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Adipose-derived stem cells (ADSCs) are capable of differentiation into multiple lineages of cells,
which has attracted attention for clinical therapy. However, ADSCs have poor proliferation capacity
and a short life span in culture, which is an impediment in the application to clinical use. Previously,
to overcome growth disadvantages, we had established an immortalized ADSC line (ADSC-T) by
introducing the SV40 T antigen coding gene into primary human ADSC. In the present study, we
evaluated the differentiation potential of this cell line and assessed the anti-inflammatory effect of
its conditioned medium (CM). ADSC-T appeared to maintain the differentiation potential into adipocyte
and chondrocyte. The CM of ADSC-T suppressed the NF-kB activity and its target gene expression
of COX-2 and iNOS. Furthermore, the phosphorylations of MAPKs, including ERK, JNK and p38,
were suppressed by the ADSC-T CM. The expressions of pro-inflammatory cytokines such as TGF-B,
TNF-a, IL-6, and IL-13 were also suppressed by the CM of ADSC-T. In the Nc/Nga atopic model
mice, the CM showed therapeutic effect on DNCB-induced atopic dermatitis. These results indicate
that the immortalized ADSC-T maintains the beneficial properties of primary ADSC and could be
a versatile cell source for not only research into ADSC but also for production of CM suitable for

clinical application.
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o B AR APAF A o3 ADSC A EZFT &
A& s|43}t7] 213 ADSCo simian virus 40 (SV40)2] T&
4 S =Uste] EALSH(immortalization)A] 71 X ¥
E7VHNEFZ J)dste] ADSC-TE B3R o™, o] A
SEF7} primary ADSCeOll Hl8l SA &7t F4dE Il Al
Fio] AREHAUSS B vt UTH10, 11]. £ AFA
+© ADSC- T9] £3}58 S HES A AYS7|HEZFZA
9] o] 871X & #AstaL, ADSC-TE EHo] H7=A &
< 78 WA E gt AALgE FEH GG

O:

(serum-free conditioned medium)2] FH S E5& HES}
of @FAEA ¢ 3pFE dE5E &8 F e TAE

vl o,

e %

MIZHi % transfection

Azol o] A ER] COS-7 A EZ 2} RAW 264.7 macro-
phage A|3LE Fetal bovine serum (FBS)©] 10% 3% Dul-
becco’s Modified Eagle Medium (DMEM)& AF-&-3}of 37°C,
5% CO,2] incubatorol| 4 i skl om, FBS 2+ DMEMHY
A= Gibco BRL Co. (Grand Island, NY. USA)A| &< A&
3tk Al Zo plasmid DNAS =43}7] 93} transfection
<2 FuGENES6 (Promega, Madison, WI, USA)S AF-&-3F lip-
ofection WHO 2 3 S ™ sample F 10~20 uge] DNAE
serum free DMEM#} FuGENE6%] &gl 411 A-2-of A
2087 WES-AIA lipidel DNAS] E3A1S FAA g2
recipient celloll A3}l 8] F3FATE recipient AlXE=
70~80%°] EEZ wigE A& AH&stAT

XYM Z (adipocyte) &2t X Oli Red O {4

10%2] FBSE &3 DMEM iAol A B %F3+ ADSC-T
AZE ARAE B3l f= AR mdste] 37C, 5%
CO, incubatorol| 4] 3Y 7t vkt & AWAE B3 F4
iR 2 wekste] 1593 vttt AWM 3} 1=
A= 0.5 mM IBMX (1-methyl-3-isobutylxanthine), 0.2
mM indomethacin, 5 mM dexamethasone, 10 pg/ml insulin
2 10% FBSE X33t DMEMo|H, A A2 B3} %
WA= 1 pg/ml insulin 2 10% FBSE %33 DMEM<
o] 83} th. Oli Red O FA-2 E3HAZ1 M ZE 10% for-
malin® 2 Fix 3 ¥, 0.3% Oli Red O &9-& T3}
1A ZE 5 Ao A H-gAIF T

% 10% FBSE {3 DMEM HIX 2 w3sle] ZAE

23E FAsAT EAE 23 5 A= 025 mM
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ascorbic acid, 5 mM B-glycerol phosphate, 1 pM dexametha-
sone, 10% FBSE -3k DMEM WA & AF£-3}9 T Von
Kossa G412 318 MEE 10% formalin®Z Fix ¢ &
5% silver nitrate solutions *]2]3}3L UV light o}) ol 4]
3027 WAEte & o] A &S FESAT. O F
HOE washdle] 2#AE Zls§th

ADSC-T Mzl T3 H{LASHU(serum-free con-
ditioned medium) At

10%2] FBSE #+3 DMEM HjA| & ©]-§-3}e] 100 mm
plateol] cells/ml®] MEZE FU3F] 5% CO,, 37CollA 24
AIZE Ak & Wi A& A AL PBSE 33] A3 & FBS
7} Z3E A 92 DMEM/F12 (Gibco BRL., Grand Island,
NY. USA)E HiA| & A5t 72413 Wi eFet 3 w5
-8 4=73}3L 0.2 pum bottle top filter (Thermo scientific) =
o] 713} conditioned medium (CM)2. 2 AR&-3} AT}

Luciferase assay

Luciferase activityE Z73}7] 93} Nano-Glo Sub-
strate (Promega)E Nano-Glo buffer (Promega)°ll 1008] 2]
A3l ARE-3FR 2™ cell lysate= 96-well plate®l] 20 ul
A BFslo] A8 T Substrate:= luminometer program
(Microwin assay reader 2000, Centro LB960 Berthold Tech-
nologies, Bad Wildbad, Germany)= ©]838}% =&2 70%
ethanol2 503] washslil B+ FH/HFTE 503] wash g &
FoJ3 ATt T2 20 pl A substrate’} EFEHEE
IR 2. luciferase activityS 103 H4 02 ZA 3 T

Western blotting

A E5E9E-& 10% SDS polyacrylamide gelll A %714
53 % 90 VZ 2A]%F 59t nitrocellulose membrane (GE
Healthcare Life Science, Germany)l electrotransfer $+ %
5% YA BHFE X33 TBS-T (20 mM Tris-HCI (pH 7.6),
137 mM NaCl, 0.1% Tween-20) 402 (A7t F A2
ol A blocking 3} TF. Membrane2S 13} &4 &} A2 A
2AZF BESA 7] 2 TBS-T-R WO 2 38 A A3 & perox-
idase-conjugated 22} A2 1A1ZF T Ao A ¥HGA|
Z k. HF-3-A1Z] membrane2 TBS-T-EH O = 3 A H 3k
% enhanced chemiluminescence (ECL, Amersham Corp.
Arlington Heights, 1L, USA)Z %3417l & Amersham
Imager 600 (GE Healthcare)= ©]-83}o A3E 82131%
t}. &A= anti-actin (sc-7210), anti-COX2 (sc-376861), anti-
iNOS (sc-651), anti-ERK (sc-135900), anti-p-ERK (sc-7383),
anti-JNK (sc-7345), anti-p-JNK (sc-6254) (Santa Cruz Bio
Technology, CA, USA), anti-p38 (#8690), anti-p-p38 (#4511)
(cell signaling Technology, Inc, USA), anti-IKKB-EE (Sigma
St. Louis, Mo, USA)E A zAFe] AH&-H ol whe} A8}t
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Table 1. Primer sequences for RT-PCR

Gene name Primer sequences (5° — 3°) Amplicon Length
PPARY-2 F:ATTCTCCTATTGACCCAGAAAGCG 419
R:AGCTTTATCTCCACAGACACGACATT
Adinsin F:CAAGCAACAAAGTCCCGAGC 262
P R:CCTGCGTTCAAGTCATCCTC
F:CCCCACGACAACCGCACCAT
RUNX-2 R:CACTCCGGCCCACAAATC 289
Osteopontin F:CTAGGCATCACCTGTGCCATACC 173
P R:CAGTGACCAGTTCATCAGATTCAT
TGF-B F:GCCCTGGACACCAACTATTG 168
R:CGTGTCCAGGCTCCAAATG
F:GAAAGTCAGCCTCCTCTCCG
TNF-a 194
R:CTCCAAAGTAGACCTGCCCG
L6 F:GATAAGCTGGAGTCACAGAAGG 4
R:GAAACCATCTGGCTAGGTAACA
L-13 F:CCTGGCTCTTGCTTGCCTT 116
R:GGTCTTGTGTGATGTTGCTCA
GAPDH F:GGGCTGCTTTTAACTCTGG 70

R:TGGCAGGTTTTTCTAGACGG

F: Forward, R : Reverse

RT-PCR

AN EZ Trizol (Ambion CA, USA)&d o 72 A g3} to-
tal RNAES 3t 3 Accupower Roketscript cycle RT pre-
mix (Bloneer Corp. Korea)S ©]-83} cDNAE A 2}3} %
o}. PCR 2712 94C 3% 52t predenature 3}3L, 94°C 30
%, 55T 30%, 2C 1822 35 cycle A 3, 72C 1082
2 2839t RT-PCRY A= 2.5% agarose gel= 7]
g 53ta] 3l AFE-3F primers Table 13 2t

SHAzE

A3 -2 33 BHESIH 3. A I= Graphpad prism 5& ©]
23} ¥ F(mean)EEZH2HSD)E YEM AT one way
ANOVA S} T-testES o] &3t A2 FoQAS B39
ot pako] 0.05 o3t ool Avkar AT

2 1

ADSC-T M|ZQ| X|%M|E(adipocyte) &3}
Primary ADSC Aol SV409] T &9 FHA&
o FAEEE Fol Mxe] FHE AAZ] ADSC-T
MEzZF 2712 A& FASL JdeA Fds] 9
3t V1M 29 M Fa% EAR ieES AES
ATt ADSCE S E71H EE A A A Z (adipocyte),
= M| X (osteocyte), 1= A E(chondrocyte) 5 TFF3E A3
2 R348 e TEHE 7]'111’4-[23] olH g EslsH
E71A 29 71 8% Ar]solet & & Aok | A

=85}

AWM EZ 358 S AESH] At AWM E 13
= iAol A 3G 3E vl Fst A3 ADSC-TY Al Z Yol

wido] AHE AS dvFe= ?Jrﬂ% T AN, 7

3} =] vjA oA 109 & 4

o o] YHEE 3

1B), ©]+= Oil Red O A&

A

Adipogenesis
Oil Red O

Control

D Control Adipogenesis
PPAR-y2

GAPDH

Fig. 1. Differentiation of ADSC-T into adipocyte. ADSC-T cells
were cultured in DMEM (A) or adipogenic medium
for 3 days and adipocyte maintenance medium for 10
days (B, C), and then the lipid droplets were photo-
graphed (magnification, x100) (B). The adipocyte-in-
duced cells were fixed in 10% formalin and stained
with 50% Oil Red O solution (magnification, x100))
(C). (D) Total mRNAs of ADSC-T cells cultured with
DMEM (control) or adipogenic medium were isolated
and assayed by RT-PCR.



Th(Fig. 1C). ¥FH, DMEM ] 2] o A w3k ADSC-Tell &=
Ago] FAEA FAThFig. 1A). EZH Zl WA EZ 7S
= {53 ADSC-TEHH total mRNAS ste A A
ZoA FolF o2 H4tE = PPAR2$} Ad1ps1n-4 mRNA
%<& RT-PCRE HES 23 £33 F53 ADSC-TOlA
AZE5 o] ADSC-TE X] A ZE B 4 gl
= 58S 23 S EAT 5 A} h(Fig. 1D).

ADSC-T2| =MZ(osteocyte) =3t

ADSC-TS] £3}58S B AF37] St A=
(osteocyte) ®-3+E F =39 ADSC-TE SAH|X F= Hl
Ao A 3Gt g3t EAE BEE FEIHACH O
M EZ A s A 1083 o g & 235 o5
45 35t Von Kossa @4 At O A3 &
5l E F =3 ADSC-TOl A extracellular matrix2] 57123}
(mineralization)”} Von Kossa @A o2 215 I Th(Fig.
2B). RF¥, DMEMol| A H] %% ADSC-Tl A& F714 s}
7} #AZE A ATHFig. 24). =3 ZA X 32 FE3
ADSC-TZH-E] total mRNAES £ |3t A Z ol 4] Eo]
2o 2 W= = RUNX-29} osteopontin®] S RT-PCR
2 % 23 235 F=51A &2 controloll B35t
E3E FE3F A EoA B oFe] mRNAV HEE S 3
A3 THFig. 2C). o] AFZHE] ADSC-T+= A WA Z#
oflgl FMAZEE 318 F ASS gsigion, ol
HE] ADSC-T7F TEHY =0l ]3] immortalization ¥ &
= 7| x| F83 75 E35YS LiEs &

% Uit

e

A

B  Osteogenesis
Von Kossa

Control

C Control Osteogenesis

Osteopontin

Fig. 2. Differentiation of ADSC-T into osteocyte. ADSC-T
cells were cultured in DMEM (A) or osteogenic me-
dium for 3 days and osteocyte maintenance medium
for 10 days (B), and the mineralized extracellular ma-
trix was visualized by Von Kossa staining (magnifica-
tion, x100) (B). (C) Total mRNAs were isolated from
ADSC-T cells cultured with DMEM (control) or os-
teogenic medium and assayed by RT-PCR.
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ADSC-T HiZASH(conditioned medium)2| NF-kB
o on 51t

NF-kB (Nuclear Factor-kappa B) signaling pathway<= Al
xo] o] 71H Fof stUE AX d45E st i
el A& A ZZo|tH9, 27]. NF«kBE inhibitor® 2§
st [kBSF Aste] HZAdstE JejE Axdd E4
st Al Q) RZHE AFS Fddte A0l FoARE
] &4 38}% IKK (IxB kinase) complex®2 3l IkB7} <
3}=o] E3¥H NF«kB7} & WHE o]Fste dF
O 7|+ target AR At fFAe] AALE
$koh21]. 218, NF-«xBS =3 &4 T4
do7)a GFA e o] HYE st AE
& F8t ALY FAFsE Y= T

Aol A& ADSC-T MZE T84 wiA= wj¢k
745 ¥ (conditioned medium, CM)©] NF-xB2] &4
e £% S VA=A HESY] 98ke] pNL3.2-«B-RE lu-
ciferase reporter plasmid (Promega, code N1111)& ©]-83}
ST}, °]+= luciferase promoter F-9] ol 5712 NF«B 23}
FHE 7HA L ik =3 NF-kBE 273314 7]7] 9138}
IKKBS] &A% mutant?] IKKB-EEE AF&-3}A T IKKB-
EE+ IKKB2] activation loop2] Ser 17734 Ser 181 91 &
glutamate2 DA AAH NFxBE &4 A7]= YH2 =
o] glolx 3 4slE o] kBE <I4HSFSHA NFkBE
A3} A1Z1TH20]. COS-7 M 3Eo) reporter plasmid2} IKKp-
EE & plasmidE transfectiond} 1l 24A17F & 83 7] &
v} X191 DMEM/F129} ADSC-TS DMEM/F12Z Hj<F3t &
g4 W FEACM)E 42 50%2 H7reke] 48412
743 & luciferase assays HA3IA T I A3 Fig. 3A9
A UERd e} Zo] IKKB-EEC! )8 A NF-«B7} &/ 2}
3o DMEMFI2 718 B2 & H74ek 7450l Hlste
CM< 718t 7% luciferase &4 0] Zraste] &/d3std
NF-«xB7} A& & o ASUTE =F o]2]3F NF-«xB9]
24 JA7F NF«kB2] AfAIQI kBl 3l Aol &gk
ZRAA &Flsh7] 98t AlE W kBao] F< Hlag A
3} IKKB-EE° 2}3) 743 kBo} CME 718 A$- =
71 Ao 2 YElSTHFig. 3B). ©l# ¢ A= cMel ¢
g NF-xB2] A7} Al W] NF«xB A3 &2<] kBao]
B3 AA=Z A3 kBa] T7F WlEQ] ZoE HoAH
= CMell IKK complex®] &4 A&|AA7F g5 9]
7bHsde ANASkE Zlo® BoXit

tlo

Lo
2 02 g O e X oo ri

ks

22T A oy Iy

mlo e

I

tlo 2

ADSC-T CMO|| 2/t NF-kB target REXIQ| sl K|
COX-2 (cyclooxygenase-2)2} iNOS (inducible nitric oxide
synthase)= NF-xB2] &4 3}of oJ3] AY4iko] Frtsl= of
F2 Q1 NF-«xB2] target gene AHE©|TH25]. COX-2+ arach-
idonic acidE prostaglandin H2Z2 H3A|AH F5& #4235}
™, iNOSE L-arginine & Z5-E nitric oxide (NO)2] AY4HS
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Fig. 3. Inhibition of NF-kB activity by conditioned medium of ADSC-T. COS-7 cells were co-transfected with pNL 3.2.-kB-RE
plasmid and IKKB-EE expression plasmid as indicated. After 24 hr, the cells were treated with 50% DMEM/F12 or
50% conditioned medium of ADSC-T (CM) for 48 hr. NF-«xB activity was estimated by luciferase assay (A) (mean

SD, n=3,

Sujste EAEA NOd 93 3¢y Hsle]
I EE COX-2%} iINOSS] A& FFHAR o]ojA|H
HEA 79 targetoZ & A ATH25]. ADSC-TS CM9]
NF-kBe] &35 AAsIGoBRE 54 A=5o] Fo3
M ZEoll A ADSC-T2] CMe] COX-2¢} iNOSe] TH= A
St=A A ESHYI T Raw 264.7 macrophage Al Z ol 95
5 &2 LPS (Lipopolysaccharide)E & =E 2 *] &3}
1 F Aol DMEM/F12 7]% aj A £} ADSC-T CM< 22t
50% FE=Z2 37tk sAIZE vk & CcoX-29} iNOSE]
WA S Western blotting® 2 AESIH T 1 23} Fig.
49 YERS BRg} ZHo] COX-29} INOS =F LPS9| %7}

LPS (ug/mi) 025 05 025 05
DMEM/F12 + + +
CM + + +

e SRR s e COX-2
ety W5 . § iNos
VORI SY A ctin

Fig. 4. Effect of conditioned medium of ADSC-T on the ex-
pression of NF-kB target genes. RAW 264.7 cells were
treated with LPS and 50% DMEM/F12 or 50% con-
ditioned medium of ADSC-T (CM) for 5 hr, and the
expression level of COX-2 and iNOS was evaluated
by Western blotting.

*p<0.001), and proteins were detected by Western blotting (B).

toll whet W eFo] FU1et 3l om, ADSC-TS] CMO|

74 718 wj =)<l DMEM/F127} H7F8 7350l H

ol 7%'6‘}% AL g 4 YUtk DMEM/FI2

PSe| Z-8o 4TS FA| &3t (data not

shown). ©] 7&4 FE ADSC-TY CM<& NF-kBE A3+

o 2ZH FFES FE3S= NFkBO target gened] HHAE ¢
P < T Fo2 AHT F JJth

2
[«
&
o=
o ©
ol M
»
Oko

ADSC-T CM2| MAPKs s|Z2 Nl &1}

MAPKs (ERK, JNK, p38)3| 2= A FHo] &A=
4=8-A Q1 TLR4 (Toll like receptor 4) 2H-E A== A&
A miMAIIIE 224 AE U 9458 Fdste
ZtE Tl o] Yiks £ sk AARIAE S S 3HA
o2 d#A i, ol2lg MAPK 329 dA=
5 it F9] R FERI QITH19]. o]l wet
ADSC-T CM©] MAPKs 3] 2ol m]X|= 9aFs A Es s}
RAW 264.7 A|Z ] LPSE 0.25 pg/ml, 0.5 pg/mlY] =
Ayt GEWES FEA7 5, DMEM/F12 71 & 8|
s} ADSC-T CMS 22} 50% F=2 A a3kt 1 A3,
ERK®] 739~ ADSC-T CM9] gl &Jall ERKS] &3 =l
£ zo]7t .o ERKY ¢14k3Hp-ERK)Ol| X}o] S 1
Aok CME 15A1F AgstdS o Lpsol o8] F7hsk
p-ERK7} 4319 o™ 53] LPS 0.25 pg/mlol Al dA <
A2E RYY(Fig. 5A). ©] 23 ZHE ADSC-T CM2
ERK 3| 2F AATE ¢ F UJh INK9] 4= vzt

ON nm
ml

RSN



7FAZ LpSoll 23] ZF7}gF p-INK7F CMS 15417 %) 8] 3}
QS W 243 AoE YEh e LPS 0.5 pg/mle A&
39S v os Fuz 234E By, A4tsiE A &
2 INKol & #H3l7t gl thFig. 5B). p389 A= CM<
1541 A2l A= LPSell 98] Z713 p-p38e] DMEM/
F125 A3 A vlal dAA st 202 e
$a A4kstE A ¢k p38ell= WSkrF YIS THFig. 50).
o] A3 2 RE] ADSC-T CMS MAPKs 3 2Z JA|g&
& T AT

52 MAPKs 3] 29| g43}d] 93| w3o] Frlsle]
d5e FEsteE Ao=2 ¢# R pro-inflammatory cyto-
kines7} ADSC-T CMell o3l T o] A& =4 HES}7]
23 RAW 264.7 AEZ LPS (0.5 pg/ml)2} 50%2] DMEM/
F12 =+ 50% ADSC-T CM2.& %23t & RT-PCRS 4l
A3 A3} LPSol| 2)3] mRNA A4ko] =713k TGF-B, TNF-
a, IL-6, IL-13°] ADSC-T CMoll 23] mRNA A4ko] Z+a
3 Ao 2 YEY ADSC-T CM©] pro-inflammatory cyto-
kine®] A4Hs oJAete FHF A LS e AS &

A A THFig. 6).

A LPS (ug/ml) 0.25 0.5 025 0.5
DMEM/F12 + + +
CM - - +
et - W8 W D ERK

L .~ — ERK

e T RN TEEESRENEY A\ (i)

B LPS (ug/ml) 0.25 0.5 0.25 0.5

DMEM/F12 + + +

CM + + +
— S e —
- W W we PNK
TEEEEREE
Actin
o LPS (ug/ml) 025 05 025 05

DMEM/F12 * * +
CM + + +

... ——— D38

D S—————— D38

W N  Actin

Fig. 5. Suppression of MAPKs by the conditioned medium
of ADSC-T. RAW 264.7 cells were treated with 0.25

pg/ml or 0.5 pg/ml of LPS together with 50% DMEM/

F12 or 50% conditioned medium of ADSC-T (CM)

for 15 hr, and each protein was detected by Western
blotting.
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LPS (0.5 zg/ml) + +
DMEM/F12 +
M +

. —
GAPDH W

Fig. 6. Effect of conditioned medium of ADSC-T on the ex-
pression of pro-inflammatory cytokines. RAW 264.7
cells were treated with 0.5 pg/ml of LPS and 50%
DMEM/F12 or 50% CM of ADSC-T for 12 hr. The
mRNA levels were measured by RT-PCR. GAPDH
was used as an internal control.

ADSC-T CMQ| olEL| XIZE =3}

ADSC-T CM©°] ¥=& f23l= NF-«B9 MAPKs 3|2
E YA COX-2, iNOS ¥ pro-inflammatory cytokine2]
AE AAete ZoE e ong AAE dF 2
of A5 &7} JEA golir] 93 olEF =Y vl
222 NC/Ngas o] &3l olEy miy X5 5945 7
E3ATH4, 22]. A2 olFdistn FEAPME A
P o FEAIEEIIIES EFAHEUARE
2020-003). NC/Nga t}-$-2=0l] AL} FAlgE ol B 1) 5
de F34317] 93ked 0.5% DNCB (1-chloro-2, 4-dinitro-
chlorobenzene)E ©FA| &3} Olive oiloll 430 A 23k n}-9-2
9] ol Wjd =3 o 20¢ Foll= vjd DNCB &9
E F 7A1ZF FHoll gl ZF(contro) &2 DMEM/FI2E =
1 AHFCMT)N = ADSC-T CMS =X3590. 1
4 Fig. 791 YERd kel 2] DNCB =X 20 5l
EX 590 AAe] Y3t &0 FAE 719 E At
o olEx IEYHo] AT DMEMFI2E EX3 Of
ZrolAE AEA otEn ®Ww®ol {FAEHIJS U
ADSC-T CM& =X AgTdA= =X 10d FHEH
ZH7F MIAR AL 47 A= 7] AlREER o B3 20
d Fole dFo] tFEE AR RS AT 5 AUSATH
o] A7} ZHE ADSC-TS CML oty ¥iyd X8 &3

o Aee FHE + AU

H

ol K
< ol

a

1
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Fig. 7. Anti-atopic effect of ADSC-T conditioned medium. Nc/
Nga mice were treated with 0.5% DNCB (1-chloro-2,
4-dinitrochlorobenzen) for 20 days to induce atopic in-
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with DMEM/F12 or conditioned medium of ADSC-T
(CM) for 20 days.
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