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Abstract

Breast tumour progression involves complex interactions between malignant cells
and the tumour microenvironment. It is increasingly apparent that immunity is a critical
determinant for tumour progression. T regulatory (Treg) lymphocytes, which dominate
tumour infiltrating lymphocyte populations, are implicated in facilitating tumour
immunoediting processes and suppressing Natural Killer (NK) cell anti-tumour function. To
investigate such cellular interaction, experimentation traditionally involves using
reductionist 2-dimensional culture systems that do not recapitulate the spatial dimensions
of the in vivo microenvironment. Three-dimensional (3D) culture systems, conversely,
recreate these dimensions, allowing tumour cells to assume a phenotype more

representative of the tumour microenvironment.

Given that immunity is a critical factor in determining tumour progression, a novel 3D
culture system was established to investigate the interactions between Tres lymphocytes, NK
cells and hormone-dependent (MCF-7) or hormone-independent (MDA-MB-231) breast
cancer cells. Lymphocyte subpopulations were magnetically isolated, with the efficacy of the
sorting procedure verified using flow cytometry. To generate 3D cultures, cell populations
were resuspended in growth factor-reduced Matrigel and cultured for 72 hours. This culture
system proved effective for RNA extraction for downstream applications; for
immunolocalisation of selected tumour biomarkers (ER-a, TGF-B, MUC-1 and EGFR) for
qualitative analysis; and for acquisition of cytokine data (IL-1B, IL-2, IL-6, TNF-a, IFN-y, CCL2,

CCL4 and CXCLS8) for quantitative multivariate statistical analysis.

Immune mediation was shown to induce the disruption of cell-cell associations,
altering the expression of biomarkers and secreted cytokine profiles. Collectively, these
results reflect tumour cell subversion of NK cell and/or Tres lymphocyte function to promote
tumour progression by generating an inflammatory microenvironment. While hormone-
dependent and hormone-independent breast cancer cells differed in their specific response

to immune mediation, the mechanisms by which they elicited responses resulted in similar
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outcomes — that of enhanced evasive and invasive capacity. It is necessary to further
elucidate the relationship between the investigated cytokines, biomarkers and immune cells,
to understand their interactions and potentially provide more information for therapeutic
intervention, given that these factors may contribute to tumours not responding favourably

to combined modalities of therapy.
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CHAPTER I: General Introduction

The incidence of cancer in developing countries is rising, with statistical data indicating that
by 2020 the majority of cases will be cancer of the breast (Kruger and Apffelstaedt, 2007). It
is estimated that of more than 1 million women per year diagnosed with breast cancer
worldwide, 14% will succumb to this disease (Coughlin and Ekwueme, 2009; Youlden et al.,
2012). Despite advances in surgical procedures and adjuvant treatments, including
chemotherapy, hormone therapy and antibody therapy, the median overall survival rate of
patients presenting with metastatic breast cancer remains relatively unchanged (Nicolini and
Carpi, 2008). Possibly one of the greatest limiting factors to the efficacy of such treatments is
the Machiavellian nature of the immune system in its capacity to both prevent and promote

tumour formation.

1.1 A brief history of tumour immunology

Rudolf Virchow first documented the relationship between inflammation and neoplasia in
1863 in his identification of tumour-infiltrating lymphocytes (TIL) (Balkwill and Mantovani,
2001). Virchow’s proposition that inflammation is a precursor to tumour formation was
challenged in subsequent years but later revisited by modern science in the establishment of
the relationship between H. pylori and gastric cancer, for example (Kim et al., 2011).
Conversely, William Coley noted the effects of inflammation on tumour regression as early
as 1891, achieving cure rates of approximately 10% using infused streptococcal cultures in
sarcoma patients (Coley, 1931; Wiemann and Starnes, 1994; Parish, 2003). Coley’s trial,
commonly regarded as the first cancer immunotherapy clinical trial, was not widely accepted
in clinical practice due to the undefined mechanism of action of successful tumour
eradication, low reproducibility and high toxicity levels (Parish, 2003; Ichim, 2005). It was in
this climate that Paul Erlich, in 1909, proposed that immunological processes suppressed
tumour formation (Ichim, 2005), provoking fierce debate regarding the role of the immune

system in tumour prevention, promotion and regression. Despite such contestation, it was
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during this period that the forerunner theories to tumour immunology and cancer

immunotherapy were established.

Forty years later in 1949, Erlich’s contentions were challenged by F. Macfarlane Burnet and
Frank Fenner who proposed the theory of acquired immunological tolerance (Parish, 2003),
and thus the concept of ‘recognition of self’. Burnet and Fenner theorised that lymphocytes
which had the capacity to recognise self (-antigens) were eliminated in prenatal life, a
concept for which Rupert Billingham, Leslie Brent and Peter Medawar later provided
empirical evidence (Billingham et al.,, 1953; Wood et al., 2010). Since it was presumed that
neoplastic transformations exhibited the same molecular phenotype as healthy tissue, it was
subsequently proposed that lymphocytes were incapable of recognising and consequently
eradicating tumours (Parish, 2003). In the late 1950s, studies showed that upon surgical
removal of carcinogen-induced tumours, animals were able to reject a subsequent injection
of the same tumour cells, thereby providing evidence for the concept of tumour-associated
antigens (TAA) (Parish, 2003). During this period, Lewis Thomas revived Erlich’s theories and
postulated that in a Darwinian model, an extended life expectancy would necessitate
eradication of neoplastic cells to allow for a species level fithess (Dunn et al., 2004;
Malmberg and Ljunggren, 2006). In light of new evidence, Burnet rejected his earlier
assertions and expanded on Thomas’ and Erlich’s postulations. The theory of
immunosurveillance was born (Dunn et al., 2004; Ichim, 2005; Malmberg and Ljunggren,
2006;); proposing that thymic-derived lymphocytes monitored the environment for
neoplastic cells and that such cells expressed specific antigens which would in turn elicit an

immune response (Parish, 2003; Dunn et al., 2004).

By the 1970s, Burnet’s and Thomas’ immunosurveillance concept was challenged in that
infections were proposed as a stronger selective pressure for evolution of the immune
system than neoplasia. Moreover, with an understanding of T lymphocyte thymic selection
emerging, reports of the lack of spontaneous tumour regression, and the lack of increased
incidence of tumour formation in immune-privileged sites; support was found for Burnet’s

initial 1949 hypothesis and the immunosurveillance concept rejected (Parish, 2003; Ichim,
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2005). During this period, in 1972, Richmond Prehn proposed the concept of
immunostimulation in which he theorised in a remarkably Virchow-esque manner, that
spontaneous tumours elicited a mild immune response that could promote tumour growth
(Prehn, 1972). In subsequent years, this concept was revisited, with the identification of T
regulatory cells (Treg) and consideration of their role in tumour progression (Sakaguchi et al.,
1995; Muranski et al., 2006). As ever the field of flux, by the 1980s immunosurveillance had

been revived and cancer immunotherapy was reconsidered.

Following the discovery of the inherent genetic instability of transformed cells, a large
number of TAA were identified, with research activity peaking in 1991, and a new era of
cancer immunotherapy emerged (Parish, 2003). Coupled with the development of
hybridoma technology in the 1970s, research into monoclonal antibody (mAb) targeting of
TAA was undertaken. While the use of mAbs alone produced poor response rates, when
used in conjunction with radiotherapy and chemotherapy, clinical response rates tripled
(Kirkwood et al., 2012). Active immunisation approaches based on stimulating the adaptive
immune system of cancer patients against their own autologous tumours using whole
tumour cell, peptide, protein and dendritic cell vaccinations, have resulted in only low

response rates (Rosenberg et al., 2008; Kirkwood et al., 2012).

During this period adoptive cell therapy (ACT), as an immunologic approach to cancer
treatment, found recognition. ACT involves the transfer of autologous lymphocytes
(commonly lymphokine-activated peripheral blood mononuclear cells (LAK cells), or CD8" T
lymphocytes), activated in vitro into irradiated hosts in order to induce tumour regression
and prevent the recurrence of cancer (June, 2007). Rosenberg and colleagues, in 1986
published the first account of tumour regression in mouse models treated with ex vivo
expanded TIL (Rosenberg et al., 1986; Rosenberg et al., 2008). Muul and colleagues, in 1987,
then discovered that TIL could indeed recognise TAA in humans (Muul et al.,, 1987;
Rosenberg et al., 2008). In 1988, Rosenberg and colleagues published the first account of
adoptive cell therapy and non-specific immunomodulation (the use of exogenous cytokines

to induce anti-tumour activity) in a clinical setting, where ex vivo expanded TIL and
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exogenous IL-2 administration induced regression of advanced metastatic melanoma
(Rosenberg et al., 1988; Rosenberg et al., 2008; Kirkwood et al., 2012). Irradiation later
became an essential component of ACT, depleting the host of Treg lymphocytes. This T
lymphocyte subset, identified by Sakaguchi and colleagues (Sakaguchi et al, 1995;
Mougiakakos et al., 2010), is not only responsible for maintaining peripheral self-tolerance
via suppression of self-reactive conventional T lymphocytes (Beyer and Schultz, 2006) but is
also implicated in the maintenance of tumour tolerance (Muranski et al., 2006). The Tgeg

lymphocyte compartment has thus been the object of much research to date.

Despite the advances made in ACT through the 20" century, it has yet to be considered as a
viable treatment option for cancers. It is now recognised that the relationship between TIL
and the tumour itself is far more complex than previously imagined. It was an understanding
of the complexity of tumourigenesis that lead to the development of the immunoediting
concept in the 21° century, put forth as consisting of three phases: elimination, equilibrium
and escape (Dunn et al., 2002; Dunn et al., 2004). The first phase, elimination, encompasses
the danger theory of immune recognition and immunosurveillance in the early detection and
eradication of transformed cells. Danger signals, including cytokine production and the
expression of stress-induced signals, elicited by transformed cells and the affected stroma
lead to the recruitment of immune cells that in turn may eradicate neoplastic cells (Dunn et
al., 2002; Dunn et al., 2004; Prestwich et al. 2008). However, cancer cells can evade and
subvert normal immunosurveillance processes thereby initiating the subclinical phase
equilibrium, where tumour variants with reduced immunogenicity undergo a Darwinian
selection process and may become dormant for a period of years (Dunn et al., 2002; Dunn et
al., 2004; Prestwich et al. 2008). The final phase escape occurs when tumour cells
circumvent the immune system and become clinically detectable (Dunn et al., 2004). The
mechanisms by which tumours can escape immunological control include reduction of
immunogenicity, resistance to immune-mediated cytotoxicity, and the induction of tolerance
in immune cells (Prestwich et al., 2008). Treg lymphocytes are implicated in facilitating

tumour immunoediting processes by liaising with neoplastic cells to promote reduced
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immunogenicity and by actively suppressing anti-tumour functions of cytotoxic T

lymphocytes and Natural Killer (NK) cells (Ghiringhelli et al., 2005; Mougiakakos et al., 2010).

An understanding of the concept of immunoediting in light of TIL interaction with
transformed cells is essential to effective ACT, considering that ACT is conducted in clinically
advanced cancer cases where tumours have already passed the final phase of
immunoediting, escape. The efficacy of ACT in melanoma has been suggested as being due
to the immunogenicity of melanoma itself and the innate anti-tumourigenic capacity of
recruited TIL (Zhou and Zhong 2004; Rosenberg et al., 2008). However, ACT has had poor
results in the treatment of a number of other tumour types including breast cancer,
indicative of an incomplete understanding of the tumour microenvironment and the

interplay between various cell types in the progression of this disease.

1.2 The tumour microenvironment

The vast majority of cancers are epithelial in origin and are thus classified as
adenocarcinomas. While the accumulation of genetic mutations allows for the
transformation of normal epithelial cells to a cancerous phenotype; the reciprocal
interaction of cancer cells with stromal components including fibroblasts, endothelial cells,
immune cells and the extracellular matrix (ECM) has equally important implications for
tumour initiation and progression (de Visser and Coussens, 2005; Nyga et al., 2011). A
variety of secreted growth factors, cytokines and chemokines form the basis of reciprocal
interactions between components of the tumour microenvironment (de Visser and
Coussens, 2005). Such secretions allow, either directly or indirectly, for the hallmarks of
tumour progression to occur, including invasion and remodelling of the ECM, cellular
proliferation, neovascularisation, immune evasion and extravasation into the vascular or

lymphatic system for the establishment of distant secondary sites.

Although there exists a considerable amount of research linking the prevalence of TILs or

subsets thereof with good prognosis, there is an increasing body of evidence indicating that
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tumour cells are not only able to induce tumour tolerance and suppress or evade cytotoxic
lymphocyte function, but also to induce TILs to become active participants in tumour
progression (Whiteside et al., 1992; Drescher and Lynch 2005; Prestwich et al., 2008; Emens
et al., 2012; Cimino-Matthews et al., 2013; West et al., 2013).

1.2.1 The breast tumour microenvironment

Breast cancers are commonly categorised according to their histopathological presentation,
the majority being adenocarcinomas. Adenocarcinomas are subdivided into carcinoma in
situ — where neoplastic proliferation is limited by the basement membrane, or invasive
carcinoma — where neoplastic cells have crossed the basement membrane into the
surrounding stroma (Lester, 2010). These categorisations historically involve further
classifications, ductal or lobular, based on the tumour involvement of both anatomical
elements, although there is a fair amount of overlap between the two (Lester, 2010). The
degree of morphological differentiation of a tumour is proportional to prognosis and thus
impacts on treatment (Walker, 2009) (see Figure 1.1 for seminal contributions to breast

cancer management).

The majority of invasive breast tumours present as infiltrating ductal carcinoma (Walker,
2009). Histologically, well-differentiated tumours indicate a better prognosis and present
with tubule formation, small nuclei and low numbers of mitotic figures. Poorly differentiated
tumours are characterised by nests or sheets of cells, large irregular nuclei with large
numbers of mitotic figures and areas of necrosis common (Lester, 2010). In concert with
histological presentation, immunohistochemical assays remain the most cost-effective
method with which to visually assess receptor expression, oncogene presentation and
markers of proliferation (Shyyan et al., 2006). This allows for recognition of subtypes of
invasive carcinomas. Gene profiling studies have further indicated that most types of
invasive breast tumours cluster into several major groups that have important biological and

clinical significance (Lester, 2010).
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The major subtype of infiltrating ductal carcinoma is the Luminal A phenotype, commonly
found in post-menopausal patients. This phenotype is characterised as oestrogen receptor
(ER) positive and human epidermal growth factor receptor 2 (HER2/neu) negative (Lester,
2010). Tumours exhibiting a Luminal B phenotype, characterised as ER*, HER2/neu™ and
progesterone receptor (PR) positive, referred to as triple-positive tumours, are highly
proliferative and more likely to undergo lymph node metastases (Lester, 2010). Targeted
therapeutics for ER" tumours include third-generation aromatase inhibitors (Al), selective
oestrogen receptor modulators (SERM) and selective oestrogen receptor downregulators
(SERD), examples of which include Anastrozole, Tamoxifen and Fulvestrant, respectively
(Howell et al., 2004). Such targeted therapies are unfortunately not currently available for
patients presenting breast tumours of the basal-like tumour phenotype, the incidence of
which while lower than that of the luminal subsets, is associated with a poor prognosis. Also
known as triple-negative tumours (ER’, PR, HER2/neu’), tumours of the basal-like phenotype
have a high grade, proliferative rate and metastatic potential (Lester, 2010). Such tumours
often also exhibit the breast cancer antigen 1 (BRCA1) mutation and overexpression of
epidermal growth factor receptor (EGFR), with increased incidence found in certain ethnic

groups and in younger cohorts (Foley et al., 2010; Lester, 2010; Giricz et al., 2012).

Immunophenotypic assessment of breast tumours has demonstrated the presence of a
heterogeneous TIL population (Georgiannos et al., 2003). An accumulation of Tgeg cells have
been noted in both the TIL population and peripheral blood of breast cancer patients (Bates
et al., 2006; Pooi et al., 2006; Bohling and Allison, 2008; Decker et al., 2012). Elevated Tres
lymphocyte numbers are associated with poor prognostic significance in ER" invasive ductal
carcinoma and HER2/neu” carcinomas (Pooi et al., 2006; Bates et al., 2008). While Tgeg
lymphocytes in triple-negative breast cancers have traditionally been linked with poor
overall survival (Bohling and Allison, 2008; Cimino-Matthews et al, 2013), recent data
indicates that a dominant Treg lymphocyte infiltrate conversely correlates with good

prognosis in triple-negative cancers (West et al., 2013).
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Tres lymphocytes are further implicated in the suppression of NK cell function (Ghiringhelli et
al., 2005; Mougiakakos et al., 2010). While depletion of the Treg compartment has been
found essential for ACT efficacy (Muranski et al., 2006; Mougiakakos et al., 2010), other
studies have queried the necessity of such, implicating more complex processes in the
suppression of cytotoxic lymphocyte function (Chikileva et al., 2010). Nevertheless, the
scarcity of NK cells in TIL populations (Georgiannos et al., 2003; Macchetti et al., 2006),
despite an elevated presence in the peripheral blood of breast cancer patients (Mozaffari et
al., 2007), may indicate inadequate NK cell homing mechanisms to tumour sites (Albertsson
et al., 2003) and possibly the dominance of adaptive immune responses. Tumour cells
induce a tolerogenic microenvironment, either by direct suppression or by subversion of
normal immunological function. Notably, the cytotoxic function of TIL and peripheral blood
NK cells is impaired in breast cancer patients presenting with infiltrating ductal carcinoma,
being particularly reduced in HER2/neu™ tumours (Dewen et al., 2009; Mamessier et al.,
2011). Alterations in NK cell phenotype is notably dependent on tumour stage, with NK cells
exhibiting poor cytotoxic capacity dominating NK populations in advanced breast cancer
immune infiltrates (Mamessier et al., 2013). The prognostic significance of NK cells in breast
cancer has yet to be established (Roberti et al., 2012) but gene expression studies have
indicated that signatures associated with NK cells are predicative of relapse-free survival in
primary breast cancer patients (Ascierto et al, 2013). The scarcity of NK cells and the
dominance of Treg lymphocytes in TIL populations may be linked to breast cancer immune
evasion and tumour tolerance strategies, where the induction of a local inflammatory

response is employed for tumour progression.

It is becoming increasingly apparent that tumour cells subvert inflammatory processes to
maintain tumour progression; and that these processes are in turn critical determinants of
tumour progression and response to therapy. A number of secreted growth factors,
cytokines and enzymes contribute to tumour progression and invasion (Le Bitoux and
Stamenkovic, 2008) by mediating the interplay between stromal cellular components,

including cells of the innate and adaptive immune system, with malignant cells.
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The breast tumour microenvironment and certain breast cancer cell lines frequently express
members of the interleukin (IL)-1 cytokine family which transduce pro-inflammatory and
anti-inflammatory signals via the mitogen-activated protein (MAP)-kinase pathway (Nicolini
et al., 2006; Dinarello, 2008). Members of the IL-1 family induce matrix metalloproteinase
(MMP) function as well as the secretion of chemokines including CCL2, CCL4 and CXCL8
which recruit other leukocytes that assist in tissue remodelling (Le Bitoux and Stamenkovic,
2008), resulting in a feedback loop essential for metastasis. Furthermore, IL-1 together with
IL-6 and tumour necrosis factor (TNF), functions synergistically as a proinflammatory axis
(Ben-Baruch, 2003). Elevated IL-6 serum concentration in breast cancer patients correlates
with poor prognosis and in those patients presenting with hormone-dependent invasive
tumours, is associated with resistance to hormone therapy (Baumgarten and Frasor, 2012).
Heightened expression of TNF-a, also associated with poor prognosis, is linked with
endothelial cell activation and may thus play a role, together with transforming growth
factor B (TGF-B), in enhancing the metastatic profile of tumour cells (Le Bitoux and

Stamenkovic, 2008; Baumgarten and Frasor, 2012).

TGF-B, which is an important link in cytokine production and immune evasion, is implicated
in both tumour suppression and tumour progression (Yang et al., 2010). In its role in early
tumour suppression, TGF-f inhibits cytokine and chemokine production and induces
apoptosis. However, TGF-f is a known pro-oncogenic factor, and in established tumours
induces dysregulation of the cell cycle, angiogenesis and immune escape (Yang et al., 2010).
TGF-B is also involved in epithelial-mesenchymal transitions, where epithelial tumour cells
assume a more invasive phenotype characterised by a loss of apical-basal polarity and cell-
cell adhesion (Moustakas and Heldin, 2014). Tumour cells and surrounding stromal
components secrete large amounts of TGF-B. In this context, TGF-f3 is implicated in direct
suppression of cytotoxic T lymphocyte and NK cell function, in the recruitment and
subversion of Tpeg lymphocyte function (Park et al, 2009), and in mediation of Treg
lymphocyte inhibition of NK cell function (Ghiringhelli et al., 2005; Chikileva et al., 2010). Tgeg
lymphocyte function is also closely associated with the glycoprotein mucin-1 (MUC-1),

implicated in playing a dual role in immunoregulation (Konowalchuk and Agrawal, 2012).
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MUC-1 has been further linked with breast tumour progression, dependent on phenotype,
via signal transduction pathways associated with migration (Walsh et al, 2000;
Mukhopadhyay et al., 2011). MUC-1 expression is regulated by Type | cytokines including IL-
2, IL-12, interferon-y (IFN-y) and TNF-a (Andrianifahanana et al.,, 2006), reaffirming the

importance of the immunoregulatory cytokine axis in tumour progression.
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1.2.2 Recreating the tumour microenvironment

Ex vivo experimentation has been instrumental in deconstructing the in vivo
microenvironment, attempting to account for confounding variables in clinicopathological
data. The relevance of experimentation conducted on established cell lines to clinical
management of cancers is an on-going debate. Primary breast cancer cell lines established
from patients is a time-consuming, expensive process (personal observation). Moreover
obtaining patient samples on initial presentation and biopsy is essential to ensuring a
collection of cells prior to exposure to any therapeutic agents. While established cell lines
are prone to genomic instability, molecular profiling indicates that numerous cell lines,
including breast cancer cell lines, mimic the genomic heterogeneity and genomic copy
number alterations of their primary tumour phenotype, albeit presenting greater complexity
(Neve et al., 2006; Kao et al., 2009). Such data thus supports the use of established cell lines
in experimental models to gain an understanding of the physiological processes of breast

tumourigenesis.

Dominating in vitro experimentation are 2-dimensional (2D) culture systems that have
provided a plethora of information on tumour cellular processes including differentiation,
migration and proliferation. In 2D culture systems, tumour cells are cultured as a monolayer
on glass or plastic and typically assume a planar structure with an induced apical-basal
polarity (Baker and Chen, 2012). Such polarity is characteristic of an epithelial-like
morphology; however, in vivo, mesenchymal-like tumours are essentially stellate with no
conceivable apical-basal polarity. Cell geometry affects signalling pathways and in turn
affects migration and differentiation processes, such that induced polarity in 2D systems

may not accurately recapitulate the in vivo environment (Weigelt and Bissell, 2014).

In order to compensate for the disadvantages of 2D culture systems, many studies have
focused on establishing xenografts or orthotopic grafts in immunocompromised host
animals (Walsh et al, 2000; Pegram and Ngo, 2006; Ganapathy et al., 2010). Results
obtained from such models generally serve as the translational link between basic science

and clinical medicine. Notwithstanding the expense and specialised animal husbandry
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services required for the establishment of such in vivo models, they too present caveats.
Many tumour cell lines (and most primary tumour cells) fail to engraft in
immunocompromised hosts, a notable example being HER2/neu® cell lines in athymic mice
(Pegram and Ngo, 2006; Nyga et al., 2013). While some studies have overcome this
limitation by engineering HER2/neu cell lines able to engraft (Pegram and Ngo, 2006), this in
itself adds an additional layer of complexity to the experiment. Furthermore, in drug testing
physiological response between host animals and human subjects differ to the extent that
by 2010, reports indicated that only 11% of drugs assessed in in vivo animal models were
successful in clinical trials and approved for therapeutics by the United States of America,
Food and Drug Administration (Levitzki and Klein, 2010). Transgenic models are useful for
investigating inherited cancers but do not mimic most human cancers and their very
transgenic nature implicates a range of responses distinct from normal. Of paramount
importance to this study is that the mentioned animal models generally fail to account for
the complexity of immune responses involved in tumour progression (Pegram and Ngo,

2006).

Three-dimensional (3D) culture systems are a proposed intermediary between reductionist
2D culture systems and xenograft models (Kim, 2005). By recreating the spatial dimensions
associated with the in vivo environment, 3D culture systems allow tumour cells to assume a
morphology more representative of the in vivo tumour environment than those cultured in
2D systems (Kenny et al., 2007; Krause et al., 2010; Pinto et al, 2011). Morphological
presentation in 3D culture systems correlates with molecular and genetic phenotypes as per
the tumour microenvironment (Han et al., 2010). Thus, 3D culture systems allow for a
complex recapitulation of the tumour microenvironment that is cost effective and without
the specific limitations presented by animal models (Swamydas et al., 2010; Pinto et al.,

2011).

The methodology employed to create 3D cultures predicates on the establishment of cell-
cell associations in a geometric space. The establishment of multicellular spheroids has been

particularly useful for drug delivery studies (Nyga et al., 2011). Spheroids are characterised
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as tumour cell aggregates with actively proliferating cells dominating the periphery, a core of
nutrient-deprived and thus potentially necrotic cells, and the ability to secrete ECM
components including fibronectin, laminin and collagen (Nyga et al., 2011). The earliest
documented establishment of cell spheroids, ‘the hanging drop’ culture model, followed by
the liquid overlay culture method, exploited the spontaneous aggregation of tumour cells in
a liquid medium (Kim, 2005). However, the small numbers of spheroids generated for

subsequent experimentation are a limiting factor of both techniques.

The gyratory rotation technique used in spinner flask and roller tube culture systems, and
the more advanced rotatory cell culture system both generate larger quantities of spheroids.
These techniques maintain cells in suspension allowing for spontaneous spheroid formation
(Kim, 2005). Some tumour cells however, do not spontaneously aggregate and the addition
of microcarrier beads to such culture systems are used to induce cell-cell adhesion (Nyga et
al., 2011). Both techniques also present limitations: the gyratory rotation technique
produces high shear forces affecting the architecture of cultured spheroids and the rotatory
cell culture system, while significantly reducing the shear forces, is an expensive technique

for the generation of relatively simple homotypic spheroids (Kim, 2005).

Compared to spheroid cultures, three-dimensional scaffolds allow for the reconstruction of
the complex geometry of the tumour microenvironment (Kim, 2005). Bioengineered natural
scaffolds include hydrogels that are primarily composed of water; however, their capacity to
mimic the tumour microenvironment predicates on the addition of ECM components
including collagen type I, hyaluronic acid and laminin (Nyga et al., 2011). Synthetic scaffolds,
made from synthetic polymers including polylactide and polyglycolide, are biodegradable
and when mixed with ECM components, provide a more biologically relevant culture system.
However, their synthetic nature is a limitation to the recapitulation of the tumour
microenvironment (Nyga et al., 2011). With increasing evidence that tumour progression
requires interaction of ECM components with tumour cells, directing migration and
proliferation and further providing a medium for paracrine and autocrine secreted factors,

many studies have used cell-secreted ECM scaffolds for the establishment of 3D culture



CHAPTER 1]15

systems. Cell-secreted ECM scaffolds commonly used include fibroblast-derived ECM (Nyga
et al., 2011) and the commercially available Engelbreth-Holm-Swarm tumour-derived ECM
(Matrigel) (Kleinman and Martin, 2005). While fibroblast-derived ECM limits the growth of
certain breast cancer cell lines (Nyga et al.,, 2011), Matrigel conversely has been shown to
support breast tumour cell behaviour, more reminiscent of the in vivo microenvironment
(Kenny et al., 2007; Han et al., 2010). Three-dimensional studies have focussed primarily on
homotypic cultures investigating breast cancer cell invasion (Poincloux et al., 2011;
Chandrasekaran et al., 2012; Yu and Machesky, 2012) or heterotypic cultures investigating
breast tumour cell and fibroblast interaction (Olsen et al., 2010) (Table 1.1). Few studies
have assessed lymphocyte invasion capacity in 3D cultures (Albertsson et al., 2007; Edsparr
et al., 2011) and notably, assessment of the literature to date has yielded no research on the

heterotypic interactions between immune and breast cancer cells in such a system.



Table 1.1 Examples of research studies directly comparing 3D scaffold and 2D heterotypic or homotypic breast cancer culture models

Investigation

Cells

3D Culture Conditions

3D versus 2D

Reference

Gene expression profiles /
morphology

Breast cancer cell lines -
numerous

Homotypic Matrigel model.
Sandwich method.

Distinct morphological
alterations in 3D. Increased
expression of genes involved in
signal transduction in 3D

Kenny et al., 2007

Sensitivity to cancer drugs

Mouse breast cancer cells (4TI)
and murine embryonic
fibroblasts (MEF)

Homotypic and heterotypic 3D
spheroids. Variations of
Matrigel models. Sandwich
method.

3D cultures less sensitive to
cytotoxic actions of anti-cancer
drug YC-1 (anti-hypoxia
inducible factor)

Li and Lu, 2011

Invasive potential / Angiogenic
induction potential

Human breast cancer cell line
(MCF-7)

Homotypic 3D culture in porous
collagen scaffold

3D cultures show increased
secretion of bFGF, VEGF and IL-
8; and increased expression of
MMP-2 and MMP-9

Chenetal., 2012

Invasive potential / morphology

Human breast cancer cell lines
(MDA-MB-231, MDA-MB-361)
and normal breast epithelium
(MCF-10A)

Homotypic 3D aggregates in
Matrigel and synthetic
polyethylene glycol

In 3D BMP4-induced p21
expression (cell cycle inhibitor)
similar to 2D but morphological
changes indicate more invasive
profile in Matrigel

Ampuja et al., 2013

Migratory and invasive
potential

Human breast cancer cell lines
(MCF-7, B-20) and normal
breast epithelium (MCF-10A)

Homotypic and heterotypic 3D
spheroids on
polydimethylsiloxane

Increased expression of E-
selectin and hypoxia-associated
genes in 3D cultures

Chandrasekaran et al., 2013

Invasive potential

Human mammary fibroblasts
and breast cancer cells (MCF-
10)

Conditioned media. Homotypic
and heterotypic collagen | only
and collagen I/Matrigel based
3D cultures

Increase in cancer cell invasion
in 3D mediated by HGF/c-met
interaction

Sung et al., 2013

9T | | YILdVHD
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1.3 Rationale for the study

The failure of ACT in breast cancer reflects an incomplete understanding of the tumour
microenvironment. The interaction between cellular components in this
microenvironment is difficult to unravel from clinical observations alone. Recapitulation
of the in vivo tumour microenvironment relies primarily on the manipulation of cell lines
in 2D culture systems (Pinto et al., 2011) or the establishment of cancer xenografts in
immunocompromised animal hosts (Nyga et al.,, 2011), with both models presenting
advantages and limitations. The reductionist approach of 2D models in unravelling the
complexity of the in vivo environment, while having provided a plethora of information
regarding cancer processes, has been increasingly shown not to be representative of the
tumour environment (Nyga et al., 2011; Baker and Chen, 2012). Investigations mimicking
the breast tumour environment in 3D culture systems have focussed primarily on the
interaction between breast cancer cells and fibroblasts (Kim, 2005; Olsen et al., 2010;
Pinto et al., 2011; Li and Lu, 2011). Given that immunity is a critical factor in determining
both tumour progression and response to therapy, a niche exists for the development of
a 3D culture system in which to investigate the reciprocal interactions between immune

cells and breast tumour cells.

1.3.1 Aims

This study thus sought to investigate the reciprocal interactions between Tgeg
lymphocytes, NK cells and breast cancer cells in a 3D culture system. The objectives were

as follows:

1. Establishment of a 3D model in which to study the heterotypic actions of Treg
lymphocytes, NK cells and hormone-independent and hormone-dependent breast
cancer cell lines (Chapter I1)

2. Validation of the applicability of the model for RNA extraction for subsequent

gene expression assays (Chapter Il)
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3. Assessment of the effects of NK cell and Tgeg lymphocyte influence on
proinflammatory cytokine and chemokine production in the developed models
(Chapter IlI)

4. Application of exploratory multivariate analysis to ascertain patterns of cytokine
and chemokine expression associated with the developed models (Chapter Ill)

5. Assessment of the effects of NK and Tgeg influence on the expression of
biomarkers (ER-a, MUC-1, EGFR and TGF-3) associated with tumour progression

using immunocytochemistry (ICC) (Chapter 1V)



CHAPTER 1|1 ]19

CHAPTER II: Establishment of a Heterotypic 3D Culture System: The

Interaction between Treg Lymphocytes and NK Cells in Hormone-Dependent

and Hormone-Independent Breast Cancer Cell Lines

2.1 Introduction

The breast tumour microenvironment is an intricate network involving multiple cell types,
the interactions of which play pivotal roles in cancer progression. Ex vivo experimentation
has attempted to construct tumour microenvironments in order to better investigate cellular
interactions; however the reductionist approach of 2D culture systems fail to recreate the
complexity of the in vivo microenvironment (Pinto et al,, 2011). While 3D culture systems
are more successful in this regard, studies of breast tumourigenesis have focussed on
metastatic processes, primarily using homotypic cultures to investigate breast cancer cell
invasion (Poincloux et al., 2011; Chandrasekaran et al., 2012; Yu and Machesky, 2012) or
heterotypic cultures investigating breast tumour cell and stromal cell interaction (Olsen et

al,, 2010).

Increasing evidence highlights immunity as a fundamental determinant of tumour
progression and response to therapy. Tumour infiltrating lymphocyte populations in breast
tumours present a paucity of NK cells, which may reflect tumour cell evasion of innate
immunity (Georgiannos et al., 2003; Macchetti et al., 2006); and elevated levels of Tgec
lymphocytes (Pooi et al., 2006; Bates et al., 2008; West et al., 2013), which may reflect the
dominance of adaptive immune mechanisms. This stresses the need to investigate the
interaction between Tges cells and NK cells in breast cancer in order to shed more light on
tumour escape from immunological control, which may or may not be dependent on breast
cancer phenotype. This chapter thus presents the establishment of a novel 3D heterotypic
culture system in which to investigate the interactions between NK cells, Treg lymphocytes

and hormone-dependent and hormone-independent breast cancer cell lines.
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2.1.1 Matrigel: Cell-secreted ECM as a scaffold for 3D culture

The development of the now commercially available Matrigel basement membrane extract
(Kleinman and Martin, 2005) was a seminal contribution to studies of tumourigenesis.
Matrigel is a laminin-rich extract established from Engelbreth-Holm-Swarm tumour cell-
secreted basement membrane (Kleinman and Martin, 2005; Nyga et al., 2011). In 3D
Matrigel cultures breast tumour cell morphogenesis in linked intrinsically to molecular
phenotype and is more reminiscent of the in vivo microenvironment than 2D cultures (Kenny
et al., 2007; Han et al., 2010). Two-dimensional culture systems force a polarity and
monolayer planar structure upon malignant cells, which in vivo lose polarity and exhibit
disorganised architecture (Kenny et al., 2007). Thus 2D-induced polarity and morphogenesis
may directly impinge on signal transduction pathways implicated in tumour progression and
give a false impression of the in vivo circumstances. Matrigel is regarded as a more
biologically relevant scaffold for both normal mammary and cancerous mammary epithelial

cell cultures compared to synthetic scaffolds (Ampuja et al., 2013).

For this study, growth factor-reduced Matrigel (GFRM) was used to establish a biomimetic
3D system to assess the interaction between breast tumour cells and lymphocyte
subpopulations. In addition to laminin, GFRM contains considerable amounts of collagen 1V,
heparan sulfate proteoglycans and entactin (BD Biosciences, catalogue number 352430).
GFRM, as opposed to complete Matrigel was selected to limit the effects of endogenous

growth factors on cultured cells (Table 2.1) (Vaillant et al., 2011).

Table 2.1 Growth factor concentrations in Growth Factor-Reduced Matrigel (GFRM)

Adapted from BD Biosciences, Specification Sheet, catalogue number 354230

Growth Factor Concentration
TGF-B 1.7 (ng/ml)
IGF 5 (ng/ml)
PDGF <5 (pg/ml)
EGF <0.5 (ng/ml)
NGF <0.2 (ng/ml)
bFGF 0-0.1 (pg/ml)
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2.1.2 Breast cancer cell lines

The MCF-7 cell line and the MDA-MB-231 cell line, established from pleural effusions of
patients presenting with mammary adenocarcinoma, are representative of infiltrating ductal
carcinoma (Neve et al.,, 2006; Prat and Perou, 2010). The MCF-7 cell line exhibits a luminal
phenotype (ER'PRY); however, whereas primary tumours are subdivided into the luminal A
and B phenotypes this is not readily discernible in this cell line (Neve et al., 2006), given
variation in HER2/neu expression (Lostumbo et al., 2006). The MDA-MB-231 cell line exhibits
a basal-like phenotype, more akin to the pathological basal-like (B) phenotype, presenting
with the triple-negative phenotype (ER'PRHER2/neu’) and expressing progenitor cell
markers (Lostumbo et al., 2006; Neve et al., 2006). Moreover, the basal-like phenotype of
the MDA-MB-231 cell line is further evidenced in its mesenchymal-like morphology and high
invasive potential, unlike the MCF-7 cell line which is more differentiated than basal
phenotype cells and develops tight junctions in vitro (Neve et al., 2006). Morphology in
Matrigel-based 3D cultures is directly linked with phenotype (Kenny et al., 2007). MCF-7 cells
fall into the ‘mass’ morphological category, defined by the formation of a spherical
aggregate with disorganised nuclei and robust cell-cell adhesion. MDA-MB-231 cells fall into
the ‘stellate’ morphological category exhibiting disorganised nuclei within elongated cells

with notable invasive processes (Kenny et al., 2007).

In order to compare the response of luminal and basal phenotype breast cancer cells to the
immune infiltration in a 3D culture model, the MCF-7 and MDA-MB-231 cell lines were thus

selected for this study.

2.1.3 Natural Killer cells

NK cells, lymphocytes of the innate arm of the immune system, were first identified by their
ability to lyse tumour cells spontaneously (Arnon et al., 2006). Constituting between 10-15%
of peripheral blood lymphocytes (Farag and Caligiuri, 2006), NK cells can be identified

morphologically by their scant cytoplasm, azurophilic cytoplasmic granules and large
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indented nucleus. The primary mechanisms of NK cell killing, facilitated by direct contact
with stressed, infected or malignant cells, include the activation of death receptors on target
cells and the secretion of degradative granules including perforin, a membrane-disrupting
protein and granzymes, a family of proteases (Smyth et al., 2005). Both pathways are
capable of inducing caspase-dependent apoptosis, although granule-mediated killing of
target cells is not entirely contingent on caspase activation. Unlike cells of the adaptive
immune system, NK cells do not undergo a selective process in which they are primed to
respond to a single antigen with a high degree of specificity, but rather are capable of
recognising and destroying a large repertoire of targets (Bottino et al., 2000; Arnon et al.,

2006).

Phenotypic analysis of NK cells has demonstrated that this lymphocyte group is not a
homogenous population with identical function, but rather that differential expression of
representative markers is associated with variable function. Classical NK cells are
characterised by the lack of the T cell receptor (TCR) complex (CD3’), and the presence of the
CD56 and CD16 markers (Miller, 2001). The function of CD56 in NK cells remains largely
unknown but is postulated to mediate cell-cell interactions or when downregulated, to
indicate the acquisition of more specialised function (Miller, 2001; Farag and Caligiuri, 2006).
CD16, a low affinity receptor for immunoglobulin G, is proposed to mediate the effects of NK
cell antibody-dependent cellular cytotoxicity (ADCC) against antibody-coated target cells
(Dewan et al., 2009). The differential expression of these cell surface molecules as
demonstrated by flow cytometry analysis has allowed two functionally distinct subsets to be

PriE"t NK cells are the predominant subset in peripheral blood,

customarily recognized. CD56
exhibiting poor cytolytic capacity, high proliferative capacity and capable of secreting a
number of immunoregulatory cytokines (Miller, 2001; Farag and Caligiuri, 2006). CD56%™ NK
cells constitutively express the CD16 marker (Miller, 2001; Farag and Caligiuri, 2006).
However, upon stimulation with IL-2 both in vitro and in vivo, the cytotoxic capacity of the

two subtypes are comparable (Farag and Caligiuri, 2006).
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NK cell function is mediated by the receipt and interpretation of both stimulatory and
inhibitory signals by NK cell receptors (NKRs) and is closely regulated to prevent
indiscriminate killing of healthy cells and the induction of autoimmunity, (Bottino et al.,
2000). Three major superfamilies of NKRs have been identified: the killer immunoglobulin-
like receptor (KIR) superfamily that recognise classical major histocompatibility (MHC) class |
molecules; the C-type lectin superfamily that recognise non-classical MHC class | or class |-
like molecules (Farag and Caligiuri, 2006); and the immunoglobulin-like natural cytotoxicity
receptors (NCR) that allow NK cells to exert their cytolytic activity against MHC class I-
deficient cells (Bottino et al., 2000; Farag and Caligiuri, 2006). Currently, three members of
the NCR family have been identified, NKp46, NKp44 and NKp30, the differential expression
of which is linked with functional variation (Bottino et al., 2000). NKp46 is expressed in both
resting and activated NK cells, with high expression in those cells exhibiting greater cytolytic
activity (Miller, 2001). Those NK cells expressing an NKp46dim phenotype are associated with
reduced cytolytic function and tend to be the minority of isolated NK cells (Bottino et al.,

2000). The NCRs are postulated to be involved in the identification and elimination of

tumour populations.

NK cells further produce a range of cytokines and chemokines that are implicated in
controlling tumour progression (Wilk et al., 2008). Based on their cytokine profile, subsets of
NK cells have been suggested, including type 1 NK cells, type 2 NK cells and regulatory NK
cells (Cooper et al.,, 2001; Chambers, 2010). However, no consensus has been reached
regarding either the phenotype of such subsets or their definitive functions. The cytokines
and chemokines produced by NK cells include: IFN-y, IL-2, IL-8, IL-15,
granulocyte/macrophage colony-stimulating factor (GM-CSF), TNF, TGF-B and CCL3, amongst
others; which allow for interaction with other cell types including malignant cells and Tgeg

cells of the adaptive immune system (Chambers, 2010).
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2.1.4 Regulatory T cells

The identification of CD25 (the IL-2 receptor alpha chain), by Sakaguchi and colleagues,
established the phenotype of the Treg population (CD3'CD4*CD25") functionally described as
the principal T cell subset responsible for maintenance of self-tolerance (Sakaguchi et al.,
1995; Beyer and Schultz, 2006; Mougiakakos et al., 2010). The CD4'CD25" phenotype
remains the ‘type specimen’ of the Treg population; however ensuing studies have identified

the existence of functionally distinct subsets.

Natural Treg lymphocytes (nTgres), which form 5-6% of the CD4" T cell compartment, are
named for their thymic-derivation sans antigenic stimulus (Wang, 2006). Forkhead
transcription factor 3 (Foxp3), an intracellular transcription factor, has been linked to the
thymic differentiation of nTgreg cells; thus nTgreg cells are proposed to have a
CD4*'CD25*" 8™ Foxp3* phenotype (Mougiakakos et al., 2010; Pahwa et al., 2010). However,
given that Foxp3 is an intracellular molecule, its usefulness remains in characterisation of the
Treg population rather than in isolation for subsequent in vitro expansion procedures. CD127
has been proposed as a further marker for nTres cells, by virtue of its expression inversely
correlating with that of Foxp3 (Mougiakakos et al., 2010). The nTre subset is further defined
by its functional ability to firstly, maintain T lymphocyte tolerance without the secretion of
IL-10 and TGF-B; secondly, to maintain the CD4*CD25***"€"*Foxp3* phenotype, and thirdly to
exhibit no differentiation into any of the effector CD4" subsets or secrete any

proinflammatory cytokines (Pahwa et al., 2010).

The inducible or adaptive CD4" Tges (iTres) population (Whiteside, 2012) has a proposed
derivation from circulating naive CD4" T lymphocytes (Pahwa et al., 2012) in response to
environmental signals (Wang, 2006; Whiteside, 2012). In contrast to the nTrec population,
iTres function is purportedly not contact-dependent but is rather mediated by a number of
secreted factors (Jonuleit and Schmitt, 2003). The iTres subgroups include type | regulatory T
cells (Trl), TGF-B T helper cells (Th3) and nTges-like cells (Mougiakakos, 2010). Trl cells are
defined by their ability to produce primarily IL-10, negligible IL-2 and by the expression of

low or no Foxp3 and CD25 markers. Th3 cells are defined by their ability to secrete primarily
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TGF-B and to a lesser extent, IL-10 and IL-4. nTgec-like cells are considered to have a similar
phenotype to nTges cells, with their derivation rather being dependent on antigen stimulus

(Jonuleit and Schmitt, 2003; Bachetta et al., 2005; Mougiakakos, 2010).

Defining the Tgreg lymphocyte-lineage is however fraught with difficulties. Both cell surface
and intracellular molecules initially thought to be Tgeg cell-specific are able to alter their
expression dependent on the environmental milieu in which they exist. There remains no
unique suite of cell surface molecules that could be used to delineate Treg lymphocytes from
activated effector T lymphocytes. CD25 along with other cell surface molecules proposed as
Tres lymphocyte-specific, including glucocorticoid-induced tumour necrosis family receptor
(GITR) and cytotoxic T-lymphocyte antigen-4 (CTLA-4), are upregulated on CD4" effector cells
upon activation (Yu and Fu, 2006; Piersma et al., 2008). The expression of chemokine
receptors including CD194, CD196 and CD197 also cannot distinguish between Tgec
lymphocytes and conventional T lymphocytes (Whiteside, 2012). Foxp3 has been shown to
be expressed in breast cancer epithelial cells (Droeser et al., 2013), transiently expressed in
activated non-regulatory CD4" T cells (Wang et al., 2006) and to be upregulated in naive
CD4" T cells in response to TCR and TGF-B stimulation (Tran et al., 2007), notably without
inducing functional Treg lymphocyte activity. Furthermore, subsets of Tres cells are capable
of downregulating Foxp3 expression (Mougiakakos et al., 2010), which in turn would
influence the effectiveness of CD127 expression in phenotypic classification of the Trec
population. The efficacy of more recently described markers including Helios, a transcription

factor, and CD39 remains to be established (Whiteside, 2012).

2.1.5 The interaction between NK cells and Tgeg lymphocytes

The immunosuppressive action of Treg lymphocytes against effector T lymphocytes and NK
cells has been documented in both in vitro and in vivo studies (Ghiringhelli et al., 2005,
Ralainirina et al., 2007; Salagianni et al., 2011); however, interleukin-activated NK cells have
been shown to be resistant to these inhibitory effects (Chikileva et al., 2010). Tgeg

lymphocytes are activated via engagement of the TCR that recognises peptides presented by
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MHC molecules, and co-stimulatory molecules. TCRs themselves not only recognise peptides
but also the MHC molecules (I or Il) to which they are bound. In the case of Tgeg cells, CD4 is
a co-receptor that associates with invariant sites on MHC Il molecules found primarily on
antigen presenting cells. NK cells, while not traditionally regarded as antigen presenting
cells, are capable of acting in this regard but require the expression of co-stimulatory
molecules to function as such, with expression of these molecules induced by cytokines
including IL-2, IL-12 and IL-15 (Chambers, 2010). Resting Treg cells can suppress NK cell
cytotoxicity, implying that TCR-mediated activation may not be a prerequisite for Treg cell
function in this context (Ghiringhelli et al., 2005). The perforin/granzyme pathway mediates
NK cytolytic function that occurs in response to cytokines, including IL-2 and IL-15
(Ralainirina et al., 2007). Activated NK cells also release a large repertoire of cytokines;
however, the most studied NK cell-released cytokine remains IFN-y, a proinflammatory
cytokine that is able to activate subpopulations of the adaptive immune system and increase

expression of MHC class | and class Il molecules (Nicolini et al., 2006).

Although the mechanism of Tres lymphocyte suppression of NK cell function has yet to be
completely elucidated, it is postulated that soluble factors and/or cell-cell contact is required
(Trzonkowski et al., 2004; Ralainirina et al., 2007; Mougiakakos et al., 2010). Soluble factors
released by Treg lymphocytes include galectin and prostaglandin E2, which may directly
suppress NK cell function, or granzyme A and perforin, which may induce NK cell death. Tgeg
lymphocytes are further implicated in modulating surrounding stromal components via
cytokine production to aid in NK suppression (Mougiakakos et al.,, 2010). Membrane-bound
TGF-B, as previously mentioned, is implicated in cell-cell contact mechanisms of Tge
lymphocyte-mediated suppression of NK cell function (Ghiringhelli et al., 2005; Chikileva et
al., 2010; Mougiakakos et al., 2010). Furthermore, Treg lymphocytes are also able to diminish
the functional capacity of antigen presenting cells, of which NK cells are part, via contact

dependent mechanisms (Mougiakakos et al., 2010).

Notwithstanding the immunosuppressive effects of Treg lymphocytes on NK cell function,

breast tumour cells themselves are capable of inducing a tolerogenic microenvironment and
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actively evade NK cell responses (Mamessier et al., 2011). Such research highlights the need
to investigate the interaction between Tges cells and NK cells in biomimetic systems of breast
cancer, in order to shed more light on tumour escape from immunological control. This
chapter thus presents the establishment of a heterotypic 3D culture system with which to
explore the interaction between Tres cells and NK cells in hormone-dependent and

hormone-independent breast cancer cell lines.
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2.2 Materials and Methodology

Human Ethics Clearance was obtained from the Human Ethics Research Committee
(Medical), University of the Witwatersrand, Clearance Certificate Numbers M081036 and
M140155.

In brief, the luminal phenotype, hormone-dependent MCF-7 cell line (Sigma-Aldrich, St.
Louis, USA, 86012803, passage number P11) and the basal phenotype, hormone
independent, MDA-MB-231 cell line (Sigma-Aldrich, St. Louis, USA, 92020424, passage
number P46) were propagated in monolayer culture to establish a stock of breast cancer
cells at appropriate passage numbers for subsequent co-culture with either Treg lymphcoytes
and/or NK cells (Fig. 2.1). These lymphocyte subgroups were magnetically isolated from
peripheral blood mononuclear cells (PBMCs) obtained from peripheral blood via density
gradient centrifugation (Fig. 2.1). Following 48 h activation of Treg lymphocytes and NK cells,
cell populations were allocated to co-culture groups for a 72 h incubation period (Table 2.2).
Subsequently, these cultures were prepared for RNA extraction for downstream gene
expression assays (Chapter Il), cytokine analysis (Chapter 1lI) and immunocytochemical

localisation of selected biomarkers (Chapter V).
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Figure 2.1 lllustration of the methodology employed prior to establishment of 3D heterotypic cultures

A) Propagation of breast cancer cell lines in monolayer for establishment of stock cells. B) PMBC isolation from
peripheral blood via Ficoll-Hypaque density gradient centrifugation followed by magnetic cell sorting to yield
Treg and NK cell populations. Magnetic cell sorting efficacy was verified using flow cytometry. Tgeg and NK cell
populations were activated with IL-2 and phytohaemagglutinin prior to establishment of co-cultures.



CHAPTER 1|1 ]29

2.2.1 Monolayer culture of MCF-7 and MDA-MB-231 cell lines

The MCF-7 and MDA-MB-231 cell lines were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) (Lonza, Bloemfontein, South Africa) supplemented with 10% foetal bovine
serum (FBS) (Biocom Biotech, Clubview, South Africa, A15101) and 0.1%
penicillin/streptomycin (P/S) (Sigma-Aldrich-Aldrich, Aston Manor, South Africa, P3539) at
37°C in 5% CO,. Cells were subcultured upon approximately 80% confluence by treatment
with 0.25% trypsin/ethylenediaminetetraacetic acid (EDTA) (Sigma-Aldrich, T4049) for 5-10
min. The reaction was stopped with the addition of 5ml 1M phosphate buffered saline (PBS)
pH 7.4, (See Appendix A) supplemented with 1% FBS. The resulting cell suspension was
centrifuged at 400 X g for 5 min. The supernatant was discarded and the cell pellet
resuspended in 1ml PBS for determination of cell number and viability using the Trypan Blue
Exclusion Assay and the Bio-Rad Automated Cell Counter TC-20 (Bio-Rad, Parkwood, South
Africa). The cell pellet was obtained by centrifugation at 400 X g for 5 min. MCF-7 cells at
passage number 14, and MDA-MB-231 cells at passage number 48, were cryopreserved at
1X10°cells/ml in 10% dimethyl sulfoxide (DMSO) (Saarchem, Johannesburg, South Africa,
186500) in FBS at -80°C until establishment of 3D cultures.

Images were obtained using an Olympus iX51 Inverted Microscope with CellSens Software.
All images were obtained at 20X magnification. Plates were generated using Adobe

Photoshop Elements 10.

2.2.2 Isolation of peripheral blood mononuclear cells (PBMC)

Approximately 30ml blood from seemingly healthy female volunteers (n=13) between ages
18-35 years (exclusion criteria included pregnancy, autoimmune diseases,
immunodeficiency, cancer and a previous history of cancer) was collected via venipuncture
in EDTA-coated Vacutainers (BD Biosciences, Woodmead, South Africa). Anticoagulated
blood was diluted (1:1) with PBS followed by density gradient centrifugation to obtain a

PBMC fraction. Specifically, the solution was layered 3:2 on to Ficoll-Hypaque (1.077g/cm®)
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(GE Healthcare Biosciences AB, Sweden, 17-1440-03) and centrifuged at 400 X g for 30 min.
The resulting PBMC layer was resuspended in 1ml PBS and centrifuged at 400 X g for 5 min
at 20°C in order to remove excess Ficoll-Hypaque. The PBMC pellet was resuspended in 1ml
PBS and the number of viable cells determined as previously described. The PBMC
suspension was thereafter centrifuged at 400 X g for 5 min at 20°C and the resulting pellet
resuspended in 80ul PBS (pH7.2) supplemented with 0.5% bovine serum albumin (BSA)
(Sigma-Aldrich, A9418) and 2mM EDTA, hereafter referred to as sorting buffer, in

preparation for magnetic cell sorting.

2.2.3 Magnetic cell sorting

All reagents used in magnetic cell sorting were maintained at a temperature of 8°C. MS
separation columns (Miltenyi Biotec, Cologne, Germany, 130-042-201) for positive selection
of Treg cells and NK cells were primed by flushing the column attached to the separator with

3ml sorting buffer prior to use.

Isolating the prototypic CD4°'CD25" Trec cell fraction

The CD4" Multisort Microbead Kit (Miltenyi Biotec, 130-055-101) was used for positive
selection of the CD4" lymphocyte compartment. Specifically, the PBMC fraction was
incubated with 20ul CD4 Multisort Microbeads per 1X10’ cells for 15 min at 8°C in the dark.
Cells were washed in 1ml sorting buffer by centrifugation at 400 X g for 10 min. The cell
pellet was resuspended in 1ml sorting buffer and applied to the MS suspension column.
Once the reservoir was empty, a further 3ml sorting buffer was applied to the column. This
step was conducted three times. All unlabelled PBMC that passed through the column were
retained for NK cell sorting. The column was then removed from the separator, placed over a

collection tube and the CD4-labelled cells flushed out with 3ml sorting buffer.

For removal of residual magnetically labelled cells and enrichment of the CD4" population,
cells were incubated with 60pl MACS Multisort Release agent (Miltenyi Biotec, 130-055-101)

for 10 min at 8°C in the dark. The suspension was then applied to a newly primed MS column



CHAPTER |1 ]31

within the separator. When the reservoir was empty, a further 3ml sorting buffer was
applied to the column. This step was conducted three times. The unlabelled cells that passed
through the column were retained and the column discarded. The cell suspension was
centrifuged at 400 X g for 5 min and the resulting purified CD4" cell pellet resuspended in
1ml sorting buffer for viability assessment and cell number determination, conducted as
previously mentioned. The cell suspension was thereafter centrifuged at 400 X g for 5 min

and a cell pellet obtained.

For the removal of Multisort Microbeads and the subsequent magnetic labelling procedure,
the cell pellet was incubated with 60ul sorting buffer, 30ul MACS Multisort Stop Reagent
(Miltenyi Biotec, 130-055-101) and 10ul CD25 Microbeads (Miltenyi Biotec, 130-092-983) for
15 min at 8°C. Thereafter, the cell suspension was washed in 1ml sorting buffer by
centrifugation at 400 X g for 10 min. The cell pellet was resuspended in 500ul sorting buffer
and applied to a newly primed MS suspension column. Once the reservoir was empty a
further 3ml sorting buffer was applied to the column. This step was conducted twice. The
column was then removed from the separator, placed over a collection tube and the
CD4'CD25" cells (prototypic Treg lymphocyte fraction) were flushed out with 3ml sorting
buffer. The cell suspension was centrifuged at 400 X g for 5 min and resuspended in 1ml PBS

for viability assessment and cell number determination.

Isolating the NKp46* NK cell fraction

For positive isolation of the NK cell population, the unlabelled PBMC fraction that had been
previously collected was centrifuged at 400 X g for 5 min. The supernatant was aspirated and
the cell pellet resuspended in 1ml PBS for cell number and viability determination. The cell
suspension was centrifuged for a further 5 min at 400 X g and a maximum of 1X10° PBMC
were incubated with 20ul Anti-NKp46 conjugated to the fluorochrome, allophycocyanin
(APC) (Miltenyi Biotec, 130-092-609), in 80l PBS supplemented with 10% FBS for 15 min at
room temperature in the dark. Thereafter, the cell suspension was washed in 1ml sorting

buffer by centrifugation at 400 X g for 10 min. The supernatant was aspirated and a further
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wash step conducted. The resulting cell pellet was resuspended in 80l sorting buffer with
20ul Anti-APC Microbeads (Miltenyi Biotec, 130-090-855) and incubated for 15 min at 8°C.
The cell suspension was washed in 1ml sorting buffer by centrifugation at 400 X g for 10 min.
The resulting cell pellet was resuspended in 500ul sorting buffer and applied to a primed MS
column. When the reservoir was empty, a further 3ml sorting buffer was applied to the
column. This step was conducted twice. The column was then removed from the separator,
placed over a collection tube and the NKp46™ cells (NK cell-enriched fraction, henceforth
referred to as NK cells) flushed out with 3ml sorting buffer. The cell suspension was
centrifuged at 400 X g for 5 min and resuspended in 1ml PBS for viability assessment and cell

number determination.

2.2.4 Activation and expansion of Tgec and NK cell populations

Magnetically isolated Treg and NK cell populations were resuspended at a minimum of
1X105cells/100pl in Roswell Park Memorial Institute (RPMI) medium 1640 (Lonza,
Bloemfontein, South Africa) supplemented with 0.1% P/S, 10% FBS, 1ug/ml
phytohaemagglutinin (PHA) (Sigma-Aldrich, L1668) and 0.8ng/ml IL-2 (Miltenyi Biotec, 130-
093-901) for 18 h (See Appendix A). Subsequently, cell suspensions were harvested,
centrifuged at 400 X g for 5 min and resuspended in RPMI 1640 supplemented with 0.1%
P/S, 10% FBS and 0.8ng/ml IL-2 for a further 30 h, after which the establishment of co-

cultures was undertaken (Domaica et al., 2009).

2.2.5 Flow Cytometric Analysis of isolated Trec and NK cell populations

Samples of isolated Treg and NK cell populations were subjected to flow cytometric analysis
using an LSR Fortessa (BD Biosciences, South Africa) with 4 laser capacity, to ascertain the
efficacy of the magnetic cell sorting technique and the activation procedure. A caveat must
be noted in that positive magnetic isolation can result in the downregulation of engaged
markers, thus flow cytometric analysis may under-represent the expression of the said

markers. Cells were resuspended at a maximum of 1X10° cells/100ul PBS. Magnetically
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isolated Tgeg cells were incubated with 10ul CD4 conjugated to APC (BD Biosciences,
Woodmead, South Africa, 555349) and 10ul CD25 conjugated to phycoerythrin (PE) (BD
Biosciences, 555432). Magnetically isolated NK cells were incubated with 10ul CD56
conjugated to phycoerythrin and a cyanine dye (PE-Cy7) (BD Biosciences, 557747) and 10ul
NKp46 conjugated to APC (BD Biosciences, 558051). Both cell populations were incubated
with their respective antibodies for 15 min at room temperature in the dark. Cell
suspensions were washed in 1ml PBS and centrifuged at 400 X g for 5 min. Supernatants
were aspirated and the cell pellets fixed in 1% paraformaldehyde for 10 min at room
temperature. The cell suspensions were washed in 1ml PBS by centrifugation at 400 X g for 5
min and the supernatants aspirated. The resulting cell pellets were resuspended in 1ml PBS

and stored at 4°C in the dark until flow cytometric analysis.

Single bead staining for compensation

Single-stained capture compensation beads (BD Biosciences, 552843) were used to assess
fluorescence spill-over across channels to establish the appropriate compensation to be
applied prior to data collection. Each fluorescent-conjugated antibody at the concentrations
used as above (10ul antibody/100ul PBS) was incubated with compensation beads in the
dark for 15 min at room temperature. Negative compensation beads were left unstained,
and thus used as a negative control. Suspensions were washed in 2.5ml PBS and centrifuged
at 200 X g for 10 min followed by fixation in 1% paraformaldehyde for 10 min at room
temperature. The suspensions were then washed in 2.5ml PBS and centrifuged at 200 X g for
10 min. The supernatant was aspirated and the compensation beads resuspended in 500ul
PBS for subsequent flow cytometric analysis on the LSR Fortessa. Data was acquired with BD

FACSDiva software v6 and analysed with FlowJo software (Free Trial).
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2.2.6 Establishment of heterotypic 3D co-culture models

GFRM (BD Biosciences, BD354230), stored at -20°C, was defrosted at 8°C overnight prior to
the establishment of co-cultures. All solutions and pipette tips were placed on ice and

plating of cells within the GFRM was conducted on a cooling block.

Luminal-phenotype culture models (LPCM) and basal-phenotype culture models (BPCM)
were established by co-culturing MCF-7 cells and MDA-MB-231 cells respectively, with
lymphocyte subgroups (Table 2.2). Specifically, cryopreserved MCF-7 (P14) and MDA-MB-
231 (P48) cells were thawed at room temperature and washed twice with 1ml PBS at 400 X g
for 5 min. The cell pellet was resuspended in 1ml RPMI 1640 culture media supplemented
with 10% FBS and 0.1% P/S. Activated Tres lymphocyte and NK cell suspensions were
aspirated and washed with 1ml PBS at 400 X g for 5 min. The resulting cell pellets were
resuspended in 1ml RPMI 1640 supplemented with 10% FBS and 0.1% P/S. The number of

viable cells within each cell group was determined as previously described.

Thereafter, lymphocyte subgroups (Treg lymphocytes and/or NK cells) were resuspended
with breast cancer cells (MCF-7 or MDA-MB-231) at a ratio of 1:1:2 in a volume of 66.5pl
RPMI 1640 culture media supplemented with 10% FBS and 0.1% P/S, to yield experimental
and control culture groups (Table 2.2). Low effector:target ratios were chosen to mimic the
breast tumour microenvironment. The experimental culture groups (EXP) consisted of Tgeg
lymphocytes and NK cells, co-cultured with either MCF-7 cells or MDA-MB-231 cells at a
ratio of 1:1:2. The control groups included NK cells cultured with either MCF-7 or MDA-MB-
231 cells (NK-BC) at a ratio of 1:2; Treg lymphocytes cultured with either MCF-7 or MDA-MB-
231 cells (Tres-BC) at a ratio of 1:2; and MCF-7 or MDA-MB-231 cells cultured alone (BC). As a
caveat, two further control groups were considered (NK cells alone and Tgeg lymphocytes
alone); however, given the absence of growth cytokines (IL-2), and the duration of the
experiment, the co-culture conditions were deemed insufficient to maintain viability of these

mono-cultures.
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Cell suspensions for each culture group were mixed with 200ul GFRM and plated in duplicate
at ~65ul/well (to yield a minimum 1X10° cell concentration) in two 96-well plates for each
downstream application: ICC, RNA extraction and cytokine analysis. The cultures were
allowed to solidify at room temperature for 5 min, followed by incubation at 37°C for 30
min. The cultures were then overlaid with 100ul RPMI 1640 culture media supplemented
with 10% FBS and 0.1% P/S and incubated at 37°C in 5% CO, for 72 h. Culture media levels
were checked daily with a further 100ul added over the 72 h period, following which

samples were harvested for subsequent assays.

Images were obtained using an Olympus iX51 Inverted Microscope using CellSens Software
V10. All images were obtained at 20X or 40X magnification. Adobe Photoshop Elements 10

was used to generate plates.

Table 2.2 Establishment of the Luminal Phenotype Culture Model (LPCM) and the Basal Phenotype Culture
Model (BPCM)

Heterotypic 3D culture models based on the MCF-7 (luminal phenotype, hormone-dependent) and MDA-MB-
231 (basal phenotype, hormone-independent) breast cancer cell lines were developed. The experimental
culture groups (EXP) consisted of Tgeg lymphocytes and NK cells, co-cultured with either MCF-7 cells or MDA-
MB-231 cells at a 1:1:2 ratio in GFRM. The control groups included NK cells cultured with either MCF-7 or MDA-
MB-231 cells (NK-BC); Treg lymphocytes cultured with either MCF-7 or MDA-MB-231 cells (Tres-BC) and MCF-7
or MDA-MB-231 cell cultured alone (BC).

Luminal Phenotype Culture Model Basal Phenotype Culture Model
Culture Group (LPCM) (BPCM)
MCF-7 cell line MDA-MB-231 cell line

Experimental (EXP) Treg and NK Treg and NK
NK-breast cancer cells control
(NK-BC) NK alone NK alone
Trec-breast cancer cells control

Treg alone Treg alone
(Taes-BC) REG REG
ngiﬁ cancer cells control Control — no lymphocytes Control — no lymphocytes
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2.2.7 Harvesting of heterotypic 3D culture samples

Harvesting of culture supernatants for cytokine analysis

Culture media from each well was aspirated and centrifuged at 400 X g for 5 min to pellet
any cellular debris. The supernatant was collected, snap frozen in liquid nitrogen and placed

at -80°C until use (See Chapter lll for further details).

Harvesting and processing of co-cultures for immunocytochemistry

Cultures were rinsed in PBS prior to incubation in 30ul FBS at 37°C for 1 min. Cultures were
then incubated with 30ul thrombin (SANBS, Pretoria, South Africa) for approximately 30 sec
at 37°C, followed by incubation at room temperature for a further 5 min to ensure clot
formation. Samples were fixed in 200ul 4% paraformaldehyde (Sigma-Aldrich, P6148) in PBS
for 20 min. The fixative was thereafter drained and eosin applied directly to the wells to
allow for visualization of the samples. Samples were removed from the wells and placed into
a 0.45um filter paper envelope for automatic tissue processing. The samples were thereafter
embedded in paraffin wax (Merck Millipore, Darmstadt, Germany, 61782320001730) and
stored at 4°C until sectioning (See Chapter IV for further details) (Adapted from Graham et
al., 2009).

Optimising RNA Extraction Methodology

Various methods of RNA extraction were attempted to determine that which would result in
the best yield, purity and integrity of RNA. It was found that the use of the Qiagen RNeasy
Mini kit (Qiagen, Hilden, Germany, 74104) with the addition of proteinase K (Qiagen, 19131),
was superior to TRIzol (Ambion, Texas, USA, 15596), either used as per protocol or followed
subsequently by RNA elution and clean-up using the Qiagen RNeasy Mini kit. Proteinase K
digestion of GFRM was found necessary to increase the yield of RNA obtained, and DNA
digestion was restricted to off-column digestion only to prevent RNA degradation (See

Appendix B for a description of other techniques tested).



CHAPTER |1 |37

Specifically, culture media was removed from wells and samples rinsed in PBS, following
which 150ul 0.01% B-mercaptoethanol (Sigma-Aldrich, M6250) in Buffer RLT (Qiagen RNeasy
Mini kit) was added to each culture. The resulting lysates were transferred to 1.5ml
microcentrifuge tubes for homogenization through a 21-gauge needle. B-Mercaptoethanol
was found essential in the prevention of RNA degradation. Samples were snap-frozen with

liquid nitrogen and stored at -80°C until RNA extraction.

Samples were thereafter thawed on ice and incubated in 295ul RNAse-free water and 5pl
proteinase K at 55°C for 10 min. Samples were centrifuged at 8 000 X g for 3 min, following
which the supernatant was removed and incubated with 300ul 70% ethanol. Each sample
was applied to an RNeasy spin column and centrifuged at 8 000 X g for 15 sec. The flow-
through was discarded and 350ul Buffer RW1 added to the RNeasy spin column. The column
was centrifuged again at 8 000 X g for 15 sec and the flow-through discarded.

For RNA elution, 500ul Buffer RPE (concentrate diluted 4X with 100% ethanol) was added to
the RNeasy spin column which was centrifuged at 8 000 X g for 15 sec. The flow-through was
discarded and a further 500ul Buffer RPE added to the RNeasy spin column. Following
centrifugation at 8 000 X g for 2 min, the column was removed from the collection tube,
placed onto a new 2ml collection tube and centrifuged for a further 1 min at 8 000 X g. The
column was then removed from the collection tube, placed in a new 1.5ml collection tube
and 30ul RNAse-free water added to the membrane. The column was centrifuged at 8 000 X

g for 1min to obtain the RNA elute.

Off-column DNA-digestion was found necessary to increase the yield and purity of the eluted
RNA. Thus, 20ul of each RNA elute was incubated with 10l DNAse | Reaction Buffer (New
England Biolabs, Massachusetts, USA, B0303S), 68ul Sabex water (Adcock Ingram,
Krugersdorp, South Africa) and 2l NEB DNAse (New England Biolabs, M0303L) at 37°C on a
dry block heater for 10 min. A further 1pul 0.5M EDTA was added to each elution followed by
heat-inactivation at 75°C on a dry block heater for 10 min. To conduct RNA clean-up, each

sample was adjusted to 100ul with RNase-free water followed by the addition of 350ul
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Buffer RLT and 250ul ethanol, mixed by pipetting. Up to 750ul of each sample was placed
onto an RNeasy spin column and centrifuged at 8 000 X g for 15 sec. The flow-through was
discarded and a further 500ul Buffer RPE added to the column which was centrifuged at 8
000 X g for 15 sec. The flow-through was again discarded and the column placed in a new
2ml collection tube. This was followed by further centrifugation at 8 000 X g for 1 min. The
column was again removed from the collection tube and placed into a new 1.5ml collection
tube with 30ul RNAse-free water added directly to the column membrane. The column was
centrifuged at 8 000 X g for 1 min and the flow-through discarded, followed by further
centrifugation at 8 000 X g for 1 min. Of the resulting solution, 2.5ul was aliquoted for RNA

quality control. All aliquots were stored at -80°C until use.

RNA Quality Control

Samples were all analysed individually i.e. samples were not pooled. A NanoDrop
Spectrophotometer (Thermo Fisher Scientific, Wilmington, USA) was used to determine the
concentration and quality of eluted RNA. In order to blank the NanoDrop, 1ul RNAse-free
water was loaded on to the sample pedestal. Thereafter 1ul of the RNA elute was loaded
and the ratio of sample absorbance at 260nm and 280nm, and 260nm and 230nm measured.
A 260/280 ratio of approximately two, is linked with high RNA purity. Lower ratios are
indicative of phenol, protein or other contaminants. The 260/230 ratio is a secondary
measure of purity, based on the above principles. Sample concentration at ng/ul was

determined based on the absorbance at 260nm.

The Agilent 2100 Bioanalyzer and the RNA 600 Pico LabChip Kit (Agilent technologies,
Waldbronn, Germany) were used to further ascertain RNA purity and integrity by
determining the ratio of the 18S and 28S ribosomal units. Further analysis yields a RNA

Integrity Number (RIN) close to ten (the lowest being one) indicative of intact RNA.

Preparing the RNA ladder
The RNA ladder had previously been heat-denatured at 70°C for 2 min and immediately

cooled on ice. Ninety microlitres (90ul) RNase-free water had been added to the ladder and
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the suspension mixed. Aliquots that had been stored at -80°C were thawed on ice
immediately prior to use.

Preparing the RNA Gel Matrix

The RNA gel matrix was prepared by adding 550ul gel matrix into a spin filter. The spin filter
was then placed into a microcentrifuge tube and centrifuged at 1 500 X g for 10 min.
Aliquots were stored at 4°C till use.

Preparing the gel dye mix

All reagents were allowed to equilibrate at room temperature for 30 min prior to use. The
dye concentrate was vortexed for 10 sec and 1pul thereof added to 65ul of the previously
mentioned gel matrix. The resulting solution was vortexed to mix, followed by centrifugation
at 13 000 X g for 10 min.

Loading the chip

The gel-dye mix (9ul) was loaded into indicated wells (as per manufacturers instruction),
followed by loading 9ul conditioning solution into the indicated well. Thereafter, 5ul pico
marker was loaded into wells designated for the RNA ladder and the samples. One microlitre
(1pl) of the diluted RNA ladder was added to the designated well, with 1ul of RNA elute
loaded into the remaining sample wells. The chip was thereafter vortexed for 60 sec, after

which it was loaded into the Agilent Bioanalyzer for analysis.

2.2.8 Statistical analyses

With regard to the yield of lymphocyte populations, between-subject variability was
analysed using the Kruskal-Wallis ANOVA by Ranks method with STATISTICA v12. The
Spearman Rank Order Correlation test was used to determine whether correlations exist
between lymphocyte populations. For all analyses, p<0.05 was regarded as statistically

significant.
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2.3 Results

2.3.1 Flow cytometry analysis of sorted and activated populations

Flow cytometry analysis confirmed the CD4'CD25" profile of magnetically isolated Tres
lymphocyte populations, and the CD56°/NKp46* profile of NK cells (see Appendix C1 for
unstained and compensation controls). Cells exhibited slightly altered scatter properties
possibly due to the effects of fixation, thus only those cells which exhibited the traditional
side scatter (SSC) properties, associated with lymphocyte granularity or internal complexity
and forward scatter (FSC) properties, associated with lymphocyte cell size, were analysed

further (Fig. 2.2 — 2.5A).

Post-magnetic cell sorting, two distinct subsets, designated CD4%™CD25* and CD4""€"cD25"
(Fig. 2.2B) were noted, with the latter dominating the total lymphocyte population (See
Appendix C2 for illustration of flow cytometric analysis of unfixed Treg lymphocytes from
PBMCs using a 2 laser BD FACSCalibur). Further investigations into the CD4 population (Fig.
2.2C) revealed negligible contaminating populations of CD4™ cells (Fig. 2.2D). Both the cDgYm
and the CD4"&" population (Fig. 2.2C), which collectively comprised 77.6% of the total

dim

lymphocyte population, were dominated by CD25™" co-expression (Fig. 2.2E and Fig. 2.2F).
Following culture and activation with PHA and IL-2, Treg lymphocytes exhibited apparent
alteration of scatter properties. Despite loss of cells outside the prototypic lymphocyte gate
(Fig. 2.3A), the presentation of the CD4%™CD25" and CD4°"8"™CD25* subsets were maintained
(Fig. 2.3B). Further analysis of the CD4 population (Fig. 2.3C) reflected previous observations

with a small contaminating population of CD4™ cells (Fig. 2.3D).



CHAPTER |1 |41

AL el g B

PE-CD25
3
1

0 50K 100K 150K 200K 250K
FSC-A

E ' 250»(-;: ) ] F

6%|| 66-9% |o0.6%

1 2 3

SR L me e ey i

0 2 4 5 0 1 2 3 4 5 0 3 4
107 10 10 10 10 10 0 10 10 10 10 10 100 10 10 10 10 10
PE-CD25 PE-CD25 PE-CD25

Figure 2.2 Scatterplots illustrating flow cytometric analysis of a Ty cell population following magnetic cell
sorting

A) SSC vs FSC showing total Tgeg cell sorted population. Gate 1 indicates Tgeg cells exhibiting typical lymphocyte
scatter properties. B) APC-CD4 vs PE-CD25. Inset shows backgating on ancestral population Al. Note two
distinct populations: Gate B1 CD4“™CD25"™, Gate B2 CD4""®™CD25". C) FSC-H versus APC-CD4. Inset shows
backgating on ancestral population Al. D) FSC-H versus PE-CD25 based on inset parent population C1 (CD4
population). Gate D1 indicates a small population of CD4 CD25 cells. Gates D2 and D3 indicate a slight scatter
of contaminating CD4CD25" cells. E) FSC-H versus PE-CD25 based on inset parent population C1
(CD4"™population). Gates E1 and E3 reflect small populations of CD4“™CD25 cells and CD4“™CD25"&™ cells,
respectively. Gate E2 shows the dominant proportion of CD4"™ cells are CD25°™. F) FSC-H versus PE-CD25
based on inset parent population C3 (CD4""™population). Gate F1 represents a CD4""™CD25 cell population
that is marginally larger than the CD4""™CD25""" cell population designated by gate F3. Gate F2 indicates the
dominant CD4""™CD25"™ population.
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Figure 2.3 Scatterplots illustrating flow cytometric analysis of a Tges cell population following magnetic cell
sorting and activation with IL-2 and PHA

A) SSC vs FSC showing total Tgeg cell population subsequent to sorting and activation. Gate 1 indicates Tgeg cells
exhibiting typical lymphocyte scatter properties. B) APC-CD4 vs PE-CD25. Inset shows backgating on ancestral
population Al. Two distinct populations are noted: Gate B1 CD4"™CD25"™, Gate B2 CD4""™CD25%™. €) FSC-H
versus APC-CD4. Inset shows backgating on ancestral population Al. D) FSC-H versus PE-CD25 based on inset
parent population C1 (CD4 population). Gate D1 indicates a small population of CD4 CD25 cells. Gates D2 and
D3 indicate a slight scatter of contaminating CD4 CD25" cells. E) FSC-H versus PE-CD25 based on inset parent
population C1 (CD4dimpopuIation). Gates E1 and E3 reflect small populations of CD4"™CD25  cells and
CDA“™CD25"" cells, respectively. Gate E2 shows the dominant proportion of CD4“™ cells are CD25"™. F) FSC-H
versus PE-CD25 based on inset parent population C3 (CD4”®"population). Gate F1 represents a CD4°""CD25"
cell population that is marginally larger than the CD4°"CD25°"" cell population designated by gate F3. Gate
F2 indicates the dominant CD4™"™CD25%™ population.
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Following magnetic cell sorting, analysis of the co-expression of CD56 and NKp46 cell surface
markers demonstrated four distinct populations based on the total lymphocyte population
(Fig. 2.4A) (See Appendix C2 for illustration of flow cytometric analysis of unfixed NK cells
from PBMCs wusing the BD FACSCalibur). These populations were designated
CD56° 8™ NKp46°"8"; CD56° 8" NKpa6°&™: CD56%"NKp46"™ and CD56""¢"NKp46™™ (Fig.
2.4B). Investigations into the CD56" population (Fig. 2.4C) which dominated the total
lymphocyte population revealed a small contaminating population of CD56  cells which
nevertheless exhibited NKp46®™ and NKp46° '™ expression (Fig. 2.4D). A relationship
between CD25 and NKp46 markers was noted. The CD56%™ population (Fig. 2.4C), primarily
co-expressed NKp46®™ (Fig. 2.4E) and the notably large CD56""™ population (Fig. 2.4C)
expressed comparative levels of NKp46” ™™ and NKp46°"¢"™* (Fig. 2.4F). Furthermore, the

majority of the CD56""€"" subset (Fig. 2.4G) co-expressed NKp46™ ",

Following in vitro activation with PHA and IL-2, NK cells exhibited altered scatter properties
(Fig. 2.5A) and only two distinct populations, the CD56°™NKp46°"8™ and CD56%™NKp46™™
subsets (Fig. 2.5B). In both the small contaminating CD56  population and the dominant
CD56%™ population (Fig. 2.5C) the majority of cells co-expressed either NKp46dim or
NKp46bright (Fig. 2.5D and 2.5E). There was a noticeable reduction in the presentation of the

CD56""8" subset (Fig. 2.5C), and corresponding co-expression of NKp46 (Fig. 2.5F).
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Figure 2.4 Scatterplots illustrating flow cytometric analysis of an NK cell population following magnetic cell
sorting

A) SSC vs FSC showing total NK cell sorted population. Gate 1 indicates NK cells exhibiting typical lymphocyte
scatter properties. B) APC-NKp46 vs PE-Cy7-CD56. Inset shows backgating on ancestral population Al. Four
distinct populations are noted: Gate B1 CD56"®"NKp46° ™™, Gate B2 CD56""™*NKp46° ™", Gate B3
CD56"™NKp46™™ and Gate B4 CD56"8"NKp46™™. C) FSC-H versus PE-Cy7-CD56. Inset shows backgating on
ancestral population Al. D) FSC-H versus APC-NKp46 based on inset parent population C1 (CD56 population).
Gate D1 shows a small population of CD56 NKp46 ™ cells. Gates D2 and D3 indicate CD56'NKp46dim and CD56
NKp46bright NK cell populations respectively. E) FSC-H versus APC-NKp46 based on inset parent population C2
(CD56"™ population). Gates E1 and E3 show small populations of CD56""NKp46 cells and CD56""NKp46°™&™
cells respectively. NKp46dim NK cells dominate the CD56°™ population as indicated by gate E2. F) FSC-H versus
APC-NKp46 based on inset parent population C3 (CD56bright population). Gate F1 indicates a small
CD56"8"NKp46™ population. Gates F2 and F3 reflect comparable numbers of CD56°"€"NKp46° "™ NK cells. G)
FSC-H versus APC-NKp46 based on inset parent population C4 (CDSGbrigh“popuIation). The majority of
CD56"8"™" NK cells express NKp46 as delineated by gate G3.
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Figure 2.5 Scatterplots illustrating flow cytometric analysis of an NK cell population following magnetic cell
sorting and activation with IL-2 and PHA

A) SSC vs FSC showing total NK cell sorted and activated population. Gate 1 indicates NK cells exhibiting typical
lymphocyte scatter properties. B) APC-NKp46 vs PE-Cy7-CD56. Inset shows backgating on ancestral population
Al. Two distinct populations are noted: Gate B1 CD56°"NKp46° ™™, Gate B2 CD56""NKp46“™. C) FSC-H versus
PE-Cy7-CD56. Inset shows backgating on ancestral population Al. D) FSC-H versus APC-NKp46 based on inset
parent population C1 (CD56 population). Gate D1 shows a small population of CD56 NKp46 cells. Gates D2 and
D3 indicate CD56 NKp46°™ and CD56 NKp46°™™ NK cell populations respectively. E) FSC-H versus APC-NKp46
based on inset parent population C2 (CD56dim population). Gates E2 and E3 reflect dominant populations of
CD56"™NKp46™™ cells and CD56""NKp46°™™ cells respectively. Gate E1 shows a small proportion of CD56*™
cells which are NKp46'. F) FSC-H versus APC-NKp46 based on inset parent population C3 (CD56bright population).
Gate F1 indicates very few CD56" 5" NKp46™"™ NK cells.
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2.3.2 Effects of magnetic cell sorting and subsequent activation on Tgec_ lymphocyte and

NK cell yield

No statistically significant differences were found with regard to the yields (total and live) of
the PBMCs and lymphocyte subgroups following magnetic cell sorting and activation
procedures (Fig. 2.6), highlighting the efficacy of technique. Subsequent to magnetic
isolation, the median yield of live Treg lymphocytes and NK cells were 1E6 (88.5% viable) and
1.1E6 (83.2% viable) respectively. Following the first 18 h period of activation the average
percentage live NK cell count decreased to 68%, and stabilised at 62% over the next 30 h
activation period (Fig. 2.7). The average percentage live cell count for Tgeg lymphocytes post-
magnetic cell sorting was 88% and stabilised at 78% during both activation periods. For
subsequent co-culture procedures, Treg lymphocytes and NK cells were plated only if the

sample percentage viability exceeded 70% and 60% respectively.

The vyield of Treg lymphocytes obtained correlated with that of CD4" lymphocytes post-
magnetic cell sorting. However, no correlation was found between these subsets after the
first activation procedure, with the Treg subset instead correlating with the PBMCs.
Interestingly, following the second activation procedure the vyield of the Treg subset
correlated with that of the initial post-magnetic cell sorting as well as that of the first
activation procedure (see Appendix D). This data may have further value for in vitro assays in
raising the possibility of predicting the yield of Tres cells post-activation. The yield of the NK
cell subset did not correlate with any other subset, including Treg lymphocytes or PBMCs,

either prior to or subsequent to activation procedures.
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Figure 2.6 lllustration of log yields of PBMC and magnetically isolated lymphocyte subgroups - individual

responses

Key: STgrec/SNK — subset yield post-magnetic cell sorting; Al Tgec/Al NK — subset yield following first activation
procedure; A2Tgec/A2 NK — subset yield following second activation procedure. A) Illustrates Tree lymphocyte
yields from PBMC and subsequent alterations in yield post-activation. B) lllustrates NK cell yields from PBMC
and subsequent alterations in yield post-activation.
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Figure 2.7 Mean log yields of magnetically isolated lymphocyte subgroups and response to IL-2 and PHA

Key: A) lllustrates Tres lymphocyte yields from PBMC. B) lllustrates NK yields from PBMC. X-axis — STgea/SNK —
subsets post-magnetic cell sorting; Al Tree/NK — subsets following first activation procedure; A2Tges/NK —
subsets following second activation procedure. Y-axis — log yield. Both Tzes lymphocytes and NK cells exhibited
a decrease in live cell counts at the first activation period. However, this was compensated for by the end of
the second activation period.
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2.3.3 Morphological analysis of breast cancer cell lines in monolayer and 3D cultures

Prior to culture in GFRM, MCF-7 and MDA-MB-231 cells were propagated as monolayers in
plastic culture dishes to establish stock populations. Under these conditions, MCF-7 cells
(Fig. 2.8A) exhibited a characteristic polygonal morphology with vesicular nuclei and
prominent nucleoli. Cells evidenced blunt cytoplasmic connections and numerous
pseudopodia, forming a cobble stone-like appearance typical of epithelial cells. MDA-MB-
231 cells in monolayer (Fig. 2.8B) were primarily spindle-shaped and associated with each

otherin an irregular, lattice-like manner.

k

Figure 2.8 Representative photomicrographs of the cellular morphology of MCF-7 cells (A) and MDA-MB-
231 cells (B) cultured in monolayer (2D)

A) MCF-7 cells with vesicular nuclei, prominent nucleoli and blunt cytoplasmic projections (long black
arrows) allowing for cell-cell connections. Note the cobble stone-like appearance of the cell clusters.
Pseudopodia with ruffled edges (short black arrows) are numerous. B) MDA-MB-231 cells exhibit a spindle-
shaped morphology with long cytoplasmic connections (long black arrows) linking cells in a lattice-like
network. Phase contrast microscopy, 20X magnification.

In the 3D culture system, both cell lines required between 24 h and 48 h to attach and
spread within the GFRM. In the BC control group in the LPCM (Fig. 2.9D), MCF-7 cells
assumed a globular polygonal morphology, noticeably different from that of the monolayer
cultures (Fig. 2.8A), with large nuclei and numerous nucleoli, exhibiting connecting
cytoplasmic projections by 48 h. With continued culture, MCF-7 cells formed masses (Fig.

2.9). In the BC control group in the BPCM (Fig. 2.10D), MDA-MB-231 cells established
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themselves at a slower rate, assuming a stellate morphology with cytoplasmic extensions.
With continued culture, MDA-MB-231 cells exhibited an organised lattice-like network of
cytoplasmic projections (Fig. 2.10D). Notably both cell lines evince some cells maintaining a

rounded morphology (Fig. 2.9D and 2.10D).

2.3.4 The effects of immune mediation on the morphology of breast cancer cell lines in

3D heterotypic cultures

Immune mediation affected the cell-cell associations in both LPCM and BPCM. In the EXP
culture groups in which both lymphocyte populations were present, a major disruption in
the formation of either MCF-7 cell masses or MDA-MB-231 cell networks was noted (Fig.
2.9A and Fig. 2.10A), as compared to the BC control groups (Fig. 2.9D and Fig 2.10D). Under
NK cell influence, there was a marked reduction in the presentation of masses (Fig. 2.9B) in
the LPCM and lattice-like networks in the BPCM (Fig. 2.10B). However, both MCF-7 cells and
MDA-MB-231 cells under Tgreg lymphocyte-mediation (Fig. 2.9C and Fig. 2.10C respectively)
showed distinct masses and stellate networks, reminiscent of the BC control groups (Fig.
2.9D and Fig. 2.10D respectively). MCF-7 cells also demonstrated the formation of glandular
structures, either tubular or acinar in shape, albeit with no lumen formation evident (Fig.

2.9C2-3 and Fig. 2.9D2-3).



Figure 2.9 Representative photomicrographs illustrating the cellular morphology of culture groups in the LPCM over a 72 h period

Columns: Culture groups A) EXP, B) NK-BC, C) Tges-BC, D) BC. Rows: 1 - 3 are consecutive 24 h culture periods. At 24 h cells are rounded (A1-D1). By 48 h,
MCEF-7 cells assumed a polygonal (long arrows) or spindle-shaped morphology (short thin arrows), with cytoplasmic projections (arrowheads) linking cell
masses. The EXP group showed few cell masses at 48 h and 72 h (A2, A3). The NK-BC group (B2, B3) showed less cell masses than Tges-BC and BC groups (C2,
C3, D2, D3). Cells in Tgreg-BC and BC culture groups (C2, C3, D2, D3) were more granular (short wide arrows) and formed glandular structures with no
apparent lumen. Phase contrast microscopy, Row 1 20X magnification, Rows 2 — 3 40X magnification.

431LdVHD

0S |



Figure 2.10 Representative photomicrographs illustrating the cellular morphology of culture groups in the BPCM over a 72 h period

Columns: Culture groups A) EXP, B) NK-BC, C) Tges-BC, D) BC. Rows: 1 — 3 are consecutive 24 h culture periods. At 24 h cells are rounded (A1-D1). By 48 h,
MDA-MB-231 cells assumed a stellate morphology (long arrows) with cytoplasmic projections (arrowheads). The EXP culture group exhibited poor MDA-MB-
231 cell network formation at 48 h and 72 h (A2, A3). The NK-BC group (B2 and B3) exhibited network formation but not to the extent observed in the Tgeg-BC
(C2 and C3) or BC culture groups (D2 and D3). Phase contrast microscopy, Row 1 20X magnification, Rows 2 — 3 40X magnification.
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2.3.5 Harvesting of heterotypic cultures for immunocytochemistry

While ICC will be considered in detail in Chapter IV, it is worthwhile to note the following
with regard to harvesting of samples for fixation. The samples were all necessarily small,
given the limitations of the yield of lymphocyte populations and the expense of GFRM. While
this allowed for samples to be run in duplicate for each downstream technique and allowed
for both cell lines to be cultured simultaneously, the harvesting of such small samples from
microwells proved difficult. Moreover, immune mediation affected the consistency of the
GFRM in both LPCM and BPCM. Thus, GFRM in the EXP, NK-BC, and Treg-BC culture groups

exhibited reduced viscosity compared to the BC control culture groups.

2.3.6 Harvesting of heterotypic cultures for RNA extraction

A number of techniques were attempted to optimise the yield, purity and integrity of the
extracted RNA, and as such, the majority of samples were sacrificed. With time constraints
and funding limitations, reverse transcriptase real-time PCR (RT-gPCR), could thus not be
conducted for inclusion into this thesis. While the TRIzol method yielded the highest
concentration (Fig. 2.11), further analysis showed that RNA integrity was indefinable (Fig.
2.12). Variations to the methodology as per the Qiagen RNeasy Kit demonstrated that
proteinase K was necessary for the digestion of residual GFRM (Fig. 2.11). Furthermore, it
was noted that lysis in RLT buffer at 55°C followed by both off and on-column DNA digestion,
resulted in varying yields of RNA, but no RNA integrity number (Fig. 2.11 and Fig. 2.12). It
was thus established that lysis of samples in RLT buffer followed by digestion of residual
GFRM with proteinase K and off-column DNA digestion alone presented a fair RNA yield,
given the low cell numbers. The value of the primary measure of purity (260/280 ratio), as
determined using the NanoDrop, was two, indicative of good purity, with Agilent analysis

providing an RNA integrity number of 9.2 (Fig. 2.11 and Fig. 2.12).
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Figure 2.11 Graphs illustrating the average RNA yield (ng/ul) and RNA purity (260/280) based on various
extraction methodologies (NanoDrop analysis)

B

without proteinase K

. with proteinase K

KEY: X-axis labels (A-F) indicate extraction methodology. Grey columns indicate omission of proteinase K. Black
columns indicate inclusion of proteinase K. A) Lysis in RLT buffer at 55°C prior to extraction with Qiagen RNEasy
Kit. On-column DNA digestion only. B) as per A, with the addition of off-column DNA digestion. C) TRIzol
method. D) TRIzol method with off column DNA digestion. E) Lysis in RLT buffer prior to extraction with Qiagen
RNeasy Kit. Off column digestion only. F) As per E, addition of on-column digestion. Method C yielded the
highest RNA concentration with methods B and E presenting the highest RNA purity levels.
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Figure 2.12 Electropherogram summaries of RNA yield, integrity and purity using various extraction
methodologies (Agilent Bioanalyzer analysis)

A) Lysis in RLT buffer at 55°C prior to extraction using Qiagen RNEasy Kit. On-column and off-column DNA
digestion. B) TRIzol method supplemented with off column DNA digestion. C) Lysis in RLT buffer prior to
extraction using Qiagen RNEasy Kit followed by off-column DNA digestion only. Methods A and C incorporated
the use of proteinase K. Only method C yielded acceptable results.
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2.4 Discussion

2.4.1 The isolation of Tgec lymphocytes and NK cells

The phenotypic characterisation of Treg lymphocytes remains the limiting factor of any study
investigating this subset as previously discussed. In this study, the prototypic Tgeg
lymphocyte population (CD4°CD25%) was obtained using magnetic bead-based technology,
the most commonly employed method for lymphocyte isolation for in vitro assays
(Mandapathil et al., 2009). One of the limiting factors of this isolation method is the inability
to ascertain levels of marker expression. While flow cytometry isolation overcomes this
problem and allows for increased sample purity, it too is still plagued by arbitrary
designations as to what levels constitute high and low expression of selected markers

(Whiteside, 2012).

In this study, flow cytometric analysis affirmed the selected profiles of magnetically isolated
Treg lymphocytes. It was noted that CD4 expression was clearly delineated into CD4%™ and
CD4"&"™ subsets. These subsets were found in association with CD25"™ and CD25
(comprising both dim and bright expression), respectively. Following activation with IL-2 and
PHA, Tres lymphocytes maintained these phenotypic populations. While upregulation of
CD25, the a chain of the IL-2 receptor, is commonly associated with IL-2 signalling (Cheng et
al., 2011), CD25 expression has been shown to be reduced following permeabilisation of the
cell membrane (Lee et al., 2011). While the fixative used in this study does not incorporate a
detergent, fixation in paraformaldehyde does to a degree, permeabilise the cell membrane.
Furthermore, upregulation of CD25 is also evident on CD4" effector cells upon activation (Yu
and Fu, 2006; Piersma et al., 2008). Thus, studies investigating the Treg subset must take
cognizance that without a definitive phenotype, isolated populations may contain

contaminating effector cells.

Flow cytometric analysis of magnetically isolated NK cells demonstrated three distinct
populations regarding the expression of CD56 alone, and four populations when NKp46 was

considered, post-magnetic cell sorting. However, following activation with IL-2 and PHA, cells
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presented with either a CD56“™NKp46° "™ or CD56°™NKp46®™ phenotype. NKp46, which
functions as a mediator of cytotoxicity against virally or malignantly transformed cells, is
expressed in both resting and activated NK cells with proposed high expression in CD56™&"
cells (Bottino et al., 2000; Miller, 2001; Koch et al., 2013). The results indicate that the
NKp46° 8™ phenotype is however, maintained in a CD56%™ population as well. CD56°"€" NK
cells are considered to have poor cytolytic capacity, high proliferative capacity and are
proposed to be the dominant cytokine-secreting NK subset; however, the downregulation of
CD56 is proposed to be indicative of the acquisition of specialised function (Miller, 2001;
Moretta, 2011). Other studies have indicated that the CD56°™ subset is in fact the major

producer of proinflammatory cytokines and chemokines upon target cell recognition, of

particular interest to this study (Fauriat et al., 2011; Moretta, 2011).

2.4.2 The establishment of 3D heterotypic culture models

Molecular profiling of the MCF-7 and MDA-MB-231 cell lines has confirmed their
representation of infiltrating ductal carcinoma, specifically with reference to their respective
luminal and basal phenotypes (Neve et al, 2006; Kao et al, 2009). Furthermore,
morphological presentation in 3D culture systems correlates with molecular phenotypes as
per the tumour microenvironment (Han et al., 2010). In this study, the majority of MCF-7
cells cultured in the LPCM assumed a globular morphology, associated with their luminal
phenotype. In the EXP culture group, in which MCF-7 cells were under both Treg lymphocyte
and NK cell-mediation, some cells displayed a spindle-like morphology, commonly associated
with a mesenchymal-like phenotype. Mesenchymal-like morphology, reflected by MDA-MB-
231 cells in the BPCM, is associated with a more aggressive profile (Zuo et al., 2010). While
MCF-7 cells are noted as being relatively weakly invasive (Fox and Kadpal, 2008), these
results indicate that under the appropriate spatial and cellular stimuli, selected cells are
capable of differentiating into a more invasive phenotype. Epithelial-mesenchymal

transitions are linked to metastatic events, which in turn involve considerable interaction
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with the surrounding stroma inducing the upregulation of MMPs and cytokine secretion

(Krause et al., 2010).

In the BC control group, in which MCF-7 cells were cultured without immune mediation, cells
formed putative tubular and acinar glandular structures, indicating a cavitation process
despite the lack of definitive lumina (do Amaral et al., 2011); a phenomenon noted in other
studies (Krause et al., 2010). The formation of glandular structures, specifically with lumen
formation, is indicative of a more well differentiated tumour (Krause et al, 2010)
traditionally associated with better prognosis. The more aggressive, MDA-MB-231 cells
formed a lattice-like network in the BC control. While this morphological association was
distinctly dissimilar to another 3D study in which MDA-MB-231 cells formed stellate clusters
(Ampuja et al., 2013); our results do reflect invasion tunnels formed by MDA-MB-231 cells,
allowing leading cells to migrate within the tunnel through the GFRM (Yu and Machesky,

2012), a process dependent on upregulation of MMPs.

MMP expression facilitates the migration of IL-2 activated-NK cells through GFRM (Edsparr
et al., 2010). In this study, the possibility of MMP induction was highlighted by the reduction
in viscosity of GFRM in culture groups under NK cell-mediation (EXP and NK-BC culture
groups), and to a lesser extent under Treg lymphocyte mediation, in both the LPCM and
BPCM systems. NK cell presence was further associated with the disruption of cell masses
(MCF-7 cells) and networks (MDA-MB-231 cells), regardless of Trec lymphocyte presence.
While it is tempting to assert that this reflects NK cell cytotoxic function, the complexity of
the culture system is suggestive of events that are more complicated. Treg lymphocytes are
noted for their ability to suppress NK cell cytotoxic function with or without prior TCR
activation, in vitro and in vivo, in a TGF-B-mediated manner (Ghiringhelli et al., 2005;
Ralainirina et al., 2007). Tumour cells themselves, have also been shown to evade NK cell
cytotoxicity via TGF-3 dowregulation of the MHC class-I-related-protein A (MICA) ligands and
their corresponding NK receptors, NKG2D (Park et al., 2009); and by using MMP-9 to cleave
the intercellular adhesion molecule (ICAM)-1 which facilitates targeting of transformed cells

by NK cells (Fiore et al., 2002). We propose that breast cancer cells subvert both immune cell



CHAPTER |1l |57

subsets to induce tumour tolerance and potentially to facilitate tumour progression. The
results presented in Chapter Il and Chapter |V, corroborate this assertion; however, further
research is required to determine the pro-tumourigenic or anti-tumourigenic profile in the

experimental systems.

Initially we planned to use RT-gPCR to identify alterations in gene expression associated with
metastasis and cell death. However, the majority of samples were forfeited in optimising the
RNA extraction procedure. The vast majority of studies using Matrigel for invasion assays
(Pollard et al., 2003; Selander et al., 2004; Jin et al., 2010; Chandrasekaran et al., 2012;
Hoover et al., 2012) or to establish xenografts, typically conducted further assessments using
immunohistochemistry (Elstner et al., 1998; Pollard et al., 2003; Engelmann et al., 2008; Tate
et al., 2012). There is a distinct paucity of studies extracting RNA for further analysis from
Matrigel 3D cultures (Table 2.3). With the number of available RNA extraction kits on the
market, it is understandable that different research groups use different kits. However, few
researchers report in detail, any variation to their extraction methodology or the methods of
RNA quality control conducted. The advent of the MIQE (Minimum Information for
Publication of Quantitative Real-Time PCR Experiments) guidelines in 2009, aims to ensure
the repeatability of experimentation (Bustin et al., 2009). Details essential to reporting
nucleic acid extraction methods include modification to extraction procedures or kits and
additional DNAse or RNase treatments for example. It is further suggested, that while
absorbance ratios as determined using spectrophotometry (NanoDrop) provide an indication
of RNA purity, the integrity of the RNA be investigated using microfluidic analysis (Agilent

Technologies Bioanalyzer).

This study found that the TRIzol technique, whether used in conjunction with the Qiagen
RNeasy Mini Kit or not, did not yield RNA with suitable integrity for further analysis. Some
studies have advocated the removal of cell colonies from Matrigel with EDTA (Table 2.3)
prior to extraction. However, it was of concern that EDTA treatment would alter gene
expression beyond the dictates of the co-culture system. As such, this method was not

attempted. The efficacy of sample lysis in RLT buffer followed by extraction using the Qiagen
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RNeasy Mini Kit was determined; however, unlike other studies, it was necessary to include
proteinase K for digestion of residual GFRM, comparable to the protocol for RNA extraction
from fibrous tissue (Table 2.3). Similar to other studies (Table 2.3), it was determined that
only one DNA digestion (off-column in this study) was necessary to remove residual DNA but
also to ensure no further damage to the integrity of the RNA. A precise method for RNA
extraction from GFRM co-cultures incorporating MIQE guidelines, an essential step for

downstream gene expression analysis, has thus been determined.



Table 2.3 Examples of references consulted illustrating variability in RNA extraction methodology

. RNA purity/integrit

Culture Method Cells RNA extraction method purity/integrity Reference
method

Matrigel coated flasks Human liver stem cells TRIzol N/A Herrera et al., 2006

3D Matrigel culture Breast epithelial cells Colonies isolated with PBS/EDTA | N/A Lee et al., 2007

—15-30 min for further RNA
extraction

TRIzol

(Methodology article)

3D Matrigel culture

A host of breast cancer cell lines

Colonies isolated with PBS/EDTA
Qiagen RNEasy MiniKit with on
column DNA digestion

Optical density at 260nm
Agarose gel electrophoresis

Kenny et al., 2007

Matrigel coated dishes Small hepatocytes (rat) ISOGEN N/A Kon et al., 2006

3D Matrigel culture Normal mammary epithelium Lyse in lysis buffer. Heat N/A Graham et al., 2009
samples to 55°C before (Methodology article)
homogenization and
cryopreservation.
Stratagene Absolutely RNA
microprep Kit

3D Matrigel culture YT cells and freshly isolated NK Qiagen Fibrous Tissue Mini Kit NanoDrop Edsparr et al., 2010

cells Spectrophotometer

3D Matrigel culture

A host of breast cancer cell lines

Qiagen RNeasy Mini kit with on
column DNA digestion

Agarose gel electrophoresis

Han et al., 2011

3D Matrigel culture

A host of breast cancer cell lines

PBS/EDTA 15 min
Qiagen RNEasy MiniKit

N/A

Ampuja et al., 2013

| Y31dVHD

6S |
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2.5 Conclusion

This study developed a novel heterotypic 3D co-culture system for the investigation of
interactions between Tgreg lymphocytes, NK cells and either hormone-dependent or
hormone-independent breast cancer cells. Tumour cells cultured in 3D displayed
morphologies and cell-cell associations distinct to that observed in 2D monolayer cultures. It
was further evident that immune mediation, primarily NK cell-influence, induced the
disruption of cell masses (MCF-7 cells) and networks (MDA-MB-231 cells). It is proposed that
the alteration of cell-cell associations reflects an enhanced invasive tumour profile,
dependent on breast cancer phenotype, with breast cancer cells subverting immune cell
subsets to induce tumour tolerance and potentially to facilitate tumour progression.
Previous studies have shown that tumour cells in 3D culture exhibit a molecular phenotype
and physiologic behaviour that more accurately reflects the in vivo tumour
microenvironment. In order to shed light on the mechanisms and results of immune
mediation of breast tumours, this study has demonstrated the effectiveness of RNA isolation
for subsequent gene expression analysis. The ensuing chapters will illustrate the efficacy of
this culture system for analysis of immune-mediated alterations in cytokine profiles (Chapter
) and the expression of selected tumour biomarkers as determined using

immunocytochemistry (Chapter IV).
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CHAPTER Ill: The Immune-Mediated Cytokine Profile of Hormone-

Dependent and Hormone-Independent Breast Cancer Cell Lines in a 3D In

Vitro System

3.1 Introduction

The breast tumour environment is an intricate network with tumour progression
involving complex cellular interactions mediated by cytokines. Cytokines are proteins
that regulate aspects of cell function associated with survival, differentiation and growth,
via paracrine or autocrine actions (Leonard, 2008). Most cytokines act as immune
mediators implicated in both anti-tumourigenic and pro-tumourigenic functions, acting in
an additive, synergistic or antagonistic capacity (Nicolini et al., 2006). While many
cytokines are referred to as interleukins (leuko — indicating an association with
leukocytes), not all interleukins are secreted by leukocytes or for that matter affect
leukocytes alone. Stromal components and immune cells also secrete cytokines, exerting
their functions on similar cell types (Leonard, 2008). Tumour-secreted cytokines and
chemokines ultimately induce a chronic inflammatory environment that is in turn,
manipulated to allow for tumour progression (Lorusso and Riegg, 2008). In such an
environment, selective forces favour those tumour cells with reduced immunogenicity,
enhanced survival capacity and superior immune evasion/subversion capability (Dunn et

al., 2004).

Tres lymphocytes in the tumour microenvironment facilitate immunoediting processes by
liaising with tumour cells to promote reduced immunogenicity and actively suppress anti-
tumour functions of cytotoxic T lymphocytes and NK cells (DeNardo and Coussens, 2008).
The suppression of NK cells by Treg lymphocytes has been postulated to involve cell-cell
contact and both bound and soluble TGF-f3 (Trzonkowski et al., 2004; Ghiringhelli et al.,
2005; Ralainirina et al., 2007). While NK cells primarily exert their anti-tumour functions
in a direct cell-mediated manner, their ability to produce an array of cytokines allowing
for interaction with other cell types, including malignant cells and Tgreg cells of the
adaptive immune system (Chambers, 2010), may in fact be their principal role in

controlling tumour progression (Miller, 2001; Wilk et al., 2008).
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Of particular interest to this study are IL-2, IL-6 and IL-12; type | cytokines that exhibit a
functional homology. High levels of IL-6 are found in breast tumour samples and in breast
cancer cell lines (Honma et al., 2002). IL-6 functions via gp-130-mediated activation of
signalling pathways, inducing the upregulation of anti-apoptotic and angiogenic proteins
within  tumour cells. Importantly IL-6 increases oestradiol-173 hydroxysteroid
dehydrogenase type | that converts oestrone to oestradiol, thereby inducing hormone-
dependent proliferation and metastasis (Purohit et al.,, 2002). As part of the type |
cytokine family, IL-6 exhibits a functional homology with IL-12 and IL-2, both of which are
noted for their capacity to activate T lymphocyte subsets and NK cells (Nicolini et al.,,

2006).

Under cytokine influence, CD56" "™ NK cells and CD56"™ NK cells are capable of altering

bright dim

their phenotype, with CD56 NK cells acquiring a CD56""" phenotype under IL-2

stimulation, and CD56%™ NK cells acquiring a CD56°®™ phenotype under IL-12

bright

stimulation (Farag and Caligiuri, 2006). NK cells presenting with a CD56 phenotype

have poor cytolytic capacity and a high proliferative capacity. Traditionally regarded as an

immunoregulatory subset, CD56""&"

NK cells produce cytokines and express lymphoid-
homing molecules that may indicate interaction with cells of the adaptive immune
system (Farag and Caligiuri, 2006). However, other studies have indicated that the
CD56%™ subset is the major producer of proinflammatory cytokines and chemokines
upon target cell recognition (Fauriat et al., 2011; Moretta, 2011). The IL-12-induced
activation of NK cells elicits the production of IFN-y, TNF and other proinflammatory
mediators that act to inhibit angiogenesis, amongst other functions (Nicolini et al., 2006).

This suggests that immunoregulatory cytokines in disease states may have an important

role in manipulating the response of NK cells.

IFN-y, a type Il IFN protein mainly produced by CD4" cells, CD8" cells and NK cells, is able
to activate subpopulations of the adaptive immune system and increase expression of
MHC class | and class Il molecules (Nicolini et al., 2006). While exogenous IFN-y has anti-
proliferative effects on breast cancer cell lines, including the MCF-7 cell line, hormone-
dependency was shown not to affect its capacity (Nicolini et al., 2006). IFN-y is further

able to induce a cytokine cascade including IL-1f3, IL-6, TNF-ae and CXCLS. Interleukin-6, IL-



CHAPTER Il |63

1 and TNF are implicated as a cohort amplifying pro-inflammatory processes (Ben-
Baruch, 2003). The breast tumour microenvironment and certain breast cancer cell lines
frequently express members of the IL-1 cytokine family that transduce pro-inflammatory
and anti-inflammatory signals via the MAP-kinase pathway (Nicolini et al., 2006;
Dinarello, 2008). Expression of IL-1a correlates with poor tumour differentiation and
decreasing expression of ER-a. High serum concentrations of IL-1B correlate with a high
rate of breast cancer relapse and it is proposed that the effects of IL-1 signalling may
vary with breast cancer hormone-dependency status (Nicolini et al., 2006). Members of
the IL-1 family are further associated with the induction of chemokine secretion (Le

Bitoux and Stamenkovic, 2008).

Chemokines are a group of cytokines with leukocyte recruiting and trafficking properties,
responding to inflammatory cytokines and promoting inflammation (Ben-Baruch, 2003).
In the tumour environment, infiltration of leukocyte subpopulations has implications for
tumour progression. Of particular interest to this study are CCL2, also known as
monocyte chemoattractant protein-1 (MCP-1), CCL4 and CXCLS8 (also known as IL-8). The
potent chemoattractant property of CCL2 for monocytes and NK cells is associated with
anti-tumour functionality (Conti and Rollins, 2004). However, elevated levels of CCL2 are
linked to MMP activity and thus have equally important implications for metastasis.
Moreover, CCL2 is associated with poor prognosis in breast cancer patients (Ben-Baruch,
2003; Rollins, 2006; Le Bitoux and Stamenkovic, 2008), with tumour derived-CCL2 shown
to reduce the efficacy of T-cell mediated anti-tumour activity (Vitiello et al., 2004).
Together with CCL2 and CCL4, CXCL8 shows high efficacy as a pro-angiogenic factor and is
implicated in tissue remodelling via MMP induction (Vicari and Caux, 2002; Ben-Baruch,

2003; Mantovani et al., 2010).

Experimental measures taken to deconstruct the tumour microenvironment are
dominated by two-dimensional culture systems. However, three-dimensional culture
systems are more able to reflect the physiological behaviour of tumour cells (Baker and
Chen, 2012). Under the mechanical stresses associated with such culture scenarios,
tumour cells create hypoxic hot-spots and are able to suppress cytotoxic T lymphocyte

functions in a manner reminiscent of the in vivo environment (Feder-Mengus et al.,
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2008). For this reason, we established a 3D culture system in which to investigate the
interactions between lymphocyte subpopulations and breast cancer (Chapter Il). This
chapter deals with investigations into the cytokine response elicited by the combined
interaction of NK cells, prototypic CD4'CD25" Tgres lymphocytes and breast cancer cells
(either hormone-dependent or hormone-independent) in a 3D culture system. The
associations between multiple cytokines were investigated with multivariate exploratory
statistical techniques, allowing the unravelling of patterns associated with lymphocyte

subpopulations in a recreated breast tumour microenvironment.
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3.2 Materials and Methodology

The Bio-Plex Pro cytokine assay (Bio-Rad, Parkwood, South Africa, M50000175D) was
used to detect the presence of the following cytokines: IL-1pB, IL-2, IL-6, IL-12, IFN-y, TNF-
a, CCL2, CCL4 and CXCL8 (panel designed by author). Data was acquired using the Bio-

Plex 200 system and Bio-Plex Manager software (Bio-Rad, Parkwood, South Africa).

3.2.1 Sample preparation

Cryopreserved samples (n=68) were defrosted on ice (Table 3.1). To ensure that no
precipitates were present, samples were centrifuged at 10 000 X g for 10 min at 4°C and
the supernatant retained. Two groups of blank controls consisting of RPMI 1640 culture
media supplemented with 10% FBS and 0.1% P/S and GFRM-conditioned RPMI 1640
culture media supplemented with 10% FBS and 0.1% P/S were also prepared. Samples

were used undiluted and plated in duplicate. Only one cytokine plate was used.

Table 3.1 Culture groups in the Luminal Phenotype Culture Model (LPCM) and the Basal Phenotype Culture
Model (BPCM)

Heterotypic 3D co-culture models based on the MCF-7 (luminal phenotype, hormone-dependent) and MDA-
MB-231 (basal phenotype, hormone-independent) breast cancer cell lines were developed. The experimental
culture groups consisted of Tgeg lymphocytes and NK cells, co-cultured with either MCF-7 cells or MDA-MB-231
cells at a 1:1:2 ratio in growth factor reduced Matrigel. The control groups included NK cells cultured with
either MCF-7 or MDA-MB-231 cells (NK-BC); Tgeg lymphocytes cultured with either MCF-7 or MDA-MB-231 cells
(Tres-BC) and MCF-7 or MDA-MB-231 cell cultured alone (BC).

Luminal Phenotype Culture Model Basal Phenotype Culture Model
(LPCM) (BPCM)
Culture Group
MCF-7 cell line MDA-MB-231 cell line

Experimental (EXP) Treg and NK Treg and NK
NK-breast cancer cells control
(NK-BC) NK alone NK alone
Trec-breast cancer cells control

Treg alone Treg alone
(Taea-BC) REG REG
Breast cancer cells control
(8Q) Control — no lymphocytes Control — no lymphocytes
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3.2.2 Preparation of components for cytokine analysis

Standards preparation

Lyophilized standards were reconstituted in 500l RPMI 1640 culture supplemented with
10% FBS and 0.1% P/S. The standard solution was thereafter vortexed for 5 sec and
incubated on ice for 30 min. A fourfold dilution series of the standard was prepared to
allow for the generation of an eight point broad range cytokine standard curve (low

photomultiplier tube setting).

Coupled bead preparation

Coupled beads were sonicated for 30 sec prior to use to prevent aggregation.
Subsequently, 575ul coupled beads were diluted in 5 175ul Bio-Plex assay buffer

(hereafter referred to as assay buffer). The resulting solution was protected from light.

Detection antibody preparation

Detection antibodies were prepared approximately 10 min before use. The stock
antibodies were vortexed for 20 sec followed by centrifugation for 30 sec at 10 000 X g.
Thereafter 300ul of the stock antibodies were diluted in 2 700ul Bio-Plex antibody

diluent. The resulting solution was vortexed for 5 sec immediately prior to use.

Streptavidin-PE preparation

The streptavidin-PE solution was prepared approximately 10 min before use. The stock
solution was vortexed for 5 sec followed by centrifugation for 30 sec at 10 000 X g.
Subsequently, 60ul of the stock solution was diluted with 5 940ul assay buffer. The
resulting solution was protected from light and vortexed for 5 sec immediately before

use.

3.2.3 Cytokine assay

Samples, standards and coupled beads were allowed to equilibrate to room temperature
prior to preparation of the filter plate. All wash steps were conducted using vacuum

filtration (Bio-Plex Aurum Vacuum Manifold, Bio-Rad, South Africa) followed by blotting
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the plate on clean paper towel to remove any excess fluid. All transfers to the plate were
conducted using a multichannel pipette, with the exception of the transfer of the

standards, blanks and samples.

The filter plate was dampened using 100ul assay buffer. Coupled beads were vortexed
for 30 sec and 50ul of the solution transferred to each well. The plate was washed twice
with 100ul Bio-Plex wash buffer (hereafter referred to as wash buffer). The standard
dilution series, blanks and samples were vortexed briefly and 50ul of each were
transferred individually to their designated wells. The filter plate was covered with
sealing tape, protected from light with aluminium foil and incubated at room
temperature for 30 min on a platform shaker at 300rpm. The plate was washed thrice
with 100ul wash buffer followed by a further incubation period with 25ul of detection
antibody at room temperature for 30 min on a shaker at 300rpm. The plate was washed
three times with 100ul wash buffer. Thereafter, 50ul of the streptavidin-PE working
solution was transferred to each well and the plate incubated at room temperature for
10 min on a platform shaker at 300rpm. This was followed by three washes with 100l
wash buffer. Subsequently, 125ul assay buffer was transferred to each well and the plate
placed on a platform shaker at 300rpm for 30 sec. Data was acquired using the Bio-Plex
200 System and Bio-Plex Manager software. Assay sensitivity per cytokine was noted as

per manufacturer’s notation.

3.2.4 Statistical analyses

The data was standardized prior to statistical analysis with STATISTICA v12 and PAST
v2.17c. Since normality tests indicated the non-parametric nature of the data, the
Kruskal-Wallis ANOVA by Ranks method with Bonferroni adjustment was employed to
assess whether culture groups within the LPCM and BPCM were significantly different
from each other with regard to cytokine expression. Multiple comparison post-hoc tests
(2-tailed with Bonferroni adjustment) were used thereafter to determine which culture
groups exhibited the differences found by the Kruskal-Wallis test. Specifically, these

statistical tests considered all culture groups including the blank control as comparator
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groups for analysis. For all analyses, p<0.05 was regarded as statistically significant (See

Appendix E1 — E5).

Three exploratory multivariate techniques including cluster analysis, non-metric
multidimensional scaling (MDS) and principal component analysis (PCA) were conducted.
Given the small initial sample size, the data was first bootstrapped, allowing for the
original input data to be resampled (n=1000) (Ballenberger et al., 2012). For cluster
analysis, a hierarchical method was conducted to illustrate the association of cytokines
within each culture group. The unweighted pair-group average procedure coupled with
evaluation of similarities (Euclidean distance) between items was used to generate
dendrograms (Saracli et al., 2013). Since data was resampled, the cophenetic correlation
coefficient (CC) was used to indicate the efficacy of the analysis in representing the
clustering of the original dataset. Non-metric MDS was used as a complimentary method
to cluster analysis. Correlation matrices were generated using Spearman’s Rho as a
measure of similarity. Scree plots were generated using D-star raw stress values, to
determine the optimal number of dimensions to specify for the non-metric MDS (See

Appendix F1 —F3).

Principal components analysis with singular value decomposition allowed for the
reduction of our multivariate dataset into orthogonal components that account for the
majority of the variance in the dataset (Bucinski et al., 2007). Eigenvalues were plotted

(scree plots) to determine components to be retained.
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3.3 Results

For cytokine analysis, GFRM-conditioned culture media and culture media alone were
used as blank controls. No significant differences regarding any of the variables were

found between these blank controls, thus for subsequent analyses data was combined.

3.3.1 Effects of Trec lymphocytes and NK cells on cytokine secretion in the LPCM

The pro-inflammatory cytokine IL-6 as well as the chemokines CCL2, CCL4 and CXCL8
contributed significantly to the observed differences between culture groups.
Subsequent multiple comparison tests demonstrated a significant increase in the
secretion of chemokines CCL2, CCL4 and CXCL8 (Fig. 3.1) in both the EXP culture group
and the NK-BC control culture group, indicating the impact of NK cell presence regardless
of Treg lymphocyte influence. The distribution of the indicated cytokines in the culture
groups exhibited greater spread than that of the control groups. The dispersion of the
data reflects probable biological variation within groups and the effects of NK cells and

Trec cells on cytokine release across groups.

While the chemokines clustered together with the proinflammatory cytokine IL-6 in the
absence of Tgreg cells (Fig. 3.2B), Treg lymphocyte-mediation is noted in both the EXP
culture group (Fig. 3.2A) and Tres-BC control (Fig. 3.2C) group, with CCL4 and CCL2
clustering independently of IL-6 and CXCL8. In the BC control culture group in which MCF-
7 cells were cultured without lymphocytes, CCL4 clustered independently of CCL2, CXCL8
and IL-6 (Fig. 3.2D). IL-2 and TNF-a cluster consistently across culture groups; however,
the separation between this cluster and that associated with IL-12, IFN-y and IL-1f is

small.

Visual representation of non-metric MDS confirmed the association of IL-6 with the
chemokines CCL2 and CXCL8 in the EXP culture group (Fig. 3.3A). However, IL-12
associated with CCL4, sharing dimension 1 with IFN-y and TNF-a in the EXP culture group.
Notably, under the influence of NK cells alone, the groupings (bar IFN-y) demonstrated in
the EXP culture group formed a closer association (Fig. 3.3B). The effects of Tgeg cell-

mediation on the cytokine profile of the control culture group Treg-BC, were difficult to
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unravel with no clear groupings apparent (Fig. 3.3C). MCF-7 cells cultured without the
influence of immune cells in the BC control culture group did however exhibit a profile

involving two groups i.e. CCL2-CXCL8 and CCL4-IFN-y (Fig. 3.3D).
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Figure 3.1 Box and whisker plots of cytokines determined to be significantly different (p<0.05) within and
between multiple culture groups in LPCM.

KEY: X-axis — culture groups; Y-axis — log cytokine concentration. A) BC control culture group exhibited the
greatest dispersion in IL-6 expression. A significant difference in IL-6 expression was found between the EXP
culture group and the blank control (*). B) The EXP culture group and NK-BC control culture group differed
significantly from the blank control (*) with regard to CCL2 expression. C) The EXP culture group exhibited the
greatest dispersion in CCL4 expression, further proving to be significantly different from the blank control (*)
and control culture groups Tgee-BC and BC (#). NK-BC control culture group presented with a smaller
distribution of data than the EXP culture group, and was significantly different to the blank control (*) and to
culture group BC (S). D) All groups except the blank control displayed large spreads of data. CXCL8 expression in
both culture groups EXP and NK-BC were significantly different to the blank control (*).
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Figure 3.2 Dendrograms indicating cluster analysis of cytokines in each culture group in LPCM.

Culture groups are as follows: A) EXP; B) NK-BC control; C) Tges-BC control; D) BC control. Branching points
show robustness of bootstrapping in maintaining associations during iterations. The following cophenetic
correlation coefficients indicate the high efficiency of the clustering method per culture group A) 0.9231, B)
0.8933, C) 0.8912, D) 0.8979.
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Figure 3.3 Scatterplots illustrating non-metric MDS of cytokines in each culture group in LPCM.

Culture groups are as follows: A) EXP; B) NK-BC control; C) Tges-BC control; D) BC control. A) In the EXP culture
group CCL2, CXCL8 and IL-6 cluster tightly across both dimensions. IL-12 and CCL4 group independently of IFN-
v and TNF-a in dimension 2, while exhibiting an association in dimension 1. B) In the NK-BC control culture
group, the effects of NK cells alone elicit a distribution involving most of the panel of cytokines, with IFN-y
notably removed in dimension 1. C. The Tges-BC control culture group exhibits a distinct lack of groupings in
both dimensions, with cytokines rather sharing similarities in one dimension. D) In the BC control culture
group without the mediation of immune cells, two groupings in both dimensions are noted, CCL2, CXCL8 and
TNF-a; and CCL4, IL-12 and IFN-y.
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3.3.2 Effects of Tgeg lymphocytes and NK cells on cytokine secretion in the BPCM

All cytokines, with the exception of IL-2, contributed significantly to the differences
across culture groups. The distribution of cytokines in each culture group exhibited
greater spread than that of the control groups, with a number of outliers noted. The
dispersion of the data reflects probable biological variation within groups and the effects
of NK cells and Tgeg cells on cytokine release across groups. Subsequent multiple
comparison tests (2-tailed) indicated that the combination of Treg and NK cells in the EXP
culture group resulted in significant differences in IL-13, IL-6, TNF-a, CCL4 and CXCL8
abundance compared to MDA-MB-231 cells grown alone (Fig. 3.4.1 and Fig. 3.4.2). The
impact of NK cells is noted in the EXP culture group and NK-BC control culture group,

with a significant increase in the expression of IL-12 and CCL2.

Cluster analysis demonstrated that IL-6, CXCL8 and CCL2 cluster together in a well-
differentiated manner compared to other cytokines in the EXP culture group, and NK-BC
and BC control culture groups (Fig. 3.5). This cluster was not maintained in the Tres-BC
control culture group, inferring that the function of Treg cells is influenced both by NK
cells and by the cell line itself. In the EXP, NK-BC and Treg-BC culture groups, IL-2 and TNF-
a clustered closely. This cluster was not well separated from other cytokines with
agglomerative clustering indicating the influences of IFN-y, IL-1B, IL-12 and CCL4 at
various branching points. The contribution of NK cells alone resulted in a further cluster
with IL-1B, followed by IFN-y, IL-12 and CCL4 (Fig. 3.5B). While the combined influence of
NK cells and Tgreg lymphocytes (Fig. 3.5A) resulted in the retention of the IL-2-TNF-a
cluster, this was soon linked with IFN-y. This agglomerative cluster associated with the IL-
1B-CCL4 cluster, followed by the contribution of IL-12 at a greater distance. This could
reflect a heightened Treg lymphocyte influence as per the patterns noted in the Treg-BC
culture group (Fig. 3.5C). However, since the clusters were maintained in the BC control
culture group (Fig. 3.5D), the cytokine profile of MDA-MB-231 cell line may not be as

greatly influenced by immune mediation as the MCF-7 cell line.

Scatterplots illustrating non-metric MDS indicated that IL-1P3, IL-2, CCL2 and CXCL8
formed a close association in the EXP culture group (Fig. 3.6A). The NK-BC and BC

controls, with only NK cell influence and no immune influence respectively, did not elicit
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distinct groupings (Fig. 3.6B and Fig. 3.6D). However, the Tre culture group, with MDA-
MB-231 cell cytokine secretion mediated by Treg cells, showed a distinctive cluster of all

cytokines with the exception of IL-6 and CCLA4.
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Figure 3.4.1 Box and whisker plots of cytokines determined to be significantly different (p<0.05) within and
between multiple culture groups in BPCM.

KEY: X-axis — culture groups; Y-axis — log cytokine concentration. A) A significant difference in IL-1p expression
was found between the EXP culture group and the blank control (*). B) The EXP culture group showed less
dispersion of the data and differed significantly from the blank control (*) with regard to IL-6 expression. C) The
EXP culture group and NK-BC control culture group showed a significant difference in the expression of IL-12
compared to the blank control (*). D) The EXP culture group and BC control culture group, both exhibiting large
spreads of data, were significantly different to the blank control (*) with regard to IFN-y expression.
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Figure 3.4.2 Box and whisker plots of cytokines determined to be significantly different (p<0.05) within and
between multiple culture groups in BPCM.

KEY: X-axis — culture groups; Y-axis — log cytokine concentration. A) A significant difference in TNF-a expression
was found between the EXP culture group and the blank control (*). B) The EXP culture group and NK-BC
control culture group differed significantly from the blank control (*) with regard to CCL2 expression. C) CCL4
expression in the EXP culture group exhibited a tight cluster of data points and was significantly different to the
blank control (*) and BC control culture group (#). D) The EXP culture group was significantly different to the
blank control (*) with regard to CXCL8 expression.
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Figure 3.5 Dendrograms indicating cluster analysis of cytokines in each culture group in BPCM.

Culture groups are as follows: A) EXP; B) NK-BC control; C) Tges-BC control; D) BC control. Branching points
show robustness of bootstrapping in maintaining associations during iterations. The following cophenetic
correlation coefficients indicate the high efficiency of the clustering method per culture group: A) 0.9129, B)
0.906, C) 0.8912, D) 0.8897
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Figure 3.6 Scatterplots illustrating non-metric MDS of cytokines in each culture group in BPCM.

Culture groups are as follows: A) EXP; B) NK-BC control; C) Tges-BC control; D) BC control. A) In the EXP culture
group CCL2, CXCL, IL-1B and IL-2 cluster tightly across both dimensions. B) In the NK-BC control culture group,
the effects of NK cells alone results in a spread of cytokines. C. In the Tgeg-BC control culture group, under the
influence of Tgeg cells, a clear grouping of all cytokines bar IL-6 and CCL4 is present. D) In the BC control culture
group sans the mediation of immune cells, no distinct groupings are noted.
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3.3.3 The effects of Treg and NK cells on cytokine secretion: eliminating the effects of

hormone status

To further investigate the effects of Treg and NK cells on cytokine secretion, clustering
procedures as previously described were conducted on complete groupings of the EXP,
NK-BC and Tges-BC culture groups eliminating the influence of the cell lines themselves
(Fig. 3.7, Row 1). The resulting clusters were thereafter supplemented with the clustering
of cases based on their association with either the MCF-7 cell line or MDA-MB-231 cell
line (Fig. 3.7, Row 2). In the EXP and NK-BC culture groups, notably those under NK cell
influence, CCL2 and CXCL8 are closely associated forming an agglomerative cluster with
IL-6 and CCL4 (Fig. 3.7, EXP and NK-BC, Row 1). This combination is not maintained in
those cultures in which Treg cells were cultured with breast cancer cell lines alone (Tres-
BC control culture group), with IL-6 clustering with CXCL8 followed by CCL2 (Fig. 3.7, Trec-
BC, Row 1). In the EXP and NK-BC cultures, IL-2 and TNF-a associate with contributions
from IFN-y and IL-1 and culminate in a cluster with IL-12. In the Tges-BC culture, CCL4

joins the aforementioned cluster.

The maintenance of clusters indicates an inter-relatedness of cytokine secretion and
points to associated function. The cytokine profile of culture groups further allowed for
discrimination of hormone-dependency in each culture group (Fig. 3.7, Row 2). Immune
mediation assisted in defining cases associated with either the MCF-7 hormone-
dependent cell line or the MDA-MB231 hormone-independent cell line. Notably in the BC
control culture group without the influence of NK and Tgres cells, clustering cases
according to cell line status was inefficient with the cophenetic correlation coefficient

indicating a poor fit (Fig 3.7, BC, Row 2).

Non-metric MDS was conducted on complete groupings of EXP, NK-BC and Tgeg-BC
cultures disregarding the influence of the cell lines themselves to determine associated
cytokines (Fig.3.8.1). Thereafter, analysis of cases was conducted to allow discrimination
based on associated cell lines (Fig. 3.8.2). It was noted that those culture groups under
NK cell influence (EXP and NK-BC culture groups), exhibited grouping of cytokines distinct
to those in the Treg and BC culture groups (Fig. 3.8.1). In the EXP culture group, all
cytokines with the exception of IL-12, CCL2 and CCL4, clustered together. In the NK-BC
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culture group, IL-6 was found closely associated with TNF-a and CXCL8. The cytokine
profiles in the EXP and NK-BC culture groups, both under NK cell-mediation, were
excellent in discriminating between the MCF-7 cell line and the MDA-MB-231 cell line
(Fig. 3.8.1A and Fig. 3.8.2B). Poor discrimination between cell lines in the Tgres-BC culture
group was evident with considerable overlap present, reminiscent of the BC control

culture group (Fig. 3.8.1C, D and Fig. 3.8.2C, D).
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Figure 3.7 Cluster analysis showing the effects of Tzec lymphocytes and NK cells on cytokine secretion eliminating the effects of hormone status

Row1: Cytokine (x-axis) cluster analysis in each culture group (regardless of cell line). Row 2: Corresponding dendrograms illustrating the clustering of cases
(x-axis) in each culture group (Red — MCF-7 cell line, Blue — MDA-MB-231 cell line). Branching points show robusticity of bootstrapping in maintaining
associations during iterations. The following cophenetic correlation coefficients indicate efficiency of the clustering methods per aforementioned culture

group: Row 1: EXP) 0.9047, NK-BC) 0.9096; Tges-BC) 0.877 BC) 0.8934, Row 2: EXP) 0.8748, NK-BC) 0.8957, Tges-BC) 0.9191, BC) 0.7226
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Figure 3.8.1 Scatterplots illustrating non-metric MDS of cytokine associations in each culture group (LPCM
and BPCM)

Culture groups are as follows: A) EXP; B) NK-BC control; C) Tges-BC control; D) BC control. A) EXP culture group
A shows a distinct grouping of IL-1pB, IL-2, IL-6, CXCL8, TNF-a and IFN-y. B) In the NK-BC control culture, NK cell

influence is noted in the tight clustering of IL-4, TNF-a and CXCL8. C) and D) exhibit no distinct clustering of
cytokines.
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Figure 3.8.2 Corresponding scatterplots (Figure 3.8.1) illustrating differentiation of cases based on cell lines
(Red: MCF-7, Blue: MDA-MB-231).

Culture groups are as follows: A) EXP; B) NK-BC control; C) Tges-BC control; D) BC control. Cell lines could be
clearly differentiated in A) EXP culture group and B) NK-BC control culture group. However, considerable
overlap between cases indicates that cell lines in C) Tgeg control culture group and D) BC control culture group
were not as easily separated based on the cytokine profiles as seen in Fig. 3.8.1.
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3.3.4 Principal components analysis: the effects of hormone-status on cell line

discrimination

The first two principal components (PC) are discussed here as they cumulatively explain
97.7% of the observed variance (Fig. 3.9). PC1 positively loaded for all cytokines and
presents with high loadings for IL-6, CXCL8 and CCL2 (Table 3.2). Notably PC2 is
negatively loaded for CXCL8 and CCL2, and presents with positive and relatively high
loadings of IL-1j3, IL-6, IFN-y and IL-2 (Table 3.2). While PC3 was not used in the plots (as
it explained only 1.2% of observed variance), of particular interest was the very high
value for CCL2 (Table 3.2). The MDA-MB-231 cell line, while falling within the bounds of
the MCF-7 cell line appears largely dependent on PC1 (Fig. 3.9). Together however, the
PCs obtained cannot differentiate adequately between the two cell lines, echoing the

inefficiency of both the clustering procedures and non-metric MDS.

3.3.5 Principal components analysis: Differentiation of culture groups in LPCM and

BPCM

The first three principal components from the PCA on culture groups in the LPCM and
BPCM cumulatively explained 97.9% of the observed variance (Fig. 3.10.1 and Fig.
3.10.2). PC1 is positively loaded for all variables, with relatively high values of IL-6, CCL2
and CXCL8 (Table 3.3). IL-6, CCL4 and CCL2 contribute highly to PC2, with IL-6 negatively
loaded. PC3 is positively loaded for all variables, with IL-2 and CCL4 presenting relatively

high loadings. CXCL8 presents a notably high negative loading on PC3 (Table 3.3).

PC2 acts largely to differentiate the EXP and NK-BC culture groups in the LPCM from all
other groups (Table 3.3, Fig. 3.10.1). PC1 appears responsible for differentiation between
the EXP and NK-BC culture groups in the BPCM, and all other groups. The derived
components are able to differentiate culture groups based on cytokine contributions
related to tumour phenotype. Since the EXP and NK-BC culture groups in both the LPCM
and BPCM overlap, this differentiation highlights the effects of NK mediation,
complimenting the results obtained from cluster analysis and non-metric MDS. Tgreg

lymphocyte influence is seen in the overlap of the LPCM and BPCM Tres-BC culture
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groups, where PC1 and PC2 are noted to be inadequate in discriminating between
tumour phenotype (Fig. 3.10.1); however the plot of PC2 and PC3 indicates that the latter
component contributes to discriminating LPCM from BPCM in the Tgres-BC culture group

(Fig. 3.10.2).
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Table 3.2 Principal components loadings for the first three principal components derived for cytokines in BC
control culture groups (LPCM and BPCM)

Variable loadings in bold are regarded as relatively high. PC1 is positively loaded for all cytokines with high
loadings for IL-6, CXCL8 and CCL2. PC2 is negatively loaded for CXCL8 and CCL2, and presents with positive and
relatively high loadings of IL-1f3, IL-6, IFN-y and IL-2. PC3 was not used in the plots (as it explained only 1.2% of
observed variance), of particular interest was the very high value for CCL2. PC1 and PC2 cumulatively explained
97.7% of observed variance.

PC1 PC2 PC3

IL-18 0.2363 0.3568 -0.07128
IL-2 0.156 0.2506 0.07558
IL-6 0.6405 0.3667 -0.1952
IL-12 0.04532 0.1558 -0.00422
IFN-y 0.1595 0.2921 0.06903
TNF-a 0.1625 0.2006 0.1123
ccL2 0.3918 -0.3037 0.8543
ccLa 0.07628 0.2028 0.09131
CXCL8 0.5444 -0.6263 -0.4422
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Figure 3.9 Scatterplots for the first two principal components scores derived for cytokines in BC control
culture groups (LPCM and BPCM)

PC1 and PC2 cumulatively account for 97.7% of the observed variance. Considerable overlap between the
groups was noted, indicating that the derived principal components cannot adequately differentiate between
the MCF-7 cell line and MDA-MB-231 cell line.
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Table 3.3 Principal components loadings for the first three principal components derived for cytokines in the
EXP, NK-BC and Tges-BC culture groups (LPCM and BPCM)

Variable loadings in bold are regarded as relatively high. PC1 is positively loaded for all cytokines with high
loadings for IL-6, CXCL8 and CCL2. PC2 presents with positive and relatively high loadings of CCL2 and CCL4,
with a negative loading noted for IL-6. PC3 is positively loaded for all cytokines, bar the high negative loading
of CXCL8. IL-2 and CCL4 also have relatively high loadings on PC3.

PC1 PC2 PC3
IL-1B 0.2288 -0.223 0.2329
IL-2 0.1665 -0.156 0.2837
IL-6 0.6385 -0.4543 0.08184
IL-12 0.05633 0.02458 0.09583
IFN-y 0.1424 -0.1922 0.1931
TNF-a 0.1591 -0.1106 0.227
CccL2 0.459 0.5337 0.2211
CcCL4 0.1497 0.5999 0.3301
CXCL8 0.48 0.1581 -0.7764
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Figure 3.10.1 Scatterplots for principal component 1 and principal component 2 scores derived for cytokines
in the EXP, NK-BC and Tges-BC culture groups (LPCM and BPCM)

PC1 and PC2 are largely responsible for differentiation of the EXP and NK-BC culture group, based on the MDA-
MB-231 and MCF-7 cell lines respectively. Overlap of the aforementioned culture groups in both culture
models is noted reflecting NK cell mediation.



CHAPTER 111189

KEY

MCF-T culture model: 084
Red: EXP
Yellow: NK-BC control
Purple: Trec-BC control

MDA-MEB-231 culture model: 064
Blue: EXP
Green: NK-BC control
Maroon: Tres-BC control

Blank control: Grey ccLe

09 T2 1.5 18

PC 3 (2.65%)

08

PC 2 (11.53%)

Figure 3.10.2 Scatterplots for principal component 2 and principal component 3 scores derived for cytokines
in the EXP, NK-BC and Tges-BC culture groups (LPCM and BPCM)

The overall plot indicates that PC2 versus PC3 presents with considerable overlap of most culture groups.
However, PC3 contributes to the discrimination of control culture group Tges-BC based on the MCF-7 and MDA-

MB-231 cell lines.



CHAPTER |11 ]90

3.4 Discussion

The role of cytokines in tumour progression is being given increasing attention in unravelling
the interplay between inflammatory cells and tumour cells. Cytokines may elicit anti-
tumourigenic or pro-tumourigenic functions (Balkwill and Mantovani, 2001; Nicolini et al.,
2006), with the downstream effects being dependent on a number of factors including
concentration and co-stimuli. Three-dimensional culture systems are more effective in
reproducing the tumour microenvironment than 2D systems (Baker and Chen, 2012), with
distinct morphological alterations indicating crosstalk between mechanical forces within
matrices and secreted factors. In 3D cultures, tumour cells have been noted to create
necrotic areas, which in vivo are associated with hypoxia and noted for inducing the
recruitment of leukocytes to tumour sites, initiating an inflammatory response that tumours
then subvert to allow for progression. Under the influence of 3D circumstances, tumour cells
have further been shown to suppress the functionality of leukocyte populations (Feder-
Mengus et al., 2008). It is thus proposed that the 3D model developed in this study is more
reflective of the tumour environment, allowing more appropriate inferences regarding

cytokine-cell interactions to be made (See summary Fig. 3.11).
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Figure 3.11 Summary of alterations in cytokine expression in culture groups in the LPCM and BPCM

Cytokine secretions in a 3D simulated breast tumour environment are associated with the hormone
dependency of tumours. The effects of NK cell-mediation induced a significant increase in CCL2, CCL4 and
CXCL8 secretion in the MCF-7 culture model. In the MDA-MB-231 culture model NK cells alone induced a
significant increase in IL-12 and CCL2 inferring the dominance of Tges cell-mediation of cytokine secretion.
IL-6 plays a significant role in the induction of a chemokine cascade in both culture models, with IL-15
implicated in the induction of proinflammatory environment in the MDA-MB-231 culture model. The results
indicate subversion of recruited leukocytes for the promotion of immune evasion and tissue invasion.
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3.4.1 Cytokines in hormone-dependent and hormone-independent breast cancers

The hormone status of breast tumours has been shown, by a number of studies, to be linked
to the cytokine profile presented (Nicolini et al., 2006; Chavey et al., 2007; Geng et al.,
2013). Triple-negative cancers are associated with a cytokine profile linked to metastatic
potential (Levano et al., 2011). Our results showed that the basal phenotype culture model is
associated with increased expression of proinflammatory cytokines and chemokines,
echoing clinical assessments in which IL-6, CCL2, CCL4, CXCL8, IFN-y and TNF-a are
significantly overexpressed in ER-negative tumours, with the addition of IL-1 and IL-12 in
PR-negative tumours (Chavey et al., 2007). While this study and others have shown that
luminal and basal phenotypes of breast cancer differ considerably with regard to cytokine
expression, cytokines do not function in isolation and thus analyses that involve clustering

methodology infer linked function or feedback loops associated with tumourigenesis.

Both the MCF-7 and MDA-MB-231 cell lines present with clustering of IL-6 and the
chemokines CCL2 and CXCL8. The rest of the pro-inflammatory cytokines cluster
independently, with a contribution from CCL4. Furthermore, cluster analysis, non-metric
MDS and PCA, had a high degree of efficiency in accurately separating the MCF-7 cell line
from the MDA-MB-231 cell line when under the influence of immune mediation only. This
indicates that both cell lines, while having a baseline cytokine profile that may allow for
discrimination, alter their cytokine secretions in the presence of immune mediation.
Furthermore, the influence of Treg lymphocytes scarcely altered the cytokine profile of MCF-
7 cells and MDA-MB-231 cells. This indicates that tumour cell-secreted factors influence Tgreg
cells to maintain their cytokine profile and may reflect the induction of tumour escape

mechanisms in response to the insult of NK presence.
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3.4.2 The effects of Treg_and NK cells on cytokine profiles in hormone-dependent and

hormone-independent breast cancers

Various mechanisms in hypoxic environments induce the production of IL-1 and TNF-a,
leading to a positive feedback loop in which proinflammatory cytokine expression is
increased (Le Bitoux and Stamenkovic, 2008). In this study the combined interactions of Tgeg
and NK cells resulted in significant increases in IL-13, TNF-a, IFN-y, IL-6, CCL4 and CXCL8 in
the basal phenotype culture model; and IL-6, CCL2, CCL4 and CXCL8 in the luminal
phenotype model. A definitive association was noted between TNF-a, IFN-y and IL-12 under
the influence of NK cells in the luminal-phenotype culture model. IL-12 is a potent inducer of
NK cell proliferation and cytotoxicity, and in a positive feedback loop induces IFN-y and TNF-
o production, cytokines associated with the inhibition of angiogenesis and apoptosis
(Nicolini et al.,, 2006). However, in the luminal phenotype model significant levels of
chemokines CCL2 and CXCLS8, regarded as pro-angiogenic factors (Ben-Baruch, 2003; Rollins,
2006), infer a struggle for dominance between pro-tumourigenic and anti-tumourigenic
processes. Moreover, sustained IFN-y expression has also been linked with tumour cell
resistance to NK cell cytotoxic function (Wang et al.,, 2012), and by upregulating MHC |
presentation on tumour cells (Saha et al., 2010), may reflect tumour cell-induced evasion of
NK-mediated cytoxicity. The clustering of IL-6 with these chemokines highlights the role of
the proinflammatory cytokine in initiating leukocyte infiltration (Chavey et al., 2007). Results
from both non-metric MDA and PCA indicate that this recruitment is based on the
phenotype of the tumour cells. Tumour cells are thus proposed to define the immune
infiltrate, consequently subverting immune function and thus allowing for tumour

progression.

3.4.3 Implications for tumour progression

Interleukin-6, IL-1 and TNF may act together amplifying proinflammatory processes (Ben-
Baruch, 2003). Breast cancer cell lines and lymphocytes are sources of IL-6. Notably the pro-

tumourigenic function of IL-6, mediated by (gp)-130 activation of signalling pathways, results
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not only in the induction of survival mechanisms but also in the increase of oestradiol-17f3
hydroxysteroid dehydrogenase type |, necessary for the conversion of oestrone to oestradiol
(Purohit et al.,, 2002). While elevated levels of IL-6 have progressive implications for
hormone-dependent cancers, in association with TNF-a, IL-6 is implicated in facilitating
adhesion of hormone-independent MDA-MB-231 cells during extravasation into the vascular

supply (Geng et al., 2013).

Metastatic processes are associated with immune mediation, and with remodelling of
tumour microenvironment necessary for proliferation and invasion (DeNardo et al., 2008).
Members of the IL-1 family induce MMP function as well as the secretion of chemokines to
recruit other leukocytes that would assist in tissue remodelling (Le Bitoux and Stamenkovic,
2008). Our data suggests that the interaction of MCF-7 cells with immune cells elicits a
cytokine profile that may enhance the invasive potential of this weakly metastatic cell line.
Moreover, IL-6 and CCL2 have been linked to cancer stem cell-driven tumour progression
(Chin and Wang, 2013; Jiang and Shapiro, 2013). Cancer stem cell populations have been
identified in both the MCF-7 and the MDA-MB-231 cell lines (Engelmann et al., 2008; Hiraga
et al., 2011) and thus the secretion of IL-6 and its associated chemokine cluster may indeed
not only infer attainment of increased metastatic potential but clonal evolution of stem cell

populations.

3.4.4 Implications for cancer immunotherapy

Cancer immunotherapy of solid tumours includes non-specific immunomodulation using the
administration of high-dose IL-2, mAb treatment, cancer vaccines, and ACT (Rosenberg et al.,
2008). ACT involves the re-establishment of tumour-directed immunity by the transfusion of
autologous or allogeneic cytotoxic CD8" T lymphocytes, lymphokine activated PBMC cells or
NK cells (June, 2007; Rosenberg et al., 2008). Since Treg lymphocytes are linked to the
induction of tolerance mechanisms in the tumour microenvironment (DeNardo et al., 2008),
the removal of this subset is purported essential to the efficacy of ACT. Our results indicate

that Treg lymphocytes may not influence the cytokine profile of MCF-7 and MDA-MB-231
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cells. However, while this may be indicative of the induction of tumour tolerance, other
studies have found conflicting reports regarding their suppressive capacity (Chikileva et al.,
2010). Together with the low efficacy of ACT, coupled with non-specific immunomodulation
mechanisms (Riker et al., 2005; Rosenberg et al., 2008), Treg lymphocyte elimination may not
be sufficient or necessary for the induction of anti-tumour responses. Furthermore, targeted
depletion of Treg lymphocytes remains problematic given the lack of defined Tgeg
lymphocyte-specific markers (see Chapter Il). Monoclonal antibody therapies that target the
IL-2 receptor, upregulated on Tres cells, have produced conflicting results, possibly due to
the collateral damage on effector T lymphocytes and NK cells (Chikileva et al., 2010;
Lesterhuis et al., 2011).

The cell surface marker CD16 mediates NK cell cytotoxicity toward antibody-coated tumour
targets (Sanchez et al., 2010). This ADCC mechanism of function has been linked with the
efficacy of Trastuzumab, a mAb treatment for HER2/neu” breast tumours that restricts the
HER2/neu oncogenic signalling pathway (Slamon et al., 2001; Beano et al., 2008; Roberti et
al., 2012). In vitro studies have indicated that ADCC mediated by peripheral blood NK cells
from breast cancer patients are effective against Trastuzumab-treated SK-BR-3 breast cancer
cells. However, functional response is dependent on CD16 expression, which was notably
downregulated in peripheral blood NK cells of patients presenting with invasive metastatic
breast cancer (Mamessier et al., 2011). It was further noted that tumour-infiltrating NK cells

presented with decreased ADCC potential (Mamessier et al., 2011).

The aforementioned thus have implications for the isolation of NK cells for subsequent ACT,
with a proposed derivation from peripheral blood, autologous or allogeneic, not only
capable of yielding higher numbers for initial propagation but further as being more
amenable to manipulation without the direct influence of the tumour environment. Other
studies which propose the use of allogeneic NK cells have had limited success in ACT for
breast cancer. The use of irradiation and IL-2 therapy followed by NK cell transfer has proved
ineffective, with a failure of lymphopaenia-induced homeostatic expansion of the transfused

cells and the reconstitution of the Treg lymphocyte compartment attributed to IL-2 itself
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(Geller et al., 2011). Our results further indicate that while NK cell-mediation induces
cytokines that may be associated with an anti-tumour response, this may well be subverted

by downstream events to encourage invasive behaviour.

Our results indicate that the cytokine profile induced in a 3D culture replica of the tumour
microenvironment is primarily directed by the tumour cells themselves in responding to an
immune infiltrate. The cytokine profile of hormone-dependent and hormone-independent
breast tumours differ considerably despite similarities in the IL-6-chemokine feedback loop.
This suggests that non-specific immunomodulation using infused cytokines to enhance the
immune response may also concurrently be subverted by tumour cells or tumour stem cells
for tumour progression. Such therapies have primarily been conducted in patients
presenting with advanced stage cancers. It is thus proposed that tumours at this stage have
acquired considerable immunogenicity and increased their capacity to evade immune
mechanisms. Ablative adjuvants to ACT, by causing diffuse tissue damage, also notably
induce an inflammatory response. This inflammatory response, involving leukocyte
recruitment and thus cytokine/chemokine release can then further be manipulated by
existing tumour cells. The results presented reflect this concept, with induced tumour cell
cytokine secretion in response to NK cell insult, both under the influence of Treg lymphocytes
or not, eliciting a chemokine cascade. These factors may contribute to the intransigence of

tumours in responding favourably to aspects of immunotherapy.
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3.5 Conclusion

The results of this study indicate that both the type and amount of tumour-secreted
cytokines are associated with hormone dependency and may be modified by immune
mediation. However, their pro-tumourigenic or anti-tumourigenic function remains to be
verified without exception. The cytokine network is intricate and these results suggest that
while one aspect of cytokine production may promote an anti-tumour response,
downstream events may show otherwise. The question thus remains, where in fact is this
signalling network modified to allow for tumour tolerance? Our results indicate that tumour
cells themselves are the primary forces behind the induction of cytokine profiles, and thus
that the roles of Treg lymphocytes and NK cells should not be assessed independently of the

tumour phenotype.
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CHAPTER IV: Analysis of Biomarkers Associated with Immune Evasion and
Tumour Progression

4.1 Introduction

Neoadjuvant or adjuvant targeted therapy has become an integral part of treatment
strategies for hormone-dependent tumours. However, despite their increasing use, the
median overall survival rate of patients presenting with such tumours remains low (Nicolini
and Carpi, 2008). Hormone-independent or triple negative breast cancers are more difficult
to treat, with molecular and proteomic sequencing underway to discover targets that have
yet to be defined. Breast tumours are heterogeneous, and while subgroups have been
identified, tumour cells alter their phenotype dependent on the microenvironmental milieu,

be this acquired resistance to therapeutic drugs, or for immune evasion (Renoir et al., 2013).

Cognisance must be taken that therapeutic intervention induces not a singular event, but
rather a complex interaction of signalling events that may be sublimated by tumour cells to
allow for immune evasion, the induction of immune tolerance and thus tumour progression.
Treg lymphocytes, implicated in the induction of tumour tolerance and the suppression of
cytotoxic lymphocyte function, are found in elevated numbers in the TIL population and
peripheral blood of breast cancer patients (Bates et al., 2006; Pooi et al., 2006; Bohling and
Allison, 2008; Decker et al., 2012). Furthermore, NK cells are considerably reduced in such
populations (Georgiannos et al., 2003; Macchetti et al., 2006). This may reflect tumour
evasion strategies or the dominance of adaptive immune mechanisms in advanced breast
cancer. Investigating whether biomarkers associated with hormone-dependent and
hormone-independent breast tumours alter under immune cell-mediation is thus essential
in establishing why targeted therapies do not prove as efficacious as hoped. This chapter
thus presents a qualitative immunocytochemical analysis of biomarker expression associated
with luminal phenotype MCF-7 cells (ER-a and MUC-1) and MDA-MDA-231 cells (EGFR) as

well as TGF-3; under immune mediation.
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4.1.1 Tumour biomarkers in luminal phenotype breast cancer — ER-a and MUC-1

The oestrogen receptor is a nuclear receptor that mediates the effects of steroid hormones.
Two different isoforms of the ER are noted, ER-a and ER-J3 which share similar structure. The
N-terminal domain of the ER is involved in the activation of gene transcription while the DNA
binding domain allows ER to associate with specific oestrogen response elements. The hinge
domain binds to heat shock chaperone proteins (Hsp) that modulate translocation of the
receptor, while the C terminal domain and F domain modulate gene transcription and

transcription of ER itself (Acconcia et al., 2006).

Of particular interest to this study is ER-a, which is overexpressed in ER" luminal phenotype
breast tumours and modulates their response as hormone-dependent tumours, to
oestradiol thereby inducing cell proliferation and pro-survival processes (Renoir et al., 2013).
ER-a is maintained in its inactive state in the cytoplasm where it remains bound to Hsp’s.
Functioning via the traditional genomic or classical method, following ligand-binding ER
dissociates from its chaperone proteins and translocates to the nucleus where it acts as a
transcription factor for a host of genes (Acconcia et al., 2006). However, extranuclear actions
of ER have also been documented. ER accumulation in the cytoplasm or plasma membrane,
a common trend in tumour cells, functions in a non-genomic or non-classical manner where,
upon activation, they may induce a number of signalling events considerably different to

that of nuclear ER (Acconcia et al., 2006; Kampa et al., 2013).

A number of targeted therapies exist for ER* luminal phenotype breast tumours. These
include the SERM and SERD treatment, which function as receptor antagonists or agonists;
and Al therapy, which reduce the pool of available oestradiol for tumour progression (Gil et
al., 2013; Renoir et al., 2013). Despite such targeted therapy, it remains that these
treatments are not successful in all cases with some tumours developing resistance (Renoir
et al., 2013). Moreover, circulating tumour cells derived from ER* metastatic cancers have
been shown to downregulate their ER profile (Aktas et al., 2011), possible as a selective

advantage in the face of oestrogen targeted therapies. Furthermore, ER-a expression has
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been correlated with MUC-1 expression in the luminal phenotype MCF-7 cell line, with said

correlation diverging following treatment with an aromatase inhibitor (Gil et al., 2013).

MUC-1, a transmembrane glycoprotein, is normally expressed on the apical membrane
surface of secretory epithelial cells where it plays a protective role as part of the glycocalyx
(Gil et al., 2013). Composed of two subunits, the MUC-1 N terminal subunit is large,
extending beyond the glycocalyx, with the MUC-1 C terminal subunit tethering the MUC-1 N
subunit to the cytoskeleton (Wei et al.,, 2006). MUC-1 is considered an oncoprotein,
presenting aberrant glycosylation and overexpression in luminal phenotype breast cancers
as well as other epithelial tumours, localizing to the cell membrane, nucleus and cytoplasm

(Lacunza et al., 2010; Nath and Mukherjee, 2014).

In tumour progression, MUC-1 mediates the secretion of a number of growth factors
inducing pro-survival and proliferation mechanisms. Moreover, MUC-1 is implicated in the
induction and maintenance of epithelial-mesenchymal transitions, via nuclear translocation
of the cytoplasmic domain of MUC-1C where its action results in the upregulation of
transcription factors Snail, Slug, Vimentin and Twist, known inducers of invasive phenotypes
(Nath and Mukherjee, 2014). MUC-1 functions in the inhibition of apoptotic mechanisms via
the downregulation of pro-apoptotic and upregulation of anti-apoptotic members of the Bcl-
2 family (Nath and Mukherjee, 2014). Furthermore, MUC-1 activates both ER-a function and
transcription (Wei et al., 2006). This laboratory had previously showed that MUC-1
expression correlates with ER-a expression in MCF-7 cells cultured in monolayer (Gil et al.,
2013). However, this correlation was not maintained following short-term treatment with

the third generation aromatase inhibitor, Anastrozole (Gil et al., 2013).

In metastasis, MUC-1 is proposed to prevent cell-cell adhesion via the extension of its MUC-1
N terminal subunit, while simultaneously acting as a ligand via the presentation of sialyl
Lewis carbohydrates to ICAMs on endothelial cells (Gendler, 2001). The shedding of tumour
associated MUC-1 by gamma-secretase into the extracellular milieu, has been associated
with immune evasion processes including the active inhibition of lymphocyte migration to

the tumour site, inhibition of cytotoxic T lymphocyte and NK cell function (Gendler, 2001;
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Suzuki et al., 2012; Villalba et al., 2013). Notably, MUC-1 is also expressed on Foxp3" Tec
lymphocytes, where the glycoprotein is capable of either co-inhibition or co-stimulation of
Treg lymphocyte function and proliferation dependent on accessory cell cues (Konowalchuk
and Agrawal, 2012). Thus, MUC-1 may facilitate Treg lymphocyte suppression of NK cell

function in breast tumours.

Given the heightened expression of MUC-1 in a multitude of tumour types, a number of
targeted therapies, including vaccination and immunotherapy strategies are currently being
investigated; however their efficacy has yet to be determined (Mukhopadhyay et al., 2011;
Nath and Mukherjee, 2014). Of particular interest regarding mAb therapy is the proposed
concomitant use of NK cell activating cytokines that may facilitate NK cell homing
mechanisms and ADCC (Moreno et al., 2007). Low NK cell numbers in breast tumours may
not only be linked to active evasive mechanisms, but also to inadequate homing function as

a result of tumour-induced systemic mechanisms (Albertsson et al., 2003).

4.1.2 Tumour biomarker EGFR in basal phenotype breast cancer

EGFR is a transmembrane glycoprotein also known as ErbB1/Herl belonging to the ErbB
family of receptor tyrosine kinases, playing a fundamental role in regulation of cell
proliferation, survival and differentiation processes (Lin et al., 2001; Bazley et al., 2005; Foley
et al., 2010). EGFR consists of an extracellular binding domain, a single-pass transmembrane
domain, and a cytoplasmic domain containing the tyrosine kinase function (Bazley et al.,
2005). EGFR ligands include epidermal growth factor and transforming growth factor alpha,
among others (Foley et al., 2010; Yewale et al., 2013). The binding of these ligands to the
EGFR is dependent on their cleavage by MMPs (Foley et al., 2010).

In tumour progression, EGFR is not only aberrantly expressed, but may also be activated by
ligand-independent mechanisms, with its activation allowing for paracrine and autocrine
mechanisms of interaction, necessarily important for tumour progression (Yewale et al.,

2013). Most basal phenotype breast tumours, of which the MDA-MB-231 cell line is
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representative, do not express ER, HER2/neu or PR and are thus known as triple-negative
cancers. However, these tumours commonly overexpress EGFR, which is linked with
increased invasiveness and overall poor prognosis. EGFR signalling is also associated with the
development of breast cancer stem-like cell pools that contribute to the maintenance and

progression of tumours (Foley et al., 2010).

Given that basal phenotype tumours are negative for the common treatment targets (ER, PR,
Her2/neu), the overexpressed EGFR has become the focus of targeted therapy. These
include primarily, the use of mAb therapy, tyrosine kinase inhibitors and antisense
oligodeoxynucleotides. However, tumours have exhibited an acquired resistance to EGFR

targeted therapy, reducing its efficacy (Yewale et al., 2013).

4.1.3 Transforming Growth Factor-B in cancer

TGF-B is the prototypic member of the TGF-B superfamily with three identified human
isoforms (TGF-B1, TGF-B2 and TGF-3) sharing between 60% and 80% amino acid homology
in their mature states (Naber et al, 2008). TGF-f is synthesized as a latent complex,
dependent on activation in the extracellular matrix by proteolytic cleavage, integrin
interaction or microenvironmental pH changes (Buck and Knabbe 2006; Kubiczkova et al.,
2012). Following activation, ligand binding is facilitated by three receptor types, TBRI, TBRII
and TPRRIII (Elliot and Blobe, 2005; Kubiczkova et al.,, 2012). TGF-J signalling is mediated
primarily by the Smad-dependent pathway. However, signalling may also be mediated by
extracellular regulated kinase, Jun kinase, p38 and Rho GTPase mechanisms, which in turn
may converge on the Smad pathway (Naber et al., 2008; Korpal and Kang, 2010). As a
pleiotrophic growth factor, TGF-3 plays a fundamental role in developmental processes,
including growth, cellular motility, differentiation and immune system regulation (Gomis and

Massague 2006; Naber et al., 2008).

In early epithelial cell neoplasia TGF- functions as a tumour suppressor, controlling

proliferation and differentiation processes via cyclin-dependent kinase inhibition, the
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induction of cytostatic gene expression and the inhibition of cytokine and chemokine
production (Gomis and Massague 2006; Barcellos-Hoff and Akhurst, 2009; Yang et al., 2010).
Conversely, in advanced stage tumours, TGF-3 is associated with tumour progression and
invasion processes by inducing dysregulation of the cell cycle, angiogenesis and immune
escape (Yang et al., 2010). In breast tumours increased TGF-[3 expression is associated with
epithelial-mesenchymal transitions, essentially conversion to a more malignant phenotype
with heightened migration and invasive capacity (Barcellos-Hoff and Akhurst, 2009; Korpal
and Kang, 2010).

Tumour cells and surrounding stromal components secrete large amounts of TGF-f3,
implicated in directly suppressing the function of cytotoxic T lymphocytes and NK cells, as
well as in recruiting and subverting Trec lymphocytes (Park et al., 2009). Moreover, the
inhibition of NK cell function by Treg lymphocytes is proposed to be conducted in a TGF-B3-
mediated manner (Ghiringhelli et al., 2005; Chikileva et al., 2010). Investigations into
therapeutic mechanisms to abrogate TGF-f signalling include the use of TGF-B neutralising
mAbs and small molecule TGF-3 receptor kinases inhibitors, whose efficacy is associated
with their immunostimulatory side effects that include NK cell-ADCC dependent mechanisms

and CD8" T cell cytotoxic mechanisms (Korpal and Kang, 2010).

This chapter thus determined the immune cell-mediated expression of the tumour
biomarkers ER-a, MUC-1 and TGF-B in the LPCM, and EGFR and TGF-B in the BPCM using

immunocytochemical techniques.
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4.2 Materials and Methodology

Samples from culture groups in the LPCM and BPCM were harvested, processed and

embedded in paraffin wax, as previously described (Chapter II).

Table 4.1 Culture groups in the Luminal Phenotype Culture Model (LPCM) and the Basal Phenotype Culture
Model (BPCM)

Heterotypic 3D co-culture models based on the MCF-7 (luminal phenotype, hormone-dependent) and MDA-
MB-231 (basal phenotype, hormone-independent) breast cancer cell lines were developed. The experimental
culture groups consisted of Tgeg lymphocytes and NK cells, co-cultured with either MCF-7 cells or MDA-MB-231
cells at a 1:1:2 ratio in growth factor reduced Matrigel. The control groups included NK cells cultured with
either MCF-7 or MDA-MB-231 cells (NK-BC); Tgeg lymphocytes cultured with either MCF-7 or MDA-MB-231 cells
(Tres-BC) and MCF-7 or MDA-MB-231 cell cultured alone (BC).

Luminal Phenotype Culture Model Basal Phenotype Culture Model

Culture Group

(LPCM)

(BPCM)

MCF-7 cell line

MDA-MB-231 cell line

Experimental (EXP) Treg and NK Treg and NK
NK-breast cancer cells control
NK alone NK alone
(NK-BC)
Trec-breast cancer cells control
Treg alone Treg alone
(TREG'BC)
Breast cancer cells control
(80) Control — no lymphocytes Control — no lymphocytes

Serial sections of paraffin wax-embedded cultures were cut at a thickness of 3um. Sections
were collected on glass slides, dried at 60°C on a hot-plate and thereafter stored at 4°C until
use. Sections were dewaxed in 2 X 5 min changes of xylene, followed by rehydration in a
decreasing series of ethanol (2 X absolute ethanol, 3 min; 95% ethanol, 2 min; 70% ethanol,
1.5 min, 50% ethanol, 1 min) to distilled water. Sections underwent antigen retrieval in
freshly prepared 0.1 M Tris, 5% urea buffer (pH9.5) at 95°C for 10 min in an oven, followed
by 3 X 5 min washes in distilled water. Thereafter, sections were incubated in 1% BSA in PBS-

Tween for 30 min at room temperature for concurrent blocking of non-specific binding sites



CHAPTER |V | 105

and permeabilisation. Subsequently, sections were incubated with relevant first and second

sequence primary antibodies (where applicable) in PBS-Tween at 4°C overnight.

For double-labelling of the biomarkers MUC-1 and ER-a in the LPCM, a monoclonal mouse
anti-MUC1 antibody (Abcam, Pretoria, South Africa, AB28081) and a polyclonal rabbit anti-
ER-a antibody (Abcam, AB31315) at a concentration of 1:1000 was used. EGFR in the BPCM
was localised using a polyclonal rabbit anti-EGFR antibody (Abcam, AB2430) at a
concentration of 1:50. TGF-[3 was localised in samples from both the LPCM and BPCM using a
polyclonal rabbit anti-TGF-f antibody (detecting all TGF-$ isoforms (Abcam, Ab66043) at a

concentration of 1:500.

Following overnight incubation with primary antibodies, sections were washed in PBS (3X 5
min). Sections were incubated for 2 h at room temperature with either Alexa Fluor 488 Anti-
rabbit (Life Technologies, Johannesburg, South Africa, A11008) and/or Alexa Fluor 594 Anti-
goat (Life Technologies, A11005) secondary antibodies diluted to a concentration of 1:1000
in 1% BSA in PBS. Subsequently sections were washed in PBS (3X 5 min). Nuclei were
thereafter counterstained with DAPI diluted to 1: 50 000 in PBS for 5 min followed by two
washes in PBS (5 min/wash). Sections were mounted in Fluoromount (Sigma-Aldrich, F4680)

and stored at 4°C until viewing.

Controls were conducted to ascertain antibody specificity, and identify background and non-
specific fluorescence. For negative controls, firstly, primary antibodies were omitted and
replaced with PBS followed by incubation with the secondary antibody/antibodies; and
secondly, both primary and secondary antibodies were omitted and replaced with PBS.
Isotype controls were also conducted, in which each antibody was replaced with the same
concentration of its matched isotype control (Mouse 1gG3 (Abcam AB18392) for MUC1, and
Rabbit IgG (Abcam, AB27478) for ER-a, EGFR and TGF-f3), followed by incubation with the

secondary antibody/antibodies.

Images were obtained using an Olympus iX51 Inverted Fluorescent Microscope with CellSens

Software. The following filters were used U-MWIB2 (Alexa Fluor 488), U-MIY2 (Alexa Fluor
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594) and U-MNU2 (DAPI). Exposure time was set at 200ms for all images. All images were
obtained at 20 X magnification and enlarged if need be using the software application, with

scale bars automatically adjusting. Plates were generated using Adobe Photoshop Elements.
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4.3 Results

4.3.1 Remodelling of the ECM

Remodelling of the GFRM was observed in culture groups where cell lines were under the
influence of both Tgreg lymphocytes and NK cells (EXP culture groups), and NK cell-mediation
alone, and to a lesser extent Tgeg cell-mediation alone, in both LPCM and BPCM. These
culture groups exhibited a less gel-like consistency with reduced viscosity when compared to
the other culture groups, which caused difficulty in harvesting samples from microwells.
Using light microscopy, it was evident that GFRM underwent remodelling exhibiting a more
filamentous appearance in those culture groups containing lymphocytes as opposed to the

relatively homogenous appearance in BC control groups (Fig. 4.1).

Figure 4.1 Representative light microscopy photomicrographs of GFRM alterations in culture groups

Immune cell-mediated alteration of GFRM structure with notable cavities and filamentous meshwork in
culture groups in A) EXP culture groups, B) NK-BC control culture group and C) Tzes-BC control culture
group. GFRM exhibits a more homogenous appearance in D) BC control culture group
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4.3.2 Immunolocalisation of tumour biomarkers in the LPCM and BPCM

The data obtained from this study affirms previous findings that MCF-7 cells constitutively
express MUC1, ER-a and TGF-B (Engelmann et al., 2008; Klinge et al., 2011; Gomes et al.,
2012, Gil et al., 2013). MDA-MB-231 cells were found to express low levels of MUC-1 (data
not shown), were negative for ER-a (data not shown) and positive for TGF-f (Walsh et al.,
2000; Mitchell et al., 2002; Perrot et al., 2012; Ye et al., 2013). Negative controls including
primary and secondary antibody omission, as well as isotype controls exhibited no
immunofluorescence, indicating the specificity of the antibodies and the efficacy of the
technique (see Appendix G). In some instances, sections were affixed to the filter paper used
in sample processing. These sections could not be analysed accurately due to

autofluorescence of the filter paper and were excluded from consideration.

In the LPCM ER-a expression (green fluorescence) was noted in all culture groups (Fig. 4.2).
Nuclear localisation in the overlays is a dominant light blue fluorescence due to overlap with
blue nuclear stain, DAPI. ER-a cytoplasmic localization (primarily yellow due to overlap with
red fluorescence denoting MUC-1) was greatest in the NK-BC control culture group, with the
EXP and Tgreg-BC culture groups exhibiting some perinuclear and cytoplasmic localisation (Fig.
4.2). In the NK-BC and EXP culture groups MUC-1 expression was more diffuse, and of
intermediate intensity. However, in the Treg-BC and BC culture groups MUC-1 displayed high
intensity cytoplasmic localization. Both NK-BC and EXP culture groups demonstrated some

MUC-1 nuclear localization (dark red fluorescence) (Fig. 4.2).

In the BPCM, EGFR expression was found predominantly in the cytoplasmic compartment
(green fluorescence) in all culture groups (Fig. 4.2). The intensity and patterning of
cytoplasmic EGFR was similar in the Treg-BC and BC control culture groups. Areas of high
intensity nuclear (light blue) EGFR expression was noted primarily in the EXP, NK-BC and
Trec-BC culture groups. Distinct regions of extracellular EGFR expression, indicating secreted
EGFR, was noted primarily in the EXP and NK-BC culture groups. These regions appeared
diffuse or as clusters. In the Tres-BC and BC culture groups, few regions of secreted EGFR

were noted. However, these regions could not be accurately distinguished from the
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cytoplasm since cell boundaries could not be resolved. Furthermore, overlay of fluorescence
data with light microscopy photomicrographs proved inadequate in distinguishing cell

boundaries within the filamentous GFRM.

4.3.3 Localisation of TGF-B in the LPCM and BPCM

TGF-3 expression (green fluorescence) was noted in all culture groups in both the LPCM and
BPCM (Fig. 4.3). In the LPCM, diffuse TGF-$ expression of intermediate intensity was found
predominantly in the cytoplasmic compartment and perinuclear regions, exhibiting low to
intermediate intensity in the NK-BC, Treg-BC and BC control culture groups. Diffuse TGF-3
expression with a speckled appearance was noted extending into the ECM particularly in the
NK-BC culture group. TGF-B expression was notably attenuated in the EXP culture group,
reduced to perinuclear and ECM expression. In the BPCM, diffuse TGF-B expression of
intermediate intensity was found primarily in the cytoplasmic compartment, with many cells
exhibiting high intensity perinuclear expression as compared to the LPCM. In the EXP group,
cytoplasmic TGF-3 appeared reduced with high intensity perinuclear expression noted. TGF-
B expression appeared to extend into the ECM in the NK-BC, Tgrec-BC and BC control culture
groups. However, the caveat regarding the discrimination between cell borders and the

surrounding GFRM as previously mentioned, must be given due consideration.
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Figure 4.2 Representative photomicrographs of immunolocalisation of tumour biomarkers in LPCM and
BPCM

ROWS: Indicate culture groups. COLUMNS: LPCM, MUC-1/ER-a Immunolocalisation of ER-a (green), MUC-1
(red) with nuclear stain DAPI (blue). Areas of high intensity nuclear ER-a expression (white arrows, light blue)
were noted. ER-a cytoplasmic localisation displayed considerable overlap with MUC-1 (yellow arrows, yellow)
primarily in the NK-BC group and noted in the Treg-BC and EXP culture groups. MUC1 displayed some nuclear
localization (red arrows, red), with diffuse cytoplasmic expression primarily in the NK-BC and EXP culture
groups. High intensity cytoplasmic MUC-1 localisation noted in the Tges-BC and BC culture groups. BPCM, EGFR
Immunolocalisation of EGFR (green) with nuclear stain, DAPI (blue). EGFR expression was primarily cytoplasmic
(white arrows). Areas of high intensity nuclear EGFR expression were noted in the EXP, NK-BC and Tggs-BC
culture groups. ECM EGFR expression (yellow arrows distinct expression, red arrows putative expression) were
noted primarily in the EXP, NK-BC and Tggs-BC culture groups.
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Figure 4.3 Representative photomicrographs of immunolocalisation of TGF-$ in LPCM and BPCM

ROWS: Indicate culture groups. COLUMNS: LPCM, TGF-f3 expression (green) of intermediate intensity localised
primarily to the cytoplasm (white arrows), with some areas of high intensity perinuclear expression noted
(DAPI, blue nuclear stain). The NK-BC culture groups exhibit higher intensity TGF-f3 expression in the ECM
(yellow arrows). TGF- expression in the EXP culture group was considerably attenuated, with primarily
perinuclear and ECM expression. BPCM, diffuse TGF-3 expression of intermediate intensity localised primarily
to the cytoplasm, with some cells exhibiting high intensity perinuclear expression. TGF-} expression was noted
to extend into the ECM primarily in the BC, Tres-BC and NK-BC culture groups.
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4.4 Discussion

4.4.1 Alterations of GFRM structure

The observed alterations of the GFRM structure, from a more homogenous appearance to a
filamentous meshwork with numerous cavities is directly linked to the presence of NK cells
and/or Tres lymphocytes. These results reflect studies in which IL-2 activated NK cells in 3D
cultures induced such modifications to GFRM structure within 24 h (Albertsson et al., 2007).
This phenomenon is attributable to migration processes that rely on remodelling of the ECM.
Lymphocyte migration is a multifactorial process involving expression of homing molecules
in response to specific signals including chemokines, growth factors and ECM molecules, as
well as numerous adhesive events allowing extravasation through blood vessels.
Degradation of surrounding ECM, including basement membrane, is dependent on the
secretion and activation of cathepsins, serine proteases and MMPs (Albertsson et al., 2007;
Wolf and Friedl, 2011). Mechanisms of ECM degradation include diffuse proteolysis that
results in space for growth; contact-dependent proteolysis that is primarily involved in ECM
remodelling for migration; and intracellular proteolysis that allows for targeted intracellular
degradation of ECM components associated with translocation into newly acquired space

during proliferation (Wolf and Friedl, 2011).

4.4.2 TGF-f in invasion processes and immune evasion

TGF-B is implicated in breast tumour cell migration, upregulating the expression of ECM-
degrading enzymes thereby increasing proteolytic capacity and consequently, motility (Elliot
and Blobe, 2005). The results obtained in this study affirm the constitutive expression of
TGF-B in MCF-7 and MDA-MB-231 cell lines as shown by other studies (Walsh et al., 2000,
Mitchell et al., 2002, Gomes et al,, 2012). Analysis of TGF-B isoform mRNA expression
indicates that while MCF-7 and MDA-MB-231 cells exhibit similar levels of TGF-$1, TGF-32

expression is notably higher in MDA-MB-231 cells, and TGF-3 expression higher in MCF7-
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cells (Gomes et al., 2012). In this study, a pan TGF-f3 antibody was used to ascertain overall

TGF-f3 expression (See Fig. 4.4 for a summary of results).

In the LPCM and BPCM, cytoplasmic TGF-f3 expression was predominantly of intermediate
intensity in most culture groups. Cytoplasmic localisation of TGF-f reflects its production as
a latent protein and storage in the cytoplasmic compartment (Gomes et al.,, 2012). While a
number of cells in each culture group in the LPCM, exhibited both cytoplasmic and
perinuclear TGF-3 expression, cells in the EXP culture group demonstrated attenuated
cytoplasmic expression with the restriction of TGF-B to the perinuclear region. The EXP
group in the BPCM exhibited a similar pattern of expression albeit to a lesser extent.
Perinuclear TGF- expression is associated with a higher rate of biosynthesis (Mizoi et al.,
1993; Gomes et al., 2012), and may thus reflect an increase in invasive potential. The LPCM
EXP culture group also displayed extracellular TGF-B expression that was not readily
discernable in the BPCM EXP culture group. TGF-3 is implicated in mediating Tgres lymphocyte
suppression of NK cell function (Ghiringhelli et al., 2005; Chikileva et al., 2010). In this
context, the results indicate that different mechanisms of such suppression may be used by
different breast tumour phenotypes, with luminal phenotype tumours primarily employing a

soluble form of TGF-p3.

TGF-B stored in the cytoplasmic compartment is released into the extracellular matrix where
it can be activated by proteases including MMP-9 and MMP-2. Lymphocytes themselves
express multiple MMPs for migratory purposes. Short-term IL-2 activation has been shown
to increase NK and T cell MMP-9 and migratory ability as opposed to long-term activation
(Edsparr et al., 2010). In this study, NK cells and Treg lymphocytes were activated for a total
of 72 h (see Chapter Il), well within the range for short-term activation. That the GFRM
exhibited a filamentous meshwork with numerous cavities in the presence of NK cells and/or
Treg lymphocytes in both the LPCM and BPCM is proposed to be associated with an increase

in MMP production facilitated by TGF-f.
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TGF-B in turn induces increased MMP expression, resulting in a positive feedback loop
necessary for migration and invasion (Gomes et al, 2012; Kubiczkova et al., 2012).
Extracellular TGF-B expression dominated the LPCM NK-BC culture group. While the BPCM
NK-BC culture group did demonstrate secreted TGF-3, such expression was more evident in
the Tgreg-BC culture group. Sustained autocrine and paracrine TGF-f is essential for
maintenance of epithelial-mesenchymal transitions and the generation of clonal stem cell
populations in breast tumours (Moustakas and Heldin, 2014). Implicated in the invasiveness
of basal phenotype breast tumours is the heightened expression of specifically, TGF-1 and
TGF-B2 (Gomes et al., 2012). Luminal phenotype tumours, represented in this study by MCF-
7 cells, are traditionally, weakly metastatic. These results may thus reflect the induction of
tumour mechanisms aimed not only at evading NK cell insult, but also at increasing the
invasive potential of the tumour cells themselves. Notably, an increase in TGF-B3 signalling
capacity is linked with loss of ER-a expression in such tumours which exhibit increased

invasive potential (Buck and Knabbe, 2006; Saitoh, 2011).
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Figure 4.4 Summary of alterations in biomarker expression in culture groups in the LPCM and BPCM

Biomarker expression in a 3D simulated breast tumour environment alter under immune mediation, with
shifts between cytoplasmic compartments, and the ECM linked to biological function. In the LPCM, MCF-7 cell
subversion of immune mediation for a heightened invasive profile was indicated, with a dominant secreted
form of TGF-B and increased cytoplasmic ER-a and MUC-1 expression noted. In the BPCM, extracellular TGF-$
and EGFR expression are proposed to be associated with tumour-derived exosomes implicated in immune
suppression and cellular communication necessary for tumour progression, and possibly linked to the

maintenance of the innate invasive phenotype.
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4.4.3 ER-aininvasion processes

Clinically, downregulation of ER-a expression is associated with increased recurrence and
metastasis (Dhasarathy et al., 2007). In this study, since MCF-7 cells were cultured in 3D, ER-
a expression in the LPCM was of intermediate intensity, appearing reduced, as compared
with other studies of MCF-7 cells in monolayer (Gil et al., 2013, Sharan et al., 2013). While
ER-a expression localised to the nucleus in all culture groups, expression dominated the
cytoplasm in the NK-BC group, with reduced cytoplasmic expression noted in the Tgeg-BC
culture group, and attenuated expression in the EXP culture group (See Fig. 4.4 for a
summary of results). In the classical or genomic model of ER activation, cytoplasmic ERs are
bound to Hsp’s rendering them inactive until ligand binding induces dissociation,
dimerisation and translocation to the nucleus, where they can interact with oestrogen
response elements in the promoter region of target genes or with transcription factors,
including Sp-1 and Ap-1, to initiate gene transcription (Acconcia and Kumar, 2006).
Metastatic tumour antigen 1 (MTA1) has been shown to interact with cytoplasmic ER-a
sequestering it to the cytoplasmic compartment and preventing nuclear translocation
(Kumar et al., 2002). MTA1 is upregulated in breast cancers, including the MCF-7 cell line,
and is associated with an increase in invasive potential via its activation of non-classical or
non-genomic ER-a function (Kumar et al., 2002). Non-classical cytoplasmic ER function has
been demonstrated where upon 17fB-oestradiol stimulation, cytoplasmic ERs activate
transcription factor Ap-1, while under the same conditions nuclear ERs repress Ap-1
(Bjornstrom and Sjoberg, 2004). Ap-1 is regarded as an essential regulator of the tumour cell
invasive profile, inducing the expression of a number of tumour invasion promoters
including proteases MMP-3 and MMP-9, and inhibiting tumour invasion suppressors

including bone morphogenetic protein 4 (Ozanne et al., 2007).

It is thus proposed that the heightened cytoplasmic ER-a expression in the NK-BC culture
group, and to a lesser extent in the Treg-BC culture group, reflects tumour-induced
subversion of lymphocyte function and secreted factors to allow for an increase in the MCF-

7 invasive profile. That cytoplasmic ER-a expression was attenuated in the EXP culture group
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is also of particular interest and may imply a conflict between the induction of pro-
tumourigenic and anti-tumourigenic function. However, the heightened expression of TGF-f3
in the LPCM EXP culture group ECM may indicate the dominance of pro-tumourigenic

processes.

4.4.4 MUC-1in immune evasion processes

MUC-1, a transmembrane glycoprotein, is normally expressed on the apical membrane
surface of secretory epithelial cells (Gil et al., 2013). However, in luminal phenotype breast
cancers MUC-1 is overexpressed, localizing predominantly to the cytoplasmic compartment
(Nath and Mukherjee, 2014). The results of our study bear out these observations with
MUC-1 displaying high intensity cytoplasmic localization in the LPCM Tgeg-BC and BC culture
groups (See Fig. 4.4 for a summary of results). The constitutive expression of MUC-1 in both
these culture groups may thus be linked to the induction of pro-survival and anti-apoptotic
mechanisms, as well as playing an important role in epithelial-mesenchymal transitions and

the maintenance thereof (Nath and Mukherjee, 2014).

In the NK-BC and EXP culture groups MUC-1 expression was more diffuse, and of
intermediate intensity; however, in these culture groups, a clear overlap with cytoplasmic
ER-a localisation was noted. Under oestradiol stimulation, MUC-1 interacts with the DNA
binding domain of ER-a, stabilising and activating the receptor (Wei et al., 2006). As
previously mentioned, cytoplasmic sequestered ER-a would function in a non-genomic
context (Kumar et al., 2002; Bjornstrom and Sjoberg, 2004). Both NK-BC and EXP culture
groups also demonstrated some MUC-1 nuclear localisation. As previously mentioned, the
cytoplasmic domain of MUC-1 is capable of nuclear translocation where it in turn, may
induce ER-a transcription and may interact with the transcription factors B-catenin, p120
catenin, STAT1 (Signal Transducer and Activator of Transcription 1) and p53 (Wei et al., 2006;
Khodarev et al., 2009). These transcription factors are implicated in the induction of gene
signatures associated with tumour metastasis processes and poor clinical outcome (Wei et

al., 2006; Khodarev et al., 2009).
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4.4.5 EGFR in tumour progression

The results of the this study confirm the overexpression of EGFR in the MDA-MB-231 cell line
as indicated by numerous other studies (Foley et al., 2010; Gumuskaya et al., 2010; Ye et al.,
2013). In the BPCM, EGFR expression was found predominantly in the cytoplasmic
compartment in all culture groups, but was of a higher intensity in the Treg-BC and NK-BC
culture groups (See Fig. 4.4 for a summary of results). EGFR localisation to the cytoplasm has
been noted in breast tumours, with a correlation between such staining and increased
invasiveness established in pancreatic adenocarcinomas (Ueda et al., 2004). Cytoplasmic
staining of EGFR reflects internalization of the receptor following ligand activation and thus

may indicate the activation of signalling pathways (Ueda et al., 2004).

Areas of high intensity nuclear and perinuclear EGFR expression were noted primarily in the
EXP, NK-BC and Tgeg-BC culture groups. Nuclear translocation of the EGFR has been linked to
its role as a co-transcription factor, particularly of cyclin D1 and c-Myc, which have notable
roles in cell growth and proliferation (Li et al., 2001; Nyga et al., 2011; Brand et al., 2013).
Nuclear EGFR is also a co-regulator of induced nitrox oxide synthase (iNOS), which is highly
expressed in breast tumours, playing a dichotomous role (Brand et al., 2013). iNOS may act
as a tumour promoter by inducing DNA strand breaks, increasing MMP activation for
invasion and preventing the lymphocyte infiltration into tumour sites; conversely NK cell-
derived iNOS is implicated in the induction of cytotoxic processes (Lechner et al., 2005;

Brand et al., 2013). However, iNOS is notably suppressed by tumour-derived TGF-f3.

Extracellular EGFR, diffuse or in clusters, was noted primarily in the EXP and NK-BC culture
groups; however, since cell boundaries could not be resolved with a high degree of accuracy,
further investigation with the inclusion of a cytoskeletal marker is required. It is proposed
that the extracellular EGFR observed is not soluble but is rather sequestered in exosomes
trapped within the GFRM, since the antibody employed recognises the 170kDA EGFR isoform
via western blot (Adamczyk et al, 2011). Exosomes are small, biologically active
microvesicles released into the extracellular space subsequent to the fusion of intracellular

multivesicular bodies with the plasma membrane (Keller et al., 2006; Sanderson et al., 2008).
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Tumour-derived exosomes may express variable amounts of EGFR as well as TGF-f3, and are
implicated in immune suppression and cellular communication necessary for tumour
progression (Zhang and Grizzle, 2011). Their function in breast tumour progression

specifically, however, remains to be delineated.

4.4.6 Implications for tumour progression

Migration and remodelling of the extracellular matrix are hallmarks of tumour progression.
Alterations of the GFRM in this study are proposed to be a result of migratory and invasive
processes, linked to an increase in the production of MMPs, and facilitated by TGF-f in basal
and luminal phenotype breast cancer cells under NK cell and/or Treg lymphocyte mediation.
Notably in the LPCM, TGF- expression was linked to diminished ER-a expression, as
compared with MCF-7 cells cultured alone in monolayer, possibly reflecting increased
invasive capacity as a result of spatial considerations in 3D cultures. Clinically a reduction in
tumour ER expression is related to an increase in the invasive profile; however, pathological
assessment of ER presentation is limited to the nucleus (Welsh et al., 2013). The results
obtained from this study indicate that under immune mediation, ER-a may be sequestered
in the cytoplasm where it has functions distinct to that of nuclear ER. As such, it is proposed
that cytoplasmic ER expression should undergo further assessment regarding its diagnostic

capacity, given its association with immune cell infiltration.

It is proposed that the putative association of MUC-1, which is itself implicated in immune
evasion and tumour progression, with ER-a may be dependent on the phenotype of the
immune infiltrate. This is of particular interest in the MCF-7 cell line, which as a traditionally
weakly metastatic line may redirect processes targeting lymphocyte migration to that of
tumour cell invasion. This concept was further highlighted by the overall expression of TGF-
B, which in advanced tumours is implicated in immune evasion and tumour invasion

strategies.
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In breast tumours increased TGF-3 expression is associated with epithelial-mesenchymal
transitions, conversion to a more malignant phenotype with heightened migration and
invasive capacity (Barcellos-Hoff and Akhurst, 2009; Korpal and Kang, 2010). This is
characteristic of basal phenotype tumours, together with a heightened expression of EGFR
(Yewale et al., 2013). The results of this study indicate that immune mediation affects TGF-3
and EGFR localisation to cytoplasmic compartments and the extracellular matrix, reflecting
the processes of biosynthesis, storage or activation. Tumour-derived exosomes may express
variable amounts of EGFR as well as TGF-3, and are implicated in immune suppression and
cellular communication (Zhang and Grizzle, 2011). The results of this study implicate the
sublimation of immune mediation by both luminal and basal phenotype breast tumour cells
to aid in the remodelling of the tumour microenvironment necessary for proliferation and

invasion (DeNardo et al., 2008).

4.4.7 Implications for therapeutic strategies

In addition to surgery, radiotherapy and chemotherapy, intervention strategies for luminal
phenotype breast carcinomas includes the use of SERM, SERD and Al as either a neo-
adjuvant therapy or adjuvant therapy (Howell et al., 2004). Such targeted therapy aims to
either reduce the action of the ER by acting as an ER antagonist or agonist, or reduce the
available oestrogenic milieu. While targeted therapy for hormone-independent or triple-
negative breast cancers have yet to be fully developed, promising results have been
obtained using EGFR directed monoclonal antibody therapy, tyrosine kinase inhibitors and
antisense oligodeoxynucleotides (Yewale et al., 2013). However, while some clinical success
has been reported, the median overall survival rate remains low (Nicolini and Carpi, 2008).
As the results of this study indicate, immune infiltration alters the expression of biomarkers
associated with both luminal and basal phenotype tumours, which in turn may alter disease

progression and response to treatment.
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The use of mAb therapy against MUC-1, EGFR and TGF-B for example, theoretically should
elicit NK cell ADCC (Moreno et al., 2007; Korpal and Kang, 2010; Yewale et al., 2013), as
documented by others studies regarding the Her2/neu antibody, Trastuzumab (Mozaffari et
al., 2007). However, firstly breast tumours commonly acquire resistance to targeted
therapies (Yewale et al., 2013), and secondly surgical intervention, radiotherapy and
chemotherapy have been shown to reduce both the number of activated NK cells as well as
their cytotoxic potential (Mozaffari et al, 2007). Thus while the integration of different
modalities is encouraged, the complexity of the interactions between tumour cells and the

immune system may negate such therapeutic intervention.

4.4.8 Limitations of the study

The first limiting factor to this study was the reduced viscosity of the GFRM in cultures
containing lymphocytes. The more liquid-like nature of the samples resulted in active loss
during harvesting after the culture period. Moreover, sections that were affixed to filter
paper were either lost during the immunocytochemistry protocol or could not be analysed
due to autofluorescence of the filter paper. Since a large number of either samples or
sample sections were lost, and given the funding and time limitations, more co-cultures
could not be generated, thus a qualitative approach was applied to this part of the study

instead of the quantitative approach intended.
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4.5 Conclusion

The results of this study indicate that immune cells are able to mediate the expression of
biomarkers associated with tumour progression. While the pro-tumourigenic or anti-
tumourigenic functions of the altered levels of biomarker expression remain to be verified
without exception, both luminal and basal phenotype tumours appeared to induce immune
evasion strategies and subvert immune function to increase the tumour cell invasive profile.
These results were further borne out by observations indicating immune mediated alteration
of the GFRM. It will be necessary to further elucidate the relationship between the
investigated biomarkers and immune cells to understand their interactions and potentially

provide more information for therapeutic intervention.
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Chapter V: Concluding Discussion — A Synthesis

5.1 Introduction

The incidence of breast cancer in developing countries is increasing (Youlden et al., 2012).
Given that advances in surgical procedures and adjuvant treatments have not significantly
reduced the median overall survival rate of patients presenting with metastatic breast
cancer (Nicolini and Carpi, 2008), intimates a greater level of complexity inherent to this
disease. The reductionist approach of 2D culture systems fails to recapitulate the complexity
of the in vivo environment with regard to the spatial interaction of multiple cell types (Pinto
et al,, 2011). Three-dimensional studies of breast tumour progression have concentrated on
metastatic processes, primarily using homotypic cultures to investigate breast cancer cell
invasion (Poincloux et al., 2011; Chandrasekaran et al.,, 2012; Yu and Machesky, 2012) or
heterotypic cultures investigating breast tumour cell and fibroblast interaction (Olsen et al.,
2010). To date, assessment of scientific literature has yielded no studies investigating the
heterotypic interactions between immune cells and breast cancer cells in such a system. The
latter is of especial concern since it has long been known that the immune system may
function in a Machiavellian manner, both suppressing tumour formation and promoting
tumour progression (Sakaguchi et al,, 1995; Balkwill and Mantovani 2001; Ichim, 2005;
Visser, 2008; Mougiakakos et al., 2010).

Tumour infiltrating populations in breast tumours demonstrate a distinct paucity of NK cells
(Georgiannos et al., 2003; Macchetti et al., 2006) which may reflect inadequate NK cell-
homing mechanisms and tumour-induced evasion strategies dependent on secreted factors
including cytokines and other signalling molecules (Albertsson et al., 2003). Furthermore, the
accumulation of Treg lymphocytes, both in TIL populations and in peripheral blood of
patients presenting with advanced breast tumours, are implicated in the induction of
tumour tolerance and the suppression of NK cell function (Bates et al., 2006; Pooi et al.,
2006; Bohling and Allison, 2008; Decker et al., 2012). Such clinical evidence for dysregulated

immune function in breast tumours thus provided the impetus for this study, in which 3D
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culture systems were established to investigate the interaction between NK cells and Tgeg

lymphocytes and breast cancer.

5.2 Findings

In early tumour formation, TGF-3 acts as a tumour suppressor; however, in established
breast tumours, including the luminal phenotype MCF-7 cells and basal phenotype MDA-MB-
231 cells, TGF-B acts as potent promoter of tumour progression (Korpal and Kang, 2010).
TGF-B is a multifunctional growth factor, capable of inducing pro-angiogenic factors and of
particular importance for this study, capable of inducing ECM remodelling and suppressing
the immune system, either directly or indirectly (Korpan and Kang, 2010). ECM remodelling
in this study is evidenced by the changes of the GFRM, from a more homogenous
appearance to a filamentous network in the culture groups primarily under NK cell-
mediation; as well as by the significant increase in chemokine expression. Chemokines are
essential for the directional migration of lymphocytes as well as tumour cell invasion (Vicari

and Caux, 2002).

In the LPCM, the chemokines CCL2, CCL4 and CXCL8 grouped together consistently. CXCL8 is
an established promoter of tumour growth and is fundamental to ECM remodelling via the
induction of MMP function, specifically MMP2 and MMP9 (Vicari and Caux, 2002). In the
LPCM, in which CXCL8 was significantly increased in the NK-BC and EXP culture groups,
qualitative analysis showed, particularly in the former group, heightened expression of both
cytoplasmic MUC-1 and ER-a (Fig. 5.1). Cytoplasmic ER-a is implicated in the induction of the
transcription factor Ap-1 which itself induces the expression of MMPs, thereby promoting
tumour invasion (Bjornstrém and Sjoberg, 2004). Furthermore, MUC-1 has been shown to
stabilise and activate ER directly (Wei et al., 2006), implicating a complex pathway directed

at promoting tumour invasion (see Fig. 5.1 for a summary of results).
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Figure 5.1 Summary of alterations in cytokine and biomarker expression in culture groups in LPCM and

BPCM

Biomarker expression and cytokine secretions in a 3D simulated breast tumour environment are associated
with the hormone dependency of tumours and alter under immune mediation. The results indicate the
subversion of secreted factors for the creation of a tumour-promoting microenvironment. In the NK-BC and
EXP culture groups in the LPCM, IL-6 and associated chemokines, together with the secreted form of TGF-§
and increased cytoplasmic ER-a and MUC-1 expression are proposed to induce a more invasive phenotype.
In the BPCM under NK cell mediation, extracellular TGF-B and EGFR expression are linked to the
maintenance of an invasive phenotype. Within the EXP culture group there was a notable increase in the
proinflammatory cytokine cohort, with a proposed association with immune evasion processes.
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The CCL2, CCL4, CXCL8 grouping that presented consistently in the LPCM was not maintained
in the BPCM, where grouping of CCL2 and CXCL8 were rather prevalent. This may reflect
another pathway by which CCL4 may be activated, with results indicating that such
activation may be dependent on IL-1f3 in the BPCM (Fig. 5.1). CCL2 is implicated as a major
recruiter of macrophages, which play a pro-tumourigenic role in breast cancer. Moreover,
high concentrations of CCL2 are linked to more aggressive tumours (Vicari and Caux, 2002).
While CCL2 was significantly increased in the culture groups under NK cell-mediation in both
the LPCM and BPCM; CCL2 was relatively higher in the LPCM. MCF-7 cells are weakly
metastatic, thus the increase in CCL2 may be linked to the generation of a more invasive

profile by subversion of NK cell-mediated cytokine secretions.

Importantly in the Tgreg-BC culture group in both LPCM and BPCM, CCL2 and CCXL8
expression was low; moreover, TGF-3, the sustained expression of which is essential to
tumour maintenance (Moustakas and Heldin, 2014) was of a similar level to that seen in the
BC control group. Furthermore, no significant increases in any other proinflammatory
cytokine was noted in this culture group compared to the BC control group (Fig. 5.1). It is
proposed that these results reflect the induction of tumour tolerance mechanisms as
opposed to immune activation. Treg lymphocytes in the tumour microenvironment not only
suppress cytotoxic cell function but also mediate the growth and progression of the tumour

itself.

The results obtained from this study indicate that IL-6 is a major promoter of chemokine
function when tumour cells are under NK cell-mediation, regardless of the presence of Tgeg
lymphocytes. Importantly, CCL2 and CXCL8 induction are highlighted in both basal and
luminal phenotype culture models and as such, these chemokines may be a common
pathway used in tumour progression regardless of breast cancer phenotype. IL-6, which was
significantly increased in the EXP group in both the BPCM and LPCM, has been shown to
abrogate the effects of TGF-f3 suppression on canine derived-tumour infiltrating LAK cells
(Hsiao et al., 2004). However, IL-6 as previously mentioned is a pleiotrophic cytokine. At

concentrations of below 5ng/ml, detected in this study, IL-6 has been shown to be unable to
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restore LAK function as influenced by tumour cells, whereas at high concentrations IL-6 has
been shown to actively suppress NK function (Hsiao et al, 2004). Moreover, IL-6 and CCL2
have been linked to cancer stem cell-driven tumour progression (Chin and Wang, 2013; Jiang
and Shapiro, 2013). Cancer stem-cell populations have been identified in both the MCF-7 cell
line and the MDA-MB-231 cell line (Engelmann et al., 2008; Hiraga et al., 2011) and thus the
secretion of IL-6 and its associated chemokine cluster may indeed not only infer attainment

of increased metastatic potential but clonal evolution of stem cell populations.

An increase in proinflammatory cytokines was noted particularly in the BPCM EXP culture
group (Fig. 5.1). Basal phenotype breast tumours constitutively express more
proinflammatory cytokines during tumour progression; however, the significant increases in
IL-12, IFN-y and TNF-a, notably clustering with IL-1f3, indicates the generation of a chronic
inflammatory environment implicated in increasing tumour cell invasiveness in the BPCM
EXP culture group (Baumgarten and Fraser, 2012). Exogenous IL-12 and TNF-a have been
shown to act in a synergistic manner presenting with anti-tumourigenic function (Sabel et
al., 2010). TNF-a, which is produced by NK cells, is associated with an upregulation of
endothelial cell surface receptors and a loss of intercellular adhesion molecules, necessary
for the extravasation of lymphocytes to tumour sites (Sabel et al., 2010). However, tumour
cells may equally subvert the functions of TNF-a, which are further associated with an
increase in MMP function, to allow for tumour cell migration and invasion (Nath and

Mukerjee, 2014).

The grouping of IL-12 and TNF-a with IFN-y, an interferon necessary for immune system
activation against transformed cells, in the BPCM EXP culture group, can be further linked
with the cytotoxic function of NK cells (Saha et al., 2010). Furthermore, the upregulation of
IFN-y secretion by NK cells has been shown to be linked with inhibition of endogenous TGF-f3
(Meadows et al., 2006), reflecting the results of this study in which the BPCM EXP culture
group exhibited reduced cytoplasmic and ECM endogenous TGF-3, with expression limited
to the perinuclear region (Fig. 5.1). However, sustained IFN-y expression has also been linked

with tumour cell resistance to NK cell cytotoxic function (Wang et al., 2012), and by
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upregulating MHC | presentation on tumour cells (Saha et al., 2010), may be linked with
tumour cell evasion of NK cells. Thus, although these results may be interpreted as activation
of NK cell cytotoxic function, even under Treg lymphocyte mediation, that the BPCM NK-BC
control group only showed a significant increase in IL-12, of the aforementioned cytokines,
may reflect sublimation of NK cell function in the EXP culture group. Supporting this
assertion is the expression of EGFR, which was notably higher in the cytoplasmic, nuclear
and extracellular matrix of the BPCM EXP culture group. Nuclear EGFR can act as a co-
transcription factor, notably of cyclin D1 and c-Myc which have fundamental roles in cell
growth and proliferation (Li et al., 2001; Nyga et al., 2011; Brand et al., 2013) as well as co-
regulating iNOS expression in breast tumours (Brand et al.,, 2013). Moreover, extracellular
EGFR, contained within tumour-derived exosomes, are implicated in immune suppression

and cellular communication necessary for tumour progression (Zhang and Grizzle, 2011).

5.3 Implications of this study and future directions

Advances in traditional cancer treatment modalities for patients presenting with advanced
breast cancer has not significantly improved the median overall survival rate (Nicolini and
Carpi, 2008). Furthermore,  cancer  immunotherapy including  non-specific
immunomodulation, mAb therapy, cancer vaccines and ACT, have yet to prove clinically
efficacious (Rosenberg et al., 2008). That cancer remains incurable implicates a more
complex tumour microenvironment that requires multiple treatment modalities to elicit a
beneficial outcome. However, such treatment strategy is in effect, a double-edged sword,
with a combination of traditional regimens prone to reducing the efficacy of NK cell
mediated cytotoxic effects; yet alone, being incapable of inducing even limited benefits

(Mozaffari et al., 2007; Kirkwood et al., 2012; Tiwari and Roy, 2012).

Given the complexity of the in vivo tumour microenvironment, this study developed a novel
3D culture system in which to investigate the heterotypic interactions of tumour cells and
immune cells. This culture system has proven suitable for exploring alterations in gene

profiles, as evidenced by the successful optimisation of RNA extraction and for examining
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cytokine profiles in which innovative multivariate exploratory techniques were used to

deduce functional associations.

A limiting factor to any study involving Treg lymphocytes is the phenotypic characterisation
thereof. It would thus be of interest to isolate Treg lymphocytes using additional markers to
ascertain whether derived subgroups have any significant impact on the results obtained in
this study. A further restriction noted was the yield of NK cells and Tgreg lymphocytes
constrained by the volume of blood we were permitted to obtain per volunteer (Human
Ethics Clearance M081036 and M140155). It would be advisable to increase the volume of
blood obtained for isolation of lymphocytes, ethical issues permitting, to allow for the
establishment of additional cultures and flow cytometric characterisation of isolated

lymphocyte populations per volunteer.

Furthermore, while limitations were noted regarding the efficacy of immunocytochemistry
on harvested samples, these limitations themselves were closely related with immune
mediation of migration processes and thus provided additional, albeit unforeseen, insight
into the interaction of immune cells with tumour cells. To resolve the problems encountered
during sample harvesting, immunolocalisation of biomarkers within cultures could rather be
conducted in situ followed by confocal microscopy. As was intended for this study,
guantitative analysis using CellProfiler software would then allow for a less subjective view

of alterations in biomarker expression.

Collectively, the results of this study point to the sublimation of NK cell and/or Tges
lymphocyte function by tumour cells, with an emphasis on the generation of an
inflammatory microenvironment for tumour progression. The roles of Treg lymphocytes and
NK cells should not be assessed independently of the tumour phenotype, given that luminal
phenotype and basal phenotype tumours differ in their response to immune mediation, be it
by the alteration of biomarker or cytokine expression. However, the mechanisms by which
they elicit responses result in a similar outcome — that of enhanced evasive and invasive

capacity.
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Cancer is akin to the Lernaean Hydra, possessing many mechanisms with which to evade
anti-tumourigenic processes; and when balked, possessing the ability to develop novel
methods to ensure its survival. The question thus remains: where in fact is the signalling
network modified to allow for tumour tolerance and progression under immune mediation?
Subsequent studies based on this methodology, currently underway, will assess the
induction of pro-apoptotic markers, as well as investigate major players in selected signal
transduction pathways. It is necessary to further elucidate the relationship between the
investigated cytokines, biomarkers and immune cells, to understand their interactions and
potentially provide more information for therapeutic intervention, given that these factors
may contribute to the intransigence of tumours in responding favourably to combined

modalities of therapy.
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Activation media A

RPMI 1640
0.1% P/S
10% FBS
1ug/ml PHA
0.8ng/ml IL-2

Activation media B

RPMI 1640
0.1% P/S
10% FBS
0.8ng/ml IL-2

Cryopreservation medium

10% DMSO
90% FBS

Sorting buffer (Miltenyi Biotec Magnetic sorting buffer)

1M PBS pH 7.2
0.5% BSA
2mM EDTA

Phosphate buffered saline (PBS)

8.5g NacCl

1.07g Disodium hydrogen orthophosphate

0.39g Sodium dihydrogen orthophosphate dehydrate
1L dH,0

1M, pH to 7.4. Autoclave to sterilise

PBT
1M PBS
0.1% Tween-20
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APPENDIX B

Figure illustrating techniques used for optimization of RNA extraction. All techniques

were followed by analysis of RNA yield and integrity.

Proteinase K
Treatment

No Proteinase K
Treatment

TRIzol RNA elution with RMA elution with
Qiagen RNeasy Qiagen RNeasy
Method Mini Kit Mini Kit

Proteinase K
treatment

Phase Separation

Off-column DNA On-column DNA Ol oty Off-column DNA On-column DNA Ol oty
digestion only digestion only S e digestion only digestion only S e
digestion digestion
A A

RNA elution with
Qizagen RNeasy
Mini Kit

Off-column DNA
digestion only

TRIzol technique

Samples were incubated with 150ul TRIzol followed by homogenization using a 21 gauge
needle. Samples were centrifuged at 12 000 X g for 10 min. The supernatants were then
harvested, flash-frozen in liquid nitrogen and stored at -80°C until use. Prior to phase
separation, samples were defrosted and incubated at room temperature for 5 min. For
phase separation, 30ul chloroform was added to each sample and vigorously shaken for
15 sec, followed by incubation at room temperature for 2 min. Samples were centrifuged
at 12 000 X g for 15 min at 4°C. This yielded a lower phenol red-chloroform phase, an
interphase and an upper aqueous clear phase. The latter was aspirated into a new tube
for subsequent RNA precipitation. Each sample was incubated with 75ul 100%
isopropanol at room temperature for 10 min, following which samples were centrifuged
at 12 000 X g for 10 min at 4°C. The resulting supernatant was discarded and the RNA
pellet washed in 150ul 75% ethanol. The samples were briefly vortexed and subsequently
centrifuged at 7500 X g for 5 min at 4°C. The pellet was air-dried followed by
resuspension in 30ul RNase-free water. The suspension was thereafter placed on a 60°C

dry block heater for 15 min and subsequently stored at -70°C for RNA quality control.
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Combined TRIzol-Qiagen RNeasy RNA Purification technique

Samples were defrosted on ice. For disruption of residual Matrigel, 295ul RNAse-free
water and 5ul proteinase K were added to samples. Following centrifugation at 8 000 X g
for 3 min, the supernatant was removed and placed in a 1.5ml eppendorf to which 300l
70% ethanol was added and mixed by pipetting. Each sample was applied to an RNeasy
spin column within a 2ml collection tube and centrifuged at 8 000 X g for 15 sec. The
flow-through was discarded and 350ul Buffer RW added to the column. The column was
centrifuged at 8 000 X g for 15 sec and the flow-through discarded.

To elute the RNA, 500l Buffer RPE was added to the column, centrifuged at 8 000 X g for
15sec and the flow-through discarded. A further 500ul Buffer RPE was added to the
RNeasy spin column and centrifuged at 8 000 X g for 2 min. The column was removed
from the collection tube, placed on to a new 2ml collection tube and centrifuged for a
further 1 min at 8 000 X g. The column was then removed from the collection tube,
placed in a new 1.5ml collection tube and 30ul RNAse-free water added to the

membrane. The column was centrifuged at 8 000 X g for 1min.

For off-column DNA-digestion, 20ul of each RNA elution was incubated with 10ul NEB
Buffer, 68l Sabex water and 2l NEB DNAse at 37°C on a dry block heater for 10 min. A
further 1ul 0.5M EDTA was added to each elution followed by heat-inactivation at 75°C
on a dry block heater for 10 min. For RNA clean-up, each sample was adjusted to 100ul
with RNase-free water followed by the addition of 350ul Buffer RLT and 250ul ethanol.
The sample was mixed by pipetting and up to 750ul placed on to a column in a 2ml
collection tube. The column was centrifuged at 8 000 X g for 15 sec and the flow-through
discarded. A further 500l Buffer RPE was added to the column, centrifuged at 8 000 X g
for 15 sec and the flow-through discarded. The column was removed from the collection
tube and placed in a new 2ml collection tube, followed by centrifugation at 8 000 X g for
1 min. The column was removed from the collection tube and placed into a new 1.5ml
collection tube with 30ul RNAse-free water added to the column membrane. The column
was centrifuged at 8 000 X g for 1 min and the flow-through discarded. The column was
centrifuged again at 8 000 X g for 1 min. The resulting elutes were stored at -80°C until

RNA quality control.
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Compensation controls for flow cytometric analysis on the LSR Fortessa.

Rows: A) unstained compensation beads; B) APC stained beads; C) PE stained beads; D)

PE-Cy.7 stained beads. Columns: 1) scatterplots of SSC vs FSC; 2) scatterplots gated (black

circle) on column 1; 3) histograms with unstained samples indicated in light blue.
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Representative flow cytometric analysis results (FACSCalibur) of A) CD4'CD25" Tgres lymphocytes and B) NKp46* NK cells isolated from

PBMCs obtained from density gradient centrifugation using Ficoll-Hypaque.

WEC CD4APC CD25 PE - WBC CD4APC CD25 PE
§-. S g PS002 17/8.018 = PS002 17/8.016
=1 & . j g4
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0 @
%84 “g3 784
g
& g1 &
~
= T T T T T k o 2 T T
o 200 400 600 800 1000 1 5 — T T T 0 1 Zad 3 4
5 10 102 b 10f 10 10 10 10
FSC-Height P A 0 200 400FSGH6«)U 800 1000 NKpd8 APC
o WBC CD4APC CD25 PE o WBC CD4APC CD25 PE
g Region Statistics
= Region Events % Gated % Total X Mean X GeoMean Y Mean Y GeoMean PxPy
§ R2 174 11.74  11.74 606.15 60308 20008 155.80
At 4804 4804 4804 55782 554.13 10057 97.34
B84 58
;'fr' i" Region Statistics
o o
2 g 2 g Region Events % Gated % Total X Mean X GeoMean Y Mean Y GeoMean PxPy
R2 878 18.28 878 10850 8950 11434 1212 1,7
s R1 4804 10000 4804 4279 2934 10057 9734 1,2
S
104 104
CD4 APC CD25 PE

FAegion Statistics

File: WBC CD4APC CD25 PE Log Data Units: Linear Values
Sample ID: WBC CD4APC CD25 PE Patient ID: 002
Tube: Untitied Panel: Uniifed Acquisition Tube List
Acquisition Date: 15-Jul-11 Gate: G1
Gated Events: 236802 Total Events: 358700
X Parameter. CD4 APC (Log) Y Parameter: SSC-Height (Linear)
Region Events 9% Gated % Total X Mean X GeoMean Y Mean Y Geo Mean PxPy
Lymphocyles 236802  100.00 65.83 91.36 18.08 412.31 39852 1,2
CD4 High 58681 23983 1575 360.20 350.48 30873 38322 7,2
CD4 Low 15137 639 421 25.88 19.88 459.78 44187 7.2
CD25 + e819 4.15 273 31041 15842 437.79 42631 4,2
CD4+CD25+ 19286 814 538 37480 33877 43862 42754 7.4
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APPENDIX D

Results from Spearman Rank Order Correlations.

Spearman Rank Order Comelations (Spreadsheet in Sorling Analysis)
MD pairwise deleted
Marked correlations are significant at p < 05000

Variable PBMCL | CDa+L STregL SNKL | AlTregl | AINKL | A2Tregl | A2NKL

PEMC L 1.000000 -0.39333% 0308091 0108091 0683333 0376572  0.116667  -0.01666T
COa+ L 40393939 1.000000  0.966567  0.006061 0.233333 0443519 0.666GOT|  -0.357143
STregl -0.309091 0866667  1.000000 0081818 0283333 -0.158997 0733333 0033333
SNKL 0109091 0.006061  0.081818  1.000000 0083333 0123524 0016667 0466667
AlTregl 0663333 0233333 0283333 0083333  1.000000 0284521 0738095  0.285714
Al NKL 0376572  -0.443519  -0.158997 0125524  0.284521 1.000000  -0.335335 0598813
A2 TreglL 0116667 0666667 0733333 -0016667 0738095 -0.335335  1.000000 -0.033333
AZ NK L 0.016667  -0.357143  0.033333 0466667 0285714 0598813  -0.033333  1.000000
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APPENDIX E1

Results of Kruskal-Wallis ANOVA by Ranks tests followed by Multiple Comparisons Post

Hoc tests. Grouping variable: GRFM-conditioned media and Media alone control groups

Kruskal-Wallis ANOVA by Ranks: IL - 1b (Controls in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H { 1. N=4) =.6000000 p =.4386

Depend.: Code Valid Sum of | Mean
IL-1b N Ranks Rank
GFRM 101 2| 6.000000 3.000000
Media 102 2 4.000000 2.000000

Kruskal-Wallis ANOVA by Ranks; IL-2 (Controls in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H (1, N=4}=0.000000 p =1.000

Depend.: Code Valid Sum of | Mean
IL-2 N Ranks Rank
GFRM 101 2 5.000000 2.500000
Media 102 2 5000000 2.500000

Kruskal-Wallis ANOVA by Ranks: IL-6 (Controls in IL Waorkbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H {1, N=4) = 1666667 p =.6831

Depend.: Code Valid Sum of | Mean
L& N Ranks Rank
GFRM 101 2| 5500000 2.750000
Media 102 2 4500000 2.250000

Kruskal-Wallis ANOVA by Ranks: IL-12 (Controls in IL Workbook)
Independent {grouping) variable: Culture group
Kruskal-Wallis test: H ( 1. N=4) =2.400000 p =.1213

Depend.: Code Valid Sum of | Mean
IL-12 il Ranks Rank
GFRM 101 2 7.000000 3.500000
Media 102 2 3.000000 1.500000

Kruskal-Wallis ANOVA by Ranks; IL-12 (Controls in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H ( 1, N=4) =2.400000 p =.1213

Depend.: Code Valid Sum of | Mean
IL-12 N Ranks Rank
GFRM 101 2| 7.000000 3.500000
Media 102 2 | 3.000000 1.500000

Kruskal-Wallis ANOVA by Ranks: IFN-g (Controls in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H ( 1, N=4) =1.500000 p =.2207

Depend.: Code Valid Sum of | Mean
IFN-g N Ranks Rank
GFRM 101 2 6.500000 3.250000
Media 102 2 3.500000 1.750000

Kruskal-Wallis ANOWA by Ranks: TNF-a (Controls in IL Waorkbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H { 1, N=4) = 6000000 p = 4386

Depend.: Code Valid Sum of | Mean
TNF-a N Ranks Rank
GFRM 101 2 | 6.000000 3.000000
Media 102 2 | 4.000000 2.000000

Kruskal-Wallis ANOVA by Ranks; CCL2 (Controls in IL Workbook)
Independent {grouping) variable: Culture group
Kruskal-Wallis test: H { 1. N=4) =2.400000 p =.1213

Depend.: Code Valid Sum of Mean
CCL2 N Ranks Rank
GFRM 101 2 7.000000 3.500000

Media 102 2 | 3.000000 1.500000




Kruskal-Wallis ANOVA by Ranks; CCL4 (Contrals in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H { 1. N=4) =0.000000 p =1.000

Depend.: Code Valid Sum of | Mean

CCL4 N Ranks Rank

GFRM 101 2 | 5.000000 2.500000

Media 102 2 | 5.000000 2500000
Kruskal-Wallis ANOVA by Ranks; CXCL8 (Controls in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H { 1, N=4)=0.000000 p =1.000

Depend.: Code Valid Sum of | Mean

CXCL8 N Ranks Rank

GFRM 101 2| 5.000000 2.500000

Media 102 2 | 5.000000 2.500000
Multiple Comparisons p values (2-tailed); IL - 1b (Controls in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H (1, N=4) =.6000000 p = 4386

Depend.: GFRM Media

IL-1b R:3.0000 R:2.0000

GFRM 0.438578

Media 0.438578
Multiple Comparisons p values (2-tailed); IL-2 (Controls in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H {1, N=4) =0.000000 p =1.000

Depend.: GFRM Media

IL-2 R:2.5000 R:2.5000

GFRM 1.000000

Media 1.000000
Multiple Comparisons p values (2-tailed); IL-6 (Controls in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H (1, N=4) =.1666667 p =.6831

Depend.: GFRM Media

IL-6 R:2.7500 R:2.2500

GFRM 0.698535

Media 0.698535
Multiple Comparisons p values (2-tailed); IL-12 (Controls in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H (1, N=4) =2.400000 p =.1213

Depend.: GFRM Media

IL-12 R:3.5000 R:1.5000

GFRM 0.121335

Media 0121335
Multiple Comparisons p values (2+ailed); IFN-g (Controls in IL Workbook)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H (1, N=4) =1.500000 p =.2207

Depend.: GFRM Media

IFM-g R:3.2500 R:1.7500

GFRM 0.245278

Media 0.245278
Multiple Comparisons p values (2-tailed); TNF-a (Controls in IL Workbaok)
Independent (grouping) variable: Culture group
Kruskal-Wallis test: H { 1, N=4) =.6000000 p = 4386

Depend.: GFRM Media

TNF-a R:3.0000 R:2.0000

GFRM 0.438578

Media 0.438578
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APPENDIX E2

Results of Kruskal-Wallis ANOVA by Ranks tests followed by Multiple Comparisons Post

Hoc tests. Grouping variable: Cell lines

Kruskal-Wallis ANOVA by Ranks; IL-1b
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H ( 2, N= 61) =33.07705 p =.0000

Depend.: Code Valid Sum of Mean
IL-1b N | Ranks Rank
MCFT 101 33 707.500 21.43939
MDA 102 24 | 1129.000 47 04167
Control 105 4 54500 13.62500

Kruskal-Wallis ANOVA by Ranks; IL-2
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H ( 2, N= 61) =25.86803 p =.0000

Depend.: Code Valid Sum of | Mean
IL-2 N Ranks Rank
MCF7 101 33 731.500 22.16667
MDA 102 24 | 1087.000 45.29167
Control 105 4 72.500 18.12500

Kruskal-Wallis ANOVA by Ranks: IL-6
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H (2, N=61) =36.93550 p =.0000

Depend.: Code Valid | Sum of Mean
IL-6 N Ranks Rank
MCF7 101 13 745.000 22.57576
MDA 102 24 1 1132.000 47.16667
Control 105 4 14.000 3.50000

Kruskal-Wallis ANOVA by Ranks; IL-12
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H ( 2, N= 61) =19.07698 p =.0001

Depend.: Code Valid Sum of | Mean
IL-12 N Ranks Rank
MCF7 101 33 501.000 2427273
MDA 102 24 | 1031.000 42.95833
Control 105 4 59.000 14.75000

Kruskal-Wallis ANOVA by Ranks; IFN-g
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H ( 2, N= 61) =32.12823 p =.0000

Depend.: Code Valid Sum of | Mean
IFN-g N Ranks Rank
MCF7 101 33 658.000 20.34848
MDA 102 24 | 1127.000 46.95833
Control 108 4 76.000 19.00000

Kruskal-Wallis ANOVA by Ranks; TNF-a
Independent {grouping) variable: Cell line
Kruskal-Wallis test: H { 2, N= 61) =30.51030 p =.0000

Depend.: Code Walid Sum of Mean
TNF-a N | Ranks Rank
MCFT 101 33 709.500 21.50000
MDA 102 24 | 1116.000 46.50000
Control 105 4 65.500 16.37500

Kruskal-Wallis ANOVA by Ranks; CCL2
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H { 2, N=61) =21.04893 p =.0000

Depend.: Code Valid Sum of | Mean
CCL2 N Ranks Rank
MCF7 101 33 867.000 26.27273
MDA 102 24 | 1009.000 42.04167
Control 105 4 15.000 3.75000

Kruskal-Wallis ANOVA by Ranks; CCL4
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H { 2, N= 1) =7.056693 p =.02%4

Depend.: Code Valid Sum of | Mean
CCL4 N Ranks Rank
MCF7 101 33 | 1023.000 31.15152
MDA 102 24 827.000 34.45833
Control 105 4 36.000 9.00000

Kruskal-Wallis ANOVA by Ranks; CXCL8
Independent (grouping) variable: Cell line
Kruskal-Wallis test- H ( 2, N= 61) =34 56212 p =.0000

Depend.: Code Valid Sum of | Mean
CXCL8 N Ranks Rank
MCF7 101 13 766.000 23.27273
MDA 102 24 1 1113.000 46.37500
Control 105 4 10.000 2.50000




Multiple Comparisons p values (24ailed); IL-1b
Independent (grouping) variable: Cell line

Kruskal-Wallis test: H { 2, N=61) =33.07705 p =.0000

Depend.: MCF7 | MDA Control
IL-1b R:21.439 R:47.042 R:13.625
MCF7 0.000000 1.000000
MDA 0.000000 0.001474
Control 1.000000 0.001474
Multiple Comparisons p values (2-ailed); IL-2
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H { 2. N= 61) =25.86803 p =.0000
Depend.: MCFT | MDA | Cantral
IL-2 R:22.167 R:45.292 R:18.125
MCFT 0.000004 1.000000
MDA 0.000004 0.013813
Contral 1.000000 0.013813
Multiple Comparisons p values (2-tailed); IL-6
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H (2, N=61) =36.93550 p =.0000
Depend.: MCF7 | MDA | Contral
IL-6 R:22.576 R:A7.167 R:3.5000
MCFT 0.000001 0.127210
MDA 0.000001 0.000016
Control 0.127210 0.000016
Multiple Comparisons p values (2-tailed); IL-12
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H ( 2. N= 61) =19.07698 p =.0001
Depend.: MCFT | MDA | Control
IL-12 R:24.273 R:42.958 R:14.750
MCF7T 0.000262 0.932954
MDA 0.000262 0.009778
Control 0.932954 0.009778
Multiple Comparisons p values (2-tailed); IFN-g
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H (2, N= 61) =32.12823 p =.0000
Depend.: MCF7 MDA Contral
IFN-g R:20.848 R:46.958 R:19.000
MCFT 0.000000 1.000000
MDA 0.000000 0.010634
Control 1.000000 0.010634
Multiple Comparisons p values (2-tailed); TNF-a
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H ( 2. N= 61) =30.51030 p =.0000
Depend.- MCFT7 | MDA | Contral
TNF-a R:21.500 R:46.500 R:16.375
MCFT 0.000000 1.000000
MDA 0.000000 0.005033
Control 1.000000 0.005033
Multiple Comparisons p values (2-tailed); CCL2
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H (2, N= 61) =21.04893 p =.0000
Depend.: MCFT | MDA | Control
ccL2 R:26.273 R:42.042 R:3.7500
MCF7 0.002789 0.049688
MDA 0.002789 0.000195
Cantral 0.049688 0.000195
Multiple Comparisons p values (2-tailed); CCL4
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H (2, N= 61) =7.056693 p =.0294
Depend.: MCFT | MDA | Control
CCL4 R:31.152 R:34.458 R:9.0000
MCF7 1.000000 0.055302
MDA 1.000000 0.023770
Contral 0.055302 0.023770
Multiple Comparisons p values (2-tailed), CXCLB
Independent (grouping) variable: Cell line
Kruskal-Wallis test: H (2, N= §1) =34.56212 p =.0000
Depend.. MCF7 MDA | Control
CXCL8 R:23.273 R:46.375 R:2.5000
MCF7 0.000004 0.081297
MDA 0.000004 0.000014
Contral 0.081297 0.000014
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APPENDIX E3

Results of Kruskal-Wallis ANOVA by Ranks tests and Multiple Comparisons Post Hoc
tests. Grouping variable: Culture groups where A: EXP; B: NK-BC; C: Tres-BC; D: BC and
where MCF7: MCF-7 cells, LPCM; MDA: MDA-MB-231 cells, BPCM

Kreskal-v¥allis ANOVA by Ranks: IL-1b

Independent (grouping) vanable: Culture Growps

Knsskal-vWaha 1est H (8, N= 61) =34.68124 p =.0000
Depend Code | Vald Sum of | Mean
L-1b N Ranks Rank
MCFTA 10 9 219.5000 24 38889
MDbA 102 B | 3050000 5083333
MCFTE 103 B | 173.5000 2168750
MDAS 1 B | 383.5000 4T 25000
MCFTC 105 B 1335000 16.68750
MOAL 106 B | F53 0000 42 166ET
MCFTD 107 B 1810000 22 62500
MOAD 1048 B | ZET 5000 AT 91657
| Control m 4 | 54.5000 13.62500

Kruskal-\Wallis ANCOVA by Ranks; IL-2
Independant (growpmng) vanakle: Culiure Groups
Kruskal-\¥allis tost: H { 8, N= 61) =29 49710 p = 0003

Depend Code \ Vahd ] Sum of Mbean
Ll H Ranks Rank
MCFTA, 101 9| 226.5000 25 16667
MOAA 102 & | 207 0000 49.50000
MCFTB 103 8| 129.5000 16.18750
MOAB 4 6 | 299.5000 4991667
MCFTC 105 8| 155.0000 19.37500
MOAC 105 6 | 251.0000 4153333
MCFTD 107 8 | 2205000 27 56250
MOAD 108 & | 239.5000 3991667
Contral 111 4| 725000 18.12500

Kruskal-yallis ANCVA by Ranks. IL6
Indapendant (groiapeng) vanable: Culiure Groups
Kruskal\¥allis tost: H { B, N= §1) =37 97358 p = 0000

MOAD 08
Control 111

2570000 42 B3333
14,0080 350000

Kruskal-Wallis ANOVA by Ranks; IL-12
Indapandent (grougang) vanable: Culiure Groups
Krushkal-Wallis test: H | B, N= §1) =25 20474 p = 0014

Depend Code \ Vaid ] Sum of Mean
LG N Ranks Rank
MCFTA 0 9| 220.5000 24 50000
MDAA 102 & | 341.0000 5183333
MCFTB 103 8| 175.5000 2193750
MOAE ) 6 | 291.0000 48.50000
MCFTC ] 8 | 168.0000 21.00000
MOAL 106 & | 273.0000 4550000
MCFTD 107 8 | 181.0000 2262500

[

4

Diepand Code | Valid Sum of | Mean
JIL-12 il Fisniks Rank
MCFTA 1 4| 292 5000 12 50000
MDAA 102 6 | 273.5000 4558333
MCFTB 103 & | 204.0000 25 50000
MDAB 104 & | 298 5000 40 75000
MCFTC 105 8| 119.0000 4 ET500
MDAL 106 6 | 230.0000 38.33333
MCFTD 107 8 | 1B5.5000 2318750
MDAD 1028 & | 229.0000 38 16657
[ Control 111 4| 5o 0000 14 75000
Kruskal-Valks AMOWA by Ranks, IFl-g
Independent (grouping] vanable: Culture Growps
Krughcal-Wallis test: H | 8, N= §1) =33 044589 p = 0001
Depend Code ] Vaiid Sum of Mean
|IFtig H FRanks | Rank
MCFTA 1 5 174.0000 1933333
MOAA 102 B 30000000 50000000
MCFTE 103 B 1555000 1943750
MDAR 14 B 2755000 45 91657
MCFTC 105 B 158.0000 1975000
MDAC 106 6 2670000 44 50000
MCFID 107 B 2005000 25.06250
MOAD 108 6 284 5000 AT 41667
Conteol 11 4 70000 1900000




Kruskal-Walks ANDVA by Ranks, CCL2

Independen {grouping] vanable: Culture Groups
Koruskcal-Valks test: H( 8, N= 61) =22 47240 p = 0003
Depand Code ] Vald Sum of Mian
CEL H Fanks Fank
MCFTA 10 9 3130000 3544844
MDA 102 6 289 0000 48 16667
MCFTB 103 B 2430000 30 37500
MDAB 104 £ 2830000 48 16557
MCFTC 105 B 154 5000 1931250
MDAC 106 6 2090000 3.83333
MCFID 107 8 1505000 1881250
MDAD 108 B 2220000 3700000
Control 11 4 150000 3.75000
Kruskal-Walks ANCWA by FRanks, THF-a
Independsert (grouping] vanable: Culture Groups
Krusical-Vvalis test: H | 8, M= 61) =32 51584 p = 0001
|Cepend Code ] Valid Sum of Mean
THF-a N Ranks Rank
MCF A L] 5 260000 2400000
MDAA 102 B | 292 5000 4B TH000
MCFTB 103 8 155 5000 19 56250
MDAB 104 B 287.0000 4781330
MCFTC 105 8| 1270000 1587500
MOALC 106 B | 254 5000 42 41667
MCFTD 107 8 210.0000 2625000
MDA 108 6 2820000 47.00000
Control 11 4 55S000 16 37500
Kruskal-Vyalis AROVA by Ranks; CCL4
Indepandent (grouping] vanable: Culture Groups
Krusical-Wallks test: H | 8, K= 61) =41 45248 p = 0000
Diepand Code ] Valid Sumn of Muan
CCle H Ranks Fank
MCFTA 10 5 4405000 45 94444
MOAA 102 6 2735000 45 58333
MCFTB 103 8 3520000 4400000
MDAB 104 B 2490000 4150000
MCFTC 105 B 137.5000 1718750
MOAC 106 6 175.0000 2966657
MCFTD 107 8 95.0000 12 25000
MDA 108 B 1255000 21.08333
Control 111 4 360000 2.00000
Kruskal-Walks ANOVA by Ranks, CXCLE
Independsert (grouping] vanable: Culture Groups
Kirusical-Vvalis test: H (8, W= 61) =35 39648 p = 0000
Diepand Cade ] Valid Surn of Mean
CHELE H Fanks Fank
MCF A o 5 255.0000 28.33333
MDAA 102 6 29 0000 49 33333
MCFTB 103 B 194 0000 24 25000
MDAB 104 £ 2830000 4800000
MCFTC 105 B 1580000 1975000
MDALC 106 6 | 2550000 42 50000
MCFTD 107 8 161.0000 2012500
MDAD 108 B 2740000 45 BEEET
Control 11 4 10.0000 2 50000

Multiple Comparisons p values (2-tailed); IL-1b
Independent (grouping) variable: Culture Groups
Kruskal-Wallis test: H ( 8, N= 61) =34.68124 p =.0000

Depend.: MCF?A‘ MDAA ‘MCFTB‘ MDAB MCF?C‘ MDAC ‘ MCFTD‘ MDAD ‘ Control
It |R:24.389 R:50.833 |R:21.688 | R:47.250 | R:16.688 |R:42 167 | R:22 625 | R:47.917 R:13.625
MCFTA 0169530 1.000000 0.523917| 1.000000  1.000000 1.000000 0.429052 1.000000
MDAA | 0.169530 0.085189 1.000000 0.013278| 1.000000 0.117341/ 1.000000 0.041993
MCF7B | 1.000000 0.085189 0.276185| 1.000000| 1.000000 1.000000 0.224081 1.000000
MDAB | 0.623917 1.000000 0.276185 0.051630  1.000000 0.367809| 1.000000 0.120366
MCF7C | 1.000000 0.013278 1.000000 0.051630 0.283410 1.000000 0.040504 1.000000
MDAC | 1.000000 1.000000 1.000000 1.000000 0.283410 1.000000 1.000000 0459019
MCF7D | 1.000000 0.117341 1.000000 0.367809 1.000000 1.000000 0.300286 1.000000
MDAD | 0.429052 1.000000  0.224081 1.000000 0.040504 1.000000 0.300286 0.099636
Control | 1.000000 0.041993 1.000000 0.120366 1.000000 0.459019 1.000000 0.099636

Multiple Comparisons pvalues (2-tailed). IL-2

Indepandent (grouping) vanable: Culture Groups

Kneskal- Wallis test: H { 8, N= 1) =20.45710 p =, 0003
Depend.: [ MCFTA | MDWA | MCFTE | MDAB | MCFTC | MDAC | MCFTD | MDAD | Control
-2 25,167 R49.500 | R-16.188 |R49.997 | R19.375 R41.833 R2T 563 R3G.9T R 18125
MCFTA 0334965 1.000000 0.293%25 1.000000 1.000000 1.000000 1.000000 1.000000
MDAA | 0 334966 0013424 1000000 0060396 1.000000 0796757 1.000000 0222591
MCFTE | 1.000000 0018424 0015655 1000000 0.269127 1.000000 0479635 1.000000
MODAB | 029225 1.000000 0 012555 Q05019 1000000 071075 1.000000 0133172
MCFTC | 1.000000 0.060356 1.000000 0052019 0659737 1.000000 1.000000) 1.000000
MDAC | 1.000000 1.000000 0265127 1.000000 0689737 1.000000 1.000000 1.000000
MCFTD | 1.000000 0.796757 1.000000 0.740075 1.000000 1.000000 1.000000 1.000000
MDAD | 1.000000 1000000 0473698 1.000000 1.000000 1.000000 1.000000 1.000000
Control | 1000000 0222551 1000000 0193172 1000000 1000000 1000000 1.000000
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Multiple Comparisons p values (2-tailed); IL-12
Independent {grouping) variable: Culture Groups
Kruskal-Wallis test: H ( 8, N= 61) =25.20474 p =.0014

Depend.: MCFTA‘ MDAA ‘ MCF7B ‘ MDAB ‘ MCFTC ‘ MDAC ‘ MCFTD ‘ MDAD ‘ Control
IL-12 R:32.500 R:45.583 | R:25.500 | R:49.750| R:14.875 | R:-38.333 | R:23.188 | R-38.167 | R:14.750
MCFTA 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000  1.000000 1.000000
MDAA | 1.000000 1.000000 1.000000) 0.048979 1.000000 0.701878  1.000000| 0.256733
MCF7B | 1.000000 1.000000 0.411460  1.000000  1.000000 1.000000/ 1.000000  1.000000
MDAB 1.000000 1.000000 0.411460 0.009911/ 1.000000 0.201504 1.000000) 0.081227
MCF7C | 1.000000 0.048979 1.000000 0.009911 0.518991 1.000000 0.544559 1.000000
MDAC 1.000000 1.000000/ 1.000000 1.000000) 0.518991 1.000000 1.000000 1.000000
MCF7D | 1.000000 0.701878 1.000000 0.201504 1.000000 1.000000 1.000000 1.000000
MDAD 1.000000 1.000000) 1.000000 1.000000 0544559  1.000000 1.000000 1.000000
Control | 1.000000 0.256733 1.000000 0.081227 1.000000 1.000000 1.000000 1.000000

Multiple Comparisons p values (2-tailed); TNF-a

Independent (grouping) variable: Culture Groups

Kruskal-Wallis test: H ( 8, N=61) =32.61584 p =.0001
Depend.: | MCFTA | MDAA | MCF7B | MDAB | MCF7C | MDAC | MCF7D | MDAD | Control
TNF-a R:24.000 R:JE.TSU‘R:WQ.SEB R:4T.B33‘R:15.875 R:42.417‘R:25.25[] R:47.000 | R:16.375
MCFTA 0.293925 1.000000 0.390909 1.000000 1.000000 1.000000 0.502753 1.000000
MDAA [ 0.293925 0.083968 1.000000 0.021819 1.000000 0.681745 1.000000 0.170118]
MCF7B | 1.000000 0.083968 0.114895 1.000000 0.617022 1.000000 0.151673 1.000000
MDAB [ 0.390909 1.000000 0.114895 0.030899) 1.000000| 0.877531 1.000000/ 0.217718
MCF7C [1.000000 0.021819/1.000000 0.030899 0.202852 1.000000 0.042082) 1.000000
MDAC 1.000000 1.000000 0.617022 1.000000 0.202852 1.000000 1.000000 0.830024
MCF7D | 1.000000 0.681745) 1.000000 0.877531) 1.000000 1.000000 1.000000 1.000000
MDAD [ 0.502753 1.000000 0.151673 1.000000 0.042082 1.000000 1.000000 0.271069
Control | 1.000000 0.170118 1.000000 0.217718 1.000000 0.830024 1.000000 0.271069

Multiple Comparisons p values (2-tailed); IFN-g

Independent (grouping) variable: Culture Groups

Kruskal-Wallis test: H ( 8, N= 61) =33.04488 p =.0001
Depend.: | MCF7A | MDAA | MCFTB | MDAB | MCF7C | MDAC | MCFTD | MDAD | Control
IFM-g R:19.333 ‘R:SU.UUU ‘ R:19.438 ‘ R:45.917‘ R:19.750 ‘ R:44.500 ‘R:25.063 ‘ R:A7.417 ‘ R:19.000
MCF7A 0.037696| 1.000000 0.161836 1.000000 0.257444 1.000000 0.096734 1.000000
MDAA | 0.037698 0.051630 1.000000 0.057761 1.000000 0.334635 1.000000 0.245758
MCF7B | 1.000000 0.051630 0.206947 1.000000 0.322131 1.000000 0.126724 1.000000
MDAB | 0.161836 1.000000 0.206947 0.228560 1.000000| 1.000000 1.000000 0.677919
MCF7C | 1.000000 0.057761 1.000000 0.228560 0.354203 | 1.000000/ 0.140619| 1.000000
MDAC | 0.257444 1.000000 0.322131 1.000000 0.354203 1.000000  1.000000 0.938360
MCF7D | 1.000000 0.334635  1.000000 1.000000 1.000000 1.000000 0.710075 | 1.000000
MDAD | 0.096734 1.000000 0.126724 1.000000 0.140619 1.000000 0.710075 0.473303
Control | 1.000000 0.245758 1.000000 0.677919 1.000000 0.938360 1.000000 0.473303

Multiple Comparisons p values (2-tailed); CCL2

Independent (grouping) variable: Culture Groups

Kruskal-Wallis test- H (8, N= 61) =29.42240 p =.0003
Depend.: | MCFTA ‘ MDAA | MCF7B | MDAB | MCFTC ‘ MDAC | MCF7D | MDAD | Control
ccL2 R:35.444 |R:48.167 |R:30.375 R:48.167 |[R:19.313 | R:34.833 R:18.813 |R:-37.000 | R:3.7500
MCF7A 1.000000 1.000000 1.000000/ 1.000000 1.000000 1.000000 1.000000 0.106883
MDAA | 1.000000 1.000000 1.000000 0.094203| 1.000000 0.079242) 1.000000) 0.003823
MCF7B | 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 0.515591
MDAB 1.000000 1.000000 1.000000 0.094203| 1.000000 0.079242 1.000000 0.003823
MCF7C | 1.000000 0.094203 1.000000 0.094203 1.000000 1.000000 1.000000 1.000000
MDAC 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 0240430
MCF7D | 1.000000 0.079242 1.000000 0.079242 1.000000 1.000000 1.000000 1.000000
MDAD | 1.000000 1.000000 1.000000 1.000000  1.000000 1.000000 1.000000 0.133684
Control | 0.106883  0.003823 0.515591 0.003523 1.000000 0.240430 1.000000 0.133684

Multiple Comparisons p values (2-tailed); CCL4

Independent {grouping) variable: Culture Groups

Kruskal-Wallis test: H ( 8, N=61) =41.45248 p =.0000
Depend - MCFI’A‘ MDAA ‘ MCF7B ‘ MDAB ‘ MCFTC ‘ MDAC ‘ MCF7D ‘ MDAD ‘ Control
CCL4 R:48.944 | R:45 583 | R:44 000 R:41.500| R:17 188 | R-29.667 | R:12.250 | R:21.083 | R-9.0000
MCFTA 1.000000| 1.000000 1.000000 0.008351 1.000000 0.000757) 0.104555| 0.006513
MDAA | 1.000000 1.000000 1.000000/ 0.110140) 1.000000 0.018276| 0.606008 0.050793
MCF7B | 1.000000/ 1.000000 1.000000 0.090811) 1.000000/ 0.012515 0.606178 0.046237
MDAB | 1.000000 1.000000 1.000000 0.403880  1.000000 0.082166  1.000000 0.164414
MCF7C | 0.008351 0.110140 0.090811 0.403880 1.000000 1.000000 1.000000| 1.000000
MDAC 1.000000 1.000000/ 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000
MCF7D | 0.000757| 0.018276) 0.012515 0.082166  1.000000 1.000000 1.000000 1.000000]
MDAD | 0.104555 0.606008 0.606178 1.000000  1.000000 1.000000/ 1.000000 1.000000
Control | 0.006513) 0.050793 0.046237 0.164414 1.000000 1.000000 1.000000 1.000000

Multiple Comparisons p values (2-tailed); CXCL8

Independent (grouping) variable: Culture Groups

Kruskal-Wallis test: H ( 8, N= 61) =36.39648 p =.0000
Depend MCFIA‘ MDAA MCFTE‘ MDAB ‘ MCFI’C‘ MDAC ‘MCFYD‘ MDAD ‘ Control
CXCL8 |R:28.333|R:49.333|R:24.250 | R:45.000| R:19.750| R:42.500 | R:20.125| R:45 667 | R:2.5000
MCFTA 0.893039 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 0.556391
MDAA | 0.893039 0.320085 1.000000 0.073142 1.000000 0.083364 1.000000 0.001574
MCF7B | 1.000000 0.320088 0.476787 1.000000 1.000000 1.000000 0.917937) 1.000000
MDAB | 1.000000 1.000000 0.476787 0.115705 1.000000 0.131211 1.000000 0.002562
MCF7C | 1.000000 0.073142 1.000000/ 0.115705 0.635474 1.000000 0.247290 1.000000
MDAC | 1.000000 1.000000 1.000000/ 1.000000 0.635474 0.705966 1.000000/ 0.017352
MCF7D | 1.000000 0.083364 1.000000 0.131211 1.000000 0.705966 0.277976 1.000000
MDAD | 1.000000 1.000000 0.917937 1.000000 0.247290 1.000000 0.277976 0.005950
Control | 0.556391 0.001574 1.000000 0.002562 1.000000 0.017352 1.000000 0.005950
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APPENDIX E4

Results of Kruskal-Wallis ANOVA by Ranks tests followed by Multiple Comparisons Post
Hoc tests. Grouping variable: Groups (LPCM and BPCM) A: EXP; B: NK-BC; C: Tres-BC; D:

BC
Kneskal-Wallis ANOWVA by Rankcs; L-1b (Spreadshest in IL Workbook)
Independent (grouping) variable: Groups
Kneskal-Wallis test: H (4, N= 61) =5 494440 p = 2402
Diepend Code | Vald Surn of | Mean
| (] N Ranks Rark
A L] 15 | 524 5000 34 96567
B o2 14 | 457.0000 32 64286
[% 13 14| 3855000 21.60714
1] 1035 14 | 4655000 J3.46429
Cantrol 107 4| 545000 1362500
Kruskal-¥Wallis ANOVA by Ranks. IL-2 (Spreadshee! in IL Warkbook)
Independent (groupang) varable: Groups
Kruskal-Wallis tost: H{ 4, H= &1) =3 160251 p = 5299
Depend Code | Valid Sum of | Mean
L2 N Ranks Rank
A 101 15 | 5235000 34.90000
B 102 14 | 4F9.0000 3064286
C 103 14| 4060000 25.00000
D 105 14 | 460.0000 3285714
Controd 107 4| T2E000 18, 12500
Kruskal-\Walles ANOVA by Ranks; IL-8 [Spraadsheat in IL Werkbook)
Independent {groupng) vanable: Groups
Kruskal-VWalks test: H [ 4, N= 61) =10.7T887 p =.0250
Diepend Code I Valhd Sun of | Mian
JIL& N Rafiks Rtk
A 101 15 | 531.5000 3543313
B 102 14 | 466.5000 3332143
C 103 14| 441.0000 31.50000
1] 105 14| 435.0000 .25
Contral 107 4 14000 3.50000
Kruskal-Wallis ANOVA, by Ranks, IL-12 {Spreadshest in IL Workbook)
Independent [groupng) varable: Groups
Krusical-\Wallis test: H { 4, N= §1) =B 338830 p = 0799
Diapand Code | Vakd Sum of | Moan
jiL-12 N Ranks Rank
A 0 15 | 5650000 ETRERT]
B 102 14 | 5025000 35 89386
c 103 14| 1490000 24 92857
D 105 14 | £14.5000 29.60T14
Control 107 4| 500000 14, TE000
Kruskal-Wallis ANOVA by Ranks, IFH-g (Spreadshest in IL Workbook)
Independent (grouping] vanable: Groups
Kruskal-Walls test: H (4, N= 61) =2 4636048 p = 8512
Depend Code I Vil Sum of Whean
| (S N Rariks Feank
A 101 15 | 4740000 31.50000
B 162 14| 431.0000 30.785T1
G LK) 14| 425.0000 035714
i} 105 14| 485.0000 54086
Control 107 4| TE0000 19.00000
Kruskal-¥Walks ANOVA by Ranks: CCL4 (Spreadshest i IL Workbook)
Indepandent (grouping) vanable: Groups
Kruskal-WWalks test: H (4. N= §1) =38 71221 p = 0000
Depand Code | Vald Surm of Mean
CCL4 N Ranks Rank
i 1 15 | 7140000 4T 60000
=] 102 14 | &01.0000 42 92857
C 103 14 | 315.5000 22 53T
4] 105 14| 234 5000 16.035T1
Control 107 4 36,0000 9,00000




Kruskal-Walks ANOVA by Ranks; CXCLE (Spreadsheat in IL Warkbook)
Indapandant {grouping) vanable: Groups
Kruskal-Walks test: H [ 4, N= 61) =12 49564 p = 0140
Depend Code | Vahd | Surn of Mean
CXCLE M Ranks Fank
A 101 15 | S51.0000 367333
B 102 14 | 482 0000 3442857
[+ 103 14 | 413.0000 29.50000
1] 105 14 | 4350000 307143
Conirol 7 4 10.0000 2.50000
Multiple Comparisons pvalues (24ailed); IL-1b (Spreadsheat in IL Workbook)
Independent (grouping) wariable: Groups
Winsskal-Walks test: H (4, M= §1) =5 404440 p = 2407
Depend A B | c [i] Control
IL-1b R34 967 R32 643 R-27 60T R33 464 R:13.625
A 1.000000 1.000000 1.000000 0. 326571
B 1.000000 1.000000 1.000000 0 588235
[+ 1000000 1.000000 1.000000 1.000000
4] 1000000 1000000 1.000000 0437058
Control 0. 326571 0 588235 1,000000 0.4570%5
Multiple Comparisons pvalues (24ailed); IL-2 (Spreadshest i IL Workbook)
Independent (groupng) wanable: Groups
Fauskal-VWalks test: H (4, N= 61) =3 165251 p = 5293
Diapeerid A B C o] Cantiol
IL-2 34,900 RE300643 R:-29.000 R:32.857 R:18.125
i 1.000000 1.000000 1.000000 093115
B 1.000000 1.000000 1.000000 1.000000
c 1.000000 1.000000 1.000000 1.000000
1] 1.000000 1.000000 1.000000 1.000000
Contirol 093118 1000000 1.000000 1.000000
Multiple Comparisons pvalues [2-taled); IL-6 (Spreadshae! in IL Waorkbook)
Indapendent (groupng] vanable: Groups
Kruskal-Walis test: H (4. N= 61) =10.78873 p = 0230
Dy A [ B | [ 7] Caontrol
| [ R:35.433 R332 R:31.500 R31.286 R:3.5000
A 1.000000 1.000000 1.000000 0013911
B 1.000000 1.000000 1.000000 0030478
C 1.000000 1.000000 1.000000 0054037
1] 1.000000 1.000000 1.000000 0.05T689
Control 0.013%11 0.034TE 0054037 0057689
Kruskal-Wallis ANOVA by Ranks, THF-a (Spreadshest in IL Workbook)
Independent (grouping] vanakle: Groups
Kruskal-Wallis test: H ({4, N= 61) =4 529977 p = 3330
Depend Codé I Viahd Suini af Mean
THF-a N Rariks Rank
A 101 15 | 508.5000 33.50000
B 102 14 4435000 31.6TR5T
[+ 103 14 3815000 27.25000
1] 105 14 452.0000 3.4k
Conkrol 107 4| E55000 1637500
Hruskcal \Wallis ANOWVA by Ranks, CCL2Z (Spreadshest in IL Workbook)
Indespendent (gtupng) vanable: Groups
Hruskeal \Wallis test: H { 4, N= §1) =17 91086 p = 0013
Depend Code I Vald | Sum of | Mean
CCL2 [{] Ranks Rank
A 101 15 | G0S.0400 4053333
B 102 14 | 5320000 3800000
c 103 14 | 3635000 2596429
D 105 14 | 372.5000 26.60T14
Control 107 4150000 3 75000
Multiple Comparisons pvalues (2taded); IL-12 (Sproadshest i IL Workbook)
Independént (grouping) vanable: Groups
Konuskal-Walls test: H( 4, N= 61) =8 338830 p = 0799
D pand A B C D Cantrol
IL-12 RT3 R:35.893 FL24 529 RL290607 R:14.750
& 1.000000 0L EX265E 1.000000 0214141
B 1.000000 1.000000 1.000000 0356727
[ 0522656 1.000000 1.000000 1.000000
1] 1.000000 1.000000 1.000000 1.000000
Condrol 0.214141 0356727 1.000000 1000000
Mubiple Comparisons p values (Z4ailed). IFN-g (Spreadshest in IL Workbook)
Indapendent {grouping] vanable: Groups
Kruskal-Walks tost H (4, N= 61) =2 463509 p = 6512
Depend A C Caontred
|IFi-g R:31.600 R:30.786 F-30.357 L34 643 R:19.000
A 1.000000 1.000000 1.000000 1.000000
B 1.000000 1000000 1000000 1000000
[+ 1.000000 1.000000 1.000000 1000000
1] 1.000000 1.000000 1.000000 1.000000
Control 1.000000 1.000000 1.000000 1.000000
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Mukiple Compansons p values (24ailed), CCL2 (Spreadshest in IL Workbook)
Indapandent (grouping) wanable: Geoups
Hruskal-Walks tast H (4. N= 1) =17 91066 p = 0013

Depend. A | B ] 1] Cantred
ceL? R40.633 F:38.000 F-25.964 26 607 R:3.7500
A 1.000000 0272186 0.47787 0002314
B 1.000000 0728604 0855271 0.006658
[+ 0272185 0.7 Es604 1.000000 0273078
[1] 0347787 0835271 1.000000 0231454
Control 0002314 0. 0066ES 0273078 0231454
Multiple Comparisons pvalues [2-taed); CCLA (Spreadshent in IL Wirkbook)
Independent [growping) vanable: Groups
Finuskal-Wallis test: H [ 4, N= §1) =38 1221 p =.0000
Depend A [ B | C ] 1] Cantrol
CCL4 RAT 600 R42.529 22536 16,036 R:9.0000
A 1.000000 0.001451 0.000017 [N
B 1.000000 00Z3T22 0000613 0007451
C 0001451 0023722 1000000 1. 000000
(] 0000017 0000613 1000000 1.000000
Contngl 0001116 0007491 1000000 1000000
Multiple Comparnsons pvalues [2-taded); CNCLE (Spreadshest in IL Warkbook)
Independent (groupng) vanable: Goups
Kruskal-Walhs test H [ 4, N= §1) =12 49564 p = 0140
pend A [ B | [ (V] Cantrol
CHCLA R36.733 Re3420 R:28.500 R3.0M R:2 5000
A 1.000000 1.000000 1.000000 0008109
B 1.000000 1.000000 1.000000 0015126
C 1.000000 1.000000 1.000000 0.073058
1] 1.000000 1.000000 1.000000 0045258
Contngl 0, 006100 0015126 0073058 00452098
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APPENDIX E5

Box and whisker plots of cytokines showing no significant difference (p>0.05) within and
between multiple culture groups in LPCM (A-E); and BPCM (F). KEY: X-axis — culture

groups; Y-axis — log cytokine concentration.
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APPENDIX F1

Results from Spearman Rank Order Correlations and subsequent non-metric MDS in each

culture group in LPCM.

EXP culture group

Spearman Rank Order Comelations (MCF-T A in IL Cluster analysis)

MD pairwise deleted

Marked comelations are significant at p <.05000

Variable I [ -2 [ L6 | 12 | IFNg | TNF-a | CCL2 | CCL4 | CXCLB

IL-1b 1.000000 0.452381| 0.580952 0.538932| 0.694623 0778457 0.904762 0.476190  0.809524
IL-2 0452381 1.000000| 0476190 0610789 0.790433 0730552 0.595238 0.500000 0.500000
IL-& 0880952 0.476190 1.000000 0.778457 | 0.826362) 0.898220) 0.976130) 0.785714 | 0.976130
IL-12 0.538932 | 0.610788| 0.778457| 1.000000) 0716667 0740864 0.802410| 0.97007T| 0.778457
IFMN-g | 0.694623 0.790433 0826362 0.716867| 1.000000 0.987952 0874267 0694623 0886243
THF-a 0.778457 0.730562 0.893220 0.740964 0.987952 1.000000 0.934148 0.718576  0.934148
CCL2 0.904762 | 0.595238| 0.976190| 0.802410) 0874267 0934145 1.000000 0.761905| 0.952381
CCL4 0.476190 0.500000| 0.785T14| 0.970077| 0.694623 0.718576 0.761905 1.000000 0.809524
CxCLE 0.309524 | 0.500000| 0.976190| 0.778457 0386243 0.934148 0.952381| 0.809524 | 1.000000
Meaan 1280936 1343868 2 144941 1.170268| 1.099569 1.353628 2 609634 2 582365 3 064875

Std. Dev. [ 0.252811 0223712 0.752193 0.138677 0.18166 0.243352 1.08922 0.742153 0.699851
Me. Cases | 8000000
Matrix 2000000

Final Configuration (Spearman Rank Order Comelabions (MCF-T & in IL Cluster analysis) m IL Waorkibook)
D-star: Raw stress = 0000000; Alienation = 0000054
Chhat: Raw stress = 0000000; Stress = 0000048
DiM_ 1 | DIkl 2

IL-1b S113144 0ETI121

IL-2 1 58562 -0.872049

IL-& 055407 0004165

IL-12 036028 1.099520

IFH-g 0.25875 -0.330190

THF-a 0.258T1 0,330177

CcCL2 55405 0004135

CCLa 036025 1.099545

CXCLE -0 556404 0004170

Dhstances in Final Configuration {Spearman Rank Ovder Comelations (MCF-T A in IL Cluster analysis) in IL Workbook)
O-star: Raw stiess = 0000000, Abenaton = 0000084
D-hat: Raw stress = 0000000; Stress = 0000043

IL-1h IL-2 e | W12 IFM THF-a CCL? | CCld | CACLE
IL-1b 0000000 2723904  OBERIIT  23MITY 1433316 1433274 0B8B13Z 2 3MITT 0.EBE1E]
-2 2723504 0000000 2321405 2313 1433244 1433293 231373 231363 2 3213TH
L& 0EBE13T 2321409 0000000 1433250 OQEBEVES OBSB11T 0000033 1433XET 0000035
IL-12 231379 2321324 1433760 0000000 1433311 1433301 1433265 0000042 1433204
FHg | 14333168 1433244 08EB165 1433311 0.000000 0000049 0888130 1433333 0.EBEIES
THF-a 1433274 1433293 O0BSB117 1433301 0000049 0000000 0888081 1433324  0.5830&7
(] 0888132 2321373 0000039 1433265 0585130 0888081 0000000 1433262 0.000034
CCL4 23INITT 231363 1433257 0.000042 1433333 1433334 1433262 0000000 1433231
CHCLE 0888163 2321378 0000035 1433234 0888135 0858087 0000034 1433231  0.000000




D-star: raw stress

D-hat

Line Plot of D-star: raw stress
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NK-BC culture group

Spearman Rank Order Correlations (MCF-T B in IL Workboaok)

MD pasrwize deleted

Marked comelations are significant at p <.05000
Vaniakle L-1b | W2 | IL6 IL-12 [ IFNg THF-s | ©OCl? | CCl4 CYCLB
IL-1b 1.000000) 0455058 0 833333 0675164 029507 0754505 0.TIB0%S 0761905  0.785T14
IL-2 0455098  1.000000 0646718 0.759491 0102410 0596386 0838338 0706599 0586837
IL-6 0833333 0646718 1.000000 0.773370 0421145 0.814386| 0904762 0904762 0976190
IL-12 0675164 0.7594581 0773370 1.000000) -0.0308B74 0.716268 OE4TO2E| 0908403 0773370
IFM-g 0298407 0102410 0431745 0030874 1000000 0451807 0.383240 0359288  0.503003]
THF-a 0.754505  0.5963B6 0814385 0.716268 0451807  1.0000000 0.T18576 0778457 0850315
CcCL2 0738095 0538338 0 904762 0.847T024 0383240 0718576 1.000000 0952381  0.880952
CCL4 0.761905 0.7O6S59 0 504762 0908403 0355288 O.7TE4ST 0952381 1.000000 0928571
CXCLE 0785714 0586837 0976190 0773370 0503003 0850315 0580952 0928571 1.000:000
Mean 11B696543 121121345 197072346  1.10964606 110607274 1 25818347 2 52748615 2 3852571 2 95486843
Std. Dev,  |0014328322 0102615843 050190284 0108972509 0.0T5T22302 011069573 1.06972256 052719585 0.6369668]
MNo. Cases | 8000000
Matrix 2 000000

Final Configuration {Spearman Rank Order Correlations (MCF-T B in IL Workbook) m IL Workbook)
D-star: Raw stress = 62T0011; Alienation = 08T8964
D-hat: Raw stress = 2080727 Stress = 0506833

OM.1 | DM 2

IL-1b -0.349664  -0.929744
IL-2 0374000 1.090842
IL-6 0231601 -0.289131
IL-12 -0.83%9300 0.185335
IF-g 2 269077 0.1371 ml
THF-a 0.385669  -0.195560
cCLz -0 402653 0215752
CCL4 0463463 -0.050005
CXCLE 0006133 -0.163699]

Castances in Final Configuration (Spearman Rank Ovder Correlations (MCF-T B i IL Workboaok) i IL Workbook)

D-star Raw stress = B2T0011; Alenation = 08T3964

D-hat: Raw stress = 2080727, Siregs = 0506833

IL-1b IL-2 ILE IL-12 IFN-g TNF-a CCL2 CCLY CXCLE

IL-1b 0000000 2020733 0651366 1.21TEA4 2E2TMT 1039105 1146721 0.8BBITE  0.844840
IL-2 2020733 0000000 1387280 1.018061 2 B80%886 1493964 0875559 1145247  1.310869
IL-6 0651366 1387280 0000000 O 770826 2536942 0624519 0533007 0332293 0268972
IL-12 1217844 1018061  OTTOB26 0000000 3108751 1282820  043TT05 0443918  0.914645
IFN-g 282TTMT 2805886 2536042 3 10BTS1  0.000000 1912563 2 G6TZBET 2739000 2 282850
THF-a 1039105 1493964 0624519 1282820 1912563 0.000000 0BE91T3 0861364 0360870
coLz 1146721 0.BT5559 0533007 0437705 26V2B8T  0.8BH1TI 0.000000 0.2TIS03 0.55TTS4
CCL4 0LBER17E 1.145247 0332293 0443918 2 73%000 0861364 0273503  0.000000 0452952
CiCLB 0844640 1310869 0268972 0914648 2282850 0.3B0BT0 0557754 0482952  0.000000




D-star: raw stress
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Trec-BC culture group

Spearman Rank Order Correlatsons (MCF-T Cin IL Workbook)
MD paraise deleted
Marked comelations are significant al p <.05000

Wariable IL- 1b Lz _ | L& IL-12 IFNg | THFa | CCLZ CCLd CHCLE

IL- b 1000000 0012121 0614502 0207317 0327354 0111120 0698846 0461963 0843435
IL-2 0012121 1.0000000 0155631 0367886 0720931 0748583 -0.131739 0071858 0 167553
IL-6 0614502 0155691 1000000 0325325 0494661 0463553  0A19048 0500000 0761905
IL-12 0207317 0387836 0325325 1000000 0044931 0679064 0481963 0831386 0566306
IFh-g 0327354 0720931 0494663 0044831 1000000 0493881 0012684 -0.0BBTB6  0.279040
THF-a 0111120 0748593 0483553 0679064 0433881  1.0:00000 0.243975 0.536745 0483553
CCL2 0.698846  -0.131739 0619048 0481963 0012684 0243975 1.000000 0857143 0904762
CCLa 0481963 0071858 0.500000 0831386  -0.0B87T86 0.536745 0.857143 1.000000 0809524
CYCLE 0.843435 0167668 0761905 0566306  0.279040 0.463553) 0504762 0809524 1.000000
hean 117585003 1.24667652 2 11059379 1.03500824 114022723 123122797 190120542 1.73128466 2 T4591737

Std. Dev.  |0.300366265 0172445171 0.89462709 0 080395359 0140240345 0, 19482675 0582228552 0124922028 066498045
No. Cages 5.000000
hatrix 2 000000

Final Configuration (Spearman Rank Order Correlations (MCF-T C in IL Warkbook) in IL Workbook)
D-star- Raw stress = .3371214; Alienation = 0644799
D-hat: Raw stress = 1478784, Stress = 0427277

DM 1 | DM2
IL-1b 0812986 -0.720121
IL-2 1311112 -0.012177
L6 0.251983  -0.648159
IL-12 0.021436  1.031097
IFN-g 1.052931  -0.802763
TNF-a 0.747540  0.572944
ccL2 0.898673  -0.009637
CcCL4 0588010 0.647336
CXCL8 0.561367 __-0.058521

Distances in Final Configuration {Spearman Rank Order Comrelations (MCF-T € in IL Workbook) n IL Workbook)
D-star: Raw stress = 3371214, Alienation = 0624799
D-hat: Raw stress = 1478784, Stress = 0427277

IL-1b L2 | w6 | 12 FNg | TNFa | CCL2 cCL4 | CXCL8
IL-1b 0.000000 2238969 0.565600 1939852 1867746 2026638 0.715632 1385840 0.700972
-2 2238969 0000000 1687525 1658820 0831675 0512392 2209786 2010379 1.893047
IL-6 0.565600 1687525 0.000000 1.701370 1314041 1578017 0.908800 1.338365 0.675401
IL-12 1939852 1658820 1.701370 0.000000 2104049 0.858563 1.389147 0.720207 1245247
IFN-g 1.867746  0.831675 1314041 2104049 0.000000 1409196 2106609 2189857 1.795780
TNF-a 2026638 0812392 1578017 0.858563 1.409196 0.000000 1746258 1.337620 1.47T1306
ccL? 0.715632 2209786 0.908800 1389147 2106609 1746258 0.000000 0.726722 0.321049

CCL4 1385840 2010379 1338365 0.720207 2189857 1337620 0726722 0.000000 0.705888
CXCLE 0.700972  1.893047 0675401 1245247 1795780 1471306 0321049 0.705888  0.000000
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BC culture group

Spearman Rank Order Correlations (MCF-T D in IL Workbook)

MD pasrwise deleted

Marked comelalions are significant at p <.05000
Variable L-1b | L2 L6 | 12 IFN-g | TNF-a ccL2 [ ccud CHCLE
IL-1b 1.000000 0530318 0.359288 0455098 0.351522 0562884 0.503003] 0335335 0491027
IL-2 | DB30313  1.000000 0481363 0409868 0451220 0843435 0734953 0431963 0502453
IL-& 0359288 0481963 1.000000 0452381 0566306 0735714 0833333 0619048 0928571
IL-12 0455098 0409668 0.452381 1.000000 0.963925 0333333 0.261905 0928571 0285714
IFH-g 0351522 0451220 0566306 0953925 1.000000 0469914 0397619 09853024 0.38570
THF-a 0562884 0843435 O0.TBST14 0333333 04659914 1.000000 0880952 0547619 0857143
CCL2 0503003 0734993 0833333 0261905 0397619 0830952 1000000 0423571 0857143
CCL4 0335335 0481963 0619048 0928571  0.96B024 0547619 0428571 1.000000 0452351
CXCLB 0491027 0602453 0926571 0285714 0.3B5570 0857143 0857143 0452381 1.000000
Mean 132466736 1.396T8451 2 30236346 1.09016886 1.2T3ITT016 1.38573536 1.90606394 1.63841226 2 67141947
Std. Dev. |0 46643407 038465148 1.2703044 015687791 0.38773322 034933783 0.8BOB9TI| 0 234545 092449674
Mo. Cases |  8.000000
| Mtz = 0000

Final Configuration (Spearman Rank Order Cormelations (MCF-7 D in IL Workbook) in IL Workbook)
O-star: Rlaw stress = 2972921; Alienation = 0605550
D-hat: Raw stress = 1285304, Stress = 0398346
DIM. 1 | DIM. 2
IL-1b -0.2005%98 -1.20786
IL-2 -0.613642 0. 72652
L5 -0.254823 0.76412
IL-12 1.236225 4016135
IFN-g 1.087776 0.19728
TNF-a -0.661804 007463
ccL2 -0.907906 0.31765
CCL4 0.999796 0.20036
CXCL3 -[). 6B50:24 0.54169
Distances in Final Configuration (Spearman Rank Order Comrelations (MCF-T D in IL Workbook) in IL Werkboak)
D-star: Raw strass = Z9T2921; Alienation = 0605550
D-hat: Raw stress = 1285304, Stress = 0338346 _
L-16 [ L2 | L& IL-12 IFN.g | THF-a | €012 | CCld | CXCLE
IL-1b 0000000 0634266 1972725 1777540 1906394  1.362894 1.681511 1850412 1.8153T6
IL-2 0634266 0000000 1.533218 1934277 1936036 0802592 1.084B47| 1.860722) 12706
IL-G6 1972725 1.533218  0.000000 1.754912 1457351 0500647 0.791105 1.375462 0.484302
IL-12 1.777540| 1.934277 1.754912 0.000000 0388143 1912842 2196985 0432123 2045840
IFN-g 1906394 1.938036 1457351 0.388143 0.000000 1.753874 1.999308 0.038033 1.805944
THF-a 1362894  0.802592 0800847 1912642 1.753874 0000000 0345875 1.666350 0.467640
ccL2 1.681511|  1.084847 0.791105 2196985 1.999308 0345875 0.000000) 1.911304| 0.316018
CCL4 1.850412 1.860722 1375462 0432123 0.0BB033 1666350 1.911304 0.000000) 1.719048
CXCLE 1.815376) 1.270216 0454302 2045340 1805944 0467E40 0316018 1.719048  0.000000
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APPENDIX F2

Results from Spearman Rank Order Correlations and subsequent non-metric MDS in each

culture group in BPCM.

EXP culture group

Spearman Rank Order Correlations (MDA A i IL Workbook)

MD pairmise deleted

Marked comelations are significant at p < 05000
Vanable IL -1k IL-2 IL-6 IL-12 IFN-g THF-a cCL2 CCL4 CXCLE
IL -1k 1.000000 1.000000 0542857 0600000 O.&O000D0 OE2EETY 0942857  0.085714  1.000000
IL-2 1.000000 1000000 0542857 0600000 OGOOODO OE28571 0942857 0085714  1.000000
IL-6 0542857 0542857  1.000000 0.&00000 O0GOOODO OGOODOO Q485714  -0.028571  0.542B5T
IL-12 0.E00000 0GO00000  OGDOOOD  1.000000 OS42857 0428571 0542857 0142857 0.600000
IFM-g 0500000 0 GODDOO 0.GODDOD 0542857 1.000000 O0EBBST14 0771429 0485714 0600000
THF-a 0828571  0.8B285T1 0.GODDOD 0428571 O0EBBS5T14  1.000000 0942857 0428571 0.B285T1
CCL2 0942857 0942857 0485714 0542857 0771429 05942857  1.000000 0371429 0542857
CCL4 0085714 0085714 -0.02B571 0142857 0485714 0428571 0371429 1.000000  0.085714
CxCLe 1.000000 1.000000 0542857 0.G0OO000 0600000 OE285T1 0942857  0.0B5T14  1.000000
Mizan 214452014 16654891 419734344 125039022 1.72131206 1. 61246551 3. 3386766 2.213TR403 391145961
Std. Dwv. 020375473 022544132 0205148261 005800619 0. 24056560 0 24744005 025263442 0067145184 019976032
Mo. Cases | 5000000
et 2000000

Final Configuration (Spearman Rank Order Correlations (MDA A in IL Workbook) in IL Workbook)
D-star: Raw stress = S404987; Alienation = 0816192
D-hat: Raw stress = 1744226; Stress = 0464044

OM1 | DM 2
IL-1b -0.594716 047445
IL-2 -0.566475 0.36067
IL-6 -0. 237885 -1.12383
IL-12 -0, 837827 -0 57736
IFN-g 0517367 -0.26273
THF-a 0355023 0.21865
cCL2 -0.082095 0.48356
CcCL4 2.077T060 0.03780
CXCL8 -0.630451 0.38379

Digtances in Final Configuration (Spearman Rank Order Correlations (MDA A in IL Workbook) in IL Workbook)

D-star: Raw stress = 5404987 Alienation = 0816152

D-hat: Raw stress = 1744226, Stress = 04564044 _

IL-1b | M2 | W6 | IL-12 IFN-g THF-a CCL2 CCL4 CXCLE
IL-1b 0.000000) 0117238 1637635 1079541 1334229 (0983586 0612702 2707222 0.092817
IL-2 0.117238) 0.000000) 1520432 0976485 1.250335 0932378 0499727 2663178 0.069834
IL-6 1637635 1520432 0000000 0.811521 1145385 1467579  1.614926 2590051 1562734
L-12 1079541 0976485 0811521 0000000 1391238 1434054 1302667 2979092 0988153
IFN-g 1334228 1250335 1145385 1391238 0000000 0508013 0957238 1588383 1319834
THF-a 0.983566 0932378 1467579 1434054 0508013 0000000 051112% 1731507 1.000054
cCL2 0512702 0499727 1614926 1302567 0957238 0511129 0.000000 2204688 0556485
CCL4 2707222 2663178 2590051 2979092 1588383 1731507 2204688 0000000 2 730166
CXCL8 0.092817 0069884 1562734 0966153  1.319834 1000054 0556485 2730166  0.000000
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NK-BC culture group

Spearman Rank Order Correlations (MDA B in IL Warkbook)

MD pairsase deleted

Marked comelations are significant at p < 05000 - _
Variable IL-1b -2 IL-5 | IL-12 | IFM-g THF-a CcoL2 CCL4 | CXCLE
IL-1b 1.000000 0579771 -0.0B5T14 0635725 DL42B5T1 0.371429 0428571 0428571 0.60DO0OY
IL-2 057977 1.000000 0347863 05212 D63TT4E 0724714 DOSTHTT 0115954 0EESEST
IL-6 -0.085T14 0.347863 1000000 0. E0ETEDN 0828571 0600000 -0.542857  -D.B57T143) 0542857
IL-12 06395725 05293412 0_B03TED 1000000 0840668 0635725 -0.028%69 0115954 0.7E2691
IFM-g 0.4285M 0637748 082351 0_B4066E 1.000000 0.600000  -0.371429 0485714 0.714286
THF-a 0.371423 0.r24ri4 0600000 0685725 0600000 1.000000 0085714 0.0B5T14|  0.94Z85T
coL2 0428571 0067977 0642857 0028980 0371429 0085714 1.000000 0 EBATI4|  0.0285T1
CCL4 0.428571 0. 115854 -0.657143 0.115954]  -D4B5T14 0085714 0.885T14 1.000000 0142857
CxCL8 0.600000 0.B6365T 0542857 0.782691 0.714286 0942857 0.028571 0.142857  1.000000
Mean 203671352 1.93034869 418551384 1.2TTH0384 1.669TISE6 166612314 3.34350144 23TETHSIE 3 93951135
Std. Dev.  [01TI9TASTE 0113082261 0142426253 0.053333679 0146870379 0.0B5TE4184 0343858598 0540645019 D.OT513159
Mo, Cases 2.000000
sl 2000000

Final Configuration (Spearman Rank QOrder Correlations (MDA B in IL Workbook) in IL Workbook)
D-gtar: Raw stress = 3517269; Alienation = 0658604
D-hat: Raw stress = 1244532, Stress = 0391977

DM.1 | DIM. 2
IL-1b 047119  -0.534522
IL-2 -0.08171 0520053
IL-6 -1.37091 -0.014196
IL-12 -0.38436  -0.453544
IFN-g -0.87553  -0.289984
THF-a -0. 42706 0.587173
CCL2 149832 0211029
CCL4 1.45874 0302016
CXCL8 -._25968 0.0%4033

Distances in Final Configuration (Spearman Rank Order Comelations (MDA B i IL Workbook) in IL Workbook)

D-star: Raw stress = 3517269, Alienation = 0658604

D-hat: Raw stress = 1244537 Stress = 0391877 .

IL-1b IL-2 | W6 | IL-42 | IFNg | TNF-a CCl2 | CCL4d | CXCLB
IL-1b 0.000000 1.190726 1.914174 0859372 1.368741 1437027 1.076BET  1.295005 0.986912
IL-2 1190726 0.000000  1.395509  1.019552  1.134153) 0351807 1.740972 1556802 0.474069
L6 | 1914174 1395509  0.000000 1.079956 0.566973 1119151 2875971 2848261 1.086637
IL-12 0859372  1.019552 1.07T9956 0.000000 0.517688 1.041592 1896234 1992885 0.555T03
IFN-g 1.366741  1.134153  0.566973 0517688 0.000000 05985155 2375162 2409143 0.7004%6
THF-a 1437027 0351807 1.119151  1.041592 0.985155| 0.000000 2084275 19083229 0.51191%
CCL2Z | 1.076867 1.740972) 2875971 1.896234 2375162 2084275 0.000000 0514493 1813832
CCLd 1.295005  1.556802 2848261 1992885 2409743 1908229 0514493  0.000000 1761740
CXCL8 0986912 0474069 1.086637 0555703 0.700496 0511919 1813832 1761740  0.000000
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Trec-BC culture group

Spearman Rank Order Corelations (MDA C in IL Workbook)
MD pairwise deleted
Marked comelations are signiicant at p < 05000

Variable L-16 [ L2 ILs | 42 [ IFNg THF-a | CCL2 CCLd | CiCLB

IL-1b 1.000000) 0828571 0657143 0927634 0885714 0898645 0942857 0.371429 0885714
iL-2 0828571 1.000000 0485714| 0927634 0.B2BST1 0985611 0942857  0.42857T4| 0828571
IL-6 0657143 0485714  1.000000 0492805 0.771429 0550782 0600000 -0.028571 0.771429
IL-12 0927634 0927634 0492805 1.0000000 0898845 0970588 0. 985611 0405840 0. 898645
IFM-g 0.885714| 0828571 0771429 0898845 1000000 0598645 0 94ZB5T 0085714 1.000000
THF-a 0.898645 0. 985611 0550782 0.970588 0 B9BB45 1.000000 0. 985611 0376851 . 898645
CCL2 0.942857| 0 942857 0600000 0935811 0.94285T 0935511 1. 000000 0.314286 0 942857
CCL4 0371429 0428571  -0.028571 0405840 0085714 0375851 0314286  1.000000 0.085714
CXCLE 0.885714] 0828571  0.771429] 0893545 1000000 0393645 0942857  0.085714)  1.000000

Mean 1.86343348 177278137 3. TEEOTSAT| 11967211 160711059 1.74541914 | 267345052  1.93904245 365825912
Sad. Dev.  |040518602 0. 34157447 111786754 0.08991582 0 2TEEE115 027621471 0.74574508 0195297538 0.7036814
Mo. Cases 8.000000
(Matrx | 2.000000

Final Configuration (Spearman Rank Order Correlations (MDA C in IL Workbook) in IL Workboak)
D-star: Raw stress = 0000427 Alienation = 0007259
D-hat: Raw stress = 0000134; Stress = 0004074

i, 1 Dind. 2

IL-1b 0.292455 0158817
IL-2 0.292673 -0.176179
IL-6 -0.518143 1.083665
IL-12 0292153 0167718
IFM-g 0305039  -0.162824
THF-a 0293591 -0.170857
CcCL2 0.296719 0167387
CCL4 2595912 0.082940
CXCL8 0305089  -0.162824

Distances in Final Configuration (Spearman Rank Order Comrelations (MDA C in IL Workbook) in IL Workbook)

D-star: Raw stress = 0000427; Alienation = 0007253

D-hat: Raw stress = 0000134; Stress = 0004074

L-16 [ w2 | w6 [ IL-12 IFN-g THF-a CCL2 CCL4 CXCLB

L-1b 0.000000 0017364  1.262312) 0.008906 0.013254 0012094  0.009572 2998457 0.013254
IL-2 0.017364 0000000 1279861 0.00B477 0018235 0005400 0009678 2900184 0.018235
IL-& 1.262812 1279861  0.0000000 1271625 1264565 1274460 127049 3270900 1.264565
IL-12 0.003%06  0.008477 1271625 0000000 0013831 0003453 0004577 28968922 0.013831
IFN-g 0013254 0013235 1264565 0013831 0.000000 0014026 0008533 2911392 0.000000
TNF-a 0.012094 0005400 1274460 0.003453 0014026 0000000 0004672 2900627 0.014026
cCcL2 0009572 0009678 1270496 0004577 0009533 0004672 0000000 2903442 0009533
CCL4 2898467 2900184 32709000 2808922 2911392 2900827 2903442 0000000 2911392
CXCLE 0013254 0018235 1264565 0.013831  0.000000 0014026  0.008533 2911392  0.000000
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BC culture group

Spearman Rank Order Corralations (MDA D i IL Workbook)
MD pairsise deleted
Marked comelations are significant at p < 05000

Wariable IL-1b L2 | s [ w2 IFH-g TNFa | ©CCL? | CCL4 [ CXCLB

IL - 1k 1.000000 0771429 0600000 0.028989 0405840 0085714 0257143 0142857 0.8285T1
IL-2 0771429  1.000000) 0942357 0.057977 0811679 0314286 0657143 0.085714 0942857
IL-& 0600000 0942357 1.000000 0231908 0811679 0371420 0828574 0257143 0828571
IL-12 0.028%6% 0057977 0231508 1.000000 0.14705% 0376851 0405840 0840668 0.115954
IFM-g 0405840 0811679 0811679 0.947059  1.000000 0753702 0483817 0.463817  0.666T3T
THF-a 0085714  0.314286 0371429 0.3TEES1 0753702  1.000000 0028571 0.771429 0142857
cCcL2 0257143 0657143 0E26571 0405840 0463817 0028571  1.000000 0.257143  0.600000
CCL4 -0, 142857 0.085714| 0257143 0840668 0463817 0771429 0257143 1.000000  0U02BST1
CXCLS 0828571 0942857 0828571 0.115954 0.666TIT 0142857 0600000 0.028571  1.000000
Mean 203TT54TE 1.75T8T492 3 BEES1321 119333664 1 69006713 1. 82675568 2 90801465 1.B2110856 3 83181907
Std. Dev, |0.466851254 03232205 0.7872498 0. 11200676 0.27579542 0.29108901 0.25592401 0165475128 029417231
Mo, Cases 8.000000

Matrix 2 000000

Final Configuration (Spearman Rank Order Correlations (MDA D in IL Workbook) in IL Workbook)
D-star: Raw stress = 5680574; Alienation = 0836705
D-hat: Raw stress = 1302570; Stress = Q484650

DIM.1 | DIM. 2

IL-1b -1.18675 0.343807
IL-2 -0 64251 0.147650
IL-6 0.31485  -0.213726
IL-12 1.14113 -0.602070
IFN-g -0.00443 0.380014
THF-a 0.78406 1.023793
CCL2 014238 -0.900475
CCL4 1.29308 0.011879
CXCLS -0.93234 -0.190911

Distances in Final Configuration {Spearman Rank Order Correlations (MDA D in IL Workbook) in IL Waorkbook)

O-star: Raw strass = 5680574, Alienation = 0836705

O-hat: Raw stress = 1902570, Stress = 0484650

IL-1b L2 6| 12 | IFNg TNF-a CCLZ | CCLd | CACLS

IL = 1k 0000000  O5TE501  1.034919 2512714 1182877 2. 084822 1624483 2506902 0592158
IL-2 0578501 0.000000 0437834 1934817 0679058 1674113  1.161363 1945332 0445703
IL-5 1.034919 0487834 0000000 1506883 0669991 1658010 0708074 1628629 0617908
IL-12 2512714 1.93517  1.508883  0.000000 1.508908 1684612 1.317747 06336592 21135841
IFM-g 1182877 0679058 0669991 1.508908 0.000000 1.017923 1.287893 1353532 1.089430
TNF-a 2084822 1674113 1655010 1.664612 1.017923 0000000 2135674 1134982 2102742
CCL2 1624483 1161368 O TOB074| 1.3:17747 1267898 2138674 0.000000 1.705084 1.061841
CCL4 2506902 1945332 1628629 0633692 1353532 1134932 1.705084 0000000 2 X39613
CXCLB 0592158 0445703 0617208 2113841 1.089480 2102742 1061841 2239613  0.000000
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Line Plot of D-star: raw stress
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Results from Spearman Rank Order Correlations and subsequent non-metric MDS in each

culture group incorporating both LPCM and BPCM.

EXP culture group
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Groups = A Spearman Rank Ovder Correlations (Spreadshest i IL Workbook)
MO pairvise delsled
Marked corelations are significant at p < 05000
Wariable 1a1.2 5A1.2 | BALZ 1041.2 5421 5822 BAZ.2 10A2.2
1a1.2 1000000 D EEEL05 D.BB3IZFI 0533333 0. 733333 0. 800000 0.7T33333 0.TI3333
5a1.2 0. 895405 1.00:0000 0903774 0 820081 0577411 0. 654567 DLATT411 0LE52T25
GA1.2 0883333 0.903774 1000000 0 833333 0.66E66T 0. 750000 0. 6E6EET 0. TI65ET
10A1.2 0933333 0.E20091 0833333 1.000000 0 866667 0. 900000 0.B6EE6T 0 E50000
S5A2.1 0, 733333 DETT411 I GEREET 0 BHEERT 1000000 0983333 1. 0000040 I 9EREET
5022 0. 800000 DLE34SET 0750004 0900000 0983333 1.000000 0.983333 0.983333
6A2.2 0.733333 0577411 0 EEEEET 0 BEEEST 1000000 0953333 1.000000 0. 966EET
10822 0733333 D.G52TEE 0. T16667 0. BS0000 0 9EEEET 0983333 0. 2EEEET 1.00000)
Mean 2p04TTTTY  1.600B6S16  1.43429741 188106848 2 SB4T1469 261540785 2 64268292 221317989
Std. Dew. | 118991193 02613075 040602625 08250532 1.063TEI2T 106086813  1.06784443 102616684
Ho. Cases 9.000000
Matrie 2000000
Final Configuration (Spearman Rank Order Correlations (Spreadsheet in IL Workbook)
D-star: Raw stress = _0000000; Aliemation = 0000098
D-hat: Raw stress = 0000000; Stress = 0000049
DIM. 1 l Din. 2
1A1.2 -0.81053 0.587686
5A1.2 -1.45848 0126822
6A1.2 -1.02494 0609354
1041.2 -0.17541 0.455T52
5A2.1 0.96750 0.039631
5A2.2 0.63573 -0.066171
6A2.2 0.96T53 0.039843
10A2.2 0.89861 -0_320565
Lestances in Final Conhguration {_Spaarman Rank Order Comelabions [Epmadshaal mn L Waorkbook) in IL Woarkbook)
D-star- Raw stress = 0000000; Alkenation = 0000098
D-hat: Raw stress = 0000000; Stress = 0000049
1A1.2 SALZ 6412 | 10A1.2 SAZ2.1 5A2.2 6422 | 10422
141.2 0000000 0964548  1.216090 | 0648681 1. 80587  1.5BTH00  1.860548 1935481
5A1.2 0964548 0000000 O0G4EEET 1409130 2431684 2095083 2431724 2 365034
GALZ 1216090 0648681 0000000 | 1.362408 2095478 1747249 20958567 1.525110
10A1.2 0648681 1409130 1362408  0.000000 1216311 0964547 1216262 1325212
5A2.1 1860587 2431684 2095478 1.216311 0000000 0348237 0000214 0366725
S5A2.2 1587200 2095083 1.747249 0964547 0348237 0000000 034E326 0365817
GAZ.Z 1.860548 2431724 2095867 1 ME262 0000214  0.348326 0.000000 | 0.366938
10A2.2 1935481 2365034 1945110 0 1325212 0366725 0365817 0.3665938 0.000000
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Groups=B
Spearman Rank Order Correlations (Spreadsheet in IL Workbook)
MD pairwise deleted
Marked comrelations are significant at p <.05000
\ariable -6 | L2 | L6 L-12 | IFH-g THF-a | CCL2 | CCL4 | CXCLS
IL-1k 1.000000 0867844 | 0 835714 0.785416 0827283 0.906491 0617582 0173626 0929670
IL-2 0.867844 1.000000 0. 885465 0852558 0.808159 0905182 0678416 0.129956 0914099
IL-& 0.885714 0.685465 1.000000 0831677 0882289 0935094 0652747 0.054945 0960440
IL-12 0.785416 0852558 0831877 1.000000 0610198 08326148 0.756654| 0.247793| 0.854001
IFM-g 0827283 0808159 0882289 0610198 1.000000 0866943 0451045 -0.114412 0 8EEEE9
THF-a 0.906491 0905182 0935094 0826148 0568943 1.000000 0640264 0094610 0968097
CCL2 0.617582 0678416 0.652T4T7 0.756654 0.451045 0640264 1.0000000 0692308 0.692305
CCL4 0173626 0.129956 0054945 0247793 -0.114412 0094610 0692308 1.000000 0164835
CXCL8 0.929670 0.91409% 0960440 0854001 0586659 0968097 0692308 0.164835 1.000000
Mean 1.556857 1.519414 2.919919 1181757 1.3476426 1.518729 2 877207 23624878 3.3768T
Std. Dev. 0.457704 0383381 1.198611 012229 0.3085081 0.326958 0.915018 05119478 0.690164
Mo, Cases 14.0
Matrix 2 000000
Final Configuration (Spearman Rank Order Comelations {Spreadsheet in IL Workbook) in IL Workbook)
D-star. Raw stress = 1082561, Alienation = 0365520
D-hat: Raw stress = 0337078; Stress = 0203997
DiM. 1 DiM. 2
IL-1b -0.34653  -0.400100
IL-2 -0.48551 0.394335
IL-& 052036  -0.02186T
IL-12 0.235639 0123865
IFM-g 107215 0122086
THF-a 051207 0017663
cCL2 092332 0.215632
CCL4 231310 0147116
CXCLE -0.53619  -0.024999
Distances i Final Configuration (Spearman Rank Order Correlations [Spreadshest in IL Workbook) n IL Workbook)
D-star: Raw strass = 1082561, Alienation = DZEE520
D-hat; Raw stress = 0337078; Stress = 02039497
IL-1b [ IL-12 | IFNg TNFa | €02 | CCLd CXCLE
IL-1b 0.000000 0.B0ES00 0416265 O.TB3THE 0777056 0416730 1411253 2671633 0420323
IL-2 0806500 O0.ODDOO0 0417658 OF70B0T 0781561 0412853 1420114 2850803 0422385
IL-& 0416265 0417658 0000000 OF7OBS6 0560819 0005289 1463080 2836223 0.016137
IL-12 0783798 077007 0770656 O0.0DDDOO0 1331457 OTEITI2 0693026 2094310 0786793
IFHg | 0777056 0761561 0560819 1331457 0.000000 0569726 2023843 3385340 0584684
THF-a 0416730 0412853 0009289 O V61732 0569726 0000000 1454227 2828138 0025205
ceL2 1411253 1.420114) 1453080 0653026 2023843 1454227 0000000 1436342 1.479209
Ci14 2671633 2880503 2836223 20094310 3385340 2 8ME13E 1436342 0000000 2 851902
CHCLS 0420323 0422385 0016137 O VBETHS 0544684 0025205 1479209 2851902 0000000
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Trec-BC culture group

Groups=C

Spearman Rank Order Comelations (Spreadsheet in IL Workbook)

MD pairmise deleted

Marked correlations are significant at p <.05000

Variable IL-1b [ -2 [ IL6 I-12 | IFN-g | TNF-a | CCL? | CCL4 [ CNCLB

IL-1b 1.000000 0.703868| 0.853367 0.781358| 0.822768| 0.773835 0.862188| 0.7T38703 0.917315
IL-2 0.703868 1.000000| 0.740090 0.824842 0868631 0.903659 0.680618 0.744495 0.770327
IL-& 0.853367 0.740090 1.000000 0.761079 0800049 0.806642 0.859341 0.TB4615 0.934066
IL-12 0.781358 0.824842| 0.761079 1.000000 0.721484 0.894328 0.800903| 0.876125  0.854001
IFM-g 0.822768 0868631 0.800049 0.721484 1.000000 0.86T053 0.653374 0.591148 0.771159
TNF-a 0.773838 0.903659| 0.806642 0894328 0867053 1.000000 0.751393 0.766863 0.833162
CCL2 0.862188 0680613 0.859341 0.800903 0653374 0.751393 1.000000 0.832967 0.351648
CcCL4 0.736703| 0.744495 0.784615 0.876125 0591148 0.766863 0.832967| 1.000000  0.872527
CXCLB 0.917315 0.770927| 0.9340686 0.854001 0.771159%| 0.833162 0.951648 0.872527| 1.000000
Mean 1470552 1.472141 2820943 1.104314 1.34032 1.451596 2232168 1.820324) 3.136921

Std. Dev. | 0.486206 0.365896 1.279116 0.116133 0.312969 0.345706 0.74412 0.185624 0.805035
Mo. Cases 14000

Final Configuration {Spearman Rank Order Correlations (Spreadsheet in IL Workbook) in IL Workbook) I
D-star: Raw stress = 1.147027; Alienation = 1187884
D-hat: Raw stress = 4938339, Stress = 0TBEDE1S
DiIM_ 1 | DiM_ 2

IL-1b 027567 -0.909302

IL-2 -1.24692 0267715

IL-& 0.60023 0611400

IL-12 -0.01842 0823175

IFN-g -1.146592 40.594891

THF-a ) G6TE36 0253195

CCL2 1.10616 0. 226329

CCL4 0.71984 0.960641

CXCLA 0.38675 0.037695

Distances in Final Configuration (Spearman Rank Order Correlations (Spreadsheet in IL Workbook) in IL Workbook)
D-star: Raw stress = 1147027 Alisnation = 1187884
D-hat: Flaw stress = 4938339, Stress = 0780815

IL-16 | L2 IL-& L2 | IFNg [ THFa CCL2 | cCcLd [ cxOis
IL-1b 0000000 1.9247%4 0440883 1757753 1.457024 1.502985  1.075575 | 1.922453 0.9535986
IL-2 1924794 0000000 2045680 1348243 0 BGEIBL OSTOT2S 24043592 2085258 1.649788
IL-& 0.4208389 2045680 0.000000  1.562282 1.747223 1.541835 0.635809 | 1.576585 0.6B3Z3E
IL-12 1757753 1348243 1562282 0000000 1812298 0870514 1538228 O0.750046 0BEIEZZ

IFN-g 1457024 088384 1747223 1812298 0000000 0969873 2283029 2429910 1655007
THF-a 1502985 05TOT25 1841835  0BT0S14 | 0Q96GETI | 0000000 1845919 1565221 1.084T56
coL2 1075575 2404392 0635800 1538228 2263020 1845019 0000000 1248257 0.TeEIZ
CCLd 1922459 2085258 1.5TESES 0750945 2420010 1585221 1248257 0.000000 0981213
CXCLE 0953986 1649788 0683298 0883422 1650007 1034755  0TEE332 0981213 0000000
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BC culture group

Groups=D

Spearman Rank Ovder Comelations (Spreadsheet in IL Workboaok)

MDD pairwize delsted

Marked comelations are significant at p < 05000
Vanable -1 | L2 IL-& IL-12 | FNg | TNFaa | CCLZ | ccld CXCLE
IL-1b 1.000000 | 0730287 0753306 0634555 | 0.72T0T2 | O.T2ATTT | 0713658 | 0.A01323  0.ATRAS4
IL-2 0790287 | 1.000000  0.B0M7E4  0.730901 0.766851 | 0.760TS0 | O.TBAES48  0.73ME2 0.7TTI30
IL-& 0. 753306 | 0801784 1.000000 0693933 | 0846752 | O.T964E0 | 0912088 | 0758242 0.907H92
IL-12 0634555 | D.730901 0693933  1.000000 | 0.831488 | 0661511 | 0634264 | DA54TIM 0574594
IFN-g 0.727072 | 0.7e6851 0846752 0831483 | 1.000000 | 0850995 | 0765164 D90E289 | 0.72T6TE
THF-a 072877 O.TEOTSD  D.TRE4E0 0UES1511 0.850%95 | 1.000000 | 0770077 O.79B6E0 07080
CcCL2 Q713658 O TERS4E 0912088 0634364 | D.76E164 | 0.TTOOTT 1.000000  0ES23I0E  0.83IFET
CCL4 0601323 | 0.73ME2 0758242 0954711 0906289 | 0. 798680 | 0692308  1.000000 0635165
CXCLA 0876654 | 0773130 0907692 0574594 | 0727678 | 0792080 | 0832967 | 0635165  1.000000
Mean 1630276 1551538 2981285 1134384 1452589  15M4T44 23354T1 1.T16T1 316873
Std. Dew. 0.5T8864 0.38232 1330085 0144514 0395107 | 0.BBSETTS  D.B41305 022126 0.921212
Ho. Cases 14.00

Final Configuration (Spearman Rank Order Comelations (Spreadsheet in IL Workbook) in IL Waorkbook)
D-star: Raw stress = 1.21457T; Alienation = 1222235
D-hat: Raw stress = 4974440 Stress = 0TE3663
DM 1 | DM 2

IL-1b -1.18208 -0.744586

-2 -0.30361 -0.653548

IL-6 022757 0143313

IL-12 141349 -0.654276

IFN-g 0.59014 -0.145031

THF-a 0.24069 0.608799

cei2 0.62530 0.773512

CCL4 1.13262 0313588

CXCLE -1.03838 0158629

Distances in Final Configuration (Spearman Rank Order Comelations (Spreadsheet in IL Workbook) in IL Workboaok)
D-star: Raw strass = 1. 214577 Alienation = 1222235
O-hat: Raw stress = 4974440, Stress = 0TE3663

iL-1b 2| L6 12| FNg | TMF-a | CCLZ | CCLA | CXCL8
IL-1b 0000000 0898922 1303633 2602536 1870590 1063653 1616987 2545112 0914575
IL-2 0696922 0.000000 0701395 1717094 0982849 1263839 1365863 1677909 1023549
IL6 1303633 0701395 0000000 1783170 0867056 0660261 0745210 1370810 0.810952
IL-12 2602536 1717094 1783170 0000000 0919443 1651724 2433035 0912180 2553403
IFhig 1870890 0982849 0.867056 0919449 0000000 0.830886 1523484 0710368 1656583

THF-a 1.963653 1283839 0660261 1651724 0830886 0000000 0881514 0938517 1.35597%
cCL2 1616981 1365883 0745210 2433035 1523484 0BB1514 0000000 1817091  0.740753
CcCLa 2545112 1677909 1.3T0E10 0912180 0710368 0939517 | 1817091 0000000 2176524
CXCLE 0.914575  1.023549 0810852 2553403 1656583 1355975 | 0740753 2176524 0.000000
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APPENDIX G192

APPENDIX G

Representative photomicrographs showing efficacy of negative control and isotype
controls for ICC. A) primary antibody omission; B) primary and secondary antibody
omission; C) isotype IgG3 control; D) isotype 1gG control. Only blue DAPI nuclear stain is
present, with no immunofluorescence indicating the specificity of the antibodies and the

efficacy of the technique.







