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ABSTRACT

Cancer is a disease wherein a group of cells show uncontrolled growth. It is
a genetic disease that alters three types of genes which are responsible for
tumor progression, namely oncogenes, tumor suppressor genes and stability
genes. The reoccurrence of breast cancer has been high in the recent and is
it hypothesized that this maybe because of a small population of cells that
escape the treatment. Stem cells are those cells which have very efficient
membrane pumps and enable them to protect themselves from influx of
harmful chemicals. “Side Population” (SP) cells, which pump out the
fluorescent dye Hoechst 33342 via the ABCG2 transporter, define a putative
stem/progenitor cell population. Breast cancer SP cells has been isolated
from the MCF-7 cell line which possess similar properties and may represent
stem cell-like cancer cells which are found to have very high tumorigenicity
and has to ability to form colonies. 1.1% of side population was isolated
from MCF7 and immunophenotyping showed that these side population

cells are highly enriched for Multi Drug Resistant (MDR) markers.
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INTRODUCTION



1. INTRODUCTION

Breast cancer is the most common cause of cancer in women and the fifth most
common cause of cancer death in the world. Although breast cancer in women is a

common form of cancer, male breast cancer too does occur.

Breasts are found on the chest muscles at the ribs. They contain 15-20 lobes. Each
lobe is made up of lobules which consist of glands responsible for milk secretion. The
milk is secreted from the lobules to the nipple by tubes called ducts. The nipple leads to
the centre of a dark-skinned area called the areola. Fat fills the space between the lobules
and the ducts. Breasts also contain iymph i.f.esslels which lead to small round organs called
lymph nodes which are found near the breasts in the axilla (armpit), above the collar
bone, on the chest behind the breast boné and in many other parts of the body. Lymph
nodes have the tendency to trap harmful substances like bacteria and cancer cells (Fig

1.1).

The breast mainly consists of two types of epithelial cells: myoepithelial cells and
luminal epithelial cells. The breasts rest on a muscle called pectoralis major that overlays
the ribcage and are supported by suspensory ligaments and contain varying amounts of

fatty tissue.

Breast cancer originates in the ducts and tubules in the breast. When breast cancer cells
spread, they are found in the fymph nodes near the breast. They also spread to other parts
of the body likes bones, liver, lungs and brain. This spreading of cancer cells to distant

locations is achieved through metastasis.

Breast cancer occurs more commonly in the left breast than the right and more commonly
in the right upper quadrant. The tumor can change the shape of the breast and the texture

of the skin.



Recioraia Mt
miwhe

T ;.!!‘ﬂ

RHILES

i e Aa

P R R

Fecurdin rape
ﬂ'.'u'kl . ,
} Sy ol
' areiar glond
! when s pregrort

Fig 1.1 The Human Breast



1.1 CANCER. PROCESS

Cancer begins in cells; cells grow and divide to form new cells as the body neceds them.
When cells grow old, they die, and new cells take their place. Sometimes, this orderly
process goes wrong. New cells form when the body does not need them, and old cells do
not die when they should. These extra cells can form a mass of tissue cailed a growth or

tumor (Fig 1.2).
Tumors can be benign or malignant:

Benign tumors are not cancer. Benign tumors are rarely life-threatening and it
can be removed. Cells from benign tumors do not invade the tissues around

them. Cells from benign tumors do not spread to other parts of the body.

Malignant tumors are cancer. Malignant tumors are generally more serious
than benign tumors. They may be life-threatening. Cells from malignant tumors
can invade and damage nearby tissues and organs. Cancer cells spread by
breaking away from the original (primary) tumor and entering the bloodstream
or lymphatic system. The cells invade other organs and form new tumors that
damage these organs. The spread of cancer is called metastasis. Breast cancer
can spread to almost any other part of the body. The new tumor has the same

kind of abnormal cells and the same name as the primary tumor.

Based on the tumour, the histological appearance and location of the lesion, the breast

cancer can be classified as follows:

. Adenocarcinoma : arising from the epithelium

. Intraductal : developing within the ducts

. Infiltrating : occurring in parenchyma of the breast

. Inflammatory : rapid tumour growth occurs in which the

overlaying skin becomes cedematous.
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1.2 CAUSE

No one knows the exact causes of breast cancer. A risk factor is something that may
increase the chance of developing a disease. Studies have found the following risk factors

for breast cancer:

Family history: A woman's risk of breast cancer is higher if her mother, sister. or

daughter had breast cancer.

Gene changes: Changes in certain genes increase the risk of breast cancer. These
genes include BRCA1, BRCAZ2, and others. Of which mutation in BRCAL is the
main cause of cancer in women. Tests can sometimes show the presence of

specific gene changes in families with many women who have had breast cancer.

Reproductive and menstrual history: The older a woman is when she has her
first child, the greater her chance of breast cancer. Women who had their first
menstrual period before age 12 and those who went through menopause after age
55 are at an increased risk of breast cancer. Women who never had children and
women who take menopausal hormone therapy with estrogen plus progestin after

menopause also appear to have an increased risk of breast cancer.

Radiation therapy to the chest: Women who had radiation therapy to the chest
(including breasts) before age 30 are at an increased risk of breast cancer. Studies
show that the younger a woman was when she received radiation treatment, the

higher her risk of breast cancer later in Jife.

Lifestyle: The chance of getting breast cancer is higher in women who are
overweight or obese and those who are physically inactive throughout life.
Studies suggest that the more alcohol-a woman drinks, the greater her risk of

breast cancer.



1.3 SYMPTOMS

Common symptoms of breast cancer include:

A lump or thickening in or near the breast or in the underarm area.
Nipple tenderness or discharge

A change in the size or shape of the breast

A nipple turned inward into the breast

The skin of the breast, areola, or nipple may be scaly, red, or swollen. It may

have ridges or pitting so that it looks like the skin of an orange.

1.4 STAGING

The stage is based on the size of the tumor and whether the cancer has spread. Staging

may involve x-rays and lab tests. These tests can show whether the cancer has spread

and, if so, to what parts of your body. Given below are the different stages of breast

cancer:

1.4.1 Stage 0

Lobular carcinoma in situ (LCIS): Abnormal cells are in the lining of a lobule.

LCIS seldom becomes invasive cancer. However, having LCIS in one breast

increases the risk of cancer for both breasts (Fig 1.3).

Ductal carcinoma in situ (DCIS): Abnormal cells are in the lining of a duct. DCIS

is also called intraductal carcinoma. The abnormal cells have not spread outside the

duct. They have not invaded the nearby breast tissue. DCIS sometimes becomes

invasive cancer if not treated (Fig 1.4).
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Two categories of DCIS are present:

e Comedo type

¢ Non comedo type

Comedo type: The term comedo describes the appearance of the cancer. When
comedo type breast tumours are cut, the dead cells inside them (necrosis) can be
expressed out just like a comedo or black head on the skin. These types of DCIS are

more aggressive than the non comedo type of DCIS (Fig 1.5).
Non comedo type: Most common non comedo types of DCIS are

¢ Solid DCIS: Cancer cells completely fill the affected breast ducts

* Cribiform DCIS: Cancer cells do not completely fill the affected breast
ducts

e Papillary and micro papillary DCIS: Cancer cells arrange themselves in a

tern like pattern within the affected breast ducts (Fig 1.6).
1.4.2 Stage I

It is an early stage of invasive breast cancer. The tumor is no more than 2 centimeters

across. Cancer cells have not spread beyond the breast.
1.4.3 Stage 11

The tumor in the breast is no more than 2 centimeters across and has spread to the lymph
nodes under the arm. The tumor is between 2 and 5 centimeters and may have spread to
the lymph nodes under the arm. The tumor is larger than 5 centimeters but has not spread

to the tymph nodes under the arm.
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1.4.4 Stage 111
This 1s locally advanced cancer. [t is divided into Stage IHA, 11IB, and 111C.

Stage T A: The tumor in the breast is smaller than or greater than 5 centimeters,
The cancer has spread to underarm {ymph nodes that are attached to each other or

behind the breastbone

Stage ITIB: The tumor may be associated with swelling of the breast or with
nodules in the breast skin. The cancer may have spread to underarm lymph nodes
that are attached to each other or the lymph nodes behind the breastbone.
Inflammatory breast cancer is a rare type of breast cancer. The breast looks red

..and swollen because cancer cells block the lymph vessels in the skin of the breast.

Stage IIIC: The cancer has spread to the lymph nodes behind the breastbone and
under the arm or the cancer has spread to the lymph nodes under or above the

collarbone.
1.4.5 Stage IV

It is distant metastatic cancer. The cancer has spread to other parts of the body. Breast
cancer has spread beyond the breast and nearby tymph nodes, even though this is the first
diagnosis of breast cancer. The reason for this is that the primary breast cancer was not

found when it was only inside the breast. Metastatic cancer is considered stage 1V.



1.STREATMENT

Breast cancer treatment is based on certain factors which include: Tumor size. tumor
type, histological grade, lymph node status. distant metastatic cancer, Estrogen or

progesterone receptors, Her-2-neu receptors etc.

Women with breast cancer have many treatment options. These include surgery. radiation
therapy, chemotherapy, hormone therapy. target therapy and biological therapy. Many

women receive more than one type of treatment.
Cancer treatment is either local therapy or systemic therapy:

1. Local therapy: Surgery and radiation therapy are local treatments. They remove or
destroy cancer in the breast. Local therap'y' may be used to control the disease in those

specific areas.

+ Radiation therapy: [t uses high energy rays to kill cancer cells. Depending upon
the type of the tumor and other factors, radiation may be given. Radiation

destroys breast cancer cells that may remain in the area.

¢ Surgery: This is the most common treatment for breast cancer and there are
several types of surgery: breast conserving surgery, lumpectomy, segmental

mastectomy or partial mastectomy and mastectomy.

2. Systemic therapy: Chemotherapy, hormone therapy, and biological therapy are
systemic treatments. They enter the bloodstream and destroy or control cancer throughout

the body. Systemic treatments also are used for cancer that has spread.

o Chemotherapy: It is usually a combination of anticancer drugs to kill cancer
cells. The drugs may be given as a pill or by injection in to the vein. Eg:

Doxorubicin, Taxol.



e Hormonal therapy: blocks certain hormones that enhance cancer growth. There
are certain hormones that can attach to cancer cells and can affect their ability to
multiply. The purpose of hormone therapy is to add, block or remove hormones.

Eg: Tamoxifen.

There are two types of hormone therapy for breast cancer:

e Drugs that inhibit estrogen and progesterone from promoting breast cancer
cell growth.

¢ Drugs or surgery to turn off the production of hormones from the ovaries.
Recurrent breast cancer

Recurrent cancer is cancer that has come back after it could not be detected. Treatment
for the recurrent discase depends mainly on the location and extent of the cancer. Another

main factor is the type of treatment the woman had before.

If breast cancer comes back only in the breast after breast-sparing surgery, the woman

may have a mastectomy. Chances are good that the disease will not come back again.

If breast cancer recurs in other parts of the body, treatment may involve chemotherapy,
hormone therapy, or biological therapy. Radiation therapy may help control cancer that

recurs in the chest muscles or in certain other areas of the body.

Treatment can seldom cure cancer that recurs outside the breast. Supportive care is often
an important part of the treatment plan. Many patients have supportive care to ease their
symptoms and anticancer treatments to slow the progress of the disease. Some receive

only supportive care to improve their quality of life.
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2. OBJECTIVES

. To identify the presence of Side Population cells from the breast cancer cell line
MCF7.

. To sort the Side Population cells from the breast cancer cell line MCF7.

. To find the different MDR (Multi Drug Resistant) markers present in the sorted

Side Population cells.



LITERATURE REVIEW



3. LITERATURE REVIEW

Stem cells have the remarkable potential to develop into many different cctl types
in the body. Serving as a sort of repair system for the body, they can theoretically divide
without limit to replenish other cells as long as the person or animal is still alive. When a
stem cell divides, each new cell has the potential to either remain a stem cell or become
another type of cell with a more specialized function. such as a muscle cell. a red blood

cell, or a brain cell. (The National Institute of Health).

In 1998 cells were successfully removed from spare embryo at fertility clinic and
grew them in a laboratory. This launched the stem cell research into lime light,
establishing the world’s first human embryonic cell line which still exists today. (UK

Stem Cell Foundation).

Stem cells are those cells which have the unique ability for self renewal and to
perform the maintenance of their tissue of origin. The stem cells are important in
sustaining long term repopulation of the specific tissue via progression through a series of
increasingly differentiated cells. There already exists evidence from animal studies that
stem cells can be made to differentiate into cells of choice, and that these cells will act

properly in their transplanted environment. (Terumasa et al., 2008)

The cancer stem cell hypothesis was first documented in acute myelogenous
leukemia (AML} by John in 1997, These authors demonstrated that only a minority of the

leukemic cells were able to proliferate extensively, self-renew and form a new tumor.

Cancer stem cells are a small population of tumor cells capable of self-renewal
that give rise to all the components of a heterogeneous tumor. In previous models of
cancer, the unregulated growth of tumors was attributed to the serial acquisition of
genetic events that resulted in the activation of genes promoting proliferation, silencing
of genes involved in inhibiting proliferation, and circumventing genes involved in

programmed cell death. (Al-Hajj ef al., 2003)



In the cancer stem cell hypothesis, another key event in tumor progression is the
alterations of genes involved in the regulation of stem cell renewal. Thus. it is not
surprising that several genes initially identified due to their role in tumor progression

were later implicated in normal stem cell self-renewal. (Karen ef al., 2005)

Definite evidence was brought on the importance of cancer stem cells in the
progression of cancer. Key markers of there cells have been identified in many solid
tumors. Specific studies modeling the tumor induction of these cells have demonstrated

that they are key units in their tumorigenecity. (Kevin et al., 2007)

Studies have provided evidence for the existence of mammary stem cells in mice.
rats and humans. Subsequent identification and isolation of these stem cells has shown
their ability to repopulate cleared mammary fat pads and give rise to all the structures

seen tn normal mature glands. (Coppock and Clarke 2004)

The phenotypic and functional differences between cells that initiate human breast
tumors (cancer stem cells) and those that comprise the tumor bulk are difficult to study
using only primary tumor tissue. It was embarked on this study hypothesizing that breast
cancer cell fines would contain analogous hierarchical differentiation programs to those
found in primary breast tumors. These data validate the use of cancer cell lines as models
for the development and testing of novel therapeutics aimed at eradicating cancer stem

cells. (Christine and Kuperwasser 2008)

Side population cells are a rare subset of cells found in various tissues that are
highly enriched for stem cell activity and showed that these are a special population of
cells that possesses most of the stem cell characteristics. These populations of cells are
called as side population cells because; they are very small in number when compared to

main population of cells. (Ross ef af., 2003)




In this glioma model. CSCs are enriched in the side population (SP) cells. These
SP cells have enhancedftumor—initialing capacity, self-renewal. and multi potentiality

compared with non-SP cells from the same tumors. (Molly ef «l., 2008)

Side population cells are a rare subset of cells found in a variety of tissues with
the unique zbility to efflux lipophilic dyes such as Hoechst 33342, They are highly
enriched for different types of membrane transporters with the help of which, SP cells are
stained low by dyes and this low staining character of SP cells is utilized to identify them

from other main population cells.

Isolation of side population cells from murine bone marrow cells was carried out
with the help of vital dye Hoechst 33342. Competitive repopulation experiments showed
that, they are enriched for HSC activity and displays in vivo reconstitution activity. They
showed that these cells were able to protect recipients from letha-l irradiation at low cell
doses. These populations of cells are called as side population cells because: they are

very small in number when compared to main population of cells (Goodell ef al., 1996)

Hoechst 33342 is a DNA binding fluorescent dye that binds perpendicularly to A-
T rich regions of DNA and the dye is excited by UV wavelengths (maximum excitation is

395nm) and emits in the blue region (emission maximum is 450nm).

Flow cytometry and the DNA-binding dye Hoechst 33342 to isolate SP cells from
various human gastrointestinal system cancer cell lines. Fifteen of sixteen cancer cell
lines from the gastrointestinal system contained0.3%-2.2% SP cells. Next, we used an

oligonucleotide microarray to analyze differentially expressed genes between SP and

non-SP cells. (Naotsugu et al., 2006)

It was found out that mammary gland contains a distinct population of Hoechst
effluxing side population cells called as mammary gland side population cells (MG SP).

They did transcriptional profiling and suggested that MG SPs are a lineage deficient



mammary giand sub population. which expresses key genes involved in cell cycle

regulation development and angiogenesis (Fariba er al.. 20065 _

Many cancer cell lines contain a small side population {SP), which. in many
normal tissues, is thought to contain the stem cells of the tissue. It was demonstrated that
in the absence of serum, the combination of basic fibroblast growth factor and platelet-
derived growth factor maintains SP cells in the C6 glioma cell line. Moreover. C6 SP
cells, but not non-SP cells, can generate both SP and non-SP cells in culture and are
targely responsible for the in vivo malignancy of this cell line. Finally, evidence was
provided that C6 SP cells can produce both neurons and glial cells in vitro and in vivo. It
was proposed that many cancer cell lines contain a minor sub population of stem cells
that is enriched in an SP, can be maintained indefinitely in culture, and is crucial for their

malignancy. {Toru et al., 2004)

Experiments in thyroid cancer cell lines showed the presence of SP cells that
contain cancer stem cells. In addition, they showed that, the sorted SP cells have the
capacity to generate both SP and non-SP cells in culture and the clonogenic ability of SP

cells was significantly higher than that of non-SP cells. (Norisato ef al., 2007)

Isolation and characterization of SP and non-SP population from normal and
malignant human kidney tissue have been carried out. They showed that the normal renal
epithelial cells constituted about 3.8%SP cells and the malignant renal cells constituted
about 5.9% of SP cells. It was also revealed that, these renal SP is enriched for quiescent

cells, with a high proliferative capacity and stem like properties. (Sanjai et al.,2008)

Studies of mouse and human breast SP suggest that the population is
undifferentiated but capable of differentiating into epithelial structures of both luminal
and myoepithelial lineages both in vitro and in vivo. Evidence that the SP is enriched for
stem cells is only correlative, and there are potentiatly confounding technical issues.

(Matthew and Clarke 2005)



[solation of cardiac SP cells from neonatal rat hearts (CSP) showed that when
green fluorescent protein positive CSPs were intravenously infused in to adult rats. some
CSPs were migrated to injured heart than normal heart and this CSP in injurcd heart
differentiated in to cardiomyocytes. endothelial cells or smooth muscle cells. Their
results suggested that CSPs are intrinsic cardiac stem cells and involved in the
regeneration of diseased hearts. They found out the expression of BCRP1 genc on the cell

surface of CSP as well as bone marrow SP cells but not in MP cells. (Oyama et al., 2005)

Isolation of side population cells from adult rat kidney and investigation of their
differentiation potentials was performed. Analysis of kidney derived SP cells after bone
marrow transplantation showed that some of the cells were derived from bone marrow.
When enhanced green fluorescent protein (EGFP) labelled kidney derived SP cells were
intravenously transplanted to wild type adult rats, EGFP+ cells in kidney could not be
found but EGFP+ skeletal muscle, EGFP+ hepatocytes and EGFP+ bone marrow cells
were observed. Thus they concluded that SP cells in kidney may have potentials for
hematopoietic and non hematopoietic lineages but are not stem cells for renai cells.

(Iwatani et al., 2004)

For the first time, isolation of side population cells from nasopharyngeal
carcinoma cells (NPC) was performed. Their results showed that SP cells in human NPC
cell line CNE 2 had stem cell characteristics in vitro and they had a strong ability to form
tumors in vivo. They found out the cell marker cytokine 19, which serves as a potential

molecular marker for further characterization of cancer stem cell. (Wang ef al., 2007)

Identification of side population cells in xenografts and primary ovarian cancer
samples wers carried out and investigation on the effects of IFN-a on this tumor subset
was done. This cytokine exerts marked anti proliferative and pro apoptotic effects on the
SP subset than non-SP, which translate in to a therapeutic effect against tumors bearing

large amounts of SP cells. (Lidia et af., 2007)



It was demonstrated the existence of SP in human mammary epithelium and that
purified SP are a single live cell population that have the ability to grow in vivo n in

vitro. (Azra et al., 2003)

It was shown that the SP cells can be isolated from a wide variety of mammalian
tissues based on their dye efflux phenomenon and he showed that in many cases these SP

cells contains multipotent stem cells(Grant and Little 2004)

The cukaryotic ABC genes are organized either as full transporters or as half
transporters. Full transporters consists of two TMs and two NBFs. Half transporters
consists of only one TM and one NBF and must combine with another half transporter to

gain functionality.

There ar¢ more than 100 ABC transporters distributed from prokaryotes to humans.
Moreover, phylogenetic analysis classifieds the 48 known human ABC transporters in to

7 distinct sub families of proteins. They are:

¢ ABCA-This family contains some of the largest transporters and five of them
are located in a cluster in the 1724 chromosome.

¢ ABCB- Consists of 4 full and 7 half transporters.

¢ ABCC- Consists of 12 full transporters.

¢  ABCD- Consists of 4 half transporters.

¢ ABCE/ABCF- Consists of | ABCE and 3 ABCF proteins.

s ABCG- Consists of 6 reverse half transporters, with the NBF at the NH3 +
end and the TM at the COO- end.

Among these ABC transporters, members of ABCB1, ABCCI, and ABCG2 play
a major role in multidrug resistance. Multi drug resistance is typically defined as the
ability of a living cell to show resistance to a wide variety of structurally and functionally

unrelated compounds. ABCBI is otherwise known as p-glycoprotein and was encoded by

the gene called MDRI1 (Fig 3.1).
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It was reported that p-glycoprotein is a 170 k Da membrane protein glycosylated
at extra cellular foop. It contains 12 hydrophobic transmembrane domains (TM) and 2

nucleotide-binding domains (NBD). (Cheol, 2005)

The three dimensional structures of p-glycoprotein and its conformational change
in the presence and absence of nucleotide have been analyzed. These TMs will form a
central pore that will help in the drug efflux. In the absence of a nucleotide, and upon
binding of a nucleotide, the transmembrane domain will undergo reorganizations. This
reorganization opens the central pore along its length in a manner that could allow access
of hydrophobic drugs (transport substrates) directly from the lipid bilayer to the central
pore of transporter. The known substrates of p-glycoprotein include natural product
antineoplastics such as anthracyclines, vinca alkaloids, taxanes and epipodophyllotoxins.

(Rosenberg et al., 2001)

ABCBI is also known as MRP1 or multidrug resistance related protein, which is a
190kDa protein that confers multidrug resistance on tumor cells by reducing drug
accumulation by active efflux. It was first cloned in 1992 from a highly drug resistant
lung cancer cell line-H69AR. It contains a core structure of two hydrophobic membrane-
spanning domains, each followed by a nucleotide-binding domain. The two membranc
spanning domains consists of 6 transmembrane « helices and in addition to this core, a
NH2- proximal membrane spanning domain of 200 amino acids with an extracytosolic
NH2 terminus was tdentified. MRP1 can actively transport a structurally diverse array of

conjugated crganic cations and it cannot transport unmodified chemotherapeutic agents.

Third, most important ABC transporter is ABCG2, which is also known as
BCRP1- Breast Cancer Resistant Protein 1.This half transporter is located at chromosome
4922 and it encodes a 655 amino acid polypeptide and consists of 6 putative

transmembrane domains and one nucleotide binding domain (Fig 3.2).

It was reported that ABCG?2 half transporter serves as a marker protein for side

population selection. Comparison of mRNA levels for these three proteins: MDRI,



MRPI, and ABCG2 in bone marrow SP cells revealed that ABCG2 is the predominant

““form in these cells. (Zhou ef al.. 2001)

Experiments to determine whether the stem cell effects required the efflux pump
activity of p-glycoprotein or whether other proportions of the experimental system could
cause the effects were carried out. A functionally inactive MDR 1 mutant cDNA was used
to show that p-glycoprotein pump function was required both for amplification of
phenotypically defined SP cells and functionally defined repopulating cells. (Bunting e/
al., 2000)

It was demonstrated that the technique of side population (SP) analysis used
previously to identify haemopoietic stem cells [has been applied to the identification of
mammary stem cells. SP cells are able to efflux the fluorescent dye, Hoechst 33342 by
the ABCG2 transporter molecule, also known as Berpl. The SP fraction is enriched for
stem. cells, as it has been demonstrated that mouse mammary SP cells, which also
expressed the mouse Sca-1, were able to repopulate cleared mammary fat pads of

syngeneic hosts (Robert 2005)

It was found out that MCF7 SP cells had higher colony-formation ability in vitro
and greater tumorigenicity in vivo, suggesting that MCF7 SP cells enrich cancer stem-like
cells. ¢cDNA microarray analysis of the SP cells indicated higher expression of ATP-

binding cassette transporters (Jiangbing et al., 2007)

Side population (SP) cells found in the MCF7 breast cancer cell line, were first
confirmed by cell surface markers and gene profiling to be highly enriched in cells that
fulfilt specific functional, phenotypic, and molecular criteria for being tumor
stem/progenitor cells. These cells express MUCI and give rise to MUCI(+) tumors in
vivo, which maintain the MUCI(+) SP population. MUCl on SP cells is
hypoglycosylated and heavily sialylated; the characteristics of the tumor-specific form

were expressed on mature cancer cells and recognized by tumor-specific T cells and



antibodies. This suggests that stem/progenitor cells. like mature tumor cells. would be

targets of MUC | -directed immunotherapy. (Katja ¢z af., 2008)

SP cells from mouse skin were identified using the same method as from bone
marrow. This population almost completely disappeared after treatment with the calcium
channel blocker verapamil. SP cells were mainty localized in the epidermis, with a few in
the dermis. The ratio of SP cells decreased as the mouse became older. Surface marker
analysis revealed that the sorted SP cells expressed n6-integrin, B1-integrin, Sca-1. keratin
14, and keratin 19, which are proliferating and progenitor cell markers, at levels higher
than in non-5P cells, while they expressed E-cadherin, CD34, and CD71 at lower levels.

(Jihyun ef al., 2007)

SP cells was identified and isolated from gastro intestinal cancers. Experiments
were carried out on hepatoma cell fline HuH7 and colorectal SW480 ééll lines and their
results suggested a multi lineage potential for HuH7 SP cells and also these SP cells
showed evidence for self renewal, generating both SP and non-SP cells. They also

showed chemo resistance to anticancer drugs. (Naotsugu ef al., 2006)

Identification, isolation and characterization of side population cells in human
tracheobronchial epithelium were performed. Using flow cytometry, CD45+, CD45- and
NON SP cells were isolated and sorted. It was found that the number of CD45- SP cells
was greater in the epithelium of asthmatic patients and they showed that all CD45- SP
cells are enriched for epithelial markers such as cytokeratin 5, E- cadherin, ZO-1, p63
and CD45- SP cells exhibited stable telomere length and increased colony forming and
proliferative potential. Finally, concluded that the number of SP cells is significantly

greater in asthmatic airways. (Louise ef al., 2008)

The expression of breast cancer resistance protein 1 (BCRP1), which participates
in dye efflux, was expressed at high levels at both the protein and mRNA level in sorted
SP cells. {(Shoichtro et al., 2005)



The side population (SP) phenotype has been introduced as a reliable marker to
identify subpopulations of cells with stem/progenitor cell propér’ties in various tiSsucs.
ABCG2 belongs to the ATP-binding cassette (ABC) transporter super family and
constitutes the molecular basis for the dye efflux, hence the SP phenotype. in
hematopoietic stem cells. Another ABC transporter, MDR1. is the main contributor to the

SP phenotype in the adult heart (Pfister et al., 2008)

Observations on functional adenosine triphosphate (ATP)-dependent drug efflux
in certain multidrug-resistant cancer cell lines without over expression of p-glycoprotein
or multidrug resistance protein (MRP) family members suggested the existence of
another ATP-binding cassette (ABC) transporter capable of -causing cancer drug
resistance. In one such cell line (MCF-7/AdrVp), the over expression of a novel member
of the G subfamily of ABC transporters was found. The new transporter was termed the
breast cancer resistance protein (BCRP), because of its identification in MCF-7 human

breast carcinoma cells (Doyle and Ross 1998).

It was demonstrated that the presence of SP cells in the human adreno cortical
tumor cell line NCIh295R and revealed an expression pattern consistent with a less
differentiated phenotype, including lower steroidogenic enzyme such as steroid acute
regulatory protein (StAR) and side chain cleavage enzyme (P450SCC) in comparison
with non-SP cells. In addition, they found out that proliferation between SP and non-SP
did not differ. (Urs er af., 2008)

It was investigated whether SP cells reside within embryonic tissues and exhibit
hematopoietic progenitor activity. It was suggested that, yolk sac and embryonic SP cells
before the onset of circulation express the highest levels of endothelial markers and as the
Ldeve]opmenl: progresses, they acquire hematopoietic potential and phenotypic

characteristics similar to those of bone marrow SP cells. (Nadin et al., 2003)

Considerable attention was drawn to the role played by membrane transporter

proteins belonging to the ATP binding cassette protein super family, and in particular by



the MDR1 product p-glycoprotein (Pgp) and the multidrug resistance protein (MRP1).
Exposure to chemotherapy increases the expression of both proteins. In vitro studies on
primary cultures of breast cancer cells obtained at surgery consistently show an
association between Pgp (protein) or MDRI (mRNA) expression and resistance to

chemotherapy (Leonessa and Clarke 2003)

It was discovered that the human ATP-binding cassette super family G (White)
member 2 (ABCG2) gene and its murine homologue breast cancer resistance protein |
(BCRP1) are recently described ATP-binding cassette transporters associated with drug
resistance in tumor cell lines, including the MCF-7 cell line. it was also identified that a
primitive hematopoietic stem cell population, or side population (SP) cells, which are

identified by their efflux of the fluorescent dye, Hoechst 33342 (Kenneth et al.. 1996).

Efforts were carried out to improve severely impaired myocardial function
include transplantation of autologous hematopoietic side population (SP) stem cells. The
transmembrane ABC-type (ATP binding cassette) half-transporter ABCG2 (BCRP)
serves as a marker protein for SP cell selection. We have recently shown that other ABC
transport proteins such as ABCBI and ABCCS are differentially expressed. (Konrad ef
al., 2006)

It was found that SP cells can be isolated by dual-wavelength flow cytometry
because of their capacity to efflux Hoechst dye, a process mediated by the ATP-binding
cassette transporter breast cancer resistance protein (BCRP). (Ross et al., 2003). The two
ABC-transporter-encoding genes that have been studied most extensively in stem cells
are ABCB1, which encodes p-glycoprotein, and ABCG2. Along with ABCCI. they
represent the three principal multidrug-resistance genes that have been identifted in tumor
cells. These genes, members of the ABC-transporter super family, are promiscuous
transporters of both hydrophobic and hydrophilic compounds. The term side population
was coined because during flow-cytometry analysis, SP cells are visualized as a
negatively stained 'side population’ to one side of the majority of cells on a density dot

plot. SP cells can be isolated from many tissues including the brain, breast, lung, heart,



pancreas. testes. skin and liver, and these cells might represent lincage-specific stem

cells.

It was standardized that this method is based on the over expression of
transmembrane transporters, like the ATP-binding cassette molecules ABCG2/BCRPL. In
stem cells, these molecules exclude vital dyes such as Hoechst 33342 or rhodamine 123
from the cells, a property not found in differentiated cells that remain positive for the dye.
A side population has been isolated from the breast cancer cell line MCF7, representing
2% of the total cell line and containing the only tumorigenic fraction from MCF7 (Daniel

et al., 2008)

Experiments on cancer cells showed that 30% of cultured human cancer cells and
xenograft tumors possess a detectable side population and the purified side population
cells from two cell lines (U373 glioma and MCF7 breast cancer) and a xenograft
prostrate tumor (LAPC-9) are found to be more tumorigenic than the corresponding non-
side population cells. Their experiments suggested that the side population is enriched
with tumorigenic stem-like cancer cells and they showed that in contrast to the
tumorigenic differences between the side population and non-side population cells, the
ABCG2+ and ABCG2- cancer cells show very similar tumorigenicities in vive. (Lubna ez

al., 2005)

[t was demonstrated that placental P-gp (protein and mRNA) expression is highest
carly in gestation (60-90 days) and falls dramatically at term. Thus, early in pregnancy,
P-gp appears to play an important role in modulating exposure of the fetus to xenobiotics
that are transported by P-gp. n increase in transcripts of the nuclear receptor factors such
as PXR, CAR, HNF-4p, and VDR is not the mechanism by which placental P-gp
expression is increased in early pregnancy. Interestingly, expression of human placental
hCG-B demonstrates a temporal pattern similar to that of expression of P-gp. Therefore,
further studies need to be conducted to determine the role of hCG- in the regulation of

placental P-gp. (Anita et al., 2005)



The human ATP-binding cassette superfamily G (White) member 2 (ABCGZ)
gene and its murine homologue breast cancer resistance protein 1 (BCRPI) are recently
described ATP-binding cassette transporters associated with drug resistance in tumor cetl
lines. including the MCF-7 cell line, selected for its resistance to mitoxantrone (MCH-
7/MitoR). Infection of MCF-7 cells with the retroviral vector containing ABCG2 cDNA
(G1-ABCG2) resulted in cells (MCF-7/ABCG2) that were resistant to mitoxantrone at
levels similar to those observed in MCF-7/MitoR cells. The level of the mouse BCRPI
RNA in SP cells and non-SP cells isolated from mouse hematopoietic cells were
examined. Mouse SP cells expressed relatively high fevels of BCRPI mRNA relative to
non-SP cells was also examined. These results suggest that Hoechst 33342 is a substrate
for the ABCG2 transporter and that ABCG2/Berp! expression may serve as a marker for

hematopoietic stem cells in hematopoietic cells. (Min et al., 2002)

-It was studied that SP from bone marrow, as well as other tissues, is reported to
contain immature stem cells with considerable plasticity. Some cell lines also efflux
Hoechst and generate SP profiles. Reverse transcription— polymerase chain reaction (RT-
PCR) and efflux inhibition studies with the lung carcinoma cell line, A549, implicated
the ABCG?2 transporter as a Hoechst efflux pump. Furthermore, it is shown that transient
expression of ABCG2 generates a robust SP phenotype in human embryonic kidney
(HEK293) cells. The results allow the conclusion that ABCG2 is a potent Hoechst efflux
pump. (Robert 2005)

Comparison of messenger RNA (mRNA) levels for the 3 major multidrug-
resistant efflux pumps, MDR1, MRPI, and ABCG2, in bone marrow SP cells reveals that
ABCG2 is the predominant form in these cells. These data suggest thatABCG2
contributes significantly to the generation of the SP phenotype in hematopoietic stem
cells. Furthermore, the sharp down-regulation of ABCG2 at the stage of lineage
commitment suggests that this gene may play an important role in the unique physiclogy

of the pluripotent stem cell. (Christian et al., 2002)



When cell populations are incubated with the DNA-binding dye Hocchst 33342
eiﬁd.subjecled to flow cytometry analysis for Hoechst 33342 emissions. active eftlux of
the dye by the ABCG2/BCRPI transporter causes certain cells to appear as a segregaled
group. Sorted cells were subjected to several tests to determine whether the isolated SP
cells displayed features consistent with the stem cell phenotype. Side populations
amounting to <1% of total cells, which were sensitive to the ABCG2-inhibitor
fumitremorgin C, were found in the conjunctival and fimbal epithelia, but were absent
from the stem cell-free corneal epithelium. Immunohistochemistry was used to establish
the spatial expression pattern of ABCG2. SP cells were characterized by extremely low
light side scattering and contained a high percentage of cells that: showed slow cycling
prior to tissue collection; exhibited an initial delay in proliferation after culturing; and
displayed clonogenic capacity and resistance to phorbol-induced differentiation; all

feat_u.@res that are consistent with a stem cell phenotype. (Murat et al., 2005)

Multidrug resistance in Chinese hamster ovary cells is associated with the M,
170,000 surface glycoprotein. Southern blot analysis shows that the p-glycoprotein
sequences are greatly amplified in resistant Chinese hamster ovary cells but not in the
resistant human breast cancer cells, indicating that amplification and expression of the M,
170,000 p-glycoprotein genes are not necessarily coordinate events. Amplification of this
gene may not be required for multidrug resistance in human cells. Though the degree of
cross-resistance and the drugs involved in the process of MDR vary among different cell
lines, suggesting a multicomponent, complex system, there is considerable evidence to

link the overproduction of the p-glycoprotein to MDR. (Suzanne et al., 1987)

Relapse is common in acute myeloid leukemia (AML) because of persistence of
minimal residual drug (MRD). ABC transporters p-glycoprotein and MRP (multidrug
resistant protzin) are thought to contribute to treatment failure. Emergence of MRD is not
accompanied by upregulation of ABC transporters function during chemotherapy. The
prognostic value of P-gp and MRP is likely related to drug efflux capacity. BCRP1 has

limited fuction in drug efflux rated resistance in AML. (Bijan er al., 2003)



Human sarcoma lines were examined for their sensitivity to common antitumor
drugs and expression of putative rrﬁﬂtidrug resistance (MDR) proteins. A relationship
between MDR1 mRNA expression and response to doxorubicin was demonstrated in
>90% of our tumor lines. In six sarcomas with MDR1 mRNA expression. five were
resistant against doxorubicin and cross-resistant against several other drugs. whereas
from eight sarcomas. which lacked detectable mdrl mRNA, seven were sensitive to
doxorubicin and other drugs. We found lung resistance protein or MDR associated
protein expressed in three resistant and mdrl mRNA-positive sarcomas. These results
demonstrate that MDR1 mRNA expression is a putative marker for drug resistance in our
sarcoma lines and that inherent P-glycoprotein expression might be also responsible for

drug resistance occurring in treatment of patients with sarcomas. (Jens et al., 1999)

Studies were carried out on 42 different sublines for some_ basic characteristics
namely cross resistance in other anti cancer drug investigated by in vivo MTT assay,
expression of MDR associated protein (P-gp, MRP1, LRP) as well as functional activity
of P-gp and MRP. (Noskova et al., 2002)

It was studied that CD44+CD24- stem cell phenotype is associated with basal-
type breast cancers in human patients; in particular BRCA! inherited cancers. but does
not correlate with clinical outcome. Given the large representation of CD44+CD24- cells
in the basal layer of normal breast epithelium, these findings suggest that the cellular
origin of the basal breast cancers may be a progenitor of the basal lineage. This is aiso
consistent with the recently proposed role of BRCA! in luminal differentiation.
Alternatively, or in addition, a block in luminal differentiation may lead to the same
basal-like molecular phenotype, which often contains CD44+CD24- cells. However, not
all basal breast tumors and very few HER2 positive tumors had CD44+CD24- cells.
(Gabriela 2008)



MATERIALS AND METHOD



4. MATERIALS AND METHODS

4.1 MATERIALS

I. Cell line- MCF7

Isolated in 1970 from a 69year old Caucasian woman.

Tumor type : Infiltrating Ductal Adenocarcinoma
Tissue source : Pleural effusion

Cell type classification : Luminal

Properties : ER+and PR+

Hoechst33342 (Gibco)

Verapamil (Sigma)

Dulbecco®s Minimum Essential Medium (DMEM) (Sigma)
HBSS (Sigma)

0.25% Trypsin (Sigma)

Propidium lodide (Sigma)

FACS tubes (BD Falcon)

. 40 ucell strainer (BD Falcon)

10. TritonX-100

11.T25 flasks (Greiner)

I -

12. Goat ant mouse IgG- PE (Santacruz)
13. Fetal Bovine Serum (Gibco)

4.2 MAINTENANCE OF CELL LINE MCF7

Human breast cancer cell line MCF-7 was maintained in DMEM (Dulbecco’s Modified
Eagle’s Medium; Sigma Aldrich) supplemented with 1% penicillin/streptomycin and
10% Fetal Bovine Serum (FBS, Gibco). Cells were maintained in humidified incubator at
37°C supplied with 5% carbon dioxide. Cells were routinely maintained in 75 cm® and 25
cm? tissue culture flasks (Greiner) and harvested using 0.25% trypsin (Sigma Aldrich)

treatment for side population analysis (Fig 4.1).



Fig 4.1 MCF7 Cells



4.3 FLOW CYTOMETRY

Flow cytometry uses the principle of light scattering, light excitation and emission of
fluorochrome molecules to generate specific multiparameter data from particles and cells
in the size range of 0.5m to 40m diameter. Cells are hydro dynamically focused in a
sheath of PBS before intercepting an optimally focused light source. Lascrs are most
often used as a light source.

As the cells or particles of interest intercept the light source, they scatter light and
fluorochrome is excited to a higher state. Flow cytometry measures fluorescence per cell
or particle. Scattered and emitted light from cells and particles are converted to electrical

pulses by optical detectors. Light is send to different detectors by using optical filters.

4.4 SIDE POPULATION ANALYSIS AND SORTING USING FLOW
CYTOMETRY

Samples:
Control : Cells + Hoechst33342
Drug treated : Cells + Hoechst33342+Verapamil

1. Cells on becoming 80-85% confluent were removed from the T-25 flask using
0.25% Typsin EDTA.

2. Trypsined cells were re suspended at 10%ells/ml in DMEM supplemented with
2%FBS pre warmed to 37°C.

3. Hoechst33342 (Gibco) was added at a final concentration of S5pg/ml. In the drug
treated set Verapamil (Sigma) was added at a final concentration of 75uM to
inhibit Hoechst efflux.

4. Cells were incubated at 37°C with intermittent mixing.

5. After incubating cells were pelleted down and resuspended in cold HBSS
supplemented with 2% FBS. )

6. Cells were then sieved through a 40 pcell strainer (BD Falcon) into labeled FACS
tubes (BD Falcon) and stained with 2pg/ml Propidium lodide (Sigma).

7. Final analysis and sorting was done in BDFACS Aria sorter (Becton Dickinson).



Hoechst33342 fluorescence was measured at 424nm and 670nm both from UV
excitation.
Dead cells were excluded by Propidium lodide fluorescence measured at 564nm

and 605nm.

4.5 IMMUNOFLUORESCENCE ANALYSIS OF SIDE POPULATION

O‘\.U“I-P-L»J

~

10.
11.
12.

13.
14.

15.
16.
17.
18.

Single cell suspension of SP cells and Non SP cells were seeded onto petri dishes
and allowed to grow using the same conditions already described.

After 7 days, the cells were removed from T-25 flask using 0.25% Trypsin
EDTA.

Trypsinized cells were resuspended in 1ml of 10%DMEM,

This suspension is centrifuged at 3000rpm for 7min at 27°C.

The pellet is suspended in 1ml PBS.

Cells are incubated in an eppendorf for 15min at room temperature in 4% PFA-
PBS.

This suspension is centrifuged at 3000rpm for 7min at 27°C.

Cells were incubated for Smins at room temperature in 0.2% TritonX-100.

This suspension is centrifuged at 3000rpm for 7min at 27°C.

3%BSA TBST is added to this and incubated at RT for 10mins.

This is centrifuged at 3000rpm for 8min at 27°C.

The pellet was incubated in primary antibody (1:1000 dilution) 1% BSA TBST at
37°C for 180min

This is then centrifuged at 3000rpm for 8min at 27°C.

The pellet was incubated in secondary antibody (1:200 dilution) 1% BSA TBST
at 37°C for 60min.

This is finally centrifuged at 3000rpm for 8min at 27°C.

Resuspend the pellet using 1ml PBS and filtered through 40p cell strainer.

Final analysis was done in BDFACS Aria sorter (Becton Dickinson).

PE fluorescence was measured at 564nm and 605nm.



RESULT AND DISCUSSION



5. RESULT AND DISCUSSION

5.1 ISOLATION AND SORTING OF SIDE POPULATION CELLS

Side population cells are a rare subset of cells with the unique ability to efflux

lipophilic dye such as Hoechst 33342,

SP analysis and sorting was carried out using a dual wavelength cell sorter (BD
Falcon Aria) based on Hoechst fluorescence. This dye is excited by UV laser at 350nm-

395nm and its fluorescence was measured with both 450/50nm and 675/50nm filter.

A live gate on the FSC-A and PI-A axes of the flow cytometry helped to exclude

the dead population of cells.

A low Hoechst excluding population was identified by adjusting the SP-Violet
and SP-Red axes. The analysis showed that 1.1% of low Hoechst was present in the

control and this was confirmed by the analysis of Verapamil treated cells (Fig 5.1 & 5.2).

The dye exclusion property of SP cells is partly due to the functional ABC
transporters and verapamil effectively blocking the ABC membrane transporter from

extruding the Hoechst dye (Min et al., 2002).

Sorted SP cells exhibited small spindle-like features and formed colonies when
cultured in the condition with supplementations, on the other hand, Non SP cells did not

form colonies, and the proliferation speed was low (Takeshi ef af., 2008) (Fig 5.3 & 5.4).



The following graphs were obtained from the FACS machine while sorting side

population cells.
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The following graph shows cells that have been treated with Verapamil
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Fig 5.4 Growth of non-side population cells after 48hrs



5.2 IMMUNOPHENOTYPING

lmrﬁunophenotypic analysis of the sorted SP and Non SP fractions was donc

using the membrane marker.

Characterization of sorted cells helps us to know, the proteins that are enriched in side

population.

From the analysis it was found that MCF-7 contains side population cells and the

SP fraction is enriched for certain MDR {Muiti Drug Resistant) proteins.

ABCG2 and MDR1 transmembrane markers showed a good expression i Side
POpu'lation'ccs.lls; ATP binding cassette transporter, ABCG2, has been shown to contribute
to produce an SP phenotype in hematopoietic stem cells (Zhou er al., 2001). It has been
suggested that the -SP phenotype may be caused by expression of the MDRI1 gene
(Goodell et al., 1996) (Fig 5.5,5.6,5.7 & 5.8).

MRP showed very little difference in expression between the Side Population
cells and Non Side Population cells. It is almost certainly unrelated to the presence of
many of the ATP-binding cassette (ABC) transporter proteins such as MRP, have normal
numbers of SP cells (Uchida er al., 2002) (Fig 5.9 & 5.10).



The following graph shows the expression of ABCG2 maker in Side Population cells.
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The following graph shows the expression of ABCG2 maker in Non Side Population
cells.
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The following graph shows the expression of MDR1 maker in Side Population cells.
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The following graph shows the expression of MDR1 maker in Side Population cells.
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The following graph shows the expression of MRP maker in Side Population cells.
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The following graph shows the expression of MRP maker in Non Side Population cells.
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CONCLUSION



6. CONCLUSION

Human breast cancer cell line MCF7 was cultured and analyzed for side population cells
using BD FACS Aria cell sorter. The analysis showed that in [x10° population of MCF7
cells, 1.1% of side population cells were present. Sorted cells were cultured for 7 days
and their phenotypic characterization showed that they were enriched for transmembrane

markers like ABCG2, MRP and MDRI.
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APPENDICES

I. DULBECCO"S MODIFIED EAGLES MEDIUM (Sigma Aldrich) : 1000ml

DMEM (without NaHCO;) : 3.02
NaHCO; : 3.6¢
Autoclaved distilled water : 1000ml

Media is filtered through a 0.2 pm membrane filter and aliquot into sterife 50mL

screw cap tubes. Stored at 4°C
2. 10% DMEM (Sigma Aldrich) : 1000m!
Heat inactivated FBS : 100ml

Plain DMEM : 900m]

3. PBD-EDTA : 1000ml

Na(Cl : 8.0g
Na;HPO4 : l.41g
KH,PO, : 0.2g
KCl : 0.2¢g
EDTA : 0.197¢g
Autoclaved distilled water : 1000m]

4. 0.25% Trypsin-EDTA ( Sigma Aldrich) : 1000ml

NaCl : 8.0g
Na,HPO4 : 1.41g
KH;PO4 : 0.2¢g
KCl ) : 0.2g
EDTA : 0.197g
Trypsin - 2.5g

Autoclaved distilled water : 1000ml



5. 4% PARAFORMALDEHYDE :1000ml

NaCl : 8.0u
Na,HPO, : l.4tg
KH,PQO4 : 0.2¢g
KCl ; 0.2¢
Paraformaldehyde ; 40g
Autoclaved distilled water : 1000m|

Warm the solution at 70°C till it turns clear liquid.

6. 10X TBS: 1000ml

Tris base : 60.57¢g
NaCl : 61.362¢
Autoclaved distilled water : 1000m!

7. 3% BSA TBST : 1000ml

Tris base : 6.057¢g
NaCl : 6.136g
Tween 20 : 5.0ml
BSA : 3.0g
Autoclaved distilled water : 1000ml

8. 1% BSA TBST

Tris base : 6.057¢g
NaCl : 6.136g
Tween 20 : 5.0ml
BSA : 10.0g

Autoclaved distilled water : 1000m|
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