ADIPOR1 AND LKB1 ARE DOWNREGULATED IN RCC



ADIPONECTIN RECEPTOR 1 AND LIVER KINASE B1 ARE

DOWNREGULATED IN RENAL CELL CARCINOMA

By LAURA K. BEATTY, B.Sc. (HONS.)

A Thesis
Submitted to the School of Graduate Studies
in Partial Fulfilment of the Requirements
for the Degree

Master of Science

McMaster University

© Copyright by Laura Beatty, 2011



MASTER OF SCIENCE (2011) McMaster University

(Medical Science) Hamilton, Ontario

TITLE:  Adiponectin Receptor 1 and Liver Kinase B1 are downregulated in

renal cell carcinoma

AUTHOR:  Laura K. Beatty, B.Sc. (Hons.) (McMaster University)

SUPERVISORS: Jehonathan Pinthus, PhD, MD.

Richard C. Austin, PhD.

NUMBER OF PAGES: xiii, 147

11



ABSTRACT

Obesity is the latest epidemic of the 21% century. Indeed, numerous studies have
associated obesity with an increased risk of developing several health conditions,
including cancer. Moreover, modest increases in body mass index increase the risk of
developing cancer, especially cancer of the kidney. Although the mechanism mediating
this increased risk is unknown, the plasma level of adiponectin is known to be inversely
correlated with body weight and risk of developing kidney cancer. This suggests that a

reduction in adiponectin, due to obesity, may promote the development of kidney cancer.

Tumour suppression via adiponectin is believed to be mediated through adiponectin
receptor-1 (AdipoR1), which activates 5’-AMP activated-protein kinase (AMPK) by liver
kinase-B1 (LKB1) and suppresses pathways upregulated in cancer by inhibiting the
mammalian target of rapamycin (mTOR). Consistent with the anti-tumourigenic
properties of this pathway, several cancers display reduced AdipoR1 and LKBI1
expression and/or increased mTOR activity. In this study we identified reduced AdipoR1
and LKBI1 protein expression in 8/10 patients’ renal cell carcinomas (RCC) and
quantified the reduction in LKB1, on tissue microarrays containing 201 RCC patients, to

be significant.
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To generate an in vitro model of our observations in human RCC tumours, a
knockdown of AdipoR1 or LKB1 was performed in CRL-1932 cells and, the effect of the
knockdown on tumourigenesis was examined. Targeted knockdown of LKB1 in shLKB1
cells was accompanied by a reduction in AdipoR1, and recapitulated our observations in
RCC tumours. These shLKB1 cells were unable to execute established events of
adiponectin-AMPK signalling and, presented increased proliferation and invasion
abilities in vitro and tumour growth in vivo. Collectively, these results suggest that a
reduced plasma level of adiponectin coupled with a downregulation of AdipoR1 and
LKB1 expression, disrupts the tumour-suppressive adiponectin-AMPK signalling

pathway, and rationalizes the association of obesity with the development of RCC.
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INTRODUCTION

It is well known that the prevalence of obesity is rising in developed countries, with
obesity becoming one of the leading health concerns (Bjursell ef al., 2007). In fact, the
World Health Organization has labelled obesity as the new epidemic of the 21 century
and estimates that by the year 2015, more than 2.3 billion adults worldwide will be
overweight with a body mass index (BMI) of 25.0 kg/m2 -299 kg/mz, and 700 million
will be obese (BMI: > 30 kg/mz) (Rojas et al., 2010). In 2009 the Public Health Agency of
Canada approximated that 25% of Canadian adults are obese, compared to 23% in 2004
and 14% in 1978. This rising incidence of obesity has profound implications on the health
of Canadians because numerous epidemiological studies have associated obesity with the
onset of a variety of health conditions including type 2 diabetes, cardiovascular disease,
hypertension, and cancer (Bjursell et al., 2007) (Cammisotto et al., 2008). Indeed, the
World Cancer Research Fund agrees strongly with research findings associating body
fatness with an increased risk of developing oesophageal adenocarcinoma, and cancers of
the pancreas, colorectum, postmenopausal breast, endometrium and kidney (Renehan et
al., 2008). Regrettably, the exact mechanism(s) linking excess weight to an increased risk
of developing these cancers is not fully understood, however, three hormonal systems are

among the most studied candidates.
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1.1 Obesity and adiponectin

Originally regarded solely as an energy storage site, the importance of adipose tissue
as an endocrine organ has become quite evident by the identification of numerous
secreted factors, collectively known as adipokines, which regulate energy balance, lipid
and glucose metabolism as well as vascular and blood pressure (Vettor et al., 2005)
(Trujillo et al., 2006) (Bjursell et al., 2007). One of these adipokines is adiponectin, a
hormone initially believed to be secreted solely by adipocytes, but, recently it was also
identified to be secreted by myoblasts, cardiomyocytes and hepatocytes (Bonnard et al.,
2008). Clinical trials involving obese patients and healthy controls revealed that, in
contrast to other adipokines (Mistry et al., 2006), adiponectin levels in the serum are
inversely correlated with body weight (Gavrila et al., 2003). From those clinical trials, it
was determined that adiponectin circulates in the plasma of healthy individuals at a
concentration of approximately 10 pg/mL and in obese patients at approximately 2 pg/mL
(Arita et al., 1999) (Mao et al., 2006). Although the exact mechanism(s) governing this
reduction in adiponectin remains unknown, it likely depends on adiponectin expression in
and secretion from adipocytes, as well as adiponectin turnover rate in the blood (Mao et
al., 2006). Another possible explanation could come from the findings of Furukawa et al.
(2004), who demonstrated that obesity induces an increase in oxidative stress in
accumulated fat, by means of increased micotinamide adenine dinucleotide phosphate
(NADPH) oxidase and decreased antioxidant enzyme activities, and leads to the

dysregulated production of a variety of adipokines, including adiponectin.
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Adiponectin concentrations are higher in women than in men, even when matched for
BMI, and this gender-related difference is suggested to relate to the diversity between
peripheral and visceral adipose tissues (Schalkwijk et al., 2006). Indeed, peripheral and
visceral adipose tissues differ considerably from the histological, physiological and
metabolic point of view. As well, visceral, but not peripheral, adipose accumulation is a
known risk factor to developing the metabolic syndrome and type 2 diabetes (Martinez-
Agustin et al., 2010). Peripheral fat is the predominant storage site in women, compared
to visceral fat in men, and these differences could explain the higher plasma adiponectin
concentration in women (Schalkwijk et al., 2006). Analysis of the gene expression profile
of peripheral and visceral adipose tissues revealed that 20% of all genes in peripheral
adipose tissue encode secretory proteins whereas this frequency rises to 30% in visceral
adipose tissue (Matsuzawa et al., 2010). Encoding a greater number of secretory proteins
is biologically significant considering secretory proteins are predominately bioactive
molecules that interact in signalling pathways. Thus, the potential to interfere with
molecular signalling pathways, through the disruption of secretory proteins by excessive
weight gain, is greater in visceral adipose tissue and, accordingly, in men (Matsuzawa et
al., 2010). In addition, co-culturing cells isolated from peripheral adipose tissue, which
secrete high levels of adiponectin, with cells isolated from visceral adipose tissue, which
secrete low levels of adiponectin, resulted in the drastic reduction of adiponectin secretion
from peripheral adipose cells (Matsuzawa et al., 2010). Although, as previously

mentioned, the exact mechanism governing the reduction of adiponectin levels is not
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known, it is feasible that inhibiting factors for adiponectin synthesis or secretion are

secreted from visceral adipose tissue (Matsuzawa et al., 2010).

Remarkably, adiponectin was initially identified by four independent research groups,
and therefore is cited in the literature under an assortment of names, including adipocyte
complement-related protein of 30 kDa (Acrp30), apM1 protein, adipoQ and gelatin-
binding protein-28 (GBP28). The identification of adiponectin as the most abundant
transcript in adipose tissue and as one of the most abundant proteins in human serum, by
the four research groups, was achieved through the screening of multiple cDNA libraries
(Maeda et al., 1996) (Fruebis et al., 2001). Adiponectin was later isolated from human
serum as both a full-length and cleaved globular fragment, which were demonstrated to
configure into a variety of species with differing molecular weights including trimers,
hexamers and high molecular weight isoforms (Fruebis et al., 2001) (Kobayashi et al.,
2004). Unfortunately, to date, little is known about the significance of the various
isoforms of adiponectin or about the events that lead to the generation of the biologically
active ligand (Pajvanti et al., 2003). Following its identification and isolation, the
adiponectin gene was sequenced and predicted to contain four structural domains: an N-
terminal signal peptide, a short hypervariable region, a collagen domain and a C-terminal

globular domain (Mao et al., 2006).

The adiponectin gene has been mapped to human chromosome 3q27, which is a

diabetes-susceptibility locus (Mao et al., 2006). Indeed, targeted deletion of the
4
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adiponectin gene in mice, which were subsequently fed a high sucrose or high fat diet, led
to a marked elevation of plasma glucose and insulin levels, as well as insulin resistance
and obesity (Nedvidkova et al., 2005). Moreover, the reintroduction of adiponectin into
these mice improved insulin resistance, and consequently supported a role for adiponectin
in the prevention of insulin resistance (Matsuzawa et al., 2010). Similarly, in humans,
clinical trials have correlated reduced serum concentrations of adiponectin with insulin
resistance, obesity and type 2 diabetes (Mao et al., 2006). Collectively, these findings
implicate adiponectin as a regulator of energy homeostasis. Due to the fact that serum
contains thousands of proteins and that many proteins in serum form large complexes to
regulate their biological activity (Wang et al., 2006), identifying adiponectin’s interaction

partners would provide valuable information with regards to its regulation.

1.2 Adiponectin receptors, binding partners and signalling pathways

Adiponectin primarily signals through two receptors on the plasma membrane;
adiponectin receptor 1 (AdipoR1), located on human chromosome 1 (q32.1), and
adiponectin receptor 2 (AdipoR2), located on human chromosome 12 (p13.3) (Crimmins
et al., 2007). These two receptors were independently discovered by the Kadowaki et al.
and Dong et al. research groups through the screening of a cDNA library with globular
and full-length adiponectin, respectively (Yamauchi et al., 2007). Although both

AdipoR1 and AdipoR2 are seven transmembrane spanning receptors with a predicted
5
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intracellular N-terminal signalling moiety and extracellular C-terminal ligand binding
domain, AdipoR1 only shares a 66.7% homology with AdipoR2 (Kadowaki et al., 2003)
(Yamauchi et al., 2003). Expression of yellow fluorescent protein (YFP) fusion proteins
of AdipoR1 or AdipoR2 in cells, confirmed that the receptors localize to the plasma
membrane with the predicted intracellular N-terminus and extracellular C-terminus
orientation (Deckert et al., 2006). Although adiponectin receptors are ubiquitously
expressed in human tissues, AdipoR1 is preferentially expressed in skeletal muscle, while
AdipoR?2 is most abundantly expressed in the liver (Mistry et al., 2006). A third receptor
that was identified to bind adiponectin is the co-receptor T-cadherin, which is often
referred to in literature as CDH13, cadherin 13, or H-cadherin (Hug et al., 2004). This co-
receptor is a glycosylphosphatidylinositol (GPI)-anchored extracellular protein that
functions in transmitting adiponectin signals, and suggestively regulates metabolism

(Mao et al., 2006) (Takeuchi et al., 2007).

The majority of studies performed on the adiponectin receptors have focused on
AdipoR1 and AdipoR2 function in the metabolic syndrome, and specifically, in muscle,
adipose and liver cells (Mao et al., 2006). Briefly, in 2005 Kadowaki et al. demonstrated
that the muscle and adipose tissues of insulin-resistant ob/ob mice have decreased
AdipoR1 and AdipoR2 mRNA levels, which suggestively reduces adiponectin sensitivity
and leads to insulin resistance. The same insulin-resistant ob/ob mice also presented a
significantly lower mRNA level of AdipoRI in the pancreas and liver when compared to

healthy weight control mice (Wade et al., 2009). Similarly to the insulin-resistant ob/ob
6
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mouse strain presenting lower levels of AdipoRI, the targeted knockout of AdipoR1 in
mice led to insulin resistance (Yamauchi et al., 2007) (Bjursell et al., 2007). As well,
considering AdipoR1 and AdipoR2 mRNA transcript levels normally increase following
adiponectin treatment, the finding that the AdipoRI transcript level increase in skeletal
muscle cells derived from lean patients and not in the cells isolated from obese and type 2
diabetic patients, suggests that adiponectin signalling is disrupted in obesity and type 2
diabetes (McAinch et al., 2006). Taking the results of these research studies together, it is
likely that the adiponectin receptors, but in particular AdipoR1, have an important role in
regulating whole-body homeostasis and energy metabolism. Only recently has the
function of adiponectin receptors, inferred from the identification of receptor binding
partners, begun to be explored outside of the metabolic syndrome, which has greatly

increased understanding of the receptors.

There is a growing of body evidence that supports a unique regulatory role for each
adiponectin receptor to selectively regulate a distinct aspect of adiponectin signalling
(Charlton et al., 2010). Reasons for this specificity may be explained by the differential
affinity of the receptors towards the various isoforms of adiponectin as well as by the
distinct downstream targets. Indeed, AdipoR1 possess an increased affinity for the
globular form of adiponectin, while AdipoR2 binds both globular and full-length
adiponectin with an intermediate affinity (Hug et al., 2004) (Bjursell er al., 2007).
Adiponectin treatment is tightly linked to the activation of 5'-AMP activated protein

kinase (AMPK) by means of AdipoR1, whereas adiponectin stimulates the nuclear
7
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transcription factor, peroxisome proliferator-activated receptor @ (PPARa) and increases
expression of PPARa target genes via AdipoR2 (Yamauchi et al., 2002) (Kadowaki et al.,
2005). This diversity in activating different downstream signalling targets of adiponectin

could be explained by the differences in AdipoR1 and AdipoR2 binding partners.

Unlike protein kinase receptors, the adiponectin receptors have no detectable tyrosine
phosphorylation upon adiponectin activation, thus adiponectin may trigger a
conformational change of the receptors, which in turn recruits binding proteins and
subsequently activates downstream signalling molecules (Mao et al., 2006). To date, four
adiponectin receptor binding partners have been identified using either the yeast two-
hybrid or co-immunoprecipitation approach: (1) Screening of a cDNA library with the
intracellular N-terminal portion of AdipoR1 revealed that the C-terminus of Adaptor
protein containing PH domain, PTB domain and Leucine zipper motif (APPL1) interacts
with the intracellular domain of both AdipoR1 and AdipoR2 (Mao et al., 2006). APPL1 is
a protein with multiple functional domains, and its association with the adiponectin
receptors on the plasma membrane is greatly enhanced following adiponectin treatment.
Due to its various binding domains and increased association with the receptors after
adiponectin activation, APPL1 likely functions as an adaptor protein to positively mediate
adiponectin signalling to downstream targets (Deepa et al., 2008). Interestingly, an
APPL1 isoform, named APPL2, was recently discovered to possess a 54% identity with
APPL1 and was demonstrated to negatively regulate AdipoR1 signalling by both

competing with APPL1 for binding to AdipoR1 and forming a heterodimer with APPL1
8
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to inhibit the APPL1 positive signalling influence on AdipoR1 (Deepa et al., 2008)
(Buechler et al., 2010). Interestingly, the APPLI gene is mapped to human chromosome
3p14.3-21.1 and mutations of this region have been correlated with the development of
various types of cancer, suggesting a role for adiponectin in tumourigenesis (Mao et al.,
20006). (2) The yeast two-hybrid screen of a liver cDNA library with full-length AdipoR1
determined that the receptor for activated protein kinase C1 (RACKI1) binds an
intracellular portion of AdipoR1, however the function and significance of this interaction
is largely unknown (Xu et al, 2009). (3) Co-immunoprecipitation with full-length
AdipoR1 revealed that ERp46, an endoplasmic reticulum- and plasma-resident chaperone
protein, binds to amino acids 1-70 in the intracellular region of AdipoR1 (Charlton et al.,
2010). Attempts to co-immunoprecipitate ERp46 and full-length AdipoR2 were
unsuccessful, though the discovery that amino acids 1-70 in AdipoR1 are not present in
AdipoR?2 justifies this lack of binding (Charlton er al., 2010). Knockdown of ERp46
increased AdipoR1 levels at the plasma membrane, suggesting ERp46 negatively
regulates AdipoR1 abundance and, possibly, signalling (Charlton er al., 2010). (4)
Screening of a testis cDNA library with a peptide sequence identical to an intracellular
portion of AdipoR1 identified that the regulatory subunit of casein Kkinase II (CK2),
CK2B, binds to amino acids 113-132 in the intracellular domain of AdipoR1. CK2 exists
as a holoenzyme with catalytic a or o’ and regulatory B subunits, and is an important
signaling molecule involved in the regulation of an assortment of cellular processes
including proliferation, apoptosis and differentiation (Miyata et al., 2008) (Buechler et

al., 2010). Levels of CK2 are consistently elevated in cancer cells when compared to
9
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normal cells of the same type, suggesting a role for CK2, and its binding partner
AdipoR1, in tumourigenesis (Ahmad et al., 2008). Interestingly, the 113-132 amino acid
sequence in AdipoR1 that binds CK2p is conserved in AdipoR2, yet numerous attempts

by Heiker et al. (2009) to co-immunoprecipitate AdipoR2 and CK2f3 were not successful.

CK2 is the only known kinase that phosphorylates and activates the co-chaperone cell
division cycle protein 37 (CDC37) on its serine 13 residue, an event essential for the
stable interaction of CDC37 with heat shock protein 90 (HSP90) (Miyata et al., 2004).
HSP90 is a molecular chaperone that supports the functionality of a wide variety of signal
transducing proteins by maintaining their correct conformation (Miyata er al., 1997).
Specifically, association of phosphorylated CDC37 with HSP90 protects cytoplasmic
liver kinase B1 (LKB1), formerly known as serine threonine Kinase 11 (STK11), from
proteasomal-mediated degradation by binding the kinase domain of LKBI1 without
impacting its catalytic activity (Boudeau et al., 2003) (Nony et al., 2003). This interaction
was confirmed by treating cells with geldanamycin, an HSP90 inhibitor that interferes
with the ATP/ADP binding pocket of HSP90 and causes the dissociation of HSP90 from
its client proteins. Geldanamycin disrupted the CDC37-HSP90-LKB1 complex and
promoted the degradation of LKB1 by the proteasome (Nony et al., 2003). Interestingly, a
cell line isolated from a testicular tumour was found to have a mutation in the catalytic
domain of LKB1 where CDC37-HSP90 bind. This mutation to LKB1 impaired the
formation of the CDC37-HSP90-LKB1 complex and reduced the half-life of the mutated

LKB1 from two hours to 30 minutes (Nony et al., 2003). Taken together, these studies
10



M.Sc. Thesis — L. Beatty McMaster University — Medical Science

suggest that these proteins interact through the hypothetical signalling cascade, AdipoR1-

CK2B-CDC37-HSP90-LKBI.

LKB1 is an upstream serine/threonine kinase for the 14 members of the AMPK
family of proteins, though, the major downstream target of LKB1 is AMPK (Marignani et
al., 2005). The large range of different targets of LKB1 enables it to impact an assortment
of cellular processes including cell cycle arrest, pS3-mediated apoptosis, Wnt signalling,
cell polarity, TGF-B signalling, ras-induced cell transformation and energy metabolism
(Just, 2011) (Shorning et al., 2011). Activity of LKB1 results from an allosteric
modification induced by the pseudo-kinase STE20-related adaptor (STRAD), which
adopts a conformation similar to an active kinase and associates with LKB1 as one of its
substrates, and the scaffolding protein MO25, which stabilizes the activation loop of
LKB1 (Hawley et al., 2003) (Marignani et al., 2005). LKBI1 is believed to be
constitutively active in cells, however, it is the condition of low cellular energy that
induces a conformational change in the structure of AMPK and permits LKBI1 to
phosphorylate and activate AMPK (Alessi et al., 2006). AMPK is a heterotrimeric protein
comprised of regulatory f and vy, and catalytic o subunits, that functions to maintain the
cellular energy balance, measured through the AMP:ATP ratio (Michell et al., 1996).
Metabolic stress increases cellular AMP levels and activates AMPK to increase ATP
production and decrease energy consumption through the regulation of an array of
signalling pathways including glycolysis, glucose uptake, lipid oxidation, fatty acid

synthesis, cholesterol synthesis and gluconeogenesis (Hawley et al., 2003). Specifically,
11
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AMPK is activated by AMP, which binds to the four ¢ystathionine beta synthase (CBS)
domains in the y subunit, and causes the activation of the catalytic o subunit on the
threonine 172 residue by one of three upstream kinases: LKB1, calmodulin-dependent
protein kinase kinase-f (CaMKKQp) or TAK1 (Hawley et al., 1996) (Viollet et al., 2010).
CaMMKJ appears to play a minor role in the adiponectin-mediated activation of AMPK,
when compared to LKB1 (Buechler ef al., 2010). Indeed, studies in LKBI1 tissue-specific
knockout mice revealed that LKB1 mediates AMPK activation in the majority of tissues,
while CaMKKJ activates AMPK in some hypothalamic neurons, T cells and endothelial

cells (Shackelford et al., 2009).

Adiponectin treatment has been established to induce the phosphorylation of AMPKa
on threonine 172 in a variety of cell types, and accordingly, adiponectin-knockout mice
have reduced expression of AMPK (Martinez-Agustin et al., 2010) Thus, the ability of
adiponectin to mediate the activation of AMPK is clear, however the mechanism by
which adiponectin signals through the plasma membrane to AMPK is not clear (Mao et
al., 2006). Interestingly, targeted disruption of AdipoR1 in cells abrogates the
adiponectin-mediated activation of AMPK (Yamauchi et al., 2007). Moreover,
adenoviral-mediated restoration of AdipoR1 to these cells and subsequent adiponectin
treatment results in a significant increase in phosphorylated AMPKa levels (Yamauchi et
al., 2007). Taken together, these results suggest a critical role for AdipoR1 in the
adiponectin-mediated activation of AMPK. As well, skeletal muscle cells derived from

obese and type 2 diabetic patients with low adiponectin levels, cannot activate AMPK in
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response to adiponectin treatment, indicating that disrupted adiponectin-AMPK signalling

may have profound effects in human disease (McAinch et al., 2006).

1.3 Adiponectin, AdipoR1 and LKBI in cancer

Although the exact mechanism by which obesity contributes to an increased risk of
developing various health conditions is not known, recent clinical trials have identified
body weight as an important risk factor in the development of a variety of cancers
(Renehan et al., 2008). Morbidly obese patients, with a BMI larger than 40 kg/mz, have a
greater rate of death caused by cancer, 52% higher in men and 62% higher in women,
compared to individuals with normal weight individuals (Calle et al., 2003). In particular,
an increased BMI was significantly associated with higher rates of death due to cancer of
the esophagus, colon, rectum, liver, gallbladder, pancreas and kidney (Calle et al., 2003).
In the case of kidney cancer, 75% of which develops as renal cell carcinoma (RCC),
clinical studies have consistently shown obesity to be a significant risk factor (Chow et
al., 1999). Briefly, a study by Chow et al. (2000) demonstrated a higher BMI increased
the long-term risk of developing RCC in a cohort of 759 men. As well, another study by
Calle et al. (2003) identified a BMI in both men and women between 18.5 kg/m2 -249
kg/m?, 25.0 kg/m” — 29.9 kg/m?, 30.0 kg/m? — 34.9 kg/m?, and 35.0 kg/m*— 39.9 kg/m” to
have a 1.00, 1.18, 1.36 and 1.70 relative risk of developing RCC, respectively. Due to the

association of obesity with an increased risk of developing cancer and the association of
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obesity with reduced adiponectin levels, it is plausible that adiponectin has a role in

preventing tumourigenesis.

Indeed, recent studies suggest that adiponectin might act as a preventive agent (Pfeiler
et al., 2010). An in vitro study on six gastric cancer cell lines determined that adiponectin
potently inhibits proliferation of the cells and induces apoptosis (Ishikawa et al., 2007).
Furthermore, down regulation of AdipoR1 and AdipoR2 in these six cancer cell lines
abrogates the growth inhibitory effects of adiponectin (Ishikawa et al., 2007). Similarly to
the adiponectin-mediated growth inhibition in the gastric cancer cell lines, adiponectin
suppresses the proliferation of three colon cancer cell lines at the G1/S cell cycle
boundary and concurrently increases expression of activated AMPK (Kim et al., 2010).
Moreover, knockdown of adiponectin receptors in these three colon cancer cell lines
reverses the growth suppressive effects of adiponectin (Kim et al., 2010). Another study
on the MCF-7 breast cancer cell line demonstrated that adiponectin treatment reduces the
growth of the cancer cells (Dieudonne et al., 2006). Likewise, adiponectin treatment of
the MCF-10A breast cancer cell line inhibits the growth of the cells to approximately
30% in relation to untreated MCF-10A cells (Treeck et al., 2008). Examination of
adiponectin and breast cancer in vivo determined that women with high adiponectin levels
have a 65% reduced risk of developing breast cancer compared to age-matched cancer-
free women (Korner et al., 2007). Another clinical study associated low adiponectin
levels in patients with breast cancer with a more aggressive tumour phenotype, defined as

having a larger tumour size, a greater lymph node positivity and higher histological grade,
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when compared to breast tumours in patients with high adiponectin levels (Takahata et

al., 2007).

The association between high adiponectin levels and reduced cancer risk is not
exclusive to breast cancer. In fact, clinical trials have directly correlated reduced
adiponectin levels with an increased incidence of developing a variety of malignancies,
including breast, colon, endometrial, prostate and kidney (Chou et al., 2010). Specifically
with kidney cancer, a study by Spyridopoulos et al. (2007) concluded that serum
adiponectin levels are significantly and inversely associated with the risk of developing
RCC, which persists after adjustment for BMI. Specifically, overweight and obese
patients have a 1.5 to 3.0 higher risk for developing RCC when compared to subjects of
normal weight (Spyridopoulos et al., 2007). Horiguchi et al. (2008) also confirmed that
the serum level of adiponectin is decreased in patients with metastatic RCC compared to
patients with non-metastatic RCC. As well, a recent study with RCC patients determined
an association between low levels of adiponectin and an increased risk of developing a
larger and more aggressive tumour, as well as having an increased likelihood of
metastasis (Pinthus et al., 2008). Specifically, a significantly lower plasma adiponectin
level is observed in RCC tumours larger than 4cm when compared to tumours smaller
than 4cm (Pinthus et al., 2008). Significantly lower plasma adiponectin levels are also
observed in RCC patients with metastatic disease, compared to RCC patients without
metastatic disease (Pinthus ef al., 2008). These anti-proliferative effects of adiponectin on

a variety of cancers further suggest that adiponectin may inhibit cellular processes
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involved in tumourigenesis, and reduction in adiponectin and/or adiponectin receptors

would disrupt this inhibition.

Yamauchi et al. (2007) demonstrated that the tumour-suppressive effects of
adiponectin are mediated to a greater extent through AdipoR1 than AdipoR2 because the
signalling pathways involved in anti-tumour effects require AMPK, which is activated
through AdipoR1. Therefore, AdipoR1 expression is a critical factor in mediating
tumour-suppressive effects by adiponectin. In agreement with this view, mRNA levels of
AdipoR1 were found to be lower in the gastric tumour tissue of 67 patients when
compared to the matched normal surrounding tissue (Otani et al, 2010).
Immunohistochemical staining for AdipoR1 in prostate tumour tissue and prostate tissue
from normal controls determined that 29% of prostate tumour samples express AdipoR1
compared to 62% of normal tissue samples (Michalakis et al, 2007). As well,
approximately 50% of RCC patients with metastatic disease present a lower expression of
AdipoR1 in the tumour tissue compared to normal surrounding kidney tissue (Pinthus et
al., 2008). Taken together these studies suggest a critical role for AdipoR1 in mediating

the tumour-suppressive effects of adiponectin in a variety of cancers.

Adiponectin-mediated tumour suppression likely involves the activation of AMPK
and its inhibition of the mammalian target of rapamycin (mTOR). Downregulation of this
pathway results in the loss of AMPK-mediated inhibition of mTOR and thus the

constitutive activation of mTOR. Hyperactive mTOR is associated with a wide variety of
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cancers (Van Veelen et al., 2011). Specifically, hyperactive mTOR has been established
to be present in a variety of RCC cell lines and patient tumours (Robb et al., 2007). In
fact, immunohistochemical staining of a renal tissue microarray containing RCC tumour
tissue from 29 patients and normal renal tissue from 17 patients revealed that the majority
of RCC tumours possess increased mTOR activity levels, inferred through p-
mTORser2448 levels (Robb et al., 2007). Hence, inhibition of mTOR in RCC has been
suggested as an effective treatment option (Woodard et al., 2010). Indeed, the mTOR
inhibitors temsirolimus and everolimus were approved by the Food and Drug
Administration (FDA) in May 2007 and March 2009, respectively, for the treatment of
advanced RCC (Van Veelen et al., 2011). As well, treatment of RCC with the mTOR
inhibitor rapamycin for 22 months results in regression of RCC tumour size in the first
nine months of therapy and stabilizes RCC tumour growth during the subsequent 13
months of therapy (Pressey et al., 2010). Another clinical study using the mTOR inhibitor
CCI-779 involving patients with advanced RCC demonstrates an objective response rate

of 7%, including one complete and seven partial responses (Robb et al., 2007).

LKBI is essential for the effective inhibition of mTOR by the majority of mTOR
inhibitors (Sanchez-Cespedes et al., 2002). In line with the hyperactivation of mTOR in a
variety of cancers, inactivating mutations of LKB1 have been observed in a variety of
tumours  (Sanchez-Cespedes, 2011). Approximately 33% of sporadic lung
adenocarcinomas display somatic mutations in the LKB1 gene, while the frequency of

LKB1 mutations is lower in breast tumours, ovarian carcinomas, pancreatic
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adenocarcinomas and biliary adenocarcinomas (Marignani et al., 2005). Sequencing of
LKBI in a variety of tumours identified numerous somatic mutations in the catalytic
domain of LKB1, all of which predicted a truncated and non-functional protein (Sanchez-
Cespedes et al., 2002). Hypermethylation of the LKB1 promoter, resulting in the
transcriptional silencing of the LKB1 gene, has also been identified in the lung tumour
tissue of patients, suggesting an additional method to inactivate LKB1 (Sanchez-
Cespedes et al., 2002). As well, the absence of LKB1 in the HeLa cervical cancer cell line
was determined to be the result of the biallelic inactivation of LKBI1 attributed to
promoter hypermethylation rather than mutation (Shorning et al., 2011). Thus, the
previously mentioned low frequency of LKB1 mutation in various types of cancer, may
not reflect the actual expression of LKB1 because of epigenetic silencing events,
including promoter hypermethylation, that are undetected in sequencing (Shorning et al.,
2011). Analysis of human pancreatic tumour tissue supports this suggestion because only
a small number of mutations to LKB1 were reported in pancreatic tumours (Van Veelen
et al., 2011), however in a study by Morton et al. (2010), approximately 20% of the
pancreatic tumours examined presented a downregulation of LKB1 protein expression

when compared to matched normal ductal epithelium.

Germline mutation to the LKB1 gene on human chromosome 19p13.3 is the
predominant cause of Peutz-Jeghers syndrome, which contrasts the somatic mutations to
LKB1 in tumours (Hemminki ef al., 1998). Peutz-Jeghers syndrome is an autosomal

dominant genetic disease characterized by the development of multiple benign
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gastrointestinal hamartomatous polyps, the presence of abnormal melanin pigmentation
and an increased risk of developing cancer (Hemminki et al., 1998). In fact, patients with
Peutz-Jeghers syndrome have an 84-fold increased risk of developing colon cancer, a
213-fold increased risk of developing gastric cancers and a 520-fold increased risk of
developing cancers of the small intestinal, when compared to patients without Peutz-
Jeghers syndrome (Marignani et al., 2005). The molecular mechanism that underlies
Peutz-Jeghers syndrome and its associated malignancies is not fully understood. Attempts
to study the loss of LKBI1 function, through the use of LKB1 knockout mice, were not
successful because LKB1”" mice are not viable (Ylikorkala er al., 2001). Analysis of
LKB1” embryos at embryonic day 9.25 revealed significant vascular defects and an
increased expression of vascular endothelial growth factor (VEGF) in the mesenchyme,
heart and yolk sac (Ylikorkala et al., 2001). As well, mouse embryonic fibroblasts
isolated from LKB1”" mice present reduced AMPK activation (Marcus et al., 2010).
Interestingly, heterozygous LKB1*" mice are viable and show similarity to the Peutz-
Jeghers syndrome phenotype, defined by the development of benign intestinal polyps and
an increased risk of developing a range of cancers later in life (Sanchez-Cespedes et al.,

2007).

Reintroduction of LKB1 into human cancer cell lines with reduced LKB1 expression
resulted in growth suppression due to a G1 cell cycle arrest (Tiainen et al., 2002), which
was also observed with the overexpression of LKB1 in the LKB1-deficient HeLLa cancer

cell line (Boudeau et al., 2003). As well, overexpression of LKB1 in a melanoma cell line
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induces the expression of the p21"WAF/C!

inhibitor of cyclin-dependent kinases, which
could explain the ability of LKBI1 to induce a G1 cell cycle arrest (Boudeau et al., 2003).
Karuman et al. (2001) demonstrated LKB1 physically associates with p53 to regulate
pS3-dependent apoptosis pathways, which was supported by a microarray analysis of

A549 human lung adenocarcinoma cells treated with LKBI1 that demonstrated an

induction of p53 response genes (Boudeau et al., 2003).

Regretfully, the incidence of renal cell carcinoma (RCC) appears to be steadily rising,
for which the reason is not understood (Chow et al., 1999). Although improvements in
diagnosis may contribute to the rising incidence, the frequency of both late-stage RCC
and mortality from RCC have also been increasing, implying that other factors are
contributing to the increase in incidence (Setiawen et al., 2007). RCC 1is a highly
aggressive cancer for which treatment options are limited (Woodard et al., 2010). What is
more, surgical removal of RCC may be curative if the disease is confined, however
approximately 30% of RCC will metastasize, and be resistant to chemotherapy and
radiation (Chow et al., 1999). Although the roles of adiponectin, AdipoR1 and LKB1 as
molecular inhibitors of tumourigenesis have been examined in several types of cancers,
limited research has been conducted on RCC. Thus, clarifying the expression and
significance of adiponectin, AdipoR1 and LKB1 in RCC would provide fresh insight into
the link between two prevailing health problems in the Western world: obesity, in which
adiponectin levels are low, and cancer, in which adiponectin, AdipoR1 and LKBI1 levels

are low. Knowledge that will be gained from this study will likely provide new drug
20



M.Sc. Thesis — L. Beatty McMaster University — Medical Science

targets for the development of innovative pharmacological strategies to decrease the

development and progression of RCC.
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RATIONALE

Previous studies have examined adiponectin, AdipoR1 and LKBI1 expression in
several malignancies in an attempt to explain their role in inhibiting tumourigenesis.
Indeed, reduced levels of adiponectin associate strongly with an increased risk of
developing RCC, however, the expression of AdipoR1 and LKBI1 in RCC is not
conclusive. AdipoR1 mediates the tumour-suppressive adiponectin-AMPK signalling
pathway and LKBI1 is an established tumour suppressor that activates the AMPK-
mediated inhibition of mTOR. Thus, coupling the established reduction of adiponectin in
RCC with a dysregulation in AdipoR1 and/or LKB1 expression would provide fresh

insight into the mechanism underlying the association of obesity and RCC development.
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HYPOTHESIS

AdipoR1, the receptor which mediates adiponectin-AMPK tumour suppression, and
LKB1, the upstream kinase of AMPK, are downregulated in RCC. Thus, dysregulation of
AdipoR1 and LKBI leads to an increased tumourigenic potential of human RCC cells,
and coupled with the reduction in plasma level of adiponectin, contributes to the

development of RCC.
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OBJECTIVES

The following two objectives are proposed to test the hypothesis that LKB1 and
AdipoR1 are downregulated in RCC, and that the dysregulation leads to an increased

tumourigenic potential of human RCC cells.

Objective 1

Identify dysregulations in AdipoR1 and LKB1 transcript and protein expression

levels in RCC patient tumours

4.1.1 Measure AdipoRI1, LKBI and VEGFA transcript levels in patients’ RCC tumour
tissue and compare to the transcript levels in the matched normal surrounding
parenchyma

4.1.2 Confirm that any dysregulation to the transcript level in RCC tumours translates to
a dysregulation of protein expression

4.1.3 Visualize any dysregulations to protein expression levels in RCC tumours by

immunohistochemical staining of patient tumour and matched normal tissues
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Objective 2

Demonstrate that downregulated AdipoR1 and LKB1 expression in RCC disturbs

the tumour-suppressive adiponectin-AMPK signalling pathway and increases RCC

cells’ tumourigenic potential

4.2.1

422

423

4.2.4

4.2.5

Rationalize the CRL-1932 human RCC cell line as an in vitro model for human
RCC by confirming the presence and functionality of adiponectin receptors
Generate stable CRL-1932 AdipoR1 and LKB1 knockdown cell lines

Investigate the impact of AdipoR1 and LKB1 knockdown on LKB1 and AdipoR1
transcript and protein expression, respectively

Demonstrate the importance of AdipoR1 and LKBI1 in adiponectin-AMPK
signalling by examining established signalling events in AdipoR1 and LKBI1
knockdown cell lines

Examine the impact of AdipoR1 and LKB1 knockdown on RCC tumourigenicity

by examining the hallmarks of tumour progression
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EXPERIMENTAL PROCEDURES

5.1 Cell lines and culture conditions

Bacterial cell line. E. Coli DH5a (Invitrogen, Burlington ON, Catalogue Number 18265-
017) was transformed with various plasmids (reference Bacterial transformation),
amplified at 37°C in LB broth (20 g/L) (Sigma-Aldrich, Oakville ON, Catalogue Number
L3022) and on LB agar (35 g/L) (Sigma-Aldrich, Catalogue Number 1.2897)
supplemented with 100 ug/mL ampicillin (EMD Millipore, Burlington MA, Catalogue
Number CA80055-786), 50 pg/mL kanamycin (EMD Millipore, Catalogue Number
CA80502-840) or 25 pg/mL chloramphenicol (Sigma-Aldrich, Catalogue Number C7795)

and purified (reference DNA purification).

Mammalian cell lines. The CRL-1932 and CRL-1933 human RCC kidney cell lines
(ATCC, Burlington ON, Catalogue Numbers 786-O and 769-P) were originally isolated
from the clear cell renal adenocarcinoma of a 58-year old male and 63-year old female,
respectively. Cells were cultured in GIBCO® RPMI-1640 medium (Invitrogen, Catalogue
Number 22400) supplemented with 10% FBS (Sigma-Aldrich, Catalogue Number F1051)
and 100pg/mL penicillin and streptomycin (Invitrogen, Catalogue Number 15070). The
293T cell line (ATCC, Catalogue Number CRL-11268) is a derivative of the HEK293
human embryonic kidney cell line, which includes a temperature sensitive SV40 T-

antigen, that was used to produce high titres of infectious retrovirus (reference shRNA
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and viral plasmid infection). 293T cells were grown in GIBCO® DMEM medium
(Invitrogen, Catalogue Number 11965-092) supplemented with 10% FBS and 100 pg/mL
penicillin and streptomycin. All cells were propagated at 37°C in 5% CO; and in a

humidified atmosphere containing 21% O,.

5.2 Animals and handling

Nude mice. In vivo studies were performed using 20 male BALB/c Nu/Nu (homozygous)
immunodeficient mice (Charles River, Sherbrooke QC, Strain Number 194) that were
received at four weeks of age. Mice were left to acclimatize in the animal facility for one
week before being injected (reference Tumour growth assay) at five weeks of age. The
Animal Research Ethics Board at McMaster University approved all experimental

procedures.

5.3 Human tissue collection and preparation

Human tissue collection. A sample of tumour tissue and normal surrounding parenchyma
was taken from the extracted kidney of patients diagnosed with RCC that underwent a
radical nephrectomy surgery at St. Joseph’s Healthcare Hamilton (Hamilton ON) in

accordance with hospital ethics standards. Immediately upon removal, the tissue was
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inserted into a 2mL Nalgene Cryogenic Vial (Thermo Fisher Scientific, Whitby ON,
Catalogue Number 5000-0020) and flash frozen in liquid nitrogen until it was
homogenized (reference Tissue homogenization for pilot study’s AdipoRI1 protein
analysis and Tissue homogenization for AdipoR1, AdipoR2, LKB1 and VEGFA RNA
analysis and LKBI protein analysis) or prepared for immunohistochemical staining
(reference Immunohistochemical staining of human kidney tissue and mouse

xenografts).

Tissue homogenization for pilot study’s AdipoRI1 protein analysis. Kidney tissue was
removed from storage in liquid nitrogen and ground to a fine powder with a mortar and
pestle (VWR, Mississauga ON, Catalogue Number 89038-144). Throughout the
homogenization a small volume of liquid nitrogen was added to the tissue to maintain a
cold temperature. The ground tissue was transferred into a 1.5 mL microcentrifuge tube
(Dia-Med, Mississauga ON, Catalogue Number SPE155-N) and kept on ice. Immediately
prior to lysis, | mM PMSF, 2 pg/mL Leupeptin and 10 pg/mL Aprotinin was added to the
stock lysis buffer (50 mM Tris pH7.4, 150 mM NaCl, 5 mM EDTA, 1% Triton X100,
10% Glycerol, 100 uM Naz;UQOy4, 1 mM p-glycerophosphate and 1 mM NaF) and 100 pL.
of the buffer was transferred into each microcentrifuge tube containing ground kidney
tissue. The contents of the microcentrifuge tube were mixed thoroughly and left on ice for
30 min to lyse the cells. Samples were centrifuged at 13,000 g for Smin at 4°C and the
supernatant was transferred to a chilled 1.5 mL microcentrifuge tube. The protein

concentration was calculated (reference DC protein assay) and standardized to 4 ug/mL
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using 4X SDS lysis buffer. Then, 1/20 volume of 1M DTT (Fisher BioReagents, Whitby
ON, Catalogue Number BP172-5) and 1/5 volume of 0.05% bromophenol blue (Bio-Rad,
Mississauga ON, Catalogue Number 161-0404) was added to each sample and the
samples were stored at -80°C until analysis by western blot (reference Western blot

analysis).

Tissue homogenization for AdipoR1, AdipoR2, LKB1 and VEGFA RNA analysis and
LKBI1 protein analysis. Kidney tissue was removed from storage in liquid nitrogen and
separated into both total protein and total RNA using the Ambion PARIS™ Kit (Applied
Biosystems, Burlington ON, Catalogue Number AM1921). Briefly, each sample of kidney
tissue was cut to weigh approximately 75 mg, inserted into a 1.5 mL microcentrifuge tube
and placed on ice. Then, 600 pL of ice-cold Cell Disruption Buffer was added to the
microcentrifuge tube and an OMNI THq digital tissue homogenizer (VWR, Catalogue
Number 12-200-1) was applied at medium intensity for 10 sec intervals until the tissue
was ground. Debris including connective tissue was removed from the tissue lysate by
centrifuging the sample at 14,000 g for 10 min at 4°C. Then, 400 puL of the supernatant
was transferred into a clean microcentrifuge tube labelled “protein”, which remained on
ice for 10min to complete cell disruption. The protein concentration was calculated
(reference DC protein assay) and standardized to 4 ug/mL using 4X SDS lysis buffer.
Then, 1/20 volume of 1M DTT and 1/5 volume of 0.05% bromophenol blue was added to
each sample and the samples were stored at -80°C until analysis by western blot

(reference Western blot analysis). The remaining 200 uL of supernatant was transferred
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into a microcentrifuge tube labelled “RNA” and an equal volume (200 pL) of 2X
Lysis/Binding Solution at room temperature was added to the microcentrifuge tube. Then,
200 pL of 100% ethanol was added and the microcentrifuge tube was inverted five times
to mix the solution thoroughly. To reduce the viscosity of the solution and prevent
clogging of the Filter Cartridge, the solution was passed through a 1 mL syringe (Becton
Dickinson, Mississauga ON, Catalogue Number 309659) attached to a 20G1"? needle
(Becton Dickinson, Catalogue Number 305176) ten times. The 600 uL solution was
applied to a Filter Cartridge assembled in a Collection Tube and the unit was centrifuged
at 14,000 g at 4°C for 30 sec. The flowthrough was discarded. Then the Filter Cartridge
was washed with 700 uL. of Wash Solution 1 at room temperature, 500 uL of Wash
Solution 2/3 at room temperature and again with 500 uL of Wash Solution 2/3 at room
temperature through successive centrifugations at 14,000 g for 30 sec at 4°C. Following
the final wash, the Filter Cartridge and Collection Tube unit was centrifuged at 14,000g
for 1 min at 4°C to remove traces of Wash Solution 2/3. The Filter Cartridge was moved
into a new Collection Tube and 40 uL of 95°C Elution Buffer was applied to the center of
the filter. The unit was centrifuged at 14,000 g for 1 min at 4°C and then the 40 puL
flowthrough was reapplied to the center of the filter and the unit was centrifuged at
14,000 g for 1 min at 4C° to concentrate the RNA. The amount of RNA was determined
(reference RNA quantification), synthesized into cDNA (reference cDNA synthesis) and
stored at -80°C until it was analyzed by qRT-PCR (reference Quantitative real time

PCR).
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5.4 RNA extraction, quantification, synthesis and analysis

RNA extraction from mammalian cell lines. Total RNA was extracted from the CRL-
1932, shLKB1, shCONTROL, shVAdipoR1 and shVControl cell lines using the RNeasy®
Mini kit (Qiagen, Mississauga ON, Catalogue Number 74104). Approximately 2.0x10°
cells were washed thoroughly with GIBCO® Phosphate Buffered Saline (PBS)
(Invitrogen, Catalogue Number 10010-023) and 600 puL of Buffer RLT was applied to the
100 mm plate (Corning, Corning NY, Catalogue Number 430167). Cells were lifted off
the tissue culture plate using a Cell Scraper (BD, Mississauga ON, Catalogue Number
353086) and transferred to a 1.5 mL microcentrifuge tube. The tube was vortexed to
remove clumps of cells and each lysate was passed through a 20G1” needle attached to a
ImL syringe, five times. An equal volume of 70% ethanol was added into the
microcentrifuge tube and the solution was mixed thoroughly by pipetting. An RNeasy
Mini Spin Column was inserted into a 2 mL Collection Tube and 700 pL of the lysate
was placed into the Spin Column. The Spin Column was centrifuged for 15 sec at 8,000 g
and the flowthrough was discarded. All remaining lysate was applied to the Spin Column
and the unit was centrifuged for 15 sec at 8,000 g. Then, 700 uL of Buffer RW1 was
applied to the Spin Column, the unit was centrifuged for 15 sec at 8,000 g and the
flowthrough was discarded. Then, 500 uL of Buffer RPE was applied to the Spin Column
and the unit was centrifuged for 15 sec at 8,000 g, twice. The Spin Column was moved
into a new 2 mL Collection Tube and the unit was centrifuged for 1 min at full speed. The

Spin Column was moved into a new 1.5 mL Collection Tube, 30 puL of GIBCO®
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UltraPure™ Distilled Water (Invitrogen, Catalogue Number 10977-015) was applied to
the Spin Column and the unit was centrifuged for 1 min at 8,000 g to elute the RNA. The
concentration of RNA was measured (reference RNA quantification) and the sample was
stored at -80°C until synthesis into cDNA (reference ¢DNA synthesis) and analysis by
gquantitative real time polymerase chain reaction (QRT-PCR) (reference Quantitative real

time PCR).

RNA quantification. The concentration of RNA was measured by absorbance on a
NanoVue Plus Spectrophotometer (General Electric Healthcare, Piscataway NIJ,
Catalogue Number 28-9569-65) at 260 nm and was determined as the average of two

independent trials using 2 pL of sample.

¢DNA synthesis. RNA was transcribed into cDNA using the SuperScript VILO™ c¢DNA
Synthesis Kit (Invitrogen, Catalogue Number 11754-010). Briefly, 2.5 nug of RNA was
added to a 0.2 uLL PCR tube (Dia-Med, Catalogue Number 3240-00) containing 4 uL of
5X VILO™ Reaction Mix (which included random primers, MgCl, and dNTPs) and 2uL
of 10X SuperScript Enzyme Mix (which included SuperScript III reverse transcriptase
and RNaseOUT™ Recombinant Ribonuclease Inhibitor). The solution was brought to a
final volume of 20 uL with UltraPure™ Distilled Water and was gently mixed. The PCR
tube was incubated at 25°C for 10 min, 42°C for 1 h and 85°C for 5 min. The cDNA
product was diluted 1:4 in UltraPure™ Distilled Water and stored at -80°C until it was

analyzed by qRT-PCR (reference Quantitative real time PCR).
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Quantitative real time PCR (qRT-PCR). RNA samples were analyzed for AdipoRI,
AdipoR2, LKB1, VEGFA, p-Actin and 18S induction using established primer sequences
(Table 1). Primers were ordered from Integrated DNA Technologies (Hamilton ON) as
de-salted and at a synthesis scale of 0.025 pmol. The primers were suspended in a volume
of UltraPure™ Distilled Water specified by the Applied Biosystems ‘Calculator for
Suspension of Dry Single-Stranded Oligonucleotides’ (http://www4.appliedbiosystems.
com/techlib/append/oligo_dilution.html) to achieve both a 100 uM stock and a 10 uM
working concentration, and were stored at -20°C. For each target gene, 12.5 uL of Power
SYBR Green PCR Master Mix (Applied Biosystems, Catalogue Number 4367659), 9.5
uL of UltraPure™ Distilled Water, 0.5 uL of 10 uM forward target gene primer, 0.5 uL
of 10 uM reverse target gene primer and 2.0 uL of diluted cDNA were assembled as a
mixture in a 1.5 mL microcentrifuge tube that was placed on ice. In triplicate the 25 pL
mixture was added into a single well of a MicroAmp Optical 96-Well Reaction Plate
(Applied Biosystems, Catalogue Number N8010560) and a MicroAmp Optical 8-Cap
Strip (Applied Biosystems, Catalogue Number 4323032) was applied to each column of
the 96-well plate. The plate was centrifuged at 3,500 g for 1 min at 4°C to remove bubbles
and loaded into a 7500 Real Time PCR System (Applied Biosystems, Catalogue Number
4351105). Target gene analysis was performed using the manufacturer’s 7500 System
SDS Software, Sequence Detection Software, Version 1.2.2 with SYBR programmed as
the Detector and ROX as the Passive Reference. Fluorescence emission data was
collected during the second step of the third stage of the program: (Stage 1) 50°C for 2

min, (Stage 2) 95°C for 10 min, (Stage 3) 95°C for 15 sec and 60°C for 1 min (40 cycles),
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with an added Dissociation Stage of 95°C for 15 sec, 60°C for 1 min and 95°C for 15 sec
to monitor primer dimer formation. AdipoRI, AdipoR2, LKBI and VEGFA gene
expression was determined using the average of the triplicate critical threshold (Cr)

-ACT
2

values in the equation relative to the expression of housekeeping genes’, f-Actin and

18S.
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Table 1 | Primer sequences used for quantitative real time PCR to target
AdipoR1, AdipoR2, LKB1, VEGFA, B-Actin and 18S genes.

(FORWARD/REVERSE)

TARGET SPECIES REFERENCE PRIMER SEQUENCE

AdipoR1 Human McAinch et al, 2006 (Forward)
5’-CGC CAT GGA GAA GAT GGA A-3’
Human McAinch et al, 2006 (Reverse)
5'-TCA TAT GGG ATG ACC CTC CAA-3’
AdipoR2 Human McAinch et al, 2006 (Forward)
5'-GGA TCC CCG AACGCT TTT T-3'
Human McAinch et al, 2006 (Reverse)
5’-TGA GAC ACC ATG GAA GTG AAC AA-3’
LKB1 Human Harvard PrimerBank (Forward)
ID: 4507271a1l 5'-GAG CTG ATG TCG GTG GGT ATG-3'
Human Harvard PrimerBank (Reverse)
ID: 4507271a1l 5'-CAC CTT GCC GTA AGA GCC T-3'
VEGFA Human Thijssen et al, 2004 (Forward)

5’-AAG GAG GAG GGC AGA ATC AT-3'

Human Thijssen et al, 2004 (Reverse)
5’-CCA GGC CCT CGT CAT TG-3'

B-Actin Human Sloan et a/, 2009 (Forward)
5’-CCC TGA AGT ACC CCA TCG AG-3'

Human Sloan et a/, 2009 (Reverse)
5'-CAG ATT TTC TCC ATG TCG TCC C-3’

18S Human Wei et a/,2003 (Forward)
5’-GTA ACC CGT TGA ACC CCA TT-3’

Human Wei et al, 2003 (Reverse)
5’-CCA TCC AAT CGG TAG TAG CG-3'
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5.5 shRNA and viral plasmids, retroviral and lentiviral particle infections

shRNA plasmids. The shRNA-mediated knockdown of AdipoR1 and AdipoR2 was
facilitated by two HuSH™ pGFP-V-RS plasmids (shVAdipoR1 and shVAdipoR2)
(OriGene, Rockville MD, Catalogue Number TG306815 and TG306814), each
containing a 29 nucleotide target sequence to the protein of interest (Table 2), puromycin
and kanamycin resistant cassettes as well as a CMV-promoter driven GFP tag. Similarly,
shRNA-mediated knockdown of LKB1 was performed with a HuSH™ pRFP-C-RS
plasmid (shVLKB1) (OriGene, Catalogue Number TF320541) containing a 29 nucleotide
target sequence to LKB1 (Table 2), puromycin and chloramphenicol resistance cassettes
as well as a CMV-promoter driven RFP tag. A non-effective scrambled shRNA target
sequence plasmid (shVControl) (OriGene, Catalogue Number TR30015) served as the
negative control for the knockdown of AdipoR1, AdipoR2 and LKB1. All knockdown
experiments were performed in CRL-1932 cells in combination with viral plasmids
(reference Viral plasmids) using a retroviral infection method (reference shRNA and

viral plasmid infection).
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Table 2 | Short hairpin target sequences for the retroviral-mediated knockdown
of AdipoR1, AdipoR2 and LKB1.

shRNA (TUBE ID)
TARGET | SPECIES PLASMID shRNA TARGET SEQUENCE

AdipoR1 Human | shVAdipoR1 (GI327255)
Mouse 5'-CTGGTTCTTCCTCATGGCTGTGATGTACA-3’

AdipoR2 Human | shVAdipoR2 (GI327252)
Mouse 5'-ATGTGACATCTGGTTTCACTCTCATCAGC-3’

LKB1 Human shVLKB1 (FI379380)
5'-AGAAGACTGCGCTCGGCCGTGTTCATACT-3’

Viral plasmids. The shRNA plasmid specific to AdipoR1 (shVAdipoR1), AdipoR2
(shVAdipoR2), LKB1 (shVLKBI1) or scrambled (shVControl) was cotransfected with the
env-expressing plasmid, pVPack-VSV-G (Agilent Technologies, Mississauga ON,
Catalogue Number 217567), containing an ampicillin resistance cassette and the gag-pol-
expressing plasmid, pVPack-GP (Agilent Technologies, Catalogue Number 217566),
containing an ampicillin resistance cassette to generate a recombinant retrovirus specific

to the knockdown of AdipoR1, AdipoR2 or LKBI.

shRNA and viral plasmid infection. Production of recombinant retrovirus specific to the
knockdown of AdipoR1, AdipoR2 or LKB1 was performed according to the Agilent
Technologies protocol. Briefly, 293T cells were seeded to 4.0x10° cells/100 mm plate and

grown in 10 mL of DMEM media supplemented with 10% FBS for 24 h. Following the
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incubation, shRNA and viral plasmids were prepared for calcium phosphate-based
transfection in a sterile 1.5 mL microcentrifuge tube by combining 10 pg of pVPack-
VSV-G, 10 pg of pVPack-GP, 10 pg of the respective shRNA plasmid (shVAdipoR1,
shVAdipoR2 or shVLKB1) and dH,O to a final volume of 450 uL. Then, 50 uL of 2.5 M
CaCl, (Fisher Chemical, Whitby ON, Catalogue Number C79-500) was added to the 1.5
mL microcentrifuge tube and the solution was mixed thoroughly. Then, 500 uL of
2xHBSS was placed in a Falcon 14 mL polystyrene round-bottom tube (VWR, Catalogue
Number 352057) and 500 uL of the prepared DNA was added drop-wise into the
2xHBSS. The 14 mL tube was immediately vortexed at medium speed for 30 sec and the
mixture was incubated at room temperature for 20 min. Then, the mixture was added to
the 100 mm plate of 293T cells in a drop-wise manner and the cells were incubated for 10
h. Following the incubation, GFP and RFP expression was examined under an Axiovert
200M inverted fluorescent microscope (Carl Zeiss, Toronto ON, Catalogue Number
1275-232) to estimate the efficiency of transfection. In the case of successful transfection,
the 10 mL of media was carefully aspirated and 10 mL of fresh DMEM supplemented
with 10% FBS was added to the 293T cells for a 48 h incubation. Approximately 24 h
prior to infection, CRL-1932 cells were seeded to 4.0x10° cells/100 mm plate in 10 mL of
RPM1-1640 media supplemented with 10% FBS. On the day of infection, the 10 mL of
media from the 100 mm plate of 293T cells was filtered through a 30 mL syringe (BD,
Catalogue Number 309650) attached to an Acrodisc® 25 mm syringe filter with a Pall
Corporation 0.45 pm Supor® membrane (VWR, Catalogue Number PN4614) and into a

sterile 50 mL Nalgene® oak ridge centrifuge tube (Thermo Fisher Scientific, Catalogue
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Number 3119-0050). The tube was centrifuged at 50,000 g for 1.5 h at 4°C to pellet the
recombinant virus, and the supernatant was aspirated. The virus was resuspended in 1 mL
of RPMI-1640 supplemented with 10% FBS and 1 pL of 10 mg/mL Polybrene® (Santa
Cruz Biotechnology, Santa Cruz CA, Catalogue Number sc-134220). The 1 mL was
carefully added to the 100 mm plate of CRL-1932 cells without any RPMI-1640 media
covering the cells. The infection was incubated for 2 h, during which at 20 min intervals
the 100 mm plate was carefully rotated for 1 min to disperse the virus. Following the
incubation, 9 mL of RPMI-1640 media supplemented with 10% FBS and 9 pL of 10
mg/mL Polybrene® was added to the infected CRL-1932 cells and incubated overnight.
The media was aspirated and 10 mL of RPMI-1640 media supplemented with 10% FBS
was added for 48 h. Infected CRL-1932 cells were selected with 1 ug/mL puromycin
dihydrochloride (puromycin) (Santa Cruz Biotechnology, Catalogue Number sc-10871) in
RPMI-1640 media supplemented with 10% FBS for approximately two weeks, during
which the selection media was replaced every two days. Total cell lysates of the infected
CRL-1932 cells were prepared to confirm the effective knockdown of the target genes.
Briefly, CRL-1932 cells were lysed (reference Cell lysate collection), the protein
concentration was calculated (reference DC protein assay) and standardized to 4 ug/mL
using 4X SDS lysis buffer. Then, 1/20 volume of 1 M DTT and 1/5 volume of 0.05%
bromophenol blue was added to each sample and the samples were stored at -80°C until
analysis by western blot (reference Western blot analysis). Following selection the
infected cells were trypsinized and centrifuged in a 50 mL polypropylene tube (BD,

Catalogue Number 352070) at 1,000 g for 10 min at 4°C. The pellet was resuspended in 1
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mL of RPMI-1640 with 10% FBS and 5% DMSO (Sigma-Aldrich, Catalogue Number
D8418) that was filtered through a 5 mL syringe (BD, Catalogue Number 309603)
attached to an Acrodisc® 25 mm Syringe Filter with a Pall Corporation 0.2 pm Supor®
Membrane (VWR, Catalogue Number PN4612). The mixture was aliquoted into 2mL
Nalgene® Cryogenic Vials (Thermo Fisher Scientific, Catalogue Number 5000-0020) and

stored in liquid nitrogen.

Lentiviral particles. Knockdown of LKB1 in CRL-1932 cells was also facilitated by
infection with human LKB1 shRNA Lentiviral Particles (shLKB1) (Santa Cruz
Biotechnology, Catalogue Number sc-35816-V) (reference Lentiviral particle infection).
The Lentiviral Particles contained three target-specific constructs, each with a 19-25
nucleotide shRNA designed to knockdown LKBI1 gene expression. Control shRNA
Lentiviral Particles (sShCONTROL) (Santa Cruz Biotechnology, Catalogue Number sc-
108080) with a scrambled shRNA sequence not specific to the degradation of any known
cellular mRNA were used as a negative control reference for assessing LKBI

knockdown.

Lentiviral particle infection. CRL-1932 cells were seeded at 4.0x10* cells/well in a
Falcon Multiwell™ 12-well tissue culture plate (VWR, Catalogue Number 353043) with
I mL of RPMI-1640 media supplemented with 10% FBS, and were incubated for 24 h.
Following incubation, the media was aspirated and the cells were washed thoroughly with

2 mL PBS. Both LKB1 shRNA Lentiviral Particles (shLKB1) and negative control
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shRNA Lentiviral Particles (shCONTROL) were thawed on ice, after which 25 pL of
each was added per well of CRL-1932 cells along with ImL of RPMI-1640 media with
10% FBS and 0.5 pL of 10 mg/mL Polybrene®. Following a 24 h incubation, the media
was aspirated and replaced with ImL of fresh RPMI-1640 media with 10% FBS for an
additional 48 h incubation. The shLKB1 and shCONTROL cells were selected with 1
pg/mL puromycin in RPMI-1640 media with 10% FBS for two weeks, with fresh
selection media added every two days. A total cell lysate of shLKB1 and shCONTROL
cells was prepared to confirm the effective knockdown of LKB1 expression. Briefly, cells
were lysed (reference Cell lysate collection), the protein concentration was calculated
(reference DC protein assay) and standardized to 4 pg/mL using 4X SDS lysis buffer.
Then, 1/20 volume of 1 M DTT and 1/5 volume of 0.05% bromophenol blue was added
to each sample and the samples were stored at -80°C until analysis by western blot
(reference Western blot analysis). Following selection, shLKB1 and shCONTROL cells
were trypsinized and centrifuged in a 50 mL polypropylene tube (BD, Catalogue Number
352070) at 1,000 g for 10 min at 4°C. The pellet was resuspended in 1mL of RPMI-1640
with 10% FBS and 5% DMSO that was filtered through a 5 mL syringe attached to an
Acrodisc® 25 mm Syringe Filter with a Pall Corporation 0.2um Supor® Membrane. The

mixture was aliquoted into 2 mL Nalgene® Cryogenic Vials and stored in liquid nitrogen.
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5.6 Bacterial transformation and DNA purification

Bacterial transformation. All shRNA plasmids (reference shRNA plasmids) and viral
plasmids (reference Viral plasmids) were amplified through transformation into E. Coli
DHS5a and subsequent purification (reference DNA purification). Briefly, E. Coli DH5a
was removed from -80°C storage and immediately placed on ice to thaw. A 1.5 mL
microcentrifuge tube was placed on ice for each plasmid being transformed in addition to
two microcentrifuge tubes for the negative controls, ‘DH5a-deficient’ and ‘plasmid-
deficient’, and one microcentrifuge tube for the positive control, ‘pUC19’ (Invitrogen,
Catalogue Number 54395). Then, 50 pL. of DH5a bacteria was transferred into each
microcentrifuge tube (excluding the DHS5a-deficient control) along with 2 pL of the
respective plasmid (excluding the plasmid-negative control). The solutions were mixed
gently by pipetting and placed on ice for 20 min. Bacteria were heat shocked in a 42°C
water bath for 45 sec and immediately returned to ice for 2 min. Then, 450 pL of SOC
Medium (/nvitrogen, Catalogue Number 15544-034) at room temperature was applied
into each microcentrifuge tube and the tubes were placed in a MaxQ 5000 incubating
floor shaker (Thermo Fisher Scientific, Catalogue Number EW-51708-00) for 1 h at 37°C.
During the incubation four LB agar plates containing 100 pg/mL ampicillin (pVPack-
VSV-G and pVPack-GP), or 50 pg/mL kanamycin (shVAdipoR1 and shVAdipoR2), or
25 pg/mL chloramphenicol (shVLKB1 and shVControl) were warmed to 37°C.
Following the incubation, each 450 pL solution was spread uniformly across one

respective LB agar plate and the plates were incubated overnight (approximately 16 h) in
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a TempCon® Incubator Oven (Baxter Healthcare, Mississauga ON, Catalogue Number
J1450-4) at 37°C. Individual bacterial colonies were picked from the LB agar plates and
inoculated in a sterile 250 mL flask (VWR, Catalogue Number 89000-362) with 30 mL of
LB broth containing the appropriate antibiotic. The flask was incubated overnight
(approximately 16h) in a MaxQ 5000 incubating floor shaker at 37°C. Following
incubation, a stock of each plasmid was generated by mixing 750 pL of the transformed
bacteria (from the 30mL culture) with 750 puL of 30% glycerol (Caledon Laboratories,
Georgetown ON, Catalogue Number 5350-1) and was stored at -20°C. The remaining

bacteria were used for purification of the plasmid (reference DNA purification).

DNA purification. Plasmids were purified using the EndoFree® Plasmid Maxi Kit
(Qiagen, Catalogue Number 12362) following the manufacturer’s protocol from the
remaining culture of transformed bacteria (reference Bacterial transformation) or from
inoculating 5 pL of a glycerol stock of transformed bacteria into 30 mL of LB broth
containing the respective antibiotic and incubating overnight (approximately 16 h) in the
MaxQ 5000 incubating floor shaker at 37°C. Briefly, 30 mL of bacteria were transferred
into a 50 mL polypropylene tube and were pelleted by centrifugation at 7,000 g for 15
min at 4°C. The supernatant was aspirated and the pelleted bacteria were homogenously
resuspended in 10 mL of ice-cold Buffer P1. Then, 10 mL of Buffer P2 at room
temperature was applied to the bacteria, the polypropylene tube was vigorously inverted
six times and the mixture was incubated at room temperature for 5 min to lyse the

bacteria. Following the incubation, 10 mL of ice-cold Buffer P3 was added to the
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polypropylene tube and again the polypropylene tube was vigorously inverted six times.
The lysate was moved into a QIAfilter' ™ Maxi Cartridge, incubated at room temperature
for 10 min and then gently expelled from the cartridge using the Plunger into a clean 50
mL polypropylene tube. Then, 2.5 mL of Buffer ER was applied to the lysate and the
polypropylene tube was inverted ten times and incubated on ice for 30 min. A QIAGEN-
tip 500 was equilibrated by gravity flow with 10 mL of Buffer QBT, after which the
lysate was placed into the tip and allowed to pass through using gravity flow. The
QIAGEN-tip 500 was washed twice with 30 mL of Buffer QC before the plasmid DNA
was eluted with 15 mL of Buffer QN. DNA was precipitated by adding 10.5 mL of
isopropanol (Caledon Laboratories, Catalogue Number 8600-1) at room temperature into
a sterile 50 mL Nalgene® oak ridge tube with the eluted DNA and centrifuged for 30 min
at 11,000 g at 4°C. The supernatant was aspirated and the DNA pellet was washed with 5
mL of 70% ethanol and centrifuged at 11,000 g for 10 min at 4°C. Again, the supernatant
was aspirated, and the pellet was air-dried for 10 min before being resuspended in 500 L.
of dH,0O. Concentration of DNA was measured (reference DNA quantification) and

samples were stored at -20°C until use (reference shRNA and viral plasmid infection).

DNA quantification. DNA concentration was measured by absorbance on a NanoVue

Plus Spectrophotometer at 260 nm and was determined as the average of two independent

trials using 2 uL of sample.
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5.7 Protein lysis, preparation and Western blot analysis

Cell lysate collection. CRL-1932, shVControl, shVAdipoR1, shVAdipoR2, shVLKBI,
shCONTROL, shLKB1 and 293T cells were washed twice with chilled PBS before the
respective amount (100 pL in 6-well plate and 800 pL in 100 mm plate) of 4X SDS lysis
buffer was applied to the cell culture vessel. Using a sterile cell scraper, cells were lifted
from the cell culture vessel and transferred to a chilled 1.5 mL microcentrifuge tube. The

11/2

lysate was homogenized with a 20G1 ™ needle attached to a 1 mL syringe and stored at -

80°C until use.

DC protein assay. Protein concentration of the cell lysates was measured using the Bio-
Rad DC Protein Assay. Briefly, the 5 mg/mL Bio-Rad Protein Assay Standard II (Bio-
Rad, Catalogue Number 500-0007) was prepared as a serial dilution (5 mg/mL, 2.5
mg/mL, 1.3 mg/mL, 0.6 mg/mL, 0.3 mg/mL and 0.2 mg/mL) in 4X SDS lysis buffer. The
six standard concentrations were mixed thoroughly and 5 pL of each standard was
transferred, in duplicate, into a sterile 96-well microtiter plate (VWR, Catalogue Number
353072) along with 5 puLL of each sample, in duplicate. Then, 20 pLL of Reagent S (Bio-
Rad, Catalogue Number 500-0115) was added to 1 mL of Reagent A (Bio-Rad, Catalogue
Number 500-0113) in a 1.5 mL microcentrifuge tube and the solution was mixed
thoroughly. Then, 25 pL of the mixture was added to every well of the 96-well microtiter
plate followed by 200 pL of Reagent B (Bio-Rad, Catalogue Number 500-0114). The 96-

well microtiter plate was gently agitated to mix the reagents and any bubbles that formed
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in the wells were removed. The microtiter plate was shielded from light with aluminum
foil for 15 min, the absorbance was read with a SPECTRAmax Plus 384
spectrophotometer (Molecular Devices, Sunnyvale CA) at 750 nm and analyzed with the
Molecular Devices SoftMax Pro 5.2 software. The protein concentration of the sample, in
mg/mL, was calculated from the standard curve and standardized to 4 pg/mL using 4X

SDS lysis buffer.

Western blot analysis. After collecting protein, measuring the concentration and
standardizing samples to 4 pg/mL, the samples were boiled for 5 min and centrifuged at
maximum speed for 5 sec. Then, samples were loaded into a 10% separating and 4%
stacking gel along with 7 pL of Precision Plus Protein™ Standard (Bio-Rad, Catalogue
Number 161-0374). The gel was run at 180 V and 400 mA in 1X SDS running buffer
(0.025 M Tris, 0.192 M glycine and 0.1% SDS) for approximately 1 h or until the dye
front reached the bottom. Then, the gel was removed from the running apparatus and
placed onto a Trans-Blot® Transfer Medium Nitrocellulose Membrane (Bio-Rad,
Catalogue Number 162-0094) with two sheets of Mini blot size Extra Thick Blot Paper
(Bio-Rad, Catalogue Number 1703966) saturated in BSN transfer buffer (48 mM Tris, 39
mM glycine, 10% SDS and 20% methanol) surrounding the gel and membrane. The
transfer was performed in a Trans-Blot® SD Semi-Dry Transfer Cell (Bio-Rad, Catalogue
Number 170-3940) set at 15 V and 300 mA for 25 min. The membrane was blocked in
TBST (10 mM Tris pH 7.5, 150mM NaCl, 0.005% Tween 20) with 5% milk for 2 h at

room temperature with shaking and then washed with TBST three times. Primary
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antibodies were prepared in TBST containing 1% milk at the respective dilution (see
Antibodies for Western blot analysis) and were incubated with the membrane overnight
at 4°C with shaking. The membrane was washed with TBST five times for 5 min on a
shaking platform and then was incubated with the respective HRP-conjugated secondary
antibody at a dilution of 1:200 in 1% milk in TBST for 1 h at room temperature with
shaking. The membrane was again washed five times for 5 min with TBST, incubated
with 2 mL of GE Healthcare ECL™ Western Blotting Detection Reagents (VWR,
Catalogue Number RPN2106) and developed on GE Healthcare High Performance
Chemiluminescence Film (VWR, Catalogue Number 28906838). The detection of
multiple antibodies on a single membrane was performed without stripping the
membrane, where each protein of interest was detected using the abovementioned
procedure of blocking, incubating with primary antibody, incubating with secondary

antibody and detecting.

Antibodies for Western blot analysis. Primary antibodies used to examine the proteins of

interest in Western blot analysis are detailed in Table 3 and the HRP-conjugated

secondary antibodies are listed in Table 4.
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Table 3 | Primary antibodies used in Western blot analysis of the proteins of
interest in human kidney tissue and mammalian cell lysates.

MANUFACTURER
PROTEIN DILUTION (CATALOGUE NUMBER)
Actin Mouse 1:2,000 Sigma-Aldrich (A3853)
pACCser79 Rabbit 1:1,000 Cell Signaling (3661S)
AdipoR1 Rabbit 1:500 ABBIOTEC (250476)
AdipoR2 Rabbit 1:500 ABBIOTEC (250477)
AMPKa Rabbit 1:1,000 Cell Signaling (2532)
pAMPKathri172 Rabbit 1:1,000 Cell Signaling (2535)
CAIX Rabbit 1:1,000 Cell Signaling (5649)
CDC37 Rabbit 1:1,000 Cell Signaling (4222S)
pCDC37serl3 Rabbit 1:1,000 Lab Supply Mall (8-61797)
CK2B Rabbit 1:1,000 Novus Biologics (NB100-92160)
pCK2Bser209 Rabbit 1:1,000 MBL (AT-7083)
pCK2Bser209 Rabbit 1:1,000 GenWay Biotech (18-272-195824)
GAPDH Rabbit 1:1,000 Cell Signaling (2118)
LKB1 Rabbit 1:1,000 Cell Signaling (3050S)
mTOR Rabbit 1:1,000 Cell Signaling (2983)
pmTORser2448 Rabbit 1:1,000 Rockland (600-401-422)
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Table 4 | Secondary antibodies used in Western blot analysis of human kidney
tissue and mammalian cell lysates.

MANUFACTURER
ANTI-(PRIMARY) DILUTION (CATALOGUE NUMBER)
Mouse 1:200 Dako (K4000)
Rabbit 1:200 Dako (K4002)

Densitometric analysis. The intensity of Western blot bands were quantified by
densitometric analysis using the public domain Java image-processing program, ImageJ
Version 1.44 (http://rsbweb.nih.gov/ij/). Values were analyzed and graphed using

Microsoft Excel software.

5.8 Adiponectin and treatments

Adiponectin. Full length human adiponectin (BioVendor Laboratory Medicine Inc.,
Candler NC, Catalogue Number RD172023100) consisted of adiponectin purified from
HEK293 cells stably transfected with a pchAd-F plasmid encoding a FLAG epitope-
tagged human adiponectin. The manufacturer confirmed the biological activity of purified

adiponectin with an in vitro gluconeogenesis assay to demonstrate adiponectin’s ability to
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inhibit glucose production. Working solutions of adiponectin were prepared by
reconstituting 100 pg into 2 mL of sterile PBS to generate a 50 pg/mL stock. The stock
was sterile-filtered with a 3 mL syringe (BD, Catalogue Number 309585) attached to an
Acrodisc® 13 mm Syringe Filter with a Pall Corporation 0.2 pm Supor® Membrane
(VWR, Catalogue Number PN 4602), divided into 50 pL aliquots and stored at -20°C.
Adiponectin (0 ngmL, 30 ng/mL, 60 ng/mL, 90 ng/mL and 120 ng/mL) was added to
GIBCO® OPTI-MEM® Reduced Serum Medium (Invitrogen, Catalogue Number 51985)
on CRL-1932, shCONTROL or shLKB1 cells for the appropriate amount of time and
then cell lysates were collected (reference Cell lysate collection). The protein
concentration was determined (reference DC protein assay) and standardized to 4 pg/mL
using 4X SDS lysis buffer. Then, 1/20 volume of 1 M DTT and 1/5 volume of 0.05%
bromophenol blue was added to each sample and the samples were stored at -80°C until

analysis by western blot (reference Western blot analysis).

4,5,6,7-Tetrabromobenzotriazole (TBB). TBB (Sigma-Aldrich, Catalogue Number
T0826) is an ATP-site directed kinase inhibitor of the protein CK2 that was applied to the
OPTI-MEM® media of cells for 1 h in various concentrations (O uM, 1 uM, 10 uM, 50

puM and 100 puM).
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5.9 Proliferation, invasion, tumour growth, VEGF and adiponectin assays

Proliferation assay. The rate of proliferation of sShCONTROL and shLLKB1 cell lines was
determined by cell counting. Briefly, both shCONTROL and shLKB1 cells were seeded
at 1.0x10" cells/well in a 6-well plate in 2 mL of RPMI-1640 supplemented with 10%
FBS and 2 pg/mL puromycin. A total of six 6-well plates were seeded per cell line in
order to assess proliferation over six days (at time points of 24 h, 48 h, 72 h, 96 h, 120 h
and 144 h), and the cells were incubated at 37°C. Following the respective incubation
time, the triplicate wells were observed under an Axiovert 200M inverted fluorescent
microscope and quantified using a Trypan Blue test of cell viability. Briefly, cells were
washed once with PBS and trypsinized with 500 uL per well. The 500 uL was transferred
into a 1.5 mL microcentrifuge tube and combined with 500 uL of Trypan Blue Stain 0.4%
(GIBCO®, Catalogue Number 0682). Then, 10 uL of the solution was applied to a
hemacytometer (Fisher Scientific, Catalogue Number 0267110) and the number of viable
(unstained) cells was counted in five primary squares and multiplied by 4x10° to yield the
total number of cells. The average was taken for the triplicate wells and the values were

plotted in Microsoft Excel software to generate a proliferation curve.

Invasion assay. The invasive and migratory potential of sSh\CONTROL and shLKB1 cells
was assessed using the BD BioCoat™ Matrigel™ Invasion Chamber Kit. Briefly, six 24-
well insert Invasion Chambers (BD, Catalogue Number 354480) were removed from -

20°C storage and brought to room temperature, and six 24-well insert Control Chambers
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(BD, Catalogue Number 354578) not containing Matrigel™ were removed from 4°C
storage and brought to room temperature. The six Invasion Chambers and six Control
Chambers were inserted into one sterile 24-well plate (BD, Catalogue Number 353504)
and 500 pL of warm (37°C) RPMI-1640 media without FBS, penicillin and streptomycin
was applied into the Chambers and the wells. The 24-well plate was incubated for 2 h at
37°C in order to rehydrate the Matrigel™. Following incubation, media was aspirated and
2.5x10* cells of each cell line were applied into three Invasion Chambers and three
Control Chambers. RPMI-1640 media without FBS, penicillin or streptomycin was
applied into each Chamber to bring the total volume to 500 uL, while 750 uL of RPMI-
1640 media supplemented with 10% FBS was applied into each well to serve as the
chemoattractant. Chambers were incubated inside the wells for 22 h at 37°C. Following
incubation, the non-invading (or non-migrating) cells were removed from the Chambers
by scrubbing the insert twice with an Alliance® Cotton Tip Swab (VWR, Catalogue
Number 211-806) moistened with RPMI-1640 media. Chambers were immediately
placed in 750 pL of 2% Formaldehyde (Caledon Laboratories, Catalogue Number 5300-
4-25) for 10 min and then moved into 750 uL of Crystal Violet (Sigma-Aldrich,
Catalogue Number C3886) for 10 min. The Chambers were rinsed in dH,O three times to
destain and left to dry at room temperature for 2 h. A Schreiber® Instrumente scalpel
(VWR, Catalogue Number 0483) was applied to the bottom of the Chamber to extract the
membrane, which was then mounted onto a microscope slide (VWR, Catalogue Number
48323-185) with Inmunon™ PermaFluor Mountant (Thermo Fisher Scientific, Catalogue

Number 434990). The slides were allowed to dry for 1 h before five 40x objective field of
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view images (top left, top right, center, bottom left and bottom right) were taken for each
membrane with an Axiovert 200M inverted fluorescent microscope. The average number
of cells in the five images and across the triplicate membranes for each chamber type and
cell line was determined. Then, for each cell line, the average number of invaded cells in
the Invasion Chamber was divided by the average number of migrated cells in the Control
Chamber to determine the percentage of invasion, and the values were graphed using

Microsoft Excel software.

Tumour growth assay. The tumourigenicity of shCONTROL and shLKB1 cells was
assessed by injecting the cells subcutaneously into 10 BALB/c Nu/Nu mice and
monitoring tumour growth (reference Animals and handling). Briefly, siCONTROL and
shLKB1 cells were propagated in T75 tissue culture flasks (Starstedt, Montreal QC,
Catalogue Number 83.1813.002) and on the day of injection were washed twice with
PBS. Then, 4 mL of trypsin was applied to dislodge the cells from the flask and 4 mL of
RPMI-1640 media without FBS, penicillin and streptomycin supplementation was added.
Each cell line was combined into a single 50 mL polypropylene tube and the total cell
number was determined. The cells were pelleted by centrifugation at 1000 g for 5 min at
4°C and the supernatant was carefully aspirated. Then, 5 mL of RPMI-1640 media
without FBS, penicillin and streptomycin supplementation was applied to the pellet and
the 50 mL polypropylene tube was centrifuged for 5 min at 1000 g at 4°C, three times to
thoroughly wash the cells. Media was aspirated and 2x10” cells (2x10° cells x 10 mice)

were resuspended in 1,000 uL (100uL x 10 mice) of RPMI-1640 media without FBS,
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penicillin and streptomycin supplementation. The cells were mixed with 1,000 uL (100
uL x 10 mice) of BD Matrigel™ Matrix Basement Membrane (BD, Catalogue Number
356234) and kept on ice. Then, 200 puL of solution was taken up into a 1 mL syringe and
a 26G>’® needle (BD, Catalogue Number 305110) was attached. The needle was inverted
and air bubbles inside the syringe were removed before injecting the mixture
subcutaneously into the right flank of the mouse. The size of the tumour in each mouse
was measured every week using a plastic Bel-Art vernier caliper (VWR, Catalogue
Number 134150000) and the tumour volume was determined by the formula, Tumour
Volume = 0.5 * (Length * Width * Height) (Tomayko et al., 1989), and was graphed in
Microsoft Excel software. Mice were sacrificed seven weeks after injection, during which
blood was collected in a BD Vacutainer® (BD, Catalogue Number 366643) and incubated
overnight at 4°C until analyzed the following day (reference Mouse VEGF Immunoassay
and Mouse adiponectin ELISA). Tumour xenografts were also collected, placed in 2 mL
formalin and sent to the McMaster University Core Histology Facility to be embedded in
paraffin, sectioned and mounted onto slides (reference Immunohistochemical staining of

human kidney tissue and mouse xenografts).

Human Vascular Endothelial Growth Factor (VEGF) Immunoassay. Quantification of
human VEGF secreted into the cell culture supernatant by shCONTROL and shLKB1
cells was performed using the Quantikine® Human VEGF Immunoassay kit (R&D
Systems, Minneapolis MN, Catalogue Number DVEOQ0). Briefly, shCONTROL and

shLKBI1 cells were seeded at 7.5x10" cells/well in a 96-well microtiter plate in 100 pL of
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RPMI-1640 media supplemented with 10% FBS. Cells were incubated for 24 h and then
the media was aspirated. Wells were washed three times with PBS and 100 uL of RPMI-
1640 media supplemented with 1% FBS was added to each well and the cells were
incubated for 24 h. Following the incubation, cells were treated in triplicate with various
concentrations of adiponectin (0 ng/mL, 30 ng/mL, 60 ng/mL, 90 ng/mL and 120 ng/mL)
for 1 h and the supernatant was harvested and centrifuged at maximum speed for 1 min at
4°C to remove particulates. The VEGF Standard (2000 pg/mL) (R&D Systems, Catalogue
Number 890220) was reconstituted with 1 mL of Calibrator Diluent RD5SK (R&D
Systems, Catalogue Number 895119) and then diluted into a standard series (1000 pg/mL,
500 pg/mL, 250 pg/mL, 125 pg/mL, 62.5 pg/mL, 31.2 pg/mL, 15.6 pg/mL and O pg/mL)
in Calibrator Diluent RD5K in eight 50 mL polypropylene tubes. Then, 50 puL of Assay
Diluent RD1W (R&D Systems, Catalogue Number 895117) was added to each well of the
VEGF 96-well microplate (R&D Systems, Catalogue Number 890218) followed by 200
uL of each standard (in duplicate) and treatment (in triplicate). The plate was covered
with an adhesive cover (VWR, Catalogue Number 82018-844) and incubated for 2 h at
room temperature. Following the incubation, wells were aspirated and washed three time
with 400 uL of Wash Buffer (R&D Systems, Catalogue Number 895003) before 200 uLL
of VEGF Conjugate (R&D Systems, Catalogue Number 890219) was applied to each
well. Again, the plate was covered, incubated at room temperature for 2 h and the wells
were aspirated and washed three times with 400 uL. of Wash Buffer. Then, 100 uL of
Colour Reagent A (R&D Systems, Catalogue Number 895000) and 100 pL of Colour

Reagent B (R&D Systems, Catalogue Number 895001) were mixed and added to each
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well, and the plate was shielded from light for 20 min at room temperature. Finally, 50 uLL
of Stop Solution (R&D Systems, Catalogue Number 895032) was applied to each well and
the plate was gently mixed to ensure a uniform colour in each well. The optical density
was measured using a SPECTRAmax Plus 384 spectrophotometer at 450 nm and 540 nm
and the optical density at 540 nm was subtracted from the optical density at 450 nm to
correct for optical imperfections in the plate. Values were analyzed using the standard

curve and graphed using Microsoft Excel software.

Mouse Vascular Endothelial Growth Factor (VEGF) Immunoassay. Quantification of
mouse VEGF in mouse serum (reference Tumour growth assay) was performed using the
Quantikine® Mouse VEGF Immunoassay kit (R&D Systems, Catalogue Number
MMV00). Briefly, blood was collected in a BD Vacutainer® and allowed to clot overnight
at 4°C. The blood was then centrifuged for 20 min at 2,000 g at 4°C before serum was
removed and diluted five-fold with Calibrator Diluent RDST (R&D Systems, Catalogue
Number 895175). The VEGF Standard (500pg/mL) (R&D Systems, Catalogue Number
890784) was reconstituted in 5 mL of Calibrator Diluent RD5T and then diluted into a
standard series (500 pg/mL, 250 pg/mL, 125 pg/mL, 62.5 pg/mL, 31.2 pg/mL, 15.6
pg/mL, 7.8 pg/mL and O pg/mL) in Calibrator Diluent RDS5ST in eight 50 mL
polypropylene tubes. Then, 50 pL of Assay Diluent RDIN (R&D Systems, Catalogue
Number 895488) was added to each well of the VEGF 96-well microplate (R&D Systems,
Catalogue Number 890783) followed by 50 pL of each standard (in duplicate) and diluted

serum sample (in triplicate). The plate was covered with an adhesive cover and incubated
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for 2 h at room temperature. Following the incubation, wells were aspirated and washed
four times with 400 pL of Wash Buffer (R&D Systems, Catalogue Number 8§95024)
before 100 uL of Mouse VEGF Conjugate (R&D Systems, Catalogue Number 892667)
was applied to each well. Again, the plate was covered, incubated at room temperature for
2 h and the wells were aspirated and washed four times with 400 uL of Wash Buffer.
Then, 50 pL of Colour Reagent A (R&D Systems, Catalogue Number 895000) and 50 uL
of Colour Reagent B (R&D Systems, Catalogue Number 895001) were mixed and added
to each well, and the plate was shielded from light for 30 min at room temperature.
Finally, 100 pL of Stop Solution (R&D Systems, Catalogue Number 895174) was applied
to each well and the plate was gently mixed to ensure a uniform colour in each well. The
optical density was measured using a SPECTRAmax Plus 384 spectrophotometer at 450
nm and 540 nm and the optical density at 540 nm was subtracted from the optical density
at 450 nm to correct for optical imperfections in the plate. Values were analyzed using the

standard curve and graphed using Microsoft Excel software.

Mouse adiponectin ELISA. Quantification of mouse adiponectin in mouse serum
(reference Tumour growth assay) was performed using the BioVendor Mouse
Adiponectin ELISA kit (BioVendor Laboratory Medicine Inc., Candler NC, Catalogue
Number RD293023100R). Briefly, blood was collected in a BD Vacutainer® and allowed
to clot overnight at 4°C. Blood was centrifuged for 20 min at 2,000 g at 4°C before serum
was removed and diluted 10,000-fold with 1X Dilution Buffer. The Mouse Adiponectin

Master Standard (8 ng/mL) was reconstituted in 900 uL of 1X Dilution Buffer and then
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diluted into a standard series (8 ng/mL, 4 ng/mL, 2 ng/mL, 1 ng/mL, 0.5 ng/mL, 0.25
ng/mL and 0 ng/mL) in 1X Dilution Buffer in seven 50 mL polypropylene tubes. Then,
100 pL of each standard (in duplicate) and diluted serum sample (in triplicate) was added
to each well of the Adiponectin 96-well microplate. The plate was covered with an
adhesive cover and incubated for 1 h at room temperature with shaking at 300 rpm.
Following the incubation, wells were aspirated and washed four times with 350 L of 1X
Wash Solution before 100 uL of Conjugate Solution was applied to each well. Again, the
plate was covered, incubated at room temperature for 1h with shaking and the wells were
aspirated and washed three times with 350 pL of 1x Wash Solution. Then, 100 uL of
Substrate Solution was added to each well and the plate was shielded from light for 10
min at room temperature. Finally, 100 uL of Stop Solution was applied to each well and
the plate was gently mixed to ensure a uniform colour in each well. The optical density
was measured using a SPECTRAmax Plus 384 spectrophotometer at 450 nm and 630 nm
and the optical density at 630 nm was subtracted from the optical density at 450 nm to
correct for optical imperfections in the plate. Values were analyzed using the standard

curve and graphed using Microsoft Excel software.

5.10 Human tissue and mouse xenograft staining

Immunohistochemical staining of human kidney tissue and mouse xenografts. Patient’s

tumour tissue and normal surrounding parenchyma (reference Human tissue collection
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and preparation) as well as extracted mouse xenografts (reference Tumour growth
assay) were prepared as a single formalin-fixed paraffin-embedded block (McMaster
University Core Histology Facility, Hamilton ON), sectioned at a thickness of 4 um and
mounted on precoated slides (VWR, Catalogue Number 48323-185). Slides were
deparaffinized with three changes of Xylene (Fisher Chemical, Catalogue Number
X3S20) for 10 min each and rehydrated in 100% ethanol (Fisher Chemical, Catalogue
Number A962) twice for 3 min each. Endogenous peroxidase activity was blocked (0.5%
hydrogen peroxide, 80 mM concentrated HCl in methanol) for 10 min at room
temperature and slides were rinsed one time in Ricca Chemical 70% ethanol (VWR,
Catalogue Number 2546701), three times in distilled water and one time in 1X TBS (10X
TBS: 121.1 g/L Tris (hydroxymethyl) methylamine, 170.0 g/ NaCl and HCI to pH7.6).
Heat-induced antigen retrieval was performed in a pressure cooker (Black & Decker,
Hamilton ON, Catalogue Number HS1000) with citric buffer (2.3 g/L citric acid and 2 N
NaOH to pH6.0) that was pre-heated for 25 min, incubated for 30 min and left to cool for
an additional 30 min. Slides were rinsed with 1X TBS before being blocked in Normal
Goat Serum (NGS) (Vector Laboratories, Burlington ON, Catalogue Number S-1000),
which was diluted 1:20 in 1X TBS, for 15 min. The primary antibody was diluted (Table
5) in NGS and applied to the slides for 1 h. Slides were rinsed thoroughly with 1X TBS,
two times before incubation with the biotinylated secondary antibody (Table 6), that was
diluted to 1:500 in 1X TBS for 30 min. Following the incubation, slides were rinsed
thoroughly with 1X TBS, two times and incubated with one drop of Zymed HRP-

Streptavidin (Invitrogen, Catalogue Number 50-2427) in 2 mL 1X TBS for 10 min. The
59



M.Sc. Thesis — L. Beatty McMaster University — Medical Science

slides were rinsed thoroughly with 1X TBS one time and dH,O one time.
Immunodetection was performed with ImmPact'™” NovaRed™ (Vector Laboratories,
Catalogue Number SK-4805) prepared in 5 mL dH,O and was incubated for 5 min. Slides
were then placed in dH,O for 10 min and then counterstained with Hematoxylin Solution,
Gill No. 3 (Sigma-Aldrich, Catalogue Number GHS316) for 30 sec. Slides were placed in
tap water for 5 min and then dehydrated in 100% ethanol twice and Xylene twice.
Coverslips (VWR, Catalogue Number 48366-067) were applied to the slides with
Immunon™ PermaFluor Mountant (Thermo Scientific, Catalogue Number 434990) and
were left to dry for 1 h before the tissue sections were imaged on a BX41® clinical
microscope (Olympus, Markham ON, Catalogue Number BX41) using the Olympus DP
Controller, Image-Pro Plus software. Immunohistochemical staining controls were murine

muscle tissue (positive control) and secondary antibody only (negative control).

Antibodies for immunohistochemistry. Primary antibodies used in the

immunohistochemical staining of human kidney tissue and mouse xenografts are listed in

Table 5 and the secondary antibodies in Table 6
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Table 5 | Primary antibodies used for immunohistochemical staining of the
proteins of interest in human kidney and mouse xenograft tissue.

MANUFACTURER
PROTEIN DILUTION (CATALOGUE NUMBER)
AdipoR1 Rabbit 1:500 Phoenix Pharmaceuticals (H-001-44)
pACCser79 Rabbit 1:25 Cell Signalling (3661S)
LKB1 Mouse 1:100 Abcam (ab15095)

Table 6 | Secondary antibodies used for immunohistochemical staining of
human kidney and mouse xenograft tissue.

MANUFACTURER
ANTI-(PRIMARY) DILUTION (CATALOGUE NUMBER)
Mouse 1:500 Vector Laboratories (BA-9200)
Rabbit 1:500 Vector Laboratories (BA-1000)

Hematoxylin and Eosin (H&E) staining. H&E staining of mouse xenografts was
performed by the McMaster University Core Histology Facility and was imaged on a

BX41° clinical microscope using the Olympus DP Controller, Image-Pro Plus software.
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5.11 Tissue Microarray staining, scanning and analysis

Tissue Microarray (TMA) staining. Two TMAs (US Biomax Inc., Rockville, MD.,
Catalogue Numbers KD951 and KD6161) containing duplicate cores for each of the 31
renal carcinoma patients’ tumour tissue and eight matched normal renal tissue (KD951)
and 294 renal carcinoma patients’ tumour tissue and 28 normal renal tissue (KD6161)
was stained for LKB1 expression (reference Immunohistochemical staining of human

kidney tissue and mouse xenografts).

Aperio Technologies’ scanning and analysis. The two TMA slides stained with LKB1
were scanned at a 20x magnification on the ScanScope XT brightfield scanner (Aperio
Technologies, Vista, CA) located at The Advanced Optical Microscopy Facility (AOMF)
(Toronto, ON). Digitized high resolution images of LKB1 staining in the TMA patient
tissue were generated and then quantified using the Positive Pixel Count Algorithm on
ImageScope (Version 10) software (Aperio Technologies). ImageScope scored the
intensity of LKB1 staining in each tissue core into four categories: Negative (In), Weak
positive (Iwp), Positive (Ip) and Strong positive (Isp). The percentage of Total Intensity
was determined for each category (% Weak positive, % Positive and % Strong positive)
by dividing the intensity value (Iwp, Ip or Isp) by Total Intensity (In + Iwp + Ip + Isp).
These values were used to calculate the H-Score according to the formula, H-Score = [(%
Weak positive * 1) + (% Positive * 2) + (% Strong positive * 3) + 1] * 100% (He et al.,

2010). To focus on the study of clear cell carcinoma, patients diagnosed with a
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sarcomatoid renal cell carcinoma, transitional cell carcinoma, papillary renal cell

carcinoma and squamous cell carcinoma pathology were excluded from the analysis.
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RESULTS

6.1.1 AdipoR1 and LKBI transcript levels are dysregulated in patient RCC

Transcript levels of AdipoR1, AdipoR2, LKBI and VEGFA were measured by qRT-
PCR in 10 matched patients’ RCC tumour tissue and normal surrounding parenchyma
sets. The transcript level in tumour tissue was compared to the transcript level in normal
surrounding parenchyma and was presented as a relative comparison, with the normal
tissue transcript level adjusted to represent 100%. AdipoRI transcript level in patient
tumour tissue was largely induced compared to normal tissue in all patients examined
(Figure 1). The mean fold induction in patient tumour tissue was 5,683% compared to

100% in normal, and data ranged from 137% to 25,218%.

Similar to the transcript expression pattern of AdipoR1, the AdipoR?2 transcript level in
patient tumour tissue was induced over the normal surrounding parenchyma level in eight
of the 10 patients (Figure 2). The mean fold induction was 23,254% in the tumour tissue
and ranged from 161% to 105,522%. Patient 5 and 91 tumour tissue presented a lower
AdipoR?2 transcript level compared to normal surrounding parenchyma, however since
AdipoR1 predominately mediates the signaling pathway of interest, further examination

of AdipoR2 expression in patients was discontinued.
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Figure 1 | AdipoR1 transcript level is increased in patient RCC tumours. Total
RNA was extracted from patient (3, 5, 6, 8, 14, 66, 68, 75, 91 and 147) tumour
tissue (Tumour) and normal surrounding parenchyma (Normal), transcribed into
cDNA and analyzed by gRT-PCR using the primer sets for AdipoR1 and B-Actin.
Tumour and Normal AdipoR1 transcript levels were normalized to endogenous B-Actin
transcript levels. Data represent the mean of triplicate wells £ SEM and are
presented as the patient’s Tumour AdipoR1 transcript level relative to Normal, which
was set to 100%.
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Figure 2 | AdipoR2 transcript level is increased in patient RCC tumours. Total
RNA was extracted from patient (3, 5, 6, 8, 14, 66, 68, 75, 91 and 147) tumour
tissue (Tumour) and normal surrounding parenchyma (Normal), transcribed into
cDNA and analyzed by gRT-PCR using the primer sets for AdipoR2 and B-Actin.
Tumour and Normal AdipoR2 transcript levels were normalized to endogenous B-Actin
transcript levels. Data represent the mean of triplicate wells £+ SEM and are
presented as the patient’s Tumour AdipoR2 transcript level relative to Normal, which

was set to 100%.
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LKBI transcript level in RCC tumour tissue was significantly reduced compared to
normal tissue in all 10 patients examined (Figure 3). The mean transcript level of LKB1

in tumour tissue was 24% compared to 100% in normal tissue, with reduction values

ranging from 2% to 66%.
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Figure 3 | LKB1 transcript level is reduced in patient RCC tumours. Total RNA
was extracted from patient (3, 5, 6, 8, 14, 66, 68, 75, 91 and 147) tumour tissue
(Tumour) and normal surrounding parenchyma (Normal), transcribed into cDNA and
analyzed by gRT-PCR using the primer sets for LKB1 and B-Actin. Tumour and
Normal LKB1 transcript levels were normalized to endogenous B-Actin transcript
levels. Data represent the mean of triplicate wells £ SEM and are presented as the
patient’s Tumour LKB1 transcript level relative to Normal, which was set to 100%.
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VEGFA transcript was examined to distinguish tumour tissue from normal
surrounding parenchyma and to confirm that AdipoR1 and LKBI transcript levels were
dysregulated specifically in patient tumour tissue. The transcript level in tumour tissue
was significantly increased over that of normal tissue, with a mean induction of 65,097%
compared to the 100% normal tissue induction, and provided a necessary marker to

distinguish tumour tissue from normal tissue (Figure 4).
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Figure 4 | VEGFA transcript level confirmed patient tumour and normal
tissues. Total RNA was extracted from patient (3, 5, 6, 8, 14, 66, 68, 75, 91 and
147) tumour tissue (Tumour) and normal surrounding parenchyma (Normal),
transcribed into cDNA and analyzed by gRT-PCR using the primer sets for VEGFA and
B-Actin. Tumour and Normal VEGFA transcript levels were normalized to endogenous
B-Actin transcript levels. Data represent the mean of triplicate wells £ SEM and are
presented as the patient’'s Tumour VEGFA transcript level relative to Normal, which
was set to 100%.
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6.1.2 AdipoR1 and LKB1 protein expression is reduced in patient RCC

Preliminary experiments examining AdipoR1 protein expression in six matched
patient RCC tumour and normal surrounding parenchyma tissue sets (Figure 5A),
determined that AdipoR1 protein expression was significantly reduced in all six patient
RCC tumours compared to normal surrounding parenchyma (Figure 5B). Reduction in
AdipoR1 protein expression in tumour tissue was drastic to the extent that no bands were
visible. Therefore Western blotting conditions were optimized for subsequent
experiments (reference Western blot analysis) in order to perform a more accurate

comparison of protein expression in patient tumour and normal tissue.

Total protein isolated from the same patient biopsies used to quantify AdipoRI,
AdipoR2, LKBI and VEGFA transcript levels was analyzed by Western blotting for
AdipoR1, LKB1 and CAIX protein expression. Similar to the reduction of AdipoR1
protein expression in patient RCC tumour tissue in the preliminary study, AdipoRl1
protein was reduced in eight of the 10 patient tumours (Figure 6A), with a mean
expression of 69% compared to 100% expression in normal tissue (Figure 6B). AdipoR1
protein expression in RCC tumour tissue ranged from 33% to 96% across the eight
patients which presented reduced expression. Patient 147 AdipoR1 protein expression
was slightly higher in the RCC tumour at 109% compared to normal tissue, and Patient 68

AdipoR1 protein expression in the tumour amounted to 127%.
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Figure 5 | AdipoR1 protein expression is reduced in patient RCC tumours. (A)
Total protein was extracted from patient (65, 69, 80, 89, 90 and 91) tumour tissue
(T, Tumour) and normal surrounding parenchyma (N, Normal), brought to 40ug,
separated by SDS-PAGE and analyzed by Western blotting for AdipoR1 and B-Actin.
(B) The intensity of the bands was quantified by densitometry and the Tumour and
Normal AdipoR1 values were normalized to endogenous B-Actin values. Data
represent the densitometric quantification and are presented as the patient’s Tumour
AdipoR1 protein expression level relative to Normal, which was set to 100%.
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Figure 6 | AdipoR1 and LKB1 protein expression is reduced in patient RCC
tumours. (A) Total protein was extracted from patient (3, 5, 6, 8, 14, 66, 68, 75, 91
and 147) tumour tissue (T, Tumour) and normal surrounding parenchyma (N,
Normal), brought to 40ug, separated by SDS-PAGE and analyzed by Western blotting
for AdipoR1, LKB1 and B-Actin. The intensity of the bands was quantified by
densitometry and the Tumour and Normal AdipoR1 and LKB1 values were normalized
to endogenous B-Actin values. Data represent the densitometric quantification and
are presented as the patient’s Tumour (B) AdipoR1 and (C) LKB1 protein expression
level relative to Normal, which was set to 100%.
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LKBI1 protein expression was also reduced in eight of the 10 patient RCC tumours,
with a mean expression of 37% compared to 100% expression in normal tissue (Figure
6C). Both Patient 6 and 68 presented greater LKB1 protein expression in the tumour
compared to normal tissue, however, Patient 68 coincided as one of the two patients that

presented increased AdipoR1 protein expression in tumour tissue.

Carbonic anhydrase IX (CAIX) protein expression was examined in patient RCC
tumour tissue and normal surrounding parenchyma in order to support the VEGFA
transcript differentiation of patient tumour and normal tissue, and further, confirm that
AdipoR1 and LKBI1 protein expression were downregulated specifically in tumour tissue.
CAIX expression was not quantified by densitometry due to the apparent difference in
banding pattern on the developed membrane between tumour and normal tissue samples
in eight of the 10 patients (Figure 7). Increased CAIX expression was not evident in

Patient 6 and 8 tumour tissue.
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Figure 7 | CAIX expression distinguished RCC tumour from normal tissue.
Total protein was extracted from patient (3, 5, 6, 8, 14, 66, 68, 75, 91 and 147)
tumour tissue (T) and normal surrounding parenchyma (N), brought to 40ug,
separated by SDS-PAGE and analyzed by Western blotting for carbonic anhydrase IX

(CAIX) and B-Actin.
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6.1.3 AdipoR1 and LKBI1 staining is reduced in patient RCC

Consecutive histological sections of five patients’ (4, 5, 8, 9 and 10) RCC tumour
tissue and normal surrounding parenchyma were stained for AdipoR1, LKBI1 and
phosphorylated Acetyl-CoA Carboxylase (p-ACC) to observe protein presence and
localization in the tissue. AdipoR1 staining was evident in the normal surrounding
parenchyma of Patient 4 with reduction in intensity in the tumour tissue (Figure 8A),
however, AdipoR1 staining was weaker across all other patient tissue samples with

minimal reduction in the corresponding RCC tumour tissue (Figure 8B-E).

LKBI1 staining was evident in the tubules of normal tissue in all five patients, while
staining was practically obliterated in the matched RCC tumour tissue (Figure 9A-E).
Quantification of LKB1 staining on tissue microarrays KD6161 and KD951 (Figure
10A), containing tissue cores from 201 RCC patients and 26 normal patients (Figure
10B), confirmed that the mean H-Score of LKB1 expression was significantly reduced in
RCC tumour tissue (H-Score: 209) compared to normal renal tissue (H-Score: 227)

(Figure 100C).
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Figure 8 | AdipoR1 expression is slightly reduced in histological sections of
patient RCC tumours. (A) Patient 4, (B) 5, (C) 8, (D) 9 and (E) 10 tumour tissue
(Tumour) and normal surrounding parenchyma (Normal) were fixed in formalin,
embedded in a single paraffin block, sectioned to a thickness of 4um,
immunohistochemically stained for AdipoR1 and imaged with a 40x objective. The
positive control was murine muscle tissue stained for AdipoR1 (not shown) and the
(F) negative control was secondary antibody staining only on patient tumour and
normal tissue.
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Figure 9 | LKB1 expression is reduced in histological sections of patient RCC
tumours. (A) Patient 4, (B) 5, (C) 8, (D) 9 and (E) 10 tumour tissue (Tumour) and
normal surrounding parenchyma (Normal) were fixed in formalin, embedded in a
single paraffin block, sectioned to a thickness of 4um, immunohistochemically stained
for LKB1 and imaged with a 40x objective. The positive control was murine muscle
tissue stained for LKB1 (not shown) and (F) the negative control was secondary
antibody staining only on patient tumour and normal tissue.
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Figure 10 | TMA confirms LKB1 reduction in 201 patient RCC tumours. (A)
Two TMAs containing duplicate cores of patient RCC tumour tissue and patient
normal renal tissue were immunohistochemically stained for LKB1, scanned at a 20x
magnification on the ScanScope XT brightfield scanner and quantified on ImageScope
software using the Positive Pixel Count algorithm. (B) Images of a representative
RCC tumour and normal tissue core are shown following LKB1 staining (left) and
quantification with the Positive Pixel Count algorithm (right) where colour represents
staining intensity categories: red = strong positive, orange = positive, yellow = weak
positive and blue = negative. (C) Average H-score for LKB1 staining was determined
across the duplicate tissue cores for each sample and the data represent the mean
H-score of 26 normal patient tissue samples and 201 RCC patient tumour tissue
samples £ SEM. Independent t-test significance (*) was p < 0.05.
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Staining of p-ACC was examined to infer the effect of RCC on activated AMPK,

however, inconsistent and most likely non-specific staining of tissue structures was

observed throughout the normal and tumour tissue histological sections (Figure 11A-E).
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Figure 11 | p-ACC staining in histological sections of patient RCC tumour and
normal tissue was not conclusive. (A) Patient 4, (B) 5, (C) 8, (D) 9 and (E) 10
tumour tissue (Tumour) and normal surrounding parenchyma (Normal) were fixed in
formalin, embedded in a single paraffin block, sectioned to a thickness of 4um,
immunohistochemically stained for phosphorylated ACCser79 (p-ACC) and imaged
with a 40x objective. The positive control was murine muscle tissue stained for p-
ACC (not shown) and (F) the negative control was secondary antibody staining only
on patient tumour and normal tissue.
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6.2.1 CRL-1932 is the in vitro cell model of human RCC

Prior to utilizing the CRL-1932 and CRL-1933 cell lines derived from human RCC in
in vitro studies, the cell lines were examined for the expression of both adiponectin
receptors, AdipoR1 and AdipoR2. Indeed, the presence of both AdipoR1 and AdipoR2
was apparent in the cell lines, permitting their application in following experiments

(Figure 12).

CRL-1932 CRL-1933

AdipoR2

B-Actin

Figure 12 | CRL-1932 and CRL-1933 cell lines express AdipoR1 and AdipoR2.
Total protein was extracted from CRL-1932 and CRL-1933 cell lines, brought to 40
Mg, separated by SDS-PAGE and analyzed by Western blot for AdipoR1, AdipoR2 and
B-Actin.
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Although the expression of both adiponectin receptors in the CRL-1932 and CRL-
1933 cell lines was evident, it was crucial to demonstrate that the receptors were
functional. In order to demonstrate function, downstream cellular effects of adiponectin
signalling, including the reduction of phosphorylated mTOR (p-mTOR) and activation of
AMPKa (p-AMPKa), were examined in the cell lines (Figure 13A). The expression
level of p-mTOR was reduced to 25% with adiponectin treatment compared to 100% in
the untreated (Figure 13B), while p-AMPKa expression increased to 320% with
adiponectin treatment compared to 100% in the untreated in CRL-1932 cells (Figure
13C). Adiponectin treatment of CRL-1933 cells did not phosphorylate AMPKa and
inhibit p-mTOR to the magnitude observed in CRL-1932 cells (data not shown). Thus, for
the reasons that the CRL-1932 cell line expressed AdipoR1 and AdipoR2 as well as

effectively responded to adiponectin, CRL-1932 cells were selected as the in vitro model.
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Figure 13 | Adiponectin activates AMPKa and inhibits mTOR in CRL-1932
cells. (A) CRL-1932 cells were either untreated (0 ng/mL) or treated (120 ng/mL)
with adiponectin for 1 hour before total protein was extracted from the cells. Lysates
(40pg) were separated by SDS-PAGE and analyzed by Western blotting for
phosphorylated mTORser2448 (p-mTOR), activated AMPKathrl72 (p-AMPKa), total
AMPKa and B-Actin. The intensity of the bands was quantified by densitometry and
(B) p-mTOR values were normalized to endogenous B-Actin values and (C) p-AMPKa
values were normalized to AMPKa values. Data represent the densitometric
quantification and are presented as the 120 ng/mL treatment relative to no
treatment, which was set to 100%.
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6.2.2 AdipoR1 and LKB1 knockdown in shVAdipoR1 and shLLKB1 cell lines

Stable CRL-1932 cell lines with knockdown of AdipoR1, AdipoR2 or LKBI
expression were generated by either a retroviral infection with shVAdipoRl1,
shVAdipoR2 and shVLKBI plasmids or infection with shLKB1 lentiviral particles.
AdipoR1 protein expression in shVAdipoR1 knockdown cells was successfully reduced
to 60% (Figure 14A), compared to the 100% expression in shVControl cells (Figure
14B), however attempts to knockdown AdipoR2 protein expression in shVAdipoR2 cells
were not effective. Knockdown of LKBI1 protein expression in shVLKBI cells was
evident, however, LKB1 expression did not remain stable through successive cell

passages (data not shown).

LKBI1 protein expression in shLKB1 cells was reduced in all three trials of infection
with shLKBI1 lentiviral particles (Figure 15A) to an average of 53%, compared to the
100% expression in ShCONTROL cells (Figure 15B). The 53% reduction in LKB1
protein expression remained stable throughout successive cell passages, even when
cultured without puromycin selection (Figure 20). Therefore, the shLKB1 cell line was

selected for use in all future experiments.
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Figure 14 | Retroviral infection knockdown of AdipoR1 in shVAdipoR1 cells.
(A) The 293T viral packaging cell line was co-transfected with the viral plasmids
pVPack-VSV-G and pVPack-GP in addition to one of the shRNA plasmids specific to
the knockdown of AdipoR1 (shVAdipoR1), AdipoR2 (shVAdipoR2), LKB1 (shVLKB1) or
scrambled (shVControl). The resultant retrovirus was used to infect CRL-1932 cells
and knockdown AdipoR1, AdipoR2 or LKB1 expression. Total protein was extracted
from the cell lines, brought to 40 pg, separated by SDS-PAGE and analyzed by
Western blotting for AdipoR1, AdipoR2, LKB1 and B-Actin. (B) The intensity of the
bands was quantified by densitometry and the shVControl and shVAdipoR1 AdipoR1
values were normalized to endogenous pB-Actin values. Data represent the
densitometric quantification and are presented as shVAdipoR1 relative to shVControl,
which was set to 100%.
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Figure 15 | Lentiviral particle infection knockdown of LKB1 in shLKB1 cells.
(A) CRL-1932 cells were infected with lentiviral particles containing a scrambled
shRNA sequence (shCONTROL) or sequence specific to the knockdown of LKB1
(shLKB1). Total protein was extracted from the cells, brought to 40 ug, separated by
SDS-PAGE and analyzed by Western blotting for LKB1 and B-Actin. (B) The intensity
of the bands was quantified by densitometry and the LKB1 values were normalized to
endogenous B-Actin values. Data represent the mean densitometric quantification of
three trials £ SEM and are presented as shLKB1 relative to shCONTROL, which was
set to 100%. Independent t-test significance (*) was p < 0.05.

89



M.Sc. Thesis — L. Beatty McMaster University — Medical Science

6.2.3 AdipoR1 and LKBI1 transcript and protein levels in shVAdipoR1 and shLKB1

cell lines

AdipoRI and LKBI transcript levels were quantified in the shLKB1 and shVAdipoR1
stable knockdown cell lines and compared to the transcript level of the respective infected
control cell line. Both AdipoR1 and LKB] transcript levels were reduced to 78% and 88%
respectively, in shVAdipoR1 cells compared to the 100% transcript level in shVControl
cells (Figure 16A). Similarly, LKBI and AdipoR1 transcript levels were reduced to 45%
and 78% respectively, in the shLKB1 cell line compared to the 100% transcript level in
the sShCONTROL cell line (Figure 16B). Reduction in the transcript level of LKBI in
shVAdipoR1 cells, and AdipoR1 in shLKB1 cells was not to the magnitude of reduction

of the gene targeted for knockdown.

In contrast to the reduced LKBI transcript level observed in shVAdipoR1 cells, LKB1
protein expression in shVAdipoR1 cells (Figure 17A) was not reduced when compared
to shVControl cells (Figure 17B). On the other hand, similarly to the reduced AdipoR1
transcript level in shLKBI1 cells, AdipoR1 protein expression in shLKB1 cells was
reduced to 45% (Figure 17C) compared to 100% expression in shCONTROL cells

(Figure 17D).
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Figure 16 | AdipoR1 and LKB1 transcript levels are reduced with AdipoR1 or
LKB1 knockdown. Total RNA was extracted from shVAdipoR1, shVControl, shLKB1
and shCONTROL cells, transcribed into cDNA and analyzed by gRT-PCR using the
primer sets for LKB1, AdipoR1, B-Actin and 18S. (A) The shVControl and shVAdipoR1
LKB1 and AdipoR1 transcript levels were normalized to the endogenous B-Actin
transcript level and (B) the shCONTROL and shLKB1 LKB1 and AdipoR1 transcript
levels were normalized to the endogenous -Actin transcript level. Data represent the
mean of triplicate wells £ SEM and are presented as the transcript level of the
knockdown relative to the respective control, which was set to 100%. Independent t-
test significance (*) was p < 0.05.
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Figure 17 | AdipoR1 protein expression is reduced with LKB1 knockdown,
LKB1 protein expression is not reduced with AdipoR1 knockdown. Total
protein was extracted from shVAdipoR1, shVControl, shLKB1 and shCONTROL cells,
brought to 40 pg, separated by SDS-PAGE and analyzed by Western blotting for (A)
LKB1 and B-Actin or (C) AdipoR1l and B-Actin. (B) Intensity of the bands was
quantified by densitometry and the shVAdipoR1 and shVControl LKB1 values were
normalized to endogenous (-Actin values. Data represent the densitometric
quantification and are presented as shVAdipoR1 relative to shVControl, which was set
to 100%. (D) The shLKB1 and shCONTROL AdipoR1 values were normalized to
endogenous B-Actin values. Data represent the mean densitometric quantification of
three trials £ SEM and are presented as shLKB1 relative to shCONTROL, which was
set to 100%. Independent t-test significance (*) was p < 0.05.

93



M.Sc. Thesis — L. Beatty McMaster University — Medical Science

6.2.4 Adiponectin signalling is disrupted with LKB1 knockdown

Due to the fact that the shLKB1 cell line presented reduced LKB1 and AdipoR1
transcript and protein expression, the cell line was selected to investigate the effect of
AdipoR1 and LKBI1 reduction on adiponectin signalling events. Expression levels of p-
AMPKoa and p-ACC were examined in sShtCONTROL and shLKB1 cell lines treated with
or without adiponectin. Escalating doses of adiponectin increased p-AMPKa levels in
shCONTROL cells, but did not significantly affect p-AMPKa levels in shLKBI1 cells
(Figure 18). Increasing doses of adiponectin did not affect p-ACC levels in a dose-
dependent manner in either cell line. However, p-ACC protein expression was

significantly increased in Sh\CONTROL cells over shLKB1 cells regardless of treatment.
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Figure 18 | Adiponectin-mediated phosphorylation of AMPKa and ACC is
disrupted with LKB1 knockdown. The shCONTROL and shLKB1 cells were either
untreated (0 ng/mL) or treated (30 ng/mL, 60 ng/mL, 90 ng/mL and 120 ng/mL)
with adiponectin for 1 hour before total protein was extracted from the cells. Lysates
(40 pg) were separated by SDS-PAGE and analyzed by Western blotting for activated
AMPKathr172 (p-AMPKa), phosphorylated ACCser79 (p-ACC) and B-Actin.
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Baseline level of secreted VEGF prior to adiponectin treatment was significantly
higher in shLKBI1 cells (918 pg/mL) compared to shCONTROL cells (800 pg/mL)
(Figure 19A). Treatment of shLKB1 and shCONTROL cells with increasing doses of
adiponectin demonstrated reduced VEGF secretion in shCONTROL cells in a dose-
responsive manner, however VEGF secretion in shLKB1 cells was not affected (Figure

19B).
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Figure 19 | LKB1 knockdown increases VEGF secretion and disrupts
adiponectin-mediated inhibition of VEGF secretion. The shCONTROL and
shLKB1 cell lines were either (A) untreated (0 ng/mL) or (B) treated with adiponectin
(30 ng/mL, 60 ng/mL, 90 ng/mL and 120 ng/mL) for 24 hours before the
supernatant was harvested and measured for human VEGF using an ELISA. Data
represent the mean VEGF secretion in three wells £+ SEM and are presented as
shLKB1 compared to shCONTROL.
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6.2.5 LKB1 knockdown increases RCC tumourigenic potential

The stable knockdown of LKB1 in shLKBI1 cells was confirmed by culturing the cell
line without puromycin selection over a period of 15 days. LKB1 protein expression in
shLKBI1 cells was significantly reduced compared to shCONTROL cells at every time

point examined (0, 3, 6, 9, 12 and 15 days) (Figure 20).
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Figure 20 | LKB1 knockdown in shLKB1 cells remains stable over 15 days.
The shCONTROL and shLKB1 cell lines were grown without puromycin selection for 0,
3, 6,9, 12 and 15 days before total protein was extracted from the cells. Lysates (40
HMg) were separated by SDS-PAGE and analyzed by Western blotting for LKB1 and f-
Actin.
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The shLKBI1 cell line was examined using traditional proliferation, invasion,
xenograft and ELISA assays in order to determine the effect of AdipoR1 and LKBI1
knockdown on tumourigenicity. The growth assay demonstrated greater cell numbers for
shLKB1 cells compared to shCONTROL cells at all time points examined (0 h, 24 h, 48
h, 72 h, 96 h, 120 h and 144 h) (Figure 21A), and reached significance after only 24
hours of growth (Figure 21B). At the final time point of the proliferation assay (144 h),
the number of shLKBI cells was approximately double (cells: 9.2x10°) that of

shCONTROL cells (cells: 5.0x10°).

The ability of shLKB1 and shCONTROL cells to migrate through a Matrigel™
coated chamber was examined, quantified and expressed as an Invasion Percentage. It
was apparent from the images of the Invasion and Control Chamber membranes that the
percentage of shLKBI cells that invaded through the Matrigel™ was significantly greater
than the percentage of sShCONTROL cells (Figure 22A). Indeed, the shLKB1 Invasion
Percentage of 252% was significantly greater than the 9% Invasion Percentage of

shCONTROL cells (Figure 22B).
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Figure 21 | LKB1 knockdown increases cell proliferation. (A) The shCONTROL
(¢) and shLKB1 (o) cell lines were seeded to 1.0x10* cells per well, incubated (0 h,
24 h, 48 h, 72 h, 96 h, 120 h and 144 h), visualized to approximate cell density and
(B) counted to determine cell humber. Data represent the mean cell number in three
wells £ SEM and are presented as shLKB1 compared to shCONTROL.
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Figure 22 | LKB1 knockdown increases cell migration and invasion. (A) The
shCONTROL and shLKB1 cell lines were seeded to 2.5x10* cells per Invasion and
Control Chamber, incubated with 10% FBS as the chemoattractant for 22 hours,
fixed, stained, imaged to quantify the number of invaded or migrated cells and (B)
analyzed for Invasion Percentage [(Number of cells in Invasion membrane/Number of
cells in Migration membrane)*100]. Data represent the mean Invasion Percentage of
three sets of Invasion and Control Chambers £ SEM and are presented as LKB1
knockdown compared to control. Independent t-test significance (*) was p < 0.05.
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The ability of shLKB1 cells to grow tumours was analyzed by subcutaneously
injecting 2x10° shLKB1 or shCONTROL cells into 10 BALB/c Nu/Nu mice. The 10 mice
injected with shLKB1 cells generated a greater tumour volume than the majority of mice
injected with shCONTROL cells (Figure 23A). Mean tumour volume of shLKBI
xenografts was significantly greater than shCONTROL xenografts for all time points
examined (1, 2, 3,4, 5, 6 and 7 weeks) and at study completion, the mean tumour volume
of shLKB1 xenografts was 270.1 mm’ compared to sShCONTROL xenograft 52.2 mm’
(Figure 23B). The mean tumour weight of shLKB1 xenografts (weight: 0.297 g) was
significantly greater than shCONTROL xenografts (weight: 0.077 g) (Figure 23C),
while the mean body weight of shLKB1 mice (weight: 23.6 g) was similar to that of

shCONTROL mice (weight: 23. 3g) (Figure 23D).
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Figure 23 | LKB1 knockdown increases xenograft size and proliferation. (A)
A total of 2x10° shCONTROL (¢) or shLKB1 (o) cells were subcutaneously injected
into 10 BALB/c Nu/Nu male mice and measured once a week to calculate tumour
volume [0.5(length*width*height)]. Data represent the tumour volume of each nude
mouse. (B) Data represent the mean tumour volume of 10 mice £ SEM. (C) Tumours
were excised from shCONTROL and shLKB1 mice seven weeks post injection and
weighed. Data represent the mean tumour weight for 10 mice £ SEM and
independent t-test significance (*) was p < 0.05. (D) The shCONTROL and shLKB1
mice were weighed immediately prior to sacrifice. Data represent the mean body
weight for 10 mice £ SEM.
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Three mice from each xenograft group with tumour volumes closest to the mean
(shCONTROL mice: 203, 205 and 206) (shLKB1 mice: 211, 215 and 216) (Figure 24A)
were selected as a representative set to display tumour size, LKB1 immunohistochemical
staining and hematoxylin and eosin (H&E) staining. The greater tumour volume of
shLKB1 xenografts over shCONTROL xenografts, quantified in Figure 23C, was
evident through the skin of the nude mice, and clear once excised (Figure 24B). Staining
for LKB1 in histological sections of all xenografts confirmed that LKB1 knockdown
remained stable in shLKB1 xenografts throughout the seven week study (Figure 24D),
and corresponded with an active tissue pathology compared to the apparent regions of

dead cells or regions devoid of cells in shCONTROL xenografts (Figure 24C).
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Figure 24 | shLKB1 xenografts retain LKB1 knockdown. (A) 20 BALB/c Nu/Nu
male mice were subcutaneously injected with 2x10° shCONTROL or shLKB1 cells.
Three representative shCONTROL (mouse number: 203, 205 and 206) and shLKB1
(mouse number: 211, 215 and 216) mice are shown with xenograft, seven weeks
post injection ( — ) (B) Xenografts were excised, fixed in formalin, embedded in a
paraffin block, sectioned to a thickness of 4um, stained with (C) hematoxylin and
eosin (H&E) and (D) LKB1 by immunohistochemistry and imaged with a 40x
objective. Negative control was mouse xenograft stained with only secondary
antibody.
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The mean levels of VEGF in serum from shLKB1 and shCONTROL xenograft

injected mice were 59.7 pg/mL and 71.5 pg/mL respectively, however were not

significantly different (Figure 25A). Mean serum adiponectin level in shLKB1 xenograft

mice was 9.1 pg/mL compared to 11.1 pg/mL in shCONTROL mice, however, was not

significant (Figure 25C). The association between tumor weight and serum levels of

VEGF (Figure 25B) or adiponectin (Figure 25D) were examined, however no

significant relationship was observed.
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Figure 25 | LKB1 knockdown did not significantly affect serum VEGF and
adiponectin levels. Serum from 20 BALB/c Nu/Nu male mice subcutaneously
injected with 2x10° shCONTROL (n=10) or shLKB1 (n=10) cells was collected seven
weeks post injection, incubated at 4°C overnight to clot, centrifuged to isolate serum
and measured for mouse (A) VEGF and (C) adiponectin using ELISAs. Data represent
the mean serum concentration from 10 mice measured in triplicate £ SEM and are
presented as shLKB1 compared to shCONTROL. (B) Relationship of individual
shCONTROL (¢) and shLKB1 (o) mouse tumour weight to serum VEGF concentration
and (D) tumour weight to serum adiponectin concentration was explored.
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FUTURE DIRECTIONS

The preliminary examination of a novel AdipoR1 to LKBI1 signalling pathway,
through the hypothesized AdipoR1-CK2B-CDC37-Hsp90-LKB1 signalling cascade, was
examined in CRL-1932 cells treated with increasing doses of adiponectin (Figure 26A).
Activation of pathway members CDC37 (p-CDC37) and CK2p (p-CK2p) was determined
as an increase in phosphorylation status above untreated. Dose-dependent activation of p-
CDC37 was demonstrated with all treatment doses of adiponectin excluding 90ng/mL
(Figure 26B), while increased p-CK2PB expression was observed at every dose of
adiponectin (Figure 26C). In addition, an increase in LKB1 protein expression was

observed with increasing adiponectin treatment doses.
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Figure 26 | Adiponectin treatment stimulates activation of CK2B and CDC37.
(A) CRL-1932 cells were either untreated (0 ng/mL) or treated (30 ng/mL, 60 ng/mL,
90 ng/mL and 120 ng/mL) with adiponectin for 1 hour before total protein was
extracted from the cells. Lysates (40 ug) were separated by SDS-PAGE and analyzed
by Western blotting for LKB1, activated CDC37serl3 (p-CDC37), activated
CK2Bser209 (p-CK2B) and B-Actin. The intensity of the bands was quantified by
densitometry and the (B) p-CDC37 and (C) p-CK2B values were normalized to
endogenous B-Actin values. Data represent the densitometric quantification and are
presented as the treatments relative to the untreated, which was set to 0%.
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To further validate that adiponectin signals through the proposed AdipoR1-CK2p-
CDC37-Hsp90-LKB1 pathway, CRL-1932 cells were treated with adiponectin to activate
pathway members, and with or without the TBB inhibitor of CK2 activation. Then, cells
were examined for p-CDC37 and p-AMPKa levels (Figure 27A). Expectedly, activated
AMPKaoa (Figure 27B) and CDC37 (Figure 27D) expression levels reduced in a dose-
responsive manner with escalating treatment doses of TBB. Similarly, LKB1 protein

expression levels reduced in a dose responsive manner (Figure 27C).
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Figure 27 | CK2 inhibition reduces adiponectin-mediated activation of
AMPKa, CDC37 and LKB1 protein expression. (A) CRL-1932 cells were treated
with adiponectin (120 ng/mL) for 1 hour before cells were untreated (0 puM) or
treated (1 puM, 10 uM, 50 uM and 100 uM) with the TBB inhibitor of CK2 activation for
1 hour. Total protein was extracted from the cells, lysates (40 ug) were separated by
SDS-PAGE and analyzed by Western blotting for activated AMPKathr172 (p-AMPKa),
LKB1, activated CDC37serl3 (p-CDC37) and B-Actin. The intensity of the bands was
quantified by densitometry and the (B) p-AMPKa (C) LKB1 and (D) p-CDC37 values
were normalized to endogenous B-Actin values. Data represent the densitometric
quantification and are presented as the treatments relative to the untreated, which
was set to 100%.
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DISCUSSION

This study on RCC had many benefits, which included that the quantification of
mRNA and protein levels was performed on the same sample of patient tissue, and that
each pair of tumour and normal tissues was obtained from the same patient’s kidney. The
matched nature of the RCC tumour and normal tissue samples did not necessitate
statistical adjustment to control for differences in age, BMI and other potentially
confounding factors, which is required in studies comparing independent populations of
RCC patients and patients with normal kidney function. Therefore, we were able to
directly compare transcript levels of AdipoRI, LKBI and VEGFA in the 10 patients’ RCC

tumours to the transcript level in the matched normal surrounding parenchyma tissue.

AdipoR]1 transcript levels were largely induced in all 10 patients examined, with a
mean relative fold induction of 5,683% compared to 100% in normal tissue (Figure 1).
In the same manner, a study by Williams er al. (2008) demonstrated an induction of
AdipoR1 mRNA in patient colon tumour tissue when compared to the matched normal
tissue. However, in contrast to the induction of AdipoRI in RCC and colon tumours,
AdipoR1 transcript levels were reduced by approximately 50% in the gastric tumour
tissue of 67 patients, compared to the normal matched tissue (Otani et al., 2010). This

contrast supports the findings from the Pinthus ez al. (2008) study, which demonstrated a
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reduction in AdipoR1 protein expression in RCC tumours compared to the matched
normal tissue. Indeed, our examination of AdipoR1 protein expression in both a
preliminary trial with six RCC patients (Figure 5A) and in the 10 RCC patients
examined for AdipoRI transcript levels (Figure 6A), revealed a significant reduction of
AdipoR1 protein expression in 6/6 and 8/10 RCC tumours. Specifically, densitometric
quantification of AdipoR1 determined a mean expression of 2% (Figure 5B) and 69%
(Figure 6B) in the RCC tissue compared to 100% expression in the matched normal
tissues. Furthermore, immunohistochemical staining of AdipoR1 in histological sections
of RCC patients tissues revealed a slight reduction in AdipoR1 staining in RCC tumour
tissue, particularly of Patient 4, when compared to staining in the matched normal tissue
(Figure 8). A similar study by Chou et al. (2010) on nine matched RCC tumour and
normal tissue sets also concluded extremely minor reductions in the
immunohistochemical staining of AdipoR1. Nonetheless, despite only minor reduction of
AdipoR1 immunohistochemical staining in RCC tumour tissues, the reduction of
AdipoR1 protein expression in RCC is puzzling given the reciprocal relationship often
observed between serum levels of a ligand and tissue expression of its receptors.
Accordingly, it is expected that the reduced serum level of adiponectin in RCC, observed
by Spyridopoulos et al. (2007) and Horiguchi et al. (2008), would promote an
upregulation of AdipoR1 protein expression. But this was not observed in our study or in
others. Yet again, despite levels of adiponectin being reduced in RCC patients,
adiponectin does continue to exist in the circulation, and downregulation of AdipoR1

protein expression may be an ideal strategy for RCC cells to escape the tumour-
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suppressive effects of adiponectin. An alternative explanation to the decreased AdipoR1
protein expression level, and paradoxical increased AdipoR1 transcript level, comes from
observations made on dystrophin. Mutations to the dystrophin gene, which cause
Duchenne muscular dystrophy and Becker muscular dystrophy, result in a truncated non-
functional protein that is degraded (Koenig et al., 1989). In an attempt to compensate for
this reduction in protein, transcription of the mutated dystrophin gene is enhanced,
however, the mutated dystrophin protein cannot overcome the loss of function caused by
the mutation, and protein levels do not rise (Koenig et al., 1989). Thus, it is reasonable to
suggest that in RCC the AdipoR1 protein is disrupted and attempts to restore AdipoR1

protein expression by increasing transcription are not effective.

Although mutations to the AdipoR1 gene in cancer have not yet been identified, the
reduction of LKB1 protein levels that have been documented in a variety of cancers result
from somatic mutations and epigenetic silencing of LKBI1. Specifically, the Sanchez-
Cespedes et al. (2002) study identified 6/20 primary lung tumours to harbour somatic
mutations in LKB1, resulting in gene inactivation. As well, a study by Morton et al.
(2010) identified a biallelic loss of LKB1 due to somatic mutations in 8/27 primary lung
and a downregulation of LKBI protein expression in the remaining 19/27 lung
adenocarcinomas due to epigenetic silencing of the LKB1 promoter. A similar conclusion
on the downregulation of LKB1 expression due to epigenetic silencing in tumours was

presented by Shorning et al. (2011), after the frequency of LKB1 downregulation in
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endometrial tumours, on a tissue microarray, was significantly greater than could be
explained by the frequency of sporadic somatic mutation. Certainly, a more detailed
analysis on the promoter region of LKBI is required to determine the occurrence and
frequency of epigenetic silencing of LKB1 in RCC. Further analysis is also required on
the potential of the various mutations and epigenetic silencing events to affect the
development and/or progression of many different types of cancers, from lung to

endometrial to RCC, given the plethora of pathways that LKB1 regulates.

Although the cause of the downregulation of LKB1 in RCC is not known, it is quite
evident that the level of LKB1 expression is drastically reduced in RCC. LKB]I transcript
levels were significantly reduced in all 10 RCC tumours, to a mean expression level of
24% (Figure 3). As well, LKB1 protein expression was reduced in 8/10 patients to a
mean expression of 37% (Figure 6C). Furthermore, the immunohistochemical staining of
LKB1 in patients’ RCC tumour tissue was practically obliterated when compared to the
substantial staining of LKB1, predominantly in the tubules, in the matched normal tissue
(Figure 9). Similar to this reduction of LKB1 immunohistochemical staining in RCC
tumour tissue, studies by Conde et al. (2007) and Amin et al. (2008) confirmed a
reduction of LKB1 staining in 80% and 84%, respectively, of patient lung tumours
examined. Quantification of the immunohistochemical staining of LKB1 on two tissue
microarrays containing 201 patients” RCC tumours, confirmed a significant reduction of

LKB1 protein expression in RCC tissue compared to normal patient kidney tissue
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(Figure 10C). The clinical significance and statistical power of increasing our study
population from 15 RCC patients (10 examined for LKB1 transcript and protein levels
and 5 examined for LKB1 immunohistochemical staining) to 201 RCC patients was
enormous, and confirmed that the downregulation of LKB1 was a statistically significant
event in RCC. Interestingly, a study by Kline et al. (2010) confirmed a reduction in the
cytoplasmic, but not nuclear, fraction of LKB1 in head and neck squamous cell
carcinomas compared to normal tissue. This reduction in cytoplasmic, but not nuclear,
LKBI1 levels is significant, considering Tiainen et al. (2002) demonstrated that the active
form of LKB1 is present in the cytoplasm, while the non-active form resides in the
nucleus. Thus, quantification of the cytoplasmic and nuclear level of LKB1 in our RCC
patient tumours would confirm that the reduction of LKBI1 levels in RCC tumours is a
reduction of the active form of LKBI, and thus is biologically relevant. Indeed,
observation of the immunohistochemical staining of LKB1 revealed a reduction in the
cytoplasmic fraction of LKB1 in RCC tumour tissue in 4/5 patients, suggesting that the

measured reductions of LKB1 are relevant in cancer (Figure 9).

Although the vast majority of the study’s patients presented a reduction in LKB1, one
patient, Patient 68, expressed both an 18% greater protein expression level of LKBI1
(Figure 6C) and 27% greater protein expression level of AdipoR1 (Figure 6B)
compared to the matched normal tissue. This suggests that the downregulation of

AdipoR1 and LKB1 in RCC is not the only factor, and other events may contribute to the
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development of RCC. Indeed, mutations to the VHL, MET, FLCN, TSC1, TSC2, FH and
SDH genes are known to disrupt metabolic signalling pathways and promote the
development of kidney cancer (Linehan et al., 2010). Taken together, it is unreasonable to
assume that the development of all RCCs depends exclusively on the downregulation of
AdipoR1 and LKBI1 expression. However, with the tremendous potential to activate
numerous signalling pathways related to cancer development and progression by
disrupting the tumour suppressor LKB1, along with the significant reduction of AdipoR1
and LKB1 expression in RCC tumours, it is likely that AdipoR1 and LKB1 are important

and understated factors in the development and/or progression of RCC.

The primary downstream substrate of LKB1 is AMPK, which, when activated by
stimuli including adiponectin, exerts several cellular functions that are known to restrain
both tumour formation and progression through the inhibition of mTOR (Mirouse et al.,
2011). Disruption to this AMPK-mediated pathway results in the constitutive activation
of mTOR, an event established in RCC, which drives tumourigenesis through a variety of
signalling pathways. One pathway stabilizes the o-subunit of the hypoxia inducible
factor-1 (HIF-1a), which leads to an increase in VEGF transcription and ultimately
promotes angiogenesis (Shackelford et al., 2009). Consistent with these hallmarks of
RCC, the VEGF transcript level in all 10 RCC patient tumours was upregulated to a mean
induction of 65,097% compared to 100% in the matched normal tissue (Figure 4). This

overexpression of VEGF was confirmed by previous studies on RCC tumours (Pinthus et
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al., 2008) as well as on lung tumours (Amin et al., 2008), and ultimately provided an
indispensable marker to distinguish patient tumour tissue from normal tissue in this study.
The distinction of RCC tumour and normal kidney tissues was also aided by the
examination of carbonic anhydrase IX (CAIX), a protein constitutively induced in RCC
tumour tissue (Bui et al., 2003). Indeed, CAIX expression was apparent in 8/10 patient
RCC tumours and absent in all 10 patients’ matched normal tissue (Figure 7). Thus,
increased VEGF and CAIX levels in RCC tumours confirmed the discrimination between
tumour and normal tissues as well as verified that the downregulation of AdipoR1 and
LKBI1 was specifically in RCC tumour tissue. Attempts to correlate the level of AdipoR1
expression in tumour tissue by Chou et al. (2010) and Takahata et al. (2007) to determine
the pathophysiological significance of AdipoR1 protein expression on tumour size,
histological grade and treatment outcome in a cohort of RCC and breast cancer patients,
were not significant. These failed correlation attempts were likely attributed to the limited
number of patients in the studies and the high variability in patient background associated
with random selection. Future studies on RCC with a greater patient enrolment may
significantly conclude a relationship between AdipoR1 and LKB1 expression levels, and

clinical and pathological features.

The reduction of LKB1 in RCC also impacts the activity of AMPK in RCC. Surely,
the inactivation of AMPK is in the interest of RCC cells, considering AMPK functions to
restore the cellular AMP:ATP ratio by reducing energy consuming processes that the cells

depend on (Vaahtomeri et al., 2011). Indeed, numerous studies have shown the
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downregulation of AMPK activity in a variety of cancers, through examining the levels of
p-ACC at the serine 79 residue (Viollet ef al., 2010). The quantity of p-ACC relates to the
degree of AMPK functionality for the reason that ACC catalyzes the carboxylation of
acetyl CoA to malonyl CoA, for fatty acid synthesis, which is inhibited by activated
AMPK through the phosphorylation of ACC on its serine 79 residue (Mao et al., 2006).
Thus, in order to infer the activity of AMPK in RCC, the patients’ tumour and normal
tissues were immunohistochemically stained with p-ACC. Unfortunately, inconsistent and
non-specific staining was observed in the tumour and normal tissues, and thus no accurate
conclusion on the activity of AMPK in RCC was achieved (Figure 11). However,
immunohistochemical staining with a different p-ACC antibody in a study by Conde et al.
(2007), revealed staining in all normal lung tissue samples and a reduction of p-ACC
staining in 69% of the lung tumours examined. Thus, repeating the immunohistochemical
staining of p-ACC on our RCC tumour and normal tissues with the antibody utilized by

Conde et al. (2007) is warranted to confirm that the activity of AMPK is reduced in RCC.

Given the effectiveness of AMPK activators on inhibiting the proliferation of RCC
cells, AMPK activity is likely reduced in this study’s patients’ RCC tissue. Specifically,
one AMPK activator, 5-aminoimidazole-4-carboxamide ribonucleotide (AICAR), that
functions to mimic cellular AMP and activate AMPK has been demonstrated to induce
apoptosis and inhibit proliferation of RCC cells (Woodard et al., 2010). Interestingly,
AICAR does not activate any of the other members of the AMPK family of kinases

(Alessi et al., 2006), suggesting specifically AMPK has a role in preventing RCC
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tumourigenesis. Another AMPK activator, the anti-diabetic drug metformin, has been
demonstrated to reduce the risk of developing cancer (Sahra et al., 2010), and has been
shown to reduce the proliferation of RCC cells by activating the AMPK-mediated

inhibition of mTOR (Woodard et al., 2010).

The human CRL-1932 RCC cell line utilized in the above mentioned studies on
AMPK activation was also used in our study. In fact, the CRL-1932 cell line is one of the
most common in vitro cell lines utilized in the research of human RCC. CRL-1932 cells
were isolated from the renal cell adenocarcinoma of a 58-year old male and are known to
possess a hyperactivation of mTOR (Robb et al 2007). Indeed, the level of
phosphorylated mTOR in CRL-1932 cells was apparent, compared to the level of p-
mTOR following adiponectin treatment (Figure 13A), which was reduced by the
adiponectin-induced AMPK-mediated inhibition of mTOR. Interestingly, AdipoR1 and
LKB1 protein levels were detected in CRL-1932 cells, which would seemingly contrast
our observations in RCC tumours. An explanation for this could actually come from our
examination of AdipoR1 and LKB1 protein expression levels in the RCC patient tumours.
Indeed, AdipoR1 and LKBI1 protein was detected in all RCC tumour tissues, but the
detection was to a significantly reduced level when compared to the level in the matched
normal tissue. Thus, without a reference to the protein expression level of AdipoR1 and
LKBI1 in the normal tissue section of the kidney from which the CRL-1932 cell line was
isolated, it cannot be concluded that AdipoR1 and LKBI1 protein expression is not

reduced in CRL-1932 cells.
123



M.Sc. Thesis — L. Beatty McMaster University — Medical Science

In order to undeniably recapitulate our observations that AdipoR1 and LKBI1 protein
expression levels are reduced in RCC, viral-mediated knockdown of AdipoR1 and LKB1
was performed in CRL-1932 cells. The retroviral-mediated knockdown of AdipoR1
reduced protein expression to 60% in shVAdipoR1 cells compared to 100% in the
shVControl control cell line (Figure 14B). As well, the lentiviral particle-mediated
knockdown of LKBI1 in shLKBI cells reduced protein expression to 53%, relative to
100% in the shCONTROL control cell line (Figure 15B). As expected, the AdipoRI
transcript level in shVAdipoR1 cells was reduced to 78% compared to shVControl
(Figure 16A), and the LKBI transcript level in shLKBI1 cells was reduced to 45%
relative to ShCONTROL (Figure 16B). Surprisingly, however, the LKB]1 transcript level
in shVAdipoR1 cells was also reduced to 88% (Figure 16A), as was the AdipoRI
transcript level in shLKB1 cells to 78% (Figure 16B). Taken together, the indirect
knockdown of LKB1 and AdipoR1, respectively, suggests that the regulation of AdipoR1
and LKBI1 expression is linked in RCC. Yet, bearing in mind that the AdipoR1 transcript
level in RCC tumours did not relate to the AdipoR1 protein expression, reduction of
LKBI and AdipoR1 in shVAdipoR1 and shLKBI1 cells, respectively, was confirmed at the
protein level. Similar to the discrepancy between AdipoR1 transcript and protein levels in
RCC patient tumours, the 88% reduction in LKBI transcript level in shVAdipoR1 cells
did not translate into a reduction in LKB1 protein expression, when compared to
shVControl cells (Figure 17B). On the other hand, the reduced AdipoR1 transcript level

in shLKBI1 cells related to a 45% AdipoR1 protein expression level, relative to 100% in
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shCONTROL cells (Figure 17D). Although the mechanism by which LKB1 may reduce
the expression level of AdipoR1 is not known, it may be of great clinical significance
given that RCC tumours present a downregulation of both AdipoR1 and LKBI1 protein

expression.

Given that the shLKBI1 cell line presented a reduction in both AdipoR1 and LKB1
protein expression, similar to the majority of the study’s RCC patient tumours, the cell
line was selected to investigate the effect of AdipoR1 and LKBI1 knockdown on the
adiponectin-AMPK signalling pathway as well as on the tumourigenic potential of RCC
cells. Reduction of AdipoR1 and LKB1 in shLKBI1 cells significantly impaired the cell’s
ability to phosphorylate and activate AMPKa in response to adiponectin (Figure 18). As
well, AMPK activity, inferred through the levels of p-ACC, was significantly reduced in
shLKB1 cells compared to shCONTROL. These results confirmed the dependence of
AMPK on LKBI1, and not on the alternative upstream kinases CaMKKp and TAKI1, to
phosphorylate its threonine 172 residue in response to adiponectin treatment and enable
the phosphorylation of ACC and inhibition of mTOR, inferred through a reduction in
VEGEF secretion. Indeed, treatment of shLKB1 cells with increasing doses of adiponectin
did not affect VEGF secretion levels, in contrast to the shCONTROL cells, which
presented a dose-dependent reduction in VEGF secretion (Figure 19B). This lack of
ability to inhibit VEGF secretion closely resembles the increased VEGFA transcript level

in RCC patient tumours and justifies the highly angiogenic property of RCC tumours.
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The effect of AdipoR1 and LKB1 knockdown on the tumourigenic potential of RCC
was assessed by traditional proliferation, invasion, tumour growth assays. Briefly, the
number of shLKBI cells in the growth assay was significantly greater than the number of
shCONTROL cells at all time points examined (Figure 21), which is in line with a
disruption to the AMPK-mediated inhibition of mTOR in RCC. However, in a study by
Pierre et al. (2009), the lentiviral-mediated knockout of AdipoR1 in a human granulosa
cell line significantly reduced cellular proliferation and induced cell death. Importantly
however, the complete knockout of AdipoR1 protein has yet to be observed in RCC. In
fact, AdipoR1 protein expression was detected in all 10 of this study’s patient RCC
tumours (Figure 6) and in the CRL-1932 in vitro cell model of human RCC (Figure
12), suggesting that the complete knockout of AdipoR1 is not physiologically relevant in
RCC. Nonetheless, confirming the ability of the knockdown of AdipoR1 and LKBI in
RCC to disrupt the adiponectin-induced AMPK-mediated inhibition of mTOR is
beneficial, and could be achieved by demonstrating reduced cellular proliferation in
shCONTROL, but not in shLKBI1, cells following adiponectin treatment. Furthermore, it
is of interest to confirm that the difference in cellular proliferation is not attributed to a
resistance to cell death in shLKBI1 cells. Thus, analysis on the cell death potential of
shLKB1 and shCONTROL cells using either an LDH release assay, TUNEL assay or

western blot analysis for caspases is critical.
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In addition to the increased proliferation of shLKB1 cells, the knockdown of AdipoR1
and LKB1 significantly increased the ability of RCC cells to invade through Matrigel™
(Figure 22A). Specifically, shLKBI1 cells presented an Invasion Percentage of 252%
compared to 9% in the shCONTROL cells (Figure 22B). This increased Invasion
Percentage could be attributed to shLKBI1 cells possessing a greater level and activity of
matrix metalloproteinases (MMPs), which has been observed in metastatic human breast
tumours (Iwata et al. 1996). Indeed, an increase in both the level and activity of MMPs,
specifically that of MMP-2 and MMP-9, is associated with an increased potential for cells
to invade, due to the ability of MMP-2 and MMP-9 to degrade a variety of extracellular
proteins, which can lead to the pathological process of metastasis (Iwata et al., 1996).
Unfortunately, attempts to measure the level and activity of MMP-2 and MMP-9 in
shLKB1 and shCONTROL cells were not successful. Thus, quantification of the level and
activity of MMP-2 and MMP-9 via alternative methodologies, including western blot
analysis and/or zymography, is required to conclude whether the level and activity of
MMP-2 and MMP-9 explains the significantly greater Invasion Percentage in shLKBI1
cells. Regardless of the mechanism, an increased invasion potential advocates for an
increased potential of shLKBI1 cells, and similarly, RCC with downregulated AdipoR1

and LKB1, to metastasize.

The in vivo tumour growth potential of RCC cells with reduced AdipoR1 and LKB1
expression was examined in 10 BALB/c Nu/Nu mice subcutaneously injected with either

shLKB1 or shCONTROL cells. It was expected from the increased cellular proliferation
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of shLKBI cells in vitro (Figure 21) that the shLKB1 xenografts would proliferate faster
than shCONTROL xenografts. Indeed, mice injected with shLKB1 cells generated a
significantly greater tumour volume at all of the time points examined, compared to the
mice injected with an identical number of shCONTROL cells (Figure 23B).
Specifically, at seven weeks post injection, when the study was terminated, the mean
tumour weight of shLKB1 xenografts was 0.297 g, which was significantly greater than
the mean shCONTROL xenograft tumour weight of 0.077 g (Figure 23C). The study
was terminated at seven weeks to ensure that the knockdown of LKB1 remained stable in
the shLKB1 xenografts, and thus, would not confound results. Indeed, the stable
reduction of LKB1 was confirmed by the immunohistochemical staining of LKB1 in the
shLKB1 xenografts (Figure 24D) as well as by the Western blot analysis of LKB1 in
shLKB1 cells (Figure 20). The significant difference in tumour volume between
shLKB1 and shCONTROL xenografts was evident through the skin of the injected mice
(Figure 24A), and made apparent the advantage of utilizing BALB/c Nu/Nu mice in in
vivo tumour growth assays. Interestingly, histological sections of shLKBI1 xenografts
stained with H&E presented an active cellular tissue pathology containing a high density
of extended cells (Figure 24C). In contrast, hCONTROL xenografts, specifically mouse
number 205 and 206, had a significantly reduced number of cells of significant regions of
cell death, as apparent in mouse number 203. Certainly, the analysis of proliferation
markers, VEGFA transcript levels as well as p-AMPKa, p-ACC and p-mTOR expression
levels in these xenografts would be extremely valuable in order to confirm the effect of

AdipoR1 and LKB1 knockdown on the AMPK-mediated inhibition of mTOR.
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Although not examined at the transcript level, the level of VEGF was measured in the
serum of the mice with shLKB1 and shCONTROL xenografts. Surprisingly, the mean
level of VEGF in shLKB1 mice was not significantly different than the level of VEGF in
shCONTROL mice (Figure 25A). A significant difference in VEGF levels was expected
considering the adiponectin-AMPK signalling pathway is known to be disrupted in
shLKBI1 cells (Figure 18), leading to a loss of AMPK-mediated inhibition of mTOR and
allowing for the increase in VEGF secretion (Figure 19A). However, it is possible that
the high variability in shLKB1 and shCONTROL xenograft sizes across the 10 mice
(Figure 23A), or the presence of other sources of VEGF, did not allow the serum level of
VEGEF to reach significance. Thus, the relationship between tumour weight and serum
VEGF level was plotted for every individual mouse, with the expectation that the
majority of shLKB1 mice would be located in the top right quadrant of the graph while
the majority of shCONTROL mice would fall into the bottom left quadrant (Figure
25B). Although the majority of the shLKB1 mice aligned on the right side of the graph,
due to possession of a greater tumour weight, serum level of VEGF was not significantly
greater than that of the sShCONTROL mice. However, it is also possible, and likely, the
shLKB1 tumours secreted greater VEGF levels, however due to the small size of the
tumour in relation to the size of the mouse, VEGF secreted from shLKB1 tumours could
not significantly increase systemic VEGF levels. Similarly, the serum level of adiponectin
in shLKB1 mice was not significantly different from the level in shCONTROL mice

(Figure 25C). On the other hand, the relationship between tumour weight and serum
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adiponectin level in each individual mouse revealed a trend towards shLKB1 mice
presenting a greater tumour weight and lower serum adiponectin level compared to
shCONTROL mice (Figure 25D). Yet, with three shLKB1 mice presenting a similar
tumour weight and serum adiponectin level to the majority of shCONTROL mice,
concluding an effect of AdipoR1 and LKBI reduction in RCC on serum adiponectin

levels was not convincing.

Further investigations included a potential signalling mechanism by which AdipoR1
cooperates with AMPK to elicit tumour-suppressive effects. Based on conclusions from
previous research studies, including that the intracellular portion of AdipoR1 binds CK2f3
(Heiker et al. 2009), CK2p is the only known kinase to phosphorylate and activate
CDC37 (Miyata et al., 2004), CDC37 and HSP90 cooperate to protect active LKB1
(Boudeau et al., 2003), and that LKB1 is the primary upstream kinase of AMPK (Hawley
et al., 1996), the hypothetical signalling pathway of AdipoR1-CK2B-CDC37-HSP90-
LKB1-AMPK was proposed. In an effort to investigate the existence and functionality of
the signaling pathway, escalating doses of adiponectin were applied to CRL-1932 cells, in
order to activate AdipoR1 and, suggestively, members of the signalling pathway. Indeed,
increased activated levels of CK2B and CDC37, as well as an increased protein
expression level of LKB1 were observed with increasing doses of adiponectin (Figure
26), which are events in accordance with the hypothetical signalling pathway. What is
more, the inhibition of CK2 abolished the adiponectin-mediated increase in activated

CDC37 and AMPKa, as well as reduced LKB1 protein expression levels (Figure 27).
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Although concluding the existence of this signalling pathway is premature, since
additional experiments with alternative inhibitors and knockdown cell lines need to be
conducted, it is feasible that this proposed pathway may present a novel mechanism by
which adiponectin activates AMPK. This signalling pathway would also justify why
reduction of any pathway member in cancer would disrupt the tumour-suppressive actions
of the adiponectin-AMPK signalling axis. Indeed reduction to AdipoR1 protein
expression has been identified in various cancers, and was specifically identified to be
reduced in RCC in this study (Figure 6). As well a human testicular tumour was
identified to possess a mutation in the catalytic domain of LKBI1 that prevented the
assembly of the CDC37-HSP90-LKB1 complex. Also, it is established that mutations and
epigenetic silencing events contribute to a downregulation of LKB1 in a variety of
cancers, which result in a reduction in AMPK activation. Taken together, this
hypothetical signalling pathway may be the first explanation for how adiponectin directly
mediates AMPK activation and induces tumour suppression. As well, it would explain
why disruption to the members of the pathway has been documented in cancer and

suggests a complete disruption of this pathway in a variety of cancers, including RCC.

Overall, it is well established that excess body weight associates with an increased
risk of developing RCC. This association may be explained by the reduced serum level of
adiponectin in both obese and RCC patients, and the tumour-suppressive effects of
adiponectin, in cooperation with AMPK. However, the adiponectin-AMPK tumour

suppression signalling pathway relies on AdipoR1 to transduce the adiponectin signal
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through the plasma membrane and LKBI1 to activate AMPK. RCC patient tumours
present a significant reduction in both AdipoR1 and LKB1 expression, suggesting that the
adiponectin-AMPK signalling axis is disrupted in RCC. Indeed, RCC cells with reduced
AdipoR1 and LKB1 expression were unable to execute established events of adiponectin-
AMPK signalling and the cells presented significantly increased proliferation, invasion
and tumour growth abilities. The proposed signalling pathway of AdipoR1-CK2B-
CDC37-HSP90-LKB1 may detail the mechanism by which adiponectin activates AMPK,
and the reason for which adiponectin, AdipoR1 and LKB1 reduction in RCC may prevent
AMPK activation. Collectively, the findings in this study suggest that disruption to the
tumour-suppressive adiponectin-AMPK signalling pathway in RCC, via reduced
adiponectin levels and downregulated AdipoR1 and LKB1 expression, is a contributing

factor to the association of obesity and the development of RCC.
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