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Benzene is known as a ubiquitous air pollutant and has a carcinogenic influence on the human body. Benzene is also
metabolized to other volatile organic compounds (VOCs) in the body such as phenol and hydroquinone (HQ). The
metabolites are accumulated and further oxidized by myeloperoxidase in bone marrow. They act as toxic agents and
cause a variety of diseases, including cancer, atopic dermatitis and asthma. In this study, we examined the effects of
benzene and its metabolites on proliferation, differentiation and chemotaxis of EoL-1 cells, the human eosinophilic
leukemia cell line. These chemicals had no effect on the proliferation of EoL-1 cells. Benzene decreased the differentiation
of EoL-1 cells induced by butyric acid. HQ was induced the cell death during butyric acid-induced EoL-1 cell
differentiation. In a chemotaxis experiment, benzene, phenol and HQ enhanced the cell migration induced by Lkn-1 but
not by MCP-1, eotaxin, MIP-1a and RANTES. These findings provide the effect of VOCs on the regulation of

eosinophil-involved immune response.
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iAol st Eopola ol o]lgxm ¢
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(hydroquinone) 522 tAlET) o] EAES FA3)
o 34 F713EE (volatile organic compounds, VOCs)
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HA (Golding and Watson, 1999; Synder, 2002). =3}
stol =2 F=-2 wlalo] AujelA] Absts]o] whaggh wixl

Al 2010 89 239 / A Y: 2010 99 149

A 20104 99 174

*Corresponding author: In Sik Kim, Department of Biomedical Laboratory
Science School of Medicine, Eulji University 143-5, Yeuongdu-dong,
Jung-gu Dagjeon 301-746, Korea.

Tel: +82-42-259-1753, Fax: +82-42-259-1759

e-mail: orientree@eulji.ackr

K owe rir

o] diahabgEA Az FRAcEZE A9 Hl&shvd
Z}zke] Wukgoa] BolFor A8t Hizd 3o
2= 4 Fd FHHY FFAEY ISE
4= (myeloperoxidase)°ll 9|3l &A33t HiL, o] A W
DNA &4 2 W9g X9 AEIAE FEsid &4
AbA%F (reactive oxygen species, ROS)S st F&t
2% Aotk (Li et al, 1997; Schlosser and Kalf, 1989;
Schrenk et al,, 1996). HZo] = Ao Fodals AE
oA wlAl 2 WAl diAPHEe] EE ATeka AR
of f 7o) 4% dETe] B BAE FHots)
71l &g AAolrt

FAE A EENHE R R ael g
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gt} (Broxmeyer, 2001; Lee and Kim, 2010). 8% 292
37T o] S 3 F7]A D ¥A (major basic protein,
MBP), Z4H43 #3338l &4 (eosinophil peroxidase, EPO)
o 2 Bo] Bgudiidolt &44aFe |3y
95 el i Fo g AT AAA HE 23]
HFUEE o I3 AHE 2 s1A Eo) (Elsner
and Kapp, 1999; Rothenberg and Hogan, 2006). =3+ 4| ¥ 9]
AT FAAQ0 H9e A F43% rde
22X, ek 2 YA A& AX29 B3 A=
ot Fod vis MEZ EAEA g3 22
AE FrEdti o voprt b 7oz Helg o
S H= F8 d1o] "} (Synder, 2002).

B d7E AR A 98y AESFQ Eol-1 Al

g o83t WS Aol Tk WAl AAle] AL
EQ HE, Sol=29)=) WYy adE dolugit)

M=z N 2
NIZ

A 3274 WE8Y AMEFQ Bol-l AE (Riken
cell bank, Tsukuba, Japan)= 10% AEjo}83 (fetal bovine
serum, FBS), 100 Uml®] HYA¥, 100 pgmle] 2EHE
wlo] Al (Life technologies, Inc., Gaithersburg, MD)o] ¥3H%l
RPMI 1640 ¥lX] (Life technologies, Inc.)oll A ¥ 9Fa}gich.
AXEE 37T, 5% CO, 2R wjI3Igith

Hidlal WH CHARMES] MIZ 54 R Eol-1 MZ2| 34
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EoL-1 AlEo|A w4, =, Sfo|=2F=o] AX 5
4 R S #AF=R] U] 98 MIT S
(Roche, Penzberg, Germany)2 ©]-8-33c}. A ¥ & 5x10*
cells/100 o] T2 WG] F-5-31 96 well plated]
5 og s 759 94, v, sol=2d=
0.1~50 M) 24Xt B AHISIRL °o]F MTT
(3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide)
|9& 10 pl A7 37T, 5% CO, ¥Wg7IoA 4A17F
< HjF o 100 pie} MIT €3S F7t=2 Hulet
ok 37T, 5% CO, viF7INA 31 Bt U o
550 nmol A SHE=S A3}

EolL-1 MZ9| &3 R

EoL-1 A ¥ 0.5 mM¢] 54} (butyric acid) (Sigma,

St. Loise, MO)S 128 3¢t A&ZH o2 Al £3&
=393, A4, s, S22 = (sigma) X7 T+
50 yM9] FEZ Hehild Al 129 B Ao
23 129 A, 74 49 Z) HoGl= F AL FE S
At NE FAEL IASG L, AxY Fedty &
ZE 93l AXYAHE o83t &Etol=o] FFA
T} Wright &4 (Muto pure chemicals Co., Ltd., Tokyo,
Japan)& AAEST. GG &Etol=t Fth Bt
(Junsei Chemical Co., Ltd., Tokyo, Japan)2. 2 3-913%F v}
dn|F oz 3o AE W EAtke TX9 FE 5
At 3 A T AL 100719 AXNA e
TX FE 54 grlsisith

EoL-1 MX2| FF2&

AX] FFE5L 48-well vlo]A 28 (Neuroprobe,
Gaithersburg, MD)& AH8-3131t}. olei%9] 7919 well
o]+ Lkn-1/CCL15 (100 ng/ml), MCP-1/CCL2 (10 ng/ml),
eotaxin/CCL11 (100 ng/ml), MIP-1/CCL3 (100 ng/ml),
RANTES/CCLS (100 ng/ml) (R&D Systems, Minneapolis,

< 28 pE AYE F 8 ym I719 7Yl Y&
polyvinylpyrrolidone ¥ (Neuroprobe)E I 9ol &9t}
e =2 yH 249 (fibronectin) (sigma)S 100 pg/ml=
X335 RPMI 1640 vliX]o]l W31 4TolA 315 52 #E)
FHE ANASRY § & 99 welldl= 1% 283
&5La] (bovine serum albumin, BSA)¥ 30 mM HEPESE
¥35H= RPMI 1640 HlA]o] 5X10° cellsml®] F=2 F-
FAA L Bol-1 AEE 50 ¥ APk 1 F 37C
ol 227k B F "E S w2 AASY 9%
Edo] RA5o] gl NEES U ooz AAS}
Pt AFA7) 9 22 e 233 F Diff-Quick
(Baxter, McGaw Park, IL)2.2 F3L 33ty Z welldll
#Fste de o FHoiA FAYR e F 79
F$E AEsl Axiovert 25 (Carl Zeiss, Jena, Germany)}
Visus ©]5)X] £24] (Foresthill Products, Foresthill, CA)Z
o] &3] MXe] & AT

4 =
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=2 Aeslsle | Eol-l AXE

o] FAlf %‘f‘z}a F7 m}ﬂ (Fig. 1). 3lo|=E2HE=L
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Fig. 1. The cytotoxic effects of benzene, phenol and hydro-
quinone on EoL-1 cells. EoL -1 cells were incubated with benzene
(Ben), phenol (Phe} and hydroquinone (HQ) at concentrations of
0.1~50 pM for 24 h. The survival rates were then measured by a
MTT assay. The data are expressed as the relative ratio to the
absorbance of the untreated EoL-1 cells (Con), which was set at
100%. The data are expressed as the means = SEM. of three
independent experiments.
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Fig. 2. The effects of benzene, phenol and hydroquinone on
butyric acid-induced EoL-1 cell differentiation. EoL-1 cells were
treated without and with 0.5 mM butyric acid (Buty) and 50 pM
of benzene (Ben), phenol (Phe) and hydroquinone (HQ) for 12
days. The cells were cytospined and were stained with Wright stain
for observation of morphological change. The number of vacuoles
per cell was determined by counting at least 100 cells (A). The
data are expressed as the means = SEM. of two independent
experiments. Photograph of differentiated cells (<400) (B).
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9] GAMIES0] BoL-1 A ¥} A %5,} AEZ 235t
A ol AL Fl=x welslazt 6}"”“—% Eol-1

AZe 129 B¢ e ﬂﬂo} 37t
ATE B3y Y3 AE YolA ~7}5L TE
£} (Lee ande 2010; Wong et al., 1999). =L
2 Fepbo] o FEHE Bol-1 A% E3})
A I AR 1}% 235 s #3E
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Fig. 3. The effects of benzene, phenol and hydroquinone on the proliferation of EoL-1 cells during cell differentiation. EoL-! cells
wete treated with 0.5 mM of butyric acid (A) or were treated without and with 0.5 mM of butyric acid (Buty) and 50 uM of benzene (Ben),
phenol (Phe) and hydroquinone (HQ) for 12 days (B). After 12 days, the proliferation of EoL-1 cells was determined based on the trypan
blue exclusion test. The data are expressed as the means & S.E.M. of two independent experiments and are presented in relation to the

control (Con) or butyric acid (Buty), which was set at 100%.

3, Hgbadel] ) F718 AXE W) FE 51 A &
ol=EF = J AdAE v FEel M= WiE
HolX gk, 2L slol=2 e o3 &9 A
W X FE AZY £3 A4 dgie] ohg £}
TEH7] A AL F3ol 3 AE o T¥7} A=
A g9tk A& 898 F AN Fig.2).

Eol-1 AMl=2| Z2kiy Foff HHD HH AKES0] Al
E2| A0fl nixl= &3

Eol-1 MXo| ¥ehike 128 B¢t Ase B3 &
=35oH, Bol-1 AEe 23 FE 12949 AX &
7t @A ZATE BT Fig 3A). =T 4 Ed
o ¥3} o] A dojun =R setstazt
AE Y X 5 2 A4 AX &= 31t v
Rebio] o8 F-E9 BoL-1 AXE2] B3l g
2AE HYAW e vV E AE ol 2 9
38 RolA| gyt (Fig. 3B). 2, Slo|=g2H= A
2 T2 EoL-1 X9 £3} kol dagle] AX 57}
A5 789t} (Fig 3B). Fig. 1914 BoiFE AxA
7} 4L BoL-1 AIX9] S0 A9 Fojaix] FokAL
o=z = AS AEo] A7 =& YL W,
B3E FEshe A4 AX 471 A8t

A=l ol RES|= EoL-1 MES| SESS0IM
WA} WH CIAARES| &}

ARFIIN AT AZS FFLF2 A Bukg
M Fag 71des gt E AFHNE EoL-1 Al
2o FFETol WAl WA APEES] AT o8
watsheA] glstnat 7t BdE Ad g gUd

ARFRRI 28 AL o5 F7E HASIT 42t
AR o8] olFe] F7Id s HAFRE
o, Lkn-19] 98} 55+ Bol-1 AZY 45258 Wl
A, HE, stol=2F=o] f FTHIIE A& I]lER
t} (Fig. 4A). 3HAITE WA, ¥, dlo]=273=2 MCP-l,
eotaxin, MIP-1a, RANTESY ti&t Al X9 §F5de
A& ggko] glActh (Fig. 4B-E).
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WAl 2 il gAREE]] HiE, Slol=2F e Q12
o] BEFA NN 3ol AAF] JobM TP wo
F71SRER, A9 98 M |F
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S T4 Y HEtES ¢, 95 28 5 o

—

(Bernstein et al., 2008; Synder, 2002).

B Aol ME dAlg wiAle] giabEe] ofs 2
T AE A8 F 4] Fgel BAE e A
tis] Lolr iz} sl Aol #EE AoRE vy
FAEAY 9EY, A4 9 oA HRgs) 2 4
A4 A% o] Ut} (Gotlib et al, 2004; Teran, 2000). -4
A dAe] gaEe] o ¢ §2 7139 7be
& Fotstat Alge] Akt WEy A ¥E<] Eol-1
AEZE o83l A4¥S AW Bol-1 AFEE S5
2 AERA vdse AxolAul e A5 s
ety oz} J5H 08 A4 AT FAHA
3], Ao N BEy Az B3ht o 34
4 AE] BERS BAsted 783 Aot (Mayumi,
1992). E ATAE EoL-1 MX&] ZF2l3 Bl wal
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(Lee et al,, 2009; Saito, 1985). =3 Fe)at=lel Wz
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Fig. 4. The effects of benzene, phenol and hydroquinone
on the chemokine-induced EoL-1 cell migration. After
EoL-1 cells were treated without or with 50 pM of benzene
(Ben), phenol (Phe) and hydroquinone (HQ) for 1 h, EoL-1
cells were stimulated with 100 ng/ml of Lkn-1 (A), eotaxin
(C), MIP-10 (D) or RANTES (E), or 10 ng/ml of MCP-1 (B)
in a 48-well microchamber and were allowed to migrate for
2 h. The number of cells that migrated was counted. The data
are expressed as the means + SEM. of three independent
experiments and are presented in relation to the control (Con),
which was set at 100%.

I 98-S vERATH (shihara et al, 2007). v, Hl
Fetitel o] fexe oled W3 F AlE U IX
2| F7He gAY (Fig. 2). ©] 2= diAle] w4
& AE] T FFE RolR FA, FYHA £
3t 9 A S waste] o 24 71dT wigle] Ag
o] R AV Yvke AL vt #HE2 Eol-l
Aol Eald o}lF 9gS FA EIAN, Jjol=m
HA=d B3 o Fo dHgle] 129 B¢ AN E 9

EEe] Ax7t So7te A& 898 4 AT (Fig
2B$} Fig. 3B). EoL-1 A ¥9]| 3lo|=2F=& A2g %
TIARE AA AE 9 oF 35% = Fadhs A&
A|ZO 2 (data not shown), | F AEFHO R Axe| F&
o] AP TAT= LelAL EFWHEH H79
o] 7)1 F83 I&E dH= Mol (Weller, 1991).
e A4 ol AFAES] HZ o7 Qs AE
F7F BEIA HE A= Agubey oA, st
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W Auss F9e shAsh sivel wUAzRY A
AAQ BARES FEshA RN Wol F10e o]

T HEA, CC AR TEA 1, 39 AF3S
IFT, 3, 97, 92T T URE 9gTe] o
< F7MZ1Y (Coulin et al., 1997; Youn et al, 1997).
EoL-1 A|E£% Lkn-19] 98t {750l S7ished
(Lee et al, 2009), #l5l, #H&, sol=2F=o] <J3)A
Lin-19] 9]% EoL-1 Al29] o]Fo] o &7t} (Fig.
4). WA Hale] grrES HEd sol=rH=e
ol AFAME Alo|EFRIoIY HAZFZEHY AYrke
F7HIA 57U 34T 5 AIAEY olF H HF
& e s @3NS g d3Aiks Bas)
AT} (Kolachana et al., 1993; Lee et al., 2002; Macedo et al.,
2006). =3 Lkn-12 A0 55 (sarcoidosis) ¥ 22 o]
U B, A2 T AgA FUrska, o] ARl
77t SAT] A3l 3AMY] B4 H olF S %
Agrtar d#A ATt (Arakelyan et al., 2009; Haringman,
2006; Teran, 2000). ©] A#-E T3 WA, HE, sloj==
AeL Lkor10] 2Hgah= Aghe] & 7™ J3FE v
A uE o 23] 24 2 oglE 2 & o A
£ ¢ 5 gt

B delA gagt vlel Zol, dialag WA AMEE
¢ HiE, SO|=2 A= Bol-l A9 F4], B3l o]%
o 47z th2A Ag-gtt) olz3 Auh= WAl x=&F
Aut ®Alo]l Adlel FAE dge dAiES A
s H9, AU AEERge] o 7)o Fgste] A
2 Wy 2dE WElsta, s A9 fiol] ol
g Aoz A7tk doz 7k B4 tis) BoL-1 A ¥
A FAHA F871d & A wals s
S BEY 9 A A A3y 71 a7 ¢
Aol F8& AoE AlmHT:

zAel 2
o] &2 2009d% A AHATFH] (EIRG-
09-002-11E31) ALl o]t $=3¢ A<,
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