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AUC
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cRNA
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adiponectin
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complementary RNA
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circadian associated repressor of transcription
maximum plasma concentration

collagen type I alpha 1

common terminology criteria for adverse events
cytochrome P450
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dipeptidyl peptidase-4

dithiothreitol

enzyme-linked immunosorbent assay

estrogen-related receptor beta
fatty acid binding protein
fas (TNFRSF6) binding factor 1

fetal bovine serum

forkhead box A2 ,
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glyceraldehyde-3-phosphate dehydrogenase

glucose-dependent insulinotropic polypeptide



GLP-1
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HEK?293
HNF-la
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LPS
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MiR-29
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NCBI
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PDB
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RAGE
RT-PCR
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SMR3A
SNP

STZ
TNF-o
UGT
USP2

glucagon-like peptide-1
glycyl-prolyl-7-amino-4-methylcoumarin

human embryonic kidney 293

hepatocyte nuclear factor-l1o

Japan clinical oncology group

liquid chromatography/tandem mass spectrometry
lipopolysaccharide

methionine-tRNA synthetase 2

myelin basic protein

microRNA-29

metallothionein

National Center for Biotechnology Information
nitrilase-like protein

Protein Data Bank
6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3
phosphatidylinositol-4-phosphate 5-kinase, type 1 alpha
perilipin 4

receptor for advanced glycation end products
reverse transcription-polymerase chain reaction
5100 calcium-binding protein

submaxillary gland androgen regulated protein 3A
single-nucleotide polymorphism

streptozotocin

tumor necrosis factor-o

uridine diphosphate glucuronosyltransferase

ubiquitin specific peptidase 2
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2BIBERIFIE, A VA VHIMETROA VR Y VBHMERE DA VR Y AERARRE
XD BEORMARRESY THMETHRBIEEATH S, 2RERFROEREE L. L
B, AE, OF, IEREORFRa Y br—IREZHEFT 3 2 & THERFICEK
b A BHE GBEUE. Wi, HEEE) X UHE LTV BIRELILEE (FBIR
RAE, M EEE, FEBRER) ORE, EELZHELEL, BERALEDLRNE
BEFEOERBIUFEMERR TSI L ThHD (AFRBRAFS, 2013), WBRGFEHL,
FTEERELETRERTV., ZhoE 2, 3 2 AT CHLEEOME = br—
NEZERTE RWGEICERIEZBRIRT 5, HF., EARES TIIEMEEZEZ LIC
SLKHEEFEMBRZLIZS NI &b, mEfEPIEHE L S 0REAVEBEIER LR
TV 2 BUBEFRFFIAHRIR & LT dipeptidyl peptidase-4 (DPP-4) fHEBER SN TEY,
I & UTRE Uiz 2009 5 EHIF D 5 HIZ DPP-4 FBEF O G E DS BB ic M
L TW2 (Kohro et al.,, 2013),

DPP-4 FREEDER T Th D DPP-4 1X, Tk, Bk, /IMEE SRR~ 2 T,
FiCHRERT EICEY X7 FE LTHREL TS (Mentlein, 1999; Gorrell et al.,
2001), F7, MEREICE E 5ERKAT DPP-4 721 Tid/e <, FIEA DPP4 L LT
mMEFIZHFEET D (Durinx et al., 2000) (Figure 1), H;%?ﬁ%%féis;]: OVEREL DPP-4 i3,
A2 LF U LEEN D glucagon-like peptide-1 (GLP-1) & glucose-dependent
insulinotropic polypeptide (GIP) #&¢r 40 FEEEL L OZERANEMEDOEBFEETF
FEZEBE L LTHEEL, NREDOUTF FEOMT 5 o7 FOARTSFF—FiE
# (DPP-4 N7 FF—BIEME) £FT 5 (Mentlein, 1999; Mulvihill and Drucker, 2014),
BHEDA 7 VF VI BEFERICEVNEN OB S, BERICIERT5Z LTl
SRR VR Y VA UMBEIER S 7L 5 2 SRR 4 LTI T I
FERET DM, DPP4 [T X - TERPCAEMRILENSD (Figure 1) (Deacon et al.,



1995), DPP-4 [RE# %, DPP-4 X7 F ¥ —EiEM 2 RINFICIAET 5 Z & THRERIMED
JEWRIL 7 VFUBERED, A V7 LF 2N LI ERILEOGEREOK W ERT-
MmpERE TIERZ%ET 2 2 BBERBIGEE TH D (Figure 1) (Kirby et al., 2010),
DPP-4 OEERIEMEIZIL, Mfast KA A D 630 FEB DY - (Ser630), 708 HEE DT
AT X B (Asp708), 740 FH D E AF VL (His740) D=7 I J BRERENEERIE
MEMLE L CEETHD (Mentlein, 1999), % D7=th DPP-4 FAFEHIX, WTFhomky
t, DPP-4 OEERIEMEEMLAITICHFET 2 FBERB A AL L GERICHEEER L,
DPP-4 L {EMERIA 2 7 LF 2 (GLP-1, GIP) & DA EZBEAMICHETSZ LT, A

VI VF o OREEEZ RIS (Figure 1) (Deacon, 2011),

DPP-4fHE % NS

AIBEDPP-4

FEERA LT Gly-Pro+ EHE A HLF
+
Gly-Pro

!

Bk

kR TR
S EOEOURIAMEN

Figure 1. DPP-4 fAEHE D /E A



AFRTIL20094E 12 B2V #Z 7 ) FF 23 DPP-4 BRESK & L THID TIRFEBILE S,

BFETIE 9 FEEH D DPP-4 [AEE PR THEA I TV 2 (Table 1), DPP-4 FAE X

AR D X D ITIEMERLA 7 LF 2t LTRILE OEREIME S, REENE K- S

TRVEN T 2 B RIRIGIRE TH D Z L b BBRBE TELMTE R L7z (Kohro et

al., 2013), —F T, BREMEARENEVZ &L REB AR EIMESCEIER OEAZEIZES

TABEND N LREEO—DTH B,

Tablel. BATHEA I N TS DPP-4 [HEIK DO 4&H

RS

— %4 SR AR5 BH AR ik —_—_— EES 3

) Py XeTFT® ,
P TV FFY ) 20094 12H 1 H1E 12 B B R

7S 0F 4 7%

AL T FF g5 ¥ 201048 4 A 1H2ME 2 E[H U (B e
FarflY FFy RL—F® 20004 6 H 1 H1[E 22K W B
1 -7 0 T FZE 2% 20114 9H 1HI1E 105 KH JERRR P
TRY TN TF FRYT® 20124 9H 1A 1R\ 248 EHEI (fUEH
THIYTF A4 ==" 2012411 A 1H2E 28/ B (3
BXH Y TFF FZUYF® 20134 7A 1HI1E 7 HERRE (LR /B e
FeSZNFFy Forgor® 20158 5H B1E 19 HFRE R Pt
F=0 7 FF <) E7® 2015411 8 #E1[E 39 FE R R Pk it

(HFA v FE2—T+—h L VIER)



DPP-4 [HEZEO VAR &I, EWBELEZER L, IRA%IZ DPP4 BEERZ =T
DIZHHRMPRELZERS T2 BEL LTREENTVD (Deacon, 2011), %
2. BREEECIEREELET8E~DOREREDOER R E DRSS, DPP-4
HEZEM TOMEWVGITIC L EDBIRROBERI AV DI TE 72 (Scheen, 2010), LU,
DPP-4 R ZEFE DB RIIEMREERFH TR &b, THE TIZ DPP4 [HE
EOMABEDEAZIZOVWTITEE SNTI R o7, —F T, DPP4HEEIZE
WTERE L STV S RANLFIMECEER OB AZEZ TR 52 ®IIZiE, DPP-4
FEERE R TEIRSRER SN AREMOLTREZEH IV LEFE DI
BT LNROOND, £Z T, KR TILDPP-4 HEIRKEAF VY 7 F D
EFERCERT I Z BB LEERRIZER LIERITI e & L

ARFEIZBNTEE L EAF TV TFF Yy (27 7% 2 AT 2HRICRENH
M E 7 DPP-4 FHES TH B (Table 1) (Villhaver et al., 2003), % < @ DPP-4 [HEFKIX
1 H1IERRATHDZ, EAF T ) FFUdiEREEHN 2 REEEWI D 1B
QEIDRABUETHD LW FHERER TS, £, EAF T ) FFURfERRON
KRR EHETH 5 BHERESE ’&ﬁﬁ‘é%%f\@#&%ﬁ@%ﬁﬁf?ﬁi:%mf b, LoD
DPP-4 [REI L IR 20 EH T D, %< @ DPP-4 HERITEE R RB Bk
WThHY, BREBEORELL > TRERZREEOBERRD LIS (Deacon,
2011; Deacon and Lebovitz, 2016), —F T, X J U 7F L OIEFKBRITITAH B K
ELFETDHEDI, BEESBRECET LEZBFCBWTUIRERAROZERILE
BWEENTED ., BENPEEEICET LZBE I ENF 7 ) 7F L 50mg
EABEORERETHS1B2EML 1B 1IEABETSZETRAZMERK TS Z
EWERE L A2 o T WD (Lukashevich et al., 2011; He, 2012), =D Xk 5z, EAFZ 707
F U OELBERIITMAH PR E 2BEIELHE S 2, FRPEERITFLNITR2 o TOVRN,
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EAK S ) TR AT BRI B S HIG A CEA Sh B = ERE<
FEtEER OB ATEE-CHREE 2 L ORI L OEWHREERIC LY | ANBIRENSE
b2 ERELBND, £, REBROBREBETFEUC LS LAY 7F L RH
BEOEAZENEETIEEERH D, CAZ T TFFrORMRAICBIT 2 F8MEe
BEMF BT B0, MHRECEAZOER & 725 ERBEEREB LT
HLEIZEETHD, LT, ENF TV TF U OERNBECEERTF L L TEER
ERBER AT L EWET —~D—2 L L,

SHIZ, ARETIIEVF 7 ) FFUBRRIERE LTUFREZSIER T LiTE
BL7, YAETVTFrORGIE (8 14/R) 12X, BERMRCBWTEREINT
V5 9 FEFH D DPP-4 fHEZ (Table 1) OF CTHE—, EBRBIERO—2TH B IFEE
DEREHEREZEE LT, IRARENS 1| ERIZEHORIFEREREZIT 5 LB
DWTEHIN TS, Z OFFHEEEREOLERIL, A CITh R ERRABRIZ R
TENZ T ) TF U OBERTETERVITEECEFLZBR L--DICREHEEh
e (BEEGA ¥ Ea—7 5—h: =7 7% Karagiannis et al,, 2014), £7=. WA
T, BN T ) FFUPBITREDRREREN TH 2D L BW SN2 AFRITBIT BERF
LB ENTWD Kurita et al., 2014), Z D X9z, EBRIICBNTENLFE T Y 7FF
VL BIFEEDEBREIC OV THEIN TWAR, FORKEA I =X LPERKT
R DRBFEIIH L P L Ro TR, FE, EYHITEEORBICIT. o
REMEZT TRIAFDLEET D2 EB3EB &N TS (Holt and Ju, 2006;
Adamsetal., 2010), £ D7ZDEFRIZBVTIE, REEOEA X T Y TF L7215 T
RSRBEMOERBOET 2 BT 2 L CHHEARERBBBELALNICLE LT,
ERFPOBELEE LA E TV F UL EIFBEORBRA =X LOHHY
E U EBHEZT o7, EbIT, BEERTRBIFAEAF T I F UL IFES
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OEBEFEERRLNICT LD, LBEREFRROBFINVT EZRW B SN E B
WREIT 27,

ABIXOE 1 ETIE, CNE TV T FrOEREEROBAT 27201477k, t
MR RO U RADIFRY T ARRBERE AV in viro EBRIZOWTHE~S, 5 2
BT, EAF 7Y 7T OERBIERZMRRTLDTo7, v URERAWEZ in
vivo EBRIZOWTIRARB, 3BT, EAF ) FPFURLIATEEOREA =
R AORER % BIE LB RICOVWTIRRS, F4E T, ZRRTIRBITD N
F7VTF AL BITFEEORBPELTE L EERIFFEIC OV TIHE~RS,

@

@,
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#1E

ENAF T IF o OERBEEROBEIHEZ BB LT invitro B

CAF T TF, BOIEYORAENZRIZEEENSERHCRIREND
(He et al., 20092), MEEF D& L7 FEEFEL II%NEIFEFITEL, MRFOEAF S
U7F U RBEBIZEF~E5M L, DPP4 HEHE S L TOMEELFHETS (He et al,
2009a; Golightly et al, 2012), & MZBITDENF TV 7FF o OREMEGERRIT
271% L &L, BEENILENF TV TF D 56.5%k T / BEMASRERIGIZEY
DPP-4 BLEMER %R S22V EMBM M20.7 ~ E RiEHE L E e BiITEA~FRkEh 5
(Figure 2) (He et al., 2009a), B 7 U 7°F 113 M20.7 120 %, M15.3, M20.2, M20.9,
M21.6 & W oz REMICEHBRE N E 4, M20.7 S OREDITREBICKT 2 FEL
BIEFITD 72 (Figure 2) (He etal,, 20092), D72, b MIBITFAEAF TV 7F
Y DOENEREOEENCITERBY M20.7 ~ORBEICOEFENRKE S EET DL
Exbhb, ¥, EREHE LTAHESNZ TR, Ty b, A ROERFWITE
k& RERIZ M20.7 TH B, 7HPF TR MIS3, T M202 BERFHTH Y,
ENE T TR DRBEISICIIEERTFET D Z L BRRESNTWDS (Table 2), %
D7z, M20.7 EREFIEOBIEEITH LT, vV A, v b, 4 XBERRERD
MTHDHLEEZDLIND,

()
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Figure 2. Metabolic pathways of vildagliptin in humans. Reported amount of vildagliptin

and metabolites in urine and feces is indicated as percentage of dose (He et al., 2009a).

Table 2. Species differences of metabolite levels in plasma after oral administration.

Metabolite (% of total AUC)

Species
Parental vildagliptin MI15.3 M20.2 M20.7

Human 26 8.1 9.5 56
Mouse 46 Trace 3.8 17
Rat 40 ¢ i1 42
Dog 23 26 1.4 33
Rabbit 22 53 0.9 7.4
Monkey 20 0.8 72 4.9

Australian public assessment report for vildagliptin, Department of Health and Ageing,
Therapeutic Goods Administration, 2010 April. Available from:

http://www.tga.gov.au/auspar/auspar-vildagliptin (Accessed June 7, 2016).
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EAE ) TFUOEREYTH D M20.7 OAERKISICEE T ABEDCRES
e LR, 2000 BICEAF T Y FF U REFE L/ 7~V T 4 AEO He b & H0l
IZiFbh TV B (He et al,, 2009a; He et al., 2009b), 4 RIEMABBERZREL T
A NOFIBATA AL ENE TV TF o 2RI SVIERIGEF N M20.7 B fRH
ENFZZ b, PRI RERT 2RI L - TM20.7 OEREIESEI D Z L33
RS (He et al, 20092), £ D728, FFRICBR T 5RRE2EDRHERTH
% cytochrome P450 (CYP) DR~ IRoFREOREFEFRE R IZ in viro EBRPIThh 7
(He et al., 20092), £V Z 7 ) FF 2B L LEREEROERMS, ERIZAWVWS
Nie 15 BIEETO CYP HFHICB VT M20.7 £REIEOBEERIIRD b3,
M20.7 DAFRIC CYP I3BBS L72V 2 & 2SR S 72 (He et al., 2009a),

ENE T ) FF 1L, DPP-4 DEERIEMHM THDHE Y (Ser) KE L ARERE
BB H#FRKTHZ & CDPP4 HEERAEZRBETLHLEXALN TS (Ahrén et al,,
2011; Nabeno et al., 2013), & ® DPP-4 & DRZEEREFHESIXEN T TV FF DY
T EENLUTHERIND D, U7 ) E=ONKSHEETH D M20.7 DERICIZEN
ETVTF o OENGF ThD DPP-4 NEHEET D Z L BFRE I NI, £ DR & R
T 57292 DPP-4 X7 F A —EIEHEXRIE T v &AW in vivo TFZER TN (He
et al,, 2009b), Z D DPP-4 N7 F 5 —EIEHKIEAT v MME, DPP-4 Z 7 EDOREK
IIEBH BB, DPP-4 7 I JEEESID 633 BEDIT Y VBT AF=VICEE
(G633R) LTHY ., £HITB T DPP-4 X7 FF—PEESKIB LTS, DPP-4 =
FFH—EIEMKIE (G633R) T v kL EAR DPP-4 ¥ RIS 5T v Mz, ZhTh
ENE TV TFUoEREARE L, SEEMRICE TN D M20.7 OBZRIE L, B4R
DPP-4 % FB T 55 v MR T DPP-4 _R7F & —BHEMKIE (G633R) T v e

B E AL XN M20.7 OEIMY 20%ED L T2 b, Ty MERTO
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M20.7 HEFRDH) 20%4Z DPP-4 B F 595 Z & MR Sz (He et al,, 2009b), BL_ED
EATHEDRRD L, EAE 7 ) 7F U OERBBRE TH B M20.7 DERRISIZIE,
FFlgic BT CYP LIADEBRIC Lo THEENEZ L, BLUOT v MIBITS
M20.7 DERKD—HEIZIZ DPP-4 23595 Z & SRR STV a3, EAHEERITH
BN TN RD o T2,

DEoEEMS, b bOFRIZBIT 2 EALE T ) 7FF o 2 RERIGE~D DPP-4 DF
EREFRATRETHE LB, £z, EAVME TV TF b M20.7 ~DRBI G
Tt FOERTIIRMAR ST ) BEONKSERIGTHD Z &b BB 2 nitrilase-like
protein (NIT) 2% M20.7 OEREIGZAE TSR E X bz, AETIX, B b
NITHB L UL FDPPAREAF 2 ) FF L OERBMEE THLEIENERLMCTS
7e®iz, B MBIV RDOFRYT T L RRRERWTIT o in vitro FERIZO

WA,

1-1. EAFZ)TFFUERGBRE~DE b NIT OESEZBELNITEZHD in
vitro FE5R

ENFE TN TFF o OERBRIGIL. & FOERTIEIFHR ST/ BOMASREEIET
bb, VT ) EOMKGFRERISZ T 2BEMOBER & LCiX, nitrilase 23501 54T
V3 (Pace and Brenner, 2001) (Figure 3), Nitrilase i3 CHIEIZIZRBARD LN D
M.t MEEDELE OFIBITIIFHREL T, —FH, b PR U7X R DL
FEIZ i3 nitrilase 7 7 T U —IZ/&$ % NIT (nitrilase-like protein) 23R LTV 5 (Semba
et al,, 2006; Lin et al., 2007), 2T, ¥ hNITBEAF 7V FF U OERBRIETH

DT ) EONMKGREIGICEE§ 5 WREENREZ 2 bz,
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Nitrilase 0

R—=N (Bacteria, Plant) R z

OH

Figure 3. Enzymatic reaction of nitrile metabolism. Nitrilase catalyzes the hydration of

nitriles to the corresponding acid.

1-1-1. B k NIT & LD BMHFED nitrilase & D7 2 BEEH OFBRIPE D sk
t h NIT (T 2 2D 43 FFENIT1, NIT2 237FET D (Semba et al., 2006; Lin et al.,
2007), % Uiz, National Center for Biotechnology Information (NCBI) ¢ BLAST f##7
(http://www.nebinlm.nih.gov/BLAST/) %A LT, & k NIT1 8 X U'NIT2 & HIE M
YN FHT B nitrilase & DT X ERERFIDOFEFIMED LA 1T o 72 (Asakura et al., 2014),
B @ Bradyrhizobum japonicum USDA 110, Pseudomonas putida. Rhodococcus
rhodochros ¥ X OMBEMI D Arabidopsis thaliana \ZFEEL9 5 nitrilase D7 3 / BRECH % 8%
Bl L LT, NCBI database IZB&EENTWAHETOL NF U RIEEDT I 7 BES
ORFMEE R U, £, vV AOEBMERWEEREZITHI O, SUANIT &k
NNIT & D7 2/ BRERFIOHERMED B BT o7, £ORR. MECHEDICHEER TS
nitrilase & £ b NIT1 (NCBI accession number NP_005591.1) & & b NIT2 (AAH20620.1)
DT 2 ) BEFIORREIREN TN 25-30%EER- 720, £ETOr MF VT E
DOFTiE e b NIT 23k b nitrilase & OFERMERE VT & 2387 Bbw:foao 7= (Table 3),
F7o, vV ANITLIZE b NITL & OHERMED 84% L ®H<. vUANIT2 bt k NIT2
& DFEEIMEDS 89% & MWV Z & RSN Tz, U EDFERN G, & hDOEARTER D nitrilase
EOHFEMENRBVNIT A, & MBI B EAF T ) FFLrOERBRGTHH VT

FEOMAKDIER ST EE T 5 wREME SRR S hiz,
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1-1-2. UV ADEERERB LV MFRBICRT 2 NIT 7 /327 B ORH T

NIT1 & NIT2 23 EOFESRICHBE L TV AEDERLNITTIEDIZ, vV AD 80D
igas (UM, I, B, . B, . B KB O SOESERVWT Y = AL
Ty MENEITo, EORRE, NITL & NIT2 X< ORERICERLTEY, b
HHEIZATIE S BIEICE S BE L THB Z L BHE SN o7 (Figure 4A) (Asakura
etal,2014), ZDZ L5, NIT1 & NI iZELLE b EAE S Y FF 0 ORBHCE S
THZLPHMESNHTWDFRICESERL TS Z &R REhT,

i h NIT1 HFiEZ AW T U ADHBSHFITRIT 5~ U A NIT1L & 7 HDFER
BE4#FM Lo R E 7y MEF TR, A2 PR 2 AKHIh (Figure 4A), %
o, g T LI 2 ARD AN ROBRENRRR-TEY | LB TIRESFER DY R
B, FOMOBRTRESFEMO Y FAEIBRIBENE, £2Z T, #ik b NIT1
MAETHRE IR 2RO A FRFEREHOBVICLVE LD THLNENEFE
- T A Hiz, 3 FEEED glycosidase (PNGase F, O-glycosidase, neuraminidase) T4LER
LIV ARRAWWE D2 A Ty MEFTEITo T, %ﬁiﬁ{%ﬁﬂf%@lﬂéﬁﬁ‘é&&ﬁ
LU AP SO BImiZB W TH AV R 2R BEHEINZZ &b, Hik b NITI
PRI Ko THRE SN 2ROV FIZFESHEEMHOBWVC IV E L b DT RN
& WA &R T (Figure 4B),

ik b NIT1 FUEIC R o T2 MR 2 FigHIESh 728l & LT, $ik ~ NIT1 Fifk
D2 7 R NIT2 [HERFRINCKIG L TV D RN E 2 bive, £ T, Hik bk NITI
REOTE h—707 X ) BEFI &~ A NIT1I 8L NIT2 OF 2/ BESI & OFF
[E4: % it L7z (Asakuraetal, 2014), #it k NIT1 it h—7D 7 I 7 BRECH
&vUANITI #O7 2/ BRES & QBRI 81% L /mdro7cd, UV ANIT2 &t

k NIT2 & OREFEHEIZZEIEI39%., 46% EEWZ L3RS (Tabled), ZN b D

15

O

@,



O

RS, Hie b NIT1 HifEid NIT2 LIEREMICEE LN R Iz, &
2T, BARFHIAWFLE b NIT1 fris & Btk F NIT2 Biikid, i< A NIT1
L= X NIT2 28R L TWA LHEr L-, #ik k NIT1 Hiffic ko T3

FR2ABREENZEBIZONWTOERIX, £1E 13 TihR3,

Anti-NIT1 - 37 kDa
Anti-NIT2 (8 37 kDa
Anti-Actin » "I 47 kDa
B | Mouse liver S9 fraction

Glycosidase - +

Anti-NIT1 37 kDa

47 kDa

Anti-Actin o

Figure 4. Characterization of NIT1 and NIT2 expression in mouse tissues (A) and
deglycosylation of mouse NIT1 in the liver S9 fraction (B). (A) Mouse tissuec S9
fraction (100 pg of protein) were subjected to NuPAGE 4-12% Bis-Tris Gel and probed
with the anti-NIT1 antibody and anti-NIT2 antibody, respectively. (B) Mouse liver 89
fraction (100 pg) was treated with the PNGase F, O-glycosidase, and neuraminidase under
native conditions for overnight at 37°C. The deglycosylated sample was subjected to
NuPAGE 4-12% Bis-Tris Gel and probed with the anti-NIT1 antibody. Actin was used as

protein loading control. The positions of the molecular weight markers are indicated.
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WIZ, & <O XOFEY 7 (SO B, A DY AES, 27 a Y —AESR)
EFRWEY = RAZ T oy MEFTEITO, NIT # U7 BORBERBEVESEFHEL
Teo TOFREF, NIT1 & NIT2 ikt FOFRICHHERLTHDHZ e, BETE Ry
ADELHERBNTHIZ Y —ABEH LY b, ¥ MY AESIZ NIT & 237 B
ZLEHRLTWB I ERELMCR o7 (Figure 5), BAE XLV, B FNIT1 & NIT2 #
YRIBIRENANT TV TF o ORBICHFET D I LBREIN TV A IFRIZREA L
TS Z &, BEWinvitro BT NIT OEEREMZ M T 2 L TIX SO ES E /i3

S N AVESEERATRETHL T AT (Asakura et al., 2014),

Human liver Mouse liver

Anti-NIT1

Anti-NIT2

Anti-GAPDH [\ |

Figure 5. Western blot analysis of human NIT and mouse NIT expression in liver
samples. Human liver samples (100 pg of protein) and mouse liver samples (100 ug of
protein) were subjected to NuPAGE 4-12% Bis-Tris Gel and probed with the anti-NIT1
antibody and anti-NIT2  antibody, respectively.  Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as protein loading control. The positions of the

molecular weight markers are indicated.
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1-1-3. BHRRZRZ AW FNITD E‘zvéfﬁ‘ﬁ 7T F AETRR DR

NITI BEUNIT2 BFFBRIZZ K BB L TWAZ EBRENTLZ LMD, M20.7 DA
AR NIT 23S T2 FAEENZEX LN, £Z T, v MRIEREMEE TH S human
embryonic kidney 293 (HEK293) #HARIZt b NIT1 F 7213 NIT2 2 1BFIFE R I 7= %5,
# (HEK/NIT1, HEK/NIT2) Z##E£E L, & P NITI BLUNIT2 BEAF F7 ) FF 44
WEE R THONEVNERLNCTHEDORMNEIT o/, Ve RFZ Ty MEFTO
fERH D, #45 L7 HEK/NIT1 & HEK/NIT2 iZ=2 > b 2 —/L® mock #IfE & bR L C
NIT1 & NIT2 # X7 BEBRICEIE L CTNA Z EAVRENT (Figure 6A), F 7.
NIT1 ORBRLEEIIALNE R TV ARV OERIES LA TS LR TER
Do oS, BERTEM & SHME 5 EERRAHESL (Krasnikov et al., 2009; Chien et al., 2012)
LTV 3 NIT2 {22V T, succinamic acid % EHE & LT NIT2 BERIEEOFEMHIT-
7z, Mock fiff, HEK/NIT1, HEK/NIT2 @ S9 B47iZi51F 2 NIT2 BEREHEIL, £ €
N 10=72, 11+2.3 3 LT 250 + 4.4 nmol/min/mg protein Td > 7= (Figure 6B), Mock
#HEFS X OV HEK/NIT1 & B LT, HEK/NIT2 {238 T#E L < &V NIT2 &SR
bz Z &y, HEK/NIT2 i3488ER072 b NIT2 # U 37 B ZBERICEE L TN S

Z EDTRENTS (Asakura et al., 2014),

HEK/NIT1 & HEK/NIT2 @ 89 By FAWTENF 7V FF o2 BE L Lo HE
BREITV, £ LR M20.7 2B v~ NI 577 7 AR ESHE
(liquid chromatography/tandem mass spectrometry, LC-MS/MS) TE® L M20.7 £k iEMH:
REHTHZ LT 8 FONITL & NIT2 D EAF F Y 75 3R % 34 L 72, Mock
i, HEK/NIT1, HEK/NIT2 @ 89 B4 i 364} % M20.7 £RIEMIL, £ h 24030 £ 0.2,
039 £ 0.2 BX0.29 + 0.1 pmol/h/mg protein T -7~ (Figure 6C), HEK/NIT1 &

HEK/NIT2 @ S9 B4 E&4rFREDOE N NIT Z A7 B BRRICHEET BI2H
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A

bud, 5% mock AL FFRE D M20.7 £REHE LASEE o, LLEDE
Eab, B MONITI & NIT2 ik M20.7 OAERKICES 35 2 L 3MEINTWAE
WELSERBELTWAR, EAF S FForoERBRIG AR Lo ESE b E

72> 7z (Figure 5 and 6) (Asakura et al., 2014),

A
NIT [} e
NIT2
Actin
B 2300 C
2 — 1.0 —
= £ 22 Vildagliptin—> M20.7
Q = 250 - QO
o o 5 08
& o 200 28 0e
1] .
2 £ 150 £
$ E 100 25 04
335 o E 0.2
& &
N\ @é @V\
¢

Figure 6. The protein expression level of NIT1 and NIT2 (A), the NIT2/w-amidase
activity measured by a succinamic acid as a substrate (B), and the vildagliptin cyano
group-hydrolyzing activity (C) of Mock-, NIT1-, and NIT2-transfected HEK293 cells.

Data represent the means = S.D. of triplicate determinations. **, P <0.01.
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1-2. ©NAE T ) FF BRSBTS DPP-4 OFEREZBALNITIHIZOD
in vitro EEx
gk U7z DPP-4 X7 F F —PEMKIE (G633R) T v hE AW ERBERE L LI,

BEMIBTAIENE 7Y TFUERBRIG~D DPP4 DL S, T v k& RRIC—H
ThHBEEZLNTWE, L L, EEZt MBI 5 DPP-4 OFERFHALNCT
BebDRAMIBEIN Tk ofe, 22T, EAF T TF U ERBEIE~D
DPP-4 DHEERZHALNITT DD, BEHRBIOL MIBITH 2LV F T TF

DRBICBIST 5 = L SHE ST 3 FHE BV RFET o 7o,

1-2-1. BHFZLZHAWZE b DPP-4 DELF T U 7F o REEEOFEM

B FDPP-ABENT T ) FF o REEEE T TI0ENEZHALMNITH72HIT, & b
DPP-4 % HEK293 fiffIZ IR RIFE R & $ /2R (HEK/DPP-4) % Rz in virro B8R %
fTodz, Ve ARE 7Ty MEFTOREEMS, 5 L7~ HEK/DPP-4 {28\ T mock
HRCLE_RTZELLEWE b DPP4 & /37 BDRHENERD Hiz (Figure 7A),
HEK/DPP-4 {ZBWT S RAS 2 A sduiz a3, 3 fEfHO glycosidase (PNGase F,
O-glycosidase, neuraminidase) THLIEZ U THESEZ I Lzt > T TIE SV FA 1
AROHEH T (Figure 7B), T D Z &A>6, HEK/DPP4 B W TRDO LN/ 2K
DR RIEIELLSHE b DPP-4 HRTH Y, IRV FTRIRWZ LBRER
7c, ¥£7=. DPP-4 BRI EMEZE TH 5 glycyl-prolyl-7-amino-4-methylcoumarin
(Gly-Pro-AMC) # W THIZE L7 DPP-4 <7 F & —¥EMIX, mock MiRIZEE~T
HEK/DPP-4 @ 89 4y T > 7e Z LA  HEK/DPP-4 [3#£8ERY /2 & | DPP-4 7 /%
JBEBREICRBE L THWDZ EWRENT (Figure 7C), % Z T, mock FAEE /21
HEK/DPP-4 @ S9 EHIZKH L TEAX ) FF U288 LTRGSE, £FRLTE

M20.7 # LC-MS/MS TERTAHZ & T M20.7 AREEHELZEH L, BAX ) FF
21
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TS M % 554 L 7=, HEK/DPP-4 {Z38V T, mock FERIZH_RTE L < HVYM20.7 4
REENERD LN NS, E NODPPA B ALY Y FF o RBtE2HFT AL

MBS TR o7 (Figure 7D) (Asakura et al., 2015a),

A B HEK/DPP-4
Mock HEK/DPP-4 Glycosidase

Anti-DPP-4 114kDa

® ANti-ACtin | e———e.r ‘wasoan Anti-Actin

C

T —y
N ;M
o O

I
(W]

o

DPP-4 peptidase activity
(nmol/min/mg protein)
o
o

Vildagliptin —> M20.7

*k

Cc N AR 0O

M20.7 formation rate
(pmol/h/mg protein)

Mock HEK/DPP-4

Figure 7. The protein expression level of human DPP-4 (A and B), the DPP-4
peptidase activity measured by using the synthetic substrate Gly-Pro-AMC (C), and
the vildagliptin cyano group-hydrolyzing activity (D) of Mock- and human
DPP-4-transfected HEK293 cells. Data represent the means + S.D. of triplicate

determinations. **, P < (0.01.
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1-2-2. FFlgc 3T 5 e &7 ) 7F REHEME & DPP-4 X7 F 4 —EEEOHE M

M20.7 £ G & T 5BER P Z S EN A FRES ZH LT 727291, v
NETYTF o E2BEEE LT, & MY (SOBES, VA4 M AVES, 271
Y —AES) O M20.7 EFIEEEFME L, £/, B M EREERIC M20.7 2 ERFM L
LCERTHYUARET v NORFRY 7O M20.7 £RRFEME S & W TRME Lz,
M20.7 DAERIZ. VA, Ty PRI FOLTOFES TR b (Figure 8A),
T, S TOEYREIZBWTHFRBOY A N VESGEEE LTI 7 oY —LAHSITE
WTEVY M20.7 ERIEENR D bl (Figure 8A), Z DI &b, gDV A +Y
NESEID LI 8—ABESITE L SENIBEEN M20.7 OERKBIZKE S F
E45Z L ABAL NI 57 (Asakura et al., 2015a),

Wiz, = A, Ty hBELOE FOFFEY 7V (SO B, YA N VES, 27

oY —AESY) (e END DPP-4 X 30 BEFHET 5 72 DI, Gly-Pro-AMC # B>

72 DPP-4 X7 FF—EFEHDORERB L VY = R & 7 vy MEFTEIT o7z, & DR,

TYRA, Ty FBLUE FOWTNDFEY 7T RBWTS DPP-4 R7F F—EE
MBIV DPP-4 Z U R ED A FRRO N, ROV A MY AVES IV SIS 1
Y — AE4SIZ DPP-4 BEL FEET D Z & B LMo (Figure 8B and 8C), % Z
T, EEWRE (8 b vV X, Ty M) OIFEECKHES (SOBES. A M AVES,

e Y —AES) BB LNIZM20.7 £RRTENE & DPPARTFH —EFEHEILOWT
FHRBMRIT 21T o7z, EDRER. 9 DOFFRY » P ITETF D M20.7 LRiEE & DPP-4
RTFEF—PEELEOMICE L BWECHBEBERED b Rs = 0917, P <
0.01) (Figure 9), & b, M20.7 £ REMR X O DPP-4 N7 F 4 —EE4 L DPP-4 ¥
RO RERELEEL TV e (Figure 8C), BLEX V| FF#iCRIT 5 M20.7

DA DPP-4 23R & < #5935 FREMEDR S 72 (Asakura et al., 2015a).
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A Mouse liver Rat liver Human liver

1.2
o= Vildagliptin —> M20.7  ««
g3 1.0
C-l—'
S 2081 *x
£ 206 i
SE
~ o 0.4
Sk
g 202
0.0-
c 3 @ c S @ - re) 3
2 2 £ =2 & g £ 2 g
Q Q Q
8 5 § & 5 § & 5 3
B = ° § a ° g a2 © &
o S ke
2 10 ” s @ s @ =
S ' |Gly-Pro-AMC—> AMC
T2 gl
S5
D o
)
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BE 4l
2E ¢
<+ ©
dE 2
oS
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Figure 8. Vildagliptin cyano group-hydrolyzing activity (A), the DPP-4 peptidase
activity measured by using the synthetic substrate Gly-Pro-AMC (B), and protein
expression levels of DPP-4 (C) in mouse, rat, and human liver samples. (A) The
substrate concentration was 10 uM. Data represent the means + S.D. of ftriplicate
determinations. **, P < 0.01. (B) Data represent the means + S.D. of ftriplicate
determinations. *, P < 0.05; **, P <(.01. (C) Mouse, rat, and human liver samples (100 pg
of protein) were subjected to NuPAGE 4-12% Bis-Tris Gel and probed with the
anti-human DPP-4 antibody (AF1180). GAPDH was used as the protein loading control.
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Rs =0.917
FP<0.01

© o o
I o o

M20.7 formation rate
(pmol/h/mg protein)

o
N

o
o

0O 2 4 6 8 10
DPP-4 peptidase activity
(nmol/min/mg protein)

Figure 9. Correlation between M20.7 formation rates and DPP-4 peptidase activities

in the liver samples. Data represent the means of triplicate determinations.

| 1-2-3. EAF TV TFATHT D MY o7& B - DPP4 @ K, [EOLLES

b FORFIICBIT B M20.7 ORISR 5 DPP-4 OFLEE S DIZFHET 57
DIZ, ENF T ) TF KT B e MY (SO ESr, YA MY VES, 27
o Y —AE4S) BLTUE b DPP-4 BHAD K, EEZBH Uiz, KafEiX, ZH LB
DEMEE R TEERN /T A—FTHY, UAF TV TF U 2B L LBERE
B2 O 6 b E IR E-FFF##R & Eadie-Hofstee plot Z iV THEH L7
(Figure 10 and 11), © k DPP-4 #IHRAD K, fEi%. HEK/DPP-4 DA EEREIZEIT 3
M20.7 £ RRIEMED b mock AIARDTEMEEZ LF[WefE%, ED t [ DPP-4 (hDPP-4) O
M20.7 EpiEE s LTEH L, BEHEShieA s 7 FFuoicd 5 e Mg S9
4y, A FVES, R v Y —LESE KO hDPP-4 @ Ky fEE £ € Table 5

WWEE O, b MNFEO SO ES, A RYAES, 7Y — AES O M20.7 £RK
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0

TEMEIZISIT D Eadie-Hofstee plot i3& T ZHHM# %7~ L7z (Figure 11A), %72, hDPP-4
D M20.7 ERRIEMEIZI31T D Eadie-Hofstee plot & _#8i%% "~ L7z (Figure 11B), B MAT
WD S9 By, T bV AES, 278 Y — AESOBBRIERAICIT D KnlEIZE
NZEH 1.95,2.34, 0.75 uM T3 Y, hDPP-4 @ K fE 0.62 uM &3FEVVEZ R L= (Table
5). & RERESTUET - IAVDOENE T ) FF U ZwT D KnfEXSE & DPP-4
RERO Ky ELIEWVEEXTFLIEZ EM0  RIRFHIBW TS & MFRBITE T 5 M20.7

OAERIZIE DPP-4 MK E K FETHZ LW RENT- (Asakura et al., 2015a),

104

8 i

6 | Human liver
-0~ 89 fraction
-& Cytosol

2= Microsomes

M20.7 formation rate
(pmol/himg protein)

o
0 200 400 600 800 1000 1200

Vildagliptin (M)
B 25
O - J
g5 %
£D
£ 8 15
Eg -~ hDPP-4
SE 10 (HEK/DPP-4 — Mock cells)
S £
o
g8 5.
0

0 100 200 300 400 500 600
Vildagliptin (zM)

Figure 10. The substrate concentration-velocity curves of vildagliptin cyano
group-hydrolyzing activities in human liver samples (A) and hDPP-4 (B). Data

represent the means + S.D. of triplicate determinations.
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Figure 11. Eadie-Hofstee plots of the vildagliptin cyano group-hjdrolyzing activities
in human liver samples (A) and hDPP-4 (B). V is the initial velocity of the reaction. S is

the substrate concentration. Each data point represents the mean of three independent

experiments.

Table 5. Kinetic parameters of vildagliptin cyano group-hydrolyzing activity.

Enzyme source Affinity site Ka Vinax
uM pmol/h/mg protein
Human liver §9 fraction” High 1.95+0.57 0.25+0.04
Low 33510 4.97+0.10
Human liver cytosol? High 2.34+£0.96 0.18 £ 0.04
Low 189+ 5 3.18:£0.07
Human liver microsomes” High 0.75+0.42 0.69 £ 0.08
Low 448 = 104 10.8+2.8
wOPP-44 High 062£010 114208
Low 151£71 11.5£1.6

“Calculated from Eadie-Hofstee plots.

bCalculated using a biphasic equation.
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1-2-4. & MFBIZEBT B ENF 0 Y 7F 0 ERBIEIE~O DPP-4 OFSROEH

b MTRRICRIT D ENE 7Y FF U ERBIBIG~D DPP-4 OFERER LMY
% 72T, DPP-4 DFBRKIBEFERITHHLF 7Y 7F U ERAWEEALE T Y 7F oD
KBEEEREZT o/, ZORBEEFERTIE, P F 7V TFFUr2RFERXDHT LT
Lo TET T2 M20.7 £RGEMHEZFMET 5 Z & T, M20.7 £RRiS~D DPP-4 DF 5
RERBONITHZENTE S, b MFHR S HA D M20.7 £iEEIL, £FSHED
E TN TR ORBERERICHEESN Figure 124), % LT, DPP-4 ZiBF|IZ %
$9°% HEK/DPP-4 O M20.7 ZERRIEMEDK 00%AE S A EIRE (1,000 pM) DOV
7V FFUERETIZBWTE MFE S BHOFEHER 0% ETRTLEZ EA0, &
N DI B M20.7 ARG~ DPP-4 DFEEITH 60% L REWZ ENAL
MR- T2 (Asakura et al., 2015a),

Fio, vUARET v O S9 BT IBT D M20.7 RIS~ DPP-4 D& 5
HEROARBEEEREZITVEFMM Lz, <V RABITT v N OFFHE S9 B4 D M20.7
EREREIR Y Z 7V TF o ORERFEICEE SN, SBE (1,000 pM) O F 7Y
TFEETIZBNT, TRENA 50%. $10%E THE S (Figure 124), Z®
ZEmb, vURET y ORI D M20.7 £RERIG~D DPP-4 DFLERITE
AL 50%38 KUY 90% & R&EWTZ L A & M2 o 72 (Asakura et al., 2015a),

b b OFFRRICIS T D M20.7 ERKIED 40%i2ik DPP-4 LIS OBERPE ST B e
PERRRENTC, LD DPP-4 HERTH D7 T 7 ) 7F L OEERRBICIL, Bl s
DORFECBEOBERD 51%E KEFETIH, —8 29%) IZiE 7 7 Bk 5fE
RN X B AREHEAESEET S (Furuta et al, 2013), £DT7F 7V FFroi7 /&
DI AT FRFANTIE, carboxylesterase (CES) & butyrylcholinesterase 23EH&9 % = & A3

#]EINTWD (Furuta et al,, 2013), % Z T, CES & butyrylcholinesterase (D% A RE.
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EXIT#H B bis(p-nitrophenyl) phosphate (BNPP) & ethopropazine % F\ 7z & b J/Fhgk S9
EACBITDENF 7 ) 7F BRI DREHEEERELIT o7, £ORFRE. 1,000
uM @ BNPP 1 L U ethopropazine #EFETIZIBWTH & TS SO BWSITHIT 5 M20.7
ERIEITE SN Dol E b, BAZ ) PFLDLT ) EROIKSREIE

121X CES & butyrylcholinesterase i3RI & LRV Z &3-S 7z (Figure 12B),

A

120

—r
o
o

-0~ Human liver 59
-@- Mouse liver S9
- Rat liver S9
' - HEK/DPP-4

o
Q

Residual activity
(% of control)
p O
o O

)
Q

OO
oo

10 700 1000
Sitagliptin (M)

g = Human liver 89 fraction
§ ‘g‘ —{1- BNPP
g O 80 —— Ethopropazine
-0 O
g o
I 40.

20

oy 0700 1000

Inhibitor concentration (/M)

Figure 12. Inhibition study of vildagliptin cyano group-hydrolyzing activity. The

substrate concentration was 10 uM. Data represent the means of triplicate determinations.
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1-2-5. &  DPP-4 BEFEEIOENF T ) FF L {LBtbe~DEE

INETORFNPL, & MNIBITDHENVE T ) FF - OERHERIIDPP4 TH D
ZEBTRENT, £EZ T, DPP4 DBREBFERIZE DL EAF T FF o RHE~DE
BEBRALNZTH7d, Bk DPP4 OF I VBEIIOEREMHS —HELR
(single-nucleotide polymorphism, SNP) OHF TR LEEN TN - 23 FH DT LF=
VIRTNE I TER LT R623Q FEK (15147614497, allele frequency = 0.0248,
http://www.nebi.nlm.nih.gov/projects/SNP/, 2013 4 12 A) DFEIFZ (HEK/R623Q) &
L, UV T ) TFARMEDTMEEIToTe, V= AF Ty MEFTORRN D,
FEEE L7 HEK/R623Q 1X mock #AEIZHE~ZE L &< . HEK/DPP4 LFEEDOL |k
DPP-4 Z Ry BRBEBRLTWD Z LR RENK (Figure 13A), DPP-4 X7 F & —F
JEMZBIE L7z & 25, mock #8ME, HEK/DPP-4, HEK/R623Q DIEMEIL, #1Eh 1.2
+0.1, 13453, 132 6.2 nmol/min/mg protein T# -> 7= (Figure 13B), HEK/R623Q iZ
HEK/DPP-4 & [F#2E @ DPP-4 X7 F F —EiEik %R L7 7= % R623Q DZE R DPP-4
ARTFHF—BIEMICIIREREEE RITE RN EBHELMIR o (Figure 13B),
—2J5C, mock #f2, HEK/DPP-4, HEK/R623Q @ M20.7 ARIEEIX, FF1 018+
0.01, 7.4 %02, 5.2 0.1 pmol/h/mg protein T3 ¥, HEK/R623Q M M20.7 A&
HEK/DPP-4 DFEME L Y S ARIZET Lz (P < 0.01) (Figure 13C), BLEX Y. R623Q
EEEO L7 I ) BEFICERNAE U5 DPP4 OFEGTFEEIL, DPP-4 X7 F ¥
—EEEREL L2 OO ENE S ) FF UM RECEAZOER L 45

BEMES R &7 (Asakura et al., 2015a),
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1-2-6. £ ~ DPP-4 DIEVEERAT Ser630 D ENA F ) FF o 2B R n~DE &

ENF J ) T F 1L . DPP-4 DEERIEMEII D Ser630 & REEREHRE LR
AT L TDPPAMHEERE2RET A LELZ LN TWD (Ahrén et al.,, 2011; Nabeno et
al., 2013), & ® DPP-4 & DARRERIELBERER AT TV TF L OV T S EE LT
FRREINDI=D, VT 7 EOMKGEEETH D M20.7 DARIZIL DPP-4 @ Ser630 73
BELBEEIZED ZEMNMELE LTEZ BTV (He et al,, 20092; He et al., 2009b;
Ahrénetal, 2011), L2 L., M20.7 EREE~O Ser630 DEEMZFEH T 5 £ T —
ZIIFEE LR ol, T T, B DPP-4 @ Ser630 27 T = IR X7 S630A
EREOFEEBFR (HEK/S630A) & BV iz invitro EBR & 1T -T2, VxR FZ 70y ME
HORERN S, H%E L7 HEK/S630A IE mock #BARIZ 3 L < &<, HEK/DPP-4 L
DHE< DPP-4 U0 BEEREBE LTSI ENRENT (Figure 13A), LT,
HEK/S630A {3i@RIIC DPP-4 & L R 7 BEFEHE LTV HIZH 23 53 mock MR & [
BED DPP-4 ~T7FH—BEMELIVEIT, IBEOHRE (Tanaka et al, 1993) 1EY
DPP-4 RT7F X —VEMENRRKBLTWE I ERRENE (Figure 13B), £ D
HEK/S630A @ M20.7 A RLIEHEIL, mock HIfA & FRETH Y, S630A EREIILNF
TV TFUoRBEETRIBRNVI EBEABRFHIL VFICHL M E o7 (Figure 13C),
DT END, DPPA LB ENE T ) FF U ORBHITA 7 VF U EESET
% DPP-4 X7 F 4 —BiEtk & F#RIZ, DPP-4 DEERIEMEEMI ThH D Ser630 NEE/R

BEEH S Z L ASRENT (Asakura et al., 2015a),
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Figure 13. The protein expression level of human DPP-4 (A), the DPP-4 peptidase
activity measured by using the synthetic substrate Gly-Pro-AMC (B), and the
vildagliptin cyano group-hydrolyzing activity (C) of Mock cells, HEK/DPP-4,
HEK/R623Q, and HEK/S630A. Data represent the means ® S.D. of triplicate

determinations. **, P <0.01.
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1-3. Z28
®1ECIE, EFNNIT &t FDPP-4 NENAF T FFLOERBBERTHEINE

MEBR LT D7D D in viro BEREIT 272, 1XCHIT M20.7 UGB T /5
DIKGBEFIETH D &b, NITIZER LIERiFE21T o/, VA& Tmy b
T ORENPS, B F NITI BEONIT2 iZELLBFBICE S BEL TV Z &48
FENT (Figure 5), M20.7 £EEEZRTZ EBRHE SN TWEFRIZES RBRALT
WieZ b, EAF 7Y TFUoOERBRIGIZE P NIT AEETLSZERELLR
7eds, BBBRERWE invitro EERIZ X Y b b NIT 13X M20.7 DARRKIEZAEE L 720
Z LA LINTR o7 (Figure 6), EFEIIEMBENERZERET 572012, CYP 2T &
SN2 UDP-Z' V2 v o BRERTSEESE (uridine diphosphate glucuronosyltransferase, UGT) <2
IR RREESR /2 E D non-CYP REMERIZ L VR ENBLEYIEES L LTHRR
SNAHEAHAH Y, non-CYP HEERIZE B LIRS BEAIZITOI TS (Nagai,
2010; Fukami and Yokoi, 2012), NIT1 < NIT2 {IR7ZICEEPIZI T AH#EEIZ DWW TR
FAZRRDBEWERTH D . NIT AR AREER & U THEREST AR DWW TRETL
EOEREFRBIZLDTTH D, NITI R NIT2 X E NV F 7Y 7 F o ORI % Al
LARRWZ EDBBELNER072H, & FOFFIRICEZ K BIL TWe Z &5 b YA
B L L THRET DRI+ AIcH D LEZ NS, AFETHE LN/ NIT B3
HREFIE. 5%ITHOID non-CYP HEEEEICER LRGBS D Z L3 HiFF
=Y (R

ik k NITl BifF%R VWY = X &7 ry MEH T, <0 20k RESRICE
WY RS 2 A &z (Figure 4A), Glycosidase #UEIZ & 0 FEEHZHIRF Uiz~
D AR S9 B ITBNTHAY MR 2 ARHEN L Z &b Fit b NITLHAEIZ X

STRHBEENTZ 2RO FIEIFEHREHOBWVICE VAT LD TIIRNI EBRE
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7= (Figure 4B), #it b NIT1 HifE23~= 7 ZAO NIT2 IZFG L TW B AIREMERE 2 5
N7, HE b NITI HEOTE b—707 3 BEFI L~ 7 2B L UL b NIT2 &
DOFEFEMEIZE< (Table 4). FEEIZHL & F NIT1 HiiEL HEK/NIT2 [SEFIZHEH LTV
A FNIT2 # R ERTE B LU o72Z & D (Figure 6A), Hiik b+ NIT1 HiiEix
NIT2 & IEHFRBOIZEIE LRV EBRENE, —FH T, ¥V A NIT1 &% 2 2D
transcript variant 2S7E7E L, < 17X NITI transcript variant 1 (NCBI accession number
NM_012049.2) >F525- 17 % NIT1 transcript variant 2 (NM_001242580.1) k90 $7 3/
BESINREV EBRPEINTHE, 2O hb, ik b NITI ik~ v A fgeE
H1¢>< 7 X NIT1 transcript variant 1 & transcript variant 2 ® &5 5 & & UG Lzl iz
Yz RAZr7ay MEFTTAY FE 2 AHEREZEEL DR, ThEhDv TR
NIT1 @ transcript variant DFEREDFEREDOEIZ L 2T, AU FOREIHELEZE
LSRR E T, NIT1 JSREICAEBNIZEIT DHRBIZ OV TR R ANLEVER T
HT mb, ZOREEBREVE RN NIT1 OHBEARRIZEMN S Z L BHFSh 5,
b |k DPP-4 12 B LIERETIE, 24 7 ) 7F 0 3 AV RBIEE ER O R 5
ENE TN TF D EELRREER TH D IFRICIVYT DPP-4 A% M20.7 £RRGRD
H60%IEETAHZ R RH LT (Figure 124), ZDZ &b, CAZ TV TF oD
EHDOERST TH D DPP-4 23, M20.7 OAERRISE AT A TELBRTHE L
DB B & AR o7z (Asakura et al., 2015a), DPP-4 iXATRED & 75 &3/ NELB IR & D
EFTIELSBATHIEND, B hOEFIZEBYW T DPP-4 23 M20.7 DARKICEF ST
DT EMREBEZDND, Lo T, t hOEFITEIT S M20.7 DAEFLITKT S DPP-4 O
FERT 0%L Y HbREVWETFIEINS (Asakura et al., 2015b), [n vive {ZBITH
M20.7 DAERKITHT D DPP-4 DFERPL, ENF T Y 7F o OERMBRISCEET 5

JBERIZ DWW T ORENIE 2 ETHR5,
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VE TV TF o ERVERHEEEEROBERNLIL, & FOFBICRT 5 M20.7 £
RS D 40%12 1X DPP-4 LIS DB A B 5.4 B ATREMEAS RIS Xz (Figure 124), %
T, ELIIRBIHEEREIT o & 2 A, CES < butyrylcholinesterase i M20.7 4
RIS S L2 L AR &N (Figure 12B), K- T, & M DFIEICEBIT 5 M20.7
AR IGIZIE DPP-4 25 60% & KRESFEL, Y D 40%i2ik CES R
butyrylcholinesterase £L4} DEESR 23 B 595 H] BHEAST & LT, BEFRICISY ST i, DPP-4
BEAF T FF o OERBEERE LTHEETHEEZ0NDHN, BWERIZBITS
BEL+SICHEHAET ATk, M20.7 DARICEI 593 DPP-4 LIS OBER AR &
nNaZeRBEND,

EAE S ) FF T B e MFEY 7L Bk DPP-4 (hDPP-4) @ K [EDL
BIZRBWT, & FOFFEY 7L hDPP-4 D 8B b OIEETH ZABENTRYD btk
(Figure 11), FRBIEIGA ZHBELZRTHEBT, KRR 2 DOBERENES T2 &0,
1 ODOERIZ 2 >OEHBETIBEETH I EHELOND, & SO T
IR 2 AR R TEET A 1D, 2 2OBZOES L, 2 DOEERFEEALO
%5@8%6%%@#5%%ﬁ%5;—ﬁ@\mm&4momrm\ﬁﬁtmDmm
DS DB DB GIIRATE HZ &0 D, DPPA IZIIENE 7 7F 2T D5
DEERFEERMLA 2 DTEET B THEME SR SN 728, RFEIZB VT DPP4 1T X B
ENG TN TF DRBITIL DPP-4 OEERTEMRIALO Ser630 BMETH D T L 258
Bk iRoTn (Figure 13C), ZDZ &b, DPP-4 12 X 5 M20.7 ODAERRKIGIZIE, E
VWETVTFrDYT ) EERRERKEHES LMY D Ser630 NEELREH 2
HZ L, BLU2 >OEERFBEIUSEET S ARMEIIENZ LRSSz, DPP4
ISR AR L AERIREEL, Ebb b T F 4 —BEREF T L BHBESH

T3 (Durinx et al,, 2000), Z D7z, ZOERFESH L alyafL 0 2 FEIED DPP4 D &
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NE TV TF KT ZRFEIEVHBFEE L, ZHEER LEAREERE L DN S,
AEFFEZBEL T, DPP4 IZ LB AT ) FF o ORBRIGIE, & MO TII#ER

T EDIKGRERIETH D Z LITMAT, TORICHEBICARERERFEE I

5352r, FLTEDOENGTFLEODORBEE D Z L & BBREVEHAH

FISTHALEI LRI I ENRTET,

b k DPP-4 DEBEORBZRE AV 2RED b, & F DPP-4 @ SNP & L THE X
ATV 5 R623Q DERIL DPP-4 X7 F X —BIGHICITRE L RIT S VA3, ey
7V TFoREEEEETIES LV 5 BEERENERRE LN (Figure 13), E7.
DPP-4|Z K2 ENE T ) FF AREBBUGSIZIE DPP-4 R 75 4 — PGt & Rk ICBERTE
MEERAL D Ser630 BHETH B Z L 2B ST Lz (Figure 13). Arg623 (R623) iX
DPP-4 DEEZRIEVEERL Traiz <, Ser630 IZEFET 5 83— MILET D (Figure 14),
% D72 R623Q DERIT Ser630 DB A EL &, Ser630 L EAF SV TFF DY
T/ E L ORERMKSRERINCRT DB R R o0in, FERICH~T
AL T ) FFoREEEE BT S AREAE L b, S EX Y, R2IQER
EESMZ b7 2 ) BEFIOERSE LTS b DPP-4 @ SNP IZBWTIX, EAFTY
TFoRETEEDN BT AFREERH DD, EAF T TFF o OnPBEOEAZE
DFRIZE b DPP-4 DELTFHEOERPFRATH S ABMER RSN,

SETVTFUERAOERBEEEEROBENLS, Ty T SO BB S
M20.7 ERRIE~D DPP-4 DFERIIH 90% & BN Z L AVURE T (Figure 12A), —
5T, BED DPP-4 T F X —EEMKE (G633R) 7 v &AW invivo EBRTIX
M20.7 £~ DPP-4 DEHEEHRIL 20% L BN EBMESIN TS (He et al,
2009b), Z DT v TR D M20.7 £t ~D DPP-4 DFERR—F Ligho 7B

HiZ22Zx2 5615, — 2., invivo CBWTIIIFBELASMCRIRT ZEEE DS M20.7 @
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ARIZKESFETEILTHD, b5 —2i%, DPP4 _RTFF¥—EEMEKIER
(G633R) 7 v MZIXRTER®D &3V DPP-4 D G633R BEAKNFHIL L TV DPP-4 <7
F & —BIESERERNE DD, DPP-4 12 X 5 M20.7 ARSI Z EE 7R BESRIE ML
D Ser WIFET D LWV O EBROMBTH D, AHFFEDOE ~ DPP-4 D R623Q ERIK
DB BNTR o7 K 92, DPP-4 DT X/ BRELFI DA RIT X D ET DPP-4 ~7F
F—EBEELE ENE T ) TFF o REEE TR R D RN H D, EDeH, DPP4 -~
TFH—BEMEKIE (G633R) T v MIBWTHEH &z DPP-4 OF 5L, G633R
RO M20.7 ERFIG~DRERTH D ARBENRE R SGlc, Ko T! invivo EBRT
£ ¥ IERE: M20.7 AR~ DPP-4 DF R 2R M T 57-DIZI1L.DPP4 / v 7 T
v NEWMY F 7213 DPP-4 OFEERISMHEITL Th D Ser DEREEFERT L&, b LI
DPP-4 OZBIRAIPHERZHER LIEREIT O ZEDMETH D,

,  Active site
R125 HA1 2%

N710 E205

'8. E206 )

Vildagliptin

S630
Y547

Figure 14. Structure of human DPP-4. The figure was generated using PyMOL software
(http://www.pymol.org) with Protein Data Bank (PDB) accession number 3W2T (Nabeno et
al., 2013).
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1-4. /N
ASED invitro FFEBEENS . B MBI AL EF ) 7F o O ERFRSRICIE NIT

BEELRNWI L BIUEHOENS T THD DPP-A BKRELFETHZ LIBHAL
& 2257z (Figure 15) (Asakura et al., 2014; Asakura et al., 2015a; Asakura et al., 2015b),
F72, DPPAIZ LB ENE T FPF U ORERIGICIE, A 7 Vv F LR EORR RS
f#5 5 DPP-4 R7F F—EEN & FARICEEREMIALOD Ser630 BNEATHLZ L%
B &Mz L7z (Figure 13), & 512, & | DPP-4 OBRFHR LY ©AF 7)) TFF
RBENET S L2 RH L,

PLED in viro BRDOFEREE S LI, SOIZERRICHMRBLRAREZBATDITE 2

BETHRRBE~ 7 REHNE invivo ERETH 2L & Lz,

] \)LN & DPP-4 > X \)I\NQ

Nitrilase-like protein (NIT)

--------- K->
CH Unknown enzymes OH
Vildagliptin > - M20.7
(27.1%) (56.5%)

Figure 15. Proposed metabolic pathways of vildagliptin in humans. Reported amount

of vildagliptin and metabolites in urine and feces is indicated as percentage of dose (He et

al., 2009a).
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E2E
CANF T TFFrDERBMBBORHAZER LA~V RZHAWVWE
invivo ZERE bt NFI 2y —2ZHAVWEEAZCET B

BIETIE, EAVF T ) FForoe MAgIcBT 5 ZEARRHEERN DPP-4 TH S
Z L% in vitro EBRTH 6MZ L7z, DPP-4 (IMIMEREICE ¥ 5 AT DPP-4 721
T/ < Ml KA A 3BT &3 Z & CHVAE! DPP-4 & L CIRFIZ bTFEET
% (Durinx et al., 2000), Z 3 E T2, EHEIEE (body mass index, BMI) CHfEIERG 72
EDIERHOIEIE & 2 2 FF L P DPP-4 IRE L OMICEDHBERBZRIRBDOND Z
EBBESNTWS (Lamers et al., 2011; Sell et al,, 2013), E7z, M AL B LTI
BUFERR IR 2 BUREIR PO BE TR T, MR D DPP-4 X7 F & —EEME 'V MER
BB EBBESN TS (Ryskjer J et al, 2006; Varga et al., 2011; Fadini et al,,
2012; Sell et al., 2013; Osawa et al., 2016), = D X 512, JERECHERE & Vo R EIC X
W IMIKF D DPP-4 RFFHF—EEEENERTHZ LAMESATEY, mF DPP-4
BECEAZNEET D ZENERENTWD, FAETIX, invivo IKBVWTH DPP4
MENVE TN FFrOFBEDABERL LTHFEF T2 L2RALMNITHIZ L. BL
UMLK D DPP-4 X7 FF—EEMEDZEDN M20.7 DEREICEEL RITTHIHEME
T A5IE, ZLTEAF T ) IFUroEREBSREZHAONITAIZEEENEL

o, w7 RERWE invive EBRIZOWTIERS,
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2-1. = ADEELMEIRITIS T D DPP-4 ¥ 237 B DOFEBFENT

B 1ETIR EICHICE B LEmEt£21T o7, —F T, DPP-4 [JAFIREAA D £ <
DIESFICRBET A Z LM E SN TS (Mentlein, 1999; Gorrell et al., 2001), % = T,
in vivo EBRIZME T 5 C57BL/6NCrSle v 7 2D 8 DOfEeR (Ui, I, B, i, &
fE. g, B KB ZAVWTU=XF 7 my MEFTEITY, #EsZ L © DPP-4
F ) HORBBBOWEZIT o7, & DORER, AV iz 8 SDDfi#R2 TIZBv T DPP-4
DE R HEBEPRBD I, i, TR, B, PBICERERLTHD Z e H
BT/ o7 (Figure 16), ZHLE TIZ DPP-4 [Tz W T EAF 7 ) 7o A3
RIGRERELSFET DI L &m LIes, FHBLSOIEEE TH DPP-4 25 M20.7 DAL
IZEA &7 B RIREME SRR E T,

DPP-4 [

Actin i

Figure 16. Characterization of DPP-4 expression in mouse tissues. Mouse tissue S9
fractions (100 pg of protein) were subjected to NuPAGE 4-12% Bis-Tris Gel and probed
with the anti-human DPP-4 antibody (AF1180). Actin was used as the protein loading
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22, YE TV SFUERWET TR in vivo \ITRBITBENAE ) TF U ERBEIE~
@ DPP-4 DHEROEH

<A in vivo ILBT B ENVE 7Y TF L OERBRIG~D DPP-4 DFEREFHL
MZT Bz, EAF T FF (10 mgke) DAERRAOFZESE LI-ar b —/L#
&ELENF T ) TFF L DPP-4BIREBERI DV 5 7 ) 7 F 2 FRICEARSE L
ETYTFL (1,000 mglkeg) BFRABEO~ D XE AW invivo £ % To 7, T
NO=w T RTBWTEAEZ Y 7o 2R O0%5%ICBRREICEREZITH., EAF S
U 7F L EREH M20.7 OEFIRES LC-MS/MS TERET S Z & THAEIEE
gLz, 3 be—ABL o Z ) TFUHRBOy RICBT A ENLE T ) TF

VDI E-FEM AR T ERE (area under the blood concentration-time curve, AUC) I&,

FNEI 90 % 14 B LTV 108 £ 21 ng-h/mL Tdh -7 (Figure 17 and Table 6), /L&
V7F oD AUC I, ¥& 7 ) TF AR TOR LR LA FRICHE R ER
BOLNWRPoTL, ~FT, avhe—AgEL 27 ) 7F - FRBICKET 5 M20.7
D AUC IZFNEN 26126 BI85+ 2.1 ngvml THY V&7V FF U ERABET
67% & ZE L /KT L7z (P <0.01) (Figure 17 and Table 6). D Z & h3 5, invivo 1281
BENE TV TF D M20.7 EREIRNT S DPP-4 34 70% & KRELSHFETHZ LA

BA & HNMZ/2 o 7= (Asakura et al., 2017),
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Figure 17. Pharmacokinetics of vildagliptin (A) and its main metabolite M20.7 (B) in
control mice administered with vildagliptin (10 mg/kg, p.o.) (# = 4), mice
co-administered with vildagliptin (10 mg/kg, p.e.) and sitagliptin (1,000 mg/kg) (n =
3), and STZ-induced diabetic mice administered with vildagliptin (10 mg/kg, p.o.) (n
= 3). Results are shown as means + S.D. of the plasma concentrations of vildagliptin and
M20.7. O, Control mice. @, Control mice + Sitagliptin. B, STZ-induced diabetic mice

(Day 7).

vy)

Plasma M20.7 (ng/mL)

M20.7

Time (h)

Table 6. AUCy3y in three mouse groups following oral administration of vildagliptin (10

mg/ke).
AUCq gy, (ng-h/mL)
Group Numbers
Vildagliptin M20.7
Control mice 4 90+ 14 26+3
Control mice + Sitagliptin (1,000 mg/kg) 3 108+ 21 8§52 1%*
STZ-induced diabetic mice (Day 7) 3 68+ 16 10 & 1=

** P <0.01 vs. Control mice.
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2-3. HL& 0 DPP-4 X7 F F—EEMOBHEEDN M20.7 OERBEIZRIETTEE

FESRIROFRRICER U7z Mg+ 0> DPP-4 N7 F &4 —BiEHEDHEMIL. streptozotocin
(STZ) FBRERBERFR~VATHERTDHZEBFRETHL ZENHEIN TS (Das et
al., 2014), MiE+F D DPP-4 X7 F F —EBIEEDEMN M20.7 DEREIZE X 282D
WO 272D STZFHRBERF~ 7 A% B invivo BB 51T o 7= (Asakura et al,,
2017), STZ# 5% 7 BH (Day7) @ STZ AABE D~ U A1, STZ#H 57 (Day 0) IZ
BATHEEIIFEIIED L (P <0.01) (Figure 18A), IMEHEIX 400 mg/dL & FHEIZEW
fE% T L7z (P<0.01) (Figure 18B), & LC, STZ L% Day 7 M+ > DPP-4 ~<"
F 4 —BiEMEIL Day 01T~ THI 2 fFITHEM LTV /e (Figure 18C), T4 B DFERIT,
BEOHE (Dasetal,2014) L —HKLTNEZ &hnb, STZABEO~ Y AR HET
&7 LT LT,

AEBEAKEBRE Loy ba— VL STZABM Day 7O~V RICEALE 7Y
F1 (10 mg/kg) #RBOHFE L, REEOLALF T Y TFF b M20.7 OERNEEES
LhEE U7z, STZ AABEFED MK D DPP-4 ~ 7 F F—EiEHEidk 2 FicsEm L Twnizic
LA 5T (Figure 18C), STZ ALEEED M20.7 D AUC i3 = v b —VBEZEE~T
9 0.4 f51IZ{E T L TVW= (Figure 17B and Table 6), Z D= &b, MEH D DPP-4 X
TFE—EEEOEFREIZ, M207 OERBIZREREEFRITSRNI LN FEH

7= (Asakura et al., 2017),
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Figure 18. Body weight (A}, blood glucose (B), and plasma DPP-4 peptidase activity
(C) in control and STZ-induced diabetic mice. These data were measured at 0 and 7
days after the STZ injection. Data represent the means £ S.D. (n = 3). **, P <0.01.

2-4, T U RIZBIT B ENE T Y FF O ERBIESDORE

ENF TV FFDERBENCRE LS FETLHIHBLAONICT DD, MK
ZMACH~ v ADOHTE, B, NEZEIR L, BE&2EE LI DPP-4 RXT7FF
—BiEE L YK T FFRBEEE (M20.7 ARkIEN) OFFEEIT o, DI,
&~ AD[FIE. B, NEO S9 B4 % VT 1 mg protein 72 ¥ D DPP-4 X7 F
F—EiEM (nmol/min/mg protein) ZHIE Lz, £z, v 7 ADMIEE FH O CHMEE 1 mL
HT= 0 O DPP-4 X7 FF —EiEM (nmol/min/mL) ZE Lz, TORKE, Mk
TR ERE NBED DPP-4 X7 FHX—BIES S 2 v b e — VBT STZ AER
THEBIZLELTHAZ EBRHALMNT R -7 (P <0.01) (Figure 19A), —5 T, AFlgE®
DPP-4 X7 F F—EJEMEIL STZ ABFH THERIVET L TWE (P<0.01), &by =
A&7y MEFTOBRN D, DPP-4 DX 37 BREBRIZBWTY DPP4 X7 F &
—ETEME L FRIC STZ LEMOERE /M TIIREEN LA L, FETHEHERIMET
T AMEMMBERD b7z (Figure 19B), MEIZI31) D DPP-4 X7 F & —PiEME LM Ol
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RITHARTELLELS . DPPA D AV ERBE T = 2 ¥ 7 0y MEF CRET
BIEBRTERPST,

KIZ, EEED 89 BEHDF A7 HERBEBHERETHELCHBSELL ) O
DPP-4 _7FF—EEME (nmol/min/tissue) 38 X UM H 7~ Y O DPP-4 X7 FH—
EIEYE (nmol/min/plasma) # RAEb 7=, RFFEICHA Wz~ v A OFE. Blg. /G
DIFFEROFHMEL, TN LN 1.07, 0315, 0869 g Thote, Eie, FAMLAF
&, B, /NBOSOBESDF NI EEFEIL, 121, 90.0, 49.0 mg protein/g tissue
Thole, TNDLOEEITBEDHRE L —FL Tz (Davies and Morris, 1993;
Abdullah et al., 2016), i§#s & 72 0 OFEME RE G - 2 & 2 A IR, Bi&. /5o DPP-4
R7FF—BERITENEN 367 £ 1, 67.4+ 1.3, 97.5 + 1.4 nmol/min/tissue T o7z
(Figure 19C), 72, =V ADOEMEEREITN 1 mL THHZ L5 (Davies and Morris,
1993), £MmiEdH = v @ DPP-4 X7 F HF —PiEMEIT 4.5 £ 0.15 nmol/min/plasma & Z H
LT, 8872 @ DPP-4 _X7F & —E{EEDEN b MIEOTFEREITED TERWZ &,
BLUBEE NN THEBAE LI BWEEERETLIZ LALLM R -
(Figure 19C),

E BT, AIKIBBRHEY OEAFT 7Y FF U AREHEE (M20.7 £RIEME) OEH
BI{Tolz, £9. £~ U AONFE., B, /MED SO ES & k% AV T 1 mg protein
Him h D M20.7 £FRIEM (pmol/h/mg protein) & HIE L7z, * DFEFR, DPP-4 X754
—EEME & FRIZEI S B M20.7 EREER 2 b o — VBRIZ AT STZ &E
BTHEICES L (P<0.01), FTHED M20.7 £FKEMHEIX STZ ABHTHAEICET LT
Wiz (P <0.01) Figure 20A), —F T, UV ADMK E A Z T FTF U 2RI T
H M20.7 DERPED LNRbo I Enb, MEEITRT 5 M20.7 £RTEHITEH

THEZENTERNTZ, ZDZ EMb Y, METIZEET 5 AEEE DPP-4 @ M20.7
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AR~ DFFRITBD T/hSVWZ EBAFRENE, FLT, 89 BHOZ I
EEELIBHBERTHLE LT, B, NEOWBSRH- Y © M20.7 £FTEEIE, %
NEN404+1.2, 6.5+04, 102+ 0.1 pmol/h/tissue L EH &N, BlEL /DEIZE~RT
AR ZE LS BWELE T 7F o REEEF T2 LB LNITR -T2 (Figure
20B).

BHLUBRHY D DPP-4 NT7F X —EiEEL M20.7 £REHEIL, EHLHE
g /MBI T b —VBRICEEART STZ AERETHEM L T izdd, FFiRT
MET L TWz, LT, in vivo ERICHWzZa Y br—A8 4 L STZ AEEE 3
Lo v A fE 4 OFFRIZIS T D DPP-4 R7F 5 —EiEik & M20.7 £RETEE & ORIC
BWEOHEBERHRFED b (Rs = 0.886, P < 0.05) (Figure 21A), & 6T, w7 X
18 % DFFIIZ 31T 5 DPP-4 X7 F 5 —EiEHE & M20.7 D AUC L DEICHELL B
EOFABBEBMNRD bz (Rs=0.943, P <0.05) (Figure 21B), Z®Z kA5, DPP-4
I3k 2 RRRERIC FEL T B 4%, KRICHTIBD DPP-4 % M20.7 DAERIZKRE S HFETEZ
EBRALNIRo T, UEDHERD L, MIEH O DPP-4 N7 F & —BiGHEOEEZE
ENVE T ) TF o DERNBRRICERREREEZ RN L BROKRA RSEO R T
b RFICATIRIC 31T 5 DPP-4 B EN M20.7 OERBEEHIEIEEREFTH S

DA S TR o7 (Asakura et al., 2017),
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Figure 19. DPP-4 peptidase activities measured by using Gly-Pro-AMC (A), DPP-4
protein expression levels in liver, kidney, small intestine S9 fractions, and plasma (B),
and the estimated DPP-4 peptidase activities in whole liver, kidney, small intestine
tissues, and plasma (C). (A) DPP-4 activities in S9 fractions and plasma were measured
by using Gly-Pro-AMC. (B) The DPP-4 protein expression levels were determined by
Western blot analysis. Liver, kidney, small intestine S9 fractions, and plasma (100 pg of
protein) of control mice and STZ-induced diabetic mice were subjected to NuPAGE
4-12% Bis-Tris Gel and probed with the anti-DPP-4 antibody (AF1180). (C) The estimated
DPP-4 activities (nmol/min/tissue or plasma) in whole liver, kidney, small intestine tissues,
and plasma are shown. Data represent the means + S.D. of three independent experiments.
** P <0.01. [, Control mice. M, STZ-induced diabetic mice (Day 9).
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Figure 20. Vildagliptin cyano group-hydrolyzing activities in liver, kidney, small
intestine S9 fractions, and plasma (A) and the estimated vildagliptin cyano
group-hydrolyzing activities in whole liver, kidney, small intestine tissues, and plasma
(B). (A) The vildagliptin cyano group-hydrolyzing activities in S9 fractions were
measured. The substrate concentration was 1 uM. (B) The estimated M20.7 formation
rates (pmol/h/tissue) in whole liver, kidney, and small intestine tissues are shown. Data
represent the means + S.D, of three independent experiments. **, P < 0.01. [, Control
mice. B, STZ-induced diabetic mice (Day 9). ND, not detectable.
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Figure 21. Correlation between hepatic DPP-4 peptidase activities and hepatic M20.7
formation rates (A} and the AUCy_g; values of M20.7 (B) in individual mice. Data

represent the means of triplicate determinations. (O, Control mice. @, STZ-induced

diabetic mice (Day 9).

2-5. STZ BRFERF~ U A DFFiR. B, /MBICI D DPP-4 BIROEFIH T DA

STZ MABEED < 7 ADEE E /NED DPP-4 ~7F £ —EiEHEIE, = b u— L EIZ
EERTHEICER LT, FFBOFEEZFERICET LTWE (Figure 19A), 20
STZ ALEEEICIS 1T HIREEM T DPP-4 BHOEHRFEZALNCTH DT, VTV
% A . RT-PCR & IV 7z mRNA DEBREFT 21T o7, STZ NEHBL S22 ba—
NVEED TR, B, /MED DPP-4 DRBE LB LIz & Z 5, DPP-4 X7 FF —E g
& RIRIZ STZ B D~ 7 A DFIR THFEEYIZ Dpp-4 mRNA 2= b e — VBRI
RTET LTS Z ERBA LMo (Figure 22A), % Z T, DPP-4 D3EFLEC
M543 2 & AHE STV D microRNA-29 (miR-29) (Kanasaki et al. 2014), fgi5#0iE
(adipocyte) D& H (ZilleBen et al. 2016), hepatocyte nuclear factor-lo. (HNF-1a)
(Erickson et al. 1999) {27 B L /=B {aF BT 21T - 72, MiR-29 {Z DPP-4 % collagen type
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I alpha 1 (Collal) DFFR % EITHIHT S (Roderburg et al. 2011; Kanasaki et al. 2014),
MiR-29 B & 3855 R forkhead box A2 (FOXA2) IC L » CERSIH SN S (Kurtz et
al. 2014), Foxa2 DORHFEZFML 2L A, ETORBIIBWTERAENMETES
WITY TNE AL RT-PCR TEEBT A ENTERNoT (Figure 22B), —F T,
Collal mRNASERT 5 Z & A3 TE I STZ ABHO~ U A DT LAEE
%7 L. Dpp-4 mRNA DZEN L —F Lipdo Tz (Figure 22C), E7-. JEH5MIBRD < —
H—EEFTHD LHE STV fatty acid binding protein (FABP) 4 & adiponectin
(AdipoQ) (Hu et al. 1996; Westerbacka et al. 2007) DFEHRLIM L2, &b oL STZ
MBEED< D ADFFBTEEIZELRELTEY (P<0.01), Dpp-4 mRNA OEEE —F
L7e/do 7z (Figure 22D and 22E), Z D Z & A5, miR-29 & B S A RiX STZ 4L
BRED~ 7 A TP D Dpp-4 mRNA #{E T S B AER T2 & 53R S iz,
WIZ, HNF-la iZ& B L72MiEt %17 o7, HNF-la iZ. DPP-4 ° FABP1 OFH % E
WZHITE L CWABERERFTH D (Brickson et al. 1999; Akiyama et al. 2000), Hnf-la
mRNA I STZ ABH O~ U AJHBTHEEIC LR L TWeA (P < 0.01) (Figure 22F),
Fabpl mRNA DFEI &L STZ LB DO~ U AUV T, 22 b e — BT EART
50 fE L ELLLIET LT W (Figure 22G), UEDORERMNG, STZ AEHO~ U A
FHi#iZ 331} 3 Dpp-4 mRNA OFEBETICIX, HNF-la 7 >3 7 EORBEE T /2 i3k

DIETFTHRHFE L TWBAEMENTRENT (Asakura et al., 2017),
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Figure 22. The mRNA expression levels of Dpp-4 (A), Foxa2 (B), Collal (C), Fabp4
(D), AdipoQ (E), Hnf-1a. (F), and Fabpl (G) in liver, kidney, and small intestine of
control mice and STZ-induced diabetic mice. Expression was normalized with the
expression of cyclophilin and the expression level in each tissue of control mice was
defined as 1. Data represent the means + S.D. of three independent experiments. *, P <
0.05; **, P <0.01. ND, not detectable.
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2-6. £ NIFI 7Y —AIZBIT DN T Y FFUoREEEOBEAZE

M20.7 DARRICIHRICEERBR TH D Z EHTREINTEFBICBIT A EAE 7 ) 75
VRHEEEOBAZEALNIT A DI ADOBAFBI 72y —2 AT
NETYTFAREREHEZRIE LI 23 A2 TOEI 7 v Y —AilB W TEANVT S
) FF U RBHEMDTRD b, FEHE ORI 0.79-2.83 pmol/l/mg microsomal protein T
D, BKT 3.6 (EOEAEZSNEFEET DI ENHLNIR - (Figue 23A), Fiz,
Gly-Pro-AMC % FWTHIE L7z DPP-4 RT7F X —VREELLETOFEI /72y —4
IZBWTERD b, FEMEDIEIE 0.66-2.32 nmol/min/mg microsomal protein T ¥ . FK
T 3.5 ZOMEAZEINTETE LT (Figure 23B), 52, BEADEAFEI /2 Y—20D
ENE Y TFoREHNEME S DPP-4 N7 FH —EiEH & ORICEOFHBEBEMGRIFRD
Hvle (Rs=0.678, P <0.01) (Figure 24A), Ll ED#ERIL, DPP-4 BEAF 7Y FF
DENRBWERTHL L VS ITNETOMERREBSZEFET D & & biT, T
HBENET Y TF URERERICIEEAEZRFET A2 Z L EHALMNIT LI (Asakura et
al., 2017),

VEOBANTE 72 Y —ABICBT S EAF 7Y 7F RETEEOBAZEN T
B 7 v Y — AEERIEEOSRBRRFIL LD bOTIERWI LETEHTHDHIT,
B ) T F o AREHENE & OIS RBIEER OIS OV CHEBIEIT 21T o 72,
DEDRHEBROEMEL LT, F—0 23 ZOBAFBI 72y -2 BV TREIC
BIE &hiz, arylacetamide deacetyllase (AADAC), CES1, CES2 @ 3 FEIE DMK 55 fREE
FOJEME (Shimizu et al,, 2014) 2EA Lz, ZOER, AADAC O7 = FEF LK
SIRIEME (Rs=-0.0168, P=0.939), CES1 D7 =/ 7 4 75— MK HEME (Rs=-
0.226, P =0.299), CES2 DA U / 7% KD HEEME Rs=-0.0929, P=0.673) DET

DERIEHEICBNT, EAZ T 7FABHEE L ORBEERIIRD bhid o7
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(Figure 24B, 24C, and 24D), ZDZ &b, 8 LZOEAFRI 7 vy —ahbRBbh
72 DPP-4 X7 FF—EE L UAF T ) FF U RENERO Y A TOEIX,
TR ORI AHEER O RTE Tidig . DPP4EMEOEAZZRBRL TS Z &
BRENT,

EhiT, BLEDOHE R F—OfFHRE LTELGNL, FiLE BMIOELEALZ Y
TF L REHEE I DWW TR BRI 21T o 7o, FORER., £l Rs=0.112, P=0.609) =
71 BMI (Rs = 0.394, P =0.0631) & E/LE 7Y FF I RBHEM & ORMICHEEIEMRITER
D HILEM o fr (Figure 24E and 24F), DI &b, Ef° BMI IZHBIC B 5
E Y TF U RBTENE TR BET L 37 b RV TR St (Asakura et

al., 2017),
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Figure 23. Interindividual variability of vildagliptin cyano group-hydrolyzing
activities (A) and hepatic DPP-4 peptidase activitiecs measured by using the
Gly-Pro-AMC. Data represent the means = S.D. of three independent experiments.
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Figure 24. Correlation analyses between  hepatic  vildagliptin  cyano
group-hydrolyzing activities and DPP-4 (A), AADAC (B), CES1 (C), and CES2 (D)
activities of individual HLMs from 23 donors and the relationships between hepatic

vildagliptin cyano group-hydrolyzing activities and age (E} and BMI (F) of 23 donors.

Data represent the means of triplicate determinations.
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2-7. BEE
B 1ETIE. invio ZBRIZE > CENE T Y 7FF o= FHHEEEE DS DPP4 ThH 5

ZEEHALNC L, B2 BT, invive IZBWTH M20.7 DA 5 ER
AEER & LT DPP-4 BT 5 Z LR ERBEREZRA LT 57D vV RAE A
WTHRE LT, VX T PF U RN AT ) PF U ORAEERE T oI5
R, UETVTFUOBBICRT S M20.7 D AUCHE., o hr—ABEIZH_RTEL
< (67%) {&T L7 (Figure 17B and Table 6), Z DT &b, invivo THhENKZ T ) 7
F oD M20.7 HERSIZ DPP-4 5359 70% & K&K FETLH T ENAL MR-,
F 7o, < U ARFIH SO B & AV z invitro RBRONRHEEERR) HE LN M20.7 D
ARSI IT D DPP-4 OFHHRIZH 50% Th o= L h s (Figure 124), AFIBLIS
\ZHIR % DPP-4 b M20.7 DARKICE 595 Z L FIREMEN R &N T,

Fiz, BERTHE SN TWA MR O DPP-4 7 F X —LIEHDOEN M20.7 04
REIZEETINENERLNMNITAIHIT, STZERERF~ Y A% BV invive
EREIT oM, TORBR, MiF O DPP-4 X7 F & —EiHRIEIIMOERRIZ L TEL
RS MEIZR T D M20.7 ARTEEBRE TERWIEEEWZ LBARENEZ LA
> (Figure 19 and 20), MK D DPP-4 {EEDEAZL, €A 7Y FF o DERNEIE
CREREBREFIESBROAEENAFRICL OFICALNC R, £, e
I2IRER O T T b EITATIED DPP-4 X7 F X —EREMDR M20.7 DARICKE S FET
D ENHALMNTA o7 (Figure 19C and 20B), & BT, 23 ADEAFEI 72 v —
LEBWIEBRSPO. UL T ) FF o OERGEEETH DTN T, EAX S
V7F o ORBHEEIZITH 3.6 FOEAZERTFETLSZ LB LMNTR -7 (Figure
234), UEXY, FHROEAF 7Y FF o REEEOBAZLRERTHZ LT, B
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F7 ) TFRENRGEY M20.7 OFERNBIRBICBITSEAZEZTFRATLIZLRETED

FIREME SR E 7 (Asakura et al., 2017),

RUARZENF T ) TFF o 2BORE L REMEOENF T FF & M20.7 O
ENEIREZ BEM L72BRIC, M20.7 D AUC DIRTEREEAFZ 7 ) TF 0 AUC D LR
EN—F L7edo 7z (Figure 17B and Table 6), ZOERE LT, w7 RIZBNTIEE
WE T Y TF L DEFEARIZEVT M20.7 ~DRH X 0 b RE(ARDOR FHEOE|
EMRENVTEBFELIZEEZ LI (Table 2), REMEKDOENLF T Y FF b
M20.7 iE, BHEAICEE» O RPIZHE S D (He et al,, 20092; He, 2012), STZ L&
BOT AT, 2¥ b —/VEET AT M20.7 D AUC 8 62% L ZELET LT
B, REEOENE T Y TF D AUC b 24% & EMTET LTV (Table 6),
ZDRERNPD, STZUEBHDO - RIZBWTIE, BREOHENLELSERIZED
BN G RBLEOENF Z ) FF 18 JUM20.7 DR FHEEAMEN M LT
WETTBEMER B 2 bz, —F T, AUC OETET M20.7 TiX 62%TH Y, REL
EBDOENTE TV TF 24%) LD HELIKREWNWT Lb | M20.7 D AUC 23E L
7o B/ BRI R PPEREAEIN LA 72 D Tid7e < | fFiEiD DPP-4 X7 & —BIHHEME
TLiZ &L M20.7 OERENMET  LAEZ EBNRETH S LE X bl (Figure
17 and Table 6), BHEEERIEHE TH B ¥ 7 ) FF U ARABEO~ U XIZBI1T 5 AUCIT,
a2y bR HERNT M20.7 TIREBLLLET L (67%), RE{LEO NV F 7Y FF
2T 20%HEH0 L7 (Figure 17 and Table 6), Z T & 225, M20.7 A£RREEME T 5
ZET, REMEOEALE S ) TF o OmPREN ERTAERANT IS, M, b
MZBWTIIEAF T ) TF U OEFBRRIC M20.7 ARBISHRESFETLHZ L
M, M20.7 AREOE TIXARELEOMFEED ERICERELEZ LD,
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BIREE2ETEANY ) FF o OENRBERIIDPP4 Thd I L, EhicEN
Z7N) IFrDERNBRBIIFETHI L ERELMNI L, 075, DPP4 FH
BEOEAZELZ KT 2BAREESLEEFRLALNCTHL T EAF T TF
Y OEREEOEBEBFREIZ AR D EE X b, BEKIZBWT, BMI & Mg+ o
DPP-4 ~7F & —EiEME L OMICITEDCHBBERARO LN DL Z LBRESh T
% (Lamersetal,2011), LA L, ABFFEIC L Y Mg DPP-4 DY NVE 7Y 7°F L AGH
~DOFEIIBD TNIWZ &R ENRT (Figure 20), & Hi2, ERFHREETH D T
DENE T Y TFAEHEME, BMI M Lied o7z (Figure 24F), & - T, BMI
XENF T ) FF o DENEREREL FRT 2EF LT bR WAREEA RSN, —F
T, CEIFRDOBERHET NV a— VIERIFIFOBE IO T, B AT~ THIBAN
@ DPP-4 BHEBPEML TNWD Z L BRHES N TS (Itou et al. 2008; Miyazaki et al.
2012), 4. BN DPP-4 RHHES KB SHEIMA S MRP D1 A —
A—BRHESNDZ LT, EAF T TF o 0REEOEDNLCRIVER O BRI,
AFIROERPEERT D Z & BEFEh 3,

2-8. /M

U A& AW invivo EERDY B, DPP-4 23 invivo ILBWTHLEAFX T U 7FFrE
REBRICKRELSFETBHZ 2B BT LI (Figure 17 and Table 6), % 7-. Mk
@ DPP-4 R7F X —EIEMEDOZET M20.7 DARLBIC R & REEE T ST, Bk
J&D DPP-4 N7 F & —B{HED M20.7 OFABRBICAKES FET DI LERHLE
(Figure 19,20, and 21), EHiZ, & FOFFEICRIT 2 A& 7Y FF o ERBEMEICIT
BAZEREFEETDIZ L ZBALMN L (Figwe23), A EDZ b, BAF T FF
v DR LG IMERCRIVER OEAZ O FRICIL, FTi#D DPP-4 B EDHEERSH A

THHZ LPRINTZ (Asakuraet al., 2017),
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%® 3
ENE TV FF L BEFBEORBRA V=X LADRERA %

B L EENrR

ENANF T ) TF X BFEEDAREIC OV THRERMCBWTERE ST
%A% (Karagiannis et al., 2014; Kurita et al., 2014), FFEEZEZ 3R LT VWEBEE R
REREFREFALNLE 2o TR, AETIR, EAF T TF UL LIRS
BRA N =X LOFERAZ B LIEBWRICONTRRS, 58, EOEFEEOR
Riid, EMOREEE IIRE I ESENCFEERR L BE T 2RI T
<.\ FHPERE: & OKREHN D OREBEY R BEOHWEZETLZLICL VAT
BRORERSEREEELIIEETOIRELEE THHLELLN TS (Holt and
Ju, 2006; Adams et al., 2010), ENF 7 FF AL BFEEDREA I = A LIZEH
LSBT FE LRV I LDREAL 7Y FF o M0TIZLY TV RAD
PN CRAPFESINB L RERERGETOREET 27, £ LT, BYEESE
5T EELONDEMEGFERINL, b MEBHREZAVERFZITO>Z L
T, B FOFFRICBONTH LT T U 7F o M20.7 DRBEIL L - TESHT 28 ET

DFRE BB,

3-1. ENF TV TF LD RN THE SN S RIEFEETFORE

BN 7Y TR M20.7 IZ 8D IFIRACRERSBE I NVE LI REMERR T
FET AT, EAFT ) FFr (1,000mgke) 20 RCRAKRE L, 24 B
W L7 BB SR 0 total RNA 2 WNWT, <A 7 a7 LA BT & 1T o 7, £ DR,
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ENE T ) TFURRBIZE Y v U AN TREEN 2 #5720 B0 LB E TS 276
B, 2HBULET LEBRFHR 2N BREEN, ELF TV FFUABILEIY~Y
AR THREANET LB BT 0O ELICEDEIFEE & OBEEIREINTWS
BETFIITFEL 1o, BEMEM L ZBETO EALITEYERFEEICEE 3
B2 LML XN TV metallothionein (MT) 1, MT2, S100 calcium-binding protein
(S100) A8, S100A9 23 £ TV 7= (Table 7 and Table 8) (Liu et al., 1998; Cho et al.,
2012; Higuchi et al., 2012; Moles et al., 2014),

W, =4 70T LA fEHTIZH e total RNA % LT Mtl, Mt2, S100a8, S100a9
mRNA DREFfMENE Y TV H A A RT-PCR THof, TORBE, 2 hr—LVE#IZ
HA_RTENFE T Y FF U AMBREO~ 7 A OFFIBP T Mtl, Mt2, $100a8, S100a9 mRNA
DORBPFEICELERELTWBI L2V TFTAE AL L RI-PCR ThHIHMET A2 L8 TX
7z (Figure 25A), ZDZ kinh, =A 7T VAT THEONIZFERIEZ, VTA&4
2 RT-PCR THHEHAFABETH D Z & BRI,

EBIZ, EAFTYFF AL D ML, M2, S100a8, S100a9 mRNA DREIHLE)IZ
i3, EEERE CTh 5 DPP4 [HEEANEE LT A REEMEN R SN i/ed, v &7
U 7F (1,000 mghke) ZBAOHKE L~ R FBAICISIT S Mtl, Mt2, S100a8,
S100a9 mRNA DOFE¥%E ) 7L ¥ A L RT-PCR Tl L7, TORR., V&7V 7F
VAVBERED < U ADFFIBAICRETIE, Mtl, Mt2, S100a8, $100a9 mRNA ORI E
MU ERB LMo 7 (Figure 25B), “ DI &b, EAFE T Y IFL
2 & B v ZFFRNICET B Mtl, Mt2, S100a8, $10029 mRNA DO FIHEFHE px, DPP-4
EROFHTHLENE T FF AR ORIGTH S Z L HBRB I (Asakura et

al., 2016),
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Table 7. Top 14 probes that were up-regulated more than 2-fold by vildagliptin in the

mouse livers.

Gene Fold change
Symbol Gene name (Vildagliptin/Control)

| Cabyr  Calcium-binding tyrosine phosphorylation regulated protein 13.82

2 PipSkla Phosphatidylinositol-4-phosphate 5-kinase, type 1 alpha 6.56

3 Ciart  Circadian associated repressor of transcription 6.55

4 Mtl Metallothionein 1 6.45

5 Fbfl Fas (TNFRSF6) binding factor 1 5.99

6 Lpinl Lipin 1 5.97

7 Pfkfb3  6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 5.76

8 Mbp Myelin basic protein 5.76 O
9 Usp2  Ubiquitin specific peptidase 2 5.56
10  S100a9 S100 calcium binding protein A9 (calgranulin B) 5.52

11 S100a8 S100 calcium binding protein A8 (calgranulin A) 5.52

12 Plin4  Perilipin4 5.46

13 Mars2  Methionine~tRNA synthetase 2 (mitochondrial) 5.30

14 Mt2 Metallothionein 2 5.29

Table 8. Top 10 probes that were down-regulated more than 2-fold by vildagliptin in

the mouse livers.

Gene Fold change
Symbol Gene name (Vildagliptin/Control) ( _)
1 OIfi394 Olfactory receptor 394 0.098 ’
2 Smcp Sperm mitochondria-associated cysteine-rich protein 0.101
3 Saal Serum amyloid A 1 0.121
4 Lcn2 Lipocalin 2 0.121
5 Saa2 Serum amyloid A 2 0.123
6 Ric3 Resistance to inhibitors of cholinesterase 3 homolog 0.125
7 Arntl Ary] hydrocarbon receptor nuclear translocator-like 0.139
8 Ccdcl42  Coiled-coil domain containing 142 0.152
9 Cldnd2  Claudin domain containing 2 0.154
10 Cnnl Calponin 1 0.158
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Figure 25. Effect of vildagliptin (A) and sitagliptin (B) on hepatic gene expression in
mice. In the real-time RT-PCR analysis, expression was normalized with the expression of
Q cyclophilin and the expression level in the liver of control mice was defined as 1. Data
represent the means £ S.D. of three indepehdent experiments, ™, P < 0.01, compared with

the liver of control mice.
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3-2. = U AFIE CHEE I NIEET O HepG2 MIRICBITARBLENE ) FF 0
Ik D RBELEE

ENE TV TF AR Y < U AFIEA THE SN EBEFA, & POFREIZREWT
LB EINDINEPETMMETS7-DIZ, & FOFEEMIBEIEE Lzt MTEAERR
(HepG2 #f) 2 EA X TV 7FF L CHUE L, Table 7 IZR LT 14 BETFOREEZ VT
V4 A b RT-PCR CHEHF L7z, BRICBVWTHRINTWAIHEHETHIELE S
Y FF50mgdE%L 1 B 2ERRA L72EEOD Coue i385 1 uM TdH 525 (He et al., 2008; He,
2012), ENE T Y FFURSHEEN 0L & RE EBBITHERABVWEYTH D =
MG, BN TIRMPEED 10 #0150 30 EEVEBEL R ERFEENLTHS
(BEERA L FEz—Tr—b: TIT%, ZO7H, HepQ2 MBE~DEAE T ) FF
VAVERREEIT, 1 uM, 10 pM, 100 uM Z IR Uiz, BB ZTEM L= 14 BT OF T,
calcium-binding tyrosine phosphorylation regulated protein (CABYR). ubiquitin specific
peptidase 2 (USP2), S100A9, methionine-tRNA synthetase 2 (MARS2) ik, EAF 7 U7
FrOBRBERFHICHFEIND Z EBHALNIIR o (Figure 26), —F T, MT1 &
MT2 ZETEY O 9 BEFIZ, EAF T Y 7F U TRE L TH HepG2 MlARIZEBWT
FEIhRNoT, Eo. SI00A8 IIFHBEESDRNTZDIZY T/ F A 5 RT-PCR T
EETBIENTERNoTZ, LD HepG2 #fE A W-#ETL Y. b FOFgC
BOWTHLEALF S Y FFi2 L Y CABYR, USP2, S100A9, MARS2 @ mRNA ZEH

DHEE IS FREMENRENT (Asakura et al., 2016),
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Figure 26. Effect of vildagliptin on gene expression in HepG2 cells. HepG2 cells were
treated with 0, 1, 10, or 100 pM of vildagliptin for 24 h. Expression was normalized with
the expression of GAPDH. Data represent the means £ S.D. of three independent
experiments. *, P < 0.05; **, P < 0.01, compared with vildagliptin 0 uM. ND, not
detectable.
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3-3. HepG2 MIARIZIS1T B S100A9, TNF-a DEBRE AKX T Y FF i L BRELE)

S100A8 & S100A9 ik, AN A<EELRT7 == b Vg L OERYIEITRESICBE L
TAZEPRREESNTWAREEES V7 ETHY (Roth et al., 2003; Higuchi et al.,
2012; Sasaki et al., 2013), JEFEEFERF (tumour necrosis factor-o, TNF-o) {2 - CTiHE
SN2 EPHEEN TS (Kido et al,, 2005; Perera et al., 2010), % D7z, HepG2
MO N F S ) FF BT LB S100A9 mRNA D55 T TNF-a 78 B 59 ATREM:
WNEZ bz, 2T, HepG2 MO ENZ 7 FF U AEBIZ L D TNF-o, DIEIAE
WaITolz, £, EEM M20.7 Ll DPP-4 AERCTHLH V& /U FF it X
% S100A9 & TNF-a DFEBEEI~DEBEIZ OV T HIRR LT,

HepG2 #Mifg% A& 7 ) 7FF L CUE LT & Z A, Figure 26 7R L fER & FIRIC
S100A9 mRNA {349 2 AR b (Figure 27), £/, EAF ) FF Ui
BRERTFNIZ TNF-o mRNA 2FET L2 LBRLMNITR o7, S HiT, M20.7 8B
L& 7Y 75T S100A9 38 KUY TNF-a @ mRNA OHEAIAEED 5 vz, HepG2
#EAR TSR b7z S100A9 35 L T8 TNF-a @ mRNA OFEFEMIIL & 70 FF 08
Rz bR bhvicizh, DPP-4 BREERE I LIFIC K ViE Z 2 FTRBESRR EH
7= (Asakura et al., 2016),

Iz, S100A8 & S100A9 i S100A8/A9 EEEE L CHilRAIZ DM E . toll-like

receptor 2 receptor for advanced glycation end products (RAGE) @ U F > K& LTERA L.

HARAREOEMHEEN L REEOEBELFIEBITILBARESNLTVDILD
(Roth et al., 2003; Kido et al., 2003; Kido et al., 2005), EAF 7V FF1 M20.7 B LT
VE T ) TFUITE D S100A9 mRNA OFEHIFMA, #EEZ R SI00A8/A9 EAAED
SWEOWINZEEN 50 &5 L7, S100A8/A9 HEKERENICRIT IERERE

HIEHE (enzyme-linked immunosorbent assay, ELISA) T S100A8/A9 & ADEEIEF
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~DOZWEBEOEEFHE L, UL, EAFTIFF M20.7, YE TV TF
% S100A9 mRNA OFERBHOLNEECLE LEEOERKEIZB VT,

S100A8/A9 A D53 %E ELISA TRIHT 5 Z LR TERMoT, £, TNF-o b
ELISA THRHT A Z LN TERN-oT, 2O b, HepG2 fIEIZBWTED Hh
7z S100A9 mRNA O FEE I IHRE 2 9 S100A8/A0 E AR D SWE DEMIZ X %N - T

WNRWRTRBMEDS R S 4072 (Asakura et al., 2016),

4.0

HepG2 cells B Si00A9 O TNF-a

8

177 —

@ 3.0 *% -, o

R ik ok

& * *k

:Z: 2.0+ *k *
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E *

£ 1.0

&

[1}]

o

0.0_ T T T T T U T T T
Control 1 10 100 0.01 0.1 1 1 10 100
Vildagliptin (M) M20.7 (M) Sitagliptin {(&M)

Figure 27. Effects of vildagliptin, M20.7, and sitagliptin on gene expression in HepG2
cells. HepG2 cells were treated with the indicated concentration (uM) of vildagliptin,
M20.7, or sitagliptin for 24 h. Expression was normalized with the expression of GAPDH.
Data represent the means = S.D. of three independent experiments. *, P < 0.05; **, P <

0.01, compared with control.
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3-4. HL-60 fIEZ 51T 5 S100A8, S100A9 DFHEIL UAF Y FF 0z L HRELH

RIEBE S X7 B Th D SI00A8 & S100A9 IE, EIZREMIETH HFPERCE
iz < FEH L TW5B (Roth et al,, 2003; Foell and Roth, 2004; Foell et al., 2007), 7 = =

M CBLOINA=E L OEGEFEEET VEMICREW T, FIBR~RET 5

S A DB E M E SR D S100A8 38 KT S100A9 D IETIEMAS alanine
aminotransferase (ALT) fED ERIZE L35 Z &L AVREN TV S (Higuchi et al,, 2012;
Sasaki et al., 2013), E7=, HYHITEZZE&E Z TPz L5 S100A8 & S100A9
DIIFHEME in viro ERFZTHMT 2 LTI, b FOREHEEEE L MEF
BRARAIOME (HL-60 HiBE) WA Z EBRERATH D Z BFEEINTWS (Yano et
al., 2014; Oda et al., 2016), % Z T, HL-60 fild% €& 7 ) FF o TRE LI-FED
S100A8. S100A9 3 & U TNF-o. mRNA DHHE ) 7L # A A RT-PCR THMTL, &5
(= S100A8/A9 S FI U TNF-0 DEFBIE P ~DF 7 FIWEDELZ ELISA T
Bl Uiz, E7m. ERH M20.7 Lo DPP4 HEERTHEZ & SV TF Uitk D
smbA& S100A9, TNF-0 OREBEEBI~DEEIZ OV T HRE L, FFERCEIRIC
351 % S100A8 & S100A9 D 3SR}, lipopolysaccharide (LPS) 2L » THE SN B 729
(Kido et al., 2003; Kido et al., 2005), HL-60 #fRIZ 33T 5 S100A8 & S100A9 DR ELFEMN
DRIT 4 T3 ba—Le LT LPS 10 pg/mL ALEE1T - 7=,

BFEOEE (Yano etal, 2014) Y, LPS LLEIZ X ¥ HL-60 HIIIZ 1T 5 S100A8,
S100A9 @ mRNA 2347 5 {EHEE & #1172 (Figure 28), HepG2 HIBADFER L ITRAR Y,
HL-60 fAARIZ 3V Tk S100A8, S100A9 35 XU TNF-o mRNA O A ¥ 7 U 7
F 100 pM & M20.7 1 pM AAEBRFZIIRO bvizds, & 7 ) FF ALBERIZITR
D BN o7 (Figure 28), & 51T, HL-60 FAIZRB W TIIBHRET oM SNz

S100A8/A9 EEIEDIRE S ELISA CEETHIENTE R, 2 bu—A, EAK
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'Y 7F 1 gM, 10 pM, 100 uM ALEBREDEFETE T D S100A8/A9 EEEDBEL,
FRNEN 355102, 588+ 171, 73172, 1982+ 403 pg/mL (mean+ S.D., n=3) TH
D, ENFTY 7“%?@&&%?%}3%1&#%0: S100A8/A9 EEEDHWEDHEIMHFRD
BT (Figure 29A), 7o, M20.7 2 Bl CALE L 722 b S100A8/A9 HEA D4
BRI 5 Z AR LN o7 (Figure 29B), —HF T, V& ) FF LB
IX S100A8/A9 A EDZFWEDEIMITRD b iad o7 (Figure 29A), & B2, HL-60
AR HEEEW PITASWEN B TNF-o #2327 BiZ2TONBEETER L)
7= (Figure 29C and 29D), LA LD Z &2 b, EAF 7Y FF 8 LR M20.7
i3 TNF-o 35 X U8 DPP-4 FRE/EM & 1352 L7z #§FFIC X 0 . HL-60 A S100A8 &
S100A9 O mRNA IR ES LT S100A8/AVEE B SWEEZEMI TR Z EPHALNE

78572 (Asakura et al., 2016),

HL-60 cells S100A8 m S100A9 O TNF-a *%

Relative mRNA expression
[=}

Control _ 1 10 100
Vildagliptin M20.7 Sitagliptin

Figure 28. Effects of vildagliptin, M20.7, and sitagliptin on gene expression in HL-60
cells. HL-60 cells were treated with the indicated concentration (uUM) of vildagliptin,
'M20.7, sitagliptin, or LPS for 24 h. Expression was normalized with the expression of
GAPDH. Data represent the means + S.D. of three independent experimeﬁts. ** P <0.01,

compared with control. LPS (10 pg/ml.) was used as a positive control.
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Figure 29. Effects of vildagliptin and M20.7 on gene expression in HL-60 cells. HL-60

cells were treated with the indicated concentration (uM) of vildagliptin, M20.7, sitagliptin,
or LPS for 48 h. The release of S100A8/A9 complex (A and B) and TNF-a (C and D) in
the culturing medium was measured by ELISA. LPS (10 pg/mL) was used as a positive

control. Data represent the means + S.D. of three independent experiments. *, P < 0.05; **,

P < 0.01, compared with control. *, P < 0.05, compared with 100 puM sitagliptin. Sita 100,
sitagliptin 100 pM; Vilda 100 + Sita 100, vildagliptin 100 uM + sitagliptin 100 pM.
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3-5. BN T FFUBIC LB SI00A8/A9 DEEIRFHE A~ D M20.7 DEEE-

BIEBIUE2ET, AT T Y FFUAIDPPA I Lo TREENB Z LB
DT LTz, £0H, HL-60 MEIZKELEDENF F Y 75 % B TOE L 72
IZh, FEEFICM20.7 BERT DI BB, REMGOEALET ) TFF
7207 T < EREHH M20.7 b S100A8/A9 EBDOFWEDEMESIEEI LA L
D5 (Figure 29B), B 7Y FF 2 & B S100A8/A9 DREIELFHE~D M20.7 DEE
2R L7z,

F£3°, HL-60 #UARIZ DPP-4 BEE L TV AT hEHALMICT 572HI2, HL-60 4
fam 89 Ei%y % Vv T DPP-4 X7 F F—EEMERIE Uiz, HL-60 Mg S9 E5 D
DPP-4 ~7°F & —F¥EMHEIT 0.37 + 0.04 nmol/min/mg protein T 7= (Figure 30A), &
bz, HL-60 HERE D S9 M4y & BSLERIC K Y Bt S ¥ oY 736 LUV HL-60 Hifam
S9 4y & DPP-4 BRMMEER & LTELF Z ) FFL | pM 2EFESEF L T
Tt DPP-4 _7FF —EEMENRRD ONR < leof (Figure 30A), ZDZ &b,
HL-60 HEARIZIZH4RE % 7 Rd DPP-4 BB L TWB Z AL R o7 (Asakura et
al., 2016),

WIZ, HL-60 fRAZIZ C V& 7 ) 7FF 0 Z BB CTAVE U 7= ROERIRH IZ M20.7 234E
T B 0ENZHELMIT B0, HL-60 HEjElc 420 7PF o 100 pM & LB
L 7= RO RS IR IR AR EIR L, M20.7 DIRE % LC-MS/MS TEE L7z, HL-60 #f
JAIZENEF T FF B LB L THb 6, 12, 24, 36, 48 BRFEIZ OEREF O M20.7
DEEIL, FNFN5.0£05, 76201, 21+£1.0, 33+2.4, 44+ 3.6 nM (mean=S.D., »
=3) T¥h o7z (Figure 30B), E7z. HL-60 MRICE/ALF 7Y 7F > 100 M & DPP-4
BIROAZER L LT F 7 ) FF 0 100 M ZILAE LD 6, 12, 24, 36, 48 B

Rt ORI D M20.7 DIEEIX, 3.1+£0.1,3.9+0.5, 7.1£03,. 87+0.2, 10+ 1.2 nM
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(mean+S.D.,n=3) THY, ENF T ) FF U BRLBERIZLESTYZ Y FF %
EFESHELZ LT M20.7 DEMENE L IET L% (Figure 30B), LA EDFERMG,
HL-60 Mz EAF 7Y FF 100 pM ZALE U 2 BR OB RIE P IZ 3R RIERTFRI
M20.7 AR L TWD Z & B L UF O M20.7 DAERKIZIL DPP-4 <7 F X —BiEHEN
BELTWAZ EMWRENE, —FT, EAFTYTFF 100 uM ZLE L TH 5 48
REE % OSBRI ICHEET 5 M20.7 (38 40 nM LIERETHoZ L, BIUEL
Z 7Y FF 2100 M BB L M20.7 DARBOETARD LR ELE S )
F 100 pM & F 7Y FF 2 100 pM DOLELB RO HL-60 #IMEA5 D S100A8/A9
BEERODMBICEERENEDONR 272 &ivD (Figure 29A and 30B), M20.7
R TRIKREMEOEANT T ) FF 1t SI00A8/A9 OFEREET I LBHL

MMZ7p o7z (Asakura et al., 2016),

A B - Vildagliptin 100 uM
-8~ Vildagliptin 100 M + Sitagliptin 100 uM
= 0.5 50-
ST
gL 044 401
© 0 —
o O =
w o 037 < 30-
2 E M~
o c =t
8E 02] g 201
+ 3
e E 0.11 10- i
e N ND ND . el I
S9-Active + - + " 12 24 36 48
S9-Inactive - + - Time (h)
Vildagliptin 1 uM - - +

Figure 30. DPP-4 peptidase activity in HL-60 cells (A) and time-dependent changes of
M20.7 concentration in the culturing medium of vildagliptin-treated HL-60 cells (B).
Data represent the means £ S.D. of triplicate determinations. S9-active, active S9 fraction;
S9-inactive, heat-inactivated S9 fraction (negative control); ND, not detectable. #, P <
0.05; #, P < 0.01; ™, P <0.001, compared with vildagliptin and sitagliptin-treated HL-60

cells of each time point.
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3-6. BE

EBIETIE, PAFTVTIF UL BFBEEDORRA =X L EERATH7DIT,
¥ ARE MERHNEE AW EBIREIT o, 3 —n v TiThhERRERIC
BWT, 7S ERRABELIIEAF Y FF - 50mg $E 1 B 2 BRARIZLESRT,
100mg & 1 B 1 [EIARFAETALT & aspartate aminotransferase (AST) ERNE L &
LirBENEEED ORI b, EAF TV PF o OREFAEN SOmg$E 1 B 2
[EIZERE S iz (Deacon, 2011), F72, HRADENE T Y 7FF 2 L B IFEEDE
B, BERREBESET LALBENEZTT o TV AEBETH Y. BEmCEFR» o8k
HENBELE T ) FFUBEO M20.7 OMFBENELLEL o TV hEM:
N % b7 (Kurita et al., 2014), L EDERENS, BEEOCAL VY FF o 0k
BEISNTBICTFEEDO) X7 MB8T5 LEX b, €2 TARIE T, BRED
ENE TV TF BRI AFBA THE SN BETE2RE LERERTE
RO EBRTROONDIMPFEITHERPRELEE LCABREIZB W TE MR
MRIZBNTOENF T FF R LV ERBERTFRBEEINS Z L 25 MT5 2
Ll L, LoT, wVRIIBRELEEYANZT T IFURERETH 2, EALF
7V FF B I TV M20.7 12 & B5R@HIZ B 5 S100A8 & S100A9 DFFE KIS,
R THROONDEBLONS, INETREAF T FF U OFEEICET 4L
TR ENZ 7 ) 7F o OFBEETNVEIRFEE LRPo7lediz, 20k 57k
WRTEZBIR LT h, SRITFEMEORRERE NV ICENE T ) FF o OffEE
ETNEYPRESNDZ LT, ELITHEMRIFEFTORRA N = X LOHEET D
TEMHRBIE B LEADND,

IHETIT, EYMHETEE 25| &8 2 TE YD FHERS HL-60 IR0 S100A8 <

SI00A9 mRNA ORFELIEMEEAZ LITREENTWER, FOHEA =X A
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LM IR T W ehols, BRIFRIZEBWTIL, S100A8 & S100A9 OHEBLZFHHE
THZERMEIN TS TINFo IZEFH L, HREFOSWEDOE{E ELISA T
i 52 & T, INF-alZENFJ U 7F Uiz kB S100A8 & S100A9 DFEIAFHEE S
HELTWRWAREMZ B 5202 L7 (Figure 29C and 29D), £7z. EAF Y FFy
DEEHE TH D DPP-4 [HEEAIEE LTV S EREEEZZ 2, o> DPP-4 [HERK
THHVEITIVTF U CRBLERBREOEBLITo 2, U AFRANICEBITS
S100a8 & S100a9 mRNA DFHFE R HL-60 #BTA> b D S100A8/A9 BEEE DS WFFE I,
A7) ZPFURBRICIEED bR 3N, V& 7Y IF U ABRITIIED b
ZEMD, IbDRNIZIE DPP-4 AE/ERIZBE L2 WAEEEL R L7 (Figure
25 and 29), & B2, AR M20.7 O EIRMLE DOFE R b REMEIZI TR < M20.7
% S100A8/A9 DFFEEREAZFHT 5 Z L A LMo 72 (Figure 29B), Z 3L B DA RIL,
FMIZ LD S100A8 & S100A9 DFEHRFEICEIT DFHMRGTF AN AL EZHALRT
TALETCEARESTHS EE LTS (Asakura et al,, 2016),

F2ET, EAFTVTFUOERB THD M20.7 DAERKIZIL, Al DPP-4
MRESFETEHILERONI L, T2, ENE T ) TFFUIHHMEBRRKEL
FBBITEREVWEY TH L Z &0, A TIIMFRED 10 F15 30 FEV R
BEERBIENFESNTVDE (BERREA VI a—T 4 —h: =7T7%, 20D,
ENE T TF O MR EEITR 1 uM (He et al,, 2008; He, 2012) T 533, FFlEH D
BEEIT 1030 M IZ72 B LEZ5ND, 2D G, M20.7 DIFEE LR 1 uM
(He et al., 2008) T 525, M20.7 BMERL &N 5 EE R TH 2 FABAIZB VT 10
UMM EOBEWRETHEET S Z LB FHEEND, M20.7 12X 2 S100A8/A9 HEKD
SUWFHEIL 10 pM AABIFHIRD b2 Z &b BERICBWTHTSICEBZVELR
JETHDB T EWRRENT, BT, SI00A8/AI EERE W T D EERMIATH 247
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FERCEER IR~ RIBRRICFET 505, M20.7 AR I N EERBFSITRTH S
eIz, A TRICRERS DREENFI SR S, ENE T Y FFONF
BERBESNDIFAHEERELZ N, ZOZ L0, TRNETERELEDOENE
TV TFoOMPREOCEBAZT L HEEINTI RIS, FESZRHRET
5 LRRBICE DITid, M20.7 DERREOBAEZICERTALERDHD LE L
b, ENEF TV TF U OREMEE T TR ERFY TH 2 M20.7 bIFEZICHE
T 3RRMERHDLVI ZOFERMREX, EAF T ) FF UL B FEEICR
LEBREAFOBIFIICHENDZLITRY, EAFZ TV FFUOBEFERICERT S
BRSNS,

3-7. /NE
EAE T TF AL D < 7 AP T S100a8 38 L T8S100a9 mRNA 23FE XN 5

Z & HEB BT LT (Table 7 and Figure 25), £/, B MOEEMEIZBWNTHELF
7Y FF 0 S100A8 & S100A9 mRNA ORBEEFHETLHI L, BIUMSEL T
S100A8/A9 BE DLW EDENEF SR ZTZ L Z R L7z (Figure 27, 28, and 29),
DI KREEDEAF 7Y TF U720 Tla < 2R3 M20.7 % S100A8 & S100A9
DOHEERETFTHZLEFHOMNI L (Figure 29B), LLEL Y, EAF TV T7F B
F T M20.7 D3 FE AR & OSUERTE FZ L /37 H S100A8/A9 O EFHE S S &
B, EAMFTVTF UL EFEEO—REZ#E - TWAREEENRE N (Figure

31) (Asakura et al., 2016),
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Figure 31. A proposed mechanism of vildagliptin-associated liver dysfunction.
Vildagliptin is metabolized via DPP-4-mediated hydrolysis. Parental vildagliptin and its
metabolite M20.7 induce the mRNA expressions of SI00A8 and S100A9 and the release

of S100A8/A9 complex from immune cells, such as neutrophils and monocytes, which

result in inflammation in the liver.
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O

% 45

EANFETY) FF L AFEEORAEEORE

ENE T ) TF X DFEEIRAXEFC L D EEREZ STV D25, ERR
TR 3R FEHEITE LN R o TW i olz, BREREENSTHETHDI L, ELF
TV FF AL o TIHEEEF SR TERER AL 2 B TERVWEDIT, I
BECRVRPTVBEERVCEREFERRT O DORBBRERAEEZITO =
EHREEEL D, 0D, MEETHo THOERBRTIRBI ATEEORFRE Y
BALNZT D5 LI3FRATH D, AETER, ERETERBT DI eNF Y FF AL
AIFEECRBREELZPH LN T AT, LEXEREDOEFHINT EHW
T A M EBEMBIZ OV TR D, FFHRIL, BEEFEHE ANEHELTIHIEER
WFRIZBET AR YN T~V U R EE ) ICiE- TEMB L, dLERFEFEL -

TRRMEER S OEAREB TITo k. (AFEEE: B16-166),

4-1. LB RFRRICBIT D EAF T FF U X HIFBEDRBREE

AR TIZ, DDW-J 2004 U—27 ¥ a3 v TEOMEIFBEESHEE (8)—5, 2005)
(o T, ALT EFMEREEED 2 £6 L<I3 ALP EXAEREEELZHRZD L0
mﬂnﬁmumEUﬂn»uimmﬁﬁwumutj%ﬁ%%kﬁ%btotikiﬁ
BET 201244 A5 201343 A ETO 1E/MIC, UL S ) FFUREShi-B
ERIL3B3 A THo7 (Figure32), 0 H b, B RFEKRETHIDTEALS T ) FF
YORAERMBLIEZ LEBERT A LN TE, SHLIRABBEATD ALT EE

ALPEPREE THoTmBEKIT 146 L ThHoTz, D 146 ZIZDNWT, EAF T Y S
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F U 1 ELURNIZBITAFEEDEEZRE L, TOKR, 146 £F 31 48
EAFZ 7 IF AR | FUNICITFEEZRBRLTEY, ZOREHEEIL21%T

HDTERHALNI 20T,

It B REFRHRT2012F4 A NVc2013FE3A M
1ERICENLT FUTFoRRESN-EBE

n=313

BRoMEEAE

1. fRCLAShE-ELET)TFoEEICIRALT
L\T: E\%o

2. ELFGVTFURAREEISEHOALTIESALP
EQOLELOBBLEMNTHENTERLESE,

LEXPHETCEALTTITFOORA | |3, 2450 TF RABEIIC S EREENS
ZBIAL. ELSSUTFLRERESD || - ” -
ALTIE EALPIE A E S it S f_{cﬁ 5(,%71;{%813 :J/LJAJ:%L((iALPrLﬁseo U/LEL L)
n=146
PR L R SHY
n=115 n=31(21%)

Figure32. BFINLTF2AWEBRAN BB AEOHERER

42, BNE T ) TF UL DFBEOEEE SR

AT Y TF U RABRGEE L EURCITEEZBRR L-BE BT 2 FEEO
HEREEZHALNCT A0, FEERLBEHFEHYE (Common Terminology Criteria
for Adverse Events, CTCAE) v4.0 HAFER B AREERIEZEHIA S NV —7 (Japan Clinical
Oncology  Group, JCOG) kR (CTCAE  v4.0-JCOG) @ Grade 4y 3§
(http://www.jcog.jp/doctor/tool/ctcaevd.html) % W iFEECEEEDFE LT,

CTCAE v4.0-JCOG @ Grade 1-4 DEZIL, Table9 R L, BNF TV FF Uiz X

i

O

)



DIFREEZRB L3140 ALT fEE ALP EOEEE#SE LA, 1FFET
DEFEDALTE L ALPED EF ORI BIEZEHT 5 Grade 1 Toh o7 (Table 10
and 11), —F T, ALTIEE ALPED B 5 Grade 2 D HEEL EIZ ERLTWS
BELEELTEY, EBICALT B2\ Tid Grade 3 DEEICHH SN ARBIC LA
LTWBBEREE L, ZOZEMD, EAF TV FFURARICIFES2ERL
7 OREFTBREThH 2D, —HIOIEEDOHEZEEREL THDZ EXHL M

2otz

O Table 9. CTCAE v4.0-JCOG IZ XL 2 F BHF R D EIEE (Grade) DER

Grade EEE
) BRIE; FERASRV, ETZIEREOERY H D, BRIRFTAE LIIRERRAO A,
TBREZEI RN
) HEEHE; R/NR/RFTE/IEHMBR AR ZE T 5; FEMHELOF DR Y LSt D
B & AERBEOHIR

BREFIEIIEZMNIZERTH LM, EEBICEGEPENTLO TR,
3 ABRERIZARBEOEREZET D, HEITE/EIERE, FORYDOER
ATEEEORIR
4 EMmEEIT, BRULBELZETD

Elany )R TEEk 28%T 5,

O
Table10. BNV F 7 ) F7F I L B LZRBRLEBED ALTHICL 5408
Grade 1 Grade 2 Grade 3 Grade 4
ALT fE (U/L) > 40-120 > 120-200 > 200-800 > 800
A (n=31) 28 2 1 0

Table1l. A F 7V FF U X H5HFBEEEZRBRL-EBEO ALPHEHIZE 298

Grade 1 Grade 2 Grade 3 Grade 4
ALP{E (UL) > 360-900 > 900-1800 > 1800-7200 > 7200
AN (n=31) 30 1 0 0
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4-3. BE

BAETE, EEBRTICRBTZEALE T ) FF A L AEEORBEE LR L
23 B OIcfTolo, LB RBHRRICBIT 2B HNT & BWinh AR & BEFFEIC
DWTHRAT, ENF TV FF UL > TR ERISNIFEEEZHRET 2D,
ENE T Y TF o DRBBBERCIFER Lo TN Z LITHICER Lz, 207D,
DRGFEFEEL, LERFFHRETHADTEAF Z Y FF U ORAERME LI & 255
RTERVEEIIBRI LT, £i2, EAF 7Y 7FF U IRABRMEIZBLIC ALT fE & ALP
EXNSEEZTLEBRELRA L, —F T, EAE T Y FFRARERED ALT &
& ALP fEREE Thivd, EAF T ) 7F U BIFREOMBET & 72 2 ArfEER H
57, FEEZEZ LT WEROHROFES Y A VAMEFFL, 7o a—EF
R, JET L — MEREREERTR . B CRBEERT R, ISR & OFREOABHE
DEEIZLVBRABEZRITHIZ LI LAahole, ZOREORER., EAF T U TF
VX BFEEORBREEN 21%THH I VBB LR o7 (Figure 32), 2D 21%

EWVIFERRDNE D T, FIROZELE THO 2 RIERAEREICR T 5 TEED

REEELHE LB LARTNISHETAZ LT TERVD, Z0OHERZERHDIZ,

A% & DIZ KRB RBHRIEITONS Z LT, EAF S ) FF UL L BFEEDSR
BREF DERIZAFIERDREREN BT 5 Z L BRI 5,

ENE 7Y FFoRRARRE 1 ELURNICTFESZREBR LT 31 LB S2FEED
EREE% CTCAE v4.0-JCOG @ Grade B AVWTCEMELZ L 25, £ DBEI
Grade 1 DEJETIHh 7275, Grade 2 DPHER Grade 3 DEERDFEENDHBE LT
ETHIEPRLNII R, TOZ b, EAF Y 7FURAFIIRDOND
FFEEREETHIGERZVD, —HIZREEL RIBELFETLILNLEER

LTRBEEHETOILENS L I H TSN, ZTORETHoEBEZIENVF T
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TFURARSERIC, FFEEEF R TRRNREY THAT N T I ) 7%
BRALTWE, B38BT, PAEL ) FPF AT L AFEEORBREA I =X LD—F L
LT S100A8/A9 A EBEETAEEEMEZBE LM Lz, O S100A8/A9 iXRIDRE

FICE > TEIEBISNAERERSEZEESESERZE D (Roth et al, 2003; Kido

et al., 2003; Kido et al., 2005), ED7=H, EAZ SV FF o 2RAL, FBENICSEE

THHT DREAEL L O ICIFRTER S D BRB M20.7 I2 L o T, TR
%E%ﬁ%%@smwmm9ﬁ%¢®%%%ﬁ%Mtt%%f\@@H%%%%@#
LEFEHATEI LN, EEOHEEICENDARERZ LN, FHFERICLY
BoNfeHFH=AmRE, CAF T Y TFF U LAFEEDORERREFOMBIIGH S
T ENEFEND,
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O

W, 2 BUBERFIGEEO R TH EMR 5 CIIELECEERMERE - Licd »wE
L #5b. DPP-4 EEONFEREEICHML TS (Kohro et al., 2013), —F5 T,
ERAREREINENZ &S RHRFMEPRER OEAZIZE T 5FRI D20
Z L3 DPP-4 RERORED— 2 Thoiz, TDO L5 BREROH, B Tit DPP4
FREED—2THDIENF TV 7F U OBEERICERT D2 L& BIE Lo BB

FEE BRIRTEZITV., LT ORRERE,
BIE EAFTYVIFUrOERMBEROMI L BB L invitro B

EANFE T Y FFUoDERNBEOCEBET L L TEERERHESELERATLIZ L
ZEFELE, t MNFEY - IARRERE AV in viro EREITo T2, EORKERN
b, B FNITiZEAF 7 ) 7F o RBBREZRIRNI L, BLUE FOIFHIZEIT S
ENE T ) TF L DERBERIIEDOFENSTFTHS DPP4 ZDOHLOTHH L
B 5202 Lz (Asakura et al., 2014; Asakura et al., 2015a; Asakura et al., 2015b), f - T,
b FDERNTRAERST ) EOMKSFERIGE DPP-4 R4 2 L) Fik R R
PEbhic, £io. b | DPP-4 DEREDORBREAVIEFNO, DPP4ICKSE
NE T Y TF o ERBRIRICIE DPP-4 X7 F H —E g L ARICEREETAMAL O
Ser630 BMETHDHZ & . BL UL F DPP4 DBETFERUCL Y EAFX T TF R
MEEDNETDZLERALNILE, DLEXY, EAF T Y FF o OiPREDEA
ZDOFHEITIX, DPP-4 HHELL b DPP-4 DBEBEFEROERNFATH S Z &R
ENTe, THUBOREIL, BT TV TF UG TR, SRBEREND VT EE
BT HBEESOBEMBICHERT S5 Z LI,
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B2E CAF TV TFUOERBWRBZOBAZBEE L~V R EHVWE
invive BB v NI Z7uy—a 20 AZICBET 28BN

YU A& RNz invivo BEROFERNO FL1ETELVF TV TFF L OERBBERT
BB EWRENTZ DPP-4 B in vivo ICBWTHENRBBEE L LCHET A28, B
& UM & 72lifias 0 C b RIS ATIR O DPP-4 RIREN M20.7 OAEREICKE AT
BT LERAOMNILE, iz, BRTHRE I TWHMEF D DPP-4 X7 F ¥ —EfE
MEDOBEAZEIT M207 DERBICRE RBEL RIS QRVARBEEEZRBH L, £ LT,
EMFIZ Y —b2AWERF?L., BB 5 N5 7 ) FF AREEEIT
BAZENTFETLOIZEZRH L B 1 EEFE2ETHON R TEHILRMEND
ENE ) TF o ORI EIEPCENER OBAZOTRICIL, FFED DPP-4 £
EX°DPP-4 OBETFHZEOERSPH R Th 2 FREENRTR & (Asakura et al., 2017),
S, FFEA O DPP-4 SEREEZ KT SIREBAHEA S, EemBPONAS A<—h
—BERINDZET, EAFTT Y 7F o OREEBOBEMMLICATNEDORREPERT
LI LEBHFESIND,

BIE ATV TFFVRELAFEEORBEAI=ALORRAZEELEE
HERT 4R

ENE TV FF AL DFEEDORRA V=X bk B LIZERTRZTH, B
F7YTF ALY~ 7 AFREA T S100a8 & S100a9 mRNABFHEEINDHZ L &AL
LTz, E5IT, b OERHIIIZBWTH EALEZ Y 7F 58 S100A8 & S100A9
mRNA DEHLZFETHZ L, BIOKEDBEEAZET T 5 SI00A8/A9 HAEKD

SUWROEMEBIERI$I L2 AL, TLT, REMEO LT 7Y TF 72
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i C72 < B M20.7 5 S100A8 & S100A9 DFFEEELHT5 2 L #H LM Lk,

INETICENF TN FF AL DFEFOREAA U =X L BT HH5EITITH
NTWRdoTe, Ll BFEICL D REMEOCALF Y FF 8L UM20.7
PGSR DS b DR FEEIE X /2 B S100A8/A9 O WEFET B LM, LAy
UV TFUORBICKDITEED—HEZ#E > TV SRR R S/ (Asakura et al,
2016), ZDORFRTH/ONIZFTZRAMRDN, SHITHEERA V=L EHET D
HDENVE T TF o DIFEEETT VB OEER, BIRFEIC X 2 FEEORRE

FORECERKT S Z B/ h 5,

WA PAFTYPF U EAHEEORBEEEOTE

FERERRICBIT D ENE TV T F UL HIFEEORFEELREE L., T 0OE
ERR21%THEHZ L EBALMI L, EAF T FF U RARMGE 1 ELINICATRE
LERER LT3 KB DIFBEEOEEE % CTCAE v4.0-JCOG ? Grade 73 % AV
THl L7z & 25, %< OBEIL Grade | DEEIETIH o 7248, Grade 2 D HESE Grade
3OEECSEINIBELFETDIZEPHELNI R, £, EAF T TIF
vERARIC, MOIFEEZEE T SERNEHHT L LBAEEDOFEEDOREICE
DI FREM ORI SNz, RFFEOMRIL, SHITDOND & LIT AR R BRFFAED
BB LD ENET ) FF L BFREEOCRRETOMBICERT SR

RSN D,
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AR ZBLT, EAZ T ) TF o OENRBEERIT DPP4 TH Y| BITHIRA DO
DPP-4 DEBEECRFEEOEAZBRENF T ) TFF U OENBIRBIZRE SEET
B EERALMNILE, EBI, REMEOENF T ) FF 2 Tlel . ERHEY
M20.7 bIFEEOHBICEET 2 FREEEZ AL N Lz, 6%, ThHDERNEN
F7)TF o OREBEOEINES., FFEEOCFHBLIURHRBRIICAEN, EAF
7V TF o OEEERICEMRT 5 Z LIRSS,
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%1
EAF TV TFrOERBEROEREZ B LK invitro EBR

1. ERH

ENE TN FFATIGBERFESMEMTECENERE Bt FH EE.RFA &
K XE BHEIVERRBEZHEMEESTE V., Vildagliptin carboxylic acid metabolite
(M20.7) I+ Santa Cruz Biotechnology (Delaware Avenue, CA, USA) LD EA LT,
pTARGET Mammalian Expression Vector i Promega (Madison, WI, USA) L WJEA L7z,
BigDye Terminator v3.1 Cycle Sequencing kit {% Applied Biosystems (Foster City, CA,
USA) LY HEA LT, G418, trichloroacetic acid, penicillin-streptomycin mixed solution
WEF A 74T A2 (Kyoto, Japan) KV EEA L7z, 77 A <=, Dulbecco's modified
Eagle's medium (DMEM), fetal bovine serum (FBS), Lipofectamine LTX & Plus Reagent,
TRIzol Reagent i Invitrogen (Carlsbad, CA, USA) L ¥ i L7z, Dithiothreitol (DTT) %
FnYEMIZE T3 (Osaka, Japan) K VA LTz, U FRY 7 m—Ffik + NITL HiiE
(LS-C164881) X LifeSpan BioSciences (Seattle, WA, USA) L VAL, VHXFRY 7
m—F Bk - NIT2 Hifs (PAB23095) I3 Abnova (Taipei, Taiwan) X ¥ BEA L7z, ¥
FHRY Fe—FAfie b DPP-4 ik (AF1180) {% R&D Systems (Minneapolis, MN,
USA) KYWEALEZ, ~URE/ 7 a—F /8 GAPDH #iff (6C5) IX American
Research Products (Belmont, MA, USA) X Y A U7z, Pooled human liver S9 fraction (50
donors, mixed gender), pooled human liver cytosol (50 donors, mixed gender), pooled rat
liver 89 fraction (105 male Fischer 344 rats), pooled rat liver cytosol (105 male Fischer 344
rats), pooled rat liver microsomes (105 male Fischer 344 rats) [ XenoTech, LLC (Lenexa,

KS, USA) L DEEA L7, Pooled human liver microsomes (50 donors, mixed gender) (%
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O

BD Gentest (Woburn, MA, USA) X WA L7z, Succinamic acid, hydroxylamine-HCI,
FeCl;, 7H¥AR Y 7/ o—FLH actin Hiff (A2103), BNPP, ethopropazine I
Sigma-Aldrich (St. Louis, MO, USA) X D A L7, AMC iZ Setareh Biotech (Eugene, OR,
USA) & Y EEA L7z, Gly-Pro-AMC i3 Bachem (Bubendorf, Switzerland) & 9 A L7z,
& /') % /i3 LKT Laboratories (St. Paul, MN, USA) LK VA L7, ZFOMORIE

PENYERERE TS O HPLC ARE, BESRELIZCHRE T2 02EA L,

0. EBRFIE
1. & b NIT & hOBMHFED nitrilase & O F I/ BRELF OAE FIHE D ELEg

BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) # AV Tk k NIT &0 BHED
nitrilase & D7 I/ FRELF D LB & 4T o 7o, NCBI database (http://www.ncbi.nlm.nih.gov)
B G STV D Bradyrhizobum japonicum USDA 110 (NCBI accession number
BAC48662.1) . Pseudomonas putida (WP_003257871.1) ., Rhodococcus rhodochros
(BAAO01994.1), Arabidopsis thaliana (NP_851011) @7 3 / BREl%% AV T, BLAST @
BLASTP fEAf Z{EA L, £TOk FF U I ELOT7 I ) BBES| & FARIMEE Bk U7z,
= 7 A NIT1 (NP_036179) 3 XU~ 7 X NIT2 (AAH20153) L2THDt "NV E
EDT I/ BEF CMEEMEDER L, B b NIT 7 2 JBEFIZ. & b NITI

(NP_005591.1), E bk NIT2 (AAH20620.1) ZfERH L,

2. v ADIBRY L TINOREME NI EEE
B ERIL, LB R FEHEBRIEEHZTE - TIT o 72, C5TBL/ENCrSle = 7 A (B,
4 J&E, HA SLC, Shizuoka, Japan) #BI{LEAE LI~kic, Y=Frz—F L ERAS

HHZETHEL. 1.15%KCl CAHROER 21T\, DIg. M, Big, ffig 5§, M-

88



g, /BRI UOKRBEZBER Lz, B LUZEEIT, 1.15% KCl THE%ICE bITEE
ERCTHESE, AT £ T-80°C THREFELK,

FEAT2HABHFOERICR LT 3 £&8® phosphate buffer (1.15% KCl, 0.1 M
KH,PO,-K,HPO, buffer, pH 7.4) #M02T, 77 0 U HREV T A F—% FvTKET40
FEEOFE VA XETV SR FT VR — M 2B, FOMERAT VR — M & 600g,
4°C T104pIELDBEL, LR LEBELDZRE L, 512 9,000g, 4°C T20 5
FEODSBEL7- L S9 Eio e LTERICERA L, &lEzzD S9 Bazsbic
105,000g, 4°C T 1 FEEE O BE L 72 BB 204 Y AVES . TEER) % phosphate buffer
THREBEIET 7o FEVTAPF—2AVTKETHFEDTA X LEDLDEI I/
Y —AhEHsyE UTERICER Uz, #1237 EEEIT Bradford ¥ (Bradford, 1967) i

€V, Bio-Rad @ protein assay kit Z W TiT o7,

3. B b NIT#8&U'E  DPP-4 HERRDOHELE
3-1. TR R 2 — DS

ReverTra Ace gPCR RT Master Mix (Toyobo, Tokyo, Japan) % F LT, & kATl total
RNA 1 pg/10 pL {Zxt U THEEERISZ1T 9 Z & T complementary DNA (cDNA) %%
72. ¢DNA IZ, PCR Thermal cycler dice (Takara, Otsu, Japan) % FVYT 37°C T 15 47/,
50°C T 5 R DOFEFRIR, 98°C T 5 D OEERRIESIGZITVMER L7, cDNA1
ulL, 10 uM forward primer 1 puL 36 K TF 10 uM reverse primer 1 pL (Table 12), 10x High
Fidelity PCR Buffer 2.5 pL., 10 mM dNTP mixture 0.5 pL., 50 mM MgSQ4 1 pL, Platinum
Tag DNA High Fidelity 0.1 uL. distilled water 17.9 L % F = — 722 B4 Liz, PCR
Thermal cycler dice (Takara) % AVNT, fRBERIG % 94°C T30, 7=—U 7%

60°C T 30 #[E. HMEXKIE%E 68°C T2 4L L, 35 ¥ 2 A7V PCR ¥ % 57z,
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0.8%7 Ha—AF V&RV TERIKEZITVEH O PCR EW % 7B L7212, Rapid
DNA ligation kit (Roche Molecular Biochemicals) & AW CHERT A Z & CA P — b
DNA %7872, pTARGET X7 #— L 3 &E (E/Nk) O P —NDNA DT A5
—va VEIRETW, £7 7 A I FY ¥ — (pTRAGET/NIT1, pTRAGET/NIT2,
pTRAGET/DPP-4 vector 1, pTRAGET/DPP-4 vector 2) %4%7z, DNA {BEOR|EIX.
NanoDrop Lite Spectrophotometer (Thermo Scientific, Waltham, MA, USA) #{EH L7,

t I DPP-4 D2FODEFINBHEALAFENT pTRAGET/DPP-4 i, pTRAGET/DPP-4
vector 1 & pTRAGET/DPP-4 vector 2 % filiRE£5R Sru 1 THHILL, 0.8%7 Hu—X 7L
FRVWCBRKBIZITS 2 & THHIO DNA WA 2 0BERR L. 5445~ a VRIS
2175 Z & TH (Figure 33), DPP-4 BRED T T A I FR7 Z—DIERIE, £
£ U7z pTRAGET/DPP-4 vector 2 #§581 ¢ LT, BRODERZ &7 T A ~— (Table
12) % F3\»T KOD-plus-Neo DNA polymerase (Toyobo) THERZEA L1z, FDHKIT,
pﬂmmmmw4@Wﬁkﬁﬁmpnmmmm&4wmnl&%E@%Aéht
pTRAGET/DPP-4 vector 2 % HIfBEERE Stu I THILL, 08% T Hu—RX 5L HWTE
[EKBEITO ZL THH DNA MR Z0BERR L, 74— a VRIGEITOZ&T
pTRAGET/R623Q & pTRAGET/ S630A % #57- (Figure 33), BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems) 33 & TF 3130 Genetic Analyzer (Applied Biosystems)
ERAWE =72 R BTN, BELET T A R Z—{ZHED DNA EFIAHE

AZNhTHB3Z ¢, BRUADOEENFEELRW. 2R LT,
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Table 12. Sequences of primer used for plasmid construction.

Forward primers (5' to 3") Reverse primers (5' to 3')
NIT1 GGCTATATCTTCATGCTGGGCT TGCCTCCAAGTCACATGAGC
NIT2 GAGTCATGACCTCTTTCCGCT CACAAACTGCTTGGAGGCAA
DPP-4 vector I TGTTTAACTCGGGGCCGAAA CAGACCAGGACCGGAACATC

DPP-4 vector2 GTTGGAAGATTTAGGCCTTCAGA CCCTAGTGACATCACTGCCC

CAACAAACAAATTGCAATTTGGG CCCAAATTGCAATTTGTTTGTT
R623Q mutant

GCTGGTC GTCCACAAATCCC
GCAATTTGGGGCTGGGCATATGG GGTTACGTACCCTCCATATGC ()

S630A mutant .
AGGGTACGTAACC CCAGCCCCAAATTGC

Stul

DPP-4 vector 1
(7243 bp)

Stul

PTARGET/ 2
—> DPP-4 L)
(8513 bp)

DPP-4 vector 2

(7312 bp)

Stul

Figure 33. Schematic construction of pTRAGET/DPP-4 vector. To construct the
expression vector of full-length human DPP-4, we subcloned the 2.95-kb Stu I fragment
of DPP-4 vector 2 into the 5.56-kb Stu I fragment of DPP-4 vector 1.
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3-2. HEK293 Mifa~D T F A I Ny H—DEA

HEK?293 Al 10% FBS, 100 U/mL penicillin, 100 ug/mL streptomycin % & ¥¢ DMEM
T 5% CO, FF1E R, 37°C T Lz, 7°7 A X FXZ & —¢ HEK293 fifa~DE Atx
Lipofectamine LTX & Plus Reagent (Invitrogen) % AV T4T7 o7, Medium 150 plL 12
Lipofectamine LTX Reagent 10 pL 20z, & v ¥’ 7 TH# L, Diluted Lipofectamine
LTX Reagent #%7z, F£7=. Medium 175 pL (2775 2 2 K DNA 3.5 pg 38 LT Plus
Reagent 3.5 pL &M% # » 2 7 CH# L, Diluted DNA %4572, Diluted Lipofectamine
LTX Reagent {Z Diluted DNA £/ z (1:1tb) (=R TS5 BA ¥ =2~— | L,Diluted
LTX & DNA #K L L7z, HEK293 #ifa 4B L7z 6-well 77 L— T 250 pL/well &
Diluted LTX & DNA BB ERH T LTMA T, 48 BERIEIC, 600 pg/mL G418 % &¢e
DMEM T 96-well 7°L— MIxt L CERBERICHIBIRE Z AR L 2R OHE L, IRAM
RiELVERERRMBKESRRE, £io, AP~ DNA 2HZRAATHARL

pTARGET 7 # — & [F##iZ HEK293 FIHEIZE A L, mock ME %157,

3-3, REBHAMIRO SO EHDOHRBME & VI EEER

RERBMIRSE Z %%, dish NOEHMEZERE, PBS THIlMREZ 2 EI¥EE L7,
BNVRT LA A—THl@E»E LY, PBS CRRBES R TR L, 770y REDT
AW —FAWVTKETAFEDOHETF A XEITUN, total cell homogenate %157,
% O total cell homogenate % 600g, 4°C T 10 HREOSBEL - EFEEZEIR L, &5z
9,000g, 4°C T2 HELSBELZ LiEE SO By E LTERICERLE, Fr37
& 7 B4 Bradford #% (Bradford, 1967) {ZH£V>, Bio-Rad ® protein assay kit Z A\ THT

27,
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4. Jx AF T 0y MRS

Tz AF 7y MEFIX, NuPAGE 327 A (Invitrogen) W TiTolz, # v
232 3 #} NuPAGE LDS Sample Buffer 9.38 pL, 500 mM DTT 3.75 uL & f&8IK% 1.5 mL
Fa—7ZMA, 28375 0L OFEREZHE L, BEHREROF V73 EHE 30
ng/25 uliwell, <7 X, F v b, b FOlEZRBARD Z /27 FEHT 100 pg/25 pLiwell

TESHKETDH LR TELLSICAR LI, HEEMOLBLFTMT SHRITIX
PNGase F (New England Biolabs, Ipswich, MA, USA), O-glycosidase/neuraminidase (New
England Biolabs) & 37°C T—BRLS &, HEHREMEZ YT SR 2 T o 72 & L3
I REEER L, YERR L7288 % 70°C T 10 AMEWEZITW, RV 727 U AT 3
RFVEIKBRAY 7 L, BRIKENL NuPAGE 4-12% Bis-Tris Gel 28 L,
NuPAGE MOPS SDS Running Buffer 33 & U¥ NuPAGE antioxidant %% {e¥kE1/ Ny 7 7
—T, 200V, 120 mA T 35 Z[#4T - 7z, EXKIKER, HBES Wiz & 37 B % NuPAGE
Transfer Buffer % FV T, Immobilon-P PVDF & (Millipore, Bedford, MA, USA) 1213V,
160 mA, 1 B CEE Lk, BE%, PVDF % 5% XX L INTEHAWTERTI
7 u vy s Ui, 7Ry dr 7§, —RPUE (1 actin HUF & $T GAPDH Hii4
1:5000, £ DX 1:1,000) Z =R TR &7z, PBS T 5 oF$ D 3 [ETHE.
—IRFLMAE (Horseradish Peroxidase Conjugated Second Antibodies, 1:10,000, Promega) %
ERT | MG S, PBS T 5 47> 3 E¥#H#. Chemi-Lumi One L
Western-blotting detection reagents ("7 7 A4 7 A %) & Amersham Imager 600 (GE

Healthcare, Tokyo, Japan) &AW TN REBRHI LT,
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5. NIT2 BESR{EVEDRIE

NIT2 BER1EMOBRIE L, Krasnikov (Krasnikov et al., 2009) & D FEIEEEMZ T
Tofc BERIRE LTRIS S 2 mock MR E 71T M NITHBRDSOE D (5pg) &
5 mM DTT., 100 mM potassium phosphate buffer (pH 7.4). 100 mM hydroxylamine-HCI,
BEUKZRML, B ETIREL 2D D 5 £ 37°C TV A »Fa~—hLik, §
SEDOT VA o — Mgz, FEEO succinamic acid (FREEE: 20 mM) 2% T
RS EZFBS T, ZONEOEEIXS0pL LR2D XSICRE L, Thth
OREDOREX, KGR 50 uL FORMREE LR Lz, 37°C T30 HERSEE%
(Zy 150 pL DFUMEIRIR 2002 7o BUSMELRIRITIE, 0.37 M FeCly, 0.67 M HCI, 0.2 M
trichloroacetic acid A& £ TR Y, MBIKISHMFILT 5 & & biZ NIT2 BEREEEF
IR T 5 succinyl hydroxamate & 8 (H) 4 F v B $EEEZTERT 2 2 L ThREAEL
£9 % (Krasnikov et al., 2009), & OE# % 96-well 7°L— M 100 pL F2% L,
SpectraMax M5 96-well plate spectrophotometer (Molecular Devices, Sunnyvale, CA, USA)
% BV T 535 nm O SEEERIE 24TV, extinction coefficient (920 M em™) (Krasnikov et

al., 2009) % FIVNT NIT2 BERIEME (nmol/min/mg protein) % & H L7-,

6. ENF T TFURER L L EEREABRERER
6-1. REER O SUSSMF

BRRE LTS EE3 7 230 8% & Tris-HCl buffer (pH 7.4, FUSE 200 pL A7 o
BAIEEE: 50 mM), FRUKEZEFLER 180 uL OFREZFAE L, B ETIRE L7228
b 543 37°C TV A rFaX— L, SAFEDOT VA rFa— R MEIZ, B
7N T F L IREEE 20 pL (SR 200 pL FOBSSBE: 1 uM F7203 10 uM) 2%

TRUBUS EBIE ST, ORI 200 i & TN # 1/ REOWE,
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T IAZy M b OIS ES E VA P AESIE1.0mg/mL, v VAL Ty b,
b NOFEI 7 v Y- AESB X OEERBNO SO E41X 0.5 mg/ml L5 KD
AR U7z, 2 BERORIGHEIZ, KT b= b ) 200 L 22 CREFEIESE
7z. 15,000g. 4°C T 5 B LRBEL, EESROREH M20.7 OEE % LC-MS/MS
TEE L7, Flo, RBERINCHERERN R T ) BEONKSEEORBEZRAT DT
DI, ENENDE L A7RBD L2 TOFRIEBV TR ETRE 2o %
non-reaction control I L7z, & LT, 37°C T2 BMRHRIEZIT o ISR F D
M20.7 #2 B »> & non-reaction control FF> M20.7 BEZZE1L51< Z & T, RRINICE
B2 M20.7 B & VT M20.7 £ RKTEPE (pmol/h/mg protein) 2B H L7,

6-2. REHPEEERDORIGEM

BERFEE LTRSS ED Z 37 3% Tris-HCI buffer (pH 7.4, FUSTE 200 uL @
BAGIREE: 50 mM), FEELKE XL UEMESR (RK 200 uL FOREEE: 0, 10, 100,
1,000 pM) ZiBF1 LE2= 180 pL OFBRERML, BB L TIRE LR 6 5 5/ 37°C
TT A vFa~—hLT, SHEOTvArFaX— MNEIZ, EAMF TV TF K
PAME 20 uL (BUSHE 200 L F OBRFEIBE: 10 uM) 2MATRBRISERRBE S BT, £

DM OEREZ, F1E D.6-1 ICHELTITo7,
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6-3. LC-MS/MS DRIE &4

LC-MS/MS X, LC iz Waters Alliance 2695 Separation Module (Waters, Milford, MA,
USA) % FAv . MS #8213 Waters Micromass tandem quadrupole Quattro micro mass
spectrometer (Waters) %8 L7z, #47I1Z1% MassLynx Software (version 4.0) ZfEH L
2o LCEBIUMS OGHEHIILLTOREY TH D,
77 A Polaris 5 um C18-A 50 x 2,0-mm column (Agilent Technologies, Ainstelveen, The
Netherlands)
H— N7 A MetaGuard 2.0 mm Polaris 5 pm C18-A guard column (Agilent
Technologies})
F 7 MR 25°C
FEhHE A: methanol/10 mM ammonium acetate, pH 8.0 (5:95, v/v)
#5848 B: acetonitrile/methanol (10:90, v/v)
BEIE DLLER: FBEITE A/B (1:3, viv)
JiE3%E: 0.2 mL/min
< AAY b A kY —: positive ion mode, M20.7, m/z 323.1>173.3
A A b D M capillary voltage, 3.6 kV; cone voltage, 32 V; collision energy. 20 V;

sourcetemperature, 120°C; desolvationtemperature, 400°C; collision gas, argon.
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7. DPP-4 X7 F Z—BiEMEDHIE

DPP-4 _7F #—E1EMEiL, DPP-4 [CIBIRAR R EE D Gly-Pro-AMC & AV T,
BT AHED DPP-4 I Lo TEREND AMC DRt ZRET D2 L TREME LT
(Leiting et al., 2003; Lee et al., 2009), Black flat-bottom 96-well 7" L — FMZ2& 100 pL &
2% & DI RISHEZFRB LT, Assay buffer (S0 mM glycine pH 8.7, 1 mM EDTA) 28
RFELLTRISEER X I8 % 0540 pg/mL & 725 X 5 M =R T 15 HFA
VI aR—Larv i, £ vFaN— g LEIT, 2EO Gly-Pro-AMC (B EIBEE: 50
uM) #MZ TSR L. EHIT 9%6-well 7L — k% SpectraMax M5 96-well plate
spectrophotometer (Molecular Devices) {2 > kL, 25°C T 15 RIS &8 72, BIGH
Wb 5431 & 15 3112 AMC O FEHZE (excitation, 360 nm; emission, 460 nm) %
fTole, 15 ZOENMEND 5 SDENBMEEZELSI T & T 10 H5FETERR L AMC

DL RFEL Y, DPP-4 _XFF & —¥iEM: (nmol/min/mg protein) & H L7,

8. ENAF TV FFUoREEMDOEERN AT A - OEH

ENVE T ) TF o DRERFABREREZITV., BERINT A —F DEHEITo7,
REEBROFIEL, F1E [.6-1 IKEUTToTe, BEE LTRGIEDEAF S
V) FF o DREBEL. b FOFFEY AR LT 1-1,000 pM.,  mock iR E 7
i3 HEK/DPP-4 @ S9 B4k LT 1-500 uM & L7z, SEEIBE RT3 RBRIS
HE (M20.7 EREN) POEERPNATFTA—F KnfB. Ve f8) ZHHLEZ, I—
77 4 v 4 > ZIZi%. KaleidaGraph computer program (Synergy Software, Reading, PA,

USA) Wiz, & FOFFBY 7NV D KB, Vi B3 Eadie-Hofstee plot (Figure 11)
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NHEH L, hDPP-4 @ Ky fB. Vaax T Biphasic Michaelis-Menten 2. (1) AW T

BHUE,

V= Vaax1 < S/ (Kml + S) + Vinaxa X S/ (KrnZ + S) (Et‘ l)

V iTEBORFERE. § BEERE. Vi SEBREMEIMIICIST 5 RKRHHEE,
Ko TEIXEEFIMEEALIZBIT D Michaelis TFBEL. Vi 1 EIEEFMEEATIZ BT 3 &R

BHEE, K EIZERFMETML O Michaelis B %R,

9. FEFRTHARAT

BEE, PHE + EHRFRETR LA, ZHRBOkEIT unpaired t-test {2 X W #EF L
72 E7-. THEABIRIX Spearman rank method 12 & D fi#4T L7z, P {EZS 0.05 RiFD & %

ICHEET RIS B & LTz,
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B
EAE T FF o DERFBBROEHAZAE LEVRAZAVWE
invivo ZBRE e VX7 vV —a2HWVWEEAZICET IR

I. ERME

STZ IZFIEMEET 2 (Osaka, Japan) X ¥ BEA L7z, ReverTra Ace qPCR RT Master
Mix, THUNDERBIRD SYBR gPCR Mix & Toyobo (Osaka, Japan) & W EA L, F 1
BOERFELEXBOREIZOWVWTIE, BIECTERHLEZLOEFERA L, £O4MD
AEIFNIEHIEE L% D HPLC ARE, REBRHRELITTITHEE T 02ER L

=

—o

0. EBRIGHE

1. = REAWEEANE 7Y FF B X 0M20.7 DIERNE)RED P

1-1. S UA~NDOEANFT 7Y 7F oG LRI LN AUC DEH

B ERR T, LB R ZEMFERIEEHTHE - TIT o 72, C57BL/6NCrSle = 7 & (HEPE,

8 Eilm., AASLC) ZBAMLEE LIz RIZEM L, 3 re—A@ 4B E2E 0.2
THERFERZRARD STZ MERE (Day 7) 3 D~ A2, EAFZTVTF (10
mg/kg) FREOBEL, #END 0, 05, 1, 2, 4, §HFHBICEMLEZIToTz, ¥ %7
) TFRRERE, CAF T Y TFY (10mgkg) &V F 7Y TF 2 (1,000 mg/ke)
DREHREFAHL, BOKE L, HOFETH#RE 0TV, ~RD AV D 1.5mL
Fo—FICmiEE B L7, EI L-fik% 3,000g, 4°C T 10 HMELSEEL., &
BErmits LTERCER LA, M2 L IKETE =Y A 20ul 202 TX
<IBFL, 15,000g, 4°C TS5 ARELABEL, EBTOREEO LAY S ) FFr

BLUERH M20.7 DIRE% LC-MS/MS TEE L, #BoNiERRESE 8 iFfH
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0

EFCOMmMBEHEENS, BFARICHE - T AUCss ZEH LI,

1-2. LC-MS/MS DITE S/

LC-MS/MS X, LC #iZ Waters ACQUITY UPLC system (Waters) % FV>, MS 21X
Waters Xevo TQD mass spectrometer (Waters) Z{#H L7z, #EH7121% MassLynx Software
(version4.1) ZEA L7z, LCIBIUIMS DS EHEIZLLTOEY TH B,

77 A Polaris 5 pm C18-A 50 x 2,0-mm column (Agilent Technologies)

— K% % A: MetaGuard 2.0 mm Polaris 5 pm CI18-A guard column (Agilent
Technologies)

BT KRB 25°C

B A: methanol/10 mM ammonium acetate, pH 8.0 (5:95, v/v)

F48118 B: acetonitrile/methanol (10:90, v/v)

FBENVE DL BEIE A/B (1:3, v/v)

FEiE: 0.2 mL/min

TRAANRY hr A kY —: positive ion mode, E/NF Z U FF ) m/iz 304.1 > 154.2,
M20.7, m/z 323.1 > 173.3

A Z o ALDEAF: capillary voltage. 3.4 kV; cone voltage, 42 V; collision energy, 18 V;

sourcetemperature, 150°C; desolvationtemperature, 200°C; collision gas, argon.
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2. STZ FHFERF~ U A DS

C57BL/6NCrSIc = 7 A (HEtE, 8 #fn, AR SLC) i, B A/ K CIEME S ¥ 7= STZ
(250 mgrkg) ZMEMEPMICEEIRSE L7z, %4587 (Day0) & 7 HE (Day7) iZfFE. @
FEIH, Mm#EFRD DPP-4 N7 FF—EREMELRAIE Lz, ik X O O/ERIZEE 2
B O 1-1 (CHEUTiToz, MBEEE. glucose Cll-test Wako kit (FAYEMIZET3E) & fF
AL THE LT, MEF DO DPP-4RTFF—EEHEHILEIE O.7 KECTIToT,
Day 7 {28V T, FEREMAEEDS 400 mg/dL Ll E & f;co few U R% STZHRFERK~ Y
A (STZ JLEBEE) & LCEBRIZEA L, N

3. v U ADFERH = Y D DPP-4 X7 F F—EiEMER LU M20.7 £REEDOHEH
3-1. = U AT, Bl /ORI

W2 O.1-1 CFEALEaY he— V4L STZ LER (Day 7)3 LD~ TR
OifE. B, BB L CLRERR Uiz, FHESOHREIE, EAF T ) TF DR
NG00 48 BEfEE Day 9) 12, F1E 0.2 iIC¥EL TiTo /e, IR L &R
BAEERTEDILERESE, AT ET-80°C TREFELIK, -
3-2. < U AOfFHE. Bk, NBEOBRERORIE L SO EiyOFEH

JEzmdH -0 OEMEZ REL DI KBRBERZAIE LRI, = ha—b
Bt 4 IC L STZ MUERE (Day 9)3 B~ v ADfFIE, B, /MED SO EL %5 1% 1.

2 ICHEL TR L,
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33, vV RADEHITBIT OREERH T OEEOEY

oy bu—LEE4 0L STZ ALERE (Day 9) 3 B0~ 7 AD[TE., BiE, /NED S9
HABLOMPEEZANWT, F1E 0.7 BLUEL1E .61 ITELT, #0F
1 mg protein H72 Y E/ XM 1 mL &7 Y D DPP-4 X7F X —EEM (nmol/min/mg
protein or nmol/min/mL) & M20.7 A& (pmol/h/mg protein or pmol/h/mL) % Z 2
hﬂﬁbtoﬁw\%W\m%wﬁﬁ&kbwDW4&f?ﬁ~ﬁ%ﬁ
(nmol/min/tissue) & M20.7 ZERRIEME (pmol/h/tissue) 13, SO E43 D 1 mg protein H7= Y
®ﬁ@%JWE%@%@Kﬁﬁbtﬁﬁﬁ%ﬁb@?Vﬂ?gﬁﬁG@%ﬁm&ﬁg
tmm)&ﬁ%ii(ymm)ﬁﬁEb\%ﬁ%oto%vzoéﬁtﬁﬁémﬁ&t
D @D DPP-4 _7FF—EiEM (nmol/min/plasma) & M20.7 ARIEME (pmol/h/plasma)
(X 8% 1 mL &7z Y OIEMEE~ T A OE2MIERE (1 mL) (Davies and Morris, 1993) T

FIEL, REbL-o7,

4, v ha—-)EEL STZ AERO~ U ADTE, Big. /NBIZB1T 5 DPP-4 & X
7 HEBOFH

2y b= VRS STZ AVERE (Day 9) O~ 7 ADHTIE, BE. /MED SO ES %2
WT, B1E D4 TELTCURFrT Yy MNETEZITD, DPP4 2 7 BIRE

®§$'{ﬂ£ %ﬁo 71‘:0
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5. U7 %A 5RT-PCR 7 X 5 mRNA S8 DZEM

2 ha—VEE L STZ ALERE (Day 9) O~ U A DT, Bl /B D total RNA %,
TRIzol reagent (Life Technologies) ZfEH L THIH L7z, Total RNA DIRER L UHIE
(A260/A280 kb)) &, NanoDrop Lite Spectrophotometer (Thermo Scientific) % FVv>THIE
L7z, HiE (A260/A280 tb) 25 1.8 LLE®D total RNA % EBRIZEH L7=. ReverTra Ace
qPCR RT Master Mix (Toyobo) Zf#EMH L T, total RNA 1 pg/10 pL 23t U CTHERE RIS
%2975 Z & T cDNA %7, ¢cDNA 1 pL {Z 10 pmol/uL @ forward primer & reverse
primer (Table 13) % Z#L€# 0.6 uL. THUNDERBIRD SYBR gPCR Mix (Toyobo) 10 uL
EMZBERERAKTCEES 20 pL & L7z, CFX96 Real-Time PCR Detection System
(Bio-Rad, Hercules, CA, USA) % {H/H LT, #EAEMES 95°C T 30 BT o 71k, ARHE

RIG% 95°C TSR, 7T=—V » 7 L HERIL%E 60°C T30 7% 45 %1 7 V4T -

7.

Table 13. Primer sequences used for real-time RT-PCR analyses.

Target Forward primers (5' to 3") Reverse primers (5' to 3")

Dpp-4 CAGCTCATCCTCTAGTGCGG AGGTGAAGTGAGGTTCTGCG
Foxa2 ATGCACTCGGCTTCCAGTAT TCATTCCAGCGCCCACATAG
Collal GAGAGGTGAACAAGGTCCCG  AAACCTCTCTCGCCTCTTGC

Fabp4 TTCCTTCAAACTGGGCGTGG TTTCCATCCCACTTCTGCACC
Adipoq AGCCGCTTATGTGTATCGCT GAGTCCCGGAATGTTGCAGT
Hnf-1a CCACCCTGGTTATCGGTCTG TGTGGCTGTATAAGGCGTGG
Fabpl GAAGGACATCAAGGGGGTGT ACTGCCTTGACTTTTTCCCCA

Cyclophilin* CAGACGCCACTGTCGCTTT TGTCTTTGGAACTTTGTCTGCAA

* Fujiwara et al., 2012
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6. ¥ FIFI 7 12— oD M20.7 AEEMR LU DPP-4 7 F F —BIEEOHIE
6-1. EAFFEI 7 o Y —AE BN EiEHEDRIE

23 ADEAFEI 7 2y — Ak @RKE ERFEHAREEE EOHAHES
MEEFRE PE B ER R BER OEE EEERIVERHEEVE, -
fEHRIL Table 14 ICE D, ZNODOEAFBI /Y —22AVT E1E 1I.6-1
BIOE 1 2 0. 7 1T¥ LT, M20.7 £5IEM (pmol/l/mg microsomal protein) &
DPP-4 75 Z—ViEM: (nmol/min/mg microsomal protein) ZHIE L1z, AEERIL, &
RRZE EEREHEERERR EORHZ2EENEE PE 2 2R, B
R ZEE WMEEOIHAZTEWTESRRFETER L, LTIC&RXFICBNT
M20.7 & B L72FRD LC-MS/MS DRIESRGRB LU AMC 2 €& L2 BROFEARIED

S ER L,

6-2. LC-MS/MS DI 7E St

LC-MS/MS i, LC BBiZ Agilent 1100 series pump (Agilent Technologies) % FV>, MS
ERIZ4E PE Sciex API 2000 tandem mass spectrometer (Applied Biosystems) £/ L 7=,
FRHTIZIZ Analyst software (version 1.5.1; Applied Biosystems) #{£fH L7z, LCEB LW
MS DG RGRUTOBY THh D,
7737 I Polaris 5 um C18-A 50 x 2.0-mm column (Agilent Technologies, Amstelveen, The
Netherlands)
H— K7 Z A: MetaGuard 2.0 mm Polaris 5 pm C18-A guard column (Agilent

Technologies)
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71T LR EE: 20°C

#Eh48 A: methanol/10 mM ammonium acetate, pH 8.0 (5:95, v/v)

#% 848 B: acetonitrile/methanol (10:90, v/v)

BB OLLER: BEIME A/B (1:3, viv)

PiiE: 0.2 mL/min

T AANZ hr A KU —: positive ion mode, M20.7, m/z 323.1 > 173.3

A Z LD S48 nebulizing gas, nitrogen (50 psi); turbo gas, nitrogen (85 psi, 550°C);

curtain gas, nitrogen (30 psi); collision energy, 25V o

6-3. AMC D RIE D &

EIRKZFITEBIT D AMC OEFEHIZEIZIX, MTP-880 fluorescence meter (excitation, 365

nm; emission, 450 nm, Corona Electric, Hitachinaka, Japan) %5/ L7=,

7. GERHATAT =

BEIE, PME £ BEEETR UL, BN OB unpaired t-test 12 X 0 fEHT L
7r. F7-. HEHRESFRIX Spearman rank method {2 X Y f#4F L7z, PEZS 0.05 KD & &

ICHEH AR L L,
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Table 14. Characteristics of 23 donors used in this study.

Sample No. Sex Age (years) Ethnic
1 M 46 Caucasian
2 F 32 Hispanic
3 F 47 Caucasian
4 M 36 Caucasian
5 M 38 Caucasian
6 F 35 Hispanic
7 M 52 Caucasian
8 M 56 Caucasian
9 M 33 Caucasian
10 M 49 Hispanic
11 M 68 Caucasian
12 M 60 Hispanic
13 F 52 Black
14 M 62 Black
15 M 16 Caucasian
16 F 41 Caucasian
17 M 47 Caucasian
18 F 47 Caucasian
19 M 51 Caucasian
20 F 33 Hispanic
21 M 33 Caucasian
22 M 63 Caucasian
23 F 33 Caucasian

M, Male; F, Female
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BIE

ENETYTFUREDIDREEORERBR A=A LDRERE
B L EBmE

1. EEBRAE
LPS % Sigma-Aldrich (St. Louis, MO, USA) X ¥ j#A L 7=, RPMI-1640 medium {3 MP
Bio (Tokyo, Japan) L DAL/, F1E L E2EOERFE L HBEBORIEIZ- OV TIT,

FREROECER L b OB L, 200tk TESo upLe A ()

.

B, HEHBELITIFNICHELYETALORER L,

0. &5
L ROURSNDENE TV FF o EZT 7 7 ) FFroRE L ITROFRR

B EERIL, AL R KRB RIS o TIT o 72, C57TBL/6NCISIe = 7 A (HEME,
8 B, B SLC) ZBIMLEE L7z, vehicle (FFHIAK), EAX 7Y 7F 1 (1,000
mg/kg), EXTF 7V TFFL (1,000 mgke) FREOFZS Uiz, BEND 24 BEEEIC
VEFNT—TNERASEDLZ L THREEL, 1.15%KCl THFEOBREZITV, BT
ZHRIR Uz, SRER LRSI, EHICHEESR THE SEHEHT 5 E T-80°C THRF
L,
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2. v A7 uT VAL B ELFE Y FF L0~ U AFEAN TRAPLET
DEBETFORE
2-1. AP ER 3k D total RNA D E]IX

Vehicle (f&8iK) 2R OEE Lizay ha—A2LE, EAFX STV TF 1 (1,000
mg/ke) EROKES LIt AT T ) FF B 2 Ko~y 20REREL, 58
TENENT— LT=#%IZ, TRIzol reagent (Life Technologies) % f#H LT total RNA
i L7c, Total RNA DRI X UMHE (A260/A280 tb) X, NanoDrop Lite
Spectrophotometer (Thermo Scientific) ZFVTHEIE Lk, FE (A260/A280 Ltb) 75 1.8

LI E® total RNA % EBRITEER L,

2-2. v A 70T LA fEET

Ay ba—ABEENE T ) TFUBERO < Y ZADIFIE RO total RNA AV
v A 7T LAY (Agilent fv v ABETFREEMEN, 1 ) &, —BEEEA
L2 E R FCHEHE (CERL Tokyo, Japan) IZ&EFEL TFT o7, Total RNA 2B D
complementary RNA (cRNA) DA REIZIE Quick Amp Labeling Kit (Agilent Technologies)
ZER L7, cRNA DOFERIZIE RNeasy mini columns (Qiagen, Hilden, Germany) % {5 F5
L7z, =277 AL, SurePrint G3 Mouse GE 8 x 60 K DNA microarray (Agilent
Technologies) ZMEH L7z, A% ¥ = 7 ITiX Agilent Microarray Scanner (Agilent
Technologies) % {# F L. Feature Extraction software (ver 10.7.1.1) 2 W THHEZ I

B LT,
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3. EYEIC LB MEEMRICBIT ABEETREOEBOFAM
3-1. HepG2 #Hju & HL-60 #BAR DR &t

HepG2 #iiE 10% FBS, 100 U/mL penicillin, 100 pg/mL streptomycin % & £ DMEM
T 5% CO, E7E F . 37°C “THE3% L7z, HL-60 #H4IZ 20% FBS. 100 U/mL peniciltin, 100

pg/mL streptomycin % &1 RPMI-1640 medium T 5% CO, FEET. 37°C THHE L,

3-2. HepG2 HERE~DIEMILE

HepG2 #ifa% 1 x 10° cells/mL/well T 12-well 7' L — MIFERE L. 24 FRROHIC &
EOECLFE T Y TFr, M0.7, £ &7 TFUOREENDEHRRICZHR L,
REBEWCUE LTz, BEYRESENDBEIRIZATH L THE 24 BEHEITEIZ TRIzol reagent
(Life Technologies) % V> TEIIX L7 total RNA %{# 1 L T mRNA DFEI % 346 L7,
BT D S100A8/A9 A MBI LU TNF-0 &7 L/ BOREIZ, EUNREEIN I
BRI LT D 48 BFIRICER L FRm e A UCEMEi Lz, £, BER
FEIRBICELIREERTHRESY, FHT2 % T-80°C TRELT,

3-3. HL-60 #A~ DI A&

12-well 7L —FDwell HIZH O CORKIREL D S 100 FRENGVWEALF S
DS, M207, YETDTF . ETIZLPS £ 10 L MAZ TR E, £ 2~ HL-60
MifEZ 1 x 10° cells/mL/well &£ 722 X DML, S£FEHTLE L/, mRNA OFH
I%. BEHILE 24 BERITEIC TRIzol reagent (Life Technologies) % FVNTIHYY L7z total
RNA %2 UCHAME L7, $B3EIEF O S100A8/A9 A TNF-0 ¥ /7 HORE
TR IE, EPALE 48 REEIRICENN Lo RiE 2 U, HERIIEIREZIED
IR ER CTHEME S E, AT 25 E T-80°C TRFL.
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3-4. Y7 NH A 5 RT-RCRIZ & B mRNA HEEOELMH

F3E 0. 322 BLIUE3IE 0. 3-3 TEUL L7 HepG2 #lfa & HL-60 M D total

RNA ZFHWT, #2F 1. 5 [T¥EUTY 7/ H A L RT-RCR 2FTWEDMNEIC L B

mRNA EEEOEENZFHE L7z, E£H L7 primer OECFIIX Table 15 123 & 7z,

Table 15. Primer sequences used for real-time reverse transcription-polymerase chain

reaction analyses.

Target Forward primers (5' to 3") Reverse primers (5' to 3')
Human CABYR CTGCGGGGCTATAAAAACGC TGAGGCCATAGGGTACGACA
(ﬂ PIP5K1A CGTTGGGAAGATTCGATTCCG CAAGGTACAGGAAGGGACCG
CIART TCATCATTGGGTGGTGGCAA GTGGTGTGGATCCAGGTGAG
MTI CGTGCGCCTTATAGCCTCTC TCTTCTTGCAGGAGGTGCAT
FBF1 CAACTGCACGAGAAAGACCG TTTCTGGGTGCTCGGGAAAC
LPIN1 GATGTCAATGCACCCTGAGA GTGTTTGCAATACAAAGGCG
PFKFB3 AAGAAGGGACCTAACCCGCT CCGGGAGCCTTTCATGTTTT
MBP AGGACTGTCCCTGAGCAGAT TGGGTGATCCAGAGCGACTA
Usp2 AACGAGGTGAACCGAGTGAC GTACACGTCAGCGAGCTCTT
S100A9 GCAGCTGGAACGCAACATAG TGTGTCCAGGTCCTCCATGA
S100A8 GCCGTCTACAGGGATGACCT CCACGCCCATCTTTATCACCA
PLIN4 GCTGCAACCTTCGGAAAAGC TAAGTGCAGACCGAGTGGTG
o MARS2 GGGCGTCTATGAAGGTTGGT CGGAACTGGGAAAGCCTGAA
MT2 ATGCACCTCCTGCAAGAAAAG CGGTCACGGTCAGGGTTGTA
GAPDH* CCAGGGCTGCTTTTAACTC GCTCCCCCCTGCAAATGA
Mouse  Mtl GAATGGACCCCAACTGCTCC GTTCGTCACATCAGGCACAG
Mt2 GTGCTGGCCATATCCCTTGA GCGGTTGAAGATCGACGAGA
S100a8 AGGAAATCACCATGCCCTCTAC TGAGATGCCACACCCACTTTT
S100a9 GACTCTTTAGCCTTGAAGAGCAAG AAAGGTTGCCAACTGTGCTTC
CPH*#* CAGACGCCACTGTCGCTTT TGTCTTTGGAACTTTGTCTGCAA

* Nakamura et al., 2008

** Fujiwara et al., 2012
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3-5.ELISA IC X A 55BIEP~DF I BUWEDER

F3I3E [[.322 BIUE3IE [O.3-3 TEULL 7= HepG2 Mifa & HL-60 Hli AT D344
B 48 IFHEOEBEPICEEN S, SI00A8/A9 HEEEL TNF-o OF /7 EEL
ELISA TEE L7-, SI00A8/A9 (B4 : MRP8/14) A EDERIZIE, S100A8 < S100A9
OHEEXIIBRHE T, S100A8/A9 BEEEEEMIZIRIET S Legend MAX Human
MRP8/14 ELISA kit (BioLegend, San Diego, CA, USA) Z ¥/ L7z, TNF-o OERIZIX

Human TNF-a ELISA Max Deluxe sets (BioLegend) % L7z,

4, HL-60 MifR D 89 B4y 1281} B DPP-4 ~7F #—EEMOHIE

F3FE I.3-1 [ZH#CTHE Lz HL-60 MRz EIR L, IOOg\ 4°C T 5 =L
B L B OREEERRE L, LB L7z HL-60 flla% PBS TREE SV, £ DOHIBEE
BEET 70 REVFA P2 RAWTKLET 40 FEORE DT A 21TV, total
cell homogenate #7372, % @ total cell homogenate % 600g, 4°C T 10 &= LOBEL
e LEREIR L, & 5129,000g, 4°C T20 HEOOBELZ EIER SOE4S & LTE
B L7z, Gly-Pro-AMC # 28 & UCHEA L7z, HL-60 Mfad S9 EizkiT 5
DPP-4 X7 FF—BEHOBEIL, BE1E 0.7 KELTfTol, XFT 472 b

m—/L& LT 95°C, 5 &ff TREEME S ¥ HL-60 MifE? S9 B4 OIEMHEHRIE L,
F 72, DPP-4 iR BARERETH B Z & 27720, HL-60 #ijad S9 BHE &L
ISR ENAVE 7 FF U R REBEN 1 uM £ 725 X I LR O DPP-4 ~

F & —BEELREE L,
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5. BN T Y FF U ALERH HL-60 MRS ORERIE T AR LTz M20.7 DREERIE
5-1. FEEROEIY |

12-well 7L — FDO well NIZH HCHEMBELD b 100 fFRESEVELS S
UZ7F 10 ul EEERBREOK 10 uL OBFH20 uL Fid v A # 7 ) FF 10l & &
Z70)FFy 10 u OAFE 20 pL 2MZTEE, 22~ HL-60 #ifgx 1 x 10°
cellsymL/well £725 L5 IZHEREL, EEYTLE LTz, EMULER 6. 12, 24, 36,
48 BRI, HL-60 #2388 L 7 BE i 2 B L 7=, 100g, 4°C T 5 MmO BE
L LEEORBEROSZER L, EHICHREER THE S Y., AT 2 E T-80°C TR

FEL,

5-2. LC-MS/MS % AW R O M20.7 O ER

H3E I.5-1 TEIL LR 100 pL 23t U TOKS 7' b= DL 100 uL 50
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