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Spinal muscular atrophy is an autosomal reces-
sive motor neuron disease that is caused by
mutation of the survival motor neuron gene
(SVIN1) but all patients retain a nearly identical
copy, SMNMN2. The disease severity correlates
inversely with increased SNMN2 copy. Currently,
the most promising therapeutic strategy for
spinal muscular atrophy is induction of SMN2
gene expression by histone deacetylase inhibitors.
Polyphenols are known for protection against oxi-
dative stress and degenerative diseases. Among
our candidate prodrug library, we found that (E)-
resveratrol, which is one of the polyphenolic com-
pounds, inhibited histone deacetylase activity in
a concentration-dependent manner and half-maxi-
mum inhibition was observed at 650 yv. Molecu-
lar docking studies showed that (E)-resveratrol
had more favorable free energy of binding
(—-9.09 kcal/mol) and inhibition constant values
(0.219 um) than known inhibitors. To evaluate the
effect of (E)-resveratrol on SNN2 expression,
spinal muscular atrophy type | fibroblast cell lines
was treated with (E)-resveratrol. The level of full-
length SVMN2 mRNA and protein showed 1.2- to
1.3-fold increase after treatment with 100 um
(E)-resveratrol in only one cell line. These results
indicate that response to (E)-resveratrol treat-
ment is variable among cell lines. This data dem-
onstrate a novel activity of (E)-resveratrol and
that it could be a promising candidate for the
treatment of spinal muscular atrophy.
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Proximal spinal muscular atrophy (SMA) is a neuromuscular disorder
caused by the degeneration of alpha motor neurons in the anterior
horns of the spinal cord. Based on age of onset and severity of the
disease, SMA patients are classified as type I, Il or Il (1,2). All three
forms of SMA are caused by homozygous deletion of the survival
motor neuron 1 (SMN7) gene (3-5). A nearly identical copy, SMNZ, is
retained in all SMA patients and the number of the copies modulates
the severity of the disease. However, the expressed amount of the
SMN protein from SMNZ does not provide adequate protection from
SMA (6). The SMN7 and SMNZ gene differ functionally by a single
nucleotide change in exon 7 that alters the activity of an exonic splice
enhancer. SMNT produces a majority of full-length SMN transcript
(FL-SMNT), whereas SMNZ generates mostly an isoform lacking exon
7 (SMN2A7). Truncated A7-SMN proteins are reduced in their ability
to self-oligomerize, which is essential for proper SMN function (7).
There is a tight correlation between the clinical severity of SMA, the
number of SMNZ copies and the SMN protein level (8). The SMN pro-
tein plays an important role in the assembly and regeneration of small
nuclear ribonucleoproteins, nuclear pre-mRNA splicing and axonal
transport of RNA (9-11).

The disease-modifying property of the SMNZ gene has been veri-
fied in mouse models, confirming SMNZ as a therapeutic target
(12). Several studies have demonstrated that fatty acids (13-16),
benzamide (17) and hydroxamic acids (18,19) which inhibit histone
deacetylases (HDAC), increase full-length SMNZ (FL-SMNZ2) levels
in vitro by transcriptional activation and/or by modulation of the
SMNZ splicing pattern. Histone deacetylases and histone acetyl
transferases are involved in controlling the acetylation state of
histones. Histone acetylation promotes gene transcription by
relaxing chromatin structure and facilitating access to DNA by the
transcriptional machinery, whereas histone deacetylation promotes
a condensed chromatin state and transcriptional repression (20).
Among 11 HDAC enzymes, HDAC 8 was the first human HDAC
whose three-dimensional and X-ray crystal structure was described
(21) and it is widely used in molecular docking studies to elucidate
the hinding properties of HDAC inhibitors (22). Some of these
inhibitors are currently being studied in the clinical trials of SMA
patients (23-25).
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Figure 1: Chemical structure of (£)-resveratrol.

The search for novel and effective SMA therapeutic agents has led
to the identification of various naturally occurring compounds.
Polyphenols which possess more than one phenol unit per molecule
are plant-originated compounds. They are famous for their antioxi-
dant properties and health benefits (26). Of these polyphenolic com-
pounds,  (E)-resveratrol  (3,5,4"-trihydroxy-trans-stilbene) ~ which
belongs to the stilbene class, is a naturally occurring compound
and is part of the human diet (27). The chemical structure of
(E)-resveratrol is illustrated in Figure 1.

(E)-resveratrol has been shown to have many biological properties,
such as cardiovascular-protective, cancer-chemopreventive and anti-
inflammatory properties including antioxidant activity (28-30). The
antioxidant consumption in the diet has an important role in the
protection against the development of diseases resulting from
oxidative damage. Recently, oxidative stress has been shown to be
involved in some aspects of SMA neurodegeneration (31). The
purpose of this study was to evaluate therapeutic applications of
(E)-resveratrol in SMA by investigating molecular docking and
HDAC inhibition activity.

Materials and Methods
Molecular docking

Protein setup

The crystal structures of human histone deacetylase HDAC8 (PDB
entry code: 1764, complexed with the inhibitor trichostatin A-TSA-)
(22) was obtained from the Protein Data Bank (http://www.rcsh.org).
All the water and all non-interacting ions were removed together
with the irreversible inhibitor of TSA.

To relieve the crystal structure tension and to make the protein
available to use in the Autodock docking simulation program, all
missing hydrogens/side-chain atoms were added. The obtained
structure was minimized. The autopocktooLs (version 1.5.1) (ADT)
(32), graphical user interface program was employed to setup
the enzymes: all hydrogen were added, Gasteiger (33) charges
were calculated and non-polar hydrogen was merged to carbon
atoms.

Ligand setups

The 3D structures of ligand molecules were built, optimized (PM3)
level and saved in pdb format with the aid of the molecular model-
ing program SPARTAN?. The ADT package was also employed here to
generate the docking input files of ligands.
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AUTODOCK 3.05 (34,35) was employed for all docking calculations. The
ADT generated input files were used in dockings. In all dockings, a
grid box size of 80 x 80 x 80 points in x, y and z directions was
built, and because the location of the inhibitor in the complex was
known, the maps were centered on Zn atom in the catalytic site of
the protein. A grid spacing of 0.375 A (approximately one-forth of
the length of a carbon—carbon covalent bond) and a distance-depen-
dent function of the dielectric constant were used for the calculation
of the energetic map. Ten runs were generated by using Lamarckian
genetic algorithm searches. Default settings were used with an ini-
tial population of 50 randomly placed individuals, a maximum num-
ber of 2.5 x 107 energy evaluations, and a maximum number of
2.7 x 10* generations. A mutation rate of 0.02 and a crossover rate
of 0.8 were chosen. Results differing by less than 0.5 Ain positional
root mean square deviation were clustered together and the results
of the most favorable free energy of binding were selected as the
resultant complex structures. All calculations were carried out on an
IBM Intellistation Z Pro Intel Xeon 5160 machine (IBM, Armonk, NY,
USA) with an Intel core duo processor at 2 x 3 GHz with 4 GB of
RAM. The resultant structure files were analyzed using ADT and
visual molecular dynamics (VMD) (36) visualization programs.

HDAC inhibition activity screening

Histone deacetylase inhibition activity of (£)-resveratrol was investi-
gated by a fluorimetric assay (BioVision™, Heidelberg, Germany).
The inhibitor candidate was mixed with Hela nuclear extract which
contains variety of HDAC enzymes and has HDAC activity. HDAC
fluorometric substrate [Boc-Lys(Ac)-AMC], which comprises an acety-
lated side-chain was added to the inhibitor and Hela nuclear
extract mixture. Deacetylation sensitized the substrate and treat-
ment with the lysine developer produced the fluorophore. The
resulting fluorescence was measured with a fluorescence plate
reader (Molecular Devices Spectramax M2, Sunnyvale, CA, USA) at
excitation 350 nm and emission 440 nm. Decreasing fluorescence
signal showed HDAC activity.

Dose—response curve following (£)-resveratrol treatment was ana-
lyzed by non-linear regression analysis. Determination of the ICsq
value for the inhibition of HDAC activity was performed by using
GRAPHPAD PRISM 4.0 software (San Diego, CA, USA).

Cell culture and (E)-resveratrol treatment

Human fibroblast cell lines from 3-year-old (GM03813; Coriell Cell
Repository) and 2-year-old (GM09677; Coriell Cell Repository) SMA
type | patients with two copies of the SMNZ gene were main-
tained. 5 x 10° cells were transferred into 6-cm dishes using
DMEM medium supplemented with 10% FCS, 1% penicillin/strepto-
mycin, 1% L-glutamine (Biochrom, Berlin, Germany) and were incu-
bated at 37 °C with 5% CO,. (E)-resveratrol (Sigma, St Louis, MO,
USA) was dissolved in DMSO (Applichem, Darmstadt, Germany)
before treatment and added to the cell medium for a final concen-
tration of 30, 100 and 300 pm. A range of time periods (6, 12, 24,
48 and 72 h) were used to determine the optimal treatment dura-
tion. Every 24 h, (E)-resveratrol was repetitively administered to
prevent decline of the transcript level. For each experiment, com-
plete medium was added to one of the dishes, serving as a control.
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Quantitative real-time PCR of transcript levels
Total RNA was extracted from cell culture dishes using the RNeasy
Mini Kit (Qiagen, Valencia, CA, USA) according to the manufac-
turer's protocols. The quantity and purity of isolated RNA was
assessed by the NanoDrop ND-1000 Spectrophotometer (Thermo
Scientific, Wilmington, DE, USA). Four hundred and fifty nanograms
of each RNA sample were converted to ¢cDNA using Quantitect RT
(Qiagen). Aliquots of 25 mL quantitative PCR reactions were run in
triplicate using the iQ5 Real-Time PCR Detection System (Bio-Rad
Lab, Hercules, CA, USA). Primers were chosen to bind in SMN exon
6 (5-GCT GAT GCT TTG GGA AGT ATG TTA-3') and SMN exon 7
(5”-CAC CTT CCT TCT TTT TGA TTT TGT C-3’) for amplification of FL
transcripts, and the sequence of the Tagman probe localized in exon
6, was 5-FAM-TTT CAT GGT ACA TGA GTG GCT ATC ATA CTG GCT
ATT AT-TAMRA-3". SMNA?7 isoform was amplified using a forward
primer spanning the exon 5 and 6 junction (5"-TGG ACC ACC AAT
AAT TCC CC-3’) and a reverse primer spanning the exon 6 and 8
junction (5-ATG CCA GCA TTT CCA TAT AAT AGC C-3’); the Tagman
probe annealed to a sequence in exon 6 (5-FAM-ACC ACC TCC
CAT ATG TCC AGA TTC TCT TGA TG-TAMRA-3’). The level of SMN
transcripts was quantified by the threshold cycle (Ct) method using
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) and g actin
(Applied Biosystems, CA, USA) as controls. The results were normalized
to untreated sample value. The experiments were repeated twice.

Western blot analysis

Cell pellets were collected after centrifugation and lysed by sonica-
tion (Sonics Vibracell, Meryin/Satigny, Switzerland) in a blending
buffer (10% sodium dodecyl sulfate, 62.5 mm Tris and a mini prote-
ase inhibitor cocktail) for 20 seconds. After centrifugation, the su-
pernatants were collected and kept frozen at —20 °C. Protein
concentrations were determined by the BCA protein assay method.
For Western blot analysis, protein samples were electrophoresed on
12% SDS—polyacrylamide gel. After transfer to nitrocellulose mem-
branes (Bio-Rad) by wet blotting, immunostaining was performed
using a mouse monoclonal anti-SMN antibody (BD Transduction
Laboratories, 1:5000; Milan, ltaly), a rabbit polyclonal anti-actin
antibody (Sigma; 1:2000), a horseradish peroxidase conjugated anti-
mouse and a horseradish peroxidase conjugated anti-rabbit antibody
(Amersham, Princeton, NJ, USA; 1:2000). Signals were detected
using ECL chemiluminescence reagent (Amersham), and the intensity
was measured using SCION imaging software (Scion Image, MD,
USA). Survival motor neuron and f actin ratios were determined
and normalized to untreated samples. For each sample, three
different Western blots were performed.

Table 1: AutoDock 3.05 estimated free energies of hinding (AG)
and inhibition constants (Ki) of (E)-resveratrol, TSA, SAHA and
valproic acid

Free energy of Inhibition

binding constant
Inhibitor (AG kcal/mol) (Ki, zam)
(E)-resveratrol -9.09 0.219
TSA —-8.59 0.504
SAHA —7.48 3.26
Valproic acid —4.41 564
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Results

Molecular docking studies

To gain insight into the binding mode, molecular docking studies
were performed for (£)-resveratrol and known inhibitors TSA, SAHA
and valproic acid. The free energy of binding and the calculated
inhibition constants (K;) for each enzyme—inhibitor complex are
shown in Table 1.

It was found that (£)-resveratrol had more favorable free energy of
binding (—9.09 kcal/mol) and inhibition constant values (0.219 um)
than known inhibitors TSA, SAHA and valproic acid.

To rationalize binding mode of enzyme ligand complexes, their
structures were viewed in detail utilizing ADT and VMD. The
binding mode of (£)-resveratrol in the HDAC8 binding cavity is
shown in Figure 2. Analysis of the docking results of (E)-resveratrol
in complex with HDAC8 revealed that the phenolic ring system of
the ligand was inserted into the zinc binding cage surrounded by
Asp178, Trp141, GIn263. The inhibitor snugly fits the active site
cavity making various close contacts with the residues including
His180, Phe208, Tyr306, Phe152, Gly151 and a zinc ion. Important
interactions take place between GIn263 and one of the hydroxy
group of the (E)-resveratrol (2.93 A), Tyr306 side-chain hydroxy
group and one of the trans double bond carbon of the (E)-resvera-
trol (2.73 A) and Phe208 and the phenolic group of the (F)-resvera-
trol (3.20 A).

In Figure 3A, TSA in complex with HDAC8 were shown. TSA
makes three important interactions with the active side residues
of HDACS; these are, in between His143 and the hydroxamic
acid carbonyl group (1.97 A), the Tyr306 side-chain phenolic
group and hydroxamic acid amide hydrogen (2.12 A) and His180
and the carbonyl group next to benzne ring (2.15 A). These three
close interactions, as well as the complexation of the hydroxamic
acid moeity with a zinc ion play role in binding. Figure 3B
shows the binding mode of SAHA with HDAC8. Two important
interactions in this binding, between Tyr306 (1.97 A) and the
hydroxy group of the hydroxamic acid and between His143 and
carbonyl group of hydroxamic acid (1.82 A), contribute greatly to
the binding energy.

Figure 4 shows the binding interactions of valproic acid with the
active side residues of the HDAC8 enzyme. The carboxylic acid group
of valproic acid approaches the zinc ion as close as possible and inter-
acts with His143 (2.58 A) and His142 (2.67 A). The other interacting
residues are His180, Phe208, Met274, Tyr306 and Phe152.

Among the compounds tested, (E)-resveratrol clearly shows the
highest binding capacity toward HDAC8 enzyme and the valproic
acids shows the least binding ability.

Inhibition of HDAC activity by (E)-resveratrol

To investigate the total HDAC activity after the (E)-resveratrol
treatment, we applied 20 different concentrations of (£)-resveratrol
(107" to 1072 m) to the Hela nuclear extract. We found that
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(E)-resveratrol inhibited HDAC activity in a concentration-dependent
manner and half-maximum inhibition (ICsg) was observed at 650 um
(Figure 5).

Effect of (E)-resveratrol on SVMNZ2 gene
expression

To evaluate the effect of (E)-resveratrol on SMNZ gene expression
and/or splicing pattern, two SMA type | fibroblast cell lines
(GM03813 and GMO09677) were treated with 30, 100 and 300 um
(E)-resveratrol for 6 h. The level of full-length SMNZ mRNA was
assessed by real-time PCR. In 3813 cell line, a significant 1.3-fold
increase in full-length SMN2 mRNA levels was found after treatment
with 100 pm (E)-resveratrol (p < 0.05), whereas in 9677 cell line no
increase was observed relative to untreated cultures (Figure 6).

To determine the optimal incubation period, cell lines were treated
with 100 um (E)-resveratrol for 6, 12 and 24 h. In 3813 cell line, a
1.3-fold increase in full-length SMNZ mRNA and a 0.3-fold
decrease in SMN2A7 mRNA levels were detected after 6 h which
was statistically significant (Figure 7A). However, in 9677 cell line
no increase in full-length SMNZ mRNA levels, but a decrease in
SMNZA7 mRNA levels was observed (Figure 7B).

Effect of (E)-resveratrol on SMN protein
expression

To determine whether (E)-resveratrol could induce the SMN protein
level, Western blot analyses were performed. Cells were treated
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Figure 2: Docking result of
(E)-resveratrol with HDAC8. The
(E)-resveratrol was designated in
CPK style; the important residues
in the active site of the enzyme
were presented by ligorice style.
Part of the enzyme in the back-
ground was visualized in New
Ribbon style using the VMD
program.

with 100 um (£)-resveratrol for 6, 12, 24, 48 and 72 h. Protein lev-
els were quantified, compared with those in untreated cells and
normalized to f8 actin which was used as a loading control. 3813
cell line reached a 1.2-fold increase in SMN protein levels at 6 h
and maintained elevated levels for 12 h. In 9677 cell line, SMN
protein levels remained unchanged relative to the untreated cul-
tures between 6 and 24 h of treatment (Figure 8). At 48 h, there
was a slight increase in SMN protein levels which then returned
below baseline by 72 h.

Discussion

A number of potential approaches have been proposed for the
treatment of SMA once the genetic basis and pathophysiology of
the disease came to be understood, including activating SMNZ
gene expression, preventing SMNZ exon 7 skipping and stabiliz-
ing SMN protein (37). The most promising strategy is to increase
the levels of full-length SMN2 mBRNA and protein with HDAC
inhibitors. The inhibition of HDAC allows access for transcription
factors and facilitates gene activation. Histone deacetylase inhibi-
tors are known to regulate the expression of 2-5% of genes
(38); however, the mechanism by which they activate SMNZ2
expression remains unknown. They may influence SMNZ gene
expression either by inducing SR proteins that modify the splic-
ing pattern of exon 7 of SMNZ transcripts or directly activate
the SMNZ promoter (39,40). Great efforts are currently underway
for the design of more potent and less toxic candidates for the
treatment of SMA.

Chem Biol Drug Des 2009; 73: 355-364
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A

Figure 3: View of TSA (A),
SAHA (B), in the active site cavity
of HDAC8. The figures were

generated by using VMD.

In recent years, phenolic compounds have attracted increasing
attention for their potential as protection against oxidative stress
and degenerative diseases (41). (E)-resveratrol, a phytoalexin, is
one of the most promising agents among polyphenals. As the

Chem Biol Drug Des 2009; 73: 355-364

anti-carcinogenic (27) and anti-estrogenic (42) properties of (£)-res-
veratrol, which contains two functional moieties, namely, a m-hydro-
quinone moiety and a phenol moiety, on opposite rings, has come
forward biological effects of this compound have been widely
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Figure 4: Interaction mode of
valproic acid with HDACS8. The
picture was generated using the
VMD program.
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Figure 5: Half-maximum inhibition of total HDAC activity in
Hela nuclear extracts by (F)-resveratrol. The dose-response curve
was determined by non-linear regression analysis. The top value of
HDAC activity is set to 100%. Each concentration was performed in
triplicate.

studied and reported in the literature (28,43,44). However, the
HDAC inhibitor capacity of this compound in the treatment of
degenerative diseases has not yet been explored. This study aimed
to investigate the molecular docking and HDAC inhibition activity of
(E)-resveratrol and its effect on SMNZ transcriptional activation
and/or modulation of the splicing pattern.

The invaluable data obtained by the molecular docking studies
which allowed us to estimate the free energy of binding and bind-

ing mode are a promising tool for the discovery of new, active
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inhibitors useful as pharmacological agents in terms of the HDAC8
enzyme. In this study by using AutoDock molecular docking program,
we showed that the order and the degree of inhibitions obtained
for each compound computationally agreed with our experimental
results. TSA and SAHA were studied by several groups experimen-
tally and computationaly (45—47) and the results that they obtained
are compatible with our results. We demonstrated that (£ )-resvera-
trol shows the highest binding capacity towards the HDAC8
enzyme.

Histone deacetylases, 11 of which have been identified differ in
their sequence homology, substrate specificity and requirement for
cofactors (48). Within the three classes of HDACs, classes | and Il
HDACs are mediated by Zn-dependent mechanism, while class Il
HDACs (sirtuins) are mediated by an NAD-dependent mechanism.
As the mechanism of the classes | and Il HDACs is different from
class Ill, a molecule such as resveratrol which was shown to acti-
vate SIRT1 by inducing a conformational change in the enzyme
which permits tighter fluorophore binding in the context of the
entire peptide substrate (49), has an inhibition activity towards
class | HDACs (especially HDAC 8) via interaction with active site
residues as His180, Phe208, Tyr306, Phe152, Gly151 and a zinc ion.

To obtain additional validations for molecular docking studies,
HDAC inhibiton activity was determined. ICsq values of valproic acid
and phenylbutyrate, which were effective in increasing SMN
expression, were previously reported as 400 um and 10 mm,
respectively (50,51). We determined a dose-dependent HDAC inhibi-
tor activity of (E)-resveratrol with an ICsy of 650 um which was
close to the ICsq of valproic acid. Histone deacetylase inhibitors dif-
fer in their potency and isoenzyme selectivity; therefore the

Chem Biol Drug Des 2009; 73: 355-364
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Figure 6: Effect of (£)-resvera-
trol treatment on levels of full-
length SMN transcripts in two
SMA type | fibroblast cell lines.
The error bars represent standar
deviation. Asterisks indicate
significant differences in treated
compared with untreated cells

(*p < 0.05).

Figure 7: Effect of 100 uM
(E)-resveratol treatment on full-
length and exon 7—deleted SMNZ2
transcript levels in the 3813 (A)
and 9677 cell lines (B). The error
bars represent standar deviation.
Asterisks indicate significant differ-
ences in treated compared with
untreated cells (*p < 0.05).

Chem Biol Drug Des 2009; 73: 355-364
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half-maximum inhibition of total HDACs can be different among cell
types because of tissue-specific expression. Previous studies have
shown that valproic acid and sodium butyrate, which are relatively
weak inhibitors, reduce HDAC2 levels whereas potent hydroxamic
acid inhibitors like TSA and SAHA have no profound isoenzyme
selectivity (52). On this point, to increase the specificity of inhibi-
tion, isoenzyme selectivity of (£)-resveratrol should be investigated
in motor neurons because SMN expression is vital, especially for
these cell types.

We showed that quantitative analysis of SMNZ mRNA revealed
increased full-length SMNZ transcript levels after (£)-resveratrol
treatment. A 1.3-fold increase in the full-length SMNZ mRNA
and protein level was determined at 100 um (E)-resveratrol after
6 h of treatment in 3813 cell line. Similar to our results, in a
recent study it was demonstrated that (£)-resveratrol stimulated
the production of full-length SMNZ RNA and protein in the same
line (53). We also analyzed the effect of (E)-resveratrol in 9677
cell line and found no increase in the full-length SMNZ mRNA
level. These results indicate that response to (£)-resveratrol
treatment is variable among cell lines. The causes of the vari-
ability in response to (E)-resveratrol treatment are unknown but
may be related to the copy number of SMNZ genes. But in this
case, although the two cell lines have two SMNZ copies, they
responded to (£)-resveratrol treatment regardless of copy number.
Unknown factors such as modifier genes or interindividual differ-
ences in drug response caused by genetic polymorphisms in
genes encoding drug-metabolizing enzymes, drug transporters,
drug targets may also contribute to the variability in both cell
lines. The detection of a slight increase in the SMN protein at
48 h in 9677 line may suggest that this is a low responding cell
line and repetitive administration of (£)-resveratrol may enhance
the protein level. The decrease in the level of the SMN protein
below baseline may be due to reduction of cell viability and
cytotoxicity (54). We also showed that SMNZA7 transcripts
decreased as full-length SMNZ transcripts increased in 3813 cell
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line. This may suggest reversion of the splicing pattern of SMNZ2
mRNA by (E)-resveratrol treatment and could be explained by
increased expression of splicing factors that promote SMNZ exon
7 inclusion. Further experiments are necessary to investigate the
mode of action of (£)-resveratrol on SMN gene expression.
Although TSA is a well-known and highly potent HDAC inhibitor,
it has not yet been developed for SMA clinical trials. To monitor
specificity, 3813 cell line was treated with 2.5-50 nm TSA for
6 h and twofold increase in the full-length SMNZ mRNA level
was observed (data not shown).

Among our candidate prodrug library, (E)-resveratrol was found
to have a high HDAC inhibitor activity. This novel activity,
which is to inhibit HDACs at a micromolar dose was demon-
strated by both in silico and experimental-based analysis. Modifi-
cations of (E)resveratrol may increase the possibility of
developing more potent candidates that are promising in the
treatment of SMA.

Conclusions and Future Directions

In this study, we found that (£)-resveratrol, which is one of the most
promising agents among polyphenols, shows the highest binding
capacity toward HDAC8 enzyme than known HDAC inhibitors and has
a dose-dependent HDAC inhibitor activity. Our findings reveal that
(E)-resveratrol increases the level of full-length SMNZ mRNA and
protein in SMA type | fibroblast cell line. On the basis of these obser-
vations, future studies will aim rational design of novel selective and
potent HDAC inhibitors for the treatment of SMA.
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