonal therapy, gene transcription, DNA
synthesis and cellular proliferation are lowered or
prevented™*!. Unfortunately, inthe systemic treatment of
patients with advanced breast cancer, the occurrence of
drug resistance in patients is a major problem. Therefore,
despite the tremendous therapeutic and commercial
success of tamoxifen since its mtroduction, mirinsic or
acquired resistance 1in almost all patients during
prolonged treatment needs to think of the important
question that is which therapeutic regimen could be most
elfective after the occurrence of tamoxifen resistancel™ .
Amswer to this important question requires
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comprehensive knowledge about gene and protein
expression of key elements of cell growth and proliferation
such as cyclin D1.

The aim of the present study was to mvestigate the
effect of TAM resistance on expression of cyclin D1 and
thus the breast tumor cell proliferation that would be
helpful in disease prognosis and also prediction of the
efficacy of chemo-hormonal therapy in breast cancer.

MATERIALS AND METHODS

Cell line and culture conditions: The human breast
cancer T47D cell line (ATCC HTB-133, USA) was
obtained from Pasteur Instituite Cell Bank of TRAN
(Tehran, IRAN). Cells were maintained in RPMI-1640
(Gibco, USA) culture medium supplemented with 10%
Fetal Bovine Serum (Gibeeo, USA) and 100 U mL ™' of
penicillin and 100 ng mI.™" of streptomycin (Sigma, UK) at
37°C in 5% CO,incubator.

Cytotoxicity assay: The T47D cells were seeded in two
24-well plates (4x1¢’ cells/well) in the absence (Blank) and
presence of TAM (1x107° - 1x107° M) for 48 hand 1 week.
The cell number in each group was then determined using
trypan blue dye exclusion method. Data are presented as
meantSE of the average determination of 4 wells in three
independent experiments.

Establishment of a tamoxifen-resistant subline: Based on
the results of the cytotoxicity assay, the Tamoxifen-
resistant subline was isolated by continuous exposure of
T47D cells to TAM at concentrations starting from
1x10°* M and increasing in a stepwise manner to 1x 10°M
within 6 months. Cells that were capable of sustained
growth in medium containing 1x10™° M of TAM were
considered to be resistant to Tamoxifen and are referred
to T47D/TAMR-6 cells here after. Cell viability was
determined after each step using trypan blue dye
exclusion method.

Determination of growth characteristics of T47D and
T47D/TAMR-6 Cells: The T47D and T47D/TAMR-6 cells
were seeded in 24-well plates at 5x10* cells/well in RPMI
1640 culture medium and incubated at 37°C in 5% CO,
mcubator. After washing with PBS, the cells were
trypsinized and then counted using trypan blue dye
exclusion method every 48 h for 6 days. The doubling time
for each cell population was then determined from its
growth curve, in which each point is the average
determination of 4 wells in three independent experiments.

Immunocytochemical analysis of Cyclin D1 protein
expression: The parent T47D and TAM-resistant cells
were seeded in 4-well chamber slides (LabTeck, USA) in
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RPMI 1640 for 48 h Then cells were fixed in
methanol:acetone (9:1) at -20°C. Endogenous peroxidase
activity and nonspecific binding sites were blocked by
incubating fixed cells in 3% hydrogen peroxide in
methanol for 30 min and 5% BSA for 60 min, respectively.
Cells were then incubated overnight at 4°C with cyclin D1
rabbit monoclonal antibody SP4. Lab. Vision Corporation
that recognizes nuclear expression of the human cyclin D1
protein. The primary antibody was used at dilution of 1:50.
The results were visualized using the streptavidine-biotin
immunoperoxidase detection kit (LSAB2,
Dakocytomation-Denmark) and AEC  chromogen
(Dakocytomation-Denmark) based on the manufacturer's
instruction with necessary modifications. Finally, cells
were counterstained with Meyer's hematoxyline, mounted
and studied under light microscope. A section in which
incubation with the primary antibody was omitted used as
negative control. Stained cells were then classified into 5
categories based on the nuclear expression of cyclin D1.
Cells were scored as 4+ if they had strong nuclear stamning
inmore than 50% of cells, 3+ if they had moderate nuclear
staimng n 25-50% of cells, 2+ if they had mild nuclear
staining in 5-25% of cells, 1+ if they had staining in less
than 5% of cells and 0 in case of no cell staining.

Statistical analysis: SIGMASTAT™ (Jandel Software,
San Raphael, CA) was used to perform statistical analysis
of data. The students t-test was used to examine the
differences among treatments. Mean differences with p
values less than 0.05 were considered to be significant.

RESULTS

Cytotoxicity of different TAM concentrations on T47D
cells: The anti-proliferative effects of TAM on T47D cells
was determined using trypan blue dye exclusion method
as described in the methods. After 1 weelk, cells exposed
to 1x107° and 1x107° M of TAM showed significant
decrease m number compare to control RPMI (Fig. 1).
There was no difference between control RPMI and Blank
(%1 EtOH, used as co-solvent of TAM) in cell
proliferation.

Growth characteristics of T47D and T47D/TAMR-6
Cells: The growth rate of T47D/TAMR-6 cells decreased
significantly as compared with that of the parental T47D
cells. This indicates the slow proliferation pattern of
TAM-resistant cells (Fig. 2). The viability assay showed
more than 95% viable cells in all steps of experiments.

Immunostaining of cells with cyclin D1 antibody: The
parent and TAM resistant T47D cells were immunostained
with primary antibody for cyclin D1 as described in the
methods. In the absence of TAM, the nuclear staining of
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Fig 1: Cytotoxicity of tamoxifen concentrations on T47D
cells. The T47D cells were seeded in two 24-well
plates (4x10° cells/well) in the absence (Blank) and
presence of TAM (1x107%-1x10~> M) for 48 h and
1 week. The cell number in each group was then
determined using trypan blue dye exclusion
method. Data are presented as meantSE of the
average determination of 4 wells in three
independent experiments. *indicates significant
difference compare to C (p<0.01) ** indicates
significant difference compare to C (p=<0.001)
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Fig. 2: Growth rate characteristic of T47D and

T47D/TAMR-6 cells. The TA7D and TATD/TAMR.-
6 cells were seeded in 24-well plates at
5x10%cells/well in RPMI 1640 culture medium. Cells
were then counted using trypan blue dye
exclusion method every 48 h for 6 days. Data are
mean+SE of the determination of 4 wells in 3
independent  experiments. ***  indicates
significant difference compared to T47D/TAMR-6
cells (p=<0.0001)

cyclin D1 was more in parent TA7D cells compare to
T47D/TAMR-6 cellz [Fig. 3A (3+) ve B (2+)]. Following
exposure to TAM, the nuclear immunostaining of cyclin
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Fig. 3: Immunostaining of cyclin D1 in T47D and T47D/TAMR-6 cells. The parent T47D (Panel A and C) and TAM-
resistant TA7TD/TAMR-6 cells (Panel B and D) were immunostained with primary antibody for cyclin D1 in the
absence (Panel A and B) and presence of TAM (Panel C and D) as described in the methods {(Chromogen AEC,

magnificati on 400X)
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D1 was significantly less in both cell types and in

particular in parent cells [Fig. 3C (1) and D (1+)]. In all
conditions a heterogeneous pattern of immunostaiung
was seen 1n both cell types.

DISCUSSION

It 18 known that cyclins and CDKs play mmportant
roles m cell proliferation which can affect patients” tumors
prognosis®™. On the other hand, the benefits of hormonal
therapy of breast cancer have been widely accepted.
Nevertheless, almost half of the tumors are less likely to
respond effectively treatment.
Similarly, some of the patients do not respond to
chemotherapy™™*". In the systemic treatment of patients
with advanced breast cancer, the occurrence of drug
resistance in some patients 13 a major problem. The
reasons for tamoxifen resistance have not yet been fully
elucidated, but several possibilities have been suggested.
These mclude metabolic changes during transport to and
mto the tumor cells, disturbance of binding to the
estrogen receptor or during receptor dimerization,
modifications in the binding process of the
homodimer/estrogen complex to DNA and/or modulation
in the activation of the transcription cascade™*
Possibilities to overcome (acquired) tamoxifen resistance
arose from the use of newly developed anti-estrogens™,
progestins™! =
these agents could completely replace tamoxifen so far
from (irst-line clinical usel*™1.

In addition to necessity to further elucidate the
molecular mechamsms underlying tamoxifen resistance, it
18 quite important to address which therapeutic regimen

to  anti-hormonal

or aromatase inhibitors™. However, none of

could be most effective after the occurrence of tamoxifen
resistance™*!. Therefore, in the present study we studied
the expression of cyclin D1 as a proliferative marker in
sensitive and resistant human breast cancer T47D cells. Tt
is well known that specific chemotherapeutic drugs
interfere with cellular pathways in one way or another. In
the breast cancer cells used mn our study, cyclin D1
protein expression level was different among parent and
T AM-resistant cells. In addition, the growth rate of parent
cells was seen to be faster than TAM-resistant cells.
Therefore, observed decrease m cyclin D1 protein
expression in slow growing TAM-resistant cells compared
to parent cells further indicates the role of cycling in tumor
cell proliferation. Tt has been reported that endocrine
treatment is more effective in slowly proliferating breast
] Therefore, the anti-proliferative effect of
tamoxifenon tumor growth via ER blockade may likely be
due to regulation of expression of some cycling and in

cancers

particular the cyclin D1 protein.
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Our results also suggest that treating breast cancer
patients should be individually-based considering the
tumor levels of markers such as cyclin D1. In addition, for
hormone-resistant tumors, chemotherapeutic regimen
should be selected based on the level of expression of
tumor markers including cyclin D1 to increase the efficacy
of such chemotherapy.
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