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ABSTRACT

Endocrine Distuptors (EDs) such as lead, cadmium, arsenic, polychlorinated biphenyls (PCBs) and
bisphenol-A (BPA) are associated with ingcasod risk of Brcast Cancer (BCa). Human epithelial
receptor, oestrogen, progesteronc and their receptors, gonadotrophins and thyroidlhormoncs are also
implicated in the aetiology of BCa but remains conmoversial. Although, several Studics have been
conducted on BCa, the relationship of EDs with thc hormones and rcceptors has not been fully
cxplored. This study was designed to examine the relationship of these endociine disruptors with

pituitary, ponadal, thyroid hormones and sclected rcceplors in Nigerian women with bicast cancer.

Onc hundred and seventy non-pregnant women aged 48.321.3 years were purposiveiy selccled from the
Surgical Oncology Clinic, University Collegc Hospital, !badan. Thc siudy comprised of 85
Histologically-Confirmed Breast Cancer pre-therapy (HCBCn) which ‘erc sub-divided into
premenopausal-HCBCa and postmenopausal-HCBCa. These were matched with 85 Apparently Healthy
\Vomen without BCa (AHWB) comprising of prcmcnopousei-AHWB and postmenopausal-AH\WB
according to age and menstiual phasc. Anthropometry and Blood Pressure (BP) were detennined with
standard mcthods. Blood was obtaincd [rom participants and centrifuged to oblain scrum. Scrum lead,
cadmium and arscnic were detcrmined using atomic absorplion spectrophotometry. Bisphenol-A and
PCBs wcrc determined using HPLC and gas chromatography, respectively. Oestradiol, progesteione,
Lutcinizing Honnonc (LH), Follicle Stimulating Hormone (FSH), Thyvoid Stimulating Hosmonc
(TSH), Free Thyroxinc (FT,) and Free Triiodothyronine (FT,) levels were determined using ELISA.
Expression of Oestrogen Receptor (ER), Progesterone Receptor (PR) and Human Epithelial Receptor 2

(HER2) were determined using immunohistochemistry, Data were analysed using descriptive statistics,

Student’s t-test and multiple regresston ot @gos.

Waist Circumference (WC), Hip Circumfercnce (HC), weight, height, Wayst-Hip-Ratto (WHR). Wassl-
Heigbt-Ratio (WHIR) were signilicantly higher in HCBCa compared with AH\WB (89.9%1.1 s
82.6£1.2 cm; 101.8£1.1 vs 98.5£1.0 cm; 69.221.4 vs 62.1x1.]1 kg; 1.6320.0 vs |.58+0.0 m; 0.920.0 vs
0.8£0.0; s5 3407 vs $2.4+0.7, respectively). Tlic HCBCa bad sigmficantly higher levels of lecad.
cadmium, arscnic, PCBs and bisphcnol-A compared with ANWB (5.5£0.2 v5 1.840.0 pp/dL; 0.04+0.0
¥$ 0,01£0.0 pg/dL; 0.30£0,0 vs 0.0420.0 hp/dL; 0.820.5 vs 0.320.0 up/dL; 0.820.7 vs 0.420.0 mg/dL,
respectively), The FT4 was signilicantly higlter in NCBCa than AHHWB (17.8£0.4 vs 14.7203 pmol/L),
There wag no difference in LI, FSH and TSH in HCBCa compared with AHWB. Progesterone and
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ABSTRACT

Endocrine Disruptors (EDs) such as lead, cadmium, atsenic, polychlorinated biphenyls (PCBs) and
bisphenol-A (BPA) are associated with increased risk of Breast Caocer (BCa). Human cpithctlial
receptor, oestrogen, progesterone and their receplors, gonadotrophins and thyroidlhonnoncs arc also
implicated in the actiology of BCa but remains controversial. Although, scveral Studies have been
conducted on BCa, the relationship of EDs with the hormones and receptors has not been fully
cxplored. This study was designed to cxaminc the relationship of these endocrine discuptors with

piluitaty, ponadal, thyroid hormones and sclected rcceptors in Nigenan women with breast cancer.

Onc hundred and scventy non-pregnant women aged 48.341.3 years were putposively sclected from the
Surgical Oncology Clinic, University Colicge Hospital, Ibadan. The study comprised of 85
Histologically-Confirmed Brcast Cancer pre-therapy (HCBCa) swhich were sub-divided into
premenopausal-HCBCa and postmenopausal-HCBCa. These were matched with 85 Apparently Healthy
Women without BCa (AHWB) comprising of premenopausal-AH\VB and postmenopausal-AHWB
according to age and menstrual phase. Anthropometry and Blood Pressure (BP) were detennined with
standard mcthods. Blood was obtained from participants and centrifuged to obtain scrum. Scrum lcad,
cadmium and arscnic were determined using atomic absorption spectrophotometry. Bisphenol-A and
PCBs wcre determined using HPLC and gas chromatography, respectively. Oestradiol, progesteronc,
Lutcinizing Hommone (LH), Follicle Stimulating Hotmone (FSH), Thyroid Stimulating Hormone
(TSH), Free Thyroxinc (FT.) and Frce Triiodothyronine (FTy) levels were determined using ELISA.
Expression of Oestrogen Receplor (ER), Progesterone Receptor (PR) and Human Epithelial Receptor 2
(HER2) were determined using immunohistochemistry. Data were analysed uséng descriptive staustics,

Student’s t-test and multipic regression ol ag g,

Height-Ratio (WHIR) were significantly higher in HCBCa compared with AHWB (89.94f.1 vs
82.6¢1.2 cm; 10§ 8x1.f vs 98.541,0 cin; 69.221 4 vs 62.121.1 kg; 1.6320.0 vs 1.58£0.0 m; 0.92£0.0 vs
0.8+0.0; 55.340.7 vs 52.440.7, respectively). The HCBCa had significantly gher levels of lead.
cadmium, grsenic, PCBs and bisphenol-A compared With AHWB (5.5£0.2 vs 1.840.0 pg/dL: 0.0420.0
V3 0.0120.0 pg/dL; 0.30£0.0 vs 0.0420.0 Ke/dL; 0.820.5 vs 0.3£0.0 ug/dL; 0.840.7 vs 0.420.0 mg/dl
fespectively). The FTq was significantly higlter in HCBCa than AIIWB (17.840.4 vs 14.740.3 pmoliL).
Thete was no dilference in LH, FSH and TSH in HCBCa compared with Aj{\WVB. Progesicrone and
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ocstradiol were higher in postmenopausal-HCBCa compared with postmenopausal-AHWB. (2.09£0.35
vs 1.0420.10 nmol/L;156.48+12.42 vs 90.42+3.59 pmol/l., respectively) Regression analysis showed
that in HCBCa, ocstradiol and WC jointly predicted lead and cadmium (B$>0.348, [(>5.830,
respectively). Diastolic-BP predicted cadmium (B=0.299), WHR and HC predicted arsenic ($>2.732)
while FT;, WHIR and height positively predicted BPA (B>0.404). Contrarily, these reiationships were
absent in AHWB. Fifty-fivc tumoursamples (69.6%) exhibited ER-, PR- and I[{ER2- exprcssions (triple
negative) while 2 (2.5%) demonstrated ER+, PR+ and HER2+ expressions. Fifty-two tumour samples
(100%) in premcnopausal-HCBCa exhibited ER-/PR- co-expressions while 46 (88.5%) exhibited
HER2- expression. However, 18 (66.7%), 18 (66.7%) and |7 (63.0%) postmencpausal-HCBCa
exhibited ER-, PR-and H HERIumour expressions, respactivcly.

Endocrine disruptors could have contiibuted to adiposity and bc associatcd with negative receptor
expression, which may induce cell proliferation and probably cause dcrangement in thyroid

mctabolism,
Kexwords: Adiposity, Women with breast cancer, Endocrine disruptors, Hormone receptors.

Word count: 499
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CHAPTER ONE
1.0 INTRODUCTION

Brcast cancer is onc of the most common types of cancer that affects millions of women around
the world with a noticcable fatality rate (Msolly er al., 2011). In Nigeria, the incidence which has
been repoited to be on the increase has been attributed to changes in demography, socio-
cconomic status and cpidcmiological risk factors (Adcbamowo and Ajayi, 2000; Privalsky,
2002). Several hosmonc-rclated factors, such as age at menarche, parity and age at menopausc.
arc associated with breast cancer (Helzisoucr er al., 1994). Morcover, high levels of cndogenous

scx hormones, especially ocstrogens, arc belicved to increasc breast cancer risk (Ho er al., 2009).

| 7B—ocstradiol (E;) is the most potent naturnl oestrogen and it is sccreicd by the gianulosa and
theca ccells of the ovarics (Rotstein, 2011). This is under the control of the pituitary hormones,
Follicle Stimulating Hormonc (FSH) and Luteinizing Hormonc (Lt1). FSH stimulates the growth
and recruitment of immature ovanan follicles in the ovary (Zhou ef al., 2013). This is in addition
to the fact that it regulatcs myomatasc activity, whereas LH is responsible for the actual
production of androgens in the ovarian theca cells, thus providing the substrate for aromatization
to ocstrogens in the granulosa cells (Powel! ¢t al., 2003, Rotstein, 2011). The psincipal fisnction
of the oestrogens is to causc ccllular proliferation and growth of the tissues of the scx organs.
This includes the development of thie stromal tissucs of the breast. [t is thought that in promoting
the growth of breast’s end buds, oestrogens may contiibute 1o an incrcasc in ceils that become
pronc to cancerous growth laier in life (Russo and Russo, 1998; Briskcn, 2008). Reports from
anima! studies and cuitured human breast cells also suggest the induction of mammasy tumours
by ocstrogens (Drabsch et al., 2007). Morcover, £SH has been linked with beeast cancer cell
proliferation and an increased risk of breast cancer devclopment in femoles who have undergone

infertility trcatments (Zrcik et al., 2010).

Progesteronc, a sex hormone is primarily produced by the granulosa-lutein cells of the corpus
lutewm during the lutcal phesc of the menstiual cycle as well as the syncytiotrophoblast of the
placenla during pregnancy. Jt cnhances breast’s lobuler-alvcolar development yn preparation for
milk sccretion and !facililates implonlation and maintcnance of carly pregnoncy (Al-Asmakh,

*

2007). Although, the rolo of progestcronc in breaSt concer is contsoversial, y is suppested that its
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CHAPTER ONE

1.0 INTRODUCTION

Breas! canccr is onc of the mos! common types of cancer that affects millions of women around
the world with a noticcablc fatality rate (Msolly ef al., 2011). In Nigeria, the incidence which has
been reported to be on the incrcase has been attributed to changes in demography, socio-
economic status and epidcmiological risk faclors (Adcbamowo and Ajayr, 2000; Piivalsky,
2002). Several honnone-rclated factors, such as age at menarche, parity and age at menopausc,
ase associated with breast cancer (Helzisouer ef al., 1994). Morcover, high levels of endogenous

scx hormoncs, espacially oestrogens, are belicved to incrcase breast cancer 1isk (Ho et al., 2009).

1 7B-ocstradiol (E3) is the most potent natural oestrogen and it is secreied by the granulosa and
theca cclls of the ovaries (Rotstein, 2011). This is under the contro! of the pituitary hormones,
Follicle Stimulating Hormone (FSH) and Lutcinizing Homone (LH). FSH stimulates the giowth
and recruitment of immature ovarian follicles in the ovary {Zhou et al., 2013). This is in addition
1o the fact that it regulates aromatase activity, whereas LH is responsible for the actual
production of androgens in the ovarian theca cells, thus providing the substrate for aromatization
to ocstrogens in the granulosa cells (Powc!l et al., 2003; Rotstein, 201 1). The principal function
of thc oestrogens is 10 causc ccliular proliferstion and growth of the tissucs of the scx organs.
This includes the deveiopinent of thie stromal tissucs of the breast. Itis thougit that in promoting
the growth of breast’s end buds, oestrogens may contribute 1o an increase in cells that become
pronc to cancerous growth laier in life (Russo and Russo, 1998, Brisken, 2008). Reports from
animal studies and cultused human breast cclls also suggest the induction of mammary tumouss
by ocstrogens (Drobsch et al., 2007). Morcover, FSH has been linked with breast cancer cell
prolifcration and an increascd risk of breast cancer development in feimales who have undergone

infentility trcatments (Zseik ot ai.. 2010).

Piogesterone, o sex hoimone is primarily produced by the gronulosa-lutein cclls of the corpus
futeum dusing the luteal phase of the menstrual cycle as well as the syneytiotrophoblast of the

placenta during pregnancy. It cnhances breast’s lobuler-elveolar development in prepatation for
milk secretion and facilitotes implantation and mointenatice of carly pregaancy (Al-Asmakh,

2007). Although, 1he rolc of progesteronc in breast cancer is controveisial, it is suggested thet 1s
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activity of opposing ocstrogenic stimulation of the breast, decreases breast cancer risk (Ho ef al.,

2009). Conversely, it is thought that the risk of breast cancer is incrcased because breast mitotic

rates arc highest in the luteal phase (with high progesterone levels) of the menstzuat cycle (Ho er
al., 2009; Wang e al., 2009).

Thyroid hormones arc the only iodinc-containing substances of physiologic significance in
vertebrates (Belio and Bakari, 2012). Thyrotropin Releasing Hormone (TRH) acts on the
pituitary thyrotropes to stimulate both the synthesis and release of Thyroid Stimulating Hormone
(TSH). Thyroid stimulating hormone controls the size and number of thyroid follicular cells. It
stimulates the thyroid glond 1o produce thyroxine (T4). Thyroxine, a prohormoric, 1s conveited to
triiodothyronine (T,), the active fornn of thyroid honnrone in the periphcral tissues by 5'-
deiodination {Krassas ef al., 2010; Bello and Bakari, 2012). [t is postulated that the thyroid gland
interacls with the breast lissues, based on the common property of the mammary and thyroid
epitheliol cells o concentrale iodine by o membranc aclive transpost mcchanism. Additionally,
TSH receptors in fotty tissues which are abundant in mammary gland have been reported to be a
possiblc reason for this interaction (Turken e al., 2003; Ali et al., 2011). Thus, thyroid hormones
appear to stimulotc breast’s lobular development. contributing lo the differcntiation of normal
breast lissue (Loi et al., 2002; Neville et af., 2002). Howcver, the relationship belween breast

concer and thyroid honnonc is controvcrsiol (Saraiva ef al., 2005; Ali ¢t al., 201} ).

Hormone receptors are ligand-activated proteins thot regulate transcription of sclected penes.
Ocsitogen Receptor (ER) and Progesterone Receptor (PR) play important roles in the growth and
differentiotion of breast cancers making them imporlaont prognostic markers (Patel er al., 2013;
Ramscy et af., 20¢5). The Wiologic, prognostic and predictive importance of assessment of ER
cxpression in breast cancer is well cslablished. However, the asscssment of PR appears
controversial in some regions of the world (Helti ef al., 2013: Qiao er al., 2013), Most evidence
regarding the prognostic rolc of PR is based upon the assumption that its expression indicates n
functioning ER pathway (Ravdin ¢ dl., 1992). Results from obscrvational stuclies showed that
loss of PR cxpression was associalcd with worse prognosis antong ER+ breast cancer (Dunnwald
ct al., 2007; Prat ¢/ al., 2013). These results suggests that evaluation of PR status in ER+ breast
cancer might be helpful in identifying those most likely to beneflit fiom hormonal therapy (Hefi

ef al., 2013). Morcover, paticnts with ER- and/ ot PR. breast cancer have been reparted to have
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highcr mortality compared with those with ER+ and/ or PR+ (Andcrson et ¢f., 200}). Human
Epithelial Receptor 2 (HER 2) also known as ErbB2-neu, located on chromosome 1 7q2! ts also
considered to be closely assoctated with the occurrence and development of breast cancer
(Gown, 2008). HER 2 is inactive under normal physiological conditions but upon activation, it
may cnhance tumour invasion and mctastasis (Guo and Bai, 2008). Hence, HER 2 status is
important in the treatment of patients, patticularly those with metastatic tumours who respond to
Herceptin (Olayioye, 2001; Khokher et al., 2013). The knowledge of the different cxpression

pallens of ER, PR and HER 2 is cssential in planning the management of the discase (Low ef
al., 1992; Sacks and Baum, 1993)

Recent fmdings have suggested the contribution of cnvironmental factors to the high incidence
of breast cancer (Ragab ¢! al,, 2014). The current industrial revolution has brought about an
increased usc of various mectais and compounds in induslty, agriculiurc and medicinc (Antila es
al., 1996; Cascrta ¢s al., 2008). This is coupled to the wide spread environmental pollution which
bas been reported in Nigema (Anctor er af., 2005). Environmental pollution has led to an
increased cxposure not only 1o occupationally exposed workers but also to consumecrs of the
various products and Uic peneral public at Jarpe (Adachi and Tainosho, 2004). Some of thesc
mctals and compounds have been reporicd to adverscly affect the endocrine signaling system and

are referred to as endocrine disruptors (EDs).

L}

Endocrinc disruptors (EDs) may mimic, block or modulate the synthesis, relcasc, tiansport,
mectabolism and binding or climination of natural hormoncs. Even though EDs may be present in
the environment at only very low levels, thcy may still cause haimiul cffects, especially when
several different compounds act on onc target (IPCS, 2002). EDs arc widespread in food chiwuns
and in the cnvironment. They include asscnic (As), cadmium (Cd), lead (Pb), bisphcnol-A (BPA)
and polychloninated biphenyls (PCBs). Once in the cnvironment, they arc almost impossible to
climinate, because they do not decomposc. These EDs are absorbed into the human system
through different routes. Arsenic and cadmium compounds as well as PCBs are lipophilic, hence,
they readily penetrale cell membranes (Carpenter er af., 2005). On the otaer hand, cadmium can
bind 1o protcin to forin a complex, cadmium-mctallothionein which fs actively taken into the cell

by cndocytosis (Antila ef al., 1996), Lead may be absorbed by passive difluston while BPA 1s
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absotbed upon ingestion of BPA contaminated food and water (Ksnnakar and Jayaraman, 1988:
Kang ef al., 2006).

Aiscnic is a metatloid that is ubiquitous in the environment. Human exposurc includes ingestion
of contaminated food and water, inhalation o f contaminated air and by dermal contact. Arsenic
compounds arc lipid soluble and within 24 houis of absoiption arc disttibuted throughout the
body where they can bind 1o sulthydiyl (-SH) groups on protcins. Arsenic may aiso replace
phosphotus in bonc tissuc and be stored for ycaus (Bartolome et al.. 1999). Mcthylation
cfficiency in humans appcats to decrease at high arsenic doses and studies show that aging is
associated with a diminishing capacity to methylale inorganic arsenic, resuliing in increased
rctention of arsenic in soft tissucs (Tseng ¢f af., 2005) including breast tissucs. Intcraction of
atsenic compounds with thyroid hormonc has been reported. Arsenite (AsO;") was rcporied to
inhibit in vitro binding of tiiodothyroninc to its nuclcar receptor at relatively high (millimolar)
concentrations (Takag et af., 1990). Chionic exposurc 10 arsenic compounds has been associated
with scveral types of concer (Frumiklin ef al., 2001). Arscnite blocks the binding of E: to ER-
alpha (ERa), acts as a ligand for ER thus, activating it in the absence of the honnone, suggesting
that the metal interacts with the hormone binding domain of the ER. 1t incrcascs cell gowth and
mimicked the cffects of E3, decreases the amount of ERa and increases the expression of the

progesicrone receptor (Stoica et al,, 2000a). However, there is paucity of infonnation on arsenic

in breast cancer patients in Nigeria. \

Cadmium mnks closc 10 lead as a metal ol current toxicological concern (ATSDR, 2005). |t
occurs in naturc in association with zinc and lcad. Extraction and processing o f these metals
often lead to environmental contamination with Cd (Klaassen, 1996). Although, smoking is a
well established source of cadmium exposure, the major route of cadmium exposure is ingestion
of shellfish and cettain food, paiticularly root vegetables, potatoes and gains (rice and wheat)
gown on cadmium-tich soils. (McLaughlin & al.. 1997). Cadmium is a known cumulalive
toxicant with a biological half-lifc of morc tlun 10 yeats in humens, Cadmium accumulation
occurs in 1he adiposc tissuc, liver and kidncys (Siviikoya ct al., 2013). Only a small [fraction of
inhaled or ingested Cd is excrcted, resultingin increased body burden over lime (Fujishiro et af.,
2012: Tekin ef al,, 2012). Womcen tend to have higher Cd levels than men presumably because of

lower i1on stores, which increase Cd absotption (Olsson ef al., 2002; Recves an] Chaney, 2008)

L]
ARICAN DIGITAL HEALTHQESPOSITORY PROJECT




h

Thus, comparable cnvitonmental cxposures to Cd may disproportionately offect women
comparcd to men (Reeves and Chancy, 2008). Chionic low Cd cxposure will cventually result in

accumuiation 1o toxic levels (Sivrikoya er al., 2013).

The ability of cadmium 1o induce cclt proliferation, differcntiation, apoptosis and signal
transduction by cnhoaacement of protcin phosphorylation, activation of transcripion ond
translation factors suggests its ability to inducc breast cancer (Siewt et al, 2010). Morcover,
cadmium has the potcntial to disrupt endocrine function by behaving like sex hormones (Stoica
el al., 2000b). At low concentrations, the metal mimics the cffects of oestradiol and binds with
high affinity to the hormonc-binding domain of ERa. This binding involves scverat amino acids.
suggesting that cadmium activates the receptor through the formation of a complex with specific
residucs in the hormone-binding domain (Johnson ef al., 2003, Stoica e/ a{., 2000b). Circulating

conccntrations of pituitary hotmones such as LH, FSH and TSH were altered in (cmale rats
cxposced 1o Cd and Pb (Mastin and Stoica, 2002).

Lcad has been reported as a metal that can be found in drinking water, which is of great public
hcalth concem (ATSDR, 2005). Lead contaminziion in the cnvironment, resulting in toxicity in
scveral body organs and systems bes been documented (Rothenberg et af., 1994). This is in spite
of the fact that Pb in gasoline, food cans and in paints was banned in the United Stales between
1980 and 1990. Recent reports showed that cnamel paints with very high levels of Pb were sold
frecly in Nigeria (Clark er al., 2007; Kessler, 2014). Lead adverscly aflects steroidogenesis by
substituting for zinc in the DNA bindir;g zinc (Zn*")-linger motil of steroidogenic cnzymes.
These cnzymes arc Steroidogenie Acute Regulatory Protein (S1AR), Cytochrome P450 side
chain clcavage enzyme (CYP450cc) and 3 beta hydroxysteroid dehydrogenase (3ff HSD). This
results in decrease in the expression of the enzymes. (Huang ef al., 2002; Luizen et al., 2004).
The repoited mechanisms of Pb carcinogenesis arc: direct DNA damoge aos a result of oxidatve
stress, inhibiijon of DNA synthesis and repair, ond clastogemcity (Martin et al, 2003; Anctor cf
al,, 2005; Ragab cr al. 2014). The results of cpidemiologic studies investigaling the association
of Pb cxposurc with cancer arc inconsisicnt ond vary occording to the type of cancers reported
(Steenland ¢f al,, 1992; Wong and ilacris, 2000).

Bisphenol-A (BPA) also known 8s (BPA, 2, 2-bis (4-hydtoxyphenyt) propanc is a component of

8 variety of commonly used houschold items. It is used primarily in the manufacture of
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polycarbonale plastic, epoxy resins and as a non-polymer additive to other plastics (Peretz ef al..
2014). There is a wide sprcad and well documented human cxposuic to BPA. This is duc to its
cxlensive use in the manufacture of consumer goods and ptoducts, including polycarbonate food
containers and utensils, dental sealants, protective coatings, some {lame rclardants, and waler
supply pipes (Calafat e al., 2005; Kang er al., 2006; Brody er ai., 2007). Studies on the safety of
BPA arc inconsistent (Ochlmann et al. 2009). It is thought that BPA binds to the oestrogen
receplors with almost he same strengih as the ocstiadiol thereby cliciting oestrogenic cffects
(Wcishons et al., 2006; Stahlhut ef al., 2009). Morcover, BPA may also clicit a rapid responsc by
binding non-classical membranc oestrogen receptors (ncmERs) (Alonso-Magdalena er al., 2005)
or ocstrogen-rclated receplors (ERRs) (Ben-Jonathan ¢r al., 2009). BPA cxposurc incrcases
adiposc mass in rats by aclivaling a kcy adipogcnic regulator Peroxisorne Prolifcrator Activated
Receptor gamma (PPARYy), thus contnbuling to adiposily. a known breast cancer tisk factor
(Somm et al., 2009; van Kwuijsdijk et al., 2009; Kwintkicwicz ¢f al., 2010). There is currently

paucity of information on the association of cnvironmental cxposure to BPA and the fisk of

breast cancer in Nigerian women.

Polychlorinated biphcnyls (PCBs) arc members of a chemical family that were widely used in
the past in industty as lubricants, coatings and insulatuon materials for diclectric cquipment like
transformnets and capacitors (fyengar, 2005; Gray ¢t af, 2009). The refcasc of PCBs to the
cnviroament has been repotted 1o be through poorly maintained hazordous wastc dumps and city
landfills, illcgal or improper dumping of hydraulic f.uidsicoolants, lcaks from eclectncal
tansformers and other equipment, buming of incdical, industrial or city wastc from older
consumer goods like televisions (Gray er al. 2009). Human cxposurc lo PCBs is through
inhalation of contaminaled air (outdoor or indoor), ingestion of containinated food or non-food
ilems, and dermnal contact of contaminated surlaces. The primary route of cxposwe to PCBs is
through consumption of contaminated lipid-cnriched foods (e.g. lish and cooking oils) as PCBs
can accumnutate in these and other foodstuf¥s (Van-Emon et al.. 2013). Studies on the assoctation
of PCBs and breast cancer actiology arc currently inconsistent. Some data indicate that high
levels of PCBs ore associaled with acstrogen- ncgattve tumouts, which arc more aggressive and
have a faster 1atc of progression (Museal ¢t al,, 2003 Kerdivel ef al., 2013) Onc of the
mechanisms involved include the induction of cytochrome P450 1A1 (CYPLAL) gene. An

increascd nisk for breast cancer was repotted for women with the highest blood levels of PCBs
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who also possessed CYPTA 1 variant (Muscat ef al.. 2003). Convarsely, other studies did not find
association between PCBs and breast cancer actiology (Sapozhnikova et al.. 2004; Martinez et

al., 2010).

There is a growing interest in understanding whethcr cxposurc 1o toxic metals and chemicals
conttibute to the increasing number of breast cancer cases worldwide. Unfortunately, relatively
few studies have investigated the impact of thesc cnvifonmental chemicals on general human
hcalth and cven fewer have addressed the roles endocrine disruptors may play in the initiation,
promotion and progression of breast cancer (Martin ef af., 2003; Parkin and Fernandez, 2006).
This present study was designed to identify the possible relationships of cndocrine distuptors
with pituitary, gonadal, thyroid hormones and sclected receptors (ER, PR, HER 2) in Nigerian

women with breast cancer.

.1 Rescarch Questions

1. Do participants with breast cancer have altered levels of reproductive and thyroid

hormones?
2, What is the pattemn of expression of ER, PR and HER2 in womcn with breast cancer?

3. Do participants with breast cancer have increased levels of EDs?
4. Arcthcaltciotions in hoimonc fevels due to increased levels of EDs?

5. Asc there relationships among the EDs, hormones and the feceptors (ER, PR and HER2)?

1.2 Rationalc for the Study

The incidence of breast cancer in Nigeria has been reported. 13.5 per 100,000 in the (980s, 33.3
per 100,000 in 1992, 116 per 100,000 in 200i{(Adcbamowo et al., 2003). In spite of the
numerous theones that have been proposed, the cxact actiology of breast cancer has not been

clcarly defined (Ijoduola and Smith, 1998. Adcbainowo and Ajayt, 2000; Omar ef al., 2003).

Triple ncgative breast cancer is aggressive. 1t has been reported to be peculiar to African-
amcricans and suggested 10 be common in Aftican young women {Huo et al., 2009) Studtes

aimel ot deteymining the pathogenesis of the molccular subtypes that disproportionately aftiect

young women of African ancestty ore currently sparsc.
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High levels of endogenous sex hormones particulasly ocstrogens are thought to increase the nsk
of breast cancer (Ho et al.. 2009). However, the 1ole of progesterone 2nd gonadotropins in the

actiology of breast cancer is controversial.

Thyroid honmones appear to stimulate breast’s lobujar development, thereby contributing to
normal breast tissue differentiation (Neville er af., 2002). The role of thyroid hormoncs in the

actiology of breast cancer has not been systematically studied in indigenous women of Sub-

saharan Alnca.

Environmental exposure 10 EDs has been implicated in the actiology of breast cancer {(Ragab er
al., 2014). However, there is currently paucity of information on the serum concentration of

these EDs; lead, cadmium, arsenic, bisphcnol-A, polychlorinated biphenyts.

There are repons of interactions of the EDs wilh the hormone signalling pathways (Caserta ¢t al.,
2008). There is paucity of infonnation on the interactions of EDs with sex and thyroid hormoncs

in Nigerian women with brcast cancer.

1.3 Aim

This present study was designed to identify the relationships of endocrine disruptors with
pituitary, gonadai, thyroid hormones and seiccted receptors (ER, PR, HER 2) in Nigerian women

with breast cancer.

1.4 Objectives
a. To determine the contiibution of reproductive and thyroid honmones 1o the pathogenests
of breast cancer,
b. To idenlify the pattern ol expression of honnone receptots in Nigerian women witth
breast cancer.

¢, To understaad the role of endocrine disruptors in breast carcinogenesis.
d. To find possible telationships among endocrine disruptors, hormoncs and some receplors

in Nigerian women with brcast cancer,
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1.5 Research Hypothesis

Exposure to Pb, Cd, As. BPA and PCBs which may resull in allered serum levels of

reproductive, thyroid hortnones and expression of ER. PR and HER 2 could be assocated with
breast cancer development.

1.6 The Significance of the Study

Examining the roles of lead, cadmium, atsenic, bisphenol-A, polychlorinated biphenyls.

reproductive and thyroid hormnones in participants with breast cancer might help in the

prevention, carly diagnosis and treatment of breast canccr.
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CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Epidemiology of Cancer

Cancer has bcen reported as the most drcaded non-communicable diseasc in devcloping
countrics, where it is invariably fatal. This is duc to lack of adcquatc preventive and curative
services, This is unlike the developed countrics that have policies, stiategies and progiammes for
cancer prevention and management (WHO, 2002; Thun, 2010; Nnodu, 2010; Kolawoic, 2011).
Although, the incidence of cancer is rising globally, the developing countiies account for about
$2% of this increase and about 70% of cancer deaths (Parkin, 2003; Kolawole, 2011) while
posscssing only 5% of global funds for cancer control and very fcw human and material
resources (Jones, 1999). Cancer 1s the second most common causc of dcath constituting about
12% of all dcaths aiter cardiovascular discasc. Globally, cancer Kills morc people than
tuberculosis, Human immunc virus/Acquired Immunc Dcficiency Syndrome (HIV/AIDS) and
malaria combined (WHO 20063, 2006b). 1n 2007, there were 11 million cancer cascs, 7 million
cancer dcaths and 25 million pcople living with cancer globally. This is projccted to increasc 1o
27 million cases, |7 million dcaths end 75 million people living with cancer in 2050 (\WHO,
2002; WHO, 2005). Africa carites an increasing cancer burden, 75% of the 650,000 annual cases
present late and arc at younger ages and about 510,000 deaths occur (Ngoma, 2006). In Nigena,
there are about 100,000 new cancer cases annually (Durosinmi, 2008). The incidence of cancer
in Nigerian men and women by 2020 will be 90.7/100,000 and 100.9/100,000 respectively and
the deaths rates will be 72.7/100,000 and 76.0/100,000, respectively (\WHO. 2008). Cancer
accounts for 4.4% of all deaths and is likcty 10 incrcasc to 6.8% in 2030. Out of 89,000 cancer
deaths in 2005, 54000 were individuals ‘youngcr than 70 ycars (\WWHQO, 2008). Cancers will yet
nosc significant chollcnge to Nigeiin and other devcloping countries which currently have
snsufficient cancer control progroms dirccied at reducing cancer incidence and mortality and to
improve quality of life (Kolawole, 2011). The actiology of mony cancers arc still unknown,

however there are risk factors which aie cither modifiable or non-modifiable.
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2.2 Incidence, Morbidity and Mortality of Breast Cancer

Breast cancer is caused by the devclopment of malignant cells in the breast and has been reported
as a major heaith burden worldwide (\Wang et al. 2009). ILis the most common type of cancer
among women in both high-resource and low-resource settings. 1t is responsible for over one
million of the estimated ten million neoplasms diagnosed worldwide each year in both genders
(Ferlay et al.. 2001). 1tis also the primary cause of cancer dcath among women globally and was
responsible for about 375,000 deaths in the year 2000 (Fcrlay et al., 2001). As a consequence of
changing cxposurcs to rcproductive and nutritionrelated determinants over time, women arc ot
increasingly high 1isk of breast cancer. with incidence rutes increasing in most countries and
rcgions of the world in the past few decades (Bray ef al. 2004). Thie most rapid 1ises in incidence
ratc arc scen in developing countries, where breast cancer 1isk has historically becn iow relative
10 industrialized countiics (Adebamowo ‘cf al. 2003). In Nigena, the incidence of breast cancer
has been reported 10 be on the increasc (Adcbamowo and Ajoyi, 2000). It increased from 3.8-

15.3 per 100,000 in the J980s to 33.6 per 100,000 in 1992 and 116 per 100,000 in 2001

(Adchamowo ¢t al,, 2003), The increasing lrends of breast cancer in the developing countties arc
often considercd the result of the ‘westemnization' of lifestyles such as; defay in childbearing,

dietary habits and exposure fo cxogenous oestrogen, towards 8 disteibution closer in profile to

that of women in indusirialiscd countiies (Baiton ¢t al., 1999; Bray ¢ af., 2004).

An increase in the occurrence of breast cancer in premenopausal women in recent times has been
rcpoited (Abdulkarcem, 2009). A repoit from the Niger Delta region of Nigeria showed that 65%
of breast cancer cases occurred at 50 years and below; 50% occuited between ages 30 and 45
years (Sule, 2011), This was similar to other local reports in which premenopausal women
accountcd for between 57% and 67% of breast cancer cases (Adesunkanmi, 2006; Okobia, 2006;
Kcne, 20)0) while postmenopausal women accounted for 20% of cases in certun studies
(Oluwatosin and Olodcpo, 2006). These reports illusteate the prominence of preincnopausal
breast cancer in Nigeria (Okonofua et af., 1990; Sule, 2011). Local investigatots have attributed
the higher incidence of premenopausal breast cancer o populatfon demographics (Adebamowo
and Ajayi, 2000). Tlns was put in perspective With a life expectancy at bitth in Nigevia of 51.56
years in the year 2000 and 46.94 years in the year 2009 (C[A. 2009) Higher life expeetancy ot
75 and 82 ycars was reporied for Untied States and Britain respectively (CRA, 2009). Thus,
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women in this country (Nigeria) may not live long cnough for postmenopausal breast cancer,

Emerging reports holds that the incidence of premenopausal breast cancer 1s higher in Afiican—

Amcricans thon in their Caucasian counterpart in spite ol a life expectancy at 74 and 80 years

respectively (Pinhciro, 2005). The reason for this is not yet clear.

Approxunately 10-15% ofpaticnts with breast cancer has the aggressive type (tumour with tniple
ncgative honnonc receptors i.c. ER-, PR- and HER2-) and develops distant metastasts within
three years aflcr the initial detection of the primaty tumour (Gakwaya er al., 2008). This appcars
to be peculiar 10 Blacks (Thompson, 2006). This also results in unpredictable discasc in which
somic paticnts present with rclatively carly stage discase and dic of wide spread meiastasis within
six months and onc ycar, whilc others present with advanced discase and yel survive longer
(Gakwaya et al., 2008). The predominant featurc of late presentation of breast cancer had been
reporicd over three decades in Nigeria (Lawani er al., 1973; Khwaja et al., 1980, Chicdozic,
1985; Ihckwaba, 1992; Adcbamowo and Adckunle, 1999; Okobia er al., 2006). This has been
obscrved 10 be coupled with attendant poor outcome (Abdulkarcem, 2009). Lack of established
national screening program for breast cancer has been reporiced as onc of the reasons adduced to
latc presentation with advanced breast cancer. Other factors are low social economic level
(povcrty), fear of mastectomy and ignorance (Ajckigbe, 1991; Elumclu ez o/, 2011), Poverly
coupled with igrorance does not only impede access to health care system, but is associated with
other co-factors that can relatively alfect outcomes such as co-motbidity and lack o fbreast health

awarcness (Oluwolc ¢t al., 2003).

Mctastasis is the lcading causc of mortatity in patient diagnosed with breast cancer (Schoppmann
et al. 2002). Most breast cancer deaths are duc (o advanced cancer diagnosed when metastases
have alrcady dissaminated to lymph nodes or distant organs (Auticr ef al. 2009). Despitc many

advances in diagnosis and screening, the discase is frequently discovered after it has spread b
rcgional lymph nodc or even afler disssmination of distant mctastasts (Mak: and Grossman,

2000). it has been reported that about 20 1o 30% of patients wath breast cancer will expernience
relapsc with distant metastatic discasc (Popoola et af, 2012).

In Nigeria, the most common histological type of breast cancey is invastve ductal cwcinoma
TIng accounts for about 73-80% of cases (Sule, 2011). It was observed that the peak age of breasi

1
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women in this countiy (Nigeria) may not live long enough for postmcnopausal breast cancer.
Emerging reports hoids that the incidence of premenopausal breast cancer s higher in A fiican-

Amcricans than in their Caucasian countcrpart in spite of a lifc cxpectancy at 74 and 80 years

respectively (Pinheito, 2005). The rcason for this is not yct clcar.

Approxinately 10-15% of patients with breast cancer has the aggressive type (tumour with triple
ncgative honnonc receptors i.c. ER-, PR- and HER2-) and devclops distant mctastasis within
three years aficr the initial detection of the primary tumour (Gakwaya er af., 2008). This appeats
to be peculiar to Blacks (Thompson, 2006). Thes also results in unpredictable discasc in which
some paticnts present with rclatively carly stage discase and dic of wide spread metastasis svithin
six months and onc ycar, whilc otheis present with advanced discase and yct survive Jonger
(Gakwvaya ¢f al., 2008). The predominant fcature of latc presentation of breast cancer had been
reporicd over three decades in Nigeria (Lawani e al., 1973; Xhwaja et al., 1980; Chiedozic,
1983; thekwaba, 1992; Adcbamowo an& Adckunle, 1999; Okobin et af., 2006). This has been
obscrved to be coupled with attendant poor outcome {Abdulkareem, 2009). Lack of established
national screening program for breast cancer has been reported as onc o f the reasons adduced to
latc presentation with advanced breast cancer. Other factors are low social cconomic level
(poverty), fcar of mastectomy and ignorance (Ajckigbe, 1991; Elumclu e7 af, 2011). Poverty
coupled with ignorance does not only impede access to health care system, but is associaled with

other co-faclors that can relatively affiect outcomes such as co-morbidity and lack of breast health

awarcness (Oluwole cf al.,, 2003).

Mclastasis is the leading causc of mortality in patient diagnosed with breast cancer (Schoppmann
et al., 2002). Most breast cancer deaths arc duc to advanced cancer diagnosed when metastascs
have already dissaminated (o lymph nodes or distant organs (Auticr et al. 2009). Despite many

advances in diagnosis and screening, the discase is frequently discovered after it has spread to
rcgional lymph nodc or cven aficr dissemination of distant mctastasts (Makj and Grossman,

2000). )t has becn reported that about 20 to 30% of patients with breast cancer will expanence

relapsc with distant mctastatic discasc (Popoola ¢/ of., 2012),

In Nigena, the most common histological 1ype of breast cancer is invasive ductal carcinoow
Fhis accounts for about 73-80% of cases (Sule, 2011), It was observed thal he peak age of dreasy
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cancer in Nigerion women is about a decade carlier thon Caucasian women (Okobia ef a/., 2006).
The survival rate of breast cancer in Nigeria is low (about 10%) when compared with survival
rate of 50% in East Afnca. Morcover, a suivival rate of 85% was reported for Amencans

(Olopade, 2004; Adctifa and Qjikutu, 2009).

2.3 Risk Factors of Breast Cancer

The two pnmary nsk factors of breast cancer arc increasing maternal age and female gender.
Other risk factois ore; longer reproductive span, exposurc (o cxogenous honmones. socio-
cconomic status, obesily, abnormal genes (BRCA 1, BRCA2 genes); less than 10% of all breast
cancers can be attributed to genetic factors (Brisken., 2008). Other nsk factors include; Obesity,
lower levels of physical activity, diet, smoking, alcohol, previous breast lesion with atypical
changes. Unoccupational exposure to endocnnc disruptors (lead, cadmium, arsenic, bisphenol-A,
polychlonnated biphenyls) in the actiology of breast cancer has attracted little attention in the

devcloping world like Nigeria

L

1.3.1 Longer Reproductive Span: Early age ot menarche, nullipanty, latc age ot first buth, late
age at any birth, low parity, and latc menopausc-reiate to thehormonal (largely ocstrogen) milicu

to which the breast is cxposed from menarche to the cessation of ovulation at menopause (Pike et

al., 1983; Bray o1 al.. 2004).

23.2 Exposurc to Exogenous Hornlones: Exposurc to exogenous hormones including oral
contraccptives and hormonc replacement therapy could result in an increasc in the risk of breast
cancer (CGHFBC, 1996, Beral, 2003). The risk conferred by oral contraceptive use could persist
for up to 10 ycais after cessation. There is much cvidence that the rate of exposure to

endogenous and cxogenous oestrogen is on the increase. This i's consistent with upward tends 1n

incidence ofbreast cancer (Biay ¢t of., 2004).

2.3.3 Soclo-Economic Status: The association between socio-economic status and nsk of breast
cancer has been suggested Certain studics obscived that women in higher socio-ecanomic
groupings werc ot higher risk. Converscly, women with low: socio-economic status were
reportedly at higher sk of breast cancer, owing lo ignorance which made them report late in the
hospital (Ifeck and Pamuk, 1997, Adans er al., 2004)
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cancer in Nigeriatt women is about a decade carlier than Caucasian women (Okobia ¢7 al., 2006),
The survival rate of breast cancer in Nigeria is low (about 10%) when compared with survival
rate of 50% in East Afnca. Moreover, a survival rote of 85% was reported for Amenicans

(Olopade, 2004; Adectifa and Qjikutu, 2009).

2.3 Risk Factors of Breast Cancer

The two primary nsk factors of breast cancer arc tncreasing moaternal age and female gender.
Other risk factois are; longer reproductive span, exposure to cxogenous hormones, socio-
cconotnic status, obesity, abnormal genes (BRCA 1, BRCA2 genes); less than 10% of all breast
cancers can be attributcd to genctic lactors (Brisken., 2008). Other 1isk factors include; Obesity,
lower levels of physical activity, dict, smoking, alcohol, previous breast lesion with atypical
changes. Unoccupational exposure to endocrine disruptors (lead, cadmium, arsenic, bisphenol-A,
polychlorinaled biphenyls) in the actiology of breast cancer has attracted little attention in the

developing world like Nigeria.

L]

2.3.1 Longer Reproductive Span: Carly age at menarche, nulliparity, late age at first biith, late
age alany birth, low parity, and late menopause-relate to thehormonal (largely oestrogen) milicu

to which the breast is exposed from menarche to the cessation of ovulation at menopause (Pike e

al., 1983; Bray ¢1 af. 2004).

23.2 Exposurc to Exogenous Iformones: Exposure to exogenous hormones including oral
contraceptives and hormonce replacement therapy could result in an increase in the risk of breast
cancer (CGHFBC, 1996, Berat, 2003). The risk conlerred by oral contraceptive use could pasist
for up 1o |0 ycais after cessation. There is much evidence that the rate of cxposuie to

cndogenous and cxogenous oestrogen is on the increase. This is consisient with upward trends 1n

incidence of breast concer (Bray e al., 2004),

23.3 Socio-Economic Siatus: The association betwoen socio-economic status and nck of beeast
cancer has been suggested Certain siudies obsenved thal women in higher socio~ecanoruc

groupings were 8t higher risk. Converscly, women with low socio-cconomic stafus were
reportedly at higher nsk ofbreast cancer, owing to ignorance which made thom repont late in the
hospital (l{cck and Paniuk, 1997, Adams efal., 2004)
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2.4 Normal Mammary Cland Development

The devclopment of mammary gland octurs throughout the female life time (Ronnov-Jessen ef
al., 1996; Russo and Russo 1998). At puberty, the female mammary gland responds 1o the
production o f the ovarian steroid honnone, ocstrogen, which makes the breast epithelium branch
into numcrous ducts with tcnninal end buds or alveoli, collectively referred to as the tcrminal
ductal lobular unit (TDLU). in humans, the TDLU is composcd of clusters of 6 to Il ductules
per lobule referred to as lobule type 1 (or Lob 1) (Russo and Russo, 1998). Lob | progresses to
lobule type 2 (Lob 2) in the post pubcrtal virgin gland, with only modest alveolar pioliferation
producing a higher number of ductular structures per lobule dunng the menstrual cycle. Once
pregnancy occurs, Lobs 1 and 2 arc stimulated by the clevated levels of ocstrogen and
progesicrone, thus resulting in Lob 3. Lob 3 is fonned by cpithelial cxpansion of cxisting
puberial alveoli to 80 small lobules per alveoli. These changes prime the mammary gland for
mitk sccretion from the alveoli, now called sccretory lobules type 4 (Lob 4). Afer parturition,
the lactating mammary gland becomes inscositive to ocstrogen-dependent regulation of growth,
dunng thc post-weaning involution phase, responsiveness to oestrogen is restored. Finally. with
the ¢cssation of lactauon, the alveolt collapse and the mammary gland regresses apoptotically o
is resting, pre-pregnancy slate, reverting to Lob 3 and Lob 2, rctaining a more extensive
framecwork of branching than Lob 1. Thus, the adult female mammary gland cxperiences
recurrent cycles of rcguloted growth, differentiation and apoplosis, while oestogen ond

progestecronc play itnportant roles in this process (Ronnov-Jessen et al., 1996. Russo and Russo,

1998).

2.4.1 The Composition of the Mammary Gland

The mammary cpithelium 1s o bilayeied stiucture consisting of an inner continuous layer of
Juminal epithelial cclls and an outer layer of myocpithelial cells. The epithelial bilayer 1s
polanized; the apical layer (luminal epithelial cells) faces the lumen of the ducts and the alveoli,
and the basal layer (myocpithelial cells) is in closc contact with a lanmm-nch basement
membranc (BM). The cpishelium is embedded in the maminary stroma, which niakes up more
than B0% of the breast volume (Ronnov-Jessen ¢r af., 1996). The becast stoma includes fat
lissue, interytitial/interlobular dense connective tissue. intra lobular locse conbective tissue and

blood vessels. The stroms] cclls are also surmounded by cxtracellular matns (ECM) that s

ARICAN DIGITAL HEALTH RESPOSITORY PROJECT



somctimes referred to as stromal ECM. Extracellular matrix refers 1o the insoldble protcinaceous
componcnis that cxist in the mammary tissuc. In the noimal female breast, approximately 20% of
the luminal cpithchial cells arc in dircct contact with the basement membranc (BM), the
remaining cells arc adjacent to the myocpithelial cells (Gustcrson ¢f al., 1982; Petersen & von
Deurs, 1988). The precisc rclationship between the Juminal epithelial cells, myocepithcelial cells
and the origin of thesc cells is largely unknown, making this an important problem for
devclopmental biology of the mammary gland. it wos recently reported that a portion of luminal
cpithchial cells, cultivated in culturc to maintain coirect functional characteristics gave 1isc to
myocpithclial cclls in an appropriatc mcdium, but myocpithehal cells do not preduce luminal
cpithclial cells (Pechoux er al, 1999). This observation suggests a lincar relationship between
these twa cpithclial cell types and may be imporiant to tumour biology because most breast
cancers arc luminal rather than myocpithclial in ongin (Wellings ¢7 af., 1975; Rudland, 1993).
Myocpithclial cclls have been hypothesized 1o play a ‘tumour suppressive’ rolc by maintaining
the dilfcrentiated state of luminal cpithelial cclls (Bani cf ai., 1994; Liu e al., 1996). Morcover,
it is believed that luminal cpithclial cell tronsformation may prevent conversion to myocpithclial
cclls. This may cxplain why in prcmalignant lesions, there arc fewer myocpithelial cells. In
invasive breast cancer, myocpithclial cclls are cither missing or less differentinted (Gusterson er
al,, 1982: Guclstein cf al., 1988; Rudland et af., 1995). In more than 90% of cases, tumour cells
asc resthicted 10 a luminal-tike phenotype (Altmannsberger ef af. 1986: Nagle er al.. 1986,
Dairkce ct of,, 1988; Guclstein er al., 1988; Bocker et al., 1992), and only a small propertion of
thesc cclls arc in contact with myocpithclial cclls {(Gusterson cf af., 1982; Petersen & van Dews,
1988). Althougb, breast cancer cells originatc mainly in the cpithcliwm, cvidence suggests that
the stroma is an active participant in concer progression (and possibly even induction) and
constitutes the majority of the tumour mass (Dvorak, 1986; Thomasset er al, 1998). The tumour
stroma contains changes in the ccllular composition and in the amounts of cotain protern
constitucnts, often rcferred o as reactive siroma or desmoplasia when compared with normal
maunmay gland stroma. For cxampie, thc most piominent cellular change in twnour stroma 1s
the appearance of myofibroblasts which are found in close proximity to tumour cell nests
(Ronnov-Jessen ¢t af., 1996). Myofibioblasts produce proteases cuch as urokinase plasihinogen
activator and stromclysin-3 which dcgrdde ECM ond also contribute to twnow cell invasion
(Woll eral., 1993; Unden ¢t al., 1996).
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sometimes referred to as stromal ECM. Extraccllular matrix refets to the insoluble proteinaccous
componcnls that cxist in the mammary tissuc. In the normal femalc breast, approximatcly 20% of
the luminal cpithiclial cclls arc in direct contact with the bascment membranc (8M), the
rcmaining cclls are adjaccnt to the myocpithelial cclls (Gusterson ef al., 1982; Petersen & van
Dcurs. 1988). The precisc relationship between the luminal cpithelial cells, myocpithelial cells
and the origin of these cells is largely unknown, making this an important problem for
devclopmental biology of the mammary gland. It was rccently reported that a postion of luminal
cpithelial cclls, cuitivated in culture to maintain correct functional characleristics gave risc to
myocpithclial cclls in an appropriate mcdium, but myocpithelial cells do not produce luminal
cpithclial cclls (Pcchoux et al., 1999). This obsctvation suggests a lincar relationship between
these two cpithelial cell types and may be importait to tumour biology becausc most breast
cancers arc fuminal rather than myocpithclial in origin (Wellings ¢ al., 1975; Rudland, 1993).
Myocpithclial cclls have been hypothesized to play a ‘tumour suppressive® role by maintaining
the dificrentiate) state of luminal epithiclial cells (Bani ¢z al., 1994; Liu et al.. 1996). Moreover,
it is belicved that luminal cpithelial cell transformation may prevent conversion to myocpithelial
cclls. This may explain why in premalignant lcsions, there arc fewer myoepithelial cells. [n
invasive breast cancer, myocpithelial cells arc cithier missing or less ditferentiated (Gusterson er
al., 1982: Guclstcin et al., 1988; Rudland e al., 1995). In morc than 90% of cases, tumour cells
arc resinicted to a luminal-like phenotype (Altmaansberger ef al, 1986; Nagle es al., 1986;
Dairkec 1 al., 1988; Guclstein et al., 1988; Bocker ¢t al., 1992), and only a small proportion of
ihesc cells are in conlact with myacpitheliol cclls (Guslerson ef al., 1982; Pelersen & van Dcus,
1988). Although, breast caacer cclls onginate mainly in the cpithelium, evidence suggests that
the stroma is an aclive participant in cancer progression (and possibly cven induction) and
constitules the majority of the lumour mass (Dvorak, 1986; Thomassct ¢t al | 1998)_ The tumour
stroma contains changes in the cellular compasition and in the amounts of certain protein
constilucats, often rcferred lo gs reaclive stroma or desmoplasia when compared with normal
mammary gland stroma. For cxample, the most promineat ccllular change in umour stogw is
the appearance of myofidroblasts which arc found in close pioxinuty 10 twnour cell nesis
(Ronnov-Jessen c1 al., 1996). Myofibroblasts produce proteases such as uiokinase plasminogen
activator and stromelysin-3 which degrdde ECM and aiso contnbule to rumows cell tnvaston
(Woll et al., 1993, Unden ¢t al,, 1996)
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2.4.2 Mammary Gland Morphology and Breast Cancer Origin

The development of breast cancer is characterized by the acquisition or loss of discrete cellular
functions. This resulls in altered tlissuc organization which has long been recognized by
pathologists and used to classify breast tumours as specific morphological types (Beckmann ef
al., 1997). Obscrvations have been made that specific morphological types of breast cancer are
associaled with specific breast stiucturcs or developmental stages of the mammary gland (Russo
and Russo, 1998). For cxampic, the common breast malignancy, ductal carcinoma which is
thought to oniginate within the {oirly undifferentiated cpithclial cells of the terminal ductal
lobular vnit (TDLU), corresponds to Lob 1. Similarly, lobular carcinomas in siiv arc found in
Lob 2, benign breast lesions originale in Lob 3, and lactating adenomas arise in Lob 4. [t was
however concluded from thesc observations that less functionally differcntiated breast cells (Lob
1) arc more susceptibic to giving 1isc 10 the most undiffcrentialed and aggressive ncoplasms
(Russo and Russo, 1998). Thus, the devclopmental stage of the breast appears to alYect
neoplastic transformation. Supporting this hypothesis are siudies demonstrating the higher risk of
malignancy in nulliparous end latc pasous women (Lambe € al., 1996). In spitc of this evidence,
itis yc! to be understood how the morphological and developmental stages of the mammary
gland arc associated with breast cancer. Itis generally accepted thal the development of invasive
breast cancer occurs through the multistcp transformation of epithelial cells via steps of
hyperplasia, prerealignant change, in situ carcinoma, end invasive cascinoma (Wellings e al,
1975; Gould, 1993; Beckmann ¢f al., 1997). However, there is no cvidence that each step is a
nccessary precutsor of the next stage. This is becausc it has been difficult to develop model
systems with cclls representing various types of bicast lesions from berugn lumours to 1avasive
carcinoma. Markers of malignant cells have been partially defined, however, the characteristics
of the precursor cclls ase less well known, making identification difficult. Evidence does suggest.
however, that ccrtain regions of the mammay gland may be predisposed (o tumour formation
(Deng ct al., 1996). Studies have indicated thet whole regions of the breast may ongnate fiom
the same cells, i.c. that they are clonal. If these cells ate ‘primed® for tumour formation by
harbourting genctic mutations, onc might expect 10 find nonnal-appeanng cells with genetic
abnormmalilies in the region surrounding tumours (Tsai ¢ al.. [996). It 1s now known that

moiphologically noimal breast cpithelia could confain many genetic mutations which ma), gine
fise lo cancer (Deng ¢t al., 1996).
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2.5 Anthropomctric M casvrcmenlts, Adiposity and Breast Cancer Risk

The World Health Organization (WHO) dcfines obesity as an abnormal or cxcessive fat
accuinulation in Lthe adiposc tissuc 10 the cxtent that health is impaired. The classification of
obesity for cpidemiological putposes defines overweight as Body Mass Index (BMI) greater than
25kg/in? and obesity as BMI greater thansJO kg/m(Gill et af., 2003).

Adiposc tissuc is principally deposited in 1wo compartments; subcutancously and ccntrally. [t is
thought that ccntrally deposited or visceral fat is more metabolically ective than penpheral
subcutancous fat (Kcrshaw and Flier, 2004: Vohl er al,, 2004; Galic et al., 2010). Visceral
adiposc tissuc largely comprises of omental adiposc tissuc but also includes other intra-
abdominal fat sources such as mesenteric fat. Visceral fat has been repoited 10 be more strongly
associated with an adverse metabolic 1isk profile cven after accounting for the contnibution of
other standard anthropomeisic indices (Pot and Simmins, t994; Despress and Lemicux, 2006;
Snijdcr et al., 2006; Charles-Davies er al., 2012). Thesc systemic cffects excited by visceral
adiposity arc putativcly involved in cancer biology (van Kruijsdijk es al., 2009; Amadou e al.,

2013) and asc the focus of much rcscarch (Donohoc et af., 201 1).

Studics have shown that obesity is markcd by alteration in the production of adipocytokines;

N

. Icptin and adiponcctin. Increased Icptin levels and decreased adiponcectin levels promote boeast
carcinogenesis (Tworoger ¢¢ af., 2007, Mantovani ef af.. 2009). Leptin is sttongly angiogenic and

. may incrcasc tumour angiogenesis by dircctly acting on the cndothelium or by increasing local

vascular cndothclial growth factor (VEGF) sccretion (Hanshon and Weinberg, 2000; Rutkowski
et al., 2009). Studics in Ibadan, Nigeria showed clevated leptin levels in sppasently healthy
premenopausal women with metabolic syndrome compared with those without metabolic
syndromc. Leptin levels were similar in both pre and postmenopausal women with metabolic
syndiome (Fabian ¢t al.,, 2015), Our earlicr study showed that clevaled levels of leptn 1n
individuals with mectabolic syndrome might reflect adiposity and could be a compensatory

mechanism for maintaining weight!fat loss and blood pressure (Fabian e7 al., 2015)

Body mass index (BM1)has been repoited as a measure of overall ediposity: lts commonly, used
cut off values to diagnose obesity has boen reported to have a high specificity, (Okorodudu et ol ,
2010), High BMI has been associated with an incroased incidence of many types ol cancer
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- (Renchan et al., 2008). Therc arc reposts that overweight or obesily is associaled with poorer
prognosis in most studics that have examined body mass and breast cancer risk (Ryu et al., 2001;
Berelaz et al., 2004; McTieman, 2005; Dignam e al., 2005; Whitcman ef al,, 2005; Krocnke e¢
al., 2005; Loi er al., 2005). This is because, the obese statc may be thought of as a pro-
tumourigenic cnvironment which can act to laciltate tumour development by promotion of the
acquisition of some of the hallmark propertics that charactcrize cancerous Iesions (Hanahan and

Weinbcerg, 2000; Mantovani, 2009).

Women with a BMI of 225 had about 58% incrcased risk of breast cancer in a reported study
(Hirosc et al., 2007). Other studics reported an incrcased BMI or body weight to &e o significant
risk factor for rccurrent breast cancer, breast cancer survival, or both (Ryu et a/., 2001; Berclaz et
al., 2004; McTicman, 2005; Dignam e/ al., 2005; Whitcman ef al., 2005; Kroenke et al., 2005;
Lov et al.. 2005). In postmcnopausal woinen, cpidemiologic cvidence suggest a positive
association bctween body mass, body weight and breast cencer {Key er al., 2001; Carpenter e
al., 2003; Fcigclson et al., 2004; Sweencey ef al., 2004; Ursin et al., 1995, van den Brondt ¢t al.,
2000; Fricdenreich, 2001 ; Lahmann et al., 2004),

Moreover, Height and BMI were reportedly associated with posimenopausal breast cancer in
another study (Trentham-Dictz et al., 1997, Shu et al., 2001; iwasoki ef al., 2007). This cffect
was most pronounced in women with oéstrogen receptor positive (ER+) rumouss. Ogunditan cf
al. (2010) demonstrated that height was a significant nisk lactor for femalc breast cancer in both
premenopausal and postmcnopausat women. The underlying mechanism could de that childhood
cnergy balapee is associated with mammary gland mass end increased insulin-like giowth factors
(Adami ¢ al., 1998; Lovegrove, 2002). Attained height is deteruned by geuaclic tnakeup and
cnvironmental factors, including cnergy intake dusing childhood and adolctence. In soqeties
with an insulficient food supply, calonc intake plays a more imporiant rolc in detarainmg herght
than in socicuies with an abundant food supply. Thus. cncrgy ntake in cardier lifc may play an

important role 1n breast carcinogencsis

Waist Circumference has been reported to be an accurate predictor of viecorsl adiposity, evther
alonc or in combination with BMI or waist to hip ratio (Zhu et af.. 2004). Its eccumny compared
[0 waist to hip ratio has also been reported (Donohoe ¢f af.. 2011). This is because 1t directly
reflects loln! abdominal (M mass (l.qnimx et al, 19965 Boso and Mygne-Taylor, 199,
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(Renchan er al., 2008). Therc arc reports that overwcight or obesity is associated with poorer
prognosis in most studics that have examined body mass and breast cancer risk (Ryu ¢z af., 2001 ;
Berclaz et af., 2004; McTicman, 2005; Dignam ef al., 2005; Whitcman et af., 2005; Krocnke et
al., 2005; Loi es al., 2005). This is bccause, the obesc statc may be thought of as a pro-
lumourigcnic environment which can act to facilitatc tumour deveclopment by promotion of the
acquisition of some of the hatlmark properties that characterize cancerous lesions (Hanahan and

Wecinberg, 2000; Mantovani, 2009).

Women with a BM1 of 225 had about 58% increased risk of breast cancer in a reported study
(Hirosc ef af., 2007). Other studies reported an increased BM! or body sveight to be a significant
tisk factor for recurrent breast cancer, breast cancer sucvival, or both (Ryu et af, 2001 ; Berclaz ¢!
al.. 2004; McTicrman, 2005; Dignam ¢/ a/., 2005; Whitcman et af,, 2005; Krocnke ¢t al., 2005;
Loi ¢t af, 2005). ln postmcnopausal women, cpidcmiologic cvidence suggest a positive
association between body mass, body weight and breast cancer (Kcy er af., 2001; Carpcnier cf
al., 2003; Faigclson ¢ af., 2004; Sweeney et al., 2004; Uisin ¢r al., 1995; van den Brandt e¢ af.,
2000; Fricdenreich, 200 ; Lahmann ¢t af., 2004).

Morcover, Height and BM]1 were reportedly associated with postmenopausal breast cancer in
another study (Trentham-Dictz et al., 1997; Shu et af., 2001; Iwasaki ¢t al., 2007). This cflec!
was most pronounced in women with ocsirogen receplor positive (ER+) tumouts. Ogundiron ef
al. (2010) dcmonstrated that height was a significant risk factor for female breast cancer in both
prcmcnopausal and posimenopausal women. The underlying mechanism could be that chitdhood
encrgy balancc is associated with mammary gland mass and increased insulin-like growth factors
(Adami ¢r af., 1998; Lovegrove, 2002). Attained height is dctcrmined by genetic makeup and
cnvironmcental factors, including cnergy intoke during childhood and adolcscence. In socweties
with on insufTicicnt food supply, caloric intakc plays a morc impottiant rolc in deternnining herght
than in sociclics with an abundant faod supply. Thus, cnergy intake in carlier lifc may play. an

important rolc in breast carcinogencsis

Waist Circum(ference has been reporied 10 be an accurate predictor of visoaral adiposity, either
plonc or in combination with BMI or waist to hip ratio (Zhu ¢f af., 2004). lts accuroc): compared
10 waist to hip ratio hos also been reported (Donohoe e af. 2011). This is because it directly
reflects toto] sbdominal fa1 mess (Lamieux e7 al.. 1996: Bose and Mascie.Taylw. 1998;
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Kopelman, 2000; Kashihara ¢t of. 2009; Chaksaborty and Bosc. 2009). These measures of
adiposity havc been widcly recommended for cpidemtological surveys becausc of their
indcpendent association with major non-communicable metabolic discases including breast

cancer (Chak:raborty and Bosc, 2009).

Waist Height Ratio (WHIR) is an index of asscssing central fat distribution. Sevcral studics have
demonstraicd that waist o height ratio (\WHIR) is a better predictor of mctabolic risk in oriental
peoplc (Io er af., 2003; Hsich ¢t al., 2003: Tseng, 2005). Although, the mechanisms that cxplain
the health tisk predicicd by WHIR arc not {irmly established, it is oficn suggested that the risk is
cxpiaincd by its association with clevations in abdominal obesity {Ashwell e: al., 1996). WHIR
has an addcd advantage over isoloted waist circumnference mcasurcment, because its adjustment
for height allows cstablishment of a singic, population-wide cut off point that remains applicable

rcgardlcss of gender, age, and ethnicity (Ashwell and Hsich, 2005).

Cancer mortality associatcd with obcsity has been rcporied. A prospective study of 900,000
adults in the United States repotied that obesity could account for 20% o f all deaths from cancer

|1 in women. Women with a BMI greater than 40kg/m’ had o death rate of about 62% in when
compared with thosc with normal weight (Callc ¢/ al.. 2003).

2.6 Sterold Hornmones Biosynthesis

Cholestero is the building block of steroid hormones. De novo synthesis of all stexoid hormones
stants with the conversion of cholesterol to pregnenolone by CYPLLA, one of the cytochrome
P450 enpzymes (Millcr, 1988; Parkcr and Schisnmer, 1995). CYPIIA is bound to the tnner
membranc of the mitochondrion and is found in oll steroidogenic tissues (Miller, 1988; Reancke
et ol., 1998). Pregnenolonc is converted 1o progesteronc by 3B-hydroxystetoid dehydiogenase
(38-HSD), onc of the scveral non-CYP450 enzymes that are involved in starotdogenests which is
found in both mitochondria and smooth endoplasmic reticulum, 3-HSD is widcly distributexd 10
stcroidogenic and non steroidogenic tissues and consists of two isoenzymes (1ypes | and 2, 3 -
HSD), which arc reguloted in a tissue-specilic manner (Leers-Sucheta ef al.. 1997 Nason ec al .
1997; Gingras ¢! al., 2001; Simaid ¢! al., 2005). The type 2 3B-HSD ts predominant]y. expressed
in steroidogenic lissucs including the adrenal glond and ovary, wheroas type 1 1¢ found in
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placenta and in non sicroidogenic tissucs such as liver, Kidney and skin. Pregnenolonc and

progestcrone form the precussors for all other steroid horinones,

2.6.1 Steroidoge nesis in ¢the Ovaries

The main role of the ovary is to produce eggs for fertilization and stcroid hormones for sexual
and rcproductive Rinction, Tie ovum inside the developing follicle is dircctly surrounded by
layers of gronulosa cells followed by thecal cells, which is where stcroidogenesis predominantly
takes place. The shteca interna is highly vascularized and produces large amounts of progesteronc
and androgens, which act as precursor for ocstrogen synthesis in the granuiosa cells.
Androstencdione and testosicrone diffusc into the neighbouring poorly vascularjzed gronulosa
cells where they are converted to predominantly ocsiradiol via the conceried action of aromatasc
and 178-HSD types | and 7, which [avour the conversion of ocsirone to ocstradiol (Luu-The,
2001; Mindnich er af, 2004). In the prc-ovulatory follicular stage during which the follicle
matures, oestrogen synthesis increases gradually duc to up regulation of aromatasc by LH and
FSH. During this critical phase, ocstrogen appears (o be sesponsible for the up regulation of LH
[ receptors and the initiation of the positive fecdback loop responsible for the LH and FSH surge
which tiggers ovulation (Greenwald and Roy, 1994). Interference with the synthesis of
ocsirogens during this critical window of time would prevent ovulation. Afcer the LH surge, the
[ollicle enters the lutcal phase and becomes a corpus lutcum which predominantly synthesizes
progesicrone. Decreased LH concentration and subsequently decreased aromatase cxpression
result in declining ocsirogen production (Fitzpatrick er ai.. 1997), while a concurrent 1ncrease n
CYP11A and 3p-HSD activity promotcs the synthesis of progesteronc which via its receptor

imtiates the process of follicle rupture.

2.7 Ocstropens

The oestrogens arc a family of sieroid hormones synthesized m a vanety of Ussues including
ovarics, placenta and adrenal coriex (Tsang ef al., 1980; Rotestein, 2011), They. are responsible
for the devclopment and maintenance of the famale scx organs snd sccondary, sexual
charnctevistics. More than 97% of circulating oestradio! 1s bound to plasia proteins. 1t s bound
specifically and with high alinity to sex hormone binding globdulin (SHBG) and non-specifically
to albumin. Only a tiny {raction circulates as {ree (unbound) harmanc (Mastin ¢ al., 1951, Snten
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et al., 1982; Rotslein, 201 1). Both the free and albumin-bound fractions of oestradiol arc thought
lo be availablc, bul mcasuremcent of this (protein-bound) fiaction has not been shown to be
clinically impotlant. [n conjunction with progesicrone, ocstrogens also paiticipate in the
regulation of the mcnstrual cycle, breast and utctine growth as well as the mainicnance of
pregnancy (Carl and Edward, 2001). Ocstrogenic aclivily is elfected via ocslrogenic-receplor
complexes which trigger the appropriate responsc at the nuclear level in the target sites. These
include ovarian follicles, uterus, breast, vagina, urcthra, hypothalamus, pituitaty and to a lesser
cxtent the liver and skin (Car! and Edward, 2001). The principal finction of the oestrogens is to
causc the ccllular prolifcration and growth of tissucs of the sex organs and other tissues related lo
reproduction (Tsang e al., 1980, Guyton‘and Iall, 2000). In the female. ocstrogens cause (1) the
devclopment of the stromal tissucs of the breast (2) growth of an extensive ductile system and (3)
deposition of fal in the breast, subculancous tissucs, the buttocks and thighs. More than 20
ocs frogens have been identified, but only 17} —ocstradiol (£), ocstrone (E;) and oestriol (E,) are

known to have clinical impottance (Hcldring ef al., 2007). The most potent natural oestrogen

sccreted by the ovarics is 178 —ocstradiol (Rotstein, 2011). 1t is a C18 sicroid hormone with a g
g &
phenolic ring and a molecular weight of 272.4 kDa (Tsang ¢f af., 1980). In prcgnancy, relatively : $~° F
b
more oestriol is produced and this comes from the placenta. o l;
<
2.7.1 Mctabelism of Ocstrogens T |
:
Glandular synthesis of ocstrogen occurs in the granulosa and theca cclls of the ovaries, as well as : :';. -
the coypus lutcum, while extraglandular synthesis is by aromatization of andiogens in pon = =,
el

gonadal sites. This is a complex process thal involves threc hydroxylation steps, each of which
requircs O3 and NADPH (Mark and szul. 2001), Ocstradiol is formed if the substrate of this
cnzyme complex is lestosterone, whercas, ocstronc resulis from the aromatization of .
ondrostcncdione, The conversion of androstenedione 10 ocsbonc 13 the major source of l
oestrogens 1n pastmenopausal women from the aromatization in extragonadal b ssucs such as the |
liver, muscle and adiposc tissues (Saten ef al., 1986; Rotstein, 2011), Incaase activily of the
chzyme sromatasc may contnbuic fo cxcess ocshiogen that chamcierizes such disaeses as breasi
cancer among other chronic discascs. Ocstrogens arc catabolized thainly b). hydroxyiation
icactions (Mark and Poaul, 2001) resultng in the formation ofi 2.hydroxyestrone and 2-
hydroxyesiradiol, 4-hydroxycstrone and 4-hydiosyvstradiol and 160.hydroxyvgtradiol and 16g-
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hydroxyestrone. 4-hydroxycsironc and 16g-hydroxyesiradiol of these metabolites are known 10

bc ocstrogenic and are thought to be carcinogenic (Mark and Paul, 2001).
2.8 Progcsicronc

Progesicrone is a 21 carbon steroid that is primanly produced by the granulosa-lutein cclls of the
cotpus lutcum during the lutcal phase and also by the syncytiotrophoblast of the placenta during
pregnancy (Al-Asmakh, 2007). 1t is transporicd in the blood by transcortin and albumin with
opproximiatcly 2% prescnt in the free, unbound slate. The half life of progesterone is
approximatcly S minutes in the blood and its principal degradation product, pregnanediol, is
formed in the liver. The plasma progestcrone concentration is usually below 5 nmol/L (1.5
ng/ml) dunng the follicular phasc of the menstrual cycle. However, it rises 10 the peak value of
40-50nmol/L (12-16ng/inL) in the lutcal phasc (Laycock and Wisc, 1956; Plcifer and Strauss,
1996; Al-Asmakh, 2007). Progestcronc is csscntial for the regulation of normal female
reproductive functions. Its major physiological aclions arc: facilitation of implantation and _
maintcnance of carly pregnancy in the utcrus, lobular-alveolar development in preparstion for
miik secrction in the breast, ncurobehavioral expression associated with scxual responsiveness in
the brain and prcvention of bonc loss (Clark and Sutherland, 1990; Graham and Clarke, 1997;
Genazzani ef al, 2000; Balasch, 2003).

2.8.1 The Function of Progcsteronc during the Menstrual Cycle

Progestcronc is essential for the implantation and maintenance of carly pregnancy. The follicular
phasc of the menstual cyclc is ocsirogen dominated, while the luteal phase ts progesterone
dominoted (Cameron ef ol 1996). The sccretion of progesierone converts an oestrogen primed
proliferntive cndometrium into o scctelory one, which is receplive to the blastocyst. The
granulosa cells in the follicle biosynthesize and sceretc oestrogen before ovulation takes placc,
Upon follicle rupture and releasc of the ovum, these gmanulosa cells mature 10 form the coIpus
luteum, which is responsible for secretion of progestaione and oesiogen in the latter part of the
cycle (Al-Asmakh, 2007), ln humans, 1f fettilization does not oecur within | o 2 days. the
coipus lutcum continues to cnlorge for 10-12 days, this is followed by regression of the gland
ond concom:tont cessation of ocstrogen ond progesictone jeicase. The corpus hagwn then

continues 10 grow and function for the lirst 2 1o 3 monthe of pergnancy. if fatlizanon occurs
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Aflcr this time, it slowly regresses as the placento assumes the tole of honnonal biosynthesis for

the maintenance of pregnancy (Grahom ond Clarke, 1997; Al-Asmakh, 2007),
2.8.2 The Effects of Progestcrone on Ovulation and Lulcinlzation

In primales, lutcinization and follicular rupturc occur 36-38 hours afler the onsct of mid-cycle

gonadotropin surge. During this pre-ovulatory phase, granuloso cells undergo changes in
responsc (0 the ovulatory slimulus that result in terminolly diffcrentiated luteal cells. These
differentiating (luteinizing) gonulosa cells secrele large amounts of progesterone (Suzuki ef af,
1994). Acute administration of 3B-hydroxysteroid dchydrogenase (38-HSE) inhibitors or
progestcrone receplor antagonisis prevented ovulations in monkeys (Hibbert ¢r af., 1996) and
micc (Loutradis er al., 1991). Morcover, follicles from progestcronc-depleted monkeys and
©  progestcrong receptor knockoul mice (PRKO) do not Juteinize (Lydon ¢: al,, 1995). The increasc
in progesterone levels and in progesterone receptor expression within 12 hours of the ovuloatory

stimulus in the macague (monkey) follicle supports a cntical early rolc for piogesierone in
ovulation and lutcinization (Chaffin ¢t al, 1999). The pre-ovulatory surge of gonadotropins

aclivales o cascade of protcolylic cnzywmes resuliing in the supture of the folliculor wall and the
release of a festilizable ovum during ovulation. Scvernl lines of cvidence suppoit o rolc for
progesteronc In the induction of proteolytic activity in the pre-ovulatory follicle of pnmote and
non-primole specics. The levels of MRNAs for matrix metalloproteinases-1 (MMP-1) and tissue
inhibitor matrix mctalloprolcinases-1 (TIMP-1) incrcased dramatically within 12 hours of
gonadotropin stimulus and were up-regulated by progesterone (Chaffin and Stouffer, 1999).
Moreovcr, inhibition of progesterone synthesis or blocking progesteronc action with RU486
decreased MMP aclivity in the st and ewe m a reported study (Curry and Ostecn, 2003). A
regulatory rolc for progesteionc in Ihe activation of other ovulation-associaled proleases, such as
plosminogen-activator (PA), has been sﬁggsted as well, becausc administratioa of a sclective

progesteronc receptor antagonst, Org 31710 to gonadotropin-treated rats resulled in lower PA
octivity levels (Poll ¢f al., 2000),
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2.8.3 The Effects of Progesterone on Ccllular Proliferation in the Uterus during the
Menstrual Cycle

The changes in proliferative activitics of the glandular cpithelium and stiromal clements of the
human endonictriuin correlate with the circulating levets of oestrogens and progesterone. During
ocstrogen-dominaled follicular phase, cellular proliferations occur in both cpithelial and stromal
cells. This is foliowed by o decline in proliferation in the lirst half of the secretory, progesterone-
dominntcd phasc of the cycle. In the fate luteal phase, while proliferative activity remains low in
the cpithelium, a second peak of proliferation, consistent with decidual changes, is scen in the
stromal clements (A)-Asmakh, 2007). Oestrogen stimulates cpithelial cell proliferation, while
progesterone opposes the mitotic cffiects of oestrogen and inhibits prolifcration (Ginhom and
Clarke, 1997; Conncely ¢! af., 2002). In progesicrone receptor knockout (PRKO) mice, ablation
of both progestcronc receptor-o (PR-A) aind progesterone receptor-f4 (PR-B) isoforms resulted in
|' a marked hyperplasia in the endometrial epithclium duc to unopposed prolifcrative oestrogen
action (Lydon ¢ al, 1995). However, in a PR-A knockout mice (PRAKO), in which the ¢
expression of the PR-A isofonn is sclectively ablated, the PR-B isoform functions to mediate
rather than inhibit ccllular prolifcrations. This gain of PR-B-dependent proliferative activity upon
removal of PR-A indicales that PR-A is nccessary not only to opposc ocstrogen-tnduced
proliferations, but also required 1o inhibit proliferations induced by progesicionc acting through

the PR-B proteins (Conncely ¢ al., 2002; Mulac-Jericevic and Connecly, 2004; Al-Asmakh,
2007).

2.8.4 Progestcrone’s Effccis on Cellular Dilferentiation

As a result of the inhibitory clfects of progesteronc on cellular proliferation, progesterone
induces secrctory diffcrentiation in the glandular cpithelium ond stromal fibroblast. The
differentiating action of progesteronc is terminal: if implantation docs not ocows, the tissuc is
shed and endomctiia) tenewal from the basal poition of the endometrnium (akes place,
Progestcronc’s effect on the siromal decvdualization is describod as the progesterone mediated
‘ diffcrcntiotion of small stroma! fibroblast into lerge cpitheloid decidual edils This grocess occurs
around day 23 of the menstrual cycle and is accompaniod in fertile cycles by the implantation
cvent (Mulac-faicevic and Connecly, 2004). The decidual 1caction 1 inhitited in PRAKO mice,
but not PRBKO mice, suggesting a critical signiflcance of I'R-A in this process (Conncd'_u. et al.,
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2.8.3 The Effcets of Progesterone on Cellular Proliferation in the Uterus during the
Mcastrual Cycle

The changes in proliferative activities of the glandular cpithclium and stromal clements of the
huinan endonictrium corrclate with the circulating levels of ocstrogens ond progesterone, During
ocstrogen-dominated follicular phase. cellular prolifcrations occur in both epithelial and stromal
cells. This is followed by o dccline in prolifcration in the first hatf of the sccrelory. progesteronc-
dominatcd phasc of the cycle. In the late lutea$ phase, whilc proliferative oclivity remains low in
the cpithelium, a sccond pcak of proliferation, consistent with decidual changes, is scen in the
stromo! clancnis (Al-Asmakh, 2007). Ocstrogen stimulates cpithelial cell proliferation, while
progesicronc opposcs the mitolic cflects of oestrogen and inhibits proliferation (Graham and
Clarke, 1997; Connccly et al., 2002). 1n progesterone receplor knockout (PRKQ) mice, ablation
of both progesteronc receplor-w (PR-A) and progestcrone receplor-p (PR-B) isofonns resulted in
a marked hypesplasia in the endometrial epithclium duc to unopposed proliferative oestiogen
action (Lydon ef af. 1995). However, in a PR-A knockoul mice (PRAKQ), in which the ¢
expression of the PR-A isoform is sclectively ablated, the PR-B isoform functions to mediate

. tather than inhibit ccllular prolifcrations. This gain of PR-B-dependent proliferative activily upon
rcmoval of PR-A indicalcs that PR-A is nccessary not only to opposc oecsmogen-induced
proliferations, but also required to inhibit prolifcrations induced by progesterone acting through

the PR-B proteins (Conncely e al., 2002; Mulac-Jeticevic end Connecly, 2004; Al-Asmakh,
2007).

2.8.4 Progesterone’s Effecis on Cellular Differentiation

As a result of the inhibitoty cffects of progesicronc on cellular proliferation, progesterone
induces sccrctory diflerentiation in the glandular cpithelium ond stromal fibtoblast. The
diffcrentiating action of progestcrone is_terminal: if implantation does not occur, the tissue is
shed and endometrial rencwal from the basal portion of the endometrium (akes place.
Progesteronc’s cflcct on the stomal decidualization is descnbed as the progesterone mediated
dilfcrentiation of small stromal fibroblast into large epitheloid decidual cells. This process 0CCWs
around day 23 of the menstruol cycle and is accompanicd in (eruic cycles by the implantalion
cvent (Mulac-Jencevic and Connecly, 2004). The decidual reaction 1s inhibited in PRAKO mce,
but not PRBKO mice, suggesting @ cnitical significanceo of I'R-A in this peocesy (€ onneely et al.,
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2002; Mulac-Jericevic and Conneely, 2004; Broscns ef af. 2004). In humans. decidual
transforination occurs in stromal cells surrounding the spiral artcrics approximately 10 days afler
the postovulatory risc in ovanian progestecrone level, indicating that the expression of the
dcciduas-spccific gene is unlikely to be under the direct control of activated PR. Evidence has
emcrged to suggest that the initiation of dccidual tansforinotion requires elevoted intracellular

cAMY lcvels and sustained octivation of protein kinase A (PKA) pathway (Gellcisena and
Brosens, 2003: Al-Asinokh, 2007).

2.8.5 The Roles of Progesterone on Menstruation and Regencrative Phase

Menstruation is defined os the shedding of the superficial layer of the endomettium due to
withdiswal of progesterone following lulcolysis (Cameron er al. 1956). it is the resull of
cnzyinalic autodigestion and ischaemic necrosis. Duning the fitst part of the secrelovy phase, acid
phosphatase and fylic cnzyines are resticted to the lysosomes. Progesterone plays a role 1n
stabilizing the lysosomal membrancs. In the second part of the sc¢retory phase, these lysosomol
membranes are degraded resulling in the release of lytic enzytnes inlo the cytoplasm and
intraccllulor membrane. The ytic enzymes digest cell clements, including intracellular biidges
and desmosomcs (Bergeron, 2000). Matrix mctalloprotcinases have on impottant role causing
degradation of many components of the uterine cxtraccllulor matrix, including proteoglycan,
glycoprotcins and bascment membrane collagen (Curry and Osteen, 2003). There is substaneial
evidence that MMPs are produced in the endomctsium and that expression of their mRNAS s
closely corelated with the process of normal menstiuation (Hamplon and Salamonscn, 1994).
Studics showed that production of cndomctial MMPs is modulated by progesterone withdrawal
in vilro and i n vivo (Salamonscn ef af., 1997, Zhang and Satemonsen, 2002). Progesterone has a
rolc in maintatning coagulation and os a result any fall 1n scrusn progestaonce level will engender
fibrinolysis end initiole menstrual bleeding (Bergeron, 2000). Vasoconsteiction of the spiral
arterioles also plays a role in the breakthrough of the menstrunl bleeding (Al-Asmakh, 2007).
Prostaglandin F 2. alpha (PGF2q) causes vasoconstriction. it is negatively controlled by
progesterone and causes reduction in blood {low o the copus lulewm, thus, it ma) cause
Juteolysis by dcpriving the gland of nutrients and substrates ncoded for steroidogmems
(Bergeron, 2000; Niswender o al, 2000). Fmally, spoplosis takes place, Apoptosis is a
phenomenon reguloted by the gene bel-2 (B cell lymphoma/leukemia-2) causing gland ccll dcath
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and shedding of the menstiual blood (Bergeron, 2000). The protooncogenc bel-2 functions to

prolong the survival of healthy and pathological cells by blocking spoptosis. Scveral studies

showed a decreasc in the expression of bcl-2 during menstruation and following the withdrowal
of progestcronc (Dahmoun e/ al., 1999; Mertens ¢/ al., 2002). Angiogencsis (new blood vesscl
formation) is rarc in adult tissuc, however, the female reproductive tract is an cxception. with
blood vessel formation taking place during regencration, development of spiral arterioles in the
latc sccrelory phase and at the timc of implantation. Three peaks of regencration have been
indicatcd in cndometrial tissuc. Two peaks of cndometrial regencration under the control of
oestrogen occur immediately postmenstrualty and during the mid proliferative phasc of the cycle.
The third peak is progesterone related and occurs during the secretory phase of the cycie. This
peak involves the growth of spiral arterioles. The persistence of stcomal progesterone receptors

provides cvidence that progesteronc inf uence the development of spiral arterioles (Critchley and
Hcal.y, 1998).

L]

2.9 Hormone Receptors and Breast Cancer

Oestrogen reccplor (ER) and progesterone receptor (PR) play important roles in the growth and
differentiation of breast cancers making them imporiant prognostic markers (Patel ¢f al., 2013;
Mohamed et al., 2015; Dcepti ¢f al., 2015). Two isofoims of ER are known o exist: oestrogen
reccptor alpha (ERa) and cestrogen receptor beta (ERP) (Green ef al.. 1986, Greenc er al., 1986,
Kuiper cf al., 1996). A strong cxpression of ERa is reportedly obscrved in tissues related 1o
female reproduction; ovaty, womb, mammaty pland (Kerdivel ef al., 2013). Reeent studies have
reported a mild expression of ERB in the mammary gland (Dotzlaw: et al., 1997, Saji ¢t af.2000),
Thete 1s paucity of infosmation on its rolc in mammary gland {Cowley et al., 1997; Kusper ¢t al ,

1997; Pacc et al., 1997; Pettersson ef al.. 1997; Hansen and Bisscll, 2000; Saji ¢z al.. 2000).

Oestrogen receptor, PR and HER 2 arc determined by immunohistochemistry (Recaranu et af
2011; Qiao¢r al.. 2013). The biologie, prognostic and predictive importance o f assessment o f ER
cxpression in breast cancer 13 well cstablished. However, the added value of PR assessment
appears controversial in some climes (Olivotio et al.. 2004; Colozza ¢t al.. 2008: Fuqua ¢; af..

2005; tlefi es al., 2013; Qia0 ¢ al., 2013). In spite of this. tho Amencan Socicty of Clinical
Oncology and the Collcge of American I"athologists recommend testing for both ER and PR on

26

ARICAN DIGITAL HEALTH RESPOSITORY PROJECT



all newly diagnosed cascs of invasive breast cancer (Hammond et af., 2010). Since the 1970s, it
has been hypothesized that PR expression will be associated with responsc to hormonal therapies
in ER+ breast cancer, as it is thought lhn; ER and PR co-cxpression demonstrates a functionally
intact oestrogen responsc pathway (Horwitz et al., 1978; Horwitz and McGuire, 1978; lHonwvitz
and McGuire, 1975; Horwitz and McGuire, 1979). Analyses from obsctvational studics showed
that loss of PR cxpression was associated with worse overall prognosis among ER+ breast
cancers (Bardou ef af.. 2003; Grann cf af., 2005; Dunnwald et af., 2007; Cancello ¢! al., 2013;
Prat ef al., 2013). These results suggested that evaluation of PR status in ER+ breast cancer
tnight be used to help guide clinical management, as high levels of PR expression may identify a

subsct of ER+ paticnts most likely to benefit from hormonal thcrapy (Davies et af., 2011; Hefli cr
al., 2013).

The biological and clinical significance of thc ER-/PR+ breast cancer subtype has been reported

to be controversial, with some reports claiming it represents a distinet, clinically uscful biologic
* entity (Thor ct al.,, 1998; Scown ond Shousha, 2002, Rakha ¢t al,, 2007; Rhodes and Jasoni,

2009; Suvarchala and Ncgesrwarasoo, 2011; Al-Khafaji e/ al., 2014) whilc others are of the view
; that ER-/PR+ classification is primarily a technical artifact (De Maeyer ct al., 2008; Nadj; et al.,
2005) and too rare to be of clinical use (Chatiyalerstak ef al., 1996; Olivotto cr al., 2004), [n
large published scries, the percentage of ER-/'R+ cases has been in the range of zero (Nadji ef
al., 2005) ‘o four percent (Bardou ¢t al., 2003; Colditz et al., 2004). In the Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG) mcta-analysis. PR expression was not significantly
predictive of tunoxifen treatment response in ER-negative breast cancer, although, there was a
slight trend, which failed to rcach statistical signif cance (Davies et al., 2011). In the EBCTCG
analysis, the investigators noted that as methods for assessment of hormone reecptor statis have
improved. The propartion of cascs reported as ER-/PR+ has deacased from appioxinately 4% in
the carly 1990s o only 1% in recent SEER (Surveiliance, Epidamiology, and End Results)
cancer registty data. This suggests that as mcthods of ER testing ond intapretstions have
improved, the rates of falsc negative ER results have decreased (Davies et al., 2011) Howener.,
There are rejrors that breast cancer patients with tumours that arc ER+ and/or PR+ have lower
nsks of morlality after their disgnosis compared 1o women with ER. nevative and’or PR-

negative disease (Fisher cf al., 1988; Parl et al., 1984; Crowe ef af . 1991 Aaltomaa ez af., 1991,
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Lethaby cf al., 1996; Anderson cf al., 2001). Clinical trials have also shown that the survival

advantage for women with hormone receptor-positive tumours is cnhanced by treatment with

adjuvan( hormonal and/or chcmothcrapeutic regimens (Smith and Good, 2003; Goldhirsch, er al.,
2003; Fisher ¢t af., 2004).

Human cpithelial receptor 2 (LHER 2), a proto-oncogene also known as ErbB2-ncu, located on
chromosomc 17q21 is also considered 10 be closcly associated with occurrence and development
of breasl canccr (Gown, 2008). Under normal physiological conditions HER 2 is inactive;
however, once activated it may cnhance tumous invasion and metasteses and increasc the degree
ol malignancy (Rcvillion ¢¢ af., 1998; Guo and Boni, 2008), which may explain HER 2
association with intermcdiatc to high grodc tumouss and large tumour sizes (Makanjuola ef al,,
2014). Status of HER 2 is impotant when considering trcatment choice especially for paticnts

with mctastatic tumouts, who respond better to additional medication such as Herceptin
(Coblcigh ¢t af., 1999; Shak, 1999, Khokher ct ai., 2013).

Diffcrent expression patterns of ER, PR and HER2 have been identified, making the knowledge
of the receptor content of breast carcinoma cssential in planning the management of the discese
(Low er al., 1992; Sacks and Baum, 1993). ER over-cxpression has becen predominantly
observed in lower grade, smaller size-turnours, morc likely to be node negative, and shows beter
susvival outcome than ER-ncgative cancers (Fisher et af.. 1988; Low et al., 1992; Grann ¢ al.,
2005). PR over-cxpression is also associated with well differentiated tumours with good overall
sutvival (Reiner ¢f af., 1990). The over-cxpression of ER is reported o occur in approximately
70-80% of invasive breast carcinoma at the point of diagnosis (SjAgen o af.. 1998). Over-
expression of HERZ is associsted with higher giade (SjAgren ef al., 1998) and ER-negative
tumouts (Gago er al., 2006) which demonsirate poor overall survival (Yamauchs er al, 2001).
The HER2 over-cxpression is reporled b occur in 10-30% of invasive breast cancess (Cloeca et
al., 2006). Another subtypc usually identified in breast cancer classification 1s the triple-neganyve
Triple-negative brenst cancers are tumours characienzed by their lack of hormonc receptoes (ER
end PR) and HER2. Thcey are the most aggressive form and account for 10-17% of all breast
cancers (Nwachukwu ¢t al., 2009). Ths subtype 1s repoitedly moic prevalent 1n African-

Amenicans than in their white counterpans (Casey ef al.,2006; Bauer ¢t al., 2007; lhemelandu et
al., 2007; Yong ¢! al., 2007).
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2.10 Mcchanisms of Action of Sex Hormones

Ocstrogen and progestcrone promote proliferation and diffcrentiation in the notmal breast
cpithclium. They function via binding to their corresponding intracellular receptors, ER and PR,
which arc members of the nuclear hormone receplor super-family (Evans, 1988). The process by
which oestrogen and progesterone interact with their rceeplors is similar for all members of the
nuclcar hormone receptor femily (White and Parker, 1998). In the abscnce of hormones, the
receptoss are inactive, \When hormonces pass through the cell membrance and bind the receptors,
the inective oligomeric complex dissociales and the receptors arc transformed into an aclive state
that rcgulates genc cxpression cither directly as a transcription factor by binding DNA al a
specific responsc-ciement (Beato and Sanchee-Pacheco, 1996, Gless er al.. 1996; Horwilz e al.
1996), or indircclly by cooperative interaclions with other ranscnption faclors c.g. aclivator
protcin 1 (AP-1) (Gaub et af.. 1990; Philips et af., 1993, Umayahara et al., 1994). As DNA-
binding traascription faclors, stcroid hommone receplors do not finction alone bul intetact with
general trenscription faclors and receptor interacling protains. In addition to this complexity,

mcmbers of the nucicar hormone receptor super family arc expressed in multiple forms.

-

e o ITECTT

RS

———

UNVERDITY ISR A;

vy

-

————
1540

,.-l
R R

28

ARICAN DIGITAL HEALTH RESPOSITORY PROJECT




2.11 Qestrogens and Breast Cancer

Ocstrogens play a role in breast cancer. 1t is thought that in promoting the growth of breast's cnd
buds, oestrogens may also contributce to an increasc in cclls that tater in lifc become pronc to
canccrous growth (Russo and Russo, 1998). During the periods when the duct structures grow,
especially during pubcrty, the breast is pasticulerly vulncrable to cancer-causing influcnces
(Russo and Russo, 1998). The cyclical sccretion of ocstrogen duning a woman's lifc is now
recognized as a key determinant of breast cancer risk. The more oestrogens reach the sensitive
structuees in the breast during her lifetime, the higher the overall fisk. Thus, every year of delay
in the onsct of rcpular ovulations corresponds to 5% reduction in breast cancer nisk. Converscly,
cvery year of delay in menopause increases the risk by 3% (Tiavis and Key, 2003). On the other
hand, pregnancics have a protective influence (Hinkula er al., 2001). Each chitd birth is thought
to dccrcasc the risk of breast cancer by 7% and this cflect is cven more pronounced befose the
agc of 20 ycars (Travis and Kcy, 2003). The very high levels of oestrogen and other hormoncs

that are secrcted during pregnancy stimulate the full maturation of the duct sysiem of the breast.
it is thought 1hat this lcads to a reduction in the number of cells in the buds that arc vulnerable to
canccr-causing factors and thus to a decreasc in cancer nisk. Morcover, Ez not only trigger ccll
| proliferationvdivision but aiter breast micro-cnvironmenl. They change intercellular
communication and have systemic cffegts with sccondary conscquences for breast tissue. Al
these changes orc imporant for the formation of ncw milk ducts during normal beeast

devclopment and may promote progression of breast cancer (Brisken, 2008).

2.12 Proycstcronc ond Brenst Cancer

Progesterone’s role in breast cancer is controversiol (Ho ef al., 2009). 1t has been hypothesised
that its acuvity of opposing ocstrogenic stimulation of the breast decremses breast cancer risk
(Kelscy, 1979, Foidart et al.. 1998; Ho et al., 2009), On thc other hand. some believe that the
risk of breast cancer 1s increased beeausc breast mitotic rotes arc highest in the lutcal phase of the
menstrual cycle (Hams e? al., 1992; Foident c1 al., 1998), In recent umes, the findings of studies
’ of servum progesterone levels in premenopausal women have been conflicting (Berwisten et al.,
} 1990; Ho ¢t al., 2009). A number of casc-contiol studies have observed lower lesvels of saum

progesterono in premenopausal coscs (Key and Pike. 1988, Bametcin ef al., 1990). Curently,
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therc is paucity of information on the serum progesicrone levels in Nigerian women with breast

CINcce.

2.13 Follicle Stimulating Hormonc (FSH)

Follicle stimulating hormone is a 35.5kD glycoprotein dimer. Its structure is similor to thosc of

luteinizing hormone (LH), thyroid stimulating hormonc (TSH) and human chorionic
gonadotropin (hCG). The protcin dimer conlains 2 polypeptide units, labelied alpha and beta
subunits. The alpha subunits of LH, FSH, TSH and hCG are identical and contain 92 amino
actds. The beta subunits vary. Follicle stimulating homionc has a beta subunit of 1{! amino
acids (FSH B), which confers its specific biologic action and is responsible for interaction with
the FSH receptor (Jiang ef af, 20)2). The sugar part of the hormone is composed of fucosc,
galactose, mannose, galactosaminc, glucosamine, and sialic acid, the latter being cnitical for its
biologic half-lifc. The holf-lifc of FSH is 3-4 hours.

2.13.1 The Physiological Roles of FSIT in Females

Follicle stimulating hormonc stimulates the growth and recruitment of immoture ovarian follicles
in the ovary. FSH is the major survival factor that rescues the small antral follicles (2—S mm in
diameter for humans) from apoplosis. In the luteal-follicular phase transition period, the serum
levels of progesteronc and oestrogen (prjmanly ocstradiol) decrcasc and no longer suppress the
relcase of FSH, conscquently FSH peaks al about day three (day onc is the first day of menstrual
flow). The cohort of small antral follicles is nonmally sufficicnt in number 1o produce cnough
Inhibin B lo lowee FSH scrum levels. In addition, there is evidence that gonadotropin surge-
attcnunting factor produced by small follicles during the first half of the follicular phase also
cxerts a ncgative feedback on LM scerction amplitude, thus allowing o more favourable
cnvironment for follicle growth and preventing premature lutcinization (Fowler ot af., 2003).
When the follicle maturcs and reaches 8-10 mm in diameter it starts o secretc significant
amounts of oeslradiol. Normally in humans, only onc folliclc bccomes dominant and survives to
grow 10 18-30mm in sizc ond owvulate, the remoining follicles undergo atresia. The shorp
increasc in ocstradiol production by the dominant follicle (possibly along with o decreasc in
gonadotropin surge-alicnuating factor) causc a positive cffect on the hypothalamus and piuitasy

gland thus, ropid gonadotropin-releasing hormone (GnRH) pulses oecur and an LH surge resulls.
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The increasc in scrum oestradiol level causes a decrease in FSH production by inhibiting GnRH

production in the hypothalamus (Dickerson ef af., 2008).

The decrcase in scrum FSH level causes the smaller follicles in the current cohort to undergo
atresia as they Jack sufficient sensitivity to FSH to survive. Occasionally two follicles reach the
10 mm stage at the same time by chance and as both are equally sensitive to FSH, both survive
and grow in the Jow FSH cenvironment and thus two ovulations can occur in onc cycle possibly
leading to non identical (dizygolic) lwi;ts. As a woman ncars pcrimenopausc, the number of
small antra! follicles recruited in each cycle diminishes and conscquently insufticient Inhibin B
IS produced to filly Jower FSH and the seium level of FSH begins 1o risc. Eveniually, the FSH
level becomes so high that down rcgulation of FSH receplots occurs and by menopausc any
remaining small sccondaty follicles no Jonger have FSH receptors (Radu et al., 2010). FSH
binding is thought 1o upregulatle neo-vascularization via at least 1wo mechanisms — one is the
Vascular Endothclial Growth Factor (VEGF)] pathway and the other VEGF independent - related
10 the development of umbilical vasculature when physiologicai. This presenls possiblc usc of

FSH and FSH-receplor antagonists us an anti lumour angiogenesis therapy (Radu e af., 2010).

2.14 Lutcinlzing llormoenc (LI1)

Luteinizing hormone, also known as lutropin or lutrophin is 0 hormone produced by gonadotroph
cclls n the anterior pituitaty gland. In females, an acute rise of LH ("LH surge™) triggers
ovulation and development of the co:pn.;s lutcum. (Louvct ef af, 1975). It acts synergistically
wilh FSH in females, LH supports theca cells in the ovanies that provide androgens and hormonal
precursors for E: production. Al the time of menstruation, FSH :nitiates follicular growth,
specifically affccting granulosa cells (Mahesh, 2011). With the 1ise in oestrogens, LH reccptors
arc also cxpressed on the malturing follicle, which causes it 1o produce more Ez. Eventually,
when the follicle is fully maturc, a spike in 17-hydroxyprogestcrone pioduction by the follicle
inhibits the production of ocsirogen, Jeoding to a decreasc in oestrogen-medtated ncgative
feedback of GnRI{ in the hypothalamus, which then stimulotes the release of LH from the
anterior pituitory (Carr, 1998). This increase in LH production only lasis for 24 1o 48 hours. Ttus
“LH surgc” tiggers ovulation, thereby not only releasing the cgg from the follicle, but also

inibialing the conversion of lhe residual follicle into a corpus Jutcum that, in lum. produces
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progesteronc to prepare the endometrium for a possibie implantation (Yeh and Adashy, 1999). If
pregnancy occurs. LH levels will decrease, and luteal fimction will instend be maintained by the
action of hCG, a hormone very similar to LH but sccreted from the nesw placenta). The relcasc of
LH from the pituitary gland, and is controlled by pulscs of GnRH. When the levels are ow,

GnRH is released by the hypothalamus, stimulating the pituitary gland to relcase LH (Carr, 1998;
Ych and Adashi, 1999; Yen, 1999).

2.1S FSH, LH and Breast Cancer

b

FSH stimulates follicle growth and development in the ovaries {Zhou er al.. 2013). FSH has been
rcpotted 1o be associated with certain cancers including prostate, endomcirial and ovanian

cancers (Ben-joscf cr al., 1999; Bax ef af.. 2000; Chen et al., 2009: Huhtaniemi, 2010). There arc

.

reports that FSH induces cancer cell proliferation, differentiation and metastasss by activaling
odenylyl cyclase, thereby resulting in increased cAMP levels (Tunizicker-Dunn and Maizels,
2006; Fan ¢t al, 2007). High FSH lcvels have been associated with a significantly poor
prognosis in paticnts with premcnopausa! breast cancer (Pujol er al. 2001). FSH has also been
linked 10 breast cencer cell prolifetation end an increased risk of breast cancer development in
females who have undergone infertility treatmcnis (Zrcik et al, 2010). While the oestrogen
signal pathway on tumourigenesis and tumour progression o breast cancer has been widely
discussed, therc is paucity of information on the FSH and LH pathwaoy(s) in breast cancer.
Moreover, the specific fiunctions of #SH and LH have not been fully clucidated with regards 10
the progression of breast concer (Zhou ¢f al., 2013). There is paucity of information on the 10le

of gonadottopin and breast cancer bosed on menopausal status.
2.16 Thyroid Physiology and Pathophysloloyy

Thyvotropin Relensing Hotmone (TRH) acts on the pituitaty thyiotropes to stimulate both the
synthesis and rcicase of TSH (Krassas et al., 2010). TSH in tum controls the thyrord gland and
the synthesis and relcase of thyroid hotmones. TSH also eontrols the size and number of thyroid
follicular cells. Thyroid hormones orc the only iodine-containing substances of physiologic
significoncc in vericbrates (Bello ond Bokari, 2012). Thyroid ccils actively extract and
concentrate iodide from plasma. A tightly controlied feedback system exists between the thyroid

gland, the hypothalamus and piluitary gland (Bello and Bakart, 2012). These three glands
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function closely thereby cnsuting that thyroid honnonc concentration in the blood arc maintained
within ccrtain limits in the face of large changes in basal metabolic and physiological need for
thyroid hormone (Surks et al., 2004). A sisc in the scrum thyroid hormone concentration clicits
an inhibitory cfficct on the pituitary response to TRH (ncgative fecdback). Thyroxine (T). a
prohoninone, is convetled to tiilodothyronine (T3), the aclive form of thyroid hotmone, in the
periphetal tissucs by 5°-deiodination. Noninal thyroid gland produces all of the circulating Ta and
about 20% of the circulating T3 (Susks ¢t af, 2004). Most of the biologic activily of thyreid
hormoncs is duc to the cellular effiects of T3, which has a greater affinily for the thyroid hormonc
receptor and is approximately 4 to 10 timgs more polent than T, (Surks et al., 1973; Sawin er al.,
1977). 80% of sexum T3 is detived from the de-iodination of Ts in tissues such as the liver and
kidncy. Once T4 and Ts are relcased into the circulation, they arc bound by Thyroxine Binding
Globulin (TBG), transthyrctin (thyroxine-binding prc-albumin), and albumin. Thyroxine Binding
. Globulin has the highest affinity for T and Ty and the lowes! capacity, whercas albumin has the
lowest affinity and the highest capacity. Only the free (unbound) fraction of T« and Ts is ablc o

bind to specific thyroid hotmone reccptors in peripheral tissues and possesses biologic activily,

’s'”'ff IDDAD.

Normally, approximately 0.03% of T: and 0.5% of T; is ficc (Oppenheimer e al., 1972;

TNACB, 1996). Changes in the binding capacity of thyroid hormonc transport protcins may

significantly affect the measurcment of total thyroid hotmonc concentration and thereby
complicatc the diagnosis of hypothyroidism. The accurate diagnosis of thyroid discasc is more
difficult in paticnts with multiplc abnosmalities in thyroid hormonc-binding protcins (Robbins,
1992).

1 1BAGAK N;ves

Localized discasc of the thyroid gland thit results in decreased thyroid hotmone production is the
most common causc of hypothyroidism. Under notmal circumstances, the thyroid rcleases 100 to
125 nmol of T, daily and only small amounts of Ts. Decreascd production of T« causes an
incrcase in the scerction of TSH by the pituitery gland. TSH stimulates hypetirophy and
hypciplasia of 1hc thyroid gland and thyroid Te-5"-dciodinasc activity, This tn tum causes the
thyroid to release more Ty, Deficicncy of the hormonc has a widc range of cffects, becausc all
metabolically aclive cells requirc thyroid hormone. The systemic cffccts arc duc to cither
derangements in metabolic processes or dircct cflccts by myxcdecmetous infiltrotion (that s, |

accumulation of glucosaninogtycans in the tissucs),
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2.16.1 The Mectabolism of Thyroid Hormones

Onc of the earliest recognized physiologic actions of thyroid honnones was i1s cffect on the basal
metabolic rate (Dickennan and De Vries, 1997). [n general, thyroid honnonc dcficiency results
in a reduction in the metabolic rate. This is manifested as the intolctance 10 cold temperatures

cxpericnced by many hypothyroid paticnts. Thyroid hormone is also an important modulator of
intermediary mctobolism. Thyioid honnone replacement thcrapy may siow the progression of
coronary ariery diseasc, because of its beneficial cffects on lipids (Sundaiam er al, 1997).
Glucosec homcostasis may be alicred duc to the slower rate of glucosec absorption fiem the
gastrointestinal tract. Insulin sccrction in response 10 glucose load varies tn (iypothyroid
individuals, but there is cvidence of insulin resistance and reduced glucose utilization (Pedcrscn
et al., 1988; Fowler ¢f al.. 1996). Hypothyroid paticnts generally cxhibit decreased appetite
(Bcilo and Bakarn, 20§2). Somestudies have found an association between thyroid honnoncs and
adiposity. Leptin regulates the hypothalamic-pituitary-thyroid axis by rcgulating TR gene
cxpression in the paraventncular nuclcus in the hypothalamus thus, prompting TSH to stimulate

leptin sccretion (Feldt-Rasmussen, 2007; Menendez ef ai.. 2003; Ogc et al., 2005; Santini ef al.,
2010; Mchran ¢t al., 2014).

2.16.2 Thyroid liormoncs and the Reproductive System

A possible rclotionship between the thyroid honnones and ovanan finction hos been well
documented in the litciatures based on in vivo studies. The cffccts of hypothyroidism on fertility
arc mediotcd by a distuption of gonadotropin sccretion and stcroidogencsis. Scrum levels of FSH
and L§1 may bc increased, normal, or decreased, and the prcovulatory L11 surge inay be absent

(Ottesen er al., 1995). Delayed LH responsc to GnRH has been reported in some hypothyroid
womcn (Volenti ¢s al., 1984; Manno ¢! al. 2006),

In fcmalcs, hypothyroidism is associoted with mcenstrual arrcgulantics, i.c. changes o cycle
length and amount of bleeding (Joshi cf al., 1993). The latter is probably duc 10 oestrogen
breakthrough bleeding secondary 1o anovulation (Krasses cr al., 1999). Defccts tn hacmostasis
[actors {such as decrcased levels of factors VI, VIII, IX, ond X1) that occws 1n hypothyrotdism

may also contribute to polymenorthca and menorrhagia (Anscll, 1996). Menstrual disturbances
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specifically, amenoirhea, clinical metopathia hacmorrhagica (hacmosthage during the menstruat

cycle), and menorrhagia was reporied in patients with primary myxedema (Krassas ef af., 2010).

Anowitlation and infertility have also been reported in hypothyroid females (Stradtman, 1993).
Hypothyroid women have decreased rates of metabolic clcarance of oestrone and exhibtt an
increase in peripheral aromatization (Longscope ¢ al., 1990; Redmond, 2604). An increasc in
cxeretion of 2-oxygenated oestogens has been reported in hypothyroid women (Gallergher et
al,, 1966). Plasma binding activity of SHBG is decrcased, which results in decreased plasma
concentrations of both total testostcronc and E: but their unbound fractions are increased.

Alterations in steroid metabolism disappear when a cuthyroid state 1s restored (Gordon and
L Southren, 1977).

2.16.3 Gonadotropins (L1, FSH) In Hyperthyroid Wonicn

Gonadotropin dysfinction has been repoited in women with hyperthyroidism. §t was reported
that the mcan LH levels in both the follicular and lutcal phases of the menstrual cycle are
*  signilicantly higher in hyperthyroid women than in notmal women (Akandc and Hockaday,
1972). Similar results were obtained in women at the middle of tlic lutcal phase of the menstiual
cycle (Pontikides et a/, 1990). Somc authors found that LH secretion was incrcased, whereas.
the pulsatile chamcteristics of LH and FSH sccretion did not diflier in paticnts when compared
with controls in the carly follicular phase of the menstrua) cycle. However, LH peaks may be
absent in patients with amenoirhea (Zahringer ¢¢ al.. 2000). Scrum LH levels decrease 1o normal
after a few weeks of trcalinent with antithyroid drugs (ATD) (Akande, 1974). Bascline FSH
levels may be increased, although. data on this arc limited (Tanaka ¢t al., E981; Pontikides et af,,
1990). However, some reposts claim that ESH Jevels remain nommal in thyrotoxic women
(Distillcr es al.. 1975; Zihnnger et al.. 2000). The mechanism for the increase in serum LH and
FSH in hyperthyroid women 1s unclear (Kiossas er al., 2010). 1t has been reported that
hypetthyroxincmia rcsulted in on augmenicd gonadotropin response to GnRH (Tanaka ef al,

1981). Other studies. however, have been unable 1o confiem these findings (Distiller ¢¢ al, 1975).

The biochem:cal and hormonal abnormalitics, nutiitional disturbances and emotional uphcavaels
that arc commonly associdgicd with bypetthyroidism may individually or in combitation be the

causc of thc menstiual disturbances (Krossas, 2005). A study in India showed menstrun)
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itcgularities in 65% of hyperthyroid women, comparcd with 17% among healthy controls (Joshi
e al., 1993). Thesc irrcpularities sometimes preceded the identificstion of thyroid dysfunction
(Krassas et al., 2010). Similar results were obscrved in other studies (Krassas ¢ al. 1994),

Althouph, thesc findings indicate that menstsual disturbances arc 2.5-fold more frequent in
thyrotoxicosis than in the notmal population (Krassas er al., 2010).

2.17 Thyroid Hormones and Breast Cancer

The growing and devcloping breasts require the coordinated action of scveral hotmones such as

oestrogen (E;), progesterone, and thyroid hotrmones (Lai, 2002; Neville ef al., 2002). While
i ocstradiol has bcen reported to be a potent mitogen for normal mammary gland, thyroid
] hormones appear lo stimulate lobular development, contributing to the diffcrentiation of normal
- breast tissuc (Neville ef al., 2002). However, the relationship between breast cancer and thyroid

hormonc is controversial (Saraiva er aft, 2005). Even though, many studies have shown that
thyroid discases arc common in women with breast cancer, other reports have not confirmed this
association (Gogas ¢t al., 2001; Turkcn ¢t ail, 2003; Smyth et al., 1996; Smyth er ai., (998,
Cengiz ef al., 2004; Giustasini et al., 2006; Conde ¢r af., 2006; Tosovic et al., 2010; Tosovic et
al., 2012). Almost cvery form of thyroid discasc including hyperthyroidism has been identificd
in association with breast cancer (Takatani er af., 1989; Goldman. 1990; Cengiz er al., 2004;
Rasmusson ¢t al,, 1987, Lemaire and Baugnct-Mahicu, 1989; Takatani er al., 1989). For
instance, it was speculated that subclinical hyperthyroidism in posithcnopausal paticnts
contributes 1o breast tumour growth (Saraiva et af.. 2005). It has also been sugpested that free
tiiiodothysonine (FT;) plays an impoitant rolc in the physiology of fibrocystic breast disease
(Mantinez er al, 1995). There is currently paucity of informalion on the link of thyroid hormones
with breast cancer in Nigeria, However, physiological concentrations of Ty, the more acuve form
of thyioid hosmonc is rcported to significantly cnhance oestradiol growth stimulstion of o
number of human breast carcinoma ccll tines (Shao ef al., 1995). In T47D breast cancer cells, E;
and T3y similarly regulate cell cycle progression and proliferstion tatsing the p53 lewel and
causing hypaiphosphorylation of pRb (Dinda ¢t af.. 2002). Morcover, it was demonstrated that in
breast cancer cell lines, T at supr-physiologic concentrations and in the absence of ocstradiol

mimics the effects of ocstradiol, possibly through the ER (Nogucira and Brentani, 1996).
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2.18 Contraceptives Use and Breast Cancer Risk

More than 100 million women worldwide use Oral Contraceptives (OCs), which ore the niost
commonly used contraceptive method for US women (Bensyl et af.. 2005). They are prescnbed
because they arc reportedly safe, effective, well tolerated and convenient (Bensy! ef al. 2005).
The effectiveness of OCs and of the other combination hormonal contraceptives including the
patch and ring is 99.7% if used exactly as directed and only slightly lowcr at 92% 1f the dose is
occasionally taken late or not taken. The cffectiveness of other contraceptives ranges from

approximatcly 85% for batrier methods such as condom, sponge, and diaphragm, to upward of
99% for intrauterine devices, subdermal implants, progesterone injcction and sterilization in both

men and women (Trusscll, 1998; [mplanon, 2006). There have been suspicions for many years

| Sy

that the usc of hosmonal contraceplion is linked to an increased 1isk of brcast cancer. These
suspicions have been fuclled by the fact that widespread use of honnonal contraccptives,
patlicularly OCs has parallcled an increased incidence of breast cancer in many countries.
Increasing evidence that breast cancer is hormonally mediated has heightened concern about a
possible link, Yct the numctous investigations of possible OC/breast cancer associations that
have been carried out around the world have not provided conclusive answers (Truscll, 1998;
Casey cf al, 2008). In gencral, these studies have been chatacterized by weak, sometimes
conflicting associations (PATH, 1997). It has been reported thet 5 years of combined Hormone
Replacement Therapy (HRT) of oestrogen and progesteronc was associated with a 20%
incrcascd risk of invasive breast cancer in postmenopaussl women (\VG\VI1l, 2002). Morcover,
the cascinogcenic cficet of oestrogen-progestagen contraceptives and rcplacement hormones has
been reported (Cogliano et al.. 2005). This has been confinned and acknowledged by the World
Health Organization (1ARC, 2005). However, progestin-only pills were associated with a relative

115k of breast cancer of 1.17 within $ ycars of use, while the rciative risk for use within 10 yeas
is 0.99 (Cascy er af., 2008).

Two major potential mechanisms have heen postulated by which ocstrogens (both endogenous

and cxogenous) incrcase the tisk of breast cancer. The first mechanism is the stimulation of
oestiogen rcccptor-mediated trariscription  that results in cell proliferation. The second

mechanism is direct carcinogencsis via mctabolic activation and dircct binding of DNA. One
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othesis is that these 2 mechaaisms act in an additive or cven synergistic fashion to induce
carcinogenesis (Yager, 2000, Santen et al., 2009).

2.19 Induced Ahortion (IA) and Breast Cancer

Childbeating has been consistently shown to reduce the tisk of breast cancer in the long term
(CGHFBC, 1996). Until rccently, incomplete pregnancies were thought to have no eftect, or

perhaps slightly reduce the risk ofbreast cancer (Vessey ¢t al., 1982). Howevcr, the outcome of

a study involving literalure review suggested that induced abortion might increasc the risk of
breast cancer (Remennick, 1990). This was further supported by similar findings (8Brind ef al,
1996). However, others who revicwed the evidence made by Remennick (1990} and Bind et al
(1996) attived at different conclusions (Michels and Willett, 1996; Wingo e al, 1997;
Batholomew and Grimes, 1998). Induced abortion (1A) was rcportediy significantiy associated
with an increased sisk of breast cancer among Chinese females, and the risk of breast cancer
incrcased as the number of [A increased (Huang er af., 2014), As of 2004, 41 studies had been
published in the worldwide medical literature (including 16 American studies) reporting data on
the 1isk of breast cancer among wonicn with @ histoty of induced abortion (AAPLOG, 2008),
Twenty nine (70%) of these studics, repotied increased tisk. Thitteen of the 16 (81%) American
studies reported increased risk, 8 (50%) with statistical significance (at least 95% probability that
the result was not due to chance) irrespective of agc at first full-term pregnancy. The relative risk
incrcasc of the 41 studies combined was 30% (AAPLOG, 2008). In the current Amcrican
abortion experience, this would result in approximately 5,000 additional cases of breast cancer
per year in the U.S. (Thcre nre about 190,000 ncw cases of breast cancer diagnosed in the US
cach ycar) (AAPLOG, 2008). Moreover, a 50% breast ecancer risk increase by age 45 in United
Stales’ women who heave had an induced abortion has Leen reporied (Daling er al., 1994).
However, a 12% lifetime chance of devcloping breast cancer was equally reported. Among
women with a fanily history of breast cancer (mother, grandmothcr, sister or aunt), the increasc

n nsk was 80% (Dating ¢t af.. 199.). Few studics have focusscd on the assoctation of induced

abortion with breast cancer tisk 1n indigenous African women,
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2.19.1 The Proposed Mechanism of induced Abortion in Breast Cancer

The hypothesized mechanism by which, induced abortion influence the development of breast
cancer has been desciibed (Russo er al., 2001). Prior to pubcity, a woman's breast contains
simmaturc lobules, called type 1 lobules. After pubeity, with increasing oestrogen levels, these
lobules begin 10 increase in number and in matunty, and arc called type 2 lobules. Pregnancy
produces a huge increase in ocstrogen levels (about 20 times non-pregnant levels). This causes
an immensc increase in the number of type 1 and 2 (relstivcly immature, in accelerated growth
phase) lobules. More vulncrable lobules make more places where cancer can start. In the 3rd
inmester and with lactation, the lobules complete tiicir maturation into type 3 and 4 lobules,
which have been repoited 10 be more resistant to cancer influences/genctic mulations than are the
less mature type ) and type 2 lobules. The post abortive woman is left with a huge increase in the

more vulnerble type | & 2 lobules. Thus, the process of lobular maturation in a full tenn

pregnancy could account for "the proteclive cifect” that is observed. Aboniion abruptly

intcrrupts this process before the 3rd 1simester maturation of iobules happens by causing an
inmediate and marked drop in the oesteogen levels, This leaves the type | and 2 lobules, now
greatly increased in number, in non-mature (only patiially differentioted) growth phase. This
could make them more susccpt:ble to malignant change with exposure 10 carcinogens ot a future
time. This could be a major factor 1n the increased tisk between induced abortion and subsequent

breast cancer that many studics show (Russo et al., 200); Beilcr et al., 2003; Bult et al., 2012).

2.20 Diet and Breast Cancer Risk

2.20.1 Fibre-Bascd Dict

A plant bascd diet is naturally high in fibre, A diet rich in natwial fiber obtained Grom Bruits,
vepclables, fegumes (lentils, split peas, black beans, pinto beans cte.), and whole-gruins may
reduce cancer nsk and/or reduce tisk of cancer progression (Harris ef al., 1993) Ceortasn case-
control studics have reported that the greater the fibre intake, the lower the incidence of breast
cancer (Howe ¢t al., 1990, Freudenheim ¢t al., 1996; De Stcfani ¢ al. 1997; La \recchia et al.,
1997; Challier et al., 1998). A high fibre dict is also associated with less obesity: (Stoll. 1996)
However, data frotn prospect.ve studics 15 mixed, reporting protective effects (Rohan et al.,
1993; Matlissan ef of., 2004) or no cllect observed (Terry et al., 2002; Che ef ae., 2003). Tow)
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ictary fibre intake, pasticularly from ccreals and fruit was found to reduece the risk of breast
cancer in premenopausal but not postmenopausal women (Cade ¢f af., 2007). Morcover, a cohort
study reported that high fibre intake was associated with a 42% lower risk of postmenopausal
breast cancer (Mattisson ef al., 2004). Ipdigenous Afiican women who ate beans and lentils at

Jcast twicc a week had a 24% lower 1isk of developing breast cancer than women who ate them
less than once a month (Adebamowo er al., 2005).

Various mechanisms have been proposed for the protective effects of dictary fibre against
cancer. These include; [ncreased faccad bulk and decreased intestinal transit time, which allow
less opportunity for faccal mutagens to intesact with the intestinal cpithelium (Slavin, 2000),
binding to bile acids, which arc thought to promote ccll proliferation (Slavin, 2003).
Fecomentation in the gut produces short-chain falty acids (SCFA) which improves the put
.~ cnvironment and may provide immunc protection beyond the gut (Slavin, 2000; Slavin, 2003).

Additionaily, wholc gruins ore rich in antioxidants, including irace minerals and phenolic
compounds, which have been linked to discase prevention (Slavin, 2003). Fuithetmore, there are
reports that a high fibre dict works to reduce hormone levels that may be involved in the
progtession of brcast cancer (Bagga ¢f al., 1995; Stoll, 1996; Slavin, 2000; Rock «t af., 2004;

Wayne ct al., 2007). In a high-fibre, fow-fat dict intecvention study, fibre reduced scrum £;

concentration in women diagnoscd with breast cancer, the majority of whom did not exhibit
weight loss. Thus, increased fiber intake was independently related 10 the reduction in serum
ocstradiol concentration (Rock ¢ al., 2004), This decrease in ocstrogen levels in the blood
thercby may potcntially reducce the risk of hormone-rclated cancers, such as breast cancer
(Slavin, 2000; Rock ¢! al., 2004). Reduced levels of scrum ocstrone and oestadiol were
obscrved in premcnopausal women with a greater intake of dictary fibre {Bagga er al.. 1995)
Similarly, a high intake of dietary fibre was significantly associoted with low serum levels of
oestindiol in postmenopausal breast cancer survivors (Waync er af.. 2007). Dictary fibre intake

increases the amount of oestrogen cxcecied in the stool (Goldin et af., 1982),

.2.20.2 Fruits and Vepgetables

Fruits and vcgctables contoin vitomins, minerals, fibte, and vanous cancenfighling

phylonutrients (i.c. carotcnoids, lycopehic, indoles, isoflavones. flavonols) Vibeani, wniense

colour is onc indicator of phytonutnent content in finits and vegetables. There is extensnve and
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onsistent evidence that dicts high in fruits and vegetables are associated with decreased risks of
eny cancers, and while results for breast cancer risk arc not yet conclusive, they arc promising
(Riboli and Norat, 2003; Gaudet et af., 2004; Hirose ¢t al., 2005; World Cancer Research Fund,
2007; de Lima ¢t al., 2008). In a study of about 3000 postmcnopausal women, a protective cffect
for vegetables was obscrved (Gaudet ef af., 2004). Women who consumed 25 or more servings
of vegetables weekly had a 37% lower risk of breast cancer compared with women who
consuined fewer than 9 vegetable servings weckly. An cpidemiologtcal study reported a
significant protective cffcct of vegetables against breast cancer when casc-control and cohort
studies wcro considered together (Riboli and Norat, 2003). A recent casc-control study reported
women who consumed more than 3.8 servings of fuits and vegetables daily had a lower risk of
breast cancer when compared with women who consumed fewer than 2.3 daily servings
(Shannon et al., 2005). Japanesc women following a prudent dictary pailern (high in fruits and
vegetables. low in fat) bad a 27% decreased 1isk of breast cancer (Hirosc ef af., 2007). A Korcan
casc-control study rcported that a high intake of ccrain fuiis and vegetables resulted in a
significantly lower 1isk of breast cancer in premenopausal and postmenopausal women (Do e?

al., 2007). Thesc obscrvations indicate that regular consumption of fruits and vegembles could
reduce the nsk of breast cancer.

2.20.3 Refined Carbohydrates {

Wben carbohydrates are refined, ncarly alt of the vitamins, minerals and {ibres are removed
leaving only calones. Certain products like white {lour and sugars are refined and then ennched
mcaning that only ceriain nutricnis removed in the refning process are added back nto the
product. In white flour, the kemel of the grain is processed to remove thc perm portion. This
removes aboul 33 nutnents. Enniching adds 4-6 nutnents back into the product. This crestes the
nutntive dcfici. White flour is literally sugar in itsclf, and where it is oixed with fats in
processed foods, the fats are commonly hydiogenated, increasing consumer's susceplibilily to a
number of diseasc processes (Sicn ¢f af., 2007). A case-control study: reported that carbohydralce
intakc significantly increased the risk of breast cancer; sucrose (table gugar, a refined
carbohydraic) imparted the gicatest nsk (Romiecu ef al.. 2004) This nsk was lSsened
considetably with a higher libreintake. Adding credence to the idea that blood sugar levels mav
alfect disease progrossion. \WWomen who ?onsumed e high glycemic index (Gl) and gl yvem;c load
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GL) dict hod a high risk of brecast cancer. This effect was reportedly most prohounccd in

remenopausal women and those women of a healthy body weight (Sieni e al., 2007). Similarly,
1and GL were both associated with an incrcased risk of breast cancer among postmenopausal
overweight women; this cffect was most pronounced for women with ER (ncgative) breast

cancer (Lajous e¢f al,, 2008). A mcta-aralysis showced that GI to modestly increased the risk of
breast cancer (Barclay eral.. 2008).

2,20.4. Meat

Reporis have associatcd the consumption of red meat with the nsk of breast cancer (Zheng ef al.,
1998 Taylor et al., 2007). Mcat consumption incrcased the nsk of breast cancer risk by 56% for
cach additional 100 g (3.5 oz) daily of mcat consumption in a French case-conirol study (Waka
ct al., 2005). Regulnr consumption of fatty red meat and pork fat greatly incrcased the nisk of
breast cancer in a Brazilian study (D Pictro ¢t al.. 2007). in e study o fover 35,000 \wvomen, meat
consumplion significantly incrcased the nsk of brcast cancer in both premenopausal and
postmcnopausal womcn (Taylor ¢f af., 2007). Women who cat 1.75 ounces of processed meat
daily, increased the risk of breast cancer by 64% 1n postinenopausal women compared to women
who did not cat meat (de Lima ¢ al., 2008). Consumptlion ol red and {r1icd meat quadrupled the
nsk of breast cancer in a casc-control study inBrazil (dc Lima ef al., 2008). A large case-control
study found that women who consumed meat for hamburger, bacon, and steak had a 53%, 64%,
and 221% increcased risk for breast cancer. respectively (Zheng ef ai., 1998),

2.21 Alcohol Consumption and the Risk of Breast Cancer

Alcohol consumption has been considered a plausible risk factor of breast cancer (Qvan er al.,
2014). Cenain studies found a positive rclationship between alcohol consumption and breast
cancer (Nasca ¢r al, 1990. Bowlin ¢t al., 1997, Thun er al,, 1997; Bagnardi ef al.. 2001;
Hamajima ¢! al, 2002; Key ¢ al., 2006; Suzuki cr al, 2008) Howcver, other studies did not
(Kinncy et al., 2000; Zhang ond Holman 2011; Llanos ¢ af., 2012, Chandran ¢t al.. 2013).
Studies of the relationship between alcohol consumption and breast cancer nsk among A frican-
Amencans have found inconclusive results (Hiatt and Bawol 1984; Iiiatt es al. 198, Bruson ez
al.. 1997; Kinney et al., 2000; Zhu et al., 2003). The extent of alcoho] diinking’s effect on brewst
cancer nsk may vary acoss races, possibly duc to different diinking habits, metabolism and
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enciic factors (Dumitrescu and Shiclds, 2005). In general, alcohol dunking is less common
mong Aftican women than their counterparts in Notth Ametica and Europe (Mattinez et al..
2011; Pcer et al., 2014). This could be due to racial diflerences in the distributions of genetic
polymotphisms rclated to cthanol metabolism (McCarver ef af., 1998; Dumitrescu and Shiclds,
2005). As women in Afnca arc increasingly influcnccd by westem cultures and begin to change
their lifestyle and as the populations in African countnes are becoining more alfluent, more and

morc women may be exposcd 10 alcohol (Mastinez eral.. 2011; Froncis ¢t al., 2014, Pecr et al.,

20t4). Thcre is currently paucity of information on the association of alcohol consumption with

the nsk of breast cancer in indigenous sub-Saharan A frican women.

2.22 Endocrine Disruptors (EDs)

An cndocnne disruptor is defined as an cxopgenous substance or mixlurc that alters the
function(s) of thc cndocrine system and consequently causcs adverse health effcets in on intact
organism or its progeny or (sub) populations (Sprangler, 1996; IPCS, 2002). There is increasing
cvidence thal various chemicals introduced into the environment have the potential o adversely
interferc with the endocnnc systcro in humans and wildiife (IOMC. 2013). EDs arc widespread
in food chmns and in the enviroament. Certain siudies have found that potential EDs ot very Jow
lcvels in the environment may result in harmfid cffects especially when several different
compounds act on onc target. The homcostasis of sex steroids and the thyroid appears to be the

main targets of endocrine distupting substances (Casetta et al., 2008).

Many EDs have been reporicd o act as agonists of oestrogen receptors (ER), ¢.g. bisphenol-A,
or to antagonize androgen receplor (AR). Progesicronc receptots arc also a potential target for
many chlorinated endocrine disruptor (Scippo ¢t al., 2004), Some of thesc endocrine disruplors
could also inhibit hormone synthcsis, transport or metabolism. Moreover, some could inhibit the
conversion of androgens 10 oestiogens (Maisui et a/., 2005). Despitc several siudies donc on
endocrine disruptors, rclatively fow studies have addressed the roles of known casanogens, sich

as metals in the initiation, promotion and progression of breast cancer (Adachi and Tainosho.
2004)
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.22.1 Metabolism of Toxic Mctals

Kumans have found an increasing nwnber of uses for various metals in industry, agrculture, and
medicinc since the industiial revolution (Juracek and Zicgler, 2006). Thesc aclivities have
increased cxposurc not only 1o mctal-rclated occupational workers, but also to consumets o f the
various producls (Adachi ond Tainosho, 2004), Mctals like lcad, cadmium ond arsenic can be
harmful pollutants when they cater the soil and waler. Once in the cavironment, metals arc
almost impossible 10 climinate because hey do not decompose. Metals get into the body through
air, food, watcr, or dermal exposure, They cross the plasma membrane to enter the cell in order
to cxcut loxicity. Lipophilic metals like the arsenic and cadmium rcadily pencteate the plasma

membronc {Lakowicz and Anderson, 1980). Cadmium can also bind to a protcin,

mctallothioncin 10 form cadmium-mctallothioncin, which allows cadmium (0 be actively taken

into the cell by cndocytosis (Antila ¢f al 1996). Other metals. like lcad may be absorbed by
passivc di(fusion (Karmakar and Jayaraman 1988).

These metals among other 1oxic metals have been reported as a major source of oxidative stress
| (Ragab es al., 2014). Oxidative siress descnibes the sieady state level of oxidarive damage in a
ccll, ussuc, or organ causcd by Reactive Oxygen Species (ROS). Oxidative stress occurs when
' the generation of ROS in a system cxceceds that system’s ability to ncutialize and climinote tham.
§  The imbalance can result fom a disturbance in production or the distribution of antioxidants, as
well as an ovetabundance of ROS from ao environmental or behavioial stressor (Danilova 2006).
Oxidative stress induces a cellular redox imbalance which has been found to be present in
various cancer cclls comparcd with notmal cells; the redox imbalance thus may be related to
oacogcnic stimulation (Valko ¢ al., 2007), The permonent moditication of genetic matenal
resulting from oxidative damage incidents represents the fiist step involved in mulagenesis and
carcinogenesis, Elevated evcls of oxidative DNA lesions have been noled in vanous tumotys,

strongly implicating such demagc in the actiology of cancer (Valko e? al.. 2007),

Moreover. these mctals could also act through direct binding to DNA (Dc Bont and van
Larebcke, 2004). They have been shown (o directly modify and/or damage DNA by fomung
DNA adducts that induce chiomosomal breaks (Chakrabatti er al.. 2001) DNA daaage can
result in the arrest or induction of transcnption, induction of signal transd ucnon p.lhutrs,

replication crrors and genomic instability, all of which are associated with cavawnogencais (Valko
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t al., 2006). DNA damage, mutations and altcred gene expression are thus key players in the
‘process of carcinogenesis (Haitwig er al, 2002; Valko et ai., 2007).

2.22.2 Toxic Mctals and Breast Cancer

Heavy mclals arc reported to play critical roles in cancer biology (Kirkwood, 2002; Ragab et a!.,
2014). A large number of epidemiological studics indicatc a close association between heavy
metals such as Icad (Pb), arsenic (As), cadmium (Cd) and deveclopment of breast cancer (Ragab
et al., 2014). There arc reposts that these melals arc a major source of oxidative siress (Leonard
¢t al. 2004; Wang ef ., 2004; Hei and Filipic, 2004). Substantial data suggest that oxtdative
stress 1s involved in the development of breast cancer (Gammon et al., 2002; Wu, 2004: Rossncr,
2006). Ccriain studics suggested thot these toxic substances arc agonisis or antagonists for the
ocslrogen receplor in various in vitro systems. Although, usually with very low affinilics relative

10 cndogenous hormones such as 178-oestradiol and oestronc (Stoica er al., 2000a; Johnson ¢f

al., 200)).

2.23 Cadmium (Cd)

Cadmium 15 a toxic, bio-accumulaling. non-csscntial and highly persistent heavy mctal with a
vasiety of known adversc health cftects (McElioy e al, 2006). it occurs naturally in the soil,
rocks and waicr, [t has been classified among the most imporiant carcinogens (EPA, 1987;

Garcia-Monles et al.. 1994; Stoica er al., 2000b; Johnson et a/,, 2003). For non-cccupationally

cxposed women who do not smoke, food is the fargest source of Cd intake (Amzal e al . 2009).
ll Particularly, root vegetables, potatloes, and grain, including nce and wheat, gfown on Cd nich
| soils, and shellfish (Vahter ¢t al., 1996; Mucller er af., 1996; McLaughlin et al, 1997; Olsson e/
| al., 2005; Pcrez and Andcrson, 2009, EFSA. 2009; Rcuben, 2010). Inhalauon of tobacco smoke
s 1he predominant source of exposure (CDC, 2005) for smokers. The estimated daily intake of
Cd in food in 8 non-bazardous environment for heavy metals is between § and 25 pguday
whereas one pack of cigaretles is estimated to add 1 j1g/day (Satarug ef al., 2010) Only a small
fraction of inhaled or ingested Cd is cxcrcted, resulung in increased body burden over time
(KIzassen, 1981; Fujishiro ¢t al., 2012; Tekin ef al., 2012), \Vomen tend to have hagher Cd levels
than men presumably becausc of low e iron stores, which increase Cd absorplion (Olsspn ot af .
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02, Recves and Choney, 2008). Thus, comparablc environmental exposurcs 10 Cd may

ispropottionatcly affect women compared 10 men (Reeves and Chaney, 2008).

Cadmium-conlaining products arc rarcly recycled. Instead. they are frequently dumped together
with houschold waste, thereby contaminating the cnvironment, espectatly if the waste is
incincrated. Cadmium is a known cumulative toxicant with a biological half-lifc of more than 10
ycars in humans. Thus, chronic low level exposure will eventually result in accumulation to toxic
levcls. Cadmium has the potential to disrupt endocrine function by behaving like sex honnones
(Stoica et ai., 2000b). At low concentrations the mctal mimics the cffects of oestradiol and binds
with high affinity to thc honnone-binding domain of ER-alpha. This binding involves several
amino acids, suggesting that Cd activates the receptor through the formation of a complex with
specific residues in the hormone-binding domain (Stoica cf af. 2000b; Johnson et af., 2003).
Codmium affects cell prolifcration, differentiation, apoptosis and signal transduction by
enhancement of protein phosphotylation and activation of transcaiption and translation factors

(Sicwt et al. 2010). Early puberty has been associated with breast cancer (Colditz and Frazier,
1995; Hamilton and Mack, 2003; Johnson er af., 2003)

2.24 Lead (Ph)

The heavy metals of greatest concem for health with regard to dnnking water cxposurc ace Pb
and arscnic (ATSDR, 2005). Lead in gasolinc was removed duning the casly 1990s. Lead solder
in food cans was banned in the 4980s and Pb in paint was scverely resincted in 1978 in the U S.
Both the ncyvous and rcproductive systems arc susceptiblc targets for Pb toxicity, Resulis of
epidemiologic studies investigating the association of I’'b exposure with cancer are inconssstent
and vary according to the type of cancess reported (Steenland cr af,, 1992; Wong and Hams,
' 2000). The ability of Pb 1o function as potent ocstrogens suggesis that it may be an important
class of endoennc disruptors (Martin ef al., 2003). There are reports from New- Delhi. Indsa and
Cairo, Egypt that support an association between enviconmental expesure (o Pb and the nsk of
hreast cancer (Siddiqui et ai., 2003; Ragab ¢/ al. 2014). Thare Is currently a paucity of
tnformation on the rolc of Pb in breast cancer actiology in Nigaia |1 ts however reasonable o

examinc the possible association between environmental cxposure 0 Pb and nsk of breast

cancer, given (he known impact of Pb on huma health, The mechantsms of Pb cartinogemicaty

h
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volve direct DNA damage os a result of oxidative stress, clastogenicity, inhibition of DNA
ynthesis or repair (Martin of al.. 2003; Ragab ¢r al., 201 4).

2,25 Arscnic (As)

The major source of humen exposurc to As is through food. Microorganisms convert As 10
dimcthylerscnate, which can eccumulote in {ish, providing a source for humen cxposure
(ATSDR 2005). Arsenic compounds arc lipid solublc and within 24 houts of absorption
disttibute throughout the body wherc they can bind to sulthydtyl (SH) groups on proteins.
Arscnic may also replace phosphorus in bone tissuc and be storcd for years (Barloiome e/ al.,
1999). Mcihylation cfficiency in humans appears to decrease at high As doses ond studics show
that oging is associated with a diminishing capocity to methylate inorganic As, resulting tn its
increased retention in sofd Lissucs (Tseng ef al., 2005). The ocstrogenic-like octivitics of As have
been studicd in human ER-positive breast cancer cell line MCF-7 (Stoica er af, 2000a;
MantAncz-Campa et al., 2006).

Arsenite (AsO;>) blocked the binding of ocstradiol to ER-alpha, acted as a ligand for ER
activating it in the abscnce of hormone, suggesting that the metal interacts with the hormonc
binding domain of the reccptor. 1t increased cell growth and mimicked the ctfects of oestrad;ol,
decrcased the amount of ER-alpha and increased the cxpression of tlic progesterone receptors
. (Stoica et al,, 2000a). Kaltrcider e/ af. (1999) in a recent study examincd the effect of single 1ow.-
dosc As, potentially dircctly relevant to human exposures, on binding of transcription factors m
! human MDA-MB-435 breast cancer and rat H411E hepatoma cells, These transcnption factors
f were scnsitive to the toxic mctal at low doses, The specific cffects ware dependent on the
' transcription facior. time, dosc, and cell line. This study showed that altcration in gene
expression may play a rolc in long term effects of low dosc environmental exposures, such as in
metal induced carcinogenesis. Regulation and ectivation of t_nsanption factors s an important
part of mediating ccllular response to larget genes by mctals, However, the pathways remain t0

be known,
.26 Bisphenol-A (BI'A)
Bisphenol-A is formed by the condemsation of phenol with acetone. It Ras a low VpOLI peassuss,

high melting point and moderaie solubility (lHowand, 1989; Cousins ¢t al., 2002; Shareef ef af.
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006). it is thus expected to have low volatility. Less than 1% of envtronmental BPA is thought

o occur in the atmosphere, where it is belicved to pholooxidize and breakdown rapidly {Cousins

elal., 2002; Howard, 1989). It is eslimated that the largest environmental compartments of BPA

ore abiotic and are associated with water and suspended solids, soil, or sediments (Staples ef al,,
1998; Cousins e1 al., 2002; Environment Canada, 2008). Bisphenol-A has become ubiquitous in
the environmenl within the past 80 years. This 1s because of its presence in a multitude of
products including food and beverage packaging, flame retardants, adhesives, building materials.
clcctitonic components, and paper coatings (Staples ef al., 1998; Flint es af., 2012). This has
resulted in a widespread huinan exposure {Brody ¢f af, 2007; Belancourt et al, 2012). As demand
for these products has increascd, so has BPA production. In 1964, 42 metric tons of BPA were
produccd in the United States {Detmer, 1977). As at 2003, global produciion of BPA was 3.2
million metric tons (Tsas, 2006), approximatcly onc-third of whtch was manufactured in the
United States (NI, 2008). Global consumplion of BPA n 20!1 was predicted 10 cxceed 5.5
mitlion meinc tons (Greiner er af., 2007). The ocstrogenic cfYects of BPA were first reported in
1936 (Dodds and Lawson, 1936) but its usc as a synthetic oeslrogen was nol puysued (Dodds ef
al,, 1938). A sludy indicates that BPA may be as effiective as oestradiol in triggenng some
reccptor responses (Stahlhut e1 a/., 2009) and it may act as an androgen reccplor antagonrst (Roy
¢t al,, 2004; Zocller es al, 2005, Urbatzka et al.,, 2007). The sofety of BPA is cusrently
controversial. High levels of these endocrine disruptors have been suggested in the serum of

breast cancer patients (Brisken, 2008, Calafat ¢t af, 201))
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Figurc 2.2: The chemical structure of blsphenol-A (Nieminen, 2002).
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2.27 Polychlorinated Biphenyls (PCBs)

Polychlorinated biphcnyls arc members of a chemical (amily that were widely used in the past in
industty as lubricants, coatings and insulation matenals for diclectiic equipment like
transformers and capacitors (Iycngar, 2005; Gray ¢f al. 2009). Human exposurc to PCBs is
through inhalation of contaminated air (outdoor or indoor), ingestion of contaminated food or
non-food items, and dennal contact of contaminated surfaces. The primary route of exposure (0
PCBs is through consumption of contaminated lipid-enriched (oods (c.g. fish and cooking oils)
as PCBs can occumulate in these and other foodstuf¥is (Van-Emon ¢ al., 2013). Polychlorinated
biphenyls were classificd as probable human carcinogens (2A group) (Van-Emen ¢ af,, 2013).
The semi-volatile chemically stable nature of these compounds, combined with their resistance
to bio-degradation and photolysis. has resulted in “global distillation” and redistnbution via the
atmosphcrc (Atlas et al., 1986; Atlas and. Giam, 1998; Van-Emon ef ai., 2013). Concem over the
hannful ccological ond human cffects and the persisience of PCBs in the environment led the
United States Congress to ban their domestic production in 1977. Polychlorinated biphenyls arc
still detected in various micro-cnvironments (c.g., oir, soil, dus, sediment, food, tissuc) cither as
Aioctors or as individual congeners (Wilson er ai., 2003; Kim ¢t al., 2004; Sapozhnikova er al.,

2004; Martinez ¢t al., 2010). Therc is paucity of information on the serum level of PCBs ¢n non-

occupationally exposed women in Nigeria.
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MATERIJALS AND METHODS

.1 Study Design

The study was a prospective casc-control study conducted in the Surgical Oncology Clinic of the
Dcpatment of Surgery, University Colicge Hospital, Ibadan. The study protocol was approved
by the University of Ibadan and University Collcge Hospital Health Revicw Committee
(UIVEC/10/0193, Appendix 1). Informecd consent was obtained from the partticipants before
recruitment into the study. \Yomen with breast cancer were recruited between Apnil, 20t and
March, 2012.

3.2 Study Participants

Onc hundred and scventy women aged 28-80 ycars were consecutively recruited for this study,
Eighty-five were histologtcally confirmed breast cancer patienis who had not commenced
treatment (Cascs). They were recruited from the Surgical Oncology Clinic of the Depattment of
Surgery, University College Hospital, 1badasn, by a Consultant Surgical Oncologist. Eighty-five
non-prcgnant, appaccnily healthy women aged 28-80 years were recruited as controls. The
contiols were recruited at three Primary Hcaith Clinics (PHC) in lbadan North Local
Govermment Arca of Oyo state (PHC, id Odundun, Agodi, PHC. Agbowo and Elderly
Womcen/Widows Clinic, Agodi-gatc). Their breasts were cxaniined by (rained nusses for the
] presence of any breast lump. They were asked if they felt any pain or had any discomfort in their

breasts, Thosc that complancd of pain, discomfoit and/or had lump in their breasts were
r cxcluded from the study. Onc of the controls was excluded from the study due to incompletc data

on questionnaire and insufficient blood samplc.

Each of the coses was maiched for age and mensiual phases (follicular, luteal and
postmenopausal) with the controls. Participants were reported as postmenopausal f they had
stopped Menstnuating over the last twelve months (Wang et of.. 2009). Participants that had
bilaternl cophorcciomy were also considered postmenopausal.

3.2.1 Incluslon Crlterin

Non pregnant, non hypertenstve participants with histologically confinned breast cancer who had
not commenced treatment and gave informed consent
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.2.2 Exclusion Criteria

Prcgnont womcen and those who reported deing on hotmonal drugs (i.c. contraceptives), had
other types of cancers and/or chronic discases were excluded from the study. Postmcnopausal

women on hotmone replacement therapy were also excluded.
3.3 Denvographic, Social, Dictary and Reproductive tistory

Scmi-structured pre-test questionnaire was adminisiered %o cach participant to0 obtain data on

dcmography, social, dict and reproductive histoty (Appendix 3).
3.4 Anthropomctric Indices

Anthiopometric indices were weight, height, BMI, waist circumference, hip circumfcrence, waist

hip ratio, waist height ratio.
3.4.1 Weight

This was token with a bathroom wcighiﬁg scalc placed on o flat sutface. The participants while
| wearing light clothing and without shoes were made (o stand on the scale with the indicator at

»  zero, The reading was recorded to the ncarest 0.5kg,

342 Mclgh

This was measyred against a pre-graduated flot, vertical surface with the pasticipants standing

| bare footed in an upnght posttion without any head gear on, without raising the hecls from the
ground and the feet kept together. Measurements were 1aken with a sliding headpicce brought to

the veriex of the participant'’s head. The reading ot this level was taken to the neancst 0.1 cm.
3.4.3 Body Mass Indcx

This was calculated from the body weight and height of the participants using the formula stated
below.

)

BMI {kg,*’mj} =weight (kg)height trn:]
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4.4 Waist and Hip Circumferences

Vaist circumference (in cm) was mcasured using a measuring tope placed ot the navel level,
while hip circumference (in cm) was measurcd ot thc widest circum(erence of the hip over light
clothing using a non-stretchable measuring tapc without any pressurc on the body surface. Both

indices werc recorded to the nearest 0.1cm.
3.4.5 Walst Hip Ratio (WIIR)
This was calculated as the tatio of the waist circumference to the hip circum{erence

WHR=Waist Circutnfcrence (cm) Hip Circumference (cm)

J.4.6 \Waist Height Ratle (\WIIIR)

This was calculatcd as theratio of waist circumference to height measurements using the foimula

WHIR= Waist Circum{crence (cm)/ Height (cm)

3.5 UGlood Pressure (BP) Mcasurement

Blood pressure was determined using a mevcury sphygmomanomcter and recotded to the nearest

mmHg. Each of the paticipants was allowed o rest for about ten minutes and tn a sitting

BAOAN UNIvERsTY L)

position before the BI* was taken. The rotocuff was tied around the foreatmn and was iaflated to
obsttuct the brachial ariery. A sicthoscope was placed at the cubital fossa and the pressure
released. As the blood flowed thiough the arm, the first and the sccond sound produced were

systolic blood pressure and diastolic blood pressure respectively

3.6 Sample Collcetion

Ten millijitres of venous blood samples were drawn into plain bottle from parucipants afer
diagnosis and histological confirmation of snvasive ductal carcinoma. This was done by applyng
a toumiqucr 10-15 an above the intended punciure site Lo obstiuct the rctum of vcnous blood to
the hcart and to distend the vein. The site of puncture, the medial cubital vetn in (he entecubital

fossa was cleansed with alcohol swab.
For premenopausel participants, blood samples were drawn between days 5 and 9 of theyr

menstrual cycle in follicular phase (forward dating) and 5 10 9 days before the anticipaled stant of
their next mensicual cycle in the tutesl phase (backward dating) i.e. davs 19.23 (Wany; et al.,
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09). The blood was allowed to retract and centriftiged 8t 3500 rpm for 5 minutes. The resulting
crum was aliquoted and stored at -20°C until analysis. Breast biopsy samples of the offected
breast were obtained from women with brcast cancer for the detennination of oestrogen rcceptor

(ER), progesteronc receptor (PR) and HEB 2,
3.7 Biochemical investipations

The biochemical indices assayed in scrum were hormones (ocstiadiol, progestcrone, LH, FSH,
TSH, FTy and FT,), and cndocrinc disruptors (lcad, cadmium, arscnic, bisphcnol-A and

polychlonnatcd biphenyls). The cxpression of oestrogen receplor, progesterone receptor and

HER 2 were dctermined by immunohistochemistry.
3.7.1 Determinatlon of Progesteronc

Scrum progestcrone was analyscd by Enzyme Immuno Assay (EIA) on TOSOH AIA System
Analyzars (Tosoh Cosporation, Tokyo | 05-8623, Japan).

The Principle of Test

The ST AIA-PACK Progestcronc is 8 competilive cnzyme immunoassay which was performed

within the AJA-PACK lest cups. Progesterone present in the test sampic competed with enzyme-
labelled progesterone for a limited number of binding sites on a progesteronc-specific antsbody
immobilized on magnctic beads. The beads were washed o remove the unbound enzyme-
labclled progesicronc and were then  incubntcd with a fluorogenic substrate, 4-
mcthylumbelliferyl phosphaic (¢dMUP). ‘The amount of cnzyme-labelled progestezonc bound to
the beads is inverscly propoctional 1o the progesteronc concentration in the test sample, A

standard curve using a range of known standard concentralion was construcled and unknown

progesleronc concentrations were calculated using the curve.
Material and Reagents

Plastic test cups containing:

(1) Lyophilized twelve mognetic beads with anti-progesicronc rabbit polycional antibody

\

36

ARICAN DIGITAL HEALTH RESPOSITORY PROJECT




) 75uL of progesterone conjugated to bovinc alkalinc phosphatasc with sodium azide as a

-ative.
ssay Procedurc

The substrate solution, wash solution and diluents were poured into their respective containers

W

provided by thenanufacturer and placed 1n theie respective position on the analyzer.

T5uL. of setum was pipcticd into the analyzer's test cups and loaded into the analyzer for the

dctermination of progestcronc.

The controls were pypetted into their respective cups, thereafier, the analyzer was instructed to
commecnce analysis by pressing the START icon on the operational menu on the analyzer's
screen. The TOSOH AIA System Analyzers performed all rcagent and samplc handiing
operations automatically (i.c. immunoextraction of hormonc. washing, labelled hormonc-

antibody reaction and colour development).
Calculation

The system analyzcr read the rate of fluorcscence pioduced by the reaction and automatically

convetts !hc ralctlo pfOBCS!Cl’OﬂC concentration.
3.7.2 Determination of Ocstradiol (E-)

Serum oestradiol was analysed by Enzyme Immuno Assay (EIA) on TOSOH AIA System
Analyzers, (Tosoh Corpocation, Tokyo 105-8623, Japan).

The Princlple of Tes!

The ST AIA.PACK E; is a compelitive enzymce immunoassay which was performed within the
AlA-PACK test cups. Oestradiol present in the test sample competed with enzyme-labelled E;
for a limjted number of binding sitcs on an onti-E2 monoclonal antibody immobilized on

magnetic beads. The magnetic beads were washed to remove the unbound cazyme-labetied E,
and were then incubated with a [luorogenic substrate, 4-methylumbelliferyl phasphate tJ.\lUP)I

The amount of enzyme-labclied E; that was bound to the beads was inversely, propoctsonal o the
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conceniration in the test sample. A slandard curve using a range of known standard

conccntration was constructed and unknoswn E; concentrations were calculated using the curve.
Materinl and Reagents
Plastic test cups contaning:

(1) Lyophilized twelve magnetic beags with anti- E rabbit polyclonal antibody.
(2) SOxL of E; conjugated to bovine alkaline phosphatase with sodium azide as a

prescivative,
Assay Procedure

The substrate solution, wash solution and diluents were poured into their respective containcrs

provided by the manufacturer and placed in their respective posiion on the anal yzer,

75ul of secrum was pipcucd into the analyzer's test cups and loaded into the analyzer for the

dctennination of E».

The controls were pipettied into their respective cups, thereafter, the analyzer was instructed to ’

commence analysis by pressing the START icon on the operntional menu on the analyzer's

screen. The TOSOH AIA System Analyzers performed all reagent and sample handling !
operations automatically (i.e. immunocxtraction ot hormone, washing, labelled hormone- |
antibody reaction and colour development),
Calculation

The system analyzer read the rate of fluorescence produced by the reaction and automatrcally

convetis the raic to Ex concentration.
3.7.3 Determination of FSH

Scrum (FSH) was analysed by Enzymc Immuno Assay (EIA) on TOSOH AlA Sysiem
Anslyzers. (Tosoh Corporation, Tokyo 105-:623, Japan)
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he Principlc of Tes!

1c ST AJIA-PACK FSH is a two site immunocnzymometric assay which was performed within
the AIA-PACK lest cups. FSH present in the test sample was bound with monoclonal antibody
immobilized on a magnetic solid phase and enzyme-labelled monoclonal antibody in the ATA-
PACK test cups. The magnetic beads were washed to remove unbound enzyme-labelled
monoclonal antibody and were then incubated with a fluorogenic substrate, 4-methylumbcllifery!
phosphate (4MUP), ‘The amount of enzyme-labelled monoclonal antibody that was bound to the
beads was directly propoitional to the f-:SH concentialion in the test sample. A slandard curve
using a range of known standard conccntration was constructed and unknown sample

conccntrations were calculoted using the curve,
Matcrial and Reogents
Plastic test cups containing:

(1) Lyophilized twelve magnctic beads with anti-FSH imousc monoclonal antibody.
{2) 100uL of anti-FSH mousc monoclonal antibody (to human FSH) conjugated to bovine

afkaline phosphatasc with sodium azide as a preservalive.

Assay Proccdure

The substiate solution. wash solution and dilucnts were poured into their respective containers

provided by the manufocturer and placed.in their respective position on the analyzer,

S0uL of scrum was pipctted into the analyzer’s test cups and loaded into the analyzer for the

dctermination ofFS{.

The controls were pipetied into their respective cups, thereafler, the analyzer w.as instructed to
commcnee analysis by pressing thc START icon on the opaational menu on the analyzer's
screen, The TOSOH AIA System Analyzers performed all reagent and sample handling
operntions outomatically (i.c. immunoextrection of hormonc. washing, labelled hormone-

aniibody reaction and colour development)
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Iculation

\c system analyzer read the rate of fluorescence produced by the reaction and automatically

onveris the rate to FSEH concentrotion.
3.7.4 Determination of LH

Scrum LH was analysed by Enzymc Immuno Assay (EIA) on TOSOH AIA System Anal yzers.
(Tosoh Corporation, Tokyo 105-8623, Japan).

The Principle of Test ’

The ST AIA-PACK Progesteronc is a two-sitc immunocnzymomctric assay which was
perfonncd within the AJA-PACK test cups. LI present in the test sample was bound with
monoclonal antibody immobilized on a magnetic solid phasc and enzyme-labelled monoclonal
antibody in the AIA PACK CUPS. The magnelic beads were washed to remove unbound
enzyme-labclled monoclonal entibody and were then incubated with a fluorogenic substrate, 4-
mcthylunbcelliferyl phosphate (4MUP), The amount of enzyme-labelled monoclonal antibody
that was bound to thec beads was directly proportiona! (o the LH concentration in the test sample.

A standasd curve using a range of known stendard concentration was constiucted and unknown

sample concenttations wcre cafculated using the curve.

Material and Reagents

Plastic test cups containtng:
(1) Lyophilized twelve magnetic beads coated with mouse anti-LH monoclonal antibody

(2)100pL of mousc anti-LH monoclonal antibody (10 human LH) conjugated to bovine

alkalinc phosphatasc with sodium azide as a prescrvalive.

Assay Procedure

The subsigaic solution, wash solution and diluents were poured into their FeSPECUNE containers
provided by the manulacturer and placed in their respective position on the analyzer.

40uL of senun was pipetted into the analyzer's test cups and loaded into the analyzer for the

.

deteymination of LI
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he controls were pipeticd into their respective cups, thereafter. the analyzer was instructed to
ommence analysis by pressing the START icon on the opcrational menu on the analyzer’s
screen. The TOSOH AIA System Analyzers performed all rcagent and sample handling

opcrations automatically (i.c. immunoextraction of hormonc, washing, labelled hormone-

antibody reaction and colour development).
Calculation

The system anal yzer read the tate of {luorescence produced by the reaction and automatically

convetts the rate to LH concentration.
3.7.5 Determination of Erce Thyroxine (FT,)

Scrum FT, was analysed by Enzyme Immuno Assay (E1A) on TOSOH AJA System Analyzer.
(Tosoh Cosporation, Tokyo 105-8623, Japan).

The Principlc of Test

The ST AIA-PACK FT,is a competitive cnzyme immunoassay which was pesformed within the
ATA-PACK tcst cups. The thyvoxinc not bound to scium protein (frce Ts) competed with
enzymelabelled Ts for a limitcd number of binding sites on a T4-specilic antibody iinmobilized

on magnctic becads. After incubation, the beads were washed 0 remove the unbound enzyme-

labelled FTq and were then incubated with a fluotogenie substrate, 4-methylumbelliferyl
phosphate (4MUP). Thc amount of cnzymc-lobelled T, that was bound o the beads was
invaiscly proportional 1o the FT, concenlration in the test sample, A standard curve using o range

of known standard concenwration was_ construciced and unknown FT, concentralions were

calculated using the curve.
Materlzl and Reapents

Plastic test cups contaimng.

(1) lyophilized twelve magnetic beads with anti-thyroxine rabbit polycionsl antibody.
(2) 140uL. of thyroxinc conjugated 1o bovine alkaline phosphatase with sodium arzide as a

prescrvalive
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ic controls were pipetted into their respective cups, thercafler, the analyzer was instructed (o
ommence analysis by pressing the START icon on the opcrational menu on the analyzer's
rcen. The TOSOH AJA System Analyzers performed alfl rcagent and sample handling
;;ctations automatically (i.c. immunocxtraction of hormone, washing, labelled hormmonc-

ntibody reaction and colour development).
Calculation

The system analyzer read the rate of fluorescence produced by the reaction and eutomatically

conveits the ratcto LH concentration.

3.7.5 Determination of Free Thyroxine (FT4)

Scrum FT, was analysed by Enzyme Immuno Assay (EIA) on TOSOH ATA System Analyzcr.
(Tosoh Corporation, Tokyo 105.8623, Japan).

The Principte of Test

The ST AIA-PACK FT;is a competitive enzyme immunoassay which was performed within the
ATA-PACK test cups. The thyroxine not bound o scrum protcin (free Ty} competed with
enzymc-labclled T for a limited number of binding sites on a T,-specilic antibody immobilized
on magnelic beads. After incubation, the beads were washed (o remove the unbound cazyme-
labelled FTq and were then incubated with a fluoiogenic substeate, 4-methylumbetliferyl
phosphate (4MUP). The amount of enzyme-labelled T. that was bound to the beads was
inversely proportional to the FTa concentration tn the test sample. A standard curve using a tange

of known standard concentrstion was_constructed and unknown F[l: concenkrations wore

calculated using the curve.
Matcrial and Reagents

Plastic test cups containing:

(1) lyophilized 1welve magnetic besds wath anti-thyroxine rabbit polyclonal antibody
(2) 140uL of thyroxinc conjugated o bovine alkaline phosphatasc with sodium ande as a

prescrvative
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Assay Pracedure

The substrate solution, wash solution and diluents were poured 1nto their respective containcrs

provided by the inanufacturer and placed in their respective position on the analyzer.

101 of scrum was pipelted into the analyzer's test cups and loaded into the analyzer for the

dctermination of F T,

The controls were pipetied into their respective cups, thercaller, the analyzer was instructed to
commence analysis by pressing the START icon on the operational menu on tie analyzer's
scrcen. The TOSOH AlA Sysicm Analyzers perfonned all rcagent and samplc handling
opcrations auvtomatically (i.c. immuno;:xtmction of hormone, \washing, labelled hormone-

antibody reaction and colour devclopment).
Calculation

The system analyzcr read the rate of [lluorescencc produced by the rcaction and automatically

converis the rate (o FT4 concentrntion .
3.7.6 Dctermination of Frce Triiodothyronine (FTy)

Serum FT) was analysed by Enzymc Immuno Assay (EIA) on TOSOIl AlA System Analyzer. ¢
(Tosoh Corporation, Tokyo 105-8623, Japan).

The Principle of Test [

The ST AIA-PACK FT3 is a compctitive cnzyme immunoassay which was performed within the
AIA.PACK FT; test cups. Frec triiod(;thylomnc present in the test sample competed with
enzyme-labclled progesterone for a limited number of binding sites on a T;.specitic anhbody
ymmobilized on magnctic beads. The beads were washed to remove the unbound enyme-
labelld Ty and were then incubated with a Muoiogenuc substrate, 4-methylumbel lifery!
phosphate (4MUP). The amount of enzyme-labclled Ty that was bound 1o (he beads was
inverscly proportional 1o the Ty concentiation in the test sample. A stasdard curve usmg o range

of known slandapd concentialion was constructed and unknown Ty oconeentraliont were

calculated using the curve.
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laterial and Reagents
Plastic test cups containing:
(1) Lyophilized twclve magnetic beads with anti-T; rabbit polyclonal antibody.

(2) 100uL of FT3 conjugated 1o bovine alkaline phosphatase with sodium azide as a

preservative.
Assay Procedure

The substrate solution, wash solution and dilucnis were poured into their respective containers

providcd by the manufacturcr and placed in their respeclive position on the analyzer,

°

50uL of scrum was pipcited into the analyzer’s test cups and loaded into the analyzer for the

dctermination of FT ;.

The controls wcee pipetted into their respective cups, thereofier, the analyzer was instrucled to
commence analysis by pressing the START icon on the opetational menu on the analyzer's
scrcen. The TOSOH AIA Systcm Analyzers performed all rcagent and sample handling
opcrations automalically (i.e. immunocxtraction of hormone, washing, labelled hormone-

antibody reaction and colour development),

Calculation

The system analyzer read the ate of fluorescence produced by the rcaction and automatically

converts the rate to FTy concentration
3.7.7 Determination of Thyrold Stimulating Hormone (TSit)

Scrum TS}I was analysed by Enzyme Immuno Assay (EIA) on TOSOH AlA System mai}rzu_
(Tosoh Corparution, Tokyo 105-8623, Japan).

The Principle of Test

The ST AIA-PACK TSH was o Iwo-sile immunocnzymometnc atsay wiych was Py formed

within the AIA-PACK test cups, TSH present in the 1est sample was dound with monocional
antibody fmmobilizod on magnetic beads and monoclonal antibody conyugaed with bovine
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kaline phosphate 1n the AIA-PACK test cups. The bcads were washed to remove the unbound
zyme-labelled monoclonal antibody and were then incubated with a fluorogenic substraie, 4-
N cthylumbcelliferyl phosphate (dMUP). The amount of enzyme conjugated with monoclonal
antibody that binds to the beads was directly proportional to the TSI concentration in the test
sample. A stondard curve was constructed and unknown sample concentrations were calculaied

using this curve.
Materlal and Rengents
Plastic test cups containing:

(1) Lyophilized twelve magnetic beads coated with anti-TSH mouse monoclonal
antibody

(2) S0iL o [oanti-TSH mouse monoclonal antibody (to human TSH) conjugated 10 bovine

alkaline phosphatase with sodium azide as a preservalive,

Assay Proccdurc

The substate solution, wash solution and diluents were poured into their respeciive containess

provided by the manufacturer and placed in their respective position on the analyzer.

100uL of serum was pipetted into the analyzer’s test cups and loaded into the analyzer foe the

determination of TSH.

The controls were pipetted tnto their respective cups. thareafies, the analyzer was 1astructed to
commence onalysis by pressing the START icon on the opaational menu on the snalyzey's

screen, The TOSOH AIA System Analyzzrs poformed all resgent and smnple handhing
operations automatically (i.c immunoavsction of hormone, washing Wbelled hormome

antibody reaction and colowr development).

Cialculstlon

The system analyzer resd the nate of fluorescence prodaed bY yhe reactog ¥ sutomatically
convens the ratc o TSH conceniration.
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.8 Determination of Serum Toxic Metals (Pb, Cd and As) using Flame Atomic Absorption
pectrophotometry (Buck Scientific, 210/ 211 VGP. Atomic absomption spectropholometer.

Connecticut, USA).

",

Sctum lead, cadmium and arsenic were detennined with atomic absorption spcctrophotomeler
(AAS) based on the direct method described by Kaneko (1999).

Principte

Alomic absotption spectrophotomctty is an accurate and sensilive analytical method for the
determination of 1ace mctals. The clements were not appreciably excited in the flame butl merely
dissociated from its bonds and placed 1n an unexcited or ground state. The atoms were at a low
level in which they were capablc of absorbing radiation at a very namow band width

corresponding lo their own linc specttum. Hollow cathode lamps made of the materials analysed

were used to produce a wavclength ofspecific for the kind of metal in the cathode.

3.8.1 Determination of Lead

Serum lead was dclennined using atomic absoption speetrophotometry (AAS). Somples were
trcated with Trilon X-100. A beam of light from a hollow cathode 1amp (coated with lcad) was

passcd thiough a flame containing the vapounized metal 1o be determined. The amount of light
absorbed by the metal wes propottional to the concentration of Lead in the solution and was

determincd at 283.3nm (wavcicngth).

Reagents

Triton X-100 (TX) (an alkyl phenoxy polycthoxy)

Ethanol (BDH Chemicals Ltd., Poole, England)

Sampic Preparation and Procedurc of Analysls

A 1:2 dilylion of the serum was mode by mixing 1.0 ml cach of triton X-100 sotution

1 A two-fold dilution of the samplc was made with 0. £ tnton X-100 and was mixed
thoroughly 0.2ml of the digested somple was ospirated info AAS
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9

The bummer was lit under flow conditions of air and acetylene. The acctylene flow was
then reduced until the Bame was blue.

The air flow was then adjusted toremove all traces of ycllow from the flame.

The machinc was theo properly calibrated with the appiopriate standard solutions beforce
analyzing the test samplcs.

Scrum Icad was detecied at a wavelength of 283.3nm.

The assay results were displayed on the instrument reader’s screen in ug/dL.

Analytical quality control was performed by analyzing an aliquot of pooled scruim scveral

times dunng the assay.

3.8.2 Dcterntination of Cadmium

Scrum cadmium was determincd by the methods of (Kaneko. 1999) using atomic absorption

specirophotomctry.

Reapents

Tnton X-100 (TX) (an alkyl phenoxy polyethoxy)

Ethanol (BDH Chemicals Lid., Poole, England)

Samplc Prepuration and Procedure of Analysis

1

A two-fold dilution of the sample was made with 0.1% tniton X-100 and was mixed
thoroughly. 0.2ml of the digested samplc was aspirated into AAS for analysis at o
wavelength of 228 9nm

The prepared samples were analysed 10 Buck 2107211 VGP atomic absorption
spectrophotomcter (Buck Scicntific. Inc. 58 Fort Pomt St. East Norwalk, Ct. 06855)

TTe bumer was lit under flow conditions of air and acetylene, The acetylene flow was

then reduced until the flame was blue

4. The air flow was then adjusted 1o temove all traces of yellow {rom the flame

The machine was then properly calibrated with the appropriate standard solutions before

annlyzing the test samples.
Scrum cadmium was dctected at & wavelength of 228.9 nm

The assay results were displayed on the instroment reader’s screen in hg/dL
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' | ‘eval
8. Analytical quality control was performed by analyzing an aliquot of pooled serum sev

times dunng the assay. -

3.8.3 Dctermination of Arsenic

4 i ' ton
Scrum arsenic was determined by the methods of (Kancko, 1999) using atomic absotptio

speclrophotomctry.

Reagents

Triton X-100 (TX) (an alkyl phenoxy polycthoxy)

Ethanol (BDH Chemicals Lud., Poole, England).

~ Reagents

Triton X-100(TX) (an alkyl phcnoxy polycthoxy)

Fthanol (BDH Chemicals Lud., Poole, En‘glnnd)

Sample Preparation and procedure of Analysls

I. A twp-fold dilution of the sample was made with 0.1% triton N-100 and was mixed

thoroughly. 0.2m! aspirated into AAS for analysis ot a wavelengthof 193 7am

2. The prepored samples were analysed in Buck 210/21) atomic absorption

spectrophotometcs (Buck Scientific, Inc. 58 Fort Point St, East Nonwalk, CL. 068595).
3. The burner was it under flow conditions of air and acetylene. The acctylenc flow was

then reduced until the flame was blue.
as then adiusted to remove all traces of yellow from the flame.

4. The air low W . |
calibrated with the apptopriate standard sojutions before

s. Themachinewds then properly

' les.
analyzing thetest S3MP | -
ere displayed on the instrument reader’s sereen in pg/dl..

6, ‘Tl assay results W | |
as performed by analyzing an aliquot of pooled scrum scveral

7. Analyticsl quolity conlzol W

times duting the 85s2Y.
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9 Delermination of Bisphenol-A

erum BPA was cstimated by high perfoninance hiquid clvomatography (ALLIANCE, €2695
: aters, USA), s

Principle

This based on the scparation of the solutes of a sample mixture by theyr differential disteibution

between stationary and mobile phases.

Reagents

Labelled bisphenol-A (50mg)

4-mcthylumbelliferonc glucuronidc (250 ng)

Ammomum acctate buffer (pH 6.5) (300uL)

B-glucuronidasc (10pL) (Eschetichia cali K$2, Roche Riomedical).

Assay Procedure

®

g Serum samples Were fortified with 12.5 nanograms of isotopically labelled phthalate metabolites,

' 50 nanograms of labelled bisphenol-A. 250 nanograms of 4-mcihyluinbelliferone glucuronide,
300 mtcrolitres of ommonium acetate buffer (pH 6.5) and 10 microliters of f-glucuronidase
(Eschericlvia coli KI2, Roche Biomedical). The samples were mixed and incubated at 37°C
overnight 10 allow for the deglucuronidalion. Following enzymatic hydrolysis, a 20uL ajiquot of
the sample wos added © 70uL of HPLC. grade water and 10ng of labelled 4-
mcthylumbcllifcronc to dciesminc deglucvionidation efficiency. The remasning smunple was
loaded on © Zymark rapid trace solution for automated solid phasc cxtraction (SPE). The 60
milligam/ImL Qasis-HLB cartridges were conditioned with HPLC-grade methanol (2ml) and
0.1 M formic acid (2mL). The somples were diltted with 5 mL of 0.1 M formic acid and loaded
on the SPE cartnidge at a ratc of 1.0mL/min. The cattndge was washed with waier (ImL) and
10% methano] in water (2mL) at a flow rate of ImL/min. The semples were eluted with 1.0mL
of acetonitrile at 3 flow ate of 0.5 mL/inln. The cluate was cvaporated to deyness under a stream

of dry nitrogen and the tesiduc was re-suspended in 85% methanol in waler (200 mictoliters) and
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ansferred to glass autosampler wvials. Quality contral of the analysis was maintained by
nalyzing a mcthod blank (calf serum) and two spiked calf serum samples (20ng/mL). The
dctection limit (0.2ng/ml.) was bascd upon a lower calibration standard (0.5ng/ml) which gave

oninstrument signal 1o noise response of 3:1
3.10 Dctermination of Polychlorinated Biphenyls

Scium polychloiinated biphenyl was detennined by gas chromatography-electron capture
dctector (GC-ECD).

Principlc

This is based on the separation of the solutes of a sample mixturc by their dificrential distribution

between stationaty and mobile phases.
|| Recagents
3 Methanol
~ N-hexane-diethyl-cther
Conceatmted sulphusic acid .

Assay 'rocedure

The determination of sctum PCBs consisted of three steps (1) extraction of PCBs from the seruny
by organic solvent (2) Clcan up of PCBs from impunties on chromato@aphic columns (3)

Quantitation by Gos chromatography with a suitable detector (cleciron captuse detector).

Scrum samples were mixed with mcthanol and a mixture of intemal standards were added to
correct for recovery and cnsure quality control. The samples werc then extracted threc (ymes with
n-hexane-diethyl-cther (131 viv). After cvaporation of the solvents the fat content was
determined gravimetrically, The fat was re-dissolved 1n n-hexanc and treated with concentrated
sulphuric acid, The PCBs were scpardied from the bulk of the chlonnated com pounds by elution
through o silica gel column (4.5g of 3% watcr-deactivated silica-gel). The first fraction,
containing the I'CBs was clutcd with 30ml of n-hexanc. The columns were of gy (ferent polarity

o ease identification of analytes whi¢h was based on retention ymes melative 1o intemal
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tandards: Quautificotion was performed using multilevel calibration curves obtained by
injection of standard solutions of at least three different concentrations. The limit of
detcrmination (LOD) was dctcrmined as three standard deviations (SD) above the value of the
blank and varied between | and 7 pg/g serum (not lipid adjusted). Samples with concentrations
of LODs three SD above the biank have a 99% probability of being non-zero. To increase this
probability, the quantification limits (LOQ) were set at higher levels than the LODs. In this case
the Jowest standard concentiation was used; 10pg/g scrum. The reproducibility of the method
was dcmonstrated by 21 replicate dcterminations using an in-house control setum sample

included in the analytical batches duting the course of the study.
3.11 Determination of the Expression of ER, PR and HER 2

Imtnunohistochemistry was performed on 79 breast tissuc biopsy samples obtained from the
breast cancer paticipants in this study. The tissuc samples were eollected in bottles containing
10% bul¥ered formalin. This was followed by embedding of tissuc in paraffin wax pending when

analysis will be done,
Principle

Immunoliistochemistry combines histological, immunological and biochemical techniques for
the identification and localization of spegific lissue components (localization of antigens in tissue
section), This is by the usc of labclled antibodics as specific reagents through antigen-antibody
interactions that are visualized by a marker such as fluotescent dyc. enzyme, radioactive element

or colloidal gold. Itis among the most sensiive and specific histochemical techniques,

Reagents

l. 70%, 90% and 100% (2 )ars) cthano) solutions-
2. Epitope reirieval buffer (citeatc bulfer 6.0 or EDTA bufYer9.0).

3. Xylenc (2 jars).
4. Wash Buffer(2)ars).

5. Mounting solution.

6, Hematoxylin stain.
7. Diaminobenzidine tetimhydrochlonde (DAB) substsate/ Chromogen.

L
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8. Antibody/ Antibody diluents.
9. Secondary antibody.

_-&Iatcrials

1. Humidilicd chamber.
2. Oven.
3. Water Bath.

4. Cover slip(22x32, 22x40, 22x22).
~ethod

(1) Sample Preparation (Deparnffination and Rehydration)
Paruffin specimens were cul inlo 4-ym scctions using a microlome and mounicd on
positively charged slides. Slides containing the breast tissuc scction were incubated for 10
minutes at 70°C. This was followed by incubation for 5 minutes in xylene jor #1. The slides
were incubated for S minutes 1n xyicne jar #2. Slides were incubated in giaded alcohols i.c.
Slides were incubated in 100% cthanol jer #1 for 2 minutes. This was followed by incubation
Iu in 100% cthanal jar #2 for another 2 minutes. The slides were fusther incubated in 95%
| cthanol jar #1 for 2 minutes. This was followed by incubation in 95% cthanol jar #2 for
another 2 minutes, The slides were then incubated in 70% cthanol for 2 minutes. The slides
were thercafter transfaited inio wash buflcr for 2 minutes. The above step was aimed at
depannfTinising and rchydrating the ti;suc samplcs.

(2) Epitope Retrieval (Antigen Unmasking)
Stides were transfeired into pre-heated retricval solution et 95°C and were incubated for 20.

30 minutes. The siides weire immediatcly iansferred into wash buller for 2 minutes and were

drained ofl.

(3) Blocking for Endogenous Enzymes
The tissuc arca on the slide was marked with 3 hydrophobic pen. Peroxidase block solution
was applied drop-wisc lo cover the tissuc. This was followed by incubation for 15 minutes at
room temperature in a hwnidity chamber. The slides weie thereafler (ransfared 10 and

immerscd 1n wash buffer par for S minutes
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) Immunoperoxidase Staining

Excess liquid was wiped off the slide while carc was taken not to clean off the tissue from the
slide. The slides were placed 1n the hunidity chamber. diluted primary antibody was applicd.
This was followed by incubation for 1 hour. [t was thetcalter washed in TBSt (wash solution)
Jx2 munutes. Excess liquid was wiped off' and sccondary antibody was applied. This was

folfowed by incubation in humidity chamber for 30 minutes. It was washed in TBSt (wash
solution) 3x2 minutes.

{S) Detcction
3, 3 diaminobenzidince tetrahydrochloride (DAB) solution was prepared (1ml + a drop DAB).

The DAB was applied to the tissuc section and incubated for 7 minutes. The slides were

thercafler washed with running top water.

{6) Counterstaiming
The slides were dipped in Gill's hematoxylin for 10 sceconds.

(7) Dchydration
The slides were immersed in 70% ctheno! [or | nunute and thercafler were immcersed in 95%
cthanol for 1 minute, The slides were immerscd in 100% cthanol for I minute. The slides
were immersed in 50% cthanol for § minutes.

(8) Clcasing and Mounting

The slides were immersed in xylene for $ minutes and thercafter in @ mounting solution (DPX)

The samples were covered immediately with a cover slip using mounting solution and air dricd ’

for npproximatcly 30 minutes before being cxamined under a light microscope by a pathologist.
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12 Statistical Analysis

Data obtained from the research participants wcre collated and analyzed using the stotisticol
| package for social scicntists (SPSS §8.0) SPP, inc., Richmond. CA.

For quantitative variables:

10 j ucs. Data
(a) Student 1-test was used 1o 1est the significance of diffcrence betiveen mean val
were cxpressed in mean=SEM (standard crror of mean).
Ine 1 1 ' tween
| (b) Multiple rcgression analysis was employed to determine interrelationships be

variablcs.
For qualitative variables:
(a) Chi-squarc test was uscd for association of qualitative vanables

A two sided probability valueat p<0.05 was considered statisucslly significant

&
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CHAPTER FOUR

4.0 RESULTS

Table 4.1 shows the assoctation of breast cancer stage, aftected breast and honnone receptors in

pre and postmcnopausal women with breast cancer. There was significant difference in the

honnone receptors (p<0.05).

Table 4.2 shows the assoctation of age and demogrophic indices in womcen with and without
breast canccr. There was an association in the occupation (p=0.006). No association was

observed in agc, mantal status, educational status and cthnic group (p>0.05).

Tablc 4.3 shows the association of contraceptive usc and history of breast cancer snd tumour in

women with and without brcast cancer. No association was observed (p>0.05).

Table 4.4 shows the association of dict histoty in women with breast cancer and non breast
cancer women. An assoctation was observed in vegelable, fruit, red meat and diaty product
intake (p<0.05). There was no assoclation in beans and beans product, refined carbohydrates and

refined carbohydrate type inteke (p>0.05).

Table 4.5 shows the reproducuve history in women with breast cancer and non breast cancer
women, Age ot menarche was signif cantly higher in Women with breast cancer when compared
with non breast canccr women {(p=0.033). Menstrual cycle was significantly lower in women
with breast cancer when compared with non beeast cancer women (p=0.003). Number of
previous pregnancies was significantly higher in women with breast cancer (p=0.009). Number

of induced abortion was significantly higher in women with breast cancer (p<0.001),

L)
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Varlable

Premenopausal and Postmcenopausal \WWomen with Breast Cancer

ablc 4.1 Breast Cancer Stages, Sites of Affected Breast and Hormone Receptors in

Premeno-HCBCa Postmcno-llCB=Ca

|

Total 24 p
(n=54) (n=31) 85 (100%)
" Breast Cancer - 3.394 0.335
Stage
J 5(9.3%) [(3.2%)
2 3(5.6%) 5(16.1%)
3 24(44.4%) 14(45.2%)
4 22(40.7%) 11(35.5%)
Breast Site (n=54) (n=31) 2.236 0.135
Right Brecast 30 (55.6%0) 12 (38.7%)
Left Breast 24 (44.4%) 19 (61.3%)
Receptors nwS2 n=217 n=79(100%)
ER 22.050 <0.001°*
Positive 0 10(37.0%)
Negative 52(100%) 17(63.0%)
PR 17.143  <0.00]°
Positive 0 8(29.6%)
Negative 52(100%) 19(70.4%)
HER? 5.488 0.019°
Positive  6(11.5%) 9(33.3%)
Negative 46(38.5%) 18(66.7%)

n=number Of participants, y =Chi-Squarcd test, Fishers=Fishers Exact ntio. p=Probability
value, * significant ol p<0.05. ER=0Ocsyradiol Recepior, PR=Progesterone Receptor,

HER2=Human cpithclial receptor 2, Premeno-HCBCa=premengpausal wWomen  with

histologically confimed breast cancer, Posimeno-HCBCa=  postmenopausal women wi
htle!ogtcally confirmed breast cancer,
15
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Variable

able 4.2 Demographic Indices of Women with and without Breast Cancer.

v

HCBCa (n=85) % AHWB (n=84)% ' & P
Age 483213 48.45£127 t=0.07 0.94]
Marital Status 7.795 0.050
Martied 63(74.1%) 55(65.5%)
Single 2(2.4%) 11(13.1%)
Widow 19(22.4%) 18(21.4%)
Divorced: separated 1(1.2%) 0
Educational Status 4400 0.221
None 16(18.8%) 19(22.6%)
Primary 21(24.7%) 13(15.5%)
Secondary 24(28.2%) 20(23.8%)
Tertiary 24(28.2%) 32(38.1%)
Occupation 12432  0.006*
Troding 60(70.6%) 41(48.8%)
Civil Servants 14(16.5%)- 26(31.0%)
Unemploycd (House wife)  5(5.9%) 14(16.7%)
Others (fanncrs, clergy) 6(7.1%) 3(3.6%)
Ethnic Group 14.70¢  0.070
lgbo 14(16.5%) 2(2.4%) |
Ebimm 2(2.4%) 0
tausa 1(1.2%) 2(2.4%) .
1san 2(2.4%) 2(2.4%)
Isoko 2(2.4%) 1(1.2%)
Tiv 1(1.2%) 0
Urhobo 2(2.4%) 1(1.2%)
Yoruba 61(71.8%) 76(90.5%)

n=number of pasticipants, f =CHi*Squmtd test, p=probubility value, **= significant at p<0.05,

t=Student’s 1-test, 1§CBCa=\Vomen with hislologically confinned breast cancer, '

AHWB=Appaentty healthy women wilhoul breast cancer
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without Breast Cancer,

able 4.3 Contraceptive usc and Ristory of Breast Cancer and Tumour in Women with and

_Varisble HCBCa(n=85)% AHWB (n=88)% J' p
Contraceptive Use 1.20] 0.273
Yes 31(36.5%) 24(28.6%)
No $4(63.5%) 60{71.1%)
Contraceptive Type 6.658 0471
Pills [1(12.9%) 6(7.1%)
Injectibles 5(5.9%) 3(3.6%)
Barrier 11{12.9%) 12(14.3%)
Pills and injectible 2(2.4%) 1(1.2%)
Pills, 10jectible and barricr 0 1(1.2%)
Bapicr and injectible 0 1(.2%)
Implant 2(2.4%) 0
Nil 54(63.5%) 60(71.-1%)
Family Nistory of Breast 0.137 0.711
Cancer
Yes 4(4.7%0) 3(3.6%)
No 81(95.3%) 81(96.4%)
Relative with B. Cancer 4.994 0.288
Mother 1(1.2%) 1(1.2%) .
Aunty 0 2(2.4%) 1
Half Sister 1(1.2%) 0
Sister 2(2.4%) 0
Nil 81(95.3%) 81(96.4%)
Personal llistory of Breast 2.983 0.084
Tumour
Yes 3(3.5%) 0 |
No 82(96.5%) 84(100%) .
Breast Tumour Mgt. 3.018 0.080 ‘
Surgery 3(3.5%) 0
Nil 82(96.5%) 84(100%)

n'mumber of participanis. X =Chi-Squarcd test, p=probability value. *=signiticant ot p<0.05.*;
Student's t-test vglue LMC=Length of mensirudl cycle, DMMeDuranon of monthly
Menstiugion, NPP=Number of previous pregnancics. NIA=Number of jnduced abortion,
HCBCa-Women with histologically c:onfimed breast concer. AHWB=Apparently healthy

women without breast cancer
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able 4.4 Dict Ristory in Women with and witbout Breast Cancer.

ariable HCBCa AHWB x! p
(n=85) (n=84) _
Beans/Beans Product Intake 0.49] 0.782
Daity 10(11.8%)  13(15.5%)
Weekly 20(23.5%)  18(21.4%)
Occasionally 5362.4%) 53(63.1%)
Nil 2(2.94%) 0
Vegetable Intake 6.933 0.031°*
Daily 23(27.1%) 23(27.4%)
Weckly 43(50.6%) 28(33.3%)
Occasionally 19(22.4%) 33(39.3%)
Fruit Intake 6.824 0.033¢
Daily [17(20.0%) 20{23.8%)
\Veekly 32(37.6%) 45(53.6%)
Occasionally 36(42.4%) 19(22.6%)
Red Mcat Intake 56.869 <0.00(*
Daily 70(82.4%) 22(26.2%)
Weckly 4(4.7%) 26(31.0%)
Occasionally 10(11.8%) 36(42.9%)
Nil 1(1.2%) 0
Dairy Product Intake 11438 0.050°
Daily 2(2.4%) 2(2.4%)
Weckly 7(8.2%) 23(27.4%%)
Occasionally 75(88.2%) 59(70.3%)
Nil 1(1.2%) 0
Refined Carlohydrate Intake 0.080 0.778
Ycs 58(68.2%) 59(70.2%)
No 27(31.,8%) 25(29.8%)
Refined Carbohydratc Type 4.272 0.370
Any 54(63.5%)  59(70.2%)
Indomic 2(2.4%) 0
Indomie/spaghetti 1(1.25) 0
Spaghc“i 1(1.2%) 0
Nil 27(31.8%) 25(29.8%)

n=number of pasticipants, y =Chi-Squared test, P=Probability value, * significant a1 p<0.05.
HCBCa..\WWomen with histologically confinned breast cances: AHWB=Apparenily heatthy

women without beeast cancer
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Table 4.5 Reproductive History in women with Breast Cancer and without Breast Cancer

_Variable IICBCa (n=851% AITWB (n=84)% p
Menstrual History ?
Age at Menarche (Years) 15.4£0.2 14.740.2 2.154 0.033°
LM C (days) 27.840. 28.30.] -2988  0.003°
DMM(days) 4.50.1 4.6£0.0 -1.026 0.306
NPP 5.11£0.3 4.0:03 2.632 0.009*
Number of Live births 3.6£0.2 3.120.2 1.664 0.098
NIA 0.910.1 0.3£0.] 3.8t6 <0.00]*

_Number of Miscarriage(s) 0.110.1 0.3x0.] -1.635 0.104

Student's t-test value LMC=lLenpth of menstual cycle, DMM=Duratton of monthly
menstruation. NPP=Number of previous pregnancics, NIA=Number of induced abortion.
HCBCa=Women with histologically confirmed breast cancer. AH\VB=Apparently healthy

women without breast cancer
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Table 4.6 shows the mean blood pressure and anthropometric indices (WC, HC, weight, height,
BMI, WHR, WHIR) and blood pressure of women with breast cancer compared with controls.
- WC, HC, weight, height, WHR, \WHIR and SBP ware significantly higher in women with breast

cancer compared with controls (p<0.05), No significant ditferences were observed in the mean

body mass indcx and diastolic blood pressurc (p>0.05).

Table 4.7 shows the serum levels of hormooes (progesterone, ocstradiol, EH, FSH, FT,, FT3 and
TSH) and cndocrnine distuptors (Pb, Cd, As, BPA and PCBs). FT,, Pb, Cd, As, BPA and PCBs

were significantly higher in women with breast cancer compared with controls {p<0.0S). No

significant differences were observed in other indices (p>0.0S).
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able 4.6 Blood Pressurc and Anthropometric Indices in \Vomen with and without Breast

Cancer.
Variable HCBCa (n=85)  AHWB (n=B4) ¢ p
Blood P'ressure o e e s
Systolic BPF(mmHg) 122.7410.1 » 119.4£1.0 2215 0.028°
Diastolic BP (mmHg) 81.7£0.9 80.7+0.8 0.811] 0.418
Anthropomelric Indices
\VC(cm) 89.9x1.] 82.6¢1.2 4.535 <0.001 *
HC (cm) 10].8zl1.] 98.5:1.0 2212 0.028°
Body Weight (kg) 69.2+1.4 6212].1 3.975 <0.00]1°*
Height (m) 1.6340.0 1.58+0.0 4.882 <0.00] *
Body Mass Index 26.120.5 24.9:0.4 1.826 0.070
WHR 0.9£0.0 0.8£0.0 4.856 <0.001*
WHR 55.320.7 52.4+0.7 2.809 0.006*

Values are in Mean+SEM (Standard etror of mean), n=number of participanis, t=Student’s t-(est.
p=Probability value, *=significant at p<0.05, WC=Wuist circumference, HC=Hip cipcum ference,
WHReWaist hip ratio, \WHtR«Waist height mtio, BP=Blood pressure. HCBCa=Women wj(h
hislologicnlly confiomed breast cancers AHWVB=Apparently healthy women swithout bereast

canccr.
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able 4.7 Serum Hormones and Endocrine Disruptors in VWomen with and without Breast

ancer.
“Variable HCBCa (ne85) AHWB (n=84) ¢ P
“Hormoncs
Progestcrone (nmol/L)  8.6+1.8 5.9+1 4 1.167  0.245
Oecstradiol (pmol/L) 34484319, 307.8+£34.7 0.786 0.433
LH (TU/L) 14.5¢1.5 14.621.4 -0.038 0.970
FSH (IU/L) 26.8+3.7 32.9+4.2 -[.101  0.273
FTy(pmol/L) 3.420.3 3.440,1 .0.045  0.964
FT.(pmol/L) 17.8£0.4 14.720.3 6373  <0.001*
TSH (mIU/L) 1.740.) 1.420.] 1880  0.062
Endocrine Disruplors
Lead (pg/dL) 5.5£0.2 1.820.0 24.167 <0,001*
Codmium (pg/dL) 0.04£0.0 0.010.0 24602  <0.00]°*
Arsenic (pp/dL) 031200 0.0420.0 23.209 <0.00(°*
BPA(mg/dL) 0.8:0.7 0.40.0 681  <0.001°
PCBs(ug/dL) 0.820.5 0.3£0.0 1012 <0.001°

Valucs arc meanzSEM (Standard crvor of mcan). n=number of participants, (=Studeng’s (-test.
p=Probability value, *=significant at. p<0.05, LHsLutewizing hormone. FSH=Follicle.
stimulating hormone, FTy=Frec iniodothyroninc, FT«=Thyroxine, TSH-‘ThyvOid-slimUIating
hormonc, Pb=Lead, Cd=Cadmium, As=Arsenic, BPA=Bisphenol-A. PCBs=Polychlonnated
biphcnyls. nmoVL=nanomolc per liter, [U/L=mili intenational unigs per  muliftre,
pmol/Lspicomol per litre. mIU/L=milliintcmational unit per [itre, ug/dL=micropams per
decilitye. HCBCa=Women with histologically confirmed breast cencer, A[{WB= Apparently

healthy women w.ithout breast cancer.
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able 4.8 shows thc mean age, age al manarche, age al menopause (postmenopausal women
only), blood pressure and anthropometric indices (WC, HC, weight, height, BMI, WHR, WHI{R)

of pre and postmenopausal women with breast cancer compared wiath their respective controls,

Premcnopausal women

Agc at menarche, WC, HC, weight, height, \WWHR, WHIR and SBP wcre significantly higher in
premcnopausal women with breast cancer (p<0.05). No sigiuficant differences werc observed in

the mean BMI and diastolic blood pressure in both premenopausal cases and control (p>0.05)

Postmcnopausal women ’

Weight, height were significantly higher in postmcnopausal women with breast cancer compared
with controls (p<0.05). No significany differences werc observed in the mean age, age at
menarche, age at menopause other anthropometnic indices and blood prossure measurements
(p>0.05)

Table 4.9 shows the scrum levels of sex honnones (progesicionc and oestradiol, LH, FSH, FT,,
FTy and TSH) and endocnine discuptors (Pb, Cd, As, BPA and PCBs) in pre and postmenopausal
women with bicast cancer and their respective controls.

Premenopausol women:

LH, FSH. FT,, Pb, Cd, As, BPA and PCBs were signilicantly higher in premenopausal women
with breast cancer when compared with conitols (p<0.05). No sigiuficant diffcre nees wele
obscrved in levels of progesicrone, ocsiadiol, FTy and TSH (p>0.05)

Postmcenopausal women:

Progelsreone, oestradiol, FTs, Pb, Cd, As. BPA and PCBs werc sigmificantly higher while ESH
was significamly lower in postmenopousal women with breast cancer than controls (P<0.05). No

significant dylference waos observed in LH, €Ty and TSH (p>0,05)
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Table 4.8 Age, Reproductive History, Blood Pressure and Anthropometric Indices in

Women with and Without Breast Cancer in Prc and Postmenopausal Groups.

Wariable Prcmcno-  Premeno- o p Postmeno  Postmcno- p

HCBCa  AlIWB -ICBCa  AHWB

(n=54) (n=53) (2=31) (n=31)
c(ycars) 409407  40.7:06  0.187 0852  61.2¢1.5 616215  .0199 0.843
M1 (years) 153403  14.5¢03 2081 0.040* 1564039 15.1#0.38 0840  0.404
M2(ycars) n/o n/a - 5140.7 5020.9 0.255  0.799
BP(mmHg)  123.0£1.4  119.0£1.2 2062 0042 1223£1.8 1200416 0925  0.360
BP (mmHg) 824].]  809+1.0 0967 0336  803+1.3 80.3+1.2 0000 ].000
WC(cm) 88.5+].4 78.3+] .3 5321 <0.001* 922417 89.8+l.5 0968 0.337
HC (cm) 100.54].5 95941.0 2512 0014* 103.9£1.7 102.7£¢1.7  0.500 06]9
W (Kg) 68019 60413  3.435 0001 714222  65.6¢1.7 2103 goj0°
Btm) ° 163200 157400 4.345 <0001° 163200 1.59£0.0 2390  g023e
BMI(Kg/m?)  25.7:0.7  24.5:0.5 1401 O.de4  268:0.7 257407 1048 0217
WIR 0.9£0.0 0.840.0 6073 <0.001°* 089+00 0.88£0.0 0.716 0480
WHIR §46:1.0 49.9:09  3.516 0.001° 56.6+1.2  56.5:0.9 0093 45930

Values gre meant SEM (Standard crror of mcan), n=number of patticipants, (=Swdent's L.iest,
Waenot  gpplicable,  p=Probability value, *=significam ot p<0.05, Premeno.
HCBCa=Premcgopousal - women \Viﬂl‘hISIOIOQCGHY confitmed breast cancer, Postmeno.
HCBC!‘Poslmcnopuusui women wilh histologically confimed breast cancer. SBP=Sysiof;c
blood pressure, DBP=Dinstolic blood p'ﬁ:ufcu 2.:(:;5: :’t:[‘;onda;c:ti g}/‘\lM};:;if hat
Menopayse, WC=Wajst circumfeience, HC=I1p ch B i r o Syswlic=Sys|§|i:;

. i io, WWHt
BM"BOdy mass mdcx. \‘.’HR:\V{)IS{ hlp ralio,
blood pressure, Diostolic=Djastohi€ blood pressurc. Al=Anthropomctiic [ndeces.
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Tabic 4.8 Age, Rcproductive Bistory, Blood Pressurc and Anthropomaric Indices in

Women with and Without Breast Cancer in Pre and Postmenopausal Groups.

Valyes are mcontSEM (Standard emor of mean), n=number of participants, t=Student’s t.test,
Wo=ngt  applicable, p=Probability  vmlue, ssgignilicant  at  p<0.05, Preinepo.
HCBCa=premengpausal  women with _histologically confinned brast cancer, Postneno.
HCBCo®Pogsmcnopausal women with ht stologically confinned breast cancer, SBI;=Sysm|ic
blood pressure, DBP=Diostolic blood Pms"""./\M"gAgc al mcnamhc.. AM.2=Age g
Menopause. \C=Waist circumference. HC=Iip citcumfcrence, Wi=Body weight, Hi=Haighy,
BMlﬁBody mass. index. \WHRs=Wajst hip ratio. WHtR=Waoist height muwo. S”mhc“s)‘sto[jc

blook! pressure, Diastolic=Diastolic blood presstre. Al=Anthiopometric Indices.

ARICAN DIGITAL HE%I!TH RESPOSITORY PROJECT

iable Pftemeno-  Premeno- ¢ p Postmeno Postmeno- (P
HCBCa  AlI\WB -HCBCa AHWB
(n=54) (n=53) (n=31) (n=31)
e(yeurs)  409:0.7 40.7:0.6  0.187 0852 61215 61.621.5  -0.199 0.843
M1 (years) 153203  14.5%0.3  2.081 0040° 15.6:039 1512038 0840  0.404
M2 (yeors) nfa n/a - - 51207 50409 0.255  0.799
p .
BP(mmHg)  123.061.4  119.0¢1.2 2062 0.042° 122318 1i200:1.6 0925 0360
BP (mmHg) 824111  809:10 0967 0336  803:13 803£1.2 0000 1000
|
WC (cm) 88.5¢14  78.3#13 5321 <0.001* 922+¢1.7 89.8:15 0968 337
HC (cm) 100.541 5 ©959¢1.0 2512 0014* 103.9¢1.7 102.7¢1.7 0500 gg19
Wt (Kg) 680510 601413 3435 0001° 7014222 656:1.7 2103 ¢ g10e
Hym) * 163:00 157600 4345 <0001* 163200 15900 2340 o3+
BMI(Kg/m?) 257407  24.5:05  1.400 0.164 268207  25.740.7 1.048 919
WIHR 00:00  08:00 6073 <0.001* 089:00 08800 0716 g 450
WInR 546510  499:09 1516 0001° S66:1.2 56.5:0.9 0093 4939




in Pre and Postmenopausal Groups

Table 4.9 Hormones and Endocrine Disruptors in \Women with and without Breast Cancer

Premeno- Premeao- p Postmeno- Postmeno- ¢ P
HCBCa AHMWB HCBCa AHWB
(n=4) (n=33) (n=31) (n=31)
12.3£2.6 8.8+2.2 1.023 0.309 2.120.4 1.0£0.1 2919 0.005
45282433 33084465 0.347 0.729 156.5£12.4 60.423.6 5.036 <0.00
7.240.7 5.840.5 2,298 0.024* 264£29 29.741.) -1.061 0.290
7.2+0.6 5.620.4 2183 0031* 60.9¢6.4  79.6#4.1  -2455  0.020
ilpmol/lL)  3.6£0.4 3.5+0.1 0.249 0.804 3.120.1 3.3+0.1 -1.372 0.175 |
o(pmol/L) 17.840.6 14.940.3 4.507 <0.001* 12.720.6 14.320.4 4.785 <0.00 |
mIUL) 181017  1.540.1 1360 0178 1602 1301 L3S gy |
' 0.04:00  0.0120.0 18,788  <0.001* 0.0540.0 0.01x0.0 15993 <0.00
CBy(ugdly 0g:0.14 042004 4515 <0001° 08014 032000 S 540

Valucs acc meanzSEM (Stondartl crror of mean), n=number of participants, ttStudcm's t-test,
P‘Probnbilily value, ocsignilicant o P<0-0_5- | Premeno=Premenopgusg |
Posimeno=Postmenopausal, P rogests Propesicrone LH‘Ufclm.ZinBThi;T;:m _ZSE!=Folii'clc
stim“““iﬂg horninone, FTy=Frcc 1ﬂiodatthMiqc. T'T¢=1h.)(to.unc. S yroi -SllmU’hhng
hormone, ph=Lead. Cd=Cadmium, ASTArscnic, 9!‘{\=§lsph¢n9"/\i PCQS“polychlo:jp?m
binhenyls. nmoUL;|1nnomolc per liter, 1U/L=milt e u:lus per milikiyre,
Pmol/t.=picomo) per Titre, IU/Lemilliintcrmational umt PEe litre, pgrdl=mMicrograms p..

e - premcnopausd] cases and controls ore 22 and 23
decilipre, =n for 'CBs ond BPA tn P menopausal cases and contols orc 18 and 19

1es E . BPA n post '
l'(:,]:dwc'y' Whllcp“ o PCBSS:I“dwomm wilh hislo!oglc.ally oonhqncd breast Cancer,
ostn‘::::!lfc[}gg” ;cmcnopn:nusul women with histologically confirmed breast ¢an o

- gl a) controls
fenieay. AHWB=controls, Poslmcno-AH\\'B‘POSImcnOpaus
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able 4.10 shows the mcan age. anthropometric indices (WC, HC, weight, height, BMI, \WHR,
H(R) and blood pressure of pre and postmenopausal women with breasi cancer. Age was
significantly lower in premenopausal women with breast cancer than postmenopausal women
with breast cancer (p<0.05). No significant difterences were observed in the mean
anthropometnic indices and blood pressure measurements (p>0.05).

Table 4.11 shows the serum levels of sex hormones (progestcrone, oestradiol, LH, FSH, FT,,
FT3, TSH) and endocrine disruptors (Pb, Cd, As, BPA and PCBs) in prc and postmenopausal
women with breast cancer. Progetsreone, ocstardiol were significantly higher in premenopausal
women with breast cancer than postmenopausal women with breast cancer (p<90.05). LH and
FSH were significantly lower in premenopausal women with breast cancer than pestmenopausal
women wilh breast cancer (p<0.05). No significant diflerences were observed in the [cvels of
FTy, FTa TSH, Pb, Cd, As, BPA and PCBs (p>0.05).
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Women with Breast Cancer

*

able 4.10 Age, Blood Pressurc and Anthropometric Indices in Prc and Postmenopausal

Variable Premecoo-HCBCa  Postmeno-HCBCa ¢ p
(n=54) (n=31)

“Age (years) 40.920.7 61.2¢1.5 Ta723 <0.008°
BP
Systolic BP (mmHg) 123.0x1.4 122.3+1.8 0.299 0.765
Diastolic BP (mmHg) 824zx1.) 80.32+1.3 1.182 0.2¢]
Anthropometric Indices
WC (cm) 88.5+1.4 92.2%1.7 -1.581 0.118
HC (cm) 100.51.5 103.941.7 -1.467  0.146
Wi(Kg) 70.0¢].9 71,4122 -1.147 0.255
Ht (m) 1.6240.0 1.6320.0 -0.275 0.784
BMI (Kg/m?) 25.70.7 26.820.7 -1.081 0.283
WHR 0.8840.0 0.8520.0 0.510 0.61]
WHI(R 54 621.0 56.6x1.2 -1.348 0.18t

Values arc MeantSEM (Standard error of mcaon), n=Numbcr of subjccis, t=Studcnt’s itcst.,

P=Probability value, *=significant ot p<0.05, WC=Whaist circumnterence, HC=Hip circumference,

M'Bod)' weight, HesHeight BMI=Body mass index. WHReWast hip ratio, WHIR=Vist
height ratio, Systolic BP=Systolic blood pressure, Disstolic BP=Dsastolic blood pressure,

Premen.HCBCa=Premenopausol
Posimeno-HCBC u]'ostmcnOpmlSdt women with histologically confirmed breast

women with histologically confirmed bhreast cancer,

cancer,
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Tabje 4.11 Scrum Hormones and Endocrine Disruptors in Pre and Postmcnopausal

Women with Breast Cancer

Variable Premcno-HCBCa Postmcno-HCBCa ¢ P
(n=54) (n=31)
Bormoncs
Prog (nmol/L) 12.322.6 2.1x0.4 2.907 0.005* ‘
EQ (pmol/L) 452.8443.3 156.5+12.4 5.100 <0.001 ‘
LH (10/L) 7.7£0.7 26.4+2.9 -7.711 <0.001 ’
FSH (lUL) 7.240.6 60.9+6.4 -17.034 <0.001
FTy(Pmol/L) 3.6+0.4 3.120.1 0.868 0.388
F T, (pmol/L) 17.820.7 17,7206 0.211 0.2;:
TSH (miU/L) {.840.2 1.620.2 0.492 0.
Endocrine Disrupiors : o v E
Lead (pg/dL) 5.410.2 5.8:0.2 - P
Cadmiumn (pg/dL) 0.04£0.0 0.05£0.0 -;2:3 0-769
Arsenic (pg/dL) 0.3£0.0 03£0.0 ‘0'206 0-838
PCB (pg/dL) 0.79£0.1} 0.8:0.11 '0-529 0-600
BPA (mg/dL) 07620, ! 08£0.1 ¢ . '

vﬁllJa M n+SEM (Smndard crror of mcan), n number of subjccls, Student’s t-les :
are :vico

p=Probgbility, *=significant M

homone, FSH=Fofjicle stimulating hormone,
. = cad‘

TSH=Thyroid stimulating hotmonc, Pb=l.

= :oNol units

Per  liler, 1U/L=mil jnlcmationa | e S

MIU/L=milfi tional unit pcr litre, HS’dL"‘\“‘C"OS“““S per decilitre. ! =n CBs and BP;
=miljizntemation:

mm \\'il
with histologicatly confirmned breast  casicer,

nfitmed breast cancer.

005. Prog=progesieronc: Ep=Oestradiot, LH=Lutcinizing
p<u.lo,

FTs=Frce triiodothyronine, FTe=Thytoxinc,
Cd=Cadmium, As=Arsenic. nmol/L=nanomole

per mililitre, pmol/L=picomol pecr litre.

I breas! cancer afc 22 ond 18 respectively.

i ] wo
in premcnopausal and posimenopatish
womch

Pf . r remeno pausnl )
cmeno-HCBCyps? wom€n With hnslolog!“‘“)’ o

Postmcno-HCBCa PoSlmcnoPWs“l
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Vomen with Breast Cancer

blc 4.11 Scrum Hormones and Endocrine Disruptors in Pre and Postmcnopausal

Vartablc Premeno-HCBCa Postmcno-HCBCs P
(n=54) (n=31)
Hormoncs
Prog (nmol/L) 12.322.6 2104 2.907 0.005*
Ezl (pmol/L) 452.8+43.3 156.5¢12.4 5.100 <0.001°*
LH (1U/L) 7.720.7 26.4+2.9 -7.711 <0.001*
FSH ([U/L) 7.220.6 60.9£6.4 -11.034 <0.001°*
FT,(pmoV/L) 3.6¢04 3.1£0.1 0.868 0.388
FT: (pmol/L) 17.8+0.7 17.7£0.6 0.211 0.81 3
TSH (mIU/L) 1.8£0.2 1.620.2 0.492 0.624
Endocrinc Dlsrupiors !
Lead (kg/dL) P 5.420.2 5.8+0.2 4 ~-’-9"3 ‘(’)-323
Cadmium (pg/dL) 0.04£0.0 0.05£0.0 -1 343 00;69
Atscnic (j1g/dL) 0.3x0.0 0.3:0.0 ‘°-;26 0°838
s AL g.:tg:: ::))‘.529 0:600
e i~ cte ‘ i=1.\umbcr of subjects. t=Students L-tes,

d eiror of mcan), N

p<005, Prog=Progesicront, E |
FTy=Frec niiodothyionine. FT=Thyroxinc,

Values arc MeanaSEM (Standor
=Probability, ®=significant &
hommone, FSH=Folliclc stimul )
TSH'““‘Yroid slim ulating hofmont, Pb=Lcad, Cd

o * r
Ty vl Gy ) ")c 5 per deci litre. ¢ =n for PCBs and BPA
mIU;L=w0ijliintc motional unit per litre, pg/dL=microgmM

women W

=Ocstradiol, LH=Luicinizing

ting hormone |
e Cagmium, As=ArscnicC. nmolL=nanomole

mililitre,  pmoVL=picomol  per litre,

llh beﬂSl cance’ dre 22 and ]8 chpccﬁvcly'

In premenopausal and postmcnopo“ml
wome

Premeno-11CRCa~=Premenopausal

Postmeno-HCBC e Postmenopdusal WO
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able 4.12 shows thc mcan age, anthropometric jndices (WC, HC, weight, height, BMI, WHR
and WH1R) and blood pressurc of pre and postmenopausal women without breast canccr. Agc.

waist circumference, hip circumference, weight, waist-hip ratio and waist-height ratio werc
significantly lowerin prcmenopausal women without breast cancer than postmenopausal women

without breast cancer (p<0.05). No significant diffcrences were observed in height, weight,

systolic and diastolic biood pressure (p>0.03)
Table 4.13 shows the scrum levels of scx hormones (ptogesicronc, ocstiadiol, LH, FSH,
ndocrine disruptors (Pb, Cd, As, BPA and PCBs)in pre and postmcnopausal

Progesterone, oestradiol werc significantly higher in
onmonc and FSH

FTs,

FT.and TSH} and ¢

women \without breast cancer.

qusal women than postmenopausal women (p<0.05). Lutcinizing h

premenop
with postmeno pausal womcn. No

were sigpificantly lower in premcnopausal women compared

significant diffcrences were observed in the levels of the endocrine disruptors (9>0.03).

ARICAN DIGITAL HEALTI—”SPOSITORY PROJECT




\Women without Breast Cancer.

*

able 4.12 Age, Blood Pressure and Anthropometric indices in Pre and Postmenopausal

'_\'arl:blc

Premeno-AHWB  Postmeno-AllWB 1 p
(n=53) (n=31)
“Age (years) 30.7£0.6 61.7£1.5 {14846 <0.001°
Blood Pressure
Systolic BP (mmHg) [19.0£1.2 120.0£1.6 0475 0.636
Diastolic BP (mmHg) 80.9+1.0 80.3+(.2 0.38  0.701
Abthroponietric Indices
WC (cm) 78.3£1.3 89.9t1.5 -5.141 <0.001°
HC (cm) 95.9+1.0 102.71.7 -3.619 0.00I1°
WL(Kg) 60.1x(.3 65.621.7 -2.566 0.012¢
H (m) 1.57+0.0 1.59+0.0 -1.777  0.079
BMI (Kg/m’) 24.5+0.5 259407 -1.612 0.1l
WHR 0.8+0.0 - 0.9+0.0 -5.134  <0.001°*
WHIR 49.9+0.9 56.5¢0.9 -4.840 <0.001°

Valges ore NcantSEM (Standard enor of mean), n=Number ol subjects, t=Student’s r-tesl,

P=Probability value, *=significant at p<0.05, WC=\Waist circumicrence, HC=Hip circumfercnce,
Wi=Body weight, Fit<licight. BMI=Body mass index, WHR=\Vaist hip ratio, WHR=Waist

height ratio, Systolic=Systolic blood pressurc:
AHW Beapparcntly healthy premenopausal - women. Postmeno-Al{\WB=gpparently healthy

Disstolic=Diastolic blood pressure. Premeno-

postmenopausal women.

ARICAN DIGITAL HEA% RESPOSITORY PROJECT




able 4.13 Hormones and Endocrine Disruptors in Pre and Postmcnopausal women

without Brcast Cancer,

Variahle Premeno-A\HWB  Postmeno-AHWB  { p
(n=53) (n=31)
Hormones
007#
Prog (nmol/L) 8.842.2 1.020.1 2.756 (()0 .
E; (pmol/L) 430.8+46.5 00.4+3.6 5.491 A .
LH (VL) 5.80.5 29,8411 22862  <0.001
: .
FSH (IU/L) 5.6:0.4 79.624.) -23.147 <0.001
218 0.227
e g =5 : (2):38 0.280
N e i e 0. 833 0. 407
TSH (miu/L) 1.5£0.1 1.320.1 : .
Endocrinc Disruptors " oo i
1.840. . :
Lead (ug/dL) 1.820.1
-0.230 0.818
Cadmium (pg/dL) 0.01£0.0 & L o -
Arscaic (ng/dL) 0.39:00 PRRY e e
PCBs(pprdL) 0.4£0.04 g;:gz" !'397 - 4
0.3z0.0"} DY
TR of subjects, 1=Student’s tdesy,

3 aror of mean), n=Number
al p<0.05 Prog=ngeSlcr0nc’ E=Oestradiol,

ormone, FTy=Free iniodothyionine,

Values pfe McantSEM (S1andar
P=Probability  value, exsianificont |
gy=Follicle stimulsing h

LH=Lutcinizing hosmonc, F nmol/L=nonomole per liter, [W/L=mili

! ; e
ETe=Thyroxine, TSH=Thyroid.sumulnhnS hormon

R mOUL- komol pct
¢ mililitre, P l:sn for PCBs ond BPA in premenopausa)l end

: . decilitre. ,
litre, pg/dL=microgroms pc.rh l1hcw A and 17 respectively. Premeno-
| women Withou

litrc, mlU/L=milliintemationa! unit per
INicmations! units pe

POsimcaopausa

H | p.c[“cﬂOpouSlﬂ women. POSlmCDO‘AH\VB‘Oppnrcnuy hCﬂIlh)'
AHWB=gppprently hedlthy

posimcoopausal women.
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400). Marked arci indicntes staincd cclls

Figure 4.1: Photomicrograph of ER Positive (N
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Figure 4.2: Pliotomicrograph of ER Negotive (X400)
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), Marked arca represen ts stained cells

e y ‘ ‘J
Figure 4.3: Pliotomicrograph of 'R Pasliive (NS00
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’ e (NdD0
Figure 4.4: Photombcrograph of I'R Negatis ¢ (NS00)
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: ' nts stoincd
Figure 4.6: photomicrogeaph of HER 2 Neqative (N400), Morked aren represenis s
1IRUTC 4.0 Photomic :

cells
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“Table 4.14 shows the cxpression pattern o foestrogen rcceptor (ER), progesteronce reccptor (PR),
HER 2 and co-cxpression pattem of oestrogen receplor and progesteione receplors (ER/PR) of
breast tumouts. Panticiponts with oestrogen receptor positive breast cancer were len (12.7%)
while sixty-ninc participants (87.3%) had oestrogen reccplor ncgative breast canccr. Eight
(10.1%) had progesterone positive breast cancer, while scventy-one (89.9%) hod progcsterone

receptor ncgative breast cancer. Fiftecn participants (19.0%) had HER 2 positive breast cancer,

whilc sixty-four (81.0%) had HER 2 ncgative breast cancer.

7
Table 4.15 shows the frequency and percentages of oestrogert, progesicronc and HER 2

receptors in participants with breast cancer. Fifty-five (69.62%) had tople negative breast cancer

i.c. negative cxpressions of the markers; ER, PR and HER 2. Two individuals (2.53%) werc

positive for the three receptors (triple positive breast cancer). it
oesirogen and progestcronc rcceptors but ncgative for HER 2. Five (6..‘%3%.,).wcrc pojm:wc for
oesirogen receplor but negative for progesicroncreceptor and HER 2. An individual (1.27%) was
R 2 but negative for progestcionc receptor. Ten (12.66%)
. Two (2.53%) had

Two (2.53%) werc positive for

posilive for ocstrogen reccptor and HE

itiv 2
had negative oestrogen and progestcrone reccplors put positive HER 2

negative oestrogen receptor and HER 7 but posilive progesteronc receplor. Two (2.53%) hed

iti and HER 2,
ncgative oestrogen reccptor but positive progesterone receplor

99
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Table 4.14 Distribution of Hormone Receptor Positivity and Negativity in Women with

‘Breast Cancer

“Marker Frequency(n) Percentage (%)

»

Oestrogen Receptor
ER+ 10 12.7

Progesterone Receptor

PR+ 8 10.1
B 1) 89.9
HER 2

HER 2+ 15 ey
HER 2- 64 PRl

ER=Oestrogen receptor, PR= Progestcrone recepior, HER 2=Human epithelial receptor 2

99
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Table 4.1 Differcnt Expression Patterns according to the Positivity and Negativity of ER,

PR and HER2 in women with Breast Cancer

Number of Cases, n=79 (%) ER PR HER 2
2(2.53%) + * )
2 (2.53%) + 3 )
5(6.33%) = . ; i
1(1.27%) + )
95 (69.62%) . 7
10(12.66%) - - :
2(2.53%) : ] K
2 (2.53%) -

Premcenopausal, n=52 (%) )
46 (88.5%) - ' &
6(11.5%) - A -
(0%) y
Postmenopausal, n=27 (%) .- +
2(1.4%) p . :
2 (1.4%) 4 ) .
4(14.8%) g ¥
| (3.7%) * : .
9(33.3%) : ) +
4(14.8%) : : :
2(7‘4%) ; . * +
3{11.1%) z HER 2=Human cpithelial receptor 2

ER=Oestrogen receptor, PR= Progesteron ¢ [eceplor,

100
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Table 4.16 Muliiple regression of endocrine disruptors with honnones in women with breast
cancer. Oestradiol significantly predicled Pb ($=0.374, p=0.027), progesteronc significantly
predicied Cd (B=0.348, p=0.039) and FT; significantly prediclted BPA (=0.404, p=0.036).
However, FTs inversely predicted As (f==0.337, p=0.002).

Table 4.17 shows the multiple of cndocrine disruplols and hormones with anthropometiic
indices ond blood presswe and hormone reccplors in women with breast cancer. WC
significantly predicted Pb (f=5.830, p=(;.03 1), Cd (p=5.855, p=0.029). Diastolic blood pressure
sipnificantly predicted Cd (p=0.299, p=0.021). Wais! circumference significantly predicled As.

i ' = =0011;
(p=-7.074, p=0.010). Hip circumn(crence and WHR positively predicted As (f 3.832, p=

B=2.732. p=0.007 respectively). Waist height ratio and height positively and significantly

predicted BPA (p=8.786, p=0.047; B=3.046, p=0.045, respectively).

Table 4.18 shows the mulliple regression of endocrine disruptors with lormones n

n with breast cancer. Oestrodiol positively and significantly predicted Pb

remcnopausal wome -
P ’ 1sely ond significantly

(B=0.469, p=0.022) and Cd (p=0.423. p=0.038). FT+ and TSH inve gn
predicted As (p==0.277, p=0 046: p=0.323, p=0.036, respectively). Progesicrone significantly

predicted PCBs (f=1.106, p=0.019), FT3 inversely predicted PCBs (p=0.605, p=0.033).

Table 4.19 shows the multiple Tcgression of cndocrine disfvptors with onthropometric indices
¢ 4.19 shows

and blood pressure in prcmcnopnusnl women with breast cancer. Hip circumfcrence, height and
pressu

! _a000: (=0.620, p=0.038; B=4.195, p=0.000,
WHR significantly predicied AS (B=6.348, p=0.000: P

respectively). Waist circumference and SBP inveiscly and significonily predicted As (B=-9.861,
peclively). Waist circ

p=0.001:; th-()}ﬁ] ] p=00|2. rcspcclIVCl)’)-

101
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reast Cancer (HCBCa)

able 4.16 Multiple Regression of Endocrine Disruptors with Hormones in Women with

A

MY gniﬁcnnl at p<0.05' beta= Slﬂﬂdaﬂ’ilcd co

101
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eflicient, p=Probability value.

P

Dependent Predictors Bela t p
Lead
R%=0.103, F=1.259,p=0.282  Progestcrone -0.240 -1.448 0.152'
Ocstradiol 0.374 2.253 0.027
LH 0.150 1.008 0.317
FSH 0.116 0.733 0.466
Ty 0.147 1.265 0.210
FT -0.083 -0.760 0.449
TSH - -0.074 -0.642 0.523
Sy 2 -1.447 0.152
R'=0.106, F=1.300, p=0.262 Progestcrone 0240 . s
| ' Ocstadiol 0.348 2096 0.
LH 0.226 1.514 0.134
FSH 0.025 0.156 0.876
FT 0.148 1.280 0.204
TSH .0.087 -0.754 0.453 LS g"
| e
' 0.2 1428 0.157 ==
RAD.154, Fu1.997, p=0.086  Progesicronc 0‘?-1-5340 % 45 37 P E
sl 0,091 0629  0.531 5§
i 0.079 0.515 0.608 { &
Fou 0.004 0.032 0.974 o5
?Tr) -0337 -3.162 3.2230 | :"}
i .0.124 -1.108 2 3
TSH &
Bl;:\ P teronc 0.107 0.389 0.700 | mj
R%=0.371, F=2.698, p=0.026 Orosa, 1 0088 031t 0758
csmdlf’ -0.30] -0.964 0.342
iy 0.019 0058 0954
FSH 0404 2.192 0.036*
F .0,054 -0.366 0.716
%1 10,198 1338 0.190



able 4.17 Multiple Regression of Endocrime Dlsroptors with Anthropomtirie Indices, Blo
cepiors In \Womeo with Breast Caacer (11CBCa)

od Pressure and llormone

epeadent Prediciors Beta ¢ P
Lead &
R*0223, F=1,745, p=0.082 Waist Circumforenee $.830 2.199 031
Hip Circom{atnce 1.574 -1.090 0.280
Waist Hip Ratio .0.858 0877 0.384
Waist Haght Ratio 4532 .1.900 0.062
Systolic Blood Prossure 0.059 0.474 0.637
Diastolic Blood Prewure 0.22§ 1.770 0.081
Haght -1.502 -1.803 0.076
Dody waght .0.177 .1.233 0222
BMI 0.16 0.105 0917
ER D26 1,794 0077
PR 0,095 0.7} 0.466
IER 2 0143 1.260 0.210
Cadmlum .
R’=0235, F»1.870 p=0.059 wain Ciccunlonicc $.85%% 2226 g 269
‘ Hip Ciccsnigence -1 833 -1.280 205
Woist hip Ratio 1042 07 0.287
Waist Hesght Ratio -.22§ -(;.;8; g:::)
Systolic Blood Praswe -0.009 2,;, 0021°
Diastolic Blood Fressvre 0299 -
Heigh 1.380 1742 0.086
Body wcight .0,150 -1.336 0186
y 095) 0.592 0.53?
<l .0213 +1.70% 0.09)
2, 0082 0 685 0495
HER 2 0.160 1.419 0.l 60
asnie { Ty 7073 2,642 0010°
R%0.108, F-1.596, p=0.120 Waist Ciroum{oons 1832 2630 0.011°
llip Circumfleronc® 4 - 3; 2768 0.007°
Wi lip Ratlo 1781 142 0257
Waiat llesghs o 0092 0.738 0.463
Systolic Blood R 0118 10922 0.360
Diastolic Blood 0969 .19 0253
Heighn 0180 1,246 0217
Body weiEht .1.SO4 1072 0.290
BMI 0.095 0,747 0 458
ER 0273 1776 0.080
:!PI:ZR . 0149 1299 0199
BrA .5 254 -1.085 0.301
. 2 5 Waly Cvoemference 2697 .1.032 031
R'=0.122, P=1.164, p=0.356 |fp Clrcumferace S z] -0.389 0382
Walst Ilip Ratio 3 786 2.083 0047
Waist "%ﬁ:m 0135 0678 0503
Systotle 01T -0 852 0 401
Disslolic Blood FIesare 3046 2,106 0.04°
Height 0245 1,309 0237
Body weight RYYC 0811 0.433
B 0057 oM 0361
TR .0.018 -00863 0.950
rR 0038 0199 0344 -
R 2 .
. Rt PeTratopliy value

U gnilicant a1 ped 03, betam Standandizod
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able 4.18 Multiple Regression of Endocrine Disruptors with llormones and HER 2 in
Premenopausal women with Breast Cancer (Premenopausal-HCBCa)

Dependent Predictors Beta t P
Lead
R3=0.190 F=1.150,p=0.350 Progesterone -0.346 -1.692 gggz.
’ Oesuadiol 0.464 2.379 .022
LK 0.185 1,229 0.226
ESH 0.049 0.347 0.730
FT, 0.221 1.514 0.137
FT, -0.092 .0.675 0.503
TSH -0.045 .0.300 0.765
Cadmium : ATk
R’=0.158, F=1.234 n=0.304 Progesterone -0.329 1.53867 35330
R - R
}:?H 0.052 0.358 0.722
0.215 1.455 0.152
i .0.085 10,620 0.538
S 10,058 .0.383 0.703
b 0.390 -1.921 0.061
R=0.192, F=1,565, p=0.170 Pof‘?s@;;f?ﬂc s i Sk
JIOE 0,022 0.145 0.885
LC 0.149 1.053 0.298
62} 0026 0.178 0.859
& 0277 2,051 0.046*
g; .0.323 22.165 0.036*
peBs 1,106 2,658 0.019°
R-0.462, F=1.718, p=0.184 0108 F00¢ 0.628 1781 0.097
Peps 0280 -1.208 0.247
L3 -0.057 .0.267 0.793
FSH 10,605 2,359 0.033¢
T 0.225 1.044 0.314
Fla | 0.112 0.405 0.690
gril p=Probabulity value

b S

*significant at p<0.05. betae Standard|

zod coce ﬂiCiCﬂt,

ARICAN DIGITAL HEALTH RESPOSITORY PROJECT




Table 4.19 Multiple Regression of Endocrine Disruptors with Anthropometric indices and
Blood Pressurc in Premcnopausal women with Breast Cancer (Premcnopausal-HCBCa)

.Dc pendent Predictors Bcta 3 P

~ Arsenlc
R'=0.442, F=3.873, p=0.001 WC -9.861 -3.719 0.001°

HC 6.848 4.118 0.000°
Heigit 0.620 2135 0.038°¢
Body weight 0.278 0.167 0.86§‘
SBP -0.361 -2.630 0.012
pBeP -0.113 -0.834 0.409
BMI 0.112 0.071 0.9;34 ‘
WHR 4.195 4.273 0.0;0
WH!R 2,103 1.004 0.321
p=Probability value. BMI=Body mass

P 0.05, beta= Standardized coeflicient, RS o
inds:.'f“\ilccaft\s::i‘:circumfcrcnce. HC=Hip circumference. W HR=\Waist hip ratio, WHiR=Waist

height ratio, SBP=Systolic blood pressurc, DBP=Diastolic blood pressure, TSH=Thyroid

stimulating hormone.
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Al

sble 4.20 shows multiple regression of endocrine disruptors with Hormones ond PR in
postmenopausal women with breast cancer. FT, inversely predicted As (= 0.484, p=0.009).

Tablc 4.21 shows multiple regression of endocrine disruptors with anthropometiic indices and

blood pressure in postmenopausal women with breast mncq. Weight and \}'C sngr;:ﬁ\ilasttl;
predicted Pb (B=4.993, p=0.037; =9.560, p=0.027, respectively). BMI, height an A
inversely predicied Pb (f=-4-183; p=0.035; p=-6.460, p=0.005; Bﬁ-8.326,’ p==0:037, r&Spccud | ‘);)d
Waist circumference significantly predicted Cd (p=8.910, p=0.042). Height inverscly predic

Cd (B=-5.651; p=0.015).

ruptors  with hormones In
ficantly predicied Cd and
significantly predicted

Table 422 shows the multiplc regression of endocrinc d'lS .
postmenopausal women without brcast cancer. P@gﬁtcmnc ﬂg!;lFr
PCBs (§=0.506, p=0.03}, p=0.818, p=0.019, rcspccfweiy). FSH and k13
PCBs (B=0.785, p=0.030, p=0.724, p=0.043, respectively).

Table 4.23 shows multiple regression of endocrine disruptois with m;l!hfop:::lmc lr::ilcc::dn;:
blood pressure in postmcnopausal womien withou! breast cancer. BI\ﬂ ;nsu; _); ;())07) A
(B=1 831; p=0013), body weight significonily predicted P7b ;EO = 6-31‘ Al
circumference and WHIR significantiy predicted BP:‘? (2:2?35 (b =.-:(; 648. p=6.034'). e
respectively). Waist circumference inversely predict 5 ~SR A
inversely predicied BPA (p=-8.205, p=0.013).
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Table 4.20 Multiple Repression of Endocrine Disruptors with Hormones and PR in
ostmenopausal Women with Breast Cancer (Postmenopausal-HCBCa)

10?7

ARICAN DIGITAL HEALTH RESPOSITORY PROJECT

_Dependent Predictors  Beta t p

:\nenic

R1=0.416, F=2.336, p=0.056 Progestcrone -0.199  -1.071 o.gg;
Ocstradiol -0.108 -0.581 0.
LH 0.034 0.177 0.861
FSH -0.084 -0.39: 0.697
T, -0.086 -0.524 0.605’
I Ta -0.484 -2.857 0.009
TSH 0.238 1.392 0.177

*=sjgnificant at p<0.05, beta= Standardized coefbicient, p=Probability value.
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gble 4.21 Multiple Regression of Endocrine Disruptors with Anthropometric indices and
lood Pressurein Postmenopausal Women with Breast Cancer (Postmenopausal-HCBCa)

ependent Predictors  Beta t p
Lead
R*=0.453, F=1.934, p=0.102 BM] -4.183 -2.259 0.035°
Height -6.460 -3.099 0.005*
Body weight 4.993 2.221] 0.037¢
WC 9.560 2.384 0.027°
WHR -8.326 -2.221 0.037°¢
HC -1.726 -0.889 0.384
WHR -1.445 -0.875 0.391
sBP 0.044 0.219 0.829
DBP 0.298 1.529 0.141
C;l:imlum 3.501 (.847 0.079
= - =0.142 -3, -f. .
R=0.427, F=1,740, p=0.14 i e Xl
Body weight 4.183 1.818 0.083
8910 2.170 0.042°
-7.336 -1.912 0.070
-1.935 -0.974 0.34]
WHR -1.598 -0.946 0.355
SBP 0.031 0.154 0.876
DBP 0322 1.616 0.12]

Standadi zed socfficient, p=Pmbnbility value. BMI=BodY mass
HC=Hip circumference. WHR=Waist hip ratio, WITIR =\Vasst
DBP=Diastolic blood pressure, LH=Luieinizing

—*=significant nt p<0.05, beto=

lndex, WC=waist circumference,
height ratio. SBP=Systolic blood pressufc,
honnonc, TSH=T hyroid stimulating hormone
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able 4.22 DMultiple Regression of Endocrine Disruptors with tormaones
stmenopausal \Vomen without Breast Cancer (Postmenopausal-AHWRB)
Dependent Predictors Bela t P
mium
ﬁg:l]SSS. F=1.727, p=0.154 Progesteione 0.506 2.305 0.031¢
Ocstrodiol 0.22) 1.112 0.278
LH 0.154 0.605 0.551
FSH 0.171 0.695 0.494
T, 0.331 1.556 0.134
FT, 0.049 0.278 0.783
TSH 0.314 1.675 0.108
.
;?3:.700 F=2.667, p=0.096 Progesteronc 08i8 2.9§ t ggég
' ' Oestradiol -0.135 -0.449 :
LH -0.635 -1.910 0.092 .
FSH 0.785 2.638 0.030
o § 0.724 2.397 0.043¢
; -0.102 -0.452 0.663
E‘;{ 0.137 0.585 0.574
Probability value

*=significant at p<0.05, beta=
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1I\WB)

able 4.23 Multiple Regression of Endocrine Disruptors with Anthropometric Indices and
lood Pressurc in Postmenopausal Women without Breast Cancer (Postmenopausal-

Dependent Predictors Beta t p
Lead
R*=0.372, F=1.382, p=0.257  BMI -1.831 -2.718 0.013*
Height -0.089 -0.038 0.970
Body weight 2.356 2.959 0.007°
wC -8.611 -1.000 0.329
WHIR 2.605 0.377 0.710
HC 6.028 1.856 0.078
\VHR 3.676 1.859 0.077
SBP -0.021 -1.000 0921
DBP -0.252 -1.104 0.282
Arsenic
R'=0.301, F=1.004, p=0.467  BMI -0.682 -0.959 0.348
Height 4,145 1.689 0.106
Body weight 1.076 1.28] 0.214
WC -20.648 -2.273 0.034°
WH(R 13.995 1.921 0.068
HC 6.390 1.865 0.076
WHR 4.058 1.945 0.065
SBP -0.014 -0.064 0.949
D8P -0.072 -0.297 0.749
BPA
0.702 1.007 0.347
R=0,820, F=3.546, p=0.055 ﬁ::;hf Eohe 3984 B 3
Body ‘\eight 0.2]18 0.275 0.792
WC 28.357 2.862 0.024*
\WHIR 21.638 3011 0.020°
HC -6.274 -1.700 0.133
\WWHR -3.558 -1.792 0.116
Sop 0.210 0.903 0.396
DBP 0.294 1451 0.190

Standard

T:Sl nificant at 1<0.05, beta=
8 "y ~Waist Circumferen

A, BMI=Body mass ipdex, WC
1alio, wHiR=Waist height ratio, SBP
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ce, HC=Hip circumference. \VHR=\Waist hip

-Gystolic blood Pressure, DBP=Diastolic blood pressure.

p=Probability valuc. BPA=Bisphemol-



CHAPTER FIVE

.0 DISCUSSION

Breast cancer 1S the most common type of cancer among women worldwide with a noticcable
fatality ratc (Wang et af., 2009). An increasc in premenopausal breast cancer accounting for
between 57 and 67% of breast cancer has been reponed. This represents a higher pioportion of
premenopausal than postmenopausal breast cancer. Postmenopausal breast cancer accounts for
about 20% of breast cancer 1n tndigenous Afnican women (Okonofua, 1999; Adesunkanmi, 2006;
Oluwatosin and Oladcpo, 2006; Okobia et af.. 2006; Abdulkareem, 2009; Kcne, 2010; Sule,
201 }). Thesc obscrvations arc similar to the findings in this present study. Fifly four (63.5%) of
the HCBCa were premenopausal while 31 {36.5%) werc posemcenopausal, illustrating the

prominence of premenopausal breast cancerin Nigetia.

-

n this study, the mcan age at prescntation by HCBCa was 48.32 1.3 yems. This is consistent
with other studjes (Elumclu ¢t al,, 2011; Popoola et af., 2012). The reduced life expectancy in

Ll:bﬁ"i‘

4

Nigena and other developing countries has been attnbuted to young people constituting a large -
&

pereentage of the population (Adebamowo and Ajayi,-2000). lae préscentation in the clime of :
tdvanced breast cancer in siages 3 and 4 is a peculiar fcature that hos been widely rcported, :
Patticulerly in indigenous Nigenan wonicn (Ntckim et af. 2009; Elumclu er al., 2011), In this! ;
Sludy, 83.5% panicipants presented ot advanced sioges of the diseasc (stages 3 and 4), This has ?
been adduced to lack of adcguote knowlcdge of the discase, fear of mastectomy and pover tyé:]
(Asckigbe, 1991; Qluwolc ef al., 2003; Ehunclu ¢ at,, 2011)

Unilateral breast eancer is mote frequent in the lefl breast than in the aght (Tulinius cf af., 1990). |
Contrarni y, in this study, thcre was no association between left and nght breast cancer site in both
.HCBCa. This confirms the snidy of Ohanaka (2007), who did not

Pre and postmenopausal
the right breasts of young women with breast caycer.

observe an association between the icfl and

Emerging information suggests tha breast density rather than analomical site is & sirong

SMantitativ ¢ risk factor for breast cancet (Hennesscy ¢ al., 2014). Breast density rcflects fibro-

glandylar tissue which comprises of cpithelial and stromal tissues in the bteast (McCormack a11d

DosSnntos-Silvn. 2006).
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servations in this study showed that reptoductive factors such as number of previous
cics, number of live bitths and number of induced abortions were significantly higher in
cmenopausal-HCBCa compared with premenopausal-AHWB (p<0.05). Induced abo:tion was
s':gnificantly associated with increased risk of breast cancer among Chincse females (Huang cf
al., 2014), Age at menarche was also significantly higher in premenopausal-HCBCa compared
with premcnopausal-AH\VB (p<0.05). I:Iu's Is at variance with an carlicr report of an association

between carly age at menarche and increased nisk of breast cancer attnibuted to increased

cxposure to oestrogens (Orgcas ¢! ai., 2008).

Endogenous sex steroid hormones have been reported to play a major role in the actiology of
breas! cancer (Bemstein and Ross, 1993; Clemons and Goss, 2001). Both prcmicnopausal and
Pastincnopausal women secrete stcroid hormones throughout their lives with a difterence in the
ptem of sccretion. The honmones arc mainly regulated by the ovary in premenopausc while
they are regulated in postmenopause by the adrenal gland. In the development of breast cancer.
the wmour grows within a hormonal milicu which has a decisive influence on s growth,
(Hamandez et qf., 2005). In spite of the multiple cpidemiological studics that have jnvestigated
the association of sctum sex hormoncs and premcnopausal breast cancer risk. the results have
been inconsisient (Wysowski ¢ al., 1987, Kcy and Pike, 1988; Hclzlsoucr ¢t al, 1994;
Rﬂscnbcrg ¢t al., 1994; Thomas et al., 1997; Kabuto e/ al., 2000; Haslam et al.. 2002; Yu ¢; al.,
2003; Michel; ct al., 2004; Missimer ef of., 2004; Kaoks ¢ al, 2005: Eliassen cf al., 2006; Ho cl

al., 2009)

Comparison of E; level between prcmcnopausal°HCBCn and premenopausal-AHWB in ¢his

$tudy showed no significant differcncc (p>0.05)-
(Sturgeon cf a7 2004; Ho et al.. 2009). However, E; and progestcronc levels were higher in

postmenopausal. HCBCa comparcd wil posimenopausal-AHWB (p<0.05) in this present study.
postmcnopausal women has previowusly been

These lindings hasc been reporied by others

Positive association of Ez with breast cancer risk in

observed (Hankinson ct ai 1998)-The unUerlying mechanisms of action of Ez in the actiology of
anki >

breast cancer include the alkylation

Bcnoloxicily of ocstrogen mctabol | |
Progression of breast cancer (Nandi ¢/ al. 1995; Clemons and Goss, 2001, Yager and Davidson,
e

2006 Drobsches al. 2007). Wang ¢i al (2009) also observed high levels of progesicrone i
» Dpgbscne! ai., ¢

of cellulor molecules, generation of active radicals and

ites which arc involved tn initiation, promotion and
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postmenopausal breast cancer. Incrcased postmenopausal progestcrone levels have also been
mplicated in dementia, with unknown reasons but may relatc to small subclinical cercbral
thrombosis (Yaffe, 2003; Zhu and Brinton, 2012). 1t is uncertain if the clevated progesiesone in

lbe postmenopausal-HCBCa in this study is related to menopausc or breast cancer.

Follicle stimulating hormone controls E: level by negative fecdback mechanism In
pemenopausal women (Fabiastet af., 2015). Serum LH and FSH were significantly higher in
premcnopausal-HCBCa comparcd with premenogausal-AHWB (p<0.05). High scrum LH and
FSH were reported to be associated with a significantly worse breast cancer plOgnosss In
premenopausal breast cancer patients (Pujol ef al., 2001). The abilityof FSH 10 activate adenylyl
cyclase thereby resulting in increased cAMP levels could be associated with its ability to induce
breast cancer cell prolifcration, differentiation and inctastasis (Tunizicker-Dunn and Maizcels,

2006; Zccik er al., 2006, Zhou ef al., 2013). These findings implicate gonadotropin cxposure n

Premenopgusal  breast  carcinogenesis.  Scrum FSH lcvel was significantly fower In

posime nopausal- HCBCa  compared  with pOS!mCIIOpﬂusnI-AHWB (p<0.05) in this study.
Athough, the reasons arc not clear, low FSH level has also been observed in posttncnopausal
Women with ovarian cancer (Arslan ez al., 2003; MeSorlcy €f al.. 2009). However, breast and

' i ic similarit N, 2012).

0Vanan cancers are hormone-dependent €ancers with genomic similantics (CGAN, 2012)
' ; ' ’ ndertic postmcnopausal breast

Mlechanisms involving FSH reduction and increased E:z may U p P

QNCerin this study.

roles in the growth and diffceentiaion of

Ocstropen 2R 2 play impoitant
i reecptor, PRCB LT Ss b (Patcl ef al., 2013, Mohamed ef al.,

markers
cancer can bencfit fiom codocnnc thempy

anjuola ¢f al., 2014), In this study ER-, PR- and

(81.0%) HCBCa respectively. Huo et al.
ve breast cancer in indigenous

breas1 cancers making them importan prognostic
s, Deepict g, 2015), Wonen with ER+ breas!
“plainng (heir better survival outcomes (Mak
MER 2. yrere observed in 60 (87.3%), 7t (89-9%): &

t
29%9) enorted the predominance of hormone fE€P g
gotive and PR-

ncgati

were obseryed in all premenopausal-

Afri
Qh women, Qestrogen receptor ne n the actiology of breast cancer.

Rcts S ] d arc associated
: ressive tumour an
with moic agé
{ canccr

Y .
%ng women arc diagnosed wilh breas
\ and morc

' ikely 1o recur after treatment both
. g ' ‘va
A higher mortality, shortcr discasc-free SUTV!
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loco regionally aod at distant sites than in older women (Nixon et al., 199:;, Gajdosc etal., 2000;

Foxcroft et al., 2004; Ntckim er al., 2009).

Hommone receptor positive cxpressions were however observed in less than 20% of
postmenopausal-HCBCa in this study. These findings were similar to other studies in Afticans
(Huoet al., 2009; Stark et al., 2010). Contrarily, observations 1n blacks residing in the United
Stales of Ametica and United Kingdom showed a higher proportion of positive receplors
expressions (Chu and Andetson, 2002; Bowen et al., 2008; Ahmed et al., 208 1; Ali ¢t al., 2012),
These reports implicate geogaphic or environmental factors beyond pgenctics. Most cvidence
regarding the prognostic role of PR is based on the assumption that PR cxpression indicates a
fmclioning ER pathway (Ravdin ef al., 1992). Hence, PR+ and ER- tumours have a better

respoasc 10 cndocrine therapy than ER+ and PR- (Paync cs al., 2008).

Trple negative breast cancers arc poorly differentiated and arc charactcrized by an aggressive

clinical pistory, No specific treatment guidelines are currently available for this breast cancer

wb-type. {owever, they are managed with standard treatment. which lcaves them with a high

rate of Jocal and sysiemic relapsc (Cleator et al., 2007). [n lhis study, 55 (69.62%) HCBCa were

ple negotive. Forty six (88.5 %) HCBCa wee prcmenopausal while 9 (11.5 %) were

POslm cnopaysal. Stark e¢ al, (2010) and Makanjuola ¢t al. (2014) reported fx high prevaience of
Wple negative hormonc receptors in their different studics in indigenous Aftican womcn.
nesis and progression of discases duc to their

Thyroj ¢ ical in thc pathoge
hoimonces may be critical 4 2013; Mowouzis ¢f al., 2015). Thyroid

"eUlataty rolc on cell maturation (Mourouzis ¢f al. .
1t of the actv
Casula and Bianco. 2012). Scveml studies

: «h kinase signating which
ﬁm“ing may be altercd in cancer asd fesu Wede iy : i

C! ﬂLo 1999:'

m AN .
% be of physiological relcvance (Paliud o with breast cancer and women

in wom¢
Which ' | thyroid hormonas 11 .
compdred levels of periphetal &Y g 0ssocigions between thyroid hoimones and

wilh . ‘ve repardin
0ut breast cancer arc inconclusi¥¢ 6 002, Tosovic et al., 2012).

A s e ¢f af.p 2
bml cancer (iSk (GOId'ﬂﬂng l990; Smyth. 1997. nflls

Listion betwveen FT, and [ICBCa (pre and
asso

I b
this present study, there Was Of ot Bssociotion between FTa and breast cancer.

P8 Umenopausal). Guigon ct al. (2011) reported

clo
Thyrgig hormones appear to Stimulnic 1gbular dcv 7 ety g
breas lissuc (Neville ¢f al., 2002). ILis posmlmcd

ment contributing to the differentiation of
i intctacts with the breast

ARICAN DIGITAL HEAIlTiaESPOSITORY PROJECT




gssues based on the common property of the mammary and thyroid epithelial cells lo concentrate
jodinc by a membranc active transport mechanism. Additionally, TSH receptors in fattly tissues
which arc abundant in the mammary gland have been repoited 1o be a possible reason for this
inleraclion (Turken et al., 2003; Ali et al., 201 1). Howcever, serum levels of the thyroid hormones
in the study participanits were within the nommal reference interval (FTy. 3.2-6.0pmol/L; FT..

106-21.0 pmol/L; TSH, 0.38-4.3ImfU/L). Emerging reports sbow that changes in thyroid

hormone levels within normal range may be associaled with proliferative activity of breast

tumours in cuthyroid patients with breast cancer (Milionis and Milionis, 2013).

The increase in breast cancer incidence in women bas been related to industiiolization .

ensequent upon the widespread conlamination of the soil. air and water by the toxic mctals -

{Jarup and AXkesson, 2009; Julin ¢t al., 2012; Ragab et al., 2014). Breast cancer is a mullistep
¢ changes (Lustberg and Ramaswamy. 2009) such
Iation blocks the

process involving both genctic and cpigencli

# differcntial ONA mcthylotion and altered histonc modifications. Hypermcthy

promoter region of o genc ond resulls in gence silencing. idcntification of cpigenctic changes and

their corrclation with other factors could lead to improvements in cancer diagnosis and 1Tca!m.cnt
oxidative deicrioration ol biological

(Sunami ¢ g, 2008), Mctals act as catalyst in the | |
ale and inducc cpigenctic

. i ich accumul
Mittomoleculcs, induce reactive oxygen SPECIS: which

_ ﬁ!ﬂ.ﬂ_ﬁi_f_fﬂfmﬂtrunmr

factors (Hou et a1, 2012).

8 reast cancer (prc and
M this present study, there wos an association berveen Cd and b (p

mﬂmcﬂopausal ). The ability of Cd 10 induce ccll prolnfcm.uon.
phosphorylation.

¢ breast cancer (Joscph ¢f al.. 2001: Jin er al.,

06; Sun ¢t al.. 2007; Templeton and Liu, 2010;
of DNA rcpair genes

diflcrentiation, apoplosis and

° 1 activation of transcription and
"l transguaiion by cnhoncencnt of protett

"“llilalion factors suggests its ability 10 induc

2003, Shih ¢ at,, 2004; Martinez-campa et al. 20

: d repression
Yu cthytotion 00
¢ al, 2010; Sicwt cf al., 2010). Hyp'c duced CANCET and may constitutc pat of the
mium-|

nesis (Zhou ¢t 0/ 2008). Adduionally, Cd
behaving like scx hormones (Enmatk and
g, 2006). At low concenuations. the

% lo bc an carly Signn‘urc Of COd

"echanisms by which the toxicant induees e OTES

jon by
the potentiol 10 distupt endocnn® funch LEs
1homn§ ond

s with high affint!
supgesiing

G\mfsson. 1999; Stoica ef al., 2000b: y ta the hoimone-binding domain of
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througb the formation of a complex with specific residues in the honnone-binding domain

(Johnson et af., 2003; Benbrahim-Tallaa, 2009).

Lead is of concerm due to its wide use (Florca and Busselberg, 2011). However. results of 1
epidemiologic studies investigating the association of Pb with cancers arc inconsistent and vory |
according to the type of cancers reported (Stcenland et af.. 1992; Wong and Hartts, 2000). Dircct |
DNA damage as a resull of oxidative stress, clastogenicily, inhibition of DN A synthesis or repair

has been reported as the mechanisms of Pb carcinogenicity (Martin e al., 2003. Ragab et al.,

2014). In this present study, Pb was associated with pre and postmenopausal brest cancer. This |
i gonsistent with the findings of Siddiqui e al. (2006) in which blood Pb level was significantly

higher in breast cancer patients than their contrals. Lcad adversely afTects steroidogenesis by |
ssbslituging for zinc in the DNA binding zinc (2n°)-finger motif of sicroidogenic enzymes,
rsulting in their decreased expression. These enzymes 0rc sicroidogenic acule regulatory protein

(SIARY), cytochrome P450 side chain cleavage cnzymce (CYP450cc) and 3 beto hydroxysteroid
dch}dmgcmsc (3P 1ISD), (Lutzen ct ai., 2004).

‘ ] tol carcinogens and is
Alsenic exposure canstitulcs onc of the most widc-sprcad cnvirfonmen a g

. 2007: Florea and
1%0ciated \with increased risk of different types of concers (Florea et af., 200 4

Busseiberg, 2008: Ying et al., 2009). Howvever. (ew sludics have focused on the association of

- ’ sociation of As with
¢Mronmenta| exposure to As and breast cancer risk. Information on the as

3 is spatse. in this present study,
s lUMOUT SUpPrCSSOr BCNnes (L) er al.,

br As was pssociatcd with pre
%88 cancer in sub-Soharon Afric

reast cancer and rat H41iE hepatoma cells

201 : . .MB-435b
0 0). T(anscnp“on factots 1N human MDA al 1999; Stoica ¢! al.. 20001']). Arsenic §s

cr e
A hypomcthylation lcading to aberrant genc

2002) or by DNA incthylotion silencing
2008).Arscnic compeles with

¥ere reporycdly sensitive to Jow dosc As‘(i(l\“fe‘d
cnicity by inducing DN
and S11voStave,
s (Vaissiere & al., . iy
dcnosylmcihioninc (SAM), potentially limiting
n of CpG. This could result

u'“uglx 10 induce carcinog
APression (Zhao ef gl.. 1997, Véans :

. cs
BNes 4550ciated with controlling umoungen®

DN for SO ,
A mcthyl (ransferase genes (DNMT) T 10 catalyze methylatio

he amilabilily of SAM to be used by DN o S Suppressor §enes (Vo An ond Millis,
E h’vomclhylmion and reactivation of silenc® :on associated with arsenic-indyced

0 Pogrinby and Rusyn, 2013)- Aller

cs[d’ (ZhO
e €Xpression jn carcinogencs:s 10S been SUBS
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Hamans arc exposed daily to a varicly of compounds.it is thus likely thatthe combination or
mixture of chemicals may become danperous even whennone of the chemicals reaches an
effective level. These chemicals enter the food chain and accumulate in animals and eventually
hunsns (Lubrano er al., 2013). Bisphenol-A, a breakdown product of coatings in food and
beverage conlainers, may acl as oestrogen receplor agonist (Mecsts ¢f al., 200]; Femandez ond
Russo, 2010). Bisphcnol-A promotes the proliferation of both ER+ and ER- breast cancer cells
(Song ¢ al., 2015). Recent rcport suggests that BPA enhances the growth of triple negative
breast cancer cells via oestrogen related receptor gomma (ERRY) and matrix melalloprolcinases
(MMPs). This involves the activation of exuacellular signal regulated kinases and protein
tinases B (Akt) which inhibit apoptosis (Zhang ef al.. 2016). In this present study, BPA was

associated with pre and poslmcnopausal breast canccr.

Eaviropmental exposure 1o PCBs has becen suggested as potcntinl causes of breast cancer (Davis
el al., $993: \Wollfl ¢! al., 1993). poi),ch;oﬁnmcd biphcnyls arc weak oestrogens 1n vilro. have
induce metabolic cnzymes (Norback and Weltman,
obscrved between PCBs

lumour gromoting ability and ase able 10
193s: McKinney and Waller, 1994), In this study, an associatio.n was :
M breast cancer (pre and postmenopausal). polychloninated biphicnyls cxposur:]mné\l: Al:;
lonnation of DNA oadduct through o pathway involving cy\.mchromc P459 [ r( e
(@3kley o1 41, 1996), Cytochrome P450 1A1 is importont in the mc'nz::m‘:mp&z:’[,mf
g=oloxic chemicals (Petkonen and Nebert, 1982). The Interaction Ot Sip

4
Plyinorphisms in the actiology of breast cancer 1

. he mechanisms thiough which AhR
bPheayls 4cy; bon receptor (ANR). 1 L
5 X Vi estoblishcd, although ER has been implicated

indicates that BpA and PCBs can affect

heeefore suggesied. Polychlorinated

tegulates encrgy metabolism are not clearly

Lbrany ¢ al., 2013), Emerging cvidence

. ine to pathological conditions like
aion ditions Jeading
.oxidativecon

Mitechondrial function and cause pro

neer (Valgyinides o ai., 2006; Albers ¢f al.
ercby cnvironmenla

2010; Farohat ¢/ al., 2011). Oxidative suess moy

1 toxjcants €3Use breast canccr.
thu: . |
hisbe one o the the mechonisms, Wh

function by behaving like sex hortnones (Yu

Cdmium has yhe potential of distupting €40 4 b were postively related with E; in
i an

 al, 2003; Siewt cf af., 2010). Codmium 5 positive relotionship between PCBs ond
0

as OIS
prc""”‘Opﬂussl-HCBCa in this study. There \\asi cinotcd biphenyls activatc oryl hydrocatbon
Polychio™?
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b

roeptor (AhR) which has been assoctated with ER (Lubtano er ai., 2013). Polychhlorinated

biphenyls arc also associalcd with ER-ncgative tumours which havc a {aster rate of progression
(Carpenter ¢t al., 2005).

Arscaic was inversely related with FTs in pre and postmenopausal-HCBCa. An inversc
relationship was also observed between As and TSH as well as PCBs and FT; in premenopausal-
HCBCa. These observations suggest the possible interference of thyroid hormones by A's and
PCBs in women with breast cancer. This could be duc to the binding of As to the thyroid
hommanc receptors which blocks the binding of the thyroid honnoncs (Davey ¢t ai.. 2008).
Bisphenol-A was positively related with FT in HCBCa. In vilro studies demonstrate that BPA

biads 10 thyvoid receptors with relatively low affinity and mediate growth stimulatory cffect via

Ts- receptors (Mcerts et af., 2001).
Adiposity is o prognoslic factor of breast cancef as well as on independent sisk factor of

Postmenopgusal breast cancer (Chan and Norat, 1015). Waist circumference, wais! hip ratio and

“aisl height ratio arc indicators of visceral adiposity. Body weight and BMJ are indicators of

§meral adiposity while hip circumference is on indicator of subcutancous adiposity (Charles-

Davics ef gf 2012: Amadou et af.. 2013). Although the women in this present study were
) jncrcased adiposity (waist circumference, hip

p ralio and waist height 1atio) was obscived in

pausol—AHWB. Faghcrazzi ¢f al. (2012) showed

maiched for age and menstruyal Status.
et ference, body weight, height, waist hi

PremCnopaycal-HCB d with prcmeno
Pausal-HCBCa compare y prcmcn°P°“5°| breast cancer. increased adiposity

an B on ence
&OCJOIIOn bCl\Vccn hlp C]fcumfcr nc |n poslmcnopansﬂloHCBC‘a OOmpamd

tbody weight and height) was also significantly higher

gl Postmenopausal. AHWS in this study.
Wereased visceral adiposity and insulin fesistan® gy mctazl;:zn:;:n:p(: ;Sz:t::
Piedisposes individuals 1o chronic diseases conctt cardiovascm?n 44.5% of apparently healthy
Mellitus, ¢ ;s associated with the fcmolc.scndcf and is prevaient 1

. . osity, a Suon
Momey Ibadan, Increased visceral “d"’oedy od high density jipoprotcin cholcsierol was the
cn Whilc redu

ol 2014; Chan and Norat, 2015),

g mctabolic nsk factor was the mwost

ﬁqum‘ cOMponent in thesc wWom
Moy

fi®yent component in males
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Sex Bbonnones-testosterone and oestrogen are synthesised from cholesterol. Increased conversion
of testosterone to ocstradiol by aromatase in increased adipose tissuc has been reported in pre
menopausal women with MS (Fabian er af., 2015). Thus, incrcased adiposity alonc may not
undeslie the actiology of breast cancer. Ogundiran ef al. (2010) showed no association between
body weight and the risk of breast cancer in indigenous Afiican women with breast cancer

nrespeclive of their menstrual status.

However, endocrine disruptors are known to accumulate in adipose tissuc (Grun and Blumberg,
2009). It thus oppears that increased adiposity may cnhance the accumulation of cndocrinc
disruptors in the pathology of breast cancer (Ajayi et al., 2014). This hypothesis is corroborated
i this study os height had a positive relationship with As in preincnopausal-HCBCa. However,
menopause may definc the role of endocrine disruptors in increased adiposc tissuc, in breast

cncer as body weight had a positive relationship with Pb in both POS'"““‘OPWSHI'HCBCn and

pestmengpausat- AHWB. In postmcnopausal women, Pb from prelonged cnvironmental exposure

‘ ' ' ative
mdy accumulaic in adipose tissuc ‘without causing breast canccf. Height had a neg

relationship with Cd and Pb in posuncnopausal-HCBCa~

: ause and
MKhnnisms in the palhogcncsis of breast cancer may difer between pre and postnenop an

' Previous studics showed increased
may involve different cndocrine disruptots and fat depots, FEVIO

i ic syndromc than without
bght in apparently healthy premenopausal women With metabolic 3y

As rather th
Metzbolic syndrome (Charles-Davies € af., 2012). Short term cxposurc o As rather than

: Long term cxposure to Pb
L9%reas A% pre-mcNOpausc,
\96reased peight may be a breast cancer risk factor 1N = il
‘ the contribution of height in
ud ¢d may be involved in breast cancer

Postmenopause.

pathOgcndis withoul

. both Posimenopausal-HCBCa and
B’“‘i)f mass index was inverscly related Wit 1R

{ be impoitant as breast cancer
Poste o ests that BMI 8ad PO M2y £ 0 po |
enOPausal-AHWB. This SUEE Chces tic (a strong in o I obesity)
cr, Wais

LHCBCs. Although, Viscaral ndiposity appcascd
i - sitively related wath
" iim breast cancer. woist cirgufetenee 52 pozha CZ nd Pb
POnant in postmenopausal findings Susgest that Cd a may
“ang py HCPBC dpostmcnop“““!‘ncacn"[hm e
In 8 an
. nasity in POS
SVMfate in Increascd abdominal adiposity

clnud \V“h A
”C“cg in this S‘Ud)', waist hip o Was P‘”umly q
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existed between waist circumference and As in HCBCa. Hip circumference was positively

related with As in HCBCa and premenopausal-HCBCa, Arsenic is lipophilic and probably has
preference for subcutancous fat (Ying ef al., 2009).

b this present study, mean values of SBP and DBP in the HCBCa and AHWB reflect normal
blood pressure. However, SBP was significanily higher in HCBCa and premenogpausal-HCBCa
than their respective controls. This might reflect the mild increase in visceral obesily in
premenopausal-HCBCa comparcd with premenopausal-AHWB. Hypertension was associated
with metabolic syndrome and the female gender (Fabian e/ al., 2015). Experimental studices
idicaic that As cxposurc may be involved in the devclopment of hypericnsion through the
sctivation of siress response transcription factors including activator prolein and nuclecar factor -
kappa B (Aposhian et al., 2003, Balakumar e/ al., 2008). In vitro asseniie altered vascular tone in
blood vessels by suppressing vasorclaxation and increased the expression of cyel ooxygenasc-2 1n

&idothelial cells (Lee ef al., 2003), [n this study, SBP was inversely related with As in

Premenopgusal-11CBCa, This reason for. this obscivation is unclcar, il is hypothcsized that the

. strual phasc
infléenee of As on blood pressure in women with brecast cancer could bc men p

| in this study. Tellez-
Specific. Diastolic blood pressure was positively celated with Cd in HCBCa 10 this study. Te

ctween b
s. direct vasoconstrictor action, activation of
’

d DBP wvia thesc
P22 & gl (2008) reported an association 2 oo R

Tehanisms; partial agonism for calcium chanocl
he sYmpathetic nervous sysiem apd inhihtion O
(Bilgen at., 2003: Varoni cf af., 2003)

f vasodilator substances such as nittic oxide

: . In postmenopausal-
In HCBCy. BPA oaibely reloted with waist height ratio and hCIShlb :0 ‘ ph 1
' was pos cight ratio, while it
AHW ] with wais! ci'cumfcrcncc and waist DCIg |
B, BPA was positively relate { BPA could be involved in

: t tha
- : . bservotions SUBEES |
Way nversely related with height. These 00S 5o could SUppIesS the relcase of adiponectin,

) | LY
Miposity. Studies have shown that exposure itivsty, tis could lcad 1o insulin

W adi{bcyte_spcdﬁc honnone¢ that : swdmmcs which have boont

Sistance and increased susceptibilit

af., 2008; Lj et al. 2013).

Mplicated in breast cancer {Hugo €/ observed, This 8 s
has beon : beea

1 of breast cances

" Wsocialion petween dicts and the isk of (Reuben. 2010). Regular cornumptioo of

i the (o0 chain

gk of many cancers, howevee, results for

c""""l‘lmcnlxﬂ (oxicants are present Jecrease
b and vegetohles arc avsociared Wik
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breast cancer 115k arc not conclusive (Riboli and Norat, 2003; Guadet e at., 2004; Hirosc ef al.,
2005; WWCRF, 2007; de Lima e7 al., 2008). In thjs present study, HCBCa consumed more
vegctables but less fiits weekly, Nutrient loss occurs in the preparation and cooking processes
of vegetables, particularly in Nigeina, resulting in the reduction of bio-available phytochemicals
(including antioxidant vitamins) and other anticarcinogenic compounds capable of protecting
against cancer {Toiwo ond Akanbi, 1997, Cavagnaro and Gal:nanni, 2012; Czamowska and

Gujska, 20§2),

Meat and dairy products contain fat with a high proportion of saturated [aity acids which have
been associated with incrcased breast cancer risk. They may also contain insulin-like growth
foctor-1 (IGF-1) which hos been reported to promote breast cancer cell growih and pesticides
that are potentially carcinogenic (Moormar and Terty, 2004), Consumption of red meat has been
associoled with ncreased risk of breast cancer in some studies, while the association of dairy
Product jmtake with breast cancer risk is inconclusive (Zheng e al., 1998; Moommar and TeiY,
2004, Taylor ¢t al,, 2007). In this present study, daily consumption of red mcat was associoled

with HCBCy while wcckly consumplion of diary producl was associaled with AHWB. This

Bgests that red meal consumption may be involved in breast carcinogencsis
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CHAPTER SIX

60 SUMMARY, CONCLUSIONS AND RECOMMENDATION

b

6.1 Summary and Conclusions

Breast cancer is the most common type of cancer among women worldwide with a noticeable
faality rate, Fifly four (63.5%) of the HCBCa were premenopausal while 31 (36.5%) werc
postmenopausal, illustrating the promincnce of premcnopausal breast cancer in Nigeria. The
reduced mean age at presentation by HCBCa was 48.32 £1.3 ycars reflects the reduced life
expectancy in Nigcria and other developing countrics. Latc presentation of 83.5% of 1HCBCa in
the clinic of advanced breast cancer in stages 3 and 4 was a peculiar featuce in this study. This

las been adduced 10 lack of adequate knowlcdgeof the diseasc: fear of mastectomy and poverty.

Reproductive factors-increased number of previous pregnancics, iacreased number of live bisths

(] 4 l r
@d increased number of induced abortions were associated with premenopausal breast cancer

. o J .‘
These findings corroborate carlicr reports. 1hc association of incrcased age at menarche with

. l

W acsimogens,

. ; Brbe
Endogenious sex steroid hornones have been reporicd to play a major rolc in the actiology

breast Cficet. Thyroid horinones appcar t
dm“mlialson of breast tissuc. Elevated FT4

While dCVO(Od !‘CS'[OJIN and p:ogwcronc -
y, also corsobo’alNg
’ s Were within the nonnal leCrmCQ

o stimulate lobular development, contributing to the

Jeve] was associated premenopausal breast cancer
levels and FTa levels were associated with

orevious findings. Although the
mmmopﬂvsnl breast cancer in this stud _
s in the study participant
hyroid hormone
grs in cuthyroid paticats with breast

¥ |evels of the thyroid hormone

lerval, CMCTEINg reports show that changcs in ¢

be breast tvmo
teronc in the postmenopausal with breast

levels Within norinal range may

Associated with proliferative activaty of

rog®s
eerlt is however uncertain if the clcvated Prog

e in this study is telated to mcnopduse or Oreas

{ cancer is inacasingly ELning atlention,
rcas
5 Rle of gonadotropins 1N the

aft ted with [ecmenopausal
L
’hw levels of serum gonadolioM?s L

jology ,
aeti 0logy L Fsil were B
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breast cancer in this study probably reflecting worse brcast cancer prognosis in premcnopousal
breast cancer patients. However, rcduced serum FSH level was associaied with postmenopausal

breast cancer in this study similar to previous studics with unclear reasons.

Oestrogen receptor, PR and HER 2 play important roles in the growth and differentiation of
drcast cancers making them important 1'prognostic markers. In this study, 52 (100%) and 46
(88.5%) of premenopausal HCBCa had ER/PR negative and triple negalive expressions
respectively. Hormone receplor positive expressions were observed in less than 20% of
postmenopausal breast cancer in this study. This corroborates the predominance of hormone
receplor negative and aggressive cancer breast cancer with high mortality particularly in younger
;ndigcnous African women contrary to obscrvations in the Caucasians. These findings implicate

geographic or environmental factors beyond genetics.

Envionmental toxicants studicd-Cd, Pb, As. BPA and PCBs moy be breast cancer nsk factors

HYl’crmcthylation and repression of DNA repair genes, discuption of endocrine function through

inleraction pnd mimicry of specific stcroid hoimones and their reccptors, induction of metabolic
Zymes and pro-oxidative conditions may underlic mechanisms that lead to breast cancer, Thus |
dentification of cpigenctic changes and their correlation with other factors could lead to/ -

IMprovements in cancer diognosis and. treatment. Lexd adversely affects stcroidogenesis by "

subslituli“g for zinc in the DNA binding zinc (Zn**)-finger motif of steroidogenic cﬂzymcs,‘_': J

muling in their decreased expression. Arsenic is thought to induce carcinogenicity by inducin g

D .
NA hypo mcthylation leading to abersant gene Expression

Adiposity has been implicated is a prognostic and independent tisk factor of postmenopausal

Breast cancer. Increased adiposity was £1s0 associated with pre and postmenopausal breas! cancer

Inthis study, powever, findings suggest thot endocrine disIpIOr &1€ R RGN e

*Cqmulyte in pdipose tissuc o exart their delctcrious iz

l,ppmprialc dict nch in anlioxidants, low a1 and

[dens: pressi
entificatio receplor X 4 i
n of hormone reccp ¢ environmental pollution may be beneficyyl

"®0uced rcd mear; physical activity and reduction 2

in : cancer.
lite PTCvention and management of breast
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$.2 Recommendation

Detennination of homnone receptors stotus may assist in the proper management of breast
cancer. Reduction of environmental pollution by appropriate govemment legislation. safety
regulations on the usc of toxic substances wil! reduce the incidence of breast concer. Intake of :
dict rich in ontioxidonts will protect against oxidative stress which is involved in brcast
careinogencsis. Morcover, dict low in {at, reduced consumption of red meat as wel) as regular
paysical exercisc may be of benefit to the women diagnoscd with breast cancer. Routine '

sercening for thyroid status is also recomtnended. Overal!, maintenance of a healthy lifestyle 1s

key in th¢ prevention nnd management of breast cancer.

Contrihutions 10 Knowledge in the Discipline
. The endocrinc disrupting ability of known cnvironmenta! toxicants-cadmium, lead,
arsenic, bisphcnol-A and potychlorinated biphenyts may result in development of

breast cancer. | |
. The accumul ation of these endocrinc disrupiors in adiposc tissuc and their interaction

— —— —— =

with oestradiol, progesterone and thyroid hoimones may be underlic mechanisms in

beeast cancer actiology in Nigeria.

il. Al premecnopausal breast cancer 816 ERP | |
(ER, PR and HER 2) are the predominont in breast cancer

R reccplor negative. Receptor inple

ncgative cxpressions | | 5
# y may bec different  between receplor  pegalive

brcast cancer devclopment B
v -
premenopausal breast cancer and receplor posiuve P

socjared premenOpaus
associated with posimenopausal breast cancer.
c

pins-LH and FSH werc associated wath

4 brcast cancer while clevaled E:.
V. Elevated FTy level was 25

v
progesicrone and FT, lovels \ver

nadouo
£ Increascd levels of serum E° roduced seum FSH level was associaled with

premenopausal breas

postmenopausal breast cancer |
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COLLEGE OF MEDICINE
UNIVERSITY OF IBADAN

QUESTIONNAIRE

is being administcred 1o you 10 dctermine the intciaclions

madam. This questionnairc >
o codmium . t. ¢) with the femalc reproductive

of ccrtain chemicals in the environment (c.g. lead,

! . Your kind
hotmones in breast cancer. This will hclp in proper management of breast cancer

p ' t!t q . '. cc ath.

All information Provided shall be kept VETY confidential.

remas 4 Hospila! NUMDCT. ooneeeenvmaaemrarsoansssusran
D10 L oo nosrsns secnntesesabnns sousanseosass

SECTION A. DEMOGRAPHIC CHARACTERISTICS

1. Gender: Female( )

!Q

AQCintareniasrenr

Place Of reSidenCCe . amereese®=t"

Ethnic BrOUP.saeeresses """

StatcOf OngiNie caereeett™

Manal Stotus: Moried ( ) single
i: None (

), widow ( )- divorced/scparatcd ( )
) Py School () Sccondaty School ().

N e w s

Highest educasionol altainmen |
ND/NCE( ), HNDKB-SC.( ), PG ( ).

8‘ Octbpﬂtion:uon."--o-"“"" ?

SECTION B, DIET HISTORY
chccsc' m'lk) inta

.c? Daily (), weekly ( ), occasionally ( ). never
9. Dairy product (butter

i ), weekly ( ), occasionally (), never ()

10 Vegclablc cake? Dby (
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11.  Fruitintake? Daily ( ), weckly ( ), occasionally ( ), never ( )

2. Consumption ofred meat? Daily ( ), weekly ( ), occassonally ( ), never ( )

13. Cercal products intake? Daily ( ), weekly ( ), occasionally ( ), never( )

14(a). Alcohol intake? Yes( ), No( )

t4(b) 1f response is yes, bow? 1 bottle/day ( ). i bottle /week ( ), 1 bottle accasionally ( ).
14 (c) If consumption is more than 1 bottle, pls, SPECify. . cavemsercermsmnnraraenenries

15(a) Cigarette smoking? Yes (). No( )

15(b) if responsc is yes pls, tndicate thf: number of sticks and how?

SECTION C. ANTHROPOMETRIC MEASUREMENTS

16. Blood Pressure:«-ae-ve-eene™

20. Waist Circumference. coxes==""

21. Hip circumfcrence----- - ST G

VYNAECOLOGICAL AND BREAST CANCER HISTORY
GVYIiN

SECT|ON D. OBSTETRICY

igepular?s
22, Is your menstiual Cyclcfcgularor Ucg

23. Your menst

b

o9 bss®®

i e si,uu|cyc1c.............
Tk Day 1 refers {0 i* day of the last menstudion

et
25. Present day of mensttual cYele:

26 Agc al mcnn{chc, - ........-----
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27. Age at first ill pregnancy.....cccvevvieeiiiiernicnnecincenisenans

28. Age at menopausc (if applicable)......c..coeveiiieireiniiiiiincnne,

29. Usc of contraceptive Yes { ), No( ). If response is yes, kindiy statc the type(s)

; ' the
30. Any family history of breast cancer? Yes ( ), No ( ), if response is yes pls, statc

relationship c.g. MOheET, SISIEr. cocuiunrenusaesunmessmsenmenemess

] ' 1 naged?
3{. Any history of breast concer? Yes { ),No{ ). {f response is yes, how was it manag

ooooooooooooooooooooooo

32_Caneer stagc (breast cancer subjocts),........,........

,No( )
33. Are you currently on hormone replaccment therapy? Yes ()

" S

e
—

i I-hl'ii Ir:;:-;ill'?:

L]
Imadnhy

T

¢
(G
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APPENDIX 4
CALCULATION OF SAMPLE SIZE (COMPARISON OF TWO MEANS)
N= (Zo + 228 ) (01 +00°)
(1-#0)’
NOTE: N=Samplc size

ui-po- Difference between the means to be detecied assumed 1o be 10

c oz+001=r-Sla ndard deviations

] is i.c. 1.96
Z.=Standard normal deviate cotresponding tothe null hypolhcsis 1c

ici.c. 1.28
Z-Standard nonnal deviate cosresponding lo the altemate hypolhesis i-¢

@=level o fsignificance

B=typc 11 error
Qcstradiol (pg/ml) LI ———TSianderd Deviation
—— [IXean
16.40
L T
— | 156.00
Control =

L e————————

—

2
Ne (1.28+1.96)° (16.40°+19.807)
(10}

Nw69 89 (approximalcly 70). L usodinthe calculation of the samplc size of this
tion

N.B: The mcan and slnndn: ((1 ;g‘;’c'“ 2p07) He deictmined mean2SD of ocstadiol In breast cancer
study werc obtaincd fiom ’
patients and control.
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APPENDIX §

Reference Intervals of Hlormonal Assay
Ocstradiol (E2)

Follicular Phase: 90-1100 (pmol/L)
Luteal Phase: 90-1200 (pmol/L)
Postmcnopausal: <i70 (pmol/L)

Progesteronce

Follicular: <2.8 (nmol/L)

L utcal: 15-80 (nmoi/L)
Postmenopausal: € 1.5% (amol/L)
Luteinizing Hormone (LK)
Follicutor: 1.0-13.0 (TU/L)

Lutcal: 0.5-15.0 (IU/L)
Postmcnopausal; 14.0-62.0 (VL)
Follicle-Stimulating Hormon¢ (S
Follicular: 3.0-11.0 (TUA)

Luteal: 1.5-10.8 (1UL)
Postmenopausal: 36.0-168.0 (WW/L)
Free Trilodothyvonine (FT»)
3.2-6.0 (pmol/L)

Free Thyroxine (FT4)
10.6-21.0 (pmol/L)
Thyroid- Stimu]#ing Hornton® (S0

0.384.31 (miU/L)

L] , l l
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APPENDIX 6

Cocxpression of ER/PR in Women with Breast Cancer

ER/PR Co-cxpression Frequency (n) Perecntage (%)
ER+/PR+ 4 N
2.6
ER+/PR- 6
ER-/PR- 65 82.3
4 5.1
ER-PR+
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APPENDIX 7

REAGENT PREPARATION FOR THE DETERMINATION OF THE ANALYTES

Rcagent Preparation for Progesterone Dctermination

(a) Subsiratc Solution

king reagent. The conienis 0 (ihe

ht to 18-25 °C before preparing the wof :
3. o the lyophilized AIA-PACK

yratc reconstituent i (100mL) werc added ¢
maicsral.

All reagents wer

AJA-PACK Subs

Subslzote reagent Il and mixed thoroughly to dissolve the solid

(b) Wash Solution

ic (100mL) were added 10 approximoicly 2.0L of

" v K conccntra .
The cntirec conicnts ofthe AA-PAC dewatce and mixed Well. The finol volumc

Chemical and Allied Product (CAP) Classcagent &0

was adjusted to 2.5L.

(c) Dlluent |
(100mL) wos added to opproximalcly

. Diiucm Coneentroic
e ed ond odjusted to 5.0L.

- 5 the Al :

4,0L of CAP Class | reagent erade ‘valcr.

CAP=Cliemical and altivd product

Cullbration Procedurc

Refercoce Materials and Mcasurcment and

: Institute for .
N o stabilily was monitored by quality

cnten s

The calibrators met (e (RS ERM. Calibratio

Europesn Reference Mgicnals

conirol performance. The ¢alib
1bra

lol and concentration numbers were correcily entered inlo
o

rﬂtOf "
nd ware Within a 10% range.

dle conccniration of progesieron¢ by the mcthod uscd s
‘ 1ecy
pymal de

Sensitjvity; The ™

0.318nmol/L (0.1 ng/mi)-

gesicro e is 100%,

.0yt of PIO
Spccmc“y:'l‘i‘c sptClﬁCl()'O p
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Rcagent Preparation for Ez Determination

(a) Sabstrate Solution

Substratc reagent 1i and mixed thoroughly to dissolve the solid matcrial.

(b) Wash Solution

) 2.0Lof
The cntisc contents of the AIA-PACK concentraic (100mL) werc addcd to approximatcely

. . 1
CAP Class reagent grade waler and mixed well. The final volume was adjusted 10 2.5

{c) Diluent

pACK Diluent Concentrulc (100mL) was added 1o approxtmately

The entire content of the b s thotoughly mixed and adjustcd to S.0L

4.0L of CAJ* Class ] reagent prade walcr. 'This wp

Calibration I’roccdurc
Institute for Refetence Matenals and Mcasurement o0d
M iZRM) Calibration stability was monitored by quality

d concentiation numbers ‘ere comectly ent cred into

The calibrators mct the criteria of

Europcan Reference Matcrials (IRM
‘brglor lot @0

‘The cal 30
conlrol performance. i crcrun and were within 8 |0% range.

: ] \Y
the soflwarc, Ocstradiol calibeators

conpo! 1-C jevels 1, 2 and 3 were run with the assay.
['s -C.

Control: Manufacture
Quality Lontro o of B3 by the method used was 52.85pmotiL

: concentralio
Scnsitivity: The minimal dctectable

(14.4pg/ml).

g

!iCtl)’ 0['21 is 100%.

= i

Specificity: The spect

=

INIVERSITY LIBRA*

L
———
..._..-'__——-—___T_.._.__I_

Aalsl
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Rcagent Preparation for FSIH Determination
(a) Substrate Solution

All reagents were brought to 18-25 OC before preparing the working reagent. The contents of the
[ -PACK
AIA-PACK Substrate reconstituent 1l (100mL) were added 10 the yophilized AlA-PA

Substrate reagent il and mixed thoroughly to dissolve the solid moterial.

(b) Wash Solution

PACK concentrate (i 00mL) were added to appro ximately 2.0Lof
volume was adjustcd 10 2.5L.

The entire contents of the AlA- |
CAP Class reagent grade waterand mixed well. The final

() Diluent

AlA-PACK Dilucnt Concentrale (100mL) was added 1o approximotely
Cc -

The cotirc content Of th ghly mixed and adjusted to 5.0L.

4. 0Lofl CAP Class [ reagent gradc woter. This was thorou

Caljbration Procedure

of Institute for Refcienee Materials and Measuranent and

The colibrators mel the cntena 1 GRM). Calibration stability was monjtored by quatity

European Relcrence Matcgials (IRM

‘brator 1o
ance, The calibrs 2
" n and \were within a 10% rangc,

{ and concentration numbers were correctly entered into
control perlor

i {1
the sofiware. FSH calibrators were

b e levels 1, 2 and 3 were run with the assay.
s con ¥

Qualny Controk: Manufacturcr

. ' hormo the method
al d ectablc concenirotion of foliclc-stimuloting ne by
ct
Scnsitivity: The minim

used was 1.0 1U/L (1 OmtU/mL).

i is 100%
Specificity: The Spcclﬁcuy of FSH
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Reagent Preparation for LH Determination

(a) Substrate Solution

L] g l
All reagents were brought to [8-25 OC before preparing the working reagent. The contents of Cr:
il -PACK
AIA-PACK Subsuate rcconstiuent 1f (100mL) were added 10 the lyophilized AlA

Substrate rcagent Il and mixed thoroughly 1o dissolve the solid matctial.

(b) \Wash Solution

ACK concentratc (100ml.) were added to approximately 2.0L of

{ina) volume Wos adjustedto 2.5L.

The entirc contents ofthe AlA-P
CAP Class rcagent gradc water and mixed well. The

(c) Diluent

\.PACK Diluent Concentrale (1006mL) was added to approximatcly
N

Thaentire confent SLE b s tharoughty Mixed and adjusted 105.0L

4.0L of CAP Class ! reagent grode water. This Wa

Calibration Proccdurc

nstitgte for Reference Materials and Mcasurement and

ERM). Calibeotion stability Was monitored by QUa-llty
s were correctly entered into

. . [
The calibrators met the critens of
(IRNMM '
{ and soncentration numbet

cte Within i 10% tange.

EUrOpcan Rcfcrmcc Mn!criols

\ ibrator 10
control pcrfotmance, e calibrd

‘ ' inend W
the sofiware, LH calibratots Were n

c ' ‘ith the assoy.
f lufer'scomnﬂ i.c. levels gL and 3 werc run W y
Quality Control: mManufta

i by the method used was 0.2 [U/L
Scnsitivity: The Minm

(0.2mIU/mL).

ic 100%.
: )
Specificity: The SpcqﬁC“Y of LS

. Determination
Reagent P_rcpnrntion for Fl4 %€

(a) Substrate Solution
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All reagents were brought to 18-25 9C before prepanng tlic working reagent. The contents of the
ili -PACK
AIA-PACK Substrate reconstituent 1I (100mL) were added to the lyophilized AlA

Substrate reagent 1i and mixed thoroughly to dissolve the solid material.

(b) Wash Solution

' imately 2.0L of
The entirc contents of the AlA-PACK concentrate (100mL) were added to approximately

| | SL.
CAP Class reagent grade water and mixed welt. The final volume was adjusted to 2

(c) Diluent

’ 1 ] IO SCOI

Colibration Procedurc

Instirute for Refcrence Materals and Mecasurement and

The ealibrators met the criteria oF £RM), Colibration stability was monitored by quality

Europcan Reference Matceriols (IRMM

The calibrator lot and
control performonce. The 4 were within 8 0% TanEC

o " n nn
the softwarc. FT, calibrators Were n

concentrotion Numbers wWerc correct]y entered into

eon centration of FT:

Sensitivity: The minimal detectodle

(0. Ing/dL).

T, is 100%.
Specificity: The specificity of FTals

. mig 2ton
Reapcent Prcpam[ion for F1) Deter

(a) Substrate Sotution

Oc before prepasning the wotKing reogent. The contents of the
clo

hilized AlA-PACK
All rcagents wWere broy (100mL) were odded to the lyophili

ALA.PACK Subsimtc reconst

4 1porou dissolve the solid matenal,
] and Mix®

ghly to
Substmte feagent |

(h) Wash Solution
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The entire contents ofthe AIA-PACK concentrate (100mL) were added to approximately 2.0L of
CAP Class reagent gade water and mixed well. The final volume was adjusted 10 2.5L.

(c) Diluent

The entire content of the AlA- PACK Diluent Concentrotc (f00mL) was added to approximotely

4.0L of CAP Class 1 reagent grade waters This was thoroughly mixed and adjusted to 5.0L

Calibratlon Proccdure

The calibrotors met the criteria of Institute for Reference Moteriols and Measurement and

European Reference Materials (IRMM ERM). Calibration stability was menitored by quality

controt performance. The calibrator lot ond concentration numbers were cotrectly entered into

range.
the software. FT3calibrators Were run ond were Within D 10% range

. ’ o v 0 [
QUQ’“’) Cor"rol: Mnnurocturcr's Oonlfol 1B, ICVCIS 1. 2 and 3 wererun with the ass Yy

. uation of FTy by the method used was 0.77pmol/L
Scnsitivity: The minimal detectabl ¢ concentation y Oy

(0.5pg/mL).

Specificity: The specificity of FTy is 100%

Reagent Preparntion for TSH Dotcrmination

(a) Substrate Solution

18-25 °C before PrEpa ing the working reagent. The contents of the
o 18

All reagenis Weic prougit (]OOmL) wete 8dded to the 1yophilized AlA-PACK

AIA-PACK SudStro nic reconstity
d inixed thorought¥ !

ent (1
o«lissolve the solid matenal.

Substyate reagent [E 80

() Wash SolutioD
K conceftreie (|00mL) were added 1o approximotely 2.0L of

The entire conien | volume was adjusted to 2.5L.

CAP Class rcagent grode Wacr !

(c) Plucnt
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The entire content of the AIA-PACK Diluent Concentrate (100mL) was added 10 approxnlmntcly
4.0L of CAP Class 1 reagent grade water. This was thoroughly mixed and adjusted to 5.0L,

Calibration Procedure

The calibrators met the criteria of Institute for Reference Matetials and Measurcment and
European Reference Materials (IRMM ERM). Calibration stability was monitored by quality

control performance. The calibrator lot and cooceniration numbexs werc correctiy entered into

the softwarc. TSH calibrators were run and were within a 10% range.

Quality Control: Manufacturer’s control i.e. levels 1, 2 and 3 werc run with the assay.

Sensitivity: The minimal deteclable concentrution of TSH by the method used was 0.0lmU/L

(0.0111U /mL).
Specificity: The specificity of TSH is 100%

Reagent Preparation (or Lead Determination

X-100 was made up (0 100 m) with deionised water 10 give a 5% solution
]. Five m| of triton X- ‘ | . |

(v/v). The solution of the mix ture was cnhanced in Wann waltcr by placing on hot plate.
Viv). sojulio

2. Stock lead standard

4 solution was prepased:by diluting 1.60g of lead nitrate (PbNOy) in 100mL of
(8) Lcad standard solution

de-ionized water

3. Working Standards

.cre prepared by dilution from the stock standud with acidificd
(a) 1.0, 2.5 and S-0ug/l Were

dcioniscd water

ds were ysed 10 prepare calibration curve which was used 10 compare
(b) The working Standards

the digesicd sainplcs.
: Deterfination

dmiun
Reagen( Ireparation for Ca

205

*
ARICAN DIGITAL HEALTH RESPOSITORY PROJECT



| Five ml of triton X-100 was made up to 100 ml with deioniscd water to give a 5% solution

(v/v). The solution of the mixtur¢ was crhanced in wanm water by piacing on hot plate

2. Stock cadmium standard

Cadmium standard solution was prepared by dissolving 2.10 g of cadmium nitratc in 250 mL of

de-ionized water and was made up to 1 litre.

3. Working Standards

(a) 1.0, 2.5 and 5.0ng/L were prepared by dilution from the stock standord with acidified

dcionised waler.

ibrati ich w mparc
(b) The working standards were uscd to prepare 3 calibration curve which was uscd to comp
c\

the digested samplics.

Rcagcnt Prcrmralion for Arsenlc Dclcrmmal[on

100 madc up o 100 m! with deionised water to give o 5% solution
Was

|. Five ml of uiton - i wazm water by placing on hotplate

(v/v). The solutionof the mixturc was cnhanced
2. Stock arsenic standosd

parcd by dissolving [.0g of arsenic powder in 50 mL

- solution was Pre - T
Arscnic standard ed to 1 litr with dec-ionizcd Woter-.

“403 e rag dilut
concentrated nittic acid and Was

3. Working Standerds

d
@ 1.0, 2.5 and SopglL were PrePE

detoniscd waler.

py dilution from the stock standard with acidificd

prcpare o colibration curve which was used to compare

’ lo
{(b) The working standards Were used

ihe digested sampies.
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Quality Control of the Toxgic Mctals

To cnsure quality control of these analytes, de-ionized water samples in three dilferent bottles

werc included with the scrum samples and blinded to the labornlory technician. This was done to

ascertain the reliability of the results.

Quality Coatrol of the Determination of Hormone Receptors by Immunohistochemistzy

N.B-All tissuc sections were pesrformed at the saine time and submiticd to standard methods.
Known positive and negativc cases were used as extemal controls. ER. and PR were considered
positive when >10% of the nuclei were stained in 10 high power field (HPF) (Ferrao-Pous cr al.,
2001, Pinto et al., 200S). The HER 2 was coastdered negotive when with seore 0 and +1, and
positive with score +2 and +3. To be considered as +2, +J the cellular membrane was completely
stained in more than 10% of the tumour cells. Cells withoul stawiing, or with weak statning in
pait of the cell membrane and in less than 10% of the tumour cclls were considered negative

(Jacobs ct al.. 1999).

207

ARICAN DIGITAL HEALTH RESPOSITORY PROJECT



APPENDIX 8

Calibration Curves of the Hormones

40.00

30 00
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2000

1000

00 m & 1600
Log Cone
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Calibration Curyc for Progesierone 3580
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5000~

4000
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20,007

10.00™
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Calibration Curve for L11 Assay
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Calibration Curve for FTa As8y
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APPENDIX 9
VALIDATION OF HORMONAL ASSAY
Honmnenc Mcan concentration
Progesterone A=2.07

B=9.09

Cw25.02

Oestradiol A=152.|
B=623.3

C=1993.2

FSH A={94
B=16.)7
C=60.15

LH A=4.94
B=25.27

A=7727
B=25.8
C=59.5

Fla

B=5.10
c=14.2

A-Z. ] 9
B=§.26
Ce20.6)

on rv;{'ﬂfmﬂmi 0

TSH

§[)=Standard deviall
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SD

0.23
0.67
1.56

6.30
15.73
$7.66

0.28
077
257

0.53
0.54
2.03

0.41
0.85
1.59

0.11
0.16
029

039
1.5%

215

CV (%)
11.3
6.9

6.2

4.1
2.5
29

56
4.7
4.3

2.0
2.1
2.1

5.3
33
2.7

39
32

A |
L0
45
44

¢ varistion. A=QC 1, B=QU &, (=X 3



APPENDIX 9
VALIDATION OF HORMONAL ASSAY

Honmone Mcan concentration  SD CV (%)
Progestcrone A=2,0? 0.23 11.3
B+9.69 0.67 6.9
C»25.02 1.56 6.2
4.1
Ocsiradiol A=152.1 6.30
B=623.3 15.73 2.5
C=1993.2 57.66 29
5.6
FSH A=4.94 0.28
0.77 4.7
B=16.37
C=60.15 2.57 VT
' 27
0.13
A=4.94 y
Ll )6 i
8025.27 -
C=98.14 7 '
0.41 33
A=1.727
i - 0.85 33
p=258 27
1.59 :
Ce59.5
25 0.11 19
FT, A"‘:w 0.16 32
A 029 2.1
C=14.2
19 ol 30
']
TSH o 0.39 ax
B-826 | 3 <8 14
x 6’ 1 . Y u .
5 80.“‘““ of varson A=QC 1, B=QU &L= 3
SO Stgndard devistion. CV=C
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Research Article

Serum Polychlorinated Biphenyls an¢ Bisphenol-A Levels in
Nigerian Women with Breast Cancer -
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Departmeru of Chemical Pahology, College of Mafictre. (Iniversity of [badar, Radar Nigerio
?Divisian of Surgical Orcology, Deparmens of Surpary, Unh iy College Haxpial, thodan. Nigeria

Accepeed in final form 26* June 2014

“Abstract

Endocnine divruquon m}pﬂwwwﬂ-ﬂwmmhh—wmum—adehm
mmhlmbﬁ;mn.m-wihmﬂmTﬁhlml_-ihdhw-:-ﬂmhm
Although, H:-'m'llﬂ:dﬂHﬂhﬂﬂhﬂhﬂﬂﬂﬂ,hﬁhpﬂ;ﬂﬂtﬂ.ﬂﬂhﬂkﬁhdhmhm
mmmdymhluldm“hﬂhﬁﬂmﬂﬁhh—qw“ﬂﬁtym*dll-'H.I
mmﬂdﬂnfﬂnﬂﬁ“ﬂﬁdﬂﬁmﬂﬁqﬂmhhﬂwm

(cases) matched with 40 spparemtly

hﬂ;m{ﬂdﬂﬁqmnmﬂﬂﬁm:ﬂﬁh“ﬂhhﬂ.ﬂm

Demographuc mdices. -M{AllL*ﬂmlﬂm}ﬂﬂmm:Mnﬁnﬂjmﬂn
(M), Mnmhm%nhpmﬂﬂm# rabeo (WITR ) med i -hesght rﬂhmﬂ'}md{u}uﬂhﬂh
pre-teat mwmdﬂd-ﬂhmﬁﬂr.mnﬂdmm“m from cach participant and sera
:hllnnd-m-ipdhﬁ.‘l!-iﬂfﬂ.Thmmﬂhlm?rmhﬂwr[llﬂfl Data were
ﬂ}m.lmir‘Suu.h:liI-lﬂ-'dFﬂ!ﬂmhﬂmﬂﬁnpﬂlﬂm»ﬂﬂiﬂ,ﬂ.mmmhhm

welght, WC, 1IC, WHR, WHT, FCH and [P

A seram levels in cases compare 'a7h cootrole. Positive comelations were observed among

WC and WHR, WHT, HC; HC and WIIT: WIIR and WIIT in both cmes el 1wtrols |lowever, potitive coerelations among height,

welght, WC and WHIL; DM and weight were

abserved in cases only Weight correlated negatively with age st menarche (AM) only in

hoantns iath 03) Mechanisms involving PCT\_ BPA and adiposity may be
-ﬂmi-m-mmmunlhu;mnmu_lpm |
m“rtmmum mﬂmlmﬂﬁMMnthm

Kéywords [\reast cancer, bisphenol-A, polychlorinatad biphenyls, adiposily, age M menopsune

INTRODUCTION

Nireast cancer I3 one of the most com r:n;;;r:: u-l:l; ;mmim.'::;
e ot T 2011 1?HTm the Incidence of
hrmhm“r :ﬁ;ﬂ*ﬂr ::f orted 10 be on the icree
(Adesunkanmi et o, 2006) This ir::ruu in |n:|._*.mc:tin-
has been suributed 10 % )
cconomic status and epldem _ o
rates “‘m the decling in the dnth-tdlmﬂrr L.:: .
Augiralla and Wealerm l:mq;LHM ] gremi
e
C 5 ty ;
d::Im countrics as well a8 In Eastem
furope (Adesunksnmi f al. 2008). = ”
Mody mass Index (M) has been {wnm“"ﬂ .
mtriil adiposity, while walst circumference o ot
* hip-ratio (WHR) are relisble provy mmﬁr hhﬂmm o
fat (Chakraborty and Dose, :nml-ﬂ-"l;m:m e
used 1o identify uvnn-ﬁll: and obesity .l:-nﬂmﬁlmlﬂ ek :r
lone =
cr-mn:'m : el “W*‘H uh:mlu[ coboe o
;ﬂlll These ;ﬂtwﬂ of adiposity have

and Central

——

““L’w ‘.. .~'~‘JIF-

ooy cfSdomniological surveys bocause of thelr

indeperdont  ssaclaion with major  nan-awomunicable

aciadol'c dama including breast cancer (Chakmeborty am

Case. 2009) The relatlonshipt betweem adiposhty end

meropa/sal statut couplarl with rogmais of dreast eancey

Hiave Dozn the sublect of considerablo raaxcmrch for the past 40
or myore (Renclan ¢/ af,, 2008).

The sullposellzsue lsahelcrogenouy misture of edipocyies,
o) reafipocytes, Immane cells axt endothellom
(talberg ¢t of, 2000). 1 Amallons a3 a complex endocrine
organ tecreling 3 hoat of facton collecilvely refermed 10 ay
sdipntiwes (llalberg ¢f o, 7008) Morcoves, the adipooe
tlssue s/scWaslastion funcilons Ina dellcate balence In thasue
humol asis, the penurbetion (eldsted by Wamow prowth
dyyregilaie all involved cell types (llaizhton & of., 2002).
1e b sren in tvenst cancer (In swhich ranafarmed daciel
cpithzllal cefl bresk WWough the basel lamina and Invede the
meTery wovel awmATER which is highly enrched In
aditose tlisue sfla fAlling e lwnen of mammEry duc
(1lalghion er a? , 2002).

lforen cxf@MST W wme owlromensl chovleals
dsolhal M cdaxine AN\TUan-has=bear=thowa W alicy

Ine f[ecliow resuhing In miverse phyalologle
Mudline Thewe ondatne  dhaguon Include
polye [Horinauey Sispberiyis (HCTis) and blaphenal.A (IPA),

The an sslsven wveae N sernmee 1o reel (NNavie o8 A
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widely used in daily life. BPA is used for the production of
polyesters and lacquer coatings on food cans. Hm'""“m’““‘h
widespread human exposure (Brody ef al, 2007; Betancoun
efal , 2012).

Human exposure 1o bisphenol-A of up to SOug/dVday is
considered safe by United States Environmental Protection
Agency (USEPA). Currently, the safety of BPA products is
controvervial. Some studies have demonstrated the ability of
BPA to weakly stimulate oestrogen receptors (Fernandez and
Russo, 2010). DPA binds with higher affinity 1o cestrogen
receptor beta (ERfJ) which is expressed in almost cvery tissue
in the body (Brisken, 2008). High levels of these endocrine
disruptors have been suggested in the serum breast cancer
patients (Calafat et al., 2013).

Polychlorinated biphenyls arc members of a chemical
family that were widely used in the past in industry =
lubricants, costings and insulation materials for dielectric
equipment like transformers and capaciton (lyengar, 2005).
PCHs were also used in common consumer items such as
hydraulic Nuld, Nuorescent lights, tefevisions and other
lpplimn.lhr:lm:u“‘fﬂﬂnlhtmhmﬁtﬂhnm
reported 1o be through poorly maintained harardous waste
dumps and city landfills, illegal or improper dumping ol
hydraulic Nuidvcoolants, leaks from electrical mﬂm
and other equipment, buming of medical, industrial or city
waste from older consumer goods like televisions (Gray #f .
1009). However, there |y paucity of informatlon on The snam
level of PCDs in mon-occupationally exposed w.wm-n.l:
Nigeria. This study estimated the serum levels of PCBs
NPA In Nigerian breast cancer patienti

MATERIALS AND METHODS

Study design and duration: This case-control study wad

onducted FC/10019)) was
fler cthical approval (UL
;hlimd I'm:n the joint ethical commitice of University of

Ibedan/Univensity College Hospital, badan. Nigeria

Subjects: A total of g0 women aged II-??T;-:EWWW
recrulied for this study .ﬂ; i,::[:-::d‘m: : |

ocr patienis w menced reatmend
i mw-lﬂ apparently healthy women {controls) HI'HI"
with the cases Subjects with other lypes ©
cancer, Jiabetes mellitus,
mothers and subjecls o0

Division, Departmen T
Hospital (LCH), Thadan, Nigena.

n

Height: Ths was cuse e a I, vatical sweface
with the sobytn nanfng bave fated le ko ugwigt lasltion
wilhOwd mv=hrad-goar-on Wihoud raising the heels from the
gand mc ibe et kept ghe. Mmnsonous were leken
with 8 Yiikng boadpeete: tvnophs to the vories of the subject’s
bead. The ¢ 2ading ad this leve! was taken (o the ncarest 0. [m.,

Body Mmt ledes (BN T): This was calculsted (Yom tlie body
waight en! height of ibe sudjecty using the formule stated

dedow.
DMI (Kg/m®) = weight (kghheight (m’).

Waist snd kilp clrcwmlerences: Waist circumfoience (in
om) wal reornstd vl ng 8 mexnsing Bpe placed ¥ the Aoy e}
level while Mp cireomlamnce (in am) was measured &1 the
widest crenavfooncae of e hip over light clathing asing o
oovatachable meearing wie withoul any reanoe on the
baly asface Doth bufic wee roondal) W 1he naaresl
Al

Waist-hip ratio: This was aJaraed from Lhie 1atlo of U
wainl  clcumfaexe 0 the hip cicumlerence e,
walwhalphe

Walst. hight ratle: This was cakvilatcd from the rallo of the
walsl drrumfaone to ihe height

Samgle Colleclion: Ten (10) ml of venous Hlowl weas
obiainx from sntccudilal (ana vein of csch SWd)ect The
blood e, mple was aliowwd lo chot, reveaed gl Cenbifu ged

ot )50 s for 5 minutes afler which seyum was acymnaicd
and 5t od st - 2FC untit arulytls was Gone.

Discdemical Envestiguilons: The Diochemicsl inBees
estimated wore serum polychiorinated biphanyls (PCB3) and
hisphow A (BPA) Soun PCDs and BPA wore estiragied
by kgt liquid hiromalograthy (ALLIANCE,
¢16993; Waiers, USA)

Anaiyvasl Method for DIMA: Sown sampics were lontilled
with 12,3 nanograms of isotopicelly labeled Dhiheleie
metst fes, 90 nsogrems of labelled bishenol.A, 230
amogrims of 4.mab)lumbelliferone  glucuniide. 300
mianl/\r of anvranjam sccao buller (P11 6.5) ancl 10
micny lery of P-ghawonidase (Eschericlila coll K12, Roche
Nioww Sical). Thesxrmes-were mived snd lacubmisd at 37°C

owm;ldol to allow for the deglucuauntdation.

Archives of Bask and Applied Medicive 1 (Jume 2014)° Ajayl et ol
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Following enzynutic hydralysis, & 200, wi

sunple was added 10 70pL, of HPLC- Pade sm:?ndorlo:
of labtled {.octbyiumbellifrone 1o deeymine
deglucwoaldation elliciency, The remainiog mmple was
. loaded on 10 Zymark rapid trece solition for sulamwed solid
Ptﬂsf exlation (SPE). The 60wmilligramaml, Oaus-HLD
cuidges were conditlonod with HI'MLC.g1ade methana)
(2ml) and 0.1 M formic seid (2aaL). The sampls were
diluied withb 5 ml. of 0.1 M fomnic scld and loaded on the
SPE caitridge ot a rale of | OmL/min, The cunidge was
washed with waler (1mL) and 10% methang) in water (2mL.)
ol & flow rate of lmL/min The sampies wese eluted with
1. amL of scctonitnle al a flow rele of 0.5 ml.fmin. The cluste
was cvapiialed 10 diyness under 3 grear of dry nitrogen and
ihe residuc was cesuspended in 85% mahanol in weier (200
microliters) and Canslond 10 glass audomampler vials,
Qual:ty control of the anatysls wes malasined by analyzing a
method blank (celf servm) and (wo spiked caif serum
amples (20ng/mL). The detection limit (02np/mL) wes
tased wpon a lower calitxnlion standwd (0.5ng/ml) which
gave an Instrument signal 10 notsc response of 3:1.

Asalyilca]l Method for PCls: Saum ampies were mised
With metana and & mikturc of intermal wasdads were
added 10 cavext for cecovery mid enawre Quality control. The
samples ware then estacied Wwee Ume with -hoxane-
dicthyl-ether (1:1 v/v). Afler eveparallan of Ll solvents the
fal content was detomnined @avimevically. The Mt wws
redissolved in n.hewane gnd teiad wid oocentreled
sulphic acid. The PCDs wese sepmWed Nom the bulk of the
chlonnsicd campounils by elution ovough o silicd gel
column (4.5g of % walar<Jadivaied allics gel), The [l
Gacilon, conwlining the FCils was eluied with JOml of n-
hesone, Tho eolumns weweral &fTerent polarity o case
identification o snslytes Which was based on roieniion umes
relstive to Iniamel standards. Quartificatios was pefoened

uing mu)ilesel aalibemion curves obmsined by imjection of
sisndard solwions of et lexs dvree diffaront coxwrmions.
Meliait of , dowmlaaiion (LOD) was determined as ihree
2andard dervistions (SD) above the value of the blank and
viried-betueen- - amd- 7 pe'e seum (not lipld adlwicd),
Sampla with concentratlons of LODs thice SD above ihe
blank have ¢ 99% protmbnlity of belng son-rero. To tocease
this probabi:ty, the Quandlicstion limlis (LOQ) ware i al
higmtelgmrghy 4han-the- OB [n this case the lawest standesd

amcaion wis ved; 10pg/g sarum. The reywodacibillty of
the mcibad was dowraraed by 2 | replicate determinations

ming en in-housc canbol serum sample included in 1he

snalYtical beches-<dormg the axme of (he sud).

Statistical .0 malyals

Sulstical . faclage - for -Sacizl Scienas (SPSS) software
venslon 17260 cooputer solware was used for the snalysis of
date. Twr tailed independent tiest of significance al 95%
canfiden © limit with p<0.05 wesre consislered signlficant for
the variatNes. Panan corvelation coefficlent was used W find
10407 Lips between Quanlilative variables,

RESULTS

Tabie | compares maantSE of age, sge at menarche{AM),
X & moopma{AMP), weight. height. body mass lndex
(DMI), wain arcwolerence (WC), bip elreumference (11C),
waist-hip ratio (WHR), walst-height miio (WHR), senen
polychhriasied bipbenyls and blspbavi. A in rean cancer
swbjecileiaes) and controls. Coenparison showed sigiilican
diflaoces (p<0.05) im meaneSE of weight, height, waist
chounfovoce, hip cirrumlfecoxe, waist-hip milo, weist-
heigit mtio, pofychlorinaiad biphoyls end Bisphool.A in
breast carccy subjocts and contiols. Thieze were 1o signifiaant
dilfoenms in age, age nl McTasThe, age st monommuse and
boly meas index

g:::“ ( demographic. ulropEnew- and blachenieal Indloa heeast ance sibjects snd controls wsing Saadeva's t.

sOn O

728 ‘

PARANMETERS CASES . S —

- —— - MeaatS b N NMrest NP i P

¢@mographic | adices - 1795001 10 - 5110 -1.081 028

A (yeen) - 1533800 | 10 1493038 1.508 Q.l)e

Age o Ma-dz()!lﬂ” = RTWEY) B 4911066 ) 39 0122
A o Mampme==iyEN

- Anthrepornrteic Imdies - 69562e2 41 0 SEE¥L6 ARIT 0.000°
Weight(Kg) - 1832001 0 134001 3439 a.0m-
Hoga) - 3934480 84 4 DENOHM 1.742 (Y X)
DML (kp/ar’) T 86542133 40 76 @el 4s iMS oome
Wi Circwnbreres (o) — Y IEL ® MIBIN a0 2011~

) g Cocamiarence () 5 8.27:001 @ oneaen 4073 0.000°
Waist.) b - ~3351:8 % a0 RS0 IS 29 000+
Wabd: Height r
" ixam = 0.7940 40 0 Uil 10.013 §.030
NPA (mgr3) ) —=

trehives o BBK and Appdied Medkine 3 Hurw 2014): Afyi ot ol n
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Valuss are meansSE; “esignificant, SE= standard
Biphenyls, BPA=bisphenol-A, BAMi=body mass index

Teble 2.

Corrclation of demographic with sthropmetric indlces In

femsles with traast ancer 3ad airol.

00000 : L i _

ladices Ureast cance? Conirels
n=40 n=40
f— i2.p-velges) r, ves)
Heigit vs Weight (349, 0.029° 0.119, 0391
Hdght va WC 0360. 0.026° 0222,0.169
Height v3 WIR 0.J54, 0.029* 0204, 0207
Weight vs DMI 0.925, 0.000° 0.197, 0224
“Woght v» AM 0.221,0.899 0328, 0.0)9°
WC vy WIIR 0.395. 0000° 0.697. 0.000°
WC vs WHT 0 910, 0.000° 0.917.0000°
WC vs | 0.7270,0.000° 0.635,0,000°
HC vs WHT 0.779, 0.000° 0.660; 0000°
WHR vs WIIT 0483, 0.002° 0.6)8. 0.000°
DBMIvs WC 0.203,0.216 0366, 0.000°
DMI walIC 0295, 0072 0562, 0.000°
BMI va WIIT 0.251,0.128 0651,0000*
AMP vs BMI 0629, 0.028 -0.08), 0.7¢)
*sugnificani;  p~puchebilily. r-prw  coelation
coclfickmt.  DBMi=body mass edex,  WCswaly

circumlerence, [(C» hlp drownfooxe WiIR=walst-hip
rello, W IfTwwalna-height ratio. AM=-gge ot oonmche, AMP-
ogc sl MeNOMeUSC

Table 2 shows the correlation of demographic with
anthropometric Indices in females with breast cancer
controls. Positive comelations among height, nm:}rL walst
circumference (WC) and walst-hip ratio (WHR), m::ghtll;m.i
body mass index (IMI) were observed in cases only. Pm;;:::
correlations were observed among waist clroum/erence ( _ﬂ:l
correlated positively with waist-hip mtio {“”RI:‘.': “TI
height ratio (WHT) and hip circumference  (HC). Hip

circumference correlated positively “1:: ':1:“:::7; :::ti;-
(WHT). Waist-hip ratio tmghm o e

~walst-height ratio (WHT) in
'*llﬂﬂclrﬁm negalive sorrelalion was observed bﬂf“mIIE al
menopause (AMP) and body mass Index llimglm umm
and control, Positive comelations were M:Hr:":iuﬂu-
mass Index (DMI) with hip circumferen<e iRttt
height ratio (WHT) Weight however oot ﬂjuulﬂmum
with age ol (AM) These oorrel
statlstically significant (p<0 0%)

DISCUSSION

Reoent siudies have showd
In Nigals b on the Increail of s obscwe ecr|okofgy
yomger women beBec nd Onarics-Devics,
(Adcaunkauml ¢t o M“M‘““* lors o7t related o ife-

M I*Uﬂl“‘u and

thme hormone a""': G:?tnim deurting

m;' et ol 20114; F a2 ond Rusmm, 201
Konen\owp, 1008) ) -

error, n= number q"m p=probabaliry, PEH-M

Tha m:l':n sidy showed 1hat darogrephic Indices (age.
082 &t menerche, age al menogouse) are similar in both breast
caacr)' Metonts (cases) and non- breast cancy (ulions
(cmtrols), TRy could ¢ becaute the subjects were age
maiched .

Sualigictlly spuficet IOTMO  were obnoved in
weight, brsi; . waist circomfaence (WC), hip circumiaence
(1IC). wala-hip retlo (WIHR), weighi-heigii ratio (WHT) in
cxees wion compared with corsvols (p<0,05) Noo-signifcant
incase A otearved In body mass index (DMI) in cases
wher cumpared wath the aywols This signifies thst
adipaaity could be a confributany (actor In Ihe oetiology of
treast co. Whilc WC has been shown 8 3n scasme
arabasrof-viscers) adiposity cliber elone or In combination
with OM{, vicon) fai romanme more sssoclaled with
exrcasy 1tk of cancer develogement (Sielfon o1 af, 2009).
The systarbic eflects exerted by visoeral adiposity are focus
of mxh aseych (Domohoe e of. 2010). WIR
maoiwsauins may be mare redevand in  detotening
cardiovasasler riak (han WC alone. whether this is the case
for cancey riak is not yet Jovown (Dxanohac ef af , 2011). BMI
b as30cinied with an Inoaased incidoxe of many types of
ey etluding bcast acancr (Renchan ¢ of.  2008;
Oamhox o7 o/, 2011). There 19 stiit u¢cliy ol informaion
on the involvement of 1IC and WIIT In the scalology of
rexst caicer (Oanohoe c7 of, 2011). Pasilive auerelations
wrre ol seved among WC and WHR. WIT, HC; 1IC and
Wi WITR and WHT in both cases and controls, |lowever,
potitive uwrclations amoog height. weight, WC and WHR;
BMI mid weighl were otaoved In sy only. Weight
correiriad mepatively with age sl merarche (AM) aly (n
cmpog. The dilferences and creliions were stadistically
sigalN@n (p<0.05). This is oqally a pointer (0 1he foct that
adipasity plays a major role in ancer actlology.

llumans are exposed dully 10 & varicty of comfOunds, It
Is thus likely that even If none of Ihese chesniesls—isacit-gn
effectlye fevel. the combination or mixtise of chemicaly may
bxwoe | gona. These chemicals enler the fnod chain and
acowtu] ite n animaly up 10 Msmans (Lubreno ¢f af , 2013)
1 spberiA (BPA). s breakdown product of comlogs In food
and Uxverage cordamas, may st B GOPED RTEAW
egmig | 5 ihls Feset Budy, there was o significant Increase
n the scrum ODPA level in cases when compared whth the
antrols: This I8 In consoname with the outcame of s similar
shidy (Fenande2 gnd Rumso, 2010)

In ths vesent study, dgnificam Inoaase was obyey ved
In the nrumPCEH levels In cases whea compared waN the
cantrili. There Is cvandly paucity of infarosiian oo fermales
whe sv non-axvialoully cxqoadd, particalesly fa Nigvia.
Sane Polychiornaod Sphenyls (NCDs) aciivale Auyl
hydmarton reacgsor (ARR) (Lubranc ¢2 af, 2013), ANough
vw—axhrisre (heough which ABDR  srguimes ohayy
mrubdlym av Aot clewrly clabliadhed gmssalk wilh
cagvgea recrylar My be involved (Lubveng ¢f ol 2011)
Recoly, mxh ovdhnee has
entvimusrentsl toxkcants Including REA-ad IClis can afR
mitochandrial Mctkn and casse ro-oakistlve cvacikom
leadinft 10 Paibologics) condiiions Iike canery (Valsviakles
ol al,, 008, ARtere of of . 201(% Furnhel ¢r of, 2011% Thid
Noha GATOFUL the Mt hat orkiative wress cxuld e voe of

of Baic ond dppRed Abedivine > (Jure 201 ¢): ANY) 03 of
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the mechanisms of action of these toxicants in

of breast cancer. "'"‘ﬁ:ﬂ'
In conclusion, mechanisms involving PCBs and BPA as

“ﬂlflﬁm):n,hmhmm

reduction of environmental pollution and dictary modulstion

may be helpful.

Recommendation

Policies aimed s Ascagiog the aXice of mciaging of
food produces or waler with maicrials coasining BPA hould
d pt in place by the=relevani—autborty, Adequale
maldomnes of  bazedow waste s and oty landfills &
well a1 control of illegal or improper dwnping of h ydraulic
Ouid< 'coolants, leaky fromn clatriaa-vwnsiooos and b
equipment—brming of medicel. (odustria) or oty waste from
oider amasnos poods llike ielevisiony may e
environmenia) polltion due W PCBs These suwepos
Wgrther with dnugoptionihalldy St and iifes)le may
creviey, pulest and rechee (be high monallty sasocisied with
bicasi cancer ln Nigena
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