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ABSTRACT : In order to understand the mechanism of the regulation of drug metabolizing enzyme gene
expression, we have studied the induction of CYP1A1 and GSTo, |1, Tt enzymes in Japanese monkey and rhesus
monkey after the treatment with 3-methylcholanthrene (3MC) and di-n- butyl phthalate (DBP) and bisphenol A
(BPA). The levels of mRNA were measured by RT-PCR in brain, intestine and liver. In the case of adult
monkey, treatment with 3MC induced CYP1A1 mRNA in intestine by 11-fold. The treatment with DBP induced
CYP1A1 mRNA. Effects of 3MC and DBP on GST mRNA expression was not clear. But GST|L was slightly
inhibited by the treatment with 3MC and DBP. GSTo was induced in intestine by 1.5-fold. GSTn was slightly
induced by the treatment with 3MC and DBP in intestine. In the case of fetus monkey, the basal levels of fetus
CYP1A1 mRNA and GSTs mRNA were relatively low compared to adult monkey. As the age of monkey
increased, the basal levels of CYP1A1 mRNA were also increased. 3MC induced the expression of CYP1A1
mRNA didn't significantly induce CYP1A1 mRNA in intestine. The levels of GSTW and GSTr were not changed
by the treatment with 3MC and DBP. GST & was slightly induced by the treatment with 3MC and DBP.
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UGl Al 71 77k Fol7] dltell Alelire
akel BAS &3] $l8 HAE TE 2EE e
olet. 3| Hel¥¥Sol(cynomolgus monkey HEX crab-
eating monkey; Macaca fascicularis)®} PIEA LS50
(marmoset; Callithrix jacchusy’} QW22 Wol] AMEE 11
sich AR A7) &3l 9AF-(%3AE, Primatesys
50377 ol (o] oFE, Anthropoidea)2} 3}
T A5l (g ol oFF, Prosimii) 2 vHro]
A3 ARGl oA dgele) fald(Man-like Apes)E
Lhroi At fgolollis 12|77 5 0] FH(Cebidae), RHEAL
}(Callitrichidea), Z1372]€g ] 7} (Cercopithecidae) 5| 3L
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I el A4 ol FH(Pongidae)et  Z1E Yol
(Hylobatidae), AFg#}(Hominidae) 5] Slo}. #FEAE wu}
B3} e} EAS(Callithrixpll £3R= Agelo]al JejAds
o]= 71 mz]lo] o} (Cercopithecinae)?] T17}<4(Macaca)
of] &3l Agololth. B Aol A3} 5ol Hejwdd
S0l g} o] wizhRdre| £3h= Aol YRAgo
(Japanese monkey %+ Japanese macaque; Macaca
fascata)?t I Detokfd 4ol (rhesus monkey 3= rhesus
macaque; Macaca mulatta)®)o}. Be]H UolE o[ &3
FEYALEAS LAY S Aure, dejw A5l 7t
microsome®l] ] hydroxylation, O-dealkylation, N-dealky-
lation 5] CYPoll &J8F UubAe] oFEefahuk-g-o] =]
©}. Methoxy-, ethoxy-, penthoxy-, benzyloxyresorufin
(MEPB)E 7t7} 71A2 A48}l alkoxyresorufin O-
dealkylation (AROD)Y] #A&A A3 Hejgl Yol
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CYPIA, CYP2A E*= CYP2B, CYP2C, CYP3A &9 #t
Aol Bl 432 AR} vlsesb AROD WSS <
T Al AES) 5 ulsshl AROD 84de] Balyel
MEPB profile AFFHoR= Y E9 of HlS=alotal g}
(Richard er al., 1994). B}EALQE0]) Ao, GFEHA|
£ A o2 upEAldgele] oA CYP2B, CYP2C,
CYP2D, CYP2E, CYP3A 52 *#&e| northen blota}
immunoblot ¥4 55 1= CYPIARE A2 A=
olAgt whalo] FelEgiel. = CYP3A mRNA®] 3
iRl dgole] el = ERIF. vkl gl e
CYP2D19%} CYP3A21E #21¥ & lled, A4k Al
2] CYP2D6, CYP3A4S} 90% FU3kT 3A219) e =
2 dgele) 3A8d ws| TUAde] 3% whont At )
FREAE T4l 11-23% F& Ao vieldn. wely
PEEAR T Al vlF AR E Al S A
o] A= AL I 4 Qlschdgarashi er al., 1997).

FE WAF A el 7P SRS a3 22 7
o|2le] ZAMx wEEth CYPS] 735 WiAe] Aol A
+ CYPlAl, CYP2B1, CYP2C6, CYP2Cl1, CYP2D,
CYP3A4E E3} Mol 6 71049 CYP o7} 2
=™ CYPIAl, CYP2B1, CYP3A12 HE7} 718l
Ba7} 1l 2w (Zhang er al., 1996) Abe] 4AbME
CYPIAl, CYP2C, CYP2D6, CYP2El, CYP3A4, CYP3AS
Sol MR E= Bar) Qe (Zhang er al, 1999). =
o= CYPIAI, CYP2BI, CYP2Cll, CYP2CI2,
CYP3A, CYP2E] 50| A9} AlgellA] el B3
=% vHGeng and strohel, 1997; Morse et al, 1998).
Phthalates: Z2kAE8] 71AA| 2 AMEE A W ie]A|
Aol EA 2 JAlE = EAL diethyl hexyl phthalate
(DEHP =+ DOP), di-n-butyl phthalate (DBP), butyl-
benzyl phthalate (BBP), di-cthyl phthalate (DEP), adipate
AlE<] di-ethyl hexyl adipate (DEHA) 52| °F 10 «}&
o] 9lct. Bisphenol A= A1Ed} S4l9] FAAZ ARSELE=
E27hid|o|E FefaEs S5AIES 2R ¥ o4
T ol FA A8 Aol AMFHH A3 X8l AMSRe
22 S = 23] gl HERIA aEhEAlel

2 AfedMe 1 mdgololte] npphidol] 431 o
E-Y5 0] (Japanese monkey £ Japanese macaque)®} 3]
wefobd 5 o] (thesus monkey S rhesus macaque)s ARE-
jed, fgole] avgelld ofEiAtES2A] CYPIAL GST
a, GSTu, GSTr 59 mRNA 3 ASE A} Q3=
FHR-(RT-PCRYS E3le] obopgfn A=l CYPIAL
FXA1¢] 3-methylcholanthrene®} WlE1]A4] 2529 di-n-
butyl phthalate7} o]l w]X|&= °J3ke- dolHgle}
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Y2 FE 3t QAF ATAEM FEAAE A5
o 715 ATkt FAA ofn] dEslgel2HE 31t
a7kl 225 AU FHA djob dEBAS ], FAHA]
Aol d¥E 4%], 3-methylchoanthrene (3MC)E A28k
ojn] odBgdelg} ejo} dElo], di-n-butyl phthalate
(DBPYZ A28 ofn] JRlpo]e) o} J2dge], DBP
E XA ofn] s|dtefdsol9t wlo} 3|UetopdSel,
Bisphenol A (BPAYE- X 2|3} ejo} dZAgeol 2R e 71,
a7, ¥ 2AE At 53] wio} fgolo] o AA
1654 F 145979 "o} Hgelel szt 3MCe
10mg/Ke®] =2, DBPE 1gKeg9 %%2, BPAE
500 mg/Kg®] FE2 Foi=gir}.

ZX|0|M2] total RNA £2]

Z#] 02go] TRIzol reagent 2.5mlE 7}3F §F o)
homogenizerg AR&3te] EHAIZ] F Aol 582 HhE-A]
Zich E-gjdo CHCLE 05ml (TRIzol reagent 2.5 ml
HE 78 F, 152 B9 78 vortexingdlal, ARl
oAl 3R AT 4°ClA 1587 11,000 g2 94
Rt F, o3l ASE sk a5 Y £
CHCL; & 718t ¥ 7331 vortexingdled F&s8}1 o] 4=
= ASE F&l Y £32) X% isopropyl alcohole-
7FI 8] - ol 2 ESo] Alo] ot Akl 20821 b
SAIFII A°CelA 10487 11,000 g2 FAE2]8le] RNA
pellet2 At °]& isopropyl alcohol®} FYU3 £-92
75% ethanol® A28t ¥ vortexingd} 4°Cel|A 587¢
7,500 g2 HAlEelEldch. ol MHAE 23] ukEg &
312 RNA pelletS speed vacs ©|-§3lo] gePow gl
F A%e] 0.1% DEPC $9¢l %3} 55~60°Cel 10
E2F WAz F 260 nm o] BN FREE SA A
el Ao TEE T 260 el FEEs}
280 nmelAe] 42 v]Eg Ailsled 0D260/0D2809]
1.65 o]A4ke] 71-& RT-PCRe|| AM&-8}53c}.
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HHAIQIMBZYIS(RT-PCR)

]38 total RNA®| 3 pgell sl5sl= <ol 0.1% DEPC
442 7HA 1050 HA & ok, J7]9) random
primer 0.1 pgs Wil 70°CollA 1087F whgAZ7l = IS
ol F43) YZA A 37]e] 1mM dNTPs 1ul, 100
mM DTT 2pl, 5X first strand buffer [250 mM Tris-HCl
(pH 8.0), 375mM KCl, 15mM MgCly] 4ple} M-MLV
(Moloney Murine Leukemia Virus) Reverse Transcriptase
200 units, RNasin 20 unitsE- 2%t 23°ColjA 1087 ¥
AAZIAL 37°CellA] 1A1ZE HREAIZ] F, 95°CellA} 1027F
7hdsle] uhS-& FAAIATE RT product 1plel] forward
primers} reverse primer (Table 2)5 ZF2F 10 pmol¥ 23
10X reaction buffer 1pul, 25mM MgCl, 1pul, 2.5mM
dNTPs 0.5, Taq polymerase 0.5 unitsS 7}8}31 Akaf &
Fr= AAFEe] 10ue] HAAG Fol vhge 2Ho=2
Minicyler(MJ research)ol| 4] ¥H-&-A]Z{ e},

PCR 49| 7= ethidium bromide® G 1.5~2%
agarose gelAdollA A7) odF3te] Belslg T image
analyzerg A8-8te] Al k& AwFslolct

Competitive PCR

PCR tbeel RT product 1ul¢t 4A%=9 DNA
competitor 1 g €2 F 10 PCRY F52] Aok ¢
I A ] 10t HEF AR FRHGE 7BI w4l
ZIt}. Ethidium bromide® 9% 2% agarose geliollA]
A7) °3E3 ¥ image analyzer® ¥-A3}o] RT product
1wl (320 ug total RNAY! E3kEe] gl= 53 mRNA2
copy = ARl

2 &

3-Mehylcholanthrene)?} di-n-butyl phihalate?t &
Ol &&e| okF A &4 CYP1A1 mRNAZEO| DjXl=
st

3-methylcholanthrene (3MC)$} di-n-butyl phthalate (DBP)
7t 2ol 2] oK oA} el vIR L aboh
71 $l3 FA A A& Aol IMC-HA dE 5ol
DBP-#%] o], DBP-MA] dgeof fd5o] 5o &
ZgellAe] CYPIAI® GST®] mRNA *#374=E RT-PCR
2 AEgb o] 2AAM ]l total RNAE A}
Z9] CYPIAL primer® YU5o] &%2] RT product® £
FA)Z1 ¥ 1.5% agarose gelell Z7]°3EA)# PCR product
£ 93w o7& image analyzerS ARS8l A =Sl actin
gog WA F P2 A dgeld 7 71E(100%)

22 FAsliekFg ). 2 Ax, dald el
CYP1Al mRNA LA EE 310%2 JAIsA] @2 Al
Agolol] wl&) vt A Veltel. 3MCel] 2fsiA dxlgt
H5]9] CYPIAI mRNA L&A EE= 1135%E =4 7}
3153.om DBPe| M E UAISHA] kS dgel= 190%,
HAIgE fgol= 335%2] WA EE Hejvl DBPES A
gk s|gelol 1ol 200%2. PAE YEYGSo) M= ot
WARE FAH A Al Aol Bl A Jepde). wHloh s
0]} 79l FAA #lo} 4ol 130%, IMC-*%] o}
150] 140%, DBP-21%] #o} 150} 160%, DBP-*%|
eo} ddeteldso] 120%E ofu] dgolel BisirE Wt
AR JAlsA] o2 Aol Ao EA# el CYPIAL
mRNA A =7} v]s=shA] JepdolFig. 2).

3-Mehylcholanthrene)2} di-n-butyl phthalate?} #&
0| &Zto| okm LA} &4 GST mRNAESI0] O|X|= P&t

Ago] 279 RT product® Abde] GSTea, GST,
GST7 ¢ 2729 primer® FFA|7]3 1.8% agarose
geloll A7194EA1A Z22] PCR productE A%ie}. 247+&
image analyzer2 A8t F actin o2 WABLT F3)x]
Al el S 71E100%)2 $H4e SHFig. 2).
GSTa 2] mRNA & A== FHX Yalgh d5eldA
130%, 3MC-A%] YAlgt ¥golallA 139%, DBP-H*] A
ol fgolollM 126%, DBP-HA| dAZH AgolollA 85%,
DBP-#2] Yilgh aldetelflgoldMs 72%2 vepdo).

8

1 &

-t et 2

CYP1A1(% of adult control)
oB353888388

Cirl-A Cirl-F MCF DBP-+ DBP-Fm

Fig. 1. The relative levels of CYPIAT mRNA in adult mon-
key intestine after the treatment of 3MC and DBP: Each
data of CYPIA]1 mRNA level was normalized with S-actin
mRNA level. Data are means+SD; lane 1, control Japanses
monkey(Mff) mother (Ctrl-M); lane 2, control Mff adult (Ctrl-
A); lane 3, 3MC treated Mff mother (3AMC-M); lane 4, DBP
treated MIf adult (DBP-A); lane 5, DBP treated MIff mother
(DBP-M); lane 6, DBP treated rhesus monkey (Mm) mother
(DBP-Mm); lane 7, control Mff fetus (Ctrl-F); lane 8, 3MC
treated MIf fetus (BMC-F); lane 9, DBP treated Mff fetus
(DBP-F); lane 10, DBP treated Mm fetus (DBP-Fm)
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Fig. 2. The relative levels of CYPIA]l mRNA in fetal mon-
key intestine after the treatment of 3MC and DBP: Each
data of CYPIA1 mRNA level was normalized with B-actin
mRNA level. Data are means+SD; lane 1, control Japanses
monkey(Mff) mother (Ctrl-M); lane 2, control Mff adult (Ctrl-
A); lane 3, 3MC treated Mff mother (3MC-M); lane 4,
DBP treated Mff adult (DBP-A); lane 5, DBP treated MIf
mother (DBP-M); lane 6, DBP treated rhesus monkey (Mm)
mother (DBP-Mm); lane 7, control Mff fetus (Ctrl-F); lane 8,
3MC treated MIff fetus (3MC-F); lane 9, DBP treated Mff
fetus (DBP-F); lane 10, DBP treated Mm fetus (DBP-Fm)

glo} Y5ole] GSTe WAATE FXA ®Hof UFel:
77%, 3MC-A|2] ejo} $14-0|%= 84%, DBP-*A] ®je} U5
o] 76%, DBP-41%] 3|delol U5l 83%= Al AT
olo]] HIFIME 20% A= W2 HoE ettt GSTu®
mRNA 28 Ax= FA JAs 5ol 63%,
IMC-AR| dAlst Y5olell 76%, DBP-X*| AlQl 5ol
oA 67%, DBP-A=] 9418t A5olo|A 61%, DBP-AA|
Al B detolslolo e 86%=. ViRt Hlol 5ol
©] GSTp mRNA®] WA =S viwsjra FA% go} <
£o]= 53%, 3MC-3 dlo} d5eli= 50%, DBP-*A]
elo} Yol 25%, DBP-AA| d]delef Aol 48%=
23l Y40l 5o vl 2 AAYEE Boloh GSTx 2
mRNA LA EE= 23] YAlgE dgololr 117%, 3MC-
x| 918k 1gelell A 206%, DBP-412] A’l 15-o]ol|A
121%, DBP-#3] 9A1&k H5eloA 147%, DBPAA 4
A3 Bl ool 152%2 3MCol| 2Jsirx 13l
Ax7} oF 2 AEZ 78IS DBP 2sixde ot
Z712 B}, to} Ygole] A9olle T3] dlol Ugel
= 103%, 3MCH] €lo} 5ol 94%, DBP-A1| efo}
A5 ol 86%, DBP-X | | Hetol AFol: 12322
3MC¢} DBPel| &J3F & wi3l= vlehiA] AdGkch(Figs. 3,4).
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Fig. 3. The relative levels of GST mRNA in adult monkey
intestine after the treatment of 3MC and DBP: Each data
of GST mRNA level was normalized with PB-actin mRNA
level. Data are means+SD; lane 1, control Japanses monkey
(Mff) mother (Ctrl-M); lane 2, control Mff adult (Ctrl-A);
lane 3, 3MC treated Mff mother (3MC-M); lane 4, DBP
treated MIT adult (DBP-A); lane 5, DBP treated Mff mother
(DBP-M); lane 6, DBP treated rhesus monkey (Mm) mother
(DBP-Mm); lane 7, control Mff fetus (Ctrl-F); lane 8, 3MC
treated MIff fetus (3MC-F); lane 9, DBP treated Mff fetus
(DBP-F); lane 10, DBP treated Mm fetus (DBP-Fm).
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Fig. 4. The relative levels of GST mRNA in adult monkey
intestine after the treatment of 3MC and DBP: Each data
of GST mRNA level was normalized with B-actin mRNA
level. Data are means+SD; lane 1, control Japanses monkey
(Mff) mother (Curl-M); lane 2, control Mff adult (Ctrl-A);
lane 3, 3MC treated Mff mother (3AMC-M); lane 4, DBP
treated MIf adult (DBP-A); lane 5, DBP treated Mff mother
(DBP-M); lane 6, DBP treated rhesus monkey (Mm) mother
(DBP-Mm); lane 7, control Mff fetus (Ctl-F); lane 8, 3MC
treated MIf fetus (3MC-F); lane 9, DBP treated MIf fetus
(DBP-F); lane 10, DBP treated Mm fetus (DBP-Fm).

CYP2C11, CYP2D, CYP3A1E H|F38] A= 67179
CYP okshrh EAErT deid T, AHel A4E
CYPIAl, CYP2C, CYP3A4, CYP2D6, CYP2E]l 58 &
A7 Fel= v (Anttla er al., S.; 1992, Austin er al.,
1992; Berghard et al., 1993; Bullock et al.1995). A E
E ATR AFEE A B A A S AT
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3R AEE, oA B39 23] B2} AP} dofuls &
olth, M| E= Abolgli= A|7to] Zol DNASH o2 Ao
Aell w2, CYPoll o] st &40 3k Fol,
A F HSHEAle) A Helld B3] e At
7v ZAsE "o 2N s "ol =g £ e
CYP9| o}zh= CYPIAl®]w}. W& tia} H3EE 338
CYPIALC] 23 diAt=l=d], chatd Was ihEo] 4%t
22 o7 JFest 71 Al ZEA7E Sl A ARl
AAMA S Eo) AT A EAte} FHAY F
A Ze} A AAEE AL, F HAE AR F o
Wiez wide F widEst I AA=E oo} nixt
22 A dall= dak F ok AR AR F
TE= Zlolu)h. FEL 79 2AoM ] CYPIAL F5A7
73w AR, bl vla) wW2A freEu A&
Zhl via] 22 Ae= Jeldth = 440 Hold] ule}
- (pyrolic valveyllX] HolZ4= CYPIALY =
ol Fasle 7o WFFEQEY|, o= AhRY WEA
X9} n)gl opAe @ ksl A0 R Hol CYPIAL 4%
o) AdA7} F=Al9k AhR#S) A} A57) 2L A
22 A7 4 Qlok AR A= AAH L2 4]0 A
A 3R Aol oel A ES} A EANA Holxe=
microsome®| ZHA3PH, HA CYPHH CYP3A4 #Alo] 7t
23R= Ao HAEYTHZhang er al, 1996; Zhang et
al., 1999). C57BL/6N ®}$-2~ol| A in situ hybridization®
2 2449 CYPIAI mRNAE ZHEE £+ g2,
3MC FAAZ 71, ¥, o, 2349, A, b Sl
CYP 1Al°] =5t A gldt F gglohx 3t =
CYPIA2 mRNA®| -9 ZelM B4 07 Fel=g]n
3MCell o't = 71, 8, AelAAIM T =
(Carrier et al., 1992; Corton et al., 1997; Daniel er al.,
1993; Delescluse er al. 2000; Dey et al., 1999). Wister
ratell A= 74t AzFe] CYPIA Aol T3k Bv) 9Jgiet.
ZHlXMe CYPIAZL $A181AL EA8)E 3-MC X=]<]] <
3 CYPIAL o] o] BA3) Frlele whd, 2%
A CYPIAIEE] ZEH T 3MC Ao e} F==3]
o} gebDervel ef al., 1993; de Sousa er al., 1996; de
Waziers et al.,1990; Dirr et al, 1994; Spatzenegger et
al., 2000). 273llM2] GST WA TE 719 oF 80% A=
¢l 7o H 59 o (Pacifici, 1988) GSTae, GSTP1-1,
GSTTI-1 5°] ¥ W& ®Bolvhi dvl(de Bruin et
al., 2000). 2RI M) GST AL AHE A3}, GST
@, GSTu, GSTz o] §RAE9} EnjAZaA W=}
= Zlo] FHelHUKDwivedi er al, 1993; FitzGeraldet
al., 1996; Giannone et al, 1998; Gillesby er al., 1997,

Gonzalez et al., 1989; Hakkola et al., 1996; Hines et
al., 1989; Hayes er al, 1998). ¥ A¥$ Faj] ARYAS
o|g} s defoltlgele] Ao A £A=9l CYPIAI mRNA
7 B8R A 31 5 Q)deh FAA Al Q5o
o] 2o ZRE] A2 3/20 uge| total RNAS] RT product
t 9 7.5X10? copies®] competitordl] #|2sH= CYP1Al
< FEA 92 o)Zl& IMC A X)o) &) 10u) o)Ak
%7193 DBP| 9y = 2~3w) Z71E e 2=t &
Aol A= Algt 940]2] CYPIAI mRNA WA 7} ¢
41817 b Yol vl Al Vel WiEol DBPY] 7%
Palgt Qo) 729ke vlasks ZolEgnal 2 4 9
o}, efo} YFolelM= 3MC} DBPZL 2 o33fel $lgith
oM E dA] BAHel GSTe, GSTu, GSTr mRNA
7} AEE A2 GSTx Y] HaA == Zhol} Mol v]sf &
ket 3MCeF DBP] AAo]] &3] GSTx <] W=7} 2
7¥8FA GST ) ZHAx3sdch, 2et ejoldSole] GSTo|
2 3l AT A4l 4509 Az gald s
o|7)2] vlalH GSTu: ¥} ok B 4= gl

dAalel 2

o] AL FPIeY SRATABAYY Yo 53
53 g vho] LRI AT AL,

Ho=s
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