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SUMMARY
(FELHE)

Obesity is a major health problem and it also closely associated with metabolic
disorders. Adipogenesis was defined as a differentiation process of preadipocyte into
the adipocytes. Thus, to control of adipogenesis can be one of the most important
strategies to prevent obesity. Selenium has been reported to possess potent
antioxidant and pro—apoptotic properties. However, the precise biological role of
selenium for prevention of obesity remains unknown. Here, we showed the potential
role of selenium and its molecular mechanism underlying regulation of adipogenesis of
3T3-L1 cells. We found that selenate dose—dependently inhibited adipogenesis,
accompanied by reduced level of adipogenic marker genes, such as PPARy and fatty
acid synthase (FAS). This anti—adipogenic function of selenate was limited to the early
phase of adipogenesis. Interestingly, selenate pretreated preadipocytes also displayed
impaired adipogenesis, suggesting a role of selenate in fate determination of
preadipocytes. To obtain further mechanistic insight into selenate’s anti—adipogenic
function, we then tested the effects of various kinase inhibitors such as SB431542 (a
TGF-b receptor), SP600125 (a JNK), and LY294002 (a PI3K), on adipogenesis of
selenate—treated preadipocytes. Among these inhibitors, SB431542 completely restored
selenate—inhibited adipogenesis. Moreover, selenate treated 3T3-L1 cells exhibited a
dose—-dependent expression of genes involved in TGF-b signaling. Selenate was able
to induce expression of TGF-b downstream genes in preadipocytes to a similar extent
of recombinant TGF-b protein. These results implicate that the inhibitory action of
selenate 1s strongly linked to the TGF-bl activation both in undifferentiated
preadipocytes and the early phase of adipogenesis. We further investigated the
anti—obese function of selenate /n vivo mouse model and TGF-beta also closely linked
to the antiadipogenic role and function of selenate in vivo. Taken together, our results
reveal a novel function of selenate in adipogenesis. This preventive and inhibitory role
in adipogenesis appears to be specific to selenate, which is generally considered to
have the least cancer preventive function among other forms of selenium. Since
TGF-b is a multipotent cytokine affecting on a wide range of cellular processes,
including inhibition of adipogenesis, our study also elucidates selenate as a new

inorganic dietary activator of TGF-b signaling.
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72| d= | dvAwy 2x AFAEE g
B TGF-B A3 AZoA A v olE EA molecule T4
O TGF-B AZAHAGANAE T3 Aeveo|Eel gnjgt &4 ElA
molecules ©A317] Y3te] TGF-B Az d2dd Fdx &
gy wAsrEe BT
TGFB Asdg 27 | TGFB AzAZ F7] | TGFB A&EAZ 7
O TGF-B1, -B2, -B3 . .
OSmad2, Smad3, OFibronectin
O TGF-B receptor 1,
Smad4 O Collgenase
receptor 2, receptor 3
W AHvoES Furt Z&7A 71
O Recombinant TGF-BE o] &3&lo] TGF-B 24543 Aol &9}
TGF B A5 028 E
st Adgvo]Ee] gn|nt O TGF-B AEZHGAAE Tt Adgvo]EL] Z8o] EFAl moleculel
87 A 49 o) gt AR FA3s7] A3kl Al moleculed shRNAZ
knockdown A7l Bd& o] &3] A moleculeS T+ 38k
N AGAA T
a7 944
O FHA FdFE £4
1 . Reverse transcriptase PCR (RT-PCR), Quantitative PCR (qgPCR)
2012 O wuld wAFE B4
2
I _ : Western blot (WB), Immunofluorescence staining (IF)
9 O Recombinant protein assay
= 2013 O Oil Red O (ORO) &%
O Lentiviral short hairpin RNA (shRNA)
: shRNA 7]£2 7|E 7 &85 gom FHEd 82 5.
B /2 vivo P52 BN AgolE 237 Eo|lF ALHPrt
0 zAol wpe AejuelEe] FE& kolur] Aol in vivo B2
wald A AP Aevlo]E ATRe] & A (35, 24
W A, Bagk A, 74 8, A, 9 aEa 23S A
=3t TGF-B Alzdg 34 2 dide] ddggs #4358
B In vivo vul§-2 R A AdolES duvt EAF 7}
In vivo P1e s wee A | O AelilelEel Gulwk 24e @AG] fehel AF7 Asvlole
Aol = e s ATRel 3 A%F D AgzAe] wes el Az oA
5143 9 7} adipogenesis T# HAFSI A} marker A 2 @uwld AFHF=ES
2A Y.
a7 944
O Az FdAFF 74
RT-PCR, gPCR
O ©d idpE 74
: Western blot, Immunohistochemistry (IHC, %2~ %)
0 A%, Az WaE =4

. FAAA
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AR 204
M1 | M2 | M3 |M4 | M5 | M6 | M7 | M8 | M9 |M10|M11|M12

TGF-B M S HEH| A .
ElZ molecule?| EHA I

124

Antibody nutralization %
recombinant protein assay& £3} 451!
E}2 molecule2| &0l

|Li=

In vivo O} 2 A THOM
AU ol EL =% £E0|X BE H7}
(Bioavailability)

In vivo 02 A 2 El0f| A
Ay yjo|Eo| gH|Tt 2] Hrt

o d7Z23% 2 W
ATAY 1% 6B, 6C, 9A, 9B, 10A, 112 HAJTLE B w&3
BBRC 426: 551-557(2012)0] A= &< Wy,

Ny
_V:]‘
o
)
o0
N
&
rir

1) 3T3-L1 AARARE mA= Ahdw AEFA

O 7]& AFolA =2 AYTHS Bl Al 7HA Fee AYwE, Fr18e AudelE,
Ao, 28]a f71de mMadygdi (MSA)e] 2 Agd o o] &EHAS. o2 FE9
(0, 1, 10, 25, 50 L& 100 uM)e] Aol E  Ado]E 18]l MSAE 3T3-L1 dA%
AL 24A17F A3 Az Aol EE 100 uM ©]3te] oA oudt AT5AE 1o
edgrot AyyolExE 20 pM ool A MSAE 5 uM ool A dAF ATEAHS e
(dlle]El Aep).

P A gk @ 7E ¢ APl wuE Ast A= Aow Ao ES A9
st A yolE 9 MSA+ A3t MysdS fFEsidorn o Ays Adue o wet o
gk dumdoa Aejggo zols YEtd = ASS oud @ o]F AFolAME Al

SR E ]

oo X,

o

|

2) Addo]E7} 3T3-L1 Al¥ 9 adipogenesis®] U X += 93
O 3T3-L1 AA A EE adipogenic  cocktail (dexamethasone, 1-methyl

3-isobutylxanthine, and insulin, DMD)® #3}= # =34 1, 10, 25 50, 223 100 pM 2
Aol EE 63 A3 s (28 6A). B3+% 644, Oil Red O (ORO) Moo=
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sy Algyo]E9l adipogenesis A FAHS =A% Ay T oFEX O R adipogenesisE
A on 53 50 uMe] AuvlelEE AAPAE FFEO2 3T3-L1S) #iE AAdAE
(1

# 6B, 6C). L3 3 FARRE Aol VA=A dotrr] fs) 2L s sulfates
Juwo® Aldd A3t sulfates 3T3-L1¢] 3ol op-dd Ja&Fs vAA 3t= (Holy A=),

A vl o] E7} adipogenesiSOﬂH T 23HA #HEshs AARIAe vAl= dFS LotET] 95t

T

—~

%7 ABHAAS FE3+= C/EBPB dAIAS] ¥w&dS RT-PCR=Z 43 A3 C/EBPR
e v oEdorn AgAA oM HAWAME marker FAA Pref-1 (Preadipocyte

factor-1; Delta-like protein 1, DIkl ¢]gtx% E7)2] W&S X EHEA S, T3 7] A9] hxs
HAFel=el PPARy, C/EBPa$} 37134 9] marker 7 2F¢l FAS (fatty acid synthase)?
TS AAS NS (L™ 6D).

P Az 99 O 3T3-L1 M*2 adipogenesis GAE E3sled AU oE
agent=AX e 7bedS AT FAl o] FAREE] oF F3Ut ofd S #E @ A
Hol]E+= A9l adipogenesis A fF=o 238 283t AARIAES] (C/EBPB, PPARY,
C/EBPq, 123l FAS) &d S A8t 5.

[o

(A) xil

Selenate treatment

i%?ﬁar'-
ST

A le/ 10 uM

dayolE
I — L i 1 1 1 1
Day -2 -1 0 1 2 3 4 5 6 o ]
A A ¥ .
Confluency  DMI ORO 25 pM 50 pM 100 pMm
Gene expression
(D)
(c) DO D6
c 100 3 Selenate (uM): L1} 0 25 50
- - . Pref-1
® O 80-
=2 C/EBPp
E & 60 A
Q PPAR;
30 ; '
g6 40 FAS
TR
o~ 201 . p-actin
=
0 - . T v Pref-1 : Preadipocyte factor-1
0 10 20 30 40 50 C/EBPp : CCAAT/enhancer binding protein p
PPARYy : Peroxisome proliferator-activated receptor y
Selenate (M) FAS : Fatty acid synthase

a3 6. AYolE A&7} 3T3-L1 Al X9 adipogenesis ¥ # & AAIQIA}| v X &= gk

3) Adipogenesis 27|94 A Eo]Z <l AU olES ZF &

O Adipogenesis™= %7], %7, gl $7] 3dAe HHo=z FiEH. AYuolETV}
adipogenesis o= Ao Eojx o g #&3=R LolH 7] 9ste] AP 7|HS dElste] A¥
SR (17 5A). 1 A Aol Ex Z7|WA (e 4, 5, 6, 18]aL 7H)NA 7 ZFE A

adipogenesisE A &AS (¥ 7B). T3 50 pM A UolE A7 293 adipogenic & A}S]
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¢l C/EBPB, PPARy, C/EBPa¢t AWAE Eold Z =89 leptine Hd FF=&
quantitative PCR (qPCR)Z #4138t A3} A vo]E= PPARy, C/EBPa, 18] 3 leptin®] Wd S
AAA FaAHS (27" 70).

p A7 gk @O AP olEE adipogenesis 27| GHAl0] EojFow ZREHE HOoR
A7t @ AYdlo]Ex 939 adipogenesis Aol F23HA ZHE3st= HAIAE (PPARYy,

C/EBPa) ¥ AWAEX 5Eold T2 leptin®] HdE JAAS.

(A) Selenate treatment (B) - © |
T 1 g - Preadipocyte
1 Preadipocyte § 204 [ Non-treated (Day2)
; DMI (Adipocyte, control) g. B selenate 50uM (Day2)
<
4 a "
" @
5 5 10
6 —4 -5 6 ©
7 >
8 B
9 2
10 0
11 C/EBPf PPARy C/EBPu Leptin
12
1 1 1 1 1 1 ]
DAY i 1 2 3 4 5
DMI =71 =71 =7|

a3 7. Adipogenesis @AY we A 7HS €3
A Y o] E7} adipogenesis®l "X & 4.

4) Agdve] EZ} C3HI0OT1/2 Al¥ 9] adipogenesis®l v X+ 93

O ¥ 79 Ao uwg} A dlo]EZ} adipogenesis X 7)o ZFg&3lo] oA 3t= AE
S T d=. ek C3HI0T1/2 MEE o] &3t adipocyte® 35 % stHA] day -1
oA day 07FA 24A1%F st AEdlo]ES A s+ &3k = 694, Oil Red O (ORO)
dAamog FrWl Ay olES adipogenesis JA XS A Ay TR oEHoOR
adipogenesisE& A5t o 53] 50 uMe] A ulolE= 80%9l 7F7F2 adipogenesis S A &
W= Yetdle (238 8A, 8B). T3+ adipogenesisoll L&A #g= HAAFSIAC]l PPARy 9}
C/EBPB 9] % oj&EHq oz AAaAFHS (29 80).

P Ao gof @O AYuolEx 3T3-11 M 9 C3HIOTL/2 M9 adipogenesisE &
Aoz AAFoEAN ¢ IR AR TheAS HY. @ AYvclEs dH9

adipogenesis 4 ol T 8A &= AARIAES] HHS g3H o T A5
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C Adipocytes
Se (uM)
Pre Cirl 10 25 50

B C/EBPB

120 - —
ﬁ . _

IIIJJ

Control 1
Concentratmn (uM)

- =] @
=] o o

Lipid Accumulation
(% of Control)
%]
=]

(=]

a3 8. A olE A7t C3HI0T1/2 A X9 adipogenesis ® ##H AHAFQIA Y m X &=
3 &,

5) AlzAGAA 232d& ¥ inhibitor assay

O AYUelE7L oju gt A dGAAE &3t adipogenesisE A sh=A] dolr 7] 9fato]
50 pMe] AgdlolEe} dAaty = Al ddA A9 kinase inhibitor (TGF-B receptor inhibitor
- SB431542, JNK inhibitor — SP600125, ERK inhibitor - U0126, PI3K inhibitor - LY294002)
3= A 24A7F A e, 3 6494 ORO FAH O =2 adipogenesis & Al
A3 50 pMe] Ay vlolE A= AAWAE =FO 2 adipogenesisE & A5}
thH] 8% AW=4]), 10 pM SB431542 %+ 10 uM U0126% Ad o] E 9
0%l Aallstdlo (dzx tiv] Zh7; 82%, 85%9] A|W=4S HY) (% 9A, 9B).

p ZAzle ok O Aydle]Ex TGF-B EX ERK RZAHAIAAEZ E3dlo]
adipogenesisE A AE. @ ERK s dGA A= TGF-B 39 ASHGAAA TGE-B Smad
independent A3 AGA At A gz Ay olES Eo]4 adipogenesis Ao 7]

s A9 AEALAAE TGR-BE 43,

N
L

2 et o
o, o
ftlo
ML
1
e

L3
ofo
o
OO —~

o
°
=
BN
=

(8)
(A) 0 Comtest
L . W Sclenate 50uM
P ’5\‘? i 1 .
©1-00 o | &
Selenate (UM)

. O @

0"']'6
o .
g \ /& =) 2N »
50 ) L f )’ _ ;

. . DMSO | sB431542 [sPe00125 | L0126 |LY2094002

TGF-B receptor ERK inhibitor

inhibitor TGF-B receptor ERK inhibitor
inhibitor

o
%,

S
K° )

<.

L

Lipid Accumulation
(% of control)
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a9Y 9. Adipogenesisdl #Hsl= £ AZA DA A S inhibitor (TGF-B receptor,
JNK, ERK, PI3K) A&7} A& volEq] o3| ¢A|¥ adipogenesiso] "] X 3k,

6) A#volE A7} 3T3-L1 AIE9 TGF-B #AA L& WA= FF

O Aulo]E A&7t 3T3-L1 AMxe] oust TGF-Boll FIFS v =4 dolr7] 935+
50 uMel A#MolEE A#d F TGF-B1, -B2, 18 B3¢ Fdx LdAES real time
quantification PCRZ #2438 7 A3 Az vo]E= TGF-Blo] thsle] 5o]42 285 S
stolsl uelba AP dlo]Ex: TGF-B1ES Eojxo® A3 Al#A adipogenesis=

[‘ U

©® A7 (19 10A). © voprt Aevle|Esk TGF-B AEALAAE B3 A7 4 9
=4 elny] slekel B9l AEAD fAR] WHS BAY 7 A3} AdlolEE = o

E£XHo 52 TGF-B Az dEAA FAA2d TGF-B1, TGF-B receptor 2(TGFB-R2), fibronectin
o HdS F7HAIF (29 10B). gk Aydlo]E 50 uMe] €4S recombinant TGF-12}
vl wsk A3 oF 10 ng/mL%] recombinant TGF-B13# A+ &A1 S veld (29 100)

(A) (B)

TGF-p1 TGF-p2 TGF-£3
n i a P Selenate (uM): O 25 50 100

=

o NS

- R -

U. 4
Selenate (M): 0
©
Selenata (SO M) @ - + = = =
h-racom. TGF-B1 (ngiml) :

TGF-81
Fibromectin

Iﬂ_ag-ﬁﬂ | — — S —

a9 10. AdolE A} 3T3-L1 AI£¢] TGF-B1, -2, 22 -p39 #Fda &d
TGF-B 3t Az Ad2AAd vA= FF
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6) sh-TGF-Bl R4S T3 AHUolEY T 13

O sh RNA 7S E3a 3T3-L1 A2 TGF-BE knockdown AlA LS. 71 A3 3T3-L1A|
Xo 50 uMe] AYolEE AHY3IHRS w 7]E3 o] f2l& <2l adipogenesis JAE HQI

HhH sh-TGF-B1 o A= Aol Ee] 2]3t adipogenesis’} WA A &S, o] AL Al
YolE7} TGF-B19 waS %3] adipogenesisE A3t AL SHetsE dyet & 4+ ¢
S (29 11).

(D-1 =~ D0y sh-Confrol sh-TGF-B1

Selenate (50 pny: - + . *
120 - l:l-l:nntrnl
J_ = Zclenate
100 - i

2]
[ ]

=
L}

Lipid Aceumulation
(% of Control)
o
=

%]
[}

" K
sh-Caontrol sh-TGF-§1
¥ 11. sh-TGFB1& &3 A o]EY adipogenesisolA9 & 74

|

7) In vivo v}-%2 Rl Ao A ve]ES FH| T &A

O 457+ C57BL/6 w2 REdo] Al 20](60% fat)E st AU o]EE 1.3
mg/kgl. 2 ZFFogt Ay, Aol Ed &gt fo] Al ATV HHH. EI selenite®
THe FAAME 4FA F9HQA AFTAA7 FHE (29 12A). o] Ay AYYle]EV} in

vitro Al 2A¥8 oy}t jn wwooll A= adipogenesisES ¢ A|dte] HH| vk B34S YEd S

ks b5 e HolTE AR A £d vhgse) AWEAS AZske] TGF-pl 2 3
AusdgAAe fA4 2RL B A3 ArolE ot v AxAe] TGF-B
NEAYAAE B4 AR (17 12B).
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(A) (B)

Body weight (g)

-8-Control
-8-Selenate
10 1 -m-Selenite
0 : : . |
0 1 2 3 4
Time (weeks)

a9 12. T X Ao]lZ HYES FEF vl RdoA AFGUolEV A Fo v XE Hk
8) A volEL ZZ EFo|ld 2L HIt

O 457 C57BL/6 wlg-22 Edo] x|} 2o](60% fat)E fEstal AHUe]lEE 1.3
mg/kgl 2 ATFoe Ay AyuvolEx AWE2Z(WAT; White adipose tissue)ol 5-o]% o

= TGF-Bl1e 2@ S7HAA. Auidioled o3 I5x49 TGF-Bl ¢dS7t= 5 <
T7F 29", o] A¥E= in wivo -2 Edol A A dolEr TGF-B19 2dS =3 A=
e xﬂﬂﬂ}% Ae HolFe Aae.
Muscle WAT Liver Kidney
Selenate:

TGF-p1

ﬁ

a9 13. AF°olE F497} in vivo vt$29 25, AW, 7, AR F23FZ A9 TGF-B1
Gl mxeE I

DAY E FA7} in vivo vt-F29 AWAE 7] vAE FF

O 4% C57BL/6 ©h$-2= ®mllo]l A Ao(60% fans frwsta Avol=Es 13
mg/kgo 2 AFFos & nl9ro] xHFxZAS BEde flow cytometryE Eaf A H
715 AN S, 1 2y AgyolEs 454 v~ AlTS FYHoRE TAAA

WA A7)= dEzata Zolzh e shAIRE Aol Ex dixaty nlalsto] 9

KeN

o
ﬁ )
N -

5 =
~

Xl

X
(o]
)

L=,



(A) (B)
300 - —Control E "
| —Selenate a0
250 4 — Selenite @
| N 120
-3 | ol 100
| @
E 150 ‘ 2wl
= (5]
— 100 - =P
© | o
O s =
Q= - —= . S
0 50 100 150 200 D |
50 . = 0= 2
Cell diameter (um) Control Selenate Selenite

19 14. Ao, AYYolE Fo7t vl (WAL A7) wA= FF

10) A lo]lE Fo7} w2 Az Z o TGF-betal &d °ﬂ v = A

O 457+ C57BL/6 v mdllo] 1w 20](60% fat)S Gt A ulo]EE 1.3 mg/ke
o7 AR T upgro AWz B3t TGF-betal, TGF-beta receptor2(TGF-j3
R2), 2¥]aL fibronectin® mRNA @S A3 A AeupolE FofitolA fibronectin® &
ol T7FstAA R, TGF-B1 ¥ TGF-BR29] wdeol= W7t gl e. o)A Ay yolEx th
2 ZE2E 59 fibronectin®] AL TI7HAIII= AoR WA o]Rd Wi F=F A7}
TE. o9 gy AguolE Fope uzay uuwse TGF-Bl, TGF-BR2, 1g
fibronectin®] mRNA o] FojH o F7h A& WA F AS. In vitroo] Ao} v}
AR in vivo "2 RdolMix Auo]Ex TGF-beta signaling® Z43E %3

]
adipogenesis& A5t A WEHA ] AR olojx = AoR AdH, (19 15).

Koo

2

TGF-B1

TGF-BR2

Fibronectin

a9 15. AHY ol E, AFUolE Fofr}t npg-2 AA £ TGF-betal, TGF receptor2,
a3 3 fibronecting] 3o v X = o5t
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ZHEAEZ0R0I2] 710i=

771 FaAdTHE SAE (%)
O TGF-B Az A< B4 molecules ©4 (3T3-L1 Al
Zrd) 10
O E}A molecule shRNA knockdowns Z3F E}A 319 2 235 A 100
(FH7 ) g3 (3T3-L1 Alxrd)
O Adge v L7 A 9 (3T3-L1 AlxEH) 100
O In vivo »F-5-2= oA A Ee] Jejd 54437} 80
O In vivo v} RdoA Ay Fe 22 Eoly 28 Hr) 100
O In vivo "}§-2= Rdo|q Ay g sujgt &4 Hr} 100
U R%H ERYAE
SRR RE 2 28 =)
O Recombinant TGF-BE Hlx W%
O Recombinant TGF-BE Hl® X | o2 3l Ay dolEe anvl &
To2 3l AygdelEe vt & | AL HUsk A3, AYuvolE 50 uM 100
AL AdHer g £ I 3 | & 2k 10 ng/mLe recombinant TGF-
Bl fAs &S JEMY (29 10)
_ _ _ O AzALE %7l (TGF-B1, TGF
O %71, 571, 7] TGF-B 2lzdg _ _
) receptor 2), A A 7
ZT AYYol|EV} Boldo=r &3 30
) (fibronectin)S A4 (¥ 10, 1¥
1% o)A B2l moleculed A7 3 12)
O & AFAHRE Yy Fn §38k3]
FastR o, AAMEHAL (B SCI 1
O AFZAI}E &9 SCI =% 17, v | #). 0
SCI =& 13 o] AA=E & O FEHY 2342 dA e SCI &
S| Ao Fa Foll o, AF-7]zte]
199l H& 7etste] s s ojof g
O 2 AFZHNE T 43] @
X ;93% 20124 fﬂ.r Huﬁ.z‘;};;
O QATRNE seuse) 33 ol w | TTAE (012G WTATHE A
o ) FA st&d3 24, 2012\ kAl Eo 130
Fetwes g 5 5
Fstsl A7) st=dis] 171, 20129
st A 3 8ks] A7) shegid] 171)
O B d343E 20129 Wiy En &
313 =) 821 3] o) & Ty oAk
o oﬂ_?@ﬂ'ﬂ %:E 17_] :Q —rﬁ]ﬁ_ﬁﬂﬂoﬂ ‘] :FL"I‘_ O_, 200
Y xHeEw gIANS o4 (VEE
B 27)
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M5 & GRL NI U MIER HE

0 B ATE B Qe Ad: dewel vw A Bd 4TS A% ALY D 9PN
NzUOlER Fa3A A8 Ao ARSI, O tobsl muw o} R AR REA AT =
B8] 75

HE Qe NAATE AATAY AT B L AF YL fEse B oAAle) =7
o HFE

H6Fd AFNEIINM et siejusy|=d:

O B ATA] ATHE 9 FolAg g
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