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Abstract

Distinguishing between indolent and aggressive prostate adenocarcinoma (PCa) remains a priority
to accurately identify patients who need therapeutic intervention. SIN3B has been implicated in
the initiation of senescence /n vitro. Here we show that in a mouse model of prostate cancer,
SIN3B provides a barrier to malignant progression. SIN3B was required for PTEN-induced
cellular senescence and prevented progression to invasive PCa. Furthermore, SIN3B was
downregulated in human PCa correlating with upregulation of its target genes. Our results suggest
a tumor suppressor function for SIN3B that limits PCa progression, with potential implications for
the use of SIN3B and its target genes as candidate diagnostic markers to distinguish indolent from
aggressive disease.
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Introduction

Prostate adenocarcinoma (PCa) is the 2"d most common cancer type in American men with
approximately 230,000 new patients diagnosed each year, equating to about 1 in 7 men
being diagnosed with PCa in his lifetime (1). Despite the prevalence of PCa, the 5-year
survival rate for local or regional disease (Stages | — early 1V) is nearly 100%. However,
men with invasive or metastatic disease (Stage 1V) have a significantly reduced survival rate
of about 28% (2). Therefore, defining the molecular mechanisms that restrict prostate cancer
progression remains a priority to improve the identification of patients in need of therapeutic
intervention. Clinical monitoring of prostate cancer currently relies on histo-pathological
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and chemical indicators, such as Gleason scoring and PSA levels. Unfortunately, the use of
these parameters to manage prostate cancer treatment has proven largely inadequate (3,4).

As a potential mechanism that restricts cancer progression, cellular senescence has
generated much interest. Cellular senescence is a stable form of cell cycle arrest that can be
triggered by different stimuli including serial passaging, DNA damage, activation of
oncogenes or loss of a tumor suppressor (5,6). Senescent cells have been identified in
preneoplastic lesions of several solid tumor types, including prostatic intraepithelial
neoplasias (PINSs), but are rarely found in normal prostate or PCa (7). Based on these
findings, cellular senescence has been hypothesized to prevent cancer progression, through
its ability to trigger stable cell cycle exit and prevent the proliferation of potentially
deleterious cells.

Mouse models of cancer have enabled a greater understanding of the biology of tumor
initiation and progression, leading to improved diagnostic and therapeutic strategies (8,9).
Various attempts have been made to recapitulate PCa in the mouse. Among these, somatic
inactivation of Phosphatase and TENsin homolog (PTEN) in prostate epithelium most
accurately models the initiation of prostate cancer. Importantly, approximately 70% of
human primary prostate tumors harbor loss or alteration of at least one PTEN allele (10). In
mice, prostate specific inactivation of Pren causes the generation of hyperplasia early in life,
followed by the generation of PINSs that rarely progress to PCa. More recently, it was
demonstrated that Prerdeletion in the prostate leads to the activation of a TRP53-dependent
senescence response, termed PTEN-loss-induced cellular senescence or PICS (11).
Importantly, combined inactivation of Ptenand 7rp53in the prostate alleviates PICS and
accelerates the progression to invasive PCa (7). However, due to the wide range of TRP53
targets /n vivo, it has been difficult to precisely delineate the specific effector programs
engaged upon loss of PTEN that trigger senescence and restrict cancer progression in early
prostate lesions.

In mammals, the SIN3 family consists of two proteins, SIN3A and SIN3B, which are
ubiquitously expressed. SIN3 proteins are evolutionary conserved noncatalytic scaffold
components of large transcriptional repressive complexes that are recruited to genomic loci
through their interaction with sequence specific transcription factors (12,13). Repression of
gene transcription is achieved at least in part through the association of SIN3 proteins with
the histone deacetylases HDAC1/2. While genetic inactivation of S/in3aleads to cell death in
a wide range of cell types (14), SIN3B is dispensable for cellular viability and proliferation.
However, Sin3b null mice die during late embryogenesis, likely due to the inability of
different cellular compartments to differentiate appropriately (14,15). Recently, we have
demonstrated that the genetic inactivation of Sin3b renders mouse embryonic fibroblasts
refractory to senescence triggered by ectopic expression of oncogenic RAS (15).
Additionally, using a mouse model for pancreatic cancer, we showed that SIN3B expression
is upregulated in PanINs (Pancreatic Intraepithelial Neoplasia) and that the genetic deletion
of Sin3bin the pancreas prevents KRAS-induced cellular senescence (12,16). Surprisingly,
the inactivation of a SIN3B-dependent senescence program in a mouse model of pancreatic
cancer protected against cancer progression, likely due to the decrease of senescence-
associated inflammation. The paradoxical outcome resulting from inactivation of senescence
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in this model warrants further investigation of the relationship between senescence and
cancer progression in specific contexts /n vivo. Based on the requirement of SIN3B for the
induction of OIS both /n vitroand in vivo and since PICS is believed to prevent the
progression of PIN lesions, we sought to investigate the necessity of SIN3B for PICS and
elucidate its contribution to prostate cancer initiation and progression. Using genetic
inactivation of Prento model prostate cancer in the mouse, we demonstrate here that SIN3B
protects against prostate cancer progression by promoting PICS and limiting cellular
proliferation in pre-neoplastic lesions. Furthermore, we identify that downregulation of
SIN3B expression is a common event in human PCa. This study identifies the chromatin-
associated SIN3B as a critical suppressor of prostate cancer progression through the
induction of the senescence process.

Materials and Methods

Animal models

Cell lines

Cell culture

The Pten L/ mice were a gift from Pier Paolo Pandolfi. Pb-Cre4 mice were purchased from
The Jackson Laboratory. The Sin36*'~ and Sin36-L strains have been described previously
(15). The strains were mated to obtain mice with the correct genotypes. All animals were
maintained in a mixed C57BL/6-FVB background.

PC3 (CRL-1435) human prostate cancer cell lines were obtained from ATCC (2016).
LNCaP C4-2 human prostate cancer cell lines were obtained from the Characterized Cell
Line Core Facility at MD Anderson Cancer Center (Houston, TX; 2016). All experiments
were performed less than one year after acquisition, and at low passage number (<10). Both
cell lines have been authenticated and mycoplasma tested by Genetica (Burlington, NC), as
well as through the use of the Venor GeM Mycoplasma Detection Kit ( Sigma, MP0025).

PC3 cells were cultured in Ham’s F-12 (Cellgro), 10% fetal bovine serum, and 1%
penicillin/streptomycin (Cellgro). C4-2 cells were cultured in RPMI (Cellgro), 10% fetal
bovine serum, and 1% penicillin/streptomycin (Cellgro). All cultures were maintained in 5%
CO, at 37°C.

Histology and IHC

Mouse prostates were fixed in 10% formalin (Fisher) and processed for paraffin embedding.
Histology was performed at the NYU School of Medicine Histopathology Core Facility.
Five-micron sections were deparaffinized, stained with Gill’s hematoxylin and eosin Y,
followed by an alcohol dehydration series and mounting (Permount; Fisher). For IHC,
deparaffinized five-micron sections were rehydrated and quenched in 3% hydrogen peroxide
for 15 minutes. Antigen retrieval was performed in 10 mM sodium citrate and 0.1%
Tween-20 (pH 6.0) for 15 minutes in a microwave oven. Blocking was done in 5% serum,
1% BSA, and 0.1% Tween-20 for 1 hour at room temperature, followed by incubation with
primary antibodies diluted in 1% BSA overnight at 4°C. The following primary antibodies
were used: rabbit anti-SIN3B (Novus Biologicals); rabbit anti-HP1y (phospho S93)
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(Abcam); rabbit anti-PTEN (Cell Signaling D4.3 XP), rabbit anti-pAKT (phospho S473)
(Cell Signaling D9E), rabbit anti-KI167 (Lab Vision SP6), rabbit anti-P21 (Santa Cruz C-19),
rabbit anti-alpha smooth muscle actin (Abcam ab5694), mouse anti-CK18 (Abcam C-04),
rabbit anti-AR (Santa Cruz N-20), rabbit anti-CK5 (BioLegend Poly19055), and rabbit anti-
IL6 (Santa Cruz M-19). After incubating with secondary biotinylated antibodies and
solution T.U. horseradish peroxidase streptavidin (both from Vector Laboratories), sections
were developed with DAB Peroxidase Substrate Kit (Vector Laboratories). After
counterstaining with Gill’s hematoxylin (Sigma-Aldrich), slides were subjected to an
alcohol dehydration series and mounted with Permount (Fisher). Slides were examined on a
Zeiss Axiolmager A2 microscope.

Infection of prostate cancer cells

A PTRIPZ lentiviral doxycycline-inducible short hairpin against human S/N3B was
purchased from Dharmacon, V3THS_315587 (AGGCTGTAGACATCGTCCA). PC3 and
LNCaP C4-2 cells were infected with either shS/N3B or a shScramble for 3 days and
selected via 1ug/mL puromycin for 5 days. Doxycycline was added for 3 days and
knockdown was assessed via western blot.

Immunoblot analysis

Cells were lysed in 1x RIPA buffer (1% NP-40, 0.1% SDS, 50 mM Tris-HCI, pH 7.4, 150
mM NacCl, 0.5% sodium deoxycholate, 1 mM EDTA), 0.5 uM DTT, 25 mM NaF, 1 mM
sodium vanadate, 1 mM PMSF, and protease inhibitors. The following primary antibodies
were used: rabbit anti-SIN3B (Santa Cruz AK12) and mouse anti-a-TUBULIN (Sigma-
Aldrich T9026). After incubation with either the secondary IRDye Alexa Fluor 680 goat
anti-mouse antibody or 800 goat anti-rabbit antibodies (Odyssey), the membranes were
visualized with the Odyssey Infrared Imaging System (Li-Cor).

SA-B-gal assay

Prostate tissue was flash-frozen and embedded in OTC compound. Six-micron sections were
fixed with 2% formaldehyde/0.2% glutaraldehyde in PBS for 3 to 5 minutes, washed with
PBS, and stained at 37°C for 12 to 16 hours in X-Gal solution (1 mg/ml X-Gal, 5 mM
potassium ferrocyanide, 5 mM potassium ferricyanide, and 1 mM MgCls in PBS at pH 6.0).
After counterstaining with Nuclear Fast Red Solution (Ricca), slides were subjected to an
alcohol dehydration series and mounted with Permount (Fisher). Slides were examined on
Zeiss Axiolmager A2 microscope.

Transwell Migration Assay

30,000 PC3 or LNCaP C4-2 cells stably expressing a short hairpin directed against either
Scramble or human SIN3B were suspended in serum-free Ham’s F-12 for PC3 cells
(Cellgro) or RPMI for LNCaP C4-2 cells (Cellgro) supplemented with 1% penicillin/
streptomycin (Cellgro) and plated on top of an eight-micron pore size transparent PET
membrane 24-well transwell cell culture insert (Falcon). Ham’s F-12 medium (Cellgro) or
RPMI medium (Cellgro) supplemented with 10% FBS and 1% penicillin/streptomycin
(Cellgro) was added to each well creating a serum gradient. After 24 hrs., transwells were
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removed, fixed in 1% glutaraldehyde, and stained with crystal violet. Cells traversing the
membrane were counted and reported as a percentage of the total cells plated.

Scratch Assay

PC3 and LNCaP C4-2 cells were grown in 6-well plates until confluent. A p200 tip was used
to create vertical scratches. Pictures were taken each day until the scratch was completely
closed. Using ImageJ, the average size of the scratch was measured using the average pixel
length of ten drawn lines. The data are presented as a percent distance of the original scratch
distance.

Isolation and analysis of prostate immune infiltration

To obtain single cell suspensions, prostates were processed with slight modification as
described by Lukacs et al (17). Briefly, prostates were harvested, washed with PBS, and
placed in 1 mL dissecting medium (DMEM, 10% FBS, 1% penicillin/streptomycin).
Prostates were briefly minced and collagenase | (Sigma, 1 mg/mL final concentration) was
added followed by incubation at 37°C for 2 h while shaking. Tissue suspensions were
pelleted, supernatant removed, and 1 mL of warm Trypsin/0.05% EDTA (Gibco) was added
followed by incubation at 37 °C for 5 min. Tissue suspensions were mixed and 0.5 mL of
dissecting medium containing 500 U DNase | (Roche) was added. Tissue suspensions were
then passed through a 20-G syringe five times and subsequently filtered through 70 pm
nylon mesh. Cells were pelleted and resuspended in 1 mL FACS buffer (PBS, 2% FBS).
Cells were blocked with purified rat 1gG (Sigma, 20 pg/ml) for 15 min on ice and stained
with antibodies for 30 min on ice. The following antibodies were used for analysis (from
Biolegend or BD Pharmingen): anti-CD45.2 (104), anti-B220 (RA3-6B2), anti-CD4
(RM4-5), anti-CD8 (53-6.7), anti-GR1 (RB6-8C5), anti-CD11B (M1-70), and anti-F4/80
(BM-8). 4’ 6-diamidino-2-phenylindole (DAPI, 500 ng mI~1) or 7-amino-actinomycin D
(7TAAD, 1 ug mI~1) was added following staining for the exclusion of dead cells. Cells were
analyzed on a LSRII (BD). Data were analyzed with FlowJo software (Treestar).

Blinded pathological analysis

Statistics

H&E samples for each prostate were numbered, randomized and given to F.M.D to score the
pathology. Samples were scored as: normal, hyperplasia, HGPIN, and Carcinoma. Scores
were tabulated and reported as a percentage of total number of prostates of the respective
age and genotype.

All data were analyzed by Student’s t test (unpaired, 2-tailed) and results were considered
significant at P < 0.05. Results are presented as mean + SEM. Survival curves were plotted
by the Kaplan-Meier method and are compared by the log-rank test for significance.

Study approval

All animal procedures were approved by the NYU School of Medicine Institutional Animal
Care and Use Committee.

Cancer Res. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bainor et al. Page 6

Results

Generation of a mouse cohort with prostate-specific Pten and/or Sin3b deletion

We have previously demonstrated that SIN3B is required for cellular senescence upon
exposure to stress (12,16). Therefore, we hypothesized that SIN3B may prevent prostate
cancer progression by promoting PICS in PINs. To directly assess the contribution of SIN3B
in prostate cancer progression, we generated a genetically modified mouse cohort harboring
a probasin-driven Cretransgene (Pb-Cre4) in combination with conditional knockout alleles
for both Pfenand Sin3b. Expression of the Pb-Cre4 transgene results in Cre recombinase
activity in all lobes of the mouse prostate, albeit to various degrees depending on the
location. Specifically, 5% of the cells were shown to exhibit Cre-mediated recombination of
a reporter allele in the anterior lobe, 10% in the dorsal lobe, 50% in the ventral lobe and 95%
in the lateral prostate lobes (18). To confirm the efficient genetic inactivation of Sin3band
Pten (hereafter referred to as Pren”®™'~ and Sin3b°c~'~ alleles) in the corresponding mouse
prostates, we performed immunohistochemistry (IHC) on the dorsolateral and anterior
prostate lobes of three-month-old mice of different genotypes. SIN3B is expressed at low
levels in normal, Sin3b*'~ prostate epithelium, but is strongly upregulated in PINs resulting
from Pren deletion (Fig. 1A and Supplementary Fig. S1A). As expected, SIN3B expression
was undetectable in Sin3b°c~/~ prostates and greatly diminished in Sin36°¢~ PtenPe!-
compared to their Sin3bP°*~ Pren”c=~ littermates. In addition, PTEN was expressed at high
levels in the prostate regardless of the Sin3b status (Fig. 1B). Finally, in Sin36°c*~ prenPe'-
prostates, no expression of PTEN was detected, correlating with an increase in
phosphorylated-AKT (pAKT) (Fig. 1B, C, and Supplementary Fig. S1B). Importantly, this
pathway appeared unaffected by the genetic inactivation of Sin3b (Fig. 1C and
Supplementary Fig. S1C).

Combined inactivation of Sin3b and Pten leads to accelerated PCa progression

To determine the role of SIN3B in prostate cancer initiation and progression, mice of all four
genotypes (Sin3bPe!=, Sin3bPe!=, Sin3bPet!= PtenPc==, and Sin3b°¢~ PrenP-) were
sacrificed at three, six, and twelve months of age, and their prostates were analyzed for
morphological differences. Sin36°°~/~ prostates developed normally and did not exhibit any
pathology (Fig. 2). Sin3b6°°*/~ PtenP!~ prostates exhibited increased size and weight as
early as three months (Fig. 2A, B), consistent with previous reports (7). Strikingly, combined
deletion of Ptenand Sin3bin the prostate resulted in a dramatic change in the prostate
morphology and a significant increase in prostate weight at twelve months (Fig. 2A, B,
Supplementary Fig. S2A). These phenotypes suggest accelerated prostate cancer progression
upon combined genetic inactivation of Sin3band Pten. To confirm these observations at the
histological level, we analyzed prostate sections from each of the corresponding genotypes
at each time point. Sin36°¢~ prostates displayed normal histology, comparable to that of
age-matched Sin3b°°*~ mice, up to one-year of age, indicating that Sin3b loss is not
sufficient to promote prostate cancer initiation (Fig. 2C—E). Prostate tissue from Sin3bPc*/~
PtenPcI= and Pten”cI~ Sin36°°~I~ mice were virtually indistinguishable at the histological
level up to six-months of age. Both genotypes presented with a comparable incidence of
hyperplasia and High-Grade (HG) PIN (Fig. 2C-E, Fig. 3A). At twelve months, all
Sin3bPeH= PrenPe!~ prostates evaluated exhibited HGPIN (8/8 mice) (Fig. 2E, Fig. 3A,
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Supplementary Table S1). By contrast, twelve-month-old Sin36°¢~/~ PtenP~ mice had
developed aggressive PCa with high penetrance (6/7 mice) as evidenced by histological
analysis and staining for luminal cell makers (Fig. 2E, Fig. 3A, Supplementary Fig. S2B,
Supplementary Table S1). Consistently, Sin36°°~/~ PtenPc'~ mice had worse overall survival
compared to Sin36°*!= PtenPe~I~ mice correlating with their increased tumor burden
(p=0.0065, Fig. 3B). We suspect their accelerated death was due to bladder obstruction and
subsequent renal failure (Supplementary Fig. S2A). Despite the lethal nature of these
tumors, no macroscopic metastases were detected in the lung or lumbar lymph nodes. Taken
together, these data indicate that SIN3B provides a barrier against PCa progression driven by
Pten deletion.

SIN3B protects against locally invasive PCa

The ability of tumor cells to invade the basement membrane is the first step towards
metastatic disease and is indicative of a poor prognosis. Based on our observation that
combined inactivation of Sin3band Ptenaccelerates PCa progression, we sought to
determine whether the tumors derived from Sin36°°~/= PtenP®~~ mice exhibited increased
invasive potential. Histological analysis and staining for AR and CK5, markers for prostate
luminal and basal cells, respectively, of the dorsolateral lobe from twelve-month-old
Sin36°¢t= PrenPe!= and Sin3bPeI= PtenP'~ mice revealed that while Sin36°°t= ptenPe'=
prostate glands containing HGPIN retained basement membrane integrity and displayed
little to no invasion of luminal cells into the stroma, Sin36°¢~ Pten’®~I~ prostates exhibited
local invasion of luminal cells into the stroma and loss of basement membrane integrity (Fig.
4A-C). Another indication of advanced carcinoma is the presence of activated fibroblasts
expressing the marker alpha smooth muscle actin (aSMA). We performed staining against
aSMA to access the presence of activated fibroblasts in both Sin36°¢*!= PtenPI= and
Sin36°¢"= PrenPe!~ prostates. While Sin3bPc*!= PtenPc~/~ prostates contained negligible
staining for aSMA, Sin36P¢'~ PtenP®/~ prostates exhibited abundant positive staining (Fig.
4D). Taken together, these data suggest that the expression of SIN3B is protecting against an
advanced, locally invasive disease.

To further assess the direct contribution of SIN3B in restricting prostate cancer cell invasion,
we engineered human prostate cancer cells (PC3 and LNCaP C4-2) with reduced SIN3B
expression via RNAI (Fig. 4E, 4F). To document the ability of these cells to migrate, we first
performed scratch assays. S/N3B knockdown PC3 and C4-2 cells were able to migrate
significantly faster after 24, and 48 to 72 hrs. than their scramble controls, respectively (Fig.
4G-J). The migratory behavior of SIN3B-depleted prostate cancer cells was also confirmed
through the use of a transwell membrane assay. PC3 cells depleted for S/N3B exhibited a
modest, yet significant increase in migration potential compared to scramble control, further
confirming that SIN3B may function to restrict migration of prostate cancer cells (Fig. 4K).
Of note, C4-2 cells depleted for S/IN3B exhibited a slight, albeit not significant, increase in
migration potential as well (Fig. 4L). Together, these results indicate that SIN3B restricts
PCa cell invasion and prevents the development of aggressive PCa.
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SIN3B is necessary for PICS in PINs

Senescence has been reported to function as a barrier against prostate cancer progression
(7,11). Based on the requirement of SIN3B for oncogene-induced senescence (OIS) both /n
vitroand in vivo (12,16) and due to the significant increase of SIN3B protein levels in PIN
lesions (Fig. 1A), we hypothesized that S/n3b loss promotes cancer progression by
preventing PICS-associated cell cycle exit in the prostate. Prostate tissue from three-month-
old Sin3b°°*!= PtenPe~I~ mice exhibited robust positive SA-B-Gal staining throughout the
prostate epithelium, indicating a large number of senescent cells. By contrast, Sin36°c/~
Pten”c-I= prostates contained few SA-B-Gal positive epithelial cells, consistent with the
requirement of SIN3B for the induction of senescence (Fig. 5A). To confirm the impact of
Sin3b inactivation on PICS in the prostate, the expression of additional senescence markers
was evaluated. Specifically, immunostaining revealed a significant decrease in positivity for
CDKN1A (P21CP1 pP21) (19), phosphorylated HP1y (pHP1y) (20), and IL6 (21) on
prostate sections of three-month-old Sin36°°~'= PtenP®~ mice compared to age-matched
Sin3bPet!= prenPeI~ prostates (Fig. 5B, C, D). The decreased expression of senescence
markers correlated with greater cellular proliferation in Sin36°°~'~ PtenP°~!~ prostate tissue
compared to Sin36°¢+~ PtenP!~ prostates, as demonstrated by an increase in K167 positive
epithelium at three, six, and twelve months (Fig. 5B, E, Supplementary Fig. S3). Despite the
increase in proliferation, no gross differences in tissue morphology were observed at either
three or six months between Sin36°H~ PtenPe~ and Sin36P~ PtenP®~ prostates (Fig.
2A, C), indicating that the increase in proliferation is unlikely a mere consequence of cancer
progression, but rather reflects inherent differences in the proliferation properties of
Sin3b°¢!= PrenPe!~ epithelial cells. Recent studies have implicated the secretome of PTEN-
induced senescent prostate epithelium in the recruitment of immune cells (22). However,
while we observed a modest, but non-significant increase in total prostate infiltrating CD45+
immune cells, as well as a significant increase in GR1-high, CD11B+ cells in Sin36°¢+~
PtenPeI= compared to Sin3b°¢*!~ prostates consistent with previous reports (22), we did not
observe differences in immune cell infiltration between Sin36°¢*'= PtenP'~ and Sin36°¢'~
PtenPe!~ prostates (Supplementary Fig. S4). Taken together, these observations indicate that
SIN3B cell autonomously promotes PICS in order to restrict cellular proliferation in the
prostate epithelium and prevent PCa progression.

SIN3B levels and the SIN3B repression program are attenuated in prostate cancer in

humans

Our results suggest that SIN3B levels correlate with PCa progression in the mouse. To
examine the clinical relevance of this finding, we analyzed available genome-wide
expression data of human PCa tumors (23,24). Oncomine expression analysis using two
independent studies showed that S/N3B is significantly downregulated in carcinoma
compared to normal prostate tissue, and that S/A3B lies among the top 10% most
downregulated transcripts in prostate cancer (ranked 1,384 out of 22,238 genes and 83 out of
8,603 genes, respectively) (Fig. 6A, B). We also found that S/N3B transcript levels are
significantly downregulated in approximately 18% of sequenced tumors compared to the
adjacent normal prostate tissue (Fig. 6C) (23,25,26). Importantly, expression of the SIN3B-
related transcript S/N3A, a related essential component of the SIN3-HDAC complex, is also
decreased in 15% of sequenced tumors (Fig. 6C) (23,25,26). There is, however, little overlap
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between the tumors exhibiting reduced S/N3B levels and those exhibiting reduced SIN3A
levels, suggesting that loss of S/N3B and loss of S/IN3A expression are mostly mutually
exclusive in prostate cancer (Fig. 6C). We examined the impact of the downregulation of
either SIN3B or SIN3A on disease-free survival, and found that neither had any significant
effect. However, it is important to note that the functional disruption of the SIN3B complex
can be achieved through multiple processes independently of S/A3B downregulation,
including mutations or downregulation of any SIN3B-associated proteins. Therefore, rather
than examining each individual component of the SIN3B complex, we investigated the
correlation between SIN3B target gene levels, a read-out of the SIN3B complex function,
and disease-free survival. We generated a list of potential direct SIN3B target genes based
on ChlP-seq data in myoblasts (27) and RNA-seq data in T98G cells (unpublished
observations), which we input into cBioPortal in tandem with SIN3B (and the related
SIN3A). The comprehensive oncoprint data (Fig. S5A) shows a significant overlap between
the downregulation of either SIN3B or S/IN3A and the subsequent upregulation of their
target genes. In total, we identified 16 genes and 28 genes that exhibit significant inverse
correlation in expression levels with SIN3B or SIN3A, respectively (Fig. 6D, Fig. S5B). The
expression levels of eight of these genes, including DDIAS and BUB1B, correlated with a
significant decrease in disease-free survival after radical prostatectomy (Fig. 6E, 6F, Fig.
S5C-H, Supplementary Table S2). Together, these data suggest that the downregulation of
essential components of the SIN3-HDAC complex is a common event in human PCa, which
correlates with the increased expression of its target genes resulting in a worse overall
prognosis.

Discussion

Senescence, a permanent withdrawal from cell cycle, is hypothesized to protect against
cancer initiation and progression, and is engaged in preneoplastic lesions. In the prostate,
senescent cells are found in early PINs; however, their function and regulation in PCa
progression have not been comprehensively elucidated. In this study, we demonstrate that
SIN3B is required for senescence in PINs. Loss of SIN3B-dependent senescence resulted in
accelerated disease progression to invasive PCa and worse survival in a prostate cancer-
prone mouse model. Interestingly, while we observed an attenuated senescence program
upon deletion of S/n3b in three-month-old animals, macroscopic and histological differences
only became evident at twelve months of age. /nn vitro, deletion of Sin3b prevents entry into
senescence in cells expressing oncogenic HRAS, but is not sufficient to sensitize cells to
oncogenic transformation (12). This observation is similar to what is detected upon loss of
RB1 and the RB1-related pathways (28,29). It is likely that /n vivo, loss of senescence
increases the likelihood for other molecular pathways to be activated and/or inactivated,
driving cancer progression further. We believe the model described here may serve as a
useful tool to identify these pathways.

The establishment of PICS involves multiple molecular pathways; yet, how these pathways
interact has not been fully elucidated. Several mouse models of prostate cancer have been
generated, relying on the inactivation of PICS for tumor progression. The deletion of 7rp53,
which like Sin3b deletion, attenuates PICS, leads to a phenotype reminiscent to the one we
described here, albeit with decreased latency (7). At the molecular level, the ablation of Pten
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results in the stabilization of TRP53 through the inhibition of the TRP53/MDM2 interaction,
which in turn results in the upregulation of CDKN1A, and ultimately drives cells into
senescence (11,30,31). We have previously demonstrated that Sin3b-inactivated cells are
refractory to the cell cycle exit elicited upon CDKN2A (P19ARF) overexpression, a well-
established inhibitor of the MDMZ2-driven degradation of TRP53. In addition, we found that
SIN3B levels are elevated in PINs in the mouse, consistent with our previous results
demonstrating an increase in SIN3B levels upon entry into senescence (12,16,32). We and
other groups have demonstrated the requirement for SIN3B to repress E2F target
transcription in specific cell cycle exit settings (12,33). We suspect that the derepression of
selected E2F targets in the absence of SIN3B may also directly contribute to the inability of
cells to undergo PICS through the activation of cell cycle related genes. As such, the genetic
inactivation of Sin3bwould be expected to prevent senescence driven by Pren-deletion.
Furthermore, the combined deletion of Cakn1band Ptenin the mouse resulted in the
development of epithelial tumors including PCa (34). Similarly, the introduction of an active
form of AKT1 and the inactivation Cakn1b specifically in the prostate abrogated the
senescence process and increased proliferation which led to an aggressive and invasive
pathology at a similar rate as demonstrated in this study (35). The similarities between the
phenotypes detected upon deletion of these proteins and deletion of Sin3b, warrant a deeper
investigation of the relationship between SIN3B and CDKN1A/B.

The molecular pathways responsible for the modulation of SIN3B expression throughout
prostate cancer progression are unknown. Interestingly, we have recently determined that the
polycomb group protein BMI1 directly represses the transcription of the SIN3B locus,
similar to what has been observed for the INK4A/ARF locus (32,36,37). Consistently,
ectopic expression of BM/1in tandem with Pfen inactivation in the mouse prostate leads to
invasive PCa (38). Thus, it is tempting to speculate that the phenotype observed in our
genetic model phenocopies the effects of increased BMI1 expression.

Currently, there is a significant need to identify prostate tumors that are at risk of
progressing from indolent lesions to aggressive adenocarcinoma as the overtreatment of PCa
remains a pervasive issue (3,39,40). As such, the necessity for prognostic markers that
accurately predict aggressive disease remains paramount. We found that the deletion of
Sin3b accelerated PCa progression, enhanced local invasion, and resulted in worse overall
survival. Our data suggests that SIN3B levels are increased in PIN lesions, and subsequently
downregulated in human PCa, correlating with the transcriptional increase of direct SIN3B
targets. Thus, the expression of SIV3B and its known targets, as well as the abrogation of
senescence, could potentially be used as a set of diagnostic markers, in tandem with current
approaches, to better predict aggressive PCa. In addition, we feel that our model accurately
replicates the human disease prior to metastatic progression, and can be exploited to study
an aggressive carcinoma /n situto identify additional drivers of the metastatic disease.
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Figure 1.
Deletion of S/in3b does not impair loss of PTEN-driven AKT activation. A, Representative

images of immunohistochemistry for SIN3B on paraffin sections of the dorsolateral lobe of
prostates taken from three-month-old Sin36°¢!=, Sin3b°c="=, Sin3bPe*!= PtenPe!=, and
Sin36°= PrenPe~I~ mice. B, PTEN. C, pAKT. Top Panel = 10x magnification. Bottom
Panel = 40x magnification. Scale bar = 200 um. n = 3 for each genotype.
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Figure 2.

SIN3B prevents Pten deletion-induced prostate cancer. A, Representative images of prostates
taken from twelve-month-old Sin36°¢+=, Sin3b6°°~=, Sin3bP°*~ PtenPe=, and Sin3bPe-!~
Pten”°=I~ mice. n = 4, 5, 8, 7 respectively. B, Weight in grams of whole prostates taken from
three, six and twelve month-old Sin3tP¢*'= (n = 5, 4, 5), Sin3bP°I~ (n = 4, 4, 5), Sin3bPcH~
PtenPe!= (n = 10, 6, 8), and Sin3bP¢= Pten’c~I~ (n = 9, 10, 7) mice, respectively. * p<0.05
via student’s t-test. C-E, Representative images of H&E staining on paraffin sections of the
dorsolateral lobe of prostates taken from three-, six-, and twelve-month-old Sin36°+~ (n =
5,4, 5), Sin36°¢!~ (n = 4, 4, 5), Sin3b°¢*~ PtenPe!I~ (n = 10, 6, 8), and Sin3bPeI~ PrenPe!-
(n =9, 10, 7) mice, respectively. Top Panel = 10x magnification. Bottom Panel = 40x
magnification. Scale bar = 200 pm.
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Figure 3.

Lgss of Sin3b-induced PCa is lethal and occurs late in life. A, Kaplan-Meier survival curve
of Sin3bPe*!= ptenPe= (black, n = 19) and Sin3b°¢~!~ PtenP!~ (red, n = 15) mice. **
p=0.0065. B, Quantification of pathological scoring conducted using H&E stained sections
taken from three, six, and twelve-month-old Sin36°*~ (n =5, 4, 4), Sin36°¢'~ (n =4, 4, 5),
Sin3b°¢t= PrenPe!I= (n = 10, 6, 8), and Sin3bP°~I= PtenPe'~ (n = 9, 10, 7) mice, respectively.
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Figure 4.

SIN3B protects against aggressive PCa. A, Representative images of H&E staining on
paraffin sections of the dorsolateral lobe of prostates taken from 12-month-old Sin3bPc*!~
PtenPe!= (n = 8) and Sin3bP¢= PtenPc~!~ (n = 7) mice. B, Immunohistochemistry for AR on
serial paraffin sections of the dorsolateral lobe of prostates taken from twelve-month-old
Sin3bPe!= PrenPe!= mice (n = 3) and Sin3b°°~'~ PtenP®!= (n = 3) mice. C,
Immunohistochemistry for CK5 on serial paraffin sections of the dorsolateral lobe of
prostates taken from twelve-month-old Sin36°¢~ PtenPeI= (n = 3) and Sin3bPc~I~ PtenPe'-
(n = 3) mice. Top Panel = 10x magnification. Bottom Panel = 40x magnification. Scale bar
=200 pm. D, Immunohistochemistry for aSMA on paraffin sections of the dorsolateral lobe
of prostates taken from twelve-month-old Sin36°¢= PtenPc=I= (n = 3) and Sin3b°¢~!-
PtenP= (n = 3) mice. Top Panel = 10x magnification. Bottom Panel = 40x magnification.
Scale bar = 200 pm. E, Immunoblot analysis for SIN3B and TUBULIN using 40 ug of
whole cell extracts from PC3 cells stably transduced with either sShRNA against Scramble or
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SIN3B. F, Immunoblot analysis for SIN3B and TUBULIN using 40 ug of whole cell
extracts from LNCaP C4-2 cells stably transduced with either shRNA against Scramble or
SIN3B. G, Scratch assay using cells lines in E. DO-3 represent days post scratch. H,
Quantification of G. n=3, student’s t-test was used to assess significance at each time point.
* p<0.05. 1, Scratch assay using cells lines in F. DO-5 represent days post scratch. J,
Quantification of I. n=3, student’s t-test was used to assess significance at each time point. *
p<0.05. K, Transwell migration assay using cell lines in E. AveragexSEM of n =3
experiments. Student’s t-test was used to assess significance. * p<0.05. L, Transwell
migration assay using cell lines in F. AveragexSEM of n = 3 experiments. Student’s t-test
was used to assess significance. P=0.08, NS.
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Figure 5.
SIN3B is required for PICS. A, Representative images of SA-p-Gal on fresh-frozen sections

of the dorsolateral lobe of prostates taken from three-month-old Sin36°c*~ PtenPe!=, and
Sin3b°¢!= PtenPeI~ mice. n = 2, 3 respectively. B, Representative images of
immunohistochemistry for KI67, P21, pHP1y, and IL6 on paraffin sections of the
dorsolateral lobe of prostates taken from three-month-old Sin36Pc!=, Sin3bP¢!=, Sin3bPet~
PtenPe1= and Sin3bP°= PtenPc!~ mice. n = 3 each. Top Panel = 10x magnification.
Bottom Panel = 40x magnification. Scale bar = 200 um. C, Quantification of K167 positive
nuclei. n = 3, 3, 5, 5 respectively. Student’s t-test was used to assess significance. * p<0.05.
D, P21.n =3, 3, 4, 5 respectively. E, pHP1y. n = 3, 3, 5, 6 respectively.
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Figure 6.

The SIN3B complex is differentially regulated in human PCa. A and B, Oncomine box and
whisker plots of S/IN3B expression in normal and PCa human samples. A was derived from
the study in (23) B was derived from the study in (24). Both plots have p-values < 0.05. C,
Oncoprint plot of SIN3B and SIN3A, and their target genes DDIAS and BUBI1B derived
from cBioPortal using the study in reference (23,25,26). Amplification = filled red box,
Deep Deletion = filled blue box, mMRNA Upregulation = red outline, mMRNA Downregulation
= blue outline. D, Statistical analysis of the co-occurrence between the genes listed in C. E,
Disease-free survival Kaplan-Meier curve of patients harboring DD/AS upregulation > 2
standard deviations derived using cBioPortal and the study in reference (23,25,26). F,
Disease-free survival Kaplan-Meier curve of patients harboring BUB1B upregulation > 2
standard deviations derived using cBioPortal and the study in reference (23,25,26).
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