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ABSTRACT

IBC is arguably the most deadly form of breast cancer due to its unique
development including the lack of formed lumps, having symptoms similar to
inflammation, and also due to its rapid and aggressive invasion. IBC occurrence and
incidence are high at younger ages and also in some ethnic groups like African
American women and North African women. Diagnosis of IBC can be made clinically
if the patient shows symptoms such as swelling, orange-like skin appearance, redness,
nipple inversion, breast discharges, rapid onset of the disease, young age, and the
duration of the symptoms is less than 6 months. Another type of diagnosis is pathologic
diagnosis where there is emboli invasion in lymphatic vessels of the skin overlying the
breast and the lack of a palpable tumor. In a previous study by my laboratory we
demonstrated that the IBC gene profile shows high level expression of platelet derived
growth factor receptor alpha (PDGFRA), a receptor tyrosine kinase. This
overexpression stimulates cell oncogenesis. My project focuses on determining the
expression, localization, and phosphorylation status of PDGFRA in patient samples, as
well as determining PDGFRA’s role as an effective target to induce sensitivity to
chemotherapy drugs and overcome chemotherapy drug resistance. A third focus of this
project is to evaluate the significance that PDGFRA contributes in IBC cell line growth,

emboli formation, and invasion rate.



Chapter 1

INTRODUCTION

1.1 Breast Biology

1.1.1 Breast Tissue Anatomy

The location of the breast is between the sternal edge and midaxillary line in the
horizontal axis, and between the second and sixth ribs vertically. The breast lies on the
deep pectoral fascia, and the superficial pectoral fascia covers the breast. The breast is
held by Cooper suspensory ligaments which are fibrous bands connecting the pectoralis
major fascial. The serratus anterior muscle provides support for the breast and allows
the breast to move away from the chest wall. As illustrated in Figurel-1, the breast is
composed of three major tissues: skin, subcutaneous tissue, and breast tissue. The skin
contains hair follicles, sebaceous glands, and exocrine sweat glands. The nipple
contains nerves ending beside the sebaceous glands, and exocrine sweat glands. The
areola area is measured to be in the range of 15 to 60 mm in diameter. The Morgagni
tubercles which are located around the areola are formed because of the notch of two
kinds of glandular ducts: large sebaceous glandular ducts, which are in a phase in
between mammary and sweat glands, and Montgomery glandular ducts. The second
component of the breast is subcutaneous tissue, and the third one is the breast tissues
composed of 75% stromal elements, 15% of breast tissue overall is epithelial tissue. The
epithelial tissue forms ducts and almost 20 lobes separated from each other by adipose

tissue. The lobes branch into 20 to 40 lobules. Ducts connect lobes and each of the



lobules to drain into the lactiferous duct. The lactiferous ducts drain into the lactiferous

sinus located underneath the areola area of the breast, and then open into the nipple !, %,

3

Chest Wall

Pectoralis Muscle

Figure 1-1 Human Breast anatomy , and different tissue that the breast composed of.
Adapted from http://reference.medscape.com/article/1273133-overview

1.1.2 Blood Supply And Lymphatic System

Understanding the vascular system of the breast is important to the
understanding of breast cancer metastasis and contributes to improving breast cancer
treatment by choosing effective spots to inject drugs. Nutrition is supplied to the breast
through a major artery called the subclavin artery that branches to the major systems of
the breast blood supply systems shown in figurel-2 (A). The subclavin artery is a

favorable position to inject drugs to treat breast cancer because most of the breast’s



blood arteries are branching from the subclavin artery. There are three major blood
systems of the breast. First is the axillary system of which one of its direct branches is
the lateral thoracic artery that then branches to the lateral mammary artery found at 10
to 20 mm depth and runs the axillary tail. The lateral mammary artery branches to small
nonmammary branches that supply blood to muscle and skin. The axillary system also
forms other minor branches. The second system of breast blood arteries are the internal
thoracic arteries that perforate rami and give direct branches to anterior medial
mammary arteries and posterior medial arteries. The posterior medial arteries are found
at 5 to 15 mm depth and its small branches merge with anterior cutaneous nerves. The
third system of breast blood supply is called intercostals (posterior, aortic intercostals
arteries). The small branches of the lateral thoracic artery, lateral mammary artery, and
posterior medial arteries join together to form a plexus. There is an artery that runs
between the pectorals major and minor muscle called the pectoral branch of the
thoracomial artery, also known as the supreme thoracic artery *.

The veins of the breast illustrated in figure 1-2 (B) are classified into the
superficial system, and the deep system, and the blood flows from the deep to superficial
and drain into the axillary system, and thoracic and cephalic vein. The deeper system
is connected with arteries. The superficial venous system includes the subareolar veins
transferring blood from the nipple to the periareolar vein. The periareolar vein carries

the blood from the deeper veins and the subcutaneous veins external to the areola *.
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Figure 1-2: The breast vascular system including arteries , and veins modified and
adapted from http://medicoreview.blogspot.com/2012/05/blood-supply-
of-female-reproductive.html

The breast lymphatic system; figure 1-3, is important to understand because it
has a significant role in breast cancer diagnostic and treatment. The doctors can predict
whether the cancer cells already metastasized to the axillary lymph nodes by sentinel
node biopsy (SNB). The lymphatic vessels have a smooth muscle layer. There are three
lymphatic systems in the breast depending on their position of the deep fascia: the
superficial lymphatic system, perforating lymphatic system, and the internal lymphatic
system. The superficial lymphatic system is composed of lymphatic collectors found in
the subcutaneous tissue. Lymphatic collectors branch to other lymphatic vessels in the
peripheral region in close proximity to peripheral edges of the breast and lateral border

of the sternum. The lymphatic collectors will unite again and become more equalized in



diameter size when reaching the lymph node. It is also observed that almost all of the
lymph vessels located in the subcutaneous tissue drain into one axillary node before
draining in the other node. In the dermal layer, the areola and nipple area, the lymphatic
precollector vessels, and lymph capillaries become more dense and form a subareolar
lymphatic capillary plexus. The second lymphatic system, perforating lymphatic
system, has some similarities in morphological features with the superficial lymphatic
system, and it connects the deep internal lymphatic system with thoracic blood vessels.
The deepest part of the breast lymphatic system is the internal mammary lymphatic

system which is found to be associated with the internal mammary artery and vein >,%,”.
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Figure 1-3: The lymphatic system of the breast adapted from
http://clinicalgate.com/local-staging-imaging-options-and-core-biopsy-
strategies/

1.1.3 Breast Development.

The development of the breast starts during the fifth or sixth week of fetal
development where two ventral bands of ectoderm and mammary ridges exist. The
mammary ridges extend from the axillary to the inguinal regions and disappear when
development progresses with the exception of some pectoral regions. The breast bud is
a mammary noticeable growth of the epidermis from the mammary mesenchyme
layer. The formation of the primary mammary bud causes the formation of almost 20
secondary breast buds. The secondary buds will develop the lactiferous ducts and their

branches. Main lactiferous ducts open into a mammary pit forming the nipple. At birth



the major lactiferous ducts will be developed, but the mammary glands will not develop
until puberty. The mammary gland development will be triggered by the ovarian
hormones including progesterone and estrogen. The development of the mammary
glands will result in enlargement of the female breast size during puberty. In pregnancy,
because of the influence of the progesterone, estrogen, placental hormones, prolactin,
and growth hormones, the breast reaches complete development including enlargement
in the size and density. During pregnancy, the breast is prepared for the physiological
function by the veins expanding and growing at the first stage. Following that, the last
stage of pregnancy includes epithelium differentiation resulting in the formation of the
secretory cells that produce and secrete milk. During menopause, the breast degenerates
as a result of the mammary glands and ductal regression. Aging also causes a decreased
number of not only the epithelial cells forming mammary glands and ducts, but also the
number of mammary glands and ducts. Aging also decreases the amount of fat the breast
contains and stromal elements leading to breast reduction. The decrease in Cooper

suspensory ligaments is the cause of breast ptosis?.

1.2 Breast Physiological Function

The breasts go through different stages of development and based on each stage,
the breast will have specific changes. During pregnancy, they go through different
stages of preparation for secreting milk proteins by the time of delivery. In the first
trimester of the pregnancy, the breasts become larger, veins expand, and the nipple and
areola areas develop extra pigmentation. In this stage, the proliferation of the glandular
epithelium will result in renewing the stromal elements. The differentiation process of
epithelial cells will lead to the formation of secretory cells that formulate milk and is

influenced by prolactin, growth factors, and insulin levels. The lactation initiation will



be influenced by the levels of estrogen and progesterone. The regulation of milk
secretion will be linked to the neural response for sucking that causes oxytocin

release

1.3 Breast Cancer

Breast cancer is the most common malignant disease affecting women. Breast
cancer incidence is classified as the second cause associated with cancer deaths in
women. The statistics show that 1 out of 8 women could develop breast cancer during
their lifespan. Women developing breast cancer may not notice any changes in the
initial stages of breast cancer. In some cases, the patient can feel a painless lump in the
breast as the initial indicator of tumor growth. Other symptoms can present as breast
skin changes like redness, dimpling, itching, and skin irritation. Other symptoms include
breast swelling in all or some parts, pain in the breast, pain in the nipple, and nipple
discharges other than milk °.

There are many causes behind breast cancer development, some of them
described clinically for the individual trait, for instance, childbearing age, increasing
age, and mutations in BRCA1 or BRCA2 genes. Other reasons include cultural or
environmental causes with different grade of association, for instance, smoking, alcohol
consumption, and diet have an association with breast cancer '°. There are many
procedures that could be taken in order to prevent breast cancer. Primary prevention of
breast cancer includes genetic screening for the patient and chemoprophylaxis using
tamoxifen which reacts with estrogen to prevent growth promotion in women who may
develop breast cancer '°. Secondary breast cancer prevention is based on clinical breast
examination (CBE) screening, Breast self-examination (BSE) screening, and

mammography '!,'23, The advantage of primary and secondary screening for the



patient is either prevention of developing cancer or starting early treatment during the
early stages of breast cancer. This raises high survival rate and decreases breast cancer
mortality. For instance, in primary prevention through genetic screening, women with
a mutation in BRCA1 or BRCA2 can have breast conserving surgery instead of breast
mastectomy in order to prevent developing breast cancer. One of the benefits to
minimizing the risk is that early prevention or early detection can give the patients wider
choices like having sentinel lymph node biopsy as an alternative to axillary lymph nodes
removal 4, 15, 16,

Breast cancer can be invasive or noninvasive depending on the tumor spread to
surrounding tissues and organs. The breast cancer initiates from breast ducts or breast
lobules. The noninvasive ductal cancer is called ductal carcinoma in situ (DCIS).
Another form of noninvasive breast cancer is lobular carcinoma in situ (LCIS). The
invasive forms of invasive breast cancer can also initiated from breast ducts called
invasive ductal carcinoma (IDC) or initiated from lobules called invasive lobular
carcinoma (ILC), or can be generalized as mammary carcinoma if it contains both
invasive forms of breast cancer!’.

Breast cancer screening is recommended for every women with average risk of
developing breast cancer. This screen starts with breast self-examination (BSE)
screening where the women have to examine any lump existence in the present. Also
women between ages 20-39 undergo clinical breast examination (CBE) every 3 years,
and every year for women at age 40 or older. It is also recommended for women at age
40 to have annual mammography. In some cases, mammography screening has a poor
prognosis because it cannot provide a clear diagnosis, so magnetic resonance imaging

(MRI) is highly recommended for women carrying mutations in BRCA1,2 genes which



are tested with genetic screening'®. There is also a histologic diagnostic system known
as the Bloom and Richardson histologic grading system !’. The Bloom and Richardson
system was built on evaluating three factors: frequency of hyper chromatin and mitotic
figures, the degree of differentiation, and the dissimilarity of nuclei staining, cell size,
and cell shape. Based on the evaluation of those factors, the tumor will be classified as
low (Grade I), intermediate (grade II), or high (Grade III) '3, *°.

Another system to grade the breast cancer is known as TNM system to evaluate
the cancer spread when diagnosed. This is important and necessary to highlight a
treatment plan and estimate prognosis. This system evaluates the tumor size, lymph
node invasion, and metastasis to other tissues. The metastasis can be determined by a
blood test, magnetic resonance imaging (MRI), positron emission tomography (PET),
biopsy, computed tomography (CT), x-ray, bone scan, and mammograms. The TNM
system (tablel-1) classifies the tumor based on three categories: T describes the tumor
size and invasion to the chest wall or skin. T has values from O to 4 and larger values
indicates larger tumor and higher spreading. The second category (N) is about detecting
lymph node invasion, and it is scored from O to 3. The letter (M) indicates if the cancer
has metastasized to distant organs other than the primary tumor initiating organ. Only 0

or 1 is given to (M) grade .
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Table 1-1: TNM staging system for breast cancer modified and adapted from

https://cancerstaging.org/references-
tools/quickreferences/pages/default.aspx

m sl bkt i ek

N1 Metastases evident in type L, 1l mdllary lymph
node(s) chMO{i+] No evidenoe of distant metastases

N2  Metastases in ), 1l axillary lymph nodes or y. but Wy or
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size > 0.2 mm without signs of metastases

TH: Tumor > 20 mun but < S0mwmn N3 regardiess level |, Il awillary lymph node

irvohement, there are two Meotastases in

(hervad 0 v} lymph
or in n M1: Distant organ detectable metastases
supraclavicular lymph node(s). or level 0.2 mm
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Another accurate diagnostic which classifies breast cancer into subtypes and
helps in deciding specific treatment, is evaluating the status of hormone receptors and
growth factors; for instance, evaluating the expression of estrogen receptor (ER) and
progesterone receptor (PR) or human epidermal growth factor (a tyrosine kinase
receptor) (Her-2). This kind of classification also helps to predict the prognosis and
indicate the best treatment for a positive impact 2!, > . The molecular expression of
hormone receptors and growth factors define the breast tumors. Based on the gene
expression patterns and cell characteristics, the breast tumors are classified into two
main branches: ER negative or low expressed cluster and secondly ER positive
expression cluster. The first cluster of negative or low ER expression is divided into
three subtypes. First is basal like which includes expression of laminin, fatty acid
binding protein7, keratin 55, 7. The second subtype of ER negative cluster is called
ERBB2+ which shows high expression of ERBB2 and GRB7. The third group is named
normal basal like which has low expression of luminal epithelial genes and high
expression of both basal epithelial genes and adipose tissue genes. The main second
cluster of positive ER expression is branched into three subtypes. The first is called
Luminal A which is positive for ER, x box binding protein, and GATA binding protein
3. The second subtype is luminal B which has low expression of ER as well as other
luminal specific genes. The third subtype is named luminal C which has some
similarities in gene expression with ERBB2+ and the basal like subtype of the negative

ER cluster except that luminal C is ER positive >,%.

1.3.1 Inflammatory Breast Cancer (IBC)
Inflammatory breast cancer (IBC) is one of the deadliest and aggressive forms

of breast cancer affecting women in of younger age. IBC incidence is found to be higher
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in African American women, especially in Tunisia, Egypt, and North African countries,
than in Caucasian women?, 2°, IBC, according to the American Joint Committee on
Cancer (AJCC) staging system, is classified as a TD4 tumor?’. The term inflammatory
carcinoma was first used by Drs. Lee and Norman in 1924 to describe a kind of breast
cancer that has inflammatory symptoms that suggest the breast is infected, known as
mastitis 28, The name inflammatory breast cancer was chosen for this type of cancer
because the symptoms look like a breast infection including inflammation, but this
appearance was as result of tumor emboli blocking the lymphatics. Prior to that name,
IBC was called mastitis carcinomatosa, acute mammary carcinomatosis, carcinoma
mastitoides, von Volkmann's or Wokmann's syndrome in pregnant women, lactation
cancer, or acute encephaloid cancer cancer®. Clinical statistics demonstrate that women
with IBC have higher risk of death measured to be around 40% compared to non IBC
patients™.

There are many studies being conducted to find out what could be causing IBC
or what could put the patient at high risk of developing IBC. Family history, obesity or
body mass index (BMI), breast density, age, and ER status may increase risk 3. There
is also distance organ metastases in women diagnosed with IBC for instance, brain
metastasis .

IBC diagnostic criteria is based on clinical examination, pathological
examination, hormone receptors, and HER2 expression determination®’ 3. It is
important to have these different examinations because some IBC patients have clinical
symptoms of IBC, but do not show lymphatic invasion, and others have lymphatic
invasion without showing any clinical symptoms of IBC (OIC), and others have both

lymphatic invasion by tumor emboli and clinical symptoms>*,
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The clinical diagnosis of IBC is based on rapid progression of the disease, and
the IBC symptoms. Shown in Figure 1-4, patients with IBC have enlargement of the
affected breast with warm sensation, erythema in at least one third of the breast, edema,
peau d’aurange, no palpable underlying mass, nipple inversion, nipple discharge, and
rapid onset occurring in less than 6 months, 2’ 3%, Imaging is also helpful to diagnose
IBC and to determine the IBC stage as well as the treatment response. The imaging
systems used include mammography to show if there is any mass in the breast or
structural difference like skin thickening, and stromal density. Positron emission
tomography- computed tomography (PET-CT) is very helpful to determine early
metastasis of IBC. Magnetic resonance imaging (MRI) can be helpful in guiding a skin
punch biopsy since it can locate part of skin abnormalities. Breast ultrasound has an
advantage in displaying the breast lesions **. Some of the imaging systems can help to
determine which parts of the skin is favorable for a skin punch biopsy. This pathological
examination is important to identify one of the important markers of IBC which is
dermal lymphatic invasion (DLI) where a pathological examination can reveal tumor

emboli present in dermal lymphatic vessels ¢, 2’ as shown in figure 1-5.
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Figure 1-4: Inflammatory breast cancer symptoms: redness, skin orange peel, breast
enlargement that mimicking inflammation appearance with permission
from (Dawood,S.; Cristofanilli M 2015) 37 for panel A, and Panel B with
permission from (Fredika M. Robertson et al, inflammatory breast
cancer, the disease, the biology, the treatment, A cancer journal for
clinicians. Wiley) %,
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Figure 1-5: IBC on histology level showing the emboli invading the dermal
lymphatics vessels adapted from (Ayman Maher et al 2012)*.

For accurate diagnosis of IBC, it is recommended to determine the status of
hormone receptors and HER?2 to develop an ideal treatment plan for the patient’s
specific IBC gene profile. IBC is one of the breast tumors with aggressive behavior and
low survival rate because it lacks the expression of some the hormone receptors. Some
studies show that high percentage of IBC tumors have negative expression of hormone
receptors such as progesterone receptor (PR) and estrogen receptor (ER), and
overexpression of Ki-67, and BAX 40 As for HER2, most IBC tumors over express
human epidermal growth factor- like receptor 2 (HER-2)) *!, 2. Another marker for IBC
which is shown to be over expressed in 90% of IBC tumors is RhoC guanosine
triphosphatase (GTPase). In addition, LIBC (lost in inflammatory breast cancer) shows

lack of expression 4, 44,
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As for IBC treatment, the international panel of IBC recommend ded that IBC
patients should start chemotherapy as a first step and as a more favorable choice than
surgery because there might be high chance of left behind cancer cells that can
participate in recurrence with a high rate. The panel members highly recommended to
use both taxane and anthracycline 27, *°. In a follow-up study, Ueno et al. recommended
that IBC should be treated with a chemotherapy course followed by breast mastectomy,
then followed by chemotherapy then radiotherapy to improve the survival rate *° . In
addition to chemotherapy, surgery, and radiation, there is targeted therapy based on the
gene profile of the IBC tumor. For example, a patient with Her-2 overexpression will
have trastuzumab in addition to a chemotherapy course *’. Other drugs used to improve
the treatment and management of IBC in addition to a chemotherapy course are
lapatinib to target Her-2, panitumumab targeting only epidermal growth factor receptor

(EGFR), and afatinib to target Her-2 and EGFR 3.
1.4 Platelet Derived Growth Factor Receptor Alpha (PDGFRA)

1.4.1 Structure And Signaling

Platelet growth factor receptors including platelet derived growth factor receptor
alpha (PDGFRA) are considered to be members of tyrosine kinase type Il family. The
PDGFRA receptor is coded by gene PDGFRA on chromosome 4q12*° . The receptor
size is about 170 kDa>®. As shown in figure1-6, the receptors of type III receptor tyrosine
kinase (RTK) are commonly consisted of single spanning trans membrane domains, five
extracellular domains for ligand specific binding, and split by intracellular kinase
domains connected together by a polypeptide known as a linker. There are regions in

the receptor responsible for sustaining the silence status of the receptor in the absence
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of the ligand: the C terminal tail of the receptor, the intracellular juxtamembrane
domain, and the activation loop of the kinase domain. There are two homologs of
platelet derived growth factors receptor proteins, platelet derived growth factor receptor
alpha (A) and beta (B), as expressed by the genes PDGFRA and PDGFRB, respectfully.
There are four ligands, platelet derived growth factor A, B, C, and D that bind and
activate the PDGFRs. PDGFRA is activated by the binding of PDGF A, B, or C,
whereas PDGFRB is activated by ligands B and D. The PDGFRs’ ligands are cell
mitogens that stimulate wound healing in the adult, and play a significant role in
initiating embryonic development of connective tissue’!. It is also shown that the
binding of the ligand motivates cell growth reforming of actin filaments, and cell
motility>. The binding of the ligand to the receptor causes the two intercellular kinase
domains to be dimerized, leading to transphosphorylation of tyrosine residues in the
activation loop which stimulates the transphosphorylation of the juxtamembrane
domain®. Ligand binding to PDGFRA leads to dimerization that causes
autophosphorylation of the tyrosine residues, this will result in conformation change
allowing for SH2 domain activation and starts signaling transduction. Signaling
transduction is important for activating protein kinase C (PKC) and Rho family
members, serine/threonine kinase p70, and s6 kinase if the signal molecule binding to
PDGFRA is phosphoinositol (PI) 3 kinase. Binding of phospholipase C gamma (PLCy)
to PDGFRA will increase the levels of diacylglycerol and Ca*? leading to activation of
some PKC family members. PDGFRA signaling is also important for some gene
expression if Stat5 binds to PDGFRA, and binding of CRK causes activation of

nucleotide exchange factor C3G>.
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Figure 1-6: The structure of PDGFRA one of the receptor tyrosine kinase with
permission from (Toffalini F1, Demoulin JB, 2010).

1.4.2 Platelet Derived Growth Factor Receptor A Oncogenesis And Targeted
Therapy

Signal transduction pathways of RTKs and some RTKs directly can contribute
to oncogenesis initiation which causes uncontrolled cell growth leading to cancer®. One
of the main pathways that RTKs activate is the Ras/Raf/MAPK pathway which is
necessary for cell proliferation and thus continues activation by RTKs lead to increase
cell growth 3 Mutations of PDGFRA, one of the RTK members, such as substitution
ASP842Val in exon 18 is linked to gastrointestinal stromal tumors (GISTs) and
epithelial morphology. This common mutation in exon 18 affects the TK2 domain

leading to continuous activation of the kinase by changing the activation loop that
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regulates the ATP binding site. This causes activation of the receptor in the absence of
the ligand leading to continous downstream signal transduction. Other primary
mutations of PDGFRA, TK1 (exonl2, Tyr555Cys and Asp561Val) were found to
contribute to gastrointestinal stromal tumor pathogenesis (GISTs). Secondary
mutations occurring post a PDGFRA inhibitor treatment course were found to be
responsible for drug resistance>®,

One of the RTK inhibitors called Imatinib, “Gleevec” (or “Glivec”) was
developed in the 1990s as a drug suppressing signaling pathways of PDGFRA, BCR-
ABL, ABL, and c-KIT. The Imatinib mechanism prevents the protein tyrosine
phosphorylation reaction in which the tyrosine kinase receptor transfers phosphate from
its ATP binding site to tyrosine residues. When Imatinib binds to the ATP binding site,
that bars conformational changes, and thus phosphate transfer to tyrosine, and receptor
activation®,®®,  Imatinib is used to treat dermatofibrosarcoma protuberans
(DFSP)®!, The Philadelphia chromosome (Ph) disorder®?, chronic myeloid
leukemia (CML)%, gastrointestinal stromal tumors (GISTs)%, malignant
melanoma (MM), systemic mastocytosis (SM), and  hypereosinophilic
syndromes (HES)®.

Crenolanib (CP-868,596), known also as 1-[2-[5-[(3-methyloxetan-3-yl)
methoxy] benzimidazol-1-yl] quinolin-8-yl] piperidin-4-amine, is a very highly
selective inhibitor against PDGFRs over other RTKs®. Some mutations in RTKs cause
cell resistence to Imatinib, and and other inhibitors such as Sunitinib °’. PDGFRA
(D842V), c-KIT (D816V) and FLT3 (D835V/Y) mutations linked to GIST were found

to cause continuous activation of the receptor in the absence of the ligand, and since are

some RTKs are targeting the inactive form of RTKs receptor, patients with this
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mutation are show resistance to Imatinib, and Crenolanib show significant inhibition of
RTK activity ¢7,%,%7° Due to Crenolanib binding to the active form of the receptor,
Crenolanib is classified as a type I tyrosine kinase inhibitor, RTKI "',

Lenvatinib (Lenvima®) is used to improve treatment for non-small cell lung
cancer (NSCLC), renal cell carcinoma (RCC), thyroid activity against platelet-derived
growth factor receptor a (PDGFRA), c-kit, fibroblast growth factor receptors 1—4
(FGFR-1-4), and vascular endothelial growth factor receptors 1-3 (VEGFR1-3). The
inhibition of tumor behavior such as invasion, rapid growth, and migration is by
inhibiting the signaling pathways of PDGFRA and FGFRI1. Lenvatinib also prevents
angiogenesis by inhibiting Vascular endothelial growth factor (VEGF), c-kit, and kinase
insert domain receptor (KDR ) facilitating recruitment of endothelial cell circulation
from bone marrow to blood flow’2,”.

In IBC patients, platelet derived growth factor receptor alpha shows higher
expression compared with non-IBC patients’, with the exception of triple negative
breast cancer patients. Thus [ hypothesized that Platelet Derived Growth Factor
receptor alpha (PDGFRA) can play a significant role in improving IBC treatment by
targeting the receptor target in Inflammatory Breast Cancer and Triple Negative Breast
Cancer. Three aims were developed to achieve answers supporting this hypothesis: 1)
to determine the expression, localization, and phosphorylation status in IBC patient
samples, 2) to screen for PDGFRA inhibitor doses combined with chemotherapy and
evaluate cell response compared with chemotherapy alone, and 3) to evaluate IBC cell
line behavior (emboli formation, cell growth, cell viability and invasion) when

PDGFRA is knock down.
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Chapter 2

EXPERIMENTAL METHODS

2.1 Cell Culture

Some of the experiments required cell culture for IBC cell lines (SUM149 and
KPL-4; a gift from Dr. Junichi Kurebayashi, Kawasaki Medical School,) and triple
negative breast cancer (MDA-MB-231). SUM149’s were cultured in Ham’s F12 base
media (Mediatech, Inc., Manassas, VA) with 5% fetal bovine serum (FBS: Atlanta
Biologicals, Lawrenceville, GA), 1% antibiotic/antimycotic (Mediatech, Inc.), 1%
Pennicillin-Streptomycin (Mediatech, Inc.), 1% L-glutamine (Mediatech, Inc.). The
final concentration of the insulin/transferrin/selenium (ITS) cocktail was 5ml of
working solution (Spug/ml Insulin, 2.5mg/ml transferrin, 20ug/ml selenium: Sigma-
Aldrich, St. Louis, MO). Hydrocortisone, 500 ul of a 1mg/ml working solution was
added (Sigma-Aldrich). KPL-4, and MDA-MB-231 were cultured in the same
conditions as SUM149 with replacing Ham’s F12 base media with DMEM-F12
supplemented with sodium pyruvate. The cultured cell lines were kept at 37°C and 5%

CO».

2.2 Immunohistochemical (IHC) Staining.

Immunohistochemical staining was performed on patient samples preserved as
paraffin sections. Sections were deparafinized through three changes of xylene, and
hydrated through different ranges of ethanol. Sections were exposed to 10 mM sodium

citrate buffer (pH=6) at 70 ° C for antigen retrieval then allowed for 20 minutes of
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boiling at 95°C. Sections were allowed to cool on ice for 30 minutes. Sections were
washed with two changes of distilled water for 10 minutes total followed by phosphate
buffer saline (PBS: pH=7.4) with 0.1% Triton x-100 for 10 minutes. The endogenous
peroxidase activity was blocked with 3% hydrogen peroxide for 15 minutes. The
sections were blocked using 10% horse serum in buffer containing 5% goat serum, 0.1%
fish skin gelatin.0.1 triton-x100, 1% bovine serum albumin (BSA), 0.05 %Tween,
0.05% sodium azaide in PBS for 1 hour. After the blocking process, sections were
incubated with 1:100 ratio of rabbit anti-PDGFRA (c-20) polyclonal primary antibody
conjugated to horseradish peroxidase (HRP), (Santa Cruz Biotechnology Inc: sc-338)
overnight. The sections were washed in PBS with 0.1% Tween 20 for 10 minutes.
Sections were directly incubated from 1to 15 minutes with 3, 3 Diaminobenzidine
(DAB) (Becton-Dickinson,Franklin Lakes, New Jersey) until the brown color was
observed. Sections were stained with methyl green for 10 minutes, and dehydrated.
Sections finally were fixed onto the slide with permount. Axioplane system, Axiocam

was used for imaging (Zeiss.)

2.3 Immunofluorescence Staining

Immunofluorescence staining was performed on mouse samples containing
sum149 cells injected subcutaneously to form a tumor. After optimizing the conditions,
the staining was performed on patient samples. Paraffin sections were deparaffinized in
3 changes of xylene each for 5 minutes. The sections were dehydrated in different
changes of alcohol. Antigen retrieval was performed in sodium citrate (pH 6) for 20
minutes, and cooled on ice for 30 minutes. Sections were washed in 3 changes of
phosphate buffer saline with 0.1% Tween. As for blocking, sections were incubated in

fish skin gelatin with 5% goat serum for 60 minutes. Three changes of PBS were used
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to wash the sections each for 10 minutes. Sections were incubated in primary antibodies,
anti-PDGFRA (Santa Cruz Biotechnology, Inc: Tyr754: Sc-12911-R) or anti-E-
cadherin antibody [HECD] (ab1416) the ratio of antibodies was optimized based to the
tissue type. Goat anti-rabbit secondary antibody conjugated to 647 and goat anti-mouse
conjugated to 488 were used at 1:2000. Sections were washed in phosphate buffer saline
ph6, and co-stained with DAPI (4', 6-Diamidino-2-Phenylindole, Dihydrochloride).
slowfade gold was used for mounting.

KPL-4 cells were grown on cover slips and allowed to reach 60% confluence.
Cells were washed gently with PBS and fixed in 4% EM grade paraformaldehyde for
30 minutes then washed in PBS pH=7 and blocked with 5% goat serum. Staining was

performed using the previously mentioned steps with paraffin embedded sections.

2.4 Cell Viability Assay

Cell viability assays were performed on the SUM149 IBC cell line. Cells were
harvested using trypsin .25% (Fisher Scientific), and seeded in triplicates in 96- well
plates. The seeding ratio was (8000 cell/well). Cells were incubated for 48 hours at 37°C
in 5% CO; and allowed to attach before starting the treatments. Cells were treated for
6 day time points with 10 different concentrations of Imatinib or Crenolanib (Arog
Pharmaceuticals, Inc., Dallas, TX) combined with paclitaxel (LC laboratories, Woburn,
MA) or doxorubicin (LC laboratories). The PDGFRA inhibitors were used at a 10%
final concentration in a total of 200 ul media in each well. MTT (4, 5-dimethylthiazolyl-
2)-2, 5-diphenyltetrazolium bromide: Invitrogen, Carlsbad, CA) working solution was
prepared at a concentration of 5 mg/ml in phosphate buffered saline (PBS). Depending
on the time course point, 50 pul of MTT was added to each well and incubated the at 37°

Cin 5% COz for 3 hours to allow MTT conversion to fromazan crystals by mitochondria
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reductase. The media containing MTT was aspirated and 100 pl of dimethyl sulfoxide
(DMSO) was added to each well with mixing. The absorbance was read at 570 nm. The
used concentrations of Crenolanib, Imatinib and Lenvatinib was from 1um to 500um.
Each of the different concentrations were combined with different doses of Doxorubicin

1 nM to 10 nM or Paclitaxel 0.1pm to 10 pm.

2.5 Transfection

Cells were plated at 80% confluency, and allowed to adhere for 24 hours at 37
C in 5% COs. At 24 hours post-plating, cells were transfected with siRNA against
PDGFRA (Human) or scramble siRNA control (Origene Technologies, Inc) at a
concentration range of Inm, Snm, and 10 nm. Fugene ®HD transfection reagent was
used (Promega). The ratio of siRNA to Fugene was 1:1.5. Media was replaced after 24
hours post-transfection and successful knock down of mRNA and protein was

determined using real time quantitative PCR (qPCR) and western blotting.

2.6 RNA Extraction, And Real Time Quantitative Polymerase Chain Reaction
(qPCR)

RNA extraction was performed using Purelink® RNA mini kit. Cells were
washed with PBS, scraped, and collected. Centrifugation was performed to pellet the
cells and aspirate the PBS. Lysis buffer, and 70% ethanol where added and samples
were centrifuged to collect liquids; 700 ul of washing buffer was added to the tubes and
left for 4 minutes at room temperature. Centrifugation was performed for 15 seconds.
Wash buffer II was added twice and centrifugation was performed at 10,000 rpm for
two minutes. RNA was collected and solubilized in RNase free water. RNA
concentrations were determined with the Nanodrop and equal amounts were loaded for

the real time quantitative PCR.
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As for gPCR, RNA samples were used with power SYBR® Green RNA — to —
Ct ™ 1-step kit (Applied Biosystems). RT-PCR reaction master mix was prepared by
the manufacturer recommendations. Master mix and total reaction volume were loaded
at a 20 ul final volume. Primers obtained from IDT 5°-
TTGATGAAGGTGGAACTGCT-3> and 5’-ATTCCTCTGCCTGACATTGAC-3’
were used as forward and reverse primers for PDGFRA, respectively. As for beta actin,
5’-ACAGAGCCTCGCCTTTG-3> was used as the forward primer and 5’-
CCTTGCACATGCCGGAG-3’ as the reverse primer. Samples run by 7500 fast gPCR
machine and the samples were kept in hold stage for 30 minutes at 48 C, then 95 C for
10 minutes to allow for reverse transcription. Then samples were incubated at 95 C for
15 seconds and 62°C was the ideal temperature for primers to anneal and extend for 1
minute. Data analysis was performed by normalizing data to the house keeping gene,
beta actin, and comparing 2”-dCt values. All samples were normalized to the control

having 1 as its 2A-dCT.

2.7 Western Blotting

Protein was collected from transfected cells at different time points to determine
the success of transfection. RIPA Lysis and Extraction Buffer, protease inhibitor, and
phosphatase cocktail were prepared and applied on cells (Thermo Fisher Scientific,
Waltham, MA, USA). Samples were kept in ice for 30 minutes and centrifuged for 20
minutes at 4 C at 12000 RPM for 20 minutes. Protein was collected and concentrations
were determined with the Pierce ™ BCA protein assay was performed using the
manufactures recommendations (Pierce Scientific, Rockford, IL). The BCA reactions
were incubated at 37C for 30 minutes before taking the reading at 570 nm. Samples

were prepared with 4X Leammli sample buffer (Bio Rad, Hercules, CA) to a final
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concentration of 40 pug/ul in 30 pl final volume and incubated at 95 C for 5 minutes
before loading. Denatured protein samples were loaded in a gradient 4-15% mini-
protean® TGX™ (Bio rad, Hercules, CA) and run at 120 volts for 80 minutes. Protein
was transferred to a nitrocellulose membrane at 80 volts for 1 hour. Nonspecific binding
was avoided by blocking with 3% Bovine Serum Albumin (BSA) in Tris buffer saline
(TBS) with 0.1% Tween 20 for 1hour. Membrane was incubated with anti PDGFRA to
detect total receptor over night at 4 C, 3 wash changes of TBST were used before
imaging the protein using Pierce ™ ECL western Blotting substrate (Thermo Scientific,

Rockford, IL). The membrane was re-blocked and re- probed for beta actin as a control.

2.8 Emboli Formation Assay

Untreated cells, PDGFRA siRNA transfected cells, and cells transfected with
siRNA scramble were collected using trypsin and counted to have 100,000 cell/ flask.
Suspension culture flasks from cell star (Greiner Bio-one, NC) were used. Three flasks
were prepared for each condition. Cells were suspended in 5 ml media containing 2.25%
PEG 8000 (Promega, Madison, WI). Flasks were allowed to incubate in 5% CO> at 37
C for 48 hours with gentle rocking at (40 rpm). After 48 hours, emboli were counted

for the three flasks and the median values were considered in statistical analysis.

2.9 Invasion Assay

Emboli were collected from each condition. Centrifugation was performed to
sediment emboli and aspirate the media containing PEG 8000. An equal number of
emboli for each condition was suspended in serum-free media. Chambers were put in a
24 well plate, and Iml of emboli suspension was plated in a BD bio coat invasion

chambers (BD Biosciences, San Jose, CA). The lower part of the well contained media
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with serum to stimulate the cell migration. The plates were incubated for 24 hours and
at each time point, cells were stained with DAPI (4',6-diamidino-2-phenylindole;
Thermofisher, Inc.) and fixed with 2% EM grade paraformaldehyde in PBS (pH7.4) for
5 minutes and then fixed with 2% EM grade paraformaldehyde for 20 minutes.
Chambers were stored in PBS at 4’ C for imaging. The chambers were imaged using a

LSM 880 confocal microscope by Z-stacking at 98.5 microns.

2.10 Apoptosis Assay

Cells were plated in a 6 well plate at 500,000 cell/well and allowed to adhere for
24 hours. Cells were either untreated or transfected with siRNA targeting PDGFRA
transcripts or scramble plasmids for 24 hours. Three days post transfection, media
containing dead cells was collected and adhered cells were harvested using trypsin and
both were collected in 15 ml tubes. Centrifugation was important to acquire the cell
pellet which was then re-suspended in PBS or medium. Propidium iodide (PI) was
applied to probe the dead cells while avoiding exposure to light for 40 minutes at 25C.
cells were washed 3 times with PBS then suspended in PBS. A flow cytometer was

used to determine the dead cell population compared to viable cell population.
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Chapter 3
RESULTS

3.1 Platelet Derived Growth Factor Receptor A Expression And Localization.
An antibody to total PDGFRA was used for immunohistochemistry and western
blotting analysis. As for PDGFRA immunofluorescence staining, anti-PDGFRA that
only detects the active receptor phosphorylated at tyrosine 754 was used. SUM149
tumors grown in mice were stained to optimize the conditions. 40 patient samples were
stained for total PDGFRA via immunohistochemistry, and 21 of them showed over -
expression of PDGFRA as shown in Figure 3.1. The remaining samples showed very
low expression that was similar to the negative control tissue in the sample. For the
low level expressed samples, immunofluorescence staining showed expression of the
phosphorylated PDGFRA as well as co-localization with DAPI used to stain the nucleus

as shown in Figure 3.2.

Figure 3-1 Immunohistochemical staining of PDGFRA in patient samples shown in
panel A shows the over -expression of PDGFRA compared to a negative
control in panel B.
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A) DAPI B) Anti-Ecad C)Anti-PDGFRa + D) Merged

E) DAPI F) Anti-Ecad G)Anti-PDGFRa - H) Merged

Figure 3-2: Immunofluorescent staining for detecting active PDGFRA in patient
samples and co-staining with DAPI. A) positive expression and co-
localization with DAPI. B) Negative control.

3.2 Platelet Derived Growth Factor Receptor A Targeting Therapy

The SUM149 cell line, KPL-4 cell line, and MDA-MB-231 cell lines were
screened for effective doses of three PDGFRA inhibitors combined with different doses
of either with Paclitaxel or Doxorubicin. SUM149 showed a significant response to
Doxorubicin used at 1 nm, and 10 nM and ranges from 1 pM to 500 uM of PDGFRA
inhibitors. 1 nM of Doxorubicin was significant with Crenolanib at 4, 5 M, and with
Imatinib at 6 uM. No significant response with Lenvatinib as showed in Figure 3.3 Panel
A. Panel B of Figure 3.3 shows SUM149 response to paclitaxel at 10nm with the same
range of inhibitors doses used with Doxorubicin. Paclitaxel was very effective with
Crenolanib at the range 1 to 5 uM of doses, and with Imatinib at 3, 4 uM. Figure 3.3

panel C, D, E, and F have the results of cell viability at higher doses of Doxorubicin,



and Paclitaxel at 10 nM and 100 nM, respectfully. Doxorubicin is showing very low
cell viability with 10, 300, 400, 500 uM of Crenolanib, and 10, 50 uM of Imatinib, and
with 10, 20, 30, 40, 50, 400, 500 uM of Lenvatinib. Paclitaxel 100 uM is causing more
cell death with 50 uM Imatinib, 300,400,500 uM of Crenolanib, and with 30, 40, 50,
400, 500 uM Lenvatinib.

Figure 3.4 A, B showing the KLP-4 cell viability with range of PDGFRA
inhibitors from 1 to 7 uM with either Doxorubicin 1nM or Paclitaxel 10 nM. The cells
become sensitive to chemotherapy treatments with 1 to 5 uM of Crenolanib, and
Lenvatinib combined with 1 nm Doxorubicin. When using 10 uM Doxorubicin, a low
cell viability was observed at 10 to 50 uM, and 400 to 500 uM doses of Crenolanib,
40 to 50 uM of Imatinib, and 400 to 500 uM Lenvatinib Figure 3.4 C,E. Paclitaxel was
used at 100 uM with very effective cell growth suppressing at 30, 40 ,50 ,400 ,500 uM
of Crenolanib, 10, 40, 50 uM of Imatinib, and 400 and 500 uM Lenvatinib.

MDA-MB-231 screening presented in Figure 3.5 illustrates significance at 30,
50, 400, 50 uM Crenolanib, and 10 to 50 uM of Imatinib, and 30, 40, 50, 200, 300, 500
uM Lenvatinib when combined with Doxorubicn at 10 nM. A 100 nM of Paclitaxel
showed lower cell viability when combined with 20, 30, 40, 50, 300, 500 uM doses of
Crenolanib. Imatinib was effective at 30 to 50 uM. A range from 30 to 50, 500 uM of

Lenvatinib showed defeat effect in cell growth compared with chemotherapy alone.
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Figure 3-3: Cell viability assay showing effective doses of PDGFRA inhibitors in

SUM149 cell line. Chemotherapy drugs used are Doxorubicin in panel A,
C, E, and Paclitaxel in panel B, D, F. The * indicts p value <0.00001.
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3.3 Platelet Derived Growth Factor Receptor Alpha Decrease Expression
Platelet derived growth factor receptor alpha was knock down using anti
PDGFRA siRNA in two IBC cells lines, SUM 149 and KPL-4. The declined expression
of PDGFRA showed significant reduction in emboli formation which almost dropped
to half of the number found in untreated conditions as shown in Figure 3.6. It is
noticeable that the knock down condition in SUM149 tends to have less, and some of
the formed emboli were smaller compared with controls Figure 3.6 A, C. Emboli size
of a SUM149 control embolus was measured to be around 400 p while some were
measured to be around 200 p as in Figure 3.6A. Whereas decreased expression of
PDGRA in KPL-4, there was more single cells in the knock down condition compared
with controls as shown in Figure 3.6 B, D. As for the PDGFRA effect on cell death rate
evaluation, FACS analysis showed in Figure 3.7 A, and B was used. Figure 3.7, C, and
3.7D showing the apoptosis events caused by suppressing the expression of PDGFRA
in SUM149, and KLP-4 which indicates that absence of PDGFRA causes significant
cell death. On the other side, cell viability was measured to determine PDGFRA
knockdown affect in SUM149, AND KPL-4 as showed in Figure3, 8. SUM149 was
showing significant at day 2 figure 3-8 A,C where as KPL-4 was showing a difference
in day 3 Figure 3,8 B, and D compared with untreated controls. Invasion were observed
since IBC is a very aggressively invaded cancer, and a tile scanned at 10x, and invasion
rate were determine as ratio. Figure 3, 9 displays invasion chambers side view at high
resolution in SUM149 Figure 3, 9 (A, B, C) and KPL-4 in (D, E, F). Quantifying of
DAPI density were performed to determine the cell density of each side of the gel. When
analyzing the derived data from DAPI quantifying, the knockdown conditions of
PDGFRA did not show an affect limiting the cell invasion in both IBC cell lines as

shown in Figure 3.9 (G, H).
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Chapter 4

DISCUSSION AND FUTURE DIRECTIONS

IBC is arguably the deadliest form of breast cancer subtypes and is always
classified as T4d according to American Joint Committee on Cancer (AJCC) at the time
of diagnosis. The survival rate of IBC is very low, and the incidence is increasing over
time. It is uncertain if this is due an actual increase in incidence or an increase in
awareness of the disease. However, it is known that IBC is more common in African
American women, North African women, and Caucasian women compared with other
ethnic groups. This type of breast cancer also known to be diagnosed in younger age
women, typically in child bearing years, compared with other types of breast cancers.
Patients can have clear symptoms, with histological evidence of emboli present in the
dermal lymphatics, while other patients can have emboli present while lacking
symptoms, and yet others can have emboli invasion with no symptoms. Symptoms may
include breast redness, swelling, breast enlargement, nipple inversion and discharges.
In addition, it is observed that patients have skin orange appearance a.k.a. ‘peau d’
orange’, skin thickening. IBC is a unique subtype of breast cancer because in the early
stages of the IBC development there is no noticeable lump involvement .  For
diagnostics, fine needle aspiration (FNA) will be used to screen dermal lymphatic
invasion by IBC emboli " . Sonography positron is also used to determine the invasion
in lymphatic nodes, to demonstrate breast lesions, and to guide skin biopsy punching ”’.

Emission tomography/computed tomography (PET/CT), magnetic resonance imaging
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(MRI), ultrasonography are used to evaluate stage, and skin thickening, and breast
lesion 8.

The focus of the project is very significant because the number of women
diagnosed with IBC is growing, while the survival rate remains very low compared with
other subtypes of breast cancers. The average survival rate for women diagnosed with
IBC is almost half time period compared with the median survival rate for a women
diagnosed with no inflammatory locally advanced breast cancer (LABC), , <45%
compared to 90% 7°. Also, IBC incidence is double in African American women
compared with Caucasian®. Smoot et al. reported that the survival rate is diminished
from 42% for the 5 year disease-free survival rate to 21% for the 10 year disease-free
survival rate in IBC patients . It is also reported that IBC patients have very poor
prognosis compared with stage-matched non-IBC patients where the median survival
dropped from 13.4 years for non-IBC to 4.75 for IBC patients®!.

IBC treatment includes chemotherapy followed by surgery and radiation.
Doxorubicin is one of the main chemotherapy drugs used to treat many types of cancers,
including IBC. Biodo et al reported that Doxorubicin causes deadly metabolic effects
by damaging white adipose tissue (WAT) and thus interrupting WAT function and
secretions. In addition to affecting WAT, Doxorubicin also severely affects skeletal,
cardiac muscles, and the liver causing very poor life quality for patients going through
chemotherapy course®?. Paclitaxel is another drug used to treat an enormous range of
cancers, including IBC. Reported cases indicate that Paclitaxel causes cystoid macular
edema (CME) which is a very rare disorder in the central retina of eye®, 8485, Fatigue,
depression, weight loss, nausea and vomiting are some of chemotherapy side effects®®.

Infection because of reduction in white cell count (Myelosuppression), neurologic
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toxicity, cardiac toxicity, ovarian disfunction, development of acute myeloid leukemia
or myelodysplasia ,are also reported as chemotherapy side effects causing very poor life
quality®. The poor quality of life in IBC patients often is without noticeable positive
outcomes, and the IBC aggressive behavior leads to the rapid demise of the patient.

The serious side effect of chemotherapy, chemotherapy resistance contributing
to low survival and contributing to last the side effects of chemotherapy. In addition,
the survival rate is low, and the incidence is increasing, the aggressiveness of the
disease, all resulting in poor life quality. Thus it is very important to find a cure, and
investigating for effective target for IBC targeted therapy. This is important to make the
battle for women diagnosed with IBC less painful to increase the chance of having
acceptable life quality. In simple words, finding an effective target will improve the
treatment of IBC, will improve the life quality, and will improve the survival rate.

A study looking at the phosphatidylinositol 3-kinase (PI3K)/Akt pathway in
breast cancer found that a number of genes are overexpressed in IBC compared with
non IBC including PDGFRA?Y. In addition, another study showed that Akt, PDGFRA,
epidermal growth factor receptor (EGFR), insulin-like growth factor 1 receptor (IGF-
IR) and erbB2 have mutations causing the receptors to be constitutively active. The
constitutive activity of the protein as mentioned is one of key players in chemotherapy
resistance®®. Targeted therapy is an important approach to overcome chemotherapy
resistance but still there is drug resistance also found in targeted therapy. Receptor
tyrosine kinase inhibitors are one of these approaches for targeted therapy. A study
found that PDGFRA was over expressed in breast carcinoma %°, and a previous study
from our laboratory found it to be particularly over expressed in IBC patients compared

with non-IBC patients®’.
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For one RTK inhibitor, Imatinib, resistance found in gastrointestinal stromal
tumors (GISTs) and chronic myeloid leukemia (CML) patients leads to tumor
reoccurrence *°. Crenolanib is specifically targeting the active PDFGRA receptor, which
is caused by mutation found to be in some types of cancers for example GIST 7, 712,
Imatinib is targeted against inactive forms of RTKs, including PDGFRA, but does not
have the same selectivity as Crenolanib %, A study conducted in 2012 showed that
Crenolanib selectively targeted mutated and active PDGFRA, and was successful to
overcome the resistance observed when treating cells with Imatinib®. Lenvatinib is
targeting varying RTKs but PDGFRA is one if it’s main targets. The anticancer actions
of Lenvatinib is by preventing PDGFRA signaling pathway and also the inhibition of
angiogenesis’> 7.

Based on these observations I hypothesized that PDGFRA is an effective target
to sensitize IBC cells to chemotherapy. In SUM 149, KPL-4, MDA-MB231, Crenolanib,
and Lenvatinib, when combined with Doxorubicin decreased IBC cell viability, whereas
Imatinib did not. A parallel pattern of cell response was observed when PDGFRA
inhibitors were added individually along with Paclitaxel. Cell resistance observed with
most doses of Imatinib whereas Crenolanib and Lenvatinib showed lower cell viability
compared to Imatinib. These results suggest that the PDGFRA is active and the active
form of the receptor is a more effective target than the inactive form, which Imatinib
targets. Screening the triple negative breast cancer cell lines, and IBC cell lines is very
important approach because this could lead using low level of chemotherapy drugs thus
minimizing the side effect. In addition this may also serve to overcome chemotherapy

resistance even with high doses of chemotherapeutic drugs. Another future potential

benefit is in the identification and management of a variety of PDGFRA mutations, thus
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leading to a better understating of how important inhibition of PDGFRA is in order to
improve the survival rate of IBC.

Another key to understand IBC behavior, and how PDGFRA is contributing to
it is to study the expression status and localization of PDGFRA receptor. Joglekar et al
showed that PDGFRA is localized and active in the cytoplasm of the SUM149 IBC cell
line®®. The second part of my thesis screened IBC patients’ samples for PDGFRA
localization and expression via immunohistochemistry and immunofluorescence. It is
important to know if the cell line data is representative of the patients’ samples. I
screened patients’ samples and that approximately 52.5% overexpress while
approximately 47.5% are low expressed or negative for expression of PDGFRA. When
detecting the expression and localization of active PDGFRA, the IF staining showed
that in the positive patients samples the receptor co-localized with DAPI, suggesting
that is is localized inside the cell and not on the cell membrane. From these observations
I speculate that the activity of the receptor is very important in understanding PDGFRA
role in IBC behavior. As for a future direction for this aim, it would be interesting to
investigate what could be causing the receptor to be mislocalized in the cell. One idea
would be to determine if there is a difference in the glycosylation pattern between
PDGFRA in normal breast cell cells compared with IBC patients. Glycosylation is
required for transport of proteins to their proper cellular target. A revisit of van Golen
et al’s original differential display data demonstrated that IBC cells were deficient in a
specific O-linked glycosylation enzyme (Joglekar and van Golen book chapter). One
other approach would be to see if we knock out wild-type PDGFRA in normal breast

cells and replace it with the PDGFRA gene found in IBC cells will alter the normal cells
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behavior. Alternatively, we could see if re-expression of PDGFRA from normal cells
reverted the IBC phenotype.

A narrower focus is the investigation of PDGFRA knockdown in IBC cell lines,
and how it affects emboli formation, cell viability, invasion, and apoptosis. As
demonstrated in the Results, suppressing the expression of PDGFRA by knocking down
the PDGFRA resulted in few number of formed emboli in both cell lines SUM149 and
KPL-4 and it is also resulted in high apoptosis rate. Each of those results explains the
other. PDGFRA signaling is important for cell growth and viability, and when knocking
down PDGFRA, the apoptosis rate will elevated causing less number of viable cell, and
thus less number of formed emboli. It is also possible that PDGFRA signaling pathway
is having a cross link with other pathways involved in initiating molecules important
for emboli formation such as the adhesion molecules. This suggested to test if PDGFRA
knockdown affect cell adhesion or the expression cell adhesion molecules.  Another
future step is see what other molecules that will be down regulated as a cause of
PDGFRA down regulation, and to investigate if targeting those molecules will affect
the IBC cell lines, or if targeting those molecules will sensitize the IBC cell lines for
chemotherapy, and compare the outcome with the PDGFRA inhibition. One example
of this is Akt3. In a previous study Lehman et al demonstrated that Aktl was involved
in IBC cell migration through phosphorylation of RhoC GTPase, while Akt3 was
involved in cell viability. The link between PDGFRA expression and Akt3 has not been
demonstrated however it is logical. Another example is to investigate how PDGFRA
knock down is affecting the expression of Caveolin-1 facilitating IBC invasion via

interacting with Aktl, and RhoC GTPase®.
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Many studies reported that the high level of PDGFRA is linked to aggressive
cell invasion, and when knocking down PDGFRA, the cell invasion will be controlled,
and regulated. A study carried out by Ariad et al reported that women with breast cancer
stage 2 had measureable level of PDGFRA, and women staged as stage 4 had higher
level of PDGFRA, which indicates a linkage between metastatic levels and PDFGRA
expression level®®. Seyamor et al showed that the level of PDGFRA expression levels,
and continues activation via autocrine affect the survival rate negatively by stimulating
cell growth, and thus elevating invasion, and also having a role in cell resistance for
chemotherapy 7. In IBC cell lines, when knocking down PDGFRA via siRNA, the
expression regulation did not affect the invasion. SUM149, and KPL-4 showed higher
invasion levels when treated with siRNA compared with untreated controls. This could
be because of the emboli size that found to be greater than 400 micron in untreated
which may play a role in slowing down the invasion process while the small size of
emboli in siRNA treated where more rapidly going through the matrigel. This need to
be more investigated using other types of transfection.

In conclusion, IBC patients from different locations were screened for total, and
active form of PDGFRA via IHC, and IF staining. IBC cell lines were also screened for
three different receptor tyrosine kinase inhibitor efficiency with two different
chemotherapy drugs, Doxorubicin, and Paclitaxel at different doses. Also, PDGFRA
knockdown was evaluated in IBC cell lines SUM149, and KPL-4, and how PDGFRA
suppression can influence IBC cell lines to emboli formation, cell growth, cell death,
and cell invasion. These findings should help in understanding the role of PDGFRA in
IBC patients, and IBC cell lines behavior. Finally, it also gives insight into the influence

that the level of overexpression PDGFRA has on IBC cell line behavior. It also begins
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to answer the question of whether PDGFRA mislocalization has a role in the IBC
phenotype. Answering these questions will lead to a better understanding of IBC, and

lead to a narrower focus for targeted effective therapy.
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Licensee to access Wiley Online Library from designated terminals with a Licensee-controlled P address
These designated terminals shall be physically located in libraries or similar physical premises directly
controlled by the Licensee.

4. Intellectual Property Rights — These rights include, without limitation, patents, trademarks. trade names.
design rights. copyright (including rights in computer software), database rights. rights in know-how and other
intellectual property rights, in each case whether registered or unregistered, which may subsist anywhere n the
world. The Authorized Users acknowledge that the Electronic Products and Wiley Online Library and the
Intellectual Property Rights contained therein are protected by law. All rights not specificaily hcensed to the
Licensee are expressly reserve by Wiley.

5. Electronic Products - All products, services and content available in Wiley Online Library shall be deemed
included within the definition of Electronic Products.

6. Licensed Electronic Products — The electronic (online) editions of Wiley journals and other pubtication and
the content therein, including but not limited to major reference works, Current Protocols laboratory manuals

and databases which the Licensee has licensed hereunder.

[

7. Open Access License(s) — Some products, services and content available in Wiley Online Library may e made

available on an open access basis. Such licenses make content openly accessible 1o all users not just Authorized
Users or Licensees. subject to the terms set out in the relevant open access or creative commons license in the
event of any conflict between these Terms and Conditions and the applicable Open Access License. the latter
shall apply with respect to that product, service or content.
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1. To make Wiley Online Library and the Electronic Product useful. the following rules apply:
1. Authorized Users. including Walk-in Users. will have access to all Content websites within Wiley Online
lel.‘ary. .Authonz,ed Users may browse ali Tables of Content and for all Electronic Products on Wiley
Online Library regardless of what Licensed Electronic Products the institution subscribes to and search
the entire database of Tables of Content and abstracts. For most publications, Authorized Users may
browse the abstracts as well.

. Authorized Users at institutions which have subscribed to Electronic Products and Authorized Users who
have access under a Society or Personal License will have access o the full text of such Licensed
Electronic Products. Authorized Users may download. search, retrieve, display and view, copy and save to
hard disk or diskette and store or print out single copies of individual articles or items for their own
personal use, scholarly, educational or scientific research or internal business use. Authorized Users may
also transmit such material to a third-party colleague in hard copy or electronically for personal use or
scholarly, educational, or scientific research or professional use but in no case for re-sale, systematic
redistribution or for any other use. In addition, Authorized Users have the right to use, with appropriate
credit, figures, tables and brief excerpts from individual articles in the Electronic Product(s) in their own
scientific, scholarly and educational works.

3. All Authorized Users have the option to create a My Profile Page which will allow them to create links to
Electronic Product (s), articles of interest and search criteria which may be reused by them and manage
their custom e-mail alerting services. In order to do so, Authorized Users must register. During the
registration process, Authorized Users will select and register a user name and password which they must
keep confidential and not disclose to or share with anyone else.

2. Except as provided above or in any applicable Open Access License(s). Authorized Users may not copy,
distribute, transmit or otherwise reproduce, sell or resell material from Electronic Products (s); store such
material in any form or medium in a retrieval system: download and/or store an entire issue of a Electronic
Product or its equivalent; or transmit such material, directly or indirectly, for use in any paid service such as
document delivery or list serve, or for use by any information brokerage or for systematic distribution, whether
or not for commercial or non-profit use or for a fee or tree of charge.

3. Authorized Users agree not to remove, obscure or modify any copyright or proprietary notices, author
attribution or any disclaimer as they appear on Wiley Online Library. Authorized Users may not integrate
material from the Electronic Product(s) with other material or otherwise create derivative works in any medium,
However, brief quotations for purposes of comment, criticism or similar scholarly purposes are not prohibited
herein.

4. Authorized Users may not do anything to restrict or inhibit any other Authorized User's access to or use of
Wiley Online Library and the Electronic Product(s).

5. If an Authorized User refuses or fails to abide by these Terms and Conditions or violates any other terms of this
Agreement, Wiley reserves the right in its sole discretion to suspend or terminate their access to Wiley Online
Library and the Electronic Products immediately without notice, in addition to any other available remedies.

6. Authorized Users shall not have the right to incorporate any material from the Licensed Electronic Products into
any institutional or other repository under any circumstances without Wiley's prior written approval.

Additional Terms

Wiley is not responsible for any charges associated with accessing Wiley Online Library and the Electronic Products,
including, but not limited to, any computer equipment, telephone or Internet connections and access soflware.

Wiley may modify any of these terms and conditions at any time by providing notice on Wiley Online Library. An

Authorized User’s continued use of Wiley Online Library shall be conclusively deemed acceptance of such
modification.

Wiley Qn.li.ne Librpry may provide links to third-party websites. Where such links exist, Wiley disclaims all
i ns!Egl:my ?"d ]klabll“)’ for the content of such third-party websites. Authorized Users assume the sole
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[ ey recounizes the importance of protecting the information it collects in the operation of Wiley Online Library

ol will act i compliance with the Privacy Policy posted at hitp://www.wiley.com/Wi ‘on/i
sotdod. bl (hip:/www.viley com/WileyCDA/Section/id-301465 huml). e S0 R

Additional Services

n ud(hllt‘ill Wiley Online Library may offer additional services, including optional E-mail Alerting Services, which
are opted into by registration and may be opted out of at any time. By choosing to take advantage of this and other

servicen offered by Wiley Online Library, Authorized Users consent to the use of their information for the purposes
of providing these services,

Use of Cookies: A cookie is a small piece of information that a website puts on a hard drive so that it can remember
information ubout 4 user at a later date. In Wiley Online Library cookies are used in two ways: as a temporary
Session Control cookie 1o validate access privileges and, at the Authorized User's option, as a permanent cookie to
facilitate login o Wiley Online Library via the Remember Me option. Cookies are not used to gather or provide
usge statistics, By choosing to take advantage of these services, Authorized Users consent to the use of their
information for the purposes of providing these services.

Session Control Cookie: Session control cookies are used on most Web sites today because they facilitate navigation.
In order to use Wiley Online Library Authorized Users must have their browsers set to accept cookies.

Once an Authorized User is signed onto Wiley Online Library, Wiley’s Web server uses a temporary cookie to help
Wiley manage the visit to the service. This Session Control Cookie is deleted when the Authorized User clicks on the
Logout button in Wiley Online Library or when the Authorized User quits the browser. This cookie allows Wiley to
quickly determine access control rights and personal preferences during the online session. The Session Control
Cookie is set out of necessity and not out of convenience.

Remember Me Cookie: When an Authorized User registers to gain access to Wiley Online Library or its
personalization features, the Authorized User is asked to choose a user name and password. Every time the Authorized
User logs into Wiley Online Library, he/she will be asked to enter this unique user name and password. Authorized
Users have the option of storing this information on their computers as a permanent cookie by selecting the
'Remember Me' option when logging in. This feature is optional and user controlled. The Remember Me cookie can be
deleted at any time by clicking on the Logout button in Wiley Online Library.

Authorized Users must be careful not to store their user name and password as a cookie on any computer that is not
their own, since doing so would enable other users coming to that computer to access Wiley Online Library under
their name and to have access to their Wiley Online Library My Profile page.

Warranty Limitations

WILEY ONLINE LIBRARY AND THE ELECTRONIC PRODUCTS AND ALL MATERIALS CONTAINED
THEREIN ARE PROVIDED ON AN "AS IS" BASIS, WITHOUT WARRANTIES OF ANY KIND, EITHER
EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, WARRANTIES OF TITLE, OR IMPLIED
WARKANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE; THE USE OF THE
FAECTRONIC PRODUCTS, WILEY ONLINE LIBRARY AND ALL MATERIALS IS AT THE AUTHORIZED
USER'S OWN RISK: ACCESS TO WILEY ONLINE LIBRARY AND THE ELECTRONIC PRODUCTS MAY BE
INTERRUPTED AND MAY NOT BE ERROR FREE: AND NEITHER WILEY NOR ANYONE ELSE INVOLVED
IN CREATING, PRODUCING OR DELIVERING THE ELECTRONIC PRODUCTS OR THE MATERIALS
CONTAINED IN WILEY ONLINE LIBRARY, SHALL BE LIABLE FOR ANY DIRECT, INDIRECT,

INCIDENT AL, SPECIAL, CONSEQUENTIAL OR PUNITIVE DAMAGES ARISING OUT OF THE
AUTHORIZED USER'S USE OF OR INABILITY TO USE WILEY ONLINE LIBRARY, THE ELECTRONIC
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Date: April 5, 2016
Dear Manal Moalwi:
With reference to your request (copy herewith) to reproduce the following material from the
AJCC Cancer Staging Manual, 7th Edition on which Springer Science and Business Media
control the copyright, our permission is granted provided that you meet the parameters of
the Terms and Conditions Statement (see below, particularly Condition #1):
Used material from AJCC Cancer Staging Manual (7t edition) © 2010
Your project
Title: "Status of the platelet derived growth factor receptor alpha in inflammatory breast
cancer patients". Thesis.

Institution: University of Delware

Your request
The regular fee for reproduction of this material is waived

Anatomic Staging/Prognostic Guide tables for the following:

Description page #
Breast TNM & Staging 358-360

Terms and Conditions Statement

1. The material may not be modified in any way.
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e In adding supplemental information, absolutely no changes are permitted to
the AJCC definitions for Tumor, Node, Metastases, Stage Grouping,
Histopathologic Type, Histologic Grade (G), and the additional descriptors
(the "m" suffix, "y," "r," and "a" prefixes, Lymphatic Vessel Invasion [L],
Venous Invasion [V], and Residual Tumor [R]).

Content reproduced from the AJCC Cancer Staging Manual, Seventh Edition remains

the full and exclusive copyrighted property of the American Joint Committee on

1. Cancer. The right to grant permission to a third party is reserved solely for Springer
Science and Business Media LLC on behalf of the AJCC.

2. Permission is granted for limited, non-exclusive, one-time use only in the specific
project indicated above.

3. Permission is not granted for any ancillary or derivative works based on the original
article or chapter as indicated above. Any such further uses require an additional
permission request.

4. Permission excludes use in an electronic form. Should you have a specific project in
mind, please reapply for permission

5. Permission includes use in an electronic form, if password protected, on intranet or CD-
Rom/E-book.

6. Permission allows you non-exclusive English reproduction rights throughout the world.
7. Permission is granted for this purpose only.

8. Permission is subject to the use of a standard credit line on the same page where the
text or illustration appears. The standard credit line must include in the figure or
table legend on the page on which the material is printed; the credit line as follows:

Used with the permission of the American Joint Committee on Cancer (AJCC),
Chicago, lllinois. The original source for this material is the AJCC Cancer Staging
Manual, Seventh Edition (2010) published by Springer Science and Business Media
LLC, www.springer.com.

Citation of the AJCC Cancer Staging Manual, Seventh Edition in a list of references
Please use the following:

Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer Staging Manual. 7" ed. New York,
NY.: Springer, 2010
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Citation of a specific chapter of the AJCC Cancer Staging Manual,

Please use the following format:

Chapter Title. In: Edge SB, Byrd DR, Compton CC, eds. AJCC Cancer Staging Manual.
7" ed. New York, NY: Springer, 2010

Permission is contingent upon compliance with the aforementioned terms.

Sincerely,

X

a

Springer Healthcare
Fax: +1 212 299-0423
E-mail: jennifer.jett@springer.com
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Tithe of this Tissue Bank
imfammatory Breast Cancer Tissue Bank

Descriots
You are invited to take part in this tissue bank. The information in this form is meant
10 help you decide whether or not to take part. if you have any questions, please ask.
You have a copy of the following, which is meant to help you decide whether or not to
take part

¢ informed consent form

 "What Do | need to Know Before Being in a Research Study?"

« The Rights of Research Subjects

Please and sign this consent form, then send to:

Dr. Paul Levine, College of Public Health
oo Department of Eprdemiology

284305 Nebraska Medical Center
Omaha NE 681884305

Waeyonbeﬂas&edtoparﬁcbateinﬁsﬁssuebmk?
Ywatebe&\gaskedwbeapmdmtsﬁswebanh because you are an adult (19
years oid or older) who has been diagnosed with inflammatory breast cancer (IBC), a
mmmmhmdbmastcam.ndmncausesmmeaﬂmMIm
Mmmnofmmmsommmsthotshﬂamed.

wishnasmhrmmnisﬁssnebank?
The purpose for creating this tissue bank is 10 collect and store tissue and associated
mm&mwuﬂhmﬁmsearehsmdiesonIBCmditspossiblem

Wwibedomandwmtmhriiwilbeedlechdforstmuehtheﬁsm
bank?

Material to be collected
wmyouconsemﬂemooneotasampkofmehreastcamerﬁssuemnus
collected when you were diagnosed with IBC. Additionally, we wll interview you and
collaborate with your physician to collect general informatuon about you. your medical
history, your breast cancer diagnosis. and possible environmental exposures.

What will be done
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We will also analyze your tissue sample for evidence of factors that may have
contnbuted to inflammatory breast cancer. The bssue samples will be sent to

collaborating laboratories at the University of Nebraska Medical Center (and possibly
Baylor, in the future) for testing.

The interview will be done by the researcher, Dr. Paul Levine, over the phone from
his private office.

What are the possible risks of participating in this tissue bank?

There are few risks of participating in this tissue bank. There is a risk of emotional
upset or discomfort in discussing your medicai history. The researcher will conduct
interviews when you are ready to answer questons, and you can refuse to answer
questionsorsmpywrpamcipnimhwssmdyatanym.Simeyourumpbsuil
have identfying health information associated with them, there is a risk for loss of
confidentiality.

What are the possible benefits to you? .
Youaremtexpecﬁedbgetanybmeﬁtﬁomalbwingmrmphsbbemdm
the tissue bank.

mthpossiblebemﬁtslooMpeople?
Soeieqmybeneﬁthomteresearchbasedonﬁsﬁmbﬂbyga«hgm
information regatdingpossibleexposuresmnemoomimmhﬁamnambm
cancer. This may help doctors identfy inflammatory breast cancer more quickly and
more precisely byknowhgwhaleaneousemﬂunmmrymstmeertodwdop.

m“mmhthmisﬁssmM?
tnmadduwmmnmpleswbestmedhmﬁmurimmmm
to participate.

mwillpxﬁcipaﬁminﬂlisﬁssmbmkmtyw?
Thereisnoeosttoyoubywbpmidpmhmisﬁssuebavt
Mywbepaidforpuﬁeipaﬁmhwsﬁsmbmk?
Youwnmtbepaidbpuwweinmrsﬁssuebmk.lnhmmm
commercial products are developed from your donated tissue, there are no plans o

Manymenueswrhyou(mmmosemmeml products. It is policy that all
Mwummdummm

Who is paying for this tissue bank?
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This tissue bank is being pail for by
3 . the . .
University of Nebraska Medical Center. Department of Epidemiology at the

What should you do if you are injured or medical problem
parﬁeipatinginmistissmbmk'?" have 2 sdssns
wae!fareismemaincowemofevefymmbefofmetissmbwtum. If you are
mjured or have a medical problem as a result of participating in this tissue bank, you
mldmmmmmdmmuemmmmomsmmm

How will samples and information about you be protected?
Albnecessarystepswﬁ!behkentopmteayourpﬁva:yandﬂueoorﬁdmﬁaﬁtyofywr
samples.

You have rights regarding the privacy of your medical information collected for this
tissue bank This medical information calied "protected health information” (PHI). PHI
used in this tissue bank, may include. results of physical exams, blood tests, x-rays.
as well as the results of other diagnostic and medical procedures, as well as your
medical history. Your tissue bamdm:ndmdcaimeordswﬂlbomaimaimdha
secure manner

mwilbeable!ousemysunplesforremrd\?

Your samples may be studied by the Investigators listed on this protocoi, such as Dr.
Paul Levine, whose research proposals have obtained approval from the Institutional
Review Board at the UniversnyofNebmskauedical Center will be able 10 access
mmmmmumm.vwmmmymmmmmmwm
researchers here at UNMC.

Who will haveweessbi.ﬂom\aﬁoﬂabotnyou?
By;igninqmisconsemm.youxeammmeﬁssuebankhampmwm,
1o your PHI. The tissue bank team includes the individuals listed on this consent form

mdaherpersomelmVoNedmmisﬁswebankatMInsﬁtuﬁon.
Your Plelbeusedodyfamepumose(s)Mbedhmesedia\Wisu
nasonforareaﬁnaﬂisﬁswebarir?'

Ymamalso;aowingurewamﬁssmbankmmbshmywrml,as

necessary. with otherpmpleorq;wwhsted below:
« The UNMC Institutional Review Board (IRB)
« Institutional officials designated by the UNMC IRB
e Federal law requires that your information may be shared with these groups:

86



wavida Yo

Mol Center

IRB PROTOCOL # 582-14.EP Page 4 of §

o The HHS Office of Human Research Protectons (OHRP)
* The HIPAA Privacy RuierequimhefolbmnggrwpstoprmamPle
s The Eppley Cancer Center Scientific Review Committee (SRC)

Yw'aremhmzingustousemdsdoseyourPHlfuasmasmﬁssuebankis
stofing your sample(s).

What will happen if you decide not participate this tissue bank?

You can decide not to participate in this tissue bank. Deciding not to participate wil
not affect your medical care, if apphcable. otymrrelauonsmpwmmetissuebar&
1eam o the Institution. Your doctor will still take care of you and you will not lose any
benefits to which you are entitied.

mwilhappenifyoudeeidetomppuﬁebaﬁmmyousw

You can stop participating n this tissue bank (Ma)atanym.smhyoum
bsmppMcipaﬂnginhe&ssuebank,youMeonﬂamoMeseinqualsiﬂ
writing requesting that your samples and associated information be removed from the
tissue bank and no longer used for future research purposes.

Dr. Paul Levine, College of Public Health
clo Department of Eprdemiology

@B4305 Nebraska Medical Center
Omaha NE 681984305

Vﬁlyoubeﬁvenminpummmaﬁonduinghﬁsmbarﬂt?
Youwillbeinfoanedprmﬂyifheﬁssuebmkteamgetsmyminfcmaﬁonm
myaﬁeameﬁerwumﬂdwammewﬁmeparﬁdpﬁngmmeﬁssuebmk.

What should you do if you have any questions about the tissue bank?
Ywhavebeengivenacopyd'WhatDolNeedemBeforeBehgna
Research Study?" if you have any questions at any time about this tissue bank, you
chould contact the Principal investigator or any of the tissue bank personne! isted on
Wscoﬂsemfomwanywterdowmentsmwou have been given.

mtmyouriﬁltsasaparﬁe'pﬂhmstissmbank?
You have righis as a participant in this tissue bank. These fights have been
exptamedmwsmsemmandinmmgmsofﬂesearwbejeasmalywhaw
peen gwen. if you have any questions conoeming your rights or complaints about the
ﬁssueblﬂk.ywcancmwanyofmefdlowing:

¢ The investigator or other tissue bank personnel

REVersion 1
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* Insiistional Review Board (IRB)
® Telephone: (402) £59-6463.
» Emai: IRBORA@unmc.edu
e Mai: UNMC Institutonal Review Board, 887830 Nebraska Medical
Center, Omaha. NE 68198-7830
= Research Subject Advocate
¢ Telephone: (402) 550-6041
= Emai: unmersa@unme.edu

Documentation of informed consent
anmmammwmmmmeﬁsmmm Signing
this form means that:

. v«:mmmmumm.

« You have had the consent form explained to you.

o Ymhaebmg‘macopydmﬂqmdmmsm

. Youhavehadyouq\msansmd.

. Ywhmaeededmmhmnsuemk.

° vywmvemmm.ywmebeendwmdmmmmdn

mmmmmmm
° Yw'ilbeoimas'nnedmddatedoowofhisoonmtfomwknp.

Signature of Participant
Date:

wwmmanmmammmmmmmm
eammhavebemexpt&!delhepamupam. In my judgment, the
mpossessesv\ebgdmtogivehbm\edmmnwﬁduhhm
mmwsmmwmmepm.

wd!’eﬁmmcm
Date:

Authorized Tissue Bank Personnel
Principal
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Paul, Ladan

alt email: Ladan Paui@gmail.com
alt# 703-503-7079

degree: MD
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Institutional Review Board (IRB)
What Do | Need To Know
Before Being In A Research Study?

You have been invited to be in a research study. Research studies are also called
“research surveys”, "research questionnaires” or "scientific protocols. Research i
an organized plan designed to get new knowledge about health M bdnmt:s.
attitudes and intersctions of, among and between individuals. otwpsam cultures.
The people who are in the research are called research subjects. The investigator
is the person wha is running the research study. You will get information from the
investigator and the research team, and then you will be asked to give your consent
to be in the research.

is sheet will help you think of questions to ask the investigator or hisiher
aff. You should know all these answers before you decide about being in the
arch.

What is the purpose of the research? Why is the investigator doing the research?
What are the risks of the research? What bad things could happan?

What are the possible benefits of the research? How might this help me?

How is the research different than what will happen i | m not in the research?
Will being in the research cost me anything extra?

Do | have to be in this research study? How will it affect my status at the institution i |
say no?

Can | stop being in the research once | ve started? How?

Who will ook at my records?

How do | reach the investigator if | have more questions?
Whodolcallﬁlhaveqmsﬁonsabodbeimansealﬂsubject?

MsmammmmmmmMMumm
be in this research.
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THE RIGHTS OF T
RESEARCH SUBJECTS
AS A RESEARCH SUBJECT you HAVE THE RIGHT

ures understand decide
whether or not to take part. " e
to freely deeidemmerornonohkepminhereseareh.

to decide nottobeinﬂienseaﬂ:h,ortostoppuﬁeipaﬁnqhﬂnmn
any time. This wili not affect your medical care orf your relationship with the
investigator or the Nebraska Medical Center. Your doctor will still take care of you.

to ask questions about the research at any time. The investigator will answer
your questions honestly and completely.

toknowﬂnatyoursafetyandwe"arevﬁla&waysmﬁstﬂveinvesﬁgabrwﬂl

display the highest possible degree of skill and care throughout this research. 4ny
risks or discomforts will be minimized as much as possibie.

to privacy and confidentiality. The investigator will treat information about you
carefully, and will respect your privacy.

._tokeepdlthelegalrid‘ltsyouhmnow.Youuenotgivimupmyofyour
legal nghts by taking part in this research study.

to be treated with dignity and respect at all times
The Institutional Review Board is responsible for assuring that your rights and

welfare are protected. If you have any questions about your rights, contact the
Institutional Review Board at (402) 559-6463.
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