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A2 E TS syndrome Xeba WHEWA de elAA 8Y Adelx
7k 1920 tel olw] o] Awel thE sAdel 24 vl k. Vague 57
2 v AEv A28 Yy A8 AT #AH] dF S A A
Ast7l = W, dA= vRke] AL wep B4 WEr Frbske dd 9
AL o] HEe 7} 2

deadly quartet” % ©

o} 2] v 2= (microalbuminuria) $°] 9 th
WAFZZ o] e Aot Iy |Ee 2 yetd 2 xpolst k. o] AL

5
HAS Tt o] vl FH ol AojH 7] AlAg Aoy, 7 yete] 4dE
ol wel AP} FeE HET AP el SRR AR

ot e AdrlES AbEsta 7] wEolth uiAS S dEs H sl
s3] olgHE FddrIFide= AMARAZ]F(World Heath Organization,
WHO, 1998)”¢} NCEP ATP I(National Cholesterol Education Program
Adult Treatment Panel III, 2()()1)7), EGIR(European Group for the study



of Insulin Resistance, 1999)”, IDF(International Diabetes Federation,
2006)” 5ol M wE @ Aol gt} o5 FolA kg WA AtE WHOS

A7 AAZ dFelA ol &st7]ol dHe] slerm=z WA= NCEP

A AL ZEE o] ¥l Bl AxzE d%d” d=4 cytokine'!

’

ARNTY, 91&a Ag4" vistafin'® ", apelin'®, SIRT1" ', miRNA'",
U NF-kBY, Foxa2”, INKP % @&
AzEo] ot AE HEHA &S Aejolrt. 2¥ spedl o] A

A ol QAT AR A FE W A7 A dFee 2 =

adiponectin®} 1 444" IKKB™

A7k
2 d3ase AASA I A3} Yang 5(2005)79] =Fo] 37%9 AA&
2 199 22 u Ut

Yang 5(2005)7& @dlo] EA5tE RBPA7} vl wha} A28 oA ol
€9 AT BHol = AFAHE Frndon, g dFAEA 9
) Y RBP49 F=7F W5 %ol (impaired glucose tolerance)l} A2
d gawoA Z7hHel 9utE Rust gAY, e RBP4zt wwh ®
oyt Buel RS AU AFAFRE AAFH e T AFAA

of A+ 2E T = u RBP47} thAtS o 2 24 92& @

M

Aolgte Ae A £33 571 A
T RBPAZY tiAE R @dste W Awes] 9@ % §
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II. AAE 2 vy

jinss
ol

25-30g 4 =9 ICR mouseZ OrientAl(Seongnam, Korea)=H¥

T AYFRAANA A e AT o §3g

AFE AFAo| = EnH & (pentobarbital) 30-40mg/kgS 7ol FA}E
of mtAAZ T F&e wH @ AAE Tl nAAD H, v
2 54 da 24414 JtHEHE =ALH1A 2As A
gtk A FHAANEE AZAA 02um A F o H}r]el g #F
4 9(0.142M NaCl, 0.067M KCl, 0.0IM HEPES, 05M EGTA, pH 74)%
EHEY A sdANS R Fsv BHHFEAE 208 AH o
50-60ml AEE T2 FUA o] w@dMog W e AL #AHEY
ojo}A 0.2um A &2 ofz7le] o 3} ofuw e} & A(66.7/mM  NaCl,
6.7mM KCI, 100mM HEPES, pH 76, 48mM CaCl,, pH 7.6,
Collagenase(Roche, Penzberg, Germany) 0.5mg/mlE Z2 £L2 Z¢F

Atk o FHANA ol A AWHH FEo LEUI AA T=3E3

At Aol HANW BRE FUAAL. BFAP BF Tuw o] o
Qo] N4 BE% YA/ Besel ARAFAAFA Fop ST

T AdddaA slE- H A (petri dish)
3 = A8 7t EA(forceps) o2 Ao whuk A
EoF7E B

. Ztzto wolzl A

YL

f
ot
ri":

R

Aok oz QaaFAdsFuolA ke A
Z o] susivte] AEE R HsE 7
2 gy, e vd(mesh) 2 AE F 6000ge £E=2
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—

pre

0



WAL A UA §4L A
FEA PR HolFE F 6000ge) HEZ A @ W 108 F

AAEGAGh A5k e PYe T A wEHEA AXE Aol FUL

ofl
[-'O
e
o>
Mz
o, WM
_0|L
2
e
o,
o>
Mz
AL
N
N
i
T

304 B3 x4 L= 100U/ml Penicillin, 100mg/ml streptomyecin,
10% Fetal Bovine Serum(FBS; Gibco, Gaithersburg, MD, USA), 10nM
insulin(Sigma, St. Louis, MO, USA), 0.ImM Dexametahzone(Sigma, St.
Louis, MO, USA)& T Dulbecco’s  modified eagle’s
medium(DMEM) ®j A& o]-§sto] s ettt AAfuheks &olstA s~
#8) 1.5¢/ml Matrigel(BD biosciences, San Jose, CA, USA)E w|g H¥
gk A kg JAN(AE 3Bdmm)el A ¢ 80%E WS wE AEXE Z
ol F AE7E & Aty AFstEAE dAujdow Qs dRA I

!

o RgoE g A webdl B2 AddE AL FAR F

5. RBP(retinol-binding protein) 4 # &

B AP o83 RBPA= FAA AxFoem L2 AFY A
(recombinant mouse retinol-binding protein 4, (R&D  System,
Minneapolis, MN, USA))& o] &3} 3t}

4014 FHlg dA hA

bl

s A¥gTy dEzFoez Yo Ay
100U/ml  Penicillin, 100mg/ml streptomycin, 0.2% Fetal Bovine
Serum(FBS; Gibco, Gaithersburg, MD, USA), 10nM insulin(Sigma, St.
Louis, MO, USA), 0.ImM Dexametahzone(Sigma, St. Louis, MO, USA)
S ¥ 3= Dulbecco’s modified eagle’s medium(DMEM) Hj#] ol 100ug
/ml recombinant mouse retinol-binding protein 4% @ dta, W FE+2

100U/ml  Penicillin, 100mg/ml streptomycin, 0.2% Fetal Bovine



Serum(FBS; Gibco, Gaithersburg, MD, USA), 10nM insulin(Sigma, St.
Louis, MO, USA), 0.ImM Dexametahzone(Sigma, St. Louis, MO, USA)
S ¥ %3+ Dulbecco’s modified eagle’s medium(DMEM)ol A Z+Z; 244

2k g sk,

6. RNA #32 % cDNA Az

24X ZF  wpekEr ATy R dA A ¥ Trizol(Promega,
Madison, WI, USA)& AHglste] AxEE kg7 25E dol Wtk o &
Al Aol F2 F hde] A EYste] AEE Jboeks]a, 45
A A 8k 31

RNeasy Mini Kit(Qiagen, Hilden, Germany)Z ©]-&3Fo] ¥ =24

RNAZ  Hsgon, o wAdAd  AxEs  #Ases] g

o

QIAshredder(Qiagen, Hilden, Germany)%= 7] AF-8 3} T Microarray 2
S 9] 283 RNAE Sug, £ 5(260/280ratio A eF)E= 1.8-2.1 A Eolm

UE= FEd Fo AEZHEH RNAS &7

ot

NAE cDNA microarrayo] 22

o
(o]

A3

a=)

R
H#3 & d2 RNAZHEH b2 Ao o837 93 cDNAE

é
BN

sk Tl ¢cDNA

rr

Omniscript Reverse Transcription Kit(Qiagen, Hilden,

Germany)Z o] &38}o] A %3}

7. ¢cDNA microarray 4

6.1 #23 RNAE cDNA microarrays HAE2o 2 3= 3 AH(Digital
genomics, Seoul, Korea)ol #2412 o35ttt o] 3| Abo| A= Affymetrix
A}(Santa Clara, CA, USA)2] Agilent Whole Mouse Genome 44K 4Plex

Chip& ©] 43} cDNA microarray s 2 Al 3} 4t}

8. Real-time PCR



6.1 4 8L cDNAE ©] &3} real-time PCRS Al &3} th. Real-time
PCR ®'-8 < QuantiTect SYBR Green PCR kit(Qiagen, Hilden, Germany)
Z o] g3l AA 125uld H3 o] tha] 2X master mix 6.25ul, Forward
Primer 0.5ul, Reverse primer 0.5ul, cDNA 1lul, &3 4.25ul & A o=
HEAAY. o] ¥kgS Fsr] 98t Rotor-Gene  3000(Corbett
Research, Mortlake, Australia) FH] S o]&3} % th. Real-time PCR k-3
9TColA 15%3te] &3t AAS A F 403 HAHA 94T 20%,

annealing temperature 30%, 72C 30% 9 ®F&S HIEGE= Frp 2 o

ol

TFoll A& Al dHA (primer) S Table 1, 20 A&tk Table 1ol #A] gt

Al A =

rg
rs&
>

SEFEL PR EEE ERE A RR P L

15
Hoste At o Aow E Aol A mRNA A&FS Z7]o A%
2

& ZAEsolH, Table 20 AAIE AlZA= dad s HdEH = A Table

cDNA microarrays &3 ©do] T7} & #42d FAXAE =gd o
& Ariadne Genomics(Rockville, MD, USA)ALY] AZEY o] T2 135
o] &3l olE FHAES T FAHE TteAol Ue AEZALEIA
A o

T ojn AT F G dFe dHe] ds FAoE Huyi e Qe
Y AlZ A DA Z (insuling signaling pathway), A %A A4 & (fatty acid
metabolism pathway), £%9 WA Z(glucose metabolism pathway)ell
th35te] ¢cDNA microarray 237} o9 A 489 & J=AE H7lso)

cDNA microarray A% 5 EU& o4d7}53 RBP49 #4711 5
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Table 1 Primers for real-time PCR

Gene Direction Primer sequences (5*>3) Pmd(l:)(;t) size
Irs1 sense cccttgctttgtattgagtc 126
anti-sense accagcaacttccagttcta
Akt sense gaccatgaacgagtttgagt 123
anti-sense atgacctccttcttgaggat
Pfk sense gtagcaagatgggtatggag 131
anti-sense ctttgtcacttgcacacact
Pyk sense tcaggagacagcaaaagagt 132
anti-sense aagtggagtgcacaagaagt
Gk sense gaggagaatcttctgttcca 127
anti-sense tcaggatgttaaggatctgc
G6pc sense ctcttgctatctttcgagga 131
anti-sense aaagtgagcagcaaggtaga
Fbp2 sense gagagtattcaccagcgagt 111
anti-sense atgggttcaggctcactac
Pepck sense ttcaaggtcactcaggaatc 120
anti-sense acacacatgctcacacagag

Irs1: insulin receptor substance 1; Akt: Thymomaalviproto-oncogene 1;
Gk:
bisphosphatage

Phosphofructokinase;

Glucose-6-Phophatase;

Pyk:
Fbp2:

Pyruvate

kinase;

Fructose

Phosphoenolpyruvate carboxylase 1

limase;

Pfk:
G6pc:
Pepck:



Table 2. Primers for real-time PCR

Gene Direction Primer sequences Product size
(bp)
Pi3k sense agaaatcttggacagggacc 111
anti-sense agttttggcagtgactgagg
Ikk 3 sense ggagtcagaagaaaccccat 104
anti-sense gaagaaacagcaccaggaga
G6pc2 sense gccagcttgagtgtgtacct 101
anti-sense gaccacagcaggtcaatacc
Jnk sense gtcctcccctgcetgatattt 105
anti-sense gcttggagatgctatcctga
Ptplb sense cattccacactcacacctca 99
anti-sense ctccaggacagcatgaactt
Pyk sense gagtcttccccttgctctac 128
anti-sense aatcaccagatcaccaactc
Ship sense gctattgatgaggctgagga 122
anti-sense tctgttgcaagaggaaggtc
Skip sense atctctacgaaatccacccc 100
anti-sense tgatgctgacgtagtagcca

Pi3k: Phosphatidylinositol 3-kinase; IRk Inhibitor of kappaB kinase; G6pc2:
Glucose-6-phosphatase 2; Jnk: Mitogen activatedtepprokinase; Ptplb: Protein
tyrosine  phosphatase type 1b; Pyk: Pyruvate kina&hip: Inositol
polyphosphate-5-phosphata&kip: pyruvate phosphatase
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1. ¢cDNA microarray 4]

Recombinant mouse RBP4& A 23 mouse YA} ZHAIE 9} A2 3st#] &
S da HHERZFEEH BT RNAZS o] &35to] ¢cDNA microarrayS A A

g Adatel g oS Figure 1ol AT Z”olA w3t v isho]
=

331 9] ¢DNA microarray 2 &o] X RBP4 A g3 7 $o wa o] 3n)
o] Z7tslE Aoz JEid FAAE BE 1379 2 (Table 3), 2d o)

40% ol #Fadte Ao YEd FHdAE 25 1170 Atk (Table 4). o]+

B, dded Adsdagde B9 g Asdadred #Ed fFHAAE
HAEA @gew, AW AsHdgAdze #A-Hdd  FAA 1A

(Acyl-Coenzyme A dehydrogenase family, member 10)2] &o] 40%©]

A gan Aow Ve

2. AdzAdgd = F4

cDNA microarray Z 3ol Al 2w} o] W&ol F7lE A9 50% o]
eo] ZHAE FHAAES 4o ®E  Ariadne Genomics (Rockville, MD,
USA)ol A 7|23 Pathway Studio 51 ZZI1E& o]£3l o F7t5e
ANZAGA2E ag o2 Yebdt (Figure 2). 2o w3ty oz FA

g Zo] 2u) ol o] FrkE Afolx, EI3MeE FAT Aol 50%



Eukaryotic translation elongation factor 1 alpha 1
Transferrin

Interleukin 2 receptor, alpha chain

Mus musculus ATPase subunit 6 (Atpased) mRNA
Lipocalin 2

FXYD domain-containing ion transport regulator 6
Kelch-1like 7 (Drosophila)

Mus musculus 10 days neonate skin cDHA
Insulin-like 5§

Serum amyloid A 3

Olfactory receptor 1427

zinc finger protein 338

Ribonucleoprotein, PTB-binding 1

UPF2 regulator of nonsense transcripts homolog (yeast)
DMRT-1like family clc

Collagen, type XXVII, alpha 1

Mus musculus ATPase subunit 6 (Atpasef) mRNA
Serum amyloid A 1

Olfactory receptor 1441

Olfactory receptor 649

Heat shock transcription factor 2 binding protein
Solute carrier organic anion transporter family, member la§
Cyclic nucleotide gated channel alpha 1

WK1 transcription factor related, locus 2 (Drosophila)
Olfactory receptor 1495

Tripartite motif-containing 66

RIKEN cDNA 1700080607 gene

C-type lectin domain family 14, member a

= Phosphatidylinositol 3-kinase, catalytic, beta polypeptide
Chemokine (C-X-C motif) ligand 3

Matrix metallopeptidase 3

Albumin

Fructose hisphosphatase 2

Protein tyrosine phosphatase, non-receptor type 1
Inhibitor of kappaB kinase heta

E— Glucokinase

Glucose-6-phosphatase, catalytic, 2

Mitogen activated protein kinase 10
Hairy/enhancer-of-split related with YRPW motif 1
MyoD family inhibitor

Arginase 1, liver

DHA segment, human D45114

RIKEN cDHA D430039¥05 gene

Thymoma viral proto-oncogene 1

= Phosphoenolpyruvate carboxykinase 1, cytosolic
PREDICTED: Mus musculus similar to putative pheromone receptor V2RZ (LOC546796)
Fyn-related kinase

Acyl-Coenzyme A dehydrogenase family, memher 10
SUB1 homolog (S. cerevisiae)

Gap junction protein, heta 1

RIKEN cDHA 2010003K15 gene

F-box and leucine-rich repeat protein 21
Peroxisomal membrane protein 4

Protein kinase C, zeta

Mus musculus cDNA sequence BC038328, mRNA (cDHA clone IMAGE:30638201) [BC076611]
HIV-1 tat interactive protein 2, homolog (human)
Catechol-0-methyltransferase

RIKEN cDNA 2010003K11 gene

GIPC PDZ domain containing family, member 2
Collagen, type XIV, alpha 1

Acyl-CoA synthetase medium-chain family member 3
Zinc finger protein 326

Mus musculus 12 days embryo male wolffian duct includes surrounding region cDHA
Zinc finger protein 192

Claudin 23

Insulin receptor substrate 1

Dopa decarboxylase

=) Dopa decarboxylase

Aldo-keto reductase family 1, member C19

Starch binding domain 1

Bri3 hinding protein

— Phosphofructokinase, liver, B-type

— Pyruvate kinase liver and red blood cell

I
oo

Figure 1. cDNA microarray analysis. Gene expression paitesh three RBPZ
treated samples. Red and green colors indicateeased and decreaseapbne

expressionrespectively.



Table 3. Genes with a minimum three fold increase in exgiogs after RBP4

treatment
Symbols Titles Main function of
(accession number) end-product
Cxcl3 Chemokine (C-X-C Migration and adhesion of
(NM_203320) motif) ligand 3 monocytes and mediates
Mmp3 Matrix metallopeptidase Proteolysis and
(NM_010309) 3 peptidolysis
Alb Albumin Lipid binding
(NM_009654)
Eeflal Eukaryotic translation GTP binding, protein
(NM_010106) elongation factor 1a; biosynthesis
Saa3 Serum amyloid A 3 Lipid transporter activity
(NM_011315)
Insl5 Insulin-like 5 Contains a classical
(NM_011831) signature of the insulin
superfamily
Lcn2 Lipocalin 2 Transporter activity
(NM_008491)
Trf Transferrin Ferric iron binding
(NM_133977)
Klhl7 Kelch-like 7 Protein binding
(AK082520) (Drosophila)
Zfp33b Zinc finger protein 33B DNA-binding protein
(AK009327) domain
I12ra Interleukin 2 receptor,  Negative regulation of
(AF054581) alpha chain inflammatory response
Olfr1427 Olfactory receptor 1427  Perception of smell
(NM_146679)
Col27al Collagen, type XXVII, Structural molecule
(AK076297) alpha 1 activity

* indicates the number used for NCBI(http://www.hobm.nih.gov/pubmed)
information.



Table 4. Genes with a minimum 40% decrease in expressidar &BP4

treatment

Symbols
(accession number)

Titles

Main function of
end-product

Comt
(NM_007744)
Frk
(NM_010237)
ubl
(NM_011294)
Acad10
(AK033963)

Cldn23
(NM_027998)
Gjbl
(NM_008124)
Acsm3
(NM_212441)

Pxmp4
(NM_021534)
DOH4S114
(NM_053078)

Coll4al
(NM_181277)
Argl
(NM_007482)
Fbxi21
(NM_178674)

Catechol-O-methyltransfer Catecholamine

ase
Fyn-related kinase

SUB1 homolog (S.
cerevisiae)
Acyl-Coenzyme A
dehydrogenase family,
member 10

Claudin 23

Gap junction protein,
beta 1

Acyl-CoA synthetase
medium-chain family
member 3

Peroxisomal membrane
protein 4

DNA segment, human
D4S114

Collagen, type XIV,
alpha 1

Arginase 1, liver

F-box and leucine-rich
repeat protein 21

metabolism

Intracellular signaling
cascade
Transcription coactivator
activity
Proteolysis and
peptidolysis

Structural molecule
activity
Cell-cell signaling

Fatty acid metabolism

Biological_process
unknown
Regulation of
transforming growth
factor beta receptor
Signaling pathway
Cell adhesion

Arginine catabolism

Ubiquitin cycle

* indicates the number
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IRS1: insulin receptor substance 1; AKT: Thymomairal
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GK: Glucokinase; G6PC: Glucose-6-Phophatase; FBH=2uctos:
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Table 5. The Results of real-time PCR

ACt* (compared

Gene to GAPDH Ct) pcff  phoct
Symbol Full name Control RBP4
Irsl  Insulin Receptor 12.01 15.06 3.05 0.13+0.04

substrate 1

Akt Thymoma viral 8.93 9.98 1.05 0.53+0.15
proto-oncogene 1

Pfk  Phosphofructokinase 9.25 9.62 0.37 0.85+0.26

Pyk Pyruvate kinase, muscle 7.16 10.15 2.99 0.13+0.02

Gk Glucokinase 20.60 20.68 0.08 0.9040.39

G6pc  Glucose-6-Phophatase  13.64  14.78 1.14 0.47+0.08

Fbp2 Fructose bisphosphatase214.31 13.71 -0.60 1.57+0.27

Pepck Phosphoenolpyruvate 14.14 1378  -0.36 1.32+0.21
carboxylase 1

The numbers ofACt indicates the cycle from which the quantities BER
products are over the manually set threshold.

AACts are the differences between th€t values of control and RBPA4.
2" indicates the expressed levels of the mMRNAs when dbntrol value is
1.

"+ statistically significant (p<0.05).
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Table 6. The Results of real-time PCR

ACt (compared

Gene
to GAPDH Ct
Cont ) Anct 288
Symbol Full nhame oln o RBP4
Pi3k  Phosphatidylinositol 8.82 7.78 -1.04 2.37+1.61
3-kinase, catalytic, beta
polypeptide
Ikk Inhibitor of kappaB kinase 10.02 9.84 -0.18 1.27+0.64
beta
G6pc2 Glucose-6-phosphatase, 1296  13.87 0.55 0.56+0.20
catalytic, 2
Jnk  Mitogen activated protein  13.91 15.26  1.35 0.39+0.10
kinase 10
Ptplb Protein tyrosine 483 528 045 0.76+0.25
phosphatase, non-receptor
type 1
Pyk  Pyruvate kinase liver and 1.68 2.70 1.03 0.50+0.06
red blood cell
Ship  Inositol polyphosphate- 16.74 16.27 -0.48 1.53+0.79
5-phosphatase D
Skip  Putative phosphatase 12.28 11.81 -0.48 1.39+0.11

The numbers ofACt indicates the cycle from which the quantities BER
products are over the manually set threshold.
AACts are the differences between th€t values of control and RBPA4.

-AACt
2

1.

" statistically significant (p<0.05).

indicates the expressed levels of the mMRNAs when dbntrol value is
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Figure 7. Relative mRNA amount of the genes related wiihsulin
signaling pathway. Pi3k: Phosphatidylinositol 3dge; IkK3: Inhibitor of
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Abstract

Molecular mechanism of RBP4 on the basis of insulin signaling

pathway in primary hepatocytes

Moon Young Kim

Department of Medicine

The Graduate School, Yonser University

(Directed by Professor Byung-Il Yeh)

Metabolic syndrome is a cluster of symptoms closely associated with
diabetes, obesity, and cardiovascular disease such as hypertension. The
prevalence of this is being increased as the lifestyle changes. Since the
definition of the metabolic syndrome was defined, many researchers has
studied to examine the pathogenesis, but the mechanism is not known
so far. Only many factors has been proposed to be related with the
occurrence of metabolic syndrome. In this study, I tried to confirm the
molecular mechanism of RBP4 which is regarded one of the critical
factors in the pathogenesis of metabolic syndrome.

Recombinant mouse RBP4 was treated to the primary hepatocytes
prepared from the ICR mouse. After RNA purification cDNA microarray
was performed to check the mRNA quantities. However, as significant
factors were not found by this method I focused those of insulin
signaling pathway. mRNA expression was measured real-time PCR and

I got the results below.



1. RBP4 has an undesirable effect for metabolic syndrome by increase
of gluconeogenesis and decrease of glycolysis.

2. The increase of gluconeogenesis i1s due to decreased expression of
Akt.

3. The effects of several factors which influences on PIP3 expression,
which plays a role as controller at the upper level than PKCa and Akt
in the insulin signalling pathway, are not constant by RBP4.

On the basis of the results it is concluded RBP4 may induce
metabolic syndrome by increase of gluconeogenesis and decrease of
glycolysis. However, the phosphorylation is very important as well as
the expressed quantity in the function of proteins. Many proteins
associated with insulin signaling pathway are also can be
phosphorylated to have a specific function such as Akt. Therefore, the
studies to check the phosphorylation of the factors are needed. And
protein expression has to be studied because mRNA quantitation by
real-time PCR is a indirect method.

In summary, RBP4 increase gluconeogenesis mediated by Akt and
decrease glycolysis in insulin signaling pathway. To get the clue to
solve the metabolic syndrome the researches to confirm the
phosphoryation of the factors and protein expression analysis are

needed.

Key words : Metabolic  syndrome, Mouse hepatocytes, Signal

transduction, RBP4, Glycolysis, Gluconeogenesis
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