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Abstrac

Abstract

Cytochrome P450 enzymes (P450s) are involved inezattevelopment and treatment due
to their roles in the oxidative metabolism of vasendogenous (e.g. oestrogen) and
exogenous (e.g. tamoxifen) compounds. It is wetvwn that intermediate P450
metabolites derived from oestrogen metabolism sse@ated with breast carcinogenesis.
The main aim of this project was to profile theagttrome P450 and P450-regulatory
nuclear receptor mMRNAs in a series of breast carelelines (BCCs) and compare this
profile with normal breast cells. This study usieel qualitative reverse transcriptase-
polymerase chain reaction (RT-PCR) to detect mRkigtession of target genes. Results
showed CYP1B1, CYP2D6, CYP2J2, CYP2R1, CYP2U1 aviB4X1 mRNA to be
present in all cell lines. CYP2A6, CYP2CS8, CYP2CC8P2F1 and CYP4Z1 mRNA
were expressed in oestrogen receptor (ER)-posieasian and ER-negative Afro-
Caribbean BCCs. Although no differences in PA5O0NARvere observed between the
different ethnic groups, these preliminary findirsgggest potential similarities in the ER-
positive Caucasian and ER-negative Afro-Caribbe@C8which warrant further

investigation

The CYP4Z1 PCR product was identified as two destbands. Specific primer sets were
used to demonstrate potential intron retentionY#@Z1. Using establishad vitro

models for the study of regulatory mechanisms oP@X1, T47D and ZR-75-1 breast
cancer cell lines were used to determine the apjtepuclear receptors (i.e. progesterone
receptor, glucocorticoid receptor or peroxisomdifa@tor-activated receptor alpha).
These findings suggest that there may be an atteenr@ceptor mechanism involved in
CYP4Z1 mRNA induction in these cells. In conjunati pre-treatment of these two cell
lines with the RNA synthesis inhibitor actinomyd&xfollowed by the agonists showed a
significant reductiong < 0.05) of CYP4Z1 mRNA levels and inhibited CYP4BAtluction

by either progesterone, dexamethasone or piri@igid, indicating that these agonists have
effects on CYP4Z1 mRNA transcription or stabilitph contrast, cycloheximide
differentially affected the level of CYP4Z1 mRNAduction by these agonists. Taken
together, these results suggest that CYP4Z1 mRMNAciton in T47D and ZR-75-1 is
mediated through differential cell type specifigutatory mechanisms and there is

evidence for differential regulation of the spliiants.
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Chapter 1

General Introduction

1.1 Introduction

According to a recent report I§ancer Research UK, breast cancer is the second mos

common cause of cancer mortality in women (httputwcancerresearchuk.grgin 2005,

it was responsible for more than 12,000 deathsam&n and accounted for 17% of all
female cancer deaths. The most important progntetior related to survival and tumour
recurrence following surgery is node-positive bteasicer patients. The prognosis of
these patients compared to patients with primagg$trcancer is poor, despite
improvements in chemotherapy (Wapnir et al. 2006)addition, ethnic differences in
breast cancer survival between Caucasian and Adrdaiean women have been well
documented. A poorer prognosis and more aggrebseast cancer are found in Afro-
Caribbean compared to Caucasian women (Curtis 2088). However, it is unclear why,
and there is an urgent need to identify the maitofa involved in these differences.
Clinically, the critical aspects concerning the néehemotherapy associated with the poor
prognosis of patients are tumour resistance angl tdicity. Some of this variability may
be due to the clearance and metabolism of theaarti&r drugs used in breast cancer

treatment.

Although antioestrogen therapy and aromatase imnghave long been shown to be
effective in reducing the risk of recurrence andtten patients with oestrogen receptor
(ER) positive tumours, the use of these treatmiemssbeen limited in patients with ER
negative tumours (Chia et al. 2005). ER-negatrea&t tumours are more aggressive and
have a poorer prognosis when compared with ER4ipediimours and it is therefore, clear

that targeted therapies for this patient populati@needed (Rochefort et al. 2003).
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At the present time, the progression and invasfdsreast cancer is not fully understood.

However, lifetime exposure to oestrogen correlatiéls increased risk of breast cancer in
women, suggesting that oestrogen plays a crudaliimdreast carcinogenesis (Henderson
and Feigelson 2000). Two main hypotheses have disenssed concerning oestrogen and
breast cancer. Firstly, binding of oestrogen toildReases cell division and DNA
synthesis, resulting in DNA mutations in mammarscgrager and Davidson 2006).
Secondly, intermediate metabolites derived frontrogen metabolism cause DNA
damage by producing free radicals, leading toahdn and promotion of breast cancer

(Deroo and Korach 2006).

For the latter hypothesis, a better understandiniggomechanisms involved in biotrans-
formation of endogenous and/or xenobiotic compounydsreast cancer cells is very
important as it contributes to the developmentesf marget therapies as well as the
knowledge of breast cancer progression and invasitiese compounds are usually
detoxified into inactive forms by enzymes existingocal cells. Cytochrome P450
enzymes (P450s) are one of the key enzymes invaivie oxidative metabolism of a
wide range of endogenous (e.g. oestrogen, vitamandivitamin D) and exogenous (e.g.
tamoxifen, cyclophosphamide, paclitaxel and someitagens) compounds (Nebert and
Nelson 2005). It is important to note that certziemicals which are not carcinogens
(procarcinogens) can be transformed into carcinegpgrcytochrome P450s (Guengerich

2004).

Currently, 57 functional cytochrome P450 enzymesHhzeen classified in humans.

The majority of these enzymes are predominantlyesged in the liver, but some
cytochrome P450s are preferentially expressedtimalespatic tissues such as the breast
(Nebert and Nelson 2005). Previous studies derainsta differential expression profile
of cytochrome P450s between tumours and their sporeding normal tissues, and some

2
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cytochrome P450s have been identified as havingusspecific expression. For

instance, overexpression of CYP1B1 has been detecttearious tumours including breast
(Murray et al. 1997, McFadyen et al. 1999, Murragle2001) and a novel member of the
cytochrome P450 family 4, CYP4Z1 mRNA is preferalhyiexpressed in breast
carcinoma and associated with poor prognosis mamy ovarian cancer (Downie et al.
2005). More recently, CYP2W1 expression has beews to be highly expressed in
colon tumours (Karlgren et al. 2006). The existeot.tumour specific cytochrome P450
expression suggests that these enzymes couldgetddor cancer therapy, and a better
understanding of their roles in tumour progressind invasion may be beneficial to

cancer research as a whole.

Several chemotherapeutic drugs used in breast ctrapy (e.g. anthracyclines, taxane,
cyclophosphamide, tamoxifen and aromatase inhg)itamre extensively biotransformed in
the liver, thereby reducing the release of toxi¢anelites present in the tumour cells.
Previous studies investigated the expression aictybme P450s in breast cancer cells
from patients-derived samples (Albin et al. 1998aHRg et al. 1996, Murray et al. 1997,
Iscan et al. 2001, Modugno et al. 2003, Haas &04l6),in vitro [i.e. cell lines (Sonneveld
et al. 1998, Spink et al. 1998, Soulez and Par@ed 2McFadyen et al. 2003, Rieger et al.
2004, Savas et al. 2005, Fischer et al. 2007) mmd kenografts (Smith et al. 1993)].
However, only a few cytochrome P450s (i.e. CYP18YP1B1, CYP2B, CYP2C and
CYP3A) have been identified in breast cancer @all$ the current knowledge of
cytochrome P450 expression related to tumour chenatics in breast cancer is extremely
limited. Therefore, this study was designed taidg the cytochrome P450 mRNA

profile in a series of breast cancer cell lineswiel from different tumour characteristics
(i.e. ER status, invasive property and ethnicity) aompare this profile with a normal

breast cell line.
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1.2 Breast cancer

1.2.1 Overview of breast cancer

In the UK, breast cancer is the commonest canattl@second most commoause of
cancer death (after lung cancer) in women. Accgrdlb a recent report liyancer

Research UK, breast cancer accounted for 2808l female cancers. Each year more than
40,000 women are diagnosed with breast canceeitVkhcompared to 324 new cases of
breast cancer annually in men. In 2005, there wenes than 12,000 deaths from breast
cancer in the UK. Risk of developing breast camt@vomen significantly increases with

age particularly in women older than 50 (http://wwancerresearchuk.grgThe lifetime

risk of being diagnosed with breast cancer in women is9(i@'Halloran et al. 2004).

Over the last two decades, the number of new ada®ast cancer diagnosed has
increased from 75 (in 1975) to 116 (in 2003) pdd,@00 in the UK. Five year survival
has also improved from 52% (1971-1975) to 80% (22003). Some of this improvement
is as a consequence of the National Health SeBirieast Screening Programme
(NHSBSP) which targets the female population agediéen 50 and 64 for routine

mammography. The service was set up in 1988 (RaddyGiven-Wilson 2004).

In addition, the fourth worldwide meta-analysis @Re2005) by the Early Breast Cancer
Trialists' Collaborative Group (EBCTCG) reportedttinterethnic variation in the
incidence and mortality rate of breast cancer imeno is widening. Caucasian women
have a higher incidence of breast cancer whereasaAifwomen are more likely to die
from breast cancer (Chia et al. 2005). Recentlytrid and colleagues (Morris et al. 2007)
demonstrated that African-American patients witbdst cancer appear to have more high-
grade, more ER-negative and more aggressive tuntwamsCaucasian women. These
observations suggest that differences in surviyablse/ethnicity may be due to breast

carcinoma characteristics. Further molecular s&idre required to investigate this
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correlation with survival and perhaps identify néhgrapeutic targets for this patient

population.

The aetiology of breast cancer remains complex mitiitiple risk factors including
hormonal receptor status (positive/negative), domadf oestrogen exposure (early
menarche/late menopause), age (pre-/post-menosiasas), lifestyle (high fat/low fibre
diet), racial/ethnic groups and familial historylweast cancer (Dumitrescu and Cotarla
2005). Oestrogen mediates its effects on growtferdntiation and function of target
tissues particularly reproductive organs by bindm&R found in the nucleus of those
cells that are targets for oestrogen action. TReeKists in two subtypes, BRand ERB
which are highly homologous and have distinct tatigsue. ER protein has been shown
to be associated with breast cancer by severataliand experimental studies, while the
role of ERB in relation to breast cancer remains controve(Blaloo and Korach 2006). In
addition,in vitro studies indicated that FBRappears to inhibit ERactivity (McDonnell
2004) and its expression is associated with theorese of antioestrogen tamoxifen in ER-
negative breast cancer (Gruvberger-Saal et al.)2a8&nceforth, the term ‘ER status’ in

this thesis will refer to only E®R protein expression.

The nuclear oestrogen-ER complex binds to oestroggponse elements (ERES), resulting
in transcriptional activation of oestrogen-respeagienes and this leads to the production
of protein and a physiological response (Derookamihich 2006). In breast cancer cells,
the ER signalling pathway is involved in increasaalj growth, cell division and DNA
synthesis, and these can trigger DNA mutation®lls.c Mutant cells can lead to
uncontrolled proliferation in response to oestroggmulation and increase the risk of
developing cancer in breast tissue (Yager and Bani@006). Therefore, targeting of the
ER using antioestrogen therapy becomes an impdtardpeutic option in the treatment

of breast cancer patients and this is describégeimext section (McDonnell 2004).
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The link between the metabolism of oestrogen aeddircarcinogenesis is well

documented. It is known that the carcinogenicatftd oestrogen can be attributed to the
initiation of oestrogen metabolism by cytochrom&®3l A metabolite of 2-hydroxy-
oestradiol is primarily catalysed by CYP1A2 and G¥AR in the liver, and by CYP1Al in
extrahepatic tissues including the breast. CYP@BIth is mainly expressed in the breast,
ovary and uterus catalyses the 4-hydroxylationesti@diol. The quinone metabolites of
4-hydroxyoestradiol have been shown to act thrabghmechanisms that initiate and/or
promote breast cancer by producing free radicalb as superoxides, and more reactive
semiquinone-quinone intermediates, leading to dn@a&tion of DNA adducts (Tsuchiya et

al. 2005, Yager and Davidson 2006).

1.2.2 The treatment of breast cancer

In general, breast cancer begins as a localisesuopic lesion which grows and spreads
into the regional lymph nodes and metastases &r otigans of the body, particularly the
liver and lung, and may eventually lead to dedthaditional strategies for breast cancer
therapy aim to reduce the risk of distant metastavent a recurrence of tumour and
improve overall survival. Clinically, a two-stagjeatment strategy is commonly used to
control the risk of local tumour recurrence. Thstfstage is surgery to control the
regional tumour and this is usually supplementeti vediotherapy. Secondly, adjuvant
hormonal therapy or chemotherapy is used to redsk®f recurrence and improve long-

term survival among women with breast cancer (Gaddh et al. 2007).

Guidelines for the use of adjuvant therapy in tremagement of early stage and metastases
in breast cancer have developed over time. Twegcaies were recommended for patients
with node-positive breast cancer. Adjuvant hornhdmerapy (i.e. antioestrogen and
aromatase inhibitors) is used for most patients fdnge ER-positive tumours but not

recommended for women with ER-negative tumoursotAer category, adjuvant
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chemotherapy is advised for women with oestrogeependent tumours (Harlan et al.

2006, Goldhirsch et al. 2007).

In hormonal therapy, a better understanding ofdles of the ER signalling pathway and
the action of oestrogen in breast carcinogenesiiawing the development of therapeutic
inventions, particularly in hormonal therapy whiudis been used to treat advanced and
localised breast cancer in patients with ER-positmours. Antioestrogen therapy (e.qg.
tamoxifen and raloxifene) is commonly used as-firs therapy in pre-menopausal
women. They exhibit antagonist properties by cditipely inhibiting the interaction
between oestrogens and ER blocking oestrogen aatitthve ER and reducing ER levels
(Moulder and Hortobagyi 2008). However, Vogel aodworkers reported that the use of
tamoxifen has been associated with a high riskm@imhboembolism and ovarian cancer
due to the similarity of its clinical efficacy tovarian ablation. Raloxifene is as effective
as tamoxifen in the prevention of invasive breasicer and has a lower risk of

tamoxifen’s serious adverse effects (Vogel et @d&).

Aromatase (CYP19A1) is the key enzyme that conarthogen to oestrogen. Many
aromatase inhibitors have been developed for dagrtrent of breast cancer and details of
these are provided in Section 1.8. They are amitapt approach for reducing growth-
stimulatory effects of oestrogen in post-menopaasatrogen-dependent early stage breast
cancer patients (Brueggemeier et al. 2005, Per@Z)2Q.ong-term treatment of aromatase
inhibitors in breast tumours have, however, resluiteresistance to tamoxifen, which may
be due to hypersensitivity of ER to oestrogen, mna in ER or alteration of ER
expression. Cross-resistance between tamoxiferm@mdatase inhibitor has also been

reported in some breast cancer patients (Shao eoswinB2004).
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In adjuvant chemotherapy, anthracycline basedrnrestt such as the regimens of docetaxel

and doxorubicin plus cyclophosphamide (TAC) areelydised as first-line therapy for
node-positive breast cancer with ER-negative tumoiihese regimens have been shown
to have better antitumour activity than the cleasitMF regimen (cyclophosphamide plus
methotrexate and 5-fluorouracil) as adjuvant chém@ipy with TAC significantly

improves the overall survival of breast cancergrasi (Ahluwalia et al. 2005).

Doxorubicin (Adriamyciff) is an anthracycline antibiotic that interactshAINA by
intercalation and is widely used in the treatmdntasious types of cancers such as breast
and ovary (O'Shaughnessy 2005). Cyclophosphar@igexarf, Neosaf) is an

alkylating agent from oxazaphosphorine prodrug Wiscused against a wide range of
human tumours such as breast and ovary (MouldeHanibagyi 2008). Docetaxel
(Taxotere®) is a widely used taxane and the mdsteamicrotubule-interfering agents for
breast cancer. It is not cross-resistant withractfcline and does not interfere with the

action of doxurubicin (Ahluwalia et al. 2005).

In addition, advances in adjuvant chemotherapyairepts who have ER-negative and
node-positive breast cancer have been reportedevidieeekly doxorubicin and
cyclophophamide combined with paclitaxel resulta iower rate of recurrence and
improved survival compared to low dose of the CAgimen (cyclophosphamide and
doxorubicin plus 5-fluorouracil) (Berry et al. 200&8However, these anticancer drugs used
in the management of breast cancer have been dlodvenassociated with acute and long-

term cardiovascular complications (Jones et al7200

Indeed, these anticancer drugs offer an advantggesenting a lethal threat to the
tumour cell by killing rapidly proliferating cellsAt the same time, they also have a

disadvantage to the body as they affect normas celtlergoing rapid proliferation, for
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examplebuccal mucosa, bone marrow, gastrointestinal muandahair cells, contributing

to the toxic effects, thus limiting the dose ofatgixic drugs (O'Shaughnessy 2005).

Resistance to chemotherapeutics in breast cantien{sas another common phenomenon
and a serious clinical problem, leading to redungim the overall survival period. Drug
resistance can be generated via a number of merhsninone of which are fully
understood. However, tumour-specific physiologad@nges such as very low oxygen
concentrations (tumour hypoxia) may facilitate dleselopment of drugs that target the
local gene expression responsible for malignars ¢®lcKeown et al. 2007). Tumour
hypoxia in solid tumours has been demonstratee to\mlved in tumour progression as
well as resistance to chemotherapy and radiothgiaegny 2004). In addition, the
presence of hypoxia is associated with aggressieagqtype and poor prognosis. This has
led to the development of tumour-selective thersymgh as hypoxia-activated prodrugs,
hypoxia-activated gene therapy and treatmentstiaggthe hypoxia-inducible factor-1

alpha (HIF-In) (Nagasawa et al. 2006, Brown 2007).

Due to problems with high drug toxicity and inciderof chemotherapeutic resistance,
selective therapies that target the clinical andiotecular characteristics of tumour cells
are urgently required. Anticancer drugs are uguatitransformed to active and/or
inactive form by certain drug metabolising enzymkss well recognised that cytochrome
P450 enzymes (P450s) play a crucial role in thebaism of various anticancer drugs
(Section 1.8). Many cytochrome P450s have beendfdu extrahepatic tissues and certain
cytochrome P450 genes have been defined as havmgut-specific expression.
Therefore, expression of individual cytochrome Pg%® breast cancer cells is of interest
as it may help identify a new target for cancerdpg resulting in more effective and less

toxic treatments for breast cancer patients.
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1.3 The use of breast cancer cell lines as models

In vitro systems such as cell culture have been widely ledtad from several diseases
including tumours, and have been characterisedagiel® to represent the pathogenesis
processn vivo (Weigelt et al. 2005)Tumour-derived cell lines have been shown to
closely resemble patient tumour characteristicsrafidct breast cancer celisvivo

(Burdall et al. 2003, Lacroix and Leclercq 200Fhere are currently a limited number of
breast cancer cell lines and only a few of thesdeiso(i.e. MCF7, T47D and MDA-MB-
231) have been extensively used to investigatesagiblling pathways and genes involved
in cancer progression (Burdall et al. 2003). Didtifeatures of available breast cancer cell
lines have been previously detailed and classhiethe origin of the cells, ethnic origin of
patient, type of epithelial cells, oestrogen receptatus anth vitro invasive property.
However, questions have been raised as to whdtagratre truly representative of the
tissue of origin and cancer biologyvivo. The same type of breast cancer cell lines
distributed to different environments (laboratoyjegown under various culture conditions
and after numerous passages could generate battigand phenotypic alterations in
subsequent sub-populations. Serious consideratist be given to these factors when
designing experiments, interpreting results andpamng findings with other studies

(Lacroix and Leclercq 2004).

Table 1.1 shows a database of seven breast caltknes MCF7, T47D, ZR-75-1, ZR-
75-30, MDA-MB-157, MDA-MB-231 and MDA-MB-468 whiclvere used in the present
study. Of the available cell lines, most origimbfeom pleural effusions, containing
human breast adenocarcinoma cells from metastatiodrs. The advantages of using
cells of this type are that they dissociate int@k cells and generate viable tumour cells
with low or no contamination by fibroblasts and tumstroma cells (Lacroix and Leclercq

2004).
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Table 1.1:Database of human normal breast and breast canektines used in this study (Combined and adajiieah Lacroix and Leclercq 2004 arttie Breast Cancer Cell
Line Database athe University of Texas MD Anderson Cancer Centhlsitehttp://www.mdanderson.ory/

Cell line name  Age Site of origin Pathology Epithelial-mesenchymal ER protein In vitro invasive properties
(years) transition (EMT) status

Caucasian
MCF7 69 Pleural effusion ~ Adenocarcinoma Luminal-epithidike + Low
T47D 54 Pleural effusion Ductal carcinoma Luminal-epliidike + Low
ZR-75-1 63 Ascitic effusion Infiltration ductal carcinoma uminal-epithelial like + Low
MDA-MB-231 51 Pleural effusion ~ Adenocarcinoma Mesenchymalkefidl like - High

Afro-Caribbean
ZR-75-30 a7 Ascitic effusion Infiltration ductal carcinoma ufinal-epithelial like + Low
MDA-MB-157 44 Pleural effusion Medulla carcinoma Mesenchynpethelial like - High
MDA-MB-468 51 Pleural effusion ~ Adenocarcinoma Weakly lumingitteelial like - Low

11
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Molecular classification of breast cancer cell $nsing epithelial-mesenchymal transition

(EMT) is very important as EMT is associated withreased aggressiveness, and the
invasive and metastatic potential of cancer c8t1{o et al. 2008). EMT is essential for
the cell developmental process; it is an importamponent of tumour transformation and
it can be characterised by cell adhesion, cell fitplaind expression of E-cadherin.
Specific characteristics of the initiation of inksegmetastatic cells are lack of cell
adhesion, enhanced cell mobility and decreaseddBeran expression. The cell lines are
classified by their invasive properties, which gted using the chemo-invasion assay
that detects the migratory activity associated wittrix degradation (Matrigel in a

Boyden chamber).

The cell lines can be divided into three phenotyjhesroix and Leclercq 2004). The first
group, luminal epithelial-like cells highly expretbe epitheliod markers (e.g. ER and E-
cadherin) and they have weiakvitro invasiveness. This group consists of MCF7, T47D,
ZR-75-1 and ZR-75-30 cell lines. The second phgts weakly luminal epithelial-like
cells which is very similar to the first group &gy are poorly invasive cells (i.e. MDA-
MB-468). The last group, mesenchymal epitheligd-Icells express high amount of
vimentin but do not express the ER/E-cadherin gérieere are highly invasive breast
cancer cell lines, such as MDA-MB-231 and MDA-MB71&5ommers et al. 1994,

Pishvaian et al. 1999).

Breast cancer classification is based on standatdgathology which describes both the
morphology and pathogenesis of the tumour. Nobredst is a bilayered structure that is
composed of two types of epithelial cells, inneninal secretory cells and outer
contractile myoepithelial cells, and these celis @urrounded with basement membrane
(Adriance et al. 2005). In breast tumour, it hasrbdemonstrated that disruption of
myoepithelial layer and degradation of basement bmane are required for tumour

12
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invasion. In addition, tumour myoepithelial celi® associated with the loss of ER

expression, a higher expression of invasion-relgeetes and a more aggressive cancer
(Man and Sang 2005). Gordon and colleagues irgageti myoepithelial markers (i.e.
CK14 anda6pB4 integrin) in breast cancer cell lines, and dertrated that MDA-MB-231
and MDA-MB-468 cells are defined as myoepitheliaépotype whereas MCF7, T47D

and ZR-75 cells are represented as luminal pheedi@prdon et al. 2003).

1.4 Cytochrome P450 enzymes (P450s)

1.4.1 Introduction to cytochrome P450s

Cytochrome P450 enzymes (P450s) have only beeow#ised and characterised in the last
50 years. The name cytochrome P450 was derivetthie presence of a carbon
monoxide binding pigment in rat liver microsomesatihwas first detected by

Klingenberg (Klingenberg 1958). Six years lathis enzyme was found to have an
unusual spectrum which has a very strong opticsdbigdtion peak at 450 nm (Omura and
Sato 1964). The inactive form of cytochrome P4&$€ &n absorbance maximum of 420

nm, known as cytochrome P420 (Tian et al. 1995).

Cytochrome P450s constitute a large superfamilya@gim-containing proteins and are
widely distributed among many organisms (e.g. bagtiungi, plants and animals). To
date, 57 functional genes and 58 pseudogenes leavediscovered and identified in
humans (Nelson et al. 2004). These enzymes phay &ole in several important
biosynthesis and catalysis pathways (e.g. choldsteroid hormones, bile acids,
vitamins and arachidonic acids) as well as in tle¢atmolism of various xenobiotic
substrates including carcinogens and anticancgsdi@uengerich et al. 2005, Nebert and
Nelson 2005). The major cytochrome P450 enzym#sphiysiological roles in the
metabolism of endogenous and xenobiotic compourelstanmarised in Figure 1.1.

Details of cytochrome P450 expression and functaoesdescribed in Section 1.5.
13
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Figurel.l: Cytochrome P450 enzymes implicated in the metabalfsendogenous and xenobiotic substrates.
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1.4.2 Nomenclature

According to the standardised cytochrome P450 nctatne,individual cytochrome
P450s within a family are defined as having attld@86 amino acid sequence homology
and the family can be further subdivided into subfies which generally have at least
55% amino acid sequence similarity. This is fokalAdby an Arabic numeral designating
the family, a capital letter for the subfamily amdequential Arabic number for the
individual gene (Nebert et al. 1991). CYP1A1,dsample, has been categorised as
belonging to the cytochrome P450 family 1 subfanilgind being the first individual gene

identified in this subfamily (Figure 1.2).

Family: > 40% amino acid

sequence homology

}

CYP1A]1 €= Individual gene

!

Subfamily: > 55% amino acid

sequence homology
Figure 1.2: An example of human cytochrome P450 enzyme nongnecla

1.4.3 Biochemical characteristic features

In eukaryotic cells, cytochrome P450 enzymes aragily located in the endoplasmic
reticulum or inner mitochondrial membrane. Theseyees act as the terminal oxidase in
the mix-function oxidase system and are therefts@ lnown as mono-oxygenases
(Nelson et al. 1996). In a simplified form, cytoome P450 function can be summarised

as shown below (Montellano 1995).

RH (substrate) + G + NADPH + H* — ROH (product) + NAD" + H,0O

The catalytic cycle of microsomal cytochrome P468hHown in a schematic view in
Figure 1.3. A functional cytochrome P450 systeantudes the active site of the catalytic
reaction which is a haem moiety containing the imm(F€"). The reaction begins when

the substrate binds to the ferric form of cytochedA#50 in the active site (1). The
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cytochrome P450-substrate complex is then reduxétetferrous state (E® by

nicotinamide adenine dinucleotide phosphate-oxida#dPH)-cytochrome P450
reductase which serves as an electron donor pr(&ginThis production binds to

molecular oxygen (&) (3) to generate asuperoxide complex which isabistand easily
auto-oxidised releasing™®(4, 5). However, if the final step (the seconduetion

process) occurs this reaction can continue. Tdri® fconverts to an activated oxygen atom
which reacts with the substrate molecule (6), tesyin the hydroxylation of the substrate

(7) (Coon 2003, Guengerich 2004).

RH

ROH (Substrate)

(Product)

ROHP450[Fe’+]

P450[Fe’+]

RH.P450[Fe3+]

RH.P450[Fe-O 3+

RH.P450[Fe2+|

H

RH.P450[Fe].0", RH.P450[Fe?*]«0,

130 €

Figure 1.3: The catalytic reaction of cytochrome P450 enzyradagted from Coon 2003).

1.5 Cytochrome P450 expression and function

The 57 active cytochrome P450 genes are classifiedL8 families and further subdivided
into 43 subfamilies and they are located on 1Gdiffit chromosomes in the human
genome which are summarised in Table 1.2. Enzyeksging to families 1, 2, 3 and
some enzymes of family 4 are responsible for tteetiation and/or activation of
xenobiotic compounds, while the members of famidliede 51 play a central role in the
biosynthesis and catabolism of endogenous substrittehe following sections, the
importance and current knowledge of the cytochr@#80 genes are briefly described in

terms of their expression and physiological rotfeeumans.
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Table 1.2:Chromosomal location of the cytochrome P450 geAdajted from Nebert and Nelson 2005).

Chromosome No. Cytochrome P450s

1 CYP2J2, CYP4A11/22, CYP4B1, CYP4X1, CYP4Z1
2 CYP1B1, CYP20A1, CYP26B1, CYP27A1

3 CYP8B1

4 CYP2U1, CYP4V2

6 CYP21A2, CYP39A1

7 CYP2W1, CYP3A4/5/7/43, CYP5A1, CYP51A1

8 CYP7AL, CYP7B1, CYP11B1/2

10 CYP2C8/9/18/19, CYP2E1, CYP26Al, CYP26C1
11 CYP2R1

12 CYP27B1

14 CYP46A1

15 CYP1A1/2, CYP11A1, CYP19Al

17 CYP17A1

19 CYP2A6/13, CYP2B6, CYP2F1, CYP2S1, CYP4F2/3/8/202
20 CYP8AL, CYP24A1

22 CYP2D6

1.5.1 CYP1 family

Three members CYP1A1, CYP1A2 and CYP1B1 are caisghin the cytochrome P450
family 1 (Nebert and Jones 1989, Nelson et al. 1996e CYP1A1l (Jaiswal et al. 1986)
and CYP1A2 (lkeya et al. 1989) genes are locatechoomosome 15922-g24 and contain
seven exons whereas the CYP1B1 gene is locateg2inghd contains three exons (Tang

et al. 1996).

CYP1A1 mRNA is mainly expressed in extrahepatisues including the breast (Huang et
al. 1996, Hellmold et al. 1998, Iscan et al. 20@bdugno et al. 2003). CYP1A1 catalyses
the 2-hydroxylation of oestradiol and is inducedskyeral procarcinogens, especially
polycyclic aromatic hydrocarbons (PAHS) into reaetcarcinogens which lead to the
formation of DNA adducts (Tsuchiya et al. 2003,r8&dla 2006). The induction of
CYP1Al by PAHSs (e.g. 2,3,7,8-tetrachlorodibenqedioxin, benzo(a)pyrene and 3-

methylcholanthrene) is mediated via the pathwajgahd-activated aryl hydrocarbon
17
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receptor (AhR) complex (Kim and Guengerich 2005)clvhs described in Section 1.7.2.

Previous studies demonstrated that CYP1A1 mRNAaspe be expressed in both breast
cancer tissues (Huang et al. 1996, Iscan et all,2@0dugno et al. 2003) and cell lines
(Spink et al. 1998, McFadyen et al. 2003). Thesd#irigs suggest that CYP1A1 may be
involved in breast cancer initiation and progresdiecause it has an important role in the
metabolism of oestrogen and procarcinogens. Theeta&hemotherapeutic prodrug
ellipticine (an intercalative alkaloid) is activdtby CYP1A1/1A2 to form DNA adducts

and is currently in clinical trials (Aimova et 2007).

CYP1A2 is predominantly expressed in the liver&lgb at lower levels in extrahepatic
tissues (Sterling and Cutroneo 2004). CYP1A2 mR{dA been detected in both normal
human breast or breast tumours (Hellmold et al818®bdugno et al. 2003). CYP1A2

can be induced by carcinogenic heterocyclic amsues as 2-amino-3,8 dimethylimi-
dazo(4,5-f )quinoxaline (MelQx) and 2-amino-1-metByphenylimidazo(4,5-b) pyridine
(PhIP), which are produced in meat and fish ducogking (Guengerich and Shimada
1991, Kim and Guengerich 2005). It catalyses @ oxylation of oestrogen and this
metabolite is believed to be associated with aceduisk of breast cancer (Yager and
Leihr 1996). Takata and colleagues investigatedsaociation between genetic
polymorphisms in enzymes involved in oestrogen bwisam and mammographic density
in both breast cancer and healthy members of thealtn population. Results showed an
association between the CYP1A2 genotype and highdef breast density, suggesting
that CYP1A2 may be involved in the developmentrefist cancer (Takata et al. 2007). In
addition, CYP1A2 is involved in metabolism of thetisancer drug flutamide (Chim&x
Drogenil®), which is commonly used for the treatment of advdruestate cancer (Goda

et al. 2006).
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CYP1B1 metabolises a wide range of procarcinogergs PAHS) and oestrogen (Shimada

et al. 1996). Like CYP1A1, the induction of CYP1By PAHs is mediated through the
AhR/ARNT complex (Section 1.7.2). In addition, Hiamand co-workers demonstrated
that inter-individual differences in breast cangsk associated with oestrogen-mediated
carcinogenicity may be related to CYP1B1 polymospis (Hanna et al. 2000). Recently,
Yang and co-workers showed that high levels of CPé&xpression are associated with
constitutive expression of AhR in human breast eabat not with CYP1A1, suggesting
interactions between CYP1B1 and AhR may be impbitabreast cancer initiation and

progression (Yang et al. 2007).

CYP1B1 mRNA is expressed in several normal tisbugsts protein expression has been
detected primarily in tumours (i.e. breast, colong, oesophagus, skin, lymph node, brain
and testes) (Murray et al. 1997). In addition,s8ilband co-workers confirmed that
overexpression of CYP1B1 protein was found in hu@orectal tumours but lower

levels were also found in normal colon cells (Gibsbal. 2003). Most importantly,
CYP1BL1 protein was not detected in human liver (&dis et al. 1998). CYP1B1
overexpression in tumour cells is now recognised bi®marker of the malignant
phenotype (McKay et al. 1995, Murray et al. 1997Hddyen et al. 2001, Roos and Bolt
2005, Barnett et al. 2007, Yang et al. 2007). &foee, CYP1BL1 is considered to be a
potential novel cancer therapeutic target in aapeutic setting, and details of how this

enzyme is being targeted are provided in Sectién 1.

1.5.2 CYP2 family

CYP2 is the largest cytochrome P450 family in husneontaining 13 subfamilies and 16
individual genes (Table 1.3). There are three mamin the CYP2A subfamily (i.e.
CYP2A6, CYP2A7 and CYP2A13) but one of these CYP2#85 been proven to be a
pseudogene (Ding et al. 1995). These genes aatetbon chromosome 19g13.2 and
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contain nine exons (Fernandez-Salguero et al. 198¥P2A6 is mainly expressed in the

liver but lower levels are also expressed in exdpaltic tissues including the breast
(Hellmold et al. 1998). CYP2AG6 plays a role in thhadation of nicotine, coumarin (Yun
et al. 1991) and anticancer drugs (i.e. tegafurlamdzole) (Rodriguez-Antona and
Ingelman-Sundberg 2006). In addition, this enzysnavolved in the metabolic activation
of procarcinogens, such as a tobacco-specificmagen 4-(methylnitrosamino)-1(3-
pyridyl)-1-butanone (NNK) and the food mutagen t@fkan B, (Gonzalez and Gelboin
1994). CYP2A6 mRNA and protein have been showretsnduced in human liver cells
by dexamethasone and the induction by this comp@usdppressed by the antagonist of
glucocorticoid receptor (RU468), suggesting thatdhucocorticoid receptor may play a

role in the regulation of CYP2A6 (Onica et al. 2D08

Table 1.3:List of human CYP2 genes.

Subfamily of CYP2 Number of genes Members

>

CYP2A6/7/13
CYP2B6
CYP2C8/9/18/19
CYP2D6
CYP2E1
CYP2F1
CYP2J32
CYP2R1
CYP2S1
CYP2U1
CYP2W1

S Cw T oe M mOO W
L T T e N L T~ R OV

In breast cancer, Bieche and co-workers investigag@obiotic metabolising enzymes in
breast tumours compared to normal breast. Restuttwed that higher levels of CYP2A6
MRNA were found in ER-positive tumours than ER-riegatumours or normal breast,
suggesting that CYP2A6 could be used as a biomavk@redict an antioestrogen
responsiveness (Biéche et al. 2004). It is impotianote that CYP2A6 plays a role in the

metabolism of a third-generation aromatase inhibétvozole which is widely used in
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postmenopausal patients with oestrogen-dependeraiis (Ingelman-Sundberg et al.

2007). In addition, a recent study examined tigellegion of CYP2AG6 in the ER-positive
breast cancer MCF7 cells and found that CYP2A6dsiced by oestrogen through ER.
These results suggest that an interaction betw&ét286 and oestrogen/ER may play a

role in breast cancer initiation and progressioigg@shi et al. 2007).

CYP2AT7 is also expressed in the liver and sharés &hino acid sequence homology
with CYP2A6. However, CYP2A7 is a pseudogene &sdtlost the haem-binding site
(Wang et al. 2006). CYP2A13 is predominantly espesl in the respiratory tract (i.e. lung
and trachea) (Su et al. 2000). This gene shag4sa88ino acid sequence identity to
CYP2A6 (Su et al. 2000) and their substrate-sp®tifis overlapping (He et al. 2004).
However, the procarcinogen NNK is activated muchigredficiently by CYP2A13 than
CYP2AG6, suggesting that CYP2A13 could be the prynggrzyme in the human respiratory
tract responsible for local metabolic activatioNMK and susceptibility to lung cancer
(Su et al. 2000). A study by Zhang and colleaddbsng et al. 2007) demonstrated that a
high level of CYP2A13 expression is associated arthncreased risk of lung cancer

particularly in smokers.

The CYP2B6 gene is located on chromosome 19qgl38lZamtains nine exons (Miles et
al. 1988). CYP2B6 constitutes 1-2% of the totabciirome P450 expression in the liver
(Mimura et al. 1993) and can be found in extrahepassues such as lung, kidney (Nelson
et al. 1996), heart (Thum and Borlak 2000) and dir@dellmold et al. 1998, Iscan et al.
2001). CYP2B6 is highly inducible by phenobarbhitald its induction is regulated by the
nuclear receptors constitutively active receptokiRY (Honkakoski and Negishi 2000) as
described in Section 1.7.3. Extensive interindnaldvariability of CYP2B6 expression has
been observed and polymorphisms cause functiotehtibns (Lamba et al. 2003), which
have been shown to influence the pharmacokinetissweral drugs. CYP2B6 activates
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anticancer prodrugs cyclophosphamide and ifosphamic an active toxic form

(phosphoramide mustard and acrolein), so polymsrpsiof this gene may impact on the

activation of cyclophosphamide and the outcomeezftiment (Zanger et al. 2007).

The human CYP2C subfamily contains four highly htogous genes CYP2C8, CYP2C9,
CYP2C18 and CYP2C19 which are predominantly expeessthe liver (Shimada et al.
1994). These genes are located on chromosome 1109248 and contain nine exons
(Gray et al. 1995). CYP2CS8 plays a role in theabhelism of endogenous compounds
such as arachidonic acids and retinoic acids (Amablmig 2003). CYP2C8 is a major
enzyme responsible for the inactivation of theatcer drug paclitaxel which is an
effective agent against a wide range of human c¢angeluding breast cancer (Totah and
Rettie 2005, Ingelman-Sundberg et al. 2007). S#vesearch groups have investigated
CYP2C mRNA in normal human breast and breast tusmbut their results seem to be
inconsistent. For example, Modugno and colleage@sonstrated that no CYP2C mRNA
was detected in normal breast or breast cancer (htamet al. 2003) while two separate
research groups found CYP2C mRNA in normal bremstell as breast tumour samples
(Huang et al. 1996, Iscan et al. 2001). Such issb@ncies may be due to the use of

matched samples, low number of samples or intawichaal variations of this enzyme.

CYP2C9, the major CYP2C form in human liver (~20%@tabolises several therapeutic
drugs including the hypoglycemic agent tolbutamat&jconvulsant phenytoin,
anticoagulant warfarin, a number of nonsteroidataflammatory drugs flurbiprofen,
diclofenac (Totah and Rettie 2005) and endogenoogounds arachidonic acids
(Goldstein 2001). It has been shown to participatee metabolism of anticancer
prodrugs tamoxifen (Boruban et al. 2006) and ifostke (Schmidt et al. 2004). The

genetic polymorphisms of the CYP2C9 gene have bdeeronstrated to have functional
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consequences for clinical drug response and addeugeeffects (Ingelman-Sundberg et

al. 2007).

CYP2C18 mRNA is expressed in human liver at vew lievels (Furuya et al. 1991) but is
also found in extrahepatic tissues (i.e. trachellantestine, ovary and testes) (Bieche et
al. 2007). CYP2C18 shares 89%, 93% and 93% anaidlcsaquence identity to CYP2CS,
CYP2C9 and CYP2C19 respectively (Goldstein and deald 1994). Zhu and Yu
reported that a variant allele of the CYP2C18 gertech is associated with decreased
enzyme activity, affects anticancer ifosfamidecgttiy in human hepatoma HepG2 cells

(Zhu-Ge and Yu 2004).

CYP2C19 is a clinically important enzyme that metaes a wide range of therapeutic
drugs including the anticancer drugs tamoxifen e@yadophosphamide (Rodriguez-Antona
and Ingelman-Sundberg 2006). Polymorphisms irCtFiE2C19 gene cause poor
metabolism of these drugs, resulting in drug tayior a severe adverse drug response to
specific drugs. Approximately 3-5% of Caucasiand 82-23% of Asians have been

shown to have a poor metaboliser phenotype (Matmjand van Schaik 2006).

Recently, Wu and colleagues investigated CYP2C18&Rnd protein in a wide range of
tumours (i.e. breast, liver, colon, stomach, esgpbalung, uterus, brain, pancreas, ovary
and kidney) derived from the Chinese populatiomgisiemi-quantitative RT-PCR and
Western blotting methods respectively. Resultsvgabthat the highest level of CYP2C19
MRNA was detected in hepatocarcinoma tissues adatijacent normal tissue.
CYP2C19 protein was found only in hepatocarcinoaraes and their adjacent normal
tissues, with no protein expression being deteictedher types of tumour (Wu et al.
2006). These findings suggest that CYP2C19 maytheaur-specific expression in
human liver.
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The CYP2D subfamily contains one functional gend”@®86 which is of great importance

in the metabolism of several clinically used dr{gg. anti-arrhythmic, antidepressants
and antipsychotic drugs) (Pelkonen et al. 1998)e TYP2D6 gene is located on
chromosome 22g13.1 and contains nine exons (Gadugh¥93). CYP2D6 primarily
catalyses the 4-hydroxylation of tamoxifen whicls patent antioestrogenic effects.
Tamoxifen is commonly used to treat patients wektoogen-dependent breast cancer
(Ingelman-Sundberg 2005a). CYP2D6 mRNA and prdtewve been detected in the
breast (Hellmold et al. 1998) and lung (Guidicalett997). Furthermore, a study by Iscan
and colleagues showed that CYP2D6 mRNA expressitangast tumour was equivalent to

tumour-free breast tissue (Iscan et al. 2001).

Currently, more than eighty variant alleles of C¥Bzhave been identified. The CYP2D6
activity is extremely variable and interethnic &iions in drug metabolism are well
documented. Poor metabolisers (PMs) display loabsence of CYP2D6 activity and
have been found in 7% of Caucasians, whereasnalpid-metabolisers (UMs) exhibit
dramatically high CYP2D6 activity and have beenesbsd in 29% of the population in
North Africa (Ethiopians) and the Middle East (SeAichbians) (de Leon et al. 2006a).
Recently, Schroth and colleagues investigated socagion between breast cancer
treatment outcome with adjuvant tamoxifen and ggrex of enzymes involved in
tamoxifen metabolism. Findings demonstrated théPZD6 with low-activity alleles are
unlikely to benefit from adjuvant tamoxifen treamméSchroth et al. 2007). In light of this
evidence, new clinical tools such as the AmpliGhNP450 genotyping test are being used
to analyse psychiatric patient genotypes for CYPRD@r to initiating treatment with
tricyclic antidepressants and antipsychotics (denLet al. 2006b). This may be helpful for

patients who take other CYP2D6 substrates inclutingpxifen.
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The CYP2EL gene is located on chromosome 10g24r3aqt contains nine exons

(Kolble 1993). CYP2EL is responsible for the otiametabolism of many drugs (e.g.
acetaminophen, halothane and chlorzoxazone) asawéfle activation of several low-
molecular-weight toxicants and cancer suspect agetq. ethanol, benzene, toluene and
nitrosamines) (Tanaka et al. 2000). CYP2EL1 isarua by ethanol as well as
pathophysiological conditions (e.g. obesity, stdoraand diabetes) (Johnsrud et al. 2003).
It is widely recognised that CYP2E1 produces fie#iqals causing tissue damage
particularly the hepatotoxicity of acetaminopheedlet al. 1996). In addition, Reszka and
colleagues examined a relationship between vaailgles of key enzymes implicated in
dietary components and cancer susceptibility. Resbowed that CYP2E1 high-activity

alleles appear to be associated with colorectateransk (Reszka et al. 2006).

The CYP2F1 gene is located on chromosome 19q132Lalfl contains nine exons (Trask
et al. 1993). CYP2FL1 is highly expressed in tmgylbut at very low levels or not at all in
the liver (Ding and Kaminsky 2003). A study by Tas and co-workers showed a low
level of CYP2F1 mRNA expression in sub-confluerituned MCF10A cells but not in
confluent cultures (Thomas et al. 2006). This emzys responsible for metabolism of the
prototypical pneumotoxicants 3-methyllindole angl-dichloroethylene as well as the
activation of carcinogens styrene, naphthaleneb@n@ene which can produce
carcinogenic epoxide in the lung tissues (Karthé anst 2008). In primary ovarian
cancer, CYP2F1 protein has been found at highetddtaan in adjacent normal ovary

tissues (Downie et al. 2005).

The CYP2J2 gene is located on chromosome 1p31.3@8M contains nine exons (Ma et
al. 1998). CYP2J2 is highly expressed in the carpendothelial cells and cardiac
myocytes but at lower levels in the liver, smatkstine, colon and kidney (Wu et al.
1996). This enzyme is involved in the epoxidatdmrachidonic acid in cardiac tissue,
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forming epoxyeicosatrienoic acids (EETs) (Wu etl@06) which are potent endogenous

vasodilators and inhibitors of vascular inflammat{®dlode et al. 1999, Scarborough et al.
1999). A study by Jiang and colleagues demonsithg higher levels of CYP2J2 mRNA
and protein were found in a variety of tumours lfreast, oesophagus, lung, stomach, liver
and colon) than in their corresponding normal #ss{Jiang et al. 2005). Like CYP1B1,
CYP2J2 is a tumour-associated cytochrome P450 emmymch could be a new target for

designing cancer therapeutic prodrugs activateG¥Yiy2J2.

The CYP2RL1 gene is located on chromosome 11pl8.2@mtains four exons (Cheng et
al. 2003). CYP2R1 (vitamin {25-hydroxylase) has been shown to play a cruolalin

the synthesis of bioactive vitaming DIt has been long known that vitamin Bas potent
anticancer properties because it can inhibit gelliferation and induce cell apoptosis.
Therefore, enzymes involved in vitamin Bignalling pathways have been developed and
used as potential targets for anticancer therage(Dieeb et al. 2007). CYP2R1 is
predominantly expressed in the testes, kidney andneas (Ingelman-Sundberg 2005b,
Karlgren et al. 2005). Higher levels of CYP2R1 mgsion were detected in primary
ovarian tumours than in their corresponding nortisslies (Downie et al. 2005). Like the
oncogene CYP24A1 (Section 1.5.13), CYP2R1 may hgadfcular interest to maximise

vitamin Ds levels in tumour sites and could be used in catiegapy.

The CYP2S1 gene is located on chromosome 19q132lat@l contains nine exons
(Rylander-Rudqvist et al. 2003). CYP2SL1 is higitpressed in human lung (Rivera et al.
2002, Smith et al. 2003) but at lower levels inlikier (Rylander et al. 2001). The
expression of CYP2S1 mRNA and protein in human skinduced by ultraviolet

radiation, coal tar and allansretinoic acid (Smith et al. 2003). CYP2S1 is atstucible

by dioxin and this induction is mediated by AhR/ARMNnhich is similar to a manner
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typical of members of the CYP1 family, suggestingttCYP2S1 may be involved in the

metabolism of carcinogens (i.e. PAHs and naphtledlépaarikoski et al. 2005).

In mouse models, the CYP2S1 gene is induced byxigpehich is mediated via the HIF-
1a/ARNT heterodimer. A recent study demonstrated itiduction of CYP2S1 by both
dioxin and hypoxia is mediated in a large part hytiple overlapping xenobiotic and
hypoxia response elements. In theory, AhR and HiFequires ARNT for dimerisation
prior to binding with the DNA response elementlddit target genes. Therefore, an
interaction between the AhR/ARNT and HIE/ARNT heterodimerisation may affect the
transcriptional activity of CYP2S1 (Rivera et ab0Z). Higher levels of CYP2S1 protein
expression was detected in ovarian cancer metastesi in primary tumour cells (Downie
et al. 2005). CYP2S1 protein has been shown &sbeciated with poor prognosis in

primary colorectal cancer (Kumarakulasingham e2@05).

The CYP2UL1 gene is located on chromosome 4925 @amaios five exons (Chuang et al.
2004). The human CYP2U1 mRNA and protein are predantly expressed in the
thymus and brain (Chuang et al. 2004, Karlgen.2@4). CYP2U1 converts arachidonic
acid into 19- and 20-hydroxyeicosatetraenoic adii {E) which serves as an endogenous
vasoconstrictor and plays a biologically importaré in the modulation of blood flow in
the brain (Chuang et al. 2004, Karlgren et al. 2008e role of CYP2UL in the
metabolism of xenobiotic compounds has not beeorteg. In primary ovarian cancer, a
markedly higher level of CYP2U1 protein was foumminpared with normal ovary samples

(Downie et al. 2005).

The CYP2W1 gene is located on chromosome 7g22.8@miins 9 exons (Nebert and
Nelson 2005). CYP2W1 has been detected at verydwegls or not at all in foetal and

adult human normal tissues but with higher CYP2WRNA levels occuring in human
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tumours particularly in colon and adrenal tumowtar{gren et al. 2006). This may

suggest that CYP2W1 is specifically expressed mmotwrs and that it could potentially be
targeted by a novel anticancer drug (Karlgren ag@llman-Sundberg 2007). A study by
Thomas and co-workers showed a low level of CYPZMRINA in the human normal
breast MCF10A cell line (Thomas et al. 2006) butformation on CYP2W1 expression
in breast cancer. To date, little is known abbetghysiological function of CYP2W1 in

humans.

1.5.3 CYPS3 family

The human CYP3 family has a single subfamily CYRBW four individual genes which
account for approximately 30% of total liver cytoaime P450 content (Shimada et al.
1994). This family is the most important groupdofig metabolising enzymes in humans,
therefore, intra- and inter-individual variatiorfstieese enzymes may influence the
efficacy of drug treatment. CYP3A4 (Inoue et &92), CYP3A5 (Gellner et al. 2001),
CYP3A7 (Gellner et al. 2001) and CYP3A43 (Gellneale2001) genes are all located on

chromosome 7g22.1 and contain thirteen exons.

CYP3A4 is the most abundant cytochrome P450s indmuadult liver (Wrighton and
Stevens 1992) and is also found in the small imegKolars et al. 1992). CYP3A4 is
responsible for the oxidative metabolism of a wialege of xenobiotic compounds
including approximately 60% of all therapeutic dsiggich as anticancer drugs paclitaxel,
mitoxantrone, tamoxifen, cyclophosphamide and if@spide (Guengerich 1999). In
addition, CYP3A4 is involved in the metabolism ef/eral steroid hormones (i.e.
oestrogen, progesterone and testosterone) (WrigittdrStevens 1992) and activation of
procarcinogens (e.g. aflatoxin)Bo carcinogens (Forrester et al. 1990). Thedtida of
CYP3A4 by these compounds is mainly mediated bgmaee X receptor (PXR, Section
1.7.4). Studies on CYP3A mRNA expression in normahan breast and breast tumour

28



Introduction
samples appear to be generating inconsistent seduttr example, Iscan and colleagues

demonstrated that CYP3A mRNA was not detected imabbreast or breast tumours
(Iscan et al. 2001), whereas Huang and co-worlegrsrted that CYP3A mRNA was
higher in non-tumour breast tissues than in briegsour samples (Huang et al. 1996). In
addition, Hass and colleagues reported that st@¥3A4 protein expression was

significantly associated with poor tumour differiatibn (Haas et al. 2006).

CYP3AG5 shares 84% amino acid sequence identityfie3A4 and its substrates are
similar to those of CYP3A4. CYP3AGS is primarilymessed in the liver and extrahepatic
tissues (e.g. kidney and intestine) (Blake et@D5). High levels of CYP3AS5 protein
appear to be associated with primary colorectateaKumarakulasingham et al. 2005)
and ovarian cancer (Downie et al. 2005) comparehd thieir corresponding normal tissue.
Large inter-individual and ethnic differences exmsthe expression of CYP3A5 (Gervasini
et al. 2007). A recent study reported that no @asion between CYP3A5 polymorphisms,
and cancer risk was observed in Caucasian patamtitdiver, gastric or colorectal cancer

(Gervasini et al. 2007).

CYP3A7 is predominantly expressed in human foetatl CYP3A7 has similar catalytic
properties to CYP3A4, and catalyses tBehydroxytestosterone and d#hydroxylation of
oestriol but not of oestradiol. This enzyme isalwed in oestriol biosynthesis which it is
an important enzyme for foetal growth and developn@@lake et al. 2005). However,
CYP3A7 has been shown to be involved in the folonatf the procarcinogenic &6
hydroxyestrone in women (Lee et al. 2003). In ddj higher levels of CYP3A7 protein

are found in primary ovarian cancer than in norowary tissue (Downie et al. 2005).

CYP3A43 is a novel cytochrome P450 belonging tdauidy CYP3A. CYP3A43 shares

76%, 76%, and 72% amino acid homology with CYP3B¥P3A5, and CYP3A7
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respectively (Westlind et al. 2001). It is maiekpressed in the prostate (Domanski et al.

2001) but also at very low level in the liver whidiffers from other CYP3A subfamily
enzymes (Westlind et al. 2001). Moreover, Zeidleinnson and colleagues examined an
association between genotype of enzymes involvéesitosterone metabolism and prostate
cancer risk. Findings showed that a CYP3A43 vasaems to be associated with prostate
cancer susceptibility (Zeigler-Johnson et al. 2004)addition, CYP3A43 protein in

primary ovarian cancer has been found to be hitjfaar in normal ovary tissue (Downie et

al. 2005).

1.5.4 CYP4 family

The CYP4 family consists of six subfamilies andltw@anembers (Table 1.4). The
CYP4A11l (Bell et al. 1993) and CYP4A22 (Nebert &lelson 2005) genes are located in
a cluster of other cytochrome P450 genes (i.e. ®IPLYP4Z1 and CYP4X1) on
chromosome 1p33 (Bellamine et al. 2003) and contegive exons.CYP4Al1l is
predominantly expressed in the kidney and livevéSaet al. 2003, Ito et al. 2007). It
catalyses thex-hydroxylation of fatty acids (i.e. lauric acid,lpatic acid and arachadonic
acid) (Sharma et al. 1989, Palmer et al. 1993) PEZAX mMRNA expression is induced by
the synthetic glucocorticoid dexamethasone (Savak 2003) and several peroxisome
proliferators including hypolipidemic drugs clofdie ciprofibrate and Wy14643 (or
pirinixic acid) through a nuclear receptor callbd peroxisome proliferator activated
receptor alpha (PPAR (Okita and Okita 2001, Hsu et al. 2007) as dethiih Section

1.7.6.

CYP4A22 shares 96% amino acid sequence identi@¥iB®4A11l. CYP4A22 mRNA is
found to be expressed in the liver and kidney; h@ngethe levels of CYP4A22 mRNA

expression in human liver were lower than CYP4AlUhlike CYP4Al11l, CYP4A22
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MRNA is not induced by glucocorticoids and perorisgproliferators (Savas et al. 2003).

The physiological role of human CYP4A22 is beingastigated (Hsu et al. 2007).

Table 1.4:List of human CYP4 genes.

Subfamily of CYP4 Number of genes Members

A CYP4A11/22
CYP4B1
CYPA4F2/3/8/11/12/22
CYP4V2

CYP4X1

CYP4z1

N X < 1 @
N =N SRS N

The CYP4B1 gene is located on chromosome 1p34-dZamtains twelve exons
(Nhamburo et al. 1989). CYP4BL1 is selectively esged in human lung but at lower
levels in the liver and gastrointestinal tissuasc{Pet al. 2005). CYP4B1 is involved in
the activation of the pulmonary toxicant 4-ipomdaartd the metabolism of various
arylamaines such as 2-aminofluorene, to more neagitermediates which can cause
bladder cancer (Baer and Rettie 2007), suggedtatgdYP4B1 may be of interest for
designing an anticancer prodrug activated by CYRP4Bdlike other CYP4 enzymes, the

role of CYP4B1 in the metabolism of endogenous aaumpls has not been reported.

There are six enzymes in the human CYP4F subfgifidiple 1.4) which are located on
chromosome 19p13 (Nebert and Nelson 2005). CYR#EAdes for a leukotriene B4
(LTB4) w-hydroxylase which inactivates LTB4 byhydroxylation (Hsu et al. 2007). A
study by Zhang and Hardwick demonstrated thateahiyme is highly expressed in human
hepatoma HepG2 cells and the CYP4F2 gene is medlitst alltransretinoic acid

(Zzhang and Hardwick 2000).
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CYP4F3 consists of two forms, CYP4F3A and CYP4R8Bich arise from different

promoters (Christmas et al. 1999). CYP4F3A prefigadly catalyses thex-hydroxylation
of LTB4 and is mainly expressed in human polymorplabear leukocytes whereas
CYP4F3B mainly catalyses fatty acids especiallyglohain fatty acid (Hsu et al. 2007).
CYP4F3B shares 92% amino acid identity with CYP4R@ they are predominantly

expressed in the liver and kidney (Christmas e2@01).

CYPA4F8 (prostaglandin 19-hydroxylase) shares 8 afét76.7% amino acid similarity to
CYP4F2 and CYP4F3 respectively (Bylund et al. 1999YP4F8 mRNA and protein are
detected in various normal tissues (i.e. seminsicle epithelium, epidermis, corneal
epithelium and proximal renal tubules) (Stark e28@I03). CYP4F8 is closely related to
CYP4F12 as they exhibit an overlapping catalytafifg. They convert arachidonic acid
to 18-HETE, and metabolise prostaglandinadd H to 19-hydroxyl compounds (Stark et

al. 2005, Hsu et al. 2007).

CYP4F11 and CYP4F12 mRNA are mainly expressed mamuliver but also at lower
levels in the kidney (Kalsotra et al. 2004). Thise enzymes have different catalytic
profiles. CYP4F11 efficiently metabolises xenolm@ompounds such as erythromycin
but does not efficiently catalyse endogenous comg@eyparticularly eicosanoids. In
contrast, CYP4F12 efficiently hydroxylates arachidatids to 18-HETE (Bylund et al.

2001, Hsu et al. 2007). Their physiological rdiese not been characterised.

CYP4F22 mRNA has been demonstrated to be exprasseanan keratinocytes, testes,
liver, kidney, small intestine and brain cell lindsttle is known about human CYP4F22.
A recent study showed that mutations of the CYP4g&t#e are associated with lamellar

ichthyosis type 3, suggesting that this enzyme piay a role in the pathway of 12R-
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lipoxygenase which is implicated in the regulatadrbarrier production in skin (Lefevre et

al. 2006).

CYP4V2 is located on chromosome 4p35.1 and con&dewen exons (Li et al. 2004).
CYP4V2 mRNA is highly expressed in the retina debdound in a wide range of human
tissues (i.e. heart, brain, placenta, lung, ligskeletal muscle, kidney, pancreas and
lymphocytes) (Li et al. 2004). In human normalasteMCF10A cells, CYP4V2 mRNA
was also detected (Thomas et al. 2006). In aadi@Y'P4V1 protein has been shown in
colorectal cancer compared with adjacent normalrcehmples. Results showed that
higher levels of CYP4V1 were detected in colon eandth lymph node metastasis than
in their corresponding primary tumour cells (Kuntarasingham et al. 2005). To date the

catalytic properties and physiological function®fP4V2 remain unknown.

The CYP4X1 gene is located on chromosome 1p33 antins twelve exons (Nelson
2003). CYP4X1 mRNA is highly expressed in humagcltiea and aorta but at lower levels
in the breast, ovary, uterus, liver and kidney ¢&aet al. 2005). Recently, CYP4X1
protein has been shown to be specifically expressatbuse brain (Al-Anizy et al. 2006).
A study by Savas and co-workers indicated that C¥IPdhRNA in human hepatoma
HepG2 cells is regulated by PPARSavas et al. 2005). A physiological role of CXR4

is currently unknown.

CYP4Z1 is located on chromosome 1p33 and contaielye exons (Rieger et al. 2004).
CYP4Z1 mRNA is preferentially expressed in humammmery gland but lower levels in
the liver, kidney, heart, brain, lung, prostatsiés and ovary. CYP4Z1 mRNA and
protein are overexpressed in breast tumour compartgkir corresponding normal tissue
(Rieger et al. 2004). Higher levels of CYP4Z1 pnotwere found in primary ovarian
cancer than in normal ovary tissue and its exposeagsi primary ovarian cancer appears to
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be an independent marker of prognosis (Downie.&Qfl5). A study by Savas and

colleagues demonstrated conditional regulatiomefiuman CYP4Z1 gene in breast
cancer cell lines T47D and MCF7 using quantitaRiePCR. Results suggested that
CYP4Z1 mRNA is induced by the glucocorticoid andg@sterone receptor agonists but

not by PPARI agonist Wy14643 (Savas et al. 2005).

1.5.5 CYP5 family

The CYP5AL gene is located on chomosome 7q34-g8%antains thirteen exons (Chase
et al. 1993). CYP5A1 (thromboxane synthase) has a role to play in the conversion of
the prostaglandin endoperoxide into thromboxape Fhromboxane Ais a potent
vasoconstrictor and inducer of platelet aggregatibich is important in the hemodynamic
status in humans (Schuster and Bernhardt 2007addition, Nie and co-workers reported
finding higher levels of CYP5A1 expression in paistcancer cells than in normal

prostate epithelial cells (Nie et al. 2004).

1.5.6 CYP7 family

Currently, the CYP7 family consists of two subfaes| CYP7Al and CYP7B1. CYP7Al
shares 40% amino acid sequence homology to CYPBB1h genes are located on
chromosome 8g21.13. The CYP7A1 and CYP7B1 genasicosix and five exons
respectively (Setchell et al. 1998). CYP7A1 (ckt#eol ©-hydroxylase) directly
converts cholesterol intad#hydroxycholesterol, resulting in the productiordebxycholic
acid (Beigneux et al. 2002). CYP7AL has been faorae expressed only in the liver
(Wu et al. 1999). The down-regulation and up-ragjah of CYP7A1 are mediated by
farnesoid X receptor (FXR, Section 1.7.8) and IMeeceptor alpha (LXR) respectively.
A previous study showed that high levels of thexgebolic acid in plasma are found in

postmenopausal women with breast cancer. In atdiiXR has been found to be highly
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expressed in breast tumours and involved in theation of apoptosis (Swales et al.

2006).

CYP7B1 mRNA is found in the liver and extrahepé#ssues (i.e. brain, testes, prostate,
ovary and kidney). CYP7B1 mainly catalyseshydroxylation of oxysterol (25- and 27-
hydroxycholesterol) and neurosteroids [dehydroefriasterone (DHEA) and
pregnenolone] (Wu et al. 1999). CYP7B1 expressaexually dimorphic (male >
female). A study by Martin and co-workers demaatstl that CYP7B1 generates-7
hydroxy-DHEA to selectively activate oestrogen poe beta in human prostate
epithelium. This suggests that CYP7B1 may hawdein the regulation of androgen

and/or oestrogen in prostrate tissue (Martin e2@04).

1.5.7 CYP8 family

The human CYP8 family encodes two subfamilies, CXBBd CYP8B (Nelson et al.
1996). The CYP8AL gene resides on chromosome 208113.13 and contains ten exons
(Yokoyama et al. 1996). CYP8AL (prostacyclin sysih) is widely expressed in human
tissues (i.e. ovaries, heart, skeletal muscle, amgyprostate) (Miyata et al. 1994). It
converts prostaglandinzHio prostacyclin (prostaglandig) Whose function is opposite to
that of CYP5 (thromboxane Asynthase). Prostacyclin is a potent vasodilatdriahibitor
of platelet aggregation. In addition, a stablespaoyclin analogue, cicaprost has been
demonstrated to play a key role in the preventiometastasis and reduce growth of breast
tumours in rodent models (Schirner and Schneid8719Previous study showed that the
levels of prostacyclin were reduced in colon carseenples as compared with matched
adjacent normal colon samples (Miyata et al. 19%®gcently, variants of CYP8AL have

been demonstrated to be associated with colorgatgbs risk (Poole et al. 2006).
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The CYP8BL1 gene is located on chromosome 3p21ah@zontains only one exon

(Gafvels et al. 1999). CYP8BL1 (sterolotBydroxylase) is found in the liver. It plays an
important role in bile acid biosynthesis which liesely related to the CYP7 family
(Eggertsen et al. 1996, Gafvels et al. 1999). (B&Pa&kctivity can be altered by fasting,
cholestyramine, streptozotocin-induced diabeteditoreland clofibrate (Eggertsen et al.
1996). It has been long known that soy isoflavarespromising agents for breast cancer
prevention. Recently, Li and colleagues demoredrgtat human hepatic CYP8B1
expression can be up-regulated by soy isoflavanaggesting that these agents can

modulate cholesterol metabolism through CYP8Bleflal. 2007).

1.5.8 CYP11 family

The CYP11 family consists of two subfamilies conitag three enzymes; CYP11A,
CYP11B1 and CYP11B2 which are localised to the iinigochondrial membrane.

The CYP11A1 gene is located on chromosome 15g23ag@4ontains nine exons (Chung
et al. 1986). This gene encodes the cholestatel®iain cleavage enzyme that catalyses
the initial and rate-limiting step of steroid bioslyesis (Payne and Hales 2004). CYP11Al
is predominantly expressed in steroidogenic tissueb as adrenal cortex, ovary, testes,
placenta and central/peripheral nervous systemsif@gnone et al. 1995). Yaspan and
colleagues investigated the relationship betweeiat@n of genes involved in oestrogen
biosynthesis and metabolism, in particular CYP11#1id breast cancer susceptibility in a
study of case-control from the Chinese populatibmdings showed that the CYP11A1

polymorphisms may have a role in breast cancergagt al. 2007).

The CYP11B1 gene shares 95% amino acid sequencaldgyrwith the CYP11B2 gene
(Mornet et al. 1989) and these genes are mainlyesspd in the adrenal cortex (Curnow et
al. 1991). Both CYP11B1 and CYP11B2 genes residehoomosome 8g21-g22 and

contain nine exons (Mornet et al. 1989). CYP11BIB{hydroxylase)atalyses the last
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steps in cortisol and corticosterone biosynthe€i¥P11B2 (aldosterone synthase)

specifically catalyse aldosterone biosynthesis gHakd Bernhardt 2006). Inhibition of
steroid biosynthesis by members of the CYP11 famityne of the therapy options for
patients with inoperable adrenocoticoid cancertaypercortisolism. HoweveCYP11B1
and CYP11B2 deficiencies can cause severe sidet®Bach as Cushing’s syndrome
which leads to chronic glucocorticoid excess. Rkerdevelopment of selective inhibitors

for distinct enzymes in this family is required (@ster and Bernhardt 2007).

1.5.9 CYP17 family

The CYP17A1 gene is located on chromosome 10g2HliGweonsists of eight exons (Fan
et al. 1992). CYP17 (bZhydroxylase or 17,20-lyase) catalyses both-hydroxylation

and 17,20-lyase conversion of C21 steroids (pregese or pregnolone) to C19 precursors
of sex steroids (dehydroepiandrosterone or andredtene) (Payne and Hales 2004).
CYP17Al is closely related to CYP21 and it shate®at 30% amino acid sequence
identical to CYP21, however; CYP17A1 has lost twores which are present in CYP21
(Picado-Leonard and Miller 1987). CYP17A1l is pnatwantly expressed in steroidogenic
tissues such as the adrenal cortex and ovary (Nagand Urban 2003, Olson et al.

2007).

CYP17Al is a key enzyme in the androgen biosynshe&ndrogen is an important
hormone in the development and maintenance of sekagacteristics in human males;
however, it is believed to play a role in androglependent diseases, in particular prostate
cancer (Bruno and Njar 2007, Schuster and Bernl2®@{). Thus the use of potent
CYP17Al inhibitors such as ketoconazole have beteaduced to treat androgen-
dependent prostate cancer patients (Bruno and29faf, Moreira et al. 2007) and details
of this treatment are provided in Section 1.8. dRdy, the interactions between gene-gene
and gene-environment which are involved in hormainsynthesis and metabolism
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pathways have been investigated by several resgavaps. One of these studies

demonstrated that CYP17A1 polymorphism in combaratwith long-term hormone-
replacement therapy use and high body mass indeastmenopausal women may

contribute to breast cancer susceptibility (Cheal €2008).

1.5.10 CYP19 family

The CYP19A1 gene resides on chromosome 15¢g21.lhvebiatains eleven exons (Chen
et al. 1988). CYP19A1 (aromatase or oestrogerhagel) has important physiological
functions both in sex steroid hormone biosynthasi$ growth/ differentiation in humans.
It converts the C19 androgens, testosterone anehy@roxyandrostenedione into the C18
oestrogens, oestradiol and oestrone respectividlis enzyme is widely expressed in
several tissues (i.e. ovary, Leydig cells, placeatipose tissue and bone), however;
tissue- and sex-specific expression in cellularaimetism have been demonstrated in these
tissues as reviewed by Payne and Hales (Payne @ed B0O04). CYP19A1 activity
appears to be increased in breast cancer tisswssséveral potent CYP19A1 inhibitors
have become a powerful tool in the treatment ofrogen-dependent diseases, in
particular breast cancer (Brueggemeier et al. 2Gison et al. 2007, Jonat et al. 2007,

Perez 2007). Details of CYP19 inhibitors in cartberapy are provided in Section 1.8.

1.5.11 CYP20 family

The CYP20AL1 gene is located on chromosome 2g33hadoatains thirteen exons. Only
one member has been found in this family and hu@¥R20A1 has been shown to be
homologous in mouse, cow and fish but naDnesophilaor Caenorhabditis elegans
(Nebert and Nelson 2005). A recent study sugdbatsa high level of CYP20A1
expression is found in immune system cell typeo(ias 2007) but its physiological

function in humans is still unknown.
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1.5.12 CYP21 family

The CYP21A2 is found on chromosome 6p21.3 whichtaios ten exons (Higashi et al.
1986). CYP21A2 (steroid 21-hydroxylase) is maiekpressed in the adrenal cortex
(Wijesuriya et al. 1999) and converts the C21 ofgessterone and tifhydroxyproges-
terone into 11-deoxycorticosterone and 11-deoxigmrtespectively in the zona
fasciculata of the adrenal cortex. CYP21A2 playsnaportant role in the biosynthesis of
sex hormones, glucocorticoids and mineralocortgcgohd is closely related to CYP17A1
(Payne and Hales 2004, Dragan et al. 2006). Dragdrcolleagues determined the effect
of 1Csp values of various known CYP17A1 inhibitors (i.et&conazole, Sa40, YZ5ay and
BW33) on CYP21A2 expression in a fission yeastisteapressing mammalian
cytochrome P450 steroid hydroxylases. Results stidivat CYP17A1 inhibitors appear

to be moderate CYP21A2 inhibitors (Dragan et a0&)0

1.5.13 CYP24 family

The CYP24AL1 gene resides on chromosome 20q13.2ah8l 8ontains twelve exons
(Hahn et al. 1993). The mitochondrial enzyme CY&R{L, 25-(OH)D3-24-hydroxylase)
plays a crucial role in the degradation of vitain(1, 25-(OH)D3) (Masuda et al. 2006).
CYP24A1 mRNA is regulated either by calcium ion®ercess amounts of vitaming @nd

is mediated through it nuclear receptor vitamineDeptor (VDR). CYP24A1 is expressed
in several normal tissues such as kidney, livergagirointestinal tract (Jones et al. 1998).
However, Anderson and colleagues detected overssipreof CYP24A1 in a wide range
of tumour cells (i.e. breast, colon, ovary and luogmpared with their matched adjacent
normal cells, suggesting that CYP24A1 may be amgece (Anderson et al. 2006).
Inhibition of CYP24A1 has been developed as a rteateg)y for cancer therapy as it has

an antiproliferative effect (Sundaram et al. 20(&ction 1.8).
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1.5.14 CYP26 family

Three CYP26 isoforms have been identified in hum@&vd26A1, CYP26B1 and
CYP26C1 (Ray et al. 1997, Nelson 1999, Taimi e2@04). CYP26 is induced by all-
transretinoic acid (ATRA) through its nuclear recep{mtinoic acid receptor, RAR) and
retinoid X receptor (RXR), which then interactsiwietinoic acid response elements
within the promoter of CYP26 (Bastien and Roché&iggy 2004). ATRA is an active
metabolite of vitamin A or retinoid which play amportant role in the cell differentiation
and proliferation of epithelial cells, vision areproduction (White et al. 2000). ATRA
has been shown to induce apoptosis in various caedldines, suggesting that it can be

used as a chemopreventive agent (Osanai and Petk205)

The CYP26A1 gene is found on chromosome 10g23-g@4antains seven exons (White
et al. 1998). CYP26A1 is mainly expressed in tfar) liver and placenta (Ray et al.
1997). The metabolism of ATRA by CYP26A1 can progltwo main metabolites, 4-
hydroxy-ATRA and 4-oxo-ATRA which can bind to RARitwith low affinity, resulting

in the inactivation of ATRA (Villani et al. 2004)This indicates that high levels of
CYP26AL1 decrease the effects of ATRA in targetsceA higher level of CYP26A1
protein was detected in primary ovarian cancer tharormal ovary tissues (Downie et al.
2005). In addition, overexpression of CYP26A1 baen shown to be associated with
human breast and colon cancer cells (Sonneveld E228), suggesting that inhibition of
CYP26A1 may be a new strategy to increase local A@Rd inhibit the catabolism of
ATRA. CYP26A1 inhibitors (e.g. liarozole, R116040d R115866) have entered clinical
trials for the treatment of cancer patients (Satwanhd Bernhardt 2007) and these are

described in Section 1.8.

The CYP26B1 gene carries six exons located on obsome 2p12 (Nebert and Nelson
2005). CYP26BL1 is mainly expressed in the adwirbseveral regions (i.e. cerebellum
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and pons) (White et al. 2000) and embryonic tisgMzscLean et al. 2007). CYP26B1 is

involved in the metabolism of ATRA which is similer CYP26A1. In animal models, it

appears to have an essential role in the developofdne embryo (MacLean et al. 2001).

The CYP26CL1 is the newest member of the CYP26 fatoibe identified in humans.
CYP26C1 expression is found in human keratinocgtklioes. It can be induced by
ATRA and 9-cis-retinoic acid which differs from C¥26A1 and CYP26B1 (Taimi et al.
2004, Njar et al. 2006). However, the physiolobfaaction of CYP26C1 relevant to

diseases in humans remains unknown.

1.5.15 CYP27 family

The three subfamilies CYP27A1, CYP27B1 and CYP2li@Ze been identified in the
human CYP27 family. The CYP27A1 gene is locatedlmomosome 2g33-qter and
contains eleven exons (Cali and Russell 1991). ZPAR is a multifunctional
mitochondrial enzyme, sterol 27-hydroxylase, tegiredominantly expressed in the liver
and catalyses several oxidative reactions in thsyiithesis of bile acids and the
bioactivation of vitamin B(Gottfried et al. 2006). This enzyme is an inieakzyme in the
pathway of bile acid biosynthesis which is relai@€YP7A and CYP8B. Tang and co-
workers demonstrated the regulation of CYP27A1 mRMA activity in human hepatoma
HepG2 and prostate cancer LNCaP cells. Resuligseshthat CYP27A1 is regulated by

hormones especially oestrogen and androgen compdiiadg et al. 2007).

The CYP27B1 gene is located on chromosome 12q1138313cgnd contains nine exons (St-
Arnaud et al. 1997). CYP27B1 converts the vitaDdrprecursor into the most active
form of vitamin 3 (1,25-(OH}D3) in the kidney and is also called 25-OH-I-
hydroxylase. This enzyme has a crucial role inspdiggical function such as cell

differentiation and proliferation (Takeyama etX997). In the proximal tubules,
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CYP27B1 mRNA and protein have been shown to beessed in the presence of (1,25-

(OH);D3). CYP27B1 was found in non-renal tissues (i.e1,d¢mph nodes, colon,
pancreas and brain) (Zehnder et al. 2001) includimgan mammary epithelial cells
(Kemmis et al. 2006). In addition, several caraar lines have shown CYP27B1
expression (Diesel et al. 2005, Becker et al. 2AQ®fdes et al. 2007, Turunen et al. 2007).
A study by de Lyra and colleagues showed that dsecklevels of 1,25-(OkD); are
associated with breast cancer (de Lyra et al. 2006addition, maximising 1,25-(OkD3

by using the combination of a CYP24A1 inhibitorrigeein) and a CYP27B1 inducer
(trichotatin A) has been demonstrated to increlasantiproliferative effect of 1,25-
(OH).Dsin prostate cancer cells (Farhan et al. 2003, Kfidecet al. 2005). Currently, the
CYP27C1 gene has been sequenced and identifiadhiais but it was not detected in

rodent (Nelson et al. 2004). The physiologicalction of CYP27C1 remains unknown.

1.5.16 CYP39 family

The CYP39AL1 gene is located on chromosome 6p212rid carries twelve exons (Li-
Hawkins et al. 2000). CYP39A1 is predominantlyrfdun the liver and its expression in
females is higher than in males, which is oppdsitinat of CYP7B1 expression. In the
liver, 7a-hydroxylation of cholesterol is the rate-limitistep of bile acid synthesis and
metabolic elimination, and this is mediated by CRAnd CYP39A1. CYP39A1 is
specific for 24S-hydroxycholesterol as a substr&gtary cholesterol, bile acids or a bile
acid-binding resin does not affect hepatic CYP39#RNA level (Li-Hawkins et al.

2000). Higher levels of CYP39A1 protein were foundolorectal cancer patients with
lymph node metastasis than in their correspondiimggey tumours (Kumarakulasingham

et al. 2005).
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1.5.17 CYP46 family

The CYP46A1 gene resides on chromosome 14g32.tartdins fifteen exons (Lund et
al. 1999, Nebert and Nelson 2005). This gene eexobolesterol Zhydroxylase which
Is a rate-limiting enzyme for cholesterol removahf the brain. CYP46 mRNA and
protein are selectively expressed in human braitiqodarly in neurons and some
astrocytes. It modulates the turnover of cholesiarthe brain by converting excess
cholesterol into 28 hydroxycholesterol (Bjorkhem et al. 1998). Higlvéls of CYP46A1
have been shown to be associated with degenersingtic plaques in Alzheimer’s
disease. These observations suggest that CYP46ésskpn may lead to cholesterol being
abundant in plasma, resulting in greater loss népges in the brain and the development
of Alzheimer’s disease (Bogdanovic et al. 2001,dbes al. 2002, Brown et al. 2004).
Recently, Bretillon and colleagues examined CYP46&dression in mammalian neural
retina using RT-PCR and immunohistochemical anslyBiesults showed that CYP46A1
MRNA and protein were specifically expressed inibeand rat samples (Bretillon et al.

2007).

1.5.18 CYP51 family

The CYP51A1 gene is located on chromosome 7¢g212&1d contains ten exons (Nebert
and Nelson 2005). CYP51A1 (lanosterobiidemethylase) is found in both prokaryotes
and eukaryotes (Aoyama et al. 1996, Waterman apddteva 2005). CYP51A1 mRNA
is expressed in most tissues in humans but theekigixpression has been detected in
Leydig cells in the testes (Stromstedt et al. 1998YP51A1 plays an important role in the
key step of cholesterol biosynthesis as it catalyse oxidative removal of the d4nethyl
group from lanosterol (Rozman et al. 1996). Intioits of human CYP51A1 have been
attracting interest in antimicrobial and antichtéeslemic drug research (Waterman and
Lepesheva 2005, Schuster and Bernhardt 2007).gii\dxpression of CYP51 protein has

been shown to be associated with poor prognosissaama independent marker of
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prognosis in colorectal cancer (Kumarakulasinghaal.€005). In addition, a higher

level of CYP51A1 protein was detected in primargaan cancer than in normal ovary

tissues (Downie et al. 2005).

1.6 Expression of cytochrome P450s in breast cancer tkhes

As mentioned in Section 1.8 vitro cell culture models in breast cancer cells hawnbe
extensively studied in preclinical models with resfpto the investigation of molecular
mechanisms involved in breast carcinogenesis, nmeing of drug resistance/sensitivity
in tumour cells and the identification of novelgats for cancer therapeutics (Lacroix and
Leclercq 2004). Knowledge of cytochrome P450 eregyaterived from preclinical
models, including their expression profile can &gresentative of the malignant cells in
relation to clinical findings. MCF7 is the mostoar of the oestrogen-dependent breast
cancer cells and this cell line has been showtetaysexpress cytochrome P450s (i.e.
CYP1A1) in a similar manner to their tissue of oriRekha and Sladek 1997, Michael

and Doherty 2005).

However, there remains controversy regarding mRIKAgN expression profile in breast
cancer tissues and cell lines. For instance, ssme of CYP1B1 mRNA and protein
appeared to be high in human breast cancer tigMa&y et al. 1995, Murray et al. 1997,
McFadyen et al. 1999), but MCF7 cells expressed IBAPMRNA but not protein
(McFadyen et al. 2003). This may be due to theesgion alteration of key transcription
factors involved in the translation of cytochron#bb. It reflects individual variation in
the expression profiles. Nevertheless, cell lirselats are useful tools, especially in
human breast cancer research where animal modglaah#uly represent cytochrome
P450 expression found in humans as species ama dififerences in expression of these
enzymes are well recognised (Miles et al. 1990 ,hsléd and Doherty 2005). No model is

perfect and it is important to keep these limitasian mind.
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Previous studies have demonstrated the preseruyeoahrome P450 mRNA in breast

cancer cell lines. However, a very few of theselet® (i.e. MCF7, T47D and MDA-MB-
231) have been widely used and only a limited nurobendividual cytochrome P450
enzymes are currently available in these modelso,Ahere appears to be a lack of data
on the association between cytochrome P450 expreasid breast tumour characteristics

(i.e. oestrogen receptor status, invasiveness tamicey).

1.7 Nuclear receptors involved in regulation of cytochome P450s

1.7.1 Introduction

Members of the nuclear receptor superfamily fundaaily function as ligand-regulated
transcription factors by transforming the extradell and intracellular signals, and
controlling the transcription of their target gen@&uclear receptors can be found within
the nucleus and they are responsible for sensagrésence of certain ligands such as
lipophilic hormones, vitamins, dietary lipids anither xenobiotic compounds

(Zhang et al. 2004). These receptors are hightgexed across species and play a role in
the growth and development of organisms. Thek@important in several signalling
pathways (i.e. cell differentiation, reproductiometabolism of lipids, drugs and energy)
(Sonoda et al. 2008). Currently, 48 nuclear remsgtave been identified in the human

genome (Zhang et al. 2004).

In principle, nuclear receptors share a commorctiral domain (Figure 1.4). The N-
terminal regulatory domain contains the activafiamction-1 (AF-1) whose action is
independent on the presence of bound ligand, asdittmain is highly variable in
sequence between various nuclear receptors. Thelidding domain (DBD) is the most
conserved region which comprises of two zinc fingd#-1 and ZF-2) complexes and is
involved in dimerisation (homo- or heterodimerisa)i of nuclear receptors. The hinge
region is responsible for connecting the DBD agdrid binding domain (LBD), and this
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is a flexible domain containing the nuclear lociisn signal. LBD, which is the largest

domain, contributes to the dimerisation interfatthe receptor and binds to coactivator/
corepressor protein. The LBD contains the actwatunction-2 (AF-2) (Sonoda et al.
2008). Nuclear receptors bind to each other theeihomo- or heterodimerisation,
resulting in transcriptional activation or repressof the target genes, which mediates

physiological significances (Figure 1.5).

N-terminal domain Hinge region
NH, ‘ ‘ ‘ | COOH
DNA binding Ligand binding
domain domain

Figure 1.4: Schematic view of structural organisation of nuclesceptors (Adapted from Sonoda et al. 2008).
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Figure 1.5: Schematic view of general mechanism for nucleagptar activation and/or repression
(Adapted from Xie and Evans 2001).

As mentioned above, nuclear receptors are usudilyaded by ligand binding, and many
cytochrome P450 enzymes are involved in the meshadf these ligands (Akiyama and
Gonzalez 2003). The molecular mechanism of cytwaerP450 induction by its ligands
was discovered almost 50 years ago, and this knigeles essential for both the study of
drug metabolism and the carcinogenic process indmsniMeyer 2007). Many ligand-

activated nuclear receptors have been demonstatesikey mediators in the induction of
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cytochrome P450s. The transcriptional activatibeome members of the cytochrome

P450 family (i.e. families 1, 2, 3, 4, 7, 24 and #tat are involved in the metabolism of
endogenous and xenobiotic compounds have beernfidérfHonkakoski and Negishi
2000). The review in this section summarises tthesrof cytochrome P450-associated
nuclear receptors such as aryl hydrocarbon recépitdr), pregnane X receptor (PXR),
constitutive androstane receptor (CAR), PRARitamin D receptor (VDR), retinoic acid
receptor (RAR) and farnesoid X receptor (FXR) inahg crosstalk in the regulation of
cytochrome P450 expression. The regulation ofadytmme P450 genes by nuclear

receptors and their heterodimerisation with a @aris shown in Figure 1.6.

A. Inducing agents (e.g. PAHSs) B. Inducing agents (e.g. phenobarbital)
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C. Inducing agents (e.g. dexamethasone)

PXR | RXR
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=P CYP3A4
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Figure 1.6: Schematic diagrams for activated-ligand nucleare@ors involved in the regulatiocof cytochrom:
P450s and their heterodimerisation with a part

Abbreviations: DRE; DNA response element, AhR; ydrocarbon receptor, ARNT; AhR nucle
translocator, CAR; constitutive androstane recep®XR; retinoid X receptor, PXR; pregnane X recepto
PPAFa;peroxisome proliferator-activated receptor alplEXR; farnesoid X receptor, LXRliver X receptor,
VDR; vitamin D receptor, RAR; retinoic acid recepto
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1.7.2 Aryl hydrocarbon receptor (AhR)

Aryl hydrocarbon receptor (AhR) is a member of tlasic helix-loop-helix (bHLH)
protein which belongs to the Per-Arnt-Sim (PAS) ilgrof transcription factors. AhR
plays a role in xenobiotic metabolism and in medgathe carcinogenic effects of dioxin-
like compounds. A number of studies have demotestrthat the induction of CYP1
family member expression is controlled by AhR sliyng pathway. AhR ligands include
polycyclic aromatic hydrocarbons (PAHS, e.g. 3-mktholanthrene) and 2,3,7,8-
tetrachlorodibenz@-dioxin (TCDD) (Kim et al. 2005). In the absenddigand, AhR is a
cytoplasmic protein complex consisting of chapernorweins such as heat shock protein
90 (Hsp90), p23 and ARA9. In the presence of kigakhR ligand-bound is dissociated
from the chaperone proteins in the cytoplasm amichisslocated into the nucleus where it
dimerises with AhR nulcear translocator (ARNT, atsdled hypoxia inducible factor-1
beta; HIF-J3) protein. This complex then binds to DNA respoeksments (DRE) in
regulatory regions of AhR responsive genes (AhRIEa}Jing to the induction of CYP1
genes in tissue-specific targets (Kawajiri and iF€jiriyama 2007). In addition, Kim and
co-workers demonstrated a significant positive elation between hepatic AhR and

CYP1AL1 expression levels (Kim et al. 2005).

Another key protein in the PAS family is the AhRressor (AhRR), which is
constitutively expressed in the nucleus and iscdiida in an AhR-dependent manner.
AhRR needs to form a dimer with ARNT and the AhRRMT complex binds to DRESs.
It was believed that AhRR can inhibit the AhR sigjng pathway by inhibition of the
AhR/ARNT complex and binding to DREs (Kawaijiri aRdjii-Kuriyama 2007).
However, Evans and colleagues have recently shbatrrépression of AhR activity by
AhRR is through protein-protein interactions rattiem the previously proposed
mechanism (Evans et al. 2008). In addition tainkection of CYP1 genes by AhR,

hypoxia-inducible factor-1lalpha (HIFa). requires dimerisation with ARNT to begin
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transcription of its target genes which is simitaeither AhR or AhRR expression. In the

breast cancer ZR-75-1 cells grown under hypoxidtams for 24 hours, AhR-mediated
transactivation was significantly decreased ansl¢bntributed to loss of Ah-
responsiveness, possibly due to decreased expredsihR or competetion for ARNT or
their bindings with CYP1A1 promoter (Khan et al0Z). These observations suggest that

expression of AhR, ARNT, AhRR or HIFalaffects the regulation of CYP1 genes.

A novel chemotherapeutic prodrug aminoflavone (&RRAigand) leads to a translocation
of AhR from the cytoplasm to the nucleus, resulimghe interaction between AhR and
DRE, and CYP1ALl transcription. This was observethe aminoflavone-sensitive MCF7
cells but not in the resistant MDA-MB-435 cellsggesting that the toxicity of
aminoflavone prodrug was selectively activated ulgtothe engagement of AhR-mediated
signal transduction only in a sensitive breast tuntell line (Loaiza-Perez et al. 2004).
This is an essential consideration for the userohaflavone in breast cancer patients in

clinical studies.

1.7.3 Constitutive androstane receptor (CAR)

Constitutive androstane receptor (CAR), also catlmukstitutive active receptor, is the
most closely related to PXR. CAR is highly expegss the liver and at lower levels in
the intestine. It is called a ‘constitutive’ ret@pbecause of its ability to transactivate in
the absence of ligand-binding (Akiyama and Gonza@3). CAR plays an important
role in the transcription of CYP2B6, CYP3A4 and C(P(Pascussi et al. 2003), and its
role in xenobiotic regulation of CYP2B6 genes hasrbwidely studied in humans. The
CYP2B6 gene is inducible by phenobarbital-like ioels (e.g. phynetoin) through CAR,
which bind to the phenobarbital-response elemeBR@ sites as a heterodimer with
retinoid X receptor (RXR) in the nucleus. The CRRR heterodimer results in the
transcriptional activation of CYP2B6 mRNA (Wanga&t2004). Chang and co-workers

49



Introduction
showed a significant positive relationship betw€afP2B6 and CAR expression in human

liver (Chang et al. 2003).

In addition to CAR ligands, the PXR activator ciotazole can bind to CAR and
subsequently suppresses CYP2B6 transcription.amhfingal antibiotic clotrimazole and
steroid hormone androstanol are classified as pdesactivators of CAR and inverse
agonists, suggesting that CAR and PXR might shanekiotic and steroid ligands (Moore
et al. 2000). However, CAR has also been shovnetmvolved in the detoxification of
some endogenous ligands (i.e. bile acids and bihjyMoore et al. 2006) and
biosynthesis of sterols and steroids in human ljMeyer 2007) which alter the induction

of CYP2B6 gene.

1.7.4 Pregnane X receptor (PXR)

Pregnane X receptor (PXR) also termed steroid ¥p&x (SXR) is predominantly
expressed in the liver and small intestine (Modral.e2006) and mediates induction of
CYP3A4, CYP2B6, CYP2C8 and CYP2C9 (Pascussi &(0f3). PXR functions as a
sensor for steroids (e.g. oestrogen, progestenothe@ticosteroid) and xenobiotics (e.g.
phenobarbital, clotrimazole, rifampicin and nifadig). PXR mainly activates CYP3A4,
which is a primary target gene of PXR. Therefa@mpounds that activate PXR also
induce transcriptional activity of CYP3A4. Thedigd-activated PXR forms a heterodimer
with RXR, and the heterodimer PXR/RXR binds withexerted repeat separated by six
base pairs (ER6) frothe CYP3A4 proximal promoter, resulting in an irage in

CYP3A4 induction (Vyhlidal et al. 2004). PXR an@R are closely related nuclear
receptors, sharing ligands and sharing a heteradgpamgner (RXR). In addition, CAR and
PXR are also involved in biosynthesis and catabobs$ steroid hormones, lipid

metabolism, glucose homeostasis and inflammatfidns could explain crosstalk between
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these receptors (Section 1.7.9), which may affgitahrome P450 expression and

physiological functions (Moreau et al. 2007b).

Miki and colleagues investigated the expressioRXIR mMRNA and protein using real-

time RT-PCR and immunohistochemical methods in@®dm breast cancer tissues. They
reported that PXR was detected in breast tumouradiun matched adjacent normal
breast cells. Positive correlations between PX&Rkaoth the histological grade and lymph
node status of the tumours were noted in this sf{itii et al. 2006), suggesting that PXR
may be involved in human breast carcinogenesigsé& findings are in disagreement with
a study by Dotzlaw and co-workers (Dotzlaw et 809) though, who demonstrated PXR
MRNA in both breast tumour and their correspondiognal breast tissues. Higher levels
of PXR mRNA were detected in ER-negative tumouamtim ER-positive tumours. They

showed that PXR is expressed in breast cancelireedl T47D, MCF7 and MDA-MB-231.

1.7.5 Vitamin D receptor (VDR)

1,25-(OH)D3 and its analogues have been shown to inhibitfpration, induce apoptosis
and immunomodulation of human cancer cells medibayedtamin D receptor (VDR).
Ligand-activated VDR forms a heterodimer with RXildinds to vitamin D-response
elements (VDRES) on the target genes, causingrathiiation or repression of target
gene expression (Moreau et al. 2007a). VDR is Inaixpressed in the kidney, intestine
and thyroid (Moore et al. 2006). CYP24AL1 is ond¢h&f VDR target genes which is
directly regulated by VDR, and plays a role in it&ctivation of vitamin D in the kidney
(Zhou et al. 2006). Anderson and colleagues detraird overexpression of CYP24A1
and down-regulation of VDR mRNA in various cancell tnes including breast cancer
MCF7 cells (Anderson et al. 2006), suggesting thatinverse relationship between
CYP24A1 and VDR is associated with carcinogenelsisaddition, Yee and co-workers
showed that a combination of ketoconazole andloeteainhibits CYP24A1 mRNA and
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enhances VDR signalling in androgen-independerdtate cancer DU-145cells (Yee et al.

2006).

1.7.6 Peroxisome proliferator-activated receptor alpha (FPPARa)

Peroxisome proliferators (e.g. fibrate class ofdiygpdemic drugs including WY-14643 or
pirinic acid) are a group of chemicals that leadrnancrease in size and number of hepatic
peroxisomes when administered to rodents. RiPBRhighly expressed in the liver,
kidney and vascular wall and is activated by aetgrof fatty acids. PPA®Rplays a role

in the transcriptional regulation of enzymes invaalun thew- or 3-fatty acid oxidative
pathway (Bishop-Bailey and Wray 2003). In the pree of peroxisome proliferators,
PPARux can heterodimerise with RXR, and the PRARXR heterodimer complex binds
to peroxisome proliferator-response elements (PP,REzling to the transcriptional
activity of target genes such as CYP4A (Ito e2@D7). High levels of PPARMRNA
have been demonstrated in MCF7 breast cancer artlsthis may suggest a crucial role

for PPARx in human breast carcinogenesis (Suchanek et @2)20

1.7.7 Retinoic acid receptor (RAR)

All-transretinoic acid (ATRA), the most active metaboliferetinoids (vitamin A) plays
an important role in cell differentiation and pfefiation of epithelial cells mediated by
retinoic acid receptor alpha (RARR (Njar et al. 2006). The binding of ligand to R&AR
results in a heterodimer with RXR, and the RARXR heterodimer binds to retinoic acid
response elements (RARES) or retinoid X resporeaeatts (RXRES), causing
transcriptional suppression or activation of tagges such as CYP26A1. In human
breast cancer, a positive relationship was fourtdiéxen the retinoid growth-inhibitory
effects and RAR expression (Fitzgerald et al. 1997). ExpressidRAR and RXR has

been demonstrated in breast cancer cells (Titcdrab £994). In addition, Mu and
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colleagues investigated the effects of variousearateceptor ligands on CYP19A1

activity in the breast cancer MCF7 cells. Findisgswed that RAR and RXR selective
ligands increased CYP19AL1 activity, suggesting thase compounds may be involved in

the regulation of oestrogen production in breasteacells (Mu et al. 2000).

1.7.8 Farnesoid X receptor (FXR)

Bile acids are the main product of cholesterol fpeliam in the liver and are important for
lipid absorption in the intestine. Farnesoid Xegor (FXR) has been characterised as a
bile acid receptor. In the presence of the mosrmidile acid (chenodeoxycholic acid;
CDCA), FXR forms a heterodimer with RXR and the FRRR heterodimer binds to the
bile acid response elements (BARES), resultindnensuppressive effects of bile acid and a
transcriptional repression of target genes suddY¥e®7A1 (Akiyama and Gonzalez 2003).
FXR is found to be expressed in breast cancerdjssiggesting that FXR expression in
association with high levels of bile acid may p&sole in breast carcinogenesis. This
raised the possibility that FXR inhibitors coulddmsed for breast cancer treatment (Swales

et al. 2006).

1.7.9 Crosstalk between nuclear receptors

Crosstalk is defined as a functional interactiotwleen two (or more) signalling pathways
of members of the nuclear receptor superfamilyos€tialk between nuclear receptors has
been extensively studied (Keller et al. 1995, Zhbal. 2006, Meyer 2007, Moreau et al.
2007b, Roth et al. 2008) and their interactionsehaeen demonstrated to be involved in
several intracellular signalling pathways (i.e.wtio factors, hormones and cytokines) and
xenobiotic metabolism (Figure 1.7). Regulatiotarfet gene expression by nuclear
receptors is complex. A better understanding efadsociated molecular mechanism is

likely to explain biological phenomena in the body.
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As shown in Figure 1.5, transcriptional activat@imuclear receptors’ target genes

requires a number of different steps (i.e. ligamdling, coactivator/corepressor protein,
dimerisation with a partner and DNA binding withireir target genes) and each signalling
pathway is usually connected with other pathwayngBnyi et al. 2004). Crosstalk may
lead to alterations in other genes’ target geneesgon or activity (Waxman 1999,
Honkakoski and Negishi 2000). This section progsideme examples of crosstalk

between nuclear receptors which have been showaffiect cytochrome P450 expression.

Xenobiotic cpds. :
,p Induction
(e.g. drugs and carcinogens)
or

inhibition

Bt TER R e :> DNA response elements
VDR, RAR, ER

Endogenous cpds.
(e.g. hormones, growth
factors. cytokines)

Xenobiotic met.
(e.g. drugs. carcinogens)

Crosstalk

P450 expression
or activity

Endogenous met.

(e.g. hormones, growth
‘ El(‘h]l‘s, cytuiagnes)

Figure 1.7: Crosstalk interactions between the regulationefobiotic and endogenous compounds.

Abbreviatiors: AhR; arylhydrocarbon receptor, PXR; pregnaneskaptor, CAR; constitutive androstane
receptor, PPAR; peroxisome proliferatoactivated receptor alpha VDR; vitamin D receptoAR retinoic
acid receptor, ER; oestrogen receptor, P450; cytonte P450, cpds; compounds, met; metabolism.

The negative crosstalk between ER and AhR sigmpfiathways has been well
documented by several research groups using kremetr tissue and cell lines (Safe et al.
1998, Safe et al. 2000, Safe and Wormke 2003, Matlet al. 2005, Matthews and
Gustafsson 2006). ER and AhR are ligand-activaatscription factors. As mentioned

in Section 1.7.2, AhR mediates the toxic effectdiokin-like compounds (e.g. TCDD)

and is involved in the induction of CYP1 genes.wdwer, the AhR signalling pathway

can be linked to the ER signalling pathway as Cyeries play a key role in oestrogen
metabolism. Recently, mechanisms of inhibitoryssrtalk between ER and AhR have
been proposed by Matthews and Gustafsson (Matthed$sustafsson 2006). There are

at least five mechanisms that are involved in tte of AhR inhibiting ER activity (1)
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direct inhibition via inhibitory xenobiotic respanglements (iXRESs), (2) squelching

shared coactivators (i.e. ARNT), (3) synthesisroirdnibitory factor (unknown), (4)
increased ER degradation and (5) increased expresenzymes involved in oestrogen
synthesis (i.e. CYP19) and metabolism (i.e. CYP3aAd CYP1B1). In addition, these
cytochrome P450s play an important role in the bwitam of anticancer drugs (Section

1.8), and this knowledge could improve the clin@pproach to particular cancer therapies

Transcriptional crosstalk between ER and RAR has ldemonstrated in human breast
cancer cells (Rousseau et al. 2003). Retinoic laasdbeen shown to be associated with
down-regulation of ER mRNA and inhibition of celiogvth in oestrogen-dependent breast
cancer MCF7 cells. By contrast, this was not oletin ER-negative breast cancer
MDA-MB-231 cells. Higher levels of RAR were found ER-positive breast cancer than
in ER-negative breast cancer cell lines (Rubin.et204), suggesting that expression of
RAR and ER is essential for retinoid responsiven&ssthermore, oestrogen has been
shown to elevate RAR expression, whereas antiagstreeems to be associated with

down-regulation of RAR (Lu et al. 2005).

CAR and PXR are mediated by induction of CYP2B @YdP3A genes respectively, and
share a common heterodimerisation partner i.e. ®Xigands and DNA response
elements within their target genes (Handschin aegévi2003). The CAR and PXR genes
are closely related members of the nuclear recéaioity and have overlapping
substrates. These nuclear receptors are involvdteiregulation of various endogenous
compounds such as steroid hormones, bile acidssaioids and cholesterol (Echchgadda

et al. 2007).

A recent study investigated CAR- and VDR-bindingpecific response elements in
human hepatocyte cells using electromobility <siay, and determined CYP24
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expression (Moreau et al. 2007a). Results shohatdhe CAR/RXR heterodimerisation

binds to the promoter of CYP24, which is the saeggan as VDR/RXR, resulting in
decreased CYP24 expression and response to vilagnsuggesting that CAR ligands
interfere with VDR target genes. These findingssamilar to a previous study that
investigated crosstalk between PXR and VDR and sdadwat the PXR/RXR heterodimer
binds to the promoter of CYP24 and competes wittlRPascussi et al. 2005). This
suggests that PXR, CAR and VDR share DNA respoleseants in the promoter of their

target genes, leading to altered expression of @AR2CYP2B6 and CYP3A4.

It is important to note that RXR is a common hed@reerisation partner for several nuclear
receptors (i.e. PXR, VDR, RAR, PPARFXR and LXRi, Figure 1.6) and this may also
cause crosstalk between other signalling pathwastspnly vitamin B metabolism.
Crosstalk between PPARRXR and ER has been reported by Keller and caliesag

(Keller et al. 1995). A PPA®RRXR heterodimer inhibits ER activity through cortipen

for binding to oestrogen response elements.

1.8 Cancer treatment approaches based on cytochronk50s

The role and importance of cytochrome P450s in@aftcmation and progression has led
to the development of cancer therapeutics-basaytochrome P450 expression and
metabolic pathways. Knowledge in the area of tleesymes’ substrate and mechanism of
action in tumour cells has become very useful exdbsign of new chemotherapeutics
and/or development of more effective existing ataer drugs. It can help reduce
systemic toxicity and enhance specificity to tumoeifs. To date, applications of
cytochrome P450s in cancer therapy consist ofnfdipiting enzymes involved in
hormone-dependent cancer and vitamin metabolisndg&gning prodrugs activated by
the enzymes and (3) immunotherapy targeted at teusymecific enzymes (McFadyen et al.

2004, Bruno and Njar 2007, Purnapatre et al. 2008ure 1.8).
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In steroid hormone biosynthesis pathways, CYP17@YE19 are key enzymes that

regulate the biosynthesis of oestrogen. CYP17spdanyimportant role in the conversion of

pregnenolone and progesterone to androgen anegestprecursors, whereas CYP19 or

Hormone-dependent cancer Tumour-specific expression
+ CYP17 inhibitors (e.g. ketoconazole) * Prodrug activated by CYP1B1
+ CYP12 inhibitors (e.g. letrozole) (Resveratrol, Aryl oxime and Phortress)
* CYP1B1 vaccine (Zyc300)

* CYP3A4 antisense construct (AVI-4557)

!

Bioreductive prodrug

P450s
&
Cancer therapy

!

Vitamin metabolism
+ CYP24 inhibitors (e.g. genestein) (Hypoxia-selective targeting)

+ CYP26 inhibitors (e.g. liarozole) * AQ4N (CYP1AL CYPIBL, CYP3A4)

Chemotherapeutics

1 1
Anticancer drugs == Tnactive agents Prodrug == Active agents
* Docetaxel (CYP3A, CYP1B1) * Cycloposphamide (CYP2B6)
* Paclitaxel (CYP2CS, CYP3A) * Tamoxifen (CYP2D6, CYP1B1) CYP3A, CYP2C9/19)
* Letrozole (CYP2AG6) * Doxorubicin (CYP3Ad4)

Figure 1.8: Implications of cytochrome P450s in cancer therapy.

aromatase is involved in the conversion of testosgand androstenedione to oestradiol
and oestrone. Several inhibitors of CYP19 sudetaszole, anastrazole and exemestane
have been developed as anticancer agents for thagaaent of breast cancer patients
who have oestrogen-dependent tumours. These aghitig the production of oestrogen

in target tissues and improve survival in patievith metastatic breast cancer (Gibson et
al. 2007, Perez 2007a). Inhibitors of CYP17 sushetoconazole and abriaterone are also
used as anticancer drugs for the treatment of gedrdependent cancers particularly
prostate cancer, and these compounds inhibit aedrpgpduction and are more effective

in advanced prostate cancer treatment (Moreira 2087).

Vitamins A and D are believed to have a cruciag ialcancer prevention and treatment.
All-transretinoic acid (ATRA) is the most active metabolifevitamin A, it plays a role in

cell differentiation and proliferation of epithdlizells, and has been shown to be associated
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with tumour growth inhibition in various solid tumais (Njar 2002). CYP26A1 is involved

in the metabolic inactivation of ATRA and it is agtd to the rapid ATRA metabolism in
cancer patients. Inhibitors of CYP26A1 (e.g. e, R115866 and R116010) inhibit
both ATRA metabolism and CYP19 activity. Howe&tozole lacks specificity, and has
a relatively weak potency for CYP26A1, and is nager being developed as an anticancer
agent. R116010 is more potent and a selectiveitohiof CYP26A1 (Njar et al. 2006)
which is currently in preclinical trial for patientvith hormone-independent prostate and

breast tumours (Njar 2002, Njar et al. 2006).

The biologically active metabolite of vitaminzbas been shown to play a role in the
inhibition of cell proliferation, promotion of défentiation and induction of apoptosis and
it has potential as a cancer therapeutic (GonZatemho et al. 2006, Deeb et al. 2007).
CYP24Al is the key enzyme involved in the catalmoled 1,25-(OH)Ds3 to the less active
vitamin D; metabolite. Overexpression of CYP24A1 has beewshn a wide range of
tumours (Mimori et al. 2004, Anderson et al. 2086nzélez-Sancho et al. 2006) and is
known as an oncogene (Mimori et al. 2004). In toldj Townsend and colleagues
demonstrated that higher levels of CYP24A1 weredatetl in breast tumour compared to
normal breast tissue (Townsend et al. 2005). Itdrdbof CYP24 such as genestein, QW-
1624F2-2 and EB1089 are vitamin 8nalogues and have ability to inhibit CYP24A1
expression (Bruno and Njar 2007). Recently, Swuardaand co-workers showed that QW-
1624F2-2 inhibits cell proliferation and invasiohboeast tumour and has been proposed
for preclinical studies as an effective chemotheuig agent in breast cancer treatment

(Sundaram et al. 2006).

As mentioned previously (Section 1.2.2), hypoxioditions existing in the tumour
microenvironment are associated with resistanahéonotherapy and radiotherapy in
malignant cells. However, tumour hypoxia appearset a specific property of cells in
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many solid tumours, and it is a potential targettonour-specific prodrugs activated by

oxygen-sensitive reductase (bioreductive drugdudiog cytochrome P450s (Denny
2004). The topoisomerase Il inhibitor prodrug AQ@dnoxantrone) is designed to have
anti-tumour activity following activation by CYP1ACYP1B1 and CYP3A4. Under
hypoxic conditions, AQ4N is metabolised to the pptepoisomerase Il inhibitor AQ4 this
process is inhibited by oxygen.. AQ4N is curremtlyphase Ib/lla clinical trials, and it has
been reported that it is well tolerated and leggtthan another bioreductive prodrug

tirapazamine (McKeown et al. 2007).

Recently, Albertella and colleagues demonstratedcal results derived from a phase |
study of AQ4N in thirty-two patients with advancsalid tumours (i.e. breast, cervix,
glioblastoma, bladder, and head and neck). Thasenps received a single dose of AQ4N
prior to surgery and results showed that AQ4N paed well within tumour cells, as high
concentrations of the activated form AQ4 were detkéa tumour samples (Albertella et
al. 2008). This data indicates that the effect AIQ¥as on solid tumours is hypoxia-

selective and further evaluation in clinical trisdgequired.

A number of cytochrome P450 enzymes are involvatiemactivation and/or inactivation
of several anticancer drugs. Paclitaxel whichigely used in cancer chemotherapy is
inactivated in human liver by CYP2C8 forming @-Bydroxylation derivative with 30-fold
less than the parent drug (Taniguchi et al. 20@%)other example of a taxane anticancer
drug or stabilising-microtubule agent that is imzatied in the liver by CYP3A is docetaxel
(Scripture et al. 2005). In addition, the tumogsponse to docetaxel in human breast
tumours can be predicted by CYP3A4 (Miyoshi eR@D5). Patients with CYP3A4
negative tumours showed a higher response ratectetakel than those with CYP3A4
positive tumours. However, a previous study reggbthat the coadminstration of

CYP3A4 inhibitors (e.g. ketoconazole and midazolanth docetaxel may cause a
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significant drug interaction, resulting in toxidexts such as febrile neutropenia (Engels et

al. 2004). These findings are in agreement wiludy by Alexandre and colleagues
(Alexandre et al. 2007) who investigated the relahip between CYP3A activity,
inflammatory status and risk of docetaxel-induaglgkife neutropenia in patients with

advanced cancer.

The anticancer prodrugs cyclophosphamide, doxoiubied tamoxifen are bioactivated to
active agents mainly by cytochrome P450s. Cyclephamide is an alkylating agent
derived from the produrg oxazaphosphorine whigtrimarily activated in the liver by
CYP2B6 to generate a cytotoxic activity of phosg@meide mustard and acrolein, then
delivered to tumour cells via blood circulationd®&Khalili et al. 2006). To prevent
deleterious secondary effects and minimise damagerimal tissue, cytochrome P450
mediated gene-directed enzyme and prodrug the@P¥PT) have recently been
developed with CYP2B6 for the treatment of cyclogp@amide by delivery of exogenous
cytochrome P450s to the target site (Roy and Wax2086). MetXia encodes human
CYP2BS6, it activates cyclophosphamide in tumoulsdsldesigned to sensitise malignant
cells and can be directly injected into tumoursipto cyclophosphamide treatment.
MetXia is currently in phase I/ll clinical trial®f advanced breast cancer patients

(Braybrooke et al. 2005).

The anthracycline antibiotic prodrug doxorubiciroree of the most widely used anticancer
drugs. Doxorubicin is activated in human liver@yP3A4 to form a potent active
metabolite methoxymorpholinyl doxorubicin (MMDX) wdh interacts with DNA by
intercalation and inhibition of topoisomerase ligtfijssen and van Schaik 2006). In
addition, a study by Lu and colleagues investigatetittumour activity of MMDX in

various tumour cell lines (i.e. breast, lung, brama colon). Results showed that very low
levels of CYP3A4 expression and low anti-tumoundtgt of MMDX were found in these
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cell lines (Lu and Waxman 2005), suggesting thataasing the content of CYP3A4 in the

tumour site using gene-therapy vectors may be tlelgien treating patients with

doxorubicin.

Tamoxifen is currently used for the treatment aftoegen-dependent breast cancer
patients and is activated in the liver by seveydchrome P450s (i.e. CYP2D6, CYP3A,
CYP2C9, CYP2C19 and CYP2B6). Itis mainly actidbltgy CYP2D6, forming 4-
hydroxytamoxifen which has 50-100-fold more pot@ntioestrogenic effects than
tamoxifen (Dehal and Kupfer 1997). CYP2D6 is ahlygoolymorphic gene and this may
contribute to variability of treatment outcome beén individuals and/or ethnicities
(Zanger et al. 2007). Other cytochrome P450s agpdeave less important roles in the

metabolism of tamoxifen (Scripture et al. 2005).

Novel synthetic prodrugs selectively designed tattéesated by cytochrome P450s,
especially CYP1Al and CYP1B1, have been developddshow promise as new options
for cancer therapeutics. The phytoestrogen reso&(8,5,4’-trinydroxytrans-stilbene) is
derived from natural sources (i.e. red grape skikgsveratrol is mainly metabolised by
CYP1B1 within tumour cells to form the anticancgeat piceatannol (Piver et al. 2004)
which has antioestrogen effects. It has antioxidad anti-inflammatory effects which
may induce apoptosis and modulate the functionPofrEbreast cancer cells (Athar et al.
2007). Phase | and pharmacokinetic evaluatiomsafresveratrol in healthy volunteers
have recently been demonstrated through investigati six metabolites of resveratrol in
urine (Boocock et al. 2007). Results suggestetthi@ahighest dose of resveratrol did not
cause severe adverse drug reaction and cancer phereative effects of resveratrol

metabolites in this study warrant further invediiga by clinical studies.
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Another novel synthetic prodrug involving cytochr@ii450s is a water-soluble

fluorinated benzothiazole prodrug phortress thatp®tent AhR agonist and can induce
CYP1A1l expression. CYP1A1 converts phortress pmgdnto an electrophilic reactive
intermediate, that induces formation of DNA adduetsulting in DNA damage and cell
death. Phortress is rapidly hydrolysed in thegmes of cells to its lipophilic parent drug,
which is then selectively taken up into sensitie#s; followed by AhR binding and
translocation into the nucleus, leading to induttid CYP1A1 (Leong et al. 2003).
Phortress has recently entered phase | clinicdleswith breast cancer patients in the UK
(Bradshaw and Westwell 2004). However, Brockdanidl colleagues demonstrated that
increased expression of CYP1Al and CYP1B1 is agsmtiwith antioestrogen resistance
in breast cancer cell lines (Brockdorff et al. 20G@hd further clinical studies are required
to investigate CYP1A1 and CYP1B1 expression in tunaells and avoid this problem in

patients.

Gene expression of tumour-specific cytochrome P#a@sntroduced the concept of
cancer immunotherapy using a DNA vaccine. CYP18&4 lileen shown to be a tumour-
associated antigen that is overexpressed in anartge of tumour tissues and cell lines
(e.g. breast, uterus and ovary) and therefore septs an attractive target for immune-
based therapy. The CYP1B1-based DNA vaccine Zy¢3@@signed to induce the
immune system anti-CYP1B1-specific CDB-cell against CYP1B1-expressing tumour
cells. Zyc300 is currently in phase | evaluatidaécker et al. 2003) and has been shown
to improve survival in cancer patients who haveeligyed immunity to CYP1B1. In
addition, a study by Gribben and co-workers hasvehthat increased anti-CYP1B1
Immunity in patients with metastatic tumours (ogarian, colorectatenal, prostate and
breast cancer) dramatically improved their respaasext salvage therapy (Gribben et al.
2005). Though unexpected, it was associated wighoa clinical outcome and low
toxicity.
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A CYP3A4-based therapeutic antisense phosphorodammorpholino oligomer AVI-

4457 has been developed as CYP3A4 plays an impadiznin the deactivation of
paclitaxel and cyclophosphamide which are importéigimotherapeutic agents, but it is
not a tumour-specific expression enzyme (McFadyexh. 2004). A previous study
demonstrated that inhibition of CYP3A4 expressi@swbserved in primary human
hepatocytes after 24 hours exposure to AVI-455ndiRgs showed that the cytocidal
activity of cyclophosphamide and paclitaxel arahited and induced with AVI-4557
treatment in these cells respectively, but no éfbecthe cytocidal activity of cisplatin
(Arora et al. 2002). However, further information clinical trials of this agent has not

been reported.

1.9 Aims

Cytochrome P450 enzymes are involved in the cagan process as well as cancer
treatment. The current study aimed to detect thegmnce of these enzymes and their
regulatory nuclear receptors in breast cancellioel$ as models, and to identify potential
novel targets for breast cancer treatment based tingoexpression profiles obtained. This
study selected 24 cytochrome P450 genes and 10Hegttory nuclear receptors for
investigation (Table 1.5). Characterisation argulation of CYP4Z1 expression were of

particular interest.

Table 1.5:List of candidate genes in this study.

Cytochrome P450 enzymes Cytochrome P450-regulatonuclear
receptors
Family 1. CYP1Al, CYP1A2 and CYP1B1 AhR, ARNT, AhRR, HIF-Ii, CAR, PXR,

Family 2. CYP2A6, CYP2B6, CYP2C8, CYP2C9, | VDR, RAR, RXR and ER
CYP2C18, CYP2C19, CYP2D6, CYP2F1,
CYP2J2, CYP2R1, CYP2S1 and CYP2U1

Family 3: CYP3A4, CYP3AS5, CYP3A7, CYP3A43

Family 4: CYP4X1 and CYP4Z1

Family 24: CYP24A1

Family 26: CYP26A1 and CYP26B1
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Chapter 2

Materials and Methods

2.1 Introduction

As previously detailed (Section 1.3), the use difadture as arn vitro model system has
become increasingly important in several aspecksarhedical sciences at the molecular
and cellular levels in order to provide a bettedenstanding of cell biology vivo
particularly in disease stages. Established humnaast cancer cell lines representing
characteristics of the primary breast tumours (@lnicity, ERx status, epithelial-
mesenchymal transition (EMT) and invasive phendtyyaee been extensively used to

determine target gene expression (Burdall et &320

Microbial contamination in cell culture is one betmost common problems that can lead
to incorrect interpretation of gene expressiort asay result in serious effects (i.e.
alteration of cell growth pattern, cell morphologynd synthesis of DNA or RNA or
protein). To minimise contamination, all cell euk procedures (e.g. maintenance of cell
lines, resuscitation of frozen cells, trypsinisatand freezing cell cultures) in this study
were carried out in a Class Il safety cabinet (BidAstruments S.r.l., Siziano, Italy).
Pipette tips and glass containers were autoclav&di8C and 15 Ibs/ihfor 15 minutes,

and glassware was heated at°@Bfbr 2 hours. Penicillin/streptomycin solutiorte

most widely used combination of antibiotics in maatian cell culture to prevent bacterial
growth. In this study, a final concentration 0D10/ml of penicillin and 10qQug/ml of

streptomycin was used in growth media (FreshnepR00

In addition, all cell lines, growth media and d&esolutions of reagent were tested for

microbial contamination prior to use. Brain heaftision (BHI) broth was used to test for
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bacterial contamination by incubating af@7or 1-2 days. Sabouraud (SAB) broth was

used to detect fungal and yeast contamination tybiating at 3% for 7-10 days

(Freshney 2005).

Over the last 50 years, molecular biologists haa€emadvances in the isolation,
manipulation, and characterisation of the genetitemnal in cells. The genetic material is
transcribed into RNA and then translated into protd otal RNA is isolated from the cell
of interest, and a complementary DNA (cDNA) librasysynthesised from messenger
RNA (mRNA) using an oligonucleotide deoxythymidyéicid (oligo dT) primer which is
annealed onto the polyadenylated (poly A) tailhef mMRNA template. Thus, single
stranded mMRNA is converted into a cDNA copy of tessage using a reverse
transcriptase enzyme and deoxynucleotide triphdepi{dNTPs). The reverse
transcription-polymerase chain reaction (RT-PCRpisimonly used in the determination
of the abundance of mMRNA within a cell as a meastigene expression. RT-PCR is used
to amplify specific regions of the cDNA templaténgssequence specific primers. The
molecular weight size of the DNA fragment is estieagby semi-logarithmic plotting and
compared to size prediction from known sequencestri®tion digestion and DNA

sequencing are widely used to identify the geneyxts.

Figure 2.1 represents a flowchart of the proceed usthis thesis for the detection of
gene-specific expression. The following sectionthis chapter provide information on
molecular biology techniques. A list of chemicafgl reagents including their suppliers

are presented in Appendix A.

2.2 Cell culture and cell lines

The growth media, cell lines and culture technigermployed in starting growth and

maintaining cell lines, resuscitation of frozenlgelrypsinisation, freezing cell cultures
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and cell viability determination are described beldAll working steps in cell culture

procedure were performed in a Class Il safety @&tbin

Qiagen RNeasy Plus Mini
L Kit Procedure
RNA quantification <= Total RNA

and purification /

A

RlleA gg;t} Reverse transcription
v
ISSTRNA | me— First strand
18S rRNA | — cDNA synthesis

v M A B C
RTPCR =P [— —— —

Estimating DNA band size

Restriction digestion

DNA sequencing

Densitometric measurement

M = molecular weight markers
A, B, C = mnknown fragments

Figure 2.1: Flowchart of procedure for the detection of geneesfic expression.

2.2.1 Growth media

2.2.1.1GlutaMax ™!

L-glutamine is an unstable essential amino acidired in most cell culture media
formulations. It is used for energy productiomtpin synthesis and nucleic acid synthesis.
However, L-glutamine spontaneously degrades inctdilire media or aqueous solution to
the ammonium product. High ammonia concentratayegoxic to cells, lowering cell
viability and protein production. Therefore, satarell culture media which can be
purchased are now supplemented with L-glutamirdipeptide forms, such as alanyl-I-

glutamine and glycyl-l-glutamine.
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GlutaMax™| formulation is a dipeptide which is cleaved byiaopeptidase releasing, L-

glutamine and L-alanine. GlutaM3X% contains a stabilized form of L-glutamine, in atju
molar concentrations as glutamine-containing medizerefore, GlutaMaX'l-containing
cell culture media can increase media stabilityyimise toxic ammonia build-up and
maximize cell performance (Christie and Butler 199%ledia formulations RPMI 1640,
L15, DMEM and DMEM/F12 supplemented with GlutaM¥kwere employed for all cell

culture experiments.

2.2.1.2Roswell Park Memorial Institute medium (RPMI11640)

This was developed by Moore et al. (Moore et ab7)%&t Roswell Park Memorial
Institute (RPMI). The formulation utilizes a bisbanate buffering system, and is based
on the RPMI1630 series with alterations in the am®of amino acids and vitamins.
RPMI1640 medium has extensive applications forucing growth of several types of

cells, such as human normal and neoplastic leukamit lines.

2.2.1.3Leibovitz’s medium (L15)

This medium was developed by Leibovitz (Leibovi®63) in 1963 and was originally
formulated for use in the culture of tumour cels in the absence of carbon dioxide
(CO,) and without a sodium bicarbonate buffer systérhb medium is buffered by a
particularly high concentration of free base amacms(L-arginine primarily, but also L-
histidine and L-cysteine) and sodium pyruvate. $b@um pyruvate can be utilized as a
more readily accessible energy source for cell badism and can produce endogenous
carbon dioxide. Production of acidic metaboli®saduced by replacing glucose with

galactose in order to maintain physiological pHr(@gover et al. 1985).
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2.2.1.4Dulbecco’s Modified Eagle’s Medium (DMEM)

DMEM is one of the most commonly used variation8a$al Medium Eagle (BSE). This
medium contains twice the amino acid concentratadddEM and four times the vitamin
concentrations, as well as additional componentadititate better buffering (e.g. hydro-
gencarbonate and carbon dioxide concentrationg)h &hd low glucose forms are
available containing 4.5 g/L and 1 g/L of glucosspectively. This formulation is well

suited for culturing a wide range of mammalian Gelts (Dulbecco and Freeman 1959).

2.2.1.5 DMEM/Ham’s F12 medium

Ham’s F12 media was developed to clone Chinese téar@wvary (CHO) cells in low
serum concentrations (Ham 1965) and is now extehsised to culture different kinds of
mammalian cells. The mixture of DMEM and Ham’s K12L v/v) is suitable for some

epithelial, endothelial, and granulose cell types.

2.2.2 Celllines

A database of the seven breast cancer cell lines insthis study is shown in Table 1.1.
MDA-MB-157, MDA-MB-231, T47D, ZR-75-1 and ZR-75-3f&lls were obtained from

the European Collection of Cell Cultures (ECACCliskaury, Wiltshire, UK). MDA-MB-
468 cells were a generous gift from Professor Aasl@escher (Department of Cancer
Studies and Molecular Medicine, Leicester Mediagi@l, University of Leicester, UK).
MCF7 cells were an established cell line within 8ahool of Pharmacy and Life Sciences,

The Robert Gordon University, Aberdeen, UK.

MCF10A, a non-transformed human breast epitheélilline is derived from breast tissue
of a 36 year old patient with fibrocystic diseaSeljle and McGrath 1986). A previous
study demonstrated that MCF10A contains a numbégattires of normal breast
epithelium, for example, lack of carcinogenicitynnde mice, and dependence on
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hormones and growth factors for cell proliferat{@oule et al. 1990). In the present study,

MCF10A was obtained from the American Type Cult@alection (ATCC; LGC

Promochem, Middlesex, UK).

2.2.3 Growth and maintenance of human normal breast and teast cancer cells

All the media used (i.e. DMEM, RPMI1640, L15 and EM/Ham’s F12) were
supplemented with GlutaM&%1 and all cell lines were cultured under the recamded
conditions. Stock cultures of MCF7, T47D and MDABM57 cells were grown in
DMEM. Cell stocks of ZR-75-30 and MDA-MB-468 cellgere propagated in RPMI1640.
Stock cultures of ZR-75-1 cells were grown in RP&#Q containing 1 mM sodium
pyruvate. The media above were supplemented With (v/v) foetal bovine serum (FBS).
Stock cultures of MDA-MB-231 cells were culturedLib5 supplemented with 15% (v/v)
FBS. Cell stocks of MCF10A cells were grown in DMEHam's F12 medium (1:1)
supplemented with 20 ng/mL epidermal growth fadddd,L mg/mL insulin, 500 ng/mL
hydrocortisone and 5% (v/v) horse serum (Thomas. &006). All growth media were
prepared containing penicillin (100 U/mL) and stogpycin (100ug/mL) in order to
reduce the risk of microbial contamination. Cellsre seeded at 2-5x%6ells/cnf and
grown as a monolayer at%7in 5% CQ and 95% air. The cell culture media was
changed regularly every 2-3 days to prevent a hupl@df waste products as the cells grew

and divided. Cells reached 70-80% confluence wifai days.

As mentioned above, L15 medium (Section 2.2.1.33trba used without carbon dioxide,
therefore, MDA-MB-231 cells were cultured in flaskghout vented filter caps and the
flask caps were opened in the cell culture caldoreB0 minutes daily to allow gaseous
exchange to occur with atmospheric air and theereghment of oxygen content as

recommended by ECACC.

69



Materials and Methods

MDA-MB-157 cells were grown in L15 with GlutaM&8%l supplemented with 15% (v/v)
FBS as recommended (ECACC), but they were extresiely growing. Subsequently,
ECACC's technical support suggested changing tirenwth media to DMEM with
GlutaMax™I supplemented with 10% (v/v) FBS. The MDA-MB-1&4lls clearly grew
better in DMEM medium than L15 medium. Howevegrthwas no difference in the
morphological appearance between the cells culturéd5 and in DMEM growth
medium. The morphological appearance of all aedld in this study is shown in Figures
2.2 and 2.3. All cells were photographed as adgjvnonolayer (at high and low density)
using an inverted microscope Leica AF6000 systeprit@@ny) with Leica DFC300FX

camera (20x magnification).

2.2.4 Resuscitation of frozen cells

Gentle handling and immediate removal of cryopnrestere medium was required for the
recovery of cells, as cryopreserved cells are exhg fragile. A cryovial containing

frozen cells was transferred from liquid nitrogéorage to a Class Il safety cabinet. The
outside of the cryovial was wiped with 70% (v/vih&tbol to avoid microbial
contamination, and the screw top was opened sjidghitl2 seconds to reduce the pressure
within the vial. The bottom half of the vial wasen immediately immersed in a°87

water bath until thawed. The cell suspension vealg transferred to a sterile universal
tube containing 10 mL of an appropriate pre-wargesvth medium in order to remove or
dilute residual dimethyl sulphoxide (DMSOQ), priordentrifugation at 500 x g (Heraeus
Biofuge Primo centrifuge, USA) for 5 minutes atmotemperature. Increased speed and
prolonged spin time has been suggested as deayeaahbility of cells (Freshney 2005).
The cell pellet was then re-suspended in 10gmdwth medium and the resulting
suspension was transferred into acB% flask, before being placed in the incubator at

37°C in an atmosphere of 5% G@nd 95% air.

70



Materials and Methods

Figure 2.2: Morphology of oestrogen positive receptor breastasa cell lines. Living monolayer, low
and high density of MCF7 (A, B), T47D (C, D), ZRA7&, F) and ZR-75-30 (G, H) cells. Scale bar =
200 um.
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Figure 2.3: Morphology of oestrogen negative receptor breasicea cell lines. Living monolayer, low
and high density of MDA-MB-231 (A, B), MDA-MB-1%&7 D), MDA-MB-468 (E, F), and normal breast
cell line MCF10A (G, H) cells. Scale bar = 2.
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2.2.5 Trypsinisation

Trypsin is a proteolytic enzyme that cleaves priteit the carboxyl side of the basic
amino acids lysine and arginine. In a cell cultak@ratory, trypsin solutions are
commonly used to dissociate adherent cell monatagrering the process of harvesting
cells. In this study, cells were harvested usiggdin-ethylenediaminetetraacetic acid
(EDTA) (0.05% wi/v trypsin with 0.53 mM EDTA.4Na) wdih had been derived from
porcine pancreas. This solution was prepared mksld8Balanced Salt Solution (HBSS)
without calcium and magnesium. EDTA promotes disegation of cells and is a chelator

that binds divalent cations such as calcium andnesigm.

Cells were harvested at 70-80% confluence. Spétire medium was aspirated from the
flask, and cells were washed twice with 10 mL d€icen-magnesium free-phosphate
buffered saline (pH 7.4) to remove residual medaemtaining foetal bovine serum, which
is a rich source of trypsin inhibitors. Calciundanagnesium also inhibit trypsinisation,
as these two cations play a critical role in ceitell and cell-to-substrate attachment.
Depending on the size of flask either 2 mL (forsacg? flask) or 3 mL (for a 75 cf

flask) of trypsin-EDTA was added, and incubate8@C in 5% CQ and 95% air. The
progress of cell detachment was checked brieflyeuttte inverted microscope every 5
minutes. When the cells were completely detactmgpsin was inactivated and EDTA
removed by adding 10 mL of growth medium contairfimgtal bovine serum. The
resulting cell suspension was collected and cerged at 500 x g for 5 minutes at room
temperature.The cell pellet was re-suspended in 10 mL growdldionm, and cell density
and viability were determined using the trypan dteen (Section 2.2.7). Cells were
seeded at 2-5xf@ells/cnf into a new flask. A total volume of 10 mL andrbs growth
medium was used for 25 érand 75 crhflasks respectively. The cell cultures were

incubated at 3T in an atmosphere of 5% G@nd 95% air.
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2.2.6 Freezing cell cultures

Freezing cells or cryopreservation is a technighere cells are stored at very low
temperatures. Cells become metabolically inertgartetically stable and ice crystal
formation is minimised. DMSO solution is the mostmmonly used cryoprotectant for the
protection of cells from mechanical and physiceésd, and reduction of water content
within cells. The reagents are made into a salutidh media or serum; cells are
suspended in this solution, and are stored indigitrogen at -19&€ (Greene et al. 1967,

Freshney 2005).

As indicated earlier, cells cultured following ahipassage are more likely to change in
cell characteristics (i.e. morphology, growth pattand genetic stability) than cells
derived from a low passage (Davis 2002). The mtoeeof freezing cells allows cells to
be stored for long periods without alterationsiability or other characteristics (Freshney
2005). For this reason, the present study kefuick ®f cells at a low passage level in
liquid nitrogen with freezing medium. Cells thatchbeen passaged between 5 and 15

times were used for experiments.

After trypsinisation (Section 2.2.5), the cell peNvas re-suspended in 10 mL growth
medium, cell samples were counted and viabilitgdeined using trypan blue (Section
2.2.7). The suspended cells were centrifuged @ix5§for 5 minutes at room temperature.
The cell pellet was re-suspended in an appropvigiteme of freezing medium containing
10% (v/v) DMSO and 90% (v/v) FBS (ECACC recommendedachieve a cell density of
1x1C cells/mL and placed in cryovialdhese cells were frozen by a controlled rate
freezing device (isopropanol bath at*8pto slow the freezing process to ~ -1°C/minute.
A slow cooling rate is important as it provides quigte time for proper adjustment of cells
to the frozen environment and this limits cell teatells were placed in a -80 freezer

for 24 hours, prior to transfer to liquid nitrogkam storage.
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2.2.7 Cell viability determination by trypan blue stain

Trypan blue stain which is used to determine tlabiity of cells does not pass across the
plasma membrane unless the cell is damaged or ddstefore, viable cells with intact
cell membranes are unstained and non-viable ag&lstained blue. Cells were counted

using a haemocytometer and an inverted microsdegsltiney 2005).

After trypsinisation (Section 2.2.5), the cell p¢Nvas re-suspended in 10 mL growth
medium, and 20 pL of the cell suspension was mixiga 20 pL 0.4% (w/v) trypan blue
stain in a sterile 1.5 mL microcentrifuge tube {ggva dilution factor of 2). This mixture
was placed on a haemocytometer for cell countiflge hemacytometer has 2 chambers
(Figure 2.4A) and there are 9 large squares withigreach chamber (Figure 2.4B). Each
outer quadrant is divided into 16 smaller squareskigure 2.4B shows one chamber of a
haemocytometer slide under 10x magnification. @elys that overlap the top and left
borders of squares should be counted to avoid stmerating the cell concentration (Davis

2002).

The four outer quadrants in the grid were usedih shambers to count the non-viable
and viable cells at 10x magnification. The totalict was divided by eight to determine
the average number of cells in one quadrant, ascthmber was multiplied by 2 (the
dilution factor) and then f0n order to calculate the number of cells in orillilime of
suspension (the number“i® derived from the total volume of each quadrark;mn? or
1x10*mL). The percentage of viable cells was determimedividing the number of

unstained cells by the total number of cells andtipiying by 100.
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Figure 2.4: Cell counting using a haemocytometer. (A) A hagmooeeter slide. (B) Improved
Neubauer pattern ruled haemocytometer (Davis 2002).

2.3 Purification of total RNA

Monolayer cells were washed twice with 10 mL seéephosphate buffered saline. Total
RNA was isolated from the cells using a Qiagen Riydlus Mini kit according to the
manufacturer’s instructions as follows (Figure 2.5) brief, lysis buffer which contained
guanidine thiocyanate and 1% (v/v) beta-mercaptoethas a reducing reagent was added
to the cells in order to disrupt the cell wallsgarlease the RNA contained in the sample.
The lysed cells were manually scraped and traresféor a new 1.5 mL microcentrifuge
tube. Cell lysate was passed though a 23-gaugbenattached to a sterile plastic syringe
20 times manually to reduce the viscosity of thelgsates, and shear the high-molecular
weight genomic DNA. The lysate was then transtktoea genomic DNA Eliminator spin
column and centrifuged at 14,500 x g for 30 secdagpendorf microcentrifuge 5415D,

Germany). The column was discarded, and one volfrii®@% (v/v) ethanol was added to
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the flow-through and mixed well. The cell lysatassthen placed in an RNeasy mini

column and centrifuged at 14,500 x g for 15 secordee flow-through was discarded and
this process repeated. An aliquot (700 uL) of RBVffer (provided in the Kit) was added
to the RNeasy column and centrifuged at 14,5000t 45 seconds; the flow-through was
then discarded. The RNeasy column was washedS8@huL RPE Buffer (provided in
the Kit) and centrifuged at 14,500 x g for 15 satyragain the flow-through was
discarded. The RNeasy silica-gel membrane was tieadding an additional 500 pL of
RPE Buffer prior to centrifugation at 14,500 x g fominutes, the resulting flow-through
was discarded and the tube recentrifuged once ai@®,000 x g for 1 minute. The
RNeasy column was then placed on a new sterilenL.microcentrifuge collection tube.
Total RNA was eluted from the column by the additad 2 x 50 uL RNase-free water,
and the column was then centrifuged twice at 14)60or 1 minute, using the same
collection tube. All centrifugation steps werefpemed at room temperature. The RNA

isolation procedures were performed in a Clasaflity cabinet.

Cells

Lyse and homogenise cells

Remove genomic DNA using a genomic
DNA Eliminator spin column

Add ethanol

Bind total RNA

Wash column with RW1 and
RPE buffer

Elute total RNA

Determine : Quantification
Purification

Integrity

Figure 2.5: Flowchart of isolation of RNA using RNeasy Pluscedure.
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The total RNA was precipitated by the addition dh0volume of 3.0 M sodium acetate

(pH 5.2) and 3x volume of ice cold ethanol. TheARdample was subsequently mixed
gently and stored at -20 overnight. RNA was recovered by centrifugatiod®000 x g
(Heraeus Biofuge 28RS centrifuge, Germany) for Butas at 2C. The pellet was washed
with 0.5 mL of 70% (v/v) ethanol and then centriédgat 15,000 x g for 5 minutes 4C4
and this process repeated in order to remove raissdlt. Evaporation of residual ethanol
from the RNA pellet was performed by leaving thempube on the lab bench at room
temperature for 20 minutes. Care was taken novéodry the RNA pellet, as this makes it
more difficult to solubilise the pellet. The RNA&Iet was re-suspended in 20 pL 0.1%
(v/v) diethyl pyrocarbonate (DEPC)-treated watepg@ndix B) and stored at -&D until
required (Sambrook and Russell 2001). RNA sangnésilised in RNase-free water can

be stored at -8C without degradation for more than one year (Choymski 1992).

RNA concentration and purity were determined byctpghotometry (Thermo Electron
Spectrometry Biomate'¥, UK). Ten pL of the total RNA was diluted with@@L of

0.1% (v/v) DEPC-treated water (a dilution factos0). The RNA concentration of a
diluted sample was determined by absorbance ah26(P250), with one absorbance unit

of Ao corresponding to 40 pg of RNA per mL. ThgfA,geratio was calculated to

give an indication of sample purity, with range$ween 1.8 and 2.1 considered acceptable

for good quality RNA (Sambrook and Russell 2001).

Agarose gel electrophoresis is commonly used tggute quality of the isolated total
RNA sample by inspection of the 28S and 18S rib@d®iNA (rRNA) bands. A sample
loading of 1ug RNA was verified visually by electrophoresisaoh.0% (w/v) agarose gel
dissolved in Tris-Borate-EDTA (TBE) buffer and caming a final concentration of 0.5
png/mL ethidium bromide. Electrophoresis was cdraat for 60 minutes at 100 V in a
Minicell EC370M (EC Apparatus Corporation, USA).itivintact total RNA, the upper
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rRNA (28S, Mw 5.0 kb) band should be approximatelice as intense as the lower (18S,
Mw 1.9 kb) rRNA band, indicating non-degraded higlality RNA (Jones et al. 1994).

Additional information on agarose gel electroph@ésprovided in Section 2.8.

2.4 Reverse transcription and first strand cDNA synthes

Since RNA does not serve as a template for DNAmehase, a total RNA sample must
firstly be reverse-transcribed into complementaNAXcDNA) using a reverse
transcriptase (RT) reaction. The subsequent cD&lAtkhen be amplified by the
polymerase chain reaction (PCR) method to detecexipression of target genes. The RT
reaction consists of RNA template, reverse trapsase (e.g. moloney murine leukemia
virus; M-MLV or avian myeloblastosis virus; AMV)pscific primers (e.g. oligo(d¥,)
anchored oligo(dT) random hexamers, sequence-specific) and deogoiicé
triphosphates (dATP, dCTP, dGTP and dTTP) (Figubg. 2

Poly A* mRNA
A VA AVAV VAV V V.V V. W.V.V.V.V. U0

l

Poly A" mRNA
VN WVVWAAAANAN AAAAA... e TTTTT...

Oligo dT primer
dATP

dC TP | Reverse transcriptase
dGTP (e.z. AMV, M-MLYV)

dTTP

5NNV VAN AAAAA...

58 ¢== TTTTT...
cDNA

Figure 2.6: Synthesis of the first strand cDNA.

Abbreviations: cDNAcomplementary deoxyribonucleic acid, Adenine dT; deoxythymidylic acid
dATP; deoxyadenosine triphosphate, dCTP; deoxyiogtisiphosphate, dGTP; deoxyguanosine
triphosphate, dTTP; deoxythymidine triphosphateNARmessenger ribonucleic acid, M-MLV ;
moloney murine leukemia virus; or AMV; avian my&stosis virus

M-MLYV reverse transcriptase is most commonly ugesyinthesise full-length copies of
RNA molecules which can generate high copies of ADMNsamples containing low

amounts of RNA (Newton and Graham 1997). At ther@l of mRNA, there is a long

sequence of adenine nucleotides known as ‘tip®ly (A) tail’ which can be hybridised
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with a short complementary synthetic oligo (dThper. Oligo (dT) is an oligomer (n

usually between 12 and 18 nucleotides) that is ipaised to synthesise full-length

cDNAs from poly (A), mRNA (Sambrook and Russell 2001).

In this study, 5ug of total RNA was added to a 5 uM suspensionigbdldT),3 primers,

and then made up to a reaction volume of 12 uL @itf6 (v/v) DEPC-treated water,
gently mixed, and followed by a brief centrifuge4@00 x g for 2 seconds to bring all
components to bottom of tube. The reaction waslkiated at 74 for 10 minutes in the
Biometra T3000 thermocycler (Thistle scientific LtdK) to allow annealing of the oligo
dT to the RNA template; the tubes were then plaete for 15 minutes to stop the
reaction. EighfiL of RT reaction mixture consisted of 2 uL 10x RERction buffer, 1 pL
200 U M-MLYV reverse transcriptase, 1 uL 10 mM dNEpRs 0.1% (v/v) DEPC-treated
water to make up a total volume ofitB. The RT reaction was prepared as presented in
Table 2.1. The reaction mixture was incubated2aC4or 50 minutes, prior to terminating
the reaction at 9& for 5 minutes and chilling at 4°C for 30 minubeshe thermocycler.
The thermal profile for the first strand syntheses set as shown in Table 2.2. Following
the thermocycling reaction §L 0.1% (v/v) DEPC-treated water was added to the
samples. In order to standardise all subsequentgures, the concentration of this is then
represented as an equivalent cDNA concentrati@®aofg cDNA[L which was stored at -

80°C until further use.

Table 2.1 Components of first strand (RT) reaction.

Component Concentration in reaction

Template RNA 5ug

Oligo(dThs 5uM

10x RT reaction buffer 1x (containing 50 mM Tris-HCI, pH 8.3, with 50 mMd{
3 mM MgClh, and 5 mM DTT)

dNTPs (10 mM) 0.5 mM each of dATP, dCTP, dGTP, dTTP

M-MLV RT 10U

0.1% (v/v) DEPC-treated water To make final volume 2L
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Table 2.2: Thermocycling conditions for first strand (RT) cBNynthesis.

Phase Temperature Duration
Oligo (dT) priming 70°C 10 minutes
Reverse transcription (RT) 42°C 50 minutes
RT inactivation 95°C 5 minutes

2.5 Qualitative reverse transcription-polymerase chairreaction
(RT-PCR) analysis
Polymerase chain reaction (PCR), a technique ailyimvented by Kary Mullis in 1985,
is anin vitro enzymatic reaction capable of amplifying the nunidfecopies of a target
DNA sequence. This method can be used for a yasfednalyses in biomedical research
(Newton and Graham 1997). Over two decades, PGRéan modified and developed for
different applications. Reverse transcription-paéyase chain reaction (RT-PCR) is a
highly sensitive technique and widely used in theelg of gene expression at the RNA
level, as a low copy number of RNA molecule camdbiected. The first strand cDNA is
synthesised (Section 2.4), followed by amplificatad the specific parts of double-
stranded DNA within cells using the PCR. PCR isied out in a thin walled tube
contained within a thermocycler using a specifiemgpamme that can control the precise

temperature requirements for each step of theiogact

The PCR requires basic components contaiisyDNA polymerase, reaction buffer
(includingmagnesium chloride; Mg@)l dNTPs, primers, template DNA and watea
single tube. Determination of the optimal concatidn of each component in a PCR
reaction is important when DNA synthesis fidelgycritical. Tag DNA polymerase is a
thermostable polymerase originally isolated from tiiermophilic bacteriurhhermus
aquaticusand is the most widely used in PCR as it allondieation of high annealing

and extension temperatures during the amplificgiimtess. Under optimal conditions
this enzyme can synthesise a new DNA strand aeadfé85-100 nucleotides/second at 70-

80°C and is stable during incubation af@5allowing denaturation steps in the
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amplification cycling (Newton and Graham 1997).eTdnzyme has exonuclease activity

5'—3’ but not on the 355’ direction. The concentrations between 1.0 asd RofTaq
DNA polymerase are usually used infp0of PCR reaction mixture. An optimal
concentration oTagDNA polymerase is necessary to obtain a bettéd yiEPCR
products as a higher concentration of enzyme m&yltran non-specific products and
lower amounts oT'aq DNA polymerase may result in low yield of the dediproduct

(Toranzos 1997).

The MgC} concentration in the reaction is one of the mmgtdrtant factors for successful
amplification of cDNA as it functions as a cofacfor DNA polymerase. However, M
ions can interact with dNTPs, primers and DNA teaigs to form complexes so the
MgCl, concentration has to be optimal for each experimExcessive Mg ions can lead
to high levels of non-specific products, whereaslgguate Mg ions will inhibit the
reaction, resulting in low yield of PCR produci&he recommended range of MgCl
concentration in the final reaction mixture is beémn 0.5 and 5.0 mM for the standard
reaction conditions (Newton and Graham 1997). fédr dNTPs (i.e. dATP, dCTP, dGTP
and dTTP) are required for the synthesis of DNAudlly, the final concentration of each
dNTP in the PCR reaction mixture is between 0.15 amd 0.2 mM and these should be

used at equal concentration to minimise misincapon (Toranzos 1997).

The design of good synthetic oligonucleotide prereranneal to target DNA is essential
for the specificity of amplification product in egdto have a successful PCR. Guidelines
for primer selection in the current study are dethin Section 2.6. In the PCR reaction
mixture, the final concentration of each primeinishe range of 0.1-0.8M and must be
used in equal concentrations. Higher concentratadiprimer usually generate non-

specific products and form primer-dimers (Toran987).
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The working concentration of template DNA shoulddeéween 100 and 500 ng in a total

PCR reaction volume of 50L. Insufficient template DNA can lead to low yied
products while excessive template DNA usually magyegate non-specific products and

reduce efficiency (John and Stirling 2003).

Regarding the cycling conditions, a series of twdive to thirty-five cycles of PCR are
usually carried out with each cycle of the PCR cxiimgy of three steps (i.e. denaturation,
annealing and extension of the DNA template, Fig@&A and 2.7B) (Newton and
Graham 1997). During repeated cycles of PCR, dipg of new synthesised DNA strands
increases exponentially and the target DNA repieaeveral million-fold. It is essential
that the target DNA is analysed within the exporamhase of the PCR reaction, before
the plateau phase when the reaction componenissariicient, leading to the low

efficiency of amplification (Kainz 2000).

Initially, the double-stranded DNA is heated to®BC in order to break apart the
hydrogen bonds between the two DNA strands. Tisedenaturing step requires an
extended time period to ensure that the templat@ BNompletely separated into single-
strands. Denaturation for 0.5-2 minutes is usuglljicient. Following denaturation, the
temperature is lowered to allow the primers to ahtespecific sequences on the single-
stranded DNA in a step known as primer annealidgntifying the appropriate annealing
temperature (J) for each primer pair is a critical factor in tRER reaction and is based on
the composition of the individual primer pairs (ineelting temperature;)) in order to
minimise non-specific amplification products, Should be set approximatel§Gbelow

Tm (Newton and Graham 1997). Annealing of the oligheotides to the sequence of
interest usually takes between 1 and 2 minuteshdrfinal elongation step the temperature
is raised to the optimal temperature for the thestadle enzymd@agDNA polymerase
(70-80°C) as mentioned above.
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Figure 2.7: The polymerase chain reaction (PCR). (A) The B&Rperature cycling profile (B) The cycling
reaction (Adapted from Newton and Graham 1997).
Housekeeping genes are constitutively expressatl aells and can be used to ensure the
efficiency of amplification reaction. Several heliseping genes have been used as
control genes in different model systems such yaseghldehyde 3-phosphate
dehydrogenase (GAPDHj;actin and3,-microglobulin (Schmittgen and Zakrajsek 2000,
Lupberger et al. 2002)3,-microglobulin is commonly used as an internal dgad gene in
gene expression studies as it shows low variatetwéen different cell origins (Lupberger

et al. 2002). This gene was used in the presedy $o verify the expression of target

genes.

In this study, the standard PCR was performed iplb@eaction mixtures. The PCR
reaction mixture contained 5 pL of 10x PCR reachaffer, 1 pL of dNTP mixture, 0.5
pL of TagDNA polymerase (5 U/uL), 5 pL of the mixture ofdard and reverse primers,
template cDNA (50 ng/pL) and 0.1% (v/v) DEPC-trelateater to make up a total volume
of 50 uL. A negative control (no template cDNA)snacluded in each PCR reaction.
Initially, the standard PCR reaction was prepasedhomwn in Table 2.3. All components
were mixed gently and followed by a brief centrigugt 4000 x g for 2 seconds to collect

them at the bottom of the microfuge tube. Thetreaanixture was incubated in a
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Biometra T3000 thermocycler (Germany) which wasasethown in Table 2.4.

Optimisation of the PCR procedure involved idenéfion of the appropriate annealing
temperature, the concentration of template cDNAthedappropriate primer sets in the

PCR reaction as described in Chapter 3.

Table 2.3: Components of second strand (PCR) reaction.

Component Concentration in reaction

10x reaction buffer 1x (containing 10 mM Tris-HCI, 1.5 mM, Mg&|
50 mM KCI, pH 8.3)

Template cDNA 100 ng

Mixture of forward and reverse primers0.5uM each of forward and reverse primers

dNTPs (10 mM) 0.2 mM each of dATP, dCTP, dGTP, dTTP

TaqDNA polymerase 25U

0.1% (v/v) DEPC-treated water To make final volume 5QL

Table 2.4: Thermocycling conditions for second strand (PCRI)\A synthesis.

Phase Temperature Duration Number of cycle
Initial denaturation 94°C 2 minutes 1

Template denaturation 94°C 50 seconds

Primer annealing 5°C below T, of primers 1 minute 30

DNA synthesis 72°C 1 minute

Elongation 72°C 5 minutes 1

2.6 Design of synthesis of oligonucleotide primers

A primer is a short synthetic oligonucleotide whistused to determine the DNA fragment
to be amplified in applications of PCR or DNA seqciag. The primers are designed to
be complementary to the target sequence of templd#e which serves as a starting point
for synthesising a new DNA strand or DNA replicatiny a DNA polymerase. Primer
design is a critical issue in PCR-based detectiethous as an inappropriate primer may
produce internal secondary structures and primeedi. Internal secondary structure and
primer-dimer formation occurs, if the forward amserse primer can anneal to each other
or have internal hybridisation. This reduces tha@lable amount of primers, resulting in
low effective amplification. Poor primer designyraso cause non-specific products

which appear as an incorrect product (Newton arah@n 1997, Lodge et al. 2007).
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Selection of efficient and specific primers remagnspirical. There is no firm rule for the

synthesis of effective or specific primer pairs &ramplification reaction but the primer
should be designed according to some general guedel Usually, a suitable primer for
the PCR process should be between 20 and 30 nidesan length with a melting
temperature () between 55°C and 65°C, and the PCR reaction weelisif primer pairs
have similar T, in order to set the same annealing temperatutienels that are too short
may lead to non-specific copies as they can aratgabny points on a DNA template.
However, if primers are too long they are limitgdiigh annealing temperature (Newton
and Graham 1997). Currently, there are severaldnel commercially available web-
based services or software provided for primergiesvith Primer3 being the most widely
used. The web-based application Primer3 programarmested by the Whitehead Institute
for Biomedical Research (Rozen and Skaletsky 2000)ially, primers in this study were
designed to cross an exon-exon boundary in ordereient co-amplification of genomic

DNA. The designation was performed using desigeria as shown in Table 2.5.

Table 2.5:Criteria for primer picking conditions using the b#ased Primer3 programme.

Primer condition Minimum Optimum Maximum
Primer size (bp) 18 20 27
Primer T, (°C) 57 60 63
Primer GC content (%) 20 50 80

Resulting primer sequences were then analysedfoc@ss-matching with the non-
redundant database of GenBank using the standatelatide-nucleotide BLAST (The
Basic Local Alignment Search Tool) search of theéidtel Centre for Biotechnology

Information (NCBI) available at http://www.ncbi.nlmh.gov/blast/ The Genbank

accession number of each P450 and P450-NR gengdraggimer design is shown in
Tables 2.6 and 2.7.Table 2.6 lists the primersiHercandidate genes which were designed
using programme Primer3. Table 2.7 shows thefipublished primers which were
considered for PCR experiments depending on p#atiobjectives, and details will be

provided in the subsequent chapters.
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Table 2.6(1):List of designed primers.

Gene name Accession No Primer Sequence (5to 3) Length T, (°C) T.(°C) Product size (bp)

B,-microglobulin  NM_004048 Forward #CCTTGAGGCTATCCAGCGTACTCCAAR’ 27 60.7 58 319
Reverse ¥TGATGCTGCTTACATGTCTC? 20 55.2

CYP1Al K03191 Forward I CTTGGACCTCTTTGGAGCTE™® 20 63.8 58 212
Reverse 1B CGAAGGAAGAGTGTCGGAAG?! 20 63.8

CYP1A2 700036 Forward *CAATCAGGTGGTGGTGTCAG* 20 64.2 58 245
Reverse 89GCTCCTGGACTGTTTTCTGE? 20 63.9

CYP1B1 U03688 Forward M3 GCAGCTCAACCGCAACTTCA™! 20 68.8 60 397
Reverse LZEANAAGCTGGAGAAGCGCATGG®® 20 68.6

CYP2A6 X13930 Forward 1O TGACAGAGTGATCGGCAAG'? 20 64.1 58 186
Reverse UG GTACACTTCGGTGCCCTTA' 20 63.7

CYP2B6 M29874 Forward 240CCCCATACCCCATTCTCTTH# 20 63.6 58 194
Reverse P9GCAGAGGTTGCAGTGAACAK®™® 20 64.1

CYP2C8 Y00498 Forward 4 TATGGACTCCTGCTCCTGCT®® 20 63.9 58 230
Reverse U9 CCCTTGGGGATGAGGTAGT T 20 63.9

CYP2C9 M61855 Forward 9°GGACAGAGACGACAAGCACA™ 20 64.2 58 156
Reverse 1 CATCTGTGTAGGGCATGTGE™ 20 64.1

CYP2C18 M61856 Forward 12 CCGCATGGAGCTGTTTTTAR 20 63.7 58 199
Reverse G AGAATTGCAGGTGACAGCA ™ 20 64.1

CYP2C19 M61854 Forward B ACTTGGAGCTGGGACAGAGA™ 20 64.0 58 167
Reverse 15 CATCTGTGTAGGGCATGTGE™ 20 64.1
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Table 2.6(2):List of designed primers.

Gene name Accession No Primer Sequence (5to 3) Length T, (°C) T.(°C) Product size (bp)

CYP2D6 X08006 Forward 80CAGAGATGGAGAAGGCCAAG™ 20 63.8 58 191
Reverse 102CCCTATCACGTCGTCGATCT 20 64.0

CYP2S1 AK027605 Forward BIAGGTCAGGCTGAGGAGTTCA™ 20 64.0 58 216
Reverse > TCTGTCCCCTGGAATGTCTE” 20 64.1

CYP3A4 J04449 Forward 8%CAAGACCCCTTTGTGGAAAA™® 20 63.7 58 184
Reverse 849CGAGGCGACTTTCTTTCATE® 20 63.7

CYP3A5 J04813 Forward 8°AAGAAAAGTCGCCTCAACGA®™ 20 63.7 58 227
Reverse 18T GCAGTTTCTGCTGGACATC™? 20 64.1

CYP3A7 D00408 Forward " AAGGTCGCCTCAAAGAGACA™® 20 63.9 58 223
Reverse 9¥TGCACTTTCTGCTGGACATCE™ 20 64.1

CYP3A43 AA417369 Forward I AGGGAAAGTCAGGGTCCACT*® 20 63.8 58 190
Reverse “GCATGAGGTTTGCTCTCACA®’ 20 64.1

CYP4z1 AY262056 Forward **TCATGAAGTGTGCCTTCAGC 20 64.1 58 159
Reverse 3GGCCTTGAGAGCTGAATTTGY 20 63.7

CYP24A1 L13286 Forward 190G GCAACAGTTCTGGGTGAAT®® 20 63.9 58 249
Reverse BT ATTTGCGGACAATCCAACA™®Y 20 63.8

CYP26A1 AF005418 Forward U9 TCGGGTTGCTCTGAAGACT!™® 20 63.9 58 191
Reverse 19T CCTCCAAATGGAATGAAGC® 20 63.8

CYP26B1 AF252297 Forward 3 ACACGGTGTCCAATTCCATT? 20 64.0 58 172
Reverse *YGCCTCCTGGTACACGTTGAT® 20 63.9
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Table 2.6(3):List of designed primers.

Gene name Accession No Primer Sequence (5to 3) Length T, (°C) T.(°C) Product size (bp)

HIF-1a U29165 Forward 23GAAAGCGCAAGTCCTCAAAG™ 20 63.8 58 167
Reverse 2T GGGTAGGAGATGGAGATGCG™ 20 64.0

AhR NM_001621 Forward HIGGACAGAAAAAGAAAGGGAAAG 1138 22 61.8 55 262
Reverse B CGGCACAATAAAGCATATCAGH® 21 61.9

ARNT NM_178427 Forward 2ATCCTCCTTCAGCTCCATGTCE™® 22 67.6 60 387
Reverse 28, TTCTCCCCCACCCCTTATE? 20 65.9

AhRR BM682431 Forward T TCAGGATAGGCTCCTGCAT® 20 63.6 58 171
Reverse 2PAGTGACCACCATCCAAGCTC™ 20 64.1

CAR* 730425 Forward IGCAGCTGTGGAAATCTGTCA® 20 64.1 58 232
Reverse 1099 C AGGTCGGTCAGGAGAGAAG®" 20 64.0

PXR AJ009936 Forward I CTGTGTGGATGCTGAGCTGT” 20 64.3 58 214
Reverse HITGATTGTCAGCGTAGCCTTG! 20 63.9

VDR J03258 Forward 19%GAGACCTCAGCCATGAGGAG®® 20 64.0 58 250
Reverse I CGTGAGTAAGGCAGGAGAGG® 20 63.8

ER X03635 Forward 1BTGGAGATCTTCGACATGCTG 20 64.1 58 208
Reverse 183G CCATCAGGTGGATCAAAGT 20 63.9

Note: *; This primer set was also used as nestidgpifor the published CAR.
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Table 2.7(1):List of published primers.

Materials and Methods

Name Accession No  Primer Sequence (5to 3) Length T,(°C) Ta(°C) Productsize (bp) Reference

CYP1A1 K03091 Forward “*TGGATGAGAACGCCAATGTC®® 20 66.0 58 394 Huang et al. 1996
Reverse  **TGGGTTGACCCATAGCTTCH®* 20 63.3

CYP2D6 M20403 Forward ' CCAGAGATGGGTGACCAG™™® 18 61.8 55 261 Thomas et al. 2006
Reverse  '**CTCCGGCTTCACAAAGTG?™® 18 62.1

CYP2F1 NM_000774  Forward °*CCATTATCCGCCTTATCAAT®®® 20 60.1 55 305 Thomas et al. 2006
Reverse  *GCCAAAGAGCAGGTTATGT** 19 59.3

CYP2J2 NM_000775 Forward “**“GCTTAGAGGAACGCATTCA®* 19 60.5 55 714 Thomas et al. 2006
Reverse  'CAGCCAAAGTGGTATCAACT''® 20 59.2

CYP2R1 NM_024514 Forward #*°TGGTTCTAAATGGCTATGATG® 21 59.0 52 308 Thomas et al. 2006
Reverse  **GTTTGAAACAGCATTCGTTA® 20 57.8

CYP2U1 NM_183075  Forward ***GCTCATCTCCATCGTGAC®™ 18 59.2 55 320 Thomas et al. 2006
Reverse  **TTTCTAGGCCTCGTGACATA® 20 59.8

CYP3A4 M14096 Forward "®CTGTGTGTTTCCAAGAGAAGTTAC®” 24 60.6 55 742 Huang et al. 1996
Reverse  *TGGTTGAAGAAGTCCTCCTAAG®? 22 61.2

CYP3A5 J04813 Forward " GTCTCTCTGTTTCCAAAAGATACC#? 24 60.9 55 737 Huang et al. 1996
Reverse  *TGAAGAAGTCCTTGCGTGTC®'® 20 63.0

CYP4X1 NM_178033 Forward °®*GCATCGTCGCCTACTAACTE™ 20 61.4 55 364 Thomas et al. 2006
Reverse  'YCTGATTCAACACTCGGCTTA® 20 60.4

CYP4z1 NM_ 178134  Forward ATATCCCGGTTACTCGACAA'®® 20 60.7 55 257 Thomas et al. 2006
Reverse %G CCACTGCCACTTTACACT®® 19 60.3
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Table 2.7(2):List of published primers.

Materials and Methods

Name Accession No  Primer Sequence (5to 3) Length T,(°)C) T.(°C) Product Reference
size (bp)

CAR 230425 Forward  ®®*CCAGCTCATCTGTTCATCCA® 20 63.9 58 417 Chang et al. 2003
Reverse  MGGTAACTCCAGGTCGGTCAG™ 20 63.5

PXR AF061056 Forward  *“CAAGCGGAAGAAAAGTGAACG®® 21 65.7 60 246 Chang et al. 2003
Reverse  **CACAGATCTTTCCGGACCTG™ 20 64.6

PGR M15716 Forward *''GATTCAGAAGCCAGCCAGAG®®*® 20 64.0 58 533 Lau et al. 1999
Reverse  **TGCCTCTCGCCTAGTTGATT*® 20 63.7

GCR X03225 Forward ?®*CTACCCTGCATGTACGACG®® 19 60.6 55 360 Gupta and Wagner 2003
Reverse  **TCAGCTAACATCTCGGGG®"® 18 61.4

PPARx L02932 Forward “**GCCAGTAACAATCCACCTTTT* 21 61.7 55 735 Saidi et al. 2006
Reverse  '**AAGGTGTGGCTGATCTGAAGG® 21 65.4

RXR NM_002957 Forward ““GCTCCTCAGGCAAGCACTATGGAGTGTAY 28 73.1 68 521 Wang and Yen 2004
Reverse '“GGAGAAGGAGGCGATGAGCAGCTCATT* 27 75.9

RAR NM_000964 Forward *®*GGGCATGTCCAAGGAGTCTGTGAGAAR® 26 73.8 68 756 Wang and Yen 2004
Reverse  '®*GGGATCTCCATCTTCAGCGTGATCA™® 25 73.0
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Oligonucleotide primers were synthesised by SigreagSys Ltd. Lyophilised primers

were diluted to a stock concentration of 100 pMabging 0.1% (v/v) DEPC-treated water
according to the manufacturers supplied OD readithgs adjusting this to a working

concentration of 5 uM.

2.7 Nested PCR

Nested PCR is used to enhance sensitivity andfspgcof amplification as it can
eliminate the occurrence of non-specific produetsegated from unexpected primer
binding sites. Nested PCR technique is performigld two sets of primers one internal to
the other. The primary amplification product iedss template in the nested PCR
reaction with another primer set (Figure 2.8). Thmponents for this reaction are listed

in Table 2.8.

1*For

i Template cDNA
: P —
. 1% Rev:
2_F3r First PCR product
: «—:
2 Rev:
Second PCR product :
Figure 2.8: lllustration of nested PCR.
Table 2.8: Components of the nested PCR.
Components Concentration in reaction
10x reaction buffer 1x (1.5 mM MgC})
RT-PCR product from the primary amplification
used as a template 5puL

Mixture of forward and reverse nested primers 0.5uM each of forward and reverse nested primers

dNTPs (10 mM) 0.2 mM each of dATP, dCTP, dGTP, dTTP
TaqDNA polymerase 0.025 U
0.1% (v/v) DEPC-treated water To make final volume 5QL
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2.8 Agarose gel electrophoresis of DNA

Electrophoresis is a technique used to separate, BNA or protein molecule by size.
Nucleic acids (DNA and RNA) have a negative change when an electric current is
applied they move through the agarose matrix miggabwards the positive electrode.
Larger DNA fragments move at a slower rate thanllem@agments. Ethidium bromide is
a fluorescent dye that intercalates between bdsascteic acids. On exposure to UV

light, ethidium bromide transmits the energy aglésorange light and allows detection of
DNA fragments. A final concentration of Qug/mL ethidium bromide is usually used and
this can be added into the gel either before er &fiectrophoresis. The gel is prepared by
dissolving the agarose in an appropriate volumaudfier following heating in a

microwave oven. The dissolved agarose solutidhas placed into a horizontal gel
manifold and allowed to cool. Once the gel is(approximately 30 minutes to 1 hour) it
is then placed into the electrophoresis tank. dadme buffer used to prepare the gel is then
used to fill the tank. Samples (PCR products)aepared as follows. Gel loading buffer
must always be added to the samples prior to Igatiincrease the density of the samples
and ensure that they sink into the well, and to@adur to the samples so they can be
easily seen when loading. The gel is generallyatutx10 V/cm until the dyes have
migrated an appropriate distance which dependb®size of DNA to be analysed. Each
gel electrophoresis must include at least one ¢dmeolecular weight markers to enable
analysis of DNA fragment size in the samples. ost commonly used buffers for DNA
are TAE (Tris-acetate-EDTA) and TBE (Tris-borate-’E&). TBE buffer is recommended
for analysing fragments less than 1 kb as it gbetter resolution and sharper bandfe
concentration of agarose used is dependent onzé®fproduct being determined and is
varied accordingly for different fragment rangealfle 2.9) in order to achieve good

separation (Martin 1996, Sambrook and Russell 2001)
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Table 2.9:Agarose concentration used for separating diffeN®A fragment sizes (Sambrook and Russell
2001).

Agarose concentration [% (w/v)] DNA fragment ranges (kb)
0.3 5-60

0.6 1-20

0.7 0.8-10

0.9 0.5-7

1.2 0.4-6

15 0.2-3

2.0 0.1-2

For analysing the PCR product in this study, a2.&liquot of 6x loading dye (10mM
Tris-HCI (pH 7.6), 0.03% bromophenol blue, 0.03%exye cyanol FF and 60% glycerol,
60mM EDTA) was added to JL of the PCR product and mixed well. AuL aliquot of
6x loading dye was added tquk of PCR markers (1000, 750, 500, 300, 150 and@0 b
and this mixture was loaded beside the samplesefe@nce for relative qualification of
PCR products. The PCR marker and sample mixture saparated by gel electrophoresis
using a 1.5% (w/v) agarose gel dissolved in TBHEdyy(B9 mM Tris-HCI pH 7.8, 89 mM
Boric acid and 2 mM EDTA) containing ethidium bralai Electrophoresis was carried
out for 70 minutes at 150 V in a Sub-Cell GT sys{@&wRad, USA) at room temperature.
The UV visualised photographs of gels were takengua Polaroid camera (Hoya, Japan)
in the roof of the transilluminator (UVI tech, Candge, England). To photograph a gel,

the aperture (F-stop) at 5.6 was set with an expdsue (shutter speed) of 2 seconds.

Following visualisation of a band in a PCR prodticg size of DNA fragments was
determined using semi-logarithmic plotting to estienmolecular weight. To predict an
unknown fragment, a logarithmic scale on the vattjg axis) was plotted for all the
molecular weight marker sizes in base pairs ag#nestlistance each of those bands had
migrated from the wells in millimetres (horizontataxis). The log-linear relationship
between migration on the gel and fragment sizé@itarkers provided a standard curve

to determine the size of unknown fragments by miéagualistance migrated. Figure 2.9
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shows how DNA fragment size was estimated by segafithm plotting using an

example from an experiment in the current studlge $emi-logarithm plot of distance
migration based on the DNA markers uaidws the size of an unknown fragment that

migrated 43 mm to be estimated as approximatelyp7ib size.
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Figure 2.9: Example of semi-logarithm plot of distance migrée DNA markers used (scanned from one of
the results in this study).

2.9 Restriction digestion
Restriction digestion is the method of cutting detstranded DNA molecules at specific
sequences (known as recognition sites) into smiaigments using restriction enzymes.

This process is useful in molecular biology applaas as it provides high sequence

specificity and precision cutting. Figure 2.10wk@an example of the DNA nucleotide

sequences recognised by the restriction enzyme kas&caRl.

Figure 2.10: Recognition sequence of the restriction endonseldscoR| (Adapted from Albert et al
2002).

The expression of an individual gene can be idieqtiby restriction digestion. In this

study, an appropriate restriction enzyme for eadividual (presence) candidate gene was
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selected and information on these enzymes is pieg@ém Table 2.10. Table 2.11

highlights the conditions used for restriction ditgein this research. All components were
mixed gently by pipetting and followed by a brieintrifuge at 4000 x g for 2 seconds to
collect them at the bottom of the tube. This mrigtwas kept on ice prior to the reaction.
Restriction digests were performed in a thermoeyal&7?C for 1 hour to complete
digestion, and then incubated af@Gor 10 minutes to inactivate the restriction engy

The digested and undigested products were furtieysed by 2% (w/v) agarose gel
electrophoresis to separate the fragments by siakesnatively stored at -20 until

required.

2.10 Purification of DNA and DNA sequencing

DNA sequencing is used to determine nucleotide esgcps of a specific DNA molecule in
order to identify the gene product and predicpltgsiological functions. This requires the
purification of DNA fragments from agarose gelsaarplification reactions. Purification
of DNA from low-melting point (LMP) agarose gelégemmonly used as it is a quick
procedure and produces high purity DNA. LMP agamsl can be melted at 65°Z5and
this will not dissociate the double-stranded natfrduplex DNA, whereas a standard
agarose gel can only be melted at 86and this will disrupt duplex DNA molecules

(Martin 1996).

A high Pure PCR product purification kit (Roche gnastics Ltd., Lewes, UK) was used

for isolation of DNA, according to the manufactisenstructions (Figure 2.11). In brief,

PCR product was loaded on a 1.8% (w/v) low melpogt (LMP) agarose gel containing
a final concentration of 0.5 pg/mL ethidium bromated TAE (40 mM Tris acetate, 2 mM
EDTA; pH 8.5) was used as running buffer. Eledianesis was carried out for 60

minutes in a Minicell EC370M (EC Apparatus Corpaa} at 100 V. To handle LMP
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Table 2.10:Recognition sequences for the restriction enderasds used.

Name Restriction enzyme Recognition site  Size of fragment (bp) Buffer**
B,-microglobulin EcoRlI G/AATTC 215, 104 SH
CYP1B1 Rsd GT/AC 174, 223 SL
CYP2A6 Hadll GG/CC 48,72, 66 SM
CYP2B6 Hadll GG/CC 30, 164 SM
CYP2C8 Mspl CICGG 170, 60 SL
CYP2C18 Rsd GT/AC 125,74 SL
CYP2S1 Alul AG/CT 103, 63, 50 SA
CYP3A7Y EcoR G/AATTC 65, 158 SH
CYP4z1 Rsd GT/AC 47,112 SL
CYP24A1 BanHl G/GATCC 68, 181 SB
CYP26A1 Alul AG/CT 172, 19 SA
CYP26B1 Alul AG/CT 104, 68 SA
HIF-1a Ssp AAT/ATT 140, 27 SH
AhR Mspl C/ICGG 99, 163 SL
ARNT Psti CTGCA/G 118, 269 SH
AhRR Hadll GG/CC 92,79 SM
VDR Psti CTGCA/G 198, 52 SH
ER Rsd GT/AC 111, 97 SL
Nested CAR Pst CTGCA/G 170, 62 SH
CYP1A1* Hadll GG/CC 188, 40, 164 SM
CYP2D6* Rsd GT/AC 119, 142 SL
CYP2F1* Mspl CI/ICGG 195, 110 SL
CYP2J2* Alul AG/CT 331,170,159,54 SA
CYP2R1* Hadll GG/CC 130, 118, 60 SM
CYP2U1* Hadll GG/CC 252, 60, 8 SM
CYP4X1* Rsd GT/AC 278, 86 SL
CYP4z1* Alul AG/CT 196, 61 SA
PXR* Mspl CICGG 142, 90, 14 SL
PGR* Alul AG/CT 32, 84,417 SA
GCR* Alul AG/CT 148, 36, 172, 4 SA
PPARx* Rsd GT/AC 518, 188, 29 SL
RXR* BarHlI G/GATCC 280,153,88 SB
RAR* Hadll GG/CC 456, 193, 107 SM

Note: *; Previously published primers, ** ; The digestibaffer was varied according to the enzyme of
choice and was supplied along with the restriciomyme from supplier. Composition of the 1x buféer
shown in Appendix C.
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Table 2.11:Components of the restriction digest.

Stock solution Undigested samplefL) Digested sample L)
Re-amplified RT-PCR product 2 2

10x digestion buffer 2 2

Restriction enzyme (10 WL) 0 1

0.1% (v/v) DEPC-treated water 16 15

agarose gel, these procedures were performed aluect the fragile nature of gels at

higher temperatures (Martin 1996).

e .|—p Cut desired DNA
—_ T band from TLMP gel

Add Binding Buffer

M = molecular weight markers )
A, B, C = unknown fragments Incubate at 56°C for
10 minutes

Add isopropanol
Bind DNA

Wash column

Elute DNA

Determine : Quantification

Purification

Figure 2.11:Flowchart of purification of DNA using Roche Highié PCR product Purification
procedure

The desired DNA band was excised from the gel ugistgrile scalpel blade and the DNA
gel slice dissected into small fragments under Igktl A 100 mg portion of the agarose
gel slice was then placed into a pre-weighed 1.5mudrocentrifuge tube containing 300
pL Binding Buffer provided by the manufacturer (3gdanidine-thiocyanate, 10 mM Tris-
HCI, 5% ethanol (v/v), pH 6.6) and vortexed fors#tonds. To release the DNA, the
agarose gel slice was dissolved in the bindingasufficubated at 6& for 10 minutes and
vortexed for 15 seconds every 2 minutes duringbation. Isopropanol (150 puL) was

added to the dissolved gel and vortexed for 15re#prior to transfer to a High Pure
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Filter Tube. The tube was centrifuged at 25,0@0far 1 minute at room temperature and

the flow-through was discarded. A 500 pL aligubWashing Buffer (20 mM NacCl, 2

mM Tris-HCI, pH 7.5) was added to the filter tubelacentrifuged at 25,000 x g for 1
minute with flow-through again being discarded. efsure optimal purity of the sample,
an additional wash with 200 uL of Wash buffer pd®d by the manufacturer centrifuged
at 25,000 x g for 1 minute was carried out. Therftube was then placed into a new
sterile 1.5 mL microcentrifuge tube and a 50 pQudt of Elution Buffer provided by the
manufacturer (10 mM Tris-HCI, pH 8.5) was addethstube and centrifuged at 25,000 x

g for 1 minute.

The purified DNA was precipitated by the additidrOdlx volume of 3 M sodium acetate
(pH 5.2) and 2x volume of ice cold ethanol to théADsample which was gently mixed,
before storing at -2C overnight. The DNA was recovered by centrifugatat 15,000 x g
(Heraeus Biofuge 28RS centrifuge, Germany) for Butas at 2C. The pellet was washed
with 0.5 mL of 70% (v/v) ethanol and then centriégdgwice at 15,000 x g for 5 minutes at
4°C to remove residual salt. Evaporation of residtiaanol from the DNA pellet was
performed by leaving the open tube on the lab bémcR0 minutes. The DNA pellet was

re-suspended in 20 pL 0.1% (v/v) DEPC-treated watdrstored at -8C until required.

DNA amount and purity was determined by spectropinetry (Thermo Electron
Spectrometry Biomate'¥, UK). Ten microlitres of the purified DNA was dikd with

490 uL of 0.1% (v/v) DEPC-treated water. Absorleat260 nm was measured to
determine DNA concentration, with each unit gkgcorresponding to 50 pg/mL double
stranded DNA. The £o/Azgoratio provided an estimate of the DNA purity. Pure
preparations of DNA should have a value of 1.8 2dd All purified DNA of interest was
sent to the Rowett Research Institute (Bucksbubgrdeen UK) to identify the sequences
of DNA. The method used was automated dideoxy ¥duencing. The results of
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sequencing were analysed using the standard nidgeaicleotide BLAST search and

comparing with the non-redundant database of GekBan

2.11 Summary

This chapter encompasses the methodological agpresed in this thesis. Section 2.2
covers cell biology techniques, while moleculargy techniques are described in
Sections 2.3 to 2.10. In Chapters 3, 4, 5 anbestéchniques are described in more
detailed terms and in relation to the particulgeotives of the thesis. Chapter 3 describes
validation of RT-PCR analysis. In Chapter 4, tbaditions for RT-PCR analysis were
optimised for MCF7 and MDA-MB-468 cell lines ancetie conditions were used to

profile P450s in a panel of breast cancer celklio@mpared to a normal breast cell line.
Chapter 5 is concerned with characterisation of &&¥Pin PCR products, while Chapter 6
identifies the receptors that regulate the expoessf the CYP4Z1 gene and evaluates

whether the transcription or translation procegsiliaes CYP4Z1 expression.
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Chapter 3

Validation of RT-PCR analysis in breast cancer cellines

3.1 Introduction

RT-PCR is a highly sensitive method so the riskarftamination and false-positive results
is of concern. To reduce the risk of RT-PCR comtation, the preparation of total RNA
including pre-PCR work was performed in a Classafety cabinet and away from the
PCR area which was set up in a separate desigladectory. The PCR workstation was
always cleaned with 70% (v/v) ethanol before uBmette tips and pipettors used in the
amplification procedures were pre-treated with Wdsslinker for 15 minutes, and water
used for the PCR reactions was treated with dipttigcar-bonate (DEPC) prior to use in
order to inactivate RNase (Appendix B, Sambrook Rodsell 2001). A set of dedicated
pipettes was usddr each separate laboratory procedure (i.e. pre;FRCR and post-PCR

work) and storage of all PCR reagents isolated fsamples.

To detect DNA carryover contamination and falsedpasproducts, the use of negative
controls (no DNA template) is important and thesestibe routinely used when
conducting PCR. No product formation should bengéamadeh and Afshari 2004). In
addition, a known housekeeping gene sudByamicroglobulin which is expressed in most

cells should be employed to verify the expressioRA template (Section 2.5).

The validation process identifies aspects of aguace that are critical and must be
carefully controlled. To validate an RT-PCR assagiemonstration of the accuracy,
reliability and reproducibility of PCR-based teclowes is required and realisation of the
limitations of the method. As detailed in Secti@w and 2.5, there are a number of
considerations involved in amplifying a specifigian of cDNA such as the quality of
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RNA sample and the PCR reaction conditions whiehdatailed in the following sections.

Quality of total RNA obtained is essential for gwecessful amplification of the gene of
interest and this can be checked on a gel by exaimmof the 28S and 18S rRNA bands

(Section 2.3).

As described in Section 2.8, agarose gel electngsimof DNA is most commonly used to
determine the size of products obtained from PGRetien. The appearance of desired
DNA fragments under UV light is vital for identiftion of the PCR products which can be
further confirmed by restriction digestion or piegd for various purposes such as DNA
sequencing. In the current study, both restrictigestion and DNA sequencing were
used to identify the sequence specificity of PC&pcts. However, if PCR products
appear as multiple fragments or non-specific prtgjuested PCR can be used to improve

specificity of the PCR reaction.

The main aim of this chapter was to optimise thedd@ns for RT-PCR analysis for the
target cytochrome P450 and P450-regulartory nucésaptor genes using MCF7 and
MDA-MB-468 cells as representative oestrogen remef#R) protein positive and

negative breast cancer cell lines respectively.

3.2 Materials and Methods

3.2.1 RNA isolation

As discussed in Section 2.3, total RNA was isolatet the Qiagen RNeasy Plus Mini Kkit.
The absorbance at 260 nnp§d of a diluted RNA sample was used to assess RNA
concentration and the,&/Aso ratio was employed to determine RNA purity. Qtyadif

the purified RNA was determined by 1% (w/v) agargskelectrophoresis. Total RNA

was precipitated by ethanol and sodium acetataedare stable and concentrated storage
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of the starting material. The resulting pellet washed and re-centrifuged prior to

storage or use.

3.2.2 Reverse transcription (RT) and cDNA synthesis

As described in Section 2.4, first strand cDNA swgisthesised from fg of purified RNA
samples using M-MLYV reverse transcriptase. Thepmments of the RT-reaction are
summarised in Table 2.1. All reagents were thawredte prior to centrifugation. The
reverse transcriptase assay was initiated by additi M-MLV reverse transcriptase. The
reaction conditions were as previously describetiable 2.2. Following first strand
synthesis the RT product was placed on ice to ivetet the reaction before it was diluted

to a concentration of 50 ng of template cDNA per amid stored at -8C until use.

3.2.3 Optimisation of PCR analysis

3.2.3.1 Initial PCR amplification

Optimisation of each component (i.e. concentratibprimer, amount of template cDNA,
dNTPs,TaqgDNA polymerase, MgGland thermocycling parameters) including
thermocycling conditions in a PCR reaction is intaot to obtain a better yield of
amplification products (Section 2.5). Using cDNeiplate derived from the MCF7 and
MDA-MB-468 cells as representative of the test te#s, it was possible to detect the
presence/absence and optimise the RT-PCR condftiotise determination of the PCR
products of 19 cytochrome P450 and 8 P450-regylatioclear receptor genes (Table 2.6).
The routine amplification was developed as showhahbles 2.3 and 2.4. In each PCR
reaction in this investigation, negative contraisl B,-microglobulin were always
included. Where a visible PCR product is eviddns is subsequently referred to as

MRNA by extrapolation from the method described.
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3.2.3.2 Optimisation of template cDNA and primer cacentrations

In this research, when the routine amplificatiosuteed in no product formation the
concentration of template cDNA was first varie@.(iL50, 200 and 250 ng) and the
concentration of primers was kept constant apu®5Figure 3.1, stage 2A). If PCR
product was still not seen, a high range of pricmrcentrations (i.e. 1.0 and 1ub1) was
then used (Figure 3.1, stage 2B). A low rangeroh@r concentrations (i.e. 0.1, 0.2, 0.3
and 0.4uM) was employed when the presence of a desired &amekell as non-specific
products were detected (Figure 3.1, stage 2C)in@gation of primer concentration, both
low and high ranges, was performed with a fixedngjiyaof 100 ng template DNA. In
addition, the recommended concentration§ad DNA polymerase, MgGland dNTPs

were used for the RT-PCR assay (Table 2.3).

3.2.3.30ligonucleotide primer design

All designed primers (Table 2.6) were optimisechgghe procedures described in
Sections 3.2.3.1 and 3.2.3.2. However, there westve primer sets used that failed to
detect MRNA expression in the MCF7 and MDA-MB-4@fi This may be because
MRNA expression was below the limit of detectiomd aetails will be provided in the
result section. Five out of the twelve undetedajgnes (i.e. CYP1A1, CYP3A4,
CYP3A5, CAR and PXR) were considered for PCR expenits using previously
published primer sequences (Table 2.7) as prewtudies have provided evidence of
these genes in breast cancer research. Thesa®mae checked for specificity by

BLAST analysis.

104



Stage 1: Routine amplification

[Primer] | [cDNA]
(nM) (ng)
0.5 100

— No product —»

Stage 2: Further investigation
A

-~ N
— A. Optimisation of template cDNA
[Primer] [cDNA]
(pM) (ng)
0.5 150, 200, 250

= Multiple bands = C. Optimisation of primer concentration:

— B. Optimisation of primer concentration:

High range
[Primer] [cDNA]
(nM) (ng)
1.0,15 100

Low range
[Primer] [cDNA]
(nM) (ng)

0.1,02,03,04 | 100

Figure 3.1: General guidelines used for optimisation of templeDNA and primer concentration.
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3.2.4 Nested PCR

As mentioned in Section 2.7, nested PCR is a siteglenique which can be employed to
improve specificity of multiple fragment productsing the first PCR product as a
template for the second PCR reaction. In thisare$e design of the internal primer
sequences for the CAR used in the nested PCR wismped by importing the known
sequence of the primary PCR product (417 bp in se the Primer3 programme.
BLAST analysis confirmed the specificity of themgr used. Information on these
primers is shown in Table 2.6 and the nested P@Rtios was performed under the

conditions described in Table 2.8.

3.2.5 Restriction enzyme digestion of DNA
As previously described (Section 2.9), digestio®GR products was carried out with
specific restriction enzymes for each individualRP@oduct (Table 2.10)All restriction

digests were performed in the same manner as Hra@g presented in Table 2.11.

3.2.6 DNA purification and sequencing

The desired DNA fragment was purified with the Higlwre PCR product purification kit
as detailed in Section 2.10. DNA concentration jaumagty were assessed by
spectrophotometry and the acceptablefA goratio was between 1.8 and 2.1. The

purified DNA was sequenced by the method of autethdtdeoxy DNA sequencing.

3.3 Results

3.3.1 RNA isolation

Initial purity of total RNA in this study was powrith a calculated RNA As/A2gp ratio of
between 1.3 and 1.6. On investigation, the nurobbssed cells loaded onto the RNeasy
spin column was shown to play a major role in deteing the purity of RNA collected.

The number of cells loaded onto individual colum@s reduced from > 2xi@ells per
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purification to an optimal loading of between 5Xad 2x16 cells. Additional measures

were also employed to increase purity and recoasrmgxplained in Section 2.3. Following
these measures the recovery of total RNA was bet®Bend 6Qug per purification. In
addition, the ratio of RNA obtained {&/A2g0) was between 1.8 and 2.1. The quality of
the purified RNA was confirmed by inspecting thé\¥kRbands on a 1% (w/v) agarose gel
containing ethidium bromide. No smear or band Wwelme lower 18S rRNA band, a

common indication of degraded low-quality RNA, wasnd in any sample (Figure 3.2).

< 285 TRNA

<« |85 1RNA

Figure 3.2: Quality of RNA isolated from four independent RiMéparations. Lanes 1-2: RNA isolated
from the MCF, Lanes 3-4: RNA isolated from the MRB-468.

3.3.2 B2-microglobulin RT-PCR

B2-microglobulin was identified as a band of 319 bpresponding to thB,-microglobulin
cDNA product size. The intensity 8-microglobulin amplification product increased
between 15 and 30 cycles. The optimal cycle nurfdygd,-microglobulin amplification

was identified as 20 cycles because under thes#itmors the product appeared as a sharp
band (Figure 3.3). This cycle number was use@li,-microglobulin RT-PCR

experiments.

Little variation was observed betwegsimicroglobulin mRNA in the MCF7 and MDA-
MB-468 cells. Figure 3.4 highlights the level eproducibility found irf3,-microglobulin

expression in replicate studies of this reseaRbstriction digestion usingcaRl
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confirmed the specificity db,-microglobulin with a total digest of the PCR pratiu

resulting in fragments of the expected sizes 21&rtp104 bp (Figure 3.5).

1000 —»|

750 —»|
500 -]

e <319 bp

150 —»|

Figure 3.3: Determination of the optimal cycle number for arfiqdition of 5-microglobulin. Lane 1:
1000 bp PCR markers, Lane 2: negative control, Lankb cycles, Lane 4: 20 cycles, Lane 5: 25
cycles, Lane 6: 30 cycles.

1000 -

750
500 —»

300 —» 319 bp

150 —»

Figure 3.4: B-microglobulin RT-PCR. Lane 1: 1000 bp PCR markkase 2: negative control,
Lanes 3&4: cDNA samples from the MCF7, Lanes 588NA samples from the MDA-MB-468.

1000 -,

750 »

500 »

319 bp
300 »

215 bp
150 -+

104 bp

Figure 3.5: Restriction digestion gf-microglobulin RT-PCR using EcoRLane 1: 1000 bp PCR
marker:, Lane 2: undigested prod\, Lane 3: digested produ
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3.3.3 Cytochrome P450 enzyme RT-PCR

3.3.3.1 CYP1 family RT-PCR

Initially, the primer sequence designed for CYPIIPrimer3 (Table 2.6) failed to detect
expression of CYP1A1 mRNA in either the MCF7 or MIDFB-468 cells. These results
did not correlate with the findings of earlier istigations which showed CYP1A1 mRNA
to be present in MCF7 cells (Spink et al. 1998,dRdwrff et al. 2000, McFadyen et al.
2003). To further confirm the expression of CYPIARNA in the MCF7 cells, a
published CYP1AL1l primer set (Table 2.7) was usdtii;miexperiment. A band of 392 bp
was observed for CYP1A1 mRNA expression. The amotitemplate cDNA derived
from the MCF7 cells was varied (i.e. 100, 150, 26d 250 ng) with 0.pM of CYP1Al
primer (Figure 3.6). One hundred and fifty ngerhplate cDNA was selected for
CYP1A1 amplification in subsequent experimentshéswas the minimum concentration
of cDNA that generated a sharp and clear band.resspn of CYP1A1 mRNA in the
MCF7 cells was confirmed following observation 88lbp and 164 bp fragments in
restriction enzyméladll digested samples (Figure 3.7). However, no CXP mRNA

was detected in the MDA-MB-468 cells using thes¢hoas.

The CYP1A2 primer sequence designed by Primer3l€éT26) showed the expected
amplified product (245 bp) with bands representing-specific amplification in either the
MCF7 or MDA-MB-468 cells (Figure 3.8) and the imageere inverted from positive to
negative images for better visualisation. As dedain section 3.2.3.2, optimisation of
primer concentration in a low range (Figure 3.4gst2C) was performed but no PCR
product of the correct size was seen. This exparirfailed to confirm the specificity of
CYP1A2. However, further experiments screeninglierpresence/absence of CYP1A2

MRNA in the remaining cell lines were performed aesllts are presented in Chapter 4.
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1000 »

750 —»

500 =
392 bp

300 —»

150 —»|

Figure 3.6: CYP1A1l RT-PCR optimisation of template cDNA in MCEane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: 100lmape 4: 150 ng, Lane 5: 200 ng, Lane 6: 250 ng.

392 bp

188 bp
164 bp

Figure 3.7: Restriction digestion of CYP1A1 RT-PCR with Haelline 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc

+ 245 bp

150 - —

Figure 3.8: CYP1A2 RT-PCR (negative image). Lane 1: 1000®R Bharkers, Lane 2: negative
control, Lane 3: MCF7, Lane 4: MDA-MB-468.

The routine amplification by RT-PCR using CYP1Bimmrs did not show a 397 bp

cDNA product corresponding to CYP1B1 mRNA. To fat optimise the PCR
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conditions, the primer concentration was set au®lsand the amount of template cDNA

varied (i.e. 100, 150, 200 and 250 ng). The ogdtonacentration of template cDNA was
identified as 150 ng because this was the minimontentration that appeared as a sharp
band (Figure 3.9). CYP1B1 mRNA was found in béi MCF7 and MDA-MB-468 cells.
The presence of CYP1B1 mRNA was confirmed by retsdn digest withRsd, which
generated a digested fragment of the correct §iz4¢ lfp and 223 bp) as shown in Figure

3.10.

3.3.3.2 CYP2 family RT-PCR

Initial studies failed to demonstrate the presesfd@YP2A6 or CYP2D6 mRNA in either
the MCF7 or MDA-MB-468 cell lines. Further expegnts to verify the presence or
absence of the CYP2A6 and CYP2D6 PCR product werfermed. Figure 3.1 (stage 2A
and 2B) indicates the primer and cDNA template eotr@tions used. CYP2A6 and
CYP2D6 mRNA were below the levels of detection athothe MCF7 and MDA-MB-468

cells under the conditions used.

A faint amplification product of 194 bp was corigaletermined for CYP2B6 RT-PCR in
the MDA-MB-468 cells, though no corresponding preidwas observed in the MCF7 cells
when analysis was performed using 250 ng of tera@BNA (Figure 3.11). CYP2B6
MRNA expression in the MDA-MB-468 cells was confathby restriction digestion with

Hadll which generated a fragment of 164 bp (Figurk23.

Differential expression of the CYP2C subfamily mRM#&s observed in the MCF7 and
MDA-MB-468 cell lines. CYP2C9 and CYP2C19 mRNA wdrelow detectable limits in
both cell lines under the conditions used althoweghplate cDNA and primer (a high

range) concentrations have been optimised (FiguresBages 2A and 2B).
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1000 —»]

750 >

500 —»|

300 |

150 -

Figure 3.9: CYP1B1 RT-PCR optimisation of template cDNA in MCEane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: 100lape 4: 150 ng, Lane 5: 200 ng, Lane 6: 250 ng.

1000
750

500
397 bp
300

223 bp

174 bp
150

Figure 3.10: Restriction digestion of CYP1B1 RT-PCR using Rkahe 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc

1000

750 >

500 —»

300 -»|

194 bp

150 —»

Figure 3.11:CYP2B6 RT-PCR. Lane 1: 1000 bp PCR markers, Ranegative control, Lane 3:
MCF7, Lane 4: MDA-MB-468.
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194 bp
164 bp

Figure 3.12: Restriction digestion of CYP2B6 RT-PCR using Hadlane 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc

Expression of CYP2C8 mRNA was only detectable eMCF7 cells as a faint product at
the correct size of 230 bp and a negative imaggebis presented in Figure 3.13 in order
to improve the visualisation. To confirm CYP2C8 N¥Rexpression, the PCR product
was digested witMsp and the predicted digested fragments of 170 lab6&nbp were

observed (Figure 3.14).

CYP2C18 mRNA was detected in both cell lines atatreect cDNA product size of 199
bp. Similar levels of expression were observelatn the MCF7 and MDA-MB-468 cells
(Figure 3.15). Restriction digestion of CYP2C18NN#Rby the enzymdRsd generated
fragments (125 bp and 74 bp) of the correct siemygh a partial digest product was seen

(Figure 3.16) and this will be discussed in Sec8ah

A band of 216 bp was observed at the correct siz€YP2S1 mRNA in both the MCF7
and MDA-MB-468 cells. It was noticed that a sligttigher level of CYP2S1 mRNA
expression occurred in the MDA-MB-468 cells compaethe MCF7cells (Figure 3.17).
To confirm the CYP2S1 mRNA expression, the PCR pcodvas digested with restriction
enzymeAlul and the correct fragments were found at 103 lap&bp (Figure 3.18). The

purified DNA from the 216 bp fragment was confirmt®dDNA sequencing (Section
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2.10). The results of sequencing were analysedjube standard nucleotide-nucleotide

BLAST search and compared with the non-redundanB@ek database. The findings
were 100% matched (183/183)Homo sapien€YP2S1 mRNA (GenBank accession

number: NM_030622) (Appendix D, Figure D.1).

<« 230 bp

Figure 3.13: CYP2C8 RT-PCR (negative image). Lane 1: 1000@R Markers, Lane 2: negative
control, Lane 3: MCF7, Lane 4: MDA-MB-468.

1000 -

750 »

500 -

300 -+
230 bp

170 bp
150 -+

50 > Eolbp

Figure 3.14:Restriction digestion of CYP2C8 RT-PCR using Mégine 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc
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1000 »

750 &

500

300 -

[« 199 bp

150 -

Figure 3.15:CYP2C18 RT-PCR. Lane 1: 1000 bp PCR markers, Panegative control, Lane 3:
MCF7, Lane 4: MDA-MB-468.

1000

750
500 -
300
< 199 bp
150 —»f

< 125 bp

74 bp

Figure 3.16: Restriction digestion of CYP2C18 RT-PCR using Rkahe 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc

1000

500

216 bp

150

Figure 3.17:CYP2S1 RT-PCR. Lane 1: 1000 bp PCR markers, 2anegative control, Lane 3:
MCF7, Lane 4: MDA-MB-468.
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1000 —»

750 >

300 -+

300 >
<« 216 bp
150 -»
103 bp

50 63 bp

Figure 3.18: Restriction digestion of CYP2S1 RT-PCR using Alisine 1: 1000 bp PCR markers,

Lane 2: undigested product, Lane 3: digested praduc
3.3.3.3CYP3A subfamily RT-PCR
Initially, the primer sequence designed for CYPI*A/43 by Primer3 (Table 2.6) failed
to detect the presence of any of the four candigetes in either the MCF7 or MDA-MB-
468 cells. From the literature, it appears thahynmasearch groups have demonstrated the
expression of CYP3A in human breast tumours, begehresults are inconsistent (Albin et
al. 1993, Huang et al. 1996, Iscan et al. 2001, Moo et al. 2003, Miki et al. 2006).
These inconsistencies could have arisen in sewerg, for example the use of samples
from non-matched individuals and method choiceswéler, CYP3A expression has not
been previously reported in breast cancer celslifeurthermore, CYP3A plays a major
role in the metabolism of oestrogen and severaamter drugs such as tamoxifen,
ifosphamide, taxol and vinblastine (Scripture argh2006). In the present study,
CYP3A4 and CYP3A5 mRNA expression were thereform@red using published primer
sets (Table 2.7) which were analysed by the BLA&Arch. Optimisation of template
cDNA and primer concentration was performed asritest in Section 3.2.3 (Figure 3.1),
but the expression of CYP3A4 mRNA and CYP3A5 mRN&a&vbelow detectable limits
under the conditions used. In addition neither GXPnor CYP3A43 mRNA was

detected in this study.
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3.3.3.4 CYP4 family RT-PCR

Expression of CYP4Z1 mRNA was detectable in the MIAB-468 cells as a product at
the correct size of 159 bp but no correspondinglpcbwas observed in the MCF7 cells.
Analysis was performed using 100 ng of template ADWth 0.5uM of CYP4Z1 primer
set. The result obtained from the MCF7 cells wasmared with data from previous
studies (Rieger et al. 2004, Savas et al. 2005¢wthetected CYP4Z1 mRNA in the
MCF7 cells. Template cDNA and primer concentraiorere therefore optimised (Figure
3.1, stages 2A and 2B) but these studies failetttoonstrate the expression of CYP4Z1
MRNA in the MCF7 cells. Regarding the presenc€¥P4Z1 mRNA in a cDNA product
of MDA-MB-468 cells, it should be noted that an diddhal band of approximately 250 bp

(~250 bp) was observed (Figure 3.19).

Template cDNA samples from the MDA-MB-468 cells e@amplified at different
annealing temperatures (i.e. 55, 56, 57, 58, 5966062 and 6€) under the same PCR
conditions. The purpose of this was to investiglageeffect of annealing temperature on
the specificity of primers and the yield of PCR ot of CYP4Z1 mRNA, and to
understand the presence of the additional bantker A&éried annealing temperature,
products of 159 bp and ~250 bp were still visudlig®wugh DNA bands appeared sharp
and clear at annealing temperatures of 58 af@ fBigure 3.20). Therefore, an annealing

temperature of 5& was selected for CYP4Z1 amplification in all sedpsent experiments.

117



Validation of RTPCR analysit

1000 -

750 >

500 »

300 »
« 250 bp

« 159 bp
150 »

Figure 3.19:CYP4Z1 RT-PCR. Lane 1: 1000 bp PCR markers, Ranegative control, Lane 3:
MCF7, Lane 4: MDA-MB-468.

< 250 bp

« 159 bp

Figure 3.20:lllustration of the effect of annealing temperatore CYP4Z1 RT-PCR products . Land.@00
bp PCR markers, Lane 2: negative control, Lane3C5Lane 4: 56C, Lane 5: 57C, Lane 6: 58C, Lane 7
59°C, Lane 8: 66C, Lane 9: 61C, Lane 10: 62C, Lane 11: 62C.

The 159 bp DNA fragments and the additional band2%0 bp obtained from the MDA-
MB-468 cells were purified by the method explaime&ection 2.10, and the resulting
DNA products were digested wiRRsd. Restriction digestion of the purified DNA praztu

of the 159 bp fragment generated a fragment ol it&ebp (Figure 3.21A). By

comparison, the purified DNA product of the ~250damd generated a fragment of 112 bp

and an additional band at 120 bp (Figure 3.21B).
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The purified DNA products from the 159 bp and ~BpOragments were further

investigated by DNA sequencing. The standard mtide-nucleotide BLAST was used to
analyse the results of DNA sequencing and compatiidthe non-redundant GenBank
database. This indicated that purified DNA of #8® bp and ~250 bp fragments were
94% (118/125) (Appendix D, Figure D.2) and 98% {BJ/(Appendix D, Figure D.3)
identical toHomo sapien€YP4Z1 mRNA (GenBank accession number: NM_178134)
respectively. The expression of CYP4Z1 mRNA inalstecancer cell lines will be further

investigated in Chapter 4 and characterised in @n&p

A B

250 bp

120 bp
112bp

Figure 3.21: Restriction digestion of purified DNA productsrfr€€YP4Z1 RT-PCR using Rsal (negative
images). (A) Purified DNA product of 159 bp fragme(B) Purified DNA product of 250 bp fragment.
Lane 1: 1000 bp PCR markers, Lane 2: undigestedyst) Lane 3: digested product.

3.3.3.5 CYP24 family RT-PCR

A band of the correct size at 249 bp was not olesefor CYP24A1 mRNA expression
after routine amplification. When the amount ghpgate cDNA was varied (i.e. 100, 150,
200 and 250) with 0.pM of CYP24A1 primer, expression of CYP24A1 mRNA was
found in the MCF7 cells but no amplification protduas detected in the MDA-MB-468
cells. The optimal amount of template cDNA wasiifeed as 150 ng for CYP24A1
amplification because this was the lowest amouattphoduced a sharp DNA band (Figure
3.22). This amount would be utilised in subseqesmperiments. Expression of CYP24A1
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MRNA in the MCF7 cells was confirmed by restrictdigestion withBanmH| and

observation of the correct digested fragments difp&nd 181 bp (Figure 3.23).

« 249 bp

Figure 3.22: CYP24A1 RT-PCR optimisation of template cDNA irFVICLane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: 100lmape 4: 150 ng, Lane 5: 200 ng, Lane 6: 250 ng.

1000

T50 —»

500 —»|

300 -
< 249 bp

. « 181 bp

631
50 - L5

Figure 3.23: Restriction digestion of CYP24A1 RT-PCR using Bantldne 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc

3.3.3.6 CYP26 family RT-PCR

The expression of CYP26A1 and CYP26B1 mRNA wasdaletkin both the MCF7 and
MDA-MB-468 cells as 191 bp and 172 bp cDNA produetspectively (Figures 3.24A and
3.24B). It was noted that a slightly higher legeCYP26A1 mRNA expression was
found in the MCF7 compared to the MDA-MB-468 celidile a higher level of

CYP26B1 mRNA expression was observed in the MDA-NMEB- cells compared to the
MCF7 cell line. To confirm CYP26A1 mRNA expressjthne PCR product was digested

with Alul and the correct digested fragment of 172 bp vieeived (Figure 3.25A). The
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presence of CYP26B1 mRNA was also confirmed byictgin digestion withAlul and

observation of digested fragments of the correxet €104 bp and 68 bp); as shown in

Figure 3.25B). Partial digest products, observeigures 3.25A and 3.25B, will be

discussed in Section 3.4.

1000 -

750 >

500 »

300 »

< 191 bp <172 bp

150 »

Figure 3.24:CYP26A1 and CYP26B1 RT-PCR. (A) CYP26A1. (BPGBP. Lane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: MCF7né&: MDA-MB-468.

1000 -+

750 »

500 —»

300 »

<+ 172 bp
-+ 191 bp
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Figure 3.25: Restriction digestion of CYP26A1 and CYP26B1 RRRE€ing Alul. (A) CYP26A1. (B)
CYP26B1.Lane 1:1000 bp PCR markers, Lane 2: undigested pr¢, Lane 3: digested produ
3.3.4 Cytochrome P450-regulatory nuclear receptorB®T-PCR
The presence of hypoxia-inducible factor-1 alphd=(#x), aryl hydrocarbon receptor
(AhR), aryl hydrocarbon receptor nuclear translocéARNT) and aryl hydrocarbon
receptor repressor (AhRR) mRNA was detected in b®#hMCF7 and MDA-MB-468
cells as 167 bp, 262 bp, 387 bp and 171 bp cDNAymts respectively. A product of 250

bp was correctly determined for vitamin D recegidR) in the MCF7 cells although no
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corresponding product was observed in the MDA-MB-46llIs (Figure 3.26). All

experiments were performed using 100 ng of templBteA with 0.5uM of each primer

set.

Stronger intensity of PCR product of HIe-kInRNA expression was clearly observed in
the MCF7 compared to the MDA-MB-468 cells, wherslightly higher levels of AhR and
ARNT mRNA expression were found in the MDA-MB-468napared to the MCF7 cells.

Similar levels of AARR mRNA expression were detdgteboth the MCF7 and MDA-

MB-468 cells.

Restriction digestion of HIF mRNA by the enzym&sp generated a fragment of 142
bp (Figure 3.27). To confirm the AhR mRNA expressithe PCR product was restricted
with the enzymeéVisg and the correct fragments of 163 bp and 99 bgwletected (Figure
3.28). The presence of ARNT and VDR mRNA was comdid by restriction digestion
with Pst which generated digested fragments of 269 bpld®dbp for ARNT mRNA
(Figure 3.29) and a fragment of 198 bp for VDR mR{{gure 3.31). To confirm AhRR
MRNA expression, the PCR product was digested Mat# Il and the correct digested

fragments of 92 bp and 79 bp were observed (FigL3@).

Figure 3.26:RT-PCR products of HIFd, AhR, ARNT, AhRR and VDR. Lane 1: 1000 bp PCR
markers, Lanes 2-3: HIF4, Lanes 4-5: AhR, Lanes 6-7: ARNT, Lanes 8-9: AlRRes 10-11: VDR
Lanes number 2, 4, 6, 8, 10 represent MCF7 anddanenber 3, 5, 7, 9, 11 indicate MDA-MB-468.
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< 167 bp

150 142 bp

Figure 3.27:Restriction digestion of HIF@ RT-PCR using Sspl. Lane 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc
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« 262 bp
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Figure 3.28:Restriction digestion of AhR RT-PCR using Msplnd_4: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc
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Figure 3.29:Restriction digestion of ARNT RT-PCR using Pstnd_1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc
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Figure 3.30:Restriction digestion of AhRR RT-PCR using HadlHne 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc
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Figure 3.31:Restriction digestion of VDR RT-PCR using Pstind.d&: 1000 bp PCR markers, Lane 2:
undigested product, Lane 3: digested product.

3.3.4.1 Oestrogen receptor (ER) RT-PCR

A band of the correct size at 208 bp was observe&R mMRNA expression in both the
MCF7 and MDA-MB-468 cells. However, an additiof@hter band at 450 bp was also
detected in this experiment (Figure 3.32). The DNéducts of 208 bp and 450 bp were
purified by the method described in Section 2.1@, the purified DNA products were
digested with the restriction enzyrRsd. The correct fragments of 111 bp and 97 bp
were observed only in the purified 208 bp DNA fragm(Figure 3.33), not in the purified

450 bp DNA product.
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The purified DNA products of 208 bp and 450 bp fn&gts were further analysed by

DNA sequencing. The product of 208 bp fragment seapienced and found to be a 92%
match (69/75) ttHomo sapienER mMRNA (GenBank accession number: NM_000125)
(Appendix D.4), whereas the product of the 450ragrhent was sequenced and found to

consist of unrelated ER sequences. This will Bewdised in Section 3.4.
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+ 450 bp
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Figure 3.32:ER RT-PCR. Lane 1: 1000 bp PCR markers, Lane@ative control, Lane 3: MCF7,
Lane 4. MDA-MB-468.
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Figure 3.33:Restriction digestion of ERT-PCR using Rsal. Lane 1: 1000 bp PCR markernse 2a
undigested product, Lane 3: digested product.

3.3.4.2Constitutive androstane receptor (CAR) RT-PCR

An initial experiment using the primer sequenceagtesd for CAR by Primer3 (Table 2.6)
failed to detect CAR mRNA in either the MCF7 or MEMB-468 cells. As mentioned in
Section 1.7.3, CAR plays an important role in la@scriptional regulation of certain

P450s (e.g. CYP2B6) and a study by Chang and cies®{Chang et al. 2003)
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demonstrated a positive correlation between CARGYIE2B6 mMRNA level in human

liver tissues. In this study, the expression ofR2B6 mRNA was detected and confirmed
in the MDA-MB-468 cells (Figures 3.11 and 3.12endfore, CAR mRNA was considered
for investigation in this experiment using the psifsbd CAR primer set (Table 2.7).
Results showed the expected PCR product (417 bpoth MCF7 and MDA-MB-468

cells, though non-specific products were deteatetie MCF7 cells (Figure 3.34).

Following the non-specificity of the published pamabove, the nested CAR primer set
(Table 2.6) was employed to enhance specificittheffirst round PCR product under the
conditions shown in Table 2.8. To obtain optimanhditions for this experiment, the
volume of the first PCR product was varied (i.e213, 4 and L) with 0.5uM of the
nested CAR primer (Figure 3.35A), and the nesteR@Amer concentration was varied
(i.,e. 0.1, 0.2, 0.3, 0.4 and QuM) with 5 pL of the first PCR product (Figure 3.35B). The
optimal conditions were found to be Q&I of the nested primers with i of the first

PCR product and this was used for the remaind#ni®study. Expression of CAR mRNA
was found in both the MCF7 and MDA-MB-468 cells athiwas confirmed by restriction
digestion withPstl and observation of the correct fragments of 1@@id 62 bp (Figure

3.36).

1000 —» [

750 —-E-

500

300 — [

150 »F

Figure 3.34:Nested CAR RT-PCR. Lane 1: 1000 bp PCR markeng Panegative control,
Lane 3: MCF7, Lane 4: MDA-MB-468.
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Figure 3.35:Nested CAR RT-PCR optimisation of the volumeseofitst PCR product and concentration
of nested CAR primers in the MCF7. Lane 1: 100@P6R markers, Lane 2: negative control (A) Varied
the volume of the first PCR products. Lane gl.1lane 4: 24, Lane 5: 3/4, Lane 6: 44, Lane 7: 5
ML. (B) Varied the concentration of nested CAR prien Lane 3: 0.1M, Lane 4: 0.2uM, Lane 5: 0.3

uM, Lane 6:04 uM, Lane 7:0.5 tM.

500
300 +
232 bp

170 bp

62 bp

Figure 3.36: Restriction digestion of nested CAR RT-PCR ussty R.ane 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc
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3.3.4.3Pregnane X receptor (PXR) RT-PCR

Initially, the primer sequence designed for PXRPoyner3 (Table 2.6) failed to
demonstrate PXR mRNA expression in either the MGHYIDA-MB-468 cells.

However, the expression of PXR mRNA in MCF7 cells been demonstrated in previous
studies (Miki et al. 2006, Sakai et al. 2006).tHis research, the published PXR primer set
(Table 2.7) was therefore used to determine theesspn of PXR mRNA. No PCR
product was detected after routine amplificatioteoptimisation of PCR analysis was
performed. Amount of template cDNA was varied. (180, 150, 200 and 250 ng) with 0.5
UM of PXR primer (Figure 3.37), and 250 ng of tent@leDNA was chosen for PXR
amplification because the product appeared astansa DNA band when compared to
either 150 ng or 200 ng. The expression of PXR RS found in only the MCF7

cells, not in the MDA-MB-468 cells. The presené¢é®®R mRNA in the MCF7 cells was
confirmed by digestion with restriction enzymifspl, which generated fragments of the

correct size (142 bp and 90 bp; Figure 3.38).

1000

750

500
300

246 bp

150

Figure 3.37:PXR RT-PCR optimisation of template cDNA in MCEZne 1: 1000 bp PCR markers as
indicated, Lane 2: negative control, Lane 3: 100 sgne 4: 150 ng, Lane 5: 200 ng, Lane 6: 250 ng.
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1000 —»
750 ¥

300 -

300 =
246 bp

150 142 bp

90 bp

50

Figure 3.38: Restriction digestion of PXR RT-PCR using Ms@nd_1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc

3.4 Discussion

This chapter describes an RT-PCR protocol to opgrthe detection of cytochrome P450
and P450-regulatory nuclear receptor mMRNA. Theathges of using end-point PCR in
this study are that it is a simple and rapid metloocgcreening and detecting amplification
products of high numbers of candidate genes inlice. This study assessed a number of
variables affecting RT-PCR analysis including thetmods of RNA isolation, cDNA
verification, PCR and restriction digest reactiomditions, and DNA purification and

sequencing.

Isolating total RNA of high purity was critical fealidation of the PCR system as cellular
contaminants such as genomic DNA (gDNA) can interfeith reaction efficiency and
complicate interpretation of results. InitiallyetRRNA purity in this study was low with an
Azsd/Azgo ratio between 1.3 and 1.6 (instead of 1.8-2.1)thrsdseriously affected the
specificity of the RT-PCR reactions. To overcotms problem several technical measures
were implemented, in particular it was felt thagrinhad been overloading of cells onto the
RNeasy spin column and that the method of disrggtie cells was critical. The use of a
cell number between 5x1@nd 2x16 per purification, and an increased efficiencyha t

homogenisation process resulted in higher RNA punibn-degraded RNA (Figure 3.2)
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and less gDNA contamination in downstream apphceti Upon successful validation,

this methodology was utilised for the remaindethaf study.

In this investigationf3,-microglobulin was used as an internal controldtedt false
negative results by comparing mRNA expression withgene of interest in different cell
lines. Low variation irf3,-microglobulin mRNA between the MCF7 and MDA-MB-468
cells was observed (Figure 3.4), suggesting thaigéne was an appropriate reference
gene in this study. As mentioned in Section Jé,use of negative controls (no DNA
template) is critical for conducting PCR as it caonitor false-positive results in the PCR
assay. No product was detected in the negativeatsnn any of the experiments in this
chapter, indicating that PCR reaction mixtures wexe from DNA carryover

contamination.

Specificity in primer sequences is one of the nragortant keys to success in the PCR
assay. In this research, the candidate sequersamdd by Primer3 programme were
assessed via a direct BLAST search. Ten out ofitieteen cytochrome P450 enzymes
(i.,e. CYP1Al, CYP1A2, CYP2A6, CYP2C9, CYP2C19, CY®2 CYP3A4, CYP3AS5,
CYP3A7 and CYP3A43), and two out of the eight P4&@ulartory nuclear receptors (i.e.
CAR and PXR) primers designed by Primer3 prograrfaihed to demonstrate their
MRNA expression in either the MCF7 or MDA-MB-468lsgalthough sufficient

validation following general guidelines used irsthesearch was performed.

However, five out of the twelve undetectable gaines CYP1A1, CYP3A4, CYP3AS5,
CAR and PXR) were considered for further invest@atsing the published primers
(Table 2.7) because evidence regarding the preseribe relevance of them has been
demonstrated in breast cancer cells and they aodvied in the metabolism of oestrogen

and anticancer drugs. A single specific PCR produ€YP1Al1 and PXR mRNA was
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successfully detected after varying the concewinadf cDNA template (Figures 3.6 and

3.37). The published CAR primer set was performeder routine amplification, but it
generated non-specific PCR product (Figure 3.3%erefore, nested PCR was used to
improve specificity of the primer, a specific pratiwas detected and its sequence identity
confirmed by restriction digestion. The observatid non-specific bands in the first round
PCR may be due to the fact published PCR conditiere not used in this experiment. In
an attempt to generate high quality data, experisnerare performed using the procedure
described in Section 3.2.3 as standard. Unforalpathe published primers of CYP3A4
and CYP3AS fail to demonstrate mRNA expressiorhadell lines used despite their

validation.

It is well-known that CYP2D6 catalyses the N-derhgisition and 4-hydroxylation of
tamoxifen which have potent anti-oestrogen effe@smoxifen is widely used in the
treatment of breast cancer (Schroth et al. 208T¢vious studies demonstrated that
CYP2D6 mRNA was expressed in normal breast asagdlh breast tumour samples
(Huang et al. 1996, Hellmold et al. 1998, IscaaleR001, Bieche et al. 2007). In
addition, Hellmond and colleagues (Hellmold etl&98) demonstrated CYP2D6 protein
expression in normal breast. These findings weisagreement with those of Modugno
and co-workers (Modugno et al. 2003), who investidadCYP2D6 mRNA expression in
breast tumour and normal adjacent breast tissueg gsantitative RT-PCR. The present
study is the first to examine the expression of €¥e mRNA in breast cancer MCF7 and
MDA-MB-468 cell lines, but no CYP2D6 mRNA was obged. As mentioned above, the
importance of CYP2D6 in the metabolism of tamoxifes been emphasised in the
treatment of breast cancer. For this reason,uherat project sought to ascertain whether
CYP2D6 is present or absent in the test cells usiagublished primers. Preliminary
work with previously published CYP2D6 mRNA in nornhbaeast and seven breast cancer

cell lines will be discussed in the next chapter.
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According to the general guidelines for the optatien of PCR analysis in this study

(Figure 3.1), the findings indicated that optimBINA template amount for the genes of
interest was between 100 and 250 ng in a PCR ogaciihe optimal primer concentration
for each individual gene was generally QM because non-specific PCR products were
seen at higher primer concentration of i to 1.5uM. Regarding the thermocycling
conditions, twenty-five to thirty-five cycles ismerally standard for a PCR reaction. In
the current investigation, thirty amplification ¢gs were selected and performed for all
candidate genes, but not f&-microglobulin. Twenty cycles were sufficient fs-

microglobulin amplification as the product genedageclear and sharp band (Figure 3.3).

This research aimed to detect the expression afrebar of target mMRNAS in a series of
cell lines. Due to time constraints, a single tiétjoe was performed in individual genes.
However, in experiments where genes were undetecadtier routine amplification, the

procedure was repeated with varying amounts of ci@plate and/or primer and any

detectable products were then confirmed by reginaigestion and/or DNA sequencing.

PCR products of detectable genes were confirmeediyiction digestion and observation
of digested fragments of the correct size on gktshould be noted that partial restriction
digestion was observed for products of CYP2C18ufeg 3.16), CYP26AL1 (Figures
3.25A), CYP26B1 (Figures 3.25B), and AhR (FigureZ83. These results may be due to
excessive amounts of starting material being usedfficient incubation time for
reactions and/or low activity of restriction enzygnerlhis problem could be investigated
by repeating experiments with lower DNA templateantrations, an increased

incubation time and a new batch/fresh supply dficgn enzymes for further study.

In section 3.3.3.4, it was shown that MDA-MB-468sexpress CYP4Z1 mRNA (159

bp) with the presence of an additional band of ~%0 To ensure specificity of primers,
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annealing temperature of PCR analysis was variesidem 55C and 63C. However, two

bands were still visualised on the gel, and thigeexnent showed that an annealing
temperature of 5€ was optimal (Figure 3.20). Purified DNA of theotfragments was
digested using restriction enzymsd and a restricted fragment size of 112 bp wasdoun
in both purified fragments. This finding suggestieat these fragments may contain
similar DNA and they were therefore sequenced. rékalts of DNA sequencing were
accessed directly by a BLAST search, and this ptedithat both fragments were human
CYP4Z1 mRNA (Appendix D). However, more than fifigrcent of CYP4Z1 (~250bp)
sequences were unreadable, possibly due to pobtyqfahe purified DNA samples or
an unknown factor involved in the expression of @¥P mRNA. Prior to further
characterisation of the CYP4Z1 mRNA (Chapter 5,greviously published primers
which have been demonstrated a single PCR proderet used to confirm the presence of
CYP4Z1 mRNA in the cDNA samples employed in thigdgt Results will be shown and

discussed in Chapter 4.

Several novel extrahepatic P450 enzymes may bart€plar interest in breast cancer
cells in terms of potential targets for cancer dpgras they are preferentially expressed in
extrahepatic tissues, and overexpression of sotoetmpme P450s have been identified in
certain types of tumours. A preliminary investigatdemonstrated the expression of
CYP2F1, CYP2J2, CYP2R1, CYP2U1 and CYP4X1 in a bahlereast cancer cell lines
and compared to a normal breast cell line perforbnhetihe Honours students within the
School of Pharmacy who employed the same cDNA sssrguid established methods used
in the current investigation. This preliminary wa@&iso investigated the expression of
retinoic acid receptor (RAR) and retinoid X rece{f®XR), because their physiological
roles have been shown to be involved in the deveéopt of various types of cancer
(Germain et al. 2003, Altucci et al. 2007) andribgulation of some cytochrome P450

enzymes (Meyer 2007). These results will be show®hapter 4.
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Table 3.1 summarises the presence of cytochrom@ &4 cytochrome P450-regulatory

nuclear receptor mRNA in the MCF7 and MDA-MB-468isafter optimisation and
confirmation of their expression. In summary, tthepter provides information on
validation of PCR conditions derived from the modell lines, MCF7 and MDA-MB-468.
These conditions will be used for the remainingabt&ancer cell lines and compared to a

normal breast cell line in the next chapter.

Table 3.1: The presence of cytochrome P450 and P450-regulaiociear receptor mRNA in the MCF7 and
MDA-MB-468 cells

P450 MCF7 MDA-MB-468 NR MCF7 MDA-MB-468
CYP1A1 + - HIF-1a + +
CYP 1A2 NS NS AhR + +
CYP1B1 + + ARNT + +
CYP2A6 - - AhRR + +
CYP2B6 - + CAR + +
CYP2C8 + - PXR + -
CypP2C18 + + VDR + -
CYP2C9 - - ER + +
CypP2C19 - -

CYP2D6 - -

CYP2S1 + +

CYP3A4 - -

CYP3A5 - -

CYP3A7 - -

CYP3A43 - -

CYP4Z1 - +

CYP24A1 + -

CYP26A1 + +

CyP26B1 + +

Abbreviations: P450; cytochrome P450 enzyme, NsOP#gulatory nuclear receptor, NS; non-specific
product by RT-PCR analysis, +; PCR product deteataztedicted size and sequence specificity, -; not
detected by visual inspection.
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Chapter 4

Cytochrome P450 expression in breast cancer celhs

4.1 Introduction

Clinically, the majority of breast tumours expregstrogen receptor (ER) and it is well
established that local production of oestrogeraisiqularly high in breast tumours (Suzuki
et al. 2005). Oestrogen is involved in the develept and progression of breast cancer
(Yager and Davidson 2006). Women with ER-posibweast tumours are more likely to
benefit from endocrine therapy than patients wigkegative tumours. Approximately
60-65% of patients with ER-positive tumours resptimenti-oestrogen therapy (i.e.
tamoxifen) whereas in women with ER-negative turapanly low levels of response are
achieved. Moreover, ER-negative women have a paorgival and prognosis than

patients who have node positive and ER-positiveotuns (Putti et al. 2005).

However, the overall cytochrome P450 profile indstecancer and the role of these
enzymes in breast carcinogenesis is yet to beatkfid better understanding of the
differential expression of these enzymes in diffié@estrogen receptor status, invasive
phenotypes and racial groups could potentiallyfoenormous value in the development of
novel cancer therapeutics (targeted at these erg)yand the design of more effective drug
regimens. Therefore, this chapter was designétettify the cytochrome P450 and P450-
regulatory nuclear receptor mRNA profile in a papidbreast cancer cell lines derived
from different ethnic backgrounds (i.e. Caucasiams Afro-Caribbeans) and including
different breast tumour characteristics (i.e. aggn receptor status and invasive

phenotype). A normal breast cell line was alsav@rad for comparative purposes.
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4.2 Materials and Methods

4.2.1 Celllines and cell culture

The eight cell lines used were obtained from défersources (Section 2.2.2) and a
summary of their characteristics is presented inlda.1. All cells were maintained under
the growth conditions described in Section 2.28.experiments were conducted using
cells cultured for no more than 15 passages atrscitation of the first cell stock. All

culture techniques were performed as explainediquely (Sections 2.2.4 t0 2.2.7).

4.2.2 RNA isolation and cDNA sysnthesis

Total RNA was isolated from all cell lines usingtRNeasy Plus Mini kit from Qiagen as
detailed in Section 2.3. Approximately 5816 2x10 cells were extracted per purification
as discussed in Section 3.3.1. The quantity aatitguf total RNA in each preparation
were determined by AdA2go ratios and inspection of the 28S and 18S rRNA bamd %
(w/v) agarose gels. As described in Section 2vense transcription (RT) reactions were
conducted in a final volume of 20 (Table 2.1) using the reaction conditions sumseati

in Table 2.2.

4.2.3 Qualitative PCR amplification

PCR was performed under optimal conditions (Se@i8jin order to profile P450 and
P450-regulatory nuclear receptor mRNA expressidhértest cell lines. The PCR
products obtained from the housekeeping dg&pmicroglobulin and the target genes from
each cell line were visualised on 1.5% agaroseaitaining ethidium bromide.
Following visualisation of bands in the PCR produtie band intensity of photographed
gel (positive) images was subjected to densitomstranning using UVI-BandMap
software (UVItec, Cambridge, UK). Densitometryhge quantitative measurement of
optical density which can be expressed as the nuoflmark spots in a given volume of

intensity. The sensitivity (maximum spot size) wasat 5 mm for all samples to measure
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the volume density of the amplified products. Bonnstrate a relative expression of

candidate genes’ mRNA in each cell line tested, iARMpression of each gene was
normalised againgd,-microglobulin mRNA expression. In the result s&tt some gel

images were inverted from positive to negative iesafpr better visualisation.

In this chapter, the PCR assay was used qualibaiiee it was used to determine whether
MRNA was present or absent in all individuals fritva test cell lines. To facilitate
comparisons between the cell lines, the volumeitleatthe 3,-microglobulin RT-PCR
and the relative intensities of target genes nasedlagainsB,-microglobulin were

determined.

4.2.4 Oligonucleotide primer design

Prior to further elucidation of the CYP4Z1 sequetieepresent investigation confirmed
the expression of CYP4Z1 mRNA in the eight cDNA péas using the previously
published primers (Table 2.7, Thomas et al. 200@twhad been designed to cross
between exon 7 and exon 8 boundaries (Figure 3.2pmas and colleagues found that

this primer set generated a single band of the @iRdnplification product.

During the course of the current study, the expoessf CYP2D6, CYP2F1, CYP2J2,
CYP2R1, CYP2U1, CYP4X1, RAR and RXR was investigatsing cDNA samples as
mentioned in Section 3.4. These were subjectedutine amplification (Tables 2.3 and
2.4) with the previously published primers (Tablé)zand the products obtained were
digested with restriction enzymes (Table 2.10) urkle conditions described in Table

2.11 to confirm the mRNA expression of candidatesge
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4.3 Results

4.3.1 RNA isolation
Total RNA isolated from the cell lines hadgiAogo ratios between 1.8 and 2.1. One
microgram of total RNA isolated from the eight deles was loaded onto a 1% (w/v)

agarose gel to confirm RNA quality (Figure 4.1).

285 rRNA

185 t1RNA

Figure 4.1: Quality of total RNA isolated. Lane 1: MCF10A, ea?Zt MCF7, Lane 3: T47D, Lane 4:
ZR-75-1, Lane 5: ZR-75-30, Lane 6: MDA-MB-231, La&n®MDA-MB-157, Lane 8: MDA-MB-468.

4.3.2 B-microglobulin RT-PCR

A band of 319 bp corresponding to the cDNA produime forf3,-microglobulin was
detected for all cell lines. There was no visitilgerence in the housekeeping gene
B2-microglobulin MRNA expression between the breasteacells and the normal breast
cell line used. No band was detected in the negabntrols (no template cDNA, Figure

4.2). This data was used for each subsequentasatythis chapter.

4.3.3 CYP1 family RT-PCR

CYP1A1 mRNA was detected in five out of the sevesabt cancer cell lines as the correct
band at 392 bp and it was expressed at a verydwegl In the normal breast MCF10A cell
line. No CYP1A1 mRNA expression was detected enZR-75-30 and MDA-MB-468

cells (Figure 4.3).
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Figure 4.2: B-microglobulin RT-PCR. (A) Visualisation of tfemicroglobulin amplified products.
Lane 1: 1000 bp PCR markers, Lane 2: negative cbrLane 3: MCF10A , Lane 4: MCF7, Lane 5:
T47D, Lane 6: ZR-75-1, Lane 7: ZR-75-30, Lane 8:AMAB-231, Lane 9: MDA-MB-157, Lane 10:
MDA-MB-468. (B) Volume density of tfigmicroglobulin amplified products (pixels).
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Figure 4.3: CYP1Al1 RT-PCR. (A) Visualisation of the CYP1Alldiegproducts. Lane 1: 1000 bp
PCR markers, Lane 2: negative contiLane 3: MCF10A, Lane 4: MCF7, Lane 5: T47D, Lan&ZR-
75-1, Lane 7: ZR-75-30, Lane 8: MDA-MB-231, Lan&®A-MB-157, Lane 10: MDA-MB-468. (B)
Relative intensities of CYP1A1 normalised agef-microglobulin.
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As mentioned in Section 3.3.3.1, the CYP1A2 priseguence designed by Primer3 failed
to detect the presence of CYP1A2 mRNA in eithet@e=7 or MDA-MB-468 cells.
This primer set was also used for the remaininggliogls, but unfortunately the results still

showed non-specific amplification in all cases.

A band of 397 bp was observed for CYP1B1 mRNA ithlibe normal breast (MCF10A)
and breast cancer cell lines. MCF7, T47D, ZR-7T5MDA-MB-231 and MDA-MB-157
demonstrated higher levels of expression than Bx@Z-30 cells. Only very weak

expression was detected in the MDA-MB-468 cellg)(iFes 4.4).
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Figure 4.4:CYP1B1 RT-PCR. (A) Visualisation of CYP1B1 angalifiroducts. Lane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: MCF1Dane 4: MCF7, Lane 5: T47D, Lane 6: ZR-75-1,
Lane 7: ZI-75-30, Lane 8: MDA-MB-231, Lane 9: MDA-MB-157, kal0: MDA-MB-468. (B) Relative
intensities of CYP1B1 normalised agaifistmicroglobulin.

4.3.4 CYP2 family RT-PCR

As mentioned in Section 3.3.3.2, both the MCF7 lsiiXA-MB-468 cell lines failed to
show the presence of CYP2A6 mMRNA during PCR valixat However, a band of 186 bp
corresponding to the cDNA product size for CYP2ABNMNA was detected in three of the

cell lines. CYP2A6 mMRNA was expressed in the ZRt7nd T47D cells at higher levels
140



Profile P450s in breast cancer cell lines
than the MDA-MB-157 cells (Figures 4.5). The exgsien of CYP2A6 mRNA was

confirmed by restriction digestion withadlll, which generated digested fragments of the

correct size (72 bp and 66 bp, Figure 4.6).
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Figure 4.5: CYP2A6 RT-PCR. (A) Visualisation of CYP2A6 aneglifiroducts (negative image). Lane
1: 1000 bp PCR markers, Lane 2: negative contrahe.3: MCF10A, Lane 4: MCF7, Lane 5: T47D,
Lane 6: ZI-75-1, Lane 7: ZR-75-30, Lane 8: MDA-MB-231, Lan®®A-MB-157, Lane 10: MDA-MB-
468. (B) Relative intensities of CYP2A6 normaliagdinstS,-microglobulin.

« 186 bp
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Figure 4.6: Restriction digestion of CYP2A6 RT-PCR with Haellhne 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc
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A band of 194 bp corresponding to the cDNA prodiime for CYP2B6 mRNA was found
in five out of the seven breast cancer cell lingisro product was visible in the normal
breast cells. A high level of expression was ole=in the T47D, ZR-75-1 and MDA-
MB-157 cells, while very low levels were detectadhe ZR-75-30 and MDA-MB-468
cells. CYP2B6 mRNA expression was not detectatlenMICF7 and MDA-MB-231 cells

(Figure 4.7).

CYP2C8 mRNA was detected in three out of the séveast cancer cell lines as a cDNA
product at 230 bp but no mMRNA was observed in tirenal breast cell line. A higher
level of CYP2C8 expression was found in the MDA-NIBY cells compared to the MCF7

and ZR-75-1 cells (Figure 4.8).

A band of 199 bp was observed for the presence/&fZC18 mRNA in four out of seven
breast cancer and the normal breast cell linesadtexpressed in the T47D cells at a high
level, whereas very weak levels were detectedeémtrmal breast cell line, and the breast

cancer cell lines MCF7, MDA-MB-157 and MDA-MB-46Bi@ure 4.9).

During PCR validation (Section 3.3.3.2) both the WfGind MDA-MB-468 cells failed to
demonstrate expression of CYP2C9/19 and CYP2D6 mRSiifilarly, no amplification
product was detected in the cell lines investigatddwever CYP2D6, an enzyme which
plays a crucial role in the metabolism of antioagtn tamoxifen and is associated with
breast cancer was considered for PCR experimemg pseviously published sequences

(Table 2.7, Thomas et al. 2006). Preliminary rssaite shown in Figures 4.27 and 4.28.
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Figure 4.7: CYP2B6 RT-PCR. (A) Visualisation of CYP2B6 angglifiroducts (negative image). Lane
1: 1000 bp PCR markers, Lane 2: negative contrahd 3: MCF10A, Lane 4: MCF7, Lane 5: T47D,
Lane 6: ZI-75-1, Lane 7: ZR-75-30, Lane 8: MDA-MB-231, Lan®&®A-MB-157, Lane 10: MDA-MB-
468. (B) Relative intensities of CYP2B6 normaliagdinst3.-microglobulin.
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Figure 4.8: CYP2C8 RT-PCR. (A) Visualisation of CYP2C8 anggifiroducts (negative image). Lane
1: 1000 bp PCR markers, Lane 2: negative contrahd 3: MCF10A, Lane 4: MCF7, Lane 5: T47D,
Lane 6: ZI-75-1, Lane 7: ZR-75-30, Lane 8: MDA-MB-231, Lan®&®A-MB-157, Lane 10: MDA-MB-
468. (B) Relative intensities of CYP2C8 normaliagdinstS,-microglobulin.
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Figure 4.9: CYP2C18 RT-PCR. (A) Visualisation of CYP2C18 dieglproducts (negative image).
Lane 1: 1000 bp PCR markers, Lane 2: negative cbrLane 3: MCF10A, Lane 4: MCF7, Lane 5:
T47D, Lane 6: ZR-75-1, Lane 7: ZR-75-30, Lane 8:AMdB-231, Lane 9: MDA-MB-157, Lane 10:
MDA-MB-468. (B) Relative intensities of CYP2C18 ndrsea againsi3,-microglobulin.

A band of 216 bp corresponding to the cDNA prodiiee for CYP2S1 mRNA was highly
expressed in all of the cell lines except MCF104 dR-75-30. The highest level of
expression was found in the T47D cells. Moderafgession was detected in the MCF7,

ZR-75-1, MDA-MB-231, MDA-MB-157 and MDA-MB-468 cdll(Figure 4.10).

4.3.5 CYP3family RT-PCR

In the CYP3A subfamily, the primer sequences desigor CYP3A4/5/7/43 by Primer3
(Table 2.6) failed to detect CYP3A mRNA expressiothe MCF7 and MDA-MB-468
cells during PCR validation (Section 3.3.3.3). \Wipeofiling these genes against a series
of cell lines, only a very weak level of CYP3A7 mRNxpression was detected in the
normal breast cell line MCF10A as a cDNA produc®8 bp (Figure 4.11). The
expression of CYP3A7 mRNA was confirmed by reswitdigestion withEcoRI which

generated fragments of the correct size (158 bpsanap) (Figure 4.12). However, no
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CYP3A4/5/43 mRNA expression was detected in eithemormal breast or breast cancer

cell lines under the conditions used in this study.

< 216 bp
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Figure 4.10:CYP2S1 RT-PCR. (A) Visualisation of CYP2S1 araglroducts. Lane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: MCF1Dane 4: MCF7, Lane 5: T47D, Lane 6: ZR-75-1,

Lane 7: ZI-75-30, Lane 8: MDA-MB-231, Lane 9: MDA-MB-157, kal0: MDA-MB-468. (B) Relative
intensities of CYP2S1 normalised agaifistnicroglobulin.

=

3

=
=

-
:
£
H]
)
-
Z
£os
=
s
2
£
H
*
H
z

e
=]

y ) 2 > ) 4 ,
Yo, Mo, e, m, R, M T My
2, o 2, >, % % %
y BN £ ) : 4,
“t ’ 2 “, w, u

Figure 4.11:CYP3A7 RT-PCR. (A) Visualisation of CYP3A7 anaglifiroducts (negative image).
Lane 1: 1000 bp PCR markers, Lane 2: negative cbrLane 3: MCF10A, Lane 4: MCF7, Lane 5:
T47D, Lane 6: ZR-75-1, Lane 7: ZR-75-30, Lane 8:AMAB-231, Lane 9: MDA-MB-157, Lane 10:
MDA-MB-468. (B) Relative intensities of CYP3A7 noisgal againsg3,-microglobulin.
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223 bp

158 bp

65 bp

Figure 4.12: Restriction digestion of CYP3A7 RT-PCR with EcoRine 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested praduc

4.3.6 CYP4 family RT-PCR

A cDNA product at 159 bp indicated CYP4Z1 mRNA viasnd in three out of the seven
breast cancer cell lines and the normal breasticell CYP4Z1 was expressed in the
MDA-MB-468 and T47D cells at higher levels thartlie MCF10A and ZR-75-1 cells.
An additional band of ~250 bp was observed withpgiresence of CYP4Z1 mRNA in all

four cell lines (Figure 4.13).

A single band of 257 bp corresponding to the cDNédpict size for the published
CYP4Z1 mRNA was detected in four of the seven lireascer cell lines and the normal
breast cell line (Figure 4.14). There was no aolo#l band in this primer set. The
CYP4Z1 mRNA in the MDA-MB-468 cells seemed to bemxpressed compared with
the MCF10A, T47D and ZR-75-1 cells. CYP4Z1 mRNAsvexpressed in the ZR-75-30
cells at a very low level. Expression of CYP4Z1N#MRin the MDA-MB-468 cells was
confirmed by restriction digest withlul, and the correct fragments of 196 bp and 61 bp

were observed (Figure 4.15).
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Figure 4.13:CYP4Z1 RT-PCR. (A) Visualisation of CYP4Z1 angglifiroducts (negative imagelane
1: 1000 bp PCR markers, Lane 2: negative contrahd 3: MCF10A, Lane 4: MCF7, Lane 5: T47D,
Lane 6: ZI-75-1, Lane 7: ZR-75-30, Lane 8: MDA-MB-231, Lan®®A-MB-157, Lane 10: MDA-MB-
468. (B) Relative intensities of CYP4Z1 (159 hp)nmalised againsf,-microglobulin.
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Figure 4.14:CYP4Z1 RT-PCR using the previously published preaer Lane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: MCF1Dane 4: MCF7, Lane 5;: T47D, Lane 6: ZR-75-1,
Lane 7: ZI-75-30, Lane 8: MDA-MB-231, Lane 9: MDA-MB-157, kat0: MDA-MB-468.
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<61 bp

Figure 4.15: Restriction digestion of CYP4Z1 RT-PGRing the published primers) with Alul. Lane 1:
1000 bp PCR markers, Lane 2: uncsted produ¢, Lane 3: digested prodt.
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4.3.7 CYP24 family RT-PCR

A band at 249 bp was observed for CYP24A1 mRNA ession and it was detected in
almost all the cell lines tested with the excepttd@R-75-30 and MDA-MB-468. Very
low levels of CYP24A1 were observed in the MCF10W #MDA-MB-231 cells, whereas
moderate expression was found in the MCF7, T47D/8R and MDA-MB-157 cells

(Figure 4.16).

4.3.8 CYP26 family RT-PCR

CYP26A1 mRNA, at 191 bp, was detected in all aelt$ except ZR-75-1 and the normal
breast cell line. CYP26A1 was expressed in MDA-IBE and MDA-MB-468 at very
low levels, while a higher level of expression wéaserved in the MDA-MB-157 cells

(Figure 4.17).

A band indicating the presence of CYP26B1 mRNA7& fip was detected in the normal
breast cell line and six out of the seven breast@acell lines. No CYP26B1 mRNA was
expressed in the ZR-75-30 cells. Very weak leeé€lSYP26B1 mRNA were found in the
MCF7, T47D and ZR-75-1 cells, whereas higher lewadse detected in both the normal
breast and the breast cancer cell lines (MDA-MB23DA-MB-157 and MDA-MB-468;

Figure 4.18).
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Figure 4.16:CYP24A1 RT-PCR. (A) Visualisation of CYP24A1 diwglproducts. Lane 1: 1000 bp
PCR markers, Lane 2: negative contiLane 3: MCF10A, Lane 4: MCF7, Lane 5: T47D, Lan&R-
75-1, Lane 7: ZR-75-30, Lane 8: MDA-MB-231, Lan&/A-MB-157, Lane 10: MDA-MB-468. (B)
Relative intensities of CYP24A1 normalised age¢S>-microglobulin.
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Figure 4.17:CYP26A1 RT-PCR. (A) Visualisation of CYP26A1 diwglproducts. Lane 1: 1000 bp
PCR markers, Lane 2: negative contiLane 3: MCF10A, Lane 4: MCF7, Lane 5: T47D, Lan&R-
75-1, Lane 7: ZR-75-30, Lane 8: MDA-MB-231, Lan&/A-MB-157, Lane 10: MDA-MB-468. (B)
Relative intensities of CYP26A1 normalised ageS>-microglobulin.
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Figure 4.18:CYP26B1 RT-PCR. (A) Visualisation of CYP26B1 dieglproducts (negative image).
Lane 1: 1000 bp PCR markers, Lane 2gative control, Lane 3: MCF10A, Lane 4: MCF7, Ldne
T47D, Lane 6: ZR-75-1, Lane 7: ZR-75-30, Lane 8:AMAB-231, Lane 9: MDA-MB-157, Lane 10:
MDA-MB-468. (B) Relative intensities of CYP26B1 ndised agains3,-microglobulin.

4.3.9 Cytochrome P450-regulatory nuclear receptor R-PCR

The expression of HIF€l, AhR and ARNT mRNA was detected in both the norbmahst
and breast cancer cell lines at the correct bareddi 167 bp, 262 bp and 387 bp
respectively (Figures 4.19, 4.20 and 4.21). HéFrRIRNA was expressed at high levels in
the normal breast cells MCF10A, and the breasterarell lines T47D and MDA-MB-

231. It was detected at lower levels in the ZRt72R-75-30 and MDA-MB-468 cells.
AhR and ARNT mRNA were expressed at similar leuwelhe cell lines used, and low

levels of both AhR and ARNT mRNA expression werseaed in the ZR-75-30 cells.

A band for the expression of AhRR mRNA at 171 b watected in six out of the seven
breast cancer cell lines and in the normal brealktice. Very weak levels of AhRR
MRNA were found in the normal breast cells and Z280. AhRR mRNA expression

was not detected in the ZR-75-1 cells (Figure 4.22)
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A band of 250 bp corresponding to the cDNA prodiime for VDR mRNA was found in

five out of the seven breast cancer cell linesiartde normal breast cell line but no

product was detected in the ZR-75-30 and MDA-MB-468s (Figure 4.23).

ER mRNA was found in six out of the seven breasteacell lines as a correct band at
208 bp but it was not detected in the normal breeal$tine or the breast cancer cell line
MDA-MB-231. ER was expressed in the T47D, ZR-7ZR;75-30 and MDA-MB-157
cells at higher levels than in the MCF7 and MDA-MBS cells. An additional fainter
band at 450 bp was only observed in the MCF7 and\NMB-468 cells as mentioned in

Section 3.3.4.1 (Figure4.24).
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Figure 4.19:HIF-1a RT-PCR. (A) Visualisation of HIFglamplified products. Lane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: MCF1Dane 4: MCF7, Lane 5: T47D, Lane 6: ZR-75-1,
Lane 7: ZI-75-30, Lane 8: MDA-MB-231, Lane 9: MDA-MB-157, balD: MDA-MB-468. (B) Relative
intensities of HIF-Ir normalised againsf,-microglobulin.
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Figure 4.20: AhR RT-PCR. (A) Visualisation of AhR amplifieddurcts. Lane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: MCF1Dane 4: MCF7, Lane 5: T47D, Lane 6: ZR-75-1,
Lane 7: ZI-75-30, Lane 8: MDA-MB-231, Lane 9: MDA-MB-157, kal0: MDA-MB-468. (B) Relative
intensities of AhR normalised agaig&tmicroglobulin.
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Figure 4.21: ARNT RT-PCR. (A) Visualisation of ARNT amplifieadpicts. Lane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: MCF1Dane 4: MCF7, Lane 5: T47D, Lane 6: ZR-75-1,
Lane 7: ZI-75-30, Lane 8: MDA-MB-231, Lane 9: MDA-MB-157, balD: MDA-MB-468. (B) Relative

intensities of ARNT normalised agaigtmicroglobulin.
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Figure 4.22: AhRR RT-PCR. (A) Visualisation of AhRR amplifiemtipcts (negative image). Lane 1:
1000 bp PCR markers, Lane 2: negative control, L&ndCF10A, Lane 4: MCF7, Lane 5: T47D, Lane
6: ZR-75-1, Lane 7: ZR-75-30, Lane 8: MDA-MB-234ané 9: MDA-MB-157, Lane 10: MDA-MB-468.
(B) Relative intensities AhRF normalised againsS,-microglobulin
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Figure 4.23:VDR RT-PCR. (A) Visualisation of VDR amplifiedguots. Lane 1: 1000 bp PCR
markers, Lane 2: negative control, Lane 3: MCF1Dane 4: MCF7, Lane 5: T47D, Lane 6: ZR-75-1,
Lane 7: ZI-75-30, Lane 8: MDA-MB-231, Lane 9: MDA-MB-157, balD: MDA-MB-468. (B) Relative
intensities of VDR normalised again&tmicroglobulin.
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Figure 4.24:ER RT-PCR. (A) Visualisation of ER amplified pratdu Lane 1: 1000 bp PCR markers,
Lane 2: negative contraLane 3: MCF10A, Lane 4;: MCF7, Lane 5: T47D, Lan&R-75-1, Lane 7:
ZR-75-30, Lane 8: MDA-MB-231, Lane 9: MDA-MB-153@nk 10: MDA-MB-468. (B) Relative
intensities of E& normalised againsB-microglobulin.

A band of 232 bp was observed for the CAR mRNA gisiested PCR in the breast cancer
cell lines but it was not detected in the normaldst cell line. CAR mRNA (nested) was
expressed at lower levels in the ZR-75-1 and MDA-KEB cells than in the MCF7,

T47D, ZR-75-1, MDA-MB-231 and MDA-MB-157 cells. as noticed that there were
multiple bands of nested CAR RT-PCR product inT4é&D, ZR-75-30, MDA-MB-231

and MDA-MB-468 cells (Figure 4.25).

A band of 246 bp was observed at the correct szEXR mRNA in four out of the seven
breast cancer cell lines but it was not expresselda normal breast cell lines. PXR
MRNA was expressed at similar levels in the ZR-#”»d MDA-MB-157 cells and at very

low levels in the MCF7 and T47D cells (Figure 4.26)
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Figure 4.25:Nested CAR RT-PCR. (A) Visualisation of Nested @ARified products. Lane 1: 1000
bp PCR markers, Lane 2: negative control, Lane 8RI0A, Lane 4: MCF7, Lane 5: T47D, Lane 6:
ZR-75-1, Lane 7: ZR-75-30, Lane 8: MDA-MB-231, Lan®DA-MB-157, Lane 10: MDA-MB-468.

(B) Relative intensities of Nested CAR normalisgairsst S>-microglobulin.
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Figure 4.26:PXR RT-PCR. (A) Visualisation of PXR amplifieddurcts (negative image). Lane 1:
1000 bp PCR markers, Lane 2: negative control, L&nNdCF10A, Lane 4: MCF7, Lane 5: T47D, Lane
6: ZR-75-1, Lane 7: ZR-75-30, Lane 8: MDA-MB-234ané& 9: MDA-MB-157, Lane 10: MDA-MB-468.
(B) Relative intensities of PXR normalised agaf®sicroglobulin.
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4.3.10 Preliminary work

A band of 261 bp indicated the cDNA product sizetfe published CYP2D6 mRNA was
detected in both the normal breast and breast captidines (Figure 4.27). CYP2D6
MRNA was expressed at a lower level in the MDA-MBLZells than in the MCF7, T47D,
ZR-75-1 and MDA-MB-157 cells. It should be notbattthe presence of a cDNA product
at 261 bp in MCF10A (Lane 2), MDA-MB-468 (Lane 6)daZR-75-30 (Lane 9) shows up
as visible smear in the background between ~258hp~-800 bp. However, the
expression of CYP2D6 mRNA in the T47D cells wasficored by restriction digestion
with Rsd, which generated digested fragments of the cosige (142 bp and 119 bp,

Figure 4.28).

The expression of CYP2F1 mRNA was detected in tutcobthe seven breast cancer cell
lines (i.e. ZR-75-1 and MDA-MB-468) at the expechtaihd size of 305 bp but it was not
detected in the normal breast cell line (Figur@X.ZZYP2F1 was expressed in the MDA-
MB-468 cells at a higher level than in the ZR-78¢ells. An additional fainter band at
~900 bp was only observed in the ZR-75-1 cellspréssion of CYP2F1 mRNA in the
MDA-MB-468 cells was confirmed by restriction digies with Mspl and observation of

the correct fragments of 195 bp and 110 bp (Figuze).

A single band of 714 bp corresponding to the cDNé@dpcct size for the CYP2J2 mRNA
was found in both the normal breast and breastecarad! lines (Figure 4.31). CYP2J2
MRNA was expressed in the MCF10A and MDA-MB-231<at very low levels while
high levels of CYP2F1 mRNA were observed in alnmmwsgst cancer cell lines. To
confirm CYP2J2 mRNA expression, the PCR produshitbA-MB-468 cells was
restricted with the enzym®&lul and the correct fragments of 330 bp and 170 bgwe

detected (Figure 4.32).
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Figure 4.27:Visualisation of CYP2D6 RT-PCR. Lane 1: 1000 bp P@Rkers, Lane 2: MCF10A, Lane
3: MCF7, Lane 4: MDA-MB-157, Lane 5: MDA-MB-2311e6: MDA-MB-468, Lane 7: T47D, Lane 8:
ZR-75-1, Lane 9: ZR-75-30, Lane 10: negative cdntro
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Figure 4.28: Restriction digestion of CYP2D6 RT-PCR with Rdadne 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested pra
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Figure 4.29:Visualisation of CYP2F1 RT-PCR. Lane 1: 1000 bp P@Rkers, Lane 2: MCF10A, Lane
3: MCF7, Lane 4: MDA-MB-157, Lane 5: MDA-MB-231ne6: MDA-MB-468, Lane 7: T47D, Lane 8:
ZR-75-1, Lane 9: ZR-75-30, Lane 10: negative cdntro
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Figure 4.30: Restriction digestion of CYP2F1 RT-PCR with Mdpdne 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested pra
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Figure 4.31:Visualisation of CYP2J2 RT-PCR. Lane 1: 1000 bp R@ikers, Lane 2: MCF10A,
Lane 3: MCF7, Lane 4: MD-MB-157, Lane 5: MDA-MB-231, Lane 6: MDA-MB-468nkar: T47D,
Lane 8: ZI-75-1, Lane 9: ZR-75-30, Lane 10: negative control.

Figure 4.32: Restriction digestion of CYP2J2 RT-PCR with Aludne 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3gested product.
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During the validation procedure of CYP2R1 RT-PCRIgsis, a primer concentration of

0.2uM was used for RT-PCR experiments as a higher carateon of primer (from 0.3 to
0.5uM) generated non-specific amplification producésband of 308 bp was observed
for the CYP2R1 mRNA in both the normal breast arehbt cancer cell lines (Figure
4.33). CYP2R1 mRNA was expressed at very low kirethe ZR-75-30 and MDA-MB-
468 cells whereas higher levels of CYP2R1 mRNA vadrgerved in the normal breast
MCF10A cells and the breast cancer MCF7, T47D, MR@B-157, MDA-MB-231 and
ZR-75-1 cells. Restriction digestion usiHgédll confirmed the expression of CYP2R1
MRNA in the ZR-75-1 cells, and the correct fragmat30 bp was observed but not a
restricted band of 118 bp (Figure 4.34). It isgdole that there was an overlapping band

of the two fragments as they are close in size.

A cDNA product at 320 bp indicated CYP2U1mRNA wasrid in both the normal breast
and breast cancer cells (Figure 4.35). CYP2Ulexasessed in the breast cancer cell
lines (except in the ZR-75-30 cells) at higher lsthan in the normal breast MCF10A
cells. Expression of CYP2U1 mRNA in the ZR-75-1ceas confirmed by restriction
digestionHadlll, and the correct fragments of 252 bp and 60viepe detected (Figure

4.36).

CYP4X1 mRNA was detected in both the normal braadtbreast cancer cell lines at the
correct cDNA product size of 364 bp (Figure 4.3Yery weak levels of CYP4X1 mRNA
were observed in the MCF7, MDA-MB-157 and MDA-MB28lIs. High levels of
expression were found in the normal breast MCF1@d\the breast cancer MDA-MB-468
and T47D cells. Restriction digestion of CYP4X1 N/Rby the enzymérsd generated

fragments (278 bp and 86 bp) of the correct sizgufE 4.38).
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1000 —»

750 —»

500 —»

300 —» 308 bp

150 -

Figure 4.33:Visualisation of CYP2R1 RT-PCR. Lane 1: 1000 bp RG@Rkers, Lane 2: MCF10A,
Lane 3: MCF7, Lane 4: MDA-MB-157, Lane 5: MDA-MB-2Bane 6: MDA-MB468, Lane 7: T47D, Lai
8: ZR-75-1, Lane 9: ZR-75-30, Lane 10: negativetrabn

1000

750
500

200 308 bp

150 + 130 bp

Figure 4.34:Restriction digestion of CYP2R1 RT-PCR with Haellédne 1: 1000 bp PCR markers,
Lane 2:undigested product, Lane 3: digested product.

1000 —»

750 -

500 -

300 —» 320 bp

150 -

Figure 4.35:Visualisation of CYP2U1 RT-PCR. Lane 1: 1000 bp P@Rkers, Lane 2: MCF10A,
Lane 3: MCF7, Lane 4: MD-MB-157, Lane 5: MDA-MB-231, Lane 6: MDA-M&S8, Lane 7: T47D, Lai
8: ZR-75-1, Lane 9: ZR-75-30, Lane 10: negativetrmn
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1000 -+
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Figure 4.36: Restriction digestion of CYP2U1 RT-PCR with Haellane 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested pra

364 bp

Figure 4.37:Visualisation of CYP4X1 RT-PCR. Lane 1: 1000 bp Pt2iRkers, Lane 2: MCF10A,
Lane 3: MCF7, Lane 4: MD-MB-157, Lane 5: MDA-MB-231, Lane 6: MDA-MB-468nkar: T47D,
Lane 8: ZI-75-1, Lane 9: ZR-75-30, Lane 10: negative control.

1 2 3
1000 -
750 —+»
500 -
364 bp
300
« 278 bp
150 -
<+ 36 bp

50 —»

Figure 4.38: Restriction digestion of CYP4X1 RT-PCR with Réane 1: 1000 bp PCR markers, Lane
2: undigested product, Lane 3: digested product.
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RAR mRNA was detected in both the normal breasttardst cancer cell lines at the

expected cDNA product size of 756 bp (Figure 4.39i)gher levels of RAR mRNA were
observed in the T47D, ZR-75-1, MDA-MB-157 and MDABMI68 cells than in the
MCF10A, MCF7, ZR-75-30 and MDA-MB-231 cells. Tordom the RAR mRNA
expression, the PCR product was digested withicéstr enzymeHaelll and the correct

fragments were found at 456 bp, 193 bp and 10Figufe 4.40).

A band of 521 bp corresponding to the cDNA prodiime for RXR mRNA was found in
both the normal breast and breast cancer cell.lifég highest expression was detected in
the ZR-75-1 cells, and RXR mRNA was detected atkieanoderate levels in the
MCF10A, T47D and MDA-MB-157 cells. Very low mRNA&vVels were detected in the
MCF7, ZR-75-30 MDA-MB-231 and MDA-MB-468 cells (Rige 4.41). To confirm the
RXR mRNA expression, the PCR product was digesiéu nestriction enzym&anHl|

and the correct fragments were found at 280 bp bp58nd 88 bp (Figure 4.42).

Figure 4.39:Visualisation of RAR RT-PCR. Lane 1: 1000 bp PCRetg, Lane 2: MCF10A, Lane 3: ZR-
75-30, Lane 4: ZR-75-1, Lane 5: T47D, Lane 6: MCEahe 7: MDA-MB-468, Lane 8: MDA-MB-231, Lane
9: MDA-MB-157, Lane 10: negative control.
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« 756 bp

456 bp

193 bp

107 bp

Figure 4.40: Restriction digestion of RAR RT-PCR with Haellane 1: 1000 bp PCR markers,
Lane 2: undigested product, Lane 3: digested pra

« 521 bp

Figure 4.41:RXR RT-PCR. Lane 1: 1000 bp PCR markers, Lanegative control, Lane 3:
MCF10A, Lane 4: MCF7, Lane 5: T47D, Lane 6: ZR-7%dne 7: ZR-75-30, Lane 8: MDA-MB-231,
Lane 9: MDA-MB-157, Lane 10: MDA-MB-468.

1000

<« 3210
500 L

=W 280 bp

150 <« 153 bp

<+ 88 bp

Figure 4.42:Restriction digestion of RXR RT-PCR using Bamitéine 1: 1000 bp PCR markers, Lane 2:
undigested product, Lane 3: digested product.
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4.4 Discussion

Results presented in this chapter provide a congpiste profile of cytochrome P450
MRNA expression in a series of seven breast caatiines as compared with the
expression profile in a normal breast cell linengdRT-PCR. Cytochrome P450-
regulatory nuclear receptors were also investigtaiexkplore the relationship between
expression of cytochrome P450 mRNA and correspgneioeptors. In research presented
here, the qualitative comparative analysis of taggae expression between human normal
breast and breast cancer cell lines was determimbd.expression of CYP1Al, CYP1B1,
CYP2C18, CYP2D6, CYP2R1, CYP2U1, CYP4X1, CYP4Z1 @¥R1 and CYP26B1
MRNA was detected in both the normal breast andichehl breast cancer cell lines.
CYP3A7 mRNA was expressed only in the normal brealtine, while CYP2AG6,

CYP2B6, CYP2CS8, CYP2F1, CYP2J2, CYP2S1 and CYP2G/RINA were found only

in individual breast cancer cell lines. The figirdemonstrate differential mMRNA
expression of individual cytochrome P450s betwemmal breast and breast cancer cells,
and some cell line-specific expression of individugochrome P450s. The findings
showed seven out of the ten cytochrome P450 carnetsipg receptors (i.e. HIFed AhR,
ARNT, AhRR, VDR, RAR and RXR) were expressed inhbtbie normal breast and breast
cancer cells while the expression of CAR, PXR aRdBERNA was detected only in

individual breast cancer cell lines (Table 4.1).

The relationship between candidate mRNA profile larehst cancer cell lines from
different ethnic groups (i.e. Caucasian and AfraHatsean) with oestrogen status (i.e. ER-
positive and ER-negative) was also explored. CYRIBYP2D6, CYP2J2, CYP2R1,
CYP2U1, CYP4X1 and CYP26A1 mRNA were found in &l dines. The expression of
CYP1A1l, CYP2S1, CYP24A1 and CYP26B1 mRNA was néected in the ER-positive
Afro-Caribbean breast cancer cell line (ZR-75-3t) ao CYP2B6 expression was

observed in the ER-negati@aucasian breast cancer cell line (MDA-MB-231). R2A6
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(T47D, ZR-75-1 and MDA-MB-157), CYP2C8 (MCF7, ZR-1%nd MDA-MB-157),
CYP2C18 (MCF7, T47D, MDA-MB-468 and MDA-MB-157), ®2F1 (ZR-75-1 and
MDA-MB-468) and CYP4Z1 (T47D, ZR-75-1 and MDA-MB-85mRNA were expressed
in the ER-positivi€€aucasian and ER-negative Afro-Caribbean breastecamell lines.
Although no differences in cytochrome P450 mRNAresgion were observed between
the different ethnic groups, these preliminary lsssuggest potential similarities in the
ER-positive Caucasian and ER-negative Afro-Caribldeaast cancer cells which warrant

further investigation.

In addition to comparing cytochrome P450 expressiith ethnicity (i.e. Caucasian and
Afro-Caribbean) and ER status, the relationshipvben ethnic difference and invasive
phenotype was also examined. CYP1B1, CYP2D6, C¥YR2¥P2S1, CYP2R1,
CYP2U1, CYP4X1 mRNA were found in all cell line€YP1A1, CYP2A6, CYP2C8 and
CYP24A1 mRNA were not detected in the non-invagifre-Caribbean breast cancer cell
lines. CYP26A1 mRNA was below the levels of dedbdity in only the normal breast
MCF10A and ZR-75-1 ER-positive breast cancer gefld. CYP26B1 mRNA was below
limits of detectability only in the ER-positive ZR5-30 breast cancer cell line. No
cytochrome P450 mRNA was specific for the invagitienotype, but the expression of
CYP4Z1 mRNA appears to be specific for the non-siwe phenotype. CYP2F1 was
observed in only two out of the eight cell linegtbof the non invasive phenotype. No
CYP2B6 or CYP2C18 expression was observed in tesimeCaucasian breast cancer
cells. Although of a preliminary nature these hesssuggest an inverse relationship of
cytochrome P450 expression (i.e. CYP2A6 and CYP2B8IA) between ethnic group
and invasive phenotype, particularly the non-invesaucasian and invasive Afro-
Caribbean breast cancer cell lines. These predinmifindings warrant further

investigation potentially in relation to patientgales.
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Table 4.1: The presence of cytochrome P450 and cytochrome-Rtftlatory nuclear receptor mRNA in
breast cancer cell lines compared to the normabbteell line.

ER status ER-positive ER-negative
Ethnicity Cau Cau Cau Cau Afro Cau Afro Afro
Invasive NBC Non-inv Non-inv. Non-inv Non-inv Inv Inv Non-inv
phenotype
Cell lines MC10A MCF7 T47D ZR-75-1 ZR-75-30 | MDA-MB- MDA-MB- MDA-MB-
231 157 468
Cytochrome P450 mRNA
CYP1A1* + + + + - + + -
CYP 1A2 NS NS NS NS NS NS NS NS
CYP1B1 + + + + + + + +
CYP2A6 - - + + - - + -
CYP2B6 - - + + + - + +
CcYP2Cs8 - + - + - - + -
CYP2C18 + + + - - - + +
CYP2C9 - - - - - - - -
CYP2C19 - - - - - - - -
CYP2D6* + + + + + + + +
CYP2F1* - - - + - - - +
CYP2J2* + + + + + + + +
CYP2R1* + + + + + + + +
CYP2S1 - + + + - + + +
CYP2U1* + + + + + + + +
CYP3A4* - - - - - - - -
CYP3A5* - - - - - - - -
CYP3A43 - - - - - - - -
CYP3A7 + - - - - - - -
CYP4X1* + + + + + + + +
CYP4Z1 + - + + - - - +
CYP24A1 + + + + - + + -
CYP26A1 - + + - + + + +
CYP26B1 + + + + - + + +

Cytochrome P450-regulatory nuclear receptor mRNA

HIF-1a + + + + + + + +
AhR + + + + + + + +
ARNT + + + + + + + +
AhRR + + + - + + + +
CAR* - + + + + + + +
PXR* - + + + - - + -
VDR + + + + - + + -
ER - + + + + - + +
RAR* + + + + + + + +
RXR* + + + + + + + +

Note: Blue and yellow labelled indicate the detected amdetected mMRNA in all cell lines respectively.
Abbreviations: ER; oestrogen receptor, Cau; Caucasian, Afro;-&aoibbean, NS; non-specific product, *; publisipeiners, NBC;
normal breast cell line, Inv; invasive phenotype
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The CYP1 family comprises three enzymes, CYP1AIPCA2 and CYP1B1, and they
are involved in the metabolism of oestrogen as albrocarcinogens (e.g. PAHS).
Research conducted by several groups, with batbdsand cell lines, suggests an
association between the roles of these enzymessinagen metabolism and breast
carcinogenesis (Singh et al. 2005, Tsuchiya &Qf)5, Cavalieri et al. 2006, Fernandez et

al. 2006, Yager and Davidson 2006).

The expression of CYP1A1 mRNA has been detectedimal breast tissue (Huang et al.
1996, Hellmold et al. 1998, Iscan et al. 2001, Mypauet al. 2003) and breast tumours
(Huang et al. 1996, Iscan et al. 2001, Modugnd. &(®3). Hellmold and co-workers
showed CYP1AL1 protein to be present in (5/15) nbbreast (Hellmold et al. 1998). EI-
Rayes and colleagues reported that CYP1A1 protagsignificantly higher (P < 0.05) in
normal adjacent breast tissues than in breast tesrimuimmunoblotting (ElI-Rayes et al.
2003). However, these findings are in disagreemhtthose of Albin and colleagues
who did not detect CYP1AL1 protein in breast tumaurd normal adjacent breast tissues

using the same method (Albin et al. 1993).

In the present study, CYP1A1 mRNA was found inthemal breast MCF10A cells
which is in agreement with previous studies (Sghkl. 1998, Thomas et al. 2006). The
expression of CYP1A1 mRNA was detected in all breaacer cell lines except for the
ER-positive Afro-Caribbean ZR-75-30 and ER-negafi®-Caribbean MDA-MB-468
breast cancer cells. The finding that CYP1A1 mRiblAresent in the MCF7, ZR-75-1,
T47D and MDA-MB-231 cells correlates well with rétsufrom a study by Spink and
colleagues who investigated CYP1A1 mRNA using Nemthhybridisation (Spink et al.
1998). The present investigation also found CYPI#RNA in the MDA-MB-157 cells,
though this was not detected in the previous s{Ggynk et al. 1998). The lack of
CYP1AL1 expression in the MDA-MB-468 cells is in agment with an earlier

167



Profile P450s in breast cancer cell lines

investigation (Wang et al. 1997). However, theregpion of CYP1A1 mRNA in the ZR-
75-30 cells has not been previously reported.dtfiteon, McFadyen and co-workers
reported that that the MCF7 cells express CYP1ANARuUt did not express the protein
(McFadyen et al. 2003). These observations sudigasCYP1A1 protein expression in
these cell lines warrants further investigatiocltarify the functional significance of the

CYP1ALl expression.

The association between the CYP1A1 polymorphisndscancer susceptibility, lung
cancer in particular, have been demonstrated tiependent upon ethnicity of population.
However, investigation into a possible relationdmgiween the CYP1A1 alleles and breast
cancer risk has generated inconsistent resultstesmdemains unclear (Masson et al.
2005). Preliminary findings from the present stsdggest that CYP1A1 is expressed in
the majority of cell lines apart from Afro-Cariblreeell lines of the non-invasive

phenotype.

Several breast cancer research groups have destedstine expression of CYP1B1
MRNA in normal breast (Huang et al. 1996, Hellmeicl. 1998, Iscan et al. 2001) and
breast tumour tissues (Huang et al. 1996, Iscah 8001). A higher level of CYP1B1
MRNA was found in breast tumours than in normaasréissue (Modugno et al. 2003). In
addition, previous studies demonstrated that CYRd®Biein was overexpressed in breast
tumour samples and undetectable in normal bresstdi(Murray et al. 1997, McFadyen et
al. 1999). On this basis, tumour-specific CYP1Rfiression appears to be a potential
target for the development of new anticancer treatsiand a CYP1B1 inhibitor and
CYP1B1 vaccine are currently in clinical trials ¢8en 1.8). In this research, CYP1B1
MRNA was detected in the normal breast MCF10A @gils the seven breast cancer cell
lines. No difference in CYP1B1 mRNA expression whserved between the different
ER status, ethnic groups or invasive phenotypeweyer, it is essential to confirm
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CYP1BL1 protein expression in these cell lines eefbcan be verified as a target for the

development of new anticancer drugs.

The CYP1A1l and CYP1B1 genes are regulated by fidngdrocarbon receptor (AhR)
and induced by AhR agonists such as TCDD and bejgene (lwanari et al. 2002).
The AhR belongs to the basic helix-loop-helix/P&MT-Sim (bHLH-PAS) family which
consists of the AhR dimerisation partners such @R Auclear translocator (ARNT),
hypoxia inducible factor-alpha(HIF-1a) (Semenza 2000) and AhR repressor (AhRR)
(Tsuchiya et al. 2003). These findings suggestttteAhR-mediated pathway may
interact with other nuclear receptor signallinghpedlys which are associated with the

expression of CYP1Al and CYP1B1.

It is well known that CYP1A1 and CYP1B1 are invalve oestrogen metabolism and
Angus and colleagues demonstrated that oestraaichiso induce the transcriptional
expression of CYP1A1l and CYP1B1 (Angus et al. 1999)e induction of CYP1B1 by
oestradiol has been demonstrated in breast caeséogen-dependent (i.e. MCF7) and
oestrogen-independent (i.e. MDA-MB-435) cells. iAareased CYP1B1 mRNA level
was found in the MCF7 cells but not in the MDA-MB3#icells, indicating that the
induction of CYP1B1 by oestradiol may be transdoipally regulated by oestrogen
receptor as previously demonstrated (Tsuchiya @084, Tsuchiya et al. 2005). In
addition, Beischlag and colleagues (Beischlag aardd?v 2005) demonstrated that AhR
agonist TCDD can increase the expression of CYPdrdLthat it activates inhibitory

crosstalk between E&nd the AhR-ARNT complex.

In the current project, expression of AhR, ARNT &ii&-1a mRNA was found in all the
test cells, which is similar to CYP1B1 mRNA but @YP1A1 mRNA expression. Allan

and co-workers found that decreased CYP1A1l exmessider hypoxic conditions.
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These findings may have been caused by competdrasimerisation with ARNT, leading

to inhibition of target genes of AhR (i.e. CYP1A&} dimerisation of AhR/ARNT and
HIF-1a/ARNT is required for transcription initiation iheir target genes including
CYP1Al and CYP1B1 (Allen et al. 2005). These tie#s could be useful models to

clarify their relationship in breast cancer cells.

Previous studies have failed to detect CYP1A2 mRiXpression in normal human breast
or breast tumour tissues (Hellmold et al. 1998, Mptw et al. 2003). However, a recent
study using immunohistochemistry detected CYP1AR2gin expression in 51 out of the
393 breast tumours tested (Haas et al. 2006).0Agh multiple bands were observed in
the present study, no specific product at the cosige was identified for CYP1A2 mRNA
in either the normal breast or breast cancer ekl The lack of CYP1A2 mRNA
expression in the normal breast MCF10A cell lineniagreement with the recent study by
Thomas and colleagues (Thomas et al. 2006). TakeofaCYP1A2 mRNA expression is
surprising as CYP1A2 is involved in the metabolisimestradiol (Tsuchiya et al. 2005,
Yager and Davidson 2006) and the catalysis of & watge of procarcinogens e.g.
heterocyclic amines, nitrosamine, aflatoxin B1 anglamine (Kim and Guengerich 2005).
It should be noted that CYP1A2 mainly catalysetaflude (a nonsteroidal antiandrogenic

anticancer drug) which is commonly used for pr@staincer treatment (Goda et al. 2006).

CYP2A6 mRNA expression was detected in (10/15) rabimeast tissues (Hellmold et al.
1998) whereas Iscan and co-workers reported no meXphession of CYP2A6 in normal
breast tissues or breast tumour tissues (Iscdn2@l). Using real-time quantitative RT-
PCR analysis, Bieche and colleagues (Bieche @08¥) demonstrated that the CYP2A6
MRNA level in ER-positive breast tumours is higtien in either ER-negative breast

tumours or normal breast tissue. As was observ@desent investigation, the expression

level of CYP2A6 was higher in the breast cancerfgeRitive Caucasian ZR-75-1 and
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T47D than in the ER-negative Afro-Caribbean MDA-MB7. However, it is important to

note that CYP2A6 expression was not observed imthesive Caucasian MDA-MB-231
or the non-invasive Afro-Caribbean MDA-MB-468 breaancer cells. No CYP2A6
MRNA was found in the normal breast MCF10A celtaai, which correlates well with

results from a study by Thomas and colleagues (Hsoghal. 2006).

The importance of CYP2A6 in the metabolism of arier drugs (i.e. letrozole) and
procarcinogens (i.e. nitrosamine and food mutageas)een emphasised, and it has been
reported that this cytochrome P450 enzyme may @laje in the development of breast
cancer (von Weymarn et al. 2006). CYP2A6 metabslasthird-generation aromatase
inhibitor, letrozole, which is superior to tamoxiféor first-line treatment in breast cancer
(Simpson et al. 2004). Therefore, the findingthim present study suggest that expression
of CYP2A6 mRNA in the opposite oestrogen receptatus/invasive phenotype of
Caucasian and Afro-Caribbean breast cancer cel loould be of benefit in the design of

more effective drug regimens in cancer patients.

The expression of CYP2B6 mMRNA was found in (12M#ast tumours and (13/14)
normal breast tissues (Iscan et al. 2001), anchiéeltl and co-workers detected CYP2B6
MRNA expression in (9/15) normal breast tissuedlifit#d et al. 1998). In the present
study, CYP2B6 mRNA was observed in five out of $keen breast cancer cell lines but
not in the normal breast MCF10A cells. The lackCafP2B6 mRNA expression in the
MCF7 and MCF10A cells is in agreement with the msaf Soulez and Parker (Soulez
and Parker 2001), and Thomas and colleagues (Thenas2006) respectively. The
presence of CYP2B6 mRNA in the ZR-75-1 cells iagmeement with the research of
Soulez and Parker (Soulez and Parker 2001). Téenab of CYP2B6 mRNA in the

MDA-MB-231 cells, classified as invasive and ER-atdge Caucasian breast cancer cells,
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is important to note as CYP2B6 converts the prodyajophosphamide to an active

phospharamide mustard and acrolein (Zanger efar)2

Targeting drugs at CYP2B6 is an attractive contaptancer research as this would lead
to local activation of the prodrug and higher concagions of the active metabolites at the
tumour site. MetXia is a recombinant retroviratiox encoding human CYP2B6 which is
designed to activate cyclophosphamide. MetXiaursently in Phase | trial and being

investigated in advanced breast cancer patients/fBooke et al. 2005).

The CYP2B6 gene is regulated by CAR (Honkakoskildadishi 2000) and a positive
correlation between CYP2B6 and CAR mRNA expreshias been demonstrated in
human liver (Chang et al. 2003). A study by Larmahd colleagues showed that ethnic and
gender differences influence the expression of (@and CAR (Lamba et al. 2003).

The expression level of CYP2B6 mRNA was signifibahigher in females than in males
(p<0.001) and CYP2B6 activity in Hispanic femaléghler than in Caucasian (p<0.022) or
African-American (p<0.038) females. These findicgs be related to female hormones
including oestrogen. However, Min and colleagids (et al. 2002) demonstrated
inhibitory crosstalk between ER and CAR in humapatema HepG2 cell line and that
CAR inhibits ER-mediated transactivation of endagenand exogenous oestrogen.
Recent research by the same group found that ERateddransactivation can be
regulated by CAR which is dependent on the oestrogsponse elements (EREs) and

oestrogen receptor status of target cells (Min 2006

In research presented here, a direct correlationdssn CYP2B6 and CAR mRNA was
observed in the ER-positive Caucasian T47D andERaegative Afro-Caribbean MDA-
MB-157 and MDA-MB-468 breast cancer cells. Furtimmestigation of the expression of
CYP2B6 protein in these cell lines is warrantedptd determination in clinical samples.
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The expected product size of CAR is 232 bp follaywrested PCR, but multiple bands are
seenin lanes 5, 7, 8 and 10 (Figure 4.25). Thegmce of non-specific products may be
due to too much template (first round PCR prodant)/or insufficient primer. This
problem can be resolved by diluting the concerdratif template. However, during the
validation of CAR in this research, the PCR produas confirmed by restriction digestion

and the expected products were clearly seen (FR)G6.

There are four members of the CYP2C subfamily CY®2ZCYP2C9, CYP2C18 and
CYP2C19. They are highly homologous genes andlemeally relevant in anticancer
drug treatments. In cancer chemotherapy, CYP2GBysa&s the metabolism of paclitaxel
(Taniguchi et al. 2005) whereas CYP2C9 and CYP2&i8lyse the bioactivation of
cyclophophamide and ifosfamide (Goldstein 2001 n8dhet al. 2004) as well as the
metabolism of tamoxifen. CYP2C18 is involved ie #ctivation of ifosfamide (Zhu-Ge
and Yu 2004). Modugno and colleagues reportedtligaexpression of CYP2C mRNA
was not detected in normal breast tissues or breasturs (Modugno et al. 2003). In
contrast, previous studies showed that CYP2C mRipkession was found in normal
breast as well as breast tumour tissues (Huanlg 296, Iscan et al. 2001). In addition,
CYP2C protein was expressed in normal breast ssgtellmold et al. 1998). These
findings disagreed with those of Albin and colleaguwho did not detect CYP2C in
normal breast or breast tumours (Albin et al. 1998) four CYP2C isoforms were
investigated in the current study. Unfortunately, CYP2C9 or CYP2C19 mRNA was
detected in the eight cell lines, while the expassf CYP2C8 and CYP2C18 mRNA was
detected in the ER-positive Caucasian and ER-nagAfiro-Caribbean breast cancer cell
lines. These preliminary findings suggest potémtianic differences in the relationship
between the expression of CYP2C8/18 mRNA and ERs&hould be taken into

consideration in the development of novel cancerdpeutics. CYP2C18 mRNA
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expression was also observed in the normal bre&t10A cells, a result which differs

from the finding of Thomas and colleagues (Thonad.€006).

CYP2D6 catalyses the N-demesthylation and 4-hydatioyn of tamoxifen which have
potent antioestrogen effects. Tamoxifen is widedgd in the treatment of breast cancer
(Coller et al. 2002). Previous studies demongirdtat CYP2D6 mRNA was expressed in
normal breast as well as breast tumour samplesngdeial. 1996, Hellmold et al. 1998,
Iscan et al. 2001, Bieche et al. 2007). In addijtldellmond and colleagues demonstrated
CYP2D6 protein expression in normal breast (Heltiretlal. 1998). These findings are in
disagreement with those of Modugno and co-workehs did not detect CYP2D6 mMRNA
expression in breast tumour and normal adjacemisbtessue using quantitative RT-PCR
(Modugno et al. 2003). The present study is tret fo examine the expression of
CYP2D6 mRNA in breast cancer cell lines. An inigaperiment using the primer
sequence designed for CYP2D6 by Primer3 (Tablefadilgd to detect CYP2D6 mRNA in
the test cell lines. However, the previously psitid CYP2D6 primer set (Table 2.7) was
employed to confirm the expression of CYP2D6 mRNW &his primer set successfully

demonstrates a cDNA product of CYP2D6 mRNA in tigiiecell lines.

In the preliminary work, CYP2D6 mRNA was detecteail four ER-positive breast
cancer MCF7, T47D, ZR-75-1 and ZR-75-30 cells, sstjgg that a local tamoxifen
metabolism mediated by CYP2D6 in these cells magfiparticular interest in the
development of hormonal therapy for breast canttas. known that approximately 35%
of ER-positive breast cancer patients do not redporiamoxifen therapy and some
patients who do respond to tamoxifen eventuallypbeeresistant to this treatment

(Osborne 1998, Jin et al. 2005).
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In addition, preliminary results showed that thesgnce of CYP2D6 mRNA is detected

with the appearance of smearing bands in the two-8aribbean breast cancer cells lines
MDA-MB-468 and ZR-75-30 (Figure 4.27, lanes 2 ahd ®Bhis is likely to be related to
the presence of a splice variant of this gene a®wtly more than eighty alleles have been
identified for the CYP2D6 gene. Variant allelestod CYP2D6 gene may lead to
increased, decreased or absent functionality o€te2D6 gene (Klein et al. 2007). The
activity of CYP2D6 is extremely variable, and in&ghnic variations in drug metabolisms
are well recognised. Poor metabolisers (PMs) fagklYP2D6 activity have been found
in 7% of Caucasians and 1-3% of other ethnic growpgreas ultra-rapid metabolisers
(UMs) displaying unusually high activity of CYP2D@ve been observed in 29% of
people from North Africa and the Middle East (dehest al. 2006a). Unfortunately,
information on the specific country of origin okthreast cancer cells used in the current
study is not available. However, these findingggast that the breast cancer cell line
models may be of particular relevance in the dgyreknt of cancer therapy for Afro-

Caribbean breast cancer patients.

Unlike the MDA-MB-468 and ZR-75-30 cells, CYP2D6 MR was observed with
smearing in the normal breast MCF10A cells derifveth a Caucasian woman. This data
is in agreement with the original study (Thomaale2006) using the same primers but
Thomas and co-workers detected a fainter expresditis difference may be due to the
use of an annealing temperature and concentratidg@l,. The current project used a
lower annealing temperature (&) and 1.5 mM MgGlwhereas Thomas and co-workers

employed an annealing temperature 806&nd 5 mM MgCl.

CYP2F1 is predominantly expressed in human lunth e level or no expression being
detected in the liver or other extrahepatic tisg@zsr et al. 2003, Tournel et al. 2007a).
CYP2F1 is involved in the activation of some pnetor@ants including naphthalene and
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3-methylindole (Kartha and Yost 2008). The curmgmject is the first to examine

expression of CYP2F1 mRNA in a series of breasteacell lines. No CYP2F1 mRNA
was observed in the normal breast MCF10A cells edethe original study demonstrated
weak expression of CYP2F1 in sub-confluent butcootfluent MCF10A cells (Thomas et
al. 2006). This finding is in disagreement witlelpninary work from the present

investigation (see discussion in following secti@Y.P2S1).

CYP2F1 was detected only in the ER-positive Caata&R-75-1 cells and the ER-
negative Afro-Caribbean MDA-MB-468 cells. Recenflypurnel and colleagues (Tournel
et al. 2007b) demonstrated inter-ethnic variationrSYP2F1 genetic polymorphism, and
results from their studies suggest that a highesriiency of poor metabolisers occur in
Afro-Caribbean populations (i.e. Gabonese and Sdesg) compared to French
Caucasians and Tunisians. Although this assoaiatas derived from healthy volunteers,
it may be of interest to assess inter-ethnic viaran cancer patients including those with

breast cancer.

CYP2J2 is expressed in various normal tissueslifiex, small intestine, colon and kidney)
but higher levels occur in the coronary endothel@ls and cardiac myocytes (Wu et al.
1996). CYP2J2 is involved in the metabolism otchrdonic acids to form
epoxyeicosatrienoic acids (EETs) which are whiehpotent endogenous vasodilators and
inhibitors of vascular inflammation (Node et al999 Scarborough et al. 1999). The

physiological function of CYP2J2 in xenobiotic mabéism remains unknown.

Preliminary work showed high expression of CYP2JRNA in all breast cancer cell lines
but at a very low level in the invasive Caucasiegabt cancer MDA-MB-231 cells. Weak
expression of CYP2J2 mRNA was detected in the nbloneast MCF10A cells which is in
agreement with the original investigation (Thomiaale2006) using this primer set.
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CYP2J2 mRNA in breast cancer cell lines has non Ipeeviously reported, but Jiang and

co-workers detected higher levels of CYP2J2 mRN@® arotein in breast cancer than in
their corresponding normal tissues (Jiang et @520 These findings suggest that CYP2J2
MRNA is specifically expressed in breast cancds@ld may be involved in breast
carcinogenesis. It is important to further invgate the function of CYP2J2 in these cell

lines prior to using them as models in breast caresearch.

Many research groups reported the expression of2ZSYPnRNA and protein in several
extrahepatic tissues (Choudhary et al. 2005, Kanlgt al. 2005, Saarikoski et al. 2005,
Rivera et al. 2007), but it has not been previovsported in normal breast tissues or
breast tumour samples. One previous study hasmsgnated CYP2S1 mRNA in sub-
confluent normal breast MCF10A cells but not infbment cultures (Thomas et al. 2006),
and this finding is in disagreement with the préstndy. The MCF10A cells used in this
project were grown under the same conditions apinaous study (Thomas et al. 2006),
and approximately 70-80% confluent MCF10A cultusvemployed to determine
CYP2S1 mRNA. The observed differences in CYP2SNmRxpression in MCF10A
between the two research groups could be attrikutaldifferences in PCR conditions
(i.e. RNA isolation method, primer sequences andlgoncentration) and primer
sequences used. The present study is the firsptwt expression of CYP2S1 mRNA in a
series of breast cancer cell lines, and it wasctldiein all cancer cell lines except for the

ER-positive Afro-Caribbean ZR-75-30 cells.

CYP2S1 has several characteristics similar to mesnifethe CYP1 family (i.e. CYP1Al
and CYP1B1). A recent study has reported thatatidn of CYP2S1 mRNA by dioxin
and hypoxia is mediated by AhR/ARNT and HI&/ARNT complex pathway respectively
(Rivera et al. 2007). In addition, CYP2SL1 is knawibe induced by retinoic acid (Smith

et al. 2003), naphthalene (Karlgren et al. 200%) RAHs (Rivera et al. 2002). There is no
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information available on crosstalk between theseptors and CYP2S1 expression in

breast cancer cells. However, the current studyoshstrated the presence of AhR, ARNT,
HIF-1a mRNA in all the test cell lines and this couldiféate a better understanding of
the role of CYP2S1 in cancer development and caneatment, following confirmation

of CYP2S1 protein expression in these cell lines.

Previous studies demonstrated that CYP2S1 protagassociated with poor prognosis of
colorectal tumours (Kumarakulasingham et al. 20869 an increased expression of
CYP2S1 protein was found in metastasis disease adpvith primary ovarian cancer
(Downie et al. 2005). In the present study, CYPRERINA was detected in the ER-

positive/negative and the non-invasive/invasivenoltgpe.

When detecting CYP2S1 by RT-PCR, a faint band viseiwved above 216 bp in lane 5
(Figure 4.10). The presence of this non-specifipldication product may have been
caused by excessive template cDNA. Importantlygio the expected product size of 216
bp representing CYP2S1 mRNA was seen as a cledt bad this was confirmed by
restriction digest (Figure 3.18) and DNA sequengifigure D.1) during the validation

step in this study.

Another novel exptrahepatic cytochrome P450, CYR28)highly expressed in human
thymus and brain (Karlgen et al. 2004). Chuangantiéagues demonstrated that
CYP2UL1 plays a role in the metabolism of arachid@uid and other long chain fatty
acids (Chuang et al. 2004). CYP2UL1 converts adactic acid into 19- and 20-
hydroxyeicosatetraenoic acids (HETEs). The 20-HEsTjgotent vasoconstrictor in the
cerebral circulation, and this indicates that CYR2hhy control the brain blood flow
(Karlgren et al. 2005). In addition, an assocratetween the expression of CYP2U1 and
tumour tissues has been shown by two studies anfinitings suggest the same trend.
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Currently, the role of CYP2U1 in the metabolisnxehobiotic compounds remains

unknown. CYP2UL1 protein in ovarian and coloretuahours was higher than in normal
ovary (Downie et al. 2005) and colon tissues (Kwakalasingham et al. 2005)
respectively. This may indicate that CYP2UL1 playsle in the carcinogenic process in

certain types of tumour.

To date, CYP2UL1 expression in breast cancer caisibt been demonstrated.
Preliminary results from the current study showeat CYP2U1 mRNA was detected in
both the normal breast and breast cancer cell.li@&2U1 mRNA in the MCF10A cells
confirmed the findings of a previous study (Thoratal. 2006). With the exception of the
ZR-75-30 cells, this enzyme was expressed at arlavel in MCF10A than in breast
cancer cell lines. Preliminary results suggest @4P2U1 mRNA in the breast cancer
cells relative to the normal breast cells showsrdar trend in ovarian and colorectal
cancer as mentioned above. The breast cancdineethodels could potentially be
exploited in the development of novel cancer theutips and CYP2UL1 could be used as a

prognostic biomarker for breast cancer. This waséurther investigation.

The human CYP3A subfamily comprises four enzym&&®&A4, CYP3A5, CYP3A7 and
CYP3A43. CYP3A4 plays an important role in the at@lism of steroid hormones (i.e.
oestrogen and glucocorticoid) (Guengerich 1999 ebsas xenobiotic compounds (i.e.
paclitaxel, cyclophosphamide and doxorubicin) (Miyen et al. 2004, Michael and
Doherty 2005). The CYP3A genes are induced byagladicoids, phenobarbital and
vitamin D (Pascussi et al. 2003). They are regdléty pregnane X receptor (PXR) which
binds DNA as heterodimer with retinoid X recept@XR) and activates gene
transcription. However, Pascussi and colleagyasrt¢hat CYP2B6, CYP2C8 and

CYP2C9 are also regulated by PXR. These obsenstioggest that the interaction
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among PXR, CAR and VDR may occur after heterodisagion with RXR as they share

DNA response elements, partners and target geassyssi et al. 2003).

Many research groups have investigated the expres$iCYP3A in breast tumour tissues,
but their findings seem to be inconsistent. F@megle, Iscan and colleagues found no
CYP3A4 or CYP3A5 or CYP3A7 mRNA in normal breastoeast tumours (Iscan et al.
2001), whereas Huang and co-workers reported ti&384 or CYP3A5 mRNA was
higher in non-tumour breast tissues than in bremsour samples (Huang et al. 1996).
Hellmond and colleagues demonstrated the presdr@¥®3A mMRNA in normal breast
too but they did not detect CYP3A protein in theéssues (Hellmold et al. 1998). These
finding correlate well with those of Albin and cavkers who detected no CYP3A4
protein in breast tumours or normal adjacent bréssies (Albin et al. 1993). Modugno
and colleagues demonstrated CYP3A4 mRNA in normeddi as well as in breast tumour
tissues, but they did not detect CYP3A5 mRNA innmalrbreast or breast tumour tissues
(Modugno et al. 2003). The CYP3A43 gene is thetmaxently discovered in the CYP3A
subfamily (Domanski et al. 2001) and the expressfo@YP3A43 in breast cells has not

been previously reported.

The present study failed to detect any memberseoCtY P3A subfamily in the panel of
breast cancer cell lines. The lack of CYP3A mRMAression is surprising as the CYP3A
enzymes are involved in the metabolism of oesttadid the activation of procarcinogens
(e.g. aflatoxin B1, PAHs and NNK), CYP3A4 in padiar (Guengerich 1999). However,
a weak expression of CYP3A7 mRNA was found in themal breast MCF10A cells, a
finding which is in accordance with the resultsTdiomas and co-workers who

investigated CYP3A mRNA in the MCF10A cells (Thoneasl. 2006).
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CYP3A7 is a human foetal liver P450 isoform whidays a role in the hydroxylation of

retinoic acid and the d6hydroxylation of steroids, suggesting it may blevant to

human normal development and hormone dependen¢icédaly 2006). However, a
previous study showed that a high level of mMRNAregpion was detected in well
differentiated hepatocellular carcinoma (Tsunedenal. 2005) and its protein expression
was found to be associated with primary ovariarceawhen compared to normal ovary

tissues (Downie et al. 2005).

Transcriptional expression of the CYP3A genesggsilaed by PXR. The induction of
CYP3A4 by PXR has been shown to play a crucial mlendometrial cancer. PXR
ligands induce PXR expression, resulting in altesgplilation of PXR target genes
including CYP3A4 (Masuyama et al. 2003, Masuyama.€2005). In addition, a recent
report claimed that down-regulation of PXR in thegence of the anticancer drug
paclitaxel increased the inhibition of cell grovethd apoptosis, leading to a higher
sensitivity to anticancer drugs and the overconaihdrug resistance in the treatment of
endometrial cancer (Masuyama et al. 2007). Althaihg present study did not detect
CYP3A mRNA in the breast cancer cell lines usedhduld be noted that PXR mRNA
was found in the MCF7, T47D, ZR-75-1 and MDA-MB-1&41ls. These findings suggest
that the regulation of CYP3A genes in breast caoeks may be involved in other

signalling pathways rather than the PXR signalpathway.

CYP24A1 (1,25-(OH)D3-24-hydroxylase) is involved in the inactivationvafamin Ds

and is regulated by vitamin D receptor (VDR). Rwle overexpression of CYP24A1
MRNA has been demonstrated in a variety of tumisaués such as breast, prostate and
lung (Cross et al. 2003). In addition, CYP24A1 nRhas been shown to be associated
with poor prognosis of oesophageal cancer by Mirand co-workers (Mimori et al.

2004). These findings suggested that CYP24A1 espoa plays a role in the carcinogenic

181



Profile P450s in breast cancer cell lines

process and that CYP24A1 is a candidate oncogemaéef&on et al. 2006). Consequently,
an inhibitor of CYP24A1 (EB1089) which has been daesirated to have an
antiproliferative effect on breast cancer has lmreloped and is currently in clinical

trials (Sundaram et al. 2006).

Using real-time quantitative RT-PCR analysis, Fisdred co-workers detected the
expression of CYP24A1 wild-type and splice variantthe normal breast MCF10A and
breast cancer MCF7 cells; though an associatiomd®at splice variants and CYP24A1
activity was not clearly established (Fisher eR@07). The detection of CYP24A1
MRNA in the MCF10A and MCF7 cells correlates wellharesults from the present study.
CYP24A1 mRNA was detected in all the test celldiexcept fothe ER-positive ZR-75-
30 and ER-negative MDA-MB-468 Afro-Caribbean brezestcer cell lines. It is important
to note that ER status differences in CYP24A1 esgio; may be of particular relevance
to the use of an inhibitor of CYP24AL1 in breastaartreatment. Regarding qualitative
comparison, a correlation between CYP24A1 and VORNA was observed in this
research. The absence of CYP24A1 mRNA (Figure)Aadtees with the lack of VDR

MRNA (Figure 4.23) in the ZR-75-30 and MDA-MB-468lls.

In addition to metabolism of vitaminzby cytochrome P450 enzymes, the conversion of
the vitamin B precursor into the active metabolite 1,25-(@P4)is mediated by CYP2R1
and CYP27A1 which are predominantly expressed mdruliver, and by CYP27B1

which is mainly expressed in the kidney (Chend.2@03). Vitamin B3 is believed to
exhibit potent anticancer properties as it inhipitsliferation and stimulates apoptosis of
cells. For this reason, enzymes involved in thevation and inactivation of vitamin

are of particular relevance to cancer therapy.dadte no information on the physiological

role of CYP2R1 in xenobiotic metabolism has begroreed. CYP2R1 mRNA is highly
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expressed in human liver and testis but lower kaet found in other tissues (Karlgren et

al. 2005).

The preliminary work presented in this chaptehisfirst evidence of CYP2R1 mRNA
expression in a panel of breast cancer cell lioespared with the normal breast cells.
CYP2R1 mRNA in the normal breast MCF10A cells wiae @bserved in this work and is
in agreement with the original study (Thomas eR2@06) using these primers. CYP2R1
MRNA was highly expressed in almost all breast eanell lines but lower levels were
observed in the Afro-Caribbean breast cancer MDA-MB and ZR-75-30 cells.
Regarding the breast cancer cells derived from &san patients, CYP2R1 mRNA seems
to be expressed at similar levels both in ER-pasiéind ER-negative phenotype,
suggesting that CYP2R1 may be of interest as anpateéarget for chemotherapy in either
an oestrogen-independent or an oestrogen-depebickst tumour once protein

expression is confirmed in these cell lines.

Members of the CYP26 family (i.e. CYP26A1 and CYB2pspecifically catalyse the 4-
hydroxylation of alltrans-retinoic acid (ATRA) (Sonneveld et al. 1998). @Al is
overexpressed in various tumours including braaaburs (Mira-Y-Lopez et al. 2000) and
these findings have led to the use of a CYP26Aibitdr (R116010) in oestrogen-
independent mouse breast tumours (Njar 2002). idrestudies demonstrated CYP26A1
MRNA in ER-positive T47D (Sonneveld et al. 1998)l AfCF7 (van Heusden et al. 1998,
Mira-Y-Lopez et al. 2000) and these findings aragneement with the present study. The
current study also detected CYP26AL1 in all the eacell lines except the ZR-75-1 cells,
suggesting that CYP26A1 may be specifically expéss breast cancer cells and that the

test cell lines could be used as models to invatigovel anticancer drugs.
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Earlier studies have shown that CYP26B1 is predantlg expressed in human adult

brain, particularly the cerebellum and cephalisues (White et al. 2000, Trofimova-
Griffin and Juchau 2002). However, there is noinfation on CYP26B1 mRNA in

normal breast or breast tumour tissues. The cuimgastigation is the first to screen a
panel of breast cancer cell lines and a normaldbiel line for the presence of CYP26B1
MRNA. The presence of CYP26B1 mRNA was detecteddemormal breast MCF10A
cells and all breast cancer cell lines except tRe7B-30 cells. It is important to note that
CYP26B1 mRNA expression was elevated in the nobredst and ER-negative breast
cancer cells compared to the ER-positive breastazazell lines, suggesting that oestrogen

may affect the expression of CYP26B1 mRNA.

The CYP26 genes are regulated by nuclear recegtiopic acid receptor (RAR) and
retinoid X receptor (RXR) which bind to RA respordements and regulate transcription
of target genes (Nezzar et al. 2007). RXR is amomheterodimeric partner for several
nuclear receptors (i.e. CAR, PXR, PPARNd VDR) and crosstalk between these
receptors leads to unexpected expression of cyaawhiP450 enzymes (Section 1.7.9). In
the present study, the expression of RAR and RXRIkRas detected in both the normal
breast and breast cancer cell lines; however, nelation between RAR and RXR mRNA
was observed regarding ER status, invasive pheaaypthnicity. These findings suggest
that any applications of the inhibition of CYP24@YP26 in cancer therapy must consider
a significant function of their corresponding naleeceptors and possible crosstalk

between nuclear receptors in the same superfamily.

Transcriptional expression of some cytochrome RyEtes is regulated by their
corresponding nuclear receptors (Section 1.7). él@w the existence of intracellular
crosstalk between these receptors appears to hgpggtant consequences on cytochrome
P450 gene regulation as the receptors share hetenod partner, ligands, DNA response
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elements and target genes. A study of coexpress$ioptochrome P450s and their

corresponding nuclear receptors in breast candlsrrmay lead to a better understanding of

how the event alters the cancer biology.

CYP4X1 mRNA is widely expressed in several humasugs (i.e. breast, ovary, uterus,
liver and kidney, trachea and aorta). Savas aldagues demonstrated that peroxisome
proliferator activated receptor-alpha (PP#Rs involved in the activation of human
CYP4X1, as investigated through used of human bepatHepG2 cells that stably express
a mouse PPA& mutant. A physiological role of CYP4X1 is currigninknown but the
consistently high levels of CYP4X1 in the aorta &raghea may suggest that CYP4X1
plays a role in the generation of arachidonic acedabolites, compounds with vasoactive
properties (Savas et al. 2005). Preliminary ressiibwed that CYP4X1 mRNA was
expressed in both the normal breast and breasercaal lines. The detection of CYP4X1
MRNA in the normal breast MCF10A cells is in agreatwith a previous study (Thomas
et al. 2006) using these primers, but it is mdtelyi to be overexpressed compared with
those of Thomas and co-workers. The expressi@iYéf4X1 mRNA has not been
previously investigated in breast cancer cells.P@X1 mRNA was expressed in the seven
breast cancer cell lines but at very high levelh@ER-positive Caucasian breast cancer
T47D and the ER-negative Afro-Caribbean breast@albDA-MB-468 cells. This

finding warrants further investigation.

Using real-time quantitative RT-PCR, Savas and od<ers reported that CYP4Z1 mRNA
was higher in normal breast tissue than other humoamal tissues (Savas et al. 2005).
The study of Rieger et al. (2004) demonstrated@¥&R4Z1 mRNA was overexpressed in
breast tumours compared with the corresponding aldbneast tissue. In addition, a
previous study demonstrated CYP4Z1 in the normeddtrMCF10A cells and this is in

agreement with results from the present study (Tdsoet al. 2006)In breast cancer cell
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lines, CYP4Z1 mRNA was detected in the MCF7 (Riegaal. 2004, Savas et al. 2005)
and T47D cells (Savas et al. 2005). The detedfddYP4Z1 mRNA in the T47D cells is
in agreement with results from the present stuaygh this is not the case for the MCF7
cells. This discrepancy may be attributable todifilerent conditions used for cell culture
and the sensitivity of the RT-PCR method. Howekesults from studies examination the
expression of CYP4Z1 protein in breast cancer ¢diterally appear to be inconsistent.
Rieger and colleagues detected CYP4Z1 protein ifFrKEklls (Rieger et al. 2004) but
Savas and co-workers reported no CYP4Z1 proteinesgpn in MCF7 (Savas et al.

2005).

The present study also demonstrated CYP4Z1 mRNAarZR-75-1 and MDA-MB-468
cells and this has not been previously reportduesé findings suggest that CYP4Z1
MRNA is more likely to be specifically expressedhe non-invasive phenotype of breast
cancer cells. A higher level of CYP4Z1 expressi@s observed in the ER-negative Afro-
Caribbean MDA-MB-468 breast cancer cell line thathie ER-positive Caucasian T47D

and ZR-75-1 breast cancer cells and this warramtkdr investigation.

Prior to further elucidation of the sequence, thespnt investigation confirmed the
expression of CYP4Z1 mRNA in all the cDNA samplesing previously published
primers (Thomas et al. 2006) that had been designesbss between exon 9 and exon 12
boundaries (Figures 4.14 and 4.15). This primessecessfully demonstrates a single
product of CYP4Z1 mRNA in the test cells. The prese of CYP4Z1 mRNA in the
normal breast MCF10A cells is in agreement withdhginal study (Thomas et al. 2006)
using this primer set. The presence of CYP4Z1 mRiNthe MCF10A, T47D, ZR-75-1
and MDA-MB-468 cells using primers designed by Rxnighis also in agreement with the
original study (Figure 4.13). In addition, CYP4#RNA was observed with a faint band
in the ZR-75-30 cells (Figure 4.14).
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In summary, Chapter 4 has examined the profileytdahrome P450 mRNA expression in

a panel of breast cancer cell lines compared toafh@ normal breast cell line. One of the
target genes in this study, CYP4Z1, is a novelisufof the CYP4 family and has been
associated with metastatic disease and poor pregabspecific types of tumours

(Downie et al. 2005). Overexpression of CYP4Z1 dlas been found in breast cancer
(Rieger et al. 2004), though the mechanism of gegelation and substrate-specificity are
still unclear. The presence of two bands at 158rp~250 bp in the CYP4Z1 RT-PCR

warrants furthers investigation and this will berea out in Chapter 5.
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Chapter 5

Characterisation of CYP4Z1 mRNA in Breast Cancer Cls

5.1 Introduction

The previous two chapters of this study (SectiaBs334 and 4.3.6) detected CYP4Z1
amplification products by RT-PCR. Results withsh@rimers showed a band of ~250 bp
in addition to a band of the correct product siZ&9(bp). A similar pattern of two bands
was found in four of the eight cell lines (i.e. MO, T47D, ZR-75-1 and MDA-MB-

468). Purified DNA of both fragments was furthevestigated by restriction digestion and
DNA sequencing. It is important to note that tasults of the restricted fragment sizes
(Figure 3.21) and the BLAST analysis of DNA sequendid not distinguish between the
fragment of 159 bp and ~250 bp. Further elucidetibthe sequence is required to
identify the source of the additional band. Tharoducibility of the presence of this PCR
product ruled out a non-specific product, and satbe possibility that alternate splicing of

the gene is producing variations in the size ofntf&NA.

Alternative splicing is one of the regulatory megisans that contribute to variation in the
incorporation of coding regions (exons) into megserRNA, leading to the production of
protein. It is well-known that alternative spligiis of great importance to genetics
because a splicing error can disrupt the open mgddame of mMRNA, and this will
generate different mature RNA encoding distinctgiroproducts from a single gene.
There are four common types of gene splicing e(ientexon skipping, intron retention,
alternative 5’ site and alternative 3’ site; Figbté&) and these can occur in the genes after
the transcriptional process (Ferreira et al. 200@)human cells, alternative splicing has
been estimated in 40-60% of all genes, and more 70&b of alternative splicing generates

significant functional diversity (Modrek and Lee@) Stamm et al. 2005).
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Figure 5.1 Patterns of alternative splicing. Constitutivedaalternative exons are indicated by blue
and grey boxes respectively and introns are shopstiaight lines (Adapted from Ferreira et al.
2007).

Splicing errors in human genes appear to be assdamdth genetic polymorphisms which
result in the alteration of signalling/enzymatigiates in several key genes involved in
drug metabolism including cytochrome P450 enzyrs¢anim et al. 2005). CYP4F3 plays
an important role in the metabolism of leukotri@#eand arachidonic acid. Christmas and
colleagues (Christmas et al. 2001) reported thatrative splicing events of CYP4F3
influence substrate-specificity, and tissue-spedfiernative splicing of pre-mRNA has
also been demonstrated. There are two isoforraierhative splice variants of human
CYP4F3. CYP4F3A was predominantly expressed itraphils, bone marrow and
peripheral blood leukocytes while CYP4F3B was pegi@ally expressed in liver and
kidney. With regard to catalytic activity, highetivities for arachidonic acid or
leukotriene B4 were found in CYP4F3B than in CYPAF®dicating that alternative

splice variants of CYP4F3 generate functional diitgrof enzymes.
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An alternative splicing of the CYP1A1 gene thaultsin deletion of 87 bp of exon 6

(exon 6 del CYP1A1) was detected in human braimbuin liver. This splice variant
does not metabolise polycyclic aromatic hydrocartmogenotoxic metabolites that causes
formation of DNA adducts in the human brain, anetdifiore differs from wild-type
CYP1Al. These observations suggest that splidantarplay an important role in the
metabolism of procarcinogens (Kommaddi et al. 200#)is effect may contribute to

other CYP1A1 substrates including anticancer drugs.

Evidence of a link between alternative splice vasaf some cytochrome P450 genes and
a variety of cancers has emerged. Leung and ckemodetected overexpression of
CYP1AL protein and its splice variant (CYP1Alvowarian cancer cells and found they
can metabolise procarcinogens such g&déstradiol and benzo(a)pyrene. This suggests
that the splice variant of CYP1A1 may be involvaedoth the initiation and progression of
ovarian cancer (Leung et al. 2005). An alternaspkcing of the CYP27B1 gene has been
shown to be associated with breast cancer cellsl@Scet al. 2007) and endometrial cancer
cells (Becker et al. 2007). These findings sugtiestsplice variants may be involved in

the initiation and progression of specific typeswhours.

In the CYP4Z1 gene, no information on its altewesplicing has previously been
reported although Rieger and colleagues foundrecéted version of CYP4Z1 a
pseudogene CYP4Z2P with 96% identity to CYP4Z1 rénity, there are two studies that
have demonstrated a specific amplification proadi€@YP4Z1 mRNA using qualitative
RT-PCR. Figure 5.2 highlights the structure of @&P4Z1 gene and shows the positions
of the primers used in this study and previousistidsing a physical mapping of the
CYP4Z1 genome (GenBank accession number: NC_00¢0@1han Genome Sequencing
Consortium International 2004). Thomas and co-wmKThomas et al. 2006) employed
specific primers against CYP4Z1 mRNA, designedrts€ between exon 9 and exon 12
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Intron 5 Intron 6 Intron 7 Intron 8§ Intron 9 Intron 10 Intromn 11
79 bp 9"\8 bp 4474 bp 6843 bp 9?6' bp 10"\6 bp 1033 bp
= 125 bp 155 bp 104 bp 191 bp 134 bp 65 bp 83 bp 555 bp
CYP471 I I I I I I I I

—{ EXON 5 —{ EXON 6 EXON 7 H EXON 8§ H EXON9 —{ EXON 10 )— EXON 11 EXON 12
mRNA

\/\/\/

The present study Savas et al. 2005 Thomas et al. 2006
52bp 100D 58 b 65D 83b 51
Product 159 and 250 bp P P ? r r r
‘ E9 ‘ El0 ‘ Ell ‘ E12 |

Produut =152 bp Product =257 bp
Prediction

46 bhp 113 bp 46bhp 79bp 113 bp
BN x5 |
Product =159 bp Product =238 bp

Figure 5.2: Schematic view of the structure of the CYP4Z1 ghowing the positions of the primers in this stadg previous studies.
Abbreviations: E; exon, [; intrc
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boundaries, whereas Savas and colleagues (Saak2@05) used primers located

crossing the exon 7 to exon 8 boundaries of the4Z{Ryene. These two separate studies
detected CYP4Z1 mRNA in the normal breast MCF10Ws ¢@homas et al. 2006), human
normal tissues (i.e. breast, liver and kidney) @nedbreast cancer cell lines (i.e. MCF7 and
T47D) (Savas et al. 2005). Both found a singledbafrthe CYP4Z1 amplification

product.

By contrast, the present study designed the CYRifier set F1&R1 (Figure 5.3),
crossing from exon 5 to exon 6 boundaries and titebe presence of two bands (159 bp
and ~250 bp). These observations would suggesitemmative splicing event particularly
intron retention in CYP4Z1. Prior to elucidatiohtiee sequence, the previous chapter
(Section 4.3.6) confirmed the expression of CYPARNA in all the cDNA samples

using the previously published CYP4Z1 primer (Theratal. 2006). The primer set
successfully demonstrates a single PCR productY®4Z1 mRNA in the test cells. The
presence of CYP4Z1 mRNA in the normal breast MCF&6MKs is in agreement with the
original study (Thomas et al. 2006) using this @ireet. The aims of this chapter were to
identify the mRNA sequences (exon 5-6) and furtlecidate the two bands at 159 bp and

~250 bp.

5.2 Materials and Methods

5.2.1 Qualitative and nested RT-PCR of CYP4Z1 mRNA

To further elucidate the sequence between exor ®x0on 6 boundaries, the purified
DNA of 159 bp and ~250 bp fragments (i.e. T47D, ZR1 and MDA-MB-468), cDNA
samples (i.e. MCF10A, T47D, ZR-75-1 and MDA-MB-4&8)d the first PCR products
were used as template DNA for PCR reactions. ifhortant to note that the MCF10A

cells were excluded from the experiments which ireguthe use of purified DNA
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Intron 5
79 bp
CYP4Z1 123 bp l 1530p
mRNA |

.-'L-’l(‘A.-L—\TGGGAGGAACACATTG#‘CAAA.—&CTCACGT(‘ TGGAGCTCTTTCAACATGTCTCCCTGATG
ACCCTGGACAGCATCATGAAGTGTIGCCTICAGCCACCAGGGCAGCATCCAGTTGGACAG g cagtgacaa

aaggaaggtaaligittgecaataactglgteacecactaacatgtigiiceateticectattecag FNGECTGGACTCATACCTCAANGCAGTE

Figure 5.3: The sequence of exon 5-intron 5-exon 6 boundafid®edCYP4Z1 gene showing the position of the preeeF1&R1 (Table 2.6). Exon sequences are shown
in upper cases and intron sequences in lower catsers. The sequences in exon 5 and exon 6 aieated in yellow and green respectively.
Abbreviations: F1; forward primer 1, R1; reversdrper 1
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fragments as templates because CYP4Z1 mRNA ircéllidine was expressed at a very

low level and it was very difficult to purify a DN8ample. Templates were subjected to
the PCR protocols with four different pairs of peira (Table 5.1). The first protocol
employed a set of primers F1&r2 that are locatetthénexon 5 (46 bp) and the intron-
retained (79 bp), and used the purified DNA (Figusel and 5.5) and cDNA samples as
template (Figure 5.7). To amplify the intron 6aieed, the second PCR protocol was a
nested PCR, using a pair of primers Ff2&r2 covethmgexon 5 (10 bp) and the intron-
retained (79 bp) and the first PCR product of thet protocol as template (Figure 5.6).
The third protocol used primers F3&R3 that are tedan the beginning of exon 5 (118
bp) and the middle of exon 6 (123 bp), and empldiieccDNA samples as template
(Figure 5.8). The final protocol was a nested RGRg primers F3&r2 that cover the
beginning of exon 5 (118 bp) and the intron-retdi(¥9 bp), and employing the first PCR
product of the third PCR protocol as template DNAg(Qre 5.9). The specificity of the
primer sequences used was confirmed by BLAST aisalyhe first PCR and nested PCR

were performed under the conditions previously dieed (Tables 2.3, 2.4 and 2.8).

5.2.2 Purified DNA and DNA sequencing

PCR product was purified using the high pure PGilpct purification kit, and the
purified DNA samples were sent to the Rowett Redehrstitute for sequence analysis
using automated dideoxy DNA sequencing (Sectio,2Appendix D; Figure D.3). The

acceptable Aso/A2go ratio of DNA extracted sample was between 1.8aad
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Table 5.1: Primer sequences for CYP4Z1 used to elucidatee¢fjgence between exon 5 and exon 6.

Characterisation of CYP4Z1

Protocol  Name Primer Position Sequence (5to 3') Length Tm (°C) T.(°C) Product size (bp)
20
1 CYP4z1 Forward (F1) Exonb5 TCATGAAGTGTGCCTTCAGC 64.1 55 125
20
(F1&r2) Reverse (r2) Intron 5 ctggaatagggaagatggaa 60.4
2 20
CYP4z1 Forward (F/f2) Exon 5/Intron5 AGTTGGACAGgtcagtgaca 60.8 55 89
20
(FIf2&r2) Reverse (r2) Intron 5 ctggaatagggaagatggaa 60.4
3 CYP4z1 Forward (F3) Exon5 GGGAGGAACACATTGCCCA 19 68.3 60 241
(F3&R3) Reverse (R3) Exon 6 GAAAAGATTTGGCCTTGAGAGC 22 64.9
4 CYP4z1 Forward (F3) Exon5 GGGAGGAACACATTGCCCA 19 68.3 55 197
(F3&r2) Reverse (r2) Intron 5 ctggaatagggaagatggaa 20 60.4

Note: Exon sequences are shown in capital lettesrdron sequences in lower case letters
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5.3 Results

5.3.1 Identification of CYP4Z1 splice variants in he cell lines

Initial experiments were performed using the priser CYP4Z1 F1&R1, and the results
showed fragments of 159 bp and ~250 bp in the dicgdion product of CYP4Z1 RT-

PCR (Figures 3.20 and 4.13). Restriction digesdiott DNA sequencing confirmed both
of these products as CYP4Z1. Prediction of PCRIyets from whole genomic sequences
(Figure 5.2) was a PCR product of 159 bp generated an intron free mRNA (exon 5

(46 bp)/exon 6 (113 bp)) and a product of ~250 lbaioed from a retained intron mMRNA

(exon 5 (46 bp)-intron 5 (79 bp)-exon 6 (113 bp)).

The first PCR protocol (primer set CYP4Z1 F1&r2)sndesigned to investigate the exon 5
and a retained intron using the purified 159 bp-a280 bp DNA fragments. First of all,
purified 159 bp and ~250 bp DNA fragments from Td&D cells were amplified at
different annealing temperatures (i.e. 55, 58 é&d{@Bunder the same PCR conditions.
The purpose of this was to investigate the efféanmealing temperature on the specificity
of primers. After varied temperature annealingingle product of retained intron (125

bp) was detected in both purified fragments, arfi€58as selected as the optimum
annealing temperature for CYP4Z1 F1&r2 amplificatas DNA bands appeared sharp
and clear (Figure 5.4). This annealing temperaurald be employed for experiments
with MDA-MB-468 and ZR-75-1 cells. Similarly, thexpected size of 125 bp was found
in the purified DNA of 159 bp and ~250 bp from M®A-MB-468 and ZR-75-1 cells
(Figure 5.5). However, the 125 bp product was etqueonly for the purified DNA of

~250 bp to confirm intron retention event in the 21 gene and not for the purified

DNA of 159 bp. These results were different tosthexpected (Figure 5.5A).

To further identify the complete intron 5 sequendles second PCR protocol was

performed using the first PCR products (125 bpamied from T47D, MDA-MB-468 and
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ZR-75-1 cells as templates, and the primer set @LA4f2&r2 used as nested primers. A

product size of 89 bp was expected for nested Ral&ireed from the purified DNA of

~250 bp fragment. The results showed the presefiite expected product size (89 bp)
but the product size of primary template (125 bpywlso detected in all PCR products. It
should be noted that a fragment of ~250 bp wastiten the purified 159 bp DNA
fragment derived from the ZR-75-1 cells (Figure)5.6hese observations suggest that

there may have been too much template in the P&&Rioa.

(A)

©

AA(‘A.AATGGGAGGAACAC.—\TTG{(‘(‘.—\.—\AA(‘TCACGT(‘TGGAG("TCTTTCAACATGTCTCCCTGATG

ACCCTGGACAGCATCATGAAGTGTIGCCTTCAGCCACCAGGGCAGCATCCAGTTGGACAGgtcagtgacaa

anggaaggtaattgtttgecaataactgtgteacecactaacatgtigttceatettecctattecag

(B)

1000
750

500

300

150
<+ 125 bp

Figure 5.4: The first protocol (a pair of primers F1&r2) usedrnified DNA as templates. (A) The
position of the primers F1&r2 in the CYP4Z1 gend #me expected product size. (B) Illustration & th
effect of annealing temperature on the primer F1&P-PCR product in the T47D cells . Lane 1: 1000
bp PCR markers, Lane 2: negative control, Lanes Bdsified DNA of 159 bp, Lanes 6-8: purified DNA
of 250 bp, Lanes 3&6: 58, Lanes 4&7: 5&C, Lanes 5&8: 66C
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(A)

®

A.A(‘A.AATGGGAGGAACA(‘ATTG{(‘(‘AAAA(‘TCACGTCTGGAG(‘TCTTT(‘AA(‘ATGT(‘T(‘(‘(‘TGATG

ACCCTGGACAGCATCATGAAGTGIGCCTTCAGCCACCAGGGCAGCATCCAGTTGGACAGetcagtgacaa

anggaaggtaattgittgecaataactgtgteaceeactaacatgtigticeatetteectatteeag

@ 46hp T9hp

Product = 125 bp

(B)

1000
750

500

300

150
<« 125 bp

Figure 5.5: The first protocol (a pair of primers F1&r2) usedrnified DNA as templates. (A) The
position of the primers F1&r2 in the CYP4Z1 gend #me expected product size. (B) CYP4Z1 F1&r2
RT-PCR in the ZR-75-1 and MDA-MB-468 cells . Lan&000 bp PCR markers, Lane 2: negative
control, Lanes 3-4: ZR-75-1, Lanes 5-6: MDA-MB-4b68nes 3&5: purified DNA of 159 bp, Lanes 4&6:

purified DNA of 250 bp.
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(A)

D

AACAA-&TGGGAGGAACACATTGCCCAAAACTCACGT(‘TGGAGCTCTTTCAACATGTCTC!CTGATG

ACCCTGGACAGCATCATGAAGTGTGCCTTCAGCCACCAGGGCAGCATCCAGTTGGACAGeleagtoacaa

aaggaaggtaattgtttgecaataactgtgtcacccactaacatgtigticcatetteectattccag

©)

Product = 82 bp

(B)

1000
750

500

300
< 250 bp

150
125 bp
89 bp

Figure 5.6: The second protocol (a pair of primers F/f2&r2) dd@e first round PCR product of the first
protocol as templates. (A) The position of the prisn=/f2&r2 in the CYP4Z1 gene and the expected
product size. (B) Nested PCR CYP4Z1 F1&r2 RT-P§IRguthe primer set CYP4Z1 F/f2&r2. Lane 1:
1000 bp PCR markers, Lane 2: negative control, ka&3&6: MDA-MB-468, Lanes 4&7:T47D, Lanes
5&8: ZR-75-1, Lanes 3-5: purified DNA of 159 bpnka 6-8: purified DNA of 250 bp.

In addition, the original cDNA samples isolatednfrthe T47D, MDA-MB-468 and ZR-
75-1 cells were also used with the first PCR prot¢grimer set CYP4Z1 F1&r2). The
expected product size of this protocol was 125ripthis was detected, but there were
also faint DNA fragments present at 159 bp, ~25@inbh ~450 bp in all cDNA used
(Figure 5.7). The occurrence of non-specific afigaltion products may be due to low
specificity of primers, although the BLAST analysiwowed that the primers were specific

for the CYP4Z1 gene.
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)
®

AACAAATGGGAGGAACACATT G{(‘ CAAAACTCACGTCTGGAGCTCTTTCAACATGTCTCCCTGATG

ACCCTGGACAGCATCATCGAACGTCTIGCCTTCAGCCACCAGGGCAGCATCCAGTTGGACAGgtcagtgacaa

anggaaggtaatigittgccaataactgtgtcacceactaacatetigticeateticeetaticeas TRCOCTGGACT CATACCTCARAGEAGTG

@ 46bp  79hp

Product = 125 bp

(B)

1 2 3 4 5

« 450 bp

250 bp
159 bp
125 bp

Figure 5.7: The first protocol (a pair of primers F1&r2) useNA samples as templates. (A) The
position of the primers F1&r2 in the CYP4Z1 gend #me expected product size. (B) CYP4Z1 F1&r2
RT-PCR. Lane 1: 1000 bp PCR markers, Lane 2: magabntrol, Lane 3: T47D, Lane 4: ZR-75-1, Lane
5: MDA-MB-468

The third PCR protocol (a primer pair F3&R3) wasideed to further identify the
sequence between exon 5 and exon 6 boundaries whiehat different positions to the
original primers F1&R1. This primer set was amptifwith the cDNA isolated from
MCF10A, T47D, MDA-MB-468 and ZR-75-1 cells. Thepected product sizes for intron
free mMRNA [exon 5 (118 bp)/exon 6 (123 bp)] anairezd intron MRNA [exon 5 (118
bp)-intron 5 (79 bp)-exon 6 (123 bp)] were 241 bd 820 bp fragments. However, the
presence of 241 bp and 320 bp fragments was ddtaotean additional band of 520 bp
band was also found in all cDNA samples (Figurg.5I8should be noted that a band of

241 bp detected in the MCF10A cells was expressadiary low level when compared to
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those of the T47D, MDA-MB-468 and ZR-75-1 cellslthugh the primer set failed to

detect a single band of PCR product, it behavedarsame pattern as primer set F1&R1.

(A)
®
/

AACAAATGGGAGGAACACATTGCCCAAAACTCACGTCTGGAGCTCTTTCAACATGTCTCCCTGATG

ACCCTGGACAGCATCATGAAGTGTGCCTTCAGCCACCAGGGCAGCATCCAGTT GGACAGetcagtgacaa

aaggaaggtaattgtttgeeaataactatgteacceactaacatgtigticeatettcectattecag INCEETECACTCATACCTCARAGERGTIG

118bp 79hp 123bp

Product = 320 bp

(B)

1 2 3 4 5 6

« 520 bp

320 bp
<+ 241 bp

Figure 5.8: The third protocol (a pair of primers F3&R3) useDNA samples as templates. (A) The
position of the primers F3&R3 in the CYP4Z1 gene tire expected product size. (B) CYP4Z1 F3&R3
RT-PCR. Lane 1: 1000 bp PCR markers, Lane 2: magabntrol, Lane 3: MCF10A, Lane 4: MDA-MB-
468, Lane 5: T47D, Lane 6: ZR-75-1.

To further elucidate the retained intron sequetieefourth PCR protocol was performed
using the primary PCR products obtained from tlirel gorotocol as templates and primers
F3&r2. The product size of 197 bp was expectedésted PCR but a band of 197 bp and

the first PCR products used as templates (241 0836 bp) were detected as well as a

faint additional band of 520 bp (Figure 5.9).
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(A)
®
/

AACAAATGGGAGGAACACATTIGCCCAAAACTCACGTCTGGAGCTCTTITCAACATGTCTCCCTGATG

ACCCTGGACAGCATCATGAAGTGTGCCTTCAGCCACCAGGGCAGCATCCAGTTGGACAGgtcagtgacaa

aaggaaggtaatigtttgecaataacigtgteacceactaacatgtigftecateticectattccac TACCCTEGACTCATACCTGANAGCAGTG

@ 118bp 79bp

Product = 197 bp

(B)

520 bp

320 bp
241 bp
<« 197 bp

Figure 5.9: The fourth protocol (a pair of primers F3&r2) uséte first round PCR product of the third
protocol as templates. (A) The position of the prien-3&r2 in the CYP4Z1 gene and the expected
product size. (B) Nested PCR CYP4Z1 F3&R3 RT-P&iyuhe primer set CYP4Z1 F3&r2. Nested
PCR CYP4Z1 F3&R3 RT-PCR using the primer set CYR8&L2 using different templates. Lane 1:
1000 bp PCR markers, Lane 2: negative control, LAndCF10A, Lane 4: MDA-MB-468, Lane 5:
T47D, Lane 6: ZR-75-1.

5.4 Discussion

The investigation in this chapter provides thet #gdence of alternative splicing pre-
MRNA by intron retention in the CYP4Z1 gene. Ashtianed in Section 5.1, alternative
splicing events in cytochrome P450 enzymes, formgta the CYP4F3 (Christmas et al.
2001) and CYP1A1l (Kommaddi et al. 2007) genesaaseciated with some aspects of
enzymatic activity such as substrate-specificigfatytic activity and functional protein

diversity. Tissue-specific alternative splice aaits have also been shown. In addition,
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alternative splicing events in cytochrome P450$1ascCYP1A1 (Leung et al. 2005) and

CYP27B1 (Becker et al. 2007, Cordes et al. 200V ieeen demonstrated to play a key
role in the carcinogenic process, suggesting thatcobuld be a potential target for the
development of cancer therapeutics. Alternativigisig in the CYP4Z1 gene has not been
previously documented. The current study is thst fo present the sequence between
exon 5 and exon 6 boundaries and this does shamfmtalternative splicing intron
retention in the normal breast MCF10A cells anditeast cancer T47D, MDA-MB-468

and ZR-75-1 cells.

The present study initially employed specific primagainst CYP4Z1 mRNA designed to
cross between the exon 5 and exon 6 boundariegehatated the fragments of 159 bp
and ~250 bp in the amplification product of CYP4ZI-PCR (Figures 3.20 and 4.13).
These observations were required to further elteittee sequence because restriction
digestion and DNA sequencing confirmed that botthese products were indicated as
Homo sapien€YP4Z1 mRNA (GenBank accession number: NM_178134 addition,

the result obtained from digestion of purified ~250DNA fragment wittRsd i.e. 112 bp
and 120 bp fragments (Figure 3.21B) was unexpeciéa. recognition site fdRsd is
GT//IAC. In the physical mapping of CYP4Z1 genorRg(re 5.3), G and g are located at
the end of exon 5 and intron 5 respectively, an€Clig\shown at the beginning of exon 6,
which might explain the two restricted products.[iL26 bp (exon 5 (46 bp) + intron 5 (79
bp) + exon 6 (1 bp)) + exon 6 (112 bp) = 238 bgrmant]. These findings suggested that

the retained intron may be located at the junatibimtron 5 and exon 6.

In PCR reactions, the four different primer setgecng the exon 5 to exon 6 boundaries
were used to further elucidate the sequences.piimer sets F1&r2 (the first protocol)
and F3&r2 (the fourth protocol) were designed ttediethe sequence in exon 5 and intron
5 whereas primer pairs F/f2&r2 (the second profocover only the retained intron region.
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The primers F3&R3 (the third protocol) are locaitethe beginning of exon 5 and the

middle of exon 6.

The primer set in the first protocol (F1&r2) wadiedly amplified with the purified DNA

of 159 bp and ~250 bp fragments. A single band?&fdp was detected in purified DNA
of both fragments from the T47D, MDA-MB468 and ZB-Y cells (Figures 5.6 and 5.7).
Originally, the 125 bp product was expected onlythf@ purified fragment of ~250 bp as it
could prove retained intron mRNA, but not in theifsed fragment of 159 bp. This may
be due to unknown sequences in this splice vanemhaps duplicated coding sequence in
exon 5. For clarification, further experiments eeerformed using the primer set in the
second protocol (F/f2&r2) to detect the nucleosdguences of intron 5. The presence of
the expected product size of 89 bp was detectathss the first PCR product (125 bp)
(Figure 5.6), suggesting that there may have be@much template DNA or non-
specificity of primers. The pair of primers F1l&nre also amplified with the original
cDNA, but non-specific products were detected (Fedat7). Varying annealing

temperatures to confirm specificity of primers @bbk used to address this problem.

The third PCR protocol with the primer set F3&R3swase to amplify cDNA samples.
Non-specific amplification of PCR products was d&td (Figure 5.8) though nested PCR
using the primer set F3&r2 was performed to incegasmer specificity and detect
retained intron (Figure 5.7). It is essential thenthat the primers used failed to detect a
single band of expected product size, but the psef predicted retained intron products

was found in all experiments (Figures 5.4-5.9).

Currently, there are two available databases twhdall genomes of the CYP4Z1 genes;

the NCBI (http://www.ncbi.nlm.nih.gov/sites/entre)d Genatlas (http://www.genatlas

org). The NCBI database (NC_000001) which was tsédentify the intron 5 sequences

204



Characterisation of CYP4Z71
in the CYP4Z1 gene during this research was maykditferent in sequences from those

of the Genatlas database (Figure 5.10). At a glamthe Genatlas database, there are two
regions of the CYP4Z1 gene which demonstrate daf@icepeat sequences, one between
exon 5 and intron 5 (101 nucleotides, Figure 5.14J the other between intron 5 and
intron 5/exon 6 (180 nucleotides, Figure 5.11BhisTmay help to explain the non-specific
products obtained in this chapter because the catplil sequences also cover the primer
sequence used in this research. The forward pifithés found in exon 5 and intron 5
whereas the reverse primer r2 is located in twatipos in intron 5. The forward primer
F/f2 is found in the junction at exon 5/intron Santron 5, and eight nucleotides of the
reverse primer R1 were found in intron 5 (Figure2y. Obviously, the sequences in exon
5-intron 5-exon 6 in the CYP4Z1 gene appear todmepticated. Further analysis
including advanced molecular analysis of genomatgomic data is required to achieve a

better understanding of the alternative splicingrewn the CYP4Z1 gene.

Introns with a high GC content are associated ieitver excision rates, increased
susceptibility to transcription factor binding anigher transcriptional activity (Goodall
and Filipowicz 1991, Galante et al. 2004). The ¢@tent within intron 5 of the CYP4Z1
genome (the NCBI database) is approximately 42%s€8Riences of GC in a total 79
sequences). Moreover, average lengths of ret@inddon-retained introns are ~115 bp
and 3.3 kb respectively, and several studies hanBrmed that retained introns are
usually shorter than non-retained introns (Stamal.e2000, Galante et al. 2004, Chen et
al. 2006). Intron 5 of the CYP4Z1 gene has onlynid@leotide sequences (Figure 5.3).

Therefore, the specific region of this gene is nlikedy to have retained intron.

Data presented in this chapter provides the firstemce of CYP4Z1 mRNA expression in
normal breast and breast cancer cell lines, amdddla retained intron 5. Future work
could identify the sequences of intron 5 by DNAwa&tring and elucidate the distribution
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of intron retention events on CYP4Z1 mRNA by clanPCR products of interest in the

cell lines used. The biological significance astbvent warrants further investigation.
This chapter provides information on basal mRNAregpion of the CYP4Z1 gene. The
next chapter will provide information on the redgida of CYP4Z1 mRNA by
investigating the potential nuclear receptors thgtilate CYP4Z1 expression in induced

cells and determining if the proposed alternatpleced forms are differentially expressed.

The NCBI database
AACAAATGGGAGGAACACATTGCCCAAAACTCACGTCTGGAGCTCTTTCAACATGTCTCCCTGATG
ACCCTGGACAGCATCATGAAGTGTGCCTTCAGCCACCAGGGCAGCATCCAGTTGGACAGgtcagtgacaa
aaggaaggtaattgtitgccaataactgtgteacceactaacatgttgttceatettecctattceag ENCCCTCCACTCATACCTCANAGCAGTG
TTCAACCTTAGCAAAATCTCCAACCAGCGCATGAACAATTTTCTACATCACAACGACCTGGTTTTC
AAATTCAGCTCTCAAGGCCAAATCTTTTCTAAATTTAACCAAGAACTTCATCAGTTCACAG

The Genatlas database
AACAAATGGGAGGAACACATTGCCCAAAACTCACGTCTGGAGCTCTTTCAACATGTCTCCCTGATG

ACCCTGGACAGCATCATGAAGTGTGCCTTCAGCCACCAGGGCAGCATCCAGTTGGA CAGgtcagtgacaa
aaggaaggtaatigtttgecaataactgtgteacceactaacatgttgttccatetteectatteccagtaccetggactecatacctgaaageagtgttcaacettageaaaatetee
aaccagegeatgaacaattttctacatcacaacgacetggttttcaaattcacaaaactcacgtetggagetetticaacatgteteectgatgaceetggacageatcatgaagt

gtgeettcagecaccagggeageatecagttggacaggteagtgacaaaaggaaggtaattgtttgecaataactgtgteacceactaacatgttgticeatettcectatteca

||

Figure 5.10: Sequence comparison of the CYP4Z1 gene from tB¢ & Genatlas database. Exon
sequences are shown in upper cases and intron segsién lower case letters. The sequences in &xon
and exon 6 are indicated in yellow and green retpely.
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(A)
1 20 40
AACAAATGGGAGGAACACATTGCCCAAAACTCACGTCTGGAGCTCTTTCAACATGTCTCCCTGATG]

60 S0 100
I ACCCTGGACAGCATCATGAAGTGTGCCTTCAGCCACCAGGGCAGCATCCAGTTGGAC Adgtca_gl gacaa

aageaaggtaattattteccaataactatgteacceactaacatattettecatetteectattccagtaccctgzacteatacctgaaageagtettcaaccttageaaaatetee

1 20 40 60

aaccagcgcatgaacaattlrctacarcncnacgacctgg’rittcaaattcal:aaaactcncgtctgga getetttcaacatgtetecctgat gacectggacageateatgaagt I

80 100

Igrgccttcagccacca gogcageatecagtt ggacagktca gteacaaaaggaaggtaattetitaccaataactgtgtcacceactaacatattgttccatettecctatteca

(B)
AACAAATGGGAGGAACACATTGCCCAAAACTCACGTCTGGAGCTCTTTCAACATGTCTCCCTGATG

1
ACCCTGGACAGCATCATGAAGTGTGCCTTCAGCCACCAGGGCAGCATCCAGTTGGAC A

20 40 60 80 100 120

|aaggaaggtaatt_g_rtrtgccaataactgtgtcacccactaacatgttgltccatcttccctattccagtaccctggactcatacctgaaagcagtgttcaaccttagcaaantctccl

140 160 180
| aaccagcgcalgaacaalttitctacatcacaacgacctegtittcaaaticgcaaaactcacgtctggagctetticaacatgtctecctzat gacectggacageatcat gaagt

1 20 40 60

gtgccttcagccaccng_ggcngcntccag!tggaca,g*_ztcaglgacaaaaggan__ggmmtgmgccnataactgtgtc:lcccnctnacatgﬂgﬂccatdtccctattccn I

30 100 120 140

160 180

| ATTTTCTACATCACAACGACCTGGTTTTCAAATTCAGCTCTCAAGGCCAAATCTITTCTAAATTTAA

Figure 5.11:Highly repeated DNA sequences found in the CYP4#4# gsing the Genatlas database. (A)
Similar sequences between the exon 5 and intra®5 ifucleotides) defined by black box. (B) Similar
sequences between the intron 5 and intron5/ ex@8® nucleotides) defined by pink box. Exon secpgen
are shown in upper cases and intron sequencesnarloase letters. The sequences in exon 5 andéxon
are indicated in yellow and green respectively.
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AACAAATGGGAGGAACACATTGCCCAAAACTCACGTCTGGAGCTCTTTCAACATGTCTCCCTGATG

Fif2
F1
ACCCTGGACAGCATCATGAAGTGTGCCTTCAGCCACCAGGGCAGCATCCAGTTGGACAGetcagtzacaa

r2
aaggaagetaattgttteccaataactatgtcacccactaacatatgttccateticectaticcagtaccectggacteatacctgaaageagt ettcaaccttageaaaatetee

ﬂaCCﬂgCgCatgﬂHCﬂﬂ“ttctﬂcmcﬂCﬂﬂCgaCCtggﬁnCﬂaﬂﬁCﬂCﬂﬂﬂac‘cﬂcg‘ctggﬂ gCtCHtCﬂﬂCﬂtgrc[ccctgatgﬂcCC[ggﬂCﬁgCﬂlCﬂtE’.ﬂﬂEl

ri2 r2
gtegccttcagecaccagggcageatecagitggacagetcagt gacaaaaggaaggtaattgtitgecaataactgtgteacccactaacatatt ettecatettecctatteca

“

Figure 5.12:Repeated DNA sequences in the CYP4Z1 gene usi@gtlatlas database associated with
primer sequences useExon sequences are shown in upper cases and iséquences in lower case letters.
The sequences in exon 5 and exon 6 are indicatgellow and green respectively.
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Chapter 6

Regulation of CYP4Z1 expression in Breast Cancer Qld.ines

6.1 Introduction

In Chapter 5, evidence was found of alternativepRNA splicing of the CYP4Z1 gene
in the normal breast MCF10A cells and the breasteaT47D, MDA-MB-468 and ZR-
75-1 cells. Although experiments have not beewresgful in fully characterising the
alternative splicing by intron retention, the exigelcproduct size of the retained intron 5
(79 bp) was present in all the test cells. Usud#lg molecular basis of eukaryotic
transcription is controlled by a complex regulateygtem as gene expression can be
regulated at a variety of steps in the pathway flNA to RNA and RNA to protein.
Transcription is the process by which a monocistrarRNA is transcribed from DNA

and it is controlled by the level of RNA polymerasknhe resulting pre-mRNA is capped at
the 5’ end and the 3’ end is polyadenylated. hdrare removed by splicing before the
mature mMRNA is released from the nucleus to bestaéed by ribosomes in the cytoplasm

into cellular protein (Figure 6.1) (Turner 2005).

Most members of cytochrome P450 family 4 catalpsathydroxylation of fatty acids,
steroid hormones (i.e progesterone, testosteromgawth hormones) and arachidonic
acids (i.e. leukotrienes and prostanoid) and tkezgmes appear to be implicated in
vascular tone and blood pressure regulation (Hall 007). Currently, the cytochrome
P450 subfamilies 4A and 4F are the most widelyattarised and they are mainly
expressed in human liver and kidney. Informatiaregpression, function and genetic
variation of these genes has been well establishadimal models (i.e. rat, mouse and
rabbit) (Hsu et al. 2007). The expression of CYRyefes is induced by peroxisome

proliferators (i.e. hypolipidemic drug fibrates aWwy14643 or pirinixic acid). The
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induction of CYP4A expression by peroxisome proéfers is mediated hiyne

peroxisome proliferator activated receptor alpi@XRa) (Waxman 1999, Okita and
Okita 2001), which requires heterodimerisation wiité retinoid X receptor (RXR) for
transcriptional regulation of CYP4A (Waxman 199%jt@ and Okita 2001). PPARIis
believed to play an important role in the regulatis lipid homeostasis as well as lipid
metabolism. However, crosstalk between PBAIRd other nuclear receptors such as
retinoic acid receptor (RAR), vitamin D receptoidR), constitutive androstane receptor
(CAR) and pregnane X receptor (PXR) may occur ag ffinare a dimmeric partner (RXR)

and substrates (i.e. steroid hormones) (HonkalarsiNegishi 2000).

Transcription RNA polymerase

\4

) Splicing
RNA processing 5’ capping

v 3’polyadenylation

Mo i [N NEOERERRR— 1A

Ribosomes,
aminoacyl-tRINAs

Translation

@ Protein

Figure 6.1: A schematic view of eukaryotic gene expressioaged from Turner 2005).

The CYP4Z1 gene is a novel cytochrome P450 enzigatebelongs to family 4 and the
physiological functions of the CYP4Z1 gene aretgdie clearly characterised. The tissue
localisation of CYP4Z1 has been studied in an gitedmidentify its functions. Reiger and
co-workers reported that CYP4Z1 mRNA and protesmeferentially expressed in breast
tumour tissues but low levels are seen in otheoturtypes (i.e. uterus, prostate, lung and
kidney) (Rieger et al. 2004). No significant diface in CYP4Z1 mRNA was found in
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the breast tumour types and progression stageaddition, Downie and colleagues

demonstrated that overexpression of CYP4Z1 is #ssacwith a poor prognosis of
primary ovarian cancer (Downie et al. 2005). Theseresearch groups suggest that the

expression of CYP4Z1 is involved in the carcinoggarocess of human breast and ovary.

A study by Savas and co-workers demonstrated tii&4Z1 mRNA in the breast cancer
T47D cells is markedly induced by progesteronéherdynthetic glucocorticoid
dexamethasone. The induction of CYP4Z1 mRNA bgehsompounds was suppressed
by the antagonist of progesterone and glucocodioeteptor RU486. In addition,
CYP4Z1 mRNA in the breast cancer progesterone tecepgative MCF7 cells is
elevated by dexamethasone but not progesteroneeVéw, there was no significant
alteration of CYP4Z1 mRNA by the PPARagonist pirinixic acid in either the T47D or
MCF7 cells (Savas et al. 2005). These findinggeagthat the CYP4Z1 gene has cell-

type specificity for the induction of mMRNA expressi

The physiological role of the splicing variant etCYP4Z1 gene found in this study is
unknown, but it is likely to be involved in the carogenic property of the test cell lines.
Therefore, the regulation of gene transcription sulolstrate-specificity of this gene with
the occurrence of the alternative splice variaf@¥P4Z1 are of interest for further
investigation. The main aims of this chapter weréa) profile mRNA expression of the
candidate nuclear receptors (i.e. progesteron@t@cd’GR, glucocorticoid receptor; GCR
and peroxisome proliferator-activated receptor ajjtPARx) for the CYP4Z1 gene, (b)
determine the inducibility of the two forms of CYPUmMRNA, and (c) ascertain whether

the induction of CYP4Z1 mRNA is regulated at trengcriptional or translational level.
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6.2 Materials and Methods

6.2.1 Cell culture and CYP4Z1 induction in culturedcells

6.2.1.1 Induction of CYP4Z1 mRNA by the nuclear reeptor agonists

All four CYP4Z1-expressing cell lines (i.e MCF10R47D, MDA-MB-468 and ZR-75-1)
and two representative non-CYP4Z1-expressing icasl(i.e. MCF7 and MDA-MB-231)
were used to determine the inducibility of CYP4ZRINA by agonists of the progesterone
receptor (PGR), glucocorticoid receptor (GCR) aartbgisome proliferator-activated
receptor alpha (PPAR. The cells were seeded at 5xt@lls in a 25 ciflask, and were
grown under appropriate conditions (Section 2.2(®lls at ~60% confluence were
treated with growth medium containing one of théofeing nuclear receptor agonists for
21 hours; either M progesterone, iIM dexamethasone or %M PPARx agonist
(pirinixic acid) as previously described (SavaaleR005) with the exception that
chemicals were dissolved in ethanol instead of thysulphoxide (DMSQO). This
amendment was made because a previous study hawhsieated that expression of
certain cytochrome P450s, particularly membersief@YP1, CYP2 and CYP3 families
can be inhibited or induced by DMSOQOimvitro studies (Busby et al. 1999). The final
concentration of ethanol in the culture medium @d$6 (v/v). Vehicle control cells were
exposed to 0.1% (v/v) ethanol and treated in theesmanner as those treated with nuclear
receptor agonists. Untreated cells were used aslditional control against which to

compare the solvent controls.

6.2.1.2 Evaluation of transcriptional and translatonal regulation of CYP4Z1

The breast cancer T47D and ZR-75-1 cell lines weeal to ascertain whether CYP4Z1
MRNA induction is through transcriptional or traatgbnal regulation. This is because
CYP4Z1 mRNA in the T47D or ZR-75-1 cells was highigucible by the nuclear
receptor agonists according to results obtainea ttee initial experiment (Section

6.2.1.1). Cells at 60% confluence were pre-treati¢ either 1qug/mL of actinomycin D
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or 10ug/mL of cycloheximide for 30 minutes in order t@tk the transcriptional or

translational regulation respectively. Spent medaontaining actinomycin D or
cycloheximide was removed, and the cells were whshize with warm (37C) serum-

free medium to minimise the residue of actinomy@iar cycloheximide. Growth media
containing the same concentrations of progesteemethasone or pirinixic acid
(Section 6.2.1.1) were used to treat the cell2iohours. Untreated and vehicle control
cells were included in each experiment. Threepedéent experiments were performed in

triplicate on cultures of the T47D and ZR-75-1 gell

6.2.2 RNA extraction and cDNA synthesis

Following treatment of the cells with vehicle cafithe nuclear receptor agonists or co-
exposure to actinomycin D/cycloheximide with thelear receptor agonists (Section
6.2.1), total RNA was isolated using the RNeasy RMiini kit. The RNA concentration
and purity were quantified by28y/A2go ratios. Integrity of the isolated total RNA sampl
was determined by examination of the 28S and 188\rBands on 1% (w/v) agarose gel
electrophoresis (Section 2.3). Synthesis of cDN&& werformed under the conditions

described in Tables 2.2 and 2.3.

6.2.3 Qualitative RT-PCR analysis

To determine the appropriate receptor for mMRNA eggion in the test cell lines, the eight
cDNA samples from the investigation of the targentes in Chapter 4 were employed.
These samples were subjected to routine amplifiogfiables 2.3 and 2.4) with previous
PGR, GCR and PPARpublished primers (Table 2.7). Primer specifioilgs confirmed

by BLAST analysis. The PCR products were sepaiayetl 5% (w/v) agarose gels
containing ethidium bromide and visualised by ulti@et light (Section 2.8). To confirm

expression of the target genes, the PCR products dvgested with specific restriction
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enzymes as described previously (Section 2.9).leTal0 illustrates the restriction

enzymes used and the expected size of the products.

To examine the inducibility of the two forms of C¥21 mRNA by the nuclear receptor
agonists in the six cell lines, expressiogmicroglobulin and CYP4Z1 mRNA was
assessed in each cell line by the qualitative RRR@thod (Sections 3.3.2 and 3.3.3.4).
The PCR products were visualised on 1.5% (w/v)@gagels containing ethidium

bromide.

6.2.4 Semi-quantitative PCR amplification

In order to determine whether CYP4Z1 mRNA induci®through transcriptional or
translational regulation, the PCR products obtaiinewh 3,-microglobulin and CYP4Z1
MRNA in the T47D and ZR-75-1 cells were visualisedl.5% (w/v) agarose gels
containing ethidium bromide. To normalise amptifeNA products and PCR variations,
the band intensities of CYP4Z1 mRNA were correctéti the band intensities @b-

microglobulin mRNA as the internal standard (Settda2.3).

6.2.5 Statistical analysis

Results of CYP4ZT,-microglobulin mRNA relative expression for eacimgde from

three independent experiments in the T47D and ZR-@élls were presented as mean
standard error of the mean (SEM). Statisticalymmswas performed with one-way
analysis of variance (ANOVA), followed by Tukey’'oHesty Significant Difference

(HSD) to compare the results from the various arpemtal groups with their
corresponding controls (vehicle control or untrdatells) and the nuclear receptor agonist
alone. The differences were considered statistisagnificant when thg value was less
than 0.05, 0.01 or 0.001. Data were analysed 8RBS version 13 (SPSS Corporation,

Chicago, lllinois, USA).
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6.3 Results

6.3.1 Profile of constitutive mRNA of the candidatewuclear receptors

As stated in Section 6.2.3, the eight cDNA sampked were the same set as those
investigated for the target genes in Chapter 4.RNA samples derived from the eight
cell lines were shown to have high integrity andtgyFigure 4.1). Reverse transcription
efficiency was verified by the presencegfmicroglobulin and no major difference in

expression was observed (Figure 4.2).

6.3.1.1Progesterone receptor (PGR) RT-PCR

PGR mRNA was detected in four out of the sevendtreancer cell lines as the correct
band at 533 bp but no product was found in the abbreast MCF10A cell line. A higher
level of expression was observed in the T47D d¢b#s in the MCF7, ZR-75-1 and MDA-
MB-157 cells (Figure 6.2). The expression of PGRNA was confirmed by restriction
digestion withAlul which generated restricted product of the corsed (417 bp and 84

bp, Figure 6.3).

1000

750 =

500 —» « 533 bp

300 -

150

Figure 6.2: PGR RT-PCR. Lane 1: 1000 bp PCR markers, Lane@ative control, Lane 3: MCF10A,
Lane 4: MCF7, Lane 5: T47D, Lane 6: ZR-75-1, Lan&R-75-30, Lane 8: MDA-MB-231, Lane 9:
MDA-MB-157, Lane 10: MDA-MB-468.
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1000
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<« 34 bp

Figure 6.3: Restriction digestion of PGR RT-PCR using Aludne 1: 1000 bp PCR markers, Lane 2:
undigested produ, Lane 3: digested produ

6.3.1.2Glucocorticoid receptor (GCR)RT-PCR

A band of 360 bp corresponding to the cDNA prodiime for GCR mRNA was found in
three out of the seven breast cancer cell linegt@dormal breast cell line. A higher
MRNA level was detected in the ZR-75-1 cells thathe MCF10A cells. Very low levels
of expression were observed in both the MDA-MB-a5d MDA-MB-468 cells.

However, there is a faint band below 360 bp ingresence of GCR mRNA expression
(Figure 6.4). To confirm the GCR mRNA expressithre, PCR product was digested with
restriction enzymdlul and the correct fragments were found at 172 lap1248 bp (Figure

6.5).

1000

750

500

<+ 360 bp
300

150

Figure 6.4: GCR RT-PCR. Lane 1: 1000 bp PCR markers, Lane@ative control, Lane 3: MCF10A,
Lane 4: MCF7, Lane 5: T47D, Lane 6: ZR-75-1, Lan&R-75-30, Lane 8: MDA-MB-231, Lane 9:
MDA-MB-157, Lane 10: MDA-MB-468.
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150 -+ 148 bp

Figure 6.5: Restriction digestion of GCR RT-PCR using Aludne 1: 1000 bp PCR markers, Lane 2:
undigested product, Lane 3: digested product.

6.3.1.3Peroxisome proliferator-activated receptor alpha (PARa) RT-PCR

A band of 735 bp was observed for PRARRNA in all of the cell lines except MCF7.
PPARD mRNA was expressed in the MCF10A, T47D, ZR-75-d BiDA-MB-468 cells
at higher levels than in the MDA-MB-231 and MDA-MBES7 cells. Only a very weak
level was detected in the ZR-75-30 cells (Figu.6PPARY mRNA was confirmed by
restriction digest witiRsd which generated digested fragments of the comizet (518 bp

and 188 bp) (Figure 6.7).

< 735 bp

Figure 6.6: PPARy RT-PCR. Lane 1: 1000 bp PCR markers, Lane 2: tivegaontrol, Lane 3:
MCF10A, Lane 4. MCF7, Lane 5: T47D, Lane 6: ZR-7%dne 7: ZR-75-30, Lane 8: MDA-MB-231,
Lane 9: MDA-MB-157, Lane 10: MDA-MB-468.
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1000 —»|
750 —=» « 735 bp
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300 >

+ 188 bp

150 -+

Figure 6.7: Restriction digestion of PPARRT-PCR using RsalLane 1: 1000 bp PCR markers, Lane 2:
undigested produ, Lane 3: digested produ

6.3.2 Induction of CYP4Z1 mRNA by the agonists ofandidate nuclear receptors

In Chapter 4, CYP4Z1 mRNA was expressed in thre@bilne seven breast cancer cells
(i.e. T47D, MDA-MB-468 and ZR-75-1) and also in thermal breast MCF10A cells
(Figure 4.13). To determine which nuclear recepteere involved in regulating the
expression of CYP4Z1, agonists against the PGR, &@RPPAR were used. The panel
of all eight cell lines were used in this investiga and were exposed to the individual
agonists over a period of 21 hours. This timequewas selected as it was successfully
used in a previous study by Savas and colleaguesét al. 2005) who investigated
CYP4Z1 regulation in the T47D and MCF7 cells. &lINA samples were verified by the
housekeepin@,-microglobulin RT-PCR (319 bp). Little variatio B,-microglobulin
expression was observed between untreated anddrealls in the MCF7 (Figures 6.8A),
MDA-MB-231 (Figures 6.9A) and MCF10A cells (Figurés.0A). Howeverp,-
microglobulin mRNA in the treated cells in the MIMB-468 (Figure 6.11A, lane 6),
T47D (Figure 6.12A, lane 4) and ZR-75-1 cells (Feg6.13A, lane 5) was slightly weaker

than the other lanes which was taken into accolmetwinterpreting the result.

In the non CYP4Z1-expressing cell lines, there m@asletectable cDNA product size
corresponding to CYP4Z1 mRNA (159 bp or ~250 bfh)eziin the MCF7 (Figure 6.8B)

or MDA-MB-231 cells following exposure to the respiee agonists (Figure 6.9B).
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In the CYP4Z1-expressing cell lines, the inducttdiCYP4Z1 mRNA in the normal breast

MCF10A cell line was barely detectable (Figure &LOHowever, it is important to note
that the presence of a ~250 bp fragment was oniydan the cells treated with
dexamethasone and a band of 159 bp was not detdat¢lie MDA-MB-468 cells, it was
found that CYP4Z1 mRNA was slightly altered by theee nuclear receptor agonists in
comparison to the untreated and vehicle contré$ ¢Elgure 6.11B). In addition, CYP4Z1
MRNA in the T47D cells was induced only by dexarastine (Figure 6.12B) whereas,
CYP4Z1 mRNA in the ZR-75-1 cells was elevated higexi dexamethasone or pirinixic

acid (Figure 6.13B).

1000
750

500

319 bp
300

150

1000 —»

500 -

300 —»

150 -

Figure 6.8:Induction of CYP4Z1 in the MCF7 cells. (&}microglobulin RT-PCR. (B) CYP4Z1 RT-PCR.
Lane 1: 1000 bp PCR markers, Lane 2: negative cbrtane 3: untreated cells, Lane 4: 0.1% (v/v)
ethanol, Lane 5: progesterone g&1), Lane 6: dexamethasone gM), Lane 7: pirinixic acid (5QM).
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Figure 6.9:Induction of CYP4Z1 in the MDA-MB-231 cells. (Aimicroglobulin RT-PCR. (B) CYP4z1
RT-PCR. Lane 1: 1000 bp PCR markers, Lane 2: igabntrol, Lane 3: untreated cells, Lane 4: 0.1%
(v/v) ethanol, Lane 5: progesterone/f®), Lane 6: dexamethasone gM), Lane 7: pirinixic acid (50

HM).
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Figure 6.10:Induction of CYP4Z1 in the MCF10A cells. ®&microglobulin RT-PCR. (B) CYP4Z1 RT-
PCR. Lane 1: 1000 bp PCR markers, Lane 2: negativérol, Lane 3: untreated cells, Lane 4: 0.1%v)v/
ethanol, Lane 5: progesterone g&1), Lane 6: dexamethasone gM), Lane 7: pirinixic acid (5QM).
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Figure 6.11:Induction of CYP4Z1 in the MDA-MB-468 cells. A)microglobulin RT-PCR. (B) CYP4Z1
RT-PCR. Lane 1: 1000 bp PCR markers, Lane 2: isagabntrol, Lane 3: untreated cells, Lane 4: 0.1%
(v/v) ethanol, Lane 5: progesterone/f®), Lane 6: dexamethasone gM), Lane 7: pirinixic acid (50

).
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319 bp

250 bp

159 bp

Figure 6.12:Induction of CYP4Z1 in theT47D cells. (&)microglobulin RT-PCR. (B) CYP4Z1 RT-PCR.
Lane 1: 1000 bp PCR markers, Lane 2: negative obntane 3: untreated cells, Lane 4: 0.1% (v/v)
ethanol, Lane 5: progesterone 4&1), Lane 6: dexamethasone g1), Lane 7: pirinixic acid (5QM).
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Figure 6.13:Induction of CYP4Z1 in the ZR-75-1 cells. Bmicroglobulin RT-PCR. (B) CYP4Z1 RT-
PCR. Lane 1: 1000 bp PCR markers, Lane 2: negativérol, Lane 3: untreated cells, Lane 4: 0.1%v)v/
ethanol, Lane 5: progesterone g&1), Lane 6: dexamethasone gM), Lane 7: pirinixic acid (5QM).
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6.3.3 Evaluation of transcriptional and translatioral regulation of CYP4Z1

To investigate whether the nuclear receptor ageais able to increasie novaCYP4Z1
MRNA synthesis, expression of CYP4Z1 mRNA was itigased in the T47D and ZR-75-
1 cells and this was found to increase followingasure to the nuclear receptor agonists.
These experiments were performed in the presenabsance of 1Qg/mL actinomycin D
(an RNA synthesis inhibitor) for 30 minutes, whimlevents the induction of CYP4Z1
MRNA, followed by exposure to the agonists (i.,e RRGCR and PPAR) for 21 hours. If
CYP4Z1 mRNA expression was increased dugetmovoRNA synthesis, a decrease in the
level of CYP4Z1 mRNA following exposure to actinooiny D would be expected (Figure

6.14).

To examine whetheate novaoprotein synthesis is required for the inductiorCofP4Z1
MRNA, the experiments were performed in the presem@bsence of 0g/mL
cycloheximide (a protein synthesis inhibitor) f&r inutes, followed by treatment with
the nuclear receptor agonists (i.e. PGR, GCR amRefp for 21 hours. If CYP4Z1

MRNA was regulated througle novoprotein synthesis, an increase in the accumulation

CYP4Z1 mRNA after treatment with cycloheximide wble observed (Figure 6.14).

The effect of the RNA and protein synthesis intutstonf3,-microglobulin expression and
CYP4Z1 mRNA induction by the nuclear receptor agtmin the ZR-75-1 and T47D cells
is shown in Figures 6.15 and 6.16 respectivelyis @hata is representative of triplicate
experiments. The differencespgmicroglobulin mRNA expression observed in the
samples were taken into account by normalising¥if4Z1 mRNA levels in each
treatment against the equival@atmicroglobulin. This data is presented in Figusek/,
6.18 and 6.19. There were no significant diffeeenp value > 0.05) in CYP4Z1 mRNA
between the untreated cells and cells treatedweiticle control 0.1% (v/v) ethanol,

suggesting that 0.1% (v/v) ethanol has no effedC¥P4Z1 mMRNA expression.
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Figure 6.14: A schematic view of the effect of actinomycin B eycloheximide on mRNA expression.

In the T47D cells, a significant increase of CYP4ARNA expression was observed in
cells treated with either progesteropesélue < 0.05, Figure 6.17A) or dexamethasone
alone p value < 0.001, Figure 6.18A), when compared with\tehicle control data. The
ZR-75-1 cells showed a significant increase of CYPMmRNA when induced by either
dexamethasong {value < 0.01, Figure 6.18A) or pirinixic acid aéofp value < 0.001,

Figure 6.19A).

Co-treatment of the T47D cells with actinomycin mahe individual nuclear receptor
agonists resulted in a significant decrease of GYIR#ARNA for progesterong {alue <
0.001, Figure 6.17A), dexamethasope&/délue < 0.001 Figure 6.18A) and pirinixic acm (
value < 0.01, Figure 6.19A) when compared withsceltluced by the nuclear receptor
agonist alone. A significant decrease in CYP42&hgcription was found when the ZR-75-
1 cells were treated with actinomycin D followinigher dexamethasong yalue < 0.001,

Figure 6.18A) or pirinixic acidgvalue < 0.01, Figure 6.19A).

Pre-treatment of the T47D cells with cycloheximiddowed by one of the individual
nuclear receptor agonists resulted in a significeatrease of CYP4Z1 mRNA in the cells
co-treated with progesterong\alue < 0.001, Figure 6.17A), dexamethasgnea{ue <

0.001, Figure 6.18A) or pirinixic acigh /alue < 0.05, Figure 6.19A). A significant
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increase of CYP4Z1 mRNA was observed in the ZR-t&lls when the cells were pre-

treated with cycloheximide following treatment wilogesterone. Cells co-treated with
cycloheximide following treatment with either dexetimasone or pirinixic acid showed a

significant decrease of CYP4Z1 mRNA.

Considerable variation was observed with the exque€YP4Z1 product size of 159 bp
during these experiments and this was also foutidl the alternative splice variant ~250
bp fragment (CYP4Z1~250 bp). However, the diffeeebetween the variations in the
expression of two bands was observed. A significarease of CYP4Z1~250 bp mRNA
was found in the T47D cells treated with dexameaihasalonef value < 0.001, Figure
6.18B) and in the ZR-75-1 cells induced by eithexaiethasone{alue < 0.05, Figure
6.18B) or pirinixic acid alonegp(value < 0.001, Figure 6.19B) as compared withalehi

control data.

There were no significant differencesvalue > 0.05) in CYP4Z1~250 bp mRNA when
T47D cells were co-treated with actinomycin D anolgesterone or pirinixic acid.
However, a significant decrease of the CYP4Z1~3b@dgment was found when the
cells were treated with actinomycin D followed sxdmethasoneg(value < 0.001, Figure
6.18B), compared with cells treated with dexamethasalone. Pre-treatment of the ZR-
75-1 cells with actinomycin followed by one of timelividual nuclear receptor agonists
resulted in a significant decrease of CYP4Z1~25nkpe cells co-treated with either
dexamethasone or pirinixic acid Yalue < 0.001) was compared with cells treateti wie

nuclear receptor agonist alone (Figures 6.18B ateB).

A significant increase of CYP4Z1~250 bp was foumthie ZR-75-1 cells treated with
cycloheximide followed by progesterorevalue < 0.001, Figure 6.17B), compared to
cells treated with vehicle control or progesteralume. Pre-treatment of the T47D cells
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with cycloheximide followed by dexamethasone resiiih a significant decrease of

CYP4Z1~250 bp value < 0.001, Figure 6.18B) compared to cellatee with

dexamethasone alone.

Tables 6.1 and 6.2 summarise the results for th®Tahd ZR-75-1 cells demonstrating
differences in expression of CYP4Z1 (159 bp andiH2% mRNA againg,-
microglobulin expression following co-treatmenthvéither the nuclear receptor agonists

plus or minus actinomycin D or cycloheximide usingey'’s test.
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Figure 6.17:Effect of RNA and protein synthesis inhibitors ofP@Z1 induction in the T47D cells. (A)
Lo-microglobulin RT-PCR. (B) CYP4Z1 RT-PCR. Lan&00 bp PCR markers, Lane 2: negative
control, Lane 3: untreated, Lane 4: VC, Lane 5: R@ne 6: ACTD+PG, Lane 7: CHX+PG, Lane 8: DEX,
Lane 9: ACTD+DEX, Lane 10: CHX+DEX, Lane 11: PNX4nk 12: ACTD+PNX, Lane 13: CHX+PNX.

Abbreviations: VC; 0.1% (v/v) ethanol, PG; progestes (2.M), DEX; dexamethasone fM), PNX;
pirinixic acid (504M), ACTD; actinomycin D (1@g/mL), CHX; cycloheximide (183/mL).
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Figure 6.18:Effect of RNA and protein synthesis inhibitors ofP@Z1 induction in the ZR-75-1 cells. (A)

Lo-microglobulin RT-PCR. (B) CYP4Z1 RT-PCR. Lan&00 bp PCR markers, Lane 2: negative
control, Lane 3: untreated, Lane 4: VC, Lane 5: P@ne 6: ACTD+PG, Lane 7: CHX+PG, Lane 8: DEX,
Lane 9: ACTD+DEX, Lane 10: CHX+DEX, Lane 11: PNénk 12: ACTD+PNX, Lane 13: CHX+PNX.

Abbreviations: VC; 0.1% (v/v) ethanol, PG; progestes (2.M), DEX; dexamethasone fM), PNX;
pirinixic acid (504M), ACTD; actinomycin D (1@g/mL), CHX; cycloheximide (183/mL).
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Figure 6.19: Effect of RNA and protein synthesis inhibitors oomgesterone-mediated increase in CYP4Z1
mMRNA in the T47D and ZR-75-1 cells. (A) CYP459 {p). (B) CYP4Z1 (250 bp). Data represent the
meart SEM of three independent experiments for eachinreat showing the relative intensity of CYP4Z1
normalised againsf,-microglobulin mRNA. *p<0.05, **p<0.01, ***p<0.00tompared with VC.
4p<0.05,44p<0.01,444p<0.001 compared with PG.

Abbreviations: VC; 0.1% (v/v) ethanol, PG; progeste (24M), ACTD; actinomycin D (1@g/mL),
CHX; cycloheximide (1@g/mL).
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Figure 6.20: Effect of RNA and protein synthesis inhibitors eraimethasone-mediated increase in
CYP4Z1 mRNA in the T47D and ZR-75-1 cells. (A424 (159 bp). (B) CYP4Z1 (250 bp). Data
represent the meanSEM of three independent experiments for eachnreat showing the relative
intensity of CYP4Z1 normalised agaigstmicroglobulin mRNA. *p<0.05, **p<0.01, **p<0.001
compared with VC #p<0.05,44p<0.01, 444p<0.001 compared with DEX.

Abbreviations: VC; 0.1% (v/v) ethanol, DEX; dexanasbne (1M), ACTD; actinomycin D (1@g/mL),
CHX; cycloheximide (1@g/mL).
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Figure 6.21:Effect of RNA and protein synthesis inhibitors ainjxic acid-mediated increase in CYP4Z1
MRNA in the T47D and ZR-75-1 cells. (A) CYP453 {ip). (B) CYP4Z1 (250 bp). Data represent the
meart SEM of three independent experiments for eachinreat showing the relative intensity of CYP4Z1
normalised againsf,-microglobulin mRNA. *p<0.05, **p<0.01, ***p<0.00tompared with VC.
#p<0.05,44p<0.01,444p<0.001 compared with PNX.

Abbreviations: VC; 0.1% (v/v) ethanol, PNX; pirittacid (504M), ACTD; actinomycin D (1@g/mL),
CHX; cycloheximide (1@g/mL).
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Table 6.1: Summary of results for the T47D cells illustratfifferences in expression of CYP4Z1 (159 bp ariD+h) mRNAG-microglobulin following co-treatment with eithdret
nuclear receptor agonists plus or minus actinomyziar cycloheximide using Tukey'’s test.

Untreated vC PG ACTD+PG CHX+PG DEX ACTD+DEX CHX+DEX PNX ACTD+PNX CHX+PNX

159bp | 250bp| 159bp| 250bg  159bp 250bp  159Hp  250bp BB9| 250bp | 159bp| 250bp| 159bg  250bp  159bp  250Hp  159hp250bp | 159bp| 250bp| 159bp|  250by
Untreated NS NS NS NS e NS NS NS L L 1 NS T NS NS NS T+ | NS T | NS
VC NS NS 1* NS 1 rex NS NS NS i i T* NS 1w NS NS NS T | NS 1w NS
PG NS NS 1* NS e NS o NS L L =+ | NS e NS 1 NS T+ | NS T | NS
ACTD+PG U™ | NS L NS U™ | NS * NS i i NS NS NS NS = NS NS NS NS NS
CHX+PG NS NS NS NS 1= | Ns 1* NS | | NS NS NS NS NS NS 1* NS NS NS
DEX T*** T*** T*** T*** T*** T *xx T*** T*** T*** T*** T*** T*** T*** T*** T*** T*** T*** T *xx T*** T***
ACTD+DEX | [* NS 1* NS U™ | NS NS NS NS NS | [* i NS NS NS NS NS NS NS NS
CHX+DEX 1= NS 1= NS 1= | NS NS NS NS NS | | L NS NS NS NS NS NS NS NS
PNX NS NS NS NS I+ NS 1w NS NS NS i i NS NS NS NS 1or NS T* NS
ACTD+PNX | |** | NS 1 NS 1= | NS NS NS 1* NS L L NS NS NS NS U NS NS NS
CHX+PNX 1™ | NS I+ NS NS NS NS NS NS | [* i NS NS NS NS 1* NS NS NS

Abbreviations: VC; 0.1% (v/v) ethanol, PG; progeste (2uM), DEX; dexamethasone {@M), PNX; pirinixic acid (50uM), ACTD; actinomycin D (1qug/mL), CHX; cycloheximide
(10pg/mL), |; decreasingf; increasing, NS=not significant, *p<0.05, **p<0,0%*p<0.001
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Table 6.2: Summary of results for the ZR-75-1 cells illustgtdifferences in expression of CYP4Z1 (159 bp-&2&D bp) mRNAZ-microglobulin following co-treatment with eithdret
nuclear receptor agonists plus or minus actinomyziar cycloheximide using Tukey'’s test.

Untreated VC PG ACTD+PG CHX+PG DEX ACTD+DEX CHX+DEX PNX ACTD+PNX CHX+PNX

159bp | 250bp | 159bp| 250bp| 159bp 250bp  159Hp  250hp hBB9| 250bp | 159bp | 250bp| 159bg  250bp  159bp  250bp  159hp250bp | 159bp| 250bp| 159bg  250by
Untreated NS NS NS NS NS NS | [* 1 1= 1* NS NS NS NS 1= U NS NS 1* U
VC NS NS NS NS NS NS | U™ L L 1* NS NS NS NS L i NS NS * i
PG NS NS NS NS NS NS 1* 1 1= NS NS NS NS NS 1= U NS NS NS U
ACTD+PG NS NS NS NS NS NS 1= 1 1= - NS NS NS NS 1= U NS NS NS U
CHX+PG T** T*** T** T*** T* T*** T** T*** NS * T*** T*** NS T*** NS l*** T*** T*** NS l**
DEX T** T* T** T* T** NS T** Hk NS l* T*** T** T* NS NS l*** T*** T** NS l***
ACTD+DEX | NS NS NS NS NS NS NS NS | = | = | = | |*= NS NS P ™ | Ns NS | ™ L
CHX+DEX | NS NS NS NS NS NS NS NS NS | = | |* NS NS NS L ™ | Ns NS NS | |™*
PNX T** T*** T*** T*** T** T*** T** T*** NS T*** NS T*** T*** T*** T* T*** T*** T*** NS NS
ACTD+PNX | NS NS NS NS NS NS NS NS | J=* | |= | |= ||* |NS NS NS NS | = | = 1 L
CHX+PNX | 1* o 1™ = | NS = | NS = | NS ™ NS Dl =+ | Ns e+ | NS NS 1= T

Abbreviations: VC; 0.1% (v/v) ethanol, PG; progeste (2uM), DEX; dexamethasone {@M), PNX; pirinixic acid (50uM), ACTD; actinomycin D (1qug/mL), CHX; cycloheximide
(10pg/mL), |; decreasingf; increasing, NS=not significant, *p<0.05, **p<0,0T*p<0.001
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6.4 Discussion

The results presented in this chapter provide aepth look at the mRNA expression
profile of candidate nuclear receptors (i.e. PGRRGnd PPAR) in the test cell lines.

This should facilitate a better understanding efdalsociation between expression of those
receptors and CYP4Z1 mRNA. The CYP4Z1 mRNA wasimibdced in response to the
nuclear receptor agonists (i.e. PGR, GCR and RBARthe non CYP4Z1-expressing cell
lines (i.e. MCF7 and MDA-MB-231). In addition, C¥P1 mRNA in the CYP4Z1-
expressing cell lines, particularly the T47D and-Z&R1 breast cancer cells, seems to be
preferentially induced by different substrates H#relpattern of expression differs between

the cells lines.

The expression of nuclear receptors PGR, GCR aAdRBFn the cell lines was
demonstrated and confirmed (Figures 6.2-6.7). rélsionship between the basal
expression of CYP4Z1 and those receptors is predentTable 6.3. It is important to note
that a positive correlation between CYP4Z1 mRNA BRARx expression was found in
the T47D, ZR-75-1 and MDA-MB-468 breast cancerelowever, an inverse
relationship between CYP4Z1 expression and P AIRRNA was observed only in the
normal breast MCF10A cells. PPARs involved in the metabolism of endogenous (i.e.
fatty acids) and xenobiotic compounds (i.e. fibidiiegs, long-chain polyunsaturated fatty
acids) (Hihi et al. 2002) and is highly expressethe liver (Motojima and Hirai 2006).

In mouse mammary gland, PP&RXxpression has been shown to be associated with the
regulation of steroid hormones during pregnancylaathtion, suggesting that PPAR

may play a role in mammary gland physiology andvpgahysiology. The expression of
PPARx mRNA and protein was found to occur in normal bteand breast tumours

(Roberts-Thomson 2000).
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Table 6.3: The basal mMRNA of interest genes

- N~ [e0}
» [Te} [{e]
N N ¥
Gene Name < - = A ) )
= N~ o) O = = =
s 5 § ¢ ¢ & & &
s = A ST N = s =
CYP4zl Faint - ++ + +++
(Figure 4.13)
PGR - ++ +++ + - - ++
(Figure 6.2)
GCR Faint - - ++ - - Faint  Faint
(Figure 6.4)
++/ ++/
PPAR« - ++ Faint  Faint + +++
+++ +++
(Figure 6.6)

Note: +: indicates the level of intensity of the® product by comparing in each gene.

In human breast cancer cell lines, Suchanek anéatples reported that a higher level of
PPARX mRNA expression was found in the breast cancenégtive MDA-MB-231

cells than in the breast cancer ER-positive MCHI8 ¢8uchanek et al. 2002). In addition,
a previous study used quantitative real-time RT-R&€Bemonstrate a relationship
between ER mRNA and PPARexpression in the breast cancer ER-positive ZR575-
T47D, MCF7 and BT-483 cells. The findings showesigmificant ¢ value < 0.001)
inverse relationship between these genes, a hugth ¢¢ ER expression was correlated
with a low level of PPARR mRNA (Faddy et al. 2006). In the current stuthg presence
of PPARY mRNA in MDA-MB-231, T47-D and ZR-75-1 is in agreent with the

previous studies at a qualitative level (Suchanek.€2002, Faddy et al. 2006). However,
the current project did not detect the expressidPRARY mMRNA in the MCF7 cells and
this does not correlate with the previous two sadilt should be noted that the lack of
PPARx mRNA in the MCF7 cells was correlated with theeatze of CYP4Zlexpression

in this cell line as shown in Figures 4.13 andrégpectively. This suggests that the
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regulation of CYP4Z1 mRNA may have a link with #rgression of PPARMRNA.

These results are the first to show a positiveicglahip between CYP4Z1 expression and

PPARo mRNA.

The highest level of PPARMRNA was detected in the MDA-MB-468 cells and madie
to low levels of PPAR expression were found in the MCF10A, ZR-75-1 addD cells.
However, the induction of CYP4Z1 mRNA by PPARgonists was clearly shown only in
the ZR-75-1 cells (Figure 6.13), not in the MDA-MB8, T47D or MCF10A cells. These
results may suggest that the presence of RPARS not directly associated with the

induction of CYP4Z1 mRNA.

PPARX needs to form a dimerisation with RXR to activasscription and a
PPARt/RXR heterodimer binds to PPAR respoaksments (PPRES) in the regulatory
region of target genes. Transcriptional activabomepression of target gene requires
recruitment of co-activators or co-repressors refhypaly to the ligand binding domain of
the gene. RXR is a heterodimerisating partneséweral members of the nuclear receptor
super family such as PPARPXR, CAR, VDR and RAR (Rastinejad 2001). It skidoe
noted that these nuclear receptors play a cruali@lin the regulation of several
cytochrome P450 enzymes (i.e. PRARr CYP4A, CAR for CYP2B6, PXR for CYP3A,
VDR for CYP24A1 and RAR for CYP26). Crosstalk beem PPAR and other members
of the nuclear receptor may occur at an intracallldvel, as they share DNA response
elements in the regulatory region or ligands @teroid hormones and some xenobiotic

compounds) in target genes (Motojima and Hirai 2006

Evidence of crosstalk between the PRAstgnalling pathway and nuclear hormone

receptor signalling pathway has been reportedleKahd colleagues (Keller et al. 1995)
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demonstrated inhibitory crosstalk between the ERaling pathway and expression of

PPARx. Due to competition for oestrogen response eleifieRE) binding between
PPARx /RXR and oestrogen receptor, transcriptional atbweof PPARX /RXR
heterodimerisation is inhibited by ER in target ggn These observations support the
findings of Faddy and co-workers (Faddy et al. 20@Bo demonstrated an inverse

relationship between PPARand ER expression in breast cancer cell lines.

In addition, a previous study reported that PBARRNA was induced by glucocorticoids
in rat hepatocyte cultures, suggesting that thestnaptional activation of PPARRwas
mediated through GCR (Lemberger et al. 1994).himresearch, there was a lack of GCR
MRNA (Figure 6.4, lane 5) in the T47D cells but whike cells were induced by the GCR
agonist dexamethasone, an increase in CYP4Z1 mR&sobserved (Figure 6.12). A
moderate level of PPARMRNA expression was detected in the T47D cellgufe 6.6,
lane 5). These findings may suggest that CYP4dadtion by the GCR agonist in the
T47D cells is mediated through the PRABgnalling pathway. However, information on
protein-protein interaction of the PPARignalling pathway with other hormone nuclear
receptor signalling pathways would be necessaigemtify the regulation of CYP4Z1

expression in breast cancer cells.

To determine whether the nuclear receptor agorestsct on CYP4Z1 mRNA is at the
transcriptional or post-transcriptional level, CYR4mRNA was further investigated in

the T47D and ZR-75-1 cells. These two cell linesenselected as they showed increased
CYP4Z1 mRNA expression following treatment with theclear receptor agonist for 21
hours. Pre-treatment of the T47D and ZR-75-1aeills the RNA synthesis inhibitor
actinomycin D followed by one of the individual he@r receptor agonists resulted in a

significant decrease in CYP4Z1 mRNA levels, andition of CYP4Z1 induction by
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either progesterone, dexamethasone or pirinixid @€égures 6.17, 6.18 and 6.19). This

indicates decreased transcription of CYP4Z1 andduced stability.

Moreover, the induction of CYP4Z1 mRNA by all thragonists in the ZR-75-1 cells was
not prevented by the protein synthesis inhibitarialyeximide, ruling out the possibility
that protein synthesis is required for CYP4Z1 mRiNduction. These findings suggest
that the pre-existing expression of PGR, GCR orR& Aediated the progesterone,
dexamethasone or pirinixic acid respectively forRFZ1 mRNA induction. Unlike the
ZR-75-1 cells, CYP4Z1 mRNA induction by all threectear agonists in the T47D cells
was significantly inhibited by cycloheximide (Figier6.17, 6.18 and 6.19), suggesting that
specific proteins are involved in the transcriptarrstability of CYP4Z1 mRNA by these

nuclear receptor agonists.

This research demonstrated that a significant asgef CYP4Z1 mRNA in T47D cells is
induced by progesterone and dexamethasone butrmixip acid. These observations are
in agreement with those of Savas and co-workersdenmeonstrated CYP4Z1 mRNA
induction in the T47D cells by either progesteronédexamethasone, and suppression of
CYP4Z1 induction by RU486 (the antagonist of PGR &CR) (Savas et al. 2005).
However, the present study is the first to show finagesterone or dexamethasone affect
CYP4Z1 mRNA at a pre-translational level. The C¥P4nRNA induction profile has

not been previously reported. This research detraied that CYP4Z1 mRNA in the ZR-
75-1 cells is significantly elevated by either deveihasone or pirinixic acid. These two
agonists affect CYP4Z1 mRNA transcription and/abgity, and protein synthesis is not

required.

CYP4Z1 mRNA in the ZR-75-1 cells was inducible liher dexamethasone or pirinixic
acid, which is similar to CYP4A11 expression in thenan hepatoma HepG2 cell line
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(Savas et al. 2003). A study by Savas and collem{savas et al. 2005) also demonstrated

that CYP4X1 mRNA was induced by pirinixic acid. eET@8YP4Z1 gene is located in a
cluster that contains CYP4A11 and CYP4X1 geneshoorsosome 1p33 (Rieger et al.
2004). CYP4Z1 shares 54% and 52% sequence homolitlgCYP4X1 and CYP4A11
respectively (Savas et al. 2005). Comparative geesof CYP4Z1 between human and
rodent in a study by Nelson and colleagues (Nedt@h. 2004) has indicated that there are
no orthologs expressed in mouse or rat, and CYPda&{l be human or primate specific.
This could suggest overlapping substegecificity among these genes, and CYP4Z1
could be responsive to peroxisome proliferator doals including the PPAR mediated
pathways. PPAR s activated by a variety of fatty acids and poergi studies
demonstrated that high-fat diets are associatddamtincrease in breast cancer incidence

(Lu et al. 1995).

In the T47D and ZR-75-1 cells, considerable vasiatvas observed with the expected
product size of 159 bp as well as with the altemeagplice variant (~250 bp) (Figures 6.15
and 6.16), and there were differences in the indagirofile with some treatments.
However, this research has demonstrated that highels of CYP4Z1 mRNA induction
were observed with the fragment of 159 bp than whighfragment of ~250 bp, particularly
in the T47D cells (Figures 6.17, 6.18 and 6.19% sAown in Figure 6.1, removal of
introns from pre-mRNAs is an essential processikagyotic gene expression. Alternative
splicing of pre-mRNA generates the production oftiple mature mRNAs obtained from
a single gene encoding different protein. Altemeapre-mRNA splicing and its regulation
has an important role in human diseases includamger and this observation is being
exploited to identify novel targets for cancer #putics and diagnostic markers (Ben-
Dov et al. 2008). Alternative splicing events canise down regulation of a gene by
producing a pre-mature stop codon in the mRNA, mtimg the degradation of mMRNA

(Fedor 2008).
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In conclusion, this chapter provides evidence @aéptal nuclear receptors regulating the

CYP4Z1 gene, and the inducibility of CYP4Z1 in loWP4Z1-expressing and CYP4Z1
expressing cell lines. Differential regulationtbé PCR products in different cell lines and
in response to different nuclear receptor agosisggests alternative splicing may be
under specific controls. Further investigatioroiptotein expression in these cell lines,
both the wild-type and alternative splice variastyarranted as this may provide a novel

target for cancer therapy.
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Chapter 7

General Discussion

7.1 Introduction

The work presented in this thesis represents thelfirge scale study to characterise
cytochrome P450 mRNA and cytochrome P450-regulatacyear receptor mRNA
expression in a wide range of human breast camdidirees and compare this profile with
a normal breast cell line. The relationship betwegochrome P450 profile and specific
tumour characteristics (i.e. oestrogen receptoustanvasive phenotype and ethnicity)
was investigated in Chapter 4. Of particular iestiin the profile obtained was the
CYP4Z1 gene as findings from the validation (Chaf)eand its expression in a panel of
the cell lines (Chapter 4) raised the possibilitglternative splicing. The results in
Chapter 5 demonstrates intron retention at the dieynof exon 5 and exon 6 in the
CYP4Z1 gene using specific primer sets within ggions of both intron and exon. In
addition, this study has establishiedritro models for the study of regulatory mechanisms
of the CYP4Z1 gene using the T47D and ZR-75-1 ¢elldetermine whether the CYP4Z1
gene is regulated at a transcriptional or trarehatdi level. Alteration of the CYP4Z1
expression pattern after induction and combinatieatment with RNA or protein
synthesis inhibitor was also determined with redarthe presence of intron retention

(Chapter 6).

7.2 Profile of cytochrome P450 mRNA in breast cancer didines

As mentioned previously, the results in ChapteraVide detailed information on
differential expression of cytochrome P450s in harogeast tumour cultured cells of
different tumour origins. Results showed that mRM#AnN six cytochrome P450s,

CYP1B1, CYP2D6, CYP2J2, CYP2R1, CYP2U1 and CYP4¥ds found in all normal
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breast and breast cancer cell lines. HoweverCte2J2 and CYP2U1 mRNA expression

profiles are probably the most exciting as loweels of mMRNA expression were observed
in the normal breast cells than in almost all &f tineast cancer cells. If their protein
expression shows the same trend as their mRNA ssiprg this may suggest that CYP2J2
and CYP2UL1 exhibit tumour-specific expression iedst cancer cells and they can be
used as prognostic biomarkers. This researchsalggests that CYP2J2 and CYP2U1
may represent new targets for the developmentrmferaherapeutics. To date, the
physiological role of CYP2J2 and CYP2U1 in anticandrug metabolism remains

unknown.

Although no difference in cytochrome P450 mRNA @gsion was observed between the
different ethnic groups used in this study. Soraads were suggested in particular a
potential inverse relationship of cytochrome P43RNA (i.e. CYP2A6, CYP2CS8,
CYP2C18, CYP2F1 and CYP4Z1) between ER status tiimicegroups (i.e. ER-positive
Caucasian and ER-negative Afro-Caribbean) was igigtedd. In addition, CYP2A6 and
CYP2C8 mRNA were found to be primarily expressethanon-invasive Caucasian and

invasive Afro-Caribbean breast cancer cells inghm®liminary studies.

CYP2A6 and CYP2CS8 are involved in the inactivatidranticancer drugs letrozole and
paclitaxel respectively. The potent aromatasebitdri letrozole is used as adjuvant
hormonal therapy for postmenopausal women with BBitipe tumours (Goldhirsch et al.
2006). Paclitaxel is widely used as adjuvant chieerapy in first-line treatment in

women with ER-negative tumours (Goldhirsch et @02). In the current investigation,
CYP2A6 mRNA was not detected in the ER-positivecAftaribbean breast cancer cells
and no CYP2C8 mRNA was found in the ER-negativec@sian breast cancer cells. This
variability in letrozole and paclitaxel metabolisratween different ethnic groups may help
to explain unpredictability of clinical outcome.hi§ research suggests potential
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similarities in the ER-positive Caucasian and ERatiee Afro-Caribbean breast cancer

cell lines which warrants further investigation.

It is known that the hepatic CYP2B6 enzyme playg@gportant role in the conversion of
anticancer prodrug cyclophosphamide to its actwef(phosphramide mustard and
acrolein) which is then delivered to tumour ceiks blood circulation (Stoff-Khalili et al.
2006). Cyclophosphamide is one of the drugs InMAE regimen which is commonly
used for women with metastatic breast cancer wke E&-negative tumours (Ahluwalia
et al. 2005). To minimise toxic effects to norroalls, MetXia which encodes human
CYP2B6 activating cyclophosphamide in tumoursnjedted directly into the malignant
cells prior to treatment with cyclophosphamide (Braoke et al. 2005). In the present
study, it was surprising that CYP2B6 mMRNA was dietéin the ER-positive Caucasian/
Afro-Caribbean and the ER-negative Afro-Caribbesrabt cancer cells but not in the
invasive ER-negative Caucasian MDA-MB-231 breasteacell line. Future studies
should investigate CYP2B6 protein expression irastreancer cell lines presenting
CYP2B6 mRNA. This preliminary study highlights thessibility that if the expression of
protein correlates well with mRNA expression, aiciian in future may have to adjust the

dosage of cyclophophamide/MetXia.

7.3 Characterisation of CYP4Z1

Results in Chapter 5 indicate the possibility dfon retention between exon 5 and exon 6
in the CYP4Z1 gene. A similar pattern of expresd6CYP4Z1 (i.e. 159 bp and ~250 bp)
was found in all four cell lines. As describedpoaisly, the purified DNA of these
fragments was analysed by restriction digest ané B&guencing to confirm that the

additional band was not a PCR artefact.
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Alternative splicing is associated with alteratiafigranscriptional regulation for a certain

gene. Alternative splice variants of genes cafobad in a specific type of tissue and may
play a crucial role in transcriptional regulatidincertain proteins. Variability in drug
metabolising enzymes including cytochrome P45@sspecific tissue has major clinical
consequences, and has been associated with advegsside effects and susceptibility to
cancer (Stamm et al. 2005). A study by Christrmak@lleagues (Christmas et al. 2001)
demonstrated intron and exon splice junctions @@ P4F3 gene in the liver and
neutrophils. These findings indicate tissue-spesiblicing expression (Christmas et al.
1999), and an alteration in the regulation of CY®44ifecting its substrate specificity.
This may also occur in other members of the cyteier P450 family 4, including the
CYP4Z1 gene, given that they have at least 40% @iiid sequence homology and

overlapping properties (Nebert et al. 1989).

The current investigation demonstrated the preseh€¥P4Z1 mRNA in the ER-positive
Caucasian ZR-75-1 and the ER-negative Afro-CaribiddBA-MB-468 breast cancer

cells and those are novel observations. PartigudarCYP4Z1 mRNA expression appears
to be specific to the non-invasive phenotype irhleghnic groups. These preliminary
findings may also suggest a relationship betweeR42 and ethnic differences with

regard to ER status and stage of breast cancer.

7.4 Regulation of CYP4Z1

As mentioned in Chapter 6, this project is the ftsdy to establisin vitro cell models for
study of the regulatory mechanisms of CYP4Z1. Breancer T47D and ZR-75-1 cell
lines were used to evaluate whether CYP4Z1 mRNAGhdn is regulated at
transcriptional or translational level, because @XZPmRNA in these cells was highly
inducible by the nuclear receptor agonists accgrthrresults from induction experiments.

In T47D, a significant increase of CYP4Z1 mRNA vedserved in either the cells induced
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by progesterongp(value < 0.05) or dexamethasone algnedlue < 0.001). ZR-75-1
showed a significant increase of CYP4Z1 expressidhe cells treated with either
dexamethasong (value < 0.01) or pirinixic acida(value < 0.001). These findings suggest
that there are different receptor mechanism invbineCYP4Z1 mRNA induction in T47D

and ZR-75-1.

In conjunction, pre-treatment of these two celéfirwith the RNA synthesis inhibitor
actinomycin D followed by the nuclear receptor agtsresulted in a significant decrease
in (p value < 0.05) CYP4Z1 mRNA levels and inhibited GNYR induction by either
progesterone, dexamethasone or pirinixic acidcatdig that these nuclear receptor
agonists have effects on CYP4Z1 mRNA stability.cdmtrast, the protein synthesis
inhibitor cycloheximide did not inhibit CYP4Z1 mRNiAduction by these agonists in the
ZR-75-1 cells so protein synthesis is not involva@these results suggest that CYP4Z1
MRNA induction in T47D and ZR-75-1 is mediated thgh differential cell type specific
regulatory mechanisms. The detection of CYP4Zuatidn in the T47D cells is in
agreement with a study by Savas and colleagues$Saal. 2005). The results in the ZR-
75-1 cells are a novel observation, suggestingttieaZR-75-1 cells are suitable to use as a

model to investigate the regulation of CYP4Z1.

In terms of alternative splicing in CYP4Z1, compgamanalysis of CYP4Z1 mRNA
between the fragments of 159 bp and ~250 bp wdsrped to clarify whether this event
changes the regulation of the gene or not. A whffee in the induction patterns was
observed between two bands. These observatiogestitpat the alternative splice variant
of CYP4Z1 may have a different regulation mechanisnis essential to further

investigate CYP4Z1 protein expression in thesesdelklarify the mechanisms involved.
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7.5 Conclusions

The main points emerging from the current study are

(a) The relationships between cytochrome P450 mRi#ession profile and specific
tumour characteristics are observed in the custmty:
= CYP2B6 which plays a crucial role in the activatadrcyclophosphamide was not

detected in the invasive ER-negative Caucasiarsboaacer cells.

= Some of the findings in this study are of a pretfiany nature and warrant further
investigation particularly as to whether the indival cytochrome P450 protein is
expressed. But also as to whether the trends \wdbar this thesis are confirmed
in clinical patient samples (at both mMRNA and pirotevel). The trends in
cytochrome P450 expression suggested in this thesidetailed as follows:

* An inverse relationship of CYP2A6, CYP2C8, CYP2CC8,P2F1 and CYP4Z1
MRNA between ethnicity and ER status (ER-positiaei€asian and ER-negative
Afro-Caribbean breast cancer cell lines).

* An inverse relationship of CYP2A6 and CYP2C8 mRN&wveen ethnicity and
invasive phenotype (Caucasian non-invasive and-&aabbean invasive breast
cancer cell lines).

* CYP4Z1 and CYP2F1 mRNA were specific for non-invagphenotype.

(b) Two distinct bands obtained from the CYP4Z1 R&e&duct were elucidated by
specific primer sets, and this project does suggetsintial intron retention at the
boundary of exon 5 and exon 6 in the CYP4Z1 gene.

(c) Two out of the four CYP4Z1-expressing cell Bn@47D and ZR-75-1, seem to be
preferentially induced by different substrates #ralpattern of expression differs
between the cells lines:
= CYP4Z1 mRNA in T47D was induced only by the PGRG&R agonist whereas

CYP4Z1 mRNA in ZR-75-1 was elevated by either ti&RGor PPARI agonist.
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(d) CYP4Z1 induction by progesterone, dexamethasompginixic acid is inhibited by

actinomycin D, suggesting that these agonists k#feets on CYP4Z1 mRNA
transcription or stability. However, CYP4Z1 indioct in the ZR-75-1 cells is not
prevented by cycloheximide, indicating that CYP4ARNA induction by these
agonists is unlikely to involve protein synthesithese suggest that the inducibility of
CYP4Z1 mRNA is mediated through differential cgpé¢ specific regulatory
mechanisms and there is evidence for differengiglifation of the splice variants

(CYP4Z1~250 bp).

7.6 Future work

This investigation has provided comprehensive mftion on the differential cytochrome
P450 mRNA expression among breast cancer cell Vimsdifferent characteristics, the
exploration of alternative splicing in CYP4Z1, arldrification of the regulatory
mechanism of the CYP4Z1 gene in the breast camtidines. These findings raise a
number of questions though, and further study @sé¢hareas is likely to lead to a better

understanding of the role of cytochrome P450 enasyiméreast cancer cell.

The expression of CYP2A6, CYP2B6, CYP2C8, CYP2J2RPZF1, CYP2U1 and

CYP4Z1 mRNA should be investigated by looking &irtlprotein expression in test cell
lines using western blotting or immunocytochemigtGC) followed by cytochrome P450
expression in clinical samples. It is known th®MNA expression does not always
correlate with protein expression, for exampledkpression of CYP1B1 in normal tissues
(i.e. breast, brain and testis) (Murray et al. J99herefore, a demonstration of protein
expression in these cell lines is required. It@mexpression is detected in these cell
lines, they could be established as a model sy&iethe development of novel cancer
therapeutics. Alternatively, they could be of Hérie the design of more effective drug

regimens for breast cancer patients.
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The data presented here provides a clearer undédnsggof the presence/absence of

cytochrome P450 mRNA using qualitative and semirtjtetive RT-PCR. The use of a
quantitative PCR method would be useful in furtineestigations as it would increase the

sensitivity of the method.

Detection and evaluation of an intron retentionngéwie the CYP4Z1 gene could be
achieved through the establishment of a specifidine stably expressing the human
CYP4Z1 gene, identification of specific region nfron retention and investigation of
protein expression. This would provide a bettedaratanding of the presence of abnormal

transcripts and a functional gene of CYP4Z1.

In order to investigate whether alternative spliydim CYP4Z1 is specific for breast cancer
or other types of cancer, determination of thisnéwe a variety of tumour cell lines would
allow a clearer understanding of the involvemenC¥P4Z1 expression in the

carcinogenic process.

The regulation of CYP4Z1 in the T47D and ZR-75-llscs mediated through different
receptors. The current study was carried out usisiggle set of concentrations of nuclear
receptor agonists and a 21-hour of treatment agited previously by Savas and co-
workers (Savas et al. 2005). Varying concentratiminagonists and incubation time would
be a useful approach to elucidate the regulatoghar@sms of CYP4Z1. The present
study employed semi-quantitative RT-PCR methodpitild be more accurate if
quantitative real-time PCR was instead used toraéte mRNA level. Correlation
between mRNA and protein expression would be redguin explain the mechanism of

regulation in breast cancer cells.
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Transcriptional regulation of CYP4Z1 by nuclearagtors requires further examination to

clarify the factors involved in the regulatory maailsms and establish whether CYP4Z1
induction is connected with the expression of PGRR or PPAR. Identification of a
molecular mechanism of functional cross-talk betweeclear receptors would provide a
theoretical basis for development of novel theréipeatrategies and design of novel

compounds for treatment of breast cancer.
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Appendice

Appendix A

Table A.1: List of chemicals and reagents.

Supplier

Chemical/reagent (Catalogue number)

Fisher Scientific Ltd.
(Leicestershire, UK)

Invitrogen Ltd.
(Paisley, UK)

Promega Ltd.
(Southamton, UK)
Qiagen Ltd.
(Crawley, UK)

Quadratech Diagnosis Ltd.

(Surrey, UK)
Roche Diagnostics Ltd.
(Lewes, UK)

Sigma Aldrich Ltd.
(Poole, UK)

Sigma-Genosys Ltd.
(Haverhill, UK)

= Agarose (BPE1356-100)

= Ethylenediaminetetraacetic acid (EDTA) (BPE120-500)

= Tris base (T/P/630/53)

= 0.4% (w/v) trypan blue stain (15250-061)

= DMEM/Ham'’s F12 with GlutamaX'l (31331-093)

= Dulbecco’s Modified Eagle’s Medium (DMEM) with Glamax™|
(61965-026)

= Epidermal growth factor (13247-051)

= Foetal bovine serum (FBS) (10108-165)

= Horse serum (26050-070)

= [nsulin, human recombinant Zinc (12585-014)

» Leiboitz’s (L15) with GlutamaX’l (31415-086)

= Low melting point agarose gel (15517-014)

= Mixtures of enicillin (10,000 U/mL) and streptommqai10,000
pug/mL) solution (15140-122)

= RPMI 1640 with (61870-010)

= Sodium pyruvate MEM (11360-039)

= Trypsin-EDTA (0.05% wi/v trypsin with 0.53 mM EDTe¥Na)
(25300-054)

= PCR markers 50-1000 bp (G3161)

= RNeasy Plus Mini Column kit (74134)
= Cholera toxin (101B)

= TaqDNA polymerase (11418432001)

= Deoxynucleotide triphosphates (ANTPs) (11581295001)

= High pure PCR product purification kit (11732668P01

= 3 M sodium acetate buffer solution (S7899)

= Actinomycin D (A9415)

= Boric acid (B6768)

= Cycloheximide (C1988)

= Dexamethasone (D4902)

= Diethyl pyrocarbonate (DEPC) (D5758)

= Dimethylsulphoxide (DMSO) (D5879)

= Ethanol (E7023)

= Ethidium bromide (E1385)

= Hydrocortisol solution (H6909)

= |[sopropanol (19516)

= Moloney Murine Leukemia virus (M-MLV) reverse tramptase
(M1302)

= Phosphate buffered saline (PBS) tablets (P4417)

= Pirinixic acid (C7081)

= Restriction endonucleasAlul (R6885),EcoRl (R6265),Hadll
(R56280) Msp (R4506),Pstl (R7023),Rsd (R4756),Ssp (R6759)
andXhd (R6379)

= B-mercaptoethanol (M6250)

= Progesterone (P8783)

= All the specific oligonucleotide primers

= Oligo P(dT)s primers
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Appendix B

B.1  Preparation of RNase-free solution

Ribonuclease (RNase) is a major concern in mole@iddogy experiments as it is a
nuclease that catalyses the hydrolysis of RNA smballer components, leading to a
short lifespan for any RNA. Diethyl pyrocarbonédd=PC), a histidine-specific
alkylating agent, is an effective nuclease inhibitDEPC treated (RNase-free) solution
is routinely used for handling RNA, effectively tezing the risk of RNA being
degraded by environmental RNases. Typically a Gsdftion is used to inactive the

environmental RNases by the covalent modificatmirthe histidine residues.

All solutions used in this study for PCR or moleaubiology techniques were pre-
treated 0.1% (v/v) DEPC. A 0.1 mL aliquot of DER@s added into 100 mL of the
solution to be treated. As DEPC is extremely visceo the mixture was stirred for 2
hours to bring the DEPC into solution prior to al#wing for 15 minutes at 15 Ibfio

inactivate traces of DEPC
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Table C.1: Components of the digestion buffers.

Buffer for restriction enzymes

Component (1x)

Buffer SA
(For Alul)

Buffer SB
(For BanHl)

Buffer SH
(For EcaRl, Pst andSsp)

Buffer SL
(For Rsd andMspl)

Buffer SM
(For Hadll)

= 33 mM Tris-acetate

= 66 mM Potassium acetate
= 10 mM Magnesium acetate
= 0.5 mM dithiothreitol (DTT)
=pH 7.9

= 10 mM Tris-HCI

= 100 mM NacCl

= 5 mM Magnesium chloride
= 1 mM 2-Mercaptoethanol
=pH 8.0

= 50mM Tris-HCI

= 100 mM NacCl

=10 mM MgC},

= 1 mM dithioerythritol
"pH75

10 mM Tris-HCI

10 mM MgCh

1 mM dithioerythritol (DTE)
pH 7.5

= 10 mM Tris-HCI

= 50 mM NacCl

=10 mM MgCh

= 1 mM dithioerythritol (DTE)
"pH75
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1 GTAGCGATGCT GEAAGGEACTT TTEGAT GGCCAT GGGET TTTCT TCT CCAACGEGEAGCEE 60

CYP2S1 mRNA 365 GTAGCGATGCT GERAAGGEACTT TTGAT GGCCATGEGET TTT CT TOT CCAACGEEGAGCGE 424
PCR product &l T GEAGGCAGCT GAGGAAGT TTACCATGCTT GCTCT GCGERACC TEEGECATGGEEAAGCGA 120
FPEEEEEEEEr e e e e e et e e e e e e e et e e e e e
CYP2S1 mRMA 425 T CGAGGCAGCT GAGGAACT TTACCATGCTT GCTCT GCEEEACC TEEGCATGGEEGAAGCCA 484
PCR product 121 GAAGGCGAGGAGCT GAT CCAGGCEEAGGCCCEETETCT GET GRAGACATTCCAGGEGACA 180
FEEEEErrer e e et e e e e e e e e e e e e e e
CYP2S1 mRMA 485 GAAGGCGAGGAGCT GAT CCAGGCEEAGGCCCEETETCT GET GRAGACATTCCAGGEGACA 544
PCR product 1581 GAX 183
11
CYPZ5]1 mRNA 545 GAA 547

Figure D.1: Sequence alignment of the CYP2S1 PCR product dagéins030622 (published human
CYP2S1 mRNA) [a 100% homology (183 nucleotides)].

PCR product
CYP4Z21 mRNA (159 bp)
PCR product
CYP4Z21 mRNA (159 bp)
PCR product

CYP4Z1 mENA (159 bp)

GTTGEACAGTACCCTGAGAACTCATACCTGAARAGCAGTGTTCARCCT TAAGCARRATCT 66

FEETEEETr el FEEEEErrrrrrre trreerer e er et et
GTTGGACAGTACCCTGGE--ACTCATACC TGARR-GCAGTGTTCARCCTTA-GCARRATCT 679

CCAACCAGCGC-TGAACAATTTTCTAC -TCACAACGACCTGETTTTCARATTCAGCTCTC 124

FEEEEEErrer rrrr e et rre et e re e e e e e e e
CCARCCAGCGCATGARCAATTTTC TACATCACARCGACCTGGTTTTCARATTCAGCTCTC 739

BRGGC 129

LT
BRGGC 744

Figure D.2: Sequence alignment of the CYP4Z1 PCR product (fthadainst NM_178134
(published human CYP4Z1 mRNA) [a 94% homology (PBhucleotides)].

PCR product
CYP4Z1 mRNA (250 bp)
PCR product

CYP4Z1 mRNA (250 bp)

TAGARRATTAGT TCATGCGCTGETTGGAGAT T TTGC TARGSTTGAACACTGCTTTCAGGT 64

FEEEEErre rre et e e e e e e e e e e e e e e e
TAGAAAATT-GTTCATGCGC TGGTTGGAGATT T TGCTAAGGT TGAACACTGCTTTCAGGT 635

ATGASTCCAGGGTACTGT 82

RN EREE AR RE NN
ATGRAGTCCAGGGTACTGT 617

Figure D.3: Sequence alignment of the CYP4Z1 PCR product (gpadainst NM_178134
(published human CYP4Z1 mRNA) [a 98% homology &/iliclectides)].

PCR product

ERo mBNA (208 bp)
PCR product

ER¢ mRNA (208 bp)

GAGGCACACRAACTCCACTCCCAGCACATTCATCACGCGEARACCGAGATGATGTATCCAG 249
FEEErrerrerrrrer et e rerrre et terr e e e e e pee
GAGGCACACARACTCCTCTCCCTGCAGATTCATCATGCGGAACCGAGATGATGTAGCCAG 1647

CAGCATGACGAAGAT 264
FEEEEEE Tt
CAGCATGTCGRAGAT 1632

Figure D.4: Sequence alignment of the ERCR product (208 bp) against NM_000125 (published
human ERr mRNA) [a 92% homology (69/75 nucleotides)].
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