
RESEARCH PAPER

Effect of BCLAF1 on HDAC inhibitor LMK-235-mediated apoptosis of diffuse large B
cell lymphoma cells and its mechanism
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon subtype of non-Hodgkin’s lymphoma (NHL), account-
ing for about 30% of all adult NHLs in Western countries.1

Diffuse large B cell lymphoma is a group of heterogeneous
tumors,2 with differences in terms of gene alterations, clini-
cal features, morphological manifestations, responses to
treatment and prognoses.3-5 Although most patients with
DLBCL can be cured with 6–8 cycles of R-CHOP chemo-
therapy, there remain 10%–15% of patients with DLBCL
who have primary resistance and 20%–30% of patients suf-
fer recurrences.6 Therefore, to find new treatments for
DLBCL, a program is required to control the progression of
the disease, possibly constituting a new strategy for the
treatment of cancer.

Histone deacetylases (HDACs) are enzymes that play a
role in the regulation of epigenetic genes through chromatin
modification.7 Histone deacetylase inhibitors (HDACis) are
novel drugs used in the treatment of hematological malig-
nancies; they increase histone acetylation, inhibit prolifera-
tion of tumor cells, and induce apoptosis and
differentiation. They have a wider range of anti-tumor
effects.8-11 The pan-HDAC activity inhibitor vardinostat
(HDACi, SAHA) was approved by the FDA as a drug for

the treatment of relapsed and resistant T-cell lymphomas
(CTCL),12 and pabitastat (HDACi, Panobinostat) has been
used to treat multiple myeloma (MM).13,14 However, pan-
HDACis have side effects that should not be overlooked. By
contrast, specific HDACi is well-tolerated, and LMK-235 is
a novel HDACi with HDAC isoform selectivity that is a
specific inhibitor of HDAC4 and HDAC5.15,16 In addition,
previous reports have investigated the effects of vadarnota
(SAHA) on diffuse large B-cell lymphoma,17,18 however,
there is currently no study on the effect of specific HDACi
LMK-235 on DLBCL.

Bcl-2-associated transcription factor 1 (BCLAF1) was
originally identified as a protein partner of adenovirus bcl-2
homologue E1B19K.19 Previous studies have shown that
this protein acted as an inducer of apoptosis and transcrip-
tion repression factors.20,21 Epigenetic studies have shown
that BCLAF1 can act through an HDAC4-dependent path-
way to regulate differentiation and/or apoptosis.22 However,
the role of BCLAF1 in DLBCL remains to be elucidated.
Therefore, we analyzed the effect of BCLAF1 on apoptosis
and proliferation inhibition of DLBCL cells induced by
HDACi LMK-235. Nuclear factor kappa beta (NF-kB) is a
pivotal transcription factor that promotes cell survival, pro-
liferation and inhibits apoptosis.23 In DLBCL cells, the
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ABSTRACT
Diffuse large B-cell lymphoma (DLBCL) is the most common type of adult lymphoma. It is a group of
malignant tumors with a large number of clinical manifestations and prognoses. Therefore, it is necessary
to explore its unknown potential therapeutic targets. Histone deacetylase inhibitor (HDACi) is a novel drug
for the treatment of DLBCL, however pan-HDACis cannot be ignored because of their clinical efficacy. By
contrast, specific HDACi is well-tolerated, and LMK-235 is a novel HDACi that is a specific inhibitor of HDA
and HDAC5. In this study, we investigated the up-regulation of BCLAF1 through NF-

C4
kB signaling pathways

in LMK-235, mediating the apoptosis of two diffuse large B-cell lymphoma cell lines, OCI-LY10 andOCI-LY3.
Further studies showed that BCLAF1 expression was increased in DLBCL cells after treatment with the NF-
kB inhibitor Bay11-7082. The combination of Bay11-7082 and siRNA si-HDAC4 significantly increased
BCLAF1 expression and further increased apoptosis. These results indicate that BCLAF1 plays an important
role in LMK-235-mediated apoptosis and may be a potential target for the treatment of diffuse large B-cell
lymphoma.
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target of NF- kB and its downstream genes can trigger apo-
ptosis.24,25 Previous reports have confirmed that BCLAF1
was located directly downstream of NF-kB.26 In the present
study, we use a method involving knockdown of the target
gene by siRNA and inhibition of the NF-kB signaling path-
way by Bay11-7082, focusing on whether BCLAF1 overex-
pression plays an apoptotic role in DLBCL, and to explore
its possible mechanism of action.

Results

LMK-235 induced apoptosis of DLBCL cells in a time-
and dose-manner

We measured the effect of specific HDACi inhibitor LMK-235
on the apoptosis of the diffuse large B-cell lymphoma cell lines
OCI-LY10 and OCI-LY3 by annexin-V-PI staining (supple-
mentary Fig. 1A-B, Fig. 1A). We examined changes in apopto-
sis rates in OCI-LY10 and OCI-LY3 cells treated with LMK-
235 at 12, 24, 36, and 48 hours. We found that apoptosis of
LMK-235 cells was not substantial at 12 hours, and that the cell
apoptosis rate began to increase significantly after 24 hours.
The maximum effect was achieved at 48 hours. LMK-235 medi-
ated apoptosis of DLBCL cells in a time- and dose-dependent
manner.

Subsequently, we tested the activity of OCI-LY10 cells
after LMK-235 treatment using a CCK8 assay. As expected,
LMK-235 significantly inhibited the survival of the DLBCL
cell line OCI-LY10 in a dose- and time-dependent manner
(supplementary Fig. 2), consistent with the results of flow
cytometry. Simultaneously, we measured protein expression
levels of HDAC4 and HDAC5 after treatment with the
same concentration of LMK-235 as above for the same
period of time in DLBCL cells (Fig. 1B). We observed that
HDAC4 expression was decreased in both OCI-LY10 and
OCI-LY3 cells, and that the HDAC5 trend was less pro-
nounced than that of HDAC4.

LMK-235 upregulated BCLAF1 expression

Due to the apoptotic changes caused by LMK-235 treatment
of DLBCL cell lines, we investigated whether there were
changes in the expression of related genes in DLBCL cells.
BCLAF1 has previously been shown to function in an
HDAC4-dependent manner. Therefore, we used q-RT-PCR
and Western blot to analyze the effect of different concen-
trations of LMK-235 on BCLAF1 expression. The mRNA
levels of BCLAF1 after treatment with LMK-235 were
altered. With the increase of LMK-235 concentration, the
expression of BCLAF1 in OCI-LY10 and OCI-LY3 cell lines
was increased (Fig. 2A). Western blotting also showed the
same results.(Fig. 2C). At the same time, DLBCL cells were
treated with the same concentration of LMK-235 (2 mmol/
L) at different time points, and mRNA levels of BCLAF1
were analyzed by q-RT-PCR (Fig. 2B), and protein level
expression was analyzed by Western blot (Fig. 2C). Interest-
ingly, BCLAF1 expression was not significantly increased
after 12 hours of LMK-235 treatment but was significantly
altered after 24 hours, with the greatest effect at 48 hours.

When HDAC4 was significantly reduced in the cells, the
induction of BCLAF1 gene expression was significantly
increased (P < 0.05), and the time-dependent and concen-
tration-dependent results were consistent.

LMK-235 inhibited the NF-kB signaling pathway

It has been confirmed that LMK-235 can cause apoptosis of
DLBCL cells in a time- and dose-dependent manner; the
next step was to investigate the mechanism that caused apo-
ptosis in DLBCL cells. Previous studies have shown that
NF-kB was constitutively activated in DLBCL and was asso-
ciated with apoptosis of DLBCL. Therefore, we examined
the effects of IkB-a and P65 on cells treated with various
concentrations of LMK-235 (Fig. 3A). We found that the
phosphorylation levels of IkB-a and P65 gradually
decreased with increasing LMK-235 concentration, and that
the total level of IkB-a and P65 did not change. Phosphory-
lation of IkB-a and P65 represented the activation of NF-
kB. This indicated that LMK-235 inhibited NF-kB in a
dose-dependent manner. Simultaneously, we used the same
concentration of LMK-235 (2 mmol/L) to treat the OCI-
LY10 cell line at various times after the observation of IkB-
a and P65 phosphorylation (Fig. 3A). As time increased,
the phosphorylation of IkB-a and P65 was also inhibited,
and the total levels of IkB-a and P65 did not change. Simi-
larly, another DLBCL cell line, OCI-LY3, showed the same
change (Fig. 3B). These data demonstrated that LMK-235
inhibited the NF-kB signaling pathway.

HDAC4 gene silencing caused apoptosis of DLBCL cells
and increased expression of BCLAF1

Previous experiments confirmed that LMK-235 induced
apoptosis of DLBCL cells and increased BCLAF1 expression
in cells, BCLAF1 had previously been shown to function in
an HDAC4-dependent manner. To further verify these
results, we used si-RNA to silence HDAC4. Before evaluat-
ing the effect of low expression of HDAC4 on DLBCL, we
investigated whether the use of siRNA could effectively
knock down the HDAC4 gene. We treated DLBCL cells
with siRNA against HDAC4 (si-HDAC4) or used empty
siRNA (NC siRNA) as a negative control to eliminate the
side-effects of transfection or RNA incorporation into cells.
DLBCL cells were treated with si-HDAC4 or NC siRNA for
48 hours. Silencing HDAC4 with siRNA significantly
decreased gene and protein expression. However, NC siRNA
hardly affected HDAC4 protein or gene expression (�P <

0.05, ��P < 0.01) (Fig. 4A). Subsequently, we examined the
effect of HDAC4 expression on BCLAF1 and NF-kB path-
ways in silencing and control groups by Western blot
(Fig. 4B). We knocked down HDAC4 using si-RNA and
used si-NC as a control. With the decrease of HDAC4, the
expression of BCLAF1 was increased. HDAC4 knockdown
inhibited the phosphorylation of IkB-a and P65, and the
total levels of IkB-a and P65 did not change, indicating
that HDAC4 affects the NF-kB pathway. We hypothesized
that BCLAF1 overexpression in DLBCL cells could be regu-
lated by NF-kB.
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To test this hypothesis, we treated DLBCL cells with
Bay11-7082, an inhibitor of IkB-a phosphorylation. We
chose to treat DLBCL cells at a concentration of 2 mM,
5 mM and 10 mM for 60 minutes and then perform West-
ern blotting in both Bay11-7082-untreated and Bay11-7082-
treated groups. As the Fig. 4C shows, Bay11-7082 inhibited

the phosphorylation of IkB-a and p65. Expression of
BCLAF1 was increased in DLBCL cells treated with
Bay11-7082, confirming that BCLAF1 overexpression was
regulated by NF-kB.

Subsequently, we used flow cytometry to test the effect of
low HDAC4 expression on apoptosis (Fig. 4D). First, after

Figure 1. LMK-235 induces apoptosis of DLBCL cells in a time and dose manner. (A) The DLBCL cell lines OCI-LY10 and OCI-LY3 cells were plated in triplicate and treated
with 0, 0.5, 1.0, 1.5, 2.0 and 2.5 mmol/l LMK-235 for 12 hours, 24 hours, 36 hours and 48 hours, respectively. Flow cytometry was used to determine apoptosis.(B) OCI-
LY10 and OCI-LY3 cells were treated with different concentration of LMK-235 (0.5, 1.0, 1.5, 2.0 and 2.5 mmol/l) for 24 hours,24 hours, 36 hours and 48 hours, and HDAC4
and HDAC5 protein levels were examined by Western blot .All experiments were conducted three times. Data are represented as mean§SD.�P < 0.05,��P < 0.01 versus
the control group.
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Figure 2. LMK-235 upregulated BCLAF1 expression. (A) DLBCL cell lines OCI-LY10 were treated with different concentrations of LMK-235 (0, 0.5, 1.0, 1.5, 2.0, 2.5 mmol / l)
for 24 hours or vehicle alone, and the mRNA expression of BCLAF1 was analyzed with q-PCR. Each value represents the average of three independent experiments. (B)
DLBCL cell lines were treated with the indicated concentrations of LMK-235 at different times. The mRNA expression of BCLAF1 was analyzed with q-PCR. (C) DLBCL cell
lines were treated with LMK-235, and the relative protein expression of the BCLAF1 were detected by Western blot. All experiments were performed three times. The
data is expressed as mean § SD. � P <0.05 compared with the control group.
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48 hours of incubation with si-HDAC4 and si-NC siRNAs, the
DLBCL cell line was treated with or without 10 mM Bay11-
7082 for 24 hours. Apoptosis increased after siHDAC4 or
Bay11-7082 alone. Interestingly, the combination of si-HDAC4
and Bay11-7082 significantly increased the rate of apoptosis
(�P < 0.05, ��P < 0.01). Similarly, BCLAF1 expression was
increased after either si-HDAC4 or Bay11-7082 were used
alone, and expression was further increased after the two were
used in combination (Fig. 4D). HDAC4 may regulate BCLAF1
through the NF-kB pathway.

Down-regulation of HDAC4-induced upregulation of
BCLAF1 was mediated through inhibition of NF-kB activity

To elucidate how LMK-235 affected BCLAF1 expression by
specific pathways in DLBCL, we pretreated DLBCL cells (OCI-
LY10 and OCI-LY3) with NF-kB inhibitor Bay11-7082 (2, 5,
and 10 mM) for 60 minutes and then with or without LMK-235
(2 mM). Subsequently, protein expression of HDAC4, BClAF1
and p-p65 and p-IkB-a was measured by Western blot (Fig. 5).
We showed that NF-kB activity was inhibited by LMK-235-
mediated decrease of HDAC4, while BCLAF1 expression was
increased. However, after the combination of Bay11-7082, the
expression of HDAC4 was not affected. Treatment with Bay11-
7082 had no effect on the expression of HDAC4 in the cells,
indicating that HDAC4 was located upstream of NF-kB. With
the increase of the concentration of Bay11-7082 used in combi-
nation, the expression of BCLAF1 was further increased. These
results indicate that HDAC4 is upstream of NF-kB and
increases BCLAF1 expression and induces apoptosis of DLBCL

cells by inhibiting NF-kB activity. Therefore, overexpression of
BCLAF1 may be responsible for these results in DLBCL,a com-
bination of targets containing HDAC4 and BCLAF1 may pro-
vide new therapeutic options for DLBCL.

Discussion

Diffuse large B cell lymphoma (DLBCL) is the most com-
mon type of malignant lymphoma, with a high degree of
heterogeneity in terms of clinical manifestations, pathologi-
cal features and genetic features. With the use of rituximab,
diffuse large B-cell lymphoma has a good prognosis, but
more than half of patients still have a poor prognosis, and
most patients eventually experience recurrence and drug
resistance and eventually death. Therefore, it is necessary to
seek potential therapeutic targets and new drugs for
DLBCL.1,5,27

It is known that Bcl-2 related transcription factor 1
(BCLAF1) was involved in various biological processes.19 It
can play a role in apoptosis and transcription control. In
fact, the various functions of BCLAF1 have been described
by different tissues, including lung development,20 T cell
activation,28 Kaposi sarcoma-associated herpesvirus lytic
infection,29 and human cytomegalovirus infection.30 The
exact mechanism of BCLAF1 in DLBCL remains to be
determined. Therefore, this study analyzed the role and
potential mechanism of HDAC inhibitor (HDACi) LMK-
235 mediated BCLAF1. In preclinical experiments, HDACi
had antiproliferative and pro-apoptotic effects on DLBCL
cell lines. LMK-235, a HDACi with a novel linker-linker

Figure 3. LMK-235 inhibited the NF-kB signaling pathway. (A)Western blot analysis showed that phosphorylation of IkB-a and p65 (p-p65 and pIkB-a) was inhibited after
LMK-235 treatment in OCI-LY10 cells, but total-p65 or total-IkB- a were not affected. The cells were treated for the indicated drug concentration and sampled at the dif-
ferent time points with the same result.(B) The protein levels of p-p65 and pIkB-a in OCI-LY3 cellswere assessed by Western blot.
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region, exhibited specific inhibition of HDAC4 and
HDAC515. Sinyi Kong et al. previously demonstrated that
type III histone deacetylase Sirt1 inhibited BCLAF1 tran-
scription by deacetylation of H3K56 in the promoter region,
whereas BCLAF1 protein expression levels increased in
Sirt1-deficient cells.28 Similarly, previous articles reported a
correlation between BCLAF1 and HDAC4 in AML.22 Our

study demonstrated that after treatment of DLBCL cells
with the HDAC inhibitor LMK-235, BCLAF1 expression
was increased and apoptosis rate was increased. To further
verify these results, we used si-RNA to knock down
HDAC4 expression. The down-regulation of BCLAF1 grad-
ually increased. These results indicate that LMK-235 regu-
lated the transcription of BCLAF1 and increased the

Figure 4. HDAC4 gene silencing caused apoptosis of DLBCL cells and increased expression of BCLAF1.(A) Relative HDAC4 mRNA expression in OCI-LY10 cells treated with
or without si-NC and si-HDAC4.(B) The protein levels of HDAC4, BCLAF1, p-IkB-a and p-p65 were assessed by Western blot. (C)The protein levels of p-IkB-a and p-p65
were assessed by Western blot. (D)Cell apoptosis rates were tested by flow cytometry. The expression of BCLAF1 at the mRNA level was also analyzed by q-RT-PCR after
si-HDAC4 and Bay11-7082 treatment. All experiments were performed three times. Data are represented as mean§SD. �P < 0.05, ��P < 0.01 versus the control group.
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expression of BCLAF1 by participating in the regulation of
acetylation.

Our team previously demonstrated that DLBCL was charac-
terized by constitutive activation of the TNF-a-mediated NF-
kB pathway.31 NF-kB is an important transcription factor that
regulates various pathophysiological processes of cell survival
and death, and specifically enhances tumor growth by inhibit-
ing apoptosis during cancer progression and cancer progres-
sion.32 To date, some studies have shown that BCLAF1 as
associated with NF-kB, and A-W Shao et al. demonstrated that
BCLAF1 was regulated by the ATM/Nemo/NF-kB pathway
and that it was a direct target of p65 and c-Rel.26,28,32 We found
that both LMK-235 and si-HDAC4 inhibited the activation of
NF-kB and enhanced BCLAF1 expression. However, although
the NF-kB inhibitor Bay11-7082 increased the expression of
BCLAF1, it did not alter HDAC4, suggesting that HDAC4 was
located upstream of NF-kB and regulated BCLAF1 through
NF-kB. Interestingly, the combination of LMK-235 or si-
HDAC4 with Bay11-7082 increased BCLAF1 expression in
DLBCL cells and further promoted apoptosis. It has been dem-
onstrated that down-regulation of HDAC4-induced overex-
pression of BCLAF1 occurs via NF-kB.

The specific mechanism by which BCLAF1 promotes
apoptosis in DLBCL cells requires further study. Our team
focused on the study of heme oxygenase-1 (HO-1) and con-
firmed in previous studies that characteristic overexpression
of HO-1 in DLBCL was mediated by constitutively activated
NF-kB. It is known that HO-1 expression inhibited apopto-
sis and HO-1 silencing promoted apoptosis.33,34 BCLAF1 is
a direct downstream of NF-kB, and whether it mediates
apoptosis of DLBCL cells via HO-1 requires further explo-
ration in future experiments. In conclusion, BCLAF1 is a
potential epigenetic therapeutic target. These findings may
provide valuable preclinical evidence to improve the sensi-
tivity of DLBCL patients to HDACi.

Materials and methods

Reagents and antibodies

The following reagents were used: specific selective HDACi
LMK-235 (MedChemExpress, USA); fetal bovine serum (gibco
BRL); RPMi-1640 medium (gibco BRL); dimethyl sulfoxide
(DMSO; Sigma-Aldrich, St. Louis, MO, USA); annexin V-

Figure 5. Down-regulation of HDAC4-induced upregulation of BCLAF1 was mediated through inhibition of NF-kB activity. Western blot detected the protein expression of
HDAC4, BCLAF1, phosphorylated P65 and total P65, phosphorylated IkB-aS32 / S36 and total IkB-a. Western blot bands were quantified with Quantity One software. All
experiments were repeated three times.
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fluorescein isothiocyanate (fiTC)/propidium liodide (Pi) apo-
ptosis detection kit (BD Biosciences, San Jose, CA, USA); pri-
mary antibodies such as p-p65 S536 and p-I k B- a S32/S36 for
western blot analysis (Cell Signaling Technology, Beverly, MA,
USA); secondary antibodies (Li-Cor Corp., Lincoln, NE, USA);
TRIzol reagent (Life Technologies); and VCR and DxM
(Sigma-aldrich).

Cell lines and cell culture

Human DLBCL cell lines OCI-LY10, OCI-LY3 were purchased
from Deutsche Sammlung von Mikroorganismen und Zellkultu-
ren. DLBCL cell lines OCI-LY10 and OCI-LY13 were cryopre-
served in Guizhou Hematopoietic Stem Cell Transplantation
Center Laboratory (Guiyang, China). These cell lines were cul-
tured in RPMI 1640 medium supplemented with 10% fetal
bovine serum (FBS, Gibco BRL, MD, USA), penicillin (100
units/mL) and streptomycin (100 mg/mL) at a temperature of
37�C and humidity of 5%. All experiments were conducted using
logarithmically growing cells (3–6£ 105 cells/ml).

Cell viability assay

Cells were seeded in 96-well plates at a density of 5000/well.
After overnight incubation, the cells were treated with different
concentrations (0, 0.5, 1, 2, 2.5, 5, and 10 mmol/l) of LMK-235
for 12, 24, 36, and 48 hours. The inhibitory effect of LMK-235
was determined using the cell counting kit-8 (CCK-8) assay
(Beyotime Institute of Biotechnology, Haimen, China). The
experiment was repeated three times. The survival rate (SR)
was determined using the following equation: SR (%) D (A
Treatment /A Control) £ 100%. The concentration that pro-
duced 50% cytotoxicity (IC50) was determined using GraphPad
Prism 5 software (GraphPad Software Inc., San Diego, CA,
USA).

Apoptosis assay

Apoptosis was determined by double staining of annexin-V–
FITC and propidium iodide (PI) according to the manufac-
turer’s instructions (7Sea Biotech, Shanghai, China). The
DLBCL cells were treated with fresh drug formulation and cul-
ture medium for 12 hours, 24 hours, 36 hours and 48 hours,
respectively, washed with PBS, and resuspended in 100 ml of
binding buffer containing 5 ml of annexin-V (BD Pharmingen,
San Diego, California, USA). The cells were analyzed by flow
cytometry after the addition of 7 ml of PI and data were col-
lected on an FACSCalibur flow cytometry (BD Biosciences).
The results represented the mean of three independent
experiments.

siRNA transfection

siRNA against HDAC4 (si-HDAC4) was used to inhibit endog-
enous HDAC4 expression. Scrambled siRNA (si-NC) was used
as a negative control. The siRNA sequences were designed and
synthesized by TranSheep Bio-Tech Co., Ltd. (Shanghai,
China).

si-HDAC4:50-GCGUCUUAUUGAACUUAUUTTAAUAA-
GUUCAAUAAGACGCTT-30

The transfection concentration of each siRNA was 50 nM.
Cells were electroporated using transfection buffer and Soly-
fecter according to the manufacturer’s instructions (TranSheep
Bio-Tech Co., Ltd., Shanghai, China). 24 hours after the trans-
fection, the cells were collected for quantitative real-time poly-
merase chain reaction (qRT-PCR) or reagent treatment.
Western blot was performed after the transfected cells were cul-
tured for 48 h.

RNA isolation and qRT-PCR

Total RNAs from cell lines were extracted using Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions. qRT-PCR was performed using the SYBR
Green PCR Master Mix (TianGen Biotech, Beijing, China) and
the PRISM 7500 real-time PCR detection system (ABI, USA).
The levels of gene expression relative to that of b-actin gene
transcript were analyzed.

The sequences of qRT-PCR were:
BCLAF1-F 50–ATCCATTTCCAACAGAACCAG-30
BCLAF1-R 50–TCCTTCACCTATTGCTACACC-30
b-actin-F 50-GAGACCTTCAACACCCCAGC-30
b-actin-R 50-ATGTCACGCACGATTTCCC-30
The cDNA samples were mixed with a total volume of 20 ml

of primer and SYBR Master Mix. The thermal cycling condi-
tions used in the protocol were 94�C for 1 minute, and then
94�C for 10 s and 60�C for 15 s for 40 cycles.

Western blot analysis

Cells from different groups were collected. After two washes in
ice-cold PBS, the cells were lysed by sonication in RIPA buffer
(150 mM NaCl, 50 mM Tris-HCl, 1% Triton�100, 2% SDS, and
1% sodium deoxycholate) containing 1 mM phenylmethanesul-
fonyl fluoride (Solarbio Science & Technology, Beijing, China).
The lysate was transferred into EP tubes and centrifuged at
12,000�g for 10 min at 4�C. The supernatant was collected and
mixed with loading buffer. The final solution was boiled for
10 min and aliquots were stored at ¡80�C until use. Equal
amounts of protein (50–100 mg) were added and separated by
10% SDS-PAGE, and transferred to a PVDF membrane (Milli-
pore Corporation, Milford, MA, USA) which was then blocked
in 5% skim milk in Tris buffer overnight at 4�C. The membrane
was blotted with related antibodies for 2 h. After washing, the
blots were incubated for 1 h at room temperature with second-
ary antibodies (HRP-conjugated goat anti-rabbit or anti-mouse;
Beyotime, Shanghai; China). The protein bands were observed
on the membrane by enhanced chemiluminescence (7sea Bio-
tech, Shanghai, China) following the protocol of the manufac-
turer. Quantity one 4.6.2 of the image processing software was
used to quantify the intensity of protein bands in each treat-
ment at least three times.

Statistical analysis

GraphPad Prism 5.0 software (Graphpad Software, Inc, USA)
was used to statistically analyze the data. All data are expressed
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as mean § standard deviation. Statistical analysis was per-
formed using analysis of variance and t-test. A P value of less
than 0.05 was considered statistically significant.
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