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ABSTRACT

IMMUNOHISTOCHEMICAL LOCALIZATION OF GLUTATHIONE
S-TRANSFERASES IN NORMAL AND CARCINOMA HUMAN BREAST TISSUE

Oguztiiziin, Serpil
Ph.D., Department of Biology
Supervisor: Prof. Dr. Mesude Iscan
Co-supervisor: Assoc. Prof. Dr. Serpil Dizbay Sak

June 2000, 177 pages

Epithelial cells, either malignant or normal, generally showed a diffuse
cytoplasmic staining and patchy nuclear staining in normal breast and tumour tissue with
any of alpha, mu, pi and theta GST antibodies. In addition, there was a great.
heterogeneity in nuclear staining intensity among normal and tumour cells for the GST
isoenzymes. For GST alpha, mu, pi and theta, stronger staining intensity was observed
in normal epithelial cells when compared with tumour cells and statistically it was
proved that GST expression was dependent on tissue type (normal, in situ, invasive). In
normal epithelium there was no difference between the expression of GST isoenzymes.
However, in intraductal and invasive tumour tissues, expression was dependent on GST
isoenzymes. This study suggested significant relationships between GST alpha

expression and patient’s age; GST mu, alpha expressions and microcalcification status,



GST theta, alpha expressions and menopausal statﬁs; GST pi expression and parity;
GST theta expression and hormone therapy. However, there were no significant
relationship between GSTs expressions and tumour stage, oestrogen receptor status,
chemotherapy status and smoking status. In the western blotting analysis, all samples
contained detectable levels of GST pi, mu, alpha, and theta isoenzymes. The levels of
alpha and mu class GST proteins varied in normal and tumour tissue significantly among
individuals. The mu class GST was expressed in all indivuals. The level of pi class GST
protein was found in high concentration but GST theta isoenzyme was expressed at low
concentration in all normal and tumour samples. In a previous study using the same
cases, 29% of the cytosolic fractions ( 6 out of 21) had no activity of GST against
EPNP which is a substrate for theta class GST. This was most probably associated with
the polymorphic expression of the class theta GSTT1-1 where 35-60% of the human
population. However, according to the western blotting analysis of the same cases, GST

theta protein was present in all of the samples.

Keywords: Breast Cancer, Glutathione S-transferases, Theta, Alpha, Mu and Pi Classes
of GSTs, Immunohistochemistry, Western Blotting
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NORMAL VE KANSERLI INSAN MEME DOKULARINDAKI
GLUTATYON S-TRANSFERAZ 1ZOZIMLERININ IMMUNOHISTOKIMYASAL
LOKALIZASYONLARI

Oguztiiziin, Serpil
Doktora, Biyoloji Bolimii
Damisman: Prof. Dr. Mesude Iscan
Yardimci damigman: Dog. Dr. Serpil Dizbay Sak

Haziran 2000, 177 sayfa

Normal ve kanserli meme dokusunda, alfa, mii, pi ve teta GST antikorlan ile
boyanan tiimérlii ya da normal meme epitel hiicreleri genellikle yaygin sitoplazmik ve
yamasal tarzda cekirdek boyanmasi gostermistir. Aynica, normal ve timorli epitel
hiicreleri arasinda alfa, mii, pi ve teta siufi GSTlerin ¢ekirdek boyanma siddetinde biiyiik
bir heterojenite g6zlenmigtir. Normal epitel hiicreleri, tiimorli hiicrelerle kiyaslandif
zaman GST alfa, mii, pi ve teta igin daha kuvvetli boyanma gosterdikleri izlenmistir, ve
GST enzim miktarlarimin doku ¢egidine (normal, in situ, invasiv) bagli oldugu istatistiksel
olarak da gosterilmigtir. Normal epitelde GST izozimlerinin miktarlan arasinda bir fark
bulunmamugtir. Fakat, in situ ve invasiv tiimor dokulannda, enzim miktan GST izozim
cesitine gore degistifi tespit edilmigtir. Bu ¢aliyma, GST alfa izoziminin miktan ve

TC. YOXSEKOGRETIM KURULY
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hastanin yast; GST mii ve alfa miktarlan ve mikrokalsifikasyon durumu; GST teta, alfa
miktarlan ve menapoz durumu, GST pi miktan ve parite; GST teta miktar1 ve hormon
terapi durumu arasinda onemli iliski oldugunu gostermigtir. Fakat, GSTlerin miktarlan
ve tiimor evresi, dstrojen reseptoér durumu, kemoterapi durumu ve sigara igimi arasinda
onemli bir iligki bulunamamgtir. Western blot analizinde, tiim 6rnekler pi, alfa, mii ve
teta siufi GSTleri gostermistir. Normal ve tiimorlin dokularda, alfa ve mii simfi GST
protein diizeyleri bireyler arasinda onemli olglide de@isken olarak bulunmugtur. Biitiin
orneklerde mii simfi GST enzimi oldugu gosterilmistir. Tiim normal ve timorlii
orneklerde, pi smfi GST protein diizeyi yiiksek konsantrasyonda, fakat GST teta
izozimi diigiik konsantrasyonda bulunmugtur. Bolimimiizde daha énce aym vaka
grubunda yapilan aktivite . caligmasinda oOrneklerin %29 unda teta aktivitesi
bulunmamstir. Bu insan populasyonunun %35-60’1nda bulunan GST teta polimorfizmini
gostermekteydi. Buna kargilik, western blot analizi ile GST teta proteini tiim 6rneklerde
bulunmustur.

Anahtar kelimeler: Meme Kanseri, Glutatyon S-transferazlar, Teta, Alfa, Mii, ve Pi Sinifi
GSTler, Immiinohistokimya, Western Blot. '
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CHAPTER1

INTRODUCTION

All organisms are exposed continuously to toxic chemicals. The threat
provided by such compounds is not a recent problem caused by the activities of the
chemical industry, but has existed since life began. Many of the toxic chemicals we
encounter are found naturally in the environment. Humans may consume as much
as 1.5 g of natural pesticide each day in the form of plant phenols, flavonoids,
glucosinolates, and saponins (Ames et al.,1990). All of these naturally occurring
pesticides are widespread in food and drink and yield positive results in
mutagenicity tests. In addition to these exogenous chemicals, reactive oxygen
species (ROS), such as the superoxide radical, hydrogen peroxide, and the hydroxyl
radical, which arise as a consequence of aerobic respiration, ionizing irradiation,
and inflammation can generate a wide spectrum of harmful carbonyl-containing
compounds through interaction with membrane lipids and DNA (Halliwell et al,,
1985).

To ensure survival in the face of a wide spectrum of harmful chemicals,
various defense mechanisms have evolved to protect cells against noxious
compounds. This chemical defence, which is known as detoxification, is carried out
principally by the liver. Foreign compounds that enter the body by absorption from
the gastrointestinal tract are taken via the portal vein to the liver where they are
detoxified. The detoxification products are then excreted in the bile to be voided in
the faeces or are taken to the kidneys and excreted in the urine. Kidneys, lung,
gastrointestinal tract, and skin are the secondary sites of detoxification.The



metabolism of foreign compounds usually involves two distinct stages, commonly
referred to as phases I and II. Phase I metabolism involves an initial oxidation of the
xenobiotic by cytochrome P450 (CYP) monooxygenases (Korzekwa et al.,1993).
This step is followed by phase II metabolism, which frequently involves
conjugation reactions catalyzed by glutathione S-transferases (GST), UDP-
glucuronosyl transferases, and sulfotransferases, or reduction reactions catalyzed by
the epoxide hydrolase, and quinone reductase. By contrast, protection against ROS
and the breakdown products of peroxidized lipid and oxidized DNA is provided by
superoxide dismutases, catalase, glutathione peroxidases, GST, aldo-keto

reductases, and DNA-repair enzymes.
1.1 Glutathione-S-Transferases

GSTs (EC 2.5.1.18) are a family of multifunctional proteins that function
both as important enzymes of detoxification and intraceliular binding proteins.
Because of this dual function, they have been the research interest of numerous
investigators. As enzymes, they catalyze the reaction between the nucleophil
reduced glutathione (Y-glutamylcysteinylglycine or GSH) and a large number of
electrophilic compounds. In addition, they bind a number of amphipathic
compounds that they do not metabolize (nonsubstrate ligands) and have been
suggested to act as intracellular transport proteins for compounds that have limited
solubility in water. GST can also serve as peroxidases and isomerases (Mannervik
et al., 1988).

1.1.1 Functions of GSTs
1.1.1.1 Glutathione Conjugation and Detoxification

All GST possess the ability to conjugate GSH with compounds containing
an electrophilic center. The electrophilic functional group for conjugation reactions

can be provided by a carbon, a nitrogen, or a sulfur atom. The range of compounds

that contain electrophilic centers is extremely large and includes the parent



chemical or metabolite of the carcinogens such as aflatoxin B1, benzo[a]pyrene.
GST also detoxify the pesticides such as atrazine, dichlorodiphenyltrichloroethane
(DDT), the oxidative-damage products such as cholesterol a-oxide, fatty acid
hydroperoxides, and the anticancer drugs such as chlorambucil, cyclophosphamide,

melphalan, as well as the antibiotic fosfomycin.

The formation of a thioether bond between electrophiles and GSH almost
always yields a conjugate that is less reacfive than the parental compound
(Chasseaud, L.F., 1979), and therefore the actions of GST generally results in
detoxification. GSH conjugation is thought to be of value not only because it
increases the solubility of hydrophobic xenobiotics and, by preventing their
partitioning into membrane lipid, decreases their half-life in the body.

For many toxic xenobiotics, including known carcinogens and products of
oxidative stress, glﬁtathione S-conjugate formation represents a detoxification
pathway. As shown in Figure 1, the glutathione conjugate is converted to the
corresponding cystein conjugate following sequential removal of glutamate and
glycine. Cysteine conjugate is either metabolized to a mercapturate by acetylation
or cleaved to a mercaptan by beta-lyase (C-S lyase). In addition to the mercapturic
acid pathway, methylation of the thiol to form the methylthio-containing metabolite
and the glucuronydation of the mercaptan to form the thioglucuronide represent
important metabolic steps for the biotransformation of the cysteine conjugate. Thus,
excretion of mercapturate and the CH3S-, CH3SO-, and CH3SO2- containing
metabolites are indicative of the in vivo formation of glutathione S-conjugates of

xenobiotics.
1.1.1.2 Glutathione Conjugation and Toxification

Although the vast majority of GSH conjugates represent detoxification
products, several instances exits where GST activity does not result in the
detoxification of xenobiotics. For example, a small number of GST substrates that
yield a GSH conjugate, or a metabolite of the conjugate, that is more reactive than



the parental compound; these two groups of compounds have been referred to as

directly acting toxic GSH conjugates and indirectly acting toxic GSH conjugates.

Directly acting toxic GSH conjugates are formed from a number of
alkyldihalides (van Bladeren et al., 1979). Methylene chloride (dichloromethane), a
widely used industrial solvent, produces liver and lung cancer in the mouse. It does
not, however, cause liver cancer in the hamster or the rat, nor does it induce DNA
damage in normal human hepatocytes, suggesting that species-specific differences
exist in the GST isoenzyme(s) responsible for the formation S-
chloromethylglutathione (Graves et al., 1994; Graves et al., 1995). In humans,
different liver cytosol specimens or blood samples display marked interindividual
variations in ability to conjugate methylene chloride with GSH, indicating that the
enzyme responsible is subject to polymorphic expression (Pemble et al.,
1994;Bogaards et al., 1993; Ploemen et al., 1995; Hallier et al., 1993).

1.1.1.3 Peroxidase Activity of GSTs

A significant number of the GST isoenzymes also exhibit glutathione
peroxidase activity and catalyze the reduction of organic hydroperoxides to their
corresponding alcohols. This type of reaction is thought to presént nucleophilic
attack by GSH on electrophilic oxygen. The substrates that GST reduce include
fatty acid, phospholipid, and DNA hydroperoxides. As these compounds are
generated by lipid peroxidation and oxidative damage to DNA, it has been proposed
that GST, as well as other GSH-dependent enzymes, help combat oxidative stress

(Mannervik, B., 1986).
1.1.1.4 Noncatalytic-Binding Activities of GSTs

It has been known for many years that GST are able to bind, both covalently
and noncovalently, a wide spectrum of chemicals. Compounds that have been
shown to be bound covalently by GST are reactive metabolites formed from

carcinogens such as dimethylaminoazobenzene and 3-methylcholanthrene (3-MC)



(Ketterer et al., 1967). It is thought that the covalent binding of these compounds
represents a serving to prevent genotoxic electrophiles from interacting with DNA.

All GST bind noncovalently a range of neutral or amionic lipophilic
chemicals that are not substrates, including steroid and thyroid hormones, bile acids,
bilirubin, “heme”, fatty acids, and penicillin (Hayes et al., 1986, Ishigaki et al.,
1989; Danger et al., 1992).
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Figure 1. Metabolism of glutathione conjugates (Pickett and ‘Lu, 1989).

1.1.2 Glutathione-S-Transferase Genes

GST are widely distributed in nature, being found in bacteria (Masai et al.,
1993), yeast (Tamaki et al., 1990), molds (Saxena et al., 1991), fungi (Sheehan et
al., 1993), molluscs (Tomarev et al., 1988), crustacea (Stenersen et al., 1987), worm
parasites (Liebau et al., 1994), frogs (Di Hio et al.,, 1992), insects (Fournier et al.,
1992), plants (Grove et al., 1988), fish (Dominey et al., 1991), birds (Liu et al.,



1991), and mammals (Mannervik et al., 1985). Essentially all eukaryotic species
appear to possess multiple isoenzymes.

A large number of cytosolic GST isoenzymes have been purified from rat
and human organs and, on the basis of their primary structures, these have been
assigned to five separate families designated class alpha, mu, pi, sigma, and theta
GST (Buetler et al,, 1992; Meyer et al., 1991, 1995).

The hypothesis that these classes represent separate families of GST is
supported by the distinct structures of their genes and their chromosomal
localizations. The class alpha, mu, pi, and theta GST genes, which have been
isolated to date, differ markedly in size and in their intron-exon structures (class
sigma GST genes have yet to be characterized). In humans, class alpha, mu, pi, and
theta GST genes are located on chromosomes 6, 1, 11, and 22, r&spectivgly (Board
et al., 1987, 1989, 1992; Ross et al., 1993; Tan et al., 1995).

In addition to the cytosolic GST, at least two membrane-bound GST exist in
mammals. These are referred to as microsomal GST (Morgenstern et al., 1983) and
leukotriene C4 synthase (LTC4S) (Nicholson et al., 1993). The microsomal GST is
involved in the detoxification of xenobiotics, whereas LTC4S, as its name suggests,
conjugates leukotriene A4 with GSH.

1.1.3 Nomenclature and Classification of Cytosolic GSTs

An old system for naming the subunits of rat glutathione-S-transferase was .
based on their relative mobilities in SDS polyacrylamide gel electrophoresis (SDS-
PAGE). Originially, subunits Ya, Yb, and Yc, in order of decreasing mobility were
distinguished (Bass et al., 1977).

Cytosolic GST in rat liver are dimeric proteins composed of four subunits,
such that both homodimers and heterodimers exits, led to the proposed that the
nomenclature should reflect the subunit composition (Mannervik and Jehson, 1982).



Each subunits was given a name and an enzyme was named on the basis of its
constituent subunits. This principle was adopted by the participants in a workshop
on GST in 1983, and it was decided that each variant subunit should receive its own
Arabic numeral (Jakoby et al., 1984). A homodimer of subunit 3 should be referred
to as GST3-3, whereas a heterodimer of subunits 3 and 4 should be called GST3-4,
and so forth. This nomenclature system is of value because it is unambiguous and
allows subunit combinations to be simply displayed, but suffers from the
disadvantage that it is not immediately obvious to which gene family each subunit
belongs.

The nomenclature applied to the rat has not been used for man or other
species, making comparison of the different enzymes difficult. In addition, the use
of numbers for the various subunits, although being open ended and indicating that
these are dimeric proteins, provides little information as to the relatedness of
different isoenzymes either within or between species. For this reason, the human
GST have been denoted by Greek letters. Five enzymes with basic isoelectric points
were referred to as GST «, B, 7, 8 and € (Kamisaka et al., 1975). An enzyme with
near-neutral isoelectric point was named GST p (Warholm et al., 19819 and the
acidic protein from erythrocytes (Marcus et al., 1978) or placenta (Guthenberg et
al., 1981) GST p and T, respectively. The classification of cytosolic GSTs from rat
and man, according to this nomenclature system, is shown in Tablel.

Recently, a class-based subunit nomenclature system has been proposed.
This system groups subunits by gene family and numbers them according to their |
order of discovery; this system for defining GST was originally devised for the
human transferases (Mannervik er al., 1992), but it is generally applicable. In this
nomenclature, single capital letter abbreviations are used to signify the Alpha (A),
the Mu (M), the Pi (P), the Sigma (S) and the Theta (T) classes, and Arabic
numerals are employed for numbering each of the separate gene products; for
example, class Alpha subunits are called Al, A2, A3, etc. A single lower case
prefix is used to indicate the origin of the enzyme; h, m, r signify human, mouse,
and rat, respectively. Hence, the class Alpha heterodimer formed between the rat



Ya; (Al) and Yc; (A3) subunits, rat GST Ya;Yc,, is designated rGSTA1-3 (Hayes
and Pulford, 1995).

Table 1. Classification of Cytosolic GSTs from Rat and Man According to the Old
Nomenclature System (Vos and Bladeren, 1990; Meyer et al, 1991,
Hussey and Hayes, 1992).

Class
Species Alpha Mu Pi Theta
Rat 1-1 [Ya] 3-3 [Yb1]) 7-7[Yf] |[5-5
1-2 [YaYc] 3-4 [Yb;Yb,] 12-12 (Yrs-Yrs)
2-2 [Yc] 4-4 [Yba] Yrs-Yrs’
8-8 [Yk] 3-6 Yrs'-Yrs’
4-6
6-6 [Yn]
Man o, B,y[B:Bs] | u T 0 (T1-1)
5 [B1B;] 0 (T2-2)
& [B1B4]

GSTs are officially only admitted to the class-based subunit nomenclature
once their primary structures have been determined. A preliminary class-number
may be given, designated by an asterisk, to a “new” subunit once there is sufficient
evidence to indicate that the novel subunit is genetically distinct from previously
described polypeptides (e.g., rGSTM3-5*). Classification of cytosolic GSTs from

rat and man according to this nomenclature system is shown in Table2.
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1.1.4 Substrates
1.1.4.1 Substrates for Characterization of Enzymes

Many of the substrates are reactive compounds that could react with
nucleophilic chemical groups in proteins and nucleic acids and thus cause toxic
effects, mutations and cancer. The nucleophilic attack catalyzed by the glutathione
transferases was considered to be targeted only at an electrophilic carbon atom.
Later, it was established that electrophilic nitrogen in nitrate esters, sulfur in organic
thiocyanates or disulfides, and oxygen in organic hydroperoxides could serve as
alternative targets in the catalyzed reactions.

Most substrates used are products of modern chemical industry and have no
biological relevance. Furthermore, most of these compounds give comparatively
low enzyme activities. Nevertheless, some of these substrates are valuable tools for
the characterization and identification of the different forms of GSTs. The single
most important substrate used for the demonstration of multiple forms of GSTs in
various biological species is 1-Chloro-2,4- dinitrobenzene (CDNB). This compound
was originally used as a substrate for the "aryltransferase", but was also recognized
as a "general substrate” for the GST (Clark et al., 1973).

Notwithstanding CDNB significance for detection of GST activity, it should
be stressed that certain forms of the enzyme express low activity with this substrate.
Rat GST 5-5 (Meyer et al., 1984) is an example of enzyme that display low activity
with this substrate. Obviously, several substrates should be used in the screening of

new sources of the enzymes.

In some biological species, certain forms of GSTs have been clearly
distinguished by their different activities with a given substrate. In another study of
some animal GSTs, it was similarly found that, although different enzyme forms in
the same tissue appeared to show a degree of "cross-specificity” for different
substrates, their activity profiles were clearly distinct (Clark et. al.,1973).
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Class Alpha GSTs are highly active with cumene hydroperoxide (CHP,
CuOOH) (Mannervik,1985). Class Mu transferases have been noted to be highly
active with epoxides (Warholm ef al, 1983; Mannervik, 1987) eg. trans-
stilbeneoxide.(Seidegard et al., 1986)

Class Pi transferases display comparatively high activity with ethacrynic
acid (EA) but they can be distinguished better by 4-hydroxyalkelans as substrates
(Danielson et al.,1987).

In contrast to the members of the other classes, the theta class isoenzymes
have little activity with the model substrate CDNB and do not bind significantly to
immobilized glutathione or hexylglutathione affinity matrices. Up to now, two
distinct theta class GSTs, namely GST T1 and GST T2 have been isolated from
human liver. These isoenzymes have significantly different substrate specificities.
GST T1 with activity, amongst other substrates, towards 1,2-Epoxy-3-(p-
nitrophenoxy)propane (EPNP) and dichloromethane (DCM), and GST T2
specifically lacking activity towards EPNP, but metabolizing reactive sulfate esters.

Within a class, different isoenzymes in the same biological species may be
further distinguished by the use of additional substrates.

Even if the above-noted-class-distinguishing substrates have been useful,
they do not give a definitive distinction between transferases of different classes. A
single substrate, in most cases, gives specific activities for members of a given
class, which fall in a range that partly overlaps the range of the values of another

class.
1.1.4.2 Endogenous Substrates

Substrates for GSTs do not occur naturally and have no significance in
relation to the true biological function of the enzymes, even if some of them may be

11



relevant to toxicology. However, it has been stressed that oxidative metabolism of a
variety of endogenous substances gives rise to reactive electrophiles that should be
considered possible natural substrates (Mannervik, 1986; 1987). In addition an
organism is also exposed to a variety of potentially toxic natural compounds which
are produced by other species in the biosphere (Ames, 1983).

Giutathione-dependent enzymes, including the transferases, evolved in
aerobic organisms in response to the requirements of inactivation of toxic products

of oxygen metabolism (Mannervik, 1986).

Quinones represent one class of reactive compounds which may be
detoxified by glutathione conjugation. A possible endogenous substrate is
dopaquinone, which has been shown to be conjugated with glutathione in human
malignant melanoma (Agrup et al., 1977). This tumor has been found to contain a
high concentration of class Pi-GSTs (Mannervik et al., 1987).

Organic hydroperoxides, but not the less hydrophobic H202, are substrates
for glutathione transferases. In the case of peroxidized DNA, the rat GSTs,
especially transferase 4-4, were shown to have the highest activities (Mannervik,
1985). With hydroperoxides previously used, class Alpha enzymes have been found
to show the highest \}alues.

Epoxides is a third group of substrates that can be formed by oxidation of
carbon-carbon double bonds in vivo. Epoxides may be derivatives of naturally
occurring compounds as well as of xenobiotics and are known as mutagenic and
carcinogenic substances. Rat glutathione transferase 5-5 was the first pure enzyme
shown to have significant activity with epoxides.

Arachidonic acid is an important polyunsaturated fatty acid that gives rise to
several epoxide derivatives. Arachidonic acid oxides as well as leukotriene A and
its non physiological methyl ester have been shown to serve as substrates for the
well-characterized rat and human glutathione transferases. Cholesterol alpha-
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epoxide is another naturally occurring substrate for the GSTs (Meyer and Ketterer,
1982).

Alkenes are produced during lipid peroxidation. 4-hydroxyalkenals have
been shown to be excellent substrates for GSTs (Alin ef al., 1985; Ishikawa et al.,
1986).

These examples lead to the conclusion that several types of toxic
electrophiles which are produced intracellularly may function as "natural” substrates
for the GSTs. The variety of functional groups and the carbon skeletons to which
they are attached may be one of the causes why so many of GSTs have evolved.

1.1.4.3 Substrates Related to Cancer and Drug Resistance
GST contribute to the detoxification of a number of potentially harmful

chemicals that we encounter daily, either in the air we breathe, the food we eat, or
the medication we receive. Table 3 lists some of the compounds detoxified by GST.
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Table 3. GSTs Substrates from Different Compound Categories (Hayes and
Pulford, 1995).

Compound Type Substrates

Metabolites of carcinogens/ Epoxide (e.g. benzo(a)pyrene-
mutagens 7,8-diol-9,10-oxide)

Aflatoxin B1 exo-8,9-epoxide
Polycyclicaromatichydrocarbons (PAH)
Sulfate esters

Environmetal pollutants and Cumene hydroperoxide
Pesticides Atrazine
Dichlorodiphenyltrichloroethane (DDT)

Oxidative-damage products Fatty acid hydroperoxides
Cholesterol a-oxide
Acrolin

Toxic chemicals Ethylene oxide
Methyl bromide
Methyl chloride
Styrene oxide
Trans-Stilbene oxide

Antibiotics Fosfomycin
Ampicilin
Penicillin

Anticancer drugs Nitrogen mustard
Chlorambucil
Mechlorethamine
Melphalan
Cyclophosphamide
Bleomycin
Adriamycin

Many chemical carcinogens are electrophilic compounds that may be
inactivated by reaction with glutathione (Chasseaud, 1979). Such detoxification
reactions may inhibit binding of carcinogens to DNA and thereby prevent initiation
of cancer. It is also possible that compounds acting as tumor promoters are
inactivated by reactions involving glutathione.

Epoxides represent an important group of mutagenic and carcinogenic
compounds which illustrate important aspects of GSTs in detoxication. In general,
class Mu enzymes are the transferases that show the highest activities with most
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epoxides (Mannervik, ef al.,1987). It has been proposed that transferase mu may
have an especially important role in the detoxification of geno- and cytotoxic
epoxides (Warholm et al., 1983). Particularly noteworthy is the discovery that only
60% of the human population express transferase mu (Warholm e? al., 1980), and a
survey of smokers demonstrated that individuals lacking transferase mu had a
significantly higher incidence of lung cancer than those who display transferase mu
activity (trans-stilbene oxide activity) (Seidegard et al., 1986).

Polycyclic aromatic hydrocarbon (PAH) represent a major group of
chemical carcinogens, first identified in coal tar and associated with several
occupational cancers. These compounds are commonly encountered in combustion
products such as car exhaust fumes, cigarette smoke,and coal soot. PAH include the
compounds benzo [a]pyrene, benz[a]anthracene, 7-methyl-benz[a]anthracene, 7,12-
dimethylbenz[a]anthracene, and 3-methylcholanthrene. Most PAH require
activation by CYP iSoenzymes before they are able to exert their harmful effects.
The ultimate carcinogens of PAH are epoxide-containing metabolites, many of
which are substrates for class mu and pi GST (Table 2). The ultimate carcinogens of
methylchrysene are sulfate esters, formed by the combined actions of CYP and
sulfotransferase isoenzymes. These reactive sulfate esters are metabolized by class
theta T2 subunits (Hiratsuka et al., 1990).

It might be expected that the mammalian class theta GST enzymes, which
are more similar to the GST in invertebrates than the mammalian class alpha, mu, or
pi enzymes, would be most active class of mammalian enzyme toward many of the
insecticides and herbicides that are metabolized by plant and insect GST enzymes.

GST T1 has been shown to be a major enzyme in the metabolism of mono-
and dihalomethanes in human erythrocytes (Hallier et al. 1990; Thier et al. 1991).
Other substrates of GST T1 are ethylene oxide (Foest et al. 1991)
monoepoxybutene and diepoxybutane (Guesgerich et al. 1995; Wiencke et al.
1995). Many of these substrates are known or suspected carcinogens. The GST T1
gene deletion may therefore modify the individual risk associated with exposure to
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toxic and carcinogenic chemicals. GST T2 has significant activity with a cumene
hydroperoxide and 1-menapthyl sulfate. The activity of GST T2 with a range of
secondary lipid peroxidation products such as the trans, trans-alka-2,4-dienals and
trans-alk-2-enals, as well as its glutathione peroxidase activity with organic
hydroperoxides suggest that it may play a significant role in protection against the
products of lipid peroxidation.

In the discussion of the relationship of giutathione conjugation of DNA
binding, mutagenesis, and cancer, it also should be noted that some chemicals are
activated by the conjugation reaction. vis-Dihaloalkenes are such compounds that
have been shown to give mutagenic glutathione derivatives in the presence of GSTs
(Igwe, 1986). A general protective effect of glutathione conjugation is not always
true.

The transferases that are primarily involved in activation reactions include
microsomal and class theta GST. In view of the possibility that class alpha, mu, and
pi GST sequester GSH conjugates, it would be interesting to know whether the
presence of these enzymes can modulate the toxicity of compounds that are
activated by conjugation. For example, methylene chloride is a hepatocarcinogen in
mice but not rats (Graves et al., 1994 and 1995). It is not known whether this
selective toxicity is due to the high activity of murine class theta GST for methylene
chloride or failure of mouse liver to express constitutively the mGSTA1 and A2

subunits.

Several antibiotics are bound by GST but, to date, only one enzyme, a GST
from Serratia marcescens, has been reported to conjugate GSH with the epoxide-
containing antibiotic fosfomycin (Arca et al., 1990). Mammalian class theta T1
subunits have a preference for small epoxide-containing compounds, such as 1,2-
epoxybutane, 1,2-epoxypropane, rather than the relatively large PAH-epoxides. It is
therefore possible that rodent and human GSTT1-1 can metabolize fosfomycin.
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Another undesired effect of glutathione-dependent reactions appears to be
the inactivation of drugs used in cancer chemotherapy. Several lines of evidence
suggest that glutathione and glutathione transferases are involved in drug resistance.
The cellular resistance acquired by extended drug exposure has in many cases been
found to be associated with elevated levels of GST, especially the class Pi enzyme
(Deffie et al., 1988; Batist e? al, 1986; Teicher ef al., 1987). Little is known about
the specificities of the different types of GST for chemotherapeutic compounds.

The ability of GST to detoxify anticancer drugs has attracted considerable
interest. Class mu and microsomal GST catalyze the denitrosation of 1,3-bis(2-
chloroethyl)-1-nitrosourea (BCNU) (Berhane et al., 1993), whereas class alpha GST
catalyze the conjugation of GSH with the nitrogen mustards chiorambucil,
mechlorethamine, and melphalan. Human GST are active toward the
aldophosphamide and aziridinium metabolites of cyclophosphamide. Several other
alkylating agents are used in cancer chemotherapy, such as triethylenemelamine and
busulphan, that may also serve as GST substrates. Anticancer drugs, such as
adriamycin and bleomycin, can give rise to ROS through redoxcycling, or, in the
case of cyclophosphamide, may be metabolized to reactive carbonyl-containing
compounds. GST, by their ability to reduce organic hydroperoxides or conjugate
o, B-unsaturated aldehydes, may be involved in protecting against the cytotoxicity of
adriamycin, bleomycin, and cyclophosphamide. Class pi GST have the highest
activity toward the o,p-unsaturated aldehydes acrolein and base propenals. The
microsomal and class alpha GST exhibit the highest peroxidase activities.

1.1.5. Tissue Distribution of GSTs
The tissue distribution of GSTs has received considerable attention over the

past few years and GST isoenzymes are shown to demonstrate a large variability in
tissue distribution.
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1.1.5.1 Rat Tissues

In the rat, each subunit seems to be present in almost every organ, however,
the level of expression differs significantly from tissue to tissue (Vos and Bladeren,
1990). The highest amount of total GST protein is present in the liver (3-5% of total
soluble protein) (Hayes and Mantle, 1986b).

Besides the large variability in tissue distribution, GST isoenzymes may also
demonstrate a differential localization within a certain tissue or even within cells.
Thus, in liver, highest activity and immunohistochemically stainable protein with
antibodies raised against isozymes 1-2, 3-4, and 5-5, have been reported in the
centrolobular region (Kera et al., 1987, Redick et al., 1982). Anti 3-4 and anti 5-5
have been found to produce intense staining within the bile duct epithelium,
whereas 1-2 is not apparent within the bile duct. Isozyme 5-5 is present in
parenchyma cell nuclei. Anti 1-2 and anti 3-4 on the other hand have caused
perinuclear staining (Redick et al., 1982).

1.1.5.2 Human Tissues

The cytosolic mammalian GSTs have been divided into four species
independent classes: .alpha, mu, pi, and theta (Mannervik, 1985; Meyer et. al., 1991;
Hussey and Hayes, 1992). Wide interorgan and interindividual variation of these
four classes has been reported in different tissues (Sherman et. al., 1983; Carrigall
et. al., 1988) (Table 4).

In liver, antibody to alpha GST gave strong staining of the cytoplasm and
nuclei of all morphologically normal hepatocytes and antibody to the pi GST left
the hepatocytes unstained but stained the bile duct structures in all twenty-nine
biopsy specimens within the portal tracts and sometimes within the lobule,
suggesting that ducts of Hering were being stained. Thirteen of the 29 biopsy
tissues showed weak to moderate hepatocyte cytoplasmic staining with the antibody
to mu GST (Champbell et. al., 1991; Hiley et. al., 1988). Immunoblotl analysis of
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various tissue cytosols suggested that like to other polymorphic GST mu, GST theta
class is widely expressed in different human tissues. GST T1 is present in lung,
kidney, brain, skeletal muscle, heart, small intestine and spleen, but not in
lymphocytes (Juronen et al. 1996). Using the rat GSTT2 probe and antibody, the
levels of this enzyme in human liver were very low and showed a general
distribution throughout the lobule. The antibody did however reveal high
concentrations of this enzyme in the bile ducts of human liver (Green et al., 1996).

In kidney, the antibody to the alpha GST stained the proximal convoluted
tubules. In contrast, antibody to the pi-GST stained collecting tubules and calyceal
epithelium strongly. This staining appeared to be concentrated within the distal
convoluted tubule rather than the proximal convoluted tubule. Antibody to the mu-
GST yielded weak results in the 18 renal sections studied.(Campbell et. al., 1991).

19



Table 4. Tissue Distribution of Human GST Subunits by Immunohistochemical
Staining.

Tissues GST a GST = GST p GST 0 | References
Liver Strong Weak Weak Weak | Campbell et al., 1991
Green et al. 1996
Kidney Strong Strong | Weak Campbell et al., 1991
Adrenal Gland | Strong Weak Weak Campbell et al., 1991
Testis Strong Strong | Weak Campbell et al., 1991
Ovary Strong Moderate | Weak Campbell et al., 1991
Placenta no staining | Strong No staining Campbell et al., 1991
Thyroid no staining | Strong | No staining Campbell et al., 1991
‘Small intestine | Weak Strong Strong Hayes et al., 1989
Stomach Strong Weak No staining Campbell et al., 1991
Gastric Strong Strong Weak Peters et al., 1990
Esophagus no staining | Strong No staining Peters et al., 1993
Colon Strong Strong Weak Ranganathan et al,
1991
Pancreas Strong Strong Strong Hayes et al., 1990
Salivary gland | Weak Strong No staining Campbell et al., 1991
Skin Weak Strong Moderate Campbell et al., 1991
Brain no staining | Moderate |Moderate | Campbell et al., 1991
Spleen no staining | Weak No staining Campbell et al., 1991
Breast Weak Strong Strong Forrester et al., 1990
Lung Strong Strong Weak Weak | Anttila et. al., 1993
Green et al. 1996
Urinary Strong Strong Strong Singh et al., 1991
Bladder

The antibody to alpha~-GST stained the luteinized cells strongly in ovary.
With the antibody to mu-GST all five cases gave negative results in follicular
structures with variable weak reactions in the stroma and vessels. Antibody to the
pi-GST yielded a moderate reaction in the luteinized cells and in the primordial
follicles (Campbell ez. al., 1991).
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Pi and mu-GST stained strongly in the small intestinal epithelium in the
cells lining both the villi and crypts. Staining for alpha was found in the cells lining
the villi but not crypts whilst microsomal GST was found only in the cells lining
the crypts (Hayes et. al., 1989).

In the five stomach examined, the oxyntic cells stained strongly with the
antibody to alpha-GST and negatively with that to the mu-GST and pi-GST. The
antibody to the pi-GST tended to concentrate in the mucous secretory cells
(Campbell et al., 1991).

Immunoreactivity for alpha and pi-GST was present in ten of thirteen
samples (77%), with GST-mu expressed in six (46%)(McKay ef al., 1993). The
columnar and crypt epithelial cells had the highest levels of GST isoenzymes (GST-
pi), perhaps reflecting both their proximity to the intestinaltract contents and their
'first barrier' physiological function. Interestingly, endocrine cells were negative for
expression (Ranganathan et al., 1991)

In two postmortem cases, the antibody to alpha-GST failed to stain any
structures in brain whereas both the mu and pi antibodies gave moderate reactions
with glial cells and small vessels. The neurons remained unstained with all three
antibodies in these two cases (Campbell et. al., 1991).

All three classes of GST were expessed in breast tissue. In the majority of
samples, GST-pi content was present and GST-mu is known to be subjected to
genetic polymorphism and is not expressed in 40-50% of the population. The level
of GST-mu (when expressed) was subjected to large individual variation (Forrester
et. al., 1990).

Alpba and pi-GST were found to be the most abundant GSTs in human

lung, being present in the bronchial and bronchiolar epithelium of all individuals
studied. Mu-GST, a polymorphic mu-class enzyme, was detected in lung tissue at
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very low levels. The immunostaining for GSTs in general was most intense in the
bronchial epithelium decreasing in the distal airways, in contrast to the peripheral
localization of the polycyclic aromatic hydrocarbons activating the P450 enzymes
(Anttila et. al., 1993). In human lung, the rGSTT2 antibody showed low levels of
protein in the bronchiolar epithelium. GSTT1, on the other hand, appeared to be
completely absent from the large bronchioles and was only found in a few Clara
cells and ciliated cells at the alveolar/bronchiolar junction (Green et al. 1996).

The reason for the extensive differences noticed for. GSTs isozyme
patterns in different tissues is not clear, but the strikingly different distribution of
the pi, alpha, mu and theta GST in the liver, pancreas, kidney, placenta, breast,
colon and other tissues may help to shed new light on the functions of these
isoenzymes and may allow additional insight into the interindividual and interorgan
differences in susceptibility to tissue damage and carcinogenesis after exposure to
certain xenobiotics. This is possibly also the case for the developmental patterns

observed in several tissues.

1.1.6 Regulation of GSTs During Carcinogenesis in Humans

GST isoenzymes show large differences between different tumors. There
is considerable interest in the association between pi class GST and malignancy
after the discovery that increased expression of this enzyme occurs in many tumors
(Howie et al., 1990; Kodate et al,. 1986; Di llio ef al., 1988; Eimoto et al., 1988;
Lewis et al., 1989; Moscow et al., 1989; Campbell et al., 1991; Shea et al. , 1988)
(Table 5).
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Table 5. Altered GST enzymes in various tumor types by Immunohistochemical

Staining.
Tumor type Decreased Increased References
iscenzyme isoenzyme
expression expression
Breast GST alpha GSTpi, mu Cairns, 1992
Colon GST mu GST alpha McKay, 1993
Lung - GST alpha, pi Di Liio, 1988
Howie, 1990
Gastric GSTmu GST pi Peters, 1990
Kidney GSTalpha,mu |— Di Liio, 1987
Liver GST alpha — Howie, 1990
Uterine cervix - GST pi Riou, 1991
Stomach GSTalpha,mu | GST pi Howie, 1990

The class pi enzyme is not consistently overexpressed in human hepatoma,
and is expressed in hepatocytes of patients with alcoholic liver disease, which has
prevented its use as a histochemical marker for liver cancer. Human GSTP1-1 has
been reported to be overexpressed in a variety of malignancies including carcinoma
of the gastric, lung, kidney, ovary, pancreas, esophagus, and stomach (Harrison et
al., 1989; Shiratori et al., 1987; Di Ilio et al., 1987 and 1988; Eimoto et al., 1988,
Shea et al., 1988; Moscow et al., 1989;Peters et al., 1993, Howie et al., 1990). The
class pi enzyme is also overexpressed in breast cancer, where levels of this enzyme
are inversely related to estrogen-receptor levels in the tumor (Moscow et al., 1988;
Howie et al., 1989; Cairns et al., 1992).

Measurement of the levels of hGSTP1 protein within tumor samples may
be of clinical value in certain malignancies. Gilbert et al. (1993) reported that high
hGSTP1 levels in breast cancer is a significant predictor of early recurrence of
disease in patients who were treated surgically without chemotherapy. Similarly,
Grignon et al. (1994) proposed that the expression of class pi GST may be of
prognostic value in patients with renal cell carcinoma, and Mulder et al. (1995)
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suggested high hGSTP1 levels represent a poor prognostic index in patients with
colorectal cancer. In ovarian tumors and acute nonlymphoblastic leukemia, low
hGSTP1 expression has been reported to be associated with responsiveness to
chemotherapy (Green et al, 1993; Hamada et al, 1994). In contrast, other
investigations have failed to find a correlation between GST levels and response to
chemotherapy (Okuyama et al., 1994; Murphy et al., 1992), and it is clear that
further clinical studies are required to establish the prognostic value of GST

measurements.

Measurement of plasma hGSTP1-1 levels has shown that this protein is
dramatically increased in lung cancer (Beckett et al., 1993), but the extent of
expression of this protein in many tumors is frequently insufficient to allow the
enzyme to serve as a general tumor marker.

Although increased class pi GST levels have been found in many human
cancers, it is clearly not involved in all carcinomas. An immunohistochemical study
of hGSTP1-1 failed to detect the class pi subunit in 88 of 91 prostatic cancers (Lee
et al., 1994) and Colon (McKay et al., 1993).

It is important to note that GST pi was not the only GST subunit expressed
in high levels and that the expression of other subunits made a significant
contribution to overall GST content (Table 3). There is little information on the
expression of extra-hepatic alpha and mu class'GST in normal and tumor tissues in
man. In human kidney, stomach and liver high levels of alpha class and significant
levels of mu class subunits were expressed. In addition, high levels of mu class GST
has been measured in breast tissue.

In tumors derived from kidney, stomach (all of which express high levels

of alpha GST in normal tissue) a very marked reduction in the expression of alpha
and the mu class GST has been observed.
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Little information on human GST theta class is available yet. In addition,
there are few reports for the GST theta distribution on human cancer tissue.

In conclusion, many GST subunits, from distinct gene families contribute
to tumor GST levels. Both increased and reduced levels of GST expression in
tumors was observed. It remains to be established whether these differences in
expression of alpha, mu, pi and theta subunits are important in determining

sensitivity to cytotoxic compounds.
1.1.7 GST Isoenzymes in Human Breast Cancer Tissues

Iscan, M. and colleagues (1998) reported that the GST activity toward
CDNB and ethacrynic acid (EA), and selenium-dependent glutathione peroxidase
(Se-GPx) activities and GSH levels in breast tumours were significantly higher than
those of tumour free tissues. Di Ilio and co-workers (1985) reported that when
comparison was made between normal and neoplastic tissues of the same
individual, GST and glutathione reductase (GSSG-Rx) and glutathione peroxidase
(GSH-Px) activities were higher in all tumour cases.

Perry and co-workers (1993) found that GSH levels in primary breast
tumours were more than twice the levels found in normal breast tissue, and levels in
lymph node metastases were more than four times the levels in normal breast tissue.
No correlation was found between tumour GSH levels and common clinica!
parameters such as tumour size, nodal status, stage, oestrogen receptor levels, or
progesterone receptor levels. It has been concluded that GSH appears to be a marker
of breast malignancy that is independent of hormonal receptor status and stage and

may be a marker of cells with increased potential for dissemination.

Forrester and co-workers (1990) reported that all three classes of GST
were expressed in breast tissue. The pi and mu-class enzymes preponderate. Levels
of the alpha class GST were very low.The levels of GST-pi were relatively high in
almost all the breast samples and were subject to some individual variation with
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occasional samples containing high levels of this protein. In the majority of
samples, GST-pi and GST-mu content was similar both between the tumours and
between normal and tumour tissue from the same patient. These findings are
consistent with those of Moscow and colleagues (1988) who measured GST-pi
mRNA levels in breast tissue.

Kelley and colleagues (1994) have found that in infiltrating ductal
carcinoma tissue, both the levels and the variability of the GST isoenzymes are
elevated relative to normal breast tissue. GST-pi, the predominant isoenzyme in
normal breast tissue, was elevated in matched cancer tissue of the majority of
patients. Their findings of GSTMI in the tissues of 40% of patients, are consistent
with the frequency of the Ml-nulled phenotype in the general population, The
majority of patients studied showed an absence of known alpha-class GSTs in
normal or breast cancer, although a small number of patients did display low levels
of GSTAL

Breast tissue cells (either malignant or non-malignant) staining with any of
the three GST antibodies (GST-pi, GST-alpha and GST-mu) generally showed both
nuclear and cytoplasmic positivity. Patterns of expression within breast tissues were
distinct for each GST isoenzyme (Cairns et al.,1992). Cairns et al. reported that
GST-pi in 47% of 74 breast cancers, was detected in the neoplastic epithelium, in
many tumours, expression was far greater in the accompanying stromal cells and
inflammatory infiltrate, and normal mammary epithelium (including the
myoepithelial layer) stained consistently and strongly. Approximately 50% of the
population (those of the null phenotype) do not express GST-mu. There was a
strong correlation between GST-mu expression by normal epithelium and by
tumour, and 42% of the tumours showed at least focal positivity. Only 19% of our

-cases showed evidence of GST-alpha expression by tumour epithelium and there
was little staining of non-neoplastic tissues. Howie et al.,(1989) detected GST-alpha
in all 68 breast tumours that they studied, but median concentrations for the B1 and
B2 subunits were over 25 times smaller than those for the pi and mu isoenzymes.
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Forrester and co-workers (1990) has been reported that the polymorphic
mu-class GST was expressed in ~50% of the samples which is consistent with the
frequency of this polymorphism in the population suggests that its absence does not
confer a greater risk for this tumour type. It has been reported that the polymorphic
GST mu isoenzyme is a genetic determinant of susceptibility to lung cancer
(Seidegard et al., 1986). This is consistent with the findings of Kelley and co-
workers (1994). Zhong et al,(1993) and Ambrosone et al,(1995) suggested,
however, that GSTM1 may confer increased susceptibility to breast cancer at an
earlier age. It was found that among individuals diagnosed at an earlier age, there
was a preponderance of those with the null genotype. Therefore, GSTM1 genotype
were suggestive of an elevated risk among the youngest postmenopousal women.
Cigarette smoking did not affect the association between GSTM1 and breast cancer
risk but did appear to modify risk associated with the CYP1A1 polymorphism.

Bellamy and co-workers (1994) analysed GST-pi expression by
immunohistochemistry of a series of 92 patients with intraduct breast carcinoma
(ductal carcinoma in situ, DCIS). This study of a large number of patients has
demonstrated loss of GST-pi expression in DCIS when compared with normal
breast epithelium. These results differ from those in other epithelia in which GST-pi
expression is increased in dysplasia and in carcinoma compared with normal cells
(Sato et al., 1989, Howie et al.,1990). The results also indicated that loss of GST
expression can occur at a relatively early (i.e. intraepithelial) stage in breast
carcinogenesis, but that this loss is not an irreversible event, as evidenced by altered
GST-pi status in some recurrences. Furthermore, both GST-positive and GST-
negative DCIS patients developed invasive carcinoma in this study. Hence, GST-pi
has not been found to be a marker for tumour progression in DCIS. Their results
indicated that assessment of GST-pi staining in non-invasive breast carcinoma did
not have a clinical utility.

GST-pi has been proposed as a tumour marker in some human tumours

(Soma et al., 1986; Di Ilio et al., 1987 and 1988). However, this is not the case in

breast cancer. In some families a slight elevation in the level of GST-pi expression
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was seen, but this was not a general phenomenon. Immunohistochemical studies
showed that normal breast epithelial cells as well as infiltrating plasma cells all
expressed GST-pi (Forrester et al.,1990).

Glutathione S-transferase theta was firstly purified and characterized from
normal and cancerous human breast tissue (Abu-Hijleh, 1999).

Several reports had shown that GST-pi expression is inversely correlated
with oestrogen receptor (ER) levels in primary breast cancer. It has been reported
that ER and progesterone receptor (PR) negative breast tumours have significantly
higher levels of GST-pi mRNA and protein levels than ER and PR positive tumours
(Moscow et al., 1988; Howie et al.,1989; Gilbert et al.,1993). The reason for this
inverse expression of GST-pi and hormone receptor is not clear. Forrester et
al.,(1990) suggested that tumour GST-pi concentration did not appear to be directly
regulated by the ER. It may be that the level of differentiation is an important
determinant in the level of tumour GST-pi expression. Also, they reported that there
was no association between the level of expression of either mu class GST protein
with ER status. Other studies suggested that there is no connection between the total
GST or GST-pi activity and ER or PR status (Clapper et al.,1991), or is much
weaker than previously reported (Shea et al.,1990; Colovai et al., 1992).

Gilbert and co-workers (1993) demonstrated that increased GST-pi
expression was associated with a poorer disease free survival (DFS) and overall
survival(OS) in node-negative breast cancer patients. The effect of increased GST-
pi expression on prognosis was independent of ER and PR status, tumour size,
nuclear grade, and patient age. These results indicated that GST-pi expression is a
potentially useful marker for identifying node-negative patients at significant risk
for relapse and death who might benefit from adjuvant chemotherapy.

The values of GST activity were also compared with clinical and

histological findings of the malignant breast tumours. Colovai and co-workers
(1992) found significant correlation between GST activity and axillary node status,
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which is an important marker of prognosis. Higher values of GST activity
correspond to the tumours with one or more involved nodes, so the higher levels
seem to be connected to a poorer prognosis.

No relationship has been observed between GST expression and age in
breast cancer (Moscow et al.,1988). Clapper and colleagues (1991) indicated that
GST activity levels were significantly higher in stage I-II tumours than in stage III-
IV tumours. They also failed to define a relationship between either age or sex and
the GST activity of breast tissue. Similarly, Howie and co-workers (1989) reported
that no relationship could be found between GST expression and age, menopausal
status, lymph node involvement or tumour stage.

1.1.8 Contribution of GSTs to Drug Resistance

Chemotheraphy plays a major role in the treatment of malignant diseases.
The development of resistance to chemotherapeutic agents, at concentrations which
were once effective for treatment, is a major obstacle in the clinical treatment of
cancers. This resistance can be either intrinsic to the tumor or acquired due to non-
lethal drug exposure and is often observed with many drugs complicating attempts
to treat cancer. In a variety of experimental models, increased tolerance of toxic
xenobiotics and antineoplastic drugs is associated with increased expression of GST
(Tew, 1996).

The recognition that GST levels are frequently elevated in cell lines
selected for resistance to anti-cancer drugs has served as a stimulus to determine the
role of GST in protection against chemotherapeutic agents. Many groups have
found that GST are overexpressed in a variety of human and rodent cell lines that
were selected for resistance in vitro to adriamycin, 1,3-bis(2-chloroethyl)-1-
nitrosourea (BCNU), chlorambucil, cyclophosphamide, etoposide (VP-16),
melphalan, and vincristine. In addition to these cell lines with acquired drug
resistance, comparison among related breast, bladder, or colon cell lines, which

display different intrinsic levels of resistance toward hepsulfam, mitomycin C, or
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mitoxantrone, has revealed a correlation between GST expression and the level of
drug resistance. As table 6 shows, the majority of these resistant lines contain
elevated levels of class pi GST. However, many of the cells that are resistant to
nitrogen mustards contain increased levels of class alpha GST (Schecter et al,
1991; Robson et al., 1987; Yang et al., 1992; Wareing et al., 1993).

Table 6. Altered GST Expression in Drug-Resistant Human Breast Cancer Cell
Lines (Hayes et al., 1995)

Drug Fold Cell Line Changes in GST
Resistance
Adriamycin 100 MCF-7 human | 45-fold increase
breast (Adr") in hGSTP1
Chlorambucil 15 Walker 256 rat | >10-fold increase
mammary in rtGSTA3
Ethacrynicacid | 2.5 MCEF-7 human | >10-fold increase in
breast mu-class GST
Etoposide 14 MCF-7 human | >10-fold increase
breast in hGSTP1
Hepsulfam 10 MCF-7 human | >10-fold increase
breast in hGSTP1
Melphalan 10 MatB13762 rat | 10-fold increase
mammary(MIn") in rtGSTA3 and P1
Novantrone 5 MCF-7 human | >10-fold increase
breast in hGSTP1
Oxazaphosphorin | 6 MCEF-7 human | 2.7-fold increase
€ : breast in GST
Vincristine 11 MCEF-7 human | >10-fold increase
breast in hGSTP1

1.1.8.1 GSTs and Multi-Drug Resistance in Chemotherapy

Circumstantial evidence has linked the increase in specific GST
isoenzymes or bulk GST activity in cells with resistance to alkylating agents,
doxorubicin, and other drugs (Momow et al., 1990, Townsend et al., 1989).
However, direct evidence that GSTs are responsible for altering drug sensitivities is
limited. Another catalytic activity, selenium-independent glutathione peroxidase
activity, has been attributed to some isoenzymes of GST. Since some antineoplastic
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agents, including doxorubicin, may exert their cytotoxic effects through the
generation of free radicals and lipid peroxides, this GST-mediated reaction is a
potential mechanism of resistance.

Studies using cell-free preparations of GSTs have identified a limited
number of antineoplastic drug substrates of these enzymes, including chlorambucil.
Whether GST levels in tumour cells are sufficient to detoxify antineoplastic drugs
to a clinically significant extent is a matter of considerable debate. Gene transfer
experiments using recombinant GST genes and tissue culture cells have suggested
that some GST isoenzymes may confer a very modest level of resistance to
melphalan, chlorambucil, cisplatin (Puchalski et al, 1990), and
doxorubicin(Nakagawa et al., 1990). Other experiments have failed to confirm any
consistent resistance to doxorubicin, cisplastin, or melphalan in breast cancer cells
transfected with the pi class isoenzyme of GST (Moscow et al., 1989; Leyland-
Jones et al., 1991). Thus, whether GSTs are involved in resistance or are makers of
resistance is not clear. Additional studies are necessary to clarify the role of GSTs,
if any, in drug resistance.

Studies in doxorubicin-resistant MCF-7 breast cancer cells had indicated
that the level of GST was markedly overexpressed in the resistant cells and that the
increase was due to an increase of one specific isoenzyme of GST (pi class GST).
Furthermore, in a small subset (n=72) of patients with node-negative breast cancer
who received no adjuvant hormonal therapy or chemotherapy, increased pi class
GST expression was associated with significantly shorter disease-free survival as |
well as overall survival (Gilbert et al., 1993). Multivariate analysis indicated that
the effect of pi class GST expression on prognosis was independent of tumour grade
and hormone receptor status. Thus, expression or drug metabolising enzymes may
be important indicators of prognosis as well as possible markers of drug and

hormone sensitivity.
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Resistance to Alkylating Agents

GSH forms conjugates with a variety of alkylating agents in both
nonenzymatic and GST-dependent reactions (Morrow et al., 1990). Several
laboratories have demonstrated an association between increased total GST levels
or specific GST isozymes with resistance to drugs such as nitrosoureas (Evans et
al., 1987), chlorambucil, and other nitrogen mustards(Puchalski et al., 1990; Robson
et al., 1987; Buller et al., 1987; Lewis et al., 1988; Wolf et al., 1987). Additionally,
increased GSH levels have been correlated with resistance to alkylating agents and
cisplatin(Hamilton et al., 1990, Somfai-Relle et al., 1984). While the electrophilic
cisplatin compound can react directly with GSH, it is unknown whether GSTs can
catalyse this reaction. This is unresolved by conflicting results, which show a
correlation between elevated expression of the pi isozyme of GST and resistance to
cisplatin in some cells (Nakagawa et al., 1988; Miyazaki et al., 1990), but not
others(Moscow et al., 1989).

The correlations between GSH or GST levels and drug resistance are
variable. Indeed, some investigators have been unable to demonstrate a relationship
between the overexpression of multiple isozymes of GST and antineoplastic
resistance (Fairchild et al.,1990; Moscow et al., 1989; Leyland-Jones et al., 1991).
In other studies that have compared paired parental and resistant cell lines, the
magnitude of alkylating agent resistance associated with increased GST activity is
often modest. While the clinical importance of GST and GSH in alkylating
resistance is accordingly debated, existing preclinical data has prompted phase I
trials using GST inhibitors or the GSH synthesis inhibitor BSO in conjunction with
alkylating agents.

Therefore, increased intracellular GSH levels as well as increased activity
of GSH-dependent enzymes have been associated with multidrug resistance in some
studies, whereas others have failed to find evidence for a role of GSH or its
dependent enzymes in multidrug resistance.
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GST isoenzymes presence or absence might therefore account for the
resistance of tumours to particular chemotherapeutic drugs. Determination of the
GST isoenzyme profile of a cancer tissue could have prognostic value in the
selection of treatment if the levels of expression/activity show a degree of variation
comparable with that exhibited by actual patient responses. In most cases, the
average level of GST was substantially elevated in the cancer tissues above the
levels in normal breast tissue from the same patient. Furthermore, the relative levels
of the isoenzymes were substantially more variable in the cancer samples than in
the normal breast tissue, providing a plausible mechanism for the well established
variable response to treatment.

1.1.8.2. GSTs in Hormone Therapy

Antioestrogens are now widely used in the management of breast cancers,
either as adjuvant therapy or more recently as neoadjuvant therapy. These drugs are
of particular interest and importance because of their clinical relevance, improving
survival of breast cancer patients. They act mostly through the oestrogen receptor
system (Katzenellenbogen et al., 1985), but the exact mechanism of their anti-
tumoral effects is not completely understood. A link between the presence of
oestrogen receptor in breast tumours and response to endocrine therapy has been
demonstrated, but the prediction needs to be improved by additional factors. In
order to understand better the mode of action and mechanism of resistance to
endocrine therapy, a better knowledge of biological changes arising under
tamoxifen is warranted. Although several studies exist in vitro, only a few papers
deal with changes occurring in vivo, in hormonal receptor content and oestrogen-
related proteins of breast carcinomas following tamoxifen administration (Allegra et
al,, 1980, Waseda et al,1981; Taylor et al.,1982; Hull et al.,1983; Melchor et
al.,1990; Leroy et al.,1991).

Dorion-Bonnet et al., (1993) reported that tumour patients not responding

to tamoxifen therapy had wider-ranging amounts of GST-pi RNA levels (0 to 74%,
median value 16%) than responsive tumour patients (0 to 5%, median value
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8%).They suggested a significant relationship of tamoxifen therapy responsiveness
to GST-pi RNA levels.

Soubeyran et al.,(1996) have studied a group of post-menopausal breast
carcinoma patients first treated by neoadjuvant hormonal therapy (tamoxifen).
Using immunohistochemistry (IHC) on pre-treatment core biopsies, they have
investigated the value of ER, PR and three oestrogen-related factors [pS2, GST-pi
and the oncogene c-erbB-2] as markers of hormone responsiveness. pS2, a small
cysteine-rich protein of unknown function, appeared with ER to be strongly
correlated with tamoxifen-induced tumour regression. This had already been
suggested by others (Henry et al.,1989,1991; Schwartz et al., 1991; Hurlimann et
al.,1993; Wilson et al.,1994). They were unable to show a link between response to
tamoxifen and c-erb-2 or GST-pi expression contrary to previous studies (Wright et
al., 1992; Nicholson et al., 1993, Dorion-Bonnet et al., 1992). They observed a
significant increase in GST-pi expression and a decrease in ER and PR following
tamoxifen treatment. However, they have found no relation between these

variations and efficiency of hormone therapy.
1.1.9 Polymorphic Expression of GSTs

Genes coding for the glutathione-S-transferase M1 (GSTM1) and thetal
(GSTT1) proteins are polymorphic in humans and these genes are absent, or
homozygous null, in 10-60% of different ethnic populations. These enzymes which
are involved in the metabolism of many carcinogens, environmental pollutants,
anticancer drugs are of particular interest as allelic differences may account for
wide interindividual differences in sensitivity to cancer-inducing or cancer

promoting compounds (Nebert, 1980).

Interindividual differences in human class mu GST are commonly
observed and were first described in the early 1980s (Warholm et al., 1980; Board
et al., 1981). Such variation is due to either to gene deletion, resulting in failure to
express protein, or allelic variation, resulting in production of catalytically active
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protein with an altered charge. The frequency of the GST mu null homozygosity is
50% in population.

Epidemiological studies suggest that individuals who are homozygous
nulled at the GSTM1 locus may have an increased risk of developing various types
of neoplastic disease, including cancer of the bladder, colon, lung, skin, and

stomach.

Seidegard et al. (1986) provided the first evidence that an association exists
between the GSTM1 null phenotype and the risk of developing lung cancer when
they reported an approximate 1.6-fold increase in the frequency of nulled
individuals among patients with lung cancer. It has been suggested that high
GSTM1 activity is associated with a greater decrease in lung cancer risk among
heavy than light cigarette smokers (Nazar-Stewart, et al., 1993). Zhong et al. (1991)
suggested that GSTM1 may protect against certain types of lung cancer, such as
squamous and small cell carcinoma, but not against adenocarcinoma of the lung.
Similarly, Liu et al. (1991) showed that the presence of GSTMI1 in human liver
cytosol inhibited the ability of benzo[a]pyrene as well as aflatoxin B; to form
adducts with calf thymus DNA.

A number of groups have found evidence that the GSTM1 null genotype is
a risk factor for bladder cancer. Among cancer patients from England, Daly et al.
(1993) reported that 85% of 53 patients with bladder cancer were GSTM1 null
compared with 53% in healthy controls and 60% in patient controls.

Absence of GSTM1 may predispose toward stomach and colon cancer.
Strange et al. (1991) suggested that nulled individuals have an approximately
threefold greater risk of developing these malignancies.

Skin cancer is another malignancy where the GSTM1 null genotype may
confer increased risk of disease (Heagarty et al., 1994). It has been proposed that
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the protective role of the GSTMI1 locus in skin cancer involves antioxidant defenses
against ROS generated by UV light, rather than protection against xenobiotics.

The GST theta family is responsible for the GSH-dependent detoxification
off monohalomethanes in human erythrocytes and liver (Peter et al, 1989; Hallier et
ai., 1993; Pemble et al., 1994). Approximately, 60-70% of the human population are
able to carry out this metabolic reaction (“conjugator”), whereas the remainder are
unable to perform the conjugation (“non-conjugators™) (Peter et al, 1989). Further
characterization of these phenotypes revealed that GSH conjugation of the industrial
chemicals dichloromethane and ethylene oxide (EO), could only be catalysed by
blood samples from the “conjugator” population (Thier et al., 1991; Foest et al,,
1991). The monohalomethanes, EO, DCM and other man-made alkyhalides are
widely used industrial methylating agents:fumigants, pesticides and solvents. Many
of these substrates are known or suspected carcinogens. The null polymorphism at
the GSTT1 locus may therefore modify the individual risk associated with exposure
to toxic and carcinogenic chemicals.Support for this notion is provided by a study
showing that in a population exposed to 1,3-butadiene, the GSTT1 null (GSTT10)
individuals demonstrated a 16-fold increased frequency of sister chromatic
exchange in lymphocytes than GSTT1-1 individuals (Wiencke et al., 1995).

Few data have been reported linking the GSTT1null genotype to cancer
susceptibility. In a study of Australian patients with colorectal cancer, the frequency
of GSTT10 homozygotes did not differ from controls. However, the nulled
individuals were more common in patients diagnosed before 70 years of age than in
those diagnosed after 70 years of age (Chenevix-Trench et al., 1995), suggesting
that GSTT1 genotype may influence the age of onset of colon cancer. The GSTT1
null is associated with increased risk of astrocytoma and meningioma (Elexpuru-
Camiruaga et al. 1995) and epithelial ovarian cancer (Sarhanis et al. 1996).
However, there is no associations between GST T1 genotypes and susceptibility to
lung, oral and gastric cancers (Duncan et al. 1995). The identification of a
homozygous null genotype in the human theta GSTT1 gene suggests this locus is a
potential candidate for cancer risk. The influence of GSTT1 mull on susceptibility to
a cancer will depend on causative substrates (Pemble et al. 1994). That GSTT1 null
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is not a critical factor in mediating risk of cervical neoplasms implies that the
detoxification/activation of mono- and dihalomethanes is not significant in the
pathogenesis of cervical neoplasms (Warwick et al. 1994).

1.2 Female Breast

1.2.1 General Anatomy of Human Breast Tissue

The mammary glands are modified eccrine glands of the skin located on
the anterior chest wall whose ductal and lobular units extend far into the adjacent
subcutaneous fat. The gland itself is segmentally divided into 15 to 20 distinct
glandular units, or lobes, each of which has a ductal orifice at the apex of the nipple.

The normal adult female breast is composed of an admixture of epithelial
and stromal elements. The epithelial elements consist of a series of branching ducts
which connect the structural and functional units of the breast, the lobules, to the
nipple (Fig. 2) The stroma is composed of variable amounts of adipose tissue and
fibrous connective tissue, and comprises the majority of the breast volume in the
nonlactational state.

The nipple is transversed by multiple lactiferous ducts that range from 2 to
4 mm in diameter. These have convoluted walls (to permit high flow) and a
squamous lining near the surface exit. They commonly create a pocket or vestibule,
known as the lactiferous sinus, that lies at the base of the nipple. The ducts and
sinuses are lined by a single or double layer of simple columnar epithelial cells. As
the ducts ramify deeper into the breast parenchyma, they form smaller ductal units.
These smaller ducts and ductules are lined by a two-cell layer composed of inner
epithelial cells and outer, spindle-shaped mesenchymal myoepithelial cells. The
basic hormonally sensitive and lactational unit of the breast is the terminal ductal-
lobular unit. In the resting phase, this unit is lined by cuboidal epithelium that is
surrounded by an inactive layer of myoepithelial cells.
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The lobular units vary from 0.3 to 0.6 mm in diameter and are
interconnected by a labyrinth of extralobular terminal ductules. These are
hormonally sensitive and may be the site of intraductal hyperplasia. These ductules
fuse in a cascading series to form the final 15 to 20 largest ducts of the breast that
come together immediately beneath the areola (Snell, 1984; Leeson et al., 1988,
Ross et al., 1988; Arey, 1974, Amenta, 1986; Hughes et al., 1988; Karcioglu and
Someren, 1985; and Fechner and Mills, 1990).
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Figure 2 Anatomy of the breast (William, L. D., Spratt, J. S.; 1995)
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1.2.2 Breast Tumours

Neoplasms constitute the most important, albeit not the most common,
lesions of the female breast. Breast tumours may arise either from the stroma or
epithelial component of the breast. Characteristic of the most common breast
tumours will be summarised in this section.

1.2.2.1 Stromal tumours

The two types of stroma in the breast, intralobular and interlobular give
rise to distinct types of neoplasms. Breast specific intralobular stroma is the
progenitor of the breast specific biphasic tumours, fibroadenoma and phyllodes
tumour. The specialised stroma may elaborate growth factors for epithelial cells
resulting in the associated proliferation of the non-neoplastic epithelial component
of these tumours. Interlobular stroma is the source of the same types of tumours

found in connective tissue in other sites of the body (e.g. lipomas, angiosarcoma).
1.2.2.1.1 Phyllodes Tumours

Phyllodes tumours arise from intralobular stroma although they can occur
at any age, most present in the six decade. Most are benign or low grade malignant
tumours. Phyllodes tumours resemble fibroadenomas on histologic examination but
they are distinguished from the more common fibroadenoma on the basis of
cellularity, mitotic rate, nuclear pleomorphism, stromal overgrowth and infiltrative

borders.
1.2.2.1.2 Fibroadenoma

Fibroadenoma is the most common benign tumour of the female breast.
Multiple studies have shown that the stromal component is clonal but epithelial

component is polyclonal. Fibroadenomas are more common before 30 years of age.
Fibroadenomas are associated with amild increase in the risk of subsequent breast
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cancer. The histologic pattern is essentially one of delicate cellular fibroblastic
stroma enclosing glandular spaces lined by epithelium.

1.2.2.2 Epithelial Tumours
1.2.2.2.1 Large Duct papilloma

Most of this lesions are solitary and are found within the lactiferous ducts
or sinuses. They represent papillary clonal proliferations of epithelial cells.

1.2.3 Breast Cancers

Breast carcinoma is the most common malignant tumour and leading cause
of cancer death in women. The incidence is high in North America and Northern
Europe and low in most Asian and African countries. In Turkey, it accounts for
28.38% of all cancers (Iscan, 1994), and is the commonest cause of death amongst
women in the 35-55 age group (Bakir et al., 1993).

1.2.3.1 Risk Factors

Many risk factors have been identified, and these, together with advances
in the analysis of genetic and hormonal factors, have resulted in several aetiological
hypotheses. An understanding of the risk factors can help in the development of
programmes directed towards the prevention of breast cancer. At present, schemes
aimed at the early detection of breast cancer are being introduced.

Female sex and age
Less than 1% of all breast cancers occur in men, so being female is an
important risk factor. As with all carcinomas, increasing age is another significant

factor. Up to the age of 40-45 years, the rate of increase is steep; it then slows
down, although the incidence of breast cancer continues to increase into old age.
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Age at menarche and menopause

There is a significantly higher risk of developing breast cancer amongst
women with an early age at menarche. At the other end of the reproductive life,
women whose natural menopause occurs before 45 years have only half the breast
cancer risk of those whose menopause occurs after 55 years. Therefore women with
40 or more years of active menstruation have twice the breast cancer risk of those
with fewer than 30 years of menstrual activity.

Exogenous oestrogens

In some series there has been two to nine fold increased risk was observed for the
women who had exogenous oestrogen therapy

Contraceptive agents

The various epidemiological studies have shown no or very low increase among

long term users.

Age at first full-term pregnancy

Nulliparous women have an increased risk of developing breast cancer.
However, among parous women protection is related to early age for the first full-
term pregnancy. If the first birth is delayed to the mid or late thirties, the woman is
at a greater risk of developing breast cancer than is a nulliparous woman.

Weight and diet
For women of above average weight but below 50 years of age there is

little or no increased risk of developing breast cancer. However, women aged 60 or

over whose weight is increased have a higher cancer risk. Diet, obviously, can be a
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determinant for weight. In rodents, a high-fat diet increases the incidence of breast
tumours, and international breast cancer incidence rates correlate with the
consumption of fat. Although these observations suggest that a high-fat diet may be
a risk factor, the evidence is not as clear as it is for weight (Willett et al., 1992).
Coffee addicts will be pleased to know that there is no substantial evidence that
caffeine consumption increases the risk, but studies suggest that moderate alcohol
consumption is associated with a 1.5 increased risk of breast cancer.

Family history and genetic factors

Breast cancer is common, thus a history of a relative having breast cancer
can be found in at least 10% of new cases. However, a proportion of these will be
sporadic cancers and not due to familial (inherited genetic) factors. The risk of
developing breast cancer is increased in first-degree relatives (e.g. sister, daughter)
of breast cancer cases, particularly if that person is pre-menopausal. For example,
the risk increases to nine-fold for first-degree relatives of premenopausal women
with bilateral breast cancer. Up to five-fold increases in risk have been found for

women with multiple first-degree relatives with breast cancer.
Geographic variation

There is a marked variation in breast cancer rates between different
countries. The highest rates are in North America, North-west Europe, Australia and
New Zealand, with the lowest rates in South-east Asia and Africa. Several factors
probably contribute to this difference: age at menarche, age at first full-term
pregnancy, age at menopause and post-menopausal weight. The length of time
between age at menarche and first pregnancy may be quite short in some of these

low-incidence countries.
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Atypical hyperplasia

Women with benign breast disease whose breast biopsies show atypical
epithelial hyperplasia have a definite increased risk of developing breast cancer.
Ordinary epithelial hyperplasia is associated with a slightly increased risk. The risk
is augmented by a family history of breast cancer.

1.2.3.2 Diagnosis

Clinical examination particularly palpation is the time-honoured method
for the detection and evaluation of breast disease however, its sensitivity and
discriminatory power are limited. Only 60% of the tumours detected by
mammography are palpable. The wide spread use of mammography has radically
changed the diagnostic approach to breast cancer, extremely small tumours (1 to 2
mm) can be detected with this technique that relies primarily on the presence of
calcification. The incidence of calcification in breast carcinoma is about 50-60%
and this incidence is 20% in benign breast disease. However, a negative
mammogram does not rule out the possibility of the presence of carcinoma. About

20% of palpable tumours are not detectable with mammography.

In several developed countries with a high incidence of breast cancer, such
as the UK, screening programs for the detection of early breast cancer have been or
are being introduced. Trials in Sweden and the USA strongly suggest that womeﬁ
whose cancers have been detected by regular mammographic screening have an
increased survival rate which means that patients will live longer from their time of
diagnosis. This is because the tumours are detected when they are either pre-
invasive (in-situ carcinoma) or invasive but small, with less risk of metastasis and
the treatment is initiated at the time of early detection. Unscreened women present
when the tumour has grown to a size sufficient to be felt, at which stage there is a
higher probability of metastases. The apparent benefits of screening mammography
are a true reduction in mortality by early treatment.
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The American Cancer Society recommendation includes annual physical
examination beginning at age 40 and screening mammography at one- to two-year
intervals between the ages of 40 and 50 and every year at age 50 and older. In the
UK, women between the ages of 50 and 64 are invited to attend for breast screening
by mammography every 3 years. Suspicious features on the X-ray image, such as
microcalcifications, which are calcium particles of various size and shape
measuring 100 microns to 1 mm in diameter and numbering greater than 4-5 per
cubic cm, and areas of architectural distortion of dense tissue, are further
investigated by ultrasound and clinical examination, with cytology of aspirated cells
and histology of biopsy samples providing the definitive diagnosis.

More than 90% of all breast cancers that are detected by annual screening
with mammography and physical examination are identified by mammography.
Microcalcifications are seen in approximately 60% of cancers detected by
mammography. Approximately 5% of noncalcified cancers present as areas of
architectural distortion of dense tissue.

1.2.3.3 Classification of Breast Carcinoma
The two key determinations to make in the niorphologic study of breast
carcinoma are
(1) Whether the tumour is confined to the glandular component of the organ (in
situ) or whether it invades the stroma (invasive carcinoma) and
(2) Whether it is of ductal or lobular type.

1.2.3.3.1 Non-invasive Carcinomas

Virtually all breast carcinomas are adenocarcinomas derived from the
epithelial cells of the ducts or glands.

The term ‘non-invasive’ means that the malignant cells are confined to

either the ducts or the acini of the lobules, with no evidence of penetration of the
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tumour cells through the basement membranes around these two types of structures
into the surrounding fibrous tissue. There are two forms of non-invasive carcinoma:
- ductal carcinoma in situ

- lobular carcinoma in situ.
1.2.3.3.1.1 Ductal Carcinoma in situ

Ductal carcinoma in situ can occur in both pre- and post-menopausal
women, usually in the 40-60-year age group. It can present as a palpable mass,
especially if extensive and associated with fibrosis. If the larger ducts are involved,
presentation can be as a nipple discharge. Pure ductal carcinoma in situ accounts for
about 5% of breast carcinomas which present clinically (Rosner et al., 1980).

The size of the area involved in the breast can range from 10-80 mm in
length. It is usually unifocal, being confined within one quadrant of the breast,
although multicentricity can occur with larger lesions.

Most cases of ductal carcinoma in situ have been treated by mastectomy,
so it is difficult to know the fate of these lesions if left. Estimates of residual
carcinoma changing from non-invasive to invasive range from one-third to one-half,
based on studies where only local excision has been performed.

1.2.3.3.1.2 Lobular Carcinoma in situ

Lobular carcinoma in situ (intralobular carcinoma) occurs predominantly
in pre-menopausal women. If it is found after the menopause it is usually associated
with an infiltrating tumour. Lobular carcinoma in situ accounts for about 6% of all
breast carcinomas. A major problem is that it does not present as a palpable lump
and is usually found in biopsies removed because of cysts or other palpable benign
lesions. A further important clinical feature is that it is often multifocal within the
one breast and is frequently bilateral (Lattes, 1980; and Rosner et al., 1980).
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About one-quarter to one-third of all patients with lobular carcinoma in
situ who are treated by biopsy alone will go on to develop an invasive carcinoma.

This may occur in either or both breasts and there may be a long time interval.
1.2.3.3.2 Invasive Carcinomas

Carcinoma of the breast originates from the epithelium of mammary ducts
and acini; however, the studies by Wellings and colleagues (1974) have shown that
a large percentage of breast carcinomas, both ductal and lobular, take origin in the
terminal duct lobular unit rather than from larger ducts.

An ‘invasive’ tumour is one whose cells have broken through the basement
membrane around the breast structure in which they have arisen, and spread into the

surrounding tissue. Invasive carcinomas are categorised into different histological
types.

The histological types of invasive carcinoma and their relative incidence

for palpable tumours are:

- invasive ductal no special type (NST) (70-80%)
- invasive lobular (5-10%)

- mucinous (1-6%)

- tubular (2%)

- medullary (1-5%)

- papillary (<1%)

- others (<1%)

There is a higher frequency of tubular carcinoma in mammographically
detected tumours.

Carcinomas vary in size from less than 10mm in diameter to over 80mm,

but are often 20-30mm at presentation. Clinically, they are firm on palpation and
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may show evidence of tethering to the overlying skin or underlying muscle. The
skin also shows peau d’orange, dimpling due to lymphatic permeation. The nipple
may be retracted due to tethering and contraction of the intramammary ligaments.
The macroscopic appearance of the tumours tends to depend on the amount or type
of stroma within the carcinoma. The term scirrhous implies that there is a prominent
fibrous tissue reaction, usually in the central part of the tumour. This results in the
carcinoma having a dense white appearance, which grates when cut. Yellow streaks
may be seen; these are due to the presence of elastic tissue within tumour.
Carcinomas with a prominent stromal reaction usually have irregular edges,
extending into the adjacent fat or breast parenchyma.

1.2.3.3.2.1 Invasive Ductal Carcinoma (NST)

Invasive duct or ductal carcinomas comprise the majority (up to 85%) of
infiltrating breast carcinomas (Fisher et al., 1975; Azzopardi et al., 1982; Page and
Anderson, 1987; and Rosen and Oberman, 1992). The size of the tumours varies
between patients (average 1 to 2cm in diameter). They can occur in both pre- and

post-menopausal women.

On palpation, they may have an infiltrative attachment to the surrounding
structures with fixation to the underlying chest wall, dimpling of the skin, and
retraction of the nipple. Histologically, the tumour cells are arranged in groups,
cords and gland-like structures.

1.2.3.3.2.2 Invasive Lobular Carcinoma

This is a distinct morphologic form of mammary cancer that probably
arises from the terminal ductules of the breast lobule. Although making up only 5 to
10% of breast carcinomas (Donegan and Perez-Mesa, 1972; Martinez and
Azzopardi, 1979; and Dixon et al.,, 1983), invasive lobular carcinomas are of
particular interest for at least two reasons: (1) They tend to be bilateral far more
frequently than those arising in ducts and (2) while invasive ductal carcinomas
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usually form at one focus in the breast, they tend to be multifocal within the same
breast. Invasive lobular carcinomas have abundant fibrous stroma, so that
macroscopically they are always scirrhous. They occur in post-menopausal women.

Histologically the cells are small and uniform and are dispersed singly, or
in columns one cell wide in dense stroma. The cells infiltrate around pre-existing
breast ducts and acini, rather than destroying them as occurs with invasive duct

carcinomas.

Tumours not detected by mammography often belong to this category
because calcifications frequently are not present and the pattern of invasion is
diffuse, without margination (LeGal et al., 1992).

The prognosis, according to various studies, is not different from that for
infiltrating ductal carcinoma of no specific type when tumours of similar stage are

compared.
1.2.3.3.2.3 Mucinous Carcinoma

Mucinous carcinomas (also known as colloid, mucoid and gelatinous
carcinomas) usually arise in post-menopausal women. Its growth is slower than that

of the usual invasive ductal carcinoma.

Macroscopically, the tumours are well circumscribed and have a soft, grey,
gelatinous cut surface. They vary in size from 10-50mm in diameter. Since there is
no dense stroma and the edges are rounded, these tumours do not cause retraction of

the nipple or tethering of the skin.

These carcinomas comprise small nests and cords of tumour cells, which
show little pleomorphism, embedded in large amounts of mucin. The latter is
composed of neutral or weakly acidic glycoproteins, which are secreted by the
tumour cells and are different from the proteogiycans of the stroma. |
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The survival of women with mucinous carcinomas is better than that of

those having invasive duct or lobular carcinomas.
1.2.3.3.2.4 Tubular Carcinoma

The distinctive characteristic of tubular carcinoma is well-delineated
tubules or glands separated by a fibrous stroma. Because of its bland appearance it
has been termed well-differentiated carcinoma. They are usually small lesions, less
than 10mm in diameter, and are firm, gritty tumours with irregular outlines. Tubular
carcinomas form 1-2% of invasive carcinomas but constitute a higher proportion of
screen-detected tumours. Histologically, they are composed of well-formed tubular
structures, the cells of which show little pleomorphism or mitotic activity. The
stroma is dense, often with elastosis. Patients with tubular carcinomas do extremely
well-better than those with well-differentiated invasive duct carcinomas.

1.2.3.3.2.5 Medullary Carcinoma

Medullary carcinoma represents about 5% all invasive carcinomas. The
distinguishing gross characteristics consist of a globoid, homogeneous, soft, pinkish
gray mass, with well-defined margins. When haemorrhage or necrosis has occurred,
dark red or yellow areas may be observed.

Medullary carcinomas are circumscribed and often large with areas of ’
necrosis. Histologically, they are composed of large tracts of confluent cells with
little stroma in between them. The cells show quite marked nuclear pleomorphism,
and mitotic figures are frequent. Despite the aggressive cytological features of these
tumours, the patients have a significantly better 10-year survival than women with

invasive duct carcinomas.

1.2.3.3.2.6 Papillary Carcinoma
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Invasive papillary carcinoma represents between 0.3% and 3% of all breast
carcinomas (Fisher et al., 1980; Azzopardi, 1983). This tumour is more frequently
found in post-menopausal women. They are usually circumscribed and can be
focally necrotic, with little stromal reaction. The tumours are in the form of
papillary structures, and areas of intraductal papillary growths are usually found.
The prognosis of these carcinomas is probably better than that of the much more

common invasive duct carcinoma (Fisher et al., 1993).
1.2.3.4 Histological Differentiation

Histologic and biologic features of breast cancer also influence prognosis.
One of the most important is histopathologic grade. The two widely used system to
determine the histological differentiation of breast carcinoma have been those of
Bloom and Richardson and Black, the first based mainly on architectural features
and the second on the degree of nuclear atypia.

1.2.3.5 Hormone Receptors

Determination of oestrogen and progesterone receptors on tumour tissue is
presently part of the standard of practice for selection of treatment and a prognostic
guide for patients with invasive ductal carcinoma of the breast. Not much
correlation exist between the type of breast carcinoma and presence of hormone
receptors. However, most series have shown that most medullary carcinomas and in
situ duct carcinomas of the comedo carcinoma type are negative, whereas
mucinous carcinomas have the highest rates of possibility. Generally, oestrogen
receptor concentrations are lowered in tumours of premenopausal women than
those of postmenopausal women. The presence of receptor proteins indicates
retention of the regulatory controls of the mammary epithelium. Tumours that are
better differentiated. are predominantly ER-positive and PR-positive and are
associated with better prognosis (Donegan, 1992). Some studies have shown that
about 60% of women with ER-positive tumours respond to hormone manipulation,
in contrast with 5% to 10% of women with ER-negative tumours. Progesterone
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receptors are equally valuable; the presence or absence of PR may even be a better
predictor for endocrine therapy. Still, there is controversy concerning its prognostic
value as an independent variable. It requires evaluation in combination with age
and tumour differentiation. In Stage I disease, ER and tumour size are useful for
identifying a group at high risk for early recurrence and poor chances of survival.
For Stage II the number of involved nodes and the PR are more important
(McGuire, 1986).

The presence of oestrogen receptors within a carcinoma indicates that the
tumour cells have a higher degree of functional differentiation. It is thus not
surprising that women whose tumours are oestrogen-receptor-positive have better
5- and 10-year survival figures than those whose carcinomas are oestrogen-
receptor-negative and they are more likely to benefit from tamoxifen, an oestrogen
receptor antagonist.

1.2.3.6 Stage

Staging refers to classification of breast cancer by anatomic extent. The
premise that underlines staging is that breast cancer progress anatomically in an

orderly manner and that its progression is related to prognosis.

For breast cancer classification, the TNM system, which has been accepted
by The American Joint Committee on Cancer in 1992, is shown in Table 4. The
TNM system is based on description of primary tumour (T), the regional lymph
nodes (N), and distant metastases (M). The subcategorises of T, N, and M were then
grouped in various combinations to describe four stages (Table 7). The
measurement of size applies only to invasive cancer. Hence, only the invasive
component of a tumour is considered in measuring its diameter, any in situ

component is ignored.
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Table 7. TNM Staging System for Breast Cancer ,1992 (The Cancer of the Breast,
1995)

TNM Primary tumor Nodal Distant
Stage (T)cm metastases (N)* metastases (M)
0 In situ No No
I <2 No No
IIA <2 Yes No
>2<5 No No
B >2<5 Yes No
>5 No No
mA <5 Fixed ' No
>5 Fixed or mobile No
B Skin or chest wall Any No
Any Internal node No
v Any : Internal node Yes™

*Pertains to movable ipsilateral axillary nodes unless otherwise stated
" or supraclavicular nodes

Non-invasive (in situ) tumours are specified as such and without further
reference to stage. Stage I means an invasive cancer confined to the breast without
involvement of the skin or chest wall. Stage II indicates such a tumour with early
spread to axillary nodes, and Stage IV indicates the presence of distant metastases.
Stage 1II includes variations of local and regional advancement that are between
Stage II and IV.

The overall 5-year survival rate for stage I cancer is 80%; for stage IL,
65%,; for stage I, 40%; and for stage IV, 10%. It should be noted that recurrence
may appear late, even after 10 years, but with each passing year free from disease,
the prognosis improves. In the overall view of breast cancers, the 10-year survival
is still no more than 50%.
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1.2.3.7 Treatment of Breast Carcinoma

The therapy of breast carcinoma includes surgery, radiation therapy,
hormone therapy and chemotherapy depending on the type and extend of the
disease. Surgical therapy comprises a wide variety of options which include radical
mastectomy, partial mastectomy, total mastectomy and modified radical
mastectomy. Radiation therapy has been employed as a postoperative adjunct,
sometimes as the primary treatment and for the control of locally recurrent disease.
Although local control of breast carcinoma is important, chemotherapy of
metastatic breast cancer are also critical for patients. Of the common solid tumours,
breast cancer is one of the most responsive to systemic therapy. Two types of
systemic modalities are effective in the treatment of breast cancer: chemotherapy,
which consists of agents that are specifically cytotoxic; and hormone therapy,
which involves using agents or modalities that alter the endocrine milieu and
_ therefore affect tumour cell growth. Chemotherapy and endocrine therapy
effectively prevent relapse and prolong the survival of patients with newly
diagnosed primary cancer who have no grossly detectable recurrence. This is called
adjuvant systemic therapy. In patients who have grossly detectable metastatic
disease, the agents are used to improve quality of life by reducing symptoms as a
result of shrinkage of the tumour masses.

Disseminated breast cancer currently is not curablé, and patients at this
stage of the disease will die from progressive tumour. Nevertheless, metastatic
breast cancer is very treatable. Patients whose disease responds, survive longer and
enjoy better quality of life. With continued treatment, the disease becomes
resistant, tumour progresses, and therapy must be changed. Continuing changes
lead to increased toxicity of treatment, and decreases in rate and duration of

response.
Not all chemotherapeutic agents are active against every type of tumour.

The most active, and therefore most commonly used, chemotherapeutic drugs for
breast cancer include the alkylating agents (cyclophosphamide, L-phenylalanine

54



mustard, thiotepa), the antitumor antibiotics (doxorubicin), the antimetabolites
(methotrexate, 5-fluorouracil), and certain vinca alkaloids (vinblastine). With such a
variety of drugs that are active as single agents against advanced breast cancer,
combinations of drugs can be created that have independent mechanisms of action

and varying toxicity.

Normal breast epithelial cells and their malignant counterparts are also very
sensitive to the effects of steroid hormones, specifically oestrogen’s, progesterone’s,
and androgens. Oestrogen primarily appears to stimulate normal ductal growth,

whereas progesterone is responsible for lobulo-alveolar development.

Knowledge of the ER content of a breast cancer is important for two
reasons. Tumours with high ER or PR content are better differentiated, and patients
with these tumours have a better prognosis. In addition, tumour concentration of ER
and PR protein is strongly predictive of response to endocrine therapy.

ER and PR positivity diminish with progression of the malignancy (Kamby
et al., 1989). Differences in the receptor content between the primary lesion and
metastatic sites have been observed. When changes in receptivity occur, they are
almost always in the direction from positivity to negativity, implying tumour
dedifferentiation, losing endocrine responsiveness (Tinnemans et al., 1990). Some
observed changes in receptor status may be induced by treatment. It appears that
hormone therapy has a greater tendency to induce changes from ER positive to ER
negative status than does cytotoxic chemotherapy (Nomura et al., 1985; and Hawkins
et al., 1990), which implies that chemotherapy kills cells indiscriminately, regardless -
of their receptor status, leaving the same proportion of ER-positive and ER-negative
cells (Kardinal et al., 1986). However, hormone therapy selectively interferes with
ER-positive cells. Ingle and colleagues (1986) reported that tamoxifen is the primary
hormonal treatment of choice for premenopausal women as well as for

postmenopausal women with hormonally responsive metastatic disease.
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1.3 Immunohistochemical staining

Immunohistochemi§t1‘y is the application of immunologic principles and
techniques to the study of cells and tissues. The original method, devised by Coons,
consisted of labeling with a fluorescent probe an antibody raised in rabbits and
searching for it (and therefore for the antigen against which the antibody was
directed) in tissue sections examined under a fluorescent microscope following
incubation. The technical improvements that supervened in subsequent years have
been responsible for these methods, becoming a staple of the histopathology
laboratory.

Several procedures available, the two most commonly used at present being
the peroxidase-anti peroxidase immune complex method and avidin-biotin
immunoenzymatic technique. In this study, avidin biotin technique was used. The
steps of this technique are shown in figure 3.
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Avidin is a basic glycoprotein of molecular weight 68 kiloDaltons (kD)
which has an affinity for the small (244D), water-soluble vitamin biotin (vitamin
H). Various methods have been devised to exploit the high efficiency and
specificity of the avidin -biotin reaction. It is possible to conjugate up to 150 biotin
molecules to one antibody molecule, so that the biotinylated antibody can bind to
more than one avidin molecule (Robinson, Ellis and Maclennan, 1990) thereby
enhancing the sensitivity of the reaction. However, avidin has two distinct .
disadvantages for use in immunocytochemistry. It has a high isoelectric point of
approximately 10 and therefore is positively charged at neutral pH, so it may bind
nonspecificaly to negatively charged structures such as the nucleus. The other
problem is that as avidin is a glycoprotein it reacts with molecules such as lectins
via the carbohydrate moiety, both of these difficulties lead to a reduced specificity
of the reaction. These two problems can be solved with the substitution of
streptavidin for avidin. Streptavidin is a protein of molecular weight 60kD isolated
from the bacterium Streptomyces avidinii and, like avidin, has four high affinity
binding sites for biotin. Also, streptavidin has an isoelectric point close to neutral
pH, and as it is not a glycoprotein it does not bind lectins (Beesley, 1993).

Various labels are available for the visualisation of the antigen-antibody
reaction and these include fluorescent labels, colloidal metals and enzymes.
Immunofluorescent techniques were the original labelling methods used in
immunocytochemistry, with fluorescein being currently the most widely used
fluorochrome. However, for retrospective studies the disadvantages definitely
outweigh any advantages of this technique, a major problem being fixation-induced
background staining, which is why this technique is usually only used on fresh-
frozen tissue. Other problems include the non-permanence of the fluorescein label
due to its instability and the inability to counterstain. Colloidal gold is the most
popular metal label in use and is enhanced using silver in the immunogold-silver
staining procedure, which produces a black end-reaction product. This method
suffers from the formation of fine silver deposits in the background, especially in
inexperienced hands, and can be confusing when one is trying to identify the
antigen. Colloidal gold has much wider usage with electron microscope.
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Enzymes are the most widely used labels in immunocytochemistry because
they produce a stable coloured reaction product suitable for light microscopy.
Horseradish peroxidase (HRP) is the most commonly used immunocytochemical
enzyme label in combination with the chromogen 3,3’-diaminobenzidine
tetrahydrochloride (DAB) which produces an insoluble, dark brown reaction end-
product. However, the removal of endogenous peroxidase can be problematic and
requires the use of a methanol-hydrogen peroxide mixture for removal. Alkaline
phosphatase is the most widely used alternative to HRP and can be used with a
variety of chromogens, fast red, hexazotised new fuchsin, fast blue and tetrazolium,
usually giving a red or blue colour. This has gained popularity in areas where
blocking endogenous peroxidase or the presence of brown pigment makes
interpretation difficult. Also, the removal of endogenous enzyme is easily achieved

by adding levamisole to the developing solution.

The steps of immunohistochemical staining with avidin is peroxidase
complex can be summarised as follows:

i) Prevention of non-specific background staining: Free immunoglobulins
within the tissue may cause non-specific background staining and interfere
with the immunohistochemical reaction. Non immune animal serum which
effectively binds to free immunoglobulin within the tissue is used to
overcome this problem.

ii) Application of the primary antibody: A primary antibody specific for the
antigen under investigation is applied to the tissue sections.

iii) Application of the secondary antibody: A biotinylated secondary antibody
that is specific for the primary antibody is applied to the tissue sections.

iv) Application of the avidin peroxidase complex: Avidin-biotin complex forms
in this step.

V) Application of the substrate: A substrate for the enzyme that will produce a
coloured end product is applied to the tissue sections in this step.

vi) Counterstaining: A nuclear counterstain (Haematoxylin) is applied so that
the localisation of antigen within the tissue can be determined.
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It is very important that extensive washes in buffer are performed between
each stage to ensure that the previous reactant is totally removed before the next
stage begins. Endogenous enzyme activity must also be blocked at some stage if an
enzyme label is being used. For peroxidase labels the sections are treated with a
hydrogen peroxide solution at the beginning of the procedure, whereas for alkaline
phosphatase systems the levamisole block is added to the substrate solution used to
visualise the label towards the end of the technique.

However, the immunohistochemical detection of an antigen can be
influenced by many variables, including the absolute level of antigen, affinity of the
antibody for the antigen, duration of the incubation, sensitivity of the detection
system and the consequences of fixation. Also, the signal given in an
immunohistological assay is not linear with the antibody concentration (or with any
other variable), and with a given set of conditions there will be a specific threshold
below which no signal is obtained (Hall and Lane, 1994).

The major artefact induced by fixation, as far as immunohistochemistry is
concerned, is the masking of tissue antigens. Time, temperature, nature of the
fixative used, fixative concentration and the availability of nearby proteins to be
cross-linked are the variables related to the extent of masking. Proteolytic enzymes
such as trypsin, pepsin and pronase are well known agents that can restore the
accessibility of antibodies to epitopes previously masked by fixation (Huang,
Minassian and More, 1976). However, enzymes have a limited range of
effectiveness in paraffin sections and have been reported to possibly only break
surface loops (Cattoretti, Pileri, Parravicini, Becker, Poggi, Bifulco, Key, D’ Amato,
Sabatini, Feudale, Reynolds, Gerdes and Rilke, 1993). As a result heat-mediated
antigen retrieval is now often the method of choice, either using microwave ovens

or autoclaving (“pressure cooking™).

Autoclave pretreatment (“pressure cooking™) which is used in this study,
involves the immersion of dewaxed slides into superheated citrate buffer. Whilst the

microwave oven method allows good reproducible results for many antigens, the
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limited numbers and the constant attention required to ensure that the sections do
not dry make this method very time-consuming. The alternative, large batch
microwaving does suffer from inconsistencies. Miller et al, in 1995 noted that
occasionally the optimised microwave oven heating time was unable to consistently
recover certain antigens. The pressure cooking method does not suffer from such
inconsistencies and furthermore, is far less time-consuming. It has been proposed
that the presence of citrate ions at the temperature of superheated steam (120°C to
130°C) is necessary for the antigen unmasking (Bankfalvi et al, 1994). Another
author reports that further protein denaturation together with the rupture of some of
the aldehyde cross-links is the mechanism of action (Norton et al, 1994). However,
an important point to bear in mind concerning antigen retrieval is that because it
markedly alters antigen detection thresholds, it may lead to situations where many
cells become falsely positive (McKee, Hobbs, Hall, 1993), so affecting the results
obtained.

In order for the immunocytochemical technique to be as sensitive as
possible, all the assay parameters need to be optimized. This means that for each
monoclonal and/or polyclonal antibody being used, the optimum antibody
concentration, optimum antibody incubation time and incubation temperature must
all be determined. Also, the most appropriate form of antigen retrieval should be
determined along with exposure times, concentrations and buffers to be used. Steps
should also be taken to ensure that reagents do not evaporate off the sections during
incubation (this is likely with the small quantities being used) such as by saturating
the incubation atmosphere with tris buffered saline (TBS), and that the washing
steps are extensive enough to remove all unbound reagent before the next step.

A problem at any stage in the immunocytochemical procedure (especially
the early stages) can lead to false negative or positive results or high background
staining levels, making analysis impossible. In order to ensure that the technique is
running correctly each time it is performed, control sections should always be
included. These should consist of two histological sections of tissue that is known to
be positive for the target antigen, one of which is taken through the whole technique

61



normally (positive control) and one of which has no primary antibody. applied
(negative control) but is otherwise treated as the positive control and the test
sections. The use of these controls each time, ensures that the results obtained are
valid and reproducible, and goes some way towards providing an element of inter-

assay quality control.

1.4 Scope of This Work

The GST isoenzymes composition has been detected in a variety of human
normal and tumor tissues. Normal human tissues exhibit considerable variation in
isoenzyme content. Human tumours from a variety of tissues, including colon, breast,
lung, and stomach have previously been shown to express high concentrations of
GST pi in a majority of the samples, with the other isoenzyme families which are
alpha, mu and theta having received less attention. The class theta GST isoenzymes
have proven to be more difficult to purify than the other classes of GSTs because
they are labile and are the least abundant family.

In spite of their toxicological significance and important role in
carcinogenesis, relatively little is known about the class theta enzymes where very
few investigations on the localization of the class theta GSTs have been performed
owing to low amounts and instability of the purified isoenzymes. To date, GST theta
expression has not been detected by immunohistochemical technique in normal and
tumoural human breast tissues. Immunohistochemical staining allows ready
assessment of the distribution of GSTs within tissues at a cellular or subcellular

level.

Differences in GST isoenzyme concentrations in tumour cells could result
in differential response to anti-cancer drugs. International differences in GST
isoenzyme expression in normal and tumour tissues may, therefore, be an important
factor in interindividual differences in susceptibility to carcinogens and response to
cancer chemotherapy. Increased expression of specific GST isoenzymes in tumour
cell, particularly those that have become resistant to anti-cancer drugs, has
suggested a role for these proteins in the development of resistance to
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chemotherapy. As breast cancer is a major cause of morbidity and mortality in
women and considering the established role of GST isoenzymes in carcinogenesis
and drug detoxification as well as the reported polymorphic expression of hGSTT1-
1 and hGSTM1-1, it is of special interest to identify and study GST alpha, mu, pi,
theta in normal and tumoural human breast tissues.

Accordingly, normal and tumoural breast tissues were compared in terms of
their GSTs isoenzyme distributions and expression levels considering the prognostic
factors which were patient’s age, tumour stage, parity, menopause, ER, smoking,
microcalcification status by immunohistochemical technique.

The expression levels of GST isoenzymes in human normal breast tissues
and carcinomas were correlated with the prognostic factors by statistical method. The
effect of chemotherapy and hormonal therapy on the GSTs isoenzymes expression
levels was determined by statistical analysis.

Subsequently, the GSTs from the crude extracts of matched breast normal

and tumour tissues were compared in terms of their immunological properties using
western blotting with monoclonal and polyclonal antibodies.
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CHAPTERII

MATERIALS AND METHODS

2.1 Materials

Acrylamide, hydroxymethyl aminomethane (Tris base), sodium
dodecylsulfate (SDS), SDS-PAGE molecular weight markers, bromophenol blue,
glycine, glycerol, Tween-20, nitro blue tetrazolium (NBT), 5-bromo-4-chloro-3-
indolyl phosphate (BCIP), mercaptoethanol, bromophenol blue, ammonium
persulfate (APS), coomassie brilliant blue R-250, N,N'-methylene-bisacrylamide
(Bis), N, N, N’, N’-tetramethylenediamine(TEMED), bovine serum albumin (BSA),
paraformaldehyde, ethylenediaminetetraacetic acid (EDTA), dithiothreitol (DTT),
phenylmethanesulphonyl fluoride (PMSF), Sodium bicarbonate, copper sulfate,
sodium potassium tartarate, sodium hydroxide, sodium carbonate, 3, 3’-
diaminobenzidine (DAB), hydrogen peroxide, sodium citrate, citric acid, sodium
chloride, dibutylthalate in xylene (DPX) were purchased from Sigma Chemical
Company, St. Louis, MO, U.S.A.

Monoclonal antibody against hGSTT1-1 (GSTE1-1A2.2) were the kind gift
of Dr. E. Juronen, Tartu, Estonia. Polyclonal antibodies against hGST alpha, mu, pi
raised in rabbit were purchased from Biotrin International Limited, Dublin, Ireland.

Swine anti-rabbit immunoglobulin biotinylated, Goat anti-mouse
immunoglobulin biotinylated, Normal Swine Serum (NSS), Normal Goat Serum

64



(NGS), Streptavidin Biotin Complex/Horseradish Peroxidase (StreptABC/HRP)
were purchased from Dako, Denmark.

Amplified alkaline phosphatase goat anti-rabbit immun-blot assay kit, sequi-
blot polyvinylidene difluoride membrane (PVDF) were purchased from Bio-Rad
Laboratories, Richmond, CA, U.S.A.

3-Aminopropyltriethoxysilane (APES) was purchased from BDH, England.
Glacial acetic acid, ultra pure methanol, Ciocalteu's Folin phenol reagent, xylene,
ethyl alcohol hydrogen chloride were from E.Merck, Darmstadt, Germany.

Hematoxylin and Eosin solutions, Paraffin (M.P. 56-57°C) were purchased
from Surgipath, England.

2.2 Methods

2. 2. 1 Tissues

Tissues of two different patient populations were used in this study. For
western blotting analysis, 21 samples of cancerous breast tissue at lump resection,
along with a portion of surrounding normal tissue, removed as a precaution against
local metastases, as well as matched far neighbor of tumor tissue samples where
obtained from The Demeteveler Oncology Hospital — ANKARA, and stored at -
80°C. A portion of each tissue was examined by a pathologist at the source facility
and confirmed as being cancerous or normal. Cancer samples selected for this study
were invasive ductal carcinomas belonging to patients of two groups; subjected and
not subjected to chemotherapy treatment. For immunohistochemical studies, tissues
from 50 patients who were operated at Liverpool Royal Hospital Trust were used.
Operation material was examined by a pathology technician in each case and three

tissue samples were taken by gross examination. (1) from tumour tissue, (2) from the
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edge of the tumour and normal breast parenchyma, (3) from normal parenchymal
breast tissue.

Clinical parameters obtained from patients were as follows:

1-Parity
2-Age (<50 and >50)
3-Menopausal status (pre- and post-menopausal)
4-Tumour size ( T1 (<2.0 cm), T2 (2.1-5 cm), T3 (>5 c¢cm) and
T4 (Tumour of any size with direct extension to chest wall or skin)
5-Tumour stage
6-Status of the axillary lymph nodes
negative(no metastases in nodes)
positive (metastases in nodes)
- 7-Chemotherapy status (untreated patients and treated patients)
8-Hormone therapy status ( untreated and treated patients)
9- Estrogen receptor status
(positive (ER +), negative (ER -))
10-Smoking (non-smoker, smoker)
11-Mammographic findings
Microcalcification +, Microcalcification -,

The immunohistochemical study was performed blinded to the aformentioned

parameters.
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2.2.2 Preparation of Cytosols from Matched Normal and Cancer Human

Breast Tissues

Tissues weighing about 1.0 — 5.0 g were slightly thawed and all the
subsequent steps were carried out at 4°C. The thawed tissues were minced with
scissors and homogenized in 2 vol. (v/w) of TED buffer (10 mM Tris-HCL, pH 7.8,
containing 1 mM EDTA, 1 mM DTT, and 100 uM PMSF) using a Potter-Elvehjem
homogenizer coupled with a motor (Black and Decker, V850, multi-speed drill)-
driven Teflon pestle at 2400 rpm (5 to 10 passes). The homogenate was centrifuged
at 12,000g for 25 minutes. The supernatant fraction was passed through two layers
of cheesecloth and the pellets were discarded. The filtrates were centrifuged at
134,000g for 50 minutes and the supernatants obtained were passed through
cheesecloth to remove floating lipid materials. The filtrate thus obtained was referred
to as cytosolic fraction. Small aliquots of 0.5ml were stored at -80°C to be used later
in protein determination, SDS-PAGE, and Western blotting.

2.2.3 Protein Determinations

The protein concentration of cytosolic fractions was determined by the
method of Lowry ef al. (1951) using crystalline BSA as a standard. Aliquots of 0.1
to 0.5 ml of 1:20 dﬂuted breast cytosol were taken into test tubes and were
completed to a final volume of 0.5 ml with distilled water. Then, alkaline copper
reagent was prepared by mixing 2% copper suifate, 2% sodium potassium tartarate
and 0.1 N NaOH containing 2% sodium carbonate in a ratio of 1:1:100, respectively.
Afterwards, 2.5 ml of the alkaline copper reagent was added to each tube, mixed by
vortex and allowed to stand undisturbed for 10 minutes at room temperature.
Finally, 0.25 ml of 1 N Folin Phenol reagent was added to each test tube, mixed
immediately within 8 seconds by vortex and incubated 10 minutes at 50°C in water

bath. The intensity of color developed in each tube was measured at 660 nm.

The protein concentrations in the crude extracts were calculated from a

standard calibration curve that was constructed from the corresponding ODesonm
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values of BSA standards (0 to 200 pg). The protein concentrations in the -prepared
breast cytosols were found to be in the range 0f 2.0 to 10.0 mg/ml.

2.2.4 SDS-Polyacylamide Gel Electrophoresis

Polyacrylamide slab gel electrophoresis, in the presence of the anionic
detergent SDS, was performed on 4 % stacking gel and 12 % or 15 % separating gel
in a discontinuous buffer system as described by Laemmlii (1970). The seven proteins

given below were used as molecular weight standards.

- Bovine Albumin (M, 66000)
- Egg Albumin (M; 45000)
- Glyceraldehyde-3-Phosphate Dehydrogenase  (M; 36000)
- Carbonic Anhydrase (M; 29000)
- Trypsinogen (M; 24000)
- Trypsin Inhibitor (M, 20100)
- a-Lactalbumin (M; 14200)

2.2.4.1 Preparation of Reagents

(A) Stock Separating Gel Buffer (1.5 M Tris-HCI, pH 8.8)
36.3 gm Tris base was dissolved in about 100 ml distilled water and pH 8.8
was adjusted with 1 M HCI. Finally completed to 200 ml.

(B) Stock Stacking Gel Buffer (0.5 M Tris-HCL, pH 6.8)
12.1 gm Tris base was dissolved in about 100 ml distilled water and pH 6.8
was adjusted with 1 M HCI. Finally completed to 200 ml.

(C) Stock Gel Solution (Acrylamide-BIS, 30 % A, 2.67 % C)

60.0 gm acrylamide was dissolved in about 175 ml distilled water and then
1.6 gm BIS (Bis-acrylamide) were added and solution was completed to 200 m! with
distilled water. Finally, the solution was filtered through course filter paper.
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Note: % A represents acrylamide monomer percent concentration and % C
indicates the crosslinking monomer concentration, which were calculated as below:

% A = [(gm acrylamide/total volume)] X 100

% C = [gm BIS/(gm acrylamide + gm BIS)] X 100

(D) 10 % SDS Solution
10 gm SDS was dissolved in water with gentle stirring and completed to a
final volume of 100 ml. '

(E) Catalyst (10 % Ammonium Persulfate “APS™)
Prepared freshly by dissolving 100 mg ammonium persulfate in a final volume
of 1 ml distilled water.

(F) Tracking Dye (0.05 % Bromophenol Blue)
Tracking dye solution was prepared by dissolving 5 mg solid bromophenol
blue in a final volume of 10 ml.

(G) 5 X Electrode (Running) Buffer (25 mM Tris, 192 mM Glycine, pH 8.3)

Stock running buffer solution was prepared by dissolving and completing 15
gm Tris base, 72 gm glycine to 1 liter distilled water. The pH of the buffer was not
adjusted with acid or with base. This buffer was diluted five times and 1 gm solid
SDS was added to 1 liter of buffer before use.

(H) 4 X Sample Dilution Buffer (SDS Reducing Buffer)

0.25 M Tris-HCI buffer, pH 6.8 containing 8 % SDS, 40 % glycerol, 20 % 2-
mercaptoethanol, 0.004 % bromophenol blue. It was prepared by mixing the
following volumes of given solutions :

25ml =~ 1M Tris-HCL pH 6.8
4.0 ml Glycerol

2.0 ml 2-mercaptoethanol
0.4 ml Tracking Dye
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0.8 gm SDS
Distilled water to 10.0 mi

2.2.4.2 Electrophoresis Procedure

Vertical slab gel electrophoresis was carried out using the EC120 Mini
Vertical Gel System (E-C Apparatus Corp., NY, U.S.A.) that can be used to run two
gels simultaneously. The assembly of the glass plate cassettes (8.3 X 7.4 cm) and the ‘
process of gel casting were done according to instruction manual provided with the
apparatus. Once the cassettes were properly assembled and mounted, the preparation
of the separating and stacking gels was started.

The 12 % or 15 % separating gel and 4 % stacking gel polymerizing
solutions were prepared just before use by mixing the given volumes of stock
solutions in the written order as given in Table 8. The separating gel solution was
first prepared with the TEMED added just before casting the gel into the glass
assembly from the edge of one of the spacers until the desired height of the solution
(about 5 cm) was obtained. Then, the liquid gel was overlaid with distilled water
(about 0.5 ml), without disturbing the gel surface, to obtain an even interface
between the separating gel and the stacking gel. The gel was then allowed to
polymerize at room temperature for a minimum of 30 minutes. After polymerization,
the layer of water was removed completely using filter paper without hurting the gel
surface. The stacking gel was then poured on the top of the resolving gel and the
comb was inserted into the layer of the stacking gel without trapping air bubbles
under the teeth of the comb. The gel was then allowed to polymerize for a minimum
of 30 minutes. After the gel was polymerized, the comb was removed carefully and
the wells were washed with distilled water and filled with electrode buffer. At this
point, the gel cassettes were removed from the casting stand, mounted and clamped
onto the running frame with the notched glass plate of each cassette facing inside.
When running only one gel, the blank plastic plate, provided with the system, was
mounted in the place of the second cassette in the casting stand and in the running

frame.
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Aliquots from the protein samples to be analyzed and from the standards
mixture were diluted 3:1 with the 4X sample buffer (3 parts sample and 1 part
sample buffer), to have the samples in the final concentrations of 62.5 mM Tris-HCIl
buffer, pH 6.8, 2 % SDS, 5 % 2-mercaptoethanol, 10 % glycerol and 0.001 %
bromophenol blue. Then the samples and standards were placed in a boiling water
bath for 5 minutes. Afterwards, protein samples and molecular weight standards (5 —
25 ul) were loaded into different wells using a 25 pl Hamilton syringe with a tipped
needle.
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Table 8. Formulations for SDS-PAGE separating and stacking gels

Separating Gel Stacking Gel

Monomer Concentration 12 % 15% 4%

Acrylamide/bis 12.0 ml 15.0 ml 1.3 ml
Distilled water 10.0 ml 7.0 ml 6.1 ml
1.5 M Tris-HC], pH 8.8 7.5 ml 7.5ml -——

0.5 M Tris-HCl, pH 6.8 — — 2.5ml
10% (w/v) SDS 300 pl 300 pl 100 pl
10 % APS 185 pl 185 pl 50 pl
TEMED 15 pl 15 pl 10 pl
Total monomer 30 ml 30 ml 10 ml

After loading the samples, the running buffer (135 ml) was added to the
compartment formed by the running frame and the cassettes (the upper buffer
compartment) and the system was checked for leakage. The running buffer (250ml)
was then also added to the outer tank (the lower buffer compartment). Thereafter,
the running frame was inserted into the outer tank, the safety cover was replaced and
the leads were plugged into the EC250-90 electrophoresis po§ver supply. The power
supply was adjusted to give a constant current of 15 mA when the samples were in
the stacking gel and 30 mA when the samples passed to the separating gel. Under
these conditions the voltage was about 50 V at the beginning and elevated up to 150
V at the end of the run that took a total of about 1.5 hours.

The power supply was switched off, when the dye front is just 0.5 cm from
the lower end of the glass plates, the running frame was taken out and the buffer was
removed from the upper buffer compartment. Afterwards, the clamps were detached
and the cassettes were removed from the running frame. To gain access to the gels in

the cassette, the glass plates were pried apart using a spatula taking care not to chip
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the edges of the glass plates. The lefi-top comer of each gel was cut to indicate the
order of wells. The gels, usually adhered to one of the glass plates, were taken
carefully using gloves and placed in the previously prepared appropriate solutions to
stain the samples which have been resolved on the gels, or to prepare the gels for
subsequent blotting.

2.2.4.3 Coomassie Blue Staining of the SDS-PAGE Gels

The gel, to be stained, was incubated in the staining solution that contains
0.25 % Coomassie Brilliant Blue R, 50 % methanol and 7 % acetic acid for one hour
at room temperature. The gel was then destained by placing in a solution containing
30 % methanol that was changed several times. The complete destaining lasted for
approximately 24 hours (Weber and Osborn, 1969). Finally, the destained gel was
stored in 7 % acetic acid solution at 4°C.

The relative mobility (R¢) of each protein was determined by dividing its
migration distance from the top of the separating gel to the center of the protein
band by the migration distance of the bromophenol blue tracking dye from the top of
the separating gel.

Distance of protein migration

Re=
Distance of tracking dye migration

The Rs values (abscissa) were plotted against the known molecular weights
(logarithmic scale ordinate) and standard line was drawn and its slope was used in
the calculation of the molecular weight of proteins.

2.2.4.4 Electroblotting from SDS-PAGE Gels

Electroblotting was carried out using EC140 Mini Blot Module of the EC120
Mini Vertical Gel System (E-C Apparatus Corp., NY, U.S.A.), and Polyvinylidene
difluoride (PVDF) was used as a blotting membrane. The gels obtained from the
SDS-PAGE were electroblotted directly without staining.
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Prior to electroblotting, the gels taken from SDS-PAGE were placed for 30
min, with shaking, in the Towbin transfer buffer (25 mM Tris, 192 mM glycine and
20 % methanol) with shaking (Towbin et al., 1979).

While the gels were incubated in the transfer buffer, the other system
components and the transfer membrane were prepared. All of the electroblotting
procedure was carried out wearing gloves. The PVDF transfer membrane, with the
dimensions of the gel to be transferred, was soaked in 100 % methanol for 30
seconds with shaking, to overcome the hydrophobicity of the membrane. Then, the
wet membrane is washed several times with distilled water and then with transfer
buffer until it was equilibrated (submerged into the solution and not floating any
more), the point at which the membrane is ready to bind the proteins in any blotting
application. The membrane should not be allowed to dry, otherwise proteins will not
bind to it, so if it does dry during the procedure, the wetting procedure should be
repeated again. Afierwards, two pieces of filter paper, the Scotch Brite sponge pads,
and the transfer membrane were soaked in the transfer buffer for 15 min with
continuous shaking.

The blotting stack was assembled on the top of stainless steel grid cathode
located in the trough of the frame stand of the Mini Blot Module, to which a small -
amount of transfer buffer was added. The configuration of the assembly was as
follows:

Top Cover with Palladium Wire Anode
Sponge Pad
Sponge Pad
Filter Paper
PVDF Transfer Membrane
Gel
Filter Paper
Sponge Pad
Bottom Frame stand with Stainless steel Grid Cathode
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After the above assembly was prepared, the cover of the electroblotting
module was pressed onto the blotting stack and fixed with the clamps after tumning
assembled blotting module upright and then filled with the transfer buffer (about 100
ml). Thereafter, the fully assembled module was inserted into the outer tank and the
safety cover with leads was replaced. The red lead was connected to the anode (+)
and the black lead to the cathode (-), were the proteins will be transferred as anions
to the direction of anode. The transfer process was performed at room temperature
for 50 minutes using a constant voltage of 15 — 20 V. When the blotting was
finished, the PVDF membrane was immediately removed and placed in the proper

solutions, previously prepared, either for total protein staining or immunostaining.

2245 Immunostaining of the PVDF Membranes

Immunostaining was carried out according to the instruction manual
provided with the Amplified Alkaline Phosphatase (AP) Western Blotting Kit (Bio-
Rad) that was used in the immunostaining of the electroblotted PVDF membranes.
All of the incubations were performed in a minimum of 5 ml of solutions in each step

with continuous shaking at room temperature.

The electroblotted PVDF membrane was incubated in the blocking solution
(5 % non-fat dry milk in Tris buffered saline containing Tween-20 (TTBS) buffer)
for 1 to 2 hours. Afterwards, the membrane was incubated with the antibodies
diluted in the blocking solution for 1 to 2 hours, where the monoclonal anti-GSTT1-
1 (1/10,000 diluted), the polyclonal anti-GST-alpha, mu, pi (1/7,500 diluted) were
used. The membrane was then washed five times, each for 5 min with TTBS and
incubated with the secondary antibody (biotinylated goat anti-rabbit 1/7,500 diluted
in TTBS) for 1 to 2 hours. During the secondary antibody incubation period, the
'streptavidin - biotinylated AP complex was prepared by the addition of streptavidin
to biotinylated AP (both 1/7,500 diluted in TTBS) and allowed to stand at least 1
hour and not more than 3 hours at room temperature. After the incubation with
secondary antibody, the membrane was washed again with TTBS (five times, each 5
min) and then incubated for 1-2 hours in the previously prepared streptavidin-
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biotinylated AP complex. Afterwards, the membrane was washed again with TTBS
(five times, each 5 min) and the AP color developing solution (5-Bromo-4-chloro-3-
indolyl phosphate/ nitro blue tetrazolium (BCIP/NBT)) was added. The specific
protein bands started to appear after 10 - 30 min. Finally, the membranes were
carefully dried and the images were obtained using a scanner connected to the

computer or by photography.

2.2.5 Preparation of Permanent Paraffin Sections from Normal and Cancerous

Tissues

Tissues were fixed with 10% formalin pH 6.8 for 24 hours at room
temperature. Automated tissue processing (Tissue-Tek V.IP. (Vacuum Infiltration

Processor)) was used. Steps of the tissue processing programme are shown in table
0.

Table 9. An overnight schedule for automated tissue processing.

Container | Fluid ‘Time Temperature
1 Phophate buffered saline (PBS) pH 7.4 | 15 min RT
2 10% Formalin 45 min RT
3 70% Alcohol 45 min RT
4 95% Alcohol 1hr RT
5 100% Alcohol 1hr RT
6 100% Alcohol 1hr RT
7 100% Alcohol 1:30 hr RT
8 100% Alcohol and 1% Cobalt chloride | 1:30 hr RT
9 Xylene 1:30 hr RT
10 Xylene 1:30 hr RT
11-12-13 | Molten wax (M.P. 56-57°C) 1hr, 1:30hr, 1:30hr | 60°C
Total 14 hr, 45 min

76




The tissue was then embedded in molten wax according to the required
orientation. 4 um thick sections were cut on a Anglia Scientific Rotary Microtome
and mounted on clean, APES coated glass slides (appendix 1). Slides were kept on
the incubator at 37°C overnight to ensure good adhesion of the sections.

2.2.6 Haematoxylin and Eosin Staining

The sections were dewaxed in xylene for 5 minutes and rehydrated by
immersing into descending concentrations of ethanol (100% ethanol, 95% ethanol,
70% ethanol) each for 2 minutes. After they were rinsed in distilled water for 1-2
minutes, immersed in Harris’s Haematoxylin solution for 5 minutes. Then they were
rinsed in tap water for 10 seconds, and differentiated in 1% HC] containing 70%
alcohol solution (99ml of 70% alcohol and 1ml of concentrated HCI) for 5 seconds.
The slides were rinsed in running tap water for 2 minutes and immersed in eosin
solution for 5 minutes. After this step, they were rinsed in tap water for 10 seconds,
dehydrated in 70% ethanol for 5 seconds, 95% ethanol for 20-30 seconds and 100%
ethanol 2 times each for 1 minute, and immersed in xylene for 5 minutes. Finally, the

slides were mounted using DPX.

2.2.7 Immunohistochemical Staining for GST alpha, mu, pi, and theta

isoenzymes

Immunohistochemical staining of paraffin sections for GST isoenzymes was
performed according to the procedures proposed in literature (Forrester et al, 1990;
Cairns et al, 1992; Gilbert et al, 1993; Bellamy et al, 1994; Mainwaring et al, 1996;
Wrigley et al, 1996) with some modifications. The slides were dewaxed in xylene for
5 minutes and rehydrated in descending concentrations of ethanol (100% ethanol,
95% ethanol, 70% ethanol) each for 2 minutes, and washed in distilled water for 1-2
minutes. Endogenous peroxidase activity was blocked by incubating the sections in
Iml of 30% hydrogen peroxide in 500 ml methanol for 20 minutes at room
temperature (RT). The sections were subsequently washed in distilled water for 5
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minutes and immersed in 0.005M TBS buffer containing 0.015M sodium chloride,
and was performed antigen retrieval for 3 minutes using 0.01M sodium citrate buffer
(pH 6.0) (9ml of 0.01M sodium citrate, 41ml of 0.01M citric acid and 450ml distilled
water) in a domestic pressure cooker. The sections were subsequently washed in

warm water and then transferred in 0.05M TBS for immunohistochemical staining.

Both positive and negative controls were included in each
immunohistochemical assay to check that all stages of the reaction are working
correctly. Positive controls were sections of known positive material, and was
included with each staining run. Normal human liver tissue was used as control for
GST-alpha, mu, theta and normal human small intestine tissue was used as control
for GST-pi. Breast tissue was used as negative control without primary antibody
application. TBS was used instead of the primary antibody.

The slides were stained with avidin-biotin immunoperoxidase technique.
Some parameters were altered in order to achieve better staining results
concentrations of primary antibody, pressure cooking time for antigen retrieval, and
DAB staining periods. Sections were incubated at RT for 30 minutes with either
normal swine serum (for anti-GST alpha, mu, pi) (1:50) or normal goat serum (for
anti-GST theta) (1:50) diluted in 0.05M TBS to block nonspecific binding. Then
primary antibody incubation was performed at 4°C overnight. The dilutions of the
" primary antibodies were 1:400 for anti-GST alpha, mu, theta and 1:300 for anti-GST
pi. The sections were washed in 0.05M TBS 3 times, each for 5 minutes, and then
incubated at RT for 1 hour with secondary antibody (swine-anti-rabbit Ig-
biotinylated for anti-GST mu, alpha, pi) or (goat-anti-rabbit Ig-biotinylated for anti-
GST theta) at a dilution of 1:200. During the secondary antibody incubation period,
the  streptavidin-biotinylated  horseradish  peroxidase complex solution
(streptABC/HRP) was prepared by the addition of 5ml of 0.05M TBS buffer, 45pl
of biotinylated-horseradish peroxidase and 45ul of streptavidin in the written order
and allowed to stand at least 20 minutes at 4°C before using. After the incubation
with secondary antibody, sections were washed again with TBS (3 times, each 5
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minutes) and then incubated with 1-2 drops per slide of pre-mixed strept ABC/ HRP
solution for 30 minutes at RT. During streptABC/ HRP solution incubation, DAB
substrate solution was prepared by the addition of 20ml of 0.05SM TBS buffer, 200ml
of 30% hydrogen peroxide solution and 1ml of DAB (10mg/ml) in the written order
and allowed to stand at least 10 minutes at 4°C before using. After strept ABC/ HRP
solution incubation, the sections were washed again with TBS (3 times, each 5
minutesj. After that, they were incubated in pre-mixed DAB substrate solution for
10 minutes at RT and the enzyme reaction was stopped by washing the sections in
distilled water for 8 minutes. The slides were counterstained with Harris's
haematoxylin solution diluted 1:1 with distilled water at RT for 45 seconds.
Afterwards, they were rinsed in distilled water for approximately 1 minute and
dehydrated in ascending concentrations of ethanol (70% ethanol, 95% ethanol,
100% ethanol) each for 30 seconds-1 minute and then immersed in xylene for 5

minutes. Finally, they were mounted using DPX.
2.2.8 Observation of Slides and Evaluation

All the sections were examined by a light microscope (Carl Zeiss Jenamed 2
light microscope). Haematoxylin/eosin (HE) stained slides were used to observe the
presence of infiltrating carcinoma, intraductal (in situ) carcinoma and normal
glandular breast tissue. The blocks which contained only breast stroma, fat, (fibrous
tissue) were discarded from the study. In addition, HE stained slides were used for
grading of the tumour. Modified Bloom Richardson grading system (appendix 2)
(Elston, C. W., 1987) was used for grading. If tumoral tissue was present in more
than one paraffin block for one case, total tumour tissue available was taken into

consideration for the determination of the grade.

Immunohistochemically stained sections were evaluated without knowledge
of the clinical data for each patient. In the evaluation of the immunohistochemical
staining, only epithelial cells were taken into consideration. Staining in the stromal

cells were noted if present but not further evaluated. In each slide, nuclear and
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cytoplasmic staining in the epithelial cells were evaluated separately. Dark-brown
colour in cytoplasm and/or nucleus of the epithelial cells was considered as positive
staining. Staining intensity ahd percentage of positively stained cells were graded
separately in a scale from 1 to 3. Staining intensity was graded as 0 if no staining was
observed, as 1 if weak staining was present, as 2 if moderate staining was observed
and as 3 if strong staining was present. Percentage of stained cells was evaluated in a
given field. It was graded as 0 if there was not any positively stained cell, as 1 if 1 to
50% of cells was positively stained, as 2 if 51 to 70% of cells was stained and finally
3 if 71 to 100% of cells was stained. In the sections that contained both tumorous
and the normal breast parenchyma, two compartments were evaluated individually.

For each slide, for each compartment (normal, in situ, tumour) a cytoplasmic
and a nuclear staining score were obtained, each changing from 2 to 6 by adding
intensity score and the score obtained by evaluating percentage of positively stained
cells. In  addition, a total score changing from 4 to 12 was obtained for each
compartment by adding cytoplasmic and nuclear staining scores.

For alpha, mu, pi and theta, cytoplasmic, nuclear and total staining scores
were compared by correlation analysis in normal, in situ and invasive tumour areas.
For each antibody, normal breast tissue, in situ and invasive carcinoma areas were
compared by correlation analysis using cytoplasmic, nuclear and total staining
scores. Correlations between staining scores of the four antibodies were investigated

in normal, in situ, invasive tumour areas.

Staining scores (cytoplasmic, nuclear, and total) in tumour tissue and normal
areas were compared for each antibody. The relationship between GST isoenzymes
expression and the clinicopathological data were also examined by the chi-square
test. Age, chemotherapy and hormonal therapy history, ER status, presence of
microcalcification in mammogram, smoking history, menopausal status, tumour
stage, and parity were used as clinicopathological parameters for this study.
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CHAPTER III

RESULTS

3.1 Evaluation of the HE Stained Slides

A section from each block stained with HE was examined to identify the
structure and cell types in normal and tumoural tissue, to determine the tumour type.
Figure 4 shows normal breast tissue. It illustrates groups of acini and ductules.
Figure 5 shows an infiltrating duct carcinoma of breast (grade II). It illustrates the

invasion of breast stroma by nests and cords of tumour cells.

150 sections from 50 patients were evaluated. In 43 of these sections only
stromal, fat and fibrous tissue was observed. These sections were discarded from the
study because of the absence of breast parenchyma. Remaining 107 blocks were
included in the study for further evaluation. 2 (1 and 28) cases were discarded from
this study because no breast parenchyma or tumour was observed in any of the three
samples obtained from these two cases. The remaining 107 blocks from 48 patients
(table 10) was included in the study.
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Figure 4 Normal breast tissue (HE x 10). Acini (A), ductules (D).

Figure 5 Moderately differentiated (grade II) infiltrating duct carcinoma of breast
tissue (HE x 10). Tumour cells (TC), lymphocytes (L), stroma (S).
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Table 10. Contents of paraffin blocks from 48 patients.

Patient Block 1 Block 2 Block 3
Number, %

1 2 N - -
1 2 - N =
4 8 - i -
19 40 - a5 i
3 6 T

1 2 - B
1 2 i -
4 8 - T N
= 8 N <)

9 20 N T T

(N) Normal tissue, (T) Tumour tissue, (--) no parenchyma, only stromal tissue

There are 2 patients who have only normal tissue, 27 patients who have only
tumour tissue, 18 patients who have both normal and tumour tissues (table 10). In
48 patients, one or more block representing tumour tissue was available and in 43 of

48 cases, there was in situ carcinoma.

Histologic grade of the tumours was determined on HE stained slides. 5
cases were evaluated as grade I; 36 cases were evaluated as grade II; and 2 cases

were evaluated as grade II1.

Clinical information for 43 patients who have tumour tisues is shown in table
11. As shown in table 12, 21% of the patients were less than 50 years and 79% of
the patients were more than 50 years. 15% of the patients were not given

chemotherapy and 85% were given chemotherapy prior to operation. 24% patients
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were not given hormonal therapy and 76% were given hormonal therapy. 44% of the
patients were ER (-) and 56% were ER (+). 5% of the patients were not showing
microcalcification in mammography and 95% of the patients were showing
microcalcifications. 39% of the patients were nonsmokers and 61% were smokers.
7% of the patients were premenopausal and 93% were postmenopausal. 19% of the
patients were in stage 2 and 3, and 81% were in stage 4. 28% of the patients did not

have any children, 26% had one child and 46% have two or more children.
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Table 11. Patient details

3
g%
Mwmu D.D.D..PPPPPPPD.NPPPPD.PPPPPPPPPNPPPPPPPPPPMPPPPP
(-]
2
[} MWSNSMNSNSSSNNNSSSNSSNSNNSSMSSNNSSMSSNNSNSS
8
El
Wm ARG EEREREE AR EE ARG E AR ERE E R EEE RN BB R EE R
(=}
e
HmmV,mMTUTUUUTTTTTTT.UUTTTTTTTTUTTTTTTTTTUUTTTTUTT
g E
m.m
C.m “TT“TTTTUTTTTTUTTTT.TTTTTTUUTTTUTTTTTTTUTTTT
&
S I S N S P S M N R S S M R R M B E B R R EH R E H EEE HEEEEEE B EE
Mmm @ 2| B 2|2 2| B % @ B B 22 B B2
825 |el2|2|2 252 2|2\ 2| 2| 2 2| 2| 2 2| 2| E| B 2| B| B 2| 2| 2| 2 2| B| B 2| 2| E| B| 2 2| 2| 2| 2\ 2|2 | B 2| 2
o 0000000000000000000000000000000000000000000
2 213|312 |2 (R RIR R IRIR IR IR IR IRIFIR IR BIR IR | R P |0 (R R R R R P R | R | R IR R | R 9| 9| 2| R|R| R
)
m 150204002113205011132214233100021310422]003
a
E
C5- T 1 O P 1= 1= 1 e 1 1S e N R R N P B P N S B R R B P B B R E R R

NK not known, NR not reported
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3:2 Immunohistochemical Study

In general, there was little variation in the GST staining intensity of individual
tumour cells and they showed diffuse cytoplasmic staining with weak, moderate, or
strong intensities. On the other hand usually stronger staining was observed in
normal epithelial cells when compared with tumour tissue. Figure 6 shows that
strongly stained normal ductal cells are present within moderately stained tumour
cells. There is a great heterogeneity in nuclear staining intensity among normal duct

and tumour cells. Figure 7 shows heterogenous nuclear staining intensity from strong

to weak for GST alpha in normal duct and tumour cells in the section.

Figure 6 Infiltrating duct carcinoma. There is a diffuse staining tumour cells and
normal duct epithelial cells with heterogenous intensities. Cytoplasmic score of
normal ductal epithelial cells (NDC) was 6, cytoplasmic score of tumour cells (TC)
was 4 (GST theta, x 10).
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Figure 7 Normal duct (ND) and ductal carcinoma in situ (DCIS). Nuclear staining
score of normal ductal epithelial cells was 5 and nuclear score of in situ carcinoma
cells was 5 (GST alpha, x 20).

3.2.1 Immunohistochemical Staining for GST pi

In general, there was diffuse cytoplasmic staining of tumour and normal
epithelial cells, with weak, moderate or strong positivity. Nuclear staining was
usually patchy and different percentage of cells stained positively with varying
intensities for the GST pi antibody. GST pi was also detected in nonepithelial cells
(eg. fibroblasts and inflammatory cells) to a variable extent. GST pi expression by
normal mammary epithelium, stroma, and fat cells is shown in figure 8. Strong
positive cytoplasmic and nuclear staining and positively stained breast stroma and fat
cells are shown. Arrows show a terminal ductal-lobular unit consisting of
intralobular duct and acini and interlobular duct. The staining for GST pi in normal

breast tissue was predominantly cytoplasmic with additional nuclear staining in some

cells (Figure 8).
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Figure 8 Normal breast
x 10). A terminal ductal lobular unit (arrow), intralobular duct (D), interlobular duct
(ID), acini (A).

GST pi immunoreactivity in infiltrating ductal carcinoma of breast is shown
in figures 9 and 10. An infiltrating ductal carcinoma Grade III (figure 9) shows
strong GST pi immunoreactivity and Grade II (figure 10) shows weakly stained
tumour cells.

Figure 9 Infiltrating duct carcinoma, grade III. Cytoplasmic staining score of tumour
cells was 4 and their nuclear staining score was 2 in this case (GST pi X 20). Stroma
(S), tumour cells (TC).
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Figure 10. Infiltrating duct carcinoma, grade IL. Cytoplasmic staining score was 5
and nuclear staining score was 5 in this case (GST pi X 20). Stroma (S), tumour
cells (TC).

3.2.2 Immunohistochemical Staining for GST alpha

In general, expression of GST alpha in epithelial cells was observed in the
sections taken from normal and tumour tissues and this was diffuse cytoplamic
staining. Nuclear staining was usually patchy and different percentage of cells stained
positively with varying intensities for the GST alpha antibody. There was a staining
of non-epithelial cells (eg. fibroblasts, inflammatory cells). Immunohistochemical
staining for GST alpha in normal breast tissue is shown in figure 11. There was

strong positive cytoplasmic and nuclear staining in ductal epithelial cells (figure 11).

An infiltrating ductal carcinoma (grade III) shows moderately stained tumour
cells (figure 12). Figure 13 shows moderately stained tumour cells in an infiltrating
duct carcinoma (grade II). Normal ductal cells stained stronger than tumour cells in
this case (figure 13). Figure 14 shows the distribution of GST alpha in normal duct
and in situ duct carcinoma with weak cytoplasmic staining and negative nuclear
staining of ductal cells and positive cytoplasmic and nuclear staining in an in situ

carcinoma of breast tissue at the same section.
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Figure 11. Normal breast tissue. Cytoplasmic score was 5 and nuclear score was 6
in this case (GST alpha x 20). Duct epithelial cells (DEC), stroma (S).

Figure 12. Infiltrating duct carcinoma with weakly stained tumour cells (TC).poorly
differentiated (grade III). Cytoplasmic staining score was 5 and nuclear staining
score was 3 in this case (GST alpha, x 10). Stroma (S).
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Figure 13. Infiltrating duct carcinoma, moderately differentiated (grade II).
Cytoplasmic score was 5 and nuclear score was 6 in this case (GST alpha, x 20).
Normal ductal epithelial cells (NDEC), tumour cells (TC).

Figure 14. Normal ductal epithelial cells (NDEC) and ductal carcinoma in situ,
DCIS) with weak cytoplasmic staining and negative nuclear staining of epithelial
cells (GST alpha x 20).
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3.2.3 Immunohistochemical Staining for GST mu

In general, there was diffuse cytoplasmic staining of epithelial cells with
weak, moderate, or strong positivity. Nuclear staining was usually patchy and
different percentage of cells stained positively with varying intensities for the GST
mu antibody. GST mu was also detected in non-epithelial cells (eg. fibroblast,
inflammatory cells). The staining for GST mu was predominantly cytoplasmic with

additional nuclear staining in normal ductal cells in this case (figure 15).

GST mu immunoreactivity in an infiltrating duct carcinoma, in situ duct
carcinoma is shown in figure 16 and 17. Figure 16 shows moderate diffuse staining
in solid tumour cell nests and in an infiltrating duct carcinoma (grade II). Figure 17
shows moderate GST mu immunoreactivity in tumour cells in in situ duct carcinoma
and infiltrating duct carcinoma. Figure 18 shows the distribution of GST mu in an in

situ duct carcinoma with weak positive cytoplasmic staining and negative nuclear

staining of tumour cells.

Figure 15. Normal breast tissue. Cytoplasmic score was 5 and nuclear score was 6
in this case (GST mu x 20). Duct epithelial cells (DEC), stroma (S).
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Figure 16. Infiltrating duct carcinoma, moderately differentiated (grade II) (GST mu
x 10). Tumour cells (TC), stroma (8), fibroblast (F).

L s ‘ L3 ? ‘r"»?fr_ v "”iw“ : ', b

Figure 17. Infiltrating duct carcinoma (IDC), moderately differentiated (grade II)
and ductal carcinoma in situ (DCIS) (GST mu x 10). Stroma (S).
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Figure 18. Weak pesitive cytoplasmic and negative nuclear GST mu staining in
normal ductal (NDC) and ductal carcinoma in situ epithelial cells (DCIS) (GST mu,
x 10).

3.2.4 Inmunohistochemical staining for GST theta

In general, there was diffuse cytoplasmic staining of epithelial cells with
weak, moderate or strong positivity in the sections taken from normal and tumour
tissues. Nuclear staining was usually patchy and different percentage of cells stained
positively with varying intensities for the GST theta antibody. GST theta was also
detected in nonepithelial cells to a variable extent. GST theta expression in a normal
breast tissue is shown in figure 19. There is strong diffuse cytoplasmic and nuclear
immunostaining in all epithelial cells of duct and acini (arrows) in normal breast
tissue.

GST theta immunoreactivity in an infiltrating ductal carcinoma and in situ
carcinoma is shown in figure 20. It shows moderate staining in tumour epithelial cells

in an infiltrating and in situ ductal carcinoma.
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Figure 20. Infiltrating ductal carcinoma (IDC), moderately differentiated (grade II)
and ductal carcinoma in situ (DCIS) of breast tissue. Cytoplasmic staining score was
5 in this case (GST theta, x 4).
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3.3 Statistical Analysis of Inmunohistochemical Data

Epithelial cells (EC), either malignant or normal, showed a diffuse
cytoplasmic staining pattern with variable intensities for all of the GST antibodies.
Nuclear staining was usually patchy and different percentage of cells stained

positively with varying intensities for the GST antibodies.

Statistical analysis showed that there is a strong correlation between nuclear,
cytoplasmic and total staining score for alpha, mu, pi and theta antibodies in normal,

in situ and invasive tumour areas.

When cytoplasmic, nuclear and total staining scores for different tissue areas
(e.g. normal, in situ, invasive tumour) of the same patient was investigated, a strong
correlation between staining scores of intraductal (in situ) tumour areas and invasive
tumour areas for GST pi, alpha and theta. For GST mu, only cytoplasmic staining
score showed a correlation between intraductal (in situ) tumour areas and invasive

tumour areas.

Immunohistochemical staining characteristics for GST isoenzymes are
summarized in tables 12, 13, 14, 15. Data from 18 patients who have paraffin blocks
representing both the tumour and normal breast tissues were included in this
statistical analysis (Tables 12, 13, 14, 15). Nuclear GST alpha expression was
dependent on the tissue type (normal, in situ, invasive tumour). Cytoplasmic and
total staining scores for GST pi were dependent on tissue type. Total staining score
(TSS)or GST theta was dependent on tissue type. For GST mu no such relationship

was observed.
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Table 12. Immunohistochemical staining characteristics for GSTalpha
Cytoplasmic S S Nuclear S S Total S S

14 |5 6 x380 [14 |5 6 x1765 |1- [11]12 X452
no |no |no p043 |no no |no p001* (10 |no|no p0.33
no
Normal |2 7 9 3 12 13 4 6 |8
In situ 1 12 5 1 0 17 1 11 |'6
Tumour | 1 12 5 1 1 16 2 11 S
Table 13. Immunohistochemical staining characteristics for GSTmu
Cytoplasmic S S Nuclear S S Total S S
14 |5 |6 x661 [14 [5 [6 x58 = 12 2107
no (no |[mo p0.15 |no no |mno p0.2 10 | no | no p0.89
no
Normal |5 8 5 7 2 9 9 4 |5
Insitu |0 13 1|5 2 7 9 o T4 IS
Tumour | 2 11 5 5 6 7 WIEOE | S
Table 14. Immunohistochemical staining characteristics for GSTpi
Cytoplasmic S S Nuclear S S Total S S
14 |5 6 x1009 [14 |5 6 %356 [1- [1n]12 x99
no |no |no p0.038* | no no | no p0.46 10 | no | no p0.04*
no
Normal | 4 6 8 5 2 11 7 3 |8
In situ 5 11 2 5 6 7 i &S |2
Tumour |5 12 1 5 6 7 |61
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Table 15. Immunohistochemical staining characteristics for GSTtheta
Cytoplasmic S S Nuclear S S Total S S

14 |5 6 x469 |14 |5 6 x3.6 1- |11[12 x*9.87
no (no |mo p032 |no no |(no p0.46 10 | no | no p0.04*

no
Normal |2 8 8 4 6 8 8 4 |6
In situ 0 7 11 1 6 11 7 0§
Tumour | 0 7 11 1 6 11 ] o ji1

In intraductal and invasive tumour tissue, cytoplasmic, nuclear and total
staining score were dependent on the GST isoenzymes. In normal areas, no such

relationship was observed (Tables 16, 17, 18).

Table 16. Relation between GST isoenzymes expressions in breast tumour tissue

Cytoplasmic S S Nuclear S S Total S S

Antibody |14 |5 [6 x'1789 |14 |5 6 1462 | 1-10 | 11]12 x31.23
no | no | no p0.006* | no no |mno p0.02* | no no | no p2.29-05%

Alpha 1 12 .| 1 1 16 2 gl |5
Mu 2 1115 5 6 7 11 2001hS
Pi 5 12 |1 5 6 b/ 11 6 ||
Theta 0 11 1 6 11 7 O

Table 17. Relation between GST isoenzymes expressions in in situ duct carcinoma.

Cytoplasmic S S Nuclear S S Total S S

Antibody |14 |5 [6 x72069 |14 |5 6 1634 | 1-10 | 11]12 x274
no no | no p0.002* | no no |mno p0.01* | no no | no p0.0001*

- Alpha 1 12 |is 1 0 17 1 1|6

Mu 0 135 2 7 |9 9 4[5

Pi 5 11 |2 5 6 [iz 11 5 112

Theta 0 7 |y 1 6 11 7 0o |1
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Table 18. Relation between GST isoenzymes expressions in normal breast tissue

Cytoplasmic S S Nuclear S S Total S S
Antibody |14 |5 [6 x365 |14 |5 6 x728 [1-10 |11]12 x4.11
no [(mno|no p0.72 no no |(no p0.29 | no no | no p0.66
Alpha 2 7 |9 3 2 13 4 6 |8
Mu 5 8 |5 7 2 |9 9 4 |5
Pi 4 6 |8 5 2 11 7 3.8
Theta 2 E 4 6 |8 ] 4 |6

When the relations between clinical parameters and level of expression of

GST isoenzymes were investigated, the following results were obtained.
Alpha: (See Table 19)

Cytoplasmic and total staining scores was dependent on tissue type (normal
and invasive tumour tissue). Cytoplasmic, nuclear and total staining score were
dependent on age. Cytoplasmic staining score (CSS) was dependent on presence or
absence of microcalcification. Cytoplasmic and tofal staining score was dependent on

menopausal status.

No relationship was observed between GST alpha expression and smoking,

stage, parity and therapeutic groups.
Mu: (See Table 20)
Nuclear staining score (NSS) was dependent on presence or absence of

microcalcification. No relationship was observed for GST mu expression and age

groups, parity, therapeutic groups, stage, smoking, menopausal status and ER status.
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Pi: (See Table 21)

Cytoplasmic and total staining scores was dependent on tissue type. Total
staining score was dependent on parity groups. No relationship was observed
between GST pi expression and age groups, therapeutic groups, stage, smoking,

menopausal status, ER status and microcalcification status.

Theta: (See Table 22)

Total staining scores was dependent on tissue type. Total staining score was
dependent on menopausal status. Total staining score was dependent on hormone
therapy. No relationship was observed between GST theta expression and age
groups, chemotherapeutic groups, stage, smoking, ER status and microcalcification

status.
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3.4 SDS-PAGE and Western Blotting

Cytosolic fraction from the breast control and tumour were analyzed by
SDS-PAGE in order to resolve the subunit composition of GSTs. The molecular
weight was calculated from the standard curve for molecular weight markers (Figure
21). The Mr values of the subunits alpha, mu, pi, and theta were respectively 24,

26.700, 26, 25 kDa estimated using molecular marker proteins run on the same gel.

Western blots were carried out on the 21 matched breast control and tumour
samples to assess the relative GST isoenzyme content. Representative blots using
polyclonal antibodies to GST alpha, mu, pi, and monoclonal antibody to GST theta
are shown in Figure 22. All the normal and tumour samples expressed a protein that
reacted with the antibody to GST pi. In the samples 16, 19, 3, 4, 8, 20, 21, 10-14,
(57%) GST pi content was similar both between the tumours and between normal
and tumour tissue from the same patient. However, in six (patient 1, 2, 3, 5, 6, 9, 18
and 17) of 21 samples (38%) evaluated, the breast tumour sample contained more
proteins reacting with GST pi antibody than normal breast tissue. In one (15) patient
(5%) the normal value is higher as compared to tumour breast tissue. In all normal
and tumour specimens however, a low molecular mass band was visible in addition

to the 26kDa band of glutathione S-transferase pi.

Proteins reacting with antibodies against the alpha class GST were only
present at low levels but were expressed in all the breast normal and tumour samples,
except patient 8, despite strongly positive liver control samples. Intriguingly, four of
the tumour samples, namely, the patients 6, 4, 20 and 21, (20%) expressed higher
levels of an alpha class GST protein than the normal tissue. In the patients 1, 2, 3, 5,
9, 19, 13, 12 and 11 of the samples (45%) evaluated, normal breast samples
contained higher levels of an alpha class GST protein, than the tumour samples. The
level of this protein was present at similar concentrations in normal and tumour
tissue from the ten (18, 17, 16, 15, 10, 14, 7) patients (35%).
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Figure 21. (a) SDS-PAGE (12 %); for the molecular weight markers: - Bovine
Albumin (M, 66,000), Egg Albumin (M, 45,000), Carbonic Anhydrase (M.
29,000), Trypsinogen (M, 24,000), Trypsin Inhibitor (M; 20,100). (b)
Typical molecular weight standard curve (12 % SDS-PAGE). The range
of the subunit molecular weight of GSTT1-1, GST-mu, GST-alpha, and
GST-pi are within the arrows.
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All of the breast normal and tumour samples contained detectable levels of
GST mu isoenzyme. Patients 1, 2, 4, 10, 11 and 14 (29%) expressed higher levels of
a mu class GST protein in tumour than the normal tissue. However, patients 17, 5, 6
and 7 (19%) expressed higher levels of a mu class GST protein than the tumour
tissue. The level of this protein was present at similar concentrations in normal and

tumour tissue from the patients 13, 8, 3,9, 12, 15, 16, 18, 19, 20, and 21 (52%).

The levels of alpha- and mu-class GST proteins varied significantly among
individuals.

Protein reacted with the antibody to the theta-class GST were only present at
very low levels but were expressed in all of the breast samples. The level of this
protein was present at similar concentrations in normal and tumour tissue from the
patients 5, 6, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 and 20 (71%). In four (1, 3,
7, 21) patients the normal value is higher as compared to tumour breast tissue,
whereas in the other (2, 4) patients tumour values are higher (10%).

The classification of samples as positive (+, ++) or negative (-) for each GST
isoenzyme class on western blotting and enzyme activities of each sample for CDNB
and EPNP was shown in table 23. CDNB is the substrate for GST alpha, mu and pi.
EPNP is the substrate for GST theta. All samples contained detectable levels of GST
pi, mu, alpha, theta isoenzymes but most of them contained low levels of GST alpha,
theta isoenzymes.
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Table 23. The classification of the matched breast normal (N) and tumour (T)
tissues for each GST isoenzyme class on western blotting and GSTs activities against
CDNB and EPNP.

Patientno | GST GSTmu | GSTpi | GST CDNB* EPNP*
alpha theta N/T N/T
1N + + + ++ 22.7/140.7 16.4/44.5
iy + + ++ +
2N ++ + + + 24.2/70.5 0.0/0.0
T + ++ ++ +
3N + + + + 6.4/38.2 21.1122.7
T + + + +
4N + + + + 38.0/96.2 38.9/47.8
T + ++ + ++
5N + — + + 47.5/41.6 59.8/69.2
T + + + CS
6N i ++ + & 30.2/191.1 0.0/0.0
T + + + +
TN + ++ + ++ 18.872.1 11.0/32.0
iE + + + +
8N - & + * 67.7/74.7 17.1/18.8
T = + + +
IN ++ + e - 48.2/54.8 21.5/25.8
& + + + +
10N o + + + 43.3/123.6 38.3/54.8
i + + + +
11N + 25 B - 57.9/165.3 15.8/21.1
T + ++ + St
12N ++ + % + 115.5/165.3 | 20.724.5
3 + + + +
13N + * + + 131.4/184.4 | 47.4/578
T + + + +
14N e + . + 197.6/300.1 | 32.9/23.7
g + + + +
15N + + + + 102.4/93.0 | 0.0/0.0
i + + + +
16 N & + + + 49.9/320.8 15.9/45.7
ip + + + +
17N A ++ + & 293.9/517.7 | 55.2/73.7
T + + ++ +
18N + + + 5 112.2/98.1 0.0/0.0
T + + + +
19N ++ + + + 220.9/142.0 | 0.0/0.0
i + + + +
20N + + + + 74.7/133.8 11.727.4
i ++ + + +
21N + ++ + ++ 66.4/174.5 0.0/0.0
T e + + +

*Enzyme activities data are taken from (Ergiiney,1999).
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As it is clear from Table 23, The GST activities were higher in the tumour
cytosolic fractions, against both CDNB and EPNP, in the majority of the 21 patients
examined. Case 4, 6, 20, 21 (19%), case 1, 2, 4, 10, 11, 14 (29%), case 1, 2,3, 5, 6,
9, 18, 17 (38%) and Case 2, 4 (10%) have more GST alpha, mu, pi and theta protein
respectively in tumour than normal breast tissue in western blotting analysis. Case 2,
6, 15, 18, 19, 21 (29%) have no GST activity in breast normal and tumour tissues
for GST theta but have contained GST theta protein in normal breast and tumour
tissues. Remaining patients either similar or higher GST protein in normal than

tumour breast tissue (Table 23).

While GSTs activity against CDNB as a substrate was detected in all of the
matched 21 cytosolic fraction, 29% of the cytosolic fractions (6 out of 21) had no
activity of GSTs against EPNP as a substrate.
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CHAPTER IV

DISCUSSION

It has been suggested that the glutathione S-transferases are the most
important class of enzymes in the protection of the cell from the toxic effects of
reactive electrophiles (Armstrong, 1991). Research during the last 10 years has
clearly established a role for these enzymes in mediating resistance to a wide
variety of electrophiles, from the endogenous products of oxidative metabolism to
environmental carcinogens and anticancer drugs. A continuing goal is to identify
which isoenzymes are important in the detoxification of specific electrophiles, and
to determine if it would be possible to regulate the important isoenzymes, using

pharmacological agents.

Wide interorgan and interindividual variation of GST isoenzymes has been
reported in different tissues (Sherman er. al., 1983; Carrigall et. al., 1988) The
strikingly different distribution of the pi, alpha, mu and theta GST in the liver,
pancreas, kidney, placenta, breast, colon and other tissues may help to shed new
light on the functions of these isoenzymes and may allow additional insight into the
interindividual and interorgan differences in susceptibility to tissue damage and

carcinogenesis after exposure to certain xenobiotics.

The isoenzymes of GSTs differ in their substrate specificity. Therefore, the
presence or absence of particular GST isoenzymes may account for the response or
resistance of tumours to particular chemotherapeutic drugs as already established

for cultured cell lines. Both increased and reduced expression levels of specific
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GST isoenzymes in tumour, particularly those that have become resistant to anti-
cancer drugs, has suggested a role for these proteins in the development of
resistance to chemotherapy. Determination of the GST isoenzyme profile of a
cancer tissue could have prognostic value in the selection of treatment if the levels
of expression show a degree of variation before and after administration of

chemotherapeutic agents.

As breast cancer is a major cause of morbidity and mortality in women and
considering the established role of GST isoenzymes in carcinogenesis and drug
detoxification as well as the reported polymorphic expression of hGSTT1-1, it is of
special interest to identify the GSTs in breast tumours and normal tissues. This
study represents the first comprehensive description of the four classes of GST in
normal and tumoural human breast. Other investigators have studied the distribution
of alpha, mu, and pi isoenzymes (Cairns et al.,1992; Forrester et al., 1990; Gilbert et
al., 1993). In spite of their toxicological significance and important role in
carcinogenesis, relatively few reports for the GST theta distribution on human
cancer tissue. Class Theta GSTs have never been studied in human tissues by

immunohistochemistry except in liver and lung before this study.

We have studied the localization of alpha, pi, mu and theta type GSTs in
paraffin-embedded sections of normal breast and breast carcinomas (infiltrating
duct carcinoma) using an immunohistochemical technique.  Using
immunohistochemistry, the specific cell types containing GSTs can be identified
and, in particular, tumour cells expressing different GSTs can be specifically
recognized. However, biochemical studies of breast tumours have used tissue
homogenates which inevitably contain non-neoplastic elements such as stroma and
normal breast epithelium. In this study, in many cases, expression was far greater in
the accompanying stromal cells and inflammatory infiltrate, and normal mammary
epithelium also stained consistently and strongly. This observation emphasize the
usefulness of immunohistochemical technique in demonstrating the distribution of
enzymes and other proteins in tissues, such as tumours, composed of a variety of

cell types.
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Immunohistochemical techniques also provide an indication of intracellular
localization. In this study, epithelial cells either malignant or non-malignant staining
with any of four GST antibodies generally showed a diffuse cytoplasmic staining
and patchy nuclear staining. In addition, there is a great heterogeneity in nuclear
staining intensity among normal and tumour cells for the GST alpha, mu, pi and
theta is'oenzymesi Intracellular localisation of the isoenzymes may provide
additional information about the functions of the isoenzymes. As GSTs are
cytosolic proteins, the significance of nuclear staining is uncertain. McKay et al.
(1993), Murray et al. (1993), Hamada et al. (1994), Harrison et al. (1989), Collier et
al. (1993), and Shiratori et al. (1987) have observed nuclear staining in colon,
breast, ovary, renal, pancreas, uterine cervix carcinoma tissues, in addition to
cytoplasmic staining in their studies. However, there was no comment on the
significance of nuclear staining in the afformentioned studies. The rat GST YbYb,
which is present within rat cell nuclei (Bennet C. F., 1987), is able to bind steroid
hormones (Homma H., 1985). Cairns et. al (1992) suggested that, there may be a
similar role for GSTs in the human breast, given the importance of steroid
hormones as regulators of the function of mammary epithelium. GST theta is
known to have peroxidase activity and it is associated with the repair of oxidative
DNA damage. This function of GST theta may be an explanation of nuclear
localisation. However, relations between the nuclear localisation of GST

isoenzymes and their functions remain to be further clarified.

Cairns et. al. (1992) using immunohistochemical staining, detected alpha
class GST in 19 per cent of tumour epithelium, mu class GST in 42 per cent of
tumours, pi class GST in 47 per cent of tumours. In this study, alpha, mu, pi, and
theta class GST isoenzymes were detected in 100 per cent of our cases. Our result
was not consistent with them. The reason might be that Cairns et. al. used different
commercial source of primary antibodies and different detection system (peroxidase

antiperoxidase) in their study compared to our study.
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In this study for GST alpha, mu, pi and theta, stronger staining intensity was
observed in normal epithelial cells when compared with tumour cells and
statistically it was proved that GST expression was dependent on tissue type
(normal, in situ, invasive). Every human cancer that has been analysed reveals
multiple genetic alterations resulting in morphological and functional differences
from the normal cell. Tumour cells may lose some of their functions (expression of
some proteins) in the malignant transformation process. It can be speculated that
low level of GST expression in the tumour cells can be a result of this

transformation.

In this study, we observed that nuclear staining for GST isoenzymes was
patchy and heterogenous in intensity even in an individual tumour section. The
enzymatic techniques do not reflect this heterogeneity within tumours. This
heterogeneity is an expected finding and it is most likely to be the result of tumour
progression. Heterogeneity may influence the responses of tumour cell to
chemotherapeutic agents. It may be speculated that tumour cells with a high GST
content may be more resistant to cytotoxic and chemotherapeutic agents.
Accordingly, in vitro studies have demonstrated that alpha-class GSTs can enhance
the conjugation of alkylating agents, such as phenylalanine mustard (melphalan)
and chlorambucil, with glutathione (Fairchild et al., 1990; Chin et al., 1990) and
mu-class GSTs are capable of inactivating nitrosoureas through denitrosation (Safa
et al, 1986). The development of multidrug resistance in the multidrug-resistant
MCF-7 human breast cancer cell line was associated with increased GST pi
expression (Batist et al., 1986) and increased GST levels also have been found in a
variety of other drug-resistant cell lines (Fisher et al., 1981; Wolf et al., 1990).
However, the role of GSTs in the development of antineoplastic drug resistance still
is not certain. Increased intracellular glutathione(GSH) levels as well as increased
activity of GSH-dependent enzymes have been associated with multidrug resistance
in some studies, whereas others have failed to find evidence for a role of GSH or its
dependent enzymes in multidrug resistance (Fairchild et al.,1990; Moscow et al.,
1989; Leyland-Jones et al., 1991). As GSTs isoenzymes are known to have

markedly different substrate specificities, the total GST isoenzyme composition
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may be important determinants of a tumour cell’s ability to detoxify particular
antineoplastic compounds. Both the amount and the proportion of different enzymes
present in tumours play a role in determining anti-cancer drug resistance. In this
study, we did not have the chance to study the possible chance in GST levels before
and afier treatment in the same patient group but we could not find any difference in
GST expression between treated and untreated patients. However, our finding does
not rule out the possibility of such a difference which can be determined in a larger
study group.

In this study, in normal epithelium there was no difference between the
expression of GST isoenzymes. However, in intraductal and invasive tumour tissues
-expression was dependent on GST isoenzymes. It may be speculated that expression
of GST isoenzymes may be actors in negatively or positively selection of tumour
cells; and level of GST expression may have effects on prognosis. Accordingly,
Gilbert and coworkers demonstrated a negative effect of GST pi expression on
prognosis that was independent of ER and PR status, tumour size, nuclear grade,

and patient’s age.

Increasing age is a significant risk factor for breast cancer. This study
indicates that GST alpha expression was dependent on patient’s age. No
relationship was observed for GST mu, pi and theta. Other researchers reported that
no relationship could be found between GSTs expression and age (Howie et al,
1989; Clapper et al, 1991; Gilbert et al, 1993).

In this study, GST theta expression was dependent on the hormone therapy
status in breast cancer. No relationship was observed for GST mu, pi and alpha.
Soubeyran (1996) observed a significant increase in GST pi expression and a

‘decrease in ER and PR following tamoxifen treatment.
Several reports had shown that GST-pi expression is inversely correlated

with ER levels in primary breast cancer. It has been reported that ER and PR
negative breast tumours have significantly -higher levels of GST-pi mRNA and
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protein levels than ER and PR positive tumours (Moscow et al.,, 1988; Howie et
al.,1989; Gilbert et al.,1993). Forrester et al.,(1990) also, reported that there was no
association between the level of expression of mu class GST protein with ER status.
Other studies suggested that there is no connection between the total GST or GST-
pi activity and ER or PR status (Clapper et al.,1991), or is much weaker than
previously reported (Shea et al.,1990; Colovai et al., 1992). We did not observe a
relationship between GST alpha, mu, pi and theta expressions and oestrogen
receptor status.

No research was reported related with microcalcification status and GST
expression. In this study, GST alpha and mu expressions were dependent on
microcalcification status. No relationship for GST theta and pi was observed.

The ultimate carcinogens of PAH are epoxide-containing metabolites, many
of which are substrates for class mu and pi class GST. Nazar-Stewart, et al. (1993)
suggested that high GST mu activity was associated with a greater decrease in lung
cancer risk among heavy than light cigarette smokers. There is no study on the GST
expression and smoking in breast cancer. In this study, no relationship was observed

between GSTs expression and smoking status.

In this study, GST alpha and theta expression were dependent on
menopausal status. No relationship was observed for GST mu and pi. Similarly,
Howie et al (1989) reported that no relationship could be found between GST
expression and menopausal status.

In this study, no relationship was found between GST alpha, mu, pi, and
theta expressions and tumour stage. Similarly, Howie and coworkers (1989)

reported that no relationship could be found between GSTs expressions and tumour
stage.
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In this study, GST pi expression was dependent on parity. However, GST
alpha, mu and theta were independent of parity. There is no study on the GST

expression and parity in breast cancer.

The number of breast cancer patients in this analysis is small. Future studies
with substantially larger numbers of breast cancer patients will be needed to
examine prospectively for the possible relationship between GST expression and
prognostic factors.

Western blotting analysis showed that alpha, mu, and pi class of GSTs were
expressed in all normal and breast carcinoma tissues which is consistent with
Forrester et al, (1990). Class theta GSTs have never been studied in human breast
normal and carcinoma by western blotting except in Ph D thesis of Awni AbuHijleh
(1999).

In this study, by western blotting analysis, the levels of alpha and mu class
GST proteins varied in normal and tumour tissue significantly among individuals.
The mu class GST which is usually known as polymorphic GST was expressed in
all indivuals in this study. The pi, alpha and theta class enzymes were also
prepondrate in all samples. The level of pi class GST protein was found in high
concentrations but, GST theta isoenzyme was expressed at low concentrations in all

normal and tumour samples.

The overall GST activities were higher in the tumour cytosolic fractions,
against both CDNB and EPNP, in all of the 21 patients examined in a previous
study (Ergiiney P., M.S. thesis, 1999). However, in the western blotting study of the
same samples, isoenzyme levels was not higher in tumour tissue in all cases. GST
level was higher in tumour tissue when compared with normal tissue in only 20%,
29%, 38% and 10% of the samples for GST alpha, GST mu, GST pi and GST theta
respectively. In the remaining cases either normal tissue showed higher level of

GST proteins or the protein levels in normal and tumour tissue were similar.
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Therefore, GSTs isoenzyme levels are not correlated with their overall enzymatic
activity in the normal and tumour cytosolic fractions.

In humans, one member of the mu class gene family glutathione S-
transferase M1 (GSTM1) has been shown to be polymorphic and is absent in 35-
60% of individuals (Bell, D.A. et al. 1993; Katoh, T. et al. 1995; Groppi, A. et al.
1991). Similarly, glutathione S-transferase T1 (GSTT1), a member of the theta class
gene family, is also polymorphic and is absent in 10-65% of human populations
(Nelson, H. H. et al. 1995; Elexpuru-Camiruaga, J. et al. 1995; Chenevix-Trench,
G. et al. 1995). The phenotypic absence of GSTM1 and GSTT]1 activity is due to
homozygosity for an inherited deletion of these genes, termed the null genotype
(Seidegard, J. et al. 1986; Pemble, S. et al. 1994). Six of the samples (29%) in the
previous study (Ergiiney P., M.S. thesis, 1999) had no detectable GSTs activity
against EPNP. This is most probably associated with the polymorphic expression of
~ the class theta GSTT1-1. However, according to the western blotting analysis of the
same cases, GST theta protein was present in all of the samples. Although samples
for WB and IHC methods were different, all the normal and tumour samples contain
detectable amounts of GST mu and theta isoenzymes in both methods. These
findings have not support the polymorphic expressions of GST mu and GST theta
protein. Our results may indicate that GST mu and theta protein in this study might
be different gene products of GST mu and theta gene class family which would be
different member of the mu and theta class gene family GST. Further research will
be needed to find genotypic distribution of these proteins in the human breast tissue
by in situ hybridisation technique. By this technique, the genes that code for these
proteins will be localised in the chromosome and will be compared with the gene
locus of GSTM1 and GSTT1.
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CHAPTER V

CONCLUSION

In this study, epithelial cells either malignant or non-malignant staining with
any of four GST antibodies generally showed a diffuse cytoplasmic staining and
patchy nuclear staining in normal breast and tumour tissue. In addition, there is a
great heterogeneity in nuclear staining intensity among normal and tumour cells for
the GST alpha, mu, pi and theta isoenzymes. Intracellular localisation of the
isoenzymes may provide additional information about the functions of the
isoenzymes, thus immunohistochemistry is a useful method to study the GST

isoenzymes.

For GST alpha, mu, pi and theta, stronger staining intensity was observed in
normal epithelial cells when compared with tumour cells and statistically it was
proved that GST expression was dependent on tissue type (normal, in situ,
invasive). We observed that nuclear staining for GST isoenzymes was patchy and
heterogenous in intensity even in an individual tumour section. The enzymatic
techniques do not reflect this heterogeneity within tumours. This heterogeneity is an
expected finding and it is most likely to be the result of tumour progression.
Heterogeneity may influence the responses of tumour cell to chemotherapeutic
agents. It may be speculated that tumour cells with a high GST content may be

more resistant to cytotoxic and chemotherapeutic agents.
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In this study, we did not have the chance to study the possible chance in
GST levels before and after treatment in the same patient group but we could not
find any difference in GST expression between treated and untreated patients.

In normal epithelium there was no difference between the expression of
different GST isoenzymes. However, in intraductal and invasive tumour tissues

expression was dependent on GST isoenzymes.

GST alpha expression was dependent on patient’s age. GST theta expression
was dependent on the hormone therapy status in breast cancer. We did not observe a
relationship between GST alpha, mu, pi and theta expressions and oestrogen
receptor status. GST alpha and mu expressions were dependent on
microcalcification status. No relationship was observed between GSTs expression
and smoking status. '

GST alpha and theta expression were dependent on menopausal status. No
relationship was found between GST alpha, mu, pi, and theta expressions and
tumour stage. GST pi expression was dependent on parity.

In the western blotting analysis, the levels of alpha and mu class GST
proteins varied in normal and tumour tissue significantly among individuals. The
mu class GST which is usually known as polymorphic GST was expressed in all
indivuals. The pi, alpha and theta class enzymes were also prepondrate in all
inviduals. The level of pi class GST protein was found in high concentrations but,
GST theta isoenzyme was expressed at low concentrations in all normal and tumour

samples.

The overall GST activities were higher in the tumour cytosolic fractions,
against both CDNB and EPNP, in all of the 21 patients examined in a previous
study. However, in the western blotting study of the same samples, isoenzyme
levels was not higher in tumour tissue in all cases. Therefore, GSTs isoenzyme
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levels are not correlated with their overall enzymatic activity in the normal and
tumour cytosolic fractions.

In the previous study, 29% of the cytosolic fractions ( 6 out of 21) had no
activity of GSTs against EPNP as a substrate. This is most probably associated with
the polymorphic expression of the class theta GSTT1-1 where 35-60% of the human
population were reported to be negative conjugators. However, according to the
western blotting analysis of the same cases, GST theta protein was present in all of
the samples. Although samples for WB and IHC methods were different, all the
normal and tumour samples contain detectable amounts of GST mu and theta
isoenzymes in both methods. These findings have not support the polymorphic
expressions of GST mu and GST theta protein. Our results may indicate that GST
mu and theta protein in this study might be different gene products of GST mu and
theta gene class family which would be different member of the mu and theta class
gene family GST. Further research will be needed to find genotypic distribution of
these proteins in the human breast tissue by in situ hybridisation technique. By this
technique, the genes that code for these proteins will be localised in the
chromosome and will be compared with the gene locus of GSTM1 and GSTT1.
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APPENDIX A

PREPARATION OF IMMUNOHISTOCHEMICAL STAINING SOLUTIONS

Preparation of APES Slides:

-Take clean slides to tap water

-Transfer to hot, soapy water

-Rinse very well in running tap water

-Rinse in distilled water

-Dry in slide dryer (approximately 30 min)

-Dip in 2% APES solution (Sigma) in acetone
-Allow to drain, but not fully dry (slide goes grainy)
-Rinse in running tap water

-Rinse in distilled water

-Dry and return to clean slide box

Antigen Retrieval by Wet Autoclave Pre-treatment Procedure (Pressure Cooking):

-Place 1.6 1 of 0.01M citrate buffer pH 6.0 in a pressure cooker

-Switch hotplate onto highest temperature

-While buffer is boiling take sections to water

-When the buffer is boiling add the sections in metal slide racks

-Seal lid on correctly and put weight onto 1 dot position

-When timer behind weight lifts start timing for 3 min (time may differ)
-After 3 min switch weight to 2 dot position
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-Take off the heat and place in running cold water
-Place sections in warm water

-Transfer sections to TBS for immunohistochemistry
Strept/ABC HRP (kit method) Solution:

0.05 M TBS buffer 5ml
A (Bio-HRP) 45ul
B (streptavidin) 45ul

mix in the written order and leave this solution for 20 min at 0-4°C before using.
DAB(diaminobenzidine) Solution:

TBS buffer 20 ml
30% H,0; soln. 200pl
Diluted DAB (10 mg/ml) 1ml

mix in the written order and leave this solution for 10 min at 0-4°C before using.

Harris Hematoxylin Solution:
Hematoxylin 5g
Ethanol 50 ml
Potassium Ammonium Alum 100 g
Distilled water 1 litre
Mercuric oxide 2.5 g or Sodium iodate lg
Glacial Acetic Acid 40 ml
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Eosin Solution (1% Aqueous Eosin in 0.1% Calcium Nitrate):

Calcium Nitrate lg
Distilled Water 1 litre
Eosin Y Powder 10g

1% Acid alcohol Solution:

70% alcohol 99 ml
Concentrated HCI 1 ml

0.05 M TBS (Tris buffered saline), pH 7.6 (10X TBS):

Tris base 50 mM
Sodium chloride 150 mM
Adjust pH to 7.6 with 1 M HCI

0.005 M TBS (Tris buffered saline), pH 7.6 (1X TBS):
Tris base 5 mM
Sodium chloride 15 mM

Adjust pH to 7.6 with 1 M HCI

10X 0.05 M TBS ( Tris buffered saline), pH 7.6 :

Tris base 60.55 g
Sodium chloride 8520g
Distilled water 500 ml

Adjust pH to 7.6 with 370 ml 1 M HCI and made up to 1 litre.
( Dilute 1:10 before using)

174



Antigen Retrieval Solution, (0.01 M Buffered Sodium Citrate Solution), pH 6.0 :

10X 0.01 M sodium citrate (B)
Sodium citrate 147g

Distilled water 500 ml
10X 0.01 M citric acid (A)
Citric acid 2.101g

Distilled water 100 ml

Antigen retrieval solution (0.01 M Buffered Sodium Citrate Solution), pH 6.0

Solution A 9 ml
Solution B 41 ml
Distilled water 450 ml

4% Paraformaldehyde (10% formalin), pH 6-8 :

100% formalin or 37-40% formaldehyde @ 100 ml
Distilled water 900 ml

TED Buffer (10mM Tris-HCI buffer), pH 7.8 :

Tris 10mM
EDTA 1mM
DTT 1mM
PMSF 100pM

Adjust the pH of the solution to 7.8 by adding 0.1 M HCI and complete the solution
to 1 litre with distilled water.
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APPENDIX B

WHO HISTOLOGIC CLASSIFICATION OF BREAST TUMOURS
(BLOOM AND RICHARDSON)

Grade I: 3-5 points
Grade II: 6-7 points
Grade II1: 8-9 points

Add scores for each component

Tubule formation

1. Majority of tumour (>75%)
2. Moderate (10-75%)

3. Little or none (<10%)

Nuclear pleomorphism

1. Regular, uniform

2. Larger with variation
3. Marked variation

Mitoses

Number of mitoses per 10 hpf at periphery of tumour. Hyperchromatic figures are
not included.

Mit per 10 hpf Score
>16 3
8-15 2
0-7 1
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