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Abstract

Prostate cancer (PCa) is the second leading cause of cancer-related deaths
in the United States and the most frequently diagnosed among men. Inflammation
and the Phosphatidylinositol 3-kinase (PI13K) signaling pathway have been linked
to PCa development. Macrophage inflammatory protein-1@ (CCL4) and Interleukin
15 (IL-15) are inflammatory chemokines. that were differentially expressed in
patients with PCa recurrence. Given that chemokines are important regulators of
inflammation and that the PI3K signaling pathway is considered one of the major
drivers of PCa growth, we hypothesized that CCL4 and IL-15 play important roles
in the modulation of genes related to prostate cancer progression and metastasis
in the PI3K Signaling Pathway. To test our hypothesis, we used an orthotopic
xenograft model in which SCID mice were injected with 250,000 22RV1 (androgen-
dependent) cells in the anterior.prostate lobes. CCL4 or IL-15 were administered
bi-weekly, at 0.0013ng/mL or 0.1ng/mL, with intraperitoneal injections during four
weeks. Tumor tissue was collected and RNA was extracted. To analyze
differentially expressed genes related to cancer metastasis and the human PI3K
signaling pathway, we used Qiagen RT? Profiler PCR Arrays. Differentially
expressed genes were confirmed using Real Time Polymerase Chain Reaction.
Our results indicate that BRMS1, CXCR2, ITGA7, FOS, PRKCA, PI3Ka, and AKT1
mRNA expression is differentially expressed (p<0.05) in prostate cancer tumors
treated with CCL4 when compared to the control. Furthermore, AKTS3, CCND(1,

CD14, FASLG, IGF1, IRS1, MMP2, MMP9, and PTEN mRNA expression is

vi



differentially expressed (p<0.05) in prostate cancer tumors treated with IL-15 when
compared to the control. These results support the hypothesis that CCL4 and IL-
15 modulate gene expression patterns related to the PI3K signaling pathway in
prostate cancer tumors. Furthermore, the determination of these differentially
expressed genes can help elucidate the mechanisms underlying prostate cancer

progression in tumors treated with CCL4 or IL-15.
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Figure 1. mRNA expression of CCRS5. CCRS mRNA expression was not
significantly modulated by CCL4 as confirmed through real time PCR. Real time
PCR quantification was done using the AACT method. Values were normalized to

GAPDH and relative to the control:Mean + SEM (*P<0.05). n =5 tumors per group.
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Figure 2. Volcano Plot for CCL4 Tumor Metastasis Array. Volcano plot was
obtained from the MS Excel based tool provided by Qiagen (see methods). The
black line indicates a fold-change in gene'expression of 1. The pink lines indicate

the desired fold-change in gene expression threshold, 2. The blue line indicates

the desired threshold for the p value of thet-test, 0.05.

Table 1: Results for CCL4 Tumor Metastasis Array.
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Figure 3. mRNA expression of differentially expressed genes in the Tumor
Metastasis Array. A. Quantitative real time PCR revealed BRMS mRNA
expression to be induced by CCL4 at a concentration of 0.001 ng/mL. B. mRNA
expression of genes that were differentially expressed in the Tumor Metastasis
Array but not significantly modulated by CCL4 when confirmed through quantitative
real time PCR. Real time PCR quantification was done using the AACT method.
Values were normalized to GAPDH. and_relative to the control, Mean + SEM

(*P<0.05). n = 5 tumors per group.
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Figure 4. Volcano Plot for the CCL4 PI3-Kinase Array. Volcano plot was
obtained from the MS Excel based tool provided by Qiagen (see methods). The
black line indicates a fold-change in gene expression of 1. The pink lines indicate
the desired fold-change in gene expression threshold, 2. The blue line indicates

the desired threshold for the p value of the t-test, 0.05.
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Table 2: Results for CCL4 PI3-Kinase Array.
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Figure 5. mRNA expression of differentially expressed genes in the PI3-
Kinase Array. A. Quantitative real time PCR revealed FOS mRNA expression to
be induced by CCL4 at concentrations of 0.001 and 0.1 ng/mL. B. Quantitative real
time PCR revealed PRKCA mRNA expression to be induced by CCL4 at a
concentration of 0.001 ng/mL. C. mRNA expression of genes that were
differentially expressed in the P13-Kinase Array but not significantly modulated by

CCL4 when confirmed through quantitative real time PCR. Real time PCR
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quantification was done using the AACT method. Values were normalized to

GAPDH and relative to the control, Mean + SEM (*P<0.05). n = 5 tumors per group.

Figure 6:
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Figure 6. mRNA expression of genes upstream in the PI3-Kinase signaling
pathway. A. Quantitative realtime PCR revealed PI3K alpha mRNA expression to
be induced by CCL4 at a concentration of 0.001 ng/mL. B. Quantitative real time
PCR revealed AKT1 mRNA expression to be induced by CCL4 at a concentration
of 0.001 ng/mL. C. Several genes upstream in the PI3-Kinase signaling pathway
whose mRNA expression was not significantly modulated by CCL4 as confirmed

through real time PCR. Real time PCR quantification was done using the AACT
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method. Values were no

rmalized to GAPDH and relative to the control, Mean +

SEM (*P<0.05). n = 5 tumors per group.
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Figure 7. mRNA expression of IL-16 and its receptor, IL-15R alpha. IL-15 nor
IL-15R-alpha mRNA expression was significantly modulated by CCL4 as
confirmed through real time PCR. Real time PCR quantification was done using
the AACT method. Values were normalized to GAPDH and relative to the control,

Mean + SEM (*P<0.05). n = 5 tumors per group.

Table 3. Differentially expressed genes in prostate cancer tumors treated

with CCL4 0.001 ng/mL
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Fold P Value

Description
Change

Gene Bank Gene

Accession Symbol
Number

~ NM 005252 2 FOS  FBJmurne 1608 = 0027

 osteosarcomaviral

NV 006218  PISKA  Phosphatidylnosito- 1614 0009
4 5-bisphosphate 3-
kinase, alpha
'NM_001014431.1 AKT'l Sie 'V"-‘:a’k‘tf;rijurin‘é;'thqur"n‘a ,;.,gj*z.\ssz 0045
| NM;ooi‘737’"' ' PRKCAProtein kinase'C, alpha. 1342 0013

Table 4. Differentially expressed genes in prostate cancer tumors treated

with CCL4 0.1 ng/mL
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Gene Bank
Accession
Number

Gene Description Fold P Value
Symbol Change

o NM__015399§:‘1

NM_005252

BRMS1  Breast cancer metastasis 1775  0.038

. suppressor'l

"ros  FBJmutne 1705 0016

osteosarcoma viral

oncogene homolog.

Figure 8:
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CCL4 Signaling in Prostate Cancer
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Figure 8. Summary of CCL4 signaling in prostate‘cancer.

Figure 9:
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Figure 9. Volcano Plot for the IL-15 PI3-Kinase Array. Volcano plot was
obtained from the MS Excel based tool provided by Qiagen (see methods). The
black line indicates a fold-change in gene expression of 1. The pink lines indicate
the desired fold-change in gené expression threshold, 2. The blue line indicates

the desired threshold for the p value of the t-test, 0.05.

Table 5: Results for IL-15 PI3-Kinase Array.
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Figure 10. mRNA expression of differentially expressed genes in the PI3-

Kinase Array. A. Quantitative real time PCR revealed AKT3 mRNA expression to

be induced by IL-15 at a concentration of 0.001 ng/mL. B. Quantitative real time

PCR revealed CCND1 mRNA expression to be induced by IL-15 ata concentration

of 0.1 ng/mL. C. Quantitative real time PCR revealed CD14 mRNA expression to
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be induced by IL-15 at a concentration of 0.1 ng/mL. D. Quantitative real time PCR
revealed FASLG mRNA expression to be induced by IL-15 at a concentration of
0.1 ng/mL. E. Quantitative real time PCR revealed IGF1 mRNA expression to be
induced by IL-15 at a concentration of 0.1 ng/mL. F. Quantitative real time PCR
revealed IRS1 mRNA expression to be induced by IL-15 at a concentration of 0.1
ng/mL. G. Quantitative real time PCR revealed PTEN mRNA expression to be
induced by IL-15 at a concentration of 0.001 ng/mL. H. mRNA expression of genes
that were differentially expressed in the PI3-Kinase Array but not significantly
modulated by IL-15 when confirmed through quantitative real time PCR. Real time
PCR quantification was done using the AACT method. Values were normalized to

GAPDH and relative to the control, Mean + SEM (*P<0.05). n = 5 tumors per group.
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Figure 11:
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Figure 11. mRNA expression of genes modulated by IL-15 and related to
cancer metastasis. A. Quantitative real time PCR revealed MMP2 mRNA
expression to be induced by IL-15ata concentration of 0.1 ng/mL. B. Quantitative
real time PCR revealed MMP9 mRNA expression to be induced by IL-15 at a
concentration of 0.1 ng/mL. C. mRNA expression of genes that were not
significantly modulated by IL-15 when confirmed through quantitative real time
PCR. Real time PCR quantification was done using the AACT method. Values
were normalized to GAPDH and relative to the control, Mean + SEM (*P<0.05). n

= 5 tumors per group.
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Table 6. Differentially expressed genes in prostate cancer tumors treated

with IL-15 0.001 ng/mL

Gene Bank Gene Description Fold P Value
Accession Symbol Change

Number

TNM_001206729.1  AKT3 ~ Vakimurine .3;;‘7_17;‘ ~<0.0001

thymoma v1ral

. o , oncogene homologB
NM_0003146 | PTEN Phosphatase and 1845' N 00002

tensin homolog
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Table 7. Differentially expressed genes in prostate cancer tumors treated

with IL-15 0.1 ng/mL

Gene Bank Gene
Accession Symbol

Number

Description

Fold

Change

P Value

" NW_053056.2 _'CONDARines
NM 0005913  CD14

| NM_000639.2  FASLG

'NM_000618.4  IGF1

“NM 005544 2 ~1’Rs‘1

NM_001127891. 2 MMP2

NM_004994:2 MMPQI

Cychn D1 _
CD14 molecu|e
Fas hgand

Insuhn ||ke growth factor 1

Matrlx metallopeptldase 2

Matrix yme'tauobepti"d ase9

15832
3.1926

Y o

2.2837

Insulm receptor substrate 1; ,;];“‘}2,,5636’,’ -
31793

b 0202

- 00222 |

0.0027

00176

' 0.0049

0005
0.0053

0.0043
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Figure 12:

IL-15 Signaling in Prostate Cancer
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Figure 12. Summary of IL-15 signaling in prostate cancer.
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List of abbreviations:

ACSL3- Acyl-CoA synthetase long-chain family member 3

ADAR- Adenosine deaminase, RNA-specific

AKT1- V-akt murine thymoma viral oncogene homolog 1

AKT2- V-akt murine thymoma viral oncogene homolog 2

AKT3- V-akt murine thymoma viral oncogene homolog 3

APC- Adenomatosis polyposis coli

BAD- BCL2 associated agonist of cell death

BRMS1- Breast cancer metastasis suppressor 1

BTK- Bruton agammaglobulinemia tyrosine kinase

CASP9- Caspase 9

CCL- CC-chemokine ligand

CCL3- Macrophage inflammatory protein-1a, also known as C-C motif

chemokine ligand 3 (See MIFa)

CCL4- Macrophage inflammatory protein-1B, also known as C-C motif

chemokine ligand 4 (See MIPp)

CCL7- C-C motif chemokine ligand 7
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CCND1- Cyclin D1

CCR5- CC-chemokine receptor 5

CD14- CD14 molecule

CD44- CD44 molecule

CD82- CD82 molecule

CDC42- Cell division cycle 42

CDH1- Cadherin 1

CDH6- Cadherin 6

CDH11- Cadherin 11

CDKN1B- Cyclin=dependent kinase inhibitor 1B

CDKN2A- cyclin-dependent kinase inhibitor 2A

¢DNA- Complementary DNA (see DNA)

CHD4- Chromodomain helicase DNA binding protein 4

CHUK- Conserved helix-loop-helix ubiquitous kinase

COL4A2- Collagen, type IV, alpha 2

CPT2- Carnitine palmitoyltransferase 2

CSNK2A1- Casein kinase 2 alpha 1
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CST7- Cystatin F

CTBP1- C-terminal binding protein 1

CTNNAA1- Catenin alpha 1

CTNNB1- Catenin beta 1

CTR9- CTR9 homolog, Paf1/RNA polymerase Il complex component

CTSK- Cathepsin K

CTSL- Cathepsin L

CXCL12- C-X-C motif chemokine ligand 12

CXCR2- C-X-C motif chemokine receptor 2

CXCR4- C-X-C motif chemokine receptor 4

DENR- Density-regulated protein

DNA- Deoxyribonucleic acid

DTX1- Deitex 1

EIF2AK2- Eukaryotic translation initiation factor 2 alpha kinase 2

EIF4B- Eukaryotic translation initiation factor 4B

EIF4E- Eukaryotic translation initiation factor 4E
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EIF4EBP1- Eukaryotic translation initiation factor 4E binding protein 1
EIF4G1- Eukaryotic translation initiation factor 4 gamma 1
ELK1- ELK1, ETS transcription factor

EPHB2- Eph receptor B2

ETV4- Ets variant 4

EWSR1- EWS RNA binding protein 1

FABP4- Fatty acid binding protein 4

FASLG- Fas ligand

FAT1- FAT atypical cadherin 1

FGFR4- Fibroblast growth factor receptor 4

FKBP1A- FK506 binding protein 1A

FLT4- Fms related tyrosine kinase 4

FN1- Fibronectin 1

FOS- FBJ osteosarcoma oncogene

FOXO1- Forkhead box O1

FOXO3- Forkhead box O3

FXYD5- FXYD domain containing ion transport regulator 5
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GATAS3- GATA binding protein 3

GJA1- Gap junction protein, alpha 1

GNRH1- Gonadotropin releasing hormone 1

GOT2- Glutamic-oxaloacetic transaminase 2
GRB2- Growth factor receptor bound protein 2
GRB10- Growth factor receptor bound protein 10
GSk3B- Glycogen synthase kinase 3 beta

HGF- Hepatocyte growth factor

HPSE- Heparanase

HRAS- Harvey rat sarcoma viral oncogene homolog
HSPB1- Heat shock protein family B (small) member 1
HTATIP2- HIV-1 Tat interactive protein 2

IGF1- Insulin like growth factor 1
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Introduction

Chapter 1: Cancer, an Enduring Problem Worldwide

Cancer, a disease characterized by uncontrolled cell growth and abnormal
spread of cells, is an ongoing problem that currently affects millions of people on
a global scale. According to the American. Cancer Society (2015), around 14.1
million new cancer cases occurred in 2012 worldwide. That same year,
approximately 8.2 million people in the world died of cancer. Also, In the United
States alone, 1,665,540 new cancer cases were diagnosed in 2012. The cancer
deaths in the United States that year were 585,720. The American Cancer Society
estimates that approximately 1,658,370 new cancer cases will be diagnosed in the
United States in 2015. Also, around 589,430 Americans are expected to die of
cancer in 2015; that numberiequals the death’of 1,620 individuals per day.
Accounting for approximately 1 of every 4 deaths in the United States and
representing the second leading cause of death in the same nation, cancer is an
unremitting nuisance. Now, more than ever, cancer research is an imperative
endeavor that must be conducted to better understand the molecular biology
behind the disease. A better understanding of the mechanisms behind cancer can
later on be translated to new treatments that will be aimed at improving the quality

of life of the millions of patients that suffer from the disease.

According to the National Cancer Institute (2015), the most frequently

diagnosed cancers in the United States include: bladder cancer, breast cancer,
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colon and rectal cancer, endometrial cancer, kidney cancer, leukemia, lung cancer,
melanoma, non-Hodgkin lymphoma, pancreatic cancer, prostate cancer, and
thyroid cancer. This list excludes non-melanoma skin cancers. The National
Cancer Institute (2015) also sates that the most common type of cancer in the

United States is breast cancer, followed by prostate or lung cancer.

Chapter 2: Biology and Hallmarks of Cancer

Most cancers start with a single cell that undergoes a series of mutations.
Alberts (2015) reports that as the cell divides, additional hereditable changes
accumulate, eventually leading to the development of a primary tumor that
emerges in a particular organ. Since most cancers have features that mirror their
origins, cancers derived from different cell types are considered distinctive
diseases. As a result; Alberts (2015) states that cancers are classified based on
the tissue and cell type from which they develop. He explains that a tumor is
considered benign if its celistare not invasive, but once tumor cells invade
neighboring tissue, a tumor will be considered malignant and a true cancer. The
more a tumor undergoes metastasis and spreads to other parts of the body, the

harder it is to eliminate the cancer and the greater the risk of death for the patient.

Unlike normal cells, cancer cells are immortal: they can be defined by their
enhanced ability to reproduce without limits (Hanahan and Weinberg, 2000,

Hayflick, 1997; Wright et al., 1989). As cancer cells reproduce, they avoid cellular



signals that control cell growth and replication, migrate to, and occupy areas that
are normally inhabited by other éelis (Alberts, 2015). Hanahan and Weinberg
(2011) comment on six common hallmarks that facilitate the growth and metastatic
progression of tumors: the ability of cancer cells to maintain proliferative signaling,
to avoid growth suppressors, to resist cell death, to replicate perpetually, to induce
the formation of new blood vessels, and to activate invasion and metastasis.
Inflammation promotes the hallmark functions described above and genome
instability creates genetic multiplicity in cancer, they say. These features provide

solid groundwork for the study and comprehension of cancer biology.

Chapter 3: Possible Causes Underlie Cancer Development

Cancers are complex and variable: they do not have a single, attributable
cause. Instead, the American Cancer Society (2015) states that internal factors,
such as inherited genetic mutations, hormones, and immune conditions, and
external factors, such as unhealthy diets; infectious organisms, and tobacco, may
act in parallel or in sequence to cause cancer. De Marzo et al. (2007) say that
chronic inflammation has also been related to the development of different human
cancers; many of them associated with environmental contact and/or infective
agents. Additionally, both the innate and adaptive immune systems are involved in
the pathogenesis of cancers associated with inflammation. The connection
between inflammation and a favorable immune response is important to

understand its role in treating prostate cancer, the focus of this study.



Chapter 4: Inflammatory Responses Mediated by the Immune System have

a Key Role in Cancer Development

An introduction to immunology and the immune cells is vital to have a clear
understanding of the role of the immune system in cancer development. In this
chapter, | will first give an introduction to immunology as previously reviewed by
Silverthorn, Murphy, and Kennedy (Silverthorn et al., 2013: Murphy et al., 2012;
Kennedy, 2010) in order to subsequently explain the role of inflammation in cancer

development.

Part A: Introduction to Immunology

Immunology is the study of the immune system, our biological machinery
for identifying and eliminating pathogens. Anatomically, the immune system has
two main constituents: the lymphoid tissues and immune cells. The lymphoid
tissues can be further subdivided into primary or secondary tissues; the former
includes the thymus and bone marrow where immune cells form and mature, and
the latter includes the lymph nodes and spleen, among other components, where
mature naive immune cells are kept and adaptive immune responses commenced.

The innate immune response is the first line of defense against a broad range of



pathogens, while the adaptive immune response mediates specific immune
responses.

Leukocytes, or white blood cells, are immune cells that are derived from the
bone marrow and mediate both innate and adaptive immune responses. The
hematopoietic stem cells in the bone marrow give rise to the lymphoid and myeloid
cell lineages, among other components of blood. The myeloid lineage gives rise to
the majority of the celiswify,the innate immune response: dendritic cells,
granulocytes, mast cells, neutrophils, eosinophils, basophils, and macrophages.
The lymphoid lineage, on the other hand, gives rise to the natural killer (NK) cells
of the innate response and the white blood cells of the adaptive response, B cells
and T cells.

As previously mentioned, the innate immunity is composed of a group of
cells with diverse functions. Both basophils and mast cells contribute to
inflammation by releasing chemicals that mediate allergic and inflammatory
responses. Neutrophils, the most abundant white blood cells, are phagocytic cells
that ingest and destroy pathogens. They also secrete cytokines and chemicals that
mediate inflammatory responses:'Eosinophils are immune cells whose primary
function is to destroy invaders, predominantly parasites that have been coated by
antibodies. They can also participate in allergic reactions by discharging toxic
enzymes and other substances. Monocytes, on the other hand, are the precursors
of macrophages, scavenger phagocytic cells that can ingest and destroy
pathogens. Because of their role as antigen-presenting cells, macrophages are

also important in the development of an acquired immunity. Dendritic cells are



immune cells whose primary function is to identify pathogens and activate other
immune cells by presenting antigens. They act as a link between innate and
adaptive responses, as antigen binding contributes to the activation of
lymphocytes. Finally, NK cells are components of the adaptive response because
they lack antigen-specific receptors, even though they are derived from the
lymphoid lineage. These cells are cytotoxic, as they release lytic granules that can
kill virus-infested cells. NK-cells.also have important roles defending cells against
intracellular pathogens by killing infected or cancerous cells and secreting
cytokines such as interferons and tumor necrosis factor alpha (TNFa).

Lymphocytes are key components of the adaptive immune response due to
the fact that they are the only immune cells that have specificity and create
immunological memory (Kennedy, 2010). B and T cells generate a wide variety of
receptors with different specificities by several molecular processes. One of those
processes, called gene rearrangement, occurs in antigen receptors during
lymphocyte development.

Lymphocytes can be further subdivided into B cells and T cells according to
their functions and surface markers. B lymphocytes develop and mature in the
bone marrow. After encountering antigens, they can differentiate into plasma cells,
whose effector functions include secreting antibodies, and memory cells, that are
long-lived cells that create immunological memory. B cells can also act as antigen-
presenting cells for T cells. T cells, on the other hand, develop in the thymus. They
can only identify antigens when bound to self-MHC molecules and can be mainly

subdivided into CD4* Tw and CD8* T¢ cells. CD4* Tw cells express CD4 in their



membrane and are also known as helper T cells because they mediate specific
responses through the excretion of cytokines, immunological messengers, and the
expression of molecules in their surfaces. CD4* Th cells can activate infected
macrophages and T cells. Another subset of T cells, the CD8* Tc cells, are also
known as cytotoxic T cells because they induce apoptosis in infected cells. Finally,
vd T cells only comprise 1-5% of T cells and have CD3 expressed in their
membrane, instead of CD4 or CD8. They have regulatory and cytotoxic functions
and are involved in the primary immune response because they can recognize
antigens without the need of MHC molecules. yd T cells can recognize antigens
that are not proteins and secrete cytokines that promote inflammation (Wu et al.,

2014).

Part B: Inflammation

As alluded in the previous part of this chapter, cytokines are cell-signaling
proteins that facilitate cellular communication during immune responses by
disturbing the behavior of othercells that have.the appropriate receptors (Mandal,
2013; Murphy et al., 2012). According to Wong and Fish (2003), inflammatory
chemokines are a small family of structurally related cytokines that act primarily as
chemotactic and immunoregulatory molecules. Additionally, they can recruit and
activate lymphocytes into inflamed tissue (Karp, 2013). Both cytokines and
chemokines are critical in immune responses, as they initiate the process of

inflammation after being secreted by activated macrophages. Inflammation can be



beneficial to the organism, as it helps recruit proteins and cells into the target tissue
to combat pathogens. Furthermore, inflammation facilitates the activation of
lymphocytes that can initiate adaptive responses. Following tissue damage or
infection and the release of cytokines and chemokines, vasoactive and
chemotactic factors are released (Kennedy, 2010). This leads to increased
vascular permeability and vasodilation, which causes the characteristic redness,
swelling, and heat of inflammation. Furthermore, inflammatory cells are able to
migrate into the tissue, where they release inflammatory mediators that cause pain

(Murphy et al., 2012).

Part C: Inflammation in Cancer Development

Inflammation has been linked to prostate cancer development. As part of
the inflammatory process, activated phagocytic cells of the innate immune system
release extremely reactive chemical compounds. As a result, DNA in epithelial
cells can be damaged and reactive chemical compounds can initiate a free-radical
chain response by reacting with ‘other compoenents of the cell (De Marzo et al.,
2007). Inécio Pinto et al. (2015) also mention other bioactive molecules that are
part of the pro-inflammatory environment and increase the risk of cancer:
cytokines, growth factors, and chemokines. They state that, in conjunction, these
bioactive molecules maintain cancer cell proliferation rate, inhibit apoptosis,
stimulate angiogenesis, and stimulate the production of enzymes that modify the

extracellular matrix; ultimately promoting epitheliai-mesenchymal transition. De



Marzo et al. (2007) state that a disturbance in the regulation of cytokine production
can cause augmented inflammation and cancer. Furthermore, McCarron et al.
(2002) have found that single nucleotide polymorphisms that are associated with
increased cytokine production are also associated with the development of cancer

through the regulation of the tumor angiogenesis pathway.

Chépter 5: Prostate Cancer

With approximately 27,540 deaths in 2015 (American Cancer Society,
2015), prostate cancer represents the second leading cause of cancer-related
deaths in the United States and the most frequently diagnosed among men.
Currently, prostate cancer affects approximately 1 in 6 American men in the United
States (Jeong et al., 2011). The American Cancer Society (2015) approximates
that 220,800 new prostate cancer cases will be diagnosed in the US in 2015.
Statistics have shown a decrease in prostate cancer death rates over the last two
decades in men of all races dueto the increased usage of the prostate-specific
antigen (PSA) blood test for screening (American Cancer Society, 2015).
Nevertheless, the incidence of prostate cancer is estimated to increase as a result
of the ageing baby boomer population (Sfanos and De Marzo, 2012).

On a molecular level, prostate cancer advances through the collection of
both somatic and epigenetic changes in the cells’ genomes. These changes lead

to the inactivation of tumor-suppressor genes and activation of oncogenes (De



Marzo et al., 2007), which ultimately result in aberrant cell division, progression of
tumors, and cancer metastasis. In its early stages, prostate cancer usually shows
no symptoms. The American Cancer Society (2015) affirms that advancement of
the disease brings problems such as: disturbed urine flow, incapacity or difficulties
urinating and stopping urine flow, urge to urinate recurrently, pain while urinating,
and blood in the urine. It also states that prostate cancer undergoes metastasis
and spreads to the bones in its advanced stages.

Established prostate cancer risk factors include: diets high in processed
meats, dairy foods, obesity, smoking, and toxic combustion products. Additionally,
several factors have been attributed to the development of prostate cancer,
including: chronic  prostatic inflammation, increasing age, genetics, and
environmental exposures (Sfanos and De Marzo, 2012; Sfanos et al., 2013; De
Marzo et al., 2007). The cause of prostate cancer development has also been
associated with infections, dietary habits, urine reflux, corpora amylacea (Jeong et

al., 2011), and hormonal changes (Sfanosand De Marzo, 2012).

Chapter 6: The Tumor Microenvironment, Inflammation, and Prostate

Cancer

The tumor microenvironment - which is composed of immune cells,
fibroblasts, blood vessels, mesenchymal stem cells, fat cells, and other factors
such as cytokines, chemokines, and extracellular matrices (Shiao et al., 2016) -

undergoes complex changes as tumors progress. In the past years, several

10



studies and reviews have stressed the importance of the tumor microenvironment
in prostate cancer pathogenesis and advancement (De Marzo et al., 2007,
Taverna et al., 2015; Shiao et al., 2016). In prostate cancer development,
alterations in the epithelium cause transformations in the cell types present in the
stroma, a supportive network that is mainly comprised of connective tissue
(Hagglof and Bergh, 2012). In fact, the stroma has been considered a vital
regulator of prostate malignancy,.as changes in it also lead to accretion and
alteration of tissue extracellular matrices, which results in the secretion of
inflammatory cytokines and chemokines in response to the injured tissue (Shiao
et al., 2016). Although in normal conditions an inflammatory response helps
regenerate the damaged tissue, in cancer, the interaction between the
microenvironment, tumor cells, and stroma generates an inflammatory response
that has adverse effects. Epidemiological, histopathological, and molecular
pathological studies serve as emerging evidence of the essential role of
inflammation in the development and progression of prostate cancer (Blum et al.,
2008). Shiao et al. (2016) state that both inflammation and stromal activation are
cancer-promoting processes_that co-exist.and regulate each other in tumor
development through the continuous assembly of growth factors and chemokines
that attract other inflammatory cells and promote cell growth.

De Marzo et al. (2007) state that, even though the exact cause of
inflammation in prostate cancer is still unknown, the initiation of the inflammatory
process has been attributed to direct infections, reflux of urine, dietary patterns,

and estrogens. On a molecular level, as prostate cancer progresses to a higher
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grade, the cells accumulate more mutations, that lead to their recognition by the
immune system (Schumacher and Schreiber, 2015). Cells from both the innate
and adaptive immune responses are important players in the prostate cancer
microenvironment.

As reviewed by Shiao et al. (2016), macrophages, NK cells, dendritic cells,
and mast cells — which are part of the innate response — have been associated
with cancer patient outcomes. NK cells have been associated with anti-cancerous
effects (Frankel et al., 2010), as they can have direct cytotoxicity against
cancerous cells and can release cytokines and chemokines that regulate and
recruit other immune cells. On the other hand, neutrophils (Okada et al., 2000),
macrophages (Fang et al., 2013), and mast cells (Pittoni and Colombo, 2012) are
mostly associated with pro-cancerous effects. Neutrophils ‘are associated with
prostate cancer progression through the recruitment of immunosuppressive
immune cells, but can also have anti-tumorous effects through the direction of
cancer cell lysis. Macrophages can.aid in-the development and progression of
prostate cancers through the promotion of angiogenesis, invasiveness, tumor
proliferation, metastasis, and chemotaxis. They also modulate prostate cancer
tumorigenesis by mediating CCL4-STAT signaling though the androgen receptor
(Fang et al, 2013). On the other hand, macrophages may mediate anti-
tumorigenic outcomes by releasing cytotoxic cytokines and presenting antigens to
T cells. Mast cells have been associated with both anti and pro-tumorigenic effects,
the former through the release of inflammatory cytokines, and the latter through

the suppression of T cell functions and promotion of tumor progression.
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B and T lymphocytes - which are part of the adaptive and anti-tumorigenic
immune responses (Hanahan and Coussens, 2012) — have been associated with
cancer development and advancement. Increased numbers of T cells, specifically
CD4+, CD8+, or regulatory T cells, are associated with worse prostate cancer
survival and invasion (McArdle et al., 2004; Ness et al., 2014; Liu et al., 2013;
Davidsson et al., 2013). Although T cells are associated with pro-cancerous effects
through the release of cytokines that promote tumor formation, they can also
mediate anti-cancerous effects by directly lysing cancer cells (Tc CD8") or
releasing cytotoxic cytokines (Shiao et al., 2016). Furthermore, as stated by Shiao
et al. (2016), although regulatory T cells are associated with pro-tumorous effects
through the stimulation of production of inflammatory cytokines and suppression
of anti-cancerous immunological responses, they can also be related to anti-
cancer outcomes by helping restore homeostasis to decrease inflammation.
Finally, increased levels of infiltrating B cells are correlated with higher prostate
cancer grades and increased risk of biochemical recurrence (Woo et al., 2014).
They are also known to modulate macrophages, that can induce pro-cancerous
effects (Affara et al., 2014) as.previously stated. In short, although the role of the
adaptive immune response in prostate cancer complex and not entirely
understood, increased numbers of T and B cell infiltrates are associated with bad
prognoses. Further studies are needed to have a better understanding of both the

adaptive and immune responses in prostate cancer.
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Chapter 7: Current alternatives for Prostate Cancer Treatment

The recommendation of whether or not men should undergo regular
prostate cancer screening depends on their risk of acquiring prostate cancer.
According to the American Cancer Society (2015), regular prostate cancer
screening is not endorsed for men at average prostate cancer risk because of the
serious concerns about cancer over-diagnosis in slow-growing tumors that are not
detrimental and because of the unfavorable side effects associated with the
treatments. Also, two large clinical trials devised to determine the efficiency of
Prostate Specific Antigen testing for the decrease of prostate cancer deaths
yielded inconsistent results. The American Cancer Society (2015) does consider
black men or men that have close relatives diagnosed with prostate cancer prior
to the age of 65 to be at high risk for prostate cancer development. These men
should incur in regular prostate cancer screening from the age of 45. Finally, the
American Cancer Society (2015) considers'men with numerous close relatives
diagnosed with prostate cancer at a young age to be at higher risk of acquiring
prostate cancer. Therefore, they should-have regular prostate cancer screening

from the age of 40.

When it comes to treating prostate cancer, treatments differ according to
the aggressiveness and advancement of the cancer and age of the patient. The
Gleason score, or the tumor’s appointed grade, is an indicator of the cancer’s
aggressiveness (National Cancer Institute). According to the American Cancer

Society, a cancer with a score of 6 is considered low grade and less aggressive
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while a cancer with a score of 10 is considered high grade and very aggressive.
Therefore, the American Cancer Society explains that older men, or those with
tumors that are less aggressive and/or at an early stage, should undergo a process

of active surveillance where the patient is carefully observed.

Surgery comprises one of the treatment options for prostate cancer; it can
be conducted in several ways: open, laparoscopic, or robotic-assisted. Other
treatment options include radioactive seed implants or external beam radiation. In
more advanced cases, cancer can be treated with chemotherapy, radiation
therapy, or hormonal therapy. Although hormone therapy can help limit the growth
of the cancerous tumor (thereby helping control advanced prostate cancer for
prolonged periods) some men develop resistance to hormone therapy. Current
data obtained by the American Cancer Society (2015) does not support any of the
treatments mentioned above as the best one to treat prostate cancer. To improve
treatment, researchers are exploring new biomarkers that can help differentiate
between low grade and more aggressive cancers; this would minimize
unnecessary treatment and associated side effects that ultimately have a negative

impact on quality of life.

Chapter 8: Macrophage Inflammatory Protein 18 (CCL4) and Interleukin 15

(IL-15) as Novel Biomarkers for Assessing Prostate Cancer Recurrence

In a previous study, researchers have identified inflammatory chemokines
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that act as biomarkers for distinguishing patients with high risk of developing
biochemical prostate cancer recurrence. To test their hypothesis, Blum et al.
(2008) conducted a study that included 82 subjects with biochemical recurrence
within 5 years of prostatectomy. Furthermore, the control group was composed of
98 subjects that did not develop prostate cancer recurrence after a prostatectomy.
Researchers used Multiplex Elisa to analyze and distinguish the expression of
chemokines between these two populations (control and experimental subjects).
Blum et al. (2008) found that the inflammatory cytokines Macrophage inflammatory
protein-1B (CCL4) and Interleukin-15 (IL-15) were differentially expressed among
patients that had prostate cancer recurrence. Specifically, CCL4 was found to be
upregulated in patients that developed biochemical recurrence within five years of
a prostatectomy and IL-15 was found to be downregulated in such patients. Even
though these different findings suggest that these chemokines may be considered
independent predictors of prostate cancer recurrence, the combination of
chemokines with other clinicopathologicvariables (such as prostate-specific
antigen, Gleason score, surgical margin, and seminal vesicle status) was able to
better distinguish patients at risk forprostate cancer recurrence. To bring these
biomarkers into the clinic and potentially aid in the better detection of prostate
cancer recurrence, further research is needed to elucidate the role of CCL4 and
IL-15 in prostate cancer. This study looks at how CCL4 and IL-15 modulate gene

expression patterns in prostate cancer tumors.
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Chapter 9: Macrophage Inflammatory Protein 18 (CCLA4)

The chemokine CCL4, also known as Macrophage Inflammatory Protein 18,
is a member of the largest family of chemokines: CC-chemokine ligand (CCL). ltis
located on chromosome 17 and closely related to the other CC-chemokine ligand
protein Macrophage Inflammatory Protein 1a (also known as CCL3). Both CCL4
and CCL3, known as Macrophage Inflammatory Protein1 (MIP1), were discovered
as é protein doublet in 1988 by the Cerami laboratory and named due to its
inflammatory properties (Wolpe et al., 1988). Further characterization resulted in
two distinct proteins that have deviating signal capabilities despite their 68%
similarity in primary protein structure. Mature human CCL4 is composed of 69
residues with a molecular weight of 7.8 kD. It is manufactured and secreted by
activated macrophages, B cells, and T cells and function to attract inflammatory
cells, including macrophages,to the location of inflammation (Krzysiek et al.,
1999). NK cells, mast-cells, neutrophils;"dendritic cells, and B and T lymphocytes
can also produce large amounts of MIP1 proteins (Oliva et al., 1998; Lapinet et al.,
2000: Sallusto et al., 1999). As.indicated by Maurer and von Stebut (2004), other
cells can also produce smaller amounts of MIP1 protéins. They also state that the
production and excretion of MIP1 proteins usually requires cell activation, which
can be mediated by the pro-inflammatory proteins TNFa, IFNy, and IL-1a and .

CCL4 is well known for mediating chemotactic and pro-inflammatory
responses, but it has also been implicated in homeostasis (Maurer and von Stebut,

2004). It mediates its effects by binding to its receptor, CC-chemokine receptor 5
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(CCRS5), with high affinity (Saika et al., 2012). CCR5 has been found to be highly
expressed on memory T cells, NK cells, and dendritic cells (Lee et al., 1999).
Additionally, CCR5 has been found to be expressed in monocytes and
macrophages, CD3+ lymphocytes, CD4+ lymphocytes, CD8+ lymphocytes, T
helper 1 lymphocytes, and CD34+ bone marrow cells (Menten et al.,, 2002).
Binding to CCRS5, a cell surface CC chemokine receptor and G-protein coupled
receptor, leads to signak-transduction events that can ultimately lead to the
activation of the PI3K signaling pathway as well as the MAP kinases and
JAK/STAT signaling cascades. The downstream events modulated by CCL4 have
not been well characterized.

CCL4 has been shown to be a potent lymphocyte chemoattractant (Menten
et al., 2002) that is up-regulated under inflammatory conditions. It can orchestrate
inflammatory reactions by principally recruiting other inflammatory cells, including
(but not limited to) monocytes, NK cells, and dendritic cells. CCL4 can also
mediated inflammatory responses through'its role in the differentiation of T helper
cells. According to Maurer and von Stebut (2004), CCRS5 activation by CCL4 can
also lead to an increased expression=of inflammatory markers and pro-
inflammatory mediators.

CCL4 has been found to be highly expressed in some cancers, including
gastric cancer (Saito et al., 2003). As previously mentioned, CCL4 was found to
be upregulated in patients with prostate cancer recurrence. Recent data from our
group show that CCL4 increases PC3 cell migration and 22RV1 cell invasion.

Additionally, CCL4 increases tumor volume in an in vivo prostate cancer xenograft
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model with 22RV1 (androgen-dependent) cells. lts effects appear to be mediated
through the androgen receptor, since tumors with PC3 cells that were posteriorly
treated with CCL4 were not significantly larger compared to the control group.
Other researchers have found that the androgen receptor-CCL4-STAT3 signaling
axis is a key regulator of prostate tumor origination (Fang et al., 2013). Additionally,
Prostate cancer tumors with the 22RV1 cell line show increased angiogenesis and
express higher levels of phospho-histone 3 and desmin. In order have a better
understanding of the role of CCL4 in prostate cancer, we must explore the
transcriptional changes that are being mediated at a molecular level. Thus, this
project aims to elucidate the target genes related to metastasis or a specific

pathway whose activation is directly modulated by CCL4 in prostate cancer.

Chapter 10: Interleukin 15 (IL-15)

The chemokine Interleukin 15, also known as 1L-15, is a member of the four
a-helix bundle cytokine family and was concurrently co-discovered by the
Waldmann and Giri laboratories in 1994 (Burton et al., 1994; Grabstein et al,,
1994). Originally, it was described as a novel T cell growth factor and lymphokine
that shared components of the IL-2 receptor. We now know that IL-15 is a 14-15
kDa glycoprotein that encoded on chromosome 4q31. Furthermore, we also know
that there are two 1L-15 mRNA isoforms that produce the same mature protein, but
differ in the lengths of their signal peptides (Steel et al., 2012). The isoform with

the long signal peptide is targeted to the secretory pathway, whereas the mRNA
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isoform with the short signal peptide is not secreted. Instead, it remains in the
cytoplasm or nucleus, where it can modulate transcription (Tagaya et al., 1997).
Although the production of IL-15 can be regulated through transcription, evidence
points out that the majority of the regulation occurs post-transcriptionally (Burton
et al., 1994). IL-15 translation must be tightly regulated in order to avoid
autoimmunity, since IL-15 has the capability to induce potent cytokines, such as

tumof necrosis factor alphaand-interferon-y (Steel et al., 2012; Waldmann, 2004).

IL-15 signals through a heterotrimeric receptor, IL-15R, which is comprised
of a, B, and y¢ chains. The IL-15Rp chain (CD122) éhared with the Interleukin-2
receptor, while the common gamma chain (CD132) is shared with the Interleukin-
2 4,7, 9, and 21 receptors. Thus, the alpha chain bestows IL-15 its receptor
specificity (Giri et al., 1995). Instead of directly interacting with IL-15R in the
cellular membrane, the bioactivity of IL-15 is conferred through a trans-
presentation mechanism where aicomplex ofdL-15 and the alpha subunit of the
receptor is presented to NK, NKT, or T cells (Wu, 2013). IL-15 alpha expression is
independent of IL-15R beta or common gamma chain. Pilipow et al. states that
although the IL-15RBy complex is found in target cells, 1L-1 5Ra can be found on
the surface of distinct types of cells, including endothelial cells, activated
monocytes, and dendritic cells. Activation of the IL-15 receptor has been linked to
the activation of multiple signaling pathways such as: JAK/STAT, Ras/MAPK, and
PI3K pathway (Menten et al., 2002; Huntington et al., 2007; Miyazaki et al., 1994,
Miyazaki et al., 1995; Adunyah et al., 1997; Saika et al., 2012; Johnston et al.,

1995; Pilipow et al., 2015). In lymphocytes, exposition of membrane-bound IL-15
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to IL-15RB-yc can result in the expression of bel-2, c-mye, c-fos/jun and activation

of NF-kB.

IL-15 plays an important role in immunobiology due to its involvement in the
development and proliferation of several innate and adaptive immune cells, as
reviewd by Steel et al. IL-15 can stimulate the propagation of activated CD4-CD8-
., CD4+CD8+, CD4+, and CD8+ T cells. Furthermore, IL-15 has been known to
promote durability of antigen-specific CD8+ T cells, preservation of CD8+CD44hi
memory T cells, activation of yd T cells, and act as an anti-apoptotic factor for T
cells (Marks-Konczalik et al., 2000; Oh et al., 2008; Kanegane and Tosato, 1996;
Ribot et al., 2014). 1L-15 also _modulates NK-cell proliferation and subsequent
activation (Waldmann and Tagaya, 1999), aside from providing vital positive
homeostatic roles, whose importance can be noted in knockout mice models that
lack IL-15 or IL-15R alpha (Lodolce et al., 1998; Kennedy et al., 2000). Effects on
other components of the immune'system include: protecting neutrophils and mast
cells from apoptosis, acting as a growth factor for mast cells, inducing B
lymphocyte propagation and differentiation, increasing antibody secretion, and
permitting partially CD4-independent induction: of immunoglobulin responses

(Tagaya et al., 1996; Armitage et al., 1995).

Due to its effects as a powerful immunostimulatory chemokine, IL-15 may
have an important role in immunosurveillance in cancer. Although IL-15 is not
associated with positive outcomes in hematological malignancies (Steel et al,

2012), administration of IL-15 has shown anti-tumor effects in mice tumor models
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(Munger et al., 1995; Oh et al,, 2003; Zhang et al., 2009; Yu et al., 2010). IL-15
has been called the “cancer cure cytokine” (Wu, 2013), and clinical trials have
begun to use IL-15 as a treatment against cancer, including metastatic melanoma
and renal cell carcinoma. Patients have shown an improvement in the
responsiveness of host CD8+ T cells, NK cells, and production of memory T cells

with high avidity and long half-life (Pilipow et al., 2015).

Studying the role of IL-15 in prostate cancer is important, since increased
levels of circulating IL-15 have been found in patients with early stage prostate
cancer as compared with patients with benign prostatic hyperplasia (Mengus et
al., 2011) and since IL-15 has been implicated as a biomarker that may help predict
prostate cancer recurrence (Blum et al,, 2008). Nevertheless, few studies have
explored the role of IL-15 in prostate cancer. These have shown that IL-15
augments anti-tumor action through NK and CD8+ cells propagation and activation
in prostate cancer cell lines (Wu and Xu, 2010; Wu et al., 2004; Suzuki et al., 2001)
and that IL-15 reverses Wilms' tumor antigen-specific CTL’s unresponsiveness in
prostate cancer patients (King et al.,. 2009). Additionally, IL-15 can increase
dendritic cell survival in the tumor micreenvironment, which has been
demonstrated to be almost lacking of dendritic cells, through an augmented
expression of Bcl-x(L), an anti-apoptotic protein, and an enlarged resistance of
dendritic cells to prostate cancer-induced cell death (Pirtskhalaishvili et al., 2000).
Data from our group indicate that IL-15 decreases cell motility. In tumors,
Immunohistochemical analysis revealed that IL-15 decreases phospho histone 3

expression and increases neutrophil infiltration, adiponectin expression, desmin,
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and alpha smooth muscle actin. This data hints that IL-15 possibly decreases
prostate cancer metastasis. Although previous research projects have focused on
studying the effects that are indirectly mediated by IL-15 though immune cells, this
project aims to elucidate the transcriptional changes mediated by IL-15

independently of the adaptive immune response in prostate cancer.

Chapter 11: The PI3-Kinase Signaling Pathway is linked to Prostate Cancer

Development

The phosphatidylinositol 3-kinase (PI3K) pathway is frequently mutated in
cancer. The PI3K pathway, which is evolutionarily conserved from yeast to
mammals, regulates diverse cellular processes in higher eukaryotes including:
metabolism, survival, proliferation, apoptosis, growth, and cell division Chalhoub
and Baker, 2009). The pathway'is also critical'for cell growth control, one of the
necessary signals for cancer cells to grow and divide along with a loss of restraints
on cell-cycle progression. Although the PISK Signaling pathway is activated by
various extracellular signal proteins (such as'insulin and insulin-like growth factors)
in non-cancerous cells, the pathway is normally activated by a mutation in cancer
cells. This mutation permits cell growth even in the absence of extracellular signal
proteins (Alberts, 2015). Aside from a mutation, the pathway can be activated by
high levels of insulin in the bloodstream, abnormal activation of a growth factor
receptor, and/or a loss of the Phosphatase and tensin homolog (PTEN)

phosphatase tumor-suppressor gene (Alberts, 2015). The PTEN phosphatase
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gene codes for an enzyme that inhibits the PI3K signaling pathway by
dephosphorylating the phosphatidylinositol (3,4,5)-triphosphate (PIP3) molecules
that the PI3KF forms (Alberts, 2015). As a result of the activation of the PI3K
Signaling pathway, the protein kinases Protein Kinase B (PKB) and Mechanistic
Target Of Rapamycin (mTOR) are also activated. Their activation stimulates
protein synthesis, increases glucose uptake by the cell, and increases production
of the acetyl CoA in the cytosol, which is necessary for cell lipid synthesis (Alberts,
2015).

In response to extracellular signaling cues, class | PI3Ks catalytic subunits
are recruited to activated membrane receptors. The activated PI3Ks then catalyze
the formation of the second messenger PIP3 from the membrane-bound
phospholipid 'Phosphatidylinositol 4,5-bisphosphate (PIP2). PIPs subsequently
binds to the pleckstrin homology (PH) domains of proteins; activating signals and
recruiting the proteins to the membrane (Engelman et al., 2006; Chalhoub and
Baker, 2009). PKB also interacts at the plasma membrane with PIPs by means of
a PH domain. PKB undergoes a change in conformation after interacting with PIPs.
This change in conformation makes PKB a substrate for another PIPs-bound
kinase (PDK1) that phosphorylates PKB. PKB is also phosphorylated by a second
kinase, most likely mTOR. After being phosphorylated twice, PKB is activated and
subsequently dissociated from the plasma membrane; it can move to the cytosol
and nucleus and interact in diverse signaling pathways (Karp, 2013). These

pathways can ultimately result in the arrangement of the cytoskeleton, cell growth,
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translation, apoptosis, cell-cycle arrest, DNA repair, and changes in glucose
metabolism (Chalhoub and Baker, 2009).

A wide range of human cancers are associated with the PI3K signaling
pathway, including: prostate, breast, endometrium, colon, urinary tract, upper
aerodigestive track, ovary, stomach, liver, esophagus, pancreas, central nervous
system, hematopoietic and lymphoid tissue, lung, skin, and thyroid (Table 1 —
Appendix). The biggest percentage of tumors with PI3K mutations, however, can
be seen in prostate cancer. About 40% of primary and 70% of metastatic prostate
cancers have genomic alterations in the PI3K signaling pathway. This pathway is
therefore considered one of the major drivers of prostate cancer growth (Marques
et al., 2015).

The activation of PKB:in prostate cancer is frequently linked to the loss of
tumor suppressor Phosphatase and tesin homologue delete in chromosome ten
(PTEN) (Axanova etal., 2010;.Li et al., 2005; Rubin et al., 2000). About 20% of
primary prostate cancer tumors have'asloss of PTEN protein; this statistic also
correlates with a 50% of metastatic tumors experiencing a loss of PTEN protein
(Engelman et al., 2006; Sansal and Sellers,; 2004). Progression of prostate cancer
may be associated with PTEN loss or accumulation of mutations in the PTEN gene
(Engelman et al., 2006); this results in increased activity of the PI3K signaling

pathway (Chalhoub and Baker, 2009).
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Chapter 12: Using a xenograft model with the 22RV1 human prostate
cancer cell line in SCID mice to study the transcriptional patterns

modulated by CCL4 and IL-15 in prostate cancer

As stated above, the PI3K signaling pathway can be clearly linked to
prostate cancer. Inflammation has also been linked to the etiolqu and progression
of prostate cancer; in partbecause of the presence of chemokines, such as CCL4
and IL-15, which are differentially expressed in patients with prostate cancer
recurrence. However, in the presence of CCL4 or IL-15, the PI3K signaling
pathway has not been linked to prostate cancer and inflammation. This project
studies the gene expression patterns associated with the PI3K pathway and

cancer metastasis in tumors treated with CCL4 or IL-15.

Part A: Hypothesis

We expect to detect ‘an upregulation of.the oncogenes and the genes
associated with apoptosis inhibition and cell survival in the PI3K signaling pathway
in tumors treated with CCL4. We also expect to detect an upregulation in the genes
associated with cell proliferation and cancer metastasis in tumors treated with
CCL4. On the other hand, we expect iL-15 to adversely effect the genes related to
the PI3K signaling pathway; causing the downregulation of oncogenes and genes

associated with apoptosis inhibition, cell survival, cell proliferation, and cancer
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metastasis. By helping to elucidate the mechanisms of action of CCL4 and IL-15
in prostate cancer, this project will contribute to the field of prostate cancer

research and will eventually have important implications for future therapeutics.

Part B: Xenograft model with the 22RV1 cell line in SCID mice

In order to test our hypothesis, we used an orthotopic xenograft model with
the 22RV1 human prostate cancer cell line in SCID mice. SCID mice fail to develop
B and T lymphocytes due to a flaw in gene rearrangement (see Chapter 4, Part B).
For such reason, these mice are immunocompromised and cannot deliver a proper
adaptive immune response. They have been used to create models of human
tumor cell metastasis (Yano et al., 1996), including human prostate cancer cells
(Klein et al., 1997, Sato et al., 1997). Although.these mice do not have functional
B or T lymphocytes, they do contain the other immune cells associated with a
primary immune response, including macrophages, neutrophils, and NK cells. This
controlled model allows usgto study the biological effects of CCL4 or IL-15
independently of the adaptive immune response. Aside from the mouse model, the
22RV1 human prostate carcinoma cell line, which is derived from the human
prostatic carcinoma xenograft CWR22R (Sramkoski et al., 1999), was chosen for
the orthotopic xenograft model due to the known importance of androgen and its

receptor in prostate cancer progression.
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Methods and Materials

Orthotopic Mouse Model

Male ICR-SCID mice (7-8 weeks old) were housed and maintained in a
pathogen-free environment at The University of Puerto Rico Medical Sciences
Campus animal facility, under the Institutional Animal Care and Use Committee
regulations. Animals received food and water ad libitum with a 12-hour light cycle.
An orthotopic xenograft model in which 22RV1 (250,000 cells) were injected in the

anterior prostate lobes of ICR-SCID mice (lcrTac:lerCrl-SCID) (Taconic,
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Germantown, NY, USA) was used to develop 2 prostate tumors per mice. Cell
suspensions in PBS were placed in 30 yL of collagen | (Becton Dickinson, Franklin
Lakes, NJ, USA) and allowed to partially solidify to hold cells in place and reduce
leakage in the peritoneal cavity during surgery. Mice were intraperitoneally
injected bi-weekly with CCL4 (0.001 or 0.1 ng/mL), IL-15 (0.001 or 0.1 ng/mL), or
vehicle (Saline). At 4 weeks of treatment, tumors were collected. Tumor volume
was determined using caliper measurements. Results were analyzed using the
studént’s t-test at a 95 % confidence interval. ncontro=26 tumors, nccLs=21 tumors,

niL-15=20 tumors .

Tissue Collection and Processing

Tumor samples (Nconto=26 tumors, ncers=21 tumors, niL-1s= 20 tumors)
were collected and divided in'two sections. The frozen tissue section was used to

isolate RNA for gene expression assays.

RNA Isolation

RNA was extracted and purified from frozen mice tumors using the RNeasy

Mini Kit (Qiagen Inc., Valencia; CA, USA). The resultant RNA was
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spectrophotometrically quantified and qualified at 260 and 280 nmon a Nanodrop
spectrophotometer. Gel analysis was performed as well. All of the collected RNA

was stored at -80°C after quantitation.

Gene Expression Analysis and Confirmation

A. Arrays

To evaluate changes in gene expression at the RNA level, the Qiagen RT?
PCR arrays (human tumor metastasis and PI3K pathway) were used (Qiagen Inc.,
Valencia; CA; USA). RNA (2 ug per array) was copied to cDNA using the RT? First
Strand Kit including DNA elimination procedure (Qiagen Inc., Valencia; CA, USA).
Results were analyzed using the MS Excel based tool provided by Qiagen (PCR
Array Analysis V4, available for download at
https://www.qiagen.com/us/resources/resourcedetail?id= d8d1813e-e5ba-4d29-

8fdf-07a3f4227e0a&lang=en).

B. Confirmation

Complementary DNA (cDNA) was synthesized from previously extracted
RNA using the iScript cDNA Synthesis Kit (Bio-Rad, Hercules, CA, USA). To
validate results, quantitative Real time PCR (qQRT-PCR) was performed under
standard conditions using the Step One Plus Real-time PCR System (Applied
Biosystems, Carlsbad; CA, USA). Real-time PCR was performed using SYBR

super mix (Bio-Rad, Hercules, CA, USA) in a total volume of 10 pL. Depending on
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the gene of interest the cycle was, at 95 °C for 15 seconds and 62 °C for 1 minute
or 95 °C for 15 seconds and 56 °C for 1 minute. PCR efficiency was examined
using serial dilutions of the template cDNA and the melting curve data was
collected for PCR specificity. GAPDH was used as housekeeping gene. Results
were quantified using the AACt method. No PCR product was detected in control
samples in which the template was omitted. Primer sequences are available upon
request. PCR arrays: n'= 3 tumors per group, randomly chosen. Real-time PCR

confirmation: n = 5 representative tumors per group.

Statistical Analysis
All data are presented as means t.standard deviations. Unpaired student t-

tests were employed in the statistical analysis of gene transcript expression.

Outliers were identified and eliminated using the ROUT method, Q = 1%.
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Results:

An orthotopic xenograft model in which SCID mice were injected with
250,000 22RV1 (androgen-dependent) cells«if the anterior prostate lobes was
performed. CCL4 or IL-15 were administered bi-weekly at 0.001 ng/mL or 0.1
ng/mL with intraperitoneal injections during four weeks. Tumor tissue was
collected: a total of two prostatic tumors were abtained per mouse. One of the
tumors was used for RNA analysis; the other one was embedded with paraffin and
sectioned for future immunohistochemical analysis experiments. RNA was
extracted from one of the tumors (from each mice) and its concentration was

quantified.
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Part A: CCL4 modulates genes related to cancer metastasis and the PI3K

signaling pathway

Before studying the gene expression patterns related to the PI3K signaling
pathway and cancer metastasis that are modulated by CCL4, we decided to study
the mRNA expression of CCR5, CCL4's receptor. As seen in Figure 1, CCR5
mRNA expression was not.significantly modulated by CCL4 as confirmed by real
time PCR.

We then proceeded to performing the Tumor Metastasis PCR Array. The
Volcano Plot provided by the MS Excel based tool for the Tumor Metastasis PCR
Array can be seen in Figure 2, where the black line indicates a fold change in gene
expression of one, the pink lines indicate a fold change of two, and the blue lines
indicate a p value of the t-test of 0.05. The numerical results of the array can be
seen in Table 1. Because only'ene gene surpassed the desired fold change and p
value (2 and 0.05, respectively), we decided to exclusively use the fold change
values to elect which genes were going to be confirmed through real time PCR.
Out of all the genes in Table 1, we decided. to confirm the following genes in the
Tumor Metastasis Array: BRMS1, FN1, MCAM, MMP10, MMP11, MMP13,
NR4A3, and RORB. ITGA7 and CXCR2, although part of the array, had been
previously confirmed by the lab and found to be upregulated in prostate cancer
tumors treated with CCL4 0.001 ng/mL (data not shown; Rohena-Rivera et al.
(20186)). After confirming the list of genes through real time PCR, we were able to

corroborate that BRMS1 mRNA expression is upregulated by CCL4 0.001 ng/mL
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in prostate cancer tumors (Figure 3A). FN1, MCAM, MMP10, MMP11, MMP13,
NR4A3, and RORB mRNA expression is not differentially expressed in prostate
cancer tumors treated with CCL4 (Figure 3B).

After studying the mRNA expression of genes in the Tumor Metastasis
Array, we proceeded to performing the PI3K PCR Array with RNA from the prostate
cancer tumors treated with CCL4 0.001 ng/mL and 0.1 ng/mL. The Volcano Plot
provided by the MS Excel based tool for the PI3K PCR Array can be seen in Figure
4. where the black line indicates a fold change in gene expression of one, the pink
lines indicate a fold change of two, and the blue lines indicate a p value of the t-
test of 0.05. The numerical data for the array can be seen in Table 2. Once again,
we decided to use the fold change values to choose the genes that would be
confirmed through real time PCR. From the list of genes in Table 2, we decided to
confirm the following genes in the PI3K Array through real time PCR: FOS, IGF1R,
PRKCA, and RPS6KA1. As seen in Figure 5, FOS mRNA was found to be induced
by CCL4 at concentrations of 0.001 and 0.1 ng/mL (p value= 0.027 and 0.016,
respectively). PRKCA mRNA was also upregulated by CCL4, but only at a
concentration of 0.001 ng/mL«(p value=0.013). IGF1R and RPS6KA mRNA
expression was not differentially expressed in prostate cancer tumors treated with
CCL4.

We proceeded to asking ourselves whether the effects of CCL4 on the PI3K
signaling pathway were mainly in genes found downstream, or whether CCL4 also
induced the pathway upstream. For such reason, we decided to evaluate the

mRNA expression of the following genes: AKT1, AKT2, AKT3, MTOR, PI3Kq, and
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PI3KB. After performing real time PCR experiments, our data indicated that CCL4
induces PI13Ka and AKT1 mRNA expression at a concentration of 0.001 ng/mL
(Figure 6; p value= 0.009 and 0.045, respectively). PI3KB, MTOR, AKT2, and
AKT3 mRNA expression was not differentially expressed in prostate cancer tumors
treated with CCL4.

Finally, knowing that CCL4 and IL-15 were both differentially expressed in
patients with biochemical.prostate cancer recurrence (CCL4 was upregulated and
IL-15 was downregulated), we decided to study whether CCL4 decreased IL-15 or
IL-15Ra mRNA expression. Our results, seen in Figure 7, indicate that CCL4 does
not significantly modulate IL-16 or-IL-15Ra mRNA expression, as confirmed by
real time PCR. The summaries for fold change and p values of genes that are
modulated by CCL4 at concentrations of 0.001 and 0.1 ng/mL can be seen in
Tables 3 and 4, respectively. A visual summary of the genes that are differentially
expressed in prostate cancertumors treated with CCL4 can be appreciated in

Figure 8.

Part B: IL-15 modulates genes related to the PI3K signaling pathway and

cancer metastasis

We performed the PI3K signaling pathway Array with RNA extracted from
prostate cancer tumors treated with 1L-15 at concentrations of 0.001 or 0.1 ng/mL.

The Volcano Plot provided by the MS Excel based tool for the PI3K Array can be
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appreciated in Figure 9, where the black line indicates a fold change in gene
expression of one, the pink lines indicate a fold change of two, and the blue lines
indicate a p value of the t-test of 0.05. The nurﬁerical data from the array can be
seen in Table 5. We decided to confirm the following genes through real time PCR
based on the fold change values in Table 5: AKTS3, BTK, CCND1, CD14, FASLG,
FOXO3, HSPB1, IGF1, IGF1R, ILK, IRS1, MAP2K1, PDGFRA, PIK3CG, PIK3R1,
PIK3R2, PTEN, and TLR4. As can be seen.in Figures 10A and 10G, IL-15 0.001
ng/mL induces the mMRNA expression of AKT1 and PTEN (p values= <0.0001 and
0.0002, respectively). 1L-15 0.1 ng/mL, on the other hand, induces the expression
of the following genes: CCND1, €D14, FASLG, IGF1, and IRS1 (Figure 10, p
values= 0.0222, 0.0027, 0.0176, 0.0049, and 0.0035; respectively. FOXO3,
HSPB1, IGF1R, ILK, MAP2K1, PIK3CG, PIK3R1, PIK3R2, and TLR4 mRNA
expression is not significantly modulated by IL-15 (Figure 10H).

We proceeded to studying genes related to the degradation of the
extracellular matrix due to the importance of this process in cancer metastasis.
Both MMP2 and MMP9 mRNA expression was found to be upregulated in prostate
cancer tumors treated with |L-15-a8 compared. to the control (Figure 11A and B, P-
values= 0.0053 and 0.0043, respectively). On the other hand, our real time PCR
experiments showed that MMP11, TIMP2, and TIMP3 mRNA expression is not
significantly modulated by IL-15 (Figure 11C). The summaries for fold change and
p values of genes that are modulated by IL-15 at concentrations of 0.001 and 0.1

ng/mL can be seenin Tables 6 and 7, respectively. A visual summary of the genes
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that are differentially expressed in prostate cancer tumors treated with IL-15 can

be appreciated in Figure 12.

Discussion:

This study aimed to-characterize the transcriptional patterns related to the
PI3K signaling pathway or cancer metastasis.and regulated by CCL4 or IL-15 in
prostate cancer. Because CCL4 was over-expressed in patients with prostate
cancer recurrence (Blum et al., 2008), we hypothesized it was associated with
prostate cancer malignancy and would therefore upregulate oncogenes or genes
associated with apoptosis inhibition, cell survival, cell proliferation, and cancer
metastasis. On the other side, since IL-15 was downregulated in such patients

(Blum et al., 2008), we expected it to be associated with better prostate cancer
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prognosis. We also hypothesized that IL-15 would cause the downregulation of
oncogenes and genes associated with apoptosis inhibition, cell survival, cell

proliferation, and cancer metastasis.

As shown by PCR array analysis and real time PCR confirmation, CCL4
altered the expression of genes related to the PI3K signaling pathway and cancer
metastasis. It is important to acknowledge that the effects of CCL4 in prostate
cancer are concentration'dependent—both concentrations used (0.001 ng/mL and
0.1 ng/mL) yielded different gene expression patterns. One of the genes that was
activated at both concentration, FOS, has previously been linked with cancer
progression. As reviewed by Mahner et al. (2008), members of the FOS family
dimerize with Jun to form Activating Protein 1 (AP-1), a transcription factor.
Furthermore, they explain that FOS has been linked to cell differentiation and
proliferation through signal transduction. Other studies have found that FOS
promotes tumorigenesis by decreasing the expression of tumor-suppressor genes
and inducing cancer invasion and cell growth (Bakin and Curran, 1999; Hu et al.,
1994). In androgen-independent prostate cancer, elevated levels of c-FOS have
been found (Edwards et al.,.2004). These;.in turn, correlate with augmented
proliferation and invasiveness of prostate cancer cells. The results of our study
suggest that CCL4 may promote prostate cancer invasiveness through its effects
on the activation of FOS. Another gene that has been associated with prostate
cancer and is was over-expressed at low CCL4 concentration is PRKCA. PRKCA
has been linked to apoptosis modulation and cell proliferation in prostate cancer

(Lahn et al., 2004). The effects of PRKCA on apoptosis, nonetheless, have been
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shown to depend on hormone responsiveness, since the LNCaP (hormone-
responsive) prostate cell line induces apoptosis while the hormone-insensitive
PC3 cell line is associated with apoptosis inhibition. Further studies are needed to
characterize the effects of PRKCA in apoptosis and proliferation in the cell line
used for our xenograft model, 22RV1. BRMS1, upregulated in tumors treated with
CCL4 0.1 ng/mL, is a tumor suppressor gene that suppresses cancer metastasis
without constrainingits-tumorigenicity (Meehan et al., 2004). Although these
results do not directly support our hypothesis, they can be expected since CCL4
can potentially activate a wide range of genes that can also be involved in signal
transduction. Finally, other two genes that are upregulated at low CCL4
concentrations are PI3KA and AKT1. As mentioned in the introduction, one of the
pathways that are prominently activated in early stages of prostate cancer is the
PI3K-AKT signaling pathway, which is associated with cell growth and survival.
The over-expression of these.genes in tumors treated by CCL4 supports our
hypothesis and the current literature that-links this pathway with prostate cancer
progression. Together, these results suggest that CCL4 controls transcriptional

patterns that promote negative events in prostate cancer.

Also shown by PCR array analysis and confirmed through real time PCR,
IL-15 altered the expression of genes related to the PI3K signaling pathway and
cancer metastasis. Even though we expected to se a downregulation of genes
associated with the PI3K signaling pathway, we saw an upregulation of AKT3
mRNA. AKT3 is a serine/threonine protein kinase that modulates diverse cell

responses. Levels of phosphorylated AKT have previously been correlated with
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increased Gleason score (Hammarsten et al., 2012). A recent study suggests that
AKT3 promotes the growth proliferation of cancer cells independent of AKT1 or
AKT2 (Lin et al., 2015). In line with those results, tumors treated with IL-15 also
had increased levels of CCND1 mRNA. The CCND1 encodes the protein Cyclin-
D1, which is necessary for the cell cycle to progress‘across G1 phase (Baldin et
al., 1993). Upregulation of ATK3 has previously been linked to an increase in
Cyclin D1 (Lin et al,, 2015). This suggests that IL-15 may mediate progression of
the éell cycle though its effect in AKT3 and CCND1 mRNA. IL-15 also upregulates
the mRNA expression of MMP2 and MMP9, two metalloproteinases that are
involved in the degradation of extracellular matrix- proteins. MMP2 has been
established as a predictor of decreased prostate cancer-free survival (Trudel et al.,
2003) and its expression has been associated with prostate cancer malignancy
grade (Xie et al.,, 2015). Moreover, the upregulation of MMP9 has been linked to
invasiveness in the LNCaP prostate cancer cell line (Aalinkeel et al., 2011). Thus,

it appears that IL-15 can mediate negative outcomes in prostate cancer.

As hypothesized, IL-15 also modulates genes that may be associated to a
better prostate cancer prognasis. Our results show that IL-15 induces IGF1 mRNA
expression in prostate cancer tumors. IGF1 is necessary for prostate growth and
development in rats and mice. It also has an important role in stimulating the
proliferation of epithelial cells extracted from human prostates (Roberts, 2004).
Although increased levels of IGF1 have been suggested as predictors for prostate
cancer risk (Wolk et al., 1998), and even though IGF1 is important for prostate

cancer initiation, diminished IGF expression and downregulation of the IGF1
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receptor has been associated with advanced cancer metastasis (Roberts, 2004).
Since we are using a mouse model that already has prostate cancer and since we
are aiming to study prostate cancer recurrence, the increased expression of IGF1
in prostate cancer tumors treated with IL-15 may serve a protective function
against advanced cancer metastasis. As with IGF1, IL-15 also induces the
expression of IRS1, a gene associated with PI3K activation, cytoskeleton
organization, and prostate cancer risk and etiology (Neuhausen et al., 2005). In
LLNCaP cells, the expression of IRS1 augments cell adhesion and diminishes cell
motility independent of IGF1 and dependent of PI3K (Reiss et al., 2001). Reiss et
al. (2000) interprets a loss of LNCaP IRS1 expression as a mechanism used to
increase metastasis. The results from our experiments suggest that IRS1
upregulation may help protect against metastasis, but future experiments are
needed to confirm this. Usually, aside from having decreased levels of IGF1 and
IRS1, prostrate cancer cells have mutations in the PTEN, a'gene that encodes a
protein whose role is the inhibition of the .PI3K pathway. Our results show that IL-
15 induces PTEN mRNA expression, thus contributing to the downregulation of
such pathway that is normally very active.in cancer. Aside from the genes that
were previously mentioned, IL-15 also induces the expression of FASLG, a gene
involved in Fas-mediated apoptosis, which has been explored as a strategy
against prostate cancer (Nakanishi et al., 2003; Hedlund et al., 1999; Rubinchik et
al., 2001; Schimmer et al., 2006; Hyer et al., 2003; Hsieh, 2009; Hedlund et al.,
1998). Thus, this gene may be involved in the promotion of prostate cancer

apoptosis in tumors treated with IL-15. Furthermore, tumors treated with IL-15 also
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had increased levels of CD14 mRNA. CD14 is a monocyte marker that has been
associated with low metastasis risk (Brandt et al., 1997). In prostate cancer
patients, high percentages of myeloid-derived immunosuppressive CD14(+)HLA-
DR(low/-) have been found (Vuk-Pavlovi¢ et al., 2010: Brusa et al., 2013). Further
studies are needed to characterize the effects of CD14 upregulation in prostate

cancer.

In conclusion, this study provides an initial map of genes that may be
modulated by CCL4 or IL-15 in prostate cancer. The determination of these
differentially expressed genes can help elucidate the mechanisms underlying
prostate cancer progression in tumors treated with CCL4 or IL-15. Furthermore,
the characterization of the biological effects of these chemokines in prostate
cancer is important to eventually introduce them into the clinic and complement
current diagnostic methods. CCL4 and IL-15 may help differentiate between low
grade and more aggressive cangers so unnecessary treatment is minimized and
patients at risk of developing biochemical prostate cancer recurrence can be

identified prior to the event.

The limitations of this ‘'study must also besacknowledged. It is important to
note that these genes were only confirmed at mRNA and not protein level.
Furthermore, it is important to remember that our model lets us study
transcriptional patterns independently of the adaptive immune response. In order
to draw a conclusion that can be extended to prostate cancer in humans, the
expression of these genes must be confirmed in a model that has more direct

relevance to humans. Future studies include confirming the expression of the
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differentially expressed genes at a protein level. Furthermore, we will explore other
pathways that are potentially regulated by CCL4 or IL-15 in prostate cancer, such

as angiogenesis (for CCL4) and apoptosis (for IL-1 5).
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Appendices:

Appendix 1: Supplementary Data- IL-15 modulates genes related to lipid

metabolism and lymphocyte development.

While performing the ‘in_vivo experiments with IL-15 (see methods for
experimental procedures), an unexpected surprise was seeing an increased tumor
volume in the tumor treated with IL-15 0.001 ng/mL as compared to the control.
Because of that reason, we sought to identify.genes that could help explain the
observed phenotype. RNA from the previously extracted prostate cancer tumors
was used for microarray analysis using the Affymetrix Human Gene 2.0 Gene
Array. Afterwards, we used Ingenuity Pathway Analysis (IPA) to evaluate changes
in gene expression and real time PCR to confirm those results. 952 genes were
differentially expressed in tumors treated with IL-15 as compared to the control.
We decided to further study genes related to fatty acids because previous data
from our lab showed that tumors treated with IL-15 had increased number of
adipocytes and Adiponectin expression as compared to the control. Additionally,

we decided to study genes related to inflammation because prior data from our lab
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had shown that these tumors had increased numbers of neutrophils and Neutrophil
elastase expression. For such reasons, we studied the following genes related to
lymphocyte development or transport of long chain fatty acids: RAC1, CPT2,
CTR9, FABP4, TAPBP, STAT3, PLCG2, TCF4, ACSL3, GATA3, GOT2, DTX1,
MSR1, and PLIN2. As can be appreciated in Figure 1 of this appendix, RACH1,
CPT2, CTR9, and FABP4 mRNA expression is upregulated in tumors treated with
IL-15 0.001 ng/mL as compared.to the control. On the other hand, TAPBP, STAT3,
PLCG2, TCF4, ACSL3, GATA3, GOT2, DTX1, MSR1, and PLIN2 mRNA
expression is not differentially modulated by IL-15 as compared to the control

(Figure 1E of Appendix 1).
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Figure 1. mRNA expression of genes related to lipid metabolism in prostate
cancer tumors treated with IL-15. A. Quantitative real time PCR revealed RAC1
mRNA expression to be induced by IL-15 at a concentration of 0.001 ng/mL. B.
Quantitative real time PCR revealed CTR9 mRNA expression to be induced by IL-
15 at a concentration of 0.001 ng/mL. C. Quantitative real time PCR revealed
CPT2 mRNA expression to be induced by IL-15 at a concentration of 0.001 ng/mL.
D. Quantitative real time-PCR revealed FABP4 mRNA expression to be induced
by IL-15 at a concentration of 0.001 ng/mL. E. mRNA expression of genes that
were differentially expressed when analyzed with Ingenuity Pathway Analysis
(IPA) but not significantly modulated by IL-15 when confirmed through quantitative
real time PCR. Real time PCR quantification was done using the AACT method.
Values were normalized to GAPDH and relative to the control, Mean + SEM

(*P<0.05). n =5 tumors per group.
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Appendix 2: Martinez-Ferrer Laboratory Protocols

Protocol: RNA Extraction

RNEasy Mini kit (Qiagen Cat No. 74106) (Please read their protocol)

1. Remove tissue from storage in -80 °C.

2. Extract a piece less than 30 mg, keep in dry ice.

3. Add 350 uL of buffer RLT with B<Mercapto Ethanol.

4. In Ice, homogenize tissue in 5 sec. intervals with a rotor stator
homogenizer.

5. Clean homogenizer with nuclease free water 1x, 70% Ethanol 1x, and
nuclease free water 3x between samples. Sterilization with a dry sterilizer
is optional.

6. Add 590 uL nuclease free water, mix by pipetting.

7. Add 10 uL Proteinase K (Qiagen Cat No. 19131) Mix by pipetting.

8. Incubate for 10 min. at 55 °C.

57



9. Centrifuge for 1 min. at 10,000 rpm.

10. Transfer supernatant to a fresh microcentrifuge tube.

11. Add 475uL of molecular grade 200 °proof Ethanol. Mix by pipetting.

12. Transfer up to 700 pL of the sample, including any precipitate that may
have formed, to an RNeasy Mini spin column placed in a 2 ml collection
tube.

13. Centrifuge at 20-25°C for.15 s at 10,000 rpm. Discard the flowthrough.

Reuse the collection tube.

14.Repeat step 12 and 13 until all sample is used. Discard the flowthrough.

Reuse the collection tube.
15.Add 350 L Buffer RW1 to the RNeasy spin column. Centrifuge at 20—
25°C for 15 s at 10,000 rpm to wash the membrane. Discard the flow-

through. Reuse the collection tube.

16.Add 10 UL DNase | (RNase Free DNase Set Qiagen Cat No. 79254) stock

solution to 70 uL Buffer RDD. Mix-by gently inverting the tube.

17.Add the DNase | incubation mix (80 uL) directly to the RNeasy spin
column membrane, and incubate atroom temperature for 15 min.

18.Add 350 L Buffer RW1 to the RNeasy spin column. Centrifuge at 20—
25°C for 15 s at 10,000 rpm to wash the membrane. Discard the flow-
through. Reuse the collection tube.

19.Add 500 pL Buffer RPE to the RNeasy spin column. Centrifuge at 20—
25°C for 15 s at 10,000 rpm to wash the membrane. Discard the flow-

through. Reuse the collection tube.
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20.Add 500 pL Buffer RPE to the RNeasy spin column. Close the lid gently,
and centrifuge at 20-25°C for 2 min at 10,000 rpm to wash the membrane.
Discard the flow-through and collection tube.

21.Place the spin column in a new 2 mL collection tube. Centrifuge at full
speed for 1 min. Discard collection tube.

22 Place the RNeasy spin column in a new 1.5 mL collection tube.

23.Add 30 pL RNase-free water directly to the RNeasy spin column
membrane. Incubate for 1 min at room temperature.

24. To elute the RNA, centrifuge for 1 min at 10,000 rpm at 20-25°C.

25 Reuse the eluate from the previous step and centrifuge for 1 min at 10,000
rpm to obtain a higher concentration.

26.Keep RNA at-80 °C:

References:

1. Qiagen RNeasy Mini.Handbook. Available from:
https://www.qiagen.oom/resources/download.aspx?id=14e7cf6e—521a—

4cf7-8cbe-bfoféfa33e24 &lang=en
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Protocol: RT2 Profiler PCR Array (Qiagen) for Step One Plus

cDNA Synthesis RT? First Strand Kit (Cat no. 330231) (Please read their
protocol)
DNA Elimination

1. Prepare each sample in a PCR Tube

Reagent Amount

o (adjubtto c_;éll lmeand/or Sample typé) -

GE Buffer (pink lid) 2l

‘RNase free H20 (lightblue Depends on the sample amount

Adjust final volume to 10 uL

2. Put Samples on Thermal eycler.at42°C during 5 minutes to remove
DNA

3. Put samples on ice 1 minute



cDNA Synthesis

1. Prepare reverse transcription mix

Reagent Volume per sample (1)

‘BC3Buffer (Red i) 4uL
Control P2 (Lilac lid) 1 oL
REIRT-Mix Brownlid) ~ 2ul
RNase Froe H20| [l

2 Add10uL of Reverse transcription mix to DNA elimination sample. (final
volume 20ul)

3. Incubate @42C for 15 min, follow with 95C for 5 min. (thermocycler)

4. Place samples on ice.

5. Add 91uL to each reaetion.

6. Keep at -20C if RT2-PCR is to be done other day
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Real time PCR- RT? for Step one Plus (format C)

SYBR Green qPCR Mastermix (Cat no. 330500) (Please read their protocol)

Note: make sure you have at least two boxes of 200uL tips before starting.
SYBR Green is light sensitive (just direct light), keep covered or work with the

lights off in the hood

1. Prepare PCR mix-in.a.5mL Tube or PCR loading reservoir (Cat no.

338125)
Reagent Volume
2 RT2 SYBR Green qPCR e oy B Y
Mastermix } : B I ‘
cDNA ) p— ‘R02uL '
| }:RNase Free HzO (NO DEPC) . 1_1‘24'8”uL‘ F  , a
TOTAL VOLUME T s Ve

2. Remove RT2PCR Plate from packaging. Keep on ice always!

3. Transfer PCR MIX from tube to PCR loading Resevoir (if it was not
prepared there)

4. Add 25 uL of PCR Mix to each well using a multichannel. 8 wells at a
time (left to right not up down)... (ALSO if covering with 8 cap strips..
make sure to cover each one at a time)

5. MAKE SURE TO CHANGE TIPS Il PREVENT CONTAMINATION

(remember primers are on each well) !!!
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6. Cover your plate either with optical adhesive film (not provided) or with
thin wall 8 cap strips (provided)
7. Centrifuge you plate. 1000g/1min RT.

8. Set up program in RT PCR machine.

Cycles Time Temperature

| | 15 sec  gsc

40 ¢ 8 im0 BDIGER

9. Run Program. Wait. Collect Data
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Sample Plate lLayout

Housekeeping Genomic Reverse Positive
genes DNA transcription  ~ PCR controls
control controls

Figure 1. RT2 Profiler PCR Array Formats A, C, D, F, H layout. RT2 Profiler

PCR Array Formats A, C, D, F, H: Wells A1to G12 each contain a real-time PCR

assay for a pathway/diseaseffunctionally.related gene. Wells H1 to H5 contain a

housekeeping gene panel to normalize array data (HK1-5). Well H6 contains a

genomic DNA control (GDC). WellsH7 to HO contain replicate reverse-transcription

controls (RTC). Wells H10 to H12 contain replicate positive PCR controls (PPC).

References:

1. Qiagen RT2Profiler PCR array handbook. Available from:

https://www.giagen.com/us/resou rces/resourcedetail?id=6161ebc1-f60f-

4487-8c9e-9¢ce0c5bc30708&Iang=en
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Protocol: cDNA Synthesis

BioRad iScript cDNA Synthesis Kit (Cat No. 170-8891) (Please read their

protocol)

1. Thaw all contents and resuspend 5x reaction buffer.

2. Prepare reaction mix:

Component Volume Per Reaction

5x iSc‘ﬁﬁtiReaqtioanix (Blue) 4pL

iScyribtiRé\’l’er‘se T'rfahrsc'ri‘ptés'e' i, 1 pL
RNATemplate (1pg)f | Dependsionsample concentration
Nuclease-Free Water | Depends‘on sample contents

AdjustFinalVolume = dopL |

*|‘f ’r’nore ’RNA\ is ne’e'd:e‘d‘, dbdble thé ‘re"action ’ac<”:’ordiﬁngl‘y —
3. Prepare reactions in PCR tubes and run protocol in a thermal cycler.
5 minutes at 26°C
30 minutes at 42°C
5 minutes at 85°C
Hold at 4°C (optional)

4. Store at -20 °C if not using right away.
References:

1. BioRad iScript cDNA Synthesis kit. Available from: http://www.bio-

rad.com/webroot/web/pdf/isr/literature/4106228C.pdf
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Protocol: Real-Time PCR

iQ SYBR Green Supermix BioRad (Cat No. 170-8884) (Please read their

protocol)

1. Inice, thaw cDNA samples, SYBR Green Supermix and primers.

2. Prepare a 96-well template as a guide to load the samples.

3. Calculate how many reactions you have for each primer (Number of

samples + 2 samples for pipetting errors and negative control)

4. Prepare master mix (all ingredients except cDNA) for each primer. Keep in

ice. See example listed below.

Master Mix
Component 1x Reaction 50x Reactions
2x iQ SYBRGre‘e‘nf . 625 pL . . 325l .
Prir&n‘e’r’(Fér‘\iN‘ardi N 'o.zspLy | "1'2';5;1-_'
Primer (Reverse)  “025pL (e 25pL
Nucloase Freo Water 475 1L sl

Total Volume 115

5. Mix well, spin tubes for 10 sec, and aliquot 34.5 uL of the master mix in

separate tubes corresponding to the number of samples.
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6. Add 3 L of the cDNA to the corresponding tube containing the master
mix. (add 3 pL of nuclease-free water to the negative control) Mix well and
spin for 10 sec.

7. Load, in triplicates, 10 pL of the sample to the 96-well plate following your

model.
8. Place sealing film and spin plate for 30 sec at 1,000 rpm.

9. Place plate in real time:PCR machine and run protocol.

Sample Protocol

Cycle Stage Temperature Time Number of

Cycles

il wiomc T ol g

:denafufrat}i(m,‘a_hd . .

‘enzyme éct‘_iva'tio‘n"ﬂ_’ .

Dena‘turi‘ngu | “95°C” A 4 15 seAc‘. ” 40 N
Annealing and - . 56-62°C (depending 1mm e
oxtonsion | onpien T

Melfing Curve 95°C | 15sec. 1
(Stop and Hold) gt sy

95°c  15sec.
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Protocol: Orthotopic Mouse Model
Cell preparation
1. Culture cells until confluent
2. Add Trypsin/EDTA to detach adherent cells and count.
3. Adjust cell concentration to 3.13 x 10* cells/mL
4. Aliquot 240 uL of cell suspension (per mouse lobes to be injected, keep
cells on ice.
5. Aliquot 30 uL of collagen (per mouse lobes) in separate tubes, keep on

ice.

Mouse surgery

1 Anesthetize mouse with isofluorane. Keep mouse with anesthetic mask
during the procedure.

2. Shave mouse if needed and disinfect with iodine solution

3. Keep mouse on heat pad at.37°C.

4 Make a small incision on the outer skin layer (low abdominal area)

5. Proceed with the inner skin layer.

6. Up front the urinary bladder will be seen, treat it carefully and empty it if
necessary

7. Behind the urinary bladder, the seminal vesicles are found (appear white)

8. Load a syringe with cell suspension until 80 uL.

9. Mix the contents of the syringe in a tube containing 30 uL of collagen.

10. Load syringe with 100 uL of mixture.

11.Inject cell-collagen mixture to the anterior prostate lobes.
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12.Make sure to keep all organs inside and close inner skin layer with
absorbable sutures.

13.Close outer skin layer with clips.

14.Remove mouse from anesthetic mask and keep on 37°C heat pad for
recovery.

15.Check mouse periodically after surgical procedure
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