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Influence of Chronic Low-Level Exposure to Toluene on Cell-Mediated Immunity

SeungHee Jang © Yun-Jung Choi - Ki-Woong Kim*

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: This study aimed to evaluate the effects of low-level exposure to toluene on T lymphocytes subpopulations.s.

Methods: The study lasted from April to October 2010. The subjects were 390 male workers, among whom 137 were chronically
exposed to toluene in video-tape manufacturing factories and 253 were controls had never been occupationally exposed to
hazardous chemicals. The subpoupulations of CD4+, CD8+, CD16+(Natural killer cells) and total(CD3+) T lymphocytes were
examined by two-color staining using monoclonal antibodies. The general and job characteristics of subjects were assessed

through a self-administered questionnaire.

Results: There was no significant difference in general and job characteristics between both groups. No significant difference in
lipid peroxide level was observed between the control and exposed workers, but the concentration of hydrogen peroxide was
significantly higher in the exposed workers. The numbers of CD16+ T lymphocytes in controls were significantly higher than
those in exposed workers, but no significant differences were found in CD4+, CD8+ and CD3+ T lymphocytes. Hydrogen
peroxide levels showed a significantly negative correlation with CD8+(r = -0.29, p < 0.01), CD16+(r = -0.56, p < 0.01) and
CD3+(r =-0.22. p <0.01), and toluene levels was significantly negative correlated with CD3+(r =-0.29, p <0.05).

Conclusions: Our results suggest that chronic low-level exposure to toluene affects cell-mediated immunity and the effects might
mediate through ROSs(Reactive Oxygen Species) such as hydrogen peroxide.

Key words : Toluene, T lymphocytes subpopulations, ROSs, Workers
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bon, MAN)A| 22 2A L&, =, #HQIE, 157, 2}
Al 4 stetay AEFdE o8 de| AMEIL gtk
(IPCS, 1985).
35719t HRE Fote] 5 A olEE(Xe-
nobiotics) THAFE A1 Cytochrome P-450(CYP)2] Zuj]
HE3-oll oJato] Benzoic Acid(BA)E AY/J5taL, BA= gly-
cine?} ZFHE2{(Conjugation)S F5}0] ulicAHHippuric
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ATtHFoo et al., 1990; Sarma et al., 2006;
Sarma et al,, 2011). EZelo] ojgt AY=HL B2l
Aol S YR AR ARGl A] A4 E
2dstE A A9 foMEE &, 540 Epo-
xides, Semi-Quinone | W ZAJ A4 (Reactive Oxygen
Species, ROSs) 5ol 9J3le] GErEIthMattia et al.,
1991; Murata et al., 1999). Human promyelocytic leuke-

mia HL-60 cell line®]] Benzene, Toluene ¥ o-xylene %
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& Folgt 43 ROSs B4 =9 & W3t= U
A ooy Folw: OJEA o8 ROSsO| 5715 B
%13L(Sarma et al., 2011), S-S 2 ofeHE4 9
EHA S thRtED A s SR =&
F L2 Ao A MDA(Malondialdehyde) 5 =7} 5-2]5}
Al E=%em DNA E4% 2 A o= YTt Moro
et al., 2012). ROSs A|# of To]d}= & A (Scavenger
Enzymes)?] Glutathione-Linked G477} 9] &2
ste] BA=7E AAlF 2 A AU ROSsO| A4
2 7M7) Ylo] EtKTabatabaie & Floyd, 1996).
ROSs+=  Ad ARy A 3pAkeek-g(Lipid
peroxidation)2 F35to] XA Q| A-5AteHE FXIAA
A2 o] AYut chael] FFE 2T EE, Al
gl SiAE S 2R A E A Macromolecules) 2}
THATE soto] AlTdgAA U /3= (Home-
ostasis)of S Zefsto] AU 54S FUTTHBe-
choua et al., 1999; Garg & Aggarwal, 2002; Moro et
al,, 2012). 12U} AAA Q1 A= S A8
{13 A7o] Al2"E 7FA|AL QleK(Cabral, 2005). £,
7t} oo £A5}+= Superoxide Dismutase(SOD)+=
Hkg-Ao] 2 0,5 H,0,2 9 A3k &8l (McCord
& Fridovic, 1969) o2 7] A E H,0,= Glutathione
Peroxidase2} Catalase =i 2Jsfj4] E3l|=|o] Free Radi-
cal} #AFSHR]) 2 (Lipid Peroxide, LPO)2] Z2]of 9%t
Al EtE AL Aol EAshe 2=ke] ROSs
= TFAEA 9@ HA &S Z2efiSh=tl, Allan et
al.(1987)°] ©J3}H Lymphocyte Subpopulations®] <=4}
< H0:9F -2 ROSs 9| w0 o&Est A 59
H,0,+= CD8+cytotoxic T lymphocyte]l, 11 5=2] H,0,
+= CD4+helper T lymphocyte2} 1gG2] A4S A3
2ol
ohe W sehE o) 1B e ROSsO) A4S %7
AlA W75l FeFs v 7HsAdo] 7] o
L2408 W2 A7b Hasir)

o] A= O] lFo] Al Heo oju3t
Fo HA=AE Bzt siglen, O 5 A sk
Ao FHgHo R wEEE 2RAE HoR &
O] = FEet AN Ao A E]
Hydrogen Peroxide®} AR 5 & =%5}o]
Hxz L ol THT lymphocytes sub- populations)Ql
CD4+, CD8+, CD3+ % NK cell#}9] #HAS XA}
sheict.
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Aw 3G b AR 224 23S dage
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dHog Jog sk TRANAA FoIME W
i AFE Ykt

DEFAY &5 5E 9D =T vhe i) BT

Az A BAL vREYAARAATA
(National Institute for Occupational Safety and Health,
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2) €A 2] Hydrogen Peroxide 2} A4S A] 4 5=
d3 Hydrogen Peroxide(HP)S] wX+= Choi &
Yu(1995)2] WS tha ¥HEPsto] SA33Uth HPL
&%+ 0.4 M potassium phosphate buffer(pH 7.4), 0.1
M MgCl,, 0.2 M nicotinamide, 50 mM NaN;, 60 mM
NADPHE 717} 33 nLe} 8% 34.8 L& &3k th&
SHTE 333 pL7t =5 F7sto], 37°Col A 154
7F HE-&-A]7]31 1.2 M trichloroacetic acid 1.0 mLS &

7HeE &, 4d22](3,000 rpm, 10 FehdtaL 45
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B & S
2 F3le], 217k 500 pLe] 10 mM ferrous ammonium 55 Soh3dto] Al AJA 3L pelleto]] PBS 2 mL&
sulfate@} 2.5 M KSCN H7}5la1 1087F Al2ojA] = =
A% o2, &8 =A(Beckman DU 650, USA)E ©]-& L) A1A flow cytometer2 =3}
sho] 480 nmol M EHEES 25k BEFT A
o olgste] WS =AU BASALLipid 4 AR EA
peroxide ,LPO)2] TS Yagi(1987) o] ©J1e] TBA Aol gt AR SPSS BAmE 1w
(Thiobarbituric Acid)' &2 Z4s}¢lch -3 &8 (Version 12.1, SPSS Inc., USA)S o]-&3}o] AA5k3ct.
8.1% SDS 200 uLe} &% 100 LS &3t 3, 20%  RE 2no] ZAZRe HILEEHAE BABIT,

[e]

700 xgoll Al 1027 A4lEe]stal F3d = A (Beck-

A

al
=

= = il
acetic acid 1.5 mL& 7}3}o] gt &3}shgich 18 testE AA|Ete] AFL7F Yuld EA 9 25 EX
1.2% TBA N2 1.0 mLA 7}k 100°C 3F-24=%0f o] z}o|= ®Bekow, QIAE 7o) Al TA= Pear-
A 3087 AT A AeolA WANZ T, son's ATHEAS Esto] Ao
man DU 650, USA)E ©]8-3}0] 532 nmoj|A] T4 == 1L o171z 1}
& ol-&sto] BitetA| A 9
1 471 CHANRLS| UhE| S
% 2y a0 HadyS 382 + 7.59} 36.8 +
18 mouse IgG1-FITC/mouse IgG1-PE(ne- 6.84], SAR= 55.7%(14178)2} 59.9%(82H) S, =

gative control), anti-T4(CD4-FITC /anti-T8(CDS8-PE), FA= 7H7F 88.9%(2257)%} 83.2%(114%) 2 F 27+
anti-T3(CD3-FITC)/anti-3G8(CD16+ CD36-PE) & o+ Lol zJo|E Holx| ity TLHL o RTof A
MZAJHAISIA| S 0]-83}o] Flow cytometry(XL Coulter 98.9 + 35.87|¢Y, =0l A= 108 + 45.6¥0]g] o,

ge o,

Epics, Coulter Co, Florida, USA)Z =734t} o o =&5to] 1Y ZPA| 7S 2+2F 9.1 + 2,03}
Al Ak 2o AN FA ] AE 100 uLs 8.9 +£ 23 AZtomA £ 7 LRI 1Y AFAIZE
58 0|4 152 5o howbation A7k, ] Aol Gtk wE RO B BRedEEs
I %, 5145 FACS lysing £ 2 mL& Z+2k9] A] 6.17 £ 425 ppmo. 2 2yt 1Y A7 =&V &
=ol H7ste] AAs] ERdRt thy, of 78 3ollAl 10 (50 ppm) 9] 1/8 A =2] A Fiof =5l gllon
71 incubation AIZITh ARE YHE000 pm,  cEEe] A BRo] A%HA ek Eik, B2

Table 1. General characteristics of study subjects

Variables Control group(n = 253) Exposed group(n = 137)
Age(years) 382+ 75 36.8 + 6.8
Smoking habit
Non-smokers, n(%) 112(44.3%) 55(40.1%)
Smokers, n(%) 141(55.7%) 82(59.9%)
Drinking habit

Non-drinkers 28(11.1%) 23(16.8%)
Drinkers 225(88.9%) 114(83.2%)
Working duration(month) 98.9 + 358 108 + 45.6
Working hours(per day) 9.1 £2.0 89 +£23
Exposure level of toluene(ppm)” - 6.17 £ 4.25
Urinary hippuric acid(g/g creatinine)* 0.24 + 0.26 0.51 £ 0.37

* . Threshold limit value-time weight average of toluene is 50 ppm
: Biological exposure index of hippuric acid is 2.5 g/g creatinine
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SISES|
o] hAHHES HAL w2204 051 + 037 gl
creatinine®| ¢l oW, TR A= 024 £ 026 g/g
creatinine 2 ZA E|o] F 7o zpolE RIE 4=

Q1 ¢l tH(Table 1).

p<0.05 m Exposed m Unexposed
45

42

35

29

25 73 22

15 + L

0.5 —

Hydrogen peroxide Lipid peroxide
Figure 1. Concentrations of hydrogen peroxide and lipid peroxide
in subjects. HP, hydrogen peroxide(Unit: nmol/mg

protein); LPO, lipid peroxide(Unit: nmol/mL serum)

Table 2. Concentrations of lymphocytes subpopulations in subjects

Controled group Exposed group

(n = 253) (n = 137)
T lymphocytes(per mm® whole blood)
CD4+ 1066.4 + 198.6 11455 + 318.8
CDg+ 900.4 + 229.2 795.7 + 237.0
CD4+/CD8+ 1.18 + 0.87 1.44 + 1.35
CD3+ 1836.4 + 314.8 1724.0 = 499.5
NK cell* 650.0 + 247.3 120.6 + 160.1

T Significantly different between unexposed and exposed
workers, p < 0.01

Sk EFU 20| MEYHA T[S0 0|X|= I 269

2. Hydrogen peroxide2} Z}ATSIX| &l s

L30T 2t 22X HP 9 LPOY] 5&&
Figure 19 YERItE =79 HP 5= 42 +
0.8 nmol/mg protein©. 2 ) Z2] 2.9 + 0.6 nmol/mg
protein 2t} FAZACZ  FOSHA  FUTHpP<0.05).
LPOQ] Er = LEofA] 2.3 £ 0.8 nmol/mg protein
0]%1al Fo A= 2.2 £ 0.4 nmol/mg protein & 2
ZHeel £ 27 Aol wolx Ytk

3. T Lymphocytes subpopulation?| 5T 2} 2} HiLE

Zhe| AR

Lymphocytes subpopulation®] =7 Z1}+= Table 2
of Uehlel. 2wy} =& CD4+see 242
1066.4 = 198.63} 1145.5 + 318.8 per mm’ whole blood
o]lom, CD8++= 900.4 + 22929} 795.7 + 237.0 per
mm’ whole blood, CD3++= 1836.4 + 314.8%} 1724.0 +
499.5 per mm’ whole blood2 ZA %o} & Z7ko] &
OIFt Apol= flEh 22U NK celld] Fes mEt
oA 120.6 + 160.1 per mm’ whole bloodZ Tt
(650.0 + 247.3 per mm’ whole blood)®.t} EA 4o &
o3t s EATHp<0.01).

T lymphocytes subpopulation®] 5%, EFd9 =
S5, HP 2 LPOZE Al S 243 21}, CD4+
L CD3+(1=0.355, p<0.01)2} NK cell(r=-0.22, p<0.01),
CD8+= HP(=027, p<0.0)S} CD3+= HP(—0.22,
p<0.01)9} EFM(=-0.29, p<0.05), NK cell> HP
(=-0.56, p<0.01) 12]7 E=qlo] w20} TA
AHEQl HAE r=0.78(p<0.01)9] AJHUAIE 2tk
(Table 3).

Table 3. Pearson's correlation coefficients adjusted age, smoking and drinking between lymphocytes subpopulations and ROS with

exposure level of toluene

CD4+ CD8+ CD3+ NK cell’ HP* LPO! Toluene

CD4+
CD8+ 0.13
CD3+ 035 0.08

NK 022 0.20 0.07

HP -0.01 -0.27% 022" -0.56"

LPO 0.07 -0.14 0.03 0.06 -0.02

Toluene -0.13 0.06 -0.29" -0.01 0.20 -0.10

HA" -0.11 0.16 -0.19 -0.09 0.05 0.05 078"

. p<0.05, T p<0.01. ¥ NK cel : Natural killer cell, ¥ HP : Hydrogen peroxide, ' LPO : Lipid peroxide, " HA : Hippuric acid
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2748 Belo] o} olRolAT A A1 A
A4 WE, A B AL o o uAes
i ol WS KT WA 7P
1990) 57] % E2ql9] w9l 2% EH/\]'g?l AS
W 24t Bolsn alck

:Li;(]_g 1 8/\]7]' XLOLQ 71?{9_; EEo{]QJ A
AehA 2 7]28 50 ppmO] ACGIH TLVs and BEIS,
2013) o]& HtY3l= & 5 HA 55+ 2.5 g/g crea-
tinine 2.2 A A3 QITHKOSHA, 2012). o]¥ AALo]
A SEApe] ER hZEwl 617 + 425 ppmOE
2E pEolflen, kEpws WYskee] 41 S HA
EE%x 0.51 £ 0.37 g/g creatinine®] it} AZEoJA =
ATt =ol EF 9] thAt= phase 13} phase 1T T
A2 E A XA (Cockerham & Shane, 2000) 243
skl Ak HAI9F F7HHEQl ROSs7 A/ E ek A
A% ROSs+= Gutathione Peroxidase, Superoxide Dismu-
tase, Catalase 52| A| A& Aof 2Jdto] AA=X|qh A
A7 ke ROSse] elsto] @EHee ot
(Kraaij et al., 2011). 3} ROSs:= |32 A 83} 22
HieRES-S $5ke] LPOE A AT

o] ¢15tell 4 ROSs 5-2] 3Ll HPe} LPOS 743t
2, 27 eEFtolA HPO F=7F f-o5HA =3
2o m((p<0.05) FAA Fo4E glleyt LPO9| =
T =& A =9kth Moro et al.(2012)9] Lo A
= AW F HAQ 57} 0.56+0.10 g/g creatinine %=
= E2d =& Z2A9A LPOY sx=7} EH}.Q—

AMETH Go5H] o ATE BTk gARel <l
2, A5 9 3 £9] 2jo] 2 Qlsle] 2 A Q] v
2 o 4 glont el ATAe nae Aue

R

il

IEEIE-DEE!
Aol A2E] Z, Weuhgo] Yofipie] o]t
NRS Fol SR AT WSk Solwd
MRS} 1A R b Boleuigol glou, Sojul
UG- AEARIL A YR 07 LEII Karl

2

& Jens(1979)4 Ao A AEEo ER0 rEE
2220 N EAWA7|S =, CD4+, CD8+, CD3+
#% ST An di2w3 Hla Al FAA {94
o] TWAE|R oFoFS-S W3kt Celis et al.(2008)
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2 150-160 ppme] EFqllo] x3ty T =9 T35
A F718A0 =EH FEAFA] EﬂiLiﬁP CD3+
(p<0.05)9} NK cell®] &%=7} wrorchy wmatch
Tomei et al.(2006)2 A JAo 2 wEHH QHPEZ
of lZEE= Al A 2T ETE NK cell 5=7}
Hee HIHYT B AL AT FAH fojze
gl o} CD3+8} CD8+9] &7} f2aHc) EF
A e FEAOA FoLom, NK cell®] Fk& oF 5
v A= we Ao SHEAHp<0.01). hrat Hrf
EdollA FE7F FAE CD3+, CD8+ ¥ NK cell
I} HP ¥ LPO9| A E43 A3}, HP= CD3+
(=022, p<0.01), ROSs=027, p<0.01) = NK cell
(r:-o 56, p<0.01)7} G-oJ3F S-o] AFTAS Bt} o]
= EF09] =Fo] ROSsO| B/de S7HA A2/
Wel7| g A7l Aokt gz

NK cell:2 Al ZEHE] thefet +EA=RERRE +,

- AlS Afole] W o2 A ETHMorreta et al., 1992).
NK Cell9] A= R A EEA]4=-8-A|(natural cytoto-
xic receptors, NCRs)Z &2 &4 FH4EAQA
FAA 7} E3)E-S oJulgtc(Morreta et al., 2002; Ryan
et al.,, 2001). &, NK cell.& &% o £A3}H, H|
SolAog Al HiolHA HHANZE Fo|H
1o WhE-0) 2T A AYAbol| Tofsh= Alzolth
-2 Aol A NK cell®] 427 FaE Hel A2
A T EFA 571 HPE wol 4/ A17]H, NK
cell& ZHa=A1x1 A1), o= Eoltd 7)s&
7] WHH, H] 5ol W75 AL Aafo|rt.
-2l At ofye} 7|g AFAESY AFA
oA EF4 leFo] AlZdHY 5ol FFE =
oz yeyth &7 Ao FF4lo] 80t
AZAGA| A oH G v A=Al et AFE
A A o7 AWshA] Ealo] wholdt Ll glo
Flp chatabg ol A A STHA9F ROSs7E 3£
EAE dFHhgol Bolshs MMz FIS
o7 yelt Afel AWztEth(Garg & Aggarwal,
2002; Celis et al., 2008).
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