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Expression of cytochrome P-450(CYP)2B1/2 in lymphocytes of worker s exposed to toluene and xylene

Ki-Woong Kim

Occupational Safety and Health Research Indtitute, KOSHA
104-8, Munji-dong, Yuseong-gu, Dagjeon 305-380, Korea

In order to develop the methods for exposure assessment and
find susceptibility merkers for the workers who are exposed to
low doses of toluene, Xylene and other chemicd in petroleum
industries, we investigated the gpplication of P-450 expression
in human lymphocytes utilizing mouse monoclond anti-rat
CYP2B1/2, the levels of toluene and xylene in air and their
metabolite levels in urine with the levels of expressed
CYP2B1/2 proteins. The generd characteridtics such as age,
smoking and drinking habit were no significant difference
between the control and exposed workers, but the working
durations and working hours were significantly different.
Workers in exposed group were exposed to the mean of 2.1
ppm (range, 0.00-4.54) of tolueneand 0.3 ppm (rang, 0.00-1.23)
of xylene. The mean concentration of urinary hippuric acid was
low and less than 1/5 of the biological exposure index
recommended by the Ministry of Employment and Labor
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Korea. Methyl hippuric acid in urine was not detected in control
and exposed workers. Also, there were no significant
differencesin the levds of the urinary metabalites between the
control and exposed group. When chemiluminescence dot
blattings were carried out utilizing mouse monoclond antibody
againg CYP2B1/2, the strong dendty dots corresponding to a
mouse monoclonal antibody was observed in the human
lymphocytes from the exposed workers

These resuilts suggested that the chemiluminescence dat blot
assay for CYP of lymphocytes should be valuable for
identifying CYP expression as biomarkers in the workers
exposed to toluene and xylene.

KeyWords:  Toluene, Xylene, Human lymphocytes,
CYP2B1/2, Metahalites

WAL 71716 (305-380) T g A - 7 o L5 3399 7 30(-A) 5 104-8)

Tel: 042)869-0303, Fax: 042)863-8361, e-mail: kO810@koshanet



.48

e gtetad v 2EALY ARETE AEiM e 4
g eEm T B dgE ool st mEE Al g &
2713 (target organ) 7t AL )& SAR g AESHA By
El g o] o] Fo] A o FHrHLamweryse} Hoet, 1993).

A A B Fokol|l A F2AREE L ilt =3t
B 2 22 Pl ARleflA] S5 B4
AR WA S 57 ste] Btshe ‘ﬁ 13}(
7,2009). TEutold e S i BEY 5 E*
7|3, W7 (hdlf life), B2 - ﬁrﬁwﬂ R OloHo}
3 olofok b, Al & AHFH Al B T 7F Q- Th 3 Y
AT RIFFE | W tAs o) Abo], A F 5 mEol| st
AZsAG 378 54 0199 8RIE, S A5 A 2
o SOl gt o A g v 5 Qe AT
& 713 Slek. weba ol el & AL B st Sol ol
£ RN AREAS AL AEst T - 9
ATzl gafe] o] Fo1 2] a1 gl rk(LoPachin &, 2003;
Stierum -, 2005; 71718 %5, 2007). ©] A+ E= 3t toluene}
xylene?] tjAte]] Fojsh= &30 cytochrome P-450(CYP) &
O]/}ﬂi uqoﬂsuﬂa o]dg_;]-o% /\JEHA(;JJJF Eo]/ﬂo] = A(H%
84 mUE R WS 27) 98 A o & Za)sholr)

=84 RUE Y WS Ak g aktoke) #471719)
kg o0 2 thoksl vl o] A|A| X 17 9] o™ (Kamkag} Saito,
2011; Razavi 5, 2011), 0] & o] w4l 2 o] 57 o] thA}g)
SAuel 7182 olskahetl 495l S s
olth, 7o} AL RUE ] o] 5= LA 2%
2700] obe] M3} Bolo] rkn sfriehs S84
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£2 ek 21918, Aei4o) 2t} sto] Sol o] &
71 ol tHLauweryse} Hoet, 1993). < toluene =% - Z Ao
&t AE8HA 2UEHH-E toluene?] TIAMFES] nhzAke)
A =S 578kl BIFtAI R BA) rheAte] s
toluene 2= E4ERE ofU el 5ol webA & 5 e] W)
£ Ho|HE Solyo] Fral H7|= o] Yt

A elA G AbgE = gl e WS
(monocydic aromtic hydrocarbons MAHS) 7| &4 5 &<l 3}
AL o) 54 thatE A<l ytochrome P4S0(CYP) 2] i)
AES Ao d-d e A& A A glycineo] v
glucuronic acid®} 2 3Fato] Wl AlaH(Cohr$} Sokholm, 1979)
merh=4HOgda &, 1977) & 0% v f ). whebA toluene
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7} xyleneol] T =04 BUERHS &0 F nheatolut
vt Wil s S8k Brheka v (e E
2009). 12} mhiARS toluene =& 3} -
=R AR okl Ve WS Eskr A 549
ol ek s EHEE B U7 E 5, 1991).
xﬂi?j TRAEO] FF3HE MAHsA 4%t ol e} 7]
B 7] 84 E ddEdny Ed=4d GHE FuE7
ol 2o SRAREe] TeEA | a3 H I Sl
olA Aget AT S kst vhAtat WiErnhedto] &
toluene} xylene &0l T 3t =3t A 224 2 A gheirt
I & g QAR 7R QRlo) 9% GRFo g o]l
ul-§- =0k B 7= of fth
E}EW o] A= toluene} xylene?] =z oJsto] e
5 (induction) £ K.0]+= CYP2B1/2 EH aa(A7182 8
7§§} 2009)°] th g A EA A FAE o] §ofo] ¥
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AFEARAY E8 7S Fkstaat A4S Alwst
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9] toluene} xyleneol] T2 0 2 w2 H]+= 3 L2ALE,
2 toluen} xylenel ik opu e} 71 et -8 3ot o]
£ wEHA g 9y AR 22AE AP0,
CYP2B129] 591549 F 5 Y= L:%Eé‘ oj9lel = 2

Wk B SR RG 5O JFS WS 5 glonE A
29 ARURE Bolol BA EE B 9l Pk
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1) 37] % toluen¥} xylene & = & CiARAHE: F-4]

toluene} xylene®] +7] & Lt Hma AR A
o172~ (Nationd Indtitute for Occupational Safety and Health,
NIOSH)el| 4] F3 8k &8 A1 (NIOSH, 1996)°1] whe} =
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Table 1. General characteristics of subjects

Vaigbles Exposad workerg(n=225) Control(n=82)

Age(yry 3%6+71 3%0£76
Smoking habit

Nor-smokers n(%) 72(32.0) 23(280)

Smokers, n(%) 23(28.0) 59(72.0)
Drinking habit 54(236)

Non-drinkers, n(%) 14(17.1)

Drinkers, n(%) 172(76.4) 68(82.9)
Working duration(yrs) 09+ 66** 53%53
Working hours 83103 95%+17
*%p<0.01.

Table 2. Concentration of ambient toluene and xylene and its urinary metabolites in subjects

Vaiaoles Exposad workerg(n=225) Control(n=82)
Toluene
Ambient toluene(ppm) 21(0.00-454)
Urinary HA(g/g Cr) 022031 024£0.26
Xylene
Ambient xyleng(ppm) 0.3(0.00-1.23)
Urinay mHA(g/g Cr) Not detected Not detected

Values represents mean=S.D.
Values in parentheses indicate measurement ranges.
HA, hippuric acid; mHA, methyl hippuric acid; g/g Cr, g/g creatinine.

AAFe] 3 57] Aol FATS SHEHAZE FJAAF 3
217 (Persond air sampler, Gillian, USA)E H-2-3}0] A|3]5}9
th T4G3S 02 ml/minC & 8 AJ7F ¢k £ 5 5 G4
75 UEE e R W Rk ek S of o] 3tk
(CS) 1 mlE #7hske] @2 A 7kA T 2 whE 2 3)(CP-
3899 GC/FID, Varian Ltd, USA)Z #4181t} tjApaE 24
& g o dae) A2 A FE 0 Aol AH st Y
AR ARAR kel E5A7) 240 gk
ol nhipAta} WE Ak = 7k g 2 et 72 9] (CP-
3800 GC/FID, Vaian Ltd,, USA)Z o] &5} Cavaho 5-(1991)
o] Wi o] what B4 5 3 creatinine . E KA 3o A
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g ol lymphocytest= Ficoll-Pague AF2] lymphocyte 2] &
kit(Ficoll-Pague, USA)S- ]-8-31q kit A| Z2AFol| A A ke i
of whet Belatieh. A9 2 ocZ skl A A 0%
NaCl) 2 m¢$} Z3Hst 5, lymphocyte 2] 4 A|oF 3 mi-& 17}
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Sk 22432 (2,000 rpmet| 4 303 &<h)ato] lymphocytes<

2]slitt. 2] ¥ lymphooyte -0l 4] lymphocyte ©] <] 2] &
g AANT7] Sste] A=A AFE H7tste] 94
2](1,000 rpm) 332 homogenizer S o] §-3F0] T A17] ThE,
w2 7 ey o 8| Hk-g-of o] 231t

3 A A

Dot biot kitell Millipore AHBedford, MA, USA)2] Immobilon-P
nitrocdllulose membranes: 215k T, 2] ¥ lymphocyte=:
dot blot kite'] loading(6 1ig) 3+ 5 4C oA 24 A7k B0k AR A
7 Immobilon-P nitrocdlulose membranee]] THH A & ATHA| A
t}. W ol 84 2A 2 TROPIX AHBedford, MA, USA) 9]
Western Light-Plus™ kitg- o]-g-3}o] #| Z2AFe)| A Akst Wi
o whz} A A8} T} Immobilon-P nitroodllulose membrane]]
W Zo] ARE A & F-4-2 blocking buffers AL-§-3to]
blocking A]7] %, PBS buffer2 2 ojuj 17 CYP2B12 5 ¢ &4
off thst UMY 8|S blocking bufferel] 34147
Al 2-of| A 2 A|7E 5QF HEE-A1 7] T, weshing buffer=. 41| %]
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Fig. 1. Dot immunoblot assay for rat liver
microsomes induced with phenobarbital and
human lymphocytes utilizing mouse monoclonal
anti-rat CYP2B1/2 antibody.

319} 22} v o3 A w52 dlkaline phosphatase? | conjugation
=l goat anti-mouse antibody = blocking buffers]] 3] 415t o2, 41
oA 1 A7 50k HE-S-A] 7] 17 washing buffer S ©] 8316 A
2% - chemiluminesoent 7] 3} WH3-A171 Th, xeray filmel
=EAA vERt SN 9] =5 Densitometer (Hitach,
Japan)E o] &3] ZH et TEHFEFA | o5}l
CYP2B12-5 9] 5.4 9] 9ha5 AH=3l St thFg. 1).

HAFEA

AT AT o] )3k AL = Vason 1201 PSS £ L2 1%
(SPSSInc, USA)S o] g-ate] 4 al9ict. Adxtgof tiet
7143 7172 Kolmogrov-Smimov test 2, =% 73} t] 277}
O] ) tHed, 1 Q1A 58 At Ha} BFHA}

2 YEh Sl
. A7
CE T ol g Ak 35649} 3BOA =

A
T T3k Aol QIS w 3T Ul 2T UidA T Stk
= 68.0%(153') 9} 72006(59'8), SFA = 7k2) 76.4%(172'8)
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Fig. 2. Levels of CYP2B1/2 isozyme in lymphocytes
of human exposed with toluene and xylene by dot
immunoblot assay.

A
o5 Ho|X| &= okt F 7 H 253 Y
0299166 vs 531534, p<0.01) §HH, 1
)2t 4] Borth(83+03vs 95+ 17, p<O0l). =&
AFgo] =E2H]E G711 8A1E 28t EA st A3} v
Fo EAT AEH o F 2 toluene} xylenedl] =E 5 11
SAh Toluene?] 84t =255 += 21 pom(H 91: 000-4.54)
o] 1L o] F tAAtell §lojA] toluene] thARFES] rhAt
o] w4 22 022031 g/g aredtinine® 7 =7 ] 3l t}. Xylene
O] Hit &= 03ppm(H9): 000-1.23)0] 91 3L TS
QA WEnpeAbe] v g A& ekopt. 2t ol gt
o A4, AW F rheAke] Bt s ke 0.24£0.26 glg
credinne®. 2 S 0] ET Hrh thh B2 wjd S B
Aot 7 77 frof gt Afol= Gl T Wi vk HEY]
A] okt

CYP2B12 F 9 akhdl Aeld Eo]d& Hole
phenobarbitd 2 569 3t 17 2] microsomesS £5724 2 31
(Fig. 1) a1 ehiAFAke] 85 lymphooyteoll A -7 5% CYP2BL2
F9 g A0 kS 384 (Chemiluminecsence)of] < &
Dot blotE A A st A3}, o] 27-9] 1.80 ng(Arbitrary unit) .t}
=Z 7041 (2.33 ng Arbitrary unit) 2] 3 S71S B9t}
(p<0.05)(Fig. 2).
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Solda Ae s 7= A el s 2, 28 7
gpots}y] 93k B2 o 7 CYP2BYR WA EA] WY akA|
o] gato] Zgstury. 1 A¥, wE T th2Tt AR
2ol A toluene} xylene®] tiAMAEQ] rhpAba) WEnhi
Abe] wj g 7 Afol & Kol A] okgkont tj )
g AR E o lymphooytesoll 4 CYP2BL2 591 a4
o =7} frelstAl Wttt Toluenet xylenet st of1] 2}
MAHsA =22 525t QA EE AA A9 2 ujdHch
o] 5 £ o] thae] QlolA] CYPS thata}A o] wl A& T
of #oito] benzene 18] ol Eol QL= methyl7] & ARSI
- (hydroxylaion)& &3l T8 =4 = tAbHE A)7]= 24
7g ol koI 3} a1 (Arlien-Sdborg, 2000), 0] 2} o] WA Q1 A}
&5 2 AAs= whrlolth Lugl Cedarbaum(2008)S MAHSs
Al S8 23 AR £ 0] Akl CYPEL2 59 84
7} ofstrtar S441.oH, Foyo} Schaz(2004)= CYP2B12 &
Jasrr Al 48 Welvky a1} 17] 83 5174
5}(2009)+= toluene} xylenedl] = A171 213 2] microsomes]]
A CYP2B12¢} CYP2EIR B9 &40 H s gl on,
toluene¥} xylene T K T} S35t 2 4@ CYP2B12 59
G40 FE7F @A sttt BEsk CYPE -3) 3het
EX] ERE o2l <d(DeMarini, 2004), & (Elovaara
2007) 3 71 R1(Chung 5, 1998) “5-2] tiAkel k= o= 2l
o= d#A glom, 914 =4 (exogenous substances) Rt
ohuj2} 1919 &7 (endogenous substances) Q) A A, A H 2
o] = 4l prostaglandine -] thAlel| = ¥ dHoH(Omura 5,
1993). CYPE= 718, 9, 2178, ¥, e 2 F o) 5 A 2] At
291 713 Ee Tzé}ﬂ 10w, flel|A] %@5’401“
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x] /Htﬁ U] o]l Lo r% ECYPH]—@]J/} ]%8 ;(]_
NEENL‘ﬂ&ﬂlﬁ %aﬂﬂt1ﬁamm

] 21 04;8 SJperfamlIyA ER Eﬂ"‘oﬂ O] EE]—(NeIg)n
5, 2004). mhebA o] 1] 1—t— /‘<1 = toluene} xylenee]] vt
AR wEH = 2} ol 54 Bk op g} 7] e
et REHA] g 2T tdAE AAste] Eo
lymphocytesll A CYP2BL2 &9 8420 128 57d% At
e SR ek e E T DA CYPBIR
f ‘:7} SAHSE FotA SRS E]lEksith
7P CYPHHI Fre d&S Z Fole 5, o7 ¢
FUA kg T2 A7} Gl el ol s AdE
19l 2L toluene} xylene®] %2 ¢15}0] CYP2BL2 £9
A7 Y Ao g gk ek AF T2 toluened}
xyleneol| WA A © 2 w & ¥ ZEAE Y] wF AR v}
AR} w R ek ko] v d go] a2 v} Afo] & HolA] o
=4 CYPBLR2 59 &40 57 205 Bl A1
AN LA HAGA E o] &3t o] e} Folo]

—m 1301'

Lo QEIA A FTEAZ O L 7FsA o] 9SS HolF
Axet AYzbact ey o A5-2) A3 7] 3 toluene
I} xylene®] ol thet Aoty ARz FEe7] flalA
T eE2TE st nE CYPE a4l % wste}
A9 3ol ojgt 3717} o] Fol Aok 7o 47,

V.4 &

o] A= CYP2BL2 T M| EA WA g4 S o] &3l
toluene¥} xylene =% = A9 &9 lymphocytesel| 4]
CYPBIR &9l axrl] ¥y Y8 S4sto] =55 F7HE
T U AEE A=A A4S et &8 7 A

B7ketazt skt 1 A, vyt ARG e E T
ﬂ%%x}oﬂ/‘i CYP2B12 54| J&;J Tt AR R 79
Al S7H & skt =E I v th Aol A
CYP2BL2 59 .42 & o] O*%% =T 22% A, =T
S ok T Aot gl Aol M =2 2EA
oA CYP2BL2 53 a9 & T7H= toluened} xylene i+
=0l ost Azt bt ol A= 7 o] o] 2
+ CYP suparfamily®] 714 So|d& o] &-sfo] thakst £+
o f718A el ez e ZEAE wE Bl e A=
A A REAZA Y B8 7S B A 0E Y7t
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