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Abstract

This project highlighted that Src and Src kinase family (SFK) members play a definitive
role in breast canceDue to the paucity of translational studies, weestigatedf SFK
membes are expressed imumanbreast tissue. Eight SFK members were present with
distinct mMRNA expression patterns in normal, qmalignant and malignant breast tissue.
Immunohistochemistry was employed to investigate protein expressioac#mdtion of

Src al SFK members. Survival analysis revealed th@tcand activated Y419Src were
associated with worse patient outcome, confirming curirenitro literature, vereas a
different phosphorylatiorsite of Src (Y215) and expression of Lck was associated with
improved clinical outcome. Dasatiniias employedn different breast cancer cell lines to
establish its effect on thogghosphorylabn sites. Decreased expression efrc and
Y419Src was observed, whilst Y215Src expression stayed unchanged, providing a

rationalefor usingthis Src kinase inhibitor in clinical trials.
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Latissimus Dorsi (Muscle)
Luteinizing-Hormore-Releasing Hormone
Lower quartile

(Gene)

Molar

Mitogen-activated protein kinase
Milliampere

Millilitre

Millimeter

Modulatorof nongenomic action of the oestrogen
receptor

messengeribonuclet acid

Microlitre

Sodium

National Health 8rvice

Nottingham Prognostic Index
Nanometer

Optical Density at 595 nm

Poly Acrylamide Gel Electrophoresis
Polymerase chain reaction
Plateletderived growth factor receptor
Progesterone Receptor
Phosphatidylinositol &inase
Phosphatase and Tensin homolog (gene)
Polyvinylidenalifluoride

Reactive OxygeiMetabolites
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Rounds per minute

Reverse transcriptase polymerase chain reaction
Small cel lung cancer

Sodium Dodecyl Sulphate

Src kinase family

Conserved protein domains

Sex Hormone Binding Globulin

Superficial Inferior Epigastric Artery

Scottish IntercodtgiateGuidelines Network
Sentinel LympHNode Biopsy

Signal transducer and activator of transcription
Serine/Threonine Kinase Ltumour suppressor gene
Scot soTap Water Substitute

Species

T-cell receptor

Wash buffer for IHC and Western Blotting
Tetramethylethylenediamine

Temperature (°C)

Transforming growth factaalpha

Tissue Microaray

Transverse Rectus Abdominis Muscle

Wash buffer for Western Blotting

Tumaur protein 53/ tumour suppressor gene
Tyrosine

urokinase plasminogen activator receptor
Upper quartile

United Kingdom

Volt

Vascular endothelial growth factor receptor
weight/volume

X-rays

Focal adhesion kinase phosphorylated at tyrosine 861
Src kinase phephorylated at tyrosine site 215

Src kinase phosphorylated at tyrosine site 419
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Summary

There is a paucity of translational clinical studies, to sugporitro evidence indicating a

role for Src kinase and Src kinase family members in breaseca

In vitro studies demonstrated that Src plays an important aslea regulatoiof cell
proliferation and survivalEvidence fromthosestudies also suggests that elevategrc
activity promotes cellular invasion and motility in Tamoxifen resistaeast cancer cells
providing a link between the HER family and steroid receptors. Other reports propose that
ccSrc may be implicated in aggressive Otri
There are at least eight other members of the Src kinase family pressunghibut
mammalian cells with different expression pattedgain there is little published data on

the role of other Src kinase family members in breast caMieroarray studies have
demonstrated that Lyn is upregulated in models of endocrine resistamicd.ck is
implicated in hypoxia induced breast cancer progression.

Activation of Src is complicated and can occur in different ways. It either involves
dephosphorylation of a negative regulatory domain as well as phosphorylation of an
activation loop (@ssical activation pathway) and/or activation by protein interactions or
more recently discovered by direct phosphorylation of Y215Src increasing activation by
50fold.

Several Src kinase inhibitors have enrolled in phase |, Il even phase Il clinicalinrial
breast cancer. The ratioedior those trials in patients with advance breast cancer was
mainly based on cell line studies strongly supporting the role of Src and SFK members in
breast cancer progression and metastasis, but with very limited prdodnstational
studies indicatinglinical significance of abnormal SFK expression and activation in breast

cancer
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In the current study we therefore aimed to assess expression and activation of Src and SF
members in large patient cohorts, with full a&l data and followup as well as
investigating effects of the clinically trialled Src kinase inhibitor Dasatinib on Src and its
various activation sitesitilising fresh frozen tissue and tissue micro arrays, in conjunction

with in vitro functional studes.

Using RFPCR we determined RNA expression levels for all SFK members in human
breast tissue specimeraic and other SFK members were expressed at different levels in
normal, noAamalignant and malignant breast tissue. Src and Lyn were the most highly
expressed SFK member in roralignant and malignant tissue. Lck was higher expressed
in ER negative, compared to ER positive tumours.

This varied significantly from the expression profile of normal breast tissue specimens,
were Fyn was the most highlymressed SFK member followed by Src and Lyn.

Having identified which Src kinase family members were the most noteworthy in breast
tumours, the role of Src kinase, Lyn and Lck protein expression was investigated by
immunohistochemistry in an expanded cohaifrtclinical breast cancer specimens. Four
separated Src phosphorylation sites were also incorporated in this study to explore thei
clinical relevance and impact on patient outcome. Additionally, Ki67 expression was
examined to determine if high tumouropferation was linked toSFK me mber
expression and activation.

Increased cytoplasmic®rc kinase expression was significantly associated with decreased
disease specific survivalhese resultare in keeping with cell line studies, demonstrating
that ¢Src is associated with more aggressive growth and poor clinical outoce@re.
expressioralsocorrelated with increased tumor grade, Edjativityand HER positivity.

No significant associations with survival were detected with Lyn at any cellularolocat

However, membrane Lck expression was significantly associated with longer survival of
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breast cancer patients. Even smne of the patients expressing Lck at the cellular
membrane died of breast cancer related causes.

When Src kinase was activated the classical site Y419 and located in the cellular
membrane, it was associated with shorter disease specific survival, increasing grade
tumour size, ER negativity and HER2 positivity. While our results with Y419 support the
role of Src kinase activatiocurrently described in the literature, we found contradictory
results with the alternative activation site Y215. Phosphorylation at this site was strongly
associated with improved survival and was demonstrated to be independent of other knowr
clinical paraneters on multivariate analysis. It remains unclear why Y419Src and Y215Src
are associated with different outcome measures. These contrasting roles may be due t
phosphorylation at Y215 and Y419 residing in different SH protein domains.
Phosphorylation irdifferent domains may result in varying protein configurations, which
might enable activation of other downstream signalling pathways. An alternative
explanation of these results may be that the antibodies detect phosphorylation of other Sr
kinase familymembers (e.g. Lyn, Fyn, Yes) in addition or in preference$oc¢ as the
phosphorylated regions are highly conserved. However we could not establish a link with
SFK member Lck, which also showed improved patient outcome.

Examining ER, BR and HER2 negate breast tumours as a representation of the triple
negative group of breast tumours, we found that high cytoplasmic Y215 Src kinase
expression resulted again in a significant survival advantage.

Based on our findings in clinical specimens we moved dentbn to cell line studies.

Four breast cancer cell lines, each representing one of the breast cancer subgroups, we
studied to observe effects of Src kinase inhibitor Dasatinib on the various Src
phosphorylation sites, SFK member Lck and downstrearstisub Y861FAK. Membrane
expression of phosphorylation site Y419Src, which was associated with decreased surviva

in the IHC study, was significantly reduced in all cell lines, yet almost abolished in the
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triple negative cell line. Expression of downstreanbstrate Y861FAK, in this study
functioning as a biomarker for Src activation and inhibition, was also diminished, whereas
expression of activation site Y215, associated with improved clinical outcome of breast
cancer patients, remained unchanged ioelular compartments.

This comprehensive study on expression and activation of Src and SFK members and thei
response to Src kinase inhibitor Dasatinib fills a gap in current literature. It strengthens the
role of Src in breast cancer, potentially progigediagnostic method for identification of
patients that would respond to Src inhibitarsd justifies the use of Src inhibitors in the

clinical setting.
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1.1 Breast Cancer

1.1.1 Incidence and Survival Rates

Breast cancer is the mosommon female malignancy worldwide and accounts for over
32% of all cancer cases among women in EngldndBetween 1981 and 2005, breast
cancer incidence increased bysabstantial 57%1), with 45500 women and 300 men
being newly diagnosed with the disease in 20&ngland(figure 1.1)and 408 women

and 20 men in Scotlan@). Although the incidence rates continue to increase, mortality
has in fact decreased by almost a fifth in the last ten yEaisis most likely due to earlier
detecton, minimization of risk factors and improved treatmé&urvival rates in England
have improved over the period 192003. Breast cancer survival at five years was 81%
(1) (figure 1.2). Survival from breast cancer is higher than that for cervical cancer and
much higher than that for the other major cancers in wetneq, colorectal and ovarian.

For women diagnosed in 200B, 72% are likely to survive for at least ten ear
However, survival is still decreasing more than ten years after diagnosis, and only 64% are

likely to survive for at least 20 yea(d).
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Figure 1.1: Breast cancer incidence and mortality
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Figure 1.1: Diagram showing female breast cancer incidence and mortality between
19712005 in England2).

Figure 1.2: Survival rates for selected cancers
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Figure 1.2: Five yearrelative survival rates for selected cancers for adults diagnosed
during 19992003, Englandl)
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1.1.2 Risk Factors

The risk of developing breast cancer is strongly linked toragearly threequarters of

cases occur in women over .

Many of the established risk factors are linked to oestrogen. Thesniskreased by early
menarche, late menopause, and obesity in postmenopausal women. Early pregnancy ar
breast feeding seems to have a protective el@cHRT increases the risk of breastncer

and reduces the sensitivity of mammograsyg). The risk of breast cancer for current
users of HRT is 66% higher than for neusers.The effect is substantially greater for
oestrogerprogestagen combinations than for oestrogen &ffRT. Risk also increases

with duration of use: the risk for current users of oestrggegestagen combinations for

10 or more years was 2.31 (Cl: 2-P%6) compared to 1.74 (CI: 14089) for one to four

years of use. Risk decreases with cessatiorsef i the UK over the past ten years, it is
estimated that 20,000 extra breast cancer cases have occurred among womerbaged 50

a result of HRT use and three quarters (15,000) of these additional breast cancers are dt
to the use of oestrogerogestgen HRT(8).

About 8% of breast cancer cases in the UK may be attributable to overweight and obesity
(9). In one pooled analysis the risk of developing breast cancer was increased by arounc
30% in postmenopausal women with a BMI >28kgtompared to a BMI of less than
21kg/nt (10). After the menopause, when the ovaries stop producing oestrogen, adipose
tissue is the pmary source of endogenous oestrogen so obese and overweight women are
exposed to higher levels of oestrogen. Obesity is also associated with lower levels of se»
hormone binding globulin (SHBG), which increases the amount of bio avatlabteadiol

(11). In premenopausal women, some but not all studies have observed that a higher BM|
is associated with a slightly lower risk of breast caricgossibly because it results in

decreased exposure to endogenous oestrolgengyh increased anovulatory cycles.
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A recent report from the International Agency for Research on Cancer concluded that
physical activity has a preventive effect on breast caf®x This may be an indirect
effect with exercise lowering BMI, or a direct effect on hormonal and growth factor levels.
The magnitude of this effect varies between studies; a typical result ig@80eduction

in the risk of breast cancer with a few hours per week of vigorous activitysveong4).

A significant association between alcohol intake and breast cancer has been found, with a
increase of risk of 7% for each alcoholic drink consumed on a daily (d&3isAround 4%

of breast cancers in women ueveloped countries may be attributable to alcohol.
Although alcohol and tobacco smoking are closely related social habits, there is no direct
association between tobacco and breast cancer.

lonising radiation is an established risk factor for breast caarw excessive exposure to
radiation should be avoided. The effect of radiation on the breast is strongly related to age
at exposure i.e. the younger the woman is exposed the greater the excess risk. A recel
study estimated that exposure to diagnostiays may be responsible for 29 cases per year

of female breast cancer before the age of 75 in the UK, an attributable risk of 0.1%.
Overall 0.6% of the cumulative risk of cancer to age 75 might be radiatioiced in the

UK approximately 700 cases of «&n each year. This was low compared to the other
developed countries studidil4). Another group at increased risk are women treated for

H o d g &diseaée by mantle irradiation where there is an approximate doubling of lifetime
risk. Women treated in this way before age 35 are being recalled nationally and offered
special surveillance.

Breast cancer is one of the few cancers to have a highernoeide the more affluent
social classegl5). The age standardised incidence rate is 115.1 per 100,000 women in the
least deprived quintile compareal $7.3 in the most deprived quintile. This is probably a

reflection of other factors including reproductive history and early nutrition.
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Benign breast disease is a generic term describing alimadignant breast conditions. As
such it encompasses diseaassociated with an increased risk of breast cancer and others
that do not have a raised risk. The commonest breast lump in young women is a
fibroadenoma, which is not associated with an increased risk of breast cancer. Women ir
their 30s and 40s may dewgpl cysts and those that suffer multiple cysts are at slightly
increased risk of breast cancer. Women who have had biopsies that showed proliferative
breast disease without atypia have a-feld increased risk, while women with atypical
hyperplasia have tavo to five-fold increased risk16-18).

If a woman has had breast cancer, her risk of developing a second primary breast cancer
two to six tmes the risk seen in the general population of developing a primary breast
cancer(19).

A woman with one affected first degree relative (mother or sister) has approximately
double the risk of breast cancer of a vamwith no family history of the disease; if two

(or more) relatives are affected, her risk increases even f2@er

However, over 85% of women who have a close relative with breast cancer will never
develop the diseasand 85% of women with breast cancer have no family history of it
(21). In developed countries it is estimated that hereditary factors contribute around a
quarter of inteiindividual differences in susceptibility to breast cancer, lavhi
environmental and lifestyle factors contribute the remaining thuaeters(4). A small
proportion of women have a particularly strong family history of breast cancer. Mutations
in the beast cancer susceptibility genes BRCA1 and BRCA2 account for the majority
families with four or moremembers affected (3% of all breast cancerg22). Women
carrying such a mutation have a80% chance of developing the disease.

Genetic testing for faulty BRCA genes is available on the NHS for women with a very
strong familyhistory. Increased susceptibility to breast cancer is also a feature of several

rare, familial cancer syndromesifle 1.1).
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Table 1.1: Rare familial cancer syndromes associated with breast cancer

Gene Cancer Syndrome Associated Tumours

BRCAl Breast/Ovarian Predispositiol Breast/Ovarian/Bowel/Prostate

BRCA2 Breast/Ovarian Predispositiol Breast (incl.male)/Ovarian/ Prostat
Pancreatic

TP53 Li Fraumeni Syndrome Childhood Sarcoma/ Leukaemi

Brain/ Early OnseBreast
PTEN Cowdenods Synd Breast/Gl/

Thyroid (benign & malignant)
STK11/LKB1 PeutzJeughers Syndrome  Breast/Gl/Pancreatic/Ovarian
ATM Ataxia telegiectasia Non-Hodgkin Lymphoma/ Ovarian

Breast

Table 1.1listing up different genetic mutations ofre familial cancer syndromes
associated with breast cancer

Since breast cancer affects one woman in nine there will be many women who have &
mother or sister with the disease. But only if there are several family members with early
onset breast cancer ikere a likelihood of a significant inherited predisposition to the

diseas€23).

1.1.3 Symptoms and Detection of breast cancer

The breast screening programme was introduced in 1988 with the aim of reducing the
number of women dying frorbreast cancer. Initially breast screening was offered every
three years to all women aged between 50 and 64. Mammography detects a large
percentage of breast cancers early beéorg symptoms are noticeBy 1998, mortality

was around 20% lower than it wid have been without screening. The decrease of
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mortality occurred in all age groups, but was greatest in women aged 55 to 69. The age
range was stepwise extended over the years. Since@6f8sals are in place to invite
women between age 47 and 73 gvénree yeary1l) for breastscreening.Scotland
currently screens women between the age @&y 0.

Generally womenawdhmoed.d Ibfe & bc @sdeegeoticedon t h
regular seHexamination a referral to a specialist breast clinic is necessary. Symptomatic
patients can present with clinical signs like breast lumps, change in size or shape of the
breast, dimpling of breast skin, nipple inversion,ragein the nipple, swelling or lump in

the axilaabloosst ai ned di scharge from the nipple

disease).

1.1.4 Malignant invasive neoplasms of the breast

Breast cancer derives from epithelial cells, found in the terminaladtdobular unit. Main
pathological characteristic is breaching the basement membrane of the duct or lobules an
dissemination of cancer cells into the surrounding adjacent normal tissue. Almost 80% of
all breast cancers are invasive ductal carcinomasi(pid.1). This common type of cancer
originates from breast ducts, invades fatty breast tissue, local neural tissue and vascule
structures.

Approximately 10% of diagnosed invasive breast cancers are lobular. Some other tumours
show distinct pattern of gwth and cellular morphology and therefore can by identified as
certain types of breast cancer. Less common, variants of invasive breast cancer are tubula

mucinous, micropapillary, cribiform and medullary carcinoma.
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Picture 1.1: HE-staining of invasive ductal carcinoma

Picture 1.1:This picture shows a Grade 3 invasive ductal breast carcinoma with HE

staining (haematoxylin and eosin staining); original magnification x 200).

1.1.4.1 Predictive and Prognostic Makers

Tumour differentiation

The grade of tumour depends on its histological appearance and reflects tissue
differentiation associated with neoplasia. Grading of breast tumours is based on tubule
formation (% of cancer cells composed of tubular structuneslear pleomorphism
(changes in cell size and uniformity) and mitotic count (rate of cell division).

Each of these is scored from 1 to 3. All three scores are added up to a final score, rangini
between 3 and 9. Tumours with scores-& &e consideredsaGrade 1, well differentiated
tumours. Grade 2 tumours (final scor@)6are moderately differentiated, whilst Grade 3
poorly differentiated tumours score final count e9.8Patients with Grade 1 tumours have

a better prognosis than Grade 3 tumdar.

Tumour stage

Stage incorporates the tumour size and the extent of the disease spread. TNM staging |

commonly used to classify breast cancer (takie.
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T represents tumour size of the primary, N relates to lymph node involvement and M
correlates whether or not the disease has metastasised to other organs. Patients with stag

breast cancer have a better prognosis that patients with st§2®g).V

Table 1.2: TNM classification of invasive breast cancer

Stage Size of TU LN involvement Metastases
I Tl <2cm NO no LN involved MO no metastases
lla  TO no evidence of N1 <4 LN involved MO
primary
T1 N1 MO
T2 2-5cm NO MO
lIb T2 N1 MO
T3 >5cm NO MO
llla  TOIT3 N2 >4 LN involved and MO

fixed to other structures

b TO-4 N2 MO

llic  TO-4 N3 incl. IMand SCLNs MO

IV T4 anysize N1-3 M1 distant meta
and/or involving sk, stases
chestwall

Table 1.2:Staging of breast cancer depends on tumour size, lymph node involvement
(axillary, internal mammary (IM) and supraclavicular (SC)) and metastasis. It ranges
from stage | to IV. Inflammatory breast canteconsidered as at least a stage lllb.
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Nottingham prognostic index

In 1982, a retrospective analysis was performed investigating prognostic potential of nine
aspects in primary operable invasive breast cancer: age, menopausalrsiate size and
grade, lymph node status, cellular reaction, sinus histiocytosis and oestrogen receptor
expression(26). Via multivariate analysis three factors remained significant. These
independent prognostic markers (histological tumour grade, lymph node status and size
were combined to a formula (see below), which is known to lesttathe Nottingham

Prognostic Index (NPI).

NPI= histological grade + lymphnode status + (0.02 x tumours size (mm)

Grade 1= 1 point No lymph node involvement= 1 point
Grade 2= 2 points <4 lymph nodes= 2 points
Grade 3= 3 points >4 lumph nodes= 3 points

The NPI score is a guidance to select appropriate adjuvant therapy for each individual

patient (table 1.3); higher the score, the worse the prognosis of the (24i2)
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Table 1.3: Nottingham Prognogt Index

NPI score  Annual 15 year Adjuvant therapy
Mortality survival

<34 3% 80% Dependant on ER@R status, menopaus
Low risk status: tamoxifen for 5 years
3.41 54 7% 42% Dependant on ER@R status, menopaus
Moderate status: Switch thergptamoxifer Al or Al

risk for 5 years

>5.4 30% 13% Hormonal therapy plus chemotherag
High risk depending on age and comorbidities

Table 1.3:NPI scores are calculated using tumour grade, size and lymph node status.

These scores group patients into low riskoderate and high risk and determine their

most appropriate adjuvant treatment regime.

Steroid hormone receptors

Oestrogen plays an important role in the development of breast ¢amyerhe oestrogen

signal is mediated by the estrogen receptor, which is a transcription factor belonging to the

steroid hormone receptor family.

The mechanisms through which oestrogens contribute to each phase of the carcinogeni

process (initiation, promotion, and progression) are multifaceted.

The classic mechanism of direct action of oestrogen on nuclear DNA involves the binding

of the hormone to nuclear oestrogen receptors, which then binds as dimers to oestroger

response elemé&nin the regulatory regions of oestrogesponsive genes and associate

with basal transcription factors, -eativators and coepressors to alter gene expression

(28).
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Since the initial discovery and characterization of the oestrogen redg¢gpiRU) in the
1960s, research on mechanisms of oestrogesptor signalling has revealed its
complexity, as represented by the discovery of oestrogen rede(E®D) in 1996 and of
signalling pathways mediated by oestrogen receptors that become askowitt
mitochondria and the plasma membr§2@;30)

ERU and ER have only 53 percent homology in their liganidding domains; which
accounts for different responses of the two receptors to various ligands. For example,
tamoxifen has been reported to be both an agonist and an antagonistif@uEBnly an
antagonist for ER.

The receptors also vary in their activation domains, suggesting that they may recruit
different proteins to the transcription complexes, thereby altering the specificity of their
genomic transcriptional effects.

Furthermore, oestrogemeceptors interact with eactivator proteins (e.g. AR) to
stimulate the activity of other transcription factors (figure 1.3).

Finally, various tyrosine kinase growtactor receptors can activate oestrogen receptors by
phosphorylation in the absenceaoligand (figure 1.3).

Non-transcriptional effects involve a membrapeund form of ER), ERD, or both to
facilitate crosgalk between the membrane oestrogeceptor signalling process and other
signattransduction pathways, such as the epidermal growth factor receptor (EGFR) and
insulin-like growth factor 1 receptor (IGRI9ignalling patlways, suggesting oestrogenic
control of cell proliferation and inhibition of apoptosis and possible implications for

therapy (figure 1.3}28;29;31)
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Figure 1.3: Schematic overview of Oestrog&eceptoi Signalling Pathways
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Figure 1.3 Schematic overview of OestrogReceptorSignalling Pathways(27).
cAMP= cyclic AMP, E2= oestradiol, -OH-E2,4hydroxyestradiol, ER= oestrogen
receptor, EGF= epidermal growth factor, EGFR= epidermal growth factor receptor,
IGF-1= insulin-like growth factor 1, IGFLR insulinrlike growth factor 1 receptor,
MAPK= mitogenactivated protein kinase, MRNA= messenger RNA, PI3K=
phosphoinositide 3 kinase, mtProteins= mitochondrial proteins, and pShc

phosphorylated Shc protein.

The strongest evidencerfthe role of oestrogen in breast cancer has emerged from the
experience with the selective oestrogen receptor modulator tamoxifen for the treatment anc
prevention of breast cancer. Individual trials and a ragtdysis of randomized clinical
trials have Bown that tamoxifen reduces the risk of recurrence for women of any age with
invasive or in situ breast cancer that expresses, B progesterone receptor, or both

(32)
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Approximately 22% of all breast cancers are oestr@ehprogesterone recepfousitive

at the time of diagnosisable 1.4)

Table 1.4: Distribution of ER and PgR receptor status in breast cancer

Breast Cancer Types Frequency
ER positive PgR negative 55%
ER positive PgR positive 22%
ER negative PgR negative 20%
ER negative PgR positive 3%

Table 1.4displays the frequency of tbestrogen receptor and progesterone receptor in
different phenotypes of breast can¢&s).

ER positive breast cancer patients respond and benefit from adjuvant hormonal therapy
which i s t ai |l oriskeotlearlyrelape hnd menapausad statue aim of
endocrine therapy is to reduce the level of oestrogen; either through antagonising with
oestrogen on the receptor (tamoxifen), downregulation of receptor (fulvestrant) or through
inhibition of oestrogen synthesis (arowrmse inhibitors).

Most tumours initially respond to endocrine therapy, but many will eventually develop
resistance (acquired hormone resistance). However, some tumours fail to respond tc
endocrine treatment from the beginning (constitutive resistance) telesppressing
hormone receptor82).

Progesterone receptor exists as two isoforms, PRA and PRB, which are transcribed from :
single gene under the control of distinct promo{8dy. Both isoforms bind progestins and
directly activate the expression of genes that contain progesterone response elements |
their promoters. Alternatively, thegRs can cooperate with other transcription factors to

induce gene transcription.



41
Chapter 1 Introduction

PgR expression has been shown to be associated with increased benefit from adjuvar
tamoxifen (35). In particular, ERpositive/PgRpositive patients showed a significantly
higher reduction of relative risk of recurrence and death compared wito&iRve/PgR
negative patients. Intesgngly, analysis of data from adjuvant treatment of
postmenopausal breast cancer patients also shows that aromatase inhibitors ar
impressively more effective than tamoxifen in JaBsitive/PgRnegative patient§36). In

this respect, it has been hypothesized that loss of PgR expression might reflect a sustaine
activation of growth factor signalling pathwafay). In fact, it has been demonstrated that
activation of the PI3K/AKT pathwag$ which might be determined by either AR or
EGFR/ErbB2 tyrosine kinases in breast can cellsd downregulates the transcription of

the PgR gené38).
Human Epidermal Growh Factor Receptor

HERZ2, initially discovered in 1985 by two independent laboratgB86s10) is a 185kDa
transmembrane receptor in the HER family of receptor tyrosine kinases, which also
includes EGFR HER1, HER3 and HER4. Each of these receptors consists of an
extracellular binding domain, a transmemnie lipophilic segment, and (except for HER3)

a functional intracellular tyrosine kinase domain. The tyrosine kinase domains can be
activated by both homodimerization and heterodimerization, generally induced by specific
ligands. Unlike the extracellulatomains of the three other HER receptors, HER2 can
adopt a fixed conformation resembling a ligaaddivated state, permitting it to dimerize in

the absence of a ligand1) and, once activated, able to induce signalling that promotes
proliferation and survival.

The advent of standardized FEsfppproved tests for protein overexpression is based on
immunohistochemistryyombined withgene amplification based on fluorescence in situ
hybridization. This has led to an overall improvement in HER2 status assessment (table

1.5).
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Table 1.5: HER2 classification

HER2 status IHC (HercepTest) FISH
Negative 1+

Negative 2+ Negative
Positive 2+ Positive
Positive 3+

Table 1.5demonstrates when HER?2 is classed as positive. All IHC HercepTest HER2

2+ tumours sholdl undergo FISH to assess its gene amplification.

The biological characteristics of HER2 3+ tumours probably reflect the amplification of
HER2 as a driving event that conditions other pathological and biological features, such as

high vascular invasion drhigh proliferation rates (picture 1.2).

Picture 1.2: HER2-positive breast carcinoma

Picture 1.2 Immunohistochemistry (IHC) performed by HercepTest on fornfiaka

paraffinrembedded section of HER®sitive breast carcinoma (HER2 3+).
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HER?2 amplification/overexpression is an early event in breast carcinogene63%650f

ductal carcinomas in situ are overexpressing HIERJ compared to only about 25% of
invasive carcinomas. This might indicate that this alteration is relevant, but not sufficient
to induce oncogenic transformation. p53 status greatly influences the final effect of HER2
overexpression in tumour cells in promoting proliferation versus apoptosia atatking

of proliferation. HER2 overexpression was found to be associated with proliferation when
induced in tumour cells with mutated p53. In contrast HER&sfected cells bearing wild

type p53 became apoptotic shortly after transfection. Addilppnatabilization of
apoptosigesistant cells showed decreased prolifera ).

Various clinical studies have evaluated the relationship between HER2 and breast cance
outcome, and most have shown that women with Hg&tive tumours have a poorer
prognosis than those with HER2gative tmours(44;45.

HER2positivity has also been related to endocrine therapy unresponsiveness, even ir
hormonereceptor positive patient@6;47) The main mechanism of resistance of breast
cancer cells to endocrine therapy is loss of expression of ER. In this regard, the levels of
expressio of EGFR, EfbB2 and TGFU are generally high
as compared with ERositive tumourg48). Heregulin, which can activate boBEGFR
(HER2) and HER2 through formation of heterodimers with either HER3 or HER4,
been shown to depress ER49,50 Tamoxifes astwellaas s ¢ |
oestrogen induseactivation oEGFRHER2 signalling, which leads to activation of both
MAPK and AKT signal transduction pathways.

Two major types of receptor inhibitors have been developed for therapy:

humanized monoclonal antibodies directed against the HER2 extlacelbhmain, e.g.
trastuzumab (Herceptin); and

smaltmolecule tyrosine kinase inhibitors, which compete with ATP in the kinase domain

of this receptor to impair the transmission of proliferation signal, e.g. lapafiykierb).
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Proven survival benefit of i-HER2 driven therapies demonstrated in clinical trials
indicates that HER2 is one of the most promising molecules for targeted ti{&d3py
Trastuzumab, the recombinant humanized monoclonal antibody, is approved for the
management of all metastatic and some early breast cancers with HER2 overexpressior
Patients with advanced breast cancer, on trastuzumesttmient, can show tumour
shrinkage. Even progressing patients can benefit from trastuzumab continuation therapy
most likely through the blockage alternativeHER proliferation pathways, leading to
improved survival. However, this HER2 blockade of tumaell growth can be
circumvented through alternative growth signalling pathways. If trastuzumab controls
disease progression primarily through cytostatic activity (blockade of HEREN
proliferation), a combination of trastuzumab and cytotoxic ageepsesents future

targeted systemic therapy for HER2 positive patients.

1.1.4.2 Treatment Options

National treatment guidelindSIGN) have been published to improve astdndardis¢he
treatment of breast cancer in the UK

Surgery and radiotherapy are used totoa local disease, and systemic treatments
(chemotherapy and/or hormonal therapy) to combat frank or occult metastatic disease.
Systemic treatments may also be administered as neoadjuvant treatment to shrink the siz
of the tumor prior to surgery.

Neaty all patients, depending on their comorbidities and stage of their disease, have some
form of surgery (table 1.6). The objective of surgery is to remove the disease and identify
the extent of disease. This can be either done by either a wide locabexosnoving

only the breast lump and marginal areas of normal breast tissusjrople mastectomy,
removing the entire breast. An assessment of the regional axillary lymph node is needed ftc

determine the disease spread beyond the breast. Standardicélsmeatment of a small
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invasive breast cancer is an axillary sentinel lymph node biopsy (SLNB). If this lymph
node is positive, the surgeon proceeds to an axillary clearance (ANC), removing all of the
axillary lymph nodes. Staging tests, ranging framge blood tests to MRI scansan be

carried out to assess the extent of the disease.

Table 1.6: Different surgical treatment options

Breast Axilla Breast Reconstruction
Mastectomy +/- SLNB +/- LD flap

+/- ANS +/- TRAM flap

+/- ANC +/- DIEP reconstruction

+/- SIEA reconstruction

+/- Breast Implants

+/- Breast Prothesis

Wide Local Excision +/- SLNB

+/- ANS

+/- ANC

Table 1.6 showing various surgal treatment options for operable breast cancer
comprising breast and axillary area plus reconstruction options offered after

mastectomy

I n todayobés clinical practice every patie
multidisciplinary meetingntegrating the stage and grade of their tumdgmph node

steroidhormones and HER2 receptor status, menopausal status and general health. Less
aggressive treatment, e.g. systemic hormonal therapy for oestrogen positive breast cance

may be appropriatfor frail, elderly patients, avoiding mastectomy and irradiation.
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1.1.5 In situ carcinoma

In situ carcinoma Roman: meaning "in the natural or normal place"km®wn as a
precancerous/ pr@vasive stage of a cancer. Histopathology defines it as lesions
compesed of malignant cells thaare confined to their naturddasement membrane
boundaries(52), meaning the tumour cells are still constrained to the site where they
originated and they have neither invaded neighbouring tissues nor giving away micro
metastasis.Two different types of carcinoma in situ can arise in the breast; lobular
carcinoma in situ (LCIS) or ductaarcinoma in situ (DCIS). Th&eatment of lobular
carcinoma in situ isnainly surveillance, whereas ductal carcinoma in situ is often treated
by complete local excision as there is a strong possibility that it will progress to invasive
carcinoma53).

The UK/ANZ DCIS trial reported on the benefit of radiotherapy over tamoxifen for

women with completely excised ductal carcinoma in (&t).

1.1.6 Early breast cancer

Early breast cancer is potentially curable. Surgery is carried out to remove the tumour with
an increasingrénd towards more conservative surgery and reconstruction of the breast.
During surgery, axillary lymph nodes are checked to see whether cancer has spread beyor
the breast. New techniques like axillary lymph node sampling (ANS) and/ or sentinel
lymph nodebiopsy help to reduce the significant disability of lymphoedema of the arm.

A short course of radiotherapy is given to patients who have had conservative surgery
(wide local excision) or considered at high risk of local recurrence.-ehghgy radiation

kills cancer cells. A review of clinical trials involving radiotherapy over the last 40 years
showed a significant reduction in the number of patients relapsing following radiotherapy

(55). Around2% of women treated with breast conserving surgery and radiotherapy have
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local recurrence, and if this is within the first two years they appear to have a worse
prognosis than those with longer dise&rse survival.

Adjuvantchemotherapy is standard treatment for women with lymph node positive disease
and for lymph node negative women with high grdtie negative/HER2 positive tumours

An overview of clinical trials of adjuvant muéigent chemotherapy in early stage breast
cancer patients, under the age of 50, show&&% recurrence risk and 27% death risk
reduction(56). Some patients, for example young patients with large tumours with regional
lymph node spread, may receive radjuvant chemotherapy to shrink the tumour,
allowing more conservative surgery. Chemotherapy is recommended to patients with
moderate and poorly differentiated tumours and commonly given to women who have ER
negative tumours. Standard treatmeof the past wa a CMF combination;
cyclophosphamide, methotreradnd Sfluorouracil. There is increasing evidence to tat
anthracyclinee.g. Epirubicin or Doxorubicirt57) should be added to the reginmiRecent
results from TACT trial showed an equivalent benefit from taxanes e.gadetétr early

stage breast cancefS8). Clinical trials are ongoing to establish the best chemotherapy
regimens.

Women, who have oestrogen sensitive (ER positive) tumours, can receive hormonal
therapy to block the canepromoting effect of oestrogefb9). Over the past 30 years
tamoxifen has been the gold standard and its use significantly reduced the risk of
recurrence and increase ten year survival in women with ER positive and ER unknown
status tumourg60);(61). Trials are ongoing to establish even more effective drugs and
regimens for preand postmenopausal patients, taking into accountesfdds, disease

free and overall survival times. Results from #WEAC trial, comparing an aromatase
inhibitor (anastrazole) alone, anastrazole plus tamoxifen, and tamoxifen alone for
postmenopausal women, have shown benefits of anastrazole over tamoxissageftee

survival in early breast cancé$2). Most postmenopausal women receive tamoxifen for
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five yeas. New switch therapies (3 years tamoxifen followed by an aromatase inhibitor)

have been developed and trialed for women with a moderate to high Nottingham
Prognostic Index. In premenopausal women oestrogen production may be stopped by
surgery (bilateral opherectomy), radiotherapy or drugs that reversibly suppress the ovaries

(LHRH analogues such as Goserelin).

1.1.7 Advanced breast cancer

Minority of patients present with advanced breast cancer. Surgery and radiotherapy is
useful in controlling local disease.ysSemic treatment (e.g. Chemotherapy and/ or
endocrine therapy) is considered to control the cancer and improve quality of life.

High levels of HER2 are associated with ER and PR negativity and poorer prognosis. A
monoclonal antibody treatment (Herceptirgs been shown to provide clinical benefit to
patients with high levels of HER2 recept@@3). When Herceptin is combined with
chemotherapy survival is significantly improvég#). Primary treatment in elderly frail ER
positive breast cancer feents should be hormonal therapies including tamoxifen and

aromatase inhibitors.
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1.2 Src kinase family members

The Src kinase family is a family of n@aceptor tyrosine kinases. Src, most widely known
and investigated, is the prototypical member of thihtestrong group of structurally
related proteins, expressed in mammalian cells. Src family kinases are regulatory proteins
playing key roles in cell differentiation, motility, proliferation and cell survi{gd). The

Src family comprises BIk, Fgr, Fyn, Hck, Lck, Lyn, Src, and Yes (alphaligticsted)

(66). Each SFK member has a different distribution in normal tissues. Src is expressed
ubiquitously. It is found in a range of foetal and &diissues. However neurons,
osteoclasts, and platelets express @ 20-fold higher protein level than most other cells
(67). BIk, Hck, and Fgr are found solely within blood cells; Lck and Lyn are found in

blood cells and brain; Yes, Fyn and Src are ubiquitously expré&8gd

1.2.1 c-Src

In 1911 research into chicken sarcomas led to the identification of a transmissible
noncellular agent that could give rise to new sarcof@8} It was a further 60 years until

the agent responsible fthis transformation process was identified as the BRCgene
(v-SRQ (70). Subsequent research found that normal avian DNA contained a gene that wa:
closely related to 6rc, termed cellulaBSrec (c-SRQ, which was the first human proeto

oncogene to be identifigd@1).

1.2.2 Structure of Src

The three dimensional structure o5cc is well understah The Src protein is a 60kDa
tyrosine kinase. It has a-términal 14carbon myristoyl sequence, a SH4 domain, an
unigue segment, a SH3 and SH2 domain, a proyeasine kinase domain and a short C

terminal regulatory tail (figure 1.4). The-fdrminal myrstylation of Src is required to join
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cellular membranes and is crucial for the transformation of oncogenic Src mU@nis
fibroblasts Src is bound to endosomes, perinuclear membranes, secretory vesicles and tt
cytoplasmic face of the plasma membrane by #emhinal myristoyl groug67), where it

can interact with a variety of growth factors and integrin recef@®)s The unique amino
terminal domain varies between Src kinase family members. The four distinct Src
homology (SH14) domains are involved in autoregulating Src kinasevigctand
interacting with substrates to form intracellular signalling compl€x8p Src activation is
depement on the interaction of different SH domains with each other and a carboxy

terminal (Gterminal) domain.

Figure 1.4: Basic structure of Src

N-terminal Unique SH3domain PXXP SH2 domain SH2-Kinase  Protein kinase C-terminal
sequence domain linker domain sequence

Figure 1.4displays a one dimensional schematic overview ob#s& structure of Src.
Src kinase family members are-62kDa proteins composed of distinct functional

regions.

1.2.3 Activation of Src

The interaction of these SH domains is highly dependent upon the phosphorylation state o
various tyrosine residues withirhé protein. In the inactive state, Src kinase is
phosphorylated at the tyrosine 530 site by the tyrosine kinagesmhal Src kinase (Csk)

and Csk homology kinase (Chk). This is a highly conserved site among all Src kinase
family members located in thé-terminal tail of the protein. In activated mutants of the
Src kinase protein the -@rminal tyrosine is often missing or hypophosphorylated,

producing a constitutively active protein, as is also the case with -t yrotein.
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Phosphorylation of the tgsine 530 site results in a folded, inactive configuration of the
Src kinase protein by promoting intramolecular binding of theer@inus to the SH2
domain(73). It is also possible that in this phosphorylated state the SH3 domain may bind
to the SH1 domain to further fold and inactivate the protéid). Subsequent
dephosphorylation of the tyrosine 530 site by tyrosine phosphatases and intermoleculal
autophosphorylain of the activation loop tyrosine 419 promotes activation of Src kinase
activity (75). It is possible that phosphdagion of the tyrosine 419 site may stabilise the
catalytic domain in an active conformation or may facilitate substrate access to the active
site of the kinas€70). This describes the well established classical activation pattern of Src
kinasei dephosphorylation of tyrosine 530 and phosphoryladibtyrosine 419 to induce

a conformational ounfol dingd of the pro

kinase domain (figure 1.5).

Figure 1.5: Configuration change of Src

SH1 (Kinase)

SH1 (Kinase)

Figure 1.5: Src configuation changes when activated via dephosphorylation of Tyr527
and phosphorylation of Tyr419 (classical activation sites).

There are further tyrosine phosphorylation sites within Src kinase; however, their roles

have not been fully definet¢h vitro studieshave shown that the activated plateletived
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growth factor receptor (PDGFR) will phosphorylate the tyrosine 215 site within the SH2
domain overriding the inhibitory phosphorylated state of tyrosine 530. The suggested
mechanism for this is a decreaseha intramolecular interaction of the SH2 domain with
the tyrosine 530 phosphorylatedt€minal tail, thus opening the protein to its active
conformation(figure 1.6) PDGF or HER2 driven phosphorylation eScc at Y215 on SH2

has been shown to block king to the eterminal regulatory sequence and result in a 50

fold activation of Srg¢76).

Figure 1.6: Open configuration of Src after phosphorylation at Tyr 215

GISHI AN s
M
GO MUY

Figure 1.6 Open configuration of Src when activated at Tyr215 (alternative activation
site).
In addition to this, the activated PDGFR has been shown tgppboylate the tyrosine 138
site within the SH3 domain, although the consequences are less clear. Phosphorylation ¢
the tyrosine 138 site has not been shown to be required for Src kinase activation, but ma
be involved in SH3 domain interactions.
Although Src SH3 interactions remain to be fully elucidated, the SH3 domain of the
protein has been shown to bind to substrates containing pradmesgions(77). The SH2

and $3 domains can bind to growth factor receptors that contain their own tyrosine



53
Chapter 1 Introduction

kinase activities, includingGFR HER2 PDGFR, VEGFR and FGFR. The SH2 and SH3
domains can also bind to and activate cytoskeletal proteins such as FAR 3" (66).

This direct interaction with substrates that contain their own tyrosine kinase domains can
activate the intrinsic tyrosine kinase activity of Src, potentialigrig localisation of Src

to sites of actior(78).

SFKs can be fand at different subcellular locations. They are most abundantly localised in
the cell cytoplasm, but are -tecalised to the membrane when activated. Subcellular
localisation has also been suggested to regulate Src a€@i9ityin studies examining the

role of the SH3 domain in assembly of foealhesions, the inactive form of Src was
localised to the perinuclear region of cells in association with microtubules. Upon
activation, the SH3 domain associated with actin filaments and Src was transported to the

plasma membrane where it is recruitedotwal adhesion€30).

1.2.4 Src and its role in oncogenesis

In normal tissue, Src acts as a sigmahsduction hub, cordinating intracellular
responses to extracellular stimuli. Src has a prominent role in multiple cellular processes,
including prdiferation, adhesion, and motilit§65). These processes also play important
roles in oncogenesis and cancer progression, suggesting that during oncogenesis, tumol
cells may hijack these normal cellular processes through aberrant Src activation or
dysregulation of Src expressi@s6). In vitro andin vivo studies verified this hypothesis by
showing that overexpression or activation of Src transforms cells and induces
tumorigenesis. -Src overepression in mouse fibroblasts induced transformation and
anchoragendependent growth through an unidentified mechar&h

Tumour progression from early disease to advanced or metastatic disease typically
involves both tumour growth (cellular proliferation) and metastasis to distant sites (cellular

migration). Metastasis is a complex multistep processhvinyg loss of cellular adhesion,
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increased motility, intravasation, invasion, extravasation, resistance to anoikis, colonisation
of a site distant to the primary tumour, and angiogen(8& Each of these pcesses is
regulated to some extent by 66), suggesting that Src plays a role in the advancement
and metastasis of solid tumours.

The involvement of & in the metastatic process is supported by several studies. Src
activity in the NBFII rat carcinoma cell line promotes cell scatteringitro. Injection of

these cells into nude mice produced poorly differentiated primary tumours that gave rise to
micrometastases with elevated Src expression. This suggests that Src activity correlate
with decreased tissue organisation and increased metastatic potential compared with th
parent line(83). Overexpression of Csk, a negative regulator of SFK activity, in a highly
metastatic mouse colon carcinoma cell line, significantly decraasado metastasis and

in vitro invasivenesg84). The role of Src in metastasis is also supported by decreased
occurrence of metastases in the presence of Src inkil§8b). In addition, metastatic
cancer models using MDMB-231 cells transfected with a kinadead Src showed a
decrease in development of bone metastases and increased sarf@rabie nude mice

(86).

The potential roles of Src in tumour proliferation and each of the various stages of

metastasis are discussezidw.

1.2.4.1 Proliferation

Studies using SFK inhibitors in cellular models of solid tumours have demonstrated that
blocking Src activity inhibits proliferation by inducing cell cycle arr@st). Activation of
integrins or growth factor receptors also appears to involven8diated phosphorylation

of FAK at cellmatrix adhesions. Proliferation is stimulatedhrough the

Ras/Raf/MEK/ERK pathwa{88).
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In prostate caneeit is well established that proliferation in primary tumours is driven by
androgens. However, in castration resistant tumours, proliferation is dependent on growth
factors stimulating oncogenic signals via signal transduction cas(@@edJ atarovet al

have recently demonstrated that Src kinase inhibitors only inhibifgnation in castration
resistant cells and not androgen sensitive cells. These results suggest that Src kinase on
controls proliferation once the tumour has progressed to the more aggressive phenotype
This effect was not due to absence of androgensx@ssure of tumour cells to androgen
containing medium did not rescue cells from Src kinase inhibitor induced suppression of

proliferation(90).

1.2.4.2 Loss of Adhesion

Tumour cell invasion andhetastasis requires a controlled disruption of interactions with
neighbouring cells and the extracellular matrix (ECM). Src has a-deelimented
negative role in regulating cédlell adherens junctions and é¢etatrix focal adhesions.
Activated Src destilises focal adhesions by promoting redistribution of component
proteins including FAK, cadherins, and cater(®&). Src also suppresses localisation of E
cadherin to focal adhesions, further decreasing cellular adh@2pnrA recent study has
shown thain vivo Src inhibitor treatment blocked mobilisation oicBdherin, stabilising it

at adherens junctions. This result supports the potential use-tdr§eted agents as anti

invasive drugs to stabilise cetlell adhesior{93).

1.2.4.3 Motility and Migration

Cell motility can be thought of as a series of weHordinated detachment and
reattachment events. During metastasis, both adll and cellmatrix contacts undergo
major changes to permit migration, which is Src signalling depen@)t Src also

regulates cortactin, a putative regulator of cell motility that was originally identified in Src
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transformed cells. Cortactin is a substrate of Bat appears to play a role in reorganising

actin filaments within the cytoskeleton at the leading edge of migrating(@8{B6)

1.2.4.4 Invasion

The process of invasion is dependent on two major procassesased motility and/or
migration, as described above and increased degradation of thel&@io, cancer cell
invasion is associated with the formation of acioh membrane protrusions termed
invadopodia, which degrade the ECM. Src interacts wAlK Fo regulate invadopodia
formation by phosphorylating cortactin and altering actin assembly. Src inhibition
decreases the formatidi87;97) and inhibition of invadopodig90). Src has also been
shown to promote expression of both membiamend and secreted matrix
metalloproteases in cancer cell n#hat are important in degrading basement membrane

and ECM during invasio(©8;99)

1.2.4.5 Intravasation and Extravasation

Mechanisms regulating intravasation, i.e. penetration of tumour cells into blood vessels,
remain relatively uncharacterised. Howeveregtinical studies in gastric and colorectal
cancer have shown that Src signalling occurs duringitro models of intravasation in
association with upregulated expression of chemokine receptors (CXCR1 and CXCR2) anc
the urokinase plasminogen activator agtor (UPAR). UPAR expression is associated
with poor patient survival, promotion of invasion via a-8ependent mechanism, and
promotion of metastasis. In a chorioallantoic membrane model, treatment with Src
inhibitors significantly decreased invasiand intravasatio(iL00).

Src has also been implicated in extravasation, i.e. passage of cells from the circulatior
across the vascular walls to the target tissue stroma. The mechanism involved is distinc
from intravasation and appears to be dependent on VEGF, lateegaf angiogenesis and

vascular permeability. Activation of VEGFR transiently activates Src signalling in vascular
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endothelial cells leading to disruption of ¢ekll junctions and increased vascular
permeability, allowing tumour cells to extravas&1®1;102) Therefore, disrupting Src
signalling and Srcegulated VEGF expression may protect against \di@Eced
increases in vascular permeability, preventing establishment of a metastatic colony of

cancer cells in tissues distante@ primary tumour.

1.2.4.6 Cell Survival

Detachment of adherent cells from the ECM and loss of aa@ll adherens junctions
typically results in a form of programmed cell death termed an@lki8) Resistance to
anoikis appears to ogccommonly in metastatic disease and is conferred by activation of
prosurvival pathways that allow anchoragdependent growth and survival, metastasis
and colonisation of distant organs. Src protects from apoptosis by activating two
antiapoptotic kinase PI3-K and extracellular signakgulated kinase 1 or 2 (ERK1/2)
(104) Research in metastatic prostate cancer cells has shown that anoikis resistance i
related to sustained ligasiddependent activation and phosphorylation of EGFR caused by
oxidation and activation of Src. This activates prosurvival signals and degtaeles t
proapoptotic protein Bim, conferring increased cell survival and decreased ap(263is

The role of Src in anoikis resistance suggests thatabgeing therapies may promote
anoikis, decreasing the likelihood of a viable metastatic cell reaching a suitable site for

colonisation.

1.2.4.7 Angiogenesis

Development of a blood supply is critical for the growth of tumours. Src activity increases
in response to hyyxia in the inner hypoxic regions of solid tumours, inducing expression
of VEGF to promote angiogenes(&06) Src plays a key role in regulating GE
expression with Srkdependent phosphorylation of signal transducer and activator of

transcription3 (STAT3) being required for expression of VE@EPS5) The importance of
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Src in VEGF expression is highlighted by the finding, thatiBindition reduces VEGF

expression in human solid tumour cell lines, decreasingitro proangiogenic activity

(107).

Yeatmanet al is illustrating a selection of mechanisms and effects®fccon tumour cell

behaviourgfigure 1.7,(66))

Figure 1.7: Mechanisms on tumour cell behaviour mediated by Src

Focal adhesion §§
o-Integrin

+— B-Integrin E-cadherin
6900008 OCOCOOOCOCO
OOCOOCO (60600600080
Qggc e
Ubiquitylation
7O
E-Cadherin
/ endocytosis
Inhibition 1
of integrin
> Paxilin
e CAS Disruption of adherens
junctions
l T motility and invasiveness
Focal-adhesion Changes in ;
disruption actin cytoskeleton
T motility and invasiveness s

e . .
Nucleus
[ N7\ [TEE N/ N 7)N
L 1
| |
£ R — e

J
i

Figure 1.7 displaysa range of mechanism on tumour cell behaviour mediated by
interactions with various substrates and binding partners. Turnover of focal adhesions
is required for motility and invasiveness via loss of-cell adhesion mediated by E
Caderin or by binding ath activation of FAK, which leads to phosphorylation of other
substrates such as paxillin, CAS and p190RhoGAP causing focal adhesion disruption.

Activation of FAK stimulates the JNK signalling pathway resulting in increased
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expression of matrix metallopratases (MMP2 and MMP9).-8rc also induces
expression of various tissue inhibitors of metalloproteinases (TIMPs). MMPs promote
breakdown of extracellular matrix (ECM), which is required for tumour invasion of
surrounding tissue. STAT3 (Signal transducerd aactivator of transcription 3)
activation leads to increased expression of VEGF (vascular endothelial growth factor),
a signalling molecule that promotes tumour angiogen@&s

1.2.4.8 Bone Metastases

Bone is a common site for metastasis, particularly from breast or prostate primaries, and is
associated with high morbidity and essentially an incurable state. In addition to its roles in
oncogenesis and metastaso visceral tissues, Src is essential for regulating the bone
resorptive activity of osteoclasts in bone metast4$68) In their physiological state,
activated osteoclasts attach to bone in an intetgpendent manner, activating Src and
forming a membrane structure termed the ruffled border. Osteoclasts then release hydroge
ions into the osteoclddtore interface to dissolve the bone mat(09) Srcdeficient
osteoclasts show impaired migration and ruffled border formation, and in animals with
targeted disruption of thé&SRC gene, defects in bone resorption are seen, causing
osteopetrosi§110)

In bone metastases, Sreediated crosstalk between tumour cells and osteoclasts can
initiate a cycle of bone destruction, during which tumour cells activate osteoclasts by
secretion of paracrine factors, such as parathyroid hormedaied peptide. The ensuing
bone resorption teases matrbbound growth factors suds transforming growth factor

b, Il GF | and 1|1, FGFs, and PDGFs, (1Mhi ch |
Src kinase has now been suggested to have a role in clinically dormant breast cance
micrometastases, where a Src activity gene expression signature was shown
multivariate analysis to be an independent predictor ofdaset breast cancer bone

metastase€l12)
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1.2.5 Src in breast cancer

A number of mainlyin vitro studies have suggested a role for Src in breast cancer. But
there has been a limited amountifvivo studies over the past 20 years, which reported
elevated levels of Src kinase in breast carsue compared to normal tiss(EL3)

(114) Translational studis investigating SFK member expression in human breast tumour
and correlating expression and activation to clinical parameters are surprisingly limited.
Only recently a study demonstrated an association between activdtedaod reduced
recurrencdree survival in DCIS(115) A larger study linked expression of aetigd eSrc

in invasive breast cancer witbwer proliferation indices, smal tumour size and lower
grade, but patient survival information was not available for this cqidg) Further
research on expression and activation of Src and Src family members in large patient
cohorts with ful clinical data and followup is needed to lolge the gap betweem-vitro

studies and clinical setting.

1.2.5.1 Interaction with steroid hormone receptors

Il tos well established that t hepromeisytreastg e n
cancer cellgrowth. Characteristically, a ligaridduced activation of oestrogen receptors
results in gene transcription. Src is able to potentiate thd A&ctivation function 1)
dependent gene transcription function of the oestrogen receptor by either indirect
phophorylation of nuclear ER via ERK1/2 (MAPK pathwaif)17) and Akt (118) or
through regulation of FAK130CASJINK pathway activity with its subsequent activation

of co-activator molecules including CBP (CREB/EGFR binding protein) and GRIP1
(glucocorticoid receptor interacting protein 1), which further facilitate-1Aene
transcription(117) This effect can occur in the absence or presence of liganded oestrogen

recepto. Interestingly, this ligand can be oestrogen, but also tamoxifen.
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Regulation of numerous cellular processes such as proliferation, differentiation and
apoptosis can be activated via the oestrogen receptor by distinct cytoplasmic protein
cascades, initiad in the cytosolic/ membram®mpartment(119). Ligand binding on the
oestrogen receptor leads to rapid activation of the ERK and Akt pathways in a Src
dependent manner. Thisan happen in ER positive breast cancer cells and in cells
temporarily expressing oestrad{@l0;121)

Actual interaction between Src and the oestrogaeptor enhances oestrogeediated

gene transcription. This may be facilitated by intermediate adapitercules such as the

MNAR protein(122)

1.2.5.2 Interaction with receptors of the HER family

In human mammary carcinom&lER family members are involved in regulating cell
growth, survival, migration and metastasis. EGFR (HER1) and HER2 arexmerssed

in certain breast cancers and often associated with Srcerpegssion(123)(124)
Synergism between Src and EGFR enhances neoplastic growth of breast epithelial cell:
(124) This occurs via Srmediated phosphorylation of EGFR at tyrosine site 845. Src is
also irvolved with the HER2 pathway signalling resulting in a more aggressive disease
phenotype. HER2 signalling tnegulates Src kinase activity by enhancing its
phosphorylation on tyrosine site 2{525). This is associated with increased activity of
FAK (126), promotng cell migration. Interestingly, HER2 ovexpressing tumours also
showed increased levels of phosphorylated Y215Src kinase. Cell signalling through HER2
has alsobeen demonstrated to dmst Src expression and stability resulting in cancer
dissemination(127). The association of Src @HER3 and HER4 mediated signalling
pathways is less clear. Ishzawar et al. have shown that Src is able to enhance HER2/HER
signalling and their biological functions by promoting HER2/HER3 heterodimerisation

(128)
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1.2.5.3 Regulated crosstalk between steroid receptors and growth factor receptors

by Src
Many of the signalling molecules are found within both the growth faetod steroid
hormone activated pathwayBysregulation of one of those signalling molecules could end
in abnormal activation of both pathways, leading to uncontrolled cell proliferation and
survival (129) Furthermoe, EGFRR/HER2 activation can potentiate ER signalling,
prompting liganeindependent gene transcription and cellular proliferation. On the other
hand the oestrogen receptor can utilise memboaned EGFR to signal through various
kinase cascades influengirgenomic and negenomic actions of oestrogen in breast
cancer cells(31). This complex crosstalk between growth factor receptors and steroid
hormone receptors has been linked to acquisition of endocrine resistance and cance
progression(130). Src can play a part as a mediator of this crosstalk suggesting a role for
Src in breast cancer . disauption of theh ERerd compkex u d
prevents prostate and breast cancer cell growth, suggesting that inhibition of association o
steroid receptors with Src or inhibition of Src activity may have therapeyticaions

for patients with ERpositive tumourg131).

1.2.6 Lyn

Lyn is one of the members of the Src kinase family of-remeptor protein tyrosine
kinases. It is ppdominately expressed in haematopoetic cells (erythroid/myeloid and B
lymphoid origin) (132), but has been also detected in neurons, prostate and colon cells
(133;134) Lyn's function has primarily been studied in hematopoietic cells wisere
involved in the transmission of signals from a number of receptors such as-KipoBc

cell antigen, and -&pl receptors(135;136) It is associated with the higdffinity IgE
receptor in basophils and with p120 R&AP in thrombinstimulated platelet§l37) This

association corresponds to an increase in Lyn kinase activity.
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It has also been implicated in the regulation of cell signalling mechanisms through
phosphorylation of a number of signalling molecules including PI3K|n&3AT5 and
ERK1/2(138)

It was first identified in 1987 as a gene with high homology to other members if the Src

kinasefamily. This gene is localised on the human chromosome 8g13.

1261 Lyndés protein structure

Lyn exists as two distinct isoforms, designated p56, containing 512 awit®, and p53

with 491 aminaacids. As already mentioned its structure is very similar to &@rekinase
family members. Its amino (N) terminal ending contains a sequence for attachment of the
fatty acid myristate. During translation, the amieominal methionine is removed and
myristate is attached covalently to the adjacent glycine. This roatidfn is required for
association of Lyn with the plasma membrane.

Whilst this N terminus of each member is unique, the Src family shares significant
homology in the kinase domain, as well as the SH2/SH3 protein interaction domains.
Tyrosine phosphorylatin controls the activity of Lyn in two opposing wa{S89).
Phosphorylation of the -@rminal tail at tyrosine site 508 inhibits Lyn activity through
promoting its association with the kinases own SH2 domain. Tliguwalent to tyrosine

site 530 of €Src. In contrast, phosphorylation of a residue within the activation loop
(tyrosine site 397= tyrosine site 419 ofScc) results in activation of Ly(139) Lyn

activity is alsoregulated partly by Cs{.36).

1.2.6.2 Lyn and its clinical manifesto
Lyn plays an important role in leukaemia. This has been suggested by several($d@ies
142) Elevated Lyn kinase activity was found in primary acute myeloid leukaemia (AML)

cells (140) Whilst in chromic myeloid leukaemia (CML) the B&AbI fusion protein is
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the initiating molecule, Lyn plays a crucial downstream role in BM®Rinduced
leukaemogenesid41;142)

Lyn is also involved in the development of certain solid tumours. Colon carcinoma cells
utilize Lyn in the activation of the Akt (aréipoptotic) pathway, and chemnesistant
colonic cancer cells disptad elevated Lyn kinase activityl34) Via signalling
mechanisms, Lyn regulates prostate cancer ¢Bil3) Inhibition of Lyn in prostate cancer

cell lines resulted in reduced proliferationvitro and in prostatic cancer xenograft models
(133)

Members of the Srkinase family are important targets for therapeutic intervention.
Several small molecule inhibitors have been developed; Most of them act as ATP
competitive inhibitors (e.g. Dasatinib). This was possible because of identification of
crystal protein structes enabling detailed investigations of how Src family kinases are

regulated and how small molecule inhibitors can inactivate these enzymes.

1.2.7 Lck

Lck (leukocytespecific tyrosine kinase) is a 56 kDa protein found mainly in
haematopoietic cells. It is mosbmmonly expressed on the cell membrane-o€lls and

at a constant level throughoutcEll development. Activation of Lck is a required step in T
cell activation. Fcell activation is a critical step in cell mediated immunity. Following
binding of an atigen to the cell antigen receptor (TCR), a signalling cascade is activated
that results in cytokine release, cell proliferation and cell sur¢ivid)

Immunofluorescence has shown that 56®0% of cellular Lck is known tde bound to

CD4 in CD4+ cells and 1@5% to CD8 in CD8+ cell§145) A small amount is also
known to be attached to the IL2 receptor and play a role in IL2 signéll4@). In cdls,
where none of these receptors are present, a fraction is seen to locate at the plasn

membrane and the rest is present in-pentrisomal vesicle$145;147) Lckbds pr
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structure is very similar to other SFK members apart from its unique terminal SH4 chain
(figure 1.4). At the Nterminus is a short sequee for lipid attachment, which is involved

in the localisation of kinases to the membrane. This attachment is mediated by either
myristoylation (e.g. Lyn) or in case of Lck and Fyn by palmityla(i48).

The inactive, closed conformation aftk is stabilised by phosphorylation of the C
terminal 505 tyrosine residue, which could be seen as equivalent to Tyrosine site 530 in
Src. The active conformation is promoted by phosphorylation of the activation loop on
tyrosine site 394 (equivalentofyTr 4 19 i n Src) . This is kno
activity 27 4 fold (149).

As well as being implicated in-€ell receptor (TCR) signal transducti¢t¥9;150) Lck is

known to engage in thymocyte formation. Increasing Lck activity seems to promote CD4
commitment, whereas decreasing activity promotes CD8 commit(hbh} Lck is also
involved in TCRdependent homeostatic proliferation, occurring in times of lymphopenia
(149)

Lck may also play a role in mitochondrial apoptosis independent of its principle function in
TCR sigralling (151) Cell line experiments showed that a Lck deficiency resulted in

resistance to apoptosis indudedanticancer drugs.

1.2.7.1 Lck expression in cancer

Despite Lcko&s -peliseladkomnmRNA laas loeen obsarved irc8l chronic
leukaemia (BCLL) (152) Lck expression is a feature of CE%B1 cells. These cells are
the normal counterpart of CLL cells undergoing oncogenic transformgtiés)
Furthermore CDS B2 cells are thought to acquire the capacity to express Lck ectopically

upon transformation by EBY153).
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Elevated Lck activity was seen in small cell lung cancer (SCLC), downstream of stem cell
factor mediated Kit stimulatiorfl50). Another study showed that high levels of Lck
activity can cause thymic lymphomg4)

Studies, investigatingutnour infiltrating lymphocytes, have shown that Lck expression is
significantly decreased in breast carcinoma, renal cell carcinoma and tumour involved
lymph nodes of patients with melanoi@i®5-157). For almost 20 years, it has bdemown

that Lck is expressed in human breast cancer tissu80%bof the tumours analyzed in

this proteoncogene screening study, showed significant expression of either erbB, Src,
Rafl, Lck or HRas(158) Increased expression of Lck was seen in higher grade breast
tumours(159).

Lck interacts with Syk, another member of the family of-neceptor tyrosine kinases, via

a crosstalk mechanism in hypoxia induced breast cancegression(159) Syk acts as a
negative regulator and Lck a positive regulator. Lck, activated by hypoxia/ reoxygenation,
inhibits MelCAM, a tumour suppressor in breast carcingb®®), which promotes breast

cancer progression.

The high homology that exists between members of this family complicates the design of
inhibitors specific to a single isoform.

Inhibitors with modified pyrimidine cores represent the most intensely studied group of
compounds that inhibit SFKs. The earliest members of this family were the
pyrazolopyrimidine inhibitors PP1 and PP2. Unfortunately these inhibitors lack specificity

within the Src kinase family.
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1.3 Src kinase inhibitors

Src has many roles in regulating sigt@nsduction during tumour cell proliferation and
metastasis. Increasing evidence from cancer cell lines and human tumour tissue highlight:
Src as an important target for drug therapies aimed at preventing progression of disease
metastatic spread.

Thereare two main categories of Src inhibitors currently being developed: agents that

block substrate binding to SH2 or SH3 domains and-AdiRpetitive kinase inhibitors.

1.3.1 SH2/SH3 inhibitors

SH2/SH3 inhibitors are a class of Src inhibitors that were designaevyent Src binding

to and activating downstream signalling substrates. Three SH2/SH3 inhibitors are
undergoing either preclinical or early clinical trialdCS15A AP22408 and KX2 391

(figure 1.8).
Figure 1.8: Molecular structures of SH2/SH3 inhibitors

Molecular Formula: Cy,H3sN-0, Molecular Formula: C;,H,¢04P;

v
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UCS15A KX2 391
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Figure 1.8 Simplified compound 2D structure of the three above mentioned SH2/SH3
inhibitors UCS15AKX2 391 andAP22408

UCS15Ais a prolinerich agent that interacts with prolinieh regions othe SH3 domain.

In preclinical studies, UCS15A inhibited St3diated proteiiprotein interactions in
colon cancer cellgl60)andin vitro bone resorption by osteocldite cells(161)

KX2 391, formerly KX 01 (Kinex Pharmaceuticals) is an orally available,-A®Ri
competitive Src inhibitor dégned to target the substratending pocket of Src. KX2 391

is currently in early clinical studies in patients with solid tumours. A preclinical study in
four liver cancer cell lines showed that KX2 391 had potentpantiferative activity
(162)

AP22408is a nonpeptide phosphotyrosine mimic with osteod¢kxgeting properties, with

the potential to specifically target bone metastases while avoiding unwanted inhibition of
Srcdependent activities in other cells types. AP22408 has showreantptive activity in

models of osteoclast bone resorpt{@63).
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1.3.2 ATP-competitive Src kinase inhibitors

Each of the following three agents is an orally active small molecule, which inhibits the
kinase activity of the SH1 domain of Src. These Ahpetitive Src kinase inhibitors
have reached clical application to datedasatinib (SPRYCEL®, BristoFMyers Squibb),

saracatinib (AZD0530, AstraZeneca), armbsutinib (SKI-606, Wyeth) (figure 1.9).

Figure 1.9: Molecular structure of ATRompetitive Src kase inhibitors

Molecular Formula: C;,H,3CIN;O,S  Molecular Formula: C,;H;,CIN;5Os
BMS-354825 H AZDO0530

® )

dasatinib saracatinib

Molecular Formula: C,sH,,Cl,N50;
SKI-606

bosutinib

Figure 1.9 Simplified compound 2D structure of the three Achifpetitive inhibitors

dasatinib, saracatinib and bosutinib, which have already reached clinical trial stage.
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Dasatinib is a tyrosine kinase inhibitor of Abl, Src and $H({64;165) It is currently
approved for the treatment of patients with certain types of leukaemia based on its poten
inhibition of BcrAbl (166) Preclinicalin vitro andin vivo studies have demonstrated that
dasatinib inhibits FAK and p180° signalling downstream of Src, cell adhesion, and
migration in progate cancer cell lineg167) and integrirdependent adhesion and
migration in colon cancer cell ling468). Different subtypes of breast cancer cell lines
have exhibited different sensitivities to dasatimilvitro. Triple-negative breast cancer cell
lines, which are considered to be equivalent to basal breast cell lines, and those
representatie of postepithelial/mesenchymal transition cells were more sensitive to
dasatinibinduced growth inhibition than luminal cell lined69;170) In cells that
overexpressed EGFR or members of the HER familyatdab induced celtycle arrest

and caspasmediated apoptosis and attenuated cell migration and invgdidah).
Dasatinib also showed activity in preclinical models of EGlRendent sarcomas and
lung cancers, inducing apoptosis and inhibiting downstream signalling, migration, and
invasion(172;173)

In vivo models of metastatic prostate cancer showed decreased growth and metastasis t
lymph nodes following dasatinib treatment in both andregmrsitive andinsensitive
disease. Dasatinib was not only effectige arresting the cell cycle and preventing
metastatic spread, but also able to inhibit formation of bone metastases. In bone metastas
models, dasatinib inhibited the growth of prostate tumour cells in (19ide175)

Saracatinib is an inhibitor of SFKs, EGFR;Kit, EphA2 and the Srecegulator CsK176)

In vitro studies of saracatib have shown anproliferative, antimigratory, and ami
invasive activity in several cancer cell lines, including breast, prostate, colon, and non
small cell lung cancer (NSCLQ)L76-178) However,in vivo findings have ben less
consistent. In one study, saracatinib inhibited growth and metastasis of an androgen

independent prostate cancer cell line xenog(ai#9) whereas other studies showed
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moderate growth delay in four out of 10 xenografts of various t{4&8) and inhibition

of in vivo tumour growth three out of 16 pancreatic tumour xenog(age) An in vitro
study demonstrated reversible inhibition of migration of odé&sbc precursors,
osteoclastogenesis and osteoefastliated bone resorption suggesting that saracatinib may
have some activity against bone metastéses)

Bosutinib (formerly SKF606) has demonstrated activity as an inhibitor of Src, SFKs and
Bcer-Abl in leukaemia and lymphoma cell lin€s82). Preclinical studies on solid tumour
cell lines showed that bosutinib inhibited vitro growth and motility of colorectal
carcinoma cells(183). In NSCLC cell lines, bosutinib inhibited phosphorylation of
downstream Src substrates and enhanced gefitidilced apoptosi€l84). In vitro studies
using the MDAMB-231 metastatic breast cancer cell line showetlibautinib inhibited
proliferation, invasion and migratiomn vitro. Analogous results were observed in
xenograft studies including decrease in tumour size compared with control animals, in
addition to inhibition of angiogenesis, growth factor expressiod Src signalling85).
Other xenograft studies found that bosutinib inhibited Src phosphorylation and growth of

subcutaneous colorectal tumour xenogréf&s)

Given the roles of Src in solid tumours discussed above, it is expected that Src inhibitors
would arrest tumour growth and prevent metastasis, rréthe@ having a cytotoxic effect.

To fully assess the potential clinical benefits of Src inhibitors, trials need to be performed
in patients with various stages of disease, including patients without metastases to asse:
any activity in preventing diseagarogression. With the aim to further improve the
outcome of patients treated with Sacgeting agents, work is ongoing to identify gene
signatures or pharmacodynamic markers that could predict sensitivity to Src inhibition in

individual patient§180;186;187) The goal of this approach is to enrich study populations
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with patients who might have an increased likelihood of response to a Src inhibitor,
thereby providing a moreefinitive assessment of this class of agents.

The potential effect of dasatinib in solid tumours may be multiple as effects on migration
and invasion have been reported as well as inhibition of proliferéiés;167;188) It
remains unclear, which of these mechanisms will become more relevant in the clinical
application of dasatinib in solid tumours of epithelial origin. The introduction of
molecularly targeted agent into thénic has led to a revaluation of clinical trial design

as many of these agents are not cytotoxic, and conventional measures of reduction i
tumour bulk and the use of maximum tolerated dose based on toxicity do not apply.
Phosphespecific antibodies h& provided useful reagents for analysis of signalling
pathways in clinical samples. Serrelsal. have identified autophosphorylation of Src on
Tyrosine #e 419 and phosphorylation ofxillin on Tyrll8 as potential biomarkers of
dasatinib activity in clon cancers.

A large number of phase | and phase Il clinical trials are underway with Src inhibitors
against a range of different tumour types, both as single agent or in combination with other
therapeutics, to determine the objective response rateiehfsatvith advanced metastatic
diseas€189).

One major problem still remains: how to assess which tumours will respond to Src
inhibitors, so patient can be selected who will prdpddenefit most from the treatment.
Applicability of microarray gene analysis in the clinical setting is now being tested after
identifying a gene signature that was able to predict response to dasatinib in cell lines
(170) Response rate with molecular target therapy in unselected patient groups have bee
so far very modest and this is most likely indicate that in most solid tumours no single
molecular event drives tumourigensis.

As we know Src associates with EGFR and that inhibition of Src activity in tumours

overexpressing EGFR induces apoptosis, even in tumours resistant to EGFR therapie
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(190) A numberof clinical trials are in progress looking at combining dasatinib with
EGFR inhibitors. Other promising preclinical data have prompted clinical evaluation with
cytotoxic agents such as gemitabine and paclitggd).

Inhibition of Src may have a potent amvasive effect, which may prevent tumour
disseminationather reduces tumour bulk. Again remains difficult to assess efficacy of the
drugs in the clinical setting. These agents are more likely effective in patients with pre
invasive disease or patients with surgically resectable cancers with a high riskradnecu
disease due to presence of micrometastases. It is absolutely crucial to identify validatec
biomarkers to assess and monitor both target inhibition andinaasive efficacy to

conduct clinical trials judiciously.

Summary

Almost 42,000 women die anally in the UK of breast cancer. Worldwide higiofile

public screening efforts detect breast cancer now at an early stage. These patients at
generally treated by surgery with adjuvant endocrine therapy and radiotherapy. A variety
of host and tumourharacteristics are used to aid decisimoaking in this setting including
tumour size and grade, involvement of axillary lymph nodes, hormone receptor status anc
the presence or absence of HER2 emguression. If breast cancer reaches advanced to
metastatt stages further adjuvant oncological systemic treatments are available. However,
adjuvant treatments have significant potential toxicities in addition to considerable
economic cost. The aim of adjuvant treatment is to reduce the risk of distant rezsirrenc
of cancer but accurate identification of those women at most risk of is difficult. There is
therefore an urgent need for novel prognostic indicators in breast cancer therapy.
Molecular techniqgues and gene expression profiles have shown some valumein m

accurate identification of patients at risk.
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Src has a weltharacterised role in normal cellular functions, suchpediferation,
adhesion and motility. These functions are also elemental for tumour growth and
metastasisPreclinical studies suggettat targeting Src has the potential to block multiple
steps in the oncogenic process. Existing and emerging data in human tissues confirm the
Src expression and/or activation are elevated in tumours compared with normal tissue, an
levels appear to bedtiest in metastatic tissue.

Nevertheless, it is also apparent that Src activity and expression varies between patient
and tumour types, and that the subcellular localisation of Src and phosphorylation of
different tyrosine residues might have clinicajrsficance. This aspect of Src biology is
being actively researched and could guide future clinical investigations.

Preclinical and earlphase clinical studies suggest that Src inhibitors have cytostatic
effects against tumours. Trials are ongoing to tifierpatient populations who might
derive a clinical benefit from this class of drug therapy, including studies of combination
therapy. Following encouraging early data, the potential activity of Src inhibitors in
patients with bone metastases is also dpemaluated. Parallel clinical and laboratory
studies with a strong translational research component are needed to fully define the role o

Src in cancer and the therapeutic potential of Src inhibitors.
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1.4 Hypothesis and statement of aims

It is establishedhat Src family kinases play an important part in the develpoment and
progression of cancer. Numeroims vitro studies have shown thatevated Src activity
promotes cellular invasion and increases n@liration They are also suggesting a link
between HERand steroid receptors (ER/PgR) with Src kinase family members in breast
cancer. Despit¢his, there is a paucity of translational clinical studies, to suppovttro
evidence demonstrating a role feBec in breast cance®rc kinase inhibitors haverahdy
entered phase Il clinical trails for advanced and metastatic breast caitbeut
identification of adequate biomarkers and detailed knowledge of their effect on individual

kinases in human breast tissue.

We hypothesisthat with this study we willnot onlyadvancehe understanding of the role
of Src in human breast cancer but also potentially provide the prospect of identification of

a biomarker for patients that would respond and benefit from Src inhibitors.

Aim of this project is to perform aomprehensive investigation into the clinical
significance of Src kinase family expression and activation in human breast tumours,
carefully noting cellular location and expression profiles of Src family members using

already constructetissue microarrayni conjunction with in vitro cell line studies.
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Project aims

1. To identify which Src kinase family members are expressed in human breast tissue
and establish if mMRNA expression profiles vary between normaknmadignant breast
tissue and invasive breasincer.

2. To select and optimise antibodies for the detection of Src kinase family members and
their activation sites in human breast cancer specimens, using peraffedded tissue
micro arrays.

3. To link expression of Src kinase family members with clinpggameters in order to
establish association to patientsd outcol
4. To examine the effect and relevance of Src kinase inhibitor Dasatinib on expression
and activation of Src and SFK members regards their staining intensity and cellular
location within brast cancer cell lines representing the four different subgroups of breast
cancer patients.

5. To investigate the effect of Dasatinib a rewlective, clinically trialled Src kinase

inhibitor on the expression of different Src phosphorylatitessn breastancer cell lines.
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2.1 Introduction

Src kinase is implicated as a regulator of cell proliferation and survival and has a
complex role in cell adhesion, proliferation and motil{@b). In vitro studies show
convincing &idence for a role for Src in breast cancer, but this is currently not supported
by translational clinical studies. Additionally, there is little published evidence on the
role of other Src family members in breast cancer. The aim of this study was to
detemine, via real time PCR, if Src and other Src kinase family (SKF) member were at
all expressed in human breast tissspecimens, twerify if mMRNA expression levels

were different in normal, nemalignant and invasive breast cancer tissue and to
investigde if these expression levels were associated with clinical parameters and patient

outcome.

2.2 Methods

Materiak used within this chapter are listed in appendix 1.

2.2.1 Patient Cohort

This cohort contained 139 patients in total and was subdivided into:

Patient goup 1 (M) consisted of malignant tissue samples, taken from 81 breast cancer
patients at time of primary tumour resection. All patients were diagnosed with operable
invasive breast carcinoma between 1987 and 2005 in the Greater Glasgow area.

Patient group2 (NM) included nommalignant tissue samples from 48 breast cancer
patients taken from disease free areas of mastectomy resection specimens.

Patient group 3 (N) comprised of 10 normal breast tissue specimens obtained from

reduction mammoplasties.
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All samples were taken at time of surgical resection, assessed and confirmed by &
pathologist, then snap frozen and stored in liquid nitrogen. ER and PgR status was
determined as a routine diagnostic measure in the local pathology department.

Clinical and pathlmgical characteristics, including age, tumour grade, size and histology,
lymph node involvement, steroid receptor status and HER?2 status are shown in table 2.2

result section of this chapter.

2.2.2 Quantitative Reverse Transcriptase Polymerase Chain Reaction

2.2.2.1 Tissue processing

Following the resection of the primary tumour, representative parts of malignant (M) and
non-malignant (NM) breast tissue were identified by a pathologist, frozen and stored in
liquid nitrogen. Normal (N) breast tissue was selected ahtérom different sites of
breast reduction specimens. ER and PgR receptor status were determined by
immunohistochemistry as routine diagnostic measures in the Glasgow Royal Infirmary
Pathology Department for malignant and fioalignant breast tissue. Eddd PgR were
scored as negative when histoscore was less than 10. PgR and HER2 receptor status we
infrequently measured on pa tBreashtanods werp e C |
deemed as HER2 positive if scored 3+ by HERCEPT test or if 2+ by HER@E5t and
amplified by Fluorescent in situ hybridization (FISH) using the Pathvision test (Vysis

Ltd, USA).

2.2.2.2 RNA isolation

507 75 mg of breast tissue was ground in a mortar and pestle in liquid nitrogen. Total
mRNA was extracted using the TROL® methodac cor di ng to manuf a
RNA quantity and quality was assessed by UV spectrometry (GeneQuant machine) anc

by examination of rRNA bands after agarose gel electrophoresis.
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Only samples, which showed both 18S band and a stronger expressedn2i3Svére

included in this study (figure 2.1).
Figure 2.1: Agarose gel electrophoresis for RNA quality control
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Figure 2.1shows an agarose gel with six invasive breast cancer rRNA samples with
appropriateexpression at 18S and 28S. After this quality control step samples were
utilised for cDNA synthesis. L= Ladder; sampl&4 invasive breast cancer sample
1-6

2.2.2.3 cDNA synthesis

To guarantee no other DNA was present, Difde DNAse treatment and removal
reagentkit was added. Samples were incubated for 30 min at 37°C. To ensure the same
amount of cDNA being used for quantification of mRNA, a starting concentration of
1000ng of tRNA was applied for each sample. Random hexamer primers (50ng) were
used for First $and cDNA Synthesis using SuperScripf II RT according to
manufactureros instruct i o ifisation,2 enitoof RNase s i r
H were added to samples and incubated for 20 minutes at 37°C. Quality of cDNA was
assessed by using a PCR ttohrun with human actin.

Product bands were assessed by examination of agarose gel electrophoresis. Onl

samples, which showed equal product bands at 330 bp, were utilised (figure 2.2).
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Figure 2.2: Agarose gel electrophoresis for quality control for cDNA
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Figure 2.2 demonstrates a PCR control run with humaad8n to assess quality of
cDNA. An equal band of each sample, at 330 bp on agarose gel electophoresis, was
essential for the cDNA to be used foRNA quantification. L= Ladder, C= negative

control, sample B= invasive breast cancer sample31

2.2.2.4 Quantification of mMRNA

Realtime quantative PCR was performed using an ABI Prism 7900 Sequence Detection
System (Applied Biosystems, UK) adthgMan® Gene BExession Assayfable 2.1).

For t he TagManeE Gene Expression Assay
recommended 40 rounds of amplification was applied. Thermal cycler condition were
50°C for 2 min, 95°C for 10 min followed by 40x 95°C for 15 sec and 66fQ min.
Product melting curve analysis and gel electrophoresis experiments were used to ensur

that only one product of the expected size was amplified.
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Table 2.1: Demographic details of SKF member genes

Gene Gene Expression  Exon boundary spanned Amplicon Threshold

Assay ID according to product inser Length value (Ct)
SRC Hs00178494_m1l 7-8 70 0.28263707
LCK  Hs00178427_ml 9-10 104 0.26297827
LYN  Hs00176719 mil 12-13 70 0.34538345
YES Hs00736972_m1l 2-3 153 0.14854589
FYN  Hs00176628 m1l 3-4 99 0.27740355
FGR  Hs00178340_ml 5-6 61 0.22993330
HCK  Hs00176654_m1l 6-7 64 0.37934458
BLK  Hs00176441 m1l 1-2 85 0.23531063
GAPDH 4310884E 3 118 0.26113370
HPRT 4310890E 6-7 100 0.25742040

Table 2.1reveals intronskipping primers (eight SKF member and two housekeeping

genes) used for regime PCR and their fixed threshold Ct values.

Negative controls (RNAse/DNAse free,® and negative RTPCR sample) for each
primer were included on every 96 well PCR plate (AppliedbsBstems, UK).
Quantitative values were obtained from the threshold cycle (Ct value) at which the
increase TagMan® probe fluorescent signal associated with an exponential increase o
each individual PCR product reaching a fixed threshold value. Eachduodlvprimer

had a fixed threshold Ct value. These fixed threshold values were used for every cDNA
sample (table 2.1).

To enable comparison of different mMRNA expression levels, their relation to the average
expression level of two housekeeping gen€ARDH glyceraldehyde3-phosphate

dehydrogenase andHPRT, hypoxanthineguanine phosphoribosytansferase) were
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evaluated. The housekeeping gene with the lowest standard devidf&T)(was used

for evaluation of the different mMRNA expression levels. Data vaedysed using the
Sequence Detection Software, which calculates the threshold cycle (Ct) value. The
expression of the target assay was normalised by subtracting the Ct value of the
housekeeping gene from the Ct value of the relevant target assay. Thecfelse,
relative to the control, was obtained by using the formift4,and then expressed as a
percentage (x100).

Formula: 2 (Mean Cttarget gensdean Ct house keeping geng) 50

All samples were measured in duplicates.

Methods were established by the author. However, supportive technical assistance wa
given by labeoatory technician Fiona Jordan, who processed the last remaining 32
samples. Result analysis of TagMan® mRNA quantification and statistical analysis were

performed again by the author.

2.2.3 Statistical Analysis

Differences in expression levels were analysedigushe ManAWhitney U test or
KruskaltWallis test, including a Wilcoxdnype test for trends, when appropriate.
Associations between continuous variables were assessed with the Spearman Rank tes
Disease specific survival rates were generated using tphlarksleier method. The log

rank test was used to compare significant differences between subgroups using univariat
analysis. Based on the results of the univariate analysis a multivariate analysis was thel
carried out. The multivariate stepwise Ggresion analysis was performed to identify
factors that were independently associated with disease specific death. A stepwise
backward procedure was used to derive a final model of the variables that had a
significant independent relationship with survivdlo remove a variable from the model

the corresponding-palue had to be greater than 0.05.
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Inter-relationships between clinical parameters, ER, PgR and HER2 status were
calculated using the Chi square test. Nonparametric correlations between Src and othe
SFK members were determined using 2i | ed Spear manés r ho
number of statistical comparisons, &alue of <0.01 was considered to be significant.
Data are expressed as median and range. The statistical analyses were perfornaed using

statistical software package (SPSS 15.0 Inc., Chicago, IL, USA).
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2.3 Results

2.3.1 Clinico-pathological details of cohort

The PCR cohort consisted of 81 invasive breast cancers (M), 4&alagmnant (NM) and

10 normal (N) breast tissue samples. Clinical anthgdagical characteristics of those
three groups are shown in table 2.2.

Median age of the breast cancer patients was 61 years (IJR yé€ars). Median size of
breast cancer was 30mm (IQR-2Bmm). 40% of the specimens were pathologically
graded G2 and 48 G3. 52 breast cancer patients were ER positive compared to 29 ER
negative patients. 55% of breast cancer patients were axillary lymph node positive.
Median NPI was 4.6 (IQR 4-83.4). Patients underwent either breast conserving wide
local excision (16%) 0a simple mastectomy (67%; the rest 17% unknown). Axillary
dissection was performed in 83% of cases. At time of analysis 37 out of 79 patients were
deceased. 18 of those 37 patients died of breast cancer related causes. Mediaup follow
time was 5.6 yeardQR 1.8 17.6 years).

Median age of breast cancer patients, from whom anmalignant specimen of breast
tissue was obtained, was also 61 years (IQRBgears). 63% of those patients were ER
positive, 17% ER negative. ER status was not significantigrdnt between tissue types
(p=0.847).

Median age of breast reduction patients supplying normal breast tissue was 37 year:

(IQR 3348 years).
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Table 2.2: Overview of clinicepathological features of mMRNA coti®

Variables Cohort1 (M) | Cohort2 (NM) | Cohort3 (N)
No: 81 % No: 48 % No: 10 %

<=50 20 25 11 23 8 80

Age > 50 61 75 37 77 2 20
ductal 75 93 44 92

Histology lobular 4 5 3
others 2 2
unknown 10 100
1 5 6 6 12

Grade 2 32 40 21 44
3 39 48 20 42
unknown 5 6 1 2 10 100
<20mm 10 13 10 21

Size 20-50mm 55 68 30 63
>50mm 14 17 5 10
unknown 2 2 3 6 10 100
positive 29 36 26 54

Nodal status negative 45 55 19 40
unknown 7 9 3 6 10 100
positive 29 36 18 37

ER status  negative 52 64 30 63
unknown 10 100
positive 16 20 14 29

PgR status negative 17 21 8 17
unknown 48 59 26 54 10 100
positive 28 35 17 36

HER2 status negative 4 5 4 8
unknown 49 60 27 56 10 100
<3.4 4 5 6 12

NPI 3.454 49 60 29 60
>5.4 15 19 6 12
unknown 13 16 7 16 10 100
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Table 2.2is giving an overview of cliniepathological features of the cohorts M=
invasive breast tissue, NM= nanalignant breast tissue and N= normal breast tissue.
Histology= Pathological type: Ductal= invasive ductal carcinoma; Lobular= invasive
lobular carcinoma; others: including tubular, medullary, mucinous, and squamous;
Grade = Bloom and Richardson grade; Size= Maximum tumour diameter; ER=
Oestrogen receptor; gR= Progesterone receptor; HER2= Human epidermal growth

factor receptor 2; NPI= Nottingham Prognostic Index
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2.3.2 mMRNA expression levels in human breast tissue

2.3.2.1 mRNA expression levels in human breast tissue

Expression levels for SFK member were quantified iisgue samples (table 2.BLK
was the least expressed SFK member in all breast tissues. No change in theS&@I of
expression was observed between tissue types (p=0.976) (figure 2.3). WhEkeas
FYN and YESshowed significant changes in expresdi@tween different breast tissue

types (table 2.3).

Table 2.3: Expression levels of SFK members in different breast tissue types

Gene Expression levels Expression levels Expression levels

in M in NM in N p-values
SRC 9041 9252 9493 0.976
LCK 655 217 255 <0.001
LYN 7233 8922 10521 0.076
FYN 2245 5293 25484 <0.001
FGR 1144 1275 1072 0.043
HCK 1815 2673 1712 0.070
BLK 208 161 234 0.114
YES 2142 499 3312 <0.001

Table 2.3shows expression levels of Src lsadamily members in different breast
tissue types (M= invasive breast cancer; NM= fmoalignant and N normal tissue)
are stated as medians.-\Rlues express alterations of expression in the different
breast tissue types (Kruskdélallis test). Bold typefa&cis used to highlight significant

p-values.



Chapter 2 MRNA expression of SFK members 89

Figure 2.3: SRC mRNA expression levels in normal, namlignant and malignant

breast specimens
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Figure 2.3 demonstrates different SRC mRNA expression levelonmah, non

malignant and malignant breast specimens (p=0.976).

2.3.3 Src kinase family member expression in breast cancer specimen
SRCandLYN were the most highly expressed SFK members in malignant breast tissue
(figure 2.4).

Higher expression levels @fCK were observed in invasive breast cancers compared to
non-malignant and normal breast tissue (p<0.001) (figure 2.5). InterestirCi§was 14

fold less expressed tha®RC It also was the only SFK member, which showed a
difference in expression levels beeveER negative and ER positive patiehiSK was

higher expressed in ER negative patients, compared to ER positive patients (figure 2.6).
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Figure 2.4: Overview of all SFK member expression in malignant liressue
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Figure 2.4 shows an overview of all SFK member expression in malignant breast

tissue. SRC and LYN are the most and BLK the least expressed SFK member.

Figure 2.5: LCK mRNA expression in N, NM and Mreast tissue
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Figure 2.5 LCK is highest expressed in malignant breast tissue (p<0.001).
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Figure 2.6: LCK expression in ER negative compared to ER positive patients
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Figure 2.6 highlights the difference bgeen LCK mRNA expression in ER negative

compared to ER positive breast cancer patients (p=0.030).

All SFK members correlated witBRCexpression. The strongest correlation detected
was withLYN (p<0.001, c.c. 0.570) (figure 2.7), the weakest WitaS (p=0.030, c.c.

0.242) (figure 2.8). An overview of those correlations is provided in table 2.4.
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Figure 2.7: Correlation betweeBRCandLYNmMRNA expression in the M cohort
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Figure 2.7 illustrates a high correlaon betweerSRCand LYN mRNA expressiom
the malignant PCR cohort (p<0.001, c.c. 0.570).

Figure 2.8: Correlation betweeBRCandYESMRNA expression in the M cohort
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Figure 2.8: SRCmMRNA expression wasedst correlating withy ESmRNA expression
in the malignant breast patient cohort (p=0.030, c.c. 0.242).
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Table 2.4: Non-parametric correlations between each SFK member

93

SRC LCK LYN FGR FYN HCK BLK YES
SRC
Cc 1.00 0.410 0.570 0.521 0.448 0.473 0.316 0.242
p-value <0.001 <0.001 <0.001 <0.001 <0.001 0.003 0.040
LCK
Cc 0.410 1.00 0.680 0.648 0.575 0.613 0.640 0.394
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LYN
Cc 0.570 0.680 1.00 0.683 0.742 0.756 0.527 0.274
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.014
FGR
Cc 0.521 0.648 0.683 1.00 0.759 0.810 0.543 0.315
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.004
FYN
Cc 0.448 0575 0.742 0.759 1.00 0.858 0.649 0.323
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.003
HCK
Cc 0.473 0.613 0.756 0.810 0.858 1.00 0.622 0.382
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
BLK
Cc 0.316 0.640 0.527 0.543 0.649 0.622 1.00 0.349
p-value 0.004 <0.001 <0.001 <0.001 <0.001 <0.001 0.001

Table 2.4demonstrates

ma |

i gnant

neparametric correlations between each SFK member in

breast

ti ssue

(Spearmands Ran
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Survival analysis was completed for all SFK members. GBRC was sgnificantly
associated with decreased disease specific survival in ER positive breast cancer patient
(p=0.012; figure 2.9). Patients with hi@RCmRNA expression had a median survival

of 4.5 years (IQR 2:6.3) compared to those with low expression watedian survival

of 11.6 years (IQR 6:23.3).

Figure 2.9: Kaplan Meier survival graph for mRNA expressi@8RCin ER positive
patients.
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Figure 2.9 shows that high mRNA expression of SRC in ER positive {satiers

significantly associated with poorer clinical outcome (p=0.012).
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2.3.4 Src kinase family member expression in nomalignant breast

tissue
As observed within the invasive breast cancer speci®ie@andLYN were the highest
expressed Src kinase family mieens in normalignant breast tissue arBLK the

weakest expressed SFK member (figure 2.10).

Figure 2.10: Overview of SFK member expression in aoalignant breast tissue
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Figure 2.10 gives an overview of 8Fmember expression in nomalignant breast
tissue. Like observed within the malignant breast tissue, SRC and LYN were the

highest and BLK the least expressed SFK member imadignant breast tissue.

YESwas least expressed in noralignant breast tissueompared to malignant and
normal breast tissue (p<0.001) (figure 2.11). No significant difference in expression
between the malignant and noralignant patient group was observed W8RG LYN,

FGR HCK andBLK.
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Figure 2.11: YES mRNA expressiofevels in N, NM and M breast specimens
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Figure 2.11 YES s highest expressed in the normal breast specimen cohort

compared to the other two cohorts (p<0.001).

As with the invasive breast cancer specimens, all oBrerkinase family members
correlated withSRCexpression. Again the strongest correlation was Wwih (p<0.001,

c.c. 0.799) (figure 2.12) and the weakest WitBS(p=0.027, c.c. 0.326) (figure 2.13).
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Figure 2.12: Correlations betweeBRCandLYNexpression in the NM cohort
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Figure 2.12illustrates the correlation cBRCmRNA expression withYNin the non
malignant PCR cohort (p<0.001, c.c. 0.799).

Figure 2.13: Correlations betweeBRCandYESexpression in the NM cohort
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Figure 2.13demonstrates a low correlation between SRCMB&MRNA expression

in the noamalignant breast patient cohort (p=0.027, c.c. 0.326).
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2.3.5 SFK member expression in normal/ breast reduton tissue

FYNwas the most highlgxpressed SFK member in normal tissue. It was significantly
higher expressed than any other SFK members (figure 2.14); 2.7 fold higher than Src anc
100 fold higher than Lck. Highest expression levels of Fyn were obsérvedrmal

tissue compared to nenalignant and lowest in invasive breast cancer specimens (p<
0.001). No correlations between Src and SFK members were observed in normal breas

tissue (table 2.5).

Figure 2.14: Overview of SFK member expression in normal breast tissue
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Figure 2.14 gives an overview of SFK member expression in normal breast tissue.
FYN was highest expressed SFK member, followed by LYN and SRC.

Only LCK, LYN and FYN expression correlated witBRC expression (tabl2.5): LCK
p=0.043, c.c. 0.648 (figure 2.15,YN (p= 0.022, c.c. 0.709) (figure 2.16FKYN

(p=0.043, c.c. 0.648) (figure 2.17).
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Table 2.5: Correlations betweeS8RCand other SFK membeis the N cohort

LCK LYN FGR FYN HCK BLK  YES

SRC
Cc 0.648 0.709 0.588 0.648 0.430 0.552 0.321
p-value 0.043 0.022 0.074 0.043 0.214 0.098 0.365

Table 25:Corr el ati ons bet ween SRC, L CK, LYN

were significant

Figure 2.15: Correlation betweeBRCandLCK expression in the N cohort
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Figure 2.15 displays the correlation oBRC mRNA expression withCK mRNA

expression in the normal breast tissue specimens (p=0.043,648)0.
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Figure 2.16: Correlation betweeBRCandLYNexpression in the N cohort
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Figure 2.16 illustrates the correlation oSRCmMRNA expression withYN in the
normal PCR cohort (p=0.022, c.c. 0.709).

Figure 2.17: Correlation betweeBRCandFYNexpression in the N cohort
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Figure 2.17 elicits the correlation oSRCand FYN mRNA expression in specimens,

collected from breast reduction mammoplasties (p=0.0430®d8).
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2.4 Discussion

SFK members are expressed in various cell types and tigs92kand irvolved in
cancer progression, via transduction of signals for cell growth, differentiation and
survival, influencing cellular adhesion, migration and invagit®8) However, there is

little translational evidence of SFK member expression in breast tissue.

In this pilot study we used RPCR, a molecular quantification method, for investigating
MRNA expression okight SFK members. One disadvantage of this technique is the
handling of very labile mRNA. If tissue is not instantly fresh frozen after retrieval,
MRNA is able to degrade rapidly and quality suffers leading to faulty results. To extract
MRNA from certaintissue, for example bladder cancer, meticulous dissection with a
laser is needed in order to achieve purification of tumour tissue that no other tissue type
would dampen results. Valuable information about cellular locations is lost due to the
necessity fo tissue destruction in order to facilitate quantification of specific
biomolecules.

Initially we used two housekeeping gene®RTandGAPDH) to establish which one of
them was most suitable for evaluation of the different mMRNA expression.|Beglause

of the least standard deviation wifPRT in our analysis and to use less reagent and
materials (=financial resources) we only continued our studyrRRT. During this test
period we also encounter difficulties with tREPRT gene assay. Its amplificatigaiots
suggested inhibition of the PCR reaction, preventing the PCR to amplify. After serial
dilutions of the 100% DNA used originally, we found that a 1/10 dilution was providing
us with the best amplification plot indicating that the real time PCR rdaitbeull

efficiency.
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MmRNA of all eight SFK members was investigated in normal,-mafignant and
malignant breast tissue and confirmed to be present in all those tissue types in differen
expression levels. InterestinglRC expression levels were uraiiged between the
tissue types, despite being the highest expressed SFK member in malignant and non
malignant, but not in normal breast tissue. We only conducted a survival analysis within
the malignant breast tissue coho8RC was the only SFK member, wih was
significantly associated with patients?©o
slightly underpowered. The patient number in this cohort was only 81. To gain
trustworthy results and draw reliable conclusions we saw the necessity to intiease

patient number for survival analysis.

As SRC LYNwas also expressed at high mRNA levels in malignant ananadignant,

but not in nor mal breast tissue. It 6s u.
breast patients, witRYN being thehighest expressed SFK member, is caused by the age
discrepancy between this cohort and the others or is based on otherditiiotngical
parameters. Nevertheless there was a significant correlation present bEti¢amd
SRCexpression.

We are undeceld i f this finding is of any i mj
expressed in other normal tiss(@8) e.g. osteoblasts. A recent study showed !

was expressed in those cells, but had no influence on proliferation or differentiation.
Only Src, activated at high level, was inhibited by Src kinase inhibitor Dasatinib
enhancing osteoblast diffmtiation(194) This patient cohort wsaoriginally thought to

be only a control group. For this reason we only analysed a small number of samples.

LCK mRNA expression was highest in invasive breast cancer compared to the other

groups, but was 14fold less expressed tB&RC It was not surpriag to find Lck
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expression in breast cancer specimen, a previous-pnatogene screening stui©4)

had already recorded its presence in cancer. Increased Lck activity was also associate
with SCLC (150) and with the development of thymic tumoyi$4) No data was yet
avaiable regarding relationship to other SFK member expression.

LCK is known to be mainly expressed inlyinphocytes and thymocytg4.35) I t 6 ¢
uncertain if this reflects a higher immunoreactivity of the breast tumQust recent

years it has become clear tllidease progression in patients with cancer is dependent on
complex interactions between the tumour and host inflammpatspons€195). There is
increasing evidence that both local and systemic inflammatory responses play an
important rolein the progression of a variety of common solid tumdags) Several
studies have demonstrated the atieinship between markers of the systemic
inflammatory response and survival in advanced metastatic breast ¢EcerUp till

now, there is no evidence if high expression of SFK members (Lck) in breast tumours, an
association with inflammatory markers (e.g. CRP) mwen high expression of
lymphocytes in the surrounding stroma, expressing Lck, could lead to a poor clinical

outcome.

With Src kinase inhibitors being commercially developed and made available for clinical
trials, the lack of predictive and prognosticicators in this area makes it more apparent

to find an appropriate biomarker. This study established that all SFK member expression
levels were correlating witBRCkinase expression. AdditionallgRCwas the only gene
where high mRNA expression was limkewith poorer disease specific survival,

suggesting thaBRCcould be used as a surrogate marker.

Due to small patient numbers in the malignant breast tissue PCR cohort and the lack o

knowledge regards transcription of mMRNA into protein level, theieavaeed to expand
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the investigations into the role of Src and other noteworthy SFK members (Lck, Lyn)
into a larger cohort of patients with more detailed clinical information and mature long
term clinical followup.

With the knowledge that mMRNA expressidoes not necessarily correlatéh protein
synthesis and protein expression, immunohistochemistry was employed to formalin fixed
paraffin embedded breast cancer specinterexploreif observations made with mRNA
expression regards surviyalere still valid. It also would give us the opportunity to
assess the importance of Src kinase protein activation investigating different activation

sites of this nofreceptor tyrosine kinase (next chapter).
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3.1 Introduction

Having established mRNA expression and different expression levels of SFK members
in different breast tissue types, this study aimegrtove the hypothesis thatrptein
overexpression of Src, activated Src (phosphorylated and dephosphorylated tyrosine
site 530, phosphorylated tyrosine site 419 and 215) and other most noteworthy
expressed SFK members (e.g. Lyn, Lck,) wobéd associated witlisease specific
survival in breast cancer patients.

Immunohistochemistry was employed to assess the clinical significance of Src kinase
protein expression and activation in larger cohort of invasive breast cancer patients, to
establish which clinical subgroups (e.g. EgRPpostive/negative, HER2 positive,
triple negative) are more affected by Src mediated expression and to determine if these
are linked to clinical outcome measures. Validity/specificity of these antibodies was
verified by Western Blotting prior to Immunohistashistry staining.

In addition, nuclear Ki67 expression was investigated to determine if SFK members are

linked to high tumour proliferation.
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3.2 Methods

Materiak used within this chapter are listed in appendix 2.

3.2.1 Tissue microarray construction

Tissue microamys were constructed because of the large number of patients in our
cohort (n=895)It allows rapid tumour processing under standardised condifi®@8.

There are several advantages to be listed for using TMAs. Working with tissue arrays
instead of whole tissue sections is an extremely useful method in savitegllimiman
tissue, since whole tissue sections only allow a restricted number of experiments to be
conducted. It is also a time and money saving technique, having to apply less quantity
of primary antibody in one experiment run. Performing all experimenteeasame

time on all the tumour tissue ensures experimental uniformity.

Construction of the TMAs involved haematoxylin and eosin staining of the tissue
sections of the breast cancer specimen, which was taken at time of the primary tumour
resection. A cosultant breast pathologist identified representative areas prior to coring.
Individual tumour cores of those designated areas were then placed into a single
recipient paraffin block.

For our cohort six different TMAs (TMA1= 197 cores, TMA2= 80 cores, T¥AI3

cores, TMA4= 161 cores, TMAS= 187 cores, TMAG6= 227cores) were constructed by
Sylvia Brown. Each TMA was replicated in triplicates, using 3 * 0.6mm cores from
each block to take into account heterogeneity of whole tumour sections. It also raises
the pssibility to gain results for all patients having three chances of obtaining

informative cores.
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3.2.2 Patient cohort

The patient cohort consisted of a total of 895 patients. All patients were diagnosed with
operable invasive breast carcinoma between 1980 a9d itOthe Greater Glasgow

area. These patients received standard adjuvant treatment according to protocols at the
time of diagnosis. Patients were excluded from the study if clinical follow up data was
incomplete, tissue blocks were not available or halffitient tumour tissue as
determined by the pathologist. Clinical and pathological characteristics, including age,
tumour grade, size and histology, lymph node status, ER and HER2 status are
summarised in Table 3.3, result section of this chapter.

The result analysis included only patients who had all clinical data, BR,aAd HER

status, full Src kinase, activated Src kinase, other Src kinase family member and Ki67
expression data available. The cohort patient number was therefore reduced to 314
patierts.

Ethical approval was granted by the Glasgow Royal Infirmary Local Ethics Committee.
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3.2.3 Western blotting

Western Blotting was performed to confirm antibody specificity before their usage in
immunohistochemical staining of the TMAs. Proteins were preparstl kindly
provided by Dr Liane McGlynn using breast cancer cell line lysates (MCF7 and
MDAMBZ231). Western Blotting, also known as immunoblotting, detects and quantifies
the amount of a specific protein in tissue or cells. Preparations for this technique
include extracting protein samples from cultivated tissue or cells, separating the
denaturated proteins by gel electrophoresis and transferring them to a PVDF
membrane. This membrane is then exposed to a primary antibody specific to the
protein of interestfollowed by a secondary antibody recognising the antikeotigen
complex. To detect the proteins chdominescent and cherfluorescent method is
used. Those methods verify the specificity of all antibodies and measure the amount of

proteins in samplefsom time course treatments.

3.2.3.1 Preparation

Determination of protein concentration

It is essential to determine the protein concentration of each sample before starting
immunoblotting. Using the same amount of protein from all the tested samples ensures
expeimental consistency. The method used is theR&o protein assay. It is based on

the Bradford dyeinding procedure (Bradford 1976) and involves a colorimetric assay
for measuring the total protein concentration.

The protein samples were prepared asaadoncentration assay in disposable cuvettes
(Gibo). A standard solution consisting of 200of Bio-Rad Reagent and 798 dH,O

was pipette into one cuvette, subsequently followed by 5 ul of protein sample.
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To obtain an accurate concentration readingsitimportant to mix the solution
thoroughly for even distribution of the protein. For comparison of the protein
concentrations of each sample, protein standards were prepared using Bovine Serum
Albumin (BSA). BSA was diluted with d}© to 1 mg/ml. Referenceamples (only

dH,0 and BieRad Dye) and serial dilutions (for protein standards) freB0 Jug/ml

were set up afterwards. Reference sample and protein standard samples were used tc
calibrate the spectrophotometer (Btad) applying the Protein 595 Assaypgram.

The Bio-Rad protein assay is based on a colour change of Coomasie brilliant-blue G
250 dye. The Coomasie dye binds to basic and aromatic acids residues of proteins.
Protein concentration was determined via the absorbance change of the dye when
bourd to protein. Bound Coomasie blue dye has an absorption spectrum maximum at
595nm, whereas unbound dye has an absorbance maximum at 470 nm. Consequently
an increased absorption at 595 nm is proportional to the amount of protein within the
sample.

Optical tensity for the reference and the seven protein standard samples were measured
at 595 nm. Optical density at 595 nm (O.D. 595) was then read for all other protein
samples. The spectrophotometer calculated at that time the amount of protein (ug/ml)
present m the sample, plotting a graph of absorbance at 595 nm against the protein
concentration of the standard samples. This standard curve is used to determine the
protein concentration of the measured sample from its O.D. 595 value.

The initial protein concerdition (ul/ml) was calculated from a diluted protein sample
(1:200). To determine the final protein concentration in mg/ml following formula was
used:

Protein reading (pl/ml) x 0.2 = Final protein concentration (mg/ml)

A standard amount of 20 pg of proteias used for western blotting, the volume of the

sample required (pl) calculated from the final concentration.
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Preparation of SDSPAGE Gels

All Western Blots were performed using the #tad MinFPROTEAN 3
Electrophoresis System. For the size (kDa) of thk analysed proteins it was
appropriate to use a 10% resolving gel.

The formation of the gels is based on polymerisation of the Acrylamide aNe N
methylenebis-acrylamide (Bis). Bis acts as cregsking agent for the gel and TEMED

and APS are the catalts for the gel polymerisation. The separation of proteins is
dependant on the size of the gel pores, which is determined by the amount of
Acrylamide/BisAcrylamide present in the resolving gel. Increasing the volume of
Acrylamide decreases the pore sitegeneral a higher percentage of resolving gel is
used for smaller proteins. Larger proteins are more effectively separated in a lower
percentage gel.

Gels with 1.5 and 0.75 mm thickness, were used throughout the studies in this project.
They were produsd using either a 1.5 or a 0.75 mm spacer plate -FBid
Laboratories) respectively. Once the 10% resolving gel was prepared, the gel plates and
gel casting apparatus (BRad Laboratories) assembled the gel mix was titrated slowly
between the two glassagiés using a plastic pastette leaving enough space to the top for
adding stacking gel and comb (Birad Laboratories).

To flatten the top of the gel and to remove air bubbles, a layer of isopropanol is applied
before the resolving gel is left for at le&& minutes for polymerisation.

Once set, the isopropanol is poured off from the top of the resolving gel and the already
prepared 4.5% stacking gel is added until it reaches the top of the plates. The
appropriate gel comb (10 well comb for 0.75 mm spatsep and 15 well comb for

1.5 mm spacer plates) is inserted from the top. The polymerising gel is left for about

another 30 minutes.
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Protein Denaturation

Denaturation of the proteins unfolds the protein. It gives the antibody access to bind
onto its epibpe and lets the proteins rbetterthrough the gel. Protein of interest was

60 kDa (Src and Src kinase family members) and 120 kDa (FAK) in size.

Having measured the concentration of each protein sample a defined amount (25 or 30
ng) of protein was remad from each sample, placed into a new Eppendorf cup and
stored on ice. To each sample a Laemml i ¢
+ 1x Laemmli dés buffer).

After the samples were thoroughly mixed they were boiled at®8or 4 minutes.

SDS, Laenml|l i 6 s buffer, contains a detergent
its hydrophobic tail onto the protein, charges the protein negative and disruptes the
tertiary structure of the protein resulting into its unfolding. Boiling the samples
contributes to its complete unfolding-Mercaptoethanol prevents the reformation of
disulphide bonds and helps to maintain the protein in its denaturated state. The
Biotinylated Protein Ladder, a molecular weight marker, which is used to determine the
size of tle detected protein, was also boiled for 4 minutes. All boiled samples were

immediately stored back onto ice.

3.2.3.2 Immunoblotting

Gel Electrophoresis

The proteins moved through the polyacrylamide gel, because of electrical charge. SDS
transfers a negative chargato the proteins allowing them to be attracted towards the
positive anode. Smaller protein molecules travelling much faster through the
acrylamide pores of the gel than larger molecules, therefore those can be found further

down the gel. Gel electrophaie separates protein by their molecular weight.
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Gels were placed into the electrode assembly in a mini buffer tank. After removing the
combs and rinsing the wells the tank was filled with running buffer (details in appendix
2) to submerge the whole gelroplex. The ladder (7 pl) and denaturated protein
samples (x pl/ sampleslepending on protein concentration) were carefully loaded into
dedicated wells, as per protocol and Bradford Protein Assay reading, to achieve equal
protein loading. Specific long fetipped pipettegalpha laboratoriesyvere used to
prevent overspill and contamination of other wells. Once all samples were loaded the

gel was run at 100V for approximately 60 minutes.

Protein Transfer

The proteins need to be transferred from the pojyacride gel to a PVDF
(polyvinylidene difluoride) membrane to enable the next step of protein detection via
antibody exposure and binding to specific proteins molecules. Transfer was achieved
using MiniTrans Blot Cell tank (Bi€Rad Laboratories) to traresf the proteins onto

the membrane over a time period of 60 minutes.

After the gel electrophoresis is completed and the proteins have run sufficiently
through the gel, the protein transfer onto PVDF membraneRBm Laboratories) can
begin. The PVDF membna, fibre pads and 3M Whatmann paper (VWR) need to be
cut slightly bigger than the size of the polyacrylamide gel and soaked in transfer buffer
(details in appendix 2). F o rtread thd PVDR | t
membrane in 100% methanol fire minute before immersing it in transfer buffer.

The glass plates were carefully lifted, the stacking gel on the top discarded and the
remaining gel was equilibrated in transfer buffer for approximately five minutes before
assembling twecbodéransiser ssepdshould pre
during the transfer process.

The Atransfer sandwicho consisted of fi

membrane, compiled in a gel holder cassette (figure 3.1).
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Figure 3.1: Western blot transfer sandwich

Black side of cassette (negative pole)

MaldaVallidaVaValdolial it 4\ MMYiTiatabdaatalalaMatala¥al
LIRS S RS S T CrLrric =ASE SASS

| | Membrane | |

[ Clearside of cassette (positive pole)

Figure 3.1 shows a schematic representation

Sandwi cho, t he order and the different

Whil st building the At asaised toensuresna ardwbblesh o ,
were present between the layers, by rolling over the top surface. Air bubbles prevent
proficient transfer. The constructed sandwich was then slotted into the electrode
assembly and positioned into the riank, which wasified with transfer buffer. Bio

Ice cooling unit (BieRad Laboratories) and a magnetic stirrer were also placed in the
tank to reduce temperature of the buffer during the transfer process and to maintain
even buffer temperature and ion distribution. Thetgin transfer process from gel
(negative/cathode) to membrane (positive/anode) was completed after approximately

60 minutes at 100 Volts.

Blocking of Membrane

To avoid nomspecific binding of the primary antibody to the membrane and

consequently reduce tdeground staining it was necessary to block the membrane by
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incubating the membrane in 5% N&at Dry Milk (Marvel) blocking solution (details

in appendix 2 for one hour at room temperature. This step and all future steps were
carried out on a rotatestafer (R100/TW, Luckham), rotating at 70 rpm.

After transferring the proteins the gel was stained with Coomassie blue solution (details
in appendix 2 to determine how efficient the transfer was. The gel was left for 40
minutes in Coomasie blue followed kgstaining solution overnight. Any protein that

remained on the gel was visible the next morning as blue bands.

Incubation of Membrane with Primary Antibody

During blocking time primary antibody solutions were prepared in 5%-FrDry
Milk/TTBS (solution details inappendix 2)and stored at 4°Cagain to reduce nen
specific binding. After 60 minutes blocking the membrane then was incubated with the
primary antibody overnight (approximately 18 hours) at 4°C. For the size of membrane
used (about 10 mm x 7m) 10 ml of antibody was adequate to cover the entire

membrane.

Incubation of Membrane with Secondary Antibody

Following incubation with primary antibody ttreembrane was washed in TTBS three
times for 10 minutes to remove any excess antibody. To detepraltein of interest a
secondary antibody is needed to bind either to biotin or an enzyme conjugate, e.g.
horseradish peroxidase (HRP), which was spespesific to the primary antibody. The
secondary antibody used, was HRtked antirabbit (1:5000) oantrmouse IgG at a
dilution of 1:10000. As the primary antibodies all secondary antibody solutions were
prepared in 10 mls of 5% Ndrat Dry Milk/TTBS. Antibiotin HRP linked antibody

was added to detect the biotinylated ladder (details in appendix@)m&mbrane was

incubated for 60 minutes at room temperature.
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Protein Visualisation

A chemiluminescent method was employed to detect the protein of interest.
Luminescence is the emission of light due to the dissipation of energy from a substance
in an exded state. Horsadish peroxidase catalyzes oxidation of luminol, a
chemiluminescent substrate, in alkaline conditions. Oxidation results in luminal being
in an excited state, then decaying to ground state via emitting light. For this method
ECL Plus packwas used: horsedish peroxidase, conjugated to the secondary
antibody, oxidases the ECL Plus chemiluminescent substrate (Lumig8rAB&lan)
producing thousands of acridinium ester intermediates per minute. These intermediates
then interact with the gyoxidase to produce a sustained high intensity
chemiluminescence with a maximum emission at 430nm. This light is detected on
autoradiography film (Xay film).

After 60 minutes of incubation with secondary antibodies the membrane was washed
three times INTTBS for 10 minutes. During this process the ECL Plus reagents were
warmed to room temperature. ECL reagents are sensitive to light therefore all following
steps were performed in segarkness. ECL Plus solution A and solution B were
mixed in a ratio 4@. The use of 3 mls of the combined solution was adequate to cover
the membrane.

The membrane was then placed protein side up on a sheet of cellophane wrap. ECL
solution was pipetted onto the membrane ensuring complete coverage and incubated for
5 minutes Excess solution was then removed and the membrane passed over onto a
fresh sheet of cellophane wrap, in which it was enclosed. Finally the membrane was
transferred into a film cassette. In complete darkness autoradiography films (Kodak
Medical X-ray films, 18x24 cm) were exposed to the membrane for various-timés

and 15 minutes. The films were then developed by passing it througi developer
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machine XOMAT 1000 (Kodak). Both marker and protein bands visualised and

analyzed accordingly.

3.2.3.3 Stripping of Membrane

Restoringthe membrane for further use, antibodies were removed from the probed
membrane by incubating in 20 ml of ot Stripping Buffer at 37°C for 15 minutes,
followed by being washed three times for 10 minutes in TTBS. Subsequently the
memnbranes were blocked again in 5% Neat Dry Milk/TTBS and stored at 4°C until

probed with the next primary and secondary antibody, as described above

3.2.4 Immunohistochemistry

The IHC method used in this study was indirect immunohistochemistry. This method
uses another antibody (secondary antibody), already labelled with the marker, which
recognises and binds with the primary antibody.

The method used here for investigating the expression levels of Src kinase family
members and their activated forms in breastdur tissue involved rabbit and mouse
monoclonal antibodies and the DAKO Envision System, staining and visualising
antigenic sites with peroxidase and DAB (3J&aminobenzidine). This method has
built on dextran polymer technology. The primary antiboglgognises the expressed
protein. Applied Envision attaches itself to the secondary antibody. This is followed by
appliance of VecteDAB solution. Peroxidase then reacts with DAB to produce an
insoluble yellowbrown precipitate, representing the targeigamt, which can be seen

and analysed under the light microscope (figure 3.2).
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Figure 3.2: Indirect immunohistochemistry method
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Figure 3.2: Schematic illustration of the indireeammunohistochemistry method
amplifying the signal by the primary antibody.
3.2.4.1 Preparation
TMAs were cut into 3 pm thick paraffin wax sections and mounted on 3
aminopropylethoxysilane coated slides. Slides then can be storeebfanddiths at a

temperatureof 4°C. Before specific slides were used for IHC, there were incubated at

56°C overnight.
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3.2.4.2 Removal of Wax
Prior to IHC staining tissue arrays were dewaxed with Xylene (2x2min) and rehydrated

through a series of alcohol washes (100% 2x2min; 90% 2x2n#h 2%@min).

3.2.4.3 Antigen Retrieval

ltds necessary to include an antigen r e
staining. Formation of methylene bridges, which may have developed during the
formalin fixation, can cross link proteins and mask antigenessiExposure of those
antigen binding sites is essential for primary antibodies to bind correctly.

Two different antigen retrieval solutions were used: 10 mM Citrate Buffer (1:10
dilution of premade Epitope Retrieval Buffer at pH 6.0 and TE Buffem(M EDTA,

5 mM Tris buffer at pH 8.0). Both solution were preheated in the microwave for 13.5
min to a temperature of 9& before tissue array slides were placed into the solution

and pressure cooked for 5 min followeddcool down period of 20 mifable 31).
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Table 3.1: Immunohistochemistry antibody information
Protein Antibody Antigen  H;O, Horse Antibody Incubation
Retrieval Conc. Serum Dilutions  Time and
Conc. Temp
Total Src  Rabbit Citrate 0.3% 1.5% 1:200 60 min at
Cell Buffer room temp
Signalling pH 6.0
Anti- Rabbit Citrate 3.0% 5% 1:1500 Overnight
clone 28 Invitrogen  Buffer at4°C
pH 6.0
Clone 28 Mouse Citrate 3.0% 5% 1:500  Overnight
Invitrogen  Buffer at4°C
pH 6.0
Y416Src  Rabbit Citrate 0.3% 5% 1:2000 Overnight
Cell Buffer at4°C
Signalling pH 6.0
Y216Src  Rabbit Citrate 3.0% 5% 1:25 Overnight
Santa Cruz Buffer at4°C
pH 6.0
Lyn Mouse TE Buffer 1.0% 5% 1:5 Overnight
BD pH 8.0 at4°C
Biosciences
Lck Rabbit TE Buffer 3.0% 5% 1:50 60 min at
Cell pH 8.0 room temp
Signalling
Ki67 Mouse TE Buffer 3.0% 5% 1:150 60 min at
DAKO pH 8.0 room temp

Table 3.1 Details of the primary antibodies used to detect total Src, its activated
forms (Y216, Y416), the SKF protein Lyn and Lck and proliferation marker. Ki67
Further information is given regarding antibody source, antigen retrieval method,
blocking reagent concentrations {8, and Horse Serum), antibody dilutions,

incubation time and temperature are all listed above.
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Citrate Buffer= 10mM Citrate buffer, TEuer= 1 mM EDTA, 5 mM Tris buffer at
pH 8.0. Both solutions were preheated in the microwave for 13.5 min to a
temperature of 98C before slides were pressure cooked for 5 min with a cool down

period of 20 min.

3.2.4.4 Blocking of Other Proteins

The presence ofnelogenous peroxade activity in tissue is a regular problem in IHC,
causing bekground staining. To block endogenous perosédactivity the slides were
incubated in hydrogen peroxide (0.3% or 3.8%@,- depending on antibodiable 3.1)

for ten minutesdllowed by a wash in running water.

Formations of hydrophobic bonds between immunoglobulins and tissue proteins can
cause nosspecific binding of the primary and/or secondary antibody to the tissue
sections resulting again in back ground staining. To athugl nonrspecific binding
tissue arrays were incubated in horse serum (1.5% edBpending on antibody, table

3.1) with antibody dilutent for 20 min at room temperature.

3.2.4.5 Staining of TMA Slides

Incubation with Primary Antibody

Antibodies for the followig proteinswere usedc-Src, Lyn, Lck, phosphorylated and
dephosphorylated Y530Sr¥419Srcand Y215Src To establish optimum conditions

for highest quality of antigen staining, a series of investigations were performed
varying antigen retrieval, antibodjilutions, incubation times and temperature (table
3.1). In each experiment run a positive and negative isotype matched control was
included to ensure no false positive staining. The positive control confirmed that the
chosen IHC method was working whitsie negative control checked for nspecific

binding of the antibody
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Incubation with Secondary Antibody

Following incubation with antibody or no isotype matched control (negative control),
the tissue array slides were thoroughly washed twice in TB®ib{afétails in appendix

2) for 5 minutes. A secondary antibody is required to bind onto the primary antibody to
detect the protein of interest in the breast tissue. The DAKO Envision system was used,
which is based on dextran polymer technology. A largabar of enzyme molecules,
including horseradish peroxidise, attach themselves to the secondary antibody via a
dextran backbone (figure 3.2) with the advantage of increased sensitivity and decreased
nonspecific background staining. A substrate chromagedsbthen to the peroxidise
molecules producing a yellelwrown coloured product matching the quantity of the
protein being investigated. The slides were incubated with Envision solution for thirty
minutes at room temperature and then again thoroughly wasiedwith TBS Buffer

before Vector DAB solution was applied. Slides were left for 10 minutes at room

temperature followed by a final wash in running water.

Detection and Visualisation

The chromagen used for staining the TMA slides was D&B @iagninob&ziding, a
combination of 5mls dpD, 2 drops of DAB Buffer solution, 4 drops of DAB Substrate
solution, and 2 drops of Hydrogen Peroxidase solution. DAB was applied onto the
slides, left for 10 minutes to permit brown staining to develop and then wasted w

running water.

3.2.4.6 Counterstaining of TMA Slides

TMA slides were counterstained with haematoxylin and tS&dtap Water Substitute
(S.T.W.S.). Slides were submerged in haematoxylin for around thirty seconds until a
red colour develop on the tissue arrays arrays were cleared by dipping them into

acid alcohol to remove excess colouring. Subsequently they were then immersed in
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S.T.W.S. for about thirty seconds to produce blue staining as a contrast to the yellow

brown staining of the antigen.

3.2.4.7 Dehydrating and Mounting of TMA slides

The last steps comprise dehydratihg TMAs immersing the slides through a series of
alcohol washes with increasing percentage: 70% 1 min, 90% 1 min, 100% 2x1 min and
2x 1 min Xylene. The slides were then mounted with coversigisg DPX mountant

and stored away, covered at room temperature.

3.2.5 Immunohistochemistry Scoring

3.2.5.1 Weighted Histoscore (HScore)

All TMAs were scored independently by Joanne Edwddds and myself(BE) for

their nuclear, cytoplasmic and membrane protein isigimwithin each tumour core,

using a semgquantitative weighted histoscore meth@®9;200) The intensity of
staining was assessed and graded as negative (0), weak (1), moderate (2) and strong (3
staining. The percentage of tumour cells within each categasythen estimated and a
histoscore was calculated using the following formula:

0+ X% of negative tumour cells

+ 1« X% of weakly stained tumour cells
+ 2: X% of moderated stained tumour cells
+ 3+ X% of strong stained tumour cells

Y total histoscore

The weighted histoscore ranged from zero (minimum) to 300 (maximum). Conformity
of the two observer sd scor(vangionwansividaad s e s ¢

scoring) and inter(variation between the observers) class coeffisient
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A scoring difference of more than 50 was considered as conflicting and resulted in re
evaluation of those particular tumour cores by each observer. ICCC scores greater than
0.8 are regarded as excellent. Comparison of both JE and BE scores geneté&ed IC

scores between 0.841.00 as shown below in table 3.2.

Table 3.2: ICCC scores for each protein expression analysis

ICCC Nuclear Cytoplasm Membrane
c-Src 0.95 0.93 0.88
anti-Clone 28 0.91 0.83 1.00
Clone28 0.91 0.95 1.00
Y416Src 0.98 0.95 0.96
Y216Src 0.84 0.94 0.87
Lyn 0.90 0.95 0.98
Lck 0.99 0.95 1.00

Table 3.2 Breast tumour cores were independently scored by two observers (BE
and JE) for nuclear, cytoplasmic and nuclear staining-&rc, Y419Sr, Y215Src

and SKF members (Lyn, Lck). A saquantitative weighted histoscore method was
applied. Ki67 staining was scored using the-&{ labeling index. Agreement
between scores was measured using iokess correlation coefficients. The ICCC
scores 6Or all primary antibodies are listed above. ICCC scores above 0.8 are
considered as excellent.

ICCCs were performed to verifgonsistency between scorers. Scattered plots for each
antibody are displaying this data below. To confirm no bias between sawasrs

present BlandAltman plots were constructed (figure 3.3).
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Figure 3.3: Scattered Plots and Bladtman Plots for all antibodies
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3.2.5.2 Ki-67 scoring

The Kir67 antigen is a large nuclear protein (345, 395 kDa) preferentially expressed during
all active phases of the cell cycle;(&, G and Mphases), but absent in resting cells{(G
phase). In diagnostic histopathology and cell biology, antibodies against-Gedfitigen

have proven valuable by allowing direct monitoring of the growth fraction of normal and
neoplastic cells.

The percentage of ik67-reactive tumour cells were evaluated at x400 magnification by
scoring a minimum of 1000 tumour cells of each core of the tissue microarray (Ki67
labelling index).

(Number of positive cells/ Number of negative cells) x100= Y%

Ki-67 scoring was perfored by two independent observers (Ruth Fullerton and Alfred
Tan, BmedScience students under my supervision). Again ICCC scores were taken tc
establish unity of scoring (Ki67nuc: 0.78). As befdBeattered plots and Blafltman

plots were constructed fori&7 double scores (figure 3.4).

Figure 3.4: Scattered Plot and Blamdltman Plot for Ki67
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Figure 3.4: Scattered plot and Blaréltman plot for nuclear Ki67 expression.
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3.2.6 Statistical Analysis of all Immunohistochemistry Studies

The datistical analyses were performed using a statistical software package (SPSS 15.(
Inc., Chicago, IL, USA).

Basic descriptive statistics were performed to calculate frequencies, mean, median anc
inter-quartile ranges for athe histoscores for each antibody. These values were then used
to establish appropriate eaff points to define with either low or expression of the protein.
KaplanMeier life table analysis (univariate analysis) was carried out to estimate
differences inbreast cancer related survival (®Sdisease specific survival) due to the

i ncreased or decreased protein expressio
anal ysis was significant a Cox06s multiopl
log rank test was used to compare significant differences between subgroups using
univariate analysis. Kaplan Meier survival analysis was also performed after stratification
of the patient cohort by ER,gR and HER2 status. Based on the results of theauate
analysis a multivariate analysis was then carried out.

The multivariate stepwise Ceaegression analysis was performed to identify factors that
were independently associated with disease specific death. A stepwise backward procedur
was used to dere a final model of the variables that had a significant independent
relationship with survival. To remove a variable from the model the corresponding P
value had to be greater than 0.05.

For survival analysis and cbguare tests, patients were sjiito groups, those whose
tumours expressed high or low levels of the protein of interest. To establish the relative
risk of a patients dying as a result of either high or low levels of the expressed protein in
their breast cancer, hazard ratio analysis peaformed.

Correlations between expression of diffe
certain cellular compartment were calculated using the Spearman Rank Test. Inter

relationships between clinical parameters, ER and HER2 status wankemcusing the



Chapter 3 Protein expression of SFK members 134

Chi square test. Because of the number of statistical comparisons, only a p value of <0.0:
was considered to be significant. Bonferroni phenomenon=1 out of every 10 issults

found significant by chanc®ata are expressed as median angje.
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3.3 Results

3.3.1 Clinico-pathological details of patient cohort

Our cohort consisted of 314 breast cancer patients (209 ER positive/ 110&gafR/e and

149 RR positive/ 163 BR negative) (table 3.3). dtlian age was 58 years (IQR-68).

46% of the cancespecimens were pathologically graded as grade 2 and 3, median size of
the invasive cancer was 20 mm (IQR3® mm). 48% of the patients were axillary lymph
node positive. Mean patient folleup was 7.1 years (minimum folleup was 2.1 years

and the maximion follow-up was 20 years). 16 patients were lost to follgw During this
period, 78 patients died of their cancer and a further 33 patients died etuntent
disease Correlations between the clinipathological characteristics of this cohort are

shown below.

Table 3.3: Overview of IHC patient characteristics

Cohort Numbers Cohort Numbers
characteristics characteristics

Age 78/236 Lymph node 152/162
(<50 yr/ >50 yr) (positive/negative

Tumour type 298/10/3/3 ER status 209/105
(duct/lob/tub/others (positive/negative

Grade 22/146/146 PgR status 149/163
(G1/G2/G3) (positive/negative

Size (mm) 126/169/19 HER?2 status 51/263

(<20, 2650, >50) (positive/negative
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Table 3.3gives an overviewof the patient cohort used for immunohistochemistry
studies. Histology: duct = ductal carcinoma, lob = lobular carcinoma, tub = tubular
carcinoma, others including mucinous, mucoid and micropapillary carcinoma; Grade:

Bloom and Richardson grade; size = nmaMm tumour diameter.

3.3.2 ¢-Src kinase protein expression in invasive breast cancers

The Src (36D10) Rabbit monoclonal antibody was used for this study and detects
endogenous levels of Src proteins. Specificity of antibody was tested and confirmed by
Western Botting using breast cancer cell line lysates, which were kindly provided by Dr
Liane McGlynn (figure 3.5). Each cellular location was independently assesse&ior ¢
kinase expression levels. 45% of tumours exhibited nuclear expression, 60% cytoplasmic

and 43% membrang@igure 3.6, pictures 3.1).

Figure 3.5: Western Blotting for specificity of-&rc antibody

MDA-MB 231 MCF-7
c 5mins 15 mins 30 mins c 5 5 5 mins
EGF EGF EGF Ez Hrg Ez&8Hrg
60kDa
P wes @ms oW - - - -
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Figure 3.5: Western Blot with-Sr ¢ ( 6 0 k-&ztn)(40kba),cas ébprotein loading
control, demastrating specificity of the-8rc antibody on breast cancer cell line
lysates. ER posite (MCF7) and ER negative (MDMB231) breast cancer cell line
were exposed to stimulant Oestradiol or Epidermal growth factor (E2/ EGF) and/or
inhibitor Heregulin (HRG at different time points. C= control, untreated cell line
lysates.
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Figure 3.6: Histograms for €Src
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Figure 3.6: Histograms for nuclear, cytoplasmic and membran8rc expression
displaying thentensity of IHC staining.
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Picture 3.1: Immunohistochemistry staining withQrc antibody

Picture 3.1 A:Overview of a 0.6 mm Picture 3.1 B: demonstrates weak
core of the breast cancer tissue micro cytoplasmic, none and weak nuclear
array, demonstrating, weak and negative membrane staining, x100
cytoplasmic,none and weak nuclear

staining; x10

Picture 3.1 C:Normal Breast tissue, Picture 3.1 D: Negative staining of
stained with €Src antibody (Cell stroma and tumour tissue,
Signalling) magnification x100 magnification x100. Negative [HC

control.
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3.3.2.1 Cellular distribution of nuclear, cytoplasmic and membrane eSrc expression

For statistical analysis tumours were split into thegtd high (above the edian) or low
(below or equal to the median) expression (table 3.4). Therefore patients separated into twe
groups; those with low expression (negative subgraumg) those with higher expression

(positive subgroup) (table 3.5).

Table 3.4: Descriptive statistics of-8rc histoscores

c-Src Minimum  Maximum Median LQ uQ

Histoscores

nuclear 0.0 190 0.0 0.0 10.0
cytoplasmic 0.0 190 0.0 0.0 40.0
membrane 0.0 123 0.0 0.0 10.0

Table 3.4provides an overview of desgtive statistics of Src nuclear, cytoplasmic
and membrane histoscores. With the median being 0, patients were grouped into two

subgroups: patients with neQrc expression and withSQrc expression.

Table 3.5: ¢c-Src expression in patient subgroups

c-Src expression Nuclear Cytoplasm Membrane
Positive (Patient No) 139 139 135
Negative (Patients No) 175 175 179

Table 3.5shows the distribution of patients in each subgroup.
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3.3.2.2 Correlation of clinic-pathological features of the patient cohort and €Src
expression

Chi square analysis was employed to determine if increasing level of protein expression

was linked to histopathological features of the breast tumours, e.g. tumour size, grade

steroid receptor status.

Table 3.6 demonstrates that gradegR and HER2 status positively correlate with

cytoplasmic €Src expression; meaning that patients with invasive breast cancers,

overexpressing-8r ¢ i n the <cytopl asm, were nfor e

p<0.001),P gR and HER2 pZps0001) hreast tunoars. ER status correlated

negatively wi%phOc Wtodp!| aasnndi pstnGqhEeSrcaexpression

(table 3.6); highlighting that patients with higheBic protein expression in the cytoplasm

and membrane were most likely patients with ER negative breast cancers.

c-Src expression in the membrane correlates positively vgeh PA(p<0.001) and HER2

st a t?p=6.00(, table 3.6).

Nuclear eSrc expression does not significantly correlate patienta ge, t umour

size, axillary lymph node steroid receptor and HER2 status (table 3.6).

Expression levels of-8rc at each cellular location correlate positively with each other (c

Src nuc, c yp<6.004nable B mb 6



Table 3.6: The interrelationships betweerSec expression and the clinipathological characteristics of patients

Total Patient Cohort: 314 Chi-squared pvalues
Variables Tumour Grade Size LN ER PgR HER c- Src c-Src c-Src
type status status status status nuc cyto memb
Age 0.910 0.728 0.261 0.950 0.260 0.947 0.173 0.527 0.369 0.705
Tumour type 0.007 0.964 0.680 0.012 0.453 0.512 0.904 0.717 0.761
Grade <0.001 0.301 <0.001 <0.001 0.003 0.019 <0.001 0.017
Size (mm) <0.001 0.048 0.169 0.010 0.695 0.177 0.029
Lymph node 0.555 0.812 0.016 0.937 0.329 0.607
ER status <0.001 <0.001* 0.037 <0.001* 0.001*
PgR status 0.001 0.237 <0.001 <0.001
HER?2 status 0.031 <0.001 0.001
c- Src nuc <0.001 <0.001
c-Src cyto <0.001

141



Table 3.6shows the interrelationship betweeisic expression at different cellular levels and clinpathological characteristics of patients with breast
cancer; eSrc = total Src kinase, Y416Src = Src ksegphosphorylated at Tyrosine site 416, Y215Src = Src kinase phosphorylated at Tyrosine site Y215;
c-Src nuc = eSrc nuclear expression;&rc cyto = eSrc cytoplasmic expression,Stc memb = €Src membrane expression; *negatively correlated,

significantresults are highlighted in bolgp-values of >0.01 were considered as fsgnificant due to the large number of statistical comparisons
(Bonferroni phenomenon).

142
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3.3.2.3 EffectsofcSr ¢ overexpression on patients?o
Patient outcome waseasured imlisease specific survival, where death from breast cancer
or breast cancer related illness was used as endpoint respectively. On univariate analysi
neither nuclear nor membranec-Src expression were associated with disease specific
survival €-Src nuc p9.328, eSrc membp=0.784), whereas cytoplasmic-8rc kinase
expression (IHC Histoscore > 0) was significantly associated with shorter disease specific
survival (p 0.028) (figure 3.7, table 3.7). Those patients with cytoplas®ic expression

had a media survival of 12.6 years (IQR 10181.5) compared tthose with no expression

with median survival of 14.6 years (IQR 12.8.5).

Figure 3.7: Kaplan Meier survival curve for cytoplasmieSecc expression
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Figure 3.7: Kaplan Meier survival curve demonstrates that cytoplasmircc
expression is significantly associated with decreased disease specific survival (p=0.028,

respectively).
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However, there waso statistical evidence on multivariate Ga@gression m@alysis that
cytoplasmic eSrc expression was independent of tumour size, grade and axillary nodal
status in influencing disease specific survival. Only tumour size (p<0.001, respectively),
lymph node (p=0.013, respectively), ER (p=0.027, respectivelyPgRdstatus (p=0.040,
respectively) proved to be independemd r k er s of patientsd di sc¢

cohort.

Table 3.7: Impact of clinicepathological factors and$rc expression on patient gival

Total Patient Univariate Multivariate
Cohort: Analysis Analysis

314 patients Numbers P value HR IQR Pvalue HR IQR
Age 78/236 0.351 1.2 0.7-2.2

(<50yr/>50yr)

Tumour type 298/10/3/3 0.714 0.6 0.214

(duct/lob/tub/others)

Grade 22/146/146  0.014 1.8 12:2.7

(GLIGIG3)

Size (<20 , 2050, 126/169/19 <0.001 3.1 2.1-4.8 <0.001 6.7 3.214.2
>50mm)

Lymph node 152/162 0.001 21 1333 0.013 1.9 1.1-3.1
(positive/negative)

ER status 209/105  <0.001 2.3 1.53.6 0.027 1.8 1.1-3.0
(positive/negative)

PgR status 149/163 0.006 1.9 1.23.0 0.040 1.7 1.0-2.7
(positive/negative)

HER?2 status 51/263 0.010 19 1632

(positive/negative)
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c-Src nuc 139/175  0.328 1.2 0.7-2.0

(positive/negative)

c-Src cyto 139/175 0.028 16 1126 0.103 0.7 0.41.1
(positive/negative)

c-Src memb 1351179  0.784 0.94 0.615

(positive/negative)

Table 3.7:Each clinical and pathological parameter was correlated to disease specific
survival. Gytoplasmic eSrc expression is associated with disease Spestrvival
(p=0028), but not independent in multivariate analysis (p=0.103). HR= Hazard Ratio
(95% Confidence Interval (Cl)), IQR= interquartile range. Significant results are
highlighted in bold.

3.3.3 Src kinase family member expression in invasive breasancer

We had observedrom PCR results that YN was the second highly expressed SFK
member in malignant tissue besid8RC and thatLCK was higher expressed in ER
negative, compared to ER positive tumours. This guided our interest and we focused or
investgating protein expression of those Src kinase family members in a larger cohort to
determine if Lyn and Lck had similar expression pattern as Src and if there were any

association to clinical outcome of breast cancer patients.

Both antibodies are monocial. Lyn is Mouse antibody, which sometimes can be
observed on Western Blots as a doublet of about 56 kDaand 53 kba. Lck ( D88
Rabbit antibody detects endogenous levels of total Lck protein. These antibodies do not

crossreact with other Src family members.
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3.3.3.1 Patient Cohort
The patient cohort consisted 814 patients. Clinicgathological details are shown in

table 3.3. The same patient cohort was Used-Src analysis.

3.3.3.2 Lyn protein expression in invasive breast cancer specimens

Prior to optimisation of the antibody for immunohistochemistry, its specificity was
determined by Western Blotting using the ER positiveast cancer cell line MCF.
Protein lysates were again provided by Dr Liane McGlynn, as residual time course lysates

from previous cell line experimentigure 3.8).

Figure 3.8: Western Blotting for speficity of Lyn antibody
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Figure 3.8: Western Blot with Lyn (56 kDa) arfidactin (48kDa), as a protein loading
control. Using ER positive (MGF) breast cancer cell lines exposed to stimulant
oestradiol or epidermal growth factor (E2/ EGF) and/or inhibiteeregulin (HRG),
time point 5 min. C= control, untreated cell line lysates.

Due to tissue limitations only 57.3% of the tumours previously available for analysis were
able to be stained for Lyn expression (180/314). 37% of Lyn expression was observed in

the nucleus, 33% in the cytoplasm and only 4.4% in the membrane.
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The cellular distribution of nuclear, cytoplasmic and membrane Lyn expression is

demonstrated as histograms (figure 3.9) and displayed in pictures 3.2.

Figure 3.9: Histograms for Lyn expression
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Figure 3.9: Histograms for nuclear, cytoplasmic and membrane Lyn expression
displaying the intensity of IHC staining.
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Picture 3.2: IHC stainingwith Lyn antibody

Picture 3.2 A:Overview of a 0.6 mm core Picture 3.2 B Normal Breast tissue,
of the breast cancer TMA, showing no stained with Lyn antibody (BD

membrane, weakytoplasmic, none and Biosciences)magnification x100
weak nuclear staining; x10

Picture 3.2 C demonstrates weak Picture 3.2 D: Negative staining of
cytoplasmic, weak and moderate nuclear stroma and negative to greyish tumour
and negative membna staining, x100 tissue (nuclear histoscore 0), x100
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Again tumours were $ipinto high (above median) and low expression (below or equal to
the median) (table 3.8), separating patients into patient group with high (positive subgroup)

and low expression (negative subgroup) (table 3.9).

Table 3.8: Descriptive statistics of Lyn histoscores

Lyn Minimum Maximum Median LQ uQ

Histoscores

nuclear 0.0 140 0.0 0.0 10.0
cytoplasmic 0.0 200 0.0 0.0 10.0
membrane 0.0 100 0.0 0.0 0.0

Table 3.8provides an overview of descriptive statistickyh nuclear, cytoplasmic and
membrane histoscores. With the median being 0, patients were grouped into two
subgroups: patients with no Lyn expression and with Lyn expression.

Table 3.9: Lyn expression in patnt subgroups

Lyn expression Nuclear Cytoplasm Membrane
Positive (Patient No) 67 59 8
Negative (Patients No) 113 121 172

Table 3.9 shows the distribution of patients in each subgroup.

To determir interrelationships between Ly8yc and cliniepathologcal features of the
cohort,chi square analysis was performed. The only significant correlations between Lyn
expression and cliniepathological features of the cohort were observed between Lyn
nuclear expression, grade and size of breast cancer spedpsn819, p=0.029table

3.10. Higher nuclear Lyn expression occurred in more aggressive and larger breast
tumours. No significant correlations between Lyn and Src kinase expression levels and

locations were evident.
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Lyn nuclear expression correlatedtiviyn cytoplasmic expression and Lyn cytoplasmic

expression correlated significantly with Lyn membrane expression (table 3.10).

Table 3.10: Interrelationship between clinigmathological characteristics andyri
expression of breast cancer patients

Total Patient Cohort: Chi-squared p-values
314 Numbers Lyn Lyn Lyn
Variables nuc cyto memb
Age 781236 0.259 0.027 0.297
Tumour type  298/10/3/3 0.642 0.547 0.492
Grade 22/146/146 0.019 0.632 0.991
Size (mm) 126/169/19 0.029 0.832 0.115
Lymph node  152/162 0.123 0.200 0.247
ER status 209/105 0.133 0.122 0.876
PgR status 149/163 0.339 0.115 0.058
HER2 status  51/263 0.733 0.836 0.772
c- Src nuc 139/175 0.163 0.646 0.917
c-Src cyto 139/175 0.621 0.579 0.780
c-Src memb 135/179 0.691 0.497 0.410
Lyn nuc 67/113 <0.001 0.345
Lyn cyto 59/121 <0.001

Table 3.10shows the interrelationship between Lyn expression at different cellular
levels and clinicgpathological characteristics of patients with breast cancem huc =

Lyn nuclear expression, Lyn cyto = Lyn cytoplasmic expression, Lyn memb = Lyn
membrane expression;-Src nuc = €Src nuclear expression,-®rc cyto = eSrc
cytoplasmic expression;@rc memb = €Src membrane expression; significant results
are highlighted in bold.
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On univariate analysis there was no association noticed between Lyn expression anc

disease specific survival at any cellular location (table 3.11).

Table 3.11: Impact of clinicopathologichfactors and Lyn expression on patient survival

Total Patient Univariate
Cohort: Analysis

314 patients Numbers Pvalue HR IQR
Lyn nuc 67/113 0.545 1.2 0.7-2.0
(positive/negative)

Lyn cyto 59/121 0.980 16 1126
(positive/negative)

Lyn memb 8/172 0.728 094 0.61.5
(positive/negative)

Table 3.11: Expression of &h cellular location was correlated to disease specific
survival. None of the proteiexpressions were associated with disease specific survival
and independent in multivariate analysHR= Hazard Ratio (95% Confidence Interval
(C1)), IQR= interquartile range. Significant results are highlighted in bold.
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3.3.3.3 Lck protein expression in invasive breast cancer specimens
As before with the antibodies ofSrc and Lyn, specificity of the Lok D8 8) XPE Re
antibody was determined by Western blotting, using HelLa (cervical cancer) cell line and

ER negative breast cancer cell line lysadBAMB231 (figure 3.10).

Figure 3.10: Western Blotting fospecificity of Lck antibody
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Figure 3.10: West ern Bl ot -twbulih antibddy, kas aapradein bading
control. Using cervical cancer (HeLa) and ER negative breast cancer cell lysates (MDA
MB231). Positive band expression for Lck antibody is noteed about - 58 |

tubulin antibody was used as protein loading control.

83.8 % of the tumours previously available for analysis were able to be stained for Lck
expression (263/314). Each cellular location was independently assessed. 42 % of Lck
expressio was observed in the nucleus, 42 % in the cytoplasm and only 5 % in the

membrane (table 3.12).
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Descriptive statistical analysis revealed a median histoscore of 0. Therefore tumours were
divided into expressing Lck or not expressing Lck (table 3.12) ratip@ patients into a

positive and negative patient subgroup (table 3.13).

Table 3.12: Descriptive statistics for Lck histoscores

Lck Minimum Maximum Median LQ uQ

Histoscores

nuclear 0.0 93 0.0 0.0 10.0
cytoplasmic 0.0 85 0.0 0.0 10.0
membrane 0.0 15 0.0 0.0 0.0

Table 3.12provides an overview of descriptive statistics of Lck nuclear, cytoplasmic
and membrane histoscores. With the median being 0, patients were grouped into two
subgroups: patients with nack expression and with Lck expression.

Table 3.13: Lck expression in different patient subgroups

Lck expression Nuclear Cytoplasm Membrane
Positive (Patient No) 111 111 12
Negative (Patients No) 152 152 251

Table 3.13shows the distribution of patients in each subgroup.

Histograms and IHC pictures below exhibit the cellular distribution and intensity of

nuclear, cytoplasmic and membrane Lck expression (figure 3.11, picture 3.3).
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Figure 3.11: Histograms for Lck expression
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Figure 3.11:Histograms for nuclear, cytoplasmic and membrane Lck expression
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Picture 3.3: IHC staining with Lck antibody

Picture 3.3 A:Overview of a full section Picture 3.3 B: Negative staining of
of a tonsil, strong staining of stroma and tumour tissue, x100.
inflammatory cellsx10. Positive control. Negative IHC control.

Picture 3.3 C: Normal Breast tissue, Picture 3.3 D demonstrates weak

stained with Lck antibody (Cell cytoplasmic and membrane, weak and

Signalling) x100. negative nuclear staining. Interstitial
inflammatory cells stained, x100.



Chapter 3 Protein expression of SFK members

156

On chi square analysis the only significant positive correlation between protein expression

and clinicepathological characteristics of the cohort was with nuclear Lck expression and

ER st ap=091). Lak expression atl @ellular locations correlated strongly with

each other (table 3.14).

Table 3.14: Correlations between SFK member and clifpadhological characteristics of

breast cancer patients

Total Patient Cohort

Chi-squared pvalues

314 Numbers Lck Lck Lck
Variables nuc cyto memb
Age 78/236 0.639 0.927 0.024
(<50yr/>50yr)
Tumour type 298/10/3/3 0.375 0.032 0.842
(duct/lob/tub/others)
Grade 22/146/146 0.034 0.543 0.741
(G1/G2/G3)
Size 126169/19 0.892 0.580 0.926
(<20, 2050, >50mm)
Lymph node 152/162 0.957 0.308 0.311
(positive/negative)
ER status 209/105 0.001 0.600 0.118
(positive/negative)
PgR status 149/163 0.097 0.036 0.090
(positive/negative)
HER2 status 51/263 0.168 0.085 1.000
(positive/negative)

‘¢Srcnuc 1397175 0328 0.461 | 0.701

(positive/negative)
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c-Src cyto 139/175 0.299 0.508 0.934
(positive/negative)

c-Src memb 135/179 0.274 0.064 0.017
(positive/negative)

Lyn nuc 67/113 0.016 0.975 0.534
(positive/negative)

Lyn cyto 59/121 0.424 0.067 0.032
(positive/ngative)

Lyn memb 8/172 0.282 0.726 0.053
(positive/negative)

Lck nuc 111/152 <0.001 0.001
(positive/negative)

Lck cyto 111/152 <0.001

(positive/negative)

Table 3.14shows the interrelationship between Lck expression atretitfecellular
levels and clinicepathological characteristics of patients with breast cancer; Lck nuc =
Lck nuclear expression, Lck cyto = Lck cytoplasmic expression, Lck memb = Lck
membrane expression; Lyn nuc = Lyn nuclear expression, Lyn cyto = Lyplasytoc
expression, Lyn memb = Lyn membrane expressieifccnuc = €Src nuclear
expression, <Src cyto = eSrc cytoplasmic expressionStcc memb = «Src membrane
expression; significant results are highlighted in bolgvalues of >0.01 were
consideredas nonsignificant due to the large number of statistical comparisons

(Bonferroni phenomenon).
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Patient outcome was measured in disease specific survival, where death from breast canc
or breast cancer related illness was used as endpoint respectinalyiv@riate analysis

neither nuclear nor cytoplasmic Lck expression were associated with disease specific
survival (p=0.140, p=0.935). Whereas membrane Lck expression (IHC Histoscore > 0) was

associated with longer disease specific survival (p 0.03r€i8.12, table 3.15).

Figure 3.12: Kaplan Meier survival curve for membrane Lck expression
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Figure 3.12:Kaplan Meier survival curve demonstrates that membrane Lck expression

is associated with improvedsdiase specific survival (p=0.039, respectively).

None of patients expressing Lck on the cell membrane died of breast cancer. Median
follow-up for patients with positive Lck staining of the membrane was 7.8 years (IQR +/

4.5), for patients without staimg 6.0 years (IQR +83.5).
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Table 3.15: Impact of Lck expression on breast cancer patient survival

Total Patient Univariate Multivariate
Cohort: Analysis Analysis

263 out of 314 Numbers Pvalue HR IQR P HR IQR
patients value

Lck nuc 111/152 0.140 15 0.92.5

(positive/negative)
Lck cyto 111/152 0.935 1.0 0.61.7
(positive/negative)

Lck memb 12/251 0.039 0.1 0.0:x40 0972 0.0

(positive/negative)

Table 3.15 Expression of &h cellular locationwas correlated to disease specific
survival. None of the proteiexpressions were associated with disease specific survival
and independent in multivariate analysis. HR= Hazard Ratio (95% Confidence Interval
(CD)), IQR= interquartile range. Significant selts are highlighted in bold.
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3.3.4 Protein Expression of various activation sites of Src kinase in

breast cancer specimens
As described in more detail in the introductory chapt&rcis activated by a number of
pathways. Known as the classical activatipathway, dephosphorylation of Y530 is
needed to initiate a configuration change of the protein allowing autophosphorylation of
tyrosine site 419 at the SH2 protein domain leading to full activation of the protein.
Two antibodies were used to investigdiede different stages of Src kinase activation and
to link these to patient outcome: Clone 28 antibody is a monoclonal Manigeody,
which recognises thgeemtactive form of Src when not phosphorylated at Y530. Whereas,
the Y416Src polyclonal Rabbit antidy was applied to determine protein expression of the
fully activated Src kinase. ttetects endogenous levels of Src only when phosphorylated at
tyrosine 419 and does not crassct with Src phosphorylated at tyrosine 530.
More recently, a different #&wation pathway has been describdd@6). Direct
phosphorylation of tyrosine site 215 can lead to a more polwactivation of Src. A
polyclonal Rabbit antibody was used to assess if there would be significant differences in
protein expression and patientsdé clinical
Phosphorylation of the tyrosine residual 530 on tterminal tail by Csk tyrosine kinase
acts as a negative regulatory protein binding site, keeping Src kinase in a closed
confirmation. To evaluate protein expression of inactivated Src kinase a polyclonal Rabbit
antibody, named by Invitrogen as a8tic family negative regulatory [pY] site ame-
named in our laboratory as aflone28, was utilised for detecting phosphorylated
tyrosine site 530.
Investigating the role of the Src kinase in breast cancer at each activated phosphorylatior
site (Y530, Y419, Y215) and inactivated status (pY530)hsught to be necessary to

determine its clinical significance for breast cancer patients.
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Immunohistochemistry for the different activation sites of Src {@rtifamily negative
regulatory [pY] site/ antClone 28, Clone 28, Y419Src and Y215Src) wadqgoered on
the same mixed breast cancer patient cohort (314 patients, table 3.3) used for previou

immunohistochemistry staining of SFK members (Src, Lyn and Lck).

3.3.4.1 Inactivated Src kinase (AC 28) protein expression in invasive breast cancer
Before optimisiig the antibody for immunohistochemistry staining, the specificity of the
anti-Src family negative regulatory [pY]/ ar@lone 28 (AC28) antibody was tested via
Western Blotting. Various commercially available cell lysates were used as different

protein sarple loadings (figure 3.13).

Figure 3.13: Western Blotting for specificity of an€Clone 28 antibody

Ladder Jurkat Hela MDA
MB231

60kDa
e

—>
Tubulin

Figure 3.13 Western Blot with antsrc family negative regulatory site (pAb) antibody
(60kDa) and tubulin(48kDa), as a protein loading control, using, Jurkat (human
lymphoma cell line), HeLa (cervical cancer cell) and MDAMB231(ER negative breast

cancer cell) lysates.
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Only 53 % of the tumours, previously available for SFK member analysis, were able to be
staned for AC28 expression (165/314). This effect was due to tissue limitation after
extensive section cutting of the TMA.

Each cellular location was again independently assessed. 50 %-Glardi 28 expression

was observed in the nucleus, 44 % in the dgp and only 3.6 % in the membrane (table
3.17). The following histograms and IHC pictures exhibit the cellular distribution and

intensity of nuclear, cytoplasmic and membrane-@idne 28 expression (figure 3.14,

picture 3.4).

Figure 3.14: Histograms for altClone 28 expression in invasive breast carcinoma
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Figure 3.14 Histograms for nuclear, cytoplasmic and membran€28 staining
revealing the distribution of IHC intensity staining.
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Picture 3.4: IHC staining with AC28 antibody

Picture 3.4 A Overview of a 0.6 mm Picture 3.4 B: Normal Breast tissue
core of the breast cancer T stained with antiClone 28 antibody
showing nuclear, cytoplasmic and peri (Invitrogen) x100.

nuclear staining magnification x10.

Picture 3.4 C demonstrates weak Picture 3.4 D: Negative and weak
cytoplasmic and membrane, negative  staining of nuclei, negative cytoplasm,
weak and moderate nuclear staining. membrane and stroma tissue staining,

x100. magnification x100.
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Tumours were split into high (above median) and low expressidowb@ equal to the
median) (table 16), separating patients into patient group with high (positive subgroup) and
low expression (negative subgroup) (table 3.17). With the membrar€lang 28 median

being 0, patients were grouped into two subgroups:emati with no antClone 28
expression and with an@lone 28 expression. Median of nuclear, cytoplasmic and

membrane amClone 28 was used for statistical analysis.

Table 3.16: Descriptive statistics for an€lone 28 histoscores

AC28 Minimum Maximum Median LQ uQ

Histoscores

nuclear 0.0 180.0 30.0 10.0 60.0
cytoplasmic 0.0 140.0 10.0 0.0 40.0
membrane 0.0 15.0 0.0 0.0 0.0

Table 3.16provides an overview of descriptive statistics of AC28 nuclear, cytoglasmi

and membrane histoscores.

Table 3.17: anti-Clone 28 expression in patient groups

AC28 expression Nuclear Cytoplasm Membrane
Positive (Patient No) 82 72 6
Negative (Patients No) 83 93 159

Table 3.17 showsthe division into positive and negative expression group.

Associations between arfilone 28, Src and cliniepathological features of the cohort
were examined performing Chi square analysis. There was only one significant correlation

between clinicepatiological features and AC28 expression. ER status negatively
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correlated with nucfp@00l) meapirge¢hatpatients withfER A C
negative breast cancers were more likely not to express inactive Src in the nucleus.
Interestingly cytoplasnsi AC28 correlated negatively with membran8c ¢ ex pf es s
p=0.008), pointing out that breast cancer patients with higher expression of inactive Src in
the cytoplasm were more likely not to expresdrc at the membrane.

No significant correlations &re noted with AC28 membrane expression.

Interrelationships between the different AC28 cellular locations were insignificant.
However, the negative correlation between AC28 cytoplasmic and AC28 membrane

expression was c| o%pe0.0t5ptable®Er h signi fican:

Table 3.18: Interrelationship between clinigmathological features of the cohortSec and
anti-Clone 28 expression

Total Patient Cohort Chi-squared pvalues

314 Numbers AC28 AC28 AC28

Variables nuc cyto memb
Age 781236 0.114 0.306 0.924

(<50yr/>50yr)

Tumour type 298/10/3/3 0.614 0.528 0.974

(duct/lob/tub/others)

Grade 22/146/146 0.250 0.068 0.273

(G1/G2/G3)

Size 126/169/19 0.202 0.03& 0.227

(<20, 2650, >50mm)

Lymph node 152/162 0.870 0.923 0.114
(positive/negative)
ER status 209/105 0.00& 0.19¢ 0.712

(positive/negative)
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PgR status 149/163 0.020 0.552 0.883
(positive/negative)
HER?2 status 51/263 0.488 0.030 0.797

(positive/negative)

c-Src nuc 139/15 0.102 0.300 0.845
(positive/negative)
c-Src cyto 139/175 0.380 0.040 0.340
(positive/negative)
c-Src memb 135/179 0.075 <0.00F 0.080
(positive/negative)
AC28 nuc 82/83 0.902 0.510
(positive/negative)
AC28 cyto 73192 0.015
(positive/negative)

Table 3.18showsthe interrelationship between AC28 expression at different cellular
levels and clinicepathological characteristics of patients with breast cancer;
Histology: duct = ductal carcinoma, lob = lobular carcinoma, tub = tubular
carcinoma, others including muauos, mucoid and micropapillary carcinoma; Grade:
Bloom and Richardson grade;-@rc = total Src kinase, Y416Src = Src kinase
phosphorylated at Tyrosine site 416, Y215Src = Src kinase phosphorylated at Tyrosine
site Y215; AC 28= amibrc family negative redatory [pY] site, renamed in our
laboratory as antiClone28, Src kinase phosphorylated at Tyrosine site 530 (inactive);
*negatively correlated; significant results are highlighted in bgievalues of >0.01

were considered as nesignificant due to the tge number of statistical comparisons

(Bonferroni phenomenon).

On univariate and multivariate analysis there was no significant association noticed
between antClone 28 expression and disease specific survival at any cellular location

(table 3.19).
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Table 3.19: Impact of AC28 protein expression on patient survival

Total Patient Univariate
Cohort: Analysis

314 patients Numbers P value HR IQR
AC28 nuc 82/83 0.192 15 0.83.0
(positive/negative)

AC28 cyp 72/93 0.294 1.4 0.7-238
(positive/negative)

AC28 memb 6/159 0.748 1.3 0.296
(positive/negative)

Table 3.19:No impact of AC28 protein expression is detected on patient survival.
Expression of &h cellular location was correlated to disease speeitikvival. None of

the proteinexpressions were associated with disease specific survival and independent
in multivariate analysis. HR= Hazard Ratio (95% Confidence Interval (Cl)), IQR=

interquartile range. Significant results are highlighted in bold.
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3.3.4.2 Partially activated Src kinase (Clone 28) protein expression in invasive breast
cancer
Specificity of the Clone 28 (CI28) antibody was routinely tested via Western Blotting.

Commercially available cell lysates were ussgeotein samples (figure 3.15).

Figure 3.15: Western Blotting for specificity of Clone 28 antibody
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Figure 3.15-West ern Bl ot with CIl| o#ubuli2é@kDanasa b od
protein loading control, usingJurkat (human lymphoma cell line), Akt control cell

lysates (Jurkat cell line) and MDAMB231 (ER negative breast cancer cell) lysates.

Only 48 % of the tumours, previously available for SFK member analysis, were able to be
stained for Clone 28 expressiot40/314). This effect was due to tissue limitation after
extensive section cutting of the TMA.

Nuclear, cytoplasmic and membrane staining was independently assessed. Perinuclee
staining was also included in this analysis 50 % of Clone 28 expression s&vaibin

the nucleus, 46 % in the cytoplasm and a remarkable 53 % in the membrane and 55 ¢

perinuclear (table 3.21).
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Histograms and IHC pictures below demonstrate the cellular distribution and intensity of

nuclear, cytoplasmic and membrane Clone 28 esgiwa (figure 3.16, picture 3.5).

Figure 3.16: Histograms for Clone 28 expression
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Figure 3.16 Histograms for nuclearcytoplasmic and membrane Clone 28 staining
displaying the distribution of IHC intensity staining.
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Picture 3.5: IHC staining with Clone 28 antibody
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Picture 3.5 A Overview of a 0.6 mm Picture 3.5 B Normal Breast tissue
core of the breastcancer TMA, stained with Clone 28 antibody
showing, cytoplasmic, membrane and (Invitrogen) magnification x100.

peri-nuclear staining magnification
x10.

Picture 3.5 C demonstrates weak Picture 3.5 D Negative staining of
cytoplasmic and membrane, negative nuclei, but strong perinuclear staining
weak and moderate nuclear staining. with Clone 28, x120.

x100.
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Tumours were split into high (above median) and low expression (below or equal to the
median) (table 3.20keparating patients into patient group with high (positive subgroup)
and low expression (negative subgroup) (table 3.21). Median of nuclear, cytoplasmic and

membrane Clone 28 was used for statistical analysis.

Table 3.20: Descriptive statistics for Clone 28 histoscores

Clone 28 Minimum Maximum Median LQ uQ

Histoscores

nuclear 0.0 80.0 5.0 0.0 15.0
cytoplasmic 0.0 227.0 40.0 10.6 74.3
membrane 0.0 110.0 2.5 0.0 10.0

Table 3.20 provides an overview of descie statistics of Clone 28 nuclear,

cytoplasmic and membrane histoscores.

Table 3.21: Clone 28 expression in patient subgroups

Clone 28 Nuclear Cytoplasm Membrane Perinuclear
expression

Positive(Patient N9 74 69 78 82
Negative(Patients No) 85 80 70 67

Table 3.21shows the division into positive and negative expression group.

Chi square analysis was performed to identify associations between Clone Xdpaati

28, Src and clinicgpathological featuresof the cohort (table 3.22). No significant
correlations were noted between clinjgathological features and any of the Clone 28
expression sites. Nuclear and membrane Clone 28 expression showed no significan

correlations with any of the otherSrc andanti-Clone 28 expressions. Interrelationship
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analysis of individual cellular locations demonstrated a positive correlation between
nucl ear and cytopl as mp<6.000 larm reenegide carelgtione s
between nuclear and perinuclear Clone €8 p r e s % p<6.001). (Irgerestingly
cytoplasmic Clone28 correlated negatively with membraSercc e x p f p<x@&091) o n
and cytopl &p=m00t), hilgdighting that breast cancer patients with partially
activated Src in the cytoplasm were Iéksly to express <Src at the membrane (site of
activation) or inactivated Src in the cytoplasm. Perinuclear Clone 28 expression correlated
negatively with Zcpy<tOo plOals)mi cn uA@ E&800)cdndo n e

cyt opl as mi ap<0001jitable 3.228 ( G

Table 3.22: Correlations between clinigeathological features of the cohortSec, AC28

and Clone 28 expression

Total Patient Chi-squared pvalues

Cohort

314 Numbers Cl28 Cl28 Cl28 Cl28
Variables nuc cyto memb perinuc
Age 78/236 0.027 0.906 0.547 0.239
(<50yr/>50yr)

Tumour type 298/10/3/3 0.307 0.304 0.394 0.269
(duct/lob/tub/others)

Grade 22/146/146 0.312 0.010x 0.655 0.204
(G1/G2/G3)

Size 126/169/19 0.901 0.030 0.565 0.016

(<20 , 2650, >50mm)

Lymph node 152/162 1.0 0.747 0.811 0.420
(positive/negative)
ER status 209/105 0.055 0.535 0.806 0.645

(positive/negative)
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PgR status 149/163 0.461 0.635 0.926 0.975
(positive/negative)
HER?2 status 51/263 0.628 0.038 0.306 0.181

(positive/negative)

c-Src nuc 139/175 0.105 0.066 0.678 0.046
(positive/negative)

c-Src cyto 139/175 0.740 1.0 0.811 0.629
(positive/negative)

c-Src memb 135/179 0.841 <0.00F 0.393 0.00Z
(positive/negative)

AC28 nuc 82/83 0187 0.428 0.848 0.406
(positive/negative)

AC28 cyto 73192 0.282 0.00F 0. 703 <0.00F
(positive/negative)

AC28 memb 6/159 0.388 0.802 0.241 0.707
(positive/negative)

CI28 nuc 74185 <0.001 0.037 <0.00F
(positive/negative)

CI28 cyto 69/90 0.081 <0.00F
(positive/negative)

CI28 memb 7870 0.770
(positive/negative)

Table 3.22shows the interrelationship between Clone 28 expression at different
cellular levels and clinicgoathological characteristics of patients with breast cancer;
Histology: duct = ductal carcinoma, lob =obular carcinoma, tub = tubular
carcinoma, others including mucinous, mucoid and micropapillary carcinoma; Grade:
Bloom and Richardson grade;-Src = total Src kinase, AC 28= arfirc family
negative regulatory [pY] site, reamed in our laboratory as anr@lone28, Src kinase

phosphorylated at Tyrosine site 530 (inactive); Cl 28= Clone 28, Src kinase
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dephosphorylated at Tyrosine site 530, partially activated. *negatively correlated;
significant results are highlighted in bolg-values of >0.01 were consic&l as non
significant due to the large number of statistical comparisons (Bonferroni

phenomenon).

On univariate and multivariate analysis there was no significant association noticed
between Clone 28 expression and disease specific survival at angrcleltation (table

3.23).

Table 3.23: Impact of Clone 28 protein expression on patient survival

Total Patient Univariate
Cohort: Analysis

314 patients Numbers P value HR IQR
CI28 nuc 74185 0.313 1.4 0.725
(positive/negatie)

CI28 cyto 69/90 0.810 09 0517
(positive/negative)

Cl28 memb 78170 0.568 08 0515
(positive/negative)

Cl28 perinuclear ~ 75/74 0.625 1.2 0622

(positive/negative)

Table 3.23: No impact of Clone 28 protein expression @atient survival was
observed.Expression of a&ch cellular location was correlated to disease specific
survival. None of the proteiexpressions were associated with disease specific survival
and independent in multivariate analysis. HR= Hazard Ratiéq¥onfidence Interval
(C1)), IQR= interquartile range. Significant results are highlighted in bold.



Chapter 3 Protein expression of SFK members 175

3.3.4.3 Activated Y419Src kinase protein expression in invasive breast cancers
Specificity of the antibody detectinghosphorylation at Tyrosine site 419 was conéd
using a ER negative (MDAMB231) and ER positive (MCF7) cell line (figure 3.17). Time

course cell lysates were kindly provided by Dr Liane McGlynn.

Figure 3.17: Western Blotting for specificity of Y416Seantibody
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Figure 3.17: West ern Bl ots wi t h-actth44DKDS)r as a [fr@eihk D a |
loading control. Using ER positive (MCH and ER negative (MDA MB231) breast
cancer cell lines exposed to stimulant oestradiol or epidermal growtbrfée2/ EGH

and/or inhibitor Heregulin (HRG) at different time points. C= control, untreated cell

line.

Activated phosphorylated Src kinase expression, at the classical activation site Y419, was
predominately observed in the nucleus (39%) and cytoplasm (45%). 51¥motirs

expressed Y419Src kinase in the membrane (table 3.24).
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Table 3.24: Y419Src expression in patient subgroups

Y419Src (no. 314) Nuclear Cytoplasm Membrane
Positive (Patient No) 122 140 161
Negative (Rtients No) 192 174 153

Table 3.24shows the distribution of patients in each subgroup.

For statistical analysis tumours were split into those with high (above the median) or low
(below or equal to the median) expression (table 3.25). Therefore patgarated into
two groups; those with low expression (negative subgroup) and those with higher

expression (positive subgroup) (table 3.24).

Table 3.25: Descriptive statistics for Y419Src histoscores

Y419Src Minimum Maximum Median LQ uQ

Histoscores

nuclear 0 245 32 10 70
cytoplasmic 0 213 20 3 60
membrane 0 135 0 0 5

Table 3.25 provides an overview of descriptive statistics of Y419Src nuclear,
cytoplasmic and membrane histoscores. With the membrane Y418&esnrbeing O,
patients were grouped into two subgroups: patients with no Y419Src expression and
with Y419Src expression.

Histograms and IHC pictures below exhibit the cellular distribution and intensity of

nuclear, cytoplasmic and membrane Y419Src exfmegigures 3.18, picture 3.6).
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Figure 3.18: Histograms for Y419Src expression
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Figure 3.18 demonstrates the intensity of IHC staining for nuclear, cytoplasmic and
membrane Y419Src expression
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Picture 3.6: IHC staining with Y416Src antibody

Picture 3.6 A:Overview of a 0.6 mm Picture 3.6 B Normal Breast tissue,
core of the breast cancer TMA, stained with Y416Src antibody (Cell
showing nuclear, cytoplasmic and Signalling) magnification x100.

membrane staining magnification
x10.

Picture 3.6 C demongates weak Picture 3.6 D: Negative/greyish
cytoplasmic and membrane, weak and staining of stromaand tumour tissue,
negative nuclear staining. magnification x100.

magnification x100.
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With chi square analysis we tried to evaluate if clingaihological features of the patient
cohort correlated with high Y419Src expression (table 3.26). We found that cytoplasmic
Y419Src expression positively cefated with HER2 status; meaning that patients with
invasive breast cancer ovexpressing Y419Src in the cytoplasm, were more likely to have
HER2 positive ?pps00t)s Membrana ¥4 9IS expression positively
correl ated?pwdOfll) ,grdpad@®. (&2) and?pdERD and t at
i nversely corr el ap@tdl). Wictedr YAEFSrc exprassian sdid (o6
correlate with any known cliniepathological features or othetSzc location (table 3.26).
Cytoplasmic and membma Y419Src expression correlated significantly witBrc cyto

and membr an e? pex0pl). Espessiomlevelscof Y419Src at each cellular

location strongly positively correlated with each other (table 3.26).

Table 3.26: Interrelationship between clinigmathological features of the cohortSec and
Y419Src expression

Total Patient Cohort Chi-squared pvalues

314 Numbers Y419Src Y419Src  Y419Src
Variables nuc cyto memb
Age 781236 0.62 0.391 0.287
(<50yr/>50yr)

Tumour type 298/10/3/3 0.753 0.293 0.416
(duct/lob/tub/others)

Grade 22/146/146 0.627 0.069 <0.001
(G1/G2/G3)

Size 126/169/19 0.061 0.044 0.002

(<20, 2650, >50mm)

Lymph node 152/162 0.127 0.211 0.392

(positive/negative)
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ER status 209/105 0.143 0.108 <0.00F
(positive/negative)
PgR status 149/163 0.412 0.042 <0.001
(positive/negative)
HER2 status 51/263 0.053 <0.001 <0.001

(positive/negative)

c-Src nuc 139/175 0.058 0.268 0.376
(positive/negative)

c-Src cyto 139/175 0.687 <0.001 <0.001
(positive/negative

c-Src memb 135/179 0.370 <0.001 <0.001
(positive/negative)

Y419Src nuc 122/192 <0.001 0.004
(positive/negative)

Y419Src cyto 138/174 <0.001
(positive/negative)

Table 3.26shows the interrelationship between Y419Srcesgion at different cellular
levels and clinicepathological characteristics of patients with breast cance§rc =

total Src kinase, Y419Src = Src kinase phosphorylated at Tyrosine site 419, *negatively
correlated, significant results are highlighted ibold. p-values of >0.01 were
considered as nosignificant due to the large number of statistical comparisons

(Bonferroni phenomenon).

Patientsd <clinical out come was anal ysed
Y419Src membrane expression was asdéed with shorter disease specific survival
(p=0.023, table 3.27) on univariate analyfigufe 3.19.

However, as with cytoplasmic-$rc expression, it was not independent in multivariate

analysis (table 3.27).
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Table 3.27: Impact of Y419Src expression on patient survival

Total Patient Univariate Multivariate
Cohort: Analysis Analysis
314 patients Numbers Pvalue HR IQR P value HR IQR

Y419Src nuc 135/179  0.585 0.9 0514

(positive/negative)

Y4199c cyto 122/192  0.625 0.9 0.61.4

(positive/negative)

Y419Src memb  138/174  0.023 1.7 1127 0614 11 0.7-1.8

(positive/negative)

Table 3.27: Expression of &h cellular location was correlated to disease specific
survival. Membrane Y419Src prote@xpression was associated with poorer clinical
outcome, but was not independent in multivariate analysis. HR= Hazard Ratio (95%
Confidence Interval (Cl)), IQR= interquartile range. Significant results are highlighted
in bold.
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Figure 3.19: Kaplan Meier survival curve for membrane Y419Src expression
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Figure 3.19 Kaplan Meier survival curve illustrates that membrane Y419Src
expression is significantly associated with decreased disease specific survival2g=0
respectively).

Patients with high membrane Y419Src expression had a median survival of 12.8 years
(IQR 11.1214.6) compared to those with low expression with median survival of 14.8 years

(IQR 12.116.8).
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3.3.4.4 Activated Y215Src kinase protein expressiomiinvasive breast cancers

Despite the only recent discovery of the activation site Y215, there are already several
antibodies commercially available. Specificity of the Y216Src Santa Cruz antibasly
confirmed using a ER negative (MDAMB231) and HEK293nflam embryonic kidney)

cell line lysates (figure 3.20).

Figure 3.20: Western Blotting for specificity of Y216Src antibody
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Figure 3.20: West er n Bl ot wiululn (48kpd),G&Sa proteia loatingb
control. Using Human Embryonic Kidney cell lysates (HEK293) and ER negative (MDA
MB231) breast cancer cell line lysates. No band detected irphosphorylated HEK

293 cells with Y216Sm@ntibody (Santa Cruz).

Phosphorylated activated Y215Src kinase expression was predominately observed in the
nucleus (49%) and cytoplasm (50%). No more than 4% of tumours expressed Y215Src
kinase in the membrane. (table 3.28). Likewise the statisticalsasalf Y419Src tumours

was split into those with high (above the median) or low (below or equal to the median)

expression (table 3.29).
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Therefore patients separated into two groups; those with low expression (negative

subgroup) and those with higher eggsion (positive subgroup) (table 3.29).

Table 3.28: Descriptive statistics for Y215Src histoscores

Y215Src Minimum Maximum Median LQ uQ

Histoscores

nuclear 0 230 5 0 35
cytoplasmic 0 235 8 0 43
membrane 0 38 0 0 0

Table 3.28 provides an overview of descriptive statistics of Y215Src nuclear,
cytoplasmic and membrane histoscores. With the membrane Y215Src median being O,
patients were grouped into two subgroups: patients with no Y215Src expression and

with Y215Src expression.

Table 3.29: Y215Src expression in patient subgoups

Y215Src (no. 314) Nuclear Cytoplasm Membrane
Positive (Patient No) 154 158 14
Negative (Patients No) 160 156 299

Table 3.2%hows the idtribution of patients in each subgroup.

Histograms and IHC pictures below exhibit the cellular distribution and intensity of

nuclear, cytoplasmic and membrane Y215Src expression (figure 3.21, picture 3.7).
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Figure 3.21: Histograms for Y215Src expression in invasive breast carcinoma
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Figure 3.21: Each histogram displays the distribution of nuclear, cytoplasmic and
membrane Y215Src expression and its IHC staining intensity.
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Picture 3.7: IHC staining with Y215Src

Picture 3.7 A Overview of a 0.6 mm Picture 3.7 B: Normal Breast tissue,
core of the breast cancer TMA stained with Y216Src antibody (Santa
showing areas of nuclear and Cruz) magnification x100.

cytoplasmic mixed with no nuclear

staining, x10.

Picture 3.7 C:demonstrates weak and Picture 3.7 D: Negative staining of

moderate gtoplasmic, weak and stroma and tumour tissue,
negative nuclear and no membrane magnification x10. Negative control.

staining, x100.



Chapter 3 Protein expression of SFK members 187

Correlations between Y215Src expression and chpetbological features of the patient
cohort were assessed with Chi square analysis. Nuclear Y215Src expression positively
correlated with grade and ER status (table 3.30), mearagatients with invasive breast
cancer oveexpressing Y215Src in the nucleus, were more likely to have high grade, ER
positive brrpadt 06 &px®OIL.The oy correlation observed with
cytoplasmic Y215Src expression and clinpathdogical features was a positive

correlation with HER2 status (table 3.30).

Table 3.30: Correlations between pathological features of cohort and Y215Src expression

Total Patient Cohort: 314 Chi-squared pvalues

Variables Numbers Y215Src nuc Y215Src cyto Y215Src memb
Age 78/236 0.332 0.649 0.861
(<50yr/>50yr)

Tumour type 298/10/3/3 0.015 0.515 0.424
(duct/lob/tub/others)

Grade 22/146/146 0.006 0.674 0.372
(G1/G2/G3)

Size 126/169/19 0.061 0.921 0.399

(<20, 2650, >50mm)

Lymph node 152/162 0.504 0828 0.217
(positive/negative)
ER status 209/105 <0.001 0.902 0.972
(positive/negative)
PgR status 149/163 0.014 0.266 0.087
(positive/negative)
HER2 status 51/263 0.161 <0.00 0.075

(positive/negative)
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Table 3.30shows the interrelationship between Y215Src expression at different cellular
levels and clinicepathological characteristics of patients with breast cancer.
Histology: duct = ductal carcinoma, lob = lobular carcinoma, tub = tubular
carcinoma, otbrs including mucinous, mucoid and micropapillary carcinoma; Grade:
Bloom and Richardson grade; Y215Src nuc = Y215Src nuclear expression, Y215Src
cyto = Y215Src cytoplasmic expression, Y215Src memb = Y215Src membrane
expression. Acyt e plprassioni independent 5o1$ multivakaten a ¢
analysis (p=0.005, table 3) as HER2 being displaced from ther€@mession model.

Interestingly all significant relationships between Y215Src expression and other Src
phosphorylation sites were negatively cormetbftable 3.31). Most of the correlations were
with cytoplasmic Y215Src expression, apart from one Y215Src nuclear expression, which
correlated negatively wWipt0l004)ACtofa8micny@lsdre a r
expression correlated negatively withl | Y419Src expression
p=0.005, Y4342®S0 .c0O0clyt oY 4cl?9p80.001), wyeopismiccand
membrane Sr c? p(=® . 009 and p<0.001)2p<0d§l} and | a s
cytopl asmic Cl o’ps.002)8meaning thaasests vatm invasave breast
cancer oveexpressing cytoplasmic Y215Src, were more likely to have low protein
expression of the other Src phosphorylation site. No significant correlations were noted
with membrane Y215Src expression. Interrelationshipwéen different Y215Src
locations only highlighted a positive correlation between nuclear and cytoplasmic Y215Src

expression.



Table 3.31: The interrelationships betweessec and all activation sites

Total Patient Cohort:314

Pearson Chisquared pvalues

Variables Numbers c-Src c-Src Y416 Y416 Y416 Y215 Y215 Y215 AC AC AC Clone Clone Clone
cyto memb  Src Src Src Src Src Src 28 28 28 28 28 28

nuc cyto memb  nuc cyto memb nuc cyto memb nuc cyto memb

c-Src nuc 139/175 <0.001 <0.001 0.058 0.268 0.376 0.902 0.297 0.048 0.102 0.330 0.845 0.038 0.027 0.678

(pos/negq)

c-Src cyto 139/175 <0.001 0.687 <0.001 <0.001 0.745 0.009* 0.682 0.380 0.044 0.340 0.200 0.873 0.811

(pos/neq)

c-Src memb 135/179 0370 0.001 <0.001 0.147 <0.001* 0.054 0.075 <0.001 0.080 0.650 <0.001 0.393

(pos/negq)

Y416Src nuc 122/192 <0.001 0.004 0.042 0.005* 0.120 0.001 0.074 0.054 0.154 0.787 0.308

(pos/neg)

Y416Src cyto 138/174 <0.001 0.294 <0.001* 0.489 0.058 <0.001 0.002 0.952 0.522 0.718

(pos/negq)

Y416Src memb 138/174 0.690 <0.001* 0.141 0.702 0.141 0.064 0.521 0.008 0.157

(pos/neg)
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Y215Src nuclear 154/160
(pos/neg)
Y215Src cyto 158/156
(pos/negq)
Y215Src memb 14/299
(pos/negq)

AC 28 nuclear 82/83

(pos/neq)
AC 28 cyto 72/93
(pos/negq)
AC 28 menb 6/159
(pos/negq)

Clone 28 nuclear 74/85
(pos/neg)
Clone 28 cyto 6980

(pos/negq)

<0.001

0.063

0.022

0.004*  0.176 0.640

0.55 <0.001* 0.077

0.430 0.323 0.263

0.902 0.510

0.015*

0.761 0.659 0.366

0.485 0.004* 0.502

0.423 0.101 0.174

0.015*  0.449 0.848

0.192 <0.001* 0.703

0.305 0.696 0.241

0.007* 0.144

0.410
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Table 3.31gives on overview of interrelationships between all Src and Src phosphorylatsn a$irc = total Src kinase, Y416Src = Src kinase
phosphorylated at Tyrosine site 416, Y215Src = Src kinase phosphorylated at Tyrosine site Y215; AC2&-family negative regulatory [pY] site,
re-named in our laboratory as an@lone28, Src kinasghosphorylated at Tyrosine site 530 (inactive), Clone 28= dephosphorylated at Tyrosine site 530
(partially active); ¢Src nuc = eSrc nuclear expression;&rc cyto = eSrc cytoplasmic expressionStc memb = <Src membrane expression, Y416Src

nuc = Y416& nuclear expression, Y416Src cyto = Y416Src cytoplasmic expression, Y416Src memb = Y416Src membrane expression, ¥215Src n
Y215Src nuclear expression, Y215Src cyto = Y215Src cytoplasmic expression, Y215Src memb = Y215Src membrane expresswnaAlQone

28 nuclear expression, AC 28 cyto = aBlone 28 cytoplasmic expression, AC 28 memb =@lune 28 membrane expression; Clone 28 nuc = Clone

28 nuclear expression, Clone 28 cyto = Clone 28 cytoplasmic expression, Clone 28 memb = Clomebdhenexpression; pos= positive, neg=
negative; *negatively correlated; significant results are highlighted in hplhlues of >0.01 were considered as rsgnificant due to the large number

of statistical comparisons (Bonferroni phenomenon).
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In conrast, to the observations made with totebrc (associated with poor prognosis),
high nuclear and cytoplasmic Y215Src kinase expression was strongly associated with

improved disease specific survival (nuc Y215Src p=0.001, cyto Y215Src p=0.001 (figure

3.22 (table 3.32).

Figure 3.22: Kaplan Meier survival curve for nuclear and cytoplasmic Y215Src expression
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Figure 3.22 Kaplan Meier survival curve shows that nuclear and cytoplasmic Y215Src
expression is ghificantly associated with decreased disease specific survival (p=0.001,

respectively).



Chapter 3 Protein expression of SFK members 193

Table 3.32: Impact of Y215Src expression on patient survival

Total Patient Univariate Multivariate
Cohort: Analysis Analysis
314 patients Numbers Pvalue HR IQR P value HR IQR

Y215Src nuc 154/160 0.001 043 0.20.7 0.203 0.7 041.2
(positive/negative)
Y215Src cyto 158/156 0.001 045 0.30.7 0.002 04 0.30.7
(positive/negative)
Y215Src memb 14299 0601 074 0223 0764 12 0440

(positive/negative)

Table 3.32: Expression of &h cellular location was correlated to disease specific
survival. Nuclear and cytoplasmic Y215Src protekpression was associated with
better clinical outcome. Only cytoplasmic Y2d5%as independent in multivariate
analysis. HR= Hazard Ratio (95% Confidence Interval (Cl)), IQR= interquartile range.

Significant results are highlighted in bold.

Patients with high nuclear Y215Src kinase expression had a median survival of 15.0 years
(IQR 13.316.8) compared to those with low expression with a median survival of 12.3
years (IQR 10.84.2). Patients with high cytoplasmic Y215Src kinase expression had a
median survival of 14.9 years (IQR 13L6.7) compared to those with low expressiathw

a median survival of 12.5 years (IQR 104.4).

Although cytoplasmic Y215Src kinase expression and HER2 status correlated on chi
square analysis (table 3.32), only cytoplasmic Y215Src kinase expression was independer
on multivariate analysis (p=0.2D with a hazard ratio 0.4 (IQR 0®B7), as HER2 was

displaced from the Coeregression model.
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3.3.4.5 Relationship of Src kinase expression to disease specific survival in patients
stratified by ER status

Expression of Src kinase, SFK members and all activattes of Src kinase was stratified

by ER status (105 ER negative and 209 ER positive tumours). The only significant results

were observed with Y215Src expression.

Patients with ER negative tumours and high cytoplasmic Y215Src kinase expression hac

significantly improved disease specific survival (p=0.003) (figure 3.23). As in the full

cohort, this association was also independent on multivariate analysis (p=0.009, table 3.33

with a hazard ratio of 0.4 (IQR G(28). No association was observed in the Ritive

cohort (p=0.051).

Figure 3.23: Kaplan Meier Survival Curve for cytoplasmic Y215Src in ER negative
patients compared to ER positive patients
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Figure 3.23 Kaplan Meier Survival Curve for cytoplagmY215Src in ER negative
patients and ER positive patients. Significant survival advantage is present in ER
negative patients.
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Table 3.33: Survival analysis in ER negative patient cohort with all Src arili8&mbers

ER negative Univariate Multivariate
patients: Analysis analysis
Numbers P value HR IQR P value HR IQR
Grade 1/23/81 0.062 1.7 0.931
(G1/G2/G3)
Size 35/61/9 <0.001 54 21140 0.004 4.5 1.612.3
(<20, 2050, >50mm)
Lymph node 54/51 0.010 24 1.24.6 0.001 3.2 1.66.7
(positive/negative)
HER?2 status 30/75 0475 1.3 0.62.5
(positive/negative)
¢Srchuc 56/49 0570 1.2 0623
(positive/negative)
c-Src cyto 65/40 0.090 1.8 0.93.7
(positive/negative)
c-Src memb 58/47 0982 1.0 0.519
(posiive/negative)
Y419Src nuc 35/70 0.740 11 0.6-2.2
(positive/negative)
Y419Src cyto 53/50 0.730 11 0.62.1
(positive/negative)
Y419Src memb 67/38 0.715 11 0.62.2
(positive/negative)
Y215Src nuc 37/68 0.345 11 0.7-2.8
(positive/negative)
Y215Src cyto 54/51 0.003 04 0.2-0.7 0.009 0.4 0.2-0.8
(positive/negative)
Y215Src memb 5/100 0.866 1.1 0.34.8
(positive/negative)
AC 28 nuc 19/33 0.665 1.2 0.53.0
(positive/negative)
AC 28 cyto 26/26 0444 14 0.6-3.3

(positive/negative)
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AC 28 memb 2/50 0.303 0.05 0.033
(positive/negative)
Clone 28 nuc 21/25 0533 1.3 0532
(positive/negative)
Clone 28 cyto 24/22 0961 1.0 0.42.3
(positive/negative)
Clone 28 memb 24121 0.781 09 0421
(positive/negative)
Lyn nuc 15/42 0926 10 0.426
(positive/negative)
Lyn cyto 23/34 0956 1.0 0.52.3
(positive/negative)
Lyn memb 3/54 0893 11 0.285
(positive/negative)
Lck nuc 26/65 0.577 0.8 0417
(positive/negative)
Lck cyto 40/51 0.650 0.9 0417
(positivenegative)
Lck memb 2/89 0.316 0.05 0.037

(positive/negative)

Table 3.33gives an overview of survival analysis in ER negative patient cohort with all
Src and SFK antibody used. Only significant association was with Y2@&@Sptasmic
expression and was also independent on multivariate analySis s total Src kinase,
Y416Src = Src kinase phosphorylated at Tyrosine site 416, Y215Src = Src kinase
phosphorylated at Tyrosine site Y215; AC 28= &1t family negative regulary [pY]

site, renamed in our laboratory as an@lone28, Src kinase phosphorylated at
Tyrosine site 530 (inactive), Clone 28= dephosphorylated at Tyrosine site 530 (partially
active); ¢Src nuc = eSrc nuclear expression,-&rc cyto = eSrc cytoplasmic
expression, <Src memb = <Src membrane expression, Y416Src nuc = Y416Src nuclear
expression, Y416Src cyto = Y416Src cytoplasmic expression, Y416Src memb = Y416Src
membrane expression, Y215Src nuc = Y215Src nuclear expression, Y215Src cyto =
Y215Src cytoplsmic expression, Y215Src memb = Y215Src membrane expression; AC
28 nuc = antiClone 28 nuclear expression, AC 28 cyto = dQitbne 28 cytoplasmic
expression, AC 28 memb = aftlone 28 membrane expression; Clone 28 nuc = Clone

28 nuclear expression, Clor#8 cyto = Clone 28 cytoplasmic expression, Clone 28
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memb = Clone 28 membrane expression; Lyn nuc = Lyn nuclear expression, Lyn cyto
= Lyn cytoplasmic expression, Lyn memb = Lyn membrane expression; Lck nuc = Lck

nuclear expression, Lck cyto = Lck cytaginic expression, Lck memb = Lck membrane
expression. Significant results are highlighted in bold.

In contrast, it was nuclear Y215 Src kinase expression that was significantly associated
with improved disease specific survival (p=0.003) (figure 3.24then patients with ER
positive tumour and this was also independent on multivariate analysis (p=0.009, table
3.34) with a hazard ratio of 0.4 (IQR €02). No association was observed in the ER

negative cohort (p=0.345) (figure 3.24).

Figure 3.24: Kaplan Meier Survival Curve for cytoplasmic Y215Src in ER negative
patients compared to ER positive patients
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Figure 3.24 Kaplan Meier Survival Curves for nuclear Y215Src in ER negative

patients and ER positivpatients. ER positive patients with high nuclear Y215Src
expression have a significantly better clinical outcome.
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Table 3.34: Survival analysis in ER positive patient cohort with all Src and SFK members

ER positive Univariate Multivariate

patients: Analysis analysis
Numbers P value HR IQR Pvalue HR IQR

Grade 21/123/65  0.004 6.4 1.048.3

(G1/G2/G3)

Size 91/108/10 <0.001 22.0 7.469.6 <0.001 7.0 5.354.8

(20,2650, >50mm)

Lymph node 98/111 0.091 17 1033

(positive/ngative)

HER?2 status 21/188 0.040 2.2 1.04.9

(positive/negative)

c-Srcnuc ¢ 83126  0.317 1.4 o727

(positive/negative)

c-Src cyto 74/135 0932 10 0520

(positive/negative)

c-Src memb 771132 0.176 1.6 0.83.2

(positive/negative)

Y419Src nuc 87/122 0501 13 0.625

(positive/negative)

Y419Src cyto 85/124 0288 14 0.7-2.9

(positive/negative)
Y419Src memb 87/122 0.099 1.7 0.933

(positive/negative)

Y215Src nuc 117192 0.003 04 0.20.7 0.009 0.4 0.2-0.8
(positive/negative)
Y215Src cyto 104/105 0.051 05 0.31.0

(positive/negative)
Y215Src memb 10/199 0.693 0.7 0.1-4.9

(positive/negative)

AC 28 nuc 63/50 0586 1.3 0.53.6
(positive/negative)
AC 28 cyto 67/46 0.178 2.0 0.76.3

(positive/negative)
AC 28 memb 4/109 0.424 04 0.063.4




Chapter 3 Protein expression of SFK members 199

(positive/negative)

Clone 28 nuc 53/50 0.174 1.8 0.845
(positive/negative)
Clone 28 cyto 45/58 0596 1.3 053.0

(positive/negative)
Clone 28 memb 54/49 0.629 0.8 0.31.9

(positive/negative)

Lyn nuc 52/71 0.797 0.9 0422
(positive/negative)
Lyn cyto 36/87 0420 1.6 0.54.7
(positive/negative)
Lyn memb 5/118 0556 0.6 0.1-2.8
(positive/negative)
Lck nuc 85/87 0570 1.2 0.62.5
(positive/negative)
Lck cyto 71/101 0536 1.3 0.6-2.6
(positive/negative)
Lck memb 10/162 0.124 0.04 0.019

(positive/negative)

Table 3.34gives an overviewf survival analysis in ER pdsie patient cohort with all

Src and SFK antibody used. Only significant association was with Y215Srcasyapl
expression and was also independent on multivariate analySis € total Src kinase,
Y416Src = Src kinase phosphorylated at Tyrosine site 416, Y215Src = Src kinase
phosphorylated at Tyrosine site Y215; AC 28=-&rti family negative regulatory ¥

site, renamed in our laboratory as an@lone28, Src kinase phosphorylated at
Tyrosine site 530 (inactive), Clone 28= dephosphorylated at Tyrosine site 530 (partially

active); Significant results are highlighted in bold.



Chapter 3 Protein expression of SFK members 200

3.3.4.6 Relationship of Src kinase expession to disease specific survival in patients
stratified by ER and HER?2 status

When patients with ER/HERRZegative tumours were analysed (n=75), cytoplasmic Y215

Src kinase was yet again strongly associatigd improved disease free survival (p=0.007)

(figure 3.25) and this was again independent on multivariate analysis (p=0.040) with a

hazard ratio of 0.3 (IQR 0:@.8) (table 3.35). This observation held when ERIMIPIER2

negative tumours were analysed (n=69) (univariate analysis p=0.015, multiesadysis

p=0.021, table 3.35).

Figure 3.25. Kaplan Meier Survival Curve for cytoplasmic Y215Src in ER/HER2 negative
patients.
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Figure 3.25 High cytoplasmic Y215Src is associated with better disease specific
survival in ER/HER2 negative patients.
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Table 3.35: Overview of the ER/HER2 negative patient and ER/PgR/HER2 negative
patient subgroup and their survival analysis with Y215Src expression

ER /HERZ2 negative pdients: Univariate Multivariate

75 patients Analysis Analysis
Numbers P value HR IQR Pvalue HR IQR

Grade 1/13/61 0.214 2.0 0.94.5

(G1/G2/G3)

Size 31/37/7  <0.001 5.2 1.914.7 0.030 5.1 1.7-15.0

(<20,20650, >50mm)

Lymph node 3540  0.021 24 1154 0005 33 1475

(positive/negative)

Y215Srcnuc 2253 0590 13 0530

(positive/negative)

Y215Src cyto 30/45  0.007 0.3 0.1-0.8 0.040 0.3 0.1-0.9

(positive/negative)

Y215Src memb 3172 0.771 1.3 0.210.1

(positive/negative)

ER/PgR/HER2 negative patients: Univariate Multivariate

69 patients Analysis Analysis
Numbers P value HR IQOR Pvalue HR IQR

Y215Src nuc 18/51  0.937

(positive/negative)

Y215Src cyto 25/44  0.015 0.3 0.20.7 0.021 0.2 0.1-0.9

(positive/negative)

Y215Src memb 3/66 0.679

(postive/negative)
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Table 3.35s hows an overview of the ER/HER2 ne
clinical and pathological parameter was correlated to disease specific survival (p
values). Grade = Bloom and Richardson grade. Y215S8rckinase phosphorylated

at Tyrosine site Y215; Y215Src nuc = Y215Src nuclear expression, Y215Src cyto =
Y215Src cytoplasmic expression, Y215Src memb = Y215Src membrane expression. In
the ER/HER2 negative and triple negative patient cohort Y215Src waidicsigtly
associated with improved disease specific survival, and this was also independent in

multivariate analysis.
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3.3.5 Ki67 expression and its association with Src kinase expression

Ki67 antigen MIB1 (DAKO, UK) was used to determine proliferation statbfsthe
tumours. This antibody has been validated previously in our department and used in
different studies (201) As before with other antibodies, nuclear Ki67
immunohistochemistry was obtained from 71% (194/274) of the TMA tumours of the
initial patient cohort. This was due to tissue limitation through previous extensive section
cutting.

Median K67 score was 3.8 (IQR:-9.8, table 3.36). Scores were classified into three
groups (lowmediumhigh). 54% of the tumour specimens had a low proliferation rate,
with a Ki67 score of <5, 30% had a medium proliferation rate-2d &nd only 9% of the

tumous had a high proliferation >20 (Table 3.37).

Table 3.36. Descriptive statistics for Ki67 expression in patient cohort

Ki67 scores  Minimum Maximum Median LQ uQ

nuclear 0.0 111 3.8 0.0 9.8

Table 3.36provides an overview of descriptive statistics of Ki67 nuclear histoscores.

Table 3.37: Distribution of patients in each Ki67 subgroup

Ki67 expression Low (<5%) Moderate (520%) High (>20%)

Patient No 105 58 17

Table 3.37Majority of breast cancers of this cohort had a low to moderate shows

proliferation index
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Histogram and IHC pictures below exhibit the different expression intensity of nuclear

Ki67 (figure 3.26, pictures 3.8).

Figure 3.26: Histogram for Ki67 histoscores
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Figure 3.26displays the staining intensity with Ki67 within the cohort

Picture 3.8: IHC staining with Ki67
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Picture 3.8 showsKi67 staining of invasive breast cancer specimens (1:186),
negative staining of stroma and tumour tissBe, Ki67 staining classed as weak
staining, C= Ki67 staining classed as moderate stainibg, Ki67 staining classed as
strong staining, magnification x100

On chi square analysis the only significant positive correlation between Ki67scores and
clinico-pathological characteristics of the cohort was witmduu r g f @=6.@06),( ¢

nucleareSr fp£@. 001) and rfp=06.008)dable¥3B1L 9Src (6

On univariate analysis Ki67 score was not associated with disease specific survival (p=

0.254, HR1.0 range 0-5.9) (figure 3.27).

Figure 3.27: Kaplan Meier survival curves for all three Ki67 subgroups
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Figure 3.27demonstrates no association with p
Ki67 expression (p=0.254).



Table 3.38: Correlations between Ki67, clinigmathological features of the cohort and all Src and SFK expressions

Total Patient Cohort:314 Pearson Chisquared pvalues
Variables Age Tumour Tumour Tumour LN ER PgR HER2 c-Src c-Src c-Src Y416 Y416 Y416
(pos/neq) type grade size status status status status nuc cyto memb Src nuc Src cyto  Src memb

Ki67 nuc 0.965 0.360 0.006 0.186 0590 0.997 0.280 0.200 0.001 0.110 0.110 0.008 0.055 0.781
180/194

Total Patient Cohort:314 Pearson Chisquared pvalues
Variables Y215 Y215 Y215 AC28 AC?28 AC?Z28 Clone 28 Clone 28 Clone 28 Lck Lck Lck Lyn Lyn Lyn
(pos/neq) Srcnuc  Srccyto  Src memb nuc cyto memb nuc cyto memb nuc cyto  memb nuc cyto memb

Ki67 nuc 0.766  0.948 0.258 0.523 0.199 0.658 0.889 0.450 0.014 0.04 0572 0.506 0.081 0.598 0.010
180/194

Table 3.38shows the interrelationship between Ki67scores, Src, phosphorylated Src sites, SFK members asphttiolagical characteristics of

patients with breast cancer.

206
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3.4 Discussion

Histopathology continues to be a yamportanttool in the world of surgical rmcology.
Decisions regaidgp at i ent s®6 treatments are founded
mor phol ogy and i1its interpretation by the
currently alone be detmined by grading and sizing of the tumour and lymphatic
involvement (NPI). Immunohistochemistry has enhanced the spectrum and aspects of
morphological appearances by providing additional information of the molecular
constitution of the specimen. Hormoraaljuvant therapy is now being administrate based
on a steroid receptor immunohistochemistry score. Human Epidermal Growth Factor
Receptor analysis, in particular HER2 for breast cancer patients, has broadened treatmer
options by targeting and blocking shmembrandound receptor, when overexpressed,
with now commercially available antibodies; known as trastuzamab/ herceptin for HER2
and lapatinib/ Tykerb for HER1/HER2. To test for HER2 positivity/ overexpression of
HER2, a hercept score of 3+ in IHC or &+IHC and positive gene amplification in FISH

is at present the standardised method/ recommendation world@d@¢ Breast cancer
specimens should now undergo routinely an assessment of their steroid and HERZ
receptors done to increase the amount of information available for clinicians to
indvi dual i se therapies for the best possilk
ER and PgR positive patients have a higher risk of relapsing on tamoxifen therapy and
increase benefit from a aromatase inhib{@03) We also know that HER2 positivity is
associated with increased mortality, a higher rate of disease recurrence and could predic

resistance to certain systemic therépg4)

Indirect immunohistochemistry is used widely to examine cell signalling processes in

cancer using paraffin embedded tissue sections. Our laboratory has extensive experience
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optimising conditions for usage of primary antibodies in imahistochemistry205-207).
Different techniques to achieve best antigen retrieval were trialled for each individual SFK
antibody. We established that the procedure was best performed when the TMA slides
were submerged in preheated buffer (Citrate or TE) at a certain pt9.(5.0h pressure
cooker placed in a microwave for 5 minutes (details in material and mesectsr).
Different concentrations of horse serum were tested to avoidpemific protein binding

of individual primary antibodies. Accurate application time and concentration of the
primary antibody is essential to accomplish not just true differential IHC stalihglso
consistent and replicable immunostaining. On$grc, Lck and Ki67 were applied for 60
minutes at room temperature. All other antibodies were left overnight at 4 °C. Secondary
antibodies were chosen depending on the species the primary antibedgiged (rabbit

or mouse).

Compared to RPPCR, this method allowed us to retrieve important information about the
intensity and cellular location of the expressed protein. Thorough evaluation was
performed of each cellular (nuclear, cytoplasmic, memb@nd pernuclear) expression

of every antibody. Significant results were seen when activated Src (pY419) was expresset
at the membrane, the site of activation, whereas the majority of inactivated Src expressior
(anti-Clone 28) was observed in the nudeand cytoplasm. Interestingly, partially
activated Src (Clone 28) was found to a larger extent in thenpelear region. It remains

unclear if this hints an intention to be activated/ recruited.

It may seem that IHC scoring is a subjective method aadldvneed a standardised
approach for clinical routine medical practice to prevent inaccurate results leading to
erroneous treatment decisions. Individual protein expression was assessed using th

weighted histoscore technique, also known ascéte. Thidas been shown to be a robust,
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reproducible scoring method to interpret immueactivities of signalling molecules.
Protein expression is quantified objectively by means of continuous va(Ede200)

Each tumour was assessed and scored respectively bgdemendent, histoscore trained
observers. Quality and standard of inté¥server variation can be determined by inter class
correlation coefficients (I CCC). It ds de:
sum of the variance components Bubjects, observers and random efi#9). ICCCs

were calculated to ensure intra and irgdeorer consistency and reproducibility. ICCC
scores above 0.8 are considered as excellent and certifying a sufficient data interpretation.
Another way of visualising a validated range and distribution of $astes is through
Scattered (X and Y axi s: Each axis repre
Bland-Altman plots (xaxis: average between Histoscores of each scorer, Y: difference
bet ween scorerds Hi st os c orral)and méthod seetionvioe r e

each individual antibody confirming appropriate scareserver correlation.

Due to small patient numbers in the PCR cohort (previous chapter), we transferred our
interest towards a larger cohort to investigate the role ofaBct Src kinase family
members in breast cancer in formalin fixed paraffin embedded specimens (IHC cohort).
Clinical details of the IHC cohort were retrospectively collected by Dr Sylvia Brown
during her investigations into the association of deprivatiah laeast cancer incidence
between 1980s and 1990s in the area of Greater Gla@fi8y This cohort represents a
large heterogenic group of patients from one geographical region with ndnical
follow-up. But because of the long duration of time, tissue specimens were collected by
different individuals during these years, pathology laboratory fixation protocols were
altered and even more aromatase inhibitors were commenced routinkitydal practice.

These inconsistencies could influence and alter results.
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HE sections from each breast cancer specimen were examined by Consultant Pathologis
Dr Elizabeth Mallon and marked for tissue microarray construction. Oestrogen
progesteroneand HER2 receptor status (IHC and FISH) were the first investigations
performed for each specimen to achieve a uniform datdB@S¢ Kaplan Meier Survival
analyses were caed on all clinicepathological patientsdetails to ensure the collected
data of this cohort were validated (table 3.3). Initially 895 patients were identified and
recruited through Dr. Browndés study. How
only 314 patients/ tumour specimens were eligible for this project. For a rounder and more
detailed interpretation of the protein expression results further data on recurrence of
disease or even more particularized adjuvant treatment received by patieftshaxe

been of interest and we currently constructing retrospectively an expanded cohort with
more detailed patient information.

It is known from the literature that certain fixation methods or/ and duration of fixation
could affect quality of the specen and variability of IHC staining results. Tissue
microarray construction allows rapid tumour processing under standardised conditions anc
has been extensively validated in breast cancer. Up te2Q00(0.62mm diameter)
individual tumour cores can be pkd into a single recipient block enabling simultaneous
multiple tumour analysis and increase cost effectiveness by using less antibody. Three 0.¢
mm cores from each block were taken to account for biological tumour heterogeneity.
Each immunohistochemistryn included a positive and negative control to ensure no false
positive staining. Full sections and normal breast tissue specimens were added to evalualt
significant staining differences.

Initially we were able to analyse Src expression data of 314msati Over time and
extensive section cutting of the tissue microarray, tissue/ cores vanished, resulting to ar

expression analysis of 48% of the original tumour with the Clone 28 antibody.
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Src kinase has been investigated for a long time in a variedgliof tumours. @ta from
human cancer tissues have further defined the role of Src in tumour development in a more
clinically relevant settingElevated levels of Src or SFKs have been detected in a range of
human solid tumours, including glioblastor(l0), cancers of the prosta{®0), breast

(114) pancrea$211) and lung(212). Eitheroverexpression or increased activity of Src is
responsible for oncogenesis in different tumours. For exanmpb®lon carcinoma lysates,

Src activity was elevated compared with normal human colon mucosa cells, which
appeared to be as a result of increake@dse signalling by Src, rather than increased
protein levelg213;214)

This differs b breast canceln vitro evidence for a role for-8rc in breast cancer is
convincing, but currently not supported by translational clinical studliles/ated €Src
activity promotes cellular invasion and motility in Tamoxifen resistant breast cancer cell
and provides a link between the HER family and steroid recefbf. Other Src family
members have also been linked with breast cancer. Microaudigsthave demonstrated

that Lyn is induced in models of endocrine resistaf®¥6) and Lck is implicated in
hypoxia induced breast cancer progi@s$159). Again, there is little published evidence

on the role of other Src family members in clinical breast cancer specifiranslational
studies, investigating human breast tumour Src kinase expression and cgrrelatin
expression and Src activation to clinical parameters including survival, are surprisingly
limited. Only threein vivo studies have been published so f&t4116) Two of those
clinical studies used immunohistochemistry (IHC) method to show that Src is associated
with aggressive disease studies in breast cancer. Additionally, they nioat Src
expression was higher in malignant tissue compared with normal (isk4/4 16)

Elevated Src kinase activity has also been witnessed in metastatic disease. Compared wit
primary tumour tissue, Src activity is increasedrietastatic tissue and in cells with a high

metastatic potentia(217;218) A study in colorectal cancer has demonstrated that
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increasing Src expression and activity correlated with the progression of colorectal cancer
from colonic polyps to primary lesions and liver metastases. With each stepeasel
progression, an increase in Src activity was seen. This was confirmed within individual
patients by comparing Src activity in metastatic lesions with synchronous primary and
metastatic tumour excisions at the same {i21&).

Increased Src activity has been associated with poor prognosis in patients with colon
carcinoma showed that when Src expression correlated with patient survival, Src activity
was an independent indicator abqy prognosis at each stage of colon carcinoma. This
suggests that measurement of Src activity may help in selecting patients most suitable fo
adjuvant therapy219)

l'tds well known that advanced breast can
Araujo et al. described the role oBrc in normal bone cells and bone remodelling in
metastatic diseas¢108) Abnormal Src signalling may ctibute to the increased
osteoclastic activity associated with bone metastases. This implies that Src kinase
inhibitors could not only be used for early stage high risk breast cancer to prevent
metastatic spread, but also in the advanced or even pallgitiag to limit growth of

established metastasis sites and reducti

This is currently the largest published study investigating the role of Src kinase expression
and its different phosphorylation status in a cohort of cliniced&trcancer specimens. Our
study suggests that Src kinase expression and phosphorylation status may be employed
prognostic markers in breast cancer.

Increased cytoplasmic-8rc kinase expression is significantly associated with decreased
disease specti survival. Most of the existingin vitro literature provides compelling
evidence that -Src activation is associated withigh tumour proliferation, increased

invasion and increased migrationbreast cancer cel(€5;220) This has been supported
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by anin vivo study, carried out by Nije Bundr edds group, where
ductal carcinoma in situ (DCIS) breast tumors correlated with HER2 positivity, high tumor
grade, comedo necrosis and elevated epithelial proliferation. In addition,-Bighlevels

were associated with Weer recurrence free surviv@l15) The results obtained from 1ou
studyare in keeping with cell line studies, too, demonstrating #&1cds associated with
more aggressive growth and poor clinical outcom8rc expression not only correlated
with decreased survival, but also with increased tumor gradendg@tivty and HER
positivity. In breast cancer, Src activity and distribution might impact on resistance to
endocrine therapy in patients with oestrogen rechptugesterone receptor (ER/PgR)
positive disease. A recent study of our group illustrated in a huperedent ER positive
cohort that activated Src localised to the nucleus was significantly associated with
improved overall survival and a lower recurrence rate during tamoxifen treatment of
ER/PgRpositive tumourg221)

Parallel to this finding Src kinaseas investigateth a cohort of castrate resistant prostate
cancer and an increase in Src activity within tumour tissue with the development of
hormone resisincewas observedPatients within this subpopulation had a significantly
shorter overall survival than those with tumours that had a decrease or no change in Sr
activity (90), again, aggesting that increased Src activity may play a role in resistance to

endocrine therapies in more than one type of cancer.

Although it is important to assessSec protein levels, it is of equal importance to
determine the activation status of Src kindse el al. reported that high activatedSrc
expression was frequently observed in breast tumors with lower aggressiveness a:
indicated by low Ki67, absence of lymph node spread, small size and a low histological
grade. This suggests that activatioh Syc is associated with early stages of breast

carcinoma, but there was no correlation made with patient outcome meéklLBgs
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However, Src activation in this study was determined using an antibody (Clone 28) to
tyrosine site 30 and was classed as activated ifphrosphorylated at thisite. Clone 28 is

a marker for partial activation of-8rc, detecting dephosphorylated Y530Src at first
protein configuration change before phosphorylation of Y419Src leading to full activation.

It has previously been suggested, that a more appropriateatiker for prediction of
clinical response to Src kinase inhibitors would to be to measure phosphorylation of the
protein at a site associated with acti Bl 3;222) Currentlythere are two sites within-c

Src known to be associated with activation. Tyrosine site 419 (Y419Src) in human, is
known asthe classical site, which is most commonly utilised in cell line studies
investigating the functional relevance of Src kinase activafi@®) Src kinase when
activated is moved to the membrg68).

Indeed in our study, when Src kinase is activated at the classical site Ydlidcated in

the cellular membrane, it is associated with shorter disease specific survival, increasing
grade, tumour size, ER negativity and HER2 positivity. Whilst our results with Y419

support the role of Src kinase activation, currently describecititénature.

The other site of activation is at tyrosine 215 (Y215Src). Steved. reported a 5@old
increase in activation of Src kinase associated with Y215Src phosphory(@@prive
obtained contradictory results with this alternative phosphorylation site.

Interestingly our study observes poor prognosis associated with membrane expression @
phosphoryleed Y419Src, but good prognosis with cytoplasmic expression of
phosphorylated Y215Src. These results suggest that location and not only phosphorylatior
site influences downstream effectors of Src kinase.

Phosphorylation at Y215Src was strongly associatiéid improved survival (high nuclear

and cytoplasmic Y215Src expression) and was demonstrated to be independent of othe

known clinical parameters on multivariate analysis (only seen with high cytoplasmic Y215
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Src kinase expression). It is of note, thatsagnificant associations between cytoplasmic
Y215Src, eSrc and Y419Src were all negatively correlated.

It is unclear why Y416Src and Y215Src are associated with different outcome measures.
These contrasting roles may be due to phosphorylation at Y215r4h9 residing in
different SH domains. Phosphorylation in different domains may result in varying protein
configurations, which might enable activation of other downstream signalling pathways.
An alternative explanation of these results may be that thebodies detect
phosphorylation of other Src kinase family members (e.g. Lyn, Lck, Yes) in addition or in
preference to-Src, as the phosphorylated regions are highly consénéd

Activated phosphorylated Y215Src kinase was independent in multivariate analysis
(tumour grade, tumour size, axillary lymph node involvement, ER and HER2 status),
providing evidencehiat Y215Src could be utilised as a prognostic marker to determine
which subgroup of breast cancer patients should not be targeted with Src kinase inhibitors
Although Y215Src was independent on multivariate analysis, there was a positive
association obseed between cytoplasmic Y215Src kinase expression and HER2 status.
These results support the observation that HER2 may phosphorylate Src kinase at Y21!
(125) Vadlamudiet al. suggested that the interaction with HER2 would result in a more
aggressive phenotype of can€t25)

This is in direct contraswith results obtained in the current study. Further investigations,
to determine the underlying molecular interactions between HER2 and Src kinase, are
therefore warranted.

Approximately 1015% of breast cancers fall into the receptor negative or trggative

group of breast cancers as defined by the absence ofgeRatl HER2 receptors. This
group of breast tumours are currently the focus of much attention because of their poor
prognosis and the lack of an effective treatment tdi@223) In vitro studies, using gene

expression profiling, have identified triple negative breast cancer tumours to be sensitive to
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dasatinib, a nomeceptor tyrosine kinase inhibitor. A reduction in cell proliferation was
demonstrated169) When we examined the ERgR and HER2 negative breast tumours

as a representation of the triple negative group of breast tumours, we found that high
cytoplasmic Y215 Src kinase expression resulted again in a significant survival advantage.
With this in mind further investigations are urgently needed to determine what thiect

Src inhibitor Dasatinib has on this phosphorylation site.

To conclude the assessment of the various phosphorylation sites we studied
phosphorylated and dephosphorylatgasine site 530, using an antibody called -8t

family negative regulatory antibody (ai@ione 28) and Clone 28. These antibodies should
represent <Src in its inactive form and partially activated appearance. Clone 28 has been
used in previous studie(116;224;225)to determine whether-8rc plays a role in
colorectal, hepatocellular or mammary tumorigenesis. Intense staining was frequently
observed in colonic adenomas and in wahd moderately differentiated hepatocellular
carcinomas and colonic ademocinomas at an early stage, suggesting that expression of
Clone 28 was linked to an early event in carcinogenesis in situ before invasive and
metastatic elements manifest.

Therefore it is not surprising that none of the expression patterns of bothdadilere
significantly associated with disease specific survival of mixed breast cancer patient
cohort.

Anti-Clone 28 and Clone 28 were mooe less equally expressed in the nucleus and
cytoplasm. However, there was a noteworthy divergence of their ssxpneat the cell
membrane. AniClone 28 was rarely detected in the membrane compared to Clone28.
Clone 28 was mainly expressed in the membrane and perinuclear, which corresponds witt

features seen in Sakai 0s col(24)ic tissue |



Chapter 3 Protein expression of SFK members 217

Interestingly, cytoplasmic an€lone 28 and Clone28 correlated negatively with mengbra
c-Sr ¢ e x p fpess0s.i CopeB.001¢cconfirminghe validity of the results regarding
functional and cellular location e.g. cell membrane being site of Src activation.

Another negative correlation was observed between nuclear expression-Gloasti28

and ER 29&0001) suggesting that ER negative breast cancer patients are more
likely to express amiClone 28 in the nucleus, valued as the site of inactivation. In vitro
experiments with <Src showed that the oestradiol receptor carvateticSrc, proposing

that ¢Src is an initial and integral part of the signalling events mediated by the oestradiol

recepton(120).

No significant associations were noted between Lyn protein expression, -clinico
pathological features and survival. Other studies report that Lyn plays a part in developing
chemoresistance of colon cancgfi34) progression ofprostate tumourg226) and
leukaemia(227). The latter is not surprising, since Lyn is associated as with a number of
haematopoietic cell surface receptors, cytokine receptors ankleis mediator in several
pathways oB cell activation(228). Theseobservations are congruent with a role for Lyn
associated with the development of chemesistance.

Our study does not utilise any hormone resistant, or clresistant tumours; only
operable tumours obtained at primary diagnosis. However, a recentighgabstudy

elicit that Lyn was associated with shorter overall survival and that Rikiwickdown of

Lyn in breast cancer cell lines inhibited cell migration and invasion, but not proliferation
(229) The same observation was made in ovarian cancer cell lines. Cell lines with high
expression of Lyn were particularly sensitive Dasatinib. Dasatinib inhibited invasion
significantly, but causedless celcycle arrest suggestinBasatinib should be used in

combination with other systemic cytotoxic age{20).
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Surprisingly, Lck protein expression showed similar results like activated Src kinase
expressed at tyrosine site 215. Membrane Lck was associated with improved diseast
specific survival in the IHC cohort and not associated with patient mortalitis Wids the
reverse to the observation made wiBrc and activated Y419Src.

With the knowledge that phosphorylation antibodies are able to detect other Src kinase
family members, hypothesis was stated that the Y216Src antibody used, could have
identified Lck as the other SFK member associated with good clinical outcome. However,
this observation with Lck membrane expression and good prognosis was only observed ir
a small number of patients and there was no sigmificorrelation detected on cguare
aralysis between membrane Y215Src and membrane Lck expression. Therefore furthet
analysis in a much larger cohort is required to verify these results.

Nevertheless, the positive findings are consistent with results reporfiRadyyet al (231).

Gene array analysis showed that Lck was associated with improved disease free surviva
within an ER positive and ER1ER2 positive breast cancer subgroup. Though, this study
proposed that the survival benefit associated with the Lck metagene was at least partly
related to predicting response of certain breast cancer subgroups to chemotherapeuti
treatmen{231).

Since Lck is known to be involved in-@ell proliferation(149), it was hypothesised that
expression of this gene was linked with the presence of lymphocyte infiltration within the
tumour and intergting with it. Results of the current study demonstrated that Lck is
expressed within the tumour, providing evidence that Lck itself may be involved with
signal transduction in the tumour. Other studies suggest that Syk, a member of anothe
nonreceptor yrosine family, is involved in hypoxia driven tumour progression via €ross
talk to Lck in the nucleugl59)

Lck has been implicated in the mitochondrial apoptosis pathway by controlling the

expression of prapoptotic fator Bak(151) Cell line experiments have shown that a Lck
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deficiency resulted in resistance to anticancagstinduced apoptosis.-lfmphoma cells
lacking Lck have shown marked resistance to apoptosis reduction upon ionizing radiation
(232) A more recent study from the same group adjusted their previous findings that not
just the lack of Lck caused pronounced apsis resistance in response to stimuli of the
intrinsic pathway; the additional loss of Bak was responsible for reduced sen§&Bafy
Decreased levels of other papoptotic Bcl2 family members, e.g. Bax, have been shown

to correspond to shorter survival in women with metastatic breast cancer. However, as ye
no significant correlation between Bak and clinical outcome has been seen within breast

cancer(234)

Correlations between Ki67 proliferation index, clinical parameteiStce activated Src
kinase and other Src kisa family members, were also analysed. Varied evidence exists
for the association of Ki67 score and other prognostic variables. Some studies show nc
significant association, whereas other report links with patient age, grade, lymph node
status, tumour s& ER, BR and EGFR statu@35) Some assodi@ans with survival

have also been se¢®36). To measure cell proliferation objectively is difficult and there

are a number of limitations to B¥ scoring. First of all there is no formal agreement on
the scoring method. Secondly it doesn't account for tumour heterogeneity. In order to
addresshese issues, each tumour was stained and scored each in triplicates as well a
double scored to ensure reliability of the results.

The BloomRichardson method of grading takes into account tumour proliferation in terms
of mitotic count. Not surprising thaKi67 score, a marker of proliferation, highly
correlated with tumour grade of the breast cancer patients.

It could be argued that B¥ should have also correlated with HER2 status. HER2 receptor
when activated stimulates downstream signalling pathwg@yemoting cellular

proliferation. Therefore we would expect an increased proliferation rate in tumours with
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HER2 overe x pr essi on. This observation wasnot
ER and BR status seen.

These results demonstrated tha6Kiis a good predictor of clinical prognostic variables
within the ER positive patient subgroup, where cells are stimulated for proliferation by the
normal expected pathways whereby oestrogen binds to thstiERlating cell division.

Ki67 score was not stvm to predict patient outcome even within the ER positive group.

It is well established that Src kinase plays a fundamental part in controlling cell
proliferation (237) Ki67 correlated highly with -&rc and activated Y419Src kinase
expression in the nucleus. Increased proliferatimnd possibly confer the poorer survival
associated with high expression eSmc and activated Y419Src. However, no significant

association was detected between Ki67 and disease specific survival.

With this all-round IHC study we demonstrated in a larghature cohort that the protein

Src kinase and its activated forms are expressed in invasive breast cancer in every cellule
compartment. We determined that not only protein activation, but also site of activation
and cellular location play an importaie in breast cancer survival outcome. Cytoplasmic
c-Src and membrane Y419Src expression were associated with poor clinical outcome,
whereas nuclear and cytoplasmic Y215Src expression was associated with longer diseas
specific survival. Only Y215Src kinaswas independent on multivariate analysis and
seemed promising as a potential biomarker. Inactive or partially active Src kinase
expression had no association with survival at any cellular location, nor did SFK member
Lyn. However, membrane Lck expressiaras significantly associated with improved
disease specific survival. Ki67 expression revealed that Src kinase was higher expressed i

patients with less differentiated, more aggressive tumours.
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Evaluation of the consequences Src inhibitor may have opx@ression, its location and
activation sites, is of importance to ensure none of these moleculagéms is used

unsafely in the clinical setting.



CHAPTER 4

EFFECTS OF SRC INHIB ITOR DASATINIB
ON SRC KINASE FAMILY  MEMBER
EXPRESSION AND PHOSPHOR YLATION
STATUS IN BREAST CANCER CEL L LINES
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4.1 Introduction

The previous chapter elicits that clinical outcome of breast cancer patients was linked to
protein expression of Src kinase family members. Elevated cytoplasi@ic @nd
membrane Y419Src kinase egpsion was associated with shorter disease specific
survival, whereas high cytoplasmic Y215Src and membrane Lck expression was associate
with longer disease specific survival. These results highlight not only thaegpegssion

of different activation ises carbe associated witlifferent clinical outcome, but also over
expression on different cellular locations could influence downstream effectors of Src
kinase.

Additionally it was noticed that cytoplasmic Y215Src kinase expression had a potentiated
effect on good prognosis in triple negative breast cancer subgroup.

With Src inhibitors being trialled clinically, there is a requirement to establish which
phosphorylation site they target. If subsequent experimental data demoBstr&iease
inhibitors fargetY215, these drugs could be potentially harmful to the specific subgroup of
patients, who express phosphorylation at this site. Caution should therefore be appliec
before these drugs are administered.

We therefore utilised four different breast cancell lines representing the breast cancer
patientsd subgroups (ER pos/ HER2 neg, E
neg/HER2 pos) to investigate the effects of the Src kinase inhibitor Dasatinib on
expression levels and cellular location of Src, actigat419Src, activated Y215Src, Lck

and activated Y861 FAK, a downstream effector-&frc.
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4.2 Methods

4.2.1 In-vitro studies

Materiak used within this chapter are listed in appendix 3.

4.2.1.1 Culturing of breast cancer cell lines

MCF-7, MDAMB 231 and MDAMB453 (AmericarTissue Culture Collection (ATCC),
European Tissue Culture Collection (ETCC), Sigma) and MBER2 (Rachel Schiff,
USA) were the cell ling utilised in the current studZompared to MCH cell line, HER2
was transfected and upregulated, which is cleanyatestrated by Western blotting (figure

4.1).

Figure 4.1: Upregulated HER2 receptor in MCFcell line
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Neo HER2
MCF-7 MCF-7

Figure 4.1clearly demonstrates by Western Blotting an absent/low HER2 expression in
MCEF-7 cell line (ldt) compared to upregulated HER2 expression (right). This Western
Blot was kindly provided by Jaclyn Long.
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These four cell lines were chosen to represent each subgroup of breast cancer patients (E
positive/ HER2 negative, ER positive/ HER2 positive, ERatiee/ HER2 negative and
ER negative/ HER2 positiyeEach cell line varies in different expression levels of the

human epidermal growth factor receptor group (HERas listed in table 4.1.

Table 4.1: Breas cancer cell lines and their ER/HER2 status

Cell line ER status HER1 status HER2 status HERS3 HER4
(EGFR) status status
MCF-7 Positive  Negative Negativeweak positive) Positive  Negative
MCF-7THER2 Positive  Negative Positivewpregulated)  Positive  Negatve
MDAMB231 Negative Positiveweak) Negative Negative Negative
MDAMBA453 Negative Negative Positive Positive  Negative

Table 4.1displays all breast cancer cell lines used in this study and their oestrogen
(ER) and human epidermal growth factor receftéER) status.

Cell lines MCF7 , MDAMB231 and MDAMB 453 were
Modified Eagle Media (DMEM/FM) with additional heatactivated foetal calf serum
(10%) (FS), 2mM LEglutamine (G) and penicillin/streptomycin (50units/ ml; 50 pg/ ml)
(P/9 (details in appendix 3).

Cell line MCF/HER2 was cultivated in DMEM/HER?2 containing 4500mg/L Glucose and
additional heatnactivated foetal calf serum (10%) (FS), penicillin/streptomycin (50units/
ml; 50 pg/ ml) (P/S) and insulin (10mg/ml). Cells wereubhated in 75 flasks (Fisher) at
37°C in 5% CQatmosphere.

Cells were washed twice with wardank-Buffered Saline solutioHBBS) and incubated

in serum and phenol free medium (DMEM/SS) overnight before any drug treatment was

applied.
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4.2.1.2 Counting of Cells

Flasks were all seeded at 2R1¢klls. Cells were trypsinised and neutralised with the
equivalent amount of DMEM. The cell suspension was then transferreda 50 mi
centrifuge tube (Fisher) and centrifuged at 14000 rpm for 5 minutes. The supewsgant
removed and the cell pellet resuspended in 1 miarin DMEM. 10 pl were removed,
added to 90 pl of tryptan blue (1:10 dilution) in an Eppendorf Cup and thoroughly mixed.
A small amount of this mixture was applied onto a haemocytometer. Cells imalafge
squares were counted under lighicroscopy (figure 4.2). The average of the cell count

was then multiplied by hundred (1:10 tryptan blue dilution).
Figure 4.2: Neubauer haemocytometer
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Figure 4.2shows a Neubauer haemocytometer. Cell suspension is placed on top of the
grid. A cover slip is laid above and the haemocytometer is positioned under the light
microscope. The cells are then counted in each of the 4 corner squares (marked with 1,
2,4 and .
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4.2.2 Effect of steroid exposure and withdrawal on total Src kinase

This experiment was conducted on all four cell lines to determine the effect of exposure
and withdrawal of oestrogen on Src kinase activity. To deprive the breast cancer cell lines
of hormmes, charcoadtripped foetal calf serum was used, supplying all the necessary
growth factors, but holding insignificant amounts of steroid concentrations. Two million
cells were seeded into 10 ml of DMEM and grown TS flasks at 37 °C in 5% GO
atmosplere. When the cells reached about 70% confluence, they were washed twice with
warm HBBS before they were exposed to the different conditions. Each cell line was
exposed to three different media in duplicates: DMEM containing 10% fetal calf serum
(FM), serum free DMEM (SS) and steroid depleted DMEM containing 10% charcoal
stripped serum (CS) (details in appendix 3). After 48 hours exposure, cell lysates were

prepared and Western Blots were performed as described below.

4.2.2.1 Cell lysis for Western Blotting

After incubation with designated drageatment medium and exposure time, the solution
was removed and cells were carefully washed twice witfcaté HBBS. Immediately
before application, the lysis buffer was diluted 1:10 and 1 mM of phenylmethlysulfonyl
fluoride (PMSF), a serine protease inhibitor, was added. The prepared buffer was stored ol
ice at all times. 500 ul of buffer was added to each flask and incubated onftee5A
minutes, cells were squad from the floor of the flask and removed. The cell bseas
transferred into a labelled 1.5 ml Eppend@tp. All samplesvere centrifuged at 14000

rpm for 15 minutes at 4 °C to separate the protein from cell debris. The protein containing
supernatant is removed and stored-# °C. The experiment for eaclelicline was
performed twice. Therefore, there were four samples of each cell line available for Western
Blotting. Western Blots for total Src on all four cell lines was carried out as described in

methal section in chapter. 3
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4.2.3 Quantification of SRC mRNA expression in cell lines

Materiak used for cell line RT-PCR are listed in appendix 2

4.2.3.1 RNA isolation

Two flasks of each cell line were grown till they reached 70% confluence. 2 mis of
TRIZOL® were added to eadtask and incubated at room temperature foributes. 1 ml

each was then pipetted into Eppendorf Cups and immediately froze209€. Total
MRNA was extracted using the TRIZOLE met
RNA quantity and quality was assessed by UV spectrometry (GeneQuant macHibg) an
examination of rRNA bands after agarose gel electrophoresis. Only samples, which
showed both 18S band and a stronger expressed 28S band, were includedtirdyhis

(figure 2.1).

4.2.3.2 cDNA synthesis

To guarantee no other DNA wpsesent, DNAfree DNAse tratment and removal reagent

kit was added. Samples were incubated for 30 min at 37°C. To ensure the same amount c
cDNA being used for quantification of mMRNA, a starting concentration of 2000ng of tRNA
was appliedor each sample. Oligo (dt) primers (50nvggre used for First Strand cDNA
Synthesis using SuperScripf Il RT according tomanuf acturer s i ns
using cDNA for PCR amplificadn, 2 units of RNase Hvere added to samples and
incubated for 20 minutes at 37°C. Quality of cDNA was ass#$dy using a PCR control

run with human TRactin. Product bands were assessed by examination of agarose gel
electrophoresis. Only samples, which showed equal product bands at 330 bp, were utilise

(figure 2.2).
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4.2.3.3 Quantification of mMRNA

Realtime quantativePCR was performed using an ABI Prism 7900 Sequence Detection
System (Applied Biosystems, UK) afthgMan® Gene Expression Assaffable 2.11,
PCR chapter). For the TaqgManE Gene Expr
with recommended 40 rounds of aifiphtion was applied. Thermal cycler condition were
50°C for 2 min, 95°C for 10 min followed by 40x 95°C for 15 sec and 60°C for 1 min.
Product melting curve analysis and gel electrophomegieriments were used to ensure
that only one product of the exqted size was amplified.

Negative controls (RNAse/DNAse free H20 and negative RTPCR sample) for each primer
were included on every 96 well PCR plate (Applied Biosystems, QKantitative values

were obtained from the threshold cycle (Ct value) at whiehincrease TagMan® probe
fluorescent signal associated with an exponential increase of each individual PCR produc
reaching a fixed threshold value. Each individual primer had a fixed threshold Ct value.
These fixed threshold values were used for evetyABample (table 2.1).

As housekeeping genElPRTwas used for evaluation of the different mMRNA expression
levels. Data were analysed as described in previous PCR chapter. All samples were

measured in duplicates.
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4.2.4 Stimulation and Inhibition of Src kinase, activated Src kinase, SFK

members and downstream substrate Y861FAK
Prior to anydrug treatment all flasks were washed twice with HBBS and exposed to serum

free DMEM (SS) overnight.

4.2.4.1 Drugs

- Epidermal Growth Factor
Epidermal growth-actor (EGF) binds onto thgpidermal Growth Factor ReceptdtER1)
causing its phosphorylation and activation of the growth factor receptor pathways. The cell
line MDAMB 231, the only EGFR positive cell line, was stimulated with 10 nM EGF.
This concentration was verified in previosisidies performed in our group to be the most
effective concentration. A stock solution of 1.6 uM was prepared and stor@® 4C
(details in appendix 3Exposurdime to EGF was 30 minutes.

- Heregulin U
Heregulin U (HRG), a HindsgathedHER3cor HERZEr&c8ptorm r
resulting in its phosphorylation to form homar heterodimers with each other or trigger
activation downstream sighiag pathways. Cell lines MCFand MCF7HER?2 are HER3
positive and therefore treated with 10 nM HRG. AshwiGF, this concentration was
determined in previous studies. A stock solutidi.42 uM was prepared and stored24
°C (details in appendix 3). Exposure time to HRG was 30 minutes.

- Dasatinib
Dasatinib (DASA), asmall molecule ATPcompetitive multiknase inhibitor, causes cell
cycle arrest, blocks cell proliferation, induces apoptosis and inhibits metaB@asainib
binds onto SH1 domain of Srandinhibits its kinase activity. Three cell lines were treated
with 100 nM DASA. This concentration, & in previous prostate cancer cell line studies

in our group, showed complete inhibition of phosphorylation and activation of Src and
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downstream protein FAK90). A stock solution of 1GnM was prepared and stored-a0

°C (details in appendix 3Exposure time to DASA wa&0 minutes.

4.2.4.2 Drug Treatments

This drug treatment experiment was only performed in duplicates on MCF7, MCF7HER2
and MDAMB 231 breast cancer cell lines due to absentetalf Src kinase expression in

the cell line MDAMB 453 on Western Blotting. This was repeated twice.

Two million cells were grown in -I75 flasks at 37 °C in 5% GGtmosphere until they

reached ahat 70% confluence

Table 4.2: Overview of different drug treatments, exposure time and concentration

Flasks Flask | Stimulation Exposure Time & Inhibition Exposure Time &

No Drug Concentr. Drug Concentr.

Cell line 1&2 - - - -
Cell line 3&4 - - DASA 60 min & 106\M
Cell line 5&6 | EGF/HRG 30 min & 10nM - -

Cell line 7&8 | EGF/fHRG 30 min & 10nM DASA 60 min & 100nM

Table 4.2displays the different prepared flask. Epidermal growth factor (EGF) or
Heregulin (HRG) was used for stimulation depending onthe celldirs r ecept or
Dasatinib (DASA) was applied for inhibition of Src kinase. Flask 1 & 2 (untreated=

UT) were used as control flasks.

After overnight incubation in serum free DMEM, the medium was removed and cells were
washed twice with warm HBBS befol® ml of correctly prepared media (taldl®) were

then applied. Cell lines were exposed to single or consecutive drug treatments: 10nM HRC
or 10 nM EGF (Flask 5 & 6), 100 nM DASA (Flask 3 & 4) or a combination of both (Flask

7 & 8). To ensure experimehtaniformity, each flask had to contain the same

concentration of BSA/PBS (HRG drug preparation), Acitic acid/BSA/PBS (EGF drug
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preparation) and DMSO (DASA drug preparation) (table 4.3). Flasks 1 & 2 were incubated
in fresh 10 ml of serum free medium fdd &in including 2 ml of DASA and 200 pl of

HRG control.

Table 4.3: Overview of contents of each flask

Flask | Drug treatment an¢ DASA DASA HRG/EGF HRG/EGF Serum free
No exposure time 1nM  control 1puM control DMEM
1&2 uT - 2 mi - 200 pl 17.8 mi
(60 min)
3&4 DASA 100 nM 2 ml - - 200 pl 17.8 mi
(60 min)
5&6 | EGF/ HRG 10nM 2 mi 200 pl - 17.8 mi
(30 min)
7&8 | EGF/ HRG 10 nM 200 pl 19.8 mi
(30 min)
and DASA 100 nM| 2 ml 18 ml
(60 min)

Table 4.3 Overview of the different composition of drug treatments and controls for
individual flasks. Dasatinib treatment: 2 pl of 10 mM stock concentration of dasatinib
into 20 ml of serum free DMEM to achieve a concentration of 1 nM DASA. DASA
control: 2 4 of DMSO into 20 ml of serum free DMEM. Heregulin treatment: 422 pl of
HRG stock concentration was added to 176.4 pl of serum free DMEM to achieve a
concentration of 1 uM HRG. HRG control: 0.1% BSA/PBS solution. EGF treatment:
378 ul of EGF stock conceraion was added to 228 ul of serum free DMEM to achieve

a concentration of 1 uM of EGF. EGF control: 0.1% BSAfimcacid plus PBS solution
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4.2.4.3 Formation of Cell line Cell Pellets

After incubation with designated drug treatmergdium and exposure time, thellgion

was removed and cells were carefully wastvéde with warm HBBS. 3 ml ofrypsin was

added to the flasks and incubated for 5 minutes at 37 °C in 5% CO2 atmosphere. Tc
inactivated trypsin was neutralised with the equivalent amount of DMEM. The 6 ml
suspension was pipetted gently up and down to dislodge all cells, subsequently transferre
into a 15 ml centrifuge tube (Fisher) and centrifuged at 10000 rpm for 10 minutes. This
was followed by the supernatant being discarded and the cell peflesp@ded in 10 ml

of DMEM. Each centrifuge tube was placed next on ice and after the experiment was
completed transferred to the -liuse pathology department for formalin fixation,
imbedding in individual paraffin waklock and cut in sections, placed on sigked glass
slides, ready for immunohistochemistry staining. Each cell line experiment was repeated.

Therefae 4 samples per cell line and drug treatment were available for analysis.

4.2.4.4 Clot Formation of Cell line Cell Pellets for Immunohistochemistry

10 ml of drug treated solution iBansferred from the 15 ml centrifuge tube into 25 ml
universal container (McQuilkin and Co) adding 15 ml of normal saline to wash the cells.
The containers are placed in the centrifuge for 5 minutes at 1500 rpm. The supésnatant
then carefully discarded leaving a cell button at the bottom of the universal conte®ner. 2
drops of fridge stored human plasma is put on top of the cell button, combined with the cell
pellet using a plastic pipette (Alpha laboratories) and subsdguenied by moderate
shaking of the container. Afterwards21drops of thrombin working solution is applied,
gently agitated to allow a clot to form. Then formalin is added slowly to avoid
fragmentation of the clot. Fixation of the clot in formalin occovernight before being
placed into a correctly labelled cell block cassette and taken to histopathology for

imbeddingin a paraffin wax block.
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4.2.4.5 Immunohistochemistry on Cell line Cell Pellets

234

Indirect immunohistochemistry was performed with the followingibawlies: c-Src,

Y416Src, Y216Src, Lck and Y861FAK. Reagents, solutions and methods used are

described in method section of chapter 3. The protocol for antibody Y416Src had to be

slightly modified due to expression variation. This was most likely causeatoghange

of the product. An overview of the primary antibodies used is given in the table below.

Table 4.4: Overview of the primary antibodies used for cell pellet IHC staining

Protein Antibody  Antigen H;O, Horse Antibody Incubation
Retieval Conc. Serum Dilutions Time and
Conc. Temp
Total Src  Rabbit Citrate 3% 1.5% 1:200 60 min at
Cell Buffer room temp
Signalling pH 6.0
Y416Src  Rabbit TE 3% 5% 1:50 Overnight at
Cell Buffer 4°C
Signalling pH9.0
Y216Src  Rabbit Citrate 3.0% 5% 1:25 Overnight at
Santa Cruz Buffer 4°C
pH 6.0
Lck Rabbit TE 3.0% 5% 1:50 60 min at
Cell Buffer room temp
Signalling pH 8.0
Y861FAK Rabbit Citrate 3.0% 5% 1:300  Overnight at
Invitrogen  Buffer 4°C

pH 6.0
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Table 4.4reveals detailof the primary antibodies used to detect total Src, its activated

forms (Y215, Y419), the SKF member protein Lck and activated downstream protein

Y861FAK, a marker for Src activation. Further information is given regarding antibody

source, antigen retrievamethod, blocking reagent concentrations,@x and Horse

Serum), antibody dilutions, incubation time and temperature are all listed above.
Citrate Buffer= 10mM Citrate buffer, TE Buffer=1 mM EDTA, 5 mM Tris buffer at pH

8.0 and pH 9.0. Both solutions veepreheated in the microwave for 13.5 min to a

temperature of 96C before slides were pressure cooked for 5 min with a cool down

period of 20 min.

Each IHCrun had a negative and positive control, full section and tissue microarray

control includedo ensire no false positive or negative staining of the cell pellets.

4.2.4.6 Immunohistochemistry Cell Pellet Scoring

Each cell line cell pellet was scored according to the Histosoethod, as already

described in chapter 3. Protein expression was assessed at lder, neydoplasmic and

membrane location.

Conformity

of

t he

t wo observerso

sc-or i

(variation in individual scoring) and inter(variation between the observers) class

coefficients as described in the previous cleptComparison of both JE and BE scores

generated ICCC scores between 60886, as shown below in table 4.5.

Table 4.5: ICCC scores for nuclear, cytoplasmic and membrane expression

ICCC

Nuclear

Cytoplasm

Membrane

All antibodies

0.95

0.80

0.96

Table 4.5 ICCC scores for all doublscores of nuclear, cytoplasmic and membrane

protein expression. ICCC scores above 0.8 are considered as excellent

Cell line pelletswere independently scored by two observers (B& &8) for nuclear,

I

cytoplasmic and membrane staining of total Src, Y416Src, Y216Src, SFK member Lck and
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Y861FAK. A semiquantitative weighted histoscore method was applied. Agreement
between scores was measured using-icitess correlation coefficients.

ICCCs were performed to verify consistency between scorers. All nuclear, cytoplasmic and
membrane double scores were analysed together, because of the small sample numbe
Scattered plots for these nuclear, cytoplasmic and membrane ¢oobés are display

below. To confirm no bias between scorers was present BlHntn plots were

constructed (figure 4.3).
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Figure 4.3: Scattered Plots and BlandAltman Plots for cell pellet doublescores

300
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Figure 4.3 Scattered plots and Blar8lltman plots for nuclear, cytoplasmic and
membrane expression based on scateserver variation. The range and distribution of

scores confirm appropriate scorebserver correlation.












































































































































































































































































































