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Tissue distribution of the human CYP4B1 mRNA expression
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The cytochrome P450 enzymes (CYP) play important roles in the metabolism of many

therapeutic agents and environmental compounds. Differences in the activities of these

enzymes are thought to be responsible for individual variability in drug response and/or

toxicity. Among the CYP enzymes, the isoform CYP4B1 is of particular interest and involved

in the metabolism of several protoxins such as 2-aminoanthracene and 2-aminofluorene, all

of which are bladder carcinogens. The present study compared the relative expression

pattern of CYP4B1 in ¢cDNA panels of human tissues. We developed an assay for CYP4B1
mRNA by performing real-time RT-PCR. Using this method, CYP4B1 mRNA levels were

analyzed in human tissues. CYP4B1 mRNA was selectively expressed in lung, bladder, and

prostate. These findings suggest that a high expression of CYP4B1 increases the risk of

tumor by activation of carcinogenic compounds.
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1. 7’547 —DE%)
AW TS 4 < —DOEs 2 DTSR L7,

4B1-TOPO-F: 5’ -caccatggtgcceagettecteteectgag-3”
4B1-TOPO-R: 5’ -ctacttcccagacccagggeccagtggett-3”
M13F30:
M13R(30)V2: 5 -gggccagagetgecaggaaacagetatgac-3”
4B1-SF1:

5’ -cagtcacgacgttgtaaaacgacggecagt-3”

5’ -agctgtgtacageegtggggaceetaagg-3”

4B1-SF2: 5’ -atgacttcatctactggeteaccecacatgg-3”
4B1-SF3: 5’ -ctgaccatgtgcatcaaggagagettee-3”
4B1-SRI: 5’ -tgcaggtagagaccggecatecacaaagg-3”
4B1-SR2: 5 -cctteegeteectgatgacetggtetgt-3”
4B1-SR3: 5" -aaccacttgggeeectcaagaaccage-3”
4B1-RF2: 5’ -accatgtgcatcaaggagag-3~

4B1-RR2: 5’ -gggatgdcstttagatg-3”

GAP-TF3: 5" -gaaggtdaaggtcggagtc-3”

GAP-TR3: 5’ -gaagatggtgatgggatttc-3”

GAP-CF3: 5’ -gagccacategetcagacace-3”
GAP-CR3: 5’ -tgattttggagggatetegete-3”

2. U7 7L REF]
CYP4B1 mRNA DY 7 7 L AFH & LT,
GenBank @ NM000779 & (FBCO17758 % F v 7=,

3. CYP4BIDcDNAYO—Z2%
3-1. PCRIZ & % CYP4B1 cDNA D3E1E

Human Lung ¢cDNA Library (TaKaRa) % TE T
20MEFML, ChE 77— e LTHWZ.
FORS AL A% 1 Template DNA 1.0 L, MgCle % &
9 5 GeneAmp High Fidelity 10 /5% PCR
Buffer 2.0 4L, 10 M Forward primer (4B1-
TOPO-F) 0.5 L, 10 #M Reverse primer (4B1-
TOPO-R) 0.5 L, GeneAmp dNTP Mix 2.0 L,
GeneAmp High Fidelity Enzyme Mix 0.5 xL % &
HL, BF200puL &b L) ICHRLAE. X
ok, ZHE294CTI6HM, 7= 7%
55-65 C T304, Mt % 68T T60MH D
A7 VB30T A 7 VATV, 72CTT7 oL
L7z,

R L PCREDHDREHR

PCREEWIE 1% 7 4 10— A 7 % FivaC 100V,
30 MBERKE #ITo72. = F Vv ATOTA
FCgefn L, UVIBSHC L ) N> FEmERR L 7.
VREVFE 21X i-Mupid (2 RENA F) %, KENH
WA e L CTAE 27z, 65 CT7 =—1 »
T %47 o> PCREWIZBWT, X hEVw Ny
MR C& 72720 (Fig. 1), ZOPCREW%
Montage PCR Centrifugal Filter Devices (HZA 3
UJRT) XD RERL7-.

3-3. PCREYMDZA 5 —2aRUEMI 2R
TH—A—3>

7 u—= 72 % —(pENTR/D-TOPO) 0.5 uL
wH, B L7ZZPCREW2.0 1L, Salt solution
0.5 uLZMZ, ZIRTEHMEA Y Fax=FL
SAE—YarEiTo7z. RIZ, FEL G
i1 L% TOPIOKREE 2> ¥F > F V25 ul
Iz, 30 MKETA yFax—-1tL, 42T
T30 M heat shock IZCX Y SV AT 4 —A—
va ry&frol. ZTHIZS.0.C. Medium % 125 u
L, 37 CT1REM, 200 rpm THk& ) 5§
L7z, 20k, RIGH% 50 pL, 100 pL 51
THFYA Y VERLBER T L~ MIAT LY
ML, 37TCTCI6RF R &R L /2.

3-4. PCRIZLK D1 > H— FOWERE
H—Dau=—%EE L2ty 77y
7L, 20 uL DR e ANTz< A 70 F 2 —
THTHEHE, 100C, 10581~ %2 ~_—}
THIETRBELAZEREL, 77 A3 F2HD
L7, 2O7IAI FegRE L, PCRICK
LAY = F v 7 B To 7, RISEARKIE
Template DNA 3.0 xL, 10 xM Forward primer
0.5 xL, 10 M Reverse primer 0.5 pL, 215i%EE
Ampli Taq Gold PCR Master Mix 10.0 xL % {E &
L, £2200 uL &% 5 &5 IZHRE L 72, Primer
(4B1-TOPO-F, 4B1-TOPO-R DAL HE RN
M13F30, M13R (30) V2 D#AA b D 2HAH
rH7z Ongfid, 95°CT10 4 ML,
95 CT 15/, 556°CT308M, 68T T60RM
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DA 7 V&304 7 VATV, 72°C T 74 AL
B, #0OM%, 1% 7 A0 —A7 V% BT
100 V, 300 MERKE 2T, £ ¥ =1 D
WM Hrtror. /-, B—oaoo=——%Y v
Ty 7T AR, B ICAE L LBEREICK
W 2 Remi L, PREEREE L 7.

3-5. RFBZERV TSI FER

A — NP SN o0 =—% Yy 77 v
TL,2mLAFvA D EERARE ISR L,
37 CC18KEf, 200 rpm & HFEHEL 2. 7
F A 3 NH#LI Wizard Plus SV Minipreps DNA
Purifications Systemn (Promega) % H\W272.
REG TR L 72 KW % 10,000 X g T5 75 [H]
WL, RIEZHYD X, Cell Resuspension
Solution % 250 LNz TEE I E 2. D1,
Cell Lysis Solution % 250 L%, 4 A1 & {RA
L, BIRBTHAHMA ¥ Fa~N—F L7z XIZ,
Alkaline Protease Solution % 10 xL iz, 48]
ERAML, ERTEHHEA ¥ F 2= Mg,
Neutralization Solution % 350 L Jill 2. 4] & A
L, 14,000 rpm T 1050 L7z, EiE850 uL
% Spin Column (2% L, 14,000 rpm T 1 4[4
L L 727, Column Wash Solution % 750 Ll .
14,000 rpm T 1 420 L 72, P Column Wash
Solution % 250 L ANZ, 14,000 rpm T 245 [# %
AxL721%, Spin Column% ¥4 7 0 F 2 — 7|2
Fed, 14,000 rpm T1 4 ML L7z, T,
Spin Column 2 7=~ A4 70 F2—7IZ8L,
Nuclease-Free Water % 100 L%, 14,000 rpm
TLloMEGl, 77 AI FE@EH L. 2d,
INHORFEEF Y MIBmeHWZ, 201k,
WHERELSICELD 7T A I FBEROREE % Hl
E L7,

3-6. ¥—U I REI

96 C Tl MBI LTI A3 FE25
uL, 2.5f528 Buffer * % 1.0 xL, 10 xM primer
% 0.5 L, DTCS Quick Start Master Mix 1.0 L
ZIRAL, ®85.0uL &R 5 LI E R
B 7z e, 96 C% 2080, 50°C% 2080,
60 CH AT A 7V E A0 A 7 ViT - 72,

V= LY ARG, BRI T o R ROG LS
FOBRREBEHBEORNTIY J — Vi &2 4T\,
SLS 12 L 722 ICDNA Y — 7 o — Tk
ALY % AT L 72, AT 41413 Injection Time %
1580 & L, Separation Time % 8545 & L 72.
V=LV AT T A7 =L, 4B1-TOPO-F, 4Bl1-
TOPO-R, 4B1-SF1, 4B1-SF2, 4B1-SF3, 4B1-
SR1, 4B1-SR2 % UF4B1-SR3 O 8 flEI# v 7.
2.5 X f&i FF Buffer *: 200 mM Tris-HCl (pH 9.0),
5.0 mM MgClz

4. BREBROER

= TV AEMTIZE Y, CYP4B1 ¢cDNA DL
BIDHER TEX 725 D% cDNAZ U — VAT T
AIFNELS ZOT7IAI FPELNI-a0
Z—E /IS LB ERE M AR ISR AR L,
FNEIaTR & AR

a¥—-H/L=

WG RE (Aso) X A REEEL
X 6.02 X 1023

AX153004+CX7400+G X 11800+ TX9300

DOFETHEZIT- 72, WREHICOWTIET
T A FERELZRIC, WLENERZ Hwv
TTIF7AI FBEROPOLEZNE Lz, €07
FAI FBEEROIE—F %, LigoXick K
Wiz, B, A, C, G, T, FNFNIHELR
WreorsE=r, Yy v, 7y, FIV
TR,

Ko7 a ¥ —HH 5 1.97 X 106, 1.97 X 105,
1.97 X 104, 9.85 X103, 1.97 X 103, 9.85 X 102
RU19T X 102D TEBOFEFREREL, HE
MR L7z,

5. BEBEtE3RE RNA @ Reverse Transcription

b MEEBEARRNA 2 8581 & LT, TaKaRa RNA
PCR Kit (AMV) Ver.3.0 & i ViR 5 SO 2 47 -
7o, BB L Template RNA 1.0 4L, MgCle
2.0 pL, 10 X RT Buffer 1.0 xL, RNase Free
dH=0 3.75 L, dNTP Mixture 1.0 xL, RNase
Inhibitor 0.25 L, Oligo dT-Adaptor Primer 0.5
L, AMV Reverse Transcriptase XL 0.5 pL % i
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AL, ZR100uLELR L EIIICHBLE. K
M, MERRZEB5C T3040, BEOEM
%99 CTHh M, WEIZ5CTHI ML /2.

6. Y734 LRT-PCRZEICK D mRNAEE
Human MTC Panel I % O Human MTC Panel I
\2& % cDNAK O FEMcDNAZ 7> 7L —k
&ELT, YT7IVY A LART-PCRIEIC L) CYP4B1
mRNA &€& L7z, MEHHcDNAZ O — K
FPanel cDNAIZDW T, 7 ¥ 7L — b cDNA
1.0 L, H20 13.6 L, 10 M Forward primer
(4B1-RF2) 0.2 uL, 10 M Reverse primer (4B1-
RR2) 0.2 xl,, SYBR Green PCR Master Mix 15.0
pLERAL, 2830 uL & %5 L) ICKIDH %
B L7z, —J7, BEEcDNAR, 7 7L —}
cDNA 2.0 4L, H20 12.6 L, 10 M Forward
primer (4B1-RF2) 0.2 xL, 10 M Reverse primer
(4B1-RR2) 0.2 xL, SYBR Green PCR Master Mix
5.0 uLERAL, 2830 4L EL D LI KT
WERE L7z OLGRMHIE50CTT24, 95CT
1055 MLE %, ZMEZ 95 CTISHME, 7T=—1
YR ERIGE 60 CTLaMOH A 7 Vi
YA 7 VT olz, A NI LK L7zE
v rFvETOy bELIEIZENELNT
BIEMEICBNT, X=25 1 L0 Loigk
RIS IR AR & M 5 38 C threshold cycle
(Ct) %##lEL, MEMMCDNAZ T— VAT
FAIRDCHIIHLTEDT T L— FakK—
RO -AOER 2 mERE L.
4 DRI 515 5 7z Ct & D $57 cDNA
OWIEE KD, mRNAFI &% gL /2.

7. PCREWIDS — 97 I > A&
7-1. Wizard SV Gel and PCR Clean-up System %
AW/ PCREHDESR

7Ny A4 LRT-PCRIC & A3E1EAY, CYP4B1
cDNA D HW & § ZEREREFNE S TrhiTw
ezl 5720, EEROPCREY R
L, ¥=7 L A& ir-72. PCREWIZ,
3% 7 H T —AF )N EHNTIV, 200BEL
KB & 4T o072, ~—h— L PCREYWO—E % T
FTLATOYA NIZEYVEET LI LT, UV

BT T CORBIERBEZ Bl L, 725 HION
Y F (221 bp) #YIDH LA WOH LSV
10 mgiZ*xf L 10 xL. ® Membrane Binding
Solution # Mz, RINVF v 7 ATHE S,
656C, 604 v Fax— LR, FVvFrv s
ATHEBSY, BEBTTEHMA v Fa—
FL7:. BHOB 7 2B L, ERTLOMA
V¥ 2=} L7:1%, 10,000 X g T 1500 L,
700 #L Membrane Wash Solution 1z,
10,000 X g T 143 L L7z, 500 xL Membrane
Wash Solution # 1z, 10,000 X g CT5 40 L
72, ¥51210,000Xg Tl MELLE. &
FhEFH LA 7 0F 2 —TIZB L, 50 uL
Nuclease-Free Water # 1z, =i Tl4 W1 ~
FaN— b L7z, 10,000 X g T14HE LT 5
ZEIZEY, PCREMZNGH L2, R LE
WE=s ) — Vi X D gk L, BRIKENC
LONY FoORERE L7, v —27 1y A6
W7,

7-2. Y= I X

PCREW % 2.5 L, 2.5 X Buffer 1.0 4L, 10xM
primer 0.5 xL, DTCS Quick Start Master Mix
1.0 Lk RAEL, &=5.0 pL N W Al I
WERE L2, eid, 96CT% 2088, 50C%
208, 60 C% 25730 B DY A 7 )b % 404 A
7 WATV, ZD1%1-(6) L AFRICAE L, DNA
V= L2 — THOERH & AT L7 TS
PHE > TV ABR & 15 R0 & L, BRI
2609 E L. V=2V ATIA4 V-1,
4B1-RF2 M UF4B1-RR2 % H\ 72,

] R

CYP4B1 mRNADEEARZEH T 5720,
CYP4B1 cDNAD 7 0 — = F % {7 - 721, B
@ CYP4B1 cDNA OBLH] (1536 bp, V) 7 7 L~
ABLHFINMO00779 L [/ L) oz, 3HE# (AGC)
HHEA S N2EY] (1539 bp, V) 7 7 L ¥ AKE
BCOL7758 LA L) %>, 2fED 7 10— %
MR X7z (Fig. 2). ZO3EEDEAIZLY,
T BEND207THEBIZEY YHPBASINS
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EWV) ZENH S E L 572, CYP4B1I mRNA L7zgamfizx v, V7% A4 ART-PCRIEIC
DEEITIE, ) Y OFADOLVIO— VR X 5 CYP4B1 mRNADSER Z1T o 72, =g s
Wiz, ERLZHPRRICE D, EE (-3.4130) ATV, PSR E T RO LA, il
K OHBREL (r=0.99LLE) Of & b 1@ 7% BT AREMEVROE L, BRLPAZRICS
MEfE2Es 2D TE (Fig. 3), mRNAE® WTH mRNADZEBAGEED H 7z (Fig. 5). 7
\%Wﬂ?é’&ﬁﬁétwmmAﬁ§&® BlzBW T b Il L 8EPRoOL N
PCREWIIESIKE (Fig.4) & ¥ — 7 Lr AR A, FOMOPEF TIEAR LRI 72 5 7z,
Ficky, HWE T ARAIHEESN-Z L%

MERE L7z, £72, mRNAZHEHIED 720 1ZH Z %=

V172 glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) 3, $#ETHIERLTHIER v MZBIT S CYP4B1I mRNA S DB 4 %
R, BE$ 5720, )7 Vs 4 ART-PCREZ M

U, T, e, M, BTER, A, RN, B TmRNADEERZER L, KD CYP4B1
Mk, REified, MaRg, mAuAZBR, KSE, N, /N, MRNAEEZ{To 7. ZOFEE, v M TR
FERE, EMER A O BEME D 17 g lc2wnwT, feH B, BERE M ORI AL IR IZ BT CYP4B1 mRNA O

55°C 65°C

1536 bp

Fig. 1. Agarose gel electrophoresis of PCR products of CYP4B1 cDNA.

(A) (B)
207 Ser
y \ \ f |
&X !Kﬁ{! !\igl
/\ ol )( /\\u\x Ny Y

Fig. 2. Sequence analysis of CYP4B1 cDNA.
Wild type CYP4B1 ¢cDNA (A) and CYP4B1 ¢DNA with an insert of three nucleotides (AGC), which

coded for Ser in position 207 (B).
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)

B)

Fig. 3. Standard curve of CYP4B1 mRNA (A) and GAPDH mRNA (B).

Lung Bladder

\ /

.W o

Fig. 4. Agarose gel electrophoresis of PCR products of CYP4B1 ¢cDNA.
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I"ig. 5. Tissue distribution of CYP4B1 mRNA.
CYP4B1 mRNA was determined by real-time RT-PCR and normalized to GAPDH. Data are the
representation of three independent experiments and are plotted as mean values = SD. For Brain, Liver,
Spleen, Testis, Ovary and Leukocyte, quantitative value was shown below the threshold of detection. (B)
shows magnified figure of (A).
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BWRHEPEO LN, THALDOEETIE
CYP4B1 DEFARMER T- 3%\, & 5 W ITRE
IR F DA 72 720 12 mRNA DRBE AL W
ZEeNEZLNT. 72, TN ETIZCYP4B1
MRNAZHEBIZHEI L T b 2 L HEsh
T2, SUOFERD» S, OB TN,
JEIE B OVET ST B LT3R I & ATHY
Lk ol

CNFETIT, BREZEEILELD S FEMH
GLBIETHIENHELPIZH > TnW5EH, Tz,
7 v b OBEIZEBIT S CYP4B1 mRNASHE b
LD BBV TENZ EIRENTEBY 9,
COMFREN BRI Ty Far izt s
CYP4B1 DZEIFAFH OB G- 23 E ST b 67,
INODEMND, BRI DY L7413 CYP4B1
DHFEEIKAFEL, CYPABIIEMAEH W & T
AIZEBWEPIEEIL LR T < o T 2 0N
WEZ bz,

4], CYP4B1 mRNA O Jiliks B0 7 F B AR,
D5 NTAS, MiEEEICBIT A IEE 2 hiEIC
BWTH CYP4B1 mRNA DFWIHEHITHD Hh
5. —F, HEEMEICBW TEEHE MRV 2
EMHESNTBYY, fCBITACYP4B1 DR
HIZDOWTIHELHODPITh > TV WEDS
W B AERANISRIEEY RO E R 2 A O
THY), REFEWE % S0 XD B5ESIC X
VEESNRL TV TH L, FOzd, 3
IO TERMMEFWEIC S ZEN TS 2-F
TFNT I 2 EORIFEREIED, BT
% CYP4B1IZ X ACHRE M L S, NidEZ 5] &
RCTWEEMELEZ LN,

& 524 M, BIMIRIZB VT D CYP4B1 mRNA
DEFEHMGED Nz, LarL, THFE TICH
SRR £ CYPAB1 DR G122 TlE, &AL
e ST, 4%, B VIRERIE IS L
T, CYP4B1IZ & 2 iz EACHNE AL 23R
TAEDPEP R —A - 22 PO —)VAY T4 —
FIZLOVBRHATHLEND 5.

¢DNA 7 10— ¥ OB BV TERO b 172 207
FHDSerDIEAIL, AT5A4 2 7OBEIC
BOWTHELELDTHEEEZON. LML,
COHGEDREDI I B AN XATREI LD,

72, COREOHETHEL TV PIEAHT
HbH. 20TFBHOSer AL VBT LEERSY
YT IO N A 2 L 1d, CYP4B1
DETVLIVICE DRI D5 287 ORREEMAT
&[RRI BRI .

47, CYP4B1 mRNAE &I X 5 fles 56 12
DWVT O ORE, v Molli, B & O
BRIZB VT, CYP4B1 mRNA O EFSH A HERR
7z, L L, CYP4Bl DEEFITIZEHFAERD
CYP4BI *1 7 LIV GO THONY T Y 7L
WBHRESNTEBYY, ETLIVHESY V87
12X ABEFEUEIIICOVWTIEBHEL ISR T
Wihw, Lo T, EO% A 7DCYP4BL ¥
X HSh, BERED B WIEET TR T, YO
FEHLTWENIL), ZORIAFICBITHER
JFEESKE LSBT 2 WTREM S 5. & 512,
mRNA OFEH D 5 TH CYP4BL & ¥ /X2
PHEALTVWZWEGOEZONLIZD, Ih
O O A Tld v, 4%, CYP4B1 %
N7 Dl i met L, ZORBEAITEBD LN
W, o OlEFICBIT A CYPABI DFsHE~
DG ZSLIKRFITEEEZLNS.
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