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ADA
CCcK
DB
DCCT
DPP-4
ELISA
GH
GK
GIP
GLP-1
GTT
GSK3
IFG
IGT
IPGTT

IVGTT
WHO
OGT
PCNA
PEPCK
PI3-K
PTP-1B
RCT
RIA
SGLT-1
SSA
UKPDS

america diabetes association
cholecystokinin

double blind

diabetes control and complication trial
dipeptidyl peptidase 4

enzyme linked immunoabsorbant assay
growth hormone

glucokinse

gastric—inhibitory polypeptide

glucagon like peptide—1

glucose tolerance test

glycogen synthase kinase 3

impaired fasting plasma glucose
impaired glucose tolerance

intra peritoneal glucose tolerance test
insulin receptor

intra venous glucose tolerance test
world health organization

oral glucose tolerance

proliferating cell nuclear antigen
phosphoenol pyruvate carboxykinase
phosphatidylinositol-4,5-bisphosphate 3-kinase
protein—tyrosine phosphatase 1B
randomized controlled trial

radio immuno assay

sodium glucose transporter—1
significant scientific agreement

united kingdom prospective diabetes study
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[&A : Lauralee Sherwood, 1A 2]s}, gfo]TAto|AA 2011]
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ZrFo] Fe Aoz HF geshzo] &% Wl &9 A4S F AUldM €Atz
S7F 9, 2A0A 9] ARZ S AlE Wiz 2utEA "ot Bot EY 571 A ARl
ZeG AFTE S7HIA AR ouAdez A7 ARGHE, YA A4 2|2
ALA71A "t

Meal
]
(Lh 282712 o
% | Gl
A 7t A g ) D) Al E(e-cel)s FREATE Bl ¢
Eiyloly, 27122 7 Y SYIZAS xzxgo= 120
2ot e ML FRAEE B AP ¢ w .
=4 sulin
Bag fEste] felAlo] gdor WaHEs
_él_q_ 0 T T T T T 1
o 120 -
([_'_l-) _)I\_§|-S—>_EE o | Glucagon
SRS HE]=-1(glucagon like peptide-1, GLP-1)2 R ]
90
Az F T, FU Y4} I o] AL © 0 @ m w2
Nt S
wo BHEE $ER0R gy BEuS grdt
e/ EgRE -1 A== 90% ol4ke] dske O 3. FARIoMe BY
ol glon], 4R asb|@o] eEAs} Agoy  SwetUE sxo S
29| 7|53} tio] MRS F4A7|gE go]  [EX  Llauralee Sherwood,

o] A M gl &t o] I A}o] o]
gttt Aol A= DPP-4 (dipeptidyl peptidase 4)° PAgEler, solaeldl s, 2011

ofsf wai=7] Wzl GLP-1 A % DPP-4 AAA7t @2 EA & AHEH L Tt

1o

(20 OtCiZ el

obt ERL e AMAEAA Hulslo] 25, 1h, B} ZS BREANA A4 A4S
AT 7F ol A FABTA, ABA 22 Aok, oA Ag2 F7IAA, B
o

AHSIES StH, IS 02 e APES Adfstal, @1 Al &2 ETHILE 4).
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Adiponectin

"

> = &

| glucose output 1 glucose output | inflammation
| fat accumulation | fat accumulation | endothelial adhesion
| inflammation 1 energy expenditure | foam cell formation

l ]
|
Protection from :
« Insulin-resistance
« Type 2 diabetes
« Coronary artery disease

% 4, OfC|ZLHEIS| HL CHAL =H J|s
[ZA : Menzaghi et al., Diabetes 56:1198-1209, 2007]

) #7E HEAZE 7]

Aol FA=TAME(Langerhans islet)S tHE TEEESZ EH|ote Al 7H4] S/
AZE 7HA 2L Aok 7P B2 A= HWEA| Z(8-cel)E A& (insulin) T 225 &4

3 41 M EZ(g-cel)= FF7H(glucagon)S2E-S Hu|5tH el HE(§ cel)= AUE
2Ete (somatostatin, A T=22)2 AR 7 Aol EHlE= Jdedyt 2
7hzol o3 =2 @9 £Ho| o|FojA7] wizol Y HEAEY HdAA 712 E
Z4 Al 42t

ol
el

oft

(4) T A

a3 ol gal Azl siday e AR E S XPstA "ok Ax |
Zog 55 Aol 7t W 2924 &8, B AAES XPSHA =, T A8 Z-EA
phosphoenolpyruvate carboxykinase(PEPCK), glucose-6-phosphate”} S84 7%
842 283t} YA AME-S A iAol A= glucokinse(GK)7H A4 E4E 28
K™ 5).
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@ Yad Glucose e
G-6-Pase Glucokinase (GK) |

N Glucose-6-phosphate

174
‘"
g P
c Gl
3 Fructose-6-phosphate fycogen
§ FBPase 1 PFK 1
S N~ Fructose—l,G—bisphosphateJ/
'
5 T,
Phosphoenol pyruvae (PEP)
PEP Carboxykinase (PEPCK) ' Pyruvate kinase (PK)
Oxaloacetate Pvruvate

2% 5, 2FLH S CHAF 2|
[ZA : Shoii et al., Fornt Microbiol. 10;2:278, 2012]

(6) A& AZHAGAA

A1l A 8 S7F Al FAOIA dedo] BulEy, 7F & o] Alxuto] Q1= Q&
s&A(insulin receptor, IR)7} AFetet. A& FEA2 AFA AZY GLUT-2 &
GLUT4 59] &HHA|7} o] &oHA =, Al Y2 §-4= ol 93 PI3K, PTP1B, GSK3
59 gAY ASHGAAE B9l @FE 2&5HA drt.

Ct SO ZITH2IE

2 i E 2018 vl=gkxts] B 2015 Ay S] gty A V&2 # 1%
Zo.

H 1,2018 0|2 5135 (ADA) & 2015 CHEHEH H#8HS| ot i B Rk J|=
Rty |E 018 0|2 =5t3|(ADA) & 2015 CHEH = #5Hs| R X|ZIQI23
P 1. {2 A7 FE Aol @4ET 100 mg/dLu|gt
°O=C 12,75 g AT REGRS} 2417 T AT 140 mg/dLu]9t
1. ZEEG ol ZEFELEY 100~125 mg/dL
TYFE |2, HI5AON: 75 g AT EEGRE} 2417 & FFETG 140~199 mg/dL
3. oML 5.7~6.4%
1. g3t A 6.5% o4
Pt |2, 847 o4 FEFHET 126 mg/dLolA
3.75 g BTREGES} 2417 T EFEL 200 mg/dLolAt




(D) B3E3

SEEF0] 100 mg/dL olstel™, A& 247t A2 140 mg/dL °lst= Agtsta
AT

() ZA"ZE

(7)) ZESTHEOf

o =20
TR ERFAE AT FEEF0] 100~125 mg/dL Ato]o] BE-E FEEFHN

(IFG: impaired fasting plasma glucose)i A olstct.

A% 2A1ZF o] 140~199 mg/dL]l B-E WE5ZoH(IGT: impaired glucose

tolerance)® J-E3tc}

) T @9

T8 A 30| 126 mg/dL(7.1 mmol/L) ool AY, 4% 2417 @2 200 mg/dL
(11.1 mmol/L) o] A& oz FESIT]

11L1mmol/l (200mgy/dl)

- 7.8mmol/l (140mg/dI)

Plasma glucose(mmol/l)

Normal

r
0 30 60 %0 120
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Human

In vivo

In vitro

=

Ht0| 2017

SHHAHOGTT)

5

g%
A4~ (HbAlc)
4% C-9e)

3
Glucose-6-phosphatase

alpha-glucosidase
alpha-amylase
Glucokinase
GLUT-4

A =2
IR

A7
g3t
GLUT2
HOMA-IR
GLP-1
DPP-4
3% 9
PEPCK
PI3K

PTP1B
GSK3

AL

HEbA| 227 5
(B-cell function)

i
3l
__i
e
™

—

[e}

1




Lt. Hfo| Q03] M
) BF+E

(7hH B=2&8&&H(fasting plasma glucose)

2 T Hulgol A 245t % T (plasma glucose)E mmol/L EE
2}

N
=
o AFE AsEe] B A8

ojulol 4 OGTTS] AT % 12080] Lehte Bhrs
A7 T E)o g BAE 5 QU

YdsAAE dEdo g ArdEsE A oral glucose tolerance test, OGTT)ZE AA]
s, o] Heet Xd 9 2|5 $R-E AAst7] o) Ay

(2h) ZataiMA(HbAC)
Ao U&= @M A(hemoglobin)2] FH<1 HbAlceE 9] A& 7|7Ha<t A4
TG g AH o7 Ajbslo] FEEm 2 HpAlcl] B 9] AE7]7H &
L3 55 7HesH Sttt 1B E getddAas g9 248 RHchs 7P 712
x=2 g o] 8FH gloy, F3EM A 9] FH(glycated hemoglobin value)2. 2 A

U Fore] AFsEe

=2 0 O

BT i )
4 e of ok

4Na 5]

=
n

(2) 83 24714 AR

@ GLUT 2

W 2= T #HH AHEREE GLUT-2(glucose transporter-2, S55A1)7t
At &= AP T2 Aolu, GLUT-29] H|4d4 7152 F7<] HetA| oA <]
led] Y& Z:L-/l\-/\]ﬂ‘:}.

@ SGLT 1

SGLT-1(Sodium glucose transporter-1)= 3~
&

2 AlZeF A Ao 2T 249k HY
gtk UEF-ZET 35 548 JAAA 2322

2 RLgo] AQ] viEe] HolsH E}.

12



® a-glucosidase

FrdkEo] 24 U 29 848 53 2= FHZ AFEHM, ¢ -glucosidase”} HE

i)
-0,
oft
S
B>
o
(1
B>
U
i
o
S
£
9,
2
R
]
aQ
c
0
2
2.
jav)
&
ek
o
1o
R
:"?é
rr
.
)
s
5
s
H1
et

S5atEo] 2 ) A5 BAE B EEFo) FelE AHHM, e-amylased] oI
IHL SRR 2ot olo] e-amylase 24| A BLIE 2SS 2 U]

=20 = X L2
ol
QeTle dgol A4 Sl ooz Robae W A pAEAA Huls 2ol
EEgo] B 2N fUA LR A8 & YES ek olo] A A& Fule
2 240 WoHolt

@ HOMA-IR
1

ook

HOMA-IR(homeostasis model assessment for insulin resistance)2 21<&d 3}
gt 28 38 9 38 el 55 Ssto] ALke goltt vl wd F ot wof

U/FA] HIHsHA &&= QloH, ey Ao wod ALt #2171 S71ei

-

® ot ZHEl
oftlzuEe A meld BulslE, 28, 7 B 5o YrEAA J&d 48
A7) Telatth 2k el & A R, A ZAS A, ouX] A8

S7HIA, @32 2HI5HE Atk led A ST ARl Aok HuEy

ofH, l&d £HE R A L3719 &5 A3t 45 A 59| 7]
A B-AE T4 Fojetet.

® DPP-4

DPP-1= GLP-1Z 8fiote] @4S A7l A%E shal 1o 8=, DPP-4 AAAI7
B 2EAR AHEHIL U

13
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(CF) HE HIEMZE 7|5

A HEAIE 752 AAE A8 (viability) 54, G HEAIRZY e &)

24, 9% C-HEHE 25 B42 B9 B9% 4 9

A oL A4S Bulsh ALET 1S 285y BofH FHE
Sl FAs gEulv|delne Ano ARYS APHor ZAste] 475 BUY
otk AlE AL LS ARAE PAZ AWT 5 Ak,

d %Hl%g HeEAR2 ;%‘?ﬂ} T 9oy Xﬂlﬁé %‘flm et *l 4«17} SZIE}.

(2f) & AL

@ PEPCK

Al W 257 75 Alofl= 7 W 2927 &3l B A82E-Z XYsHA o, 3 FHo]E
oA A5 B FHO|E(PEP) ¥ Al A as= A-EstA & ABZ-EA] PEPCKY]
Tdo] S

@ Glucose-6-phosphatase

AlZ W 2= 55 Alole 2 W 2223 23], T 48282 A5 =4, F A3

o102 o 1 O
284 2F 2 T Al A3 glucose-6-phosphatase 849 TAke7t S7H5H| ot

® Glucokinase

AR AL 913t G Tl AL GK(glucokinse) BAo] Z715H1, BEgg W2
Hlo|ER HA7|A Hr.

@ GLUT-4

AGIAYANAE 28 Fo| 2202 P o5 /b7 GLUT-4 Wdo] 715t
AZ W2 F= olFAA AdA = AHEsHA Tt

14



A A, AREY =

\__

o

e It 750l +FEHY, ded
ARyl 23 & /‘ﬂEELHEPJ E}%hi} Az g

>,
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o,
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i)
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il
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O

@ PI3K

el AZHAIAA = HEHCE PI3K ASHEHE7 912w, PI3K(phosphati
dylinositol-4,5-bisphosphate 3-kinase)x= PTP-1B(protein-tyrosine phosphatase
1B)2} GSK3(glycogen synthase kinase 3) & 399 ASAGEZ AT E AL,
N Y Z=FZ AE Y= o F5A7]= GLUT4S] Tdof| &= RIAA Hr

® PTP1B
PTPIB Ql&?l ALSHEAA % A4 ] 4L GASHE] 28 a2 sha glout,
ol A§ WA Fix WYo] FFS 047 Hrk. Fie 3% Fo)4 PTPIBY Fdo] 37t

312, Qe WEsE 2ashA Ho] PTPIB 84 Adl ¥ 28] £88 £t

® GSK3

GSK3: 22374 340l Bolsts Asde dazA 2
o= 5l 9lom. GSK39| 98] 27l T a AT} QAT
A}, olo] GSK3 W A A] AZY F A} EX

15



2. 22 0| 2039 ZYuy
o YL

39 &AL oxalate?} fluoride?} E0131E AT AEsto] 4L E3 th2

GFEA7|(glucose analyser, o, Backman glucose analyser)Z &43tct. 124 o]
W A0 A&H o g e S45H] o¥7] wiwol AlSol &3 Hof Q=
tFet $579 capillary typed] FH-& 895471 (glucometer)E ©]-&sto] HHstL
A& @82 SA4E & Ao Gt capillary type] FHi-8 €35471= 747 €99
2 oA SA DL sampleS 574517 £l %%]'%‘6‘ 71& ol-&sto] S5 gHE

qHS

Thas (2 7% o]) 2 5 98-S 1 stolof Ak, ABFH FRRDAME tgo
A7) ol7] o] mel o] e 4HE o] FNAL AWstel glucometers
= 2ol Slol% 2 4T

g2 S Aol @ol o-§5= EAF(rat, mouse)

grom ot AT A7ko] Ho|S AT 4~547 A3t

(2) W95 HAAHglucose tolerance test)

7 A7 s s Lo Aog eIl 0~180% Ato]o] e} 1L
HA(AUC, incremental area under the curve)& HlISHAY H1 9 5=} 180+&
%9 e wglict

- AFFH5H AHoral glucose tolerance test, OGTT)

A B 34 B 75 g9 ReFEEo 509 5~15% 53t vHAAl & - 30, 60, 90,
120% %ol €95 St

(3) BsF2 A 2x(HbAlc)

T4 42 HPLCH, 271984, boronic acid 2%, TBAY, H9&7dW 5o

Aoy, BE Es7]7]o 98 4= A, DCA 2000, Gothenburg, Sweden).
A™3s] 5tH HbAlcgtolgt HPLC WHollA &A% Aag A A st= 1H4 &ojolw DCA
200002 A3t ANE g3 M A(glycated hemoglobin)@gte2 FEt}t, HbAlcY
Z3T2 %= FAEH DCCT (Diabetes Control and Complication Trial, Diabetes

16



Control and Complication Research group, 1993)¥} UKPDS (United Kingdom
Prospective Diabetes Study, 1998)& &2 2 sh= A& A4

(7hH GLUT-2 &3iE =X
M| ZE o]85}9] real time RT-PCRE B3l A4 AL E B4 AL, FEZXZ A

QA W T erg A

@ real time RT-PCR

MEE 6-well plated] EFoto] TREZAS a3t vjR|of| A 48A]17F FF viFStct,
KRBB-HEPES &390 & 23] A5kl 143t 59 KRBB-HEPES &3]0 2 Hjgt
& RNAE F&3th. M-MLV 934 245 o834 5 ug®] RNAZTH cDNAE /et
cDNAE ¥4 F, fluorometric thermal cyclerg o]&3] SEA|ZIt}. o]F AACt W
o7 FiH AgS St

STRAA AT 24A17F & lysis buffer (50mM Tris-HCl pH 8.0, 5mM EDTA,
150mM NaCl, 0.5mM PMSF, 0.5mM DTT)E 7}5to] 4Cof|A] 30& 52t sonication
A5t 25 dett AlRE SDS-PAGEE o835t 8|3t th2, polyvinylidene fluoride
membrane2 & transfer $ttt. Membraneo] 0|4 12} FAIE &2 F horseradish
peroxidase-conjugated 22t FAE BRIt FL-FA 22 chemiluminescence
kitse &l gHelgttt.

(L}) SGLT-1 ol =9

559 34 ALAREE Fojulo] 10 mM HEPES/Tris buffer(pH 7.5)0l 28A171 &
3,000 rpmOfIA] 24 B9t #ASE gtk 1 F 4T oA 1587F 1,500 rpmoflA] f4EE gt
AeHE tA] 4587F 30,000rpmollA YAE S, pelletd 10 mM HEPES/Tris
buffero] A3 oh3 S FEE 43t} GlutaraldehydeE ¥l 14]7H5<t 37T
oA FE3TF immune plate©] well & 100 L9 FHueA| L hzS W1 A|SIEZT} $HA
37CoA 241757t BiFRttt. Plate AlE & 0.5% 7HAIQIS=E blockingE AlX1 &, 13+
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HYIISAE 2158 B2t 710l

i

[¢]

A2 SGLT-1(1:1000)& A& stal, 22} FA|Z anti-rabbit 1gG(1:2000)E A &|slaL,
substrate solution& Y1 1587 ¥F-3AIZItt 11 & 1M H,SO4E Yol ¥r-8-& SAAI7] 4,

microplate readerg ©]&35t9] 450 nmoA SEE=E SATHct

(CH a-glucosidase &4 X =X

2% alpha-glucosidase= 2449 Ao EAcl= AARA R ©dlES
FFRE Bofcts g©pslEe] Asto] B4AQl aiolth. Alpha-glucosidase AA|2
H7l of7tE A(acarbose)= eI} o] MG S 2= Aol ot &Y
oA S E5)5l= alpha-glucosidases QAISte] &% Yo A ©3HE9] 435}
&2 ASHAFIC RN TGS AT BuEHY 7]544E F acarbose®t
2 alpha-glucosidase &4 A Z-&o] &= AR FITHEE AES o] 849 oA
& &Hol= AL R 7 5A4E& sttt Alpha-glucosidase &d94 &4
oA 71Ax}e] wkS-ostE A (kinetic analysis)shs WHIF 45 Wo A sucrose®

EAESE Ao AS 295k OGTTE AARH: in-vivo FAPES ol g3},

oy

)

oot o

ox my

@ alpha-glucosidase (from Bacillus stearothermophilus) S AX| =X

Alpha-glucosidase(EC 3.2.1.20) 50 units®} PIPES buffer(0.1M, pH 6.8) 1 mL<
enzyme bottle®] ¥°] 50 units/mL &%4-& TF= & 1/100 dilutiond}o] 20 mLI& w30
ARg-stt, 34 71391 PNP-glycoside(p-Nitrophenyl a-D-glucopyranoside) 2 mM<&
PIPES buffer(0.1M, pH 6.8)°l 713t & alpha-glucosidase &4 A 48& T A|l5E
Ot w2 A=t I E8A9 enzyme solutions 20 mLA 715t 0.01 unit/500
mL(total reaction volume) ®5&=7} A ot 18|31 37CoA 3087 HESAIZl &
0.64% N-(1-Naphthyl) ethylenediamine solution(pH 10.7)& 1 m<& 375k ¥F-S-&
A, B G EAE o]-8sto] 714l PNP-glycosideZ HE f2= o] 4o vk
A8/dE11 p-nitrophenol& 400 nmOA &735}to] alpha-glucosidase 4 A& &

2

@ Kinetic analysis of alpha-glucosidase(from Bacillus stearothermophilus)

inhibition:

Alpha-glucosidase 84 A A4 37} A= A7 inhibition modeE &4
517] Y3l 7121 PNP-glycoside(0.125-2 mM)E A2 ¥ 7IA] th& sk o H5t9
22t AT 1 9l 2052 A7) A% assay FEF SLoA $Pse 24
S2E ARE Wgol H7leHA @i a4t 71dAnts vRAIZITh T1E 3 Rt =9

Z

p-nitrophenol& 12| £7435to] £EF4S I8 &, 4249 thE Almskol Histe] dofjdl
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B Aof jdste] ¥Hg-9] #F AHERl p-nitrophenol®] ¥
7""41’@":]' ojgst WHo g A&H FHEL 1/PNP-G(mM)S X£2 2, 1/V(mM/min)<
Y&0= 3}lo] Lineweaver-Burk plot®® tHA] ZAsHH alpha-glucosidaseo] oigt
PNP-glycoside®] Km %< T3ttt

® Intestinal disaccharidase inhibition assay:

Rat intestinal acetone powder 100 mg2 0.9% NaCl solution 3 mLel &7}t &

3027t 123] 92 YollA sonicationsty, 12000 rpmOlA 30% 7+ A4 &3ttt A=
HT+S HEZE assayol ARESFAW -20T o E#3tct. Rat intestinal disaccharidase©ll
st substrate= sucrose(40 mM), maltose(6 mM), isomaltose (4 mM)E ARSI
PIPES buffer(0.1M, pH 6.8)°14 t}¥st =2 A|FE #715}9] inhibition assay®S

Z3stet, 37CoA 2087 HESAIZl & Glucose-Trinder solutione 1 mL il THA|
10827 37CoA §H-gAZIH. #= B0l 287 @7F Fol ¥182 T2 A7|1, 479
71 2RE %o he& glucoseE 505 nmolA SRt

(2h) a—amylase

234 B S foiAe AR A=stol ot S ARSI WA 1.0% A<
ZAIst] Al@de] Wi 20T HES £t} 1§ g-amylaseE H7lota, FEs] 387t
20T oA ¥-8-A171tk. 96 mM 3,5-Dinitrosalicylic acid solutiong 715+, 100T o4
1587 7vgdsta EYALIT. 80 Y43t &, SF/HFE 716k 540 nmolA FEEE
S

A Ae A @ ded 5= 75 g OGTT AHA| 2A%F & 240 pmol/L (40
mU/L), 5A17F & 132 pmol/L(22 mU/L)°o|t}. &4 & EA9l&d s X (fasting plasma
insulin concentration)= W &3 FH o] f=24}, JHF 9] - 13-39 mU/LE B4
Holg B Qith 24 A QPPN A AL Belst & RIA kit U ELISA kitS
o] @3lo] BA3tch BAHPH-L kit A 23]AF] manualo] WEt} RIA 3% P-17F 24"
human insulin(2,000 Ci/mmol, Amersham Corp, Arlington Height IL)& human
serum albumin®] Z&%|0] 1= 0.5M phosphate buffer] 34A171 & 100 uLE F ot
Y tracer?t &7 standard E+= S35} sk @F 0] B Al@ O] 4=t o179

T:l
o I
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200 xL9 y-globulin (1.6%/ 0.9% saline)@ 1 mL% polyethylene glycol (20% in
L & 3IFE 9t vkSA17| 3 4T oA 2,500 rpm/minl. 2

W Y 2| pallete y-counter® 733t

HOMA-IR = ZE Q&8 (¢U/mL) x ZE dF(mg/dL) / 405

(P OFC|ZHEl
obtj MR A A% L AYEAS 5

g% B4 53 serum assay’t 7Hs5tth,

st
v
a9
i)
o
ot
[o
fu
M
ucl
H1
il
A
ox,
e
Y
30
[o
2

A ®Z 212 cold lysis buffer(50 mM Tris, pH 7.4, 150 mM NacCl, 0.1% SDS, 5 mM
EDTA, 50 mM NaF, 1% Triton X-100)& °©]-&sto] #23} gttt #4%} 3t Al=+= SDS
gelo|A A719% 3t &, polyvinylidene fluoride membrane® 2 transfer 3t} 1 Zof
= gurEQl Aa" By 22 o R sk, 13 @A(1:1000) 9 22 FA|(1:5000~
1:10000) AH&-gtt}, 2|& Tl d -2 ECLE & SRl oild A= Ay}, ddo] 5

[e]

N B HA]o+= enzyme-linked immunosorbent assay(ELISA)E ©]-&51H, AZA]

=

manualS 2 £ E st}

(2h GLP-1
% GLP-19

manual< T2t}

LS ELISA kit ¥ radioimmunoassayE ©O|-&3l=2 5}, A ZAL)

=

Ay

(O1) DPP-4

DPP-4 &4 =73
H g2 G40 AL 2451 drf. TREZLS A 2AL] manuald GECH

|

[o]

AL 9l A= A& inhibitor screening kitgs AR5, 714I &4
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(3) FF HEAZ 7|5

Ao FAZFALL QlEAS EH|ohs AEET o] BH|E FHstAY 2Esh=|
TolE= o8] A EC] B Qs Sat WEH]7|Holrt A4t AgR19] Holl= 19wt 7
=] olRdol EAstY B2 A AA Y 2% Froln £A O] FAE= % 15¢
drdte] =7 et AATER Hol o]&H= dFol= oF 5000719 oA o] E4
gtet. ojA ol QlEdS EHlohs HEHA|EEC] FAR EXct: v SRS
HH[ol= YA e} AREAEII S RH|oHs WEbA| L= SR EAgt AA; 4219
AZoA islet cellE9] %L**Hl%% B HepA| 27t AA 2] 70~80%0l ©]27] w&o
HIErA 2] Ql&d AT} HH] W A& R(viability)E S45te 2] 7154415l 9%
HletH| 29 7| 585t RS é—.-i“é = AEE o]&8d & AU} E3 HEA| 9
Ad&d EH7]5E HEtA| o] e led IFAE, &Y mRNATAY: 52 &4
oto] B71ek 4= Qlrh. HEHA| 27 )5S S7g5t7] et i 3 39 At

HE

HHN FPN

=aloi= S
_ PCNA(proli i i o %R 3516k
. AEZ A7 CNA(proliferating cell nuclear antigen) H g% %] 5}sHH

BrdU-incorporation 3%
A|ZAFEHAL | TUNEL AR

(viability)

A& . s
H]Eﬂ_é%r Insulin AYZZ3FsHY (A L)
A&
Hy ol oI5ty Insulin RNA 2&=7

insulin-in situ hybridization (A|X)
insulin northern blot &4 (%3))

(7 FHMZL| et (viability) 58

@ M EZAE ZH(TUNEL Assay)

Aed HHA 2] AFES EQ1517] 9J5to] TUNEL £41& 59, o] I In Situ Cell
Detection KitE AR&Stct. WA 8jFH MEE 4% paraform-aldehydeZ A-20f 4 2A7F
13t & PBSE ol-&sto] Ak, AU FiHdZ =017] 915t protease® 37T ollA]
3027t ¥HEAIXIH o]F TUNEL BHEHS H7Fskal 37C oA 6087 BH-&-A1713 PBSE
o] &3] AIgtch £4E DNAC] Z3E dUTPE H&3H7] $15+9] anti-PODZE 37T A

= AB(diaminobezidine)g o]-gsto] Fot Au|F o= et UM
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A2 SAMEY oA YEt= Tl PCNA B+ Ki679] tizt FAIE

AL AoiAE YA S s & RIA kit U ELISA kitE o]&sfto] £4

(Ch FEMEL 2lad BHISERE ¥ &dS)

HE Lo 2A5}= insulin B insulin®A 9] A A insulin-mRNAS &4 5t=
AL 715784%9 Fo= gt WA 29| 7|55 4k £2 A#E7F 2 & Uk 27
Y insulin peptide= WIRZS}erA WHog EASHY insulin mRNAE in-situ
hybridization ¥ ¥ northern blot analysisZ 3% 4 oy, o]= Ajzto] otd

A7) AhEl EE ek Aol

@ Insulin HY X Z|5tatH

A= AR sEollM= a2 AFshaL A2 2Fst] FAE S4st
a0 gAY A AL Hgteh o] gl 242 HAZRZSSHHT in-situ
hybridizationg 9J5to] paraffino] Zo] & 2 HWE 2t 2ZFHA A&
MZS} glucagon AE 5-& TESL7] fJote] HAXZSIEIH-E APt HA|L5}s
7L avidin-biotin-peroxidase complex H-2 o]-83tt} 3tH Qo w2} HErA

iz
W A&AEA A& F2517] 91519 insulin immunogold labelingE AlFE &
Ut AAFAEF A HAA Z3FeHE S immunogold¥Z ©]-&3th
- ABC ¥:
HE AYEES AR & B2 €1 A2 AE510] Bouin? X GAXITH WY
A|zzstekHof o]-8d 242 Bouinde AR&SHA] 16A1ZF 14 & 25, £, 3T
BHE ATt Paraffin®] Zojd 22 4 pym FAZ Adslo] poly-L-lysine
coated slide®l] F2FA|7It}, AN ZSSHEL avidin-biotin-peroxidase complex® ol
o5 AFPetrh. 2AEHS 0.5% H,0, &AL 2 3087t BHEAIA 22 Ylof EAst=
peroxidaseS A A3} 5% normal goat serumC=2 #2|gtt A= mouse
monoclonal anti-human insulin antibody (1:1000)% ©]-&3}to] 4Co|A 16A17¢
kA 7Ic 23 FAZA insulin® 7S biotin®] ¥AH horse anti-mouse IgG
(1:400)2 6027t 204 HES-A[ZITE o]ojA] ABC(1:200)2 6023t A4 A=
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AlZ]111, 3,3'diaminobenzidin tetrahygrochloride(DAB)Z ZHAA|ZITH BE G4
Ao A A AT, AP, TladtS A0 A2t MY EE ZA Tt

- Immunogold A H:
FEid A@n| A8 AL 4CA 1-2 m* Z7|2 AEsto] 4% PFA &Hof 4T oA
4AIZE 1stal v o] F 7 o R Rl gttt & AR FRAL o] 2d &
0.1M phosphate buffer2 A|&stal @142 AA Epon resin®® ZEujjstal,
U] 22 4TA E8E AA Unicryl2 Zuistal -20T oA 797 AF]A
o7 FSAZILE F3to] B %322 ultramicrotoned ©]-835t% 70 nm F7<
ZHPEH S ST collodion B2 431 nickel gridof]l F&3tct. F4 WEA 22
nAtzet BH|ge] FH € dedsk 52 TS| Yste] protein A-gold
complexZ ©]-83t immunogold EAHE A|ggtct. %29 H|E0]2|Q] ¥ A7
St7] f15te] 1% ovalbumin® & 4294 3027+ A2 & guinea pig anti-insulin
FA(1:100)Z 4TOA 16A17F ¥H-&-A1713L, 0.01M PBSE A5k 10 nm gold YAF7H
A3t protein A EFEZ 5087 vhSAZItE A9 IRE 95t uranyl

acetate®} lead citrate2 0] ML Aoty EFAAAn Ao 2 FAsIT)

@ In situ hybridization

In situ hybridization® 3t ZZ-L 4% PFAEHo]| 4ToJA 447+ 14 & 0.1M
phosphate bufferol] Al&sta AN ZI}sHY HNE 2A A2} T2 HHS A J5
9H-S silanized slideo] $2FA|ZIt}. In situ hybridization2 insulin mRNA®] st
cDNAE ©o|&3lo] DNA-RNA hybridization& Algstct. mietdo] Zujd FFRZ2S
proteinase K(10 g¢g/mL in 0.1M Tris buffered 0.05M EDTA pH 8.0)Z 37TColA] 10
B2F A2t T 22 Yo Yol 9= proteinase K& AATH] Yske] 4T oA 0.4% PFAR
2087 23t} o]ojA] 37T oA 2XSSC, 12.5XDenhart's, sodium pyrophosphate,
0.25% SDS, 5% Dextran sulfate®Z -’35 hybridization&H 2 F 1A|7} prehybridization
A7l & 5Y3t hybridization &M digoxigenin®] FA|H rat insulin probe(30base,
oligodioxyribonucleotide)E& 5~10 ng/cm? HA H7stal 37ColA 16A17F 2%
(hybridiztaion)AIZIt}. hybridizationo] £ & 37CollA 4XSSC, 2XSSC, 1XSSC&
Aot 742 0.1M Tris buffer2 A5t post-hybridizations A| 3 3tt}. o]o]A
digoxigenin®] H|Eo0]& ¥ A|ASH7| ot 1% bovine serum albumin®| X3HE
0.1M Tris buffer %07 #&5}al alkaline phosphate’} #X]¥ anti-digoxigenin
FA(1:50002 204 4587F SRAIXITE EAS 9I5to] 4-nitro blue tetrazoline

chloride(NBT)®} X-phosphate (5-bromo-4-chloro- 3-indolyl-phosphate, BCIP)E&

o

3
>
5
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AE 2lIsd 81 2ol

1 mL¥ 5 pL, 3.65 ¢L & NBT/BCIP bufferol] Z7}sto] 37C LAofA 4417 HH-g-A 71t}

® RNAE2| 2! H|EFM| 0]l CHEE Northern blot 244

- Total RNA isolation

24

Total RNA £8= & A AHEE A=E9] solution DE Blote] #4323k &, 158
B9 &A35] A ZITt. o] & ThA] ZZ tubed] €A 2M sodium acetate/phenol/
CIAAE 0.1/1/0.29] volumel & Hsto] 42 & 15&% &%t iceoll HAT =, A4
2Eoto], 452 D1 57 isopropanol B5t] -70T oA Egtet, o] & oA
dAEst, AojA pelletE 70% olHZ=2 AlFS & AXAIZIth E2]H RNAE=
spectrophotometerE °]-&5t0] 260 nmoA SF=E ¢lo] g7F 3t

RNA 71952 Northern blot

ZF AT-9] FAFz A oA EEst RNAE 5% ©]49] agarose formaldehyde gel2
27195 ek APgollA 23t total RNAE 10 ug °149] =& sto] 20 x MOPSe}
formaldehyde, formamide, DEPC waterg ¥il 65COoIA 1583+ 7FE5to
loading3tct. o]&of 20xSSC bufferE transfer buffer® nylon membrane® &
16417t ©]4 transferdttt. Transfer’} 8% & membraneS 2xSSCE A5kl
o] }x)of] W] prehybridization ¥HCE 42T o] 2F 2417F A& incubationdttt.
o]& 4] Dig-labeling® insulin probe”} 3% A7} hybridization buffer®
w3gE & Al 42CoA 16A17F HE hybridization¥ttt. Hybridization ¥
membrane 2xSSC/0.5% SDS, 2xSSC/0.1% SDS, 0.1xSSC/0.5% SDSZ 37T
ol A $AIgt & alkaline phosphatase’} A ¥ anti-digoxigenin antibody S A&
oAl 607t incubation?t ¥ NBT/BCIPE Mgttt

ot



(4) T A

(7hH PEPCK ¥ G6Pase(glucose—-6-phosphatase)

Z RNA % 542 real-time PCRE o]-85t0] EA43itt WA & RNAS &0},

3 25l= Talo|H= 54 GeneBank? gene sequencesE uhef

YAQISHEE St} cDNAE 34 &, fluorometric thermal cyclerE 0]-&3] SZA|ZIt},
ko

=
= o
o]F AACt BRI A 2] 52 .

O
w)
Z
=
I
2
o
ot
o
S~
>

=5 G 7+ & oA 9 PEPCK ¥ glucose-6-phosphatase &d X9 =%
2d &3 B o] &3ttt WA 7F £&E cold RIPA lysis buffer(50 mM Tris, pH
7.4, 150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS)E ©]-&5}]
B & 4°CollA] 14,000 g2 15+ &< HA&E oot A5 i dsgS 24
stal, 50 ug?] @¥A-S SDS-PAGE] #7195 gttt 7|95 & PVDF membrane 2=
transferste], PEPCK(1:900)7 G6Pase(1:500)°1 Hhgt 13 FAE A5fulold Fict.

0]%& 22} §HA4| W2 & ECL chemiluminescence 2 T2 dd-& 24514 =l

flo

(L}) glucokinse(GK)

(Ch GLUT-4
HM|ZE o] &3} real time RT-PCRE 53l -84 A EE E45AL, FEZXF A

A S Tl e AARMY S ST viek Z

G) A& ASHAEHA

A& AsHIAA Toiste d&d 5

& FEAA E Qded AE 5ol oy

PTP-1B9] A% f&= E4Z 4 A palmitateE TH 4249} A A2sto] gl 4

o, PTP-1BY W=7t ZA%E Ql&d 4ol S7lste] A=t glucose uptake
%

7HE| QS0 2 whekgi),

84, PI3K, PTP-1B, GSK3+& L& AX
A AFe SHlste] Attt d2 A9t
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BIISHE 7158 Eot 210l=

3. A1 271 Al 23AE

ot AlEE A

a

(D AEA

Isolated islet E+= primary beta cell 5 F& WEB| A ZE AR5}

(2) vfo] 20}

AZ9] 715(9led £H]) £ Fei& WK cell viability), Thymidine uptake, AZAME

AldddtE q2ad AlddS SAH2R Histe p<0.05 s&A +ode B4

e
mlo
oL

19 928 9und EE 448 FundS A8

o},

® 198 Zx 29 : streptozotocing FH ol Fojsto] et A u}

@ 2% G 29 @ 7t Hlojt P streptozotocin(35 mg/kg)S Az|st] d&d
2892 UERHA] ¢Ea1, glucagond}t somatostatinA|Ze] HH| Jojs FE
FAA e 29

. db/db mouse (A2¥ Frrd, v]7Hy)

49 GAIA O] leptin 8&A] FZAC1 Leprol Al point mutationA|A AlSHE
Y= da

- ob/ob mouse (A2F TP EE, H|THE)

leptin®] tAte]dS doA H|YH Bk, W5, EF ded

olX

7t
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- Non-obese diabetic (NOD) mice (A138 TP E )
AZFEof ot led oJEY T UE

- GK rat

WisterZ FollA A1gRst Aoz Ydys B2 AEE Admujo] os)

=8 AsRediy 75)

- Zucker fatty rat

el 7 13CA% 34 MAS BAF 13MAY Sddolz wad

2dWds °oId)

- OLETF #

Yol Hgse ARE
g5< Eske Uds

AstElol Wl v

- KK ue2
YEANA &g T==

- BB rat

AEiE viEste], Muto] AR Hio] L&
A7t Ue, 605 TREL @4 daw 2u)y

o5}

AEHE 0heAs Tudistel Gt @y

g e, A% wEAEe] A9
9Ju]sl= hypoinsulinemia 2 hyperglucagonemiags E Y

Ol&edE2Y Y RUAZEZ Wistar ratoflA S

a

i3]

Hog u

]

ETA

4g FFAAL, BAAT RAY &

=2

5kof p<0.05 F=olA o de &

At

At
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JF 20|

Ch AMXEAH

(D) A3

(71 AHYRHGIAL

dgo] BHFEED 100 mg/dL vgh, ATEF 140 mg/dL mIRHIA B
AHA(EEES 100~125 mg/dL, AFEF 140~199 mg/dD)ell &3 =
&M e AE UdeE etk
* 35290 126~140 mg/dL DI2H0 £35t= AVF YR(REIXCR Si85:= ) 232 42 U228 58
SfALE ofE XMYO| HTt Ah= HHEA| M2 =[0{0F Bf
(Lb) CHASRE X217 |2 (AL
O 18A] of3te] uliddA}, 6541 olF9] APt
O Y4lEl 94
O FZ 3714 oWl FZAsHAIE FoldhZ Fdol U= AR
O A4 7150l Hg3A A
O A8H 7150l ool U&= A
O o d¥o= Qsto] ALK A& Ee FoFS ¥l s AR
O Y 449 o9 A&KAR] S5 ste AR
O Axdoz gEs] 540 Zyo| Qe AR
(2) A1942A
T2, YFxAH(Randomized, Controlled Trial; RCT)E 7] 222 opH,

%
E

AL WAAIE (cross-over test)°] A|=E 4=

o] A5}

4%

glort

FHE3 Fo%K(wa

o

lﬂruE
oox

MRAIS]

=

o

4 rn

ol

ro

Al
A7t 2A12t OJLHOYl LfErE =+
03 O|¢e] AlZI0] Q+t&l=

A9 7|2t2 12F O|MCZ it Ol alpha—glucosidas
U= 7[sHAE02} st X|&H

Aoz HHET| W0t

oY Ix
40

—_
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(3) ¥tol 2t~

214, C-peptide 5L 9

2% <

Hho| QuA 2=

o

ol
N
-
olJ
JZ:O
_Z— I
juze]
ol

U

|

=Y 21

ol, HERA| S <l

75

(4 SAA=

= o3

o4

tod p<0.05 =ENA #

3
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