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1. INTRODUCTION:

Prostate cancer (PCa) is the most frequent cancer occurring in men in the United States.
While screening for elevated levels of prostate-specific antigen (PSA) has dramatically improved
early detection of this disease (Cooperberg et al., 2004, Etzioni et al., 2002), PCa is still the second
leading cause of cancer deaths in men. In 2014, it is estimated that 233,000 men will be diagnosed
with and 29,480 men will die of cancer of the prostate (American Cancer Society, 2013). Of
concern, a substantial proportion of patients develop an incurable disseminated disease after local
therapy, even when the primary lesion was localized to the prostate when first diagnosed
(Pendleton et al., 2007). Also, a large number of advanced PCas become androgen-independent,
for which there is no known cure. Indeed, median survival for patients with metastatic hormone
refractory PCa is still around 18 months (Hadaschik et al., 2007, Hadaschik and Gleave, 2007).
Thus, there is an urgent need to come up with new treatment regimens for these patients.

In this proposal, we sought to develop a combination therapeutic approach to treat PCa,
employing Abiraterone plus RNA therapy, as a promising methodological approach. A candidate
cell surface receptor is PSMA (prostate specific membrane antigen). PSMA expression is
associated with higher Gleason scores in tumors, and with increased aneuploidy. It is currently
used as a tumor marker for diagnosis, monitoring and prognosis of prostatic carcinoma. Elevated
levels of PSMA is also used as an independent marker for predicting disease relapse. We will use
an RNA aptamer which binds specifically to PCa cells to deliver the miRNA. miRNA have an
advantage over siRNA for gene silencing since they can target multiple components of the cellular
networks / signaling pathways responsible for advanced disease progression.

We had identified miRNA induced by Abi treatment of castration resistant prostate cancer
C4-2 cells using TagMan Array Human MicroRNA Card Set v3.0 (Life Technologies). The top 7
candidates are shown in Table 1. From our literature search and data mining to determine known
and potential gene targets for miRNA, we determined that most of these miRNA appear to be
tumor suppressors (Table 1), inhibiting the expression of oncogenes, pro-angiogenic factors, or
genes involved in cell proliferation, migration, or metastasis. The expression pattern of miR-487a-
3p, MiR-492-5p, miR-510-5p and miR-623-5p especially suggest that these miRNAs maybe
involved in Abi-R (Tablel, contrast the gene function with expression levels). Using mimics and
inhibitors for each miRNA, we will determine which of the identified miRNA are best suited for
further studies.

Since Abi targets androgen biosynthesis in the adrenals, testis, as well as has direct effects
on the tumor tissues, an in Vvitro approach to identify the biomarkers of resistance to Abi can be
imprecise. Our results and others (Kosaka et al., 2014) have shown that while Abi inhibits
CYPI7AL1 activities and expression in C4-2 cells, it is not very effective in reducing cell
proliferation in vitro at physiological levels of <14 puM. However, it is most effective at
suppressing cancer properties in vivo in mouse xenograft models (Bruno et al., 2011, Mostaghel
et al., 2011) and in patients with CRPC (Mostaghel, 2014), indicating that system-wide androgen
suppression and inhibition of AR axis is important. Patient-derived xenograft (PDX) tumor
models retain much of the biological diversity, heterogeneity, molecular characteristics and tissue
architecture of the original patient tumor. Recent advances in the development of these models and
their increasing sophistication have led to their escalating use for anticancer drug research and
development, and as predictive clinical models. Hence, for the correct identification of Abi-R



markers, we propose using PCa-PDX animal model (PDX mice, Jackson Labs). The identification
of abi-R markers is important for designing therapeutic interventions sensitizing PCas to
combination PCa therapies and for prognostic applications to monitor and predict for disease
relapse (Abi-R).

Hypothesis: We hypothesize that changes in miRNA expression underlie Abi resistance
(Abi-R) mechanisms. We further postulate that a RNA therapy (restoring or targeting miRNA)
should increase sensitivity of Abi-R tumors (Fig. 2), allowing us to prolong treatments (Table 2),
and hence the life of a patient.

2. KEYWORDS: RNA aptamer, PSMA, microRNA



3. ACCOMPLISHMENTS:

Table 1. Summary of miRNAseq data on Abi-treated C4-2 Cells

Fold
change

Functions Target genes involved

Possible involvement in Abi-induced tumor regression

hsa-miR- 48  Tumor suppressor Known Target: Genes involved in cell adhesion (MCAM/ CD146/mucl8).
573-5p L Potential Targets : SPARCLI, SLC25A26

Known Target: Genes involved in tumor progression, epithelial—

hsa-miR- mesenchymal transition (EMT), bone metastasis (Gli2, LRP6, CALDI,
4.2 Tumor suppressor

202-3p GHR)
Potential Targets: ARID3B, DICER1, MYCN, PPARGC1B, HMGA?2
hsa-miR- Potential Targets : mRNA splicing GEMINS, ECM/proliferation: FGFR1,

1.5  ?? Tumor suppressor

1262-5p
Possible involvement in Abi-Resistance

OCM2, ITGAV, MYB

Known Target: Genes involved in mitoxantrone (MX) resistance
0.45 Tumor suppressor (BCRP/ABCG2).
Potential targets: SP1, SP3 which upregulate PSA, AR, alpha integrin.
Known Target: Genes involved in angiogenesis (restin, MCL1, DUSP3,
0.65 Anti-angiogenic BRAF, MAP3K1, MMP10, SP1)

hsa-miR-
487a-3p

hsa-miR-

492-5p Potential targets : ECM remodelling/metastasis CCBE1, CD44, CLDN19
hsa-miR- Known Target: Genes involved in inhibition of cancer progression/invasion
510-5 5.4  Oncomir PRDXI1, prostate-derived Ets factor PDEF
P Potential Targets : SPOCK 1, RNA export THOC2
gzz_r;T)R_ 0.03  ?? Tumor suppressor Potential Targets: oncogene SKI, cell cycle regulator CCND2
Specific Aims:

1. To develop RNA aptamer therapy. We will test 7 of the recently identified Abi regulated
miRNAs (Table 1) for therapeutic utility in vitro. The best miRNA will be used for in vivo
studies for inducing sensitivity to Abi, using the C4-2 and /or 22Rv1 CRPC cells which
express PSMA. We will also identify (for miRNA), their downstream targets and pathways
in CRPC cells to gain insights regarding the mechanism of resistance.

Task 1. Determine which miRNA (amongst miRNA miR202-3p, miR-487a-3p, miR-492-5p,
mMiR-510-5p, MiR-554-5p, MiR-573-5p, MiR-623-5p, miR-1262-5p) is best

suited for PCa therapy. (months 1-9).
We had identified miRNA induced by Abi treatment of C4-2 cells using TagMan Array
Human MicroRNA Card Set v3.0 (Life Technologies). We first validated that expression of these



miRNA was significantly changed by qPCR (Figure 1). We found that the expression of 4 of the
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Figure 1. miR202-3p and miR-510-5p increased in expression and expression of miR-487a-3p
and miR-623-5p decreased. C4-2 cells were treated with 10 pM Abiraterone for 48 h. miRNA
isolated using RNAzol differential isolation method. RNA was reverse transcribed into cDNA
using the NCode kit. Experiments were done in triplicate, three times. *p<0.05, **p<0.01,
*p<0.005 by unpaired ttest.

miRNA changed; miR202-3p and miR-510-5p increased in expression and expression of miR-
487a-3p and miR-623-5p decreased. We could not get good signals for miR-492-5p to quantitate
it.

At the same time, we ordered the miRNA mimics and inhibitors. These were transfected into
two castration resistant prostate cancer (CRPC) celllines, C4-2 and 22rv1.



(1) We found that while transfection of miR202-3p, miR-573-5p and miR-623-5p into C4-2
cells inhibited cell growth (MTS assay, (Figure 2)), the same was not true for 22rv1 cells.
While significance was not reached, miR-623-5p did decrease cell viability in 22rv1
cells.
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Figure 2. Transfection of miR202-3p, miR-573-5p and miR-
623-5p into C4-2 cells inhibited cell viability or numbers
significantly. miRNA mimics and inhibitors were transfected
into C4-2 and 22rv1 cells. Cell viability was determined using
the MTS assay (Promega) after 5 days. One-way ANOVA
*p<0.05, **p<0.01, *p<0.005




(2) miR202-3p, miR-487a-3p, miR554-5p and miR-573-5p inhibit cell migration in C4-2

cells (scratch wound assay) but not in 22rv1 cells (Figure 3).
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Figure 3. miR202-3p, miR-487a-3p, miR554-5p and miR-573-5p inhibit cell migration in
C4-2 cells. miRNA mimics were transfected into C4-2 and 22rv1 cells. Scratch wound assay
was performed to determine % migration compared to miR-Neg transfected cells at 48 hs post

transfection. One-way ANOVA *p<0.05, **p<0.01, *p<0.005
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Figure 4. miR202-3p, miR-487a-3p, miR554-5p and miR-573-5p inhibit invasion potential in
C4-2 and 22rv1 cells. miRNA mimics were transfected into C4-2 and 22rv1 cells. Boyden
chamber invasion through matrigel was performed to determine % invasion (after the invasion
matrix was fixed and stained with crystal violet, dissolved in alcohol and OD determined.
Results were compared to miR-Neg transfected cells at 48 hs post transfection. One-way

ANOVA *p<0.05, **p<0.01, *p<0.005




(3) However, when we examined the invasive potential of these miRNA transfected cells,
we find that four miRNA (miR202-3p, miR-487a-3p, miR554-5p and miR-573-5p)
decreased the invasive potential as determined using the Boyden chamber matrix assay
(Figure 4).

Since miR202-3p, miR-573-5p and miR623-5p had effects on cell viability, we proceed
with these 3 miRNA.

Our results with miR623-5p is a recent finding in 22rvl, and we still need to perform
migration and invasion assays with this construct.

Task 3.  To identify function of miRNA: Determining the network of miRNA-regulated
genes (Months 1-12)

This part is currently ongoing. We have transfected C4-2 and PC-3 cells with pCMV-Ago, and are
screening for protein levels. We anticipate that we should have results by the next
annual report.

Task 4. Design functionally active aptamer-pre-miRNA and aptamer-mature-miRNA
chimeric molecules (aptPSMA-IRNA) (Months 7-12).

We have designed and made the T7 transcribed miR202-3p-24MERTreverse (two separate designs
will be tested), miR-573-5p-24MERreverse, miR-623-5p-24MERreverse and aptPSMA-
24MER. They have been annealed to give PSMA-Aptamer-iMT (aptPSMA-iRNA, Figure 5).
Further testing for correct processing, resistance to degradation, and cleavage activity is being
done.

Aptamer-PSMA Aptamer-PSMA

Complementary extensions miRNA-3p|
Specific Aim 2: To generate Abi-resistant (Abi-R) % {5{ P ¥ --m A %éjt Em/
PCa Patient-derived xenograft (PCa-PDX) mice and % o
identify the differentially expressed miRNA. %f 5[ I]]]]Igjﬂo l

TLTTIXT
v

Task 2. Order and castrate the 32 patient derived [Binds PSMA on cell surface and enters cells|

engrafted (32 PCa-PDX mice - Jackson labs) male %E e ‘%&C‘)mp'ex)
mice GWIP

We have the DoD animal protocol in place and %SL mature miRNA |~ s
approved. We are planning on ordering the PDX-mice W@

within the next month to perform this part of the meda ¥

experiment. We have talked to Jackson labs and they Target mRNA degradation /
have the PCa PDX mice ready to ship. We have the translation inhibition

protocol in place at the DoD to initialize these studies.  [Figure 5. Schematic representation of]
Due to distribution of work resulting in personnel issues, fthe miRNA and aptPMSA annealing.
we had a slight delay in initiating this part, but are now

ready to proceed (Zhou et al., 2016).

Plan for the next reporting period: We have high hope that we will be able to catch up with all
our studies as outlined in the SOW and attain our goals in the near future. During the next reporting
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period, we will test out our aptamer-miRNA constructs in C4-2 and 22rv1 cells in presence and
absence of Abi for cell viability, motility and invasiveness. We will then use the xenograft tumor
model to perform in vivo studies in mice. We will also start with the second aim where we expand
the PDX-PCa to required number of mice, and generate castration resistant/abiraterone resistant
tumors in PDX-PCa mice.
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