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ABSTRACT
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by
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Under the Supervision of Professor Jennifer A. Doll

Background: Prostate cancer (PCa) is a leading men’s healtoera. It is the
most common cancer diagnosed in American men. @hesspecially excess visceral
adipose tissue, increases the risk of PCa progreshiowever, the mechanism is yet
unknown. In addition, studies have demonstratadl tte locale of the visceral adipose
depots affects its function and change the levelseoreted products. In PCa patients,
increased thickness of the periprostatic adipasaudé (PPA), a type of visceral adipose
tissue which covers the prostate organ, is posytivadrrelated with progression,
suggesting that this depot may specifically stireilaCa progression in obese patients.
In this study, | tested the hypothesis that vidcatgpose tissue (VAT) secretions, and
specifically PPA tissue secretions, from a mousealehavill induce pro-proliferative
activity of microvascular endothelial and PCa cellhis hypothesis was tested by two
aims. The first was quantifying the pro-prolifevatiactivity of subcutaneous (SQA) and
VAT secretions on normal human endothelial cellse Becond aim was to measure the

pro-proliferative activity of adipose tissue semes on PC-3 PCa cells.



Method: SQA and two types of VAT, including visceral fad(VFP), and PPA tissues
from wildtype mice C57BI/6 and obese mice were am#d. Tissues were minced and
placed in explant cultures in serum-free media. dt@mned media (CM) was collected
after 48 hours of incubation. Human microvasculadathelial cells (HMVEC) were
treated with concentrated CM of each adipose tisgepet. HMVEC and PC-3 cells were
also treated with unconcentrated CM of each adipgepet. The proliferative activity and
total protein concentration of each adipose tissaeple was analyzed via MTT
proliferation and protein quantification assay,pegively. Data from the MTT assay
were analyzed by normalizing them to total proteamcentration per gram weight of
each adipose tissue sample. Lipolytic activity atle adipose tissue sample was also
measured by performing a free glycerol assay.

Result: With HMVEC cells, the unconcentrated 100% VAT Ckdatment group had
significantly higher cell numbergas compared to the SQA 100% CM or negative control
groups (P-value < 0.001). However, when the CM wascentrated no HMVEC
proliferation was observed with any adipose tisgymes that were tested. The 30%
diluted SQA tissue CM also significantly inducedlgeration of PC-3 PCa cells (P-
value< 0.05) as compared to the negative control. Howewerproliferation was seen
when a larger sample size was used. Finally, aifgignt increase in PC-3 PCa cell
proliferation was observed with PPA tissue CM tmgatt when data was normalized to
total protein concentration per gram weight of esample (P-value < 0.001 vs. the
negative control). There was also no detectableréifice in lipolytic activity between

the SQA, VAT, or PPA tissues.



Conclusion: My results demonstrated that treatment with the RR8ue secretions
increased PC-3 cell number over that of either\R® or the SQA tissue secretions.
These data suggest that unique characteristiclseoPPA tissue may contribute to PCa

progression.
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INTRODUCTION

The Prostate and Prostate cancer

The prostate is a walnut-sized gland that coriestua part of the male
reproductive system. The prostate is located utidebladder and in front of the rectum.
The main function of the prostate is to secreteesofrthe fluid content of semen (CDC,
2013). Family history, older age, and genetic bamlgd can increase the likelihood of
developing prostate cancer (PCa) (Hsing et al.,7R0BPCa is a leading men’s health
concern. It is the second-most common cancer dseghon American men (CDC,
2013a). According to the Centers for Disease Coérana Prevention (CDC), PCa is
more common among men older than 65, but the chahdeveloping PCa increases
after age 50 (CDC, 2014). It has been estimated28&,590 men are diagnosed with
PCa and 29,270 men among these patients die frendifease in America annually
(Siegel et al., 2013). Genetics, race, and advaagedare the most common risk factors
that are involved with developing PCa, as wellitestyle factors such as a high fat diet
(CDC, 2002). A study by Xue et al. showed that flegda Western-style diet (low
calcium and vitamin D, but high in fat content)@&7BL/6J mice for 5 and 16 weeks
increased the proliferation of prostate epithed&lls in the anterior and dorsolateral lobes
of the mouse prostate, but not in ventral lobéneffirostate (Xue et al., 1997). Low grade
PCa is a slow-growing cancer (CDC, 2013); hencey are usually diagnosed when they
are old and/or they might die from other diseasi#isout even being diagnosed with PCa
(CDC, 2013b). However, high-grade PCa which al$ecéd younger men (Roach et al.,
1999) tends to grow quickly (Gleason 1992). The @ftdying from the disease is also

3% higher in young patients than in older pati€bis et al., 2009).



Digital rectal exam (DRE) and the prostate spec#itigen (PSA) test are the two
common screening tests that are available for Rffectdon (CDC, 2013c). In a DRE, a
doctor can physically check the prostate by insgrtiis finger into the patient’s rectum
and examine any abnormalities (CDC, 2013c) suchresence of nodules (Simmons et
al., 2011). In PSA testing, elevated levels of A8Ahe blood can indicate the presence
of PCa (CDC, 2013c). A PSA level of above 2.5-4nmgfs considered to be abnormal
and it is linked to an increased chance of haviGg.PFSome factors, including enlarged
prostate or inflammation (Nadler et al.,, 1995), ,agace, infection, and certain
medications (CDC, 2013c), can increase the levédP®A in non-prostate cancer men;
thus, the PSA test alone cannot be used to diagAaGse Therefore, further follow-up
screening and biopsy is needed to confirm the poesef the tumor (Simmons et al.,
2011). A high PSA level is correlated with a higlgeade (Gleason score) PCa, meaning
that men with higher PSA levels have more aggresBi®a (Shih et al., 1992; Thompson

et al., 2004).

The Gleason score is a system used for PCa patbalagading (Andren et al., 2006;

Gleason, 1992). This technique indicates the satviate based on the histology of the
cancer tissue (Andren et al., 2006; Gleason, 1982his technique, the primary and the
secondary patterns, which are the most and secawsl common patterns of cancer
tissue in the prostate, are assigned a grade i@gfrgim one to five. The sum of these two
grades makes a range of two to ten, which is cahHedGleason score. A score of six is

considered to be cancer, and a score of sevenawealepresents a more aggressive



tumor (Witte et al., 2000). D’Amico introduced aassification method to aid in the
identification of more aggressive PCa. In the D’Amiclassification method, the
combination of the Gleason score, the PSA level, the size of the tumor were used to

predict the risk of PCa recurrence (D'Amico et H998; Kane et al., 2005).

Obesity in Prostate Cancer

Obesity, the prevalence of which is rapidly growinghe United States, is known to be
associated with aggressive PCa, which tipicallygléetp death (Freedland and Aronson,
2005; Freedland et al., 2009; Hsing et al., 200Desity is defined as a body mass index
(BMI) of greater than or equal to 30 (Buschemeywt Breedland, 2007). The majority of
PCa studies examining the relationship with obdsétye used BMI and/or waist to hip
ratio for evaluating the amount of adipose tissnethe body (Buschemeyer and
Freedland, 2007). Although these methods canntdrdiitiate between types of adipose
tissues or their locations in body, they are reabtan methods to measure overall
adiposity (Hsing et al., 2007; Pouliot et al., 1R98upporting this, increased BMI
correlates with more aggressive PCa (BaillargeahRwose, 2006; Kane et al., 2005). In
a study by Kane et al., 2,952 normal weight, ovégite and obese PCa patients and PCa
survivors participated. They were classified based low to high risk PCa using
D’Amico classification and the PSA level that wasasured. The study then compared
the groups based on BMI and demographics such @segdignicity, education, income,
relationship status, smoking, alcohol, and comatib&lusing univariate and multivariate

analysis. The result indicated that normal and emsrweight patients are at low risk,



while obese patients are at high risk, for highdgr®Ca (Kane et al., 2005). A review of
large prospective cohort studies by Freedland arm@hgon, which monitored healthy
men for 13 to 16 years for medical problems sucbhasity and cancer, demonstrated
that the rate of dying from PCa increases as thé iBbteases (Freedland and Aronson,
2005). For example one of these studies showed20t4t of obese men with a BMI of
30.0-34.9 kg/rh died from PCa, while the rate of death from PCa W% more among
even more obese men with a BMI of 35.0-39.9 Kg(Rreedland and Aronson, 2005).
Some research also suggests that obesity is alsk factor for PCa, but because of the
complex association, the exact mechanism thatv@ved is not known yet (Baillargeon

and Rose, 2006).

A high fat diet often leads to obesity, and obegityys an important role in increasing
the risk of developing many cancers, such as caalibladder, kidney, and pancreatic
cancer (Hsing et al., 2007). While in PCa, whesk iis still being studied, it is well

established that a high fat diet and obesity areetaded with more aggressive disease.
Excess body fat is associated with altered metsimolivhich may contribute to cancer
progression (Hsing et al., 2007). More than ongdtloif adults in the United States are
obese (CDC, 2013d); therefore, understanding tteeaation between obesity and PCa is

important.



Adiposetissue depots

There are two types of adipose tissue in mammaldids, white and brown (Gustafson,
2010). White adipose tissue is made up of adipascytdich are responsible for storing
excess energy as lipids (Fonseca-Alaniz et al.,7R0White adipose tissue can be
generalized by its location as subcutaneous adif®®&\) tissue, located beneath the
skin, or visceral adipose tissue (VAT), which cevtre organs (Fain et al., 2004). These
adipose tissues consist of adipocytes, fibroblastsgsrophages and some other stromal-
vascular fraction cells. Macrophages and fibroklasinstitute about one-half of the total

cell number (Hausman, 1985).

Adipose tissue depots differ in their production aytokines and adipokines that are
involved in autocrine, paracrine, and endocrinetesys in the body (Greenberg and
Obin, 2006; Tritos and Mantzoros, 1997). Some &ials are more associated with the
incidence or progression of some diseases tham taheepots (Bjorndal et al., 2011).

For example, excess visceral adipose tissue ithdldg is linked to many diseases, such
as cardiovascular and type 2-diabetes (Hajer €2@08). Hence, the differences between
SQA tissue and VAT are not only limited to theicddion, but also vary in function and

metabolism (Fonseca-Alaniz et al., 2007). Exceasseval adipose tissue in men is
strongly related with some type of cancers, inaigdcolon, esophagus, gallbladder,
kidney, pancreas, rectum, and thyroid (Murphy 20&8) it increases the risk of high-

grade PCa (Gong et al., 2006).



It is now recognized that adipose tissue is an ema® organ because it produces some
hormones and cytokines such as leptin, interle6kjii—6), and tumor necrosis facton.-
(TNF-a) (Ahima and Flier, 2000; Fain et al., 2004; Frutlbet al., 2001). IL-6 is a key
regulator in immune system. It also plays a roldéipolytic activity and maintains body
weight (Hoene and Weigert, 2008). TNFs one of the main mediators of inflammation
(Kern et al., 2001; Suganami et al., 2005), antiidp a hormone that controls appetite
and regulates energy expenditure to maintain bodighwt homeostasis (Benoit et al.,
2004; Saglam et al., 2003). Adipose tissue’s endedunction can be altered by excess
body adipose tissue. The adipose tissue in obetigidoals has different levels of
adipokine production, lipid metabolism, and adigecylifferentiation (Kershaw and
Flier, 2004). This is mostly related to individuadge, sex, nutrition, and also the ability
to maintaining energy balance by the body’s adiptiseues (Bjorndal et al., 2011;

Wajchenberg, 2000).

The periprostatic adipose (PPA) tissue, which covwke prostate organ, is one type of
visceral adipose tissue. Some studies link exc&ss tissue to aggressive PCa. PPA
tissue thickness increases in obesity, and a alisitdy by Bhindi et al. has shown that
patients with thicker PPA tissue have more aggvesBiCa (Bhindi et al., 2012). They

indicated that measuring the PPA tissue thicknessransrectal ultrasonography can be
a stronger predictor for aggressive PCa than dvebakity (Bhindi et al., 2012). Another

study has shown that high levels of IL-6 are secrétom the PPA tissue of patients with
a high grade of PCa (Finley et al., 2009). Howevtee, molecular mechanism that is

involved and the unique characteristics of the P&#pose tissue that promote this



activity are still unclear. A pilot study by Venkaubramanian et al., the authors
collected SQA and PPA tissue from lean, overweight] obese PCa patients during
prostate removal surgery. They found that PPA éissmcretions from obese PCa patients
were more inductive in both endothelial and PC-ZRElls in an MTT proliferation

assays than PPA secretions from lean or overwengt and SQA tissues, but lean PPA
tissues were also inductive over the negative obifenkatasubramanian et al., 2014).

Therefore, PPA tissue seems to contribute to PGgression.

Obese versuslean adiposetissue

White adipose tissue works as a thermal insulatormiaintain body temperature
(Fonseca-Alaniz et al., 2007). In a lean body, s/hitlipose tissue, including SQA and
visceral adipose tissue, can store 200,000- 300k@8Dfor energy. Adipose tissue also
has an endocrine function and it secrete high $egéladipokines such as TNkE-IL-6,
and leptin. The functional role of these adipokimediverse and induces regulating
inflammation, cell growth, apoptosis, and motilffjoren et al., 2013; Wang et al., 2012).
However, the secretion level of the adipokinesltsred when adipose tissue deposition
increases, as occurs with obesity. Adipose tissmebe expanded by both adipocyte cell
number and size. Each fat cell has a capacityore €17 to 0.8 ug of lipid. If more lipids
are produced in the body, then more fat cells Wwél generated (Gustafson, 2010).
Therefore, by increasing the number and size ohthpocytes in obesity, the expression
level of some adipokines such as IL-6, ThFand leptin from the adipocytes can also be

elevated.



Although only 10% of the total body fat is compos#dvisceral adipose tissue, it has
been shown to be metabolically more active tharcsiameous adipose tissue (Hsing et
al., 2007). Visceral obesity has an influence olulz pathways and alters hormone
circulations (Mistry et al., 2007). The effect\WAT on cellular pathways could be either
local through autocrine and paracrine mechanisnvg&aoendocrine pathways mechanism.
It could also be related to the metabolic and {ipolactivity of the VAT (Deveaud et al.,

2004; Wajchenberg, 2000; Yang et al., 2008). Atterain androgen metabolism and

insulin resistance (metabolic syndrome) are exasnpl¢hese effects (Hsing et al., 2007;
Mistry et al., 2007). Cytokine and hormones arekiiag regulators in these mechanisms;
therefore, changes in the regulation and secrédioel of each adipokine are associated
with some health issues (Hsing et al., 2007; Migdtyal.,, 2007). Some adipokines
expression is increased with obesity, and a subké¢hese is known to enhance the

aggressiveness of PCa such as IL-6, leptin and d KVistry et al., 2007).

Angiogenesis and Obesity

When adipose tissue expands in the body, the tissust induce angiogenesis, the
formation of new blood vessels from existing blo@s$sels. The new blood vessels are
required to transfer oxygen and nutrients to tleevgrg adipose depot (Fried et al. 1998).
Angiogenesis is also a required step for tumor ¢gnaamd development (Folkman, 1992).
In a normal tissue, there is a balance betweenapgiegenic factors and inhibitory

factors; however, in tumor tissues, alterationghis equilibrium might lead to higher



production of pro-angiogenic factors and result tumor growth (Kerbel, 2000).
Furthermore, a high level of cytokines in the tumacroenvironment could modulate
the expression of some growth factor molecules wheohance tumor growth (Wu,
2012). For example, high levels of leptin causdiferation of vascular endothelial cells
in vitro and also initiates angiogenesis in vivoigivy et al., 2007). Other secreted factors

from obese adipose tissue could also contribugertet pro-angiogenic function.

Leptin

Circulating leptin in a lean body not only funet®to maintain energy balance and
immune system function, but it also plays a role growth and maintenance of
reproductive tissues, such as prostate tissue {inaeset al., 1996; Mistry et al., 2007).
Expression of leptin has been shown to be elevatt#dincreasing total body adiposity.
Average leptin serum levels in a normal weight badgbout 4 ng/ml, while in an obese
body, this level is 10 times higher (40 ng/ml) (Smine and Caro, 1996; Frankenberry et
al., 2004). This elevation might be related to leigimsulin levels, which do impact leptin
production (Fantuzzi, 2005). High levels of lepkiave been shown to induce vascular
endothelial cell proliferation in vitro. For exampla vitro study by Frankenberry et al.
demonstrated increased DU145 and PC-3 cell pratifer with increasing leptin levels
(Frankenberry et al., 2004). They also observethdrignigration activity in these PCa
cells with increasing leptin levels (Frankenbertyak, 2004). Another study, by Onuma
et al., also examined leptin-stimulated growth dfedent cell lines, including DU145,

PC-3, and LNCaP-FGC. The results, indicated thatideinduces proliferation of
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androgen-independent cells, DU145 and PC-3, butandrogen dependent cell line,

LNCaP-FGC (Onuma et al., 2003).

Interleukin-6 (1L-6)

Plasma IL-6 levels have been shown to be positigetyelated with obesity (Kern et al.,
2001). Moreover, a study by Fried et al. on obas®adn adipose tissues has shown that
for the same number of adipocytes, IL-6 expres@dhree fold higher in omental VAT
as compared to SQA tissue (Fain et al., 2004; Fetedl., 1998). Circulating IL-6 is
positively associated with adipocyte size and & lBiyll. The expression of IL-6 is also
higher in VAT than SQA tissue (Gustafson, 2010)aimin vitro study by Chung et al.,
two androgen- independent PCa cell lines (DU-148 &€C-3) and two androgen-
dependent PCa cell line (LNCaP-ATCC and LNCaP-GWrewtested for cytokine
production levels. The result from this study shdwleat the androgen-independent PCa
cell lines express higher levels of IL-6 (Chungkt 1999). In addition, an in vitro study
by Okamoto et al. demonstrated that IL-6 has thigyabo induce proliferation in PC-3
and DU-145, via autocrine activity, while IL-6 itdiis LNCaP, via the paracrine system

(Okamoto et al., 1997).

Tumor Necrosis Alpha (TNF-a)

TNF-a is another multifunctional adipokine that is prodd by the macrophages in
adipose tissues (Fonseca-Alaniz et al., 2007; \Wi&3@4). Similarly to leptin and IL-6,

the expression of TNE-is also increased by obesity (Fonseca-Alaniz gt 2407).



11

Unlike the expression of IL-6 and leptin, whichneostly related to visceral obesity,
increased TNFe expression is related to overall obesity (Carteal., 2008). TNFe: has
been shown to increase the production of leptimyfiurn and Beattie, 2001) and IL-6
(Fonseca-Alaniz et al., 2007). An in vitro study Ggsparian et al., the authors showed
that TNFe can induce proliferation of androgen-independdeda ells via activation of
NF-[1B which prevents cell apoptosis. In this case INE{promotes survival signaling,
and therefore promotes PCa proliferation (Gaspamdnal.,, 2002). The precise
mechanism through which obese adipose tissue pesiifa progression is still unclear,
but theories include (1) alteration in adipokinesd ahormones such as estrogen,
testosterone and androgen, (2) high levels of pilarnmatory cytokines such as TNE--
(4) through signaling mechanisms associated wishilin resistance, and/or (5) through
increased dietary fat intake which alters freeyfattid levels and function (Mistry et al.,

2007).

Several in vitro studies have shown that, forgame weight of lean adipose tissue, SQA
tissue produces more leptin, IL-6 (Wisse, 2004) @N&- o (Fonseca-Alaniz et al., 2007,
Fruhbeck, 2006; Steppan et al., 2001) as comparedAT. A recent study by Fjeldborg
et al. comparing lean and obese human SQA tissoemgrated that obese SQA tissue
produces more IL-6 and TN&-than lean SQA tissue (Fjeldborg, 2014). In a sthdy
Fried et al., IL-6 expression was compared betweaantal VAT and SQA tissue of 10
obese humans. The result from the explant cultafebe adipose tissue demonstrated
that omental adipose tissue produces three times e than SQA tissue (Fried et al.,

1998). The release of IL-6 was also higher from wt@leisolated adipocytes than SQA
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isolated adipocytes; however, this secretion wag alpout 10% of the total IL-6 release
from the omental tissue (Fried et al., 1998). Nthadess, in the case of obesity,
abdominal visceral adipose tissue, which typicallgkes up only 10% of the total body
fat, is metabolically more active than subcutandatigHsing et al., 2007). In addition to
the metabolic activity, the rate of lipolysis iss@lhigher in VAT than SQA (Jensen,
2006). Moreover, visceral adiposity is linked tonpaliseases, such as cardiovascular

(Wajchenberg, 2000), insulin resistance, and tydaBetes (Virtanen et al., 2005).

A study by Kern et al. also examined the level biFfa expression from both lean and
obese human adipose tissue (Kern et al., 1995)rdhdt revealed that TNé&levels are
elevated by obesity and the levels, can be dealdagaveight loss (Kern et al., 1995).
TNF-a also elevates the expression of other cytokinestemmmones, such as IL-6 and
leptin, by adipocytes (Greenberg and Obin, 2006sKaw and Flier, 2004; Margetic et
al., 2002). Both IL-6 and TNk-are secreted by infiltrating macrophages in adipos
tissue and act as paracrine and / or autocrinera{Gustafson, 2010; Hotamisligil et al.,
1995; Xu et al., 2002). They are also involved énederating lipolysis and the secretion
of free fatty acids (FFA) (Gustafson, 2010; Sadcal.e 2012b). Therefore, dysregulated
secretion of cytokines and hormones by viscergbas# tissue, due to obesity, may be
involved in PCa progression (Hsing et al., 2007préresearch is needed to identify the
most relevant molecular factors and cellular merdmanthat are involved in PCa

progression process during VAT dysfunction.
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A subtype of visceral adipose tissue, the periptastadipose (PPA) tissue, which
surrounds the prostate organ, has been investigatats role in PCa progression. In a
study by Bhindi et al., PPA tissue thickness waasueed via transrectal ultrasonography
in 931 patients who underwent a prostate biopsis Jtudy showed that the thickness of
PPA tissue was a better predictor for developing BCfor delivering an aggressive form
of the disease in patients than measures of ovetadsity (Bhindi et al., 2012).
Furthermore, a study by Finley et al., on PPA #sgaken from PCa patients,
demonstrated that IL-6 is highly expressed by PBgue and that the levels positively
correlate with increasing Gleason score of the eantherefore, they suggest that the
high concentration of IL-6 might contribute to P&ggressiveness (Finley et al., 2009).
Another study, by Sacca et al., compared the #&gtofi secretions collected from PPA
tissues from patients with PCa to patients with idgpenprostatic hyperplasia on
proliferation, migration, adhesion, and metallopmoase expression in two PCa cell
lines, LNCap and PC-3 in vitro (Sacca et al., 2012heir results indicated that secretion
of pro-metalloproteinases (pro-MMP) from PPA ishegfrom patients with PCa than in
patients with benign prostate hyperplasia. MMP-8risendopeptidase that is involved in
tumor growth and aggressiveness by cleaving madscsilich as cytokines and growth
factor (Chambers and Matrisian, 1997; Mira and Goideuton, 2004; Nelson et al.,
2000). MMP-9 is secreted as pro-MMP-9 which is tletgaved into an active enzyme
(Wilcock et al., 2011). MMP-9 can induce the rekead growth factors in addition to
degrading the extracellular matrix; therefore, néates an environment that maintains
tumor growth and allows for invasion and metasté8ergers et al., 2000; Chakrabarti

and Patel, 2005). In addition, MMP-9 expression activity levels are directly related to
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body adiposity (Bouloumie et al., 2001; Unal ef 2010). Hence, understanding the role
of factors secreted by the PPA tissue on PCa psemne is crucial. Previous data have
shown that the PPA from obese PCa patients is mayeroliferative on PCa cells
compared to lean PPA and lean or obese SQA tisspetsl (Venkatasubramanian et al.,
2014). Studies to date have not compared theteffieall these three adipose tissue
secretions on human normal endothelial or PCa.cHtle overarching hypothesis for this
study is thatlVAT secretions, and specifically PPA tissue secretions, from a mouse model

will induce pro-proliferative activity of microvascular endothelial and PCa cells.

SpecificAim 1

To quantify the pro-proliferative activity of suldameous (SQA) and visceral adipose
tissue (VAT) secretions on normal human endothebds.

Working hypothesis: VAT will induce more proliferation as compared to SQA, and
tissues from obese mice will have increased proliferative activity as compared to lean

mice.

Specific Aim 2

To measure the pro-proliferative activity of VATABQA and PPA tissue secretions on
PC-3 PCa cells.

Working hypothesis: PPA tissue induces more proliferation as compared to that of other

adipose depots tested.
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In the present study, | first analyzed the effecobloesity on pro-proliferative activity of
VAT compared to the SQA tissue of lean and obeseenwn human dermal
microvascular endothelia cells (HMVEC). In the npatt of the experiment, | compared
the effect of SQA, VAT, and PPA tissue secretionsR&a cell line PC-3. The results
from this research in vitro will show us if the PBAcretions cause more proliferation in

PC-3 cells compared to other adipose depots.
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MATERIALSAND METHODS

Adiposetissue harvests

Two strains of mice, wildtype (WT) C57BI/6J and sbgob/ob) mice, B6.Cg-
Lepob/J, were used for this study. For the first,awo experiments were performed, the
first using three mice per group at 6 months of agé the second using five mice per
group at 6 months of age. The adipose tissuetsacrsamples from the second group
of mice were used in the second aim. The secanduaed an additional 7 mice in at 4
months of age. Mice were housed in the Animal Rese&enter (ARC). Mice were
either obtained from current colonies (WT) or weparchased from Jackson
Laboratories. Mice were fed a regular chow dietliadum (Teklad 7912) until they
reached 4 or 6 months of age. Tissue harvests esr@ucted in the necropsy room in
the ARC. Mice were fasted for 4-6 hours beforetihgue harvest. Mice were weighed
and data was recorded. The mice were then eutlthhizé-3% isoflurane inhalation in a
desiccator jar followed by cervical dislocationrervical dislocation, the back end of a
tweezers was pushed down and forward on the batlkeaieck of the animal at the base
of the head. The tail was pulled by the other hHaackward at 30°C to the surface of the
table for dislocation. No heartbeat was felt befarsurgical cut was made. A midline
incision through the abdominal skin was then penkxt. The SQA adipose tissues were
harvested from both sides of animal’s body (near fire- and hind-limbs) under the
skin. A midline incision was made through the peréal lining. The visceral fat pads in

the abdomen were collected, and then the intestirgdns were moved aside to reveal
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the prostate. The PPA tissue, which covers thstat® organ, was then dissected and
collected. VAT, SQA, and PPA tissues were plaagedce in a 50 ml conical tube on ice
and transferred to the lab for processing.

All procedures were approved by the University ofs®¥dnsin Milwaukee Institutional

Animal Care and Use Committee.

Adipose tissues explant cultures and conditioned media collection

Harvested tissues were immediately processed ifathdor explant cultures. Adipose
tissues were first weighed, and then washed twicesterile Dulbecco’s phosphate
buffered saline (PBS) in a tissue culture hoodsUés were processed using sterile
instruments. Tissues were minced into 0.5 mm piesasy scissors, and tweezers were
used to place the minced adipose tissue piecesid® cm or smaller cell culture dish.
Five ml of serum-free Dulbecco’s Modified Eagle Med (DMEM) containing 1%
penicillin/streptomycin (P/S) was added to eachh.diSerum free conditioned media
(CM) were then collected after 48 hours of inculmatand stored at 4°C until use in MTT

assays.

HMVEC and PC-3 PCa cdll culture

Human dermal microvascular endothelial cells aneranal human endothelial cell strain,
(HMVEC-d; Lonza). The cells were grown in endothklgrowth medium (EBM-2)
containing 10% fetal bovine serum (FBS) and théebit in pre 0.01% gelatinized T75

flasks. The flasks containing cells then were iratad at 37°C with 5% CO2.
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PC-3 is a PCa cell line derived from a human bomgastasis (Kaighn et al., 1979).
Dulbecco’s Modified Eagle’s Medium (DMEM) supplentec with 10% fetal bovine
serum (FBS) and 1% P/S (Sigma Aldrich) was used gowth media to maintain PC-3

cells, which were grown at 37°C with 5% €O

Proliferation assays

For the proliferation assay, cells were platedéna@ll plates (Corning Inc.). To enhance
cell adherence to the surface of the 96-well platiesy were gelatinized with 0.01%
gelatin (Difco TM Gelatin) overnight. The HMVECs wmeharvested and counted using a
hemocytometer or a cellometer (Nexcelom). The HMgEre then re-suspended at a
concentration of 20,000 celish?2 The growth surface of a 96 well plate was 0.32
cmiwell with a 0.2 ml volume; therefore, 32,000 cklisll were used. The HMVECs
were then plated into a 0.01% gelatinized 96 weallgy that was prewashed with 200 pL
PBS using a multichannel pipette. The plate was theubated at 37°C with 5% G@br

24 hours. The growth media were changed after tleenaght incubation. The media
were aspirated from each well and cells were gemlghed with 200 ul per well of PBS.
After aspirating the PBS, the cells were then &éatith 100 pl per well basal EMB-2
media (serum free media) and incubated for fourrdioThis starvation step was
performed to synchronize cells in the cell cycleedviwhile, the treatment samples (CM
from each adipose tissue type with or without PB&8je prepared on ice at 30, 50, and
100% concentration of CM or at 1-50ug/ml for coricated media. After 4 hours, the
basal media was aspirated and the treatment samptesadded to the appropriate wells.

Samples were tested in duplicate for most sam@eswth media and basal media were
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added each to three wells, as positive and negatim&ols, respectively. The plate was
then incubated for four days. The plate was cheekedy day for any contamination. For
the methylthiazol tetrazolium (MTT) assay, the tne@nt media was aspirated, and the
HMVECS were labeled by adding 100 pL of fresh seftae culture medium plus 10 pL

of the 12 mM MTT stock solution was added to eaeli and the plate incubated at 37°C
for 4 hours. After this labeling process, the mediwexcept for 25 pL, were removed

from the wells and 50 pL of dimethyl sulfoxide (DKdpwas added to each well and
mixed thoroughly with a pipette. After incubating3¥°C for 10 minutes, the plate was
read at 540 nm absorbance on the BIO-Tek Synergypldie reader. The absorbance
data for each sample was entered into an excehdgineet. Each test sample was
normalized by dividing the absorbance by the graemgit of the corresponding tissue
sample. Normalized data was entered into the Siglotaprogram and the mean values

were graphed.

The same proliferation assay was also performedherPC-3 cells. However, in this
assay, DMEM growth media or DMEM basal media weseduto treat these cells. The
concentration of 16,000 cells/ well (20,000 cetisi2) was used to plate PC-3 cells into a

0.01% gelatinized 96 well plate.

Lipolysis Assay
Lipolytic activity of conditioned media of each dfe three adipose tissue type was
performed via the free glycerol assay (Sigma Aldri8aint Louis MO, F6428). The rate

of breakdown of triglycerides to a glycerol andethifree fatty acids directly indicated the
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level of lipolysis. Briefly, 800 pL of free glyceroeagent (Sigma F6428) was added to
all the standards (Sigma G7793) and the samplettesvd en microliter of each standard
was then added to the standards cuvette. 100 |gaaf sample conditioned media was
also added to the sample cuvettes. The samplestandards were mixed thoroughly
with a pipette. Ten microliter of mQB was also added to two empty cuvettes to be used
as the reagent blanks. The absorbance was reatDatrb using a spectrophotometer.
The standard curve was performed using the glycavidard (Sigma Cat# 03008), and
the each sample lipolytic activity was then meaguaad compared with the standard

curve. The free glycerol data were then normalipetthe total cell number.

Concentration of CM

After collecting the conditioned media from eachpade tissue type (VAT, SQA, and
PPA tissue) into a 15 or 50 ml conical tube, them@as were centrifuged at 2500 rpm at
4 °C for 10 minutes to remove any residual cellee Tcell free supernatants were
concentrated 5 fold using Millipore Ultra-free menabe (Amicon Ultra, Billerica, MA).
Briefly, the membrane was wet with 5-10 ml of d&RBS and centrifuged at 2000 x g at
4°C for 10 minutes. Approximately 10 ml of the caimhed media was then added into
the filter unit, and it was centrifuged again aD@ g at 4°C for 30-60 minutes. The
filtrate was discarded every 5-10 minutes. All tunditioned media were added to the
membrane and washed with 1-2 volumes of PBS. Winephenol red color of the media
had cleared, the media were centrifuged to conatnthe sample 10 fold compared with
the original media volume. The conditioned mediaemben collected in a siliconized

microfuge tube to eliminate any protein attachnerihe tube wall.
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Protein quantification of CM

The Coomassie dye binding assay was used to dmtectjuantify the total protein in
samples. The Thermo-Pierce protocol was used torperthis assay. Briefly, about 10
ml of the Coomassie protein assay reagent, whichdyge, was aliquoted into a 15 ml
conical tube. 490 pul of the dye was then addedréslgbeled microfuge tube for both
samples and the standards. 10 pl of PBS then whelad the first standard tube and 10
pl of each standard was also added to the resheofstandard tubes based on the
concentration respectively and mixed with the dyeecific amount of total protein was
calculated for each sample. 10 ul of each sampke adaled to the labeled microfuge
tube. The color of the solution in the tubes wasgared to the standards to assure the
sample was within the range of the standard cuftke color of any sample was darker
than the standards, they were diluted with the datved water. 225 pl of each sample
and standard were then added to each well of adbphate in duplicate. Finally, the
plate reader (BioTek, Synergy HT) was used to rb@dplate at 595 nm. The KC-4
program produced the standard curve based ondhdats and the mean concentrations

of the samples.

STATISTICAL ANALYSIS
Student t-tests was used to compare the HMVEC &l ¢ll proliferation induced by
VAT, SQA, and PPA tissue secretions at each ddseaddition, each of these groups

was compared between lean and obese tissues. Withitissue, a dose response of the
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samples was assessed by analysis of variance (ANCRA#xalue< 0.05 was considered

statistically significant.
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RESULTS

Concentrated adipose conditioned media (CM) did not induce proliferation of a
human normal endothélial cell lines.

Direct direct effect of secretions from adipossuss on PCa cells or endothelial
cells has not been well studied, therefore, touatal the pro-angiogenic effects of obese
adipose tissue on human normal endothelial celld,ta investigate if VAT has more of
a pro-proliferative effect on these cells as coragato SQA tissue, | first treated
HMVEC cells with either lean or obese concentratéd and SQA tissue CM at 1 — 50

pg/ml for five days and measured proliferation gsan MTT assay.

In my initial experiment, | tested 10 and 50 pgtothl protein. As seen in Figure 1a and
1c, not only did the samples not induce prolifenatiat the 50 pg/ml dose, the CM
slightly inhibited proliferation in both the wildpe and obese mice samples and in both
the SQA and visceral fat pad (VFP) tissue samplelk(B-value< 0.01). Therefore, |
reduced the concentration of the CM to 1 and 5 |ygind tested HMVEC proliferation
again as above. With these doses, again, no pflidepative activity was observed
(Figure 1b,d), and the obese SQA CM, at the 5 pgdose, slightly inhibited

proliferation (Figure 1b) (P-valu€0.003).



24

aE 0.10 Endothelial cells SQA C £ 0.10 Endothelial cells VFP
c
S 0.08{ - . Q 0.08 | e
3 I Negative Control b + ; ________ : ______ Jegative Contral
+ 0.06 | ® 0.06 = .
o ®
o 5]
£ 0.04 -  0.04
o] K]
G S
w 0.02 7]
0.02
Ne]
2 <
0.00
10 50 10 50 ngimi CMW 0.00 10 50 10 50 wgiml CM
Wildtype Obese Wildtype Obese
b 012
E Endothelial Cells SQA d 0.12 Endothelial Cells VFP
SO0 R pecos E0.10 1
% g —————— e = T ——a — == Negathe Cortrol
= 0.08 3 0.08
® ®
o 0.06 < 0.06
& o
a 0.04 2
§ E 0.04
2 0.02 E 0.02
0.00 4
1 5 1 5 ug/miCM < 0.00 1 5 1 B somic
Wildtype Obese Wildtype " Obese

Figure 1. Concentrated adipose tissue serum-free conditioned media (CM) did not induce
proliferation of human microvascular endothelial cells (HMVEC). Adipose tissue explant culture CM
were collected from (a,b) subcutaneous (SQA) ad)(ebdominal visceral fat pad (VFP) tissues from
wildtype or obese mice (n=3 per group) and coneg¢adr 10 fold. The concentrated CM were tested on
HMVEC at different dosages [50, 10 (a,c), 5 andb) pg/ml] for 5 days, then an MTT assay was
performed. In (a) WT SQA 50 pg/ml; +P-valged.01 vs. the negative control. In (b) obese SQ#ghnI;
*P-value < 0.003 vs. WT SQA 5 pg/ml. In (c) WT VFP 50 pg/riR-value< 0.001 vs. the negative
control. In (c) obese VFP 50 pg/ml; +P-valge0.004 vs. the negative control. In (d) there was n
significant result.

Unconcentrated visceral fat pad (VFP) conditioned media (CM) from lean mice
induced proliferation of human microvascular endothelial cells.
In the initial experiments, with concentrated CMJidl not observe any proliferation in

the HMVEC cells. While analyzing these results, difeerence that | noted between my
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study and the Venkatasubramanian study (Venkataswnian et al., 2014), was that
the authors used unconcentrated CM from the hundgpose tissue samples in that
study. Therefore, | tested the proliferation of HEWs using un-concentrated CM of
each adipose tissue type of lean (wildtype) micéhede different dosages, 30%, 50%,
and 100% CM. As shown in figure 2, the VFP from Wiice at 100% significantly
induced proliferation as compared to the negatoerol and to the SQA CM at 100%
(P-value < 0.001, n=5). At the lower doses of (B, 50%) and the 50% dose of SQA,
there was statistically significant inhibition oMYEC proliferation; SQA (Figure 2; P-
value< 0.001), VFP at the 30% dose (P-vaiu@.02), and VFP 50% (P-value0.001)
(Figure 2). We showed that wildtype VAT secretitiase the ability to induce HMVECs
at high dose when it is not concentrated, but atetodoses, appeared to inhibit the
proliferation. These data confirmed the effect aéceral adipose tissue on cell

proliferation.
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Figure 2. Unconcentrated visceral fat pad (VFP) conditioned media (CM) from lean mice induced
proliferation of human microvascular endothelial cells. HMVEC cells were treated with unconcentrated
VFP or subcutaneous adipose (SQA) tissue CM froldtygie or obese mice at different dosages (30%,
50%, and 100%; n=5 per group). An MTT assay wadopmed on day 5. There was a significant
proliferation from VFP 100% *P-value < 0.001 vs. AQ00% and the negative control. There was
significant inhibition from SQA 50%‘P-value< 0.001, VFP 30%?P-value< 0.02, and VFP 50%;P-
value< 0.001 vs. the negative control.

Unconcentrated subcutaneous adipose (SQA) tissue conditioned media (CM)
induced human PCa cell line, PC-3, proliferation cellsat 30% dilution but not at full
concentration.

As angiogenesis is just one mechanism of pro-tugearc activity of the adipose tissue
secretions, | also tested their effects on PC-3 €. | plated the PC-3 cells at
concentration of 16,000 cells/ well and treatedrthvéith the same VAT and SQA tissue
secretions as used previously on the HMVECs (3008 &nd 100%) for five days. |
assessed proliferation using an MTT assay as abWdidle most samples were analyzed
in duplication, for some samples, there was onigugh CM to run in in a single well.
However, a total of 5 mice were analyzed per gréigseen in figure 3, only SQA at the

30% dose induced PC-3 cell proliferation signifityaras compared to the negative
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control (Figure 3; P-valug 0.05). No other concentration in the SQA CM or afyhe
VFP samples had a significant effect (Figure 3).
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Figure 3. Unconcentrated subcutaneous adipose (SQA) tissue conditioned media (CM) induced
human PC-3 prostate cancer cell proliferation only at 30% dilution. The PC-3 cells were treated with
unconcentrated subcutaneous adipose (SQA) tissud-Br CM from wildtype (lean) mice at different
dosages (30%, 50%, and 100%; n=5 per group). An M3Jay was performed on day 5. Most samples
were run in duplicate; however, the CM from some&amihad only enough CM to run in a single well.
However, multiple mice were included in each grolipe significant proliferation was seen from SQA
30% *P-value <0.05 vs. the negative control.

Unconcentrated periprostatic adipose (PPA) tissue CM from lean mice induced
human prostate cancer cell line, PC-3 cells.

The previous study by Venkatasubramanian et al.e hdemonstrated that both
endothelial and PCa cell proliferation were sigrfitly induced when they were treated
with obese human PPA tissue secretions (Venkataswbrian et al., 2014). In mice, very
little PPA tissue can be obtained. However, basedthe discrepancy between my
analysis of VFP and the human study, | collected BRd compared it to the effects of

both SQA and the VFP tissue secretions. PC-3 eedie plated as above, and then
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treated with doses of 30%, 50%, and 100% CM isgpe secretions for five days. An
MTT proliferation assay was then performed. In thigeriment, when raw data were
analyzed only the SQA tissue CM at 30% induced Rs&iBproliferation significantly

(Figure 4; P-value < 0.04, n=2).
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Figure 4. Unconcentrated SQA tissue conditioned media from lean mice induced human prostate
cancer cell line, PC-3 cells at 30% concentration (4 months old mice, n=2 mice). The previous
experiment was repeated, the only significant caddeC-3 cells proliferation was SQA 30%; *P-vakie
0.04 vs. the negative control. Significant diffezes in proliferation of PC-3 cells were also obsdrfrom
SQA 30%; P-values 0.001 vs. VFP 30%. Also, SQA 30%; P-vaki®.01 vs. PPA 30%. The VFP 30%
was also significant as compared to the PPA 30%a(fe< 0.01).

PC-3 cellsweretreated with conditioned media from five more wildtype mice, but

no significant proliferation was seen.

The same experiment was repeated testing a laagaple size to achieve a more
accurate result. The PC-3 cells were plated aradeitlethe same way as mentioned above.

No significant induction was observed in PC-3 petlliferation after treating them with
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the three doses of each adipose tissue types. tdeless, inhibition was observed in PC-
3 cells treated with VFP 50% (Figure 5; P-vaiu6.04), PPA 50% and 100% (P-valge
0.02) as compared to the negative control (Figlure 5

Based on figure 4 and 5, despite the study by Viaskdbbramanian et al. my study did not
show any proliferation of PC-3 cells by any adiptissue type CM except SQA 30%. As
the amount of tissue collected between depots sjanigh PPA being the least amount of

tissue, | normalized the proliferation data pealtptrotein content in the CM samples.
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Figure 5. The same experiment was performed from different adipose tissues CM of 5 mice on PC-3
cells. The result indicated a significant Inhibition o€ cells from PPA 50%;tP-value < 0.02 vs. the
negative control. PPA 100%P-value <0.02 vs. the negative control. VFP 56%:value< 0.04 vs. the
negative control. Significant inhibition was alses from VFP 100%; P-valye0.05 vs. PPA 100%.
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The wildtype PPA unconcentrated conditioned media induced proliferation of
human PC-3 prostate cancer cells.

In order to determine the amount of total protentent in the CM samples, a Coomassie
dye binding assay was performed for all seven rie¢ we had tested their adipose
tissue secretions on PC-3 cells previously. The Mrdliferation assay data was then
normalized to total protein concentration of ea@mpgle and graphed. Significant
induction in PCa proliferation was observed via REM at all three doses of 30, 50, and
100%. This induction was more than two fold thahex SQA or VFP samples (Figure 6;

P-value < 0.001, n=7).
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Figure 6. Normalized results of unconcentrated conditioned media (CM) demonstrate that
periprostate adipose (PPA) tissues induced proliferation of human PC-3 prostate cancer cells. The
PC-3 cells were treated with unconcentrated aditissee CM from wildtype mice or obese mice (n=7 pe
group) at different dosages (30%, 50%, and 100%} fdays, then the MTT assay was performed. Total
protein concentration of each sample was obtaime@ oomassie dye binding assay. The MTT data was
normalized to total protein concentration for eaample and graphed. *P-value <0.001.

There were no significant differences between lipid catabolic rates of each adipose
tissue.

Free glycerol levels of SQA, VFP, and PPA tissue ©Mfive wildtype mice were
measured via a lipolysis assay. The glycerol value® then normalized to gram weight
of each adipose tissue sample. No differencespilyfiic rates were observed between

the adipose tissue depots (Figure 7).
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Figure 7. There were no significant differences between lipid catabolic rate of each adipose tissue.
Lipolysis, the rate of triglyceride breakdown, waeasured for each adipose tissue depot using a free
glycerol assay. The glycerol values were then iadiz®ed to gram weight of each adipose tissue sample
No significant differences in lipolytic rates weybserved between the tissue depots.



33

DISCUSSION

Several studies demonstrate that visceral obesitylinectly associated with
aggressive PCa (Kane et al., 2005; Mistry et &l072. Some proteins including; leptin,
IL-6, and TNFe are produced by adipose tissues, and higher amofititese substances
are produced with obesity (Fonseca-Alaniz et &8l072, when the size and number of the
adipocytes increases. Several studies have lif€d aggressiveness to the higher
production of these cytokines and hormones via el@spose tissues (Mistry et al.,
2007). Recent research has shown that increaselsndéisis of PPA tissue positively
correlates with PCa aggressiveness (Bhindi eR@ll2) and that the PPA secretes high
levels of IL-6 (Finley et al., 2009). In additioane study has shown that human PPA
secretions induce proliferation of both PCa cellad aof endothelial cells
(Venkatasubramanian et al., 2014). The goal ofgshudy was to determine if PPA tissue
secretions from a mouse model induce pro-prolifegatactivity in PCa cells and
microvascular endothelial cells as compared toatb@ominal visceral adipose tissue or

subcutaneous adipose tissue.

Specific Aim 1

To quantify the pro-proliferative activity of subdemeous (SQA) and visceral adipose

tissue (VAT) secretions on normal human endothebds.
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Working hypothesis: VAT will induce more proliferation as compared $A, and
tissues from obese mice will have increased pralifee activity as compared to lean
mice.

In my initial experiment, | treated normal humancrovascular endothelial cells with
either VAT or SQA tissue secretions. This experimesas performed for multiple
reasons. First, | needed to determine if mouse oadiptissue CM could induce
proliferation in human cells. Secondly, | speaflg wanted to determine if the
secretions from either tissue were pro-angiogeRntdly, | wanted to establish if this
angiogenic activity differed between adipose dep&@QA versus VAT secretions.
Lastly, | aimed to establish a dose range for dtsvity and subsequent experiments. In
the first experiment, concentrated CM (10-fold) waed. | tested a range of doses from
1 to 50 pg/ml of the CM. The result indicated ttie¢ doses of 10 and 50 pg/ml of the
CM actually inhibited HMVECT proliferation, rathénan induce it. The same experiment
was then performed using 1 and 5 pg/ml, and agjagme was no significant increase in
proliferation at these lower doses. These datanateconsistent with the study by
Venkatasubramanian et al study, which showed ®ist,from lean patients did induce
proliferation of HMVECs above that of basal med@ne difference between these
studies is that | used visceral fat pad secretwnige Venkatasubramanian et al. (2014)
specifically used PPA tissue, which is a subtyp®AT. Another difference is that they
used unconcentrated serum free CM in their studyusT it was possible that
concentrating the CM might affect the CM activity there maybe bioactive factors in
unconcentrated CM that are destroyed or weakenemhgdwoncentration or it may

concentrate an inhibitory factor.
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Therefore, in the next part of the study, | cokectadditional samples and assessed
HMVEC proliferation using unconcentrated CM. Eachl @/as used undiluted (100%
dose) or diluted with basal media to achieve theedmf 30% or 50% dilutions to obtain
a dose response. In contrast to the first parthef dtudy, a significant induction of
proliferation was seen in the undiluted (100%) VA@&cretions. This observation is
consistent with that of Venkatasubramanian et2814), and it supports the hypothesis
that visceral adipose tissue secretions are moceampgiogenic than SQA tissue
secretions. This increased pro-angiogenic activitgy be due to differences in the
expression level of adipokines in these differetipase depots (Greenberg and obin,
2006). For example the expression level of IL-Gigher from VAT than SQA tissue
(Gustafson, 2010), and IL-6 is an established mgiemenic factor (Lazar-Molnar et al.,
2000 and Wani et al., 2011). Thus, based on myreasens and the results of reported
studies, it is possible that the increased angicgantivity | observed in the VAT
samples is due to the high levels of IL-6 produbgdhis tissue. Future studies will be
needed to specifically test this hypothesis. Initamitl future studies should also compare
tissues from lean versus obese mouse models tonde&eif VAT tissues from obese
mice are more pro-angiogenic as compared to leansendissues, as was shown for

human tissues (Venkatasubramanian et al. 2014).

Specific Aim 2
To measure the pro-proliferative activity of VATABQA and PPA tissue secretions on

PC-3 PCa cells.
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Working hypothesis: PPA tissue induces more proliferation as compavetdt of other

adipose depots tested.

In the next part of the study, | treated human PREa cells with the unconcentrated
SQA tissue and VAT CM collected above. In thigialiassay, CM of SQA tissue at the
30% dilution enhanced the proliferation of PC-3lxdignificantly as compared to
untreated cells. This was also significant as coegpdo the CM of VAT at the 30%
dilution. However, the VAT secretions did not imguPC-3 cell proliferation as
expected. | expected this result based on the taglthramian et al. study where human
VAT induced PC-3 cell proliferation (Venkatasubramiet al., 2014). However, in the
Venkatasubramian et al. study, the authors spatiifitested PPA tissue as the visceral
adipose tissue source (Venkatasubramian et al4)204 my initial study, | used the
visceral fat pad as the visceral adipose tissueceoirhus, | hypothesized that the locale

that the visceral adipose tissue was taken way &kéor in activity level.

Although it is difficult to collect PPA from mice&nd very little tissue can be obtained, to
determine if PPA tissue is distinct from the abdwahiVAT, | collected PPA, VAT, and
SQA tissue from additional mice. | treated PC-3aR€lls with unconcentrated SQA,
VAT, and PPA tissue CM collected from five micetlatee doses, 30%, 50%, and 100%.
The raw data showed no increase in proliferatioer dlvat of the basal media, and in fact
showed a decrease in cell number with the PPAeBens as compared to the negative
control. This was not consistent with the publéhstudy on human tissues

(Venkatasubramian et al, 2014). However, | alsaedothat in this study, they



37

normalized the pro-proliferative activity. Theredpit seemed appropriate to normalize
the data in my study to provide a more precise me@hicomparison between the tissues.
Therefore, | normalized the proliferation data fmeal protein content in the CM samples
per gram weight of tissue, both standard measweshich data are normalized. The
graphed normalized data revealed that, per pug potakin, the PPA tissues secretions
induced higher cell numbers as compared to the WATSQA tissue secretions. This
proliferation from PPA tissue was more than twodfdligher as compared to other
adipose depots. These data are consistent wittidhkatasubramanian et al. study which
showed that CM from PPA from lean PCa patients ¢eduproliferation of PC-3 cells

(Venkatasubramanian et al., 2014).

My study is the first to confirm the Venkatasubramfindings in a mouse model. While
these data show that PPA tissue secretions suggod-proliferative microenvironment,
they do not delineate a mechanism of this actiitya study by Finely et al., the authors
showed that the PPA tissue produced high leveld-6f and this level correlated with
high tumor grade (Finely et al., 2009). MoreoveibdRio et al. indicated that PCa
provides a favorable microenvironment for PPA tissa become metabolically more
active. This cellular crosstalk between tumor cefid the PPA tissue cells stimulates and
increases the secretion level of some adipokines) as IL-6 and TN which lead to
PCa aggressiveness (Ribeiro et al., 2012). In anctiudy, the level of pro-MMP-9 was
reported to be higher in PPA tissue sample from p&&nts as compared to that of

benign prostate hyperplasia (Sacca et al.,, 201&ad, increased MMP-9 has been
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implicated in PCa metastasis (Johnson et al., 201®refore, these characteristics of the

PPA tissue may explain the results of my experisient

Another mechanism that could be involved in tumergpession is increased fatty acid
availability. Obese adipose tissue is known to etechigher levels of fatty acids (de
Ferranti and Mozaffarian, 2008). For example, dleddevel of IL-6 was shown to
induce lipolysis in VAT, which increases the rekeas FFA (Pradhan et al., 2001).
Higher production of FFA is directly associatedhwiisulin resistance (Boden G, 2011).
Insulin is a key regulator of growth (Hsu et alQ0Z); therefore, a higher amount of
insulin due to insulin resistance could increasea R€ll proliferation. Moreover, high
level of insulin can lead to activation of somewgtio hormones, including insulin-like
growth factor (IGF) (Friedrich et al., 2012). IG& known to have a mitogenic effect
(Frasca et al., 1999; Hsu et al., 2007). Hencesetloellular mechanisms could enhance
proliferation of some cancer cells. For examplegpitemiologic study by Manousos et
al. demonstrated that there is direct link betwsemum IGF-1 and IGF-1l and colorectal
cancer (Manousos et al., 1999). The IGF-I can atmpease the level of vascular
endothelial growth factor (VEGF) which leads to iaggnesis (Fukuda et al., 2002;
Stearns et al., 2005). Thus, increased levels &ffiéim the PPA could contribute to PCa

progression.

Therefore, in the last part of my research, | messuhe lipolytic activity of each
adipose tissue depot. The lipolysis assay was peei® as a measure of the level of FFA

produced from triglycerides by each adipose tiggpe. Since in a human subjects study
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the rate of lipolysis was reported to be higheWArTl than SQA tissue (Jensen, 2006), |
expected to observe a higher lipolytic activity nfrathe VAT and PPA tissues as
compared to the SQA tissues. However, no significdifferences were observed
between the mean value of the SQA, VAT, and PPué's lipolytic activity. One likely
explanation for this difference might be relatedtihe nature of the models. Smaller
amount of adipose tissue can be collected from rhie@ human. Jensen used human

subjects, while | used mouse tissues.
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CONCLUSION

The role of secretions from three adipose tisspedyincluding SQA, VAT, and
PPA were compared for pro-proliferative activity bnman PCa cell line PC-3. It was
hypothesized that secretions from VAT, and PPAugssa subtype of VAT, have a
promoting effect on PCa progression as comparetthab of abdominal VAT or SQA
tissue secretions. For the first specific aim, affect of abdominal VAT and SQA tissue
secretions from lean mice on HMVEC was tested. ptadiferation result from these
samples at different concentrations did not indicahy significant proliferation of
HMVECs. However, unconcentrated CM from the VATtla¢ 100% dose significantly

induced HMVEC proliferation.

Specific aim 2 was focused on pro-proliferativenaist of SQA, VAT, and PPA tissue

secretions on PC-3 cells. The normalized proliferatiata showed that the PPA tissue
secretions at all three doses produced highenaetibers, two-fold higher, as compared
to the SQA and VAT secretions. Finally the lipadyactivity of SQA, VAT, and PPA

tissue was measured, but no significant differemas seen between the FFA levels of
these three adipose depots. In summary, my datposied my hypothesis that PPA
tissue from a mouse model had similar charactesist that taken from human tissues in

that it induced pro-proliferative activity of PCalls.
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