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Table 1. Newly identified molecules with important roles
in energy balance

Molecule Year Notes

Leptin 1994 Subject of this review

GLP-1 1996 Glucagon-like peptide 1

MCH 1996 Melanin-concentrating hormone

M-4-R 1997 Melanocortin-4 receptor

MSH, Agouti 1992  Melanocyte-stimulating hormone

PPARY 1994 Peroxisome proliferator-activated
receptory

CRF, Urocortin 1990s Corticotropin-releasing factor

UCP-1-3 1997 Uncoupling protein 1-3

Agrp 1997 Agouti-related peptide

A7 A HHG AR HAHL WFo] Za g2
oj$ Bzl whA Qlzkel AFH ARH(body
adiposity)2 71 717kl AA uj$- ¢kHFHo2 {25
< Holth. olHd A Hwd =HHY 714 (feed-
back mechanism)oll o3 A E Ao F2HE
v, AFzda #Aslq 53] A3 (hypothala-
mus)7t 7H AAAA A8E didshs Ao A
Ak olE oA FEAPAA A3 B 28
g3 &AY, 48224 (orexogenic) E-& A 8AR|A
(anorexigenic) EZEE HAUWZ FYS o AF
2 =] Aol Wshrt zeEdvhs A9z
B 451 gt 2 So] EARES uiRd A
28 AF 71&E0] AU HAs AHE AR
B33 7| E0] g A BER| 2 Utk 2 Fol
AN Vg FES B lE AL ob gened] AXEQ
leptin®°|th. Leptin®] o9& @je]20ie] leptos
(thin, A& FE] A=A, 19940300 X2 &
2% olF, vt goll A AH& G Aolghs 7|dRE
Eeldos|y 9t Lepting] $2 I3 F2 49
ARE ARt A ARE FIH)T)E adipo-
cyte-derived signaling molecule® 2214 Ut A
Az Holz Hird (diet-induced) Hlgto|Y fAH <l
o2 2 HHE AHFEENA lepting T4
A =¥, AFol Fadta ZHglucose)d HAE 7
ANFE A9 B PU°. ol&d leptin®] oA At
o vlXE &de YRR FRAAA £L Txo EX
shal Qe Sold £84"0 2l dojups Ao
2 4#A itk 237] AFA leptinol MF 243}
A diatell Fa3 AEe FFehs Y A3

2R AT ¢A i}, FAF 1 o] v A
Ve - AAF G ABREZ|A -2 4FE vXE
Aoz wEHA Al JAYM % leptine] 2AIst
< YlFe] gdiH it

olo] AzEL AT/X Hud leptin® F2 &
7 2 7)o BE EHEL AR, gEo] Al
F9a Fho] Qe Fid 2HE DFo| nF3AL

F},
Lepting 24} ¥ &§

Leptin ob gene.2}R-E] AA}(trascription)s 3L
167709] ojml:ito g Ao At Leptin 3=
= QA chromosome 7q31°1 A8tz g3t <F
15,000 base pairZ o|Fo|# lr}. Leptin® F2 ¥
AR ¥F 22 (white adipose tissue)ollA A= AL,
e ke X Z2A(brown adipose tissue)d
Bt M2 whEo AL} Lepting A& ity FF
AAA 5L Dxo] B¥& 1 Q& leptin FEASE &
3] dojib=d), o] class 1 cytokine S84 AEe
&3}, o] AQ AFHE g FEAZE inter
leukin-2 4+4#), interferone &4 28lx 432
B 22350] AUTF. Leptin 5841 complex gene
o 98 encoding®+=Hl, diabetes-prone db/db mo-
use'”, Zuker fatty rat(fa/fa)"’, 22} spontane-
ously hypertensive obese Koletsky rat'?slx& ¥
o]7} ojub= ¥HE | ob/ob mouse} obese moused]l
e AL Aoz HuHRh Leptin #Hle €%
Z7)(circadian) ¥ =7 (ultradian)®} F&H<
W52 Boln¥ 54 ghide] AgE o] AuelA &
g9, 283 EF leptin® = L mRNAY ¥
@& CEBP(CCAAT/enhancer binding protein), %1
€d, glucocorticoid®t 2R cytokines(IL-1, TNFa)
5ol oaf A3 2= beta-adrenergic agentse}
cAMPo| &) 38 ZHEHE Aoz HuEHa it
(Table 2). Leptine A2 (fat) A Aol H3= o]
Qe o] ool B3 AR B ol HA sl
de 22 AL, 48 oA FALERJIA =
I (overfeeding) & 3H=A] ojF-o it R E H=
A ® xAsHe Qe £gA9 Asie] JAK -
STAT X549 Z2E A7l 98L 9t &
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Table 2. Inducers and suppressors of leptin expression

Inducer Effect Species
Feeding + Rodent+man
Fasting - Rodent+man
Glucocorticoids + Rodent+man
Insulin + Rodent
cor + Man

Pertussis toxin - Rodent
CAMP - Rodent
B-receptor agonists - Rodent
Thiazolidinediones - Rodent
Cytokines + Rodent
Obesity + Rodent+man

+ !induction - : suppression c : no change.

3 A ARG AAUEN JlE, 854 agla A
gl (thermogenesis) & E§8hs A5kl ouyA] &
A 9 AR FE7} AR A leptindt 2 4849
Aol o3 wske 5 Yot wakA leptin® oA
AFFEE Aoz FAANPZA A HHo
UAA 7 o 2HAR EEHT o 98 B
of, F2l¢l ig WSO % leptino] AstHW, A

2o BuE AsNA VR E B&EST, corti-
costeroid®] EH|& F/HAA Ao 2 RE 17“5‘ o
YA E o]FAI7|H, AAFEE HeATlE & A4

o] F dAlgg e A$A4Q0 uke-g %55}71 ot
o9} 2 AANER|AY] Hsh= 74
7Ve8E FATIn AAEEE Adske 2t ¢
o] FEHEHQ] Bl HAsk

et tiEEe] Hwk Bxlol M= leptine] 238 &
7F=0] o1 leptin® 713 9] 34 (resistance) o]
EAE 7FsAdol AAME AL gl Leptin A3 2d
o] 7P 8 T 7HA sHdelE A, g3 - -3
-(blood-brain-barrier) &4 Al(transporter sys-
tem) 23 x4 F304A9 leptin FEA
FolM e} A ¥0) it} Leptinoltt leptin 584
o FAR}; BolE A7 ¥ o, AN T 423
vl g AANEY] 715 elE 2edthe AMIER
AZE T QAP oA Y leptin® F43} v]wholekes
A3 g Al A BRoA Sa3 dde 9
g3 o], HA A4 Fol= leptin® A Expehz
¥ (molecular target)3}, leptin®] o} AlZ Uiy
Alte] g5 aHgol ok ATER o] FojA|x giut.

A7 A= AT lepting F2 AE5-¢E &
24 e, FEAFEAA leptin A7 B A
= BZ&(ventromedial) AAEHEE 93] 3S o, 1]
wo] 2YHURL, BERETE S50 leptinS AH F
Agde o), ¢ e ALY a7} 2HATR
S5 XA E (adipocyte) A BHE leptine] &
- - BEE T8t AT leptin &A1
AE T leptin TEA7F 848H 1, 1 A AW
i) thatell wlAAIEE A AR dsjre of
2 gAaA g A4 FRAE, A GE ABHEE
AEHY H5FEE AA Yot FoE 551
2t 53| leptin® Zeg o] 44 Z}:Lxﬂ‘?l neu-
ropeptide Y(o|3} NPY)9| #4&
A Q2 e o g A
Hlo| = @&k vtk g}

2] Aol A leptine] AABE LH3
7|3, HwZo A AT #AAE f&
AAgE Ao 2 &2 ulgk9] ow}o] lepting] F&
g 5L {3 71e7te] disiM e AyAErith
9]7o] Aolait}, E3F functional leptin receptor7}
A E o] 9o} leptin AL 3.0 db/db mouse”

M leptin®] F=/F @8] AEERA Q] F(size
of adipose-tissue)¥H& Wrgd 8, A= 7%, &
‘signal of plenty 9% tatx] £3lo] njgto] 2
"oha gl wdl leptin GAHAL Wol7} 217k vt
o wjAE= gl gt g AFENA ob&7HA
33 Anpyt HuHA g glon, owk vtk gl
of th¢l EA49 7Fs/dol AAE
A},

oﬂ _[2
g
rr
poth
o
i

s $A14
Bk AN

24 (polygenic)

Leptin®t AjYatgel M
(Hypothalamic Neuropeptldes)

'ﬁ IH| EtOIE

Leptin +8A1E 39 o7 F9dA 2AFD
o} 7)ol AAEHESL o] A, 9, sint, A
2}, W2k (choroid plexus) 2 brain capillary en-
dothelium 5ol T -8} Ao] 2 rece-
ptor isoforme FZ AAJsHEe] F48 (arcuate nu-
Buj 28 (dorsomedial nucleus), EW&3

(ventromedial nucleus) 223l A& (paraventri-
cular nucleus)ollA HZAHH o] XX FZ leptin®

cleus),
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Zhgol 714 wa s 7t Yehdn? o] 5919 A
A3l dlof|A] leptin® NPY, thyrotropin releas-
ing hormone(e]& TRH), corticotropin-releasing
hormone(©]8} CRH)3 Zo] w3 & &2zl 414
Helo]=E 18] urocortin. agouti-related pepti-
de(e]3} AGRP). melanin concentrating hormo-
ne(e13t MCH) Zo] Aj2o] AH AAHeol =59
B T3 TS UAA Bh o] F MG A ¢
A7 AL FANA ] NPY* g} Autalo) A <]
TRH 2 CRHS] @& o] u]3ji= go|np?®

A& 274 A7 3ele] =] NPYE &4 AH 9 o
YA AR AR 7153 ABART V)5, 2
29 AAUEY] 9 43} 58 T v F

& 7R 2 glom FAe A leptin 2HE2] T8 W
AR A4, A B34 daid, FHow &
wEl= lepting AsHYElolAd NPYZF Z7HEicke
FH? wkd AHEEA lepting FARS W, F
Ao A NPYY #H)7h Adk= a(down-regulate),
olgigt Wsh: AR or SFAHFAE Foln w7l
A0 848 F7MTIY AR ARE sele &%
g 7ML A 997, Wo] $3A74A 9 NPYE 2
A FAstd 74, AE 2] M3l 2 Qe MY
2 leptin 29 AHio} A ZAE HolA B,
TS leptin A2 I8 H|TES Hoje AY FE
(ob/ob mice)ollA] NPY ZAHo) 93] v =7}t A
A ZAFRE FUAT, tA dtEvke B Q)
P NPY 584 Y13 Y57} 2gslo IAY &
NPY knockout miceoiA= d4Y &2 439 AF=
oA 9u] Qe o7t HAHA gkskvke A7 A3
EE UAEH, ol AMFsHEY] A4 A QlojA
I ¥ g2 JdE #93ta Qvke AME AR
o} 2322 NPY7} HolA 2483k leptin®] K43g
ARE ofd AoRE FZEE 1 9lo], lepting] A3}
B Fgate & o2 ¥HL Fuz} gk =¥ E0)
o] Fojzl 1 girt.

HZ A5 9ahA, NPY |94l pro-opiomelano-
cortin(e]3} POMC)®] ouA] 34 =" glo]
leptina} && o) Arka FP”. POMCE g3tz
= 4Ee A7 AEE Y1 NPY 54415 234
7Im Atslo g A=) gl ol xAlA &2 AH
o d3l JgA &7& Jebdt). Leptine ZAtaiolA

POMC mRNA #&& Z7A7]3, POMCY upre-
gualtion® alpha-melanocyte-stimulating hormo-
ne(°ldt a-MSH)9 AXE F7HAZt. o-MSHE
A8AAFgHE AW AAHEl]=Z A melanocor-
tin 4 F&A0) 2342 43T,

BiH o] leptin® Aol A I T} & A7 Peto] =2
AGRPY #dg oAlshe 98] JI*. AGRP=
MC3. MC4 melanocortin &2} A a-MSHel
g 232 2Hgsle] wihe faske 28-S Ad
ATH® . Leptin-Z2¥ ob/ob mice A43HEolA
NPY 2 AGRP 559 A& Ro|ed), o2g &7
& Falo) 93] 42 leptin ¥x9 A YERE
Adahol el Al geto|= Walet FALSHLL, lep-
ting %ol F4stA Hw o]zidt Wskyt gHdnh
TR oled $8 A9 ARELS POMCY £
A7z WolS AW A PO § AFIA A
el tt. POMCE ol v|gt, FA7s F-4
(adrenal insufficiency) 712]3 red hair pigmenta-
tion 5& 23l ol leptingt POMC-o-MSH/
AGRP systemo] A% 2 ohdx] Al Fad g
3o gt Qo AME ARk

2B leptin® AUA 78 2 A A A
o] wslo) sl AEHEY] AZREo|E BEE 22
oz AAFaRal A HAg whEo] dojueE
Tl dEs g9et) AR leptin FEAE T4
se] POMCS NPY 4174 2504 23, 3
2 A7y 9&d NPYS POMCe Z43d <
AR FRo| HE Wi oA LEHY A
¢} NPY 2729 A¥E W4 melanocortin 23]
9l AGRPS} #7) ety @, 2eluz Ags
Bel B4 ATEL A3 leptin = w83t
NPY$} AGRPE Aol HuA7|E 2oz BT
ol A& AAA NZAHeol = Fule] A3ts} A 2
Ao thE 223 pAES doA ARA R 4
AFE Y2 iR S FAA AW A
Pleck-i S Edl= )

oa-MSH¢} o9} #A44 ZAgAd AGRP 8|1
POMC o] €lojl A445}5oll A leptine] 23 & o
e gHozE oo wdd 2L A4 A7 Pelol
=9l codeine and amphetamine-related peptide
(13} CART)SH MCH7} 9It+?. CARTE &4 44
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AA8l= leptin-dependent A FHE}I=2A W}
TEANA Hole A4 BAadat A 48 A3l
o2 g 4 9. MCHE melanoso-
medl| Z-&3te] B RAG 23 a-MSHE 35 4
28} 28 ZAgA oz whggict RolMxy MCH
¢ oa-MSH= A dehiol e Atz oz 2Agspx|gt,
Y TEA A878-E k= o-MSHS AGRPS}
= 2H o= MCHE o4 #8AA] & +44%
53 24 AHE Z/MAYY. Leptinel CARTS
MCH®] 8¢ 288k= 202 Rol}, o]id 214
o Ay ojul= o}z WA gkon CARTS
MCH®| 9%, 181 t& A3 eto|=sae] 435
g o3 W] HsiME o B drt Es
g Ao2 AZdrt. o4& EAH CARTS MCHE 3
q. Halédo]»_‘: R 1;(} v /\1@ %‘,] Agatﬂ-x-l /\go]
TR IME AFH = F e B FHE T A
o= 7igdn.

#Hol leptint} #sle] #Ajo] Holx|m Y= &
o A3 HEe] == CRHeJth. CRH% CRH-like
A3 AELO] =Q) urocortine 22 A2 A3
CRH+= AlUyA] A29 w34 848 A58k A
o2 BAYG® Leptin 584 CRH-containing
neuroncllA BHE 0 leptine A8lo) A CRHS) &
g FEINY. =3 H2 Aol Jshd leptine
CRH 847t $Ash= A2& B3t 224 43l
e Mg F3* CRHS urocortin®] leptin
o] S et Fgol T3 A8 ddstz ¢l
71E 3, o] A8 A3 #AE 1 gt ohE Al
ZAfglolusdt FA A og #4 e Ao
2 RAY. gl AFE AAHeolEEe F2 F
28, WS gela Al SEE R g H 2
WAE AFHElo] =9l orexind 0|9k TIRHO
JAFE A8 A YoM FoT AL F Ao
FZ50 4d w0 AsHE (dorsolateral hypo-
thalamus)olA] 2@ 1 AT APdshEe] NPYA
3 orexin mRNA &= 4 o F71E8, orex-
in®] o &4 HHE AsHA AF3e A2 oA
AR "L, orexin®] AHA|gE )28 ofa) B-EHAs|)
Orexin 37] Fo9] |2 o}z ZALEA] gkgtom

£ AR E ol =ERe] A3 AEE o A5 dF
Fojok siAul, A4 24- AZMEPo|=FoM E o

L

r)f

F8% 9%s gaahs Aos FEE 3 lep-
tin3} tubby transcript, neurotensin 59 t& A4
a3 AZ3Ee|=E 1) Aol diEiM R oldR
o} Az} A8 e A1 9lom, oEe] wd A, o
A 7E AT HY A2, a3z o]E B 7
T AaAtgd g @] RopAa gtk AE7t
A APl olshd, leptin-Z3E ob/ob micest
leptin-A% db/db mice®} BT NPY$} AGRPY
%7} 2831 POMC# melanocortin Az A A1¢] A&}
g ge Aoz FEEY glzHS= yellow obese
micet} agouti mice®] H]%H leptin systemol| = of
R ZA7 1A%, agouti protein® ectopic pro-
duction®| melanocortin &30 thal] Aoz
2831 H)9he zgsks Ao BT, Melano-
cortin 489 knock outZ agouti-related pro-
tein®] #t} ¥r&-& HolE transgenic micett agou-
ti mices}t FrAISE £H Y-S HolA Hrt

oo} 2 o] Aol ET Y] BeH LS
o] ¢ko 2 F ] B ﬂ“’é!ﬂf’iz‘ wol] o] g
W ¥ OME} H|ghe]
& Aow Ay

2] /ﬂﬁ;ﬂg}o]t:_t;_,] uh& o)) 217{31—10] 43S 1|
A 1 olg e ARWEH] 7]5e 2HFoEH
o 2] At L—:- nAgeE 7R Ee] it 7t

= leptan] “‘3“01]*1 TRH ¥

FHog § “‘5] = ACTH#’\‘J =
o] B48tE ARk Aog Yehton' in vitro &
TFAME leptine] A¥ZoE FUH CRHe #491&

AR o3 B2 48 A lepting} CRH-
ACTH-%4l &3] #3148 #3% + e 71¥E
AFIIL QAANE Al GBS LAE 5 3l
Aok 7733 Aol Kol leptin®] 4%
937148 HE|E (cortisol) B ACTHY F7144 3}

o)

]cﬂ:l.
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(o2

oI 4w BA7 AT leptin S-§A9] WolZ
248 MR BAZNA FA)5 $AE depicke
Bt YT, olef UAe AFANE TS
leptin 45, 2P44e) ek A YA A -
¥4 ¢ 245k 71%5¢ Ad CRH $dg wa
NgozA oz By B ohiet AFRRY] 75
AT G F= o2 dANG,

2. Leptin®t TRH-thyroid &

CRHY w]A]= &3¢} H|%5 A leptine A H8io|
4l TRH =& 3= Ao2 Helth F24)o 9
leptin %9 3= TSH$} triiodothyronine &%
At} FRo) on 74 F FHoA lepting T4
87 HA ASE leptin TE9 A#E A 29
oldo] EIFETH. MAFe AshRolA FAoz
2= = TRHY 28 AAIE leptin 971 W3l5}7)
W&ol lepting ojeidt AE-L ojuiw AP
ol o}Fojx= Aoz F2FH® 723 leptin F
249 FHHFA Hol(homozygous mutation) &
Q3 =¥ leptin 29 FANNE TRHY Eujst
HolstAl Zas alr:}z‘” 2322 lepting ojuiA)
o] A7 g H2 AgFozn F4o Uit A
9 ¥8-E fFEdte F8 WREA ey o=
I 5289 Byl Azt il 87 (metabolic
requirement)& Go==-UTH= HollA ¢ FEAA
A 71%E FYIn & 4 Qi

3. Leptinat MATH F(reproductive axis)

CRH$} TRHe thgt & o]9]9) leptin® gona-
dotrpin releasing hormone(¢}3} GnRH)-gonadal
Fo] gL FE= Ao HQlY E‘:} ERHoR le-
ptine A33HE explants®] 7158 W75 lute-
inizing hormone (|3} LH) —.—H]oﬂ QLS FE= O
2 HAD? ZEAHNAE lepting 2402 Qs
%5+ LH-gonadal %9 WaE uj7fatn™ lep-
tin®] £ HFoA A1 AFE 22A7| 2
infertile leptin-deficient ob/ob mice?] A48 <&
3 EAZIGT Rasm Yo, ol2d Alge e
o] BA7|8Y &S FANE oAy A
% & 3} QN E leptin FE9 77 AL
77 ARHES s 802 2830 leptin
TEA2 FAFEA WolZ A ¥ leptin 2R

A A7) wgo] glojRka §oFY. % lep-
tin® LH%} estradiol =9 & A}o] ¥F(minute
to minute oscillation)& ZZ38}Y leptin £4]9] oF
7¢ Z7Hnocturnal rise)e A 43iAY ok LH
2] 8iglE ZAAE Fo 2AAE 28 £ o
o= ofeld Ael(cachexia)t}t 4144 218 2% 2
2 leptin %9 A3 u} Hole hypothalamicpi-
tuitary-gonadal function®] & A3 Fo*.
AAZ AAA AL&RAS FRA BEHE G
leptin =& HAY 947 F719 d0o2 g3t
2 g9 2)3 leptin F=9] 3] E-2 gonadotropin &
o] Z7tet A=Y ok aEEE AUAA @
leptin F=& A Ay ARo] BEsrhes Pu
£ ¥ 2 Agshe 48g sl FEAHEHZ 2AE
A g5 LH-gonadal %9 A& fr=38H Aok

4. Leptin®t YYRER 5
AY A2 2 25 leptine AL E] EHE
Z 431 A& (metabolic signal) 24 &3t}
,j-}]é}ﬁ Qe HAFANA lepting FH3hd
Fulof) o}fd A E JojuhA] AT, 7
5ol Al Fo43le 4102 Qs f2td v
4Bz Hu7} E3lEH? 4Pz =e
ulg ZA48h lepting 7152 HZ AeME o
Al BR1EJEH, leptin TEAS] FHHFA WHolz
As) zehe leptin 2P FAES FA7IRH vUF
S By ¥ ooyl AATEEe BHE A 9
QY. 22} QAZIAA leptind} AZZER Alojg]
HAHL o ¢ B3 of B& A7 Zasitt

A)
S
A}

©

"]

ﬁfiﬂ

A

_Bi N }Oi' mlo
)~ i

|

M o?r‘., 1 ox do }'

& =

AA7HA) HE leptin®] 28] that ATFEL
A g3 248 7)Ha Ao Heln dEd
%8 SMES AT T2 gk BE leptind SolA
AFE MAHE| =] oA e FUF =
HlARe ofth. HZ Ayl 934, x| A
ZAdl| d3 serotonin A EE leptinAl o= FA35 A
o B wabd #AE leptin® downstream
effector?] uncoupling protein® 2 leptinAlgt 4%
AgeE M2E BRE B2 leptinAlohs MER o
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Neurobiology of Leptin : Neuroendocrine Regulation of Food Intake

Seung-Hyun Kim, M.D., Sook-Haeng Joe, M.D.
Department of Psychiatry, College of Medicine, Korea University, Seoul

Food intake and body weight are determined by a complex interaction of regulatory
pathways. Leptin, the product of the ob gene, is a recently discovered hormone secreted by
adipocytes, that signals the amount of adipose tissue energy stores to the brain and exerts
major effects on energy homeostasis and neuroendocrine function. In addition, leptin has
recently been shown to affect reproductive function in rodents and humans. The study of
leptin and its effectors in the hypothalamus may provide important insights with respect to the
interplay of several hypothalamic neuropeptides in regulating feeding as well as the interaction
of genetics and environment in the regulation of energy homeostasis. In this review we
summarise the action of leptin in the regulation of food intake and highlight a working model
of the effects of environmental factors on the leptin system.

KEY WORDS : Leptin - Hypothalamus - Obesity - Eating disorder.
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