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Little is known about roles of adipose tissue, although obesity is one of the potential risk factors
in causing breast cancer and adipose tissue surrounding breast ductal cells is the largest organ. To
identify the genes that are regulated by factors secreted from adipocytes in breast cancer cells,
MDA-MB-231 cells were treated with the culture medium of adipocytes. In present study glucocor-
ticoid-induced TNF receptor-related protein ligand (GITRL) gene was studied among the induced
genes. It was found that GITRL was significantly increased by the culture medium of adipocytes.
Proteinase K-treated adipocyte culture supernatants failed to induce GITRL expression. These find-
ings indicate that unknown protein factors are responsible for the induction of GITRL expression.
The expression of GITRL did not affect the invasive ability of MDA-MB-231 cells, but coculture
with NK92 expressing GITR suppressed the invasiveness of MDA-MB-231 cells.
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A3 [Josefson, 2001; McCann, 2001; Bianchini &, 2002], A
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= QAN e Ayt 2 FaXdd distd deja gtk
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o] 7ol == Aol AL Elliott 5, 1992], w5l

AWAES BokE AAEE 22 et ATFSH Ao A
of YRS ), B3k AWML WA FA9 A9 o

A Z 8] 7o) Z7HEoel LA tHJohnston 5, 1992]. W3 £
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Glucocorticoid-induced tumor necrosis factor receptor{GITR)
& AF hybridoma T A|XFoA glucocorticoidel] WH8h= &

AR AL FEATHNocentini 5, 1997). GITRS Al
AR EAA e AR DR low, T AE, tj2]
A¥E, B AE SAAZ Zd= gty Tolllike receptor
ligandt AFARBIAIE FARIARI IL-1550] o8l o] 7t
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715 It 92l IthMcHugh &, 2002; Shimizu
, 2002; Kim %, 2003; Ji &, 2004; Shevach and Stephens,
006]. GITR®} 2)7k=gl GITRLS F2 UluAE9} Al
| ZoA] A=Y, Sds B GHZAA dddnky B
H32 ot @A GITR-GITRL system®] 715 thsiA
T Az 2ol 2HA ATt A% HZ human
plasmacytoid DCEDCY Y¥H = GITRLE A4t Es
AP d8S sl 9om [Hanabuchi 5, 2006], YA
Ar wEske GITRLE AQMSIHIES] IFN-y Ak M 24t
e YWEte o7 Bat JdviBaliz &, 2007]. £ @
oMe AAE7E P VR 2HE- dolrr] 9j3)
o] ZPA 2ejg-S MDA-MB-231 A EFo] Asle]
Halehe FaxlE] GITRLY] 2dS71E E9isty gMEe
Holo) iR 71%%E AL
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AE W A7 Fe MEFQ] MDA-MB-231 HJE$} A
# w3t AWAE OPY A EF= American Type Culture
Collection(ATCC)ZFE TYstanh. A7 FHEAEF9
MDA-MB-23 14| ¥+ 2mM L-glutamine, 384 2813 10%
fetal bovine serum(FBS)’} X & Dulbecco’s modified Fagle’s
medium(DMEM) ¥iAE ARS8l Wikl A S 7]
AN 2T OPQIEE 2mM L-glutamine, 34 22132 20%
FBS7} ¥%¥ Alpha minimum essential medium(alpha-MEM)
£ ARE3t 37°C, 5% CO, ¥ig71oA] vkttt Alazuje
o} Al4-¥ DMEM, Trypsin-EDTA, Antibiotic-Antimycotics,
FBSE Invitrogen(Carlsbad, CAYIA 8kt

APAXE agel F). vlisl AR ugede OP9 Al
£ 100mm disho] 5x10° cellymLZ EF3}7 2-38 E<t )
st} 80% A=9] confluent’t 2 w, 1X PBS F x| Al
2 F 10% FBS7} ¥3E DMEM #jA|E vPto] 2447k B1F
wjoFatar et

A E3L wj AL OP9 M EFZS 100 mm dishol] 5x10°
cellsmLE  EBF32 239 F widg F, 05M
isobutylmethlxanthine, 2 uM dexamethasone, 1.7 uM insulin&
7Pl Bas fxsidnh EaiEmAe 24817 30 A)
Asl F92H viAE= 20% FBS7F £ o-MEM HIA|Z 9]
Evlc}h A stk oF 99%9] MlFEo] lipid dropleto] & o
10% FBS/} E90)7F DMEM Yix|E sla & 24x) 7] oksar
I WS 3geste] AE AR

RNAS] ¥37 9%, MDA-MB-231 Al¥& 1X PBSE o|&3}
of 28] HlA& F RNAzolB reagent 1 mLg o]&sled Azut
< 83)AZ ). Chloroform 100 uLE H7ksky 2 4 5 ¢
4 Bejsle] @i E 23} phenote AEH A50S AT o
’3E R FLH isopropanole Wil GgolA 2087 w
F 13,000 pmellA] 2087 94 Felste] MDA-MB-231 A%
2 A RNAS ¥tk €oj3 RNA 32 80% ethanol/
diethylenepyrocarbonate(DEPC)ZE. Al A 315t} A4 e RNAE
DEPC/}F #7He Eetpol] Holil 260 nme] E-3wolM A s}

|

et

JAAFHES 94 vhg. FuE FAH RNAT 588
70°CNA 1087 ¥HEAIA  denaturation?]Z] ¥ 6 ul 10 mM
dANTP mixture, 8L 5X RT buffer, 1pl random primer
(0.5 pg/uLyet A 1ule] M-MLV RTase(200 U/uL)(Promega,
Madison, WZ £33l 40 uLe] ¥32 37°C 271904 1
AZE B AL AL F ReeColA SET 7HEE] M-
MuLV RTase®] €4& AAZZ dEol ¥z AA single-
stranded cDNAS U th Aol cDNAF 1ulLE 1uL9
primer(10 pmol/uL), 10pL%) i-maxII PCR premix, 8pL<]
D.W7F 58 F 20pLe] W EFES TEG e
L 94°Col A denaturation 303, 55°ColA] anmealing 30%,
72°ColA] extention 302Z lcycle® & 30 cycleS WHESIH
3 Z HoR 72°ColM post extensiond 1082 U FUch
o|g} 718 wk2-& PTC-500 thermocycler(MJ Research, Waltham,
MAYE ol&3lod Fag5rt,

Amplification® #8] PCRe] F3=L, oW A& primer
pair==(GITRL forward 5-CGA ATT CAT GIG TTT GAG
CCA C-3', reverse 5-GGA GCT CGA TCC TCT AGT
TAA C-3, GITR forward 5-ATG GCA CAG CAC GGG
GCG ATG-3, reverse 5-ACT GAA TTT CCC CTG GGA
CT -3, CXCL2 forward 5~ACC GAA GIC ATA GCC
ACA-3" reverse 5-AAT GGG AGA GIG TGC AAG-3,
CXCL3 forward 5-TAC TGA ACA AGG GGA GCA-¥
reverse 5-CCC CAC CCT GTC ATIT TAT-3', Selectin E
forward 5-CTG GCA GIT TCC GIT ATG-3' reverse 5-
CAC TGC AGC TCA TGT TGA-3', b-actin forward 5-CTC
GGA CGA CAT GGA GAA-3 reverse 5-GGA TCT TCA
TGA GGT AGT C-3°]t}

917} GITRL, GITR #3A] HHHE A& 17+ GITRL
2] stable cell lineT3-2 9319 reverse transcriptions &3]
Aojzl <17+ MDA-MB-231 M X&) DNAE FHoE 3l
pfu-PCRE T3ttt old A&E  primers  5-CGA
ATTCATGTGTTTGAGCCACS®}  3-GTTAAGTAGAGGATCGA
GCTCCE AHE3IS1th. Primer®] 9% @uiolle EcoR I} Xho
2 ARl AlRksiodch PCRE F3ted 917F GITRL 560 bp
E d3on ¢ojF PCR AHe2 947] ME £4E §dlo
mutation®} 2 2 3 F EcoR I Xho [9] A3+ EAE
o] &-3ke] 37°Co Al 24417 FF whg AN & AA S
pcDNA3.1 HEo] Z2Y 3%t}

SPAE Aol &4 Y. NK92 AES GITRLE #2433
3 9 MDA-MB-231M %7} whkg Wi, MDA-MB-2314|322]
invasion $E-g& 248Nk ¥ AEF EF 6-well platesA]
z}z} transfection BT, 5 € matrigel-coated filters 24-
well Boyden chamber(Coming Coastar; 8-um pore size)ll zt
zte] M EE YA} Transwell2] upper chamberol] %3}
5x10' W7} EEE 1:19) H]l&E MDA-MB-231 X2} NK92
AMEZE @Ak Lower chamberdl: 10% FBS/F ¥
DMEM & 50pl 230tk 37°C, 5% CO, incubatorollA] 484]

Zv E9b Wik E jower chamber® invaded ¥ M EE Ix
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Fig. 1. MDA-MB-231 cells were incubated with preadipocyte-CM
or adipocyte-CM for 6 h. Total RNA was isolated and subjected to
RT-PCR analysis.

PBSE 231 4o NK92 AlXE AAgH &, MDA-MB-231 Al
FE9HS Calcein-AM  reagent(Molecular probes, Carlsbad, CA)
7} %% disassociation bufferS 300 pL ¥ o]chamber A
s 2 T Wallac 1420 Victor3 plate reader(Perkin
Elmer, Waltham, MA)E A}£3}¢] excitation 485410 nm,
emission 520+10 nm®] 422 A XE9] invasiond =A43HgT).
BAAE. A¥LT tiplicates2 AL ST AFe
student t-test =230 p Zhol 0.05HT = 7)zkEisich.

2 1

APAE wfdlo] 28] MDA-MB-231MEoN Bio] F
7tk fAA. ojde] AvelA A7 fuE MEF 5 shit
Q1 MDA-MB-231H|E9] AA X ujoked S 2jz)e}al Walehs
A microarray W22 EME(TYKim 5, 2008]. o]
g il 8 Bl FARF CXCL2, CXCL3 A X7+t
selectin E 7237 GITRLS] @@o] AWAE uijkele] xz)d]
ot F7t st olF ABRIE] fsted A7 fet Al
FF2 MDA-MB-231 M| mi-3} AA| % wjofels) Fa}
H AHAE v e 6r7 B A HEEanh 2
RNAE isolationdt § RT-PCRE 333} ztzhe] fxlx} &
HEE S4s%Th 2 d olE AP} vlEskE AP E
vferele] Sjaix= WeElA] eEAwF BahE APUAE wjokels
Age Ae 2 Aert S7ES ERIsktkFg 1.

GITRL Z&#o] AWAE o] oJsle] F7} A A ul
Flof ofs MDA-MB-231 Al #ollA GITRLS] W3lo] Z71¢
< A & ® ERIE] $1El, MDA-MB-231 AIZE 6 well
platedl] wiFsl The & FHIE APUAE wjtA S Ak
of A7t wel HA RNAZ #2lsi9th. 2 ¥ RT-PCRS &
3)3led GITRLS] mRNA levels 43t} 2 234 GITRL
mRNA levek AWAIE vkl X 3 3A)7H5E] 83 =
7V e 6A7R] 1 HEo]l fAIFHYTHFig. 2A). TR
2 ZAE afgelel 23] 71 GITRL 2&o] AWAIE H)

S
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Fig. 2. (A) MDA-MB-231 cells were treated with adipocyte-CM. At
the indicated time points, cells were harvested and total RNA was
isolated. Then RT-PCR analysis was performed using GITRL primer.
(B) MDA-MB-231 cells were treated with adipocyte-CM for 6 h and
adipocyte-CM was removed. The total RNA was isolated at the
indicated time points after removal of the adipocyte-CM, and then
subjected to RT-PCR analysis.

Adipocyte-CM
Adipocyte-CM
+ Proteinase K

DMEM 10%

Fig. 3. MDA-MB-231 cells were treated with adipocyte-CM or
proteinase K-treated adipocyte CM, for 6 h. Total RNA was isolated
and subjected to RT-PCR analysis.

S AA F Ieht oF FXHEAE YolEdTE MDA-
MB-231 AlE 6AIZF St APEAIE wigels Hg 5 10%
FBSE ¥ 3 DMEMOZ HHpo] Foint. APAIE ufekel A
A F 1227 GITRL 43 W3] Folg AvRted X
WA Z] AA Fo] MDA-MB-231ME2] GITRL 30| 62
ZARE AlEE St A EoA U3 EE GITRLO]
715 3] AsiMe AA ] wiglo] A&HAoR HAgh
< YeRdthFig. 2B).

AA| x| EAske @¥ido] GITRLY €L F/HA.
AA e Fe)REHER oz} Y, #lA2", ojr]2dd
& ¥l ofEIRI 58 HHITHAL ¢EA Qi o| <
27} MDA-MB-231 M ¥4 GITRL mRNA 2&-& Z71A)7)
=4 dolur] L3, $=le AL sl proteinase KE
Helsle] Tl QIXES AASIAT 21 & wdo] AAH
AAE vjFd S o)d ¥ FYSH MDA-MB-231 Al ¥
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Fig. 4. (A) MDA-MB-231 cells were transfected with human GITRL and GITR expression plasmids, respectively. Expression was examined
using RT-PCR. (B) GITRL or GITR expressing MDA-MB-231 cells were mixed and then incubated in upper chamber of transwell for 48 h. After
incubation for 48h, the cells that invaded to lower chamber were disassociated with 500 L of disassociation buffer containing Calcein-AM reagents.
Invaded cells were detected using Wallac 1420 Victor3 plate reader. The experiment was performed at the triplicates. Data represent means+SEM.
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Fig. 5. (A) GITR expression was determined in NK92 cells. (B) GITRL expressing MDA-MB-231 cells and GITR expressing NK92 cells were
mixed and then incubated in upper chamber of transwell for 48 h. After incubation for 48 h, the cells that invaded to lower chamber were
disassociated with 500 L of disassociation buffer containing Calcein-AM reagents. Invaded cells were detected using Wallac 1420 Victor3 plate
reader. The experiment was performed at the triplicates. Data represent meanstSEM. *p<0.05 versus MDA-MB-231 cells+NK92 cells.

o 6*7F F<F AB)sle] GITRL 23S Ayt o2 A
@do] A" APAE wjgde GITRLY 2He 2%
Feith &, AR BalEEN ZrkEe o Qa2
b7t ket A X FQA MDA-MB-231 Al Z o)Al GITRL
mRNA F&E F7HS LelthFig. 3).

GITR-GITRLY] Z45380] MDA-MB-231 A|Xe] Ao]d]
HlRl= 9% GITR-GITRL 45282 Ja-g Yolur] 93,
MDA-MB-231 4| ¥l GITR¥ GITRLE ZHz} sad AlZich,
MDA-MB-231 A7} GITR, GITRLE 7z} sl A Yo}
H7] 918 transfection ¥, RT-PCRE 7}7te] W e glelsly
ThFig. 4A). L & A X9 invasion FEHE Uolrr] 93
GITRE ¥d3l= MDA-MB-231 X ¥¢} GITRLS &3h=

MDA-MB-231 AZE& 1:19] HI&ZE 410 4877 F<F o] A
EE TF39Th GITRS E¥ 3= MDA-MB-231 A ¥¢}
GITRLS ¥¥3sH= MDA-MB-231 A 283 22+ 283}
© AZFEAA Ho] T8 zolg #F & ¢ (UATK(Fig.
4B).

NKA| X9} MDA-MB-231M¥2] GITR-GITRL interaction.
ol¥lefi= GITRLES Pd3}3 & gt A¥E7) GITRES
St Sle WA E o3 oW JFge WX A Egit)
WA ZAdE] AEFQA NKR2 HFES ALl 450z
NK92 AlZAM GITR®] E&==A] g1kt GITR primer
& o83l RT-PCRE Fa3+ A3} 700bp A= Z7]9] W=
7} $EE= ZA0F Hol NK92 AEF7} GITRE Hske 7

r ¢
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< ¢ & AAHFig. 5A). GITRLel #2438 3 MDA-MB-
231 AE} GITRE W33k NK92 MEES 1:19] H&Z 4
o] 24 A7k FRF wigEHA Hol5E-E AT GITRLE:
FPLET MDA-MB-231 M9} GITRS $&3h= NK92 A%
5 7 9 chamberolX] MDA-MB-231 MX¢] invasion =
Hol ZHAgS Rl thFig 5B). A2 o= gHet AlxzQ]
MDA-MB-231 Al¥+ 9] microenvironment W3kl ]3|
GITRL ¥&e] 71 4 glom, o] u] GITRS sl NK
A EZe 8] 2 invasion THo| 7HAEA € 4= v}
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o HES S e Z1AMES} SHITE MR o B
dE& e AgEor Asxedant o Ase 9
o] AEH Aol 52 2Fdl, ® U dAEL E A
= FEFE A AP EE e BEe P &8
AZ2A o5 7ho] Ju 28-S frete] A, F2, Holo)
83 AFe VAL o8 shigste FAR A E
3T3-L1 AIE v s S8 MEFQ MCE-7 Ao Az
SIS MCF-7 Ao A& Holrt F2go] WusEich
[fyengar 5, 2003). & AoMe AAEe] wjFle MDA-
MB-231 1 M EFo] Aejsle] wlehs o8 s 5
o GITRLE 73Ut v]E38 AT wjofels} tfio]
NIH3T3 AfobxiZ52] ikl e A2)shd GITRLY 2&o)
S7FkAl ZSATE A Tl okl o GITRLE -3
7 A1t

AAl ] 2u] Bdo] gM|Ee] FAHA QIS F=A],
FAAR] G2 A= QA9 A8l wet tkEA Jehd
ok wEstE A
MDA-MB-435 A|®2] Za
Z ujgae o3y fuY AEFe) 48 dAsitis B
%= 3UtHChamras 5, 1998]. AAIE EH] 22<9] olt)E7}?]
o] SRl o EELS fet M ES) FAL AN o
& ke WH[Kang &, 2005] AE et AEe] 24S
FN7E 9EE FHMauwro 5, 2007]. ©E olr]EFIIe]
BEL HRe] Fro ulE} walsly) wlEel) ugke s 913 o}
HE7RIe] wEzto)l7F FAES] F43 Hols HsE
Z7390 Wigk A7t wie Fesith T3 AF7A W of
UEIRIE Aol AMZE U ERE olnjxaole) was
olE ol]ZTIRI ofdle] FUUMEI} B JFE vkeA
A3 A EI 223 shue] Aot

TNF family®] memberS-2 HIAA S} QAT Alo]e] AT
ZHgox F23d S It Locksley 5, 2001]. = A7Lol|A]
= ARAIE wikdol] olate] friklelr] wde] F7)Eke TNF
family, GITRL} &4 GITR®] BIEXA] oo oddle) o
3 2L 5o AFEInh APWAIE wjgel 2§k GITRL
o] WAL AIAE wljlel] EAshe iR Qe & 5
UAIL(Fig. 3) GITRLS] W&o] A EFe] Hololle A3k
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W= AAMSIHES] coculture= AJAHAHIES] cytotoxicity
2 Z7M71tky 3 Hanabuchi 5, 2006]. 3HAI%E withs oF
Ao GITRLe] 28 =¥ ApAas|H 2] [N+ BulE
AAAAX 27T HGIHE s F=rhl $Baltz 5,
2007]. ¥ A7oMe ALAE} Ealste 4 wald ox
74 fHRF A EFCl MDA-MB-231 A Eo)4 GITRLY W<
STMA, ADASMEY A ZEE HoluA & ¢ uie
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MDA-MB-231 M 2ol AAlx wjdels Hejsigern, o
o) F7tEE §7HA F glucocorticoid-induced TNF  receptor-
related protein ligand(GITRLYE A& 42314 v}. GITRLE A
WA ajdS X85t MDA-MB-231 Al Z3olA] =) dg
=0o™, proteinase-KE A3 AAE wjgle] osir=
2 Aol WErt gileh ol AAM R Hulshe ol
AR} 2 3yt SRk AlEe] GITRL 2ae Z77e o
sl K3 3 M EF MDA-MB-231 Al XA =714
GITRLZ 2 A9l o] w¥dle e F4 R
glucocorticoid-induced TNF  receptor-related  protein(GITR)S
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