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Reactive Oxygen Species and Cellular Inmune Function of
Workers Chronically Exposed to High-Level Dusts

Kab Bae Kim - Ki-Woong Kim’

Work Environmental Research Bureau, Occupational Safety and Health Research Institute

ABSTRACT

Objectives: This study aimed to evaluate the effects of chronical exposure to high-level dusts on cellular immune function.
Methods: The subjects were 110 male workers, among whom 60 were chronically exposed to high-level dusts in mica, limestone
and iron mines. The remaining 50 were office workers. Ambient total, respirable dust and crystalline silica in the workplace were
sampled using personal air samplers and analyzed according to NIOSH method 0500. Serum levels of hydrogen peroxide, lipid
peroxide and superoxide misutase activity were measured using absorption chromatography. The subpopulations of CD4+, CD8+,
natural killer cells (CD16+) and CD3+ T-lymphocytes were examined by two-color staining using monoclonal antibodies.

Results: The concentration of hydrogen peroxide was significantly higher in exposed workers and superoxide dismutase activity
was significantly higher in control workers. No significant difference in numbers of T-lymphocyte subpopulations were observed
between exposed and control workers. A significant correlation in exposed workers was observed among total dusts, respirable
dusts and crystalline silica. Hydrogen peroxide was significantly correlated with total dust (r=0.720, p<0.01), respirable dust
(r=0.770, p<0.01) and crystalline silica (r=0.678, p<0.01). Concentration of hydrogen peroxide showed a significantly negative
correlation with numbers of CD8+ cells (r=-0.274, p<0.01), CD3+ cells (r=-0.222, p<0.01) and natural killer cells (r=-0.556,
p<0.01).

Conclusions: These results suggest that chronical exposure to high-level dust affects cellular immune function and effects might
mediate through reactive oxygen species and inflammatory response.
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AU AbxEAE  olstel T4k (reactive
oxygen species, ROSs)9] AL E7}a] 3}, ROSs
o] e &4, ek, Fa5 2 oOE s &
& o]& 4 (xenobiotics) o] AW S5=of oJ5te] F7HE
ThH(Kasprzak, 1991; Nelson, 1995; Kim et al., 1996;

Kim et al, 1999). o] o] 22 Aol 4] Akl
A Sohag A AR-HEA] oJstel AgH A
oF AW e] AtamASY] FTARE T oA Ak
BBao 3YoF superoxide ion(O;), hydroxyl
radical( - OH)™} ZF2 free radicalo] AJAA T o] xHF2
A BT 2] A 7}4EsHEe(lipid peroxidation)S E3}]
lipide peroxide®} 72 ROSs7| AAAE7] wj&Fo|c).
Superoxide ionT} hydroxyl radical} 72 ROSs+= Al
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ROSs & l3L(Hwang et al., 2015; Lee et al., 2015;
Swiatkowska et al., 2015)7} 2H2+s] 2= 9l vk
B, Aek B g Aol e wAe ulmste]
o 27 ol olA| L Qe HlZ, Arkizo] He] 4
8B UTAL AT e Gol we
silica”} EgkH o] glof W2Z o £AE FA
(Piho et al,, 2004). 25k E710] ©jst H2tat 5
717d0] YA A= Fteu o 24| 3£ (marcophage) 2}
o} L A 3E(polymorphonuclear cells) T 7]A] A Al 32
Z-go] osto] o]Fojxittal deA UthFubini &
Hubbard, 2003). °]& A9 243t= it
(Reactive Oxygen Species, ROSs)1} 72 A5 wj 7]
o] Huo| oJ5te] 9= | m(Dalal et al,, 1995), ROSs=
SE7A, M9A R ABA T AAY oheRt 7]
(organs)o| =& FFE F= Aoz HIuHH
(Burek & Rose, 2008; Angelopoulou et al., 2009). 718
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=T Yae] B mE SEE F B4
W gt v

QFH B A A4~ (National Institute for Occupational
Safety and Health, NIOSH)o]|A] AA|d}t= =2 o) u}
g} RS Tg7] A NG AREYIE
olgstol sttt & BA, 55 HA 2 A%
d foiare LEEE 24L 9 ARZLS b
22t Zztol dato] B0 o] ol

&+ 4 o548 #4 5=

a3 WA 37 F & BN =E vhe
NIOSH Methods 0500(NIOSH, 1994a) ol wa} Ax
7](desiccator)ol| A =52 A| A3t polyvinyl chloride
(PVC) oJ1}x](37 mm-dia., 5 ym pore size, Nucleopore,
Costar Scientific Co., USA)E 7918 A& Z3]7](17G9
GilAir sampler, Gilian Co., USA)o| A2+t the., 2
Limin®] §3502 A 2h5e 2] ZR741] 8A17H
SOt A RE EXSHY T 254 EZ(respirable dust)
& NIOSH Methods 0600(NIOSH, 1994b) 0| wa} 7
271014 S-S AT PVC oS H2HAI7) B
2 2o 10 mm nylon cyclone2 1ZA3}o] 1.7 L/min
o 2 8AIZE Bk Jlelg A|2EZEZ7|(17GY GilAir
sampler, Gilian Co., USA)E ©]-&-3}o] EZ| 3}t A
55 XA oK = x4 S AAT ok,
sl s (Sartorius 20D, German)E ©]-&35l0] FA| &
o px|et $HA T S5k SAIR o9 4
ez HHsia 24 A - 5o Ak 3] HIFe

=

& RS AAE S8l fAKcrystalline free
silica) =¥ %%+ NIOSH Method 7602(NIOSH,
1994¢) ¥ol w2} mixed cellulose ester membrane
(MCE) &3}%](37 mm dia., 0.8 um pore size, Millipore
Co., USA) & ZHSI3Ith AR5 ZX3 oI A& =
7ol Y1 600C 3]stz oA 2417F F<et B1SFA|HiTh
3]3tEl A 29} 250 mg®] potassium bromide2} U 3}HA|
Esto] pellets Bh= th2, Frejol Mgk Ao &%

A 7)(fourier-transform infrared radiation spectrometer,
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FTIR, IFS66, Bruker Co., German)E ©|-&3}o] 43}
ek
AT

2) 8% % Hydrogen Peroxide®} Lipid Peroxide 5%
9 Superoxide Dismutase A &=

A hydrogen peroxide(HP) 5=+ Choi & Yu
(1995)9] WS tha Waslol SIS 04 M
potassium phosphate buffer(pH 7.4), 0.1 M MgCl,,
0.2 M nicotinamide, 50 mM NaN;, 60 mM NADPH
o} WS Tk B ARE 37T 152
ZF ¥F2-A]7]11 1.2 M trichloroacetic acid 1.0 ml-S &
7kt &, A41+-2(3,000 rpm, 102 F¢hstaL A5
2 F35}o], 10 mM ferrous ammonium sulfate@} 2.5
M KSCN Z7}shar 1087F A-204 WARt o,
Z 4= A(Beckman DU 650, USA)E o]&-3}o] 480

[
mol | EFEE ZYtn F2UYF THS o83
of L ST LPOS] FL Yagi(1987) %

=
ol w2} thiobarbituric acid(TBA) o2 =%}
t} W SFEE 8.1% SDS 200 x09} EA 100 w0
£ &3sksl 3 20% acetic acid 1.5 mlE 7}slo] A&
sataliry. 123 1.2% TBA &9< H7lsla 10
0C 24204 3087F HHGAI7]10L LAl Ao A
WYZEAIZL 5, 700 xgoll A 1027 LA Eelsta 5%
= A (Beckman DU 650, USA)S ©]8-3}9] 532 nm
oA FHES 24T T, BEAF THS ol 3}o]
s Aol e Zgstark

Superoxide dismutase(SOD) ZAX+= Oyanagui
(1984) Hpgo] el 2559k Aol reagent AG
mM hydroxylamine/3 mM hypoxanthine)@} reagent
B(7.5 mU/ml xanthine oxidas/0.1 mM EDTA-2Na)&
247} 200 pt¥ Qi FR|E FHFF7E 1 neo] &
=5 oklch AlRE 37C 24204 4027 BH5
A7l &, reagent C(16.7% acetic acid 300 mgx}
N-1-naphthylethylenediamin 5 mg)E @31 Al- 20 4] 20

7 WA A7) kS, 550 nmold EFES Z4et
EEAFAL ol 83te] ZRshorh

HAMEAL ES EH

AFEAAH YL mouse IgG1-FITC/mouse IgG1-PE
(negative control), anti-T4(CD4- FITC)/anti-T8(CD8-PE),
anti-T3(CD3-FITC)/anti-3G8(CD16+ CD56-PE) & T
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A2 HAFAE  o]835F¢] Flow cytometry(XL
Coulter Epics, Coulter Co, Florida, USA)S ©]|-83}¢]
245190tk zizte] S ZARAGA A 100
WE G v, of & Lol A 15& &<t incubation
AlZAHE Al=o]l 314 % FACS lysing 84 2 meS 242}
Hokek AAS] T3kt 1S, ol Ee RolA 1087}
incubation A]7]3L ¥41E2](1,000 rpm, 5& F<b) 3}
o] AL pelleto]] phosphate buffer saline(PBS) 2 ml=E
Y3 A AL TR, LaRelsl] Aale v
1L pellet2 PBS 0.5 ml2 A &3} A]# Flow cytometer
(XL Coulter Epics, Coulter Co, Florida, USA)Z =74
3l th(Jang et al., 2013).

4) A= &4
Alg Aatol| et AHEEAL SPSS EA|ZE 1
(version 18.0, SPSS Inc., Minnesota, USA)S ©]|-&3}
of AT B Amol SHES HurEEd
A2 FABFR AL, wE I 2] Bl ttest,
IAFE7E 237 = Pearson's AFHEAlS A X510

e
)
ol
=
=
BN
=N
=
ot
X
1o
ot
‘
re
o,
rlo
&
N
&
N
>

OF 41.8+7.1A4|, T-F7|7He m=ETtol 4] 5.749.3d 0] §)
I R2FoA = 87£10.1d o= el en, S}
= 22 13.3%8F 12.0%% F 2 A9, 2RI 9
AR 5 FE Apol= HolA] grtti(Table 1).

LET SRS k=E2HE T 249 sEe
437+6.06 mg/m’, TFHA EZL 1.49+1.92 mg/m’,
AARE G4 FEE 0.01740.016 mgm’ o g2 =
AE AT B, 2t ddAe] Bt F X s
032 mg/m’), TZA4 EXL 0.10 mgm’o|glon A
A etk Ao SAEHA Gtk

2. @& & Hydrogen PeroxideZ} Lipid Peroxide ST
2! Superoxide Dismutase M T

&9 HP H X+ 18.343.25 nmol/mg protein >
2 29 13.9+1.45 nmol/mg protein E.r} 23}
Al(p<0.01) &2 ¥HH, LPO Xt F+ 7t 793t 2
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Table 1. Demographic characteristics of subjects

Variables Exposed workers(n=60) Controls(n=50)
Ages, years 43.4(SD, 9.6) 41.8(SD, 7.1)
Working durations, years 5.7(SD, 9.3) 8.7(SD, 10.1)
Smokers, n(%) 44(73.3%) 36(72.0%)

Exposure levels(mg/m®)
Total dust
Respirable dust

Crystalline silica

4.37(SD, 6.06)
1.49(SD, 1.92)
0.017(SD, 0.016)

0.32(SD, 0.58)
0.10(SD, 0.23)
0.00

Threshold limit values(ACGIH, 2016): total dust, 10 mg/m’; respirable dust, 3 mg/m’; crystalline silica(in respirable dust), 0.025

mg/m’

Table 2. The levels of hydrogen peroxide, lipid peroxide and superoxide dismutase in serum of subjects

Variables

Exposed workers(n=60)

Controls(n=50)

Hydrogen peroxide(H,O,), nmol/mg protein
Lipid peroxide, nmol/ml serum

Superoxide dismutase, unit/ml serum

18.3(SD, 3.25)”
11.5(SD, 3.81)
109.2(SD, 13.3)"

13.9(SD, 1.45)
11.4(SD, 5.03)
173.6(SD, 30.1)

"p<0.05, ~'p<0.01

Table 3. Numbers of lymphocyte subpopulations concentration

Variables

Exposed workers(n=60)

Controls(n=50)

Mean(range) Mean(range)
T lymphocytes, per mm3 whole blood, mean(range)
CD4+ 1.115(SD, 833) 1,259(SD, 971)
CD8+ 750(SD, 521) 837(SD, 385.5)
CD3+ 1,625(SD, 1,113.5) 1,903(SD, 1814.5)
Natural killer cell 513(SD, 674.5) 436(SD, 354)

Table 4. Pearson's correlation coefficients adjusted age, smoking and working duration between selected variables in exposed workers

TD RD Cs HP LPO SOD CD4+ CD8+ CD3+ NK
D 1.00 0.979" 0.993"  0.720" 0.071 -0.300 -0.252 -0.138 -0.110 -0.152
RD 1.00 0.950™  0.770" 0.002 -0.114 -0.221 -0.129 -0.108 -0.187
CS 1.00 0.678" 0.109 0.015 -0.262 -0.141 -0.104 -0.130
HP -0.100  -0274"  -0222"  -0.556"

LPO 0.067  -0.1243 0.031 0.063

**p<0.01. TD, total dust; RD, respirable dust; CS, crystalline silica; HP, hydrogen peroxide; LPO, lipid peroxide; SOD, superoxide

dismutase, NK, natural killer cell

o] Holx ¢QFth(11.543.81 nmol/ml serum vs
11.4+5.03 nmol/ml serum). SOD A E+= =9 A
109.2£13.3 unit/ml serum®. = tZ2] 173.6+30.1
unit/ml serumXc} EAZF O Z G514 Y& Zog
e TH(p<0.05).
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3. T-lymphocytes Subpopulation2| ==

of Azt

w273} h229] CDA+ HEE 217 1115089

46-1,712)$} 1,259(89): 925-2,869) per mm® whole blood,
CDS+X 7501 2): 90-1,132)7F 837(:<]: 512-1,283)
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per mm® whole blood, CD3+= 1,625(%]: 135-2,362)
2} 1,903(304-3,933) per mm® whole blood, 1|1l
natural killer(NK) cell-2 Z}Z} 513()H$): 67-1,416)3}
436(147-855) per mm’® whole blood®2 A o= &
olgt pol2 A kT

A »=Z55%, HP, LPO, SOD ¥ T-lymphocytes
subpopulation T 7 ATTAE 245 Z3KTable
4, % B4, 534 24 2 247 Sl SEg
ol el the o] BAMCR folEt B

o] ArmMIAES Brh HPOM= &= HA(r=0.720,

p<0.01), £54 EX(1=0.770, p<0.01)7} 243 ¥
?f*& = 2(r=0.678, p<0.01)2} G038t oko] AryatA|

£ RO T-lymphocytes subpopulation@&= -2
J SHUAE HolA] ¢F¢tt. LPO= T-lymphocytes
subpopulation¥} -2]3F FHBAE HolA| FpoLt
HPL CD8+(r=0.274, p<0.01), CD3+(=-0.222, p<0.01)
2 NK cell(r=-0.556, p<0.01)T} -o3t AlwuAS
Bk

T~

v.1 #

20139 %E T8 AR A AT, BIA0
ofshyl e-ejutete] AA| AW fadA 7,804
% AW SRANTL 16290, o|F 128%o] %

o

1l

At 15 5hel Aol A 2
3}, 7]3%A ¥ ZH(anthracofibrisis) L J%]
sl =S 9uksk 4= 9lth(Jun et al., 2013). Shanklin
& Smally(1998)= A4W felfate] BA mZe
A ZAAH Y (cellular immunity)T} 2] 94 A H < (humoral
immunity) 7]53F #eo] F Ao HIEYLh E
3], 243 S Ak A wEo =ogAnE
o, mHAB}=(scleroderma) W Al ZHF(systemic
lupus erythematosus) & E§H3t A7pA oA
71535 YR g4 Qrh(Parks et al., 1999).
ol ATAAE I FE B WAl ol
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e AT waA shoinh wEw E
Aol A HPL} LPO, 18|31 ROSs A7 i 4x(scavenger
enzyme)9l SOD®| FHES 243 A} LPOY|
EE FAdeR o7 Aolg wolx ekgroi}
(11.5£3.81 vs 11.4+5.03 nmol/ml serum), HP FX=+
18.3£3.252} 13.9+1.45 nmol/mg protein® =St =
22O A FoJ5HA & AAE EUATHp<0.01). BHH,
SOD9] A== %E— L2Z2K109.2+13.3 unit/ml
serum)of| A R} ozt Z22K173.6+£30.1 unit/ml
serum)of| A 2|51 % FHEE 2 rhp<0.05)
(Table 2). o3t A= AAE frelqtite] =3
2o AUz FoEd AEZA=ES 53ke] ROSs7)
A4 =] (Ding et al., 2002), /4% ROSsE A| A A7
= S0De] FAEE AstElo] o] 1o A
Fo gew gzEn. 72 Ay Fde
ROSs9] AAS =7} A]7]H(Csordas & Bernhard,
2013), /%€ ROSs A|AE l5to] SOD7} S7 ==
Ao g ®1E QO Y(Jenifer et al., 2015), ©] o)
X Z o] ROSs ;A 2 SOD &4 o g8k 1) ]
= Anhs Bolx) gigkom, 2RYIMTHE £
Jgr A2 wo|x] okorch. Altin et al(2004)2 7
 WslZo] gl Heiel An 2ol
% Ao & LPO %E9 SOD B =2
o)A LPO S 775t Ajho At} 4]
UL =59 A S NA F
ouw, SODO] FAE = LPOO F=of Al
Belg Husiglch Qo= dAF o]'M)E\
ROSso|| &J3F A7 A9} WA &4 ROSs w0
olEoln] o] TE g HEAS AT e,
A 2] HP+= CD8&+ cell(cytotoxic T lymphocytes)©f],
1l ‘59 HP+= CD4+ cell(helper T lymphocytes)i}
immunoglobulin  G(IgG)2] 7FAo] gL ulHh
(Allan et al., 1987). 28} o] AFZATo A= =&
oA HPO| =7t 2Tt e; §o8H w3ol=
E13513 & 7t T-lymphocyte subpopulations®] -5
T 2ol KHolx]| 9ttt Basara et al.(2002)9] A
o ejshnl Fxoh BV A 2RAE oz
& QAo 2250 Aol CD4+S} CD8HE] 5
S7h 22T FoIR Aol HolAE ghgrort &
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oFko L} HP= & E2(r=0.720, p<0.01), T5A &
2(=0.770, p<0.01) 2 AAX G274 %= (1=0.678,
p<0.01)9} 23 A E Elch ®=3 & &4,
S84 22 0 259 H2l74 529} Tymphocyte
subpopulations 7Fojl'= A4 o= [-O3t AHUAS
Holz] ekofoi} HP= CD8+ cell(r=-0.274, p<0.01),
CD3+ cell(=-0.222, p<0.01) % NK cell(r=-0.556,
p<0.01)T} §o)5k ATTAZ Btk o A7
of| A T-lymphocyte subpopulations®] & E7, 354
2 W 249 fellaie A0de peLe B
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 BESIER
o g M|ZO] AlStA A Ed A(oxidative stress
Sol AR, 1 YA hFe] ROSs7} A
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2 AZF=EIth(Pinho et al., 2004).

Ir

AT

(

ot -
N

W tlo
"
a2
)

off
oy 1
i
i
dqr 1o
=
ot
&

Jo
k3
)
™
2
1o
ot

>
fin)

iy

i

_Ilrlrl 3

r
N

ol
4 ox <
lo R kI 1 rZ o2 N

]_

V. 2d =

= =

2 APoAMs I s X9 T =Zo]
2o AEARY Tl5o] ofust FFS Fr|
ROS7} A/ S 7]5 WStol| T4 A mediators) <]
R e CCA T EE S T
oA HPQ} LPO, “1&]al ROSs A7 &4 (scavenger
enzyme)l SODS] AL E ZA§ 23k, HP 5=

of, ox
PRT )

o 2

@ oy

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(3): 286-292

A gt E 22X MzY HII|sn 2dMdaE 291

18.3+3.25%} 13.9+1.45 nmol/mg protein® ==+ <
2ANA Fo5H =& ATE HAH(p<0.01). Wt
W, SOD9 TAHEE LwE L=EAK109.2+13.3
unit/ml serum)of| Al Rt} R L2EAK(173.6+£30.1
unit/ml serum)of| A F2J5HA & BAHEE Hich
(p<0.05). B2, HP ¥ LPO, “12]1l T-lymphocyte
subpopulations®] TN BAF A% F LA, &
AR 9 A4 et s ele AL
2 FY3Hp<0.01) = AHIAE Helow, ol
ot AEAE HolA
ko L} HP= & EA(r=0.720, p<0.01), T34 &
277 Frelatat 5= 0=0.678,
£ 23tk ®3L 3 &4,
Ab %12 ¢} T-lymphocyte
subpopulations 7tol| = FA A 02 {23t A=
Ho|x] SkFoi} HPL CD8+ cell(-0.274, p<0.01),
CD3+ cell(-0.222, p<0.01) 2 NK cell(=-0.556, p<0.01)
I FoJgt AHHAE =2k
olde] dAFAL M= I FEO THIAR] &
ol A HPEF 22 ROSso| A2 F7HA|
H| o] 4eHA] 4SSkl Al EZA W
ShA7l = ZAem Helrh
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