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Deacetylation of Androgen Receptor by SIRT2 and its
Dysregulation Promotes Pathogenesis and Progression

of Prostate Cancer

Androjen Reseptoriiniin SIRTZ ile Diasetilasyonu ve Bundaki EKsiklik Prostat Kanseri Patojenite

ve llerlemesini Uyarir
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ABSTRACT

Aim: The purpose of the study was to investigate whether the
androgen receptor (AR) whose activity is closely associated with
prostate cancer is post-translationally regulated by a NAD* depen-
dent and aging associated protein, sirtuin2 (SIRT2).

Material and Method: Immunoprecipitation-Western blotting was
conducted to examine the association of the AR and SIRT2 in cul-
tured 293T and LNCaP cells. In addition, we performed in vitro
deacetylation assays using purified SIRT2 and AR proteins.

Results: SIRT2 gene removal mouse prostate had hyper-acety-
lated the AR. In vitro and in vivo interaction assays revealed that
SIRT2 physically interacted with the AR in prostate cancer cell line
LNCaP. Finally, SIRT2 deacetylated the AR in vitro conditions.

Conclusion: SIRT2 interacted with the AR and deacetylated it.
Identifying partners of the AR and molecular mechanisms of its
regulation is curial for understanding the pathogenesis of pros-
tate cancer. Using small molecules to activate SIRT2 might be an
important clinical approach to prevent, treat or delay the prostate
cancer progression.
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Amac: Bu calismanin amaci, aktivitesi prostat kanseriyle yakin
iliskili olan androjen reseptérintin (AR), NAD*’ye bagimli ve yas-
lanmayla alakali bir protein olan sirtuin2 (SIRT2) tarafindan post-
translasyonel olarak diizenlenmesini arastirmaktir.

Materyal ve Metot: immunolojik cékeltme-Western blot teknikleriy-
le AR ve SIRT2 arasindaki etkilesim 293T ve LNCaP hiicre kdlt(irle-
rinde incelenmistir. ilaveten, saflastinimis SIRT2 ve AR proteinleriyle
in vitro diasetilasyon calismalar yapilmisgtir.
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Bulgular: SIRT2 geni uzaklastinlmis farenin prostatindaki AR asi-
n derecede asetile edildi. in vitro ve in vivo etkilesim deneyleri
SIRT2’nin AR’la fiziksel etkilesim gdésterdigini ortaya cikartti. Son
olarak, SIRT2, AR’I in vitro kosullarda diasetile etti.

Sonuc: SIRT2, AR ile etkilesim kurup onu diasetile etti. AR’a bag-
lanan diger proteinler ve onun dizenlenmesinin molekiiler meka-
nizmasini tanimlamak, prostat kanserinin patojenitesini anlamak
acisindan blytk bir éneme sahiptir. SIRT2’yi kiictik molekdiller ara-
ciliyla aktive etmek prostat kanserinin engelleme, tedavi etme veya
gelisimini yavaslatmak acisindan klinik éneme sahip olabilir.

Anahtar kelimeler: prostat; kanser; post-translasyonel diizenleme; sirtuin;
diasetilasyon

Introduction

Prostate cancer is the most common non-skin can-
cer, and in 2016 there will be approximately 180,890
new cases of prostate cancer and an estimated 26,120
people will die of this disease in the USA'. Androgen
receptor (AR) and its downstream signaling play a
crucial role in the normal development and function
of the prostate**. AR is a DNA-binding transcription
factor governing the development and maintenance of
the male sexual phenotype. Upon binding of andro-
genic hormones, such as testosterone or dihydrotestos-
terone (DHT) in the cytoplasm, the AR translocates
into the nucleus and regulates the expression of genes
related to differentiation, proliferation, and apoptosis®.
Abnormal function of the AR has been proposed to be
one of the main reasons for the progression of human
prostate cancer>®. Decrease in AR activity through an-
drogen suppression is one of the hormonal treatment
strategies for prostate cancer®”. Post-translational mod-
ifications of the AR by phosphorylation, sumoylation,
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and acetylation direct its subcellular localization, asso-
ciation with co-activators or co-repressors, and DNA
binding ability®'°. It has been shown that AR is acety-
lated by histone acetyltransferases (HATS), including
p300, P/CAF, and TIP60; and consequently acti-
vated®. Acetylation of AR by these HATS increases its
access to androgen-responsive elements activity which
might be the physiological consequence of hormone-
activated AR signaling with testosterone or DHT".

Sirtuin (SIRT) deacetylases have seven members in
mammals and the silent information regulator 2 (Sir2)
protein in Saccharomyces cerevisiae is the founding
member of this protein family. Seven SIRTs are found
in different compartments within the cells. SIRT3, 4
and 5 are located in the mitochondria, SIRT1, 6 and
7 are mainly located in the nuclei, and SIRT?2 is pri-
marily located in the cytoplasm but it can translocate
into the nucleus during cell cycle'®. SIRTs have been
reported to be involved in aging, longevity, stress re-
sponse, regulation of metabolism, gene silencing, and
DNA repair. SIRT2 is generally considered a tumor
suppressor because SIRT2 gene removed mice develop
a gender specific tumorigenesis'®. While male mice pri-
marily develop liver tumors, female mice develop mam-
mary tumors. In addition, these SIRT2 KO mice also
developed tumors in the prostate gland". SIRT?2 has
multiple biological roles such as cell cycle progression,
genomic stability, microtubule dynamics, cellular me-
tabolism, and ligand-induced hormone signaling'*".

Although acetylation of AR, and its subsequent activa-
tion has been well studied, there is not much known
about which deacetylases remove the acetyl groups and
its physiological and pathological importance. SIRT1
binds and deacetylates the AR at a conserved lysine
aminoacid and represses its transcriptional activity'’.
These investigators suggested that deacetylation of AR
may decrease its activity and might help prevent pros-
tate cancer occurrence or progression'"'. In our study,
we investigated if AR could serve as a direct substrate
for the SIRT2 NAD*-dependent deacetylase which
may ultimately lead to improvement of clinical ap-
proaches for the prevention and treatment of prostate
cancer.

Material and Method

Cell Culture and Transfection

293T and androgen-sensitive LNCaP human pros-
tate adenocarcinoma cells were maintained in a 37°C
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incubator with 5% CO, and 21% oxygen in Dulbecco’s
Modified Eagle’s medium (DMEM) containing 10%
fetal bovine serum (FBS) as described previously®.
Transfection efficiency of 293T cells was approximate-
ly 70% as determined using a GFP vector. SIRT2 wild
type (WT) and knockout (KO) prostate tissue extracts
from WT and KO mice were obtained from".

Immunoprecipitation (IP) of HA-tagged SIRT2 and
FLAG-tagged AR

Immunoprecipitation was performed as previously re-
ported®. Briefly, HA-tagged SIRT2 and Flag-tagged
AR overexpressing 293T cells and LNCAP prostate
cancer cell lines were lysed with IP buffer, including
protease and phosphatase inhibitors. Total cell extracts
were incubated with anti-FLAG (Sigma, St. Louis,
MO), anti-HA primary antibodies (Santa Cruz), anti-
SIRT?2 or anti-AR antibodies for 16 h at 4°C, followed
by the incubation with magnetic beads (Dynabeads;
Life Technologies Carlsbad, CA) for 2 h. After wash-
ing three times with IP buffer, bound proteins were
extracted by boiling the samples in the loading buffer
for 7 min, and isolated proteins were resolved via 10%

SDS PAGE.

Western Blotting

Western blotting on nitrocellulose membrane was per-
formed using Turbo transfer system (BioRad). PVDF
membranes were incubated with anti-AR (Santa Cruz),
anti-SIRT?2 (Sigma), acetyl-lysine (Immunochem), an-
ti-HA (Cell Signaling), and anti-FLAG (Sigma) pri-
mary antibodies for 16 h at 4°C.

In vitro Deacetylation Assay

In vitro deacetylation assays was performed as pub-
lished previously by our lab". Briefly, 293T cells were
transiently transfected with FLAG tagged-AR and one
of the HATs (p300, P/CAF, and TIP60) with PEI 24
h after transfection, cells were exposed to trichostatin
A (TSA) and nicotinamide (NAM) for 10 h to hyper-
acetylate proteins. Next, cells were harvested and lysed
with IP buffer, and proteins were isolated. For iz vitro
deacetylation assay, after isolation of Flag-tagged AR
protein, an iz vitro deacetylation reaction in a 1.5 mL
Eppendorph tube was set up. Briefly, commercially
available recombinant SIRT?2 enzyme, hyperacetylated
purified AR protein as a substrate, and NAD* co-fac-
tor to activate the enzyme were mixed within a tube at

37°C for 3 h.
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Figure 1. AR is hyper-acetylated in SIRT2- mouse prostate. SIRT2** and
SIRT2"- prostate extracts (1 mg of protein from each) were immunoprecipi-
tated with the anti-AR antibody, separated, and subsequently immunoblotted
with an anti-panacetyllysine, and anti-AR as a loading control, and anti-SIRT2
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Results
AR is Hyperacetylated in SIRT2 KO (SIRT2”") Mouse Prostate

Prostate tissue extracts from Sirt2*/* and Sirt2”" mice
were [Ped with anti-FLAG antibody, separated, and
subsequently immunoblotted with anti-pan acetyl-
lysine showing that AR exhibited increased protein
acetylation in mice lacking SIRT?2 enzyme (Fig. 1).

SIRT2 Associates with the AR

To determine if there is a physical interaction between the
AR and SIRT?2, an overexpression system was used. 293T
cells were transfected with FLAG-AR and HA-SIRT2
followed by immunoprecipitation (IP) with an anti-HA
antibody to immunoprecipitate the SIRT2 (Fig. 2a) or
anti-FLAG antibody to immunoprecipitate AR (Fig. 2b).
Samples were subsequently immunoblotted with either
an anti-FLAG antibody to detect the expression of the
AR (Fig. 2a) or anti-HA to determine the expression of
SIRT2 (Fig. 2b). These results displayed an interaction

antibody. between SIRT?2 and the AR using an exogenous system.
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Figure 2. a-c. SIRT2 physically interacts with AR. Protein-protein interaction between SIRT2 and the AR proteins was investigated by an overexpression system
using IP and western blotting techniques. HA-tagged SIRT2 and FLAG-tagged AR overepressing 293T cell line extracts were immunoprecipitated with anti-HA (a)
or anti-FLAG (b) antibodies, and subsequently immunoblotted with anti-Flag antibody (a) or anti-HA (b). LNCaP cells were harvested and endogenous SIRT2 or AR
were immunoprecipitated, separated, and immunoblotted with an anti-AR or anti-SIRT2 antibody. IgG was used as a negative control and AR immunoprecipitation
was used as a positive control (c).
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This interaction was also confirmed between endog-
enous AR and endogenous SIRT2 by IP experiments
using anti-AR or anti-SIRT2 antibodies in LNCaP
cells (Fig. 2¢).

AR is Deacetylated by SIRT2 in vitro

To determine if the AR is a direct SIRT2 deacety-
lation target, 293T cells were transiently transfected
with 5 ug FLAG-AR along with 5 pg one of the HATs
(p300, P/CAF, and TIP60), and extracts were immu-
noprecipitated with FLAG antibody to isolate the AR.
Isolated AR protein was divided into 6 reactions and
each was mixed with recombinant SIRT?2, without or
with NAD+, followed by immunoblotting with anti-
panacetyllysine, anti-AR, and anti-SIRT2 antibod-
ies. In vitro deacetylation assay revealed that SIRT2
deacetylated the AR (Fig. 3).

In summary, in this study, we showed that removal of
SIRT2 gene in mice resulted in hyperacetylation of
the AR in the prostate gland. SIRT?2 interacted with
the AR in prostate cancer cell line and deacetylated it.
These results suggested that SIRT2 regulated acetyla-
tion of the AR in the prostate gland.

Discussion

Prostate cancer is a disease of aging and it more frequently
occurs in older men than younger men®. SIRTs are closely

associated with aging and longevity. Therefore, it is im-
portant to identify the contributory connection between
mechanisms of aging and prostate cancer. It has been
reported that the expression of SIRTs decreases as indi-
viduals age and elevated in cancer cells'®. SIRTs could be
one of the connections between aging and age related dis-
eases, such as in prostate cancer. Inhibition of the activity
or the expression of the AR through hormonal therapy
or modulation of AR signal transduction pathways us-
ing small molecules, may prevent or delay prostate cancer
progression”". Therefore, it is important to identify the
molecular mechanisms suppressing and activating the AR
activity, and SIRT?2 can be one of the candidates for this.

SIRT1 interacted with and deacetylated AR in cultured
prostate cancer cells; and ultimately repressed AR activi-
ty''. When these investigators mutated lysine at K630 in
the AR, these cells became resistant to SIRT 1-mediated
AR activity repression indicating the importance of
this K630 for acetylation by SIRT1'". Likewise, in our
study, another SIRT enzyme, SIRT2 interacted with the
AR. Acetylation site of AR might be the same for both
SIRT1 and SIRT?2. Although SIRT1 and SIRT?2 have
similar aminoacid homology and activity, they display
different substrate specificities, subcellular localization,
and functions. Deacetylation of AR by both SIRT1
and SIRT?2 underscores the importance of acetylation/
deacetylation events, perhaps in different physiological
and pathological conditions of the prostate.
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Figure 3. SIRT2 deacetylated the AR in vitro. Purified acetylated Flag-AR was mixed with purified SIRT2, without or with NAD+, and samples were immunoblotted

with anti-pan acetyl-lysine. As loading controls, anti-AR and anti-SIRT2 antibodies were used.
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Opverexpression of SIRT1 decreased cellular proliferation
and contact-independent growth in soft agar in prostate
cancer cell lines indicating tumor suppressing action of
SIRT1 on LNCaP prostate cancer cell line'!. Our results
also suggest that SIRT2 might have an anti-tumorigenic
qualities against prostate cancer similar to SIRT1, and
further characterization is under way in your laboratory.

Although SIRTs are generally considered a tumor sup-
pressor in normal tissues, their expressions have been
reported to be upregulated in various cancers. SIRT1,
for example, has been reported to be significantly over-
expressed in human prostate cancer tissue samples
compared with normal prostate tissue samples®. It is
currently not clear whether SIRT2 has dual roles as a
tumor suppressor in noncancerous tissues while having
oncogenic roles cancerous tissues. SIRT2 overexpression
in cancerous tissues might be due to a broken feedback
loop, and furthermore other dominant pathways might
induce the activity of AR in advanced stages of prostate
cancer. Therefore, it will be important to determine that
whether a SIRT?2 activator or inhibitor should be used
may depend on the stage or grade of the prostate cancer?’.

In conclusion, understanding the regulation and com-
plexities of the AR signaling and the modulation by
SIRT: in the progression to prostate cancer is essential
in developing preventative or treatment strategies us-
ing SIRT?2 activators and inhibitors.
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