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ABSTRACT

Inflammatory breast cancer (IBC) is a particularly aggressive form of
breast cancer that accounts for at least 1 to 6% of all breast cancer cases in
the US each year and carries a poor prognosis, with a 5 year disease-free
survival rate of less than 45%. IBC is usually diagnosed at a younger age
compared to noninflammatory breast cancer and is more prevalent in African
American women. Clinical features include erythema, edema, peau d’aurange
appearance, and skin thickening. Pathologically, it typically does not result in a
palpable tumor mass and tumor emboli are often found to have invaded the
dermal lymphatic vessels. This invasion of the lymphatics is thought to be a
driving factor of the rapid onset of metastasis as patients are diagnosed at
stage IlIB or IV within six months of their first symptoms. It is clear that this
disease warrants new methods of treatment and prevention.

This study aims to determine the involvement of Toll-like receptor 4
(TLR4) expression and polymorphisms, as well as infectious agents in the
development of IBC. It is hypothesized that 1) alterations in TLR4 signaling
impair responsiveness to infection and contribute to the development of IBC,
and 2) an infectious agent is responsible for the development of IBC.
Understanding the cause of IBC is of utmost importance as little is known

about it, yet the possibility of it being infectious dramatically increases the

Xi



need for research to develop preventative methods, such as a vaccine, as well
as more successful treatment options.

It has been found that TLR4 is highly overexpressed in IBC compared
to nonIBC patients. TLR4 is activated by agents such as Gram-negative
bacteria and some viruses. Correspondingly, the occurrence of IBC in clusters
as well as seasonally suggests the involvement of an environmental agent.
Immunohistochemical staining showed TLR4 was highly expressed in tumor
cells as well as the epidermis, suggesting TLR4 activation. The effect of TLR4
expression on the IBC phenotype was studied by creating a TLR4 knockout
IBC cell line. This knockout resulted in a decreased number of viable cells and
thus may indicate TLR4 signaling is involved in promoting cell proliferation and
could be a new target for treatment. In addition, two polymorphisms involved in
infectious diseases were also screened for by PCR, neither were found to be
common in IBC patients. In fact, the presence of polymorphisms was less than
what would be expected and therefore may have a preventative effect.

For the detection of an infectious agent, a PCR procedure was
developed to prevent false positive results, a common problem with bacterial
screening. This was used to screen for bacterial and MMTV DNA present in
cell lines. Bacterial screening of cell lines resulted in inconclusive results due
to contamination, however, MMTV screening detected viral DNA in the
SUM149 IBC cell line. Isolation of a bacterial agent was also attempted by
culturing IBC cells, though no bacterial growth was obtained. However, these
methods can be applied to patient samples which will provide more insight in

identifying an infectious agent in the development of IBC.
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Chapter 1

INTRODUCTION

1.1 Breast Anatomy and Physiology

The anatomy of the breast is primarily determined during embryonic
development. The growth of the breast tissue begins with the replication of
ectodermal cells at the chest which form an initial mammary bud. The bud will
grow inwards and begin to subdivide and lengthen, forming hollow ducts that
connect the nipple to developing lobes and lobules. Simultaneously, the
mesenchyme gives rise to a network of fatty tissue, connective tissue, nervous
tissue, and blood and lymphatic vessels that form the stroma. The further
development of the female breast at puberty is largely induced by estrogen
and progesterone. Estrogen secreted from the ovaries stimulates the growth of
fat and connective tissue as well as further elongation and layering of the
ducts. Progesterone is also released from the ovaries and stimulates further
growth of the lobules and alveoli. At around age 14, the fully developed breast
contains about 15 to 20 lobes each containing 20 to 40 lobules, and each

lobule containing about 10 to 100 alveoli comprised of the secretory milk-



producing cells (Figure 1.1)."2 The lobes are comprised of three layers of
cells: luminal lobular or ductal epithelial cells, myoepithelial cells, and basal
cells (Figure 1.2).3 During pregnancy, the lobular secretory cells become fully
differentiated for lactation which is induced by oxytocin in response to a
nursing child. Lactation is facilitated by the myoepithelial cells which contract
to eject milk through the ducts to be released at the nipple.’-* At around age

40, the breast tissue begins to deteriorate causing involution of the glands.’

Anatomy of the Female Breast
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Figure 1.1. A diagram of the fully developed female breast. After puberty,
the female breast contains a network of lobes, lobules, and ducts

for the production of milk upon pregnancy. Credit: For the National
Cancer Institute © 2011 Terese Winslow LLC, U.S. Govt. has
certain rights. Reprinted from www.cancer.gov with permission.*



Basement
Membrane (BM)
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Cell (LEP)

Figure 1.2. Cross-section illustrating the basic cellular structure of breast
tissue. Lobes are composed of luminal epithelial cells, either
lobular or ductal, surrounded by basal cells of the basement
membrane and myoepithelial cells that facilitate the ejection of
milk from the lobules to the nipple. Reprinted from "Myoepithelial
cells: good fences make good neighbors" with permission.3

1.2 Breast Cancer

Breast cancer can generally be described as a group of malignant
breast cells that grow uncontrollably and may gain the ability to invade
surrounding tissues or metastasize to other organs of the body. About 12% of
women in the United States will be diagnosed with breast cancer, making it the
second most common cancer in women. It is also the second highest cause of
cancer deaths in women. Risk factors for developing breast cancer include
age, genetic mutations such as mutations in BRCA1 and BRCAZ2 genes, family
history of breast cancer, early age of menarche, and being overweight, among
others. As shown in Figure 1.3, the main symptom of breast cancer is the

presence of a new lump, typically a hard, painless mass, although pain,



tenderness, swelling, and other skin changes may also occur. Diagnosis of
breast cancer may be made after the appearance of symptoms or during a
yearly screening upon reaching 40 years of age. Diagnosis is typically
completed using mammography, but additional methods such as ultrasound
and magnetic resonance imaging (MRI) may also be used if a suspicious area

is detected.®

Tumour

Areola

k!
\Nipple
& Ducts
Lobes

e Fat

Figure 1.3. An illustration of the common presentation of a breast tumor.
Breast cancer typically develops as a hard, painless lump in the
breast. Adapted from http://www.abc.net.au/health/.6

If diagnosed, the extent of the cancer can be determined by screening
for metastases using methods such as a chest x-ray, bone scan, computed
tomography (CT) scan, MR, positron emission tomography (PET) scan, and

ultrasound. Results can then be interpreted to determine the stage of the



cancer.® The stage is commonly determined based on three characteristics:
the size of the tumor described using a range from 0-4 (T), the extent of
spread to the lymph nodes from 0-3 (N), and the presence of metastasis
described as 0 or 1 (M).” Based on this system, referred to as the TNM
system, the cancer is classified into one of four stages. Usually higher stage
numbers are associated with more aggressive cancer and poorer survival

rates (Table 1.1).57

Stage T N M
0 Carcinoma in situ NO MO
I T1 NO MO
Il T1 N1 MO
T2 NO or N1 MO
T3 NO MO
[ T3 N1 or N2 MO
T4 NO, N1, or N2 MO
Any T N3 MO
\Y Any T Any N M1

Table 1.1. Breast cancer stages categorized using the TNM system.
Adapted from cancerstaging.org.’

After diagnosis, there are several other characteristics of the cancer
that are determined that will help identify the best course of treatment. This is
done using a biopsy of the tumor to classify the type of cancer. Breast cancer

may be classified in several ways; first, they will be classified by type. Ductal



carcinoma in situ (DCIS) and lobular carcinoma in situ (LCIS) are tumors that
are derived from either the ductal or lobular epithelial cells, respectively, and
have not invaded into the surrounding tissue. DCIS is more common than
LCIS and both are very treatable, but may increase the chance of developing
an invasive cancer. Other types are invasive ductal carcinoma (IDC) and
invasive lobular carcinoma (ILC) which again are tumors that have developed
from ductal or lobular epithelial cells, but have broken through the basement
membrane and spread to surrounding tissues. IDC is the most common breast
cancer, but both IDC and ILC are treated similarly. Other less common types
include tubular, medullary, mucinous, papillary, and inflammatory breast
carcinomas.>®

Breast cancer may also be classified based the presence of hormone
receptors. Estrogen receptors (ER) and progesterone receptors (PR) are
normally expressed by breast cells and may also be expressed by the cancer
cells. Therefore, breast cancer may be classified as ER- and PR-positive or
negative. Human epidermal growth factor receptor 2 (HER2) is another
receptor that may be overexpressed due to the increased number of copies of
the gene and is therefore classified as HER2-positive. HER2-positive tumors
tend to be more aggressive than HER2-negative (normal expression) tumors.
These receptor statuses often get grouped together to describe the tumor; for
example, a cancer may be classified as triple negative, indicating that the
tumor does not express any of the three receptors.5?

A third method of classification is based on patterns of gene expression

that may determine the cell type from which the tumor was derived. Luminal A



and B types are ER-positive and express genes similar to what is expressed
by the normal luminal cells. Luminal B cancers tend to grow faster and have a
poorer prognosis than luminal A. Basal-like tumors are usually triple negative
and have a gene expression similar to basal cells, but are usually more
aggressive and less responsive to treatment. Lastly, the HER2 type is
characterized by HER2 overexpression and tends to have a poorer prognosis,
although targeted treatment has been successful. Most breast cancers are of
the luminal subtype.5?

Based on the classification of the tumor, the appropriate treatment
course can be administered. Most women will undergo surgery to remove the
primary tumor and the type of surgery ranges from breast-conserving surgery
to radical mastectomy and possibly lymph node surgery depending on the
stage. Some patients may receive radiation therapy after surgery to help
prevent recurrence, or it may be used to target metastases. Adjuvant
chemotherapy may also be given after surgery to help prevent recurrence, or
may be given as an neoadjuvant therapy in cases of locally advanced cancer
to shrink the tumor prior to surgery. These standard chemotherapies include
using drugs such as Docetaxel and Paclitaxel. Hormone therapy can be given
to those who have an ER- and/or PR-positive cancer using drugs such as
Tamoxifen and aromatase inhibitors which are often given as an adjuvant
therapy. Finally, targeted therapies such as drugs that target HER2 (like
Trastuzumab and Lapatinib) can be combined with chemotherapy in patients

whose cancer is HER2-positive, and tend to have milder side effects.5910



1.3 Inflammatory Breast Cancer

Inflammatory breast cancer (IBC) is arguably the most aggressive and
deadly form of epithelial breast cancer of ductal origin and is notably distinct
from other locally advanced breast cancers (LABC)."" IBC comprises at least
1 to 6% of all breast cancer cases in the US, and up to 20% of breast cancers
globally, with incidence rates reportedly increasing.'>'% IBC affects younger
women compared to noninflammatory breast cancers (nonIBC) with a median
age of 57 years compared to 62 for nonIBCs.'® In the United States, IBC
incidence rates are higher in African American women compared to Caucasian
women, and African American women are more frequently diagnosed at a
younger age.'? In addition, IBC comprises a higher percentage of breast
cancers in North African countries such as Tunisia."”” Women with IBC carry a
very poor prognosis with a 5-year disease-free survival rate of less than 40%,
much lower than that of other breast cancers with a survival rate of about
85%.%18.1% The poor prognosis is largely due to its rapid progression and
metastasis, its high recurrence rate, and its often misdiagnosis delaying proper
treatment.'®2° Some risk factors of IBC are also notably different from those of
nonIBC. While an early age of first pregnancy is generally considered
protective against breast cancer, this does not seem to be the case for IBC.
Also, obesity was found to be a potential risk factor for the development of
premenopausal IBC, but not for other premenopausal breast cancers. Other
risk factors may include younger age at menarche, extended periods of breast

feeding, and lower socioeconomic status.!”



IBC was first distinguished from other breast diseases by Drs. Lee and
Tannenbaum who characterized IBC as a phenotypically distinct form of LABC
with clinical features including erythema, edema, nipple retraction, dimpling of
the skin described as a "peau d’aurange" appearance, and skin thickening.?'
Other symptoms can include itching, warmth, pain or tenderness, and swollen
axillary lymph nodes.?? As shown in Figure 1.4, symptoms of IBC will vary
from patient to patient, some patients' symptoms may initially be very subtle
and other patients may have more severe symptoms. Regardless, these
symptoms will progress rapidly within weeks or months, or even occur
overnight.?® In fact, IBC is distinguished from other forms of LABC using the
diagnostic criteria that symptoms must have developed within six months or
less, accompanied with redness covering at least one third of the breast.?425
The name "inflammatory breast cancer" was given as a description of these
clinical features, but implies the involvement of an inflammatory process when
actually the presence of inflammatory infiltrate or symptoms such as fever and
leukocytosis are rarely seen.?*26 These symptoms are also cause for the high
frequency of misdiagnosis of IBC as mastitis, Paget's disease, or other breast

diseases.?*



Figure 1.4. Clinical symptoms of inflammatory breast cancer. Classic
symptoms of IBC include redness, swelling, and dimpling of the
breast. The severity of symptoms may vary from patient to patient.
Left image adapted from http://www2.mdanderson.org/
cancerwise/.?” Right image reprinted from "Inflammatory Breast
Cancer: The Disease, the Biology, the Treatment." with
permission.?

IBC is also pathologically distinct in that it typically does not develop as
a palpable tumor mass, rather it spreads diffusely through the stroma.?* This
makes diagnosis of IBC by physical examination and mammography difficult
and therefore makes additional imaging methods such as MRI necessary if
IBC is suspected. Additionally, tumor emboli are often found to have invaded
the dermal lymphatic vessels.?4#28 This invasion of the lymphatics is thought to
be a driving factor of the rapid metastasis of the disease as patients are
diagnosed with a stage IlIB, IIIC, or IV cancer.?%28-30 Consequently, IBC has
been classified as T4d by the TNM system, indicating the tumor has invaded
the skin or chest wall and is distinct from other LABCs.3! Most patients present

with axillary lymph node involvement and some will already have distant
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metastases to various organs including the lungs, liver, brain, and bone.3233
IBC is a ductal carcinoma and may be classified into the same categories as
nonIBC, however it is found that most cases are either basal-like or HER2-
positive. Other characteristics include a high proliferation rate, high grade, and
overexpression of several proteins including epidermal growth factor receptor
(EGFR), RhoC, caveolin-1 and -2, and E-cadherin.'"3435 Because of the
aggressiveness of IBC, patients endure a grueling and rigorous treatment
course compared to nonIBC. The current treatment strategy often used
involves an initial neoadjuvant chemotherapy, followed by a modified radical
mastectomy, then radiation therapy, and additional systemic therapy if
necessary.?® Despite these extensive measures, the prognosis remains low
and it is clear that new treatment and possible prevention methods are

warranted.

1.4 Infectious Agents and Cancer: Evidence for the Possible
Involvement of an Infectious Agent in Inflammatory Breast Cancer

Infectious agents such as bacteria and viruses are known to be
associated with the development of several cancers. For example,
Helicobacter pylori is known to cause gastric cancer, and in some cases,
gastric mucosa-associated lymphoid tissue (MALT) lymphoma. Campylobacter
Jejuni is suggested to be involved in another form of lymphoma called
immunoproliferative small intestinal disease (IPSID).3¢ Gastric cancer, MALT
lymphoma, and IPSID can be treated using antibiotics.3”-38 Viruses have a

larger impact on cancer development as they may be part of the cause of up
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to 15% of cancers worldwide. These viruses include Epstein-Barr virus, human
papilloma virus, hepatitis B and C viruses, human herpes virus-8, and human
T lymphotrophic virus type 1, as well as other less studied viruses suggested
to be associated with cancer.3® Some of these have vaccines that can be
administered to those at risk.

The involvement of an infectious agent in the etiology of IBC is a
relatively new idea with an increasing amount of suggestive evidence. For
example, there are many reports of clusters of IBC patients diagnosed in the
same area and at around the same time. The first IBC cluster to catch the eye
of the IBC research community was a cluster in California in which 3 women in
an office of 24 were diagnosed with IBC within 10 months.4® Another cluster
was later observed in Texas which included 15 patients diagnosed over 13
years, which averages about 1 patient every 10 months.*! Additional
anecdotal evidence includes a husband and wife cluster in Michigan and small
clusters in West Chester and Landenberg, PA, among others. A new tool that
has helped identify clusters, including the aforementioned cluster in Texas, is
"Terry's Map," which is an interactive Google map of IBC patients around the
world, though mostly documents IBC patients in the United States
(https://www.theibcnetwork.org/terrys-ibc-map/).4'42 This map has facilitated
the identification of IBC clusters and shows that clusters occur both in urban
and rural areas, thus dismissing the idea that clusters are just a result of high
population density. Rather this suggests that an environmental agent (or more
specifically, an infectious agent) of that particular area may be involved in the

development of IBC. Additionally, recent evidence reveals a seasonal pattern
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of IBC onset in the northeastern region of the United States that shows more
IBC cases are diagnosed in warmer months and fewer cases are diagnosed in
the winter.*3 This further supports the hypothesis that an infectious agent is at
least partially responsible for the development of IBC. More specifically, it is
thought that an infectious agent may be acting as a trigger which promotes the
rapid onset of symptoms and metastatic nature seen in IBC.

In addition to the patterns observed in the United States, the prevalence
of IBC in African countries as previously mentioned also eludes to infectious
agent involvement. This includes countries such as Algeria, Tunisia, Egypt,
and Morocco. As also previously mentioned, IBC comprises a larger
percentage of breast cancers in north Africa with some populations
approaching a percentage of 15%.444% Some studies have found rural
residence to be associated specifically with IBC compared to nonIBC in
African countries, although it is noted that rural areas also tend to be
associated with lower socioeconomic status.'” Therefore it is thought that the
rural and/or lower socioeconomic areas may allow an infectious agent to have
a greater impact in these countries compared to the United States. The idea
that an infectious agent is responsible for the etiology of IBC is particularly
important because little is known about IBC, yet it could be spreading without
any knowledge of how to control or treat it. If an organism can be identified,
then a vaccine can be developed and administered to those at risk. This would
not only be greatly beneficial to the at-risk population of the United States, but

even more so for those of north African countries.
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Addressing the issue of identifying an infectious agent that may be
contributing to the onset of IBC can be a daunting task as there is an
enormous number of infectious agents. Therefore, for this investigation we
have narrowed down the list of considered organisms based on: 1) their ability
to be intracellular, as antibiotics targeted towards extracellular bacteria that
would be given as a result of misdiagnosis have no effect on IBC; 2) previous
evidence of infectious agents suggested to be involved in cancer, including
IBC; and 3) the recognition of the organism by Toll-like receptor 4 (see Section
1.5). One such organism is Bartonella henselae which is a Gram-negative
bacteria that has been detected in IBC tissue by DNA analysis.* In addition,
Bartonella sp. infection has been found to mimic symptoms similar to IBC.4748
Another organism is Brucella sp. which are also Gram-negative bacteria that
have been shown to cause some medulloblastomas.*® This organism is
considered due to the tendency of IBC to metastasize to the brain. A third
organism considered is the mouse mammary tumor virus (MMTV). MMTV is
known to cause murine breast cancers and it has since been suggested to
cause human breast cancers as well.5%%" MMTV-like sequences and particles
have also been detected more abundantly in sporadic breast cancers,
including IBC, compared to familial and other breast cancers. This proposed
homologous virus has been termed human mammary tumor virus (HMTV).5? It
is with these organisms in mind that we have designed our approaches to
determine the involvement of an infectious agent in IBC.

Overall, it is hypothesized that an intracellular bacteria or virus is

responsible for the development of IBC. This study aims to test this hypothesis
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by 1) determining if an intracellular bacteria is involved by PCR screening and
bacterial culture of cell lines, and 2) determine if MMTV/HMTYV is involved by

PCR screening of cell lines.

1.5 Toll-like Receptor 4 Expression and Polymorphisms

As mentioned previously, IBC is characterized by the differential
expression of several unique proteins. A study previously conducted in this lab
by Lehman, et al. analyzed the expression of genes associated with the
PI3K/Akt signaling pathway and showed several additional proteins that are
overexpressed in IBC compared to nonIBC."® The most highly overexpressed
protein in IBC was found to be TLR4 (Figure 1.5).

Toll-like receptor 4 (TLR4) is a member of the mammalian Toll-like
receptor (TLR) family of type 1 transmembrane proteins which recognize
microbe-associated molecular patterns (MAMPs) and activate the appropriate
innate immune response for a particular infection. TLR4 most notably
recognizes lipopolysaccharides (LPS) present in the cell wall of Gram-negative
bacteria, but also recognizes other ligands such as viral proteins, including
envelope proteins of MMTV. As illustrated in Figure 1.6, the activation of the
TLR4 pathway begins with the binding of LPS-binding protein (LBP) to LPS.
LBP will transfer components of LPS to CD14 which will then bind with a
TLR4-MD2 complex. This complex will then dimerize with another TLR4

complex which initiates the first of the two signaling pathways regulated by
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Figure 1.5. A PCR array comparing the differential expression of a set of
genes in IBC compared to nonlBC. The most highly
overexpressed protein in IBC is TLR4 (arrow). Reprinted with
permission from "Regulation of Inflammatory Breast Cancer Cell
Invasion through Akt1/PKBa Phosphorylation of RhoC GTPase."'®

TLR4. This first pathway activates the primary inflammatory response which
utilizes the MyD88-dependent pathway in which MyD88 is recruited to the
cytosolic Toll-interleukin-1 receptor homology (TIR) domain of TLR4. This
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Figure 1.6. The Toll-like receptor 4 pathway. Pictured are the two TLR4
pathways that are activated by LPS which induces a primary
inflammatory response via MyD88, and NFkB and AP1 activation,
as well as a secondary regulation of innate immunity via TRIF and
TRAM which leads to transcription of IFN. Reprinted with
permission from "Recognition of LPS by TLR4: Potential for Anti-
Inflammatory Therapies."%3

allows MyD88 to bind with IRAK which in turn binds to TRAF6. TRAF6
activates the MAPK pathway for translocation of NF-kB to the nucleus.
Simultaneously, AP1 transcription factors are activated so both AP1 proteins
and NFkB initiate transcription of various proinflammatory cytokines including
IL-6 and TNFa. The second pathway is initiated after endocytosis of the TLR4
complex which allows a second set of adaptor proteins, TRIF and TRAM, to
bind and activate the transcription factor IRF. IRF induces the expression of

Type 1 Interferon (IFN) which regulates an innate immune response. Thus,
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TLR4 activates both an initial inflammatory response and a secondary innate
immune response.3*-57

TLR4 is expressed on the surface of leukocytes such as macrophages,
mast cells, and dendritic cells, as well as epithelial cells such as gastric and
renal epithelial cells, and endothelial cells. In the breast, TLR4 is expressed
by macrophages and dendritic cells, as well as lobular and ductal epithelial
cells.58 TLR4 expression is increased in response to activation.54.59.60
Therefore, it is hypothesized that TLR4 overexpression seen in IBC may be
due to its activation by an intracellular bacteria or virus. This hypothesis is
further supported by the environmental evidence as previously discussed.
TLR4 expression in IBC was visualized by immunohistochemical staining to
determine specifically which cells in the breast tissue express TLRA4.
Furthermore, to determine the effect that TLR4 expression may have on the
IBC phenotype, TLR4 knockout IBC cells were created. It is hypothesized that
TLR4 knockout IBC cells will lose their ability to form emboli.

In addition, other aspects of TLR4 signaling may also be altered and
involved in the development of IBC. One such alteration being considered is
TLR4 polymorphisms. Two TLR4 single nucleotide polymorphisms (SNPs)
resulting in amino acid changes, D299G and T399I, have been shown to
decrease host responsiveness to LPS.%' These polymorphisms occur in the
extracellular domain and are thought to prevent binding of TLR4 with its co-
receptors MD2 or CD14, or complex dimerization, thereby preventing proper
signaling of the immune response.®? These polymorphisms have been found

associated with infectious diseases, Gram-negative sepsis, and gastric cancer
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caused by Helicobacter pylori infection.?364 These polymorphisms may occur
individually or cosegregationally and the prevalence of these different
haplotypes varies across different populations.®® For example, as shown in
Table 1.2, the D299G haplotype is more prevalent in African populations
where IBC incidence is high. The cosegregation of the polymorphisms is more
prevalent in Caucasian populations in which IBC incidence is relatively
intermediate. And these polymorphisms have not been found in Asian
populations in which IBC incidence is very rare. Therefore it is hypothesized
that these polymorphisms may increase the risk of developing IBC and their
frequency in IBC patients was evaluated.

In summary, it is hypothesized that alterations in TLR4 signaling impair
responsiveness to infection, leading to the development of IBC. This study
aims to 1) analyze TLR4 expression in IBC by immunohistochemical staining
and by creating a TLR4 knockout IBC cell line, and 2) determine if TLR4

polymorphisms are present in IBC patient samples by PCR screening.

TLR4 Polymorphism | Incidence of IBC
African Mostly D299G High
Caucasian| Mostly D299G/T399I Intermediate
Asian Not found Rare

Table 1.2. Distribution of TLR4 polymorphic haplotypes and incidence of
IBC in African, Caucasian, and Asian populations. Adapted
from "TLR4 polymorphisms, infectious disease, and evolutionary
pressure during migration of modern humans."®®
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Chapter 2

EXPERIMENTAL METHODS

2.1 Cell Culture

Experiments required the use of multiple cell lines including the
inflammatory breast cancer cell line SUM149, breast cancer lines GILM2 and
MCF7, and the mammary epithelial cell line MCF10A. SUM149 cells were
grown in Ham's F-12 (Mediatech, Inc., Manassas, VA) with 5% fetal bovine
serum (FBS) (Atlanta Biologicals, Lawrenceville, GA), 1%Pen-Strep
(Mediatech, Inc.), 1% antibiotic/antimycotic (Mediatech, Inc.), 1% L-glutamine
(Mediatech, Inc.), 10 uyg/mL insulin (Sigma-Aldrich, St. Louis, MO), 5.5 ug/mL
transferrin (Sigma-Aldrich), 6.7 ng/mL selenium (Sigma-Aldrich), and 1ug/mL
hydrocortisone (Sigma-Aldrich). GILM2 and MCF7 cells were grown in DMEM
(Mediatech, Inc.) with 10% FBS and 1% Pen-Strep. MCF10A were grown in
DMEM/Ham's F-12 50:50 medium (Mediatech, Inc.) with 5% FBS,1% Pen-
Strep, 50 ug/mL bovine pituitary extract (BPE) (Life Technologies, Grand
Island, NY), 0.5 pg/mL hydrocortisone, 20 ng/mL human epidermal growth
factor (Life Technologies), 10 pg/mL insulin, and 100 ng/mL cholera toxin
(Sigma-Aldrich). All cell lines were maintained at 37 °C in a humidified

chamber with 5% CO:x.
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2.2 Immunohistochemical (IHC) Staining

Paraffin sections were deparaffinized and hydrated. Antigen retrieval
was then performed by bringing the slides to boiling in 10 mM sodium citrate
buffer (pH 6.0), maintaining them at sub-boil for 10 minutes, and then allowed
to cool for 30 minutes. Sections were then incubated with 3% hydrogen
peroxide for 15 minutes and washed in a buffer bath of Tris-buffered saline
with 0.1% Tween (TBST) for 5 minutes. Sections were then blocked using a
fish skin gelatin buffer composed of 5% goat serum 1% bovine serum albumin
(BSA), 0.1% fish skin gelatin, 0.1% Triton-X 100, 0.05% sodium azide, and
0.05% Tween in phosphate buffered saline (PBS) for 1 hour. Following the
block, sections were incubated with rabbit anti-TLR4 primary antibody (Novus
Biologicals, LLC, Littleton, CO) at a ratio of 1:100 for 30 minutes and washed
in TBST for 10 minutes. Sections were then incubated with horseradish
peroxidase (HRP) conjugated secondary antibody (EnVision+ System, Dako,
Agilent Technologies, Denmark) for 30 minutes per manufacturer's
instructions. Sections were washed in TBST for 5 minutes then incubated with
3,3'-Diaminobenzidine (DAB) (Becton-Dickinson, Franklin Lakes, New Jersey)
until brown precipitate was formed, up to 15 minutes. Sections were then
counterstained with methyl green for 10 minutes, dehydrated and cleared,
then mounted with Permount. Images were obtained using the NIS-Elements

system (Nikon Instruments, Inc.)
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2.3 Polymerase Chain Reactions (PCRs)

PCR screening was conducted to detect TLR4 polymorphisms,
bacterial 16S rDNA, and MMTV DNA in cell lines and patient samples. TLR4
polymorphism screening was performed following a previously established
allele-specific PCR and restriction fragment length polymorphism (RFLP)
analysis by Lorenz et al. with some modifications.®¢ Screening of cell lines
used the published forward primers and modified reverse primers to create a
smaller product in anticipation of applying the protocol to patient samples that
were known to be difficult to PCR. The primers used for identification of the
TLR4 D299G SNP were forward primer 5’-
GATTAGCATACTTAGACTACTACCTC(G)CATG-3’ and reverse primer 5’-
GTTAACTAATTCTAAATGTTGCCATCC-3’ for a product of 152 bp. The
primers used for the determination of the TLR4 T3991 SNP were forward
primer 5-GGTTGCTGTTCTCAAAGTGATTTTGGGA(C)GAA-3’ and reverse
primer 5-TGAAAACTCACTCATTTGTTTCAA-3’ for a product of 159 bp. The
nucleotides in parentheses were substituted with the subsequent underlined
nucleotide as described previously.?687 This creates PCR products with
specific restriction enzyme recognition sites such that a restriction enzyme
digest with the corresponding enzyme will produce two different size PCR
products if the polymorphic allele is present.®%67 D299G and T399I
polymorphic alleles will digest to product sizes of 122bp and 126 bp,
respectively.

The reactions included 50 ng DNA, 0.5 pL of 10uM of each primer, 0.75
ML of 10mM dNTP mix (Thermo Scientific), 0.5 yL DFS Tag DNA Polymerase
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(Boca Scientific, Inc.), 2.5 yL 10x complete buffer (Boca Scientific, Inc.), and
DNA-free water (Qiagen) was used to bring the reactions to a total of 25 L.
The PCR was conducted using the following cycling conditions: Initial 94 °C
for 5 minutes; 40 cycles of 94 °C for 1 minute, annealing temperature for 1
minute, 72 °C for 1 minute; and a final elongation at 72 °C for 5 minutes, and
held at 4 °C. The annealing temperature for D299G and T399| PCRs were 56
°C and 57 °C, respectively. One pL of 0.1 ng/uL of a polymorphic positive
control template synthesized by Integrated DNA Technologies, Inc. was
included for a positive control. DNA-free water was used as a negative control.
Ten pL of the PCR products were then digested with 1 pL of the appropriate
enzyme: Ncol with 2 pL of Buffer 3 (New England BioLabs, Inc.) for the
D299G digest, and Hinfl with 2 pL of Buffer 4 (New England BiolLabs, Inc.) for
the T399I digest. 17 pL of water was used to make a total 30 uL reaction.
PCR and enzyme digestion products were analyzed by electrophoresis using
a 2% agarose gel and 1x TAE buffer, visualized using ethidium bromide and
the Syngene G:Box imaging system.

TLR4 polymorphism screening for patient samples was adapted from
the previous procedure. Forty Algerian IBC patient DNA samples isolated from
paraffin sections were used.®® Due to the poor DNA quality, the previous
procedure was adapted to optimize results. A nested PCR was designed such
that the first PCR for D299G screening used the forward primer 5'-
GACCATTGAAGAATTCCGATTA-3’ and reverse primer 5’-
AGTTAACTAATTCTAAATGTTGCCATC-3’ for a product of 170 bp. The T399I
screening used forward primer 5-GAAATGGCTTGAGTTTCAAAGG-3’ and
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reverse primer 5-GGAATACTGAAAACTCACTCATTTG-3’ for a product of
186 bp. PCR was conducted as previously mentioned using annealing
temperatures of 53 °C and 58 °C, respectively. Based on the results of the
first PCR, 1 to 7 pL of the first PCR product was used for the second PCR
using the primers in the first procedure. Also added was an internal control
using an HBV template synthesized from Integrated DNA Technologies, Inc.
and primers modified from Cuestas, et al.®® The template was modified to
include one digestion site for each Ncol and Hinfl to control for the digestion
as well. Forward primer was 5-GGTTTAAATGTATACCCAAAGACAA-3' and
reverse primer was 5'-GAACATGGAGAACATCACATCAG-3' for a product of
676 bp. One yL of 0.1 ng/uL of positive control template and 0.5 pL of each
primer were added to the reactions.

Bacterial 16S rDNA screening was conducted using the same PCR
cycling settings. Two sets of primers were used: one set consisting of forward
primer 5-CCTACGGGAGGCAGCAG-3’ and reverse primer 5'-
ATTACCGCGGCTGCTGG-3’ for a product of 193 bp and a second set
consisting of forward primer 5-GCGTGGGGAGCAAACAGGATTAG-3’ and
reverse primer 5-GCCCCCGTCAATTIATTTGAGTTT-3’ for a product of 162
bp.”%"" Brucella sp. genomic DNA was used as a positive control and DNA-
free water was used as a negative control. Reactions were prepared under
strict conditions. All PCR reagents and supplies used were DNA-free and
reactions were made in a sterile PCR hood (Mystaire, Inc.). All supplies were
decontaminated using RNase Away (Molecular Bio-Products, Inc.) for RNase

and DNA removal.
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MMTV PCR screening was also conducted using the same cycling
settings. A nested PCR was conducted using the primer sets 1N and 4, and
2N and 3N as previously described for products of 687 bp and 255 bp,
respectively.5’ The annealing temperature was 57 °C for both reactions. 0.1
ng/pL of a positive control MMTV template synthesized by Integrated DNA
Technologies, Inc. was used as a positive control and DNA-free water was

used as a negative control.

2.4 Creating a TLR4 Knockout Cell Line Using TALENs

Plasmids for TALENs generation were constructed to target the TLR4
gene by Bryan Strouse and Pawel Bialk of Delaware State University. Two
sets of these plasmids were designed to target the TLR4 gene in two different
locations to determine which may be more efficient at creating a knockout. The
constructs used for each set allow for GFP and blasticidin selection (Figure

2.1).
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Figure 2.1. Plasmid constructs used for generation of TALENSs targeted
towards the TLR4 gene. Reprinted with permission from "A
modified TALEN-based system for robust generation of knock-out
human pluripotent stem cell lines and disease models".”?

2 million SUM149 cells were seeded in a 60mm plate 48 hours before
transfection. Cells were transfected with 0.5 pug of each plasmid using X-
tremeGENE HP DNA Transfection Reagent (Roche) at a ratio of 3:1 as per
manufacturer's instructions. 48 to 72 hours after transfection, GFP-positive
cells were sorted and allowed to expand. Cells were selected using 15 pg/mL
blasticidin. Clones were to be expanded and screened for successful
knockouts by PCR and Western blotting. Knockouts were to be used to
determine if the knockout prevents emboli formation. However, following

selection the cells were apoptotic and thus the experiment was ended.
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2.5 Bacterial Culture from SUM149 Cells

SUM149 cells were grown to confluency in 100mm plates. Cells were
harvested and lysed in PBS using a tissue grinder. Cells were plated in
triplicate either at a 1:1 or 4:1 ratio of cell culture to agar plates. 2 negative
controls were included: 1 of the PBS used to wash and lyse the cells, and 1 of
the cell culture media. Plates were incubated at 37°C for up to 20 days with

periodic observation.
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Chapter 3

RESULTS

3.1 Toll-like Receptor 4 Expression

TLR4 overexpression of IBC was visualized by IHC staining. SUM149
emboli grown in vitro were first stained and TLR4 was found highly expressed
throughout the cell membranes (Figure 3.1). This staining was then applied to
IBC patient samples. 19 samples from a set of 5 IBC patients were stained.
TLR4 expression was seen in tumor cells of all patients. TLR4 was found
moderately to heavily expressed in tumor cells of 4 patients, and lightly
expressed in tumor cells of 1 patient. 2 patients showed TLR4 expression in
alveolar epithelial cells. 2 patients for which skin punch biopsy samples were
available showed expression of TLR4 in emboli cells and in the epidermis

(Figure 3.2). 1 patient showed nuclear localization of TLR4.
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Figure 3.1. TLR4 expression of SUM149 emboli grown in vitro. TLR4 is
highly expressed throughout the cell membranes of IBC emboli
grown in culture. A. TLR4. B. IgG negative control. 100x total
magnification.

Figure 3.2. A representative image of TLR4 expression in IBC patient
samples. TLR4 was found to be expressed in tumor cells as well
as the epidermis of IBC patients. A. TLR4. B. IgG negative control.
100x total magnification.

To study the effect that TLR4 overexpression may have on the IBC
phenotype, SUM149 TLR4 knockouts were created using TALENs. Two sets
of plasmids targeting the TLR4 gene in two different locations were designed.

SUM149 cells were successfully transfected with each set and sorted by GFP
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expression. They were also selected using blasticidin. Initially, the cells were
proliferating and began forming colonies as expected. However, then the
population of living cells gradually decreased until there were no longer any

viable cells able to be cultured. This occurred over the course of 1 month.

3.2 Toll-like Receptor 4 Polymorphism Screening

Toll-like receptor 4 (TLR4) polymorphisms D299G and T399I were
screened using a previously established restriction fragment length
polymorphism (RFLP) PCR procedure with modifications.®® A group of cell
lines were screened including SUM149, MCF7, GILM2, and MCF10A (Figure
3.3). No polymorphisms were detected in these cell lines. This screening was
then applied to a set of 40 Algerian IBC patient samples. Due to difficulty
acquiring PCR product using the protocol applied to the cell lines, the
procedure was adjusted to create a nested PCR and included an internal
control. This allowed for successful amplification to be used for the
subsequent digest. Figure 3.4 is a representative image of the completed
screening for the D299G polymorphism on a set of the Algerian samples. This
image shows 2 of 18 patients were positive for this polymorphism. The
remainder of the 40 samples were then completed, but no other samples were
positive. Then the screening for the T399I polymorphism was completed on
these samples. Only 1 patient was possibly positive for this polymorphism

(Figure 3.5).
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Figure 3.3. RFLP-PCR screening of TLR4 D299G and T399I
polymorphisms of cell lines. This image shows screening of
both polymorphisms on a group of cell lines. The digested positive
control indicates the size of the polymorphic allele. None of the cell

lines were found to have either polymorphism. NC, negative
control. PC, positive control.
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Figure 3.4. TLR4 D299G polymorphism RFLP-PCR screening of Algerian
IBC patient samples. A representative image of the completed
RFLP-PCR screening of Algerian IBC patient samples. Both
undigested and digested (D) products were shown for easy
comparison. The larger product around 700bp represents the
internal control. Outlined by the pink boxes are 2 positive patients
for this polymorphism out of the 18 shown here. The remaining
samples were screened and no other patients were positive,
resulting in only 2 of 40 positive. Numbers are in reference to the
patient sample. NC, negative control. PC, positive control.
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Figure 3.5. TLR4 T399I polymorphism RFLP-PCR screening of Algerian
IBC patient samples. A representative image of the completed
RFLP-PCR screening of Algerian IBC patient samples. The
undigested negative control and digested positive control were
shown for comparison. The larger product around 700bp
represents the internal control. Outlined by the pink box is a
patient positive for this polymorphism. Only one of the 40 patients
was possibly positive for this polymorphism. Numbers are in
reference to the patient sample. NC, negative control. PC positive
control.

3.3 16s rDNA and MMTV PCR Screening of Cell Lines

To eliminate microbial DNA contamination and the occurrence of false-
positives, 16S rDNA and MMTV PCR screening was optimized. Only DNA-free
PCR reagents and supplies were used. PCR reactions were prepared in a
sterile PCR hood and all instruments and surfaces were decontaminated with
RNase Away. Appropriate negative and positive controls were optimized for

two sets of 16S primers and for nested MMTV PCR primers (Figure 3.6).
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Figure 3.6. Optimized PCR reactions for the screening of 16S rDNA and
MMTV DNA. Two primer sets for 16S screening and a nested
PCR for MMTYV screening were optimized for appropriate positive
and negative controls.

Once PCR reactions were optimized, 16S screening was conducted on
a group of cell lines. However, as seen in Figure 3.7, contamination is still
present in the samples and thus PCR screening of cell lines in culture is
inconclusive. MMTYV screening of the cell lines was also performed and an
initial screening showed a faint band present in SUM149 cells that is not
present in the other cell lines (Figure 3.8). This screening was then repeated in
triplicate and bands were seen in 3 SUM149 samples and 2 MCF7 samples

(Figure 3.9). Bands were excised for sequencing.
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Figure 3.7. 16S rDNA PCR screening of cell lines. 16s screening showed
contamination of the cell line samples and thus results are
inconclusive. NC, negative control. PC, positive control.
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Figure 3.8. MMTYV screening of cell lines. An initial MMTV screening of cell
lines revealed a faint band present in the SUM149's that is not
present in the other cell lines. NC, negative control. PC, positive
control.
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Figure 3.9. MMTV screening of triplicate cell line samples. Triplicate MMTV
screening shows 3 SUM149 samples and 2 MCF7 samples
contain PCR product. NC, negative control. PC, positive control.

3.4 Bacterial Culture from the IBC SUM149 Cell Line

Isolation of an intracellular bacteria from SUM149 cells was attempted
by harvesting and lysing cells, and plating the lysate on chocolate agar plates.
A ratio of 1:1 and 4:1 of plates of SUM149 cells to agar plate were conducted
in triplicate alongside two negative controls of cell culture media and PBS. 20

days post-inoculation, no bacterial growth was seen (Figure 3.10).
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Figure 3.10. Bacterial culture of SUM149 cells. SUM149 cells were lysed
and plated on chocolate agar and allowed to incubate for up to 20
days. Triplicate plates of 1:1 and 4:1 plates of SUM149 cells to
agar plate were conducted. No growth from the SUM149's was
seen. NC, negative control.
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Chapter 4

DISCUSSION

4.1 Toll-like Receptor 4 Expression and Polymorphisms in Inflammatory
Breast Cancer

As previously discussed and shown in Figure 1.6, TLR4 is highly
expressed in IBC compared to nonIBC patients tissue. Therefore, IHC staining
was used to determine TLR4 localization in IBC tissue. An initial staining of
IBC emboli grown in vitro showed high expression of TLR4 throughout the cell
membranes (Figure 3.1). This staining was then applied to IBC patient
samples in which TLR4 was expressed by IBC tumor cells, consistent with the
in vitro staining (Figure 3.2). As TLR4 is normally expressed by epithelial cells,
it was not surprising to see expression in alveolar epithelial cells and
epidermal cells. However, whether this expression is higher than that of
normal breast tissue is not able to be discerned due to lack of normal
breast/epidermal tissue for comparison. Future experiments should indicate
the location of which the skin punch was obtained, as well as if it was in an
area of edema or erythema. This should be compared to normal breast skin
punches of the same area, if obtainable. It is interesting that 1 patient showed
TLR4 localized to the nucleus. Nuclear localization of TLR4 is not well

reported, but colocalization of TLR4 with LPS has been seen in lung
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inflammation.” Perhaps TLR4 was mislocalized to the nucleus after activation,
but the underlying mechanisms are unclear. It is also interesting that the
patients had different levels of TLR4 expression. It may be beneficial to
determine if TLR4 expression is associated with symptom severity or
progression at the time of tissue collection. Increased TLR4 expression over a
period of time may also indicate the misregulation of a negative regulator, as
TLR4 normally would decrease back to normal levels.5*¢ Thus further
research analyzing gene expression of components of the TLR4 pathway is
suggested such as using RNA-Seq or microarrays.

To understand the effect that TLR4 expression may have on the IBC
phenotype, a knock out cell line was developed. The IBC SUM149 cell line
was used because it was established from a primary, triple negative IBC
patient tumor of epithelial origin, and the molecular profile is much like that
seen in majority of patient cases.”* SUM149 TLR4 knockouts were created
using two different TALENSs targeted towards different areas of the gene.
These were to be screened for the most effective knockout. Clones were to be
expanded and used to determine the effect the knockout has on the cells
ability to form emboli. This assay was chosen because emboli are highly
characteristic of IBC and thought to be a driving force of metastasis. In
addition, only IBC cell lines have the ability to form emboli and can therefore
be compared to nonIBC cell lines.” It was expected that the knockout cells
would lose the ability to form emboli, thus suggesting TLR4 is involved in the
IBC phenotype. Furthermore, TLR4 expression may be contributing to the

phenotype by promoting invasion and metastasis. The TLR4 pathway has
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been found to activate Akt in murine macrophages.”® A similar effect may be
occurring in IBC which would activate RhoC by Akt, increasing motility.

However, after selection of the TLR4 knockouts, the number of viable
IBC cells began to gradually decrease until no more living cells were able to
be cultured. This could have been due to the stress of the procedure, but
considering that the cells initially were successfully proliferating, this may not
have been the case. It is possible that TLR4 signaling is involved in IBC cell
proliferation, and this could in part be through Akt3 which has previously been
found to be important in IBC cell survival.'® LPS-induced TLR4 signaling has
been shown to be involved in hepatocellular carcinoma proliferation, and
knocking down TLR4 expression in other breast cancers has been shown to
decrease proliferation.””.”® Creating TLR4 knockouts of SUM149 cells should
be repeated to determine if the same results are obtained. In addition, this
could be compared to treating SUM149's with a TLR4 antagonist. There are
several compounds currently being researched that target TLR4 in conditions
such as colitis and chronic inflammation, and these may be potential
candidates for IBC treatment.”

In addition, MCF10A cells which are a normal mammary epithelial cell
line that is also triple negative, can also be used to determine the effect TLR4
expression has on the IBC phenotype. TLR4 knockouts can be created
following the same procedure as the SUM149's. Then a TLR4 overexpressing
plasmid can be introduced to mimic what is seen in IBC and the pathway can
be activated using LPS. These cells can be tested for their ability to form

emboli. It was hypothesized that these cells may gain, or partially, gain the
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ability to form emboli, thus further supporting the role of TLR4 in the IBC
phenotype. However, based on what was seen with the TLR4 IBC knockouts,
additional assays analyzing proliferation such as an MTT assays could also be
performed. It could also be beneficial to measure gene expression differences
by RNA-Seq or microarray of these cells compared to SUM149 cells to help
identify other alterations that may be driving IBC.

In addition to TLR4 expression, the possibility of TLR4 polymorphisms
involved in IBC was evaluated. D299G and T399I polymorphisms are known
to cause host hyporesponsiveness to LPS and therefore it was hypothesized
that these polymorphisms may put patients at risk for IBC if exposed to an
infectious agent. The D299G and T399I polymorphisms were screened for in a
group of cell lines as well as patient samples. RFLP-PCR procedures that
were previously published were modified for these experiments. The group of
cell lines included the SUM149 and MCF10A lines for reasons as previously
described. Also included were MCF7, a noninflammatory cell line, but derived
from metastatic breast cancer cells and ER/PR positive; and GILM2, a
noninflammatory breast cancer line that is also triple negative. Neither
polymorphism was found in any of the screened cell lines (Figure 3.3).
Screening was then performed on a set of 40 Algerian patient samples. Due to
difficulty in acquiring PCR product for the RFLP digest, the procedure was
modified to create a nested PCR including an internal control. This allowed
successful completion of the screening. However, only 2 of 40 patients were

positive for the D299G polymorphic allele (Figure 3.4). Then completion of the
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T399I screening showed that only 1 of 40 patients were positive for this
polymorphism (Figure 3.5).

Considering that neither of these polymorphisms were prevalent in
these patients and the occurrence was lower than what would be expected
normally in an African population, it is possible that these polymorphisms may
be preventative against IBC. For example, the D299G polymorphism is
present in 10-18% of the African population,®® however only 5% of the IBC
patients were found to be positive for this polymorphism. It has been found
that this polymorphism can be protective against infectious diseases such as
malaria,®® so perhaps this polymorphism has a protective role in IBC as well.
Although it is also noted that this is using a relatively small sample and
therefore a large sample size may be more informative. This could also be
analyzed using TALENS to create polymorphic MCF10A cell lines and see how
these cells respond to infection. However, this still leaves the question as to
why IBC is more common in African Americans and women of north African
countries. There are many other alterations in TLR4 and the TLR4 signaling
pathway that could impair a patient's ability to respond to an infectious
exposure that may be prevalent in these groups, and thus further research
would be warranted. Alterations in TLR4 signaling could contribute to the
clinical inflammatory symptoms of IBC, but also explain why typical infectious
responses such as fever are absent in IBC. This would provide a link between

TLR4 expression and infectious agent involvement in IBC.
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4.2 Infectious Agents in Inflammatory Breast Cancer

Increasing evidence for the involvement of an infectious agent in the
development of IBC supports the need for an in depth study to determine its
significance. Geographic and seasonal evidence along with TLR4
overexpression in IBC suggests the involvement of an intracellular bacteria or
virus. In addition, symptoms such as the inflammatory appearance, warmth,
and skin thickening suggest some type of immune response. It is hypothesized
that potential organisms can include Brucella sp., Bartonella sp., or MMTV.
While these organisms are considered in particular, it is acknowledged that it
may be different agents that may be responsible. Additional viruses that have
been found to be associated with IBC include human cytomegalovirus,
Epstein-Barr virus, and human papillomavirus.8%-82 |t is also possible that it
may not be one agent in particular. The activation of TLR4 by any organism
may act as a trigger of IBC progression for patients at risk.

However, if an infectious agent is involved, it raises the question of why
the organism would be localized to the breast area. Bartonella infection can
present as a local infection like from a scratch and so could possibly be
localized at the breast.?3 In addition, Bartonella infection has been described
as mimicking breast cancer, including IBC, and Bartonella DNA has been
found in IBC samples.*¢%® Brucella however is rarely found in breast tissue,
but has been reported.?485 It would be beneficial to determine if IBC patients
were recently pregnant or breast feeding which can result in immunodeficiency
and may make the patient susceptible to a breast infection. This could also

account for why an early age of pregnancy seems to be protective against
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nonlIBC, but not IBC. This could hold true for younger patients, however, given
that the median age of diagnosis is 57, immunodeficiency could also in some
cases be related to age. The mechanism of how these organisms would infect
breast epithelial cells specifically would also be of interest. MMTV uses
transferrin receptor 1 (TfR1) which is highly expressed by breast epithelial
cells during puberty and pregnancy to bind to and enter the cells.® It is
possible that Barfonella and Brucella may be using a similar mechanism. In
addition, perhaps the overexpression of caveolins seen in IBC could also be
involved as many microorganisms are able to use caveolae and lipid rafts to
evade degradation in lysosomes.”

To address the hypothesis that an infectious agent is responsible for
the development of IBC, a reliable method of accurately detecting an
intracellular bacteria or virus needed to be established. 16s rDNA PCR
screening is a method that allows the presence of any bacterial species to be
detected, making it a valuable tool. However, there is a high risk of
contamination of the reaction with microbial DNA, especially bacterial, leading
to false positive results. PCR reagents such as Taq polymerase are produced
using E. coli and therefore carry high risk of contaminating DNA. Therefore
strict measures to ensure the reactions remain free from contaminating DNA
were used including using certified DNA-free PCR reagents and controlling the
environment in which the reactions were prepared such as using a PCR hood
and decontaminating surfaces and equipment with RNase Away. Using such
measures allowed for the optimization of accurate controls for 16S as well as

MMTYV screening (Figure 3.6).
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Once a reliable protocol was established, the screens were applied to
cell line DNA samples. The cell lines used were SUM149, MCF7, GILM2, and
MCF10A for reasons previously explained. Figure 3.7 shows a band present in
all of the cell lines which indicates contamination of the DNA samples. To
determine if these bands may have been a result of Mycoplasma
contamination, Mycoplasma testing was conducted, but all samples were
negative. However, DNA contamination could have occurred at any point
during the cell culture process despite taking extra measures to use DNA-free
materials when possible. Thus, using this method on cell lines is likely to lead
to unreliable results, but should be more informative using patient samples.
Patient blood samples collected and sent to the lab without any prior handling
so that they can be properly managed to avoid contamination should give
more accurate results. Samples such as the paraffin embedded Algerian
samples are not optimal as processing of tissue would likely introduce
contaminating DNA. Alternatively, it is possible these bands are true positive
results of an infectious agent in these cell lines. All of these lines have been
cultured together which may have allowed the spread of an organism from the
SUM149s to the other lines. It would be interesting to screen cell lines cultured
in different labs that would not have been exposed to SUM149 cells.

In addition to 16S PCR screening, MMTV PCR screening was also
conducted on the cell lines. An initial screen of the cell lines showed viral DNA
present in the SUM149 cell line that was not present in the other cell lines
(Figure 3.8). Follow-up screens in triplicate found viral DNA in 3 of the

SUM149 and 2 of the MCF7 samples (Figure 3.9). Though the bands are
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slightly smaller in size to the positive control, the positive control is a pure
MMTYV sequence and thus a human variant would not necessarily be the same
size. Presence of viral DNA in both SUM149 and MCF7 samples could be due
to several reasons. It is possible IBC cells could contain the same or similar
virus as nonlBC cells. It is also possible that there may be contaminating DNA
as discussed with the 16S sequencing and again using patient samples would
be more reliable. SUM149 cells and patient blood samples could also be used
to isolate possible MMTV/HMTYV viral particles using an established protocol
by Melana, et al.?8 The bands have been isolated for sequencing.

As an additional experiment to determine if an intracellular bacteria may
be present in the SUM149 cells, the cells were lysed and the lysate was plated
onto chocolate agar plates (Figure 3.10). Chocolate agar was used because it
supports the growth of various fastidious organisms including Bartonella sp.
While no growth was seen after 20 days of incubation, it does not necessarily
rule out the presence of an intracellular bacteria in IBC. The SUM149 cells
have been in culture for a long time and may no longer carry the bacteria if
initially present. Different media and culture conditions, such as a
microaerophilic environment of 7-10% oxygen, may also be applied to facilitate
the growth of organisms not supported by chocolate agar or aerobic
environments such as Bartonella sp. These different culture conditions can
then be applied to blood and tissue culture from IBC patients. Additional
experiments that could be conducted can include treating the SUM149's with
antibiotics targeted towards intracellular bacteria. Gene expression changes of

treated cells versus non-treated cells could then be compared. These treated
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cells could also be tested for their ability to form emboli and analyzed for
changes in proliferation or invasion.

Collectively, these methods will be useful in determining the
involvement of an infectious agent in IBC. This would provide a link to TLR4
overexpression and thus aid in the understanding of IBC progression. More
importantly, it would provide answers as to how to prevent and treat this
disease that is potentially infectious yet we have no knowledge of how to
control it. This would also lead to the production of a vaccine that would not
only impact the women in the United States, but even more so in north African

countries that are desperately in need.

47



10.

11.

12.

13.

REFERENCES

Jesinger RA. Breast anatomy for the interventionalist. Techniques in
vascular and interventional radiology 2014;17(1):3-9.

Vorherr H. The Breast: Morphology, Physiology, and Lactation. New
York, New York: Academic Press, Inc.; 1974.

Adriance MC, Inman JL, Petersen OW, Bissell MJ. Myoepithelial cells:
good fences make good neighbors. Breast Cancer Research
2005;7(5):190-197.

National Cancer Institute 2014. In Breast Cancer Prevention: General
Information About Breast Cancer.
http://www.cancer.gov/cancertopics/pdq/prevention/breast/Patient/page
2#figure_143_e. Accessed 2015.

American Cancer Society, Inc. 2014. In Breast Cancer.
http://www.cancer.org/cancer/breastcancer/detailedguide/index.
Accessed 2015.

ABC Health and Wellbeing. 2014. In Breast Cancer.
http://www.abc.net.au/health/library/stories/2005/09/01/1829103.htm.
Accessed 2015.

American Joint Committee on Cancer 2014. In Cancer Staging
References. https://cancerstaging.org/references-tools/Pages/What-is-
Cancer-Staging.aspx. Accessed 2015.

Breastcancer.org 2015. 2014. In Types of Breast Cancer.
http://www.breastcancer.org/symptoms/types. 2015.

Hunt KK, Robb GL, Strom EA, Ueno NT. Breast Cancer. Buzdar AU,
Freedman RS, editors. New York, NY: Springer; 2001.
Breastcancer.org 2013. In Treatment and Side Effects.
http://www.breastcancer.org/treatment. Accessed 2015.

Walshe JM, Swain SM. Clinical aspects of inflammatory breast cancer.
Breast disease 2005;22:35-44.

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. Journal of the National Cancer Institute
2005;97(13):966-975.

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

Inflammatory Breast Cancer (IBC). Breast Diseases 2005;22:9-23.

48



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

van Uden D, van Laarhoven H, Westenberg A, de Wilt J, Blanken-
Peeters C. Inflammatory breast cancer: An overview. Critical Reviews
in Oncology/Hematology 2015;93:116-126.

Chia S, Swain SM, Byrd DR, Mankoff DA. Locally advanced and
inflammatory breast cancer. Journal of Clinical Oncology
2008;26(5):786-790.

National Cancer Institute 2015. 2012. In Inflammatory Breast Cancer.
http://www.cancer.gov/cancertopics/factsheet/Sites-Types/IBC. 2015.
Levine PH, Veneroso C. The epidemiology of inflammatory breast
cancer. Seminars in Oncology 2008;35(1):11-16.

Woodward WA, Cristofanilli M. Inflammatory Breast Cancer. Seminars
in Radiation Oncology 2009;19(4):256-265.

Lehman HL, Van Laere SJ, van Golen CM, Vermeulen PB, Dirix LY,
van Golen KL. Regulation of Inflammatory Breast Cancer Cell Invasion
through Akt1/PKB alpha Phosphorylation of RhoC GTPase. Molecular
Cancer Research 2012;10(10):1306-1318.

Jaiyesimi |IA, Buzdar AU, Hortobagyi G. INFLAMMATORY BREAST-
CANCER - A REVIEW. Journal of Clinical Oncology 1992;10(6):1014-
1024.

Lee BJ, Tannenbaum NE. Inflammatory carcinoma of the breast: a
report of twenty-eight cases from the breast clinic of Memorial Hospital.
Surgery Gynecology & Obstetrics 1924;39:580-595.

American Cancer Society, Inc. 2014. In Inflammatory Breast Cancer.
http://www.cancer.org/cancer/breastcancer/moreinformation/inflammato
rybreastcancer/inflammatory-breast-cancer-toc. Accessed 2015.
Inflammatory Breast Cancer Foundation 2014. In What is IBC?
http://www.eraseibc.com/ibc.html. Accessed 2015.

Robertson FM, Bondy M, Yang W, Yamauchi H, Wiggins S, Kamrudin
S, Krishnamurthy S, Le-Petross H, Bidaut L, Player AN and others.
Inflammatory Breast Cancer The Disease, the Biology, the Treatment.
Ca-a Cancer Journal for Clinicians 2010;60(6):351-375.

Takiar V, Akay C, Stauder M, Tefeffe W, Alvarez R, Hoffman K, Perkins
G, Strom E, Buchholz T, Ueno N and others. Predictors of durable no
evidence of disease status in de novo metastatic inflammatory breast
cancer patients treated with neoadjuvant chemotherapy and post-
mastectomy radiation. SpringerPlus 2014;3(166):1-9.

Brewer TM, Masuda H, Liu DD, Shen Y, Liu P, lwamoto T, Kai K,
Barnett CM, Woodward WA, Reuben JM and others. Statin use in
primary inflammatory breast cancer: a cohort study. British Journal of
Cancer 2013;109(2):318-324.

MD Anderson Cancer Center. The University of Texas. 2009. In Is
There Really a Breast Cancer Without a Lump?

49



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

http://www2.mdanderson.org/cancerwise/2009/07/ibc-breast-cancer-
without-a-lump.html. Accessed 2015.

Kleer CG, van Golen KL, Merajver SD. Molecular biology of breast
cancer metastasis - Inflammatory breast cancer: clinical syndrome and
molecular determinants. Breast Cancer Research 2000;2(6):423-429.
Van der Auwera |, Van Laere SJ, Van den Eynden GG, Benoy [, van
Dam P, Colpaert CG, Fox SB, Turley H, Harris AL, Van Marck EA and
others. Increased angiogenesis and lymphangiogenesis in inflammatory
versus noninflammatory breast cancer by real-time reverse
transcriptase-PCR gene expression quantification. Clinical Cancer
Research 2004;10(23):7965-7971.

Vermeulen PB, van Golen KL, Dirix LY. Angiogenesis,
Lymphangiogenesis, Growth Pattern, and Tumor Emboli in
Inflammatory Breast Cancer. Cancer 2010;116(11):2748-2754.
Singletary SE, Allred C, Ashley P, Bassett LW, Berry D, Bland KI,
Borgen PI, Clark CG, Edge SB, Hayes DF and others. Revision of the
American Joint Committee on Cancer staging system for breast cancer.
Journal of Clinical Oncology 2002;20(17):3628-3636.

Radunsky GS, van Golen KL. The current understanding of the
molecular determinants of inflammatory breast cancer metastasis.
Clinical & Experimental Metastasis 2005;22(8):615-620.

Fernandez SV, Robertson FM, Pei J, Aburto-Chumpitaz L, Mu Z, Chu
K, Alpaugh RK, Huang Y, Cao Y, Ye Z and others. Inflammatory breast
cancer (IBC): clues for targeted therapies. Breast Cancer Research and
Treatment 2013;140(1):23-33.

van Golen KL, Davies S, Wu ZF, Wang YF, Bucana CD, Root H,
Chandrasekharappa S, Strawderman M, Ethier SP, Merajver SD. 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. Clinical Cancer
Research 1999;5(9):2511-2519.

Van den Eynden GG, Van Laere SJ, Van der Auwera |, Merajver SD,
Van Marck EA, van Dam P, Vermeulen PB, Dirix LY, van Golen KL.
Overexpression of caveolin-1 and-2 in cell lines and in human samples
of inflammatory breast cancer. Breast Cancer Research and Treatment
2006;95(3):219-228.

Lecuit M, Abachin E, Martin A, Poyart C, Pochart P, Suarez F,
Bengoufa D, Feuillard J, Lavergne A, Gordon JI and others.
Immunoproliferative small intestinal disease associated with
Campylobacter jejuni. New England Journal of Medicine
2004;350(3):239-248.

Parsonnet J. Bacterial infection as a cause of cancer (vol 103, pg 263,
1995). Environmental Health Perspectives 1996;104:CP3-CP3.

50



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Ma J-L, Zhang L, Brown LM, Li J-Y, Shen L, Pan K-F, Liu W-D, Hu Y,
Han Z-X, Crystal-Mansour S and others. Fifteen-Year Effects of
Helicobacter pylori, Garlic, and Vitamin Treatments on Gastric Cancer
Incidence and Mortality. Journal of the National Cancer Institute
2012;104(6):488-492.

Liao JB. Viruses and human cancer. The Yale journal of biology and
medicine 2006;79(3-4):115-22.

Duke TJ, Jahed NC, Veneroso CC, Da Roza R, Johnson O, Hoffman D,
Barsky SH, Levine PH. A cluster of inflammatory breast cancer (IBC) in
an office setting: Additional evidence of the importance of
environmental factors in IBC etiology. Oncology Reports
2010;24(5):1277-1284.

Levine PH, Hashmi S, Minaei AA, Veneroso C. Inflammatory breast
cancer clusters: A hypothesis. World journal of clinical oncology
2014,;5(3):539-45.

Arnold T. Terry's Map 2015.
http://www.smither.net/ibc/mapping/patients/. Accessed 2015.

Hashmi S, Liu Y, Bethony J, Cristofanilli M, Levine P. Abstract nr P5-
13-06. Seasonal variation in onset of inflammatory breast cancer:
Evidence of an infectious trigger. Cancer Research. 2013;73(24 Suppl).
Boussen H, Bouzoiene H, Ben Hossouna J, Gamoudi A, Benno F,
Rahal K. Inflammatory breast cancer in Tunisia: Reassessment of
incidence and clinicopathological features. Seminars in Oncology
2008;35(1):17-24.

Mohamed MM, Al-Raawi D, Sabet SF, EI-Shinawi M. Inflammatory
breast cancer: New factors contribute to disease etiology: A review.
Journal of advanced research 2014;5(5):525-36.

Povoski SP, Spigos DG, Marsh WL. An unusual case of cat-scratch
disease from Bartonella quintana mimicking inflammatory breast cancer
in a 50-year-old woman. The breast journal 2003;9(6):497-500.

lannace C, Lo Conte D, Di Libero L, Varricchio A, Testa A, Vigorito R,
Gagliardi G, Lepore M, Caracciolo F. Cat scratch disease presenting as
breast cancer: a report of an unusual case. Case reports in oncological
medicine 2013;2013:507504-507504.

Zhang B, Izadjoo M, Horkayne-Szakaly |, Morrison A, Wear DJ.
Medulloblastoma and Brucellosis - Molecular Evidence of Brucella sp in
Association with Central Nervous System Cancer. Journal of Cancer
2011;2:136-141.

Liu BR, Wang Y, Melana SM, Pelisson |, Najfeld V, Holland JF, Pogo
BGT. Identification of a proviral structure in human breast cancer.
Cancer Research 2001;61(4):1754-1759.

51



51.

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

Wang Y, Holland JF, Bleiweiss IJ, Melana S, Liu XJ, Pelisson I,
Cantarella A, Stellrecht K, Mani S, Pogo BGT. DETECTION OF
MAMMARY-TUMOR VIRUS ENV GENE-LIKE SEQUENCES IN
HUMAN BREAST-CANCER. Cancer Research 1995;55(22):5173-
5179.

Pogo BGT, Holland JF, Levine PH. Human Mammary Tumor Virus in
Inflammatory Breast Cancer. Cancer 2010;116(11):2741-2744.

Nijland R, Hofland T, van Strijp JAG. Recognition of LPS by TLR4:
Potential for Anti-Inflammatory Therapies. Marine Drugs
2014;12(7):4260-4273.

Takeda K, Kaisho T, Akira S. Toll-like receptors. Annual Review of
Immunology 2003;21:335-376.

Medzhitov R. Toll-like receptors and innate immunity. Nature Reviews
Immunology 2001;1(2):135-145.

Aderem A, Ulevitch RJ. Toll-like receptors in the induction of the innate
immune response. Nature 2000;406(6797):782-787.

Zanoni |, Ostuni R, Marek LR, Barresi S, Barbalat R, Barton GM,
Granucci F, Kagan JC. CD14 Controls the LPS-Induced Endocytosis of
Toll-like Receptor 4. Cell 2011;147(4):868-880.

Gonen E, Vallon-Eberhard A, Elazar S, Harmelin A, Brenner O,
Rosenshine |, Jung S, Shpigel NY. Toll-like receptor 4 is needed to
restrict the invasion of Escherichia coli P4 into mammary gland
epithelial cells in a murine model of acute mastitis. Cellular Microbiology
2007;9(12):2826-2838.

Yan Z-q. Regulation of TLR4 expression is a tale about tail.
Arteriosclerosis Thrombosis and Vascular Biology 2006;26(12):2582-
2584.

Liew FY, Xu DM, Brint EK, O'Neill LAJ. Negative regulation of Toll-like
receptor-mediated immune responses. Nature Reviews Immunology
2005;5(6):446-458.

Arbour NC, Lorenz E, Schutte BC, Zabner J, Kline JN, Jones M, Frees
K, Watt JL, Schwartz DA. TLR4 mutations are associated with
endotoxin hyporesponsiveness in humans. Nature Genetics
2000;25(2):187-+.

Ohto U, Yamakawa N, Akashi-Takamura S, Miyake K, Shimizu T.
Structural Analyses of Human Toll-like Receptor 4 Polymorphisms
D299G and T399I. Journal of Biological Chemistry
2012;287(48):40611-40617.

Santini D, Angeletti S, Ruzzo A, Dicuonzo G, Galluzzo S, Vincenzi B,
Calvieri A, Pizzagalli F, Graziano N, Ferraro E and others. Toll-like
receptor 4 Asp299Gly and Thr399lle polymorphisms in gastric cancer of
intestinal and diffuse histotypes. Clinical and Experimental Immunology
2008;154(3):360-364.

52



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Tulic MK, Hurrelbrink RJ, Prele CM, Laing IA, Upham JW, Le Souef P,
Sly PD, Holt PG. TLR4 polymorphisms mediate impaired responses to
respiratory syncytial virus and lipopolysaccharide. Journal of
Immunology 2007;179(1):132-140.

Ferwerda B, McCall MBB, Alonso S, Mouktaroudi M, Giamarellos-
Bourboulis EJ, I1zagirre N, Syafruddin D, Kibiki G, Cristea T, Hijmans A
and others. TLR4 polymorphisms, infectious diseases, and evolutionary
pressure during migration of modern humans. Proceedings of the
National Academy of Sciences of the United States of America
2007;104(42):16645-16650.

Lorenz E, Frees KL, Schwartz DA. Determination of the TLR4 genotype
using allele-specific PCR. Biotechniques 2001;31(1):22-24.

Liadaki K, Petinaki E, Skoulakis C, Tsirevelou P, Klapsa D, Germenis
AE, Speletas M. Toll-Like Receptor 4 Gene (TLR4), but Not TLR2,
Polymorphisms Modify the Risk of Tonsillar Disease Due to
Streptococcus pyogenes and Haemophilus influenza. Clinical and
Vaccine Immunology Feb. 2011;18(2):217-222.

Chaher N, Arias-Pulido H, Terki N, Qualls C, Bouzid K, Verschraegen
C, Wallace AM, Royce M. Molecular and epidemiological characteristics
of inflammatory breast cancer in Algerian patients. Breast Cancer
Research and Treatment 2012;131(2):437-444.

Cuestas ML, Rivero CW, Minassian ML, Castillo Al, Gentile EA, Trinks
J, Leon L, Daleoso G, Frider B, Lezama C and others. Naturally
occurring hepatitis B virus (HBV) variants with primary resistance to
antiviral therapy and S-mutants with potential primary resistance to
adefovir in Argentina. Antiviral Research 2010;87(1):74-77.
Schabereiter-Gurtner C, Maca S, Rolleke S, Nigl K, Lukas J, Hirschl A,
Lubitz W, Barisani-Asenbauer T. 16S rDNA-based identification of
bacteria from conjunctival swabs by PCR and DGGE fingerprinting.
Investigative Ophthalmology & Visual Science 2001;42(6):1164-1171.
Wilson VL, Tatford BC, Yin XQ, Rajki SC, Walsh MM, LaRock P.
Species-specific detection of hydrocarbon-utilizing bacteria. Journal of
Microbiological Methods 1999;39(1):59-78.

Frank S, Skryabin BV, Greber B. A modified TALEN-based system for
robust generation of knock-out human pluripotent stem cell lines and
disease models. Bmc Genomics 2013;14.

Janardhan KS, Mclsaac M, Fowlie J, Shrivastav A, Caldwell S, Sharma
RK, Singh B. Toll like receptor-4 expression in lipopolysaccharide
induced lung inflammation. Histology and Histopathology
2006;21(7):687-696.

Barnabas N, Cohen D. Phenotypic and Molecular Characterization of
MCF10DCIS and SUM Breast Cancer Cell Lines. International journal
of breast cancer 2013;2013:872743-872743.

53



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Lehman HL, Dashner EJ, Lucey M, Vermeulen P, Dirix L, Van Laere S,
van Golen KL. Modeling and characterization of inflammatory breast
cancer emboli grown in vitro. International Journal of Cancer
2013;132(10):2283-2294.

Bauerfeld CP, Rastogi R, Pirockinaite G, Lee |, Huettemann M, Monks
B, Birnbaum MJ, Franchi L, Nunez G, Samavati L. TLR4-Mediated AKT
Activation Is MyD88/TRIF Dependent and Ciritical for Induction of
Oxidative Phosphorylation and Mitochondrial Transcription Factor A in
Murine Macrophages. Journal of Immunology 2012;188(6):2847-2857.
Yang H, Zhou H, Feng P, Zhou X, Wen H, Xie X, Shen H, Zhu X.
Reduced expression of Toll-like receptor 4 inhibits human breast cancer
cells proliferation and inflammatory cytokines secretion. Journal of
Experimental & Clinical Cancer Research 2010;29.

Wang L, Zhu R, Huang Z, Li H, Zhu H. Lipopolysaccharide-Induced
Toll-Like Receptor 4 Signaling in Cancer Cells Promotes Cell Survival
and Proliferation in Hepatocellular Carcinoma. Digestive Diseases and
Sciences 2013;58(8):2223-2236.

Hennessy EJ, Parker AE, O'Neill LAJ. Targeting Toll-like receptors:
emerging therapeutics? Nature Reviews Drug Discovery 2010;9(4):293-
307.

El-Shinawi M, Mohamed HT, EI-Ghonaimy EA, Tantawy M, Younis A,
Schneider RJ, Mohamed MM. Human Cytomegalovirus Infection
Enhances NF-kappa B/p65 Signaling in Inflammatory Breast Cancer
Patients. Plos One 2013;8(2).

Mohamed HT, EI-Shinawi M, Nouh MA, Bashtar A-R, Elsayed ET,
Schneider RJ, Mohamed MM. Inflammatory breast cancer: high
incidence of detection of mixed human cytomegalovirus genotypes
associated with disease pathogenesis. Frontiers in oncology
2014;4:246-246.

Corbex M, Bouzbid S, Traverse-Glehen A, Aouras H, McKay-Chopin S,
Carreira C, Lankar A, Tommasino M, Gheit T. Prevalence of
Papillomaviruses, Polyomaviruses, and Herpesviruses in Triple-
Negative and Inflammatory Breast Tumors from Algeria Compared with
Other Types of Breast Cancer Tumors. Plos One 2014;9(12).

Zangwill KM. Cat Scratch Disease and Other Bartonella Infections. Hot
Topics in Infection and Immunity in Children Ix 2013;764:159-166.
AlAbdely HM, Halim MA, Amin TM. Breast abscess caused by Brucella
melitensis. Journal of Infection 1996;33(3):219-220.

Tsironi M, Andriopoulos P, Kalkani M, Asimakopoulos G. Human
mammary abscess caused by Brucella melitensis: a case report.
International journal of infectious diseases : IJID : official publication of
the International Society for Infectious Diseases 2003;7(3):236-236.

54



86.

87.

88.

Ross SR. Mouse Mammary Tumor Virus Molecular Biology and
Oncogenesis. Viruses-Basel 2010;2(9):2000-2012.

Duncan MJ, Shin JS, Abraham SN. Microbial entry through caveolae:
variations on a theme. Cellular Microbiology 2002;4(12):783-791.
Melana SM, Nepomnaschy |, Sakalian M, Abbott A, Hasa J, Holland JF,
Pogo BGT. Characterization of viral particles isolated from primary
cultures of human breast cancer cells. Cancer Research
2007;67(18):8960-8965.

55



Appendix A
PCR CONTROL TEMPLATES

A.1 TLR4 D299G T399I polymorphic positive control template

TGCAATTTGACCATTGAAGAATTCCGATTAGCATACTTAGACTACTACCTC
GATGGTATTATTGACTTATTTAATTGTTTGACAAATGTTTCTTCATTTTCCC
TGGTGAGTGTGACTATTGAAAGGGTAAAAGACTTTTCTTATAATTTCGGAT
GGCAACATTTAGAATTAGTTAACTGTAAATTTGGACAGTTTCCCACATTGA
AACTCAAATCTCTCAAAAGGCTTACTTTCACTTCCAACAAAGGTGGGAAT
GCTTTTTCAGAAGTTGATCTACCAAGCCTTGAGTTTCTAGATCTCAGTAGA
AATGGCTTGAGTTTCAAAGGTTGCTGTTCTCAAAGTGATTTTGGGATAATC
AGCCTAAAGTATTTAGATCTGAGCTTCAATGGTGTTATTACCATGAGTTCA
AACTTCTTGGGCTTAGAACAACTAGAACATCTGGATTTCCAGCATTCCAAT
TTGAAACAAATGAGTGAGTTTTCAGTATTCCTATCACTCAG

A.2 HBYV Internal control template

TCTCCTCGAGGACTGGGGACCCTGCGCCGAACATGGAGAACATCACATC
AGAATTCCTAGGACCCCTGCTCGTGTTACAGGCGGGGTTTTTCTTGTTGA
CAAGAATCCTCACAATACCGCAAAGTCTAAACTCGTGGTGGACTTCTCTC
AATTTTCTAGGGGGAGCACCCGTGTGTCTTGGCCAAAATTCGCAGTCCC
CAACCTCCAATCACTCACCAACCTCCTGTCCTCCAATTTGTCCTGGTTATC
GCTGGATGTGTCTGCGGCGTTTTATCATATTCCTCTTCATCCTGCTGCTAT
GCCTCATCTTCTTATTGGTTCTTCTGGATTATCAAGGTATGTTGCCCGTTT
GTCCTCTAATTCCAGGATCCACAACAACCAGTACGGGACCCTGCAAAACC
TGCACAACTCCTGCTCAAGGCAACTCTATGTTTCCCTCATGTTGCTGTAC
AAAACCTACGGATGGAAATTGCACCTGTATTCCCATCCCATCATCTTGGG
CTTTCGCAAAATACCTATGGGAGTGGGCCTCAGTCCGTTTCTCTTGGCTC
AGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGT
TTGGCTTTCAGCTATATGGATGATGTGGTACTGGGGGCCAAGTCCCATG
GCCTTTATACCGCTGTTACCAATTTTCTTTTGTCTTTGGGTATACATTTAAA
CCCTAACAAAACAAAGAGATGGGGTTACTCCC
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A.3 MMTV positive control template

TAAAAAAGAAGTTGCCCCCCAAATATCCTCACTGCCAGATCGCCTTTAAG
AAGGACGCCTTCTGGGAGGGAGACGAGTCTGCTCCTCCACGGTGGTTG
CCTTGCGCCTTCCCTGACCAGGGGGTGAGTTTTTCTCCAAAAGGGGCCC
TTGGGTTACTTTGGGATTTCTCCCTTCCCTCGCCTAGTGTAGATCAGTCA
GATCAGATTAAAAGCAAAAAGAATCTATTTGGAAATTATACTCCCCCTGTC
AATAAAGAGGTTCATCGATGGTATGAAGCAGGATGGGTAGAACCTACTTG
GTTCTGGGAAAATTCTCCTAAGGATCCCAATGATAGAGATTTCACTGCAC
TAGTCCCCCATACAGAATTGTTTCGCTTAGTCGCAGCCTCAAGACATCTT
ATTCTCAAAAGGCCAGGATTTCAAGAACATGAGATGATTCCTACATCTGC
CTGTGTTACTTACCCTTATGCCATATTATTAGGATTACCTCAGTTAATAGA
TATAGAGAAAAGAGGATCTACTTTTCATATTTCCTGTTCTTCTTGTAGATT
GACTAATTGTTTAGACTCTTCTGCCTACGACTATGCAGCGATCATAGTCAA
GAGGCCGCCATATGTGCTGCTACCTGTAGATATTGGTGATGAACCATGGT
TTGATGATTCTGCCATTCAAACCTTTAGGTATGCCACAGATTTAATTCGAG
CCAAGCGATTCGTCGCAGCCATTATCCTGGGCATATCTGC
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Appendix B
PERMISSIONS

THESIS COPYRIGHT PERMISSION FORM

Titleds) of the Imagefsh: Terese Winslow LLC owns the copyright o the followang image| s
“Breast Anatomy Female™

Deeseription of the Work: Terese Winslow LLC herehy grants permissian b neproduce the shove
imsageds) for use m the work specafied:

Thesis entitled: Pnderstanding the Etiology of Inflanmatory Breast Cancer

Amthored by: Logren Shaman

Licemse Gramted: Terese Winshow LLOC bereby gramts imted, nonsexclusive worldwsde print and
electromic rights, mcluding online and PDF versions, io thesr origimal fiorm and only for ase m the work
specifiedl. Terese Wmnslow LLC grants such nghts “AS 15" withoul representation or warranby of any
kimd and shall have no lablity in comnection with such heense,

Restrictions: Reproductson for use im any other work, derivative works, of by any thard party by mamual
ur electromic methods is probibited. Cranership of ongmal artwork, copynght, and all rghts not
specifically transfemed herein remazn the exclusive property of Terese Winslow LLC. Addstional
licemsals) are required for ancillary asage(s).

Credit mast be placed adjacent b each image 2 follows:

For the Nationn] Cancer Institute © 2011 Terese Winslow LLC, L5 GeyvL has ceriain rights
Per mission granted to: Lagren Shuman

Author name: Lagren Shuman

Muiling address: Helen F. Girabham Cancer Center, 4701 Ogletown=Stanion Bd_, Suve 4300
MNewark, DE 19713

Emin] adiress: s bumandaddel.edu

Phone number: {717) 4792053

Lauren Shuman LR 5
2 Dhocpral by by FERESE WRNSLOW
‘.'ll.gjl.lhll-'!: \-\:u.‘:'_,-r' MwMMHMn—MIﬂLﬂEﬂE
1 T — i qrom
gLl oatit
Do 371071 28 198027 L2700
Terewe Winslow, Member [Dhate

Terews Winslow LLC Medscal Hlustration

T14 South Fairfax Street, Alexamdrin, Vinginia 21314
T03.536.9121 Fax 5714293603
terewideresewimslow com

www . beresewinslow.oom
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Permission to reproduce, with citation, image from = |

one of Dr. Bissell's publications inbox
Irene Kuhn <ikuhn@Ibl gov> Feb 3 (4 days ago) S
to me, Mina -
Hello Lauren,

Dr. Bissell asked me to respond to your request. She gives her permission, as
requested, under the assumption that you will give full citation for the image

Your request is below:

| am a graduate student at the University of Delaware and | would like to
request permissions to reprint an image from the paper "Myoepithelial
cells: Good fences make good neighbors” in my Master's Thesis. The
figure | am referring to is Figure 1 and | would like to reprint the diagram
at the top of the figure, if permissions are granted. | look forward to
hearing from you.

Thank you,
Irene Kuhn
Bissell Group
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Lauren Shuman <Imshuman@ude! edu> 10:42 PM {14 hours ago) LY

to Massimao Cristo. =
Hello Dr. Cristofanilli,

| am =& graduate student working with Dr. wvan Golen at the University of Delaware and | would like to reguest permission to reprint an image from the
paper “Inflammatory Breast Cancer: The Diseasse, the Biclogy, the Trestment” in my Masters Thesis, The image | am refemring to is Figure 2B snd | will
of course include a full citation. | look forward to hearing from you.

Thank you for your time,

Massimo Cristofanifli 8:20 AM {5 howrs ago) -

tome <

Dear Dr. Shuman,
Permissicn grantad.

Best regards

Massimo Cristofanilli, MD, FACP

Professor of Medical Oncology

Deputy Director of Translational Research

Director of the Jefferson Breast Center and Chnical Program
Thomas Jefferson University-Kimmel Cancer Center

1025 Walnut S5t-Suite 700

Philadeiphia, PA 19107

Tel:215-503-5098

Fax: 215-503-3408

Email: Massimn.&imfanil@ieﬁerson edu
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Lauren Shuman <imshuman@udel edu= WMar 20 (2 days ago} -
toJ.vanStrijp -

Hello,

| am a graduate student at the University of Delaware and | would like to ask permission to reprint
an image in my Master's Thesis. The image | am referring to is from "Recognition of LPS by TLR4:

Potential for Anti-inflammatory Therapies™ and is Figure 2 on the TLR4 signaling pathway. A full
citation would be included, |look forward to hearing from you.

Thank you,

Strijp, J.A.G. van 11:31 AM (2 hours ago) -

tome -

Lauren
You have my permission

I 'would be interested in a pdf-copy from your Master Thesis when finished
Greetings
Jos

Prof. Jos A & van 5trijp. PhD / Medical Microbiology
UMC WHrecht / Utrecht / the Netherlands/
0031 B8 7556528 / jwvanstrijp@umcutrecht.nl
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Lauren Shuman <Imshuman@udeledu= 8:25 PM (14 hours ago) -
to boris.greber -

Hella,

| am a graduate student at the University of Delaware and | would like to ask permission to reprint an image in my Master's Thesis.
The image | am referring to is from the paper “A modified TALEN-based system for robust generation of knock-out human
pluripotent stem cell lines and disease modelz.” It is Figure 51 showing the pTALT plasmids. #t will include a full citation. | look
forwsard to hearing from you.

Thank you,

Boris Greber 4:33 AM (8 hours ago) -

tme -

Dear Lauren,
ves, sure, please go ahead. .

Best wishes,
Boris

Boris Greber, FRD

Max Planck Insticute for Molecular Eiomedicine
Hman Stem Tell Pluripotency Laboratory
Von-Esmarch-Scrale 54

45148 Min=ter, Germany

+4C (0] 251 BIZEL0E (office)
+40 (0] ZEL E34RE34 (lab)
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Appendix C
IRBS AND CONSENT FORMS

Fomn Vemion C320:2009
GEORGE WASHINGTON UNIVERSITY & MEDICAL CENTER
OFFICE OF HUMAN EESEARCH = INSTITUTIONAL REVIEW BOARD

ohrirb@gwumc.edu - PHONES 102.994.2715

MomrFicaTioN REQUEST FoRM

IRE= IRB& STUDY EXPIRATION DATE:
030105 ER
CLASSIFY THIS STUDY: Chther {specify):

PromocoL TITLE AND SPONSOR:

TrrLE:The establishment of an inflammatory Breast Cancer Fegistry and Biospecimean Repository

SPONSOR: Department

Priscieal INVESTIGATOR INFORMATION

LasTNAME: | Lavi | FIRST NAME: | DPaul |DEEEW
CTTI TRAINING COMPLETED: | Biomedicsl Courset
DEPARTMENT: | Epidemiotogy and Biostatistics | ScnooL: SPHHS
ADDRESS Bogs Hell 2300 15t WW, Suite 118, Washinston DiC 20037
PHONE: 202-994-4582 | EMAIL: sphphldgwame edn
MODIFICATION CLASSIFICATION:
IEE approved profocol'research consent form: IEB approved enrollmestrecruitment documents:
[] Chanee desisnmethodalogy [ Adminrzrarve Clerical changer
[] Change in siizibiiin critariz [ Editorialiciarificasion
[ Charge in number of subjece [] ¥ew sqfety infermatian for enrailed subjects
[] Change in aumber gf groups [ otier, dezcribe:

[ changes to the research conzens form
] Other, describe: Add Research asst. and
collaborator

L Summary of modificarion]s) requested- (required): Addition of mew staff: Michael Hagler (Research Asst)

and Ken Van Golen at University of Delaware (Smody Collaborator).
No need to modify the Informed Conzent a5 comsents have already been ugned and we are only
collecting tissme samples.

2 | rustification for the modification (5): NEW STAFF

3. | Is the requested modification major or mnor? Minor Medification

4 List all attached documents. Include versions and dates: NiA

Siznanme of FL: Date:

THIS BOX FOE OHE USE ONLY! IFR TRANES

Shonrld all subjects be reconsented: VER/ UlsT] A
Drare Reviewsd by Full Committee or [RB ChairDesignes: _ [ !

Fmual IRE Approval:

ChairTRE Designes: Siznanire:; Date: [/ J/_
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Medical Center
IRE PROTOCOL # 582-14-EP Page 1 of &

Title of this Tissue Bank
Inflammatory Breast Cancer Tissue Bank

Description
fou are invited to take part in this tissue bank. The information in this form is meant
iz help you decide whether or not to take par. If you have any guestions, please ask.
You hawve a copy of the following, which is meant to help you decide whether or not to
take part

* [nformed consent form

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

= The Rights of Ressamch Subjecis

Please read and sign this consent form, then send to:

Or. Paul Levine, College of Public Health
cio Department of Epidemiology

284385 Nebraska Medical Center
Omaha ME 8818843858

Why are you being asked to parficipate in this tissue bank?

You are being asked to be 3 part of this issue bank because you are an adult (18
years old or clder) who has been diagnosed with inflammatony breast cancer (IBC), a
rare but aggressive form of breast cancer. It often causes the breast to swell and
affects the skin of the breast so that the breast looks inflamed.

What iz the reason for creating this tissue bank?
The purpose for creating this tissue bank is to collect and store tissue and associated
clinical information for use in future research studies on IBC and its possible causes.

What will be done and what material will be collected for storage in the tissuwe
bank?
Material to be collected

With your consent, we will collect 3 sample of the breast cancer tissus that was
collected when you were diagnosed with [BC. Additionally, we will interview you and
collaborate with your physician to collect general information about you, your medical

history, your breast cancer diagnosis, and possible environmental exposures.

What will be done
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Medical Center
IRB PROTOCOL # 582-14-EP Page 2 of §

We will also analyze your ftissue sample for evidence of faciors that may have
confributed to imflammatory breast cancer. The tissue samples will be sent o
collaborating laboratories at the University of Mebraska Medical Center (and possibly
Baylor, in the future) for testing.

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

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

There are few risks of panicipating in this tissue bank. There is a risk of emolional
upset or discomfort in discussing your medical history. The researcher will conduct
imterviews when you are ready to answer questions, and you can refuse fo answer
guesticns or stop your participation in this study at amy time. Since your samples will
have identifying health information associated with them, there is 3 risk for loss of
confidentiality.

What are the possible benefits to you?
fou are not expected to get any benefit from allowing your samples to be storad in
the tissue bank.

What are the possible benefits to other people?

Society may benefit from the research based on this tissue bank by gaining more
imformation regarding possible exposures that can contribute to infiammatory breast
cancer. This may help doctors identfy inflammatery breast cancer more guickly and
mare precisely by knowing what can cause inflammatory breast cancer to develop.

What are the alternatives to participating in this tissue bank?
instead of allowing your samples to be stored in this tissue bank you can choose not
to participate.

What will participating in this tissue bank cost you?
There is no cost to you to you fo participate in this fissue bank.

Will you be paid for participating in this tissue bank™®

You will not be paid to parbcipate in this tissue bank. In the event that any
commercial products are developed from your donated tissue, there are no plans to
share any revenues with you from those commercial proeducts. it is policy that all
donated tissue is the property of the Organization.

Who is paying for this tissue bank?

IREVEmion 1
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This tissue bank is being paid for by the Depariment of Epidemiclogy at the
University of Mebraska Medical Center.

What should you do if you are injured or have a medical problem as a result of
parficipating in this fissue bank?

four welfare is the main concern of every member of the tissue bank team. If you are
mjured or have 3 medical problem as a result of parficipating in this tissue bank, you
shiould immediately contact one of the people fisted at the end of this consent form.

How will samples and information about you be protected?
All necessany steps will be taken to protect your privacy and the confidentiality of your
samples.

You have nghts regarding the pnvacy of your medical information cellected for this
tissue bank. This medical information called "protected health information® (FHI. PHI
used in this tissue bank, may include, resulis of physical exams, blood tests, x-rays,

as well as the resulis of other diagnostic and medical procedures, as well as your
medical history. ¥Your issue bank data and medical records will be maintained in a
SECUTE Manmer.

Who will be able to use my samples for research?

Your samples may be studied by the Investigators listed on this protocod, such as Dr.
Paul Levine, whose research proposals have obisined approval from the Institutional
Review Board at the University of Mebraska Medical Center will be able to acoess
this tissue bank for research. Your samples may slso be studied in the future by ather
researchers here at UNMC.

Who will have access to information about you?

By signing this consent form, you are allowing the tissue bank team to have acocess
o your PHL. The tisswe bank team includes the individuals listed on this consent form
and other personnel invelved in this tssue bank at the Insttution.

Yiour PHI will be used only for the purpose(s) described in the section "What s the
reason fior creating this tissue bank?"”

You are also allowing the research tissus bank feam fo share your PHI, as
necessany. with other people or groups listed baloer

* The UNMC Institutional Review Board (IRB)

* [nstitutional officials designated by the UNMC IRB

* Federal law requires that your information may be shared with these groups:

IREWVersion 1
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8 The HHS Office of Human Ressarch Protectons (OHRP)
* The HIFAA Privacy Rule requires the following groups o protect your PHI:
v The Eppley Cancer Center Scientific Review Committes {SRC)

You are authorzing us o use and disclese your PHI for as long as the tissue bank is
sioring your sample(s).

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

fou can decide not to participate in this tisswe bank. Deciding not to participate will
not affect your medical care, if applicable. or your relationship with the tissue bank
team or the Institution. Your doctor will stll take care of you and you will not lose any
benefits to which you are entitied.

What will happen if you decide to stop participating once you start?

You can siop participating in this tssue bank (withdraw) at any time. Should you wish
io stop participating im the tissue bank, you must contact one of these individuals in
writing reguesting that your samples and associated informaticn be remaved from the
tissue bank and no lenger used for future research purposes.

DOr. Paul Levine, College of Public Health
cio Department of Epidemiology

284305 Mebraska Medical Center
Omaha ME 881854385

Will you be given any important information during the tissue bank?
You will be informed promptly if the tissue bank t=2am gets any new information that
may affect whether you would want o continue paricipating in the fissue bank.

What should you do if you have any questions about the tissue bank?

fou have been given a copy of "What Do | Need to Know Before Being m a
Research Study?” If you have any gquestions at any tims about this tissue bank, you
should contact the Prncipal investigator or any of the tissue bank personnel isted on
this consent form or any other documents that you have been given.

What are your rights as a participant in this tissue bank?
You hawe righis as a paricipant in this tissue bank. These nghts hawve been
explained in this consent form and in The Rights of Research Subjects that you have
been given. If you have any guestions conceming your rights or complaints about the
fissue bank, you can contact any of the following:

* The investigator or other tissue bank personnsd

IREVersion 1
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= [nsfitutional Review Board (IRB)
o Telkephone: (402} 559-5463.
s Email: IRBORADunmc.edu
g Mail: UMM Institutional Review Board, BE7830 MNebraska Medical
Center, Omaha. NE 88188-TE30
* Research Subject Advocate
o Tefephone: (402) S58-6841
o Email: unmersai@unme.edu

Documentation of informed consent
Yiou are freely making a decision whether to participate in the tissue bank. Signing
this form means that:

= ‘You have read and understood this comsent fom,

* ‘You have had the consent form explained to you.

= You have been given a copy of The Rights of Research Subjects

* “Yiou have had your questions answered.

* %ou have decided to participate in the tissue bank.

= [f you have any guestions, you have been directed to talk to one of the

individuals listed below on this consent fomn.
= You will be given a signed and dated copy of this consent form to keep.

Signature of Paricipant
Diate:

My signature ceriifies that all the elements of informed consent described on this
consent form have been explained fully to the participanmt. In my judgment, the
participant possesses the legal capacity to give informed consent io paricipate in this
tissue bank and is volumtarly and knowingly giving informed consent to participate.

Signature of Perscn Obiaining Consent:
Drate:

Authiorized Tissue Bank Personnel
Principal

Lavine, Paul

3t email: paulhlevinei@earthiink. net
phone: 402-558-4248

alt #: 301-258-7304

dagr=e: MD

IREVarcion 1
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Secondany
Faul, Ladan

alt email: Ladan Paul@gmail.com
alt # 703-583-T4TD

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. Ressarch studies are also called
“research surveys®, "research guestionnaires” or "scientific protocols.” Research is
an organized plan designed to get new knowledge about health, diseass, behaviors,
atbtudes and interacticns of, among and beteesn individuals, groups and cultures.
The people who are in the research are called research subjects. The investigator
s the person who is running the reseanch study. You will get information from the
imvestigator and the research team, and then you will be asked to give your consent
o be in the research.

is sheet will kelp you think of questions to ask the investigator or his'her
taff. You should know all these answers before you decide about being in the
esearch.

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 happen?

What ars 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 1
say no?

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

Who will look 3t my records?

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

Who do | call f | have guestions about being 3 research subject?

Make sure all your guestions are answered before you decide whether or not to
be in this research.

Eomcmmic Wesmwoh § Servoss Hoidng 100 ¢ B2 Hebwees Wssom| Center [ Oraits MHE 252100
HE-S0AEAEE 1 OFAN HRSNATI0 | Eeall rboniarmmcsdn ¢ BEpa e unmc sdufes
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Instibrtonal Review Board (IRB)

THE RIGHTS OF RESEARCH SUBJECTS
AS A RESEARCH SUBJECT YOU HAVE THE RIGHT

to be told everything you need to know about the research before you are
ashked to decide whether or not to take part in the research study. The research
will b= explained to you im 3 way that assures you understand enough to decide
whiether or not o take part.

to freely decide whether or not to take part in the research.

to decide not to ke in the research, or to stop participating in the research at
any time. This will not affect your medical care or your relaticnship with the
imvestigator or the Mebraska Medical Center. Your doctor will siill take care of you.

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

to know that your safety and welfare will always come first. The investigator will
display the highest possible degree of skill and care throughout this research. Ay

risks or discomforis will be minimzed as much as possible.

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

- to keep all the legal rights you have now. You are not giving up any of your
l=gal nghts by taking part in this research study.

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

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

Ecmommez Hesawoh & Semrose ficideg 3000 | BETEH Hebanin Mscies! Canfier | Ormais MEL 551057
HE-SERFAES ¢ FAK ANWESR-TI00 | Erel bomsdPnmeads | SEpifewe unmc siudet
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Eric Prossaite, PhD
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Categesy (E)c) Comtimming review of ressarck prevdioushy approrsd
by tha coovamed [RE whars the rezainmg recsarch activities ars
lirzited to data anabyzis

DetirmizatoasWanrars:  Waived the roquizensens for infomesd comsant
HIPAA Awhesization Addeadum waived.
Srady in cleasd to wnrollment - oo consents approved.
Sredy iv in dete amalysis phasa caly
Subesission Approval Date:  21S201F
Approval End Date: 3762016
Effoctive Date:  1716201F

The HREC approved the stdy from 216201 5 o 3962014 inchistee. 1T msodifications wers
required %o secure approval, the affsctve dam will be bater than the approval date. The “Effectve
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Crabe™ 21187201 5 & the date the HERC approved your modificatons asd, iz 21l cases, represeaty the
date study acthdtias mry begin

Before 362018 or within £7 days of stedy clostre, whichever is sarliar, vou ame requimed o subomt
a contimuing review. Yow may sehot a contmuing review by navigating to the active study 2nd
clicking the “Create ModiGmton TR buton.

Plaass s tha corsent documents that wars 2pproved and soemped by the HERC. Tha stamped and
approved comsenty are in 3 commant within the submizsdcn covered by this approval letter.

Thos distermuination applies anly to the activtties described in this wnbovissdon and does mot apply
shonld you meke ey changos to thoss decumsxts. If changas are baing coasidared and there are
geestioas ahout whether HERC review is meeded. pleese submit 2 smdy modificetion 1o the HERC
fior a determination 4 chenge in the revsarch may disquelify this research fom the currest eview
catmpory. Toa cam oot o modificatien by clicking Create Modificaton | CR within the seady.

In condncting this stedy, you am mquired o follow the Imvsctizator Mamml dated Juby 31,2012
[HRP-103), which can b fonnd by masigating 1o the TRE Library.

i

Mok Holdsorarth, PharmD
Excoutive ("har
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