











St. John's

CHANGE IN THE SUBCELLULAR LOCALIZATION oF MI-ER1a 1S
ASSOCIATED WITH BREAST CANCER PROGRESSIO

By Patricia L. McCarthy

A thesis submitted to the
Scl of gradu: : Studies
in | al fulfillment of the

requirements for the degree of
Masters of Science

Division of BioMedical Sciences
Faculty of M icine
M norial Un rsity

Decem 2008

Newfoundland



I would like to dedicate this thesis to my father,
Patrick J. Hynes (1939-2008).
A man of honor, k  dness and a zest for knowledge.
He was a constant source of encourag. ent and inspiration.
He will be forever missed.



The majority of the work in this thesis
has been published in McCarthy et. al. (2008),
British Journal of ¢ ncer 99 (4) 639-646.






Estrogen receptor-alpha (ERa) is one of the steroid hor Jne receptors that
plays a role in normal growth and development of the breast; it has also long been
implicated in breast tumorigenesis. Many of the current breast cancer treatments target
the action of the estrogen receptor (ER) indirectly: by blocking ei er the ability of the ER

gand, estrogen, from binding to ¢ receptor or the synthesis of estrogen. Hence, ERa
expression could potentially guide physicians in predicting prognosis and devising a
treatment plan.

In an effort to improve upon curr¢  standard treatments or devise new, more
efficacious therapies, the molecular pathway of ERa needs to be resolved. Human
mesoder  induction early response 1 (hMI-ER1) is a key regulator of this pathway
through :interaction with ERa. During investigations into the role of  roblast growth
tactors (FGFs) in the development and differentiation of Xenopus luevis embryo, MI-ERI
was found to be an initial target of the FGF signal transduction pathway.

The hmi-erl gene was cloned and characterized (Paterno et. al., 1998) and
shown to have two major protein isoforms, hMI-ER1a and hMI-ER 1. Both isoforms
contain a number of motifs characteristic of transcriptional regulators and have been
shown to act as repressors of transcription (! terno, ct. al., 1997; Ding, et. al., 2003;
Ding, et. al., 2004). The alpha and beta isofo 1sd er in their C-terminus. hMI-ER 1a
contains a classic nuclear hormone receptor (NR) co-regulator motif, an LXXLL domain,
which is not found within the beta isoform.

MI-ER1a has been shown to interact with ERa in breast cancer cells. in the

presence and absence of estrogen.  was also foun to reduce ER-mediated breast cell



growth in ER-positive breast cancer cells (McCarthy, et. al., 2008). Theoretically, this
data su orts a role for MI-ER 1a in breast cancer cell proliferation.

My hypothesis is that MI-ER 1a might be ditferentially expressed in normal
breast tissue and breast carcinoma. Immuno stochemical analysis of MI-ERa expression
pattern and subcellular localizatic  in both normal breast and breast carcinoma was
carried out using 156 whole tissue sections. d 771 cases from tissue microarrays.
While there was no consistent difference in the level of expression between normal cells
and tumor cells, there was a striking difference in the subcellular localization. In normal
and hyperplastic breast 72% of the cases had nuclear MI-ER 1 a, whereas in breast
diseases only 51% ductal carcinoma in situ (DCIS), 25% invasive lobular carcinoma
(ILC) and only 4% invasive duct. carcinoma (IDC) has nuclear MI-ERa staining
(McCarthy.P. et. al., 2008). This represents a shift in the subcellular localization ot MI-
ER1a, from nuclear to cytoplasmic, during breast cancer progression. Such a shift in MI1-
ERla localization might then  associated with the progression of breast cancer: hence,
MI-ER1a might prove useful for prognostic termination. Hence, it is possible that the
lack of nuclear M ER1a expression in DCIS lesions will serve as ame s of identifying

women who are at a higher risk for devel , ng invasive breast carcinoma.
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age; as  ch, its incidence rate tends to be higher among post-menopausal women. A
women with a first-degree relative (mother, sister or daughter) who has had breast cancer,
has an increased risk of developii  breast cancer. In fact, their relative risk is 1.5-2.5

times higher than someone not having a first degree relative who has had breast cancer.

1.1.2  Cell Cycle Regulation and Cell Prc feration

The cell cycle is an event that results in either cell growth or in the division of a
single ¢« , through a series of sequential steps or stages referre to as the cell cycle, to
give rise to two new daughter cells (Norbury & Nurse, 1992). Specific elements of the
cell cycle vary from organism to organism and within a single organism. This essential
process may also occur at different times points throughout an organism’s lifetime.
However, there are some parts of the cell cycle that are known to be universal.

The progressional phases within the cell cycle are G, phase (Gapl phase), S
phase (Synthesis phase), G2 phase (Gap2 phase), M phase (Mitotic phase) (Figure 1)
(Vermeulen, Van Bockstaele, & Bernen 1, . 03). The first three of these, the G, phase,
the S phase and the G; phase, as well as e Gy phase comprise what is known as the
interphase of the cell cycle. For actively dividing cells, interphase can last from 12 to 24
hours and is the fraction of the cell cycle during which the cell synthesizes its RNA,
makes protein and grows in size. The int >hase is microvisually inactive; however, on a

molecular level it is very active (Murray & Hunt, 1993).









intervals when the cell determines it it is ready to proceed to into the S phase and the M
phase or if the cell will remain there to allow further growth or to repair DNA damages

through activation of the DNA damage checkpoint.









such as Cdk 4/cyclin D phosphorylates its s1  strate, the retinoblastoma protcin (RB)
(Grana, Garr 1, & Mayol, 1998; Vermeulen et al., 2003). Phosphorylated RB protein
disrupts a cc  plex that results in release of E2F, a potent regulator of gene
transcription. In that, free E2F can then drive transcription of genes whose products are
essential for advancement to and progression through the S-phase (Vermeulen et al..

2003).

1.1.3 Cell Cycle Control and Cancer evelopment

The term cancer can be used to define, in basic terms, a diseasc in which an
abnormal population of cells (tumor) has arisen that interferes with the normal function of
a tissue and ¢ en the system as a whole (Hanahan & Weinberg, 2000); hence, it is the
reason vy so many individuals eventually succumb to this disease.

The three dominant features ¢ cancerous growth include uncontrolled cell
proliferation, an invasive phenotype (has broken through the confines of initial site of
origin) and the potential to become metastatic (spread to another organ(s) through the
blood and/or lymphatic system) (Hanat & Weinberg, 2000). In contrast, a benign
tumor is not characterized by the latter two a ibutes; it is a growth aris 3 from an
increased proliferation, but it is non-invasive and non-metastatic. However, a benign
tumor can still impose serious health conseq  1ces (Cifone, 1982). In addition to the
three features mentioned above, there arc two other characteristics that also define an
abnormal growth as tumorgenic. one is its ability to both promote vascularization and the
other is its ability to escape programmed cell death (apoptosis) (Garrett, 2001; Hanahan &

Weinberg, 2000).



Perturbation of the normal cell cycle. and hence an increased robability of
cancer development, can occur through activation of a proto-oncogene or inactivation of a
tumor suppressor gene. A proto-oncogene is  normal gene., but when mutated or over-
expressed can give rise to a product that is t  1or-promoting and is then ferred to as an
oncogene. Therefore, an oncogene has the potential, if it is inappropriately expressed. to
influence the transformation of a cell from ¢ that is normal to one that is cancerous.
Tumor suppressor genes code for proteins tt re, ss cell growth and/or promote cell
death. However, when such genes are inacti  ted they can cause an increase in the rate of
cell growth and cell division.

Since many cancers occur as a result of a deregulated cell cycle, each of the
elements involved are often the target for cancer therapeutics (Carnero, 2002;
Hennighausen & Robinson, 2005). Down-regulation or mutation of several tumor
suppressor genes, including pS3 and RB have been implicated in the development of
breast cancer and are associated with a poor ognosis (Oliveira, Ross, & Fletcher, 2005).

A cell can acquire genetic errors by inheriting a genetic mutation(s) and/or
through exposure to damaging environmental  :nts. In the first instance, an individual
can have an inherited genetic pattern whereby a specific segment of the genome, a gene.
is already altered at birth. In this regard. he/she has an innate or a genetic predispositon to
cancer.” is alteration is such that it increases that individuals lifetime risk to developing
cancer (Hodgson, 2008). Secondly, DNA is constantly exposed to environmental agents
that create insults or mutations in the genetic code. Such damaging agents include, but arc

not limited to, exposure to both ultraviolet rays and geneotoxic chemicals such as tobacco



smoke, as well as free radicals that are ; 1erated during cellular metabolism (Cadet,
Berger, Douki, & Ravanat, 1997; oeijmakers, 2001).

Under normal circumstances these genetic errors will be resolved by the cell’s
DNA machinery upon tection during cell cycle checkpoints (Fantes & Brooks, 1993;
Stein, 1998). However, both inherited or environmental mutations can occur in genes
whose products participate in the cell cycle’s DNA maintenance checkpoints. These
include 2 DNA damage checkpoint and DNA replication checkpoint (Ashwell &
Zabludoft, 2008; Nyberg et al.. ~702). When a mutation occurs in either a protein that
initiates a DNA damage checkpoint or in a DNA repair protein itself, such as ataxia-
telangiectasia mutated (ATM) or breast cancer 1 (BRCAL1), respectively, then the
mutation can go undetected and unrepaired. Hence, in spite of the cell containing a
genetic alteration, it continues to proliferate (Brumer & Shakhnovich, 2004: Christmann,
Tomicic, Roos, & Kaina, 2003; McGov 1 & Russell, 2004). A cancerous growth then,

by defin  on, will develop through accumul:  on of such abnormal cells.

1.2 Normal Breast and Breast Carcinoma

1.2.1 Development of the Normal Female Mammary Gland

The mammary gland, defined ;& 1odified form of the apocrine gland. is first
recogniz Hle, in the development of mammals and specifically humans, in the embryo at
approximately 5 weeks station (Tavassoli, 1999). It first appears as an epidermally-
dervied pair ¢ bands referred to as ectodermal thickenings, milklines o1 1ilk ridges

(Figure 3) (Thor & Osunkoya, 2008). These primitive milk ridges extend from the axilla
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Figure Earliest evidence of the presence of the mammary gland in the human
embryo

The presence of milk ridges within the embryo is first visible at appro»  ately week 5 of
gestation. These structures extend from the axilla to the groin area. (Brokaw, J.J.
Condon, K.; Swantz, D.R.. “108)
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Primary bud Secondary bud Emergence of ducts

A B C
A A:/

Early stages of nipple development Elongation and
branching of ducts

Figure 4 Mammary gland development between the stages « in utero to birth

Early stages of the primary bud formation and secondary bud developm t (A and B,
respectively). Emergence of ducts (C). | sinnings of nipple development (D). Further
elongati  and branching of the ducts and areola development (E). (Tavassoli, F.A. 1999)

13



1.2.2 Anatomy and Histology of the Adult Female Breast

The adult female breast consists of 3 principal structures; the skin,
subcuta ous tissue and the breast tissuc which is divided into the parenchyma
(functional unit of the breast) and the suppo ve tissue of the breast, known as the stroma.
The breast tissue itself is comprised of 3 types of tissue, namely, gland i, fibrous and
adiposc tissue (Thor & Osunkoya, 2008). Young adolescent females ge rally have large
amount of fibrous tissue and less adipose tissue, in contrast post-menopausal women
usually .ve larger amounts of fatty breast tissue. The stratified squamous ¢pithelium
(thin, flattened cclls arranged in | ‘ers) which overlies the skin, nipple and areola
continues into the begi 1ing of the duc  system. ut then immediately changes to a
double layered cuboidal epithelium (Lester, 2005).

The breast, which rests on the pectoralis muscles of the upper chest wall,
consists of 15-20 segn  ts or lobes which are interconnected. The lobe is the functional
portion of the breast and it is the site of milk production. Each lobe drains into the

lactiferous and collecting ducts, which converge at the nipple (Figure 5).

14






1.2.2. Anatomy and Histology of the Adult Female Breast (continued)

e secretory units of the breast, the lobules, consist of a variable number of
glands ( ini). The interior of each acinus, those which arc immediately adjacent to
luminal side of the gland is lined with secretory epithelial cells. As such, they are the sites
ot milk production during latter part of pregnancy and post-partum. These luminal cells
are surrounded by a flattened, discontinous layer of myoepithelial cells which have
contractile ability. These two cell layers are then bounded by a basement membrane. a
thin membranous layer of connective tissue (stroma) separating the duct trom the rest of
the lobular connective tissue (Watson & Khaled, 2008). Immediately, surrounding the
acini is an area of gelat ous connective tissue, known as intralobular stroma, which is
specific  the breast and responsive to hormones. (Figure 6) (Wa er, 2000).

Six to ten major ducts extend posteric y from the nipple. Each of which diverge
many times before terminating in the g  dular structures, the lobules. Should a lesion
occur within the ductal system, each ductal branch has been assig :d a name to aid in the
communication of the site of a lesion (Tavassoli, 1999). Within the lobule, the contents of
each acini empties into an intralobular duct; ¢ latter of which is the po on of the breast
ductal system that is physically w 1in the contines of the lobule and 1s named as such
(Figure 6) (Elston & Ellis, 1998). The secretory epithelial cells of the ac us are those that
have differentiated from the non-secretory ¢ s of intralobular duct (Lester, 2005). This
intralobt 1r duct crosses through the lobular connective tissue and continues into what is
known as the extralobular duct; tc :ther these two portions of the intricate duct system

are referred to as terminal ducts (Figure 6, Figure 7, Figure 8A and 8B).
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1.2.2. Anatomy and Histology of the Adi : Female Breast (continued)

In the adult breast, each lobule is associated with a single extralobular duct, which
originates immediately outside the lobule (F* ire 7, Figure 8A). The acini and its
surrounding intralobular stroma, the intralobular ¢ :ts and the extralobular ducts
constitute what has come to be ki wn as the Terminal Ductal Lobular Unit (TDLU)
(Figure 9) (Walker, 20 ); Woolf, 1998). Each lobule is surrounded by a dense
interlot ar connective tissue, in contrast to the more loose intralobular stroma
(Figure 10) (Tavassoli, 1999).

The extralobular ducts that exten from cach lobule converge and arc known as
the subsegmental duct or the major duct. . ..¢ secretions from all glands within each lobe
come through the major ducts and into the lactiferous ducts. The milk is then stored in the

lactiferous sinus; a dilated portion of the lactiferous duct (Figure 8B) (Tavassoli, 1999).

20









1.2.3 Hormonal Regulation in the Development of the Adult Female Breast

A coordinated hormonal (systemic and local) action, is required for female
mammary gland development. Hormones have ei cr a passive or active role in its
development. Specific hormones infli  ce the development of specific portions of the
breast; prolactin, and two steroid hormones. amely. estrogen and progesterone are 3 such
hormones (I varca & Rosen, 2008). While estrogen primarily contributes to the growth
and development of the ducts, progesterone influences the growth and development of the
lobular units (McManus & Welsch, 1984: Tavassoli, 1999). The nction of both estrogen
and progesterone are dependent upon the presence of prolactin; a hormone that is released
from the pituitary gland. Estroge stimulates the epithelial cells to divide, but this will
only proceed if prolactin, insulin and ot r growth hormones are present. All of these
hormones exploit their actions throughout all stages of mammary gland development
from the embryonic stage to neonatal development, puberty and into the reproductive
years of an adult female (Harris, 2000; Reyniak. 1979: Tavassoli, 1999). With the
cC :ncement of menstruation, both the TDLUs and the epithelial cells will continue to
develop d differentiate, respectively. The mammary glands will continue to respond to

a cyclic hormonal environment that corresponds with menses (Thor & Osunkoya, 2008).

1.2.4 Diagnosis of Breast Abnormalities and Invasive Beast Carcinomas
There are several ditferent anomalies of the female breast. Some are classified
as normal physiological changes and are it associated with an increased risk for

development of breast carcinoma. Many clinicopathological criteria have been established


















1.2.5 ithological Characteristics of Benign and Malignant Breast Conditions

All non-infiltrating breast lesions are pathologically categori 1into 1 of the 4
following groups (Table 1) (Croce, Bretz-G nier, & Mathelin, 2008; Lester, 2005;
Walker, 2000):
Non roliferative breast ¢ inges
Proliterative without atypia

Proliferative d :ase with atypia
Carcinoma in situ

B —

1.2.5.1 Non-proliferative Breast Cl g

This group of brc  t changes is often referred to as fibrocystic change, but
Lester et. al. (2005) classified them as non-] Hliferative since they are conditions for
which there is not an increased risk for future development of breast carcinoma. Many of
these non-proliferative breast changes can arise clinically due to ¢ presence of a

palpable lump or areas of calcification that show up during a routine mammogram.
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as papil y structures. Mode e hyperplasia is characterized by 5 or more cell layers
and can ave papillary structures that will either extend into the lumen or may occupy the
entire It 1en. Florid hyperplasia is easily distinguishable from moderate hyperplasia
since the ducts are significantly increased in size compared to non-hyperplastic ducts and
the proliferative epithelium often fills the ducts (Lester, 2005; Rosai & Ackerman, 2004;
Thor & Osur  oya, 2008; Walker, 2000). A  evious study had also found a link between
the expression ratio of two isoforms (a and ) of Estrogen Receptor (ER), hyperplasia and
risk for ibsequent development of breast cancer. It was found that ER( expressed at a
lower level compared to ERa, hence ah 1 ERa:ERP ratio, is associated with

hyperplastic cases that are likely to develop breast carcinoma (Shaaban et al., 2005).

1.2.5.2  Proliferative Discasc without Atypia

These group of proliferative east diseases often do not present as palpable
lumps but rather they are often detected during routine mammograms or biopies that were
ordered by physicians for other reasons. Diseases which are categorized under this group
include moderate and florid hyperplasia, sclerosing adenosis, papillom  complex
sclerosing lesions and fibroadenomas with complex features. For all of these changes, the
increased the risk for developing breast carcinoma is 1.5-2.0 fold (Lester, 2005). A more

detailed description for each of these conditions can be found in Appen  x A.

1.2.5.3  Proliferative disease with atypia
Atypical ductal hyperplasia (ADH) and atypical lobular hyperplasia (ALII)

often resembles DCIS and LCIS, respectively, but lack certain teatures. In ADH the
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number of lesions per specimen fall short of that observed for DCIS and the cells do not
completely fill the duct. Peripheral cells of an ADH lesion are columnar and the nuclei of
cells that are more central to the lesion are n re rounded. Since the cells of ADH do not
completely fill the duct, rounded spaces may be noted throughout the lesion. ALH
involves at least half of the acini withtl  ce . demonstrating little variation in their size
or their shape. ALH holds a more aggressive phenotype when it advances into the ducts
and is therefore associated with a higher risk for future breast cancer development (Page,
Dupont, & Rogers, 1988). The risk for carcinoma is 4-5 times higher; which increases to
10 times if the patient has a first degree relative that has had breast cancer ( able 1)

(Page, I pont, Rogers, & Rados. 1985).

1.2.5.4 Ductal Carcinoma In Situ and Lobular Carcinoma In Situ

The TDLU, previously described, the site where mo  of the non-
prolifer. ve breast changes and prolife  ve breast diseases arise. However, it is
typically within the larger ducts that most papillomas and papillary carcinomas manifest.
Breast ¢ cinomas are divided into two main categories. those that arc non-invasive and
those that are invasive.

Non-invasive breast carcinc  a is used to describe neoplasms which are
confined to the duct or lobule and has not advanced beyond the confines of the basement
membrane: as such it does not have the potential to metastasize to other sites. T'wo main
groups of in situ breast ncers: Ductal ¢ cinoma In Situ (DCIS) and Lobular

Carcino a In Situ.
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DCIS, also referred to as intraductal carcinoma, is a population of cells that,
individually. appear morphologically similar to ¢« s of invasive carcinomas. These
abnormal cells cumulate within the ducts an  although the basement membrane and the
myoepithelial cell layer is in tact, the number of cells that comprise the latter may have
lessened. However, disruption of both the basement membrane and the myoepithelial
cells layer are a pre-requisite for progression to an invasive carcinoma (Shekhar, . dit,
Pauley, Wu, Santner, & Nangia-Makker. 20 )

There are several different histological subtypes of DCIS and often a
pathologist may notice several types v n a single specimen. These different types
include solid, cribriform, comedocarcinoma, papillary and micropapillary
(Lester, 2005). Solid DCIS is used to describe lesions in which the duct : completely
filled with neoplastic cells (Figure 11).  contrast, papillary (Figure 11) and
micropapillary DCIS have fibrovascular cores and cancerous papillae that project into the
lumen, respectively. The micropapillae have another histological distiny ishing feature,
in that, the base through which the projections are attached to the duct wall is constricted.
Cribriform DCIS has rounded spaces that exist between the cancer cells which are usually
filled with calcified secretions (Figure | ) (Figure 2) (Burstein, Polyak, Wong, Lester, &
Kaelin, 2004). Comedocarcinoma is a type « DCIS that is charar :rized by ducts
completely filled with cells that contain a ¢¢  ral necrotic area having calcitied material
within it; it is this feature that is often detected on mammograms (Fisher et al., 1999). The
necrotic debris build-up arises due to both apoptosis and passivc cell death or oncosis
(Moinfar, Mannion, Man, & Tavassoli, 2000). Comedocarcinoma is considered to be a

more aggressive (faster growing) form of DCIS, with approximately 40% pr¢ essing to
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Figure 11 An illustration of @ histological aj earances of 3 types of DCIS

Iustration « three different types of DCIS. In solid DCIS, the ducts are f ed with
carcinogenic cells that are surrounded by a basement membrane (A). Cribriform DCIS is
characterized by cancer cells which do not completely fill the lumen of duct and
spaces/pockets which exist in between the cancer cells (B). In papillary carcinoma, the
cancer grows into the lum:  as “fii  >r ke” projections (C). The malignant cells and
basement membrane ¢ 1 lumen of the duct e marked by an A, B and C, respectively.
(Adapted from www.breastcancer.org)
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to incur a higher risk of a recurrence or developing invasive breast carcinoma in the
future; a risk that is about 8-10 times that of someone who has never had breast cancer
(Chuba et al., 2005). The risk for developing infiltrating breast carcinoma is higher for the
ipsilateral breast, which is independent of the amount of LCIS that was present initially
(Li, Malone, Saltzman, & Daling., 2006). If an invasive cancer does develop in the future
it can be lobular or ductal. It is an uncommon breast abnormality and it is not usually
detected through mammograms but rather biopsies of the breast performed for other
reasons. CIS histology appears as cells which are loosely cohesive and completely
filling the acini. However, the overall outline of the lobule is still apparent.

E-cadherin is a transmembrane protein involved in calcium-dependent cell-to-
cell adhesion. Since th :is loss of E-cac erin in LCIS, but not DCIS, staining of paraffin
sections ith E-caherin can aid in the distinction between the two (Stein, Zisman,

Rapelye Schwartz, Abell & Bre , 20(

Treatment for DCIS and LCIS typically involves surgery combined with some
adjuvant therapy. The extent of the surgery can be either breast conserving (lumpectomy),
or breast removing surgery (mastectomy), which largely depends on the size, number and
grade of the lesion(s). When lesions are removed, the margins are painted with an ink so
that when it is processed and sectioned the margin of excision of the removed tissue can
be ident ed. The pathologists will note the distance between the cancer cells and the
edge of e removed tissue. This aids in determining a treatment plan. For example, if the
cancer cells are close to the edge additional rgery may be warr. ted. If the lesion is
confined to one area and can be remove wi clear margins of resection, the

recommended form of treatment is lumpectomy fc owed by radiation. Radiation
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1.2.5.5 Invasive Lobular and Ductal Carcinomas (continued)

Some of the hormonal risk factors are directly related to an increase in
exposure time to the steroid hormone estrogen; these include early menarche, late
menopause, nulliparity (a women who has never given birth) and women taking hormone
replacen nt medications to treat menopausal symptoms. A risk factor that is related to
amount of estrogen in the body, is obesity; a risk that also correlates with poor prognosis
(Carmichael, 2006). In obese patients the amount of estrogen is o :n higher than non-
obese patients; a risk factor that also puts them at an increased risk for ¢ lometrial
cancer.

Whether invasive ductal and I¢ 1 carcinomas differ in regards to prognosis
and biology has been a controversial issue for some time. Some believe that lobular
carcinoma is associated with a prognosis that is similar to that of ductal carcinoma (Viale
et al., 2008). Pestaozzi, et al. (2008) co Hared and contrasted the prognosis and biology
of IDC and ILC in 12, 206 breast cancer patients. The results of this study demonstrate
that the 6" year mark, following the diagnosis of lobular carcinoma, is associated with a
better prognosis in con irison to ductal car 10ma. However, at the 10" year the

prognosis is worse for ILC ™ in that for ductal carcinoma.
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lymph nodes then it is stage 11B. However, a tumor can also be stage 11B if it is larger
than Scm in diameter but it has not spread to the axillary lymph nodes. Stage 111A
characterizes tumors that are not in the breast tissue but rather are detected in the axillary
lymph nodes which are clumped together or are adhered to other structures. Another
group of tumors that are also classified as st » 1A are those that have a diameter of
either S5cm or less or those which e greater than Scm and are associated w 1 spread to
axillary lymph nodes that are clumped together or attached to other structures. A tumor of
any size with spread into the chest wall and/or the skin of the breast, with or without
spread to lymph nodes that have clumped to, her or attached to other s ictures, is
classified as stage I11B. In Stage I1IC, the tm r may be of any size, there is spread to the
chest wall and /or skin and the canc  has also metastasized to lymph nodes above and
below the collar bone. Metastases at presentation, or Stage 1V, means that the cancer has
advanced beyond the breast and rc  onal lymph nodes and is now preser  in other organs
such as 1 :lungs. liver, bone or brain. Also taken into consideration wh  staging a breast
tumor(s) the presence or absence of IR, PR and Her2/neu. Her-2/neu is a proto-
oncogene that codes for a receptor protein involved in signal transduction pathways that
give rise to cell growth d differentiation. Her-2/neu is amplified in about 10-20% of
breast cancers and can lead to ani reasc in the amount of Her-2/ncu protein. An increase
in this pt ein receptor is often associated with increased breast discase recurrence and

poor prognosis (Moelans, de Weger, Ezendar & van Diest, 2009).






Table 2 coninued TNM Classification ed for Breast Cancer Staging'

Stage g uping

Stage 0 Tis  NO MO
Stage 1 T1 NO MO
Stage [1A TO NI MO
Tl N1 MO
T2 NO M0
Stage I1B o NI 1)
13 NO 1)
Stage [11IA T0 N2 1)
T1 N2 1)
T2 N2 1)
T3 NINT )
Stage I1IB T4 NO, N1, N2 MO
any T N3 1)
Stage IV any T any N 1

1 Adapted from the “December 2004 Revisio TNM 6™ Edition: Disease Staging Form™
utilized by the Cancer Care Program within the Dr. H. Bliss Murphy Cancer Centre,
St. John's, NL.







Nuclear Pleomorphism:

Breast cancer specimens with very little nuclear pleomorphism are assigned a score of 1
and those that have a mod¢ e variation in nuclear size and shape get a score of 2. Tumor

in which the cells are extensively pleomorphic are given a score of 3.

Mitotic Activity

The number of mitotic figures, th. are located in the periphery of the tt  or or in the
highest1 totically active arca of the lesion, in 10 high power fields are counted to
determine the mitotically activity (Tavassoli. 1999). Tumor specimens that have few or
absent mitotic activity get a score of | and those with a lot of mitotic activity are assigned
a score of 3.

It has been determined that if one were to digress from this wi  established
scoring 1 :thod by doing just a “quick-sc 1" for mitotic figures, this would affect the
prognostic estimation and would negatively influence the choice of treatment (Skaland,
van Diest, Janssen, Gudlaugsson, & Baak, 2008). Other studies suggest that using this
method of grading is non-reproducible and s;  uld be replaced with one which measures
the proliferative rate (Meyer et al., 2005; Tawfik et al., 2007). Both Ignatiadis et. al.
(2008) and Sotiriou et.al. (2006) sugge that the category for moderately differentiated,
grade I1, tumors should be removed from the system. In this then. tumors would be
classitied as either low grade (goc prognosis) or high grade (poor prognosis). The
current grading system has been challenged i many respects. however, it is thought that
when a system is used consistently and universally. then with increased experience and

training the system will become more reproducible.
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the ER. is sti uncertain. However, a recent study su; :sts that it inhibits ligand-induced

receptor dimerization (Yang, Singleton, Sha hnessy, & Khan, 2008) (Figure 16).
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1.3.2 ER Modecls of Functi

Estrogen can exert its transcriptio 1l activation capabilities tI >ugh both
genomic (classical) and non-genomic (non- 1ssical) processes. Being a steroid hormone,
estrogen is lipophillic, thus permitting it to cross the lipid bilayer of the cell membrane.
Once inside e cell it can bind to the ER within the cytoplasm or within the nucleus.

In the classical model (Figure 17A). the.  ogen receptor unde: Hes a
conformation change upon binding to a gand such as E,. After which, it then forms a
homodimer and translocates to the nucleus. In this mode of action. the homodimer will
bind to the EREs located with in the ta ¢ e(s) and recruit co-activators, which is
subsequently followed by initiation of t  1scription.

The explanation described above is a simplistic one since what actually takes
place in the classical model involves many protein-protein interactions between the ER
and other agonist and antagonists. When not ound to either of these, the ER will interact
with a co-repressor, which will actto|  /ent the ER from initiatir transcription (Nilsson
et. al., 2001).

ER can also act through non-classical modes of action. In that, it is capable of
eliciting a growth or proliferative respc se v hout directly interacting with the DNA.
Initially. it was thought that the only way in which ER elicted transactivation was through
direct interaction with DNA through ERE. However, it is now known th  the ER can
activate transcription of target genes indirectly. In that, activated ERs can interact with
other tra cription factors and hence participate in e regulation of target gene

transcription.
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to L. this complex leads to activation ot the MAPK and akt pathways: signaling which

otveg ren ta eoll araacth

1.3.3 ER-alpha and Breast cancer

e \\Cli c>lul)||>i|cu lil'dl FHEY  DICASL CALCHIOHIAS dIe llUllllUIlC'UCPCIIUCHl. 11
that. their development arises, lar, v, due to the presence of genomic/non-genomic
growth promoting aciivitics ot nucicar huiiiviics did iidcivar nunimune reeepions such as
estrogen and the estrogen receptor. respectively. There is a differential expression of ERa
in normal breast tissue and breast carcinomas. In normal tissue, LRa is expressed at low
levels in non-proliferating epithelial cells. but in higher amounts in proliferating breast
tumors (Fowler & Alarid, 2007; Holst et al., 2007). It is also known that  2nign,
proliferative breast diseases and invasive breast carcinomas have a high  ERa expression
compared to non-proliferative discase. There are many mechanisms which might account
for such increases including amplification of the ERa gene, ESR/ (Fowler & Alarid,
2007: Tolst et al.. 2007).

The E2/ERa complex can. ir  art. lead to the development of a breast
neoplasm through stimulating the transcriptic  of genes that are responsible for increased
cell growth and differentiation. M e specifi Ily, the complex can drive the transcription
of genes that give rise to growth promoting proteins (Perillo. Sasso. Abbondanza. &
Palumbo, 2000; Savicky, 2004).

As discussc in the previous section. Bel-2. VEGF. cvelinD1 are common
transcriptional gene targets of the E2/ERu complex. Transcription of the PR gene can also

be induced through ERa-dependent pathways or through E>/ER-indepen :nt pathways






targeting such pathways may be a suitable t: et for those who develop a resistance to the
traditional treatment regimes (Sengupta & Jordan, 2008).

In summary. the last two sections explained how ER acts to induces gene
transcri-  on and how deregulation of such can promote mammary carcinogenesis. The
ER-depr dent transcriptional pathways have a number of regulatc  processes such as
phosphorylation of ERa. binding of corepressors and/or coactivators as well as crosstalk
with other pathways. It has been established that breast carcinomas, which occur under
the influence of E; and  Ra, arise through a cumulation of deregulated regulatory events.

Aside from the endogenous effects of E; and the ER, a study by Rohan et. al.
(2008) of 16,608 post-menopausal women fi  nd that those who take synthetic estrogen
and progesterone were at an increased risk fi  benign proliferative breast disease and
subsequent development of invasive breast ¢  cinoma. The result of suc¢  studies has
brought Hout a public awareness that often deters women from taking medications that

are designed to curb menopausal effects.

1.4 MI-ERla

Mesoderm Induction Early Response 1 (MI-ER1) was found to be an
immediate-early gene, or an initial target of signal transduction. during Fibroblast Growth
Factor (I iF) signal transduction. MI-EER1 is a novel protein that was discovered during
the investigations into t - role of FGF in Xenopus laevis embryonic cell differentiation
(Paterno, Li. Luchman, Ryan, & Gillespie. 1997). During these investigations, Paterno et.
al. (1997) demonstrated, using Xenopus  slants, that MI-ER1 levels are increased

following addition of I'GF.
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In an effort to characterize human mi-er! (hmi-er1), the human orthologue of
xmi-erl was cloned by Paterno et. al. (1998, 2002) and was found to be  63kb, single

copy gel located on chromosome 1.

1.4.1 MI-ERI1 Structure

The Ami-erl gene gives rise to 2 major protein isoforms o and B (Figure 18)
(Paternc  :al.. 2002). The a C-terminus is 23 amino acids long, in contrast the § C-
terminus is 102 amino acids in length and includes the facultative intron 15 (Paterno et
al., 2002).

It was noted when comparing MI-ER1 with the XMI-ER1 th  there was 91%
sequence similarity overall, with some e ons displaying 100% identity, indicating a

highly conserved protein.






1.4.2 MI-ER1 Functional Domains
Both the structure and sequences "MI-ER1 were compared to other known

proteins to see there were any {unctional domains from which one could infer MI-ER1’s
function. Indeed, several domains that are common to transcriptional regulators were
identified (Figurc 18).
A: Acidic activation domain: This is ¢ omain that is, by definition, rich in acidic
amino acids and in the MI-ER1 protein is located near the N-terminus. Paterno et. al.
(1997) identified four stretches that were rich in acidic amino acid residues. Acidic
activation domains are commonly known tc articipate in the recruitment of
transcriptional machinery and therefore init ¢ gene transcription (Melcher, 2000).
B: ELM2 domain: The EML2 domain immediately adjacent and downstream from
the acid activation domain. Itisadc ain that has been identified in other proteins that
function as transcriptional regulatc i ally, this domain permits  oteins to recruit
and bind to other proteins that act to suppress gene transcription (Ding, Gillespie, &
Paterno, 2003). Recruitment of the transcriptional repressor Histone D¢ ctylase 1
(HDACT) to MI-ER1 occurs through 1 ELM2 domain. Histones are proteins around
which DNA winds, compacting the genome and thus permitting it to fit within the small
confines of a cell’s nucleus. HDAC is an ecnzyme with an ability to rem e acetyl groups
from ly. e residues of histone proteins. When this occurs the chromatin, that was once
uncoiled, becomes more tightly wound onto e histone protein, inhibiting ¢
transcriptional machinery, hence inbihiting gene transcription.

CREB-binding protein (CBP) is a transcriptional co-activator that has intrinsic

histone acet: ransferase \T) activity. HATs add acetyl groups to lysine residues of
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that only proline 365 is imperative to the role that MI-ER1 plays in Xenopus embryo
development and mesoderm induction.
E: NLS signal: MI-ER 1 contains a nuclear localization signal (NLS) within the C-
terminus (Post. Gillespie, & Pate 0.2001). 1.Ss are short segments of amino acids
located on the surface of certain  >teins that arc recognized by cytosolic nuclear
transport receptors which mediate the transport of the protein into the nucleus. In contrast,
MI-ER1a does not contain a NLS and erefore re  es on binding to other proteins that do
contain such sequences in order to move into the nucleus.
F: LXXL motif: Many nuclear hc  one co-activators (e.g. SRC-1 and CBP) and co-
repressors (¢.g. NCoR) contain a domain, known as a NR box ora LX> [ domain
(where L represents a leucine residue and X :presents any amino acid), that permits it to
bind to NRs. Such a domain has been identi  :d within the C-terminus of MI-ER 1 a.
LXXLI. domains can confer bo  co-activator and co-repressor activities within a
single protein (Sauve et al., 2001). MICoA (MTA-interacting coactivator) binds to the
ER, through the interaction of the LXXLL domain of the MICoA protein and the AI-2
region ¢ the ER, to stimulate ER-driven tra cription. Repression of this MICoA-
mediated ER transactivation can occur when MTA binds to thec LXXLI. domain of
MICoA, thus preventii it from bindit to the ER and acting as a coactivator (Mishra et

al., 2003).

1.4.3. Previous work: MI-ER1a
Human embryonic kidney cc : (HEK293). transfected with both mi-¢r/a and

era., were used to determine it MI-ER1a and ERa physically interact with one another.



Co-immunoprecipitation assays revealed the : proteins do indeed interact in the presence
and absence of its ligand E, and this interaction is stronger in the absen  of E;
(McCar vy etal., 2008) (See Appendix B, F ure 1A).

Extracts from an MCF-7 cell line, ER positive breast carcinoma cells, were
used to  vestigate the endogenous interaction between MI-ER 1o and ERa. Supporting
the results of the transfected assays. endogenous Ml _Q1la and ERa were shown to
interact (See appendix B, Figure 1B). Again, this interaction was observed to be stronger
in the absence of L1y (McCarthy et al., 2008).

Anchorage-independent growth is an acquired characteristic of many tumor
cells which provides them with the ability to grow without adhering to the substratum: a
characteristic which distinguishes cancer cell proliferation from normal cell proliferation.
As prev usly stated M ER1a was shown to possess domains that are characteristic of’
co-activators and co-repressors, hence  ¢¢ zations into the ability of MI-ERla to
repress ER stimulated cancer cell anchorage-independent growth was carried out using
soft agar assays. Using a doxycy: ne-it " icible MI-ER 1a T47D breast cancer cell line,
overexpression of MI-ER1a was shown to s press ERa-induced colony growth in soft

agar (See Appendix B, Figure 2) (McC:i 1y et al., 2008).
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3. To determine if there 1s a correlation between the expression level and
clini  pathological parameters such as tumor size, grade, stage, and rmone receptor
positivity.

4. To determine the subcellular localization of MI-ER 1a in whole tissue sections of both
hum normal breast tissue and hun 1t st carcinoma. As well as examination of’
such in tissue microarrays (TMAs) ¢  human normal breast tissue, breast carcinoma

and various breast pre-invasive subt, | :s.
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Sciences Center were using the same protoc  for fixation and processii  of the samples.
Therefore. differences observed would not be attributed to ditferences in fixation and

processing.

2.1.2 Database and Patholc y Reports- ‘east Tumor Samples

A database of all breast cancer cases diagnosed at either the St. Clare’s Mercy
Hospital or the HSC br  veen January 1%, 2005 and December 31, 2006 was obtained
from the NL Eastern Health Cancer Registry. All of the invasive ductal carcinoma (IDC)
cases were extracted from this database and pathology reports were retrieved tor each ot
these cases. Pathology reports for each case were reviewed to ensure:

I. That all of the cases were an IDC and not a mixed tumor having a
morphological appear: of both lobular and ductal c:  inoma.

I1. That the archived specimen under review was the primary cancer and not a
recurrence of b 1st cancer or a metastatic cancer.

[11. That this report is associated with whole tissue sections of the lesion in
question and not a biopsy sample. In that, these samples were a resection
specimen and not a needle core biopsy sample.

[V. That these cases were accessible from either St. Clare’s Mcrcy Hospital or

the HSC and were not associated with a referral from an outside hospital.
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III. Only locks that containe copious amounts of breast tissue were selected; which
was done as a means to avoid exhaustion of the sample. In this regard, samples

were prescrved Hr future clinical pu  oses.

2.1.4 Number of Cases used in the Study-Breast Tumor Samples

11s was a retrospective ;. 1dy in which an initial 129 IDC cases were identified
from the Cancer Registry database. Pat  logy reports for all 129 cases were reviewed and
cases not meeting criteria [-IV, as ident  :d in section 2.1.2, were excluded from the
study. One hundred and nineteen cases were identified after review of the reports. For
each of the 119 cases selected up to th  point, H & E stained slides were retrieved and
reviewed with pathologist, Dr. Beverly Carter of Eastern Health. Only those cases that
fulfilled the specimen selection criteria identified in section 2.1.3 were included in the
study; the study cohort for this project consi :d of 110 women diagnosed with primary
IDC. For each case, one archived, forn in-fixed, paratfin-embedded block of breast
tumor tissue was selected and retrieved ‘om storage at either St. Clare’s Mercy Hospital

orthe H _ (Figure 19).

2.1.5 Database and Pathology epc - Normal Breast Tissue Samples

To investigate the expression in  Hrm  breast tissue with no history of breast
cancer, a list of patients having had a reduction mammoplasty between January 1%, 2005
and December 31*, 2006 were obtained om the Pathology department. Pathology
reports for all these cases were retrieved and reviewed; cases meeting all of the following

criteria were added to a database:
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. Only cases that had archived, normal breast tissue as a result of having a
reduction mammoplasty were selected. In that, those ha g archived
normal tissue as a result of a mastectomy due to an increased risk for
breast cancer were excluded from the study.

I1. Only patients with no history of hyperplasia, Ductal Carcinoma in Situ
(DCIS) or breast carcinoma were selected

III. Cases with no family history of breast carcinoma were selected

IV. Microscopic findings detailed in the pathology report must not describe
any of the following proliferative breast abnormalities as detailed in
Table 1:

a. Proliferative diseases without atypia
b. Proliferative disease with atypia
c. In Situ lesions
Ensuring that there was no history of that listed above was done as a means to
increase the validity of the results; that any  alysis of the normal tissue were not due to

the influence of other cellular char s within the breast tissue.

2.1.6 Criteria for Specimen S :ction-N. mal Breast Samples
Befc : s :cting the normal breast specimens to be used in this study, three criteria
were es  Hlished:
1 That upon review of the hematoxylin and cosin (H & E) stained slides. which
contained a 4um thick represen ive farchived. paraffin-embedded normal

I ast tissue, o1 * those which were 1th adequately fixed and processed prior to
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ing embedded in paraffin were selected.
I To determine the expression pattern in normal breast tissue. specimens
1ich contained sufficient amount of and only normal ductal epithelium were
selected.
Only blocks that contained copious amounts of breast tiss  were selected:
which was done as a means to avoid <haustion of the sample. In this regard,

samples were preserved tor fut ¢l ical and research purposes.

2.1.7 Number of Cases used in the ¢ dy-Normal Breast Tissue

All cases that satisfied the criteria outlined in sections 2.1.5 were subsequently
added to a database. From this dat: ase 60 cases were randomly selected using a random
integer generator located on the World Wide Web (http://www.ri  dom.o  integers/).

The H & E stained slides for each case were reviewed with pathologist, Dr.
Beverly Carter of Eastern Health. Durit  the review of these slides. the diagnosis and
microscopic descriptions detailed in the pat  logy report were contirmed and one
archived. formalin-fixed, paraffin-cmbedded block of normal breast tissuc was selected.
As a consequence of the selection critet  di neated in section 2.1.6, 14 cases were
exclude  from the study. For each of tI 3 cases, one archived formalin-fixed, paraffin-
embedded block of normal breast tissue was retrieved from storage at either St. Clare’s

Mercy Hospital or the Health Science ¢ ater (Figure 19).
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alcohol and finally replaced with 100% alcohol. Secondly, the alcohol is cleared in
Xylene and replaced with a solvent that is miscible with wax. The tissue is then infused
with a paraftin wax which removes the clearing reagent and results in a hardened tissue
that faci ates cutting of the tissue into sections. Finally. the tissue. which is engrossed in
a paraffin wax within a tissue cassette. is then sectioned and stained with 1H&E prior to
being archived and stored for futurc use. The H& . slides are examined by pathologists
during their diagnostic procedures, following whi | the slides are archived along with

the para n tissue blocks.

2.4 { de Preparation and IHC Pre-treatment
A NL Normal and Tumor Breast Tissue

Four 4pum think sections v re cut (by P. McCarthy) from cach of the selected
blocks ¢ 1 transferred to positively cha :d slides (Fisher); such tissuc sections are
referred to as Whole Tissue Sections (WTS). Most animal tissues carry an overall nct
negative charge duc to a small excess of acic : amino acids over basic amino acids in the
structur:  proteins. Hence, tissuc  ctions can be expected to adhere well to a surface that
hi ated chaway: tc kel tively charged (Lloyd & DeL¢™ 2001).
Slides are left overnight at room temperature (RT) and placed at 58°C for one hour prior
to the start of [HC. This is done to aid in the removal of the paral 1 and hence antigen

exposure.
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B TMAs

TMAs were constructed as described in section 2.2.2. The TMA block was
sectioned, by the manufacturer, 5 n thick and transferred to positively charged slides.
As was the case for the whole tissue scctions, TMA slides from Biochain and CHTN were
placed at 58°C immedi cly before the commencement of IHC. TMA s {cs from
Biomax are wrapped in a thin layer of paraftin and supplied in this manner in an effort to
prevent oxidation and decay. As a result ot't s paraffin layer. slides needed to be baked
at 60°C for two hours (as per the manufacturer’s recommendation) prior to the start of the

IHC protocol.

2.5 Immunohistochemistry
2.5.1 Primary Antibody
The anti-MI-ER1a antibody used in this study generated through the
immunization of rabbits with a short. synthe : peptide (amino acids 413 - 426) of the MI-
ERI1 protein sequence (Paterno et al., 2002). The peptide sequence used was
T CQMLLPVHFSAISSR*™®. A Melon Gel | 5 purification kit (Pierce) was used (by Dr.
Laura G espie) to purify MI-L..1 IgG front oth pre-immune and immune rabbit serum.
¢ ecificity of the M1 L_R1 antibody -as verified through an antibody pre-
absorption assay using the alpha-specific pe  de used to generate the MI-ER la. as well
as an un lated (control) peptide. Whole tissue sections of breast carcine 1a were stained
concurrently with either pre-immune 1gG, anti-MI-ER1a 12G. anti-MI-ER 1a 1gG pre-
absorbed with (.1pg of the a-specific peptide or anti-MI-ER1a 1gG pre  sorbed with

0.1pg of an unrelated peptide (amino acids 466-480 of the MI-ER 13 C-terminus).
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Scctions were first deparaffinized, hydrated and antigen retrieval was carried out as
detailed below in Section 2.6.3. One hundred ng of each the specific ar unrelated
peptides were dissolved in a 1% Bovine serum albumin/Phosphate buffered saline
(BSA/PBS) solution (Sigma-Ald h, Canada. see Appendix A for recipe). The anti-MI-
ERTa IgG was then diluted in this solution to 1:800: the same dilution used for the
experimental sections. The [gG v 5 incubated with each of the peptides on ice, for 30

minutes, prior to its application on the t  ue sections.

2.5.2 Staining Kit used for WTS nd MAs
A Universal LSAB+ System-HRP kit (DakoCytomation) was utilized in the
immunohistochemical staining proced  for both WTS and TMAs. Pl¢ e see Appendix

D for a more detail description of this kit.

2.5.3 Immunohistochemical Protocol

Slides were removed from the oven and deparaftinized in two ch 1ges of
xylene for 5 minutes each and hydrated through an alcohol gradient: two changes of
100% alcohol for three m* ites ear ' one char  : of © "% alcohol for one  “wute and 70%
alcohol for one minute. Slides were then rinsed in running distilled water for 5 minutes to
complete the hydration process and to remo’  any residual alcohol. To quench
endc  nous peroxidase activity slic ; were immersed in 3% hydrogen peroxide for 10
minutes. To remove any excess hydrogen peroxide, slides were rinsed in running distilled

water for five minutes.
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Frequently antigens become masked during fixation and processing of the
tissues; in an effort to retrieve the antigens slides were immersed in a 10mM citrate
buffer, pH 6.0 (1.92g citric acid, 1L deionized water, adjust pH using 1N NaOH).
Optimum antigen retrieval time was empirically determined to be 40 minutes for WT'S
and 30 minutes for TMAs. First, the citrate buffer was pre-heated to 95°C in plastic
coplin jars and then slides were placed into the coplin jars and incubated in a 95°C water
bath for 40 minutes (WTS) or 30 minutes (TMAs).

Following antigen retrieval, 1 : slides were removed from the water bath,
retained in citrate buffer and cooled to room temp: 1ture. Slides were then rinsed ina 1X
phosphate bufter saline (PBS) (Sigma) solution, pH 7.4 (see App: dix E for recipe). for 5
minutes in a humidifying chamber to prevent evaporation.

To inhibit non-specific labeling, sections were incubated in a serum-free
protein t ¢k (DakoCytomation) for 10 mim s. Slides were then incubated in the
humidifying chamber overnight at 4°C with the MIERa antibody. previc sly described,
diluted to 1:800 in a 0.01M PBS containing 1% weight per volume (w/v) Bovine Serum
Albumin (BSA). pH 7.4 (Sigma Cat. No. P3688).

Immunohistochemical staining was continued the following day using a
streptavidin-biotin immunoperoxidase method according to the protocol specified for the
Univers: LSAB+ System-HRP k (DakoCytomation). First, sections v e rinsed in 1 X
PBS for 5 minutes to remove excess pr  ary antibody. Sections were then incubated
sequentially with a biotinylated link antibody and a peroxidase-labeled streptavidin for 15
minutes each; with one 5 minute rinse in 1X PBS between each incubation. After addition

of Streptavidin, slides were again rinsed for 5 minutes in 1X PBS. Slides were incubated



with a Liquid DAB+ Substrate Chromogen (3.3'-diaminobenzidine chromogen solution
within an imidazole-HCI substrate buffer, pH 7.5) (DakoCytomation) for 5 minutes and
then rinsed in running distilled w er for 5 minutes.

Sections were then counterstained in hematoxylin (Fisher) (see Appendix E for
recipe) r three minutes and rinsed in running distilled water for 5 minutes. To
accentuate the details of the tissue, excess dye is removed through a process known as
differentiation by immersion for approximately three seconds in a 1% acid alcohol
solution (see Appendix E for recipe). Next, slides were rinsed in runni  distilled water
for 5 minutes, blued in Scott’s tap water (see Appendix A for recipe) and rinsed again for
5 minutes in running distilled water.

To complete the staining, slides were dehydrated in an  cohol gradient: |
minute in 70% alcohol, 1 minute in 95% alcohol, then 2 changes for 3 minutes each in
100% alcohol. Sections were then cleared in 2 changes of xylene for 5 minutes each.
Slides v re mounted using Permount media (Fisher). After allov g the Permount to dry
overnig . sections were reviewed usit  a compound light microscope (Olympus BH-2)

and pictures were taken with a coolsnap dig I camera.

254 Controls

Included in each batch of staining, was a section of breast tis  : stained with
the pre- 1mune serum. This pre-immune se m was applied to the tissue at the same
concentration and in the same diluent (1% BSA/PBS) as the primary antibody. All steps
ofthe I~ procedure were identical with the exception that a pre-immune serum was

applied to the tissue instead of the primary antibody.
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Representative samples of normal breast and IDC stained with the anti-MI-ER 1«
antibody and assessed using the Allred Scoring system can be seen in Figure 22. This
tigure illustrates the variability in the intensity of MI-ER 1« within normal and tumor
breast tissue and the corresponding IS assigned.
rth the tumor and adjacent normal within the WTS were cach assigned a PS and

an [S. The PS and the IS for each of the tumor and the normal areas wi  n the WTS were
then added together to give an overall Allred Score; ultimately giving rise to an Allred
Score for the tumor and an Allred Score for the adjacent normal. See T le 3 for the
equival t of each score within the Allred s ring system. The Allred Score for the
tumor was compared with that of the normal tissue and then grouped in to one of the
followir ; tumor score is less than the norm  score, tumor score is equal to the normal
score or tumor score is greater than the normal score.

WTS and TMAs were also  aded to assess the subcellular localization ot MI-
ER1a and then assigned to one of the three following groups: nuclear staining only,
cytopla ic staining only or nuclear and cytoplasmic staining.

Prior to the commencement of the localization assessment, a cutoft point was
determined for the consideration of positively-stained nuclei. In that, samples were only

scored positive it greater than or equal to 5% of nuclei were positively-stained.















2.8 atistical Analysis

Chi-squared analysis (Pearson’s test. two-tailed. 95% confidence interval (CI)),
using SPSS v.13 softw e, wasu 1 to determine if a signiticant correl: on existed
between various clinicopathological parame s and both the intensity and frequency of
MI-ER1a expression within brea :arcinoma WTS. Using the two-sided Fisher’s exact
test within the InStat v.3 software program (GraphPad Software. San Diego. USA), the
percent nuclear staining within samples ot the breast hyperplasia. DCIS, ILC, LN

metastases and IDC was compared to that of the normal breast samples.
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induction of an immune response and therefore should not contain any IgG’s that would
give rise to immunostaining. Knowing that  is the C-terminus which distinguishes the
MI-ER Iw isoform from the MI-ER1{ isoform, that it is a peptide from the ¢ C-terminus
that is used to generate the antibody and that the a-peptide alone (not the control peptide)
prevents the anti-MI-ER 1a antibody from binding to the tissue, indicates that the anti-MI-

ER1a antibody specifically detects the MI-1 1 protein in histological sections.

96






3.2 Positive and Negative Tissue Controls
Staining of the human positive (adrenal gland) and negative tissue (small
intestine) controls gave similar results to that observed in the murine samples (Figure 24).
Str g ining was observed in the in the zona glomerulosa and the zona fasciculata of
the adrenal cortex (Figure 24A and 24C). However, immunoreactivity was absent in the
ileum of the small intestine (Figure 24B and 24D).
These results demonstrate the IHC procedure was satisfactory for use on these

paraffin embedded sections and that the [HC reagents are of acceptable quality.
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occur (ages 45-64) (Blumberg et al.. 1996). Results of ER and PR expression assays
(usually through THC), in combination with that of Her-2/neu, are used to predict
response to hormonal therapy and adjuvant systemic therapics such as Trastuzumab
(Herceptin), respectively (Payne, Bowen., Jones, & Wells, 2008). As such. these 3
markers were also included in the correlation analysis.

A statistically significant correlation was not found between any one of the
clinicalpathological parameters and the Allr  score groups (Table 5).

The Allred intensity and proporti  al scores were analyzed separately for
cori ation with the clinicopathological para cters; again, a statistically significant

corretation was not tound (Table 6, Table 7).
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Figi e25 Distribution of the intensity, proportional and Allred scores for the
invasive ductal ¢.  ing 1a | the adjacent normal tissue

A histogram illustrating the distribution of intensity, proportional and Allred scores for
the invasive ductal carcinoma and djacent normal breast tissue cases used in the Allred
scoring. The intensity. propc  onal and Allred scores range from 0-3, 0-5 and 0-8.
respectively. The scores for the tu or are ine ated in green and the scores for the
adjacent normal are indicated in blue.
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Tabie 5 continued: ~ Correlation analysis betwe | relative MI-ER staining in breast
carcinoma and clinicopath >gical parameters using the Allred Scoring
System

MIER1 Expression:2 Tumor Allred Score vs. Normal Allred Score

Clinical Parameters Less than Normal Equal to Normal ~ Greater than Normal Total  P-valueb
PR

Negative 3(10.8) 2(7.1) 23(82.1) 28

Positive 9(11.8) 15(19.7) 52 (68.4) 76 P=0.300
HER2/neu statuse

Negative 10 (13.5) 15(20.3) 49 (66.2) 74

Positive 1(6.7) 0 (0) 14 (93.3) 15 P=0.086

aValues are listed as number of subjects, with percentage listed in brackets.
b P- value; Chi-square analysis () (Pearson's test,  tailed, 95% CI), statistical significance is assumed
when P < 0.05
¢ Modified Scarff-Bloom-Richardson grading system
dFIGO sta g system
eHer2/neu status was determined through IHC: O=neqative (no staining present),1+=negative (Weak/barely perceptible
mem ine staining), 2+=Borderline results/ ret  {for FISF  alysis (weak to moderate complete membrane
stain ), 3+=positive (strong complete men e staining)
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34 Number Cases used from the TMAs

Due to the inherent nature of TM/  some cases could not be  sessed. Cores
missing from the TMA upon purchase and ¢ s lifting oft the slide during staining (more
specifically during antigen retrieval) are reasons why some cases could not be evaluated.
Cores which contained an insuffic 1t amount of relevant tissue were also excluded from
the £ -sessment. Table 8 illustrates the catego :al breakdown of the number cases used in

this  ady.
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or .. ;ange between mild to strong. Indicating that microscopically, Ml  Rla appears to

be ually expressed in the lobule and the ducts of normal breast tissue.
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within normt  breast cells were positive, however, IDC cells had less than 10% of
po: ively stained nuclet.

Correlations with clinicopatholc “cal parameters could not be carried out as there
were not enough cases within ear  category for statistical analysis. For example, for
tumor grade the majority of cases fell into tt moderately differentiated category, and

again a 2cm - Sem tumor size (T2) was most prevalent among all cases.
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3.6.2 Nuclear MI-ER1a was Absent  Cases of ILC and in IDC from Patients
with LN Metastases

Infiltrating lobular carcinoma also had a significantly marked reduction in the
percent of cases with nuclear staining, 25.3%, when compared to that of normal breast
tissue (72.3%, P<0.0001, Figure 28A). More specifically, staining in ILC cells was
primarily cytoplasmic (F* ire 30A-C) and t : staining intensity within these samples was
similarly to that for IDC, either negative or within the range of weak to strong.

When comparing nuclear positivity within the normal to that of IDC cases
having LN metastases. the results were similar to that observed when normal breast was
compared to IDC cases without metastases. Only 6.3% of IDC cases (with LN
met-~tases) had nuclear staining; which was statistically significant fro that of the
72.. o of normal breast cases which had nuclear staining (P<0.0001, Figure 28A, Figure
30L 7). The percentage of IDC cases, with LN metastases, having nuclear staining was

similar to that of IDC without LN metastases (£ 0.5009, Figure 26A).
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significant conclusions, it was noteworthy that all four cases presented with only
cytopla 1ic expression of MI-ER1a. A rept  entative case of this result is illustrated in
Figure 31 G-1.

Four cases of LCIS wi  :also inc  ded in the TMASs and stained with the anti-
MIER1a antibody, however no one catt  Hry of localization pre-dominated. In that, 2

cas had cytoplasmic only staining and 2 cases had nuclear and cytoplasmic staining.






3.6.4 Subcellular Localization of MI-...x1a in Breast Hyperplasia Cases is

Strikingly Similar to that of Noi 1al Breast Samples

Eighty-one cases of non-atypical  perplasia (atypical having a more abnormal
pattern of growth) were stained with the anti-MI-ER 1a antibody and 62 (76.5%) of these
cases had nuclear expression, a result similar to that of normal breast tissue ( = 0.8831.
Figure . A and Figure 32A-D).

Staining intensity, as in normal b st tissue, was negative, weak. moderate or
strong, with majority of the cases having a moderate expression level (Figure 32).

Also noteworthy was that 8 of the 10 atypical hyperplasia cases from one of the

TMASs had cytoplasmic staining; the other two cases could not be assessed.
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3.6.5 A Differential in Subcellular Localization exists between Matched Cases of
IDC and Adjacent Normal Brea Tissue
To establish that the di :rence in the subcellular localization of MI-ER 1a
between normal breast tissue and IDC was not due to individual patient differences,
nuclear staining in IDC cases was compared with that of the adjacent normal breast tissuc
(matche cases). Eighty-five WTSs of IDC cases (Figure 28C), having adjacent normal
breast tissue, as well as 58 TMA cases of IDC (Figure 28B) with matched cores
con‘~ini :adjacent normal breast tissue we examined. Matched cases ot WTSs and
TM s give results similar to that for the unmatched cases described in Section 3.5.1. In
that, the 1ajority of the breast tumors lacked nuclear staining (W'TSs: 5.9%, TMAs:
12.1%), whereas the adjacent nor al tissue displayed nuclear staining (WTSs: 85.9%,

TMASs: 74.1%. Figure 28B and 28C.F e ).
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APPENDIX A;

Description of Non-proliferative Breast Changes and Proliferative Diseases with Atypia
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fibrous stroma. Radiating from this central r  on are epithelial projections (“arms™)
which contain cysts and hyperplastic cells. These lesions may be mistaken for an invasive
breast ¢ :inoma on mammograms and histologic examination (Kennedy, Masterson,
Ker-, & Flanagan, 2003; Lester, 2005).

E: P: illomas can exist as a solitary growth within a large dilated duct, usually within
the lactiferous sinus, or as multiple small papillomas that usually arise in the posterior
regi - 1s of the ductal system. Papillomas are branched papillae (small projections)

stru ures with fibrovascular cores, that are lined by both epithelial and myoepithelial
cells. They can exist alone or co-exist with atypical ductal/lobular hyperplasia (discussed
in following section). If there are multiple p:  illomas, which may or may not co-exist
with AL [ or ALH, present there is a significantly higher risk for breast cancer

dev opment than when asingle p , Il 1is associated with ADHor / H (Lewis et al.,

200
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Extra Figures from ' :Carthy et. al. (2008)
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Tissue and Fixation Processing Procedures: TMAs
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C CHTN

Tissues used in the construction of the TMA were obtained from the University
of Virginia Hospital. Tissues were removed iring surgery or post-mortem and
immedi: ly fixed in zinc formalin (Z-fix, Anateach Ltd.) for 24 hours. The tissues are
ther processed ina Tissue Tek V. 2000 (S: ura Finetek USA. Inc.). which involves the
same steps as the previously described TMAs; dehydration followed by clearing in xylene

and par: in embedding.



[.abeled Streptavidin-Biotin (LSAB) Method



Labeled Streptavidin-Biotin (LSAB) Metl d

This kit relies on the strong binding affinity of Steptavidin for the vitamin
biotin. Similar to Avidin, Strepta: lin has four bindi1  sites for biotin, but in contrast to
avidin it as a more neutral isoclectric point 1d no carbohydrate moieties. The latter of
which permits a reduction in non-specific binding (DakoCytomation, 2006).

Biotinylated secondary antibodies inds easily to primary antibodies and serves
astl link between the primary antibo ' and the strepavidin-peroxidase conjugate. In the
end, vec 1se of the previously mentioned 4 biotin inding sites on strepavidin, a single
antibody is linked to multiple peroxidase molecules (Appendix C).

Horseradish peroxidase (1...P) activity. isolated from the root of a horseradish

plant, in e presence of an electron donor such as 3,3"-diaminobenzidinetrahydro-

chloride (DAB), results in an enzyme - subs te complex then oxidatio of the electron
donor (DakoCytomation, 2006). When DAB becomes oxidized it roduces an insoluble
brown end product. When performing IHC with the anti-MI-ER 1« antibody, it is this

brown staining that is indicative for the presence of MI-ER 1 a.
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Step 1 Step 2 Step 3
Primary Antibody

Secondary Antibody
Tissue Antigen

Streptavidin

HRP

Biotin

Labeled Streptavidin-Biotin (LSAB) Method

The orimary antibody is applied to the tissue section (Step 1) and is incubated overnight
to ¢ >w binding to the tissue antigen. A biotinylated anti-mouse/rabbit secondary
ant..ody is applied and attaches to the prim: " antibody. The biotinylated secondary
ant™ >dy acts as a link between the primary antibody and the Streptavidin molecule; the
latt  of which has a high binding affinity for the biotinylated secondary antibody.

(De >Cytomation, 2001)
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Protocols for m:  ng solutions used in IHC








































































