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[

Caffeine DIREHT DK 90% 1Tl 2 & 5 FREIHE R cytochrome P450 1A2 (CYP1A2)

2L DD TH D, CYPIA2 IZ1Z single nucleotide polymorphism (SNP) 23F7E L.

152472297 3 L W rs762551 13 caffeine {RHTHIFZE L TV 5, 152472297 @ T allele

L7 U7 NIIEGELE L7203, 15762551 @ genotype Tl caffeine {REHZE WS

H Y | genotype A/A |3 extensive metabolizer, A/C ¥ intermediate metabolizer, C/C

IZ poor metabolizer & #HiE TV 5D

CYP1A2 OF#57 & DO ANZ I aryl hydrocarbon receptor (AhR) DIEMHAL 23 LT

b, AHR @ SNP TH 5 rs4410790 12 % caffeine 15 B/ & ORI 2 8

I TWD, Caffeine D HFAX#HFEHLEE /L adenosine A2a receptor (ADORA2A)

NEBEEE 2 5 ADORA24 @ SNP Toh 5 185751876 12 %, caffeine {LE<e =

—b—HERLOHEENRESNLTND

BC-caffeine breath test (CBT) | 1980 A HATONIAWD , caffeine {HIS

CYPIA2 TR S LD Z &0 B IFHEEEREAL <> CYPLA2 {EMRHN 1L & LTHW

LA MR HRE SN TWD, Caffeine AT EIC N-iA F il e 8 (LD

b THD, ZIVETITHE I LTV A CBT I caffeine @ A F /L EEIZ BC A4



L TR, caffeine U BEEE SNP 25 N-Jlit X F/UALIZEZE L T viulE CBT Ok

RIZHET 5, AT~ X, caffeine-N-3-methyl-'3C breath test (N3CBT) LT

caffeine-trimethyl-'3C breath test (TriCBT) “C caffeine {X3{B8:# SNPs 23 [F] & I HE C

HDHMERRE LTz,

[Hi]

Caffeine-N-3-methyl-'*C 35 L O caffeine-trimethyl-'*C Z % L 72 CBT T caffeine

fRHBEHE SNPs (CYP142 SNPs : 15762551 35 & UF 152472297, AHR SNP : rs4410790)

& caffeine J&Z M ICBEE# 35 SNP (ADORA2A SNP : 1s5751876) D [EIE N AJHET

b D ERRETT D,

(g & 51E]

N3CBT TIIA MR A 130 6 CEXEES 21.9 k. B 97 B, 2otk 33 fi)) %

%5 L L. TriCBT TIXEEREERLA 132 i CEL4EE 21.8 7%, B 101 f], %

PE3L ) Xt e L, FEREBREATHTIC Oragene® - DNA OG-500 Kit (T FEH

AR L7z, 22 hua— LIRS AL L 72 #4212 caffeine-N-3-methyl-13C % 7213,

caffeine-trimethyl-'3C 100 mg % 788 7K 100 ml (2% L CHIR L7z, HIRZIZ LT

FERE & L 10 SRR CREAZ 90 53 % CHRER L. AR5MIIEA LR CREATH 100,



DAL ZRE Lz (ABCO2), HIEFREFRIL 90 43 F TD ABCO, DFFN (SP™) Tha

L. ZEEEEFERIFR (receiver operating characteristic : ROC) fi#HTIZ LV fh

#R T HIAE (area under the curve : AUC) THiFT L7z, ABCO IZHET HK 11X

AL BRI IR G & 7 /L (generalized linear mixed model : GLMM) THFt L 7=,

i

Oragene® * DNA OG-500 Kit CTERE L 7ZMEfZ 2> 5 DNA Z i L. caffeine 1U#}IC
B3> % CYP142 SNPs : 15762551 35 K U rs2472297, AHR SNP : 154410790, 3 & X
caffeine & PEIZEH40 % ADORA2A SNP : 1s5751876 % TagMan® SNP Genotyping
Assay THEHT L7z,

[ 2]

N3CBT, TriCBT OH#ERFE D 152472297 134417 genotype C/C T&H - 7=, N3CBT
D SOm L, PERI, BUEOAG M caffeine IHE B, rs762551 33 X (N rs5751876 (2
HEZELEZRBDIRN-oT2, 154410790 O genotype C/C & T/C i, T/C & T/TRIT
ITHEEZEZZRDRMNoT2D, C/C & TT MICAEEZEZZR DT, S HIT genotype
C/C &t Tallele ¥ ¥ V7 (T/T+T/C) MIZHLAEEEZRD, C/C NHREIZEHET

&7z, Genotype C/C Z L L7z AUC £ 0.768 ThH -7, ABCO IZHET

% K113 154410790 @ genotype & caffeine 1HE /= Cd > 7=,



TriCBT @ S%m CiX, PR, caffeine {HE &, 15762551 3 L N rs5751876 ([ZH &

FEH RO IR0 Tz, WU L IERIEE O LTI I A BICEIE TH o T,

% 72 154410790 D genotype [HIZAH E 2% 7 7=, Genotype C/C I T/T 33 L WX T/C

W L TCHEEICEETHY . T/IC 1T T/T ICHEREHETH -7, 14410790 D

genotype C/C & T allele ¥ v U 7 (T/T + T/C) MICbEEZEZRD, C/IC M

(2 Cdo - 72, Genotype C/C % B3t & L7z AUC 13 0.758, T/T @ AUC I 0.715

ThoTo, ABCOITHET 5K 13 14410790 @ genotype & MEDHIETH -

7"»»
—o

Caffeine U3 D N-Jit 2 F-AKIL CYPIA2 @ SNP T& 5 rs762551 @ genotype C

1T CYPIA2 OB 3BLAZHAHEIT 5 AHR @ SNP Th D rs4410790 D

genotype (2417 LTk Y . N3CBT Tl caffeine {EE &, TriCBT TIIME D A i

ICHBEIND Z L &R Lic, BHFMEREMRAN THIUL, caffeine-N-3-methyl-*C 35

& X caffeine-trimethyl-'3C ZF|f] L 7= CBT T AHR @ SNP T& % rs4410790 @

genotype N [FEIEFRIRECTH Y . RIEIZIE N3CBT LY TriCBT AEH THDH Z &2

e S LTz,



B

et

CBT : BC-caffeine breath test, *C-caffeine M- a5k

N3CBT : caffeine-N-3-methyl-'3C breath test, 3 A /L 13C-caffeine FE5GAER
TriCBT : caffeine-trimethyl-'3C breath test, kU X F /L 3C-caffeine FF5aAER
SNP : single nucleotide polymorphism, —g%EZ7H

CYP1A2 : cytochrome P450 1A2, 7 7 1 — .. P450 1A2

AhR : aryl hydrocarbon receptor, 7 U /L % b /K & % & K

AhRR : aryl hydrocarbon receptor repressor, 7 U /LAY /K 3552 25 (A3 K] 1
ADORA2A : adenosine Axa receptor, 77 ./ 32 A2A SZRAK

GLMM : generalized linear mixed model, —f{LAREIRAET /v

ROC : receiver operating characteristic, 5215 & EIERHE

AUC : area under the curve, M T HFE



2. ¥

i

2 -1 PR RBR AT R D43 Hir

1940 MU TS PE RN TR UC ORI 23 BR AR S 4L, MCEERAL &4 2% 1 Ok

WG L, (REKEY & L TR ICHE S A CO 2 HIIE LTV, 1960

R¥

EARICMES N Y — 2 3 HT4s (respiration pattern analyzer) 23B%E 41, Z OZEE

FAUWNT 19604 SR 2 < DFRIRAFZE M TN -, Z OMEE 1T OEE 4

REREHTEY, MR 2 EGRICRIE SIS E . MCORMMREZ R ER T

HCO L & L CHfieiilE L T /e (Tolbert™ R /X 2 — 434140,

Tolbert™M I /X% — L HTgRiC L W 7 R UKE, 7 X /R £ OMOWE ORGH

BRE DML, THIERIR, N, REREOBENISH Shie, Ll &

DRENY CTEfliZe 2 & Lg% & (370-3700kBq) D A AR AL A4 D £

HENBETHY | IN<ELXIT Lo 7 [1],

2-2 FEXKREOEE

BCIERMRARIT, RFEDLEFNIABC (HRFESRKI1%) 2w Lizbahz

BehH1%, FERHIZEN D BCO ZRFIIICE =2 —F 5 Z LIZ k> T, £DkE



W DAL - T - AR 22T 5 HIETH D, WERITIBESTPEFALARC (3K

56004 : BHAME) Z AW TITON TE72h, BERNMKRBCIZM A D 2 & T, Hi

MREEEDMERMN /2 720 BrAlR, LR, (e b & AN - 72, 1970

A IZKlein, Schoeller 5 12 & 5 FEX DO BCO T TIEDIE N B E D | FEIR

fF5EClE, Watkin & O#HE D M) T H[2-6].

2-3 BCFHREBRORE

BCIX, BARRICHEET DIRZBIFEFDORIN1% %2 5O 5, ZDL1%E W) fEIL. 1k

EMDERT AT LD . 1.06%05H1.12%D & F & F b S WEA Ol % 1~

T, BIRTEIE R 1% DBCE M L CTHEHERI%IZE T o CBCTHEEGR L 7-bE&

WEERNICRGT 5 & FFTTOCODBCOAFERITRERFRIIC L/ L, B —7

EIZELTTIRT 5, ZOBCODHEBL Y — 2 % fifi LT, #iaE ORNICE

T AL« IR - AR DD, ZIUHBBCHERREBR OB TH 5[1],

B LCiE, 1) ZERNARZ WD 720, B REERE2 L, 2) FEERE

BEEIMEEECHDL L, 3) HHTHIEMC L > L, EIENORE DR

HEENMEFRETH D Z ENHIT BN D, ITFEBCODIERAMDOIEZEIZLY



BCOMME{BEICHIERRE L 720 . 20004E1CIXBH %, 8 - + HRBEEOHRKTH

HANY aNg y— - vr ) OGN BCEER Y L 7 — B AR TR 122l C

LT EMBIERERDT,

2-4 BCOMIEFE

BCOMIEIZIZ, B MO HAVWLNTWAFIEICH A7 a~ 7T 7 E&SHT

(GC-Mas) o7 IEEDN B D, BIfER b FEEIHIE TE 2 HIEO—DITHR

SIIOERF 2 MW HERH Y . ARIOHE T T X TRADHHERTH S

BCOT T 7 A4 =& AT,

20004\ C AR BRI S & 7 oo~V aX g X — v n ) ORKGEZ NI AV B BCHE

LT — B REEGRER D 72 DI GE S T2 IRy e M dE T & 5 POCone

(Fukuda Denshi Co., Ltd., Tokyo, Japan) XI5 H13CO/12CO, % 1045 F2 EE CHIE A]

REIZ L7c, BUE. £ < DR ORKMARICHER SN TE Y | D TES TR

HBCOMRIEFRE & 72~ T,



2 -5 BC-caffeine breath test (CBT) @ Z 1k TOALE ST

PERGBRIE, FFRZERIR LT A3 24T 5 2 &S X0 AR RE Ol i 5 55 &

D TIETH %, ERALR BC T L2 x DILEM DGR FIRE L 72 D

s &FH 23 A28 0 | 13C-caffeine breath test (CBT) 13 1980 #4420 HATHOILAAD 7=,

N-3 A FILILIT BC 24235, L 7= caffeine-N-3-methyl-'3C (Figure 1a) & N-1, N-3

BELON-7T AF VIO FT XTI BC ZiEik L7z caffeine-trimethyl-1*C Z{# H L 7=

CBT N2 F TIZHE STV (Figure 1b), CBT I caffeine D13 A3 g~

A 71— AT D cytochrome P450 1A2 (CYP1A2) TRE SN D Z & h b %

REZTAM A B B9 & [7-13]. & 512, CYPLIA2 DIEMHHIC &V H T

%[14-20],

2-6 Caffeine {X35 & Single nucleotide polymorphism (SNP)

Caffeine TR T b A < DIV TV D KGRI AI CTH D, Caffeine X H XA

<

XA RIS, EHRIRKABT 521, AATIIEAEIMEE D caffeine DI

=

FHERUZ DWW CHEEMLE 212 L TV 5[22], £ 7=, European Food Safety Authority



(EFSA) 13— EDEREL 200 mg & L[23]. I F X RAEE IR A Tlii Kk

400 mg/day & L Tu5[24],

VT4, Caffeine Y% & FHARARRE R TRE FA[25-29], DL RIEHE[30,31]. & BT

EDOBIENHE SN TV 5H[32,33], ZiLb O T caffeine EH S M 2B

1 L 7= single nucleotide polymorphism (SNP) DN /RIZ STV D

Caffeine FXEHT O 90%I TR FHEESE CYPIA2 I LA 6D TH S, CYPIA2 IEMEIZ

b — I EE TIIEEE AT TE <L BRI 1R (T e ~Em

EHRE STV B [14,34-37],

CYPIA2 \ZITE A2 H Y | caffeine {UHT OB |IZ B % 5 2 H[38], FilZ

CYPIA2 ® SNPs T 5 152472297 & 15762551 (Figure 2a) | caffeine V4 & B 1EX°

RENTIELS BB L TV D Z ENRE TV A[39,40], 15762551 1 Aallele 243

D% 67.3%, Callele D 2 = B —25 32.7% & #& 4L, 15762551 @ genotype |Z

XV caffeine {RHHIIZIEVDIH U | genotype A/A |3 extensive metabolizer, A/C |3

intermediate metabolizer, C/C I poor metabolizer T& %[38,41],

Caffeine fCETOHENNIZIX CYPLIA2 DR EDOEMNBMLETH D  CYPIA2 DiEHE

O IX aryl hydrocarbon receptor (AhR) DIEVELMETH S, AhR & =2

10



— RJ DB 11 7921 IZF1E L, CYPIA2 L RAERISEIG TS RNMFET D (AHR
SNPs : 154410790 5 X 1" rs6968865), AHR 1L =1 — bt — 4% B 1E & BN EL | FF
|Z rs4410790 (Figure 2b) (& caffeine JH & E-<Cf U & OET# 2 S X4, Callele %
ALTHD AT allele 2 L TW2D ALY caffeine HEEN S\ Z & At S
TV 5[35,40-43],

Caffeine O FHX AR BULZE /1 adenosine A2a receptor (ADORA2A) 73 EE 727
F 20 9 [44,45], ADORA2A @ SNP T % 155751876 (Figure 2¢) (X, caffeine X
o — b —HEE L ORENHE STV 5[40,44-46],

Caffeine DRI FIZ NI A F Ak & 8RB DL TH D, ZiLE TITHE
T % CBT [ caffeine D A F/LEEIZ BC #4255 L CTH Y | caffeine {03 RS
SNP 3 N-fii A F/AIZEEZE L TV CBT OfERICEET 5, 4El, CBT &
EFRERER AT HETT L, caffeine T ES 532 SNPs (rs762551, 1s2472297 35 &
N 184410790) & caffeine JESePEICEE 597 % SNP (1s5751876) MMIRAIEFIRETH 5

M tRe LTz,

11



Caffeine-N-3-methyl->C breath test (N3CBT)
3. MRLFGEL
3-1 X%
Caffeine-N-3-methyl-1>C breath test (N3CBT) (3B 4EMERERL A 130 4 (CE15 21.9 7%,
Bk 97 Bl k33 i) THIAT Lz, T _XTOHMEIL 6 4 A LIRIZIE@ERE « ARt
TEROBEARREN S WIRIR 2 LB L T 2 REDES  FEDOY 7Y A b o

FPCEED <O BRI R U A LV AGUR R, CRUFR U A AV AHUREEETH D

L EBERLSIML TV, N3CBT JEfTRIICEEDO A, a2—b— fT
R, FKAZ T caffeine & A HCEHERURIL, & &, AHE. body mass index (BMI)

ZIRERARKIZFEEA L T2z, S 612, MERIE STV LE I B NN o

L EMERR LT,

Caffeine HE &L 2 — b —, ALAS. #AK. caffeine B HEIZ GO TE - BHE %

HWE L7z, NEN - BN ZEeRBESOERZSEIZ L C[47]. 2—Et—14F (150

ml) | caffeine 80 mg & L. ALK - FKK « BHEARIZ 30 mg/100ml & L7-, 1 HD

HEE, 1 HROBIBEEZFAE L, {1 AOHERE < 1 JEOBIBEE)7} %

B L. caffeine VHE & mg/day & L7z,

12



71 F ZRAEE D 2010 FET caffeine YHE IZ DWW CHEEMAED L 72 FEHEIZHEV [24].

caffeine YH% & 200 mg/day AJifi # low consumption (YHZ¢ & L), 200 mg/day UL

399 mg/day % normal consumption (Y52’ & N). 400 mg/day LA I % heavy consumption

(EEEH) LEELT

3-2 Caffeine-N-3-methyl-'*C breath test (N3CBT)

N3CBT JiifT 24 KRS caffeine & A BEHS L O b = — VO 8L 2 2%
1k U7z, PRIEE IS N3CBT MiATHT 24 BFE] 228 & L7z, MPAGRBRE HIZEER &
L. Hid7 1 RpEATE TROERILZ U —& LT,

N3CBT ffTHiZ Oragene® - DNA OG-500 Kit (DNA Genotek, Inc., Ottawa, Ontario,
Canada) (ZHEWE %2 2 ml £EHL L 72,

AIENIRATIC 2 > h 7 — LA (1,800 ml) ZERHL L., caffeine-N-3-methyl->C
(Cambridge Isotope Laboratories, Inc., MA, US, chemical purity specification > 98%,
molecular weight 195.18 g/mol, GC/MS for chemical purity 100%, GC/MS for isotope

enrichment 99%) 100 mg % 7884 7K 100 ml (Z¥AfR LINAR L7, PNARTE. ZediiEhr &

L 10 S TR % 90 43 F TEREL L 72, FERT BCOy 13RIV o irisE

13



(POCone, Fukuda Denshi Co., Ltd.) THIE L7z, fEFRITLLTDOHXAEH T ABCO,

(%o) & LCTFE LT,

A%, calculated : ABBCO2 (%o) = {('3CO2/2CO2 tmin- *CO2/'2CO2 omin)/ 3CO2 sua} x 10°
S HIZ, 9077 HDABCOL (%) DEFFEZLL T D X D IZFRE LSmE Lz,

S%m : The sum of A'*CO» during a specific period (ST) was calculated as follows.

N-1
ST = Z ABCO,(At - i)
i=0

At =10 min, N = T/10 min

3-3 Genotyping
SNP f##HT CTld caffeine fAFHIZBIE 92 SNPs (rs762551, 1s2472297 ¥ L O
rs4410790) I3 X O caffeine Ji&s2 2 BFH 9% SNP (1s5751876) % 384R L 7=, Minor
allele frequency (MAF) & 4% SNP J&JD X 7 L 45 Rd% % Table 1 (2757,
DNA /I Oragene® * DNA OG-500 Kit (DNA Genotek, Inc.) (Z & - CTEREX L 7= Wik
O U, R 25 L DNA OEE % 1 ng/ul [ZFH4% L 72, TagMan®
PCR with TagMan SNP Genotyping Assays, Custom TagMan® SNP Genotyping Assays

(Thermo Fisher Scientific, Inc., Waltham, MA, US) % {# /] L T genotype % [Fl/E L 7=,

14



7T A4~—EL LT, 2ug ® DNA, 2.5 ul ® TagMan® Genotyping Master Mix

(Thermo Fisher Scientific, Inc.), 2.375 ul DZ&E/KE=M4Z, 7u—7& LT, 0.125

ul @ TagMan® SNP Genotyping Assays (Thermo Fisher Scientific, Inc.) Zi&H LIX

g & LTz, Z3E3@ PCR isid, 2720 Thermal cycler (Thermo Fisher Scientific,

Inc.) @ 96-well plate T{T-> 72, Thermal cycling Z 95°C T 10 73], &KIZ 92°CT

15 F0[El. 60°CT 1 DA 7 V% 50 [BIfTVY, 4°CCEREF L 72[48],

TaqMan® PCR D RaRA > b &5t 02 7260 a0t tids & L T ABIPRISM

7700 Sequence Detector (Thermo Fisher Scientific, Inc.) Z#fifH L., o7 —#

IZ Detector v. 1.7 alias (Thermo Fisher Scientific, Inc.) Z{#H L To#r L7z,

3-4 WREHERNT

2 BEMNIE o BE P L O Mann-Whitney's U f27E % FAWVTC, 3 BEMOBEICIT

Kruskal-Wallis #i & & FHV N CRiaT L 7=, IERERREIZIE Fisher DR E & V=, 3 BE

MO E R IZ 1T Steel-Dwass £ 2 A2, MBS U CHERLEE 2 0, BLEE

Z 1, caffeine HEEL Z 1. HEENZ22, HWEEHZ3 L L TH¥I—LHIC

15



LT, S BIC, ZEEEEREMAR (receiver operating characteristic : ROC)

AT 24TV, BB T FE (area under the curve : AUC) 0.7 A E&FHZh & LTz,

oLz ABCO, DEIFIERME AR T3, AR L THIERMIIMR T

Ehpnole, PRI, WOFRMET—RILBIZIESGE 7 /L (generalized linear mixed

model : GLMM) THNT&1T - 77,

1) BHIZEE : ABCOL%o (baseline, 10, 20, 30, 40, 50, 60, 70, 80, 90 431i)

2) PRBHZSEL - MER, AElR. BMI, MO M caffeine {HE & (L, N, H). CYPIA2

SNP (rs762551). AHR SNP (rs4410790), ADORA2A SNP (rs5751876). #XEFHEfH

(baseline, 10, 20, 30, 40, 50, 60, 70, 80, 90 57{K)

3) HIERFRIN OWRF ORERFRIGAE 2558 L, Pl & Rl I 85

REHE L, ZOMITEERES L L,

T T OMEFAENTIZ IMP Pro verl4 (SAS Institute Inc., North Carolina, US) % F\»

TIT-o 7,

16



3-5 fmE
TARTOWIRITIHARZEFIMEBEZEZOF A EHE TR IR o7z (K%
1 29-5-0,1,2. 246-0,1). (www.umin.ac.jp/identification no. 000036735), #f& 12

X HEYZ HEAETinBA U, caffeine 7 L LT —NMENT L 202 L. ZEMHEICE AR

17



4. FER

4-1 HmELER

Table 2 (MR FE T 5 (TR, #Fhin, BMI, BUEOA M, caffeine HE &, WM&
L7= SNPs DIRFAES) 5~ L7z, BMI & BRIEICH L THEXEZRDT-,
Caffeine 1HE B\ 13X B LA BEZEE B O 727030 72, 152472297 13 22153 genotype

C/IC Th-oi=,

4 -2 Caffeine-N-3-methyl-*C breath test (N3CBT)

TRTORR Y T 7 D Rz W1y + BEHERE TR LT, BLHIR T 77T
£ ABCO2 25 30-40 77 F TRIEIC BA L 40 73 IR 1T FEHICHER L 72 (Figure 3a),
VIR & RV DR CId, MR IR I ) 30 ok TIEARIR e -
o U723, 40 3 IR T IEMEE & [RIRR ICIZIZ 72 HER 27~ L 72 (Figure 3b),
Caffeine YHZY A CITVHE & H 1XHE & L ICH~_Ge7e B2 L7283, 40 43
D#%ITEEE N OHE=R L & ERRE{LZR LTz (Figure 3¢), rs762551,

1s5751876 @ genotype BID 77 7 Tk, TXTH 30 /o E CRMHIZER L, Ltk

18



EHH 7a HERS & 7k L 7= (Figure 3d.f), 154410790 Tl genotype C/C 23 T/T IZHE~E

W2z B U, 40 23 DItR IZ B 72 HERS 2 7R L 7= (Figure 3e),

4-3 N3CBT #EE R & SNP

Table 3 [ZHE R E1Y Bt & 4 SNP & OBAfRZ /R L7z, rs4410790 DWRJEZE L JERRIE

HMNCABEZEZRD T, o SNPs TIIAEZEEZRBORN T,

4-4 §%m

SOOm 3 PRI BRME DA caffeine VH B &, 15762551 3 LWV rs5751876 IZ A E 7=

RO -T2 (Table 4), L7>L 154410790 @ genotype FIZ A B A& B DT,

X 51T, 154410790 Tl genotype C/C & T/C [, T/C & T/ITHCIXAEEZEER

DI T2, C/IC & TIT MICHEZZ§RD T (Figure4a), S 51T genotype C/C

& Tallele ¥ % V7 (T/T+T/C) MICHAEZEZZRD, CICHAEICHETH-

7z (Figure 4b),

FFOIIAERIZ SO 2B DT N TUZIERMEA MR T R o7, BREEHR LT

HIEHMITIHER TE o7z,

19



4-5 —BALBRIIREET VENTRER (GLMM f#Z4T)

ABCOITH % KT T A E 72K 713 caffeine HE & & 154410790 @ genotype T
& o7 (Table 5), Caffeine HE & L IZTHEEN LV AEITIES (P=0.013), {H
EEHITHEEN IVABICEMETH-7Z (P = 0.047), 154410790 @ genotype
C/ICIE T/ITIZR L CHEICEM TH -7 (P =0.003), L7L., T/C & T/T [HiZ
AEEITRO IR D> T, Fln, PERI, B O A M, BMI, 15762551 35 X (N rs5751876

Lzﬁ% I\i T &)foez))o 7Lx—o

4-6 ZEEBENMERHERBR (receiver operating characteristic : ROC) fi##T
54410790 @ genotype C/C Z 51 & 35 genotype 51/ ROC Hhif# % Figure 5a (Z

~ L7z, Genotype C/C ®# 7 AUC 0.768 T 0.7 UL ET&H -7 (Figure 5a,b) (Table

6). Genotype C/C &[5t E 45 SO DH v b A Tl %E 20.7%0 & L7-W, REIX

75.0%. HFFLEIT 83.0% TH - 7= (Table 7).

20



5. B%

& 4B HL L7z caffeine 1E 99% 23 45 3 LAPIZIRIN v D, £ < I3/ TR

NDH, BTH 20% WIS 5[49], WU S 47z caffeine (ZBEFER A ToH I

30 0 FRSE TR RMAEREEIC =T H[50], 7> T, FERHINICHAR LT caffeine

(TE NG SR S A, RRMAEREZICEZEL TWD EHEXEND,

WU L7z caffeine DF) 90% LAl CYP1A2 TIRHE &1 5[51], Caffeine i

CYP1A2 {EMED in vivo 7 —7 33K & U CTEH SVl A S 0T & 72[52-54],

Caffeine (% CYP1A2 filEAEHIZ KX W N-7 il 2 F/UAKIZ K 0 %9 4%73 theophylline,

N-3 A FALIZ L VK 84%75 paraxanthine, N-1 i A F/LALIZ L VKT 12%723

theobromine & 725 = & 23 STV B[55],

Caffeine fCEHIAMD, MR, MEEE, o—b —EEEE COERICRES

N 5[35-39,56], A E DO CILEEINTIER —DOEM TH 5 72 DEEIC L 5%

B I D T 72y, Caffeine D E72li# 2 TH D CYPLIA2 XA MEIC B

DIENDS | RRERPE 2 FRHE & L 7c caffeine fRENZITH LN HEWNZ & 3

X T 5[51], N3CBT IZ L HMRET Tl SO IZ B LZEEBOBRD -T2, Y

W D 72D T, caffeine @ N-3 i X FIUAGIZ B NN & 1 IWrE TE R
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23, N3CBT Tl rs4410790 @ genotype 23K X 2% E| 2 H -~ TE Y | PEZEITEW

ATREMEDS & D,

Caffeine X & BUEDEMRIZIZ S OHRERH D, T 1D O TIIBLE R

caffeine fUHT 2 RHET 5 Z & 2481 L TV 5[35,36,56], MMEIC X v 2R X5 H

fRAt. 7Kk & C aryl hydrocarbon hydroxylase IEPEANGEE S 41, CYPLA2 &M & < 72

v . caffeine (X 2 BT 5[55,57,58], LU, Fox ORI ClImis b JErL

HE D S IZH B EITRBD o Tz, ARIORG CIEBYEE ) 12 f LD 7e <

FHERNE R E LTV DT OBERE SV, LU, caffeine @ N-3 il X /L

(L3 WRIE S b JERRIE S CIXE NN IS VR0, 7287 & BUEE D A 13CO,

(TIEMRIEZ T~ 30 43 £ TRUIRZREIR 27" LT, T ORIIHEIRE AT &

S BYEALCFE A e B DG 2 B ENH D, S 5T, N-1, N-3, BLUN-

7 AFNFEARTIT BC ZAERk L 72 caffeine-trimethyl-'*C % IV 72 caffeine-

trimethyl-13C breath test (TriCBT) (2 KX DMt 21TV>, B caffeine O N-Jii X

JAVIZ T DD I N D) H K E T D LB U,

a—t—, R, FRAR7R & caffeine & & TeR AW caffeine (NI BT 5, &

[F1% N3CBT #4175 24 BEfifi2>5 caffeine & A OEBR AL L7~ BEH
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7% caffeine IHE EIZ LD SO ITHHENAE LD EEBEZ TN, AEBEEZRODRN-

7z, Caffeine {H%£ 7% 400 mg/day LA EO{EE & H 25 10 B & D72 & 3 FIA &

o TWAAREMNH S, LAL. GLMM % W 7= fZHT#5 R ClL. caffeine 15 &

=S ABCOL T ZEE L T/, Caffeine VHE & 200 mg/day A OVHE & L 1% 200

mg/day LLE 399 mg/day DHEE N ITHNABCO, RAREICE T LTV,

Caffeine BB % 5 F 0 ALE 72\ caffeine HE S L ITEEE H LKW

CYPI1A2 1EMEZ R L, N-3 A F AL LT D Z & nviliE STl v [38].

HxORRIZIINOOREE LFTHMEETHH-7=, L)L, N3CBT [ N-3 A

FIFEEDIAT BC PEEHINTEY ., Z0OH S TriCBT THRET XX THA 9,

CYPIA2 |38 12 Toh D SNP W FIET D, 152472297 @ Tallele =+ U 7

L7 U7 NZIEW e E TR Y . N3CBT O#RE 134651725 genotype C/C T

o7, CYPIA2 BT D 163 LD A 75 C ~EHLT 5 18762551 L. caffeine fEHL

% O IMAE F 721X IR T caffeine/fEHT E W) HL T 52229 5 [38], Genotype A/A 1

extensive metabolizer, A/C | intermediate metabolizer, C/C I& poor metabolizer &

WA IN TV 5[41], N3CBT T 15762551 @ genotype 23 [FIE TE 5 A[REMEN & 5

EARFLZ SLTHGET L7223y, SPMICHEZEEZRO T ABCOIZH B L T
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S 77 T DOFERIL caffeine {UEH D N-3 il X FL{KIE 1s762551 TIHHE< | 14410790

@ genotype M EBREEZH > TWDH Z L ERET 5,

AR % 21— RT 28511 721 ITFEEL. CYPIA2 L[RERICEIn 2 &

D caffeine {HHCEET B[55], KT ) AENTIZE Y CYPIA2 & AHR D&

(BFSEa— b — R L OB HE S, AAAERHRE LY A R

J DFFRIZEBNWT S 2 — b —{HEEE & OBEMN R STV 5H[59], LavL,

caffeine U D & DENITHE L 7= 2 TW D a st LT I3 gy, S Eo

A& BRI caffeine D N-3 it X T /LK1 rs4410790 D genotype 23 fx & 58 < F2ZE L TU

D A RetE s L7z,

AR FIZRMEFEFERICEVWOZHEE LT BERTTHY, VT FD

FEFAE T CTIEIATE{LIRHE T heat shock protein90 (Hsp90) 72 & & AR & AL Ll

HIHELTWD, fls b ZBRIEGEBFICEWN AL S a2 bz 2

LEE~BITT 5, BEWNICEITT 5 & Hspo0 % fi#EfE L AhR nuclear translocator

(ARNT) &~7 1 _&8f{Kk%Z L xenobiotic responsive element (XRE) (24

5. AhR/ARNT O _&&7 XRE IZHEE T 5 & CYPIA2 ZZEDRENE (L DR ETE

PRI & Z S b, REIEMEIL aryl hydrocarbon receptor repressor (AhRR) 73
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ARNT |ZHEA LA T 5 2 & TIRMEAHHI S 415 (Figure 6)[60], L2xL, ZO

BRI BIT D 154410790 D&EENIRHATH 5,

Caffeine | adenosine A receptor 33 & T8 ADORA2A |Zxf L ClRIZEDAE S BN

ERL. IO OFEEROERZLET 5, Caffeine EEUZ L Y IR DT 5

DiF ADORA2A AR5 L TW\W5 Z L ITHEIKT 5 [45,61],

ADORA2A @ SNP T 5 rs5751876 DX 7 LA F RALE 1083 TT 7 C I[ZEH

L T\ % genotype C/C Tl caffeine DIBZNENE <, T/T LV caffeine 1HE %

DARERRN LN EWE I TV DH[44], LAl ST 155751876 D genotype

A BEZITELS . ABCO IZHHEMITZRO o7, ZOFERIL 1s5751876

23 caffeine DI S FHY 72 B MEIZITRE T D08, N-3 il A FAITIT S E N D 7

WEHEZRIET D,

AElDOFE R caffeine D N-3 i, 2 F /LKL CYPIA2 @ SNP Tk 5 15762551 T

TS | CYPIA2 DB TR A MET 25 AHR O SNP Tdh 5 rsd410790 (ZKAF

ENEWEE/R LT, £ LT, N3CBT T rs4410790 @ genotype 23 [FlE T % Af

HEMEEZ R LTz, 5%, TriCBT IZB W TCH EIBERERNSG LN D02 MErd 54

R D,
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Caffeine-trimethyl-1*C breath test (Tri CBT)
6. Caffeine-trimethyl-'>C breath test fEfTOE R & HRY
N3CBT ® ABCO; X 8P 1% 154410790 DIKIFERE L. DN TERND
154410790 @ genotype 23 FIE TE D AlEEMEA R L72[62], & L C, MDA I
D B O caffeine {HE &Y A BCO IZHEE L T2 [62], A 1ED BAYIE Tri CBT 12
BOWTHRBRRHERPEON D EHET L, R D5EITITE ORK A HEH

2ZLTHD,
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7. MNBRLFE

7-1 X%

N3CBT #### & R M2 E LI, 77205, T XTOHEMBEHEIL 6 » H L
PIZa@PTE « ABtiaiR OB N < | WIRIR 2 LB & T 5 REPES | FFED
YU A S OBEBCEENES | BRAFR T A L AGURRME, C BT D A 1
PUKFRMECH D 2 & RS L7, TriCBT J{ THTIC N3CBT & [FlA 2 BRI o> A7
a—b—, AL, A EE T caffeine B A CEHERCIR YL, &K, (KHE, BMI &
BEHMICFEA LS L TWZEW e, & HIZ, MERGE BTV LI 55 3
ZEERMER LT, WA 1324 (CFY21.8 5% - BYE 101 B, 2o 31
) TH-o7,

Caffeine HE &% N3CBT & [FERICHHA L. EF% L 72[24,47].

7 -2 Caffeine-trimethyl-3C breath test (Tri CBT)
TriCBT Jitif T 24 FFfHIATA> 5 caffeine A #ICEHS KO /L 20— VA O 8 2 2K
1B U7z, ML TriCBT MifTHT 24 RF 2280 & U7c, PRSGRERY A3 R &

L. Wf7 1 BefAT & TR ERUTZ U —& LT,
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RN

TriCBT fii{THI{IZ Oragene® * DNA OG-500 Kit (DNA Genotek, Inc.) (ZME{E % 2 ml
PRH L7,

AAENRATIC =2 > b — LIER (1,800 ml) Z£RHEL L. caffeine-trimethyl-1>C
(ISOTEC Laboratories, Inc., IL, US, chemical purity specification > 99.2%, molecular
weight 197.17 g/mol, HPLC for chemical purity 100%, isotope enrichment 99.2%) 100
mg Z 7KK 100 ml (Z7 iR LINAR L7z, WARTE, CEREEALE L 10 53 bR TR
% 90 73 F£ THRILL 7=,

N3CBT & [AEROHFIETHIE L, ABCO B LU SMm 2R LT,

7 -3 Genotyping

N3CBT & [R4R72 515 ChiifT L 72, Oragene® * DNA OG-500 Kit (DNA Genotek,
Inc.) (2 &> TEHE L 72HEHK )5 DNA Z i L . TagMan® PCR with TagMan SNP
Genotyping Assays, Custom TagMan® SNP Genotyping Assays (Thermo Fisher
Scientific, Inc.) ZfEH L T genotype Z[FE L7z, 774 ~—. PCR EHSMH.
TagMan® PCR DT RARA » M iAo 2o, aothttias, 7 — Z X

N3CBT & [R4R72 515 ChiifT L 7= (Table 1)[48],
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7-4 FREHAENT

N3CBT & [ARED J7iETHIAT L7, 2 BERIE o2 #7EF & OF Mann-Whitney's U
E. 3 BEMOREIZIE Kruskal-Wallis . IEMERE (213 Fishers DRRE ., 3 HEH]
DL EHHITIT Steel-Dwass 154 Az, MBRTHN U CIEMER 2 0, MUEH %
1, caffeine (HEEL % 1, WEENZ 2, HEREHZ 3 & LTH I —ZHIE
# 7=, ROC Hi#RDOfFENTIL AUC 0.7 LL EZ 5N E LTe,

GLMM fEHTIE N3CBT & RIFRIZLL T D&M TIT o 72,

1) HEIZH 1 ABCO%o (baseline, 10, 20, 30, 40, 50, 60, 70, 80, 90 431i)

2) RRBHZEH MR, . BMI, BUEDO A caffeine {HE & (L, N, H), CYPIA2
SNP (rs762551). AHR SNP (rs4410790). ADORA2A SNP (rs5751876). #%EEHF[H
(baseline, 10, 20, 30, 40, 50, 60, 70, 80, 90 47{i)

3) JEREHIN O R E ORI E B 2 B 8 L P & Rl i i3 & &%)
B E L, TOMITEENRERE L,

TR T DOFFAENTIL IMP Pro verl4 (SAS Institute Inc.) % W TiT- 7=,
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7-5 fmE

TRTOMEITHARZEANMEZEROFNZHETE IRt KRE

1 29-5-0,1,2. 246-0,1). (www.umin.ac.jp/identification no. 000036735), #f& 12

X HEYZ HEAETinBA U, caffeine 7 L LT —NMENT L 202 L. ZEMHEICE AR
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8. fER

8-1 HWREER

Table 8 (ZH IR E 75 5 (PERI, 4Fs, BMI, MRMEDA M caffeine {HE B, &
L7z SNPs DIRHHEE) %/~ L7z, BMI & caffeine HE &IZH LM THEZEZ R

D7z, 152472297 13465173 genotype C/C Th -7z,

8 -2 Caffeine-trimethyl-1*C breath test (TriCBT)

TRTCOMNR Y 7 7 OFERE WY + BEHERZETR L, BLRIER s 77T
X ABCO, A% 30-40 23 F TO EFHB IO 40 LIEOHER T AR f 27~ L
7= (Figure 7a), WM & JEMREER O CTld, BUEF XIEMYEZ 12, 30 Sy
TIFRIEe LR 2R L, 40 73 LAE & IS (T NS E CHER 47~ L 72 (Figure
7b), Caffeine {HE &M Tid, HEEH L HEE N ITHEE L ICH208e A
o LTad, 40 p LR ITIHE B L & FREk7 2 %7~ L7 (Figure 7c),

15762551 @ genotype BIDIMER T Z 7 Tld, 9XTH 30 43 F TRBMIZ EH L.
DIt - 22 HERS & 7k L 7=, Genotype C/C 1% A/A 1 IOV A/C (T 0O CHE

¥ L7- (Figure 7d), rs4410790 Tl genotype C/C % T/C 3 L OV T/T (T tb~_&E|C
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EHU. 40 2 URBRITEER#ER 2R L, C/CIX T/C B LU T/T IZH~ & fE THE
% L7= (Figure 7e), rs5751876 I% genotype C/C, T/IC BLX O T/T NELV A H XL

D IR 27~ L7- (Figure 7),

8-3 TriCBT #iREL R L SNP
Table O IZHIRE Y Fc & 4 SNP & DR A /R L7=, TXTD SNPs DHFRE .

. BMI, 1ERI, MEOHEE  caffeine 1HE BICAH BAZ RO o1,

8-4 §%m

SYm I PERI, caffeine {HE &, 15762551 38 XL OV rs5751876 (A EZEZ RO IR
7= (Table 10), L>L ., MUEZE &b FEMLEE o bl CIIMEE DN A EICEE TH -
Tco F 72184410790 @D genotype MIZH EZZ RO T-, Genotype C/C 1L T/T I &
OT/ICIZH LTHERICEMTHY . T/ICIE T/IT IZLFEETH - 7= (Figure 8a),
X 51T genotype C/C & Tallele ¥ v+ U 7 (T/T+T/C) MIZABEZEEFRD, C/IC N

HEIZEE T > 7= (Figure 8b),
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FFOIIAERIZ SO 2 B DT N TCUZIERME AR T R o T, BREEH LT

HIEHMITHER TE oz,

8-5 —MALMRIVIEAET VIENTHRE R (GLMM F#4T)

ABCO ITH A KT THERRFIIME L 154410790 @ genotype T o7z
(Table 11), FEMEF ITIMES L 0 A EIZIKD) > 72 (P = 0.039), 154410790 O
genotype C/C 1F T/TIZxf L CHEIZCEETH -7 (P<0.001), L2rL, T/C &
T/IT FICAEZAITRB O R oTz, Flin, M5 caffeine 1H# &, BMI, 15762551

B LD rs5751786 (ZITAEMITZRO o 12,

8-6 ZIEHENERFEHISR (receiver operating characteristic : ROC) fi##T
154410790 @ genotype C/C % [Z4: & 3 % genotype Il ® ROC Hi#f % Figure 9a IC

/I~ L 7z, Genotype C/C & T/T @ AUC 13 0.7 LA ETdh > 7= (Figure 9a,b)(Table 12),

Genotype C/C Z BGtE & 92 SO D J1 > N A 7l % 23.4%0 & L7 1T 71.4%.

FRHLE1E 72.1% CTdH - 7= (Table 13),
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N3CBT vs. TriCBT
9. N3CBT & TriCBT O LHEHE R
9-1 N3CBT & TriCBT O#kRE =
N3CBT & TriCBT O 5 5 D i & Table 14 (2R L 7=, PEBI, 4E ik, BMI,
EUE DA, caffeine 1HE &, 15762551, rs4410790 36 K U rs5751876 |[ZH B A%
Do Tz, EHIZ, N3CBT & TriCBT O#igH & WS b JERREE 1255 1
THiEF L7= (Table 15,16), N3CBT TIIMREE &L IEBEE ORI TH LB LU

154410790 @ genotype (ZH E 2% 72 (Table 15), TriCBT Tl caffeine {HE &

BEZ%Z7OT= (Table 16),

9-2 N3CBT & TriCBT OESEDH ERIRER T T 7

N3CBT & TriCBT O#ARE O caffeine HE & N 2 BUE O A HERIIZ BB RET L
7z, N3CBT O{H# & N Tlid, BEE & IS O] TIRIZFER e HER 2R Lz
(Figure 10a), TriCBT OiHE & N T, BREH [FIEMLE S (2 Sl THER L T

V72 (Figure 10b),
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9-3 N3CBT & TriCBT O—R{LBRFIESET VRN (GLMM fi#4T)

N3CBT & TriCBT O#di# A BUEE & IERLEE (2453 1F T ABCO, D GLMM it
Z1T o7z (Table 17,18), #HiH L R BERFHIITZL BN REE L L, 15762551,
14410790, caffeine {HE &4 FEN R L LT,

N3CBT OFEBUEL Tl caffeine {HE & L & 154410790 O genotype C/C 237K
T THY, BEFE T 154410790 D C/C OAHMMANIK 1T > 7= (Table 17),
TriCBT CIEIEME S L B L (2 rs4410790 O genotype C/C D Fx A3 NT K+

Td# 7= (Table 18),
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10. B

CBT TIE N-3 A F /LT BC Z#55% L7~ N3CBT 7>, N-1, N-3 8L UNN-7 A F

JVEEDF RTCIC BC Z1E# U7~ TriCBT ZH W\ T\ 5, CBT LTS REEM-°

CYPIA2 {EPEAHET 5 BRI S, #E STV A[8-20, LarL., I

5 OHEIT AHR DB LRI E L Ty, N3CBT D5 51X caffeine 14 &

& & 154410790 @ genotype ([T E XD Z & &8 L72[62], TriCBT /X N3CBT &

iy WEEEENZE L N3CBT & [AIERIZ 14410790 O genotype 23528 L T

W2 Z & & L7 (Table 10,11),

Caffeine fUETIZAENS ., ERI, MRS | caffeine HE BB FOHERIZHE I

%[35-39,56], TriCBT OHFRFE TV T HFEMMDIZIZFR— DEMTH 5 7= HAFHn

2K BEIT D72y, S X N3CBT RERIC B LZEEZ RO o T, T OfERIX

CBT 28\ Tl N3CBT. TriCBT & HICHEAZZBESTICEITTCE D2 L 2R

LT, Lo, Bl BIZIREMZRER THRET L TR D | 4 RIEILOF i

THEITAMERDH D, S HIZ, caffeine fSHHIMEH CLEI4 5 & OHERH

%[63], A Ele> CBT AT RO FATFAA TITMEEITFAE L Ty, FELH

R E Lle CBT RATHRHZMEAM Z BB T XE THLINEIAHADEETH S,
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Caffeine X & MU DEMRIZIZ S OHRERH D . T H O TITBLE R

caffeine (R &2 232 & f5H L TV 5[34,35],

TriCBT TIIMED AT SO ZH B EZ D, GLMM T L 5 BETH A

BCOy) 1252 % 5.2 T /=, L2>L., N3CBT TIXM2MEECl3 4 < caffeine {H & &3

AL T\, ZOMEZRTIT 2 BB T TriCBT & N3CBT O#iki# 4 M2JE 4

& IR (253 1 TGRS L7,

N3CBT TidBUEE & FEBUEE D 154410790 O genotype ([ZH E M H Y (Table

15). GLMM f#HT CILIEMRIE 13X rs4410790 @ genotype C/C & caffeine VM % .

M2 X 14410790 @ genotype C/C D F T caffeine {HE & IFTHEL TR -5

7= (Table 17), & Z C caffeine HE % —E & L7={HE & N TR b Mg

Z PSS L7z, Caffeine {HEy 58 N A %[5 & L 72WREE L IERRIEE 0O ACO, D

B VLM & FERUER O] TIRIZFRIER R HERE 2 7= L7z (Figure 10a), N3CBT T

I, PRI b FEBRIE S C rs4410790 O genotype (CH B AE RO D I END, B

JEDOAFMEL Y | 154410790 @D genotype 73 ABCO2 (ZH8R< B L TV A RIREMED H

5o BT, FEBEE D GLMM fENT TIIHEE L XA EIIEETH Y (Table

17). #BE DLH A o 2 IEBUEEE Tl caffeine HE &N BT 5 72 caffeine
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WEERMSIETF & o - AREME R 5. L L. BEREBRZ RO TH

N3CBT (28T 2B O EII T R 5t HAnETH 5,

TriCBT ClXMEEZ & JEREZE D 154410790 D genotype (ZH B ZIX/2 VD3,

caffeine HEI EICA BN H Y (Table 16). GLMM fEAT TIIMAMEE | JEMEE L

(AL IR 772 154410790 O genotype C/C DA CTdh o 7= (Table 18), F 7= BAEZH

IZ caffeine VHE & L 13IHFEE T, HEE N x5l LB b IR o

ABCO; DA IXEEE S E CHER L 7= (Figure 10b), & D72 DB O caffeine

IR EL 72 . FOFER TriCBT @ ABCO, TIZMED A HE L 154410790 D

genotype DNHNEIRF- & AR S o ATREME DN 8 D

ABIOFERIL TriCBT Tl. caffeine {HE &4 Z[ET D LB (T, BEDOH

I & 154410790 @ genotype (FZ[ET DM ENH VD . N3CBT Tl caffeine {HE &

& 154410790 @ genotype & &8 L Chg R et T 2 B A mE+ 5, LinL, B

FEENDETHY  ARITREEOR S, 1 HOBMAL, NEOEN TRERD

FERDELND N ERETT & ThHDH, S BIT, Figure 1 (278 L72 & 912 N3CBT

TIX 1 T 1BC 2R X . TriCBT Ti 3 iz BC A E# X T\ 5, N-
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1 N-7 (AR S A7 A F L1 CYP2EL SEES-4 5 Z L VRIBE N TE Y [55].

INHDCYP 2 CBT IR L CWHATREME S & U iFT T 2 L ERH D,

15q24 £ CYPIAL & CYPIA2 OIIALET 5 152472297 D T allele 17 7 A

IV E SN TWAD, CYPIA2 BB D 163 \idD A 75 C ~EHL L7~ 1762551

1% caffeine fEHHIZREEET 5 2 & ViR S 4L TV 5[38,39], 152472297 13 N3CBT &
[AIERIZ TriCBT (28T 8 261723 genotype C/C T o 7=, 15762551 | caffeine 2
B4 o i SR caffeine/ [ PEM LLIZEZ2E L | genotype A/A |3 extensive
metabolizer, A/C /¥ intermediate metabolizer, C/C | poor metabolizer & #5 X4
TW5b, LL. TNHOMEIT AHR O SNP 2 EE L TR [38.41],

S90m 2 A 3CO, 1 15762551 D genotype C/C 2% A/A 2 A/C ITHE RO & 72 %
23 (Figure 7d). rs762551 @ genotype [FIZH B ZZ D727~ 7= (Table 10,11),
Z OfERIE N3CBT [FERIC TriCBT TH 15762551 DB/ 72 Al REME & /i
9%, Sachse &% caffeine 100 mg NRZ D [(JRF 1,7-P A F ¥4 F o +1,7-

CRAFOVIRBRIRT T 7 = A ] HeERD 15762551 @D genotype MHIZAH B AT

CHE L TUWA[38], S DMAETIL AHR @ SNP % fiEt LT 72U, Caffeine
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D N-Jlii A F AL 154410790 @D genotype (ZHRAFE L TV D 72DIZ Z D X 9 2k R

EIROTATREMEN B D,

Caffeine fUHTHEZ 12 N-fii 2 F 4k & 8 (Vi IRFEDOERL TH 5, N-ii A F 11k %M

FELTWD CBT IX 154410790 @ genotype NIk HEEL T\ 5, Z DR FRIX

caffeine O IMIECFR FREHFEEY DM BT TIX 18762551 D F72 57 154410790 % E &

L ThaTd o B2 R LT,

CYPIA2 IEMAVICIZHIE 2 F(E T 5D AhR Z B &35, CYPLIA2 OfEEED

NI, mRNA EOHEMBMLIETH D, Bl OIEMEIIL., ZREAEREN

1 (AhR) BWEBFHRRILAFE EFEAR LT, DNAICRKEATE 5L 912720, CYPI

7 7 Y — OB FOREFHEFIEIRICH G L IS &89 5[60], AHR Eix

FIE 7q21 IZAEE L CYPIA2 L [RARIZEIS 2738 U (AHR SNPs : rs4410790

B L O 156968865), AHR Di&fs 2% CYP &isF DB EREIZ 2 5[60],

TriCBT & N3CBT Ot 1%, caffeine @ N-ii X F/LAL1E rs4410790 5358 < 22E L

TWbHZ E&E/RLTZ (Table4,10), & 512, SP™ DR FHHTIX . N3CBT Tl rs4410790

? genotype C/C & /TR E C/C & T allele ¥+ V7 (T/T + T/C) MICHEA%

7% (Figure 4a,b), TriCBT Tl rs4410790 MO XT® genotype fHj& C/C & T
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allele ¥ ¥ ) 7 CHEZEZ RO (Figure 8a,b), L7A>L. rs4410790 @ genotype

23 AhR DOFEBLCHEREIC E D L 9 B 2R CTHE L TV A2 E e L7 A1

fEVN, 154410790 @D genotype 73 caffeine Dl A F/UALIZEEE L TV D AIHEME 25

ETEXRWERTHY ., 5% BERLETH D,

INFETHEZIN TS CBT 12X 2 AHERERTAL X IE & AR EEIER 2 2 > h m

—L e LTS L, AHR OB FZAIIRE LTy, £7-. CYPIA2 I&ME

DOFHMIZ BN T HFEEETH D, 5% CBT CTHHEREFEM-° CYP1A2 V&M % 2EAf 4

521X AHR @ SNP T®H % 154410790 @ genotype & & fE L CHE T D LEN H

60

TriCBT @ S |Z X % rs4410790 @ genotype Bl ROC it AUC 73 genotype C/C

1% 0.758, T/T 1X0.715 & 0.7 LA EZFRD. C/IC ZGtEE 35 SOl v A7

E% 23.4%0 & U7-FFICIRE &R RN & HIT 70%LL EA2 7R L= (Table 13), =

DFER G TriCBT (£ N3CBT £ Y FIREIZ 154410790 @ genotype % [FliE TX 5 A]

BEMEZ RIBE L TV 5,

155751876 @ genotype C/C 1% T/T £ ¥ caffeine £ Hit% DO ARZEEER 73 % < | caffeine

EHRAZBET D Z &N ST 5[44], La>L., N3CBT. TriCBT & %12,
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caffeine YHE M2 < (Table 4,5,10,11), & 512, 8% X 155751876 @ genotype

ICABEZZ RO o7, 135751876 M caffeine DS FH) 70 8 SZ PRI 1T R 2L

9505, caffeine @ N-Jlii A F/UALITITRZE N ES | CBT fEfTHRFICIE 1s5751876 %

EETHNBETENE N D,

CBT D#EFIE 154410790 DIKFEREW T 2B 5T L, 14410790 D

genotype NAEIE TE HAMREMEZ R Lo, L L, ZHVE TOMGHI A ARANDEFE

PERERR A Z 6 BRI L7 iid TIREMZREMICB T 2RI TH D | 5%, Bkx 724F

W, AFE, BUEEEE | caffeine VHE B CHERR T DM ENH D, X HIZ, caffeine 1X;

HHZESHE S D> SNP & DORR L RFIT 24BN H 5,

AEPNITIE ARR O3EHLZHIHH9 5 7212 AhRR 23 FE L T 5[64], AHRR I

BTN HEINTEY . AHR OB T2/ L AHRR ODELETFE2H L 0

BEEME IR 2R 8%\, CBT I8 5D AHRR DBIn 1B O E| 260

T2 H8EBELCTET,

Soderberg © 1% CYPIA2 TR SN D IEERHFUEMIHIE A 7 &R

1s762551 IZEINT ., 47 e RENCH BB B~ —5 —7 14410790

D genotype T 5 LA LTV 5H[65], 7 U E XL OEEIZA T VEEL A
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LTHEY, CYPIA2 DMUEHO TR E R D ANII A FVEEZ A L TV DAL
%\, CBT & 3R HHCEIHET 5 SNP & O E A MiF+25 2 & T, CBT2H 5
TR B~ — I — %Ml A mE L L 2 D AREME L H Y . CBT &

EOBEMEORFHE CBT OFEERAE KRS B3 r s A L TW5D,
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11. &

Caffeine U3 D N-Jit 2 F- 1AK% CYPIA2 @ SNP T& 5 rs762551 @ genotype T

1T . CYPIA2 OB RBLEZHAHEIT 5 AHR @ SNP Th D rs4410790 D

genotype (2417 LTk Y . N3CBT Tl caffeine {EE &, TriCBT TIIMUE D £ i

ICHEIND Z L &R L, BHFMEREMRAN THIUL, caffeine-N-3-methyl-*C 35

& X caffeine-trimethyl-'3C ZF|f] L7z CBT T AHR @ SNP T % rs4410790 O

genotype 23 A EFRETH V. [RIEIZIE N3CBT LV TriCBT NAH TH D Z &2

e S Tz,

44



12. BiEE

ABFIEIZ RN T, AFE2R & NSO LD THE, ZHiE, THRMEZHBY £ L

12 AARRFPEZE A RRREE PR KB 2 B SIFIRIEE, A - Hfe

F AHBOAEICTRER L BT Ed, EAMECE L. ZHRE. ZH Vv

12& £ LI HARZPEFDFRBRE L RERREE TS P RAe, R

BRI SR v 7 — EERREEZEEREOERIEEHLE L BT ET,
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13. #&

Table 1:The minor allele frequency (MAF) and the nucleotide sequences around each SNPs

SNPs MAF

1s762551 (C)=0.21, 5-TGCTCAAAGGGTGAGCTCTGTGGGC[C/A]CAGGACGCATGGTAGATGGAGCTTA-3'

152472297 | (T)=0.00, 5'-ACACTCTGTTTCCAAGTTAGTAATG[C/TICTCTTTACATATAAACACTGATGTT-3'

154410790 | (C)=0.32, 5'-AAATGTTTTCCTTATTTTATTACAT[C/TIAGCAGGGACCTTGAGTTAAAAGTTA-3’

1s5751876 | (C)=0.47, 5'-ACCCTGAGCGGAGGCCCAATGGCTA[T/C]GCCCTGGGGCTGGTGAGTGGAGGGA-3’.
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Table 2 : Characteristics of the study N3CBT subjects

Characteristic N3CBT p
Number of cases 130
Male : Female [n]! 97:33
Age (year)? 21.9+1.9
Male 22.0+2.0
0.491
Female 21.6£1.6
BMI (kg/m?)* 222 +3.1
Male 22.6+3.3
0.003*
Female 20.8+2.2
Smoking y:n [n]* 12:118
Male 12:85
0.036*
Female 0:33

Caffeine consumption

L:N:H [n]’ 15:105:10
Male 11:81:5
0.188
Female 4:24:5
15762551 (A/A:A/C:C/C) [n]® 54:57:19
1s2472297 (C/C:T/C:T/T) 130:0:0
54410790 (C/C:T/C:T/T) 12:65:53
rs5751876 (C/C:T/C:T/T) 27:68:35

[n]':number of cases. >3 : values are means + SD.

[n]*>6:number of cases. Smoking y:n — smoker : non-smoker.

Caffeine consumption L:< 200 mg/day, N:200-399 mg/day, H:> 400 mg/day.
p:p-value. * :p<0.05.

47



Table 3 : Characteristics of the study N3CBT subjects and types of SNPs
(rs762551, rs4410790 and rs5751876)

15762551 A/A A/C C/C p
N! 54 57 19
Age (year)? 21.0+1.6 22.0+2.1 21.0+14 0.260
BMI (kg/m?)* 220+3.0 223+34 22.1+2.6 0.986
Gender [n]* Male 35 47 15 0.103
Female 19 10 4 '
Smoking [n]’ No 50 52 16
Yes 4 5 3 0.544
Caffeine consumption [n]® L 4 8 3
N 47 43 15 0.574
H 3 6 1
rs4410790 C/C T/C T/T p
N 12 65 53
Age (year) 226+27 21.7+1.6 21.9+2.0 0.675
BMI (kg/m?) 22.6+3.1 223+3.1 21.9+3.1 0.566
Gender [n] Male 10 46 41
Female 2 19 12 0.629
Smoking [n] No 9 63 46
Yes 3 2 7 0.018%
Caffeine consumption [n] L 3 8 4
N 7 53 45 0.216
H 2 4 4
rs5751876 C/C T/C T/T p
N 27 68 35
Age (year) 21.2+13 220+1.9 22.1+2.1 0.110
BMI (kg/m?) 222+37 219+29 225+3.0 0.582
Gender [n] Male 21 48 28
Female 6 20 7 0.574
Smoking [n] No 23 63 32
Yes 4 5 3 0.519
Cafteine consumption [n] L 4 8 3
N 21 54 30 0.927
H 2 6 2
N!:number of cases. >3 : values are means £ SD. [n]*>®: number of cases.

Caffeine consumption L:< 200 mg/day, N :200-399 mg/day, H:> 400 mg/day.

p:p-value. * :p <0.05.
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Table 4:Results of N3CBT ST at time 90 minutes (S*°™)

S (%o) p
Gender
Male 16.5+7.6
0.925
Female 16.2+£6.5
Smoking
y 19.0+£9.1
n 16.0 £6.5 0378
Caffeine consumption
L 13.6 £6.9
N 16.4+6.3 0.505
H 19.7+10.8
rs762551
A/A 17.4+£6.6
A/C 15.6+6.9 0.301
C/C 153+6.7
rs4410790
C/C 22.0+7.1
T/C 17.2+7.2 <0.001*
T/T 13.8+4.9
rs5751876
C/C 149+44
T/C 16.4+6.9 0.710
T/T 171+7.9

Values have been presented as means + SD. Smoking y: smoker, n: non-smoker.
Caffeine consumption L:< 200 mg/day, N:200-399 mg/day, H:> 400 mg/day.

p:p-value. * :p<0.05.
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Table 5:Results of the generalized linear mixed model N3CBT

Estimate value Standard error 95% CI p
Intercept 27.151 7.741 11.783 — 42.448 0.000
Age -0.226 1.031 -0.843 — 0.391 0.469
Gender Female -0.188 0.695 -1.566 —1.188 0.786
Smoking n -1.654 1.031 -3.696 — 0.387 0.111
Caffeine consumption L -3.312 1.315 -5.916 —-0.707 0.013%*
H 3.001 1.497 0.035 —5.967 0.047%*
BMI -0.171 0.185 -0.542 - 0.198 0.359
Genotypes
rs762551 A/A 1.181 0.829 -0.461 —2.824 0.157
A/C -0.284 0.824 -1.917 - 1.349 0.731
rs4410790 C/C 4.108 1.328 1.477 - 6.739 0.003*
T/C -0.102 0.895 -1.874 - 1.670 0.909
1s5751876 C/C -1.258 0.958 -3.157 - 0.639 0.191
T/C 0.551 0.774 -0.982 — 2.084 0.477

Smoking n:non-smoker. Caffeine consumption L :< 200 mg/day, H:> 400 mg/day. p:p-value. 3 :p <0.05.
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Table 6: Area under the curve

Genotypes AUC

C/C 0.768

rs4410790 T/T 0.656
T/C 0.555

Table 7: Sensitivity and Specificity

Genotype C/C positive

S%0m: Cut off value 20.7 %o

Sensitivity (%) 75.0
Specificity (%) 83.0

51



Table 8 : Characteristics of the study TriCBT subjects

Characteristic Tri CBT p
Number of cases 132
Male : Female [n]! 101:31
Age (year)? 21.8+23
Male 223+1.7
0.113
Female 21.0+24
BMI (kg/m?)* 22.0+0.2
Male 224 +3.1
0.010%*
Female 209+24
Smoking y:n [n]* 13:119
Male 12:89
0.298
Female 1:30

Caffeine consumption

L:N:H [n]’ 20:102:10
Male 11:83:7
0.030*
Female 9:19:3
15762551 (A/A:A/C:C/C) [n]® 41:76:15
1s2472297 (C/C:T/C:T/T) 132:0:0
54410790 (C/C:T/C:T/T) 21:64:47
1s5751876 (C/C: T/C:T/T) 33:63:36

[n]':number of cases. >3 : values are means + SD.

[n]*>6:number of cases. Smoking y:n — smoker : non-smoker.

Caffeine consumption L:< 200 mg/day, N:200-399 mg/day, H:> 400 mg/day.
p:p-value. * :p<0.05.
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Table 9: Characteristics of the study TriCBT subjects and types of SNPs

(rs762551, rs4410790 and rs5751876)

15762551 A/A A/C C/C p
N! 41 76 15
Age (year)? 21.0+£2.0 221+25 214=+1.1 0.292
BMI (kg/m?)* 21.7+3.0 222+31 222+25 0.614
Gender [n]* Male 31 57 13
Female 10 19 2 0.693
Smoking [n]’ No 36 70 13
Yes 5 6 2 0.626
Caffeine consumption [n]® L 4 12 4
N 36 56 10 0.227
H 1 8 1
rs4410790 C/C T/C T/T p
N 21 64 47
Age (year) 222+22 21.6+20 220+26 0.541
BMI (kg/m?) 21.6+34 222+28 22.1+3.1 0.604
Gender [n] Male 15 52 34
Female 6 12 13 0.435
Smoking [n] No 16 59 44
Yes 5 5 3 0.086
Caffeine consumption [n] L 2 9 9
N 16 51 35 0.654
H 3 4 3
rs5751876 C/C T/C T/T p
N 33 65 34
Age (year) 214+20 219+25 221+19 0.157
BMI (kg/m?) 220+28 219+3.1 224+29 0.609
Gender [n] Male 25 48 28
Female 8 17 6 0.722
Smoking [n] No 30 61 28
Yes 3 4 6 0.174
Caffeine consumption [n] L 8 10 2
N 22 52 28 0.170
H 3 3 4

N!:number of cases. >3 : values are means = SD. [n]
Caffeine consumption L:< 200 mg/day, N:200-399 mg/day, H:> 400 mg/day.

p:p-value. * :p<0.05.
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Table 10: Results of TriCBT ST at time 90 minutes (S°'™ )

8% (%o) P
Gender
Male 223+83
Female 20.1 £8.8 032>
Smoking
y 29.1 +£13.7
n 21.0+9.2 0.031%
Caffeine consumption
L 19.0 £ 8.0
N 22.2+10.0 0.351
H 23.3+12.3
rs762551
A/A 21.5+10.2
A/C 22.7+9.8 0.121
C/C 17.8 £9.4
rs4410790
C/C 30.8+12.5
T/C 22.3+8.8 <0.001*
T/T 17.1+6.9
rs5751876
C/C 22.5+8.1
T/C 21.3+10.1 0.649
T/T 222+11.4

Values have been presented as means + SD. Smoking y: smoker, n: non-smoker.
Caffeine consumption L:< 200 mg/day, N:200-399 mg/day, H:> 400 mg/day.

p:p-value. * :p<0.05.



Table 11:Results of the generalized linear mixed model TriCBT

Estimate value Standard error 95% CI p
Intercept 2.579 1.066 0.470 —4.689 0.016
Age 0.024 0.036 -0.047 - 0.095 0.501
Gender Female -0.110 0.097 -0.304 - 0.083 0.261
Smoking n -0.292 0.140 -0.570--0.014 0.039*
Caffeine consumption L 0.042 0.178 -0.310 - 0.395 0.812
H -0.138 0.216 -0.567 —0.289 0.522
BMI -0.035 0.026 -0.086 - 0.016 0.183
Genotypes
18762551 A/A 0.091 0.126 -0.159 -0.343 0.470
A/C 0.183 0.117 -0.049 - 0.416 0.121
rs4410790 C/C 0.677 0.144 0.391 - 0.963 <0.001*
T/C -0.120 0.110 -0.339-0.099 0.281
15751876 C/C 0.044 0.124 -0.196 — 0.295 0.295
T/C -0.055 0.106 -0.266 — 0.154 0.154

Smoking n:non-smoker. Caffeine consumption L :< 200 mg/day, H:> 400 mg/day. p:p-value. 3 :p <0.05.
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Table 12: Area under the curve

Genotypes AUC
C/C 0.758
54410790 T/T 0.715
T/C 0.621
Table 13: Sensitivity and specificity
Genotype C/C positive
S%0m: Cut off value 23.4 %o
Sensitivity (%) 71.4
Specificity (%) 72.1
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Table 14: Characteristics of the study N3CBT and TriCBT subjects

Characteristic N3CBT Tri CBT p
Number of cases 130 132
Male : Female [n]! 97:33 101:31 0.744
Age (year)? 21.9+19 21.8+£23 0.819
BMI (kg/m?)* 22.2+3.1 22.0+0.2 0.905
Smoking y:n [n]* 12:118 13:119 1.000
Caffeine consumption

L:N:H [n]® 15:105:10 20:102:10 0.725
1s762551 (A/A: A/C:C/C) [n]° 54:57:19 41:76:15 0.088
1s2472297 (C/C:T/C:T/T) 130:0:0 132:0:0 1.000
54410790 (C/C:T/C:T/T) 12:65:53 21:64:47 0.259
rs5751876 (C/C:T/C:T/T) 27:68:35 33:63:36 0.718

[n]':number of cases. 23 : values are means + SD. [n]*>%: number of cases.
Smoking y:n — smoker: non-smoker.

Caffeine consumption L:< 200 mg/day, N:200-399 mg/day, H:> 400 mg/day
p:p-value.
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Table 15: Characteristics of the study N3CBT - Smoker vs. Non-smoker

Characteristic N3CBT (130 cases)
Smoker Non-smoker p
Number of cases 12 118
Male : Female [n]' 12:0 85:33 0.036*
Age (year)? 23.0+2.3 21.8+ 1.8 0.052
BMI (kg/m?)* 223+3.7 22.1+£3.0 0.867
Caffeine consumption
L:N:H [n]* 1:9:2 14:96:8 0.419

Genotype [n]’
15762551 (A/A:A/C:C/C) 4:5:3 50:52:16 0.544
154410790 (C/C:T/C:T/T) 3:2:7 9:63:46 0.018%*

[n]':number of cases. 23: values are means + SD, #°[n]: number of cases.
Caffeine consumption L:< 200 mg/day, N:200-399 mg/day, H:> 400 mg/day.
p:p-value. * :p <0.05.

Table 16: Characteristics of the study TriCBT - Smoker vs. Non-smoker

Characteristic TriCBT (132 cases)
Smoker Non-smoker p
Number of cases 13 119
Male : Female [n]! 12:1 89:30 0.298
Age (year)? 22.7+22 21.7+23 0.057
BMI (kg/m?)* 22.7+£3.6 22.0+2.9 0.508
Caffeine consumption
L:N:H [n]* 0:9:4 20:93:6 0.005%*
Genotype [n]’
15762551 (A/A:A/C:C/C) 5:6:2 36:70:13 0.626
154410790 (C/C:T/C:T/T) 5:5:3 16:59:44 0.086

[n]':number of cases. 23: values are means + SD, °[n]: number of cases.
Caffeine consumption L:< 200 mg/day, N:200-399 mg/day, H:> 400 mg/day.
p:p-value. * :p<0.05.
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Table 17:Results of the generalized linear mixed model N3CBT - Smoker vs. Non-smoker

N3CBT
Non-smoker Smoker
Estimate Standard Estimate Standard
value error p value error p
Intercept 1.649 0.229 <0.001* |Intercept 2.165 0.342 <0.001*
1s762551 A/A 0.124 0.083 0.140 |rs762551 A/A -0.109 0.276 0.708
rs762551 A/C -0.075 0.082 0.360 [rs762551 A/C 0.153 0.247 0.563
rs4410790 C/C 0.308 0.143 0.034* jrs4410790 C/C 0.713 0.343 0.013*
rs4410790 T/C 0.002 0.091 0976 [rs4410790 T/C 0.305 0.329 0.396
Caffeine consumption H 0.199 0.157 0.206 |Caffeine consumption H 0.589 0.378 0.180
Caffeine consumption L -0.267 0.134 0.049* [Caffeine consumption L -0.649 0.439 0.199

Cafteine consumption L:< 200 mg/day, H:> 400 mg/day. p:p-value. 3 :p <0.05.

59



Table 18:Results of the generalized linear mixed model TriCBT - Smoker vs. Non-smoker

TriCBT
Non-smoker Smoker
Estimate Standard Estimate Standard
value error p value error p

Intercept 2.100 0.315 <0.001* |Intercept 2.522 0.500 <0.001*
rs762551 A/A 0.092 0.133 0.489 [rs762551 A/A -0.222 0.395 0.591
rs762551 A/C 0.182 0.119 0.129 [rs762551 A/C 0.417 0.479 0.413
rs4410790 C/C 0.526 0.157 0.001* [rs4410790 C/C 1.487 0.395 0.007*
rs4410790 T/C -0.073 0.114 0.521 [rs4410790 T/C -0.107 0.434 0.812

Cafteine consumption H -0.253 0.313 0.445
Cafteine consumption L -0.084 0.179 0.639
Cafteine consumption N 0.060 0.151 0.689

Cafteine consumption L:< 200 mg/day, N:200-399 mg/day, H:> 400 mg/day. p:p-value. * :p <0.05
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14. X

Figure 1:13C-labeled caffeine breath test principle
(a) Caffeine-N-3-methyl-'*C breath test (N3CBT)
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(b) Caffeine-trimethyl-'*C breath test (TriCBT)
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Figure 2: Location of the rs762551, rs4410790 and rs5751876 genes

(a) 1s762551  Gene:CYPIA2
Name : cytochrome P450 family 1 subfamily A member 2
Location: Chromosomel5: 74,748,845 — 74,756,607. Length:7,763nt
Exonl

2 3 4 5 6 7
T

rs762551 : Chromosomel5: 74,749,576 intron 1. single nucleotide variation, C > A

(b) 154410790  Gene: ENSG00000106546

Name: AHR
Location: Chromosome7:16,916,359 — 17,346,152. Length:429,794nt
Exonl 2 3 4 5 6 7 8 9 10 11 12 13 14 15

4— —HHHHHHHHHHHE e —

rs4410790: Chromosome7:17,244,953. intron 2. single nucleotide variation, T > C

(c) 15751876  Gene:ADORA2A
Name: adenosine A2a receptor
Location: Chromosome22:24,423,597 — 24,442,357. Length: 18,76 1nt

Exonl 2

3 4 5 6
o | I HT—E-

rs5751876: Chromosome22 :24,441,333. exon 6. coding sequence. synonymous variant (Tyr-Tyr) (also known as 1976 T > C)
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Figure 3:Results of the caffeine-N-3-methyl-13C breath test (N3CBT)

Male vs. Female Smoker vs. Non-smoker Caffeine consumption
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Sgl]m (%0)

Figure 4:N3CBT - S%9m:1s4410790
(a) rs4410790 genotypes
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(b) rs4410790 genotype C/C vs. T allele carriers
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Figure 5: The ROC curve for N3CBT S%°™ of rs4410790

(a) rs4410790 genotypes (b) Genotype C/C positive
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Figure 6 : Model of AhR signal transduction pathway

. Aryl hydrocarbons (caffeine etc.)
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AhR :aryl hydrocarbon receptor
Hsp90 : heat shock protein90

ARNT : AhR nuclear translocator
XRE : xenobiotic responsive element

AhRR :aryl hydrocarbon receptor repressor



Figure 7:Results of the caffeine-trimethyl-'3C breath test (TriCBT)
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Figure 8: TriCBT - S%'™:1rs4410790
(a) rs4410790 genotypes
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(b) rs4410790 genotype C/C vs. T allele carriers
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Figure 9: The ROC curve for TriCBT S of rs4410790
(a) rs4410790 genotypes (b) Genotype C/C positive
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ABCO: (%0)

Figure 10: Smoker vs. Non-smoker : Results of the caffeine breath test N3CBT and TriCBT caffeine consumption N

(a) N3CBT - caffeine consumption N
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15. X
Figure 1 : 3C-labeled caffeine breath test principle

(a) Caffeine-N-3-methyl-13C breath test (N3CBT)

(b) Caffeine-trimethyl-!3C breath test (TriCBT)

Figure 2 : Location of the rs762551, rs4410790 and rs5751876 genes
Source : National Center for Biotechnology Information dbSNP

(https://www.ncbi.nlm.nih.gov/snp/)

Figure 3 : Results of the caffeine-N-3-methyl-'3C breath test (N3CBT)

ABCO2 (%o0) = {(*CO/'*CO2 tmin - *CO2/"?CO2 omin)/ PCO2 s } *x 10°

(a) m Male vs. ® Female

(b) m Smoker vs. ® Non-smoker

(c) Caffeine consumption, m Low (caffeine < 200 mg/day) vs. ® Normal (caffeine 200
mg/day-399 mg/day) vs. A Heavy (caffeine > 400 mg/day)

(d) rs762551 genotypes m A/A o A/C A C/C

(e) rs4410790 genotypes m C/C @ T/C A T/T

() rs5751876 genotypes m C/C @ T/C A T/T

(means + SE)

¥ T NTOMNRT T 7 ORERZ P + FHERZE TR LT

Figure 3a : BT 7 Tid ABCO, 75 30-40 7 % TRUEIZ EF- L, 40 53LL

BITFHICHER LTz,
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Figure 3b : WU L EMRMEE O] Cld, BRI JIEMEE 1T, 30 70 F Tl
Rlg7e BR AR U, 40 LR I3 IR & RARIZIZIE 2 HE
BERLT,

Figure 3¢ : Caffeine {HE EH| CITHEE H FIHEE L IZHE_AE7e FH 2R L
72Dy, 40 PR ITIHE B N CHE & L LRk b2 7R LT,

Figure 3d, f : 1762551 35 X O 155751876 @ genotype BID 7T 7 Tk, 3TN

30 0 CRURIC A U, DI ARHER 2 0R LTz,
Figure 3e : rs4410790 Tl genotype C/C 73 T/T |ZHb~_ZWERIZ E5H- L. 40 /5 LAT

(TR 2R LT,

Figure 4 : N3CBT - S$°'™: rs4410790

S%m : The sum of A'*CO» during a specific period was calculated as follows.

N-1
ST = Z ABCO,(At - i).
=0
At =10 min, N = T/10 min

Box-and-whisker diagram (3 OMF X)) T/ L7z,

Figure 4a : rs4410790 genotypes

Genotype C/C & T/T DICAEZZ#H O, C/ICIELREMHETH -7,
Figure 4b : rs4410790 genotype C/C vs. T allele carriers

Genotype C/C & Tallele ¥+ U 7 (T/T+T/C) DRICAHEAEEZRD, C/CH

AEICRETH T,
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Figure 5 : The ROC curve for N3CBT S°'™ of rs4410790

Figure 5a : rs4410790 genotypes

Genotype 5!l AUC, Genotype C/C D %75 AUC 0.768 T 0.7 LL EToHh o7z,
Figure 5b : Genotype C/C positive

Genotype C/C vs. T allele % U 7 (T/T+T/C) @ AUC (0.768),

Figure 6 : Model of AhR signal transduction pathway

See text page 24-25.

Figure 7 : Results of the caffeine-trimethyl-'>C breath test (TriCBT)

(a) m Male vs. ® Female

(b) m Smoker vs. ® Non-smoker

(c) Caffeine consumption, m Low (caffeine < 200 mg/day) vs. ® Normal (caffeine 200
mg/day-399 mg/day) vs. A Heavy (caffeine > 400 mg/day)

(d) rs762551 genotypes m A/A o A/C A C/C

(e) rs4410790 genotypes m C/C @ T/C A T/T

() rs5751876 genotypes m C/C @ T/C A T/T

(means + SE)

¥ T NTOMNKRT T 7 ORERZ ) + FHERZE TR LT

Figure 7a : BB 7T 7 Tld ABCO, 23 30-40 43 F TO EHF LN 40 4304

%R OHERS T b kR 28 2R LT,
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Figure 7b :

Figure 7c¢ :

Figure 7d

Figure 7e :

Figure 7f :

JEE L JEME A O CIE, MRS LIRS A TR, 30 49 £ TliRA
We7p FHZR L, 40 0Ltk & FERE [ Z b NS E CHER 2 on LT,
Caffeine HE &R TIE, HEEH LIHEE N IIHEE L I AR

I ERAIR LT, 40 DR ITTHE & L L Rk b2 7R LT,

: 18762551 O genotype BIDMEAR 7 Z 7 Tlk, 3XTH 30 73 £ TRAMIZ

EHU, DR HER 27 L2, Genotype C/C IE A/A B LN A/C
(T ARRORRAE THERS L 72,

154410790 Tl genotype C/C 1% T/C B LN T/T (ZHb~NEMRIZ EFH L
40 Sy LSBT iR AR L, C/C 1T T/IC BE O T/T IZHAEET
B L,

1s5751876 (% genotype C/C, T/IC BELONT/C LEHRV A H X 5 MR

R LT,

Figure 8 : TriCBT - $°'™: rs4410790

Box-and-whisker diagram (6 ONT X)) T L7z,

Figure 8a :

rs4410790 genotypes

Genotype C/C 1 T/IT BIXOT/CIZH L THEICHEMETH Y, T/C 1% T/T 1Tk~

EETH -7,

Figure 8b :

rs4410790 genotype C/C vs. T allele carriers

Genotype C/C & Tallele %+ U 7 (T/T+T/C) DRICHEZAZRD, C/ICHAE

WCEfETH - T,
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Figure 9 : The ROC curve for TriCBT S°'™ of rs4410790

Figure 9a : rs4410790 genotypes

Genotype 5!l AUC, Genotype C/C (AUC : 0.758) & T/T (AUC : 0.715) ® AUC 73
07U ETH o7,

Figure 9b : Genotype C/C positive

Genotype C/C vs. T allele %+ U 7 (T/T + T/C) @ AUC (0.758),

Figure 10 : Smoker vs. Non-smoker : Results of the caffeine breath test N3CBT and
TriCBT caffeine consumption N

Figure 10a : N3CBT - caffeine consumption N: Smoker vs. Non-smoker (means + SE)
N3CBT O caffeine {HE & N Tid, B O ABCO, (ZIEBHEE & [FAR 725 THE
B L,

Figure 10b : TriCBT - caffeine consumption N: Smoker vs. Non-smoker (means + SE)
TriCBT O caffeine {H#; & N T, BRHEE O ABCO, (3IEMRME (2 o~ fE THE

B
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