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Abstract

Progression of breast cancer from hormone-dependent to hormone-independent

causes a major problem in breast cancer therapy. The possible involvement of

inhibitor of differentiation type 1 (Id-1) in this progression was suggested by the

findings in our group that expression of Id-1 was higher in patients with a lower

percentage of estrogen receptors (ER). Therefore, in this study, we

over-expressed Id-1 in the hormone-dependent breast cancer cell line, MCF-7, to

examine whether Id-1 confers growth advantage to these cells in the absence of

estrogen. Our results showed that cell growth was increased in the Id-1

transfectants compared with the mock-transfected clone control over a 120 hour

period. Cell growth of the transfectant was similar to the mock-transfected

control after transient transfection of the Id-1 antisense oligonucleotide.

Moreover, elevated levels of epidermal growth factor receptor (EGFR) which is

associated with hormone-independent breast cancer, were found in Id-1

transfectants using Western blot and reverse-transcription (RT) - PCR analyses.

The level of EGFR expression was decreased after transient transfection of Id-1

antisense oligonucleotide compared with the same Id-1 transfectant without Id-1

antisense oligonucleotide. The involvement of nuclear factor-kappa B (NF- «B)

pathway which is one of the downstream pathways of EGFR, suggested to be



activated in ER negative breast cells, was investigated. After applying an

inhibitor of NF- kB, parthenolide, cell growth and cells in the S phases of the

cell cycle were significantly decreased by more than 50%. Results also showed

that the percentage inhibitions were positively associated with the expression

levels of Id-1, implying that Id-1 may be able to activate the NF-kB pathway.

Interestingly, elevated expression of nuclear fragment p5S0 and Bcl-3, but not p65,

were observed with increased level of Id-1 using Western blotting. By contrast,

the expression of IkB-a, the corresponding inhibitor of the complex of NF-«kB

p50/p65 heterodimers, was not correlated with the expression of 1d-1. Moreover,

results of electrophoretic mobility shift assay (EMSA) showed that levels of

NF-kB p50 were significantly increased in Id-1 transfectants and positively

associated with levels of Id-1. Our results suggest that Id-1 may be able to

modulate cell growth in the absence of estrogen, possibly through the activation

of EGFR signaling pathways and through the activation of NF-xB p50/p50

homodimer and Bcl-3 but not NF-kB p50/p65 heterodimer. Although further

study is needed, Id-1 may serve as a biomarker in the progression of breast

cancer from hormone-dependent to hormone-independent. Inactivation of Id-1

may be a potential therapeutic target for breast cancer patients who have

developed resistance to hormonal therapy.
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Chapter 1: INTRODUCTION

In developed countries, cancer is the major cause of death after heart disease

(American cancer society, 2009). Among these cancer deaths, breast cancer is

the most common and the second most common cause of cancer-related

mortality in women. Although in recent years a decreased trend of incidence

was observed in breast cancer cases, the declined incidence was only observed in

women with estrogen receptor (ER)-positive breast tumors, and seldom in ER

negative breast tumors (Li & Brown, 2009).

Breast carcinogenesis is a complex, multi-factorial process with the inter-play of

environmental, genetics and hormonal factors (Stewart & Pietenpol, 2001; Han

et al., 2005; Corzo et al., 2006). Estrogen is a well-known hormonal mitogen

in breast cells (Leung et al., 2002; Russo & Russo, 2006) and it has been

established that it is able to initiate breast carcinogenesis through the binding

between estrogen to ER which in turn stimulates the oncogenic pathways (Kuske

et al., 2006). Prolonged exposure to estrogen may lead to an increased chance

of getting breast cancer.



Surgery is the standard treatment for breast cancer patients. After surgery,

additional therapy must be added to prevent micro-metastasis. Hormonal

therapy is a useful adjuvant treatment for early breast cancer patients with

ER-positive breast tumors (Winchester et al., 2006). It is mainly used to

prevent the binding between estrogen to ER with a higher affinity or prevent the

conversion of estrogen from androgen by inhibiting the enzymatic reaction

(Bowcock, 1999; Macedo et al., 2009). Hormonal therapy is useful for patients

with ER-positive breast tumors since it has fewer side effects and is more

tolerable compared with chemotherapy and radiotherapy (Macedo, 2009).

Unfortunately, hormonal therapy becomes ineffective to patients whose tumor

has progressed to require hormone-independence after an initial period of

hormone responsiveness (Wang & Cgsero, 2006). Hormone-independent

cancer is often seen in patients with more aggressive tumors, poor survival rate

and resistance to hormonal therapy. This causes a substantial problem in

hormonal therapy, however the mechanisms of how breast cancer progress from

hormone-dependent to hormone-independent are unclear.

Hormone-independent breast cancer is often associated with the loss of ER

(Mclnerney et al., 2001) and increased expression of EGFR (Davidson et al.,



1987; Mclnerney et al., 2001; Hicks & Tubb, 2005; Nieto et al., 2007). Loss of

ER implicated that cells can reach the stage of proliferation and bypass the

stimulation of estrogen (Mclnerney et al., 2001). Overexpression of EGFR was

found in 54%-72% of ER negative breast cancer (Livasy et al., 2006) and it has

been suggested as a critical step in developing hormone-independent breast

cancer (Mclnerney et al., 2001). Activation of EGFR was able to stimulate

various signaling pathways including NF-kB pathway (Biswas et al., 2000;

Biswas et al., 2001; Biswas and Iglehart, 2006). Transcription factor NF-«B is

a well known regulator of inflammation, transformation, oncogenesis and cell

survival (Cao & Karin, 2003). FElevated expression of NF-kB was often

associated with ER negative breast cancer with overexpressed EGFR (Biswas &

Iglehart, 2006). Results from studies suggested that activation of NF-kB is one

of a downstream signaling pathway of EGFR especially in ER negative breast

cancer cells (Biswas et al., 2000; Biswas et al., 2001; Biswas and Iglehart,

20006).

Inhibitor of differentiation (Id)-1 is a helix-loop-helix (HLH) transcription factor

that lacks the basic domain. It functions as an inhibitor in cell differentiation

(Ling et al., 2004; Di et al., 2006; Ling et al., 2006; Yuen et al., 2006). 1d-1



was also believed to be an oncogene (Wang et al., 2002; Cheung et al., 2004;

Zhang et al., 2007b). Up-regulation of Id-1 was found in many types of cancer

such as prostate (Ling et al., 2004), ovarian (Zhang et al., 2004), cervical (Zhang

et al.,, 2007b), endometrial (Wong et al., 2004), nasopharyngeal (Wang et al.,

2002), pancreatic (Wong et al., 2004) and breast (Huh et al., 2006). It was

suggested that ectopic expression of Id-1 was able to stimulate cell proliferation

(Ling et al., 2002; Lin et al., 2005), enhance progression of cancer (Lin et al.,

2000; Fong et al., 2003), and allow the development of hormone-independent

cancer (Ling et al., 2004; Zhang et al., 2004).

We previously studied the estradiol (one type of estrogen) stimulated growth

response in MCF-7, a hormone-dependent breast cancer cell line, three stable

MCF-7-1d-1 transfectants and a mock-control MCF-7-puro transfectant (pBabe).

Results showed that ectopic expression of Id-1 was able to reduce the estrogen

stimulated growth response in the MCF-7 breast cancer cell line in terms of

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and

S phase of the cell cycle. Results of Western blotting showed that the reduced

response to estrogen may be caused by the decreased expression of ER and

progesterone receptor (PR) (unpublished results). Moreover, an in vivo study


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20X%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cheung%20HW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhang%20X%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

using 128 breast cases to study the relationship between ER and Id-1 expression

in breast tissues, results showed that the expression of Id-1 was inversely

correlated to the expression of ER in breast tissues (unpublished results).

These data provide evidence that Id-1 may be involved in the progression of

breast cancer from hormone-dependent to hormone-independent, since the

reduced hormone-responsiveness is an initial step in progression to

hormone-independent breast cancer. Clarifying the progression of breast

cancer from hormone-dependent to hormone-independent may assist the

development of therapy for patients who are resistant to endocrine therapy. In

this study, the possible involvement of Id-1 in the progression of breast cancer

from hormone-dependent to hormone-independent are continued to be studied.

The previously used stable MCF-7-Id-1 transfectants, the mock-control

MCF-7-puro transfectant and parental MCF-7 will also be used in this study. In

addition, a hormone-independent breast cancer cell line, MDA-MB231 which

does not express ER and therefore does not respond to estrogen, will be used as a

hormone-independent positive control.



Firstly, the cell proliferation ability in the MCF-7-Id-1 transfectant in the

absence of estrogen will be examined using MTT assay. Before breast cancer

cells become resistant to hormonal therapy, they are expected to acquire the

ability to bypass the stimulation from estrogen. Therefore in this study,

whether ectopic expression of Id-1 gives ability to the MCF-7 cells to grow

faster in the absence of estrogen will be examined. If ectopic expression of

Id-1 provided advantage to the MCF-7 breast cancer to proliferate in the absence

of estrogen, indicating increased level of Id-1 may give growth ability to breast

cells to escape the stimulation from estrogen. In order to demonstrate the cell

proliferation ability of the MCF-7-1d-1 transfectants in the absence of estrogen, a

medium not containing any sex hormones will be used.  Since the presence of

phenol red strongly promoted cell proliferation and cell cycle progression in

breast cancer cells (Wesierska-Gadek et al., 2007), therefore in this study phenol

red free RPMI 1640 medium supplemented with dextran-coated charcoal-treated

FBS (Hyclone, South Logan, UT) with all sex hormones pre-absorbed, will be

used. The cell survival will be evaluated using the MTT assay. Results will

be controlled by transient transfection of antisense oligonucleotide against the

MCF-7-1d-1 transfectants.



Secondly, the relationship between Id-1 and EGFR will be investigated by

Western blotting and reverse-transcription(RT)- PCR.  As mentioned previously,

increased expression of EGFR was highly associated with loss of ER expression

(Mclnerney et al., 2001) and EGFR was overexpressed in more than 50%

ER-negative breast cancer cases (Livasy et al., 2006). If we can show that

ectopic expression of Id-1 is able to modulate the expression of EGFR, it would

imply that Id-1 may be involved in the progression of breast cancer from

hormone-dependent to hormone-independent and likely to be effective by

suppressing the expression of ER and stimulating the expression of EGFR.

This part of study, a hormone-independent breast cancer cell line (MDA-MB231)

will also be examined for comparison. Cells will be cultured in an estrogen

deprived condition, whole cell protein or RNA will then be extracted and

evaluated using Western blotting or RT-PCR respectively. Results will be

confirmed by transcient transfection of antisense oligonucleotide against Id-1.

Finally, the involvement of NF-xB pathway in the MCF-7-1d-1 transfectants will

be studied. NF-kB pathway is one of the downstream pathways of EGFR

(Biswas et al., 2000; Biswas et al., 2001; Biswas & Iglehart, 2006) and the

activities of NF-xB overexpressed in ER-negative breast cancer cells (Biswas &



Iglehart, 2006). If we found that NF-kB pathway is involved in the

MCF-7-1d-1 transfectants, it may provide evidence to support our hypothesis

that Id-1 1is involved in the progression of breast cancer from

hormone-dependent to hormone-independent. The involvement of NF-«B

pathway is studied by adding parthenolide to inhibit NF-xB pathway (Zhou et al.,

2005. Cell survival is evaluated using the MTT assay. The shortest time at

which more than 50% inhibition will be seen is chosen as experimental condition

for the assay and cell cycle analysis. Cell cycle distribution and apoptosis will

be examined by flow cytometric analysis. NF-kB dimmer involved in the

MCF-7-1d-1 transfectant will be evaluated using Western blotting and confirmed

using electrophoretic mobility shift assay (EMSA). A hormone-independent

breast cancer cell line MDA-MB231 will be added to act as a reference.

Objectives of this study

1) To examine the growth ability of MCF-7-Id-1 transfectants in the

absence of estrogen by MTT assay,

2) To investigate the relationship between Id-1 and EGFR by Western

blotting in the MCF-7-1d-1 transfectants



3) To investigate the involvement of NF- kB pathway in Id-1 transfectants

by adding a NF- kB inhibitor, parthenolide, and examined using MTT

assay, Western blotting and EMSA.



Chapter 2: LITERATURE REVIEW

2.1 Overview of cancer

Cancer is a major cause of death in the United States, and is second only to heart

disease (American cancer society, 2009). The American Cancer Society (2009)

estimated that there will be 1,479,350 new cases and 562,340 deaths due to

cancer in 2009, with approximately 1,500 deaths each day in America alone.

Among these cases, about one-third are expected to be accounted for by cancer

caused by overweight or obesity, and about 169,000 deaths are expected to be

caused by cancer due to tobacco-smoking (American cancer society, 2009).

Cancer is a class of disease or disorder characterized by uncontrolled division of

cells. The uncontrolled growth of cells can be caused by an imbalance between

apoptosis (cell death) and cell proliferation (American Cancer Society, 2009).

Cancer cells can metastases ethier by spreading through the bloodstream or

lymphatic system to other organs; or by invasion, directly into adjacent tissue.

2.1.1 Apoptosis

Apoptosis is an important regulatory mechanism to initiate cells in the

self-destruction cascade that is used to remove unnecessary or potentially

10



dangerous cells (Studzinski, 1999). Apoptosis occurs with little or no

inflammatory response, it begins by shrinkage of the cell, thereby concentrating

the cytoplasmic contents, making the cell looks darker (Potten & Wilson, 2004).

The apoptotic cell becomes rounder and finally will be engulfed by neighboring

cells, especially macrophages (Studzinski, 1999). Apoptosis occurs in a

cascade sequence. Briefly, the apoptotic pathway can be divided into the

extrinsic apoptotic pathway which mediates its action through receptor binding,

whilst the other pathway is an intrinsic apoptotic pathway which mediates its

action through the mitochondria (Studzinski, 1999). Activation of the intrinsic

or extrinsic apoptotic pathway depends on the initiation of a family of proteases

called caspases, or by inducing the signal of apoptosis (Chen et al., 2001). For

example, a stimulus like the cytokine tumor necrosis factor alpha (TNF-a)

activate apoptosis through an extrinsic apoptotic pathway. The extrinsic

apoptotic pathway first initiates procaspase, mainly caspase-8, after a ligand

binds to either the TNF receptor, Fas, OX40, CD40 or 4-1BB that contain a

conserved protein-protein binding domain (Chen et al., 2001). The caspase-8

cleaves and activates the effecter caspase-3 and initiates the apoptotic process

(Chen et al.,, 2001). On the other hand, the intrinsic apoptotic pathway is

mediated through the mitochondria. After activation of the intrinsic apoptotic

11



pathway, mitochondria will release an adaptor protein, cytochrome ¢ (Susin et al.,

1999). After that, cytochrome c, Apaf-1, procaspase-9 and dATP will bind

together to form the apoptosome death complex (Chen et al., 2001). The

apoptosome death complex activates the procaspase-9, turning it into activated

caspase-9 (Chen et al., 2001). The activated caspase-9 cleaves and activates

the common effecter caspase of the extrinsic apoptotic pathway (De Laurenzi &

Melino, 2000) (Figure 2.1).

12



Mitochondria

TNF receptor, Fas, /

0X40,CD40 or 4-1BB cytochrome ¢
/ Intrinsic apoptotic
pathway
Extrinsic apoptotic
pathway /
Caspase 8 Caspase 9
Caspase 3
Apoptosis

Figure 2.1 The intrinsic and extrinsic apoptotic pathways

The extrinsic apoptotic pathway is mediated through the binding between stimuli
and receptor. After activation of the receptor, the procaspase 8 will be initiated
to become activated caspase 8. The activated caspase 8 then activates caspase
3 and initiates the extrinsic apoptotic pathway. The intrinsic apoptotic pathway
is mediated through mitochondria. If a cell needs to undergo apoptosis, the
mitochondria will be stimulated to secret cytochrome c. Cytochrome c then
forms an apoptosome death complex with other components such as Apaf-1.
This apoptosome death complex then activates caspase 9, which in turn activates

caspase 3 and initiation of the intrinsic apoptotic pathway occurs.
(Modified from Chen F, Castranova V, Shi X. (2001) New insights into the role

of nuclear factor-kappaB in cell growth regulation. The American journal of
pathology. 59(2):387-97.)
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2.1.2 Cell cycle regulation

Regulation of the cell cycle is very important in cell replication, since aberration

in this mechanism will trigger the initiation of tumorigenesis. Briefly, there are

4 major phases, G1, S, G2 and M phases, of a cell cycle in eukaryotic cells.

These are DNA synthesis occurs in the S phase, while segregation of the newly

synthesized chromatins occurs in the M phase (Kaldis, 2006) (Figure 2.2). In

controlling the flow of the cell cycle from Gl—S—G2—M phases,

cyclin-dependent kinase (Cdk) is very important. Cdk becomes activated after

heterodimerization with a regulatory subunit, cyclin, to form a complex

cyclin/Cdk (Stein & Pardee, 2004). In mammalian cells, passage through Gl

phase is controlled by ordered expression of cyclin D and cyclin E which

associate with Cdk4/6 and Cdk2/3 respectively (Sherr, 1994). To prevent any

defects occurring in the cells during replication, several checkpoints exist in the

cell cycle. Before cells gain entry into the S phase from the G1 phase, they

must be able to pass a checkpoint called the restriction point. The restriction

point is used to ascertain if nutrients and growth factors present are sufficient for

the cell to undergo DNA synthesis.
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Figure 2.2 Cell cycle regulations

Cell division is tightly controlled by cell cycle regulation in which cell starts in
G1 phase, if the cell can pass through the restriction checkpoint “R”, then goes
to S phase and undergoes DNA replication. After DNA replication, cell goes
through G2 phase and then to M phase that undergoes mitosis. GO phase is a

resting stage.

(Modified from Kaldis P. (2006) Cell cycle regulation. Springer. Berlin. New
York.)
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Retinoblastoma protein (Rb) is one of the key components of the restriction

point since if functional Rb is absent, cells can pass through the restriction point

even if the cells were subjected to a growth-limiting condition.

Unphosphorylated Rb binds with the E2F transcription factor, and once binding

occurs, it blocks the G1/S phase transition. The phosphorylation of Rb starts

during the mid G1 phase, lasts until the end of the G1 phase (Planas-Silva &

Weinberg, 1997) and is initiated by one of the complexes Cdk4/6-cyclin D.

The phosphorylation of Rb causes the dissociation of E2F and the accumulation

of E2F suppresses the Cdk activities in the G1 phase, thus allowing the cells to

pass through GI1 arrest (Blagosklonny & Pardee, 2002). Cyclin DI is an

important cyclin in the G1 phase, overexpression of cyclin D1 is able to increase

the phosphorylation of Rb leading to a shortened G1 phase and overcoming the

Gl phase arrest generated by DNA damage (Perry et al., 1998; Biswas et al.,

2000; Kaldis, 2006). After DNA synthesis, DNA checking is very important to

prevent mutation or the loss or gain of genetic materials. p53 is an essential

regulator which comes into play after DNA synthesis. p53 is a tumor

suppressor gene that acts as a “guard”, if any DNA damage has occurred, p53

stops the cell cycle progression through the inhibition of Cdk either at the G1/S

or the G2/M phase. When DNA damage is detected, expression of p53
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increases which leads to the increase of several effecter genes, including

pl6INK4a, p21Wafl and p27Kipl. These effecter genes are Cdk inhibitors

which can prevent the phosphorylation of Rb by inhibiting Cdk, (Ouyang et al.,

2002). Once Cdk is inhibited, cell cycle arrest follows and DNA is allowed to

repair.

2.2 Breast cancer statistics

Breast cancer is the most prevalent cancer and the second leading cause of

cancer-related deaths in women (American Cancer Society, 2009). The

American Cancer Society (2009) estimated that about 192,370 new cases of

invasive breast cancer and about 62,280 new cases of carcinoma in situ will be

diagnosed during 2009. Among all new cases of carcinoma in situ diagnosed,

approximately 85% will be ductal carcinoma in situ which is more common than

lobular carcinoma in situ (American Cancer Society, 2009). Breast cancer in

females was also the top ranked cancer in incidence and the third most common

cause of death in Hong Kong (Hong Kong Cancer Registry, 2007).

Approximated 1 in 20 women have chance of getting breast cancer and 1 in 102

women died because of breast cancer (Hong Kong Cancer Registry, 2007).
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Moreover, an increasing trend of incidence has been observed during the last two

decades, before 1999, this increased incidence may be due to increased

awareness of this disease, or more regulated examination of the breast or even a

change in the reproductive pattern such as childlessness or having children at an

older age (Hong Kong Cancer Registry, 2006; American Cancer Society, 2008).

In recent years, the incidence rate of breast cancer slightly dropped to about

2.2% per year from 1999-2005, this improvement may be attributed to reduced

utilization of hormone replacement therapy (HRT) (American Cancer Society,

2009). HRT was used in menopausal or postmenopausal women to reduce the

severity of hot flushes and other menopausal symptoms (Poirier-Solomon, 2002).

After the Women’s Health Initiative (2002) reported that using HRT led to an

increase in the risk of heart disease and breast cancer (Poirier-Solomon, 2002),

there was reduction in the usage of HRT. Importantly, the declined incidence

seen in breast cancer cases only applied to those aged 50 or older with estrogen

receptor (ER) positive breast tumors, and less of a decline was seen in ER

negative breast tumors (Li & Brown, 2009). The number of deaths caused by

breast cancer in women has been stably declining since 1990, with about 3.2%

decrease those younger than 50 and about 2% decrease in those 50 or older, per

year. The decreased death rate seen may be due to earlier detection and better
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treatment of early-stage breast cancer. Nevertheless, about 40,170 females are
estimated to die from breast cancer during 2009 (American Cancer Society,

2009).

2.3 Risk Factors for breast cancer development
Risk factors can be categorized as environmental, genetic and hormonal factors

(Stewart & Pietenpol, 2001; Han et al., 2005; Corzo et al., 2006).

2.3.1 Environmental factors

Environmental factors are modifiable factors including obesity, increased
exposure to radiation and alcohol consumption, etc. Many case-control or
cohort studies found that overweight or obese women have an increased risk of
breast cancer, in addition to these groups, postmenopausal women are also at
particular risk. A prospective cohort study of 337,819 women with 4,385
invasive breast cancer cases showed that the relative risk (RR) of women with
BMI of 28kg/m?” or above in developing postmenopausal breast cancer was 1.26
(95% confidence interval (CI): 1.09-1.46) (van den Brandt et al., 2000;
Carmichael & Bates, 2004). A population-based case-control study consisted

of 3,345 women, aged 50-74 years, with invasive breast cancer and 3,454
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controls showed that the odd ratio of breast cancer in women who had gained

30kg or more since age 18 compared with women who had remained relatively

unchanged in weight is 2.04 (95% CI: 1.20-3.48) (Carmichael & Bates, 2004).

The positive association between obesity and postmenopausal breast cancer can

be explained by the fact that adipose tissue is a source of estrogen after

menopause since estrogen can be converted from adipocytes (Stoll, 2000;

American Cancer Society, 2009). Thus, increased adipose tissues lead to an

increase in the conversion of estrogen and in turn leads to an increased risk of

breast cancer.

A prospective study of 1,484 cases of breast cancer among 38,454 women for 10

years found that alcohol consumption was associated with increased breast

cancer risk with an RR of 1.32 (95% CI: 0.96-1.82) in women who consume 30g

or more alcohol per day (Zhang et al., 2007a). Ingestion of alcohol may reduce

hepatic estrogen metabolism (American Cancer Society, 2009), leading to an

accumulation of estrogen.

2.3.2 Genetics factors

Approximately 10% of breast cancer cases are thought to be caused by genetic
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factors (Venkitaraman, 2001). Genetic factors are nonmodifiable factors such

as sex and inheritable gene mutation. Individuals who have inherited specific

susceptibility gene mutations such as the breast cancer susceptibility protein

(BRCA)1 and BRCA2 genes, or loss of tumor suppressor genes, such as p53,

have a higher probability of developing breast cancer (Baum & Schipper, 1998;

Stewart & Pietenpol, 2001; Steiner et al., 2008).

Among the 10% inherited breast cancer cases, about 20-60% are caused by

loss-of-function mutation of BRCA1 or BRCA2 genes (Venkitaraman, 2001).

Women inherited the mutated BRCA1 or BRCA2 have an 85% risk of

developing breast cancer before the age of 70 and increased risk of developing

ovarian, prostate and pancreatic cancers (Bertwistle & Ashworth, 1999).

BRCA1 and BRCA2 genes are very similar (Zhang et al., 1998), are suggested

to be the tumor suppressor genes that may be responsible for DNA damage in the

cell cycle regulation before DNA synthesis (Davis et al., 1999). These genes

are mainly responsible for the maintenance of genomic stability, rather than

regulating cellular proliferation (Crook et al., 1998). Overexpression of

BRCA1 was found to be able to inhibit activities of the estrogen receptor

signaling pathway (Fan et al, 1999), implying that loss of BRCA1 function may
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result in the increased capability of breast cells to proliferate in response to

estrogen stimulation (Bertwistle & Ashworth, 1999). Interestingly,

loss-of-function or mutation of p53 are often associated with BRCA-related

breast cancer (Crook et al., 1997; Greenblatt et al., 2001). The role of p53 and

BRCA proteins are suggested to be responsible for DNA damage, indicating that

mutation of p53 or BRCA proteins cause a loss of DNA checkpoint control in

tumor progression.

2.3.3 Hormonal factors

Breast cancer is widely accepted as being strongly associated with sex hormones,

especially estrogen (Leung et al., 2002; Russo & Russo, 2006). Estrogen is

primarily produced from developing follicles in the ovaries, although other

tissues such as liver, adrenal glands and breasts, also produce small amounts of

estrogen (Han et al., 2005). Although estrogen plays a role in breast

carcinogenesis, estrogen also plays an important role in normal breast

development. Any abnormalities occurring during the normal development of

the breast may initiate neoplastic transformation.

There are three phases of breast development, lobule development which take
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place between the ages of 10 and 25, glandular development which happens

between the ages of 13 and 45, under the effect of menstrual hormones, and

shrinkage of the milk duct which commences at about age 35 or above (Vander

et al.,, 2001). It is believed that the breasts are not entirely mature until a

woman has given birth and produced milk (Horseman, 1999). During

pregnancy, some features of the breast may change such as breast swelling,

prominence of the blood vessels in the breast and the enlargement and darkening

of the areolas. All these changes are in preparation for breastfeeding the baby

after birth (Vander et al., 2001). During menopause, the level of progesterone

and estrogen become unsteady and the levels of estrogen dramatically decline by

about 90% (Russo & Russo, 20006).

Epidemiological data showed that individuals who experienced nulliparity, late

parity, early menarche (before age 12 years), late first pregnancy, childlessness

or late menopause has a higher chance of developing breast cancer (Leung et al.,

2002; Han et al., 2005; Steiner et al., 2008) as these result in prolonged exposure

to estrogen. In addition, women who have taken long term (ten or more years)

oral contraceptive and HRT, especially combined with estrogen and progestin

therapy (American Cancer Society, 2009) will be at increased risk of breast
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cancer (Phillips et al., 2009). All this data implies that prolonged exposure to
estrogen increases the risk of developing breast cancer (Henderson & Feigelson,

2000; Leung et al., 2003; Yue et al., 2003; Gill et al., 2006).

2.4 Estrogen and breast carcinogenesis

Estrogen appears to be a well-known initiator of breast cancer (Russo & Russo,
2006), however, mechanisms of how estrogen initiates breast carcinogenesis
have still not been fully elucidated. Two commonly proposed mechanisms are
firstly, estrogen stimulates cell proliferation, thus increases the chance of error in
cell proliferation (Yue et al., 2003; Russo & Russo, 2006). Two forms of ER
have been established. These are ERa and ERf. ERa is the major form in breast
cancer and the major target in therapy (Kuske et al., 2006). Estrogen binds to
ERa which initiates conformational change, activated ERs binds together and
forms a dimer, then the complex translocates into the nucleus and binds to the
target DNA which contains the site of conserved estrogen response elements
(ERE) (Kumar & Chambon, 1988; Tsai et al., 1989; Biswas et al., 1998). ERa
becomes functional after phosphorylation of the activation function -1 (AF-1)
domain of ERa at both Ser'® and Ser'®’ (Kuske et al., 2006) and initiates

transcription of genes responsible for cell proliferation. When cell proliferation
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increases, the chance of error in DNA replication will also be increased. If any

mutations had taken place in some essential steps in cell growth such as cellular

proliferation, DNA repair or apoptosis, neoplastic transformation will occur

(Preston-Martin et al., 1990; Liehr, 2000; Yue et al., 2003; Sasano et al., 2006).

Another commonly proposed mechanism of how estrogen is related to breast

carcinogenesis is that estrogen can induce the formation of the genotoxic

metabolite that directly reacts with DNA and causes depurination that in turn

may cause a point mutation (Cavalieri et al., 2000; Liehr, 2000; Chakravarti et

al., 2001; Yue et al.,, 2003; Russo & Russo, 2006). Depurination is the

hydrolysis of a purine base (Adenine or Guanine) from the

deoxyribose-phosphate backbone as illustrated in Figure 2.3. It occurs during

estrogen stimulated cell proliferation.  Cytochrome P-450 catalyzes the

conversion of estradiol to 4-OH-estradiol, and then to estradiol- 3, 4- quinine.

Estradiol- 3, 4- quinine binds to quinine or adenine to form 4- OH- estradiol- 1-

N7- guanine or 4- OH- estradiol- 1- N3- adenine respectively. These

complexes will be deleted from the DNA, causing depurination. When a purine

base leaves the DNA without repair, a point mutation will occur. Point

mutations are a potential initiator of neoplastic transformation (Chakravarti et al.,

2001; Yue et al., 2003).
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Cytochrome P450

Estradiol » | 4-OH-estradiol
Esradiol-3,4-quinone + Quanine/Adenine

|

4-OH-estradiol-1-N7-quanine / 4-OH-estradiol-1-N3-adenine

S —

Depurination - leave away from DNA | — " | A base site leave on the DNA

—

DNA repair mechanism fail to repair the DNA | ———— | Point mutation

Potential initiator of neoplastic transformation

Figure 2.3 Mechanism of action of estrogen in breast carcinogenesis

Estrogen induces the formation of genotoxic metabolites through the reaction
with cytochrome P450. The production of genotoxic metabolites directly reacts

with DNA backbone bases and causes depurination leading to point mutation.

(Modified from Yue W, Santen RJ, Wang JP, Li Y, Verderame MF, Bocchinfuso
WP, Korach KS, Devanesan P, Todorovic R, Rogan EG, Cavalieri EL. (2003)
Genotoxic metabolites of estradiol in breast: potential mechanism of estradiol

induced carcinogenesis. The journal of steroid biochemistry and molecular
biology. 86(3-5): 477-86).
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2.5 Signs and symptoms of breast cancer

Patients with breast cancer are often pain-free and asymptomatic, only changes

in breast appearance can be observed (Wayne, 1996). The common change of

appearance are breast depression or lump, veins on the skin surface of the breast

looking prominent, nipple becoming inverted, developing a rash or changes in

skin texture. Apart from observable changes, a small number of patients will

suffer from breast pain. Nipple discharge when unilateral, spontaneous or

contains blood, is also another presentation of breast cancer (Wayne, 1996).

Patients with Paget’s disease which is a rare form of breast cancer will have

eczematous changes of the nipple with itching and erythema (Lev-Schelouch et

al., 2003). Symptoms appear in places other than the breast, and bone pain and

neurological symptoms may also be due to metastasis of breast cancer cells

(Wayne, 1996).

2.6 Breast cancer diagnosis

Mammogram is a useful screening test for women suspected of having breast

cancer. It can provide a better image with a lower dose of radioactive material

compared with traditional breast X-rays (American Cancer Society, 2009). In

this test, the breast is compressed between an X-ray plate and a plastic plate,
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then a low dose X-ray will pass through the breast to acquire a black and white

X-ray picture. Any abnormal spot areas found in the mammography may due

to the presence of breast lump. This suspected case will be carefully examined

by physicians with questions such as family history of breast cancer and physical

checking. After that, fine-needle biopsy will be used for further diagnosis

(Breast cancer care, 2006). If breast cancer is diagnosed, the next step is to

check the spreading of cancer cells. For instance, 1) using chest X-ray which

provides a chest scanning picture, to examine whether cancer cells spread to the

lung. 2) Bone scan to determine the possibility of cancer cell spread to bone.

In this test, a small amount of low-level radioactive material will be injected into

the patient’s vein and location of the bone with an active turnover will show up

as a hot-spot on the scanning picture. 3) Computed tomography (CT) scan that

can produce detailed cross-sectional images to evaluate the metastasis of cancer

cells to other organs. 4) Ultrasound or 5) Magnetic resonance imaging (MRI)

scan to check the spread of cancer cells to other parts of the body.

2.7 Breast cancer staging

According to American Joint Committee on Cancer (AJCC), breast cancer can

be categorized into five main stages (Stage 0, I, II, III, IV) based on the TNM
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system, where is “T”, the tumor size and the spreading of tumor cells within

the breast and to nearby organs, “N”, the involvement of lymph nodes, and “M”,

status of metastasis (Figure 2.4). According to Hong Kong Cancer Registry

(2006) about 27.4 % and 35% breast cancer patients were diagnosed as stage I

and II breast cancer respectively.
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Stage  Description

0 Non-invasive tumor such as DCIS or LCIS.
I Invasive tumor, the tumor measures up to 2 c¢m in size, but no lymph node
involved.

ITA Tumor cannot be found in the breast , but cancer cells can be found in the
axillary lymph nodes, OR
Tumor measures less than 2 cm and involves the spreading of cancer cells to
axillary lymph nodes, OR
Tumor size measures between 2 to 5 cm and do not involve the spreading of
cancer cells to the axillary lymph nodes.

IB Tumor size measures between 2 to 5 cm and involves the spreading of
cancer cells to the axillary lymph node, OR
Tumor measures larger than 5 cm and do not involve the spreading of cancer
cells to the axillary lymph node.

mA Tumor cannot be found in the breast, but cancer cells can be found in the
axillary lymph node that are clumped together, OR
sticking to other structure, or cancer cells spread to lymph node near the
breastbone, OR
Tumor measures less than 5 cm and involves the spreading of cancer cells to
axillary lymph node that are clumped together or sticking to other structure,
OR
Tumor meausres larger than 5 cm and involves the spreading of cancer cells
to axillary lymph node that are clumped together or sticking to other
structure.

mB Tumor are present in any size, involves the spreading of cancer cells to the
axillary lymph node that are clumped together or sticking to other structures,
OR

cancer cells spread to lymph node near the breastbone, and involves the
spreading of cancer cells to the chest wall and/or skin of the breast.

mc Invasive cancer that cannot be found in the breast or any size of the tumor
found in the breast that has spread to the chest wall and/or the skin of the
breast, the cancer has spread to lymph nodes above or below the collarbone,
and the cancer may have spread to axillary lymph nodes or to lymph nodes
near the breastbone.

v Invasive breast cancer in which the cancer cells has spread to other organs of
the body.

Figure 2.4 Five main stages of classifying breast cancer
Breast cancers are categorized into five main stages according to American Joint

Committee on Cancer (AJCC) base on the TNM system.
(Modified from Breast cancer.org (2009) Stages of Breast Cancer)
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2.8 Breast cancer treatment

Surgery is the standard treatment for early and hormone sensitive breast cancer

patients (Macedo, 2009). Surgery includes breast-conserving surgery (the

removal of the tumor with a clear margin, otherwise known as lumpectomy) and

mastectomy (Hong Kong Hospital Authority, 2007). The decision of the type

of surgery is based on two factors, the first being the tumor size, location and

focality and the other factor being the physical characteristics of the patient such

as breast size and age (Hong Kong Hospital Authority, 2007).

Breast cancer is considered a systemic disease. After surgery, adjuvant

treatment is needed to prevent micro-metastasis and the recurrence of

carcinogenesis (Hong Kong Hospital Authority, 2007). The choice of adjuvant

treatment depends on the balance between the risk of relapse and survival,

patient preference and the status of the hormonal receptor (Hong Kong Hospital

Authority, 2007). Chemotherapy and radiotherapy are the usual adjuvant

treatments after surgery. However, if possible, it is preferable to use hormonal

therapy with/ without chemotherapy, since the use of hormonal therapy is better

tolerated by the patient in comparison to radiotherapy and chemotherapy alone

(Macedo, 2009). The use of hormonal therapy is based on the discovery of the
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importance of estrogen in breast carcinogenesis, drugs targeting the ER were

designed. Tamoxifen is an antiestrogen nonsteroidal hormonal therapeutic drug

effective in premenopausal women was first used in 1971 (Bowcock, 1999). It

prevents the action of estrogen against estrogen-mediated pathway by blocking

the estrogen receptor (Bowcock, 1999). Use of this drug has been shown to be

able to reduce recurrence of breast cancer after surgery by up to 33% (Morcel et

al., 2008). Unfortunately, the reduction of recurrence was only observed in

patients with an ER positive breast tumor but not in patients with an ER negative

breast tumor (Li & Brown, 2009). The majority of breast cancer patients are

post-menopausal (Macedo et al., 2009), and aromatase inhibitors are employed

in these cases. Aromatase inhibitor is a common hormonal therapeutic drug

effective against breast cancer in post-menopausal women (Hong Kong Hospital

Authority, 2007). The major source of estrogen in post-menopausal women is

not from the ovaries from androgen in the circulation. Androgen is catalyzed

into estrogen through the enzymatic reaction of aromatase (Macedo et al., 2009).

The use of aromatase inhibitor is to prevent the conversion from androgen to

estrogen by inhibiting aromatase.
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Hormonal therapy is a successful therapeutic approach in managing hormone-

dependent ER positive breast cancer (Sarvilinna et al., 2006). Unfortunately,

their progression to hormone-independent or hormone-resistant breast cancer

causes a substantial problem in hormonal therapy. In the early stage of breast

cancer, the tumor may progress from hormone-dependent to hormone-

irresponsive and then to hormone-independent (Moudgil, 1994).  The

hormone-independent stage reflects a more aggressive tumor, which mostly

occurs in premenopausal patients with ER negative breast tumors (Moudgil,

1994; Wang & Casero, 2006). Patients with ER negative breast tumors often

have poor prognosis, poor survival rate and are resistant to hormonal therapy (Li

& Brown, 2009). In addition, the use of hormonal therapy cannot prevent the

conversion of ER positive breast tumors to ER negative breast tumors (Li &

Brown, 2009). The mechanism of how breast cancer cells acquire resistance to

hormonal therapeutic drugs is still not yet clear. The potential mechanisms

could be explained using three broad areas (Newby et al., 1997): 1) the alteration

of the pharmacodynamics of the drug, resulting in low level drug uptake within

the tumor cell (Johnston et al., 1993) or the change of the balance between

agonistic/ antagonistic metabolites (Wiebe et al., 1992). 2) The appearance of

variant forms of the ER that are irresponsive to ligand binding or inhibited by
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antagonists (Rose et al., 1985). 3) The alteration of the downstream effecter

pathways of ER in cell proliferation, resulting in cell proliferation independent

from estrogen stimulation (Fuqua et al., 1991; Newby et al., 1997).

2.9 Characteristics of hormone-independent breast cancer

2.9.1 Estrogen receptor

Patients who develop resistance to hormonal therapy almost all express low, or

absent levels of ER (Johnston et al., 1995; Head & Johnston , 2003).

Investigators have reported that reduced phosphorylation of ERa, reduced

binding affinity to the ER modulator, loss of ER expression, enhanced ERf

expression or ER mutation is the cause of development toward

hormone-independent breast cancer (Karnik et al., 1994; Moudgil, 1994;

Mclnerney et al., 2001; Head & Johnston , 2003; Kuske et al., 2006; Sarvilinna

et al.,, 2006). Loss of ER implies that cancer cells can proliferate through

stimulation pathways other than estrogenic stimulation (Mclnerney et al., 2001)

and ER may be able to cross-talk between different pathways (Johnston et al.,

2003). Pathways other than estrogenic stimulation in breast cancer cells are

complex and as yet still unknown.
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Many studies revealed an inverse relationship between epidermal growth factor

receptor (EGFR) and ER in breast cancer cells (Davidson et al., 1987; Klijn et al.,

1992; Biswas et al., 2000; Mclnerney et al., 2001; Hicks & Tubb, 2005; Nieto et

al., 2007), a relationship that is highly consistent across many studies (28/31

studies) (Klijn et al., 1992) and was associated with poor clinical outcome in

breast cancer patients (Sainsbury et al., 1987; Lo & Hung, 2006). In vitro

studies used the MCF-7 breast cancer cell line to demonstrate the relationship

between ER and EGFR by using estrogen and antiestrogen, hydroxytamoxifen

(Berthois et al., 1989). Results showed that estrogen and antiestrogen were

able to modulate the expression of EGFR, indicating an inverse relationship

between the activation of ER and EGFR. After short term treatment with

estradiol (a type of estrogen), the expression of EGFR was decreased. In

contrast, after treatment with antiestrogen, the expression of EGFR was

increased (Berthois et al., 1989). Moreover many in vivo studies, for example,

have used competitive binding and monoclonal antibody staining techniques

(Sainsbury et al., 1985), multiple-point EGFR assay (Koenders et al., 1991), and

immunohistochemical staining (Klijn et al., 1992) to show the significant inverse

relationship between expression of ER and EGFR in breast cancer patients. It

was also found that the expression of EGFR was greater in patients with
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metastases than in patients with primary tumors only (Sainsbury et al., 1985;

Koenders et al., 1991; Klijn et al., 1992).

The negative correlation of EGFR and ER implies that EGF stimulation factor

may be a major growth stimulator in ER negative breast cancer cells (Biswas et

al., 2000). Also studies revealed that overexpression of EGFR was a strong

prognostic  indicator and an important step in  progressing to

hormone-independent breast cancer (Mclnerney et al., 2001). Studies showed

that there were several DNase I hypersensitive sites within the first intron of the

EGFR gene that are potential regulatory regions, especially in

hormone-independent breast cancer cells (Mclnerney et al., 2001). Researchers

used the chloramphenicol acetyltransferase (CAT) assay to investigate the

transcriptional activity of the first intron of EGFR. Results showed that a 140

bp region has enhancer capability exclusively in these hormone-independent

breast cancer cells (Mclnerney et al., 2001). Therefore EGFR may be one of

the pathways after bypassing the stimulation from estrogen in ER negative breast

cancer cells (Fitzpatrick et al., 1984; Sainsbury et al., 1985; Davidson et al.,

1987; Koenders et al., 1991; Newby et al., 1997; Mclnerney et al., 2001).
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2.9.2 Epidermal growth factor receptor

The EGFR family of receptor tyrosine kinase is a 170kDa transmembrane

glycoprotein (Rajkumar & Gullick, 1994) that contains intrinsic tyrosine kinase

activity (Weber et al., 1984). It consists of four family members: EGFR

(Erb-1), HER-2/neu (Erb-2), HER-3 (Erb-3) and HER-4 (Erb-4) (Ciardiello &

Tortora, 2001). EGFR consists of three functional domains, an external EGF

binding domain, a transmembrane domain and a cytoplasmic tyrosine kinase

domain (Weber et al., 1984). In the resting state, EGFR exists as an inactive

monomer. Once it undergoes ligand binding activation, the receptor becomes

activated and causes homodimerization or heterodimerization with other family

members of EGFR. After dimerization, the cytoplasmic tyrosine kinase

domain is activated and initiates the activation of the intracellular cascade (Wells,

1999).

2.9.2.1 Role of EGFR in carcinogenesis

Functions of EGFR, for example, cell proliferation, apoptosis, angiogenesis and

metastatic spreading are important for cancer development and progression

(Ciardiello & Tortora, 2001). Overexpression, gene amplification or mutation

of EGFR are associated with many types of cancer, for example, pancreatic

37


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rajkumar%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gullick%20WJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Weber%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Weber%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

cancer (Korc, 1998), oral squamous cell carcinoma (Kiyota et al., 2000), bladder

cancer (Ding et al., 2006), renal cancer (Li et al., 2007) and breast cancer

(Mclnerney et al., 2001; Hicks & Tubb, 2005; Nieto et al., 2007). EGFR can

activate gene expression involved in multiple pathways, since EGFR can

activate the proto-oncogene Ras (Yu & Feig, 2002). Ras signaling is complex

and involves multiple effecter pathways (Carpenter, 2004). Activation of Ras

can initiate signaling cascades such as the activation of phosphoinositide-3

kinase (PI3K) (Yu & Feig, 2002), mitogen activated protein kinase (MAPK)

(Ras -> Raf-1 -> Mek1/2 -> Erk1/2) (Leicht et al., 2007), NF-xB (Zhou et al.,

2005) and c-Jun NH(2)-terminal kinase (JNK) (Leicht et al., 2007) pathways.

All these pathways can eventually cause neoplastic transformation. The

consequence of EGFR expression depends on pathways activated.

Overexpressed EGFR also correlated with increased expression of cyclin DI

(Perry et al., 1998; Poch e al., 2001; Lo & Hung, 2006) when cyclin D1

accumulation occurs, it leads to an increase in the progression of the cell from

G1/S phase in the cell cycle (Perry et al., 1998). Moreover, EGF has also been

shown to induce activation of NF-kB in rat aortic smooth muscle cells (Obata et

al., 1996), human epidermal carcinoma cell line A431 (Sun & Carpenter, 1998),

osteoblastic MC3T3-E1 cells (Matsumoto et al., 1998), and ER negative breast
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cancer cells (Biswas et al., 2000). Like EGFR, elevated expression of NF-kB is

also suggested to be associated with ER negative breast cancer (Nakshatri et al.,

1997, Cao & Karin, 2003; Zhou et al., 2005; Zhou et al., 2007) and is

overexpressed in many types of cancer, which is discussed in detail below.

NF-kB is another common pathway related to tumorigenesis. It can be

activated through phosporylation of EGFR (Bhat-Nakshatri et al., 2002).

Biswas and his colleagues (2000) studied the involvement of NF-kB in ER

negative breast cancer cells with higher expression of EGFR in vitro (Biswas et

al., 2000) and in vivo (Biswas et al, 2001). Biswas et al., (2000) used EGF and

anti-EGF to stimulate and inhibit the activities of NF-kB in ER negative breast

cancer. Studies found that with the stimulation of EGF, the activity of NF-«kB in

ER negative breast cancer was increased as well as its transactivator cyclin D1

and pRb (Biswas et al., 2000). A year later, Biswas and his colleagues studied

the involvement of NF-kB in ER negative breast cancer in vivo using syngeneic

A-J mice. They generated ER negative mammary tumor mice by implanting

ER negative mouse mammary epithelial tumor cells into syngeneic mice, then

stable transfection of dominant negative mutant IkB kinase (IKK) which block

the activities of NF-kB. Results showed that after blocking the activity of
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NF-«kB in ER negative breast tumor mice, the ER negative breast tumor lost

tumorigenic ability (Biswas et al., 2001). These studies give evidence to

suggest that activation of NF-«kB is one of a downstream signaling pathway of

EGFR especially in ER negative breast cancer cells (Biswas et al., 2000; Biswas

et ala., 2001; Biswas and Iglehart, 2006).

2.9.3 Overexpression of nuclear factor-kappa B (NF- kB)

Transcription factor NF-kB has been under study for many decades. It is a well

known transcription factor that is able to control hundreds of human genes

directly or indirectly (Courtois & Gilmore, 2006). NF-kB plays an important

role in the regulation of inflammation, transformation, cell survival, apoptosis

and oncogenesis (Cao & Karin, 2003). It consists of five members: p65 (RelA),

RelB, c-Rel, p5S0 (NF-xkB1) and p52 (NF-kB2). All these proteins have

conserved an approximate 300 amino acid sequence called the Rel homology

domain (RHD) at their N-termini. RHD is responsible for dimerization, DNA

binding, nuclear translocation and association with IkB, the inhibitor of NF-xB

(Chen et al., 2001). These proteins are categorized as transcriptional active and

transcriptional inactive based on their C-terminal region. Transcriptional active

proteins, which are p65 (RelA), RelB and c-Rel, contain a transcripting domain
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at their C-terminal region, whereas p50 and p52 lack the transcripting domain,

but contain multiple copies of ankyrin (ANK) repeats like IkB. These proteins

exist in a homo- or hetero- dimer, NF-kBp65/p50-IxBa is the most abundant

form of NF-xB found in the cytoplasm. During the resting state, NF-kB binds

to one or more members of the inhibitory protein IxkB. IxB consists of seven

members: [kBa, kB, IkBe, IkBy, Bcl-3 and the precursor proteins p105 and

p100 which are the precursor proteins for p50 and p52 respectively. All these

members contain the ANK repeat which mediate the interaction with the RHD

sequence of NF-kB family. NF-kB becomes activated once an enzyme called

IKK causes the dissociation of IkB in the cytoplasm. After activation, NF-kB

translocates into the nucleus and binds to a promoter-specific element that

regulates the transcription of NF-kB-dependent genes. Activation of NF-kB

almost stimulates the gene transcription, however translocation of

NF-kBp50/p50 or p52/p52 homo-dimer results in the repression of gene

transcription because they lack the transcripting domain (Chen et al., 2001).

Although NF-kBp50/p50 or p52/p52 lacks the transcripting domain, they

become transcriptionally active if either pS0 or p52 binds to a non-inhibitory IxB

member, Bcl-3, which is an oncogene (Chen et al., 2001; Zhou et al., 2005; Liou,

2006) (Figure 2.5).
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Figure 2.5 Nuclear factor-kappa B (NF- «B) pathway

Activation of NF- kBp65/p50 causes the dissociation of IkBa, then the activated
NF-xB p65/p50 translocates into the nucleus and initiates DNA transcription.
After activation of NF-xB p50/p50, it translocates into the nucleus, then
coactivates with its coactivator Bcl-3 and initiate DNA transcription.

(Modified from IMGENEX, 2008)
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2.9.3.1 Role of NF-kB in anti-apoptosis

Many studies have shown that NF-kB has an anti-apoptotic role (Chen et al.,

2001; Ling et al., 2003; Lee et al., 2007; Li et al., 2007; Zhao et al., 2007; Kim et

al., 2008). The activation of NF-kB is used to act against apoptosis. For

example, NF-kB can be activated through the TNF receptor that induces

expression of anti-apoptotic protein and mitochondrial membrane stabilizers

such as Bcl-xl (Chen et al., 2001; Ling et al., 2003). Knockdown studies of

NF-kB subunits p65 and p50 by siRNA showed that apoptosis was enhanced

after knockdown of NF-xB (Lee et al., 2007). Another knockout study showed

that activation of NF-xB conferred anti-apoptosis ability against

radiation-induced  apoptosis. A knockout study of peroxisome

proliferator-activated receptor (PPAR) alpha in mice showed that this receptor is

highly expressed in the kidney and important in the regulation of lipid

metabolism and glucose homeostasis. Low-dose radiation applied to knockout

and wild-type mice for various durations resulted in the increased activation of

NF-«B in a time-dependent manner. The radiation induced apoptosis in

knockout mice was suppressed by the activation of NF-kB pathway (Zhao et al.,

2007). Recent transfection studies showed that inhibitor of differentiation type

1 (Id-1) conferred anti-apoptotic ability to prostate cancer cells (Ling et al.,
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2003), esophageal cancer cells (Li et al., 2007) and breast cancer cells (Kim et

al., 2008) through the activation of NF-xB pathway, implicating that Id-1 may be

able to regulate the NF-xB pathway.

2.9.3.2 Role of NF-kB in cell cycle regulation

Studies have suggested some involvement of NF- kB pathway in cell cycle

regulation (Baldwin et al., 1991; Hinz et al., 1999; Brantley et al., 2001; Joyce et

al., 2001; Kountouras et al., 2001). In earlier studies, it was found that NF-xB

DNA-binding activity was induced during the transition of the cell cycle from

GO to G1 in mice fibroblasts (Baldwin et al., 1991). The role of NF-kB in the

regulation of cell cycle has become more precise since the relationship between

NF-kB and cyclin D1 was elucidated (Hinz et al., 1999). It was found that two

NF-kB binding sites were localized in the human cyclin D1 promoter, implying

that the expression of cyclin D1 was controlled by NF-kB. Moreover the

inhibition of NF-kB leads to the reduction of cyclin Dl-associated kinase

activity and resulted in delayed phosphorylation of the retinoblastoma protein

(Hinz et al., 1999). In addition, activation of the NF- kB pathway is one of the

important stimulators which induce the proliferation of hepatocytes after a

hepatectomy (Kountouras et al., 2001). NF-kB also plays a role in the normal
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development of the mammary gland. An animal study investigating

IxBa-deficiency showed that without the inhibitor of NF-kB, the increased

expression of NF-kB led to an increase in lateral ductal branching and pervasive

intraductal hyperplasia compared with wild-type mice (Brantley et al., 2001).

Pregnancy is one of the critical stages of mammary gland development (Vander

et al., 2001). During pregnancy, two predominant forms of NF-kB, the

NF-kBp65/p50 heterodimer and the NF-kBp50/p50 homodimer were detected to

be significantly increased (Cao & Karin, 2003). Furthermore, the activation of

NF-«kB stimulates the proliferation of epithelial cells which leads to the

expansion of the lobuloalveolar system (Haffner et al., 2006).

2.9.3.3 Role of NF-kB in carcinogenesis

Since NF-kB plays a role in the process of apoptosis and cell cycle regulation,

aberrantly high expression of NF-kxB may contribute to uncontrolled cell

proliferation and lead to the existence of cells which fail to undergo apoptosis.

NF-kB is a well-known transcriptional factor that is linked to tumorigenesis.

Overexpression of NF-kB was found in prostate cancer (Chen & Sawyers, 2002),

melanoma (Gao et al., 2006), nasopharyngeal cancer (Thornburg et al., 2003),

skin cancer (Budunova et al., 1999), leukemia (Nishikori et al., 2003), thyroid
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cancer (Namba et al., 2007), colon cancer (Dejardin et al., 1999) and breast

cancer (Chen & Sawyers, 2002; Biswas & Iglehart, 2006). Activation of

NF-kB in prostate cancer seems to take part in the progression to

hormone-independency (Chen & Sawyers, 2002; Paule et al.,, 2007).

Stimulated or ectopic expression of NF-kB p65/p50 contributed to the activation

of prostate-specific antigen (PSA) which is a marker of prostate cancer

development and progression. Also a higher level of NF-kB was found in an

androgen-independent prostate cell line than in an androgen-dependent prostate

cancer cell line (Chen & Sawyers, 2002). However the overexpressed subunits

of NF-kB were different in nasopharyngeal carcinoma and human melanoma,

from that of those found in prostate cancer (Chen & Sawyers, 2002) which

indicates that several subunits can be present in different tumor types. Studies

reported that the major NF-kB subunit overexpressed in both nasopharyngeal

carcinoma (Thornburg et al., 2003) and human melanoma (Gao et al., 2006) was

NF-kB p50/p50 homodimer. Gao et al. (2006) showed the important role of

NF-kB p105/p50 in the carcinogenesis of melanoma and found that increased

NF-kB p50 led to a more aggressive tumor and cell migration. Besides,

Thornbury et al. (2003) found that NF-xB p50 as well as its coactivator Bcl-3

were significantly activated in nasopharyngeal carcinoma cells, this suggested
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the important involvement of NF-kB p50/p50 homodimer and Bcl-3 in

nasopharyngeal carcinogenesis. Bcl-3 is a co-activator of NF-kB p50 and p52

homodimer located at chromosome 19ql13 (Courtois & Gilmore, 2006).

Chromosomal translocation of the Bcl-3 gene at t(14:19) leads to increased

expression of Bcl-3 (Schlette et al., 2005) and results in increased activity

(Chapiro et al., 2008). This is frequently associated with chronic lymphocytic

leukemia (McKeithan et al., 1997; Michaux et al., 1997; Chen et al., 2001).

Besides translocation at t(14:19), it has been suggested that Bcl-3 is an

onocogene (Westerheide et al., 2001; Kashatus et al., 2006).  Studies revealed

that Bcl-3 was able to transactivate the cyclin D1 gene, thus inducing the

transition of G1/S phase of the cell cycle, leading to increased cell proliferation

(Westerheide et al., 2001; Cao & Karin, 2003). Moreover, Bcl-3 was found to

be able to suppress p53, in turn leading to inhibition of the cell cycle arrest

usually induced by p53 when DNA damage is encountered, this suppression of

cell arrest result in increased somatic hypermutation (Kashatus et al., 2006).

2.9.3.4 NF-kB and Breast cancer

Overexpression of NF-kB has been found to be highly related to beast cancer.

The BRCA2 gene is a well-known gene overexpressed or mutated during breast
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carcinogenesis which contains a promoter region for NF-xB (Wu et al., 2000).

Studies have shown that after co-transfection of NF-xB p65 and p50, the BRCA

promoter was found to be increased by up to 16 folds (Wu et al., 2000).

Additionally, NF-xB has been reported to induce cyclooxygenase-2 (COX-2)

which is related to angiogenesis (Konstantinopoulos et al., 2007). COX-2 was

overexpressed in approximately 40% of ER-positive breast cancer patients

(Ristimédki et al., 2002; Wu & Kral, 2005), also overexpression of COX-2 was

related to angiogenesis and metastasis that correlated with advanced breast

cancer (Costa et al., 2002; Half et al., 2002). Many studies revealed that an

up-regulated level of NF-kB was observed in breast cancer and was suggested to

play a role in the progression of breast cancer to hormone-independency (Chen

& Sawyers, 2002).  Other studies compared the DNA binding activity of NF-xB

in a hormone-dependent and a hormone-independent breast cancer cell line.

Results indicated that the DNA binding activity was higher in the

hormone-independent breast cancer cell line than in the hormone-dependent

breast cancer cell line (Nakshatri et al., 1997).

It is unclear exactly which subunit of NF-kB is involved in breast cancer.

Dejardin et al. (1995) suggested that the NF-xB pl100/p52 subunit may be
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involved in breast cancer progression, this finding was supported by Cogswell et

al. (2000). Cogswell et al. (2000) using both breast cancer cell lines and breast

cancer patient samples, these studies found that the nuclear level of NF-kB p65

was expressed minimally, or was actually absent in breast tumors, but c-Rel, p50,

p52 and Bcl-3 activation was increased when compared with the adjacent normal

breast tissue. A study suggested that NF-kB was involved, especially NF-«xB

p52 and Bcl-3 in human breast cancer (Cogswell et al., 2000). It has been

found that ectopic expression of NF-kB p52 in a mouse model contributed to

breast tumorigenesis, implying that NF-kB p52 participated in the development

of breast cancer (Connelly et al., 2007). However, other studies have suggested

that the involvement of NF-«kBp50 is in breast carcinogenesis (Hu & Kong,

2003). Hu & Kong (2003) suggested that NF-kB p50 was more important than

the other family members of NF-kB in chemotherapy resistant breast cancer.

Studies semi-quantifying the expression of NF-kB p50 and p65 in breast cancer

specimens found that expression of NF-kB p50 was more significant than that of

NF-kB p65 in the indication of tamoxifen resistance (Zhou et al. 2005). The

subunit of NF-kB involved in breast carcinogenesis is still under investigation.
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2.10 Inhibitor of differentiation (Id) proteins

Id proteins are a group of proteins which consists of four members named Id-1,

Id-2, Id-3 and Id-4. They are located at chromosome 20q11(Id-1), 2p25(1d-2),

1p36.1(1d-3) and 6p21-22(Id-4) in humans and all have a similar molecular size

of 13-20kDa but are different in the extensive sequence (Desprez at al., 2003;

Wong et al.; 2004). Id protein is one of the members in the helix-loop-helix

(HLH) transcription factor family. There are 240 known HLH family members,

most of these transcription factors belong to the basic HLH (bHLH) family

(Desprez et al., 2003). They act as transcriptional factors that positively or

negatively regulate cell growth and differentiation. The presence of the basic

amino terminal permits the HLH region to bind to the target DNA sequence

which contains E-boxes (CANNTG) or E-box-like protein and activates gene

transcription (Lin et al., 2000). The highly conserved HLH region is

responsible for binding DNA in a homo- or hetero- manner to form a dimer.

However, Id proteins are under the HLH family which lack the basic domain,

therefore they can only bind to the target DNA without activating gene

transcription. Id proteins were believed to function as an inhibitor of cell

differentiation (Benezra et al., 1990; Yokota, 2001; Ling et al., 2004; Di et al.,

2006; Ling et al., 2006; Yuen et al., 2006).
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2.10.1 Role of Id-1 in normal cell development

Cell differentiation is one of the most important processes in normal cell

development. Researchers found that a higher expression of Id proteins were

frequently found in precursor cells and were decreased in differentiated cells

(Kreider et al., 1992; Wong et al., 2004). It was found that in an interleukin-3

(IL-3) dependent hematopoietic precursor cell line, 32DC13 (G) which will

ultimately differentiate into neutrophilic granulocytes after a standard treatment

of granulocyte-colony-stimulating factor (G-CSF), expressed Id mRNA.

However the Id mRNA level was decreased after treatment with G-CSF.

Moreover, when the Id gene was transiently transfected to 32DC13 (G) cells,

results showed that the increased level of Id expression led to a decreased ability

of the cells to differentiate (Kreider et al., 1992).

Studies of Id protein expression have also suggested a role for Id proteins in the

development of the mammary gland (Lin et al., 1999; Desprez et al., 2003;

Itahana et al., 2008). The development of the mammary gland occurs

throughout life, from the development of the embryo, through puberty, the

menstrual cycle, pregnancy, lactation until postmenopausal regression. To

maintain this normal mammary gland development, a tight regulation of the
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cycle must be employed. Id proteins are important regulators in the normal

development of the mammary gland, especially Id-1 and Id-2 (Parrinello et al.,

2001; Desprez et al., 2003). 1d-1 was suggested as the critical protein involved

in the glucocorticoid-induced mammary gland development (Woo et al., 2000).

Glucocorticoid was found to induce the reorganization of mammary epithelial

cell-cell junction, and is responsible for morphological and structural

differentiation during pregnancy and lactation (Buse et al., 1995; Wong et al.,

1999). Glucocorticoid was unable to induce a complete reorganization of

cell-cell junction in the Scp2 mammary cell line until increased ectopic

expression of Id-1. These findings were further confirmed by employing an

antisense study against Id-1 (Woo et al., 2000). Moreover, expression of Id-1

was high during the mammary development in virgin mice and during early

pregnancy which indicates that periods of high proliferation and invasion is

associated with higher levels of Id-1. Interestingly, the expression of Id-1

declined after the mammary epithelial was fully differentiated, for example,

during mid-pregnancy (Parrinello et al., 2001). On the other hand, a high

expression of 1d-2 was found in differentiated mammary epithelial cells in vivo

and in culture, suggesting that there is an interaction between Id-1 and Id-2

during the development of mammary epithelial cells (Parrinello et al., 2001).
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Furthermore, using immunohistochemistry and in situ hybridization techniques,

investigators were able to demonstrate the expression of Id-1 and Id-2 in mice

during pregnancy. The investigators found that during early pregnancy, Id-1

gene expression was increased in the epithelial cells of the growing ductal

structure. It was also shown that during late pregnancy the expression of Id-2

was increased while expression of Id-1 decreased, this implicated that Id-1 and

Id-2 are participating in different stages of pregnancy. In addition, the

expression of Id-1 was negatively correlated with the expression of 1d-2 in the

development of the mammary gland during pregnancy (Itahana et al., 2008).

2.10.2 Role of Id-1 in cell proliferation

Besides normal development of the mammary gland, Id-1 was found to play a

role in the inhibition of cellular senescence. Cellular senescence is a normal

cellular state that cells reach at the end of their lifespan. Once cells reach

senescence, they stop dividing, and stay in the G1 phase of the cell cycle. This

triggers the loss of telomeres and the cell self-destruct by apoptosis (Sedivy,

1998; Ohtani et al., 2001; Ouyang et al., 2002). Knockout mice studies

indicated that homogeneous deletion of p53, p16INK4a, pl9ARF and p21CIP1

led to decreased cellular senescence in mice (Sedivy, 1998; Wong et al., 2004).
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Also, an elevated level of pl6INK4a was found in senescent human fibroblast

cells (Hara et al., 1996; Wong et al., 2004). pl6INK4a is one of the Cdk

inhibitors used to suppress the activities of Cdk 4 and Cdk 6. These Cdks are

able to initiate the phosphorylation of the retinoblastoma protein (Rb), which

means pl6INK4a can indirectly inhibit the phosphorylation of tumor suppressor

Rb (Ohtani et al., 2001). Studies showed that overexpression of Id-1 was able

to inactivate pl6INK4a activity through direct interaction with pl6INK4a and

halt senescence in prostate cancer cells (Ohtani et al., 2001; Ouyang et al., 2002),

nasopharyngeal carcinoma cells (Wang et al., 2002) and hepatocellular

carcinoma (HCC) cells (Lee et al., 2003). Another study found that Id-1 was

able to induce cell proliferation in prostate cancer cells (Ouyang et al. 2001), and

an ectopic transfection study of Id-1 in prostate cancer cell lines showed that the

increased level of Id-1 led to increased phosphorylation of Rb and

down-regulation of pl6INK4a (Ouyang et al., 2002). Results implicated that

the Id-1 induced cell proliferation may be enhanced through the inactivation of

the pl6INK4a/pRb pathway (Ouyang et al, 2002).  Another ectopic

transfection study of Id-1 in a nasopharyngeal carcinoma cell line also showed

that the increased expression of Id-1 contributed to increased phosporylation of

Rb and induced cell proliferation (Wang et al., 2002). This mechanism of Id-1

54



in the regulation of the p16INK4a/pRb pathway was supported by Lee et al.

(2003) in HCC cell line. Studies have shown that expression of Id-1 was

negatively correlated with the expression of p16INK4a in HCC patients and

ectopic expression of Id-1 led to an increase cell proliferation, suggesting that

Id-1 was able to induce cell proliferation in HCC cells through activation of the

pl6INK4a/pRb pathway (Lee et al., 2003). However, the story gets more

complicated as this mechanism of action may be different in esophageal

squamous cell carcinoma (ESCC). Hui et al. (2006) transfected Id-1 into ESCC

cell lines and found that Id-1 was able to induce cell growth, stimulate

expression of mouse double minute 2 (MDM2) and suppress expression of

p21Wafl protein, but no effect was seen on pRb, CDK4 and pl6INK4a

expressions. These results suggest that the mechanism of action of Id-1

induced cell proliferation may be different in different types of cancer.

2.10.3 Role of Id-1 in carcinogenesis

Id-1 was believed to play a role in carcinogenesis. Up-regulation of Id-1 was

found in many types of cancer such as prostate (Ling et al., 2004), ovarian

(Zhang et al., 2004), cervical (Zhang et al., 2007b), endometrial (Wong et al.,

2004), nasopharyngeal (Wang et al., 2002), pancreatic (Wong et al., 2004) and
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breast (Huh et al., 2006). It was found that ectopic expression of Id-1 was able

to stimulate cell proliferation (Ling et al., 2002; Lin et al., 2005), enhance

progression of cancer (Lin et al., 2000; Fong et al., 2003), and reduce hormone

responsiveness (Ling et al., 2004; Zhang et al., 2004).

It has been reported that Id-1 was able to induce cell proliferation by activating

the MAPK signaling pathway (Ling et al., 2002; Lin et al., 2005) and it was able

to promote cell survival through activation of the NF-xB signaling pathway in

prostate cancer (Ling et al., 2003; Zhang et al., 2007¢c) and esophageal cancer (Li

et al., 2007). Ling et al. (2002) investigated the involvement of the MAPK

pathway in Id-1 induced prostate cancer cell proliferation. Raf and Mekl1/2

were activated after transfection of Id-1 into a prostate cell line. These results

indicate that Id-1 was able to induce cell proliferation, possibly through the

activation of the MAPK pathway in the prostate cancer cell line. Moreover,

Id-1 was able to activate NF-kB signaling pathway against apoptosis.

Researchers used a cytokine or chemotherapeutic drug to induce the cell to

undergo apoptosis. Studies found that after transfection of Id-1 into cancer cell

lines, the components within NF-kB signaling pathway (p50, p65, Bcel-x1, ICAM)

and cell survival were increased. These results suggested that Id-1 may be able
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to increase cell survival through activation of NF-«B signaling pathway (Ling et

al., 2003; Li et al., 2007; Zhang et al., 2007c). Recently, ectopic expression of

Id-1 was studied in MCF-7 breast cancer cell line (Kim et al., 2008). Studies

using taxol, which is a mitotic inhibitor used in cancer chemotherapy, to induce

apoptosis in MCF-7 and Id-1 transfected MCF-7 cells, showed that ectopic

expression of Id-1 conferred cell survival characteristics to MCF-7 cells as

indicated in the 3-(4,5-Dimethylthiazol -2-yl)-2,5-diphenyltetrazolium bromide

assay (MTT assay) and 4'-6-diamidino-2- phenylindole (DAPI) apoptotic cell

count. Moreover Western blotting and functional luciferase assay results

showed that increased expression of p65 NF-kB and decreased expression of IkB

were found in Id-1 transfected clones, suggesting the anti-apoptotic property

may be provided through the activation of the NF-«kB signaling pathway (Kim et

al., 2008). Furthermore, studies showed that Id-1 was able to activate the Akt

pathway in esophageal cancer (Li et al., 2007) and breast cancer (Lee et al.,

2009). Li ’s study (2007) showed that after adding TNF-o to an Id-1 cloned

esophageal cancer cell line, HEK293, expression of phosporylated Akt, glycogen

synthase kinase 3f3, IxkB and p65 NF-kB were increased, implying Id-1 was able

to protect cancer cells against apoptosis through activation PI3K/Akt/NF-«xB).

The latter study found that Id-1 activates the Akt pathway through
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down-regulation of p53 which led to suppressed activity of phosphatase and

tensin homologue deleted on chromosome 10 (PTEN) in breast cancer (Lee et al.,

2009). PTEN is an important tumor suppressor gene, down-regulation of

PTEN is frequently associated with cancer (Cully et al., 2006).

Apart from proliferation and anti-apoptosis, an increased level of Id-1 was

related to the progression of aggressive cancer. Ectopic expression of Id-1 was

able to enhance breast cancer cell invasiveness and proliferation in growth factor

deficient media. After transfection with Id-1 cDNA into a non-aggressive

breast cancer cell line, T47D, the invasiveness and proliferation of T47D was

increased when compared with the parental control (Lin et al., 2000).

Moreover, studies using immunohistochemical staining found that expression of

Id-1 was significantly higher in patients with a higher grade breast cancer than in

patients with a lower grade breast cancer (Fong et al., 2003; Jang et al., 20006).

The invasive property was confirmed by transfecting Id-1 antisense into breast

cancer cell lines. Results showed that MT1-MMP, which correlated with the

invasive ability of the cell, was decreased after transfection of Id-1 antisense

(Fong et al., 2003). Furthermore, Id-1 was also shown to promote angiogenesis

in HCC. Expression of vascular endothelial growth factor (VEGF) is important

58



in HCC growth and metastasis, studies showed that ectopic expression of Id-1 in

HCC cells led to an increased expression of VEGF. The positive correlation

between Id-1 and VEGF expression was confirmed by tissue mircoarray in

patients with HCC (Lee et al., 2006). In addition, Darby et al. (2008)

developed a bone morphogenetic protein (BMP)-6-regulatable gene expression

system, the induction of BMP-6 contributed to a significant increase of invasion

and migration in both PC3M and DU145 prostate cancer cells. The expression

of metalloproteinase (MMP)s and Id-1 were also increased after induction of

BMP-6, results implying that the BMP-6 promoted invasion and migration

achieved through the stimulation of MMPs and Id-1 (Darby et al., 2008).

Besides, Id-1 was able to reduce the hormone-responsiveness in prostate and

ovarian cancers, suggesting that Id-1 may be involved in the progression to

hormone-independent prostate and ovarian cancers (Ling et al., 2004; Zhang et

al., 2004). Studies found that increased level of Id-1 expression was able to

activate the expression of EGFR and reduce sex hormone-stimulated growth in

bladder (Ding et al., 2006), ovarian (Zhang et al., 2004) and prostate (Ling et al.,

2004) cancers. Zhang et al. (2004) suggested that Id-1 may be one of the

affecters of EGFR. The reduced growth stimulation from sex hormones may

correlate with the activation of EGFR (Ling et al., 2004; Zhang et al., 2004).
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Investigators suggested that Id-1 may be an upstream regulator of EGFR in

prostate cancer (Ling et al., 2004), and bladder cancer (Ding et al, 2006). It has

been found that ectopic expression of Id-1 leads to increased expression of

EGFR in the LNCaP prostate cancer cell line (Ling et al., 2004) and RT112

bladder cancer cell line (Ding et al, 2006). In contrast, down-regulating the

expression of Id-1 by transfecting antisense oligonucleotides against Id-1 caused

a suppression in the expression of EGFR in terms of protein and mRNA levels

(Ling et al., 2004). When the relationship of Id-1 and EGFR in bladder cancer

was studied using immunohistochemical staining in bladder cancer specimens

(Ding et al, 2006) and renal cancer specimens (Li et al., 2007), results showed

that up-regulation of Id-1 was associated with increased levels of EGFR in both

bladder and renal cancer, however this relationship has not yet been investigated

in breast cancer.
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Chapter 3: METHODS

3.1 Cell culture

A hormone-dependent human breast cancer cell line, MCF-7 and a

hormone-independent human breast cancer cell line MDA-MB231 were

obtained from American Type Culture Collection (Rockville, MD). Breast

cancer cell line MCF-7 expresses ER and therefore can be stimulated by

estrogen, while the MDA-MB231 breast cancer cell line expresses EGFR, but

not ER and therefore does not respond to estrogen. All cell lines were

maintained in RPMI 1640 medium (Sigma, St Louis, MO) supplemented with

10% fetal bovine serum (FBS) (Gibco, Carksband, CA), 1% penicillin and 1%

streptomycin (Invitrogen, Carksband, CA) and incubated in a humidified

environment at 37°C supplemented with 5% CO,. Cells were harvested using

0.5X trysin with a subcultivation ratio of all cell lines of 1:3. Medium was

changed once every 3 days.

3.2 MCF-7-1d-1 transfectants

The MCF-7-1d-1 transfectants and vector control have been generated previously.

Briefly, retroviral vector containing full length Id-1 ¢cDNA (pBabe-Id-1) or

pBabe-puro was transfected into the PG13 packing cell line (obtained from
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ATCC) using calcium phosphate method. The culture medium containing
infectious viruses was harvested for retroviral infection of MCF-7 cells. Before
performing transfection, the sensitivity of the cells to puromycin was tested.
The optimal drug concentration at which minimal concentration that was able to
kill 100% parental cells was chosen for selecting the transfectants. After
transfection, the individual transfectant clones were isolated after 14 days drug
selection. The expressions of Id-1 in different isolated clones were examined
using Western blotting. Three stable clones expressing different levels of Id-1
were selected and were named as Cl, C2 and C3. The vector control was
generated from a pool of more than 20 individual transfectant clones of

MCEF-7-puro.

3.3 Antisense oligonucleotide against Id-1

Transfectant C3 which expressed the highest level of Id-1 was chosen. Cells (2
x 10°) were seeded onto 6-well plates and cultured for 24 hours. Antisense
oligonucleotide against Id-1 or a non-targeting antisense (Invirogen, Carksband,
CA) was added to suppress the ectopic expression of Id-1 or as an antisense
control respectively. Lipofectamine 2000 (5ul) (Invitrogen, Carksband, CA)

was mixed with 250pul RPMI 1640 medium and Spul of antisense oligonucleotide
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was mixed with 250ul RPMI 1640 medium separately, both of the mixtures were
incubated at room temperature for 5 minute. The two mixtures were pipetted
together and incubated for 20 minutes at room temperature, then added to the
cells to give a final concentration of 100nM of siRNA. Cells were incubated
for 72 hours. After transfection, whole cell protein and nuclear fragement
protein were extracted and the protein levels were evaluated by Western blotting.

Cells were harvested and the cell viability was examined by MTT assay.

3.4 Protein Expression assay

3.4.1 Culture conditions

Cells (1 x 10° were seeded in a estrogen deprived medium: phenol red free
RPMI 1640 containing 5% dextran-coated charcoal-treated FBS (Hyclone, South
Logan, UT), 1% penicillin and 1% streptomycin for 72 hours, followed in
serum-free medium for another 72 hours. The further incubation in serum-free

medium was used to suppress the endogenous expression of Id-1 in all cell lines.

3.4.2 Protein extraction
After incubation, the medium was removed, and the cells washed with phosphate

buffered saline (PBS). Cells were harvested, then collected in 15ml centrifuge
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tubes and centrifuged to produce a cell pellet. Cell lysates were prepared by
resuspending the cell pellet in lysate buffer (Tris-HCI, pH 8.0, NaCl, 0.1% SDS,
1% NP-40, ImM PMSF, 50pg/ml leupeptin, 50pg/ml aprotinin) and incubating
on ice for 20 minutes. Supernatant protein was collected by centrifugation at
2,500rpm for 20 minutes at 4°C. The supernatant was used as the whole cell

protein extract for gel eletrophoresis.

3.4.3 Nuclear fragment protein extraction

Nuclear extract was extracted using NE-PER ® Nucleate and cytoplasmic
extraction kit (Pierce, Rockford, USA) following the manufacturer’s instructions.
After incubation, the medium was removed and cells were washed with PBS.
Cells were harvested and collected in a 1.7ml eppendorf tube. Cell pellets were
produced by centrifuging the tube at 2,500rpm for 3 minutes at 4°C. After
centrifugation, the supernatant was removed, then 100pul of reagent CER I was
added and the cell pellet resuspended by vortex mixing, then left on ice for 10
minutes. After incubation on ice, 5.5ul ice-cold reagent CER II was added and
the tube vortex mixed at high speed and further incubated on ice for 1 minute.
After a final vortex at high speed the tube was then centrifuged at ~18,000rpm

for 5 minutes at 4°C. The supernatant was removed, the cell pellet was

64



resuspended in 100 pl ice-cold reagent NER, and vortex mixed at the highest

speed, then incubated on ice for 40 minutes with continue vortex mixing every

10 minutes. This supernatant (nuclear extract) was collected by centrifugation

at ~18,000rpm for 10 minutes at 4°C. The nuclear extract was stored at -80°C

and used for Western blotting or EMSA within two weeks.

3.4.4 Protein concentration measurement

The protein concentration of the whole cell protein and nuclear fragment protein

were evaluated by Lowry DC protein assay kit (Bio-Rad). A protein standard

curve was plotted using gradient concentration of BSA standard and

radioimmunoprecipitation assay (RIPA) buffer as blank.  The gradient

concentration of BSA standard were listed below:

BSA Standards 4 mg/ml BSA Stock Solution Milli Q
(mg/ml) (u) ()
0.2 1.0 19.0
0.5 2.5 17.5
1.0 5.0 15.0
1.5 7.5 12.5
2.0 10.0 10.0

Whole cell protein and nuclear extract protein were diluted in 1:10 (1.5ul protein

+ 13.5ul RIPA base buffer solution). All the standard BSA protein and the
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protein samples were added into a 96-well plate at a volume of Sul. Reagent A

and reagent S were mixed in a 50:1 ratio (a mixture of phosphotungstric acid and

phosphomolybdic acid in phenol). Twenty five microlitres of this mixture was

added into the 96-well plate and vortex mixed for 1 minute. Two hundred

microlitres of reagent B (sodium 1, 2-naphthoquinone-4-sulfonate) was then

added into the 96-well plate and the whole plate placed onto a vortex mixer for

at least 30 minutes to allow time for color development. After incubation, the

96-well plate was read by spectrophotometry at a wavelength of 750nm in a

Spectrafluor Plus (TECAN) wusing Magellan programme. Protein

concentrations were evaluated by plotting a standard curve using the absorbance

of the BSA standard.

3.4.5 Western Blotting

3.4.5.1 Protein gel electrophoresis

A 10% polyacrylamide gel was prepared which contained 10% separation gel

and 4% upper stacking gel, the ingredients were listed at Table 3.1. Whole cell

protein (30ug)/ nuclear fragment protein (20ug) was loaded onto the 10%

polyacrylamide gel, 5yl Bio-Rad protein standard marker (Precision Plus

ProteinTM Dual Colr Standards, Bio-Rad) was loaded onto the gel as a standard
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protein marker to indicate the molecular weight. The gel was placed into an

eletrophoresis tank filled with 1X running buffer (24.9 mM Tris, 191.8 mM

glycine and 8.7 mM SDS, pH8.3) and electrophoresis was conducted with a

power pack at constant current (45mA) for about 1 hour in 1X running buffer.

3.4.5.2 Blotting

After running the gel, proteins were transferred to a methanol pre-treated PVDF

(Amersham, Piscataway, NJ) by making a transfer sandwich using a transfer

cassette. The sandwich was made of two filter papers on both sides as

illustrated in Figure 3.1. Transfer sandwiches were placed into a transfer tank

filled with 1X transferring buffer (25mM Tris, 192mM glycine and 20%(v/v)

methanol, pH8.3) and blotting was conducted at a constant voltage (100V) for

about 1.5 hours at 4°C.
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Table 3.1 The composition of the SDS-PAGE gels

Reagents 10% Separating gel 4% Stacking gel
Milli Q water 3.8ml 3.15ml
1.5M Tris 2ml N/A
0.5M Tris N/A 1.25ml
10% SDS 80ul 50ul
40%, 37.5:1 Acrylamide/Bis 2ml 500ul
10% APS 77ul 38ul
TEMED 13ul 12ul
Total Volume 8ml Sml
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Figure 3.1Transfer sandwich of Western blotting

Two filter papers was added on both sides of the sandwich during transfer
(Adapted from Fermentas, 2007,
http://www.fermentas.com/techinfo/electrophoresis/pproteintransfer.htm)
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3.4.5.3 Immuno-staining

After transfer, the membrane was taken out and non-specific sites on the

membrane were blocked with 5% non-fat milk at room temperature for 1 hour.

The membrane was then incubated with appropriate primary antibody of Id-1,

p65, 1:1000 p50, IkB, Bcl-3, Actin, Histone H1 and EGFR (details were list at

Table 3.2) at 4°C overnight. The excess primary antibodies were washed out

using 1X TBS (20.1 mM Tris and 136.9 mM NaCl, pH 7.6) for 5 minutes

repeated three times. The membrane was then incubated with 1:1000

horseradish peroxidase-conjugated secondary antibodies (Zymed, San Francisco,

CA) at room temperature for 2 hours.
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Table 3.2 Primary antibodies used in Western blotting

Antibody Source Dilution M/P Company Cat. No.
Id-1 (C-20) Rabbit 1:200 P Santa Cruz SC 488
EGFR Rabbit 1:1000 M Cell signaling C74B9
NF-kB p50 (H-119) Rabbit 1:1000 P Santa Cruz SC 7178
NF-xB p65 (C-20) Rabbit 1:1000 P Santa Cruz SC 372
Bcl-3 (H-146) Rabbit 1:500 P Santa Cruz SC 13038
IkB-a (C-21) Rabbit 1:1000 P Santa Cruz SC 371
B-Actin (C4) Mouse 1:1000 M Santa Cruz SC 47778
Histone HI(FL-219) Rabbit 1:500 P Santa Cruz SC 10806

M : Monoclonal

P

: Polyclonal
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3.4.5.4 Signal development

Chemiluminescent signals were developed using ECL Plus Western blotting

detection system (Amersham, Piscataway, NJ) by pouring the reagent mixture

(Solution A, ECL Plus Substrate Solution, containing Tris buffer, and Solution B,

Stock Acridan solution in Dioxane and Ethanol, in a ratio 4:1) on the membrane

and incubated for 5 minutes. The membrane was then covered with an x-ray

film in dark. The x-ray film was then placed into the developer, followed by

water, fixer and water again for several minutes in dark. All the tests were

performed in triplicates.

3.5 NF-kBp50 Transcription Factor ELISA

EMSA which is commonly used to study the interaction between protein-DNA

binding, was performed using NF-kBp50 Transcription Factor ELISA kit

(EK1110, Panomics, Fremont, CA) following the manufacturer’s instructions,

the principle of the transcription factor (TF) ELISA kit was in Figure 3.2.

Briefly, 20pug of nuclear extract or positive control provided in the kit was

incubated with a specific biotinlylated probe and binding buffer. The mixture

was incubated for 30 minutes at room temperature, to allow the activated

NF-kBp50 molecules from the extract bound to the NF-kBp50 consensus
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binding site on the biotinlylated probe. The mixture was then transferred into

an ELISA plate coated with streptavidin, the activated NF-kBp50 molecules was

then indirectly attached to the assay plate through the binding between the

biotinlylated probe and streptavidin. Non-specific molecules were washed away

with washing buffer. Activated NF-kBp50 molecules were detected through

the primary antibody against NF-kBp50, followed by a horseradish peroxidase

(HRP)-conjugated secondary antibody. Tetramethylbenzidine (TMB) substrate

was added to provide the colorimetric signal and the signal was quantified by

spectrophotometry. Six independent experiments were performed.
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Figure 3.2 The principle of transcription factor (TF) ELISA kit
(Adapted from Panomics, 2009,
http://www.panomics.com/index.php?id=product 23)
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3.6 Reverse transcriptase polymerase chain reaction (RT-PCR)

3.6.1 RNA extraction

Total RNA was extracted using TRIZOL (Invirogen, Carksband, CA). After

incubation, the medium was removed and washed with PBS. Cells were lysed

by adding Iml TRIZOL reagent into a culture dish. The cell lysate was

collected in a 1.7ml eppendorf tube and the mixture was pipetted up and down.

Then mixture was incubated at RT for 5 minutes. After incubation, 200ul of

chloroform was added for every 1ml TRIZOL reagent, after capping tightly, the

tube was shaken for 15 seconds and incubated at RT for 2-3 minutes. The tube

was then centrifuged at no more than 12,000rpm for 10 minutes at RT. After

centrifugation, the mixture separated into a lower red, phenol-chloroform phase,

an interphase, and a colorless upper aqueous phase, RNA was in the upper

aqueous phase. The upper aqueous phase was transferred into a fresh tube, 500ul

isopropyl alcohol was added for every 1ml TRIZOL reagent and the incubated

for 10 minutes at RT to precipitate the RNA from the aqueous phase. The tube

was centrifuged at no more than 12,000rpm for 10 minutes at 4°C, then the

supernatant was removed. The RNA pellet was washed by adding Iml 75%

ethanol in every Iml TRIZOL reagent, it was then centrifuged at 7,500rpm for 5

minutes at 4°C. After centrifugation, the supernatant was removed and the
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RNA pellet was allowed to briefly dry on ice. Then, about 5-10ul RNase-free
water was added to dissolve the RNA pellet on ice. The RNA can be stored at

-80°C and used within one month.

3.6.2 Preparation of cDNA

The quality and concentration of extracted RNA was evaluated by the
NanoDrop® spectrophotometer ND-1000.  Poly(A)* RNA was reversely
transcribed into cDNA and then amplified using the Fremantas RevertAid First
Strand ¢cDNA Synthesis Kit according to the manufacturer’s instructions.
About 1-5 pl total RNA and 1 pl oligo(dT);s primer (0.5 pg/ pl) were added in a
microcentrifuge tube. DEPC-treated water was added to mark up the volume to
12 pl, and the tube was gently mixed. The tube was incubated at 70°C for 5
minutes in the Applied Biosystem GeneAmp® PCR system 9700, at the same
time a mastermix was prepared containing 4 pl 5X reaction buffer, 1 pl
RiboLock™ Ribonuclease inhibitor (20units/ pl) and 2 pl 10mM dNTP mix.
After incubation, the tube was placed on ice and the mastermix was added into
the tube. The mixture was mixed gently, then incubated at 37°C for 5 minutes
in the Applied Biosystem GeneAmp” PCR system 9700 and then 1 pl

RevertAid™ M-MuLV Reverse Transcriptase (200units/ pl) was added, the final
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volume was 20 pl. The mixture was further incubated at 42°C for 90 minutes and
then 70°C for 10 minutes in the Applied Biosystem GeneAmp”™ PCR system

9700. cDNA product was stored at -20°C.

3.6.3 Polymerase chain reaction (PCR)

PCR was performed with Applied Biosystem GeneAmp” PCR system 9700.
The mixture was prepared as listed in Table 3.3. PCR amplifications were
started at 94°C for activation. Denaturation was performed at 94°C and
elongation was performed at 72°C. For Id-1 and GADPH, 25 cycles were
performed. For EGFR and Bcl-3, 35 cycles were performed. The primers
sequences and details of the targeted gene were listed at Table 3.4. GADPH
was used as an internal quantitative control. Electrophoresis of the amplified
products were performed on 1% agarose gels (Amersham, Piscataway, NJ),
stained with ethidium bromide and visualized under CHEMI GENIUS® bio

imageing system. All the tests were performed in triplicates.
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Table 3.3 Preparation of PCR mixture

Reagent Volume used Final conc.
10x Gold Buffer 2.5 1X
25mM MgCl, 2.5 2.5mM
2mM dNTPs 2.5 0.2mM
10uM Forward Primer 0.75 0.3uM
10uM Reverse Primer 0.75 0.3uM
5U/ul Ampli Taq 0.1 0.5U
20ng/ul DNA 2.5 -
RNase free water 13.4 -
Total Volume 25ul -
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Table 3.4 The primers used in RT-PCR

Gene Primer sequences Tm * GenBank Product size
Id-1 Forward: 5> AGCACCCTGAACGGCGAGAT 3’ 65°C NM_002165 283bp
(Ouyang et al., 2001),  Reverse: 5> CCCCCTCCCAAAGTCTCTG 3’
EGFR Forward: 5> CTCACGCAGTTGGGCACTTT 3’ 60°C NM_005228 261bp
(Kitazaki et al., 2005)  Reverse: 5> TCATGGGCAGCTCC TTCAGT 3’
Bcl-3 Forward: 5> GCAGATCTTGGAC TCATGAGG 3’ 60°C NM 005178 199bp
(Rocha et al., 2003) Reverse: 5> CTGGGGTCAGAGT CCTGGGAG 3°
GADPH Forward: 5> GCCACATCGCTC AGACAC 3’ 60°C NM_002046 452bp

Reverse: 5° AGG AGGCATTGCTGATGATCTT 3’

Tm* : Annealing temperature of the primers
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3.7 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay

(MTT assay)

Cell viability was measured using the MTT proliferation assay (Sigma, St Louis,

MO) according to the manufacturer’s instructions. Cells were seeded onto

96-well plates and cultured for an appropriate period of time. Cells were then

washed with PBS and incubated with 100ul MTT reagent in a dilution ratio 1:20

in phenol red free RPMI 1640 medium for 4 hours in dark to allow the metabolic

reaction between mitochondrial succinate dehydrogenase from living cells and

the MTT reagent to take place. The yellow MTT complexes were reduced into

an insoluble, dark purple colored formazan product by the presence of

mitochondrial succinate dehydrogenase in living cells. The purple colored

formazan product was centrifuged at 2500 rpm for 5 minutes. The formazan

was then dissolved with DMSO, and absorbance was then measured at 570nm in

a Spectrafluor Plus (TECAN) using Magellan programme within 15 minutes.

3.8 Cell proliferation assay on MCF-7-Id-1 transfectants

The effect of ectopic expression of Id-1 on cell proliferation in the absence of

estrogen was examined. Cells (3000) of three MCF-7-Id-1 transfectants and

the mock-control pBabe were seeded onto 96-well plates and cultured in an
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estrogen deprived medium for 1, 3 and 5 day(s). Cell viabilities were evaluated
using the MTT assay at Day 1, 3 and 5. The relative percentage cell viability
was calculated using Day 1 as a baseline. The change in absorbance was
calculated as below:

[(Absorbance of the transfectant at that day — Absorbance of the transfectant at

Day 1) / Absorbance of the transfectant at Day 1] x 100%

The effect of ectopic expression of Id-1 on cell proliferation was confirmed by
antisense oligonucleotide against Id-1, using the transfectant C3 which expressed
the highest level of Id-1. Antisense oligonucleotide against Id-1 was added to
suppress the expression of Id-1, a non-targeting oligonucleotide was also added
as a antisense control. Cells (2x10%) were seeded onto 6-well plates, the
medium was changed to estrogen deprived medium after 24 hours. Then the
mixture 100nm antisense oligonucleotide against Id-1 or non-targeting antisense
control and 5pl lipofamine in transfectant C3 was added. After 72 hours
transfection, cells were collected and 1x10? cells were seeded onto 96-well plates.
The medium was changed after 24 hours to the estrogen deprived medium for 1,
3, 5 day(s). As in the growth assay above for the MCF-7-1d-1 transfectants,

cells viability was evaluated using the MTT assay.
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3.9 Study the involvement of NF-kB on MCF-7-1d-1 transfectants

3.9.1 Cell inhibition assay

Cells (1x10* of MCF-7-1d-1 and pBabe control were seeded onto 96-well plate.
Cells were incubated in an estrogen deprived medium with the addition of
different volumes (10uM, 25uM) of parthenolide or the vehicle (DMSO) for 1, 3,
5 days. Cells were then harvested and examined using MTT assay at Day 1, 3
and 5. The percentage inhibition was calculated as below:

[(Absorbance of the relative conc. of DMSO - Absorbance of the transfetcant
under relation conc. of parthenolide) / Absorbance of the relative conc. of

DMSO ] x 100%

3.9.2 Cell cycle analysis

Cells (4 x 10°) were seeded onto a 60mm dish, the medium was changed after 24
hours into estrogen deprived medium with the addition of either 10uM or 25pM
parthenolide, or relative conc. of vehicle (DMSO). After 24 hours incubation,
cells were harvested and collected in a 1.7ml eppendorf tube. Cell pellets were
obtained by centrifugating the eppendorf tube at 2500rpm for 5 minutes at 4°C.
Cell pullets were resuspended in 200ul PBS and fixed in 1ml ice-cold 70%

ethanol overnight at 4°C. The fixed cells were collected by centrifuging the
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tube at 2500rpm for 5 minutes at 4°C. After removing the supernatant, cell

pellets were resuspended in 500ul cold PBS. The resuspended cells were

treated with Sul RNase/ Propidium iodide (PI) buffering reagent (BD

PharmingenTM, San Diego, CA) at room temperature for 30 minutes to allow PI

to intercalate into double-stranded nucleic acids of the living cells and to provide

a fluorescent signal for detection. Cell cycle analysis was performed on a

Cytomics FC 500 Flow with CXP software version 2.0 (Beckman Coulter).

Results were analyzed using Modfit LT 3.0 software. Three independent

experiments were performed and the mean of the results obtained was used in

data analysis.

3.10 Statistical analysis

All statistical analyses were performed using one-way ANOVA test

(Kruskal-Wallis test) to compare the variable of the tranfectants and controls by

using GraphPad PRISM 4.00 version. The significance of the P value was

expressed based on a “Michekin Guide” scale as significant (* P<0.05), highly

significant (** P<0.01) and extremely significant (*** P<0.001) (Motulsky,

1995).
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Chapter 4: RESULTS

4.1 1d-1 protein expression in the MCF-7-Id-1transfectants

Protein expressions of Id-1 in MCF-7-1d-1 transfectants (C1, C2 & C3) and the

controls were examined using Western blotting. Results showed that all

transfectants expressed a higher concentration of Id-1 protein than the controls.

Moreover, C3 had the highest expression of Id-1 while C1 had the lowest

expression of Id-1 protein level (Figure 4.1).

Transfectant C3 expressing the highest level of Id-1 was chosen to examine the

effect of the antisense oligonucleotide in suppressing the expression of Id-1.

Protein expression results showed that Id-1 was decreased after transfection of

antisense against Id-1 (C3 siRNA) compared with transfectant C3 transfected

with non-targeting antisense control (C3 si-CON). Results also showed that the

Id-1 expression level was similar between untreated transfectant C3 (C3) and

transfectant C3 transfected with non-targeting antisense control (Figure 4.2).
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Figure 4.1 Expression of Id-1 protein in the MCF-7- Id-1 transfectants.
Western blotting results showed that three MCF-7-Id-1 transfectants expressed
different Id-lprotein level. All these MCF-7-Id-1 transfectants expressed
higher level of Id-1 than the mock-control and parental control. Actin was used
as an internal control.

C3 C3 si-CON C3 siRNA

Id-1 ;“} _

Actin A —

Figure 4.2 Expression of Id-1 in transfectant C3 after transfection of antisense
oligonucleotide against Id-1.

After transfection of antisense oligonucleotide against Id-1, Id-1 protein
expression was decreased compared with the controls. Actin was used as an
internal control.
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4.2 Effect of ectopic expression of Id-1 on cell proliferation of MCF-7-1d-1

transfectants in the absence of estrogen

After culturing under estrogen deprived conditions for different periods, results

showed that relative percentage cell viability of all MCF-7-1d-1 transfectants

were significantly higher than that of the mock-control pBabe. Also the

relative percentage cell viability was positively associated with the protein

expression of Id-1, highest in transfectant C3 and lowest in transfectant C1

(Figure 4.3).

With regard to the relative percentage cell viability of transfectant C3 after

transfection of antisense oligonucleotide against Id-1 (C3 siRNA), expression of

Id-1 in transfectant C3 was significantly decreased compared with transfectant

C3 transfected with non-targeting antisense control (C3 si-CON). No

significant difference was seen between untreated transfectant C3 (C3) and C3

si-CON at Day 3. Moreover, relative percentage cell viability of the C3 siRNA

was similar to that of pBabe (Figure 4.4). The effect of Id-1 on cell

proliferation was confirmed by transfection of antisense oligonucleotide against

Id-1.
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Figure 4.3 Relative cell viability of MCF-7-1d-1 transfectants and pBabe control
in the absence of estrogen.

The cell viability of all three transfectants (C1, C2 and C3) were significantly
higher than the mock-control pBabe. Data showed means + SD, (n=6).

* — P value <0.05 (statistical significant)

*¥%  — Pvalue <0.01 (highly statistical significant)

87



400 —

350
Z‘% 300 —
=
83 250
> 9
@5 200
g} g **
= S 150 I
8 O
(0] B *% .
X a 1004
50_ ** '
0‘——'-[?]- I I - I I I
Q m < Q m < O m <
2385 z 2385 z 3385 2
oQ O k& i) O X s O X
o L 0 o L [7)] o L [}
a3 o O o O
(40)
O O O
Day 1 Day 3 Day 5

Figure 4.4 Relative cell viability of transfectant C3 after transfection of antisense
oligonucleotide.

The relative cell viability was significantly decreased after transfection of
antisense oligonucleotide against Id-1 compared with the controls. Data
showed means +SD, (n=6).

* — P value <0.05 (statistical significant)

¥k — Pvalue <0.01 (highly statistical significant)
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4.3 Effect of ectopic expression of Id-1 on EGFR

Western blotting results showed that MDA-MB231 displayed the highest levels

of both Id-1 and EGFR. The expression levels of EGFR in MCF-7-1d-1

transfectants were higher than that of the parental control and mock-control.

Also the expressions of EGFR in MCF-7-1d-1 transfectants were positively

associated with their Id-1 expression levels in terms of protein (Figure 4.5) and

RNA (Figure 4.6). When transfectant C3 was transfected with antisense

oligonucleotide against Id-1 (C3 siRNA), expression of Id-1 and EGFR were

both reduced compared with transfectant C3 without any antisense transfection

(C3 si-CON) (Figure 4.7).
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Figure 4.5 Protein expression of EGFR in MCF-7-1d-1 transfectants and
controls.
Protein expressions lof EGFR in different MCF-7-1d-1 transfectants were
positively associated with their Id-1 expression. Actin was used as an internal
control.
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Figure 4.6 RNA expression of EGFR in MCF-7-1d-1 transfectants and controls.
RNA expressions of EGFR in different MCF-7-Id-1 transfectants were positively
associated with their Id-1 expression. GADPH was added as an internal

control.
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Figure 4.7 Protein expression of EGFR in transfectant C3 with/ without
transfection of antisense oligonucleotide.

Protein expression of Id-1 and EGFR were both reduced after transfection of
antisense oligonucleotide against Id-1 compared with the controls. Actin was

used as an internal control.
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4.4 Impact of NF-kB pathway inhibition on MCF-7-1d-1 transfectants

4.4.1 MTT cell inhibition assay

After applying different concentrations of parthenolide (10uM or 25uM) on the

cells, more than 50% inhibition was found compared with DMSO control in all

cell lines at Day 1, 3 and 5 when using the MTT assay. Moreover, percentage

inhibition was positively correlated with the protein expression level of Id-1 in

which transfectant C3 expressed the highest and transfectant C1 expressed the

lowest level of Id-1 (Figure 4.8).
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Figure 4.8 Percentage inhibition in MCF-7-Id-1 transfectants after applying A.
10uM or B. 25uM of NF-«B pathway inhibitor, parthenolide.
Percentage inhibition was positively correlated with their protein expression

level of Id-1.  Error bars represented means + SD (n=6).
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4.4.2 Cell cycle analysis

Since even at Day 1 showed more than 50% inhibition in all cell lines compared

with DMSO controls, this timepoint was chosen and used for cell cycle analysis.

After applying 10uM parthenolide, cell cycle analysis revealed a decreased

percentage of S phase in all cell lines compared with the vehicle. Also the

percentage S phase in the MCF-7-1d-1 transfectants were lower than that of the

control after applying 10uM parthenolide. However, after applying 25uM

parthenolide, cell cycle distribution was undetectable in all cell lines (Figure 4.9),

while another peak appeared before the cell cycle in the X-axis. The peak

represents a population of smaller size fragments, debris or dead/apoptotic cells.

Figure 4.10 was the same as figure 4.9, but the X-axis was extended to the right

to give better illustration of the population of cell in the peak which became

smaller in size after the application of 25uM parthenolide, implying that the cells

were dead (Figure 4.10).
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Figure 4.9 Representative cell cycle distributions of MCF-7-1d-1 transfectants
after applying NF-xB pathway inhibitor.

After adding 10uM parthenolide, % S phase of all cell lines were reduced,
however cell cycle was undetectable after adding 25uM parthenolide. The
percentage cell distribution was the average of three individual experiments.
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Figure 4.10 Dead cells of MCF-7-Id-1 transfectants after applying different
concentrations of NF-kB pathway inhibitor.

Figure was the same as figure 4.9, but the X-axis was extended to the right to
indicate the smaller or dead cell. Figure showed that after addition of 25uM

parthenolide, a peak which represents dead cell was found in all cell lines.
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4.5 Effect of ectopic expression of 1d-1 on NF-kB pathway

Whole cell lysates and nuclear fragment extracts were collected and evaluated

using Western blotting. As mentioned in the literature review, subunits of

NF-kB p65 and p50, the commonest members activated in human epithelial cells,

were the main focus of this part of the study.

4.5.1 Expression of NF-kB p65 and pS0 in whole cell lysate

Results showed that the protein expression levels of NF-kB p65 and p50 were

similar in the whole cell protein of all cell lines (Figure 4.11).

4.5.2 Expression of NF-kB p65 and p50 in nuclear fragment extract

Results of the Western blotting using nuclear fragment protein showed that the

expression levels of NF-kB p50 in MCF-7-1d-1 transfectants were higher than

that of the MCF-7 controls, but no observable difference was found in NF-xB

p65 expression among different cell lines (Figure 4.12).
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Figure 4.11 Expression of NF-xB p65 and p50 subunits in whole cell protein

extract.

No observable expression difference of NF-kB p65 and p50 subunits in whole

cell protein extract was found between MCF-7-1d-1 transfectants and the

controls. Actin was used as an internal control.
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Figure 4.12 Expression of NF-kB p65 and p50 subunits in nuclear protein extract.
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Expression of NF-kB p50 subunits in nuclear protein extract of MCF-7-1d-1

transfectants were higher than that of the MCF-7 controls, while no observable

difference of NF-kB p65 expression was found between MCF-7-1d-1

transfectants and controls.

nuclear protein extract.

Histone H1 was used as an internal control for
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4.5.3 Expression of I-kB in whole cell lysate

In order to examine whether the activation of NF-kB p65/p50 heterodimer was

involved in the MCF-7-1d-1 transfectant, the expression of IkBa, the inhibitor of

NF-kB p65/p50 heterodimer, was examined. Results showed that the

expression of IkBa was lower in MDA-MB231 compared with other cell lines.

No observable difference was found between MCF-7-1d-1 transfectants and the

MCF-7 controls (Figure 4.13).
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Figure 4.13 Expression of IkB in whole cell protein extract.
Protein expression of IkB was lower in MDA-MB231, but no observable
difference was found between MCF-7-1d-1 transfectants and MCF-7 controls.

Actin was used as an internal control.
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4.5.4 Expression of Bcl-3 in nuclear fragment extract and RNA extract

Bcl-3 is a coactivator of NF-kB p50/p50, with the purpose to examine whether

NF-«kB p50/p50 homodimer was activated in the MCF-7-Id-1 transfectants, the

expression of Bcl-3 was examined. Results showed that the expression level of

Bcl-3 was positively associated with the expression of NF-kB p50 in the MCF-7

cell lines in terms of nuclear fragment protein (Figure 4.14) and RNA level

(Figure 4.15).

When transfectant C3 was transfected with antisense oligonucleotide against

Id-1, the expression level of Bcl-3 was reduced in both whole cell protein

(Figure 4.16) and nuclear fragment protein (Figure 4.17) when compared with

transfectant C3 after transfection with non-targeting antisense control. The

reduced expression of NF-kB p50 was only observed in nuclear protein extract

after transfection of antisense oligonucleotide against Id-1 (Figure 4.17).
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Figure 4.14 Expression of Bcl-3 in nuclear protein extract.
Protein expression of Bcl-3 was positively associated with their expression of
NF-kB p50 in nuclear protein extract except MDA-MB231. Histone H1 was

used as an internal control.
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Figure 4.15 RNA expression of Bcl-3.
RNA expressions of Bcl-3 in MCF-7-1d-1 transfectants were higher than that of
the MCF-7 controls. GADPH was used as an internal control.
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Figure 4.16 Expression of Bcl-3 and p50 after applying antisense
oligonucleotide against Id-1 in whole cell protein extract.

Expression of Bcl-3 in whole cell protein extract was reduced after transfection
of antisense oligonucleotide against Id-1 compared with the controls. Actin

was used as an internal control.
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Figure 4.17 Expression of Bcl-3 and NF-«B p50 after applying antisense
oligonucleotide against Id-1 in nuclear protein extract.

Expression of Bel-3 and NF-xB p50 in nuclear protein extract were both reduced
after transfection of antisense oligonucleotide against Id-1 compared with the

controls. Histone H1 was used as an internal control.
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4.5.5 Expression of NF-kB p52 in nuclear fragment extract

Since there is a possibility that Bcl-3 will bind with NF-kB p52/p52 homodimer,

the expression of p52 in nuclear fragment extract of all cell lines were examined.

Results showed that the expression of NF-kB p52 in all cell lines were low and

no association with the level of Id-1 in MCF-7-Id-1 transfectants was found

(Figure 4.18).
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Figure 4.18 Expression of NF-kB p52 in nuclear protein extract.
Expression of NF-xB p52 in nuclear protein extract was low and no associateion
was found between MCF-7-1d-1 transfectants and controls. Histone H1 was

used as an internal control.
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4.5.6 Activity of NF-kB p50/p50 on MCF-7-1d-1 transfectants

To evaluate the activated NF-kB p50 in the nuclear fragment extract was bound

to the NF-xB p50 nucleotide, EMSA of NF-xB p50/p50 was performed using an

ELISA method. Results showed that activity of all MCF-7-1d-1 transfectants

were significantly higher than the MCF-7 control (Figure 4.19), with transfectant

C3 showing the highest activity, and transfectant C1 and C2 showing similar

activity, with C2 being slightly higher than C1.

106



0.3- *k
% ¥k -I-

0.2- ——

0.1

Absorbance

0.0- T T T T
pBabe C1 C2 C3 MDA-MB231

Figure 4.19 Activities of NF-kB p50/p50 in different MCF-7-1d-1 transfectants
using an ELISA method.

Activities of NF-kB p50/p50 in MCF-7-1d-1 transfectants were significantly
higher than that of the controls. Error bars represent means +SD (n=6).

* — P value <0.05 (statistical significant)

¥k — Pvalue <0.01 (highly statistical significant)
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Chapter 5: DISCUSSIONS

5.1 Id-1 able to induce cell proliferation in the absence of estrogen

In the growth study, cells were cultured in estrogen deprived conditions by using

charcoal absorbed FBS. MCF-7 is a hormone-dependent breast cancer cell line

which is ER positive and able to be stimulated by estrogen (ATCC, 2008).

Results in this study showed that without the stimulation of estrogen, the

percentage cell growth of the Id-1 transfectants was significantly higher than that

of the mock-control MCF-7 breast cancer cell (Figure 4.3) and that the growth of

transfectants was positively associated with their protein expression of Id-1

(Figure 4.1, 4.2, 4.3 & 4.4). This indicates that Id-1 was able to increase cell

proliferation in the absence of estrogen. Lack of growth factors causes cell

arrest at the restriction point, but once the restriction point has been passed, cells

will be able to undergo DNA synthesis and cell division (Heath, 2001). Higher

cell proliferation rate in transfectants than in the controls suggested that Id-1

may give an advantage to the cells to pass through the restriction point and

bypass the exogenous stimulatory influence of estrogen. These results were

supported by other investigators that ectopic expression of Id-1 was able to

increase cell growth and enhance the G1/S phase transition in the cell cycle in

esophageal cancer (Hui et al., 2006) and in prostate cancer (Ouyang et al., 2002).

108



Moreover, ectopic expression of Id-1 also enabled cyclin D1 to be upregulated in

breast cancer (Lee et al.,, 2009). Cyclin DI is important in the G1/S phase

transition, up-regulation of cyclin D1 leads to an increase in the transition

through increased cell proliferation (Perry et al., 1998; Biswas et al., 2000;

Kaldis, 2006). Furthermore, an increased level of Id-1 was able to delay

cellular senescence in prostate cancer cells through the inhibition of pl16INK4a

(Ouyang et al., 2002). These studies may provide evidence that Id-1 is able to

endow a growth advantage to breast cancer cells in the absence of estrogen.

Results also implied that Id-1 may be able to contribute to the development of

hormonal resistance. However, the pathways through which Id-1 acted to

induce cell proliferation without the stimulation of estrogen is still unknown.

5.2 1d-1 able to modulate the expression of EGFR

In order to investigate the possible role of Id-1 in the induction of cell

proliferation in the absence of estrogen, the expression of EGFR was also

studied. Results showed that ectopic expression of Id-1 in MCF-7 cells led to

an increased expression of EGFR in terms of protein (Figure 4.5) and mRNA

levels (Figure 4.6). In addition, after transfection of antisense oligonecleotide

against Id-1, the expression of EGFR was also reduced (Figure 4.7), implying
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that EGFR may be one of the downstream effectors of Id-1 in breast cancer. In

fact, the relationship between expression of Id-1 and EGFR has been confirmed

by an immunohistochemical staining study conducted on 96 cases of invasive

ductal carcinoma. Results using semi-quantitative McCarty’s H scoring system

showed that the correlation coefficient (r) between Id-1 and EGFR is 0.336 with

P value = 0.001, implying an extremely statistical significant positive correlation

between Id-1 and EGFR expression among these breast cancer cases

(unpublished results from our own research).

The finding mentioned above is corroborated by studies of other investigators

that expression of Id-1 was positively associated with the expression of EGFR in

the bladder (Ding et al, 2006) and in renal cancer (Li et al., 2007). In addition,

EGFR has been suggested to be one of the downstream effectors of Id-1 in

prostate cancer (Ling et al., 2004) and bladder cancer (Ding et al, 2006).

Moreover, a recent study reported that increased expression of Id-1 led to

suppression of expression of PTEN and p53 (Lee et al., 2009). These tumor

suppressor genes have been reported to inhibit expression of EGFR (Bouali et al.,

2009). If Id-1 was able to suppress both expressions of PTEN and p53, this

implies that Id-1 may be able to overexpress EGFR.
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In breast cancer, overexpression of EGFR is associated with ER negative breast

cancer (Davidson et al., 1987; Klijn et al., 1992; Rajkumar & Gullick, 1994;

Biswas et al., 2000; Mclnerney et al., 2001; Hicks & Tubb, 2005; Nieto et al.,

2007). Biswas et al. (2000) suggested that EGF is a major growth-stimulating

factor for ER negative breast cancer cells based on the inverse correlation found

between ER and EGFR. Previous findings of our research group using the

same cell lines as in the present study has shown that ectopic levels of Id-1 could

down-regulate the expression of ER and reduce the growth responsiveness to

estrogen stimulation (unpublished results). So, coupled with the results of this

study where we found that Id-1 provided a growth advantage to breast cancer

cells in the absence of estrogen, and was able to modulate the expression of

EGFR, we may suggest that Id-1 can provide stimulation to other proliferation

factors and enable the cells to bypass the stimulation of estrogen through

increased expression of EGFR. These findings provide additional evidence to

support the hypothesis that Id-1 may be an upstream regulator of EGFR and

overexpression of EGFR is able to provide growth ability to the cells in the

absence of estrogen.
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5.3 NF-kB pathway may be involved in Id-1 induced cell proliferation

NF-«kB pathway has been linked to drug resistance and hormone-independent

cancer (Nakshatri et al.,, 1997; Chen & Sawyers, 2002), and is one of the

signaling pathways of EGFR. Activation of both EGFR and NF-xB were found

in ER negative breast cancer (Biswas et al., 2000; Biswas et al., 2001; Biswas

and Iglehart, 2006). The activity of NF-kB was found to be inhibited by ER

(Nakshatri et al., 1997; Biswas & Iglehart, 2006). In the present study, estrogen

deprived medium was used to minimize the exogenous activation of ER in the

investigation of the involvement of the NF-kB pathway in the Id-1 induced cell

proliferation. An inhibitor of NF-xB, parthenolide which can suppress the

activation of NF-«xB by specific blocking of IKK (Zhou et al., 2005) was applied

and resulted in growth inhibition of more than 50% and decreased S phases in all

4 cell lines (Figures 4.8 & 4.9). These findings suggest that without the

stimulation of estrogen, cell proliferation may rely on the activation of the

NF-kB pathway. Results also showed that the percentage inhibition of

MCF-7-1d-1 transfectants were positively associated with their expression level

of Id-1, implying that Id-1 may be able to activate the NF-kB pathway. Since a

negative correlation has been found between ER and the activities of NF-xB

(Nakshatri et al., 1997; Biswas & Iglehart, 2006), this revelation that the NF-xB
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pathway is involved in the Id-1 induced cell proliferation agrees with the

previous finding of our research group that Id-1 was able to suppress the protein

expression of ER.

The transcription factor NF-kB consists of five members: p65, RelB, c-Rel, p50

and p52 (NF-kB2), where NF-kB p65 and p50 are the most common subunit

activated in human epithelial cells (Chen et al., 2001), and it was these subunits

which were examined in this study. Western blotting results showed that the

expressions of NF-kB p65 and p50 were similar between all cell lines using

whole cell protein (Figure 4.11). It was not surprising that no observable

difference was found between different MCF-7-1d-1 transfectants and the

controls, because NF-xB is abundant in the cytoplasm. The inactivated form of

NF-kB binds with a corresponding inhibitor in the cytoplasm during the resting

state, upon activation by a corresponding kinase the inhibitor is unmasked, and

the activated NF-kB will then be translocated into the nucleus. Thus, NF-xB

subunits involved in the Id-1 induced cell proliferation was assessed using

nuclear fragment protein extract. The nuclear protein results showed that

expressions of NF-kB p50 were higher in MCF-7-1d-1 transfectants than that of

the MCF-7 controls, although no observable difference was found between the
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expressions of NF-kB p65 in all of the cell lines (Figure 4.12). Since NF-xB

p50 is an essential subunit responsible for dimerization (Liou, 2006), results in

this study suggest that the increased level of NF-kB p50 could exist as NF-kB

p65/p50 heterodimer or p50/p50 homodimer. Since NF-kB p65/p50 is the most

common dimer in the NF-kB pathway, it was the first to be investigated.

In the resting state, NF-kB p65/p50 heterodimer was found to bind with IxBa in

the cytoplasm. Once IkBa is phosphorylated by the IkB kinase complex, IKK,

it becomes separated from NF-xB p65/p50 heterodimer and will be degraded,

and so the activation of NF-kB p65/p50 heterodimer is negatively associated

with the expression of [kBa. In this study, the expression of IkBa was found to

be lower in MDA-MB231 than in other cell lines, but no difference was found

between MCF-7-Id-1 transfectants and the MCF-7 controls (Figure 4.13).

Findings implied that the NF-kB p65/p50 heterodimer was activated more in

MDA-MB231.

Since IkBa was found to be similar between MCF-7-1d-1 transfectant and the

MCF-7 control. It suggests that the NF-kB dimer involved in the Id-1 induced

cell proliferation was not NF-kB p65/p50, but rather, the dimer NF-kB p50/p50,
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and so, the corresponding coactivator of NF-kB p50/p50, Bcl-3 was examined.

Bcl-3 is a noninhibitory family protein of kB, and a coactivator of homodimer

NF-kB p50/p50 or NF-«kB p52/p52 subunits (Courtois & Gilmore, 2006).

Results showed that expression of Bcl-3 was higher in the MCF-7-1d-1

transfectants than that of the MCF-7 controls (Figures 4.14 & 4.15). The

expression of NF-kB p52 in the nuclear extract has also been examined, however,

the expression of NF-kB p52 was very low and no association with the level of

Id-1 in the MCF-7-1d-1 transfectants was found (Figure 4.18). Since Bcl-3 can

be coexpressed with either NF-kB p50/p50 or NF-kB p52/p52 (Chen et al., 2001;

Zhou et al., 2005; Liou, 2006), results of NF-kB p52 excluded the possibility of

Bcl-3 being coactivated with NF-kB p52/p52. These findings suggested that

the NF-kB dimer involved in the Id-1 induced cell proliferation is likely to be

NF-kB p50/p50 homodimer in association with Bcl-3.  In the TF ELISA results,

activity of the MCF-7-1d-1 transfectants were significantly higher than that of

the pBabe control (Figure 4.19), which implies that NF-kB p50 is more readily

available to DNA in the MCF-7-1d-1 transfectants than in the controls and that

NF-kB p50/p50 homodimer activation was positively correlated with their Id-1

expression level.

115



Taken together, overall results of Western blotting on NF-kB subunits (Figures

4.11, 4.12, 4.13, 4.14, 4.15, 4.16, 4.17 & 4.18) and EMSA (Figure 4.19)

suggested that the involvement of NF-kB p65/p50 in MDA-MB231, a well

developed hormone-independent breast cancer cell line which over-expresses

Id-1, but less likely to be involved in our MCF-7-1d-1 transfectants. This may

be due to the possibility that our MCF-7-1d-1 transfectants are only at the stage

of becoming less hormone-dependent under the effect of ectopic Id-1.

Conversely, the involvement of the NF-xB p50/p50 subunit was better

demonstrated in the MCF-7-1d-1 transfectants, but not so clearly in the

MDA-MB231 cell line. Regardless of whether it was NF-«B p50/p50 or

NF-kB p65/p50 subunit involvement, it was the NF-kB p50 protein that has

increased expression with ectopic Id-1 expression.

Studies have found that Id-1 was able to activate the NF-kB p65/p50 subunit in

prostate cancer (Ling et al., 2003), esophagus cancer (Li et al., 2007) and breast

cancer (Kim et al., 2008). Studies using cytokines such as TNF-a (Ling et al.,

2003) or taxol (Kim et al., 2008) to induce apoptosis showed that Id-1 has an

anti-apoptotic effect through the activation of NF-kB p65/p50 subunit (Ling et

al., 2003; Li et al., 2007; Kim et al., 2008). Other studies using MCF-7 cells
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suggested that the anti-apoptotic property was independent of the activity of

NF-kB p50/p50 homodimer when TNF-o was used to stimulate apoptosis

(Zhang et al., 2007c). Since we studied the proliferation effect of Id-1 on

NF-kB in the absence of estrogen, whereas other studies were demonstrating the

anti-apoptotic role of Id-1 on the NF-xB pathway, this may explain why our

results were different from others.

Elevated levels of NF-kB p50/p50 homodimer have been found to be associated

with the carcinogenesis of skin (Bndunova et al., 1999), nasopharyngeal

(Thornburg et al., 2003) and breast (Hu & Kong, 2003). Constitutive

expression of NF-kB p50 was found to be related to tamoxifen resistance (Zhou

et al., 2005), one of the progression stages from hormone-dependent to

hormone-independent. Our study also suggested that Id-1 induced NF-kB p50

activity may contribute to progression of breast cancer from hormone-dependent

to hormone-independent. ~ Although NF-«B p50/p50 themselves lack the active

transcriptional domain (Chen et al., 2001), it becomes functionally active when

NF-«B p50 binds to Bcel-3 (Zhou et al., 2005; Liou, 2006).
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In this study, Bel-3 was found to be positively correlated with their NF-xB p50

expression level in the nuclear fragment protein extract (Figure 4.14).

Moreover, antisense oligonucleotide transfection was able to suppress the

expression of Bcl-3 (Figure 4.17), implicating that the expression of Bcl-3 was

affected by ectopic Id-1. Bcl-3 is a non-inhibiting member of the IxkB family

and functions as an oncogene to increase cellular proliferation and survival

(Westerheide et al., 2001; Kashatus et al., 2006). Studies have found that Bcl-3

was able to increase cell proliferation through the induction of cyclin D1, and

also shortened the G1 phase of the cell cycle (Westerhedie et al., 2001; Cao &

Karin, 2003). Taken together, Id-1 induced cell proliferation may act through

NF-kB p50/p50 homodimer and Bcl-3, but not the NF-xB p65/50 subunit.

5.4 Further study

Findings of this study support the involvement of Id-1 in the progression of

breast cancer from hormone-dependent to hormone-independent, however

further study is needed. In order to clarify the role of Id-1 in the progression of

breast cancer from hormone-dependent to hormone-independent, tamoxifen

resistance is suggested to be investigated in the MCF-7-Id-1 transfectants. If

MCF-7-1d-1 transfectants become less hormone-dependent, the resistance to
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tamoxifen will be increased. In addition, the suppression of Id-1 in

MDA-MB231 hormone-independent breast cancer cell line should be

investigated. Since we found that the expression of Id-1 was higher in

MDA-MB231 than in MCF-7-Id-1 transfectants, if a higher level of Id-1 can

enable the cells to progress towards hormone-independency, suppressing the

expression of Id-1 in MDA-MB231 may make these cells less

hormone-independent.

5.5 Conclusion

To conclude, in the current study, it was found that Id-1 can promote cell

proliferation in the absence of estrogen, possibly through the activation of EGFR,

NF-kB p50/p50 and Bcl-3.  Together with the previous findings of our research

team (unpublished results), we propose that Id-1 induces cell proliferation in

MCF-7 cells via suppression of ER expression as well as overexpression of

EGFR, and then with the activation of EGFR on the NF-kB p50/p50 with the

coactivator of Bcl-3. Figure 5.1 represents the suggested pathway of how Id-1

effects cell proliferation.
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Figure 5.1 The possible pathways involved in Id-1 induced cell proliferation
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