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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�� 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.       
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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 Figure1-1, 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 
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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 1, 2, 

3.   

 

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 figure1-2 (A). The subclavin artery is a 

��������� 	�
����
 �� �
���� ����
 �� ����� ����
� ��
��� �����
� ��
� �� ��� ����
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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 4. 

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 4. 
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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 5,6,7. 
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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 
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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 ptosis2.  

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 
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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 8 

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 9.    

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 10. 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 10. Secondary breast cancer prevention is based on clinical breast 

examination (CBE) screening, Breast self-examination (BSE) screening, and 

mammography 11,12,13. The advantage of primary and secondary screening for the 
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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 14, 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 cancer17. 

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 
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are tested with genetic screening16. There is also a histologic diagnostic system known 

as the Bloom and Richardson histologic grading system 17. 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) 18, 19.  

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 (table1-1) classifies the tumor based on three categories: T describes the tumor 

size and invasion to the chest wall or skin. T has values from 0 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 0 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 20.  
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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 21, 22 . 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 23,24.  

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 women25, 26.  IBC, according to the American Joint Committee on 

Cancer (AJCC) staging system, is classified as a TD4 tumor27. 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 cancer29. Clinical statistics demonstrate that women 

with IBC have higher risk of death measured to be around 40% compared to non IBC 

patients30. 

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 31. There 

is also distance organ metastases in women diagnosed with IBC for instance, brain 

metastasis 32.  

IBC diagnostic criteria is based on clinical examination, pathological 

examination, hormone receptors, and HER2 expression determination27,33. 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 symptoms34. 
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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, 

���� �������	�
 �� �����
�� ���������	 ����
 ������ ���������
 ������ �������	�
 ���

rapid onset occurring in less than 6 months, 27, 35. 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 33. 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 36, 27 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) 38.  
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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)39. 

For accurate diagnosis of IBC, it is recommended to determine the status of 

hormone receptors and HER2 to develop an ideal treatment plan for the pat������

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)) 41, 42. 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 43, 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, 45. 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 46 .  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 47. 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 48.  

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 III family. The 

PDGFRA receptor is coded by gene PDGFRA on chromosome 4q1249 . The receptor 

size is about 170 kDa50. 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. ��� �����	
 ��
ands are cell 

mitogens that stimulate wound healing in the adult, and play a significant role in 

initiating embryonic development of connective tissue51.  It is also shown that the 

binding of the ligand motivates cell growth reforming of actin filaments, and cell 

motility52. 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 

domain53. 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 (����) 

to PDGFRA will increase the levels of diacylglycerol and Ca+2   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 C3G54.  
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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 (exon12, 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 resistance56-58.   

One of the RTK inhibitors called Imatinib, ��������� (or ��������) 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 

activation59,60.   Imatinib is used to treat dermatofibrosarcoma protuberans 

(DFSP)61, The Philadelphia chromosome (Ph) disorder62, chronic myeloid 

leukemia (CML)63, gastrointestinal stromal tumors (GISTs)64, malignant 

melanoma (MM), systemic mastocytosis (SM), and  hypereosinophilic 

syndromes (HES)65. 

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 RTKs66. Some mutations in RTKs cause 

cell resistence to Imatinib, and and other inhibitors such as Sunitinib 57. 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 67,68,69,70.  Due to Crenolanib binding to the active form of the receptor, 

Crenolanib is classified as a type I tyrosine kinase inhibitor, RTKI 71. 

Lenvatinib (Lenvima®) is used to improve treatment for non-small cell lung 

cancer (NSCLC), renal cell carcinoma (RCC), thyroid activity against platelet-derived 

������ ��	��� �
	
���� � 
�����A), 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 FGFR1. 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 flow72,73. 

In IBC patients, platelet derived growth factor receptor alpha shows higher 

expression compared with non-IBC patients74, with the exception of triple negative 

breast cancer patients.  Thus I hypothesized that �������� ������� ��� �! "�#���

��#�$��� ��$!� %���"&'( #�) $��* � +�,)�-�#�)� ���� �) �.$����), /01 �����.�)� 2*

���,���), �!� ��#�$��� ���,�� �) /)-��..����* 0���+� 1�)#�� �)� 3��$�� 4�,����� 0���+�

1�)#��5 6��

 �789 �
�
 :
;
<��
: �� �	�7
;
 �=9�
�9 9>�����7=� ��79 �?����
979@ AB

�� :
�
�87=
 ��
 
C��
997�=D <�	�<7E��7�=D �=: ���9����?<��7�= 9���>9 7= FGH ���7
=�

9�8�<
9D IB �� 9	�

= ��� �����J 7=�7K7��� :�9
9 	�8K7=
: �7�� 	�
8���
���? �=:


;�<>��
 	
<< �
9��=9
 	�8���
: �7�� 	�
8���
���? �<�=
D �=: LB �� 
;�<>��
 FGH 	
<<

<7=
 K
��;7�� 

8K�<7 ���8��7�=D 	
<< ������D 	
<< ;7�K7<7�? �=: 7=;�97�=B ��
=

�����J 79 M=�	M :��=5 



 22 

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�� ���� ���	���
 �� 
���� ��� ����

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 (5µg/ml Insulin, 2.5mg/ml transferrin, 20µg/ml selenium: Sigma-

Aldrich, St. Louis, MO). Hydrocortisone, 500 µl of a 1mg/ml working solution was 

added (Sigma-Aldrich). KPL-4, and MDA-MB-231 were cultured in the same 

���
�	���� �� ������ ��	� ��������� 
���� ��� ���� ��
�� ��	� ����-F12 

supplemented with sodium pyruvate. The cultured cell lines were kept at 37ºC and 5% 

CO2. 

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 º C for antigen retrieval then allowed for 20 minutes of 

Chapter 2
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boiling at 95ºC. 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� �� 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 37ºC 

in 5% CO2 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 µl 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 µl of MTT was added to each well and incubated the at 37º 

C in 5% CO2 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 µl 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 1µm to 500µm. 

Each of the different concentrations were combined with different doses of Doxorubicin 

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

2.5 Transfection  

Cells were plated at 80% confluency, and allowed to adhere for 24 hours at ���

C in 5% CO2. 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 1nm, 5nm, 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 µl 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 qPCR, RNA samples were used with power SYBR® Green RNA � to �

Ct TM 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 µl final volume. Primers obtained from IDT ��-

TTGATGAAGGTGGAACTGCT-�� and ��-ATTCCTCTGCCTGACATTGAC-�� 

were used as forward and reverse primers for PDGFRA, respectively.  As for beta actin, 

��-ACAGAGCCTCGCCTTTG-�� was used as the forward primer and ��-

CCTTGCACATGCCGGAG-�� as the reverse primer.  Samples run by 7500 fast qPCR 

machine and the samples were ���� 	
 ��
� ����� ��� �� �	
���� �� ��� C, then ��� C for 

10 minutes to allow for reverse transcription. Then sa��
�� ���� 	
������� �� ��� � ���

�� ����
�� �
�  ! �� 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 2^-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 ��� !�

�	
���� �� �� C at 12000 RPM for 20 minutes. Protein was collected and concentrations 

were determined with the Pierce TM   BCA protein assay was performed using the 

manufactures recommendations (Pierce Scientific, Rockford, IL). The BCA reactions

���� 	
������� �� �"�� ��� �� �	
���� ������ ���	
� ��� ����	
� �� �"� 
�#  Samples 

were prepared with 4X Leammli sample buffer (Bio Rad, Hercules, CA) to a final 
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concentration of 40 µg/µl in 30 µl final volume and incubated at ��� C for 5 minutes 

before loading. Denatured protein samples were loaded in a gradient 4-15% mini- 

protean® TGXTM (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 ���� �	
�� 
� �� �, 3 wash changes of TBST were used before 

imaging the protein using Pierce TM 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% CO2 at ��� 

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 1ml 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 (����-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 �� �� 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 ��	
�
�
 ���	���� �	 �

�� �	� �� �
����� �� ����� 

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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and Paclitaxel at 10 nM and 100 nM, respectfully.  Doxorubicin is showing very low 

cell viability with 10, 300, 400, 500 �M  of Crenolanib, and 10, 50 �M of Imatinib, and 

with 10,  20, 30, 40, 50, 400, 500 �M of Lenvatinib.  Paclitaxel 100 �M  is causing more 

cell death with 50 �M Imatinib, 300,400,500 �M of Crenolanib, and with 30, 40, 50, 

400, 500 �M Lenvatinib.  

 Figure 3.4 A, B showing the KLP-4 cell viability with range of PDGFRA 

inhibitors from 1 to 7 �M with either Doxorubicin 1nM or Paclitaxel 10 nM.  The cells 

become sensitive to chemotherapy treatments with 1 to 5 �M of Crenolanib, and 

Lenvatinib combined with 1 nm Doxorubicin. When using 10 �M Doxorubicin, a low 

cell viability was observed at  10 to 50   �M, and 400 to ��� �� ���	� �
 Crenolanib, 

40 to 50  �M  of Imatinib, and 400 to ��� �� Lenvatinib Figure 3.4 C,E. Paclitaxel was 

used at 100 �M  with very effective cell growth suppressing at 30, 40 ,50 ,400 ,500 �M 

of Crenolanib, 10, 40, 50 �M  of Imatinib, and 400 and 500 �M  Lenvatinib.   

MDA-MB-231 screening presented in Figure 3.5 illustrates significance at 30,  

50, 400, 50 �M Crenolanib, and 10 to 50 �M of Imatinib, and 30, 40, 50, 200, 300, 500 

�M 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 �M doses of 

Crenolanib.  Imatinib was effective at 30 to 50 �M.  A range from 30 to 50, 500 �M of 

Lenvatinib showed defeat effect in cell growth compared with chemotherapy alone.   
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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, SUM149 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 � while some were 

measured to be around 200 � 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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Figure 3-6: The effect of PDGFRA knock down in IBC cell lines Panel A,B showing 
the emboli formed in SUM149, and KLP-4 respectfully. Panel C, D is the 
statically analysis for emboli counting, and panel E, F is showing western 
blot for each condition.  
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Figure 3-7: Fluorescence-activated cell sorting (FACS) for evaluating Apoptosis 
events in IBC cell lines (SUM149 data presented in panel A, C, and 
KPL-4. 
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Figure 3-9: High resolution of invasion chamber showing the effect of PDGFRA 
decrease expression in IBC cell lines. 
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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 75.   For 

diagnostics, fine needle aspiration (FNA) will be used to screen dermal lymphatic 

invasion by IBC emboli 76 . Sonography positron is also used to determine the invasion 

in lymphatic nodes, to demonstrate breast lesions, and to guide skin biopsy punching 77.  

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 78. 

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% 79. Also, IBC incidence is double in African American women 

compared with Caucasian80. 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 75.   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 patients81.  

 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 course82.  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 eye83, 84,85.  Fatigue, 

depression, weight loss, nausea and vomiting are some of chemotherapy side effects86. 

Infection because of reduction in white cell count (Myelosuppression),  neurologic 



 42 

toxicity, cardiac toxicity, ovarian disfunction, development of acute myeloid leukemia 

or myelodysplasia ,are also reported as chemotherapy side effects causing very poor life 

quality86.  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 PDGFRA87.  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 

resistance88.  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 89, and a previous study 

from our laboratory found it to be particularly over expressed in IBC patients compared 

with non-IBC patients87. 
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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 90. Crenolanib is specifically targeting the active PDFGRA receptor, which 

is caused by mutation found to be in some types of cancers for example GIST 57, 91, 92. 

Imatinib is targeted against inactive forms of RTKs, including PDGFRA, but does not 

have the same selectivity as Crenolanib 59, 60.   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 Imatinib93. Lenvatinib is 
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of Lenvatinib is by preventing PDGFRA signaling pathway and also the inhibition of 

angiogenesis72, 73. 

Based on these observations I hypothesized that PDGFRA is an effective target 

to sensitize IBC cells to chemotherapy. In SUM149, 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 

line94. The second part of my thesis screened IBC ��������� samples for PDGFRA 

localization and expression via immunohistochemistry and immunofluorescence.  It is 

important to know if the cell line data is representative of the ��������� ��	�
��� �

screened pati����� 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 
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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 Akt1 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 Akt1, and RhoC GTPase95. 
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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 level96. 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 97. 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.    
 

 



 48 

REFERENCES 

1. Russo J, Chagpar AB, Dizon DS. Breast Development and Morphology. 2013. 

2. Pandya S, Moore RG. Breast development and anatomy. Clin Obstet Gynecol. 

2011;54(1):91-95. 

3. Bland KI, Copeland III EM. The breast: Comprehensive management of benign and 

malignant diseases. Vol 2. Elsevier Health Sciences; 2009. 

4. Cunningham L. The anatomy of the arteries and veins of the breast. J Surg Oncol. 

1977;9(1):71-85. 

5. Suami H, Pan WR, Mann GB, Taylor GI. The lymphatic anatomy of the breast and 

its implications for sentinel lymph node biopsy: A human cadaver study. Ann 

Surg Oncol. 2008;15(3):863-871. 

6. Suami H, Pan W, Taylor GI. Historical review of breast lymphatic studies. Clinical 

Anatomy. 2009;22(5):531-536. 

7. Motta P, Murakami T, Fujita H. Scanning electron microscopy of vascular casts: 

Methods and applications. Vol 10. Springer Science & Business Media; 2012. 

8. Pandya S, Moore RG. Breast development and anatomy. Clin Obstet Gynecol. 

2011;54(1):91-95. 



 49 

9. Noreen M, Murad S, Furqan M, Sultan A, Bloodsworth P. Knowledge and 

awareness about breast cancer and its early symptoms among medical and non-

medical students of southern punjab, pakistan. Asian Pac J Cancer Prev. 

2015;16(3):979-984. 

10. Vahabi M. Breast cancer screening methods: A review of the evidence. Health 

Care Women Int. 2003;24(9):773-793. 

11. Forrest P. Breast cancer screening. Report to the health ministers of England, 

Wales, Scotland and Northern Ireland. 1986. 

12. Jatoi I. Breast cancer screening. The American journal of surgery. 

1999;177(6):518-524. 

13. Friedewald SM, Rafferty EA, Rose SL, et al. Breast cancer screening using 

tomosynthesis in combination with digital mammography. JAMA. 

2014;311(24):2499-2507. 

14. Metcalfe K, Gershman S, Ghadirian P, et al. Contralateral mastectomy and 

survival after breast cancer in carriers of BRCA1 and BRCA2 mutations: 

Retrospective analysis. BMJ. 2014;348:g226. 

15. Yao K, Liederbach E, Tang R, et al. Nipple-sparing mastectomy in BRCA1/2 

mutation carriers: An interim analysis and review of the literature. Annals of 

surgical oncology. 2015;22(2):370-376. 



 50 

16. Smith RA, Manassaram�Baptiste D, Brooks D, et al. Cancer screening in the 

united states, 2015: A review of current american cancer society guidelines and 

current issues in cancer screening. CA: a cancer journal for clinicians. 

2015;65(1):30-54. 

17. Downs-Holmes C, Silverman P. Breast cancer: Overview & updates. Nurse Pract. 

2011;36(12):20-6; quiz 7. 

18. BLOOM HJ, RICHARDSON WW. Histological grading and prognosis in breast 

cancer; a study of 1409 cases of which 359 have been followed for 15 years. Br 

J Cancer. 1957;11(3):359-377. 

19. Meyer JS, Alvarez C, Milikowski C, et al. Breast carcinoma malignancy grading 

by Bloom�Richardson system vs proliferation index: Reproducibility of grade 

and advantages of proliferation index. Modern pathology. 2005;18(8):1067-

1078. 

20. Singletary SE, Allred C, Ashley P, et al. Revision of the american joint committee 

on cancer staging system for breast cancer. J Clin Oncol. 2002;20(17):3628-

3636. 

21. Mayer EL, Dominici LS. Breast cancer axillary staging: Much ado about 

micrometastatic disease. J Clin Oncol. 2015;33(10):1095-1097. 



 51 

22. Park YH, Lee SJ, Cho EY, et al. Clinical relevance of TNM staging system 

according to breast cancer subtypes. Ann Oncol. 2011;22(7):1554-1560. 

23. Sørlie T, Perou CM, Tibshirani R, et al. Gene expression patterns of breast 

carcinomas distinguish tumor subclasses with clinical implications. Proceedings 

of the National Academy of Sciences. 2001;98(19):10869-10874. 

24. Sotiriou C, Neo S, McShane LM, et al. Breast cancer classification and prognosis 

based on gene expression profiles from a population-based study. Proceedings 

of the National Academy of Sciences. 2003;100(18):10393-10398. 

25. Dawood S, Cristofanilli M. Inflammatory breast cancer: What progress have we 

made? Oncology (Williston Park). 2011;25(3):264-70, 273. 

26. Schairer C, Soliman AS, Omar S, et al. Assessment of diagnosis of inflammatory 

breast cancer cases at two cancer centers in egypt and tunisia. Cancer Med. 

2013;2(2):178-184. 

27. Dawood S, Merajver SD, Viens P, et al. International expert panel on 

inflammatory breast cancer: Consensus statement for standardized diagnosis 

and treatment. Ann Oncol. 2011;22(3):515-523. 

28. Lee BJ, Tannenbaum NE. Inflammatory carcinoma of the breast: A report of 

twenty-eight cases from the breast clinic of memorial hospital. Surg Gynecol 

Obstet. 1924;39:580-595. 



 52 

29. Anderson WF, Schairer C, Chen BE, Hance KW, Levine PH. Epidemiology of 

inflammatory breast cancer (IBC). Breast Dis. 2005;22:9-23. 

30. Dawood S, Ueno NT, Valero V, et al. Differences in survival among women with 

stage III inflammatory and noninflammatory locally advanced breast cancer 

appear early: A large population-based study. Cancer. 2011;117(9):1819-1826. 

31. Schairer C, Li Y, Frawley P, et al. Risk factors for inflammatory breast cancer and 

other invasive breast cancers. Journal of the National Cancer Institute. 

2013;105(18):1373-1384. 

32. Dawood S, Ueno NT, Valero V, et al. Incidence of and survival following brain 

metastases among women with inflammatory breast cancer. Annals of 

Oncology. 2010. 

33. Yamauchi H, Woodward WA, Valero V, et al. Inflammatory breast cancer: What 

we know and what we need to learn. The Oncologist. 2012;17(7):891-899. 

34. Amparo RS, Angel CDM, Ana LH, et al. Inflammatory breast carcinoma: 

Pathological or clinical entity? Breast Cancer Res Treat. 2000;64(3):269-273. 

35. Molckovsky A, Fitzgerald B, Freedman O, Heisey R, Clemons M. Approach to 

inflammatory breast cancer. Can Fam Physician. 2009;55(1):25-31. 



 53 

36. Lê MG, Arriagada R, Contesso G, et al. Dermal lymphatic emboli in inflammatory 

and noninflammatory breast cancer: A french-tunisian joint study in 337 

patients. Clinical breast cancer. 2005;6(5):439-445. 

37. Dawood S, Cristofanilli M. IBC as a rapidly spreading systemic disease: Clinical 

and targeted approaches using the neoadjuvant model. J Natl Cancer Inst 

Monogr. 2015;2015(51):56-59. 

38. Robertson FM, Bondy M, Yang W, et al. Inflammatory breast cancer: The disease, 

the biology, the treatment. CA: A Cancer Journal for Clinicians. 

2010;60(6):351-375. 

39. Ibrahim AM, Sabet SF, El-Shinawi M. Investigation of telomerase activity in 

inflammatory and non inflammatory breast cancer. Journal of Cancer Science 

& Therapy. 2012;2012. 

40. Nguyen DM, Sam K, Tsimelzon A, et al. Molecular heterogeneity of inflammatory 

breast cancer: A hyperproliferative phenotype. Clin Cancer Res. 

2006;12(17):5047-5054. 

41. Zell JA, Tsang WY, Taylor TH, Mehta RS, Anton-Culver H. Prognostic impact of 

human epidermal growth factor-like receptor 2 and hormone receptor status in 

inflammatory breast cancer (IBC): Analysis of 2,014 IBC patient cases from the 

california cancer registry. Breast Cancer Res. 2009;11(1):R9. 



 54 

42. Kertmen N, Babacan T, Keskin O, et al. Molecular subtypes in patients with 

inflammatory breast cancer; a single center experience. J BUON. 

2015;20(1):35-39. 

43. van Golen KL, Wu ZF, Qiao XT, Bao LW, Merajver SD. RhoC GTPase, a novel 

transforming oncogene for human mammary epithelial cells that partially 

recapitulates the inflammatory breast cancer phenotype. Cancer Res. 

2000;60(20):5832-5838. 

44. van Golen KL, Davies S, Wu ZF, et al. A novel putative low-affinity insulin-like 

growth factor-binding protein, LIBC (lost in inflammatory breast cancer), and 

RhoC GTPase correlate with the inflammatory breast cancer phenotype. Clin 

Cancer Res. 1999;5(9):2511-2519. 

45. Cristofanilli M, Gonzalez-Angulo AM, Buzdar AU, Kau SW, Frye DK, 

Hortobagyi GN. Paclitaxel improves the prognosis in estrogen receptor negative 

inflammatory breast cancer: The M. D. anderson cancer center experience. Clin 

Breast Cancer. 2004;4(6):415-419. 

46. Ueno NT, Buzdar AU, Singletary SE, et al. Combined-modality treatment of 

inflammatory breast carcinoma: Twenty years of experience at M. D. anderson 

cancer center. Cancer Chemother Pharmacol. 1997;40(4):321-329. 



 55 

47. Limentani SA, Brufsky AM, Erban JK, Jahanzeb M, Lewis D. Phase II study of 

neoadjuvant docetaxel, vinorelbine, and trastuzumab followed by surgery and 

adjuvant doxorubicin plus cyclophosphamide in women with human epidermal 

growth factor receptor 2�Overexpressing locally advanced breast cancer. 

Journal of Clinical Oncology. 2007;25(10):1232-1238. 

48. Dawood S, Cristofanilli M. IBC as a rapidly spreading systemic disease: Clinical 

and targeted approaches using the neoadjuvant model. JNCI Monographs. 

2015;2015(51):56-59. 

49. Spritz RA, Strunk KM, Lee ST, et al. A YAC contig spanning a cluster of human 

type III receptor protein tyrosine kinase genes (PDGFRA-KIT-KDR) in 

chromosome segment 4q12. Genomics. 1994;22(2):431-436. 

50. Yarden Y, Escobedo JA, Kuang WJ, et al. Structure of the receptor for platelet-

derived growth factor helps define a family of closely related growth factor 

receptors. Nature. 1986;323(6085):226-232. 

51. Ostman A, Heldin CH. Involvement of platelet-derived growth factor in disease: 

Development of specific antagonists. Adv Cancer Res. 2001;80:1-38. 

52. Heldin CH, Westermark B. Mechanism of action and in vivo role of platelet-

derived growth factor. Physiol Rev. 1999;79(4):1283-1316. 



 56 

53. Toffalini F, Demoulin J. New insights into the mechanisms of hematopoietic cell 

transformation by activated receptor tyrosine kinases. Blood. 

2010;116(14):2429-2437. doi: 10.1182/blood-2010-04-279752. 

54. Heldin C, Östman A, Rönnstrand L. Signal transduction via platelet-derived 

growth factor receptors. Biochimica et Biophysica Acta (BBA) - Reviews on 

Cancer. 1998;1378(1):F79-F113. 

55. Porter AC, Vaillancourt RR. Tyrosine kinase receptor-activated signal 

transduction pathways which lead to oncogenesis. Oncogene. 1998;17(11). 

56. Lasota J, Miettinen M. Clinical significance of oncogenic KIT and PDGFRA 

mutations in gastrointestinal stromal tumours. Histopathology. 2008;53(3):245-

266. 

57. Heinrich MC, Corless CL, Duensing A, et al. PDGFRA activating mutations in 

gastrointestinal stromal tumors. Science. 2003;299(5607):708-710. 

58. Corless CL, Schroeder A, Griffith D, et al. PDGFRA mutations in gastrointestinal 

stromal tumors: Frequency, spectrum and in vitro sensitivity to imatinib. J Clin 

Oncol. 2005;23(23):5357-5364. 

59. Takimoto CH, Calvo E. Principles of oncologic pharmacotherapy. Cancer 

management: a multidisciplinary approach. 2008;11. 



 57 

60. Capdeville R, Buchdunger E, Zimmermann J, Matter A. Glivec (STI571, 

imatinib), a rationally developed, targeted anticancer drug. Nat Rev Drug 

Discov. 2002;1(7):493-502. 

61. Mizutani K, Tamada Y, Hara K, et al. Imatinib mesylate inhibits the growth of 

metastatic lung lesions in a patient with dermatofibrosarcoma protuberans. Br J 

Dermatol. 2004;151(1):235-237. 

62. Wassmann B, Pfeifer H, Goekbuget N, et al. Alternating versus concurrent 

schedules of imatinib and chemotherapy as front-line therapy for philadelphia-

positive acute lymphoblastic leukemia (ph+ ALL). Blood. 2006;108(5):1469-

1477. 

63. O'Brien SG, Guilhot F, Larson RA, et al. Imatinib compared with interferon and 

low-dose cytarabine for newly diagnosed chronic-phase chronic myeloid 

leukemia. N Engl J Med. 2003;348(11):994-1004. 

64. Demetri GD, von Mehren M, Blanke CD, et al. Efficacy and safety of imatinib 

mesylate in advanced gastrointestinal stromal tumors. N Engl J Med. 

2002;347(7):472-480. 

65. Iqbal N, Iqbal N. Imatinib: A breakthrough of targeted therapy in cancer. 

Chemother Res Pract. 2014;2014:357027. 



 58 

66. Lewis NL, Lewis LD, Eder JP, et al. Phase I study of the safety, tolerability, and 

pharmacokinetics of oral CP-868,596, a highly specific platelet-derived growth 

factor receptor tyrosine kinase inhibitor in patients with advanced cancers. J 

Clin Oncol. 2009;27(31):5262-5269. 

67. Debiec-Rychter M, Sciot R, Le Cesne A, et al. KIT mutations and dose selection 

for imatinib in patients with advanced gastrointestinal stromal tumours. Eur J 

Cancer. 2006;42(8):1093-1103. 

68. Heinrich MC, Maki RG, Corless CL, et al. Primary and secondary kinase 

genotypes correlate with the biological and clinical activity of sunitinib in 

imatinib-resistant gastrointestinal stromal tumor. J Clin Oncol. 

2008;26(33):5352-5359. 

69. Heinrich MC, Griffith D, McKinley A, et al. Crenolanib inhibits the drug-resistant 

PDGFRA D842V mutation associated with imatinib-resistant gastrointestinal 

stromal tumors. Clinical Cancer Research. 2012;18(16):4375-4384. 

70. Heinrich MC, Griffith D, McKinley A, et al. Crenolanib inhibits the drug-resistant 

PDGFRA D842V mutation associated with imatinib-resistant gastrointestinal 

stromal tumors. Clinical Cancer Research. 2012;18(16):4375-4384. 



 59 

71. Zimmerman EI, Turner DC, Buaboonnam J, et al. Crenolanib is active against 

models of drug-resistant FLT3-ITD-positive acute myeloid leukemia. Blood. 

2013;122(22):3607-3615. 

72. Cabanillas ME, Habra MA. Lenvatinib: Role in thyroid cancer and other solid 

tumors. Cancer Treat Rev. 2016;42:47-55. 

73. Scott L. Lenvatinib: First global approval. Drugs. 2015;75(5):553-560 8p. 

74. Joglekar M, van Golen K. Abstract P1-04-10: PDGFRA signaling in inflammatory 

breast cancer. Cancer Research. 2012;72(24 Supplement):P1-04-10-P1-04-10. 

75. Smoot RL, Koch CA, Degnim AC, et al. A single-center experience with 

inflammatory breast cancer, 1985-2003. Arch Surg. 2006;141(6):567-72; 

discussion 572-3. 

76. Dawood S, Merajver SD, Viens P, et al. International expert panel on 

inflammatory breast cancer: Consensus statement for standardized diagnosis 

and treatment. Ann Oncol. 2011;22(3):515-523. 

77. Yang WT, Le-Petross HT, Macapinlac H, et al. Inflammatory breast cancer: 

PET/CT, MRI, mammography, and sonography findings. Breast Cancer Res 

Treat. 2008;109(3):417-426. 



 60 

78. Groheux D, Giacchetti S, Delord M, et al. 18F-FDG PET/CT in staging patients 

with locally advanced or inflammatory breast cancer: Comparison to 

conventional staging. J Nucl Med. 2013;54(1):5-11. 

79. Hance KW, Anderson WF, Devesa SS, Young HA, Levine PH. Trends in 

inflammatory breast carcinoma incidence and survival: The surveillance, 

epidemiology, and end results program at the national cancer institute. J Natl 

Cancer Inst. 2005;97(13):966-975. 

80. Levine PH, Steinhorn SC, Ries LG, Aron JL. Inflammatory breast cancer: The 

experience of the surveillance, epidemiology, and end results (SEER) program. 

J Natl Cancer Inst. 1985;74(2):291-297. 

81. Schlichting JA, Soliman AS, Schairer C, Schottenfeld D, Merajver SD. 

Inflammatory and non-inflammatory breast cancer survival by socioeconomic 

position in the surveillance, epidemiology, and end results database, 1990--

2008. Breast Cancer Res Treat. 2012;134(3):1257-1268. 

82. Biondo LA, Lima Junior EA, Souza CO, et al. Impact of doxorubicin treatment on 

the physiological functions of white adipose tissue. PLoS One. 

2016;11(3):e0151548. 

83. Park E, Goldberg NR, Adams S. Nab-paclitaxel-induced cystoid macular edema in 

a patient with pre-existing optic neuropathy. Anticancer Drugs. 2016. 



 61 

84. Ham DS, Lee JE, Kim HW, Yun IH. A case of cystoid macular edema associated 

with paclitaxel chemotherapy. Korean J Ophthalmol. 2012;26(5):388-390. 

��� �����	
 �����
 �� ����� ���� ��� ����� ������� �� ����
�� ��� �
� ���

Bilateral cystoid macular edema in a patient with taxane-based chemotherapy. 

Canadian Journal of Ophthalmology. ;48(1):e3-e4. 

86. Wood AJ, Shapiro CL, Recht A. Side effects of adjuvant treatment of breast 

cancer. N Engl J Med. 2001;344(26):1997-2008. 

87. Lehman HL, Van Laere SJ, van Golen CM, Vermeulen PB, Dirix LY, van Golen 

KL. Regulation of inflammatory breast cancer cell invasion through 

Akt1/PKBalpha phosphorylation of RhoC GTPase. Mol Cancer Res. 

2012;10(10):1306-1318. 

88. Clark AS, West K, Streicher S, Dennis PA. Constitutive and inducible akt activity 

promotes resistance to chemotherapy, trastuzumab, or tamoxifen in breast 

cancer cells. Molecular Cancer Therapeutics. 2002;1(9):707-717. 

89. Carvalho I, Milanezi F, Martins A, Reis RM, Schmitt F. Overexpression of 

platelet-derived growth factor receptor Î± in breast cancer is associated with 

tumour progression. Breast Cancer Res. 2005;7(5):R788-95. 

90. Arora A, Scholar EM. Role of tyrosine kinase inhibitors in cancer therapy. Journal 

of Pharmacology and Experimental Therapeutics. 2005;315(3):971-979. 



 62 

91. Chompret A, Kannengiesser C, Barrois M, et al. PDGFRA germline mutation in a 

family with multiple cases of gastrointestinal stromal tumor. Gastroenterology. 

2004;126(1):318-321. 

92. Corless CL, Schroeder A, Griffith D, et al. PDGFRA mutations in gastrointestinal 

stromal tumors: Frequency, spectrum and in vitro sensitivity to imatinib. J Clin 

Oncol. 2005;23(23):5357-5364. 

93. Heinrich MC, Griffith D, McKinley A, et al. Crenolanib inhibits the drug-resistant 

PDGFRA D842V mutation associated with imatinib-resistant gastrointestinal 

stromal tumors. Clinical Cancer Research. 2012;18(16):4375-4384. 

94. Joglekar M, van Golen K. Abstract P1-04-10: PDGFRA signaling in inflammatory 

breast cancer. Cancer Res. 2012;72(24 Supplement):P1-04-10-P1-04-10. 

95. Joglekar M, Elbazanti WO, Weitzman MD, Lehman HL, van Golen KL. Caveolin-

1 mediates inflammatory breast cancer cell invasion via the Akt1 pathway and 

RhoC GTPase. J Cell Biochem. 2015;116(6):923-933. 

96. Ariad S, Seymour L, Bezwoda WR. Platelet-derived growth factor (PDGF) in 

plasma of breast cancer patients: Correlation with stage and rate of progression. 

Breast Cancer Res Treat. 1991;20. 



 63 

97. Seymour L, Bezwoda WR. Positive immunostaining for platelet derived growth 

factor (PDGF) is an adverse prognostic factor in patients with advanced breast 

cancer. Breast Cancer Res Treat. 1994;32. 



 64 

Appendix A 

PERMISSIONS  



 65 

 



 66 
 



 67 

 



 68 

 



 69 

 



 70 

 



 71 

 



 72 

 



 73 

 



 74 

 



 75 

 



 76 

 



 77 

 



 78 

 

 



 79 

 

 

 

 

     
           
    
       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 (7th  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. 



 80 

� 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, Illinois. 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. 7th 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. 
7th ed. New York, NY: Springer, 2010  
 
 

Permission is contingent upon compliance with the aforementioned terms. 
 
Sincerely, 

 
 
 
 
 
Springer Healthcare 
Fax: +1 212 299-0423 
E-mail: jennifer.jett@springer.com 
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Appendix B 

IRBS AND CONSENT FORMS  
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