quq]
o
o,
2
-2
-
o
i

A 9/1(5A10%), 2003 Korean Journal of Oriental Medicine Vol. 9 No. 1 2003

/145

XA E M T mousel| hypothalamusHiM2el SMA}LO| Er&{ QAL

k]

Abstract

(.

~ Gene expression profile of hypothalamus 1solated m dlfferen s nutnent
feeding mouse i

Cha Minho, Kim Kyungseon, Kang Bongjoo, Sim Woongseoyp,y:‘fi

Korea institute of Oriental ‘medicine :
" Graduate school of L_ifese ce & Biotechnology, Kor

Obesity is caused by imbalance of energy mtake and expense If energy 1ntake is more than its
expenditure, body does fat accumulation and affects body weight. It can be fetal dlsease although
obesity is not disease in itself. Central regulatary system is affected by many neurotransmitters
regulating food intake in brain. Hypothalamus was known as one of food intake regulation in
CNS. In order to investigate gene expression difference in hypothalamus by different nutrient, we

used C57/BL6 control mouse and db-/db- mouse. They divided each of two group with mouse,

and fed control diet and high-fat diet for 4 weeks. Each of control and high-fat diet contained
11.7% and 59.7% fat, respectively. Then we performed microarray assay with them. We compared
among changed genes in hypothalamus region. In the results, we observed that increased genes

_ were more than decreased genes. Although hypothalamus size of db-/db- mouse is smaller than
“that ‘of C57/BL6, more genes were affected ‘in  db-/db- mouse. In thlS study,,many genes are
: affected by nutrlent in hypothalamus reglon SESCER N
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83 903 gEA ok AlsRA Y 71%e
Y SAAHY S5 EARA SARHE
A% dual centerel] 23 o]lA AV
(Steller et. al., 1954)°] itk o|¥A FAZFZF
e = AR w5 &) (ventromedial
nucleus)¥} 2|5A45H(lateral hypothalamus area)
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A& do7ldy %e]A 9lckBray et al, 1981)
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Y, NPY), Zepd, opHYlE=
(opioid), melanin concentrating hormone(Bray GA

Y (Neuropeptide
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1972)%°]c}. ik, 2]
A AR Es FATA
(CRF), E¥Al(bombesin), 7= N4 (neurotensin),
FAAET|HU(CCK), FE(leptin), a-MSH(melanocyte
stimulationg hormone), glucagon- like peptide-1 &
o] 9JckBlundell and Halford, 1998).
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F5 AHRsRglen, AEAe] AR 22 + 2TE
TR, B Agaol= AR HrE 3
oy, AFEES HFAFS C57/BL6 moused}
db-/db- mouse’} 27 21.6 £ 09 g, 423 £ 3.1 g
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Table 1. Composition of standard diet and high fat diet

Components Standard Diet High Fat Diet

(%) (%)
Casein 20 20
Sucrose 10 10
Corn starch 39.75 14.95
Dyetrose 13.2 5
Lard (80%) - 36.5
Soybean oil 7 35
Cellulose 5 5
Vitamin mix 1 1
Mineral mix 35 35
Choline bitartarate 0.25 0.25
L-Cystein 03 0.3
BHQ 0.0014 0.0014
Energy (Kcal/100g) 394.8 500.0
Energy from fat (%) 16.0 58.9
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4. Total RNA &2

Total RNA ¥#-2]& Trizol Reagent(Gibco BRL,
Gaithersburg, MD)E 2183} guanidinium-thiocyanate
H(Chomczynski and Sacchi, 1987)2.% ¥-e|3}%
t}. WA hypothalamusE WAL 3lolA] szt
o, 1ml9 Trizol 98 FsElr 200ul9
chloroform< §7}3le] 3] 412 o}y UAEe
slgic}. A=Z-olo]l k2] phenol:chloroforms ¥7}
33l JAEE F Al 0.6u19) isopropanold}
0.1909] 3M sodium acetateZ §713}o] RNAE
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12 A% mouse ] hypothalamusol| 4} 2] &AA2] Walokay w3}

5. Microarray assay

microarray?] ¢DNA chip< Gaiagen(Korea)®i|A]
ANslele) hypothalamus®] total RNAT Trizol
(GibcoBRL, USA)S ARE-3}e] acid-phenol *H2
2 Bk 72 sampleolAl, total RNAS ARS-
slo] AAANE eyt WeE 242 total
RNA 20ug®] oligo-dT primer Sug, 5x reaction buffer
6ul, 50x NTP 0.6ul, reverse transcriptase(GibcoBRL)
ul, 2R F S HFEAR Cy3 EE Cy5 B
labelng® deoxyuridine-triphosphate(dUTP)E 41¢]
Axspel A=l k2 INTPE AARE,
samples speed vac. 2% F=3}3t}h microarray &
4279 %717} 9% hybridization chamberol}A] 24
7Fseb 15ul®] hybridization solution (poly(dA)
8ul, E.coli tRNA 4ug, mouse Cotl DNA 10ug,
1% SDS, 5x SSC)22 prehybridization3tAch.
RNAXAS] Cyse}t Cy3E labelingsl cDNAT
15ul hybridization buffers} ZE= 1 95TA 10
7+ 195t A= samples coverslip 2 E
g 42°CAM 12~16A17F F<t E9shAgle &4
3} wke Zof microarrayS 0.1x SSC/0.1% SDS £
A} 0.1x SSCoZ ALolA F A A
slideZ brief centrifugation® W&]3, GSM418 2
N(Affimetrix, USA)E AMg3ls]  As)gich
data ¥42 ImaGene software (BioDiscovery Co.,
USA)E ol&3te Fa5glct
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Table 2. Body weight, liver and adipose tissue of normal and db-/db- mice fed standard diet or

high fat diet
Normal mice Normal mice High fat db-/db- mice db-/db- mice
Standard diet diet Standard diet High fat diet
Body weight () 2621 + 0.29 29.60 £ 0.53 40.78 + 0.77 4520 £ 0.39
a b c d
Liver (g) 1.27 £ 0.05 1.24 + 0.02 1.97 £ 0.06 2.17 + 0.07
a a b c
Retro-peritoneal adipose 0.22 + 0.02 0.42 £ 0.02 0.63 + 0.04 0.74 £ 0.03
tissue (g) a b c d
Epididymal adipose tissue 0.74 + 0.05 1.39 + 0.06 2.06 + 0.08 242 + 0.06
(2) a b c d

Values represent Mean + S.E.M. Means in each column followed by the different alphabets are significantly different (P<0.05)

3. Fel €& XU Hs}

ol

Aapolsh aAM Ao] Aol ot Ao} Az
Aprel WakE adolus] siste] 7t Eoldl oy

< A3 v, ol HAellA total cholesterol(TC),
Triglyceride(TG) 12]il 2| x|"Ak(free FA)S] &
< 5743} cKTable 3).

ARA = S cholesterol ko] TA|HAlOlE
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RAT TN AAAOIE AAT 2 oAl hE wgew] AR A9 WoE Aolg
7V X9l 9 triglyceridet rElAALY] A4 vehllz] Esldc) 99 ASFEo||A HE z|ulek
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Table 3. Serum lipid levels of normal and db-/db- mice fed standard diet or high fat diet

Normal mice Normal mice High fat db-/db- mice db-/db- mice
Standard diet diet Standard diet High fat diet
Cholesterol 176.96 + 8.46 25238 £16.12 215.48 £15.20 344,64 +19.58
(mg/dL) a b ab ¢
Triglyceride 51.15+4.03 70.76 + 7.36 100.51 +£7.56 171.08 £34.52
(mg/dL) a a a b
Free fatty acid 1579.09 £ 123.86 1801.06 + 129.79 2119.74 +£ 137.44 252447+ 167.68
(ug/dL) a a ab b

Values represent Mean + S.E.M. Means in each column followed by the different alphabets are significantly different (P<0.05)
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4. DX|[YA0| MF0] 28t Aldste ZE oA total RNAE ¥ o, olg% 7Kz

Me| |HMX} ool wig] microarray assay= TH3IGch FAAL wae] A
sulms @A AR AAdelsh 1ARAo)
AAZ, A8 A3 TR B doldb- 3,

Zgalolet nAMpAlelE: AHI A
db-/db- Fe] APFSHE 2A M FAA wE W 28T db-/db- FA Aol mAtAle] A
3 W] flslo ol 74 7o AR A FoR FEsl $RslsitkFig. 1, 2, 3).

Fig. 1. Result of microarray from hypothatamus tissue of control and high fat diet feeding normal
mouse. A) Image of microarray result. B) Correlations between the total gene expression
results of DNA chips
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Fig. 2. Result of microarray from hypothalamus tissue of normal and db- mouse A) image of
microarray result. B) Correlations between the total gene expression results of DNA chips

Fig. 3. Result of microarray from hypothalamus tissue of control and high fat diet feeding db- mouse

A) Image of microarray result. B) Correlations between the total gene expression results of
DNA chips
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Fig. 4 No. of genes which were differently expressed in hypothalamus tissue A) Normal high fat
compared with normal control, B) db-/db-control compared with normat control, C) db-/db-
high fat compared with db-/db- control
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Fig. 5. Clustering of hypothalamus tissue gene expression pattern. These genes were differently
expressed over 1.5- fold. Green color were shown decreased genes and red color were
increased genes. 1 was db~ high fat compared with db- control. 2 was normal high fat
compared with normal control. 3 was db- control compared with norml control

123

Table 4. Genes that were differently expressed in hypothalamus from db-/db- mouse fed high fat
compared with db-/db- mouse fed control

Gene expression ratio

genes that decreased 2-fold of expression
expressed sequence C87484 0.42

calmodulin binding protein 1 0.50

genes that increased 2-fold of expression

potassium channel, subfamily K, member 4 1.85
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Table 5. Genes that were differently expressed in hypothalamus from db-/db- mouse fed control
diet compared with C57/Bl6 fed control diet

Genes expression ratio

Genes which expression were decreased 2-fold
mitogen activated protein kinase kinase 2 0.16
0.59

Genes which expression were increased 2-fold
Mus musculus mRNA for synaptotagmin XT, 1.74
transthyretin 1.74
RIKEN c¢DNA 0610009E22 gene 1.76
RIKEN ¢DNA 1010001J12 gene 1.76
nuclear RNA export factor 1 homolog 1.76
lectin, galactose binding, soluble 1 1.77
Mus musculus, clone IMAGE : 3488009, mRNA 1.77
delta-like 1 homolog 1.84
DNA segment, Chr 8, ERATO Doi 69, expressed 1.84
faciogenital dysplasia homolog 1.84
RAB24, member RAS oncogene family 1.94

Table 6. Genes that were differently expressed in hypothalamus from C57/BI6 fed
high fat diet compared with C57/BI6 fed control diet

Genes expression ratio
Genes which expression were decreased 2-fold
Mus musculus ATP-dependent RNA helicase mRNA 0.30
Mus musculus mRNA for synaptotagmin 0.42
NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 0.46
Genes which expression were increased 1.7-fold
RIKEM c¢DNA 1500040L08 gene 1.75.
P120 MOUSE P120 PROTEIN 1.76
V.1 & ARE 9% M Festn 12A PHelet @
F ook AAEAL S $9 ANE 22Ae
Mg Ao R AAR oUAsL 2019 oy 2ARRT FRA 2ARA Aele A&Ae 4
u Ao

Aneh g A ool dMAZE AW AL
o 25l o Wyelh AxzAL wl

SR o e AdA 53
<24 glckIquier E., 1999).
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AF57t HollA B | A4} C57/BL6 mouses]
737 AAAolE AT Tl wiste] nAgAelE
ARE AdsEAE AT fejder )
T AR UrE} 27, db-/db- FeME FUg A
=8 4 olglth webA Bt mApAe)
AlF7E vleke Eks- Ealdk 5= 9lair) AARAL
55 A#e C57/BL6 mouses} db-/db- F] A}o]e]
e oF 209 FAllAe]7) hAdElglom) ol db
TAAL Aar 9 dAlEy SAd 2 g e
ulz]7] wlEolgly & 4 SltiHouseknecht and
Portocarrero, 1998). 13y FA| F7lskfdE= o
AepAlol S AAFEE A4 CST/BL6 mouseo A 5
7Fgol db-/db- FellAe] FvkERcr A=A U
Byt Fugapdez] o ARE Euksia|ulzi)]
< AZs FAE SA% An, dixTol vjsl »
Aol S AFT FHolA Az FAPL 9
Aoz A JelI C57/BL6 mouse Rrh:
db-/db- FellA o 71] WAE S Fssid
(Boado et al., 1998). 5 A& x| WHiZ &
A A, nA Ao)lg Fodt A4 C57/BL6
mouse?] 7Z5-ole F FH2HE o] oA £
7Fe 2l b, db-/db- FACME EF FH2HE
I 8F triglyceridedA H2Ael Ao)lZ w3}
(Aro et al., 1998).

ZoAlolet Aol g Alaet A4S db-/db-
o A 22 o)A microarray assay S 33t
73, AA 10292709 FAA F AAFHNA Ao
Hatel] g A A4 Wl deju=
AR 18708 FAAR o 0.75% 9] FAANA
Halrh oy IR £ 9lgich AAF e
db-/db- 7 Afole] Azmime A= 0.71%, <k 747)
o Aol A ke ekake] wshl B 3
db-/db- FollA Alolsle] oJgt <dgkez Wiy}
dofuf= FAAR= 0.13%< 14709) FAR7} 1.50)

Korean Journal of Oriental Medicine Vol. 9 No. 1 2003 / 155

opel S At §IEE BEE 5 g%l
Aol miks} A wite] Hxd] 53] Al

sHtaAoA e AR e dste] viXE IS

1%?* A}, *’Ol‘é Bl‘{i‘ﬂ% %Xdﬁ. HRke] A

E} ﬂ"]‘HQ} db-/db- mouse-/]
microarray A% ZA¥} ukdol ‘ﬁi}ﬂ (BEIERECE
A= AR F oF 0.72% 9 FAATE 159 o)A
shxlo} kel A9 Aol wlutst %‘:’—‘l?{} Eikis
= 23l gk 179 o)A W3E e fFAAES A
oA n|ukwri= 2wl o)A wke Ao w glo‘lﬂ%{q,
uiol] FAARRE 7FA db-/db- mouseciAle Al
o] wisle] we} 0.34% 9] FAAL o] M3l
L7 Sl sl A 35 ol 8
041:} A]Al—zs]_,_o]]/ﬂ Wl gl Al FAY EAE9)
ZEl= Y(Neuropeptide Y, NPY), Z&ld, o}H}
ZNE]=(opioid), melanin concentrating hormone(Blundell
and Halford, 1988), FAIFA AF522 vl& §
2% $Al, R, FHA2ESY, HE o
-MSH, glucagon-like peptide-1 59 3ok W
35 e ¢ glgloy MSHIE oF 13% 7Has}
om, MSH29 7% 16% ‘Idle] Frskiich
(Bray and York, 1972). 3+ 72 elAlLS-Al=
g Abe] wizlr) #ake]a] okt
_]__x]\ﬂ]—/\]o] /\4_48 E.zs]— u]u}u 1=1] ‘7’]“5‘ o‘/\«lzﬂ
o] wislel] ofgt AtzAelxe] AR dh FF
o] ot W3lE Ho|=rlE WHE £ v £
I, ol BN QA Thedt zeuix
So] AR Fer ol ojgA ALt
Ve FARA e AW s 3l F2 R
sk 4= 9ty E&F 99 microarray assay©l
N B2 AT JIAEE ATReA ¥
G AR Aol AAse] AEAE AU
4 9& Holg} Atg =)

hi

oL

1

o

-~

>
ot o

nd i
>
L)
O‘l



156/ 495 - AAA - eE - A4 -

.- Anthony W.F. Jr, Marie T., Ted L. & Rudolph L.L.
(2001) Effects of leptin deficiency and short-term
repletion on hepatic gene expression in genetically
obese mice. Diabetes 50:2268-2278

. Aro A, Pietinen P, Valsta LM, Turpeinen AM,
Ehnholm C, Dougherty RM, Jacono JM. Effects of
reduced-fat  diets with  different fatty
compositions on serum lipoprotein lipids
apolipoproteins. Public Health Nutr. 1(2):109-16.
. Blundell JE , Halford JCG. (1998) Serotonin and
appetite regulation. CNS Drugs 9:473-495

. Boado RJ, Golden PL, Levin N, Pardridge WM.
(1998) blood-brain
short-form leptin receptor gene products in rats fed
a high fat diet. J. Neurochem. 71(4):1761-4.
Bouchard P, Maurice T, St-Pierre S, Privat A,

acid
and

Up-regulation  of barrier

Quirion R. (1997) Neuropeptide Y and the
calcitonin gene-related peptide attenuate learning
impairments induced by MK-801 via a sigma

receptor-related mechanism. Eur J. Neurosci. 9(10)
:2142-51.

Bray GA, Imouse S, Nishizawa Y. (1981)
Hypothalamic obesity. The autonomic hypothesis
and lateral hypothalamus. Diabetologia 20:366-377

. Bray GA, York DA. (1972) Sudies on food intake
and of geneticaly obese Am J.  Physiol
223:176-179

. Brown FD, Fessler FG, Rachlin JR ,Mullan S. (1984)
Changes in food intake with electrical stimulation of
the ventromedial hypothalamus in dogs. J.
Neurosurg. 60:1253-1257

. Chomczynski P. and Sacchi N. (1987) Single step
method of RNA
thiocyanate-  phenol-chloroform
Biochem 162:156-159

rats.

isolation by acid guanidinium

extraction. Anal

2 423 mouse 2] hypothalamus | 412 A A7) whalopAl w5}

10.

12.

16.

17.

18.

De Lecea L, Kilduff TS, Peyron C, Gao XB, Foye
PE, Danielson PE, Fukuhara C, Battenberg ELF,
Gautvik VT, Bartlett FS, Frankel WN, van den Pol
AN, Bloom FE, Elmquist JK, Ahima RS,
Maratos-Filter E, Flier JS, Saper CB. (1996) Leptin
activates neurons in ventrobasal hypoyhalamus and
brain stem. Endocrinology 138:839-842
Ducy, P. et al. 2000. The Osteoblast: A
Sophisticated Fibroblast under Central Surveillance.
Science 289: 1501-1504
Houseknecht KL, Portocarrero CP. (1998) Leptin
and its receptors: regulators of whole-body energy
homeostasis. Domest Anim Endocrinol. 15(6):457-75.

. Huq AH, Lovell RS, Ou CN, Beaudet AL, Craigen

WJ. (1997) X-linked glycerol kinase deficiency in
the mouse leads to growth retardation, altered fat
metabolism, autonomous glucocorticoid secretion
and neonatal death. Hum Mol Genet. 6(11):1803-9.
Lavin JH, Wittert G, Sun WM, Horowitz M,
Morley JE, Read NW.(1996) Appetite regulation
by carbohydrate: role of blood glucose and
gastrointestinal hormones. Am J Physiol. 2712 Pt

1):E209-14.

. Reeves PG, Nielsen FH, Fahey GC Jr. (1993)

AIN-93 purified diets for laboratory rodents: final
report of the American Institute of Nutrition ad
hoc writing committee on the reformulation of the
AIN-76A rodent diet. J Nutr. 123(11):1939-51.
Silver AJ, Flood JF, Morley JE.(1988) Effect of
gastrointestinal peptides on ingestion in old and
young mice. Peptides. 9(2):221-5.

Stellar E. (1954) The physiology of motivation.
Physiol. Med. 61:5-22

Taylor, S. L. et al. 1996. Does Leptin Contribute to
Diabetes Caused by Obesity? Science 274: 1151



