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Autophagy potentiates the anti-cancer effects
of the histone deacetylase inhibitors
in hepatocellular carcinoma
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Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third leading cause of cancer death worldwide.
Drug treatments for HCC have been largely unsuccessful. Histone deacetylase inhibitors can reactivate tumor suppressor
genesincancer cellsand serve as potential anti-cancer drugs. Two potent HDAC inhibitors OSU-HDAC42 and SAHA induced
autophagy in HCC cells as revealed by transmission electron microscopy, immunofluorescence and LC3-Il accumulation.
We found that SAHA and OSU-HDAC42 induced autophagy through downregulation of Akt/mTOR signaling and
induction of ER stress response. Inhibition of autophagy by 3-MA or Atg5 knockout reduced SAHA-induced cytotoxicity,
indicating that SAHA-induced autophagy led to cell death. Our results show that the combination of autophagy inducers
with SAHA might be attractive for the treatment of HCC and pharmacological targeting of autophagy provides promise

for the management of cancer therapy.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common can-
cer and the third leading cause of cancer mortality worldwide.!
To date, surgical resection and liver transplantation are regarded
as the main curative treatments for HCC which is highly refrac-
tory to cytotoxic chemotherapy.? During the course of hepato-
carcinogenesis, heterogeneity of the genetic abnormalities and
activation of Ras/Raf signaling pathway may contribute to
chemo-resistance through promotion of HCC cells to prolifera-
tion and survival. For example, increased levels of anti-apoptotic
proteins such as FLIP and survivin or decreased levels of pro-
apoptotic proteins such as FADD have been described in HCC.>4
Although the multi-kinase inhibitor sorafenib has been approved
for advanced HCC in 2007, and molecular targeted agents such
as imatinib, trastuzumab and gefitinib have been reported to be
possible new treatments,® there is still an urgent need to develop
an effective systemic therapy for patients with advanced HCC.
Histone deacetylases (HDAC:s) overexpression has been found
in tumors and thus inhibits the expression of tumor suppressor
genes. HDAC inhibitors could reactivate these genes and serve as
potential anti-cancer drugs.” Substantial evidence indicate that
HDAC inhibitors can induce cell cycle arrest, differentiation and
apoptosis in HCC, and can increase the sensitivity of hepatoma
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cells to the Fas-induced cell death.®!" Therefore, pleiotropic cel-
lular effects let HDAC-inhibitorsbe’ exciting agents for HCC
treatment.

Autophagy is a physiological process involved in the routine
turnover of proteins or intracellular organelles.”? The process of
autophagy starts by sequestering cytosolic proteins or organelles
into autophagosomes, which then fuse with lysosomes to form
autolysosomes for the degradation of sequestered contents by
lysosomal hydrolases.”® A group of autophagy-related proteins
(Atg) involved in autophagy has been isolated and character-
ized." Autophagosome nucleation is mediated by a class I1I phos-
phatidylinositol 3-kinase complex (Beclin 1, Vpsl5, Vps34).>!¢
The production of phosphatidylinositol 3-phosphate is essential
for the recruitment of Atgl2-Atg5 complex and microtubule-
associated protein 1 light chain 3 (LC3), which are required
for the elongation of autophagosomes. Fusion of autophago-
somes and lysosomes is mediated by microtubules.”” LC3 has
two forms: type I is cytosolic and type II is membrane-bound.
During autophagy, LC3-1I is increased from the conversion of
LC3-I. LC3-I1 is localized in both inside and outside membrane
of autophagosomes, making itself an autophagosomal marker.®

Autophagy may protect against cancer by promoting auto-
phagic cell death (type II programmed cell death) or contribute
to cancer by promoting the survival of nutrient-starved cells.”®
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cells.”* We would like to investigate its effect on
HCC and explore possibly new treatment. By trans-
mission electron microscopy, Huh7 cells exhibited
obvious autophagic vacuoles in the cytoplasm after
treatment with 1 wuM OSU-HDAC42 for 24 h (Fig.
1A). OSU-HDACA42 is a novel phenylbutyrate-derived
HDAC inhibitor which shows potent and pleiotropic
anti-cancer activities in human prostate and hepatic
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cancers.”! After treatment with OSU-HDAC42 or
another HDAC inhibitor SAHA, an increase of
GFP-LC3 puncta representing autophagic vacuoles
was formed in the cytoplasm (Fig. 1B and C). SAHA-
and OSU-HDAC42-induced autophagosome for-
mation was confirmed by the conversion of cytosolic
LC3-1 to autophagosomal membrane-bound LC3-IL
Because LC3-1 expression can be transcriptionally
regulated and LC3-1I tends to be more sensitive than
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LC3-1 in immunoblotting, comparison of the ratio of
LC3-II/B-actin would be more reliable.???* SAHA- or
OSU-HDAC42-induced LC3-II accumulation was
found in Huh7, HepG2 and Hep3B cells (Fig. 2A).
Other HDAC inhibitors including TSA and MS-275
increased-the LC3-I.accumulation as well (Fig. 2B).
LC3-1I can accumulate as a result of increased upstream
autophagosome formation or impaired downstream
autophagosome-lysosome fusion. To distinguish these
two possibilities, the LC3 flux was assayed in the pres-
ence of 3-MA (a class-III PI3K inhibitor that blocks

autophagosome -~ formation) or bafilomycin Al (a

vacuolar-type H*-ATPase inhibitor that blocks auto-

Figure 1. HDAC inhibitors induced autophagosome formation. (A) The ultrastruc-
tures of Huh7 cells treated with or without 0.5 .M OSU-HDAC42 for 24 h were
analyzed by electron microscopy. (a) no treatment. (b) OSU-HDAC42-treated cells.

phagosome-lysosome fusion). SAHA-induced LC3-II
accumulation was attenuated by 3-MA (Fig. 2C).
However, SAHA could still lead to the accumulation

(c) amplification from the square region of (b). N, nucleus. Arrowheads, autophago-
somes (AP). Bars, 2 um. (B) Huh7 cells expressing EGFP-LC3 were treated with 5 uM
SAHA or 0.5 pM OSU-HDACA42 for 24 h and then fixed by 3.7% paraformaldehyde
and mounted for fluorescence microscopy analysis. (C) Quantitative data calculated

of LC3-I1 in the presence of bafilomycin Al (Fig. 2C),
suggesting that the increase of LC3-II was not due to
the blockade of autophagic degradation. The increase

each treatment group were examined under fluorescence microscopy.

the percentage of Huh7 cell expressing EGFP-LC3 puncta. At least 100 cells from

of LC3-1 by bafilomycin Al might be due to the recy-
cling of LC3-IL.® The autophagic flux was further con-

Appropriate modification of autophagy, i.c., inhibition of cyto-
protective autophagy or promotion of autophagic cell death,
might enhance cytotoxicity of anti-cancer therapy. In this study,
we showed that SAHA induced autophagy in HCC cells through
inhibition of Akt/mTOR pathway and induction of ER stress
response. Inhibition of autophagy reduced SAHA-induced cyto-
toxicity, indicating that SAHA elicited autophagic cell death.
Our results show that SAHA is an attractive candidate for the
treatment of HCC and that pharmacological targeting of auto-
phagy provides promise for the management of cancer therapy.

Results
HDAC inhibitors induced autophagy. It has been reported that

HDAC inhibitors can induce not only mitochondria-mediated
apoptosis, but also caspase-independent autophagic cell death in
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firmed by the decrease of p62 that can be degraded by
autophagy (Fig. 2D).”

SAHA induced autophagy through inhibition of Akt/
mTOR pathway. Interruption of mTOR signaling is known to
stimulate autophagy.'? To investigate the molecular mechanisms
of SAHA-induced autophagy, mTOR kinase activity measured
by its phosphorylation was first examined. SAHA and OSU-
HDACA42 inhibited the phosphorylation of mTOR kinase as well
as its downstream substrate p70/p85S6 kinase (p70/p85S6K)
(Fig. 3A). The class I PI3K/Akt is reported to phosphorylate
mTOR.?® Activation of AMPK could induce autophagy through
phosphorylation and activation of the TSC1/TSC2 complex,
a negative regulator of mTOR.?**® SAHA inhibited Akt activ-
ity (phosphorylation) in a dose-dependent manner (Fig. 3B).
However, SAHA did not increase AMPK phosphorylation and
knockdown of AMPK did not affect SAHA-induced LC3-II

accumulation in the presence or absence of bafilomycin A1, either
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Figure 2. HDAC inhibitors induced LC3-Il accumulation. In (A) Huh7, Hep3B and HepG2 cells were treated with 1, 3, 5 uM SAHA or 0.3, 0.5, 1 wM OSU-
HDAC42 for 24 h. In (B) Huh7 cells were treated with 5 uM SAHA, T uM OSU-HDAC42, 1 uM TSA or 5 uM MS275 for 24 h. In (C) Huh7 cells were treated
with 5 uM SAHA alone or in combination with 5 mM 3-MA or 50 nM bafilomycin A1 for 24 h. In (D) Huh7 cells were treated with 1, 3, 5 uM SAHA for 24
h and then harvested for protein analysis. Cell lysates were resolved in SDS-PAGE and probed with specific antibodies against LC3, p62 and B-actin.
Quantification of each band by densitometry was performed and the LC3-II/Actin ratio was indicated.

(Fig. 3C and D). These results suggest that SAHA-induced
autophagy is through inhibition of Akt/mTOR signaling but is
not dependent on AMPK.

ER stress was involved in autophagy induction. Endoplasmic
reticulum (ER) stress has been reported to connect autophagy
through PERK/elF2a and IREI/TRAF/JNK signaling path-
ways.” We examined whether ER stress signaling was involved
in SAHA-induced autophagy in Huh?7 cells. Phosphorylation of
PERK and elF2a was first examined. PERK phosphorylation
was induced by treatment with SAHA for 1 to 4 h, and phos-
phorylation of elF2a was prolonged to 24 h (Fig. 4A). Following
ER stress, the AKT activity was reduced and LC3-II protein
level was accumulated (Fig. 4A). Consistently, OSU-HDAC42
induced phosphorylation of elF2a in a dose-dependent man-
ner (Fig. 4B). The ER stress inducer tunicamycin also induced
LC3-II accumulation in Huh7 cells (Fig. 4C), suggesting that
ER stress was involved in SAHA-induced autophagy.
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p21 was not involved in HDAC inhibitor-induced auto-
phagy. The cyclin-dependent kinase (CDK) inhibitor p21 has
been identified as a tumor suppressor involved in cell cycle
arrest. HDAC inhibitors have been shown to induce p21 expres-
sion.® A recent study indicates that p21 acts as a mediator of the
apoptotic pathway and a negative regulator of autophagy.’’ We
previously showed that statins increased p21 expression through
inhibition of HDAC activity.? Furthermore, statins were found
to induce p21-dependent autophagy.®® Therefore, the role of
p21 in SAHA-induced autophagy was also evaluated. SAHA
and OSU-HDAC42 both induced the expression of p21 and
LC3-II accumulation in Huh7 and HepG2 cells (Fig. 5A and
B). However, inhibition of p21 by siRNA did not block the
SAHA- and OSU-HDAC42-induced LC3-II accumulation in
the presence of absence of bafilomycin Al (Fig. 5C), demon-
strating that HDAC inhibitor-induced autophagy is not depen-
dent on p21.
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Apoptosis was seen after treatment with
SAHA for 2 and 3 days (Fig. 7A). The cleav-
age of caspase-8, -9, -3 and PARP was also
deteeted in Huh7 cells-treated with SAHA
and doxorubicin that acts as a positive con-
trol (Fig. 7B). The pan-caspase inhibitor
z-VAD-fmk reversed SAHA-induced cyto-
toxicity (Fig. 7C). SAHA-induced apoptosis
was not affected by 3-MA or bafilomycin Al
(Fig: 7A); indicating that SAHA simultane-
ously induced autophagy and apoptosis, and
these two events occurred independently.

Discussion

Hepatocellular carcinoma (HCC) is rela-

LC3 and B-actin.

Figure 3. SAHA activated PI3K/Akt/mTOR signaling. Huh7 cells were treated with 1, 3, 5 uM
SAHA or 0.1,0.3, 0.5, 1 uM OSU-HDACA42 for 24 h and then harvested for protein analysis. Cell
lysates were resolved in SDS-PAGE and probed with specific antibodies against (A) p-mTOR
(Ser2448), mTOR, p-p70S6K (Thr389), p70S6K and (B) p-Akt, AKT and (C) p-AMPK (Thr172),
AMPKa and B-actin. (D) The expression of AMPK in Huh7 cells was knocked down by 24 h-siRNA
transfection as described in Materials and Methods. The cells were treated with 5 uM SAHA for
24 hin the absence or presence of 50 nM bafilomycin A1, and then harvested for protein analy-
sis. Cell lysates were resolved in SDS-PAGE and probed with specific antibodies against AMPKa,

tively chemo-resistant and highly refrac-
tory to cytotoxic chemotherapy. A number
of chemotherapies have been evaluated in
clinical trials, but none of them show signifi-
cant efficacy.? Defect in autophagy is associ-
ated with a malignant phenotype and poor
prognosis of HCC.** Thus, reactivation
of autophagy might be an effective strat-
egy for the treatment of HCC. Our results

Inhibition of autophagy reversed SAHA-induced cytotoxic-
ity. To evaluate the cytotoxicity of SAHA, cells were treated with
5 wM SAHA for 1, 3, 5 days and MTT assay was performed. As
shown in Figure 6A, SAHA reduced the growth rate of cells in a
time-dependent manner. The declines of cell population at day 5
might represent the increases of dead cells. Autophagy is thought
to be a cytoprotective process in starving cells. However, excess
autophagy can induce type II programmed cell death (auto-
phagic cell death).’ To study the role of autophagy in HDAC
inhibitor-induced cytotoxicity, cells were pretreated with 3-MA
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demonstrated that HDAC inhibitor SAHA
induced autophagy in HCC, similar to that reported in MEF,
Hela and MRT cells."”?® Combination with 3-MA or knock-
down of Atg5 reduced the cytotoxicity of SAHA, suggesting that
SAHA induced autophagic cell death.

Although autophagy is monitored by the signal ratio of LC3-1
to LC3-II detected by immunoblot, false-positive or false-nega-
tive results have been reported due to the lability of LC3-1.2>%
Therefore, it is suggested to measure the overall levels of LC3-11
normalized to a loading control such as B-actin or a-tubulin.?*%
We found that SAHA increased the expression of both LC3-Iand
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sion of LC3 mRNA increases during amino
acid starvation, indicating that the induction
of autophagy is accompanied by the increases
of LC3 synthesis.®® To confirm that SAHA
indeed induced autophagy, GFP-LC3 puncta
and ultrastructural analysis by transmission
electron microscopy were performed to moni-
tor the autophagosome formation. Additionally,
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SAHA induced autophagic cell death.
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Autophagy is believed “to” have“important

but conflicting effects on tumor development.

Experimental evidence supports a role of late
stage in cancer promotion and early stage in can-
cer suppression.®® It has been found that the late
stage promotes tumorigenesis by helping tumor
cells located in the central area of the mass to
survive under hypoxia and nutrient depriva-
tion."** However, autophagy shows its effects

Figure 4. ER stress was involved in autophagy. (A) Huh7 cells were treated with 5 .M SAHA
for 0-48 h and then harvested for protein analysis. Cell lysates were resolved in SDS-PAGE
and probed with specific antibodies against p-PERK, PERK, p-elF2q, elF2q, p-AKT, AKT, LC3
and B-actin. Quantification of each band by densitometry was performed and the ratio of
phosphoprotein and total protein was indicated. In (B) Huh7 cells were treated with 0.1,
0.3, 0.5, 1 uM OSU-HDAC42 for 24 h. In (C) Huh7 cells were treated with 1 uM OSU-HDAC42
(OSU42) or 5 uM tunicamycin (TUN) for 24 h. Cell lysates were resolved in SDS-PAGE and
probed with specific antibodies against p-elF2q, elF2a, LC3 and B-actin.

on inhibition of cell growth at the early stage.
Overexpression of beclin I in MCF7 breast cells
promoted autophagy and led to inhibition of cell proliferation.
Decreased expression of beclin 1 has been reported in human
breast, ovarian and brain tumors.'*** Moreover, rapamycin,
which induces autophagy by inhibiting the mTOR kinase, has
been demonstrated to be a potent therapeutic strategy for many
tumor types in clinical studies.” We also found SAHA induced
autophagy through inhibition of mTOR activity. Consistently,
suppression of the early stage by 3-MA or Atg5 knockout reduced
SAHA-induced cytotoxicity. Although SAHA-induced cyto-
toxicity was attenuated in Atg5” MEF cells, it is probable that
wild-type and Atg5™" cells have differential sensitivity to HDAC
inhibitors, which awaits further investigation.

The endoplasmic reticulum (ER) plays an important role as
a sensor for cellular stress to detect the changes in cell homeo-
stasis and respond to different signal pathways.“ There are three
ER transmembrane proteins acting as proximal sensors for ER

www.landesbioscience.com
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stress: ER transmembrane elF2a protein kinase (PERK), ser-
ine/threonine kinases inositol-requiring enzyme-1 (IRE1) and
transcription factor 6 (ATF6).” An immediate response to pro-
tein overload in ER is the activation of PERK to phosphorylate
eukaryotic translation initiation factor alpha (eIF2a) which then
induces expression of a transcription factor CCAAT/enhancer
binding protein (C/EBP) homologous protein (CHOP/
GADDI53).% Disturbance of ER homeostasis has been reported
to induce autophagy and cell death.”” Our results indicated that
SAHA induced ER stress via activation of PERK and phosphory-
lation of elF2a. Inhibition of Akt/mTOR activity by SAHA was
also found. It is possible that SAHA induced ER stress linked to
downregulation of Akt/mTOR signaling and led to autophagy.
This was supported by the report that ER stress inducers including
tunicamycin, DTT and MG132 negatively regulates Ake/TSC/
mTOR pathway to enhance autophagy.”® Therefore, ER might be
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(HSS108454) and p21  (VHS40202)
siRNA were purchased from Invitrogen.
The control scramble siRNA was pur-
chased from MDBio, Inc. The Annexin
V-FITC ~Apoptosis  Detection  Kit
(AVKO050) was purchased from Strong

Biotech Corporation.

Cell culture. The human HCC cell

antibodies against p21, LC3 and B-actin.

Figure 5. Autophagy induction was p21-independent. In (A) Huh7 cells were treated with 1, 3,5
M SAHA or 0.1, 0.3, 0.5, 1 uM OSU-HDAC42 for 24 h. In (B) Huh7 and HepG2 cells were treated
with 5 uM SAHA or 1 pM OSU-HDAC42 for 24 h. In (C) The induction of p21 in Huh7 cells was
knockdown by 24 h-siRNA transfection as described in Materials and Methods. The cells were
treated with 5 M of SAHA for 24 h in the absence or presence of 50 nM bafilomycin A1, and then
harvested for protein analysis. Cell lysates were resolved in SDS-PAGE and probed with specific

lines Hep3B, HepG2 and Huh7 were
kindly provided by Dr. Ann-Lii Cheng
of Internal Medicine,
National Taiwan University Hospital).
Atg5" MEF cells were kindly provided
by Dr. Hsiao-Sheng Liu (Department of

(Department

an important target for SAHA to induce autophagy. The 78 kDa
glucose-regulating protein (GRP78/BiP), an ER chaperone, is a
key regulator of ER stress transducers, which binds and inhibits
PERK, IRE1 and ATF6 in nonstressed cells. Upon ER stress,
PERK, IRE1 and ATF6 are released from GRP78 and become
activated.” A recent study indicates that SAHA induces acetyla-
tion of GRP78, leading to dissociation and activation of PERK,*
providing a direct regulation of ER stress by HDAC inhibition.

Our study showed that HDAC inhibitors SAHA and OSU-
HDAC42 induced autophagy through downregulation of Akt/
mTOR pathway and elicitation of ER stress. SAHA simultane-
ously induced apoptosis in HCC cells, which was parallel with
autophagy. Inhibition of autophagy suppressed SAHA-induced
cytotoxicity. Therefore, combination with autophagic inducers
may enhance the efficacy of SAHA on cancer therapy.
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Microbiology and Immunology, College

of Medicine, National Cheng-Kung
University). These cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; GIBCO, 12800-017), supplemented
with 10% heat-inactivated fetal bovine serum (FBS; GIBCO,
26140-079), 50 units/mL penicillin and 50 pg/mL streptomycin
and incubated at 37°C in a humidified incubator containing 5%
CO,.

Western blot analysis. The cells were lysed with lysis buffer
(50 mM Tris-HCI, 1 mM EGTA, 1 mM NaF, 150 mM NaCl,
1 mM Na,VO,, 1% TritonX-100, 1 mM phenylmethylsulfonyl
fluoride, 1X protease cocktail) on ice for 30 min. Cell lysates were
then centrifuged at 13,000x g for 15 min at 4°C. Supernatant
was collected and the protein concentration was determined by
the Bio-Rad Protein Assay (Bio-Rad Laboratories, 500-0006).
Equal amounts of protein (50 pg) were resolved in 7.5-13%
SDS-polyacrylamide gel and then transferred to nitrocellulose
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Figure 6. Effects of 3-MA and bafilomycin A1 on SAHA-induced autophagy and cytotoxicity. In (A), Huh7 cells were treated with 5 uM SAHA for 1, 3, 5
days. In (B), Huh7 cells were treated with 5 .M SAHA alone or in combination with 5 mM 3-MA or 50 nM bafilomycin A1 for 3 days. In (C), wild-type (WT)
or Atg5” MEFs were treated 1, 3, 5 uM SAHA for 3 days. The cytotoxicity was assessed by MTT assay. *p < 0.05, **p < 0.01, ***p < 0.005.

membrane (Amersham, RPN303E). The membrane was incu-
bated with the appropriate primary antibody at 4°C overnight.
Then, the membrane was washed and incubated with a horse-
radish peroxidase (HRP)-conjugated secondary antibody for 30
min at room temperature. The immunoblots were visualized by
WESTERN LIGHTNING Plus-ECL (PerkinElmer, NEL105).

Immunofluorescence. Huh7 cells, grown on coverslips, were
transfected with EGFP-LC3 plasmid, followed by HDAC inhibi-
tors treatments. The cells were then rapidly washed with PBS and
fixed at room temperature for 15 min with 3.7% paraformalde-
hyde. After being washed with PBS twice, the cells were blocked
with 1% bovine serum albumin in TTBS and then mounted.
The subcellular distribution of EGFP-LC3 was observed under a
fluorescence microscope (Zeiss Axiophot2).

Transient transfection. The plasmid (EGFP-LC3) or siRNA
(AMPK and p2l) was transiently transfected into cells with
Lipofetamine 2000 Reagent (11668-019) from Invitrogen. After
24 h, the cells were treated with SAHA for 24 h and subjected to
fluorescent analysis or western blotting assay.

Transmission electron microscopy. Cells were then fixed in a
solution containing 8% paraformaldehyde, 5% glutaraldehyde,
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1% tannic acid and 30 mM sodium cacodylate for 1 h. The fixed
cells were suspended in a buffered solution containing 1% osmic
acid for 1 h, followed by dehydration in a graded ethanol series,
washing with acetone and embedding into EPON epoxy resin.
Ultrathin sections (60—80 nm) were prepared on an ultramicro-
tome and double-stained with uranyl acetate and lead citrate. All
sections were examined and photographed with a Philips EM300
transmission electron microscope.

Flow cytometry. Huh7 cells were grown to 50% confluence,
incubated with 5 wM SAHA for indicated time intervals. The
cells were trypsinized, washed in PBS and centrifuged at 200x g
for 5 min. Then, the pellet was resuspended in 100 wL binding
buffer and added 2 pL Annexin V-FITC and 2 pL propidium
iodide (PI). After 15 min incubation at room temperature, FITC
and PI fluorescences were detected by FACScalibur flow cytom-
eter (Becton Dickinson, San Diego, CA) and subsequently ana-
lyzed by CellQuest software.

MTT assay. The cell viability after SAHA treatment was
measured using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT; Sigma, M2128) assay. Cells were plated
in at least triplicate in 96-well plates and treated with increasing
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Figure 7. Effect of 3-MA, bafilomycin A1 and z-VAD-fmk on SAHA-
induced apoptosis. (A) Huh7 cells were treated with 5 uM SAHA alone or
in combinations with 5 mM 3-MA or 50 nM bafilomycin A1 (Baf A1) for 1
to 3 days, and then the Annexin V-FITC/PI double-staining analysis was
performed. The early apoptotic (Annexin V-FITC positive) and necrotic/
late apoptotic (Annexin V-FITC positive, Pl positive) were quantified as
apoptotic cells. (B) Huh7 cells were treated with 5 uM SAHA or 10 ng/mL
doxorubicin (Doxo) for 3 days, and then harvested for protein analysis.
Cell lysates were resolved in SDS-PAGE and probed with specific anti-
bodies against pro-caspase-8, -9, -3, PARP and B-actin. (C) Huh7 cells
were treated with 5 wM SAHA alone or in combination with 100 nM
z-VAD-fmk for 2 days. The cytotoxicity was assessed by MTT assay.

concentrations of SAHA. After 48 h incubation, 0.5 mg/mL of
MTT was added to each well for an additional 4 h. The blue
MTT formazan precipitate was then dissolved in 100 pL of
DMSO. The absorbance at 550 nm was measured on a multiwell
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Statistical analysis. Means and standard deviations of sam-
ples (performed in at least triplicate) were calculated from the
numerical data generated in this study. Data were analyzed using
Student’s t test. p values <0.05 were considered significant.
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