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Abstract

Dysregulated energy homeostasis leads to obesity. The brain, particularly hypothalamus and brain
stem, plays a key role in the control of food intake and homeostatic regulation of energy metabolism.
Food reward-related hedonic controls integrate with homeostatic controls to regulate body weight. The
brain determines energy status by receiving peripheral signals, such as nutrients, gut-derived satiety
signals, and adiposity-related hormones, via the circulation or through afferent fibers of the vagus nerve.
Significant advances in understanding of the molecular mechanisms of appetite control and energy
metabolism drove the pursuit of anti-obesity drugs in recent years. The development of incretins as drugs
for type 2 diabetes provided unprecedented results in body weight loss. Recently, clinical study results
with incretin-based poly-agonists reported mean weight loss greater than 10%, inspiring confidence
in development of anti-obesity medications. Here, I briefly review how brain and peripheral signals
integrate and interact to regulate homeostatic and hedonic eating behavior and discuss the mechanism of
action of recently developed anti-obesity drugs.
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Hute] fHES A AAFOR Z7F A=, Ad 204
7 SR UEE HIRS A AIA HvE HEES 24 ol 5
7¥SHATHI]. thetH|utelalof A Ehaget 2
Sheet?] Ao w2 A 2067 A -AZFA S (body mass
index, BMI) 25~299 kg/m*2] 197 8|7l SHEL 1.12
v Z7Fst g §kal, BMI 30~34.9 kg/m?9] 297 BT
1.634, BMI 35 kg/m® o1/39] 304 wlgke 279812 54
SHA S7FelTH2l. HIRk 23831t AE - ghe]
E2 =034l A=t 2% E AR e 2 A
A 2 AREo & QIFH AFY S =RITHE]. A AlS
T} v wste] AA AFdE(overall mortality)oll tigt Y&
(hazard ratio)2 BMI 30~34.9 kg/m?*2] H|Ttof| A= 40%,
BMI 40 kg/m? o]44<] gkl A= 100% S7FHeto6). vlgr
2 I3t o =g 3ol Qlsf] AR d(energy homeo-
stasis)°] ZAAHA WAYoH= AREO 2| A8 (appetite) 2H
7140l izt olefE &3l kS cfdstar A =s5k] 913 ke
2jo] Z|&A 0 2 o] FolA gith o] FRofA= H W HxAl
29 AExE 7|1-E olsfistal, o]E5 o83t HIRA|=A|

Of 7ol o] Lropi iz} gict.
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A 4824 714

S5A78A 9 At (hypothalamus)= 483 A%
Z40] 73 583 F{lolt}. AVsHEY 34 (arcuate
nucleus, ARC)-Z A|3x]Al(third ventricle)¥} SH-1] ZH
(blood-brain barrier)9] £4°] Q)= median eminence
of JIFsto] EH f &t YTaet LEES IAF O
E ZAE & Stk ARCol= 482 AAlsh= 715 7
pro-opiomelanocortin (POMC) A1GA| e} 4] 8-& &7
ol 7152 74 neuropeptide Y (NPY)/agouti-related
peptide (AgRP) A17A|229] &= 71x] H79] 4A17ZAE
o] gtk POMC AlZgAlE= POMCO] HAL & A]of 9

o AL-Z A7) = AEHEER] a-melanocyte stim-

90

ulating hormone (a-MSH)& A4J3stct. o-MSHE AHF

==

SH(paraventricular nucleus, PVN)& Z§3t 5541734
9] o] F-9lof YIxgt E4 AFA ] Hehe I 2R-44
2 A|(melanocortin-4 receptor, MC4R)o]| 2185 04 A8
= AIBIAL AUAIHALE S7HARICE BHE, A &5 £X05
= AFHEI=Q] AgRPE MC4R9] inverse agonist® A&
5t o-MSHE] 2H8-& Hsfidtet. 5541784 Hell o-MSH,
AgRP, MC4RE o|FojA|:= A1 &24 325 Wt T =6
ZAZ(melanocortin pathway)ghal FE2t}[6]. $HH, NPY
+ BT 28 F2ob= HRE 124 AFAZO] Y84
of| Z+g-5t0] A1 83 FXI5t= BIHE 7HITHT]

POMC AlAI 2= AZEH2CH& z11(5 HT2CR)7}
EAoto] M2 Ed(serotonin, 5-hydroxytryptamine,

5-HT)9] 484 2l 924 7]55-< vivhietct. 20129 H]
T 2 A 2 vl 4]&2]9F=HU.S. Food and Drug Admin-
istration, FDA) 4912 ®F2 Z7tM|H(lorcaserin, A=
Belviq) A2 5-HT2CH8A1Z-8A12, POMC 4 W
5-HT2CR 415 A5 & POMC A4 29 S-S
S7HIA AEA] aitE YeRATHS]. 12y 27HAIR)
735 A HE SRk AEdel Qfsh 20201 AollA]
] ST QATHOL HE RS AFSHRo A of ol o] FH]
£ S7HIA A &S JAIske], =870 B HIYEA ROl o
7] ARgo] SA=QU. HE Tl Equ'}”ﬂO]E A& A
Al(phentermine/topiramate CR, A& Qsymia)=
Bl 7HEA A5 9 HES oS Y6 AFESHL Sl
ExgtHo]EQ] 7] AHg 20 2, 2012\ H|WA|2A| 2
FDA 29l dlojt} o]S = okg2 E3} Aulels thEo
EARES il 22 870 2 ARRE N, AlS4A avhe
o Ft}. Evjgho]EQ] A8 7|42 of2] H4sHA B
A UA] oL}, AJA}SHE y-aminobutyric acid (GABA)
&4 w7 A AR F=E 53 AT A4a F ol
A|4H|9] F7P7F she] 710 2 ABZECHI0. FE2nle
T} GEHE 2349l ZEH (bupropion/naltrexone, A
£ Contrave)= 20144 FDACIA] HTIA| EA| 2 591
Ut FE2u2 2 FeoA @ FARZATAR AT

).
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FE AR oli= WA opioidel] o8 AF7}
POMC7} -2 23| 2.9] 4|84 G35 fAAld ¢
g, opioid ZFAIR! GE] 2>
3t POMC 2443+ A5t
A|7] diZoleH121.

w7H(brain stem) A1E-24 AR T TRE AAAQ1
H ot} ¥7te] 1™ dM(nucleus tractus solitarius, NTS)
< ARCOF TR 2 s §etd o = HH 9] 7]#el area
postrema®] 135t} N W &Fol= TEZS FAlGH
710l Agtoiet. 3t el 2Rkl e = S A4 A7
(vagal afferents)& 5ol NTSZ ALECH13]. $HA, NTS
+ PVNOZ=RE FLIet A7 thlE FAlsHAY Hiti=
AlEstaA, AVgoHRe} Tt Abo] 1E3t Ao Ah-g-Z Sttt
[14].

9] B (reward) A28 &2 H4)(hedonic feed-
ing), & B9lE 4(palatable food)o] AFzde] it
ok e S5 P "RVRIE SHAA (mesolimbic) =
IR A== g Ao Tofghtt Bhele &4 AFIsh
H 2= 97l JY(ventral tegmental area, VTA)IA &2}
H(nucleus accumbens)C. &2 7H= E1pYl AAAZ 7} 84
Shelch a4l tjAbslse] ot 24 whol, nt
Aot de 2% 288 4= QIHH15]. @5 AYSHE= ARC
AZZA O] oA 3 g =R F E et Sl BAY

il

www.diabetes.or.kr

ThFe SANHEE SR YT, 7 WY L A
2R £H]5 1, 0]5S
F0.2 2ol A8} mUge FAh VA
posity signal’= AR Xupe] Sepo] wlelste] &akst
PRNEE, YR G £Ee

S Qlgedlo] ojo] shgah, SAH0) 4] 2R o
o
=

R

HEFEA = AVIHEE HIESE HO| ofg] JHojlx

2 A= [16], F¥(ob) E= AHSEALEPR)Y
A A9 A, &5 Aot & H[Rk} o] QItHIT7). HE
| Aol Fela-8Aol 25 Janus kinase (JAK)
£ 24J35}slal JAKE signal transducer and activator of
transcription 3 (STAT3)E Q14taFtth QIAISH=H STAT3
= POMC®} AgRP Z 2 W] Zjtsto] POMC HEES &
=353 AgRPE JAISHH18,19]. FELS phosphoinositide
3-kinase (PI3K)E €/d3}slal 3-phosphoinositide-de-
pendent protein kinase 1 (PDK1)2] EAS}IE f-=519
protein kinase B (PKB T+ AKT)E 2443kttt Sv|&
AL, Aedile dg B2 JA] " H =t S=3sto] PI3K
o] &35 B3l AlS= 2&st=t20], Ql&do] dedl
F&A o ZAgtsto] Qe84 7| (insulin receptor
substrate)= &-/d3lsld PI3K7F &/dstdct fglat Qledd
°] PI3K-PDK1-AKTE &3l FOXO19] QI4HeHE st
oA MEZA=R YrtHA STAT37F Z=HES] 235t
POMCS®| &do] 37Fskal AgRP7F AAIETH21). E3E e
< =il HA 718S AAlste] SAAHFE AIRTH22]
Satelo|A Zupyl 4 £ES AAaAA SHAA ol
oGS JA6kaL, VTAIA AlEA A e 282 =uf
9l R0 29| S1A AlUA LS A 4= qltk. 19|
H|THE AFR] i3 23518 35 HEe 57t A5
UL, O] REHT ARG/l FAoH23]. BTt
AE A4Sl PTP1B (protein tyrosine phosphatase
1B)2} TCPTP (tyrosine phosphatase)2] Zr&o] S7}=]o]

2

)

>
2]

91



Focused Issue

(metreleptin, A=Y Myalept) 2014¥ A|Ho|d¥Z
(lipodystrophy) 24k A2 A2 FDA 5912 vkt 1
U "] HE2 AWHARl thRd/d HlvE 20 A= AlS
A a3 A9 itk Al E-EElo] E(setmelanotide,
‘+E% Imcivree)= MC4R ZH8A|= POMC %+= LEPR 4
BS SApollA ARt 72 Qlo] ARt Alsd4 avE
LEti[24], 202049 FDACIAM BIREA R A2 591 Wttt 11
2l Al EdzhcEo] =7} AREARI oh-4 e o] H]ThofA]
AS= A2AE 5 A=AE AR 2t &% A7 2

Qs

SAAAFH e BT T T 2R A T 2
2] Ak gk JgAHF N wek oA EH|%= cho-
lecystokinin (CCK), peptide YY (PYY), glucagon-like

oL

0.

peptide-1 (GLP-1), glucose-dependent insulinotropic
polypeptide (GIP), oxyntomodulin (OXM)2 4]€-Z <
Aot 7152 St W, LA FE0| 2sf flollA &
H| == T (ghrelin)2 A4S $XI5h= 753 gtk
T2 A 9 AR (fundus)] P/D1 MZE(EA 79 x
a-AMAI )0 A EH] =0} A48 A4S S0l 28-St
+AHHE AFcte 2220tk 1872 median em-
inenceE &9l AlJstio] =25l NPY/AgRP AI7A|
29| BASHE Fl SAAEFE A=She T, VIAY =
Telg 7ol 2/detE Sl e A& ASR25] 1
A9] -84 42 flsliA= Ald 3 77]9f oK acy-
lation)7} B aslal, 1AL obdsHE flsiA= Aol A1
o] AHEE7] wiiZel, o]i= 10| JLAAHF N et HH
£ Hof gef= AA = 2832 AJARITE Prader-Willi 5
Tt SRl A = A W of s} TThH 9] $A7F STkl

~

92

[26], Blobdat ™ FARAIRl AZP-5319] 149719] A&
© 1S, ARAGE, A5 5 $AE AWAISHITR7. 22
L obAst Jd9I0] EH ] e uhE AR A4Se] 9
= AROIAE 716 e B g, Jdee uuk] 24| 2 A

=A9] A7} s FAo|,
CCKx= g, 53] Agel Aol digt wh-ge= g
Al

U0 =N FAHFE £k CCKIT-EAl= vl 4
A X173} NTS, area postremac] SH5HA @dsl=d],
ol CCK7t mIF41ES B0l ZRHISE WO 7 HEst
I ZAIRT7E AVSSHRRE FAFES AARITHR28]. PYY+=
8 W L AlZollA] GLP-13} 34 24|11, /st FEfel
PYY3-36+= NPY/AgRP 19| Y24&A vj7} A & o
o] 2 POMC +¥19] E43t& Bl SAHFHE Sol=
o 2 JZHEH29].

GLP-12 24135 what A3t Wf L AlZEoflA] EH]== Q1
A €(incretin) 22, GIP2} §7 FFEo] FH HolA &
FEE B EHjEo] dEARnE S7KIRI GLP-158
A= AAYSHES] ARC 2 PVNZF =71 NTS Y area pos-
trema 5 9] of2] Jof] sk, XS FopAY vl
S &3l A2 GLP-19] Al@s= NTSof| &k A2
2 A Qitk GLP-12 AMYSHE POMC A1BAIZ2E 215
2 0 2 ZA5lebAL GABA S 55 NPY/AgRP A17A]
ZZ PH 0 & AAote] FAHFE Eole A E AT
TH30]. E3F GLP-1-2> GLP-15-8A49] &43+E Bl VTA
oA SHI O FAlSt= Tl AFAIR9] SR Al
A FEE TAAA DAY SAT 22 0gle SAEAHE
A |5H= A FHH31]. GLP-15-8A1&-8A419 2225
Eto]=(liraglutide)+= 28 3E<tolA 1€ | 1.8 mg
9] mlstAA| R ARESFRYL, LEADER (Liraglutide Effect

mho 9

and Action in Diabetes: Evaluation of Cardiovascular
Outcome Results) A7-ollA 919F tiH] F8 HE8A F
2-8-0] WAEo] B RFES USoIATH32L BIFHet ARl
A Zet2FEelE 3 mg9] 5657t A& 919 thxo
2.6%2}F vlasto] 8%2] Ala4A a¥HE BYrH33). 20144
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2= FEFO|E 3 mg (BB Saxenda) A% HIHA| R &G4 ARFEFER|= 1 mgof| H]sl| B3t M4 735t &

£ 9ol F2 = 59 vk GLP-1 7|9k HI9X| 24|17 =91
202090]+= H[Fto] Q= 124 olAF HAWde] AlF 8-
2 SA=ACE 202149 FDA $901& -2 = 13] Alut2F
o]=(semaglutide) 2.4 mg &4 Wegovy) AE+= 685
T B ASS A 29 2.4%C1 vloh 14.9% 23300t
[34]. HIAAR, AL &, W9 22 o7t {1kl

]OH tﬂ-ol,]. o]l:l]—X% O E [e) A=t oﬂ \'HO]' 1,]]01:/(30] 6‘]—1‘4-.

GIP= AolA Aehe] K Aj2EoflA FH]E= Q1T d" e
2, 299 SRoIME GIPY l&dEs] G} fgas)
7] gz Hgt 9 G ARE HH O 3t GIPF-EAIA
|A19] 7 31ojHo|lct 12y X&44 obAls} GIP #
|A1= v9t wild type ¥ GLP-1584] 2% up-20)A A

A Fof Alofl= 5443 A4l Al

o] A E fEoiu SF4AFAY GIP8A4 23 vk
1A1A] °*2kt} 35]. o= GIP7F
FFABA Y] GIPFE&AE B8 A4S ADE Bl A5l
2 AJARRITE

F| o= GLP-13 GIPG-8A1E Aol #4202 o=t}
% Z-8A(poly-agonist)Q] 7idoll thgt A7 LdsHA X
=AUt GLP-15~8A12H-8A9 stekd 0 & B3 GIPS:
BAZEA = GLP-15-8A12-8A19t vl e o of--2A0] 4]
AF Aot thA A 319] 7S JSHTH36]. GIPF-&AI%
BA= GLP-15-8A0] =84l HIAUES B3 o244
ot AFA4 5aE 7P B ofde}, GLP-15=8A4|2H8A|9]
TE A8-S Aok, AFAIE] A%} 528 FIAIA A
WA A1 & 2 o]a AH(ectopic fat) HEHE 9
Xﬂfi}b o] Z-8-& 53l GLP-1 A7) B5Z<Ql At &3t

£ AlFEH3T7I. ElEATEO| E(tirzepatide)= GIP/GLP-

1 01 ZA-8A|=, GLP-15-8A°] HIsfi GIP4=&-Aofl thet 4
o &5ol 5H =TH38]. TS 28 SRS e
& 3t SURPASS-2 (A study of tirzepatide [LY3298176]

[>
=2
>
rir
ille
)
o
bl
)
of
]
o

o

versus semaglutide once weekly as add-on therapy to

metformin in participants with type 2 diabetes) -
olA 405:7t9] miF EEAoEol|E A FE= HAES HE

www.diabetes.or.kr

et ASa BFoA mle- S5t AE HYTH39]. E
EAgteolE 1 &5 15 mgollA FiR Ao Al
a2 10%E 2o E2A uteto| = 9] B =A4] 7}
54 west= SURMOUNT-1 (A study of tirzepatide
[LY3298176] in participants with obesity or over-
weight) A7} 219 S0l

2E

Z| T oA/ EAHA 71-of| tigt olsi7t Ads
HAsHHA, 22 BT EA ] gt B2 AFEo] o]F
ojflch. eI A EdetcElo|lEs HE-dei-F 29 7

B {FARY AHA Aol = FREY HRHA = 4F
Q1 A5 HIrh 293yl gt oFE=A 1A= 7H
o] A2 A gl ASHA 8IE Holsof, g2
Elo]E 3 mgdt AUFEFEO|E 2.4 mg2 H[TAEA 2
wroktth El2Auteto| 2] i SRS HFo R
JARANA Eehe ASHdA 8= =g d 71‘* ot
GAo] gt & TS B9 doFith AntEFEel|s
Aluteto] E= 238304 AEESto| ﬂiﬂ Gﬂ
SAA7= A0 g YZH GLP-1 WAUZ S

g 10% Z3}sto] 24 4= 3l Hl‘{

of ot o 8-& THAIFCE H 24 &4, A5
Ak SollA @éo] S7Fst= GDF15°] GDNF family
receptor o-like (GFRAL, GDNF Al¥ &4 o-FAF&
Aol EA45tS Eof Wele A28 HEo =Yoo s Al
9 AEF A 2a9E YeRdol H*‘c‘ﬂﬁ M =2 HFWE'LXH

Sl
ro
mlo

o oo
Iﬂ.l o

8 o o oy o oy
AL

L ?:u
i_t‘l
ol
E]\l
P>
lm

o] BpZlo 2 AFE T QTH40). 5 AutZFElo|E, B2
AutetolE Bt o 3140 2 HYt &3} {ARE S5
T 4= Gl okAlol] tigt A At o] R0l Ho ' V)
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