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Abstract: This study aimed to determine the changes in the expression of genes
for selected specific transcriptional factors that have both activating and
repressing functions in in vitro ductal breast cancer cells, under the influence of
paclitaxel, applying the microarray technique. The cells are treated with 60 ng/ml
and 300 ng/ml doses of paclitaxel that correspond to those applied in breast
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cancer therapy. About 60 ng/ml doses of paclitaxel cause a statistically
significant increase in expression of all the 16 analysed genes coding
transcriptional factors, ranging from 1.84-fold (for PO4F2) to 4.65-fold (for
LMO4) (p <0.05) in comparison with the control cells, and enhanced the taxane
mechanism of action. The 300 ng/ml doses of paclitaxel cause a cytotoxic effect
in the cells. In this article, we argue that these changes in gene expression values
may constitute prognostic and predictive factors in ductal breast cancer therapy.

Key words: Breast cancer, Transcriptional factors, Gene expression, Microarrays,
Anti-tumour, Treatment, Paclitaxel, Microtubules, Cytotoxic effect, Apoptosis

INTRODUCTION

Breast cancer is the most frequently diagnosed cancer and the second leading
cause of cancer-related deaths among women worldwide. However, due to the
multi-factor and multi-stage nature of mammary tumourigenesis, the successful
diagnosis and treatment of breast cancer remains a difficult task for oncologists [1].
Death caused by this disease is generally associated with metastasis to other
organs, making it similar to other cancers. Breast cancer is also the main driving
factor for the large number of deaths recorded among women in Poland. The
incidence of breast cancer increased by about 5% in Poland in the last few years.
This cancer comprises 20% of all cases of malignant tumours. In recent years,
more and more women aged 35-39 years old suffer from this epidemic [2].
Cancer of the breast and other epithelial organs typically exhibits both a longer
period of development and a greater phenotypic diversity. The well-described
biological and clinical heterogeneity of breast tumours is thought to result from
acquired or inherited gene defects [3]. Ductal carcinoma in situ (DCIS) of the
breast represents a group of non-invasive breast tumours commonly detected in
women undergoing screening mammography. DCIS is characterised by
malignant epithelial cells accumulating in the ducts of the breast without
invading through the basement membrane into the surrounding tissue [4].
Patients diagnosed with ductal carcinoma in situ (DCIS) at a young age appear
to have different natural history and biology, including a higher local relapse
rate, compared to patients diagnosed later in life [5].

Transcriptional factors tightly control oncogene expression. Accurate gene
expression regulation is the most fundamental process in biology which
influences the cells of organisms. Mistakes in gene activation and the
development-specific and tissue-restricted gene programmes under the control of
transcriptional factors represent a rich and diverse source of mechanisms which,
if disrupted, can lead to occurrence of malignancy, including breast cancer.
A known example is oncogene expression, where the effect of one gene
transcription may be tumour cell transformation. Many gene stimulating or
repressing factors have been shown to have oncogenic properties when
genomically altered (mutated, rearranged, amplified or deleted), transcriptionally
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upregulated, or post-translationally modified. Many of the well-studied proto-
oncogenes and tumour suppressor genes (anti-oncogenes) are known to encode
proteins which, alone or in a complex with other factors, act as transcriptional
regulators; these include some of the earliest identified oncoproteins (Myc and
Myb) and tumour suppressor proteins (Rb, p53), and the Wilms’ tumour gene
product WTTI.

Nowadays, one of the most common medicines for breast cancer therapy is the
anti-mitotic paclitaxel (PTX) — an alkaloid, diterpene, lipophilic, not soluble in
water. Paclitaxel’s antitumour mechanism of action is connected with making
complexes with tubulin monomer, which is the main mitotic spindle protein, and
with stabilization of non-functional microtubule wisps. The disturbance of
balance between tubulin dimers and microtubules towards the latter causes
inhibition of the cell cycle at the G2/M checkpoint and proliferation. The
cytotoxic effect is associated with paclitaxel positive regulation of proapoptotic
proteins Bak and Bax, with negative regulation and inactivation of antiapoptotic
protein Bcl-2. According to earlier studies, signal processes strengthened by
paclitaxel may induce apoptosis in a number of mechanisms: mitogen-activated
protein kinase pathway, A kinase pathway, Raf-1/ras/Bcl-2 pathway. In contrast
to other antitumour treatments, paclitaxel has no genotoxic activity. Besides
anthracyclines, the taxanes are among the most effective agents in mammary
gland cancer chemotherapy and cause 30-60% remission in monotherapy and
even 90% in polytherapy [6-12].

The microarray technique opens new perspectives in medicine and pharmacy.
The characterisation of the gene expression profile in the pathological state
makes it possible to diagnose and predict the course of the disease quicker and
more effectively as well as to recommend a good medicine for the individual
patient’s needs independently. Microarray technology can provide many types of
information to help drug discovery and development. In their simplest
application, microarrays can be used to screen for changes in gene expression
following exposure of tumour cells to drugs either in culture or in patients
following treatment. Studies of this type may provide information on the precise
mechanism of action of the drug or could lead to the identification of early
markers of drug response. For predicting the longer-term clinical response to
drug treatment, microarray information could also yield information about
possible side effects, and identify markers that, in a clinical context, could be
used to predict possible adverse events. This technology can also provide
information for identifying and validating new therapeutic targets. Microarray
expression patterns could be integrated on the one hand with clinical data to
identify new markers to predict biological behaviour of tumours, and on the
other hand with databases of drug sensitivity to unravel the molecular basis of
drug action [13].

The central goal of this study was to determine the changes in the expression of
genes for selected specific transcriptional factors that have both activating and
repressing functions in in vitro breast cancer cells under the influence of paclitaxel.
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MATERIAL AND METHODS

The cells under study were taken from mammary gland tissues from 36 patients
of Lublin Oncology Centre, Poland, with diagnosed ductal breast carcinoma
during mastectomy. The patients were not cured earlier. The material was
histopathologically verified and included cases of breast cancer in stage I and II
according to the Bloom classification (pre-invasive cancer, tumours up to 2 cm,
no lymph node metastasis). The material (tissue) examined was homogenized
mechanically and next enzymatically (0.01% trypsin, Sigma). Then the cells of
ductal breast carcinoma were seeded in a Falcon bottle of 25 mm® wells in RPMI
(Sigma) medium with addition of 5% fetal bovine serum (FBS, Sigma),
penicillin and streptomycin, and cultured at 37°C, in an atmosphere of 5% CO, and
90% humidity. The cells that reached the density of 10 000 cells/ml were treated
with paclitaxel (TAXOL ®, Bristol-Myers Squibb; England) in 60 and 300 ng/ml
doses and incubated for 72 h. The added paclitaxel 60 ng concentration was
calculated on the basis of a therapeutic dose that was 175 mg/m’ of body surface
area in relation to the surface of the used Falcon bottle. The value of the second,
fivefold higher dose of 300 ng was the result of dose assessment for six
chemotherapy cycles applied on average (3-9) in breast cancer treatment. After
72 h of incubation, the cells formed a monolayer. The units were expressed as
weight/volume units: 60 ng and 300 ng per millilitre of culture medium.
Simultaneously, the control epidermal cell cultures of ductal breast cancer were
incubated without paclitaxel but with 5% dimethyl sulfoxide (DMSO).

The total RNA from control ductal breast cancer cells, including those after
treatment with paclitaxel, was isolated by using a TRI (Sigma) kit according to
the manufacturer’s instructions and kept until the next steps of the study at -70°C.
Complementary DNA (cDNA) with radioactive labelled **P dNTPs obtained in
a reverse transcription reaction by using a standard kit (Sigma) was cleaned on
Sephadex G-25 and hybridized to the microarray (Panorama Human Cancer
cDNA Labeling and Hybridization Kit; CDLBL-HCN, Sigma-Genosis). The
samples with a mixture for reverse transcription reaction RNA from a model
gene of Escherichia coli (from Panorama Armored RNA E. coli-B 1444 RNA
kit) were added in order to make possible the calibration of expression of
examined genes in relation to the expression of this model gene on the
microarray. The hybridization buffer contains the test DNA of salmon (Sigma-
Genosis Kit CDBL-HCN). The hybridization was performed in the hybridization
oven Bachover GmbH-D7410. Next the gamma radiation from points on the
microarray referring to the examined genes was captured (radiation detector
Screen Imaging K, Bio-Rad) for 24 hours. The gamma radiation caused
chemical changes of the carrier (fluorobromide salt base with Europium on the
surface) sensitive to the radiation sited in the detector box. Then the carrier was
scanned on Molecular Image FX (Bio-Rad) with resolution of 50 microns. As
a result, the picture of expression of the examined genes on the microarray was
received and transmitted as a file on a computer disk. The expression from the
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individual points of microarrays normalizes with the expression level of the
model E. coli gene localized at the control points. The gene expression results
were analysed using the computer program ‘Quantity One — version 4.2.1°. The
value of the individual gene expression is assessed as the average pixel count for
the determined unit of space corresponding to the localization of a single gene
on the microarray. The gene expression results from the cells treated with
examined doses of paclitaxel were compared with the level of expression of
analysed genes from the control cells. The studies were performed in triplicate
using one set of reagents.

Statistical analysis

The expression results of 16 genes for transcriptional factors that have the

activity of both transcriptional activator and repressor were statistically analysed

with Statistica 6.0.

1. The value of medium level of expression and standard deviation for each
examined gene were assessed.

2. The data were compared statistically using Student’s t-test. A probability
value of p < 0.05 (marked as *) indicates a statistically significant difference.

Tab. 1. List of studied genes for transcriptional factors that have both activating and
repressing activities.

Gene Full name
1 TFAP2A  transcription factor AP-2 alpha (activating enhancer binding protein 2 alpha)
2  CTCF CCCTC-binding factor (zinc finger protein)
3  MBD2 methyl-CpG binding domain protein
4 RUNX runt-related transcription factor 2
5 LMO4 LIM domain only 4
6 YYI YY1 transcription factor
7  TFAP2C  transcription factor AP-2 gamma (activating enhancer binding protein 2 gamma)
8  PDEF SAM pointed domain containing ets transcription factor
9 KLF4 Kruppel-like factor 4 (gut) Kruppel
10 MADH4 SMAD4 SMAD, mothers against DPP homolog 4 (Drosophila)
11 PHB prohibitin
12 TP63 P63 tumour protein p63
13 TP73 TP73L tumour protein p73-like
14 POU4F2 POU domain, class 4, transcription factor 2
15 HOXAS homeo box A5
16 HOXA1 homeo box Al
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RESULTS

In this study, we applied the microarray technique to determine the expression of
16 genes for specific transcriptional factors in in vitro breast cancer cells under
the influence of paclitaxel. Among all of the genes studied on the microarray
used (Tab. 1), only these 16 selected genes code transcriptional factors that have
activating and repressing functions in breast cancer cells. All genes have a very
high statistically significant level of expression in the in vitro ductal breast
cancer cells treated with 60 ng/ml doses of paclitaxel in comparison to the
control cells.

The second, 300 ng/ml doses examined cause a cytotoxic effect in the in vitro ductal
breast cancer cells. A statistically significant decrease in expression of 5 genes was
observed when compared with the control cells untreated with paclitaxel (Fig. 1).

35 -
0K control cells

a0 w60 ng/ml paclitaxel

300 ng/ml paclitaxel
25

20

The average number of counts for the model area
(relative units)

TFAP2A  CTCF MED2 RUNX LMO4 YY1 TFAP2C  PDEF KLF4 MADH4 PHB TPE3 TP73 POU4F2 HOXAS5 HOXA1

The analyzed genes

Fig. 1. Arithmetic means and standard deviations of expression values for all 16 studied genes
(Tab.1.) coding for both activating and repressing transcriptional factors in ductal breast cancer
control cells in vitro and treated with 60 ng/ml and 300 ng/ml doses of paclitaxel.
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Fig. 2. Statistically significant values (*p < 0.05) of increased level of expression of 16 genes
(Tab.1) in ductal breast cancer cells in vitro treated with 60 ng/ml of paclitaxel in comparison
to control cells.
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The expression increase for the genes in the breast cancer cells under the influence
of the 60 ng/ml dose of paclitaxel studied was in the range of 1.84—4.65-fold, in
comparison with the control cells. The highest expression increase (4.65-fold) was
noted for the LMO4 gene and the lowest (1.84-fold) for PO4F2 (Fig. 2).

DISCUSSION

The essence of any organism is the spatial and temporal expression pattern of its
gene repertoire. While the genome provides the template, it is the way genes are
expressed that defines the organism. Consequently, regulation of gene
expression influences almost all biological processes in an organism.
Transcription factors (TFs) are often termed the master regulators of gene
expression. By binding to the DNA, they tightly control where and when the
nearby target gene is expressed. Mistakes in gene activation caused by too high
or too low expression of a particular gene may lead to occurrence of the disease.
The best known example is oncogene expression, where the result of one gene
transcription may be tumour transformation [14, 15]. The increasingly popular
microarray technique opens new perspectives in medicine and pharmacy. The
characterisation of gene expression profile in pathological states makes it
possible to diagnose and predict the course of disease quicker and more
effectively, as well as to choose a good medicine independently of the individual
patient’s needs [16, 17]. There is a need to identify novel breast tumour-
associated molecules as diagnostic/prognostic markers of breast cancer as well
as to discover targets of vaccines and drugs against this cancer.

It has been shown that paclitaxel-treated cells have defects in mitotic spindle
assembly, chromosome segregation, and cell division. Paclitaxel stabilizes the
microtubule polymer and protects it from disassembly as well as cooperating
with microtubule associated proteins (MAPs). This influences cell cycle proteins
and the apoptotic pathway [8, 18]. As a result, one could expect that the presence
of paclitaxel in the breast cancer cells under study will have a significant role in
their cell cycle and metabolism.

We observed the highest (4.65-fold) increase in LMO4 expression in ductal
breast cancer cells treated with the 60 ng/ml doses of paclitaxel in comparison
with the control cells. The LMO4 gene, widely expressed in both embryonic and
adult tissues, codes a transcriptional cofactor, LMOA4, that primarily functions as
a docking site for other factors and contributes an activation or repression
domain to influence transcriptional activity. LMO4 functions as a protein—
protein interaction surface. According to Visvader J.E. et al. (2001), over-
expression of the LMO4 gene is found in more than 50% of breast cancer cell
lines and primary breast cancers, suggesting that its protein product contributes
to the pathogenesis of breast cancer. Increased LMO4 expression is observed in
pre-malignant tissue relative to normal breast. The study indicates that this gene
may be an early marker in the progression of breast cancer because almost 40%
of ductal carcinomas in sifu expressed abundant LMO4 RNA. Although LMO4 is
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often expressed in proliferating cells and organs, it is present in post-mitotic
cells, which apparently is not a simple marker of cell growth. The molecular
mechanism by which LMO4 participates in mammary gland development has
not been elucidated [19]. LMO4 was initially identified in an expression screen
by using serum from a breast cancer patient. Moreover, in breast cancer, LMO4
expression appears to be inversely correlated with oestrogen receptor expression.
It has been shown that LMO4 forms a complex of co-repressor CtIP and BRCA1
in breast epithelial cells. Further study showed that LMO4 can repress BRCA1-
mediated transcriptional activation [20]. Over-expression of LMO4 in non-
invasive, immortalized human MCFI0A cells promotes cell motility and
invasion. Studies conducted by other authors show that a high nuclear level of
LMO4 is an independent predictor of death from breast cancer in a cohort of 159
patients with primary breast cancers. Together, these findings suggest that
deregulation of LMO4 in breast epithelium contributes directly to breast
neoplasia by altering the rate of cellular proliferation and promoting cell
invasion [19]. Taking into consideration other authors’ and our results, it is very
interesting to observe the very high increase in LMO4 gene expression level in
in vitro ductal breast cancer cells treated with a 60 ng/ml dose of anti-mitotic
paclitaxel. Thus it can be stated that the final apoptotic effect in these cells is the
result of complex co-operation between pro-apoptotic and anti-apoptotic genes
and proteins. Further studies should be performed to explain these mechanisms
in detail. In our study, the expression of 4P24 was 3.86-fold and AP2C 2.02-
fold higher in the breast cancer cells treated with 60 ng/ml doses of paclitaxel
than in the control cells. Expression microarray results in human breast
carcinoma cells indicate that genes for activating enhancer-binding protein
2alpha (AP-2alpha) and activating enhancer-binding protein 2gamma
(AP-2gamma) are targets for transcriptional activation by p53, and suggest that
AP-2 proteins may mediate some of the downstream effects of p53 expression,
such as inhibition of proliferation [21, 22]. Expression of either AP-2alpha or
AP-2gamma inhibits growth of human breast carcinoma cells in vitro. It is
known that AP-2gamma significantly up-regulates p21 mRNA and proteins,
inhibits cell growth, and decreases clonogenic survival. Cell cycle analysis
reveals that forced AP-2gamma expression induces Gl-phase arrest, and
decreases DNA synthesis including the fraction of cells in the S phase.
AP-2gamma expression leads to cyclin DI repression, decreases Rb
phosphorylation, and decreases E2F activity in breast carcinoma cells [23].
A relatively high increase in the expression of CTCF (2.99-fold) was observed in
breast cancer cells incubated with 60 ng/ml of paclitaxel. Rakha et al. (2004)
detected a correlation between expression of CTCF and histological grade where
a high percentage of low-grade tumours that have a less proliferative activity
show positive nuclear expression, while the high-grade tumours mainly show
reduced or absent expression. They found a correlation between positive
cytoplasmic expression and tumours of smaller size. These results are consistent
with the previous reports that showed the ability of CTCF to inhibit cell growth



618 Vol. 16. No. 4. 2011 CELL. MOL. BIOL. LETT.

and proliferation. No significant correlation between CTCF expression and other
prognostic markers of breast cancer such as lymph node stage or with patient
outcome was found [24]. It was observed that a loss of BRCAI correlates with
the inappropriate cytoplasmic expression of CTCF in tumours that lack or
express low levels of BRCAI. As a consequence, loss of BRCAI expression may
lead to the deregulation of numerous cell functions and chromosome instability,
which together predispose to the formation and progression of sporadic breast
tumours [25].

As a transcription factor, Brn-3b mediates its effect in mammary epithelial cells
by regulating gene expression, either directly — repressing the activity of the
BRCAI promoter — or indirectly. A strong correlation was found between
elevated levels of the Brn-3b POU transcription factor and high levels of HSP-
27 protein in manipulated MCF-7 breast cancer cells as well as in human breast
biopsies, and conversely, on loss of Brn-3b the level of HSP-27 was decreased.
Brn-3b via interaction with the oestrogen receptor can directly and indirectly
activate HSP-27 expression. This may represent one mechanism by which Brmn-
3b mediates its effects in breast cancer cells [26].

Expression of PDEF in breast cancer cells leads to inhibition of invasion,
migration, and growth. PDEF protein is reduced in human invasive breast
cancer, and is absent in invasive breast cancer cell lines. Expression of PDEF
therefore results in the down-regulation of urokinase-type plasminogen activator
and activation of the promoter of the tumour suppressor gene, Maspin. Growth-
suppressive effects of PDEF expression are mediated in part by a Go-G; cell
cycle arrest associated with elevated p21 levels. These results from other studies
indicate that PDEF loss may alter the expression of genes controlling
progression to invasive breast cancer [27, 28]. Collectively, the over-expression
of PDEF observed in breast cancer cells treated with 60 ng/ml doses of
paclitaxel in our study seems to agree with its anti-mitotic and anti-angiogenic
mechanism of action.

In the examined cells stimulated with paclitaxel, there is a 2.86-fold increase of
RUNX?2 gene expression relative to the control cells. The breast cancer cells
preferentially metastasise to the bones. RUNX transcription factors comprise
a family of proteins that are essential for organogenesis and a unique nuclear
matrix-targeting signal in the C terminus which directs these factors to their
appropriate subnuclear domains. At these sites, they interact with co-regulatory
proteins and target genes. It has been previously shown that aberrant expression
of the RUNX2 DNA binding domain in metastatic breast cancer cells can
prevent production of osteolytic lesions in bone. It is obvious that proper
RUNX2 subnuclear targeting is required for osteolysis. These findings suggest
that fidelity of RUNX2 intranuclear organization is necessary for expression of
target genes that mediate the osteolytic activity of metastatic breast cancer cells [29].
As the result of treating the ductal breast cancer cells with 60 ng/ml of paclitaxel
there is an increase (1.96-fold) of KLF gene level. KLF4 (GKLF/EZF) encodes
a transcription factor that has context-dependent oncogenic or tumour-
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suppressor functions. KLF4-induced arrest is bypassed by the RAS target cyclin-
D1, so inactivation of the cyclin-D1 target and the cell-cycle inhibitor p21CIP1
not only neutralizes the cytostatic action of KLF4, but collaborates with KLLF4 in
oncogenic transformation. On the other hand, KLF4 suppresses the expression of
P53 by directly acting on its promoter [30].

Over half of human tumours, including breast cancer, are associated with
mutations that directly affect retinoblastoma protein (pRb) and P53, or influence
their pathways. PHB has been shown to co-localise with pRb, P53 and E2F in
various cell lines. It is known that PHB is generally over-expressed in
transformed cells compared with their non-transformed counterparts. These
observations, together with the earlier ones that PHB functions as a tumour-
suppressor protein and microinjection of PHB mRNA blocks cell proliferation,
have led some investigators to suggestions that G1-S cell growth arrest is
brought about by a process involving the repression of E2F-mediated
transcription [31].

P63, as a member of the P53 gene family, is involved in cellular differentiation,
expressed in the nuclei of myoepithelial cells of normal breast ducts and lobules.
P63 and other myoepithelial cell markers have been described in matrix-
producing and metaplastic carcinomas of the breast, suggesting that these
tumours share myoepithelial cell differentiation. In mammary epithelium, P63
has been shown to be expressed only in the myoepithelial layer [32-34].

TP73, a structural and functional homologue of transcription factor P53, has the
potential to activate 7P53 target genes and to interact with P53, as well as inhibit
cell growth in a P53-like manner by inducing apoptosis when overproduced.
Under-expression or loss may contribute to arrest failure at cell-cycle check
points [35].

Homeotic genes encode master regulatory transactivating proteins which are
likely to regulate other genes within the mammary epithelium [36]. HOXA1
stimulates the transcriptional activation of a number of pro-oncogenic
molecules, including cyclin D1 and Bcl-2, thereby permitting increased
proliferation and survival of human mammary carcinoma cells [37], whereas
deregulation of HOXAS in breast epithelium can contribute to breast cancer
biogenesis primarily by regulating the expression of the tumour-suppressor
protein P53 and the progesterone receptor [38-40].

The MBD2 gene, encoding the methyl-CpG-binding domain, is a major
methylation related gene and functions as a transcriptional repressor that can
specifically bind to the methylated regions of other genes. MBD2 may also
mediate gene activation because of its potential DNA demethylase activity. As
the mechanism by which MBD2 acts to prevent transcription of GSTPI, and
other genes inactivated by CpG hypermethylation in cancers, becomes more
fully elucidated, perhaps new cancer treatment or prevention strategies might
target the MBD?2 transcriptional repression pathway. There are suggestions that
GSTPI is silent in MCF-7 breast cancer cells as a result of CpG island
hypermethylation. The repression of hypermethylated GSTPI CpG island alleles
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is at least partly mediated by MBD2 [41, 42]. It has been shown that YY1 and
TGFo/SMAD4 transcription factor activities may be significant in the
progression of breast cancer [43-45]. Taking into account the above information,
it may be said that the differences in the level of gene expression in breast cancer
cells under study are the result of changes in activation of transcriptional factors
caused by treating them with the 60 ng/ml doses of paclitaxel. Examined cells
are sensitive to paclitaxel, and under the influence of this treatment, they start
the processes leading to apoptosis. Thus, it is possible that the effect of treating
the breast cancer cells with paclitaxel is the cooperation of genes from all groups
of transcriptional factor repressors and activators and those functioning as
repressors and activators. The 300 ng/ml dose turned out to be too concentrated
and toxic for in vifro ductal breast cancer cells, despite the fact that it was
chosen on the basis of the treatment scheme for paclitaxel. As a consequence,
a decrease in the expression of all studied genes when compared with the control
cells and a cytotoxic effect were noted.

We can therefore presume that the changes in gene expression values may
constitute prognostic and predictive factors in ductal breast cancer therapy. This
study indicates that the analysis of transcriptional changes at the mRNA level
may be indirectly used for the assessment of protein activity because the protein
molecules are modified after the translation, which influences their cell
localization, secretion and complex formation capabilities. The introduction
of assessing the level of gene expression using DNA microarrays gives hope for
finding a new prognostic factor for patients with breast cancer, including the
separation of the groups of patients for whom a proper model of adjuvant
therapy will be possible to work out [46, 47].

Identification of molecular alterations in the DNA copy number and expression
profiles are useful to identify new chromosomal regions involved. The same
applies to genes relative to the advancement of neoplastic processes as
therapeutic targets [48, 49]. As it could be seen from this study and studies
conducted by other researchers, the association between the genes are very
complex, which is why getting to know how this machinery functions is one of
the greatest challenges for biologists and medical scientists.

REFERENCES

1. Lai, D., Ho, K.C., Hao, Y. and Yang, X. Taxol resistance in breast cancer
cells is mediated by the Hippo pathway component TAZ and its downstream
transcriptional targets Cyr61 and CTGF. Cancer Res. 7 (2011) 2728-2738.

2. http://zdrowie.org.pl Access from 01.02.2008.

Benz, C.C. Transcription factors and breast cancer. ERC 5 (1998) 271-282.

4. Hannemann, J., Velds, A., Halfwerk, J.B.G., Kreike, B., Peterse, J.L. and
van de Vijver, M.J. Classification of ductal carcinoma in situ by gene
expression profiling. Breast Cancer Res. 8 (2006) R61DOI:10.1186/
berl613.

W



CELLULAR & MOLECULAR BIOLOGY LETTERS 621

S.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

Rodrigues, N.A., Dillon, D., Carter, D., Parisot, N. and Haffty B.G.
Differences in the pathologic and molecular features of intraductal breast
carcinoma between younger and older women. Cancer 97 (2003) 1393-1403.
Cleator, S., Parton, M. and Dowsett M. The biology of neoadjuwant
chemotherapy for breast cancer. ERC 9 (2002) 183-195.

Duan, Z., Lamendola D.E., Duan, Y., Yusuf R.Z. and Seiden M.V.
Description of paclitaxel resistance-assiciated genes in ovarian and breast
cancer cell lines. Cancer Chemoth. Pharm. 5 (2005) 277-285.

Bodnar, L., Wcisto, G., Miedzinska-Maciejewska, M. and Szczylik, C.
Docetaxel and paclitaxel: comparison of their pharmacology and
mechanisms of resistance. Contemp. Oncol. 8 (2004) 435-446.

Crown, J. and O’ Leary, M. The taxanes: an update. Lancet 355 (2000)
1176-1178.

Dozier, J.H., Hiser, L., Davis, J.A., Thomas, N.S., Tucci, M.A., Benghuzzi, H.A.,
Frankfurter, A., Coreia, J.J. and Lobert, S. [ class II tubulin predominates in
normal and tumor breast tissues. Breast Cancer Res. 5 (2003) R157-R169.
Luker, K.E., Pica, Ch.M., Schreiber, R.D. and Piwnica-Worms, D.
Overexpression of IRF9 confers resistance to antimicrotubule agents in
breast cancer cells. Cancer Res. 61 (2001) 6540-6547.

Gorecka, K.M., Gawecki, W. and Szyfer, K. The lack of genotoxic activity
of antitumor drug paclitaxel in lymphocytes exposed in vitro to therapeutic
drug concentrations. Contemp. Oncol. 7 (2003) 260-263.

Cooper C.S. Applications of microarray technology in breast cancer
research. Breast Cancer Res. 3 (2001) 158-175.

Bednarski, D. and Firestine, S.M. Regulation of transcription by synthetic
DNA-bending agents. Chem. Biol. Chem. 7 (2006) 1715-1721.
Kummerfeld, S.K. and Teichmann, S.A. DBD: a transcription factor
prediction database. Nucleic Acids Res. 34 (2006) D74-D81. DOI:10.1093/
nar/gkj131.

Stoughton, R.B. Applications of DNA microarrays in biology. Annu. Rev.
Biochem. 74 (2005) 53-82.

Roman, 1. [Mikromacierze DNA-perspektywy wykorzystania w badaniach
skutecznosci 1 bezpieczenstwa stosowania lekow]. Post. Bioch. 54 (2008)
107-113.

http://www.cancer-info.com, Access from 2007-08-08; Taxol.

Visvader, J.E., Venter, D., Hahm, K., Santamaria, M., Sum, E.Y., O'Reilly, L.,
White, D., Williams, R., Armes, J. and Lindeman, G.J. The LIM domain
gene LMO4 inhibits differentiation of mammary epithelial cells in vitro and
is overexpressed in breast cancer. Proc. Natl. Acad. Sci. USA 98 (2001)
14452-14457.

Sum, E.Y., Segara, D., Duscio, B., Bath, M.L., Field, A.S., Sutherland, R.L.,
Lindeman, G.J. and Visvader, J.E. Overexpression of LMO4 induces
mammary hyperplasia, promotes cell invasion, and is a predictor of poor
outcome in breast cancer. Proc. Natl. Acad. Sci. USA 102 (2005) 7659-7664.



622 Vol. 16. No. 4. 2011 CELL. MOL. BIOL. LETT.

21. Li, H., Watts, G.S., Oshiro, M.M., Futscher, B.W. and Domann, F.E.
AP-2alpha and AP-2gamma are transcriptional targets of p53 in human
breast carcinoma cells. Oncogene 25 (2006) 5405-5415.

22. Stabach, P.R., Thiyagarajan, M.M., Woodfield, G.W. and Weigl R.J. AP2
alpha alters the transcriptional activity and stability of p53. Oncogene 25
(2006) 2148-2159.

23. Li, H., Goswami, P.C. and Domann, F.E. AP-2y induces p21 expression,
arrests cell cycle, and inhibits the tumor growth of human carcinoma cells.
Neoplasia 8 (2006) 568-577.

24. Rakha, E.A., Pinder, S.E., Paish C.E. and Ellis, 1.O. Expression of the
transcription factor CTCF in invasive breast cancer: a candidate gene located
at 16q22.1. Br. J. Cancer 91 (2004) 1591-1596.

25. Butcher, D.T. and Rodenhiser, D.I. Epigenetic inactivation of BRCA1 is
associated with aberrant expression of CTCF and DNA methyltransferase
(DNMT3B) in some sporadic breast tumours. Eur. J. Cancer 43 (2007)
210-219.

26. Lee, S.A., Ndisang, D., Patel, C., Dennis, J.H., Faulkes, D.J., D'Arrigo, C.,
Samady, L., Farooqui-Kabir, S., Heads, R.J., Latchman, D.S. and Budhram-
Mahadeo, V.S. Expression of the Brn-3b transcription factor correlates with
expression of HSP-27 in breast cancer biopsies and is required for maximal
activation of the HSP-27 promoter. Cancer Res. 65 (2005) 3072-3080.

27. Feldman, R.J., Sementchenko, V.I., Gayed, M., Fraig, M.M. and Watson, D.K.
Pdef expression in human breast cancer is correlated with invasive potential
and altered gene expression. Cancer Res. 63 (2003) 4626-4631.

28. Ghadersohi, A. and Sood, A K. Prostate epithelium-derived Ets transcription
factor mRNA is overexpressed in human breast tumors and is a candidate
breast tumor marker and a breast tumor antigen. Clin. Cancer Res. 7
(2001) 2731-2738.

29. Javed, A., Barnes, G.L., Pratap, J., Antkowiak, T., Gerstenfeld, L.C., van
Wijnen, A.J., Stein, J.L., Lian, J.B. and Stein, G.S. Impaired intranuclear
trafficking of Runx2 (AML3/CBFAL1) transcription factors in breast cancer
cells inhibits osteolysis in vivo. Proc. Natl. Acad. Sci. USA 102 (2005)
1454-1459.

30. Rowland, B.D., Bernards, R. and Peeper, D.S. The KLF4 tumour suppressor
is a transcriptional repressor of p53 that acts as a context-dependent
oncogene. Nat. Cell. Biol. 7 (2005) 1074-1082.

31. Mishra, S., Murphy, L.C., Nyomba, B.L. and Murphy, L.J. Prohibitin:
a potential target for new therapeutics Trends Mol. Med. 11 (2005) 192-197.

32. Koker, M.M. and Kleer, C. p63 expression in breast cancer. A highly
sensitive and specific marker of metaplastic carcinoma. Am. J. Surg.
Pathol. 28 (2004) 1506-1512.

33. Leong, C.O., Vidnovic, N., DeYoung, M.P., Sgroi, D. and Ellisen, L.W. The
p63/p73 network mediates chemosensitivity to cisplatin in a biologically defined
subset of primary breast cancers. J. Clin. Invest. 117 (2007) 1370-1380.



CELLULAR & MOLECULAR BIOLOGY LETTERS 623

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Stefanou, D., Batistatou, A., Nonni, A., Arkoumani, E. and Agnantis, N.J.
p63 expression in benign and malignant breast lesions. Histol. Hisopathol.
19 (2004) 465-471.

Valladares, A., Hernandez, N.G., Gomez, F.S., Curicl-Quezada, E.,
Madrigal-Bujaidar, E., Vergara, M.D., Martinez, M.S. and Arenas Aranda, D.J.
Genetic expression profiles and chromosomal alterations in sporadic breast
cancer in Mexican women. Cancer Genet. Cytogenet. 170 (2006) 147-151.
Duriseti, S., Winnard, P.T. Jr., Mironchik, Y., Vesuna, F., Raman, A. and
Raman, V. HOXAS regulates hMLHI1 expression in breast cancer cells.
Neoplasia 8 (2006) 250-258.

Zhang, X., Emerald, B.S., Mukhina, S., Mohankumar, K.M., Kraemer, A.,
Yap, A.S., Gluckman, P.D., Lee, K.O. and Lobie P.E. HOXAI1 is required
for E-cadherin-dependent anchorage independent survival of human
mammary carcinoma cells. J. Biol. Chem. 281 (2006) 6471-6481.

Albert, T.K., Hanzawa, H., Legtenberg, Y.I., de Ruwe, MJ., van den Heuvel,
F.A., Collart M.A., Boelens, R. and Timmers, H.T. Identification of
a ubiquitin - protein ligase subunit within the CC4-NOT transcription
repressor complex. EMBO J. 21 (2002) 355-364.

Allen, M.P., Xu, M., Zeng, Ch., Tobet, S.A. and Wierman, M.E. Myocyte
enhancer factors-2B and -2C are required for adhesion related kinase
repression of neuronal gonadotropin releasing hormone gene expression.
J. Biol. Chem. 275 (2000) 39662-39670.

Raman, V., Martensen, S.A., Reisman, D., Evron, E., Odenwald, W.F.,
Jaffee, E., Marks, J. and Sukumar, S. Compromised HOXAS function can
limit p53 expression in human breast tumours. Nature 405 (2000) 974-977.
Lin, X.. and Nelson, W.G. Methyl-CpG-binding domain protein-2 mediates
transcriptional repression associated with hypermethylated GSTP1 CpG
islands in MCF-7 breast cancer cells. Cancer Res. 63 (2003) 498-504.

Zhu, Y., Brown, H. N., Zhang, Y., Holford, T.R and Zheng, T. Genotypes
and haplotypes of the methyl-CpG- binding domain 2 modify breast cancer
risk dependent upon menopausal status. Breast Cancer Res. 7 (2005) R745-
R752.

Zhong, D., Morikawa, A., Guo, L., Colpaert, C., Xiong, L., Nassar, A.,
Chen, C., Lamb, N., Dong, J.T. and Zhou, W. Homozygous deletion of
SMAD4 in breast cancer cell lines and invasive ductal carcinomas. Cancer
Biol. Ther. 5 (2006) 601-607.

Xie, W., Mertens, J.C., Reiss, D.J., Rimm, D.L., Camp, R.L., Haffty, B.G.
and Reiss, M. Alterations of Smad signaling in human breast carcinoma are
associated with poor outcome: a tissue microarray study. Cancer Res. 62
(2002) 497-505.

Lee, B.C,, Lee, T.H., Zagozdzon, R., Avraham, S., Usheva, A. and Avraham,
H.K. Carboxyl-terminal Src kinase homologous kinase negatively regulates
the chemokine receptor CXCR4 through YY1 and impairs CXCR4/CXCL12



624 Vol. 16. No. 4. 2011 CELL. MOL. BIOL. LETT.

(SDF1lalpha-mediated breast cancer cell migration. Cancer Res. 65 (2005)
2840-2845,

46. Jankowski, M., Krause, A. and Zegarski, W. [Zastosowanie mikromacierzy
DNA w leczeniu raka piersi]. Cancer Surg. (e-publ) 1 (2005) 37-41.

47. Ramaswamy, S. and Golub, T.R. DNA microarrays in clinical oncology.

J. Clin. Oncol. 20 (2002) 1932-1941.

48. Murphy, N., Millar, E. and Lee, C.S. Gene expression profiling in breast
cancer: towards individualizing patient management. Pathology 37 (2005)
271-277.

49. Reis-Filho, J.S., Westbury, C. and Pierga, J.Y. The impact of expression
profiling on prognostic and predictive testing in breast cancer. J. Clin.
Pathol. 59 (2006) 225-231.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /POL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


