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TN U AR AT 7 X —+t (alkaline phosphatase ; ALP ; EC 3.1.3.1) %,
ErO@mFHME TR EWFIAFEL, &, T, BlE. N5, Bk O
DOMFEIFET DIBRTH D, 7V IEICE#EpHZ2A L, VBT AT L%
BEY ML TN a— VK GRT DRI Z L Tnd, RIBENOL~ Y
A, 7y b, B MIEDET, ALP OEKREIEIIIE CTRI— DML b L
TZAREMEA RSN TEY . ALP N VR AT VONKSFEEZBE LT, SE&
EREBERICEE L TV D Z EBRREESh TV

B MZBWT, ALP (38, APl Bl SICFET DM IER 2T ALP

(tissue-nonspecific ALP ; TNSALP) . /NEIZRTET 5/MME% ALP (intestinal
ALP ; IAP) . FMEH ALP, AJEMAE ALP 0/ 7< &b 4 RIS TW
%[2-5], TAP I, fp#E5Y ALP & 87% 7 X / BEFEFRIMEA 7R L, TNSALP & 1% 57%
7R BERMEETRT 2 ERme TR Y6l 7 BORER —DF%E &
n. JFiE ALP OELE 1D, £7 TNSALPBEFEL, & HIZIAP OEE
F. £ L CREHETIIHRER ALP Bn A ELOBRBRTHER L TEEERL
ncnalil

t Fd TNSALP iZ, £ 50kb I EDOESD TNSALPEBTFIZL D a—F
SH, Bk EICHEET D, TNSALPEETOXRBIZLVEIEEIEND
KR %~ 7 % —PhE (Hypophosphatasia : HPP) 027 6. TNSALP |18
R BT A AKACICESBEES L TWAZ LRI TWAI[T, 8], T4,
Goseki-Sone et al.iZ &V, AARANGEGELZMEIZIBWT, TNSALP BinT %R

(787T>C) (rs3200254) & BHENHIE L TDH Z L LML 75729,

t FDOIAP X ALPIBIGFICE D a— FEh, B YK EICFET 5, IAP
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13/ B BHRR DRl IR SR EICAFE L TR Y, o fb~—I—D 1 o
ELTHWHRTWAILO, 11, TIAPICE L, vV R Z AW EITIFE T, R
WZE D+ O ALP EHEMET 32528, BEWEIIZ LD ALP &2 &/ L
=z kg, BAEMD~ 22 IAPERETFD ) v 7 7Y b~ v 2 TELIR
OEAEEERIC L0 B ICEESEM L Z £ [138], KR AEERTYH IAP
BnFD/ v 77U b~UATIEMEERRE T CHIBIEN OFE 2 E0nRO LN
[14], TAP 2MEEMRHHCIRESBEE L TV A Z ENRBRENTWS, TDOAH =X
LD 1 2L LT, IBE CORSEEMBROEXEOFMICEEG L TN AR
¥ —ZKED 1 -5TH D Cluster of differentiation 36 (CD36) % IAP A3V
VEMETHZ IR RENENVIFEOID AL ZRE L TV D ATREEN RSN
TWa (15l &BIT, 77 ARME OMIBEDRERA S T, WERE LTHDL
5 U ARZHE (lipopolysaccharide ; LPS) % IAP 3BV U Ee{b3 5 Z & C, #h
FESHEIEF & L COERANRE STV 512, IAP 73 LPS DZ B {E T % Toll
£k receptor 4 (toll-like receptor 4 ; TLR4) #R¥EEZ N LI-IR#EEHAICLD ., <
U ACBITERGRELET D Z LTIV a— VB RO &2 S5
ZeREBFESNTNDIL6, 17, S HIZ, v T AIZBIT 5 [AP OfF #5018
D IgA LNV EBEINSE L2 8 Do~ U ZIZHAEME & TAP 2 A&
HBLEMHRIZBWT, ALYV ATAZARY v/ v Ra—ADOREET
B L7z 2 & 72 £ 0 TAP IZIGEPHIE & DB © 23EW Z & AR (18, 191,
IAP NEREDOX 7 VATF F=Y UIBREZIR T SE 5 Z & T, IBNMEOHEE
ARESE DL ZERMESNTNDI[20], ZD LT, BFE, vV R EEWE
TNERNT, IAP OEBERAOMIADOIHREBED L TETNDHR, B
Hf23t b IAP EHSZOBMBTRBUCKITTHE, £ b IAP 22— 75
ALPIEGFHRBRAG O A D =X LIZHOWTHE, 1FEAEBRBTER TR,



bt hO IAP BHRARFT 57200, FHFFETIZE MG R TH 5
Caco-2 #ifid & AV 7=, Caco-2 fifdidt MEBEHEE TH LD, BEIZLV /NG
FRERFEMREIC LT A Z Enmb TS, B MNGOFREEMIIZAFE
HThHoZ b, MNEIZBTDGEREZ X7 ) —= 0 FHTERER T 2 Ml
EFTLE LT, Zb 3 — 2RI VRS O ECE TR & ORFFE S
BT AWSLNTWA[21], Matsumoto et al.ix, Caco-2 fifidic >\ T, =
7Ny MERIT/NG BRI L L TR ST, a7y bk 14
A #%I3/G BRI b LTeREETH D & LT 5 ([22], ALP 2 &tz
FRMETRRE SN DIMKG@RESR (R F7—8 - AV~ Z—8 UXTF
VNRTFH BN E, %id) (X, BOsb~—A—& LTHNLATED,
I HBERTEMED LA L0 ERR ST 5T 5110, 111,

AFmXTIL, BRAx RAEBERANS RSN TWVD IAP 73, b MIBWTED X
VI CIER L TV A D2y, & b Caco-2 flifiaz VT TAP OFRBFHE IZ O
THET2ZE2HME L, UTO3ENOHER L,

FBLIE:EZIVKDTNVA)ERRT 754 —BEES LT ORI TFRE~D
2

F2E Y IVDDOTNA)ERRT 7 F—BERB L OEORIZTFRE~D
2

EI3E: bt MMBEIT AN Y RRT 7 4 —BRIETFORBENRT ¥ — DB L
ZDEREFEANIZ L5 —BERBORE

7. IAP NEFMHEF LD BEN L BFEMRET O Caco-2 #lifd

(2B % IAP ~DRBELBFTT 272012, H 1 ERIOHE 2ETIE, Bty
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ZIVTHD TEZ I Ko X TEX I D) I2X5 ALP &R L UZ D&
B RBU DOV TRE (T 72,

IHIZ, 3 ETIE, B MMEET A DV RRAT 7 X —BBRTFT ORI
A —DIEE L Z DB 22— Caco2 il ~D N T A7 =27 a8k b

BB ST b REE AT 5 7,
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B1E: S

EXIC KL 47 R UoREBEHEELL, EX IV K
(phylloquinone ; PK) & £'# 2 Ky (menaquinone ; MK) ARIKICIEFET
D, EXIVKIMUBEHICT  FAEEZRE L, EONAE, MK, Tryal
—R EORBHERIIZEEND, X IV Kld I VT LU EHER L,
ZOMEORRED B UIEEDE SICE Y MK-1~14 IS5, AFFETHN,
7ZMK-4 (A 77 FL /2 2) id, BRICEBWTEHRIERERE S L TEHAINT
BY ., WESCHRIV: EoBEERICEZ EEnS(23]. £72. MK-7 I3MHEIC
%< EFENTND, BFEHEKROE S 20 KIZEICPK ThHho A, PRITERNICE
WCRIBEA BRZE S 41, MK-4 [ZZE# S5 (24, 25], Fig. 1-1 (A), BIZ PK B &
O MK-4 Db FiEERZ = L72[26],

X2 K idy -2 IV NLARFy T —F (gamma-glutamyl
carboxylase ; GGCX) DOffilER L L CO&REIZF- L, MikEEEER T Tk
<, BOAKRIZHEDLLEEREREZTHY | FEHESERO THRE
M. EEREER Y 27 OBRBIEM R E b |ESNTWD[27-29], £72, FFE,
EX X2 Ke VB HHIIERIZIBWD T, v - B AR F HEOER LIRS, BN
RIETHDH AT A K XZEMR (steroid and xenobiotic receptor ; SXR) %I
L C. TNSALP ##5® &7 2 B REBEEERFORBFH 217> T D Z LR
IRENTWAI30], &6z, B4 I Ko SXR 2 bS5 Z iz ko, A
HAREEE DYEIECIEENMME 2 B T2 2 & bHE ST 531l

KUFFEEDOLURTIOMIFE T, 7 v PRV AIZEBWT, EZ IV KIREFROE
HERCESY IV K OROFELIZL > TMMED ALP IEHER ER LIz Z &b,
B4 2 K IAP EHEREICEE L C\Wb 2 L2 /RL72[32-34], LavL, B X
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RUKNE FNIAP ~RIETEEIZ OV TR ST o7z, £ 2 TAEL,
b NG B ARAIIERE Caco-2 i@z AWV CE X 22 K2k % IAP BHEA~DE
BIZOWTHFT 22 L & Lz, Caco2 Mldix, = 7> hind 14 A
(/N B BRI 3T S Z L ans[22]0 <BFFRE 1>k N T, ar Ty
NETD Caco-2 HIfBIZEBIT A X 2 K D ALP &R L O OB FRHEI~D
WEZBRF L, <BFE 2>1CBWC, 27Ty b 14 B%O Caco2 #f
falZBiT 584 X KO ALPEHER L DB FHIA~DEBEZHRET LT,
Iz, IAP L[ERRICBO b~ — I —THERA T F—E - f Vv L H—F
(sucrase-isomaltase ; SI ; EC 3.2.1.10) OB LEFHERIZBITAEHZ I KD

BBV TORFEIT - 12,
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(A)

0
CH,
(I c,
0 CH, CH, CH, CH,

Fig. 1-1 (A)  Chemical structure of vitamin K; (phylloquinone).

(B)

Fig. 1-1 (B) Chemical structure of menaquinone-4 (MK-4).
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1=
Mol a7z y bET (Ro{k) @ Caco-2 MAEIZISIT 5.
EZIVKDTAVHYERRT 7 7 —BEEBLOZED

BLEFRE~DEE

59

AHFFETIZ, BF I KeDOFTHAERNIZBW TEWAEREN 47~ MK-4
(menaquinone-4) ZX % Caco-2 fifil CD ALP i&ME L O DEMLFFE B~
DEBIZONTHRFEITo 72,

MK-4 Z M L7554 (MK-4 322 : 0, 1, 5, 10uM) TOHE 3, 7. 11
HEIZBWT, MK-4RE 1 uM 28T 5 ALP {EH2S, MK-4BE OuM (=2
Fe—) LHEL, AEICEMEA 7 L7z, Reverse Transcription-Polymerase
Chain Reaction (RT-PCR) S #ric L 0 EEFRBZLE LT Z A, MK4 R
g c oot 3 B BIZH VT, & MNEE ALP #51O mRNA BHEN,
MK-4 #£F 1 pM T MK-4 2 0 pM ([ZHR, BFRICEE 2R LIz, £7-. MK-4
BN CoREE 7 HBIZBWT, BosMby— I —L LTHLNDE AT T—
YA VN E—FDEMET D mRNA EHEN, MK-4#E 1 uM C MK-4 &
EOouMIZl~, FEICEEZR LT,

Caco2 ffEICBWTCE X 2 U Ko lZ LV IAP mRNA BENFEINLD Z &N
ASEHIDTIHEMNE oz, 5% S 512 TAP OABMKEEICEE T 2584175 Z
LT, BX IV K OFERABERICET OARRT =2 "G5 2 L
BInd.
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HE

FATIHFEICB W C BT T L E AW TE S 2 2 KIZL D /MED ALP iEHER
EHRLEZERRESNATNDI32,33], LnL, IV KIZLDE MO/
D ALP iEHEA~OFEIZE L CIIER 2\, £ 2T, AETIE, 271>
¥ MZELTWARWRDED Caco-2 Miflic MK-4 2L, ALP {EME~D
BLZDALP 7 A VYA LORE., ALP B THB L SI B RA~DOEE
IZOWTHRFTAZ L2 BRE Lz,
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Jith

(1) #Hpaks#

bt MNEBE B O Caco-2 #lildZ RIKEN Cell Bank (RCB0988) (Jfi~z ik AEE
(LTRSS A 4 Y — A& o % —, Ibaraki, Japan) L VEEAL7=, D-MEM :
Dulbecco’s modified Eagle’s medium (Gibco, Grand Island, NY USA) (Z 10%
@ FBS : fetal bovine serum (Gibco), 1% NEAA : Non-Essential Amino Acid

(Gibco), 1%DHAEME (=Y :100U/mL, A L7 h~A 100
ug/ml) ZAN% 7-FEHC, 5%COL TEAETF, 37°C CH 1T 7.

Caco-2 fif@a% 35 mm 5% 7 « v > = (Tissue Culture Dish Easy Grip 35 x
10 mm style, FALCON, Bedford, USA) (Z#fE L (2~5 x 1041# cells / cm?2),
Z®D 2 B#% (60~70%= > 7/ FOIREE) 1 MK-4 @hngH (0. 1, 5.
10 pM) ~ERHL, TNENORESRMETHEER, 0. 3. 7. 11 A BIZHM%
PR L7z,

AR OFEERIZHER L7 MK-4 (I=—% 1 %X &% (Tokyo, Japan) £V Z#2
iz lEnic, MK4 (3 /) —/VTIERL, =4 ) — v ORMKREZ RO
0.1%& 70D X OICFHEEL, Bt 2 RIS LT,

2) YT LoFHE

B 7O T PMSF [Phenylmethylsulfonyl Fluoride (Wako, Osaka,
Japan) & BENZANMIDINE (SIGMA, Steinhem, Germany) % 99.9%T %
=N LIS D] 3 1 mM 725 K5 IChnAe TBS %K [10mM
Tris-buffered saline (pH7.4) 0.9%NaCl Z &3] % 0.5 ml/dish i1z CTHijE %

HNA L, AEYF A XL (POLYTRON PT1200, KINEMATICA AG,

18



Switzwrland), 1%(Z72% & 912 TritonX-100 (SIGMA) ZAN1Z T, 10 4=
T L, 1,000 x g T 5 ofilE L aoBEEITV, 15 DA kil 2 RS Tl K &

L7z,

@) T HVFAT 7 H2—E (ALP) I&EMERIE

~A X A% —71L—] [PVC Micro titer “U” Bottom Plates : No,2101

(DYNEXTECHNOLOGIES, INC, VA, U.S.A) | &7 = /W2, BEFEMEHE 50
ul, pNPP EE{#Z [10 mM p-nitrophenyl phosphate disodium salt (Wako) , 5
mM MgCls, 100 mM 2-Amino-2-methyl 1,3-propandiol HCI buffer (pH10.0) ]
150 pl A0z, |RICT—ERFRIRIG S 72, £ D%, 2N NaOH % 50 ul inx
THRISZEIE S, 405 nm (2 CTWOLEERIE 21T - 72 [Lab systems Multiskan
BICHROMATIC (Thermo Lab systems Helsinki, Finland) ],

ALP [EHAZ LT ORICTEHE LT,

ALP activity (mU/m])
= A405/60.4/ S FER (min.)/A > 7 L B(ml) X F R =R
Asos : HITEF E 405nm TOWRFE
YU TVE OGS ST EER MR O E(ml)

1 U=100 mU=1 umol p-nitro phenol formed/min.

. Z oo EE &L, BCA Protein Assay Kit (Pierce, Thermo Fisher

Scientific, Waltham, MA USA) % A\ CHIE L7=[35].

19



4) TVHVFAT 72 —E (ALP) BEFEMEMLFYE
BEME» O AZBRE, 10 mM TBS T 3 \EI¥EE L%, 10% KL~ v
(Wako, Osaka, Japan) % 2 ml A#v. 10 /a2 EE L7z, & 52 10 mM

TBS C 3 [EI¥eiF L7-1%. Yetaik [Naphyol AS-MX phosphate (SIGMA). N,N,

dimethylfolmamide (Wako). 20 mM MgCl; % &¢¢ 0.4 M Tris-HC1 buffer,

Fast Red Violet LB salt (SIGMA)] % 2 ml Afv, R TS Sz, £D%,

#MPm % Fast Violet LB salt (Sigma-Aldrich) T¥:fa %17 - 7-[36],

(5) TN VHKAT 7 & —E (ALP) FHEER

FHEA] (Levamisole) 35 X OMZ L 2 PHEEBRAZBERIBTINHENT o7z, %
B [0.1 M prnitrophenyl phosphate, 50 mM MgClz, 1M 2-Amino-2-methyl
1-1, 3-propandiol HCL buffer (pH10.0)] 130 ul \CfHEAIZ M s SH, £
D% 2N NaOH 50 ul TG % fE1E & w7z, BAHESERIT, 7% 56 CT
10 Sy FMBVLEE L, BEEIRZMA CROnSETz, £ L Tay b — L ORILE
% 100% & L CHRFREZRH LT,

ay hua—/b %270 30 pl+He0 40 pl+FE R 130 ul

Levamisole : > 7 /L 30 ul+FHER] 40 pl+ K 130 pl

20



(6) RT-PCR (Reverse Transcription-Polymerase Chain Reaction) 34
@ RNA jhH
FAYT VBT = ) —)v-7 makL Aik[38112C RNA Zol (CS104
RNAzol™B, TEL-TEST, INC., TX, U.S.A) Z A\ CHifa > 7 /L D total

RNA ZHhiH L7z,

@ cDNA (complementary DNA) {Ef
2 ug @ total RNA ##:H L, DEPC (diethyl-pyrocardonate) #LEE/K
Nz, 8% 32ul & LT65°CT 10 oMEmeEa T-7-, TDH%KET
am L. 21 % Ready-to-Go(27-9264-01 Amersham Pharmacia Biotech
UK Ltd., Buckinghamshire, England) ® F = — 7 |{Z AL, 50 ng/ul
Random Primer (Gibco BRL, MD,U.S.A) % 1 pl i x T 37°C C—M &

P A [

@ PCR L2 & 5 DNA OHEIE
Takara Taq (RO01B, Takara, Shiga, Japan) % A\ C PCR #1T~ 7=,
32 cDNA 2 pl 12 10 X Buffer 5 ul, 2.5 mM each dANTP 4 ul, 5 U/ul Taq
AU AZ—F 0.3 ul, #BHi/K 36.5ul, forward * reverse 7’7 1 ~v— £ 1
ul 2z, PCR & (SimpliAmp™ Thermal Cycler, Thermo Fisher
Scientific) ZHWTEM - I A ~—D7 == 7 - MREKIGED AT

TaRTNTATY, iR ST,

21



PCR condition :
(94°C-5min) X1, (94°C-1min, 50°C1min, 72°C1min) X 5, (94°C-30sec, 55C

-30sec, 72°C-30sec) X 25, (72°C-10min), 4°C-co

PCR 77 A ~—!%. hIAP: human intestinal alkaline phosphatase[39].
hSI : human Sucrase-Isomaltase[40] , hSXR : human steroid and
xenobiotic receptor[31], hTNSALP : human tissue non-specific alkaline
phosphatase[41]. GAPDH : Glyceraldehyde phosphatase dehydrogenase

% 7=, forward * reverse 77 A ~—I|X Table 1-1 IZ/R L 7=,

22



Table 1-1 PCR oligonucleotide primers and predicted size of PCR

products.

Primer Length | Position™
hIAP forward 5 CACGACACGCGGCAATGAGGTC 3

708 bp 422-1129
hIAP reverse 5 TGGTCAGCGGTGACGAGGGTCA 3
hSI forward 5 CATCCTACCATGTCAAGAGCCA 3

196 bp | 5070-5265
hSI reverse 5 GCTTGTTAAGGTGGTCTGGTTT 3
hSXR forward 5 CAAGCGGAAGAAAAGTGAACG 3

442bp | 378-819
hSXR reverse 5 CTGGTCCTCGATGGGCAAGT 3
hTNSALP forward 5 AAGGAGGCAGAATTGACCACG 3

195 bp 998-1192
hTNASALP reverse 5 CAAAGATAGAGTTGCCACGGG 3
GAPDH forward 5 ACCACAGTCCATGCCATCCAC 3

452 bp 525-976
GAPDH reverse 5 TCCACCACCCTGTTGCTGTA 3

*The A in the ATG of the initiator Met codon is denoted as nucleotide +1.
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@ RNYVT 27 IUNT I RFIVERIKE
PCREM 8l i/ vu—F 4 273y 7 7 — [sample Buffer Solution
A (50% glycerol, 0.25%BPB, 0.25% xylen cyanol) : Sample Buffer
Solution B (5% SDS, 0.1IM EDTA) =1:1] 2ul 2%, 5.25%K U 7T
7 VT I R TESKGKE (100V, 20min.) #1772, Z0#%, =
FUULT A FREL BERKFT v FEERE (FP-6000 &, 7

7 =2, Tokyo, Japan) %17 7-,

® Frv b A—H =L LHEHA
7 v h A—%— (ATTO Densitogtaph software library, Marcintosh
i Version4.0 7 b —#kX&#:, Tokyo, Japan) #HWTCHY 77 U LT 2
N7 VERKENR D/ FRERE 247V, RNA B &2 e Uiz, 7236,

ETORNEMEIL, "NV AXF—E BT Thd S GAPDH THEE( LT,

(6) DNA i EFL 5| D fife s

Caco-2 fEfE CHIL Iz b MIEE ALP &5+ @ PCR E# (hIAP) &5
WL, A V7 ho—27 2 AEIZK V| BigDyeR Terminator v.3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA, USA) % V>, 3730xl

DNA Analyzer (Applied Biosystems) (& CHEFEEF DR 1T -7,

(7) et
FERAERIX, F¥E (the mean) =HE#EREZE (S.E) CTRL7, Y7 K
IBM SPSS Statistics 22 (HEA7T A - &— « =X (¥f) , Tokyo, Japan) %1 H

L. ALP &S B LU EERICKIT 28T — 2 OFEEREIZOWTIL,

24



—ITEEE ST . Dunnet O E#{T>72, F7-. RT-PCR H#HrizWV T,
MK-4 J2E 0 pM 35 L1 uM @ 2 FER O FHE DR EIZ X, Student’s ¢ 177E %

1Tol=, 2B, BB HFEEZDHV L LT,
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R

(1) ALP &%

Fig. 1-2 |ZEHL L 7= Caco-2 #f D ALP i&M42 R~ L7,

Bt oo MK-4 2% 0, 1. 5. 10 pM D 4 f5H E L, 8#% 0, 3. 7. 11
A B ® Caco-2 Mifdd ALP {&MHEDRRFHIE(L A 7R LTz,

MK-4 @i coE®E 3 BBICB W T, MK4EE 1 uM 2815 ALP &
PEIX, OuM LR THEICEMAE R LT (p<0.01),

MK-4 g coE®R 7 A Bk W T, MK4RBE 1, 5. 10 uyM IZBIT 5
ALP{EMEIZ, OuM LR TV TR b ARICEEZ R L. (£ p<0.001,
p<0.001, p<0.001),

MK-4 I TOREE 11 H BICBWT, MK-4 8 1 uM 12351 5 ALP &
PEIZ, OuM LR THEICEMEZ LT (9p<0.05),

B, TXIZIER LTS, MK4EE 1, 5, 10 uM & 0 pM ¢

ST EREICABERETRD S ho T,
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O Initial OOpM ®@E1pM @E5S5uM  B10 M

12 r
Z 10 r 7
R 0
o= é
o] 6 F /
= g
=2 2y H | |7
5 %
0o L — fimr | 117
Day 0 Day 3 Day 7 Day 11

Fig. 1-2  Effect of MK-4 concentration on ALP activity in the Caco-2 cells.
The Caco-2 cells was cultured in various concentrations of MK-4 in the
medium for 3, 7, and 11 days.

Results are the mean = S.E. from triplicate experiments.

Dunnett’s multiple comparison test was used after ANOVA to compare the
significance of differences among MK-4 concentrations of 0, 1, 5, and 10 uM

(*: p<0.05, **: p<0.01, ***: p<0.001).
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(2) ALP BRI Yea
ALP &M CTHEZENRD Sz MK-4 FEE I coRE®E 7 B HICBIT S
MK-4 #2E 0, 1. 5. 10 pM {ZDW\ T, ALP Bl b7 B 2T o TR %
Fig. 1-3 (A)~D)R L7z,
TR Yetts Sie ALP BER Y@ML, MK-4 Z ¥ L7 Caco-2 #HE T, 0 uM
Bz C D Caco-2 MEARIZ LT R W Z<BE I, MK-4 LERITIB VTN
15 BRI b LI TR BB PO RFITER D b e o 72,
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Fig. 1-3  Caco-2 cells on coverslips were stained for ALP activity on day 7.

Light micrograph of the monolayer of confluent Caco-2 cells (x 100).

Cells were stained for ALP activity (stained red) as described in Materials
and Methods.

(A)  MK-4: 0 uM.

(B) MK-4:1 puM.

(C) MK-4: 5 uM.

(D) MK-4: 10 pM.

Bar=100 um



(3) ALP DEEFHE Kk

MK-4 007 A E D MK-4 0, 1. 5 uM 2B} 5 ALP OEEFEEIC O
T, bAIY =M L DMREER & MEFERZ1T -7 (Table 1-2),

MEK-4 ¥ 1 yM F 72135 uMICB 1T 5 L3V — 136 L OYNELEL% o ALP

[EMEFRFRIT. O uMIZHARTENENAERETRD bR o1,
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Table 1-2 Inhibitory effects on alkaline phosphatase of Caco-2 cells (%)

Heat
Levamisole
MK-4 concentrations 1Inactivation
(1 mM) (56°C 10 min)
0 uM 29.0*t6.4 100.0=x0.0
Caco-2 cells 1 uM 39.21+2.0 100.0£0.0
5 uM 33.9+1.2 97.8+1.2

ALP activity was assayed by the rate of hydrolysis of
pnitro-phenylphosphate.

The effect of the inhibitor was determined in the presence of

5 mM MgCl: in the assay mixture.

Activities of non-treated controls were designated as 100%.
Cultured cells were treated with MK-4 (0, 1, or 5 pM) for 7 days.

Each value represents the means = S.E. of triplicate experiments.
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(4) RT-PCR 434t

MK-4 FshnigcoRs# 3.7.11 HHO MK-4 1B 0pM & 1Mo\,
RT-PCR 5 & 17 > 7=,

MK-4 g cossEE 3 B H D Caco-2 MBIZBW T, b MINEA ALP &
{5+ mRNA @ PCR EE# (hIAP ; 708 bp) 122\ T, MK-4 J&E 0 uM Tl
BH SN o723, 1TuMIZBW RIS, 7 P A—=F =2 TV N
FEZRE L7-fER. hIAP mRNA OB &L, MK-4EE 1 uM T, 0 pM Zib
NEBICEME AR LT (p<0.05) [Fig. 1-4 (A)], & b SI Ef{z+?® mRNA (hSI;
196 bp). t bk SXR E&F D mRNA (hSXR ; 442bp). b  TNSALP &=+
®» mRNA (hTNSALP ; 195bp) @ PCR E®IX, B Iz hoiz,

MK-4 IR CORE3 7 B B @ Caco-2 fi2IZH W Tid, hIAP @ PCR FEY
TR I BREEARY, MK4EEOUM & 1M T, [ZIEFCES DNV R
&N, £72. hSI ® PCR EMWICHOWTIE, MK-4 2 0 pM & s L,
1pM TEWASY RRBE S, Ty M A—Z—2 Ty FEBEZAIE L5
. hSI mRNA O¥HFEIL, 1 uM TO pM IZHNFEICEEEZ R L7 (p<0.01)

[Fig. 1-4 (B)], hTNSALP ® PCR EMIIE M THRHE S, MK-4EE 0 uM
&1 uM TIRFE TR E DN AR S 7z, hSXR @ PCR EW T &7
Mmooz,

MK-4 IR C O3 11 B B © Caco-2 fAIZH WV Tid, hIAP 3 L OV hSI
® PCR EEMIT, MK-4BE 1 uM TOpM & HE L, 0BV R &
NI, Ty M A—=F =LKL DBITORR., AREBRETFRD NPT,
hSXR @ PCR EMIEN I &4, hTNSALP @ PCR EM I H S e m

ST,
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728, Fig. 1-5 (A), BT RLIZL 9, a2 bo—u# (MK-4: 0 uM) &
MK-4 #nEE (1 uM) ot R ALP &=+ 0 PCR EY (hIAP) DigHAd
51X, NCBI GenBank [ZBWTAREN TS E F TAP mRNA D EEF

(Accession No. : NM_001631) & —FH L CWAZ L 2R LT,
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hIAP / GAPDH

' ! T

1 T 06 | %

0.2 7 g /
% g 0.4 %
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<

0O uM

=
=
<

Fig. 1-4  The relative expression levels of mRNA for hIAP or hSI of Caco-2
cells. All values are normalized to the housekeeping gene GAPDH.

Results are the mean = S.E. from triplicate experiments.

Comparisons between the MK-4-treated (1 pM) and control (0 uM) groups
were performed using the unpaired two-tailed Student’s #test (*: p<0.05, *
*1 p<0.01).

(A) The relative expression levels of mRNA for hIAP in Caco-2 cells on day 3.
(B) The relative expression levels of mRNA for hSI in Caco-2 cells on day 7.
hIAP: human intestinal alkaline phosphatase,

hSI: human sucrase-isomaltase.
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hI1AP:

Gaco=2:

hIAP:

Caco—2

hIAP:

Caco=2:

h1AP:

Gaco—2:

hIAP:

Gaco—2:

Fig. 1-5

(A)
422~
CACGACACGOGGLCAATGAGGTCATCTCCGTGAT GAACCGGGLCAAGCAAGCAGGAAAGTC

CACGACACGCGGCAATGAGGTCATCTCCGTGAT GAACCGGGCCAAGCAAGCAGGAAAGTC
482~
AGTAGGAGTGGTGACCACCACACGGGTGCAGCACGCCTCGCCAGCLGRCACCTACGCACA

AGTAGGAGTGGTGACCAGCACACGGGTGCAGCACGLC TCGECAGCLGGCACCTACGCACA

542~

CACAGT GAACCGCAACTGGT - s v mmmvmermevnnanns GACCATGGTCATCATGAGGG
GACAGTGAACCGLAACTGGT - o v v v vmeniadnnn GACCATGGTCATCATGAGGG
1022~

TGTGGCT TACCAGGCAGTCACTGAGGCGGTCATGTTCGACGACGCCAT TGAGAGGGCGGE

TGTGGCTTACCAGGCAGTCACTGAGGCGGTCATGTTCGACGACGLCAT TGAGAGGGLGGE
1082~
CCAGCTCACCAGCGAGGAGGACACGCTGACCCT CGTCACCGCTGACCA

GCAGCTCAGCAGCGAGGAGGACACGCTGACCCTCGTCACCGCTGACCA

The nucleotide sequences of PCR products from Caco-2 cells using

hIAP primers are compared to the human intestinal ALP sequence (NCBI
GenBank Accession No.: NM_001631) (top sequence).
The nucleotide sequences of hIAP primers are underlined.

Matches among the two sequences are marked by asterisks.

(A) The PCR products for hIAP in the control group.

hIAP: human intestinal alkaline phosphatase.

The A in the ATG of the initiator Met codon is denoted nucleotide +1.
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hIAP:

Caco-2-

hIAP:

Gaco—2-

hIAP:

Caco—2:

hIAP:

Caco—2 !

hIAP:

Caco—2:

Fig. 1-5

hIAP primers are compared to the human intestinal ALP sequence (NCBI

(B)
422~
CACGACACGCGECAATGAGGTCATCTCCGT GATGAACCGGEGCCAAGCAAGCAGGAAAGTC

CACGACACGCGGCAATGAGGTCATCTOCGT GATGAACCGGGLCAAGCAAGCAGGAAAGTC
482~
AGTAGGAGTGGETGACCACCACACGGETGOAGCACGCCT CGOCAGCCGGCACCTACGLACA

AGTAGGAGTGGTGACCAGCACACGGGETGCAGCACGLCTCGCCAGCCEGRCACCT ACGCACA

942~

CACAGTGAACCGGAACTGGT - vmr s mmr e GACCATGGTCATCATGAGGE
CACAGTGAACCGOAACTGGT -« v o rmmmrmrrm e es GACCATGGTCATCATGAGGG
1022~

TGTGGCT TACCAGGCACTCACTGAGGCGGTCATGTTCGACGACGCCAT TGAGAGRGLGGE

TGTGECT TACCAGGCACTCACTGAGGLGGTCATGTTCGACGACGGCCAT TGAGAGEGLGGE
1082~
CCAGCTCACCAGCGAGGAGGACACGCTGACCCTCGTCACCGL TRAGCA

CCAGCTCACCAGCGAGGAGGACACGCTGACCCTCGTCACCGLTRACCA

The nucleotide sequences of PCR products from Caco-2 cells using

GenBank Accession No.: NM_001631) (top sequence).

The nucleotide sequences of hIAP primers are underlined.

Matches among the two sequences are marked by asterisks.

(B) The PCR products for hIAP in the MK-4-treated group.

hIAP: human intestinal alkaline phosphatase.

The A in the ATG of the initiator Met codon is denoted nucleotide +1.
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5

FATRFFRICB VT, ~ 7 2B T MK-4 #IC Xk v ALP i&H2S EH L
[42]. b MEEEMIECTEH MK-4 2 (0.5~10 uM) EKFEAIIC ALP &M D Yutt =
BT 5 Z L AVRENTEY [48], MK-4 23E SRR ~D 5t %
FET L TV B ATREMES RIR STV B [44], —TJ7, Caco-2 MBEIZE T 5 MK-4
? ALP {EHEA~DBIZET 5 8® 51372 < MK-4 28 O TAP CHfd D 43k~
FIEFTHEIZOWT, a7z MO Caco-2 Mifd, 7200 H/NG AR
5k L TR Caco2 A E AWV CRET 21T 72,

AHFFEICBWT, a2 7L METD Caco-2 M MK-4 2% L 553 3,
7.10 B BIZ 1 uM 28115 ALP {&HEA 0 uM ICHAFEICEM L CTEB Y  ALP
EHEO FRICKRE: MK-4 BEIZ1uM ThH Z ENmaEn-, &5, MK4
WINEED ALP &M L~V EIFEOIC B L7z, F£72. TNSALP (358 CL
NIV = LB RE S L, IAP IXMEWEZ RT Z ERHE SN TEY
[387], LN Y= L BBEEBRSIMBAEROBRND, MK-4ICXVFES
7z Caco-2 D ALP %, #AE72/ NiBAL ALP &% % -, RT-PCR Z#r
Tl #5#% 3 HBIZH VT MK-4 12 L Y hIAP mRNA EH238858 <41, Caco-2
Hifa T O/NEEL ALP &1+ D PCR EEY) (hIAP) DI EES| MR L= & 2 A,
hIAP mRNA DOHEERF| & —FH L7z, 6T, HBE 7 HBEIZBWTIX, MK4
(2 & 0 hSI mRNA FE A3 H85% S 172, Pinto et al.id ALP < SI {&tEid= v 7L
T hETD Caco-2 ML TITIEFITIKRLS . 2 7= MEIC ALP &M A
L. SI iZFzr 7z b HBICEE T2 ENnBESNTEY (1], &
EDOFER LIFIF—FHL TV, ALP B LU SLIFB O3 {b~——Th 25 Z & H»
5, MK-4 12X ZNHBEFORBESMHER S Z L1X, Caco-2 HIFED /MG
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R~ Db EFHE L O D ATREE A HELE STz,

IHETIZ, AFEEDOFATHIE T, vV AT v MZBWT, FE. B4
VK 77 PR EORBHRFICE VNGO ALPIEEN LR L2 &%
W& L7227, 32, 33, 45], /MG ERRHIAL D RIF-& I L~ VICRTET % ALP
IEHET, RBHROEE L OBENRHE IS, 7 v MI PK 5\ X MK4 &
BRZ b2 /R, MEO ALP IEMREEIC LR L7282, &bl v 2%
AnwtTeZ I KoROogb54217-o7-£ 24, PK 50 % MK-4 OO L
IZkoThay ba— b /MO ALP IEHER L OV IAP mRNA BEHAE
BlIC EH L72[83], £72, PK 721 MK4 B O#& 52X 5~ 7 2/ D PXR

(pregnane X receptor : t MZFW Tk SXR) mRNA #ELD EFIZOWTH
MB35 Z &N Tx 7z [38], SXR IZFEITAFIERS/ME CHRELL TV A EENZ AR
D—DOTHVY, IHFE, EXIV KOV F FELTEE, BENEETOFHE%
179 £V A= X ARHE SN TN A[30, 46], BEIFMIARICHNT, BX 3
v Ko &7 SXR IZHJER 7D 1 D Th 5 tsukushi id, 27 —7 U EfE L Mlb
STEY, BX I Ko SXRIEMHE(LZ @ L CHERAMEMRT 22 LICHE L
TWA[47], F72, B4 I Ko A SXR ZIEMH(LT 5 Z LiC kv | FFHEARE O
Rl OHEIECEEME IS L2 2 L b MESN TR Y ElRcks e I v
Ko7' SXR N L CHREZREL TND 2 ERRBRINTVS[31], SXR 1Tk
IBIZ B RBNZ VKK TH 50, KRR CIIREBROIR TR 8
2 3N HT29 KRG Tl SXR OFEBUI R L TV 5 &G ST 5[48],
ARIFFEICH 1T D RT-PCR 4 ik, MK-4 HMICEHIT 5 hSXR mRNA <
hTNSALP mRNA OFEBIIIEF ICH M-, LD, a2 7z MO

Caco-2 flifaiZ3\ T, IAP OERFFHETIC SXR 735 L T2 TREMEIE < |

ll

MK-4iZ X -> Tk b SXRIEMZ I L TIAP ORBENHIE TN D & IEE ZI
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W, BX IV K OfEx I ERIX, Gla by v 37 EiEhiz i LI2{EH. SXR
AN LTEEFEEHEROMICL, a7 A o F—BRICLD U VY )
7 BEMEN LA FEET 5. 4%IE, MK-4 B ED L5 2% T IAP %
FETLONEFHFMIMTT LTS BERDHS D,

AWFRIZIBNT, B I Ko 23 Caco-2 M TAP mRNA L~L % BEiR X
HZEBHLMNE ST, BX 2 Ko dn vivo TIEO L AT LT 5]
BRENRSH Y, DI X I K lZBE# L7z TAP U & O AAERDS, BEE WL
PO, B CELIC L ANBERFREORIEZHIE L TV A ATREME LR S
=, Ath. AP FEOEREREIC OV CREMICKRFTT2 2L T, EX4IVKE
Lt FIAP OAEBERICET 2R T —2 LD Z LIRS 5,
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1=
WFEE 2 : /D ERAERIIE (Caco-2) IZBITA, E¥ IV KeDT VA

YRR 7 7 Z—EBERER IO DOREFRE~DRER

5

ARFFETIZ, b MREGEHBSGMAR T, HEZIC/NME LRI T D
Caco-2 fifa % A\ C, MK-4 (menaquinone-4) 7% ALP {&Mk L O DB
TRBANKIETHEBIZ OV THRHFNZITo72, 27Ty hMe 14 BREEEL,
Caco-2 ARl MK-4 2% (MK-4 2 : 0, 1. 10 uM) L7=fER, MK-4 iE
FEN 1 F72013 10 uM @D ALP JEMED O pM & R T 2N ENEEICEEE R L
7o BT, B MR ALP &5+ mRNA ¥85 &%, MK-4#E 1 uM TO0
uM AR THEICEELZ R Lo, AFEICBW T, B MG ERERRR TO
MK-4 1T & 5/MEE ALP FEELORIERIZ OV THIO TRT ZENTETZ, &
[ElDFERIT, NIBE ALP BHAME AN Lzt ¥ I v Ko OFi7- 2B FERH OfF
BRlZ S35 Z ERNEifF S LTz,
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HE

<HFFE 1> 12T, K{ED Caco-2 Ml Z T, MK-4 (2 XV ALP {&M#:
72BN e MGE ALP iB5F @ mRNA OFELSHER S 0D 2 & BB 50T
pode, LIDLARNRG, ar 7z hMnb 14 B O/NG EEEEIC b L
7z Caco-2 MIfIZ I 1T % MK-4 D ALP {EVE~DEEIZ OV TIE, T E TICH
I TRV, EZTABETIE, 274y Mpb 14 B O Caco-2
Rz AT, B o/ ERSIEBICEIT A EX I Kol LD ALP IEMHE &

b MNER ALP B FRIEA~ADEB|IZOW TR ZITo 7T,
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Jith

(1) HEpasEE

M L 7= B ke s L OB SRIT, <BFR 1> LR TH S,

Caco-2 % 35 mm 5587 ( v =2 I[ZHEE L (2~5 x 1048 cells / 35 mm
dish), > 7L MM 14 HEREE L7, £ 0%, MK-4 inEsH (0, 1, 5,
10 pM) ~EZTHL . ZNENOEEEREIFTEERL, 0, 1. 3. 5. 7 HEIZHM
FZEEE Lz, <BFZE 1> & [AER, A EOEBRICHER Lz MK-4 (3= —% 1 %=X
LY TR NN, MK4 13 ¥ ) — VTR L, =% ) — L ORKEIE

FERREHID 0.1% & 72D KO ICFRE L, T2 BB EITRH L2,

(2) o7 oFEEk

<HFFE 1> L RERIZAT - 72,

@) T HUFKAT 72 —E (ALP) I&EMEHIE

~A i A% —71L—K [PVC Micro titer “U” Bottom Plates : No,2101

(DYNEXTECHNOLOGIES, INC, VA, U.S.A) | &7 = /W2, BT 50
ul, pNPP EE{#Z [10 mM p-nitrophenyl phosphate disodium salt (Wako) , 5
mM MgCls, 100 mM 2-Amino-2-methyl 1,3-propandiol HCI buffer (pH10.0) ]
150 pl 2%, S|RICT—ERFRIRIG Sz, D%, 2N NaOH % 50 ul inx
TRIGZEE S, 405 nm (2 THRHEWEZ1T -7 [Lab systems Multiskan
BICHROMATIC (Thermo Lab systems Helsinki) .

ALP IEMAZ LI TORICTEL LT,
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ALP activity (mU/m])

= A405/60.4/ 5 (min.)/ Y > 7 /L E(mD X R =R

Ayos : PIEFEE 405nm TOWRNE
YT IVE UGS EESR IR O 2(m])

1 U=100 mU=1 umol p-nitro phenol formed/min.

RE ¥ R B E &1L, BCA Protein Assay Kit (Thermo Fisher Scientific)
ZFHWTCTHIE L72[36], ALP {&MER L OV% X7 B & &) 5  ALP HeiEME (U/mg

protein) ZHEH L7-,

4) TVHVFRAT 72 —E (ALP) [HEESR

FHZ#%#| (Levamisole, L-phenylalanine) 53 OMZ K 5 PHEEER 2 BEER([37]
IZHEVMT o 72, HEEW [0.1 M prnitrophenyl phosphate, 50 mM MgCly, 1M
2-Amino-2-methyl 1-1, 3-propandiol HCL buffer (pH10.0)] 130 ul (ZBEEAI
EINAOG S, D% 2N NaOH 50 pl CRIS&EE I &7, BARHESERRIT,
Y7 E 56°CT 10 pRMAE L, BREREZMA CsS 7z, €L T

v ha— L OWELEZ 100% L L CTEFERA R LT,

ay hua—/ %270 30 pl+He0 40 pl+FEHE 130 ul
Levamisole : > 7L 30 pl+FHEA] 40 pl+EEH 130 ul
L-phenylalanine : > 7/L 30 ul+BEEA| 40 pl+FEEiK 130 ul

56°C10 sy n#Eh « BULEE Y- 7L 30 pl+HeO 40 pl+EEE 130 ul
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(5) RT-PCR (Reverse Transcription-Polymerase Chain Reaction) 34
@O RNA i
<HFFE 1> L [AIBRIZAT o 72,
2%, v MG total RNA B L Ot & total RNA (X Clontech

Laboratories, Inc. (Palo Alto, CA, USA) XV EEA L7,

@ cDNA (complementary DNA) {Ef
2 ug ® total RNA Z#£2H( L. ¢cDNA &%~ F (PrimeScript™II 1st
strand cDNA synthesis Kit, % %7 7 /34 4 () , Shiga, Japan) ZH\
T. total RNA 25 fH##HJ72 DNA (complementary DNA ; cDNA) #1{E
"L,

@ PCR i£I1Z & 5 DNA DHEig
<HBFFE 1> LRERICAT o 7=,

@ RNV T 27 VAT I RFIVERIKE)

<BFFR 1> E R T T2,

® Fr v b A—Z—|Z L AHEA
<HFZE 1> L [FERICIT - T2,
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(6) HratsLst

FEBRERITFEEIE (the means) + fR#EFRZE (S.E) TRL7, #MEH/ 7 b
IBM SPSS Statistics 22 (AAT A » & —+ =& (Bk)) ZEH L. ALP &S
WICBIT AT — 2 DAEEEBREICOWTIL, —TTERES B, Dunnet £
721X Tukey DIRE 21T o 7z, £ 7=, HERICMEIC L 5 BEE TR L O RT-PCR
MR NT, MK-4 EE O pM B L1 uM @ 2 BEF D i & L C., Student’s
tRREZATo T, B, fERFESNZAEEH & LT,
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R

(1) ALP &%

Caco-2 fifazs = 7L MIFEL T2 D 14 HZIZ MK-4 IRINEFHIZ &R 2
Lo, BEiroo MK-4 J2E % 0, 1, 10 uM » 3 fEkHE L. MK-4 %00, 1. 3.
5. 7 B B ALP i&HEORRHZ{L % Fig. 2-1 1R LTz,

MK-4 %01 HEBIZBWT, MK-4BE 1, 10 uM (28T 5 ALP {&MH:i% 0 uM
L L, ARICEELZ R L (EhTh p<0.01, p<0.05),

IHZ, ZUNTEHRTD O ALP HIEHEIZOWTHEH LR, MKA4
JEEE 1 uM Tl 54.6 = 0.4 mU/mg protein THY., 0 pM @ 50.0 + 0.3
mU/mg protein & tb_T, AEICEELZ =~ L7Z (p<0.01),

ek, arhe—4 (0 uM) 28T 5 ALP {EHIZOWTO, 1, 3, 5, 7H

ATHERLZE ZA, AELRETRDhR)N-T,
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O initial OOuM HE1pM £10puM

50 ——

s J_ %

z , L7

2 2 Y -
g E 7l
£ = :5:5 "'/’ g 7\ :5:5
= 7|8 721 A 2|
¢ 30 | Z|E Z|& 2l 7|
= 7l 7|8 A 2l
< ~ a0
T 2l il
; A LAl A 1A
Day O Day 1 Day 3 Day 5 Day 7

Fig. 2-1 Effects of the MK-4 concentration on ALP activity in Caco-2 cells.
Cells were incubated for 14 days after confluency, and desired concentrations
of MK-4 (0, 1, and 10 uM) were added.

The Caco-2 cells were assayed on days 0, 1, 3, 5, and 7 after the addition of
MK-4. Results are the means = S.E. from triplicate experiments.

Dunnett’s multiple comparison test was used after ANOVA to compare the
significance of differences among MK-4 concentrations of 0, 1, and 10 pM (*:

p<0.05, **: p<0.01).
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(2) ALP DBt

MK-4 i1 1 B HIZ, MK-4 (1 uM) APE%1T 572 Caco-2 MfED ALP 1&ME
NOuM LHE L CAEBICEMEZ TR L2 MK4HMI BED 0B LW
1 uM 28T % ALP OEEFRFFEICONT, LRI Y — AR LT 2= LT 7=
IC X BILEESR & MEFEBRZ 1T 7= (Table 2-1), MK-4 2E 1 uM IZBIF 5 L
NIV =V Lr7 2=V T T =0 %5 WIIINEVLER% O ALP iEMHEEFERIZOWN

T, OpM IZHANTENEN A ERZTRBO LR o T,
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Table 2-1 Inhibitory effects on alkaline phosphatase of Caco-2 cells (%)

Heat
Levamisole L-phenylalanine
MK-4 concentrations 1Inactivation
(1 mM) (20 mM) (56°C 10 min)
0 uM 42.9+2.7 16.0*x1.0 100.0=x0.0
Caco-2 cells
1 uM 40.8+2.5 13.3%£3.1 100.0=%£0.0

ALP activity was assayed by the rate of hydrolysis of p-nitro-
phenylphosphate.

The effects of the inhibitor were determined in the presence of

5 mM MgCls in the assay mixture.

Activities of non-treated controls were designated as 100%.
Cultured cells were treated with MK-4 (0 or 1 uM) for 1 day.
Each value represents the means + S.E. of triplicate experiments.
The unpaired two-tailed Student’s #test was used to compare

the significance of differences between MK-4 concentrations of 0 and 1 uM.
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(3) RT-PCR 43#7

MK-4 701 HEIZ, MK-4 (1 uM) Z#A0L 72 Caco-2 i ALP &2 0
uM L HE L CHEBEICEEAR L2 8D, MK4 %M1 B BIZEIT 5 MK-4
BREOUM & 1 uM 22T, RT-PCR #3#712 L mRNA OREL &% LEL L=,

MK-4 &0 1 A BIZEBWT, B MMEE ALP 151 mRNA @ PCR EY)

(hIAP ; 708 bp) (22T, MK-4 2 1 uM TO0 pM TR TRV S BR
BHEN, TUov b A—=F =L FEEZRIE L-EE. Fig. 2-2 QI
AL E 912, hIAP mRNA FEHE(X, MK-4RE 1 upM 1B\ T 0 pM & g
L. AERIZEMELZ =L (p<0.05),

F7-, MK4 /M1 BHBEIZBWT, & ho SI#EET® mRNA @ PCR EY)

(hST; 196 bp) T2V T, 1 uM TO uM L0 HEBVNY RBBH S, 7
VY M A—=H =28 ) hSImRNA BHREAEZ L2 L Z A, Fig. 2.2 BIZRL
728912, MK4EBE 1 uMIZBWTO0 uM LT, FREICEMEEZRLE (p
<0.05),

—7%. t b SXR i#&f5+® mRNA (hSXR ; 442 bp) <°t  TNSALP #&{&¥
® mRNA (hTNSALP ; 195 bp) @ PCR E#ix. MK-4 EE 1 pM 2B\ C,
0uM & FEREICIZE A CRH &N 5T, & Z T, hSXR <° hTNSALP O 7R
T4 7 ar ha—/E LT, b MG total RNA ° B B total RNA [Z-OW)
TR L& TPCR 21T o 7o . £ L4 T PCR EM O 23R S 7z (Fig.

2-3).,
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hIAP / GAPDH

(A) (B)

08 * VIT 0:8 : I I?
06 % ?g; 0.6 | Z
04 | % 5 04 | %
0.2 % 02 F %

Fig. 2-2  The relative expression levels of mRNA for hIAP or hSI of Caco-2
cells. All values are normalized to the housekeeping gene GAPDH.

Results are the means + S.E. from triplicate experiments.

Comparisons between the MK-4-treated (1 pM) and control (0 uM) groups
were performed using the unpaired two-tailed Student’s #test (*: p<0.05).
(A) The relative expression levels of mRNA for hIAP in Caco-2 cells on day 1.
(B) The relative expression levels of mRNA for hSI in Caco-2 cells on day 1.
hIAP: human intestinal alkaline phosphatase,

hSI: human sucrase-isomaltase.
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R [ €442 bp
hTNSALP H €195 bp

Fig. 2-3 Detection by RT-PCR of hSXR mRNA in the human adult small
intestine or " TNSALP mRNA in the human adult kidney as a positive
control.

The PCR products were electrophoresed in a 5.25% polyacrylamide gel.
hSXR: human steroid and xenobiotic receptor,

hTNSALP: human tissue non-specific alkaline phosphatase,
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5

/NG ERRHRRIC 43k L7z Caco-2 HERRIZF51T 5 MK-4 @O ALP {&ME~DH 2
IZOWTIE, ZRETICHRFT SN TEHT, AFETIIar 70y Mpb 1
H % D Caco-2 fifid z T . MK-4 #I0IZ X 5 ALP {EMHE~ D E L RF LTz,

a2y he—/ (MK-4:0upM) ® ALP {&EMHIZOWT, 0, 1, 3, 5, THHET
HBLI2 e ZARERZTRDOONT, FTET T F—DREEZHER L TBY |
TTIMELIREETH 5 Z L3Rt S ufe, F72, RT-PCR o#riciBn T, 1
A H T hIAP mRNA 7217 T/ < | A U D53k~ — 4 —TdH % hSI mRNA D%
WOLHERTLHZENTE, B, SEOBERIIIRI RN o720, ok
~—A—& LT, BTRAL CWLEZFERE e T T —ED 1 2 THLY T
FIONRTFH—F IV (dipeptidyl peptidase IV ; DPP-4 ; EC 3.4.14.5) &/x
T ® mRNA FEH[49Ic >\ TH 1 HED O uM THERTH Z &N TE 7=,

MK-4 @00 (1, 10 pM) (280, ALPEMEIE, 1 B HIZBWT 0 uM & i
L. ARICEEEZ R Lz, <BFR1>TIX, 2> 7y MIET HRIORDE
® Caco-2 i T, MK-4 @0 (1 pM) (2XD . 3, 7. 11 HEWFIZIEBNT
H ALP IEHOFENHOONT-DITK L, a7z MIELT 14 BEO
Caco-2 fifd TIZT. MK-4%/M1 HE CTOHAALPIEHEOF E 2 ERANRRBD Sz,
COXIBEOHEB L LTL, a7y MIELT 14 B Caco-2
FTIE, T TIC ALP &R 7T h—IZEL T ez, MK-4 12k % ALP %
PED EFAER 1 AR ORIZRE S L, 3 HE D ALP & LUV LITIFFREk &
ol Z EBHEREINZ, £z, 1 BHBIZRWT ALP &2 MK-4 @ (1,
10 pM) ICXVAEBICHEM L2, 10 pM TiZ 1 uM & T ALP & L

FAAYERNTE NS 2B AIZHOWTIL, MRTEES T 4 — Ry ZHIE O R[REME D
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Ex b,

RT-PCR /547 CiE. 1 B BIZHN T, MK-4 %M (1 uM) 1250, 0 uM &
ez L, hIAP mRNA 3 X OVhSI mRNA BHREVX A EICEMEL ~ L7, hIAP
mRNA ORBEIT, "NV AF—¥E VBT ThHS GAPDH © mRNA L&
THEEEAL LT R R AR LT D, MK-4 12X %5 hIAP mRNA OFE &
O L ALP IEHEOHMEE & OBI#EIC DWW TIE, S HIZ IAP O 2 EEFAS
BEH O & OFIRBEEM~D MK-4 DEEL ED TRATIXLERSH S 5,

Fo, LAY ABIR L7 =27 T =0 L AR EERCIEVES |
XU ALP OEESBFMEELREI L& Z A, TNSALP IZ5BWETL NI Y —)LZ
L0 EESN, IAP 3B C L- 7 == 7 7 = 2 L DI BHE
ENB7-0[37], SEIOERENS, a7y hnG 14 B O Caco-2 Filf
IZBWT, MK-4 12X 0 {EHEN EH Uc ALP I38BIR) 22/ MBI TH 5 Z L 3R
e X7,

SEOFRER LY, a7y bvD 14 B Caco-2 fiflEicB N TH, F
AL ORIRE & FERIC MK-4 IR0 (1 uM) 1280 ALP &M, & - IAP &%
BB ELOE N SIELEFRADEBEIND Z EBHALMNERST,

T, <BFE 1> L FEERIC, RKIFRICEHEWTH SXR mRNA OFIFIZHOWTH
L 7o, <BFFE 1> 1238 T R 2{b D Caco-2 MRl 31T 5 SXR mRNA @ PCR
PEYIL. MK-4 %00 (1 puM) # 11 B B CENIBRE Sz n, KR o
Ty b 14 B% O Caco2 M@ TIIMK4 M1 BED® 0 uM &5 \W\ME
MK-4 750 (1 uM) Wiz Ts, hSXR mRNA @ PCR EMIXIZE AL
BH SN2 -7z, b MBSO RNA TiZ S 2272 SXR mRNA O3 BLAHE
WTETERY, & Fo/NEHER E Caco-2 #ild T SXR OFRBLEDFHEIZ OV

X, N EEARRRR IS 0k D oMk B - /NG A VNS 1 vivo
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=X In vitro 2 COMRETEITV, MK-4 28 SXR & 5 W Iftho £ X H 7B
xENLTALPESEEZFET 50N SBHALNICTILERHS I,

INETORITHRICEID, ~vART v MZBITHe 420 K, BE, 7
7 bR EORFEMERFICLD/NED ALP {EHE~ORENHLNERY
[32-34, 37, 45, 50], MK-4 {REERH 5\ L MK-4 R 08512 X 5/M5ED ALP
EER L OV IAP BETREO LA MR bz 2 L [32-34]%°, EEHESHT
IZBWTH, MK-4 ZBEUZ L 0 /NMED ALP O EFM3ERD 5 iui= 2 L [5010»
5. b FO/PBIZENTH MK-4 28 ALP {&M4 % ER S, S OICIFRERIO
FEIC, BBOEEEOMERFICHTE L TV A RRENS 2 b i,

AMFRIZB N T, a7y Mnb 14 B O NG R Z AV C,
MK-4 75 ALP &R L OVNEE ALP B FRBLZEMIE 5 2 &L 20D TR
TN TEL, AEE LN MK-4 12 k5 ALP ~D# 28 MK-4 |[ZFRAT
HHME D DITHONTIEL, OIBEMEE ¥ I 72 BIC L D5 BIZHOWN T i
BT 22 ENEELVEBEROND, 72, MK-4 12Xk 5 ALP ~KIZJ1EH
AT = A LDOFERZ DN TIEL, KED Caco-2 Mgl a7 kb 14
H#® Caco-2 #fd T ALP {EMFHFEA I = X L DEWVHED THREFT L T <
VEERDHAH D, EHIT, Hx e AEERTIZL D ALP ~ORES, ZO/ERK
FFIZOWTHRETT 2 2 L1k v /NBR ALP BB Z T L7ce ¥ I K&l
U LT DRBRT O RABER O ORMN D Z LRI D,
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B1E KR

RKETH, v I NVHINHNLRFTT—F (GGCX) DifiEEE & L TOKRE|
R L, MEEEERTEIT T, BORKILICHLEOLIEERRKER T

HEH I KB IAP ~RIFTHBII OV TIRE LT,

Ml a7 =y MaID, /MM EREMIIZ L L TV Caco-2 flifEIC
BT 5 MK-4 ® ALP {EMEE X O OB T RA~DOEEIZ OV THRET
BITo7. TORER, MK-4 IRINBHTOREE 3, 7, 11 H BIZBW T,
MEK-4 0 (1 uM) 12 L 0D ALP /&SR E5H L, 553% 3 B BIZEBT 5 IAP
DIBIATFFH GBI NIz,

MFE2: a7 Eb 14 BEO, /NG ERERMRIZ 531k LTz Caco-2 ##
falZ 31 5 MK-4 @ ALP {&M5 L O OEBFREA~DEEIZONT
BETEITo 72, ZOREFE, MK-4 BIEHCTOREE 1 HBIZBWW T,
MK-4 &0 (1 uM) 12 X9 ALP IEMER KOV IAP EE T RBLA R S
iz,

AREE T, /MEEREEEIEIZ 2L LTV Caco2 Ml L a7 v
RN 14 B O/ME ERRMIRIC ) T MK-4 12 K 0 TAP BRI D
ZENHALNE ST, KiED Caco-2 fifid & 43k L7= Caco-2 i T ALP
TEMFFE A T = X LOENL, MK-4 125825 ALP ~KITTHIERA =R LI12D
WCRETT 2 Z &Ik 0 PR ALP #HRFH AN LI X IV K EZ I LD L
T LREBERF O R AEHIER ORISR0 5 Z RIS NS,
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EZIVDDOTNVAYHRRT 7 2 —PiEtE
BILOZEDEBETFRIE~DEE

57



B2E FEE

EZ IV D ITEOEMPLHRICHEERRERTHY . RENOMGIDE
I D& EIMRBFIC LV KB CTARSIN D EX I D O 2 DORFETREAN
bbH, BENPDIZEIL, ¥/ a3BIEGENLEHI0 D (ZArIINT T zn
—b) & RRKUDBEDOIRICEENS X I Dy (AL Ny 7 =m—)L)
I EN 5, Fig. 3-1 (A), BICE X I Do BLUEH I Dy DL ER
ZaL7z[61], B4 X0 Dy & B X 22 Deld, AIHEE DO AN R L FRIKEIETSH
D, WEOHTFEIXIFEHELL, ANTRRICRB SIS, ¥4I DX, I
filg T 25-8 Rr & 4 2 v D3 [25-hydroxyvitamin D3 ; 25(OH)D3] (225 #a <
N, WCTERCTHEEARCTHS 1, 25V Frxv ¥ Dy [1,
25-dihydroxyvitamin Ds ; 1, 25(0H)2Ds] (ZE#: X5, 1, 25(0H)2Ds 1%, 1=
HIHRDOENICH 5 B4 X > D Z A (vitamin D receptor ; VDR) &S L.
EHEGAFORBRFEEIT-> TS, EX I DIIBENLOILY T LB L
OV ORI EARE L THERE#ZHME T 27210 TR BRSEHERORLE
VERELTWD, £l2, EXZIUD ORZIIAZRY v Fa—A, B
NU TR 2R O RIEICBIE T 5 2 L 3sRkE Sh T2 (52, 53], ABF%EE
DLFTOIFFE T, 7 v MW T, @ENEERFRFO 2 I > D HIfRIC & v/
B0 ALP i&HENZE LB Lz Z &[54], F7-, FIBMHIELZE L= 7 » M
BWTH, BIEMARIEEO B4 I v DHIBRIZ XL D /MED ALP {EHER L OV TAP
mRNAFEBN B Lz Z L awds L7265l 2 s L0 B4 X 0 DR ALP
TEMEERAD S ED 2 L THOKRAF AL VA TEE LR KT L T2 TR R
[ gV

Caco-2 fifi@icB T A4 I D @ ALP IEME~RKIFTHEIZ OV T,
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Halline et al. DFFZEIZIBWN T, 2> 7/ MO Caco-2 fifa < 1, 25(0H):Ds
IZX 0 ALP V&R EF Lz Z ERwE ST\ 5[56], F£7-. Giuliano et al.
IX. Caco2 Mz L CnH 5 AE (v 7=y bl BLXO11HE (=
Y7y MME) ORERRIZ 1, 25(0H):Ds (10 nM) Z AL, ALP {&EMHE N
LizZtz@E L Tna[57], 22T, 1,25(0H):Ds i L % Caco-2 M CHIH
Sz ALP [EHEB L OZOEGFRERBEUCOWT, K VFEMARMEE21T o 720
<HBFFE 8> TlX, =7/ FETD Caco2 MlZICRITAE X I DITLD
ALP {HHR L O DBGFHER~OZELHF L. <R 4>I12BVWTE, =
YN D 14 B D Caco2 MifdICBIF L2 I DIZ X% ALP &M
BLOZDEBFHRA~DEEL R LI,
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(A)

Fig. 3-1 (A)  Chemical structure of vitamin Ds.

(B)
HLC CH;
CH
CH;
|
|_ch.
HO

Fig. 3-1 (B) Chemical structure of vitamin Ds.
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o=
M3 : a7z y bl (Ryfk) @ Caco-2 MARIZISIT 5.
E2IVDOTNAEYFRAT 7 Z2—PEREB I OEOEE

FRIA~DER

L3

EX I DIFBENPSCDAN T AN RET H2EFHRHD, ¥4I D
DRZIEL D9 UNR) SBFEALE, S OICIXBEHEREY R 7 OIS E& T
BEREDIRTICHBEE L T\ A, RIFFETIE, = 7= MO Caco-2 FlIfEIZ
BIS, €410 DOt b ALPI BT bEEEN5 2 IO alternative
mRNA OFBFA~DOEELRF LIz, B4 D OEERICTH S 1, 25(0H)2Ds
DA%, Caco-2 MAIZI 1T H ALP {EMHIFARITHEMN L, FHEEBROMEERR
2BV, 1, 25(0H):Ds 12 K W EFFE &z ALP 71 VA A0V NEEL ALP O
¥t % 7~ L7z, Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
STV T ALPIEIG T ) HERE S {17z 2 fH O alternative mRNA variant

FEELIE L2 ZA, 1, 25(0H): D32 LV W biEREnTHY, v
IV DBEHDRAF AL AZEBITHE M ALPIBInHBLOBEERFRER
T CTh D HRENRINT,
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HE

ARFFREOLIRIOMIE T, ¥4I D 2HIRLI-BEEZ 52727 v hO/NG
O ALP{EWENAEREICED L2 L6, B4 X D OFf[R2 ALP &M L~L
BRI SEEZETHEORAG AL L ACEELEZ COAAENEEZR LT
[54, 55], F7-. Caco-2 Mif & W2 EATHIZEICIB VT, B X 2 D OIFHER
T 51, 25(0H):Dsic L 0 ALPIEMEN R L= 2 & AHAE Sh w556, 571,

~ A Ty M UYTIIEEEDO IAP 7 A VYA ARFRE STV 5([68-61],
7w hO IAP Tl 2 BEOBEFAREINTEY . 21D mRNA (IAP-
[, IAP-II) OKZZ(XIAP- 1728 2.7kb, TAP-1I %% 8.0kb T %[59, 60, 621,
T2, FICIToHWETHEL~YTAD IAP IZHOW T, Akp3 & Akp6 D 2 FE¥E
®» mRNA BEESNTWS, vV R Akp31Z, 7 v bO IAP-TICHEYST 5 &
EZ L, TORERY—I1L83%TH Y I[58, 63, 64], & koD IAP i#fsT ALPI
EDOFRET V1L 80%E 2> CWBI65], Akps3 / 7 T 7 b~ A XK BHFEE
5, AkpS IIREE TN OFHEICEE L TWAH Z LAVRB I TR Y [17], TAP-
MIZOWTHBIREREICL VRS EBRT 5 Z LnmESnTnwalesl, — 4, «
U A Akp6 X, 7 FO IAP-TICHY T EE 2 HN[58], TORER —IX
91% T 2 [64],

bt MCBWTIE, ALPIEEFRE Rl BICFEL, B 75 = boiE
W HESDE S mRNA M5 ST 5[3], NCBI @ AceView (285 &,
t N ALPI BT 6 2 FEEH D alternatively spliced mRNA [variant aAugl0
(NM_001631)3 & U¥ variant bAugl10 (M31008)] #E SN CTW5 2 [67], =
5 2 FEFH D alternative mRNA variant O R EMER 712 K 2 BBFEICBET 2

BEHIATONTEB 6T, RUFFE T, 2 FEHO IAP alternatively spliced mRNA
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DRI T T4 ~v—2FR- L B4 I DIC L5 ALP EEFHEIERICOWT
BEtd 52 &2 AR LTz,
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Jith

(1) #Hpaks#

fEF U 7= ss i Ak 3 K OMEE R MAIC OV TIE, <BFZE1> LR TH 5,
Caco 2 Mifid% 35 mm £ 7 v > = [ZHEFE L (1 x 1048 cells/ cm?2), <D
2 A% (60~70%= > 7 /L= N OIRKE) 1T 1, 25(0H):Ds iK1 (0, 1. 10,
100 nM) ~EZRHL, TNENOERSFEMETHEEE, 0, 1, 3, 5. 7 HEIIHM
fazfEl Lz, SEOEBRICER L7 1, 25(0H)2Ds 1% Merck Life Science
(Darmstadt, Germany) X YA L7-, 1, 25(0H):Ds it~ ¥ / — /L CTIEMEL,
TH )= VORARE RO 0.1% & 705 KO IR L, BT 2 BB &2
L7,

(2) o7 oFEEk

<HFFE 1> L FFRIZAT o T,

Q) 7B YR AT7 7 EZ—F (ALP) i&MHEHEIE

<HfZE 1> L RRICIT- 72,

1) 7LHYHRRT 72— (ALP) EEEMEMR(LFY@
<HFFE 1> L FFRIZAT - T,

B) TIVHVHRAT 72— (ALP) [HEEE
<HfZE 2> L RIRRICIT o 7=,
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(6) RT-PCR (Reverse Transcription-Polymerase Chain Reaction) 34
@ RNA i
<HFFE 1> L [ABRICAT - 72,

728, b /LG total RNA 14 Clontech Laboratories, Inc. X 9 BEA L 7=,

@ cDNA (complementary DNA) fEfl

<HFFE 2> L [AIBRIZAT o T2,

@ PCR .IZ & 5 DNA D1Eig

PCRICAWERESLHE FHEICOWTUL, <R 1> LAEFKETH D,

PCR 7 7 A ~—I{%. hIAP: human intestinal alkaline phosphatase[39].
hVDR : human vitamin D receptor[68]. GAPDH : Glyceraldehyde
phosphatase dehydrogenase %z i\ /=, ALPI&LF/HizE S5 2
F¥8D alternatively spliced mRNA ® 77 A <~ —|ZB§ L T, variant aAugl0
/3 hIAP-a : human intestinal alkaline phsophstase-a & L. varinant
bAug10 % hIAP-b : human intestinal alkaline phosphataseb & L C~7’
TA~—%Z&it L, ¥ — 7 = A TR ARSI 2 178 LT, forward - reverse

77 A ~—X Table 3-1 IZ-R L 7=,
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Table 3-1 PCR oligonucleotide primers and predicted size of PCR
products.
Primer Length | Position™
hIAP forward 5 CACGACACGCGGCAATGAGGTC 3
708 bp | 422-1129
hIAP reverse 5 TGGTCAGCGGTGACGAGGGTCA 3
hIAP-a forward 5 GCAACCCTGCAACCCACCCAAGGAG &
276 bp | 2101-2376
hIAP-a reverse 5 CCAGCATCCAGATGTCCCGGGAG 3
hIAP-b forward 5 GCTGACCTGATCTCTACTCT 3
407 bp | 118-524
hIAP-b reverse 5 ACCTCATTGCCGCGTGTCGT 3
hVDR forward 5 AGCCTCAATGAGGAGCACTCCAAG 3
207 bp | 1174-1380
hVDR reverse 5 ACGGGTGAGGAGGGTGCTGAGTA 3
GAPDH forward @5 ACCACAGTCCATGCCATCAC 3
452 bp | 525-976
GAPDH reverse 5 TCCACCACCCTGTTGCTGTA 3

*The A in the ATG of the initiator Met codon is denoted as nucleotide +1.
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@ RUTZ7IYUAT I RFLVERIKE
<HFZE 1> L RRIATH T2,

® Trv M A=H—IZ L BEHH

<HFFE 1> L [RERICAT o 72,

(6) DNA 1 5 F 5| DR

t ~/hG total RNA CHRELEI /-t b ALPI &fs¥ 75 @ variant aAugl0
L O'bAugl10 @ PCR EY (hIAP-a 35 L OV hIAP-b) 122>\ T, <BFFE 1> &
[FIERIC, RS OMER 21T > 72,

(7) Wt

EBRAERIT, FEIE (the mean) TIEUERRZE (S.E.) TmL7z, it/ 7 b
IBM SPSS Statistics 22 (AART A + £ —« =& () &fFH L. ALP &4y
BT 58T — 2 DFEZERBREICHOWVWTIL, — T ESESH#%. Dunnet @
REZIT-7T-, £, FAEFEERL LV RT-PCR 2128V T, 1,25(0H) D3
J£0nM 3B L0100 nM D 2 BER]OFEMEDRREIZIL, Student’s ¢ #R7E Z1T -
7o B, fEREB%NEAEED D & L,
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R

(1) ALP &

B 1, 25(0H):Ds % 0, 1, 10, 100 nM @ 4 fE¥H & L, £53&1% 0,
1, 3. 5. 7 HEH® Caco-2 fifd® ALP {&MH ORI % Fig. 3-2 IZ/R LT,

1, 25(0H):Ds Mz T OEE# 3 H BBV T, 1, 25(0H):Ds i 10 nM,
100 nM (231 5 ALP &M%, 0nM LR THERICEEEZ R L (EnEhup
<0.01, p<0.001),

1, 25(0H):Ds HANEFHECOEEEE 5 H BIZHB W T, 1, 25(0H)2D3 R E 1 nM,
10 nM, 100 nM 28T % ALP {&MiX, 0nM LTV FRb ARICEEZ
R L7E (FhZFh p<0.01, p<0.001, p<0.001),

1, 25(0H):Ds HshNiE i COHEFE 7 B HIZBW T, 1, 25(0H)2Ds iR 1 nM,
10nM, 100nM (23517 5 ALP i&EMEIEX, O0nM LR THEICEEEZ R L (W
T p<0.001),

R, T —HIIIR LT e, 1, 25(0H)2Ds B 1, 10, 100nM & 0 nM

MICTOZ RV EREICEEREITZFRO NN T,
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Fig. 3-2  Effects of the 1, 25(0OH)2Ds concentration on ALP activity in
Caco-2 cells.

Caco-2 cells were cultured in several concentrations of 1, 25(0H)2Ds in the
medium for 1, 3, 5, and 7 days.

Results are the means = S.E. (n=3) from triplicate experiments.
Dunnett’s multiple comparison test was used after ANOVA to compare the
significance of differences among 1, 25(0H)2D3 concentrations of 0, 10, and

100 nM (**: p<0.01, ***: p<0.001).
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(2) ALP EEFAR ML
ALPVEWTHEZENRD b7z 1, 25(0H) D IRINEE I COREE 7 B BiZk (T
% 1, 25(0H)2Ds £ 0, 1, 10, 100 nM (22T, ALP BRI LS RE s
1T- 7= %% Fig. 3-3 (A)~D)ITR LT,
PR Yett ST ALP BER YL AR, 1, 25(0H)2Ds Z /0 L 7= Caco-2 #ifE T,
0 nM E:HiTD Caco-2 MIAIZ AT RV Z<BESNZA, 1, 25(0H)2Ds #N

BRI W T/NE ERRIC b LD BB SRR IRR D B e o 72,
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Fig. 3-3  Caco-2 cells on coverslips were stained for ALP activity on day 7.

Light micrograph of the monolayer of confluent Caco-2 cells (x 100).

Cells were stained for ALP activity (stained red) as described in Materials
and Methods.

(A 1,25(0H)2Ds: 0 nM.

(B) 1, 25(0H)2D3: 1 nM.

(©  1,25(0H)2Ds: 10 nM.

(D) 1, 25(0H)2Ds: 100 nM.

Bar=100 um
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(3) ALP DEEFHE Kk

1, 25(0H):Ds N 7 H BH @ 1, 25(0H)2Ds #EEE 0 nM 35 X UF 100 nM @ ALP
DEEEIFIEICHONT, LRI YL L7 == T T =10 L AEEE L
E\EBR % 1T -7 (Table 3-2),

1, 25(0H):D3 B 100 nM IZBIF A LA V=L, L7 2=V 7 7=08X
OVMBVLERTS O ALP IEMEEFRIT, 0 nM IR TERENAEERZITRD 5
otz
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Table 3-2 Inhibitory effects on alkaline phosphatase of Caco-2 cells (%)

Heat
Levamisole L-phenylalanine
1, 25(0H)2D3 concentrations inactivation
(1 mM) (20 mM) (56°C 10 min)
Caco-2 cells 0 nM 55.7+1.2 18.0+2.8 99.7+£0.3
100 nM 58.2+2.7 16.7*+1.5 99.8£0.1

ALP activity was assayed by the rate of hydrolysis of
pnitro-phenylphosphate.

The effects of the inhibitor were determined in the presence of 5 mM MgCls
in the assay mixture.

Activities of non-treated controls were designated as 100%.

Cultured cells were treated with 1, 25(0H)2Ds (0 or 100 nM) for 7 days.
Each value represents the means = S.E. (n=3) of triplicate experiments.

The unpaired two-tailed Student’s #test was used to compare the
significance of differences between 1, 25(0H)2D3 concentrations of 0 and 100

nM.
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(4) B b IAP alternatively spliced variants O H & ¥ FEFE S| DR
vt N ALPI &z 175 2 FEFED alternatively spliced mRNA variants
(variants aAugl0 1 X U bAugl0) DORIREZFERT H720 ., TNENITHEEN
7277 A ~— [aAugl0 : hIAP-a (2,101-2,376) . bAug10 : hIAP-b (118-524) ]
#{ERL L, RT-PCR #1T- 7z,

Fig. 3-4 (2t | IAP O alternatively spliced mRNA D##i& % 7~ L 72, Variant
aAuglO X 10 HOA > rrr & 11 HO=x VY U bR SH 52 2,550 bp
® mRNA T& %, Variant bAuglO [ Z 9 DA > br & 10HO=F Y b
MR SN%4%E 1,884 bp ® mRNA Th %. hIAP ® PCR ¥ (708 bp :
423-1,130) OEFEEFIL, 2 FEFED alternatively spliced mRNA variants

(variants aAugl0 3 XU bAugl0) (ZIEL TWAHED TH 5,

Fig. 3-5 (AT R L72 L 212 . RT-PCR #TIC L VW & h DA D/ME total RNA
M, 2 FEFED alternatively spliced mRNA @ PCR E# 3t Si7- (hAIP-a
B L WhIAP-b), Z#5H D PCR EY (hIAP-a 3 X TN hIAP-b) DI HAES %
B L7=& Z A, NCBI GenBank (2B W TAFR SN TS E F IAP mRNA Oif
HALS (Accession No. : NM_001631 35 L O M31008) & —EH L TW\WAHZ L%

fi7 L 7= [Fig. 8-5 (B), (O],
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hIAP (423~1,130) ]

[ [
Variant aAug10 :
112|3]4 \\ 9 10| M
(2,550 bp) r N N ‘\\// N SN ! L AN
VAN NGRS N N | hiaP-a (2,101~2,376) |
\ N \ \\ N s\ , )\ ~ AN A I *~\\
ALPigene (1] |2]| |3] |4 \ 9 10| M
lll /’ ,/ /'// / jl/// // 0l ///:// /,/
: BN SITN Y
Variant bAug10 [, ' |
910 111 123la[ \\ [ofio| 11 Exon
(1,884 bp) !
¥1b/ JJ/
p Intron
hl1AP (423~1,130) ]
hlAP-b (118~524) | \

Fig. 3-4 The genomic organization and structure of alternatively spliced
transcripts of human IAP.
The human ALPI gene (NCBI, GenBank Accession No.J03930) is located on

chromosome 2 [3], and it contains 10 distinct introns. It was reported that

transcription produces 2 alternatively spliced mRNAs [variant aAugl0

(NM_001631) and variant bAug10 (M31008)] (NCBI, AceView) from the
human ALPI gene [67].

The main ALPI variant aAugl0 is 2,550 bp long,
and the variant bAugl0 is 1,884 bp long. The 2 spliced mRNAs putatively
encode proteins (528 and 438 amino acids, respectively), comprising 2
different isoforms, containing the ALP domain and some transmembrane
domains. Exons are depicted as closed boxes. It also shows the location of
the PCR product (hIAP-a or hIAP-b) for the variant aAug10 or bAug10. The
nucleotide sequence of the PCR products of hIAP (708 bp: 423-1,130) is

common to the two types of alternatively spliced mRNA variants (variants
aAugl0 and bAugl0).




(A)

hIAP-a El< 276 bp  NIAP-b 4407 bp

Fig. 3-5 (A) Detection by RT-PCR of RNAs of the variants aAugl0 and
bAugl0 in the human adult small intestine using specific primers.
The PCR products [hIAP-a (276 bp) and hIAP-b (407 bp)] were

electrophoresed in a 5.25% polyacrylamide gel.
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(B)
2101

afugl0: GCAACCCTGCAACCCACCCAAGGAGGCTACTGGATCGGGGAT TCCCAGGGGGGCTTTGAC
B ST To IS EES TR RS R R R R S e S S E e s

hiAP-a: GCAACCCTGCAACCCACCCAAGGAGGCTACTGEATCGGRGATTCCCAGGGGGACTTTGAC

2161~
ahugl0:  ACAGTCCTCTGCTGTCTCOCCACTAGGATCATTCOACACCOCTACACCTOAGCAAGGGAL
T e e T T

hIAP-a: AGAGTCCTCTGCTGTCTCCGCAGTAGGATCATTCCAGACCCCTGCAGCTGACCAAGGGAC

2221~

ahuglO: CAATGAGGCAGAGGCTTGOC: »r-vrerevrrerranees GCCCCAGTGCCCATTCCAGG
sokopop ok o R s s s s e s s s sk o o oo oo oo oo ool

hlAP-a: CAATGAGGCAGAGGCTTGCC: - =-vvomevrrmrnrns CCCCCAGTGCCCATTCCAGG
2291~

ahugl0: TCACCAGATCCAAGGAGCGCTTGAGGAGCTCTGGGTACAGGGCAGCAACCCAGAGCCCAT
R A S AR P R b

hiAP-a: TCACCAGATCCAAGGAGCGCTTGAGGAGCTCTGGETACAGGGCAGCAACCCAGAGCCCAT
2351~

ahugl0:  GGGCCCTCOCBGGACATCTGGATGCTGAG
s s s ok ok sk ook o sk bk

hiAP-a: GGGCCCTCCCGGGACATCTGGATGCTGG

Fig. 3-5 (B)  The nucleotide sequence of the PCR product (hIAP-a) from the
human small intestine using the specific primers for the variant aAugl0 was
compared with the human ALPI mRNA sequence [NCBI GenBank Accession
No. NM_001631] (top sequence).

The nucleotide sequences of the primers are underlined. Matches between
the two sequences are marked by asterisks.

The A in the ATG of the initiator Met codon is denoted as nucleotide +1.
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(C)
118~

bAugl0: GCTGACCTGATCTCTACTCTGCCCCTGGCCAGCTGAGGAGGAGAACCOGGCCTTCTGGAA

Fhft bbb R e R R Sk R
hIAP-b: GCTGACCTGATCTCTAGTCTCCCCCTAGCCAGCTOAGGAGGAGAACCLGROCTTCTRGAN

178~
bAugl0: COGCCAGGCAGCTGAGGCCCTGGATGCTGCCAAGAAGCTGCAGCCCATCCAGAAGGTCGE

s ke ot ke e ek sk ok e ok kA bk e

h1AP-b: CCGCCAGGCAGCTGAGGCCCTGGATGCTGCCAAGAAGCTGCAGCCCATCCAGAAGGTCGO

238~

bAUZI0:  CAAGAACCTCATCCTCTTCG: <« v vovrerrrneesnns AGCCACAGCCACGACCTACE
R R RO R R s 2 s s s s s s s e S e o e o R e R R

hIAP=b: CAAGAACCTCATCOTCTTCG: <« vsmresrunrcanns AGCCACAGCCACGGCCTACE
438~

bAuglQ: TGTGCGGGGTCAAGGCCAAGTTCCAGACCATCGGCTTGAGTGCAGCCGCCCGCTTTAACC

B T S =T
hIAP-b: TGTGCGGGETCAAGGCCAAGTTGCAGACCATCGGCTTGAGTGCAGCCGCCCECTTTAACC

498~
bAugl0:  AGTGCAACACGACACGCGGCGGAATGA

B e

hiAP-b:  AGTGCAACACGACACGCGGCGGAATGA

Fig. 3-5 (C)  The nucleotide sequence of the PCR product (hIAP-b) from the
human small intestine using the specific primers for the variant bAugl0 was
compared with the human ALPI mRNA sequence [NCBI GenBank Accession
No. M31008] (top sequence).

The nucleotide sequences of the primers are underlined. Matches between
the two sequences are marked by asterisks.

The A in the ATG of the initiator Met codon is denoted as nucleotide +1.
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(5) RT-PCR 4347

1, 25(0H)Ds IRMEEHITOREE 3, 5. 7T HE?D 1, 25(0H):Ds i 0 nM &
100 nM {22\ C, RT-PCR i &1T- 7=,

b N ALPIBIEF 0 OEFE I N5 2FEHEDO mRNAIZHBEL TWHES TH D
hIAP mRNA @ PCR EY (708 bp) {25\ T, 1, 25(0H):Ds BNssHh T kS
# 3 HETIE. 1,25(0H):Ds 2 100 nM (23 T, 0nM & Hle L, S

R S, Ty A= =TT L7= & Z A Fig. 8-6 (AT~ L
72 & 912, hIAP mRNA ##H &(X 1, 25(0H)2Ds 2 100 nM T, 0 nM (Z ki~
AEICEELZRLE (p<0.01),

Variant aAugl0 mRNA @ PCR %) (hIAP-a ; 276 bp) IZ2OWThH, 1,
25(0H)2Ds isINEEHECTOREE 3 B BH CTix. 1, 25(0H)2Ds 2 100 nM 1235 T,
OnM LB L JBWAY RSN, 70y P A= —IC TR L& 25,
Fig. 3-6 (B)IZ7R L 7= X 912 . hIAP-a mRNA F# 813 1, 25(0H):Ds 2% 100 nM
T, OnM IZH~NFERICEEELZ R L (p<0.001),

Variant bAugl0 mRNA @ PCR ## (hIAP-b ; 407 bp) {22\ Tix, 1,
25(0H):Ds Hshnks i Co¥E#E 3, 5, 7 HEH T, 1, 25(0H):D3 iR 100 nM |23
WTC, 0nM EHEL, WTRLHRBWLAY RARE I, 703 M A—Z—IZT
fRMT L7=& 2 %, Fig. 3-6 (OIZ/RL7= X 912, hIAP-b mRNA ¥H &L 1,
25(0H)2D3##E 100 nM C,0 nMIZ A RICEEZ R Lz (212 p<0.05,
p<0.05, p<0.01),

t k VDR #{Z1® mRNA ® PCR #E# (hVDR ; 207 bp) &2\ T, 1,
25(0H):Ds Hshiksti Co¥E#E 3, 5, 7 HEH T, 1, 25(0H):D3 iR 100 nM |23
WTC, 0nM EHE L, RNV R S, T U v b A—F —IC TR

L7=& Z A Fig. 3-6 DIZ/R L7 X 912, hVDR mRNA ¥H &1X. 1, 25(0H)2D3
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W corEE 5 B BI2BW T, 1, 25(0H)2Ds #EE 100 nM T, 0 nM (kR

BRICEMEE R L7 (p<0.01),
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Day 3 Day 5 Day 7

Fig. 3-6 (A) The relative expression level of mRNA for hIAP in Caco-2
cells. All values are normalized to the housekeeping gene GAPDH. Results
are the means = S.E. (n=3) from triplicate experiments. Comparisons
between the 1, 25(0H)2Ds-treated group (100 nM) and control group (0 nM)
were performed using the unpaired two-tailed Student’s #test.

Significant difference between the 1, 25(0OH)2Ds -treated group (100 nM) and

control group (0 nM) on day 3 (**: p<0.01).
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(B)

04 | 7
S /
gos— g .

Fig. 3-6 (B) The relative expression level of mRNA for hIAP-a in Caco-2
cells.

All values are normalized to the housekeeping gene GAPDH. Results are
the means = S.E. (n=3) from triplicate experiments. Comparisons
between the 1, 25(0H)2Ds-treated group (100 nM) and control group (0 nM)
were performed using the unpaired two-tailed Student’s #test.

Significant difference between the 1, 25(0OH)2D3s-treated group (100 nM) and

control group (0 nM) on day 3 (***: p<0.001).
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(C)

0.4 | — ﬁ
I .7
g 03 | 7 T %
: o

Fig. 3-6 (C) The relative expression levels of mRNA for hIAP-b in Caco-2
cells.

All values are normalized to the housekeeping gene GAPDH. Results are
the means = S.E. (n=3) from triplicate experiments. Comparisons
between the 1, 25(0H)2Ds-treated group (100 nM) and control group (0 nM)
were performed using the unpaired two-tailed Student’s #test.

Significant difference between the 1, 25(0H)sDs-treated group (100 nM) and
control group (0 nM) on days 3, 5, and 7 (*: p<0.05, *: p<0.05, and **:

p<0.01, respectively).
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Day 3 Day 5 Day 7

Fig. 3-6 (D) The relative expression levels of mRNA for hVDR in Caco-2
cells.

All values are normalized to the housekeeping gene GAPDH. Results are
the means = S.E. (n=3) from triplicate experiments. Comparisons
between the 1, 25(0H)2Ds-treated group (100 nM) and control group (0 nM)
were performed using the unpaired two-tailed Student’s #test.

Significant difference between the 1, 25(0OH)2D3 -treated group (100 nM) and

control group (0 nM) on day 5 (**: p<0.01).
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5

AR CTIL, 2> 7=y METD Caco-2 AW T, 1, 25(0H)2Ds 12 L %
ALP {EME~DEE L b N ALPI BT+ OEE N5 2 O IAP
alternatively spliced mRNA OFBFATHIZ OV CTRFEITo7-, TOME, R
53t ® Caco-2 MIfIZ W T, 1, 25(0H)2Ds 2 L 0 ALP {EMENHEIZHEM L,
1, 25(0H)2Ds iC L W FFEE SN 7= ALP 71 V¥4 Al 8RR 7/ MR ALP @
EER LA E 2R LTz, S512, RT-PCR HHricB W\ T, b MIMER ALP &
{&+® PCR EW. 1, 25(0H):Ds #NEEHI COEEE 3 H BB T S, £
# 3 HHEICBWT 1, 25(0H):D3 12 L W HEICHR S U7z,

b MEFMEEMEE AW RICB VT, 24, 25(0H)Ds Tix7 < 1,
25(0H)zD3 12 L V| 1, 25(0H)2Ds i (0.1~100 nM) {KFFHIIZ ALP i&MH35 K
' TNSALP mRNA BEEAHM L2 Z EAHES LT 569, Z ofERI, 1,
25(0H)2Ds 23 B FEABIARARAIZ 3517 D AR O 43 Lo RE 2 FHEE L T 5 Al REME
R LT\ 5[69, 701, B b TNSALP (% IAP & 1% 57% KT P—, JRigH
ALP 213 52% K Er U—% 7 [3], TNSALP BRTOXKBICE VB X X
NDHIEA AT 7 2 —BIEOMIE 6, TNSALP (T AKILEZRET 20 U ViR
REZaba— L3252 LICk), BEBICBT26KTESEEL TV
HZENRINTNSIT, 8],

b b ALPI Bfa7i%. 85512 LY 2 FEMEHO alternatively spliced mRNA

(variant aAugl0 35 X WV bAugl0) 73->< Hi15, £/ variant Th 5 aAugl0
132,550 bp TH Y, /NEIER, TR E O/ HEES U, bAuglo 1%
JE-CHRR 72 K oM b LN 1,884 bp @ mRNA T®H %[67], Variant

bAug10 /% 150 bp @ upstream open reading frame (UORF) % & A TV 5,
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& 7 OFEFRIE main ORF @ L CHtE S A BWEREFEY) (WORF) @
FAEIZ X 0 il S ul67], a0 b0 REH L BB BT ORBE LA L T ¥
VRTBEOFRRICEEE 52 TWDH Z ERHE SN TWA([71], Caco-2 HfaIC
Birs., 1,25(0H):Ds D Z 16 2 FFED b I IAP alternatively spliced variant
DFEA~DEEIZONTOHREIT/ <, aAugl0 15 L bAugl0 @ mRNA |Z4F
BT 74 ~— (L4 hIAP-a 38 X O hIAP-b) #fE® L7, 7, & b
/NERRRE total RNA 7225 26D PCR EEMZ i L. PCR EY OIE R %
L7, 1,25(0H):Ds #EEE 0 nM IZ3551F 5 hIAP-a ¥ L O hIAP-b % &I
ERETH Y, 1, 25(0H):Ds IINEFHITOEEFR 3 B HIZHBW T, 1, 25(0H)2Ds
(2 &V hIAP-a 3 L UV hIAP-b mRNA FEEL 2358 S 41TV o, BIBRERWV 2 & 12
H:# 5. 7 H HIZB\W T, hIAP-a mRNA ¥ &% 1, 25(0H):Ds £ 0 nM &
100 nM HICEBWTHEEITRD 5T, —7 . hIAP-b mRNA I &L 1,
25(0H)2Ds R 100 nM {23\ C, 0nM &I LA REICHEM L, 20X 97k
variant aAugl0 & bAugl0 OB FREREHOFEEIX, & N ALPIEG T DR
BEIFEERDOENWEZ TR L TWAHDNE Lt
ALP @ L 5 el F# iR 7S m O EME A2 R 3 2 & 1%, Caco-2 MR O 43 LD FE
L EZ 5N TW5I11], Halline et al. OAFZETiE Caco-2 MIICIH VT 1,
25(0H)2D3 12 LV ALP {EMENFE SN2 &, 1, 25(0H)2Ds 7% Caco-2 D
WA &, /NG BRSSO L A RE LT Z & 2 LT\ 5 [56],
AIFFETIE, X I D OFEHITH S 1, 25(0H)Ds ICFFERMIZHES T D1
NARLE L ZERDO VDR @ mRNA EBIZOWTHHBEF L7z, VDR X 1,
25(0H)2Ds IZHEE LTtk ERBIRFICEET DR RN LRSI Th L v X
IUD VAR AT L A K (vitamin D response element ; VDRE) (ZfEH

L. fEx 7R EFRERE A B L CW 5, ATHEIZERB W T, 1, 256(0H)2Ds & Ui
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L72RED Caco-2 MMETHE ~ VDR mRNA L~ULiZ, =1 b — L&
TENRP- T ERHE STV 5[56, 72], RBFFEIZIHBVTiE, 1, 25(0H)2Ds
W C o35 5 B H O hVDR %33, 1, 25(0H)2Ds 12 & 0 HEIHED Lz,
b & TNSALP Birn+ 7 v —4% — |23 #i72 VDRE 137778 L2 [2],
Owen et al.l3% VDRE (ZFEEL L 7= E %1 % [FIE L TV 5 (73], Orimo et al.iz L ) |

B AR SR SRR TH D MG-63 12815 TNSALP & 1, 25(0H):Ds
MOERIZ OV TR SN TE Y, VDRE ([ZHEE L EEE G2 ST LR —X
— 77 A R& MG-63 M2l mEFEHR S+ TH 1, 25(0H)2Ds {2 L Y B2 FI13IE
HE(LEhF, 1, 25(0H):Ds i mRNA ZEMZ N &5 Z & T TNSALP /&M
B EOZED mRNA BHEAEEZRICHE L TV D Z @GSN TN5[74], &
N ALPIBETI2 6 d Y72 VDRE BNIIFEE T8l 4 1 DI L 285
HECS>WC, & N ALPI #fs1_E® VDRE (2Bl L 7= B IZIEH VDR
WFEE LIERT 200, 20X VDR ITIRIFE LRV A T = X LBFEIET 5 D)
AL ATV, 5%, ALPIBE T 7 v — ¥ —fEkOMire Licky, v
21 Dickdte b ALPI B FRB LR A D =X LD SR 5 Z &N
EZbND,

AWFFEOEREMF L LT, b MEIFMIRERMAL A A2 B TFE[70] 2 23 1
1, 25(0H):Ds iR E 0~100 nM (BT 2 & x4 Hmet L7z, L2 L., Fig. 8-21Z7R
L7= k912 1, 25(0H):Ds ¥ EKFHIC ALP {EMHEOEMAR D b, 1,
25(0H)2Ds #RE 100 nM IZB W TR b EW ALP [EHL XL ER o770
Caco-2 FlifE TD ALP EIICEIT 5 1, 25(0H)2:Ds DEEAFFM T 5 7-Dic, &
D ERED 1, 25(0H)Ds IS HIIC IS 1T DMt b MBETH L EEX LN, £
7o AP OEHEMEEED 1 D TH DGR A A A X ADHERFIZEIT 5 1, 256(0H)2D3
? ALP HEA~DEZEZOWTHER T 572D, /MMe EEERRIRIZ b3 2
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DR B b O/NGHTEE A N T2 1n vivo 20 In vitro R COMFIEITH Z &
MLETHA D,

AR FNT, 1, 25(0H)2D31C &V Caco-2 fifd THE ~ IAP @ 2 FHEHD
alternatively spliced mRNA variant ORBEN TN LFEIND Z ENHAL
mEipolz, Atk b IAP OAERKRES IAP O EIZE D S EEHEIC OV
TOFHEMRFREED D Z LT, BZ I D OFRAEBERICET 2 H/ R4
T=20ELNE D,
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o=
BFEE 4 : /B ERRHIKE (Caco-2) IZBITA, E¥I U DOTVE

YRR 7 7 Z—EBEER IO DR FRE~DRER

L3

AW TIE, b MEBEBEEME T, BEERIC/NG EREHRICET D
Caco-2 Milaz VT, v X I D ALPIEMEE ZOBGTFRE, Boo b~
— 71— T DM DK FEEETE DFELIZ HRBIZOWTHNEZIT- 72, =
Y7y Mg 14 BRIEEE L. Caco-2 ffalc 1, 25(0H):Ds Z ¥ (1,
25(0H):Ds 8L : 0, 10, 100nM) L7=#ER, W% 3, 5. 7 HEIZKBWT 1,
25(0H):2D3 R 100 nM @ ALP {&Md L O e~/ ALP 815+ mRNA %
HENOnM LR THBICEBEE R L, — ., A7 T7—F A VY~ ¥ —E
BRLOVRTFIONRTF X —ENOBIEFHEBIL 1, 256(0H) D3 12 LV iR S
NI oTe, BRIZEIZEBWT, b MG ERERMETOE Y I DIZXLL/MME
Al ALP BEOHEBIERICOWTRT Z R TE, /MR ALP BHFH 20 L
e # I 0 D OB BRAEBEROBBRIC ORI L Z LRSS,
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HE

<HBFZE 3>12HBV T, Kb Caco-2 Milaza FWT, 1, 25(0H)2Ds 12 LY
ALP {EMe HONC B h/NEE ALP 851 O mRNA OFRBLAHR I 5D Z &2
B 570272 572, Giuliano et al.i%., Caco-2 M@z L T 5 HE (v
Ty b BEO1LBE (7 MME) OfMIEIC 1, 25(0H):Ds (10
nM) Z%ML, ALP{EMER ER L2 E2HEL TS [50], LovL72nds,
/NG _E B ERRIARIZ 43 L 7= Caco-2 AEARIZ 51T % 1, 25(0H)2Ds d ALP {& M43 X
OVNIGEL ALP BI5F~DEBEIZOW T, M Tninotz, & 2 TREF
FTIE, a7y M 14 B O Caco-2 fifaz AHWTC, & Mo/ ERE
BEAIRIC R 5 1, 256(0H)2Ds i & 5 ALP i&HER L e ~/NBEL ALP &5 7%
BADEEIZOWNTHREEZIT> T,

S 6T, TAP & [RERIC/INEG Bl CREL SN D EE R DK fREESE T,
Dt~ ——ThH2 SIBLIOBETERL CWLHEFKER T T 7 —E0D 1
DTHDHTRTFUNRTFHX—FIV (dipeptidyl peptidase IV ; DPP-4 : EC

3.2.1.10) OBEEFREBIIBITHEZ I D OEEIZHOWT LB E2{T- 72,
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Jith

(1) ffaksE
5 U 7= HE MR AR 35 L OB SR OV TIE, <BFR 1> LRETH 5,
Caco-2 flfiE% 35 mm 5T ¢ v ¥ = |Z#EFE L (6 x 1051 cells / 35 mm dish) .
a7y Mg 14 AR Lo, 0%, 1, 25(0H):Ds iismsgH (0, 10,
100 nM) ~ERZHL, TNENDOBESMETEER, 0. 1. 3. 5. 7 HEIZHM
fa & BEE L7, <WFZE 8> L RER. A EIOERICMHEH L7 1, 25(0H)2Ds 1% Merck
Life Science X VWEEAL7-, 1, 25(0H)sDsid=% / —/VTREL, =% /—)L

DEABE ZFEHD 0.1% 72D L HICHE L, BHX2 BRI LT,

(2) o7 oFEEk

<HFFE 1> L RERICAT o T2

B) TNVAVAKRAT 74— (ALP) {EHERIE
<HFFE 2> L RIERIAT o 72,

4) 7vhVERAT7 72— (ALP) BEFMEMILFLE
<HFFE 1> L [FFRIZAT - T,

B) TAHVKRAT 7 & —F (ALP) [REEER

<BFFE 1> L RIEEIC T 72,
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(6) SDS-PAGE (Sodium dodecyl sulfate-Poly Acrylamide Gel Electrophoresis)
N7 Vg U v A (SDS) FETIZT, 10% RV T 7 U7 I Rov
(7L % ¥ X s 7/ Cat. 161-J321V, Bio-Rad Laboratories, Hercules,
California, USA) I L5 ERIKE AT 72[75], T+ EA X V¥ — RIZIT,
Precision Plus Protein™ Standards (Bio-Rad Laboratories) Z# M\ 7z, EX
VKB4 D 7 11E, Fast Violet B salt (Wako) & VT, B~ 7 F /LU EEE[36]

(2T ALP &MYt 21T o 12,

(7) RT-PCR (Reverse Transcription-Polymerase Chain Reaction) 34
@ RNA i

<HFFE 1> L RIERIZAT o T2,

@ cDNA (complementary DNA) {EfL
<HFFE 2> L REERITAT o T2

@ PCR }EIZ L 5 DNA Ol
PCR ICAHW-RIELHE, LI HONWTT. <R 1> LFEBETH 5,

PCR 77 A ~—|%. hIAP: human intestinal alkaline phosphatase[39].
hTNSALP : human tissue non-specific alkaline phosphatase[41].
hVDR : human vitamin D receptor[68]. hSI : human
Sucrase-Isomaltase[40]. hDPP-4 : human dipeptidyl peptidase IV[76].
GAPDH : Glyceraldehyde phosphatase dehydrogenase % HV 7z,

forward * reverse 77 A ~—|% Table 4-1 |Z/x L 7=,
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Table 4-1 PCR oligonucleotide primers and predicted size of PCR
products.

Primer Length | Position™
hIAP forward 5 CACGACACGCGGCAATGAGGTC 3

708 bp 422-1129
hIAP reverse 5 TGGTCAGCGGTGACGAGGGTCA 3
hTNSALP forward 5 AAGGAGGCAGAATTGACCACG 3

195 bp 998-1192
hTNASALP reverse 5 CAAAGATAGAGTTGCCACGGG 3
hVDR forward 5 AGCCTCAATGAGGAGCACTCCAAG 3

207 bp | 1174-1380
hVDR reverse 5 ACGGGTGAGGAGGGTGCTGAGTA 3
hSI forward 5 CATCCTACCATGTCAAGAGCCA 3

196 bp | 5070-5265
hSI reverse 5 GCTTGTTAAGGTGGTCTGGTTT 3
hDPP-4 forward 5 CCTTCTACTCTGATGAGTCACTGC 3

312 bp 716-1027
hDPP-4 reverse 5 GTGCCACTAAGCAGTTCCATCTTC 3
GAPDH forward 5 ACCACAGTCCATGCCATCCAC 3

452 bp 525-976
GAPDH reverse 5 TCCACCACCCTGTTGCTGTA 3

*The A in the ATG of the initiator Met codon is denoted as nucleotide +1.
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@ RV 727 VAT I RFIVERIKE

<HWF%E 1> L [RERICIT - T2,

® Frv b A—F—IZ L BHEH

<HFFE 1> L RERIZAT - 72,

(6) HeatiLet

FEBRE RILFE (the means) + E¥ERE (S.E.) TrRLU, #EHY 7 b
IBM SPSS Statistics 22 (AAT A « £ —« =& () %fFH L. ALP {EMH4
WZBIT DK T — 2 DEBEEBREICOVTIE, — TR ESBOH%. Dunnet ¥
7213 Tukey DREE ZAT o> 72, 72 [EAICIEUC L 5 % FEH B L O RT-PCR
SRRV TIE, 1, 25(0H)2:Ds#EEE 0 nM X V100 nM @ 2 B thig & L
T, Student’s t REZIT -T2, B, BRENEZAEEZH & LT,
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R

(1) ALP &%

Caco2 fiflad = > 7= MZELTH D 14 BHIZIC 1, 25(0H)2Ds UsInEE Hy
(LT, T o 1, 25(0H)2DsiRE % 0, 10, 100 nM @ 3 fE#¥E& L. 1,
25(0H):Ds#5h0 0, 1. 3. 5. 7 A BH®D ALP i&MEDOREEHIZ L% Fig. 4-1 127
L7,

1, 25(0H):Ds ¥ 1 B BBV T, 1, 25(0H)2:Ds #EEE 100 nM 1281+ 5 ALP
TEMEIZOnM &L, ARICEEZ R L (p<0.05), =512, 1,25(0H):Ds
INEEHCcoREE 3, 5. 7 HBIZH W T, 1, 25(0H):Ds i 10 nM, 100 nM
2B 5 ALPIEMEIZ. 0 nM & g L A EICEEZ = L7 (i p<0.001,
p<0.001),

ST, U7 EET-0 O ALP IIEHEICOW T R L7 fE R, ALP iH%
ERBROFER Lo T (TF— 21T ET),

ek, 2 hr—1 (0 nM) 28T 5 ALP {EMHIZOWTO, 1, 3, 5, 7TH

BCHELILLEIA, AERETRBO NN T,
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Fig. 4-1  Effects of the 1, 25(0H)2D3 concentration on ALP activity in

Caco-2 cells. Cells were incubated for 14 days after confluency, and desired
concentrations of 1, 25(0H)2Ds (0, 10, and 100 nM) were added.

The Caco-2 cells were assayed on days 0, 1, 3, 5, and 7 after the addition of 1,

25(0H):2Ds.

Results are the means + S.E. from triplicate experiments.

Dunnett’s multiple comparison test was used after ANOVA to compare the

significance of differences among 1, 25(0H)2D3 concentrations of 0, 10, and

100 nM (*: p<0.05, ***: p<0.001).
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(2) ALP BEF MM

1, 25(0H):Ds %N 7 H H OAIARIC ALP BEFRARM LY 21T\, ST EE
TEIE LT, Fig. 42 A)~Oir Lz L 912, 1, 25(0H)2Ds (10 nM F 7213 100
nM) Z AN L7z Caco-2 #life ClE, JR< Yeta S iv7c ALP BRI EMAn % < 3
Do,
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Fig. 4-2 Caco-2 cells on coverslips were stained for ALP activity on day 7.

Light micrograph of the monolayer of confluent Caco-2 cells (x 100).

Cells were stained for ALP activity (stained red) as described in Materials
and Methods.

(A 1,25(0H):Ds: 0 nM.

(B) 1, 25(0H):Ds: 10 nM.

(© 1, 25(0H)2Ds: 100 nM.

Bar=100 um
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(3) ALP DE2FE it

1, 25(0H)2D3 (100 nM) % %0 L 7= Caco-2 AR D ALP i&M4A% 0 nM & Hs
LCHEBICEEAZ R LIZZ 005 .1, 25(0H):D3 iR 7 H H D 0nM F721% 100
nM (25517 5 ALP OEERFFHEIZOWNT, LA Y — /U L B REEER & nEsE
BRa1T->7- (Table 4-2), 1, 25(0H):D3iBE 100 nM IZHB1F 5 L3I Y —Ldh
5 UWNIINEULERT% O ALP {EMHIRFRIZ OV T, 0 nM ICHXTENENEE
RETRO SN D 2T,
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Table 4-2 Inhibitory effects on alkaline phosphatase of Caco-2 cells (%)

Heat
Levamisole
1, 25(0H)2D3 concentrations inactivation
(1 mM) (56°C 10 min)
Caco-2 cells 0 nM 48.4+0.4 93.5+0.8
100 nM 47.5%10.6 88.611.2

ALP activity was assayed by the rate of hydrolysis of
pnitro-phenylphosphate.

The effects of the inhibitor were determined in the presence of 5 mM MgClz
in the assay mixture.

Activities of non-treated controls were designated as 100%.

Cultured cells were treated with 1, 25(0H)2Ds (0 or 100 nM) for 7 days.
Each value represents the means = S.E. (n=3) of triplicate experiments.

The unpaired two-tailed Student’s #test was used to compare the
significance of differences between 1, 25(0H)2D3 concentrations of 0 and 100

nM.
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(4) SDS-RY 77 U LT I R LVESIKE

1, 25(0H):Ds#HN 7 H H® 1, 25(0H)2D3 £ 0 nM 35 X 100 nM @ ALP
Y7 iz on T, SDS-PAGE #1T7-7-, Fig. 4-3 2~ L72 X 912, 0nM
BLOU 100 nM (25T 1 ARD ALP {EHAS Y R S0, 43 F=1T 100 kDa
ERE Iz, 100 nM TiX, 0nM LY iRV ALP {EHED /N RBR ST,
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OnM 100 nM

<4 100 kDa

Fig. 4-3 Intestinal ALP isozymes of the Caco-2 cells on day 7 separated by
10% SDS polyacrylamide gel electrophoresis.
The gels were stained for ALP activity with a [ -naphtyl-phosphoric acid

monosodium salt, Fast violet B salt.
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(5) RT-PCR 43#r

1, 25(0H):Ds M 1, 3, 5, 7 HEIZ, 1, 25(0H)2D3 (100 nM) #¥RANL 7=
Caco-2 M@ ALP {&M2Y 0 nM LB L CHEEICEELZ R L2 &b, 1,
25(0H):Ds#hN 1. 3, 5. 7 HEIZHIT S 1, 25(0H)2D3#EE 0 nM & 100 nM
IZ2WV T, RT-PCR 1 & W mRNA ORIBEL HE LT,

b ~/NER ALP #&{5F O mRNA @ PCR Y (hIAP ; 708 bp) 2oV T,
1, 25(0H):Ds N 1, 3, 5. 7 H BIZH W T, 1, 25(0H)2Ds % 100 nM T 0 nM
IZHEARTRWAY RSN, 7 MA—F—ICTHr LIz & Z A, Fig.
4-4 (AR L2 £ 912, hIAP mRNA #&H &, 1, 25(0H)2Ds & 100 nM T
0 nM &L, 1 HEIZBWIEEMEMZ <L (p=0.079), 3. 5. 7T HEIZ
BPWCUTFEICEMELZR LT (Z1E1 p<0.05, p<0.01, p<0.01),

t b+ TNSALP #&f{5F®» mRNA ® PCR E# (hTNSALP ; 195 bp) % 1,
25(0H)2D3 2 100 nM IZE W\ C.0nM & FIfEICIE & A RSN e o7 (F
— X IR ET),

t k VDR @&+ mRNA @ PCR ¥ (hVDR ; 207 bp) (Z2OWTiL, 1,
25(0H):Ds B E 0 nM 33 L0100 nM TN RMRH S =28, I X
D 0nM & 100 nM TONY RORSI DR ST, Ty P A—Z =TT L
72& 24, Fig. 44 BIZ/R L= X 912, hVDR mRNA EHE(X, WO
12BN TH 1, 25(0H):Ds i 0 nM 35 L1V 100 nM M CHE R ZITRD b
ol

E ho SI #EFD mRNA @ PCR E# (hSI; 196 bp) IZ2OW Tk, 1,
25(0H):Ds AN 1, 3, 5, 7T HE T, 100 nM L EE L, 0 nM 2B\ TR
WAV RSN, TU Y A= —ICTHET LTIZ& 25, Fig. 44 (O

A L72X 912, hSImRNA #E&(X, 5 HHIZ 1, 25(0H):D3 B 100 nM Tl
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0nM &~ T, ARICKEEZRLEZ (p<0.05),

t ~® DPP-4 #&{5F® mRNA ® PCR 4 (hDPP-4; 312 bp) IZ>\ T,
1, 25(0H):Ds MM 1, 3, 5. 7 H BIZHE W T, 1, 25(0H)2D3 i 0 nM & 100 nM
BT HRN RORIIFFERTHY, Ty MA—F—IZTHITLIE Z A,
Fig. 4-4 D)IZR L7- X 912, hDPP-4 mRNA &3, WIFRofEicks T

H 1, 25(0H)2:Ds R 0 nM 38 L) 100 nM [l CHEREITRD Lo T,
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(A)
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5 o4 7 g 2
S
% 0.2 r I_IT / / /
2 N

Fig. 4-4 (A) The relative expression levels of mRNA for hIAP in Caco-2
cells.

All values are normalized to the housekeeping gene GAPDH. Results are
the means = S.E. (n=3) from triplicate experiments. Comparisons
between the 1, 25(0H)2Ds-treated group (100 nM) and control group (0 nM)
were performed using the unpaired two-tailed Student’s #test.

Significant difference between the 1, 25(0OH)2Ds -treated group (100 nM) and
control group (0 nM) on day 3, 5, 7 (*: p<0.05, **: p<0.01, **: p<0.01,

respectively).
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(B)
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2 o me
0.2 ; % ) Z %

Fig. 4-4 (B) The relative expression levels of mRNA for hVDR in Caco-2
cells.
All values are normalized to the housekeeping gene GAPDH. Results are

the means * S.E. (n=3) from triplicate experiments.
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Fig. 4-4 (C)  The relative expression levels of mRNA for hSI in Caco-2 cells.
All values are normalized to the housekeeping gene GAPDH. Results are
the means = S.E. (n=3) from triplicate experiments. Comparisons
between the 1, 25(0H)2Ds-treated group (100 nM) and control group (0 nM)
were performed using the unpaired two-tailed Student’s #test.

Significant difference between the 1, 25(0OH)2Ds -treated group (100 nM) and

control group (0 nM) on day 5 (*: p<0.05).
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5

AIE T, a7 bbb 14 B% O Caco2 M@z vT, 1,
25(0H)2D3 7% ALP (&R L 0% 0 ALP BT RI~KIFTEEIC OV TRE
L7,

a7y M 14 BEO Caco-2 M2 38T 1, 25(0H)2D3 (100 nM)
W%, 0nM & HeEk LT ALP SN B BICEELZ R L, ALP OFEFRL 7RI
BEfet Lz & 2 A, AR/ NGEL ALP OFETH S Z Emml sz, &
512, 1, 25(0H):Ds #EE 0 nM 5 L TN 100 nM @ ALP fhiH 4 > 7 iz 50T
SDS-PAGE f#tr 217> 7= & Z A, 43 F & 100 kDa /3 R H S 41, 100 nM
DR RZ0nM K0 IRV RPFED BTz, AFFEE O LIFTOMFFEIZ B
T. SD ZMT v s O+ 481D ALP (2> T SDS-PAGE 12 L B #HT 21T\,
7 FE 110 kDa B LN 100 kDa @ 2 KDy REfH L-[54], £/, IIEHE
Ha# LT v o+ B0 ALP (25T SDS-PAGE (T & AT &
RT-PCRG#TIZE ST v FIAP- 1 B LT v FAP-T OFHIZ OV THRET 21T
S>THEY, HFE 110 kDa OEWIE IAP-T OEWIC, 4T 100 kDa O EY)
X IAP- I OFEMICENEh—3T 2 Faetk & ~ie L7z [55]. /MEEL ALP (213
fa el & Ao 2 NN O TR Y | ABFFE T Caco-2 MIfEIZ I W THIH &
Niz5rF 58 100 kDa D8 RiX o FEDO/NSWAERIO/NGR ALP Th 5 Z
LR I, S HIC/NMEE ALP B&inF D mRNA BHRZHE L& 25,
1, 25(0H):Ds M (100 nM) (2L Y, 0nM & kt# L hIAP mRNA ®BE &1 F
BICHEEA T L7z, hIAP mRNA OREHEIL, "NVAXF—E LV IBEFTHD
GAPDH ® mRNA HH & CIEEA LIZHEIRERLZ L TED ., 1,
25(0H)2D3 12 %5 hIAP mRNA RIHEOHENE L ALP iEEOHINR & o B
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[ZOWTIE, 512 IAP @ 2 BERBACHEHO I & OFIFREGEM~D 1,
25(0H):D3 IR S & 0 TRETT 2LERH 5 9,

IAP L FEBICBB O b~ — 1 — & LTAHVW LR TS STIZOWTIE, JEfTHF
UL a7z MO Caco-2 MAEIZ 1, 25(0H):Ds AR L 7= & Z A,
SIEMNHE SN, a7 FMED Caco-2 FAIZIS W TIXZEN 2o
2B HRESNTWBIBT, AEIAW - 7vxy kivD 14 B#% O Caco-2
HIRIZ 31T 5., 1, 25(0H):Ds s 5 H H @ hSI mRNA OB &4 Lz & =
A, 1, 25(0H): Dz NI L W ABICIREA R LTz, RITHIRICL 2 &, &2To
DK FREESR DR U L S ITISET 5 LIFR O eV ERHE I TV I[57, 77,
78], & ZC, SI LERICEH~DLIC L VIEENR ERT5 2 ERRENTND
DPP-4 ({22W\W T, TOBEGBFEIUICOVWTHERFMN 2T, TOME, =
YITNE L bnD 14 BED Caco-2 MRV T, 1, 25(0H)2Ds #AMC & 0
hDPP-4 mRNA BB EIZEITRO LR o T, JefTHFFE T, Caco-2 flifa & [F]
RO MG AR CTd 5 HT-29 MifalZ VT, SIIEMHITH 5 —EMH %
WED L PR LN LN, DPP-4 EHIZ EH LT 722 LR E
TV 5[49], ARAFFETIE, SI X DPP-4 BT HRBEOLUEZIT> 7203, T
NOBEREEICOWTTRIEZIT-TELT, 5% Z AT EHE L~ TH R
THMEND D, £, I TIE Semiquantitative CEE&EH)) RT-PCR 4t
AT, SBIZEBICY T2 A LA PCRIZEICEY ., LVKBEOSVEED
BT AT O ZENEE LN EBX NS,

<HFZFE 8> L [FIBE, ARIFFETH. 1, 25(0H)2Ds & ST 2 EENZEED VDR
DB ROV THFZ1T> 7, Caco-2 Mgz #ERE L T/, 5 15, 18 HH
(2 1,25(0H)2Ds Z ¥R L, 21 H BICHRELL VDR BH AR EITHI T, =

v hra—LE T 1, 25(0H):Ds # N L 7= T VDR BN A E 2D
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LWl WO smENRH 5[72], <BFFE 83>I12BW\TiL, K4rkd Caco-2 fllfd
(21, 25(0H) D3 ZHMLIz& Z A, K52 5 H HIZHWVT 1, 25(0H) Ds LT
hVDR mRNA ¥HENAEICRED LTz, KAFZETIE, 207y Fb 14
H# ® Caco-2 HEfRIZ 3T, 1, 25(0H)2Ds iANIC & 5 hVDR mRNA FH &(C
XZEN 2o Tz, Caco-2 MBI CREHIC L - Th, EX I DIZLD
VDR mRNA B A~DOEENR R ol-7o, B4 I DICLHEEHRE D ERE
VDR /M L TR Z D500, HDH i VDR 24 L TO7RW D07 EEERIIC DV
TIFFHATH D, EX I DIIBORIEL GEENH D, Caco-2 MfLDEHIEIZ
BT, 1, 25(0H):Ds mMNIC LW LPS#FEMD X A hY v 7 v a VEE
PRFEESN TS Z EbMEINITI, 8, ¥4I D O Y 7ikRE
N VDR v/ T VR AN LT A Z & boraniz[80l, 4%, ALPI&fs
FruE—S =IO 2 LI LY, ©X I DIC&D ALPIBIG T33O
FREAD =X DDA ORNDHZENEZBNRD,

AIFFENZIBNT, a7z Minb 14 BH#O Caco-2 Mifldz HWT, 1,
25(0H)2Ds HINIZ & 0 TAP OBInFRENHERIND Z L Z2HH TRT Z LR
TE, B FO/PBIZEBWT 1, 25(0H):Ds 73 ALP {EMEA RS 52 L2 LD,
FEE W OFREIRL, BBOEFMEOMER 2 SIZBE L TV 2 rIREME DS HERE STz,
L% E BT, e BFEHERFICE D ALP ~OFE, Z OEAFICONT
MEtT 52 L2k N ALP BEFAHiA M LI I D EIELDHETS
RERFOF IR EBEH ORI O % Z LIRS D,
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HE2E . EE

FB1IETEXYIVKIZED e M IAP BBISHRIND Z L& R LIz, KET
X, BENLDOIILY T LB ORI ZRE UEAH 2 T 57200 T
< BRREHEROBNVE L ZME TS I DA IAP BIHARITTRE
IZDOWTHRET L T2,

BEZE3 . a7 RO, /NG ERARMEIZ /2 E L ThZeuy Caco-2 AlifaIC
B1F5 1, 256(0H)2:Ds D ALP {EMER L OE DOBIRFHREL~DEEIZHS
WCRRR AT 272, 1, 25(0H) D3 iRINEFHECoRE# 3, 5, T HHIZE
W, 1, 25(0H)2:Ds (100 nM) 2k v ALP &N EF Lz, F72.
t N ALPIE&F)bERE Sh 5 2 fEHO IAP mRNA variant D%
IZOWTHRH L2 & Z A, main variant @ aAugl0 OFHILIEE 3
BEHIZEBWT, £72, bAuglo OFHIIHEE 3, 5, 7 HHICBWT,

1, 25(0H):Ds (100 nM) T X v #EsR ST~

Bt 4: a7 bnh 14 AR O, /MMy EEAFEMIIZ 2k L7z Caco-2 #
falZds1F % 1, 25(0H)2Ds @ ALP {EME & = DB T RE~DFEICD
WTRHEITo 72, TORER, 1, 25(0H):Ds iM% 1, 3, 5. 7 BHEHIZ
BT 1, 25(0H)2Ds (100 nM) 12 & ALP i&MH:28 L& L, £ 3. 5.
7 HEBEIZEIT S IAP OBIEFREL LRI,

ARET I, /DB EREEMEICS L L TR Caco-2 fifak L a7 1o v
K238 14 B O/NG BRI BV T, 1, 256(0H)2Ds 12 L v ALP i&EMER X
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O IAP OEGEFREADHEREND Z ENHLNE o7, 2 FHD IAP mRNA
variant DFEFUZOWT, FJID TORT Z ENTE | 1, 25(0H):Ds ik L % ALP
SNRIFTERAA I =X LIZDOWTEE - FIERR L~V TRETT 22 212k, /b
L ALP R BFHEI 2N L7 e I U D &I U & 55BN T O - 7 AHE
ORISR 5 Z E RIS,
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EIE

t MNBRIT AR YRR T 7 X —ERIEFD
BB Z—DBELEFORBGTFEAILLS
—IRMRBE DS
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EI3E S

ZIVETIT, Caco-2 it MEMEHR T84 MifaZ HWT, & - IAP &
G ZBEREE SRS RE STV A[81], IAPBRIFEIICLY ¥ A hY
Y7 va VERESCHIENICE S LT % zonula occludens-1 (ZO-1) B LT
Z0-2 mRNA VUL EINT-Z E0nn, AP BR¥ A ho v vav iy
N B LA SIET 5 Z L Tl ERANY TR A UGE L, IBE RS E M D
PR T £ 7205 TND Z ERHR SN TN H[81],

<BFFE 3> T, b MIBWT, ALPIEETH 5 2 FBIEHD variant N5 S
TWAZ &%/~ L7-, Variant aAuglO (3/MEMHEENH 7 v—=r 7 Sn-2F
2,550 bp ® mRNA TH V| IAP ¥ > /X7 B % a2— K95 mRNA Th 5 & #iE
EhTWb, —J, Variant bAugl0 (XBEMEHE L/ n—=v 7 Shi-2E
1,884 bp ® mRNA TH 25 Z LHE SN TS, <HFFE3>TIE, b 2f#
D mRNA OFHN 1, 25(0H):Ds i L W S, AEMHR IS X0 HlE s
nE5ZEbRL7%, £, variant aAugl0 @ PCR E#TH 5 hlIAP-a &
variant bAug10 ® PCREH) T 5 hIAP-b DFEEL L ~ULIZENRBD Hiz Z
X V. variant aAuglO & variant bAugl0 /3t b ALPIEG RO

(CEBEREHEET LI ENTRBEI N, Lol Zhb 2O IAP mRNA
variant OFFHIZ OV TIZB LT > Ty, 207D, <BFE 5> Tl
2 fE3HD mRNA ® 5 5 main @ IAP D582 FE cDNA Z#74iA A TS IAP-a 35
R 2 —%EE L, Caco2 MifRIC —BMERBLIEHZ LI2X V| ALP &ML &

ONTAP mRNA variant Z8ER~DOEE L st L7,
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%3
M3 5: b MNBRITAB YRR T 7 ¥ —PREFORBERY X —
DB L Caco2 Fifa~D IAP-a BERIZZ—D T R

Tl vavili b BERBEORE

259

b MZEBWT, IAP #=2— K95 ALPI Bin¥56 2 FEED alternatively
spliced mRNA (variant aAugl0 3 £ O bAugl0) NFEIE SN TWDE N, 2
A mRNA OREEEIC DWW TR AN L, RIFFE T, 2 FHO mRNA
? 9 H main D IAP DFE2 R cDNA Z/AA AT TAP-a BBV X — &L L |
IAP % —i MR8 72 Caco2 MilRIZ 31T % 2 FEFED variant FHA~DFEIC
DWTHRFEIT> 72, Caco 2 flld~D [AP-a BNV X —D NTF L AT =V
a2 v, 3~10 A H £ T, ALP /&M Mock & BB LA EICHEZ R L, R
7 B H CTIX., Mock ®» 2~3 & ® & 1fE % =~ L 7= . Reverse
Transcription-Polymerase Chain Reaction (RT-PCR) f# #1 T (% . variant
aAugl0 ® PCR ¥ (hIAP-a) (%, IAP-a B/ X —D T L AT =7 g
1% 1.3 HEIZBWT, Mock & HRTHEICEELZ R L, FERIC 2 EEHO IAP
mRNA variant ®3@# 5> D PCR EY (hIAP) &, 1. 3 HHIZHW T Mock
L L BEEICEMEA ~ L7z, —7F. variant bAugl0 @ PCR E#) (hIAP-b)
1T, IAP-a BHRNNI X —D NT A7 27 v a4% 7, 10 HEIZ Mock & kb~

BlICEEZRLE, Zhonb, TAP-a BB X —D T RAT7 273
N KDY variant bAugl0 OFBICEH EE L KT LTV 5 AIEEMH:
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DR ENT-, 5% & 5T, variant aAugl0 3 KON bAuglo DZFNEI DRI~
DEBLHMAEERICOVWTHRET S22 L2k 0, IAP OBESLHFBR TO
RNA Ay MU —2 OISR 0 | EHITIT IAP OABIERHOER O -9
DEBERT—FE2EHONL 2 ERHFIN5S,
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HE

b MZBWT, IAP X ALPIEmFIZ LY 23— RE, ALPIEEF1 0 2 7E
¥ alternatively spliced mRNA N [FIE STV 5[67], KRAFFETIL, IAP ¥
Y37 G % 2 — R4 % main @ IAP O 2R cDNA Z#H741A A 72 TAP-a FEHLA
7 2 —ZEgE L, Caco-2 Ml —@MRI S, ALP EHE~OREC, 2 fEE
@ alternatively spliced mRNA (variant aAugl0 35 J OV bAugl0) DOFBLA~D

BE ZNOOMAEERICOWTEETAZ EAERE L,
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Jith

(1) FHAT Z— DO
Human intestinal alkaline phosphatase D 5E 4K cDNA @ 7 g —
(I.M.A.G.E. Full Length ¢cDNA clone Purified Plasmid / sequence verified /
2,259 bp, Clone ID: 40146700 (ALPI), DNAFORM, Kanagawa, Japan) % & A
L, 77 AI F&#ELL, R L7 (QIAGEN Plasmid Maxi Kit (25),
QIAGEN, Maryland, USA)., EcoR I IZ kX 2 #IBREEFE L &2 1T » T,
pCR4-TOPO vector (Life Technologies, Carlsbad, CA) [Fig. 5-1 (A)] 75,
A % — bk DNA ZHEH L7z (illustra™ GFX™ PCR DNA and Gel Band
Purification Kit, GE Healthcare, Buckinghamshire, UK), & 512, pcDNA3
expression vector (Invitrogen, Carlsbad, CA) [Fig. 51 (B)] 127 A 7 — =
> #R#K (Ligation high, H7E#H5, Osaka, Japan) ZH\\C, £ ¥ — K DNA %

KLIRIAZA, TAP-a BT F —ZEE LT,
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LacZu initiation codon
M13 Reverse priming site | T3 priming site
| I | I
201 CACACAGGAA ACAGCTATGA CCATGATTAC GCCAAGCTCA GAATTAACCC TCACTAARGG
GTGTGTCCTT TGTCGATACT GGTACTAATG CGGTTCGAGT CTTAATTGGG AGTGATTTCC

Spe | Pst Pmel EcoRI EcoR | Not |
_|'_

| | | | |
261 GACTAGTCCT GCAGGTTTAA ACGAATTCGC CCTT PCR IMAGGGC GAATTCGCGG
CTGATCAGGA CGTCCAAATT TGCTTAAGCG GGAENMMALLUGSMTTCCCG CTTAAGCGCC

T7 priming site M13 Forward (-20) priming site

I | [ |
311 | CCGCTAAATT CAATTCGCCC TATAGTGAGT CGTATTACAA TTCACTGGCC GTCGTTTTAC
GGCGATTTAA GTTAAGCGGG ATATCACTCA GCATAATGTT AAGTGACCGG CAGCAAAATG

Fig. 5-1 (A) Image of pCR4-TOPO vector.
Xenbase
(http://www.xenbase.org/common/ViewImageActionNonAdmin.do?imageld=

40966)
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Pwul

* There is an ATG upslream PTG -E

ol the Xba | site. Bsml

Fig. 5-1 (B) Image of pcDNAS3 expression vector.
Addgene (https://www.addgene.org/12980/)
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(2) I 2 NOEERF| O
BELEZIAP-a BB X —D 7T A RO DNAIZOWT, < 1> L[FE

BRIC, SRS DM 21T o 72,

(3) Caco-2 fifaDEEEE

BEREMIL, <HIFE1>LFERRTH D,

4 FFrRT=Tav

Caco-2 #fi % 35 mm £33 7 « v o =2 \Z#E7E L (5 X 105 cells / 35 mm dish) .
—MEEZ, 1 pg/ 35 mm dish @ [AP-a ¥ ~7 ¥ —& 5\ X Mock ® DNA
L D-MEM., Lipofectamine&Plus (Life Technologies) ® Mixture % {Ef L |
#faIZ D-MEM 5 X O Mixture Z /1% 3 FRf] 37°CIle CRUS S, —i@tEic b7
VAT 2 varkifiol, NIV AT v avtk, 1, 8, 5, 7, 10 AR

Bri{Tol-zHER Lz, B2 B2 LT,

(B) VT O

<HBFFE 1> L RRIAT o 72,

6) TAHYVKRAT 7 & —E (ALP) IHMERIE
<HFFE 1> L RIERICAT o 72,

() 7AHVARAT77Z—F (ALP) BEFEHk(LF e

<HBFFE 1> L RERIAT o 72,
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8 SDSHEVU T2 UALT I RAAELZIKE

<Hf%E 4> L RIERICAT - T2,

(99 RT-PCR (Reverse Transcription-Polymerase Chain Reaction) 34

@O RNA #iH

<HBFFE 1> L REEIC TS T2,

@ cDNA (complementary DNA) fEfl

<HFFE 2> L FRIERICAT o T2

® PCRIEIC LD DNA OHEE
PCRICHWERIESFH L, FHEIZO WL, <R 1> LFEETH D,

PCR 7 7 A ~—I{Z%. hIAP : human intestinal alkaline phosphatase[39].
hIAP-a: human intestinal alkaline phosphatase-a. hAIP-b : human intestinal
alkaline phosphatase-b, GAPDH : Glyceraldehyde phosphatase

dehydrogenase % F\ 7=, forward - reverse 77 A ~—(d Table 5-1 |[Z/R L 7=,
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Table 5-1

PCR oligonucleotide primers and predicted size of PCR

products.

Primer Length | Position™
hIAP forward 5 CACGACACGCGGCAATGAGGTC 3

708 bp 422-1129
hIAP reverse 5 TGGTCAGCGGTGACGAGGGTCA 3
hIAP-a forward 5 GCAACCCTGCAACCCACCCAAGGAG ¥

276 bp | 2101-2376
hIAP-a reverse 5 CCAGCATCCAGATGTCCCGGGAG &
hIAP-b forward 5 GCTGACCTGATCTCTACTCT 3

407bp | 118-524
hIAP-b reverse 5 ACCTCATTGCCGCGTGTCGT 3
GAPDH forward 5 ACCACAGTCCATGCCATCCAC 3

452 bp 525-976
GAPDH reverse 5 TCCACCACCCTGTTGCTGTA 3

*The A in the ATG of the initiator Met codon is denoted as nucleotide +1.
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@ RYTZ7INT I RTVEIIKE

<HFZE 1> L [RIERICAT - T2,

® FrvbhA—F—IZ X DEH

<HFFE 1> L AIERICAT - 72

(10) Heatast

FEBFERIL, FHME (mean) TIEVERRFE (S.E) T L7, &Y 7 I IBM
SPSS Statistics 22 (HART7 A - £ — - =4 (1) 2FEHAL. &7 —FDEE
ZEREIC DWW T, Student’s t TEEIT o7z, 0B, fERE 5% EFEEH Y &
L7z,
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R

(1) 77 A3 FOEHEES

Human intestinal alkaline phosphatase D5 4% ¢cDNA ® IAP-a 38~
HZ—=IZOWT, P A 7 NV—7 0 IR KD AR 2 Rl L 72, 723, Fig.
5-2 (A) D _FEFITBEER @ IAP variant aAug10 (NM_001361) O EE S 2= L.
TERITIZ Sp6. T7 & DWIIFFRA T T A ~—Z FV TR LTSRS A 7R

L7, £72. Fig. 52 BIiF> —7 =L ZADEET — % O—Ea R L1,
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1 ~
( A) afugll  ACTTCGCCTCCCTCCTRCTECCCCCAAGACATGCAGGRGCCCTRGGTRCTGCTGCTROTG
otk ok otk o stk stk stk ok ok ook ook otk ok sk stk ok sk stk sk ok sk ok ek sk ok

1AP-a @ ACTTCGCCTCCCTCOTGOTECCCCCAAGACATGCAGGGGLCCTGRGETGCTGCTGCTGETE

61~
ahugll.  GGGCTGAGGCTACAGCTCTCCCTGGGRCGTCATCCCAGCTGAGGAGGAGAAGCCGGOCTTE
otk sk st oo s ok o stk s stk kb kot okt bk stk otk stk s skt s stk sk ok sk
[AP-a GGOCTGAGRCTACAGCTCTOOCTGAECATCATCCCAGCTRAGRAGGAGAACCOGGECTTE

121~
ahugl0: TGGAACCGCCAGGCAGCTGAGGLCCTGGATGCTGOCAAGAAGCTGCAGCCCATCCAGAAG
skt ok o sk stk ok ook o ok sk ok skt ok ok o shok sk bk ok o ok sk ok bk ok ok
1AP-a TGGAACCGCCAGGCAGCTGAGGLCCTGRATGL TGOCAAGAAGCTGCAGCCCATCCAGAAG

181~
ahug!l: GTCGCCAAGAACCTCATCCTCTTCCTGGGCGATGEGTTGGEGGTGCCCACGGTGACAGCE
s o e s o ok s sk o sk s ok ok ok e s sk ok o s o s s e o s o ook ok b ok ok kb

[AP-a GTCGCCAAGAACCTCATCCTCTTCCTGGECGATGEGTTGGEEGGTGCOCACGET GACAGCE

241~
afugl0:  ACCAGGATCCTAAAGGGGCA - =« s =rvorrmrrraanes ACACGACACACCCAGAGCGE
I T L T T T T T IR I P s ek o ook o ook o ok o ok o ook
IAP-a | ACCAGGATCOTAAAGGGGCA -« =« vvvvrmrmrranenns ACACGACACACCCAGAGCGC
2041~

afugl0  GTGCCCCACCGTCTTAGCTTCAATCOTGRCAGCACCTRGTAGACCCAAGEACTTGRGTGG
s s s ek sk o ok sk o skl ok ok ok e s ok e o s o sk s ok o sk o ook ok e ok ok ok ke

1AP-a @ GTGCCCCACCGTCTTAGCTTCAATCCTGGCAGCACCTGGTAGACCCAAGGACT TGGRGTGG
2101~

abugll:  ATCAGGACACCTGAAGAAGAGAAGCTTCCGGCAACCCTGCAACCCACCCAAGGAGGLTAC
skt ok ok sk ok ok ko sk sk sk sk ok ok ok o skl sk stk btk o s kot sk otk ok stk sk ek

1AP-a = ATCAGGACACCTGAAGAAGAGAAGCTTCCGGCAACCCTGCAACCCACCCAAGRAGGLTAC

2161~
abugld:  TGGATCGGGGATTCCCAGGGGGRCTTTGACACAGTCOTCTGCTGTCTCCCCACTAGGATE

e e ok s sk s o o ootk b s o b e ok o s b e ke o ok ok sk s o bk o oo b

1AP-a TGGATCGGEGAT TCCCAGGEGGEGCTTTGACACAGTCCTCTGCTGTCTCCCCACTAGGATC

2221~
afugll:  ATTCCACACCCCTGCACCTGACCAAGGGACCAATRAGGD
et R A Rk Rk R Ak e
[AP-a @ ATTCCACACCCCTGCACCTGACCAAGGGACCAATGAGED

Fig. 5-2 (A)  The nucleotide sequences of IAP-a expression vector using Sp6
or T7 primers are compared to the human intestinal ALP sequence (NCBI
GenBank Accession No.: NM_001631) (top sequence).

Matches among the two sequences are marked by asterisks.

TIAP-a: human intestinal alkaline phosphatase-a.

The A in the ATG of the initiator Met codon is denoted nucleotide +1.
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(B)

tnrlltolllllIIIIillllIIIIlIlIIIIIIIIIliIltlIllllllllllillllltatllelIIlllll#llll:lllllil4lllllllllillllll rH

P
GACATGCCTGEC TCGCCACTCAGCTCATCT GCAACATGGAGATTGACGT SATGCTT 33C33A33553CAAITASATITTISI34T 3
120 140 150 160 170 180 190 200 n0 peil o

IIIIIIIIIIIIIIIII R N R aninay

11!
GACCCCAGACCCTRAGTACCCAGCTGATACCAGCCAGAAT GOAATCAGGCTAGGACGGGAAGAACCTAGTGCABGAATIZCTIAC

o —

||||||||||f||l||||ii|i|||l|¥||ll||l|||i|||l||||||li§l|lf|¥l|||i|li|ll|‘|l|||i||||l
LCACACTGAGCTCATOCAGGCE TCGETOOACEAG TETATOACECAT CTCATOGGCGTC T TTOAGCCCOOABACACGAAATATS
0 k] 380 30 400 410 420 430 440 450 480

FEERIREELY H
GCTGAGCAGGAACCCCCGCAGCTTCTACE

N I T
GCACTCACTGAGGCAGGTCATGTTCGACGACGCCATTGAGAGGOCGGOCCAGCTCACCAGCRAGGAGOACACBCTOACCCTCITCACCACTIACCASTSSSAT AT ST SST I T
560 B00 810 a0 =] B840 650 880 amn L 00

\ V) )

Fig. 5-2 (B) The nucleotide sequence of the IAP-a expression vector.

128



(2) ALP i&E

Fig. 5-312, IAP-a BH A~/ X —D N7 A7 =7 a %1, 3, 5. 7. 10
H B O#AEO ALP &R 2~ LTz,

IAP-a LI X —D T AT =273 % 3, 5, 7. 10 HEIZEBWT,
Mock IZHARTHEREICEEZ R Lz (Z1F1 p<0.001, p<0.05, p<0.001,
p<0.001),

nE. IAP-a ¥H_XI7 X —D R NF A7 273 g% 7 HETO ALP {EHER

bmfEZR L, Mock & HEE LK 3 fE&EVMEA R LTz,
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O Mock IAP-a

50 T

7

?
§A40- é skkk
=E 7
sz 7 2
v S 20 f ook kL / ;_
< 5 g , / /
s © 2 77 %
|
- 0|
e 010

Day 1 Day 3 Day 5 Day 7 Day 10

Fig. 5-3 Transient transfected Caco-2 cells with the human IAP gene or
Mock were used to study the influence of IAP overexpression on ALP activity.
Results are the means + S.E. from triplicate experiments.

Comparisons between Mock and IAP-a were performed using the unpaired

two-tailed Student’s #test (*: p<0.05, ***: p<0.001).
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(3) ALP EERAEM b7 Yu

IAP-a BRI Z—D T A7 =7 v a 1% 3 HEOHIID ALP B A%
bFYeta 21T > -5 R % Fig. 54 (A), B R LT,
[AP-a BRI X —% TV A7 =7 3 Liz Caco-2 MifldiZi\\ T, ALP {&
PEERAL 3R < P STz,
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Fig. 5-4 Caco-2 cells on coverslips were stained for ALP activity on day 3.
Light micrograph of the monolayer of confluent Caco-2 cells (x 100). Cells
were stained for ALP activity (stained red) as described in Materials and
Methods.

(A)  Mock.

(B) IAP-a.

Bar=100 um
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(4) SDS KU T 7 Y AT 2 RANVERIKE

IAP-a BRI X —D T AT 7 v a %7 HEOHMIEO ALP it
TNZDOWT, SDS-PAGE #1T - =R % Fig. 5-5 I~ LT,
IAP-a BRI X —% N T AT =27 var Lz o7 iciB 0T 1 KD ALP
TEME N R S, 0 F&13 100 kDa L EE S 7z, [AP-a BB~ ¥ —
NI AT 223y Lz Caco-2 MR TlE. Mock £V HiEV ALP {HFMHED N
v RS,
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Mock I|AP-a

<4 100 kDa

Fig. 5-5 Intestinal ALP isozymes of the Caco-2 cells on day 7 separated by
10% SDS polyacrylamide gel electrophoresis.
The gels were stained for ALP activity with a 3 -naphtyl-phosphoric acid

monosodium salt, Fast violet B salt.
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(5) RT-PCR 7347

IAP-a BRI X —D T A7/ a1, 3,5, 7, 10 HAIZSOWT
RT-PCR %17\, BRIKENEZIT o720, TV M A—F =TV NREEL
HIE L7-4E R %, Fig. 5-6 (A~OIR LTz,

2 FEFH D variant (2 & F 5 ILEOE 5D PCR EY (hIAP ; 708 bp) (2D
T, IAP-a BBV X —D T A7 arthl, 3,5, 7, 10 BEIZBW
T, Mock &t L, BRICHMEZ XL (EZ2h p<0.001, p<0.01, p<
0.01, p<0.01, p<0.05) [Fig.56(A)],

Variant aAugl0 mRNA @ PCR E#) (hIAP-a ; 276 bp) {22\ T4, IAP-a
HHRARIZ—D T A7 =7 ar% 1, 30 5, THEIZEBWT, Mock &kt
L, ABICEELE L (ZnFh p<0.001, p<0.001, p<0.001, p<0.01)
[Fig. 5-6 (B)].

Variant bAug10 mRNA @ PCR E#) (hIAP-b ; 407bp) 22O\ Tik, TAP-a
BRI HZ—D T AT 7 a7, 10 HBIZBWT, Mock & H#g L,

FRICEEZR L (Wb p<0.05) [Fig. 5-6 (O,
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16 | o OMock  #IAP-a

14

1.2

0.8 r

06 r

hIAP / GAPDH

04 r

Fig. 5-6 (A) The relative expression levels of mRNA for hIAP in Caco-2
cells.

All values are normalized to the housekeeping gene GAPDH. Results are
the means = S.E. (n=3) from triplicate experiments.

Comparisons between Mock and IAP-a were performed using the unpaired

two-tailed Student’s #test (*: p<0.05, **: p<0.01, *’
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16 - O Mock IAP-a

14
1.2
10
0.8 r

06 r

hlAP-a / GAPDH

04 r

sk
kook sk —

7 9 9

Day 5 Day 7 Day 10

0.2 ¢

Fig. 5-6 (B) The relative expression levels of mRNA for hIAP-a in Caco-2
cells.

All values are normalized to the housekeeping gene GAPDH. Results are
the means = S.E. (n=3) from triplicate experiments.

Comparisons between Mock and IAP-a were performed using the unpaired

two-tailed Student’s #test (*: p<0.05, **: p<0.01, ***: p<0.001).
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O Mock IAP-a

0.6 r

05 r
I
E 04
<
O
~ L
o 0.3
% *

[ |

r= 0.2 F

| % H

0 T T T T 1

Day 1 Day 3 Day 5 Day 7

Fig. 5-6 (C) The relative expression levels of mRNA for hIAP-b in Caco-2
cells.

All values are normalized to the housekeeping gene GAPDH. Results are
the means = S.E. (n=3) from triplicate experiments.

Comparisons between Mock and IAP-a were performed using the unpaired

two-tailed Student’s #test (*: p<0.05).
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5

AHFFFE T, 2 FEFEH O TAP mRNA variant @ 9 5 main @ IAP O5E2F ¢cDNA
wALAIA AT TAP-a FEBLA 7 & — 2 EE L | Caco-2 M~ AP Z —i@ M5 H &
. ALP /&R L OV 2 FE D variant ~DEZIZHOWTRET LT,

IAP D522 F cDNA ZH/AIA /T2 TAP-a B~ 7 ¥ —DIF ARSI 2 M LT
L2 A, 2FEEHD variant D 9 ., main @ variant aAugl10 mRNA O FEF
E—H LT IAP-a BRIV X —2HWT RN TV AT 27 v a rE{To T fiER,
3. 5. 7. 10 HEIZHT 5 ALP {EMH)3, Mock & B L, AREICEELZ R LT,
Bl T A7 27 v a %7 HBIZEIT S ALPIEMOEIZ Mock & Hhig L,
3 fFmWMEA R LTz, ALP BESRMERRLF T E Tld, TAP-a BHANT ¥ —
DETvAT 7 vartk 3 BRICBWORS B IN-Miang < BlEsn
7z, 72, SDS-PAGE f#tric B\ C, IAP-a ¥~V X —D T AT 27 ¥
a % 7T HEIZEIT S 100 kD D8 K3 Mock &, LR BE Sz,
S 512, RT-PCR 73#rClx, 2 fE$HD variant (238 DE5 O PCR EWHTH 5
hIAP & | 2 FE$H D variant ® PCR EY T 5 hIAP-a 3 LT hIAP-b (T2 T
Bt U7z, BinE AT —i@ M transient B & Z2E R stable BE N H 5 [82],
AT oo —@BERBRTIE, N2 A 727 a1, 3 HE ThIAP-ak Xk
O hIAP OREEOHETRNFRD b7z, —7F ., variant bAugl0 @ PCR YT
&2 hIAP-b IZoWTH | IAP-a BB~ X —D T AT =27 a4 7, 10
HEIZ Mock EHANFEICEEEZR L, ZNUHORER LD [AP-a BE ¥
—DNTUART 27 v a X H—BERITN variant bAugl0 ORELIZEE
ERIZT LT Z ERHEREINT,

T, X X7 E % a— R L7V RNA T&h 5 non-coding RNA (ncRNA) @
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P, TR P =P R ERBOHFEHFIZE LI 5 HEER 72 ncRNA S FET D Z &
DS DNZ72 5T 5[83], neRNA 121, 20 EERED/S7 RNA Thb
micro RNA (miRNA) 237F7E L. 289 mRNA @ 3IEFIRRFEKIZHES L. mRNA
OFIRIBN ZFHET 5 Z & CIEMNEBELRFORBELAICHIE T 5 Z LB LE
7o T 5[84, 85], X HIZ B E L FIEIE O RNA CT& % long non-coding
RNA (IncRNA) HF7ET %, IncRNA OBREIC DWW TIIARAZR AR Z RS
TWA 2, #6000 HEEFE D IncRNA T#H % Hox transcript antisense RNA
(HOTAIR) %, BHBEFOTmE—4 =G L, B X M H3K2T D AT
IMMEZFHFESE TEEFRERZIH T L2 B8monTW5I86], 7z, # 8
78 % 32— 4% mRNA OFFRZ 14 % miRNA 2008 LIk#ET 5 Z & T,
EHEAR T DR 2158 S 5 RNA % competing endogenous RNA (ceRNA)
EIFOY, £ DOFITIIIEZIERSC, B2 L OREIZEE G35 long intergenic
non-coding RNA (lincRNA) DFELIITFERAL N ER->T5([87, 88], i
5D Enb, TIAP # U X B R RH S E HIWEICEB VT, variant aAugl0 3
LT bAugl0 @ mRNA & %W EZ LSO RNA BHHAIZIEA L. RNA [#x
v MU — 7 B S L, FEERHE SN TV D AIREME R HEE ST, 51%I1%, 2
XD IAP mRNA O EAEH 2 38MICHET L TOSBERH 5 9,
AIFFRIZIBNT, b N ALPIEREB T HEE 35 main ® IAP @ Caco-2 #f
fa~D—i@HEFRBEIZ LD . ALPIEHEN EAH L. variant bAugl0 mRNA FH
e X, 2 FEE O alternatively spliced mRNA 73 TAP JEME A FHEI L T\ 5 7]
BEPEDMEZR S, <BFZE 8> C. Caco-2 Mif@ic & T, 1, 25(0H)2D3 12 L v
2 IO TAP variant OFEBLHE T S, BRFMRE T8 TAP © 2 IO mRNA
FHEFEL WD LTSN, Thb XY, 5%, kxR BE%ERET

N D 2 FEFEO TAP mRNA FEHARITI RS, 2 fEHO mRNA &£ Oftho
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mRNA & OB BRICOWCEMICKRET 5 Z LIk, & N ALPIERT O
IEEFER KO IAP & 0 BOBFRBRICE S5 RNA Xy hU—2 a3 =
=h—a L OfFER. E5101E IAP OABEROMEBRO - DEERT — 4 &
BHZ EREIFEND,
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HmIE . EE

IAP i3t N ALPIBEFICED a— RS TWb, & N ALPIER T B 2
FE¥E D alternatively spliced variant mRNA OFEENRRE STV 5D, RET
%, 2 FEHOD variant ® 5 5, main ThH 2D IAP DFERE cDNA ZHHAIAATS
[AP-a HHAY Z — %5 L, Caco-2 MRl —@MERB ST 52 L2k 5 ALP
TEMERS O 2 FEEH O TAP variant ~D & A2 RH L7z,

AF3E5: Caco-2 MildIZIAP-aH A~ X —Z —@EIC N T VAT =7 g Uik,
ALP {&M75 Mock & H# L, AEICEMEZ R LT, 7o, 2 FFHO IAP

variant mRNA O3 Mock & bR CHEEICEEEZ R LT,

[AP-a BRI X —D TV AT =7 v a il kb —@EREAICLY | 2 FfE
@ IAP variant 78 ALP /&2 L CWAD Z ERNRB I, 5% I 5IT, 2
T D TIAP variant © mRNA ¥R A~ORECHAERIZ OV TEEICRETT 5
Z L2 Y JAP OEEERLEHFUAR CTORNAKI R v h U —27 OfFHIZSR3 Y |
E 511X IAP OABWEH OO DEERT — X 2555 2 L N HIfES
nto,
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53

TAHVERT 72 —F (ALP) (X, 7AW UMICER pH 2L, U8
TATIVEEEHY VB L TV a— VIR IR B R & i A EERE CTH B
t MZBWT, ALP | . THE. BlE R EIEET DA R R ALP

(TNSALP) . /MBICRTET 5/ ALP (IAP), MR ALP, AFEMARR
ALP ®/0 72 L H 4 BUIHEEINTWD, WTNDOT A YT A AZBWTH,
ALP 2V VBB AT NVOAKGFEZ B LT, Fx 2AEBERICEEG LTS Z
ERHEINATND

IAP (3B L B MRa o0 il 7B MR BE I FAE L, B0k~ — A — L LT
HEOHNTND, YT AZBWT, EREICKD IAPEEMET 228, BYiE
BUZ L0 IAPEHN ER L2 EnmESN, B IAPD /v 7T U b~
U ATITEAER O~ 7 2, BEIEENEM L, e R TP
DEBR ENRDO B, IAP PIEERFNCERSEEL TV D Z &R I T
Wo, BT, 7T AREEOMIEEORR NS T, NERE LTHbNRD Y
REHE (LPS) # IAP M3 52 Lnh, EEIR T & L COEH b#lE
SNTND, TNHD XD, IE, v~ TR EHYEHOIZHZEIC LD | IAP
DAEFVER OMBIANED STV D0, BFER T b IAP IZKIT TR,
t N IAP % 2— N9 % ALPIB{cFDOFEM2 5t 7 < AR b 2 < 5%
SNEEThHD, BEMERFNE N IAP ~RIFT B IAP RBHAMER %
BEtT 5 2 LT, BEEETFB IO IAP OF /- AFIER OMRIRIC SRR |
b N ALPI ST OBESHREOA D= A LR LNCT HEERT — 4155
NHZ ENHIFEIND, £ TRV TIE, b MNEBEHE RO /NG R
HRTH 5 Caco2 #ifaz FIWV T, & b IAP IEMERZ OB G FRIOMEEMICD
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WTHRET 21T 2L 2 BRE LT,
Kimlx, LT D 3 ELAIGEA £ LT,

FBLE: LIV KDTAVAYERRT 7 F—EBEERE L RE DR FREE~D
-2

EXIVKIEFy- IAEININRRTT—E (GGCX) DOffilESR & LTk
F2R7C L, MREEEIEMAZT TR BOAKRIMIICHED 2 HERKERT
s, B4 Ky OF THROLBOVAERIEEZ RTON AT X/ -4 (MK-4)
THO, BARICBWCBRHRERERE L LTEASN TS, 2 E Tl MK-4
Be N IAP ~RIETEEIC OV TR S CWiehoie, 22T, <#F%E 1>
TlX, avr 7= MIORSED Caco-2 HIfEIZ MK-4 Z¥EM L, ALP &M%
BLOZDOBEFHRIUODWTHEFZITo72, TORE., MK-41ZXL Y ALP &
P2 ER/ U, IAP OB FRE GBI N, <BFFE2>TiE, 207 |
225 14 B D Caco-2 MM MK-4 i LT= & 2 A, /NG ERERMIRRIZ 431k
L7- Caco-2 MlICHB W TH, MK-4 12XV ALP &M EF L, IAP O#EET
FE GBI ND ZEDRHLNERST,

FB2E :EFIVDDTNAHYFRRT 7 Z—EBEER I UL ORI FRE~D
2

B4 DL, BORHMPOHREICERERREERTHY . BENLODOINLT Y
LB LY ORI AEEE L CTCER#ZHE T 57217 T, HASEFREKD
RVEVEFREL TN D, EX I D OEHRTH S 1, 25(0H):Ds 12 k5 ALP
EHB X OEDBBETFREA~OEEIZONT, IVHEMRRFZITI D, <

e 3> Clx, 27> METOD Caco-2 fiEIZIIT D 1, 25(0H)D3 12 L 5
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IAP BBI~DEE LT Lz, ZOfRER. 1, 25(0H)2D3 12 XV ALP {&MHEA L5
L. & N ALPI BB HEE IS 2 FEEO IAP variant OFHL G HHR S 4L
Tro <HFFE 4> TIZ. 2 7= v 14 B# D Caco-2 Rl 1, 25(0H)2Ds
WML Z A, /NG EREEMIZS L L7z Caco-2 MlEIcBWWTEH 1,
25(0H)2D3 12 £ W ALPIEMER L OV IAP OB -RENENT 5 Z L 2VRS vz,

F3E .t MMBETAIYFRRT 7 ¥ —ERIBFORRANRT ¥ —DOBEL Z
DEETEANI L2 —BHERHEOKE

<HFZFE 3>12k v, 1, 25(0H)2D3 7% IAP @ 2 f&EJE®D alternatively spliced
mRNA (variant aAugl0 ¥ X 0" variant bAugl0) ORBEAHERI T, BFME
KLV HE S NGED Z RSz, 20 IAP @ 2 FEED variant (2D
TIERBARENE LI TS, £ 2T, <HFF 5> TCik, 2 O variant
D 9B aAugl0 D552 FK cDNA % #A3A A T2 TAP-a BB Y ¥ — &5 L IAP
% Caco-2 MR —BMERB I E D Z LIk D ALP iEHB L OZ DB THE
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Summary

Regulation of intestinal alkaline phosphatase activity and gene

expression in human intestinal epithelial-like cell line Caco-2

Alkaline phosphatase (ALP) hydrolyzes a variety of monophosphate esters
into inorganic acid and alcohol. In humans, four kinds of ALP isozyme have
been identified: tissue-nonspecific ALP, intestinal ALP (IAP), placental ALP,
and germ cell ALP. IAP is expressed at a high concentration in the brush
border membrane of intestinal epithelial cells, and is known to be affected by
several kinds of nutrients such as lipids, but little is known about the
influences of dietary factors on human gut ALP activity. The aim of this
study was to examine the regulation of intestinal alkaline phosphatase
activity and its gene expression in the human intestinal epithelial-like cell
line Caco-2.

This manuscript consists of three chapters.
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Chapter 1 (Studies 1 and 2): The influences of vitamin K2 on ALP activity
and gene expression.

In Study 1, we examined the influences of vitamin K2 (MK-4) on the level
of ALP activity and expression of ALP mRNA in pre-confluent Caco-2 cells.
It was demonstrated that vitamin Kz enhanced IAP expression in
undifferentiated Caco-2 cells. In Study 2, we examined the influences of
MK-4 on the level of ALP activity and expression of ALP mRNA in Caco-2
cells, were incubated them for 14 days after confluency. It was revealed

that vitamin K2 enhanced IAP expression in differentiated Caco-2 cells.

Chapter 2 (Studies 3 and 4): The influences of vitamin D on ALP activity and
gene expression.

In Study 3, we examined the influences of vitamin D [1, 25(OH)2D3] on the
ALP expression in pre-confluent Caco-2 cells. It was demonstrated that 1,
25(0H)2Ds enhanced the expression of two types of alternative mRNA
variants encoding the human alkaline phosphatase, intestinal (ALPJ]) gene
in undifferentiated Caco-2 cells. In Study 4, we examined the influences of

1, 25(0H)2Ds on the ALP activity and expression of ALP mRNA was
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examined in Caco-2 cells, were incubated them for 14 days after confluency.
It was revealed that expression of IAP is enhanced by 1, 25(0H)2D3 in

differentiated Caco-2 cells.

Chapter 3 (Study 5): Construction of IAP-a expression vector and the
influences of transient IAP overexpression by gene transfection.

In Study 5, we examined the influences of IAP overexpression on the ALP
activity and expression of two types of alternatively spliced mRNA variants
encoding the human ALPI gene. It was shown that ALP activity and the
expression of two types of IAP variant mRNA in Caco-2 cells were enhanced
by IAP-a expression vector transfection. It was suggested that the two

variant mRNAs of IAP may regulate expression in a coordinated manner.

These studies (Studies 1-5) clarified the effects of vitamin K and vitamin D
on IAP expression in Caco-2 cells, and the two variant mRNAs of IAP
suggest the importance of the transcriptional regulation of human ALPI
gene expression. These results provide useful data for elucidating the

expression mechanism and physiological function of TAP.
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