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ABSTRACT OF THE THESIS

Characterization of Cultured Early Human Prostate
Cancer Stem/Progenitor Cells

by

Melissa Jennifer Lee

Master of Science in Chemistry

University of California, San Diego 2012

Professor Martin Haas, Co-chair
Professor Daniel Donoghue, Co-chair

Androgen-dependent (“AD”) early prostate cancer often switchaddthal,
castration-resistant (CR) phenotype. We show that,e&ly’ prostate cancers contain
CR Cancer Initiating Cells (CIC) that drive its growth. We have isdl&R CIC cells
from early PrCa, which possess (i) a high degree of self-renewdliff@identiation
ability into hormone-responsive prostate cells, (iii) potent tumorgenici)yth@/capacity
to grow as “sphere” cells and (v) the potential to metastasize. The pliopagfatR
PrCa cells from localized AD-PrCa facilitates their charazaéon.

Characterization of CIC-spheres and their adherent progenitor Prostabe Tu

Cells (PrTuC) utilized RT-PCR, FACS analysis, and immunofluoresceningta The

Xii



markers analyzed include AR, ERERB, TERT, TMPRSS2-ERG fusion RNA, and
ALDH. PrTuCells and their CIC-sphere embodiment are unresponsive to phigablog
concentrations of steroid hormones.

PrTuCells and CIC-spheres express abundant AR mRNA but no AR protein; ER
is up-regulated and ERlown-regulated compared with normal human prostate epithelial
cells. PrTuCells and CIC-sphere cells express the TERT gene; normateeysthelial
are TERT-negative. The PrCa-associated fusion mRNA TMPRER&2was
undetectable in PrTuCells. The stemness of PrTuCells and CIC-sphenea=l|
supported by their expression of aldehyde dehydrogenase (ALDH).

Propagation of PrCa CIC facilitates complete exome-sequencing, leadivg t
identification of causative/etiological events in PrCa initiation and poligrpirmitting
the discovery of targetable entities on early human prostate cancer@etlsvork points
to the existence of CR (“androgen-independent”) CIC in the early stages ahhum
prostate cancer, representing a paradigm change with far-reacisgguences to the

field.
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CHAPTER 1. INTRODUCTION

Prostate cancer is expected to present with approximately 242,000 newicases i
2012. Of these new cases, an estimated 28,000 deaths will occur. With such a high
incidence it represents the second-highest cancer-associatedtyn@talin males and
prostate cancer research is of utmost importance (1). The prostaifer@srauscular and
glandular organ in the male reproductive system that is made up of differenli@pithe
types; luminal, basal, and neuroendrocine cells and also contains streseaigmymal
cells (2).

As men age, the size of their prostates increase. The exact mechandsmhy
enlargement occurs are unknown, but are hypothesized to be due to increased &xposure
circulating androgens. Benign enlargement of the prostate is known as bentghigros
hyperplasia (BPH). Research has been done with conflicting resuttsvasther BPH
directly leads to prostate cancer (3). Differential gene expressialysis between
prostate cancer and BPH has shown that the two diseases differed in thei@xfes
120 genes, hence, there are many differences between benign prostaikasigseand
prostate carcinomas (4). Prostatic intraepithelial neoplasia (P ENfirist step in prostate
cancer and it is reliably diagnosed via routine pathological determind&ibhis
characterized by luminal epithelial hyperplasia and a decreaseainckis. Progression
may then occur to prostate cancer, as the cells develop into adenocasciridms
progression is accompanied by an increase in luminal charactenstipessibly
spreading outside the prostate proper and eventually metastasis (5).

Prostate cancer is pathologically defined in a series of stages.gédnl sthe



cancer is found only in the prostate and cannot be seen through imaging. Téie prost
specific antigen (PSA) levels are higher than normal and the Gleas@nigtass than 6.
In stage Il, the cancer is only found in both sides of the prostate, but is dvarecad
with higher PSA levels than stage I. Stage Il of prostate canceariaatérized by
spreading of the cancer outside the prostate onto the seminal vesiclegan¥ stecurs
when the cancer has spread to local tissue and organs (6).

To numerically classify prostate cancer (PrCa) stages, @Glepades are
numerical values that are assigned according to the severity of the Hr€a. are two
Gleason scores ranging from 1 to 5 and are based on how much the cancer cells appear
like normal prostate cells, with grade 1 being cells that look normal and gradeg5 bein
cells that look least normal. The scores are assigned to two areas tlattaireed
within the cancer. The two scores are then added to make a Gleason score (7).

A common form of treatment for prostate cancer has been chemicatioastra
actual castration, or androgen-deprivation. This procedure involves anti-amdrogs
that can stop the prostate cancer cells from utilizing testosterdrtaeltasticles or
adrenal glands have already produced (7). Depriving the prostate anchtinentu
androgen causes the prostate and the cancer to shrink to an undetectalbleesize.
common thought today is that prostate cancer, even in its earliest stagespgen-
dependent and then undergoes an unknown mechanistic switch to become androgen-
independent, castration resistant, and thus resistant to androgen treatments.

Though we have not sought evidence for this androgen-dependent to androgen-

independent switch, we have derived data suggesting that within early, staigke | a



“androgen-dependent” tumors, there are androgen-independent cells that thay b
source of prostate cancer recurrence after treatment. An old studymahotul987 by
Walsh showed that a decrease in the concentration of circulating amdenged a
shrinkage in all of the patients' prostates. When androgen exposure weedrdbe
prostates returned to 99% of their original size. This restoration in {&esta leads us

to the hypothesis that the prostate harbors an androgen-independent comporgenothat i
affected by androgen deprivation (8). The androgen-independent — i.ei@astra
resistant - cancer cells have stem/progenitor characteristics \amthinig been named
Cancer-Initiating Cells (CICs).

Cancer is viewed as uncontrolled cell growth, so each of the cells within the
tumor is able to divide and metastasize. Even though these are the cisticactér
cancer cells, only a few of these cells are capable of completitige &teps required to
drive tumorigenesis. These rare cells are cancer-initiating cellC{@s are capable of
self-renewal, tumorigenesis, androgen-independence, and metastases.

The isolation and characterization of CICs has been accomplished in other
cancers, such as breast, head and neck, testicular, and ovary (9, 10). Halvever
published work in the CIC field has isolated CICs from fully progressed and/or
metastatic human cancers or from established cell lines which aregsedtzy
definition. Isolation of CICs from early human cancers has not been describethr Simi
work on the isolation of CICs from early-stage human prostate cancer has yet t@be don

There has been some controversy over the origin of the prostate canceDnells.

suggests that luminal cells are the cells of origin of prostate casdde cancer itself



seems to have luminal characteristics; however, if the cell of origibasal
stem/progenitor cell as we have found, its differentiation would result in adlicell
phenotype (11). Shen was able to identify a homeobox gene called Nkx3.1 thatsegulate
prostate epithelial differentiation and marks stem/progenitor cells thaaptze in

prostate regeneration. These authors discovered that some rare lumiredpreks

Nkx3.1 and can self-renew in vivo without androgen (11). Others have found tHat basa
cells also have potential stemne8asal cells with AKT, ERG, and AR genes up-
regulated were implanted into SCID mice and resulted in the development of
adenocarcinomas; but when luminal cells were used, adenocarcinomas did not occur
(12). We have used cells from early-stage prostate cancer (stagdl) in order to

grow spheres and isolate CICs. Since there is uncertainty as touhlkeoaigfinal stem

cell, a set of markers specifically for these stem cells need tddidigised (13).

One form of the enzyme aldehyde dehydrogenase (ALDH) aids in ethanol
metabolism by breaking down acetaldehyde into acetate and NADHTfiyugh its
metabolizing actions, ALDH promotes cell survival by detoxifying poédigtcytotoxic
molecules. It contributes to the drug resistance seen in stem and aaiscElLd).
ALDH7AL specifically, has been proven to promote bone metastasis. When knocked
down, a decrease in stem/progenitor cells is observed, as well as,asdaeammigration
and cloning ability of prostate cancer cells (16). In breast camglrALDH activity has
been used to identify cells that are capable of self-renewal and of yeméuenors that
duplicate the histological and non-uniform characteristics of the parentad (Lif).

Recently, prostate cancer cells with high levels of ALDH have beemnstmlave high



cloning and migrating abilities in vitro. These cells are considexedet-initiating cells
and show increased tumorgenicity and metastases (18).

We have developed a novel two-step approach to produce cancer-initiating cells
(CICs), based on the methodology Prins used with normal prostate cells (1%e Unli
others, we have been able to routinely propagate and isolate CICs froiprestfye
carcinoma tissue (20). We have been able to isolate, grow, and chagaCt&@szfrom
early (stage | and Il) human prostate cancer. These processes havenridrieebefore
on early prostate cancer. The characterizations of these earlysiage cancers are
important to better understand their properties and to direct therapeatccles These
CICs are very important to study gene expression, receptors displayduigmeuadkers.
Characterization of these CICs will lead to the development of methods andtsdfage
more intelligent methods of prostate cancer treatments capable ofgreatih the

androgen-dependent and androgen-independent cells.



CHAPTER 2. MATERIALSAND METHODS

PLATING CELLS
OBTAINING SAMPLES

Samples used throughout these experiments were obtained from prostatectomy
patients diagnosed with stage | and Il prostate cancers. Frotemsed the prostate
cancer and the immediate surrounding tissue were harvested and histologyeexa
More than 120 samples have been collected with Gleason scores from 5 to 9; however
few were used in these experiments due to limited quantity and some did noeproduc

colonies.

CELL CULTURES

These primary human prostate tumors were cut into small pieces within 60
minutes of being harvested and were digested with constant stirring irMdb0U
collagenase | (Sigma-Aldrich) in growth medium at@dvernight. The samples were
then divided into 50mg or so of tissue and were frozen live in 90% FBS and 10% DMSO
(Sigma-Aldrich) and placed in liquid nitrogen. When grown out, 6-well tissitere
plates (Corning) were coated with laminin (Sigma-Aldrich) in PBS % 33r 1 hour.
The plates were then washed twice with sterile PBS. The prostate tumaes were
then grown in serum-free growth medium (keratinocyte serum frdeumegGibco))
with 40mM L-glutamine (Gibco), 12f/mL gentamycin and 2./mL ampthotericin B
and was supplemented with 10ng/mL basic Fibroblast growth factor ((R&D),

40ng/mL EGF (R&D), 58g/mL Bovine Pituitary Extract (Gibco), 1mM CagCand



0.025% BSA (Sigma-Aldrich). Cultures were incubated &3 10% CQ, 5% G, and

medium changed every second day.

PLATING CELLS IN MATRIGEL

After epithelial cell colonies grew out as adherent cells (“Pro$tateor Cells,”
PrTuCells) on laminin in a first step that selects for epithelial cetls@jects
mesenchymal/fibroblast cells, the cells were trypsinized and cultureshasdherent
cells suspended in Matrigel to yield spheres. Different numbers (10 to 50,000 cells) of
cells were plated in 12-well clusters a 1:5 mixture of cells in seraeAredium to
Matrigel. 1.5 to 2mL of medium was added to each well, which were fluid cthange

every other day, and were incubated &C3ih 10% CQ and 5% Q.

GROWTH CURVE/FACS

A 12-well Corning plate was covered with laminin and incubated“& &% one
hour. Cells were trypsinized and 1000 cells plated in 96-well flat bottom platesl coa
with (10Qug/mL) laminin using multi-pipettors. The CyQuant cell proliferation
fluorescent assay was used to establish cell growth according to the charenim
methodology. Assays were read in a PerkinElmer VICTOR Multilabel Rieéeler.
Each time point was represented by 8 identical culture wells. Control culteres
grown in “medium 6”, other, identical cultures were grown in the presence of
physiological concentrations (nM range) of dihydrotestosterone (andygestrogen

(E), or A+E. The wells were fluid changed every other day. Every tlagg samples



from each category were removed and were subject to FACS. Théngnawes were

then plotted.

RT-PCR

Total RNA isolation was carried out using Quiagen RNA isolation kitacttn
samples were made using Bioline Real-Time one-step RT-PCR kits (225X
reaction mixture, 1uL of RNAse inhibitor, 0.5uL of Reverse Transcripgadepf each
forward and reverse primers, 0.25ng of RNA, and water to total 50uL of reaction)
Samples were amplified in a Thermocycler according to the follpwAR, ERy, TERT -
1 cycle: 48C (20 min), 95C (1 min), X cycles: 9% (10 sec), Tm (Table 1) (10 sec),
72°C (30 sec), hold at°€; ERB — 1 cycle: 48C (20 min), 95C (1 min), 45 cycles: $&
(30 sec), 52C (30 sec), 7« (30 sec), 1 cycle: 7€ (5 min), hold 4C (Table 1).
Multiple primers sets were designed and/or chosen from the published litenadure
amplification conditions were exhaustively screened to amplify the TNBRHERG
fusion mRNA, using the VCaP prostate cancer cell line as fusion mRNA-posiht®Ic

Amplified samples were run with 10uL of dye on 1.6% agarose gel in 1X TAE.



Table 1. The sequences, number of cycles, Tm, anodlRNA, and the type of each primer used for RT-

PCR are listed.

Primers Sequence Cycles
Androgen Receptor 5-CCTGATCTGTGGAGATGAAGCTTC-3’ 40 cycles, Tm:
(AR) (21) 5-TGTCGTGTCCAGCACACACTACAC-3’ 60°C, 0.2%ug
RNA
Estrogen Receptor 5-TGCTTCAGGCTACCATTATGGA-3' 40 cycles, Tm:
alpha (ER) (22) 5-TGGCTGGACACATATAGTCGTT-3' 55°C, 0.2fg
RNA
Estrogen Receptor 5-CACCATCTAGCCTTAATTCTCC-3 45 cycles, Tm:
beta (ER) (23) 5-CACACTTCACCATTCCCAC-3 54C, lug RNA
Telomerase Reverse5'-CGACATCCCTGCGTTCTTG-3' 40 cycles, Tm:
Transcriptase (TERTH'-CAGCTCCCATTTCATCAGCA-3' 61°C, 0.29ug
(24) RNA
GAPDH (control) 5'-CGACAGTCAGCCGCATCTT-3' 40 cycles, Tm:
(24) 5-TTCCCCATGGTGTCTCAGC-3' 60°C,
0.251g RNA
TMPRSS2-ERG 5-TAGGCGCGAGCTAAGCAGGAG-3 35, 38, 40
Translocation 5-GTAGGCACACTCAAACAACGACTGG- cycles,
3' (25) Tm:71,72°C
1ug RNA
5'-CAGGAGGCGGAGGGCGGA-3 36, 37, 38, 40
5-GGCGTTGTAGCTGGGGGTGAG-3' (18,cycles
26, 27) Tm:64, 65, 66°C
1ug RNA

DNA SEQUENCING

Amplified samples were run on 10% non-denatured acrylamide gel: diluted 12%

non-denatured acrylamide (48g acrylamide, 1.6g bis-acrylamide, 40mL oFBBXn

water), 0.07g of solid ammonium persulfate, and 5uL of TEMED. Gel was 4k in

TBE. 5uL of RNAse dye dye was added to each 50uL sample (alreadfiedhpDNA
ladder was prepared using 15uL of a 100 base pair DNA ladder pre-mixed &ith dy

Samples were loaded into every other well to avoid contamination. Gelsuveat
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190V, 38mA, and 6W for approximately 2 hours. Bands were removed from gel and
eluted while rotating overnight with 750uL of Non-Denaturing Eluation B@et%

SDS, 0.5M NHAc, 10mM Mg(Ac), and 1mM EDTA into MQ deionized water) in each
sample tube. The samples were then centrifuged for 1 minute. The sam@dben
syringe filtered into new eppy tubes. N-butanol extractions weredibre® until about
100puL of sample remained. Then each sample had 300uL of 5pdddtate, 4pL

MgCl,, and then filled with 95% ethanol and mixed. The samples were then placed in -
70°C for 1 hour. Samples were then spun down for 15 minuté€at3upernatant was
removed and 300uL of 70% ethanol was added and spun for 15 minut€s at 4
Supernatant was again removed. Samples were then placed on a dry vacuum &0 about
minutes. 20uL of Glass Distilled Water was added to each sample. 8athodample

and diluted primers were sent to UCSD Moore’s Cancer Center for DNA IS2age
Results were emailed back and sequences were compared to humaegqyEmees using

http://genecards.org.

IMMUNOFLUORESENCE SLIDE PREPARATION

PrTuCells were grown on acid washed (1N HCI, 60°C, three changes and
overnight incubations) 22mm #1.5 glass cover slips in 6-well Corning cluster plates, 5
coverslips per well. The coverslips were coated with laminin, washed witlaRB®e
cells were plated on top. Primary (i.e. transfer #0) prostate cells anchizgascultured
PrTuCells were seeded on the coverslip-containing 6-well clusters, makantpauthe

coverslips maintained a single layer without overlap.
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Spheres grown in suspension in Matrigel (BD Biosciences) cultieesfreed
from the Matrigel by digestion with 1mg/mL dispase (UCSD Stem Cell)Cio@ibated
at 37C for 1 hour (until all the Matrigel had been digested). The spheres maintained
themselves without falling apart into single cells. Spheres wereys{e®00XG, 10 min)
pelleted. The pellets were resuspended in sterile 1X PBS and loaulddutile slide
makers in a Sheldon cytocentrifuge slide maker and spun at 240rpm for 12smifioée
use of super-clean slides was a must. Cytocentrifuged cells on microsdepenare

fixed for 10 minutes in -2 methanol, air dried, and then kept at’@@ntil use.

ANTIBODY STAINING

Adherent PrTuCells were grown on coverslips. CIC-sphere cells were @éposit
on microscope slides by cytocentrifugation. All cells were fixed in -20&thanol for
10 minutes and kept at -20°C until use. Primary antibodies were usegl @irbary
antibody per test, by diluting 1u§ antibody in into 2pL of 5% donkey serum in PBS.
Staining was for 30-60 minutes at room temperature. Samples were riresetrti@s in
1X PBS, then quickly with water. Once dry, the respective secondanpdiet
conjugated with Alexa Fluor 488, at 1:100 dilutions were applied for 30-60 minutes at
room temperature. Samples were rinsed three times in 1X PBS and ttidy gith
water. Once dried, 1 drop of ProLong Gold Antifade Reagent with DAP| wag@ppl
each sample, covered, and sealed with clear nail polish. Picturethemtaken on
fluorescence microscope, using the ImagePro program.

ALDH1AS3 (ABGent), ALDH7A1 (ABGent), SSEA4 (Cell Signaling), AB&nta
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Cruz Biotechnology), E&®(abcam), ER (GeneTex), PSA (GeneTex), ABC G2
(Chemicon International), vimentin (BD Pharmigen), CK 18 (Santa Cruz Biodémgy),
E-Cadherin (unknown, Igigmouse), Secondaries: IgG and IgM (Jackson

Immunoresearch), Ig&s (BD Pharmigen)

ALDEFLUOR test for Aldehyde Dehydrogenase detection

The fluorescent Aldehyde Dehydrogenase-Cell Detection Kit (Stein C
Technologies, Vancouver) was used to determine ALDH activity in live.c@lowing
PrTuCells and CIC sphere cells were trypsinized and resuspended in 1X PB&cHror
determination of intracellular ALDH, three equal samples were prepdned.5mL of
cell suspension and 5uL of ALDEFLUOR Reagent, (2) 0.5mL of cell suspension, 5uL of
ALDEFLUOR Reagent, plus 15uL of DEAB Reagent, a specific inhibitor oAth2H
fluorescent reaction (Stem Cell Technology), and (3) negative control + 0f5cell
suspension not further treated. The samples were then mixed and incubaf€dfat 37
35 minutes. Following incubation, samples were centrifuged at 800rpm for 5 sinute
Supernatant was then removed and the cells kept on ice. The cells were resuspended
100uL of ALDEFLUOR Assay Buffer and 5uL of propidium iodide was added to eac
tube. Tubes were stored on ice and taken to UCSD Moore’s Cancer Cerltew for f

cytometry. Flow cytometry was run by Dennis Young.



CHAPTER 3: RESULTS
PrCa tumor samples were obtained from patients undergoing prostatégtomy
remove an early prostate carcinoma. All of the samples had Gleason&¢or@ and are
Stage I/ll, i.e. carcinomas localized to the prostate (Table 2). Thatgresrcinoma

tissue was obtained and cultured as previously mentioned.

Table 2. Data about each of the samples usedsimxiperiment are listed. Some of the data is ankn

Lab Primary Secondary Gleason Sample Histology

ID Gleason Gleason Score

Grade Grade

5 ? ? ? Glandular hyperplasia and nodular
hyperplasia, squamous metaplasia, chronic
inflammation

9 4 5 9 Adenocarcinoma, high grade PIN and
chronic inflammation

77 3 4 7 Adenocarcinoma

78 3 3 6 Adenocarinoma

79 3 4 7 Adenocarinoma

84 3 4 7 Adenocarinoma

86 3 4 7 Adenocarinoma

87 3 4 7 Adenocarinoma

97 3 3 7 Adenocarinoma

98 ? ? ? Prostate with mild hyperplasia changes,
and chronic inflammation, and atrophy

99 4 4 8 Adenocarinoma

100 3 3 6 Adenocarinoma

105 3 4 7 Adenocarinoma

106 3 4 7 Adenocarinoma

108 4 3 7 Adenocarinoma

109 3 5 8 Adenocarinoma

ST ? ? ? ?

13
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Figure 1. (1A) ClICs/Prostaspheres growing on 30rigeal. (1B) After two-step propagation, few cells
remain as single cells. Most CICs develop intstaspheres. (1C) Different sizes of spheres caebe.
As time lapses, cells continue to divide to giugda spheres. (1D) Spheres divide to yield a marirsize
of approximately 250 cells, upon which they startlifferentiate from the center, as seen by thketar
area.

SPHERES

A two step method has been developed to routinely propagate human prostate
CICs (Figure 1A). The first step involves selective isolation by tir@amd selection of
adherent epithelial Prostate Tumor cells (PrTuC) and the second cohgjsiging the
PrTuCells as non-adherent spheres suspended in Matrigel, with the outgrowth of CIC
spheres. After plating in Matrigel, > 90% of PrTuCells develop into mplstaes
provided that PrTuCells are replated in Matrigel after a limited numbegirdfers in
adherent culture, as PrTuCells differentiate with the loss of sterafites2-3 transfers at
a split ration of 1:3. As seen in Figure 1B, very few of the PrTuCells remaie silts
and refrain from developing into spheres of 100-250 cells each. Six days atitey pf
PrTuCells in Matrigel, the single trypsinized CICs have divided to dewsglberes
containing 4-6 cells each. By day 8, the spheres have become 8-12 cells eacthayAfte
8, the CICs continue to divide to spheres containing up to 250 cells each (Figure 1C).
After reaching a size of some 250 cells per sphere in 12-15 days, the cehntesligres
start to differentiate and a limit of ~250 cells is reached. It is not cleather

differentiation is due to the limitation of nutrients into the tight spheres, or whethe
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paracrine feeding within the sphere is limited by intra-sphere diffusioraciitae
crossfeeding has been shown in human embryonic cell colonies, but they are normally
grown in a quasi-two dimensional format which allows more penetrant crosgfeedin

the continued growth of the colonies to larger sizes (Figure 1D).

Sphere cells were trypsinized to single cells, mMRNA extracted, andlihevere
deposited onto microscope slides then fixed for RT-PCR analysis for g@resson and
immunohistological (IH) staining. RT-PCR was done to determine the semiitgtige
level of expression of specific genes in young sphere-forming cellgsaHastaining.

The RT-PCR results show that Pr#77 spheres, and spheres grown from ~40 othter prosta
tumors, express the telomerase reverse transcriptase (TERT) gegleass androgen
receptors (AR), estrogen receptofERn), and estrogen recep®i(ERB), but were
TMPRSS2-ERG gene fusion negative. Compared with normal human prostagiadpit
cells (NPrEpCells) - purchased from the LONZA company — sphere gpliess high
concentrations of AR mRNA but no AR protein, express high levels of tha&feptor,
equal to or higher than NPrEpCells, but express reduced levelfJahRRA and

protein. CIC sphere cells also consistently express the TERT gene, untikeQéfs
grown from young donors, which are TERT negative. Finally, without exception, CIC
sphere cells do not synthesize detectable levels of the TMPRSS2-BERGdgese. The
lack of expression of TMPRSS2-ERG fusion mRNA has been pursued for three whole
years using many different RT-PCR oligonucleotide sets, different tatopes, and
cation/formamide concentrations.

CIC-sphere cells were tested for the expression of the receptor proteinR&R, E
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and ER by immunohistological staining. Additionally, CIC sphere cells wertedd®sr
the expression of the ABCG2 protein (Figure 2A). ABCG2 is a detoxifying phatp t
actively removes toxins from stem/progenitor cells. This, and similaripsatenstitute
a defense mechanism of stem/progenitor cells against toxins, thus etisenunpility
of these crucial cells in the life cycle of the organism. Interestiagly now finally
understood, proteins like ABCG2 protect cancer cells against chemotherapiukdby
the “multidrug resistance” mechanism, thus defeating complete therapkmiitation of
many cancers by protecting Cancer Initiating stem/progenitos €eth
chemotherapeutic drugs. Indeed, early (Stage I/ll) prostate-deri@edpBkeres express
ample ABCG2, contributing to their characterization as “stem/progeruéils.

Inasmuch as the transporter protein ABCG2, alias BCRP, is a highly specifi
marker for stem cells, it is expressed to a considerable level in the cytapfi#se
prostate CIC sphere cells (Figure 2A), though its detection by immuncfasoreas not
a reliable quantitative test. Surprisingly, prostate cancer CIC spHisralse express
ample levels of the vimentin protein, considered to be a marker found and specific for
mesenchymal cells (Figure 2B). An explanation for this observationddyrepgparent
as the particular CIC sphere cells shown in Figure 2B were differentiateduM
retinoic acid for 12 days. Nevertheless, the expression of vimentin by CIC sphlisre
needs to be verified in a fully controlled experiment and investigated further.

CIC sphere cells express little or no AR protein (Figure 2C), though thegssxp
ample AR mRNA, as described below. Similarly, CIC sphere cells exgdssed

amounts of the ERreceptor (Figure 2D) compared to the level oEERpressed by



17

NPrEpCells (not shown). The consistent down-regulation of ttger&éeptor by

prostate cancer-derived epithelial cells compared with NPrEpCelltheme that has
been consistently reported by Gail Prins and is beyond the scope of the experiments
reported in this thesis (32). Furthermore, the estrogen receptor alpiagERpressed
to a high level, similar to its expression by NPrEpCells (Figure 2E andhoen3. The
prostate luminal cell differentiation marker CK18 is also seen in thep@i§taspheres
(Figure 2F) and, similar to the expression of vimentin, the cells that are sh@wpress
CK18 in Figure 2F were differentiated with retinoic acid. CK18 expressionGn CI
prostaspheres needs to be followed up with a fully-controlled experiment in the fature, a
CK18 expression may be related to the degree of retinoic acid-induced diftevardfa
the particular samples stained and shown in Figure 2F.

Significantly, in extensive experiments performed on CIC spheres grown from
different prostate carcinoma cells, PSA expression has not been found (FiguighiaG).
significant finding may mean that the early cancer-inducing sten@pitog cells in
human carcinomas is blocked from differentiating with the expression of PSA, and is
supported by a recent paper by Dean Tang who isolated PSA-negativeoceltbdr
human prostate cell line LNCaP. These cells were PSA-negative andabio$iSelf-
Renewing Long-Term Tumor-Propagating Cells that Resist Giast(@8). Finally, CIC
sphere cells were E-cadherin negative (Figure 2H).

These CIC sphere cells express the human stem cell-specific antiged,SSE
express medium-levels of the ALDH1A3 isoform of the stem cell-spesizgme

aldehyde dehydrogenase (ALDH) and very high levels of the 7A1 isoform of this



enzyme, ALDH7AL1. ALDH is a widely-recognized intracellular margeecific for stem

cells (16) (Figures 21, 2J, 2K).

Figure 2. Immunohistological staining on undiffatiated prostaspheres. Specific proteins seeneiang
Blue is the DAPI, which stains the nuclei. (2AB®& G2 (1s exposure), (2B) Vimentin (250ms), (2&R
(1s) is undetecable or unseen. (2DPEBROOmMS), (2E) ER (1s), (2F) CK18 (500ms), (2G) PSA (1s), (2H)
E-cadherin (1s), (2I) SSEA4 (1s), (2J) ALDH1AS3 (7€), (2K) ALDH7A1 (750ms).

Cultured CIC spheres were differentiated with retinoic acid (RA), areiffating
substance that has been shown to differentiate many different cell lineagesdugéd
CIC spheres were also characterized for the expression of diffe@mtatigens. The
differentiated spheres expressed vitmentin at a level higher than ntett@i& spheres.
Vimentin is specifically expressed by cells at the outer regions optiees, suggesting
that the reagent (RA) did not diffuse throughout the entire “pingpong” ball of the sphere

(Figure 3A). Whether this means that RA induced an actual mesenchymalypleenot
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the outer rim of the CIC sphere cells remain open to interpretation. These RA-

differentiated spheres remained ALDH1A3 and ALDH7A1 positive (Figures 3B, 3C

Figure 3. Immunohistological staining on reteraitd induced differentiation. (3A) Vimentin (250ms
(3B) ALDH1A3 (750ms), (3C) ALDH7AL1 (500ms).

TELOMERASE REVERSE TRANSCRIPTASE (TERT) POSITIVE

The first step in isolating and growing CIC-sphere cells from Stagard/$tate
cancers was their establishment as adherent cells in serum-free coitta®@ing specific
recombinant growth factors. These cells, designated PrTuCells werehidiacterized.
Though not grown into suspension-culture prostaspheres, early cultures obthesess
consist almost quantitatively of CICs as they can be grown into CIC spheees. W
characterized these cells in various ways. A known characteristiosibf® cancer
stem/progenitor cells is their ability to continuously replicate. TEBlomerase reverse
transcriptase) is a ribonucleoprotein that maintains the ends of DNA chroesgsom
telomeres, from eroding with each cycle of DNA replication, with eadldoabling.
Using RT-PCR, all the prostate carcinoma cell samples (n>30) grown iuCé&lf

cultures were found to be TERT positive (Figure ByTuCells grown from only one
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prostatectomy patient, Pr#108, was found to be TERT-negative. Additionally, normal
prostate epithelial cells grown from young donors were TERT negatie&pasted.

Since Pr#108 is TERT negative, the Pr#108 frozen cells may contain only normal
prostate cells and no cancer cells. This assumption gains credencednasuilts
obtained with NPrEpCells which are TERT-negative and is, of course, not a calhcer c
source. Inthe RT-PCR amplification of TERT, the human cancer line NTERA a
GAPDH were used as positive controls. Though several different PCR-aatjif
oligonucleotide sets were used to amplify TERT mRNA in these experimemts|las a
positive control — NTERA, to ascertain that the results indeed mean that PrTuCells
express the TERT gene we purified and sequenced the amplified TERT DNA ofefrTuC
#99 and obtained a full identity of the sequence of the amplified DNA with the

corresponding sequence of the published human TERT gene (Figure 5).

NTERA 5 9 TE 77 7ito 79 84 86 87 99 105 108

Figure 4. RT-PCR for TERT was run on a varietgafples, as shown. NPrEpC = normal human prostate
epithelial cells from a normal, young donor, LONE&.
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TERT x PrTuCell #99
10 20 30
CATTTTTCCTGCGCGTCATCTCTGACACGGCC

TTTCATCAGCAAGTTTGGAAGAACCCCACATTTTTCCTGCGCGTCATCTCBACACGGCC
3070 3080 3090 3100 3110 3120

40 50 60 70
TCCCTCTGCTACTCCATCCTGAAAGCCAAGAACGCAGGGATGTCG

TCCCTCTGCTACTCCATCCTGAAAGCCAAGAACGCAGGGATGTCGCTGGGRCCAAGGGC
3130 3140 3150 3160 3170 3180

Figure 5. The TERT band of Pr#99 was sequenciogrding to the above protocol. The sequence
matched that of the published gene. The numbereathe sequence is the number of base pairs matched
and the bottom numbers are the number of basesuiith whole TERT gene.

TMPRSS2-ERG GENE FUSION

Advanced human prostate cancer cases have been shown to harbor a specific gene
fusion between an androgen-responsive promoter, TMPRSS2 and the oncogene ERG
(26). Both genes reside on human chromosome #21 at a distance of about one million
base pairs and in the same coding direction. A fusion mMRNA is expressed in ~50% of
human prostate cancer cases (26). Indeed, prostate cancer cell linesbtirahleafusion
MRNA/protein express higher levels of the (weak) oncogene ERG (29). The notion that
this, and associated gene fusions constitute an event in prostate canceriprogress
widely accepted. However, some credible reports have shown that the TMER&S2-
gene fusion is present specifically in early, non-progressed prostatescggtje
Additionally, normal prostate epithelial cells that are grown in cultutee presence of
high levels of androgen acquire the gene fusion (26, 31). Hence, in spite of aignific
“vested interests” in this gene fusion phenomenon, the jury is still out to detevime

the fusion event means in the natural history of human prostate cancer. It is gminent
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possible that the TMPRSS2-ERG fusion results FROM the presence of tim®eren
an “androgen-bathed” organ, rather than being causal of its initiation or [@ogres

While the common notion is that the TMPRSS2-ERG defines human prostate
cancer, this might be a fashionable error that may require furtherestricgusality
testing. Indeed, only a small minority of human prostate cancer celhiamber the
fusion protein, e.g. VCaP, and the view that “only fusion mMRNA-expressing prostate
cancers and cancer cell lines are in fact carcinomas” is probably errorewgshave
found that allof the early carcinoma-derived PrTuCell cultures that we have tesked lac
detectable fusion mMRNA, even though the cells generate human prostate cecers w
small numbers (1000 cells) of PrTuCells were transplanted into the anteri@t@afs
SCID mice. We subscribe to the view that the fusion mRNA event does not define
prostate cancer but rather is induced by it.

In light of the fusion-marker controversy, it was important to test whethlgr ear
Stage I/l prostate carcinoma cells possess this gene fusion mRNA, invotiosy;
whether the fusion event may be partially causal in the initiation of thencarai
Therefore we tested, using RT-PCR, whether a fusion mRNA is detectalue in t
PrTuCells grown from Stagel/ll prostate cancers. Only short-timeQ&il cultures
were tested, as under the androgen-free culture conditions in “metfitipcélls
harboring this fusion RNA in vivo may be lost from long-time cultures.

Since the published sightings of the TMPRSS2-ERG fusion RNAs have been
limited to a small minority of cells in typical prostate carcinomaigssesting for the

fusion RNA involves a problem of low-abundance transcript detection. Therefore, we
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first established methods to detect the fusion RNA using a one-step RT-RCRribs
the “MyTaqg One-Step RT-PCR kitf BIOLINE (Taunton, MA) proved capable of
routinely detecting the low-abundance fusion message. Most RT-PCR detetstion ki
available on the market were tried, using various published amplificationpdigoand
amplification conditions (temperatures, cation concentration and formanvi&D
addition). We used the VCaP cell line as a positive control in our TMPRSS2-ERG
amplification experiments.

None of the 30 PrTuCell cultures tested for the TMPRSS2-ERG fusion mRNA
showed evidence of the fusion species. (Figure 6, 14 shown). The primers used were
taken from the scientific literature and yielded positive TMPRSB&tamplification
results in their respective publications and with our positive mRNA conti@lcted
from VCaP cells. The different amplification conditions used are showrbie Ta To
exclude the possibility that PrTuCells cultured in androgen-free “mediumdit have
lost TMPRSS2-ERG-positive cell populations that express the fusion mRN&esult
were established in the presence of 10nM androgen and grown. None of the PrTuCell
cultures grown in the presence of androgen showed evidence of detectable fusion
transcript either (not shown).

VCaP 77 78 79 84 86 87 9900 105 106 108 109 ST

Figure 6. RT-PCR was run With"the‘TMPRSSZ-EI%Gegfusion on a variety of
prostate cancer samples. The samples weregdtine except for VCaP,
which is the positive control.

Thus we conclude that Stage I/l of prostate cancer-derived CICltale/é have

studied lack the TMPRSS2-ERG fusion transcript. Whether our work can be geakral
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to suggest that the fusion event is a progression event in prostate carcirsogedesi
absent from the earliest stages of the carcinoma, or that the fusion evertra&aegeBY

the androgen-driven cancer and results FROM the same, is open to speculation.

ANDROGEN RECEPTOR (AR) EXPRESSION AND MISREGULATION

Recognizing the importance of the androgen receptor in prostate earell as
in the development of the normal prostate, the mRNA of the androgen receptor (AR) was
amplified in a series of prostate tumor samples using RT-PCR (FigiweAl of the
PrTuCell cultured samples used showed evidence for the transcription of ten&R
though no quantitive AR-mRNA determinations were done. RNA extracted fromad\or
Prostate Epithelial Cells (NPrEpC) was also amplified by RT-PCRendmplification
band on the gel was somewhat weaker than that of the PrTuCell culturexpAsRseon
in samples of cultured early prostate cancer cells — PrTuCells - shoulchpared with
multiple sources of normal prostate epithelial cells - NPrEpC, as norm#dterasa
reasonable control to the early cancer tissues studied. Multiple NPrEpBeks have
not yet been studied, as the material is inordinately expensive and hard to cohhe by
LNCaP prostate cancer cell line and GAPDH served as the positive cami#éis
MRNA RT-PCR amplification experiments. The AR DNA band amplifiechfPrTuCell
#109 was sequenced to ascertain that the oligo sets used indeed amplified ae AR-gen
sequence and no other, as shown in Figure 8.

Prostate tumor cells grown on coverslips in meditiffi &nd fixed in ice-cold
methanol were stained with antibodies specific for the human AR protein totestima

level of expression of the AR protein in PrTuCells (Figure 7B-E). Comparte t
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PrTuCell samples, the NPrEpCells (Figure 7F) express considerablYARgtein
though AR-mRNA expression does not differ significantly. Other culturesTofCGel|
samples — not shown - express little or no detectable AR protein. While the methods
employed are at best semi-quantitative, a trend appears clear, naatgbypstate tumor
culture cells down-regulate translation of AR-mRNA, a finding that willdtewed

using quantitative methods in the future.
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Figure 7. (7A), RT-PCR amplificat of AR mRNA extracted
from PrTuCell cultures. All ofdltultures express AR mRNA,
with some bands brighter than thdositive controls LNCaP
and GAPDH were run, along withG®fip DNA ladder. (7B-F),
Immunocytological staining of ARotein on Pr#9 (7B, 1s),
Pr#87 (7C, 1s), Pr#105 (7D, 1&}108 (7E, 1s). (7F)
Immunocytological staining of ARogein expressed by normal
prostate epithelial cells NPrEAEE250ms). Note the difference
in photographic exposure betwédenfluorescently stained

PrTuCells (1 second) and the NX&|s (250 milliseconds).
(7G) Immunocytological of cont(dl)
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AR vs PrTuCdl #109

--------------------------------------------------------------------------------------------- AGCTGC
CTGATCTGTGGAGATGAAGCTTCTGGGTGTCACTATGGAGCTCTCATGTGGAAGCTGE
1690 1700 1710 1720 307 1740
10 20 30 40 50 60

AAGGTCTTCTTCAAAAGAGCCGCTGAAGGGAAACAGAAGTACCTGTGCGCBGCAGAAAT
AAGGTCTTCTTCAAAAGAGCCGCTGAAGGGAAACAGAAGTACCTGTGCGCBGCAGAAAT
1750 1760 1770 1780 1790 1800

70 80 90 100 110 120
GATTGCACTATTGATAAATTCCGAAGGAAAAATTGTCCATCTTGTCGTCTTCGGAAATGT
GATTGCACTATTGATAAATTCCGAAGGAAAAATTGTCCATCTTGTCGTCTTCGGAAATGT
1810 1820 1830 1840 1850 1860
130 140 150 160 170 180
TATGAAGCAGGGATGACTCTGGGAGCCCGGAAGCTGAAGAAACTTGGTAATTGAAACTA
TATGAAGCAGGGATGACTCTGGGAGCCCGGAAGCTGAAGAAACTTGGTAATTGAAACTA
1870 1880 1890 1900 1910 1920
190 200 210 220 230 240
CAGGAGGAAGGAGAGGCTTCCAGCACCACCAGCCCCACTGAGGAGACAACCAGAAGCTG
CAGGAGGAAGGAGAGGCTTCCAGCACCACCAGCCCCACTGAGGAGACAAGCAGAAGCTG
1930 1940 1950 1960 970 1980
250 260 270 280 290 300
ACAGTGTCACACATTGAAGGCTATGAATGTCAGCCCATCTTTCTGAATGTCTGGAAGCC
ACAGTGTCACACATTGAAGGCTATGAATGTCAGCCCATCTTTCTGAATGTCTGGAAGCC
1990 2000 2010 2020 2030 2040

310 320 330 340
ATTGAGCCAGGTGTAGTGTGTGCTGGACACGACAA

ATTGAGCCAGGTGTAGTGTGTGCTGGACACGACAACAACCAGCCCGACTCITTGCAGCC
2050 2060 2070 2080 2090 2100

Figure 8. The AR amplified DNA band of Pr#109 wasjuenced to assure that the proper gene was
identified. The sequences matched 100% to thaéghdud sequence of the AR mRNA in the human
database. The number above the sequence is tHeenoifrbase pairs of the amplified band and the
number below the sequence is the number of theibdbe database AR-mRNA.
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EXPRESSION OF THE ESTROGEN RECEPTORS

Even though prostate cancer is thought to be an androgen-based disexsypa est
is believed to play a role in the initiation and progression of the di¢g2seThe
expression of the known estrogen receptors was investigated by PriarCelly their
control NPrEpCells.

RT-PCR was performed on mRNA purified from PrTuCell cultures, to
characterize the ERgene in prostate tumor samples. As shown, (Figure 9A), all of the
samples tested strongly expressed/BEHRNA. Though RT-PCR amplification is merely
semi-quantitative, standard, equivalent amplification methods were used throughout,
allowing a reasonable estimate of the expression of thegéRe. The cells line MCF-7
and GAPDH were used as internal positive controls in these experimentsiltdled
PrTuCells express much more €ERRNA than the NPrEpCells. Immunoflourescent
staining for ER protein, while not strictly quantitative, shows that the expression of the
ERa protein by PrTuCells is considerably higher than that expressed by the normal
control cells used, NPrEpCells (Figures 9B-E).

Cultured PrTuCells were also characterized by RT-PCR for the siqrad
estrogen receptor beta (ERMRNA (Figure 10A). The level of BRMRNA expressed
by the cells appears to be significantly less than the expression of dheAR or
TERT mRNA, though all of the samples showed at least a slight band of the dxgieete
on the gels. The PC3 cell line and GAPDH were used as positive controls in these
experiments. Looking at ERprotein, all the PrTuCell samples synthesize significantly

less ER protein than the NPrEpCell cultures (Figures 10B-E).
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Figure 9. (9A) RT-PCR amplification of ERNRNA expression by cultured PrTuCells. Picturesewe
taken through a different method due to technizalimmstances. (9B-F) Immunocytological staininghaf
ERa protein on PrTuCells #9 (9B, 1sec), Pr#87 (9CGed),sPr#105 (9D, 1sec) and Pr#108 (9F, 1sec), (9F)

Immunocytologic staining of ERon NPrEpCells (250n)s (9G) Immunocytologic staining of control (1s).
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Figure 10. (10A) RT-PCR amplification 18R of mMRNA extracted from
cultured PrTuCells, NPrEpCells and PC30B(E) Immunocytological
staining of ER on Pr#9 (10B, 1 sec), Pr#87 (10C, 1sec), Pr#10B,(1
sec) and Pr#108 (10E, 1 sec). (10F) Immytodmgical staining of
NPrEpCells (1 sec). (10G) Staining of cohfts)
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GROWTH-RESPONSE of PrTuCellsto ESTROGEN and ANDROGEN

Do the androgen or the estrogen receptors play a role in the proliferation or the
differentiation /apoptosis of the PrTuCells, through their respective resdfitar ERB,
and AR? To approach this question we grew PrTuCells in flat-well well m&rptates
in the presence of physiological concentrations of androgen (DHT), estragthe two
hormones together. These experiments were done with the hormones at coonsmfati
1nM and 10nM. For each time point 8 wells were assayed of (no hormone added) control
cultures, DHT-supplemented cultures, estrogen-supplemented cultures and the
simultaneous supplementation of both hormones. The number of cells per well/culture
was determined by staining the cells with a DNA binding dye using the Matdetdbes
CyQUANT NF Cell Proliferation Assay Kit. Fluorescence was readh iacaomated
PerkinElmer VICTOR Multilabel Plate Reader. Of the 5 PrTuCell cudttested in this
way, one result for PrTuCell #87 is shown in Graph 1 (other data in APPENDIXj)e The
was no effect on growth rate of Pr#87 cells, neither acceleration nor growth sadlicti

to differentiation or apoptosis in response to the presence of either hormone.
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Graph 1. Pr#87 cells were cultured in the presehemdrogen, estrogen or the two hormones together.
Cell growth was assayed by the CyQUANT fluoresc¢aeit Proliferation Assay of Molecular Probes

This result was a surprise. After all, the cells express the resplotivene
receptors. However, as shown below, the cells have significant charaxdexisti
stem/progenitor cells, and without some degree of differentiation, they magspond
to extracellular hormone concentrations, as was in fact observed. Missisetisfa
similar experiments done on NPrEpCells which also express the hormone receptors,
though these express the [ERceptors — the receptor known to be active in
differentiation/apoptosis of prostate epithelial cells — to a much higher [Eheke

experiments have not yet been done due to the scarcity of human NPrEpCells.

COMPARATIVE ESTIMATE OF THE CONCENTRATION OF ERB
RECEPTORSON PrTuCedlsand NPrEpCélls
The level of staining of the BReceptor protein, an estimate of the comparative

number of ER receptors on the surface of PrTuCells and their NPrEpCells as a control
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was also measured by flow cytometry off=&ntibody-labeled live cells. PrTuCell

cultures of the following PrCa samples were tested, Pr#84, Pr#87, Pr#106, Pr#108, and
Pr#109 (Figure 11). Fluorescent antibody staining was assayed by flow tytoA®is
shown in Figure 11, the peak of fluorescence intensity @-&mRibody staining was ~20-

30 fluorescence units, while normal prostate epithelial cells displayek éepebof
~100-150. Indeed, the reduced expression of tHereEeptor and of its activity has

been documented before (35). (Other receptors were measured, APPEDNIX)

100 120

Counts

20 40 60 80

-0

10
ER-beta AF488

Figure 11. The FACS results of testingfEdh PrCa samples and NPrEpCells. Pr#9 (red), Brig@en),
Pr#108 (pink), Pr#109 (light blue), PrST (orange)d NPrEpCells (blue). The counts are the number o
incidences detected and is graphed against thergrabfiuorescence.

PrTuCelsand CIC-SPHERE CELLSare STEM/PROGENITOR CELLS

In other work (in preparation) the potent cancer phenotype of PrTuCells and CIC-
sphere cells has been documented by transplantation of small numbers of theocells int
the anterior prostate of SCID mice and (immuno)-histologic analysis of thléngs
cancers. Do PrTuCells possess characteristics of stem/progengor.eelire the

adherent PrTuCells a manifestation of Cancer Initiating Cells? Elsewhe have
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shown that PrTuCells express a set of stem/progenitor markers, CD44, CD133; Integri
a2B1 and CytoKeratin 5/14, which, as a group characterize stem/progenitor epithelial
cells. Here we added to this group of cell surface stem/progenitor mbn&enspression

of the intercellular enzyme Aldehyde Dehydrogenase, ALDH. In multipléqatioins,
ALDH has been shown to be exclusively expressed in stem cells and in Candandnitia
Cells (28).

Both the fluorescent test “ALDEFLUOR” of Stem Cell Technology, Vaweo,
and fluorescent staining of fixed PrTuCells growing on coverslips, using angsbodie
specific for two different ALDH isoforms have been used. Antibodies to ALD3{1A
specific for human breast cancer CICs and ALDH7A1, an isoform specificdstape
stem cells have been used to characterize PrTuCells (33, 18).

PrTuCells were grown on cover slips, fixed and stained with polyclonaik rab
antibodies to ALDH1A3 and ALDH7A1 (ABGENT, San Diego, CA) can be seen in
Figure 12, PrTuCells #87 stained much more robustly with the ALDH7A1 antibody
(Figure 12B) than with the ALDH1A3 antibody, confirming the result presenteiby
der Hoogen (18). ALDH7A1 appears a little stronger than ALDH1A3. Thidtre
confirms the “stemness” of PrTuCells #87, and delineates the specific isoféinDH
synthesized by PrTuCells #87. PrTuCell samples grown from other patient dsoors al
stain more solidly with the antibody to ALDH7A1 than with other isotypes.

Figure 12C also shows that PrTuCells stain robustly with another stem cell
specific antibody, namely SSEA4, yet another stem cell-charaotgnzarker of

PrTuCells grown from early human carcinomas.
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Finally, PrTuCells were tested in the fluorescent ALDEFLUOR testdireloped
by Stem Cell Technologies in Vancouver. Live cells stained with tlgeneaf this test
and with the fluorescent reagent in the presence of a specific inhibitor of therregac
DEAB, were shown to stain strongly for the presence of ALDH (Graphs 2A&B BA&
The assay in the ALDEFLUOR test was by flow cytometry, performed wjbrége by
Mr. Dennis Young at the UCSD Cancer Center. PrTuCells grown in meditirfré@m
patient samples Pr#76 and Pr#109 also were quantitatively shown to syntheseze ampl

ALDH as assayed by the ALDEFLUOR-FACS test.

I on”
Figure 12. (12A) Immunohistological staining of BH1A3 on Pr87 (1s) (12B) Immunohistological
staining of ALDH7A1 on Pr87 (1s) (12C) Immunobisigical staining of SSEA4 on Pr87 (1s)
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Graph 2A and 2B. (2A) Pr#76 positive (2B) Pr#ggative control (with DEAB inhibitor). These cells
were subject to FACS after reacting with Aldefludihe green cells are the cells that stained pesitr
ALDH activity. The dark blue are the cells thatrev@live but not positive. The light blue cellg &éne
cells that are deadQuantitatively, can see ALDH positive cells.
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Graph 3Aand 3B. (3A) Pr#109 positive (3B) Pr#b@gative control (with DEAB inhibitor). These isel
were subject to FACS after reacting with Aldefludihe green cells are the cells that stained pesitr
ALDH activity. The dark blue are the cells thatres@live but not positive. The light blue cellg dine
cells that are deadQuantitatively, can see ALDH positive cells.



CHAPTER 4: DISCUSSION

We have developed methods to grow stem cell-like cancer cells (CIC,f@8C)
carcinoma tissue of the earliest diagnosed prostate cancers, cancenge mat lyet
migrated from their initial location in the prostate and that are consideredatalbmyen-
dependent or “castration-responsive”. The most important aspect of this wuak is t
while these early, Stage I/Il prostate cancers are wabelydered to be androgen-
responsive, the prostate tumor cells isolated and grown in our novel two-step
methodology in serum- and hormone-free medium are androgen-independent, androgen-
unresponsive, thus, “castration-resistant”. Small numbers of these culturedeoros
tumor cells are potently tumorigenic in SCID mouse transplantations, gegdraiman
prostate cells with a short latency of only weeks (shown in other work, not here). We
interpret these results to indicate that potentially lethal prostatercegits that are
“castration resistant” — i.e. androgen-unresponsive and androgen—independent — are
already present in the earliest stages of prostate cancer. Preswafiabfyrther
tumorigenic progression of these cells, they are the cells that becoase/e and
metastatic in their patient of origin — and become lethal and therapyanesist
recurrence of the disease. Unlike the widely-held notion that early prosteters
undergo “androgen/receptor-switching” while acquiring a castratiostaes phenotype,
a form of castration-resistant cell pre-exist in at least 50% (n=52) &t#ge /1|
prostate carcinomas that we have grown in culture and studied. Identification of
castration-resistant cells in the earliest stages of prostaterdants the field of human

prostate cancer inside-out and is of major scientific and biomedical impo&sititce
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comprises an entirely new paradigm in human prostate cancer that is otfangea
therapeutic consequence.

The purpose of this Masters Thesis work was to characterize these cultured,
adherent prostate tumor cells (PrTuC) and their suspension sphere embodiment (CIC
spheres).

A summary of the results shows that the cells in question are of a stem/fmogeni
persuasion, express many well-established stem/progenitor markerssebgsal/stem
cell cytokeratin markers, are TERT-positive and lack the prostate eass@riated
TMPRSS2-ERG fusion mRNA. In addition, the cells are androgen-indepemaknt a
androgen-unresponsive, in addition to being potently tumorigenic inoyitteemsel ves.

Virtually all cancer cells express TERT and so do the PrTuCellsiaiCGnme have
isolated from early cancers. Using PCR, others have found that ~100% ofRrlass
tested were positive for TERT, but TERT is not expressed in normal prostate&d
samples (34). TERT is an important marker to study because of its oak survival
and its role in the continuous division of cancer cells (35). TERT mRNA has been shown
to be present in all of our prostate tumor samples (Figure 4). Also, NPrEp€elERT
negative. Our findings support others' results that PrCa samples with Gleades 6 to
9 are all TERT positive. By being TERT positive, it shows that thesa saf@ples
contain the gene that maintains telomeres and allow for the cells toumrdly divide.

In spite of the expression of TERT by these potently tumorigenic PrTuélls/C
cells, they are not immortal in culture. In fact, while the cells are pgtiemtiorigenic in

vivo when transplanted orthotopically into the native microenvironment, they senesce in
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culture, suggesting that these androgen-independent prostate tumor cells depemd on thei
microenvironment to express their sinister — immortal — program in vivo. Thissisgg

that only after these cells have fully progressed to an invasive and mefastaiotype

will they become immortal in vitro. Supporting this notion is the fact that it has proven
very hard to establish human prostate cell lines. Indeed, establishment in sudtuaee
event, suggesting that the early malignant disease is fully dependent on its
microenvironment, its stroma. The PrTuCells/CIC-spheres are not autonomously
replicating cancer cells but microenvironment-dependent and potentiatigroas. This
finding presents a novel question related to “cancer initiating cells”, CICnatpat is
discussed in the next paragraph. Additionally, if the mRNA fusion event TMPER&2-

is in fact associated with prostate cancer invasion, metastasis aed cahprogression

— and poor prognosis — then the fusion event would be a contributor to the conversion of
prostate cancer cells from a microenvironment-dependent/senesceit staimmortal
phenotype. One attractive result of this assumption is that it is experimé&gtable.

The isolation of CICs has been documented solely from progressed, metastatic
cancer tissue from many human solid cancers. Starting with the work of ti#gBom
group (9), and through publications documenting CICs from brain, liver, melanoma and
other human solid cancers, the starting cancer tissue for CIC isolation weresgedgre
cancers. Indeed, these human CICs were all stem/progenitor cells andyposaiital
in vitro. Our isolation by in vitro culture of CICs from very early human prostate
cancers, CICs that possess many stem cell characteristics anditoagfiarent

microenvironment-dependent CICs, suggesting that the concept of CICs needs to be
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broadened to include stem-like, microenvironment-dependent CICs in addition to a
category of fully independent CICs. One would venture to suggest that theoisaladi
characterization of early prostate cancer CICs constitutes a rewotl&1Cs, namely
microenvironment-dependent CICs.

This hypothesis is supported by our finding that none of the early prostate tumor-
derived cultured CICs possessed a detectable TMPRSS2-ERG fusion event.
Interestingly, Fine has reported that the frequency of this fusion event caatbd tel
the cancer Gleason grade: the TMPRSS2-ERG fusion occurs most freduémthgr
Gleason grades (less than 7) (30). Fine used FISH and correlated Gledsamgra
tumor morphology. Their results could mean that since our samples are of higher
Gleason grades, we do not see this TMPRSS2-ERG fusion.

The mechanism that triggers the gene fusion events as well asdenireis not
clear (31). Demonstrations of TMPRSS2-ERG fusion show that 59% of the fusion-
positive prostate cancer cases had one of eight possible isoforms for thissyemé26).

A potential source for this fusion event is androgen exposure (26, 31). An increase in
ERG expression due to the fusion event leads to an increased expressiory@f, C-M
which is an oncogene closely associated with oncogenic cell transfmmméaich

prevents prostate epithelial cell differentiation (36). Using FiS&ifusion event is

found to be induced through androgen receptor activity, as the TMPRSS2 andzhe ER
genes came together when AR activity was increased when comp&cegative

cells (31). This translocation may be associated with the aggressivdribe prostate

cancer; however, further research must be done to fully support this claiB1}j26,
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Each of the PrCa-derived PRTuCells/CIC-sphere cells contains ARpieRNA;
however, there is little to no detectable AR protein. In NPrEpCells, thimssi&R
MRNA but more AR protein when compared to the early PrCa samples. These
NPrEpCells show what the results would be if AR protein synthesis were fungtioni
properly. When comparing PrTuCells #77 with Pr#77 sphere cells, there appears to be
less AR mRNA in the latter though no AR protein is observed. This up-regubdithdR
transcription seen in the PrCa samples could be due to the prostate tryingldadaina
produce more AR protein due to the malfunctioning of AR gene-translation. Some
unknown mechanism could be blocking the translation of the increased transaifption
AR mRNA. The fact that there is AR mMRNA and no AR protein detecteshsnhat
these samples, especially these CIC spheres are androgen-indepBiaderattter
whether androgen is present or not, the translation from mRNA to protein iscnotig
and this androgen-independence is already present in early stagé IPe@d. [This
observation appears to us worthy of serious follow-up and indeed we will pursue this
discrepancy and its basis.

Though historically thought to be primarily an androgen-dependent disease,
evidence is mounting that estrogens play a role in the initiation and progression of
prostate cancer. In an experiment to induce prostate cancer in SCID mioejdbéiece
of prostate cancer is 100% when supplemented with testosterone and estrogeas,where
only 40% incidence occurred when supplemented with testosterone alone. This study
shows that testosterone is necessary but not sufficient in the development of prostate

cancer (32).



42

In our samples, there is very little ERRNA present in each of the tested PrCa
samples and low/zero concentrations oBEfRotein. Though difficult to rigorously
compare, there is significantly less [ERRNA than AR, ER, and TERT mRNA.

Looking at ERy, there is more E&®protein than ER protein in the PrCa samples. There

is also more ERMRNA and protein expression in the PrCa samples than the
NPrEpCells. ER has been found in the stromal and basal prostate layers; wherg@as, ER
has been found on the stromal, basal, and epithelial layers (32). ArsenordaR
expression is seen with an increase in Gleason grade and it medlatasation. ER
expression, on the other hand, is inversely correlated with Gleason graddibitd i
epithelial-mesenchymal transformation (38)ur results support these findings, as our
prostate samples have down-regulated BRd up-regulated ER In NPrEpCells, there

is significantly more ER protein compared to its expression in the PrCa samples. When
compared to Pr#9, Pr#106, Pr#108, Pr#109, and PrST, the NPrEpCells has fyaes ER
seen by flow cytometry as well.

Our FACS results show that there are no significant differences betngeen t
expression of the steroid hormone receptors when the samples are grown @sénegr
of androgen, estrogen, or both. These results show that the hormones do not have an
effect on the growth or differentiation of the PrTuC samples. This could fistipgort
our notion that the PrTuCells grown from early PrCa samples constitute an emitodime
of CIC/spheroids that are androgen-independent. Much further experimentatioa wil
done because it is expected that since all of the PrCa samples contain thedmteesre

researched, they should respond to hormones. The differences due to hormones could be
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difficult to detect and thus must be done again.

Several steps have been taken to characterize the PrTuCells and their
CIC/spheroid counterparts with respect to their stem/progenitor cell pespeftnese
early PrTuCell samples were previously transplanted orthotopically irf® ®{e and
produced tumors that were histologically identical to the patients’ tumors firBhis
experiment shows that there are stem/progenitor cells within the samples.

The presence of the ALDH enzyme has been shown to identify sten1&}lIs
Hence, using the Aldefluor Assay kit, we have shown that our cultured Pi3aGetain
and/or consist of prostate cancer stem cells (Graphs 2&3). We alsal $tearfd_DH
isotypes within the PrTuCells with antibodies specific for two specifibiA isotypes.
ALDH7AL1 was expressed to a higher level in PrTuCells than ALDH1A3 (the
ALDEFLUOR kit is not specific for these isoforms of ALDH). All of thassults attest
to the stem/progenitor nature of the cultured PrTuCells. Also the culturedgpiostes
preferentially expressed the ALDH7AL isoform. ALDH7A1 has been shown to be
preferentially expressed in both localized prostate cancers, in dissenamat in
matching bone metastases (18). Can we conclude that the cultured, cassitiantre
PrTuCells/CIC-spheres are an early manifestation of progressed @cetaer cells that
are lethal to the patients when they become invasive/metastatic? Thoughogeainly
implying that thesis, we have not yet proven this.

The PrTuCells/CIC-sphere cells express the ABCG2 gene. The ABO©Gacpr
is a detoxifying pump of stem/progenitor cells that also assertsiitsshcers that have

been exposed to chemotherapeutic drugs, asserting itself as one mechanmrarafeth
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multi-drug resistance. ABCG2 expression is, yet again, evidence fstetin@ess of the
cultured/isolated PrTuCell/CIC-sphere cells.

The cultured/isolated PrTuCells/CIC-sphere cells are PSA negdtivs antigen
is important in diagnosing prostate cancer. Patient levels of the PSA setiggspr
increase when PrCa develops. This lack of PSA expression by our PrTuCeBpitdre
cells has caused us much consternation. However, recently a report has showd that ClI
cells isolated from the progressed prostate cancer cell line LNE&S#f", alleviating
our concern (28).

The prostate cancer samples we used have Gleason scores asshyed to t
Though these scores are characteristic of the samples, prostateicanoeterogenous
disease, meaning that it is not uniform and can range in Gleason score g oenitie
parts of the cancer analyzed. This is why there are two grades thgegri(nary and the
secondary) which are added together to give the Gleason score. Tdatesadifficult
and beyond this study to make conclusions about the correlations between tba Gleas
scores and our results. Out of 390 patients, Lattouf showed that even when senples a
graded by up to 15 pathologists, Gleason grading is a poor predictor of pathological
outcome, as over half of the tumor samples were either under-graded or over-g§raded (
We hypothesize that the isolation of PrTuCells/CIC-sphere cells mayendcquire
predictive clinical value inasmuch as they appear to be representative a$ttatian-
resistant cells that are lethal to the patients.

Epithelial-mesenchymal transition is when the phenotype of PrCa samples

undergo molecular changes from epithelial to mesenchymal. This transitieught to
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be the process that causes dedifferentiation and cancer progression toward a more
malignant state (38). The PrCa samples used throughout this experimentyare e
prostate cancers (stage | and Il). The transition occurs in cahaeese further
progressed than our samples. Since our samples are not undergoing EMT, it was not
discussed in this thesis.

Overall, this study has laid the foundation for further characterization gf earl
prostate cancer stem/progenitor cells. The adherent PrTuCellsahangp CIC-
prostaspheres in 3D culture are ALDH and SSEA4 positive, indicating stemifionge
characteristics. They are also androgen-independent and are proven torapasggr
prostate cancer samples. These samples also haveg=fegulated and BRdown-
regulated. Our results hold the promise of applying these newly-discowdietb@re-

clinical investigations, and, ultimately, to clinically-relevant procedur



APPENDIX

PAGE 31, FACS DATA

Table 3. For Pr#84, FACS cell numbers shown adagri the day the fluorescence was taken. Eatch se

of growth conditions/hormones are listed.

Pri#84 Cell Number

Day Control | Androgen | Estrogen ALE
1 77834 82169 82285 73101
4 136667 131126 98756 104171
7| 126505 114236 103744 93303
10 141246 116744 127573 118563

Table 4. For Pr#87, FACS cell numbers shown adagri the day the fluorescence was taken. Eatch se

of growth conditions/hormones are listed.

Pr#87 Cell Number

Day Control Androgen E=strogen ALE
1 39526 36634 38579 28347
124040 51300 90381 79355
7 287731 279597 233781 244572
10 272396 170119 1747458 152540

Table 5. For Pr#106, FACS cell numbers shown aliogrto the day the fluorescence was taken. Eech s

of growth conditions/hormones are listed.

Pr#106 Cell Number

Day Control | Androgen | Estrogen A&E
1 27224 28239 27756 23382
] 72675 84355 53385 43782
11 69051 45248 49856 48460
20 28995 25701 59444 24201

Table 6. For Pr#108, FACS cell numbers shown aliogrto the day the fluorescence was taken. Eech s

of growth conditions/hormones are listed.

Fr#108 Cell Number

Day Control | Androgen Estrogen ALE
1 93759 87623 B7264 77323
] G3449 72450 T2670 56919
11 131512 145347 128318 121165
20 113628 157884 123263 126713
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Table 7. For Pr#109, FACS cell numbers shown aliagrto the day the fluorescence was taken. Eech s
of growth conditions/hormones are listed.

FPr#109 Cell Number

Day Control Androgen Estrogen ARE
88055 100662 105528 87158
] 133707 82737 TESZ2 74340
11 51333 75249 67064 G9675
20 117670 100277 104825 §3193

PAGE 33, FACS for each receptor
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