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This study was undertaken to investigate an influence of
environmental pollution on immunologic status of primary
school children.  One hundred seven and fifty one children
at third grade were randomly selected from a primary school
located at the industrialized area of metropolitan Seoul and
from a primary school at the semi-rural area, respectively.
Number of peripheral blood leukocytes was lower in the
children living at the industrialized area than the children at
the semirural area and number of granulocytes was
significantly lowered in the industrialized area children.
Comparison of plasma IgG subclass levels demonstrated
significant upregulation of 1gG2 and 1gG3 in the industrialized
area children, suggesting an involvement of these IgG
subclasses in alteration of immunologic status leading to
occurrence of allergic diseases.  To examine skewing of
peripheral T cell activities, peripheral mononuclear cells
were in vitro stimulated with phorbol 12-myristate 13-
acetate and ionomycin, typical T cell activators, for 72 hours

followed by determination of IL-4, IL-13, and TNFe in the
culture supernatants.  Production of IL-4 and IL-13, two re-
presentative type-2 cytokine mediating allergic responses,
was significantly higher at the industrialized area children
than the semi-rural children with no difference at the TNFa
level. This observation indicates that enhancement of type-2
response potentially mediating allergy induction was apparent
in the industrialized area children. Meanwhile, comparison of
plasma IgE and histamine levels between the two area did not
show similar trends as the 1gG subclass and T cell activities.
Overall, our data implies that functional activities of T and B
cells in the children living at heavily polluted area could be
modified in comparison with those of the children at rather
clean environment area.

Key Words : environmental pollution, school children, IL-4,
IL-13, 1gG subclass
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off thst A7k 90 o] % BAH R
Il Ql=tl (English et al, 1999;
Svanes et al., 1999), .o Al7]ol| &
s ARkl st HAA ]
type-2 response &3/} G- ofglo]=o]
Al 712, WG, oFEu upt R 22 3
WINhE-E Sk 21 0= dheA L gtk
(Peden, 2000).  AH 2 34 falAlE
A3lE= Y ARl g7 sk
52 Hl7d 7170] =)= heper T cell type-2
(Th?) 75 B H3E = 2L
2 el ARl EARE W, S A
FALEH] A=E T St} (Heo et al,
2001; Nel et al., 1998; Krieger et al., 1998).
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s
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8V (1078; industrialized area)2} 4%
FAA A Wl 2FEW (519;
semi-rural) o|A] A7 =] SIT} (Table 1). #]
A7y FHgulE Afol7t §iglen 8
FRSA AT-EAE st e
5|3k A-g-olnt oF oml 0] HxP
AN} AEZARE AldsiSiTt:
2. A8 2 Hxgsky 54
AFEEAA oF 6mie] TxE
oS- EDTA-vacutainer tube®l] A &&}1L o]
< Imb= ©o]&3l Coulter counter (Ac.
Tdiff, Beckmancoulter, Fullerton, CA, USA)
ol ofa) Bidct, F2 AR oR
T WE, AT, Y &
9" (monocyte) <7, T (granulocyte)
T, 87) WA 78] (%), SRR
2| E (hematocrit;%), s1F==H] &% (g
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d)s ololek gk amee] - 2400
pmelA 1587 YAEesl] g%

(plasma)= F2Jotal T2l S A
A= -80C Ws RHasigick

3. Ykt 2o % 24t v

HFA0E e oF 3mle] G
Ficoll-paque density gradient centrifugation
(Amersham Pharmacia Biotech, Upsala,
Sweden) el 28l Aok EelEtl
T} (Pepper et al, 1968). H2]¥ UJupi=
DPBS (BioWhittaker, Walkersville, Mary-
land, USA)E 33| AH3 < complete

25IRE ") Aol thg AT (1) 107

RPMI A|3ZH|SFHIA] (11 mM nonessential
amino acids, 1 mM sodium pyruvate, 1%
sodium bicarbonate, 2 mM glutamine, 50
M 2-mercaptoethanol, 10% heat-inactivated
fetal bovine serum, 1% penicillin-streptom-
ycin-fungizone mixture 7HE ARSI
24 well platee]l well F 1 x 10° cells= 2
I st ks siley EAds 24
E PMA (phorbol 12-myristate 13-acetate;
Sng/ 1 x 10°cells; Sigma, Saint Louis,
Missouri, USA)$} ionomycin (500ng/1 x 10°
cells; Sigma)= E9slo] T2 ARGsIalT
(318 5, 2002). cytokineS Z743}17] 3t
AR wjok 5 1A ] folfi=
dl 72A1ZF ko] dgAIzoTut 96417k
SHT} cytokine Y o] Eoa ]I
SIStk (data not shown). Al|SER|FH-S A}
E47H] 30T e Baeisith

4. ELISA "hHo) &8} cytokine A&

Alazrjekalie]  A3AE interleukin-4
(IL-4), interleukin-13 (IL-13), interferon
gamma (IFN 7 ), tumor necrosis factor alpha
(TINF )= 4%3817] 98] sandwich enz-
yme-linked immunosorbent assay (ELISA)
HPHS ARE-3I%ITH (Heo et al., 1996). 7t
oAl WS 71=sbd WA Immulon
IV plate (Dynatech, Chantilly, VA, USA)ol|
Z} cytokine ]| TSt capture antibody (2 g/
ml) 100 well EaL 4°CoIA overnight
AAAFTE the'd automatic  washer
(Biotek ELx 50, Biotek Instruments,
Burlington, VT, USA)Z 33] A3t 5, ¢t

9] WZold FHE olAE] 913

Table 1. Demographic characteristics of the primary school children living at the industrialized or the semi-rural area of Korea

(number of children)=

None allergic

Residential area Sex Respiratory allergy Atopic dermatitis Both symptoms Total
- Male 4 1 4 49 58
Industrialized area Female 7 5 ) 36 19
Semi-rural area Male 3 ! 0 21 2
Female 2 4 0 20 26

Total 16 11 5 126 158

* number of children with respiratory allergy, atopic dermatitis, both allergy symptoms, or neither of these symptoms
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10% FBS (fetal bovine serum)-PBSE (200
liwell) 3L 2A17F A20fA) ATk
A5 O] 33] AlshaL Alszuokel st
Z} cytokine standardE B> ¥ 4 CoA
overnight ‘AIAZTE Thad 73] A8t
31 detection antibody (1 z¢g/mé) 100 rliwell
S 93 AgelA] 2407 AN T,
Al 73] A 2 avidin-peroxidase (2.5 1
g/ml) 100 pliwell S L 1A17F Aol
AR
2,2*-azino-bis(3-ethylbenzthiazoline- 6 sul
fonic acid, Sigma)E AR&-sto] Wh &
FEE 405 nmellA] Biotek ELISA reader
(EL800)= =730tk cytokine™ ARS-E
antibody pair (capture vs detection, Phar-
Mingen, San Diego, CA, USA)&= Thar2h
2tk IL-4 (8D4-8/MP4-25D2), IL-13 (JES
10-5A2/B69-2), IFN 7 (NIB42/4S.B3), TNF «
(MAbI/MAbI1).  Z} cytokine 8 37|
= o33} 2k L4 (15 pg/ml), IL-13 (15
pg/md), IFN 7 (100 pg/m{), TNF 2(60 pg/mi).

5. ELISA el <jgt
Immunoglobulin %

i =8 1gG1, 1gG2, IgG3,
15G42] 5 HFslslr] 218 isotype-
specific ELISA & ARE5I2IT} (Braun
et al., 1999; Silvy et al., 1996). FtslA|
WS 718kl WA Immulon 11 plate
(Dynatech)®l| Z} 1gG subclass &3¢l tik
capture antibody (2 rg/mé, PharMingen) 100
pLiwell-& H37 4°ColA overnight | Al
ok v 33] AlH g 5 e b)
S0l Fa= oalel] 28l 1% BSA
(bovine serum albumin)-PBSE (200 s
fwell) QL 22417 AeflA] A
Xﬁl ThA] 33] A8}l 1% BSA-PBS

2 343 g% (1gGl, 1/10000; IgG2,
1/50000; 1gG3, 1/5000; IgG4, 1/25000)2}

7} 1gG isotype standard (Sigma)E H

4°ColA overnight FAAZALE thad 7
3] M3} biotin-mouse anti-human 1gG
(1 seg/me, PharMingen) 100 pl/well< EIL
2ol 2402 AR TR T 73
Al 2 avidin-peroxidase (2.5 zcg/mf) 100
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]_

liwellg F3L 1A Aok AR
=3 6-sulfonic acid, Sigma)E AR&ato] 2
A 5 ZFTE 405 nmol|A] ELISA reader

ZX‘] skt - isotype & H ekl
%ﬂr 2tk IgGl (5 ng/md), G2, G3 (15
ng/mf), 1gG4 (1.5 ng/ml). ok IgG
subclass el thet FEd= WHO
reference serum  (National Institute for
Biological Standards and Control, Hert-
fordshire, UK)2} Human IgG subclass pro-
file ELISA kit (Zymed Laboratories, South
San Francisco, USA)E ©|-&a}o] AAJ5H
o}t 7l total IgEE IBL kitE AREa}
o] 450 nmelX “4=SISITE (IBL, Ham-
burg, Germany).

6. DA EAlohs 3|2E A

slaeh gEe flelide IBL his-
tamine ELISA kit (IBL Immuno- biological

laboratories, Hamburg, Germany)& AR2-5}
A, WS okEe thedt 2t
A 20 o] AEEF 9 xF E%,
positive control &7l 20 x02] indicator
buffers 2l =3kek tha, 4 9] acy-
lation reagentE Y1l TRA] £3HS b H
oM 3027 AR ©]F- 150
102] diluted assay buffers gl 23}sh
7, o] 99 50 uE
antiserum against histamine A7} -2
96 well plate®l] =T} ZHFE peroxidase-
conjugated histamine 50 b= F7I5kL &
Z2 O Z rabbit antiserum against histamine
£ 50 ¢l 7Kk TR orbital shakerellA] 3
ARE ST o)F- plates AlAskaL
TMB (tetramethylbenzidine) AehS 7}
Sk 20+0] A Ths 450 nm (reference
wave length 610nm)ollX] ELISA reader
(Bio-Tek EL800, Winoski, VT)E ©]&-3}]
4 29

goat anti-rabbit

7. EAAE

7 2909 el Aol
SigmaPlot &-/|3Z= 73(SPSS, Chicago,
USA)S o] g3lo] HESIITE dApAo

2 250 AEE ofHE A=) T
single factor ANOVA 9} Dunnett's t-test <=
2 Kruskal-Wallis ANOVA 2} Dunn's test=
oS ARt dael et Sw-
dent's t-test S5 Mann-Whitney test® 5~
7F 1o ARE AL p value7}
0.05 ol W= frejst Afol= A3t
Atk Aol AAE ZF T-eA] *=
p<0.05 FrollM AR Fofst zjo]
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off &3l RO EE QI ATA U
o]2o] 5o (8.19+0.80, 7414038 x 103/
Hlgl] 247} vhe- o) qlek (Fig. |
THAY ofdo|=e] Hit %UHLT
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Decreased number of leukocytes in peripheral blood obtained from

pupils living at the industrialized area in comparison with that from
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Figure 2. Significantly lowered distribution of granulocytes at
the industrialized area pupils than the semi-rural area pupils

W 1gG49] A9 dH=r] g A
o] Itk Ha7} Q= WhA, 9312 IgE
of o3t e =7] WS Aofgitk= o
S5 HaEo19)Tt (Boluda et al,, 1997).

A A S TRA e Ak
HA = AAAE4 (diesel exhaust
particles)©] (Heo et al., 2001) 1gG4%] o<
= Ot At RaE glor

(Diaz-Sanchez,1997), 1% d#=27] &
Aol thalrl= 1gESE BAIGIO] 1964 W
o= Gy E7] WA Fofshs HuE
2T} (Custovic and Woodcock, 2001). &
3t 1gGloIt 1gG37F BF $AHo] e}
Haks friesfo] dul=r] s viist
U= A% Bad vk Itk (Kaneko et al,
1995). & A7 A3}, H total 1G]
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N

& A ofdo)E (‘1238 mg/md,
1. 12.86 mg/m)o] FEJNTA|Y ofdo]
(& 1120 mg/ml, o 11.04 mg/mb)°]l
Joll ZeiA o® Eqkot AR O R &
A= 29k WA, 1gG subclass'H =
o] Hjwg w= Aot 723k Ao
UeRAITE (Fig. 3). 5, 1gG2, G3, G4
A ofglolZof| QloA FE <l
= A9 offo]Ee] vl AjHow =
sketl 53] 39 ofdol=9] 1gG2
('th 4.53£056, ] 4.64:0.34 mg/ml) <}
IgG3 (eh 14620.15, o 1.36+0.13 mg/ml)
T EERITAY ofdlol=e] 79l
018 (G2, ‘e 2.95£0.31, ©F: 3.45£0.26,
1gG3, ' 1.06£0.22, % 0.71x0.06 mg/ml)
AR CEE frelebA =34 (Fig. 3).
2 AT Aol vERE AT 166
subclass T2 2l & Agsk=tlE o
kgt Mg7E e EofoF spANk U
O ofglo|zo] dAeh= Aol e
A A=t ofRlolze] A 156 sub-
class w32 S HAAA] Anle] WA
e 2T & S AS CdSA gt
ob&e] Sl 7l 2 A4

:

w2

jus)

1o
{‘F oft o

ol (ol

Ao}

subclass (IgG1, IgG3 2! 1gG4)9] L& =7]
A T AaAo) A B w2
AT Aol A] HolF 1gG2 Y 1gG39]
o3 SV Aio R, A= 3 =
o] 1gG2 H+1gG3 /gl mAl= Sl
AMARZY] Gkl thall 35 #5290 A

7k Basfeleh ok

4, d7]ef=sl AvE AFA A
olo] W& T Yube] 7154 W3

Helper T cell®] & &7<) Th2 cells=
IL-45 #H]8te] &A1) IgE 52 1gGl1=
] isotype switchings -3 IL-55
walete] #H)9] sAHS TS Fislo]
57| IRIRESS WA= 5 Y=
71 ke o] QlojA dlaAol
HOIASE = (Diaz-Sanchez et al., 2000),
7 AREE A8 o] SRR
o] 23t Th2 cell®] B]AAMA 715 dkzlo
B0} 9} (Heo et al,, 2001). - A
M= A FEA] el ARz offlolE
O] HAAA} FEA el Qs AT
of] A= of®lol =l B]al Th2 cell 7]%©]
H YA 0 2 XI5 type-2 response

ol A% A =AE Frkslelth
o 23] ofdlo]=2] WP HoA g
gt YJI-E ARES1 in vitroollA] T2A1%F
gslel & wjokolel FH)E 114, IL-13
2 TNF ¢ & %310l Blusisitt TNF e
+ helper T cell type-1 (Thl) 3= A
o] HH]Eo] T cell®] 7152 <A
h= MolETRIo R A4 At (Xing,
2000). o]l w2} IL-4, IL-13 2 TNF ¢ 9]
A EAIOFA] TS A 0% vla
S helper T cell ] AEAS 7H2 02
58 4= lthe Aol 2ksitt (Heo
et al,, 1998). 53] 34 LA EA tjF-2o]
T JaH-2] 75l Jas o] AdHe]
Fre Ao R RIA7]AL A
o P AATIE B 2 e
o] MFE % HA] (Nel et al., 1998; Krieger et
al, 1998) T QoH-2] 7]zl tist g7
Ae] Gl #S 2 Hglov o4
A ARS T 2 At BAZ o
2 AR Fetagls Adgoltt # <
T A3 (Fig. 4) DAY EA 9 o4z}
oo E2HE P& T Yulrollr F&
ATAY ofHolEZHE A2 T Sl
g slgs AR dudos =2

I |ndustrialized, Male
Industrialized, Female
Semi-rural, Male
B2 Semi-rural, Female

Plasma IgG isotype conc. (mg/ml)

Plasma IgG isotype conc. (mg/ml)

Figure 3. Pupils living at the industrialized area demonstrated higher plasma  levels of 1gG subclass except 1gG!
than the pupils at the semi-rural area
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IL4 9} IL-139] WA 5es B3l
A FA Oﬁaol%ﬂ 35
fell vjsf FoskAl =& Y T
ERJIITE IL-132 Th2 cenoﬂﬁi Tﬂlﬂu%
A E7] Fridel Azl 11 3] F
< kiR AL QIT (Wills-Karp et al., 1998).
f&{i Thl cellol] En)== AolE7jel
TNFa,Ag/\-V\Zoﬂ 0101/\11— 511;]_;(]03
offlo|53} 5& A of-olZXt
o3 2jol 5 veh A oSttt & A=
EA] A o] AR offlo] 2] wY]
AAZE AT} dA o2 v s
& QI Ao ARz ofdo]Ee] vlE]
el =7] W] w71 o] B type-2
response = A|¢-H QoS AR At
ot} olfst AEe FHEH T ¢
bl 71501] tfst <1914 g7t Thi
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IL-4 conc. (pg/m

20
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|
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A7) & 5o IgE7} B Y=
FE AGE ok vIvHAEY 549915
HAIA|Z el Qli= IgE receptor (Fe eRI
Ei= Ri)ell AfHAlE o]E WoAlE
29 NS st Hal 1 A 9]
AERIOIL: leukotriene 22 315
SAPY EulEo] g Er] T S
< s =), IgEelell® geElEr]
gl 5o] IgGl 9JA] Fe yRII receptorol]
Ageo 2 M mouseolM AAIA ik
& Aol Fofgto] 2 It
(Miyajima et al., 1997; Mudde et al., 1995).
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0101 Holrk =  IgE, ]/\E]-U ] al i}\]:["
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Figure 4. Levels of IL-4 and IL-13 production from T cells activated in vitro  with PMA plus ionomycin were
significantly higher at male pupils living at the industrialized area than male pupils at the semi-rural area
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Ao7 AR = 54 1gG subclass <
] ThEA] E]r 19} ofdol &l glofA
7 (Fig 3) & 39AY OHOPA T
Qi 7)550] HE AT ATA] ofdo]
=oll njsl =] By wiE7)o]
%)= type-2 response A% S 7he
A& AT AL (Fig. 4)9} AANA A
ME EEsle ok TFAeR
2 Aol AEEAEE geEA] 3
9 dE=rg A A, S 3%
U IgE 5 A5 SIAER 21

1
o G v 5 Y A% A1

(fat B 92} & WA B 7
A o= ZAbo| ukg
A2 ol get A A7
2 Aestelel Bk e A8

olgb] B 1g88) A9 A 7
9k 21 o] Gaslo] Gl v 51
HlRls] A4 ol 271} 957} 4
% ek folab 374 o] S99
7Fs7d0] 7] whEolch (Schroeder et al.,
2001; Gospos et al., 2001). oF&#], TF

) S sk olge] @
tgbvh 8l el 458 37102 4 Qe
Qolg sl 7)4F 2, 24
£ venom (¥ 52 0] ), ATAE
3 9 802 dehhe 207 3
Y1 (systemic anaphyalxis)s= 94 &
T U=t (Sakaguchi and Inouye, 2000;
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Figure 5. Significantly higher IgE and histamine levels were demonstrated in
plasmas from male pupils at the semi-rural area than those of others
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