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ABSTRACT

Involution of the mammary gland is not fully understood at the molecular level.

In addition, the signals that trigger the involution process have not been identified. To

gain a better understanding of the gene expression profile during early involution, a phase

of development at which apoptosis is reversible, and to possibly identifi novel genes

associated with this process, microarray analysis was carried out both at the level of the

whole mouse mammary gland and at the level of the individual cell type; in this case, the

stromal fibroblasts which are in closest proxirnity to the mammary epithelial cells. To

isolate the fibroblast cells, laser microdissection was used. Gene expression profile of the

whole mammary gland and of the fibroblasts was studied at 24 hows post weaning,

during early involution.

One hundred and forty-eight "known" genes and 447 expressed sequence tags

(ESTs) were found to be differentially expressed following analysis of the mammary

gland and 6 "known" genes and 41 ESTs were found to be differentially expressed in the

stromal fìbroblasts. Eighteen ESTs of interest were initially identified for study.

Comparative real-time PCR was then used as a tool to verifli differential expression and

select genes for further analysis. Differential gene expression was confinned in 4 of the

18 genes: 1) a Ribosomal Protein L39 gene (RPL39), 2) a Sperm Antigen 7 gene(Spag7),

3) an EST identified as the Stromal Fibroblast gene (SF) and 4) The Fus2 gene. A human

homologue for each gene was also identified. Further confirmation of gene expression

was carried out by either Northern blot analysis, semi-quantitative polymerase chain

reaction (PCR), or by in sl/a hybridization. Through RT-PCR, in situ hybridization and

Northern blot analysis, the RPL39 gene was found to be down-regulated during early



involution (D0-0h, 2hr, 4hr and Dl) when compared to the virgin and late involuting

stages with expression levels highest at D10 of involution. The RPL39 gene was also

found to be expressed in the epithelial cells in the virgin and the involuting mouse.

Expression levels of the Spag 7 gene were down-regulated during early involution (D0-

Ohr, 2lu, 4hr and Dl) when compared to the virgin and late involuting (D10) mammary

glands by RT-PCR. Through in situ hybridization, transcripts were localized to the

mammary cells. A def,rnitive expression profile of the SF gene could not be established

by RT-PCR because it was expressed at very low levels in the mammary gland; however

by in situ hybridization, the gene was found to be localized to the epithelial cells and

stromal fibroblasts. By RT-PCR, the highest expression of the Fus2 gene was found to be

at D10 of involution. Fus2 transcripts were detected in both epithelial cells and stromal

fibroblasts by in situ hybridization. Altogether, all 4 candidate genes were differentially

expressed during involution. In addition, it was found that the Spag 7 gene, the SF gene

and the Fus2 gene were all expressed at low levels in the normal mammary gland,

making verification of differential expression difficult

In summary, microarray analysis was successfully used to identiff novel genes

associated with early involution in the mammary gland. Further analysis of the

regulation or deregulation of these genes may give some insight into whether these genes

play an important role during normal gland development or even breast cancer in the

mouse and ultimately in the human.
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tr. Introduction

1.1. The Mammary Gland

The mammary gland is a highly specialized, reproductive organ unique to the

Class Mammalia (Sakakura, 1991). It is involved in the production of milk, which is

essential for the survival of the developing young of most mammals (Leeson et a1.,1985).

Mammary gland development is influenced by many factors including horrnones,

mesenchymal-epithelial interactions and site specific transcription factors. Unlike most

epithelial organs, the mammary gland undergoes the majority of its morphogenesis

postnatally. \4ammary gland development occurs in four distinct stages, puberty,

pregnancy, lactation and involution (Silberstein and Daniel, 1987, Hennighausen and

Robinson, 1998; Darcy et a\.,2000), but it is only after lactation that differentiation is

complete (Hemighausen and Robinson, 1998).

1.2. structure and composition of the Mouse Mammary Gland

The mammary gland is very complex comprising primarily of five different cell

fypes (epithelial, myoepithelial, fibroblasts, adipocytes and mast), which contribute to the

epithelial and stromal components (Figure 1) (Haslam, 1988, Sakakura, 1991). The

relative proportion of each tissue type varies with the developmental stage (fetal, puberly,

pregnancy, Iactation and involution) of the gland.

The epithelial cornponent of the gland consists of epithelial and myoepithelial

cells that are organized into a branching ductal system (Haslarn, 1988; Sakakura, 1991;

Cunha, 1994). The entire ductal system is surrounded by a continuous basement

membrane (Haslam, 1938). The epithelial cells which line the ducts and lobules are the



milk producing cells during the lactation stage. The myoepithelial cells form a basal

layer within the ducts and are responsible for contraction and subsequent ejection of milk

fronr the epithelial cells during lactation (Jaggi et al., Lgg6). The physical relationship of

the myoepithelial cells to the epithelium changes dramatically with differerit

developmental states of the gland (Haslam, lggg).

The mammary stroma is made up of the fibroblasts and adipoc¡es. The

fibloblasts are the predominant stromal cell type and are known to produce the major

constituents of the interstitial extracellular matrix, including collagen, which makes up

most of the gland of the non-pregnant animal (Cunha, lgg4). In addition, the fibroblasts

are sensitive to hormones and play a role in development of the mamrnary gla¡d by

influencing the neighbouring epithelial cells (see section 1.4). The fat cells, also known

as adipocl'tes, have several roles: 1) to store energy in the form of fat2)cushion and

insulate the gland and 3) produce hormones such as leptin, resisten and TNF alplia.

Mast cells are leukocytes found in the mammary gland. They originate in the

bone marrow but are ubiquitous in comective tissue (Haslam, 1988). Mast cells are

found close to blood vessels and release heparin, an anticoagulant, as well as histamine to

promote an inflammatory response.

1.3. Development of the Mouse Mammary Gland

The adult female mouse has 5 pairs of mamrnary glands (Ball, 199S). The hrst

morphological sign of the maïnmary gland is a lens-like placode, protruding slightly from

the body wall that forms during ernbryonic day I 1 (Sakakur a, l99l; Robinso n, 2004)

(Figure 2). These buds develop on a ridge-like epithelial thickening known as the



"mammary streak" or "milk line" (Russo and Russo, lggT; Sakakura, 1gg1). The buds

are formed by invagination of epithelial cells at ten def,rned locations along the milk line

(Dunbar and Wysolmerski, 2001). The epithelial bud firsr grows very slowly and then

elongates by rapid cellular proliferation, forming the mammary sprout or bud (Sakakura,

1991)' At embryonic day lT,themammary sprout grows posteriorly, penetrates the fatty

stroma and continues to ramify the stroma, forming the mammary gland with l5-20 ducts

at birth (Sakakura, 1991;Hovey et a|.,200J2). After birth, mammary gland developme¡t

remains static until sexual maturation (four to six weeks). with the onset of puberty and

ovarian cycles in females, development of the mammary gland recommences with

epithelial cells growing to form a solid mass called an endbud (Tanner, 1962; Sakakura,

1991; Silberstein,2001). Small ducts shortly follow and divide to form club shaped

terminal end buds (TEBs) which are specialized structures at the ends of growing ducts

consisting of two distinct cell types, the body cells, rvhich give rise to mammary

epithelial cells and the. cap cells, precursors of myoepithelial cells (Hennighausen and

Robinson, 1998; Visvader and Lindernan, 2003); By 2 months of age, at the end of

puberty, the TEBs have elongated and penetrated the fatty stroma, and the ductal tree

structure has been established wjth a primary duct that connects the nipple to tlie

mammary gland (Silberstein,200l; Ronnov-Jessen et al., 1996). TEBs elongate by the

continuous addition of new cells that coincide with forward movement and canalization

of tlre ducts (Silbertstein, 2001: Williams and Daniel, 1983). Alveolar buds cluster

around a terminal duct to form the lobules. The extent of lobule formation reflects the

Ievel of differentiation of the gland. When growing ducts approach the edge of the fat pad

or are surrounded by other ducts, cell division is inhibited and the TEBs are transformed



into blunt-tipped structures (silbertstein, 2001) At this time, adipocytes aÍe the

predominate cells of the mammary gland (Shillingford and Hennighausen, 2001).

Postovulatory phases are characterized by varying degrees of ductal or alveolar

development (Purnell and Sagger s, I974).

During pregnancy, a second round of proliferation and branching occurs along

with extensive lobulo-alveolar development and orgtanization of the epithelium (visvader

and Lindeman,2003). At this stage, the fully developed secretory units are now referred

to as acini' Epithelial cell proliferation continues through pregnancy and into early

lactation with a concomitant depletion of adipose stroma (Elias at al., Ig73). At

lactation, the secretory epithelial parenchyma completely fills the fat pad (shillingford

and Hennighausen, 2001) and when lactation ceases (21 days in the mouse), the

lnammary gland involutes, a process marked by the shrinkage and collapse of lobules a¡d

acini as the secretory epithelium degenerates (Munford, 1963, Hennighausen and

Robinson, 1998).

Each stage is tightly regulated and

site-specific transcription factors, growth

interactions (Russo and Russo, 1gg7).

1.4. Mesenchymal-Epithelial rnteractions during Mouse Mammary

Gland Development

Development of the mammary gland is coordinated by the interaction between

tnesenchymal and epithelial cells (Sakakuna, 1997; Haslam, 1988; Haslam, lggD. This

interaction begins before birth. Classical transplantation experiments in which mammary

requires the coordinated action of hormones,

factors and inhibitors, as well as cell-cell



epithelia have been combined with different mesenchyme and grown as transplants under

the kidney capsule of adult female mice, have clearly demonstrated the reciprocal

signaling mechanisms between the two tissue types (Deo me et al., 1959). However, it is

still not fully understood how these signaling mechanisms elicit their effects. It is

possible that partitioning signals in both the stroma and epithelium contribute to the

spatial and temporal dynamics of mammary gland development (Shillingford a'd

Hennighausen, 2001). Further, it is also thought that signals from the stroma may help

determine branching morphogenesis, the extent of ductal outgrowth and the positio' of
the ducts within the fat pads, whereas, the epithelium may emanate signals that act on the

stroma to mobilize fat stores within adipocytes that support proliferation (shillingford

and Hennighausen, 2001;Hovey e,t a1.,2002).

Aside from the manxer in which these signals are mediated, reciprocal

interactions between epithelium and mesenchyme determine crucial aspects of mammary

gland development' During ernbryogenesis, the stromal precursor induces the overlying

ectoderm to form epithelial buds (Sakakura, l99l; cunha, lgg4). At puberly, an

interaction between the epithelial rudiment at the nipple and the underlying fatty stroma

occurs (Sakakura et a\.,1987; Silberstein, 2001). Formation of mammary duct branches

is influenced by hbroblastic cells that surround the developing epithelium as well as the

precursor of the fat pad, both of which are mesenchyrnal tissues (Silberstein , 2001;

Hovey et al',2002).In the adult mammary gland, the mesenchyme is responsible for

epithelial growth' ductal branching, epithelial differentiation and the ability of the adult

gland to produce milk (Sakakura, 1991; cunha ,lgg4). The stromal mesenchyme is also

capable of changing the genetic fate of the epithelium during formation of the embryo



(Sakakura, 1991)' Throughout the adult stage, the stroma is responsible for maintaining

normal epithelial structure (Sakakura, 1991).

1.5. other rnfluences on Mammary Gland Deveropment

In addition to mesenchymal-epithelial interactions, the growth and development

of the mammary gland is regulated by various extracellular factors such as growth

factors, survival factors and death factors, as well as hormones, cytokines and cell-cell

interactions (Marti et a\.,1999).

Several growth factors have been shown to be important in ductal and alveolar

growth during mammary gland development. Both epidermal growth factor (EGF) and

transforming growth factor (TGF)-alpha are effectors of mammary gland growth and

development and are stimulators of lobulo-alveolar development (plaut, lgg3). In
addition, fibroblast gror,vth factor (FGF) is required for lobulo'alveolar development of

the mammary gland during pregnancy (Silberstein , 2¿001; Jackson et al., lggT)and the

insulin-like growth factor (IGF) family has been found to play an important role in

mammary gland development (Silberstein, 2001; Kleinberg et a1.,2000). TGF-beta l, on

the other hand, inhibits epithelial proliferation, induces apoptosis, and influences

morphogenesis by mediating extracellular matrix deposition and remodeling, key

processes involved in the involution of the post-lactating mammary gland (plaut, 1993;

Barcellos-Hoff and Ewan, 2000).

It has been reported that the Prolactin-Janus kinase-Signaling transducer and

activator of transcription pathway (Prl-Jak-Stat) plays an important role in the formation

of alveolar sttuctures during pregnancy (Shillingford and Hennighausen, 2001;



Hennighausen er al', 1997)' The Jak-stat pathway is activated by prolactin which in turn

leads to transcription of genes that induce alveolar proliferation and differentiation

(Hennighausen e/ al., 1997).

Embryonic manunary gland development is dependent on hormones fi.om both

the mother and the fetus (Hennighausen and Robinson, l99g; Neville et a1.,2002).

Ductal elongation that occurs during the first few days after birth is the result of both fetal

hormones and the residual effects of matemal hormones (Hennighausen and Robinson,

199s)' in male embryonic mice, the presence of androgen from the testes leads to the

destruction of the mammary buds, as the mammary mesenchyme condenses around the

neck of the bud and severs its connection with the epidermis (Topper and Freeman, l9g0;

Sakakura et a|.,1997)

Evidence that ductal outgrowth during puberty is dependent on estrogen come

from experiments in mice from which the estrogen receptor gene has been deleted

(Hennighausen and Robinson, 199s). Additional experiments performed with mice

lacking the genes encoding the progesterone receptor or the prolactin receptor indicate

that these hormones are required for ductal side branching and alveolar development,

respecti vely (Shil lingford and Henni ghausen, 200 i ).

At pregnancy, the mammary gland is under the influence of estrogen and

progesterone derived from the ovary and pracenta (Rillema, 1994; Lydon et ør.,2000;

Hovey, et al., 2002; Visvader and Lindeman, 2003). These hormones stimulate further

proliferation of duct cells and promote the growth and formation of the alveoli from the

rerminal end buds (Rillema, lgg4). In addition, growth hormone (GH) has been shown to

regulate end bud and ductal growth (Buhler et al., I993;Kelly et a1.,2002). The placental

10



hormone lactogen may also contribute to the regulation of mammary development prior

to parturition (Rillema , 1994; Neville et a\.,2002).

Following parturition, the biggest influence on the initiation of lactation is the

dramatic decrease of the sex steroid hormones associated with loss of the placenta

(Rillema, i994, Neville et at, 2002). Maintenance of lactation and milk formation is

known to be regulated by the hormone combination of prolactin, insulin and

glucocorticoid as well as thyroid hormones (Rillema, 1994, Hovey et a1,2002). Milk

letdown during suckling is controlled by ox¡ocin released from the pituitary gland, in

concert with the contraction of the myoepithelial cells sur¡ounding the alveoli (Rillema,

1994, Bteton et al., 2007, Blanks and Thornton, 2003). Milk secretion following

parturition is also regulated byprolactin (Topperand Freeman, 1980; Buhler et a:.,1993,

Neville et al., 2002;Grattan, 2002).

Involution of the mafilmary gland is also influenced by several factors. one such

factor is the removal of the suckling stimulus which leads to a decrease in the levels of

lactogenic hormones such as prolactin and glucocorticoids thereby contributing to the

initiation of involution (Marti et al., lggg). The mechanical stress caused by milk

accumulation and stasis may also contribute to the initiation of involution (Marti et al.,

2000;Stein e¡ at.,2003). Involution is also influenced by the progressive gain of death

signals and loss of survival signals (Lund et al., 1996).

1.6. Mammary Gland Involution

The involuting mammary gland is characte rized bydramatic epithelial cell death

or apoptosis and tissue remodelling. Programmed cell death (pCD) is a natural.
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developmentally regulated physiological process to eliminate cells and maintain tissue

homeostasis (Jaggi et al., 1996). The percentage of breast which is occupied by gland

parenchyma decreases rapidly, falling from 64Yo ro lfo/oin 7 days in mice and l4 days in

rats (walk et et a1.,19s9). Apoptosis is character ized,bymorphological changes such as

loss of cell-cell contact, condensation of the cytoplasm and nucleus, followed by nr-rclear

fragmentation (Hahm and Davidson, 1998). Cellular material and organelles are

packaged into membrane bound vesicles or apoptotic bodies, shed and phagocytosed by

epithelial cells and macrophage, respectively to be subsequently degraded by lysosomal

enzymes (Hahm and Davidson, 1998). During apoptosis, intracellular components are

not exposed to the environment and thus proceeds without eliciting an inflammatory

response (Quanie et al.,Ig95).

Involution is characterizedby three primary events: (1) down-regulation of milk

protein gene expression, (2) loss of epithelial cells by apoptosis and, (3) tissue

remodelling to return the ¡nammary gland to a state resembling that of the virgin (Mafü et

at, 1999). During involution, epithelial cells are the primary cells to undergo apoptosis

while the stromal fibroblasts survive and become the predominant cell type in the

regressed gland. The triggers of cell death during involution have not yet been identified.

However, it is believed that involution may be induced by a decrease in lactogenic

hormones as a result of weaning (Baik et a1.,1998). It has also been suggested that

signals that dictate tissue regression during involution may come from the local

environment. (Li et a|.,1997).
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Involution of the mammary gland can be subdivided into 2 stages; early and late

involution. In the mouse, early involution takes place between d,ay 0-2 and late

involution occurs from days 2-10, folrowing weaning (Lund et ar., 1996;Li et ar., rgg7).

1.6.1. Early [nvolution

Early involution is believed to be triggered by local factors related to milk

accumulation rather than changes in systemic hormone levels (Furth et al., lggT). Milk

stasis results in the distention of alveoli, leading to mechanical stress. This results in a

dramatic upheaval in the patterns of gene expression in the mammary gland (Jerry eÍ al.,

2002). The specific signals that initiate involution have not yet been identified.

However, expression of several transcription factors and stress-response genes have been

detected within hours of milk stasis (Jag gi et al., 1996). Most imporrantly, early

involution is reversible (in the mouse, it is between 0 to 2 daysafter weaning) and if pups

are placed back on the dam, lactation will resume. The observation that involution is

reversible within the first 48 hours suggests that additional steps beyond the initial

removal of the lactogenic stimulus are required for final commitment to the involution

process (Hahm and Davidson, 1998). It has previously been shown that, during the

reversible phase, local signals are sufficient to induce cell death even in the presence of

systemic lactogenic hormones (Li et al., 1997) because at this time, lactogenic hormone

levels are not altered and there is no remodelling of the alveolar structure during early

involution (Baik et a1.,1998). These studies suggest that the commitment to involution,

particularly apoptosis, must require additional signals other than loss of hormonal stimuli.
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Early involution may be considered a primary apoptotic process since the cells undergo

apoptosis even though the basement membrane is still intact (Furth et al.,lgg7).

1'6'I'2' Gene Expression during Early Moase Mømmøry Gland Involution

Early involution is characte rized by alterations in the expression of many genes

including cell cycle regulatory genes, stress response genes such as the stat protein

genes, and genes associated with milk proteins.

The cell cycle control gene, p53, is up-regulated during involution, as are the

immediate early response genes c-jun, c-fos, c-fos, JunB and JunD and the delayed early

gene c-myc (Furth et ør-, 1997,Marti et ar., rggg). up-regulation of c-Fos and JunD

during early involution results in the formation of an Ap-l complex that may in turn

regulate expression of stromelysin-1 during the second stage of involution (Furth et al.,

1997). Additional cell cycle control genes such as cyclin Dl,D2, D3 and E are also

activated during early involution by 48 hours following milk stasis (Je.ry et a1.,2002).

Stat proteins are a family of transcription factors responsible for the transfer of

growth factors and hormone signals from the cell membrane to the nucleus and may be

responsible for the activation of the imrnediate-early response genes (Ihle et al., 1992;

Clarkson and Watso n,2003). Although many members of the Stat family are expressed

in the malnmary gland, Stat5a and Stat3 may be the most important. Stat5a expression is

required for normal mammary gland progression and is essential for development of

functional alveoli and milk producing epithelial cells as well as for maximal expression

of rnilk protein genes (Marti et a|.,1999; Furth et a|.,r997; watson, 200r; crarkson and

Watson, 2003). Stat3, on the other hand, is pro-apoptotic and is an important mediator of
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mammary gland involution (Chapman et al.,Igtgg). Therefore, in the developing mouse

mammary gland, Stat5 and Stat3 have a reciprocal relationship. During the transition

from lactation to invoiution, Stat5a expression is rapidly down-regulated, while Stat3,

which is regulated by local signals is up-regulated (Marti et a|.,1999; Furth et al., 1997).

Mice lacking the Stat3 gene have a delayed onset of involution following weaning and

when involution is initiated, apoptosis is markedly reduced (Humphrey s et a;.,2002).

Concomitant with the decrease of milk production is the loss of milk proteins

including wAP and B-casein (Marti et al., ßgg). Expression of milk protein genes is

very high during lactation, but rapidly decreases during the early phase of involution.

1.6.2. Late Involution

The second stage of mouse mammary gland involution, late involution, begins on

the third day of weaning and is complete by days 8-10. During the second stage,

apoptosis becomes clearly evident. The lobulo-alveolar structure of the gland is

obliterated as proteases (e.g., stromelysin-l) degrade the basement membrane and the

extracellular matrix (ECM) (Li et al., 1997). Extracellular matrix remodelling and

altered mesenchyme-epithelial interactions occur. This is followed by apoptosis of

luminal epithelial cells that are losing differentiated functions as they lose connections

with the extracellular matrix and basement membrane. At this stage, apoptosis of

endothelial cells and myoepithelial cells also occurs and epithelial cells are replaced by

adipose tissue (Lund et a\.,1996; Walker et al.,1989; Talhouk er at.,1992).In addition,

there is an infiltration of macrophage.
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1.6.2.1. Gene Expression during Løte Mouse Mømmøry Glan¿ Involution

Late involution is characterized by changes in the expression level of genes

associated with restructuring of the mammary gland. This includes the down-regulation

of extracellular proteinase inhibitors and the concomitant up-regulation of

metalloproteinases and serine proteinases such as stromelysin-1, stromelysin-3, gelatinase

A and urokinase-type plasminogen activator (uPA), tissue{ype plasminogen activator

(tPA), collagenase-3 and caseinase (Marti et a1.,1999; Lund et al., 1996). In addition,

during late involution, there is an increase in the expression level of genes associated

with cell death such as caspase I and Bax (Mart i et al., lggg) and a decrease in the

expression level of genes associated with apoptosis inhibition such as members of the

Bcl-2 gene family (Schon et al., lggg), as well as a further decréase in expression of

milk protein genes (Sympson et al.,lg94).

l.7.The Role of Apoptosis during Mammary Gland rnvolution

Maintenance of the secretory epithelium during early involution d.epends on a

precise balance of survival and death signals, which regulate programmed cell death or

apoptosis (JerT et al., 2002). It has been demonstrated that in the mouse and rat,

involution of mammary tissue is accompanied by nuclear and cytoplasmic condensation,

nuclear fragmentation and formation of apoptotic bodies, all characteristics of apoptosis

(Walker et a|.,1989, Strange et al,1992).

The stasis of milk during early involution induces signals that act locally to shift

balance of death and survival factors within the mammary epithelium as evidenced by

demonstration that involution can be initiated in one gland without intenupting

the

the
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lactation in an adjacent gland (Jerrl, et a|.,2002). Apoptosis during involution begins at

day 0 and peaks at day 2-3 (Lund et a1.,1996;Li et al., 1997;Metcalfe er a1.,1999) and

is characterized by the appearance of apoptotic mammary epithelial cells in the alveoli

and their lumen (Furth et al., lg97). Apoptotic cell numbers increase by more than 30-

fold by 48 hours after weaning (Hahm and Davidson, 1998).

Several genes associated with apoptosis are expressed in both the early and late

stages of mammary gland involution. The Bcl-2 family is extensive and consists of both

pro-apoptotic genes (Bax and Bak) as well as anti-apoptotic genes (Bcl-x and Bcl-w)

(Metcalfe et al., i999; Heermeier et al., 1996). Recently, a model has been proposed in

which mammary epithelial cells are primed for apoptosis during late pregnancy and early

lactation by expression of the pro-apoptotic genes, Bad and Bak (Metcalfe et'a1.,1999).

However, anti-apoptotic genes of the Bcl-2 family members are also expressed at this

time and act to prevent apoptosis until involution occurs and levels of Bcl-w decline

(Metcalfe eÍ al., lggg).

In addition to the Bcl-2 family, it has recently been shown that the Fas/Fas ligand

system also plays a role in apoptosis of epithelial cells in the mammary gland during

involution (Song et al., 2000). Fas is expressed during normal mammary gland

development, but is not expressed during pregnancy and lactation. However, it is once

again up-regulated during involution and is present for the entire mammary gland

involution process (Song et a1.,2000). The FaVFas ligand system signal transduction

pathway mediates apoptosis of cells that express Fas after binding with Fas ligand. Fas

ligand is present during pregnancy, lactation and involution. Expression of both Fas and

Fas ligand during involution coincides with the appearance of apoptotic cells in the
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mammary gland, suggesting that the FasÆas ligand system plays a role in regulating

apoptosis during early involution (Song et a\.,2000).

Other important regulators of apoptosis during involution of the mammary gland

are the tumor suppressor gene, p53 and the caspase-3 gene. Expression of p53 is induced

rapidly following milk stasis in mice mammary glands, suggesting that it may be one

signal that initiates apoptosis during early involution (Stran ge et al., lgg2). Mice lacking

a functional p53 gene showed a delayed rate of apoptosis as alveoli distended with milk

were found up to 2 weeks following weaning (J.rrl, et a1.,2002). However, apoptosis

proceeded during late involution in response to induction of stromal proteases.

Therefore, p53 only initiates apoptosis during early involution in response to acute stress

but does not participate in the second wave of apoptosis during late'involution in

response to chronic stress (Jen:, et ctl,,2002).

Activation of caspases is generally thought to represent a major and irreversible

event in the apoptotic process (Marti et a1.,2000). Recently, it has been demonstrated

that caspase-3 mRNA was expressed during involution and that expression was maximal

at day 2 when apoptosis is occurring (Marti et a1.,2001). No active caspase was detected

in epithelial cells during lactation (Marti et a1.,2001). In addition to caspase-3, caspase-1

and 9 are also induced during involution (Marti et a1.,2000; Marti et a1.,2001)

Late involution of the mammary gland is characterized by further apoptosis as

well as dramatic tissue remodelling. Additional apoptotic genes such as caspase-9 are

up-regulated at this tirne. In addition, there is down-regulation of apoptotic inhibitors

(Schorr et a1.,1999). During late involution, when remodelling becomes predominant

and apoptosis is diminishing, the anti-apoptotic gene Bcl-2 is expressed.
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1.8. Involution and Breast Cancer

During involution of the mammary gland, epithelial cells that had differentiated

into milk producing cells during lactation die and the gland retums to a state resembling

that of the virgin. The primary mechanism of epithelial death in the involuting gland is

apoptosis. Although apoptosis may have evolved as a mechanism for regulating cell

numbers and their interactions during normal developrnent, apoptosis may also serve to

eliminate cells gone "aw\y" in the adult (McGill and Fisher, 1997). It has also been

suggested that misregulation of the cell cycle, cell differentiation and programmed cell

death are the prime reasons for the growth of pre-oncogenic neoplasias (Leis, 1978; Corn

and El-Deiry, 2002). Apoptosis of the mammary gland during involution has been

implicated as a method to resist tumorigenesis Qager et al., 1997; McGill and Fisher,

1997; Song et al., 2000). Inappropriate survival of rnammary epithelial cells during

involution increases susceptibility to tumor development and cell death pathways are

often disrupted in human tumors (Jer¡f, et a1.,2002, Song er at.,2000). In addition, it has

been established that during involution, breast cancer can manifest (Leis, 1978).

Therefore, by attempting to define the molecular environment during normal mammary

gland involution, we may identify regulatory factors that play important roles as normal

cell proliferation becomes deregulated and the signals for apoptosis are evaded (Erickson

et a\.,2004; Strange et a\.,2001).

It is well recognized that sufficient similarities exist between mice and humans

with regards to pathogenesis, histology, cytology and genetics of the mammary gland

(Medina, 1996;Cardiff, 2001;Erickson et a|.,2004). Therefore, experimental data from

the mouse mammary gland model will give insight about the human breast.
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2. R.ationale and [lypothesis

Involution occurs in 2 stages; early involution (0-48 hours following weaning)

and late involution (3-10 days following weaning). During the early phase, which is not

clearly understood, apoptosis is reversible. Also, triggers thought to be secreted in the

local environment of the epithelial cells have not been identifìed. Although involution has

been extensively documented from a rnorphological aspect, it is a complex process not

fully understood at the molecular level. During early involution, there is an intricate

interplay between death and survival signals, as some cells are dying but the majority

survive and progress into the late stage of involution.

Examination of the global gene expression profile of the whole mouse mammary

gland during involution may allow us to determine novel gene expression including those

that may be responsible for triggering involution. In addition, examination of specific

cell types may aid in the identification of cells that deliver the local signals that trigger

involution. As a first step in determining the role of individual cell types in the process of

mouse mammary gland involution, we will examine the gene expression profile of the

stromal fibroblasts, the stromal cells in closest proximity to the epithelial cells during

involution (Haslam, I 988).
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flypothesis:

Microarrøy analysls ¿s a useful tool to identifu novel gene expression that

contribttïe to the unique genetic profi.le of early involution.
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3a. Research Objectives

1. To examine the gene expression profile of the day I (D1-24hour) involuting

mouse mammary gland by microarray analysis.

Specific aims:

a) To compare the gene expression profile of the mouse mammary gland at Dt

of involution versus control. This will be carried out using microarray

analysis strategies. Genes that are differentially expressed will be placed into

"known genes" and ESTs. Known genes found to be differentially expressed

will be classif,red according to biological function

2. To examine cell specific gene expression in the stromal fibroblasts in the Dl

involuting mammary gland by microarray analysis.

Specific aims:

a) To compare the gene expression profile of mouse mommãry gland stromctl

fibroblasts at Dl of involution versus rhar of control mice. stromal

fibroblasts from mammary glands will be isolated by laser capture

microdissection. As in specific aim 1, microarray analysis of differential

gene expression between the two groups of fibroblasts will be canied out.

3. Characterization of novel genes.

Specific aims:

Aim 1: To identifi novel genes associated with early involutÌon.In an attempt to

identify novel genes differentially expressed during early involution, the focr-rs
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will be on ESTs. The selected ESTs will be chosen based on the following

criteria:

i) ESTs with expression levels that changed at least 2 fold

iÐ ESTs that had identifiable mRNA sequences in the database

iiÐ ESTs linked to at least 3 partial mRNA sequences that can be

overlapped to obtain a consensus sequence

Comparative real-time polymerase chain reaction (PCR) will be used to

confirm differential expression of selected genes which will allow us to select

genes for further analysis.

Aim 2: To confirm dffirential gene expressioä by other methods. Genes will

be verified by one or more of the following techniques:

i) In situ hybridization

ii) Northem blot analysis

iii) reverse-transcription semi-quantitative PCR
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3b. Apptication of Current Technologies in Studying Mammary Gland

Development.

Recently, a number of new technologies have been developed that now provide

researchers with the opportunity to study gene expression in more depth. These

techniques have been used successfully in many studies to explore a number of biological

systems (Player et al., 2004; Reilly et al., 2004; Kitahara et al., 2001) Two of these

advances, laser capture microdissection (LCM) and micro arcay analysis have been

utilized in these studies.

3b.1. Laser Capture Microdissection

One of the major advantages of laser capture microdissection is that it allows the

isolation of single cells of a defined type within a sample of tissue. Perhaps the most

important aspect of this technique is that it allows the isolation and analysis of specific

individual cells in vivo (Fend and Raff,reld, 2000). In contrast to cells in culture, LCM

allows for isolation and subsequent analysis of specific cells from their natural

environment (Webb, 2000). Using LCM, it is possible to obtain a homogeneous

population of cells taken from their in vivo environment with all of the effects of the

surrounding tissue. The ability to analyze specific cell populations obtained from tissue

with a complex mixture of cell types is a powerful tool that will enhance our

understanding of the role played by each cell type under any circumstance (Burgess and

Hazelton,2000).

The Pixcell II (Arcturus Engineering, Inc., Mountain View, CA, USA) apparatus

is one of the most advanced laser microdissection systern available to date. Laser capture
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microdissection with the Pixcell iI instrument involves the indirect use of a laser to

capture cells of interest. The slide is viewed under the microscope and the cells of

interest are visually selected. A thermoplastic membrane bonded to a CapSurerM cap is

then placed over the selected cells of interest. Upon firing the laser, the absorptive

pigment in the thermoplastic membrane catalyses the transition of light to heat, melting
l

the polymer film that expands, comes into contact with the tissue, quickty solidifies and

forms a bond with the cells on the slide (Bonner et al., 1997 andBurgess and Hazelton,

2000). The cells adhere to the film without disrupting morphology or nucleic acid

structure (Dilella, 2001). When the cap is lifted, the cells are removed from the

surrounding tissue.

Many steps are taken to prévent the dama$e of RNA, DNA or protein, both before

and after laser dissection. For example, a modified Hematoxylin and Eosin staining

procedure is used to prevent prolonged exposure of the tissue to damaging agents such as

RNases. The duration of heat exposure is minimal and does not damage the

microdissected tissue, In addition, the PixCell II system is designed such that the

researcher does not have to have any contact with the tissue before or after laser

dissection. LCM is an ideal method to isolate cells for further analysis.

3b.2. Microarray Analysis

Microarray analysis was first utilized in 1989 to examine and analyze gene

expression (Schena et a1.,1995). The concept of hybridizing labeled nucleic acids

(DNA, cDNA, RNA) from an experimental sample to nucleic acids (DNA, RNA)

immobilized on a solid surface is not a new idea as Southern blotting was established in
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I975. Historically, gene expression analysis was performed by Northern blot analysis or

hybridization of one gene (in the form of a radioactively labelled probe) to mRNA

contained on a nitrocellulose or nylon blot (Alwi ne et al., 1977; Duggan et al., 1999).

This process is quite laborious and can become long and involved when the expression of

several genes is to be examined. Furthermore, Northern blot analysis is not sensitive

enough to allow the detection of low abundant transcripts. By contrast, microarray

analysis allows for the examination of expression of a large number of genes at one time,

and can be used to detect genes expressed at low levels. In this technique, thousands of

known genes and Expressed Sequence Tags (ESTs-segrnents of genes that have been

sequenced but have no known function to date) from a given species are spotted on a

nitrocellulose membrane or glass slide and ban be detected at one time (Burgess and

Hazelton,2000).

Microarray analysis has made it possible to systematically study complex

regulatory processes within the cell (Master et a\.,2002). Differences in gene expression

levels between two samples may be studied for many different purposes, such as

comparing gene expression at different time points, to assess the effect of a particular

stimulus or to look for differences in cancerous cells compared to normal cells.

Microarray analysis can be used to identity new genes not yet known to participate in the

system being analyzed., but a full understanding of the process being examined is limited

by what genes have been anayed on the membrane/chip.

Having said this, microarray technology is advancing so rapidly that it will not be

long before rvhole genome arïays will be made available for allowing a comprehensive

analysis of differential gene expression in an experimental system.
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4. Significance of the Study

Mammary gland involution is a complex process that is not well understood from

a molecular aspect. The signals that initiate mammary gland involution have not yet been

identified. It is believed that these signals may come from the local environment. In

addition, the cells that provide these signals have not been identif,red. Examination of the

global expression profile of the mouse mammary gland during early involution will

provide insight into this normal process of tissue regression and may be a first step in

identiffing genes that trigger mammary gland involution.

It is well known that during embryogenesis, the normal mammary gland is

strongly influenced by neighbouring mesenchyme (Haslam, 1998). However, it is not

known whether stromal fibroblasts ptury u critical role during involution. To gain

knowledge of the role of the fibroblasts during early involution, we wanted to examine

the alteration of gene eKpression in these cells. This is an important fìrst step in

identifying genes in the stroma that may influence epithelial cells during the first stage of

mammary gland involution.

It is well recognized that one of the barriers to progress in breast cancer research

is the lack of knowledge of genes associated with normal mammary gland development.

if the triggers and mechanisms of tissue regression in the normal mammary gland is fully

understood, we may be able to develop better therapeutic strategies that may aid in the

treatment of breast cancer. Because it is difficult to study the normal human breast in

vivo, ourexperiments will be performed on the mouse mammary gland.
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5. Materials and Methods

5.1 Animals and Tissue Collection

Wild type CDI male and female mice (6-8 weeks old) were purchased from the

Central Animal Care Services (CACS), Faculty of Medicine, University of Manitoba

(Winnipeg, Manitoba, Canada). Mice were housed in plastic cages and fed Agway

PROLAB rodent chow (RMH 3200, Agway Inc., Syracuse, Ny, uSA) and tap water acl

Iibitum. Animals were maintained by the CACS staff and handled according to the

ethical guidelines set by the University of Manitoba. Female mice were mated and

following parturition, litters were.normalized,.to 6 pups per dam. pups were removed

only after full lactation had been established (10 days of nursing) (Elias et al., 1973,

Capuco et al., 2002). Mice were sacrificed and the mammary glands dissected and

immediately frozen at -70oC. All mammary glands were removed and collected from

virgin (15 weeks) female mice and from dams following weaning at 0 hour,2 hours,4

hours, 24 hours and 10 days. Some tissue was also set aside for in situ hybridization

studies. Three mice were used for each time point, for a total of 18 mice.

5.2. Tissue Sectioning and Slide Preparation

Ten micron serial sections were generated from Dl (24 hours) involuting and

virgin mouse mammary glands, sections were mounted onto uncharged (uncoated) glass

slides (Tissue Sectioning Service, Department of Anatomy, University of Manitoba) and

kept on dry ice at all times to preserve the integrity of the RNA. Stromal fibroblasts were

collected from virgin mammary glands and used as the control because they were most

abundant at this stage. Slides were immediately stored at -70oC to be fixed at a later
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time. Staining of the slides was performed using a modif,red hematoxylin and eosin

(H&E) protocol developed for use with laser capture microdissection (Arcturus

Engineering, Inc., Mountain View, CA, USA). Slides were taken through the following

steps: 70% ethanol (30 seconds), diethylpyrocarbonate (DEpC; Sigma Chemical

Company, St' Louis, MO, USA) water (30 seconds) to prevent RNases that degrade

RNA, Mayeris Hematoxylin (30 seconds), DEPC water (rinse), Scott's tap water-bluing

reagent (8 drops of 27%oammonia, tap water) (30 second s),7ÚYoethanol (60 seconds),

95Yo ethanol (60 seconds), Eosin Y (30 seconds), 95%o ethanol (60 secon ds),95%o ethanol

(60 seconds), 100% ethanol (60 seconds), xylene (5 minutes), xylene (5 minutes).

Alternatively, the glass slide caddy was wiped with chloroform, rinsed with

RNase AWAY (Molecular BioProducts, San Diego; CA, USA) and filled with double

distilled water, a cornparable procedure to prevent RNase contamination. The slides were

then allowed to air dry for 30 minutes and stored at room temperature in a plastic, sealed

slide box containing a desiccant, until laser microdissection was carried out.

An added advantage of treating tissue with alcohol and leaving the slides at room

temperature is that RNases are inhibited by ethanol and are inactive when the tissue is

dehydrated.

5.3. Laser Capture Microdissection

A PixCell II laser capture microdissector (Arcturus Engineering, Inc., Mountain

View, CA, USA) was used to isolate stromal fibroblasts from the other neighbouring cell

types in the mammary gland. Initially, a fibroblast en¡iched area was visually selected

under the microscope. A CapSure rM plastic cap was then placed on the slide to cover the
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area of interest. The cap was attached to a transfer arm at all times during the procedure

to prevent exposure of the tissue to RNase or other contaminants. The infrared laser was

activated resulting in the focal melting of the thermoplastic membrane covering the

CapSure tt .up and allowing the flrbroblasts to adhere and be removed from the

surrounding tissue. The cap was then lifted and placed into the unload platform where it

was removed with an insertion tool and placed directly onto a 0.5 ml eppendorf tube,

The labelled tube was placed on dry ice until it could be stored at -70oC. A total of six

caps containing Dl involuting stromal fibroblasts and seven caps containing virgin

stromal f,rbroblasts were collected.

5.4. trsolation of Total RI\A

5.4.1. Whole Mammary Gland

Total RNA was extracted from whole mammary glands (sample contained

epithelial cells, stromal fibroblasts, adipocytes, mast cells and myoepithelial cells) using

TRIzol Reagent (Invitrogen Corporation, Carlsbad, CA, USA) according to the

manufacturer's instructions. Briefly, 1 ml of TRIzol Reagent was added to 50-100 mg of

tissue and homogenized in 2 ml polypropylene microcentrifuge tubes (Fisher Scientific,

Whitby, ON, Canada) using a Brinkmann Pol¡ron Homogenizer (Brinkmann

Instruments, Vy'estbury, NY, USA). Next, the homogenized samples were incubated at

room temperature for 5 minutes and, 0.2 ml of chloroform was added for every I ml of

TRIzol Reagent. The samples were then shaken for 15 seconds and left at room

temperature for 2-3 minutes. The homogenate was further centrifuged at 13,400 x g in an

IEC Micro-MB centrifuge (International Equipment Company; IEC, Needham Heights,
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MA, USA) for 15 minutes at 4"C. The clear upper aqueous phase was removed and

placed on ice. To precipitate the RNA, 0.5 ml of isopropanol (for every 1 ml of TRizol

Reagent) was added to the samples, shaken for 15 seconds, and incubated for 10 minutes

at room temperature. The samples were then centrifuged at 13,400 x g for 10 minutes at

4'C. The supernatant was carefully pipetted off and the RNA pellet washed with 1 ml

coldT5Yo ethanol and spun for 5 minutes at 8,400 x g. The ethanol was again carefully

removed and the tube centrifuged for an additional 5 minutes to separate out any residual

ethanol, which was then removed. The pellet was air-dried and dissolved in 50-100 ¡rl of

water treated overnight with diethylpyrocarbonate (DEPC; Sigma Chemical Company)

and stored overnight at-70oC.

The samples were removed from the freezer and thawed in a 65oC water bath for

5 minutes. The tubes were then placed on ice, quickly vortexed to ensure the RNA was

dissolved, and briefly centrifuged. A dilution of 3 pl of RNA in 297 ¡rl of ddH2O was

prepared to determine the optical density of the RNA. The concentration of the RNA in

the original solution was determined spectrophotometrically at 260 nm, using the

following equation:

Equation L: [Optical Densify X 40 X Dilution Factor] / 1000= RNA (pglpl)

5.4.2. Stromal Fibroblasts

The eppendorf tubes containing the CapSurerM caps were removed from the

freezer, inverted and placed on crushed ice. Forty microliters of TRIzol was then added

to each tube. The tubes were capped, inverted, then placed on ice and stored at 40C for

30 minutes to ensure digestion of all cells attached to the cap as per manufacturer's
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instructions (Arcturus Engineering, Inc). The tubes were then spun briefly in a

centrifuge, samples from each time point were pooled together in a 1.5 ml eppendorf tube

and the total TRIzol volume was brought up to 500 pl. Because the amount of RNA

obtained from the cells was very low, 5 pg of glycogen (10 pl of 0.5 mg/ml glycogen)

was added to the final volume as a carrier, and the mixture was allowed to incubate at

room temperature for 5 minutes to allow the dissociation of nucleoprotein complexes.

One hundred microliters of chloroform was added and the tube was shaken vigorously for

15 seconds and incubated at room temperature for an additional 3 minutes. The tube was

then centrifuged at 13,400 x g for 15 minutes at 4oC in an IEC Micro-MB centrifuge.

The clear aqueous top layer, which contained total RNA, was transferred to a new 1.5 ml

eppendorf tube and placed on ice. Isopropanol (250 pl) was added, mixed and left at

room temperature for 10 minutes. The tube was returned to the microcentrifuge and spun

at 13,400 x g for i0 minutes at 4'oC. The supernatant was carefully removed using an

eppendorf pipetman to avoid any loss of the small RNA pellet at the bottom of the tube.

Ice cold 75%o ethanol (500 ¡rl) was added to the tube which was then vortexed to dislodge

the pellet from the side of the tube. Following 5 minutes centrifugation at 8,400 x g, the

supematant was removed, and the tube was centrifuged at 8,400 x g for 1 minute. Any

remaining traces of ethanol were removed with caution to avoid losing the pellet. The

tube was left uncapped to air dry for 15 minutes. The RNA was then carefully

resuspended in i0 pl of DEPC water and stored overnight at -70oC.

The samples were removed from the freezerand thawed in a 65oC water bath for

5 minutes. The tubes were then placed on ice, quickly vortexed to break up and dissolve

the RNA and briefly centrifuged. A dilution of 1 pl of RNA in 59 ¡rl of double distilled
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water was prepared to determine the optical density of the RNA. The concentration of

the RNA in the original solution was determined spectrophotometrically at260 nm.

5.5. Determination of RNA Integrity

Two methods were used to determine the integrity of the RNA; reverse

transcription polymerase chain reaction (RT-PCR) analysis and gel electrophoresis.

5.5.1. Reverse Transcriptase Polymerase Chain Reaction

For each sample, 0.5 ¡rl of total RNA (0.5 prg) was added to 9.5 prl of RT mix. An

RT mix was prepared by combining the following on ice: 2 ¡rl of 5 x RT buffer

(Invitrogen Corporation), 1 ¡-rl of dNTP mix (Amersham Biosciences, Piscataway, NJ,

USA) (containing 0.25 ¡ieach of dATP, dCTP, dGTP and dTTP, each at a concentration

of 10mM), 1 pl (lmM) of random hexamers, 1 ¡rl of I mg/ml bovine serum albumin

(BSA) (Biolabs), 1 ¡.rl (final concentration of 0.01M) of dithiothreitol (DTT) (Amersham

Biosciences), 0.5 pl (19U) of RNA guard (Amersham Biosciences), I prl (200U) of

Moloney Murine Leukemia Virus Reverse Transcriptase (MMLV RTase) (lnvitrogen

Corporation) and 2 ¡rl of DEPC water. An RT negative control was prepared using 0.5 pl

of DEPC water instead of MMLV RTase. An RNA sample, demonstrated to have good

integrity on a previous occasion was also included as a positive control (RT positive).

All samples weïe incubated in a PTC-100 Programmable Thermal Controller (MJ

Research inc., Waltham, MA, USA) for t hour at 37oC, then 5 minutes at JIIC to

deactivate the MMLV RTase and held atîoc.
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cDNA obtained from the housekeeping gene, Glyceraldehyde-3-Phosphate

Dehydrogenase (GAPDH), was used as an intemal control. PCR amplification of rnouse

GAPDH was performed using the synthesized cDNA obtained by reverse transcription.

PCR amplification was performed using the same MJ Research PTC-100 Programmable

Thermal Controller. The PCR mix was prepared using 5 pl of PCR buffer (10x

concentration, Amersham Pharmacia), 0.5 pl of GAPDH forward primer (Table 1) at a

concentration of 50 pM, 0.5 pl of GAPDH backward primer (Table 1) at a concentration

of 50 ¡rM (both primers were purchased from the University of Calgary DNA Services), 1

¡rl of dNTP (0.25 ml each of dATP, dCTP, dGTP, dTTP at a concentration of 10 pM

each), 2.5 U of Taq polymerase (Amersham Biosciences) and 37.5 ¡rl of double distilled

water. In separate tubes, 5 pl of cDNA from Dl involuting stromal fibroblasts and from

the control grolrp (virgin stromal fibroblasts) was added to 45 ¡rl of the master mix for

final volumes of 50 Fl A "PCR negative" was also prepared with the addition of 5 pl of

double distilled water in lieu of the cDNA. In addition, a sample was prepared using 5 prl

of the RT negative prepared previously. The PCR prof,rles used are shown in Table 2.

Once the thermal cycling was completed, 5.5 ¡rl of 10x loading buffer (50%

glycerol, 0.5 mM EDTA pH 8.0, 0.25% Bromophenol Blue, 0.25% Xylene Cyanol FF)

was added to each sample and 50 ¡rl of the products were run on a Io/o agarose (w/v) gel

prepared using 130 ml of IxTBE (0 089 M Tris borate, 0.089 M boric acid, 0.002 M

EDTA), 1.3 g of agarose, 1.3 ¡rl of ethidium bromide (5mg/ml) at 130 volts lor 45

minutes. The addition of EtBr to the gel allows for the visualization of the DNA bands

using long wave ultraviolet (UV) light (250-320 nm). The gel was photographed using a
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CCD camera and the Microcomputer Imaging Device (MCID) M4 software (lmaging

Research Inc, version 2.0, Brock university, st. catharine's, oN, canada).

5.5.2. Gel Electrophoresis of RNA

A 1.5% (w/v) agarose (Invitrogen Corporation) gel was prepared using lX Gel

Rururing Buffer (GRB; 1X GRB : 0.04 M morpholinopropanesulfonic acid (MOPS) pH

7.0,10 mM sodium acetate, I mM ethylenedinitroltetraacetic acid (EDTA) pH 8.0). Total

RNA (l ¡rg) was denatured by incubating in a 65oC water bath for 10 minutes. RNA was

incubated in l0 ¡rl of a "master mix" solution containing 10 ¡-rl formamide (Fisher

Scientific, Whitby, ON, Canada),3.5 ¡tlof 37o/oformaldehyde (FisherScientific) and,2¡l

5X GRB (0.2 M MOPS pH7.0,50 mM sodium acetate,5 mM EDTA pH 8.0) (as

outlined by Maniatis et al., IgS2) and,0.25 mgiml ethidium bromide. The samples were

immediately placed on ice following the incubation time and briefly centrifuged. Sample

loading buffer (50%o glycerol, 0.5 mM EDTA pH 8.0, 0.25% Bromophenol Blue, 0.25%

Xylene Cyanol FF) was added to the RNA samples and electrophoresed in a running

buffer of 1X GRB using a RunOne Electrophoresis System (EmbiTec, San Diego, CA,

USA) at 100 V for 25 minutes. The gel was illurninated with long wave ultraviolet light

and photographed using a CCD camera and the Microcomputer imaging Device (MCID)

M4 software version 2.0.
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5.6. Micr oarray Experim ents

5.6.1. Microarray Filters

Mouse specific GeneFilters were purchased from Research Genetics (Research

Genetics/Invitrogen, Burlington, ON, Canada). Each filter contains 5184 spots

corresponding to known mouse genes and ESTs (Figure 3). As outlined by the

manufacturer, each spot on the filter contained approximately 0.5 ng of insert DNA from

a cDNA clone containing the 3' end of the transcript.

5.6.2. Generation of 33P Labelled Probes

Total RNA extracted from the whole marnmary glands (D0 and Dl involuting) or

stromal fibroblasts (15 week virgin and Di involuting) was used to generate radiolabelled

probes. One pg of each RNA was added to separate eppendorf tubes, each containing2

¡il of 1 pglpl Oligo dT (Research Genetics/Invitrogen). The RNA and Oligo dT were

premixed to allow the Oligo dT to bind to the poly A tail of the mRNA transcripts. The

f,rnal volume was brought up to 10 pl with the addition of double distilled autoclaved

water.

Reverse transcription of the "primed" RNA was achieved by adding the following

reagents to each tube: 6 ¡rl of 5x First Strand Buffer (Invitrogen Corporation), 1.0 pl of

0.1 M DTT (Invitrogen Corporation), 1.5 pl of dNTP mixture containing dATP, dGTP

and dTTP at a concentration of 20 mM each (Amersham Biosciences), 1.4 pl of

Superscript II Reverse Transcriptase (lnvitrogen Corporation) and 10 ¡rl of ¡33f1 aCff

(Mandel Scientific Company Inc., Guelph, ON, Canada). The solution v/as mixed

thoroughly by pipetting up and down followed by a brief spin in a centrifuge to bring all
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of the contents to the bottom. The mixture was incubated at3ToCfor 90 minutes. once

removed, the total volume of each tube was brought up to 100 ¡rl with the addition of 70

pl of double distilled autoclaved water.

Unincorporated nucleotides were removed by allowing the probe to flow through

a Bio-Spin 6 Ch¡omatography Column (BioRad Laboratories, Mississauga, oN, Canada).

The columns were opened and placed in a centrifu ge at 2500 g for 5 minutes to remove

the packing buffer. The probe was added to a column and centrifuged at 2500 g for 5

minutes at room temperature. Under these conditions, unincorporated nucleotides

remained trapped in the column, while the labelled probe flowed through the column and

was collected in an eppendorf tube.

To confirm successfur labering, I pl of the probe 
:was 

added to I ml of

scintillation fluid (Fisher scientific, whitby, oN, canada) and the activity was

determined using abetacounter (1450 Microbeta Plus; Perkin Elmer, Boston MA, USA).

Probes with specific activity of 1.0-2.0 x 10a cpmlul were used for microarray analysis.

5.6.3. Prehybridization Treatment of Filters

Filters were placed in a plastic container with boilin g 0.5% SDS (0.5g Sodium

dodecyl sulphate, I00 ml ddH2O) and agitated for 5 minutes, to rid the filters of any

contaminating residues and ensure that it is sterile. The filters were then placed in two

separate hybridization roller tubes with the DNA side facing the interior of the tube. Five

millilitres of MicroHyb hybridization solution (Research Geneticsilnvitrogen) were

added to the tube that was then rotated to saturate the fìlter. Next, the following blocking

reagents were added: 5 pg of mouse Cot-l DNA (Invitrogen Corporation) that had been
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denatured by boiling for 3 minutes; 5 ¡rg of Poly dA at a concentration of I pgl¡ri (Life

Technologies). The tube was then vortexed for thorough mixing of the reagents. Air

bubbles were also removed. Both filters were prehybridized for 2 hours at 4ZoC in a

hybridization oven (Robbins Scientific, Sunnyvale, CA, USA).

5.6.4. Hybridization

Each probe was denatured for 3 minutes in a boiling water bath. The

prehybridization solution was discarded and the probes were added to 5 ml of fresh

hybridization solution, mixed thoroughly by vortexing and added to the roller bottles

containing the GeneFilters. The filters were hybridized in a roller oven at 42"C for 18

hours.

5.6.5. Post-hybridization Procedures

The hybrid izationsolution was then removed from the roller tube. The filter was

washed twice at 50oC for 20 minutes by adding 30 ml of 2xSSC, l% SDS [3 ml 26xSSC

(0-53 g sodium chloride, 0.26 g sodium citrate, 27 ml of double distilled water), 1.5 ml

20% SDS (0.3 g sodium dodecyl sulphate, 1.5 ml double distilledwater) 25.5 ml double

distilled water] to each roller tube.

Each filter was carefully removed ftom the roller tube, placed on a piece of

Whatman paper and wrapped in plastic being careful to remove any wrinkles. Both blots

were placed in a cassette (BioRad Laboratories, Mississauga, ON, Canada) with a K type

imaging screen (BioRad Laboratories) and exposed. Results were visualized using a

Phosphoimager (BioRad Laboratories), and scanned at 100 microns. The Pathwavs 3
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software program was used for analysis. The filters were stripped of any radiolabelled

probe by boiling in 0.50/o SDS for one hour. The same filters were reused 4 times in

subsequent hybridization experiments.

5.6.6. Pathways 3 Analysis of GeneFilters

Microarray analysis of GeneFilters was carried out using the Pathways 3 program

(Research Genetics/Invitrogen, Burlington, oN, Canada) as instructed by the

manufacturer. Briefly, the images were aligned so that the centre of each spot on the

control filter was aligned with the centre of the same spot on the experimental filter. By

default, the Pathways 3 program performs data point normalization. The spots on each

blot are then configured onto a greyscale and an intensity value corresponding to the

shade of grey is automatically assigned. Normalized data is generated by dividing the

sarnples intensities of all the spots by the mean sampled intensity of the clones. Next,

different shades of green are assigned which correspond to the intensity of the spots on

the GeneFilter hybridized with the experimental RNA (whole mammary gland or stromal

fibroblast) and different shades of red are assigned corresponding to the intensity of the

spots on the GeneFilter hybridized with the RNA from the conrrol sample.

Superimposition of the green and red dots results in the appearance of a yellow dot if

gene expression is the same; a green dot represents over expression in the experimental

sample and a red dot represents under expression. Intensity ratios are automatically

generated by dividing the intensity of all genes on the blot hybridized with RNA from the

experimental sample by the intensity of the same genes on the blot hybridized with RNA

from the experimental sample. A threshold value 10 times the background level was set
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in order to eliminate false positives that were a result of high background intensity. False

positives were further eliminated by eliminating genes with an intensity ratio between -

| .7 5 and +I.7 5. Genes with an intensity ratio below negative 1 .75 were considered to be

under expressed and biologically significant. Conversely, genes with an intensity ratio

higher than positive 1.75 were assigned as being over expressed and biologically

signif,rcant. Thus, a panel of differentially expressed genes was generated.

Analysis of the blots hybridized with RNA from whole mammary glands was

performed using an average of the ratios from 2 separate experiments, performed using

RNA from different mice for each experiment. Only genes found to be differentially

expressed in both experiments were included in the analysis. Averaging was performed

trsing the Pathways 3 software. In addition, a 95Yo confidence level was set. In other

words, genes determined to be differentially expressed by this analysis are "teal" 95% of

the time. These parameters were designed to 
.eliminate 

radioactive signal interference

from neighbouring spots.

5.7. Database Analysis and Selection of Differentially Expressed Genes

and ESTs

PubMed searches were performed on all known genes found to be differentially

expressed following microarray analysis of whole mammary gland and stromal fibroblast

RNA. As a result of the information acquired by these searches, genes were grouped

according to known function. The Cancer Genome Anatomy Project

(http:l/cgap.nci.nih.gov/) web page was used in the analysis of the ESTs. Following

database analysis, ESTs were grouped into the following categories; ESTs associated
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with a known mouse gene, ESTs that have a human homolog (named gene), ESTs that

have a human homolog (unnamed gene).

The analysis of the ESTs was performed using a program written by Dr. Ladislav

Tomes, University of Manitoba (a post-doctoral fellow in the laboratory of Dr. Peter

Watson), on a Linux platform. The criteria used for selecting clones for further analysis

were:

i) a 2 fold or greater difference in gene expression between the

experimental group (D1 involuting) and control group(D0 involuting or 15

week virgin)

ii) that the EST be tinked to an identifiable mRNA sequence in the NCBI

database

iii) that the EST be linked to at least 3 pafüaI independent mRNA

sequences that can be aligned and overlapped in order to generate a

consensus sequence

Following analysis of whole mammary gland and stromal fibroblast data, a total

of 18 ESTs were selected that met these criteria: 8 demonstrated up-regulation and 10

down-regulation. Primer pairs used for PCR amplification were selected using the Oligo

3 program (Molecular Biology Insights, Inc., Cascade CO, USA) and designed with

annealing temperatures between 68oC and 71oC from the consensus sequences of all 18

ESTs (Table 1). Annealing temperatures between this range allow for a simple 2-step

real-time PCR protocol to be used for screening all of the ESTs. Comparative real-time

PCR, was initially used to confirm differential expression.
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5.7.1. Comparative Real-time PCR

i) DNase Treatment of RNA

Because contamination of genomic DNA can sometimes confuse the

interpretation of the PCR results, it was necessary to treat samples with DNase. Thirty

micrograms of total RNA (see section 5.4.1) from each sample was purified and DNase

digested with the RNeasy Mini Kit (Qiagen Inc., Mississauga., ON, Canada) according to

the manufacturer's instructions. Briefly, each sample was brought up to 100 ¡rl with

RNase-free water. A buffer designated Buffer RLT (350 ¡rl) was added to each sample

and mixed thoroughly. One hundred percent ethanol was then added (250 ¡rl) to each

sample and mixed thoroughly by pipetting. Following this, each sample was applied to

an RNeasy mini column placed in a2ml collection tube. The tubes were centrifuged for

15 s at 9 300 x g and the flow through was discarded. A second buffer designated Buffer

RWi (350 ¡"rl) was added to each sample. The column was then centrifuged for 15 s at

9,300 x g and the flow through was discarded. DNase I stock solution was prepared by

combining I0 ¡rl of DNase 1 stock solution to 70 ¡rl of buffer RDD and mixing. The

DNase 1 incubation n-ix (80 pl) was added to the column containing the RNA and

incubated at room temperature for 15 minutes. Buffer RWI (350 pl) was once again

added to wash the RNA, the tube was centrifuged at 9,300 x g for 15 s and the flow

through was discarded. Each ccilumn was transferred to a clean 2 ml collection tube and

500 pl of Buffer RPE was added to the column and centrifuged for 15 s at 9,300 x g.

Another 500 pLl of Buffer RPE was added and the column was centrifuged for 2 minutes

at 9,300 x g to dry the silica-gel membrane in the column. The RNA was eluted in 50 pLl

of RNase-free water.
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ii) Reverse Trønscription of RNA

Three micrograms of purified total RNA was added to 2 ¡tlof oligo dT (0.5 ptglp,l-

Invitrogen Corporation). DEPC treated water was added to bring the volume to l0 ¡rl.

The reaction was incubated at T|oCfor 10 minutes and then held at 45oC. At this time,

10 pl of an RT master mix was added to each sample. The RT mix was prepared by

combining the following on ice: 4 pl of 5 x RT buffer (Invitrogen Corporation), 2 ¡-rl of

dNTP mix (Amersham Biosciences) (containing 0.25 ¡rl each of dATP, dCTP, dGTP and

dTTP, each at a concentration of 10mM), 2 p,l (final concentration of 0.01M) of

dithiothreitol (DTT) (Amersham Biosciences), I pl (40u) of RNAsin (progrnega,

Madison, WI, USA), I pl (200U) of SuperScript II (lnvitrogen Corporation). For each

RNA sample reverse transcribed, an RT negative sample was prepared with the addition

of DEPC water instead of SuperScript IL AII samples were incubated in a PTC-100

Programmable Thermal Controller (MJ Research Inc.) for 45 minutes at 45oC,50oC for

15 minutes and 55oC for 15 minutes and 70oC for 15 minutes to deactivate the

SuperScript II. SuperScript II performs optimally at 45oC but can be used up to 55oC,

therefore, to ensure maximum cDNA synthesis, different temperatures were used. Forty

microliters of double distilled water was then added to each sample to bring the final

volume to 60 ¡rl.

iii) Real-time PCR Reøction

One microlitre of the reverse transcribed RNA was added to a PCR "master mix"

prepared on ice as follows: 10X PCR buffer (Invitrogen Corporation; lX PCR buffer :

20 mM Tris-HCl pH 8.4, 50 mM KCI), 2.5 mM MgCl2 (lnvitrogen Corporation), 1.25 U
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Platinum Taq DNA Polymerase (Invitrogen Corporation), l% dimethylsulfoxide

(DMSO), i:2000 dilution of the 10,000X stock solution SYBR Green I (Sigma-Aldrich

Corporation, St. Louis, MO, USA), 0.5 pM Fluorescein Calibration Dye (Bio-Rad

Laboratories), 0.2 mM each of dCTP, dGTP, dATP and dTTP and 200 nM each of the

forward and reverse primers outlined in Table 1. The mix was aliquoted (39 pl) into a 96

well thin-wall PCR plate and PCR amplifications were carried out on 1 prl of the purif,red

reverse transcribed RNA and the RT negative samples in a final volume of 40 prl, using

the 2-step PCR protocol listed in Table 2. A PCR negative sample using I ¡rl of ddH2O

in place of cDNA was also included, A change of two in the threshold cycle number

obtained by comparative real{ime PCR, indicated an approximate four fold change in

expression level (Ponchel et aL.,2003). Therefore, ESTs with a change in threshold cycle

number of two or more, were considered differentially expressed and chosen for further

analysis. In addition, only ESTs identihed to have a human homologue in the GenBank

non-redundant database were chosen for fuither verification.

5.8. Verification of Differentially Expressed ESTs

Further confirmation of differentially expressed genes was carried out by one or

more of three methods:

1) Northern blot analysis

2) Serni-quantitative PCR

3) In sítu hybridization
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5.8.1. Northern BIot Analysis

The gene expression of candidate genes was exarnined by Northern blot analysis.

The WAP gene was used as a positive control (Marti et al., 1999) and a nurnber of

housekeeping genes were tested for use as intemal controls. Twenty-four micrograms of

total RNA from each time point was isolated from whole mouse mammary glands (8 prg

per moLrse, 3 mice per time point). The RNA was prepared in denaturing solution [(16 pLl

of a master mix solution containing 10 ¡rl formamide (Fisher Scientific), 3.5 ¡rl of 31%

formaldehyde (Fisher Scientific) and2 ¡rl 5X GRB (0.2 M MOPS pH 7.0, 50 mM sodium

acetate, 5 mM EDTA pH 8.0) (as outlined by Maniatis et al., 1982) and 0.25 rng/ml

ethidium bromide] and placed. in a water bath at 65'C for 15 minutes. The samples were

immediately placed on ice following the incubation time to prevent re-annealing and

briefly centrifuged. The RNA samples were loaded in the gel (1% (w/v) agarose gel

containing 1X GRB and 2.2 M formaldehyde) and electrophoresed initially at 125 V for

i5 minutes, then overnight at25Y in a running buffer of 1X GRB. The gel was exposed

to ultraviolet light and photographed using a CCD camera and the MCID M4 software

(lmaging Research). The agarose gel was transferred overnight to a nitrocellulose

membrane in 20X SSC buffer (lX SSC : 0.15M NaCl, 0.015 M sodium citrate). The

nitrocellulose membranes were baked at 80"C for 2 hours in a dry oven (Lab-Line

Instruments Inc., Melrose Park,IL, USA).

Membranes were prehybridized in 10 ml prehybridization solution (50% (v/v)

formamide, 5X SSPE (lX SSPE : 0.15M NaCl, 0.01 NaHzPO+, I mM EDTA, ph 7.7),

5X Denhardt's Solution, 0.lo/o sodium dodecyl sulfate (SDS) and 250 ¡rglml salmon

sperm DNA) for 2 hours at 42"C. Each cDNA probe (Ribosomal Protein L39, GAPDH,
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Beta actin, Whey acidic protein, or 18S rRNA) was prepared using the Rediprime II

Random Prime Labelling System (Amersham Biosciences). Twenty-five nanograms of

cDNA corresponding to each gene analyzed,was diluted in 45 ¡rl of TE buffer (10mM

Tris HCI pH 8.0, lmM EDTA) and denatured by placing in a boiling water bath for 5

minutes. The CDNA was then cooled by placing on ice for 5 minutes. Next, the cDNA

was added to a labelling reaction tuU. containing buffered solution of dATp, dGTp,

dTTP, exonuclease free Klenow enzyme and random primers in a dried, stabilized form.

Following that, 5 ¡rl of [32P] dCTP was added and mixed by pipetting up and down. The

labelling reaction was incubated for 10 minutes af 37oC. Five microlitres of 0.2 M EDTA

was added to the tube to stop the reaction. To remove unincorporated radioactivity, the

labelled reaction was passed through a NICKTM column (Amersham Biosciences)

followed by 800 pl of TE buffer. The second 400 ¡rl eluted from the column was

collected as it contained the labelled cDNA which was then denatured by boiling for 5

minutes in a water bath. Each probe was then snap cooled by placing in ethanol cooled

with dry ice. Each respective probe was added to the hybridization tube containing the

prehybridized blots and hybridized overnight at 42oC. The following day, the blots were

washed once with 2X SSC/O.1%o SDS at roorn ternperature for 5 minutes on a shaker and

then washed in O.lX SSC/0.1% SDS at 65"C for 5 minutes. The membranes were

exposed to Kodak BioMax MS film (Amersham Biosciences) using an intensif,ing

screen for 1-4 days at -70"C. To ensure that saturation did not occur, the blots were

exposed to film and developed at different times.
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5. 8. 1. I. Densito metric Analys is

Bands on the exposed film were analyzed using an image analyzer (MCID-M4

Imaging Research, Inc.) and quantified by densitometry (Quantity One Versi on 4.2

software; Bio-Rad Laboratories). The density was measured as the total intensity of all

the pixels in the volume divided by the area of the volume. The volume was def,rned as

the intensity data inside a defined boundary around the band. RNA expression levels

were standardized against the level of the 18S rRNA gene by using the ratio of the

density of the experimental gene/density of the l8S IRNA gene.

5.8.2. Semi-quantitative Reverse Transcription-PCR

After performing PCR on cDNA reverse transcribed with random hexamers and

cDNA reverse transcribed with oligo dT, it was found that semi-quantitative PCR data

was more reproducible when performed using cDNA prepared with random hexamers.

Two micrograms of purified total RNA from each time point was added to 20 pl

of an RT master mix. The RT mix was prepared by combining the following on ice: 6 prl

'

of 5 x RT buffer (Invitrogen Corporation), i.5 prl of dNTP mix (Amersham Biosciences)

(containing 0.25 p.l each of dATP, dCTP, dGTP and dTTP, each at a concentration of

1OmM),0.3 pl of random hexamers (final concentration of 0.3 mM),3 ¡-rl of dithiothreitol

(DTT) (Invitrogen Corporation) (final concentration of 6mM), 0.3 ¡rl of RNA Guard

(Amersham BioscienceÐ, (0.24u), 1.5 pl of MMLV (Invirrogen Corporation) (6U)

An RT negative sample prepared with the addition of DEPC water in place of

MMLV was also inciuded. All samples were incubated at room temperature for l0

minutes, and then held in a PTC-I00 Programmable Thermal Controller (MJ Research
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Inc.) for 60 minutes at37oC. The samples were then boiled at 100oC for 10 minutes,

allowed to cool to 40C and then immediately placed at -20oC.

PCR amplification was carried out as follows. A "master mix" containing PCR

buffer (Amersham Biosciences; lX PCR buffer: 10 mM Tris-HCl pH 9.0, 1.5 mM

Mgcl2, 50 mM KCI), 2.5 IJ Taq DNA Polymerase (Amersham Biosciences), 0.2 mM

each of the 4 deoxynucleoside triphosphates and 200 nM each of the appropriate forward

and reverse primers was prepared on ice. The mix (49 ¡rl) was aliquoted into 0.5 ml

microcentrifuge tubes and PCR amplifications were carried out using I ¡rl of the reverse

transcribed RNA or the RT negative sample prepared above in a final volume of 50 prl in

a PTC-i00 Programmable Thermal Controller. A PCR negative control using 1 pLl of

ddHzO in place of the cDNA was also included.

5. 8. 2. I. D ens itometric Analysis

Densitometric analysis was carried out as previously described in section 5.8.1.1.

The expression of each gene studied was standardized/normalized to the l8S IRNA gene

expression performed using the optimized PCR protocol (Table 2). Normalization of the

data yielded a corrected relative value to provide an estimate of the relative changes in

gene expression between samples (Ambion's QuantumRNA. 1999).

5. 8. 2. 2. Statis tic al Anølys is

Results were calculated as a percentage of the value determined for the control

(either the virgin mammary gland or the D0-2h involution sample). One way analysis of

variance (ANOVA) and Tukey tests were used to assess the statistical signif,rcance of the

48



data using the GraphPad Prism version 3.02 (GraphPad Software, Inc., San Diego, CA,

USA). ANOVA was used to compare the measurements between each time point

followed by a Tukey test to compare between the 6 different intervals. A probability of

P<0.05 was considered to be statistically significant.

5.8.3. In Situ Hybridization

i) Tissue Prepøration

Mamrnary glands were dissected from mice and fixed in formalin for 24 hours,

washed in 10Yo ethanol and processed for paraffin sectioning, as described previously

(Al-Haddad et al., 1g9g). The tissue was cut into 5 ¡rm sections and placed onto glass

slides.

ii) Generøtion of Plasmid cDNA

The RT'PCR products were electrophoresed on agarose gel to confirm product

size. The PCR products were separated on a L5% (wlv) agarose gel containing 1X TBE

(0.089 M Tris-borate, 0.089 M boric acid, 0.002 M EDTA) in 1X TBE running buffer at

130 V for 45 minutes. The Ready Load (Invitrogen Corporation) 100 bp DNA ladder was

used as a molecular marker. The gel was illuminated with long wave ultraviolet light and

photographed using a CCD camera and the MCID M4 software version 2.0.

The PCR products were subcloned into the pGEM-T Easy vector (Promega

Corporation, Madison, WI, USA) according to the manufacturer's instructions. A

reaction containing approximat ely 25 ng cDNA, 50 ng pGEM-T Easy vector, 2X Rapid

Ligation buffer (60 mM Tris-HCl pH7.4,50 mM KCl, 1 mM DTT, 2 ruMATP l0%
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PEG) and 3 units T4 DNA ligase was prepared on ice and incubated overnight at 4"C in

the PTC-100 Programmable Thermal Controller. The next day, 2 pl of the pGEM-T Easy

vector ligation reaction was added to a rnicrocentrifuge tube containing 33 p.l Escherichia

coli (8. coli) DHSa competent bacteria (from laboratory stock) and incubated on ice for

30 minutes. The cells were heat-shocked af 42oC for 45 seconds and immediately placed

on ice for 2 minutes. One hundred microlitres of Luria-Bertani (LB) (1% Trypto ne,0.5%o

Bacto Yeast Extract, 1% NaCl; Difco Laboratories, Detroit, MI, USA) broth was then

gently added to the cells and the tubes placed in a shaking incubator (225 RPM) at 3JoC

for I hour. The transformed culture (50 and 100 pl) was plated on duplicate LB agar

plates containing i00 pglml ampicillin (Roche Molecular Biochemicals, Laval, QC,

Canada) and 50 pl of 50 mg/ml X-gal (Promega Corporation) to allow for blue/white

screening. The pGEM-T Easy vector possesses a multiple cloning region within the

coding region for the enzyme beta-galactosidase which complements the fragment of

beta-galactosidase present in the bacteria. The resulting functional beta-galactosidase

enzyme converls the X-Gal substrate to a colored product, resulting in blue colonies.

Cloning inserts into the multiple cloning region of the vector disrupts the coding

sequences, and inactivates the beta-galactosidase enzyme resulting in white colonies. The

plates were incubated overnight at 37"C. The following day, bacterial colonies (white

colonies) were picked and resuspended in 5 ml of LB broth with 100 ¡rglml of ampicitlin.

The cultures were growïr ovemight in a shaking incubator (225 RPM) at 37oC. Glycerol

stocks were prepared by thoroughly mixing 0.75 ml of glycerol with 0.75 rnl of the

overnight culture and stored at -70"C.

Using sterile techniques, bacteria cultures were prepared by placing a loopful of
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the glycerol stock into 5 ml of LB broth containing 100 ¡rg/ml of ampicillin. The bacteria

was grown overnight in a shaking incubator (225 RPM) at 3JoC. The following day, 4 ml

of the overnight culture was pelleted in amicrocentrifuge at 15,800 x g for 5 minutes at

room temperature. Plasmids were isolated using the QIAprep Miniprep kit according to

the manufacturer's instructions (Qiagen Inc.). The plasmid DNA was eluted with 50 ¡il of

ddH2O. The concentration of each plasmid preparation was determined

spectrophotometrically at an ultraviolet wavelength of 260 nm.

iiÐ Generation of Ríboprobes

Riboprobes lor in situ hybridization were generated from the plasmids prepared

above. Sense and antisense RNA riboprobes were prepared as follows. The plasmids (10

pg) were linearized with the restriction enzymes, Nco I (5 frl) and Sal I (5 ¡rl) for 2 hours at

3l'C. The DNA was electrophoresed ina0.8Yo agarose gel for an hour using lX TBE buffer

(as outlined in section 5.8.3. ii), excised and further purified using the QlAquick Gel

Extraction kit (Qiagen, Inc.). The concentration of the samples was determined by

spectrophotometric absorbance at 260 nm with a Milton Roy Spectronic 1001 Plus

Spectrophotometer and stored at-2}"Cuntil further use.

The linearized plasmid cDNA was used to generate the [3sS] UTP labeled

riboprobes using the RiboprobeR Gemini II Core System kit (Promega Corporation)

according to the manufacturer's instructions and purif,red using a Quick spin G50

sephadex column (Roche Molecular Biochemicals).
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iv) Hybridization

In situ hybridization was performed according to the protocol of Al-Haddad et al.

(1999). The sense and antisense riboprobes (l x 106 cpm/¡rl) were applied to paraffin

sections pre-treated with triethanolamine/acetic anhydride and proteinase K. Coverslips

were placed on each section and the slides were incubated at 42oC ovemight. The

coverslips were removed the following day and the sections incubated with post-

hybridization solution (20 mM Tris, I mM EDTA, 0.3 M NaCl, 10 mM DTT and 50%

deionized formamide) for 10 minutes at 55oC. The slides were then placed in buffered

RNase A (0.5 M NaCl, 10 mM Tris and 1 mM EDTA and 20 ¡rg/ml RNase A (Roche

Molecular Biochemicals, to remove unbound probe) for 30 minutes at 37'C. Using

established stringent condition, weakly bound nonspecif,rc label was washed off using

standard saline citrate (SSC) buffer in the following descending dilutions: 2X SSC, twice

each for 5 minutes, lX SSC once for 15 minutes and 0.1 X SSC three times each for 15

minutes (Al-Haddad et el., Iggg). Slides were then dehydrated with graded

concentrations of ethanol starting with 50% ethanol, 70o/o, 95yo and twice with 100%

containing 300 mM ammonium acetateand finally dried ovemight under the fumehood.

For autoradiographic detection, the slides were dipped in Kodak NTB-2 emulsion

(Interscience, Markham, ON, Canada) at40oC, dried for t hour in a humidified chamber

and placed in black, light tight slide boxes at 4oC for 4 weeks. Slides were then

counterstained with Lee's methylene blue (Al-Haddad et al.,lggg)and photographed.
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6. R.esults

6.1. Gene Expression Profile during Early Involution in the Mammary

GIand.

Microarray analysis was used to examine the gene expression prof,rle of the mouse

mammary gland during early involution. Early involution is known to occur between 0-

48 h¡s post-weaning in the mouse mammary gland (Li et al., 1997).In this study, we

have examined early involution of the gland at24hr (day 1) post-weaning. Mammary

glands removed at D0, a time point which represented the onset of involution, were used

as a control.

Ð RNA integrity

The purity of the RNA extracted from the whole mammary gland was assessed by

spectrophotometric absorbance readings of 260 nm and 280 nm. Only total RNA

samples that gave a 2601280 ratio betwe en 1.7 and,2.0, an indicator that the RNA lacked

protein contamination, were used. The total RNA was also electrophoresed on a I.3Yo

agarose gel and inspected for a prominent 18S and 28S band, to confirm that the

extracted RNA was not degraded (Figures 4e,5).

ii) Microørray Anølysis

Data analysis was performed on phosphoimaged scans from 3 different

microarray hybridization experiments, using RNA from different mice for each

hybridization. Full database analysis was conducted on only the first 2 sets of scans.

Following analysis of the 3'd experiment, the signals detected were too low to allow
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reliable interpretation, and as a result, the third data was excluded from these studies.

Pathways 3 analysis was performed as described in section 5.6.6. Differentially

expressed genes were classified as either "known genes" (genes which code for an

identified protein in the mouse database or which have a known function), or ESTs.

Using the criteria outlined in Materials and Methods (section 5.6), 148 known genes and

447 ESTs were found to be differentiaìly expressed following analysis of the mammary

gland (Table 4). We then classified the "known" genes according to function. The

results of the 2 analyses are suffImarized in Table 4. In total, 246 genes were up-

regulated and 349 genes were down-regulated during early involution (Table 4). Of the

148 known genes, atotal of 34 genes were identif,red as genes involved in metabolism,

transport and cell trafficking (Table 5). Another 12 were found to be related to the

immune system (Table 6);6 were related to apoptosis (Table 7), andtwenty-one genes

related to cell signalling were found to change during early involution (Table 8). Nine

genes related to cell cycling were differentially expressed (Table 9); 1 gene related to

lactation (Table 10) and 26 genes related to transcription and translation changed during

early involution (Table 11). Among genes related to the vascular system, the

cytoskeleton, or cell mobility, 18 were differentially expresse d,2 were up-regulated and

T6 were down-regulated (Table I2). There were 7 genes associated with tissue

remodelling and development that were differentially expressed during early involution

(Table 13). In addition, 14 genes each coded for putative proteins with unknown

functions, were also differentially expressed during early involution (Table l4).
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6.2. Gene Expression Profile of Stromal Fibroblasts during Early

Involution in the Mammary Gland.

Laser capture microdissection was used to dissect stromal fibroblasts from the

surrounding mammary tissue. We examined gene expression in f,rbroblasts frorn Dl

involuting mammary gland. Fibroblasts dissected from virgin mice (15 week) were used

as the control. Frozen glands were sectioned and stained as described in Materials and

Methods (section 5.2.). Figure 6 and 7 shows H&E staining of fibroblasts and the results

from laser microdissection.. The fibroblasts were observed to be most abundant in the

virgin mammary gland and least abundant in the involuting gland. Consequently,

collection of enough fibroblasts from D1 glands that would provide sufficient RNA for

generating probes was very problematic and took a much longer time than initially

anticipated

ù RNA integrity of ßoløtedfibrobløsts.

As r.vith the whole mammary gland, only total RNA samples with a ratio

(2601250) between 1.7 and,2.0 were used. The amount of total RNA obtained from

isolated fibroblasts was altogether considerably less than that obtained from the intact

gland and was not sufficient to be visualized by gel electrophoresis. Consequently, RNA

integrity was evaluated using RT-PCR amplification of the GAPDH housekeeping gene.

The quality of the RNA was good and not degraded as shown in Figure 8.
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ii) Microatøy Analysß

Microarray hybridization was performed using 33P labelled probes as described in

Materials and Methods (section 5.6.2.) followed by Pathways 3 analysis (as described in

section 5.6.6.) (Figure 9). Again, using the criteria outlined in Materials and Methods

(section 5.7), genes were placed into either known genes or ESTs categories. There were

considerably fewer genes found to be differentially expressed among Dl involuting

mammary gland and control fibroblasts. In total, six known genes (Table 15) and 41

ESTs rvere found to be up regulated while only one EST was found to be dolvn regulated

when compared to the control (Table 16).

6.3. Gene Selection

To target novel genes expressed during early involution, we further investigated

the 447 ESTs identified from whole mammary gland and the 41 ESTs obtained from the

stromal fibroblast analysis, using the databases available on the CGAP website

(http://cgap.nci.nih.gov/). With a focus on the ESTs we identihed as differentially

expressed, searches were carried out to identify human homologues (Tables 17 & 18). Of

the 447 differentially expressed ESTs from whole mammary gland, 56 had a known

human homologue while 97 had human homologues identif,red in the database as

"unknown genes" (Table i7). Human homologues could not be identified for the

remaining ESTs. In addition, 11 differentially expressed ESTs from the stromal

fibroblast analysis had known human homologues and 7 had unknown human

homologues (Table 18).
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Genes that demonstrated a) a two or more-fold differential gene expression

between experimental and control genes and b) had 3 or more hits in the mouse database

with an overlapping consensus sequence as outlined in section 5.7 (Materials and

Methods), were selected. Eighteen genes (8 up-regulated and 10 down-regulated) were

identihed for further study. As a first step, comparative real-time PCR (because of its

high sensitivity), was used to confirm differential expression (Table 19). If the threshold

cycle number obtained by real-time PCR exhibited a two or more fold change between

experimental and control, then the gene was selected for further study. A two-fold

change in the threshold level translates as approximately a four-fold change in gene

expression level. Another criteria used was whether the mouse gene was found to have a

human homologue. The rationale for such criteria was that information obtained from the

mouse model will yield insight into the development of the human mammary gland.

From these 18 ESTs, two from the whole mammary gland analysis satisfied these criteria,

one up-regulated EST and one down-regulated, and were selected for further analysis. In

addition, one EST from the stromal fibroblast microarray analysis (which demonstrated

down-regulation at Dl involution) met this criterion and was selected for further study

(Table 19). The identities of all 18 ESTs were further investigated by searching the

GenBank non-redundant database (www.ncbi.nlm.nih.gov/BlAST) (Table 20). A gene

found to be differentially regulated in the stromal fibroblasts identified as the Fus2 gene

was of particular interest. The human homologue was identified as a "putative human

suppïessor gene" in lung cancer. We therefore wanted to determine whether the Fus2

gene was regulated during mammary gland involution and possibly during breast cancer.

Below is a summary of the 4 genes selected for further analysis.
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Genes Selected

6.4. Further Verification of Differential Gene Bxpression

It is well documented that microarray analysis results in numerous false negatives

(Kothapalli et al., 2002). It was therefore important to confirm microarray data by other

established methods. The differential gene expression of the 4 selected genes was

examined by either Northern blot analysis, semi-quantitative reverse-transcription PCR or

by in situ hybridization.

6.4.1. Method 1: Semi-Quantitative PCR Analysis of Selected Genes.

For these studies, the l8S rRNA gene was used as the housekeeping control gene

because GAPDH and beta actin were found to be regulated during early involution

(Figure 10). Since the 18S rRNA gene sequence lacks introns, the total RNA extracted

from mouse mammary gland tissues (Figure 5) was treated with DNase I as a precaution

to remove any contaminating residual DNA that may be amplified and affect the

interpretation of the data. The absence of a visible band in the sample lane containing

Mouse EST Name of human homologue

Whole Mammary Gland EST #l Ribosornal protein L39 (RPL39)

Whole Mammary Gland EST #2 Sperm associated antigen 7 (Spag7)

Stromal Fibroblast EST #3 Unknown (SF)

Stromal Fibroblast Gene #4 Fus2

58



RNA minus the reverse transcriptase indicated to us that genomic DNA was not

amplified. The level of differential gene expression was calculated as a percentage of the

value obtained for the control (D0 involution sample, or the l5 week virgin depending on

the time point used as the control for microarray studies).

i) The Ribosomøl Protein L39 (RPL39) Gene

At each time point examined, gene expression of the Ribosomal Protein L39 gene

was detected (Figure 114). Using ANOVA statistical analysis, RPL39 gene expression

levels were significantly different between the time points examined (Ñ:85.74o/o,

P<0.0001; Figure 1 1B). Gene expression observed at each time point v/as compared to

gene expression at D0 (2Ð involution. The gene expression level was up-regulated in the

15 week virgin when compared to the D0 (2hr involution) sample, but the observed

change was not statistically signif,rcant. No significant difference in gene expression was

observed at D0 (0hr, 4hr), Dl involution and D0 (2hr). Expression level was

significantly higher at D10 of involution (2 fold; P<0.001). In addition, significant

changes also occurred between 15 week virgin (1.4 fold; P<0.05), D0 (0hr) (1.8 fold;

P<0.001), D0 (4h) (1.8 fold; P<0.001), Dl (1.6 fold; P<0.01), as compared to D10 of

involution. Overall, the highest level of ribosomal protein L39 gene expression was

detected during late involution and the lowest at early involution (D0-2hr), with a two-

fold increase between these time points.
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ii) The Sperm Associated Antigen 7 (Spag7) Gene

The SpagT gene \,vas expressed at each time point examined (Figure 124). Using

ANOVA statistical analysis, SpagT gene expression levels were significantly different

between the time points examined (R= 76.98%, P<0.0016, Figure 128). Results show

that when compared to the D0 (2hï) involution time point, expression level of the SpagT

gene was up regulated in the virgin, but the change was not significant. At D0 (Ohr)

involution, expression level was lower, but not significantly, than D0 (2h) involution.

Again levels increased slightly at D0 (4hr) and Dl involution when compared to the D0

(2hr) involution time point, but the change was not significant. The expression level of

SpagT significantly inueased at D10 of involuti on (2.6 fold, P<0.01). in addition,

significant changes also occurred between D0 (Ohr) involution (2.8 fold, P<0.01), D0

(4hr) (2fold, P<0.05), Dl involution (2 fold, P<0.05) and Dl0 involution. In summary,

the highest level of SpagT gene expression was detected during late involution and the

lowest at early involution (D0-0hr), with a 2.8-fold increase between these time points.

iii) The SF Gene

Like Spag7, the SF mRNA was found to be expressed at each time point

examined by RT-PCR (Figure 134). Using ANOVA statistical analysis, SF gene

expression levels were not significantly different between the time points examined (R:

42.g7Yo,P<0.1857, Figure l3B). The SF gene expression level increased from the virgin

state, reaching a peak level at D0-4hr involution. Slight changes in gene expression were

observed in that the levels decreased at D1 and then increased again at Di0 of involution,
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but these changes were not significant. Overall, SF gene expression was highest during

D0 (ahr) and D10 of involution and lowest at D1 of involution.

iv) The Fus2 Gene

The Fus2 gene appeared to be ubiquitously expressed throughout mammary gland

development (Figure 144). Using ANOVA, Fus2 gene expression was found to change

signif,rcantly during the mammary gland involution time points examined (R2:82.17,

P<0.0004, Figure 148). Although the data were not significant, expression levels were

down-regulated at D0 (Ohr) of involution, D0 (2hr) involution, and D0 (4hr) involution

when compared to the 15 week virgin. The expression level of the Fus2 gene then

increased slightly at D1 of involution and significantly at Dl0 of involution (1.7 fold,

P<0.01) when compared to the virgin time point. Other significant changes in gene

expression occurred between D0 (0hï) involution and DlO of involution (2.4 fold,

P<0.001), D0 (2hr) involution and DlO involution (2 fold, P<0.01), between D0 (4hr)

involution ànd D10 involution (2.2fold, P<0.001) and between D1 and Dl0 involution

(1.5 fold, P<0.05). Altogether, the results show that the highest level of Fus2 gene

expression was detected during late involution and the lowest at early involution, with a

greater than two-fold increase between these time points.

6.4.2. Method 2: Northern Blot Analysis

i) The Ribosomøl Protein L39 Gene

The regulation of the ribosomal protein L39 (RPL39) gene expression levels was

examined at D0-0hr, 2hr,4hr, D1 and D10 of involution and also in the 15 week virgin.
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The results of this analysis were quantitatively evaluated by densitometry figure l5).

The data show that the RPL39 gene expression was significantly lower during early

involution than in the virgin (15 wk) mammary gland or during late involution (D10).

The expression level of the RPL39 gene was 3.8 fold higher in the virgin rhan D0 (2hr)

involution. However, expression levels at D0 (0hr&4hr) and D1 involution were only

slightly higher than the D0 (2hr) sample (1.7 fold, 1.7 fold and I .5 fold, respectively). At

DlO of involution RPL39 gene expression was once again up-regulated (5 fold). In

summary, expression level was lowest at D0 (2hr) of involution and highest at D10 of

involution. Both the GAPDH and B-actin genes were found to be regulated during early

involution (Figures 16&.17),therefore, all data was standardized against the 18S rRNA

gene and presented as a percentage of the value obtained for the D0-2h inv'sample, the

same time point used as the control for microarray analysis (Figure 17). The Whey

Acidic Protein (WAP) gene was included as a positive control (Marti et al., lggg)(Figure

18). As expected, no WAP gene expression was detected in the 15 week virgin

mammary gland or at D10 of involution but expression was detected at D0 (0,2 and 4hl

and Dl of involution (Figurel8) (Marti et al.,lggg).

The gene expression of the ii) SpagT gene, iii) the SF gene and iv) the Fus2 genes

were also examined by Northern blot analysis. However, their levels of expression were

all below the sensitivity levels of the Norlhern blot technique.

In summary, Northern blot analysis was useful in evaluating only one of the four

selected genes.
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6.4.3. Method 3: In situHybridization

In parallel to the RT-PCR analysis and Northern blotting, in situ hybridization

studies were carried out to examine the temporal and spatial pattern of the RPL39, Spag7,

SF and Fus2 gene expression in the involuting mammary gland.

i) The Ribosomøl Protein L39 Gene

RPL39 gene expression was detected in the ductal epithelium in the virgin state

(15 week), during early involution (D0-4hr and Dl) in the alveolar epithelium and during

late involution (Dl0) in the ductal epithelium (Figure 19). As observed by Northern

blotting and RT-PCR analysis, gene expression was higher in the virgin state and during

late involution than during early involution of the mammary gland. Non-ipecihc binding

were observed in the tissue sections labelled with the radioactive sense strand (Figure

1e).

ä) The Sperm Assocíated Antigen 7 Gene

SpagT gene expression was detected in the epithelium in the virgin state (i5

week), during early involution (D0-2hr and D1) in the alveolar epithelium and during late

involution (D10) in epithelial cells (Figwe 20). As observed with RT-PCR, gene

expression levels were higher in the virgin gland and late involuting gland (Dl0)

compared to the early involuting gland (D0-2h and Dl). Only non-specific binding in

the tissue sections labelled with the radioactive sense strand was detected (Figure 20).
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iii) The SF Gene

SF gene transcripts were found to be localized in the epithelium and stromal

fibroblasts in the virgin mammary gland (15 weeks), in the alveolar epithelium during

early involution (D0-4hr and Dl) and in epithelial cells during late involution (DlO)

(Figure 2t). In addition, the SF gene was found to be expressed in the stroma (Figure 22

A&B). As observed with RT-PCR, expression levels were higher in the virgin state, at

D0 (4hr) involution and at late involution (D10). Day I of involution did not show any

detectable signals (Figure 21). The signals observed in the tissue labelled with the

radioactive sense strand were much lower and represented non-specific binding (Figure

2t).

iv) The Fus2 Gene

Results demonstrated that the Fus2 gene was localized in the epithelium of the

virgin mamrnary gland (15 weeks), at early involution (D0-4hr and Dl) in the alveolar

epithelium and during late involution (D10) in epithelial cells (Figure 23). The Fus2

gene was also found to be expressed in the stroma (Figure 22 CeD). These results agree

with the RT-PCR data. A small amount of signal was observed in mammary gland tissue

labeled with the sense probe, indicating non-specific binding.
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7. Discussion

7.1. Gene Expression Profile of the Mammary Gland during Early

Involution.

The involution of the mammary gland involves a very complex interplay of cell

death and cell survival. During involution, the majority of the epithelial cells that had

differentiated into rnilk producing cells are dying. However, a few evade this

environment of cell death and do not die. The reasons for such differences are still to be

elucidated. In addition, the mechanisms that define early mammary gland involution are

not known nor is this process understood at the molecular level. Furthermore, the signals

that initiate involution have not yet been determined. To investigate the specific genes

that may be expressed during the first stage (early) of involution, a comparison of RNA

extracted fi'om the mouse mammary gland at D0 and Dl of involution was performed

using micr oarray analysis. In this study, the mouse model was used to gain some insight

into the involution process in the human mammary gland.

The use of microarray strategies to examine differentially expressed genes during

mammary gland involution has some major advantages: 1) it allows for the rapid

screening of several thousand genes at one time and 2) it can identifu novel gene

expression. To date, there are still only very few reports of global differential gene

expression during early mammary gland involution (Clarkson and Watson, 2003;

Rudolph et al., 2003; Stein ef al., 2003; Clarkson et al., 2004; Erickson et al., 2004).

Also, there are relatively few studies of this type for the normal mammary gland or

normal breast compared to the number of studies which examine breast cancer and breast

cancer cell lines (Clarkson and Watson,2003).
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In this study, we examined the gene expression profile of the Ílouse mammary

gland at early (D1) involution, glands derived from D0 involution were used as the

control. One hundred and forfy-eight genes and 447 ESTs were identifìed as being

differentially expressed at Di of involution compared to D0 of involution. Intotal,246

genes were up-ïegulated and 349 genes were down-regulated at D 1 .

Analysis of the intact mouse mammary gland during early involution revealed

that the majority of differentially expressed genes with a known function that f,rt the

criteria laid out, were involved in cell metabolism, transport and cell trafficking and most

were down-regulated during early involution. This result is not altogether surprising

because during lactation, the mammary gland exhibits high metabolic and synthetic

activity but as the mammary giand transitionö from lactation through to involution,

cellular metabolism begins to slow (Djonov et a|.,2001). This pattem of gene expression

was also observed in other studies of early mammary gland involution in the mouse

(Clarkson et a1.,2003; Stein et a1.,2003).

Twelve genes involved with the immune system were found to be regulated

during early involution; 6 up-regulated and 6 down-regulated. Other microarray studies

of early mammary gland involution have found that genes related to the immune system

were expressed in two phases; an initial phase characterized by an up-regulation of

cytokines and cytokine receptors within 12 hours of weaning followed by delayed

expression of monocl.te and lyniphoid chemokines (Clarkson et al., 2003). However, it is

difficult to compare these data because a) different microarray membranes were used for

these 2 analyses, and b) in this study, we examined differential expression at D1 (24 hr)

of involution whereas the other study examined involution at 12 hours. Therefore, to
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more accurately compare such data, one would need to assess a l2 hour time point and

possibiy screen a larger number of genes.

Most genes related to apoptosis were found to be down-regulated during early

involution of the mammary gland. This is likely attributable to the fact that the mammary

gland is beginning to shift to an environment of cell death. The apoptosis group included

both pro-apoptotic genes and anti-apoptotic genes. It is well documented that apoptosis

of the alveolar cells commences within the first 24 hours of forced weaning, when milk

accumulates within the alveolar lumen and the levels of lactogenic hormones decrease

(Quanie et al., 1995, Stein et al., 2003). While some cells are dying, the vast majority

remain viable following day I of involution but the apoptosis process continues to

increase for the next 4 days (Quarr ie et al,, i995). Within this time, there is a progressive

gain in death signals and loss of survival factors (Li et a|.,1997). Therefore, both pro-

apoptotic and anti-apoptotic genes would be regulated during early involution, a time of

both cell death and cell survival.

Twenty-one genes related to cell signaling were differentially expressed during

early involution; 1 1 up-regulated and 10 down-regulated. As previously established,

there are obvious changes in the expression of genes related to cell signaling as gland

development progresses from lactation through to involution (Li et a1.,1997). For

exarnple, there is decreased activity of the prolactin-signaling molecules Stat5a and

Stat5b (Li et a|.,1997; Clarkson and Watson, 2003). It is also believed that the signals

that control programmed cell death during early involution, come from within the

mammary gland and the signals that induce involution may initiate from the local

environment (Li et al., 1997). In this study, we found many genes related to cell
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signaling were both up-regulated and down-regulated during the first stage of mammary

gland involution (Table 8).

Most genes related to cell cycling as well as translation/transcription were down-

regulated during early involution. As apoptosis begins early during involution, this most

likely influences and contributes to the down-regulation of cell cycling genes. Indeed,

the rate of apoptosis does not reach its peak until D3-D4 (Djonov et a\.,2001). As such,

one may expect that during early involution transcription/translation of genes related to

apoptosis and remodeling are only weakly expressed and once turned off, allow for cell

cycling to be reinitiated.

Only one genp related to lactation, the solute carrier family 27, member 2 gene

(fatty acid transporter) wás observed as differentially expressed. Increased levels of fatty

acids are most evident in the mammary gland during lactation as they are required for the

synthesis of milk (Rudolph et al., 2003). It is therefore plausible that a fatty acid

transporter gene would be slightly down-regulated at Dl of involution because as milk

accumulates in the alveoli, milk production including the production of fatty acids, begins

to slow. Others have also shown that the expression profile of genes involved in lipid

synthesis is down-regulated beginning only hours after weaning and continuing though to

day 2 of involution (Rudolph et al., 2003; Stein er a1.,2003). Unfortunately, the gene

expression of other well documented genes associated with lactation, such as the whey

acidic protein (WAP) and beta casein could not be examined with the Research Genetics

array system since these genes were not represented on these f,rlters, highlighting a major

limitation of this product.
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Eighteen genes related to vascular/cytoskeleton/cell mobility were differentially

expressed during early involution. Of these, only two were up-regulated and 16 down-

regulated. It has been shown that in the fully differentiated lactaring gland, the epithelium

is maximally developed, both morphologically and metabolically (Djonov et a1.,2001).

As the mammary gland progresses through involution, the highly vascular network

formed during pregnancy and lactation regresses (Djonov et a\.,2001). Therefore, the

majority of genes related to vascular/cytoskeleton/cell mobility have reached a steady

state during peak lactation, as the gland begins to regress and the extra vasculature is no

longer needed, the expression levels ofthese genes begin to decrease. In addition, at Dl

of involution, cells are beginning to apoptose, changing the cellular environment that may

result in a decrease in dxpression of genes related to the cy,toskeleton and cell mobility.

Tissue remodelling/regeneration occurs during the second phase of mammary

gland involution, following apoptosis. Seven genes involved in tissue remodelling and

development were found to be down-regulated in the early involuting mammary gland.

Two of these genes, the villin gene and the cysteine-rich protein 3 genes both function in

cell differentiation. Loss of function of these genes may reflect that cells specialized for

lactation are beginning to lose function at D 1 of involution. In addition, there were also

14 genes found to be differentially expressed but their function could not be determined.

We also wanted to identify novel genes not yet associated with early involution.

As such, all differentially expressed ESTs were entered into the Cancer Genome

Anatomy Project (CGAP) database to determine if the ESTs were linked to known mouse

genes and to establish if the genes had human homologues. It was determined that 153

ESTs from the analysis of whole mammary gland had a human homologue. Genes were
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then categorized by identifiable function. It is expected that with the daily submission of

new information to GenBank this number will likely increase.

It is well known that during involution, the gland loses its specialized function,

transitioning from a highly specialized stage of development (lactation) and regresses to a

non-specialized state (resting). Overall, 34g (5g%) differentially expressed genes and

ESTs were identified as being down-regulated during early involution. In contrast to this

result, two other laboratories that have performed microarray analysis of mammary gland

involution have found that the majority of genes examined are up-regulated during early

involution (Stein et al., 2003 and Clarkson et a1.,2003). There are a few plausible

reasons to account for these different observations: first, different strains of mice were

used for these exþeriments. Microarray analysis of the involution process has been

performed using Balb/C mice (Stein ët a1.,2003) and C5llBtl6 mice (Clarkson et aI.,

2003) while we used CDl wild type mice for our analysis. It is known that different

strains of mice transition through the involution process at different rates (Lund et al.,

1996), which may account for differences in the number of up-regulated versus down-

regulated genes. Also, it has recently been shown that there are specifìc differences

between 12951 and, C57lBl/6 mouse strains in the expression of a number of genes,

including the Bcl2al, p53, Cebpb and Cebpd genes, during involution (Thangaraju et al.,

2004). It was found that although the kinetics of expression of these genes was the same

in the strains examined, the levels of expression varied during early involution

(Thangaraj tt el al., 2004). In addition, it is interesting to note that although the other two

studies used different strains of mice, the same microarray platform was used, Afflimetrix

MGUT4ver2a chips containing 8618 mouse genes and ESTs. The group that studied
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C57lB1/6 mice found that 518 genes were specihcally regulated during involution

(Clarkson et a1.,2003), while the other group that used Balb/C mice only found 161

genes specifically regulated during involution (Stein et a|.,2003). Since the same array

platforms were used in these experiments, differences in strains of mice may account for

the large difference in the number of genes found to be associated with involution in

these two studies.

Secondly, there are differences in the control time point used for these microarray

studies; we used D0 involution as our control while other groups have used day 7 and

D10 of lactation (Stein et a1.,2003; Clarkson et a1.,2003). Mouse mammary weight has

been shown to increase from pregnancy until day 10 of lactation while total mammary

DNA plateaus at day 6 and debreases after day 10 of lactation (Knight and Peaker,1982).

Therefore, in terms of weight and DNA content, peak lactation occurs at day 10.

Comparing gene expression at Dl of involution to controls from various time points,

especially time points before day 10, may result in different genes detected as

differentially expressed.

7.2. Gene Expression Profile of Stromal Fibroblasts during Early

Involution of the Mammary Gland.

As a first step in dissecting the contributions of individual cell types in the process

of mouse mammary gland involution, we wanted to examine the gene expression profile

of the stromal fibroblasts during early involution. It has been suggested that signals that

control involution may come from the local environment (Li et al., 1997). We focused

our studies on the fibroblasts since these are the cells in closest proximity to the epithelial
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cells during involution. Fibroblasts are aiso well known to influence epithelial cells

during normal mammary gland development (see section 1.4) (Haslam et a1.,1988).

Although gene expression during mammary gland involution has been examined by

others (Walker et al., 1989; Clarkson e/ a\.,2003; Stein e/ a\.,2003), the gene expression

of a single cell type has not been previously addressed. Therefore, addressing the role of

specihc cell types in the marnmary gland to gain a better understanding of involution is a

novel approach.

Laser capture microdissection (LCM) was used to dissect stromal fibroblasts from

the surrounding tissue. This is a very useful technique for the molecular analysis of many

tissues, especially those consisting of heterogenous components (Matsui et ø1.,2003).

LCM is orders of magnitude faster than microdissection techniques based on

micromanipulation and does not require the dexterity associated with manual based

microdissection (Fend and Raffeld, 2000). Laser microdissection was the method of

choice as it allows forthe dissection and subsequent examination of specific cells in their

natural environment. It has been suggested that many new genes may have been

identified in microdissected cells compared to previous experiments involving the same

cells in culture simply because microdissected cells are in their natural environment and

able to express their true set of genes (Webb, 2000).

Following LCM, microarray strategies were used to study differential gene

expression. To our knowledge, this is the first study to use LCM in combination with

microarray analysis to examine differential gene expression in a single cell type during

eariy involution. Results of this analysis revealed 6 knorvn genes and 41 ESTs to be up-

regulated during early involution and one EST to be down-regulated during early
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involution. As with the analysis of whole mammary gland, the known genes were

classif,red according to known biological function (Table 15). Database searches were

performed to identi$ human homologues for the differentially expressed ESTs (Tabte

1 8).

Unlike the whole mammary gland analysis, analysis of fibroblasts revealed that

the majority of differentially expressed genes were up-regulated during early involution.

Several reasons may account for this difference. Firstly, it is possible that there are far

fewer down-regulated genes in the stromal fibroblast analysis at D1 of involution because

gene expression is not being masked by the high level of milk protein genes expressed in

epithelial cells. Since only RNA from fibroblasts and not from epithelial cells was

examin'ed, the expresSion of milk protein genes was not a factor. It is plausible that the

high levels of milk protein genes during late lactation and early involution may actually

mask the gene expression of other genes, especially low expressing genes.

Secondly, the 15 week virgin marnmary gland was used as a control but in

retrospect, a more appropriate control may have been D0 involution, the time point

directly proceeding involution. However, at the time, the selection of virgin gland

seemed the best choice because at D0 involution there is only a small number of stromal

fibroblasts present and the amount of time required to collect enough cells to perform

microarray anlaysis was tremendous.

7.3. Gene Selection

In total, 18 ESTs from both the whole mammary gland and the stromal fibroblast

analyses were chosen for fuither characterization: 8 demonstrated up-regulation and 10
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were down-regulated. Comparative real-time PCR was used as a further screening

method to confìrm the differential expression patterns observed by microarray analysis.

One criterion used was that the ESTs selected for further verihcation should have a

th¡eshold cycle number change.at least two in the time points examined. A threshold

cycle change of two represents an approximate 4 fold change in expression level. All

primers were designed to anneal between 68oC and TloC to allow a simple 2-step real-

time PCR protocol to be used to screen the ESTs.

The number of ESTs selected for fuither investigation was further narrowed down

to include only those found to have a human homologue in the NCBI database. Three

ESTs were chósen that met all of the criteria; 2 derived from the whole mammary gland

datà and i from the stromal fibroblast data. The genes from the whole mammary gland

were identified as (1) the Ribosomal protein L39 gene and (2) the Sperm associated

antigen 7 gene, while the gene from the stromal fibroblast analysis was (3) an EST with

an unknown human homologue (SF gene).

One additional gene was selected for study. The Fus2 gene was identif,red to be a

gene that was differentially expressed in the fibroblast at D I of involution. This gene has

been suggested to be a putative tumor suppressor gene in lung cancer (Lerman and

Minna, 2000) and was therefore of particular interest to us since its expression has not

been previously examined in normal breast development and no association has been

made with Fus2 and breast cancer.
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7.3.1. The Ribosomal protein L39 Gene

By semi-quantitative RT-PCR, the RPL39 gene was found to be expressed in the

mammary gland of the 15 week virgin as well as throughout involution. It was

determined that gene expression decreased during early involution when compared to the

virgin state, and once again increased during late involution (D10), with highest levels of

gene expression detected in the virgin and late involuting mammary gland.

By Norlhern blot analysis, the levels of RPL39 gene expression decreased rapidly

during early involution (day 0-0hr, 2fu,4ïtr and day 1) when compared to the virgin state

(3.8 fold). During late involution, the level of gene expression once again increased (5

fold) to a level similar to that found in the virgin state. An l8S rRNA probe was used as

dn experimental loading control to which RPL39 expression levels were normalized as

this was the only gene with expression levels that remained constant during late lactation

and early involution.

Although the RPL39 gene was found to be expressed in the mammary gland of

the l5 week virgin as well as during early and late involution by semi-quantitative pCR

and Northem blot analysis, the relative levels of expression were found to be different by

the two methods. The change in gene expression between different time points were

more pronounced by Northern blot analysis as compared to RT-PCR. As such, there

were definite differences in expression levels between mammary glands from l5 week

virgin and the early involuting gland when examined by Northern blot analysis but no

significant difference in gene expression was observed in these time points by RT-pCR.

However, gene expression was significantly up-regulated at D10 (late) involution when

compared to the D0-2hr time point as detected by RT-PCR. Gene expression was
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slightly up-regulated at D1 of involution by both Northern blot analysis (1.5 fold) bur no

change was detected by RT-PCR. In contrast, with the microarray analysis, this gene was

found to be significantly down-regulated 10.91 fold at Di when compared to the D0-2hï

control.

By in situ hybridization, RPL39 transcripts were localized in the mammary gland

of the virgin (15 week) mouse, during early involution (D0-4hr and Dl) and late

involution (D10). The pattem of gene expression was similar to that detected by both

Northern blot analysis and semi-quantitative RT-PCR, being that transcripts were more

abundant in the virgin mammary gland and during D10 involution when compared to D0-

4hr and Dl involution. In the mammary gland of the virgin and during late involution,

the RPL39'þene was expressed in the ductal epithelium and in the alveolar epithelium

during early and late involution, as determined by in situhybridization studies.

Overall, the pattern of RPL39 gene expression was comparable when cÌetected by

Northern blot analysis, semi-quantitative PCR, and in silu hybridizati,on procedures but

different from the results obtained by microarray analysis. Also, as previously mentioned,

there were differences in the level of expression observed by the three techniques used;

Northern blot analysis, RT-PCR and, in situ hybtridization. For example, the change in

gene expression between the virgin and D0-2hr involution was more pronounced when

examined by Northern blot analysis than with either PCR or in situ hybridization. It is

difficult to explain for certain why this is the case but one explanation may be due to

differences in the sensitivity of the 3 techniques used to quantifi gene expression. pCR

is the most sensitive technique used to examine levels of gene expression while Northern

blot analysis is the least sensitive. However, it was important to include Northern blot
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analysis because it allows for determination of the level of gene expression and transcript

size.

A PubMed search of the RPL39 gene revealed that it belongs to the excess class

of ribosomal proteins present only in eukaryotic and archaebacterial but not eubactèrial

ribosomes (Dresios et a\.,2000). It has 3 exons that code for a protein of 55 amino acids

and makes up a constituent of the 605 subunit. The RPL39 protein is the first protein of

the 605 ribosomal subunit implicated in translational accuracy (Dresio s et a:.,2000). It

has been established that the RPL39 protein has a role in the control of translation

initiation as well as in translational accuracy during protein synthesis (Dresios et al.,

2000). In fact, yeast lacking the ribosomal protein L39 gene showed a drastic decrease

in the iibcuracy of translation and a substantial decrease in both the rate and extent of

protein synthesis compared to wild type (Dresi os et a|.,2000).

Yeast strains lacking the ribosomal protein L39 gene were found to have a 4 fold

decrease in translational accuracy (Dresios et a1.,2000). The observed decrease in

RPL39 expression levels during early mammary gland involution may suggest that as the

mammary gland regresses, translational accuracy may be compromised, It is well known

that there is a direct relationship between involution and breast cancer as it is during

involution that breast cancer manifests (Leis, HP Jr, lgTS). Perhaps, an increase in

translational error associated with lossidecrease of RPL39 function may lead to mutations

in certain pathways and thus provide tumorigenic epithelial cells with an advantage to

survive the death environment established during involution.
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It is also possible that the RPL39 gene which is involved in transcription is down-

regulated during early involution because it may not be required as the rate and extent of

protein synthesis is decreased at this time.

7.3.2. The Sperm Associated Antigen 7 Gene

Database analysis of the whole mammary gland EST #2 sequence revealed that it

was highly similar (98%) to the mouse Sperm associated antigen 7 gene.

By RT-PCR, the pattern of expression was found to be very similar to that of the

RPL39 gene in that the highest level of expression was observed in both the virgin

mammary gland and the late involuting mammary gland. An up-regulation in gene

expiession level was observed when D1 involution was compared to the control. The

SpagT gene was stightly up-regulated at Dl of involution (1.28 fold) when compared to

the control (D0 involution), although the change was not signif,rcant. By microarray

analysis, the SpagT gene was found to be significantly (3 fold) up-regulated at D I of

involution, Gene expression in the mammary gland was determined to be low as it was

undetectable by Northem blot analysis.

The expression pattern of the SpagT gene was also examined by in sittt

hybridization. The pattern of gene expression observed throughout mammary gland

development appeared to be similar to that determined by RT-PCR; expression levels

appeared to be higher during the virgin state and at D10 of involution compffed to D0

and Dl of involution. Overall, gene expression of the SpagT gene was found to be low

during mammary gland involution.

78



The SpagT gene is known to be located on ch¡omosome 1l of the mouse genome.

It consists of 7 exons that code for a protein of 227 amino acids in length and is also

known as the fox sperm protein (FSA-1) or the sperïn acrosomal protein gene. Very little

information is available on this gene but Unigene confirms the expression of the SpagT

gene in the mammary gland (www.ncbi.nlm.nih.sov/UniGene). In addition, examination

of the domains of the protein product demonstrates that it has an R3H motif known to

bind single-stranded nucleic acids. Interestingly, this gene has a 100 bp region with

|})%homology to the mouse tumor protein p53 inducible protein 1 1.

Expression of the SpagT gene, as with the RPL39 gene, was lower during early

involution when compared to the virgin and D10 samples. One possible explanation may

be that the SpagT gene is not necessary during early involution. Although the function of

this gene has not been determined, it does contain an R3H domain thought to be involved

in the binding of single stranded nucleic acids in a sequence specific manner (Grishin,

1998)' Other proteins that contain this domain are DNA helicases, transcription factors

and zinc finger proteins (Liepinsh, et a\.,2003).

7.3.3. The SF Gene

Extensive database searches were performed, however, the stromal fibroblast

EST #1 or the SF gene sequence did not match any known gene. By semi-quantitative

RT-PCR methods, the data collected was inconsistent and as a result, we were unable to

draw any definitive conclusiorts from this analysis. Such inconsistencies could be

attributable to: 1) extremely low gene expression, or 2) technical difficulties. To

visualize the PCR product on agarose gels, the amount of çDNA and the nurnber of
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cycles were increased to unusually high levels (3 ¡rg of ïeverse transcribed cDNA and. 44

cycles of amplification). Results show that expression of the SF transcript was too low to

be detected by Northem blot analysis.

The level of mRNA transcripts were also found to be very low by in situ

hybridization. Although initially identified in the stromal f,ibroblasts by microarray

analysis, in situ hyb¡idization results show the transcripts to be localized in both the

epithelial cells and the stromal fibroblasts. This result provides additional evidence that

although microaray analysis is a good method for identifying a large number of

differentially expressed genes at one time, it is important to verifu these results by

alternate methods.

Once again, database analysis revealed that the gene for the SF gene is located on

the mouse chromosome 15. Like the SpagT gene, very little information is available.

The NCBI database shows that the coding sequence was predicted by automated

computational analysis using gene prediction method GNOMON, and it codes for a

protein that is similar to the FLJz33z2protein, a protein of unknown function.

Due to very low expression in the mammary gland, the pattern of gene expression

could not w'ith any certainty be reported. in addition, because there is very little

information available for the SF sequence, it is diffrcult to predict a function for the SF

gene.

7.3.4. The Fus2 Gene

The Fus 2 gene was also another candidate gene found to be expressed at very

low levels in the manÌmary gland. By RT-PCR, Fus2 was found to be down-regulated at
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early involution (D0-0hr and D0-2h) compared to the control (virgin), but this change

was not significant' During late involution however, the Fus2 gene expression was

significantly up-rêgulated 1.7 fold. Gene expression could not be detected by Northern

blot analysis using total RNA, because expression levels were too low. A similar profile

of gene expression was also observed with in situ hybrídizatton as transcript levels were

highest in the virgin and D10 involuting samples. As with the SF gene, the Fus2 gene

expression was found to be localized in both stromal fibroblasts and epithelial cells by in

sirzr hybridization.

A search of the genome database revealed that the mouse Fus2 gene, an N-

acetyltransferase, is located on chromosome 9. The mRNA coding sequence is 945 bp

long and codes foraprotein of 314 amino acids in length. The structure and organization

of the mouse Fus2 gene is very complex and is tightly interrelated with the hyaluronidase

gene family. The first exon of Fus2 is 7I9 bp downstream from the 3'end of the

Hyaluronidase I (Hyall) gene, the first exon of the Hyal3 gene is located in the first

intron of Fus2 and the second exon of Fus2 is within the f,rrst intron of Hyal3

(Shuttlewo rth et al., 2002). Thus, the Hyall, Hyal3 and Fus2 genes are often

cotranscribed. This complex cluster may have evolved into coordinated regulation in the

mouse (Shuttleworthet aL.,2002), and they may have some yet to be identified related

function.

Hyaluronidases are required for the breakdown of hyaluronan (HA), a major

component of the extracellular matrix (Shuttleworth et al., 2002). The Fus2 gene is a

putative tumor suppressor associated with lung cancer (Lerman and Minna, 2000).

Perhaps Fus2 acts to control the dissemination of potentially cancerous cells by
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coordinating expression of the Hyall and Hyal3 genes and preventing breakdown of

components of the extracellular matrix. This would be especially important during tissue

remodelling. It has been shown that Hyall can be translated from bicistronic transcripts

encoding Hyall and either Fus2 or Hyal3 (Shuttleworth, et a1.,2002). Also, it has been

suggested that the high abundance of cotranscripts may contribute significantly to the

production of Hyall (Shutrlewo rth et a1.,2002).

In this study, the gene expression levels of the Fus2 gene were found to be highest

during late involution suggesting that this gene may be necessary during the second phase

of involution, when tissue remodelling is occurring.

Several mutations in other N-acetyltransferase genes have already proven to be

associated with the development of certain types of cancers (Zegerman et a1.,2000).

The process of involution is known to be associated with an increase in expression of

several genes associated with regulation of cell proliferation and differentiation including

the p53 tumor suppressor gene as well as c-myc and TGF-beta I (Stran ge et al., Ig92).
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Froblems Encountered

Laser Capture Microdissection: Although LCM is a very effective method for

dissecting specific cell types from amongst the heterogeneous population within a tissue,

there are however some disadvantages. First, a 5 ¡rm tissue section on a glass slide may

contain more than one layer of cells making it often diff,rcult to remove a single pure

layer of a specific cell type. Second, it is diff,rcult to dissect sufficient cells for RNA

extraction' In the mammary gland, the fibroblast population is generally much lower

than the epitheliat cells, particularly so in the early involuting tissue. Therefore, use of

LCM was found to be very time consuming. As a consequence of always having small

quantities of RNA, it was not possible to adequately determine RNA integrity by gel

electrophoresis. However, tliis problem was overcome by assessing the GApDH gene

expression in the extracted RNA.

Microarrays: Microarray analysis is a powerful tool and has the potential to greatly

enhance our knowledge of gene expression (Kothapalli et a1.,2002). However, as with

any technique, there are some disadvantages to be considered. Anay data can be

inaccurate for a number of reasons. Microarray blots contain most often thousands of

gene sequences, some of which are highly similar to each other, Therefore, false

positives due to non-specific binding is a major problem. It is frequently reported in the

literature that many genes found to be highly differentially expressed by microarray

analysis are not differentially expressed when examined by other techniques (Kothapalli

et a|.,2002). This was also our experience. It is therefore very important that microarray

results are verified by more than one other, classical technique, such as Northem blot

analysis, RT-PCR and in situ hybridization. However, validation by less sensitive
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methods such as Northern blot analysis is often difficult as differentially expressed genes

identified by microarray analysis are often expressed at low levels.

As well, microarray probe identifications (lDs) can also give false results

(Rudolph et a1.,2003). For example, in this study, it was found that a sequence identified

by the probe iD to be the clusterin gene was instead the c-src tyrosine kinase (Csk) gene.

Problems such as this are not uncommon. A recent study carried out to verifl, the

accwacy of microarrays and microarray data found that of 17 sequence fragments spotted

on a microarray blot, 4 contained incorrect sequences (Kothapalli et ctl., Z00Z). Another

similar study examined approximately 1200 clones spotted on the mouse ResGen blots

and found that only 62%o weredefinitely identifred as a pure sample of the correct clones

(Halgren et al,2001). Once again, these studies underscore the importance óf veri$,ing

microarray results with other methods.

Our choice of array (ResGen filters, Burlington, ON, Canada) was dictated by the

commercial availability of array platforms at the onset of our study. This membrane was

particularly attractive as it required only i ug of total RNA for generating probes while

most other microarray platforms require up to 10 ug of RNA. This was critical for these

studies since only limited quantities of mammary fibroblasts were retrieved by laser

capture microdissection. One major disadvantage with the ResGen microamay blot is

that it did not have a broad representation of mammary gland specific genes, particularly

those associated with lactation such as V/AP, beta-casein, lactalbumin genes and others

associated with involution such as Fas, Fas ligand, caspase 3 and Oct-l (Marti et cil.,

1999;Marfi et a|.,2000; Song e/ a1.,2[t[[;Rudolph et a|.,2003).
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Identifying appropriate control genes: An exhaustive search for an appropriate internal

standard was another major problem encountered. The gene expression of the standard

housekeeping genes, GAPDH, beta-actin, TATA box protein, cyclin and beta-2-

microglobulin was examined by real-time PCR and unexpectedly the expression of all

these genes w'as found to be also regulated during early involution. The 1gS RNA gene

was ultimately used as it produced the most consistent results.

The gene regulation of the housekeeping genes GAPDH and Beta actin were also

assessed in the marnmary gland by both Northern blot analysis and semi-quantitative

PCR. Onc e again,the gene expression was found to be regulated during early involution

in the mammary gland. Similar results have been reported during late lactation and early

involution using Northern blot analysis and RNase protection by others (Gardner et al.,

2000; Mengwasser and Sleem an,200l). Ribosomal RNA gene expression has also been

used as an internal control previously (Deleeuw et a|.,1989; Schmittgen and Zakrajsek,

2000; Thellin et al., T999). In addition, Barbu and Dautry conducted studies to determine

the most appropriate loading control that was least likely to fluctuate under various

conditions that affect mRNA levels (1989) and demonstrated thatrRNA genes are least

likely to vary, making the18S rRNA gene an appropriate control.
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Summary and Conclusion

Through microarray analysis, we identified both novel and known genes

associated with early involution in the whole mammary gland and in the stromal

fibroblasts.

" Other established techniques such as Northern blot analysis, semi-quantitative

RT-PCR and in situ hybridization were useful in confirming differential gene

expression identified by microarray analysis.

Although expression levels of the genes selected for verification were found to

change during involution, 3 of the 4 genes had very low expression levels in the normal

mammary gland at the time points examined. Therefore, while the steady state level of

expression of these genes is low, expression may be critical for just a short period during

the involution process. It is well known that even small changes in the expression of a

gene may have critical effects ào*nrtr.urn on the expression of other important genes

(Penalva et a1.,2004). Thus, the whole process may be much more complex, and it is

difficult to get the whole picture with small studies like this. However, these studies

could provide important insight into some to the genes involved in this not well

understood phase of mammary gland development.

Also of interest is that the housekeeping genes, as well as 3 out of 4 of the candidates

selected for further verif,rcation, were down-regulated during late lactation and early

involution. It is therefore plausible that the expression of certain genes, especially those

expressed at low to moderate levels, may be masked by the high amount of milk protein

genes being expressed in the mammary gland at this time.
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Microarray analysis was successfully used to identifu novel genes associated with

early involution in the mammary gland. It was found that this technique was useful in

establishing a list of potential differentially expressed genes and is useful in pinpointing

genes expressed at low levels. However, it is often diff,rcult to verifu the expression

profile of genes identified by microarray analysis because the genes may be expressed at

such low levels and therefore, difficult to detect by less sensitive techniques such as

Northern blot analysis, semi-quantitative PCR or in situ hybridization.

Laser microdissection of stromal fibroblasts and subsequent microanay analysis is a

novel approach to identi$r genes expressed in specific cells during early involution. It is

likely that laser microdissection will highly impact on studies that require examining cell

specific gene expressicin.
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Future Studies

One important future direction of this project is that it r,vould be interesting to

examine the expression profile of other cell types during early involution in the

mammary gland, such as epithelial cells. This information would contribute to the

limited literature available on cell specific gene expression during early mammary gland

involution.

As a first step in determining whether the selected genes (RPL39, Spag7, SF gene

and Fus2) play a role in breast cancer, it would be appropriate to examine gene

expression in mouse mammary tumors. Comparison of expression in mouse marnmary

tumors and matched adjacent normal marnmary gland controls by RT-PCR will allow us

to determine if these genes are indeed deregulated during cancer of the mouse mammary

gland.

In addition, because we are using the mouse model to gain insight into the process

of involution in the human, it would also be important to determine if these genes are

expressed in the human breast. Patterns of gene expression in the normal human breast

would first be established, followed by gene expression patterns in human breast cancer

cell lines. The correlation between gene expression and tumor grade can also be

established by examining gene expression during tumor progression. Following this, it

may then be necessary to generate antibodies and study regulation at the protein level

because it is well known that rnRNA expression may not be representative of protein

expression. AIso, it would be important to determine and examine downstream genes

with which our candidates may interact.
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Figure 1: Diagrammatic representation of the cell types present in the mammary

gland. A) epithelial cells B) myoepithelial cells C) basement membrane D) stromal

fibroblasts E) adipocytes F) mast cells (After Haslam, 198S). The cellular composition

and positioning of each cell type changes with each developmental stage. During

involution, the stromal fibroblasts are the cells in closest proximity to the epithelial cells.
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Figure 2: Development of the mouse mammary gland. A) Schematic representation of

the mouse embryonic mammary gland. At embryonic day 11 in the mouse, a placode

begins to form from the mammary streak or milk line. By day 15, the placode migrates

into the dermis under the influence of the dense mammary mesenchyme (DMM), to form

the mammary bud. At embryonic day 17, the mammary sprout grows posteriorly,

penetrates the fatfy stroma and continues to ramiÛr the stroma, forming the mammary

gland with 15-20 ducts at birth. B) Schematic representation of postnatal mammary gland

development. After birth, mammary gland development remains static until sexual

maturation (four to six weeks) at which time, the mammary duct system expands into the

mammary fat pad. At the end of sexual maturity, the result is an extensively branched

duct system that fills the entire maïnmary fat pad. During pïegnancy, the mammary

epithelial cells undergo differentiation to form the acini, the cells responsible for milk

production (After Wysolmerski et al., 1998). DMM:dense mammary mesenchyme;

FP:fat pad.
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Figure 3: Example of a mammalian GeneFilter microarray format, Control spots

are shown as red circles, housekeeping genes are shown as blue circles and the data

points are grey. Mouse GeneFilters do not contain housekeeping genes.
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Fieure 4: Determination of whole mammary eland RNA inteurity.

Total RNA (1 pg) from the mouse maÍrmary gland tissues were

electrophoresed on a l.5Yo agarose gel and arølyzed prior to microarray

analysis. The results show that the RNA was not deg¡aded and exhibited

good integrity as the 28S and 18S ribosomal RNA bands are clearly

prominent on the EtBr stained agarose gel visualized by ultraviolet light.

Abbreviations : D:day, h-rhour, inv:involution.
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Figure 5: Integrity of RNA extracted from mammary gland from different

stages of development. Total RNA (approximately I pg) from the mouse

maÍlmary gland tissues were electrophoresed on a I.5o/o agafose gel and

arnlyzed.prior to pooling for RT-PCR and Northern blot analysis (panels A, B

and C). The results show that the 28S and 1BS ribosomal RNA bands are

clearly prominent following EtBr staining and visualization by ultraviolet light,

indicating that the RNA is not degraded.
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Figure 6: Identification of structures in the mammary gland following

Hematoxylin and Eosin (H & E) staining. Tissue sections (5 prm) of virgin

mammary gland were stained with H&E. The photo was taken at 100x

magnification. The following structures are present: A) nucleus of stromal

fibroblasts, B) collagen produced by the fibroblasts, C) adipocytes, D) ducts

lined with epithelial cells, E) terminal ductule.
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A) Before dissection B) After dissection

C) Cap

Figure 7: Laser capture microdissection of mammary stromal fibroblasts.

Tissue (5 pm) from a 15 week virgin mammary gland was stained with a

modified H&E protocol developed for use with LCM. panel A shows the

stromal fibroblasts in the context of the surrounding tissue. panel B shows the

tissue section following dissection of the stromal fibroblasts. panel C shows the

stromal fibroblasts attached to the CapSure cap.
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Figure 8: RT-PCR of GAPDII in RNA extracted from mammary

stromal fibroblasts. RT-PCR of the GAPDH housekeeping gene was used to

detect the integrity of laser dissected RNA. RT was performed with 0.5 ml of

RNA in each sample using random hexamers (1 hour 37oC,5 minutes 70oC).

PCR was performed with 40 cycles of 30 seconds at 94oC,30 seconds at

52oC,30 seconds at 72oC. An RT sample previously shown to have good

integrity was included as a positive control (RT positive). A sample prepared

without the addition of MMLV RTase (RT negative) and a sample prepared

without the addition of cDNA (PCR negative) were also included.
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Figure 9: Digital image of the radioactive signals generated from the microarray

GeneF'ilters. GeneFilters were hybridized with cDNA derived from RNA extracted from

laser dissected stromal fibroblasts of the mouse mammary gland from A) 15 week virgin

and B) Dl involuting mice. The same procedure was performed using RNA obtained

from the whole mammary gland The filters were hybridized for 5 days (stromal

fibroblasts) and 1 day (whole mammary gland) and subsequently scanned on a

phosphoimager. C) The digital image generated by the Pathways 3 program (ResGen).

The images are imported into Pathways 3 and automatically normalized. The program

artificially assigns green to the spots on the filter hybridized with oDNA from the

involuting mammary gland and red to the spots on the control f,rlter. An initial

comparison of the 2 GeneFilters shows many differentially expressed genes. D) Digital

image after setting threshold values. By setting a minimum and maximum threshold

value, genes that were not considered differentially expressed were eliminated,

generating a panel ofdifferentially expressed genes.
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Figure 10: RT-PCR analysis of the GAPDH and Beta-actin genes during mammary

gland involution. All mammary glands were removed from mice (n:3) and total RNA

was extracted from the glands, pooled and RT-PCR was performed. A) GAPDH and B)

Beta-actin gene expression was down-regulated during 0hï, 2hr and,4hr of involution

when compared to the virgin. Gene expression was highest in both genes during D10 of

involution. The PCR products were visualized on a 1.5%o agarose gel with ethidium

bromide. Triplicate PCR products from 3 separate reactions for each gene are shown.

An RT- sample without the addition of reverse transcriptase and a PCR- sample without

the addition of cDNA were included as controls. D:day; wk:week.

r02



A g
15 wk

Involution

D0- D0- D0-
2I1r 4I.o Dl D10 RT- PCR-

GAPDH 1

GAPDH 2

GAPDH 3 'ffi ,¡lø,r:. '@t r::'tnt:":"!:t':' 'W& W

18S rRNA
.

623 bp

151 bp

B
Virgin

15 wk

Involution

D0- D0-
2br 4hr D1 D10 RT- PCR -

D0-
0hr

B-Actin 1

B-Actin 2

B-Actin 3

18S rRNA

Z, ';,.-t:.1;; I
176bp

.w 151 bp

103



Figure 11: RT-PCR analysis of the Ribosomal Protein L39 gene during mammary

gland involution. A) Total RNA was extracted from mouse mammary glands (n:3),

pooled and RT-PCR was performed. The PCR products were visualized on a l.5Yo

agarose gel with ethidium bromide. Triplicate PCR products from 3 separate reactions

are shown. An RT- sample without the addition of reverse transcriptase and a PCR-

sample without the addition of cDNA were included as controls. B) RPL39 gene

expression levels were higher in the virgin mammary gland and the D10 involuting

mammary gland when compared to the D0-2hr involution time point. There was a

signif,rcant increase in expression level at D10 involution (2 fold) when compared to D0-

2hr involution. Other significant changes occurred at thel5 week virgin time point (1.4

fold, P<0.05), D0-0hr (1.8 fold, P<0.001), D0-4hr (1.8 fold, P<0.001), Dl (1.6 fold,

P<0.01) when compared to D10 of involution. RPL39 gene expression was lowest at D0-

2hr involution and highest at D10 involution. Results are expressed as a percentage of the

value determined for the D0-2hr involuting mammary gland. Shown on the graph are the

means + S.D. of th¡ee independent PCR reactions of cDNA from 3 mice per time point

(n:3). **, P<0.00i. D:day; wk:week; RPl39:Ribosomal protein L39.
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Figure 12: RT-PCR analysis of the Sperm Associated Antigen 7 gene expression

during mammary gland involution. A) Total RNA was extracted from mouse

mammary glands (n:3), pooled and RT-PCR was performed to examine gene expression

during involution. The PCR products were visualized on a L5o/o agarose gel with

ethidium bromide. Triplicate PCR products from 3 separate reactions are shown. An

RT- sample without the addition of reverse transcriptase and a PCR- sample without the

addition of oDNA were included as controls. B) SpagT gene expression levels were

higher in the virgin mammary gland and the D10 involuting mammary gland when

compared to the D0-2h involution time point. There was a significant increase in

expression level at D10 involution (2.6 fold) when compared to D0-2hr involution. Other

significant changes occurred at D0-0hr involution (2.8 fold, P<0.01), D0-4h (2 fold,,

P<0.05), Dl involut ion (2fold, P<0.05) when compared to D10 involution. SpagT gene

expression was lowest at D0-0hr involution and highest at D10 of involution. Results are

expressed as a percentage of the value determined for the D0-2h time point. Shown on

the graph are the means + S.D. of three independent PCR reactions of cDNA from 3 mice

per time point (n:3). *,P<0.01. D:day, SPAGT:Sperm associated antigen 7.
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Figure 13: RT-PCR analysis of the SF gene during mammary gland involution. Total

RNA was extracted from mouse mammary glands (n:3), pooled and RT-pCR was

performed.. The PCR products were visualized on a 1 .5o/o agarose gel with ethidium

bromide. Triplicate PCR products from 3 separate reactions are shown. An RT- sample

without the addition of reverse transcriptase and a PCR- sample without the addition of

cDNA were included as controls. B) SF gene expression levels were higher at D0-4hr

(1.7 fold) and D10 involution (1.6) when compared to the 15 week virgin time point. The

SF gene expression level decreased at D0-0h (2 fold) and at D0-2h (1.a fold) and again

at Dl (4.2 fold), when compared to the virgin state. A significant increase occurred

between D0-0hr inv and D0-4hr inv (3.5 fold, P<0.05) and expression levels decreased

significantly between D0-4h and Dl of involution (2;1 fold, P<0.05) and once again

increased significantly between Dl and D10 of involution (6.7 fold, P<0.05). SF

expression level was lowest at Dl of involution and highest at D0-4hr involution but

there was no significant change from the virgin time point. Results are expressed as a

percentage of the value determined for the virgin mammary gland. Shown on the graph

are the means t S D of three independent PCR reactions of cDNA from 3 mice per time

point (n:3). D:day; wk:week.
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Figure 14: RT-PCR analysis of the Fus2 gene during mammary gland involution. A)

Total RNA was extracted from mouse mammary glands (n:3), pooled and RT-pcR was

performed' The PCR products were visualized on a 1.5%o agarose gel with ethidium

bromide' Triplicate PCR products from 3 separate reactions are shown. An RT- sample

without the addition of reverse transcriptase and a PCR- sample without the addition of

oDNA were included as controls. B) Fus2 gene expression levels were higher at Dl of

involution and DiO of involution when compared to the 15 week virgin. There was a

significant increase in expression level at D10 involution (1.7 fold) when compared to the

virgin time point. other significant changes in gene expression occurred between D0-0hï

involution and D10 of involution (2.4 fold, P<0.001), D0-2h involution and D10

involution (2 fold, P<0.01), between D0-4hr involution and D10 involution (2.2 fold,

P<0'001) and between D1 and D10 involution (1.5 fold, P<0.05). Fus2 expressionwas

lowest at D0-0hr of involution and highest at D10 of involution. Results are expressed as

a percentage of the value determined for the virgin mammary gland. Shown on the graph

are the means + S.D. of three independent PCR reactions of oDNA from 3 mice per time

point (n:3). t, P<0.01. D:day; wk:week.
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Figure 15: Northern blot analysis of the involuting mammary gland using the

Ribosomal Protein I-39 gene. A) Total RNA was extracted from whole mouse

mammary gland (3 mice per time point), pooled and electrophoresed (24 vÐ on a 0.g%

denaturing agarose-formaldehyde gel, transferred and hybridized with a 3tp lab"led

RPL39 (20abfi cDNA probe. The membrane \¡/as also probed with l8S rRNA to reflect

loading' The 28S and 18S bands on the blot are indicated. Results show that the RpL39

gene was expressed in the 15 week virgin and D10 involuting samples and down-

regulated during early involution (D0-0hr,2l7r 4lrc and,Dl). B) The band densities were

determined using the Quantity One version 4.2 quantification software program. Density

values of the Ribosomal Protein L39 gene were norïnalized,to the density values of lgS

rRNA. Results are expressed as a percentage of the value determined for the D0-2br

involuting mammary gland. D:day; Rpl39=Ribosomal protein L39.
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Figure 16: Northern blot analysis to compare the expression of 3 housekeeping

genes during mammary gland involution. Total RNA was extracted from mouse

mammary glands (3 mice per time point), pooled and electrophoresed (24ug) on a

0.8% denaturing agarose-formaldehyde gel, transferred and hybridized with a 32P

labeled GAPDH (623 bp) or Beta actn (176 bp) cDNA probe. Results show that

both the GAPDH and Beta actin genes are regulated during early involution. The

membrane was probed with 18S rRNA (151 bp cDNA probe) to reflect loading as

the expression pattern of this gene did not change during early involution.The 28S

and 18S bands are indicated.
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Figure 17: Regulation of housekeeping genes during mâmmary gland

involution. The band densities from Northern blot analysis were determined

using the Quantity one version 4.2 quwtitation software program. Density

values of the GAPDH (A) and beta actin (B) gene were nonn alized, to the

density values of 18s rRNA to correct for variations in RNA loading.

Results are expressed as a percentage of the value determined for the virgin

mammary gland. Results a¡e from Northern blot analysis with RNA pooled

from 3 mice per time point.
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Figure 18: Northern blot analysis of the Whey acidic protein (wAp) gene expression

during mammary gland involution. A) Total RNA was extracted from whole mouse

mammary gland (3 mice per time point), pooled and electrophoresed eaug) on a 0.g%

denaturing agarose-formaldehyde gel, transferred and hybridized with a 3,p label.d wAp

(319 bp) cDNA probe. The membrane \¡/as probed with 1BS rRNA to reflect loading as

the expression pattern of this gene did not change during early involution. The 2gS and

18S bands on the blot are indicated. B) The band densities were determined using the

Quantity One version 4.2 quantitation software program. Density values of the WAp

gene were normalized to the density values of 18S rRNA. Results are expressed as a

percentage of the value determined for the virgin mammary gland. D:day; wAp:whey

acidic protein.
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Figure l9z In situ hybridization analysis of the Ribosomal Protein L39 gene during

mammary gland involution. The panels of the left (4, C, E, G) show the results of the

hybridization of the 204 bp RPL-39 antisense probe to mammary gland sections and the

panels on the right (B, D, F, H) show hybridization with the sense probe. In the

mammary glands of (A) virgin (15 week), RPL39 transcripts were localized to the ductal

epithelium. During (C) earty invoiution (D0-4hr) and (E) Dl, transcripts were localized

to the alveolar epithelium. Transcripts were once again detected in the ductal epithelium

at (G) late involution (D10). Consistent with RT-PCR results, expression was highest in

the 15 week virgin and during D10 involution. Few non-specific signals were observed

with the sense probe. Magnification 400X. ae:alveolar epithelium, de:ductal

epithelium.
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Figure 20: In situ hybridization analysis of the Sperm Associated Antigen 7 gene

during mammary gland involution. The panels of the left (A, c, E, G) show the

hybridization of the 151 bp SpagT antisense probe to mammary gland sections and the

panels on the right (8, D, F, H) show hybridization with the sense probe. In the

mammary glands of (A) virgin (15 week), SpagT transcripts were localized to the

epithelium. During (C) early involution (D0-2h) and (E) early involution (D1),

transcripts were localized to the alveolar epithelium. Transcripts were once again

detected in the epithelium at (G) late involution (Dl0). A low non-specific binding was

observed with the sense probe. Magnification 400X. e:epithelium, ae:alveolar

epithelium.

120



121



Figure 2l: In sita hybridization analysis of the SF gene during mammary gland

involution. The panels of the left (4, C, E, G) show hybridization of the 589 bp SF

antisense probe to mammary gland sections and the panels on the right (8, D, F, H) show

hybridization with the sense probe. In the mammary glands of (A) virgin (15 week), SF

transcripts were localized to epithelial cells, as well as to the stromal fibroblasts (not

shown). During (C) early involution (D0-4hr) transcripts were localized.to the alveolar

epithelium. At D1 of involution (E) transcripts were not detected. Transcripts were also

detected at D10 of involution (G). The transcripts were difficult to detect in the

mammary gland but, consistent with RT-PCR results, highest expression was detected at

D0-4hr. Few non-specific signals were observed with the sense probe. Magnification

400X. e:epithelium, ae:alveolar epithelium.
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Figure 222 In s#ø hybridtzation of the SF gene and the Fus2 gene expressed in the

stroma of the mouse mammary gland. Panels A and B show the results of the

hybtidization of the SF antisense probe (A) and sense probe (B). panels C and D show

the results of the hybridization of the Fus2 antisense probe (C) and sense probe (D).

Although both SF and Fus2 are expressed at low levels in the mammary gland and appear

to be expressed primarily in the epithelial cells, they are also expressed to a lesser extent

in the stroma. Magnification 400X.
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Figure 23: In situ hybridization analysis of the Fus2 gene during mammary gland

involution' The panels of the left (4, c, E, G) show the results of the hybridization of

the 210 bp Fus2 antisense probe to mammary gland sections and the panels on the right

(8, D, F, H) show hybridization with the sense probe. In the mammaly glands of (A)

virgin (15 week), Fus2 transcripts were localized to epithelial cells, as well as to the

stromal fibroblasrs (not shown). During early involution (c) D0-2hï and (E) Dl,

transcripts were localizedto the alveolar epithelium. Transcripts were also detected in the

at Dl0 of involution (G). Consistent with RT-PCR, Fus2 levels were highest in the 15

week virgin and at D l0 of involution. Fewer non-specific signals were observed with the

sense probe. Magnification 400X. e:epithelium, ae:alveolar epithelium.
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Table 1. The primer sets used for both semi-quantitative and real-time PCR

amplification of selected cDNA differentially expressed in the mouse mammary

gland and housekeeping genes.

Accession number Sesuence 15'-3')
Product Size

(bp)
Upregulated Genes

AI427164 Forward TGAAGTGTTCAAAATATCAGGCCAAGA 286

Reverse C CACAGCCAGGGAAAGAGTCTCACTCA

^t428578
Forward GTCCCTCCATGCCCCTGCCTTGC 151

Reverse CAACAAGC GGGACACAC GGTC CA

A1448466 Forward TCTTGGGAATC CATTGGC GTGCAA 110

Reverse CCGTGCCAAACTGCTGTCCCTCTG

A1448922 Forward TCCAACAGCAGCACAAGAGCAGGTTG 27l

Reverse GATGGGGCGCTCTGTCCAGGAGAA

AI449138 Forward GC C CGCAGATGAGGCTGGGACAC 140

Reverse TGCTCCCGGCTGCTCACTGGTCA

AI449744 Forward GCAGTCATGCTCTTGGAACAGTC CACA 100

Reverse CTCCAGACCCCCAGCGCCAGGA

AI451635 Forward CCAATCGTCTTC CTTC C GGGGTC CA 301

Reverse GCAGCAAGCAATGCAGCAGCTCACC

At662093 Forward ACCCTCCCCCAATGATCCCAGCA 229

Reverse CCTCCCCTTCCCCTGCCCTCCTG

Downregulated Genes

At426936 Forward GCAGGTGACTCCCCACGCTCCTCA t57

Reverse GGTGCTATCTGGCAGGACTGAAGTGGA

AI4484s0 Forward CGTGC GTCACCACTGCTAGGCCAGA t43

Reverse GGATAATTTGCAGGAACTCAATTTTGG

AI449325 Forward CAGACCCAGCTTCGTTCTCCTCCAGTG 204

Reverse TTCTCCATTCCTCCGCCATCGTG

Ar45tztt Forward TCAAGAGCCTC C CACGGTGCTGA 101

t29



Table 1 Continued

Reverse TCCCCCTGAGAAACGAATGAGACTC CA

L1425971 Forward TGCTCCAGTCCTTGGGTTCACACTTGC 156

Reverse TGTGGCTC CCACTTGACAAGATAC C G

^1425975
Forward TCCCACTCAAGGCTGGCACGTCA 165

Reverse TTCTGGGGCCAAGATGGGGAAGC

^1465228
Forward GAAGAGGCTGAATCGGGGTAAGGCTGT r66

Reverse GCAGAC GGAAGGGGTGGATCTGTGC

^1429827
Forward GGGATACAGTGCTGATGGACC C CAAA 161

Reverse TGGGAGAGATC CGCTGGC CTGGA

^1449127
Forward TTGCAGTATTCGCTCCAC CAGAGTGC 205

Reverse CAGGGAAGCGTTGTTTCTCCAGGCTGT

AI450057 Forward CAGTGCGTGCTGTCCACCG s89

Reverse CAGACTCTGCATAAAAGCTA C GCA

FUS2 Forward CAGTGGCCCCGCAGTCGTG 210

Reverse CCATGAGGCGGCGACCAAA

Control Genes

WAP Forward TGCCTCATCAGCCTCGTTCTTGG 319

Reverse CACTCACGGTC GCTGGAGCATTC

Beta-actin Forward AGGCGACAGCAGTTGGTTGGAGCA 176

Reverse GGGGGTGGCTTTTGGGAGGGTGA

GAPDH Forward TCATCATCTCCGCC CCTTCTGC 623

Reverse GTCCACCACCCTGTTGCTGTAA

18S rRNA Forward GTAACCCGTTGAACCCCATT 151

Reverse CCATCCAATGGGTAGTAGCG
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Table 2: Profiles used for PCR amplifïcation. The cDNA was derived from mouse

mammary glands and amplified using the PTC-100 Programmable Thermal Controller

(MJ Research, Inc.). Part A of the table shows the profiles used for the control genes

while part B shows the profiles used for the genes selected for fuither analysis.

A
Beta actin GAPDH 18S rRNA

Step Temp
cc)

Time Temp
(oc)

Time Temp
cc)

Time

Initial 94 10 min 94 l0 min 94 l0 min
Denafuration

Annealing

Elongation

94

f70

I mm

30 sec

94

57

72

2 min

30 sec

30 sec

94

60

72

30 sec

30 sec

10 min
Final nJa nla 72 10 min 72 10 min
Number of Cycles 22 22 20

B
At 49325 41428s78 AI450057 Fus2

Step Temp
loc)

Time Temp
loc)

Time Temp
loc)

Time Temp
l"c)

Time

Initial 94 10

min
94 10

min
94 10

min
95 5 min

Denaturation

Annealing

Elongation

94

I

l'o

1 min

Il¡o
J ,..

94

70

1

min

30

sec

94

70

72

1

min
I
min
1.5

min

95

61

72

30

sec

30

sec

20

sec

Final nla nJa nla nJa nla nla 72 5 min
Number of
Cycles

32 40 45 40
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Table 3: Real-time PCR profile for amplification of the 18 selected ESTs. The

iCycler IQ Multi-Color Real Time PCR Detection System (Bio Rad Laboratories) was

used to amplifu the cDNA using a 2-step PCR prof,rle.

Cycle Repeat Step Time Temp (oC)

I 1

2 35 Denaturation

Annealing and
Elongation

I min

30 sec

94

68-71
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Table 4: Summary of genes found to be differentially expressed during early

involution in the mouse mammary gland. The genes are grouped according to

function. This is a summary of 2 microarray analyses.

Gene Function # Genes
Differentially

Exnressed

# Genes Up
Regulated

# Genes Down
Regulated

Metab olism/transp ort/cell
traffickins

34 10 24

lmmune Svstem T2 6 6

Anontosis 6 I 5

Cell Sisnalins 21 11 10

Cell Cvcle 9 3 6

Lactation 0 I
Translation/transcrintion 26 I 18

Vascular/cell
m otilitv/cvtoskeleton

18 2 t6

Tissue
Remodelins/develonment

7 0 1

Unknown 14 a
J 11

ESTs 447 202 245
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Table 5: Differentially expressed genes related to metabolism/transport/cell trafficking.

Genes found to be down regulated at Dl of involution are indicated by a negative number

while up regulated genes are indicated by a positive number.

Gene Genbank
Accession

Average
ratio

Ankyrin 1 (transport) Ar425940 -14.09
ATPase NA*/l(" beta 3 nolvoeotide ltransnort)

^1450702
-3.28

ATPase NA*/K*, transporting beta I polypeptide A1323965 1.83

ATP bindins cassette. sub-familv G (WHITE). member 2 AI428558 -3.07
Calpain 4 (metabolism) A1430908 -J.t I
Carboxvneptidase X2

^1326771
-3.29

Deiodinase, iodothyronine (type II) A1324267 -10.t r

Dopa decarboxvlase A1322436 -5.5

Galactokinase A1894127 5.93
Gamma-glutamyl transpeptidase 41323672 -3.3
Gap iunction membrane channel protein beta 5 41323309 -4.3s
Lvsvl oxidase-like A1322438 -3.09
microsomal glutathione S-transferase (Gst) 41451243 r.89
Parotid secretorv nrotein AI4i3191 -3.82
Peotidvl arsinine deiminase- tvne IV A1666339 16.22
Peroxisomal bioeenesis factor 11b 4I596335 -4.98
Phosohodiesterase Vnucleotide pvroohosph atase 2 é^1326448 -3.27
Proteasome lnrosome- macrooain) subunit. alnha tvne I Ar3254sl -3.37
Purine-selective Na* nucleoside cotransporter (Cnt2) 4r413193 -3.s7
Senianterin reductase A1894147 -8.7
Solute carrier familv 27 ffattv acid transoorter). member 2 Ar326tss -2.99
Steroid sulfatase p^1430879 -2.84
Ubc 6n 1'14494s5 2.38
Caveolin 2 A1447843 1.90

Ci,tochrome P450,2c40 A1662104 5.t7
Glvcine transoofter 1 A1323390 -2.87
OCTNl 4I450164 4.66
N-acetylglucosam ine- I -phosphodiester alpha-N-
acetvl elucosaminidase

p^1415728 -3.32

ASM-like nhosnhodiesterase 3a 4I528651 -3.34
Solute carrier family 25 (mitochondrial carrier;adenine
nucleotide translocator). member 13

41413945 -2.66

Asnartvl protease I At[t4st7 -2.53
Neishbour of A kinase anchorins orotein 95 é.t448274 1.90

Selenoprotein P, plasma, I 41327046 -3.36

Transmembrane tryptase 41413741 5.24
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Table 6: Differentially expressed genes related to the immune system.

Table 7: Differentially expressed genes related to apoptosis.

Gene Genbank
Accession

Average
ratio

IL2-inducible T-cell kinase AI528630 -7.55
Ia-associated invariant chain 41451110 15.58
Macrophage expressed gene I 4I458706 -14.01
Protein C (anti-infl ammatory) 41893881 -6.6s
CD97 antigen 41327062 -2.79
Complement component 1, q subcomponent
bindine protein

1^t464355 1.97

Complement receptor 2 41451901 2.50
Crtokine inducible SH2-containins protein 2 A1464459 1.92
Putative secreted protein Zsis.37 41426t86 2.75
Pre-B lymphocwe gene 3 41528709 -7.62
Tubulointerstitial nephritis antieen A1426487 -3.25
Interferon activated gene 203 A166t2s7 6.48

Gene Genbank
Accession

Average
ratio

Apoptosis inhibitor 5 (anti-apoptotic) A1661160 2.47
Endonuclease G (pro-apoptotic) A1326281 -14.2
Protein C (anti-apoptotic) 41893881 -6.6s
Calsenil in/DREAM (pro-apoptotic) AI413860 -2.58
Neuronal precursor cell expressed,
developmentally down-regulated gene 5 (pro-
apoptotic)

4152867t -2.55

Clusterin
^1414249

-2.96
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Table 8: Differentially expressed genes rerated to ceil signaling.

Table 9: Differentiatly expressed genes related to cell cycling.

Gene Genbank
Accession

Average
Ratio

Adenylate cyclase 7 AIs28639 -2.58
Bisphosphate 3'-nucleotidase I 1'1452328 s.09
Caveolin 2 41447843 r.90
Delta-like 3 homologue A16430s l t.79
Disabled homologue 1 (Drosophila) /'1894126 2.16
Eph receptor A8 414t5457 2.34
G protein betaZ subunit /^1448892 -3.08
Hormonally upregulated Neu-associated kinase A1426929 -39.3s
Inversin 41450168 s.63
M togen activated protein kinase I é'1413994 2.35
Mitogen and stress activated protein kinase 2
(mMSK2)

41327004 -2.58

Nemo like kinase é'1451417 -2.65
Non-catalytic region of tyrosine kinase adaptor
protein 2

AI324tt3 1.75

Nuclear localization signal protein absent in velo-
cardio -facial patients

A14t3943 -2.50

Selectin, platelet (p-selectin) lieand 41661333 1.76
Serpentine receptor (CW28) A1604830 -2.63
SH3 domain protein 3 4I450386 2.27
Thymus-expressed novel gene-3 AI4t423s -3.47
Trop2 gene

^1426251
-3.61

Tyrosine kinase TYK2 4I452085 2.17
v-src suppressed transcript 1

^1427165
-30.8s

Gene Genbank
Accession

Average
ratio

Cell division cycle 2 homologue -like 2
^Ls28628

-5.84
Cyclin D3

^1323871
9.18

MYB binding protein (Pl60) la
^r4r4970

-3.74
Butyrate response factor 1

^1528115
-3.20

Cyclin-dependent kinase 2 41426455 -3.20
Retinoblastoma I

^1323835
2.04

Neuronal precursor cell expressed, developmentally-
downregulated gene 5 ^1528671

-2.55

PCTAIRE-motif protein kinase 1

^1327059
-5.21

TGFB inducible early growth response 4I528680 1.84
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Table 10: Differentially expressed genes related to lactation.

Table 11: Differentially expressed genes related to transcription and

translation

Gene Genbank
Accession

Average
Ratio

Solute carrier family 27 , member 2 (fatty acíd
transporter) ^1326155

-2.99

Gene Genbank
Accession

Average
Ratio

ADP-ribosylat on factor 6 Ar449299 -4.4s
DNA damage nducible transcript 3 A1323295 -4.49
DNA polymerase epsilon,
Subunit 2

41451438 -2.8

f-box only protein AI415003 -4.86
Forkhead box Gl 4r38566r -2.62
GTP-binding protein (drs2 sene)

^1449646
1.83

Guanine nucleotide binding
Protein, alpha 11

41528620 -3.3 8

Guanosine diphosphate (GDP) clissociation
inhibitor 3

A15287t9 -6.80

High mobility group protein 14 (HMGP) AI426tT3 -2.84
Oriein of replication 3 homolosue AI427lt6 -8.r0
Phosphodiesterase 6D, cGMP-specific 1^14t4297 -r4.52
Topoisomerase (DNA) III beta 1^1428343 -2.57
Deformed epidermal autoresulatorv factor 1 41604909 -5.61

Deoxyribonuclease II At666s49 r.91
General transcription factor IIH, polypeptide 2 A1327310 -3.92
LIM domain bindine I 41465231 3.27
LIM domains containing I

^1429501
-2.97

ATP-dependent RNA helicase 4I528658 -7.58
Hairy/enhancer of split 6 A1326893 -2.76
Pepsinosen F (pepf) 41449745 2.39
MutS homolosue 6 At447717 2.0s
CalsenilirVDR-EAM 4r413860 -2.s8
Splicing factor, arginine/serine-rich 3 (SRp20) AIs286I6 -4.60
Zinc finser protein 62 41528697 2.2s
Osteoblast specific factor 2 A1464368 2.93
Ul small nuclear ribonucleoprotein 1C é-132384s 1.84
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Table l2: Differentially expressed genes related to vascular and cytoskeleton/cell
mobilit"v.

Table 13: Differentially expressed genes related to tissue remodeling/development.

Gene Genbank
Accession

Average
Ratio

actin-related protein I 1 (Aml 1) (cytoskeleton) A1326428 -2.89
Alpha internexin neuronal intermediate filament
protein

41666774 -3.67

ATPase, Ca++ transporting, cardiac muscle, fast
twitch I (cltoskeleton)

A1324248 -3.35

Dynein, axon, hear,ry chain 11 (ciliarv mobilitv)
^1326265

-3.12
Fanconi anemia, complementation group A
(vascular)

1'1448464 2.tr

Hemoglobin beta chain complex (vascular) AI38576s -3.36
Protein C (vascular) AI893881 -6.6s
Thrombomodulin (vascular) AI385582 -5.2
Trefoil factor 3, intestinal (cell mobilitv) At323301 -s.82
Villin (cytoskeleton) 1t1414231 -2.86
Calsequestrin I

^1326263
-2.62

Keratin complex 2, basic gene I A1414367 -5.21
Myotubularin related protein 7 A1327236 -2.68
Proteoglycan, secretory granule 41321055 -7.71
Sarcoglycan, delta (35kD dystrophin-associated
glycoprotein)

A14t3682 -3.68

Endoslin A1414256 -2.91
Tropomysin2.beta

^1465361
-3.8 r

Plp2 mRNA for proteolipid protein 2
^r894t24

1.95

Gene Genbank
Accession

Average
Ratio

Cysteine-rich protein 3 (cell differentiation) 4r385592 -2.70
Lin -7 úpe 2 (development)

^I596324
-7.03

Otoconin 90 41894211 -2.89
Sernaphorin cytoplasmic domain-associated protein 3B
(Semcap3)

41429718 -3.16

Soew I A1414495 -5.12
Villin (differentiation) 1^1414231 -2.91
Dystroglycan AI325 151 -3.27
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Table 14: Differentially expressed genes related to an unknown function.

Gene Genbank
Accession

Average
Ratio

Brain protein 44-like protein ßrp44l) mRNA A14t4240 -J.+J
Gene trap ROSA b-seo 22 (Gtrseo22\ sene A1604940 -2.97
mDi8 Ar324230 -5.45

Stromal cell derived factor 5 Ar427s24 -2.87
Crystallin, gamma E A1414621 -3.48

Ecotropic viral inteeration site 9 4142594s -r2.84
Endogenous retroviral sequence 4 (with leuxine t-
RNA primer)

A1447807 2.35

Gene trap locus 2 41425946 -4.78

Molybdenum cofactor synthesis 2 AI415403 1.85

Acupuncture induced gene I AI430820 -2.s0

Gene trap locus-l3 (Gtl-l3) A1426942 -3.70

Small proline-rich protein 2H A166t967 2.45

N-myc downstream regulated 2 Ar413204 -5.20

Exotoses (multiple) I AI385657 -4.04
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Table 15: Differentially expressed genes in the mouse mammary gland stromal

fibroblasts during early involution. The genes are grouped by function. This analysis

was performed 1 time.

Function Gene Accession number Ratio

Tumor
suDDressor

Fus2
^t415257

J')

Central Nervous
system

develooment

NP25:neuronal
protein ^1426007

2.03

RNA binding Heterogenous
nuclear

ribonucleoprotein
H

^1447738
1.84

Stress response Hsn40 A146s465 2.37

Chaoeronin 10 41327085 2.14

Unknown Bright and dead
ringer gene

product
homologous
nrotein Bdp

41448497 1.82
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Table 16: ESTs found to be differentially expressed in mouse mammary gland
stromal fibroblasts during early involution.

Gene Genbank Accession Ratio
EST 41325974 1.93
EST Al4263lt 2.07
EST Á,J427497 2.7
EST

^1427022
1.78

EST
^1326112

2.01
EST aI414888 1.78
EST 41427122 r.76
EST

^t447839
2.16

BST 414s0786 2.1
EST 41451119 1.94
EST Lt666521 1.86
EST AI4s1660 1.77
EST AI451664 1.78
EST 4r465410 2.03
EST AI452176 t.77
EST 41448556 L.78
EST A1662051 1.79
EST A1449792 1.87
EST A1449379 2.03
BST AI449383 2.5
EST

^1450347
1.94

EST 41451s09 2.1
EST 41451511 2.06
EST aI448530 2.03
EST AI44859s 2.07
EST

^t447279
1.84

EST 4144774r 2.38
EST A.t449407 1.79
EST A1465461 2.02
EST 41661856 1.9
EST A.r447300 1.94
EST AI46s48r 2.20
EST

^t4644sl
1.90

EST 41448645 L.94
EST Lr414773 2.04
BST 41431020 2.03
EST A-t413727 1.83
EST 41431078 1.87
EST 41428015 1.96
EST

^14282s4
1.78

EST AI4s0057 -30.19
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Table 17: Classification of ESTs found to be differentially expressed in mouse

mammary gland. The Cancer Genome Anatomy Project (CGAP) progïam was used to

classifu the ESTs into categories based on mouse and human homologies.

Category Up-regulated
ESTs

Down-regulated
ESTs

Total

ESTs associated with a

known mouse gene
20 34 54

ESTs that have a human
homolos (named sene)

18 38 56

ESTs that have a human
homolog (unnamed gene)

51 46 97
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Table 18: Classification of ESTs found to be differentially expressed in stromal

fibroblast RNA. The Cancer Genome Anatomy Project (CGAP) program was used to

classify the ESTs into categories based on mouse and human homologies.

Category Up-regulated
ESTs

Down-regulated
ESTs

Total

ESTs associated
with a known

mouse gene
16 0 t6

ESTs that have a
human homologue

lnamed sene)

11 0 11

ESTs that have a
human homologue
lunnamed gene)

6 I 7
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Table 19: Real-time PCR data following analysis of ESTs. The numbers represent the

threshold cycle numbers obtained by real-time PCR. The bolded ESTs were those chosen

for further analysis.

Number of Days at Involution
EST
identification

0 0

RT-
I I

RT-
l0 10

RT-
Up
regulated
ESTs

Ar427164 37 nla nla nla nla nla
A1428578 28.3 nla i1 nla 24.7 nla
Ar448466 30.8 nJa 29.2 nJa 29.6 nJa

1tr448922 28.1 nla 27 nJa 28.6 nJa

Ar449t38 27.8 nla 26.5 nJa 26.4 nla
41449744 )). I nJa 34.7 nla 30.4 nJa

Ar451635 27.8 nla nla 28 nla
A1662093 24.5 nJa 23.6 nJa

ôao
.1,) -(t nla

Down
regulated
ESTs

A1426936 26.1 nla 26 nJa 24.5 nla
A1448450 nJa nla nJa nla nla nla
Ar449325 19.3 nla 19.9 nla 22.4 nla
Ar451211 28.r nla 26.5 nJa 26.5 nla
41425971 28.4 nla 30 nla nla nla
Ar425975 36.5 n/a 34.8 nla nla nla
At465228 27.4 nla 26.7 nJa 26.2 nla
Ar429827 27.9 nla 28.7 nla 26.9 nla
Ar449r21 30.1 nla 29 nla 29 nla
AI450057 27.6 nla 30.2 nla 28 nla

144



Table 20l. Characteristics of the ESTs examined for further differential gene expression.

The 18 selected ESTs were analysed by a BLAST search of the NCBI non-redundant database.

The ESTs chosen for fuither analysis are bolded.

Up-
Regulated

ESTs

Accession
number

Name in Database o//o
Overlap

Human Homologue o//o

Overlap

41421164 Mus musculus jumonji
domain containine 2C

100% Homo sapiens jumonji domain
containins 2C IJMJD2C).

89o/o

AI428s78 Mus musculus sperm
associated antieen 7

980 Homo sapiens sperm
associated antisen 7

83Vo

A1448466 Mus musculus nucleoporin
205

98V. Homo sapiens nucleoponn
205kDa íNUP205)

86%

1^t448922 Mouse unknown cDNA 99% Human unknown cDNA 88%
41449138 Mus musculus eyes absent 3

homologue (Drosophila)
lEva3)

99Vo Human unknown cDNA 89%

^144g',',t44
Mouse unknown cDNA t00% Homo sapiens medulloblastoma

antisen
89o/o

AI451635 mouse unknown cDNA 99o/o Human unknown cDNA 92%
At662093 mouse unknown cDNA 89% Human unknown cDNA 80%

Dorvn-
Regulated

ESTs

¡'t426936 mouse unknown cDNA 99% Human unknown cDNA 90%
Ar448450 mouse unknown cDNA 99% nla nla

^r44932s
Mus musculus ribosomal
orotein L39

97V" Homo sapiens ribosomal
protein L39 ßPL39)

87Vo

At45t2tl Mus musculus mediator of
RNA polymerase II
transcription, subunit 6

homolosue fveast)

99% nla nla

A142597r Mus musculus kelch repeat
and BTB (POZ) domain
containins 9

98% Homo sapiens kelch repeat and
BTB (POZ) domain containing 9

92%

^r42s97s
mouse/human unknown
cDNA

l00o/o n/a n/a

^1465228
mouse unknown cDNA 99% human unknown cDNA 94o/o

^1429827
Mus musculus
transmembrane protein I 5

r00% Homo sapiens transmembrane
protein 15 (TMEM15)

9t%

A1449t27 Mouse unknown cDNA 95Yo Homo sapiens transcriptional
resulator (NIPBL)

96%

AI450057 Mouse unknown cDNA l00Vr Human unknown cDNA 85o/"
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