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Long-Lasting Anorexigenic Effects of Vaspin and Leptin

through the Regulation of Synaptic Plasticity
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Vaspin 2| &l W F0= leptin IF FASHA A|LSHROM STAT3 M HEAE 2ESA T
EESH NMDAR antagonist @1 MK-801 O|L} AP5 £ leptin £0f 0| FO0{5tH leptin 0ff 2ot A4

o

X STAT3 2d%t7F RtEFE[O] leptin 2] MA] =F 20| NMDAR O] SRS & & UAUCL
N1 Aot MBMEO|AM vaspin I leptin M2|= LTD 2| ¢ 7|F 2l glutamate receptor AMPAR
(GluR1) endocytosis & FHSHACL 2|22 O[2{et &2 NMDAR antagonist Lt JAK2-STAT3

inhibitor £ &0| X 2|35}
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MNEZl22, NMDAR 1t JAK2-STAT3 M= HEA 7L vaspin 2t leptin O
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ME 02 1 AJASHE G210 AL ZE 7T oo 6
MNE g 2. Alﬂﬁﬂig(Synaptic Plasticity)EEf LTD(Long-term DEPIESSION) «evesseeeessemsssennesseeisssnienas 7
ME 38 3.Vaspin 2t leptin 2] 7|7F XHE[E A8 R 7T ThE 8

a8 1. 8¢ C57 O 20 vaspin 2t leptin £ =& W2 F0] = 44 AKX %82 X[& AlZh-15

8 2. 84 €57 OF2A0M vaspin It leptin & A W2 F0 & MHE BISb 16
1% 3. Vaspin £0 & A[ABHE AGRP F21O| STAT3 ZEAIB} vt 18
12 4. NMDAR AFEHO| leptin @] Al2 K| ZHEOf| O[K[A FIF o 20

32 5 NMDAR XtEHO| vaspin 2F NMDA £ 2 FEE AYSHE STAT3 2dot0] O|X|= Fe-21
2 6. NMDAR AtEHO| vaspin I leptin FO{2 REE A|MSHE STAT3 2420 DXz Fgh-22
a8 7. MBMZEO vaspin FO7F NMDAR 2 E8tE Sot0] MZE L Ca?t S7h e 24
T8 8. Alste wHO0IA vaspin X2[7 NMDAR & &3+0 AMPAR (GIuR1) endocytosis 7 &--26
O3 9. AMSHE FEOIA leptin Of 28t AMPAR endocytosis £712F NMDAR 2X[0f 2|8t &1t

a3 10. AR FEOA Vaspin O 2|8t GIuR1 I Rab5 SE= Lampl 2] colocalization O] JAK2-
STAT3 MZHE antagonist Ofl QIBH KETF e 29

O3 1. A[MSHE NPY/AgRP 72 0l A vaspin F0{= NMDAR

mjo
Ofm

510 AMPAR endocytosis

A8 12. Vaspin Off 2[gt A|gBHE AgRP 22| +=d&E7] spine = ZEI NMDA +&H| AEHO|
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Leptin 2 EIMEISAZON F2 YAE|0] HYoR PH|E|s s2R02, M4
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MEsZH H0sts o8 EZ=(0E =5, ghrelin, peptide YY, GLP-1, CCK, pancreatic
polypeptide) SOIA 7t& ZEst AE299x s LIEHHCH SIEL Or2A9] X

3L/ leptins FO{SHHE HO|YF QA SOl Haelbhs HatbiLt leptin2 2 ZE{9

2ddd leptin =EH Ofd2l LepRb M0 Zo2ZM O|FOZLL SOEAE
sd AgrRP FEI POMC w20 LepRb 7t =2 FE2=2 ZEEO QUACLES

POMC w2t AgRP w22 leptin o HiAF = XE= Oi/iste oot Rz &
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Lde{x RUCL™® Leptin 2 A&
Of & 7t &8% ZHZE Janus kinase-2 (JAK2)-signal transducer and activator of
transcription 3 (STAT3) ZZ0|Ct. Leptin O] LepRb o M= 2 =HQlof AgtstH JAK2 7t
LepRb O MZL{ =ojelof ZAgstHA 1 X4l LepRb & QIARFAIZICE? O]0fA
STAT3 7t JSAK2 Of AestHAM QoS Sot0 ZHMotEICH QADLE STAT3 = A=
0| 53t0f POMC 2 AgRP STX}S| 2T HO| ZEsto] POMC EHS A3t AgRP
Lol AMSCE HIBeE AFRIO|LE S S0 Me AlMSHE 7 OIA leptin Off 2ot STAT3

Mo TEA S ddst oM Zoj7p 2ottt ol ®E Mafdolet 220 o
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leptin 2 Al&otR2 R0 42 24 A2 Ol G4 M7t XIHEILL leptin 2f AlEx
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3.Vaspin O] M4 U o =H a7}

Visceral adipose derived serpin(vaspin)2 serpin family Off &5t= 41571 Ot0|=dte =

T

TdE0 e Y =220|0h S5H|T

o

St M 2 o =¥ 22 55 ZE2

r

Otsuka Long-Evans Tokushima Fatty (OLETF) Q| L% B{AX|REZZ0fA] vaspin cDNA 7t
HNgez Ze[otArt? 0] s ZHOIAM, X[EZZEO| vaspin 2 o Y2 H[TH} Y

oledl s/t ME == AFUAM 7t =1, =80 oMM MS0| g

vaspin & FO{otH FF0| WHEH QediNgdo|l 2 ™Eri ey QUCE® ot
leptin =8M7t ZEE db/db OFRALQE C57BL/6 OFRAL| A|AMSHE 31 L|X4=QH0f A
vaspin O] ZHRIE[RUCE SO|EAE X X SF0 vaspin & FO{5IH H|2F db/db
Ot Ho C57BL/6 ORRAOIM HHOIYFZE HA5RArte OE S0z T2
vaspin 2 db/db OFRA0| L2 1 3] F0 Al DY 44 207t 6 & S XS UACE®
Ly, SFLUEAMM vaspin 2 M4 AM =a7F DOfL X[ &L, vaspin ®aH7}

71 XEE= 7180 oAM= or% SA+7t &[0 [UX[ 4L

4. w2y ZHO| UM AT EO] TS24
"AHATEA G0l oftet =0 o £ FHOAM AlEAE St 824

=

M HEo| A7t XEHez F7I5HALE (long-term potentiation, LTP), &2 H20ts=

ok

5ol AEMelEE J|HoR

(long-term depression, LTD) 2&2=Z, 7|, FF,

MAIES e ad 2).7
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ENQ S84 MAMYSHO glutamate 2 &M= CHAHS (metabotropic)t

i

O|2X(ionotropic), & ZF7F U2, glutamate £ Ol FEX 0O Zgsto Mz
M 0|24 glutamate =&AM|0l= N-methyl-D-aspartic acid receptor (NMDAR), a-

amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor (AMPAR), kainate &Xi|

ujn

—a = (@}

S°| ofdol e, ZE0lLt HEF #€2 ¥ol=2 A

2 HE SMAIHA AIHAZ (post-

synaptic) w20l 24 2= FZAIZICL O & 5 NMDA F=EX|7F AlYAT7HAH0

T2 AMPA =EHM7t Al MEZ e = O|FTth. = NMDAR = AlHiA = MZEH0

i
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n
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Io

AMPA =&X2| 7|st +=& STIAIF LTP(long-term potentiation)

IO SO 2 AI'HA BESO| A5t AMPA =&X|7t endocytosis Off 2lsff && ZtAa7t

no
i)
=

™ LTD(long-term depression)?} === CtH™
A2 AROM MEDH leptin 2] S8 MSHUYAZQl JAK2-STAT3 ASFHEA 7}
NMDAR 7t O§7HSt= LTD Al AZEA40] 2HOJBtotn otop20 =21 7150 U0 JAK/STAT

Msxgzol o

Tuot
ro

Ot Lt™S| OISiEX|= AUKXIBE, JAK 2 g-amino-butyric acid

(GABA)?, NMDAR, AMPAR £ =Zofot MATEZE X2 Telnt 7|55 ZEICh22

HAOZ |TD & FEoChe A BSRCE> AlgATIAY XHO| E CHE 7|de=2
SEY ANHYAT -5 A2 sAE7|(dendritic process)atO] spine @M ZHEZ

= & UCE = LTP LMA| dendritic spine =7t S7t5tH, LTD 2 Aol =4E7
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HE0| AlgAO| MIIHQl BIE Aoy HOEB M

Hof| AlATbAg0] 2oeo] EnE|RACES = leptin O Sl= ob/ob OFRAO0| leptin 2
FO5HA =T NPY/AgRP =10 AHd AlHAol 7 S7totAL
70 HAStRACE 2| POMC wRlOfM = Bt fefof AL BiotE R ESHRICE ot
leptin2 SH0F w2 LTDE & AZICI B AL AT SEXIRE leptin O] O 7=
&S05t0] AgRP w211t POMC 72| AlATIAEE ZHS=X= & LM UX| @t

Malf A0 MEEH AgRP w22 dendritic spine & B0| JtX|D JUOLYE
POMC =& O|M= dendritic spine O] & &d&[0 RUX| UCL SO|FHEZ DOFRA0M

CHA(fasting)2 S AgRP F212| +=AE7| 9 glutamate O AZAHZ Lf Ao
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r
u

Ol

Z7bEmd  BRAlOf o8t AgRP w1 MBI NMDAR O Co|EXQI HAloz
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a3 2. A'HATEA M (Synaptic Plasticity)2F LTD(Long-term Depression)

ANEAZIAE0 = §EE wEUM AHAZE S0 MTE L7t XEXe 2 S5t
long-term potentiation (LTP)2t M2 HE HEJL X&EHCEZ  ZAASt=  long-term
depression(LTD)O| ULt A[HAZIAMOIAN S2%F @401 NMDAR Of glutamate 7F
Agstd w8 W2 Hu0| |UXd, Yo MIHEAE S AMPA +=8X 9

endocytosis 7t =50 LTD O YO{LtCt



ady
I
|
&
° | ¥ N
.
o\
|} _
P
¥ \ Hrome
0 AgRP-NPY | | “® y .
o ° [ gneul‘ﬂn y N \-K_,‘"-»E,_ii_, - 79{,.—" __neuron
© ) — N o | A .

iy

)

o
¢ o © o0 NGlutamale

\I N ) ‘/ | §
\‘ NMDAR AMPAR P 4 @
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'\’ AMPAR

JAK2-STATS|~" endocytosis|
pathway

A8 3. Vaspin It leptin ] 7|7t X[&E[= A2 =3 7|Fe| 714 a8
Ml 1S E310] vaspin £01 & NPY/AgRP 20| Z+AStD POMC 2$10| S7tstrt.
2 ATFOM AlYSHE NPY/AGRP wElOAM STAT3 Mo MEA 7 2dote|ACt. Eot
vaspin 1t leptin O MAIYH| Z20| NMDAR X A0 ol5t0] KttheEls =tolstict Of
A2 vaspin It leptin 2 NPY/AgRP w&l LHOIA vaspin/leptin-NMDAR-JAK2/STAT3

MEAHE &E3t0 Long-term depression O] SE=EZ|11, NPY/AgRP Of Qs XS =

POMC w&2| 40| 75t g4t MESE7IE AMetthe 7tds ML, 2 974



1. 5=

8-10 =& =7 O0rA C57BL/6) OFR2A = Orient Bio (Seoul, Korea)Ol Al —OHSHRICE.
AgRP-tdTomato OFf A& AgRP-Cre O (University of Texas Southwestern Medical
Center, Dr. Joel K. Elmquist 2FE 3)2F Rosa26-loxP-STOP-loxP-tdTomato O+ (Jackson
Laboratory, #007909)F W HISHO] X|ASHRACE ORRAS2 standard chow(Samyang, Seoul,
Korea) ad libitum & HRACt 23°C SH& 222 12 AlZH Y 7] (FF7] 8 AM~8P.M)

2Eo M ALFOIRIL 2E &

[

oot

M2 Asan Institute for Life Sciences (Seoul, Korea)2|

Institutional Animal Care and Use Committee 0|A] =01 &= ZISHS}ISICT

2. HEIO|EQ} o=
Vaspin (#8337-PI-050)2} leptin (CF-498-OB)2 R&D system O Al O{SHIICH NMDA
antagonist MK801 2f AP5, NMDA (M3262) & Stattic 2 Sigma Ol M TO§SHCE AG490 2

Tocris 0| A *OfSFRICH

3. M= B
10% fetal bovine serum, penicillin/streptomycin (Zf 100units/ml)2 Z 25t Dulbecco’s

modified Eagle’s medium (DMEM)2 At&3SH0{ SH-SY5Y human neuroblastoma A|Z2b N1

i

murine Al&oHE w2 MZZS HISIRAL,

4. o W sd a2 o HO[ZA FY



OFF (Zoletil® 40 mg/kg + Rumpen® 5 mg/kg)otoll Kopf stereotactic frame (David Kopf
Instruments, Tujunga, CA)& ARSI X 3 L& (third ventricle)0| 7H=2tE A st
2I5t0] Bregma 2 FHOZ 14 mm, sagittal sinus 2FE X2 01 mm, FHE EHON

SHUOE 58 mm X0 26-HO|X| stainless steel 7HE2t2| B2 {UXIAZICEH == =

= o577ts 7K § ORRATE ofF S0 A=SX|=S 3 2S0 handing =
TSHRACE Fh=et7t dld ol M= aSRA=R] 2Hlst7] I8 Angiotensin-Il (50
ng per mice) 55 e= AldSt S5 HEs 20 s= U= dgi HOlH 240

A& 3L
HEOIEDL =2 Hamilton syringe (Hamilton Company, Reno, NV)2t Harvard
infusion pump (Harvard Apparatus, Holliston, Massachusetts)E 0]|&3t0f 30 &£ =S¢ 5

ul/min =2 FYUSIRULH ORLAS

mjo

SH2 EOF 24 AlZ]2 vaspin (1-3 ug), leptin (1
ug), NMDA(20 ng)2 0.9% saline Off =0 FO0{S}FILCE Inhibition study 2= MK801 (1 pg), AP5

(1 ug)E 2 ul 2 0.9% saline ol =0 vaspin It leptin £0{5t7| 30 2 Mo FSHRAC

HO|MF QL MBS HEOIE X s FY T 1,2,4,7, 24 A7 S HLHYSHRICE
AgRP wElS HAL=E HX[SHI| 2[5t0 Cre Of 2EXQ HACZE mCherry £

LHA|7|= adeno-associated virus (AAV8-hSyn-DIO-mchery)E AgRP-Cre OrRAO| 4=

A0 FSED, OJ0JA Et= kM (lateral cerebroventricle, LV)Ofl 7H&2tE &2tSHRACE

HIO|HAE 0|88t FTAN 0| YOLIES 2 ¢ 7|CEl 7 LV H=s2ts S5t9
vaspin (1 yg)2 tt=s E= APS £ i FSHIALCE

IHMS motot LHHIS A|MSHROAM QI4tetEl STAT3(phospho-STAT3, pSTAT3)2t
Z STAT3 (total STAT3, tSTAT3) CHE{ZEOl &2 HI| 2|df, 8-10 =& C57BL/6) OIRAE

-10 -



CHESHY SIMAIZI § AMSHR 2 S MESHH 20iM Al K HAa0 HolM 55
daot Fl 24 TIK|= -70°C Ooff EHSHACH HEO|ER 2fE IcV £0f = Aget
AZHO Al 5HRE =AlS ARACH xE o=z THls FFSH0 50 pg THHEMS SDS-PAGE gel

MM M7|Fs o £l PVDF membrane 22 O|SA|ZICt 5% skim milk 2 blocking £

phospho-STAT3(Y705) EE+£ total Stat3 (Cell signaling, rabbit, 1:1000)0l CHPF XA

i

M2|SFRACE Horseradish peroxidase (HRP)7F Z2t=l O|Xt& MO H2| = chemiluminescent
detection system (New England Biolabs, Beverly, MA)2 O|&3t0] SIMSIRUCE pSTAT3 2f

tSTAT3 band intensity = B-actin band intensity 2 =S SLCE,

OFRAE Zoletil® (40 mg/kg)2t Rumpen® (5 mg/kg) S =422 F0{510] OfF

i

ANz H EMAHE S5 50 ml 2] 09% saline & #FSHD, 1 CHS 50 ml 4%
paraformaldehyde & #FSIRUCH X L XS O 4% PFA O 24 Al¢h 22H5H0,
O[0{A 30% sucrose solution Of Z=Z{0] Zt2t3tE M7EK| ©7HM EAlZICH S
L|Z=AZ cryostat (Leica, Wetzlar, Germany) &H|E 0|&3t0| 20-30 uym F7HZE Coronal
section & AA[SHRALCE.

pSTAT3 A TS FMZS 25t0] AlYstE EHZS 1% NaOH, 1% H,0, 7t S0{/U=
0.05% PBST O &=0A 20 & EHSA|ZI = 0.3% glycine 0] S0{U= 0.05% PBST =

d20A 102 O BFSAIZALE PBS 2 Al

I
ujo

oF & 0.03% SDS 7 20{U= PBS Off 10 &

|'II

FEAIZ|D 3% donkey serum 22 A20|A 2 A7t blocking & TSRt pSTAT3

LR M= Blocking &240] 1:1000 (Cell signaling, rabbit, #9131) 3|4 = 4°C Of 48 A|Zt

omn
ro

b HE2 A|ZACE PBS MA = anti-rabbit Alexa-Fluor-488,555 7} ZAgt=l O|X&tN 2
(11000)0| M A20A 1 AlZE SOt BFSAIZACH MZES| iz YAHSHY| 5] DAPI

-1 -
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(110,000)01 10 =7+ g8 =
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S0|Z (Carl Zeiss 710, Gemany)2

0[5t HASIH S L2 pSTAT3 Mo dEE HEoHRACL

MEZOAM HY HMS 2|5t0] 12 well plate Ofl poly-D-lysine & ZEDH glass & 21,
O 0 N1 AJASHE MAMEZE 1 x 10° 7|2 ZO0FFQUACt MZAMZA AMPA 8K 2

endocytosis £ 22I15H7| s MZE vaspin (100 nM) 22 leptin (100 nM)S AG490 (10

rlo
o

M)OIL} stattic (1 uM)Qt Z0] S2 TH=o=2 30 £ X2| ¢ £ cold PBS 2 washing
SHRACE Cold 4% FPA 2 30 & ™S dix = LAM GIuRT (1:1000, SYSY, mouse,
182011), Rab5 (1:1000, abcam, rabbit, 18211), Lamp1 (1:1000, BD Biosciences, rat, #553792)0f|
4°C O|M 24 A|ZF BESAIZICH O = PBS washing & ©F & anti-rabbit Alexa-Fluor-488,

555 7t dgfel OfXteld & (1:1000)0 M &20A 1 A[ZE S BFSAIZICE M2

s
mo

GMSEZ| 28 DAPI (1:10,00000 EtS =

OH

=X H0|ZE (Carl Zeiss 710, Germany)=

0| &5ty &I Zb NZHEZ(QF 100 7H) lampl rab5 positive 2F GIuR1 positive 2|

ot

NSUES SYSACE

7. AgRP =& dendritic spine =4

HIf

AgRP-mcherry 2| M= ZEE =0[7| /3l DsRed (1:1000, Takara, 632496)& X E

SAIZI 2, x4 dd0lds 0183510 HISIRUCE Coronal MM = Image J
ATZEQNE ALY dendrite 2| ZO0|Qt spine 2 =5 ZHIYU D, 2 dendrite 0 U=
spine 2| =E 10um & spine o =2 HJASIALCL

8. MZ W Ca> &4
MZ W Z& s E= Ca?t-sensitive dye Floud (Invitrogen)S ARESH0 =H3IRICH

SHSY5Y MZ= 12well plate Of AHAHSES Z22 1 0] 1x10° 7He] MZEZS ZF5tRALE.

-12 -



=3 @Y serum free medium O 2 A|Zbs BIFSF | 0.04% Pluronic F-127 (Invitrogen)2|

TuM Flou4/AM O] ZBE|0f Qe DMEM Off 37°C 1 A|Z BESA[Z F=QICH ZE0| Y E
=0 MZ= Hank's balanced saline solution (HBSS) HHIHO|AM S X|Z|QiCH Zt= 0o|0j&E

inverted microscope (Leica)g O|83t0] ZISIF O, O|0|X|& 7|E0| AXEE 22
300 & =0t FESIRUCE E& 200 &= &¢ ZE O|0[E2 vaspin (100nM) E= NMDA
inhibitor (MK801 or AP5 at 10 uM) AN2| o0 ZHEoIRUCH dE2 485 nm L=

Y=/, L= A2 535 nm TN SZYEALL B FE2 42 (22-25°0)0A

D= HOHe Ed4 + HFEQLXZE HAISIRL, Prism software version 9.2
(GraphPad)E 0| 8310 &4 M2 gt 08 7t 242 ?Istd & 18 U2 ¢
test 2 AFESIRIL, 3 & O[4 HD M2 ANOVA 24 = Tukey's post hoc &A1=

A[HSHRACE P 240] 0.05 BIZHY T SAXMLZ Root A2 EHESHAL.
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1. Vaspin 2f leptin 2t 44| & HF =H 282 X|& AlZh g3

Ol A BOIM vaspin SFAUEAR 12 50 A 2F5 X2 sEE 6 & ¢t
TAAZZ] HEof, A AN AHE8E 23MSQH X|EE[=X] YotE7| 28 e C576)
OFRAOl X 3 Ao 7HE2tE MYUSIRICE 24 AlZE THA = Fi=2tE Sl vaspin (1~3
Hg)2 =4 W2 FOostd, a7t Aletd Wi7bX| ofY Ho|g LS SRt HuE

Ot

o

o

=2 20l Y UMM leptin (1 pg)2 FOSIRIEL O 1A 0A 20

—Ho

= Bfb ZO[ vaspin 1t leptin F£0] = HHO| {7 M AEO0[ 24 A|ZIO|LHFH

ol

dl

SHET[ACE Leptin 2] A AH| AEO| 7HE A LER2D, vaspin 1 ug 0= R
24 AlZtof 2 Xtol= SIAKIBE A[ZHO| X|H=F vaspin 3 ug ECF O & =17t LIEtE S

SESIRAL. 2ol Fojef=0 Lot HOolgF M= atof tigh X|HAZts LOHE 7|

Sl UEHRISl HOIMFBES Lo 24

rot

b A3 vaspin 1 ug Of|Al 72 A|ZH SOt
KEEARCH, leptin Tug 2 96 AlZH SO X[SE[RACE (A2 1B) Eot 28 2 0A vaspin
it leptin = W F0= saline & FO0iot R0 HISIH ME S7H= 96 AlZh S¢t
OISt AX[StRICt oA ZME S350 vaspin 1t leptin O] ZFAMZHAH0| 8350

= dZF HoldF 8 MESS7HE AMAIZI= gabit /IS

mo
Lot

=t QISHRIL

AN
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A @ 95 B saline ey
© El vaspin 1 ug kk
ﬁ Bl vaspin 3 g **‘;**

c 20+ Bl leptin 1 pg
o kK
o i

S 15

L

(Y .

210

)

o

S B4

&

3

O -

24 48 72 96
Time after ICV injection (h)

o
2 @

Food Intake (g)
=

0-24 24-48 48-72 72-96
Time after ICV injection (h)

A8 1. @Y C57 OFRA0 vaspin 2t leptin & =4 W2 §0 = 44 X X

Rl AlZt

o
mujn
ofm
Ot
2
wn
QL
=
o
<
o
wn
o
5
=
Q

8-10 &4 C57BL/6) OFR2A0 M 3 LA W2 428t 7=
X Ol

vaspin 3 ug), leptin (1 ug)2 T2 = 96 A7t

*% P < 0,001 vs. saline £0] .
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Bl saline
- vaspin 1 ug
Bl vaspin 3 ug
Bl leptin 1 ug
8 _ . e ****
o P KT
Fekk

0-48 48-72 72-96

Change in body weight (g)

Time after ICV injection (h)

a3 2. d4 C57 OrRAH AN vaspin 1t leptin & =4 L2 £

ot

ME st
= Ol

8-10 & C57 OF A0 L& LHZ saline vaspin (1 ug), vaspin (3 ug), leptin (1 pyg)s T

S M= "3 *p < 0.05, ** P < 0.01, ***P < 0.001 vs. saline £ .
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2. Vaspin 2| 9|3t A|MSHE AgRP FEI0| STAT3 AMSHEH 243}

A MSHROIM leptin 2 28t M HHH = JAK2-STAT3 2 YK UCH 28 MM
vaspin &= leptin 2t 20| A[YSHE STAT3 &dotE S7HAIZ|=X| LOLE X} SHRACEH Ol
ot & A0l 5= HENOIAM C57 029 XM 3 ZHd0 Mt i=2tg S5

vaspin (1 pg)s 0 = 30 & 70l =[S MFSHO pSTAT3 SHE AHESHH BHEMS

AHSIACE HIEZOA= saline 2 FOSIIUCE O 3A O|M B0 F& Hieb 20|
vaspin £0I= AJASHE FAS 20| STAT3 245 X|EQl QIASIE STAT3 (pSTAT3)

Golg VXS S7AZICE 2 A7do Djga Ml AFNM vaspin 2 HA UE
S0 Al AIMSHROIAM A AKX QIXtRI NPY/AGRP mRNA 30| Qo|stA Ztasty,
HAEZ QIXFRl POMC, CART mRNA 2510| S7tets 2fQISHRULCE AgRP w22 GABA £
ZH[5t0 POMC =& 2dE dHSt=s AS Yeld esz» 2 AL Me vaspin O

Ot AgRP =T ZEO| F=FS oSt7[2 SfRACH MM vaspin F07F AgRP &2

STAT3 ASHYUAS ZMBIA|Z|=X| 2K SIFCE AgRP F219| somata £ YAHsH=
2 AKXt dMIF Q7| R0 AgRP-tdTomato OFRAE O|ESIRICE O] OFRAO]
MI101M 7|aet At S Ut HHORZ vaspine M 3-MUZ =S, 308 Fof HE
MFSHA pSTAT3 THAYMES HASHH F2M S & AgRP 70| pSTAT3 BHY
Mol 8 HFSI iRt H|wsHRIch 128 3B oA 20| F= HiQb 20| AgRP
7Ol pSTAT3 FM ZEZ7t vaspin FOZOM ChEF ECh SXSHA S7HSHIALE
Olg{st A ZIt= vaspin O] leptin 1t FAMSHA A|AMSHE =2, £3] NPY/AgRP

F20A STAT3 AMSHEA

ujn
Mot

FoIIVSES

mo
ol
0z
of
et

o
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Saline

3.Vaspin 50| = A[&SHE AgRP 72| STAT3

MotRE A FHOA vaspin 2 FOI5H

A}

AlSH
=t

(=13
=

AgRP-TdTomato OFf20 X 3 L& WHE saline E== vaspin (1 ug)

S x| XX 0f pSTAT3 T Y

. *P<0.05, **P < 0.01vs. saline &
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3. NMDA =&A| XIEHO| vaspin 1t leptin 2| A2 AX| Z&1 A|MSHE STAT3 4310

0K g

o

-

2 20| 3 fEgs &Y

=)
Ral
Jp
i}
rr
Iz
ks

CHE2 22 vaspin 1t leptin 2 =& L

AM =dtel 710 AEA7tad0] 2O5tEX] ZOtE AR AlAViad HEo 7HY

=
23t F=8X Q2 NMDAR 7t vaspin It leptin o MA Z=FE ZHE0| |OISH=XE
ZAPSHUCE & odol OigE MY AFOAM vaspin Of 2ot AEH =Dt
NMDAR AtEHA|(antagonist)®l MK801 =2 AP5 Of Qfsf Xittzl= ZHE =QISHRALCE

Leptin 2| 42X 217t MK801 SE= AP5 Off 2lof XHEHE[=X] =I5 2[5H0, MK801
L= AP5S leptin 0] 3020 =& L2 4ot Ji=ctE S50 =10, leptin O] 415
oM &0 OlXl= s ZEEUAC A8 4 oM 20 F= Hieb Z20] MK-801 It
AP5 FO0]= leptin 2] &4 X &S FlotA AHOIRIE) Hf222 NMDAR AHEHO|
vaspin 2| A|&SHE STAT3 o™ 2dstol DiXl= Fets ZARSHACH 44 =2

A& JFASHA vaspin O 2[5t REE

=
0z
Ot
I
wn
—
>
—
W
m+o+
E
z
<
O
>
X
_,>i

FIMM 22, vaspin 1t leptin O 2|8t STAT3 237t APS Off 2o XtGHElE M4

|O

AMSH =oISHACt (A2 6). THH, NMDAR O| STAT3 AMSHEA Q| upstream 22
AESt=A LOtEIX NMDA £ A W2 FO05ta, A|MSHREOA  pSTAT3
HASZ8=2 Aot ZdL NMDA FO = A|AMSHROA STAT3 Mz E  ZHEHA

S7HAZEE (23 5B). M2t Ofdel ¢ Zik= NMDAR o 2d3t7t vaspin 2f

leptin 2| A =H A A|YSHE STAT3 Mo HEA 2dte| &% Mz M AN
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[1Saline Bl MK801+Leptin
[ Leptin [ AP5 + Leptin

8_
2 6- o _*
g *
£ - M. e
3 |l
LE 2+ ** K3

0 *afa

4h 24h

18 4. NMDAR AtCHO| vaspin 1t leptin 2| 4|2 K| #80| O/X[= &t

24 A7t 4] AZI C57 OFRA| leptin (1 ug)a =& W2 F0st7| 30 2 0| NMDAR

o

XFEFM| QI MK80T SE= AP5 (ZF 1 ug)S A LHE F04st 24 A|ZH SOt B{o|M =2t

£, *P<0.05, **P< 001, **P < 0.001 between indicated groups.
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18| 5. NMDAR X}EHO| vaspin 2F NMDA £O0{2 R E & A|&SHe STAT3 #4340 O|X|=

kel

oot

24 N2t g4 A|ZI €57 DR 20| vaspin 3 ug) 22 NMDA (20ng)2 =4 WHE F0{5tH7|
30 & 0| NMDAR XtEHA|RI AP5 (ZF 1 ug)E =4 W= F0E, vaspin O|Lt NMDA £
< 302 Floll SHAFHAM A|MSHEE M FSHO pSTAT3, tSTAT3, beta-actin HIY==2E S

Al *p < 0.05 between indicated groups.

=21 -



Vaspin AP5+Vaspin

S 25000, *x% *xxx

20000

15000
\
10000/

5000+

p-STAT3 Intensity (A

- | | .

Saline
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p-STAT3 Intensity (A.U)

kel
24 A7 A AlZI C57 OFRA0| vaspin (1 ug) =2 leptin (1 ug)2 =& LE F0{5}7|
30 & MO NMDAR AFEEXIQD APS (Zf 1 pg)E =& W2 F0e, DFRAE vaspin O[Lf
leptin 01 2 30 & FO S[UAFAM L& LM pSTAT3 THAHFMS Aldg, =p

<0.001 between indicated groups.
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4, FEMZO|A NMDA =&K& S% vaspin Q| MZE W Ca®> M= Y3}

NMDAR 7} 2d2tx|™ NMDAR £ &350 Ca?' 0] MZE WHE RYE[0M M= LY
Ca®* s&7t B7FetCh30 MatA SH-SY5Y w& MIZO| vaspin 2 M2t NI Lf Ca®*
AO0| S75t=X| 4 E 10, NMDA =&KX AXMY 4% vaspin O 2|5t0 FE & Ca?*o
UMl HolIh XL =X AT BACH

a8 7 oA 20 &= HEQE 20| vaspin 2 M2 & MZE W Ca?t Y7t F2l5HA

Ol

[0

7F5tAL T, APS (50 uM)E 27H M2|SHH vaspin 2 M[ZE W Ca* & E7F a7t

2ETS| K| ATE Ol2fet At ZAibe vaspin Of MAMIZOM NMDAR £ 2dtAIZ
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A8 7. MBMZY vaspin 017} NMDAR &d2E &3t0f M= L Ca?* St

SH-SYSY M|ZO0f vaspin (100 nM) EtE M2| 52 APS5 (50 pM)@F 274 M2| & M= Lf

Ca? ¥o| H3IE Ca?*-sensitive dye Floud £ AFE5I0] &3
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5 AASHE FEMZOA vaspin 2 leptin X2] £ NMDARE &% AMPAR endocytosis

O|™el ¢4t E10A POMC wE it AgRP =Z 0 S0/ 22 NMDAR ¢ NR1 2
MAAZIL OrRAE MESto] dA 8 MEZ9| Hotg &S Zif, POMC FHOIA
NMDAR & Mgt DIRAME CHAIESHEO ECHE HWatlt gIA2L, AgRP =0l AM
NMDAR & Mot A0 M= HA, HE, MX[YY0| HA5HRACH? W2tM vaspin 2
NPY/AgRP wElE 9IXSte Y2 HESIEZ, vaspin & NMDAR & S50
NPY/AgRP 720 LTD S Y7ICh= 7HEE M-S 0|2 SHStaXxt HddsS TASHRAC

Ol ME =ZT0M TXN ZSHSDAL AlYSHE 72 MEZQ N1 MZO|A vaspin (100

nM)y2 tH=2 2 X2|5HH Lt NMDAR AFEHMIQI APS (50 uM) 2F &7 30 2 s¢F Halst

.

& glutamate 2| 7I% 23t =242 AMPAR 7t endocytosis =|O{ Al M| B0 Z=Xjst=

AMPAR 0| 4ot Atz LTD 7t REE=X[E 22I5tRACE. AMPAR endocytosis

rir

AMPAR Ot & StLEQ! GIuR1 O] M= LHE FREZ|H early endosome, late endosome,
lysosome 22 X2 MEE[EZ GluR1 It early endosome OFHQ! Rab5 L= late
endosome/lysosome Ot QI Lampl I} colocalization &l= 22 =QISHRILCE Vaspin
XEl& GIuR1 It Rab5 £+ Lampl 1t colocalization & S7HAIZICE 2|1 APS XN2|=

GluR1 2} Lamp12| colocalization & AFEHA|ZACH (L2 8). Vaspin 2F FASHAl leptin M2[=

r
=
gl
H
o
il
ot

GIuR1 endocytosis & = of {at7F APS Off 2J5t0) X E|ACH (2 9).

Olg{st A7 Zit= vaspin I leptin O] NMDAR & S350 AMPAR endocytosis £

>

=EL5H0f LTD & w2Y =+ ASS AlAlettt
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a3 8. AlYsHE w20|A vaspin X2|7F NMDAR € &30 AMPAR (GluR1) endocytosis
e13

A &SHE N1 cell Of vaspin (100 nM)Z X 2] = AMPAR subunit ! GIuR1 2| endocytosis &
GluR1 2t early endosome OF7Ql Rab5 =& late endosome/lysosome BFH Q! Lamp1 7t2]
colocalization 2 &5t0 22l oF F0|A= NMDAR XICHH|IQI AP5 (50 uM)E vaspin =

Melst?] 30 2 ™ ®MA[E #*P < 0.001 between indicated groups.
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a8 9. AY5HE FEOIA Leptin 0 2|8t AMPAR endocytosis Z%12F NMDAR <X[0f
olgt 2f AHE

A&BHE N1 cell O NMDAR antagonist AP5 (50 uM)E leptin (100 nM)S A2| 30 & H
XMe|sta GluR1 oF Rab5 E=+ Lampl 2| colocalization 291, Leptin M2 0|A GIuR1 2]
endocytosis 7t S 7t5t1, AP5 0 2|5l GluR1 2| endocytosis 7 AFEHEL #** P < 0.001 between

indicated groups.
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6. AMSHE FHMIEO|A vaspin O 2[8t AMPAR +=8X| endocytosis Off STAT3

re
-4
i

=0 [EM NMDA =&X|7t Oi7iSt= LTD Off JAK2-STAT3 A MEAI7t
ZHOJotCh 24 L5 2 AFO0|M vaspin 2 A|MSHRO| STAT3 M MEAE 2Hd3tAZALCE

[2tA vaspin O] =8t AMPAR endocytosis 7t JAK2-STAT3 AMSHEAO| s =HS

T
rr
Ral

fot
o
ot
HL
(¢}
s

b AIASHE N1 MIZ 0| vaspin (100nM) EH= X 2| &, JAK2 inhibitor
Ol AG490 (10 uM)2 e M2|gt 1 Z2, = STAT inhibitor Q! stattic (1 uM)2 A
HMelgt JE0IAM GluRl IF Rab5 = Lampl 2 O|F GM3SI0| endocytosis S
SHASHRICE a2 10 HMESN F= HieE 0] vaspin O 22t GluR1 endocytosis =7
2 1t7F JAK2, STAT3 inhibitor Off 2[sH Xtttel= 245 2QISHRICE

Ol¢fe| OIO[EE& vaspin O] A[YSHE w22 NMDA FEH2f JAK-STAT
M HYAE S AMPAR £ MZIZE LHE O[SA|7 glutamate 2= MEHS AU2pA|7{A

LTD 2 €2oZ 7tsd2 NAISHILE
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Saline Vaspin AG490+Vaspin Stattic+Vaspin

Lamp1

GluR1 intensity in Rab5 (A.U.)

a8 10, AlYSHRE wEOIAM Vaspin O 28t GIuR1 It Rab5 HE&= Lampl 2
colocalization O JAK2-STAT3 AMSHE antagonist O 2o KHCt,
A &SHE N1 cell Off JAK2 inhibitor AG490 (10 uM) EE= STAT inhibitor stattic (1 uM)E 30 &

A 0l2] M2| 2 vaspin (100 nM)S 30 = Xz2[eh MZ0A O|SHFHMZS 0|85}

2

GluR1 1F Rab5 ZE+& Lampl 2| colocalization 2@l Vaspin M2| I&WA GIuR1 2]
endocytosis 7t S7tSFH JAK2-STAT inhibitor Of 2Jslf AtEHES =Rl *p < 0.05, **P < 0.01,

*** P < 0.001 between indicated groups.
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7. AASHE AgRP FE 0 vaspin Ol 2|8 AMPAR endocytosis 7=

O|&fol M= Hel ZME in vivo Ol =QISt1X} vaspin £0{7F NPY/AgRP &0

rr

X2

ot

Lol st

rr

GluR1 endocytosis & Lo 7| Mes UHSHIACE Ol RISHH NPY-GFP
OFR A0l A 3 kAo 7hE2ts AU vaspin (1 ug)sS F0Ist Fl, £0] = 302 F &
ZEZ A0l NPY/AQRP FZHO|AM GIluRl It Lampl HIAZEHMS TIsstACt CHE ot
ZOME AP5 (1 ug)S vaspin £0{5H7| 30 2 HOf| £, EZ0A= & U=

CHAl saline 2 FO5IRACE 8 11 oA B0 F== HEQF Z0] vaspin 2 FOot Z0M=

NPY/AgRP 2 0fl GIuR1 I} Lampl 2| colocalization O] S7t5t 1, AP5 Of Qs 0|2t

—_

0

Op7F K[ UCH (- 1), m2kA vaspin 2 NPY/AgRP 20| AMPAR endocytosis S

7=ot0 LTD & €22 7tsd0l UCL
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NPY:- neuron’

GluR1+ ;Lamp1+ /NPY neuron

a3 1. AMSHE NPY/AGRP +EHOIA vaspin F0{& NMDAR & S50 AMPAR

8 ARO| FAE A7l MEHOIA NPY-YFP OFR A0 saline &=+ vaspin (1 pg)e =/d W2

4
e
Ot
=
rot
L

O M= vaspin &0 302 & NMDAR antagonist 2| AP5 (1ug)E F0{st11

NPY F210|A GIuR1 2F Lampl 2| colocalization O] Z7kst1d, AP5 Off 2J5t0] O]2{gh

2itE KRS, ¥+ P < 0.001 between indicated groups.
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8. Vaspin Of oJgt Al&SLE AgRP 210 +HET| spine BY T

In vivo Ol LTD 2| ¢t 7|Hez SE2d AlHA7t ddile F4E7|A2 spine

11%

X
g =&

= & QUCE M2tA vaspin O =&AL F07F NPY/AQRP F&19| A=Y

o

o spine Ed0| DXz s ZASIACE O[F ?I5H0 AgRP-Cre Orf229| &4=

&30 AAVS-hSyn-DIO-mcherry & microinjection & Al&istd, 2 = Foff ZLHA L2

vaspin th= 22 AP5 + vaspin & F05tL1, 1 AlZE FO| HE 2O0{M AgRP wmEl&f

7o S| spine 7t R[S A4S, NMDA &M XEHHME 27H Foet
o[ ol2fet 2VF AX E[RUCE Ol= vaspin O] NPY/AgRP w0 2830 +=457|
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A8 12. Vaspin O 2[gt A|[SHR AgRP w&Q| =&=7| spine = ZE1t NMDA &4
XpErol ofof ojX[= gk
AgRP-Cre OFRA0 AAV8-hSyn-DIO-mcherry & ICV injection £ LV cannulation &A[
Saline EE&= Vaspin(lug)S ICV injection 57| 30 & & AP5(lug) FO{dt 1 S 30 & &
b ZEZ A0 mcherry MSASE o DsRed HAZZHMS MA| AgrRP 3 U
dendritic spine & 7h2 g Vaspin & FO5IRAS Wi spine 2 #=7F A5t O 27t
NMDAR antagonist AP5 Of 2|sf XtEHE. * P < 0.05, ** P < 0.01, *** P < 0.001 vs. between

indicated groups. ICV: intracerebroventricular, LV: lateral ventricle
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LMS FUSICLE o QIMBE JAK B S010] K-ATP Mg ZNO TS S010)
R0 ZENS NF IWS|T HCHS B HHAIN0Y ATE 610 leptin Of

POMC wZO[Lt NPY/AgRP 7212 S&d A2t AMYE AL 5 ZHYC2M

Of & wEOM AlAATtad S ZECICHE A0 MAIZ/ AR, FHHL EArd=<tH

NR2B  QIAtSlE S8l glutamate AldA HH2 =76l 2282 oittn
HOE[ACEM EBE leptin O s§OFS] CA1 29| FEOIA NMDAR QJEXQI Yiloz

LTD & Y27ICh= A0] ENE[RUCE Tt leptin HE0 AOA NMDAR O] &o{gf2

w

HE B-M=OoM Qlsel ZH =F ® HF mHoM 85 Z=F ¥, Z{F solitary tract
nucleus (NTA) wEO0IAM O/F A K=o pizde =H # Z0|M SHEUCE 2 32

=22 AYSHFUA leptin 2] 42 =F 80| NMDAR O] &0jgzfs SHRitt= HOIA

NMDAR Of 2|3t A|HATIAM ZHO|= LTP 2F LTD 7F QUCH O|Mo] 3 E10A
POMC w20 NMDAR subunit @ NR1 & gioh DOIRANME MADN HBY HIE
ZREfSHX] QAU NPY/AGRP F210 NR1S Sl DIRANME HO|MF e MBS B35t

BHEUCE MR 2 ATOME NPY/AGRP 0l MFo0] RS LS w3
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Abstract

Long-Lasting Anorexigenic effect on Vaspin and Leptin

through the Regulation of Synaptic Plasticity

Background: Vaspin, which was first discovered in the visceral adipose tissue of Otsuka Long-Evans
Tokushima Fatty (OLETF) rats, a type 2 diabetes model with obesity, has been found to have beneficial
effects on glucose and insulin resistance in obese mice. When vaspin was administered to the central
nervous system of mice, a decrease in food intake was observed, but the underlying mechanism of action
is not yet well understood. Leptin, a hormone mainly produced and secreted by white adipocytes, is a
representative appetite-suppressing hormone. Leptin is known to stimulate the activation of POMC
neurons, which have appetite-suppressing effects, and inhibit the activity of AgRP neurons, which have
appetite-stimulating effects, in the arcuate nucleus, leading to appetite suppression. However, the
mechanism by which leptin's appetite-regulating effects persist for a long time is still unclear. In this study,
we investigated the synaptic plasticity as the main mechanism for the long-term appetite-regulating

effects of vaspin and leptin.

Methods: Vaspin and leptin were administered into the lateral ventricle of normal C57 mice, and the
duration of appetite suppression and weight loss effects were observed. Next, we investigated whether
the JAK2-STAT3 activation, a major signaling pathway of leptin action in the hypothalamus, is also
induced by vaspin. Furthermore, to investigate whether the long-term appetite-suppressing effects of
vaspin and leptin and the activation of JAK2-STAT3 pathway are involved in synaptic plasticity, we co-
administered an NMDAR antagonist to examine whether the appetite-regulating effects of vaspin and

leptin are blocked. We investigated whether vaspin and leptin induce long-term depression (LTD) in
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hypothalamic NPY/AgRP neurons through NMDA receptors (NMDAR), performing both hypothalamic
neuron cell experiments and mouse experiments. Subsequently, we provided evidence for this
phenomenon and examined the involvement of the JAK2-STAT3 signaling pathway in LTD induction

mediated by vaspin and leptin.

Results: A single administration of vaspin and leptin into the cerebral ventricles of normal C57 mice
significantly induced significant appetite suppression and reduced weight gain, which lasted up to 72
and 96 hours, respectively. Intracerebroventricular administration of vaspin activated the STAT3 signaling
pathway in the hypothalamus, like leptin. Furthermore, pretreatment with NMDAR antagonists MK-801
or AP5 before leptin administration blocked the appetite-suppressing effects and STAT3 activation
induced by leptin, indicating the importance of NMDAR in leptin's appetite-regulating actions. Treatment
of N1 hypothalamic neurons with vaspin and leptin resulted in the induction of AMPA receptor (GIuRT)
endocytosis, a mechanism involved in long-term depression (LTD). Moreover, this effect was suppressed
when co-treated with NMDAR antagonists or JAK2-STAT3 inhibitors, suggesting the involvement of
NMDAR and JAK2-STAT3 signaling in vaspin/leptin-induced LTD. Finally, intracerebroventricular
administration of vaspin in mice facilitated AMPAR endocytosis in NPY/AgRP neurons, which are known

to promote appetite, and reduced spine formation, another mechanism of LTD, on dendritic spines.

Conclusion: The above research findings suggest that vaspin and leptin induce LTD in hypothalamic
neurons, particularly NPY/AgRP neurons, through NMDAR and JAK2-STAT3 signaling pathways. This
mechanism helps block excitatory signals in these neurons, thereby supporting the maintenance of
appetite suppression. This study is significant in presenting a synaptic plasticity mechanism in appetite

regulation in the hypothalamic neurons.
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