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We analyzed the activity of the histone deacetylase inhibitor (HDACi) suberoyl-anilide hydroxamic acid (SAHA) on
Kasumi-1 acute myeloid leukemia (AML) cells expressing AML1/ETO. We also compared the effects of SAHA to those
of valproic acid (VPA), a short-chain fatty acid HDACi. SAHA and VPA induced histone H3 and H4 acetylation, myeloid
differentiation and massive early apoptosis. The latter effects were not determined by either drug in AML cell lines, such as
NB4 or THP-1, not expressing AML1/ETO. SAHA was more rapid and effective than VPA in increasing H3 and H4 acetylation
in total Kasumi-1 cell lysates and more effective than VPA in inducing acetylation of H4K8, H4K12, H4K16 residues. At the
promoter of /L3, a transcriptionally-silenced target of AML1/ETO, SAHA was also more rapid than VPA in inducing total
H4, H4K5, H4K8 and H3K27 acetylation, while VPA was more effective than SAHA at later times in inducing acetylation of
total H4, H4K12, H4K16, as well as total H3. Consistent with these differences, SAHA induced the expression of /L3 mRNA
more rapidly than VPA, while the effect of VPA was delayed. These differences might be exploited to design clinical trials
specifically directed to AML subtypes characterized by constitutive HDAC activation. Our results led to include SAHA, an

FDA-approved drug, among the HDACi active in the AML1/ETO-expressing AML cells.

Introduction

Histone acetylation is a reversible mechanism involved in tran-
scriptional regulation. Histone acetyl transferases (HAT) and
histone deacetylases (HDAC) are competitive protein modifiers
that affect the dynamics of chromatin remodeling by changing
histone acetylation status. HAT add, while HDAC remove, acetyl
groups to/from lysine residue of histones.! Activation of transcrip-
tion is determined by a fine-tuning of acetylation of different lysine
residues, which parallels modifications of histone methylation.*
DNA methylation is also a pivotal regulator of gene expression.>®
Histone acetylation is deregulated in many neoplasms, human
leukemias in particular, where its alteration may represent a com-
mon leukemogenic pathway.” Core-binding factor (CBF) acute
myeloid leukemias (AML) exhibit rearrangements of genes
encoding for CBF subunits, such as AML1 (CBEFB2) or CBER.
In particular, the translocation t(8;21)(q22;q22), which leads to
gene repression via the formation of the AMLI/ETO chimeric
gene, represents a paradigm for the mechanism of leukemogen-
esis.® In contrast to AMLI, which recruits the transcriptional

co-activators p300/CBP endowed with intrinsic HAT activity,
AMLI/ETO recruits, via NCoR/Sin3A, HDACI1 and the DNA
methyltransferase-1 (DNMT1), resulting in the stable silenc-
ing of AMLI-controlled genes, like those driving granulocytic
maturation.”

The use of HDAC inhibitors (HDACI) to restore deregu-
lated histone acetylation emerged as a possible novel approach
to AML therapy. The HDACi tested in clinical settings belong
to different chemical classes and include valproic acid (VPA),'
suberoyl-anilide (SAHA), depsipeptide,
SNX275 (entinostat),” romidepsin and MGCDO0103."*"
Recently, SAHA (vorinostat) obtained FDA approval for the
treatment of cutaneous T cell lymphomas.?®* However, few
data have been collected for the treatment of de novo AML using
HDAC: as single drugs.*

We previously showed that HDACI, as single drugs, are

hydroxamic acid

very potent anti-leukemic agents, particularly in AML1/ETO-
positive AML cells.*** In the study reported here, we compared
the activity of SAHA, an HDAC: of the hydroxamic acid class, to
that of VPA, a short-chain fatty acid, on Kasumi-1 cells.
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Figure 1. Effects of VPA or SAHA on total H4 or H3 acetylation. Kasumi-1
cells were incubated or not (time 0) in the presence of 2 mM VPA or

1 M SAHA for the indicated times (hours). (A) Western Blotting was
performed with the indicated antibodies. (B and C) Graphs represent
(mean + SEM of data from three independent experiments) total
acetylation of H4 (B) or H3 (C) following treatment with VPA (diamond)
or SAHA (square), as determined by densitometry of bands. Values were
intra-experimentally normalized for H4 (B) or H3 (C) content and ex-
pressed as fold-increase with respect to the time 0 value. The statistical
significance of differences within the same time point was determined
by the Student'’s t-test for paired samples (*p < 0.05).

Results

The effects of HDAC] on the timing of H4 and H3 acetylation
in total cell lysates of Kasumi-1 cells are shown in Figure 1. Cells
were treated with 2 mM VPA or 1 uM SAHA and lysed at dif-
ferent incubation times. Untreated Kasumi-1 cells showed weak
H4 and H3 acetylation, in keeping with our previous observa-
tions.?>?* HDACI treatment markedly induced H4 and H3 acet-
ylation, the effect of SAHA being more rapid.

The effects of VPA or SAHA were then evaluated on the
acetylation of single lysine residues of H4 in total cell lysates
(Fig. 2). Acetylation of K5, K8, K12 and K16 was increased fol-
lowing treatment with either VPA or SAHA. SAHA induced
a more marked acetylation of K8, K12 and K16 with respect
to VPA. Interestingly, K16 acetylation increased very slowly,
to peak after 72-96 h of treatment with either SAHA or VPA
(Fig. 2E). It is to note, however, that beyond 72-96 h of treat-
ment the bulk of population died (see below Fig. 6). These results
indicate that early H4 acetylation (Fig. 1) was sustained by
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Figure 2. Effects of VPA or SAHA on H4 acetylation at specific lysine
residues. Kasumi-1 cells were incubated or not (time 0) in the
presence of 2 mM VPA or 1 wM SAHA for the indicated times (hours).
(A) Western Blotting was then performed with the indicated antibodies.
(B-E) Graphs represent (mean + SEM of data from three independent
experiments) H4 acetylation following treatment with VPA (diamond)
or SAHA (square) at K5 (B), K8 (C), K12 (D) or K16 (E), as determined by
densitometry of bands. Values were intra-experimentally normalized
for H4 content and expressed as fold-increase with respect to the time
0 value. The statistical significance of differences within the same time
point was determined by the Student’s t-test for paired samples

(*p < 0.05; **p < 0.01).
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acetylation of K5, K8 and, especially for SAHA, K12, while acet-
ylation of K16 accounted for the delayed total H4 acetylation.

The effects of VPA or SAHA were then evaluated on
acetylation of K9 and K27 residues of H3 in total cell lysates
(Fig. 3). The acetylation of K9 and K27 peaked within 6-24 h of
treatment, SAHA and VPA exhibiting similar timing and effec-
tiveness, in keeping with data obtained for total H3 acetylation
(Fig. 1).

We previously showed that the treatment of Kasumi-1 cells
with ITF2357, a hydroxamate-derived HDACI, induces H4
acetylation at the promoter of /L3, a transcriptionally silenced
AMLI/ETO target gene.?* Therefore, we analyzed here by ChIP
the pattern of histone acetylation occurring at /L3 promoter after
treatment with VPA or SAHA, to check whether differences
exist between the effects of the two drugs at this specific site
(Fig. 4). The region of /L3 promoter, including the two AML1/
ETO binding sites and the TATA box, object of the ChIP experi-
ments, is reported in Figure 4A. We performed ChIP assays after
6 and 24 h of exposure to HDACI, when H3 and H4 acetylation
in total cell lysates reached peak values. As revealed by RT-PCR
(Fig. 4B) and quantified by Q-PCR (Fig. 4C), total H4 acetyla-
tion at /L3 promoter was higher with SAHA than with VPA after
6 h of treatment, while the opposite occurred after 24 h. When
ChIP was performed for single lysine residues of H4, we found
that SAHA induced acetylation of K5 and K8 more rapidly than
VPA (Fig. 4B, D and E). However, VPA was more effective than
SAHA on K16 acetylation at either time and K12 acetylation
after 24 h (Fig. 4B, Fand G). It is to note that the increase of K16
acetylation was delayed for both drugs, mirroring what observed
by western blotting of total cell lysates (Fig. 2E).

Referring to acetylated H3 at /L3 promoter (Fig. 5), as
determined by RT-PCR (Fig. 5A) and quantified by Q-PCR
(Fig. 5B-D), ChIP assays showed that VPA induced marked
delayed total H3 acetylation with respect to SAHA. ChIP assays
for K9 and K27 of H3 (Fig. 5A, C and D) showed modest
increases of acetylation of both residues, pointing to the involve-
ment of other residues in H3 acetylation at /L3 promoter. These
results indicated that VPA or SAHA induced H3 and H4 acetyla-
tion at /L3 promoter, the effect of VPA being delayed. VPA admin-
istration is known to increase the expression of IL3 mRNA in
Kasumi-1 cells.”” We therefore analyzed the timing of IL3 mRNA
expression after exposure to VPA or SAHA (Fig. 5E). Induction of
IL3 expression by SAHA was more rapid, while that by VPA was
delayed and stronger. These effects are consistent with the time
frame of acetylation of H4 and H3 induced by the two drugs at
IL3 promoter. However, either drug was proved capable to rescue
the expression of a gene repressed by AML1/ETO.

HDACI are well known inducers of apoptosis.” Figure 6
shows that either VPA or SAHA rapidly induced apoptosis in
Kasumi-1 cells. Caspase 3 activation (indicated by the decrease
of procaspase 3, Fig. 6A) occurred after 48 h of treatment with
VPA or SAHA. Either drug determined significant apoptosis at
day 1 and massive apoptosis at days 2 and 3 as determined by the
annexin V test (Fig. 6B). It is to note that at day 1 early apoptosis
only occurred (Fig. S1), in keeping with the fact that caspase
3 activation, a late event in the apoptosis process, started after
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Figure 3. Effects of VPA or SAHA on H3 acetylation at specific lysine
residues. Kasumi-1 cells were incubated or not (time 0) in the presence
of 2 mM VPA or 1 uM SAHA for the indicated times (hours).

(A) Western Blotting was then performed with the indicated anti-
bodies. (B and C) Graphs represent (mean + SEM of data from three
independent experiments) H3 acetylation following VPA (diamond) or
SAHA (square) at K9 (B) or K27 (C), as determined by densitometry of
bands. Values were intra-experimentally normalized for H3 content and
expressed as fold-increase with respect to the time 0 value. Differences
within the same time point were not statistically significant, as deter-
mined by the Student’s t-test for paired samples.

48 h (Fig. 6A). Thus, about 50% of cells were viable when the
ChIP experiments (Figs. 4 and 5) were performed (at 6 and
24 h), and 20% even after 2 d of treatment. The occurrence
of apoptosis in t(8;21) AML primary blasts (Fig. 6C) was also
demonstrated by the activation of caspase 3 following treatment
with VPA or SAHA for 48 h. These effects were confirmed by
the annexin V test (not shown). Moreover, in these cells VPA or
SAHA were able to induce H4 (#1 and 2) and H3 (#1) acetyla-
tion after 24 h.

We previously demonstrated that HDAC: as single drug can
rescue myeloid maturation in AML cells.?? The effects of VPA or
SAHA with respect to the induction of myeloid maturation were
therefore determined in Kasumi-1 cells (Fig. 7). Morphology
revealed the induction of maturation in treated cultures, as indi-
cated by the increase of differentiated cells at the expenses of blast
cells (Fig. 7A). Immuno-phenotypical (Fig. 7B-E) and Q-PCR
(Fig. 7F) analyses showed that following treatment with either
VPA or SAHA, the expression of CD34 decreased, while that of
typical markers of granulocytic or monocytic maturation, such as
CD11a, CD11b, CD14 and CD15, increased. The removal of the

block of differentiation was also witnessed by the increase in the

Volume 8 Issue 2
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expression of C/EBPa and PU.1 (two myeloid differentiation-
promoting genes, that are downregulated by AML1/ETO*2¢27)
after treatment with either SAHA or VPA. Taken together, the
data reported in Figure 6 and 7 indicate that VPA or SAHA
induced apoptosis in the majority of cells, but also myeloid mat-
uration in cells that remained viable.

We previously showed that CBF-AML cells are particu-
larly sensitive to HDAC:.?***?® We therefore investigated on
whether the proapoptotic effects of the drugs tested were spe-
cific for this subset of leukemias (Fig. 8). To this end, we chose
NB4 cells, because they represent another example of HDAC-
involving leukemogenesis, and THP-1 cells as a more general
model of AML with no specific genetic aberration. Treatment of

www.landesbioscience.com
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HDAC,, including SAHA, is still largely
unexplained.?

In this study, we compared SAHA and VPA, HDAC: belong-
ing to the hydroxamic and the short-chain fatty acid classes of
HDAC,, respectively, as for their ability to induce histone acety-
lation and biological effects in AML1/ETO-positive AML cells,
which emerged to be particularly sensitive to HDACi.2* We
found that: (1) SAHA was, on the whole, more rapid than VPA
in inducing maximal H3 and H4 acetylation in total cell lysates,
(2) SAHA was not only more rapid, but also more effective than
VPA in inducing H4 acetylation in individual lysine residues (K8,
K12 and K16) in total cell lysates, (3) with respect to the induc-
tion of acetylation at the /L3 promoter as well as to the increase
of IL3 mRNA, SAHA was also in general more rapid, while the
effects of VPA were delayed, yet more pronounced and (4) both
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SAHA and VPA induced massive and early apopto-
sis and measurable myeloid maturation.

The different effects of SAHA and VPA on H3
and H4 acetylation in cell lysates probably reside
in specific properties of the different classes of
HDAC: they belong to. Indeed, short-chain fatty
acids, such as VPA, inhibit only HDAC of classes
I and Ila and are characterized by a rather ineffi-
cient binding to the catalytic pocket of HDAC.?
The latter feature may result in the delayed effects
of VPA we observed and is in keeping with the
previous finding of ours that butyrates (other
short-chain fatty acids) induce peak H4 acetyla-
tion within 24-48 h.” By contrast, hydroxamate-
derived HDAC, such as SAHA, are active on all

HDAC classes except sirtuins** and include some
of the most potent drugs (and are used, indeed, at
micromolar concentrations).

As far as individual residues are concerned,
early H4 acetylation in total cell lysates was most
likely due to the rapid acetylation of K5, K8 and,
especially referring to SAHA, K12, while K16 sus-
tained delayed H4 acetylation. The latter is a rel-
evant effect, because the loss of K16 acetylation

has been reported for several types of cancer and
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shown to influence tumor progression and sensi-

tivity to chemotherapy.>*¢ As for H3, both drugs,
without relevant differences between each other,
determined an appreciable acetylation of K9 and
a slight increase of that of K27. The possibility
of the involvement of other residues, such as K18
and K26, remained open.?”* The fact that histone
lysine acetylation patterns vary with respect to the
HDACi family used for the treatment emerged
also from the finding that depsipeptide, a member
of the cyclic peptide family of HDACI, determines
in Kasumi-1 cells an early acetylation of H4 in
K16, followed by that of K12 and later by that of
K8 and/or K5.%

Figure 5. Effects of VPA or SAHA on H3 epigenetic modifications at /L3 promoter and
on IL3 mRNA expression. (A-D) Kasumi-1 cells were incubated in the absence (NT)

or the presence of 2 mM VPA or 1 uM SAHA for the indicated times (hours). ChIP was
performed (IP: immunoprecipitates) using the indicated antibodies (rlgG: control rabbit
1gG; no Ab: negative control). The /L3 promoter region was then amplified by RT-PCR
(A) or Q-PCR (B-D). Histograms represent the relative quantification of DNA recovered
from IP with antibodies against acH3 (B) or individual acK residues of H3, as indicated
(C-D). Values were intra-experimentally normalized for input DNA and control IgG

and data expressed as fold-increase with respect to the respective value obtained for
untreated cells at 24 h of incubation (NT). (E) Cells were incubated in the absence (0) or
the presence of 2 mM VPA or 1 wM SAHA for the indicated times (hours) and then lysed
and total RNA was extracted. The relative expression of IL3 was calculated by Q-PCR us-
ing rRNA18S for normalization and the untreated sample as calibrator. (B-E) Values are
means + SEM of data from three independent experiments. The statistical significance
of differences was determined by the Student’s t-test for paired samples (*p < 0.05;

**p < 0.01; ns: not significant).

To deepen, at the level of a specific gene pro-
moter, what happens to the pattern of histone
acetylation following treatment with different HDACI, we chose
the promoter of /L3, a gene targeted by AMLI/ETO.* At this
site, SAHA was more rapid than VPA to induce H4 acetylation,
apparently as a consequence of K5 and K8 acetylation. However,
VPA was more effective at the later time, determining a robust
increase of K16 acetylation in particular. These results are well
in keeping with previous reports showing that the acetylation
of many lysine residues of H4 correlates with /L3 transcription,
and that mutations of K5, K8 or K12 have lesser effects on tran-
scription than that of K16.9-4 VPA was also more effective than
SAHA with respect to the induction of H3 acetylation at /L3
promoter. This effect of VPA seems to be the consequence of
the acetylation of residues other than K9 and K27. It is to note
that also at the level of whole cell lysates these residues did not
appear responsible for the different timing of total H3 acetylation
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elicited by the two drugs. Hypermethylated and silenced genes in
cancer cells are known to exhibit key histone modifications in
their promoter, in particular H3 deacetylation on K9 and meth-
ylation on K27.94¢ Our results, therefore, seem to downsize the
role of K9 acetylation in the epigenetic control of gene expression,
because /L3 re-expression occurred apparently in the absence of
marked K9 acetylation. On the whole, acetylation of total H4
as well as H4K5 and H4K8 seems to be functionally related to
the effect of SAHA as for early IL3 mRNA expression. On the
other hand, acetylation of total H3 and H4 as well as H4K12 and
H4K16 seems to be related to the delayed effect of VPA. In any
case, both SAHA and VPA" were able to restore /L3 expression
as single agents.

VPA and SAHA induced marked apoptosis in Kasumi-1 cells
and in primary cells from two t(8;21) AML patients, in keeping

Volume 8 Issue 2
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Figure 6. Pro-apoptotic effects of VPA or SAHA on Kasumi-1 cells.

(A) Kasumi-1 cells were incubated or not (time 0) in the presence of

2 mM VPA or 1 .M SAHA for the indicated times (hours). Cells were then
lysed and western blotting performed with the indicated antibodies.
Results are from one typical experiment out of three. (B) Cells were in-
cubated without (NT) or with 2 mM VPA or 1 uM SAHA for the indicated
times (days) and apoptosis was measured by the Annexin V test and
flow cytometry. Values are means + SEM of the percentages of apop-
totic cells obtained from three independent experiments. The statistical
significance of differences was determined by the Student’s t-test for
paired samples (*p < 0.05; **p < 0.01). (C) Blasts from two t(8;21) AML
patients (#1 and #2) were incubated or not (NT) in the presence of 2 mM
VPA or 1 .M SAHA for the indicated times (hours). Cells were then lysed
and western blotting performed with the indicated antibodies.

with the well-known growth-inhibitory and pro-apoptotic effects
of HDAC: in vitro and in vivo on a wide range of transformed
cells.®”4 Moreover, we confirmed that AML1/ETO-expressing
cells are particularly sensitive to the proapoptotic effects of
HDAC:. Indeed, treatment of THP-1 or NB4 cells with either
VPA or SAHA determined negligible or modest apoptosis or
differentiation, albeit increasing total H3 and H4 acetylation
at levels similar to those induced in Kasumi-1 cells. What is
remarkable here is that either VPA or SAHA induced detectable
granulocytic and monocytic maturation of Kasumi-1 cells sur-
viving treatment, as witnessed by the increase of markers such as
CDl1a, CD11b, CD14, CD15, C/EBPa and PU.1, as well as the
decrease of CD34. VPA was previously shown to have a partial
differentiating effect,”* while, to our knowledge, the induction
by SAHA of maturation of AML1/ETO-positive cells had not
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been reported before. Rather, a previous report™ excluded a dif-
ferentiating effect of SAHA on Kasumi-1 cells on the basis of
the unchanged expression of CD11b after 48 h of treatment with
0.5 wM SAHA. In our experiments, SAHA was used at 1 wM.
This different dosage possibly explains the maturation effects we
observed, which are, however, demonstrated by changes relative
to many differentiating markers. Our results seem to indicate
that the induction of maturation in vitro is a common property
of different families of HDACi.

On the whole, we found that VPA and SAHA determined
different rapidity and robustness of acetylation of H3 and H4
(either total or on single residues) although eliciting similar bio-
logical effects, at least for what concerns apoptosis and myeloid
maturation. However, it cannot be excluded that other biological
features may be differently affected. That the pattern of bulk his-
tone acetylation is not tightly linked to apoptosis and maturation
is also witnessed by the fact that HDAC] induced similar levels
of acetylation in NB4 and THP-1 cells, which neither underwent
marked apoptosis nor differentiated appreciably. Therefore, dif-
ferences in the biological effects of HDACi may be explained by
a fine-tuning of histone acetylation that needs to be deepened.
Moreover, data reported here showed that both VPA and SAHA
are able to loosen the block of maturation caused by the AMLI/
ETO repressor complex. The induction of massive apoptosis and
detectable maturation confirmed the potent anti-leukemic activ-
ity of the HDAC: tested on AML1/ETO-expressing cells. On the
basis of our results (refs. 23, 24 and this paper) and those recently
published by others,” we propose HDACi to be tested as single
agents in clinical trials dedicated to sensitive AML subtypes such
as that expressing AMLI/ETO.

Materials and Methods

Cells and culture conditions. Kasumi-1,> NB4> and THP-1*
cells were seeded at 3 x 10° cells per ml in RPMI 1640 supple-
mented with 10% fetal bovine serum (FBS), 4 mM glutamine,
50 U/ml penicillin and 50 mg/ml streptomycin, incubated
at 37°C in a water-saturated atmosphere containing 5% CO,,
and treated or not with VPA 2 mM (Sigma)® or SAHA 1 pM
(Sigma).” Kasumi-1 cells, a human AMLI/ETO-positive cell
line,”* and the human promyelocytic leukemia NB4 have been a
kind gift of Dr C. Chomienne (Université Denis Diderot, Institut
Universitaire d’Hématologie) in 1998. Kasumi-1 cells have been
routinely (every two to three months) checked by Q-PCR and
western blotting for the expression of AMLI/ETO. The human
myeloid monocytic THP-1 cells have been a kind gift of Dr.
S. Ferrari (Department of Biomedical Sciences, University of
Modena and Reggio Emilia, Modena, Italy) in 2004. Primary
AML blasts were obtained from two French-American-British
type M2 patients with t(8;21) following informed consent, by
depletion of adherent cells in serum-free medium; after this pro-
cedure, the blast content was 98—-100%, as revealed by morpho-
logical examination.

Cell lysis and western blotting. Cells were washed twice with
ice-cold phosphate-buffered saline (PBS) containing 100 pM
orthovanadate and lysed by incubation in Laemmli buffer
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Figure 7. Effects of VPA or SAHA on maturation of Kasumi-1 cells. (A) Cells were incubated in the presence or the absence (NT) of 2 mM VPA or 1 pM
SAHA for 2 (upper pictures) or 3 (lower pictures) days. Cytospin preparations were stained with May-Griinwald/Giemsa and examined using a 100x
immersion lens. Histograms represent the percentages of blasts (gray) or differentiated (white) cells at the indicated times (days), determined as
described in Materials and Methods. (B-F) Cells were treated as in A for 2 d. (B-E) Cell surface expression of markers was evaluated by flow cytometry
using FITC (CD11b and CD15) or PE (CD14 and CD34) conjugated monoclonal antibodies. MFl was calculated with respect to that of cells treated with
FITC- or PE-conjugated IgG. (F) The relative expression of CD11a was calculated by Q-PCR using rRNA18S for normalization and untreated sample as
calibrator. (A-F) Values are means + SEM of data from three independent experiments. The statistical significance of differences was determined by
the Student’s t-test for paired samples (*p < 0.05; **p < 0.01). (G) Cells were incubated or not (time 0) in the presence of 2 mM VPA or 1 uM SAHA for the
indicated times (hours). Cells were then lysed and western blotting performed with the indicated antibodies. Results are from one typical experiment

(Tris/HCl 62.5 mM, pH 6.8, 10% glycerol, 0.005% blue bromo-
phenol, 2% SDS) at 95°C for 10 min in the presence of 100 mM
2-mercaptoethanol. Lysates were then clarified by centrifugation
(20,000 g, 10 min, RT). Protein concentration was determined
by the BCA method and 15 g protein/sample were separated by
SDS-PAGE in 15% polyacrylamide gel and then transferred onto
PVDF membranes (Millipore) by electroblotting. Membranes
were incubated (1 h, RT) in Odyssey Blocking Buffer diluted
1:1 with PBS, and then in PBS containing 0.1% Tween-20 and
the primary antibody (16-18 h, 4°C). After extensive wash-
ing with 0.1% Tween-20 in PBS, membranes were incubated
in Odyssey Blocking Buffer diluted 1:1 with PBS containing
IRDye®800CW- or IRDye®680-conjugated secondary antibody
(1 h, 4°C). Bands were visualized by infrared imaging (Li-Cor,
Odissey), images recorded as TIFF files and band intensity mea-
sured with the Adobe Photoshop software.

Chromatin immunoprecipitation (ChIP) assay. An amount
of 10° Kasumi-1 cells (seeded initially at 3 x 10° cells per ml)
were treated with 1% formaldehyde for 10 min at 37°C. Cross-
linking was stopped by adding glycine (final concentration:
125 mM). Cells were centrifuged at 1,300 rpm for 5 min at 4°C
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and washed twice, using ice-cold PBS containing protease inhibi-
tors: 1 mM phenyl-methyl-sulphonyl-fluoride (PMSF), 1 pg/ml
aprotinin and 1 pg/ml pepstatin-A. Cell pellet was lysed in
200 pl of lysis buffer (50 mM Tris—HCI pH 8.1, 10 mM EDTA,
1% SDS, 1 mM PMSF, 1 pg/ml aprotinin and 1 pg/ml pep-
statin-A) for 10 min on ice and then sonicated (two pulses of
15 sec each, at power setting 5 in a Microson Misonix apparatus)
to generate DNA fragments of 100-500 bp. After centrifugation
(20,000 g, 10 min, 4°C), the supernatant was 10-fold diluted
with ChIP dilution buffer (16.7 mM Tris-HCI pH 8.1, 167 mM
NaCl, 1.2 mM EDTA, 0.01% SDS, 1.1% Triton X-100), 4% of
this sample was harvested and used as an indicator of chromatin
content in each sample (input). The samples were pre-cleared by
incubating with 50 pl of sonicated salmon sperm DNA/protein
G agarose (Millipore) for 1 h at 4°C under constant agitation.
Following centrifugation (1,000 rpm, 1 min, 4°C), sample super-
natants were added with 2 g of antibody (directed to the target
of interest or an isotype control IgG) per sample and incubated
overnight at 4°C under constant agitation. In parallel, each sam-
ple was subjected to the same procedure without antibody (nega-
tive control). Antibody-protein-DNA complexes were collected

Volume 8 Issue 2



THP-1 B

A
VPA SAHA
0 1 6 244872 1 6 24 48 72

- - - ——

- e W W W W W W W

-— ——-----"--

0 1
'-—---6-0000 pro-caspase 3

NB4
VPA
6 24 48 72 1

SAHA
6 24 48 72

C = 40 7 THP-1
> i
@£
©
(&)
0
o)
Q.
) ) )
1 2 3

[}
o
T S R S N

cell number (%

KASUMI-1 NB4 THP-1

g \y Q¥
& EFFRLE T FH
- - e &S — «= @» 2cH3
— S G —— D S — e = acH4

= -~ S=EmEE v

Figure 8. Effects of VPA or SAHA on apoptosis in AML cells not expressing AML1/ETO. THP-1 (A) or NB4 (B) cells were incubated or not (time 0) in
the presence of 2 mM VPA or 1 .M SAHA for the indicated times (hours). Cells were then lysed and Western Blotting performed with the indicated

antibodies. Results are from one typical experiment out of two. THP-1 (C) or NB4 (D) cells were incubated in the presence or the absence (NT) of 2 mM
VPA or 1 M SAHA for the indicated times (days). Apoptosis was then measured by the Annexin V test and flow cytometry. Values are means + SEM of
the percentages of apoptotic cells obtained from three independent experiments. The statistical significance of differences was determined by the
Student’s t-test for paired samples (*p < 0.05). (E) Cells were incubated in the presence or the absence (NT) of 2 mM VPA or 1 uM SAHA for 3 d. Cytospin
preparations were stained with May-Griinwald/Giemsa and the percentages of blasts (gray) or differentiated (white) cells determined as described in
Materials and Methods. Differences, as determined by the Student’s t-test for paired samples, were not significant. (F) Cells were incubated or not (NT)

one typical experiment out of two.

in the presence of 2 mM VPA or 1 uM SAHA for 24 h and lysed. Western Blotting was then performed with the indicated antibodies. Results are from

by a further incubation with 50 pl salmon sperm DNA/protein
G agarose and centrifugation. After extensive washing, com-
plexes were eluted with 500 .l elution buffer (0.1 M NaHCO,,
1% SDS). Following addition of 0.2 M NaCl, all samples, includ-
ing input, were incubated at 65°C for 4 h to revert cross-linking.
After treatment with 10 mM RNase and digestion with 40 mM
proteinase-K, DNA was extracted with a DNA purification sys-
tem based on silica-membrane spin columns, according to the
manufacturer’s recommendations (Promega) and DNA eluted in
50 pl of water.

Quantitative real-time PCR (Q-PCR). After total RNA
extraction by TRIzol, as recommended by the manufacturer
(Invitrogen), 1 pg/sample of total RNA was subjected to reverse
transcription  with ~ SuperScriptVILO-Reverse Transcriptase
(Invitrogen) for 10 min at 25°C, 1 h at 42°C and 5 min at 85°C,

www.landesbioscience.com

Epigenetics

utilizing 50 pmol hexameric random primers. The primers used
were as follows: 1IL3 mRNA: FW, 5-CCA AAC CTG GAG
GCATTCA-3; RV, 5-TCAATT GCT GAT GCG TTC TGT
A-3'; rRNA 18S mRNA: FW, 5-CGG CTA CCA CAT CCA
AGG AA-3, RV, 5-GCT GGA ATT ACC GCG GCT-3%; IL3
promoter: FW, 5-ACT GAT CTT GAG TAC TAG AAA GTC
ATG GA-3'; RV, 5-GGA AGG ATC TTT ATC TGA CAT
GGA A-3"; CD11a mRNA: FW, 5-CCA AAG ACA TCA TCC
GCT ACA TC-3'; RV, 5-CTT CCT GAC TCT CCT TGG
TCT GAA-3".

RQ-PCR (2 min 50°C, 5 min 95°C, 40 cycles at 95°C for
15 sec and at 60°C for 1 min) was performed with the ABI Prism
7500 Sequence Detection System (Applied Biosystems) using
Power SYBR® Green PCR master mix (Applied Biosystems). A
melting curve analysis was performed to discriminate between
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specific and non-specific PCR products. The housekeeper
rRNA 18S gene was used as standard for IL3 mRNA expres-
sion. The relative expression of IL3 mRNA with respect to that
of untreated cells, used as calibrator, was calculated by using a
comparative threshold cycle method and the Equation 26440 56
Immunoprecipitated IL3 promoter DNA was normalized by
input DNA and data were expressed with respect to those of
untreated cells.

Polymerase chain reaction (PCR). The immunoprecipi-
tated chromatin was also analyzed by PCR in a Master Cycler
(Eppendorf) using GoTag DNA Polymerase (Promega), using
the following primers for the IL3 promoter: FW, 5-AGT CAT
GGA TGA ATA ATT ACG-3'; rRV, 5“TCC CGC CTT ATA
TGT GC-3". PCR parameters were: 2 min at 94°C, 45 cycles
at 94°C for 40 sec, 57°C for 40 sec and 72°C for 40 sec; final
extension at 72°C for 5 min. PCR products were visualized by
a run in a 3% agarose gel and image acquisition (Kodak EDAS
299 camera).

Antibodies. The following ChIP-grade rabbit polyclonal anti-
bodies (Millipore) were used: anti-pan-acetylated-H4 (#06-598);
anti-pan-acetylated-H3 (#06-599); anti-H4 (#07-108); anti-
acK5-H4 (#07-327); anti-acK8-H4 (#07-328); anti-acK12-H4
(#06-761); anti-acK16-H4 (#07-329); anti-acK9-H3 (#07-352)
and anti-acK27-H3 (#07-360). The anti-caspase 3 (#sc-7272)
and anti-GAPDH (#sc-20357) antibodies was from Santa Cruz
Biotechnology.

Cell apoptosis and maturation. To quantify apoptosis, cells
were centrifuged, resuspended in 100 wl of 1x binding buffer
(HEPES-buffered saline solution with 2.5 mM CaCl,) and incu-
bated with FITC-labeled Annexin-V (Roche Diagnostics) and
propidium iodide (PI) for 15 min in the dark at room tempera-
ture (RT). After the addition of 400 pl of 1x binding buffer and
agitation, flow cytometry was performed using a FACSCanto
(Beckton and Dickinson). Annexin-V*/PI" cells were defined
“early apoptotic” and Annexin-V*/PI* cells “late apoptotic.” Total
apoptosis was calculated by the sum of all annexin-V* cells.

Cell differentiation was evaluated by morphological or immu-
nological criteria or Q-PCR (see above). Cytospin preparations of
AML cells were stained with May-Griinwald/Giemsa and exam-
ined using a 100x immersion lens with a Leica DMR microscope.
At least 200 cells/slide were counted in duplicate to determine
the percentages of blasts, promyelocytes, myelocytes, metamy-
elocytes, band forms, granulocytes, monoblasts, monocytes and
macrophages. Morphological signs of maturation were consid-
ered the presence of cytoplasmic granules, the lack of cytoplasmic
basophilia, chromatin condensation and nuclear segmentation.
The expression of CD34, CD15, CD11b and CD14 on the cell
surface was determined by flow cytometry. Cells were washed
with PBS and incubated with PE-labeled anti-CD34, PE-labeled
anti-CD14, FITC-labeled anti-CD11b or FITC-labeled anti-
CD15 antibodies (Becton Dickinson) for 30 min in the dark
at RT. After centrifugation in PBS for 5 min, cells were resus-
pended in 500 pl of PBS and flow cytometry performed in a
FACSCanto. Results were expressed as mean fluorescence inten-
sity (MFI), which is the mean fluorescence ratio of the specific
antibody to the isotype antibody channel.
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