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The binding mode of 3-(4-aroyl-1H-2-pyrrolyl)-N-hydroxy-2-propenamides 1a-c, belonging to
a recently reported class of synthetic histone deacetylase (HDAC) inhibitors (Massa, S.; et al.
J. Med. Chem. 2001, 44, 2069-2072), into the new modeled HDAC1 catalytic core is presented,
and enzyme/inhibitor interactions are discussed. HDAC1 X-ray coordinates were obtained by
virtual “mutation” of those of histone deacetylase-like protein, a bacterial HDAC homologue.
In in vitro antimaize HD2 as well as antimouse HDAC1 assay, compounds 1a-c showed
inhibitory activities in the low micromolar range. Similarly, 1a-c are endowed with anti-
HDAC activity in vivo: on mouse A20 cells, 1a-c induced histone hyperacetylation leading to
a highly increased acetylation level of H4 as compared to control histones. Results obtained
with acid-urea-triton polyacrylamide gel electrophoresis have been confirmed by Western
Blot experiments. Finally, compound 1a, chosen as a representative member of this class of
HDAC inhibitors, resulted endowed with antiproliferative (45 and 85% cell growth inhibition
at 40 and 80 µM, respectively) and cellular differentiation (18 and 21% of benzidine positive
cells at the same concentrations) activities in murine erythroleukemic cells.

Introduction
Histone deacetylases (HDACs) represent a family of

enzymes that compete with histone acetyltransferases
(HATs) to modulate chromatin structure and transcrip-
tional activity via changes in the acetylation status of
nucleosomal histones.1 Histones H2A, H2B, H3, and H4
exhibit acetyl groups at the ε-amino-terminal lysine
residues within the tails extending from the histone
octamer of the nucleosome core. Among them, histones
H3 and H4 constitute the main targets of HDAC
enzymatic activity.2-5 Gene transcription or repression
is associated with the ability of transcriptionally com-
petent genes to recruit either HAT or HDAC proteins
to the promoter.6 Association of HATs with transcription
factor complexes results in acetylation of histones and
neutralization of the positive charge on their lysine
residues, allowing nucleosomal relaxation and subse-
quent gene transcription.7-10 Conversely, transcrip-

tional repression occurs when HDACs are recruited to
transcription cofactors, such as Mad/Max,11 Rb and Rb-
like proteins,12-14 unliganded hormone receptors,15 N-
CoR,16,17 or SMRT.15 These complexes remove the acetyl
groups restoring the positive charge on lysine side
chains of histones. The result is a tightness of nucleo-
somal integrity and gene silencing.

In the last 10 years, a number of HDAC inhibitors
have been reported as useful tools to study the function
of chromatin acetylation and deacetylation and gene
expression. Among them, trichostatin A (TSA),18 a cyclic
tetrapeptide family including trapoxin (TPX),19 chlamy-
docin,20 HC toxin,21 Cyl-2,22 WF-3161,23 and apicidin,24

and the more recent depsipeptide FK-228 (FR901228)25

have been isolated from cultures of fungal strains (Chart
1). Differently, sodium butyrate (NaB),26 suberoyl anil-
ide hydroxamic acid (SAHA) and the related second
generation hybrid polar compounds (HPCs),27 amide
analogues of TSA,28 and benzamide derivatives with
MS-27-275 as the lead compound29 were obtained by
synthetic pathways (Chart 1).

Recently, we have reported a new group of synthetic
HDAC inhibitors, namely, 3-(4-aroyl-1H-2-pyrrolyl)-N-
hydroxy-2-propenamides (APHAs).30 Three-dimensional
(3D) structure-based drug design and molecular model-
ing studies based upon the X-ray crystal structure of a
bacterial HDAC homologue (histone deacetylase-like
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protein, HDLP)31 prompted us to evaluate the HDAC
inhibitory activity of previously reported32,33 and newly
synthesized pyrrole derivatives, leading us to discover
a new class of compounds endowed with HDAC (maize
histone deacetylase HD2) inhibitory activity in the low
micromolar range. The most active derivative 1b (IC50
) 1.9 µM) shows a 500-fold higher inhibitory potency
than NaB and a 264-, 38-, 190-, and 17-fold lower
potency than TSA, SAHA, TPX, and HC toxin, respec-
tively.30

In the present study, to better define the binding
mode of APHA derivatives into the deacetylase catalytic
core, HDAC1 X-ray coordinates were obtained by virtual
“mutation” of those of HDLP, and selected APHA
compounds 1a-c were tested against mouse HDAC1
enzyme in vitro.

Furthermore, in vivo HDAC inhibitory activity of
1a-c through histone hyperacetylation assay and growth
inhibition and terminal cell differentiation properties
of 1a chosen as a representative member of APHA class
were also determined.

Chemistry

Compounds 1a,b were prepared as previously re-
ported by us.32,33 The synthesis of 1c was accomplished
by reaction of ethyl 3-[4-(4-N,N-dimethylaminobenzoyl)-
1-methyl-1H-2-pyrrolyl]-2-propenoate (2)32 with hydrox-
ylamine hydrochloride and potassium hydroxide. Alter-
nately, treatment of 3-[4-(4-N,N-dimethylaminobenzoyl)-
1-methyl-1H-2-pyrrolyl]-2-propenoic acid (3)32 with ethyl
chloroformate and triethylamine followed by addition

of freshly prepared hydroxylamine afforded the desired
compound 1c (Scheme 1).

Binding Mode Analysis. Because the inhibitors
1a-c were tested against the maize HD2,30,34-37 the use
of HDLP 3D coordinates to estimate their binding mode
may result in little accuracy due to the differences
existing between the two enzymes. For modeling pur-
poses, the optimum situation would be the virtual
mutation of the catalytic core of HDLP to that of HD2.
Unfortunately, the low homology sequence degree exist-
ing between HDLP and HD238 does not allow this
transformation in a feasible computational way. On the
contrary, a high degree of homology is reported to exist
between HDLP and HDAC1.31 Therefore, we decided to
model the deacetylase catalytic core of HDAC1 from the
HDLP coordinates (Protein Data Bank entry code
1c3r)31,39 and to test 1a-c against mouse HDAC1
enzyme using TSA and SAHA as reference drugs.40

Starting from the HDLP/TSA complex, we modeled
the HDAC1 catalytic core by mutation of all of the
HDLP residues comprised in a shell of 12 Å from the
cocrystallized TSA. In the new modeled HDAC1/TSA
complex, the replacement of TSA with 1a, chosen as a
representative member of the APHA class, furnished a
new complex, which was used to refine the binding mode
of our derivatives into the HDAC1 pocket. The VALI-
DATE paradigm30,41 was employed as a scoring tool to
select the 1a optimum binding geometry from an
ensamble of 216 pregenerated conformations.

In Vivo HDAC Activity Inhibition and Terminal
Cell Differentiation. Many HDAC inhibitors have
been shown to induce cell accumulation of hyperacety-
lated histones H3 and H4.18,19,27-29,42-45 Histone hyper-
acetylation is directly linked to the activation of p21
transcription (elevated p21waf1 expression) and is p53-
independent.45 Moreover, histone hyperacetylation causes
cell cycle arrest and growth inhibition acting in concert
with other growing regulatory pathways.46 In in vitro
inhibitory assay, compounds 1a-c showed anti-HD2
activity in the low micromolar range (Figure 1).30 When
tested against mouse HDAC1, 1a-c displayed IC50
values similar to those obtained against HD2 (Table 1).40

To investigate whether in vitro HDAC inhibition
correlates with increased acetylation level of core his-
tones in vivo, exponentially growing A20 cells were
treated with different concentrations of 1a-c, together
with TSA and SAHA as reference drugs, and the
analysis of histone hyperacetylation by AUT-PAGE
(acid-urea-triton polyacrylamide gel electrophoresis)
followed by staining with Coomasie brilliant blue R-250
was performed. Highly acetylated histone H4 isoforms

Chart 1. Structure of Known Histone Deacetylase
Inhibitors

Scheme 1a

a Reagents: (a) KOH, NH2 OH, HCl. (b) ClCOOEt, Et3N. (c)
NH2OH.
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(di-, tri-, and tetraacetylated) were immunodetected by
Western Blot analysis.

The treatment of cancer by differentiation factors is
growing up in clinical studies. Cytodifferentiating agents
induce the neoplastic cells to remove their maturation
blockage allowing them to develop toward more dif-
ferentiated cell types.

Because a link between HDAC inhibition and induc-
tion of differentiation of several cancer cell lines has
been recently established,24,27,28,47-51 the potential of the
prototype of APHA class (1a) as inducer of growth
inhibition and differentiation in Friend leukemia cells
was explored in comparison with TSA and SAHA.

Results and Discussion
Binding Mode Investigation and Molecular Mod-

eling Studies. We built the HDAC1 catalytic core
starting from the HDLP/TSA complex31 as described in
the Experimental Section. In the new modeled HDAC1/
TSA complex, the replacement of TSA with 1a, chosen
as a representative member of the APHA class, fur-
nished a new complex, which was used to study the
APHA binding mode into the HDAC1 catalytic core
(Figure 2). The VALIDATE paradigm was employed as
a scoring tool to select the 1a binding mode from a
family of 216 pregenerated conformations. The modeling
of 1b,c structures from the 1a binding conformation and
the optimal recalculation of the 1a-c pKi values by the
VALIDATE application confirmed the selected binding
geometry (Table 2). The VALIDATE procedure, applied
on the new modeled HDAC1/1a-c complexes, afforded
lower average absolute error of prediction (AAEP) than
that observed for the corresponding HDLP/1a-c coun-
terparts (AAEPHDAC1 ) 0.28 pKi vs AAEPHDLP ) 0.99
pKi).

An inspection of HDAC1/1a-c complexes shows that
the hydroxamic acid moiety of APHA inhibitors resulted

slightly far from the catalytic zinc ion (CO-Zn, 4.5 Å;
OH-Zn, 4.8 Å) for producing efficient metal chelation,
whereas the related groups of SAHA and TSA were
positioned to the optimal bond distance (COSAHA-Zn,
2.91 Å; OHSAHA-Zn, 3.14 Å; COTSA-Zn, 2.92 Å; OHTSA-
Zn, 3.13 Å) for zinc ion complexing (Figure 2). This effect
is probably due to a steric hindrance exerted by the
pyrrole N1-methyl group into the binding pocket. This
group lies on the same protein cavity the TSA C-6-(R)-
methyl group fits (side chains of PHE198 and LEU265).
However, the pyrrole N1-methyl produces a sticking of
1a-c into the catalytic pocket so that the APHA
CONHOH group cannot get the optimal CO-Zn and
OH-Zn bond distances for ion complexing. This block-
age is also supported by the interactions made by the
aroyl portions of 1a-c into a hydrophobic cavity with
the TYR91 benzyl- and the ASP92 â-CH2 side chains.

Histone Hyperacetylation Assay. Exponentially
growing mouse A20 cells were treated with different
concentrations of compounds 1a-c together with TSA
and SAHA as references. After isolation of nuclei,
extracted histones were separated on AUT gels and
stained with Coomassie blue. AUT-PAGE allows the
separation of individual acetylated subspecies especially
of H4 as a result of HDAC inhibition. Figure 3 shows
that all of our synthetic inhibitors induced the ac-
cumulation of highly acetylated H4 forms. As a result,
a clear shift from non- and monoacetylated to di- and
triacetylated histone H4 subspecies can be observed, as
compared to control in which no toxin was added. As
previously demonstrated,18,27 treatment of cells with

Figure 1. In vitro HD2 inhibitory activity of 1a-c.

Table 1. Anti-HDAC Activity of Compounds 1a-c

compd
anti-HD2

IC50 ( SD (µM)a
anti-HDAC1

IC50 ( SD (µM)

1a 3.8 ( 4% 4.9 ( 3%
1b 1.9 ( 3% 4.5 ( 4%
1c 2.4 ( 3% 4.2 ( 4%
TSA 0.007 ( 4% 0.002 ( 3%
SAHA 0.05 ( 3% 0.112 ( 4%

a See ref 30.

Figure 2. Three-dimensional model of 1a docked into the
HDAC1 catalytic core. Compound 1a is in green, TSA is in
white, and the mutated HDLP f HDAC1 residues are in
purple. R-Carbon atom trace of the HDAC/HDLP structure is
in yellow. A 15 Å core from TSA is shown in the tube/ribbon
graphic.

Table 2. Experimental vs VALIDATE-Predicted Anti-HDAC
Activities of 1a-c

compd
HD2

expt pKi
a

mouse HDAC1
expt pKi

a
HDAC1

predicted pKi

HDLP
predicted pKi

1a 5.64 5.53 5.76 6.52
1b 5.95 5.57 5.83 7.02
1c 5.84 5.60 5.68 6.89
TSA 8.36 8.97 8.61 8.66
SAHA 6.88 7.17 6.69 6.27

a Experimental pKi values of 1a-c and SAHA were obtained
by the corresponding IC50 values in comparison with the pKi and
IC50 values of TSA.30,52
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TSA and SAHA, two highly specific inhibitors of HDAC,
causes hyperacetylation of histone H4 (Figure 3A).

Furthermore, antibodies that recognize di-, tri-, and
tetraacetylated histone H4, but not nonacetylated H4
N-terminal peptides, have been used as a probe for
agents that cause histone hyperacetylation. In Western
Blot experiments, isolated histones of Figure 3A were
subjected to sodium dodecyl sulfate (SDS)-PAGE and
immunoblotting. Treatment of cells with 1a-c as well
as with TSA and SAHA leads to a highly increased
acetylation level of H4 as compared to control histones;
all tested compounds gave a significant immunoreaction
whereas in control only a very faint signal is visible
(Figure 3B). Joined to AUT-gel results, these data
clearly indicate that our synthetic compounds are
specific inhibitors of HDAC activity in vivo.

Growth Inhibition and Cytomorphological Mu-
rine Erythroleukemic (MEL) Cell Line Differen-
tiation. In addition to the in vitro and in vivo HDAC
inhibition assay, the capability of 1a to induce antipro-
liferative effects and cell differentiation in Friend MEL
cells has been investigated. These cells are known to
respond to HDAC inhibitors with hemoglobin accumu-
lation that can be visualized and quantified by benzidine
staining.51,27 Figure 4A shows the effect of different
HDAC inhibitors on cell growth of MEL cells, cultured
for 48 h. All compounds showed a significant dose-
dependent inhibitory effect on the growth rate of the
cell line (p < 0.01). In particular, cell growth inhibition
resulted in 40 and 67% for TSA at 15 and 30 nM, 52
and 80% for SAHA at 0.6 and 1.2 µM, and 45 and 85%
for 1a at 40 and 80 µM, respectively. Interestingly, after
48 h, the inhibitors were not cytotoxic at the lower
tested concentrations. Only SAHA at 1.2 µM and 1a at
80 µM were shown to induce a significant cytotoxic effect
(20.5 and 19.5% cell death, respectively; vehicle, 5.3%
cell death) (graphic not shown).

In MEL cells, the hemoglobin accumulation, revealed
by benzidine staining, is linked to activation of the
differentiation process. The results (Figure 4B) clearly
indicate a dose-dependent increase of hemoglobin syn-
thesis for all compounds tested, showing that 1a is able

to induce cell differentiation in MEL cells with 18 and
21% of benzidine positive cells at 40 and 80 µM. SAHA
at 1.2 µM induces the larger increment in hemoglobin
synthesis (benzidine positive cells were about 60%).

Experimental Section
Chemistry. Melting points were determined on a Büchi 530

melting point apparatus and are uncorrected. Infrared (IR)
spectra (KBr) were recorded on a Perkin-Elmer 310 instru-
ment. 1H nuclear magnetic resonance (NMR) spectra were
recorded at 200 MHz on a Bruker AC 200 spectrometer;
chemical shifts are reported in δ (ppm) units relative to the
internal reference tetramethylsilane (Me4Si). All compounds
were routinely checked by thin-layer chromatography (TLC)
and 1H NMR. TLC was performed on aluminum-backed silica
gel plates (Merck DC-Alufolien Kieselgel 60 F254) with spots
visualized by UV light. All solvents were reagent grade and,
when necessary, were purified and dried by standard methods.
Concentration of solutions after reactions and extractions
involved the use of a rotary evaporator operating at a reduced
pressure of ca. 20 Torr. Organic solutions were dried over
anhydrous sodium sulfate. Analytical results are within
(0.40% of the theoretical values. A SAHA sample for biological
assays was prepared as previously reported by us.53 All
chemicals were purchased from Aldrich Chimica, Milan (Italy),
or Lancaster Synthesis GmbH, Milan (Italy), and were of the
highest purity.

Synthesis of 1c from 2. To a hydroxylamine hydrochloride
(1.95 g, 28.1 mmol) solution in dry ethanol (10 mL), a
potassium hydroxide (1.58 g, 28.1 mmol) solution in dry
ethanol (10 mL) was added at 40 °C. The mixture was cooled
at 0 °C and then filtered, and to the clear solution, 232 (1.00 g,
3.1 mmol) and well-crushed potassium hydroxide (292 mg, 5.2
mmol) were added. After 4 h, the mixture was diluted with
water (50 mL), made neutral with 0.1 N HCl, and filtered
under vacuum. The solid was collected, dried, and recrystal-
lized by 2-propanol. Yield, 50%; mp 184-185 °C. IR: 3150
(NHOH), 1640 (CONH), 1590 (CO) cm-1. 1H NMR (DMSO-
d6): δ 2.95 (s, 6 H, N(CH3)2), 3.70 (s, 3 H, NCH3), 6.25 (d, 1 H,
CHdCHCO), 6.70 (d, 2 H, benzene H-3,5), 6.83 (s, 1 H, pyrrole
â-proton), 7.33 (d, 1 H, CH)CHCO), 7.48 (s, 1 H, pyrrole
R-proton), 7.68 (d, 2 H, benzene H-2,6), 9.00 (s, 1 H, NH), 10.50
(s, 1 H, OH). Anal. Calcd (C17H19N3O3): C, 65.16%; H, 6.11%;
N, 13.41%. Found: C, 65.03; H, 6.10%; N, 13.58%.

Synthesis of 1c from 3. To a 0 °C cooled solution of 332

(1.00 g, 3.3 mmol) in dry tetrahydrofuran (20 mL), ethyl
chloroformate (0.45 mL, 4.5 mmol) and triethylamine (0.70 mL,
4.8 mmol) were added and the mixture was stirred for 10 min.
The solid was filtered off, and the filtrate was added to freshly

Figure 3. Effects of 1a-c, TSA, and SAHA on histone
acetylation in mouse A20 cells. (A) Analysis of histone hyper-
acetylation by AUT-PAGE and Coomassie blue staining.
Positions of mono- up to tetraacetylated H4 subspecies are
indicated. (1) control (no toxin added to cells), (2) 1c, (3) 1a,
(4) 1b, (5) TSA, (6) SAHA, (7) hyperacetylated MEL cell
histones. (B) Western Blot analysis of H4 acetylation. Position
of acetylated H4 is indicated.

Figure 4. Growth inhibition and cell differentiation effects
of 1a on MEL cell line. (A) Effect of 1a on cell growth of MEL
cells, cultured for 48 h. TSA and SAHA are used as reference
drugs. Data are expressed as cell number (mean ( SEM, n )
4); **, p < 0.01. (B) Concentration-dependent effects of 1a,
TSA, and SAHA on differentiation of MEL cells. The cells were
cultured with various concentrations of drugs for 96 h. Each
point is the mean ( SEM (n ) 4); *, p < 0.05; **, p < 0.01.
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prepared hydroxylamine54 (0.18 g, 5.6 mmol) in methanol. The
resulting mixture was stirred at room temperature for 15 min
and then was evaporated, and the residue was recrystallized
from 2-propanol to give a sample of 1c identical to that
obtained by the previously described method. Yield, 54%.

Computational Studies. All molecular modeling calcula-
tions and manipulations were performed using the software
packages Macromodel 6.5,55 SYBYL 6.5,56 MOPAC 2000,57,58

VALIDATE,41 GOLPE 4.5,59 Swiss PDB Viewer60 running on
Silicon Graphics O2 R10000 and IBM compatible Pentium IV
1.4 GHz workstations.

The crystal structure of TSA extracted from the HDLP/TSA
complex filed in the Brookhaven Protein Data Bank31,39 (entry
code 1c3r) was used as a template to build the 3D structures
of 1a-c. The HDAC1 model was constructed from HDLP by
mutating (MUTATE command in the Swiss PDB Viewer) all
of the residues comprised in a shell of 12 Å from the
cocrystallized TSA. Figure 5 shows the sequence alignment
of HDAC1, HDLP, and HDLP 12 Å core. The HDAC1 residue
sequence was taken from the Swiss-Prot database61 and scored
a 36.5% identity with the crystallized HDLP sequence, using
the default setting in SYBYL for sequence alignment.

Replacement of TSA with the modeled compounds 1a-c in
the HDAC1 catalytic core afforded three new complexes, which
were geometrically optimized (MACROMODEL 6.5, all atoms
Amber force field).55,62,63 Although available in the MACRO-
MODEL program, a solvation model for this minimization was
not used; however, the numerous water molecules from the
original 1c3r PDB complex were retained during the minimi-
zation. For the molecular alignment of 1a-c into the enzyme,
an atom by atom superimposition was employed, based on the
hydroxamic portions of TSA and APHA derivatives.

Compound 1a was used for the APHA binding mode
refinement. To this purpose, a family of 216 conformations of
1a was generated using the following semiautomatic docking
procedure: the initial conformation of 1a obtained from the
HDAC1/1a minimized complex was arbitrarily rotated by a
step of 10 degrees along an axis passing through the center of
the benzene ring and the hydroxamic carbon atom. Each of
the obtained new 36 complexes was submitted to a grid search
rotating the four dihedral angles by a step of 30 degrees
(Figure 6). By filtering out all of the complexes showing a
molecular clashing between 1a and the enzyme pocket, the
final conformation family was achieved.

The selection of the most probable binding conformation of
1a was based on energy criteria upon minimization of the new
216 HDAC1/1a complexes (global minimum). A second selec-
tion was based on the application of a modified version of the
VALIDATE procedure,64 which was used to recalculate the 1a
Ki value associated with each modeled complex. The HDAC1/
1a global minimum conformation exactly coincided with that
producing the lowest error of Ki prediction by VALIDATE.
Binding conformations of 1b,c were directly modeled from the
selected 1a binding conformation and submitted to geometry

optimization with the program MACROMODEL. Analogue
procedure was also performed using HDLP enzyme coordinates
in order to make a direct comparison of the results obtained
with HDAC1 coordinates.

In Vitro Anti-mHDAC1 Assay. For inhibition assays,
partially purified HDAC1 from mouse A20 cells (ATCC: TIB-
208) (anion exchange chromatography, affinity chromatogra-
phy (Jesacher and Loidl, unpublished results)) was used as
the enzyme source. HDAC activity was determined as de-
scribed40 using [3H]acetate prelabeled chicken reticulocyte
histones as substrate. A 50 µL amount of mouse HDAC1 was
incubated with different concentrations of compounds for 15
min on ice, and 10 µL of total [3H]acetate prelabeled chicken
reticulocyte histones (4 mg/mL) was added, resulting in a
concentration of 41 µM. This mixture was incubated at 37 °C
for 1 h. The reaction was stopped by addition of 50 µL of 1 M
HCl/0.4 M acetylacetate and 1 mL of ethyl acetate. After
centrifugation at 10 000g for 5 min, an aliquot of 600 µL of
the upper phase was counted for radioactivity in 3 mL of liquid
scintillation cocktail.

In Vivo Histone Hyperacetylation. Mouse A20 cells were
maintained in RPMI 1640 medium at 37 °C and 5% CO2.
Exponentially growing cells were incubated for 8 h with 1a-c
at final concentrations of 800, 400, and 500 µM, respectively.
As references, cells were also treated with TSA (200 nM) and
SAHA (11 µM). After incubation, cells were washed and
harvested by centrifugation. Isolation of nuclei, extraction of
histones, and analysis of histone hyperacetylation by AUT-
PAGE followed by staining with Coomasie brilliant blue R-250
were performed according to standard procedures.65,66 Hyper-
acetylation was also investigated by immunoblotting. For this
purpose, equal amounts of isolated histones (estimated by laser
densitometry) were electrophoresed in precast 14% SDS-
PAGE and blotted onto a nitrocellulose membrane. Membrane
strips were incubated with an antibody against acetylated
peptide corresponding to the amino acids 2-19 of Tetrahymena
histone H4 (Upstate Biotechnology, USA). This antibody
recognizes highly acetylated histone H4 isoforms (di-, tri-, and
tetraacetylated). Immunodetection was performed using sec-
ondary antibody alkaline phosphatase conjugates.

Growth Inhibition and Cell Differentiation Assay.
Cell Culture and Reagents. MEL cells were obtained from
Interlab Cell Line Collection (CBA) (Genoa, Italy). Cells were

Figure 5. Sequence alignment of HDAC1, HDLP, and HDLP-12 Å core.

Figure 6. Semiautomatic docking procedure generating a
family of 216 conformations of 1a. A represents the axis of
rotation passing through the center (x) of the benzene ring and
the hydroxamic carbon atom (y). τ1-τ4 indicate the four
rotatable bonds used for the grid searches.
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maintained at 37 °C under a humidified atmosphere of 5% CO2

in RPMI 1640 Hepes modified medium supplemented with
10% (v/v) heat-inactivated fetal calf serum, 2 mmol/L glutamine,
100 IU/mL penicillin, and 100 µg/mL streptomycin. Unless
indicated, all chemicals and reagents (cell culture grade) were
obtained from Sigma Chemical Co., Milan, Italy.

Cell Viability and Growth Inhibition Assay. Cell num-
ber was determined using a Neubauer hemocytometer, and
viability was assessed by their ability to exclude trypan blue.
The stock solutions were prepared immediately before use.
TSA, SAHA, and 1a were dissolved in DMSO. MEL exponen-
tially growing cells (1 × 105 cells/mL) were set at day 0 in
media containing various concentrations of drugs for 96 h. The
final concentrations of the drugs were as follows: TSA, 15 and
30 nM; SAHA, 0.6 and 1.2 µM; 1a, 40 and 80 µM. The final
concentration of DMSO, used as vehicle, was the same (0.1%
v/v) in all samples during the experiments.

Cytomorphological Assay for MEL Cell Differentia-
tion. The most widely used method for scoring erythroid
differentiation is benzidine staining, which reveals the produc-
tion of hemoglobin.67 Benzidine dihydrochloride (2 mg/mL) was
prepared in 3% acetic acid. Hydrogen peroxide (1%) was added
immediately before use. The MEL cell suspensions were mixed
with the benzidine solution in a 1:1 ratio and counted in a
hemocytometer after 5 min. Blue cells were considered to be
positive for hemoglobin.

Statistical Analysis. All results are expressed as mean (
SEM. The group means were compared by analysis of variance
(ANOVA) followed by a multiple comparison of means by
Dunnet test. p < 0.05 was considered significant.
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