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Protective Effects of Membrane-Free Stem Cell Extract from
H;0;-Induced Inflammation Responses in Human Periodontal
Ligament Fibroblasts
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HARQ] AFALS] (FH2 &8, FF 9 Ko £AE 2 oi, A5 AEH AL AFHY F8 Ao
A Ut & A4E AYRE G FLE7AZSEEY H0; §& A5 &30 st A5d B35
A2 A2 A Z(human periodontal ligament fibroblasts; HPLF)E o]-&5}] Al &L IF5 LU A=Z
AP T ol il 245HA H002 AR AEHAS Q55 HPLF MXo] FUE7|EE2EE AT A,
H2028HS A28t controlol Hldl |H R AE AEEo] F715he ol 45H &40 digt Al B35 a3-& &
oottt E3F, FUEV|MEFEES nuclear factor kappa light chain enhancer of activated B cells,
inducible nitric oxide synthase ¥ interleukin-68} Z2 95 I il HHS T4AAA H02 FEH 85
e BS G948 Q1T 4= ik ok ofyg, FHEV|NEREE AE &2 caspase-9, -3, poly (ADP-ribose)
polymerase T ¥ 7449} B-cell lymphoma 2 (Bcl-2)-associated X protein/Bcl-2 H]&S A3HAA H,0,
FE ASHY &4 gt AZANE 25 835 Bt mebA AR {9 FHE/|NEFEES H0: 5 ASHY
£/go] o3t HPLF A|Z29] A3 L NZAPEE Aofdtoan (FHPo2RE BS G377t §lo], X548 X858
RN & 7Fs0] U= AR VY=

Abstract Periodontal inflammation, a major kind of periodontal diseases, is characterized to bleed, pain,
and teeth loss, and it is resulted from oxidative stress. Membrane-free stem cell extract could avoid the
immunogencity rejection by removal of cell membrane. In the present study, we investigated the
protective effect of membrane-free stem cell extract from oxidative stress-induced periodontal
inflammation in human periodontal ligament fibroblasts (HPLF). In the cell viability measurement,
membrane-free stem cell extract showed significant increase of cell viability, compared with the
H2O,-treated control group. To further investigation of molecular mechanisms, we measured
inflammation and apoptosis related protein expressions. Membrane-free stem cell extract attenuated
inflammation-related protein expressions such as nuclear factor kappa light chain enhancer of activated
B cells, inducible nitric oxide synthase, and interleukin-6. In addition, the treatment of membrane-free
stem cell extract decreased apoptotic protein expressions such as cleaved caspase-9, -3, poly
(ADP-ribose) polymerase, and B-cell lymphoma 2 (Bcl-2)-associated X protein/Bcl-2 ratio in the
H20;-treated HPLF cells. In conclusion, membrane-free stem cell extract exhibited anti-oxidative stress
effects by regulation of inflammation and apoptosis in HPLF, suggesting that it could be used as the
treatment agents for periodontal inflammatory disease.
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9] slutol ARt Tk A Al Ao 45t AEE
5 Fdoks a2l E4 F9 sholtH3]. H20.2
A3t A2k AE A= A5E%0] W] 383 TS
t, 58] AFde] A0t A-F2AIZHPLF: Human
Periodontal Ligament Fibroblasts, ©]3} HPLF)o{A]
A3A cytokines ¥ chemokines 52 €% UXE v
Z5to] A5EES, Al FHIY ] @ AZAPEE 4o
A AFEE dovl= Aoz EHA QuH4,5]. kA
A5 ¥ S
, & Aol = E714Z(stem cel)E ©]
AN 7Fs8E ERlstAt gt

A A7), &, ¥, dF 5 +35ks AlxE2
AZAPET} N 23dE Bof AW S FAsk=T,
Az A& AEA FEske AMEE 71412 gt
[6]. E71MI29] dEQ1 JAE7|HE(adult stem cell)
£ $2 7150l S, A7HEA o] v FHoldt
AoR dHA JoHo]. EZE GASTINEE HE =24
o7 s #3H ¢ e 58S 7N, A &Y
Al AR B9} 3B =8-S & By ofvet I
% A8o] ShtEe 2o & HIEQITHG,7]. TEbA A
AE7AEE ol-&sto] X, A4, T, TRHA
T Tt AgefA9] A 5ol Es] o] &= x|tk
(7.8]. E7AEe &%, fRRE, 1124, APzE] 5
A9 BE A EA5te] A 4= o, 7P HA
LA E7MRZ= S50 FE=ol A7 E 7P
ol ARgEojX] L QIr}9]. 1t E5 Wi E71A|EY
= T 20 g Hom, yol7} Soizte] mt Al
3 $rgo] ZAsHe Ao g HEeH9,10]. Wk &
& HAlst] E7A2E 2T 5 Sl 24| I8
gt AAolm, T AR o 2RE EH &7] AlxY
A A= 7hsAdel et Bilo] S7FstATH101.
Zof vlsf| XY 222 E= H|-go] AA &
B2 FE AT & Qdrt ERE oz

E7AZ= AGAE,
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E7HNRE ol8ste] AGARAOA Y] APAE A+
7} &dts] o]Fojx| 1L §lot, IAIS HEF AA«of s
Az AGAR 7hs/do] w0, AAH Fgol At
[13,14]. wbA] ol2fet E7IAMIE A=A9 ddZ 2%
5t7] 9ol 2 FHETIAEFEES] tiet Il &
ot FHE7|NEZEEE(membrane-free stem cell
extract> HY FA7F EAote S7IMEY AxerS
AAG 7 2% Pepo| =t s TtS gt
EEN, TLE QT &40o] s B4, <A,
5 239 AT M 852 FRlstirH14l.
z23 § 7129 AFE 55 BEoA
A Amso] B oH15], AgzE] {
NEzSFEE AFY BS il A% A =
Aolrt. wabA] B A= Al A4 [
7MESFEES] H0; f& AEH &4 gt
B35 g3 IRIstuARich A AfRAE
&0t AxzdEg, 95 9 AlxEArd T duid
S45t A3d 25 a2y 9 ZAE7|AS dotE izt
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2.1 A=

H,02%= Junsei Chemical Co. (Tokyo, Japan)oilA]
Tt om, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), dimethyl
sulfoxide (DMSO)= Sigma Chemical Co. (St Louis,
MO, USA)lIAl F+dsto] Aol AMgstoict. Tl 5=
9 western blot analysisOlA AR&-% RIPA buffer
Elpis Biotech. (Daejeon, Korea)oll4l, protease

Z
inhibitor cocktail Calbio Chem. (Novabiochem,
La Jolla, CA)IA, 12+ &ALt 22+ FA= Cell
Signaling Technology (Beverly, MA, USA)®} Santa
Cruz Biotechnology (Santa Cruz, MA, USA)OA -
doto] ARSI
FUEINEFEE HZ
Aol AHEE FEETMEZSEE2 @EAFES
ARttt FUEr 25252 S7AE 4
FE2ER, AAATRAA S7|NRE £, et
Aza-g A Ast 551t A=l A2
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9] H,0:01 98l fr=% AF NZo 45

olo

FAHALE Bl ool gl 200 4 F BMI 25 ~
29.99) sfFst= AFE Ao E AEoesiE
I ZESITE AHT BHHAL FE2 BP0
A, CY7rdutolglA, QIAHG A Hulol2A, QIATEZ
FA&/gutolg| A, ot ABL9, Alo|EH|7F2Hlo]E
A, YAERIMHLo|E A, viEA | T v} Folrh HEA|
9] Fel=7|H| 2= Good Laboratory Practice 21%7]
Tl A AAE =St =40] gle EEUe
grlstqirt. 919 HE AA =53 AYRA oA A
E7|AEE Eeste] AR &, 37T, 5% CO, 2719
incubatorollA] Z7|HiRE AAJSII o, A7t Ak
AEE gl IS 6~103] HESIT. HiA|
AASHL E7HMEE dAFF 5519 237 59
2] q WS AREoto] AlEehE 711, g9 59 W
o]gsto] Az} A|Asto] FutE7| A2
SES I55I9lth 89 AHY FErNESEE
TAAZSI] T9H APORE THE T 5 + 2TA

v T

(o]
<
=

wa

[e]
20

23 ME 37 ¥ Al

E A3lo]| AR&%t human periodontal ligament
fibroblasts (o]d} HPLF) A& ScienCellAKCarlsbad,
CA, USA)OlA EFdol Aol Ar8stgict. ke ¢
3 fetal bovine serum (FBS), fibroblast growth
supplement, penicillin/streptomycin solution, fibroblast
medium ¥iA], trypsin-ethylenediaminetetraacetic
acid (EDTA) €92 ScienCellAl (Carlsbad, CA,

o 71

USA)OIA TLste] AR&-slit.

2.4 MIE H{QF
HPLF AMZ= 2% FBS, 1% fibroblast growth

supplement, 1% penicillin/streptomycin solution
< Zgol= fibroblast medium HIAIE ARESH] 3
7C, 5% CO; incubatorollA sttt viFE Al
1~3do] 3F WA HigAS wAsHHA Hjgsto]
80-90% confluence AEillA phosphate buffered
saline (PBS, pH 7.49)2% AZEZ AHIF T 0.25%
trypsin EDTA 23do=n Haw ANzE Eeslo
1,000 rpmollA] 5817t Y4EE g & Fehoto] Ao Hf
FotHA Aol ARgSHRT

L

.

25 MZE 428 =4

97

ASHE S digk A2 B35 a8 ERIst] )
AE ABELS MIT assayoll 23] =H3AcH16].
HPLF AZE 5x10% cells/mLE 96 well plate]
seeding & 24A17F 5% 37CAA HigFstat. Al=27t
B FHE7|A23ES(0.025, 005 0.1,
0.25, 0.5 pg/mL)yZ 24t s = Aot} 4417 A
HiFSt &, H,0, (100 uM)E Ag]ste] 24A17F vjgst
5 5 mg/mL2] MTT solution® Z} welloll FU3s13 .
MTT solution< 2|3t &, 37TO)A 4A1ZF BT AHh
et = 449 formazan & DMSO o] 30&
7t ALoA WA & 540 nmolA TS &4
t}. Controlit9] ¢ FHE7NEZZEZES A
2431, HyO, (100 uM)THE A 2]ste] AES Z3gstodrt.

2.6 Western blot analysis

B35 9 MEAFE T o 9 Q12 western
blot analysisoll 2Jsf &7gstict. vt Al2zo] RIPA
bufferg H7kete] 4T, 12,000 rpmollA 3087+ €4
2% F, ASAZ o]&ste] T HhS HAISHA
o 49 ARE  8-10% sodium  dodecyl
sulphate-polyacrlamide (SDS-PAGE) gel ©llA 7]
G55t membrane©] transferstict. TEiZo] Hz}h
H membrane2 5% skim milkZ AF2oA 5087t
blocking ¥+ T2, 1X} @A [nuclear factor kappa
light chain enhancer of activated B cells (NF-«B,
1:1000); inducible nitric oxide synthase (iNOS.
1:1000); caspase-9 (1:1000); caspase-3 (1:1000):
Poly (ADP-ribose) polymerase (PARP, 1:1000);
interleukine-6 (IL-6, 1:200); B-cell lymphoma 2
(Bcl-2)-associated X protein (Bax, 1:100); Bcl-2
(1:200)1& 4TColA overnight ¥FS-A|Zl & PBS-TZ
ANA3taL 22+ A [Anti-rabbit and anti-mouse 1gG
HRP-linked antibody (1:1000)]12} AF20lA 1A]7F ¥t
SAIALE °]F enhanced chemiluminescence (ECL)
solution® WAl Chemilium inescence image
system (Davinch-Chemi )& o]&5lo] thild kg
< gl

H A

2.7 8AZEA

RE Ay A= Statistical Package for the
Social Sciences (SPSS, Chicago, USA) T2 73S &
5l analysis of variance (ANOVA) testE 3}%9.H,
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Nazel oy R4S
range tests 0]8&sto] P < 0.05 S9l%xo0

ATt

93l Duncan’s multiple

243t

aj
=

=}
=

3.8 ¢ 1

aa02

3.1 FUEIIMEFESS| H0.2 2I5t
B MEZE MZ=0 DXz g4t

HPLF M&of| Z+ BV MEFEES sLHE A
25+31(0.025 - 1 pg/ml) 24A17F HjFet 5, MTT
assays ol-8slo] RUEV|NESEES NE B4 off
€ AES¥ I Zi, FEEINEREE 05
ug/mL7HA] 95% olAe] Al Y=L Hoj AE 54
o] gl Ao YepgtHTable 1).

Table 1. Cytotoxicity of membrane-free stem cell
extract on HPLF cells

Treatment (ug/mlL) Cell viability (%)
0 100.00 + 1.07

0.025 100.53 + 2.99

0.05 93.02 + 1.46

0.1 91.79 £ 1.59

0.25 90.85 + 2.32

0.5 95.41 + 1.54

Values are mean * SD.

FHE7|AEEE2E9] H0,R QIFH ABH &40
g3 Az 25 G35 gRIstr| $Jdl, HPLF Az
100 pM H20-& A=lsto] 45ty &42 &g 5, Al
I 50| gl B WY sl FEINESEES
Aejote] AE BEES FGoiylth. HPLF A2
H,0,5 @502 XSt control®] 3% normald
100% thH] 61.50%9] Al 2S5 Kol H,0,9 A
2 Qg Az &4 SRIsItHFig. 1). B Fat&E7]
NZF=E25S AT 29 4%, controliol BIs Al
AEE0] Tl AL FAstlon, o= AR f
B FLE7|N2S=EE0] H,0,2 ATt Al &4 of
o S aiE 2= AoR AlRHC

98

120 -

100

@
=1
L

bc be b
60

40 4

% of cell viability

20

O T T T T T T 1
Normal Control 0.025  0.05 0.1 0.25 05

Membrane-free stem cell extract (ug/mL)

H:05 (100 pM)

Effect of membrane-free stem cell extract on
H,O;-treated HPLF cells. Values are presented
as mean * SD. The different letters (a-c)
indicate significant differences (7 < 0.05) by
Duncan’s multiple range test.

Fig. 1.

g5 i gt

2oty HEEES0
% 932 dolu A=l gt A HAAA
27] BkS B SIUZE, Hy0x2 A% A8 £4-2 NF-«
B pathwayg SAIAA A5 ¥ dozItH17l.
NF-«BE p502t p652] & 7FA] subunitsC.2 45
o] heterodimer &5 A5t A2 H, inhibition
of nuclear transcription factor-xB (IxB)2} A&s
of B3 FHIE EAFTHI8. 45k &4 59 9
5 A=) 9o 2493} & 4 IkB7} £2]=°] NF-«B
9] subunitse] & W& ol5slHA, A5 B w7l 2
cytokine 59 F84 HALE FEETH18,19]. olFA
FEE HE i7iA L cytokine 52 -F-AR} Hol U
A S48 FEITH20]

H,0,8 Agk HPLF AlZE 25 dZo] digt in
vitro AR 'd2] ARGEIL QIrH21,22). whEbA 2 <l
TollA HPLF AZEo|A BFHEE7M 25259 H0:00
gt 45 B3 714 ERlIstr| 8, T QAR
NF-«B, iNOS ¥ 1L-6 ©#d T&dS Z45tAckFig.
2). OFFAE AE5HA] %2 normalo] Bls] H,O, Tt
= A28t controlioll A HE WA DAY HHo]
oFog F7lste] H,0200 Yol dF ¥hgol =3l
= 4 5 U v FoEr|NZ22E2EZ A

T controle] B|3] o5 @A} Tdo| AIHS

4
T

©

(o]

shlalgit. B8] FUEIHEREE 05 pg/mLe] B
SOl 7MW IS Holk AL SIS ol



FHE7AZFEES] H0:0 93 =9 AF Alx9] 4% Hks

BS av

E3EE0] H,000 o8 &43kE NF-«B
Wj7RA D S cytokine

24
pathway 28& &9l 45
< 24Fsto] 45 ¥ ES a3E UEhd AS AlEE
oh -9 Aol Yotd, AMRA {H E7MEE
pro-inflammation factor QA @ NF-«B pathway
/93t 283 nitric oxide A& ANTL=ZN FA

F E} 9 A0 BuSUCH3) EF, PR
{9 THENEFERE BLE AT T, A, I
2 90 280] 932 BT 55S 39F L AW
of Slaf AN (14], A o Qg Ty
Ame] AFUS EF AMAACH24L. T APy
29 FUEMESERL A1 4o AT I3

ukgo] st B35 Jalbvl Qe Ao AlEETh

3.3 ROET|MEXES20| MEAIE E5 7|H

AZ W Tkl H,0,2 QI3 Alsha &4ke ngERs

gl

HzOsz (100 pM)

Membrane-free stem cell
extract (ug/mL)

Mormal  Control 0,025 0.1 0.5

NF-kE |

- - - -
-y

IR re

— —

iNOS |

e

Beta-actin | — — R — -|

1.4

12 A
1.0 A
0.8 - d

0.6 -

(fold of normal)

0.4 4

0.2 -

Expression of INOS/beta-action

DD - o T T - - T - l T ~ N 1
Normal Control 0.025 0.1 0.5

Membrane-free stem cell
extract (ug/mL)
HzO32 (100 pM)

ejo} BRIE ZaAlA BERE o} 715 Fofo] sl
DNA @ wige] Bojeh AZ ABL oAk

caspases SASAZITH25]. A5H &4 A] n|EEE
2Jok= cytochrome-cE W&A17]1L, ©]& caspase-9,
caspase-3, PARPY] 435 5o AZ 8] 852 &
TAA NZAFES doItH26,27]. & AFolA H.02
2 A £ =S HPLF Al2olA] A|3kg 5t
ES7MEFEEY] AEAPE BHS Z8 7|dS g5
93}, caspase-9, -3, PARP @iz 9rdS =4351qich
(Fig. 3). oFfA% AolA] g2 Fd+tat vsto]
H,0:8 A3 controlitd |FoFo=

caspase-9/caspase-9, cleaved caspase-3/caspase-3,
cleaved PARP/PARPS] 1 d &d Hlgo] F7}5to
caspase TE B3 NEAPEC] FAEE ERISHY
ot ¥ REETNRZEEEZ AT 9 A&
controlzO] H]3}| cleaved caspase-9, -3, PARP Ty

P

cleaved

a

a
_L
b
b
c

T T T T 1

0.025 0.1 0.5
Membrane-free stem cell

extract (ug/mL)
HzOz (100 uM)

-4 -4 5]
= o =
I I I

(fold of normal)

Expression of NFkB/beta-actin
=
o
I

=4
=]

Maormal Control

14
1.2
1.0
0.8 -

0.6 4

(fold of normal)
o

0.4 4

0.2+

Expression of IL-6/b eta-actin

0.0 T T T
Mormal Control 0.025 0.1 0.5

Membrane-free stem cell
extract (ug/mL)
HzO2 (100 pM)

Fig. 2. Effect of membrane-free stem cell extract on inflammation-related protein expression in H,O;-treated
HPLF cells. Values are presented as mean + SD. The different letters (a-e) indicate significant
differences (2 < 0.05) by Duncan’s multiple range test.
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Zelstoieh. &S, o)™ At o5t
2l G E71M|EE cisplatin® 2 AlEAFEO]
HPA|ZA caspase-9, -3 B3} 2HE&
ﬂf"—’\]":ﬂ B35 835 Yepfigioh2s]. mEhA A

BHE7|AZFEES caspase 243 T4
Abeta] o] digk MZAME B a3t Q=
2T},

Bel family= AlZAFE] Tofsh= A1 2HE- 7]
A % SIUEM, pro-apoptotic 1A Bax9] Fd
L cytochrome-c9] BAS S7HAA AZAIES G
51, anti-apoptotic AQ] Bel-2+ cytochrome-c
S HAAANA NEAES HSoHE I3k k= F o
2 g#A JrH29]. Bax/Bcl-2 €9 i Wy =
AS B9l AMEAFE B3 35 S35 Ay, A

H|3] controlZollA] S22l Tl vty 2712 3]
SHIT. WHH FeRE7|Alx A2 4 0.1,

oEr
N

—9~F

&£ Jo
£”.=

oMt BNoo do (B oY
Ol'm N :?L ]’ﬂ

(o
i

FEES A5

H202 (100 ph)

Membrane-free stem cell

extract (ug/mL)

Mormal Control 0.025 0.1

Caspase-9

Cleaved caspase-9

0.5

—
— e ———

Caspase-3 |

Cleaved caspase-3 |

PARP
Cleaved PARP

——

_______L__JL_A

Beta-actin | — —— . — —l

1.6
14
12
1.0
o8
0.6

(fold of normal)

04
02

Cleaved caspase-3/caspase-3

0.0 T T T T

Normal Control  0.025 0.1 0.5

Membrane-free stem cell
extract (pg/mL)

HzOz (100 pM)

0.5 pg/mL 5%=°1A4 controlzo] B|3] FoJH o= Al
FAPEY} B E el B S Sl Ao =N A
G FUE7|AEZFEES Bax9t Bel-2 w9l Wy
Hg 2EE B AlZAPE S 53t Qs AoE A
23"} Chiu 52812 A¥z3 48 E7|AZE X
Abgo] F&H & HHA|EL pro-apoptotic UARI
Bad ©d A& Bl AZAFE IA| G55 KI5t
0“1 o] Qo thfet XA A9 NZAFE HSE &

t 22 QB Fsol HaEITHI0) E3F AHRA
‘ITEH Z7IHE 3252 amyloid betaZ &% A17A]
I APEO] 8l p53/Foxo pathway 23S &3t Al
B3 gt FIEICH31]. wehd A2z g2 £7]

2

M| FZEL caspase 43}, Bl family 2 5 o
&3t pathway 28-S B9 AlZ AFE B3E BILE YEL
e g0 Agc
1.4 -
iy i a
@ 1.2 b
2}
g _ 104 L be
8 B c c
= E 0.8
g 27
25 45
@ o Rl
5 g
- —_— 0.4
:
S 0.2 4
D-D T T T T 1
MNormal Control 0.025 0.1 0.5
Membrane-free stem cell
extract (ug/mL)
HzO (100 W)
1.2 4 a
b b
1.0 4 I . c c
% T T
F 08 1
£ E
E E 0.6 o
s X
T
2 2 04
2
[&]
0.2 -
0.0 T T T T 1
Mormal Control 0025 0.1 0.5
Membrane-free stem cell
extract (pg/mL)
HzOz (100 piv)

Fig. 3. Effect of membrane-free stem cell extract on apoptosis-related protein expression such as caspase-9.
-3, and PARP in H;O;-treated HPLF cells. Values are presented as mean * SD. The different letters
(a-d) indicate significant differences (2 ¢ 0.05) by Duncan’s multiple range test.

100



FEE71A

R2FZ2E9 H,0000 o F=8 A5 Al

Z9| AT ks BT

Hz03 (100 M)

Membrane-free stem cell

extract (pg/mL)
Normal  Control  0.025 0.1 05
Bax | — — | — — — |

Bel2 | |

BEta-GC1N | s——————

3.0 q

25 o

ﬂl |

0.025 05

Expression of BaxBcl-2
(fold of normal)
= o2 b
(=] o (=]
. .

=
o
L

=
=1

Normal Control

Membrane-free stem cell
extract (pg/mL)

Hz02 (100 pM)

Fig. 4. Effect of membrane-free stem cell extract
on apoptosis-related protein expression
such as Bax and Bcl-2 in H;O;-treated
HPLF cells. Values are presented as mean
+ SD. The different letters (a-d) indicate
significant differences (P < 0.05) by
Duncan’s multiple range test.
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4. 22 2 Qo
£ dAollMs AR AzZ] G FeE|A2S
Z£E9] HPLF MZEoA H,0,2 QI3 Atshd A~E# A
B35 g35 st 02 A 442 =3t
HPLF Al3o] FIE7|E22EE A9 A, Alx JE&8
o] Z7I3kE B, At AEHAZEE AEE HS
Sk BT} 32 ISkt ERL RSN ERE
E2 H,0,2 A3t HPLF AlZojA NF-«B, iNOS ¥
1IL-6 E]—HHX] HPO:]_,] FA =1 isﬂ NF-«B pathway %23
= B¢ 9% v A 2E YERASIch Bt ofye,
caspase-9, -3, PARP @4Js} 744 9 Bax/Bcl-2 H&
245 B9 FUE7NEFEZEY AZAE BT 28
718E SRSt mEbA AR {3 FEEIAE
FEES A5 VI AlZAPEe] 24 B3 HPLF Al
oA Ak &Yl Hidt B gt QlE Aoy A
g9, 59 59 AFH3A 9] A8AEH o]& 7}
540 & AR ddrh
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