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Mocetinostat suppresses epidural
fibrosis following laminectomy by
inhibiting myofibroblast activation and
increasing apoptosis
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Abstract. — OBJECTIVE: To investigate the Key W
effect and mechanism of mocetinostat on dimin-
ishing epidural fibrosis. Dysregulated wound re-
pair usually occurs after injury or surgery and
is featured by excessive scar tissue contributed
by fibrosis. Increasing researches demonstrat-
ed that histone acetylation, an epigenetic alter-
ation, plays a crucial role in fibrosis. However,
the mechanism of the complicated process re-
mains unclear. In the current study, the
of histone deacetylase (HDAC) inhibito
tinostat in a rat model of epidural fibros

t, Mocetinostat, rosis, HDAC, Epidur-

Dysre on of wound repair often leads
excessive scar tissue proliferation caused by
Ppidural adhesion is the main patho-
poical manifestation of excessive fibrosis fol-
tat suppressed myofibroblast activation and owing laminectomy, which causes failed back
cr?_ased apoptosis by reducing Akt/GSK3b s surgery syndrome (FBSS) and seriously affects
naling. the outcome of lumbar surgery??. However, the

PATIENTS AND M'.ETHD : formation of epidural scar adhesion is triggered
of histone acetylation in thgie . . L.
by a variety of factors, including inflammatory

broblasts were analyzed. : !
teins obtained from hu response post-surgical trauma, excessive pro-

TGF-B activation andggoceé S t2 liferation, and migration of fibroblasts, and a
vitro were used to exgg : " large amount of synthesis of extracellular matrix
tinostat on the a gl of fibro- (ECM)*>. Histone deacetylases (HDACsS) are en-

blasts, so as to zymes that remove acetyl groups from the ami-

no-terminal lysine residues of histones, caus-
ing the densification of chromatin, inhibiting
transcription, and reducing gene expression®’.
dura scar was Therefore, HDAC inhibitors (HDACI), as a new
e aggravation of fibrosis. In  ¢Jags of anti-tumor drugs, have the characteris-
y demonstrated that moceti- ;¢ of high efficiency and low toxicity, and can
inhibit tumor cell proliferation, induce cell cycle
arrest, promote cell differentiation or apoptosis
collagen deposition and after acting on tumor cells®®. Many reports
the process of epidural fi- prove that HDAC expression changes during
fibrosis after injury and HDACI inhibits fibrosis

: The above results indicate and prevents multiple insults and defects of the

10,11 . . _
reases the conduction of the AKT/GSK3b g?gla psf ’ tHDACtlllcagl fieducg ISCEGHFC rnyocgy
hway in fibroblasts, leading to myofibroblast lal intarction in the body and protect myocardi-

ion and apoptosis elevation. Hence, moce- al structures from fibrous hyperplasia in vivo'''2,
ameliorates epidural fibrosis. In addition, the HDAC inhibitor valproic acid
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(VPA) alleviated Ang II-induced cardiac fibrosis
and myocardial pericytes by inhibiting HDAC
4-dependent phosphorylation of ERK'. Moceti-
nostat is a novel type of benzamide HDACI with
high oral activity, which is used as a single drug
or combined with gemcitabine and docetaxel for
the treatment of hematologic malignancies and
solid tumors'*'*. Moreover, mocetinostat attenu-
ates ischemic heart failure and exerts anti-fibrot-
ic effects both in vitro and in vivo'®'. However,
the effects of mocetinostat on epidural fibrosis
remain to be elucidated. In the present study,
it was discovered that mocetinostat inhibited
fibroblasts in epidural scar tissues, reduced col-
lagen deposition, and enhanced apoptosis from
epidural fibrosis.

Patients and Methods

Patient Tissue Samples

Human epidural scar tissues were obtained
from patients undergoing secondary decompres-
sion surgery, and the procedure was appgaxed
by the Hospital Ethics Committee of tha
Hospital, Shanghai Jiaotong University
of Medicine. The informed consent was obt3
from patients or their families before sa
collection. A total of 25 patients_including

Keygen, Chlna) and
n was performed

1th 0.15% type
°C overnight, and the cell
to a cell strainer with

etal bovine serum (FBS,
D, USA). After that, the

Aldrich, St. Louis, MO, USA),
fibroblasts were stimulated to evoke differ-
jation. Then, mocetinostat (20 ng/mL Med-

aExpress, Monmouth Junction, NJ, USA)

was W@ to treat cells.
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Rats
Eight-week-old Sprague Dawley (Sid

were performed in
for the Care and

etized with 10% chloral
e skin. After disinfec-

10. After rinsing by normal
was closed and disinfected
en, 20 mg/kg was adminis-
r 7 days via intraperitoneal

nnting Kit-8 (CCK-8) assay was per-
rmed to measured fibroblasts viability using
CCK-8 Cell Viability/Cytotoxicity Assay Kit
(C0009; Beyotime, Shanghai, China) following
the manufacturer’s protocol. Briefly, fibroblasts
were transferred in 96-well plates with the den-
sity of 1x10* cells/well. Following the treatment
with different concentrations of mocetinostat, the
absorbance was then measured using a microtiter
plate reader (Labsystems Multiskan, Helsinki,
Finland) at 570 nm.

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

The total RNA of fibroblasts or scar tissue
were isolated using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) abided by the manufactur-
er’s protocol. The complementary deoxyribose
nucleic acid (cDNA) synthesis was conducted
using the PrimeScript™ RT Master Mix (Ap-
plied Biosystems, Foster City, CA, USA). Then,
HDAC 1, collagen I, Akt, GSK3b, caspase 3/8,
and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) were detected using the SYBR Pre-
mixEx Tagll kit (RR820A, TaKaRa, Otsu, Shi-
ga, Japan). The primers are listed as follows:
HDAC 1: Forward, 5-CGCATGACTCATAAT-3/,
Reverse, 5-GCTGTGGTACTTGGTCATCT-3";
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Collagen I: Forward, 5-CATCAAGGTCTTCTG-
CGACA-3', Reverse, 5-CTTGGGGTTCTTGCT-
GATGT-3"; Caspase3: Forward, 5-GCCATCGT-
GGCTAAACAGGTA-3, Reverse, 5- GTTG-
GTGTTCATCCGCTTGC-3";  Caspase8: For-
ward, 5-CTGGAAGATGGTCGTACCCTG-3,
Reverse, 5-GGTCTTGCCAGTGAGTGTCT-3";
Akt: Forward, 5-ACCGTGTGACCATGAAC-
GAG-3, Reverse, 5-GGTCGTGGGTCTG-
GATGAG-3"; GSK3b: Forward, 5-ATGGCAG-
CAAGGTAACCACAG-3’, Reverse, 5-TCTCG-
GTTCTTAAATCGCTTGTC-3"; Bax-2: Forward,

5-CTGACAGTTTTCTGACGG-3', Reverse,
5-TCAGCCACTTCCAGA-3"; Bcl-2: Forward,
5-GCTACCGTCGTGACTTCGC-3',  Reverse,
5'-CCCCACCGAACTCAAAGAAGG-3; GAP-

DH: Forward, 5-GCAAGTTCAACGGCACAG,
Reverse, 5-GCCAGTAGACTCCACGACCAT.
The 224t method was used to calculate the rela-
tive mRNA levels.

Western Blotting Analysis

Scar tissue or fibroblasts were treated using a
Total Protein Extraction Kit (KeyGEN, Nanjlng,
China) with phosphatase and protease i
tors. Following violent oscillation and lo
perature centrifugation, the protein cond
tion was measured with the bicinchoninic
(BCA) protein assay kit (Thermo Fisher Sc
tific, Waltham MA USA) and b lanced S¢

(PVDF) membranes (
USA), the proteins
Block Solution (Epj

, 1:1000), an-
pore, Billerica, MA, USA,
Abcam, Cambridge,
MA (Abcam, Cam-
000), anti-fibronectin
A, USA, 1:500), and

ren (TBST) and incubated with
secondary antibody (Abcam, Cambridge,
USA, 1:2000) at room temperature, the
s were visualized and using the enhanced
inescence system.

Flow Cytometry Analysis

Fibroblasts apoptosis degree was
ing Apoptosis Detection Kit (Key(y
China). Following the manufac

man Epidural Scar
0 determine whether there are differ-
ces in the expression of HDAC 1 in the epidural
scar tissue and HDAC 1 impacts on the fibrosis
process, human epidural scar tissues were used
to measure the proteins and RNAs of HDAC
and collagen I, the marker of pro-fibrosis. It was
found that collagen I protein expression in severe
fibrosis tissues was significantly increased com-
pared with those with mild fibrosis, which was
accompanied by increased HDAC 1 expression
(Figure 1A). RNA analysis consistently revealed
marked increases in collagen [ and HDAC levels
in the severe group compared to the mild group
(Figure 1B and 1C). The results indicated that the
increase of HDAC 1 expression was accompanied
by the exacerbation of progress and degree of
fibrosis.

Mocetinostat Increased Fibroblast
Apoptosis In Vitro

To investigate the effect of mocetinostat con-
centration on fibroblast viability, fibroblasts
were treated with mocetinostat at different
concentrations (5 ng/mL-50 ng/mL), and vi-
ability was detected via CCK-8 assay, whose
results revealed that mocetinostat administra-
tion reduced fibroblast viability resulting from
increasing concentrations (Figure 2A). There-
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Figure 1. HDAC is differentially expressed in human epidural sc
HDAC in the Mild group and the Severe group. B, Representative m
Severe group. C, Representative mRNA level of H i

fore, 20 ng/mL was selected as the trea
concentration of cells under the conditio
maintaining most cell viability.
cell cytometry manifested tj
level of fibroblasts in mog

in the control group an
2B). Meanwhile, the

Western blotting of collagen I and
of HDAC in the Mild group and the
the Mild group an

SMA, ‘and fibronectin were all remarkably
downregulated via mocetinostat administra-
tion (Figure 3A). Besides, it was discovered
that the RNA and protein levels of HDAC were
decreased after mocetinostat treatment, and the
expressions of Akt and GSK3b were also evi-
dently inhibited (Figure 3B). The above results
indicate that mocetinostat reduces the Akt/
GSK3b signaling pathway by inhibiting HDAC
1 expression, leading to decreased activation of
fibroblasts.

Cin expres-
Caspase3/8

Mocetinostat Attenuated Epidural

Fibrosis in Rats After Laminectomy
Rat epidural scar in laminectomy group and
mocetinostat group at a week and post laminec-
the inhibition of tomy was detected, and collagen deposition and
n the activation of the expression of apoptosis-related factors were
oblasts was explored. measured. The results demonstrated that moceti-
mocetinostat treatment, nostat administration notably decreased the gen-
vested to extract proteins eration of collagen I, fibronectin, and a-SMA in
As. ECM was measured using Western epidural scar following laminectomy (Figure 4A),
as found that after TGF-p acti- and the expressions of Bax-2 and Caspase 3/8

Fibroblast

d broblasts, the protein levels of collagen were increased, while the expression of Bcl-2 was
ollagen III, fibronectin, and a-SMA were decreased at one week after laminectomy (Fig-
ficantly increased compared with the con- ure 4B and 4C). Besides, the expression levels

p- However, collagen I, collagen III, of HDAC 1 and Akt/GSK3b was examined at a
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Figure 2. Mocetinostat increases fibroblasts apoptos

. A, Cell viability alteration in 5 ng/mL, 10 ng/mL, 20 ng/
mL and 50 ng/mL mocetinostat, respectively. B, Cell a

s ratio in the control, TGF-B, and TGF-B+mocetinostat group.
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plasia usually occurs in wound
ir, but excessive fiber activation triggers a
e amount of collagen deposition, leading to
ive scar tissue, and affecting healing!®!°,
st plays an important role in the secre-

week following surgery. D, Representatlve mRNAs of HDAC Akt, and GSK3b
astat group at one week following surgery.

tion of extracellular matrix and the regulation
of the stability of fibrosis scar®®. Epidural fi-
brosis is associated with changes in fibroblasts,
including activation and differentiation of fi-
broblasts, proliferation, and apoptosis, as well
as accumulation of extracellular matrix. Severe
epidural fibrosis can cause compression of the
spinal cord and nerve root tissue, resulting in
severe neurological dysfunction and disorder.
For the complicated mechanism of epidural fi-
brosis, ECM increase and cell proliferation are
widely accepted as the specific features during
its process.

Currently, there are 18 human HDAC sub-
types. Based on the sequence homology with
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yeast, the 18 HDACs were divided into four
classes (I, II, IIT and IV). A total of 11 HDACs
in class I, 11, and IV are Zn?'-dependent pro-
tein but 7 subtypes in class III belong to Sirt
1-7 family. Class I including HDACI1, 2, 3,
and 8, showing highly homologous to yeast
RPD3 protein, distributes within the nucleus,
and mainly takes inhibited function of gene
transcription. Class 11 HDACs (HDAC4, 5, 6,
7, 9, and 10), homologous to yeast Hdal pro-
tein, distributes in cytoplasm, while shuttling
between the nucleus and cytoplasm. However,
class III HDACs are NAD"-dependent protein
deacetylases regulating various cellular pro-
cesses, such as survival, aging, stress reaction,
and metabolism with ADP ribose transferase
jointly. Only HDAC 11 is listed in Class IV,
characterized as the sequence homology with
class I and II enzyme catalytic core region but
less similarity?'2*. HDAC dysfunction is linked
to a variety of diseases, including cancer, dia-
betes, and cardiac hypertrophy?’. HDACIs are
molecules binding to HDAC to interfere with/
block its function. HDACIs regulate gene ex-
pression and apoptosis through acetylatjga of
histone. A total of six HDACIs have b
proved by the Food and Drug Administ
(FDA) for the treatment of multiple hemato
tumors and a few solid tumors. HDACIs
1nto three main categorles ! ohydroxa

fibrosis. So, it was suggé
act1v1ty of HDACS

different levels of
d Severe group, it is
ar samples with much
igher HDAC expression

S culture, CCK-8 assay was
pre the optimized concentration

fibronectin, and o-SMA
with the TGF-f stimuli
trol one. However, it
the administration o

the

of it. In this study, it
b pathway exerted

SK3b pathway inhibition to
cess.

ast proliferation is another
brosis. Thus, promoting the

the capacity to enhance cell apoptosis, Caspase
3 and Caspase 8, two key factors in the reg-
ulation of apoptosis, were analyzed. Previous
studies have shown that Caspase 3 and Caspase
8 can participate in apoptosis by regulating
oxidative stress and inflammatory response.
The findings of this research also strongly
supported that Caspase 3 and Caspase 8 are ac-
tivated by the decreased expression of HDAC.
Therefore, mocetinostat is a promising inhibi-
tor that suppresses the influence of Caspase 3/8
to increase the fibroblasts apoptosis in epidural
fibrosis.

Conclusions

In summary, it is of great significant to seek
a molecule that functions by inhibiting ECM
accumulation and elevating cell apoptosis via
inhibition of HDAC to attenuate epidural fibrosis.
The role of mocetinostat treatment on the fibrosis
model established by the fibroblasts was system-
atically evaluated. In a word, the above results
reveal that mocetinostat may be a useful method
to treat the epidural fibrosis.
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