MEDICAL LAB/IN VITRO RESEARCH

SCIENCE

. e-ISSN 1643-3750
MON TOR © Med Sci Monit, 2017; 23: 5150-5157
DOI: 10.12659/MSM.904232

Neceed, 20170005 Effects of Histone Deacetylase Inhibitor

Publisned: - 2017:10.22 Panobinostat (LBH589) on Bone Marrow
Mononuclear Cells of Relapsed or Refractory
Multiple Myeloma Patients and Its Mechanisms

Authors’ Contribution: ABCDEFG Yanping Ma Department of Hematology, The Second Hospital of Shanxi Medical University,
Study Design A scoer Wenhua Liu Taiyuan, Shanxi, P.R. China

Data Collection B Li Zh
Statistical Analysis C BCDEF ing ang

Data Interpretation D coer Gu Jia
Manuscript Preparation E
Literature Search F
Funds Collection G

Corresponding Author: Yanping Ma, e-mail: mayp2016@sina.com
Source of support: This study was supported by the International Science and Technology Cooperation Program of Shanxi province (No. 2010081064)

Background: The aim of this study was to explore the impact of LBH589 alone or in combination with proteasome inhibitor
bortezomib on multiple myeloma (MM) cell proliferation and its mechanism.

Material/Methods: MM cell line U266 and RRMM-BMMNC were treated with different concentrations of LBH589 alone or in com-
bination with bortezomib. Cell proliferation was detected by MTT assay. Cell cycle and apoptosis was analyzed
by flow cytometry. The protein and mRNA level of related genes was determined by Western blotting and gRT-
PCR respectively.

Results: U266 cell and RRMM-BMMNC proliferation were inhibited by different concentrations of LBH589 (0, 10, 20, and
50 nmol/L) alone or 50 nmol/L of LBH589 in combination with bortezomib (10 and 20 nmol/L) in a dose- and
time-dependent manner. LBH589 significantly induced GO/G1phase arrest and apoptosis in RRMM-BMMNC in
a dose-dependent manner. The effects were significantly higher in all combined groups than in single-agent
groups (all P<0.05). The mRNA level of Caspase3 and APAF1 were up-regulated gradually, while TOSO gene ex-
pression in RRMM-BMMNC was down-regulated gradually in a dose- and time-dependent manner. Moreover,
LBH589 significantly induced hyperacetylation of histone H4, the protein level of PARP notably increased, and
the level of Bcl-X decreased.

Conclusions: LBH589 can inhibit MM cell growth, block the cell cycle, and induce cell apoptosis, which has an anti-resistant
effect on multidrug-resistant cells. LBH589 in combination with bortezomib has a synergistic effect on myelo-
ma cells; its mechanism and reversal of drug resistance mechanism is involved in multiple changes in gene
expression.
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Material and Methods

Multiple myeloma (MM) is a plasma cell malignant prolifera-
tive disease that seriously affect patient health. The current
MM treatment of conventional chemotherapy drugs have ba-
sically increased the risk of a second cancer, and multidrug re-
sistance (MDR) phenomenon have appeared in MM cells [1].
Therefore, searching for an effective diagnostic strategy and
new anti-tumor drugs for MM is becoming more necessary and
urgent [2]. New anticancer treatment strategies focus on tar-
geting intrinsic molecular mechanisms of tumor cells, which
could offer higher efficacy with less adverse effects [3,4]. Among
these novel anticancer family drugs, which provided promis-
ing results, are histone deacetylase (HDAC) inhibitors [5-9].

HDACI, a class of enzymes that participate in chromatin remod-
eling, play important roles in the regulation of numerous bio-
logical processes, mainly via transcription inhibition [10-12].
In recent years, a growing number of studies have confirmed
HDAC inhibitors can be used as novel anti-tumor agents. As a
new generation of HDAC inhibitor, LBH589 has been verified
to have anti-tumor activity. LBH589 exerts its anti-tumor roles
mainly via inducing tumor cell apoptosis and HDACs inhibi-
tion [13-15]. LBH589 has been found to prevent human renal
cell carcinoma development by inducing cell cycle arrest and
cell apoptosis [16]. Fortunati et al. reported that LBH589 has
anti-proliferative and anti-invasive capabilities in triple-negative
breast cancer (TNBC) [17]. Jeon et al. suggested that LBH589
could induce oral squamous cell carcinoma cell apoptosis via
regulating of Sp1 gene expression [18]. LBH589 demonstrated
anti-myeloma activity across a range of human myeloma cell
lines and significantly repressed the growth of multiple myelo-
ma cells and fresh cells from multiple myeloma patients (IC50
<40 nmol/L), including cells resistant to standard chemother-
apeutic agents [19,20]. HDAC inhibitors combined with dexa-
methasone (Dex), bortezomib, and insulin-like growth factor-1
(IGF-1) inhibitors have synergistic cytotoxicity against MM, as
have tyrosine kinase inhibitors [21-25]. Phase 1 and 2 clinical
trials of hydroxamic acid-derived HDAC inhibitors LBH589 and
suberoylanilide hydroxamic acid (SAHA) for the treatment of
MM are now under way in the United States [26,27].

The results of the present study show that LBH589 notably
suppressed growth of multiple myeloma cells and bone mar-
row mononuclear cells of relapsed or refractory multiple my-
eloma patients (RRMM-BMMNC) and enhanced the cytotoxic-
ity triggered by bortezomib. LBH589 induced cell cycle arrest
and apoptosis of multiple myeloma cells through caspase-de-
pendent pathways. Furthermore, gene expression results un-
covered a group of proteins, such as Caspase3, APAF1, and
TOSO, which may play a relevant role in multiple myeloma
and RRMM-BMMNC apoptosis.

Cell culture

The human MM cell line U266 and was preserved by long-term
liquid nitrogen storage in our department. Recurrence of refrac-
tory multiple myeloma patients with bone marrow mononu-
clear cells were obtained from the Department of Hematology,
Second Hospital of Shanxi Medical University. U266 cells were
cultured in RPMI 1640 (GIBCO, Grand Island, NY) containing
10% heat-inactivated fetal bovine serum (Sijiging, Hangzhou,
China) and incubated at 37°C with 5% CO,.

Bone marrow from patients with recurrent refractory multiple
myeloma was collected, then bone marrow mononuclear cells
were isolated. RRMM-BMMNC was cultured in RPMI-1640 me-
dium containing 10% fetal bovine serum, 100 U/ml penicillin,
and 100 U/ml streptomycin.

LBH589 (Biovision) was dissolved in DMSO and Bortezomib
dissolved in saline, then diluted in media for cell culture
experiments.

Cell proliferation assay

The proliferation of multiple myeloma U266 cells and RRMM-
BMMNC was examined using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) colorimetric assay. U266
and RRMM-BMMNC cells (1x10°) were plated in a 96-well
plate and cultured overnight at 37°C. The cells were then in-
cubated with 0, 10, 20, and 50 nM LBH589 or 10 and 20 nM
Bortezomib combined with 50 nM LBH589 for 24 or 48 h, re-
spectively. The control group was treated with same volume
of RPMI 1640 medium. Every drug concentration was car-
ried out by at least 4 replicate wells. Then, each well received
204 pl MTT solution, incubated for 4 h at 37°C, centrifuged
(4°C, 1000 r/min, 10 min), and the supernatant was discard-
ed. We added 200 pl DMSO per well, then light oscillation for
10 min, and the optical density (OD) values at 492 nm were
detected with a microplate reader. Finally, the relative surviv-
al rate of the cells was calculated.

Cell cycle and cell apoptosis assay

The RRMM-BMMNC (1x108/ml) were seeded in 24-well plates
and treated with different concentrations of drugs. After 48
h, the cells were collected and centrifuged to remove the su-
pernatant, then washed with cold PBS (1000 r/min centrifuge
for 5 min). The cells were re-suspended in 1x staining solu-
tion, 5 pl of propidium iodide, and 25 pg/ml RNaseA were add-
ed, and the cells were incubated at room temperature for 15
min. A BD Flow Cytometer was used to analyze the cell sam-
ples (1x10* cells).
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Table 1. Inhibition effects of LBH589 monotherapy or in combination with bortezomib (Bor) on U266 and RRMM-BMMNC proliferation

(%, x£ s).

Inhibition rate of U266

Inhibition rate of RRMM-BMMNC

Control group 8 0
lonmoULiBHss® 8 11.084036"
20nmoULiBHss 8 21235053
CsonmoULLBHsS® 8 33.5841.00°
50 nmol/L LBH589+10 nmol/lBor 8 50.0841.22°
50 nmol/L LBH589+20 nmol/lBor 8 75484076

42.08+0.35% 16.40+0.59b 37.65+0.5720
"""""" 641261220 2368:165 59624102
"""""" 85.68£110°  37.274140%  67.88+179%
"""""" 9007:0.67° 47526067 75424078

Compared with the control group, 2 P<0.01; compared with the U266 group,  P<0.05.

Quantitative PCR

To detect the expression of APAF1, TOSO, and Caspase3, real-
time quantitative RT-PCR was performed using the Lightcycler-
Faststart DNA master SYBR green | PCR kit (Roche Applied
Science, Indianapolis, IN) in a Roche Lightcycler 1.2 Real-Time
PCR System (Roche) according to the manufacturer’s instruc-
tions. We used the following primers (forward/reverse, 5°-3’):
APAF1: TTCTGATGCTTCGCAAACAC/CTGGCAAATCTGCCTTCTTC,
TOSO: CACTTGCTTCCTTTCCAAGC/GAAGGATGCCCGAGACAATA,
Caspase3: TTTTTCAGAGGGGATCGTTG/CGGCCTCCACTGGTATTTTA,
[-actin: AGAGCTACGAGCTGCCTGAC/AGCACTGTGTTGGCGTACAG;

B-actin was used as an internal control. The comparative
threshold cycle method was used for calculation of amplifica-
tion fold. The expression level of each gene was normalized
by dividing by the expression level of B-actin.

Western blotting

RRMM-BMMNC were treated with different concentrations of
LBH589, and 24 h later, total cellular proteins were extracted
by using RIPA lysis buffer (Beyotime Biotechnology, Shanghai,
China). The protein samples were separated by using 10%
SDS-PAGE gels, and then transferred to a PVDF membrane
(Millipore, Bedford, MA). After blocking with 5% non-fat milk,
the membranes were then probed with antibodies against
Acetyl-H4 (1: 1000, Cell Signaling Technology), PARP (1: 1000,
Cell Signaling Technology), and Bcl-x (1: 1000, Cell Signaling
Technology). Membranes were washed 3 times and then in-
cubated with horseradish peroxidase (HRP)- conjugated sec-
ondary antibodies. The enhanced chemiluminescence detec-
tion system was used to visualize the immunoreactive bands.

Statistical analysis

SPSS13.0 software was used to analyze the data. Values are
expressed as mean+SD of experiments performed in triplicate.
Data were analyzed by one-way ANOVA and Student’s t-test.
Statistical significance was defined as p<0.05.

Results

Effects of LBH589 therapy or combination with bortezomib
therapy on the proliferation of MM cells

MTT assay showed that the proliferation of U266 and RRMM-
BMMNC was inhibited by the LBH589 or combination with bort-
ezomib. At the same time point, different concentrations of
LBH589 on the inhibition of cell proliferation was significantly
different (P<0.01) (Table 1), the inhibition rate showed a dose-
dependent effect. At the same concentration, the inhibition
rate at 48 h was significantly higher than that at 24 h (P<0.01)
(Table 1). The inhibitory effect of the combination of the 2
drugs was stronger than that in the single-drug group (P<0.01).

Effect of LBH589 monotherapy or combination with
bortezomib on cell cycle and apoptosis

Cell cycle results showed that 48 h after LBH589 treatment, the
cells in GO/G1 phase increased and G2/M phase and S phase
decreased compared with control group (Figure 1, Table 2), in-
dicating that the cells were arrested in GO/G1 phase and the
blocking effect were enhanced with increasing LBH589 concen-
tration. After 48-h treatment, the cells in the control group had
no obvious apoptosis, and the apoptosis rate of the LBH589-
treated group increased gradually in a concentration-depen-
dent manner. Compared with LBH589 monotherapy group, using
LBH589 combined with bortezomib significantly increased the
apoptosis rate, and more cells were arrested in G0/G1 phase.
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Figure 1. Cell apoptosis and cell cycle changes in different groups. Flow cytometry was used for cell apoptosis and cell cycle
determination. (A) Cell apoptosis in different groups; (B) Cell cycle distribution in different groups.

Effects of LBH589 treatment on Caspase3, APAF1, and by Q-PCR. The result showed that the expression of pro-apop-

TOSO expression in RRMM-BMMNC totic gene Caspase3 and APAF-1were increased after 24 h or
48 h of treatment with 20 nM and 50 nM LBH589 (Table 3),

To explore the mechanism by which LBH589 causes apoptosis and the expression level of TOSO, a drug resistance gene, was

in RRMM-BMMNC, we assessed the expression of Caspase3, decreased.

APAF1, and TOSO, which are recognized markers of apoptosis
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Table 2. Effect of LBH589 monotherapy or combined with bortezomib on cell cycle and apoptosis of RRMM-BMMNC cells (%, xt s).

Cell cycle distribution

Groups
Control group 8 33.60+1.82 7.63£1.12 58.76+2.10 6.57+1.41
10nmolLiBHSS® 8 45701700 126041000 - 417082000 34121240
20nmolLiBHsSY 8 55.40£090° | 860£054 35.90£180° 3967:1060
sonmolLiBHsss 8 5810£190' 71080750 347061600 46475090°
| 50 nmol/L LBHS89+10 nmol/lBor 8 74482100 551042 2001£045 75.20:078°
| 50nmol/L LBHS89+20 nmol/lBor 8 | 8073:1200 - 32310480 15921048 85374133

Ccompared with control group, @ P<0.05.

Table 3. LBH589 regulate the expression of caspase-3, APAF-1 and TOSO gene in RRMM-BMMNC (%, X+ S).

Caspase-3

Control group 8 1.00+£0.00 1.00+0.00 1.00+0.00 1.00+£0.00 1.00+0.00 1.00+0.00
20 nmol/L LBH589 8 1.36+0.24° 2.11+0.02?2 1.16+£0.052 1.68+0.21° 0.57+0.01 0.42+0.04°
50 nmol/L LBH589 8 1.68+0.08° 2.81+0.082 1.58+0.167 3.74+0.24° 0.43+0.012 0.12+0.04°
Compared with control group, 2 P<0.05.
Discussion
Con 10 nmol/L 20 nmol/L 50 nmol/L
LBH589 LBH589 LBH589

Histone acetyltransferase (HAT) and histone deacetylase (HADC)
PAPR regulate the acetylation and gene transcription of nuclear pro-
teins. Histone lysine residues acetylation neutralize the positive
charge of histone, make the affinity of histone and negative-
ly charged DNA decreased, changes the nuclear body config-
Bel-X uration, finally makes the transcription factor easy to bind
DNA and promote gene transcription, while histone deacety-
lation inhibits transcription. The imbalance of histone acetyla-
tion regulated by these 2 enzymes breaks the original balance
of gene expression, resulting in the expression imbalance of
a number of cell proliferation and cell cycle related molecule,
leading to cell malignancy [28,29]. Studies have shown that
HDACI, as a class of anti-tumor drugs, can inhibit the activi-
ty of HDAGC, induce highly acetylated histones in target cells,
and regulate some specific gene expression, thus block the
growth of tumor cells [30].

Acetyl-H4

B-actin

Figure 2. Western blot analysis was used to detect the
expression of acetylated (Acetyl-H4), PARP, and Bcl-X
protein of RRMM-BMMNC after 24 h of LBH589
treatment.

Effects of LBH589 treatment on Histone H4 acetylation,
and PARP, Bcl-X protein expression in RRMM-BMMNC
The hydroxamic acid LBH589 is a new type of HDACi, which

The Western blotting results of the present study suggest
that LBH589 markedly induced the hyperacetylation of his-
tone H4, notably up-regulated the protein expression level
of PARP, and down-regulated the protein expression level of
Bcl-X (Figure 2, Table 4).

has a strong effect on MM cells, with high efficiency, low tox-
icity, anti-drug resistance, and synergistic effect combined with
other drugs [31-33].

Our results show that LBH589 monotherapy or combination
with bortezomib can inhibit the growth of myeloma cells (U266
and RRMM-BMMNC) in a time- and dose-dependent manner.
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Table 4. Effect of LBH589 on histone H4 acetylation and PARP and Bcl-X protein expression (%, x* s).

Groups N Histone H4 PARP Bcl-X
Control group 8 0.252+0.038 0.22540.055 1.1204+0.060
 ionmolLiBHssY s 037510003 0498:0030° 078050067
""""" 20nmolLLBHSES 8 057440085 065740048 072080007
 sonmolLlBHs® 8 0896:0032 0876:00448 0477£0039°

Compared with control group, 2 P<0.05.

We observed the drug sensitivity of U266 cells were higher
than RRMM-BMMNG, fully demonstrated RRMM-BMMNC have
drug resistance, and proved that LBH589 is resistant to drug-
resistant cells. LBH589 combined with 10 and 20 nmol/L bort-
ezomib showed stronger inhibitory effect than LBH589 alone.
It is clear that LBH589 has a synergistic effect with bortezo-
mib and can exert a more potent effect. Using low concen-
trations of LBH589 can have significant inhibition effect on
U266 and RRMM-BMMNC, indicating that LBH589 is a high-
ly effective anti-MM drug able to overcome drug resistance,
and it is superior to other HDACI, such as SAHA and NVP-
LAQ824 [26,27,34]. In summary, LBH589 is a new type of che-
motherapeutic agent with high efficiency, low dosage, and re-
sistance to drug resistance.

In this study, we found that LBH589 as a single agent or in com-
bination with bortezomib can cause RRMM-BMMNC cell cycle
arrest in GO/G1 phase, and with increased drug dose, more
cells were arrested in this phase. G2/M and S phase cells were
gradually decreased, suggesting that LBH589 has the function
of regulating GO/G1 phase detection point, indicating that the
most sensitive point of drug action may be in the G1 phase. It
is presumed that apoptosis may occur in G1 phase, apoptosis
occurs after 48 h of drug action, and the apoptosis rate was
also dose-dependent. This indicates that LBH589 has the ef-
fect of arresting cell cycle and inducing apoptosis.

Caspase-3 is a member of the caspase family and is the most
important terminal cleavage enzyme in the process of apop-
tosis. It is also an important component of the cytotoxic T
cell (CTL cell) killing mechanism. Caspase-3 is the core play-
er in apoptosis and has an essential role in apoptosis. PARP is
a DNA repair enzyme, a cutting substrate of Caspase-3, and
the cut PARP can be used as a molecular marker of apopto-
sis, thus playing an important role in DNA damage repair and
apoptosis [35,36]. The results showed that the expression of
RRMM-BMMNC Caspase-3 and PARP was up-regulated after
LBH589 treatment. The up-regulation effects were time- and
dose-dependently, indicating that LBH589 induced myeloma
cell apoptosis through the caspase pathway, which is one of
the mechanisms of apoptosis induced by LBH589 in MM cells.
In addition, APAF-1, an apoptotic protease activator, has been

shown to be up-regulated in MM cells when treated with HDACi
SAHA. Recent studies have also shown that down-regulation
of APAF-1 can prevent SAHA-induced apoptosis [37]. Our re-
sults show that LBH589 treatment could up-regulate the ex-
pression of APAF-1 in RRMM-BMMNG, enhance the drug sen-
sitivity of drug-resistant cells, and induce cell apoptosis, which
may be an important factor for the induction of apoptosis of
MM cells induced by LBH589.

Studies have shown that tumor necrosis factor-related apopto-
sis-inducing ligand (TRAIL) is a member of the tumor necrosis
factor (TNF) family, which induces cell apoptosis by interact-
ing with 2 apoptosis receptors: TRAIL-R1 and TRAIL-R2. Tumor
cells have been shown to be tolerant to TRAIL-induced apop-
tosis and to inhibit apoptosis. Addition of HDACi trichostatin
(TSA) up-regulates TRAIL receptors, enhancing the sensitivity
of cells to TRAIL-mediated apoptosis [38]. Insinga et al. [39]
found that HDACi redistributes death receptors, restoring the
response of MM cells to the apoptotic signal, or by activating
specific gene expression, and down-regulating the negative
regulation of Fas ligand (FasL) or TRAIL.

The TOSO gene is a negative regulator of apoptotic signals in
hematopoietic cells and is a member of the immunoglobulin
super-family. It has been reported that the TOSO gene nega-
tively regulates TRAIL-induced apoptosis in other cell types,
and it inhibits tumor cell apoptosis [40-42]. Thus, the TOSO
gene may be a drug-resistant gene, and LBH589 can down-
regulate the expression of TOSO gene, which in turn can in-
crease TRAIL-R1 and TRAIL-R2, recover the sensitivity of drug-
resistant cells to TRAIL-mediated apoptosis, and re-promote cell
apoptosis. In addition, Bcl-X gene, a member of the Bcl-2 gene
family, is an anti-apoptotic gene. Studies have confirmed that
Bcl-X gene has an important role in the regulation of apopto-
sis and cell resistance. For example, Bcl-X gene was observed
to be highly expressed in the tissue sections in dexametha-
sone and melphalan treatment failure MM patients, result-
ing in apoptosis inhibition and drug resistance [43]. In the
present study, we found that LBH589 down-regulates the ex-
pression of Bcl-X gene, and also promotes cell apoptosis. The
acetylation of histone H4 was more and more obvious with in-
creasing drug dose, which indicated that LBH589 could highly
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activate acetylate histone in MM cells, and the expression of
TOSO and Bcl-X gene were down-regulated. Therefore, LBH589
can induce the down-regulation of TOSO and Bcl-X gene ex-
pression by inducing a high degree of acetylation of histone
in MM cells, so as to restore the sensitivity of drug-resistant
MM cells, re-promote the apoptosis of MM cells, and finally
achieve the goal of anti-drug resistance.

In summary, LBH589 is a new effective MM targeted thera-
py drug, but reversing the drug resistance through changing
the relevant gene expression via inducing the histone hyper-
acetylation in MM cells is only one aspect. Currently, research
on LBH589 in the reversal of drug resistance in drug-resistant
MM cells is still in the initial stages, and further experiments
and explorations are needed.
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Conclusions

Our data suggest that LBH589 can inhibit the growth of MM
cells, block the cell cycle, and induce cell apoptosis, which has
an anti-resistant effect on multidrug-resistant cells. LBH589
in combination with bortezomib has a synergistic effect on
myeloma cells, and its mechanism and reversal of drug resis-
tance involves in multiple changes in gene expression. LBH589
is a new effective MM targeted therapy drug for multiple my-
eloma treatment; however, due to some limits in the present
study, further experiments and explorations are still needed.
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