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Protective Effect of Membrane-Free Stem Cell Extract against
Oxidative Stress in LLC-PK; Cells
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o AlAolA AT ARt AEFH A= 2AE SAAF]AL o= THAIGEEC & o]ojd £ gt & AFoAE
LLC-PK; AN ZE o]&sto] Astd AEHA /i E3HE AW ESIT LLC-PK; Al&o| FHE7|NEFEES A
YRS o AW FASE AEZQl heme-oxygenase-1, thioredoxin reductase 1, ¥ NADPH quinine
oxidoreductase-19] #do] Z/IME ERISHGITE.  LLC-PKio Akshd  AEHAE &7 5t
3-morpholinosydnonimine (SIN-1)& A &|st A3t A ZFEE0] FAsto] A4S AEH AR Q5| A2V}t &4F
< Rstatt. 1y FEEVMESFEES AEsIS W AlZPEE0] F7F6IeH, 2.5 pg/mLolA AZPEE
o] 58.84%°l A 64.43%71A S7Fstitt. B3 FHE7IAE2EE-2 LLC-PK) Al2ZofA] SIN-108 f=H 95 4
MEAIES 2dst9t. 95 #e 9HA9l inducible nitric oxide synthase®} cyclooxygenase-2+ FUtE7]| A&
FEES AYYE o odHE Ido]l FASHHY, AMEAPET " B-cell lymphoma-2-associated X
protein/B-cell lymphoma-2 H]&¥} cleaved caspase-3, cleaved-poly (ADP-ribose) polymeras®] ©aid g
ol 4TS sttt Z2atd o g RuE7| N EEEL SIN-1S ATt LLC-PK; A|ZoA Atstd AEH A o
St EHS ) 9SS € 4 Ao, ol HAAE v R FUEI|EFEE] FATL 758 AEAY &&
7+s/d<S Elsteltt.

Abstract Oxidative stress in kidneys can precede the development of chronic renal injury. We
investigated the antioxidative effect of membrane-free stem cell extract (MFSCE) from adipose tissue in
LLC-PK; renal proximal tubule cells. Treatment of LLC-PK; cells with MFSCE showed the up-regulation
of heme-oxygenase-1, thioredoxin reductase 1, and NADPH quinine oxidoreductase-1 protein
expressions, which are proteins related with antioxidative activities. When oxidative stress was induced
by 3-morpholinosydnonimine (SIN-1), cell viability was decreased, indicating that LLC-PK; cells were
damaged by SIN-1. However, MFSCE significantly elevated cell viability from 58.84% to 64.43% at the
concentration of 2.5 pg/mL in oxidative stress-induced LLC-PK; cells. Furthermore, MFSCE ameliorated
inflammation and apoptosis in SIN-1-treated LLC-PK; cells by modulating protein expressions.
Inducible nitric oxide synthase and cyclooxygenase-2 protein expressions were down-regulated when
LLC-PK; cells were treated with MFSCE. Apoptosis-related proteins, including B-cell
lymphoma-2-associated X protein/B-cell lymphoma-2 ratio, cleaved caspase-3, and cleaved-poly
(ADP-ribose) polymerase, were also down-regulated. It indicated that MFSCE protected apoptosis against
oxidative stress in LLC-PK; cells. Taken together, these results suggested that MFSCE had a protective
effect against SIN-1-induced oxidative stress in LLC-PK; cells. Therefore, MFSCE could be a promising
therapeutic agent for oxidative stress-induced renal injury.
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1. M2
A= BB FAISk=T 2% AYAE &7] Hst
o] 3FIFE B0 BYUglo] AAE iAlsty, o] 1
oA EAAAZE (reactive oxygen species, ROS)&
AAFSIEH 1], Nitric oxide (NO)ZEE mhjE 2 ASH
FEE A= ZAHEAE  (reactive nitrogen

species, RNS)Z A35HS Al A5k, |21 thAlA
29} 5570 W39 Ugto & NO synthaseo] <]
3 oiF AAEcH2l. ROSSE RNSE EFSH: free
radical2 BEAFZRAORE ule EQHYs| wiEo] A
7, hlE DNAS 22 71 82}9] A ARy} ul-3-3lo]
A Abgl T B DNA W4 52 doA Ax9
£4E 2HETH3). A= olgl free radicalZHE
AL AxE Bos] Yol FASE 54 AAE B9
free radical& ¥r-g-4Jo] 22 EAE FHASHAIT, free
radicalo] ZthsAl ABF= AV BA W FAEE G4 A
A g/do] Agfj=]o] o] 7+o] w0l Mol H-& At
3k AEHATL DSt} Alao] &4 F &S Z
she, =3HE vlRet ¥t WSt 22 okst
gho] o =® o]ojd 4= QItH4,5].

A2 AollA ZEs] thAlels 2H o0& 451
ASHE B ATPE AAlohs 5714 S80] &5
o, AL FA4sk= AE BE F long-chain
polyunsaturated fatty acid7} 5% AR LA
Qlo] A15tE AEHAZ QISh AE £4-9] Yjdo] 2
71&oltH6,7]. T AIRA gRte] A9 nEZEzo}
W AadgAolA Ax; dAgo] HlaEFH o= o|Foly
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of wre} ROS A4o] 713 Bk ofje} Bkt Hael
superoxide dismutase, catalase, glutathione

peroxidase, glutathione 8% %7} 44sto] o @&
2 45t AEFATE SHETH6,8]. AT 9 Al
M|ZE (renal proximal tubule cell)= AWolA ojzbe
=49 Y& & S8 92 "ot lom,
nicotinamide adenine dinucleotide phosphate
oxidase? isoform?l nephrox”} A% =9 Al Al
ZoA ROSE sk 2 B4R d#A SITHSI.
2] FARLo] ARG L Akt A7t 4k
EfAo) k58 A & A=A ¢ A7sRA
o] AWZ o 4= o At AEFHA TS
B AT He gaE gRlshy] ffs A 291 Al
gm] AlZRI LLC-PK; A&7} o] &= 1 SIth9-10].
E7HE= B4 200 Bt 22 0% 2l 4
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AlZ=, 2 ol2f3t tg&dt
I AF7F S| AYHIL A1,
THHORRE PojR|= wiokE7]| M 22}
Y & YAREE doAls YAE7IA
EL7F Qlow, I F AAE7IAEE £2 AEy &49d
A2RE BA AFEL ZAE7IAES] o]o] A
AL YA, FAE7 MRS vk FUske 42
FHkS 59 o= #Rl9] Aoz AetE= AL
tH13). mebA E71AI2E FYske tiil 71412 H
ARl S, offet Mg 28 R
Yo AlI wlie} Al Bagt 7et H7HA7E SRE
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Solv &% o9 HUotA| U= F
BT yehd £ QitH14]. mets FaEr)AlE
(MFSCE; membrane-free stem cell extract)
ol-ggto 24 FEAHAES R0 R 5T Ht of
ECEE Q% #2-8S RSt 1 2t S
A0 Z 7tidt. FHUE7|ME2EES o850 4l
49 Al AEoA 45k AEFA A BiE
Qg A= AY AR AFolEE B oAM=
LLC-PK; MIZE o]&sto] FEr|EsE59] 415}
A ~EYA WA 8IS FESIGICH
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Dulbecco's modified eagle's medium (DMEM),
fetal bovine serum (FBS), penicillin streptomycin,
trypsin-ethylenediaminetetraacetic acid (EDTA)=
WelGENE (Gyeongsan, Korea)olAdl JUsFich
3-Morpholinosydnonimine (SIN-1)2 Santa Cruz
Biotech. (Santa Cruz, CA), 3-(4,5-dimethylthiazol-
2-yD)-2,3-diphenyl tetrazolium bromide (MTT),
dimethyl sulfoxide (DMSO)+ Sigma Chemical Co.
(St Louis, MO, USA)AL AlE-E& Fisto] AT 1
2} A9} 22} A= Cell Signaling Tech. (Beverly,
MA, USA)®} Santa Cruz Biotech. (Santa Cruz, CA)
oA Fufstdtt. Enhanced chemiluminescence
(ECL) solution+ BioRad (Hercules, CA, USA)°iA]
TASFA



FOrE7|MR22EE9 LLC-PK; AlZAAY A3ty AEFA M a3t

2.2 RUEIIMEFESE MZE
Ao AMEH FHET|AZFEES @EARHS
HE Aty RS AEEEES E7IMAE 4
2, AAAFRA A S7|AZE 2, vt
Z AAst] 551t AR AFRA2
AAE B9 ool gl 20t o4 &5 BMI 25 ~
o siFshz Al o E AHFolEoAE qt
SHSITE Al HHAL =2 BPZEEHOlH
CRZrGHIZ A, AW Aaguto|H A, AATHZ
GF/gdutole| A, mHHlo]ZAB19, Alo|EH|7t2H|o]g
, QAERIMHbol 2| A, uiEF Hadu} Folth XFA|
F&E7|AZE Good Laboratory Practice 917371
FollA kY HARE gd=sto] 540] gle B4
gelstict. 919] IS AA 53t AR A A
E7|MEE Festo] AR &, 37C, 5% CO, 2719
incubatoroll A 271H|FE AAls o, A7t At
=g I F A dE 6~103] =S HiA]
AAsL E7HMEE IFF 551 230 59
224 WS ARgSt] A2 3l7|1, I8 59 %
o]-g-5fof Az} A A5t
FEStainh 8 A9 FuErAx
Azxsto] kT APoE v
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2.3 MZ HHSF

Aol ARH LLC-PK: A2+ ATCC (Manassas,
USAAPollA] ufjsto] AFo] AR8sHgItt. LLC-PK; Al
XL 5% FBS, 100 units/mL penicillin streptomycin”t
3h-H DMEMS AR85HY] 37T, 5% COz incubator©]]
A vieFoledet. wikE AlEE 1~290] 3 4w
< WASFHA BjeFsto] 80-90% confluence AEfollA]
phosphate buffered saline (PBS, pH 7.4) 2.2 A&
£ AIFS & 0.05% trypsin#}t 0.02% EDTA S0
2 73 NEE Eejeto] 1,000 rpmollA 3E7F 94
£ 3 & dgsto] ARgSIITh

2.4 MTT assay

LLC-PK; AlZ= 90-100% confluence AFE]7} =
96-well plated] Z-7F 1x10%cells/mL& seedingd}o]
Agof AR5l LLC-PK; AlZEE seeding & 37C
oflA] 2417t B FAIA A7} 2 A= SIN-1 (300 p
M)yE d7Fsto] 24417 viFsSTt. Generator® AFsh

305

A AEGA O & BHETNRZEEE (05, 1, 25 ¢
g/mL)y& AFJsto] 24A1%F wiFRt F 5 mg/mLe] MTT
solutiong 7+ wellol] Aottt 37T A4 412 F<t
AujoFst & AAE formazan 24 DMSO| =9
3087 Ao WA &, 540 nmollA FFEE

SFTH15].

=
=7

2.5 Western blot analysis

iRt Alxo] RIPA bufferg 37IRt T,

= 4

12,000 rpmollA] 305 ARSI 45 o] g3}
of e e AASATh A4 AR 8-10%

sodium dodecyl sulfate-polyacrylamide gelolA &
719535t membrane®] transferdttt. Thfdo] 1
Zlel membrane 5% skim milkZ 204 50&
blocking 3t T2, 1x} FAE 4T overnightshH
HESAIZ] &, PBS-TE A|A5kaL 22 A9k Aol 1
AZE BEAIF . ©o]F PBS-TE A& & ECL solution
3} ¥A1A chemilium inescence image system
(Davinch-ChemiTM)Z °l-&sto] Tl TS &4l

shait.

2.6 SHEM

e A% ZIE mean + standard deviation
(SD)E  YEriltt BA ZRIM2 Statistical
Package for the Social Sciences (SPSS)E ©]-&35}od
EX45190H, analysis of variance (ANOVA) test &
Duncan’s multiple range test® ©|-&3slo] P { 0.05
oA ZF 9] §942 AAskiTh

al
=

=t
=

3.2 ¢ 1

A1 29 Al HEE free radical 2 13 AK51HA
AEG Ao gIgkg AR IR vk A 29 Al
43 AZLI LLC-PK; Aol H.0.F A25te] 413}
A AEHAE FEFHE o, AlEdre] 2)d 415t 9@ A2
A W Cay" o9 B4 S717F Ao v7tedF
o7 &4 AoFITH16,17]. ESH AStY AEHAR
Qe  ion gradient’t HIEFo] ATP AR}
Na'-K'-ATPase®] EZA4SIE oty ol Zxg
9 QiE 59 ASiE olojA AE ES FER
[18]. LLC-PK; AlEZAA hydroxyl radical2 H]5gH
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Fig. 1. Effect of membrane-free stem cell extract from adipose tissue on antioxidant activity-related
protein expressions in LLC-PK; cells. Cells were treated with 300 ¢M SIN-1 for 24 hr, and
then incubated with 0.5, 1, 2.5 ¢g/mL membrane-free stem cell extract for 24 hr. Values are
mean *+ SD. The letters (a-d) represent significant differences (2 < 0.05) by Duncan’s multiple

range test.

A4 JAREL endonucleaseE EASHA|A DNAS &
oo AZAPEE fkdke AoZ g#fA QoH19]. uf
hA AFSHE AEF| A0 o3 Al &4 Aol g o]
85 Al LLC-PK; AlZo] SIN-10.2 4kshA] A
EfAE & 5} T ROZ7|NEFEEO AE HS &
IE FRIste] AT 2 A FEE7NZFEES] o]&-
7Fs/dS Lot 1Al St

o

x

ME

O L— —— - =2 = =
Aol 41‘-‘_2}7&‘1 Ed A7 TS 49 ROSO oish
Ho]g49] WS 2Eske AARIARI nudear factor

E2-related factor 2 (Nrf-2)7} heme- oxygenase-1
(HO-1), thioredoxin reductase 1 (TrxR1), NADPH
quinine oxidoreductase-1 (NQO1)¥} Z2 HAts) o
Aol HES FTA AR AEARRE NZE
H53H20-231. HO-12 AX W2l hemeS
billiverdin¥} d4telgtaz ZafshH, o5 F4tet 9
A5 &S 9l A5 AEHAE FAATITH24].
TrxR19F NQO1-2 A58kl uke-S B 4154 AEH
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ARRE AZE HTol= Z08 ATA QItH23,25,201.
LLC-PK; Al&o] FHE7AZS3EES SRR A7
sto] HO-1, TrxR1 ¥ NQO19] iz vd-g =43t
27, P ESEES AYside o o
Tdo] F7letlen, HO-13} TrxR19] Tl
sz F71ghE sttt (Fig. D).
ATE B9 FHET|AEFEES IS a3t
chil Aol Be-g ZVMAZHOZMN, free radicalZ2 F&
e Al ASHg AEHAE HEg 2108 Almdr]
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g &, RO NESEES Aot A% 29 Al
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Normal Control 0.5 pg/mL 1 pg/mL 2.5 pg/mL

Concentration of membrane-free
stem cell extract

Effect of membrane-free stem cell extract
from adipose tissue on cell viability in
LLC-PK; cells treated with SIN-1. Cells were
treated with 300 #M SIN-1 for 24 hr, and
then incubated with 0.5, 1, 2.5 pg/mL
membrane-free stem cell extract for 24 hr.
Values are mean *+ SD. The letters (a-c)
represent significant differences (P < 0.05)
by Duncan’s multiple range test.

SIN-1 (300 M)
Membrane-free stem cell
extract [pgSml) 18
Mormal Contral 05 1 25 16
§us
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Pt | D S

Ao A A5t AEF A0 et FHET N ZF=EEY
a9E @Ikt 1 23, normald 100% Y]
SIN-1& @502 A3t controlollA] 58.84%Z Al
I AEgo] At (Fig. 2). 8 Fo=Erqz3
EES A5t W, 2.5 pg/mL B4 64.43%
Z AE JyEE0] 271N oY controlwtol H|E| EA
Aog Fou|gt AolE HEILEE ONOO™ & <l
3t ARRHA &Afo] gt RS Z2EEY] B a3t
£ gRlstel.

=

A5k AEFAQL AFHRSS AR 71Ws] A=
et AIE =01 AlE Yol ROSE EFHHQIA, A4
S APIEZIRL ARFRI 59 HEdS 2E5k= nuclear
factor ¥B (NF-¢B)E &/4J3HA[7]H, o] wzt W
4 resident cell®] Z/437F X E o] FFHHES F4
31}29,30]. FFUHZHQIARS] inducible nitric oxide
synthase (iNOS)¥= L-arginine S 25E NOE T A
A5, cyclooxygenase-2 (COX-2) of7|=AkS:
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Fig. 3. Effect of membrane-free stem cell extract from adipose tissue on inflammation-related protein
expressions in LLC-PK; cells. Cells were treated with 300 M SIN-1 for 24 hr, and then incubated
with 0.5, 1, 2.5 p¢g/mL membrane-free stem cell extract for 24 hr. Values are mean + SD. The
letters (a-e) represent significant differences (P < 0.05) by Duncan’s multiple range test.
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prostaglandin H,2 #&3lo] prostaglandin E;,  SIN-1& *&ste] ONOO 9] #HAS 33t
prostacyclin 9 A4S &AH31,32]. Interleukin =~ 7N ESFEES A5l 95 Tel oA g
(ID-18% IL-6= AASE AelEZRRICE d3 et 3t A3}, normald®t H|WSHY controlwtollAl iNOS,
Az9 715 HEE FEste] @ YR dSAEY I COX-2, IL-14, IL-69] &iE Wrdo] Ro)8o = F7t
£ 8olotA FT}H33]. LLC-PK: AlEZo] 300 M 3t AL ERIskt} (Fig. 3). BHH FIEr/|N2SEE

o

ek
o

6
@ a
SIN-1 {300 ph) -‘; 5
Membrane-free stem cell -
extract (pug/mL) .E d
MNormal Comtrel 05 1 2.5 T3
K]
BaX | s——————— % ,
B2 M o < b vy
- | £ ] NN N
actin, | M A
B o

MNormal Control 05 pg/mL  1pg/ml 2.5 pg/ml

Concentration of membrane-free
stern cell extract

SIN-1 (300 M}

Fig. 4. Effect of membrane-free stem cell extract from adipose tissue on Bax/Bcl-2 protein

expressions in LLC-PK; cells. Cells were treated with 300 ¢M SIN-1 for 24 hr, and then
incubated with 0.5, 1, 2.5 gg/mL membrane-free stem cell extract for 24 hr. Values are
mean *+ SD. The letters (a-b) represent significant differences (2 < 0.05) by Duncan’s
multiple range test.
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Cleaved PARP | s I e | H
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Normal Contrel 0.5 pg/ml 1 pg/ml 2.5 pgfml

Concentration of membrane-free
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SIN-1 (300 phd)
-~e a 1.E
1.6 b b 1.6 2 1
T 14 - 3o 2
} {12 5 £ o 12 €
5 g. 1 g =
E 08 0.8
; _.% 0.6 - E 0.6
i 0.4 ! 0.4
0.2 E 0.2
o 0
Mormal Control 0.5 pg/ml 1 pg/ml 2.5 pg/ml Mermal Contrsl 0.5 pg/ml 1 pg/mL 2.5 pgfeml
Concentration of membrane-free Concentration of membrane-free
stem cell extract stemn cell extract
SIN-1 (300 uM) SIN-1 (300 uM)

Fig. 5. Effect of membrane-free stem cell extract from adipose tissue on apoptosis-related protein

expressions in LLC-PK; cells. Cells were treated with 300 #M SIN-1 for 24 hr, and then
incubated with 0.5, 1, 2.5 gg/mL membrane-free stem cell extract for 24 hr. Values are
mean *+ SD. The letters (a-c) represent significant differences (P { 0.05) by Duncan’s
multiple range test.
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S PSP ), COX-2, INOSY] ©ha o] Fa}
o= ZrAst9on, 1L-147 IL-69] whild W=
FFE vAA Zotdt. olegt Aot FUETN 2R
ZEo] 4Zm71AQl COX-29} iNOS9 2HE 53
FEEEE ARAE F UZ ACE J|YEARL
COX-29 &43tE |fEot d598E dor|AY

COX-27} Ashd e e s dASH ARlE
A IL-183F IL-601 Higt FeEr|MzsE=e] 24
HAUSA Hsise F7H8)1 A7 oD o= A

zH}
3.4 MIZALE 3 HHtE 9Usd x-
A Al Adm] o] AEAPEL AR 40

o) @A Ueh, ol AEtY AEFHAR QIS
endonuclease?] Atz Q8 fx=E £ Aot
[19,34,35]. AlZZAPEO] #olsl= Bel-2 family= AlE
APE ZA91A19] Bax, Bak, Bid2} AlZATE A&
Bcl-2, Bel-xl, Bcl-b 522 A= QIrH36]. ol&
AZAE ZX1R1ALE AA| AL 7+ o] 7ol A2,
nEZc ol Yo HNEZHZ cytochrome C7} ¥
£%]0] A ZAPES §E31= caspase cascadeE A
SRRIH37]. Normalet¥} H]wste] 300 M SIN-1=
A3t control oA Bax/Bcl-29] @A @lo] &
718k 2 oIt 3, FUET MRS5S AHstal
< 7%, Bax/Bcl-29] i Wdo] foFoR Ha
skqlct (Fig. 4).

Caspasex protease?] YEOo=Z AN EA
pro-enzyme®] FHZ Aot NZAPET AH 4
3o ool E/9stEd 24 Tl SHCH38]. Al
A& 9=H cytochrome COJ 2J3}] pro-caspase-92}
pro-caspase-32 48 cleaved caspase-9%}
cleaved caspase-32 HGEM, o= AE YojA
poly ADP-ribose polymerase (PARP)E AHs}o] A
ZAPEE FEgTH39l. LLC-PK: AlZel]l 300 M
SIN-10= A5}d AEHAE FLd & FoE7Ax
FE2ES At NEAFE I gl 4dE &%
Z7}, normalw] BI8} controlif|A] cleaved caspase-9,
cleaved caspase-3, cleaved PARPS] T ®lgo]
fFodor 7R AL RISkt (Fig. 5). FLE7]
MES2Z2ES 3RS W cleaved caspase-99] ¢
7] FEo e Fougt a3 FRIsHR] Zotlon
cleaved caspase-39] @i WHS [FojFoz A
AFHOoH, control w3} BlWst] 0.52F 1 pg/ml &

S 24

Ay
=

309

A

2 pd3

= 7Ha

oA cleaved PARPS] T Koz
AlZTt.

A 92 E7MEE APIEFIQIS: B3t paracrine
factorg &H|5t0] HAAAE 2ES HRZ Tzl 7]
= FHUTH40]. o] Aol M= AW [ £71
M|3zof|A] EH]H paracrine factorss 35 R4, A4
A, 28 AT 22 e 2eE UERIH
[40-42]. Lee et al.[43]2 AAAH F2f S71A1EZA
HH]H exosome= Huntington's disease?] in vitro
TElo] A mitochondrial dysfunction® AMEAFES
FAAH T B skt T3t A% {2 SVl A
== growth IGp=
unilateral ureteral obstruction T4 Edd] H1%
o] Y2 uf, IGF7} ERK/MAPK pathwayS EHI8HA]7
AR Al 40 AZE B354 ol daE
HIRo 2 A5t AEFAE FERH A Al A
ZoJA AAAY Ff E7MEERE FARSES
3 FETNESEEY] HE Rt E7|AEA
v]H paracrine factoro] 23t ACZ Atz H}

=] O O
IES 59

insulin-like factor

=1}
=

OF

o
a5

4. A=

£ AFollA= LLC-PK; A|ZEE o]8sto] FaE7]A]
EFEE| A5t AEHA JRM a3k Aw ettt &
SE7|NEZFEEL LLC-PK; MZEoA FAksl ohd
Ql HO-1, TrxR1 ¥ NQO19] ¥#dE &HAHoH,
SIN-10i| oJsff R=g Al5}2 AEH A dfsto] A2

EEE 58.84%004 64.43%71A] S7HAIF. o]t &
HE7MEFEES] e avol gt HAYSS A

B A7}, ISRl COX-2, iINOSSF HEANE
& oAl Bax, Bel-2, cleaved caspase 3, cleaved
PARPY| @S 2HFo 2N Uehte o= Aled
ot mEtA RSN EEEES2 4B 95 2 AE
Abd S Z 2HT0 2N AR AEF A gt B

T a¥E e AeR AlmdEH.

o
=
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