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ABSTRACT

Background: Peroxisome proliferator-activated receptor delta (PPAR-6) is a ligand-activated nuclear
transcription factor that is associated with many diseases, such as diabetes, obesity, metabolic syndrome, and
cancer. However, the function of PPAR-§ is controversial in carcinogenesis since its ligands may inhibit or
promote the growth of cancer cells. The purpose of this study was to determine the effect of GW501516, the
specific agonist of PPAR-4, in the growth and invasiveness of thyroid cancer cell lines by modulation of the
target genes, ANGPTL-4 and MCP-1.

Methods: Three kinds of human cancer cell lines, FRO (thyroid anaplastic carcinoma), NPA (melanoma),
and ARO (colon cancer) were treated with GW501516 in serum-free media. Cell viability was assayed using
a colorimetric cell counting kit-8 assay. The changes in the level of expression of PPAR-§ and its target genes,
angiopoietin-like protein-4 (ANGPTL-4) and monocyte chemotactic protein-1 (MCP-1), were determined by
RT-PCR analysis and invasiveness was assessed by a cell invasion assay kit.

Results: GWS501516 inhibited the cell growth of cancer cell lines in a dose-dependent manner and
modulated the stimulation of ANGPTL-4, as well as inhibition of MCP-1. These effects were more prominent
in NPA and ARO, but less effective in the thyroid cancer cell line, which had higher PPAR-§ and lower
ANGPTL-4 mRNA levels. The inhibitory effects of GW501516 on cancer invasiveness had a similar pattern.

Conclusion: The activation of PPAR-6 by GW501516 reduced the cell growth and invasiveness of the
thyroid cancer cell line. This effect of GW501516 was associated with a stimulatory effect of ANGPTLA4 and
an inhibitory effect of MCP-1 in cancer cell lines. GW501516 was less effective in the thyroid cancer cell
line, which had a low basal ANGPTL-4 mRNA level. The findings of our study serve as an impetus for
further studies to elucidate the precise role of ANGPTL-4 and PPAR-§ in carcinogenesis. (J Korean Endocr
Soc 24:25~32, 2009)

Key Words: Angiopoietin-like protein-4, Monocyte chemotactic protein-1, Peroxisome proliferator-activated
receptor delta, Thyroid cancer
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Peroxisome proliferator-activated receptors (PPARs)&
a, f6, v Al Z77F o & ] SEAIR el7heel sk
Fofl AARIALZA] AFgsl=dl A- 7 diA, oluA] =
A, W dguhg aela Al FAT 3t Hofsl=
Ao g 9lrl6~9]. PPAR-6= 5, A, A4, 7L
A 5ol el =2jellx] HhAE|AE PPAR-aL} PPAR-
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1. M=

GW501516-2 Alexis biochemicals (Lausen, Switzerland)
ollA] G} e, Colorimetric Cell Counting Kit-8
(CCK-8)< Dojindo Laboratories (Kumamoto, Japan)oil4]
Tk AlIE H5 FAI]EE Cell biolab (San Diego,
CANA FJsiaick Al wlokol]l H a3t Seo} ¥,
RPMI-1640 BHe}eH, penicillin-streptomycinA] $H3A)], E=
A-EDTA, <lAed <= 2MPBS)2 Gibco BRL (New
York)oll4] #3813t} RevertAid Fist Strand cDNA €4
7]EX Fermentas (Glen Burnie, MD), BioMix DNA 3}

A24 A A1E 2009 —

349} oFE 2~ Bioline (Taunton, MA)ollA 315
om 2 o] A 3t oFEE2 Sigma-Aldrich (St
Louis, MO)°l|4] F-3s}3ict

2. M= 3 HiQk

ul sl 49 AEF]] FRO, FA%E AlEF2] NPA
a2l gt AlIEF]] AROE 10%°] Seiol P} ¢
AA7}F T35 RPMI-1640 vljlokeio 2 5% CO,, 37T &2
7]l wHeksloAet. wiekele 2~3%ulct w3kslglom
AE7}L 70~80% A= AP Al vk slick GW501516
S 23t ul= 60 mm Bl Aol 1 x 10° cells?Ne] A|E
£ B3] 70% A= AskE w 05% Fgol EtH
RPMI Hijefeio 2 npo] 3 AsfiRl 59 GW501516
£ Hzlsiicth AlZE AEE B 18k Aol = 96 =
okl 5 x 10°714 Q] AEE EF3to] 2 Foll S
el AE H5S Br] St Adexe uiek ¢

(chamber) 3R} 3 x 10° AT B3F3l0] Addslgick

o o

3. M= M

T

£M(Cell Viablility Assay)

GW5015160] ALE Al T2t ke 21157] )
A CCK-8& olgt ubal BAfe Agaiieh 96 2 vl
Foll 7+ S5 5 ¢ 10° W] AEF L3k 29 ¥
Al F52] GW5015160] e RPMI wljkeo g
ol 48417 E<F AIE vl lellAl wlekelgick. vyl
AAsta PBS §Ho & oW AXe ¥ CCK-89] §%7
10%7}F B =5 GAe F3elA] o5 uklat 2]4sto] 7}
= 100 pLA 7ksldek. A wielrlelA 1~4A17 &
QF wljekst &, Al gerifae] FA %ol o3 formazan
A5 WS- Z43)7] $18l Spectramax Microplate 1% %
EA|(Molecular Devices, Sunnyvale, CA)°ll4] 450 nm<]
Sgon FAEs Sqegler) 24 Ae SR 3
3] W% Gl BEAE Tl
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4. MZE & Z3(Cell Invasion Assay)

o AlEFe] FAL 24 5 wlieF Aol 12709] A=
ujjok dlo] S0 Cell biolabAle] 25 =4 |ES Ag-
sjo AR ARGl wlet A Zeslgic). 3] el
=300 uL9] 0.2% -F-elo} Pxo] 471 ujekelol] 3 x 10°
Mo AZE FoJA ALsl9lon, 3 o]Holl= 10% S-elol
2 wjeko 500 pL7t o]- 8=k ZH2te] wiekeHel] Azl
EE] GW501516% H7Fsllom 48413 53t vl s}
WA 24|17k v} ghe] RS} o] wiolE R gkl
Ak 48A17k0] A 3he] ofeludel] YX|3k mhg HHHE
A gAreko g odAlslal, Axiovert S100 Ew]7d(Carl
Zeiss, Oberkochen, Germany)¥} AxioCam TA|& 7lw|2}
(Carl Zeiss) & AHg3lo] A1 Zadsigict Fash Aol 4

- 26 -



— 399" 2] 69l: Peroxisome Proliferator-Activated Receptor (PPAR) Delta”} 734 AlES2] AAF 1l Fsgol] w|X]= 3¢k —

Table 1. RT PCR oligonucleotide primer sequences and product sizes

Gene Gene bank Primer sequences Product size (bp)

ANGPTL-4 GI 33991579 Forward 5’-TCCGTACCCTTCTCCACTTG-3’ 305
Reverse 5’-GCCAAGAGTCACCGTCTTTC-3’

MCP-1 NM 002982 Forward 5’- GCTCGCTCAGCCAGATGCAAT-3’ 257
Reverse 5’- TGGGTTGTGGAGTGAGTGTTC-3’

PPAR-§ NM 006238 Forward 5’-ACAGCATGCACTTCCTTCCA-3’ 177
Reverse 5’-TCACATGCATGAACACCGTA-3’

GAPDH NM 002046 Forward 5’-CGAGATCCCTCCAAAATCAA-3’ 321
Reverse 5’- GTCTTCTGGGTGGCAGTGAT-3’

ANGPTL-4, angiopoetin-like protein-4; MCP-1, monocyte chemotactic protein-1; PPAR-§, peroxisome proliferator-activated
receptor delta; GAPDH, glyceraldehydes-3-phosphate dehydrogenase.

2 SSA 10% OFAEA o g uhof] 9lE AEE I
o] 96 % 7)ol %A 560 nm I}AlA Spectramax

Microplate 23 FEA2 FA5ES 2431990} PPAR-5

5. ATAI ZEEL AMEIS(RT-PCR) 24 ANGEEL

oF AEFERE] 353 2 ng®] RNAoJA] RevertAid First MCP-1
Stand cDNA 4 7]E(Fermentas)S o]-&sto] A 7}=ke]
cDNAZ §H4elich ANGPTL-49] *ha Sehiis: <l GAFDH
HESHRT-PCR)- 94 CollA] 45%7F H2], 51T ollA] 457 Fig. 1. Expression of the PPAR-§ and its target genes,
7%k 72°CoA] 4527 FAEE IHL 3557]00 AxA] ANGPTL-4 and MCP-1 in human cancer cell lines. Total
DNAZ ZZ39c}h MCP-1-S 94 CollA] ], 60°CollA] 2 RNA was 1solated.from cancer cell lines, ARO, FRO and
&1 ; AR AL 717 (sl 35Hlo] EE 3 NPA. The expression of PPARS, ANGPTL-4, and MCP-1
&, 72°CAA PAEE A A 6024 3519] S gene were determined by RT-PCR analysis. N, NPA; F,
AL AFom, PPAR-6= 94TCollA] Hel, 55Ca|A Zzl, FRO; A, ARO

72°CellA A= e A 3024 303] HEEslo]

DNAE SHel9lch GAPDHE 04 Colld 22, SSCAM g propoilale) uraispo] the AlEFol ]l oo,
A, 72014 WS A A7 3024 258 W o o vep1e. AROSIAIL ulIs]R] elsken], NPA
°f DNAZ S3eiglck, RT-PCRe] 48] ARG primen o). proseilale ooz 4e ofe] wl=isickFig. D).
of 447 Aglsh ZHe YYBE) 271E Table 13+ 2wk <]

RAAZG A oAk o] AWAEL g o7tz o= Ao 2. GW50151601 2|8t &F MZEF ME AqF|
7] &3l om, Gel-doc AlZ=BlellA] Azlg Hof 3]l AeA PPAR-§ 2414101 GW5015160] SF AlEZe] A
RESE Aoll mIXE dake #21el7] S18 NPA, ARO @ FRO Al

E5F 247t TRkl 59] GW501516% 48417F B4 X

2 33 CCK 24815t KFig. 2). B AEFoA GW501516
1. onl- A‘"E—’F—Oﬂk{ PPAR-6, ANGPTL-4 I:=1=| o] QalA] FE &0 F L] AAlo] JAIE-S Fels)
NCP_19] 8 SIek. NPASH AROS] 73l oF 10 uMe] 5 EollA] ALE

o] AAol 50% 71 AAEIglon), AL AlEF
FROE 72 X%o] GW501516004 A7 Aol ujx=
3} AdRle g Hglc)

PPAR-69] LA} qF AlE2] Aol d&s F+= 24
A TS SRl Sl b AlESIA
PPAR-69} 1 %3 §Azle] Wb oFARS RT-PCRS E3

#] gls9ir}. PPAR-69 ANGPTL-4E NPA, ARO, FRO 3. 2 MIEF0M GW5015160| MIZEQ| El& M0
REollA Wk ZHAISH AIEFEQ FROCIAS] Oxl= g

PPAR-§ "dwdo] FAF AEFQ NPASH st A=+ GW5015160] SQHAIES] X<5Adol] mlX|= oJske stols}
Q] ARO Hr} goiE o £k vhH, ANGPTL-42] 73-- 7] QA e =4 7S Aesiglon], GW5015162
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4. GW5015160] PPAR-6, ANGPTL-4 4
MCP-1 9| 2&i0f| O|Xl= Het

2l

GW5015160] PPAR-§ 547} k&) 1 SRS
of] uX|= ke FRIs] Slste] ZH2ke] HAEE 10 1M
529 GW501516014 AR AIF B9F =& ol
RT-PCRE 3] 77} wial& E]1sl9irl. NPA, ARO ¥
FRO Al|Zoll4 GW50151601] 2]3l4] PPAR-§ F-41Ake] vt
ol A7tol] Wk 234 S7k=]9ickFig. 4). NPA, ARO
9l FRO AJEZFl|A] ANGPTL-49] e GW50151601] 2]
314 S71=dek slARE, MCP-12] #H81-> NPAS} FRO®|
A BY 7Hslelom) ANGPTL-49F MCP-19] ko]
GW501516°1 oA dgks werhe Zis € T AUk
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Fig. 2. Effect of GW501516 on cell viability in human cancer cell lines, NPA, ARO, and FRO. Cells were exposed to the
indicated concentrations of GW501516 for 48 hours and cell viability was determined by CCK assay. Data presented are mean

+ SD for three independent experiments.
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Fig. 3. Effect of GW501516 on invasiveness of human cancer cell lines. A. NPA. B. ARO. C. FRO cells.
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Fig. 4. Effect of GW501516 on PPAR-§ and its target genes, ANGPTL4 and MCP-1 expression. Cells were exposed to 10 uM
GW501516 for 0~48 hr. and the change of PPAR-§, ANGPTL-4, and MCP-1 expressions were determined by RT-PCR analysis.
Expression of GAPDH was used as loading controls. A. NPA. B. ARO. C. FRO cells.

1]

i

AR A|EFQ] FROE PPAR-62] Aeld 2214190
GW501516°1] 2314 20 uM o]/d<] FiollA Al Aol
A= AL, AlE£e] o] e} Hsgol AAlES ]It skA]
ah, FAE AlEF NPASE v}t AlEF<] ARO+= 10
M A= T U2 wiellA] Al A gl As5el A=A
th &, GW501516< qFel K18, 355, Kol& AT = 2
= 7FsAE HA, a2 Aake A4S AlEFelAE o
AA vebstel ol3t a7ke] Xlol= PPAR-69] H3E thil
(ANGPTL-4) ai=ke] Fei#]l Xolof fado] oo
olsigirk. wdh, PPAR-Goll <3t Al =l M4
ANGPTL-49] s Z7}e} MCP-12]
R 7FsAE ARSI

PPAR-§9] 2IZt= A8 AlZ9] e =l =
=o] vkar A Qo] Badd, vk AT 59
A3} fedgo] A=l glom, kol Al Zlsfell = o
gro| 9= AeE d#A 9IrH6~8,11]. PPAR-62] SolF
ol 2314191 GW501516- phenoxyacetic 40| -G-SA|= ZF
BldlEe] gt A iAol dEE FAAE =43
© e oduA JrH19]. qrel Ak Zlegel] QloiA]
PPAR-59] 3ol tsliAl= o}F] W&t Aol gl Al
oAk, B-catenin/Tef-4 &5 7frsted APC F47ke] A
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o= dHA Qlrh16,20]. 9] 3t A7 A€ VEGF
7dZ9} PPAR-67F ZAE QAdEle] Qrkes Hak gl
PPAR-G= 49| %18z} Holol] gloiA] Fagt oghs & 7
o7 AZws rh21]. AN, 7 who] QA vkt
ddol] QoA PPAR-67} ko] A FXleleA] e
AAsl=Alell thal] =5ke] o347} 9hrH15,16,20,21]. PPAR-
6] A A7dol] thigk A3k thE Qlol] tigt edollA] 4]
AlEZe] Zt QA7 Al wiE) ekt ZArks Hola 9jck
fraeh, Al wesl AlZollA= e FX13= 1
37} 4313,17] =]k, 7L, sl FAE AlZellA= A
e AR Al 9Iehs,14,18,22]. - ATl E &
AZ AEF20 NPAS) TR} AlZF2] AROCIA = PPAR-
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E 7= PPAR-69}F 34l oF AlEFe] At Z1egate
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Tk} 72o] PPAR-69] EAd3lel| 2JsllA ANGPTL-49] ¥l
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S} BolHE Z7E]o] Qgo] gl ofF] 71He| Wt
SIAE AN Fke] "3t Aol JolA] Fodt AT
sk ZloF dEA Qrh30~33]. & Qd7llAE MCP-19]
ot ok A E AFA A9 BHo) s THsAE
AAsl oM, PPAR-69] 24331 MCP-19] W&lE 7h4
A7IE A #ERIF F ek o= ol GW501516 B
PPAR-§ 24J3toll tigt olollA] MCP-10] A=l 2zt
H|5=gt A3E B 9lrH34,35]. ANGPTL-4%} MCP-1-2 9k
o] Fs5Aoll ddk=le] e AR diA 9lom, B
oA GW501516 Fke] A4 A9} tlsolA] ¢ A2

[o2

AL gF olEH o7 AAllg). weba 3R <F A
E9] Rz} H<454dol ANGPTL-49} MCP-19] ogo] 8
g 710 F Holi, 1 7|l thgt 71A”] At B edh
AOFE Helk

B odollA= PPAR-S WH&lo] pkQkA|uE ANGPTL-49]
ks

o] AU FHASE AT FROoIA AIES] A7) A
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7 ANGPTL-49] #Ho] B3I NPA, ARO AlEFolA=
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O17HHA:  Peroxisome proliferators-activated receptor
delta (PPAR-§)& thAMY A3Hrent ofe} qhe] Hhaioll e
Fa3k gk ol 2zke A3 ARARIAlelek SAIE,
oke] YT Ay 3AollA PPAR-§ B|7=r} A|Ee] Al
+ dAlsleA] B XAl tisiA o2 wEksE e
o] gltl B odFre] L pPAR-69] Azl 21419
GW501616% o|-83lo] A ATl Azt sl
%] Jek#} angiopoetin-like protein-4 (ANGPTL-4)2}
monocyte chemotactic protein-1 (MCP-1)3} 2+ ¥4 &
kel whdlol] wix|= dgks gRls= Zlolch

i w23} 249 AlESQ] FROSE SAE AESI
NPA Z2]x gl AlEFQ] AROCIA GW501516S
glslo] AEe] Azt Aol niX= diks F]Issich
AIFES] AL 53 FA71E o83 whamkg o2 Aegst
slo] ZA8I90L, PPAR-69F 1 4] Q1 ANGPTL4
9} MCP-19] W32 A4 a4 dsibeS o] 8sio]
sRlsisick AlES] HFAS AEAFA 34 J|ES o0&
slo] ZAsick

20k GW5015162 FAEL] AAS F5 oEXog o
AsIA3, 714 PPAR-69] Walo] Bl ANGPTL-49] 2l
o] A FRO AEFollAell u]slia] ANGPTL-42] 2&io]
BT NPAS ARO AlEFoAE 1 &3t ©] Zlok
GW501516 5ol o|EHoF ANGPTL49| W&lE &
7HAZ0m, MCP-12] Wl 74w dek GW50151601] 9
g AIZ HFA Al mn gk 22 ks Holck

AZE: GW50151601 2]gF PPAR-62] EASH= dxll2e]
AR S dARII o QY ATl A
Aoz 1 #IPL Ak oli= PPAR-6S HiE whiQ
ANGPTL-4 &l=ke] Azl Xlole} o] gL
PPAR-60l| oJ3k A7 3l X554 &A= ANGPTL-49]
7kt #zo] AUk FF PPAR-69] EAI3E
ANGPTL-4 Z7}7} oke] Rdla} Holol] u]x]= 71%6] of
F7HR1 A7t e Zlolch
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