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Abstract. The Sir2 histone deacetylase gene family con-
sists of seven mammalian sirtuins (SIRTs) which are
NAD-dependent histone/protein deacetylases. Sir2 pro-
teins regulate, for instance, genome stability by chro-
matin silencing in yeast. In mammals, their function is
still largely unknown. Due to the NAD* dependency, Sir2
might be the link between metabolic activity and his-
tone/protein acetylation. Regulation of gene expression
also seems to play an important role in Sir2 functions,
since increasing the dosage of Sir2 genes increases
genome stability in yeast and Caenorhabditis elegans.
We observed that the modification of histone/protein
acetylation status by several class I and II histone
deacetylase (HDAC) inhibitors induces differential
changes in gene expression profiles of seven SIRT mR-
NAs in cultured neuronal cells. SIRT2, SIRT4 and SIRT7
were upregulated, whereas SIRT1, SIRTS and SIRT6

were downregulated by trichostatin A (TSA) and n-bu-
tyrate. The upregulation of SIRT mRNAs was inhibited
by actinomycin D. Interestingly, the regulation of SIRT
mRNAs was highly similar both in mouse Neuro-2a neu-
roblastoma cells and post-mitotic rat primary hippocam-
pal and cerebellar granule neurons. Using a chromatin
immunoprecipitation technique, we showed that the up-
regulation of SIRT2 expression with TSA is related to the
hyperacetylation of DNA-bound histone H4 within the
first 500 bp upstream of the transcription start site of the
SIRT2 gene. Chemically different types of HDAC in-
hibitors, such as TSA, apicidin, SAHA, M344 and n-bu-
tyrate induced remarkably similar responses in SIRT1-7
mRNA expression patterns. Differential responses in
SIRT mRNA expression profiles indicate that the expres-
sion of the Sir2 family of genes is selectively regulated
and dependent on histone/protein acetylation status.
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Mammalian histone deacetylases (HDACs) can be sepa-
rated into three classes on the basis of their similarity to
yeast histone deacetylases [1]. Class I and II HDACs are
homologous to yeast Rpd3 and Hdal-like proteins, re-
spectively, and can be inhibited by trichostatin A (TSA)
and n-butyrate. The third class is homologous to the silent
information regulator 2 (Sir2) protein family which con-
tains NAD-dependent deacetylases insensitive to both
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TSA and n-butyrate [2—4]. Sir2 family members are con-
served during evolution and in humans there are seven
members of Sir2 proteins, named sirtuins SIRT1 to
SIRT7 [5]. To date, there is no classification of various
sirtuins in different species. Here we identify different
mouse and rat sirtuin homologs according to the current
classification of human sirtuin genes (SIRTI to SIRT7
homologs).

Sir2 proteins mediate gene silencing of repeated DNA se-
quences at telomeres, ribosomal DNA and mating type
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loci [6]. Recent observations have shown that Sir2 pro-
teins are HDACs which repress transcription by opposing
the acetylation of lysines at histone H3 and H4 amino
tails [2, 4]. Furthermore, Sir2 proteins also deacetylate
non-histone proteins, such as p53 protein [7, 8] by SIRT1
and a-tubulin by SIRT2 [9]. Whether these activities are
the only function of SIRT1 and SIRT2 is not currently
known.

Several reports have recently verified that Sir2 proteins
are NAD-dependent HDACs [4, 10—12]. Sir2 enzymes
couple protein substrate deacetylation and beta-NAD*
cleavage to produce 2’- and 3’-O-acetyl-ADP-ribose [13],
a novel product whose function is unknown. NADH and
NADP do not activate Sir2 deacetylases. This property of
the Sir2 type of HDACs provides an interesting link be-
tween metabolism and chromatin silencing. Guarente [3]
has proposed that Sir2 might be the link between meta-
bolic activity, genomic stability and, finally, aging.

We have examined whether a variety of signaling path-
ways and metabolic conditions regulate the expression of
mammalian SIRT mRNAs in neuronal cells. Interest-
ingly, we observed that the modification of histone/pro-
tein acetylation status by two well-known class I and II
HDAC inhibitors, TSA and n-butyrate [14, 15], induced
strong, diverse responses in the expression levels of seven
SIRT mRNAs. SIRT2, SIRT4 and SIRT7 were upregu-
lated, whereas SIRT1, SIRTS and SIRT6 were downregu-
lated. The upregulation of mRNA expression was inhib-
ited by actinomycin D. Interestingly, the differential reg-
ulation of SIRT mRNAs was highly similar in cancerous
neuroblastoma cells and post-mitotic primary neurons.
Furthermore, chemically different HDAC inhibitors, such
as TSA, apicidin, SAHA, M344 and n-butyrate, induced
similar responses in SIRT1-7 mRNA expression pro-
files. The chromatin immunoprecipitation assay followed
by semi-quantitative PCR showed that the human SIRT2
promoter contains elements responsive to the inhibitors
of class I and Il HDACs. We thus postulate that sirtuin ex-
pression may be regulated directly by HDACs. These ob-
servations suggest that the expression of the Sir2 family
of genes can be selectively regulated and possibly modu-
latable by drugs.

Materials and methods

Riboprobes

Gene-specific fragments were generated by PCR, cloned
into pGEM-T Easy vector (Promega) and verified by
sequencing. The probes used in this study correspond to
nucleotides 454—1094 on the sequences with GenBank
accession number NM_019812.1 for SIRT1, 149-667
on NM_022432.1 for SIRT2, rat sequence homologous
to nucleotides 379-905 on NM_022433 for SIRT3,
186—746 on NM_012240.1 for SIRT4, 681-1359 on
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NM_012241.1 for SIRTS, 256—748 on AK013316.1 for
SIRT6, 438—-856 on XM_126741.1 for SIRT7 and
963—1108 on M11188 for 18S rRNA. Templates for in
vitro transcription were prepared by PCR on recom-
binant plasmids with gene-specific sense primers and
modified M13/pUC universal (5’-ggttttcccagtcacgacg)
or reverse (5-cacacaggaaacagctatgac) primers, depend-
ing on the orientation of the insert, and used for in vi-
tro transcription after QIAquick PCR purification (Qia-
gen). P-labeled riboprobes were generated with the
Strip-EZ kit (Ambion) and used without further puri-
fication.

Northern blot analysis

Total RNA was isolated using TRIzol reagent (Invitro-
gen) according to the manufacturer’s protocol. Total RNA
(4 pg) was resolved in 1% agarose (Sigma) in MOPS
buffer with 0.6 M formaldehyde for 1.5 hwitha 3.3 V/cm
voltage gradient. RNA was transferred to Magna Graph
nylon membrane (Osmonics) by a downward capillary
process, fixed by UV irradiation at 72 mJ/cm?, dried at
55°C for an hour, and stained with methylene blue to
check transfer efficiency. Hybridization with 32P-labeled
riboprobes was performed in the modified high-strin-
gency Church buffer [16] with 250 mM Na*, 125 mM
PO}, 7% SDS, 1% BSA, 1 mM EDTA, 50% formamide,
pH 7.2 at 52—62°C (depending on the GC content of a
probe). After hybridization, membranes were rinsed with
1 x SSC, 0.2% SDS and washed for 30 min in the same
solution at 68 °C followed by the final wash at 68°C in
0.1 x SSC, 0.2% SDS for 0.5—1 h. Signals were visual-
ized with Storm 860 Phosphorlmager (Molecular Dy-
namics). Filters were reprobed with 32P-labeled 18S ribo-
probe in the presence of cold 18S in vitro transcripts
(about tenfold excess relative to 18S rRNA fixed on
membranes). Pixel volumes of specific bands were cal-
culated with ImageQuaNT 4.2a software (Molecular Dy-
namics). For normalization and standardization, the in-
tensities of specific bands were divided by intensities of
18S bands of corresponding lines.

Cell culture

Mouse Neuro-2a neuroblastoma cells as well as human
SH-SY-5Y and Sk-N-As neuroblastoma cell lines were
obtained from the American Type Culture Collection
(CCL 131). Cells were cultured in DMEM medium
(Sigma) supplemented with 10% FBS (Gibco), 2 mM
glutamine, 100 U/ml penicillin and 100 pg/ml strepto-
mycin. Hippocampal neurons were isolated from 17-day-
old Wistar rat embryos and cultured as described by
Brewer et al. [17]. Cerebellar granule cells were isolated
from the cerebella of 7-day-old Wistar rats and cultured
as described by Schousboe et al. [18]. Proliferation of as-
trocytes was inhibited by Ara-C [18]. We earlier calcu-
lated the number of astrocytes in neuronal cultures using
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these techniques [19]. It was 1.7 % for cerebellar granule
cell cultures and 8.5 % for hippocampal cultures.

Exposure to HDAC inhibitors

Several different HDAC inhibitors were studied to com-
pare their effects on the expression profile of SIRT mR-
NAs. TSA and n-butyrate were obtained from Sigma, api-
cidin and SAHA were from Alexis Corp. M344 was
kindly provided by Dr. M. Jung (Westfalische Wilhelms-
Universitat Munster, Munster, Germany). Neuro-2a cells
were exposed to HDAC inhibitors 24 h after plating at the
exponential growth phase. Cultured post-mitotic primary
neurons were exposed to HDAC inhibitors after the dif-
ferentiation phase of 7—8 days. We earlier studied HDAC
inhibitor-induced apoptotic responses in these cell cul-
ture models [20]. Concentrations of HDAC inhibitors
used in this study were lower than those inducing apop-
totic parameters, such as caspase-3 activation.

Chromatin immunoprecipitation assay

The procedure was done using SH-SY-5Y and Sk-N-As
human neuroblastoma cell lines as human genomic DNA
sequences upstream of sirtuin-coding parts have been se-
quenced and deposited in public data banks. The chro-
matin immunoprecipitation (Chip) assay was performed
according to the protocol of the Chromatin Immunopre-
cipitation Assay Kit (Upstate) with rabbit polyclonal an-
tibody to histone H4-acetyl K5, K8, K12, K16 (Abcam).
For semi-quantitative PCR, the amount of precipitated in-
put DNA was first equalized in amplification with
primers from the QuantumRNA Classic II 18S Internal
Standard Kit (Ambion). The proximal (with respect to the
transcription start site) part of the human SIRT2 promoter
was amplified with primers S2/600-A, 5’-gcagcctaag-
gttcactcacg-3" and S2/600-B, 5’-gcagcctaaggttcactcacg
(636-bp fragment); and distal part with primers S2/
1200-A, 5’-gcagcctaaggttcactcacg and S2/1200-B, 5'-
tcactgaggatggggacacg (623-bp fragment). The primers
amplified two adjacent promoter regions similar in size.
The proximal fragment (region —600) included the tran-
scription start site (TSS) of the SIRT2 gene plus 125 bp
downstream, and about 500 bp of the promoter region up-
stream of the TSS. The distal fragment (region —1200)
contained the upstream promoter region from —500 bp to
—1100 from the TSS. The PCRs were run for the number
of cycles ensuring a linear range of amplification with
3P-dCTP (NEN) spiked into the PCR mix as described in
the protocol for the QuantumRNA Classic I 18S Internal
Standard Kit (Ambion). The PCR fragments were re-
solved in non-denaturing 6% PAAG and visualized with
a Storm 860 Phosphorlmager (Molecular Dynamics).
The results are presented as ratios of the intensities of the
fragments amplified from immunoprecipitated DNA of
the treated cell culture to the corresponding fragments
amplified from control (non-treated) cell culture.

Differential expression of Sir2 histone deacetylases

Results

Differential regulation of SIRT1-7 mRNA
expression by HDAC inhibitors

Our purpose was to find out whether class I and II
HDAC inhibitors, TSA and n-butyrate, affect the mRNA
expression levels and whether there is a differential reg-
ulation among the members of the Sir2 gene family.
Neuro-2a cells were selected because all seven SIRTs
were expressed in these cells (fig. 1) and, moreover, we
had earlier screened the toxicity and apoptotic sensitivity
of Neuro-2a cells to TSA and n-butyrate [20]. Interest-
ingly, TSA and n-butyrate treatments induced diverse re-
sponses in the expression levels of seven SIRT mRNAs.
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Figure 1. Northern blots show that different sirtuin homologs
(SIRT1-7) undergo different changes in their expression in re-
sponse to class I and II HDAC inhibitors in a neuroblastoma cell
line. The Neuro-2a mouse neuroblastoma cell line was treated with
TSA and n-butyrate for the time indicated. Total RNA was extracted
and analyzed by Northern assay as described in Materials and meth-
ods. All experiments were repeated at least three times. Typical
Northern pictures for different mouse sirtuin  homologs
(SIRT1-SIRT7) are shown on the left. T+, TSA 0.5 pM; T++, TSA
1 pM; B+, n-butyrate 2 mM; B++, n-butyrate 5 mM. The quantified
values of specific bands normalized to 18S rRNA are shown on the
right for the 24-h time point with ++ concentrations of drugs (1 pM
for TSA and 5 mM for n-butyrate), *Mann-Whitney U test,
p<0.03,n=4.
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SIRT2, SIRT4 and SIRT7 showed statistically signifi-
cant upregulation, whereas SIRT1, SIRT5 and SIRT6
were downregulated and SIRT3 was unaffected (fig. 1).
The responses in SIRT expression were very similar af-
ter TSA and n-butyrate treatments; only SIRT7 was more
responsive to TSA than to n-butyrate. Most of the mRNA
responses, especially the downregulation of SIRTS, were
already present after 6 h, but most of the differences
were more prominent after 12 and 24 h (fig. 1). The con-
centrations which induced strong responses in mRNA
levels were considerably lower than those which induced
apoptotic changes in Neuro-2a cells observed earlier
[20].

Similar changes in expression profiles of SIRT1-7
mRNAs in neuroblastoma cells and post-mitotic pri-
mary neurons

HDAC inhibitors are potent differentiation and apoptotic
inducers in a variety of cancer cells [21—-23]. Therefore,
we wanted to study whether HDAC inhibitors also in-
duce similar changes in cultured primary post-mitotic
neurons and whether the expression changes in the Sir2
family are related to differentiation of Neuro-2a cells.
Surprisingly, TSA and n-butyrate induced changes in
mature post-mitotic cerebellar granule neurons and hip-
pocampal pyramidal neurons very similar to those in
Neuro-2a neuroblastoma cells (fig. 2). The expression of
SIRT2, SIRT4 and SIRT7 was upregulated, whereas that
of SIRT1, SIRTS5 and SIRT6 was downregulated (fig. 2).
The expression levels of SIRT mRNAs were similar both
in cerebellar granule neurons and hippocampal pyrami-
dal neurons. Class I and Il HDAC inhibitors seem to in-
duce a differential response profile in the expression of
Sir2 family members general to different species and in
both transformed and primary post-mitotic neuronal
cells.

Actinomycin D blocks the induction of SIRT2 mRNA
expression

Next, we studied whether the SIRT responses induced by
HDAC inhibitors are related to changes in transcriptional
regulation or to mRNA stabilization. Figure 3 A shows
that actinomycin D totally blocked the TSA- and n-bu-
tyrate-induced increase in SIRT2 mRNA level in Neuro-
2a cells. Furthermore, actinomycin D did not revert
HDAC inhibitor-induced SIRT5S mRNA downregulation.
These results indicate that HDAC inhibitors regulate
SIRT2 gene expression at the transcriptional level. The
protein synthesis inhibitor cycloheximide can cause tran-
scriptional superinduction of some genes [24]. Figures
3B and 3 C show that cycloheximide did not modulate the
upregulation of SIRT2 or the downregulation of SIRTS
induced by HDAC inhibitors.
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Figure 2. Northern blots showing that inhibition of class I and II
HDAC:S in rat post-mitotic primary neuronal cells evokes diverse
responses in SIRT1-7 gene expression which are similar to the ex-
pression changes in the mouse neuroblastoma cell line. Primary rat
cerebellar granule cells and rat hippocampal neurons were treated
as described in Materials and methods with 2 pM TSA and 5 mM
n-butyrate for the time indicated. Total RNA was extracted and an-
alyzed by Northern assay. Typical Northern pictures for different rat
sirtuin homologs (SIRT1—SIRT7) are shown on the left. The quan-
tified values of specific bands normalized to 18S rRNA are shown
on the right for the 24-h time point. CGC, cerebellar granule cells;
hippo, hippocampal neuronal cells; T, TSA; B, n-butyrate.

Similar changes in SIRT expression profile by
different types of HDAC inhibitor

There are chemically different types of HDAC inhibitors
which are effective against class I and II HDACs but not
against Sir2 types of HDAC [15, 21, 23]. At present, all
known Sir2 inhibitors, such as sirtinol, are effective at
high micromolar levels (e.g. ICs, inhibition of SIRT2 is
38 pM) [25]. However, sirtinol turned out to be very toxic
for Neuro-2a cells at this concentration (data not shown).
We compared the effects of apicidin, n-butyrate, M344,
SAHA and TSA on the expression profile of SIRT1-7
mRNAs. Interestingly, all chemically distinct HDAC in-
hibitors induced similar responses in SIRT1-7 mRNA
expression in Neuro-2a cells (fig. 4). This indicates that
the differential regulation of the Sir2 HDAC family is
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Figure 3. The induction of SIRT2 mRNA expression is reverted by the RNA synthesis inhibitor actinomycin D. (4) Mouse Neuro2a cells
were treated with 1 pg/ml actinomycin D together with 0.5 uM TSA or 2 mM n-butyrate for the time indicated. (B) The protein synthesis
inhibitor cycloheximide does not induce superinduction of SIRT mRNAs. Seven-day-old rat hippocampal neurons were treated with 0.2
pg/ml cycloheximide together with 0.75 pM TSA or 5 mM n-butyrate for 17 h. (C) Mouse Neuro-2a neuroblastoma cells were treated with
0.2 pg/ml cycloheximide together with 0.5 pM TSA or 2 mM n-butyrate for 10 h. Total RNA was extracted and analyzed by Northern as-
say. (A—C) Typical Northern pictures for SIRT2 and SIRTS homologs are shown on the left. The quantified values of specific bands nor-
malized to 18S rRNA are shown on the right (numbers below correspond to lane numbering on the Northern pictures).
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Figure 4. Various inhibitors of class I and Il HDACs evoke similar effects on the expression profiles of different SIRTs. Mouse Neuro-2a
neuroblastoma cells were treated with 1.0 pM apicidin (Api), 1.0 pM SAHA, 1.0 pM M344 or 0.5 pM TSA for the time indicated. Total
RNA was extracted and analyzed by Northern assay. Typical Northern pictures for SIRT2, SIRT6 and SIRT7 homologs are shown on the
left. The quantified values of specific bands normalized to 18S rRNA are shown on the right.
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specifically induced by HDAC inhibition and not by un-
specific effects.

Upregulation of SIRT2 expression is related to the
hyperacetylation of H4 at the SIRT2 promoter region
Chip assay results showed (fig. 5) that the proximal part
of the SIRT2 promoter (from TSS to —500 bp) is respon-
sive to the histone acetylation status in two different hu-
man cell lines. In both SH-SY-5Y and Sk-N-As human
neuroblastoma cells, treatment with the HDAC inhibitor
TSA led to the hyperacetylation of DNA-bound histones
in the region within the first 500 bp upstream of the TSS
of the SIRT2 gene. Consequently, the fraction of DNA
containing the proximal part of the promoter is increased
in the population of shared histone-bound DNA, precipi-
tated with the antibodies specific to acetylated histone
H4. In semi-quantitative PCR, the proximal (with respect
to the TSS) fragment is significantly more abundant in
TSA-treated cells versus non-treated cells. Both the adja-
cent distal region of the same promoter and 18S house-
keeping internal standard did not show significant differ-
ences between treated and non-treated cells. Therefore,
we postulate that the SIRT2 promoter contains elements
responsive to the inhibitors of class I and Il HDACs, and
sirtuin gene expression may be subjected to regulation di-
rectly by class I and Il HDAC:s.

Discussion

Sir2 proteins are NAD-dependent HDACs [10-12]
which couple the deacetylation of substrate proteins and
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Figure 5. Chip assay results show that the proximal part of the
SIRT2 promoter (from the TSS to —500 bp) is responsive to the hi-
stone acetylation status in two different human cell lines. SH-SY-
5Y and Sk-N-As human neuroblastoma cells were treated with TSA
at 1 pM for 9 h. The formaldehyde-cross-linked DNA-histone com-
plexes were immunoprecipitated with antibodies specific to acety-
lated histone H4. The recovered DNA was used as a template for
semi-quantitative PCR with addition of 33P-dCTP. The 18S-specific
primer pair was used as an internal (housekeeping) standard. Each
experiment was repeated at least three times. A typical PCR is
shown on the left. The fragment lengths were 324 bp for the 18S-
specific band, 623 bp for the distal promoter part (region —1200)
and 636 bp for the proximal promoter part (region —600). On the
left, the results are presented as ratios of the intensities of the frag-
ments amplified from the treated cell culture to the corresponding
fragments amplified from immunoprecipitated DNA of control
(non-treated) cell culture. ¥ Mann-Whitney U test, p < 0.03, n = 3.
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beta-NAD" cleavage to produce 2’- and 3’-O-acetyl-
ADP-ribose [13]. This property of the Sir2 type (class III)
of HDACs provides an interesting link between energy
metabolism, gene expression and chromatin stability. For
class I and IT HDACS, this kind of link to metabolic ac-
tivity has not yet been described. Furthermore, there are
differences in catalytic properties between three different
classes of HDACs, and the inhibitors of class I and II
HDAC:S do not inhibit Sir2 types of HDACs [26]. At pre-
sent, there are several, chemically different inhibitors for
class I and II HDACs [15, 21-23, 26]. However, no ef-
fective inhibitors for Sir2 enzymes have been developed,
although some molecules have been identified, such as
sirtinol [25] and splitomicin [27].

HDAC inhibitors can be divided into several different
structural classes [15, 21]. TSA, a hydroxamic acid-based
compound, is the most studied, potent inhibitor of mam-
malian HDACs [14, 15, 21]. TSA induces the hyper-
acetylation of histones and regulates the expression of
several genes, either activating or repressing transcription
[23]. SAHA is another HDAC inhibitor of the hydrox-
amic acid class [15, 21]. Short-chain fatty acids, such as
butyrate and valproic acid, are also weak HDAC in-
hibitors and regulate the transcription of several genes
[23]. Cyclic tetrapeptides, such as apicidin and trapoxin
A, are the third class of HDAC inhibitor [15, 21, 23].
HDAC inhibitors induce a variety of biological re-
sponses, such as cell cycle arrest, differentiation and
apoptotic cell death [14, 21, 23]. Transformed cells are
especially sensitive to HDAC inhibitors, and hence these
inhibitors are promising new cancer drugs. Several
HDAC inhibitors are already in clinical trials in patients
with cancer [21]. HDAC inhibitors affect gene expression
selectively, either inducing upregulation or downregula-
tion [21, 23]. TSA, for example, alters the expression of
about 2% of the genes expressed in cultured tumor cells
[28]. Furthermore, the transcription profiles of the yeast
deletion mutants of rpd3, hdal and sir2 showed differ-
ences from wild type only in a small fraction of genes
[29].

We were interested to study whether the inhibition of
class I and II HDACs induces feedback responses in the
transcription of seven mammalian SIRTs of the Sir2 fam-
ily (class IIT HDACs). TSA and n-butyrate are known to
induce differential transcriptional responses among class
I and II members of HDACs [30]. Furthermore, in
HDAC]1-deficient cells, the expression of HDAC2 and
HDACS3 is induced, which might show the feedback reg-
ulation [31]. Genomewide studies in yeast showed that
three classes of HDACs have overlapping regulatory roles
[32]. Functional expression profiles also showed that
Sir2p and Hdal (class II HDACs) may have functional
commonality whereas Sir2p and Rpd3 exert opposite ef-
fects. Interestingly, we observed that TSA and n-butyrate,
inhibitors of class I and II HDACs, induced strong but
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highly diverse responses in the espression profiles of
SIRT mRNAs. The expression of SIRT2, SIRT4 and
SIRT7 were significantly upregulated, whereas those of
SIRT1, SIRTS and SIRT6 were downregulated. These ef-
fects may be direct transcriptional effects or secondary
responses, mediated, for example, by the acetylation of
signaling molecules. The differences in direct transcrip-
tional regulation of SIRTs might be due to HDAC repres-
sion either through Sin3 and Nurd complexes or DNA
methylation [32, 33]. Inhibition of HDACs could induce
a fast upregulation of SIRT2, SIRT4 and SIRT7 mRNAs.
However, transcriptional characteristics of SIRT genes
are currently mostly unknown. Here, we studied whether
TSA induces histone H4 acetylation in the promoter re-
gions of the SIRT2 gene which would be related to the up-
regulation of SIRT2 expression. Our results show that the
SIRT2 promoter contains elements responsive to the in-
hibitors of class I and II HDACs, and SIRT2 gene ex-
pression may be subjected to direct regulation by class I
and IT HDAC:s.

HDAC inhibitors are potent differentiation and apoptotic
inducers in transformed cells [21—-23]. Hence, the ob-
served changes in SIRT expression profile could be re-
lated to differentiation and apoptosis of Neuro-2a cells.
This seems unlikely since very similar profile changes
were observed both in transformed neuroblastoma cells
and post-mitotic primary hippocampal and cerebellar
granule neurons. Moreover, TSA and n-butyrate concen-
trations used were lower than the concentrations which
induced apoptotic changes in these cells [20]. Class I and
II HDAC:s seem to selectively regulate the transcription of
SIRTSs not only in transformed cells but also in primary
post-mitotic cells. Likewise, SIRTs may regulate the tran-
scription of other HDACs, but the verification is still
waiting for effective Sir2 inhibitors.

HDACs comprise a functionally diverse group of
deacetylating enzymes. A typical characteristic feature
for class I HDACs is complex formation with Sin3 and
NuRD multiprotein repressors. For class II HDACs it
may be the nucleocytoplasmic shuttling, and linking en-
ergy metabolism to protein/histone deacetylation for
class III SIRTs [26]. There are substantial differences also
within class I and II HDACs. Our results indicate that
there is also a prominent functional diversity among
SIRTs. Based on transcriptional regulation, upregulated
SIRT2, SIRT4 and SIRT7 might form one functional
group and downregulated SIRT1, SIRTS and SIRT6 the
second group. Currently, there is not enough molecular
data for more exact transcriptional characterization of
SIRT genes. However, our data show that the expression
of Sir2 types of HDACs can be regulated at the level of
transcription and histone H4 acetylation is involved in the
upregulation of SIRT2 expression by TSA. Differential
responses in SIRT mRNA expression profiles indicate
that the expression of the Sir2 family of genes is selec-

Differential expression of Sir2 histone deacetylases

tively regulated and dependent on histone/protein acety-
lation status.
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