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Abstract

Arsenic trioxide (As,03) has shown remarkable efficacy for the treatment of multiple myeloma (MM). Histone deacetylases
(HDAQ) play an important role in the control of gene expression, and their dysregulation has been linked to myeloma.
Especially, HDAC6, a unique cytoplasmic member of class Il, which mainly functions as a-tubulin deacetylase and Hsp90
deacetylase, has become a target for drug development to treat cancer due to its major contribution in oncogenic cell
transformation. However, the mechanisms of action for As,0z have not yet been defined. In this study, we investigated the
effect of As,03 on proliferation and apoptosis in human myeloma cell line and primary myeloma cells, and then we studied
that As,O3 exerts antimyeloma effects by inhibiting activity in the a-tubulin and Hsp90 through western blot analysis and
immunoprecipitation. We found that As,05 acts directly on MM cells at relatively low concentrations of 0.5~2.5 uM, which
effects survival and apoptosis of MM cells. However, As,03 inhibited HDAC activity at the relatively high concentration and
dose-dependent manner (great than 4 pM). Subsequently, we found that As,O3 treatment in a dose- and time-dependent
fashion markedly increased the level of acetylated a-tubulin and acetylated Hsp90, and inhibited the chaperone association
with IKKe activities and increased degradation of IKKa. Importantly, the loss of IKKa-associated Hsp90 occurred prior to any
detectable loss in the levels of IKKa, indicating a novel pathway by which As,O; down-regulates HDAC6 to destabilize IKKa
protein via Hsp90 chaperone function. Furthermore, we observed the effect of As,O3 on TNF-a-induced NF-kB signaling
pathway was to significantly reduced phosphorylation of Ser-536 on NF-kB p65. Therefore, our studies provide an important
insight into the molecular mechanism of anti-myeloma activity of As,O3 in HDAC6-Hsp90-IKKa-NFkB signaling axis and the
rationale for As,03 can be extended readily using all the HDAC associated diseases.
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signaling in tumor cells. Moreover, AsyO3 reduces tumor necrosis
) ) o factor (INF) a-induced adhesion to bone marrow stromal cells
During the last decade, arsenic trioxide (AsyOs) has been (BMSCs) and the resultant induced secretion of cytokines (IL-6

demonstrated  the efficacy and safety treatment for acute and VEGF) that promote MM cell growth, survival, and migration
promyelocytic leukemia (APL) [1,2]. Currently, many trials have 8].

represented that the addition of AsyOs to standard treatment
regimens improves survival outcomes in patients and may allow a
reduction in cytotoxic chemotherapy exposure in other malignan-
cies, particularly multiple myeloma (MM) and myelodysplastic
syndromes (MDS) [3,4,5,6]. Several trials have evaluated the
efficacy of AsyOj3 in combination with existing MM therapies,

Introduction

Modification of proteins by histone acetyltransferases (HAT) or
histone deacetylases (HDAC) plays an important role in the
control of gene expression, and its dysregulation has been linked to
myeloma and others malignant transformation or diseases [11,12].
To date, eighteen HDAC family members (HDACI-11 and
SIRT1-7) have been identified and divided into 5 groups: class I

including melphalan, dexamethasone, ascorbic acid, and bortezo-
mib, in relapsed patients [3,4].

Arsenic acts on cells through a variety of mechanisms,
influencing numerous signal transduction pathways and resulting
in a vast range of cellular effects that include apoptosis induction,
growth inhibition, promotion or inhibition of differentiation, and
angiogenesis inhibition [7,8,9,10]. In MM, AsyOs3 induces
apoptosis of MM cells via caspase-9 and overcomes the protective
effect of IL-6 in the BM milieu by inhibiting JAK-STAT survival
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(HDAC1, HDAC2, HDAC3, and HDACS), class Ila (HDAC4,
HDACS5, HDAC7, and HDACY), class IIb (HDAC6 and
HDACI10), class III (SIRT family), and class IV (HDACI1I)
according to their homology to yeast histone deacetylases. They
play an important role in regulating gene transcription as well as a
variety of cellular functions [13,14]. HDAC6, a unique cytoplas-
mic member of class 11, has become a target for drug development
to treat cancer due to its major contribution in oncogenic cell
transformation [12]. Most of the studies focus on its major
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substrate o-tubulin and how (de)acetylation of tubulin affects
lymphocyte chemotaxis, cellular adhesions, aggresome formation,
EGFR signaling, stress granules in stress response, and growth
factor-induced actin remodeling and endocytosis [15,16]. Hsp90
was the second HDACG6 substrate identified in the cytoplasm after
o-tubulin [17]. Hsp90 is a molecular chaperone that is induced in
response to cellular stress and stabilizes client proteins involved in
cell cycle control and proliferative/anti-apoptotic  signaling.
Chaperone Hsp90 has been described as components of the
IKK complex, which associated with its co-chaperone cdc37
behaves as a stabilizing factor of IKK through interaction between
cdc37 and the kinase domains of IKKao and IKKp in NF-xB
signaling [18].

Although AsyO3 has been extensively studied as potential anti-
myeloma treatment, the precise functions of AsyOjs in the
myeloma cells remain to be defined; especially whether AsyOs
could affect activity in HDAC6-Hsp90-IKKo-NFkB signaling
axis. Therefore, in this study we examined AsyOj exerts
antimyeloma effects involving in activity toward cytoplasmic
substrates o-tubulin and Hsp90 of HDAC6, IKK complex, and
then the direct phosphorylation of p65 on NF-kB signaling
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pathway, which may provide a novel molecular basis and rationale
for the use of AsyO3 in MM treatment.

Results

As,03 inhibits myeloma cell growth and induces
apoptosis

In order to determine the cell proliferation to AsyO3, MM cell
line was treated with drug at the concentration from 0.1 uM to
64 pM for 24, 48 and 72 hours and four primary myeloma cells
were cultured with AsyO3 (0.1~64 uM) for 48 hours (Figure 1).
AsyOg inhibited the growth of MM cells in a dose- and time-
dependent manner (Figure 1A). Fifty percent growth inhibition
IC50) in NCI-H929 cells at 48 hours was observed with 2.5 pM
As9QOs3, and AsgOs effects in inhibiting cell growth displayed
1C50=4 uM on primary MM cells (Figure 1B). Taken together,
the results demonstrate AsyO3 inhibits the proliferation of MM
cells at the relatively low concentration both in cell line and
primary myeloma cells.

Then we determined the percentage apoptosis of NCI-H929
exposed to AsyOgs by flow cytometry using Annexin V FITC/PI
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Figure 1. As,0; inhibits myeloma cells growth. As,0; with different concentrations (0.1 uM~64 pM) inhibits proliferation of (A) MM cell lines
for 24 hours, 48 hours, and 72 hours and (B) MM patients’ cells for 48 hours. Cell growth inhibition was measured with the CCK-8 reagent, as
described in the Methods. (C) As,05 induced apoptosis of NCI-H929 cells. Apoptosis rates were determined using Annexin-V/PI staining. Cells were
incubated for 24 or 48 hours with 1 uM~0 uM of As,03, and the appropriate combination and analyzed by flow cytometry. Data are the mean+SD
for three replicate measurements. * means statistical difference was observed between the treated group and control (P<0.05).

doi:10.1371/journal.pone.0032215.9001
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assay as depicted in Figure 1C. There was a gradual increase in
Annexin V positive cells (apoptotic cells) in AsyOs-treated cells
compared to the control. Treatment of NCI-H929 cells with
AsyO3 for 48 hours resulted in 3.1% to 89% apoptosis,
respectively, at the dose dependent apoptosis of AsyOs3 from
0 uM to 10 uM, with effective dose for 50% apoptosis (ED50)
between 2 uM~5 pM. These results suggest that AsyOs is a
potent inducer of apoptosis in myeloma, particularly at the
relatively low concentration.

As,03 decreases HDAC activity in myeloma cells

To investigate whether a decrease in histone acetylase activity
could be achieved by AsyOj treatment in the myeloma cells,
enzyme activity was evaluated by colorimetric commercial HDAC
activity assay in NCI-H929 cells. Results are also shown in
Figure 2. Using the same scale for HelLa cell extracts treated or
without trichostatin A as positive and negative control, we found
that the deacetylase activity was significantly decreased in cells
treated with relatively high concentration range from
4 uM~64 uM (p<<0.05), however, the deacetylase activity had
no change in cells treated with 0.5 uM~2 pM lower concentra-
tions. When cells treated at the maximum concentration 64 uM in
this study, the deacetylase activity was inhibited over 70%, which
showed in a concentration-dependent manner.

As,05 triggers the accumulation of a-tubulin acetylation

HDAC6 has emerged as a major cytoplasmic deacetylase
functioning as a-tubulin deacetylase and Hsp90 deacetylase. To
assess the biologic significance of AsyO3 on HDAC6 activity, we
next examined the acetylated a-tubulin level in cells. Since 2.5 uM
and 5 pM AsyOj3 decreased the cell viability to about 50% in cell
line and primary cells, we used these concentrations to further
study the activity of As,O3 in myeloma cells. NCI-H929 cells were
incubated with AsyOj from 1 uM to 10 uM for 48 hours, and
exposed to AsyO3 at 2.5 pM at 24 and 48 hours, respectively. The
whole-cell extracts were then analyzed by western blot. AsyOs
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treatment in a dose- and time-dependent fashion markedly
increased of acetylated o-tubulin in myeloma cells (Figure 3A
and 3B). Importantly, As,Os also triggered the accumulation of o-
tubulin acetylation in primary tumor cells with 5 uM for 12 hours
(Figure 3C).

As,03 induces hyperacetylation of Hsp90 and decreases
IKKa-binding to Hsp90

Next, we determined the second HDACG6 substrate which is the
well-characterized chaperone Hsp90. A potential effect of AsyO5
on the Hsp90-IKK interaction was investigated by immunopre-
cipitation (Figure 4). We observed the greater increased accumu-
lation of acetylated Hsp90 in NCI-H929 cells treated with AsyOs5
at 2.5 uM or 5 pM compared to the control (Figure 4A). Since
Hsp90 clients are degraded by the ubiquitin-proteasome pathway
when Hsp90 function is inhibited [19], we investigated the effect in
AsyOs-mediated degradation of IKK in myeloma cells. Binding of
Hsp90 to the IKKa was disrupted when cells were treated with
AsyO5 2.5 uM for 48 h, while the total Hsp90 in the input
material was not affected and the IKKa protein levels was very
mild decreased during the same time point (Figure 4B). Further-
more, we performed western blot assay and observed that the
IKKua protein was down expression in myeloma cells treated with
AsyO3 5 UM, whereas there was ineffective with As,O5 at 2.5 uM
(Figure 4C).

As,03 inhibits TNF-a-dependent p65 phosphorylation
To examine the effect of AsyO3 on the NF-kB activation
pathway, TNF-a was used, which it is relatively well understood of
a potentiated pathway activated agent. The activation of NF-xB
involves the phosphorylation, ubiquitination, and degradation of
the inhibitor of NF-kB (IxBa), which leads to the nuclear
translocation of the p50-p65 subunits of NI-«B followed by p65
phosphorylation, acetylation and methylation, DNA binding, and
gene transcription [20]. Phosphorylation of the p65 subunit of NF-
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Figure 2. As,0; can cause a decrease in HDAC activity. Graphs in the panel are HDAC activity expressed as ODs, in the same scale as the
positive and negative controls that are also Hela cells extracts with and without trichostatin A treatment. At the bottom are values of As,03
treatment concentration. * means statistical difference was observed between the treated group and control (P<<0.05).

doi:10.1371/journal.pone.0032215.g002
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Figure 3. As,0; triggers the accumulation of a-tubulin acetylation. (A) NCI-H929 cells were cultured with As,03 (1 uM, 2.5 uM, 5 uM, 7.5 uM
and 10 uM) for 48 hours. (B) NCI-H929 cells were cultured with As,03 (2.5 uM) for the indicated time periods. (C) Primary tumor cells from MM

patients were cultured with As,O3 (5 uM) for 12 hours.
doi:10.1371/journal.pone.0032215.g003

kB is required for the transcriptional activation of NF-xB.
Stimulus-induced phosphorylation of multiple amino acid residues
in the p65 subunit is required for transcriptional activation of NF-
kB in various cell types [21,22]. Since TNF-o has been shown to
vary significantly phosphorylation of p65 at Ser 536 in the
transactivation domain (TAD) compared to Thr 254, Ser 276, Ser
311, and Ser 529 in a variety of cell types [23], we chose to detect
phosphorylation of p65 at Ser 536 in myeloma cells. NCI-H929
cells were pretreated without or with AsyO5 for 6 hours at 2.5 pM,
exposed them to 10 ng/mL TNF-o for different times, and
examined them for p65 by western blot. We observed that TNF-o
induced p65 phosphorylation within 30 minutes, and significantly
suppressed the phosphorylation of p65 with the time-dependent in
overall interval times, importantly AsyOs5 could further suppressed
p65 phosphorylation in response to TNF-a treatment in myeloma
cells (Figure 5A). Subsequently, we examined the p65 phosphor-
ylation for cells incubated with 2.5 pM, 5 pM, 7.5 uM As,Og for
6 hours and then treated with TNF-o for 20 minutes. We found
that AsyOj3 inhibited the p65 phosphorylation induced by TNF-o
in dose-dependent matter (Figure 5B).

Discussion

In the present study, we show that the molecular mechanisms of
the action of AsyOs against MM by inhibiting activity in the
cytoplasmic substrates of HDAC6. We first demonstrate that
AsyO3 acts directly on MM cells at low concentrations of
0.5 uM~2.5 pM, inhibiting the proliferation of myeloma cells at
time- and dose-dependent fashion, and AsyOj5 induced apoptosis
in MM cells, as evidenced by an increase in the annexin V-positive
and PI negative apoptotic cell population. These results have been

@ PLoS ONE | www.plosone.org

confirmed and extend previous investigations [8,24,25]. Subse-
quently, we observed AsyOs3 represses the HDAC activity at the
high concentration with 64 uM markedly reduction HDAC
activity over 70%. Previous studies also suggested that AsyOj at
much high concentration (great than 500 uM) affects multiple
cellular functions via diversely enzyme activity [26], which
represses the NF-kB pathway by inhibiting IKK activity at high
AsyOj3 concentration [27] whereas lower concentrations were
ineffective for IKK activity [28]. In several leukemia and
lymphoma and solid tumors cells, some studies have reported
that the high concentrations of AsyOs (greater than 10 pM)
treatment activated the Jun N-terminal kinase (JNK) and p38,
members of stress-activated signal transduction pathways, and
resulted in apoptosis [29,30]. Recently study showed that HDAC
inhibitor, scriptaid, induces glioma cell apoptosis through JNK
activation and inhibits telomerase activity [31]. Therefore, we
speculated that the HDAC activity was significantly decreased by
AsyOj treatment at higher concentrations, which might mediate a
stress response involving in JNK activation. Unlike AsyOs
activation at low AsyOs concentrations (0.5 uM~2 uM) is
correlated with proliferation and apoptosis induction in myeloma
cells through radical oxygen species—mediated pathways [32,33].
Further detailed mechanism analysis of the HDAC activation at
higher concentration will be required to verify this hypothesis. In
addition, the binding of AsyOs to critical thiol group in the
enzyme, or alternatively, arsenite may alter the structure of the
histone deacetylase complex, which might be attributed to HDAC
inhibition after high-dose AsyOj5 stress treatments.

Class IIb HDAC6 has emerged as a major cytoplasmic
deacetylase, which mainly functions as a-tubulin deacetylase and
Hsp90 deacetylase [17], thereby regulating cell motility, adhesion

February 2012 | Volume 7 | Issue 2 | 32215
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Figure 4. As,03 induces hyperacetylation of Hsp90 and decreases IKKa-binding to Hsp90 by immunoprecipitation and western blot
assays. (A) The accumulation of acetylated Hsp90 in NCI-H929 cells were cultured with As,O3 (0 uM, 2.5 uM, and 5 uM) for 48 hours. (B) Hsp90-1KK
interaction in NCI-H929 cells were cultured with As,05 (2.5 uM) for 48 hours. (C) The IKKa protein expression in myeloma cells treated with As,03

(0 uM, 2.5 uM, and 5 uM) for 48 hours.
doi:10.1371/journal.pone.0032215.g004

and chaperone function. HDAC6 mediates the formation of
aggresomes and thus represents a protective cellular response to
cytotoxic effects of misfolded protein [34]. Our results showed that
treatment of myeloma cells with AsyO3, followed by immunoblot-
ting of the cell extracts with anti-(acetylated tubulin) antibody
resulted in markedly increased o-tubulin acetylation in a dose- and
time- dependent fashion. Importantly, AsyO3 also triggered the
accumulation of o-tubulin acetylation in primary tumor cells.
There is evidence that the overexpression of HDAC6 leads to a
global deacetylation of a-tubulin, whereas a decrease in HDAC6
increases o-tubulin acetylation [35]. Therefore, we suggested that
AsyO3 inhibited HDACG6 through enhanced accumulation of
acetylated o-tubulin. Previous studies showed that HDAC6
acetylated tubulin via its tubulin acetylase domain and then
resulted in stabilizing the microtubule assembly [35]. We assume
that HDAC6-dependent o-tubulin acetylation contributes to the
decreased cell motility and invasive migration of myeloma cells;
thus, this action of the AsyOs-induced o-tubulin acetylation could
be one of the reasons for AsyO3 in myeloma treatment. Several
clinical trials have shown the superiority of AsyOs in myeloma
therapy for refractory and relapse MM patients [4,36].

The second HDAC6 substrate is the well-characterized
chaperone Hsp90 [18]. There is evidence that inhibition of
HDACGG6 results in increased acetylation of Hsp90 and disruption
of the chaperone association with its client proteins [37]. IKK is a
client of Hsp90 protein complex composed of three subunits,

@ PLoS ONE | www.plosone.org

IKKa (IKK1), IKKf IKK2) and IKKy (NEMO) [38]. Previous
studies have shown that co-chaperone Cdc37 recruits Hsp90 to the
IKK complex in a transitory manner, preferentially via IKKo
[18]. We firstly hypothesized that AsyO3 may trigger Hsp90 down-
regulation. Our results observed that AsyOj resulted in accumu-
lation of acetylated Hsp90 in myeloma cells and inhibition of
chaperone association with IKKa and increased degradation of
IKKo. Importantly, the loss of IKKa-associated Hsp90 occurred
prior to any detectable loss in the levels of IKKa, indicating a
novel pathway by which AsyOs; down-regulates HDAC6 to
destabilize IKKot protein via Hsp90 chaperone function. It has
been shown that Hsp90 could be recruited to membrane rufiles,
where deacetylated Hsp90 promotes cell motility [39]. Some
reports showed that specific inhibition of Hsp90 chaperone
function by geldanamycin (GA), an anti-tumor drug, leads to
degradation of its clients [19]. Taken together, our results of
HDACS6-dependent AsyOj3 action may also be mediated through
arrest cell motility with Hsp90, which has already emerged as a
promising class of anti-cancer drugs in myeloma.

IKK complex directly phosphorylates IkBs (inhibitors of NF-kB)
for subsequent proteasomal degradation, which leads to activation
of NF-kB, a transcription factor family involved in diverse
biological processes [40]. The activation of NF-xB involves the
phosphorylation, ubiquitination, and degradation of IxkBo and
phosphorylation of p65, which in turn lead to the translocation of
NF-kB to the nucleus where it binds to specific response elements

5 February 2012 | Volume 7 | Issue 2 | 32215
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Figure 5. As,;0s3 inhibits TNF-a dependent p65 phosphoryla-
tion. (A) Cells were either untreated or pretreated with 2.5 uM As,03
for 6 hours and then treated with 10 ng/mL TNF-a. for 0, 10, 20, 30, 60,
120 minutes time points. (B) Cells were incubated with 2.5 uM, 5 uM,
7.5 uM As,03 for 6 hours and then treated with 10 ng/mL TNF-o for
20 minutes. Western blot analysis was performed with anti-p65 and
anti-phospho- p65-Ser 536.

doi:10.1371/journal.pone.0032215.9005

in the DNA [41]. Phosphorylation of the p65 subunit of NF-kB is
required for the transcriptional activation of NIF-xB in a number of
ways: by stabilizing p65 protein, regulating DNA-binding activity,
decreasing the binding of p65 to IkBo and enhancing its
transactivation potential [22] .To assess the biologic significance
of NF-xB activation during AsyOs-induced growth inhibition, we
were designed to investigate the effects of AsyOs; on TNF-o-
induced phosphorylation of Ser-536 p65 NF-xB signaling
pathway. Ser-536 is located in the COOH terminal TAD of p65
and its phosphorylation plays a key role in transcriptional
activation in response to stimuli such as TNF-o [42]. We showed
that, in cells treated with AsyOs3, phosphorylation of Ser-536 on
NF-xB p65 was significantly reduced in response to TNF-o in
dose- and time- dependent matter. Consistent with our findings in
other types cells [23], TNF-a-induced phosphorylation of Ser-536
on p65 was also significantly reduced in cells, thus attenuating
activation of NF-«B signaling.

In conclusion, this study showed for the first time that AsyOs
exerts antimyeloma effects by inhibiting HDAC activity, promot-
ing o-tubulin acetylation, decreasing Hsp90 function, resulting in
NF-kB inactivation. Together, the results in the present study
elaborated a novel molecular mechanism link among As,Oj in
HDAC actively by inhibiting activity in the cytoplasmic substrates
of HDACS6. Thus, our data here thus may provide an important
insight into the molecular mechanism of anti-myeloma activity of
AsyOs3, and the rationale for AsyOj5 can be extended readily using
all the HDAC associated diseases.

@ PLoS ONE | www.plosone.org
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Materials and Methods

Cells and reagents

Myeloma cell line NCI-H929 secreting the IgA « light chain
was a gift from Dr. Margaret H.L.. Ng (Prince of Wales Hospital,
Chinese University of Hong Kong). Cells were cultured in RPMI
1640 medium (Sigma—Aldrich, St. Louis, MO, USA) supplement-
ed with 10% heat-inactivated fetal bovine serum (FBS), 100 U/
mL  penicillin, 100 ug/mL streptomycin, and 2 mmol/L I-
glutamine at 37°C in humidified air containing 5% carbon
dioxide. Culture medium was replaced every 3 days. As;O5 power
was purchased from Sigma Co., USA (Lot:A1010) and stored at
room temperature, and then it was diluted in culture media just
before use. All experiments were conducted with cells in
logarithmic phase. TNF-o was purchased from Promega (Madi-
son, WI).

Antibodies

For Western blot, the following antibodies were used: mouse
monoclonal antibodies against Hsp90 antibody (Stressgen Bio-
technology), p65 (Santa Cruz, CA), a-tubulin and anti-B-actin
(Sigma,USA), and anti-IKKa (Imgenex, San Diego, CA).
Phosphospecific anti-p65 (Ser536) antibodies were purchased
from Cell Signaling Technology (Danvers, MA). Anti-acetyl-lysine
antibodies were from Upstate Biotechnology, Inc. (Lake Placid,

NY).

Primary multiple myeloma cells

Primary myeloma cells were isolated from the bone marrow
samples of four MM patients receiving routine diagnostic
aspiration, with informed consent approved by the Institutional
Ethics Committee. Briefly, cells were separated by Ficoll density
gradient centrifugation and washed in phosphate-buffered saline
(PBS) twice prior to incubation with an anti-CD138 antibody
coupled to magnetic beads (Miltenyi Biotechm Aurburn, CA), and
selection using a magnetic affinity column, according to
manufacturer’s recommendation. Purity of the cell preparation
was verified with fluorescence-activated cell-sorting (FACS)
analysis and light microscopy to be at >95%. The fresh purified
MM cells were cultured for overnight to preactivate in RPMI 1640
medium (GIBCO-BRL, Grand Island, NY), supplemented with
10% FBS, 100 U/mL penicillin, 100 pg/mL streptomycin, and
2 mmol/L l-glutamine (GIBCO-BRL) and IL-6 (20 ng/mL; R&D
Systems, Abington, UK) during ex vivo culture.

Cell viability

Cell viability was tested by colorimetric assay kit (CCK-8 assay
kit; Dojindo Laboratories, Tokyo, Japan) based on the MTT
assay, according to the manufacturer’s instructions. Briefly, 5x10°
cells were incubated in 96-well plates with 0.1, 0.5, 1, 2, 4, 8, 16,
32, or 64 UM AsyOj treatments in culture medium for different
time points, and then 10 pL of the CCK-8 solution was added to
each well. After 4 hours incubation at room temperature, the
optical density (OD) was measured using a spectrophotometer
(Molecular Devices Co., Sunnyvale, CA) and the fold-increase in
the OD compared to that of the control (proliferation index) was
calculated. All experiments were performed in triplicate.

Detection of Apoptosis

Cell apoptosis was detected by using annexin V staining. MM
cells were cultured in media alone, or with media plus with various
concentration As,Oj treatments in culture medium for 24 and
48 hours. Cells were then washed twice with ice-cold PBS and
resuspended (1x10° cells/mL) in binding buffer (10 mmol/L.
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HEPES, pH 7.4, 140 mmol/L NaCl, 2.5 mmol/L CaCly). MM
cells (1x10%) were incubated with annexin V-FITC (5 uL;
Pharmingen, San Diego, CA) and PI (5 mg/mL) for 15 minutes
at room temperature. AnnexinV+PI- apoptotic cells were
enumerated by using the flow cytometer (FACS Navios, Beckman
Coulter).

HDAC activity assay

HDAC Activity was performed using the colorimetric HDAC
activity assay from BioVision (BioVision Research Products,
Mountain View, CA, USA) according to manufacturer instruc-
tions. Briefly, 100 pg of nuclear extracts from tumors were diluted
in 85 uL of ddH,O; then, 10 uL of 10 xHDAG assay buffer were
added followed by addition of 5 uL. of the colorimetric substrate
exposed to different concentration of AsyOs; samples were
incubated at 37° for 30 min. Subsequently, the reaction was
stopped by adding 10 pL of lysine developer and left for additional
30 min at 37°C. Samples were read in a fluorescence plate reader
with Ex.=360 nm and Em.=460 nm. Inhibition of HDAC
activity was expressed as inhibition of Relative Fluorescence Units.

Western blot analysis

Cell lysates and total protein concentration was measured with
the BCA Protein Assay Kit (Pierce Biotechnology, Rockford IL,
USA).Equal amounts of protein were subjected to SDS-PAGE and
proteins were transferred to mnitrocellulose membranes (GE
Healthcare, USA). The membrane was blocked in PBS containing
5% non-fat milk and 0.1% Tween-20, washed twice in PBS, and
incubated with primary antibody at room temperature for
2 hours, followed by incubation with secondary antibody at room
temperature for 45 minutes. Afterward, the proteins of interest
were visualized using ECL chemiluminescence system (Santa Cruz
Biotechnology, USA).

Immunoprecipitation
To assess the effects of As;O5 on Hsp90 acetylation and the
Hsp90-IKK interaction, cells (5x10° were treated with AsyOj5 at
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