
Vol. 39, No. 10� 1739Biol. Pharm. Bull. 39, 1739–1742 (2016)

�
© 2016 The Pharmaceutical Society of Japan

Note

Identification of a Selective SIRT2 Inhibitor and Its Anti-breast Cancer 
Activity
Asad Ali Shah,a,b Akihiro Ito,*,a,c Akiko Nakata,d and Minoru Yoshidaa,b,c,d

a Chemical Genetics Laboratory, RIKEN; Saitama 351–0198, Japan: b Graduate School of Science and Engineering, 
Saitama University; 645 Shimo-Okubo, Sakura-ku, Saitama 338–8570, Japan: c Chemical Genomics Research Group, 
RIKEN Center for Sustainable Resource Science; Saitama 351–0198, Japan: and d Seed Compounds Exploratory Unit 
for Drug Discovery Platform, RIKEN Center for Sustainable Resource Science; Saitama 351–0198, Japan.
Received June 27, 2016; accepted July 4, 2016

SIRT2 is a member of the human sirtuin family of proteins and possesses nicotinamide adenine dinu-
cleotide (NAD)-dependent lysine deacetylase activity. SIRT2 has been involved in various cellular processes 
including gene transcription, genome constancy, and the cell cycle. In addition, SIRT2 is deeply implicated 
in diverse diseases including cancer. In this study, we identified a small molecule inhibitor of SIRT2 with a 
structure different from known SIRT2 inhibitors by screening from a chemical library. The hit compound 
showed a high selectivity toward SIRT2 as it only inhibited SIRT2, and not other sirtuins including SIRT1 
and SIRT3 or zinc-dependent histone deacetylases (HDACs) including HDAC1 and HDAC6, in vitro. The 
compound increased the acetylation level of eukaryotic translation initiation factor 5A (eIF5A), a physiologi-
cal substrate of SIRT2, and reduced cell viability of human breast cancer cells accompanied with a decrease 
in c-Myc expression. These results suggest that the compound is cellular effective and has potential for devel-
opment as a therapeutic agent against breast cancers by specific inhibition of SIRT2.
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Sirtuins are a family of nicotinamide adenine dinucleotide 
(NAD)-dependent lysine deacetylases shown to play biologi-
cal and physiological roles in diverse cellular processes such 
as metabolism, transcription, and DNA repair. Mammals have 
seven sirtuins that display different subcellular localizations 
and functions. SIRT2 is a predominantly cytosolic protein and 
was originally reported as a microtubule deacetylase,1) but 
further studies have revealed that SIRT2 acts as a deacetylase 
for histones and a number of non-histone proteins. This wide 
variety of substrates might be correlated with physiological 
roles of SIRT2 in diverse biological processes such as the cell 
cycle, autophagy, and energy metabolism.2)

Many studies suggest an important involvement of SIRT2 
in neurodegeneration, inflammation, bacterial infection, and 
cancer, and that modulation of SIRT2 activity could be novel 
strategy for therapies against these disorders.3–5) However, 
pharmacological evidence for SIRT2 as a valid therapeutic 
target has not yet been shown. Therefore, potent and selec-
tive SIRT2 inhibitors are required for initial proof of concept 
studies. Although there are several reports describing SIRT2 
inhibitors to date,6) specificity and cellular potency of most 
present SIRT2 inhibitors appear to be insufficient for eluci-
dating in vivo SIRT2 functions. In this regard, development 
of potent and highly specific SIRT2 inhibitors has been re-
cently achieved.7,8) Here, we identified a potent and specific 
SIRT2 inhibitor by high-throughput screening. Because the 
fundamental structure of the compound is different from that 
of existing SIRT2 inhibitors, it may serve as a novel class of 
chemical tool for exploring SIRT2 functions in cells.

MATERIALS AND METHODS

Materials and Cell Culture  RK-9123016 was purchased 
from Vitas-M Laboratory (Hong Kong, China) through a local 

distributor. SirReal2 and nicotinamide (NA) were purchased 
from Sigma-Aldrich (St. Louis, MO, U.S.A.). Trichostatin A 
(TSA) was prepared as described previously.9) Mouse mono-
clonal eukaryotic translation initiation factor 5A (eIF5A) 
antibody was obtained from BD Bioscience (San Jose, CA, 
U.S.A.). Rabbit polyclonal antibody against acetylated eIF5A 
(Ac-eIF5A) was raised as described previously.10) Mouse 
monoclonal α-tubulin antibody (B-5-1-2) was obtained from 
Sigma-Aldrich. Mouse monoclonal c-Myc (9E10) antibody 
was purchased from Santa Cruz Biotechnology (Dallas, TX, 
U.S.A.). MCF-7 cells were cultured in RPMI-1640 medium 
(Wako Pure Chemical Industries, Ltd., Osaka, Japan) contain-
ing 10% heat inactivated fetal bovine serum (FBS) and antibi-
otics at 37°C, 5% CO2 in a humidified incubator.

Lysine Deacetylase Assay  Measurements of in vitro 
enzymatic activities of zinc-dependent histone deacetylases 
(HDACs) including HDAC1 and HDAC6 were performed by 
a fluorogenic assay as described previously.11) Measurements 
of in vitro deacetylase activities of human sirtuins including 
SIRT1, 2 and 3 were carried out by an electrophoretic mobil-
ity shift assay. Recombinant sirtuin proteins were incubated 
with a carboxyfluorescein (FAM)-labeled fluorescent peptide 
(1.5 µM FAM-RHKK(Ac) LM for SIRT1 and SIRT2; 1.5 µM 
FAM-QPKK(Ac) KPL for SIRT3) and 1 mM NAD in 50 µL 
of assay buffer (25 mM Tris–HCl [pH 9.0], 137 mM sodium 
chloride (NaCl), 2.7 mM KCl, 1 mM MgCl2, 0.1 mM bovine 
serum albumin (BSA) in 384 well plates. After 60 min at 
37°C, the reaction was stopped by adding nicotinamide (final 
concentration 10 mM) in 50 µL of the stop buffer (100 mM N-
(2-hydroxyethyl) piperazine-N′-2-ethanesulfonic acid (HEPES) 
[pH 7.5], 10 mM ethylenediaminetetraacetic acid (EDTA), 
0.25% CR-3). The samples were analyzed using a LabChip EZ 
Reader II (PerkinElmer, Inc., Waltham, MA, U.S.A.). Percent 
conversion is defined as 100×P/(P+S), where P and S are peak 
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heights of product and peptide substrate, respectively.
Immunoblotting  Whole cell lysates were prepared by 

collecting cells directly in 1× sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) sample loading 
buffer and heating at 95°C for 10 min. Immunoblotting was 
performed as described previously.12)

Cell Viability Assay  MCF-7 cells (1×103) were grown in 
a 96-well plate and treated with dimethyl sulfoxide (DMSO) 
or compounds for 96 h. Cell viability was measured by the 
ATPlite luminescence assay system (PerkinElmer, Inc., 
Waltham, MA, U.S.A.) using a Synergy H4 hybrid reader 
(BioTek, Tokyo, Japan).

RESULTS AND DISCUSSION

In search for novel SIRT2 inhibitors, we screened a 
chemical library consisting of approximately 140000 com-

pounds from The University of Tokyo using an in vitro assay 
based on fluorogenic acetyl-lysine peptides11) and identified 
RK-9123016 (Fig. 1A) as a potent and selective SIRT2 inhibi-
tor. In vitro electrophoretic mobility shift assay revealed that 
RK-9123016 inhibited the enzymatic activity of SIRT2 with 
an IC50 value of 0.18 µM but not other human sirtuin members 
including SIRT1 and SIRT3 at 100 µM (Fig. 1B). In addition, 
RK-9123016 at 100 µM did not affect activities of zinc-depen-
dent HDACs including HDAC1 and HDAC6, while TSA,9) a 
pan-inhibitor for zinc-dependent HDACs, inhibited enzymatic 
activities of both enzymes (Fig. 1C).

In order to evaluate in vivo SIRT2 inhibition by RK-9123016 
we examined the acetylation level of eIF5A, a physiological 
substrate of SIRT2. We previously reported that both HDAC6 
and SIRT2 regulate deacetylation of eIF5A and that inhibi-
tion of both enzymes, but not either one alone, is necessary 
for a noticeable increase in eIF5A acetylation in cells.10,13) 

Fig. 1. Inhibition of SIRT2 Activity by RK-9123016
(A) Structure of RK-9123016. (B and C) Effect of RK-9123016 on lysine deacetylases in vitro. The activity of RK-9123016 to inhibit SIRT1, 2, and 3 (B) or HDAC1 and 

6 was estimated using an electrophoretic mobility shift assay or a fluorogenic assay, respectively. Error bars represent the standard deviation of three independent assays. 
(D) Effect of RK-9123016 on the acetylation of eIF5A in MCF-7 cells. MCF-7 cells were treated with different concentrations of RK-9123016, 5 mM nicotinamide (NA), or 
30 µM SirReal2 as positive controls in the presence of 1 µM TSA for 24 h. The lysates were immunoblotted with the indicated antibodies.
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Therefore, MCF-7 cells were treated with RK-9123016 at vari-
ous concentrations in the presence of TSA to inhibit HDAC6. 
We also used two known small molecules that inhibit SIRT2, 
nicotinamide, a pan-sirtuin inhibitor, and SirReal2, a specific 
SIRT2 inhibitor,7) as positive controls. The level of acetylated 
eIF5A was then determined by immunoblotting using an 
antibody that specifically recognizes the acetylated form of 
eIF5A.10) In agreement with previous reports, the acetylation 
of eIF5A was barely observed under treatment with TSA alone 
(Fig. 1D). On the other hand, treatment with RK-9123016 to-
gether with TSA increased the level of eIF5A acetylation in a 
dose-dependent manner (Fig. 1D). These results suggest that 
RK-9123016 inhibits the SIRT2 activity in cells.

Recent studies indicate that selective SIRT2 inhibitors de-
crease cell viability in various types of cancer cells including 
human breast cancer MCF-7 cells by promoting degradation 
of the oncoprotein c-Myc.8) Therefore, we examined the effect 
of RK-9123016 on cell viability of MCF-7 cells by measuring 
cellular amounts of ATP. Consistent with previous results, 
RK-9123016 as well as SirReal2 reduced the viability of 
MCF-7 cells in a concentration-dependent manner (Fig. 2A). 
Importantly, as shown in Fig. 2B, the expression of c-Myc 
protein was reduced by RK-9123016 in a dose range similar 
to that required for an increase in eIF5A acetylation (Fig. 2B). 

These findings suggest that RK-9123016 exhibits anti-cancer 
activity against breast cancer MCF-7 cells by promoting 
SIRT2 inhibition-mediated degradation of c-Myc oncoprotein.

In this study, we identified a synthetic compound named 
RK-9123016 as a potent and selective SIRT2 inhibitor with a 
structure different from all of known SIRT2 inhibitors. Recent 
crystallographic analysis of the SIRT2 complex with SirReal2 
suggests that potency and high selectivity of SirReal2 are 
based on its unique inhibitory mechanism by which SirReal2 
binds the pocket created by a ligand-induced structural rear-
rangement of the active site.7) Because potency (IC50: 0.18 µM) 
and selectivity against other sirtuin members (>500 fold) of 
RK-9123016 are comparable to those of SirReal2, it is interest-
ing to test whether RK-9123016 inhibits SIRT2 in a similar 
fashion to SirReal2. Elucidation of precise mechanism of 
SIRT2 inhibition by RK-9123016 as the basis for its potency 
and high selectivity is a subject for a further study. Together 
with results showing an increase in acetylation of eIF5A by 
RK-9123016 in breast cancer cells (Fig. 1D), RK-9123016 
could be a valuable small-molecule tool for exploring SIRT2 
functions in cells.

Involvement of SIRT2 in tumorigenesis seems to be con-
troversial. Genetic studies using SIRT2 knockout (KO) mice 
indicate that SIRT2 may function as a tumor suppressor.14) 
In contrast, growing evidence suggests that SIRT2 promotes 
tumorigenesis.15–19) The reason for this discrepancy is un-
known, but it may depend on cancer progression stage or cell 
type. Recent reports using a selective SIRT2 inhibitor dem-
onstrated that SIRT2 inhibition exhibits anti-tumor activity 
against breast cancer cells by degrading c-Myc oncoprotein.8) 
Our results support this observation, as two selective SIRT2 
inhibitors, RK-9123016 and SirReal2,7) inhibited cell growth 
of human breast cancer MCF-7 cells accompanied by c-Myc 
degradation (Fig. 2), although their chemical structures are 
completely different. Taken together, pharmacological evi-
dence using several selective SIRT2 inhibitors with different 
structures strongly suggests that SIRT2 is a promising target 
for breast cancer therapy. Thus, RK-9123016 may serve as a 
valuable tool for validation of SIRT2 as a therapeutic target.
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