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Human Histone Deacetylase SIRT2 Interacts with the Homeobox 
Transcription Factor HOXA10
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Histone deacetylases are required for transcriptional repression in eukaryotes. Sac-
charomyces cerevisiae has several histone deacetylases, of which ySir2p is the most
conserved throughout evolution. Currently, there is no report on the interacting pro-
tein partner of a human Sir2 homolog, SIRT2. Here we show for the first time that
SIRT2 interacts with the homeobox transcription factor, HOXA10, which was identi-
fied in a two-hybrid screen. Interactions were confirmed by co-immunoprecipitation
from in vitro translations as well as in human cell-free extracts. Taken together with
mouse knockout studies, our results raise the intriguing possibility that SIRT2 plays
a role in mammalian development.
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Chromatin structure can be altered by the covalent, post-
translational modification of the amino-terminal tails of
the core histone proteins, including acetylation on highly
conserved lysine residues in response to appropriate
upstream signals (1). Such modifications are thought to
serve as signals for downstream functions, including
recruitment or stabilization of chromatin remodeling
complexes (2). Histone acetyltransferases modify the pos-
itively charged lysine residues of the histones by adding
an acetyl group. The subsequent removal of these acetyl
groups, or deacetylation, is mediated by histone deacety-
lases (HDACs), and deacetylation is associated with
repression of transcription and recombination (3). Long-
range repression involving regional inactivation of chro-
matin is referred to as ‘silencing,’ since the repressed
transcriptional state can be stably inherited by subse-
quent generations (4).

In Saccharomyces cerevisiae, silencing occurs at the
silent mating loci, telomeres, and the rDNA locus. Silenc-
ing is mediated by the proteins encoded by the four Silent
Information Regulator (SIR1-4) genes (5), which are
brought to the DNA via Rap1p, a sequence-specific DNA
binding protein (6). Of the four yeast Sir proteins, Sir2p
(ySir2p) is unique because it is the most evolutionarily
conserved and is the only Sir protein that is required at
all three different silent loci in yeast (7). ySir2p also pos-
sesses NAD+-dependent histone deacetylase activity (8–
10), which is necessary for its function in silencing.

In human cells, there are seven ySir2p homologs,

encoding human SIRT2 produces a transcript of 2.1 kb
(11). A potential role of SIRT2 in transcriptional regula-
tion was suggested by domain-swapping experiments
(13), in which a chimera between ySir2p and SIRT2 was
shown to function in yeast silencing at a subset of target
loci. Recently, SIRT2 was shown to co-localize with micro-
tubules and deacetylate α-tubulin (14), suggesting SIRT2
may play a role in cell structural integrity. 

Initially identified in Drosophila, homeobox (HOX)
proteins are evolutionarily conserved transcription fac-
tors that are important in developmental regulation
through pattern formation by activating and repressing
genes required for cell type determination (15). The HOX
family of proteins contains a common domain called the
homeodomain that is responsible for sequence-specific
DNA binding (16). Differential cofactor binding to HOX
proteins can alter the function of the HOX protein from
activation to repression (17). Human HOXA10, located at
the 5′ end of the HOX-A cluster, plays a key role in mye-
loid and B-lymphoid progenitor cell differentiation (18),
and the knockout mouse model exhibits defects in repro-
ductive organs (28).

To date there is no report of interacting protein part-
ners of SIRT2. The goal of this work was to isolate inter-
acting proteins of SIRT2 that might lead us to under-
stand the biological function(s) of SIRT2. Here, for the
first time, HOXA10 was identified as a specific interact-
ing protein of SIRT2. Interactions between SIRT2 and
HOXA10 were confirmed by co-immunoprecipitation of in
vitro transcriptional translation products. Interestingly,
subcellular fractionation revealed that SIRT2 and
HOXA10 interact in the cytoplasm as well as in the
nucleus of human cells. Combined with previous knock-
out mouse studies (28, 29), these data suggest that SIRT2
may play a role in adult reproductive tissue formation.
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MATERIALS AND METHODS

Yeast Two-Hybrid Screening —A human skeletal mus-
cle cDNA library was used for two-hybrid screening (Inv-
itrogen). SIRT2 was fused to pDBLeu at the SalI and
NotI sites (Invitrogen). SIRT2FL was amplified with
5′TTCTTGTCGACGCACGATGCAGCCTCAAGGGCTTC
A3′ and 5′GGCAGGACTAGTTCACTGGGGTTTCTCCT-
CTCTGT3′. SIRT2(37–244) was amplified with 5′TTCT-
TGTCGACCGAACGCTGTCGCAGAGTCATCTGT3′ and
5′TTGAACACTAGTAGGGGTGGAGAGGGGTGCCTTG-
CT3′ (Primer 833). SIRT2(146–244) was amplified with
5′TTATTGTCGACATTGGTGGAGGCGCACGGCACCTT-
C3′ and Primer 833. The two-hybrid screen was done at
the 1× complexity of the library.

In Vitro Transcription/Translation Assays—In both the
SIRT2 and SIRT2(210–833) constructs, the gene was cloned
as a SalI–NotI fragment into the pET-28b plasmid (Nova-
gen). The HOXA10 gene was cloned into pET-41b plasmid
(Novagen) as a SpeI–AvrII fragment via PCR amplifica-
tion. The HOXA10(c-term) was amplified with primers
5′ACACACACTAGTCCGGAGAAGGATTCCCTGGGCAA
T3′ and 5′ACACACCCTAGGTCAGGAAAAATTAAAGT-
TGGCTGT3′. TnT Quick Coupled Transcription/Transla-
tion Systems (Promega) was used. The reactions were
incubated with either 5ul of a 50% slurry of Ni-NTA aga-
rose (Qiagen) in binding buffer (100mM KOAc, 10% glyc-
erol, 20 mM Tris pH 7.9, 0.1% NP-40, 5 mM MgCl2, 10
mM imidazole, and Complete protease inhibitor cocktail
(Roche)) or 5 µl of a 50% slurry of glutathione-sepharose
beads (Amersham) in binding buffer (without imidazole).
The incubation was done with rotation at 4°C from 4 h to
overnight. The beads were boiled in the presence of SDS
to elute the bound fraction. The products were resolved
on 10% Bis-Tris NuPage gels using 1× MOPS buffer (Inv-
itrogen). The SIRT1 gene was cloned as a BamHI–NotI
fragment into the pET-28a plasmid (Novagen).

Cell Culture—U937 cells were obtained from Dr. Keiko
Ozato (NIH, MD). Cells were maintained in RPMI with
10% heat-inactivated Fetal Calf Serum, 10 mM HEPES
buffer solution, 100 µM MEM non-essential amino acids
solution, and 1 mM MEM sodium pyruvate solution, in
5% CO2 at 37°C.

Immunoblotting Analyses—Proteins were separated on
10% Bis-Tris NuPage gels using 1× MOPS buffer (Invit-
rogen). α-SIRT2 antibody was made against the peptide
sequence WKKELEDLVRREH, then affinity purified
using the SulfoLink Kit (Pierce). α-HOXA10 antibody
was purchased from Covance, and α-HA and α-PDGFR-β
antibodies were purchased from Santa Cruz Biotechnol-
ogy, Inc.

Stable Cell Lines and Retroviral Transduction—SIRT2
constructs were cloned into a bi-cistronic retroviral vec-
tor (unpublished) at XhoI (5′) and NotI (3′) sites in frame
with FLAG and HA epitope tags at its 5′ end. A CaPO4
transfection protocol was used to create viral superna-
tants in the Phoenix-A packaging cell line. The infection
protocol is from: http://www.standford.edu/group/nolan/
protocols/pro_helper_free.html. Retroviral supernatants
were collected at 48 h post-transfection. Cells were trans-
duced by spinoculation (3,000 rpm, 25°C, 1.5 h) in a retro-
viral supernatant supplemented with 4 µg/ml polybrene.

Positively transduced cells were selected using 2 µg/ml
puromycin 48 h after spinoculation.

Immunoprecipitation (IP) and Subcellular Fractiona-
tion—U937 cells (1 × 108) expressing either FHP-SIRT2
or vector were used for sub-cellular fractionation (30).
For IP, fractions were incubated with 10 µl of a 50%
slurry suspension of α-FLAG M2 affinity gel (Sigma) at
4°C rotating overnight in appropriate buffers. Whole-cell
extracts equaling 2 × 105 cells were loaded per lane for
the input and flow-through samples, and 1% of the final
protein eluted from the beads was loaded as the eluate
sample. The bound fraction was eluted from the beads by
boiling the beads in sample loading buffer.

RESULTS

The Homeodomain Protein HOXA10 Interacts with
SIRT2—A cDNA library from skeletal muscle tissue
fused to the GAL4 activation domain (GAL4AD) was used
in a two-hybrid screen to identify proteins interacting
with the SIRT2 (GAL4DNADB-SIRT2-FL, Fig. 1A). The
HOXA10 gene (GenBank AF040714.1) was positively
identified four times, representing at least two independ-
ent clones. Though another protein was identified as a
positive interacting protein, only HOXA10 was isolated
in full-length in frame with the GAL4AD with variable
length non-coding regions. The HOXA10 fusion with the
GAL4AD was re-transformed into the host strain along
with various GAL4DNABD-SIRT2 constructs to map the
interaction domain of SIRT2 (Fig. 1B). The two-hybrid
reporter strain was unable to grow on 3-AT when the
GAL4AD-HOXA10 and GAL4DNABD-vector alone were
co-transformed (Fig. 1B, row i). Co-transformation of
GAL4AD-HOXA10 and GAL4DNABD-SIRT2-FL gave a
positive interaction result (Fig. 1B, row ii). In addition, a
much weaker growth phenotype was observed between

Fig. 1. HOXA10 interacts with SIRT2. (A) The GAL4DNABD-
SIRT2-FL fusion was used in yeast two-hybrid library screening.
The numbers refer to the SIRT2 amino acid residues present in the
fusion proteins. The GAL4DNABD-SIRT2(37–244) and GAL4DNABD-
SIRT2(146–244) were used to identify the interacting domain with pos-
itive library candidates. The grey box denotes the GAL4DNABD. The
stippled box indicates the SIRT2 conserved core domain, and the
open boxes represent the non-conserved SIRT2 sequences. The
dashed lines indicate a fusion where sequences between the two
portions are deleted. (B) GAL4AD-HOXA10 was coexpressed with
GAL4DNABD-SIRT2 fusions and assayed for interaction.
J. Biochem.

http://www.standford.edu/group/nolan/protocols/pro_helper_free.html
http://www.standford.edu/group/nolan/protocols/pro_helper_free.html
http://jb.oxfordjournals.org/


SIRT2 Interacts with HOXA10 697

 at N
ew

 Y
ork U

niversity on M
ay 19, 2015

http://jb.oxfordjournals.org/
D

ow
nloaded from

 

GAL4AD-HOXA10 and GAL4DNABD-SIRT2(37–244),
comprised primarily of the SIRT2 conserved core domain
(Fig. 1B, row iii). When the conserved domain of SIRT2
was deleted, the interaction was abolished (Fig. 1B, row
iv). The expression of the fusion proteins was verified by
immunoblot analyses (data not shown). These data indi-
cate that, minimally, the conserved core of SIRT2 contrib-
utes to the interaction with HOXA10.

HOXA10 and SIRT2 Interact In Vitro—HOXA10 is
known to form complexes with other proteins through its
heterodimerization domain that contains a highly con-
served hexapeptide (19). SIRT2 contains a highly con-
served domain that possesses deacetylase activity (11).
Our yeast two-hybrid data revealed an interaction
between these two conserved regions. To test the interac-
tion in vitro, SIRT2 was cloned into a vector fused to a
polyhistidine (HIS6) tag and HOXA10 was fused to a glu-
tathione-S-transferase (GST) tag. Each construct was

translated independently in rabbit reticulocyte lysates
and labeled with [35S]-methionine. The resulting proteins
were incubated with Ni-NTA-agarose beads or with glu-
tathione-sepharose beads.

The HIS6-tagged core domain of SIRT2 (Fig. 2A, lane 1)
was mixed with the GST-HOXA10(c-terminal) fusion pro-
tein (Fig. 2A, lane 2) and incubated with Ni-agarose.
HOXA10(c-terminal) co-precipitated with the SIRT2 core
domain (Fig. 2A, lane 3). A vector containing both of the
HIS6 and GST tags was used as a control for this set of

Fig. 2. SIRT2 and HOXA10 interact in vitro transcription/
translation reaction. In all reactions, input lanes represent 5% of
the total reaction, and eluate lanes show 20% of the final elution.
(A) HIS6-SIRT2core and GST-HOXA10c-term constructs were used.
The products were recovered with Ni-NTA-agarose conjugated
resin. Lanes 3, 6, and 9 are the elutions of mixtures of lanes 1 and 2,
4 and 5, and 7 and 8, respectively. Lanes 4 through 9 are the control
experiments for the reactions shown in lanes 1 through 3. (B) HIS6-
SIRT2 and GST-HOXA10 full-length constructs were expressed,
and the products were recovered with Ni-NTA-agarose resin. Lane
3 is the elution of the mixture of lanes 1 and 2. Lanes 4 though 9 are
the control experiments for the reactions shown in lanes 1 through
3. (C) HIS6-SIRT1 and GST-HOXA10 constructs were expressed.
The products were recovered with Ni-NTA-agarose resin. Lanes 2
and 4 are the elutions of lanes 1 and 3.

Fig. 3. Co-immunoprecipitation of SIRT2 and HOXA10 from
ectopically expressed U937 cells. (A) Stable exogenous expres-
sion of SIRT2 in U937 cells. Whole cell extracts were isolated from
either vector-transduced cells (lane 1) or SIRT2-transduced cells
(lane 2). The exogenous expression of the SIRT2 construct was veri-
fied by SDS-PAGE and immunoblot analysis. The blot was probed
with the α-SIRT2 antibody. (B) Whole cell extracts of FHP-SIRT2
transduced U937 cells were used for immunoprecipitation with α-
FLAG M2 agarose. “In” denotes input (lanes 1 and 4), “FT” denotes
flow-through (lanes 2 and 5), and “E” denotes eluate from the beads
(lanes 3 and 6). Extracts were analyzed by SDS-PAGE and immuno-
blotting. The blots were probed with either α-SIRT2 (top panel) or
α-HOXA10 (bottom panel) antibodies. (C) Transduced U937 cells
were fractionated into cytoplasmic and nuclear portions. The frac-
tions were analyzed by SDS-PAGE and immunoblotting. Blots were
probed with either α-PDGFβ-R or α-c-Jun. “C” denotes the cytoplas-
mic fraction (lanes 1 and 3), and “N” denotes the nuclear fraction of
the cells (lanes 2 and 4). (D) The same fractions from Panel C were
immunoprecipitated using α-FLAG M2 agarose. The samples were
analyzed by SDS-PAGE and immunoblotting. “Cyto” denotes the
cytoplasmic fraction, and “Nuc” denotes the nuclear fraction of the
cells. The blots were probed with α-SIRT2 and α-HOXA10 antibod-
ies. The lane legends are same as in panel (B).
Vol. 135, No. 6, 2004
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experiments. The GST- HOXA10(c-terminal) fusion protein
was not precipitated when incubated with Ni-agarose
alone, though the HIS6-GST control was precipitated
(Fig. 2A, lane 9).

The full-length constructs of each protein were also
tested for interaction. The results showed that GST-
HOXA10 co-precipitates with His6-SIRT2 (Fig. 2B, lane
3). Appropriate controls showed that this reaction also
was specific (Fig. 2B, lanes 4 though 9). Reciprocal co-pre-
cipitation with glutathione-beads was performed and
gave the same results (data not shown).

To verify the specificity of the interaction, another
human homolog of ySir2p, SIRT1, was used as a control.
Interactions between SIRT1 and HOXA10 were tested
(Fig. 2C). When incubated with Ni-NTA agarose, SIRT1
and HOXA10 did not co-precipitate (Fig. 2C, lane 4).
Thus, though both SIRT1 and SIRT2 are homologs of
ySir2p, the interaction with HOXA10 was specific for
SIRT2.

HOXA10 Co-Immunoprecipitates with SIRT2 In Vivo—
An in vivo interaction between SIRT2 and HOXA10 was
tested using cell lines expressing tagged SIRT2 proteins
(FHP-SIRT2). Immunoblotting analysis using α-SIRT2
antibody showed an approximately two-fold increase in
the exogenously expressing cell line compared to the vec-
tor control (Fig. 3A).

Whole-cell extracts from U937 cells expressing either
the FHP-SIRT2 or the vector construct were incubated
with α-FLAG M2 agarose beads to precipitate SIRT2.
Immunoblotting was done on eluates from these beads
using both α-SIRT2 and α-HOXA10 antibodies (Fig. 3B).
When extracts from cells expressing the FHP-SIRT2 con-
struct were used, both the tagged SIRT2 and HOXA10
were precipitated (Fig. 3B, lane 3, upper and lower pan-
els, respectively). In this reaction, the endogenous SIRT2
was not precipitated, indicating that SIRT2 does not form
homomultimers. In vector-transduced cells, neither
HOXA10 nor the endogenous, untagged SIRT2 protein
was precipitated (Fig. 3B, lane 6, upper and lower panels,
respectively).

Cells were then fractionated into cytoplasmic and
nuclear portions, and immunoprecipitations were carried
out using α-FLAG M2 agarose beads. To confirm the
purity of the fractions, blots were probed with α-PDGFβ-
R and α-c-Jun. PDGFβ-R is a cytoplasmic protein and
c-Jun, a nuclear protein. Only the cytoplasmic fractions
showed positive signals when probed with α-PDGFβ-R
(Fig. 3C, upper panel), and only the nuclear fractions
showed positive signals with α-c-Jun (Fig. 3C, lower
panel).

Once the purity of the fractions was confirmed, these
same fractions were incubated with α-FLAG M2 agarose
beads. The FHP-SIRT2 expressed in the U937 cells was
found in both the cytoplasmic and nuclear fractions (Fig.
3D, lanes 1 and 4, respectively, in the upper panel).
Immunoprecipitation reactions with α-FLAG M2 agarose
beads showed that HOXA10 co-precipitates with the
FHP-SIRT2 protein from both the cytoplasmic and
nuclear fractions (Fig. 3D, lanes 3 and 6, respectively in
the lower panel). HOXA10 is found predominately in the
cytoplasmic fractions and partially in the nuclear frac-
tions. The mobility of the protein varies slightly from
sample to sample, presumably due to the different salt
concentrations used in the fractionation protocol (Fig. 3D,
compare lanes 1, 2 and 3). When vector-transduced U937
sub-cellular fractions were probed with α-SIRT2 and
α-HOXA10 antibodies, the endogenous proteins were
detected both in the cytoplasmic and nuclear fractions
(Fig. 3D, lanes 7 and 10, upper and lower panel). Neither
the endogenous SIRT2 nor the HOXA10 protein was pre-
cipitated from the control cell fractions on α-FLAG M2
agarose beads (Fig. 3D, lanes 9 and 12, upper and lower
panels).

Previously SIRT2 was reported to be a cytoplasmic
protein (20, 21), but these experiments could not exclude
the possibility of the protein also residing in the nucleus.
Recently, North et al. (14) reported that some portion of
SIRT2 is found in the nucleus. In our study, immunopre-
cipitation following subcellular fractionation further sup-
ported the findings of North and colleagues that some
portion of SIRT2 is localized to the nucleus. SIRT2 in the
nuclear fraction interacts with HOXA10 in vivo (Fig. 3D).

In Vivo Effects of the Exogenously Expressed SIRT2-
Transduced Cells—Previous studies reported that when
HOXA10 was over-expressed in U937 cells, the cells were
arrested in the G1 phase of the cell cycle (22). Since
HOXA10 was identified as an interacting protein of
SIRT2, the cell cycle effects due to the over-expression of
SIRT2 were examined. Actively growing U937 cells were
permeabilized with trypsin, stained with propidium
iodide, and analyzed with a flow cytometer. Figure 4
shows a typical example of cell cycle profiles of trans-
duced cells. Compared to the vector-transduced cells,
SIRT2 transduced cells showed almost twice the number
of cells in the G2 phase of the cell cycle (Fig. 4, compare
panels (a) panel (b)). This is similar to a recent report by
Dryden et al. (23). Next, the cell cycle effects due to the
exogenous expression of an enzymatically inactive form
of SIRT2 (SIRT2HY) were examined. Unlike SIRT2,
SIRT2HY transduced cells showed no significant changes
in their cell cycle profile (Fig. 4, compare panel s (a) and

Fig. 4. In vivo effects of SIRT2 over-expressed in
U937 cells were examined. Cell-cycle profiles were
examined by staining the cells with propidium iodide
followed by flow cytometric analysis. This is a repre-
sentative profile obtained from the analysis. The per-
centage of cells in the G1, S, and G2 phases of the cell
cycle are indicated.
J. Biochem.
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(c)). Hence, the enzymatic activity of the protein seems to
be responsible for the accumulation of cells in G2 phase of
the cell cycle.

DISCUSSION

In the current study, HOXA10 was identified as an inter-
acting partner of SIRT2 from a human skeletal muscle
cDNA library. HOXA10 is a sequence-specific DNA-bind-
ing transcription factor that has been shown to activate
and repress transcription in a context specific manner.
The identification of a DNA-binding transcription factor
interacting with SIRT2 indicates that SIRT2 may play a
role in gene regulation at the level of transcriptional
repression by the deacetylation of histones. In S. cerevi-
siae, ySir2p is recruited to target loci primarily by the
DNA-binding activator/repressor protein Rap1p indi-
rectly through the Sir3p and 4p proteins (6), and the
Sir2p-like Hst1p is targeted by the DNA-binding proteins
Sum1p and Ntd80p (24). Recent work has also shown
that the human SIRT1 protein, another homolog of
ySir2p, can interact with basic helix-loop-helix transcrip-
tion factors (25).

Human SIRT2 expressed in yeast cells failed to com-
plement a sir2∆ mutation (13). However, it was shown
that when the ySir2p core domain was replaced with the
SIRT2 core, this chimeric protein was partially func-
tional in yeast, indicating that the core domains perform
similar functions and that the non-conserved sequences
may contribute to specific interactions with targeting
proteins. In order to characterize better the regions of
SIRT2 that interact with HOXA10, domain deletions of
SIRT2 were tested in the two-hybrid system. When the
non-conserved amino-terminal end of SIRT2 was deleted
along with non-conserved carboxy-terminal sequences,
the interaction with HOXA10 was partially retained.
When a deletion construct that lacked the core domain
was tested, there was no detectable interaction with
HOXA10. Taken together with the complementation
data, our results suggest that determinants in both the
conserved core domain and the non-conserved sequences
of SIRT2 contribute to the interaction with HOXA10.

Results using an in vitro transcription/translation
assay supported our results that SIRT2 and HOXA10
directly interact. Furthermore, it was shown that the
conserved regions of the Sir2p-like family proteins and
the conserved heterodimerization domain of the HOX
proteins were sufficient for this interaction. Though both
SIRT1 and SIRT2 are homologs of ySir2p and belong to
the same HDAC group, the interaction with HOXA10
was specific for SIRT2.

In stable cell lines expressing exogenous SIRT2, sub-
cellular fractionation followed by immunoprecipitation
showed an interaction between SIRT2 and HOXA10 in
both the nucleus and cytoplasm. HOXA10 is a known
nuclear transcription factor, yet it was immunoprecipi-
tated with SIRT2 from the cytoplasmic fraction of the
cells as well as from the nuclear fraction. In fact, it is not
unusual to find HOX proteins localized in the cytoplasm;
a subset of HOXB proteins illustrates such cases (27).
The HOXA10 protein is phosphorylated (26), and such a
modification could regulate the localization of HOXA10.
On the other hand, SIRT2 may regulate the localization

of HOXA10. SIRT2 may be imported into and exported
from the nucleus to regulate the function of HOXA10. It
is clear that SIRT2 also exists in the nucleus, and an
alternative possible role of SIRT2 in the nucleus could be
to deacetylate HOXA10 and perhaps other transcription
factors, thus regulating genes involved in temporal devel-
opmental regulation.

Support for the importance of the in vivo interaction of
SIRT2 and HOXA10 comes from knockout mouse models.
Though normal in appearance, homozygous HoxA10 null
mice are sterile; male HoxA10 knockout mice had sper-
matogenesis defects, and female HoxA10 mutants exhib-
ited decidualization (28). Recently, homozygous knockout
mice of a SIRTUIN homolog were created (mSIR2α; (29)).
The mSIR2α knockout mice were viable with minor phys-
ical differences from their wild-type littermates; the most
notable exception was that they were sterile. Quite simi-
lar to male HoxA10 knockout mice, male sir2α mutant
animals had spermatogenesis defects, and female sir2α
null animals failed to ovulate. The similarities of the ter-
minal phenotypes of the null mutations of the HoxA10
and mSIR2α mice are in accordance with the interaction
described in this work. It seems likely that these two pro-
teins function together to play a role in the development
of adult reproductive tissues.

Exogenously expressed SIRT2 caused a two-fold
increase in the number of cells in the G2/M phase of the
cell cycle. This finding is in agreement with a report from
Dryden et al. (23), showing that the over-expression of
SIRT2 causes cells to exit mitosis more slowly, causing
them to accumulate in the G2 phase. The enzymatically
inactive SIRT2HY mutant did not cause the accumula-
tion of cells in the G2 phase. This suggests that the G2
accumulation is related to the deacetylase activity of
SIRT2, but whether it is due to transcription regulation
or tubulin destabilization is unclear.

Deacetylases are required for repression of transcrip-
tion, so the ability of SIRT2 to repress the induction of
HOXA10-dependent transcription would be of interest.
Our preliminary transient transfection transcription
assay in HeLaS3 cells using GAL4 promoter data shows
that when HOXA10 was transfected into cells stably
expressing exogenous SIRT2, there was an approxi-
mately 50% decrease in the expression level of the
reporter gene, compared to controls (data not shown).
These data suggest that SIRT2 may act as a repressor of
HOXA10 induced transcription.

Here, for the first time, we have described an interac-
tion between the homeobox transcription factor HOXA10
and human histone deacetylase SIRT2 in both the cyto-
plasmic and nuclear fractions of cells. This interaction
was confirmed by co-precipitation from in vitro transcrip-
tion/translation products and immunoprecipitation. This
interaction suggests that SIRT2 might influence the reg-
ulation of genes involved in general pattern formation
during developmental stages. Though the HOXA10 pro-
tein can interact with conserved regions of the SIRTUIN
family, its interaction was specific with the full-length
SIRT2 and not SIRT1. Such specific interactions between
members of families of activators and cofactors might
shed light onto the regulatory mechanisms of coordinate
gene regulation by multi-protein complexes in eukaryotes.
Vol. 135, No. 6, 2004
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