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It is noted that chalcone derivatives have characteristic
diverse pharmacological properties, and that precise
evidence has been growing that they could regulate a tumor
necrosis factor-o (TNF-0) induced insulin resistance. The
purpose of the present investigation is to elucidate the effects
of the identified chalcone derivatives on adipogenesis, and to
find the underlying mechanism of action in that case.
Consequently, we first investigated whether the chalcone
derivatives could affect the identified PPARy-induced
transcriptional activity on the proliferator-activated receptor
response elements (PPRE) at target promoters, and find that
trans-chalcone most significantly increased the PPARy
-induced transcriptional activity. Additionally, we confirmed
that there were up-regulatory effects of trams-chalcone
during the adipogenesis and lipid accumulation, and on the
mRNA of adipogenic factors in 3T3-L1 cells. Next, we
examined the effect of frans-chalcone on the inhibition
induced by TNF-a on adipogenesis. To that end, we noted
that the treatment with frans-chalcone attenuated the effect of
TNF-0 mediated secretion of various adipokines that are
involved in insulin sensitivity. For this reason, we noted that
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this study clearly demonstrates that trans-chalcone enhanced
adipogenesis, in part, by its potent effect on PPARy
activation and by its reverse effect on TNF-o.
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wH ] el = STh8-10]. HIRE AEjelA = tumor
necrosis factor-a (TNF-a), interleukin-6 (IL-6), plasminogen
activator inhibitor-1 (PAI-1), monocyte chemotactic protein-1
(MCP-1)E H|F3F tokst adipokine5©] A W22 o A]
= EdEo] dEd AEES F7HAIITHI R
Peroxisome proliferator-activated receptor (PPAR) yi= A%
AL skl 9lo] 71 S st HARIARZAN A}
H FAzE gy AAUALE 2dshe osks St
thiazolidinedione |2 +%=4Q] rosiglitazone, pioglitazone,
troglitazone 2} 72> PPARy 2}-8-#:= adiponectins A§Aks}k
= AAIEY] E3tE FUA7]A Rled S Al
k= TNF-q, IL-69} UHE adipokine52 ¢JAlsto] Ty
A gA| 2 AREEO] $ITH12-14]. Rosiglitazone 19991
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Fig. 1. Structure of chalcone derivatives and effect of trans-chalcone on PPARY induced transcriptional activity. (A) chalcone,
trans-chalcone (TC), 4-methoxychalcone (4-MC), hesperidin-methyl chalcone (HMC), and 2-hydroxychalcone (2-HC). (B) 3T3-L1
cells were transfected with the PPRE-Luc reporter alone, or with PPARY. After 24 h of transfection, the cells were cultured with
vehicle (DMSO), 5 uM of rosiglitazone (Rosi), trans-chalcone (TC), 4-methoxychalcone (4-MC), hesperidin-methyl chalcone
(HMC), or hydroxychalcone (2-HC) for 12 h. (C) 3T3-L1 cells were transfected with the PPRE-Luc reporter alone or with PPARY.
After 24 h of transfection, the cells were cultured with vehicle (DMSO), 1 and 5 uM of rosiglitazone (Rosi), or 0.2, 1, and 5 uM of
trans-chalcone (TC) for 12 h, respectively. Luciferase activity was measured after 36 h. The bars represent the mean £ SEM. *P <

0.05, **P < 0.01 compared to PPARY transfected group, n = 3.
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A Z vl F} A A 2 L3 =

Aol Freist ARAPGAERJ] 3T3-L12 37°C, 5%
cO2 374 10% bovine calf serum (BCS)®t 1%
antibiotic-antimycoticZ A3 A1 7} 37} Dulbecco’s modified
Eagle’s medium (DMEM)ol|A] wijelstSich XA 73}
FEE 93 0.5 mM 3-isobutyl-1-methylxanthine, 1 pM
dexamethasone, and 10 pg/mL insulin (MDI)2] &3&+z0] A}
SH Tk 3T3-L1 AEZE 24-well Z|0]EofA] o] 51 A
3E7F 7V wrbA| HHOO]:S}_M:]I AIE wleF WA= 10%
fetal bovine serum (FBS)$} MDI7} 5919l DMEM O 2
WA S H o] E3F trans-chalcones A 2| $H A3} 2] 5HA]
2 Zlow o wiekeith (0). ¥l Yy 10%
FBS$} 10 pg/mL insulin®] 3% DMEM= wAskl &
Al trans-chalcones A 2] gt A7} A 2lekA] & Z1 o =2 1
¥ owjekstath ). 28a 2wtk wiAE wAlsta

A el U W7 AZE ML 5] #7109

39} Aok

C/EBPB @A (04-1153, Upstate Biotechnologies, Lake
Placid, NY, USA), PPARy &3] (MAB3872, Chemicon
International Inc., Temecula, CA, USA), HA &A|(12CAS,
Roche Applied Science, Basel, Switzerland), a-tubulin 23]
(sc-53646, Santa Cruz Biotechnology, Dallas, TX, USA)7}
AFEESITE Insulin @ (12643), dexamethasone  (D4902),
3-isobutyl-1-methylxanthine (I5879), rosiglitazone (R2408),
trans-chalcone (TC, 136123), 4-methoxychalcone (4-MC,
S456748), hesperidin-methyl chalcone (HMC, H5006):
Sigma-Aldrich (St. Louis, MO, USA)ollA &}l 0w,
TNF-a (GF027, recombinant mouse protein)<> Merck Millipore
(Darmstadt, Germany)°ll~] -u}5}1 T} Rosiglitazone, trans
-chalcone, 4-methoxychalcone, hesperidin-methyl chalcone,
2-hydroxychalcone < DMSOE SvlZ d}o] ARE-8FI AL
INF-at B S50l %ol AHgalirh LE g
A ST 0.1%2] DMSOE AH&-aF3ith

YAH FRAFYH SFE4 T4
AAA FAFYS 984 polyethyleneimine  (PEI;
Polysciences, Warrington, PA, USA)E ©|&3}o] Z} welld
0.5 ng®l DNA7} ARE-E| STt ) DNA‘*% & vector©]|
o] FTUsA Rk 3T3-L1 ME= 24-well plates
of AT 7 2 x 10%ells/welle] =2 wjFaF L

M= CMV  promoter-driven  [3- galactosidase reporter
(pCMV-B-gal), luciferase reporter®} ¥EA|E ZehAn|=9]
Fgow FAFYSALL, 24AF FHell BAE Aok
Agstdcy. @A F4s7] 913l Luciferase Reporter
Assay kit (Promega)E AFE-3F O BE A2 A 719
A5 AE} Al A o ool At

Oil red O YA

of 8ol Aupar AYAxe E37h e, w3kd
3T3-L1A|3ZE phosphate-buffered saline (PBS)= + H Al
A3t 10% formaling ©]-835F0] 30iE<t AES 1174
A1Z1 % oil red O (0.5% oil red O, 6:4 isopropanol:water)
AlokS o] g-ato] 30 T3t Aol FAR ThA] 3w
PBSE A|H g 5 &7] Foll AlEE A A% Al7]AL &
nAgoz ANE HES A g; ZoJslt) g AE

= isopropanol®l] FA|7]11, HFH O Z XA S
THGEAE o] &3t 530 nmo] M FHEE F
& S st}

mRNA #3 24
74l RNAT RNAiso Plus Total RNA extraction reagent
(Takara)E ©]-&-3l =5t} Oligo (dT) primers®} reverse

Table 1. Sequences of primers used for PCR

Gene Primer sequence (5°—3”)

(F) 5°-CCC AGG ACA TCC TGG CCA CAA-3’

(R) 5°-CCT TCA GCT CCT GTC ATT CCA-3’

(F) 5-CAC CGC AGA CGA CAG GAA G-3

(R) 5°-GCA CCT GCA CCA GGG C-3’

(F) 5-GCT ATG CAG ATG GCT GTC TCT CCC
AG-3’

(R) 5’-GCA GCGCTGTTT ACATTC CTC CCA
GG-3’

(F) 5-TCA ACA CGG CCT TCA CTG-3’

(R) 5-CAC GAT GCT CAG ATA GGA CAT C-3’

(F) 5-GTA ACT TCA TTG TCG GCA TGG-3’

(R) 5-AGC TGA GAT CTG GTC AAA CG-3’

(F) 5-GCC CTT TGG TGA CTT TAT GGA-3’

(R) 5-GCA GCA GGT TGT CTT GGA TG-3’

(F)5'-GCT ACC AAA CTG GAT ATA ATC AGG
A-3

(R) 5-CCA GGT AGC TAT GGT ACT CCA
GAA-3’

(F)5-AGG ATC GAG GTA AAC GAG AGC-3’

(R) 5-GCG GGC TGA GAT GAC AAA-3’

(F) 5'-AGG TCG GTG TGA ACG GAT TTG-3’

(R) 5'-GGG GTC GTT GAT GGC AAC A-3’
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transcriptase (Promega)i= cDNAE $4J3817] 18l AR5
ST} adiponectin, aP2, FAS, GluT1, GluT4, PPARy, IL-6,
PAI-1, MCP-12] mRNA®#-2 SYBR Premix Ex Taq kit
(TaKaRa Bio, Japan)?} CFX96 real-time PCR System= ©]
fato] AR S aAA S (real-time PCR)E 573t
STl PCR mixT theol &% xe weh S5HE Stk
95 °C, 30=; 40 cycles (95 °C, 5=x; 60 °C, 30 =). GAPDH
(Glyceraldehyde 3-phosphate dehydrogenase)i= ¥7d3sHA]
& ¥ <=/ 2K housekeeping gene)= UFE F-714}9]
WS Aars) shr] Sl AREESITE PCRO AFE-SF 2
Zlo]w DL Table 1] EAH o] Qirh

A2

A= b + B EF A2 YERLh e
Sigma plot L% 1315 o]&3lo] M7 T 157 A
A Fo4d& Trdn] w4 =, two-tailed unpaired Student’s
t-test of the meansE ©]-&-5}31 1L T H] W o4 +=, one-way
analysis of variance (ANOVA) with the Bonferroni post hoc
test= O] &skATE A FAd2 p <0052 77 =S
o, BE A 3xk 9] v A3 Fal 1ok
1zl dEARl AvE Rl gk

4 1}

trans—chalcone- PPARy®l 9% AAZA S o)L 5
7HA =

chalconefr=4152] PPARy®l =¥ AApE/d o w|A]
= 82%E dolry] ¢ PPARy7F A5t PPRE 22
BHE olgsto] APS XYGUrh 3T3-L1 AlEe
PPRE-Luc®} PPARyE YAAC® FAFS AF H,
rosiglitazone S H] X8k thFSt chalconefr ©AIE 2F 124]
b 59 A8kt trans-chalcone, 4-methoxychalcone,
2-hydroxychalcone £} < chalcone-+ == PPARy®l 23]
T AAAE ST s a5 Bt 1 F
of| = trans-chalcone®] 7Fg 53 §52 W3t} (Fig
IB). 712 vkt 5% A $]ollA mrans-chalcone®] &5
gl A3 rosiglitazone?} H] W 5}o] Sh F oA
ot a5S Bt (Fig 10). 855 Y= 528
QoA trans-chalcone 2]3F 27213t AL 5442 ERR|
STt (data not shown). Wb 7 #& E5s HSl
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Fig. 2. Effect of trans-chalcone on differentiation of 3T3-L1
preadipocytes. (A) Preadipocyte 3T3-L1 cells were differentiated
using standard differentiation hormones with vehicle (DMSO) or
increasing amounts of trans-chalcone (1 and 5 uM). After 8 days
of differentiation, lipid accumulation was detected by oil red O
staining. (B) Quantification of lipid content in transfected 3T3-L1
cells after adipogenic differentiation. The bars represent the mean
+ SEM. *P < 0.05, **P < 0.01 compared to the vehicle group;
Mann—Whitney U-test, n = 3.

F7t2 gels] Hokth 3T3-L1I ARALAIEE trans-
chalconeE A28k &2 213} sk Aoz 14y
£ Fall AAE ek fEs F v 24E A
3HtE A AL 4 AEE oil red O GAHS &
FTHOE FHEE B3l Ity AFE Sl &l
2 A AAEe] B3} A%} trans-chalcone®] ]3|
TR EA R bk ke Witk (Fig 2). o2
trans-chalcone”} 3T3-L1 A|E2] A HAE £35S A
o7 A= AS on|sith

trans—chalcone< A WAl Z £-3}314 F<F adipogenic
A BEE ZAA 7o

APGAE w5hE vhFet RIS} A ARl A
A= SolAl izl wde & fr1How =4
Y= dgoltt [18]. whebA AgAIE 23F gl T2
SHA| 2 8k= Q1A=<1 PPARY, fatty acid binding protein
(aP2), fatty acid synthase (FAS), adiponectin, glucose
transporter type 1 (GIuT1), glucose transporter type 4 (GluT
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Fig. 3. Effect of trans-chalcone on gene expression involved in adipogenesis. Post-confluent 3T3-L1 preadipocytes were cultured
with vehicle (DMSO) or trans-chalcone (1 uM) for 8 days, and then quantitative real-time PCR was performed for the indicated
genes. Expression of each gene was normalized to that of GAPDH. Data are expressed as a ratio relative to the DMSO treatment
group (vehicle). *P <0.05, **P < 0.01 compared to the vehicle group, n = 3.
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on TNF-a induced MCP-1 and IL-6 mRNA expression. Preadipocyte 3T3-L1 cells were
differentiated using standard differentiation hormones with TNF-a (5 ng/mL) along with vehicle (DMSO), trans-chalcone (1 uM), or
rosiglitazone (5 uM). After 8 days of differentiation, the expression level of indicated genes was measured by real-time PCR. The
bars represent the mean + SEM. *P < 0.05 compared to the vehicle group, “P < 0.05, P < 0.01 compared to TNF-a treated group;
ANOV A-Bonferroni post hoc test, n = 3.
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ol sht=E, AAE EekE A eR 2dshs At
2 ARE G AP AN = Bl sloE & g
A QITH19). 53] TNF-at ot 95 =l adipokine
1 IL-6, PAI-1, MCP-19] & Z7FA17]1 3L, HIRE Fefol]
e dEgds §3 239 uptakes AT ZoE
a4 AtH20]. ©loll th3t mrans-chalcone®] & IHE &2l
3l ¥ A}, rrans-chalconet= TNF-a°l &3l <7}% MCP-1
7} IL-62] mRNA 23S 7HAAFY) (Fig. 4). o2 A3}
5 trans-chalcone”} TNF-aol] &t G35 AT 024
AkAaEe] sl Yy A AR ddle] JEks
Rt s omsitt

-

2 A= chalcone-f- =4 7) 3T3-L1 A4 adiponectin
ol S TVt 7€ ATE 7R E Sltt
[21]. 7}, chalconefr=A4& TNF-aol| o8 =¥ &
A= Ak AsiAl=A 2Hg-s1w[22,23], ESITNF-a9]
P Tk A2d e B 7S AWS 2
the 78 7Ibe® siglui24]. b & Axbe
chalconefr == AWA|EZ 39} dde 4] 2d
9 A4S @3kl TNF-aoll o3l wizie Qlaed A3d
7t YFs = 7 s Aolgkal 7HdEit

Aels B JE] 2 A}, trans-chalconer= 3T3-LI
AVA YA ZE o] &3t AA|ES] 3} HFS HAREH
S7/M71E e Btk 53] AMAxE #3te] 7P
Z 2ok AARIALE 4# % PPARyY o3l - dAAE
S Yy S7F 21, adiponectin®] L3S =
o= IAN7I= dyE HSITh PPARyS BITE
thiazolidinediones 4|2 ©] k=52 PPARYS] HAMEA]
S7HAZ71 XA dixbel B fFAxEe] 2Es =
Frowm A 249 Vs FEAITH25]. T
=2 ¥ (luciferase reporter gene assays)°l| A trans-chalconei=
PPARY response elements (PPRE)E X8H3F X 2 HE{o] U
&ll, PPARyell o3l =¥ AAEHdS S7HAET (Fig
1B). theFet ZwhA| 2 Fsldsd -4} Soll A4 adiponectin
o] W3S PPARye 98l A ¥ =d, adiponectinf- Ak
o] ZrREJe| EAsH= PPREC PPARy7F A4 Agt
3] adiponectin®] WS A 3HCH26). trans-chalcone®ll
ol mRNAS] TdS gRls) # Ay} verst Fdxt F
o)A adiponectin®] o] 7P & FFEOE TSI
© ™ (Fig. 3), °]1A< trans-chalcone®] 2]3+ PPARyS] A}
24 5719l PPARyOl 2J3t adiponectin®] W 24 34
o] 7Aooz AAE o] vERd Ayt BzhET)

N ox of

ol
© b o 2 4

tFeF3t chalcone- =4 5ol A trans-chalcone= ThE 1
A vlasid 7P e AgAE 23 25
PPARy A} &4 F71eS HSIT}E 4-methoxychalcone,
2-hydroxychalcone®] 3}8} %+ trans-chalcone®| Z}7};
methoxy, hydroxy”} A3l Zlo|t}. o] 7 prans-chalcone
of Agt¥l FH ] Z7]7} PPARyel thdh AAL 48 @
5l A= Ao E PWkETh FESE hesperidin methyl
chalcone®l| 2]t &¥7} w9~ A Yeh = 10w Hop
717 & )= el o R e A4S U "oty =
Aoz HQlt}

TNF-ai= AHA 2] thAby st A4l =
AL 32E AT A, AAFA] T oheFst Bl
ol ath27]. AW 2AWE TNF-ao] 3 F7k= v]vh
I A A2E ] Iy 21 Aol st
A A Ath28). led AR F7ksh S TNF-ae
o] S7hE A o] 2 thA] theFst adipokine 2]
ol JFE wAA "l E ATAME rans-
chalcone”} TNF-a©l| 23] 5718+ MCP-13} IL-62] mRNA
S a AT (Fig 4). T3 Gt X 3AZ AR
o] k9 rosiglitazone?} H] W3} frans-chalcone H]S:
stAY 58 Ga5S Huth olgst Adee nans-
chalcone”} Q&% AP} #A-HEo] e otd
adipkine®] ]9} TS 24T 4 Qlom, g A5
A2 IPLe] 7FsAde] ke A oJw] gt

B AFE E3&, mrans-chalcone:= A|WAE 3} A

o

==

"
7% 21Q1 PPARY, FAS, aP2, adiponectin®] &S S7}A]
AowM 3T3-L1 AMAPGAES] ALAER F31=
s = RS g1k} B3t rrans-chalcone™= PPAR
yoll &l freses A 848 g9y S7H71+ &5
= HSom, TNF-aol 9J& fFXxe Qlad A
T-E MCP-1, IL-69] S TAaAZTh oo d3t=
5P, frans-chalcone= T s B)F3 A A3k
AWy X5 g HuE /Nt 7ol e ou|git
=& olol= gt AMAISH trans-chalcone?} ¥l 2 $koj
tisk Ba), ok, WashA el Fr1AQl Ay o] I
Qsk 7107 HQIY
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