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Abstract

Objectives: Whether the ultra-highly-diluted reme-
dies used in homeopathy can effectively bring about
modulations of gene expressions through acetylation/
deacetylation of histones has not been explored. There-
fore, in this study, we pointedly checked if the homeo-
pathically-diluted anti-cancer remedy Condurango 30C
(ethanolic extractof Gonolobus condurango diluted 10-%°
times) was capable of arresting the cell cycles in cervi-
cal cancer cells HeLa by triggering an epigenetic mod-
ification through modulation of the activity of the key
enzyme histone deacetylase 2 vis-a-vis the succussed
alcohol (placebo) control.

Methods: We checked the activity of different sig-
nal proteins (like p21VAF, p53, Akt, STAT3) related to
deacetylation, cell growth and differentiation by west-
ern blotting and analyzed cell-cycle arrest, if any, by
fluorescence activated cell sorting. After viability assays
had been performed with Condurango 30C and with a
placebo, the activities of histone de-acetylase (HDAC)
enzymes 1 and 2 were measured colorimetrically.

Received: Oct 17,2013 Accepted: Oct 30, 2013

Results: While Condurango 30C induced cytotoxici-
ty in HeLa cells in vitro and reduced HDAC2 activity
quite strikingly, it apparently did not alter the HDAC1
enzyme; the placebo had no or negligible cytotoxicity
against HeLa cells and could not alter either the HDAC
1 or 2 activity. Data on p21WAF, p53, Akt, and STAT3 ac-
tivities and a cell-cycle analysis revealed a reduction
in DNA synthesis and G1-phase cell-cycle arrest when
Condurango 30C was used at a 2% dose.

Conclusion: Condurango 30C appeared to trigger key
epigenetic events of gene modulation in effectively
combating cancer cells, which the placebo was unable
to do.

1.Introduction

The molecular existence of drug particles has been
presumed to have arole in the formation ofligand moi-
ety to accelerate or decelerate cellular/biochemical
processes. However, certain remedies used in home-
opathy are ultra-highly diluted (above 12C centesimal
potency) by using the homeopathic procedure of dilu-
tions and agitations and are not theoretically expected
to contain even a single molecule of the original drug
bulk substance, thus making the reported abilities of
these highly-diluted remedies to cure or ameliorate
disease symptoms suspect [1, 2]. Even though most
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clinical research conducted on homeopathic medicines
has shown positive results [3-5], rationalists often refuse to
accept even scientifically observed facts, apparently being
bound by the limits of existing knowledge.

Earlier, many hypotheses were put forward relating to the

efficacy of homeopathic remedies, but those soon became
obsolete due to insufficient validation. Later thought was
succussion-mediated release of silicon and silica precur-
sors from the interior of the glassware into solution. Later
the nano-silica theory was evolved [6, 7], but even though
nano-silica has a fair ability to stimulate immune respons-
es, the workings of nano-silica are not specific to a given
homeopathic remedy; it can serve as a non-specific carrier
and biological amplifier of effects.
Recently, many researchers with an open mind have been
quite prone to believing in the possible efficacy of ul-
tra-high dilutions ever since the presence of nano-sized
solvent super-structures in ultra-molecular dilutions [8-
10] was discovered. The concentrations of the starting
materials, even though at extremely low (pictogram/mil-
liliter) levels, were shown not to decrease as expected with
serial dilutions, but instead to form an asymptote beyond
6C potency (dilution factor of 10'?) [11]. A recent finding
pointed out that homeopathic succussion procedures
could break down larger plant particles into small nano-
particles, just as sonication can break down plant starch
into nanoparticles [12]. Thus, ultra-high dilutions, demon-
strations of their biological actions and understandings of
their mechanisms of action have again become subjects of
serious scientific exploration.

Much research has shown the biological activities (http://
www.carstens-stiftung.de/hombrex/index.php)
tra-highly-diluted drug materials; further, their capability
to modulate different signal genes and proteins was also
identified [13]. Therefore, Khuda-Bukhsh [14] and Khu-
da-Bukhsh and Pathak [17] advocated a working hypothe-
sis claiming that the working principle of the homeopathy
remedy should be based upon a switch on/off mechanism
of gene expression, particularly by causing epigenetic
modifications.

The equilibrium of histone acetylation can be controlled
by using histone acetyltransferase and histone deacetylase
(HDAC) enzymatic activities. Their balance seems to be es-
sential for normal cell growth while imbalance is often as-
sociated with carcinogenesis and cancer progression [18].
The present study was, therefore, designed to investigate
if Condurango 30C, an ultra-highly-diluted homeopath-
ic remedy, could demonstrate its anti-cancer potential in
terms of its ability to modulate histone deacetylase activity
(HDAC) in the cervix cancer cell line HeLa, an accepted
protocol to evaluate gene regulatory activities. The HeLa
cell line was particularly chosen for this study as HDAC ac-

of wul-

tivity (both HDAC1 and HDAC 2) is reported to be typically
high in this cancer cell line, so its modulation, if any, by
using a drug can be clearly demonstrated.

2. Materials and Methods

HeLa cells were procured from the National Centre for
Cell Science, India, were maintained in a CO, incubator
at 5 % CO, level under ambient O, and humid conditions,
and were cultured at 37°C in DMEM (Dulbecco’s modified
Eagle medium) containing 10% heat-inactivated FBS (fetal
bovine serum)and 1% antibiotic mixture. Condurango 30C
was procured from HAPCO, India. Preparation of Condu-
rango 30C was made according to homeopathic principles
of dilution and succussion. One ml of ethanolic mother
tincture of Condurango was added to 99 ml of 65% ethanol
and given 10 mechanical jerks to bring it to potency 1. One
volume of this solution of potency 1 was again added to
99 volume of 65% ethanol and given 10 jerks to bring it to
potency 2 and so on [15]. The potency 30C had, thus, been
diluted 10-%° times before use.

HeLa was dispensed in 96-well flat-bottom microtiter
plates (Tarsons, India) at a density of 1x10° cells per well,
treated with various concentrations of Condurango 30C
(0%-6%) and incubated for 48 h. Thiazolyl blue tetrazoli-
um bromide (MTT) was then added to the well at a con-
centration of 10 pM, and the plates were incubated for 2-3
h at 37Cin the dark. To stop the reaction and develop a
blue color, we used acidic isopropanol, and the OD (opti-
cal density) was taken at 595 nm by using a microtiter plate
reader [19].

Condurango 30C doses were selected for the MTT assay
experiment. In all the experiments, other than immu-
no-blotting, HeLa cells were treated with 2% Conduran-
go 30C for different time periods (0, 3, 6, 9, 12, 15, 18, 21,
and 24 h). For the control sets, a 2% vehicle control (pla-
cebo) from the same stock of alcohol that had been used
by HAPCO, Kolkata, to prepare the drug was maintained
while for the immuno-blotting study, three doses were
considered, 2%, 3% and 4% drug, and the highest alcohol
dose (4%) was taken for the purpose of serving as the pla-
cebo control.

Cells were incubated in serum-free media in the presence
or absence of SB (sodium butyrate; a histone deactylase
inhibitor) and Condurango 30C (2%) for different intervals
(0,3,6,9,12, 15, 18, 21, and 24 h). Nuclear lysate was pre-
pared, and total HDAC activity was measured according to
the manufacturer’s instructions (Upstate Millipore, USA).

Nuclear extract was prepared from placebo (2%)- and
Condurango 30C (2%)-treated cells and then used for the
quantification of HDAC1, HDAC2 and STAT3 by using the
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indirect ELISA method according to the method described
by Cell Signalling Technology, USA. p-nitro phenyl phos-
phate (p-NPP) was used as a color developer, and color
intensity was measured at 405 nm with respect to a blank
[20].

Fifty pg of nuclear proteins and cellular proteins were iso-
lated from the placebo-control (4%)- and the drug-treated
cells to determine the activities of HDAC1, HDAC2 (from
nuclear extract) and p53, p21, Akt, GAPDH (from total cel-
lular extract). Bands were developed by using the conven-
tional western blotting technique, and densitometry was
quantified by using ‘image ]’ software (National Institute
of Health, USA) [21].

To analyse the cell cycle, HeLa cells were treated with
Condurango 30C (2%) for different time-periods (0, 12, 24,
36 and 48 h); then, treated and control (2% placebo) cells
were fixed in 70% chilled ethanol. Fixed cells were then
made RNA free by incubating in 10-mM RNase for 10 min
in the dark at 37°C and stained by using propidium iodite
(10 uM) for 20 min. Fluorescence intensities were deter-
mined by using a flow cytometer with a FL-2A filter. Data
were analysed by using Cyflogic software [22].

Observers were “blinded” during observational part
of the experiments. The drug and placebo samples were
coded and the codes were later deciphered for data anal-
ysis. Statistical analysis was performed by using one-way
ANOVA with LSD post-hoc tests and SPSS.20 software to
identify whether differences among the mean values of the
different groups were significant. Results were expressed
as means * SEs (standard errors). A value of P < 0.05 was
considered to be statistically significant.

3. Results

Condurango 30C treatment reduced the viability of HeLa
cells in a dose-dependent manner. At 0.5% dose of Con-
durango 30C, the cells’ viability was 97.4 + 4.8%, and it was
reduced to 31.9 + 2.4% by the application of 6% Conduran-
go 30C. The 50% cell death was achieved at a 4.6 + 0.1% of
Condurango 30C treatment (Fig. 1). To check if the cytotox-
icity generated by Condurango 30C was due to ethanol, we
checked the viability of HeLa with it. The viability of cells
after 48 h treatment, even after 6% alcohol treatment, was
81.2 + 3.4 (Fig. 1). This finding demonstrates that Condu-
rango 30C is capable of reducing the viability of HeLa and
that the cell death was not due to only an alcohol effect.

We compared the inhibitory effect of Condurango 30C on
histone deacetylase enzyme with that of 5-mM SB treated
cells (SB being a known inhibitor of HDAC activity) and
with that of ethanolic-placebo- treated cells. A time-de-
pendent study revealed that treatment with SB drastically

reduced the HDAC activity after 18 h of treatment, and it
was reduced to 22.3 + 1.8% at 48 h (Fig. 2). Condurango
30C was also able to reduce HDAC activity, and a linear
reduction pattern was observed. The activity was reduced
to 52.0 + 2.6% after 48 h of treatment, but in case of the
placebo, the HDAC activity was 92.1 + 2.0% (Fig. 2). These
findings clearly demonstrated that ultra-highly-diluted
Condurango 30C had the modulatory effect on histone
deacetylase enzyme activity, thereby showing its potential
to control gene expression, while the placebo lacked this
ability.

Theresultrevealed that Condurango 30C could only mod-
ulate HDAC2 activity, but not HDACI activity. The relative
percentage values of HDAC2 activity sharply declined af-
ter 24 h treatment, and at 48 h, the activity of HDAC2 was
69.4 + 1.2%. Thus, the modulatory effect of Condurango
30C on HDAC1 was relatively low; the treatment could re-
duce the activity of HDACI only to 95.7 + 0.1% after 48 h of
incubation (Fig. 3).

Condurango 30C could modulate STAT3’s expression
after treatment. At the 12-h point, the STAT3 activity was
up-regulated by 24%, but the relative expression of this
transcription factor was reduced for longer times. The ac-
tivity values were determined to be 76.0 + 0.1, 70.1 + 0.3
and 64.7 £ 0.5% at 24, 36 and 48 h of treatment, respectively
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Figure 1 MTT assay: The plot shows a gradual decrease in the HeLa
cells’ viability due to Condurango 30C-treatment, but the placebo
treatment was not very effective.
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Figure 2 Histone deacetylase activity.
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Figure 5 Immuno-blot assay: Lnl, Ln2, Ln3 and Ln4 denote a 4%
placebo aliquot and 2%, 3% and 4% Condurango 30C aliquots, re-
spectively.

(Fig. 4).

Immuno-blotting assay revealed that no palpable change
in the expression of HDACI protein because of drug treat-
ment, but compared to the placebo control, the expres-
sion of the other histone deacetylase modulatory protein,
HDAC2, was down-regulated by using the Condurango
30C treatment (Fig. 5).

The flow-cytometry data clearly indicated a gradual de-

creases over time due to Condurango 30C treatment.
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Figure 7 Cell-cycle analysis: The G1-phase cell population decreased
over time for treatment durations less than 24 h, but for treatment du-
rations longer than 24 h, the cell population increased.

crease in cell population at the S-phase in a time-depend-
ent manner with respect to the control, suggesting a re-
duction in cellular DNA synthesis (Fig. 6). This provided
evidence for a re-coiling of DNA in treated cancer cells.
Here, histone the deacetylase enzyme might be playing
a role in reducing DNA synthesis. On the other hand, a
time-dependent increase in cell population at the GI1-
stage by using Condurango 30C treatment (Fig. 7) was not-
ed. This might be evidence for an initiation of differentia-
tion/cell death via apoptosis.

p21 and p53 are two tumour suppressor genes, which
are activated when cell cycles are arrested by any external
agent. With Condurango 30C-treatment, the expressions
of these two proteins were elevated in dose-dependent
manner (Fig. 8). The expression of another growth-related
protein, Akt, was down-regulated by drug treatment (Fig.
8), thereby suggesting an inhibitory effect of Condurango
30C on cell proliferation.

4. Discussion

Our earlier works [14-17] revealed quite clearly that cer-
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Figure 8 Activity of different proteins related to the cell cycle: Ln1, Ln2, Ln3 and Ln4 denote a 4% placebo aliquot and 2%, 3% and 4% Conduran-

g0 30C aliquots, respectively.

tain ultra-highly-diluted homeopathy remedies were ca-
pable of altering gene expressions while the succussed
alcohol (placebos) invariably failed to do so; however,
the precise molecular mechanisms behind successful
gene alterations caused by using potentized homeopath-
ic remedies still remain largely unknown [15]. Therefore,
the present findings are quite significant because we have
demonstrated for the first time that an ultra-highly-diluted
remedy can have affect one of the key regulatory machin-
eries of gene expression, namely, the acetylation/deacetyl-
ation mechanism of histone core protein. HeLa cells,
known for their high level of HDAC activity, can actually
serve as a model system for testing the ability of any drug
in epigenetic modification because any agent that can al-
ter the process of deacetylation can also be considered as
having a significant and direct role in the regulation of the
gene expression [23]. In this study, ultra-highly-diluted
Condurango 30C showed a potential for modulating the
histone deacetylase enzyme. Correspondingly, another
known fact is that when an agent is capable of suppress-
ing deacetylation activity, it can also block the synthesis of
nuclear DNA [24]. In this study, low-dose Condurango 30C
treatment lowered the cell population at the S-phase, thus
indicating a reduced synthesis of DNA.

Imbalances in the equilibrium of histone acetylation
are also associated with carcinogenesis and cancer pro-
gression [25]. Tumor cells generally show a high level of
HDAC activity [26], and when this activity can be blocked
or suppressed, a corresponding check on cell growth and
proliferation follows. In our study, we found that Con-
durango 30C clearly suppressed HDAC2 activity while
HDACI activity remained almost unaffected, signifying
that although HDAC1 and HDAC?2 are closely-related pro-
teins sharing about 85% homology, they may possibly be
regulated through different pathways. Some recent stud-
ies have shown that certain specific inhibitors of class I
HDAC:sS, like valproate [27] and trichostatin [28], also selec-
tively affect HDAC2, showing the sensibility of this enzyme
to be more delicately poised than other groups of HDAC

enzymes.
HDAC2, a key regulator of genes, cell cycle, apoptosis,

cell adhesion and migration, belongs to the class I histone
deacetylases [29]. HDAC2 acts as a transcriptional repres-
sor through the deacetylation of lysine residues present
at the N-terminal tail of histone proteins (H2A, H2B, H3
and H4) [30]. The deregulation/over expression of HDAC2
activity has been linked to tumor/cancer development,
including colon, gastric, cervical and prostate carcinomas
[31]. HDAC2 overexpression is implicated in cancer partly
through its aberrant recruitment and consequent silenc-
ing of the tumor suppressor genes p21 and p53, which
are associated with histone acetylation at the promoter
region, which processes can be reversed by the treatment
with HDAC inhibitors [32]. HDAC2 also regulates gene
expression through the deacetylation of specific transcrip-
tion factors, including STAT3 [33]. Our experiments with
the model cell line HeLa showed that Condurango 30C in-
itiated HDAC2 reduction and affected cell differentiation
by its ability to arrest cells at G1. This further testifies that
Condurango 30C treatment can also induce cellular differ-
entiation in HeLa cells. The reduction in cell viability may,
thus, result more from a reduction in cell number than
from an inhibition of cell proliferation and induction of
cell differentiation caused by Condurango 30C treatment.
The increase in p21VAF! protein after HDAC2 suppression
caused by using Condurango 30C suggests that HDAC2
may be involved in the regulation of p21WAF at the tran-
scriptional level. On the other hand, cellular differentia-
tion and cell-cycle control are associated with an increase
in p21WAF expression [27]. Also, being a cyclin-dependent
kinase inhibitor, p21"AF can influence G1 progression in
both positive and negative manners [34]. Thus, the level of
p21WAF in the cell may be an important determining factor
as to whether the cell differentiates or undergoes apopto-
sis. For example, lower levels of p21"Af may cause the cell
to differentiate, and higher levels may direct the cell to an
apoptotic pathway [35]. However, the reason p21VAF was
found to be up-regulated after suppression of HDAC2 ac-
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tivity by Condurango 30C in our study, leading to apopto-
sis, could not be properly determined.

As p53 is a known regulator of p21WAF expression, we de-
termined the level of p53 protein in the cells after HDAC2
suppression caused by Condurango 30C. On the other
hand, cell-cycle arrest and growth inhibition may induce
a greater sensitivity to the cell of having more tumor sup-
pressor proteins like p53 [35]. Along with cell-cycle arrest
and growth inhibition, p53 expression was up-regulated.
With the arrest of growth, the expression of Akt, an impor-
tant cell differentiation and proliferative molecule, was
down-regulated. One hypothesis to explain this could be
that a p53-Akt crosstalk took place after the drug’s induc-
tion.

The results of the present study testify to the ability of
ultra-highly-diluted homeopathic remedies to modulate
deacetylase activity, which further vindicates the hypoth-
esis [13-15] that ultra-highly-diluted homeopathic rem-
edies act by triggering a gene regulatory mechanism in a
chain (cascade) reaction. Presumably, this is due to the ex-
istence of nano-particles of the drug materials still present
in the ultra-highly-diluted remedies.

Acknowledgment

The work is partly supported by a grant to Prof. A. R. K-B
sanctioned by Bioron Laboratories, France. The author(s)
declare no potential conflicts of interests.

References

1. Ernst E. A systematic review of systematic reviews of
homeopathy. Br J Clin Pharmacol. 2002;54(6):577-82.

2. Shang A, Huwiler-Miintener K, Nartey L, Jiini P, Dorig
S, Sterne JA, et al. Are the clinical effects of homoe-
opathy placebo effects? Comparative study of place-
bo-controlled trials of homoeopathy and allopathy
Lancet. 2005;366(9487):726-32.

3. Clausen J, van Wijk R, Albrecht H. Review of the use of
high potencies in basic research on homeopathy. Ho-
meopathy. 2011;100(4):288-92.

4. Bellavite P, Marzotto M, Chirumbolo S, Conforti A. Ad-
vances in homeopathy and immunology: a review of
clinical research. Front Biosci (Schol Ed). 2011;3:1363-
89.

5. Bornhoft G, Matthiessen PE Homeopathy in health-
care effectiveness, appropriateness, safety, cost. Berlin:
Spinger-Verlag; 2011. 209 p.

6. Demangeat JL. NMR relaxation evidence for solute-in-
duced nanosized superstructures in ultramolecular

aqueous dilutions of silica lactose. ] Molecular Liquids.
2010;155(2-3):71-9.

7.Liu L, Randolph TW, Carpenter JE. Particles shed from
syringe filters and their effects on agitation-induced
protein aggregation. ] Pharm Sci. 2012;101(8):2952-9.

8. Chikramane PS, Suresh AK, Bellare JR, Kane SG. Ex-
treme homeopathic dilutions retain starting mate-
rials: a nanoparticulate perspective. Homeopathy.
2010;99(4):231-42.

9. Bell IR, Koithan M, Brooks AJ. Testing the nanopar-
ticle-allostatic cross-adaptation-sensitization mod-
el for homeopathic remedy effects. Homeopathy.
2013;102(1):66-81.

10. Bhattacharyya SS, Paul S, Khuda-Bukhsh AR. Encap-
sulated plant extract (Gelsemium sempervirens) poly
(lactide-co-glycolide) nanoparticles enhance cellular
uptake and increase bioactivity in vitro. Exp Biol Med
(Maywood). 2010;235(6):678-88.

11. Chikramane PS, Kalita D, Suresh AK, Kane SG, Bellare
JR. Why extreme dilutions reach non-zero asymptotes:
a nanoparticulate hypothesis based on froth flotation.
Langmuir. 2012;28(45):15864-75.

12. Bel Haaj S, Magnin A, Pétrier C, Boufi S. Starch nan-
oparticles formation via high-power ultrasonication.
Carbohydr Polym. 2013;92(2):1625-32.

13.Khuda-Bukhsh AR, Bhattacharyya SS, Paul S, Dutta S,
Boujedaini N, Belon P. Modulation of signal proteins: a
plausible mechanism to explain how a potentized drug
secale cor 30C diluted beyond Avogadro’s limit com-
bats skin papilloma in mice. Evid Based Complement
Alternat Med. 2011;2011.

14.Khuda-Bukhsh AR. Potentized homoeopathic drugs
act through regulation of gene-expression: a hypothe-
sis to explain their mechanism and pathways of action
in vitro. Complement Ther Med. 1997;5(1):43-6.

15. Khuda-Bukhsh AR. Towards understanding molecular
mechanisms of action of homeopathic drugs: an over-
view. Mol Cell Biochem. 2003;253(1-2):339-45.

16. Khuda-Bukhsh AR. Laboratory research in homeopa-
thy: pro. Integr Cancer Ther. 2006;5(4):320-32.

17.Khuda-Bukhsh AR, Pathak S. Homeopathic drug dis-
covery: theory update and methodological aspect. Ex-
pert Opin Drug Discov. 2008;3(8):979-90.

18.Mei S, Ho AD, Mahlknecht U. Role of histone
deacetylase inhibitors in the treatment of cancer (Re-
view). Int J Oncol. 2004;25(6):1509-19.

19. Bishayee K, Paul A, Ghosh S, Sikdar S, Mukherjee A,
Biswas R, et al. Condurango glycosides A fraction of
Gonolobus condurango induces DNA-damage-asso-
ciated senescence and apoptosis via an ROS-depend-
ent p53 signalling pathway in HeLa cells. Mol Cell Bio-
chem. 2013;382(1-2):173-83.



Journal of Pharmacopuncture 2013;16(4):007-013

013

http://www.journal.ac

20. Ghosh S, Bishayee K, Paul A, Mukherjee A, Sikdar S,
Chakraborty D, et al. Homeopathic mother tincture of
Phytolacca decandra induces apoptosis in skin mela-
noma cells by activating caspase-mediated signaling
via reactive oxygen species elevation. J Integr Med.
2013;11(2):116-24.

21.Mukherjee A, Sikdar S, Bishayee K, Paul A, Ghosh
S, Boujedaini N, et al. Ethanolic extract of Thuja oc-
cidentalis blocks proliferation of A549 cells and in-
duces apoptosis in vitro. Zhong Xi Yi Jie He Xue Bao.
2012;10(12):1451-9.

22.Bishayee K, Ghosh S, Mukherjee A, Sadhukhan R,
Mondal J, Khuda-Bukhsh AR. Quercetin induces cy-
tochrome-c release and ROS accumulation to promote
apoptosis and arrest the cell cycle in G2/M, in cervical
carcinoma: signal cascade and drug-DNA interaction.
Cell Prolif. 2013;46(2):153-63.

23. Kurdistani SK, Tavazoie S, Grunstein M. Mapping glob-
al histone acetylation patterns to gene expression. Cell.
2004;117(6):721-33.

24.Bolden JE, Peart M]J, Johnstone RW. Anticancer activ-
ities of histone deacetylase inhibitors. Nat Rev Drug
Discov. 2006;5(9):769-84.

25.Kelly TK, de Carvalho DD, Jones PA. Epigenetic
modification as therapeutic targets. Nat Biotechnol.
2010;28(10):1069-78.

26.Ward CS, Eriksson P, Izquierdo-Garcia JL, Brandes
AH, Ronen SM. HDAC inhibition induces increased
choline uptake and elevated phosphocholine levels in
MCEF7 breast cancer cells. PLoS One. 2013;8(4):e62610.

27.Hrzenjak A, Moinfar F Kremser ML, Strohmeier B,
Staber PB, Zatloukal K, et al. Valproate inhibition of
histone deacetylase 2 affects differentiation and de-
creases proliferation of endometrial stromal sarcoma
cells. Mol Cancer Ther. 2006;5(9):2203-10.

28. Warrell RP Jr, He LZ, Richon V, Calleja E, Pandolfi PP.
Therapeutic targeting of transcription in acute pro-
myelocytic leukemia by use of an inhibitor of histone
deacetylase. ] Natl Cancer Inst. 1998;90(21):1621-5.

29.Dokmanovic M, Clarke C, Marks PA. Histone
deacetylase inhibitors: overview and perspectives. Mol
Cancer Res. 2007;5(10):981-9.

30.Sterner DE, Berger SL. Acetylation of histones and
transcription-related factors. Microbiol Mol Biol Rev.
2000; 64(2):435-9.

31.Ropero S, Esteller M. The role of histone deacetylases
(HDACSs) in human cancer. Mol Oncol. 2007;1(1):19-
25.

32.Vigushin DM, Coombes RC. Histone deacetylase
inhibitors in cancer treatment. Anticancer Drugs.
2002;13(1):1-13.

33.Icardi L, Lievens S, Mori R, Piessevaux J, De Cauwer

L, De Bosscher K, et al. Opposed regulation of type I
IFN-induced STAT3 and ISGF3 transcriptional activi-
ties by histone deacetylases (HDACS) 1 and 2. FASEB
J. 2012;26(1):240-9.

34.Condorelli G, Aycock JK, Frati G, Napoli C. Mutat-
ed p21/WAF/CIP transgene overexpression reduces
smooth muscle cell proliferation, macrophage depo-
sition, oxidation-sensitive mechanisms, and restenosis
in hypercholesterolemic apolipoprotein E knockout
mice. FASEB J. 2001;15(2):2162-70.

35.Macleod KE Sherry N, Hannon G, Beach D, Tokino T,
Kinzler K, et al. p53-dependent and independent ex-
pression of p21 during cell growth, differentiation, and
DNA damage. Genes Dev. 1995;9(8):935-44.



