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Abstract. Previously, we demonstrated that cationic
liposomes comprised of N-hexadecyl-N,N-dimethylhexa
decan-1-aminium bromide, 1,2-dioleoyl-sn-glycero-3-phos-
phoethanolamine and poly(ethylene glycol) cholesteryl
ether induced substantial protein expression both in vitro
and in vivo following the administration of mRNA/cationic
liposome complexes (mMRNA lipoplexes). The present study
evaluated the effect of vorinostat, a histone deacetylase inhib-
itor, on protein expression levels in vitro and in vivo following
the administration of mRNA lipoplexes. The half-maximal
inhibitory concentration (ICs,) values of vorinostat for human
cervical carcinoma HeLa and human liver cancer HepG2
cells were determined to be 7.8 and 2.6 uM, respectively,
following a 24 h incubation period. Treatment with 1 yM
vorinostat resulted in a 2.7-fold increase in luciferase (Luc)
activity for HeLa cells and a 1.6-fold increase for HepG2
cells at 24 h post-transfection with firefly Luc (FLuc) mRNA
lipoplexes compared with untreated cells. However, treatment
with 10 M vorinostat decreased Luc activity compared with
treatment with 1 M vorinostat. Intravenous injection of
Cy5-labeled mRNA lipoplexes into mice resulted in mRNA
accumulation primarily in the lungs; however, co-injection
with vorinostat at doses of 5 or 25 mg/kg resulted in mRNA
accumulation in both the lungs and liver. Furthermore,
intravenous injection of FLuc mRNA lipoplexes resulted in
high Luc activity in both the lungs and spleen. Nevertheless,
co-injection with vorinostat slightly decreased Luc activity
in the lungs but not in the spleen. These findings indicated
that vorinostat enhances in vitro protein expression from
transfected mRNA after treatment with a lower concentra-
tion of ICs; however, it does not largely affect in vivo protein
expression from the transfected mRNA.

Correspondence to: Professor Yoshiyuki Hattori, Department
of Molecular Pharmaceutics, Hoshi University, 2-4-41, Ebara,
Shinagawa-ku, Tokyo 142-8501, Japan

E-mail: yhattori@hoshi.ac.jp

Key words: cationic liposome, mRNA delivery, vorinostat, histone
deacetylases inhibitor

Introduction

mRNA is a single-stranded ribonucleic acid that carries
coding sequences for protein synthesis and under-
goes translation by ribosomes to produce proteins.
mRNA-based therapeutics have emerged as promising
ways for promptly and efficiently expressing therapeutic
proteins in cells (1). The most advanced application of
mRNA therapeutics lies in vaccination against viral
infections and tumors (2,3). However, mRNA molecules
are susceptible to rapid degradation by extracellular
RNases and cannot traverse cellular membranes owing to
their negative charge, hydrophilicity and high molecular
weight (4). Therefore, the development of efficient and safe
mRNA delivery systems is imperative (5-7). Previously,
we demonstrated that cationic liposomes, comprising
N-hexadecyl-N,N-dimethylhexadecan-1-aminium bromide
(DC-1-16), 1,2-dioleoyl-sn-glycero-3-phosphoethanol-
amine (DOPE) and poly(ethylene glycol) cholesteryl
ether (PEG-Chol), induce high protein expression in the
lungs and spleen following intravenous administration of
mRNA/cationic liposome complexes (mnRNA lipoplexes) (8).

Histone deacetylases (HDACS) constitute a family of
enzymes recognized as a promising target to reverse aber-
rant epigenetic states associated with tumors through the
regulation of histone acetylation levels (9). HDAC inhibi-
tors elevate acetylation levels within chromatin and treating
tumor cells with HDAC inhibitors induces growth arrest
or cell death (10). Among the HDAC inhibitors, vorinostat
[suberoylanilide hydroxamic acid (SAHA)] stands as the
U.S. first food and drug administration (FDA)-approved
drug to be used in the treatment of cutaneous T-cell
lymphoma (11,12). Additionally, HDAC inhibitors exhibit
the capability to enhance transgene expression from both
plasmid DNA transiently transfected into cells and trans-
genes stably transfected into the cell genome via histone
acetylation (13,14). Following transfection into cells,
plasmid DNA binds to histones in the nucleus, thereby
impeding transgene expression through the limited acces-
sibility of transcription factors to the plasmid DNA (13). In
stably transfected transgenes, a relaxed chromatin structure
becomes imperative for facilitating transgene expression via
enhanced transcription factor accessibility (13). Therefore,
HDAC inhibitors augment transgene expression by relaxing
chromatin structure through histone acetylation.
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However, to the to the best of the authors' knowledge, there
remains a paucity of reports regarding the effects of HDAC
inhibitors on protein expression from transfected mRNA. In
the present study, to examine the effect of HDAC inhibitors on
protein expression from transfected mRNA, mRNA lipoplexes
were prepared for transfection into both tumor cells and mouse
tissues and the effect of vorinostat on both in vitro and in vivo
protein expression following the administration of mRNA
lipoplexes was evaluated.

Materials and methods

Materials. DC-1-16 was obtained from Sogo Pharmaceutical
Co., Ltd. DOPE and PEG-Chol (mean molecular weight of
PEG: 1600) were purchased from NOF Co., Ltd. Vorinostat
(SAHA) was purchased from Combi-Blocks, Inc. All the
remaining chemicals were of the highest available grade.

mRNAs. Firefly luciferase (FLuc) mRNA [1929 nt;
cat. no. L-7202; CleanCap FLuc mRNA (5 moU)] and
enhanced green fluorescent protein (EGFP) mRNA (996
nt; cat. no. L-7601; CleanCap EGFP mRNA) were obtained
from TriLink BioTechnologies. Cy5-labeled mRNA [1921 nt;
cat. no. R1010; EZCap Cyanine 5 FLuc mRNA (5 moU)] was
obtained from ApexBio Technology LLC.

Cell culture. Human cervical carcinoma HeLa cells
(cat. no. 93021013; Cellosaurus; CVCL_0030) and human
liver cancer HepG2 cells (cat. no. 85011430; Cellosaurus;
CVCL_0027) were obtained from the European Collection
of Authenticated Cell Cultures. HeLa-FLuc cells, stably
expressing pGL3 FLuc (Bioware Cell Line HeLa-luc;
Cellosaurus; CVCL_5J41), were obtained from Caliper Life
Sciences, Inc. HepG2-FLuc cells, stably expressing pGL3
FLuc (cat. no. JCRB1592; Cellosaurus; CVCL_JG47) were
purchased from the JCRB Cell Bank (National Institutes of
Biomedical Innovation, Health and Nutrition).

HeLa cells and HeLa-FLuc cells were cultured in Eagle's
Minimum Essential Medium (EMEM; FUJIFILM Wako Pure
Chemical Corporation) supplemented with 10% heat-inactivated
fetal bovine serum (FBS, Thermo Fisher Scientific, Inc.) and
100 pg/ml kanamycin, maintained in an incubator at 37°C with
a 5% CO, humidified atmosphere. HepG2 and HepG2-FLuc
cells were cultured in Dulbecco's Modified Eagle's Medium
(DMEM; FUJIFILM Wako Pure Chemical Corporation)
supplemented with 10% FBS under the same conditions.

Cytotoxicity of vorinostat on HeLa and HepG?2 cells.
Vorinostat was initially dissolved in dimethyl sulfoxide
(DMSO) at a concentration of 1 mM. This stock solution was
diluted with culture medium supplemented with 10% FBS
prior to treatment. HeLa and HepG2 cells were then seeded
into 96-well culture plates (1x10* cells/well). Following a
24 h incubation period, the cells were treated with 0.1, 0.5,
1, 5, 10, or 20 uM vorinostat. Cell viability was assessed
24 and 48 h post-treatment with vorinostat using a Cell
Counting Kit-8 (CCK-8; Dojindo Laboratories, Inc.), as previ-
ously described (15). WST-8 substrate was incubated with
cells at 37°C for 60 min. The cell viability (%) was calculated
relative to that of untreated cells.

Effect of vorinostat on Luc expression in HeLa-FLuc and
HepG2-FLuc cells. HeLa-FLuc and HepG2-FLuc cells were
seeded in 12-well culture plates (1x10° cells/well). Following
24 h of incubation, 1 ml of culture medium supplemented
with either 1 M or 10 uM vorinostat was introduced to the
HeLa-FLuc or HepG2-FLuc cells. Luc activity [counts per
sec (cps)] in the cells was measured 24 h post-transfection
with a chemoluminometer (ARVO X2; PerkinElmer, Inc.),
as previously described (15). Protein concentrations of the
supernatants were determined with bicinchoninic acid (BCA)
reagent (Pierce BCA Protein Assay Kit; Pierce; Thermo Fisher
Scientific, Inc.), using bovine serum albumin (Thermo Fisher
Scientific, Inc.) as a standard and the Luc activity (cps/ug
protein) was calculated.

Preparation of mRNA lipoplexes. DC-1-16, DOPE and
PEG-Chol were dissolved in chloroform at a molar ratio of
49.5:49.5:1. Chloroform was then evaporated under vacuum
using a rotary evaporator set at 60°C to obtain a thin film.
The thin film was hydrated by adding sterilized water at 60°C,
followed by vortexing and subsequent sonication for 10 min
at 42 kHz, 100 W and at room temperature in a bath-type
sonicator (Bransonic 2510J-MTH; Branson Ultrasonics
Corporation). To prepare the mRNA lipoplexes, the cationic
liposome suspension was combined with the mRNA solu-
tion at a charge ratio (+:-) of 4:1, as described in a previous
study (8), thorough vortexing for 10 sec and subsequently left
undisturbed at room temperature for 15 min. Particle size
distribution and C-potential of the mRNA lipoplexes were
assessed using a light-scattering photometer (ELS-Z2; Otsuka
Electronics Co., Ltd.), as previously described (15).

Effect of vorinostat on Luc expression in HeLa and HepG2
cells following transfection with FLuc mRNA lipoplexes.
HeLa and HepG2 cells were seeded into 12-well culture plates
(1x10° cells/well). Following incubation at 37°C for 24 h, FLuc
mRNA lipoplexes (0.5 pyg mRNA) were diluted in 1 ml of
culture medium (EMEM and DMEM for HeLa and HepG2
cells, respectively) containing either 1 or 10 M vorinostat
(final mRNA concentration: 0.5 yg/ml) and added to the cells.
At 24 h post-transfection, Luc activity (cps/ug protein) was
quantified, as described in the previous section.

Effect of vorinostat on EGFP expression in HeLa and HepG2
cells following transfection with EGFP mRNA lipoplexes.
HeLa and HepG2 cells were seeded in 12-well culture plates
(1x10° cells/well). Following incubation at 37°C for 24 h,
EGFP mRNA lipoplexes (0.5 yg mRNA) were diluted in
1 ml of culture medium (EMEM and DMEM for HeLa and
HepG2 cells, respectively) supplemented with either 1 or
10 uM vorinostat (final mRNA concentration: 0.5 yg/ml) and
subsequently introduced to the cells. At 24 h post-transfection,
EGFP expression in the cells was observed through fluores-
cence microscopy, as previously described (8).

Animals. All animal experiments were conducted in accor-
dance with the Guidelines outlined in the Guide for the
Care and Use of Laboratory Animals (16), adopted by the
Institutional Animal Care and Use Committee of Hoshi
University (Tokyo, Japan). Ethical approval was obtained from
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Figure 1. Cytotoxicity of vorinostat on HeLa and HepG2 cells. (A) HeLa and (B) HepG2 cells were treated with vorinostat at varying concentrations and then
incubated for 24 or 48 h. Each value represents the mean + SD (n=4-6). IC;,, half-maximal inhibitory concentration.

the Institutional Animal Care and Use Committee of Hoshi
University (approval number: P23-108).

A total of 15 female BALB/c mice (20 g, 8 weeks old; Sankyo
Labo Service Corporation) were housed under a 12-h light/dark
cycle, with lights on from 08:00 a.m. to 08:00 p.m. and provided
ad libitum access to food and water. The room temperature was
maintained at 24°C with a relative humidity of 55%.

Effect of vorinostat on mRNA biodistribution following mRNA
lipoplex injection in mice. Vorinostat was initially dissolved
in DMSO at a concentration of 50 mg/ml. This stock solution
was diluted with saline before injection (final concentrations:
1 and 5 mg/ml for doses of 5 and 25 mg/kg, respectively).
Vorinostat was administered intraperitoneally to female BALB/c
mice at doses of 5 or 25 mg/kg, followed by an intravenous injec-
tion of Cy5-labeled mRNA lipoplexes (10 g mRNA; n=1 per
mRNA lipoplex). Following 1 h of intravenous injection, the
mice were sacrificed by cervical dislocation under anesthesia
induced by isoflurane inhalation (4% for induction and 1.5-2%
for maintenance; FUJIFILM Wako Pure Chemical Corporation)
and mortality was confirmed by cessation of heartbeat. Cy5 fluo-
rescence images of the lungs, heart, liver, spleen and kidneys were
acquired using the NightOWL LB981 NC100 System (Berthold
Technologies GmbH & Co. KG), as previously described (8,15).

Effect of vorinostat on Luc expression following FLuc mRNA
lipoplex injection in mice. Vorinostat was intraperitone-
ally administered to female BALB/c mice (8 weeks old) at
doses of 5 or 25 mg/kg, followed by intravenous injection of
FLuc mRNA lipoplexes (20 ug mRNA; n=3 per group). As
described in previous studies (8,17), mice were sacrificed by
cervical dislocation under anesthesia induced by isoflurane
inhalation at 4 h post-injection of mRNA lipoplexes and the
lungs, liver, spleen and kidneys were harvested for analysis.
Then 3 ul of ice-cold reporter lysis buffer (cat. no. E3971;
Promega Corporation) per 1 mg of tissue were added to each
tissue sample and immediately homogenized. Luc activity
(cps/mg protein) in the homogenized samples was measured
as described in the preceding section.

Statistical analysis. Statistical significance was assessed using
the unpaired Student's t-test or one-way analysis of variance,
followed by Tukey's post hoc test, employing GraphPad Prism
(version 4.0; Dotmatics). P<0.05 was considered to indicate a
statistically significant difference.

Results

Cytotoxicity of vorinostat on HeLa and HepG2 cells.
Vorinostat, a potent inhibitor of HDAC activity, exhibits
antitumor effects on various tumor cells, including those of
prostate, ovarian and pancreatic carcinoma (18-20). To inves-
tigate the cytotoxicity of vorinostat on HeLLa and HepG?2 cells,
the cells were treated with vorinostat for 24 and 48 h (Fig. 1).
The ICy, values of vorinostat for HeLa and HepG2 cells were
7.8 and 2.6 uM, respectively, following 24 h of incubation
at 37°C and 3.6 and 1.0 uM, respectively, following 48 h of
incubation at 37°C.

Effect of vorinostat on Luc activity in HeLa-FLuc and
HepG2-FLuc cells. To investigate whether treatment with
vorinostat affects Luc expression from a Luc gene inserted into
the cellular genome, HeLa-FLuc and HepG2-FLuc cells were
treated with either 1 or 10 M vorinostat, respectively, followed
by Luc activity measurement after 24 h of incubation (Fig. 2).
Treatment of HeLa-FLuc cells with 1 and 10 xM vorinostat
resulted in 2.2- and 6.1-fold higher Luc expression, respectively,
compared with untreated cells. Furthermore, treatment of
HepG2-FLuc cells with 1 and 10 #M vorinostat led to 1.6- and
11-fold higher Luc expression, respectively, compared with
untreated cells. Treatment with 10 M vorinostat significantly
increased Luc activity in both cell lines compared with treatment
with 1 uM vorinostat, indicating that concentrations exceeding
the IC,, of vorinostat might effectively enhance protein expres-
sion from a foreign gene integrated into the genome.

Effect of vorinostat on Luc activity in HeLa and HepG?2 cells
following Luc mRNA lipoplex transfection. Next, the impact of
vorinostat treatment on Luc expression from transfected FLuc
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Figure 2. Effect of vorinostat on Luc activity in HeLa-FLuc and HepG2-FLuc
cells. (A) HeLa-FLuc and (B) HepG2-FLuc cells were treated with 1 or 10 uM
vorinostat and then incubated for 24 h. Each value represents the mean + SD
(n=3). ""P<0.001. N.S., not significant; FLuc, firefly luciferase.
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Figure 3. Effect of vorinostat on Luc activity in HeLa and HepG2 cells
following transfection of FLuc mRNA lipoplexes. (A) HeLa and (B) HepG2
cells were transfected with FLuc mRNA lipoplexes in the presence or absence
of 1 or 10 #M vorinostat and then incubated for 24 h. Each value represents
the mean + S.D. (n=3). "P<0.05, “P<0.01, “*P<0.001. FLuc, firefly luciferase.

mRNA was investigated. For mRNA transfection, cationic
liposomes, comprising DC-1-16, DOPE and PEG-Chol, were
prepared, as previous research has indicated their efficacy in
achieving high protein expression both in vitro and in vivo
following mRNA lipoplex administration (8). The cationic lipo-
somes measured 116.5 nm, while the FLuc mRNA lipoplexes
measured 282 nm (data not shown). Their respective C-potentials
were 51 and 39.9 mV (data not shown). FLuc mRNA lipoplexes
were transfected into HeLLa and HepG2 cells, respectively, in
the presence or absence of 1 or 10 #M vorinostat. Luc activity
was then measured 24 h post-incubation (Fig. 3). Treatment
with 1 uM vorinostat resulted in 2.7- and 1.6-fold higher Luc
activities from transfected FLuc mRNA in HeLa and HepG2
cells, respectively, compared with untreated cells. However,
treatment with 10 #M vorinostat decreased Luc activity in both
cell lines compared with treatment with 1 xM vorinostat. As
negative controls, transfection with empty vector (only cationic
liposomes) did not induce Luc activities in HeLa and HepG2
cells in the presence or absence of vorinostat (Fig. S1).

Effect of vorinostat on EGFP expression in HeLa and HepG?2
cells following EGFP mRNA lipoplex transfection. EGFP
mRNA lipoplexes were transfected into HeLa and HepG2
cells, respectively, in the presence or absence of 1 or 10 uM
vorinostat and EGFP expression was observed 24 h after
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Figure 4. Effect of vorinostat on EGFP expression in HeLa and HepG2 cells
following transfection of EGFP mRNA lipoplexes. HeLa and HepG2 cells
were transfected with EGFP mRNA lipoplexes in the presence or absence
of 1 or 10 uM vorinostat and then incubated for 24 h. EGFP expression in
the cells was observed using a fluorescence microscope. Scale bar, 100 gm.
EGFP, enhanced green fluorescent protein.
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Figure 5. Effect of vorinostat on biodistribution of mRNA in mice 1 h after
intravenous injection of mRNA lipoplexes. Vorinostat was intraperitoneally
administered in mice at doses of 5 or 25 mg/kg, followed by intravenous
injection of Cy5-labeled mRNA lipoplexes (10 xg mRNA). At 1 h after injec-
tion, Cy5 fluorescence imaging of the tissues was performed. Fluorescence
intensity is illustrated using a color-coded scale (red denotes maximum and
purple signifies minimum). Scale bar, 1 cm. Cy5, cyanine 5.

incubation (Fig. 4). Treatment with 1 M vorinostat increased
EGFP expression from transfected EGFP mRNA in both cell
lines compared with untreated cells, while treatment with
10 uM vorinostat decreased EGFP expression in both cell
lines compared with treatment with 1 M vorinostat. As nega-
tive controls, transfection with empty vector (only cationic
liposomes) did not induce EGFP expression in HelL.a and
HepG2 cells in the presence or absence of vorinostat (Fig. S2).
These results suggested that treatment with vorinostat at
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Figure 6. Effect of vorinostat on Luc expression in mice following intravenous injection of FLuc mRNA lipoplexes. Vorinostat was intraperitoneally adminis-
tered in mice at doses of (A) 5 mg/kg or (B) 25 mg/kg, followed by intravenous injection of FLuc mRNA lipoplexes (20 g mRNA). The mice were sacrificed
4 h after injection and Luc activity in the tissues was measured. Each column represents the mean + SD (n=3). N.S., not significant; FLuc, firefly luciferase.

concentrations lower than the IC5, might effectively increase
protein expression from transfected mRNA.

Effect of vorinostat on mRNA biodistribution following
intravenous injection of FLuc mRNA lipoplexes. Vorinostat is
often administered intraperitoneally or orally to mice at doses
ranging from 25 to 150 mg/kg/day for cancer therapy (20,21).
Therefore, the present study selected 5 mg/kg as a low dose
and 25 mg/kg as a standard dose. To investigate the effect of
vorinostat on mRNA biodistribution following intravenous
injection of mRNA lipoplexes, mice were intraperitoneally
administered with either 5 or 25 mg/kg of vorinostat, followed
by intravenous injection of Cy5-labeled mRNA lipoplexes.
Injection of mRNA lipoplexes resulted in substantial mRNA
accumulation in the lungs; however, co-injection with either
5 or 25 mg/kg of vorinostat resulted in the accumulation of
mRNA in both the lungs and liver (Fig. 5).

Effect of vorinostat on Luc expression in tissues following
intravenous injection of FLuc mRNA lipoplexes. To inves-
tigate the effect of vorinostat on in vivo protein expression
from transfected mRNA, mice were intraperitoneally admin-
istered with vorinostat at doses of 5 or 25 mg/kg, followed
by intravenous injection of FLuc mRNA lipoplexes. Injection
of FLuc mRNA lipoplexes resulted in substantial Luc expres-
sion in both the lungs and spleen. However, co-injection with
vorinostat at doses of 5 or 25 mg/kg slightly decreased Luc
expression in the lungs compared with untreated mice, with no
effect on the spleen (Fig. 6A and B).

Discussion

HDAC inhibitors induce histone acetylation, resulting in chro-
matin structure relaxation; therefore, they possess the capacity
to enhance protein expression from both plasmid DNA tran-
siently transfected into cells and transgenes stably transfected
into the cellular genome (13,14). The present study evaluated
the effect of HDAC inhibitors on in vitro and in vivo protein

expression from mRNA transfected via cationic liposomes.
Treatment with vorinostat augmented in vitro protein expression
from transfected mRNA at concentrations lower than the 1Cs;
however, treatment with higher concentrations was necessary
to boost protein expression from stably transfected transgenes.
These findings indicated a differential mechanism underlying
protein expression enhancement between transfected mRNA
and stably transfected transgenes. Unlike stably transfected
transgenes, transfected mRNA does not necessitate nuclear
entry for protein translation. Therefore, it was hypothesized that
vorinostat's promotion of protein expression from transfected
mRNA might have resulted from increased translation of
transfected mRNA and/or mRNA stabilization of transfected
mRNA. Previous research has demonstrated that the stability
of ATP binding cassette subfamily B member 1 mRNA is
markedly enhanced upon treatment with 0.6 M vorinostat,
resulting in P-glycoprotein (P-gp) upregulation (22). Therefore,
one plausible mechanism for increased protein expression may
involve vorinostat-mediated stabilization of transfected mRNA.
Intravenous injection of mRNA lipoplexes resulted in
substantial mRNA accumulation in the lungs. By contrast,
co-injection with vorinostat resulted in mRNA accumula-
tion not only in the lungs but also in the liver. However, the
mechanism by which vorinostat affects mRNA biodistribu-
tion subsequent to mRNA lipoplex injection remains unclear.
Positively charged lipoplexes interact electrostatically with
negatively charged erythrocytes, inducing agglutination (23).
These agglutinates become trapped in lung capillaries (24).
Therefore, vorinostat might affect the interaction between
mRNA lipoplexes and erythrocytes in the blood circulation.
In the present study, intravenous injection of FLuc mRNA
lipoplexes resulted in high Luc expression in both the lungs
and spleen, whereas co-injection with vorinostat slightly
diminished Luc expression in the lungs while showing no
effect on Luc expression in spleen. Previous research has
indicated the presence of acetylated histones in the spleen
at 2 h post-subcutaneous administration of vorinostat (25),
suggesting that acetylation induced by vorinostat does not
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markedly affect protein expression from transfected mRNA
in the spleen. Moreover, the reduction in Luc expression in
the lungs might be attributed to decreased mRNA accu-
mulation in the lungs following vorinostat injection. These
findings suggested that vorinostat did not markedly affect
in vivo protein expression from transfected mRNA. Numerous
clinical trials of mRNA tumor therapeutics have been initi-
ated and exhibit considerable performance (1). In combination
therapy with mRNA therapeutics and vorinostat for patients
with cutaneous T-cell lymphoma, at least, vorinostat might not
reduce the effectiveness of mRNA therapeutics. Further inves-
tigations are necessary to elucidate why vorinostat affects
protein expression in vitro but not in vivo. In addition, the
toxicity in the tissues after co-injection of mRNA lipoplexes
and vorinostat will have to be evaluated.

In conclusion, the present study is the first report, to the
best of the authors' knowledge, to examine the effect of protein
expression from transfected mRNA by treatment with HDAC
inhibitor. Vorinostat enhanced in vitro protein expression from
transfected mRINA after treatment at a lower ICs, concentra-
tion. However, its effect on in vivo protein expression from
transfected mRNA in tissues was not significant. The present
study provided insights into the effects of vorinostat on protein
expression from transfected mRNA.
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