Thomas Jefferson University

Annual Progress Report: 2012 Formula Grant

Reporting Period

July 1, 2013 — June 30, 2014

Formula Grant Overview

Thomas Jefferson University received $2,776,880 in formula funds for the grant award period
January 1, 2013 through December 31, 2016. Accomplishments for the reporting period are

described below.

Research Project 1: Project Title and Purpose

The BRM (brahma) Atpase as a Gatekeeper for Prostate Cancer Development and Progression —
There is a critical need to discern the mechanisms that govern prostate cancer development and
progression. Based on our published and preliminary data, it is evident that the Brm ATPase
plays a significant role in both processes. Our findings strongly support a model wherein loss of
Brm functions as a tumor suppressor by modulating cell cycle progression and checkpoints.
Moreover, “weakened” BRM activity cooperates with loss of the p27 tumor suppressor to induce
hyperplastic phenotypes and castrate-resistance. Studies will determine the molecular
mechanisms by which p27kipl is induced by Brm loss (Aim 1), the impact of p27kipl as a
barrier to Brm-loss induced tumorigenesis and ADT-resistance in vivo (Aim 2), and the impact
of coordinate p27kipl and Brm loss in human disease (Aim 3).

Anticipated Duration of Project
1/1/2013 — 12/31/2016
Project Overview

Prostate cancer (PCa) is the most frequently diagnosed malignancy and second leading cause of
cancer death of men in the USA. While local disease can be effectively treated through radical
prostatectomy or radiation therapy, no durable means of treatment has been identified for non-
organ confined PCa. First line therapeutic intervention for this stage relies on chemical
castration, referred to as androgen deprivation therapy (ADT), as PCa is exquisitely dependent
on the action of the androgen receptor for cell survival and proliferation. However, ADT-
resistant, lethal tumors form within 2-3 years for which no effective therapeutic option has been
identified. Thus, there is a significant need to understand the mechanisms that lead to prostate
cancer development and promote castration-resistant tumor growth.

The hypothesis is that Brm serves as a barrier to prostate tumorigenesis and lethal tumor
phenotype progression, but that the consequence of Brm loss could be exploited for therapeutic
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gain.

Aim 1: Determine the mechanisms of Brm-loss induced p27kipl induction. Our data indicate
that p27kipl serves as a critical barrier to tumorigenesis associated with Brm loss. Here, the
underlying mechanisms of p27kip1 regulation will be determined.

Aim 2: Impact of p27 as a barrier to Brm-loss induced tumorigenesis and ADT-resistance. Aim 1
will identify the underlying mechanisms by which the p27kipl checkpoint is induced as a barrier
to tumorigenesis after Brm loss. Here, the consequence of p27 induction will be assessed, by
determining the impact of this event on tumorigenesis and progression to castrate-resistant, lethal
disease.

Aim 3: Determine the impact of coordinate p27 and Brm loss in human disease.. Given the
strong correlation between these events in human disease, here we will examine clinical
correlates of dual p27kipl and Brm loss.

Principal Investigator

Karen Knudsen, PhD
Professor

Thomas Jefferson University
125 S. 9th Street
Philadelphia, PA 19107

Other Participating Researchers

William Ostrander — employed by Thomas Jefferson University

Expected Research Outcomes and Benefits

It is expected that these studies will provide a monumental leap in the understanding of BRM
and tumor suppressor function in prostate cancer. If successful, the outlined strategies will
provide the justification for developing future pre-clinical strategies to effectively manage

tumors with loss of BRM. In summary, the studies outlined in this project will have translatable
outcomes and completion of this work will:

1. Lead to the development of new tumor markers.

2. Reveal insight for novel therapeutic design.

3. Uncover new areas of prostate cancer research.

4. Define the role of chromatin remodeling components in a therapeutic model.

Summary of Research Completed

In this reporting period, major advances were realized with regard to Aims 2 and 3, intended to
determine mechanisms that can counteract BRM and p27 mediated tumor suppressor activity.
Studies from other groups tightly linked alterations in the G1-S machinery (most especially
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production of the Cyclin D1b oncogene) to bypass of tumor suppressor function. Therefore,
these events were modeled, and significant new gains in understanding of G1-S alterations
discerned. The following sections detail these major advances.

Humanization of the Ccndl exon4/5 locus results in exclusive production of Cyclin D1b.

To develop a clean genetic system of Cyclin D1b production under the murine promoter, a gene
targeting construct was generated which removed all C-terminal encoding components of the
murine Ccndl gene, instead replaced with the C-terminal sequences responsible for human
Cyclin D1b production. As shown in Figure 1A, this was accomplished by replacing murine
exon 4, intron 4, and exon 5 with human exon 4 and intron 4 encoding sequences. The use of
human exon4/intron4 and removal of murine exon 5 was necessary to both eliminate the
possibility of full length transcript-a production (encoding Cyclin D1a), as well as to foster
production of transcript-b, encoding the unique C-terminus harbored by Cyclin D1b.
Furthermore, this strategy preserves upstream splicing events of the Ccnd! transcript, which
more accurately reflects the biochemical conditions responsible for Cyclin D1b production.

Generation of Cyclin D1b knock-in mice was accomplished through electroporation of the
targeting knock-in construct (Figure 1A) into murine embryonic stem cells. Heterozygous
population clones were identified though Southern blot analysis and injected into developing
mouse blastocysts, generating chimeric mice. Chimeric mouse pairs were subsequently bred to
produce heterozygous wildtype/Cyclin D1b mice (here-to-after referred to as “+” and “KI”
alleles respectively), which were then crossed to produce homozygous Cyclin D1b knock-in
mice (Cend 1™, Primers specific for murine exon 5 (“+” allele) or human intron 4 (“KI”
allele) were used to distinguish between the respective genotypes (Figure 1B-top), and confirm
somatic incorporation of the KI allele (Figure 1B-bottom). To verify that humanization of the
Ccnd] locus resulted in the production of transcript-b, individual tissues previously reported to
express Cyclin D1 were harvested from Cend!™" and Cend " mice and analyzed for Cyclin
D1 expression. Initially, primer pairs specific to the N-terminus of Cyclin D1 (common to both
transcript a and b) were used to confirm expression in each tissue by PCR (Figure 1C). Further
investigation, using primer sets unique to each isoform, validated exclusive production of
transcript b in Cendl KUKT animals. Importantly, this expression was mirrored at the protein level
in all tissue types tested (Figure 1D), affirming that humanization of the Ccnd1 locus results in
the exclusive production of Cyclin D1b. Thus, this system provides a valuable tool to study
Cyclin D1b function under the control of its endogenous promoter and in the genetic absence of
Cyclin Dla.

Unique Functions of Cyclin D1b in Development

CendI®"™ mice exhibit post-natal growth retardation

While several murine models have been characterized which mutate and/or toggle Cyclin D1
expression, to date no genetic systems had been generated which assess Cyclin D1b function
under the endogenous promoter in vivo. Crosses between Cendl™ mice (>20 mating pairs across
multiple generations) revealed that Ccndl KIKT mice are born in typical Mendelian ratios (Figure
E1A), suggesting that Cyclin D1b expression does not result in embryonic lethality. At birth,
Cend K% pups were indistinguishable from wild-type littermates, as noted by virtually identical
size (Figure 2A) and mass (Figure 2B). However, by 3 weeks of age, a significant reduction in
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size and weight was noted in the Cend ¥ mice, which persisted over a period of 8 weeks and
was irrespective of gender (Figure 2C). Further analysis of individual organ weight (adjusted for
total body mass) revealed no significant difference between Cendl™”, Cendl™, or Cend 17!
animals suggesting that diminished organ size was not causative for the observed reduction in
mass. Notably, the growth rate of all animals was similar between 3 and 8 weeks of age,
indicating that the reduction in size and mass occurs early in postnatal development.
Interestingly, previous work modeling Cyclin D1 loss (Cendl ™) in an identical genetic
background found a similar growth phenotype during early development, which persisted
throughout the lifetime of Cendl ” animals. Given the similarity between these two models,
these data support the concept that Cyclin D1b induction is not sufficient to rescue the growth
retardation phenotype observed in Ccndl”” mice, and highlights the functional differences
between the two Cyclin D1 isoforms.

Cend™™ mice phenocopy neuromuscular, lactation, and death phenotypes of the Cendl”” mouse
The latent growth phenotypes common between the Cend ¥ and the Cendl”” mice (on
identical genetic backgrounds) suggest the presence of overlapping but non-redundant functions
of Cyclin D1b with that of Cyclin D1a. To further explore this concept, efforts were focused on
characterizing the consequence of the genetic switch to Cyclin D1b on established Cendl”
phenotypes. To begin, Cend*” mice were evaluated for the presence of a neuromuscular-hind
limb abnormality (leg clasping), which occurs with high frequency in mice that harbor Cyclin D1
loss but is not present in Cendl ™" or CendI™ animals. Consistent with the growth phenotypes
described above, this phenotype was observed in all Cend! KIKT mice examined (F igure 2D-
Right), and was 100% penetrant across generations. While the severity with which Cend 157!
animals clasp their limbs varied (with the smallest animals tending to present with the most
severe clasping), it was evident in all Cend 1! mice beginning at 3 weeks of age, and persisted
throughout their lifetime, suggesting that Cyclin D1b cannot rescue this phenotype.

While both Cend 1™ and Cend 7" mice display leg clasping and latent growth phenotypes in
early development, notable differences become apparent as they aged. Ccndl “ animals
reportedly show some frequency of early morbidity beginning at 3 weeks, which was observable
up to 2 months of age. Interestingly however, while this phenotype was also apparent in
Cend1*" animals beginning at 1 month, the sudden death phenotype persisted up to 3 months,
with no preceding signs of lethargy, malnutrition, or dehydration, and occurred with reduced
frequency (Figure E1A). Animals that survived past 3 months were not susceptible to sudden
death.

As no specific cause has been attributed to the mortality seen in Cendl™ animals, initial tests
were undertaken to determine if critical organ function was compromised in Cend ' mice.
Analyses of complete blood counts and serum biochemistry analyses showed no evidence of
hematopoietic, liver, pancreatic, or kidney dysfunction in either CendI”” or Cend I®* mice.
Accordingly, no clinically significant abnormalities were histologically apparent in the heart,
liver, lung, brain, spleen, small intestine, colon, kidney, adrenals, skin, bone/bone marrow,
urinary bladder, stomach, testes, uterus, thyroid, or thymus of either the Ccnd1 KUKT o Cend 1™
animals. Analysis of cardiac function utilizing echocardiogram revealed no major defect in
overall cardiac output (Figure E2A) between genotypes, but echo derived mass and thickness of
the left ventricle was consistently diminished in Cend1*”* animals (Figure 2B) suggesting a
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potential role for Cyclin D1/1b in this tissue type. Collectively, these data suggest the low
frequency of sudden death observed in Ccndl KUKT mice is complex and further highlight the
divergent action of Cyclin D1b on developmental phenotypes.

Finally, previous work has found that female mice lacking Cyclin D1 expression are unable to
effectively lactate, resulting in neonatal death. Consonantally, litters born of Cend 1™ mothers
exhibit a similar death response within 1 week of birth (notably, not seen with Cendl ™
mothers). This was not attributable to birth defects, as this phenotype is readily reversed by
replacing Cend 1" females with CendI*"" or Cendl™™ foster mothers after birth (Figure E1B).
This association suggests that Cyclin D1b expression cannot rescue the lactation phenotype seen
in CendI™" mice, and corroborates the data above which suggests that the genetic switch to
Cyclin D1b partially phenocopies the phenotypes of the knockout animal, but harbors unique
phenotypes selective for Cyclin D1b.

Cyclin D1b rescues retinal hypoplasia seen upon genetic loss of Ccndl

Of all the phenotypes associated with Ccndl " mice, the most penetrant and dramatic is improper
development of retina. In these mice, layers of the retina fail to develop fully, resulting in retinal
hypoplasia and limited visual capacity. Thus, to define the consequence of the genetic switch to
Cyclin D1Db on retinal phenotypes, expression of individual Cyclin D1 isoforms were initially
characterized in whole eye lysates. As shown in Figure 2E-top, both Cyclin D1a (lanes 1, 2) and
Cyclin D1Db (lanes 2, 3) were readily detected. Furthermore, hematoxylin and eosin (H&E)
staining of retinal tissue from aged matched Ccnd1 KIKT mice showed that the size of the
individual retinal layers in Cend1*”%! mice are indistinguishable from those of Cend! ™" (Figure
2E bottom-quantified to the left). This is in contrast to Cendl”™ mice, where dramatic hypoplasia
of retinal layers was confirmed (Figure E1C). Thus, whereas Cyclin D1b insufficiently rescues
the leg clasping and early sudden death phenotypes associated with Cyclin D1a loss, the retinal
phenotype is completely rescued by conversion to Cyclin D1b. These collective data suggest that
Cyclin D1b harbors overlapping but non-redundant functions with Cyclin D1a (Figure 2F), and
reinforces the concept that Cyclin D1b holds unique functions that impinge upon development.

Genetic evidence for Cyclin D1b as a bona fide oncogene

The model of endogenous Cyclin D1b above revealed unique functions of Cyclin D1b with
regard to developmental processes and illuminated the first evidence of biological distinctions
between the two isoforms. In human cancer, high Cyclin D1b is associated with the poor
outcome, and models of forced Cyclin D1b overexpression transforms cells of mesenchymal
origin. However, the oncogenic capacity of Cyclin D1b in the absence of endogenous Cyclin
D1a or via the endogenous CCNDI promoter had not been demonstrated. With regard to Cyclin
D1a, murine systems of forced Cyclin D1a overexpression show limited oncogenic capacity; in
these models, tumor development is not fully penetrant and is quite latent. Similar results were
observed with models herein of Cyclin D1b expression from the endogenous promoter.

Cend ™ mice up to 9 months of age showed no significant difference in the number of
hyperplastic or neoplastic lesions compared to age matched wild type controls, though animals
are currently being aged further to quantify tumor formation rates. Therefore, to expedite
generation time and define the potential of an endogenous shift to Cyclin D1b on tumor

formation, murine adult fibroblast (MAFs) were generated from the peritoneum of Ccndl o

and
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Cend ™ mice (Figure 3A) and assayed for evidence of cellular transformation. Individual
Cendl™™" and Cend ™™ lines were mixed with Matrigel (50% final concentration) and injected
subcutaneously into the flanks of nude mice. As is shown in Figure 3B, CendI™" control cells
were non-tumorigenic. By contrast, Ccndl KUK cells formed tumors by ~15 weeks with high
penetrance (80%). H&E staining confirmed the tumors were of mesenchymal origin, and
displayed hallmarks of neoplasia including: 1) invasion into the subcutaneous fat, 2) nuclear and
cytoplasmic atypia, and 3) prevalence of high mitotic figures and associated proliferative indices
(as measured by K167 positivity) (Figure 3C and 3D). These data are the first to demonstrate
that physiological levels of Cyclin D1b are sufficient to promote tumorigenesis in non-
transformed cells, and provides evidence to support its role as a bona fide oncogene.

Genetic switch to Cyclin D1b induces serum independence.

The concept that endogenously derived Cyclin D1b (without overexpression) induces
transformation is significant and highlights distinctions with Cyclin D1a, which requires
overexpression to serve as an oncogene. Given the unexpected nature of these findings,

Cend 1™ cells were used to characterize the molecular and biochemical consequence of Cyclin
D1b. Initially, expression of D1 cyclins throughout the cell cycle was determined, providing the
means to examine Cyclin D1b distribution/stability in the absence of a constitutively active
promoter. Cendl™" and Cend I*"%! cells were arrested in each phase of the cell cycle and
expression of individual Cyclin D1 isoforms determined by immunobloting. As shown in Figure
4A, Cyclin D1a peaks in G1, and diminishes as a function of cell cycle progression (Cyclin A2
and Cyclin B1 serve as late S and G2/M phase specific controls). Interestingly, Cyclin D1b
expression mimicked that of Cyclin D1a, suggesting that both isoforms are regulated in a similar
fashion throughout the cell cycle. These data thus demonstrate that the oncogenic activity
governed by Cyclin D1b is independent of aberrant expression in later phases of the cell cycle.

To further explore the consequence of Cyclin D1b, the impact on cell cycle kinetics was
determined. As is shown in Figure 4B, individual MAF lines exclusively expressed Cyclin D1a
(Cendl o line) or Cyclin D1b (Ccnd1 KIkt line) and demonstrated comparable expression of G1
and S phase CDK and cyclin components. RB phosphorylation at Ser-780 (an established site of
CDK4/6 kinase activity) was maintained in Cend %% cells, indicating that CDK4/6 kinase
activity is preserved in Cyclin D1b expressing cells. This is consistent with growth studies
between Cendl™" and Cend 1 lines over a period of 96 hours that demonstrated nearly
identical growth rates in serum-proficient conditions (Figure 4C-left). However, when
challenged with 1% serum, there was a dramatic difference between the growth potential of
CendI™" and Cend1®™ cells. Parallel studies analyzing active S-Phase via bivariate flow
cytometry validated the growth patterns in both serum proficient (10%) and serum deficient (1%)
conditions (Figure 4D), demonstrating that Cyclin D1b expression supports growth in serum-
depleted conditions independent of aberrant expression throughout the cell cycle. These findings
strikingly reveal an independent capacity of endogenous Cyclin D1b to confer serum
independence, consistent with the in vivo conservation of independent transformation capacity.

Cyclin D1b expression promotes double strand breaks and PARPI activity

Given the collective observations above that Cyclin D1b elicits divergent effects on cellular
transformation, and clinical observations that Cyclin D1b expression is associated with
therapeutic resistance, it was imperative to challenge the impact of therapeutic intervention and
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or genotoxic stress on Cyclin D1b-driven tumor cells. Initially, genomic integrity was assessed in
Cend!™" and Cend ¥ by quantifying intrinsic p-H2AX foci, an established marker of double
strand DNA breaks and known metric for genome integrity. As expected, a majority of the
Cendl™™ cells showed a low frequency of p-H2AX foci/cell (>60% with less than 10 foci). In
contrast, cells expressing Cyclin D1b (under the endogenous promoter) showed significantly
increased double strand breaks, with greater than 70% of the cells harboring more than 10 p-
H2AX foci/cell (Figure 5A-quantified to the right), suggesting that Cend 15" cells maintain
heightened intrinsic DNA damage. To further explore this concept, levels of auto-modified
PARP-1 (known to increase in response to DNA damage) were assayed in Cendl™" and
Cend ¥ lines. As is shown in Figure 5B, auto-modified PARP-1 was low in Cendl ** control
cells (lane 1), consistent with the low frequency of p-H2AX foci. Conversely, Cend1** cells
show dramatically heightened levels of PARP-1 activity (lane2), further demonstrating that
Cyclin D1b expression promotes intrinsic DNA damage.

To further explore this concept, control and CendI¥"%! cells were treated with etoposide, known
to induce double strand breaks, and assayed for markers of DNA-damage response. Cyclin D1a
expressing cells (Cendl™ ") showed low levels of PARP-1 activity, which were enhanced in the
presence of genotoxic stress (Figure 5C lanes 1, 2). The increase in PARP-1 activity was not due
to a total increase in PARP-1 levels, but did correlate with enhanced Poly-ADP-Ribose (PAR)
and p-H2AX expression, consistent with initiation of a DNA-damage response. In contrast,
Cend1®" cells showed high PARP-1 activity in the untreated setting—strikingly, no further
increase in PARP-1 activity or PAR levels was observed post etoposide treatment (Figure 5C
lanes 3, 4). These data indicate that PARP-1 is activated in cells that shift from Cyclin D1a to
Cyclin D1b, thus suggesting that Cyclin D1b destabilizes genome integrity.

To ensure that the observed intrinsic DNA damage signals seen in Cend 1" cells was not due
to a defect in p53 signaling, the p53 target gene Cdknla(p21) was analyzed before and after
etoposide treatment. As shown in Figure E3A, an increase in Cdknla transcript is readily seen as
early as three hours post treatment in both Cendl™* and Cend %" lines, which correlated with
an increase of p21 protein (Figure E3B). This suggests that Cend1*”* cells maintain a
functional p53 pathway and that the intrinsic DNA damage signals are not due to defects in this
signaling cascade. As a further control for specificity, the ability of Cyclin D1b to promote
intrinsic DNA damage signals was determined in human prostate cancer models (a tumor type
known to shift from Cyclin D1a to Cyclin D1b. Utilizing previously described isogenic models
with or without Cyclin D1b expression, it was observed that cells expressing Cyclin D1b
harbored a greater number of p-H2AX foci/cell than control (Figure 5D- right). Furthermore,
immunoblot analysis of PARP-1 activity (as determined by total PAR levels) found heightened
PARP-1 activation in Cyclin D1b expressing cells, mirroring the intrinsic DNA damage signals
seen in Cend ¥ cell lines. Collectively, these data highlight novel actions of Cyclin D1b in
fostering intrinsic DNA damage signals in multiple model systems, and offers novel insight into
the oncogenic action of this Cyclin D1 isoform.

Cyclin D1b expression sensitizes to senescence induced by combined therapeutic challenge.
The switch from Cyclin D1a to Cyclin D1b is observed in numerous human malignancies and is
associated with poor prognosis. Despite this knowledge, delineation of mechanisms to target
Cyclin D1b-positive/Cyclin D1b-driven tumor cells remains elusive. Building on the

Pennsylvania Department of Health — 2013-2014 Annual C.U.R.E. Report
Thomas Jefferson University - 2012 Formula Grant — Page 7



observations herein, it was hypothesized that therapeutically targeting DNA damage and PARP
pathways individually or in combination would sensitize cells to cell cycle arrest and/or cell
death. To determine feasibility, control (Cendl ™) and Cend*" cells were treated either with
the PARP inhibitor ABT-888, 5Gy of radiation, or a combination and analyzed for cell cycle
progression. As is shown in Figure 6A, both Cend!™" and Cend 1" cells showed similar
proliferative kinetics when unchallenged, and neither cell type was affected by ABT-888 alone.
In Cendl™ cells, treatment with 5Gy IR diminished BrdU incorporation by ~10%, which was
unchanged with pre-treatment of ABT-888. Conversely, while Ccndl KUKT cells responded
similarly to 5Gy IR alone, combination of IR and ABT-888 dramatically inhibited BrdU
incorporation (Figure 6A-quantified right). The reduction in proliferative capacity was
associated with altered morphology, indicative of senescence. As such, cells were treated as
above and then assayed for senescence-associated B-Galactosidase activity. As shown, only a
small fraction of cells stained positive in the control and ABT-888 treated conditions (Figure 6B
quantified bottom), and IR alone increased the presence of B-Galactosidase activity equally in
both cell models. However, there was a pronounced induction of B-Gal staining after
combination treatment in the Cend 1" line, nearly double that of the Ccendl “* control. Re-
plating both the Cendl™" and Cend 1" cells (which were co-treated) determined that while
control cells were able to reengage the cell cycle and repopulate the dish after 96 hours,

Cend 1™ cells were markedly unable to do so. These data thus demonstrate that the intrinsic
DNA damage and heightened PARP-1 activity seen in Cyclin D1b expressing cells may be
exploited to thwart growth of this cell type via combined therapeutic challenge.
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Figure 1: Humanization of the Ccndl exon4/5 locus results in exclusive production of Cyclin D1b. A.
Representative schematic of the targeting construct generated to humanize the Cendl exon 4/5 genomic locus
to produce Cyclin D1b. B-Top. Schematic of primer pairs designed to discriminate between wild type and
knock-in alleles. Bottom- Representative genotyping of CendIl*”, Cendl™ and Cend1*"* mice validating
specificity of the primer pairs and somatic insertion of the targeting construct. C. PCR analysis of transcript b
expression in organs harvested from Ccndl™" and Cend*" mice, demonstrating production of transcript b
specifically in KI mice. Gapdh serves as a control (NTC-Non-template control). D. Immunoblot from parallel
samples in C utilizing anti-sera specific to the 33 amino acids generated by human CCND1 intron 4. Lamin B
serves as a control. Arrow indicates the Cyclin D1b band.

Pennsylvania Department of Health — 2013-2014 Annual C.U.R.E. Report
Thomas Jefferson University - 2012 Formula Grant — Page 9



o
30
o
af
s
o
<
e 0

ala
15 I
1

- [

b E
o R .

KUKl */KI Rad

» 1 18

w {

1 | Wl ne
1 4 - | .

14 | 2 12 1 A

12 ’ s oo (M) n f ;

101 e 4] (M) LIS} /

Weok 3 Week 4 Week & Weok G Week 7 Woek 0 Woek 3 Wook & Wosk & Waok & Weok 7 Wook 8

e afe (F)
e 21K (F)
KK ()

Log Clasping
+i4 KI/KI

b L=E=

isrowin

Witaidatign ||| 51 Menng. ]| iS4 Ssasnng

Lo Clasping | AtWeaning | AtWeaning

E Whole Cye Lysate
T — "'::‘:;'" A Naye M0 Raye
+4 +KI KUKI
) ol P
el
]
| — LA O

16 days post Not
colgum

Retnal
2 T Hypoplasia Observed

Figure 2. Cyclin D1b selectively rescues Cendl”” phenotypes. A. Neonates from 2 independent litters of
Cendl™ " x CendI™ crosses were sacrificed at birth and genotyped. Mice were organized by genotype
and total size measured. B. Mass of neonates were calculated at birth and average mass quantified (n=at
least 4 mice per group). C. Mice in C were weighed weekly and growth is plotted as the average mass of
each genotype/week (Male-left, Female-right, n>5 per gender and genotype). D. Mice were held by the
tails and analyzed for the leg clasping phenotype. Representative image of Ccnd!™* and Cend1*"™' age
matched mice are shown (n>10 for each group). E-top. Individual whole cell lysates were generated from
the eyes of mice of each genotype and analyzed for expression of WT Cyclin D1 (Cyclin D1a) and KI
Cyclin D1b via immunoblot using antisera specific to each isoform. Bottom. Representative H&E
staining of retinal tissue from Ccendl ™" and Cend1*" mice showing individual layers of the retina. The
ganglion cell layer and inner plexiform layer (G+IPL), inner nuclear layer (INL), and outer nuclear layer
(ONL) were quantified-right. Images were taken at 400X magnification. F. Comparison of the
phenotypes described in the Ccndl™ mouse with those observed in the Cend 5% mouse, previously
described (Sicinski et al, 1995). N=at least 4 for each genotype. Error bars represent the standard error of
the mean (SEM), and significance determined using a two-tailed students t-test.
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Figure 3. Genetic evidence for Cyclin D1b as a bona fide oncogene. A.Murine Adult Fibroblasts
(MAFs) were harvested from the peritoneum of Cendl™" and Cend 15" mice and stable cell lines
generated utilizing at 3T3 protocol. B. 1 million cells were mixed with Matrigel (1:1 ratio) and injected
subcutaneously into the flanks of nude mice and monitored for up to 1 year (n=10 per genotype). C.
Indicated tumors were harvested 3 weeks after detectable tumor formation, fixed in formalin, and stained
with H&E or mKi67 antisera (left). Tumors were analyzed for features of malignancy by a board certified
veterinary pathologist. Arrows indicate the specific tumor associated features noted. D. A total of 3
random fields (400x magnification) were counted for mKi67 positive cells and calculated as a percentage
of the total population (right). Individual data points are representative of each field counted/tumor. Error
bars represent standard error of the mean (+/- SEM).
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Figure 4. Genetic switch to Cyclin D1b promotes serum independence. A. Ccndl™ and Cend1*"* MAF
lines were arrested in G1, S, and G2/M phases of the cell cycle and expression of Cyclin D1 isoforms
determined by immunoblot. Cyclin A2 and Cyclin B1 serve as phase specific cell cycle controls. B. Cells
were plated in serum proficient media and protein lystates generated from each genetic line. Individual
D1 cyclins were immunoblotted to verify genetic identity along with other essential cell cycle
components. Lamin B serves as a control. C. Indicated cell lines were plated in serum proficient (10%) or
serum deficient (1%) media and total cell number counted at 24, 48, and 72 hours in biological triplicate.
D. Cells were plated as in C and allowed to grow for 48 hours. BrdU was added to cells for a period of 1
hour, after which cells were harvested for analyses via bivariate flow cytometry of active S-Phase (BrdU
incorporation-bottom) and DNA content (propidium iodide-top). Quantification of biological triplicates
is shown to the right. Error bars represent +/- the standard error of the mean (+/- SEM), and significance
determined using a two-tailed students t-test. *p<0.05, **p<0.001, ***p<0.0001
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Figure 5. Cyclin D1b expression promotes double strand breaks and PARP-1 activity. A. Ccndl™ and
Cend ¥ cells were grown in serum proficient media (10% serum) for 24 hours and stained for markers
of double strand breaks (p-H2AX)-top (40x objective). Total number of foci for each cell was quantified
and grouped into 4 categories of 0 foci, <10foci, 10-20 foci, or >20 foci/cell. Numbers are representative
as a percentage of the total cell number. B. Ccndl ™" and Cend1*"*' MAF lines were grown in serum
proficient media for 24 hours and probed for expression of auto-modified PARP1 via immuno-blot.
Gapdh and Cyclin D1b serve as controls. C. Cells were plated as in B and treated with 0.5uM Etoposide
for 3 hours. Cells were harvested and then probed for markers of DNA damage via immunoblot. Lamin
B serves as a control. D. Cyclin D1b expression was induced in the prostate cancer cell line LNCaP
(previously described(Augello et al)) and stained for p-H2AX foci as in D via immuno-fluorescence (40x
objective). Total number of foci/cell is reported for LNCaP Vector control and Cyclin D1b expressing
isogenic pairs in biological triplicate. E. Isogenic pairs from D were grown in serum proficient media for
24 hours, harvested, and probed for total PAR levels via immuno-blot. Error bars represent +/- standard
error of the mean (+/- SEM) and significance determined using a two-tailed students t-test.*p<0.05
**p<0.01, ***p<0.0001.
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Figure 6. C/yclin D1b expression sensitizes cells to senescence induced by therapeutic challenge.
A. CendI™ and Cend1™* MAF lines were grown in serum proficient media for 24 hours. Cells
were then treated with control DMSO or 2.5uM of the PARP inhibitor ABT-888. 1 Hour post
treatment indicated lines were then treated with SGy of radiation. Cells were then allowed to
recover for 48 hours, after which BrdU was added for 1 hour and then harvested for bivariate
flow cytometry. Representative traces for each condition are shown (left) and BrdU
incorporation of biological triplicates were quantified (right). B. Cells were plated and treated as
in A. 48 hours post treatment cells were fixed and stained for markers of senescence (B-
galactosidase activity). Positive staining cells (blue) were quantified for each condition and
reported as a percentage of the total population (top). Parallel plates treated with both IR and
ABT-888 were harvested at 48 hours via 1x trypsin and re-plated in serum proficient media.
Cells were allowed to grow for 96 hours, and were then stained with crystal violet (10x image,
with inset at 200x). Error bars represent +/- standard error of the mean (+/- SEM) and
significance determined using a two-tailed students t-test.*p<0.05 **p<0.01
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Figure E1. Cyclin D1b knockin mice are unable to lactate effectively postpartum and exhibit low
frequency of early onset death. A. Summary of breeding characteristics of mice Ccndl
Cend1®"™ mice. B. Quantification of mice that displayed early and sudden onset death before 3
months of age. C. CendI™ retina of 4-week-old mouse demonstrating the retinal hypoplasia

phenotype (Magnification 400X).
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Figure E2. Estimated left ventricular mass and diameter is altered in Ccndl animals. A.

CendI™" and Cend I*"* mice, 8-9 weeks of age, were monitored by echocardiogram for 1 hour.
Cardiac function (A and B) as well as ventricular dimensions (C) are reported. n=3 mice per
cohort. *p>0.05, **p>0.001. HR, heart rate; EF, ejection fraction; FS, fractional shortening;
LVAW:;d, end-diastolic left ventricular anterior wall; LVAW:;s, end-systolic left ventricular
anterior wall; LVID;d end-diastolic left ventricular internal dimension; LVID;s, end-systolic left
ventricular internal dimension; LVPW;d, end-diastolic left ventricular posterior wall; LVPW;s,
end-systolic left ventricular posterior wall; LV mass, left ventricular mass; LV Mass Corrected,
left ventricular mass corrected for total body mass. Error bars represent the standard error of the
mean (+/- SEM), and significance determined using a two-tailed students t-test.
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Figure E3. Ccndl * and Cend 1™ MAF’s are p53 positive and induce the p53 target gene
Cdknla in response to genomic stress

A. Cendl™ and Cend I*"* MAF lines were plated at equal density and grown in serum
proficient media for 24 hours. Cells were then treated with either 0.5uM Etoposide or vehicle
for 3 hours. After which, cells were harvested, RNA purified, cDNA generated, and relative
expression of Cdknla transcript levels were determined via Q-RT-PCR. Gapdh transcript serves
as a control. B. Cells were treated as previous and then immunoblotted for total p53 and p21.
Lamin B serves as a loading control. Error bars represent +/- standard error of the mean (+/-
SEM) and significance determined using a two-tailed students t-test.*=p<0.05, **=p<0.001

Research Project 2: Project Title and Purpose

Modulation of Human Breast Cancer Growth In Vivo by Activated Human Breast Fibroblasts —
The work is part of a long-term objective of providing new experimental models for more
accurate drug response testing of human breast cancer in mice. Many drugs work well when
tested on human breast cancer xenotransplant lines in mice, but fail in patients. The focus of this
proposal is to characterize growth and drug-responsiveness of human breast cancer
xenotransplants in mice with or without humanized tumor stroma. We hypothesize that novel
human mammary fibroblast lines will humanize the stromal microenvironment and modulate
tumor growth and drug responsiveness more accurately.

Duration of Project

1/1/2013 — 12/31/2013

Project Overview

Despite enormous expenditures and efforts by academic, government, and pharmaceutical

institutions, most drugs that show promise against human breast cancer in preclinical testing in
mice, fail to cure breast cancer in the clinic. The inability to predict whether candidate drugs
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will work in patients is very costly, and key resources are spent on clinical trials of drugs that
most often fail. There is a great need for more accurate predictive preclinical testing to identify
the best drug candidates for human breast cancer.

Consistent with the national initiatives to stimulate translational and interdisciplinary efforts to
accelerate medical discovery, our laboratory’s long range goal is to facilitate faster development
of effective breast cancer therapies. To this end, we have genetically engineered mice to more
accurately mimic the hormonal environment in patients. We will now extend these efforts to
employ novel strategies to humanize the stroma of human tumor xenotransplants by testing a
panel of five previously undescribed immortalized human mammary fibroblast lines.

The primary objective is to establish new experimental xenotransplant models to achieve more
accurate predictive drug response testing of human breast cancer xenotransplants. A secondary
objective is to explore the consequences of a humanized tumor stroma on breast tumor biology,
including growth, angiogenesis and progression. We hypothesize that human mammary
fibroblasts with myofibroblast characteristics will humanize the stromal microenvironment and
modulate tumor growth and drug responsiveness to better mimic conditions in patients.

Aim 1) Characterize a panel of human mammary fibroblast lines established from discarded
tissue from reduction mammoplasties for features common to activated fibroblasts.

Aim 2) Test the ability of select human mammary fibroblast lines to modulate tumor biology and
drug responsiveness of xenotransplanted human breast cancer lines in prolactin-humanized mice.

Principal Investigator

Hallgeir Rui, MD, PhD
Professor

Thomas Jefferson University
125 S. 9" Street
Philadelphia, PA 19107

Other Participating Researchers
Alicia Yanac, MS — employed by Thomas Jefferson University
Expected Research Outcomes and Benefits

By the end of this project we expect to have accomplished the following outcomes.

Qutcome 1 — Characterization of five novel human mammary breast fibroblast lines, with
emphasis on identifying lines with features of activated fibroblasts/myofibroblasts. We expect
based on preliminary data that the cell line HMF1 will be validated to display key features of
activated human fibroblasts. Such a cell line may then be used for co-culture or co-implantation
studies by our laboratory and shared with other scientists.
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Outcome 2 — Validation of the ability of human mammary fibroblasts to modulate tumor growth,
biology and drug responsiveness of human breast cancer xenotransplants in mice. We expect
that the data will support the concept that a humanized stroma provides a more representative
model system for biology and drug response testing in vivo. Human breast cancer xenotransplant
models with humanized stroma may become a standard for preclinical testing of drugs against
breast cancer.

Summary of Research Completed

In the current project period we have demonstrated: 1) that cancer-associated fibroblasts or
myofibroblasts promote invasive properties of immortalized breast epithelial cells using in vitro
assays, and 2) that co-implantation of human breast cancer cell lines with HMFs into mice
facilitates growth even in the absence of Matrigel.

We tested the hypothesis that cancer-associated fibroblast promotes progression of non-
malignant cells to an invasive phenotype. As part of a collaboration with Dr. Mauricio Reginato
we co-cultured HMFs with immortalized human mammary epithelial MCF-10A cells or MCF-
10A cells overexpressing the ErbB2/HER2 oncogene. MCF-10A-ErbB2 cells when cultured in
three dimensional (3D) basement membrane cultures resemble premalignant ductal-carcinoma in
situ-like structures that have lost basal-apical polarity, contain filled lumens but do not have
invasive properties as they maintain localization of basal markers such as laminin V. Co-culture
of control MCF-10A cells with HMF1 or HMF2 cells had no effect on invasive properties of
MCF-10A cells in 3D culture (Fig. 1A, 1B) or in transwell invasion assays (Fig. 1C). However,
co-culture of HMFs with MCF-10A-ErbB2 cells lead to increase in invasive protrusions of these
cells in 3D culture (Fig. 1A,1B) and increased invasion in transwell assays (Fig. 1C) compared to
controls. In 3D culture, co-culture of HMF1 fibroblasts induces significant increase in invasion
of MCF-10A-ErbB2 cells compared to HMF2 cells (Fig. 1B). Thus, these results suggest that
HMFs can promote invasion from a pre-malignant state and may collaborate with ErbB2
signaling to induce progression to a malignant state.

Combined with progress reported in the first year report, we have prepared a manuscript that is
nearing submission:
Ning Yang, Alicia F. Yanac, Fransiscus E. Utama, Johanna H. Jasinski, Anne L.
Rosenberg, Sergey V. Karakashev, Takemi Tanaka, Mauricio J. Reginato and Hallgeir
Rui. Characterization of HMF1, a human mammary fibroblast line with stromal
myofibroblast phenotype. To be submitted to Breast Cancer Research.

We next determined whether the T47D cell line would grow as xenotransplants in the absence of
Matrigel in mice, and tested whether prolactin would modulate drug responsiveness of the
tumors. Matrigel is a biological extract from tumor bearing mice and a potential source of mouse
pathogenic virus. Matrigel also suffers from batch-to-batch variability and is not chemically
defined, making inter-laboratory and batch-to-batch comparisons difficult. Findings ways to
avoid the use of Matrigel is of great benefit. We also determined if prolactin would suppress
tamoxifen-induced expansion of a rare therapy-resistant CK5+/ERa- cell population in the
implanted with humanized stromal mammary fibroblasts.
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We focused on testing the ability of T47D cells to grow in immunodeficient mice in the absence
of Matrigel when HMF1 cells were co-implanted. We also tested the ability of PRL-signaling to
suppress expansion of CK5+/ER- cells and maintain responsiveness to tamoxifen in T47D
xenograft tumors. Before initiation of anti-estrogen, tumors in both hPRL.NSG mice and
Wt.NSG mouse models were allowed to reach 250 mm?® (See Fig. 2), and mice received
tamoxifen or placebo pellet s.c. Control tumors from both hPRL.NSG mice and Wt.NSG mice
harvested at the time of initiation of tamoxifen treatment provided a starting point for quantifying
the size of the initial CK5+/ERa- cell population and expression of other baseline tumor markers.
Tumors were monitored for eight weeks, with two groups (N=10) for each of hPRL.NSG and
W1t.NSG mice. Primary readouts were tumor size and percent CK5+ cells in tumor sections.

The data resulting from this project support the hypothesis that responsiveness to anti-estrogens
to T47D tumors with HMF1 fibroblasts is greater in hPRL.NSG mice. This was supported by
significant tumor regression, markedly delayed onset of anti-estrogen refractory tumor growth,
and a marked suppression of anti-estrogen-associated rise in CK5+ cells in hPRL.NSG mice
compared to wt.NSG mice (Fig. 2).
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Figure 1. Activated human mammary fibroblasts increase invasive phenotype
of MCF-10A-ErbB2 cells by morphology (A), 3D culture (B), and invasion
assay (C).
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Figure 2. Insensitivity to tamoxifen in human PRL-deficient endocrine environment in
vivo. Upper Panel: Tamoxifen induces regression of T47D xenograft tumors in
hPRL.NSG mice but not in Wt.NSG mice. Lower Panel: Expansion of a CK5+ cell
population in response to tamoxifen is markedly higher in the absence of hPRL (wt.NSG
mice) than in the presence of hPRL (hPRL.NSG mice).
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Research Project 3: Project Title and Purpose

Creating and Phenotyping New Mouse Models of Cancer Cachexia — Cachexia, or
dysmetabolism leading to muscle and fat wasting, diminishes quality of life and response to
therapy in cancer patients. Cachexia afflicts most patients with tobacco-related cancers,
including up to 80% of those with lung cancer. Cachexia itself, distinct from other tumor effects,
causes ~1/3 of cancer deaths. Despite this, few animal models of cancer cachexia have been well
characterized and ~4 are commonly used. The purpose of this project is to create and phenotype
new mouse models of cancer cachexia. Mice with tumors of mouse and human origin will be
subjected to clinical, pathological, histological, and molecular profiling in order to expand the
models available to the research community.

Duration of Project

1/1/2013 - 6/30/2013

Summary of Research Completed

This project ended during a prior state fiscal year. For additional information, please refer to the
Commonwealth Universal Research Enhancement C.U.R.E. Annual Reports on the Department's

Tobacco Settlement/Act 77 web page at http://www.health.state.pa.us/cure.

Research Project 4: Project Title and Purpose

Liganded Glucocorticoid Receptor Functionally Interacts with Transcription Factor Stat5 in
Human Prostate Cancer Cells — Glucocorticoids are the standard treatment of advanced prostate
cancer. Recent preclinical and clinical studies have challenged the benefits of glucocorticoids
because of potential induction of therapy resistance in malignant solid tumors. Stat5a/b is highly
critical for the viability of human prostate cancer cells in vitro and for prostate tumor growth in
vivo, and active Stat5a/b predicts poor clinical outcome of prostate cancer. We hypothesize here
that the glucocorticoid receptor (GR) functionally interacts with transcription factor Stat5a/b in
prostate cancer cells. The purpose of this work is to establish whether Stat5a/b interacts with GR
signaling in human prostate cancer cells, and if this functional co-action promotes prostate
cancer cell survival.

Duration of Project

1/1/2013 - 6/30/2014

Project Overview

Recent data from preclinical and clinical studies have challenged the benefits of glucocorticoids
for patients with solid tumors, including prostate cancer, because glucocorticoids may induce
therapy resistance in malignant solid tumors irrespective of the tumor origin. The cellular

responses to glucocorticoids are mediated through the glucocorticoid receptor (GR). There are
two major mechanisms of gene regulation by GR. The direct transcriptional regulation
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(transactivation) occurs via binding of the GR to glucocorticoid-response elements. The indirect
regulation is mediated via functional interaction with other transcription factors.

Stat5a/b is highly critical for the viability of human prostate cancer cells in vitro and prostate
xenograft tumor growth in nude mice. This laboratory has shown that active Stat5a/b in primary
prostate cancer predicts early disease recurrence, and our recent work demonstrated that Stat5a/b
is in the active state in the majority of hormone-refractory prostate cancers.

We hypothesize that liganded GR increases transcriptional activity of Stat5 in prostate cancer
cells and promotes Stat5-induced prostate cancer cell survival. The objectives of this project are:
1) Establish whether liganded GR increases transcriptional activity of Stat5a/b, and Stat5a/b in
human prostate cancer cells. This will be achieved by determining whether liganded GR
increases transcriptional activity of Stat5 in reporter gene assays.

2) Determine molecular mechanisms underlying the functional co-action of GR and Stat5 in
human prostate cancer cells. This will be achieved by testing whether liganded GR increases
nuclear translocation of Stat5 by immunocytochemistry and physical interaction with Stat5 by
co-immunoprecipitation experiments.

Principal Investigator

Marja T Nevalainen, MD, PhD
Associate Professor

Thomas Jefferson University
125 S. 9th Street

Philadelphia, PA 19107

Other Participating Researchers
Lei Gu, MD — employed by Thomas Jefferson University
Expected Research Outcomes and Benefits

It is expected that liganded GR promotes Stat5 signaling in human prostate cancer cells. We will
determine if liganded GR increases transcriptional activity of Stat5a/b cells, and if Stat5a/b
physically interacts with GR in prostate cancer. In addition, we will determine if liganded GR
enhances tyrosine phosphorylation and nuclear translocation of Stat5a/b in prostate cancer cells.
Future studies should determine whether liganded GR alters the function of the PrIR-Jak2
complex, the Jak2 activity, or the rate of Stat5 dephosphorylation. We have shown previously
that Stat5a/b is critical for the viability of human prostate cancer cells in culture and for prostate
xenograft tumor growth in nude mice. We have further shown that Stat5a/b is activated in high-
grade prostate cancer but not in normal human prostate epithelium, and that Stat5a/b is activated
in the majority of prostate cancer hormone-refractory and metastases. Importantly, activation of
Stat5a/b in primary prostate cancer predicted early recurrence. The results of the work proposed
here will determine if liganded GR promotes Stat5-induced transcription and prostate cancer cell
survival. Future work will determine whether activation of Statsa/b combined with positivity for
nuclear GR would provide a more powerful marker of poor clinical outcome than active Stat5a/b
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alone. In addition, it will be important to establish whether activation of Stat5a/b in advanced
prostate cancer predicts unfavorable response to glucocorticoid treatment. In conclusion, this
work is important since the co-action of active Stat5a/b with liganded GR may contribute to the
induction of survival signals in prostate cancer cells.

Summary of Research Completed

In the previous report, the investigators demonstrated that glucocorticoid receptor (GR) is
expressed in CWR22Rv1, CWR22Pc, DU145 and PC-3 human prostate cancer cell lines.
Liganded GR increased transcriptional activity of Stat5a and Stat5b. In the current report, the
investigators demonstrate that Stat5a/b and GR physically interact with each other in prostate
cancer cells and this occurs through the DNA-binding domain of Stat5a/b. Liganded GR
enhances nuclear localization of Stat5a/b and promotes growth of CWR22Rv1 xenograft tumors
in nude mice, and this effect could be abrogated by inhibition of Stat5a/b action. In summary, the
work establishes the novel concept that Stat5a/b interacts with GR signaling in human prostate
cancer cells.

Methods

Construction of the Stat5a truncation mutants

The Stat5a truncation constructs were amplified by PCR from pcDNAStat5a. The upper primer
includes an EcoR | site and the lower primer a Sal | site. The amplified sequences were first
subcloned into the pCRII-TOPO vector (Invitrogen, Carlsbad, CA). Stat5a fragments in pCRII-
TOPO were then excised with the restriction enzymes EcoR | and Sal | and then subcloned into a
similarly digested pCMV-3Tag1A (Stratagene, La Jolla, CA) plasmid. The plasmids express the
full-length STAT5a or various truncations of STAT5a fused to the N-terminal 3xFLAG epitope.
StatSa-FL (1M-794S) was amplified with the forward primer #1
GAATTCATGGCGGGCTGGATTCAGGCCCAGCAGCTT and reverse primer #2,
GTCGACTCAGGACAGGGAGCTTCTAGCGGAGGTGAA. Stat5-NTD (136A-794S) was
amplified with forward primer #3, GAATTCGCCATGTCCCAGAAGCACCTTCAGATCAA
and reverse primer #2. Stat5a-NTCCD (328V-794S) was amplified with forward primer #4,
GAATTCCGGGTGACCAGCACGTTCATCATCGAGAA and reverse primer #2. Stat5a-N-ter
(1M-425K) was amplified with the forward primer #1 and reverse primer #5,
GTCGACCTTGATTCTTTTCAGTGACATGTTTCTGAA. Stats C-ter (426R-794S) was
amplified with the forward primer #6, GAATTCGATCGCGCCGACAGGCGTGGTGCAGAGT
and reverse primer #2.

Cell lysis, immunoprecipitation and immunoblotting

For co-immunoprecipitations of Stat5a/b and GR, PC-3 cells were co-transfected with pPrIR,
pGR and pStat5a or pStat5b, serum-starved, and treated with 10 nM hPrl and 100 nM Dex for 1
h. Pellets of prostate cancer cells were solubilized in lysis buffer. The cytoplasmic and nuclear
fractions were isolated by NE-PER™ Nuclear and Cytoplasmic Extraction Reagents kit (Thermo
Scientific, Rockford, IL). The cell lysates were immunoprecipitated with anti-Stat5a, anti-Stat5b
pAbs (Advantex Bioreagents, Conroe, TX), or anti-GR pAb (Abcam, La Jolla, CA), and the
filters were blotted with anti-Stat5a/b mAb (1:250) (BD Biosciences, San Jose, CA) or with anti-
GR mAD (1:1000) (BD Biosciences).
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For determining the domain of Stat5a binding to GR, PC-3 cells were transfected with FLAG-
tagged Stat5a truncation constructs pStat5a-FL, pStat5a-NTD, pStat5a-NTCCD, pStat5a-N-Ter,
pStat5a-C-Ter and pPrIR using FUGENESG. Before harvesting, cells were stimulated with 10 nM
hPrl and 100 nM Dex for 1 h. After cell lysis, GR was immunoprecipitated with anti-GR
(Abcam) pAb or normal rabbit 19gG. The filters were blotted with anti-FLAG mAb (1:1000;
Stratagene), detected by horseradish peroxidase-conjugated secondary antibodies in conjunction
with enhanced chemiluminesence substrate mixture (Amersham, Piscataway, NJ).

Immunocytochemistry of Stat5a/b in prostate cancer cells

PC-3 cells were cotransfected with pPrIR and pStat5a with or without pGR. The total amount of
transfected plasmid was normalized by addition of the empty vector (pMod-DNR). Cells were
serum starved for 20 h, then stimulated with 100 nM Dex and/or 10 nM hPrl for 10, 30 or 60
min, and immunostained for Stat5a/b using anti-Stat5a/b pAb (Santa Cruz Biotechnology, Santa
Cruz, CA). Staining was observed using an Olympus (Tokyo, Japan) BX41 microscope, and the
images were captured using the QCapture Pro Software from QImaging (Surrey, BC, Canada).

Adenoviral gene delivery

We have described the generation of adenoviruses for gene delivery of wild-type (WT) Statba
(AdWTStatba), WT Statbb (AdWTStat5b), and dominant-negative Stat5a/b (AdDNStat5a/b) and
human WT prolactin receptor (AdWTPrIR) was a gift from Dr. Hallgeir Rui.

Double immunofluorescence cytochemistry of GR and Stat5

PC-3 cells were infected with AdWTStat5b and AdhPrIR (MOI 4), serum starved and then
stimulated with 10 nM hPrl and/or 100 nM Dex for 1 h. The cells were immunostained with
anti-Stat5b pAb (Santa Cruz Biotechnology) and anti-GR mAb (BD Biosciences) (both 1:200),
after which the cells were incubated with both fluorescein and Texas Red conjugated secondary
antibodies (1:150). The secondary antibodies used were goat anti-rabbit fluorescein IgG (Vector
Laboratories, Burlingame, CA) to recognize Statb (green) and horse anti-mouse Texas Red 1gG
(Vector Laboratories) to recognize GR (red). The immunofluorescence staining was captured by
a Zeiss LSM 510 laser scanning confocal microscope with an Apochromat X63/1.4 oil immersion
objective.

Results

Liganded GR increases transcriptional activity of Stat5a/b in prostate cancer cells.

Stat5a/b is constitutively active in prostate cancers of high histological grade and in the majority
of castrate-resistant prostate cancers. Given that the GR is expressed in clinical prostate cancers
and corticosteroids are a standard treatment for metastatic prostate cancer, the investigators
tested the hypothesis that GR and Stat5a/b signaling pathways interact in human prostate cancer
cells. Transcriptional activity of Stat5a/b was determined using luciferase reporter gene driven
by promoters regulated by Statba/b. Beta-Casein and Cyclin-D1 promoters both contain a
Stat5a/b binding site flanked by a non-consensus Stat5a/b site, and therefore constitute strong
tetrameric Stat5a/b binding promoters. The promoter of CIS (Cytokine Inducible SH2 containing
protein) contains four consensus Stat5a/b recognition sequences, whereas the NTCP
(4xGASpT109, sodium taurocholate cotransporting protein GAS-like elements)-luciferase
reporter gene construct contains an artificial Stat5 promoter of four Stat5a/b response elements
upstream of HSV thymidine kinase promoter. In the first set of experiments, PC-3 cells and
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DU145 cells were co-transfected with Beta-casein-luciferase (luc), Prl receptor (PrIR), Stat5a, or
Stat5b, and/or GR, serum-starved and stimulated with human Prl (hPrl) (10 nM) and/or
dexamethasone (Dex) at indicated concentrations for 16 h. Upon co-expression of active Stat5a/b
with liganded GR, Prl-induced transcriptional activity of Stat5a and Stat5b was increased by 2-4-
fold in PC-3 cells and by 2-15 fold in DU145 cells (p<0.03) over a wide concentration range of
Dex (from 1 nM to 1000 nM). When assayed with CIS-luc, Cyclin-D1-luc, or NTCP-luc, Prl-
induced transcriptional activity of Stat5a or Stat5b was increased by 2-3-fold in cells expressing
liganded GR and Stat5a or Stat5b compared to cells negative for liganded GR (p<0.005).

To extend the findings to the protein level, the investigators employed Bcl-xL protein expression
as a quantifiable indicator of Stat5 transcriptional activity in CWR22Rv1 cells. The cells were
infected with adenoviruses expressing wild-type Stat5b (AdWTStat5b) and treated with hPrl or
Dex for 16 h. In line with the results obtained from the Stat5-regulated reporter gene assays, the
levels of Bcl-xL protein were increased if prostate cancer cells expressed both active WTStatbb
and liganded GR compared to cells expressing Dex-stimulated GR only (lane 3) or cells
expressing Prl-activated Stat5a/b only (lane 2). In summary, the data presented here indicate that
liganded GR increases transcriptional activity of Stat5a/b in prostate cancer cells.

Stat5a/b physically interacts with GR in prostate cancer cells

To identify the molecular mechanisms underlying GR induction of transcriptional activity of
Stat5a/b, the investigators tested whether Stat5a/b physically interacts with GR in human
prostate cancer cells. The GR protein is expressed in CWR22Pc, CWR22Rv1, DU145, PC-3
cells but not, or at a significantly lower level, in the LNCaP prostate cancer cell line (Fig. 1A, i).
PC-3 cells were cotransfected with PrIR, GR, and Stat5a or Statbb, serum starved, and then
stimulated with hPrl and Dex for 1 h. GR was immunoprecipitated with anti-GR pAb and blotted
with anti-Statba/b mAb (Fig. 1A, ii). In the converse experiments, Stat5a or Stat5b was
immunoprecipitated with anti-Stat5a or anti-Stat5b pAbs and blotted with an anti-GR mAb. In
both sets of experiments, Stat5a (94 kDa) and Stat5b (92 kDa) formed complexes with GR in
PC-3 cells (Fig. 1A, ii). No complex formation was detected in control immunoprecipitations. To
test whether transfected Statba/b is able to interact with the endogenously expressed GR in
prostate cancer cells, DU145 cells were transfected with Stat5a, Statbb and PrIR, but not GR. GR
was immunoprecipitated with anti-GR pAb and blotted with anti-Stat5a/b mAb. Conversely, the
investigators immunoprecipitated Stat5a/b and blotted with anti-GR mAb (Fig. 1A, iii). In
addition, the researchers tested, by similar reciprocal co-immunoprecipitations, whether Stat5a/b
and GR that are both endogenously expressed in prostate cancer cells would physically interact
with each other using CWR22Rv1 cells as the model system (Fig. 1A, iv). Collectively, these
experiments demonstrated that both transfected and endogenous Stat5a/b formed complexes with
endogenously expressed GR in human prostate cancer cells (Fig. 1A, ii-iv).

To identify the cellular compartment where the complex-formation of Stat5a/b and GR takes
place in prostate cancer cells, cytoplasmic and nuclear fractions of PC-3 cells were separated.
Reciprocal co-immunoprecipitation assays demonstrated that the Stat5a/b and GR complex was
more prominent in cytoplasmic vs. nuclear fractions of unstimulated PC-3 cells transfected with
Stat5a/b, PrIR and GR (Fig. 1A, v and vi). The co-immunoprecipitation of Stat5 and GR in the
nuclear extracts of unstimulated cells is likely due to incomplete fractionation of the nuclear and
cytoplasmic compartments. When PC-3 cells were stimulated with hPrl and Dex, the relative
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amount of complex formation increased in the nuclear fractions and decreased in the cytoplasmic
fractions in comparison to the unstimulated cells. Taken together, these results suggest that the
complex formation between Stat5a/b and GR takes place both in the cytoplasmic and nuclear
compartments of prostate cancer cells.

DNA-binding domain of Stat5 mediates the physical interaction of Stat5 with GR

To identify the domain of Stat5a/b protein that mediates the physical interaction of Stat5a/b with
GR, the investigators created a series of domain-truncated Stat5a constructs, and FLAG-tagged
the constructs at their amino terminus (Fig. 1B, 1). PC-3 cells were transfected with FLAG-
tagged full length (FL) Stat5a, FLAG-Stat5a domain-truncation mutants, and pPrIR, serum-
starved, then stimulated with Dex and hPrl for 1 h. Anti-GR (pAb) immunoprecipitates were
analyzed by Western blotting with anti-FLAG mAb (Fig. 1A, ii). The immunoprecipitations with
normal rabbit serum or Protein A beads were controls as indicated (Fig. 2B, ii, lanes 6 and 7).
The immunoprecipitation of GR was validated by reblotting the membrane with anti-GR mAb
(Fig. 1B, ii, upper panel). Expression of domain truncated Stat5a constructs was confirmed by
immunoblotting of whole cell lysates with anti-FLAG antibody (Fig. 1B, ii, bottom panel). Out
of the four Statba constructs, three constructs FL(1M-794S), NTD(136A-794S) and
NTCCD(328V-794S), which contain complete DNA-binding domains, were able to form
complexes with GR, while no complex formation was detected for both N-Ter(1M-425K) and C-
Ter(426R-794S) (Fig. 1B, ii, middle panel). The results of these studies indicate that the DNA
binding domain of Stat5a bears the interaction site with the GR in prostate cancer cells.

Liganded GR increases nuclear translocation of Stat5a/b in prostate cancer cells

Since nuclear localization is critical for the transcriptional activity of Stat5a/b, the investigators
analyzed whether nuclear translocation of Stat5a/b is altered by liganded GR in prostate cancer
cells. To test this hypothesis, PC-3 cells were infected with AdStat5b and AdPrIR, serum-starved
and treated with Dex for 1 h and/or hPrl for 30 min. Double immunostaining of Stat5a/b and GR
by indirect immunofluorescence shows that in the absence of Prl, Stat5b was predominantly
found in the cytoplasm of PC-3 cells (Fig. 2A), as expected. Prl-stimulation led to nuclear
translocation of Stat5b (green), and Dex induced nuclear translocation of endogenous GR (red).
Importantly, Dex-liganded endogenous GR was able to bring Stat5b into the nucleus in the
absence of Prl. Furthermore, Prl-activated Stat5b was able to bring endogenous GR into the
nucleus in PC-3 cells in the absence of Dex. Of note, GR was not able to translocate to the
nucleus in the presence of Prl stimulation if Stat5 was not introduced to PC-3 cells (data not
shown). These results suggest that ligand-bound GR can translocate Stat5 into the nuclei of
prostate cancer cells.

To further investigate the effect of GR on nuclear translocation of Stat5a/b, the investigators
transfected PC-3 cells with Stat5a, PrIR and/or GR. After serum starvation, the cells were
stimulated with Prl (10 nM) and/or Dex (100 nM) for 10, 30 or 60 min. As shown in Fig. 2B,
Statb5a showed weak nuclear localization in the absence of Prl stimulation. Stat5a started to
translocate to the nucleus 30 min after Prl stimulation if liganded GR was not co-expressed in
PC-3 cells. Importantly, when PC-3 cells were transfected with GR and treated with Dex, Stat5a
translocated to the nucleus already 10 min after Prl stimulation. In addition, the amount of
nuclear Stat5 immunostaining was significantly more intense when the cells expressed liganded
GR. Taken together, the results of the experiments shown in Figure 2 support the concept that

Pennsylvania Department of Health — 2013-2014 Annual C.U.R.E. Report
Thomas Jefferson University - 2012 Formula Grant — Page 28



liganded GR promotes nuclear translocation of Stat5a/b in prostate cancer cells. In summary, the
work presented here establishes the novel concept that Stat5a/b interacts with GR signaling in

human prostate cancer cells.

(i) o S
Fig. 1.A & &
S %
g & I 0
(&)
WB: g 5 g % a kDa
anti-GR . w9 - -4
anti-actin NG - 12
(i1)
PC-3 cells 1 5 3 4 5 6
IP- NRS GR GR kDa IP: NRS Stat5aStat5b kDa
WB: anti-Stat5a/b — - 94192 anti-GR [T
anti-GR - S 94 anti-StatSab — — - 94192
StatSal/b iNput S s -94  Stat5a/b input s s ... -94
Plasmid: Stat5a Stat5a StatSb Plasmid: Stat5a Stat5a StatS5b
(iii)
DU145 celis 1 2 3 4
IP- NRS GR kDa IP: NRS Stat5akDa
WB: anti-Stat5a/b — - 94/92 anti-GR —— -94
anti-GR w— -94  anti-Stat5a/b “ - 94/92
Plasmid: Stat5a Stat5a Plasmid: Stat5a StatSa
(iv) 5o I 1 2 3 4 5
ZRvicells b. NRs GR kDa IP: NRS StatSaStatSbkDa
WB: anti-Stat5a/b S - 94192 anti-GR —
anti-GR — - 94 anti-Stat5a/b _— - 94/92
v) 22Rv1 cells CE NE CE NE
Pri/Dex: - - - - + -+ + e
IP- NRS GR NRS GR NRS GR NRS GR kDa
WB: anti-Stat5a/b _— — — . -94/92
CE NE CE NE
PrilDex: - - - - - - - -
IP: NRS StatS5NRS Stat5 NRS Stat5NRS Stat5 kDa
WB: anti-GR = - -94
Vi) pc.3cells PriiDex: - 2 + ¥ F
IP: NRSStat5a3StaS5bNRSStat5aStatSb kDa
B - 94/92

WB: anti-GR -
GRinput e & 8 S S S L -9

Pennsylvania Department of Health — 2013-2014 Annual C.U.R.E. Report
Thomas Jefferson University - 2012 Formula Grant — Page 29



Fig. 1.B
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Research Project 5: Project Title and Purpose

Increasing Patient-Centered Care for Patients with Early Prostate Cancer — More than 90% of
patients with newly diagnosed prostate cancer have localized disease, and therefore face the
difficult decision of whether to initiate active surveillance (AS) or active treatment (AT). Given
that AT may have serious side effects, and mortality rates are comparable for men who have AS
and those who have AT, it is important for men to make an informed decision about treatment.
We propose to conduct a pilot study to test the impact of a novel patient decision support
intervention, on AS versus AT uptake. The study will involve early-stage prostate cancer
patients who have a scheduled visit for consultation at the Jefferson Prostate Cancer
Multidisciplinary Clinic (JMDC) in Philadelphia.

Anticipated Duration of Project
1/1/2013 — 12/31/2014
Project Overview

The primary objective of the study is to pilot test a decision support intervention related to
treatment decisions [(active surveillance (AS) versus active treatment (AT)] among men with
low-risk prostate cancer seen in Thomas Jefferson’s Prostate Cancer Multidisciplinary Clinic
(JMDC). We propose to pilot test the intervention with 25 newly diagnosed patients. Because
the intervention is a pilot test, we propose a non-randomized design, such that all enrolled
patients are exposed to the intervention. More specifically, we plan to meet eligible patients in
the IMDC, immediately prior to their scheduled appointment with the clinical team. A nurse
educator will educate the patient about his treatment options and guide him through decision
counseling, which involves the patient identifying factors that are likely to influence him when
deciding between AS or AT. A summary sheet of the results of the decision counseling session
will be provided to the patient and to his clinical team to further guide discussions about
treatment preference. A member of the research team will follow-up with each patient to
document the patient’s decision about treatment, as well as a medical chart audit will verify
treatment status. We expect that the proportion of patients who choose and initiate AS will be
higher than that is observed historically in the JMDC.

Specific aims of the study are to:

1. Assess feasibility of implementing the decision counseling protocol in practice

2. Determine the proportion of patients who choose AS and AT

3. Among those patients who initially choose AS, determine the proportion that actually initiate
AS

4. Identify patient factors that are associated with choosing AS.
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Principal Investigator

Ronald E. Myers, PhD

Director, Division of Population Science, Department of Medical Oncology
Thomas Jefferson University

125 S. 9th Street

Philadelphia, PA 19107

Other Participating Researchers

Amy Leader, DrPH, MPH; Anett Petrich, MSN, RN; Anna Quinn, MPH; James Cocroft, MA —
employed by Thomas Jefferson University

Expected Research Outcomes and Benefits

Men diagnosed with early-stage, low risk prostate cancer face complex decisions about
treatment. This decision may provoke anxiety and is likely to affect clinical outcomes. Itis
important to facilitate well-informed, shared decision making about these options in clinical care.
However, the literature suggests that men with early-stage, low-risk prostate cancer often make
decisions about treatment with a limited understanding of available options. Furthermore, little
research has been reported in the literature on the use of decision support interventions in this
patient population. It is expected that patients who participate in the pilot study will be more
knowledgeable about AS and AT, feel informed about treatment decision making, and report a
high level of satisfaction with the decisions that they make about their care. Furthermore,
clinicians will be able to engage patients in shared decision making about treatment and clinical
trials participation effectively and efficiently.

The proposed pilot will lay the foundation for a larger randomized, control trial aimed at
developing and testing the impact of decision counseling, a novel approach to facilitating
informed, shared decision making in cancer care.

Summary of Research Completed

Study Implementation

Each week, the nurse educator received a list of all the patients who had scheduled appointments
at the JIMDC, including the patient’s clinical information and diagnosis. If one or more patients
on the list met the study’s eligibility criteria, the nurse educator attended the tumor board
meeting, where the patient cases were reviewed by the clinical team in preparation for the
morning’s scheduled appointments. At this meeting, the clinical team made a final
determination about the patient’s tumor stage and study eligibility. The research assistant
approached each eligible patient as he waited for his clinic appointment and assessed his interest
in participating in the study. For patients who were interested, the research assistant obtained
informed consent.
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Following consent, the research assistant administered a baseline survey. The survey assessed
the patient’s knowledge about treatment options, health perceptions, and decisional conflict
(feeling uncertain; uninformed; unclear; and unsupported) related to the decision about
treatment, as well as background and demographic characteristics of the patient. After the
patient completed the survey, a nurse educator reviewed an informational page about treatment
decisions with the patient. Then, the nurse used an online Decision Counseling Program® (DCP)
protocol to identify decision factors (i.e. reasons) that were likely to influence the patient to
choose AS or AT. During the DCP session, the patient stated the relative importance of each
factor (factor weighting). From this information, a decision preference score that ranged from
0.000 to 1.000 was calculated. A higher decision preference score indicated a preference for AS,
while a lower score indicated a preference for AT. The nurse validated the score with the patient
and assessed that he understood and agreed with the results. A copy of the summary report was
given to the patient and the clinicians for use in shared decision making about treatment during
the clinical encounter.

Thirty days after the initial visit, the research assistant contacted each study participant by
telephone and administered a brief endpoint survey to assess patient knowledge, level of
decisional conflict, satisfaction with decision counseling, and his preliminary treatment decision.
Six months after the initial visit, the research assistant conducted a medical chart audit to
determine the patient’s actual treatment decision.

All study data were entered into a Microsoft Excel spreadsheet and were analyzed using SAS
(v.9.1). Frequencies, means and standard deviations were used to examine patient characteristics
and changes in mean scores related to patient knowledge and decisional conflict.

Study Recruitment and Enrollment

We approached 39 potentially eligible patients, as determined by the clinical team at the JGMC.
Of those approached, 35 consented and enrolled in the study, while 4 patients declined
enrollment. During the course of the study, 1 patient was no longer clinically eligible for AS and
ended his participation in the study. Thirty patients have completed a 30-day endpoint survey
while 4 patients could not be contacted. Thirty patients have been reviewed by medical chart
audit. Figure 1 outlines the flow of patients in the study.

Study Results

Of the 30 participants who were enrolled in the study, 22 were Caucasian, 7 were African
American, and one participant was Asian. Twelve participants were under the age of 60, while
18 participants were 60 years of age or older. Twenty-four participants had more than a high
school diploma, and 23 were married or living with a partner. Table 1 displays the demographic
characteristics of the participants.

From the decision counseling session, 30 participants identified a total of 74 decision factors; 32
factors were in favor of AS (pro factors), while 42 factors were in favor of AT (con factors). At
the end of decision counseling, 8 participants indicated a preference for AS, 11 participants

weighed AS and AT equally, and 11 indicated a preference for AT. From the baseline survey to
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the 30-day endpoint survey, treatment-based knowledge increased by 16% from baseline, and
decisional conflict (overall) decreased by 58% from baseline. These changes were statistically
significant (p<0.001). Reductions in each subscale of decisional conflict were also observed.
Changes in knowledge and decisional conflict are displayed in Table 2. At the 6-month chart
audit, 25 participants had chosen AS, 4 participants had chosen AT, and 1 patient remained
undecided about his treatment decision.

Table 1 Demographic Background (N=30)

Background Characteristic N %
Race
White 22 (73.3)
Non-White 8 (26.6)
Age
<60 12 (40.0)
> 60 18 (60.0)
Education
<HS 6 (20.0)
> HS 24 (80.0)
Marital Status
Unmarried 7 (23.3)
Married 23 (76.6)

Table 2 Change in Knowledge and Decisional Conflict

Baseline Endpoint Mean
Mean Mean Difference

Knowledge (% 74.17 86.25 12.08**

Correct)

Decisional Conflict* 1.81 0.76 -1.05%**
Uncertain 2.13 0.96 -1.17**
Uninformed 1.89 0.61 -1.28**
Unclear 1.91 0.82 -1.09**
Unsupported 1.31 0.64 -0.67**

*12 items from a 16-item scale (O’Connor), 1995) that measures perceptions of
uncertainty in choosing options, feeling uninformed or unclear about personal values, and
feeling unsupported in decision making

** p<.001
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Figure 1. Decision Counseling and Active Surveillance Study: CONSORT Flow Diagram
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Research Project 6: Project Title and Purpose

Cell Fate Factor Protein DACH1 Modification in Signaling and Cancer — The DACHL1 protein
has features of a tumor suppressor, however very little is known of its modification by
phosphorylation or acetylation, which may in turn govern signaling by this protein. DACH1 was
cloned as a Drosophila homologue (Dac) that blocks Epidermal Growth Factor Receptor (EGFR)
signaling. Hyperactive growth factor signaling is a common feature of terminal cancer.
Identifying new mechanisms to attenuate hyperactive growth signaling in cancer may provide
important new therapeutic options. Identifying the functional modifications of DACH1 may
allow us to target the DACHL1 protein and its activity in tumors.

Anticipated Duration of Project

1/1/2013 — 12/31/2016

Project Overview

The aims of these studies are to define at a higher level of resolution of the mechanism by which

DACH1 governs cancer onset and progression. Hyperactive growth factor receptor signaling
remains active in many tumors that resist current therapies. The Retinal Determination Gene
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Network (RDGN), consisting of the Dachshund (dac), eyes absent (eya), eyeless, and sine oculis
(so) genes, regulates cell fate determination in metazoans. The Drosophila dac gene was cloned
as a dominant inhibitor of the hyperactive EGFR (Elipse). Genetic deletion of Dachl in the
mouse results in perinatal lethality, therefore, we will use conditional Dachl knockout tri-
transgenic systems.

In previous studies, we showed DACH1 inhibits breast cellular proliferation and metastasis. The
current studies will determine the mechanisms by examining post-translational modification of
DACHL1. We hypothesize that post-translational modification of DACHL1 is a key signaling event
contributing to tumorigenesis and metastasis. We will determine the post-translational
modifications of DACH1 and assess their role in tumor growth and metastasis. Functional
analyses of DACH1 post-translational modification may lead to the identification of new cancer
targets.

Specific Aims:
Aim 1. Determine the mechanisms by which DACH1-phosphorylation determines lung and

breast tumor cellular proliferation.

Aim 2. Determine the mechanisms by which DACH1-acetylation determines lung and breast
tumor cellular proliferation.

Aim 3. Determine the role of DACH1 post-translational modification in chromatin occupancy
and gene expression.

Principal Investigator

Richard G. Pestell, MD, PhD
Professor and Chairman
Department of Cancer Biology
Thomas Jefferson University
125 S. 9th Street

Philadelphia, PA 19107

Other Participating Researchers
Chenguang Wang, PhD; Xuanmao Jiao, PhD — employed by Thomas Jefferson University
Expected Research Outcomes and Benefits

Resistance to Non-Small Cell Lung Cancer (NSCLC) and breast cancer to current therapies kills
a substantial number of patients each year in the United States. New molecular targets governing
tumor onset and progression are needed urgently. DACHL represents a novel tumor suppressor
pathway. Reduced DACH1 expression correlates with poor prognosis in NSCLC and human
breast cancer. Reintroduction of DACH1 into human mammary epithelial cells transformed with
distinct oncogenes (Ras, ErbB2, c-Myc) reverts the transformed phenotype in 3D culture.
Reversion of the tumor phenotype and the associated genotype led to the DACH1 gene being
referred to as a “commandeering” tumor suppressor. DACH]1 is structurally distinct from the
current known tumor suppressors. We will identify key functional modifications of DACH1
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required for inhibition of NSCLC and breast tumor growth. As DACHL1 is a cell fate
determination factor, understanding the mechanisms by which DACHZ1 inhibits tumorigenesis
may have important implications for the role of cell fate in lung and breast tumorigenesis.

Summary of Research Completed

Substantial progress has been made with this project this year. In the prior year we showed that
DACH1 is phosphorylated, identified the individual phosphorylation sites and showed that these
residues regulate nuclear translocation. We showed that the phosphorylation sites determine the
ability of DACHL1 to inhibit epithelial-mesenchymal transition (EMT) via translational
suppression of Snail. In the current year we extended these studies to identify the DACH1
acetylation sites and analyze the function of DACH1 acetylation. We also conducted additional
studies of the DACH1 phosphorylation site function.

DACH1 binding to p53 is abrogated by p53 hot spot mutations and p53 acetylation at K120. In
previous studies we had shown p53 is a DACHL binding protein. We next considered the
possibility that specific residues within p53 may determine physical association with DACHL. In
order to identify the domains of p53 required for binding to DACHL, a series of expression
vectors were deployed encoding p53 “hot spot” point mutations identified in breast cancer. The
N-terminal FLAG epitope was used to immunoprecipitate DACHL (Fig. 1A). Western blot
analysis demonstrated the association of endogenous p53 with DACH1. DACH1 showed wild-
type binding to R175H, the mutant found in MDA-MB-231 cells. The R248Q and R273H are
“hot spot” mutations in breast cancer that are located in the DNA-binding domain and central
core region. Binding of DACH1 to the R273H mutation was reduced 60% and the R248Q mutant
was incapable of binding DACHL1 (Fig. 1A, B).

As p53 function is regulated by phosphorylation, we examined a panel of p53 phosphorylation
site mutations (Fig. 1C). Mutation of Serine 15 and Serine 20 reduced DACH1 binding by >
40% (Fig. 1C, D). Post-translational modification of p53 by acetylation contributes to p53-
dependent growth arrest and apoptosis, without affecting p53-MDM2-dependent feedback. The
p53 acetylation within the carboxyl-terminus contributes to the DNA damage response. The p53
acetylation within the DNA binding domain at K120 selectively enhances the ability of p53 to
regulate apoptosis by altering DNA binding to selective targets. In multiple experiments, the p53
acetylation site mutant K120R showed significantly enhanced binding to DACHL1 (Fig. 1E, F).
The polymorphic residue, Proline 72, which is located in the transactivation domain 2, reduced
DACH1 binding (Fig. 1G, H). Mutation of the carboxyl-terminal module of acetylation sites
(p53 9K/R) showed no significant change in DACH1 binding (Fig. 1G, H), while the 9K/R,
K120 showed enhanced binding (Fig. 1H). A schematic representation summarizing the residues
of p53 residues, mutated in human breast cancer and the K120 site for DACH1 binding, are
shown in Fig. 11.

DACH1 augments p53-dependent transcription of DNA damage and cell-cycle arrest genes. We
next examined the functional significance of DACH1 on p53-dependent expression of the known
target genes p21°™* and RAD51. The DACH1-deficient MCF-7 cell line was used, in which
DACH1 was stably transduced under control of the tetracycline activator. Induction of DACH1,
increased p21°™ about 3-fold by FLAG WB (The data is not shown). Induction of p53 by
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tetracycline was detectable by WB and was associated with the induction of p21°"™. Concordant
with the induction of p21°"™* by DACHZ1, there was a reduction in RAD51 abundance. In order to
determine the mechanism by which DACH1 induced p21°"* and reduced RAD51 abundance, we
examined the ability of DACHL1 to regulate their transcription using the promoter-regulatory
region of these two target genes assessed in luciferase reporter assays. DACH1 expression
inhibited RAD51 reporter activity (Fig. 2A). A DACH1 mutant deleted of the C-terminus failed
to repress RADS51 reporter activity (Fig. 2B).

The p53 shRNA was used to stably reduce p53 levels in MCF-7 cells, in order to examine the re-
expression of either p53 or a p53 mutant that evades defective DACH1 binding. The re-
expression of p53 enhanced p21°"™ promoter activity. Re-expression of the p53 mutant R248Q
reduced p21°'™ (Fig. 2C). DACH1 enhanced p53 wt. dependent activity of the p21°™* promoter.
Transduction of MCF-7 cells with the DACH1 binding defective mutant p53-R248Q mutant did
not enhance p21°"™ transcription and DACH1 did not affect p21¢'™* promoter activity in the
presence of p53-R268Q, suggesting the effect of DACH1 on p21°"* required p53 association.
These findings are consistent with the observation that DACHL is defective in binding the
R248Q mutant. DACH1 enhancement of p53-dependent induction of p21°'™ required the
DACH1 C-terminus (Fig. 2D). DACH1 expression was sufficient to induce the activity of
multimeric p53-response element and deletion of the C-terminus reduced p53 activity ~50%
(Fig. 2E). DACHL1 is known to bind a Fork head like binding site. DACH1 expression induced
activity of a multi-metric DACH1 response element in MCF-7 cells, an effect that was abrogated
by p53 shRNA (Fig. 2E, F).

Common genes are regulated by and bind DACH1 and p53 in the context of local chromatin.
DACHJ1-regulated genes identified using gene expression analysis were compared with p53-
regulated genes. Three gene expression microarray datasets profiling DACHL1 responsive genes
were used for analysis (DACH1.0hr, DACH1.18h, DACH1.36h, and mRNA). The function of
genes that are regulated by either DACH1 or p53 was assessed (Fig. 3A, B). Functional
enrichment analysis using pathways obtained from the molecular signatures database indicated a
set of common pathways regulated by both p53 and DACHL1 (Fig. 3A, B). We next examined the
proportion of genes regulated by both DACHL1 and p53 at serial time points. A total of 242,
2794, and 1621 DACHZ1-responsive genes were identified from the DACH1.0hr mRNA,
DACH1.18h, and DACH1.36h datasets, respectively. Of these genes, 20 out of 242, 129 out of
2794, and 68 out of 1621 were also regulated by p53 (Fig. 3C).

We next examined occupancy of p53 and DACH1 in the genome by comparing ChlP-Seq. Sets
of genes bound by p53 and DACHL1 in breast cancer cells were obtained from ChIP-Seq data.
For gene annotation, high-confidence ChlP-Seq regions were matched to the nearest proximal
Ensemble gene identifier. A total of 1304 binding sites for p53 and 1844 binding sites for
DACH1 were identified. 95 genes bound by both DACH1 and p53 were identified (p = 1.87 x
10™ Fig. 3D).

Distributions of the locations of DACHL1 and p53 binding sites detected by ChIP-Seq
demonstrated binding of active chromosomal regions proximal to gene coding regions, consistent
with a model in which DACH1 and p53 localize to both very distal elements and promoter
regulatory elements (Fig. 3E). The tag density profiles for p53 and DACH1 demonstrated a
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similar distribution of genomic association, comparing locations at the promoter, within a gene
or downstream of the transcriptional stop site, with a relatively greater enrichment for p53 ChlP-
Seq peaks at more distal locations. A higher level resolution of relative binding in ChiP-Seq of
p53 and DACHL in relation to the transcriptional start site (TSS) confirmed this observation
(Fig. 3F). This may suggest that DACH1 and p53 co-regulation occurs at distal regulatory sites.
Figure 3G shows the tag density of DACHL1 and p53 ChIP-Seq peaks relative to the coding
regions of two co-regulated genes, PARD6B and FAMB84B. These figures demonstrate that co-
localization of DACHL1 and p53 occurs proximal to the promoter region for at least a subset of

genes.
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Figure 1. p53 mutations in breast cancer evade DACH1 binding. (A-H) IP-WB of DACH1 binding to p53 mutants. HEK293T
cells were transfected with the indicated expression plasmids and IP-WB was conducted. The relative binding of p53 to DACH1
was determined as mean + SEM of N>3 separate transfections. A representative example of each experiment is shown. The
p53 mutants are (B) mutations found in breast cancer, (D) phosphorylation site mutations (E-H) acetylation site mutants. (I)
shows a schematic representation of p53 residues evaluated or tested for DACH1 binding.
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Figure 2. DACH1 enhances p53-dependent transcriptional regulation of RAD51 and p21°*. The luciferase reporter assays
were conducted using either the RAD51 or p21°'* promoter-luciferase reporters (A-D) or the synthetic response element for p53 (F)
or DACHL1. Cells were transduced with expression vectors as indicated and a p53 shRNA. The relative fold-induction of luciferase
activity was normalized to shRNA vector and to B-galactosidase and shown as -fold change (data are mean + SEM for N>5

separate experiments).
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Figure 3. p53 and DACH1 regulate common functional gene modules and bind common genes in ChIP-Seq. (A-B) Molecular
pathways enriched with genes regulated by DACH1 and p53. Pathways enriched with induced genes are represented by red
bars. Pathways enriched with repressed genes are represented by green bars. ES score is equal to the confidence of enrichment
expressed as —log(p). (C) Number of genes co-regulated by DACH1 and p53. X = genes upregulated by both DACH1 and p53. Y =
genes downregulated by both DACH1 and p53. (D) Pie diagram of overlapping genes binding DACH1 and p53 in ChIP-Seq. (E)
Cumulative distribution of the location of Chip-Seq peaks with respect to neighboring genes.
DACH1 and p53 Chip-Seq peaks relative to the transcription start site (TSS) at -10 kb to +50 kb (upper panel) and -1 kb to +1 kb
(lower panel). (G) Integrated genome browser visualization of tag density profiles for ChlP-Seq DACH1 and ChIP-Seq p53.
Selected genes are PARDEB, par-6 partitioning defective 6 homolog beta and FAM84B, family with sequence similarity 84, member
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Research Project 7: Project Title and Purpose

Molecular Aberrations in Adenocarcinoma and Neuroendocrine Prostate Cancer — We
hypothesize that Adenocarcinoma (AdCa) and Neuroendocrine (NE) Prostate Cancer carry
different molecular aberrations that may explain the aggressive phenotype of NE Prostate Cancer
(NEPC). Using two mouse models of prostate cancer, we plan to delineate the signaling
aberrations by which neuroendocrine prostate cancer (NEPC) differ from AdCa. In both in vivo
mouse models, we will profile all samples for aberrant expression and activities of signaling
molecules and identify the molecules which contribute to an aggressive cancer cell phenotype.
This study presents an unmet clinical need for NEPC patients with advanced disease.

Anticipated Duration of Project
1/1/2013 - 12/31/2016
Project Overview

We hypothesize that Adenocarcinoma (AdCa) and Neuroendocrine (NE) Prostate Cancer carry
different molecular aberrations that may explain the aggressive phenotype of NE Prostate Cancer
(NEPC). This study presents an unmet clinical need for NEPC patients with advanced disease.
The main goal of this proposal is to delineate the molecular aberrations that occur in AdCa and
NEPC. The specific aims of this proposal are as follows:

1) To delineate the signaling aberrations by which NEPC differ from AdCa. We will use
TRAMP and castrated PTEN conditional knock-out mouse models, which are known to develop
both AdCa and NEPC. Using gene expression analysis, AdCa and NEPC tumors will be isolated
by laser capture microdissection and analyzed. We will profile all samples in both in vivo mouse
models for aberrant expression of signaling molecules. We will analyze this signature in
TRAMP and castrated PTEN conditional knock-out mice; 20 mice will be used/group and
routine staining for synathophysin and chromogranin will be used to define neuroendocrine
differentiation. All techniques to be used, including gRT-PCR, are routinely performed in our
laboratories and have been previously described by our group.

2) To validate the findings in Aim 1 using primary and metastatic samples from NEPC tumors.
We will profile all samples in both in vivo mouse models for aberrant activities of signaling
molecules. Several measures of signaling aberrations will be performed using immunoblot
analysis to assess the differences in kinase activities, DNA-repair proteins, apoptotic response
and proliferation rates. Upon transfection of the identified aberrant signaling molecules,
anchorage-independent growth assay, proliferation, androgen receptor (AR) localization and
activity, mitochondrial isolation and import, DNA damage response and apoptosis will be
measured to confirm that the aberrant signaling contribute to an aggressive cancer cell
phenotype. The study will make use of a murine tissue bank available in our laboratory from
mice at various stages of AdCa and NEPC (primary tumors as well as metastatic tumors).
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Principal Investigator

Lucia R. Languino, PhD
Professor

Thomas Jefferson University
125 S. 9th Street
Philadelphia, PA 19107

Other Participating Researchers
Sheikh Aejaz Sayeed, PhD — employed by Thomas Jefferson University
Expected Research Outcomes and Benefits

This study will provide new insights for therapeutic intervention in patients with aggressive
neuroendocrine prostate cancer. Understanding signaling aberrations occurring in AdCa and in
NEPC will help to characterize the pathways that contribute to the aggressive phenotype found in
NEPC and develop strategies to successfully treat NEPC. We will make use of a murine tissue
bank available in our laboratory from mice at various stages of AdCa and NEPC (primary tumors
as well as metastatic tumors). Protein aberrations will be correlated with the degree of
neuroendocrine differentiation, other pathologic features and survival. This study presents an
unmet clinical need for NEPC patients with advanced disease. The fundamental knowledge
gained from these studies will clearly be beneficial and applicable to populations with
historically poor cancer prognoses.

Summary of Research Completed

During the current funding cycle, we have continued our investigations based on our initial
hypothesis that Adenocarcinoma (AdCa) and NeuroEndocrine (NE) prostate cancer carry
different molecular aberrations that may explain the aggressive phenotype of NE Prostate Cancer
(NEPC). We have, first, focused on characterizing prostate tissue specimens isolated from
TRAMP mice. As described in the first specific aim of this proposal, these mice are known to
develop both AdCa and NEPC. We have optimized the conditions to detect, by
immunofluorescence and immunohistochemistry, synathophysin and chromogranin A and
characterized prostate tissue specimens from 24 TRAMP mice. Our data show that murine
TRAMP tissues express synathophysin and chromogranin A, which are known to define NE
differentiation. A representative example of synathophysin immunohistochemical staining is
shown in Figure 1.

In parallel, we have optimized the conditions to analyze integrin expression and have stained all
specimens for avP6 and avB3 integrins. Integrins comprise a family of cell surface receptors
composed of non-covalently bound o and 8 subunits, which can combine in at least 24 different
complexes. These molecules mediate attachment of cells to the extracellular matrix, but have
also been implicated in activation of multiple signaling pathways. In cancer, integrin signaling is
exploited to affect cellular growth and tumor progression by controlling gene expression,
proliferation, apoptosis, cell adhesion, and migration. A growing body of evidence shows that
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expression of avB3 and avp6 integrins are associated with neoplastic and metastatic phenotypes.
In addition, integrin signaling regulates proteinase expression. This pathway is particularly
relevant in PC, where changes in the integrin profile may result in the increased degradation of
the extracellular matrix and increased tumor cell migration and invasion, in vivo. Accordingly,
several studies have consistently linked deregulated integrin expression to PC progression. In
this context, although most integrin o and 3 subunits are typically downregulated in PC, the
expression of a6B1, avPB3 and avp6 is specifically increased in the disease.

We have analyzed avB6 and avp3 integrin expression in 24 TRAMP mice, age between 24.9 to
50.6 weeks; in parallel, we have analyzed expression of NE markers (synaptophysin and
chromogranin A). Of the 24 mouse tumors, 13 (54.2%) show NE differentiation; 16 (66.7%)
show AdCa lesions; of these, 5 show both NE differentiation and AdCa. avp6 is exclusively
expressed in AdCa but not in NE cancer. avB3 integrin expression is detected in 10 out of the 13
mice (76.9%) with NE differentiation (positive for synaptophysin and/or chromogranin A).
These data are shown in Figs. 1 and 2. In summary, we have found that the avp3 integrin is
expressed in cells that show NE differentiation, whereas in contrast, a related integrin avp6 is
expressed in areas that are negative for synaptophysin or chromogranin (Fig. 2). These results
suggest a novel therapeutic strategy that targets a specific integrin for PC patients with NE
differentiation and advanced disease.

We have also characterized human primary (non-metastatic and metastatic) samples from PC
tumors using a tumor microarray containing 120 sections and found 20% PC tumors show NE
differentiation (Fig. 3). Representative sections of human PC tumors stained for two NE
markers, synaptophysin and chromogranin A, are shown in Fig. 3. The two tumors shown in
Fig. 3 express high number of synaptophysin and chromogranin A positive cells, (left panels);
low number of synaptophysin and chromogranin A positive cells (right panels).

In parallel, in vitro we have also obtained NCI-H660 cells and N-Myc- LNCaP cells known to
express NE markers, in order to develop a system to characterize molecular aberrations in NE
cancer. Our analysis shows that surface expression of avp6 and avf3 cell adhesion receptors in
these cells is absent. More recently, we have also obtained PKA-transfected PC cells known to
express NE markers. We are currently completing this characterization.

Methods/Mice/Reagents

The method optimized in our laboratory to stain for av cell adhesion receptors in tissues has been
described in a manuscript from our group; support of the CURE program is acknowledged in
[Dutta et al, 2014: Dutta, A., Li, J., Lu, H., Akech, J., Pratap, J., Wang, T., Zerlanko, B.,
FitzGerald, T.J., Jiang, Z., Birbe, R., Wixted, J., Violette, S.M., Stein, G.S., Lian, J.B., Languino,
L.R. The awyBe integrin promotes a cancer cell autonomous osteolytic program through
upregulation of MMP2. Cancer Res., (2014) 74:1598-160].

In addition, the method optimized in our laboratory to stain for synaptophysin and chromogranin
A by immunofluorescence and immunohistochemistry has been described in the previous report.
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Human Tissue specimens: Coded, unindentifiable formalin-fixed paraffin-embedded pathology
material from PC patients was collected as part of IRB-approved protocols at Jefferson. Clinical
information was collected and de-identified information (when available) was recorded in a
secure database; data included age at diagnosis, clinical stage, serum PSA, serum NE markers,
type of primary and systemic therapy, interval of time between initial diagnosis and castration-
resistant state, interval of time between castration-resistant and metastatic disease including sites
of metastases, and death. Histological examination as well as immunofluorescence and
immunohistochemical analysis was performed for this study as follows: five-micron sections
were cut from formalin-fixed, paraffin-embedded human or mouse prostatic tissues and put on
high adhesive slides. The various samples were stained by hematoxylin/eosin (H&E) and
analyzed for differential expression of selected proteins (synaptophysin and related molecules).
Briefly, tissue sections were deparaffinized, rehydrated in water, and quenched for endogenous
peroxidase. Epitope heat retrieval was carried out by steaming the slides in 10% sodium citrate
for 60 minutes. Processed slides were rinsed in PBS, and stained and counterstained with
hematoxylin, and scored by confocal microscopy or light microscopy as previously described.

TRAMP model: The TRAMP model has been described and TRAMP mice have been shown to
express NEPC. Our analysis shows that TRAMP mice develop both adenocarcinoma (AdCa)
and NEPC. Using a combination of MRI and Ki67 analysis, we observe that AdCa proliferates
very slowly whereas NEPC shows a high proliferative rate. For the current work, female
TRAMP mice on a C57BL/6 background are bred with nontransgenic males and the offspring
are weaned at three to four weeks of age. Male pups are genotyped by PCR amplification of tail
genomic DNA using transgene-specific primers. For analysis of protein expression during
TRAMP carcinogenesis, mice are euthanized at 22 to 26 weeks of age and the urogenital tract,
including bladder, seminal vesicles and prostate, are collected and fixed in formalin for further
pathological evaluation.

While TRAMP tumors are very aggressive and metastasize, we need to validate the results
obtained in the TRAMP mice with a second mouse model, we will use castrated Pten”"" mice.
These mice are routinely available in our laboratories; these mice express, as in human PC
patients, a conditional deletion of the PTEN tumor suppressor in the prostatic epithelium
(Pten”); this model has been described and develops NE upon castration.

Statistical considerations. Given the results obtained, the study described in this report did not
need statistical analysis.
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Figure 1. avf3 Integrin and Synaptophysin expression in TRAMP Mouse Prostate Tumors.
Murine Prostate tumors were dissected and immunofluorescence staining was performed to
identify cells positive for the NE marker Synaptophysin and for avp3 integrin. Rabbit IgG was
used as the negative control; DAPI, nuclear staining.
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Figure 2. Immunohistochemical analysis of avf3 and avp6 integrins in TRAMP mouse prostate
tumors. Representative sections of adenocarcinoma (left column) and NE tumor (right column)
were stained for avB3 and avp6 integrins, and for NE markers Chromogranin A, as indicated.
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Figure 3. Immunohistochemical analysis of human prostate cancer specimens. Representative
sections of human prostate cancer cells stained for two NE markers: synaptophysin and
chromogranin A, as indicated. Left panels: PC with high numbers of NE cells; Right panels: PC
with low number of NE cells.

Research Project 8: Project Title and Purpose

Anoikis-Resistance in Metastatic Breast Cancer Cells and the Role of the Focal Adhesion Kinase
(FAK1) — Many breast cancer patients die after the removal of primary tumors because of
metastasis. A very aggressive type called inflammatory breast cancer (IBC) is responsible for a
disproportionate number of deaths due to its propensity to metastasize rapidly. IBC primarily
affects younger women under the age of 50 at diagnosis, and is difficult to detect as it does not
present as a lump, but rather occurs as tumor emboli. Anchorage-independent growth (anoikis-
resistance) is a crucial step in metastases. The focal adhesion kinase (FAK1) is an important
regulator of anoikis-resistance. In this project, we propose to study the mechanism responsible
for anoikis-resistance in IBC to determine if FAK1 inhibition suppresses the metastatic potential
of these cells.

Anticipated Duration of Project

1/1/2013 - 12/31/2016

Project Overview

The goal of this proposal is to understand the gene expression and protein changes involved in
the mechanism of epithelial-mesenchymal transition (EMT) and anoikis-resistance that drives

cancer cells to invade and metastasize. We hypothesize that the understanding of the molecular
mechanisms driving EMT and anoikis-resistance in inflammatory breast cancer (IBC) patients
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will provide novel tools for blocking the metastatic process.

Specific Aims.
1) Characterize the process of EMT and anoikis-resistance in metastatic IBC cells. We propose

to study the expression of proteins related to EMT and anoikis resistance in cancer cells from
patients with IBC.

2) Determine if CEP-37440 suppresses breast tumor growth and metastasis in animal models.
We are going to determinate if FAK1 inhibition enhances anoikis of IBC cells and suppresses
their metastasis in vivo.

3) Determine if FAK1 is responsible for anoikis-resistance of circulating tumor cells (CTC).
Cancer cells in peripheral blood, known as CTCs, play an important role in tumor dissemination
and the characterization of these cells is fundamental to develop therapeutic targets against
metastatic lesions. CTCs have also been used in preclinical models to evaluate the various phases
of the metastatic process and the phenotypic properties of tumorigenic cells.

Principal Investigator

Massimo Cristofanilli, MD

Professor of Medical Oncology

Deputy Director of Translational Research, Kimmel Cancer Center
Thomas Jefferson University

125 S. 9th Street

Philadelphia, PA 19107

Other Participating Researchers
Sandra Fernandez, PhD; Zhaomei Mu, MD — employed by Thomas Jefferson University
Expected Research Outcomes and Benefits

Metastasis is the main cause of death of women with breast cancer. Epithelial-mesenchymal
transition (EMT) and anoikis-resistance, are key processes for metastasis and they share common
regulators, such as Twist, Snail, E-cadherin, and N-cadherin. Therefore, understanding the
pathways, as well as specific molecules, that critically regulate EMT and anoikis-resistance
could lead to the development of new therapeutic strategies that decrease metastatic potential of
breast cancer cells. Women with triple negative IBC often develop metastasis in the lungs, brain,
and, in some cases, the bones.

FC-1BC02, a new IBC triple negative cell line, and breast xenograft model recently developed
previously by the PI, will be used in this study. Moreover, we are going to generate SUM149 and
FC-1BC-02 cell lines that stably express the inducible FAK1 shRNA lentiviral vector, and to
study the effect of FAK1 downregulation on both primary tumor growth and metastasis
formation. The formation of distant metastasis in lungs, lymph nodes and other target organs will
be monitored in vivo. Our studies will determine if FAKL1 inhibition could inhibit the metastatic
process of IBC. We propose to downregulate FAK1 using FAK1 shRNA although, we expect to
be able to test in the near future a commercially available small molecule FAKL inhibitor. IBC is
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a very aggressive form of breast cancer, and currently there is no adequate therapy to help these
patients. If these studies are successful, the inhibition of FAK1 may be incorporated into future
adjuvant therapies to prevent local and distant metastasis in patients with breast cancers from
basal subtypes.

Summary of Research Completed

Specific Aim 1: Characterize the process of EMT and anoikis resistance in metastatic IBC cells.
In order to metastasize, cancer stem cells from solid tumors have to break free from their primary
epithelial sites and resist cell death activation after detachment (anoikis). The induction of an
embryonic genetic program causing the transition from an epithelial to a mesenchymal state
(EMT) has been implicated in enhanced migration and metastatic spread of tumor cells and may
contribute to anoikis resistance. We previously showed by immunohistochemistry staining that
tumor cells from IBC patients show strong expression of the cell adhesion proteins E-cadherin,
B-catenin, CD151 (tetraspanin 24), EpCAM (Epithelial Cell Adhesion Molecule); also IBC cells
showed expression of vimentin. Our preliminary results suggested that in IBC, tumor cells
undergo a “partial” or “incomplete” EMT because, although tumor cells acquire some
mesenchymal markers (e.g. vimentin), they still expressed some epithelial markers such as E-
cadherin and EpCAM.

To confirm these results, gene expression studies were performed using several IBC cell lines
and the non-1BC triple negative cell line MDA-MB231, which underwent a “complete” EMT.
MDA-MB 231 cells show a complete loss of E-cadherin and EpCAM and strong expression of
vimentin. The triple negative IBC (FC-IBC02, SUM149) and IBC ErbB2-positive (MDA-IBC3,
SUM190) cell lines were used in these studies. Our expression data confirmed that IBC cells
express the epithelial markers E-cadherin and EpCAM. Furthermore, triple negative IBC cell
lines express epithelial markers and they also express mesenchymal markers (vimentin,
fibronectin, Twistl, Snail2). Our expression data confirmed that IBC cells undergo a “partial” or
“incomplete” EMT by expressing E-cadherin and EpCAM. Through this “partial” or
“incomplete” EMT, IBC tumor cells are able to form clusters that migrate through the lymphatic
and blood vessels, a phenomenon known as “collective migration”. It has been proposed that
clusters of circulating tumor cells (CTCs) would favor distal metastasis.

Recent evidence suggests that cells that undergo EMT gain stem cell-like properties, thus giving
rise to cancer stem cells. We found that triple negative IBC cells FC-IBC02 showed a
subpopulation of cells with stem cell characteristics (CD44+/CD24 low/CD34+/CD133+) and
they express the stem cell markers nestin (NES), ALDH1A3 and KIT.

To study if there was a change in EMT markers during tumor progression in IBC, we studied the
expression and genomic profiles of two triple negative cell lines, EMF-011 and FC-1BC02,
isolated from two pleural effusions from the same IBC patient obtained at different stages of the
disease progression. FC-IBC02 was established from a pleural effusion obtained two months
later than the pleural effusion from which EMF-011 was established. The expression profiles of
these two cell lines were very similar and no differences were found in the expression of EMT
genes although, 0.3% of the probes showed differences (fold=2.00; p=0.05). Differences were
found in the expression levels of genes related to cellular growth and proliferation. Between
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other genes, the tumor suppressor CDKN1C and LIFR were down-regulated and the oncogene
MAP3K8 was up-regulated in FC-IBC02 compared to EMF-011 (Figure 1A). At the genomic
level, FC-IBCO02 showed two picks in chromosome 11p13 that were absent in EMF-011. The
stem cell marker CD44 is located in this region and amplified in FC-IBC02 (Figure 1B). The
other chromosomes did not shown any differences.

Studies of EMT and anoikis resistance in other tumor cells isolated from other IBC patients are
ongoing.

Specific Aim 2: Determine if CEP-37440 suppresses breast tumor growth and metastasis in
animal models.
Studies addressing this aim have not yet begun.

Specific Aim 3. Determine if FAK1 is responsible for anoikis-resistance of circulating tumor
cells (CTC). CTCs are tumor cells shed from either the primary tumor or its metastases that
circulate in the peripheral blood of patients and can thus be regarded as “liquid biopsies” of
metastasizing cells. Little is known about the timing of CTC release from primary tumors, their
heterogeneity, or their functional properties. Although their exact composition is unknown, a
fraction of these cells are thought to be viable metastatic precursors capable of initiating a clonal
metastatic lesion. CTCs have been detected in a majority of epithelial cancers, including those
from prostate, colorectal, and breast. The molecular characterization of CTCs is important
because it may enable insight into the molecular biology of metastasis, the association of their
molecular profiles with treatment outcomes, and reveal the presence of potential therapeutic
targets.

CTCs enriched from patients with metastatic triple negative inflammatory breast cancer are
captured using the CellSearch™ method, followed by single cell selection using the
DEPArray™ system (Figure 2). Using the CellSearch, CTC are enriched using ferrofluid
conjugated with anti-epithelial cell adhesion molecule (EpCAM) antibody. Captured cells are
stained with fluorescently labeled monoclonal antibodies specific for pan cytokeratin (CK-
8/18/19-PE), leukocyte common antigen (CD45-APC), and nuclear stained with [4’, 6 diamidino
2 phenylindole (DAPI)].

We are testing a filtration method in combination with the DEPArray to isolate single CTCs and
study FAK1 expression by immunofluorescence. The advantage to using filtration instead of the
CellSearch is that it will allow us to capture not only EpCAM-positive but also EpCAM-negative
CTCs. Blood from IBC patients is processed in the Parsorter PR1 instrument (Parsortix), the
cells are collected in a small volume and stained with fluorescently labeled monoclonal
antibodies specific for pan cytokeratin (CK-8/18/19-PE), leukocyte common antigen (CD45-
APC), and nuclear stained with [4’, 6 diamidino 2 phenylindole (DAPI)]. To study FAK1
expression, a fluorescence FAK-FITC antibody will be included. The FAK1 expression will be
analyzed in the different CTC populations by immunofluorescence using the DEPArray. The
Parsorter PR1 instrument is already available in our laboratory and these studies are in progress.
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Figure 1. Expression and genomic studies of cells isolated from a patient with triple negative
IBC at different stages of the disease progression. FC-IBC02 was established from a pleural
effusion obtained two months later than the pleural effusion from which EMF-011 was
established. A) Gene expression studies; expression arrays were made in duplicate for each cell
line; red, yellow and blue: up-regulated, no change and down-regulated genes, respectively; B)
Genomic studies: gains and losses in chromosome 11 are shown; two picks are present in FC-
IBCO2 (upper, right panel) in chromosome 11p13 indicating amplification of this region; these
two picks are not present in EMF-011 (upper, left panel).
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A) CTCs enrichment with the CellSearch System
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Figure 2. Circulating tumor cells (CTCs) were isolated from the blood of metastatic TNBC
patients using the CellSearch followed by the DEPArray system. 1A) CTCs were enriched using
the CellSearch CTC kit (Veridex) which uses anti-EpCAM conjugated ferrofluid, anti-pan CK-
PE, anti-CD45-APC and DAPI for nuclear staining; 1B) Single CTCs, clusters of CTCs and
single white blood cells (WBCs; used as controls) were selected and isolated on the DEPArray

System. Two single CTCs and a big CTC cluster selected from a triple negative patient

(TRF106811/6146) are shown. In the upper part of the figure: the anti- EpCAM and anti-CK
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antibodies are represented by blue and yellow circles, respectively, around a epithelial cell; the
anti-CD45 antibodies are represented by pink circles around a leukocyte.

Research Project 9: Project Title and Purpose

Long Non-coding RNAs Regulate Protein-coding Transcripts in Colon Cancer with the Help of a
Specific Family of MicroRNAs — Decades of research have been invested towards understanding
genetic defects in colon cancer. Until recently, the lack of available tools and of critical insights
resulted in the community having paid only limited attention to the mechanisms of post-
transcriptional regulation of the colon cancer cell. The work we propose will explore unexpected
facets of microRNA-mediated regulation of colon cancer-related genes by long non-coding
RNAs. Our goal is two-fold: a) provide evidence for a novel paradigm of microRNA targeting
in colon cancer cells; and b) demonstrate that non-coding RNAs can regulate important protein-
coding genes through interactions that obviate direct molecular contact (“decoying”).

Duration of Project
1/1/2013 — 1/24/2014
Project Overview

Colorectal cancer (CRC) is the third most frequently diagnosed cancer in the United States with
~150,000 new cases and ~50,000 deaths expected in 2012. The objective of this project is to
show that long non-coding RNAs (IncRNAs) use endogenous microRNAs (miRNAS) to regulate
protein-coding messenger RNAs (mMRNAS) that are expressed in CRC; also, that many of the
interactions between these miRNAs and their targets transcend what has been known as the
“standard model” of targeting, and instead comprise heteroduplexes with one or more guanine-
uracil (G:U) wobbles and mismatches in the miRNA’s “seed” region (“expanded model”).

Specific Aims:
Aim 1. Show that IncRNASs can alter the expression levels of mMRNAs in colon cancer cells. For

two of the three INcCRNASs that we have cloned (currently unpublished), we will show that
modulation of their expression can alter the expression of mRNAs in colon cancer cells. Using
commercial expression microarrays, we will identify those mRNAs that are affected following
the over-expression and silencing respectively of each of the two IncRNAs.

Aim 2. Show that the mRNASs of genes expressed in CRC are affected by a specific miR family,
and that many of the underlying interactions are not anticipated by the standard miRNA targeting
model. Using the results of Aim 1 and the rna22 target prediction tool, we will predict targets for
the specific miR-family, putting emphasis on heteroduplexes that are not expected by the
“standard” miRNA targeting model. These mRNAs may have known CRC relevance. Using
reporter assays with pre-miRNAs/scrambled-control, we will examine the validity of these novel
predictions.

Aim 3. Show that the expression of the two INcCRNAs of interest is affected by a specific miR-
family of miRNAs. Using at least two miRNA target prediction tools that can process ncRNA
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sequences, we will predict target sites in the two of three cloned IncRNAs as well as the
corresponding heteroduplexes for members of the specific miR- family of miRNAs. We will
again use reporter assays to demonstrate the validity of the predicted heteroduplexes.
Principal Investigator

Isidore Rigoutsos, PhD

Professor and Director, Computational Medicine Center
Thomas Jefferson University

125 S. 9th Street

Philadelphia, PA 19107

Other Participating Researchers

YiJing, MD, PhD; Phillipe Loher, MBA; Peter Clark, PhD — employed by Thomas Jefferson
University

Expected Research Outcomes and Benefits

This project will help advance our understanding of important regulatory interactions in CRC
biology. We expect to reveal facets of post-transcriptional regulation that involve currently
unsuspected players and novel interactions, and which could not be elucidated by classical
approaches. Preliminary work by us and others in different contexts has demonstrated that
IncRNAs can play important regulatory roles by modulating the expression of mMRNAs through
competition for binding to endogenous miRNASs — such transcripts are known as ‘competing
endogenous RNAs’ (ceRNAs) and impact one another in the absence of direct molecular contact.

The two IncRNAs on which we focus are up-regulated in colon cancer cell lines compared to
normal samples and are predicted to be targeted extensively by multiple members of the specific
miR-family of miRNAs. In both cancer and normal samples, the specific miR-family members
are present and abundantly expressed. Moreover, our analysis of public CLIP-seq data, i.e. next
generation sequencing data of RNAs obtained from UV-crosslinking followed by
immunoprecipitation with an Argonaute (AGO) antibody, revealed many miRNA:mRNA
heteroduplexes involving these miR-family members: importantly for this project, the majority
of these heteroduplexes can be discerned only under the “expanded” miRNA targeting model.

Upon completion, we will have demonstrated the existence of IncRNAs that can regulate
MRNAs in the CRC context. Also, we will have established the importance of this miR-family
for CRC biology. Lastly, we will have shed light on what is now a lurking regulatory landscape
in CRC biology and involves both known (miRNAs and mRNAs) and novel (IncRNAS) players
that participate in unexpected interactions with one another.

Summary of Research Completed
The focus of this project from its inception has been to study the impact of non-coding RNASs on

the molecular biology of disease. In particular, we proposed to determine how two of the three
novel non-coding RNAs that we have cloned from colon cells (normal and disease) can regulate
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protein-coding transcripts, i.e. messenger RNAs, using a specific family of microRNAs
(miRNAs) as mediators and obviating direct molecular interactions.

This is a well-established model of regulatory interactions whereby the finite number of
available copies of a given miRNA imposes a functional coupling among mRNAs that are
targeted by the same miRNA and whose relative abundances are within a well-characterized
range: any increase (resp. decrease) in the abundance of one of these mMRNAs, whether externally
induced or endogenously driven, results in a concordant increase of the other coupled mRNAs.
This phenomenon has been known for several years and is referred to as sponging, quenching,
decoying, etc. Importantly, the phenomenon has been shown to be relevant in a number of
disease contexts in several publications by others and by us.

Specifically, our initial goals were to focus on two non-coding RNAs that are up-regulated in
colon cancer compared to normal colon and demonstrate that they control messenger RNAs
using a specific miRNA family as mediators of these interactions. Initially, we obtained colon
cancer samples from an independent, collaborating laboratory and were able to demonstrate that
the two non-coding RNAs are indeed present and abundant.

As mentioned in last year’s report under “Aim 17, we designed two siRNAs that separately and
also in combination were very effective against luciferase constructs that we also designed.
During the current period, we proceeded to test the siRNA’s efficiency against the full length
pyk-reg-83, which is one of the two non-coding RNAs that we have been focusing on. We
carried out several experiments using different concentrations and several cell lines and found
that the siRNAs were minimally effective in suppressing pyk-reg-83, a rather surprising and
unexpected result. This was a setback for the following reason: at the sequence level, pyk-reg-83
(just like pyk-reg-10 and pyk-reg-90) are mixtures of repeat elements, both full-length and
fragments. In each case, and in order to minimize the likelihood of “off-targets”, any candidate
SiRNA needs to be designed either against islands in the span of these non-coding RNAs that are
not part of the repeat elements or against junctions of two consecutive repeat elements; only a
handful of such choices exist in our non-coding RNAs and our siRNAs were designed in
precisely this way but did not prove effective against the full length pyk-reg-83. This limited our
ability to control this transcript “on demand” whereas the specifics of the sequence composition
prevented us from being able to design alternative siRNAsS.

Also as part of Aim 1, during the current period, we proceeded to test 8 (eight) miRNAs from the
family on which we have been focusing and their effect on pyk-reg-83. As mentioned in the last
report, we had identified two sequence segments near the 5" and 3" ends of pyk-reg-83
respectively that our analyses indicated are hot spots for targeting by several among the eight
miRNAs. In the current period, we tested Renilla luciferase constructs that included these two
hot-spot segments. We also tested the impact of the miRNAs on the full-length pyk-reg-83 as
well as included the full-length pyk-reg-90 in these experiments. These activities were meant to
generate additional data points to last period’s experiments thereby building statistical
significance, and also to enable functional comparisons between pyk-reg-83 and pyk-reg-90. We
tested the eight miRNAs at several concentrations and with several cell lines. The targeting
behavior of the miRNAs on pyk-reg-83 exhibited wide variability across the experiments. In
fact, in several instances the transfection with the miRNAs led to an increase in pyk-reg-83’s
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abundance (instead of the expected decrease). This was an unanticipated result that suggested
that pyk-reg-83 is involved in a post-transcriptional regulatory layer that is complex and likely
includes many more regulators than the eight miRNAs that we tested.

The experiments with pyk-reg-90 were more consistent than those with pyk-reg-83 in that
transfections with the tested miRNAs led to the decrease of pyk-reg-90. Interestingly, the impact
of these miRNAs on pyk-reg-90 seemed to have a dependence on the type of the tissue from
which the cell was sourced, which again suggested to us the likely involvement of additional
regulators. Within colon cancer cell lines, the results were consistent and repeatable and a
manuscript describing our findings and the involvement of pyk-reg-90 in metastatic colon cancer
was generated during the current period. Among the activities in the context of this manuscript,
we also carried out further analyses of the data that we had generated using our custom-designed
pyknon array. The manuscript is currently under review:

Isidore Rigoutsos, Sang Kil Lee, Su Youn Nam, [...], loana Berindan-Neagoe, Manel Esteller,
Michael J. Keating, Giovanni Lanza, and George A. Calin, “N-BLR, a primate-specific non-
coding transcript, modulates the epithelial-to-mesenchymal transition and leads to colorectal
cancer invasion and migration”.

As part of Aim 2, we embarked on the development of an alternative methodology for
establishing highly-likely miRNA:target heteroduplexes from experimental data. In particular,
my laboratory was successful in implementing the HITS-CLIP method (UV-crosslinking
followed by Argonaute immunoprecipitation and deep-sequencing). HITS-CLIP as currently
practiced can identify the participants of a heteroduplex but cannot elucidate which miRNA is
coupled to which target. We thus built on our earlier work (see “Preliminary Data” in the original
application) and developed an improved methodology able to analyze such data and to explore a
wider range of non-canonical interactions. We used our method to analyze more than 30 public
datasets and discovered that the majority of the miRNA:target heteroduplexes that are supported
by the experimental data are indeed non-canonical. A manuscript describing this work was
recently accepted for publication: Peter Clark, Phillipe Loher, Kevin Quann, Jonathan Brody,
Eric Londin and Isidore Rigoutsos, “Argonaute CLIP-Seq reveals miRNA targetome diversity
across tissue types”. Scientific Reports. In Press. We also created a web-based graphical user
interface to help disseminate the data and enable interactive investigations by the community; the
interface is accessible from https://cm.jefferson.edu/clip-2014/

In summary, the experimental data that we generated during the current period did not reach the
levels of statistical significance that we require. Moreover, our findings indicated that there are
many confounding factors in the form of currently uncharacterized post-transcriptional
regulators: these factors, which presumably include other miRNAs and/or RNA binding proteins,
appear to strongly influence the expression of pyk-reg-83 (and pyk-reg-10). In view of the
evidence that we accumulated during the current period, we concluded that it is prudent to not
pursue this line of investigation further. Consequently, we incurred no expenditures since
January 25 2014. We are currently in the process of preparing a new research proposal for
submission.
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Research Project 10: Project Title and Purpose

Mechanisms of Presynaptic Dysfunction of Dopaminergic Neurotransmission in Human LRRK2
(R1441G) Transgenic Mouse Model — The major goal of this project is to understand the role of
synaptic mitochondria in dopamine (DA) release and DAergic axon degeneration in LRRK2
transgenic mouse. We hypothesize that mutant LRRK2 impairs mitochondrial function at the
pre-synaptic terminals, which in turn diminishes local ATP synthesis or calcium buffering
required for normal DA release. We will utilize a combination of fast cyclic voltammetry
recording and two-photon imaging in living brain slices, and mouse genetics to uncover
mechanisms underlying DAergic transmission deficits in Parkinson’s (PD). These findings will
likely provide new insights into pathogenesis of PD and open new avenues for therapeutic
intervention.

Anticipated Duration of Project
1/1/2013 - 12/31/2016
Project Overview

Emerging evidence suggests that synaptic dysfunction of dopamine (DA) neurons is an early
event in the pathogenesis of Parkinson disease (PD) occurring prior to the onset of symptoms.
Mutations in the leucine-rich repeat kinase 2 (LRRK2) gene are the most prevalent causes of
familial and sporadic PD, demonstrating an unprecedented significant role in PD pathogenesis.
Recently, a transgenic mouse model with over-expression of human LRRK2-R1441G has been
shown to recapitulate robust motor behavioral, neurochemical and pathological features of PD,
and we have found age-dependent deficits in DA release in the striatum in this model. Both
genetic and environmental causes of PD have highlighted the importance of mitochondrial
dysfunction in the pathogenesis of PD.

Essentially, synaptic mitochondria play a critical role in the function and organization of synaptic
vesicle pools and in neurotransmitter release. However, behavior of synaptic mitochondria in
mutant LRRK2 associated-PD has not been well studied. Therefore, it is important to understand
the role of synaptic mitochondria in DA release and DAergic axon degeneration in LRRK2
transgenic mice. We hypothesize that mutant LRRK2 impairs mitochondrial function at the pre-
synaptic terminals, which in turn diminishes local ATP synthesis or calcium buffering required
for normal DA release. We will utilize a combination of fast cyclic voltammetry recording and
two-photon imaging in living brain slices, and mouse genetics to uncover mechanisms
underlying DAergic transmission deficits in PD. These findings will likely provide new insights
into pathogenesis of PD and open new avenues for therapeutic intervention.

Specific Aims:

Aim 1. To study the defects in synaptic vesicle release of DAergic neurons and its association
with mitochondria.

Aim 2. To analyze synaptic mitochondrial function and its correlation with the synaptic
dysfunction in hLRRK2-R1441G transgenic mice.
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Aim 3. To evaluate basal oxidation level using mito-roGFP measurement to see whether there is
a high basal oxidation in the (LRRK2-R1441G mice and whether this is age dependent.

Aim 4. To evaluate the mitochondrial distribution and trafficking within the axons of the
nigrostriatal projecting DAergic neurons.

Principal Investigator

Hui Zhang, PhD

Assistant Professor

Thomas Jefferson University
123 S. 9th Street
Philadelphia, PA 19107

Other Participating Researchers
None
Expected Research Outcomes and Benefits

LRRK?2 mutations are the most common genetic cause of Parkinson’s disease. In this study, we
plan to determine whether LRRK2 mutation will cause dysfunction of presynaptic mitochondria,
which in turn diminishes local adenosine triphosphate (ATP) synthesis or calcium buffering
required for normal dopamine release. We will utilize a combination of fast cyclic voltammetry
recording and two-photon imaging in living brain slices as well mouse genetics to address these
questions. After the completion of this project, we will know whether there are presynaptic
mitochondria defects in the LRRK2-R1441G transgenic mice and whether this is one of the
underlying mechanisms leading to synaptic transmission deficits that we have observed. These
findings will likely provide new insights into pathogenesis of PD and help to develop early
therapies for preventing and/or delaying onset of symptoms.

Summary of Research Completed

Milestone(s) for 7/1/2013-6/30/2014 from this project’s Strategic Plan:
Finish Aim 1A, Aim 1B, finish the construction and purification of all the viruses required
for Aim 1C; 3month group experiments of Aim 2; mouse crossing and establish the mouse
line (TH-mito-roGFP/LRRK?2) for Aim 3.
We have finished most of the experiments as planned.

Aim 1. To study the defects in synaptic vesicle release of DAergic neuron and its association
with mitochondria.

We have completed Aim 1A as planned. The results confirm that mitochondria dysfunction
affects the recycling/refilling of synaptic vesicles and the slower recovery of DA release in the
mutant could stem from mitochondria dysfunction.

To determine whether the LRRK2-R1441G mutation resulted in changes to vesicle distribution
and density within dopamine axon terminals, we examined 6 pairs of the 10 month group by
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electron microscopy in the dorsolateral striatum. To date, no changes have been observed in the
mean vesicle density nor in the mean distance of vesicles to the synapse between WT and TG
animals. There were, however, some emerging trends for alterations in minimum distance to the
synapse and maximal vesicle density (Fig. 1 and Fig. 2A, 2B). There is much more variability
than expected both for the axonal morphology, synaptic vesicle distribution, mitochondria (Fig.
1), and therefore, we are working to develop better analysis methods to confirm the results and to
finish the project.

The construction and purification of the viruses required for Aim 1C for calcium imaging is
ongoing, but a little bit delayed.

Aim 2. To analyze synaptic mitochondrial function and its correlation with the synaptic
dysfunction in LRRK2-R1441G transgenic mice.

We use 2PLSM: TMRM mitochondrial imaging in living brain slices to examine how
mitochondrial function (membrane potential) is altered in the dopaminergic terminals in
hLRRK2-R1441G mice as specified in Aim 2A. In order to do this, we have crossed pTH-GFP
mice with LRRK2-R1441G mice to generate mice that have specific GFP labeling in the DA
terminals, i.e., pTH-GFP/LRRK2 mice. We have successfully applied TMRM labeling in living
brain slices and done analysis for TMRM intensity in the DA terminals as shown in Fig. 3.
Preliminary results from 2 pairs of 3 month old mice show no difference for mitochondrial
membrane potential (Fig. 4). This suggests that mitochondria membrane potential is not altered
by mutation at 3 months old.

Method:

Striatal brain slices from wild-type or LRRK2 TG mice were incubated in 0.1 uM TMRM for
30min at 34-35°C; excess dye was then washed out with a TMRM-free ACSF solution for at
least 30 min. Imaging experiments were performed at physiological temperatures (34-35°C).
Signals were acquired using an 830-nm excitation beam and emission filter for collecting
fluorescence at 587-627nm. GPF signal was acquired using a 940-nm excitation beam and
emission filter for collecting fluorescence at 490-560nm. Fluorescence measurements in a
region of interest (ROI) were monitored to ensure stability of the signal; samples with a drifting
baseline (due to photobleaching of dye and/or washout) were discarded.

We have completed 50% of Aim 2B. We have measured the mitochondrial respiratory function,
i.e., ATP level in the WT and TG. Result shows that there is a 28+4% decrease of ATP in the
striatal slices from LRRK2-R1441G mice compared to their WT littermates (4 pairs of mice at 5
months old). We have also developed a Seahorse measurement of mitochondrial respiratory
function in living striatal slices and preliminary results show that the respiratory function in TG
is decreased (4 pairs of mice at 5 months old).

In summary, the preliminary results suggest that mitochondria function (indicated by
mitochondria membrane potential) is not altered at 3 months while it is impaired at 5 months
(indicated by respiratory function), correlated with synaptic transmission function.

Aim 3. To evaluate basal oxidation level using mito-roGFP measurement to see whether there is
a high basal oxidation in the LRRK2-R1441G and whether this is age dependent.
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In order to use 2pLSM to examine the oxidation level in dopaminergic terminals as specified in
Aim 3, we have crossed LRRK2-R1441G mice with TH-mito-roGFP mice expressing a redox-
sensitive variant of green fluorescent protein (roGFP) with a mitochondrial-matrix targeting
sequence under the control of the TH promoter) to generate LRRK2-R1441G/TH-mito-roGFP
mice. It is now in the 5™ generation.

General Methods

TMRM labeling and imaging: Striatal brain slices from wild-type or LRRK2 TG mice will be
incubated in 0.1 pM TMRM for 30min at 34-35°C; excess dye will then be washed out with a
TMRM-free ACSF solution for at least 30 min. Imaging experiments will be performed at
physiological temperatures (34-35°C). Signals will be acquired using an 850-nm excitation
beam and emission filter for collecting fluorescence at 587-627 nm. Fluorescence
measurements in a region of interest (ROI) will be monitored to ensure stability of the signal,
samples with a drifting baseline (due to photobleaching of dye and/or washout) will be
discarded.

Figure 1. Variability in dopamine
axon morphology within the mouse
striatum. Labeled axon profiles
exhibited wide variation in short axis
diameter, degree of immunogold-
silver labeling, and inclusion of
organelles such as mitochondria.
Gold arrows indicate TH-labeled
dopamine axons. Synaptic length is
indicated by a parallel bar in the post-
synaptic structure. (B) A THIlabeled
axon makes a symmetric synapse
onto the side of a dendritic spine (s)
that simultaneously receives
asymmetric synaptic input from an
unlabeled terminal (ut). (D)Example
of a labeled dopamine axon adjacent
to, but not synapsing onto, two
dendrites. Images were taken at
36,000X; scale bar equals 0.5 pum.
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Figure 2A. Mean vesicle distance from synapse
for each mouse in the study (blue circle).
Neurolucida Explorer was used to calculate the
distance between each relevant vesicle and the
synaptic membrane for that profile. There was
no significant difference in the mean values
(horizontal bars) for this parameter between
TG and WT groups (p = 0.4411).

Figure 2B. Frequency histogram of mean
vesicle distance to synapse. Vesicle distance to
synapse was measured from the center of each
vesicle to the nearest point on the synaptic
junction. WT and TG groups exhibited no
significant difference between mean distance
to synapse (p = 0.8118).

TH-GFP TMRM

Overlap

Fig. 3. 2p imaging of mitochondria and its membrane potential in DA terminals. Mitochondria
are labeled by 0.1 uM TMRM in living brain slices from pTH-GFP/LRRK2 mice. Illustrations of
DA terminals labeled by TMRM are shown by white circles (For analysis, pTH-GFP image is
used as a mask and mapped on the TMRM image. The TMRM signal was only measured for

those GFP positive terminals.
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Fig. 4. 2p imaging of mitochondria and its
membrane potential in DA terminals shows no
difference. 2 pairs of 3 month old mice. (N =2,
n=6,p=0.38)
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