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A literature Review of Single Nucleotide Polymorphisms \
in Obesity Genes

Hee-Ok Song, OM.D., Sung-Soo Kim, O.M.D.

Department of Oriental Rehabilitation Medicine, college of Oriental Medcine, Kyung-hee University

The obesity is detrimental to the health of people living in affluent societies. Individual differences in energy metabolism are
caused primarily by single nucleotide polymorphisms(SNPs), some of which promote the development of obesity-related type 2
diabetes mellitus. Type 2 diabetes mellitus is a common multifactorial genetic syndrome, which is determined by several
different genes and environmental factors.

in this review, five major conclusions are reached: (1)To be clinically significant, SNPs must be relevant, prevalent, modifiable,
and measurable. (2)Differences in SNPs may have been caused by famine, ultraviolet light, alcohol, climate, agricultural
revolution, livestock, lactase persistence, and westernized lifestyle. (3)Candidate obesity genes of calorie intake restriction are
SIM 1, MC3R, MC4R, AGRP, CART, CCK, CNTFR, DRD2, Ghrelin, 5-HT receptor, NPY, PON and those of energy
metabolism are LEP, LEPR, UCP1, UCP2, UCP3, B2AR, B3AR, PGC-1, Androgen receptor and those of fat mobilization are
AGT, ACE, ADA, APM1, Apolipoproteins, PPAR, FABP, FOXC2, GCGR, 11-8HSDI, LDLR, Hormonal sensitive lipase, Perilipin,
TNF-c ,TNF-. (4)Candidate obesity genes in the eastern are NPY, LEP, LEPR, UCP1, UCP2, UCP3, B2AR, B3AR, ACE,
APM1, PPAR, and FABP. (5)Candidate obesity genes in type 2 diabetes melitus are MC3R, MC4R, B2AR, B3AR, ADA,
APM1, PPAR, FABP, FOXC2, PC1, PC2, ABCC8, CAPN10, CYP19, CYP7, ENPP1, GCK, GYS1, IGF, IL-6, Insulin receptor,
IRS, and LPL.

The discovery of SNPs will lead to a greater understanding of the pathogenesis of obesity and to better diagnostics, treatment,
and eventually prevention.

Key words : obesity, single nucleotide polymorphisms, type 2 diabetes mellitus.

A2 vine WEE B4l A%l Yo oldw vwe gde 834 east
W, 4% JANs BYAR o BeS

* DURR A4S, 2|5 YA ST NS 692 M} Dafsiy
(031} 972-0601, inglife1012@hanmail.net

139



@ dniiata A A4l A1z

&g F3 wet. 848 g9oze oux|g
£4E 4o F e AAgEFY gag 44
29| o], 2Ed2%F0] glon, #34 gdoz

© AL E ojux]e] ~rel FHE $A)
oldel ez 4= Yop.

53], vinte] f-44 2o gd Aszte] o
Tl ostd, H|gte] HAA 2.2l0]
40-70% % AAFE Aoz By gt Az
BA BB 2Hoz fAA gg A7t
AstsaA A9 4] KA FFAA 7
BER U3, AAF FARe) dBHE A1y
A=

AZ7AA o 20000 Gake FAR} U
3 A 3lg Ao 2Yso] A7}
ol goy, §FAA fARE FHEHA gn
k. ek 2 2e APeME oA AR fHR
o] Aol nigtnl A@Ao] L HoF By
gen?, olgig f3ze BEHe AZ}
3ot s wEsne 2 2392 B
g AR dg 77 BEHog Hygs ool
g,

o]
IRE

o]of] Az} Obesity Geneol| A} HHEE Cases of
human obesity caused by single-gene mutations
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1. d|2h 78A B @7 OHEAY XA

27] g¥de AT Azt DNAG

3 9714 (single base-pare variation)2]

o
ZA 3=
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1) Relevant(Zi2i4))

SNPs must affect clinically important condi-

tions.

2) Prevalent(78i4)

A substantial percentage of people must be

carriers.
3) Modifiable(t424d)
The expression of the gene must be modi-

fiable.

4) Measurable(0iZ 7}54])

Functional laboratory testing must be available

to measure therapeutic effectiveness.
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FE 715 2= AAE 72 4 2 DAY
& 4 9lojo} & (high thermogenesis), |2 o]
Aok gt A WAZF (Caucasoid)o] <79

At dEYL FRACRE NEZ=go}

=] 9l uncoupling proteins (UCPs)el] o] &35}
B Z2G A Aol Y0 g e F
8 ALS Ioh ATP A4S Al 28F ¥4
Z471€7] (proton electrochemical potential gra-
dient: AuH+)& UCPe| o3} <=2 WEdo.
UCP1e ZrAz| w22 (brown adipose tissue,
BAT)o] $1318l5] UCP2E gj3e] 20| =5
A3 UCP3e AT ik B5AG Ale

AFNEL S FHo g 1 Ae o8
B3N z2Eo]l Bl EHIH7] wjEe] BMR
(basal metabolic rate)7} ETh Mo FTHH

DHA: UCP39| Hd# & fx=3tm o& U3 A
A& Wo] AH3to] A7)E= overnutritiond oW
stA Ao AAR Iuit(F5A4 4F1E), 27
uelel, EE U89, ZF~9), Pima Indianse|
¥4 DHA s=& Z+Z 3.67%, 53%, 3.5-4.1%,
1.5%, 1-1.4%°]y} UCP3-pe} -55t SNP BI=& X
H s He L7vele 43%, TRl
23%, Pima Indian2 22%o|t} & #WE3o 2
M oS ousle UCPE 229 anti-thrifty
geneol il B4 Qlt}. thrifty gened wiEdt 7]
o AWM FFE7] AL FA4d U AEE
(starving people living in warm climates) ©fj Al
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6) 71=2} lactase persistence
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(1) SIM1

SIM1 (single minded 1) bHLH-PAS tran-
cription factore]®] ZHZu] Elopds Aj7]9 &4t
T A4t paraventricular nucleus (PVN)ol
F2 @tk 1 71% PVNo| d4dsHe
AR B3E 2HIE JoB dA
$ITHY. Sim(-/-) mouse PVNo| 243} %a}
o Z4%E vlg Fo4Y Sim (-/+) moused hy-
perphagic, early onset obesity, hyperinsulinemia,
hyperleptinemiaZ BQch”. Siml& np$-~9 F
wol AR 71%5E AAToEZHN feeding be-
havior 28] 4TS F= Ao g F2H 1 Yt

olH

(2) MC3R, MC4R

melanocortin POMCS®] post-translational pre-
cessingoll 4] F =¥ EFolH F317%A9 mela-
nocortinergic system< 7438l -2 alpha-mel-
anocyte-stimulting hormone (a-MSH), A3 o2
wAyEin] 29382 SHe Agouti-related protein
(AGRP), 121 melanocortin receptor{] MC3R,
MC4ROITH?, o} & 58418 B850 feeding
o ejxl=lol AF747F Lok e} blocking
< A =" 9l E food consumptiono]| F718t
o] Hlulte] dojudth AFA oz MC4R knockout
moused)| ] obesity$} type 2 diabetes7} VhERstTY?.

(3) AGRP

AGRP ( Agouti-related peptide):= melanocortin
signalingel] ™3 endogeouns antagonisto]th. &
o] wlde MC3RH MC4Re] tal Z2aaeg
gtk mebd AGRP 7]%59 2dE ojEFez
lean phenotypeo 2 @&d 4 vk AA AGRP
AR chEgo] AXFH fat mass Fho FH
2A7} 9o,



(4) CART

CART(Cocaine-and amphetamine-regulated tran-
cript)9} CART derived peptides Al/33l%:, 4,
A%, a0 A H¥En food intaked] Hojdhe
ol leptin®] A& wErh o-MSHA R anorexic
neuropeptidel & A3} fast mass, feedingS 7t

23} insulin outputS a0,

(5) CCK

cholecystokinin(CCK)-& &7l A g A1
short-duration ’satiety’ signal2 =-8-3}3L insulin
THE EX1grh NIDDMel A & n)7g 339l CCK
BH7h golvbed o2 s hyperglycemiar}
Fitdoh CCKofl g #8441 22243 35
273 A Fxgdoh ¢EAe TR /0] e
t] CCKAR (CCK A receptor)9} CCKBR (CCK B
receptor)7} QAtF?. CCKARE 23277 ko)
A Ex3s CCKBRE $3417349 53 749
olgt Bxded olE £ nucleus tractus sol-
itarius, posterior hypothalamuso]t}. CCKARS]
71%& food intake ZAEeo| ojA 9 7iFo)dE
hyperglycemia, hyperphasia, obesity®} Z-& 3
21Q1 NIDDM9| F2o] yehdrh. CCKBRY 71%
of disjdE ofd BEFsich. CCKAR fxtel
promotor th&A Aol AL ¥lE3} insulin,
leptin®] $X7} ¥ 1,

rooft o

(6) CNTFR

CNTF (ciliary neutrophic factor)e €& ciliary
ganlia®} spinal cord9] motor neuronc] g ¢
%9} neutrophic cytokineojt}. wabr of WA

< muliple sclerosistt amyotrophic lateral scle-

rosis®t 72 Az ANgAE AU 2 3}
Ao CNTF7} A&842 E3E 7HHETgE A

S @At en] leptin resistantd obesityoll Al

leptin} Aeg gol wEAn”. w¥
CNTFE F5 Al2dg F4 ¥3k food intake
2 dAse oz FHHUAh CNTFS CNTER
(CNTF receptor)@} LIFR (leukemia inhibitory
factor receptor)? Agsle] BFAE olFe=H|
CNTFR signal transductionoll= #jstA] S
Aoz HQlth CNTFRY fHzt oA A+
2] C175T & ApAo| 9} fat free massoll A TAA|
7 9 19

(7) DRD2

ZZ A A 9|4 dopaminergic pathway move-
ment 247 A& ZHo) Fojgt}. Dapaminergic
A 8% AA3l dopamine receptor
D2 (DRD2) antagonisty= 2145 F7HA717] W&
o) DRD2 f#Ae] A75 B3] o FAA7}t
H|9k 2 late-onset NIDDMol| that 1&gzttt
O g DRD2 H3Ake] Ser311Cys Wol7t oy

A 422 dhgg.

agonist7}

(8) Ghrelin

Ghrelin natural growth hormone (GH) secre-
tagogueo|® F& 9]9] oxyntic glandel 7HF B
of Eoixy 1 & HelxF, 3%, A%, A%,
kA B HefiMiE e do. Ghreling GH
secretagogue receptor (GHS-R) subtype 1la& &
A3slel GHY #4) J1%S 239 GHSR2
Z2 AAFatr-el HaisAe] ExsiAnt 1 9 @
Zo% A8t GH #ulo)ld| % ghreling] 2}
42 lactotrophe$} corticotrophe secretion &7,
gonad axis 2|, orexant activity®} behaviors}
) Jg
functions] W& %4, insulin secretion?} glucose
2 lipid WAk 2 Fo] U ghreling] B
=9} BMIS} vh)#8}3 anorexia nervosa A}
AAE 2 F£A7F i Fa vwd SR AA

9771%3  exocrine pancreatic
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AFE Z2A7E gheeling] FE7F F7HgTh
ghrelin #32t9] Arg-51-Glu LA E o] vl
oo gagg?,

(9) 5-HT receptor

5-hydroxytryptamine (5-HT, serotonin)x eat-
ing behavioret body weight® ZA3ch. 5-HT
newron F3o| fIAsoq Az FPY FF
A At 3 7E ARAR FAR 5-HTE
AF8E X F AT BF SHHFHE AAlst
T Aol FasH quA L7 ST
5-HTo i3t receptore= o2 7ix7F gledl 2
% 5- HTR1B, 5-HTR2A, 5-HTR2C7} 2] &A%
&7o] gttt 5-HIRIB agonist® Fofstd
food intake7} 7+43% 5-HTR2B agonistE F
3 neuropeptide Yo 3 fFX¥ hyper-
phasia® <FstA]71™ 5-HTR2C antagonistE: F
o}3}% hyperphasiaz} goldey?. 5-HTE Au
ol A ret 53] gstEe] AHE AAS
o gslEe e 9o 5-HTY BulE #
230 24 negative feedbacke B4 . o
71e] #FAst= 2HEQA2E insulin, cortico-
sterone, adipose tissue-derived hormones, leptin
5ol e,

(10) NPY, NPY receptor

neuropeptide Y (NPY)= £3F % Z2AZA -
FH3A FX8 53] i oA cortex, hypo-
thalamus, thalamus, hippocampus, brain stem &
oA #ZE ) NPY+ norepinephrines} 7 Z
83} co-transmitterc] 7] W2o] mZAA A Z
o] Rul"t}. NPYE fasting ¥ hypoglycemia}
Zre Ao AlAdEtE-el arcuate nucleusol A
Bulgw $3277)0) feeding behavioure) stim-
ulant2AM FE 2V IFF 2 S4E A
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Z7, cerebrocortical excitability, hypothala-
mic-pituitary signaling, cardiovascular physiology,
sypmpathetic functiono] = @@t 2ut
NPY #AA7F gl vhe-2o S44A% AT
€ ¥t gle Aoz Bop NPYZL S4449
2479 g2k ofd AR mAY’. NPY:

Awg quAdes ARse 7igo ded A
HHoz ZEd NPYE Fo3td dH9 cor-

ticosterone, insulino] 78t} 4] oflz] A
#o] Z7at}”. NPY receptore 57HA7F &)
sk 4 9lom 1% Y57} feeding behaviourd #
Ho| 9lth NPY fAAe] Leu7Pro ©t&Ade] A%
ga} 2dd By olE FAAE 7AW
cholesterol 437} v} 28t o} FAe o
e FFmitt Aolg BRlth NYP receptor £
Z tEAo] Al 48 ol FaEHA KA
2] 9skAlEE NYP Y Y5 receptor (NYPYY5R)o]
Hlee] g 244 ST

(11) PON

Paraoxonase(PON)¥ organ-phosphate pesticide
2} nerve gas®] 7heEdlol Ed S stof ol
B4 3524L FRY op HDLA A8t
of lipid peroxide® 7}¥afgo = LDLY] 4t
g2 B3iste Aoz FAHI Yo AL
HDLY 9@ Z4733% o4 AAE AZse
Zojth. HDL 371 ¥ A3 #dd A8oA
£ PONY 4= #adHe Aoz g4 o
A FrBAlM= serum PON 8ol R
t}®. PON-like geneo2 423 Reg PONL,
PON2, PON3o] 3o o]Z PON13} PON2 §7
Aol AL AEAAFT #AY] e Ao
2aEgch &g Aa, FHUo] FFE HAe
PON1 274¢] 9%& 9 o2& PONl {4#

"olo] 3} 2R



(12) POMC

AVFeHRe] A7delM 2y sts feeding behav-
ior, insulin level, body weight®] 2] Fodh
o} w24 Q17ke] POMC(proopiomelanocortin)
FAAE BGAstE Wolrt A H&F7hs
wlto] FHH Y. POMC(-/-) mices| AN ¥
v} A&7 Bglen ¥39 thyroxineo| Z

T
23}$ 3 resting oxygen consumption 3 74

LS w 6 B

(1) LEP, LEPR

LEPR leptin receptore]t}. leptin adipocyte
7} #ulete T 28o|H leptin receptorsl A e}
of Z48E dch lepting} trhrs HARFEA

o B¥ste] IdRE ZAAERA EEII|E
ghc}. leptin receptors A/d8hiut Az &
RGP, gdo leptin FEE oUR] FA F
4
(o]

2% A5 oyA] A gl i leptin W%
& leptin receptor?] 7|%o] ojufsdhriel ujel A
AP, lepting food intake, oIz AH] @
neuroendocrine functions] F 83 4¥E il
lep FAAE iR L rato] A food intake®} |
Fo| Zaage B ohzt ARz 1G]
p2AR. FRe ol weAA g
autocrine 2 paracrine lipolysis Zh-8-&
s £ 2oz F3E lepting EF A
B 2A 9 dAate] 4L Fed 2L AR

W gl A5E 387 o
olty. 2L 99| leptin starvation® 2 g WA
5 48 3183ty %59 thyroid hormone3}
FFE T o449 A
o WgET TAGTH Aok leptin® A

o} W&l hyperphasia® 7tAAI7I™ Z4lel] thsl
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ME glucose tiAtE FAsta Tt disiAE gly-
cogen ¥FE 7AaAZch £ #749 insulin §

Hg dAsn 3429 AP A8E E780

(2) UCPL, 2, 3

UCP1 (uncoupling protein 1)& ZAx k22 of
wt 233} inner mitochondrial membrane pro-
teino]p} A ERE B FiholE FAA
A F2ol2-AY ATP HEALE FAHCE +
sstog At As7t SEE B Ga duat
s oty UCP2et UCP3: vlma 2
ol vl A 2 ZAR|RA] eow WaAxE
Azt 243 Fo BxIth UCP1L F4o W
& nonshivering At} Fa& 48E v
UCP28+ UCP3= o|9d&® mEZc g otg reac-
tive oxgen species &4 24, ATP &4 £4, A
Hhab Abst 2] Fojshe o BaHol 39l
th. o] UCPs7} JUAUCE Agsle ANE
zAg%E HAx AF2AEA #BAI}e
AAR 2. ATt

=

=

(3) Adrenergic receptors

A&7 A A A
cholamined)] t& ¥-3-& wAste F88 &%
Aolm BAZHA 97IA7F FHHUL ot fP o2
pgec AgAAAE AW el e F28

adrenergic receptors<= cate-

o) E3] 274417 A7} basal metabolic rate (BMR)
& 288}, p2-adrenergic receptor (B2AR)
aA, QABA, B=ANA, SEAA, 71¥AE
Ao Bxaim AWMAEAM AHEHAE AFT
th. p3-ARS AAA WA R¥stn J737)
Zoe WAR Nz F2 EAsted 28T
ZAME QuAS FAssta BAX Tz
e Awde 2se Aoz gad dd’.
B2AR AT &

& dlete] g SR =t 7
59l o B3ARS Bk} M|

kS

V2 AR B
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T3 FAVE Ao H 2o " 2B ARS H[%
ZolAA %& BMR3} #do] g,

(4) PGC1

Peroxisome proliferative activated receptor Y
coactivator 1 (PGC-1)2 adipogenesis®} 2| WAt
o] 283 peroxisome proliferative activator re-
ceptor a¥9] transactivatore}ty. PGC-12 PPAR-
& coactivationdte] & 23} gAaxgz2 e o
WA Tefdte /KA AAE AT =P
PGC-1& Zaxtza s 44, o)x PPAR-o%}
Zt-g-5l] mitochodrial fatty acid oxidation en-
zymed) Uid HHA FHE G PGC1E
89 glucose transporter 423 FE AlA glu-
cose uptakeE Z7HA7|3  ZolME  gluco-
neogenesisol] #od i}, PGC-19] SNP7} wluk=]l
e 28 Zu9 d#3x Pima IndiandAe
Aol e 2 |

(5) Androgen receptor

Androgen receptor (AR)2 ligand dependent
transcription factore]t}. AR knockout male
mouse A& 2d-& E3| late-onset obesity7} Y}
Wed 53] HAAwzFo] dAsA FII6IA
t}. ©]& F3l ARo| Al FAel A5 AdzAd
Y} 3 negative regulatore} &g g}

3 X 23 27 xBS

rir

b

3%}

(1) AGT, ACE

22} renin - angiotensin- system (RAS)E= FHhj}
o] 4T FF FINE AT ARAEZ
Z 2] RASE Az o] yjale} 2 #Ho] Slt}
D ZMH EE angiotensinogen (AGT)S £u]3}
£l ©]AL angiotensin-converting enzyme (ACE)
o 9l3] angiotensin & ¥AJ3cl. angiotensin
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ne 7Ze€s g8 4R prostacycling] F4&
ZAsn APAR A% 2 AW A &
A, insulin sensitivityd] dE¥E T ACEs
Angjotensin [ & Angiotenisn [[Z AsA =
EA24 RASIA o8 AL 3 of FAA
o ¥4 ¥y, TIEUAG, AN,
AR, e A% 53 B0 9o =
§ AGT #d# @del F7be H]TH insulin
resistance, Ee] WAz} AAAA} AT,

(2) ADA

ADA (adenosine deaminase ) -2} 3t ¥
3} #APh ADAE adenosine inosinel 2 &
olulglsl: 42 M T adenosine FEE
230", adenosinee AWENE AAs] 9
2o} wetd ADAE AWEIE £235t2 insulin
level& ZA 8}y alpha-adrenergic aganisto]7]%
3t} o]2 Q8] ADAE oUAFE T P3| o
&g uzlch

(3) APM1

A £7b Byjshe e @A 24 adipo-
ded °lRAL encodedtE FEA)
APMI1 (adipose most abundant gene transcript-1)
olt}. adiponectin® 7]5HCSZ antidiabetic7}
antiatherogenic functiong Zt: vl e
adiponectin y=E B9 Algo 28 BkE
AR AdoAl Eow glucose, insulin, TG,
BMIshe whleshe Aol o

nectin®]

{4) Apolipoproteins

apolipoproteine lipidg& 2%¥elFe iAo
sh}o]t}. APOB (apoprotein B):= LDL, VLDL,
chylomicrong 743 8}= major protein©] t} o} &
AAel gaAe Qe lipid $Eo AES ¥
Az Ze duAATE .



APOA1(Apoprotein A-1)+= chylomicrons} HDL
& PAskE @udoln o] falAd Ug WMol
4% BAsted HDL cholesterol 42x) ¢} #ado)
Sith. APOA4 (Apoprotein A-IV)i= active lipid
absorptiondl] olef A:7ta} AlgalRolx] Hulgn
Al chylomicron& FAsE whldoln xa
satiety signal2A AR glch Aoz =
7IZE 2R 0l 5 & rate] AlgEtRo)A APO4
Az Lo 7haagt”. APOD SHA 8 A
SAAX Ede] HDLH lipoproteino] o3 3

=48
il

glo rlo Ho

¢

APOE (apolipoprotein E)&= £3] ZtollA] lipid
remnant’t AAEEH 28 4L ) o] &
WA ThE apoBSt remnant receptorst A}
o ZtelA intermediate -density lipoproteins}
chylomicron remnantE 4834 #o3it}d. APOE
FRARE 7150 Wi$ Be o fAxe gay
< serum lipid level?} diete} g wheo] 212
L Y. o) $24e] U e4 allelet= total
cholesterol#} LDL cholesterol®] Z7}¢} #alo] g
o}A} CVD risk factoro}c}. ®3h o] 9=} o)}
= AHHe Alzheimert8 9] 27] W9 e 4
WA et ool o] fARE MEZA, W
42, AU, AR P E Jare 2ot

(5) PPAR

PPARs (peroxisome proliferator - activated re-
ceptors)i= o] EA5}H ligand-activated tran-
scription factoro]t}. o]& wha e xuk tlape}
glucose homeostasis 2 A HFAI X o] E3lo] Thof
&t PPARsE Al 7HA §3o] glEd PPAR«,
PPAR-B, PPAR-V7} §lt}. PPAR-a: &2 7t ZA
Az, A%, 2%, e Exaiy ¥k
AH, 2%, 24 2 A8E Z383 apoli-

poprotein®] Ao dgs g wat gluco-

=
=
Ho
2
3
e
e
afe8
~
el
offt
ox
Ao
[
[

bl

neogenesisel] 4 Q38 ggsgro 2 M
glucose FA-S 23t} PPAR-PE Ao 7
sto} 7152 oba AESA iR A de
AAN LS} AHR frol| Befdhe Aow &
2 slt}. PPAR-a knockout mouse A8 1
&) o] ©ido] glow 7t o] A&} late
-onset obesity2 WA 7] 4l PPARyvE= =
AGA L} HANE Ao EAshed At
o 2gsteEe] Ao fal, ¥4, oS %
Asks 749 specific response elementsel] 2
Fad o wHAe F2 AT 9
thiazolidinedione °¥%9] insulin signalingoll #of
stedl o] ©WHAS  encodingdlE FRAE
PPARGzHIL 8t o] fazte] ®lole Hiwty} 4]
g} insulin resistance} #F#Ho| 9},

frAE

ot T

e
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(6) FABP

FABPs (fatty acid binding proteins)& A Zu}
g AZUY free fatty acide] o) 57 o)
Abell #odstr] wi ol insulin sensitivity ¢} blood
glucoseo| &= &S Fr} FABPso] £38l=
AL ANA It A A o] B
A, T2E, PPARY 2& AARIze] 24&
tF?. 1% FABP2 §AAe] Wolt xurEs
S7HA717] wf ol vlvte Z1e At
insulin resistance®} NIDDM =tAlzte Atz
7} itk FABP4& adipose specific FABPZA]
fatty acid9} Z&3t & 3o PPARVE &3}
g} wEbA o] faAte) Wol £ wiis} NIDDM
Adeart @,

P
=

dlo
>
o

Kot A

N

S,

(7) FOXQ2

FOXC2 (forkhead box C2):= winged helix %
Qe ARl FOXC2 §iAte] 758
Hoo e ATAZY giate) sloix A

AAd 28 4¢3 FOXQ #3xE
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P A A4 Als

B %)
o] A zto] 744313 interscapular ¥4 24
Aol Frtsth EF A AIEY E3ie o
Ab 2 insulin action, B-adrenergic sensitivity,
intracellular signalinge] &A=t Ao
2 o] §AAY 7l5E B vy U B3
golztm 2 & Uk AA o FAAIL over-
expression¥| & vh§-20A DA WA E FUS
w mX¥Z3 insulin resistance’} ”ﬂ]E]‘}iﬂ—
H|THE 23 g fFHEo] AAHE AY ¥
HulQlt]dE¢] FOXC2 §-ARHolE A1e g
I 2% Bhote dRBACE dA ¥heuw C
412T WHol & 7H 7% vigta} Ao v-&
3} Balo] Yok

overexpressiondt w}-$-~& HU

(8) GCGR

Glucagon& A @3l s AF a cellf|q &
H] =™ insulinol] W3t counter-regulatory hormone
olt}. glucagone] FH 7|52 glycogenolysis9}
gluconeogenesis® A=3}iL glycogen T4& o
Ao 2H 7Ho| glucose F44& @k 1 9
A= Ao ALEAE ST FFAZA
satiety factor2 283t} glucagone] 993
282 Aalo] B¥3 glucagon receptor (Gegr)ol
olsj o]F]ATY. A¥HoF Gegr null mouse
g VA B o celly FHoE A3 FHAo]
A3 YA glucagon FEEAo] Z7HetAn
adiposity7} 7431 21} food intaket} A5, o
U e G4tk

(9) 11B-HSD1

11B-hydroxysteroid dehydrogenase(11p-HSD)+=
glucocorticoidZ- inactive cortisoneol|A] active cor-
g9g FlolH
gt} 118-HSD1+=
Qe Bl ghgkatol

tisol 2 inter-conversionsh=H)
e}l vtk Fa3 dEE
£3] Az out ddE s g4
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AX Z7H3i o] E_&_‘_ in vitro A& =}
N Bo| Bofdhs RoZ AAAR o
glucocorticoid?t Yoz —;_—zﬂ s central obe-
sity$} insulin resistance7} W= Aol e
o A¥x o2 11p-HSD1 transgenic mousex 1
g AYEEE Bk BT A 11D
-HSD1 #3A Al Fd o] Frlstglen 3e
s stx FRAAT} A

(10) LDLR

LDLR(low density lipoprotein receptor)l;— | |
iAol A o2 714 438 sta e FEAU
£3] adipose tissueoi|A] ad1pocyte7} remnant
lipoprotein© 2 %€ lipid uptake® 3sh=t] T
). LDLR §-AAte] Wol= familial hyper-
cholesterolemiaZ ©}7}st7] W&ol jARE TA
o vigel © ARl of faAe e
Yoo A £ 2 wlas Azt oo
A¥A oz LDLR(-/-) mouser H|Ft} dys-
lipidemiag Hoj &t}

(11) Hormonal sensitive lipase

Hormonal sensitive lipasex A|WAH 27 TGE
g o HFAQ rate-limitingg B8 EL
gla 8 4 7] W o AEEs - v F

83 Fho|t) o]AL catecholamineo) &8 A=
£ won insulino] 93] AA€Ech 13 sub-
cutaneous adipose tissuecl| A& o] A9l o
A&7 W2 AWEHE FEste
amine®] %d3ko| 7+2"T}. Hormonal sensitive
lipaseZ encodingdl= #3A+ LIPES] ®ol7} &
Ze|gts} Aol gk o] RAAE] Holr} AR
uldel FxA Wo|g dodleAe HAsA
QAU AF TE Ao Fho JFL =

4
A AREAE ASAA BDE Fue

catechol-



(12) Perilipin
periliping  A¥hx o] ZA) e BEujgx =
%t} lipid droplet W o] Zzj35ln] protein
kinase Ao <& atsigd oo "ol A
2 ranslocation¥r© 24 hormone-sensitive 1i-
pase7} A TGE 7}83) 3l nonesterified
fatty acid(NEFA)E

BH)etA e perilipin
knockout adipocyte li-

mouseo) A &=

polysis7} Z7}ete] 9]8 A o 2 Jean mouse3dF A
27t 5m  NEFA7} < 7Fsted  glucose intol-
erance ¥ insulin resistance7} SRt A a
M 39 periliping overexpressiongl A3 o A &=
ATk, Wl ZoA perilipino)
S7tetet o)A basal lipolysis A& wA
gt 71 A9 98 Aot insulin resistance®}
B

(13) TNF-o, TGFp

basal

lipolysis7}

TINF-a (tumor necrosis factor -a)& -12).&
Lﬁﬂﬂc’}ﬁ’)r OE 294 nAEd W gaes
o] FE AR ol F2 el A Lol A
THEo le} TGEp (transforming growth factor-
pel 2 Jl5e dxs ge waTy 24
7 2Yste Asjsle dwtdon g4std o
FAAEL of2] 71X chga MESo] Bug
o MAA AN o5 AboEs}elo] gy
71% @t TNFa& WA ¥el insulin sig-
nalingS A&l 1 x| uhA Lo lipolysis &
7] o 2ol AWM E) insulin resistanceo)] o]
stedl Bl Algol Al TNF-a Aj4to] Z7}a
o =g TNFal: 24 e apoptosis&
Ltod lipolysisE Z3317] wf Fo Aol A4
0107]1;1r 109 FHRAo = Z7
A5l A TGE-p fA7} @alo] =7}3

e

S orL :{o

4 28 g 34 s X8

(1) PC1(=PC3), PC2

PCl(prohormone convertasel)#} PC3 2%
9] neuroendocrine cell2] secretary granulesel]
#elo] § cellof A proinsulino] insulin© g endo-
proteolytic processing®+ ZA | H QAL q
cellofl M proglucagono] glucagono & processing
shed dasiyg?,

A4

(2) ABCC8

ABCC8-& pancreatic B celle] ATP-sensitive K
channel £3#9 9xof sulfonylurea receptor
(SURl):‘:?j— encodingst= f-Aakeld] SURTE ol+¢
g 2ok #do) gtk o] Rl AY¥L gE
A2k Y80} inherited hyperinsulinime] 9]
°l {1 glom 23 Pio} 212 Ago] g,

3) ACP1

ACP1 (acid phosphatase locus 1) H4l 237
o E¥3= low molecular weight protein ty-
rosine phosphatase (LMPTP)of| thgt g zjo|ch.
LMPTPE insulin signal transductiondl| negative
% 2WE e Bholth o fAE vRE /)
AA insulin A33-S Z7}A7]3 total cho-
lesterol, TGe] Z7}e} 21e AaaA7} 9k

(49) CAPN10
CAPN10& A2y nonlysosmal calcium-activat-

ed cysteine protease’ calapin-10-< encoding 3}
A A 7l WA 9gtort insulin
homeostasisel] #o{3ttay Az 3z gt} o] &
he B XA E¥siey
islet, muscle, adipose tissue, liver 5 glucose ho-
meostasis ZH| F2¢ &L sh= Arld B
E=th. CAPN10] ®io]7} Mexican American

| 53] pancreatic

149



gt nets ) A4 A%

#} Northern Europeanolj4] 2% el dsto] 9l
the Bt glen 2kt ofd MR o] §
Hzle] Wolg 7AW G4z k™.

(5) CYP19

Aromatase(CYP19)E cytochrome P450¢] &hi}
o™ androgenS: estrogen® 2 A3l Armatase
knockout mouse 4% RS 53 estrogeno)
glucose hAtel} wIX = G332 $AG A3 blood

glucose7} 271811 insulin resistancer} A8+

o AlzZlo] Ao oz} HHe] cholesterol, TG .

% Z71a0®. 28 #7713 dACAM CYP
19 #3444} ¥o]9} androgen 45 L X v)utn
FBBA 7 AP,

(6) CYP7

Cholesterol 7 alpha-hydroxylase (CYP7):= Z}o))
A cholesterolo] bile acid2 FAAHE AL =4
st Adolth HIWtTe 7HE biopsyd A
CYP62] mRNA <%o| Z718tH &t o]AL cho-
lesterole] 4ol Z7tstHs] W, CYP7
FHA] ¢ variantZt e B¢ FAAA LDL-
cholesterolz} TC/HDL ®]&o] Z7}5tc}®,

(7) ENPP1

ENPP1& ectonucleotide pyrophosphatase/phos-
phodiesease 1 (PC-10o]8t1= )< encodingste
FAZolct. NIDDM #AEL insulin receptor
kinase®] &Ado| HolxAeH| o|EAAAN o] ki-
nased] AAAQL PClo] 7L sy
o). wely o] fAzle] HMo|s} insulin resis-
tanceE Z sl A FEh

(8) GCK

GCK(glucokinase)= 1&d P& s &
Aol FHA} Bole glucosed)] 9|3 insulin ¥

rir
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HZt4ol 9959l dojA} maturiy-onset dia-
betes of the young (MODY)e] €i]lolu} 28 B
of 18] &A= ¥vt. Fde] Japanese Ameri-
cangs Ao Z & HAFoA GCK promoters]
-30 positionol] ¥o)7} & w oral glucosedl] )

& 30%- insulin ¥go] 743}

(9 GYs1

Glycogen synthase $7#} (GYS1)= glycogen
synthase (GS)& encoding®t}. GS& ZZH o)A
insuline]] 93t glucose uptakeo] F8.3 AN
faol7] Yo 28 Bl o Fasir). 28
Frolde 224329 GYSI mRNA & Zo
Aaea o2 A8 GS BAE ZAasy np3
7HX1 2 H)gkel #}oA & insulino] i3] GS &
ol Zade, of 48R 28 st DY
2 FZni} solr} Qe Aol At

(10) IGF

Insulin-like growth factor(IGF)& #73e] B cell
o &5, A%, fAld Fasith @A 5714 el
o] g6l IGE1L insulin signaling?} $AH8H <
&-Z sl anti-apoptosis, protein §4, A EAA,
A EEL) #ef3ir}. IGF-2+ insulin rceptor A%}
IGF-1 receptor¢} 2 &3l anti-apotosis 2H-8-& u
ke oz A . g IGF1 4
A7} vod 238 Fhd i 93xrt Sk
IGF A Wole 28 Tk, AS%A, 2484 A
3 B9 B8] gl Aoz 4d#A e o
2 insulin §¥l9] 7Aool ok

(11) IL-6

¥ %2 atheosclerotic plagues FAste F28
717 o]7] W&ol ulvt & 28 Fxel o] Sk
IL-6= QA FAAEY AUSAE, 4 frobd 2
g amte] AZEA YA 34 g



ol

ta kA

k] acute-phase protein®] A& 2=
e e A=

g
AAE B3lE 7t B ¥
gt WF 16 FA7F wjght Al AN F7}
stm BMI 9 289 ks A4uAAL A, 16
4219l promotere] ®o]= BlwE  insulin
sensitivity s} Ao] glom 169 Aeer IL6
receptor(IL-6R) 2. BMIS} Atet e 71 gley™.

(12) Insulin, Insulin receptor

insulin resistancet= A o|E TAHAE ¥
Rhgate] Mg AQl S
encodingdt+= H-A A} W
olg W% ZEXR LAY AL wolrl A7
insulin®] insulin receptor®} ZA¥etAl Zalr) wj
ol hyperinsulinemiaz} <=%Fgc}. INS -84 2}
VNTR (various number of tandem-repeat)s &
AAl A 18 S Hdrdel 98-S ok o
Hu 28 Feste 2oA d#de] gitth Insuin
receptorg  encodingdl= #HAF IRe] Wol&
Leprechaunism®} Z-& B]3/42<1 phenotypes
BodZ = insulin resistance® <13 Ad*ro] A A
¥ Ao} T3 (pediatric syndrome)o] &7
o 22v IR Hejy fxittEAge] 28 9o
BERE AR ARE FoFAE Yok

(13) IRS

insulin®} insulin receptor’} ZA¥SIA insulin
receptor ubstrate-1(IRS1), IRS2e&t 1. £ $-& cy-
tosolic substratee] 4SS fedta o|AL
SH2 domaing 7R t}E effector proteino] 2
Fete ¥ scaffoldings THEollth walA
IRS+= insulin signalinge] #jslm E3] A 29
AT B5stE gale 830, RS10u
IRS-29] ##A} knockout mouse @24 post-
receptor insulin action?] #o}E HojFo] 28 I

59 AFAY EAE dehdch 9% WSe|NE

IRS-12] G972R Hol7} 28 @i 3ixlolA ¢ B
ol WAtk X3 oletelollel A% IRS29
G1057D Wo|7} vet 2@ 23 wzob A A7)

C}\)]\ 76).
(14) LPL
Lipoprotein lipase (LPL)& TG rich lipoprotein

7R et TG rich particle® 4133t
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3uwe Fu AR 3 A% 4F 94 B
+Ax+= SIM 1, MC3R, MC4R, AGRP,
CART, CCK, CNTFR, DRD2, Ghrelin, 5-HT
receptor, NPY, PONe| glon, & &ik &3
@4 $AxE LEP, LEPR, UCP1, UCP2,
UCP3, B2AR, B3AR, PGC-1, Androgen
receptore] glom A Eaf #A {FAAE
AGT, ACE, ADA, APMI, Apolipoproteins,
PPAR, FABP, FOXC2, GCGR, 11-HSDI,
LDLR, Hormonal sensitive lipase, Perilipin,
TNF-a ,INF-p7} ¢)th.
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