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AR OFERF A DICET 2FAEROINDICE D L, BAD 11 AIC 1 AMBBER
B E T, IR EICRS T DRERFEELIT4E 2500 T A LHEE S THY,
2045 FITIEKH 7T BACEINT 5 & F i TV % (International Diabetes
Federation (IDF)/[E EBE IR &, 2017), A TOEELF@HIC X 5 Fk 28
FEERERE REREICBNT, BRFEPBS DI D AR X ORI O A HE
PEREETE RV AEWT L 1,000 5 A & HEE S L, BERFBBREZIZAS #
bHIMT 52L& TFRINATND,

BERIF T A > 2V AR RIS > B & m B e 2 28 & 4 2 REk

ity
i

s
Thor HORESIZLDMEBMBOBEN ERTH S 1B HERHFE(TIDM) &,

BAERFICRER B8 X072 ERMb o THRIET S 2 B R (T2DM)IC
SEENTWD (B ABERFYS, 2018), 180 & Mo X M@ E, BE, dhfkE
E L OBERIE M IR A ORE S, O R R, R R, PH 2 B R
LIRE72 E OB RE(L R E A2 G & 279, FERBERO B AT LRE, mE, M
FAEE 72 EOMNBHIEE 2 RIFICEB T 2 2 & T, M/NLE S OFE B X OVE) IR
fbPEPR B D S GE - e 2 Bl U, B2 A & AR 72 B % A5 © & (quality of life,
QOL)Z#irr L, RE L IEEHFM) 2HETL2Z2LCHL, WTHLOHOHE
JRIFIZEBWNT S, FHNH DD OB 2 b= > b v — b T/ i RE O &7k
BF, KB B O RIE - #E R 2 ME T 5 2 & SR S T b (Nathan, et al.,
2005; Holman, et al., 2008), L2 L7 b, @HIRMEIERE DY X 7 BNER]
L7-T2DM BHICBWT, iffa > b — LOEFEEZ BT EOBKENE
FIZOWTHAE L7 ACCORD (Action to Control Cardiovascular Risk in
Diabetes), ADVANCE (Action in Diabetes and Vascular Disease: Preterax

and Diamicron MR Controlled Evaluation)d & O VADT (Veterans Affairs



diabetes trial) ® % B T, BAEMICHI > Tk mMBEEHE 2 BH L T
K& BEEORIEZIE T2 B TERDo72 L DBENH 5 (Gerstein, et
al., 2008; Patel, et al., 2008; Duckworth, et al., 2009), & 512, ACCORD I
BT, Hks 2 M E A2 B LB bBRIERTIEECHN AT 2L 095,
ZFOBMELT, Wk Fr— L2 HELEZ SICk s THREMICAE
U 2 AR ML B A3 5 E SO, AF BRSO L /MR O 0E MEAL, R R 0 RZE, QT [k O
ER L ANENRZ S VICmMENREREER LI SEZT LT, OMmE AN
v N NEEINd B AT REME &2 I8 L 7= (Gerstein, et al., 2008), VADT #& 7 %, @&
FAEIZBAT 4 % O BN Hayward 5 (2015)12 K o THAE S vz, O fh
FE, BOLE, BT, 9 o MR O BB E F 2, i B I K
5 T RGO BIESE 2 &0 EFELMAE A X2 b ORIERICE W T
WIERTO) Z 7B BROONTEZbO0, LB, MES, DA%, g
XD TREUIMOENENORIEBEIZIZENRBOLNRNP>T-D T, LK
EORIFICOWTREMRITH TV R, 20O X 5 72 KR IK O B I 82
T, 2016 FFIZ HARERW =0T, mbE= > b o — v o B EEE, 4, %W,
AOHEDREE, [KIMBED Y 27 226 RICH B — MMEHI 22 & 2 BB L TR ®&
ETREEEFE LI,

BEPRIRIC & 5 KM 4 BB FIEMF IC SV Tk« 2R F OB SN RB ST
W5 (Huang, et al., 2017), JEWE - 4 > 2 U UERHIMEIC L > TR M2 S O
WEEERE Vi g (FFA)RRIEME A T 4 = — X — OB ILET 50 T, 15MEEFEM
(reactive oxygen species, ROS)E/EIZH ML, EHMREDMEST 5, 1 A
U OB I A MERNEMBETOAL > RY 7T ORI, WA R
b %8 % & i B% # (endothelial nitric oxide synthase, eNOS) % R~ iF{k L, —k1k

%2 # (nitric oxide, NO) ANV T 5, TORE, NEMBEEETIKTT 5,



—J7, @A RSO KRMEREOFRICELG T 5, @imbEic ks ROS EA
oML, YusrA4 ¥ F—€ CPKOZIEMILT L, TOME, = Kk
v-1 OFEETTE, YraeAxFo S —8-2 BELE, BEANIKF nuclear
factor-kappa B (NF-«B)D Gk Z /- LT, WEMBEOT A F— 28 LOE
WHETTHE, s~ Y v 7 AR A NI A VEAICEE L (Geraldes, et
al., 2010), MEEFEHEDOEAL L OCLEEGIHEORIECHFLET DD LEEZDL
nTWwd, &5, polyol # ¥ X # K #f 1k # # (advanced glycation
end-products, AGEs)D A, ~F V¥ I URKEOIEMH(Ze &L &bz X5
K EFBEERIEORINE L TMORTWD, £/, Masuda 5(1999)1%, @ik
HALHRED 7 = ) XA TO—>Th D, WEKEEROIMENEIEE] KA & i
PEICX o THEL, ToMEN NOS O WK M%EHFK ¥+, L-NMMA
(NG-monomethyl-L-arginine)3 J (8 ADMA (asymmetric dimethylarginine)®
WE AN TOHMIZ L5 NO EAMGNICERT L2 Lx2®ELL, £2 T,
EEHELITEMAEIC L D2ARME NOS HFER 7 0 HEm & N EIEE O B EIZ polyol
RN G4 2 0E MO0 THREH L7, Aldose reductase fREK 7 ¢ & L
4w b i% alloxan 3 HERB ¥ X120 T, B IR N R R E % o o P R
JE A B ICmE L, T oMl i IS TICIEKFEm T, NP NOS FER 1
DI TIZ & %5 NO EAEH I, O T ik eyclic guanosine monophosphate (cGMP)
FEAEEMER N2~ Pz, Z REY V1O TZMfo TV, 780
%, aldose reductase [HEFEIZ X % polyol BB DOFHEN, mfF= > ha— k&
(TMSZ L r 2 LT, MMk e S BRI FIE - R OB HFE T D
AIREME 2R L7z,

Dipeptidyl peptidase-4 (DPP-4)fHEIIL A v 7 L F v LN 5 HLE &

)L >, glucagon-like peptide-1 (GLP-1)%° glucose-dependent insulinotropic



polypeptide (GIP)D 3 Z Ml 25 Z L2k v, Zva—AEKFMEAL R D
b A ARAES D AE R, MBI FERZ BT 28 LY 4 7O T2DM IR T
& % (Drucker, et al., 2006), AIITHBWT 20094 12 H, ¥ X% 7 U 7 F 7
B LCUXR, ey 7V TFr, Ta s VTFe, VF7VTFr, TR
JVTFohE, RrxLBRERAIND LSRR >TWn5, DPP-4 [HEFKOE
MBS % Fig. 112”3, DPP-4 [ ZAEKNICIELS nfidT 528 o FunTsrT7—ET
b, A7 VFUrEELMEe OEIEERESTF NIERL, NKE»rb 235F
HoO7 Z=vF7zix7nlro C K7 F FEGEZHENICUKT 2
(Mentlein, et al., 1999; Lambeir, et al., 2003), A > 7 L F T HALE» D 5
Wi, BERBMBEMNLDA LAY W ERET LT TF REANLE S ORBRIET
HY,GLP-1 & GIPAEIZHOLNTWDL, A7 LVF DA AT itk
ERIZZ v a — 2 {EFHTH D 7=, DPP-4 [LE I T /E B F I M5 T
IRIEG AR M 2 3BT 5 U X 7 1T TRV (Drucker, et al, 2006), % 7=,
mMLEDORBEORRL T, FEBMBOREENZAT 22 LB EBRL L
TR EN TV 5 (Wang, et al., 2002), DPP-4 [ EFK O f A X 2E I8 mMmL,

HAETIZ T2DM O F —RIRNFED — 1272 > T B,



A>7LF> (GLP-1, GIP) 3EHVEELE
REHROAMICIST, ISP REHSHRENS,
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Fig. 1 Mechanisms for the action of DPP-4 inhibitors
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DPP-4 [HF T = o MmEER THEM IS A, GLP-1 {KF B X O/ £ 72139 1IK
TR~ OFESMER 2 A L, FERBEIE, WMELE, MREZR E oM/ E &
DEIE S K §~ 2 B IR B9 72 A 2 Pk 2 on 2 9~ 5 & 28 & % (Kang, et al., 2017;
Kawanami, et al., 2016; Avogaro, et al., 2014), #lz ¥, DPP-4 [LEHK L, o
Y7 VT UHBAER LT, MAEIEAARIS, NF-«BiEMEALEH 72 & ik
JiE /£ /1, PKC-nicotinamide-adenine dinucleotide phosphate (NADP(H))
oxidase ¥ 7 F NIl 72 EOHFEILA N LV AERHBLOT R F—v ZAFH#H ¥
X7 Bax/bel2 LD 7 EOHLT AR b — > AVEM & A L, M/ E S OFE
DIFIEZ MG T2 2 &N, IR L CICHBROICKRIES L TWVWD, S HIZ
DPP-4 i3t F HIERICHE T S CDHHDO —>TH 5 CD26 & LTT VU >/ NEkD
IEPE LI % 53 % (Tanaka, et al., 1993)72 £, RIEIC X ¥ 5 DPP-4/CD26 @ A
BERRIERbLRB IR CTWD, LN ->7T, DPP4ER T Lo X 5 ek
DIERZRES 52 LT, BIRE(LA & oKMEADHEICKH L THAMEZ R
T2 &, F7z, aldose reductase PLEI A & OWE R A& OHERRELZ FH T 2
e, DMEARN MY A7 2T 25 T2DM OIRFEICEBR LG5 & Wi S
nos,

TF7YIF oA st =R (B RIS WA S, 2012
S T2DM B & L TIRIE STV 5 %I A) DPP-4 fLE K T & 5% (Fig. 2,
ARG, 2013), UL EOIAIZHESWT, KIFHE TIE DPP-4 0L EIEH, &

(Z B IR A AL E - CEETAEHICOWT, DPPAERT 7Y 7F
CERWTHHLE, $1ETEEa L AT o — LEANY ¥ XBIRE(E T
NV, KRERE X OERERO 7 7 12— A kLo T 2 EH o0

T, B2ETEHIHRBEREIEDO EEZRY AITRFDO—-D>THLI VAT H— )b

h

KRB RIETEE, BCBELEFCBIsa L AT 0 — L% RETEBICH



W C H SR JEJE i L E apolipoprotein E (ApoE) XK~ v 2 & AW TEnZh
BEt Lz, £72, B3IETEHMBICB T 2EENH, FITa L 2T 1 —LEK
BLOEM®R - NV 27U EY FERIZKIETEEIZO W T, low-density
lipoprotein (LDL)Z A (LDLR)X#H~ 7 2 & W THRFH L, £ LN OMR

ZLU TRl L7,

H3C CH3

N-[2-({12-[(2S)-2-Cyanopyrrolidin-1-yl]-2-oxoethyl}amino)-2-
methylpropyll-2- methylpyrazolo[1,5-alpyrimidine-6-carboxamide

Fig. 2 Chemical structure and chemical name of anagliptin



Yivax

o1 ® mabA7re—BAM YV X OEBIRMENICLKIET DPP-4
FLEIRT 727U 7 F o 05
BO1H KES

T2DM & ICH VT, LI, M%7 L oL % % & (cardiovascular
diseases, CVD)®D U Z 7 3@\ (Haffner, et al., 1998), BEJR 7 (23 F 2 & I 4
25, B, mE, BEERFEER EOMHFERELMEE>T CVD U X7 O
CEBEICEEL TS, DPPAEFERIT, 127 v FrmEnsdzZra—=
fEHEOHER IS HARALEY GLP-1 BLW GIP 245 M+ 5METHD
DPP-4 Z#@IRWICHEST L2 LT, HEHEMASA 7 LVFURELZ LR IES,
DPP-4 FHEMR T M EKRFERICA VAU W REER 2o 7 vl F v
REBKTEHNOBBLZNML TELELZLELELIH LY A 7O T2DM g
L LT, IF, BRZEICBWTASEH LTS, DPP-4 [HEFKIL, K
MAES 2 VIXEEH M A 7232 L, ZEIER X ORK% O M % gk ET
5DT, CVD YV A7 [EEICHM TH D L MFFSh T 5 (Ussher, et al., 2012;
Zhong, et al., 2015), & b2, DPP-4 PAEHK T, MBI KAR 2L mIEN %
BTH5ZERBESNTVE(EHD, 2013), T CThH, 77— AEBREL
[Zxt3 % DPP-4 MLEMROZ R A BV EBR THREEL 27812 >\ TIER 4 Ot
%523 %V, apolipoprotein E (ApoE) X ¥~ 7 A (Matsubara, et al., 2012;
Terasaki, et al., 2012)% % % low-density lipoprotein (LDL)3z % f& (LDLR)
K~ v Z(Shah, et al., 2011)7 £ O IEFE R ME & i MAE ~ © 2128\ TH B
RAE AL AR F % 7~ 9~ 0 C, B FEK 71 72 DPP-4 BLE 3 o i & (% 3 1F H 23 /R i &
NTWa, KFgE i, AR 7T o — AMBEREIEEISET L TH D H
L RATFu— ABAREI L AT — LIMGEYYXE AV, BEREBRE XK

RO MAREEAL 77 — 7 JERIC RIET DPP-4 [HEXRY 27V FF o E%x



ME L7,

o2 i ERMERXIOHE
2.1. Y

12 s O KEYE B AR A AfERH ¥ % (Japanese white rabbits) # bl 7 <
ZHARHERERE) NS AFL, ERICHELE, BFEEHEEMNO=8)H 5T 0.5%=
L2Ta— LR (Ea L 252 — /L&, HCD, n=34)Z W\W+h & 14 HH 5
21z aLATa—/LAM 2EBEHIC3MM PoalxTo— VAR XE 2
HCoT, 16 PO FICFEFTORMKEZ, KOV DO 18 PO U I FITIET T
JUVTF a2 03%DRETHARICERL, Th L 12HE, HHERSE,
BROKE X 0 R 72 ¥ 5 I35 300 mg/kg/day Th o712, GG, 12 HHE
BTy b B X =V RREE TS TR Bt & E, DR, MR K B R B L O
SHEBRZ M L, UTORGICER L, ok, RFRIE, ZF(LEHEFTO
HHmBEEZAESIC Lo TAR SN HICTER L7,

EEBR O % Fig. 312~ L17=,



-2 0 5 9 10 12 weeks

0.5% Cholesterol-fed (100g diet/day) for 14 weeks |

Anagliptin oral administration (0.3% in drinking water for 12 weeks) ‘

v v v
Group division » Serum incretin i » Lipoprotein
measurement v analysis
» Glucose v

tolerance test Glucose, Lipids

>

» DPP-4 activity
» Glycohemoglobin
» Plaque formation
» Oxidative stress
» Cytokines

Fig. 3 Experimental protocol for evaluating the effects of anagliptin in the

cholesterol-fed atherosclerosis rabbits

2.2, EBIE
2.2.1. {E
MEREL L7 L a— AR EIX, BB H2E (7180, Hitachi, AIK) % H

WTHAMFWICHE L, ZVa~EsZob il ) a~trnbr d#sy
Brit(HLC-723GS8, WY —, W) #HWTHE L, M4 GLP-1 8 E LTI
% v b (EGLP-35K, Merck Millipore, Burlington, MA, USA) % f \» C
enzyme-linked immunosorbent assay (ELISA)#Z THIE L, 4 GIP 2 FEiX,
Miyachi 5 (2013)® J#E I €V, Ultimate 3000 Series Nano LC System
(Dionex Softron GmbH, Germering, Germany)® X (8 API QTRAP 5500
Hybrid Triple Quadrupole/Linear Ion Trap Mass Spectrometer (QqQ/LIT-MS,
MDS Sciex, Ontario, Canada) IZ CHER SN DK/ n~ NI T 7 4 —- X T
L B (LC-MS/MS)IEI & » THEE L, #IRA 7 L2 — 2 Affk B
(intravenous glucose tolerance test, IVGTT) CTi%, 0.6g/kg D/ v a— A%

P RICHFHIRAE S L, b E o2 2 0E Ls, Wil X0 mE Mo

_10_



DPP-4 & ¥ 1X, Nakaya 5 (2013) ® KFiE ¥ L, G EE CTH 5
glycyl-L-proline 4-methylcoumaryl-7-amide (Gly-Pro-MCA, X7 5 R %Ef,
RBODZHWEREEEICTHE L, MEOY RZ o RXTESHIZEENDIE
HigE X, Usui 5(2002)0 FIECHE, mlliEEs v~ F27 7 7 4 —(HPLC)

(2T, 80 nm, 30~80 nm, 16~30 nm, ¥ KX 8~16 nm DK, ¥ A X|T4

5

BEL, Tz Av I e (CM), @IKEE Y RF N7 (VLDL), K% B
URKZ 7 (LDL), BIOEEE VKR 87 (HDL)E 3 O3 L AT v — )b
gl L CEHLE, 2L ATa— AR~y —H—ChHiHMEY AT —L
BLXOA X277 v —)LEEIX, Honda 5 (2008)® FiEIZHEVy, LC-MS/MS %
ZHAWTHELZ, MEMILA ML A~—F—ToHD 8t Frxv-2-T 4%
7T v (8O0HdG) B LW~ nr Y7 A5 B R(MDA) I/ IR F » b
(KOG-HS10E, HAZALHI#EF 5T, )% H vz ELISAERS K OTF 430
v Y — b BRI &8 (TBARS, NWKMDAO1, Northwest Life Science

Specialties, LLC. WA, USA)Z fl\W/z ki CTCE N ENHEIE L 72,

2.2.2. KBRS K OV R BRI 36 0F 2 B R A 1k 95 25 0 o3 BEAH 18k 27 B4 iR AT

) R R B IR 3 B BB G S M SOk R 0 U v R A 1R AR PR A M K (PBS) TR
%o MEEDR L, REAOFEETY a iR EICRVHTFZ, 7V F AT AT (EOS
5D, ¥ v / v, HAE)IC CKEBMREE 2K ELHRE L, BBRMEN 72 7 7 A
(WinROOF, =A@ FE, R AT, RERMB LT 7 — 7 51k iE & 1l
EL, RREBIICHT 277 — 27 BEmEL 25 L, aortic plaque ratio &
Lz, HEEL 2 REIRE & o0 %2 PBS 12 CEFUEE %12 10% M 5% & i
R~ U PR CEFEE L, methacarn B EHICIRIESHEZBICNNT 7 4 v

CMEAZER L, BUEAZERL, REES 160pm 2B X 5 4 DO X

_11_



ZLR R B AR &R BYAR, Z2 5/ R EAR, AT FAT B3 & OV [B1 e A & kf 4 1 HHL ik
FHY, REMEAE T2 T o, EREIRDO 7T — 7 B O & LT,

kT 74 0 BOBOERII~A Py -2 AP CHEREB LT T X
Fh e U X =V (EVOYREEAEAITY, BBEEE B EY A S LEE R b O E 4
fig it 7' v 77 5 (BZ-1I, Keyence, KRB)IZ Tk B) IRBE Wm0 f mi A, WK
KO 2 B Lo, SEMES RS T, MUEALZR Y X~
n 77— YHA(RAM-11, Agilent Technologies, Santa Clara, CA, USA)E &
O /5 (a-smooth muscle actin, a-SMA)#Hi{A(1A4, Agilent Technologies),
bR EATF U HEH 2 kUK (VECTASTAIN ABC kit, Vector Laboratories,
Burlington, ON, Canada) ¥ X 8 DAB %: & (DAB substrate kit, Vector
Laboratories) % W\ TYta L, [A) kR 1 BAMEE B 15 B 0 GA 2 25 18 70 & OV B 4 fi#

Hr 7w 7 F A (BZ-IDIC ek fk B IR A I i o0 Qe B P A & 5 L 72,

2.2.3. FIEMEY A b A > OB AR T I B AT

RIEWEY A N IA OB TFRRBIZY 7 V¥ A4 AFE & polymerase chain
reaction (PCRIEIC X » TEREMICHMHT L7z, HEEL - FHE IR 4 TRIZOL
W (Thermo Fisher Scientific)iZiRIE L, FEF T F A4 X L7, RNeasy I =
v F(QIAGEN, HA)Z AW T total RNA 28 L, K% L 7~ total RNA 22 &,
High Capacity ¢cDNA Reverse Transcription Kit (Applied Biosystems,
Waltham, MA, USA)%Z H W\ T cDNAZFHB L7=, U 7 /v % A4 A PCR % E (Light
Cycler 480)% X ' TagMan Gene Expression Master Mix (\» 341 % Thermo
Fisher Scientific) # v, # — % v b i s F (tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1), CD386,

glyceraldehyde 3-phosphate dehydrogenase (GAPDH))IZ %l 9 % & & PCR %

_12_



1To72e DPP-ADO 7 I 4 ~—BLXO T a—71%, FAIEATEZRTIRMSN 2o 7z
72 %, NCBI RefSeq (7 7 & v ¥ 3 » %5 : NM_001082294.1 ¥ Lk O
XM_002712160.1) % 2 % 5t & i (Integrated DNA Technologies, IA, USA) L

TboEMH L,

2.3. &t ik A

BTCOT — X TV EEERZETREL L, MEHETIX, 2 Mok T
T FREIC L0 8% #eR L7212 Student @ ¢ E %, 3 FEM O Lk T,
1 JCBd & 45 8 %5 #T (one-way analysis of variance (one-way ANOVA))# IZ
Bonferroni @ % \HEMHBIE L Z N ENAT >, MM s EXSUS
ver7.0.0 (CAC EXICARE Corporation, HH)% A\, BME TOH B K%L 5%

Keiiw & L 7=,

_13_



%03 Hi SR
3.1 {A®E, M7 v=—2A, miEEE, DPP-4 &M, (> 27 LF B L OMm
WRICKEZT 77V TFFros

KB GHBESZDON—2T7 4 EOE)B L 12 B%ICET 2KHE, =&
RPI il 2770 22— R B, B X O MEEERE OR R % Table 1 1277, &=L
ATR—LBAMBIOT T 7V 7ForH51E, Wby XoRELS IO
ZEREREIME 7 v a — A REICEB Lo, 0 B-AbbEalLATa—i
AW 2 W% TORESREEMECD RO ME#R=2 1L X7 12—/, HDL =
L 27— ALY non-HDL =L 25 u— /LEEIX, Wb EFESTREEIC
HLTHEBIHEMLE, 12 @3 hbbEmalAre— L BAMN 14 #% Tk
HCD st BEED Ky O MIE A L AT B —VRENWVWT AL I HICHMLEZ, 7
TV TFro 12 BERAKEEICE > T, MER= VAT 22—, HDL =2 L
27— L non-HDL 2L 257 o — LEE TV s HCD xtBEEIC
N 29% AT LI E R LI, AEREMMTE R, IMWIERY 7V &
U FIREIX HCD et BBEIC B W T, EFIREICHE X 0B THERBAD L AS
i, 12 B CEEMNMEmERL, —EOBHAZ RIS hol, THIT U T F
VEEBETEHME RV U EY RRBEIC HCD XHBEEE O EZITRD LN o
oo MiEa VAT O—LVBEOVRT I 5 EITo7-L 2%, HCD xR
HTomEa VAT — LEE EFRICE, £ L CVLDLE YO 2 L AT 10—
LNOHMNEFELTEBY, 7THZ7 UV TFUEAREYDOa L AT 0 — )LiEEZ
b EFLMEME R L Fig. 1), HILErD O L AT B — LRI~ — 7 —Th
L5V PATRE—=ALBLIOI U R_RAT e — LOMERTRELZEIELZE Z A,

HCD BB ICE W TEFIBEOZALEN 6958 LT 9.2 50 &EEL R L,

BERENRBD LN (Table 1), 727V FF ik, MEY MATr— LB X

_14_



N _2AT o — VEECHLTAETEHRAVWLOOEK FHETZ R L, MiEH

2L AT ua— )LERELORIC

p<0.001, Table 1 ¥ X O Fig. 5),

= 70 1IE O 4 B A

B b7z (=0.77-0.80,

Table 1 Characteristics and serum measurements in cholesterol-fed rabbits at
0 and 12 weeks after anagliptin administration

Normal control HCD control HCD with Anagliptin
(n=8) (n=18) (n=16)
Body weight (kg) ow 2.55+0.03 2.54+0.03 2.49+0.04
12w 3.05+0.05 3.03+0.05 3.00+0.05
Serum glucose (mg/dlL) ow 122+4 117+2 122+3
12w 1134 115+2 11542
Serum total-cholesterol (C) ow 30+2 632+53%#4 611+36"#
(mg/dL) 12w 2242 1,464+150""" 1,043+153"
Serum HDL-C (mg/dL) ow 1742 69+5"#* 67+4"**
12w 14+2 136+16"** 97+13"
Serum Non-HDL-C (mg/dL)  ow 14+1 562+48""* 544+32%"*
12w 8+1 1,328+136"** 946+141"*
Serum triglycerides ow 51+11 16+3%## 16+2%#*
(mg/dL) 12w 2242 52412 3946
Serum sitosterol 12w 1.1+0.0 7.6+1.4" 5.4+1.1
(png/dL) (n=5) (n=9) (n=7)
Serum campesterol 12w 2.7+0.3 24.9+4.6"* 16.0+3.9
(ng/dL) (n=5) (n=9) (n=7)

Anagliptin was given as 0.3% of drinking water ad libitum. Values are the meantSEM.
##, ###. p<0.01, p<0.001 vs. Normal control, respectively.
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Fig. 4 The effects of anagliptin on lipoprotein fractions in cholesterol-fed
rabbits at 10 weeks after treatment

The twenty lipoprotein fractions (G01-G20) were measured by the
high-performance liquid chromatography (HPLC). Chylomicrons (CM),
very-low-density lipoprotein (VLDL), low-density lipoprotein (LDL),
and high-density lipoprotein (HDL) were designated by particle size
(greater than 80 nm, 30-80 nm, 16-30 nm, and 8-16 nm, respectively).
Open column: cholesterol-fed, closed column: cholesterol-fed with
anagliptin. Chol: cholesterol. Datarepresent the mean+tSEM of 6 rabbits.
No significant difference was observed with or without anagliptin.
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Fig. 5 Relationships between serum sterol levels in high cholesterol-fed
rabbits

a: Correlation between serum cholesterol and sitosterol, b: correlation
between serum cholesterol and campesterol levels. Each symbol
represents individual data from 9 high-cholesterol diet control (open
circle) or 7 anagliptin-treated (closed circle) rabbits.
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4% DPP-4 {& M, M4 GLP-1 3 X O GIP BB, 7L 2 — X A w4 O I HE i,
RONICT ) a~tE s a e U EOKRE%E Fig. 6 ([2/7r L7z, HCD &f BB T o i
B DPP-4 {EMEIL, EFMRBETCOENERETChoT, 77V 7 F UV IEKE
hH 12 B#% 2BV T iE DPP-4 i % 82%FL % L 7= (Fig. 6a), &% 60 /I
BUOMmMiEA 7 LF UBEITZGLP-1 BXOGIPOWER LT F 7Y TF v
DEHIZL > T 2~3 {512 EH L T2 (Fig. 6b), 7 /L 2 — 2 AR th O i b fE
HBEBLOZ YV anesE /v BICE T 27 7FogEHITE > THEITR

O 5o 72 (Fig. 6¢c B L O Fig. 6d),
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Fig. 6 Effects of anagliptin on plasma dipeptidyl peptidase 4 (DPP-4) activity,
incretin levels, glucose concentrations after glucose challenge and
glycohemoglobin levels in cholesterol-fed rabbits

a: Plasma DPP-4 activity after anagliptin treatment for 12 weeks, b:
plasma glucagon-like peptide 1 (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP) levels 60 min after meal at 5 weeks
after anagliptin treatment, c: blood glucose changes during intravenous
glucose challenge in the cholesterol-fed rabbits after 9 weeks of
anagliptin treatment, d: glycohemoglobin levels 12 weeks after
anagliptin treatment. The open circles represent a high-cholesterol diet
(HCD) control, and the closed circles represent anagliptin treatment.
The data represent the meanxSEM of 6-18 determinations. #: p<0.05 vs.
normal control, * and ***: p<0.05 and p<0.001 vs. HCD control,
respectively.

_19_



3.2 REIIRMHZIZ KITT HE

i R R B URIE A o A B ks K OV T — 7 B b R b o R AT S R & Fig.
TWWaRLE, ERAGBECEEHEEETRD LR, HCD xBREON
Pekmioid, R&EACTHIRMBIZ WAL DGO T 7 1 — LB IREE (L 2 2 K
BR S HB CIXAFICBA S, M 5 ISV Th M 4y ik & o 2 BUE /Y
Wb, REBEOLIZYOT T =7 BMERELIT 2% THoTc, 77U
F UG RE T, MRS REIRA R E OB IREH T ER AL, 77
— 7 BMEEAEIL 9% Th o7, ZOREIT HCD xfREEICEEL TAETH Y,

T R I1X 61%I2 2 L 72 (p<0.001 vs. HCD control),
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Fig. 7 Representative pictures of atherosclerotic lesions in the whole aorta,
the aortic arch, and the ratio of lesion area to total area (%plaque ratio) 12
weeks after anagliptin treatment

HCD: high-cholesterol diet. The data represent the meantSEM of 8-18
rabbits. ###. p<0.001 vs. normal control, ***: p<0.001 vs. HCD control,
N.D.: not detected.
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3.3 JEENRF Z T KT TR

FREVREEA O EVG 42 fa, a-SMABEEB XN~ 7 v 7 7 — Y@ o i
@A, BB LD RO TZRARBIIR = F 4 BT I T D P9 IR FE 72 5
CICER 150 pm L EO g2 x5 & L TROT-NER IR, a-SMA BV m fE
B~ 7y —VBEEEORREE ZN L Fig. 8 8 X W Fig. 912" L 7=,
HCD xf B O KBV IR ER T IS B W T, EFXRETIERO N2 WEAEN
DO & HREEREZREET L5772 — A MEIRE(LFEDBEE CTH o> 2
(EEABICBTD2NBEREER & LT 39%D M (p<0.01), Fig. 8 8 £ O Fig.
92), 7+ 7V FF D 12 HMELGICL > T, FEAKONE R EHEE % 23%,
AR BVAIR 0 kL &2 & B A WBRBE I B W T 43% 0 77 — 7 T R il E

NED N F b p<0.01, Fig. 9a 3 L O Fig. 9b), &bz, 752707
FUoBREHTIIERBRICE T 2 a-SMA BB L0~ 27 o7 7 — BV E K
25, HCD XFBEFICH L TEILEI 66%F L 756% 8 L Tz (Fig. 9¢ B &

W Fig. 9d),

_22-



EVG aSMA Macrophage

Normal
Control

HCD
Control

HCD
Anagliptin

Fig. 8 Representative pictures of coronary arteries in cholesterol-fed
rabbits

Coronary arteries have been stained overall with Elastic Van Gieson

(EVG) and immune-stained with 1A4 for a-smooth muscle actin (aSMA)
and RAM-11 for macrophages. HCD: high-cholesterol diet.
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Fig. 9 Effects of anagliptin on coronary atherosclerosis in
cholesterol-fed rabbits

a: Intimal and medial area of the four major coronary arteries, b: intimal
coronary branch formation with a major axis over 150 pum, c¢ and d:
alpha-SMA-positive areas and macrophage-positive areas in the coronary
arteries including branches with a major axis over 150 pum. The data
represent the meantSEM of 6 to 18 rabbits. ## and ###: p<0.01 and p<0.001
vs. normal control, respectively. *: p<0.05 vs. HCD control. HCD:
high-cholesterol diet.
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3.4 BVIRMEALIKZ & miEAEE ML & o

HCD MR b N T F 7V 7 F UGB T S, REIKRT 7 — 27 K,
HENR 7 — 7 BB LOMmMERa VAT v — VRE & OMBBERIZ OV T
AL, TORRK%E Fig. 10 IR Lz, EEIRDEIC BT 2 WK EfE & KBk 7
T— 7R EOMICIIAEE R EMBENR® 5z (1=0.506, p<0.01, Fig.
10a), R#ART 7 — 7 M EEES KOEESRICE T 2 NEE L, W
NbMmEHRa L A7re — VRELEMPAZRL, HITAEThHo(ENE N,

r=0.459, p<0.01; r=0.561, p<0.001, Fig. 10D, c),
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Fig. 10 Relationships among aortic, coronary atherosclerosis and total
cholesterol levels in cholesterol-fed rabbits

a: Relationship between aortic and coronary lesions in whole cholesterol-fed
rabbits, b and c: Relationships between serum total cholesterol levels and lesion
area in the aorta and coronary arteries 14 weeks after dietary cholesterol without
and with anagliptin for 12 weeks. Each symbol represents the data from 18
high-cholesterol diet control (open circle) or 16 anagliptin-treated (closed circle)
rabbits. r and p in the figures.
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3.5 MfbA ML A, RIEMEYA NI A 2B LO DPP-4/CD26 |2 K IX§ &
TV TFUoRREREMERRESTOEFZH LN TS50, M
BEHALA NV A= —OREBIUOCHIRICE T DREEY A P A DB
FTHRBELVXLVERUE L, ok, BIIRORIEMET A NI A BB OFMIZE W
TiE, S®IRZ AWV TG L7z, HCD xt##E Ti%, My 8-OHdG # L O MDA
LARVIFIWT AL ARICEA LTV, LA, 7TFHF27 UV T7Frokh
WEoTINHEDOBIEA MV A= —0O EFIZx LTH L N2 2 R % R
7o 7= (Fig. 1l1a, b), SHEAIE A CTO TNF-a ® mRNA 81X, s L A
T ABAMICBWTCER M LY, TFH27 Y 7XFrEb5iE, Zhick
LT89%DMHIEHZmR L7z, IL-6 mRNARE LRI, 7F 7V T7F X
88% D FEHIMHIMEM 28 L7=2%, MCP-1 8 X CD36 ® mRNA &I izx L T
XL 2o 72 (Fig. 11c, d, e, ). £72, 7T 27V FFro® 5T MEICE
it 5 DPP-4/CD26 mRNA JBELICIF L A ERBL Ao, MR, @Ik
@ DPP-4 {EMWIZ 7T F 7V X F U ORKEREIZL > T 66%FHEITME Sz

(Fig. 11 g, h),
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Fig. 11 Serum oxidative stress markers, proinflammatory cytokine mRNA
expression and DPP-4 mRNA/activity in carotid arteries

a and b: Serum levels of oxidative stress markers 8-hydroxy-
2’-deoxyguanosine (8-OHdG) and malondialdehyde (MDA) after 8 weeks
of anagliptin treatment. Data represent the mean+tSEM of 8-10 rabbits. c,
d, e, and f: Tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6),
monocyte chemotactic protein-1 (MCP-1), and CD36 gene expression in
carotid arteries. g and h: DPP-4/CD26 gene expression and DPP-4
activity in carotid arteries. The data represent the meantSEM of 6-12
rabbits. ## and ###: p<0.01 and p<0.001 vs. normal control, respectively.
* and ***: p<0.05 and p<0.001 vs. HCD control, respectively. HCD:
high-cholesterol diet.
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B4 BEB IO

AAFZEIE, HHALRT T o — A HEREVESHET A THLIE I L AT 1
—LVBAMEILVAT e — VMEY X2 H T, KEkEL L OEREIRO H)
WREEAL 77 — 7 BRI 2 {5 FE AT A —2 —DEH L, DPP-4 [AEHRT F 7
V7ZF i Znb0EMEZRLNCTDHZ L2 LT, BRENLT T —72
T DR LT T 7 ) T F ORI EZRTEDICEKNINTELDTH D,
AKWFZIZHWEET VEI O MEMIZER T, 77V FFo&EEE 12 H
MG LT 7 ra—2ARFICHEE LRI >0 T, DPP-4 LEFIRKIC L 5 HH
IRAEACAERIT L E R o MR FTHERICER T2 3xZ 28, ma b X7
0= LEBOAMICI TS FomE=z VAT o — L L ZEHICESR L,
ZORE, BEEOT T a— LMEEIREE L EZ EE T 2 (Duff, 1935; Bocan, et al.,
1993), ¥ bbb, MIEaL AT —VRED LT, ZO0BWET VICEIT
277 u—AMEIRBEEIEOG & LR D, RFETOWREBET VITBIT D
MFHR = AT e — L REE, REKZ S CISERBIRD 7 7 v — A% 8) ki
fEZE EHBA LTV, —F, 7770V 7FF ik DPP-4 A E® I, KE)
AR L OEREBARD 7 7 v — A B REA O IENILEE CH -2, ThiZHE
PHF, MERILVATr—VRERLRICHEY RF U RITEHGSOa L AT R
—VIREOWT AL DPPAFICL2AERKTIERO NN oTo, —H,
VLDL fi43 %, malb A7 o — Vv EBAFMYYXOEERI VAT 1 —LIREY
RERI7 GRS THY, MIEEOBILY RZ 703G E15 (Morin,
et al., 1989), D7 HIZ VLDL ® L HiZ~ 7 v 7 7 — Y Ojaikib & (g L
7T a— APEEAREEAGIE O FIEIC B E R AE A B2 LT b (Holvoet, et al.,
1997; Staprans, et al, 1996), DPP-4 L= X > T VLDL = L X7 11 — )L ji#

EEXIAEBEICEKETFLRZVWLE DO, VLDLE /S Z&Te& W0 a L AT a— L

_29-



IR T ERdT L, 7TFH 7V T7Fonh 1+ A4 X %% 2912 VLDL O 1k
EffiZ Ml 3 2 /RIS E TE o T, DPP-4 [ 312 X 2 &h IR a b #7 fl
oLl tb—HIlalxArae— VIR TNMEARFET DM IEEsn T
W5, MF=a b AT — ViRE L RENR T T — 7 B R 722 b ONT R B ik
NEHEMEE OMICIEOMHBRBRREIRO N2 &L, ZOAREMEELXFT L
D TH5H, Nader H(2014)1%, DPPALER THH VX 7 U T7F U RFma L A
TH—J - BAFA=EBAM Y X TOT T v — A EEIREE L O I E & B
L, ZOEHAEMERa L ATe— LB LO LDL 2 VA7 a2 — LViEEOKT
B EHEL WD, THZUV FFronmitalt Ara —LREEICx LTH
BERMEIERZ RIS o BH ELT, ETVEYMOSME, BE L LOE
VW, BLO E721: DPP-4 BLEFEA 0K L S 0E W RFREKKE L, Nadar
5 1H2EOBHEOFEGNCEDAMEERTTBI N, —FH, MHEICBT D
DPP-4 [HER O = L AT v — LiREIL, EFEH®MO LTI THERD THHE
THHICTHLBED LT RS 1,043 mg/dL, Nadar 5 370 mg/dL), 32 3 B 72 @)
IREEALIHIER Z R L TWD 2 &b, BRI a2 Te— VK TEN

WIRAE LR WHEF & MTET D ATREME 28 | W,

Al o X 512, REARD 77 — 7 akiL DPP-4 O EIC L - THEHIZIH S
Niz, EIREIIRICE T 27 72— LB IREFELEIL, v XL EohRl#Y
WEBWTESIZBENWETH LI, BRHBARKICOVWTHRFMLE, 7577
UZ7F k% DPP-4 O ERZICIE, BREBRFEZEALOL L LT, I 5ITH
WARICBWTLERARZMBERZ R LEZ, &612, 727U 7F v i3mRB
SETO~r7n 7y —VEtREEEHCHISELZOT, v /77—
RHEICHT 2O BMEEHEZAET LI EEZEZLX NS, DPP4A DO EFEIZL D~ 7

By —VREME S D WIEE I BES D RE S O INE, il o B) kEE AL
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TT NV THD ApoE RE~ TV ZAORERFHEZIZCEB N THR O LTV DN
(Matsubara, et al, 2012; Ervinna, et al., 2013; Terasaki, et al,, 2013; Shah,
et al, 2011), VHXETFT AL O, FHICERBIROKEICE N THLBEL TRD
LN EIXEHICET 5 5E B~ n 7y —Y0iR{H--EIHEIX
BERICEB W T, BMEEEHOSESIZORN D ERWHETHENLTH DAL
BT 7 — 7 Ok %E 5 & Z 3 (Schwartz, et al., 1991), L7=MR»->7T, 7+
U7 F X DEREBIRFEDO~ 7 v 7 7 —VREMGIERIL, 77— 7 i
L, TNICKDBMEERBERE) X7 2R TS RN RE I
2o

DPP-4 OHEE L LT, GLP-1 BEIWGIP DA v 7 LF AL EUN LA
5N TEY, DPP-4 HERITIZNOA V7 VF U AL ECONMRENET S,
AKERICENTS, 77UV F7FrofgbiclsT, MR OIEHER GLP-1
BLOGIPEEZTVWFALEMLE, GLP-1 BL R GLP-1 Lk ¥ —7 3=
Z &, ApoE R~ R ICEBW THEBRE(IENZ T 2R HEINTE
0, ML PN B~ 0 BLER 0 82 35 ] S0 L B PN BRI B RE S E o I S e i T L
L CREENTW D (Arakawa, et al.,, 2010; Gaspari, et al., 2013), *7-,
GIP & R ICH B ARELIEH 2 9 5 2 & 23 Nagashima 5(2011)X° Nogi b
2012l L v mE SN TWVWD, & 51, Terasaki H(2012)1%, DPP-4 [HEIC &
LHEAREACAE S, A 27 VFUZHEERT 2 A=A P eoFLEICL-T
WHT 22 L2 RAVWHLTEHY, DPP-4 HEHEHROFLERMEL/EH O — B IT WK
MOA LT VFUICEIDERATH L AIRELZRELTWVWDS, L2ALZNRL, K
WFFEIZ BT, DPP-4 BEE O LB IREEALIEA AWK A 7 L F U RED L5
WERTL22ENICOVWTIESILICHEMBRMRFPNLETH S, DPP-4 1%, 1~

T VF ORI T, FEIA O —FETH D stromal cell-derived factor-1la
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(SDF-1a) D 53 f# I b B 5 L, DPP-4 [HLEIKIC K - Tl & REEMA N IEEA S,
M N R RE D LR X OVHLENIREE(LE 2 T 2 WM Z R T HENH D
(Brenner, et al., 2014) ., X 52, DPP-4 X CD i —>TH 5 CD26 & L
THbHMOENTWD A, 77—V IEEZHEBRT 2 REMEY A M A
Y D—D>ThDHEDOWEHNH Y (Avogaro, 2011), DPP-4/CD26 1X, (v 7 L F
VIR EDKBEENT L L MEREICEERSTAAEERSE X OND,
RIS, BB/~ 07 7 — V&AW in vitro HFZEI23 T, MR % %
DRIEMET A N IA L OBKBRTFHREL, # NIV ERBBBILOZEDS W%, DPP-4
HEEDNEEDNG ST L2 2R LERED RSN TV 25 (Ta, et al, 2011;
Ervinna, et al.,2013; Ta, et al., 2010), & b2, WHER CD26 7 7 4 R¥ A
A LTIEMRNL WS, RIEICEDA XY KGN, WwEF
WHMEOEEL LORK/~ 77y —UREZHEETEORELH D
(Lamers, et al.,, 2011; Ervinna, et al., 2013; Tkeda, et al., 2013), A EICH
WT %, DPP-4 ®FL%EIC & » T, TNF-a % X 00 IL-6 ® mRNA % 3 % ¥ /) 12 #1
L7z, Lo L7edns, DPP-4/CD26 mRNA (22 Tix DPP-4 fHEIZ X 5 %
BESIA NS, DPPABBEEICH L CORT F 7Y 7T OREEHN
BOLNTZDOT, TFIZ7IVTF DTN DRIEM.EY A NI A OBEE R
iz, DPP-4/CD26 N EEREH 2 R-T L2+ 5, —F, DPP-4 D
fERTEE D ESH 2 VWL CD26 ¥ v X7 EELTOEHOWTANESHEL
TWOINEHLPIZTHOICE, SORBMANPLETHDL, £, HRA
W2 X2 RIMEREEREMRFO DI ROS BEA DO KIZ X 52T RIEOHER
AT HZENMBNATWD Z &b (Huang, et al., 2017; Geraldes, et al,
2010), AFEICBVWTH@BILA ML A~ —H—Th 5 1M7E 8-0HIG I LV

MDA VX %ziffiLiz, TO/ME, TETLHWITEBNTENLDL O L)L (38
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KL, 777V F7ForELHIFXINOBIELA MLV A~ —F =T L TER%Z
RIEEShotz, LEBoT, WEETLOMERIETLEICKL TIXL2E TO
ROS FEAEDH KN —MBEET 2 b 00, 7T+ 27UV 7F o OfEMITESE ROS E
Aoz Lzt o Th, JoBFTLEICBTL2~v 77y —VORME
BIORIEMES A NI A VEAZIME T L2 LE2RERT 5,

/NFE - DPP-4 O FLEIX, &IEMAEBAREE(E T L U3 ¥ 0 REIRZ 5 G
WRERICB T 27 7 —aWBRELORBELMEI Lz, ZOMEHRE, 17
VF U EBDREOSMME S5 WITEENICy e Ty —YORBAEMEI L,
TNF-a, IL-6 72 E DO RIEMEY A b A > O pELZIEH] L 72 # R TH D w e H
I, £, TOFEHOL R E L —EIZ, DPP-4EFEIC L2 ME= L

AT =K TIERAPBEET D TREMENE R DT,
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H 2 B HEETOalLATo— Lkl LIFT DPP-4 [HEIK T S
TV TF D
1 E RS

T2DM B F T W T, JEE B FIE L& Mo & XM 7 U 7z 3120 5 #i v 6e 7e
DIEY R ThdHlcd, EUWNMAIZLLZBET e 77 AV OHENRLE L S
T % (Niemeijer-Kanters, et al.,, 2001; Nesto, et al., 2005; Ballantyne,
et al., 2005), BLfED T2DM OIRFEICIL L A S T2 DPP-4 [H#E K i1X
vV 7ue7r 7 —8BD—FE, DPP-4 OFREMELLET 5 2 LI k- T GLP-1,
GIP 2 E DA v 7 VF v Dok % il 3 % (Drucker, et al., 2006), GLP-1 ¥
L O GIP 13 T2DM BEDOREED 7 > F o ZABICER L, 70 a— A RE
IR AF LA 20 vy Wi EEN %2 %3 2 (Nauck, et al, 1993;
Matsuyama, et al., 1988), & 52, GLP-1 i ZfF coMHAREr LT, 7
VI ORI A N B LTV D (Matsuyama, et al., 1988),

DPP-4 [HEIIL, 4 v AU U WRES X7 v h I 2 43l X 5 i b
K FERICI X, BEIRPMERE, MEREAE, MR FEE e CREIR A OHE 22 b QNS
DIMERBOY AR TR EOESNERZRET L2 LR RIEHRESNTND
(Avogaro, et al., 2014; Tanaka, et al., 2014; Giorgino, et al., 2011; Zhong, et
al., 2013; Hirano, et al., 2016; Terasaki, et al., 2013), £7, DPP-4 &K

OIRER FHRICOVWTHHEAREINTEY, &V bif, Monami 5 (Monami,
Lamanna, et al., 2012; Monami, Vitale, et al., 2012)IZ X B FGIK A & fE#T O #k
B, vH T VTF, ENE TV TF e, T sV TF BT ST,
UVF 70 FFrilo DPP-4EEN, MiFa L AT 12— /L L_ULE X O ik
MY Z U FLRALEERFIELZEDRHONC RS, 2, ¥E2 7T

Fon, @m0 FIELZELEEBEFICIEBWVWTOAR, iGHKa VAT 0
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— VBB X non-HDL = LV A5 0 — ViEE 42K FX¥ % Z & (Shigematsu,
etal.,2014), 7 a7 ) FF U NHFHT-ITHEIRE & 2B SN -3E Y RIE¥%E O T2DM
BHEICBWT, MiEKR=2 L 25T 2 —/L, non-HDL =L 25 12— /L O LDL

AL AT =LV RALVEEFBEICKTFTEELZ ENRENTW S (Kutoh, et al.,

A
o3

2012), 77U FF LBV TY, EIEMAEZ S 0F 9 5 T2DM & & O Mg #
AL AT —LEBLRLDL 2L 250 — LEEAZKTIELIZLERRESN
THEY, PUEERFHDRICMZ T, BEEMNLa L AT e — LK FERARRER I
TWa sk, 2012; Kakuda, et al. 2015, Kurozumi, et al., 2017),
RN L AT = L L)L EIFRICBIT 2 a2V AT e — LGl e /MNE» b
DaLATFa— LEXIZEo CTHEI SN TWD A, DPP-4 5 XY DPP-4 A%
Hoarv2AT7o— VRS THEREBRICOVWTERELSICHZES LT
ROV ET, U XFOERANTHEHI L AT E—LEART DI ENRNTERVED,
FB1HEIIBWTHLNILE DPP4MHER, 727 7F it L b mig=a L X
Tu— VKR FEMRL, MR AT7 o — Vgt ICBEE L T A
BREDNRBEINDS, T TARMIE TR, FICHARARIERG 2 VAT o — VILEE
FI<wT AR, NMNENPLOI L AT — LRI KIETT T TF D
HEIZONWTHHFL, DPPAEIC L2 3L AT — LK FD AT = X LRI

AKX LT,
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o2 i EBRMER XOGIE
2.1. EHEHY
2.1.1. ApoE X{E~ 7 %

6 i s O 1EME ApoE K~ 7 A2 (C57BL/6.KOR/StmSlc-Apoeshl, B6.SHL) %
AATZ AT LY —(R)NDMA LKL, ~ U A T# &R (CRF-1, £V =%
VEERE, ROz HmBERSE, 12 KM EOPRE Y A 7 1 (7:00/19:00) F T FH
L7, 8FIF9BEO~Yy A% 28 ICHT, 1#HIZIZ03% 7T F 27U FF
oiefiklZz o 1T LE LTl EmEBEAEOLETNENE X T2,
BHE o EHLET 7V TFro—A4%720ofkb T L% 300 mg/kg
Thole, ok, KMIEIZ=FLFMEFTOBYMEEZERICL > TEKFB I
TR EM L7,

FEER OEWE & Fig. 12a 287,

2.1.2. DPP-4 X7 v +

6 i fh O K PE F344/DuCrlCrlj (DPP-4 iEMHE X)) T v F &2 F ¥ — /L A« J N —
BRI BHA L, 7y MT@#E OfEH(CRF-1, AV = ¥ VEERE) 2 [ H
BREH, 12 M oBEY A 2 4 (7:00/19:00) F CEFE L7, 11 BEnkEIC 2 B
W, 1THEIEoEEEFEMLZ AHBRSETHREMO =8 Lz, o
1B T 7YV 7T 03%%RG LB Z 52 T, 4 EMEE LT 777
U7F o5, n=8), i, RKFEIL, ZFLFEMHEFOBMHHREZER I
Ko THRBEINTEHRIZTERL -,

EB O % Fig. 12b 127,
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2.1.3. IEH (@AM~ 7 R

6 B O/EME C57TBL/I6 v~V AZ HAT ¥ — /LA« U= bBHALLE, ~
U 2% & EH(CRF-1) 2 B R S &, 12 B[ 5 0 B RE 9 1 27 4 (7:00/19:00)
TCTEHABELE, 8WlO~Y A% 2FICHESITL, 1HIZIT03% 7T 7V
Frhalefk e, o 1 RIEREEE L s FaE 2 5 M5 2 72,
mE, RFRT, ZMEFEMEFTOBYMMHEZE R ICL > TRRBINTZRIZE
e L7,

FBR O Mg & Fig. 12¢ IR~ T,

a) ApoE deficient mice

0 2 4 6 8 weeks
L [ 1 [ ]
I T T T 1
Anagliptin oral administration (0.3% in diet for 8 weeks)
v v v
Group division » Blood » Blood measurement

measurement » Lipoprotein analysis
» 14C-Chol uptake

b) DPP-4 deficient rats

0 4 weeks

Anagliptin oral administration (0.3% in diet for 4 weeks)

v ;

Group division » Blood measurement

» 14C-Chol uptake
c) C57BL/6 mice

0 5 weeks

Anagliptin oral administration (0.3% in diet for 5 weeks)

v ;

Group division > Intestine qPCR

Fig. 12 Experimental protocols for the evaluation of intestinal cholesterol
transport
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2.2. EBRFIE
2.2.1. 4% DPP-4 1§, Mg 7 /v = — X L OIS E iR E o Jl &

P G5BT (0 ), B 5B % 4 B X8 ® B6.SHL ~ 7 A2 X 0 1M L,
M4 DPP-4 {1, MG 7 v a — 2B L OME T L AT 02— LREOJEICH L
7=, M 4E DPP-4 IG5 M 1%, 5 1 |ICRM L2 FIBICHER L CRIE L 72, g7 v
a—ZAPERLPICMER I L AT — LB IOHDL 2 L A7 1 — L Ex,
MROWERE(Z/ Va—A CIl 7 AV a—, abATe—/)L E-7 AU 2
—BELXUOHDLalLATE— L E-T AT a—, Wb REME, KK %E2H
WTHIE L7, 2k, MEIXSERAEICHFTORMCEICDROBEFIEICHEL
TAiT>7, Non'HDL =L X7 r— L REIIMERILAT e —LREND
HDL 2L AT 0 — VRBEZB LA Z L LR MEa AT E—VEBEED

URA R NTIEE 1 ZICRE L FiEIcERL =,

222 UCHEHalL AT o — LZHWE/NBTOa L 2T a— Lo #lE
TV TF 4B %O B6.SHL ~ v A2, a— 2 M THRLE 14C
fE3# = L x5 1 — 1 (14C-Chol, 4 mg/1.85 MBq/kg, American Radiolabeled
Chemicals, St.Louis, MO, USA)% #& A # 5 L 7z, 14C-Chol A fif 2 Fff#] ¥ X
O 72 Rl 20, g, g K OVNG(E, B, TOFEA)IC BT D B IEE
BREKY > F L —v a3 A7 A(AccuFLEX LSC-7400, H 2, )% H W\ T
BELE, EBh~0a b 27w — L PeiliZ B # (Howles, et al., 1996)% & &2,
UTOESCFFMiLiz, 7FH 27V 7F &5 4 @ RE%O B6.SHL ~ 7 R iZ
14C-Chol B X ' 3H Ei#i> F 27 v — L (ZNnZH 4 mg/9.25 MBq/kg B L O

1.6 pg/7.25 MBq/kg, American Radiolabeld Chemicals, St.Louis, MO, USA)
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EREOAM L, Af 24 B, 48 Rl L 72 RRRICEBE 2R L 12,
14C-Chol ® #E i~ gEiitid, &5 Lol EIc otz MES 22 &
Ck o THBELEZ, A2 O 1C-Chol ML FROKICL > THH L7,

14C-Chol WX (9%)=(1-14C-Chol @ JEil =/ 3H-v h 2 7 1 — L @ Hifh 52) X

100

2.2.3. MENDL DI L AT B — LXIZ KIET exendin-4 DK

Kt B6.SHL v v 2 % 8 i C 3 #IZ /3 1F, GLP-1 R BAKT I =X b TH 5
exendin-4 (exenatide, (Byetta, AstraZeneca, London, UK)) ® 8 % 7=(Z
40 ng/kg 2 1 H 28] 4 WA KE R TG Lo, o 18IE, s L CAEH
K EZFRBEICES Lz, 5% 0~ 7 %2, 14C-Chol (4 mg/1.85 MBq/kg)

ARFAAML, £0 2 FFHZICE I U T 5K E S 2 JE L7,

2.2.4. /MK IC BT D BB T I BLEAT

IBICBE T L2EENH B L OEEICHET I ENBEFORBEEL, VT LE
A4 LE & PCR (qPCR)IZ L » CE&EAI L7, HEE L 7-M# %2 TRIZOL Reagent
(Invitrogen, Waltham, MA, USA)CHAEY 7+ A4 XL, RNeasy 2 =% |
(QIAGEN) %Z Fi\» T total RNA Z#H L 7-, High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems)% H\ T 0.1 pg ® total RNA 5
cDNA #A& L7, U7 /%A 2L PCR (% LightCycler 480 ~ 27 A (Roche
Diagnostics, Basel, Switzerland) % i\ Cir-> 7=, 728, HHLEZT XTI
MR T 7 4 ~v—B8L 072 —7% > hiE Applied Biosystems 7> 5 i A L

7= (Table 2),
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Table 2 TagMan primers and probes for gPCR analysis

Name Assay ID Name Assay ID
MTTP MmO00435015_m1 LDLR MmO00440169_m1
ACAT2 MmO00448823_m1 FATP4 MmO01327405_m1
ApoA2 Mm04210370_g1 ABCA1 MmO00442646_m1
ApoC2 MmO00437571_m1 SR-B1 Mm00450234_m1
ApoB MmO01545156_m1 ABCG5 MmO00446241_m1l
NPC1L1 Mm01191973_m1l ABCGS8 Mm00445970_m1

MTTP: microsomal triglyceride transfer protein, ACAT2: acyl-coenzyme A:
cholesterol acyltransferases 2, ApoA2: apolipoprotein A2, ApoC2: apolipoprotein
C2, ApoB: apolipoprotein B, NPC1L1: Niemann-Pick Cl-like 1, LDLR: low
density lipoprotein receptor, FATP4: fatty acid transport protein 4, ABCALl: ATP
binding cassette subfamily A member 1, SR-B1l: scavenger receptor class B
member 1, ABCG5: ATP binding cassette subfamily G member 5, ABCG8: ATP
binding cassette subfamily G member 8

225 DPP-4x#EF v FEHAWEa L A5 o — LiEdkic RIFT 28
TFTYTF 4 S5 % O DPP-4 R#ET v b, a— M THKRL -
14C-Chol (4 mg/0.95 MBq/kg) Z# 0 A ff L, Afir 4 FEfld X OV 72 BEf 1% 128

L, if#E 14C-Chol ® M TEME Z KK > F L —v a v A7 L THIE L,

2.3. HEaEHRAT

BTOT —Z X FHEREERETRL L, ML, 2 MOk T
X FREICE D HMEE2 R L7Z%IC Student ® tREZ, 3HEM O LERICE
W TIE, Bartlett O MEIC L 0 B4 R L 72 %12 Dunnett O EZ £
NAT - 7=, EHEHT T W9 EXSUS ver7.0.0 (CAC EXICARE Corporation,

HRO)ZH W, METOAREEKET %R E L7,
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%03 Hi SR

3.1 ApoE XKE~U 2O EBMIEICKIETT T F 7V 7F o s

Table 3 IZ ApoE R ARBIEGEMNE~ Y AIZB T L7 7V 7FF &L
AitEDOR—RAT 4T —HERLE, WTFTRHORBAICEBWNTY, SBEEE TS
JVTFUoRERHEOBMTHREBIOME I/ Va—2AREICAEREAETRD L
niginot-, —J, miE DPP-4 {EMEIX T F 27V 7 F o B 50k 4 BXL O 8 #
HBEOWTHIZEWT ORI FERERTARBOON, TF 27U TF
viEE~ T Z20MmMER IV AT e — VREEL X nontHDL = LV X7 v — /L
X, &5 8HME CHMBELLEEL TARICKEZRLE, 61T, @
BEaLVATo— VDY RZ LRI EATSTRR, A I 7w @iyoa
VAT — VRENEEICKTL, VLDL BB W THIE FHER AR D 5

7= (Fig. 13),
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Table 3 Effects of anagliptin on body weight, serum glucose, plasma DPP-4 activity and serum cholesterol levels in
spontaneously hypercholesterolemic mice

Oow 4w 8w
Control Anagliptin Control Anagliptin Control Anagliptin
Body weight (g) 23.5+0.3 23.6+0.4 29.3%0.5 28.7+0.4 32.5+0.7 31.2+0.3
Serum glucose (mg/dL) 167+4 177+5 167+8 149+6 146+5 140+6
Plasma DPP-4 activity - rr
. 8.06+0.34 8.07+0.54 5.06+0.40 1.21+0.05 8.17+0.50 1.24+0.07
(nmol/min/mL)
Serum cholesterol (mg/dL)
Total cholesterol 650+37 628+42 597124 515+36 811+58 659+42"
Non-HDL cholesterol 631+38 608+42 57224 492+37 78156 634+41"
HDL cholesterol 19.410.8 19.6%1.2 24.6+1.3 22.8+x1.4 29.7+2.4 25.0+1.8

Each value is expressed as the meantSEM of 12 individuals.
* and ***: p<0.05 and p<0.001 vs. control, respectively
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Fig. 13 Serum lipoprotein profiling by high-performance liquid
chromatography in ApoE-deficient mice treated with anagliptin for 8 weeks

Data represent the mean+SEM for 12 animals. *: p<0.05 vs. control. CM:
chylomicron, VLDL: very-low density lipoprotein, LDL: low density
lipoprotein, HDL: high density lipoprotein.

3.2 UC-alLATr—LROAMBED L AT T — Lg%kl KITTEE
B6.SHL ~ VR T7 F 7 V7 F & 4 WMELG Lklc, “CEi#lalL 2T
2 —/L(14C-ChoD) Z R K AW L7z, BAfif 2 RFR#ICE ML & OUTIFlEF K OV
aft L, 2o BEEEZ E Lz, B, 757V 7F7Froalb X
Ta— IR T A EEERAOGRE, 3L AT a — L kiR O %Y
BRI D701, 77U 7F B L Niemann-Pick C1-like 1 (NPC1L1)
AFEE-2EFI T2V b 10 mg/kg THER AK L L, L[ £RIZ 14C-Chol
AR LB O MmE~D 14C-Chol IIZ->WTHLRFT L, T b OME%E

Fig. 14 2/~ L 7=,
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TF7UTF o OBERERE %O MBEDBTEEITEREEL EZ T R o, —
G, ERBFITEINEBEECME Lo T, T Y T UOHEBIR O,
/NG s B I H o~ D 14C-Chol ik I L 20 & B 2 b vz (Fig. 14a), — 5,
TF 7Y TF A EBKERE%ICIE, WA KON T O B TS PR o B R
WCHE L TZENZEIN 26% B LN 29% A E I T L7z (Fig. 14b,¢), 72, /NG
\Z3 1 % 14C-Chol A fif 2 e & D A IEMEIZ Z L Z 4 26% 3% K U 53%, &/h
% T 40% 3 L T 7= (Fig. 14d), '4C-Chol A fif 72 WffHl # o M4 5 L OV
O FHE M O FE R % Fig. 15a 3 L O Fig. 15b (28 L7y, BEBREW Z LI,
AR B W CIT AR 2 R O R & BRI 14C-Chol MU TEMIZE T L T
Teb Do, Afi T2 R % O/ TOMMDRITHELEL TV,

I, Meghrboa b 2A7e—LVRINOFMAZIT> BT, #AOAMLE
14C-Chol D #HHEMIC OV TRF Lc, 2 bV X7 v — Lo 3 f fEit &%,
14C-Chol & N Aff 24, 48 B XU T2 gl O E P EMEZE L, KE L
WHBHTEYE X T 2 HEME & U TR L, xPREEICHE VT, 14C-Chol @ #
PEHEIZ AT 24 B CIE LA LT L TR, —JF, BIEMSRE L TRIL
e BFITOHRBELGIE, WTORIERHIZEWTHR 2.6 FHINI T
(Fig. 15¢), F/2, 777 V7 F L 4 HHBKEERGHICEB N THARERRH & b
BREICHML Tz (Fig. 15¢), F 7z, #Eilt &7z 3 d 14C-Chol O Kt i % 2>
RO NTOaLATa = VRINRIE, 7T 7V 7FF o EEHET19%IET

L CTw7=(Fig. 15d),
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Fig. 14 Effect of anagliptin treatment on cholesterol uptake at 2 hours after
oral [**C]-Chol loading in ApoE-deficient mice

Plasma radioactivity of [**C]-Chol (a) after single-dose administration
of anagliptin (ANA) or ezetimibe (EZ) and (b) in mice treated daily with
ANA for 4 weeks. (c) Hepatic and (d) intestinal radioactivity during
repeated ANA treatment for 4 weeks. Data represent the meanzSEM for
16 animals. Cont: control. *, ** and ***: p<0.05, p<0.01 and p<0.001 vs.
control, respectively.
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Fig. 15 Effect of anagliptin treatment on the cholesterol uptake at 72 hours
after oral [**C]-Chol loading in ApoE-deficient mice

(a) Plasma and (b) intestinal radioactivity of [**C]-Chol at 72 hours after
oral radiolabeled cholesterol loading in mice treated daily with
anagliptin (ANA) for 4 weeks. (c) Fecal excretion and (d) estimated
absorption rate of radiolabeled cholesterol after repeated treatment with
ANA for 4 weeks. Data represent the meantSEM for 5 animals. Cont:
control, EZ: ezetimibe. *, ** and ***: p<0.05, p<0.01 and p<0.001 vs.
control, respectively.
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3.3 T L AT — L#ikic KIFT GLP-1 3% & 1K {F &) 3K o i 2

DPP-4iZt® ) v 7usr7—FBOo—fFThy, lirDXTF RLF L RITHEN
Z OG22 5 (Mentlein, 1999), DPP-4 [LE 3 X DPP-4 0 E D —>ThH %
GLP-1 O 73 i Z /- L T MBI T 1E ] 2 4 3 5 © T (Drucker, et al,
2006), L AT —LR#ICH GLP-1 "EFET HAREMERH D, £ 2T, =
L AT B — Ll %I & 1E 3 GLP-1 % F I {FB) 3K exendin-4 O 22D\ THRF
L7, B6.SHL ¥ 7 2 (Z exendin-4 (8 £ 721X 40 pg/kg)% 1 H 2 1[0], 4 @MIZ
bz o TR FIESH L, 14C-Chol # 1 AW o M5 o BURTE M 2 W& L7,
Exendin-4 OKXEH G WFhLoHEICE W TH 14C-Chol & O A ff # o I 4

R IEME 2 B NS MER = L AT 0 — L2 L2 - 7= (Fig. 16),

(a) (b)
140 - 800 -
120 - =
> 2 T
S 100{ L T g 6001 !
ﬂ = - \
8% w- - : x
5 € S 400 -
£ S 60 - k [; \
x ©°
£ 2 \
z 40 - x = 200 \
a L
20 1 - e \
0 : 0
Cont 8 40 Cont 8 40
Ex-4 (ug/kg) Ex-4 (ng/kg)

Fig. 16 Effect of exendin-4 on the cholesterol uptake after oral [**C]-Chol
loading in ApoE-deficient mice

(a) Plasma radioactivity of [**C]-Chol at 2 hours after oral radiolabeled
cholesterol loading, and (b) plasma total cholesterol concentration in
mice treated twice daily with exendin-4 for 4 weeks. Data represent the
mean+SEM for 5 animals. Cont: control, Ex-4: exendin-4.
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3.4 /WNBITEITDLZ =7y BT RBEMENT

AREBFICTFERT 22 S 20WEH AR C57BL/6 v~V 2 x iz, 0.3%7 F
JVTFrhk s BRKERMBEREG LEEHRIC/AEEZ/ME L, IBEO®mXIZEDL S
FE 2 B2 X OB TR KIETEEREZ R L2(Fig. 17), 75727V
FFF I VAT R VEEE, R RS N7 OB SO IcEET 5
microsomal triglyceride transfer protein (MTTP) , acyl-coenzyme A:
cholesterol acyltransferases 2 (ACAT2), apolipoprotein A2 (ApoA2)E L O
apolipoprotein C2 (ApoC2)?®» mRNA % Bl % ik X7, — 7, apolipoprotein
B (ApoB), Niemann-Pick Cl-like 1 protein (NPC1L1), scavenger receptor

class B member 1 (SR-B1), ¥ X (" ATP binding cassette (ABC) s 7 > A K —

:
&

Z—DEARFRIIITREL 2o T,
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Fig. 17 Target gene expressions in the small intestines of mice after repeated
administration of anagliptin

Expressions of (a) microsomal triglyceride transfer protein (MTTP),
acyl-coenzyme A: cholesterol acyltransferase 2 (ACAT2),
apolipoprotein (Apo)A2, C2 and B, and Niemann-Pick Cl-like 1 protein
(NPC1L1), (b) low-density lipoprotein receptor (LDLR), fatty acid
transport protein 4 (FATP4), ATP-binding cassette subfamily A member
1 (ABCA1), scavenger receptor class B member 1 (SR-B1), ATP-binding
cassette subfamily G member 5 (ABCG5) and 8 (ABCG8) were examined.
Data represent the meanxSEM for 8 animals. Cont: control, ANA:
anagliptin. * and **: p<0.05 and p<0.01 vs. control, respectively.
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35 DPPARXRETI vy b a L AT u— LRI KIETTF 7 ) TF o0

GLP-1 ZRKEEBE R T F 7Y FForoal 27— LigkEmE e %2 &
HTERMPoleDT, 777V FFroal 275 o— Lg% e ix GLP-1
ENLEEAERCERVAIRERTR® I, 22T, &EM2 DPP-4 JLEIC &
KT 2nENEHONTT DD DM 21T » 72, F344/DuCrlCrlj 7 v FiT %
KEJIZ DPP-4IEHEEZ KRB L TWD Z &R LI TWDH D T(Watanabe, et al.,
1987; Natorio et al., 1989), &AZ v k %Z T 14C-Chol O Gk iz K IF+ 7 F
TIVTFUrORBOFELBRF L, K% Fig. 18 1Z/r L7, DPP-4 XiH#)
WicEBWT, TFH 27U 7F o iE 14C-Chol #& DA 4 FEMI#, 72 B2 OV
NniIZB W ThH, M D 14C-Chol HRMHIEMEICK L CTHERK TEMAZ RS 72

Mmool

120 f~ OCont B ANA

80 ~

40 -

Plasma radioactivity (% Control)

4 72
Time after load (h)

Fig. 18 Effect of anagliptin on cholesterol uptake after oral [**C]-Chol loading
in the DPP-4 deficient rats

Plasma radioactivity of ['*C]-Chol at 4 and 72 hours after oral
radiolabeled cholesterol loading in F344/DuCrlICrlj rats treated daily
with anagliptin (ANA) for 4 weeks. Data represent the mean+SEM for 8
animals. Cont: control.
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B4 BEB IO

AT DPP4lEICLI2a L AT 0 — LK FEFICONT, KFicHit
BRI 2aL 27— ARFICEBL, AREHFAHKY T 2DELRIKIC
FoTEHEh, ER~ UV RICHANERRGI VAT o —VELZRET 5 H KRR
JiE 7 JIE i & 5 )V B ApoE K1~ 7 A (Matsushima, et al., 2001) % T v
THRE L, RER#BE v a - 2R EEEICHEEL TV, £, DPP-4
PR 7L 2 — 2R FR R IR TR 283 0 T, ABFJE T I3 b E 4 8

DHBEE2RNAT D DICIHERRGWEEMN L, 75727V 7F 1 ApoE X
B~ 212BWT, MERa2 L 2T 2 —L72 502 non-HDL =L 25 1 — )L
REZETL, BEETNICHT 28 1 EOMKR I L OLUAT O B IKBFIE O R H»
BB & 70Nk, 2012; Kakuda, et al., 2015; Kurozumi, et al., 2017; Aoki, et
al., 2015), VARZ R ORER, a L AT o — LViREOKRFIEXELLTA
AmrI7r Bl VLDLEZICROO6NDL ZENRHLNE R, KT
ARbLbE1EEORELE %L, ML OLOYRZ U RITRIIZKHT DT 70T
FrOoEfERSTRRT LS RLEEZL DN,

ApoE RHEHRREIEEG I L AT 0 — LILE~ 7 22 % 14C-Chol £ 1 A FF
BToOa L AT —LVEIRBICKIET T )T TFUORERGDOEEIC OV THRE
Lz, TORER, 7F 270 7F xmbEzn o I T #& AN 14 C -Chol L1
DT, NGk TOMRIMZE L RICEFT~OJMIEINZ b2 L, Ao
14C-Chol WINAE T L TWED T, /ML M~ 3 L AT 1 — Lk o
ER RSN, TH 7V TFFUoOREERLETIX EROERITR O AT, T
TV TFUREEGHO/NGES TIX 14C-Chol FLHIE M2 — RIS E N L
TWeDT, 7FHFZ7V7FroRKBERGRa AT — LO/NGEEN LN

ERMB N~ DOBGA AR Z W25 X0 ixde LA, MG EEABRGAREZD Y 8
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EALTEEWEZSE L D AEERZS b, F£7-, DPP-4 X#ET v b
BLIOGLP-1ZAKTY A=A 2 HWERFAOKER, b7 F 7V FF o
TER Y DPPAKGFHEBS LA 7 VT VIHKFEETHLI EEZZ N, 0B,
GLP-1 WA Isu O EZMEIL, Vo NomEzdtl+22L, BE
BRSBTS 2 LN 5 SN TV 5(Qin, et al, 2005; Hsieh, et al.,
2010), BE IV v "I == b—va rEmENWERGTIX, GLP-1 Z&EKE
T a L AT 0=V IRIICEET 20, Vo NmEomie Y 7Y
Y RENB LT RHZ 7 B (ApoB 3 X 18 ApoA4)jE/EZMEI4 5 2 & 2
RENTWB(Qin, et al., 2005), GLP-1 X FKE#HIK TH 5 exendin-4 B &
O DPP-4 BHEHR, 27V 7Frn, VI ZUVER-UVyFIURZL NI DOH
IEETCOREAIGWIE TZMALTEES MY 7YY FIEZMG T2 2 &,
GLP-1 Z AR+ P13 exendin(9-39) % 5 W X GLP- 1 ZHEKD /) v 7 7T 7 T

> T GLP-1 ZBZKR T 7T F VR ZELEW 25 &, HILE TO ApoB-48 45 Wi H3 1
3422 &BR S TWv5(Hsieh, et al., 2010), 3725, DPP-4 O LEF I —
W, GLP-1 ZF KT VTNV EEN L TCREDO MY 7 U EY RIRILZE IS LS
Do LML L, aLATe— bigEEIsn+Le b 7YY Fig%s T
THDLTTIERY, FIEBARLSE LIEBEAEER 2L AT e =10 Rk
M2 GLP-1 BEZE L2V EoHREDL H 5(Qin, et al, 2005), EFH L OERT
t, GLP-1 Z&A7 I=A LT % exendin-4 ® 4 i W4 5 1% 14C-Chol s 2%
B Lo, EHIZ, aVATu— VgEICHTETF 27U 7F 2 DfE
Al DPP-4 OXHBIZ Lo TR Ehiz, ko Z s, DPP-4 OHF X
GLP-1 3EKFMICa VAT o — vk z AOFMICHBE S5 &, £72, £h
(T DPP-4 [HEHEICEKBEOIEM THA I LEZXZLN D,

DPP4fHEICL 2 a L AT e — Lk MEl#F 2l o0 T 5720, v U A
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INBICRB T 2 ENER T REOEE PCR T2 1iro/-, =¥ F I 70OEMNT
% % Niemann-Pick Cl-like 1 protein (NPCIL1)IX/Ni5 E R AMfm B35 L,

INBBEREDN SN EREME~ORYIEa L 2T 0 — VOV AREFE T D b
7 v AR—HF —Td %5 (Altmann, et al., 2004; Garcia-Calvo, et al., 2005)73,

NPC1L1 @ mRNA BEHIZX LT F 7V TF T BE Lo, ZORE

mE

/N5 AR o> 14C-Chol MR I IEME DA 2 5 Z &<, Rt o
14C-Chol WX NIl S 7oA & —8+ %5, —JF, microsomal triglyceride
transfer protein (MTTP), acyl-coenzyme A: cholesterol acyltransferase 2
(ACAT2), apolipoprotein A2 (ApoA2)¥ L OV apolipoprotein C2 (ApoC2)D
mRNA EH L, 777V T F L ORERGFICL > TR A Lz, 25O mRNA
WX THIRENDZ X7 EIZ, 2L A7 u—voixls X OUHOEEET
VREZ NI DB X O/NGHIEN S U N~ B W RS 2 R
ZENM BTV D (Wetterau , et al., 1992; Chang, et al., 1997; Rudel, et al.,
2001; Goldberg, et al., 1990), MTTP /M EZIicBWT Y 27UV F,

AL AT INLNZATABIRNFRA Ty FoLal) volmtErRET 5720, U

K& 7 ORI H G T 5 (Wetterau , et al., 1992), ACAT2 (X RN 7
P CoA BLUOabATum—AnrbifilaNa L AT a—)Lx X7 )Lz EAET
HEFEDO—DTHY, aL AT — LT AT LVDERKBLIORYRX L RT DL
W ET 5 Z ENM BTV 5 (Chang, et al., 1997; Rudel, et al., 2001),

ApoC2 X ApoC-11 % v X7 EH % a— R3T 58T, ApoC-ITI 1T NV 7 U k&

R oAk 5y fi# % 3%, lipoprotein lipase (LPL)% %M1t 3 % (Goldberg, et al.,
1990), 7 bH, DPP4 [HEICL - TalbATo— LklZBElbb L 0¥
YR EREBEPIE SNDHER, VAL R OERES XS 51213 LPL

EEAIE s, VAL N7 RBOMBEIBLTBE ) " ~Da VAT v —
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NEEOREEER T D AREEREZE XN, L2 L7225, DPP-4 OHLEMR
W AN L THENOENBEFRBEICEELIZONZHOWTIEAY
ThY, ILRLIPFERLETH D,

INFG  DPP-4 O EIZ/NEN b DO a L AT o — ka2 IE T+ 588, g
ALV AT er—VREDKTZREZY, TOEAERICIE, DHEE#ETOa L2
TH— VB D L X N EOBIRFREBICK LT, GLP-1 ZFEKT 7

VIERAF R 72 Ml N F 59 2 ATREME SR IR & LTz,
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B 3E MIEEMRHICKITT DPPARER Y F 7 U FF 0
B S

DPP-4 lHHEHIC I A KoM= v F e — L& EERIC A, B4 OREREA
OFRE 2%t 2 S BAE A A S ST 5 (Kang, et al., 2017; Kawanami, et al.,
2016; Avogaro, et al., 2014), % 7-, DPP-4 [ E K o J5 & AR #HZ 3 5 B K 89
A AN IR O A X i Hr & A ST S (Monami, et al, 2012; Monami,
et al., 2012), RF TOE 3 FHEIKAER O 7 — VRN & 5 T 8 5 O i KA 5812
BPOWTbmiRa L A5 e — A, LDLalLATo—ABLORMNI 7Y kY N
EOKTFARD L TWD UMk, 2012, Kakuda, et al., 2015, Nishio, et al.,
2015), L2>L 72286, DPP-4 PN b g EAK FEM % 8 % B e o 5%
MIZAHOEETH D, AMETIE, GIEMEBYVET VH DL WVITEER~ D
A HANWT, FIRERBFIZCEIETT DPPAMEOEEBIZOVWTT 7V FF %

MWTHERT D &0, ToEMEF O 2L 7,

2 ERMEBIOHIE
2.1. EH#Y
2.1.1. LDLZ A K XR#E~ v X

o EPE LDL 2 & R (LDLR) X ~ 7 2 (B6.129S7-LdlrtmiHer/J)~ 7 &
%Y v 7 YV BESEET (Bar Harbor, ME, USA) 22 S A L 7=, ~ v A (3l i i K
(CE-2, BHAZ LT, Hi)xzHHEBEBRIYE, 12 KEBEOoOWKEr A 7 1
(7:00/19:00) FCEE L7z, 6 v~ Y X% 2 FEICF, 1#EIZ 0.3% 7 F 7

V7 Fredebta aM G 272, tho 13 BEEE L Tol & &l E i

k=1

Btz bz 72, BAREHET, RE50% 2 B % O&EM(22:00-02:00) 12 £ 1L L 72 BR

MeFEPROT7 F 70 7FF U REFXSELZE 600 ng/mL ThHY, ) 80% i 5E
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DPP-4 {EME MBI A5 O S ic, ks, DEOMFRIT VT b = b2t 5e T
ODEYMHEZE R - TEARBSINIERIZHER L,

EB O %2 Fig. 19a 2~ L 7=,

2.1.2. Ea(BpAR)~ 7 2
6 WO BEME C5TBL/I6I ~ TV A BARF v — /LA « UAN—FEE)PLEEAL
e ~U A FEEHE(CRF-)ZHBEERIE, 12 BEBOWHKE Y A 7 L

(7:00/19:00) FCHFBF L7, SHEmO~D 2% 2HIZHT, 182 0.3% 7+ 77

k=

V7 Fraedteta 28M G 272, o 1RIEEREEE L Tol &6 &l E
Btz 5 2T,

FBr O % Fig. 19b (2R L 72,

a) LDLR-KO mice
0 2 4 weeks

Anagliptin oral administration (0.3% in diet for 4 weeks)

v v
Group division » Plasma lipids

» Lipoprotein analysis
» Hepatic microarray,
b) C57BL/6 mice gPCR

0 2 weeks

Anagliptin oral administration (0.3% in diet for 2 weeks)

v v

Group division .
» Liver gPCR

Fig. 19 Experimental protocols for the evaluation of hepatic lipid metabolism
in hyperlipidemic mice
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2.2. FEBRIGIE
221 M=z AT —ABLXORN) 7YY FREONE

LDLR XE~UVAXVERLEZMFES T o7/ va—x, alb XA75a—
MBI NI 70 FOAKEREIZ, Wb mRAIEFOLMIE, Kk)x M
WTHIE L, URZ U ANZIRE T v 7 7 A4 ik, BE# (Yoshinaka, et al,
2010)I2 vy, HPLC (LC-20A, &, mEIC XV oLz, T72bb, Mmig
H{EZ 1 mMEDTA #5647 % PBS CHMRLZHZIZH /VIER A 7 A (Superose
6, GE Healthcare, Buckinghamshire, UK)Z I\ T/ B L, 4> 74 THEH
e P E IR & RS S OSER %2 600 nm OWOLE TR L, £V R~

E
Yoy Gy ONRE IR Z KD T,

222.DNA~A 707 LA BIORY T VE A LERE PCRICE D ER T %8
Hr

MY > 75 total RNA #fitH L, DNA ~ A 7 =7 L A2 K 2
BIn TR BN 21T > 72,7 L A 1% Mouse GE 4x44K v2 (Agilent Technologies,
Santa Clara, CA, USA)% i\, GeneSpring 13.0 (Agilent Technologies)%
WTHRAT = A BT 2T o 72, 72b, BT 12/F U0 EoRBLEEHZ R LI

BIEFEZREIRL, "2 AfTICELe, VTV A LERE PCR IX ABI
7900HT Fast Real Time PCR System (Thermo Fisher Scientific) % i\ CTAT
S, v, Hnlk77 4 ~—8B8XOW 7 v —7(L sterol regulatory element
binding protein-lc (SREBP-1c) % & &, Applied Biosystems 720 5 A L 7=
(Table 4). SREBP-1c XL FOEFIIEH® % c 2 ZFEH K L 72, forward:
ATCGGCGCGGAAGCTGTCGGGGTA GCGTC, reverse: TGAGCTGGAGCA

TGTCTTCAA, probe: FAM-ACCACGGAGCCATGGATTGCACATT-TAMRA
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(Awazawa, et al., 2009),

Table 4 TagMan primers and probes for gPCR analysis

Name Assay ID Name Assay ID
SREBP2 Mm01306292_m1 ACAT2 Mm00448823_m1
ACAT MmO00507463_m1 ACCA MmO01304257_m1l
MVK Mm01197068_m1 ACADM MmO00431611_m1
FDFT1 MmO00815354_s1 CPT1 MmO00550438_m1

SREBP2: sterol regulatory element binding protein 2, ACAT: acetyl-CoA
acetyltransferase, MVK: mevalonate kinase, FDFT1: farnesyl-diphosphate
farnesyltransferase 1, ACAT2: acyl-coenzyme A: cholesterol acyltransferase 2,
ACCA: acetyl-CoA carboxylase alpha, ACADM: acyl-CoA dehydrogenase
medium chain, CPT1: carnitine palmitoyltransferase 1

2.2.3. 77 23 NOREHE

% 7 LS| D sterol responsive element (3XSRE) 4 U = DNA #LL F D
WY & L7, sense: CCGCTCGAGAAAATCACCCCACTGCAAAATCAC
CCCACTGCAAAATCACCCCACTGCAAACTCCTCCCCCTGCGAT; antisense:
ATCGCAGGGGGAGGAGTTTGCAGTGGGGTGATTTTGCAGTGGGGTGATTT
TGCAGTGGGGTGATTTTCTCGAGCGG (Sanchez, et al., 1995), T 5 1 A
B{IDNA AV d%2 7 =—U 7 L,pGL4.28 L+ 7 =T —F¥ X7 % —(Promega,
Madison, WI, USA)® EcoRVH A b L KN Xhol A4 MZHALTT 7 AR

Z % L 7= (SRE-Luc),
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2.2.4. SREBP #5115 LT v & A

HepG2 # 11X American Type Culture Collection (ATCC, Manassas, VA,
USA) b5 AF L7, HepG2 Mz 96 V=L 7L —FT1U=LdHimh 1X
1048 D% E CHREME - & L7228 H, M2 X-treamGENE HP reagent (Roche,
Mannheim, Germany)Z F\»C, SRE-Luc %A 73577 A3 Kb W®iZa v
fa—n~_27 % —%t LT pRL-SV40 (Promega) Z# Ml 0 PNE A L 7=, 24 B[l %12
5% YV ARZ Ry BBREME(LPDS) A & Te i el gL, FMaxiREDT
TV TFUERMLUT 24 FRHEELL, OSK TRICHR Z B L,
Dual-Glo V¥ 7 =5 —¥ 7 v & A A7 L (Promega) % i\ Tl 5 iE M AL %

FEME L 72,

2.3. AT

ETOMITEYMEEERZE TR L, ME-Mmix, 2 B oIz
T EHMEOEREZIT > 7241 Student ® ¢t T E, 3L EOREICEWT
/%, Dunnett OHEZ ZNENITV, BME TOAHBEKEIL 5%R L Lz, #
FHEFTIZ Vb EXSUS ver7.0.0 (CAC EXICARE Corporation, #50)% A\

7=,
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O3 HT AR
3.1. LDLRRE~VABE e 7 7 A NVIZKRIET T F 7V T F oo

R % Fig. 20 B L QW Fig. 211/ Lz, 7F 27U FF & #5 L C% LDLR

v

K~ 7 AOKREREM TR BEEE 213720 o 72 (Fig. 20a), —F, ik = L X
THR—=ABRLRIC MY 7YY R0 bL 770 7F BB T
ARBICEK T L Tz (Fig. 20b, ¢c)s T/, HPLC M Ilc L2 U R ¥ 87 fighr
OFER, VLDLE 28 X O LDLE /O a b AT a—)VBENT 270 75 8
CEBWTHBICHD L TWEA, HDL = L 2 7 1o — L B 13K FE 1 2 o= 31

X 72 o 72 (Fig. 21),

_60-



25 r
24
23
22
21

BW (g)
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—O— Control

—&— Anagliptin
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pre 1week 2weeks 3weeks 4 weeks

b) c)
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* ok 1
150

200
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150 }
100 F

TC (mg/dL)
TG (mg/dL)

100 |

50
50

Control Anagliptin Control Anagliptin

Fig. 20 Lipid-lowering effects of anagliptin in the LDLR-deficient mice

(a) Body weight (BW), (b) plasma concentrations of total cholesterol and
(c) triglyceride 4 weeks after treatment with anagliptin. TC: total
cholesterol, TG: triglyceride. Data represent the meantSEM (n=10). **:
p<0.01 vs. Control.
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O
[n]

20 r 140 r 120 ¢
I
120 | *
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—ry = 100 =
- e = 80 f
» 12 F * > 80 f E:
£ £ E 60 |
< B g @ 40
§ § 40 =
> ¢ 20 | T 20

O 1 O 1 O 1

Control  Anagliptin Control  Anagliptin Control  Anagliptin

Fig. 21 Plasma lipid profiling by high-performance liquid chromatography in
LDLR-deficient mice treated with anagliptin

a) Plasma very low-density lipoprotein cholesterol (VLDL-C), b)
low-density lipoprotein cholesterol (LDL-C), and c) high-density
lipoprotein cholesterol (HDL-C) concentrations 4 weeks after anagliptin
treatment (n=10, meantSEM). *: p<0.05 vs. Control.

3.2. IFIEIC 3BT 2 IR E R B EE R 1 DR B R E T 8
THIZIVTFUORERTHEREFEPONCT2AMT, LDLR X#H~ ¥
2 A W T DNA ~A 7 a7 bA N2 AT ZITY, TORKREE
Table 5 (C/R L7z, 7F 27 U 7 F U gERETIE, BERBIICE T 2BENZTHIK,
FEWEEAGR, AT URBEBLIORNI 7YY FERICEDL 2 BIB8 FHICE
AROOLNTL, 2T, HEARIZCB T 2EERRKFTH S SREBP-1c B &
" SREBP-2 O#EEF#HELZ UV 7 V¥ A LERE PCR TR L, £ ORE,
SREBP-1c ® mRNA B L~ L3 HBERZ{LIT R S e v b o o, i B ] (5%
1) ® SREBP-2 mRNARE N T + 7 ) 7 F v EHEBECTHEICRED L Tz (Fig.

22),
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Table 5 Pathways involved in lipid metabolism

Pathway list

p-value

Mm_Nuclear_receptors_in_lipid_metabolism_and_toxicity_

WP431_47744

Mm_Fatty_Acid_Biosynthesis_ WP336_41307

Mm_Statin_Pathway_WP1 41296

Mm_Triglyceride_Synthesis_ WP386_45646

0.0089

0.0202

0.0384

0.0791

Liver samples from LDLR-deficient mice treated with anagliptin
or untreated controls were subjected to DNA microarray analysis
(n=4). Associated pathways with differentially expressed genes as
determined by DNA microarray analysis are shown.

)

1.2 r

06 |

04

Relative mRNA expression

SREBP-1c

Control

Anagliptin

z

Relative mRNA expression

1.2

0.8

0.6

04

0.2

SREBP-2

Control

Anagliptin

Fig. 22 Hepatic gene expression in LDLR-deficient mice after anagliptin

treatment

Hepatic a) SREBP-1c and b) SREBP-2 expression levels at night. Data
represent the meantSEM of 10 animals, *: p<0.05 vs. control.
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AN~ 2BV THRKICHRM L, TOMRKE Fig. 23 127 L7,
SREBP-2 O #7263, a b X7 u—/LEKIZED %K acetyl-coenzyme A
acetyltransferase (ACAT), mevalonate kinase (MVK), farnesyl-diphosphate
farnesyltransferase 1 (FDFT1), & X ' acyl coenzyme A:icholesterol
acyltransferase 2 (ACAT2)® mRNA BHEN T+ 7V 7FF o FEHEREIZE W TR
TLTW, £7, MUV Z7UEY FAERICED 5K SREBPIlc, acetyl-CoA
carboxylase a (ACCA), acyl-coenzyme A dehydrogenase medium chain
(ACADM), ¥ X O carnitine palmitoyltransferase 1 (CPT1)® mRNA 3 3l ®

mlbRO o,

15 -
[ Control M Anagliptin
) 1.0 A " * * % *
EO * *
(] * * %
-
(@)
o
(o]
“- 05 -
0.0

SREBP2 ACAT MVK FDFT1 ACAT2 SREBPlc ACCA ACADM CPT1

Fig. 23 Target gene expressions in the liver of mice after repeated-dose
administration of anagliptin in C57BL/6 mice

Sterol regulatory element-binding protein 2 (SREBP2), acetyl-coenzyme

A acetyltransferase (ACAT), mevalonate kinase (MVK),
farnesyl-diphosphate farnesyltransferase 1 (FDFT1), acyl coenzyme A:
cholesterol acyltransferase 2 (ACAT2), sterol regulatory

element-binding protein 1c (SREBP1c), acetyl-CoA carboxylase a
(ACCA), acyl-coenzyme A dehydrogenase medium chain (ACADM) and
carnitine palmitoyltransferase 1 (CPT1) were examined. Data represent
the meanxSEM for 8 animals. * and **: p<0.05 and p<0.01 vs. control,
respectively.
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3.3. HepG2 il > SREBP M ICKIEZT 7 F 27V FF o
REAR#HCST 27 F 7V 7 FroE@ElEloFELZBRF T 5 BT,
SRE-Luc zR A4 577 ZAI F2MBEANEALL HepG2 itz M T
SREBP #2 G {E M Bk 2 1T > 72, HepG2 fiflu® SREBP {&¥:1X, 7+ 7 U 7 F

v 24 BRI ALE CTH B S iz (Fig. 24),

1.2
=
-
> 1 T
3 %k sk * % - e
= ok ok
=08
ln]
5
© 0.6
E‘g e ke e
o
4]
=
® 02
@
ﬂ: ‘.:.:.
0 Lt
() 0.001 0.01 0.1 1 10 ()

Anagliptin (uM)
5% LPDS 5% FCS

Fig. 24 SREBP transactivation assay in vitro

HepG2 cells transfected with luciferase vector with SRE were incubated
with anagliptin at various concentrations (0.001-10puM) in medium
containing 5% lipoprotein-deficient serum (LPDS). FCS: fetal calf
serum. Data represent the meanzSEM of 4 determinatons. ** and ***:
p<0.01 and p<0.001 vs. untreated Control in 5% LPDS, respectively.
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B4 BEB IO

K% TI1E DPP-4 O EICE D a2 L 2T 10— VIK FHFF ZHFIEC BT %
AL AT e = VREHICHTOMEROFEMEZH O NICTH5HT, BARAEIES =
VAT a— VIEET VEIY TH H LDLR KB~ 7 2 & AW TR L7z, ERE
PRIGMEERFEIERS 2 L AT 1 —/VIfE~ 7 228\ T DPP-4 [HEHXK, 77V
TF A mERa L AT e—, U ZUEY R, VLDLa2lL X7 o— 1B X
CLDL 2L AT u— LV BELZEKTSE, BHERKFCHT2E 18, F280
f R 78 B QN R IRWF 28 O # F o BB 2 i R8 < v 7z (N sk, 2012; Kakuda, et
al., 2015; Kurozumi, et al., 2017; Aoki, et al., 2015), DPP-4 O [ #E 2, I5HE
R EF IS L CHDMEZ BT L MHEEICO VTR RHMIZARSZ ) TH
L0, BEOEMIOVWTIEIAHTH D,

B2 EIZBWT, 7T 77U TF X b DPP-4 OoHED DPP-4 {KFH -
GLP-1 ZAKHEKGFEHICHBErOOa L 2T — LigEzME+252 & %W

5L, hMEcoarvATFe— A R#f~0F% 52 r~x®BLE, —F, abL AT

{

o — LR, MR RLTFHICET2alL 27— L EMKIZ K> TH M
s TWnd, DPPAXRE~T AL T v MZBWTIE, WMV Z7UEY RERK
B9 K v, SREBP-1c 35 X OGN & hi % % (fatty acid synthase, FAS) D % 8l
MIES L T2 Z & (Conarello, et al., 2003; Ben-Shlomo, et al., 2011), DPP-4
[HEER X 7V FFoT7Ia 780V 7 ) TFFUoRBHEYN~ T AET

CRETLOZMIV AR Y 2=y 7 BETFORALZME T2 L mESINATVD
(Shirakawa, et al, 2011; Flock, et al, 2007)» T, I THOa L X7 v — V&K
WZxt L T8 DPP-4HEET 7V FF BN EHZRET D g2 &m0,

ZZ T, LDLRR#E~ TV AL LIOHEM <7 2O NFIEERHEER 7 O &S

TREALA®BEZMFT L, LDLR R E~ 7 A& HW/iz DNA ~ A 7 a7 LA i
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TIE, avATue— a8k, BBEEKBLIOCNIZU Y FERICED S E
GFRCEHIARDOLN, VT VE A LER PCROERICB W TH, SREBP-2
mRNA BN A ZEICH AL LT\, SREBP-2 1%, ffToalLATu—LAEA
R E 2 E &2 O BENER G K F T H v (Horton, et al., 1998), DPP-4 O
Fiekdarvzxare— V& TEFOL R E L —HIZ, SREBP-2 O & {x 1 % H
MK L2 TOa AT o= LEalMtlAEET 2 REREL LN, [
RO RIT, BEM TR ZBENTHROLN, SREBP-2%&iralL A7
— NV EROEEREF OB FREEANREEICIK T Lz, £72, HepG2 Z AW/ in
vitro B OFER, 7 F 27U I F R MBICESZEN LT, SREBP-2 DEE
EEEZMH L2 b, RMEAIEIA 7 LF 2728 D DPP-4 O E % I & 7
WESENTHL2 REREZEZ LT, 51T, Aoki H(2015)iF T2DM @ &
JEMJERZFICBWT, 7T 27V 7FroEERFTOalL AT — Lk~ —
N—THHMET7 Y AT —VREZKTIELZ L 2#HE L, Kurozumi b
(2018)IZAF T LDL Y R & v R D~ — 1 —Th 5 i ApoB100 L X)L
W7 FTVTFroRGETRYPTLZEEHLNILE, UMb Z b, B
RIZBWTHLTFH 7YV TFF ik d DPP4 OLEFEEIHF TOa L ATa— L4
A EEME T D ARSI I N, RB, WMIRICKBT LTSV TTF U0
LDL =2 L 25 o — & F{EME, hydroxymethylglutaryl-CoA (HMG-CoA)&
THEHEFETCOHLIA T O HOAEIZCBLDL TR LN &0 D
sk, 2012), 2A#F L LI OKF CIERHEZBEL TV DL ATREENE X L
D0, FEMICOVWTIEILRLIMHAEET D,

LDLR R~V AIZBWT, MmNV 7Y FL_XVETF 70 7FF o
HETIERTL, £, BEVMBAEEKBIOCNI 7V Y FERICED % B 11

NEBLTWEZH DD, SREBP-1c BHO L X VIZIWX BB 2otz —F,
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WA~ 7 2280 TIE, SREBP-1lc oA 26T, HIANY =2 RIZEET
HRFOBMRFRENIKT Lz, SREBP-1c IZ/FIZB T 2 EMEBEAKS L
V7 UkY FEROEERFEGRF TH DO TUEE, 2001), DPP-4 @ E X
SREBP-1c ®#iffiz /s LT U Z7 U EY REKOMTEIZHFEET 5 mENE X
b, MU A Y =X v RACHETHEREI Y27V 7FrB8LO0ELT 7Y T
FLIZB N THREKICE D LTV % (Shirakawa, et al., 2011; Flock, et al.,
2007), L LAans, MEOFEMICOWTAMETIEMASNICTEHZLERT
Ehholz, kilt, HH DPP-4 [LEI MK-0626 78 AMP-activated protein
kinase (AMPK)®D U v @b D% L T, SREBP-1lc 2 EDfF U ANY = 1
ABHEN T OB FREBAEZME T2 2 &3 HE Sz (Ohyama et al., 2014),
RBICELRETHY, SBROEERN L L,

/NG DPP-4 OHEFEOR R, WToOREAK M S L 0 TiFa L AT
P LREBLION) U Y FBENMETT 5, TOEAME L L CTHFIHEM
BOMBEEGRICEHDL2EHENTOBEE FREMEINES L, Zomblizs s

VF o ST WEEEN TH D ATREMEN R ST,
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BiEB L O

Dipeptidyl peptidase-4 (DPP-4)D % y&Hl, & < \ZEWIREE (LI IE - o @

CEAEFTHEHENCHOWT, DPPA4HEEKTY F 7V FFrz2HTHFFL, 0

fRZUTO X ITHRIEL T,

(1)

(2)

(3)

REIRIB L OCRERBART 7 7 — LB IREALE 7 VIR 1T 5 DPP-4 [ EE
R 7270 7F ik b DPP-4 @ L% 1% & g e 8 Ik i 1 £ 5 v
UHFORBIRZR S CIZHERBARIC I T 57 7 v — L VEE)REL O JEIE &
mbl Lz, TOERIE, A7 VF U280 EEO MM & 5 0 I%E 8
Mic~snm 7y —=YORBEMEI L, INF-ak L O IL-6 7 ERIEMF A K
NACOELEZIMHELEER T ERNmBEN, £, TOEHOD
el b —EiZ, DPP4LFICLIIMEa L AT e — LR TFTRELGT 5
EEzx bR,

al A7 ua—{HE, LB Toa L AT — LvigkickBib 5 DPP-4
PLEAEA OfH - L L THRBIESIEMLE ApoE XK~ 7 2 & W\ T
AL, 77V TF L5 DPP-4 O FF /NGO L AT E— L
WA IE T A, ML AT — LEELIE T SE, 2 0EHE
Fiol, MM coa L 2T o —Ligxkiclb s 2 o X7 0BG T3
Bloxl LT, GLP-1 &Ky 7 T VIFIKGFER R IMEIAE ST 25 2 & NRmg
Shiz,

frigcoEER#, 22T —LakEs L OENR - NV 7V kT4 F

{

AICBITH DPP-4 THEEM O : & LT LDLZAEKKE~ T 2 %
AWTkHat Lz, 7727V 7F 12k % DPP4HEOHE, W ToOEES
RAME EN20T, Mol 2570 —LRBIR NI TV T4 FEBEN

BT 2., TOEMERFE LT, WM EESKICEDZESEHF O
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Bl FREMHENAESLS L, 2ol 7 v F a2 SR WEEERT

b D AREMEN R I T,

fiiiwm : DPP-4 (TR EMRHEE B L OEIRBELTERICEEICED> TE D,

DPP-4 BREIK T F 7V FXF U IIBERBFEF LR LZOLE A X MY X

7 D@\ 2RPERIFORBICHBR T 2 2 LB an D,
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oo

fa a2 DA, AFRICE LT, ZRRLMEEE L HERE, 8RO
Knzh0 £ LK BRERKPRED P2 REEEE PO RE WMEES B
CRELRDHEEZERLET,

AWOEKBRICENT, BUL@EE L @EELZBY £ LR ER SR
R R I AEARICELSEHNZLET, 2, Aol 2B £
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