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Chemosensitive augmentation effect by combination
treatment of vorinostat and arsenic trioxide in U266
cell line
Abstract
Objective: To investigate the chemosensitivity by HDAC inhibitor vorinostat alone,
arsenic trioxide (ATO) alone and vorinostat in combination with ATO on U266 cell.
Methods: CCK-8 assay was used to compare U266 cell proliferation in different
groups; Annexin V and PI staining by flow cytometry was used to detect apoptosis
rate after treatment; Western blot was used to detect P53, Akt, pAkt, Acetyl-Histone
in protein expression levels.
Results: vorinostat and ATO significantly inhibited the proliferation of U266 cells in a
time-and dose-dependent manner. The U266 cells apoptosis rates were 17.90±2.60%,
26.45±4.95%, 81.60±4.20% respectively after 48 hours of vorinostat (2umol/L)
treatment, ATO (16mol/L) treatment, and ATO (16umol/L) combined with 2umol/L
vorinostat treatment. Significant changes in cell morphology were observed in AO
/ EB staining under a fluorescence microscope between drug treatment groups and
control. vorinostat -treatment group and ATO-treatment group showed obvious
condensation nuclei, nuclear fragmentation, while vorinostat in combination with
ATO group showed more significant apoptosis. vorinostat in combination with ATO
group showed lower level of P53 expression than vorinostat or ATO alone detected
by Western blot. Vorinostat group and combination group showed increased level of
Acetyl-Histone protein expression.
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Conclusions: vorinostat and ATO both inhibit proliferation and induce apoptosis on
U266 cells in a time and dose-dependent manner. Vorinostat in combination with ATO
can significantly increase the apoptosis rate of U266 cells in a synergistic manner.
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Introduction
Multiple myeloma (MM) is a disorder of terminally differentiated
plasma cells characterized by clonal expansion in the bone marrow
(BM). It is the second-most common hematologic malignancy. Many
novel immunotherapy strategies, such as adoptive cell therapy and
monoclonal antibodies, are currently under investigation in clinical
trials, with encouraging outcomes in few of the strategies due to their
positive impact on patient survival.1 Despite significant advances in
therapeutic strategies, like new drugs and tandem auto-HSCT, are
capable of enhancing the overall survival of the patients,2 MM still
poses a challenge and remains a predominantly incurable disease and
demands the need for the development of new treatment regimens for
better insights of MM.3
Histone acetylation and deacetylation comprise one of the
common modifications found in epigenetics. Histone acetylation helps
transcription factors bind to DNA templates and activates transcription;
however, histone deacetylation inhibits transcription.4–7 In 2006, the
second generation of hydroxamic acids histone deacetylase inhibitor
(HDACi) vorinostat (suberoylanilide hydroxamic acid) was approved
by the FDA for clinical treatment of relapsed or refractory cutaneous
T-cell lymphoma.8
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Arsenic trioxide (ATO) has long been used in biomedicine,
especially in traditional Chinese medicine and is still used to treat
cancer and other conditions.9 Arsenic trioxide (ATO) with or without
all-trans-retinoicacid (ATRA) has proved highly effective involving
patients with newly diagnosed acute promyelocytic leukemia.10
Studies also showed reduced hematologic toxicity as compared with
ATRA and chemotherapy.11 The efficacy of ATO in the management
of other hematological and solid tumor malignancies is also being
tested.12
To better eradicate the MM clone and overcome the drug resistance,
we hypothesized that vorinostat augments chemosensitivity when
combined with ATO, which can be widely used as chemoreagent
for clinical treatment of hematologic malignancies. Thereby, we
investigated the anti-leukemia effect of vorinostat combined with
ATO on the U266 cell line.

Material and methods
Reagent and cell lines
Vorinostat was kindly provided by Dr. Defu Zeng (City of Hope
National Medical Center, US, 91010). DMSO was diluted to a
concentration of 10mmol/L. ATO was purchased from Heilongjiang
Harbin Medical University Pharmaceutical Co., Ltd., and diluted to
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a concentration of 2mmol/L. Both vorinostat and ATO were stored at
-20°C. Roswell Park Memorial Institute (RPMI) 1640 was purchased
from Gibco; fetal bovine serum was purchased from Tianjin Haoyang
Company; penicillin / streptomycin was purchased from Hyclone; an
apoptosis detection kit (Annexin-V-FITC, PI double staining) was
purchased from Roche; Protein Extraction reagents were purchased
from Wuhan Boster Biological Co., Ltd.; antibodies against Akt pAkt
P53 Acetyl-Histone H3 and Acetyl-Histone H4, and other proteins
were purchased from Cell Signaling Technology. The U266 cell line
was preserved and cultured in Fujian Institute of Hematology with a
standard protocol as previously described.13,14

were lysed, the supernatant was collected and quantified. Total
protein (40μg) was transferred to a PVDF membrane after SDSPAGE electrophoresis. After blocking at room temperature for 2 h, the
primary antibodies (against P53, Acetyl-Histone H3, Acetyl-Histone
H4,Akt and pAkt) were added and incubated at 4°C overnight.
After washing, the secondary antibody (horseradish peroxidaseconjugated anti-mouse IgG) was added and incubated for 2h. The
chemiluminescence reaction was performed. β-actin was used as an
internal control.

Proliferation assay

Statistical analysis was performed with SPSS 11.5. Means were
compared by the Dunnett-t test, with P <0.05 considered t.

A CCK-8 assay was used to detect cell line proliferation. A positive
control, negative control and the drug treated group (vorinostat: 0.25,
0.5, 1, 2μmol/L; ATO: 1, 2, 4, 8μmol/L) were detected. The assay
was performed in triplicate for each group. Next, 5×104 cells / ml
were seeded into a 96-well culture plate to a final volume of 100μl.
After 24, 48, and 72 h of treatment, 10μl of CCK-8 was added into
each well and incubated for 1-4 h at 37°C in a 5% CO2 incubator. The
absorbance at 450 nm was measured using a microplate reader. The
inhibition rate was calculated using the following equation: Inhibition
rate=[(control group - experimental group)/blank group]×100%. A
proliferation curve was plotted based on the drug concentration and
the proliferation inhibition rate. Synergetic effect of the combination
of vorinostat and ATO was analyzed by Jin’s formula. Q was
calculated using the following equation: Q=E(ab)/(Ea+Eb-Ea×Eb)
as previously described.6,7 Generally, Eab, Ea and Eb are the average
effects (inhibition rate) of the combination treatment, vorinostat only,
and ATO only, respectively. Q>1.15 was considered to be a synergistic
effect, 0.85 >Q>1.15 an additive effect, and Q<0.85 an antagonistic
effect.

Statistical analysis

Results
Vorinostat in combination with ATO showed an
additive effect on the inhibition of proliferation
Compared with the control group, vorinostat and ATO inhibited
proliferation of U266 cells in a time- and dose-dependent manner.
After 72h incubation, both vorinostat and ATO group showed the
highest inhibition of proliferation compared to 24h and 48h. In the
vorinostat group, the inhibition of proliferation was increased and
reached the plateau with the dose from 0.25,0.5,1,2umol/L. The
dose of 2umol/l of vorinostat showed the the highest inhibition of
proliferation. In the ATO group, the inhibition of proliferation was
increased and reached the plateau with the dose from 1,2,4,8μmol/L.
The dose of 8umol/l of ATO showed the the highest inhibition of
proliferation. After the cells were treated with vorinostat and ATO,
cell proliferation was significantly inhibited (Figure 1). vorinostat in
combination with ATO showed an additive effect on the inhibition of
proliferation (Table 1).

Annexin-V and PI staining
Apoptosis was detected by Annexin-V and PI staining. Generally,
U266 cells (1×106) and the appropriate drugs were co-incubated for
48 h. Cells were harvested after a single wash with PBS and binding
buffer (100μl) was added to resuspend the cells. Annexin-V (2μl) and
PI (2μl) were added, and the cells were incubated at room temperature
for 10-15 min in the dark. U266 cell were detected by flow cytometry.
According to staining of the cell, living cells were difined Annexin-V-/
PI-, early apoptotic cells were difinedAnnexin-V+/PI- and late
apoptotic cells were difined Annexin-V+/ PI+ . This experiment was
repeated three times.

AO / EB fluorescence staining
U266 cells and the drugs were co-incubated as described above.
Suspended cells (95μl, 5x106/ml) were mixed with acridine orange/
ethidium bromide(AO/EB)(5μl). Immediately after mixing, one drop
of suspended cells was placed on a clean glass slide and observed
by fluorescence microscopy at an excitation wavelength of 490 nm.
Cells with green fluorescence in the nucleus and cytoplasm were
normal cells; cells with yellow-green fluorescence in the nucleus or
cytoplasm were apoptotic cells; cells with red fluorescence in nucleus
were necrotic cells.

Western blot
U266 cells were co-cultured as described above. After the cells

Figure 1 VORINOSTAT and ATO alone showed inhibition of proliferation
on U266 cell line. 5×104 cells / ml were seeded to a 96-well culture plate in
a final volume of 100μl. After 24, 48, and 72 h of treatment, 10μl of CCK-8
was added into each well and incubated for 1-4 h. The absorbance at 450 nm
was measured using a microplate reader. Inhibition rate=[(control group experimental group) / blank group]×100%. (A)The proliferation curve of ATO
alone is shown. (B)The proliferation curve of VORINOSTAT alone is shown

Vorinostat in combination with ATO showed more
apoptosis than the single drugs alone
Annexin-V-FITC/PI double staining flow cytometry can
distinguish early apoptotic cells, late apoptotic cells and necrotic cells.
In the lower left quadrant are normal cells; in the lower right quadrant
are early apoptotic cells; in the upper right quadrant are late apoptotic
cells; in the upper-left quadrant are necrotic cells. The results showed
that 95% of the cells in the control group were living cells; the single
drug apoptosis rates increased with increasing drug concentration,
suggesting the apoptosis effect is also dose-dependent. The U266
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cells apoptosis rates were 17.90±2.60%, 26.45±4.95%, 81.60±4.20%,
48 h after treatment with vorinostat (2 μmol/L), ATO (16 μmol/L)
and 16 μmol/L ATO combined with 2 μmol/L vorinostat, respectively.
Vorinostat in combination with ATO showed significant apoptosis of
U266 cells compared to the single drugs alone (p<0.01) (Figure 2A).
The apoptosis results were confirmed by AO/EB staining. In the
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control group, U266 cells showed uniform cell size and morphology
and homogeneous green fluorescence in the nucleus and cytoplasm.
In contrast, 48 h after vorinostat and ATO combined treatment, we
found differences in cell size and morphology. The nucleus was dense,
showing yellow-green fluorescent debris. Additionally, vorinostat in
combination with ATO showed more apoptosis characteristics than
the single drugs alone (Figure 2B-E).

Table1 Vorinostat in combination with ATO showed an additive effect on the inhibition of proliferation
Concentration (μmol/L)
SAHA

Inhibition (%)

Q value

Additive effect

ATO

0

0

0

0.25

0

32.73

0.5

0

53.49

1

0

78.04

2

0

88.56

0

1

3.17

0

2

5.48

0

4

28.33

0

8

61.38

0.25

1

37.99

1.089

+

0.25

2

44.05

1.209

++

0.25

4

55.03

1.062

+

0.5

1

60.34

1.098

+

0.5

2

67.02

1.196

++

0.5

4

65.94

0.989

+

1

1

75.91

0.964

+

1

2

78.3

0.988

+

1

4

83.72

0.994

+

after a single PBS wash. 100μl of binding buffer was added to resuspend the
cells. Annexin-V (2μl) and PI (2μl) was added. After an incubation at room
temperature for 10-15min in the dark, U266 cells were detected using a
Flow Machine. The apoptosis rates after different treatments are shown
(SA1:1μmol/L VORINOSTAT;SA2:2μmol/L VORINOSTAT;AS8: 8μmol/L
ATO;AS16:16μmol/L ATO;SA2+AS16:2μmol/L VORINOSTAT in combination
with 16μmol/L ATO).
(B-E) Apoptosis observations using fluorescence microscopy 48 h after
treatment (×400 magnification). U266 cells and the drugs were co-incubated
as described in Figure 2. Suspended cells (95μl, 5x106/ml) were mixed with
AO / EB (5μl). Immediately after mixing, one drop of suspended cells was
placed on a clean glass slide and observed by fluorescence microscopy at an
excitation wavelength of 490 nm. Cells with green fluorescence in the nucleus
and cytoplasm were normal cells; Cells with yellow-green fluorescence in
the nucleus or cytoplasm were apoptotic cells; cells with red fluorescence in
the nucleus were necrotic cells. (B) control;(C) 2μmol / L VORINOSTAT; (D)
16μmol / L ATO; (E) 2μmol/L VORINOSTAT in combination with 16μmol /L
ATO.

Vorinostat in combination with ATO
pronounced changes in protein expression
Figure 2 Apoptosis rate after treatment
(A)Apoptosis was detected by Annexin-V and PI staining. U266 cells
(1×106) and the drugs were co-incubated for 48 h. Cells were harvested

showed

Both vorinostat and ATO alone and in the combination group
showed lower levels of pAkt expression. The vorinostat group and
the combination group showed increased levels of Acetyl-Histone H3
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and Acetyl-Histone H4 protein expression. There were no significant
changes of Akt protein in vorinostat ATO alone and combination
group. However, the combination group showed lower levels of pAkt
protein expression than vorinostat or ATO alone, suggesting less of
the acitivation of Akt when combining ATO and vorinostat together.
Interestingly, ATO alone showed higher P53, which can be reversed
with the combination of vorinostat (Figure 3).
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that the combined treatment might have beneficial effects including
improved chemotherapeutic effects and minimized side effects.
In this study, both vorinostat and the combination group induced
increased expression of Acetyl-Histone H3 and Acetyl-Histone H4
when compared to ATO and the control. This outcome indicates that
vorinostat can significantly increase histone acetylation levels and
activate transcription, thereby inducing hematological tumor cell
apoptosis.6,7
Akt is a serine / threonine protein kinase, which plays a major role
in the anti-apoptotic pathway in apoptosis signaling.22 We found that
both the vorinostat group and ATO group down regulate Akt and pAkt
expressions. Compared to the single drug treatment, the combination
group down regulated Akt and pAkt expressions drastically, indicating
that the mechanism may be associated with the regulation of the Akt
signaling pathway.

Figure
3
VORINOSTAT
in
combination
with
ATO
showed
pronounced
changes
in
protein
expression
U266 cells were co-cultured as described above. Protein expression was
detected by Western blot. β-actin was used as an internal control. (C. control;
S. 2μmol/L VORINOSTAT; A. 16μmol/L ATO; S+A. 2μmol/L VORINOSTAT in
combination with 16μmol/L ATO)

Discussion
There are a variety of hydroxamic acids histone deacetylase
inhibitors (HDACIs) undergoing clinical trials for the treatment
of solid tumors and hematological malignancies, especially for the
treatment of cutaneous T-cell lymphoma (CTCL), peripheral T-cell
lymphoma, and Hodgkin’s lymphoma, which have shown promising
results.15 As a novel HDACI, vorinostat was approved by the FDA for
the treatment of progressive clinical recurrence of CTCL.
ATO is an important medicine for treating leukemia.
Additionally, chemotherapy regimens based on ATO are topics of
research prominence.16 In recent years, the mechanism and clinical
applications of ATO have been reported, with induction of oxidative
stress and DNA damage included.17,18 Lu reported that ATRA and
arsenic compound-based combination therapy was effective in reinducing morphological remission in relapsed patients with acute
promyelocytic leukemia who had previous exposure to ATRA and
arsenic compounds, thus producing low molecular remission rates
and high risk of secondary relapse.19 Interestingly, we also found
chemosensitive augmentation of vorinostat in the NB4 and K562 cell
lines,20,21 which indicates that combined vorinostat and ATO therapy
could have clinical applications in the treatment of MM.
The CCK8 results show that individual treatments with vorinostat
or ATO inhibited U266 cell proliferation in a time- and dosedependent manner. The combination treatment showed an additive
effect in inhibiting proliferation. Additionally, experimental results
showed that at certain combined concentrations of vorinostat and
ATO, there was a greater level of apoptosis than the single drugs
alone, which induced apoptosis over 80%. These results indicated

In summary, vorinostat and ATO can significantly inhibit the
proliferation of U266 cells and induce apoptosis. Combined treatment
can enhance apoptosis effects within a certain concentration range.
The mechanism may be associated with increased histone acetylation
and the regulation of the Akt signaling pathway. This study may
provide a new combination chemotherapy regimen for the treatment of
MM. Further in vivo experiments and animal model should be set up
to test the enhanced chemosensitivity effect by combining vorinostat
and ATO. We also need to observe the side effects by combining
vorinostat and ATO and prepare data for translational medicine work.
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