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NaClo] A AH}F(White FAT;WAT) %2 A3t A9 (Beige FAT; BAT)
o A2l AMizt3g(adipogenesis)ol "X &= 93, 2) MEK6FHAAE
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WATSF BAT EFolA MEK6 #g¢d ofF-¢F #Aglel NaCle A A st
Fe W AR Arle 7 Frbsklt. 53], MEK6  #Ed
(Tg"HWATS BATE Tg™/ ol nligte] Ao z7)8k 71 S718k%
t}. Adipogenesis ## F@ A< PPAR— 7y ¢} C/EBP— 2] Wz 4k
& [Con/W—01l¢el Hl3to] [Con/W—-50]1¢lA X% 1584 fFojzxow =
7hskodth. ¥k BATOlA & MEK6 @ of -9 #AGlo] PPAR- 7 ¢}
C/EBP—a wod Wdlo] NaClH Aok #&do] glltt. MEK6 #d#
WATOIMETg "ol nlgte]l AFA AlolEIHIQl TNF-ea, IL—13,
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I. A&

World Health Organization(WHO) 2] 2016 F Ao w= A A A-el

A REL8A o]/ 4]l 52%7F AT HEe wIRbolvH[1]. MRk A g

e AFzEo] HET NaClidFH Y F2g 2 71 g&o g =AY

of  #e  AFE=  vFetok6e].  vIREA#EZIFACE adipogenesis,
lipogenesis, lipolysis, cell signaling, insulin resistance, inflammation,
metabolic syndromes©] #AA¥ 3 JATH[7].

A3l adipogenesis®t  lipogenesis  #H A ZATAA =
mitogen—activated protein  kinase (MAPKs) ¢}  insulin recpetor
substarte (IRS), reactive oxygen species(ROS) =& #lots 4= it}
MAPKs+ = A p38 kinase(p38), jun amino—terminal kinases(JNK),
extracellular signal-regulated kinase (ERK) % &/ tth[8,12]. MAPKs
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MAPKs7} @4gtdthiz Zle &edsidnt[9]. 1 <, ERK= A8 1=t
Ql proliferator—activated receptor gamma (PPAR— 7 ) ¢}
CAAT/enhancer—binding protein alpha(C/EBP— )2 W&z S o] A4
3t = loH[10].

Wl A 2 vk 2 A (White Adipose Tissue, WAT) 2] 982 oyxE FAA
W (triglyceride, TG) 9l WHZ A %8t Zlojvk. WATOA o||A7F 2
& uf, TGE gapobAle] ofs] AREHAHES /1A FeARA D =4
AES WESHA @[11]. INKe ERKE A silztolr 5=kl
TNF— o #4]+= #Hd28]® mRNA 9 w29 324 (down—regulation)
2 Qs AgEdE F7RAZTH11,12,15]. 53], ERKE AlF600(Ser
600) oA Z2EU7A g dobA]| (hormone sensitive lipase) 2] <lAFs} o]
olaf Az, Fl A F7F AWACRZRE FHAYAL BE S Al
Fol dAgks srb(10,14]. AP MEAFH,
A=) MAPKs/ERK(MEK) pathway”Z} 2 & sjcth
T Aol in  vivodA¥dI  in  vitroABAA  FTHHSAT[10,16].
Pre—adipocyte®l 3T3-L1A3EoA ERK7} 74" wet w40 &
A8l o592 ERKZ7F 243 E # (mice)v= AZAE7F A3, A 234
ol AAaHAT[17]. ALAES] A PPAR-y & AAbstE ™ A3}
2A]7130 ERK= o] A& A1

Zopnint IS E AFAF A, Lopn|wk A Tt FAAE
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MAPK/ERK pathwayE A Zv= Zlo] A4 2 WHedz A
of thafr Ao 2x vk[21,22].

Brown adipose tissue(BAT)S WATS HHZE oUAE HEFdl= o
s sty ALY mEZE ol FAAA A7]set Ak
Ao A= adenosine triphosphate (ATP) 8|2 AAtst=
AMeE ATP dial M Jg9re]  thermogenin A ¥ <l uncoupling
protein—=1(UCP-1)& &3 <49 Jej= FAATG[23]. UCP-12] =4
BAT=Z AgtEo] la, =4 4 A wWAUFES AFstEz oy A
Adel 71ojsttt. UCP-1 BAT ¢+l Adabe] ojste] 2793l u
g @ Elol = ot oA HrH[23,24].

BAT= Aot Al 7h Wol &3] Slal vol7t A dxk gadt
T e A k. WATWe| AhEA o7 ZA38t= BATE beige =+ brite
adipose tissuedtx E3H A9 AUYeolx &It} o= AH24EH, T
2 5ol g8 gAste = 24X 83} (beiging®+= browning) © o] 3] &
AHT[24,25]. 3T3-L1 Axe] WATWelA  ZAA9st=  thyroid
hormones (TH) 2] 3t ZF<1 triiodothyronine (T3)
ot UCP—1 Zdde] os dojdth[26]. WATeIA 2] UCP-12de
HINES oS 918 mAYSFOE ARkEo $vh[26,27].
Z8A= p38—al®E AT AMEZANE, A%, Az 23, FIIY 5
theket 71 del AghEe] Qlth p38-a AT ELE W 2EelA FA s
H A QAR MEK6Gl o8l =8 #vh([28,29]. MEK6 #3147}
MAPK/ERK pathway®] 2435 S7MH =AM AdiArr e A,
p38—a e UCP—1°] W&ol A= o] ddga oyAE 9 o] 7t
axsho] HiRkS EAAIRITH[29,30].
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HATEY FAS DuRrE SAs8te A2 €8x MEK 6+ #¢d
(over expression)dr 3T3—-L1 MXEE A Z3te] WATI A oYX thA}
WHstE wEety, 2R ESAE A T 321 Ao]QlAke]l AINaCls
Folgd A9 Do a3s #Esk 3)MEK 65 #Zd s BATOAE
D 2) 538 Aols #Fsk= Zloln. weba 1 ENaCls A5 e o
WATS} BATS] oA tiAbAstE Ao zA HvhAg7]d 2
Al QFst A gt



I. avuE % By

1. A7 A5 9 Ak (Reagents and Materials)

Aol 2oE A7AR B A2 vy Zol FAsk] AFE-stsit

Bovine calf serum(Gibco, New Zealand), Fetal bovine serum (FBS,
Capricorn Scientific GmbH, Ebsdorfergrund, Germany), Dulbecco’ s
modified Eagle’ s medium, penicillin—streptomycin, trypsin—EDTA
(DMEM, Welgene, Deagu, Republic of Korea),insulin (Ins),
dexamethasone (DEX), 3—Isobutyl—1—methylxanthine (IBMX),
Rosiglitazon (Rosi), Triiodothyronine(T3), Oil Red O staining powder,
(Sigma—Aldrich CO., ST.Louis county, the USA), BODIPY powder,
Nile red powder (Thermofisher, messachusetts, USA), Lipofectamin
3000 (Invitrogen, California, USA), MTT assay powder(Duchefa
Biochemie, Amsterdam, Netherland), TRIzol reagent(Ambion,
California, the USA), protein assay—dye reagent, Laemmli 4x
buffer (BioRad, california, USA), bovine serum albumin(BSA;
Bovogen, Melboume, Australia). Ponceau S solution(AMRESCO.Inc,
Pennsylvania, USA), PPAR-y antibody, UCP—1 antibody (abcam,
Cambridge, UK), C/EBP— e« antibody (Novus biologycals, Colorado,
USA) , Vinculin antibody, MEK-6 antibody (Invitrogen, California,
USA), ERK antibody, p—ERK antibody, leptin antibody, adiponectin
antibody (Cell signaling, Massachusetts, USA), aP2(adipocyte fatty
acid binding protein) (Santa cruz biotechnology, Texas, USA),
ECL(GE healthcare, Chicago, USA), TRIzol reagent(Ambion,

_5_



California, the USA), PCR premix (BioNeer, Republic of Korea),
tumor necrosis factor—alpha(TNF—«), monocyte chemoattractant
protein—1 (MCP—

1), Plasminogen activator inhibitor ELISA assay kit(R&D systems,
Minesota, USA), interleukin6(IL—6), interleukin  10(IL-10),
interleukinl—beta(IL—1 8) (Biolegend®, California, USA ), MitoXpress

oxygen consuming array kit(Agilent, California, USA).
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Fig. 1. The differentiation process of 3T3—L1 cells
(1)3T3-L1 AlZuvjk(Cell treatment) ¥ NaCIx X

Ao AFE¥ 3T3-L1 preadipocyter= American Type Culture
Collection (ATCC, Manassas, VA, USA)olA T3 ot
pre—adipocyte:= 90%2 DMEM vw|tjo]e} 10%°8] BCS 1831 1%9
penicillin/streptomycin solution®] X3t WX & AFg3te] 37T, 5%
CO* zhatellA wiekataleh. AMxzFe] fFAE fAste] AZuA = m 484]
otk weksiith. NaCle NaCle] dej2 1M %9 stocke DMEMH|
Aol 50mM=E 3|4 ske] ARgetql om, wix] wekejritt A F A vkEo] F3l
o 8UA == ks #3te AIEZE harvestdte] 3T3-L1AMXS X4

w3k 9 7 el NaCle] nAl= 4= Fdsith



(2) AE &3} 9 2R H3)} (Differentiation and beiging)

3T3—-L1 pre—adiopocyte°l*] mature adipocyte® 2 &3}/ 55 £ 3lA
10%°] FBS-DMEM= ©]§3e wj<atltt. pre—adipocyte® AlEujeF
£ 6well plateo] 4x10* cells/welld %% confluent AE7FA] Hj kst
<, MDI(0.5uM IBMX, 0.1 uM dexamethasone, 10ug/ml insulin) 7} 3
g EerEwixE weetel 29 (Day0-1) &<t E3HE 3l
10ug/ml insulin®F 7Fst wjA| o] 2 (Day2—3) &<t wjgsto] AWAMEE
A A A o] Evttk 10% FBS-DMEMO.® w3sle 4 (Dayd-7) 5
oF wieksta, 8UAl Hi F w37t ¢5¥  white 3T3-L1 AXE
harvests}lth.

Az 2] 2 A8t (beiging) & SlelA 3% #i Aol 50nM Ts& F7t
stol WATS9 22 Wy os o]&3F EehfEsiith. 183 ¢ 69 &
22Tl 2] (10% FBS—DMEM, 10ug/ml Ins, 0.5uM IBMX, 50nM
T3, 1uM Rosi) S 48413t with w#kste] beige 3T3-L1 AlXE & 4

wjeFahin, UCP-19 wd wawe 444388 selstglnh,



(3) §AAINM(EWAAHAA, Transfection)

3T3-L1% MEK6 343 (over expression)< 93Fe] Lipofectamine
3000 t43te] AR5t Lipofectamine3000 reagentE o] 83t &=
Age A 3}s-AHH (Chemical method)©]th.  Lipofectaimes
liposomeAl9=Z (+) charges 7FA3 3tk (+) charges 713
Lipofectamine©] (=) charge¢l DNAZ ZF#A (—) chargeE %= A3
HALol & F3skAl "ok oW lipofectamineHA| 7} lipide] 7] wjof A3
of toxicd ¥9FE = T Utk
B g oA A}E3F Lipofectamin 30008 42 W31 transfection®
£°] Y& reagentel Bl 10MA %= F& AlFol7]lel AHEAT. 6
well—plate©] 3x10° cells/well®] %% confluentdE}7FA] 24 A1 7 <1
37C, 5% CO? zZ7As oA Hjekslth. Opti—-MEM, lipofectamine 3000
reagent, P3000 reagent, 18|31 DNAZE 2Z}Z} 250ul, 7.5ul, 5ul,
2500ng/ulvtE 4©] DNA mater mixE W& T DNA mater mixE A
Toto] Aol FoAT. 3~44]
gt 37C, 5% CO* Z7lA incubatedlil, antibiotics—free media

= 800ulF7tate] 919 e o thA] 24A17F v ket

2o A 157 F<F HF§A]7] AL 250ul/well



Ads stk 9 HAHE GAdst7] ko] WAT-ti =+ (CON/W—-0),
WAT+Saltw (CON/W—=50), BAT-th%<* (CON/B-0),

BAT+Salt (COB/B-50), WAT/MEK6**(Tg/W-0),
WAT/MEK6"*+Salt (Tg/W=50), BAT/MEK6"* (Tg/B-0),
BAT/MEK6**+Salt(Tg/B-50) 2% & 87 & A3ttt MEK6
HLFe 2 (Tg/ )P Tg oz FE3HA T

Tablel. Abbreviation of the control group and experimental groups.

AEAE ool | MEK 6 #2d | 50mM NaClxx] | Zax)gs)
Con/W-0 - - -
Con/W-50 - + -
Tg/W-0 - - -
Tg/W-50 - + -
Con/B-0 + - t
Con/B—50 + + t

Tg/B—0 + - t
Tg/B-50 + + +

_'IO_



3. A ZBEE (Cell viability)

MTT assay A2 E& 3T3-L19 AZABEE (cell viabillity) & &<l
stk Al EZujek8 96 well plateo] 5x10%/well2 T34 seedingdto]
10% BCS—DMEMell 24413t viefgict. vlgof A|A %, NaCle 0, 25,
50, 100, 150, 200mM +% HE G+ 10% BCS—-DMEMel|A] 24A] 3t
ettt =¥ NaClel 23 mediags AAN + §, 10% MTT
assay reagents 100ul/well®] #+3lo] 2A]7F&<QF incubateQbeol Al HES
AlA Fk. MTT assay reagent’} #| #3321 DMSOE 100ul/well® ¥
o] 308 HoF Ago|A wRZ|E o] gste] ®HEA|Z T Plate reader®
590nm, 650nmelA] detectiond}it}.

MEK6 #&@sh 3T3-L12 2 AE7Ite=® NaCl H7b Al cell

viabilitys SAZ A% Ax 57 FA st A3 AASA kst

_'I'I_



4, AIELQ M (Cell staining)

(1)0Oil—Red O staining (ORO staining)

A FAF g E w5 du= £3 8UA Y (Day 8) Oil Red O
JMo g Felatdtt. 6well culture platee] 8x10%/well® 3T3-L1Z
w9 steto] w3} 8UA (Day 8)ell WiAlE A A 1x PBSE
o] g3&to] 23] o)A A3 FH, 4% para—formaldehydeol A 3+ A7k E<t
TAAANZAY. 1x PBSE NS AlH kol ks A=Az Al x Y
A4 9 lipid droplet®} Eo0]& o2 w9-$-3l= 10% Oil Red O §9 o=
FASEL, 1x PBSE 33] o] AlFsta A=Azt d4€ Ax=

dAu g o7 wyE &k
(2)DAPI/Nile Staining

a7t ¢s ¥ 3T3-LIAIEE 1x PBSE Al#H3ste wto s AAs L,
4% Paraformaldehyde® &4 108 E<F 1439t 1x PBSE 58
A 33 M $, 1x PBSe| Nile Red solution ¥ BODIPY solutions
1:2000 283l 1:10002= 348t Aol HalFi dox 151t
AMAIZ T 1x PBSE 5% &<k 3% A8kl DAPI solutions 1x PBS
of 1: 500022 3|Aate] AeA 30%3F AEF s stk thA
Ix PBSE 5% &< 3% AHE Fol 24 AEvtd wet mount¥hso]
Confocal Laser Scanning microscope (ZEISS, Oberkochen, Germany)

o % 400Wl= gdste] RUY ¥

_12_



5. Brad—ford protein assay

serum albumin standard curve® 5% Omg/ml%H 30mg/ml7HA] =74
sttt AMEe @A F5- & BSA standard curveE 7]FO 2

Ayt

6. Western blot analysis

Trypsin—EDTAZ 6well culture plateoA E3¥ 3T3-L1 AXE 4
oJuio] 12,000 rpm, 4ColA 1087 YA S 3o ASHS vy

pellets w2t & @A FF5 9Jsto] 1x cell lysis bufferel

protease inhibitor “12] 1 phosphates inhibitorE 1:1002.% 3]4]3}% ¢},

—_—

Pelletoll wal &4 3k 1x cell lysis bufferg Y il vortexd §, 10%3t

4ColA 1087 gAwg

stol @ zlo] Q= AT de Fdst. @A s = Brad—Fordd o
&

= A% D AN emAYF T, 25ug] wudo] TPE 4

=

Laemmli 4x buffer& 41¢] 100CelA 10%3F 7FAA AT &4
WA EZHS 10%NaCl dodecyl sulfate polyacrylamide gel electro—
phoresis(SDS—=PAGE geD el 100-120Vdg oz 120% F< =3t
G S FElskth 2ElE 9w AE-S nitrocellulose =+ polyvinylidene
difluroide membrane (GE healthcare, Chicago, USA) o] 280mAZd = o =&
90+% &9t transfersttt. =t W@l S EQlstr] A 20%9)

Ponceau S solution®® GA3sle] Wl=E el 3%, Membranes 3%



BSA X+ 5% Skim milk(Neogen, Michigan, USA)E ©]&3te] 1A%+
o]’ blockingstitt. 12 FE|HITIE 3% BSA = 5% Skim milke]
1:10008.2 3]A3ste] 4TCelA 16A1ZF o4 overnightdlil, TBSTZ 5%
A 33 wuby] SJel A M FHs k. 23 QHElMIEE 3% BSA EE 5%
skim milke] 1:1000~10000°.% 3|4 ate] AFeeA 1AF wH-gA]7] L,
TBST® 104 53 wib7] flelA Alatgle. &9d e ECL
system (GE healthcare, Chicago, USA)¥ Chemidoc system (BioRad,
California, USA) &2 Q15 t}.

7. Polymerase chain reaction (PCR)

(1)RNA &

8L A o 6well culture plateolA #3317} ¢¢5¥ 3T3-L1E 1x PBS=
23] A 3ta, TRIzol reagent 1mlS go] Ao 58 =<k wr-SA]# T}
TRIzol reagent® 3T3—-L1E Xo} e—tubeo] 1, 200ulL® chloroform
S gd 20% &< vortexdslo] 3EIF Ao F3lth 12,000rpme] 10+
7 gAEgste] ST A2 e—tubeo %A ©i, 500mLY
[so—propanolS Y1 A& Hef A2 10587 F2A}k. 12,000rpmel] 10
2 AAJE s Iso—propanols< A A3, 75% ethanols 500ul ¥
o oA 12,000rpmell 5% HAAFEHsAT. ASAE AAstL THA
12,000rpmell 13F 4t ste] dojgois ooz AAs L, &2
ol 5EZF AAddF 3 tk. RNA free water(Welgene, Namcheon,
Korea) & pelletkol w2} 30~50ul< =il nano—drop

software (Thermo—fisher, Massachusetts, USA) &% &3} t}.
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(2)PCR analysis

RNAE RNA mixE ws°] 3tk RNA mix 9
F 2 13uls 7|02 3Fo AE RNA (ng/ul) 7} 3ug? %S & mix
T &= AAFslFaL, 1ul ANTP , lul Random reagent%} 3
= i1 PCR7]7 (Biorad, california, USA) =%
65ColA 5&3F HEgAIA FUAth. Master mixell= 4ul 5x FS ¢ 1lul
0.1-MDTT , lul 3% Z%%, lul RTase & 4o ¥ 7ule® 5o F
ATt RNA mix 13ul®} master mix 7ul® 43, Thermal cycler® =
cDNA cycles 25T 5%, 50T 60%, 70C 15%o= A743to] cDNAE
=2t Premixoll lul ¢cDNA$F 19ul primer set(reverse&forward)
reagent (Cosmo—genetech, Republic of Korea)2 41°]. Thermal
cycler© 2 94T 5% &, 36¢cycle(94T 30%, 60C 30%, 72T 30%)<=
APk, 75CeA 5% WHEAIA RNAES THAIZT 2% agar gelel 30

2 ek 4719% sk
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8. ELISA Analysis

ELISA assay® ¢4 IL—1beta, IL-6, IL-10, MCP-1 & 45U
°] ELISA MAX™ set kitE BiolegendelA T4i3te] A sttt 87t
5 ¥ 3T3-L1 Al*E2S media 1mlE e—tubed] EolA 10,000g°] 10+
b spin downdtil, TR AEZE FHO &7 -20Te] Rkt
ELISA assay 35 A4, 1x PBS® Wash buffer(1x PBS, 0.05%
tween20), stop solution(2N H,S0,) & "ol 7 &d EA oA W
e A2 HASSEY. 1x coating bufferE capture antibody 2}t
1:200 H]E& =2 A1o] Nunc™ MaxiSorp™ ELISAplatee] 100ul® 335}
4 Col overnightsttl. oF 16~18A]17F 3, wash buffer® 43] A& st
1x assay diluent A solutiong welld 100ul® &F38F3L 1A 5t A
& F3Uth. Wash buffer® 43 A& g 5 A& standard &9 well
@ 100ul® EFekal el 2A1ZF wF wHE] 9ol Flvh thA] wash
buffer® 43] &S 31 1x assay diluent A solution®] 1:200 v &=
3243t detection antibodyE 100ul/well® #F38F3L oA 1A
WREZ] Qe Tt 48] Al S Stk 1x assay diluent A solution®]
1: 1000 ®]&2 3]43t avidin—HRP solutiong 100ul/well®d #5311
A&oA 30 &<t w7 fJellA RESAIF T Avidin—HRP solutionRE-§-
o] 43l wash buffer® 53] M-S 33t Wash buffers 23 30
Z~1%3F 71thd o wash buffers A AL thA] AlHS Ykt

TMB substrate solutione 100ul/well® E53l3 plateE U= 74

[e]

=

S 2joksie] A2 ox 15F  FoF wkE A|FHTY. Stop solutions

3% 450nm<e} 570nmak

g

OOul/well® Y3t 15% &<t BES AlZ]

#
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9. AbAAH|ZFE A (Oxygen Consumption Array)

A v SEAS Y8l MitoXpress Xtra Oxygen consumption assay
kitE o]g&stgth.  96—culture platee] 3x10*/well¥tE 3T3-L1<&
seedingdtod 10% BCS, 1% P/S7F X35 wjekuj=e] 4, MDI(IBMX,
DEX, Insulin)7} 23¥ 10% FBS 23t A o] 29 (Day0—1), Jd&dS 2
A (Day2—3)&<t A A3t harvestd7bA] 10% FBS DMEMelAl 377,
5% CO?9| Zskell A wjokste] A WE3s SaAAH FU

v g5 Mol 37TCS waterbathel A wWiEstAl o de media®
Imlell Xpress reagentE Aol th. Xpress reagentE cell culture
media®l 1:99] v] &% 3 A3l working concentration< TSt 7]E

9] media® AATE v WE]ELS Xpress reagent WEAS 100ul®

Y1, Cell-free blank control& 73T wellsolli= reagents t]Als}o]
culture media® &% FoIFAvh WA A3 HSHME ede 7
welldl %  w&® ¢, A M5 flouresence  plate

reader (Molecular devices, California, USA)Z 380nm<%} 650nm2]

wavelength® 17Zvlt}h 7128 322 HAAsy 9087 U E 3
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m ATd+ % 17

1. AIEZXEE (Cell viability)

3T3—-L1 Aol thst NaCle SAS A iz, 25, 50, 100,
150, 200 mM &%¢ NaCl2 pre—adipocyte AE|S 3T3-L1 A3
24707 EQk At A3, djxatel tiulste] NaClel s=7F sobglel o
et Al ZAAEE] FojH R Frheklvh(Fig. 2). NaCl 150mM ©]1749] &
To A AEZAEES] 50%018tE cell death7} dojuts RS skt
(Fig. D). webA Alx: Aol d&F= F4 &= 50mM s=0lA4 w3 =
As A4
3T3-L1 MTT assay(570-630nm)

150 P=.0001

100+

50+

Cell viability(%)

0- T T r|I

NaClimM) - 25 50 100 150 200

MDI - = 3 5 = S

Fig. 2. Cell wviability of pre—adipocyte 3T3—L1 cells with the
various concentration of NaCl.

Pre—adipocyte 3T3—L1 cells were cultured in the various concentration of NaCl
for 24 hours. Cell viability were masured by MTT assay. Data are shown as mean
+ S.D. of three separate experiments. Significant differences of individual NaCl
treatments versus control are indicated as obtained by unpaired ¢—test. *; P <0.05,
xx; P <0.01, ==x; P <0.001.
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2. §A A (Transfection) &<

Lipofectamine 3000 reagent& AFg£3Fo] 3T3—-L1AI¥E <to] MEK6
AAE st gAASS st Tg™WPFe 23 A7 19 g2
& shal Tg' /7wy go] 7€ ZREF wel mature WATCZ &
FARA Tg 72 Tg™PEe MEK6 a4 2% Aol & 2Helsy)
gl5tel PCRAHS a3tk mRNA $%° MEK6 2§ Tgl/" o]
Tg'”/7ell W&l 1.5 o] ¥vh(Fig. 3, A and B). #2337 &5

riet
o

H mature adpocyte 3T3—L1AE2] RNAE A3 7] wFof, AW&E3}
o} thate] 9dEFS F= MEK67F Tg' /oA s: wdyd AL gad &

AT

A GAPDH MEK6 B
Primer Primer MEK-6

TgtH Tg(”"ll T Tg) 2.0-
T 1.5 —
(a]
o
<
O 1.0
(1=}
b4
w
= 0.5

Tg)  TgM

Fig. 3. mRNA expression of MEK 6 in differentiated Tg’™ and
Tg(+/+).

mRNA expression was determined by RT—PCR. (A)Gel electrophoresis of RT—PCR
products using mRNA-—specific primers on RNA from Tg'/™ cells and transfected
Tg™* cells. (B)Fold change value compared with controls were plotted as mean
+ S.D. from triplicates of three experiments. Significant differences of individual
treatments versus controls are indicated as obtained by unpaired ¢—test. * P
<0.05, =*; P <0.01, *=xx; P <0.001.
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3. EAaX %3 &<l

Tg 33 TgW o Z2AALFE wjxeo o3 dAx3s Fels)
71 skl BATO #FYg FIJAR] UCP-1/F4xFe] diaddd &
western blot analysis2 %833t Con/w—09] #H]3de] Con/B—03
Tg/B—0¢ UCP-1%do] Z+zh 254, 1.8w Z7Fskith(Fig. 4).
Con/B—07} Tg/B—0¢°] Xt} ok 1.4¥] =7}ttt (Fig. 4). Beiging
reagent$} protocolel &% ZMAYESF =7 A ow dojtk= A

.

Kol
=

S
o

UCP-1
=.001
4 -
£ 34
=
I
=
2 24
&
=1
0-
NaCl(mM) - - -
MDI + + +
Beiging + + +
Tg{-f-l Tg‘*"*’

Fig. 4. Protein expression of UCP—1 gene in beiged mautre Tg(_/_)

and Tg/?.
Protein expreession of UCP—1 gene was determined by western blotting. All data
are shown as mean * S.D. of three separate experiments. Significant differences

of individual NaCl treatments versus control are indicated as obtained by unpaired
ANOVA-—test. *;, P <0.05, #*; P <0.01, =**; P <0.001.
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4. NaClell 93t adipogenesis =7} &<l
(1)0il Red O A (0Oil Red O staining)

NaClel 9J&] 3T3-L1 A3l AgAdo] F7tste=A gelstr] flahe,
A& Soldox AM3t= Oil Red O GRS da8 o=
k. Con/W—0<° ®]d] 50mM NaCl& AHX3t Con/W-509 AW+
(Lipid droplet) 2] =7|7} A3, <Fo] & A3] Wdth(Fig.5A). o]S =&l
NaCle] WATS] Aol d&Fs voe A A + Qv 3T3-L1
o) AAAsts 9kl 7= g A|el] T 9} Rosig® F718te] mature
adipocyte® ®#3A171 & WA 2 beige 3T3-L1 A3¥x9]
A ke OROF M-S skl th. Con/B=507o1A4 ¢ A ®#3Hdo] Con/B-0XTh
S 7her ATk (Fig.5A).
WATS®} beige®] f9MEEE Hu JFstA vlastr] flsto] dAndo=
TUYH& Y. WATZ} beige®th AA Al xukF-9] =7}
@i, A7)7F gl gliek. 53], 50mM NaCl& A% Con/W-50°] A%

,%
<)
My
rlo
B
Ay
o

(Fig. 5, A and B).
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A NaCl zero NaCl 50mM

FPPPVL BT pure= LSl pE S L Ty B ] I e

WAT |
k
| z B 2
- } I Vi e o L
Beige el S /}

WAT

Beige

Fig. 5. 0Oil Red—O staining of WAT and beige fat of 3T3-L1
treated with 50mM NacCl.

Effect of NaCl on adipocytes differentiation and adipogenesis by Oil Red O staining
for lipid droplets confirmed adipocyte differntiation of WAT 3T3—L1 adipocyte and
induced beige 3T3—L1 adipocyte. (A) The WAT and beige fat accumulation in
cells with 50mM of NaCl on day 8. (A) were taken picture the plate. (B) was

taken picture by microscope at 400x magnifications.
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(2)DAPI/Nile red staining

Oil Red O 94 AgS F3alo], 3T3-L1IAES] WATS beige fate] A
WaAde] WA NaCle 9&FS FAsdeh. A% Tg""#2 NaCly
transfection reagent® 5ol o&] AXEAFT} Ao FH Al Jgko
1% cell death7} dold 4= vk, Al AEo]F-9F NaClel 9 & A3
d F7HE B gRletr] fete] Aoigle AEHE AMskE DAPISE 5ol
Aox TGE 9Mst= Nile redE ©]l&3sto] DAPI/Nile red®d4 A3&
s T

Tg/W-0<2 39 57} Con/W—0° Aoz oz At sHANE beige®
=g Con/B-0°] @4# e F7F Tg/W-0sh vl Z1& HH,
transfection reagent SAdo] Ao Ho]A <l B8-S F:0]4 cell death
7F dojdtta & 4 glvk(Fig. 6, A and B).

WAT &<l A3, tjzo vlstel MEK67F 2pd sl Tg/W—0 Fd%
AT 7 FEHAA grh AR A7|= AAFoR ¥shud
Con/W—00°f nB]g}e] Tg/W—0olli= FEAo= Atkgt A7} EA)stt}
(Fig. 6A). 50mM NaCl& * %3 WATE thztol vlate] xwt7) 3ok
How H3}ett. Tg/W—-502 Con/W-50°] djadoz Hepxgo=z n
Ql X HFA|EZ Q] oFo] wWol A7]7F A3 Erh(Fig. 6A).

Beige fatol %= WATS 2& Agow TgWH o] Tg' /7w A
Aol S7ketalth(Fig. 6B) NaCls A gt ¢ AWFA 7 Aol NaCl
& AA A Fe el vlgte] AdAor FUke S gl 5 AT
(Fig. 6B).

Tg" el el Aol f=9p A717F Tg/ 7wl Ao

=
RS %3 MEK62 #Ea o] adipogenesisoll &4 A 9S == A

Hﬂ

I

_23_



S #Fedh(Fig. 5, A and B). ¥ /M9 Tg"Pza T3 w5
beige fate] AW gAo] WATe v]dte] AUt (Fig. 5, A and B). NaCl
A 27} adipogenesisell " A= g &Fo] Ao Fol wet thEH NaClA
A Tg™ 7w Tg™Me] WATAAM A 43 3] 3429 o

S FE= o7 Ht

(
ofk
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Beiging
(T3,Rosi IBMX IMNS)

Beige
. -- -
. -- -
Macl{mh1)
T3.Rosi,
IBMXINS - il e +

Fig. 6. DAPI/Nile red staining of Tg™” and Tg™*" treated with
50mM NaCl.

Effect of 50mM NaCl in adipogenesis on Tg‘/”Cells and Tg™*/*'Cells stained with
DAPI(blue), BODYPI(blue) and Nile red staining. Tg™/Cells and Tg™" cells were
differentiated with INS, IBMS, DEX in 10% FBS DMEM. Tg""'* cells were
transfected by Lipofectamine 3000 with the manual protocol of Lipofectamine 3000.
Ins, IBMX, T? Rosi were used for beiging on both type of cells. 3T3-L1
adipocytes were fixed with p—formaldehyde, stained with DAPI, then Nile red
staining for lipid droplets. (A) and (B) Comparison stained nucleus and lipid
droplets of WAT and beige fat of Tg"/” and Tg""". Fluorescent images were

captured at X400 magnification by confocal laser scanning microscope.



5. MEK6 #3237 NaClA Ao wE TGS AHdiAL &<l

INaClE#H7F AT AdS F7HA 71 AS ORO$ DAPI/Nail
Red gdMadoxg Felagtt. MEK6-FAAFe 1 NaClA FH 7 #2319

Aol PR = &S FQAsH] 18k western blot Ad &t
(1) MEK6 @] g% TG ALehAt

MEK6fd7= BlwhS FXsk= fFdxke]lm ERKE 79l xdlato|th,
WATelA MEK67F A wojabel vlxl= s slshr] st Tg 79t
Tg"PZ v st Tg™"P 9 MEK6% pERK/ERK wheia uhg o]
Tg™/7wet 3.59, 1.5 F7atqich. (Fig. 7A). nlgtgiAbaa &4
PPAR— 7y, C/EBP— ¢, aP2 @¥d &o] z}zk oF 4uf, 3u), 1.58 S7F
etk (Fig. 7B). MEK69] #rddel s MEK/ERK pathway”} B]wk¥t

H FAQAE 2}+3Ee] adipogenesis B+ lipogenesis?t &A 3 # U},

>

o
R Y
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A MEK-6 PERK/ERK

44 ww 2.0+
£ 3 1.5
S
° i
& i
> 2 X 1.0
w o
)
X -
= 14 0.5+
o 0.0-
Tg{"' 8] Tg(' 1) Tg{-*-} Tg‘ )
B PPAR-y C/EBPa aP2
5 4 2.0+ EEE
c 4 s é TEEE T
E 3 37 -
2 3 ‘S‘ 3
S | £ 1.04
%, 52 s %
e 27 o o
E 5 14 © 0.5
o 1- 5
o 0- 0-
Tgf-H Tg{+n'+l ‘;gH-l Tgl*"‘f! Tg{' 1) Tgiu'*i

Fig. 7. Protein expression of MEK6, pERK and adipogenesis factors

on Tg"™™ and Tg"™®,

MEK6 stimulates MEK/ERK pathway which is related to adipogenesis and
lipogenesis. (A)Protein expression of MEK6 and pERK of Tg"™/” and Tg™™".
(B)Protein expression of adipogenesis factors of the both groups. Each bar
represents the mean £ SE. Protein expression was determined by western
blotting. Tg™/™ was control group. Tg""" was over—expressed MEK6 group. All
data are presented as the mean = S.D. from triplicates of three experiments.
Significant differences of individual treatments versus controls are indicated as

obtained by unpaired ¢—test. *; P <0.05, *x; P <0.01, *=x; P <0.001.
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(2)NaClA x| o] W& WATS} beige fat®] TG A oA}t

WATe] NaCl& #3892 w, MEK6= Con/W—-0% Tg/W-0°] »]&}
ol Con/W—-50%} Tg/W-50°14 Z+ 1.5u% Z7}ad ok (Fig. 8). v RktA}
#d §H@AA PPAR- 7, C/EBP—«, aP2 wuld wgde Tg /)iy
Tg" P BFolM NaClH Ao whet {22 oz Zrhstodvh (Fig. 8)
Beige fat®] western blot analysis 23, MEK6 wW¥ld W&o )z
of wate] Tg™™elA] oF 1.5u) F7hatgl oy WATS @l wde) 1/2
T+ XY (Fig. 8). PPAR-y, C/EBP—a, aP2 wwz w3 o]
Con/B—0¢l Hl&] Tg/B—0°lA z+zF 3ul, 2.54], 2.59] ZF7}a-3ith. NaCl
S AHA g Con/B-507 Tg/B-50°1A% nHltdd FHQIAE] F24 o
2 =718tk (Fig. 8, C, D and E).

UCP—1wtuld wale Tg/7) Tg™ B WATe] H3] beige fatoll
A ok 2u] ZF7beith WATS Tg(+/+)° UCP—1 ©wld Br&wc) ghe
S Bt (Fig. 8F). Beige fat> WATSF BATS F3F ©hA 9 #wo]

7] el vl A Aol WATe| nlste] AAHow vk

_

t}(Fig.8, C, D and E). Tg/B-03 Tg/B-502 7%, UCP—-1 w@¥z 4t
HA%=7F Con/B=0¥ Con/B-50°] BI&|A 4oz whotth(Fig. 8F).
MEK6 427k Q1o TG vIRbZ[H e &/dste Qdsto] ZAxslrt
AgkbA k. NaCl A A& WATS @47 23 2 diabe] 3820 4
&S VA AE7F BRIAI =5 sk V1S @48 Al7IY, beige fatell

+ NaCle] o] nxA = Aow HIT

_28_



MEK-6
<0.01

A B T

Vinculin  sese e s s i e -

MEke W P

C
24 bt ab  gp
Macl{mM) = A = e = = T Al
MDI + o+ o+ o+ o+ o+ o+ ! ﬁrl
0- T T T
50 5

Ty TgeH Tgd T T
g g g g NaCl(mM) 50 - 50

MEK6G/vinculin

; 0
WAT BAT MDI + + + + 3+ 4 o+ =
Tg™  Tg™M  Tgrl gt
WAT BAT
4 MEK-6
s <0.001 =0.001
6 2.5 b
C d D
T ‘:2.0-
= = a
= 4 C = b
2 3 g 1.57 L
3 2 3
B € 1.0 g2
2
I -
— 0.5+
a
0.0- .
0= ; T NaClimm) - - &0 - 50
NaClfmM) - 50 : 50 MDI + + + + 4+
Mo = + = = Beiging + + + + %
Tgt Tgt* g g

Fig. 8. Protein expression of MEK6 of WAT and beige fat on

Tg(—/—) and Tg(+/+).

Effect of NaCl on the lipid metabolism of WAT and beige fat. (A—D)Protein
expreeion of obesity, MEK 6 gene, and beige fat determinants on the effects of
NaCl on fat(WAT & beige) metabolism. Each bar represents the mean £ SE.
Protein expression was determined by western blotting. Tg/™) was control group.
Tg"'* was over—expressed MEK6 group. All data are presented as the mean =+
S.D. from triplicates of three experiments. Significant differences of individual
treatments versus controls are indicated as obtained by ANOVA test. *; P <0.05,

wr; P <0.01, #x; P <0.001.
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PPAR-y

A B <0.007

Vinculin  sess s s s g s e

oy

Nacl(m) - % - 5 - 50 - 50

(=]
1

PPAR-y/Vinculin
i

be
142
MDI + # F F o F & ¥
gt Tgtt  Tgt Tgh 0 1
=, T T
WAT BAT NaClimM) - 50 - 50
MDI + + =+ 4
Tg{ 1-) qum’ﬂ
WAT
PPAR-y PPAR-y
44 ﬁﬂﬂ? 2.0- <0.007
C D g |
£ 3- £ 1.5- T
3 =
-] [x)
= c § " .
2 2- T 2 1.0+
r b %
<L a _'I-_
o 1 B B 0.5
0_ s .I. i i U.D— |
NaCl(mmM) - 50 . 50 NaClimM) - - - 50
MDI + v - + MDI + + + +
Ta™ Tatt" Beiging + +  # + +
2 3 Tg{ 1) Tg{" i+)

Fig. 9. Protein expression of PPAR—7y of WAT and beige fat on
Tg(—/—) and Tg(+/+).

Effect of NaCl on the lipid metabolism of WAT and beige fat. (A—D)Protein
expreeion of obesity, PPAR— 7 gene, and beige fat determinants on the effects of
NaCl and MEK6 on fat(WAT & beige) metabolism. Each bar represents the mean
(/=)

= SE. Protein expression was determined by western blotting. Tg was control

group. Tg“/“ was over—expressed MEKG6 group. All data are presented as the
mean =+ S.D. from triplicates of three experiments. Significant differences of

individual treatments versus controls are indicated as obtained by ANOVA test. *;

P <0.05, #*; P <0.01, #**; P <0.001.
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C/EBP-a
4 <0.01

A B :

Vinculin s e s s S S s

C/EBP-o e BN S W

C/EBP-alMinculin
T

b ab
Macl(mM) - % - 5 - % - 50 i Y
MDI I T r A
TgH  Tg® TgHd o Tgt 6
WAT BAT NaClimM) - 50 - 50 - 50 - 50
MDI * + + + + + + +
?BH-) Tgiﬁf} 'rgf-"‘? Tgl”‘]
WAT BAT
C/EBP-a C/EBP-a
<0.001 = =0.001
4 b . 2.5 C
b
c £ £ 2.0 l b
3] L 3
c ' £ 1.5
s =
g 29 a L b
2 a 1.0
% a T o a d
w4 w
5 G 0.5 [ll
0 L 0.0~  pa
NaclimMm) - 50 - 50 NaCl{mM) - - 5 - 50
MDI _+ - - + MDI + 4+ o+ 4
{4 Talt* Beiging + + Es + +
Tg 9 g g™

Fig. 10. Protein expression of C/EBP—a of WAT and beige fat on

Tg(—/—) and Tg(+/+).

Effect of NaCl on the lipid metabolism of WAT and beige fat. (A—F)Protein
expreeion of obesity, C/EBP— a gene, and beige fat determinants on the effects of
NaCl and MEK6 on fat(WAT & beige) metabolism. Each bar represents the mean
(/=)

* SE. Protein expression was determined by western blotting. Tg was control

group. Tg™'" was over—expressed MEKG6 group. All data are presented as the
mean =+ S.D. from triplicates of three experiments. Significant differences of
individual treatments versus controls are indicated as obtained by ANOVA test. *;

P <0.05, **; P <0.01, =*x; P <0.001.
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aP2 <0.01

4
A B |
Vinculin s s s s o o - i
P2 am———— £ 2-
a 22
o
Macl{mM) - % - 50 - 50 - 50 %1_
MDI + o+ o+ o+ o+ o+ o+ o+
Tg [} Tg [++) Tg [-+) Tg {+i+) 0
WAT BAT NaClimM) - 50 - 50 - &80 - 50
MDI * + + + + + + +
Tg'"! Tg™" ) Tg” - g™
WAT BAT
aP2
<0001
3_
4_
C c D
g 2 b E 3
= 3
] ab T 2
= T g 2
8 a 8
™ 1 %,
0- =T T 0-
NaCl{mM) - 50 . 50 NaCl{mM) - - 50 - 50
MDj * + + + MDI + + + + +
Tgt™ Tgh™ Beiging + + + + 4

g g™
Fig. 11. Protein expression of aP2 of WAT and beige fat on

Tg(—/—) and Tg(+/+).

Effect of NaCl on the lipid metabolism of WAT and beige fat. (A—D)Protein
expreeion of obesity, aP2 gene, and beige fat determinants on the effects of NaCl
and MEK6 on fat(WAT & beige) metabolism. Each bar represents the mean = SE.
(/=)

Protein expression was determined by western blotting. Tg was control group.

Tg™'™ was over—expressed MEK6 group. All data are presented as the mean *
S.D. from triplicates of three experiments. Significant differences of individual
treatments versus controls are indicated as obtained by ANOVA test. *; P <0.05,

wx; 2 <0.01, ==x; P <0.001
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AVinculin e — -
Villadod oA 1 11 1

MNacl{m) - s - 50 - 50 50
MDI + 0+ o+ 4+ o+ o+ o+ 4
Tgtl  TgtM  TgHd Tgt
WAT BAT
C 4
B 4 <001 <001
c _ B E 3—
% 3 de =
o
g £
5 2] cd _::"_ 2
= be 7
o o
Saqd 3 s a a 8 1-
0- 0-
NaCllmM) - 50 - 50 - 50 - 50 NaClimM) - -
MDI * + + + + + + + MDI + + + + 4+
Tg"" Tt Tt Tt Beiging + + + + +
WAT BAT Tg™") Tg"

Fig. 12. Protein expression of UCP—1 of WAT and beige fat on

Tg(—/—) and Tg(+/+).

UCP—-1 is the only factor to confirm beiged WAT fat. Protein expreeion of

obesity, UCP—1 gene, and beige fat determinants on the effects of NaCl and MEK6
on fat(WAT & beige) metabolism. Each bar represents the mean £ SE. Protein

expression was determined by western blotting. Tg™™ was control group. Tg/"

was over—expressed MEK6 group. All data are presented as the mean £ S.D.
from triplicates of three experiments. Significant differences of individual
treatments versus controls are indicated as obtained by ANOVA test. *; P <0.05,

wx; P <0.01, ==*; P <0.001
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6. A5 BT W3 &l

A, =3k B iAol el Aol dFe] WASA Frk. WATe]
A MEK6 #2d A, @54l =7k RistE gQlshy] fske] ELISA
Ads Jgedet. & A oA interluekin—10(IL—-10), interluekin—1
B (IL—-14), tumor necrosis factor— e (TNF— @), monocyte chemo—
attratant protein—1(MCP—1), plasminogen activator inhibitor—1
(PAI-1) T3 #& &E5UdAE &Asktt. Adiponectin®  leptin
western blotting .2 2<13}%it}.

Pro—inflammatory ®}#<Ql TNF—-ae 2 IL-18% utxe v]sto]
Tg™Pelx A2z 354, 7M FAASACHFig. 9, A and B).
Anti—inflammatory v ¢ IL-10%d Tg™ el 1.6¥ Z7latict
(Fig. 9C). CD-148 PAI-1%& Tg'™/ el nls)l Tg™Pelx Z+7b 1.54),
2.59 F7bskolth(Fig 9, D and E). MCP-12  AX3F §94
ool oy Tg el A kgt F718k ok (Fig. 9F).

MEK 6 fF+dda7F Az At 23t 7k % S7HAAN A5

710 &3t B ot Tg 7w Tg™"w BT NaClxxo] oa}e]
WATS dFda ddAE=7E oF Aujold F7tstes s EAoM, beige
fate] &= 5w JEo zolE Hv. (Fig.9)
}edZ=A oAl adiponecting Tg' ™o H|&te] Tg™ M)A 1/102 7
28k o, leptine MEK 6 2@y ddAo] fle Zo® Hln(Fig.
10, B and C). ¥FH, MEK 6 #}3&A] adiponectin/leptin ratiox= 1/5%
Zask ok (Fig. 10D).

o

o]t

e
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Inflammatory cytokine were measured by ELISA assay in Tg"™/™ and Tg™". All

data are presented as the mean = S.D. from triplicates of three experiments.

Significant differences of individual treatments versus controls are

indicated as

obtained by ANOVA test. *; P <0.05, =*; P <0.01, #=*x*; P <0.001
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Fig. 14. Protein expression of adiponectin and leptin on Tg‘”/™ and

Tg(+/+).

Protein expression of adiponectin and leptin was determined by western blotting.
(A)Western blotting analysis adiponectin of Tg™/™ higher than Tg™" (B)Protein
expression of adiponectin. (C) Protein expression of Leptin, (D)Adiponectin and
Leptin’ s ratio. Each bar represents the mean = SE. Protein expression was
determined by western blotting. Tg/ was control group. Tg™%"  was
over—expressed MEKG6 group. All data are presented as the mean = S.D. from
triplicates of three experiments. Significant differences of individual treatments
versus controls are indicated as obtained by unpaired ¢—test(P—value: *; P <0.05,

wx; P <0.01, ==x; P <0.001)
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(A IEEENCE - IR

WATS®} beige fat oluvx4n] 9 tiALE &lsty] fsto] Atnan &
microplate reader® ® 17Zxult} 100F F<F S48t A4 4H] do]
E]= Agilent MitoXpress pH—Xtra data visualization tool
system (Agilent,California, USA)S o] -g3}o] #2413} t}.

Con/W—08} Tg/W—02] AtAAn e ®IstE Rl A& 168 &
Foll= F AMEZF H|ZEA ALRE AH|STE 1 o]F Tg/W-09] AbAaAi
vl F48HA F7kskal Con/W—09] Abaan|gke] wst= 2t (Fig.
11A). 79 HFAdann o] 50RFURL ol nlste] Tg™™ e #Fat
24 H S 60RFURE =t} (Fig. 10A). 50mM NaClE AHX|gt ¢ A,
ZRF 30 &ke] AbA AR Con/W—-500] Tg/W-509] vlsto] Eokot
(Fig. 11, B and E). 43%%E °F 10% &< Tg/W-502] AbAin] o]
S7kete] HFAI AW Eo] el Hleke] At Aol® wWkth(Fig.
11, B and E).

Tg"W el Tg' /7] WATS AtainlF A% el dat, Tg™"re 4
v Fo] AAE = 5olHl ite] =AY (Fig. 11, A and B). E3o
Tg Vo] Tg'™/ 7ol wate] Atas W

1o
FoA B We AAES AH|EE A o®E =45}

o
s
ko

2 3la, AFS A A3 A

Con/B=0¢%} Tg/B—02 A%, Con/B—0% 28%F oA 40% Alole] Aks
Zv)Eo] FA3 =71k A v, HEAL A AH] S A0RFU " 21 859
t}(Fig. 11C). Tg/B—-0% 1585 ¥ 43871# G454 AFAS AH] 819

43%0] o]u] Con/B—09 HZEAAAH =S 40RFU %9314t (Fig.
11C). 50mM NaCl& A X3t beige fat®] 7%, Con/B—50< °F 20

RazlFe F7b A sl 238 e 45RAA FAsA Frbetn

o
o



o] F o= ¢hubdt Au S ®WUTH(Fig. 11, D and F). Tg/B-50& AtaA
Hl Al &b o] % 15878 F243] F7lste] HFAAANF S7TRFUE 715
i F893(Fig. 11, D and F). Con/B=503 Tg/B-509 HFAAA
H 2 2}o]7b 191tk (Fig. 11D). Beige fate] Tg™/™mEdk Al an)7h A
AH e Eo]Fzte] AT Con/B-09 Atxau|ge] Fres HF
Ak m|gFe] 7h Ak, Con/B-509 Tg/B—-0, 502 HFAt A n] e
& atolE HolA gtov HAFAAFE 40E7HA] WAHE AN e A
o] 2pol= B TH(Fig. 11, C and D). Tg™*" 9Tg9 Aasn =7
o i3t intensity (RFU/hr) @] gk Fo4 0 2ol o] ¢lok(Fig. 16).
MEK 6% #3addt TgW/Y3Eo] qad oz gz va Hoitis
v gke] TdatiE Al7bo] = Uth(Fig. 11A-D). ot&e] TgWPEEe Aba
S 40E S VIFEo®E st AAEHAY ot Faste JAHFS 7HA
= 38 ¢ & UG Fig. 11A-D). MEK6 3pitdo] nEZ=glolo 4t

=
aaHlE ARSE A9 ABYE AT Qe & & Aok
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E Graph Intensity Data of WAT+NacCl
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Fig 15. Oxygen consumption measurement of Tg(_/_) and Tg(+/+).

(A)Oxygen consumptions of WAT cells. (B) Oxygen consumptions of beige fat
cells. (C) Oxygen consumptions of WAT cells without NaCl. (D) Oxygen
consumptions of WAT cells treated 50mM NaCl. (E) Oxygen consumptions of beige
fat cells without NaCl. (F) Oxygen consumptions of beige fat cells with 50mM
NaCl.
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Fig 16. Oxygen consumption Intensity (RFU/hr) of Tg’” and
Tg(+/+).

Oxygen consumptions of Tg™/™ and Tg™'" were measured on day 8 when cells
were completely differentiated and alive. Cells were treated by 50mM NaCl.
Oxygen consumptions were measured every 17 sec for 100minutes then analysed
by Agilent MitoXpress pH—Xtra data visualization tool system. All data are
presented as the mean * S.D. from triplicates of three experiments. Significant
differences of individual treatments versus controls are indicated as obtained by

ANOVA test. *; P <0.05, #*; P <0.01, *=*x; P <0.001.
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V. &

B e 1)MEK6 F@A7F oUA AL 7)Ao JaFe Fo] nuks)] A
A 18]3 2) INaClH 7F vvkS Z7kA 71 =42 shelstal

< AYsGIth. MEKG:= wiwbabdd frdQlatel Aol 2kl dSdat, Abad

rir

s S7MAIZATT e vg 3 W d5dx FdS NaClA A
Al FoEA e o, 53 MEK67F 33d® WATOlA o F718 3
t}. Beige fat> WATHU A|ojAbel vhde wheizubd 9l ¢ Flzp
do] wkgkort, MEK6 #ddAlel= WATSF 2 Aol
2z gt o 4 MEK6 @S vwbadd fazkek o
Ao, NaCl AA+= beige fato] A Wehate] FaFs T4 &t
MEK67F WATS A 9 2315 S7HA17) 0, AW gArE 84 38t
o Ax7F gA wwrsiAl wETH15]. NaCl A X 7F AW diabel] ek
MEK6 +F#A2} MAPK/ERK pathwayE &413}3le] adipogenesis®}
lipogenesisE& <7FA1Z1t4[29, 34]. AA7FA NaCle] WATS ZAx)vtkst
o dFE A= A= FFsHARE, UCP-1 o] 9]e] ZAsinkg-£] nfo]
oA o AgrEolof drh[31]. AMENEES FEE cAMPS} e v

&k Aloko] o] & gloy, E A= HEFoR o]y = A3}
HFS =84 (Rosi, Ts, IBMX, insulin ¥3%)2 A}£39 . Insluine

WATe A9} 2ol Alxe] #3t5 51, Ts9h IBMXi= UCP-1%&el A5
Zo]t}[35,38]. Ts+ thermogenesis, mitochondrial funtion,
transcription factors & ©¥et 7] Heo| ZEA dS st g A
th[38]. 3T3-L1AIZS] ZAAAW3 7oA = UCP—1 adrenergic & 7}Fs}
mRNAZAL b3S f13te] B 2sth[38]. Rosiiz UCP-12d S F7H4
o7 FVMAIIE 985 3tH[35]. Mouse models o] &3 A& A BAT
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© AUA avlgt 2532 A (glucose homeostasis) & FFAI 71Tt
A ATH37]. WAT7ZF beige fato @ ZAA Wt HAo]5 o=} A
23tH37]. AN WATC 25E F5% beige fat> AEEgsl A&
AL 53 28 v RbthAbe] AR Qlef BAT| Hlslo] oy A A}
77 WH(36]. MEK6 ¥rglo]l WATS] ZAAwrst sAef Alghs
1S o AaAdE ZAo® ®HAth A A uks)
ol oA dEel vA= FAA] FEe] it J2E mechanismo]

U pathwayv A5 A &Skt (39]. MEK6E #¢d o)

s
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AT 4 Ak o= ALAES] FA, E3F 9 tAbe] B duAE Qo
2 3}7] wWl&oltk. MEK6 #2d A Eo| 5o]z o
A7 MEK6 #327F mfEZE=glolo] AxiuE AHstE Ax9)
APAo] Q= RS WolFt Beige fatd AbAAH]7F WATe] thH] 8]
A7 ke AL AR S el F7HE mEZE ot ok Al
ALz 7] Folt}b[32,40]. UCP-12 beige fat¥} BATY
thermogenesis?7] A& A 3}51o] ¢ WHAbetal adipocyte M HIE E3HE
3ch[(33]. 281 mEZEgor A&EAFR o7 ofuUAYPA S FFEE
o] HRtjALZE A EE AR HAr[32,33].
B o3 AHoRzE AA, in vitro Ao HIEHEE FTE S in
vivo A8S Falo] AWz y 7el 247 NaClzk MEK69] 93 4 7]

AL e Zart . =4, AW 2F 9 beigingdd =2 BATOA]

WA pAs A el B est,
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o A7e =ule] #Hx 2 NaClA Ao wet adipogenesis7t 5 7Fshe <
A71A o2 MEK6 pathways AlASHth &5 9o Adud AdHdS B
¢ehs TS S8k MEK6S pathway’]dl& 5 qF@ et NaClAd F
S7kell ogh niRks oeta =l AuAF VIEAAd NxAsvE 2
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ABSTRACT

Effects of NaCl Treatment on the Adipogenesis during
Beiging Process in the MEK6 Transfected 3T3—L1 Cells.

Songjoo Kang
Department of Food & Nutrition
Graduated School of

Sungshin University

Obesity 1s increasing worldwide including Korea. Obesity is
becoming a source of diverse adult complications such as metabolic
syndrome due to obesogenic environment(OE) which includes genes,
lifestyle, and eating habits. In particular, NaCl intake is considered
to be one of the causes of obesity in dietary research, but there
are no studies on related mechanisms (signal pathway and
metabolism). The purpose of this study was 1)to investigate the
effects of NaCl on adipogenesis in white FAT (WAT) and beige
FAT (BAT), and 2) to determine of the effect of over—expressed
MEKG6 gene in WAT and BAT on the related mechanism.

To achieve the above purpose, the total of 8 groups were set as
WAT—control group(CON/W-0), WAT+Salt group (CON/W-50),
BAT—-control group(CON/B—0), BAT+Salt group(COB/B—50),
WAT/MEK6"* (Tg/W-0), WAT/MEK6"*+Salt (Tg/W=50),
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BAT/MEK6** (Tg/B—0), BAT/MEK6**+Salt (Tg/B—50).
Over—expressed MEKG6 group was classified into control group
(Tg™™) and (Tg*™").

The NaCl concentration (MTT assay) was determined as the
minimum concentration 50 mM without cytotoxicity. Transformation
for over—expression of MEK6 was determined by the chemical
method (Lipofectamine 3000). As a result of confirming the
transformation(PCR method), the mRNA expression of MEK6 of
Tg™* was 1.6 times higher than control, and protein expression of
MEK6 of Tg™/* was 3.5 times higher than control. WAT was
beiged by brown fat induction medium, included T3, insulin,
rosiglitazone, and beiging of WAT was confirmed by protein
expression of UCP—1 with western blotting. The protein expression
of UCP—-1 was 2.5 times higher on Tg* than control. Cell
differentiation and TG synthesis (oil red staining, DAPI / Nile red
staining), inflammatory cytokine identification (ELISA assay) and
energy metabolism measurement (oxygen consumption analysis
method) were performed.

Regardless of over—expressed MEK6 in WAT and BAT of Tg‘™/”
and Tg“™", the size and number of lipid droplet increased with
NaCl treatment. In particular, Tg(+/+) which 1s over—expressed
MEK6 of WAT increased in size and number of lipid droplet

/) Protein expression of gene factors associated

compared to Tg
with adipogenesis, such as PPAR—7y and C/EBP—a, Con/W-50,

was 1.5 times higher than Con/W—0. On the other hand, protein
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expression of PPAR—7y and C/EBP—a were not associated with

(+/+)

NaCl treatment in beige fat. In Tg , the inflammatory cytokines

TNF—@a, IL—1p4, and IL—-10 increased 6.5—fold, 6-—fold, and
40—fold, respectively, compared to Tg' /™. Adiponectin. Leptin did
not seem to be associated with MEK6 over expression, but the
adiponectin / leptin ratio (ALR) decreased to 1/5. As a result of
the measurement of oxygen consumption to confirm energy
consumption and metabolism, oxygen consumption was increased in
both WAT and BAT with the NaCl treatment regardless of
over—expressed MEK6. While the time to reach maximum oxygen

/M was slower than Tg'™/” because there was a

consumption of Tg
retard threshold range not found in the control group. MEKG6 over
pression was assoclated with factors that determine oxygen
consumption in mitochondria.

In conclusion, adipogenesis (inflammation, energy consumption,
etc.) of WAT and BAT was activated by MEK6 over expressed and
NaCl treatment. WAT was significantly higher in obesity metabolism
than BAT. The obesity metabolism of WAT of Tg™%" was
significantly higher than the control group and BAT. Therefore, this
study suggests the MEKG6 pathway as the linkage mechanism that
increases adipogenesis according to NaCl treatment for the first
time in Korea and abroad. If the pathway mechanism of MEKG6 is
identified through in vivo experiments and clinical trials, it will be
play important role in preventing the obesity caused by increased

NaCl intake and setting the standard for NaCl intake in Koreans.
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