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INTRODUCTION

Cancer

Cancer can be defined as a discase o which a group of abnormal cells grow
ancontroliably by disregarding  the normal rules of cell division. Normal cells are
constanthy subject 1o signals that dictate whether the cell should divide. differentiate into
another cell or die. Cancer cells develop a degree of autonomy from these signals. resulting
in uncontrolled growth and proliteration. I this proliteration is allowed 1o continue and

/

spread. 1t can be fatal In fact. almost 90% ot cancer-related deaths are due to tumour

: ; T
spreading — a process catled metastasts. ‘

Clonal origin of cancer

Current dogma states that cancer is a multi-gene. multi-step disease originating from a
single abnormal  cell (clonal origing - with an altered  DNA  sequence  (mutation).
Cncontrolled proliferation of these abnormal cells is followed by a second mutation
leading 1o the mildly aberrant stage  Successive rounds of mutation and selective
expansion of these cells (natural selection) results in the formation of a tumour mass

(Froure 1), (203)

Subsequent rounds of mutation and expansion leads 1o tumour growth and progression.
which eventually breaks through the basal membrane barrier of tissues and spreads to other
parts ol the body (metastasis). Death as a result of cancer is due to the invading. eroding
and spread of tumours into normal tissues due to uncontrolled clonal expansion of these

T h
somatic cells.

Tumor cells

. T
Figure 1: Clonal expansion. :
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The main categories of cancer
Carcinoma: - cancer that begins in epithelial cells from a germ layers

Sarcoma: - cancer that begins in bone. cartilage. tat. muscle. blood vessels. or other
connechive or supportive tissue,

Leukemia: - cancer that starts in blood-forming tissue such as the bone marrow and causes
large numbers of abnormal blood cells to be produced and enter the blood.

Lymphoma and myeloma: - cancers that begin in the cells of the immune system.

Central nervous system cancers: - cancers that begin in the tissues of the brain and spinal
cord. !

Insights into cancer

nitiation and  progression of cancer depends on both external factors in the
environment (tobacco. chemicals. radiation and infectious organisms) and factors within
the cell (inherited mutations. hormones. immune conditions. and mutations that occur from
metabolism). These tactors can act together or in sequence. resulting in abnormal cell
behaviour and excessive proliferation. As a result, cell masses grow and expand. aftecting
surrounding normal tissues (such as in the brain). and can also spread to other locations in
the body (metastasis). However. it is important to remember that most common cancers
take months and vears for these DNA mutations to accumulate and result in a detectable

?

N 3]
cancer.
Causes of cancer (Actiology)

Which of the two - genes or the environment — play a dominant role in developing
cancer? While genes are distributed uncequally across populations. they do not explain the
differences in cancer incidence rates in the world. This is demonstrated most dramatically
in the followimg example. Incidences of stomach cancer are 6-8 times higher among
Japanese compared o Americans. However. children of migrant Japanese settled in
Anierica show incidence rates of stomach cancer comparable o that of the American
population.  Therefore. the risk of developing cancer scems largely environmental.

LY

~ . . (
accounting for more than 90% ol all cancers.
Lifestvle and Environment

The first known report linking the influence of lifestyle on cancer was linked between
nasal cancer and the use of tobacco snult. In the late 18th century. the scrotal cancer in
chimney sweeps was linked 1o poor hygiene and accumulation of cancer-causing agents in
sool, Fhe Danish Chimney sweeper’s Guild recommended daily baths and was the most

. N . . . . . . -~ (())
likely reason for the dramatic reduction i scrotal cancer incidence rates in Lurope.
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[ 1930, compelling cpidemiological evidence showed that heavy cigarette smokers ran
a 20-foid higher risk ot developing lung cancer compared to non-smokers. Since then,
tobacco and alcohol consumption have been linked to almost - 170,000 mouth and throat
cancer deaths per year in the US alone. Over half a million deaths every vear are expected
to be caused by lifestvle choices such as obesity. physical inactivity. diets (low in
vegetables, high i salt or nitrates are linked o stomach and oesophageal cancers whereas
high tut Tow fibre diets are linked to bowel. pancreatic. breast and prostate cancer). i

Risk of cancers are also increased by infectious agents including viruses |hepatitis B
virus (HBV). human papillomavirus (HPV). human immunodeficiency virus (HIV)
mncrease risk of hepatoceltular carcinoma. cervical carcimomas and Kaposi®s sarcoma| and
hacteria such as Helicobacter pylori (stomach cancer). An incidence of skin cancer
(ielanoma) 1s on the rise. especially in Australia, due to exposure to high levels of
ultray jolet radiation in the sun’s rays and popularity of tanning salons. However the risk of
developing  some  of these cancers can be reduced by changing  Difestyles  and

) oo i
VACCHCS,

Age

Although cancer can oceur in people of every age. it is common among the aging
population. Sixty percent of new cancer cases and two thirds of cancer deaths occur in
persons - 63 vears. The incidence of many cancers (eg. breast. colorectal. prostate. lung)

)
=)

. - . I
inereases exponentially with age. '
Cellular origin (histogenesis)

Determining the origin of the tumour by histopathological classification of tissue 1s
usctul in ) identifying whether the tumour is a primary or secondary tumour e.g. a liver
tumour may be primary or metastasised from elsewhere or b) source of origin of the
tmour ¢.g. lung cancer due o smoking is epithelial {lung carcinoma) but due to asbestos

- . : (AN R
exposure is mesothelial tmesothelioma or ashestos cancer).

Shift work

Night-time shift work has been classified as “probably carcinogenic to humans™ by the
International Agency for Rescarch on Cancer (IARC). Work at night may cause breast
cancer in women and could potentially cause other cancers such as prostate and
endometrium.  The negative health effects of shift work are thought to be related to
circadian rhythm  disruption. working conditions. fatigue. behavioural changes (e.g..

: HE . thy 1oy
smoking. diet). or stress. ’

‘d
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The six hallmarks of cancer

DNA mutations result in defects in the regulatory circuits of a cell. which disrupt
normal cell proliferation behaviour. However. individual cell behaviour is not autonomous.
and cells rely on external signals from surrounding cells in the tissue or from the
microenvironment. There are more than 100 distinet types ot cancers and any specific
organ can contain tumours of more than onc subtype. Taken together. these facts raise
several questions. How many of these regulatory circuits need to be broken to transform a
normal cell into a cancerous one? Is there a common regulatory circuit that is broken
among different types of cancers? Which of these circuits are broken inside a cell and

which of these are linked to external signals from neighbouring cells in the tissue?

I'he answer to these questions can be summarised in a heterotypic model. manifested as
the six common changes in cell physiology that results in cancer. proposed by Douglas
Hanahan and Robert Weinberg. This model looks al tumours as complex tissues. in which
cancer cells recruit and use normal cells in order to enhance their own survival and

profiteration. The 6 hallmarks of this currently accepted model can be described using a
T o 217
trattic light analogy (Figure 2).

) Immortality: Continuous cell division and limitless replication

2) Produce ~Go” signals (growth factors from oncogenes)

3) Overnide “Stop” signals (anti-growth signals from tumour suppressor genes)
4) Resistance to cell death

5) Angiogenesis: Induction of new blood vessel growth

0) Metastasis: Spread to other sites
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Breast Cancer

Incidence of breast cancer

Breast Cancer is the most common cancer in women in the UK. with a lifetime risk
of 1 in 9. Approximately 44 000 women are diagnosed annually in the UK. " Egypt.
breast cancer is the most commen female malignancy. In Alexandria. it accounts for 42.7%

5 . . . |43
of all malignancies in females. '™

Anatomy the breast
Giross structure

I'he hreasts are situated on either side of the sternum between the second and sixth
tib. overlying the pectoralis major muscle. The shape of the breast is hemispherical with a
il of tssue extending into the axilla. The size of the breast will vary with the stage of
development and age and will also vary between individuals. Centrally on cach breast lies
the nipple areola complex. The nipple lies in the centre of the areola and is approximately

- |
6 mm in length. '™
Microscopic structure

[he breast is composed of fibrous. glandular and fatty tissue and is covered by the
skin. Fibrous bands divide the glandular tissue into approximately 16 20 lobes. Within
cach lobe is the milk-producing system. The lobe contains up to 40 lobules that contain
10 100 alveoli (or acini) which are the milk-secreting cells, The alveloi are connected to
lactiferous tubules. which in turn connect o the lactiferous duct. which is lined with
epithelial cells. The lactiferous duct runs up towards the nipple and. when approaching the
nipple. widens 1o form the ampulla. which acts as a reservoir for the milk 1o be stoved. The
lactiterous duct than continues on from the ampulla to open out onto the surface of the

12101y

nipple (Figure 3). The glandular tissue of the breast is surrounded by fat.

A\

Figure 3:- Microscopic structure of the breast. "
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Ly mphatic system

Ihie lymph fuid from the outer quadrants of each breast flows into the ipsilateral
axillary lymph nodes along a chain which begins at the anterior axillary nodes and
contnues into the central and apical node groups. Lymph fluid from the medial quadrants
‘drains owards the sternum via the inframammary nodes. T‘;he major lvmphatic drainage of
the breast is to the axilla. and the axillary nodes are the first place a breast cancer will

spread to. The axillary nodes are divided into three levels (Figure 4). L
|
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Figure 4:- Lymphatic drainage of the breast illustrating levels of axillary nodes. =
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Risk factors |

[he cause of breast cancer is not yet fully understood: however some risk factors

have been identified. The risk factors can be divided into two: definite risks and potential
| ;

Y1 23y

Bisks. b
1) Definite risks

Definite risks are the kinown risks that have been shown by research 1o increase the

o . L : - pX |
risk of developing breast cancer. "

Gender

Being female increases the risk of breast cancer. Males do get breast cancer but it 1s

F g 124
rarc.
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Age

As female get older. the chance of getting breast cancer increases. Breast cancer is
25)

rare in women under the age of 35 years.
Strong family history

Flaving a strong family history of breast cancer inercases the risk of developing
breast cancer. Much researceh is being undertaken to identity faulty genes that are
associated with the increased risk. Two such genes have been identified so far: BRCAI
(breast cancer type 1 susceptibility protein) and BRCA?2 (Breast Cancer 2 susceptibility
protetn).

e Note:- evervone who has a family history of breast cancer will be at a higher risk of
developing breast cancer than the average population. (r

Exposure to hormones

he number of menstrual eveles a woman undergoes is a powerful determinant ot
breast cancer risk. A woman who has an carly menarche and late menopause has an
increased risk of developing breast cancer. It has been shown that women who undergo a
bilateral oophrectomy under the age of 50 years have a 50% reduction in breast cancer tfor
up 10 9 years post-surgery. (24) A woman who has had her first baby after the age of 35
yvears. or is nulliparous. also carries a higher risk of developing breast cancer. These
findings suggest that the unopposed circulating ocstrogen increases the breast tissue’s

W)

Gy ene - . ~ (:
susceptibility to other risk factors for breast cancer.
Benign breast disease

Several studies have looked at the correlation between breast cancer and benign

: . (30)
breast disease.

lonising radiation

Exposure to ionising radiation is known to increase the risk of breast cancer. as was
~ » . . - . . . ~ .. ‘»’], j.‘)
found in studies in the use of radiation to treat benign conditions, ™~

Oral Contraceptive pill

The Collaborative Group on Hormonal Factors in Breast Cancer carried out a meta-
analysis of results of 54 studies. It found that those who had used oral contraceptives (both
combined or progesterone only) has a small but statistically signiticant risk that
disappeared 10 years afler cessation. Y3 One population-base case-control study in the
UISA suggested that the new lower-dose pills may impart a lower risk of breast cancer than
the older higher-dose preparations. B0 Phe combined pill also reduces the risk of ovarian

13N
cancer.
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Hormone Replacement Therapy (HRT)

Several studies have looked at hormone replacement therapy and its affect on breast
. T
cancer risk.

Obesity

Most studies have shown that obesity is a protective factor in pre-menopausal

. . . A8) s .
women but increases the risk in post-menopausal women. “% This is because in post-
menopausal women the major source of estrogen comes from peripheral aromatization of

- . (40
adrenal androgens in fat. Therefore obesity increases the risk of breast cancer. ™"

Alcohol intake

[n a pooled analysis of cohort studies looking at the effect of alcohol consumption on

(41)

the sk of breast cancer. Smith-Warner et al. “" found that it is associated with an

inereased nsk.

2) Potential risk

Potential risk is that has not been proven but has led scientists to research

. 3829
further ' '

Diet

As vet there is no scientific evidence to link breast cancer with diet. 2% "I’he intake of
fat in the diet has been studicd showing no significant risk. Hunter ct al. *' pooled the
results from cight major cohort studies and showed no effect of fat intake on the risk of
breast cancer. There has been no conclusive evidence to suggest that a dict high in fruit and
vegetables reduced the risk of breast cancer.

Diagnosis of breast cancer

There are two main diagnostic pathways: screening and symptomatic. The National
Institute for Health and Clinical Excellence produced guidelines for referral for suspected
breast cancer. By December 2009, Specialist breast units offer triple asse%smun Wthh

3)
involves clinical examination. radiological assessment and pathological assessment. '

Methods of assessment
History taking

Before examining the patient, a detailed history should be taken. Patient’s age. Past
medical history. Family history of breast and ovarian cancer. Age at menarche/age at
menopause, Date of the last menstrual period (LMP). Use ol the combined oral
contraceptive pill and hormone replacement therapy. Numbu of pregnancies. Age at first
pregnancy. Whether the patient breast- fed her babies and Nature of the presenting

(1\ RiY)]
symptom and its duration.

9
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Clinical examination

ey . . . . o . . 20
I'he clinical examination is divided into two parts: ™"

. Inspection
2 Palpation
Investigations

Following inspection and — examination the clinician may organize further

: o e et At AT ¢ (2829
investigations. The following investigations are common place:

A) Mammography

A mammogram is a low-dose X-ray of the breast tissuc. Mammograms are generally
not performed on women under 35 as the breast tissue in voung women is relatively radio

20y
dense.

B) Ultrasound

Ultrasound is a painless procedure that uses high-frequency sound waves. It is a
useful in women under 35. as an aid to mammography. measuring lesions and

o o . : 29
differentiating between a cystic or solid mass. ’

() Magnetic Resonance Imaging (MRI)

Breast magnetic resonance imaging is increasing used in breast assessment although
it not routinely used. 1t 1s used as an addition to mammograms and ultrasound in complex

. {28299
cases.

D)) Fine-needle aspiration cytology

Fine-needle aspiration cytology (FNAC) can be performed freehand by the clinician

; : : 20,44
in the outpatient department or under ultrasound guidance. ‘ )

) Core Biopsy

If the FNAC results are not conclusive. or histology is required. a core biopsy can be
(29)

taken. Increasingly the use of core biopsy is replacing FNAC.
Staging investigations

If breast cancer is diagnosed. staging investigations may be undertaken to assess for
metastatic  disease. A chest X-ray. a bone  scan. abdominal ultrasound. computed
s , : . g (28 29)
tomography (C1) or MRI (Magnetic Resonance Imaging) can be requested. (
Staging breast cancer
The pathologist is responsible for reporting the histological findings. The results

RS

should be discussed at a multidisciplinary team meeting. -

10
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The pathologist will report of different characteristics of the tumour including:
1) Size

the size of the tumour is one of the most significant prognostic indicators. The
. “ 2
smaller the cancer is. the better the prognosis. ©**'

2) Grade

he tumour is graded according to the cellular differentiation i.e. the degree 1o which
. . -~ .. o8 . .
the cancer cells resemble their tissue of origin. “ A commonly used grading system is the
modified Bloom and Richardson system. It uses three grades: Grade 1. Grade 11 and Grade
m

3) Vascular and lymphatic invasion

[t the twumour has invaded the blood or lymphatic vessels this is a poor prognostic
. {28
feature,

4) Lymph node status

The number of lymph nodes involved with cancer cells determines the chance of
s . .o . . . . . 29
survival tor that individual and is one of the most important prognostic indicators, ="'

3) Hormone Receptor status

I'he tumour is analysed to test for the presence of the steroid hormone receptors.
oestrogen (ER) and progesterone (PR). The presence of such receptors will determine the
effectiveness of endocrine therapy such as tamoxifen and the aromatase inhibitors. 1t has
been shown that those with an oestrogen receptor positive tumour have a better

(2%
outcome.

0) Oncogenes

Changes to the genes in a normal cell can result in cell proliferation and malignant
proliferation. Proto-oncogenes are involved in stimulating the cell through the normal cell
cycle resulting in proliferation. while tumour suppressor genes inhibit excessive cell
proliferation. However. either mutation or amplification of proto-oncogenes. and
ingctivation or loss of tumour suppressor genes can result in uncontrolled cell proliferation
and cancer formation. Many  proto-oncogenes encode for epidermal growth factor
receptors. e.p. human cpidermal growth factor receptor - 1 (Her-1) and the human

: - 20,15
epidermal growth factor receptor-2 (Her-2). )

Stage classification

Staging refers to the grouping of patients according to the extent of their disease. The
purpose of this grouping is as tollows: To aid the clinician in the planning of treatment; to
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give some indication of prognosis and to assist in the evaluation of the results of

o8 09
treatment. )

Several classitication systems are in use. most commonly the UICC (International

In; ; : : . . . 2829
Union Against Cancer) TNM system and the Nottingham Prognostic Indicator. ‘ :

The TNM system

Fhe TNM system was developed in France between 1943 and 1952 and is used for
all tumour types. not solely breast. The I'NM system is based on three main components:
T the extent of the primary tumour. N the absence or presence and extent of regional

lymph node metastasis and M the absence or presence of distant metastasis (table 1). wor
Table 1:- Clinical stage grouping "%
| Stage TNM classification
| [ S e . T MO
TO NI | MO
FIA o NI | MO
. N T
B o o
13 N0 MO
T0 - N2 | MO
ST e i
13 N1 MO
3 N2 MO |
11IB 4 Any N MO
T Any T N3 MO
12
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Treatment of breast cancer

A. Surgical treatment
1) breast conservation therapy

it involves the total gross removal of tumor by limited surgery followed by
Radiotherapy to eradicate any residual tumor left in the remaining breast tissue. An axillary

node dissection or sentinel node procedure should be done for staging purposes. 7

2) Modified radical mastectomy

It s the standard surgical procedure. This procedure includes complete removal of

) . . 18
the breast as well as axillary lymph node resection. '

B. Radiation therapy

Radiation therapy is treatment with high energy rays or particles that destroy cancer
cell. This treatment may be used to kill any cancer cells that remain in the breast. chest
wall or underarm arca after breast-conserving surgery. Radiation may also be needed after
mastectomy in patients with either a cancer larger than 5 ¢m in size. or when cancer is
found in the lymph nodes. """

C. Chemotherapy

Chemotherapy is treatment with cancer-killing drugs that may be given intravenously
or by mouth. The drugs travel through the bloodstream to reach cancer cells in most parts

. . . . N RE TR
of the body. Itis given in cycles and usually lasts for several months. ' ’

There are several situations in which chemotherapy may be recommended:
Adjuvant chemotherapy:

It is given to patients with no evidence of cancer after surgery. Surgery is used to
remove all of the cancer that can be seen. while the goal of adjuvant chemotherapy is to

2905050

kill undetected cells that have traveled from the breast. '~
Neoadjuvant chemotherapy:

It is chemotherapy given before surgery. It uses the same drugs that are used as
adjuvant therapy (only it is given before surgery instead of after). The major benefit of
neoadjuvant chemotherapy is that it can shrink large cancers enough to be removed by

: . , (28.29)
lumpectomy instead of mastectomy.
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D. Endocrine therapy
1) Selective KR modifiers:

Famoxifen has been considered the standard of care for all women with an invasive
breast cancer that expresses either ER or PR. Trials have demonstrated that patients did the

(28293

best when taking 20 mg of Tamoxifen daily for 5 years.
2) Aromatase inhibitors:

Block the peripheral conversion of the adrenal androgens (androstenedione and
testosterone) into estradiol and estrone in women. Aromatase inhibitors should not be

T N . ’ ) o ~ : (28, 29.33)
considered in those women who have any ovarian function.

3) Ovarian ablation:

Ovarian ablation via surgical oophorectomy. or suppression with agonists of
luteinizing hormone - releasing hormone (LHR1) are etfective therapy for premenopausal

. ce (28 20N
ER-positive early stage.

Prognostic markers of breast cancer:

loday. prognosis is determined by a number of clinical and biological parameters
currently including lymph node status, tumor size, grade of malignancy. age. absence or
presence of vascular invasion and Her-2 gene expression. Using these parameters. patients
are allocated to one of three risk groups (low, intermediate and high risk. respectively) and
adjuvant therapy is planned according to this. However. it is becoming increasingly clear
that the currently available prognostic parameters are refatively inadequate to precisely
define the prognosis ol individual patients. Thus. additional prognostic markers need to be
identified ( Table 2). "




Table 2: Biomarkers used in breast cancer treatmen

Class/pathway

Introduction

Biomarker

t (54)

Abbreviation

Nuclear receptor pathways

Growth factor receptor

pathways

DNA repair pathways

Phosphatidyllinositol
3-kinase (PI3K) pathway

T L . S+ SR T

Estrogen

receptor-alpha

Selective ER modulators

(tamoxifen)

Abs. antibodies: TKls., tyrosine kinase inhibitors.

iR
Histone deacetylase(HDAC)
inhibitors (vorinostat)
wngestuonc ' PR l’i‘Ogcstcrbne antagonists
receptor
Androgen Androgen hormone
AnATE AR &
receptor
Epidcf‘nﬁﬂ “Abs. TKls (géﬁtinib,
growth factor o lapatinib)
receptor EGFR
Abs
(trastuzumab). TKIs,HER2
}plaernml intracellular domain (1CD)
growth factor HER-2 peptide-based vaceine
receptor type -2
Tinsulin-like Abs. TKIs
growth factor-1 IGF-1R
receptor
I’nl}(/\l)l’)-rlbosc polymerase
1{PARP1) inhibitors.
Breast cancer interstrand crosslinks-
: BRCAL/2 ) . .
gene | and 2 generating drugs (mitomycin-
¢. cis-platinum. and its
analogues). lovastatin
“Mammalian mTOR iii'i"hibitorsv(rrz{pvaimycin.
target of’ mTOR CCI-799)
rapamycin
15
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Apoptosis

Cell proliferation.  differentiation  and death are fundamental processes in
multicellular organisms. and several lines of evidence link apoptosis (programmed cell
death. PCD) to proliferation. Many physiological processes. including development and
homeostasis, require a balance between apoptosis and cell proliferation. ™' If this
equilibrium is disturbed, the cells will cither divide faster than they can die. resulting in
ancer development or die faster than they can divide. resulting n tissue atrophy.
P Apoptosis and cell proliferation are linked by cell-cycle regulators and apoptotic stimuli
that alfect both processes. '

Apoplosis oceurs in several normal and pathological processes among which are the
elimination of excess of cells during the embryogenesis. the elimination of cells after the
suppression of the stimulus. the clonal selection of lymphocytes during the induction of
autotolerance. the elimination of cells in tissues with a great cellular change over, the
elimination of intected cells by viruses (by T cytotoxic lymphocytes). the elimination of
cells with DNA alteration. elimination of neoplasic cells. cell death in neurodegenerative
discases (Alzheimer) and hypoxia. There are four main events which cause the apoptosis
(Figure 5). ¥

Direct mitochondrinl injury
- free radicals
- hypoma
<ancrease of oytozolic free calomim

Activation of receptors
- hy FasiFas ligand
nduced by cvtolanes

\
/'

- perfonnfgranzyme B
- decrease of ATF

Irreparable injury of DNA:
- ratarion

- chemotherapy
- faults dunng matosis

Injury of the cell membrane
- free radicals
cradiation

Figure S:- Main triggers of apoptosis pathways. (o8
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Control of the apoptotic mechanisms

Ihe process of apoptosis is controlled by a diverse range of cell signals. which may
originate either extracellularly (extrinsic inducers) or intracellularly (intrinsic inducers).
Extracellular signals may include toxins. hormones. growth factors. nitric oxide or cytokines.
that must either cross the plasma membrane or transduce to effect a response. These signals
may positively (e trigger) or negatively (ie.. inhibit) affect apoptosis, Binding and
subsequent trigeer of apoptosis by a molecule is termed positive induction. whereas the

. v . ap Wl - Il - o s . 54
active repression or inhibition of apoptosis by @ molecule is termed negative induction. ¥
fall |

Mechanisms of Apoptosis

I'he mechanisms of apoptosis are highly complex and involving an energy-dependent
cascade ol molecular events. There are two main apoptotic pathways: the extrinsic (death
receptor pathway) and the intrinsic (mitochondrial pathway). However. there is now
evidence that the two pathways are linked and that molecules in one pathway can influence
the other. There is an additional pathway that involves T-cell mediated cytotoxicity and
perforin-granzyme-dependent killing of the cell. The perforin/granzyme pathway can

induce apoptosis via either granzyme B or granzyme A. (Figure 6). e
Extrinsic Pathway Intrinsic Pathway Perforin/Granzyme
radiation; toxins hypoxia. ete Pathway
* Cyteioxc T cells
daath hgand e N aESSSS T e S *
death receptor e s -—~__{
e l perforin B
4 / \ \\\\“.
adaptors mitochondrial changes (MPT) g
granizyme B granzyme A
disc formation apoptosome forms l
A /

caspase 10 SET complex

caspase B activation e caspase 9 activation / l
\\ * ; activation
'

caspase 3 activation
(Execution Pathway) DNA cleavage

endontclease activation — degradation of chromosomal DNA _
protease activation —- degradation of nuclear and cytoskeletal proteins — cyloskeletal rearganization
'
cytomorphological changes:
chromatin and cytoplasmic condensation, nuclear fragmentation, etc.

farmation of apoptotic bodies

== , g . . . Pt
Figure 6:- Schematic representation of apoptotic events. .
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There are four stages of the apoptotic process. The main characteristics of
which are (Figure 7); ©%

I- Induction/signalling phase

Where molecular systems are activated by: Bel-2 (B cell lymphoma) family proteins
as Bax (Bcl-2 associated X protein). This stage is absence of morphologic changes. It is
reversible stage. %

i1- Effector phase

It1s no return point. Loss of mitochondrial transmembrane potential that causes the
“opening” of a large ionic channel called “permeability transiion pore complex or
megachannel™ through which mitochondrial substances are released into the cytosol:
cytochrome C. Smac/Diablo. endonuclease G. AIF. The megachannel in the mitochondrial
membranes leads to depolarization, mitochondrial swelling. ATP depletion and cell death
(Figure 8). "

i11- Degradation phase

Several enzymatic mechanisms are activated including effectors caspases 3. 6 and 7.
Crosslink among proteins are broken. DNA degradation. phosphatidyl serine is exhibited
in the outer cell membrane. Morphological changes appear: cell surtace specializations and
cell-cell junctions are broken. chromatin is condensed and the endonucleases fragment the
chromatin into separated nucleosomes, subsequently the nucleus is fragmented and the cell
breaks into several fragments (apoptotic bodies). This process lasts only a few minutes,
organclles are undamaged. ™

1V- Phagocytic phase

[he phosphatidyl serine position in the outer cell membrane provides the recognition
by macrophage phagocytosis. Absence of inflammatory response even after exposure to
typical apoptotic stimuli. apoptosis can be switched to necrosis when ATP levels are
reduced. Thus, ATP level is undoubtedly one of the key factors that determine the cell
death fate. ' "
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| Signals ol
apoplosis
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Figure 7:- The four phases of apoptosis. o

Caspase 9 APALE-]

Crtochrome ©
L ]

Figure 8:- The opening of the permeability transition pore complex.,
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Extrinsic pathway of apoptosis

[he INF family acts by binding the extracellular domains of receptor proteins. Each
member of the TNF family binds to one or more receptors in the TNFR family and some
receptors bind one or more ligands. Ligand binding elicits a multitude of responses
including apoptosis. proliferation and inflammation and the given response depends upon
the adapter proteins the bound receptor recruits, ™ i

Soluble TNF family ligands TNFR apoptosis-inducing ligand (TRAIL). Fasl. and
TNF form trimers that recognize and bind their cognate death receptors. ) Fasl and
[RAIL: after binding receptors. DR4. DRS. and Fas undergo conformational changes
resulting in assembly of the death inducing signaling complex (DISC). Decoy receptor |1
(DeR 1), DeR2. and DeR3 bind ligand with high affinity but do not induce apoptosis. DR4,
DRS. and Fas then recruit Fas-associated death domain (FADD) through complementary
death domains (DDs). FADD can recruit caspase 8 through their complementary death-
effector domains (DEDs). Recruitment of caspases 8 to the DISC leads to its
autoproteolytic cleavage. releasing two subunits that form active enzyme. In type | cells.
caspase 8 cleaves and sufficiently activates effector caspases 3. 6. and 7 to tully engage the
apoptotic response. In type 11 cells. activated caspase 8 cleaves Bid. which stimulates Bax
and Bak to release factors from the mitochondria. including cytochrome c. thus activating
the intrinsic pathway of apoptosis. 1) TNF: TNF binds TNF-R1 and recruits TNFR-
associated DD (TRADD) through its DD and a complex of proteins containing receptor-
interacting protein (RIP) and TNFR-associated factor 2 (TRAF2) (Complex I). Complex |
can activate inhibitor of nuclear factor (NF)-kB (IkB) Kinase complex. thereby freeing
NI -k B for entry into the nucleus and rapid transcription of anti-apoptotic genes. including
FLICE inhibitory protein (FLIP) and cIAP1/2. 9 Complex | then dissociates from TNF-
R1 where it binds FADD and caspase 8 (Complex I1). If in sufficient abundance. FLIP can
block Complex II's caspase 8 from self-activation. Otherwise. complex Il triggers a
caspase 8-driven apoptotic response (Figure 9). th
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Figure 9:- The extrinsic pathway of apoptosis. 38 i
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The Intrinsic Pathway of Apoptosis

I'he mitochondrial or intrinsic pathway appears to play a predominant role in the
apoptotic response to anticancer drugs. Bel-2 family members regulate this pathway by
modulating the release of keyv proapoptotic polypeptides. including cytochrome ¢ and
second mitochondrial activator of caspases (Smac)/direct inhibitor of apoptosis (IAP)-
binding protein with low P1(DIABLO). from mitochondria, Several Bel-2 family members
that facilitate mitochondrial permeabilization are transcriptional targets of the pS3 tumor
suppressor pene. providing a partial explanation for the ability of DNA-damaging agents 1o
induce apoptosis (Figure 10). "

The intrinsic pathway integrates a broad spectrum of extracellular and intracellular
stresses. The intracellular stimuli include DNA damage. oxidative stress with production of
reactive oxvgen species (ROS). endoplasmic reticulum stress. growth factor deprivation as
well as the mitochondrial dysfunction and extracellular stimuli including starvation.
radiation and cytotoxic drugs. Mitochondrion is a central organelle in the intrinsic
apoptotic pathway. Its dysfunction and release of mitochondrial proteins to the cytosol
initiates the apoptotie cascade. V0 Upon stress. intrinsic pathway is triggered via activation
of pro-apoptotic members of Bel-2 family proteins (Bax. Bak). which oligomerise on the
outer mitochondrial membrane and cause mitochondrial dystfunction. The proapoptotic
action of Bax and Bak can be antagonised by the antiapoptotic members of the same
family Bel-2 or Bel-X L. Following mitochondrial dysfunction. several apoptogenic factors.
including evtochrome ¢ and (SMAC/DIABLO). are released from the mitochondrial
mtermembrane space into the cytosol. faha

I he intrinsic pathway involves transduction of various signals into @ change in

permeability of the outer mitochondrial membrane. which then leads to activation of

caspase 9. A critical step in this pathway is the selective release of polypeptides from the
mitochondrial intermembrane space into the eytoplasm. The most widely studied of these
released polypeptides is cytochrome ¢. Release of the cytochrome ¢ from mitochondria
during apoptosis appears to be rapid. Upon its appearance in the cytoplasm. cytochrome ¢
binds the scaffolding molecule apaf-1. which then undergoes a nucleoside triphosphate
dependent conformational change and binds procaspase 9. The resulting complex termed
the “apoptosome™ contains multiple apaf=1 and procaspase 9 molecules. binding to this
camplex activates procaspase 9. which then proteolytically activates caspase 3. "2 Onee
activated. caspase 3 selectively cleaves several hundred substrates. and caspase 6. which 1s
activated by caspase 3. cleaves a smaller group of polypeptides. These cleavages contribute
oo many of the changes observed during apoptosis. Caspase-induced cleavages also
participate in the biochemical changes observed in apoptotic cells (Figure 10). o
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Apoptosome
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Figure 10:- The intrinsic (mitochondrial) pathway of apoptosis. '
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Defective apoptotic pathways

Fhe many ditferent types of apoptotic pathwavs contain a multitude of different
biochemical components. many of them not yet understood. As a pathway is more or less
sequential in nature. it is a victim of causality: removing or modilying one component
leads to an effect in another. In a living organism this can have disastrous effects. often in

the form of discase or disorder. A discussion of every disease caused by modification of

the various apoptotic pathways would be impractical. but the concept overlving each one is
the same: the normal functioning of the pathway has been disrupted in such a way as to
impair the ability of the cell 1o undergo normal apoptosis. This results ina cell that is able
1o rephicate and pass on any faulty machinery to its progeny. increasing the likelihood of
the cell becoming cancerous or diseased, ™"

Tumour resistance to apoptosis

I'he life and death ot cells must be balanced if tissue homeostasis 1s to be maintained.
Too much growth and too little death can lead to a severe disturbance that might result in
cancer. In multicellular organisms. many of the mechanisms that control tissue
homeostasis are linked to apoprosis. Defects in the apoptosis-inducing pathways can
eventually lead to expansion ot a population of neoplastic cells, Resistance to apoptosis
can also augment the escape of tumour cells from surveillance by the immune syvstem.
Moreover. because chemotherapy and irradiation act primarily by inducing apoptosis.
defects in the apoptotic pathway can make cancer cells resistant to therapy. So. resistance
W apoptosis constitutes an important clinical problem. '™

Everv cell in a multicellular organism has the potential to die by apopiosis. but
tumour cells often have faulty apoptotic pathways. These defects not only increase tumour
mass. but also render the tumour resistant to therapy.

Cancer treatment by chemotherapy and gamma-irradiation kills target cells primarily
by inducing apoptosis. Therefore. modulation of the key elements of apoptosis signaling
directly nfluences therapy-induced tumour-cell death. Tumour cells can acquire resistance
to apoptosis by the expression ol anti-apoptotic proteins or by the downregulation or
mutation of pro-apoptotic proteins, \'®

How can we kill cancer cells?

Induction of apoptosis by chemotherapeutics is considered as one of the major anti-
cancer elfects leading to inhibition of tumour growth. Over the past vears our
understanding of signaling pathways associated with induction of apoptosis. and
knowledge on executioners of apoptosis. has substantially increased. Recently. cell-to-cell
stochasue variability has become central to apoptotic cell death signaling. el
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Bel-2 family

The Bel-2 family of proteins belongs 1o a class of proteins regulating apoptosis. cell
evele. differentiation. and autophagy. In oncology. the genes coding for these proteins
copld not be defined neither as dominant transforming oncogenes (such as myc). nor tumor
suppressor genes (such as pS3 [Protein 53]). They could be best defined as apoptosis-

{7y

related genes.

The Bel-2 family Features ™

) The Bel-2 tamily of proteins includes both pro-apoptotic (Bax) and anti-
apoptotic (Bel-2) molecules. Indeed. the ratio between these two subsets
helps determine the susceptibility of cells to a death signal.

2y Ther frequent ability to form homo- as well as heterodimers.

=

1) Their ability o become integral membrane proteins.
The Bel-2 family proteins functions
1)  Apoptosis

Several Bel-2 tamily are proteins involved in programmed cell death in most
lissues including mitochondria. Both antiapoptotic and proapoptotic Bel-2 family
proteins have C-terminal transmembrane domains that are inserted in the outer
membrane of mitochondria. Proapoptotic Bel-2-family proteins. such as Bax and Bak.
induce mitochondrial outer membrane permeabilization (MOMP). causing the release
of caspase activating proteins and other cell death mediators. whereas antiapoptotic
proteins such as Bel-2 serve as guardians of the outer membrane and preserve its
integrity by opposing Bax. Other nonmitochondrial pathways for apoptotic cell death
also exist. including those governed by tumor necrosis factor-family death receptors.
such as Fas receptor. However. even the death receptor pathway (“extrinsic pathway™)
converges with the mitochondrial pathway (“intrinsic pathway™) in certain types of
cells. through caspase-mediated cleavage and activation of Bid. an endogenous
modulator of Bel-2/Bax- family proteins (Figure 11). iRy A

2) Necrosis

Bel-2- family proteins are also mediators of necrotic cell death. e.g.. defects in
¢lectron transport chain in respiring mitochondria releasing ROS into cells. causing lipid
peroxidation and membrane damage. which impair normal ion homeostasis. causing
cellular swelling and plasma membrane rupture. as well as rupture of lysosomes and

release of hydrolytic enzymes that destroy proteins. nucleic acids. and lipids. The point of

regulation may be linked to the ability of Bel-2-family proteins 1o control outer
: : : i : G 7 8383
mitochondrial membrane permeability of ROS (Figure 11)." '
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3) Autophagy

Bel-2 suppress autophagy by binding the protein Beclin, an essential component of
the mammalian autophagy system that marks autophagic vesicles for fusion with
lysosomes for digestion and recycling of components. The antiautophagic tunction of Bel-
2 has been dissociated from mitochondrial location. and instead appears to be manifested
from the endoplasmic reticulum (Figure 11). =

At the molecular level. control of apoptosis as well as control of cell cyele.
ditferentiation and autophagy. occur through a complex process of protein-protein
mteraction. In the inhibition of apoptosis this process involves heterodimerization.

especially with the pro-apoptotic member of the Bel-2 family. o
MITOCHONDRIA
Cyt-c ROS EndoG AIF

|

APAF1
L

Casp9

Casp3 Casp7
APOPTOSIS NECROSIS AUTOPHAGY

Figure 11:- Bel-2-family proteins govern cellular pathways involved in apoptosis,
. i
necrosis and autophagy. '

E2)
i 1

i

(ERe 12 o g ey o

1

ey | =IOV

T AT T

T or e Wt TRy T g A7
Pt T L

TR S W T T P T



Int Faduet ion

Bel-2 protein

Bel-2 was first identitied through 1ts imvolvement in B-cell lymphomas. The bel-2
gene codes for a 25-26 kDa protein. The C-terminal 21 amino acids encode a stretch of
hydrophobic amino acids that are important for their functions where required for insertion
nto outer mitochondrial membranes. It has been demonstrated that insertion into
membranes is closely associated with the ability of Bel-2 1o regulate apoptosis. ™'

Bel-2 protein funetion
[. A function as membrane channels for ions and proteins

Bel-2 protein is localized 1o the outer mitochondrial membrane. the endoplasmic
reticulum and the intracellular membrane of the nuclear envelope. In these areas they have
a membrane transport function for caleium ions and proteins. The ability to form channels
s essential for Bel-2 anti-apoptotic function. These channels might have different transport
selectivity or subcellular localization. The channels formed by Bel-2 and the other anu-
apuptotic members prevent apoptosis. possibly transporting back. and thus antagonizing.
the pro-apoptotic factors that outflow through the channels formed by the pro-apoptotic

: : C o (R6LRT)
members of the Bel-2 family. ™"

2. A function as membrane adaptor/docking proteins

Bel-2 family protemns interact with a number of signal transducing proteins involved
in apoptosis and other crucial cellular processes. These include the protein Kinase €
homologue Raf-1. the P53-binding protein (P33-BP2) and the pro-apoptotic protein
CED-4 The association between Bel-2 and these proteins might be responsible for their
translocation to intracellular membranes where Bel-2 is anchored. This may lead to
changes of their activity. such that they might be sequestered and inactivated. or targeted
for interaction with other membrane associated proteins,

Bel-2 may also act as a modulator of response to chemotherapy and/or endocrine
therapy where it might cause delayed onset of cell death rather than complete suppression.
Bel-2 had been shown to be expressed in many tissues. including more than half ol breast
cancer tissues. although. on the contrary. it was associated with favorable prognostic

= : 8%
fuctors and better survival, "™

Role of Bel-2 protein in cell eycle control and fumorigenesis

[he role of Bel-2 antiproliferative function is complex. Bel-2 expression reduces
both proliferation and apoptosis early in the process. Association of Bel-2 with
ditferentiated phenotypes and better prognosis is borne out in human breast cancer studies.
These solid tumors are characterized by a proliferative pretumot phase during which Bel-2
antiproliferative effect could be more consequential than its antiapoptosis activity.
[herefore. the balance between the antiapoptotic and the cell eycle ettects of Bel-2 can be
influcnced by tumor physiology. Bel-2 protein. which is expressed in fetal tissues and

basal cells of human epithelia. has a role in normal growth regulation and differentiation.
(L YL
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Bax protein

Bax is a protein of the Bel-2 gene family. It promotes apoptosis by competing with
Bel-2 protein. The Bax was the first identified pro-apoptotic member of the Bel-2 protein
familv. In healthy mammalian cells. the majority of Bax is found in the cytosol. but upon
imtiation of apoptotic signaling. Bax undergoes a contormation shift. and inserts into
organelle membranes. primarily the outer mitochondrial membrane. The expression of Bax
Is upregulated by the tumor suppressor protein P53, and Bax has been shown to be
involved in p33-mediated apoptosis. "

Bax function

Bax 1s pro-apoptotic member in Bel-2 family. Bax promotes apoptosis. induces
permeabilization of the mitochondrial outer membrane. controls transition of small
molecules through mitochondrial membrane and maintains endoplasmic reticulum Ca™
leyels, "

Mechanism of Bax activation and function

A Bax exists as a latent globular protein already present in the cytosol. The folded
structure hides a hydrophobic cleft that is partially composed of the BH3 homology
domain (green box). and a putative C-terminal domain, which has structural similarity
w a mitochondrial targeting sequence (red box). The process of Bax activation begins
with a change in protein conformation. which exposes the hydrophobic cleft. the N-
terminus. and the mitochondrial targeting sequence. Recent studies indicate that this
interaction is not directly with the Bax BH3 domain (Figure 12), ™

B.  Bax becomes integrated into the MOM. Generally. proteins with these domains appear
to be recognized by chaperones that facilitate movement of the protein to the MOM.
Studies on other proteins containing mitochondrial targeting sequences. suggested that
this domain nteracts with some chaperone that helps direct these proteins to the
appropriate organelles, Currently. there is no direct evidence that Bax interacts with a
cellular chaperone (Figure 12). R

C. Activated Bax appears to have the ability to recruit and activate other Bax molecules
without the requirements of interactions with separate BH3-only peptides. or a
chaperone to direct translocation. Once some Bax proteins become inserted into the
MOM. they appear to act as a sink for other Bax molecules. As Bax molecules
agpregate in the MOM. they potentially create pore structures that facilitate the release
of eytochrome ¢ and downstream events of the apoptotic cascade (Figure 12). "™
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A N

BH3-only?

O Chaperone? o

B "%\ . "—Pglcm

Cytochrome ¢

Figure 12:- Mechanism of Bax activation and function. ®*

The effect of Bax expression on tumorigenesis

Whereas Bcl-2 is prosurvival and antiproliferative, bax is proapoptotic and
proliferative, suggesting that the absence of bax may promote GO. If Bcl-2 is oncogenic,
then bax might be expected to be tumor suppressive. Yet, bax deficiency alone or in
combination with pS3 deletion was not oncogenic, bax deficiency did enhance
transformation, presumably by blocking apoptosis, resulting in further enhancement of i
proliferation. The proliferative effect of bax was presumably dominant over its :
proapoptotic activity. Thus, the proapoptotic function of bax is tumor suppressive and its
proliferative function is oncogenic. The relative contribution of each function to the overall
effect appears to be influenced by the choice of its oncogene partners. >
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The interplay between Bax and Bel-2

[he interplay between proapoptotic and antiapoplotic proteins is part of the normal
regulation of apoptosis in healthy cells. Under non apoptotic conditions the equilibrium
between the evtosolic and mitochondrial pools of Bax is maintained by its Bel-2 dependent

retrotrans location. During apoptosis this balance may be modified increase the insertion of

Bax into the MOM. (Figurel3). """ """

Ihe presence of antiapoptotic proteins in the MOM is required to constitutively
retrotranslocate Bax into the cytosol. Notably, the rate of retrotranslocation is almost
doubled m cells overexpressing Bel-2 and requires the physical mnteraction between Bel-2
and Bax. Once in the cytosol. Bax quickly returns to its monomeric form. ready to cycle

. - “ 1A 3]
back to the mitochondrial surface. '
Healthy cell Indudtion of apoptasis
1
"

M MITOCHONGRIDN .

Figure 13:- Bax movements in healthy cells and in presence of apoptosis,
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Protein 53

P53 (also known as protein 53 or tumior protein S3). is a tumor suppressor protein.
P55 15 crucial in multicellular organisms, Cell cyele tumor suppressor cancer pS3 has been
described as "the guardian of the genome". the "guardian angel gene". and the "master
watchman™. referring to its role in conserving stability by preventing genome mutation.
I'he name 'p?’\ Is in reference to its apparent molecular mass: it runs as a S3-kilodalton
tkDiay, 1 1

P53 Structure

s ]

Human p33 consists of 393 amino acids. with 5 proposed domains as follows
- T R AT
(Figure 1), 2

Iy The transactivaton domain (TAD: amino-acid residues 1 42). required for
transcriptional activation.

2) The proline-rich domain (PRD: residues 61 94). containing 3 PXXP motifs (where
P15 a proline and X any other residue) that enable protein-—protein interactions. This
domain is thought to participate in the regulation of p33 stability and activity.

1) The DNA-binding domain (DBD: residues 102-292) specifically binds to DNA
recognition elements in the promoters of target genes.

4) The tetramerization domain (4D: residues 324 355) is essential for the activity of
pS3.

5) The C-terminal regulatory domain (CTD: residues 363-393) that binds DNA
nonspecitically and might regulate specitic DNA binding by the DBD.

P53 pathway during the cell cyele

In @ normal cell the protein level of p53 is under the tight control of its negative
regulator murine/human double minute 2 (MDM2/HDM2) via ubiguitination. Upon DNA
damage or other stresses. various pathways will lead 1o the dissociation of the p53 and
mdm2 complex. Once activated. p33 will induce a cell ¢ycle arrest o allow either repair or
survival of the cell or apoptosis to discard the damaged cell. How pS3 makes this choice is
unknown (Figure 15).

CEHT 108
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Figure 14: Schematic representation of the p53 structure. ™ "

NLS: nuclear localization signal sequence. NES: nuclear export signal sequence.

DNA damago
Cell eycle abnormalities
Hypoxla
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Apoptosis
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Death and elimination of
damaged cells
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CELLULAR AND GENETIC STABILITY

Call cycle arrest
ONA repalr

Cell cycle restart

Figure 15:- p53 pathway during cell cycle. ' i |
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The physiological functions of p53

P33 is a poly-functional protein which functions in the nucleus. The p33 gene is
continuously transeribed and translated. but the protein is rapidly subjected to ubiquitin
dependent degradation in proteosomes. Therefore, the concentrations of p33 in cells of
most tissues are quite low and may be at the limit of detection. The activation of p53 in
response to various stresses and damages proceeds mainly  post-translationally via a
decrease in its degradation rate and a change of its conformation to generate increased
functional activity, ' 1"

P53 works as a tumor suppressor. it is essential for preventing inappropriate cell
proliteration and maintaining genome integrity following genotoxic stress. Following
vartous intracellular and extracellular stimuli, such as DNA damage (by means including
ionizing radiation. UV radiation. application of cytotoxic drugs or chemotherapeutic
agents. and infectious virus). heat shock. hypoxia. and Oncogenes over expression. pS3 is
activated and emerges as a pivotal regulatory protein triggering diverse biological
responses. both at the level of a single cell as well as in the whole organism. """

Many of the multiple functions of p53 including its role in tumor suppression. can
be attributed to its ability to act as a sequence-specific transcription factor which regulates
expression of different cellular genes to modulate various cellular processes. However. in
response to various types of stress. pS3 is accumulated in the nucleus and binds to specific
sites i the regulatory regions of p53- responsive genes. then strongly promotes the
transcription of such genes. '

Vartous intercellular or extracellular stresses elicit cellular responses directly or
indirectly through p53 activation. P53 activates its downstream targets to perform various
functions including cell cycle arrest.  DNA  repair. apoptosis. and senescence

(Fipure 16). i

Cell-cycele regulation

Among various cellular responses induced by p53. the most notable are the induction
of cell evele arrest and apoptosis. It appears that the ability of p533 to prevent cell growth is
pivotal to its tumor suppressor functions. PS3 can induce cell cycle arrest in the G1, G2
and S phases of the cell cycle. The induction of cell cycle arrest at G1 and G2 by pS53
provides additional time for the cell to repair genomic damage before entering the critical
stages of DNA synthesis and mitosis. The arrested cells can be released back into the
proliferating pool through p53°s biochemical functions that facilitate DNA repair including
nucleotide excision repair and base excision repair. '

Induction of apoptosis

P53 works as a cellular gatekeeper to monitor cellular stress and to induce apoptosis
as necessary. In tissues where stressors generate severe and irrevocable damage. pS3 can
.. . .. . 115
initiate apoptosis. there by eliminating damaged cells. '™
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Apoptouc gene products which are induced by p33 include Bax. DRS/KILLER
(death receptor 5). Fas/CD9S (cell-death signaling receptor). PIG3 (pS3-inducible gene 3).
Puma (p33-upregulated modulator of apoptosis). Noxa (from the Latin word for “harm” or
“damage™). PIDD (p53- induced protein with death domain), PERP (pS3 apoptosis effector
related 0 PMP-22). Apaf-1 (apoptotic protease- activating factor-1). Scotin, pS3AIPI
(p33- regulated apoptosis-inducing protein 1), and others. The products of these genes may
induce apoptosis through either an extrinsic or intrinsic pathway (Figure 17). ''?

1. The intrinsic apoptotic pathway
The intrinsic apoptotic pathway is engaged when cells are challenged by stress and is

dominated by the Bel-2 family proteins. "' In the regulation of the intrinsic pathway. pro-
apoptotic gene products such as Bax. Bid. Puma. Noxa. and p53AIP1 localize to the

mitochondria and promote the loss of mitochondrial membrane potential and release of

cytochrome ¢. resulting in the formation of the apoptosome complex with Apaf-1 and
caspase 9 (Figure 17). ' 117

cytoplasmic p33 can induce apoptosis by interacting directly with Bel-2 family
proteins which reside at the mitochondrial membrane. For example p33 activates the
proapaptotic protein Bax to promote the permeabilization of the outer-membrane of the
mitochondria. Although this pathway is independent of transcription. nevertheless, mice
deficient in PUMA (the proapoptotic gene upregulated by pS53) are resistant to DNA
damage-induced apoptosis. It appears that pS3 also associates with Bel-2 which normally
prevents pS3 from activating Bax. A peptide derived from the BH3 domain of PUMA
disables this complex thus leading to apoptosis. This suggests that after DNA damage. p53
accumulates both in the nucleus and in the cytoplasm. the latter binding to Bel-2. Upon the
induction of PUMA by the nuclear p53, the p53-Bcel-2 complex falls apart and thus Bax is

activated. These studies parallel new insights that are emerging into the role of

mitochondria in cell metabolism and revealing difterences between cancerous and non-

cancerous cells that may be exploited for therapy. Further development of new drugs and
e . . 118-120)

targets in this area is expected over the next few years. !

2. The extrinsic apoptotic pathway

Another pS3-related class of proapoptotic gene products is the components of the
death receptor-mediated extrinsic pathway. In this cell death pathway, p53 can promote
apoptosis through activation of the death receptors located at the plasma membrane,
including Fas/CD95. DR4 and DRS. and lead to inhibition of the production of 1APs
(inhibitor of” apoptosis proteins). Both DRS and DR4 can induce apoptosis by TRAIL
(tumor necrosis factorrelated apoptosis-inducing ligand). Fas ligand and chemotherapeutic
agents (Figure 17). "' """ P33 may also induce apoptosis via an endoplasmic reticulum-
dependent mechanism by transactivating the expression of Scotin, a protein located in the
endoplasmic reticulum and in the nuclear membrane. ">’

The ability of pS3 to induce apoptosis appears to be well correlated with its ability to
suppress malignant transformation. Loss of pS3-dependent apoptosis accelerates with
tumorigenesis. These results reveal that regulation of apoptosis is an important and
evolutionarily conserved tumor suppressor function of ps3. !''= 2
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Cellular stresses

DNA damage Heat shock Hypoxia Oncogene overexpression
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Figure 16: P53 locating at the crossroads of complex networks of stress response
R
pathways. '
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Figure 17: P53 associated genes and pathways involved in apoptotic cell death. (
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Tumor markers

Tumor markers are substances that can be found in the body when cancer is present.
The classic tumor marker is a protein that can be found in the blood in increased levels
when a certain type of cancer is present. but not all tumor markers are like that. Some are
found i urine or other body fluid. and others are found in tumors and other tissue.
Iradiionally. tumor markers are divided into two broad categories: (1) tumor-derived
markers  these are molecules produced by the neoplastic cells: and (2) tumor-associated
or host-response markers - these include metabolic and immunologic products of normal
tissue produced in response to the presence of neoplastic tissue. Most tumor markers are
proteins, but some newer markers are genes or other substances. '*"!

Ihere are many different tumor markers. Some are seen only in a single type of
cancer. while others can be found in many types of cancer. The marker is usually found by
combinimg the blood or urine with manmade antibodies that react with the tumor marker
protein. Sometimes a picce of the tumor itself is tested for tumor markers. '

Tumor markers alone are rarely enough to show that cancer is present. Most tumor
markers can be made by normal cells as well as by cancer cells. Sometimes. noncancerous
discases can also cause levels of certain tumor markers to be higher than normal and not
every person with cancer may have higher levels of a tumor marker. This is why only a
few tumor markers are commonly used as a reference. The level of a certain tumor marker
along with the patient's history and physical examination and other laboratory tests or
imaging tests can indicate the patient’s status. In recent vears. newer types of tumor
markers are developed. With advances in technology. levels of certain genetic materials
(DNA or RNA) can now be measured. It's been hard to identify single substances that
provide useful information, but now looking at patterns of genes or proteins in the blood
have begun, =M

Uses of tumor markers
Tumor markers can be used in a number of ways as follows:
a) Screening

Screening tests require high sensitivity o detect early-stage disease. No tumour
marker has yet demonstrated a survival benefit in randomized controlled trials of screening
. : 131
in the general population. ©'

b) Disease staging

132

I'or determining diagnosis and prognosis. |
¢) Assessing response to therapy

Tumour marker values returning to normal may indicate cure despite radiographic

evidence of persistent disease. In this circumstance. the residual tumour is often non-
: {133}
viable. "
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Conversely. tumour marker levels may rise after cffective treatment (possibly related
to cell lysis), but the increase may not necessarily mean treatment failure. However, a
consistent increase in tumour marker levels. coupled with lack of clinical improvement.
may indicate treatment failure. i IResidual elevation after definitive treatment usually
indicates persistent discase.

Following tumour marker response is particularly useful when other evidence of
. . . . 134
disease is not readily accessible. (o

d) Monitoring for cancer recurrence

When monitoring these patients, tumour marker levels should be determined only
. . ~ . N 13
when there is a potential for meaningful treatment. (D

Specific tumor markers

Tumor markers can assist in determining if a cancer is present: they can assist in
determining the source of widespread cancer when the origin of the cancer is unknown. By
ustng the information that these markers can provide. patient-specilic treatment protocols
can be developed. implemented. and monitored for improved patient outcomes. kxample
of the most commonly-used tumor markers is CA 15.3 or MUCH. (s

Cancer antigen 15.3 (CA 15.3)

CA 15.3. also known as MUC]I. episialin. polymorphic epithelial mucin (PEM) or
epithelial membrane antigen. is a glycoprotein that is found in the epithelium of apical
surfaces of many wet organs such as bladder. breast. colon. respiratory tract and

{36-140
pancreas.

CA 15.3 structure and origin

MUIC T-mucin is a high molecular weight transmembrane glycoprotein that exceeds
J00KD. Tt is the encoded product of the MUCT gene. which is localized to chromosome
1g21.q24. (140) The protein part of this molecule consists of a tandem repeat section
consisting of 20 amino acids. to which O-linked carbohydrates are attached. 140 The
protein has a variable number of these 20 amino acid tandem repeats. (e

MUCT protrudes out quite substantially from the cell surface due to the carbohydrate
side chains that maintain an extended confirmation. Such variations result in a highly
variable molecule attained from the MUCT gene. which, in normal subjects. is found on
the apical aspect of epithelial cells in organs such as the breast. lung. colon and benign

ey L, (136013801314
ovarin tumors.

MUCT is either scereted or shed and can therefore be found in the serum of normal
healthy individuals but in low amounts. Its physiological role may be in cell adhesion and
cell signaling. MUC'T may also be involved in binding to pathogens and therefore aids
protection trom these pathogens. (5
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CA 153 in carcinogenesis

Mucin genes encode rod-shaped apomucin cores that then undergo post-translational
modification in the cytoplasm by glycosylation thus resulting in the MUC1 glycoprotein.
During carcinogenesis. glycosylation of MUCT is altered due to enzyme deficiencies or
increased activity. resulting in an abnormal MUC T, which may then be shed into the lymph
and blood circulation. Their presence in this environment allows the monitoring of
carcinoma patients. '’

Due to the wide spectrum of MUCT in different types of normal healthy cells and
thus the vast numbers ol different carcinomas which express altered forms of MUC 1. many
immunoassays employing ditferent monoclonal antibodies are available to detect this rise
in MUCT. Measurement of MUC using the serum CA15.3 assay is now the most widely
used serum marker assay for the monitoring of breast cancer. where it can be used to
determine metastatic breast cancer recurrence as well as monitoring therapy in those with
advanced breast cancer. "™ Immunohistochemical staining  using anti MUC1
monoclonal antibodies such as (12 MAb and (595 MADb showed that almost all breast
cancer cells are stained mainly in the cytoplasm (93% of cells) and the cell membrane
(73% of cells).

CA 15.3 and cancer prognosis

Presence of MUCT in either tissue or serum has been used to ascertain prognosis of
breast cancer by many authors. Clearly there is no collective agreement on its prognostic
value although more recent papers indicate a poorer disease outcome. Differences in
prognosts may be due to the different methods of MUCT detection as well as differences in
study design.

The staining pattern itsell” can also correlate with prognosis. One study showed a
worse prognosis and reduced disease free survival in those with greater than 75% of cells
expressing MUCT, especially where the MUCT staining was cytoplasmic. 4D 1 one
study. the staining pattern was confirmed to be mostly cytoplasmic (93% ot cells). MUC1
staming was also noted in the apical membrane in 15% and circumterential membrane in
13%. although the majority of tumour cells appear to have a mixed pattern. This compares
to only apical membrane staining in normal and benign cells. This study confirmed a
poorer prognosis with cytoplasmic staining. ‘'

MUCT antigens were prevalent in non-invasive breast cancer. In this group of early
breast cancers. tumours with cytoplasmic staining were more commonly high grade and
therefore 1t was concluded that eytoplasmic MUCT was an carly development in breast
carcinogenesis. 'V It has been postulated that since MUCT is suggested to function in cell
adhesion. inappropriate expression during carcinogenesis could result in altered adhesion
and therefore aid metastasis. "™
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Serum CA 15.3 levels in normal & cancer conditions

Serum CA 153 is the most widely measured serum tumour antigen in breast cancer.
The €A 153 antigen however can also be measured in the blood of healthy women.
Serum CA 133 is also elevated in physiological and non-malignant states such as
pregnancy. lactation and infective conditions. However pregnancy and ovarian cancer-
derived MUICT is morphologically different to MUCT trom normal tissues. Interestingly,
this difference in MUCT structure is also seen in MUCT derived from pleural and

: M (54137
peritoneal effusions, ©77

Measuring serum MUCT is mainly used for the detection of metastatic recurrence of
breast cancer and also monitoring therapy in advanced breast cancer. Elevated serum
MUCT levels are also noted in other types of cancer ¢.g. ovarian and pancreatic cancers
although no clinical use is established in these cancers. (1H6-1en

Serum MUCT does not correlate with tissue MUCT expression. [ts measurement in
the serum is dynamic and will correspond to therapy. The expression of antigens in the
primary tumour did not correlate with which antigen became elevated in serum at
diggnosis of metastases in the same individuals. '**'*

Serum MUC Tcan be measured in between 5% - 30% of preoperative breast cancers
according to various studies. This variance may be dependent on stage of the disease.
Raobertson and colleagues noted only an 8% prevalence of MUCT in the serum of women
with primary Breast Cancer (PBC) in stage | and I1. This rose to 33% when women with
stage 111 cancer were analyzed. The variations in sensitivities in different studies may be
due to the various assays used to measure MUC'T antigens in the serum. Hod-teor

Some authors have reported that a raised level of MUCT in the serum indicates a
poorer prognosis. A persistent rise in serum MUCT levels above cut-off value following
primary chemotherapy for locally advanced breast cancer further indicates reduced disease
tree interval (DFI) in this group of patients. One study noted that both tumour stage and
preoperative CA15.3 can independently predict survival in PBC patients. (O8TTDA Jarge
study on lymph node (1.N) negative breast tumors also highlighted a poorer prognosis with
patients who have increasing serum levels of MUCT In the same study there is no
correlation with tumour size. grade. stage and ER status and serum MUCT levels. am

MUC 1 derived from breast cancer is structurally different from MUCT derived from
normal cells and as a result the former appears to be recognized as “non-self” and induces
an immune reaction to this molecule, which can be detected either as free Autoantibodies
(AAbs) to various epitopes in the MUCT molecule or as MUC 1-bound circulating immune
complexes (CICs). 7

Normal MUCT protein has these epitopes hidden from the host’s immune system by
heavily glycosylated side chains. However. shortened glycan side chains as found in breast
cancer. result in the unmasking of these immunodominant regions. These then appear to
induce an immune response. Another suggested mechanism for the development of an
immune response to MUCT is its prolonged exposure to the immune system in breast
cancer patients, ' 17"
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AIM OF THE WORK

The aim of this work was to investigate the diagnostic, prognostic and
follow up roles of serum Bel-2, Bax and P53 proteins in breast cancer patients
in comparison with those ot serum CA15.3 as the most commonly used breast
cancer marker.
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SUBJECTS AND METHODS
Subjects:

Fhis study mcluded 60 females divided mto 2 groups:
Group I: Included 30 Temales having breast carcinoma ol climical stages Ior 11 All
paticnts were recently detected. not receiving chemotherapy . Patients sclected trom those
adnutied o Eaperimental and Clinical Surgery Department and Caneer Management and
Research Department. Medical Rescarch Tnstitute. Universit ol Alexandna, tn the period
from February 2009 1o February 2011

Group 11: Included 30 normal healthy  temales of matched age. menstrual state and
socioeconomic status as the previous group. volunteers chinically free trom any disease
feantrol group ).

Exclusion eriteria all females sulfering from immunological. Tiver diseases. other
maliznancies. history of chemotherapy or radiotherapy were excluded from this study

VI Patients met the following eriteria:
Hlaving primary myasive breast carcinona,
No Clinical mantfestation of infection.
Nol receiving immunomodulatory agent in recent 3 weeks

Not recen e blood transtusion in recent 3 weeks.

Methods:

To ail patents the tollowing were done:

- Full history recording and elinical examination,
Routine laborators investigations including complete blood count (CBO). bleeding
and coagulation nmes.
Mammography ol breast and ultrasonography of abdomen.
Radiological investivations including x-rays chest. €1 sean and bone scan when
needed.
Pre-operative Tine needle aspiration evtology (FNAC) of the breast mass to estabhish

the pathological diagnosis,

AN patients had undergone modified radical mastectomy. I he data of tumor size.
hanph node involvement. estrogen reeeptor (ER). progesterone receptor (PR) status.
pathological grade and clinical stages were collected. All patients recerved intravenous
adjuvant combination chemotherapy consisting of (I'AC) S-Fluorouracil. Adriamvyein and
evelaphosphamide and then repeated every 21 day for 6 cyveles. The patients were re-
evaluated atier 6 aveles o chemotherapy clinically laboratory and radiologically to
estimate clinical response. All patients will be followed up for 2 years.
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Blood sampling:

Fhe study design nvolved collecting venous blood samples in different phases ol
disease management and follow up. For every patient. the first sample was taken prior to
operation. the second post-operatively one month after surgen hetore chemotherapy and
the third sample was taken after 6 eveles of chemotherapy. One sample was tahen from
naral healthy temales ot control group. Venous blood samples were taken and allowed to
clot thoroughly tor 30 nunutes hefore centnfugation. centrifuged at 3.000 rpm for 10
Minites and stored w80 °C until assaved. Inocach blood sample. Bel-20 Bax, P33

5

measured by FLISA Kis while CATS3 estimated by IRMA kit
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Determination of serum Bel-2 levels

Bel-2 was mieastired by commercially available ELISA Kit Tor the quantitatiyve
detection of human iel-2. Bender MedSystems Gmbll Campus  Vienna,  Austria.
Eurape. ™! |

Principles of the Assay:
L A anti-human Bel-2 coatme antibody s adsorbed Coated Microwell
anter mverowel s (b pare 18 a). : |

‘ Nl el |
_ Figure 18a
2 Hhumean Bel-2 present i the sample or standard First Incubation
binds to antibodies adsorbed 10 the microwells. A
Biotin-conjugated anti-human Bel-2 antibody s ‘
added and binds 1o human Bel-2 captured by the ST
first antihody (1 fgure 18h). 0y ‘

£ 2 i R S T 1 W ]

RTINS T PN B

Figure 18b
Following  incubation  anhound  biotin-canjugated 5 Second Incubation
aite-human Bek2 anubods s oremoved during a - .
wish stepe Streptuvadin: HRP s added aid binds e
the Motn=conjugated  anti=human Bel-2 antibody o by Ej
iFroure 18¢y, '

ad

MR, =

__ Figurel8e

4 -I*’;u-_l_il_nw-in-g }ngn.th_l;ix-rn unbound Sl;r'cp:[midii}z-H’R'I? s Third Incubation

removed during a wash step. and substrate solution

peacuse  with HRP s added  tor the  wells
(Figure 18d).

Uil 1

: Figure 18d
A colored product is formed i proportion (o the I
amount of human Bel-2 present in the sample or = = ’7
standard. The reaction is termindted by addion of JEA i ]
acid and absorbunce is micasured at 450 nnr A '
standard curve iy prepared from 7 human Bel-2 b L
standard  dilutions  and  human Bel-2 :Sa'm'k?.[if { o RN S e
concentration deterimined (Figure 18e). Iigure 18¢

“n
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Reagents Provided

o 1 aluminium pouch with o Microwell Mate coated with monoclonal antibody o human,
Bel-2 '

| sl 100 [,;J',}- Biotin-Conjugate anti-human Bel-2 monoclonal antibody
o 1 vial (150 phy Strepuavidin-HRP '
o Y uials Human Bele? Sundard lvophilized. 64 ng/ml .u_.»p_ﬂ%n reconstitution
o Doval o1 2 mb Sample Dilaent
o 1 vial o3 mly Asson Bulfer Concentrate 205
(PBS with 1% Tween 200and T0% BSA)
o | hottle (30 mir Wash Bulfer Concentrate 208
(PRS with 1% Tween 20)
o vl (1S mly Substate Solution (tetramethy l=benzidime
o 1 ovial (15 mh Stop Solution (1M Phosphoric acid)
o vl (04 mily Grreen-Dye

o Doaval i 4 ml Blue-Dye

1 vial (0 ml) Red-Dyve |

4 Adhesne Films

Preparation of Reagents
Bulter Concentrates were brought 1o room lemperiature and were diluted  betore
starting the test provedune, |

1 Sl of the Wash Bufter Concentrate (20x) were biought to (vl yolume of 1000
ml - graduate evlinder and boughtw a final volume of 1000 ml with distilled water.

1

5 ml ol the Assay Buffer Concentrate (20x) were podred intora clean 100 ml graduate
eylinder and brought 1w linal volume o 100 mlwithidistilled water.

3012100 dilution of the concentrated Hinli'tr_.—(-'nﬁj;i-ga]'-liful was prepared by oudd 60yl ot
Biotin-Conpugdate with 594 ml ol assay buffer (1x) inaclean plastic tube

4 100 dilution of the concentrated Streptay idinsHRP solution by add 120 pl of
Streplavidin=HRP salution with | 1880 ml (1x) assay buffer in a clean plastic wbe
Rl

S Hlwman Bel-2 Standird was recanstitued. 'b}". addingn ol distilled water then mised
gently o msure canplete and homogeneots --s$|1-rl"i’iIizii'{i;n.r't}, (Coneentration ol
reconstituted standard 64 ng/mby. Allow the standard 1o reconstitute Tor 10-30
minutes, Mix well prior o making dilutions.
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Test Protocol l

| Fuch sample. standard. blank and optional control| sample should e assayed in
duplicate. |

2. Microwell strips were washed twice with -:i'pp|f_t-"‘a-:-¢."i-_l_11}z-i_t_#L\' 400 pl Wash Butter per well
with thorough aspiration of microwell contents berween washes, Wash Butfer was
allowed 1o sitin the wells for about 10 15 seconds héii_iw’:_aifsip'_.ii.f:-t-l jonn.

emptied and microwell sirips were tapped on

e

Adter the Tast wash step. wells were
dahsorhent paper o remoye excess Wash Bufter.
4 Standard dilution was made on the microwell plate as fii-l'h‘_:fi-ss (Frgure 19):

o 100 pl of Sample Diluent were added i duplicate to all standard wells.

o 100 ul of prepared standard were pipetted (concentration 64 ngiml) in duplicate
into well AT and A2 The contents of wells Al and A2 were mined by repeated
aspitation and ejeetion (coneentration of standard 1. ST 32 ngiml). and 100 ul
were tramsterred o wells BT and B2 respectively.

o s procedure was repeated 5 times. creating mq tows of human Bel=2 standard
dilutions ranging fron 32 10 0.3 agml. 100 il of the contents from the last
anicrawel s 1G] Gy used were discarded.

Transter 100 !
4 4 4 4 a4 a4
| | !
. |

i ﬁ% e i S i N O

=
S

RecoRstiiLIes sample Diluent T scard
Humman EC - 100 I” ;|: Wl

Sraniand

Figure 19: Steps of preparation of standard dilutions Oﬂﬁtl-l

=4

100 1l of Sample Diluent were added in duplicate taithie hlank wells,

6 &0 glof Sample Diluent were added to the sample wells

7 2ot el sumple were added in duplicate to the sample wells

8 S0ulol Bionn-Conjugate were added to all wells,

9 Plate was covered with an adhesive film and imeubated at roony wemperature (18 10
259 ) tor 2 hour. i sy ailable on a microplate shaker set at 100 rpm.

10, Adhesive 1ilm was renioyed and wells were emptied. Microwell strips were washed 3
times. i

11 100 wlot diluted Swreptavidin- HRP were added to all wells, including the blank wells.

17 Plate was covered with an adhesive film dnd iicubmted ar room temperature (18 10
I3 C ytor | hour |
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Adhesive film was removed and wells were emptied. Microwell strips were washed £
IS,

100 jl off TN Substrate Solution were added tall swells

Microwel | strips wire meubated at room temperature (187 10 257C) torabout 10 min.
Ihe color developrient on the plate was monitored and the substrate reaction stopped
hetare positive wells are no longer propetly recordable: The stop solution was added
when the highest standard has developed a dark blue color.

e enzvime reaction was stopped by quickly @nd u niforly pipetting 100 pl of Stop
Solution e cach well. Results were read immediately after the Stop Solution was
added

Calculation of Results

1

1<

tad

The aerage absorbanee values were calculated for cach set ol dupheite standards and
samples,

A staidard curne was created by plotting the mean absorbance for each standard
concentiation v the Y-axis against the hunian Bel-2 concentration on the X-axis of’
fog-log paper. A best 1 curyve was drawn through l'hi‘ points of the graph. (Figure 20)
represents the stndard eurve ol hman Bel-2, __

Ml concentration of creulating human Bel-2 tor each sample was determined from
the standard curve. .

As samples were diluted 1:5 (20 pl sample + 80 pl Sample Diluent). the concentration
ceadd trom the standard curve was multiplied by the d’il{ut_-_iﬂt"il_‘x Factor (s 3).

Absormce At 450 i

pEwAshE < NELE

0 b 4 & 8 10 12 14 ia i

Bel-2 concentration (ng/ml)

Figure 20: Standard curye for human Bel-2.
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Determination of serum Bax levels

Bax was micasured by commercially  available ﬁllSA kit for the quantitative
detection of uman Bax, T'SCN. USA ™

Principle

The microtiter plute provided i this kit has been pre-coated with a mandiclonal
antibody specitic © Bas Standards or samples are then added o the appropriate microtiter
plate wells with a biotm=conjugated polyvelonal antibody preparation specific for Bax
Neat. Avidin conjugated (o Horseradish Peroxidase l]lRPl is added 1o cach microplate
well and ncuhated Thena |MB substrate solution is added 1o eachwell Only those wells
that contaim Bax. biotn-conjugated antibody and enzy nw-éumugmed Avidim will ;s\hlhll-.,d'
a change m color The enzyme-Substrate reaction 15 erminated by the addition of
silphone acid solution and the color change 13 111&1\111:;{.{ spectrophotometrically at

winelength of 450nm. The concentration of Bax in the csamples is then determined by
camparing the O:D ol the sample to the standard curve

Reagents Provided

o | pre-eoated ready to use V6 well strip plate

o 4 Plate sealer Jor 96 wells

o il stndard

o 1wl Stndard diluents 1
o | vial Assay diluents A

o oygal Assay diluents B

o oual INI subsirate

o | vial Wash bufter

o vl Stop solution
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Preparation of Reagents
Lo Al Rt components and samp les were hrought to room temperature:
2 Standard:-

The standard was reconstituted with 1.0 ml of standard diluents. kept for 10 minutes
At room temperature and shacked gently. The concentrations of the standard solution
were U0 250 00 780 100, 1235, 130 and 200 ngml. preparation of these standard
solutions was done usimg the dilution Tass. considering the 200 ngml as the stock
solution.

3 Assanodiluents A and Assay difuents Be-

6 ml ol diluents A or B concentrate (2X) was dllulu.l with 6 ml ol distilled water
prepared 12 ml ol assay diluent A or B.

4 Detection reagent A and Detection B:-

[he working concentration was  diluted with working assay  diluents A or B.
respectivels (1: 1004, '

3 Washsoluton:=

0 ml of wash solution concentrated (30x) was diluted with 3800 ml of distal water to
prepared 600 mlof wash solution (1x). i
|

Assay procedure

All reagents were reached at room temperature betore ase. Al Higund reagents prio

1o use were getttly mised.

| 100pl ol each standard. blank and samples were added into the ;ip}"a'l‘(')p'riate wells,
1he microwells plate was covered with the pimc sealer and incubated tor 2 hours at
1’?\( . |

ol [he liguid was removed trom eacly well without wash.

A [00pl of Detecnion Reagent A working solution were added 1o each well and

mcubated tor T hour at 37°C after covering it with'the plate sealer

4 [ he solution was aspirated and each well was ws}feu with 330ul ot diluted Wash
Solution and was alloswed to sit for 12 minutes. The remaining hguid was removed
from all wells completely by snapping the plate um:l absorbent paper. Fhis wash was
repeated 3 times, After the last washe any remaining Wash Butter was removed by
aspiration or decantation. The plate was inverted againstabsorbent paper.

S0 100l of Detection Reagemt B working solution was added 10 cach well then
incubated Tor 30 pinutes at 37°C after covering it with the ]3ldh.. sealer,

6 The aspiration wash process was repeated for tive times as conducted in siep 4.

7. w0pl. of Substate Solution was added 1o each well then covered with a new Plae
sealer and ieubite tor 13 - 25 minutes at 37°C (Don't exceed 30 minutes) i the dark.
Ihe ligquid was tared blue by addition of substrate s*ilut'intn'.

A7
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8 S0ul of Stop Solution was added 1o cach well, The liquid was turned yellow by the
dddition of stop solation. '

9. [he color imensity ol each microwell was measured at 450 any using an ELISA

reader

Calculation of Results

I Uhe average o absorbance values were caleulated for each set ol duplicate standards
and samples.

YA stdndard clirve was created by ploting the mean absorbance for each standard
concentration on the Y-=axis against the human Ras concentizton an e N-axis ol log-
log paper. A hest it curve svas drawn tirough the points of the graph. (Figure 21)
represents the standard curve af buman Bax. !

3 e concentration of circulating human Bax tor eac h sample was deermined (rom the

standard curve.

3.

i 4

o
D

A bsorbanc e a1 450 him
=

§ =0.013% + 0,2776

i &l 100 150 200 260

By cane entranen(ng ml

'Ffi'gu.rc 21:- Standard curve for human Bax
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Determination of serum pS3 level '

P33 was measured by commercially available ELISA kit for the quantiative detection
- N i . s . ) = . WO - R .
of huthan ps3. Bander MedSystems GmbH Campus Vienna, Austria. Furope .

Principles of the Assay:
1 An anti-human P53 coating antibody is adsarbed Coated Microwell

onto nicrosells (Figure 22a).

| sy s
_ Fieure 22a
Y luvar PS3 present in the sample or standard binds First Incubation
(o wntibodies adsorbed 1o the microwells. A brotin- |
conpugated anti-human P33 antibody is added and =
binds 1o human P33 captured by the first antibody )
(Figtre 22by. ;

=g

WG nTee
i
El i RIT o)

Figure 22h

A following incubation unbound  biotin-conjugated Second Incubation
anti-humarn P33 antibody s removed during a wash ‘
step Streptavidin:HRP is added and binds to the |
higtim-conjueated  unti-human PS5 antibody | R 'HI_ |
(Fizure 22¢0. : ‘

|
e e Lt e
Figure 22¢
4 Tollowing incubation unhound Streptavidin-HRP s THird Incubation

removed duriing o wash step. and substrate solution
resctive  with HRP s added to  the  wells l
(Figure 22d). | ¥

figy ¥k
Figure 22d
S. A eolored produet is formed m _m'mipu'iﬁtijc-mj- 1o the —

antount of human P33 present in the sample or o B B
! : p |

1

standard. The reaction is terminated by addition of Ty ? q

acid and absorbance i mcasured w450 im. A

stndard curve is prepared  from 7 human P33 e J_l
stondard  dilutions  and  human - P33 sample L R S S S

concentration determined (Figure 22¢). Figure Zle
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Reagents Provided

Faluminiam pouch swith a Microwell Plate coated uuh monoclonal antibody 1o human
skasl. i

vl 100y Biotun-Conjugate anti-hunan stast moneclonal antibody
I it 0130 gy Sue play idin=HIR P

I vials hunian PS5 Standard lyophilized. 100 Uiml up;é}n reconsttuton

U vial 12 mb Sample Diluent

| vigd (3 ml) Assay Butter Concentrate 205

(PRS with 1% Tween 20 and 10% BSA)

I botte (30 ml) W ash Butier Concentrate 20x

PN with 1% Tween 20)

sial 115 mily Substrate Solution (tetramethy l=benzidine )

I wial 1S milh Stop Solution (1M Phosphoric acid)

4 Adhesive Films

Preparation of Reagents

Buffer Concentrates were brought to room wemperature and were diluted belore

startimg the test procedare.

I

) - 5 i I B Winyo - . B l - o o
St ml ol the Wash Bul lm_' Coneentrate (20x) was poured into a clean 1000 ml graduate
cvlinder and brought w a final volume of 1000:ml with distilled water.

S ml of the Assay Butter Coneentrite (20x) were poured intoa clean 100 ml graduate

evhimder and brought wa final volume of 100 mlwith distlled water

100 dilation of the concentrated Biotin-Conjugate prepared by 60 ul of Biotin-
Conpugate swith 3,94 ml ol (1x)assay butter ina clean/plistic tube.

1100 dilution of  the concentrated Stmp-ur_w-idfir_-n.-fl IRP soluton by 1200l of
Streptay idin-HR P solution with 11880 mlLof (1x) issay bu Irer i aelean plastie tube.

Human P53 Standaid was reconstituted by addition of distilled water then mixed
sently o msure complete and - homogeneous  solubilization. (Concentraton of
reconstitdted standard 100 Uimly. Allow the s_t-a:'ﬂ'dz‘:l'r‘_df to reconstitute for 10-30
minutes. Nixoswell prior o making dilutions,
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Test Protocol

[

=

=

[ ach sample. standard. blank and optional control samples should be assaved 1w
duplicine

Micrawells strips were washed twice w ith approximately 400 gl Wash Butfer per
wiell with thoroueh aspiration of microwell contents between washes. Wash Butter
was allowed o sit i the wells forabout 10 13 Seconds betore asprration.

After the last wash step. wells were eniptied and micrasel | SIS e _l-&l'ﬁ.'["_t"'ki “n
absorbent paper 1o remove excess Wash Butter.

Standard dilution was made on the microwell plate as tollows (L igure 23):

o 100 pl ol Sample Diluent were added in duplicate to all standard wells.

o 00 pl ol preparced standard were pipetied (concentration 100 Limly in duplicate
into well AT amd A2 The coitents of wells Al and A2 were mined by repeated
pspiration and cjection (concentration of standard 1. ST 30 Ul and 10O pd were
tramsterred o wells B1 and B2, respectively.

e Ihis procedure was repeated 5 times: creating two rows ol hunian P33 standard
dilutions ranging from S0 o 0.78 Liml 100wl of the contents from the last

miicrowells (G 1. G2y used were discarded.,

Transfer 100

4 4 4 4 4 4
B o - S— B
| __] ‘ |
|
|
L L i
= i L
> 52 52 SN
Feaconsimutes Sample Diluent Discard
Huiman ps3 100 i 130 l

Standard

Figure 23: Steps of preparation of standard dilutions ui.' P33,

1.

1.

12

L0l of Sample Dilaent were added in duplicate 1o the blank wells,

30wl of Sample Diluent were added 1o the sample wells.

50wl of each sample were added in duplicate to the sample wells.

SO ul of Biotin-Conjugate were added to all wells.

Plate was cosered with an adhesive film and incubated at room temperature (18 10
25°C) for 2 hours on a microplate shaker setat 100 rpni.

Adhesive il was removed and wells were empt ied, Microwell strips were washed 3
Lmes, _

100 ud of diluted Streptavidin-HRP were added o all wells, ineluding the blank wells.
Plate was covered with an adhesive [1lm and incubated at room temperature (187 to
25 Cydor 1 hour ona microplate shaker setat 100 rpn.

Adhesive film was removed and wells were emptied, Microwell strips were washed 3
tumes. '

100l of TMB Substrate Solution were pipetted to all wells.
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Microwell strips were incubated at room temperature (18 (o 2> ') for about 10 min.
e color development on the plate was monitored and lhc wbxu dte reaction stopped
helore positive wells are no longer properly recordable. Lhe stop solution was added
when the highest standard has developed a dark blue uﬁinr

The enzyme reaction was stopped by quickly and tniformly pipetting 100 pl of %mp
Solution into cach well Results were fead immedittely atrer the Stop Solution is
ddded

Absorbanee of cach microwell was read on a spectrophotometer using 430 nm.

Calculation of Results

1

td

e average absorbance values were caleulated for cagh set ot duphivate standards and

samples

A standard curve was created by plotting the mean absorbance for each standard

concentration on the Y-axis against the human P53 concentration on the X-axis log-log

paper A best fit curve was drawi thr ough the points of the graph. (Figure 24)
represents the standard curve of human P33

I'he concentration of circulating human PS3 was deter jined form the standard curve.
As samples sere diluted 1:2(30 pl sample = SO pl Sample Diluenti. the concentration
read from the standard curve was muluplied by the dilution factor (x 2

2.5

Abe at 450 nie

0 10 20 30 40 50 60

P33 concentration (L ml)

Figure 24: Standard curye for human PS3.
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Determination of serum CA15.3 levels
Principle

CA TS-3-IRMA Is a twosstep  Immunoradiometric assay  based on coated-tube
separation. Mabl. the capture antibody. is attached 1o the Tower and dnner surface of the
plastic wihe Add calibrnors or samples o the tubes. After incubation. washing removes
the vecasional excess ol antigen. Additon ol Mab2. the signal antibody Tabeled with =R,
will complete the svstem and trigger the inﬁin_mn.ulogia—:-itl feaction. Atter washing, the
retnainimg radioactivity bound o the wbe reflects the antigen cancentration. o

Reagents
e Ant-C A 1S3 monoclonal antibodies codted tubes,

Apt-C A 153 (monoclonal antibody) in phosphate: buffer with bovine serum  and
sodium azide (0. 1%1

o Calibrators 15 i phosphate butter with bovine serum albumnand thymol ¢ 0. 1%a).

o Dilution buffer phosphate buffer with bovine serum and sodium azide (<0.1%)
|
o Wish huffer coneentation: 708 CTRIS-HC).

Controls = N1 or 2 m human serum and thymol

N Lhe ditution batler was used as zero calibrator,

Reagent preparation

o Calibrators: The calibrators were reconstituted with 0.5 ml dilution buffer.

o Controls The controls were reconstituted with 0.5 1'1"11.-dimi'ﬂ.m‘= witer.

o Working Wash solinon. An adequate volume of -\__&j)It‘-ﬂ-"l»‘;i-[-!;_l Wash was prepared by
adding 69 solumes of distilled water 10 1 volume of Wash Solution {70x). A magnetic

stirrer was used 1o homogenize.

Procedure

—

SO0l of dilution butter was dispensed into cach tube.
2 20l of dacli sample and control was added into these tubes.

3.0 Calibrtors: pre-diluted samples and controls were 'hlr'i'r'_:.ﬂ-§ vortesed and SO ul of cach
were dispensed into the respeetive tubes.

4. Incubation for 90 aminutes at room wemperature w;flsfdpi_-r_e- on a tuhe shaker (400 rpm).

S

I he content of cach tube was decanted. (Exeept total jcounts)
L | {
|

f
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The tubes were washed with 2 ml working wash salution (exeept wtal counts) and
wete aspirated. Poaming during the addition ol the working wash solution was

v oided.

[he tubes swere washed agamwith 2 ml wash solution (except total counts) and were
decanted. |

Ihe tubes were let stand upright for 2 minutes and the remaining drops ol the iguid
were decanted.

. vl Sam o ) L ISV W R 3 N —
S0 pl ol 1 labeled ant CATS3 was dispensed into ¢ach wbe. including the uncoated
tubes for the total counts.

Incubution for 90 nynutes at room temperatuie was done on a tube shaker (300 tpmy.
The coments of each be (except total counts) were al_sc:mté‘d_

The tubes were washed with 2 ml working wash solution (except total counts) and

were decanted. Foaming durng the addition of lha workifig wash soluton was

avouded.

The tubes were washed again with 2 ml wash solution (exeept total counts) and were
decanted.
e wihes were let stand upright for 2 mitutes and the remaining drops of the lig uid

were decanted. |

The twbes were counted i a gamma counter foi 60 seconds

Calculation of results

CATS 3 levels by counting for | oninute in- o gamng ¢ounter | (P
A S-paranieter lagisue funetion curve was used 1o dc‘iunhm the unknown CATS.
lexels.

Computer assisted  data reduction was applied | (o caleulate unknown serum
in=I'lmer. Fmland).

a

3 oserum




Statistical Analysis:

Statistical analyses were performed using SPSS| 17 soltware package Quantitative
data were deseribed using mnimum and niaximuin as well las mean and standar error.

Ihe distributions  of quantitative  variables werg tested  for normality using
Kolmogorov=Smirmnos test. Shaplm Wilk st D'A }:‘\{mu test was used 1l there was a
contlict between the twor previous tests.  The data were ubnummllx distnibuted so. non-
parametric ests were used. '

Ihe Non-parametrie Mann- Whitney  Ustest was used  tor studying 'dii"["lfrehccs.
between breast cancer patients group and control group rggmdlng serum . Bax. p33
and CATS 3 for relatng studied parameters concentralions 10 (umor size. Innph node
status, Her=2o vascular invasion, stage. grade. PR and ER The non-purametne ke ushal-
Woallis Test was tsed Lo stidy the differences in serum parpmeters betore and after surgery
wind atter chemotherapy 1 he Non-parametric Spearman’s: fest sas tsed 1o investigate

correlanons between different serum parameters.

The diagnostic salues of serum Bel-20 P33 and CAT5.5 were compared using the
Recerver Operating ¢ haracternstic (ROC) curve analysis, Lo obtam the optimal cut off
paint for each parameter in predicting hreast cancer. we chose the poml on the ROC curve
which represented the fapgest sum o sensitivity and amuhuh. P o equivalently . of the
Youden index: sensitivity specificity. The area under the OC curve (AURC) was used as
a4 peneral measure 0f diserimination of @ predictor. To assess whether the difterence 1n the
areds under nwo ROC curves 1s of smlhl[cul 5.1gmt|canc.e we used tlie procedure described
- Basic principles off ROC analysis. “Area more than 0% gives aceeptable
pertormance and area abou 100% is the best performance for the test.

essed usimg the Kaplan

Univariate surdival analyvsis of the studied ]mtamgtuf% Was as!
cal differences between

Merer miethod and log rank test was: used for survival time. Stausti
survivnl curves were evaluated using the log-rank. test. P ovalues less than 005 were

acceptedias signiticant
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RESULTS

Clinicopathological parameters characterizing breast cancer
patients group:

Fhe veneral characterizations of hreast cancer patients group were represented in

able (31 The table showed that all cases were of histological grades 1 (83%) and grade 1

(1 7% and clinseal stage [1E70%) and stage HE (0% With respeet 16 tamor size (60) Ma) of

cases had wimor size < 3 em) while 40 % were (»5 em) lvmph node ivolvement were

A

pathologicallyv detected in 37% of cases while 63% were firee. 40% ol cases were negative

estrogen receptor (E Ry while 60% were positive. 47% ol cases were negative progesterone

receptor (PRI while 3% were positive. 37%; ol cases were negative Her-2 while 43%

were positive. Vascular invastol was observed i 70%g ot cases. while 30" were positive

Furthermore 2 patents only  (6,7%) developed  metastasis during  follow up period

(2 vears)

Table (3):  Clinicopathological parameters and general characterization of patients
of malignant group involving histological grade, clinical stage, tumor size,
hmph node involvement, ER, PR status, Her-2 and yvascular invasion.

Number Percent

! Yarameter
| ' (N) (V)
Histological Grade [l 23 83
| [ B |7
i(”liniu:il stage I 1] 70
[11 4 3
lumor size 3 | ¥ il
3 L 40
|
ILymph node -ve 4} H
Ty olvement e ! 37
F R status Ve i 40
+ve 18 fyt)
PR status -V ) 47
W | 6 S3
Her-2 -ye 17 37
+ve by 43
Vascular Invasion -V Y a0
tye 2l 70
Metastasis A R Y33
+Hye ) 6.7
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Resulls

Biochemical results

Results of serum Bel-2 (ng/ml)

Indis idual data range and mean S.1oaalues af Bel-2 (ng'ml) in normal control
subjects. and breast cancer patients group. before surgery . one month after surgery and
atter 6 eyeles of chemotherapy. were shown in table H) and ilusteated in ¢ (Figure 5.

Stanistical analyses of these results were represented in table (3).
|

As presented in table (41 serum Bel-2 Lnnwmraum] {ngfm I'] was f.‘l'rn_ud f‘i‘t‘:m’(]’ ﬁf](‘]
10 309 with @ mean value of 0937 © 0166 1 nor
7368 with o mean valie of 2854 © 0.327 in breast Ldnupl p.mem:; helme xuu_en Il‘um
086014 737 with a mean value of 2.35 + 0.206 one month after surgery and frum 0.00 100

6.6 2 withameanvalue of 1.943 10245 after six cyeles of chemotherapy.
1

e staustical analyses of these results revealed thal the levels of serum Bel-2 of
“breast cancer patients either before oralter one month of \ngt.f'\r as well as dtter 6 eyele of
chemotherapy were significantly higher than those of contral group. It was also noticed
that serum Bel=2 level of breast cancer patients which was significantly similar to those
after one month of surgers. significantly decreased alter 6 eveles of chemotherapy. On
compurmg the level of this parameter atter breyeles ol chl.nmthcmp\ with those after one
month of surgery thedifference was significant.




Table (4) Serum Bel-2 values (ng/ml) in normal control subjects and breast cancer
patients group before surgery, one month after surgery and after 6 cveles of

chemaotherapy

Normal Control Breast cancer patients group (n = 30) F
N Subjects _ | . _
P BTG PeR After 1 month of After 6 eveles of
) surgery chemaotherapy
(1629 2524 | 366 166
2 | 8117 Y60 2506 . [ 823
3 (000 2515 11166 : (). 995
4 15320 3513 RIRER] [ 3i52
S X 4648 $.5395 20995
6 Ry Y.OR7 3780 . | 543
7 I 423 0.659 |.825 | 166
|8 2410 0.146 3780 | 3.754
Y (), 738 7308 V96 0012
| () ), I RO 3,589 [ |.258
11 (00 2 251 [.360 | (4K
|} (008 1.586 i 1.365 - 0851
13 3096 | 300 RIOR (). 738
| 14 | 396 2660 () 86O 2.324
| ]S (A8 IRy 1. 434 2153
|6y (1000 (). 780 | [.260 | (632
17 (.323 5,172 | 3,995 | 4.125 -
By {1 6GOY 3125 (. 8N60 . [.8O3
19 (1.734 (.65 143 | 1139
() (3. 700 ().504 . Y0 |.258D
2 410 2639 | 934 | 1.738
| 22 (0.394 639 1137 1609
. i, |.756 5 146 | 304 0000
2 () .0943 D024 2332 | 337
25 () I 4 8354 4 738 ().995
26 NE O S L5310 95 | 2.067
57 (gGA | ().943 I35 | (0.309
28 0.620 2 66() g | 2.067
29 ) 237 5407 | 2 8606 . 3.988
) (0.278 3.940 3,138 } 2,153
Ranpe 0.000-3.096 (146 T,MaRQ 0866 « 4.737| 0000 6.612
Mean @ SE (937 + 0.106; 2854 +0.327] 2350 | (0,206, 1.943 ¢+ 0245 |
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Fable (5): Phe statistical analysis of serum Bel-2 values (ng/ml) in normal control
subjects and breast cancer patients group before surgery, one month after surgery
and after 6 ¢y cles of chemotherapy

Breast cancer patients group (n = 30)
Normal Control p - P
T = After one month After 6 eveles of
Subjects (n = 30) Before surgery | _ A
‘ of surgery chemotherapy
Se . ) B i . B
erum 0937 1 U 16 FWSH 5 ) 3D DRI 0).206 1943 1 0243
Bel-2
P 0001 0001 0001
b2 I 0.01"
) {049
F ey o s

Pl values compared o normal control subjects

P2 vilues compared ta breast cancer pauents group betore surgery.

P3:values compared to breast cancer patients group after one month ol surgery

o Significantly ditterent trom control group.

# o Significantly different from breast cancer patients group betore surgery
Siemficanth ditterent from breast cancer patients group after one month of surgery

Signiicance was considered at the lexel of P-= salue <003,
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Figure 25: Bar chart reprewmmg the Mean £ S.E of liufz (ng/ml) in normal control

subjects and breast cancer patients before surgery, after one month of surgery and

after 6 cycles of chemotherapy. {

= Swticantly difterent frane control group. 1.

& Sigmficantly ditferent from hreast cancer patients eroup hefare sureery.
Significantly different from breast cancer patients group atier: wm,lmnmh af srgery,

Stzniticance was considered at the level of P-value (103

|
1
|
|
|
|
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Results of serum Bax (ng/ml) g

Individual data range and mean + SIE values of Bax (ng/mb) in Aormal control
subjegts. and Bredst cancer patients: group. hetore ﬁtllpdl'k one month after surgery and
after 6 cycles of chemotherapy. were shown in table (0) and illustrated in (Figure 26).
Statistical analyses of these results were represented in _l.db_ie (7).

As presented mtable (6). serum Bax concentr ation (ng/ml) was ranged from 30.72
W 1087 with a mean value of 75.7 ¢+ 3.94 in normal control subjects. from 10, 19w u7.14
with b mean value of 671 1+ 3.6 in breast cancer patients before surgery. from 10.8 to
101. '1'”’ with a mean value of 68.5 1374 one month after surgery and from | 1._8_8. 6 129.51

with 4 mein value or63 37 + 321 after o eyeles of Lhmehme\

The statistical analy ses ol these resulis R\"e;lied that the level of serum Bax in
breast cancer patients either betore or after one month of hm{_en ascwell as after 6 eveles
‘of chemotherapy were nearhy within the same range and (n-\rummnnﬂx Jess than those of

contral group:
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Table (6): Scrum Bax values (ng/ml) in normal control subjects and breast cancer

patients group before surgery, one month after surgery

chemotherapy

and after 6 cyeles of

Range

Mean +

No

Si

Normal Contraol
Subjects (n = 30)

R)-22
915 5
[0 86
W R
10870
tiy ()72
S 749
O 7
90
39 14
3767
SE.52
S0
80.26)

5579

12 44
107 .44

)7
7020
008G
102 86
(6982
LOg 70
(6 .()2
OO, 7Y
G017
8209
(4. 1Y
¥ dl oY
98.37
072 TORTY

7370 384

Before surgery

A0 5 I

40 36

97.14
82.34
78.21
43.37
6407

After 1 month of

surgery
8 Q1 o

4703

TT 18
7.2
67.81
07T 34

14588

10).80)
71.05
76.82
10021
[0.80
685 ¢ 3.7

101.72

4

Breast cancer patients group (n = 30)

Aflter 6 cveles of
chemotherapy

| 680
63.65
U
Q207
46:49
6241
200
4611
36.63
0] 37
97.28
83 88
H8.03
6021
2526
66.63
104.26
5519

3899

| 288 — 129.51
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Table (7): The statistical analyvsis of serum Bax values (ng/ml) in normal control
subjects and hreast cancer patients group before surgery, one month after surgery

and after 6 cveles of chemotherapy

L

P1ovalues compared 1o normal contral subjeets

P2 values compared 1o breast cancer patients group betore »-«urgTr}

Normal . Breast _ca_Lx'etr pai__t;ie-ms group (n=_39]_ )
Control Subjects Before  After 1 Aftér 6 cycles of
(n=30) Surgery ! m'unlﬁ of surger chemotherapy
Bax 757 1.94 67.1 10 36 T ':(18.5':' v 307
P 0147 023 0.
. YT 0360
m ] o o441 |

P walies compared o breast caneer patients group after one mwonth ot surgery




e Biecast caneel p...u'l.*n.l-é':m aup =ty

Wl T 1
alh 7 '
i o T -[
| | I
_g i) |
-; S !
T
W i
@ W |
.\§ i {
|
H |
{
!
1 _
{
0 ; ; .
Betole sungery Atter | 'm'c-'>'|_+h of sunger After 6 cyeles of
chemotlielapy
1
Pt il € oty ool Suliects 1. B
i
1

er one month of surgery and

subjects and breast cancer patients before surgery, a

Figure 26: Bar chart representing the Mean + S u.f‘;iax (ng/ml) in normal control
after 6 evceles of fhtmﬂlhe.ra[}}?. ¢
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Results

Results of serum P53 (U/ml)

Individual data range and mean © S.E

afier 6 oveles of chemotherapy. were shown i table (8
Statistical analyvses ol these results were represented in tabl

As presented in table (8). serum PS3 concentration (

SU8K8 wath a nrean value of 3327 0,133 in normal contr
dst cidneer 17;[[1'.]1[‘- hetore surgery. from 1.139 10
surgery and from 1.030 10 4.759

with a4 mean value of 2411 - 00104 10 bre
313 with a mcan value of 2305 10,143 one month

e

5 LI.IUL“’\ ,_i___!_l';
subjects. and breast cancer patients group. belore surger

P33 (U'mly in normal control

oone month alter surgery and
and illustrated in (Figure 27).
e (9).

{iml) was ranged from 2.177 to
ol subjects. from 1.58 to 4.059

with a mean value of 22255 + 0,153 after six eyeles u‘fl'-a‘:i"l-cnr.ul-hc_rdpg.‘

The statistical analyses of these results revealed that the levels of serum PS3 of breast

cancel patients either betore or after one month of surge

chemotherapy were significantly less than those of contro
sertinm P33 level of breast cancer patients before surgery w
cvele of chemotherapy. On comparing the level of this
surgery and those atter 6 eyele of chemotherapy the differe

v as well as alter 6 eyele of
group. 11 was also noticed that
s significantly decreased after 6
parameter after one month of
nce was not significant

|
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Table (8): Serum P33 values (U/ml) in normal control subjects and breast cancer
patients group before surgery, one month after surgery and after 6 cveles of
chemaotherapy

) Normai Controi Breast cancer patients group (n = 30)
Subjects (n = 30) Before suroery | Ater 1 month of \fter 6 cycles of
o
! ’ | s I'gt‘l'_\__ B { . L'_'!_U_IH!"!.{_‘I'HPE ]
; 3800 ) 030 3145 2823
j AR TTT A6 17y 2823
| . ak 5k L705 | 1061 | 2446
4 3091 640 1.694 | 694 [
: 0T 1855 | 1016 I 801
6| 1785 | 2823 | 1876 2 661
3048 | 0124 | L0602 | | 747
" 2715 2661 | 1339 | 2 302
9 3109 | 962 1,354 2554
0 3952 2553 | 1965 | 549
¥ 588 TETT 13068
17 | 2084 2661 1.930 2876 .
I 2930 1339 1124 2339
w | 3629 2.070 2016 | 855
5 1038 ! 2070 1330 ' | 835
s 3 844 ® 134 1.532 | 855
| l yoA0) Y 2607 3.1 34 S
‘ I8 3.360 11962 694 1 747
» 3.683 4.059 j414 1039
oy 3,522 7339 1909 1.747
. Sy A I 345 | {375 ' | 031
i' ﬂ ' 3. 360 ' 2608 ' 2.070 ' B2
| 5| 1080 | 214 | 177 2339
| s 2094 | Li4s | R
3z 4.8061) ' I 66O 456 1280
0 3439 170E | RECI 3,300
i 34 Vddl | 1446: | 2,070
S | 346 | 2608 1876 3145
o | 3480 82 | 376 1259 __ﬁ
s | 3349 | 1924 | L7 | | 269
Range 2077 3088 .58 4.059 1139 5.134 1.030 4.759
Mean £ SI Y307 1 4).133 2400 #0104 2303 1 0,143 2,255 01)33
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Table (9): The statistical analysis of serum P33 values (U/ml) in normal control
subjects and breast cancer patients group before surgery, one month after surgery
and after 6 ey cles of chemotherapy

. Breast cancer pati ints sroup (n = 30
Normal Control P ﬂ .g P | )_ = =
Subjeetsin =30 | pemresirgers | per)monthiof | Mierfcyelesiof |
R surgen - chemotherapy
AT 13y |8 6l 25 T3 3955 ;) 153
Serum P53 L i R 2 241060 01044 2305 1 01435 2255 1 (158 |
T T - .
P, 00" < 0.001 <0.001
p- | 0.122 0.049"
I g | 0,198
L ﬁﬁ

P1.values compared to nonmal control subjects.

P2 values compared to breast cancer patients group helore surgery .

P3 values compared 1o hreast cancer patients group after one month of surgery |
* Significanty different from control group. .

# 0 Signiticanthy ditterent from breast cancer patients group belare surgery
Significance was considered at the level of P- value <0.05.
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Figure (27): Bar chart representing the Mean + S.E of P33 (U/ml) in normal control
subjects and breast cancer patients before surgery, after one month of surgery and
after 6 eveles of chemotherapy.

* cSienmilicantly difterent from control group:
# - Signiticantly different from breast cancer patients group belore surgery.
Significance was considered at the level of P- value =003
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Rosultl s

Results of serum CA 15.3 (IU/ml)

[ndividual data range and mean + SE valdes of CAC 1S3 (U/mD) in normal control
sthjeets. and breast cancer patents grou. hefore surgery . one month after surgery and.
after b eveles ol chemotherapy. were seen in table (10) and illustrated in (Figure 28).
Statistical analysés of these results are represented v table (1),

As presented n table (10}, the serum CATS:3 -ce{nc.«:ﬁt'l'.ail-i-i.ar"l (I ml) was ranged
from 0145 10 29.267 with a mican value of 16.94 1+ 0.835 in normal control subjects. from
10447 10 56149 with o mean value of 2492 + | 823 in breast cancer patients before
surgery. from 1101 10 53368 with a mean value of 23,943 ¢+ 1.77 one month after surgery
and frons 10015 W 65772 with @ mean value of 20.61 + 1.89 alter six cycles of
chemotherapy '

The statstical analyses of these results revealed that the levels of serum CATS 3
breast cancer patients either before or after one month of surgery were nearly within the
same range and significantly higher than those of control group. After 6 cycle of
chemptherapy. the level of the parameter was insignificantly higher than those of control
group. significantly decrease than those off before :-';t-l"l'é-_iel‘-_'\ and showed insignificant
ditterence when compared with those after one month of syreers
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Table (10) Serum CALS.3 values (1U/ml) in normal control subjects and breast cancer
patients group before surgery, one month after surgery and after 6 cyeles of

chematherapy

Normal C antrol

Breast cancer patients group (n = 30)

Mean = SE 1OO4 + ().83

2492 4 1 823

e Subjects (n =30) , After 1 month of = After 6 cycles of
Befors Sugeny surgery chemotherapy
i | 7.000) S A0 122671 12816
2 20207 [ 2547 I 4262 l4.33]1
) 1340 39.070 110010 1] 795
4 17.245 2322 24 972 22277
5 IR 405 27001 79 3509 2() 888
I { 12,799 (). 447 JGiR2D 34,200
' ' ALY 16,300 55368 19,563
8 16,371 23.415 70,368 4082 |
4 17.632 18788 19 589 11.598
| 10 15,108 8,356 26,358 22037
| 1 ) 464 32359 16.289 11369
|2 10371 17 s00) 23 (37 19236
! 13 | 17808 18.199 17.047 20,008
| 14 ' 18,409 13.658 19.607 19.()74
15 12.729 11.847 26,741 24020
_ |y ' [8.040) 18.6]12 17.620 18372
| 17 | 19813 23398 1 7:634 23 489
t_ 8 ' 17857 14 348 38390 63.772
19 17472 16.028 17.794 22.589
l 20 ' 22584 19.740) 19,740 12149
2l ! 10,629 25.900) 11.254 11964
S | 19051 317.994 37397 28758
| 13,500 28898 25934 20,751
34 ' 13500 12.250) 32876 7125
I3 ' L0500 29 480 29 ()25 10,241
6 f et ) V32206 17 S48 27839
37 | 9,145 50.149 14,255 19.067
28 | 17.363 24.615 19,408 22,669
29 | 12.589 25.479 25476 10.015
30 | 5% 313280 3] 458 11.046
Ruange 0145 29267 10447 56140 .01 33368 10.015 63772

20.61 + 1.89
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Table (11): The statistical analysis of serum CA15.3 values (1U/ml) in normal control
subjects and breast cancer patients group before surgery, one month after Surgery
and after 6 cycles of chemotherapy.

i -
Breast cancer patients group (n = 30)
Normal Control Af
o ; After one - .
Subjects (n = 30) Before BY DS After 6 eveles of
_ month of >
surgery chemaotherapy
_ surgery :
Serum CA15.3 16:04 + 0.835 | 2492+ 1.823 | 23945+ 177 | 20.61 £ 1.89
p 0001 0002 0.076
p (.349 0043
p (0.072

Pl values compared o normal control subjects

P2: values compared to breast cancer patients group before surgery

P3- values compared to breast cancer patients group after oiie month of surgers
*oo Signiticantly ditferent from contral group

Stgniticantly difterent from breast cancer patients group before surgery

Sigmhcance was constdered gt the tesel of P=yalue <0.03
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Figure 28: Bar chart representing the Mean £ S.E '.l*f CAISS (IU/ml) in normal
control subjeets and breast cancer patients before 7u reery, after one month of
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Correlations between the studied biochemical parameters and F
clinico-pathological parameters: :
According to table (12) and (Figures 29-34). Bel-2 showed significant inversely }
correlation with ER and Her-2 (P 0.015. 0.045). Also P33 showed significant positive t:
correlated with TR and sigmiicant imverse correlation with vascular imvasion (P 0.031. 5‘
00045 Moreover. CATS 3 showed a significant positive correlation with either tumor size g
or chimieal stage (P 0.01. 0.028) ;
|

s , ; . | ) 2
lable (12): Corrclations  between  the studied  biochemical  parameters and J
clinico-pathological parameters of the malignant group before surgery: |
- ) Biochemical parameters e

’ Climico-pathological 3
‘ arameter Bel-2 Bax - CA 153 i
pUFAMELErs : PS3 (U/ml) ; i
(ng/ml) (ng/ml) (IU/ml) fiz:

E

L:

) I 4R [ AT () A0S £ F ]2l |
ER - ) ‘ =
P 0.015% 0510 0.051 {1446 B

4

r {02237 (.020 0.206 0197 {'

PR - I
P 0.228 0.877 (0.274 (0.296 b

| ii"

| r -0.304 -0.089 0.000 -(.587 I

| Her-2 ‘ i
: p (G0 )6G3Y | (.10 £
N r (0.008 -0.163 (.024 (), 464 i
umor size _ _ i
p 0.967 0.383 0.901 001% i

3 e == = &

&

_ r 0.128 0.012 D172 -0.084

Iymph nodes involved ) ) o ) | 5
P (). a1 ().9510) {h. 363 (1 HAY i
jl .

_ ) r -0.076 (.1 64 -0.513 <(.153 E
Vascular invasion B - B
I p {164 () 3IRT () ()l * 412 i

T - = o o 1T 1 s 3 :
Fumor pathological ' -0.072 (0.140 f20).2 036
grade p (1.7004 0.462 () 283 (1 K3
| |
' r 0.156 0,214 -0.093 0.408
Chinical stage o . ) i
P Q412 ().255 ().627 0028*

- ¥

g

o Spearman coctticient Statistically significanvat p <0.03 ;
L
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Resulh g

Serum Bel-2 (ng/ml)

T T T T i

{ .z 0d i & 03
Her.Z

e e &

Figure 29: Correlations between Her-2 and Serum Bel-2 (ng/ml).

Serum Bel-2 (ng/ml)

ER

Figure 30: Correlations between ER and Serum Bél;z_(n};fml-),
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Results

Serum P53 (UW/ml)

p—
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Fi__gu're 31 Correlations between ER and Serum P33 (U

Serum P53 (Uiml)
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|
Figure 32: Correlations between vascular invasion and Serum P33 (U/ml). |

75




Besul bs

[
=T
i3

A
=0
|

=

210

Serum CA15.3 (IU/ml)
1

103

% | |
- T :T. r
i 1 2 § 4
i
|

Clinical stage

Figure 33: Correlations between tumor clinica I stages and Serum CA1S.3 (11 /ml).
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Figure 34: Correlations between tumor size and Serum ’ﬁ‘A 15.3 (1U/ml).
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Correlations between serum Bel-2, Bax and P33 levels of

malignant group before surgery, after one month of surgery and

after 6 cyveles of chemotherapy:

According 1o table (13) and (FigardSy PS5 showed @ significant inverse correlation

with [3¢l-2

Lable -13: Correlations between the serum P33, serum Bel-2 and serum Bax levels of
malignant group before surgery, after one month of surgery and after 6 cveles of

chematherapy

e ——

_! Bel-2 Bax
Parameter
(ng/ml) (ng/ml)
r A-415 0116
_: Before surgery
' p ().023 * 0.381
= . ) r (.096 Q126
P53 After 1 month of
[lcp1y ureery .
(E'/ml) surger p 0.614 0512
‘ _ r () 08 (.069
After 6 eyeles of
chemotherapy B
L& i) t i[ b l’) “_[_‘42 (1.7 [ -

P 0005 was considered significam
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Figure 35: Correlation between the serum P33 and seru ‘n Bel-2.
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Comparison between the values of serum Bel-2, P33 and CA15.3
as diagnostic markers in breast cancer patients using the
receiver operating characteristic (ROC) curve a nalyses:

Fhe ROC curve analysis was used 1o compure the diagnostic values of Bel-2. P33
and CATS S depending on the area under the ROC curve (AUCY | ie higher AUC
corresponds 1o abetter diagnostic test. Serum Bel-2 showed significant AUC (84.1). P<
BLOOT with sensitivity (77%) and speeiticity (76%) at @ cut off value (1.47). Serum P33
showed sigmificant AUC (85.6). P < 0.001 with sensitivity (80%) and spectficity (87%) at a
cut off value (2.82) Serum CAT5.3 showed significant AUC (7615, P -~ 0.001 with
sensitivity (47% ) and specificity (100%0 atacut off value (25) table (14

Based on the levels of serum Bel-2. PS3 and CA15.3 in breast cancer patients group.

the ROC curves of the parameters were constructed as shown in (Figures 36&37).
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Figure 36: Graphical representation of the ROC curves for serum Bel-2 and CA15.3
in breast cancer patients before surgery.
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Agure 370 Graphical representation of the curve for serum P33 i eas
Figure 37: Graphical representation of the ROC curve | P53 in breast
cancer patients before surgery.,

Table (14): The ROC curve-based characteristies for serum Bel-2, P53 and CA15.3 in
breast cancer patients before surgery

Variabl Arcea under  Asymptomatic Cut-off  Sensitivity  Specificity
Arianies i i
the curve (o) significance value az o
|

PPS3 o

B30 ~0.001° 2582 SU 87
(U/ ml)
Bel-2 -

h o 0.001* | 47 77 76
(ng/ ml)

53 = ot =

CATE 76, | (.00 23 47 | ()
[H /ml) | ,

* Significance was considered at P-value = 0.05
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Prognostic values of serum Bel-2, P53 and CA 15.3 in breast
cancer patients before surgery '

Tostudy the prognostic value of these parameters. the Kaplan Meir disease free
sursival (DESY curves were constructed. As shown in Figure (38-40) Kaplan Meir Survival
curves for breast cancer patients before surgers revealed lL-:-_t-,l patients with elevated serum
Bel-20 P33 and CATS.3 higher than their corresponding cut off points were not statically
different trom those with low levels according log rank P= 0.34. 0.5 and 0.069
respectively.

i R I
B 14 ng il
IR
= i log rank |- = 1i 4
't::
- V) o
- S
E t?l b
- :
= M
B B:kl =14 ng ml
(Rt e ¥ 2 5
:;i.n
10 I 10 Rl a0

Time (,mo_nths-)

Figure 38: Kaplan Meir DFS of breast cancer patients before surgery in relation
to serum Bel-2.
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Figure 39: Kaplan Meir DFES of breast cancer patients before surgery in relation
to serum P53.
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Figure 40: Kaplan Meir DFS of breast cancer patients before surgery in relation
to serum CA15.3. |
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DISCUSSION

Breast cancer s the commonest cause of cancer death in women worldwide and
invasive ductal carcimonma s the most frequent type: constituting up to 75% of cases. "' It
iy an immensely heterogencous disease. characterized by a broad variety of clinical
development. The presence of molecular mechanisms affects tumor growth. proliferation,
progression and metastatic potential. This limits signiticantly the prognostic value of TNM
staging sustem therelore: various biomarkers are used as complement to the clinico-
pathological staging m order o rdentify patients at higher risk of relapse (who need more

ol TR

dgaressiv e systemie treatment ).,

e

Biomarkers accepted forelinieal use in breast cancer. such as CA 15.3. CEA and
CA 2729 have low sensitivity and specificity. and are thus more useful for patients at
an advanced stage ol hreast cancer rather than for early cancer diagnosis. So. there
15w need dor new parameters o help in diagnosis and prognosis of primary breast

canuet

Over the last several vears. researches on the role of apoptosis in malignaney in
general and in bréast cancer in particular had increased. "' Apoptotic markers are now
berng myesticated and have arole in detectung the progression of cancer and its response 1o
varions chemotherapeutic agents, "

Apoptosis programmed cell death 18 an actively regulated cellular process. that leads
1o the destruction ol individual cells. It plavs a eritical role in a variety of physiological
processes durmg tetal deselopment and in adult lite and can be triggered by several stimuli
such as radiauon. drugs: and toxins, The apoptouce process is controlled by several genes
includmy (P35 Belv. Bay and Bak) and represses by (Bel-2. BIxL and Mel-1). The
balance between expressions ol these genes regulated the cell cyele and apoptosis. This
balance 15 regulated by other stimuli such as PS3 proteins or estrogen receptors in breast
carcinomas Faeess of Bel-2 promotes cell survival by inhibiting apoptosis. whereas excess
of Bas acevlerates cell death. "™ So in the present study. Bel-2. Bax. P33 and CA15.3
were evaluaned and correlated with elimeo-pathological parameters.

Inmianohistochenncal staining 1s the most common method applied for evaluation ot
different Oncogenes. ™ In the present study. serum Bel-2. Bax and P53 levels were
estimated noserum tsing an Elisa technique. This technique allows tor the easy
quantitication of - Bel-20 Bax and PS3 levels. especially in serum, In addition. the serum
assay tor an oncoprotemns can be casily and trequently performed because of its minimal
invasis eness compared with surgically obtained tissue material. '

Bol-2 s one protem which is able 1o block most proapoptotic stimuli. "7 and
theretore promote cell sarvival, Bel-2 family proteins regualate the intrinsic mitochondrial
apoptosis pathway that respongds 1o numerous. stress stimuli. such as DNA damage or
deprivation ol growth factors. "™ When activated. this pathway leads to the
permeabilizaton of the mitochondrial outer membrane and release of proapoptotic factors
such as extochrome ¢ that activate the caspase cascade. (88 prosurvival members. such as
Bel-20 muamtain the mtegrity of mitochondria by preventing pro-apoptotic proteins such as
Bax or Bak from mitiating this pathway. "™ Although Bel-2 prevents apoptosis. it also
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Discussion

FRY T

inhibits proliteration: "™ these two processes involye independent pathways that are

repulated difterently LR

iy the present study. serum level of Bel-2 was significantly higher in breast cancer
patients betore surgery than in normal healthy controls. These results agree with Mahdy et
al 20011 and Kallel-Bayoudh et al 2011, """ who reported high level of Bel-2 in breast
cancer paticnts than normal controls. Previously it was reported that Bel-2 was first
discovered i B oeells malignancies: """ specific translocation moves Bel-2 gene from its
normal location at 18q21 into the locus at 14g32. resulting in the permanent activation of

] - = - |ty - . . .
Bel-2 gene and overproduetion of Bel-2 protein. "™ These studies may explain at least in
part our findimgs

Lhe substantial increase of Bel-2 among cancer cells points to a potentially critical
role of this upoptosis suppressor protein in breast cancer progression. Overexpression of
Bel-2 protem may serve as determinator of an advantageous cell survival in breast tumor
cellsculimately Teading o tamor progression and metastases. This hypothesis is supported
by previows studies in experimental invivo model, 7

Mier one month o mastectomy and removal of the whole affected breast including
the malignant mass. we expect that the level of Bel-2 will be decreased than its value
betore sureery. but the comparative analysis showed insignificant difference between
them: Tiview of these results. we can hypothesis two possible probabilities that may be
responsible for maintaining the high level of Bel-2: the first may be referred to the
presence ol tree creulating malignant cells that already escaped from the primary tumor.
The second may be due 1w incomplete elearance of this protem from the circulation.

[he approachi of chemotherapy for cancer patients was generally by intravenous
admimistration. Dreugs play their role by entering the blood circulation. therefore circulating
cancer cells contact the chemotherapy drug. The results of our study demonstrated that the
level of serume Bel-2 level atter 6 evele of chemotherapy was statistically decreased than
that atler one month ol surgers. [t is well known that chemotherapeutic treatment
stgnilicantly act on apoptosis and that interaction with Bel-2 play a prominent role in this
mechanism of action. " Therefore we can now convineed that this fact largely explain
our findings reported in the present study

Hlowever after caompleting six evele ol chemotherapy. patients included in this study
were followed up chimaally. radiological and laboratory for observation of any recurrence

O Melastasts

On following the hreast cancer patients for 24 months. 1wo patients had metastasis.
whereas 28 patients were free of metastasis. This result may lead us to predict that in at
least some human cancer. Bel-2 appear to promote metastasis. The development of
metastasis and treatment failure of patients receiving the first line of chemotherapy could
be explumned by previously rdtsed hypothesis that high serum Bel-2 concentration may
cause resistanee 1o treatment by inhibiting apoptosis in cancer gell. " As some

chemaotheraptic regimens including FAC. induce apoptosis. protectionzfrom apoptotic cell
death by Bel-2 could prevent these drugs from working properly and!perhaps these cells

will be the souree ol metastasis,
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L this study we Tound no significant association between serum Bel-2 ) protein and
disease free survival. Our results indicate that Bel-2 was not independent prognostic
marker.

Many reports disagree with our results as they found that high level of Bel-2 was an
independent progiostic factor for breast cancer patients """ while other studies. as well
as the present study. determined Bel-2 protein expression 1o be not an independent
significant prognostic factor. " """ The determination of Bel-2 protein expression as
wdependent significant factor or not is due to the relationship between Bel-2 protein

e e e T e T (s

expression and the other variables included in the multivariate models. *'" 2
[he relationship between Bel-2 and clinico-pathological characteristics had been i
mvestigated . We found that i spite of its role opposing wmor cell death: Bel-2 is r
assaciated with biologieal features of the tumors which define a better prognosis. such as 3:
hormone receptors. Her-2 and mutant PS3. This may in great part explain why Bel-2 has E
been tound 1o correlate with a better prognosis for breast cancer. [t remiains unclear why F
Bel-2 sould act as anti-apoplotic protein confers favorable prognosis out come. Several i
explanations have been put forward. For example. it has been demonstrated that the !?
expression ol Bel-2 suppresses the proliferation of dt‘\-'i:fopim_ leukemia cells *"' by a cell ;
evele-imhibiton tunctuon. suggesting that overexpression of the Bel-2 gene might delay the £
growth ol cancer cells Morcover. it has been suggested the Bel-2 protein overexpression i
may have a proapoptotic function in some circumstances by increasing the half-life of Bax i
profein i
4
Bix Is one of the main effectors in breast cancer. However. in contrast with anti- -
apaptotic protem Bel=20 there are relatively few clinical studies on the biological role of &
Bax 10 breast cancer. Bax expression was directly related to the expression of one of the :
main anti-apoptotic gene Bel-2. This is not surprising. since it is well known that in breast %

cancer. the halanee between the expressions of both genes is an important regulator of

ol

SRR

apoplosis,

b the present swidy - i was found that serum Baxs levels in breast cancer patients
either betore or alter one month of surgery as well as after six cycle of chemotherapy were
nearly within the same range and similar o the control value. This result is supported by
histopathological finding previously performied by Vargas-Roig et al 2008. ' who stated
that intensity of nuclear Bax expression was weak or moderate ||1-breasl cancer cells and
didn't change signiticantly after drug administration,

TR

T

I addinon we tound no correlation between serum Bax level in breast cancer !
paticnts and the available clinico-pathological parameters of the tumors which could be -
tested . However the present study comprised of a relatively low number of patient and o
available twmor features were relatively few. Bax plays such a fundamental role 3
apoptosis that s hardly imaginable that it lacks any biological link to other basic molecular
process i breast tmor cells. Putting this in mind. we must extend our study to a large
nunther of saniples g

Lhe pad tumor suppressor gene Is an important negative: regulator of cellular =
proliteration. The p33 gene product is induced in response to DNA damage. Evidence
shows that the expression ol pd3 protein leads 1o cell eyele arrest in G 1 and in some cases

o q21K22 - [

to programmed cell death. or apoptosis, " Arrest of the cell cycle. presumably to ‘-
| &

3
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Discussion

alfow far DN repair. as well as apoptosis. prevents the replication of damaged DNA and
the subsequent propagation of genetic defects. This DNA replication control mechanism

mamntpins hdehiny in chromosomal transmission and has earned P33 the title “guardian of

the g¢nonie ” Vicrunons in pa3 - lead 1o loss of its cell growth regulatory function.
resulting i accelerated cell growth and inereased DNA  mutation frequency. The

unchecked propagation of these mutations is thought 1o contribute to the development of

human cineers, '

Ihe resull of the present study showed that serum P33 level was significantly lower
i breast cancer patients than normal control group and correlated with estrogen receptors.
I comrast. Nadasio e al 2007, 77 found that the level of P53 protein in breast cancer
patients were up reeulated and associated with estrogen receptors. He speculated that.
positive ER i breast cancer patients forms complexes with the amino-terminus of P33 and
protect it trom depradation. Therefore. the low level of P53 observed in our study may be
explained by refative small number of Positive cases. “=! As P33 is a tumor suppressor
profei sah proapoptatic properties. it is logic to have lower level of P53 in breast cancer
paticnts compare wath normal control which is the finding ol the present study. However.
no signiticant change was observed m serum P53 levels after one month of surgery and
after sin evele ol chemotherapy . This means that P33 protein has no role in monitoring the
response ol bregst cancer patients to surgery and chemotherapy. =

I this study we lound no - significant association between serum P33 protein and
discase free survival. These results agree with Gunel et al 2002, " who found no
signiticant correlanion between disease free survival and P33, In contrast Allred et al
1900 " found that P33 was the most significant independent predictor of reduced

disease (ree sury ival

Fhe velavonship between P33 and clinico-pathological characteristic had been
mvestigated. We found that. P33 is correlated with estrogen receptors and negatively
correlated with vascular mvasion these finding may indicate that P53 is a favorable
prognastie marker :

Vi verse conelation between Bel-2 and P33 in breast cancer had been reported in
several studies. 7 our data confirmed a strong inverse relationship between Bel-2 and
P53 sugeesting that the mutation or in activation of P33 dre some how related to regulation
of Bel-2 in hreast cancer Consistent with these tindings. Halder et al 1994, ** stated that
transtection of mutant P33 into PS3 wild type breast cancer cell line suppresses Bel-2. It is
possible that the dual mechanism may be active at different times during the carcinogenic
process. 1w hich both Bel-2 and P33 interfere with each other's regulatory process, '

Alsas ot study indieates that there s no relation between P33 and Bax. This result is
supported with histopathological studies by Ali et al 2006, 7" who stated that mutation or
inactivation of P33 m breast caneer patients being unable to promote gene expression after
drues admimstration

CATY S is the mucin=1 marker that is the most widely used serum marker in breast
cancer  Currently . ars main uses are in survetllances of patients with diagnosed discase
and monitorimg  the weamment o patients with advanced disease. C'A15.3 has been
implicated e cell adhesion. immunity and metastasis compared with healthy breast tissue.
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Discussion

Fhe evaluation of serum samples obtained from 30 women with breast cancer
revealed sigmificant higher CATS3 levels than normal healthy women. At the same time.
the present results showed that serum CA15.3 was significantly correlated with tumor size
and climeal stage. These results indicate that high levels of CA13.3 appear to be related to
tumor burden orimply the presence of malignant disease. These results supported the study
of Hewala ot al 2012 7" Morcover. similar results were reported by Dufty 1999, % and
Duggati ¢ al 2004 " who stated that high preoperative CA15.3 predicts adverse outcome
mnpatients with bredst cancer

Alter one inonth of mastectomy. we expect that the level of CA15.3 will be
significantly decreased than its level before surgery but the comparative analysis showed
insigniticant decline between hreast cancer patients™ level of CA135.3 before and after one
month ol streery and sull significantly higher than control value. This result may be
attributed o the long halt life of CA13.3 previously reported by Kerin et al 1989. ™ who
stated thate simee CAT5.3 has a long half life. a signiticant drop in CA15.3 antigen may not
becotne obvious until three months atter removal of the bulk mass of the tumor.

However. msignificant difference was observed in serum CA15.3 levels either after
one nonth ol surgery or after siv eyele ol chemotherapy. This means that serum CA15.3
protein has noorole i monitoring the response of” breast cancer patients to surgery and
chemotherapy . Although many studies ™ reported that serum CAI3.3 play a role in
monitorpg the response ol breast cancer patients 1o therapy. the absence of this role of
CATS S i the present studs may be due o small sample! size including in this study. In
addition we can atribute the signiticant higher level of CA15.3 than normal control value
to the tovic effeet of the drug on normal epithelia and rebound neutrophilia. "

Lhie signiicant elevation i Serum levels of Bel-2 and CA15.3 and the significant
dechine 1 the scrum level of PS3 in breast cancer patiemts before surgery compared to
normal controls sugeest the possibility of using anyone of these parameters for diagnosis
of breast cancer. o differentiate the breast cancer patients from normal healthy controls.
[his direeted us o compare the diagnostic values of these parameters to determine which
of thenm has the highest and lowest diagnostic value. This comparison also involved
deternination ol the precise cut-off value and the corresponding sensitivity and specificity
for cach parameter. s comparison was carried out using the ROC curve analysis in such
away that the wreater area under the ROC curve corresponds to a better diagnostic test.
Serunt P55 showed the greater arca under the curve (85.6%) followed by Bel-2 (84.1%).
then CATS 3 (761" 8 Yoo

o3 S 5 { g '] . j

Ihe sensitivity. speeificity and cut-off value forpdiagnosing breast cancer patients
were 80%a 87% and 2.82% U/ml for P33: 77%. 76 and 1.47 ng/ml for Bel-2 and 47%.,
10O% and 253 1L ml tor CATSS. These results suggest that serum P33 1s superior to Bel-2
and CALS 3 for diagnosis of breast cancer patients, Although serum P53 and Bel-2 protein
have been observed i hreast cancer patients. to the best of our knowledge. this is the first
sty that compares the dingnostie value of serum PS3 and Bel-2 protein with those of
serum CATS 3with determination of the precise cut-off value. sensitivity and specificity of
each protein in breast cancer patients.
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SUMMARY

o the present studyowe evaluated the diagnostic. prognostic and follow up values of
serwn Bel-70 Bas and Py 3 compartson with serum CA LY 3 i breast cancer patients. All
oF these paranieters were measured i serum samples collected  from normal healthy
cantrol croup (n-30) and breast cancer temales ot recently detected breast carcinoma of
clinical stages I and HI (n 30). before surgery. one month following surgical removal of
the breast and atter 6 cycles of FAC chemotherapy. Serum Bel-2. Bax and P53 levels were
measured ol stadied groups by ready-to-use EFozyvme Tinked immunosorbent assay
(BT ISAY Kis Serum CATA 3 was measured using a readyv-for-use Immunoradiometric
assay (IRNEA) Kt

The serum levels of serum Bel-2 of breast cancer patients either before or after one
month ol surgery as well as after 6 cycle of chemotherapy were significantly higher than
those of control croup. Tt was also noticed that serum Bel-2 level of breast cancer patients
which was signtficant!y smihar 1o those atter one month of surgery - signthicantly decreased
atter 6 exveles of chemotherapy. On comparing the level ot this parameter alter 6 eyveles of
chemotherapy with those alter one month of surgery. the difterence was signiticant. These
results indicated that, scrum Bel-2 level may be considered as a diagnostic biomarker in
breast cancer and can be used as a useful marker in the follow up chemotherapeutic
treatment Our results showed o significant negatively correlation ol serum Bel-2 with
estrogen reeeptors. Hler- 2 and Py breast cancer patients group. This means that. scrum
Bl can be valuable i predicting breast cancer progression.

The level of serum Bax in breast cancer patients either before or after one month of
surgery as well as after 6 cycles of chemotherapy were nearly within the same range and
msienificanthy Tess than those of control group. In addition we found no correlation
between sorwm Bax fevel i breast cancer patients and the avalable chinie-pathological

paramcters of the tumors which could be tested.

The levels of serum PS3 of breast cancer patients either before or after one month of
surgen as well as after 6 cyvele of chemotherapy were significantly less than those of
control group Tt was also noticed that serum PS3 level of breast cancer patients was
stzniticanthy amdar 1o those atter one month of surgery wiwd stenhicanthy decreased atter 6
vele o chemotherapy, On comparimyg the level ol this parameter atier one month ol
surgeny and those alter 6 cycle of chemotherapy the difference was not significant.

According to the results of the present study. the serum levels of CAIS.3 were
signiticanty higher in breast cancer patients than the controls. We tound no follow up role
for seram C TS S patients with primary breast caneer netther following the surgical
removal of the breast nor atter 6 eveles of chemotherapy. The serum € ATS.3 showed a

signiticant correlation with chinical stage and tumor size in breast cancer patients.

In the present studv. it was found that serum Bel-2. P53 and CA15.3 were diagnostic
markers On comparing their diagnostic values to determine which one is superior to the
other the ROC curve analyvsis was applied. Inspection of the curves showed that the ROC

curve Tor serum PSs was above ROC curves tor Bel-2 & CATS.30 respectively . The area
ander the curve was 85.0% for P33 84 % for Bel-2 and 76.1% for CATS.5. The optimum




Summary

cut-oll value ~elected Tor serum P33 was 2.82 t/ml at which the sensitiy iy was 80%e and
the specificin was 87%0 the optimum cut-ol1 value selected Tor serum Bel-2 was 1.47
ng/ml at which the sensitivity was 77% and the speciticity was 76% and the optimum cut-
off value selected for serum CA15.3 was 25 TU/ml at which the sensitivity was 47% and
the specificity was 100%. Hence serum P53 is superior to Bel-2 & CA15.3. respectively. as
A diaonostic tumor marker i breast cancer patients.

Up o the best of our knowledge. this s the Tirst study comparing the diagnostic
values of these three parameters using the ROC curve analysis showing P33 as the most
superior diagnostic marker. Bel-2 was also found to have a role in monitoring the ettect of
surgery & chemotherapy on breast cancer patients.

Prae to the small <ample size of patients i this study, we need to verity the results
obtaiied trom our study by using larger sample size of patients and longer time of Follow

up.
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Conclusion

CONCLUSIONS

From this study, we could conclude that:

I

Serum Bel-2 15 a diagnostic biomarker in breast cancer patients with estrogen receptors
and Her-2 and can be used in the follow up of the breast cancer patients after
chemotherapeutic treatment.

Al>3 can be used as diagnostic markers for breast cancer patients with clinical
ages & L

~~

I

No role for serum Bax in breast cancer patients cither before or after the surgical
rentoval ot the breast or after chemotherapy.

PS5 s superior o Bel-2 & CALS3 as a diagnostic tumor marker in breast cancer
patients with clinical stages 11 & 1.

Bel-2. P33 and CATS3 were not independent prognostic markers.
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