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ABSTRACT : 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) has been reported to exert detrimental toxicities on
various organ systems including reproductive, cardiovascular, nervous, or dermal system. Immunomodulatory
effects of TCDD is thymic atrophy, downregulation of cytotoxic T or B lymphocyte differentiation and activa-
tion, which were demonstrated using experimental animals, whereas immunotoxicity in human has not been
investigated well. This study was proceeded to evaluate general immunologic spectrum of the Korean Vietnam
War veterans exposed to TCDD during their operation, and compare with that of the non-exposed control sub-
jects with similar age. Regarding composition and quantity, immune cells in peripheral blood collected from the
TCDD-exposed was not much different from those of the control except decreased red blood cell, hemoglobin
and hematocrit level. Furthermore, plasma IgG2, G3, and G4 isotype distribution was similar between two
groups, but IgG1 level was significantly lowered in the TCDD-exposed, indicating a TCDD-mediated functional
alteration of B cells. Significantly enhanced level of IgE in plasma, a hallmark of dermal or respiratory allergic
response, was also observed in the TCDD-exposed compared with that of the control. Elevated generation of IL-
4 and IL-10 was resulted from in vitro stimulation of T cells with PMA plus ionomycin or PHA, respectively,
from the TCDD-exposed in comparison to those of the control, suggesting a skewed type-2 response. In addi-
tion, the level of IFNY, a multifunctional cytokine for T cell-mediated immunity, was lowered in the TCDD-
exposed with upregulation of tumor necrosis factor ¢. The present study suggests that TCDD exposure disturbs
immunohomeostasis in humans observed as an aberrant plasma IgE and IgG1 levels and dysregulation of T cell
activities.
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e 3, 1998)y% 108 v]e] =] MR A==
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2|82 (soft-tissue  sarcoma), HAAIo] =Z(chloracne), =
%4173 9 (peripheral neuropathy), RFUAIS|RFE 23S
(porphyria cutanea tarda), &7]719 (Hodgkin's disease), ¥
Y (lung cancer), FF%(laryngeal cancer), 7] (tracheal
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Aoz FAEE AREYE RIE o o] LA =EF
o] W75 Frhe A1 A3 = A A
w7371 Aol F93 FE-S A Aelnt. 53] Hol&
A19] el W= e FAH R E FH3 A7V A
=T 9lA] K3 AN FHA i Xfoldl] wet
WA FA ) S50} deirlE ASE J7AHel vieks)
B v, 3% JFHLE O FriAM dTE W97
F71E et A 2ER Al 2R 8ol
FE7E et w3 W) Hrhe 394 e el A
HYA AAE B Sl g A ARE oS3l
B 3y, & S5 A AfRs HME 979
oujz} 9let. o} T IH P L Bl AeeE A7
54 o] FHEel el gl xFe| $ET e A
< 7okl TCDD x%9] WA HYSA dv= &%
A SR U2E & Ao} o3t A7 ¢JolE
71 B AT Aol A TGA| AER Aol B3}
QY ANFFUES AL o] ] UxHI FNES
o] A, dA 7 A $F, in vio T 9T A4
3 Ax 55 G o)F vixE: d2Te] £ vl
dlo] thol$al kFo] Zafidh= YHIHQ] WHAA HIE
B }324) slgict. ofed dlelg4le) A4 53] WoAA
ol R]X|3&= o33l 3t o|alE W3] s 718l R

RIS iR ERES FPHo A, TR

ME 2w

CHatxt MA

7}, 2GA] =ZAH(Vietnam War Veterans)

AMEAM 2 V) 595 S 294 $RF
TS S8l F3 AR W8k ARl S =7
Al 2GA] AAEA ol HF-3Iw 28 (55.214.24) F2H
2 A} o5 F 249 ofe] e wAARE f
W)= AlakEolgltt(patients; 55.314.34)). o]5<] 2%
715 Aol e} 7ol shd-Ee] 290l o) £
et

1}, 8]x% d]37(Un-exposed control subjects)

AeA AA R 38 Z7EAAE ] JuzA
Az W13t G 583w Al ste] gt Aol ¢
3 2E AREEA 94 &3] Q3 A oW
Ao} Sl AFREES TAIE 283 AAElch(Healthy
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ATFAAAENA ATEFHE Al FoE 4L o,
ok gmle) wEFN-E EDTA-vacutainer tubedl] |83} o]
Z 1 mke ©]83] Coulter counter(Ac.Tdiff; Beckmancoulter,
Fullerton, CA, USAYE o|-83}] EM3l9lc). 8 B35
L2 & Wy, AYFe, 9T, DT (monocyte)
4>, T3 F(granulocyte)s, 47] WANEESL] 44 (%),
hematocrit(%), 3221 FE(gdl) o). =3F 2 mi)
-2 2400 rpmol| M 1587 BAlE=)sle] HA-g Fels)al
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FEH o2 e oF 3mie} YoM Ficoll-paque density
gradient centrifugation H}MHo| (Amersham Pharmacia
Biotech, Upsala, Sweden) 28] s}7E& ZE=lslgidh
(Pepper 5, 1968). ¥-2]¥ %¥}73= DPBS(BioWhittaker,
Walkersville, Maryland, USA)2. 33] M= F complete
RPMI Al Eul) okl 2} (1 mM nonessential amino acids, 1
mM sodium pyruvate, 1% sodium bicarbonate, 2 mM
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glutamine, 50 M 2-mercaptoethanol, 10% heat-inactivated
fetal bovine serum, 1% penicillin-streptomycin-fungizone
mixture H7HS AH-3led 24 well plateel] well B 1X10°
cellss W3 843} wiokS slich. PA 3 242 PMA
(phorbol 12-myristate 13-acetate; 5 ng/1 X 10°cells; Sigma,
Saint Louis, Missouri, USA)®} ionomycin(500 ng/1><106
cells; Sigmayg £3l8ld AMS5l7v} PHA (phytohemagg-
lutinin, 3 pg/1 X10° cells)S AHE-3}dthHeo 5, 1998;
Jung 5, 1998). cytokines SA3P7] A3 A Zuj ool 2 uf
ok F 72470l ol 72417 wiekel 48A17F wiokR
o} cytokine A FEol F5E AUAPAN i
(data not shown). A ExeFlE AME-A7EA] -80°C W% B
st

ELISA gHof 2|8t cytokine HE

A EujeFeiel A= interleukin4, interleukin-10,
interleukin-13, interferon gamma(IFNYy), tumor necrosis
factor alpha(TNFoy= A %317 93] sandwich enzyme-
linked immunosorbent assay(ELISA) W& A}8-3l9ict
(Heo 5, 1996). Z¥dstAl uhd-g 7|<shd A Immulon
IV plate(Dynatech, Chantilly, VA, USA)ell 2+ cytokine®l]
™3} capture antibody(2 pg/ml) 100 pliwell S Y31 4°Co|
A ovemight BX|AH e} o2 platex} 542 7] (Biotek
ELx 50, Biotek Instruments, Burlington, VT, USA)E 3
3} AAHg 5 vl EelH FEAE A 10% FBS
(fetal bovine serum)-PBSE- (200 pl/iwell) ¥ 247} A&
A A ZAE. AAF FA] 33] AHHSRaL A Eefofol st
7} cytokine standard® ¥ % 4°CellA] overnight FX|A|
Aok &2 73] AlH 3} detection antibody(d jLg/ml)
100 pliwelFE WX A-2olA 2A]7F AHX|A)F] ok o}A] 73]
M2 F avidin-peroxidase(2.5 pug/ml) 100 pl/wells Y1 1A]
¢ Ao AXAIFT}. 2,2-azino-bis(3-ethylbenzthiazoline
-6-sulfonic acid, Sigma)E AH&3ste] HAH F FJ=E
405 nmel|A] Biotek ELISA reader(EL800)Z =43}t
cytokine® A}8-¥  antibody pair(capture vs detection,
PharMingen, San Diego, CA, USAY= v53 2} L4
(8D4-8/MP4-25D2), IL-10(JES3-19F1/JES3-12G8), IL-
13(JES10-5A2/B69-2), IFNY(NIB42/4S.B3), TNFa(MAbl/
MADI1). 2} cytokine *H lower detection limit: ©-&3}
7t} IL-4(15 pg/ml), IL-10(30 pg/ml), TL.-13(15 pg/ml),
IFNY(100 pg/ml), TNFo(60 pg/ml).
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#23}517] 93] isotype-specific ELISA HPH-S- ARS-3sl¢ict
(Silvy 5, 1996; Braun 5, 1999). 7¥dsid whi g 7|&
3P HA Immulon II plate(Dynatech)ol] 7zt Aol o3t
capture antibody(2 pg/ml, PharMingen) 100 ul/well& ¥l
4°CellA overnight FAAH. vh2d 33 AlxE 5 ¥ &
o]x Xz w7195 1% BSA(bovine serum albumin)-
PBSE (200 pliwell) W 2A17F Al-eol| A A A AT. A2
¥ oA 33 AH33 1% BSA-PBSE 3AMg ¥A
(IgG1, 1/10000; IgG2, 1/50000; 1gG3, 1/5000; IgG4, 1/
250003 7+ IgG isotype standard(Sigma)s ¥ ¥ 4°C
oAl overnight AAAZ . B5d 73] HASIL biotin-
mouse anti-human IgG(1 pg/ml, PharMingen) 100 ul/well
S 93 AeoM 2AZF AR ohE A 73] AE F
avidin-peroxidase(2.5 pug/ml) 100ul/well> 232 1A17F Al
2olA AXAZ e}, 2,2-azino-bis(3-ethylbenzthiazoline-6-
sulfonic acid, Sigma)E ARSsle] WY F FFEE 405
nmolA] ELISA reader® ZA313c}h. 7 isotype H lower
detection limite 23 vk IgGI(Sng/ml), G2, G3
(15 ng/ml), I2G4(1.5 ng/ml). o2 IgG subclass % ol
)3t A=He)= WHO reference serum(National Institute
for Biological Standards and Control, Hertfordshire, UK)
Z} Human IgG subclass profile ELISA kit(Zymed
Laboratories, South San Francisco, USA)YS o|-&3}e] AlA]
slgde}. A total IgF= IBL kitE AMESled 450 nmol|
] ZeksloloHIBL, Hamburg, Germany).
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*E37H 277 2 S8 A9 freldt Ztel: SigmaPlot
EA| =2 78)(SPSS, Chicago, USA)Q— o)-g3ate] AESIY
o} gaHoe 2189 AFEE ofFEFE %53 H single
factor ANOVA®} Dunnett's #-test —3.1—: Kruskal-Wallis
ANOVAS} Dunn's test2 o4& HA81sicH B2l o=}
Student's r-test == Mann-Whitney test®2 F7} 24 A
AL ARSI p valuert 0.05 ol3td HZ F2gt 2o
2 A 2] AAE 7 3o = p<0.05
oA BAA 2R gt Alel7t ale& R

2 u

TofMol CEE ARiSel w4 o
A =525 B AV TR o, 1290]
YA ARE@3%), ol ABA ARE(18%), 430l
S ARE(14%) FHHLCR, ool gl TF
A Age] 2 3BT, T A5 230%eI
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Table 1. Classification of diseases diagnosed to the TCDD-exposed Vietnam War Veterans

Case Number

Diagnosis *

Disease Classification

SMC1 Lumbar radiculopathy, Hypertension, Diabetes Mellitus Nervous, Cardiovascular, Endocrine

SMC2 Carvical myelopathy Nervous

SMC3 Right hemiplegia Cardiovascular

SMC4 Cerebral infarction, Dementia Cardiovascular, Neurologic

SMCS Left hemiplegia, Diabetes Mellitus, Hypertension Cardiovascular, Endocrine

SMC6 Total hip replacement due to avascular necrosis Cardiovascular

SMC7 Hypertension, asthma, spinal cord tumor Cardiovascular, Respiratory, Neoplasm

SMC8 Total hip replacement due to avascular necrosis Cardiovascular

SMC9 Total hip replacement due to avascular necrosis, Diabetes Mellitus, Cardiovascular, Endocrine
Hyperlipoidemia

SMC10 Rheumatoid arthritis Musculoskeletal

SMC11 Folliculitis Dermal

SMC12 Chronic superficial gastritis Gastrointestinal

SMC13 Degenerative change in C-spine Musculoskeletal

SMC14 Telangiectasia Cadiovascular

SMC15 Seborrheic dermatitis Dermal

SMC16 Peripheral neuropathy Nervous

SMC17 none

SMCI18 Hypertension Cardiovascular

SMC19 Back strain Musculoskeletal

SMC20 none

SMC21 none

SMC22 Radiculopathy, Dermographic urticaria Nervous, Dermal

SMC23 none

SMC24 Nervus spilus Dermal

SMC25 Hypertension, Avascular necrosis, Radiculopathy Cardiovascular, Nervous

SMC26 Lipoma Neoplasm

SMC27 Eczema nummulare Dermal

SMC28 Telangiectasia Cardiovascular

o A Az 3F7] AR 27 17501(4%) AU
o B2} 1909 S LR Ass o glgler Bt
S oagiA] 2 A A7t 45 (14%) 0= 19A
XEAEE] HEe] RHA LR Ao Aske ¢ s
H(Table 1). o] YdA EF 2|92 Nha Trang, Cam
Ranh, Qui Nhon, Tuy Hoa, Nin Hoa, Da Nang % ©|
et

SXHUMT 7N BN

LYo £33 gl 2 dYHES] HAdA 4
9 I HEZL] PARIE BT A &3] ST
FUEHTPE 6.6810.25X10% pgied £ A7z} 25
2891 (4.5-11.0X 10%/ul; Wyngaarden 5, 1988; & #
2], 1997yl 43 qdsler HzFae] zlo] HA] Folx]
oRITH(Fig. 175). &9 A7 YF74(2.33£0.11X10%
ul), =HTE(0.50+ 0,03 10%ul), ZFLT4(3.84£0.17X 10

ul) FAl 22 ol Aol & o)A edsict. =3t o5
A EE0] WY FARE ARE d773508+
1.22%), HT(7.442035%), FAF(5747E1.2%)E HZ
2 I3t Aol7b Giek(Fig. 14). o83t A= =&
oA FAaAR 482 A 2487 v xE H2EF
Job-based controle] A @3 o] xFFIH v|5F Age-
matched control 8%, ¥4 3=7¢l Healthy control 284
< A3 v 2E9lS W E KR {28 Aol & A
4 ¢l9dvH(data not shown).

o dxyYe] HyTe FRiF AFAEL 6L
A3t ol S8 A7y, A 4L
(hemoglobin) -3, Al ddF F HYPF7} 2R|sl=
2495 Vel sntEaRE HAKE EMEEET olE
TR TP o= WY BAS Wy 84 o]4d
o 2E79] 7 AT HEEd ¥ A TS 4441
0.09X10%ul, M4 14.38+0.33 g/dl, SInIE=EE 41.77
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Fig. 1. No significant alteration in white blood cell parameters in the Veterans compared with those of the control subjects.
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Fig. 2. Lowered red blood bell parameters without significant abnormalities in the Veterans compared with those of the control subjects.

+0.93%= Healthy control®] 4.6410.06X10%ul, 15.17+
0.18 g/dl, 43.81+0.53%\}+ Job-based control®] 4.96+0.07
X 10%ul, 15.58+0.18 g/dl, 46.06£0.56% Eo} z+zt -§-9
A WRlekFig. 2). 22 olE 279 SAANE 44
2= AAPHYel 3.9-6.0X10%ul, 12.0-18.0 g/dl, 36-54%]
o) £33} glo] Wld FAAAE A Al ¢t

SEHY fotal IgE $= H|T
Aol =28 AFFSolAN tehhe efel 7hA] =3
8o Suinhe FHS dlZan7] Sle) AP total gk

£ 2x3}9ic}. IgE-mediated hypersensitivity: I ==

FF7) ko) HY3H AR AR E e A7) o)
2714 A YA AW IgE F50] el dwkA
A7l e)tHMudde 5, 1995; Peden, 2000). &7 B
IgE 52 1813 ng/mlE ¥ thEF9] IgE 4-F(Healthy
control, 732 ng/ml; Job-based control, 617 ng/ml)el] B} 3]
Fro)sHl EUTHFig. 3%). 2ETIM TR 488 A9
3 24983} ¥)xZ Y275 Job-based controllA] o]
»&73} ¥|53F Age-matched control 8%, B 279l
Healthy control 28%-2 A3 H|W8ldS WE xEFolM
IgE 5-& oJA3] ]38k (p<0.07) F34HFig. 34). 18]
1} o]2i3t IgE SVt B 27T IS 2] o5



2,3,7,8-tetrachlorodibenzo-p-dioxin =25} $i8} QA9 312 13 4= 9 A FH] Apde) A3 AT

2500
A * Rl Veterans
Healthy control
Job-based control
2000 -
)
&
© 1500
o
£
S
[&2]
£ 1000 -
L
o)

500 -

Q4

IgE (ng/ml plasma)

117

2500

2000 4

1500

H000 4

500 -

0 -

Fig. 3. Elevated plasma IgE levels in the Veterans compared with those of the control Subjects (A) and similar results obtained comparing those

Veteran patients with the age-matched controls (B).
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Fig. 4. Slightly lowered IgG levels in the plasma of the Veterans with a significance in IgG1 subclass.
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HINY IgG isotype £ H[1
IgG= A=) oi7lAIZA 1gGe AW A 5

o= dubqed AHab-el B 497 715-g ovldd)
2t 54 Agke} A= IgG subclass S5l A=
oPA7HA] &RiEe] QIAE WA (efferis 5, 1990) 1gG4
£ 5= 1gG1 L 1gG¥} LE27]A Fulukgel] o
g 93-S ] EuE R glvk(Kimata 5, 1996). 53
IgGe AR, vlelelx 5 o3 qlAllel] wigt olxle] wlels
Hol| 2A =93 A o)7]ol) AW $F-S Akslsil A

74 Az vushs 22 $83 oulE et
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Total IgG8] +5& 1YA| &7 o] 9.77 mg/ml
Z. Healthy control®] 15.84 mg/ml, Job-based control2|
13.42 mg/ml B} wgkort f-20J3t A}oli= ohjglth(data
not shown). 121}, IgGe) subclassE vlws] B o,
1gG18] #FL =& FdA 4.29+0.66 mg/ml2 Healthy
control®] 8.68+1.23 mg/ml¥} Job-based control®] 7.89+
1.44 mg/mel} ¥ fro)slA WUTh(Fig. 4%). ol 3
FAE EFolM FAZA 489S A9q 2483} v
7% Job-based controlol|A] F o] :ZFI} w|4E)
Age-matched control 874, ¥t ZF<l Healthy control
2893 A3 vl S W= vks)] &2 g6l =
ol Bl A3 P $Fe]%ivk(data not shown). o]
TCDDel| 2% T2AE] loiA 2HA]uE BA %02 fo
g " 1gGl At Uddthe SYelxe) dF A}
= U= Holvk(Neubert 5, 2000). 81, IgG1 ] £}<]
subclass ol QleJA PA| =3 H2F2E Fol3t
2pol & vEMNA] Aokeh(Fig. 46).

T o M0l e cytokine M4 53 vjm

T dsbr= £ 2o d9449 A e NEEAN
2 7152 AelA dofvhs A9 BE wubsel A
o S1& AHEE O F8ecHDavis =, 1999,
Anfossi 5, 2000). 53] 3 edEA difdo] T Yt
9] 715el GeE Fol Ay $5& v oz A
AIZIZ M ERY 52 A7) S48 2T gl B
ESHA(Nel 5, 1998; Krieger 5, 1998) T dst72] 7]
5ol WIgt 33=A1Q1A1el TCDDY o3l #AL 24 9

Aot} XA Al YA R e A7) BAAH o2 49
2307 ot

TCDDS] T a7~ o3t HgEA-E dxlx oz s}
7] 13 AoE g o nRe Kl o] MEE in
viroell M T 57 A= 2x334E2le) PMAS}H ionomycin
= PHAZ 43r71 5 AA=E 2% cytokineS A8k
3fete] 27} v|Z3lgc). Healthy control®] 7% A3
H o] AL WAz £ AQe SR Falgior
olell m}e} xZ73} Job-based controlZ} cytokine JAHTE
< vusge 49 [L-139 HAAFELS PMASY
ionomycin®2. FAHAIZE W7}, IL-10& PHAZ 45
AlZE =7F 2+ PHA, PMA®} ionomycin®] 73-3-2x} 2+
7} ol Azl ANEE A sHchFg. 5). Qubgos
NEA type-2 cytokine2Z <al# IL-4, IL-10, IL-13
(Mosmann %5, 1989; Paul %, 1994)% IL-4%} IL-109]
NAFEL XZF(14, 1408216749 pg/ml; IL-10,
2421.82+393.67 pg/ml)e] PNEF(L-4, 45344 12.35 pg/ml;
IL-10, 1864.78+45.53 pg/mh)Ec}t =9t} e} 1L-49)
734e BAASE 23 Aol opglon] = 113
=& dE2F 2T BFEe] vlSsdTHFig. 5). type-
1 cytokine®® ejzl IFNy2 PHAZ AL w7},
TNFo>- PMAS} ionomycin®-2 23 AL w7} A4
o] ztzt PMAS} ionomycin, PHAS] S} 7bz}b o}
ARpe] AE AAEIERFig. 6). 194 &7 T 9
oA YR IFNyTES 1116414103 pg/mlE P27
2] 25965+4539 pg/mlH=} p<0.057 FEANAM 3 B
S4erk(Fig. 6 ), HbA TNFois 7oA 8250+1877
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Fig. 5. Upregulatory production of IL-4 and IL-10 from T cells obtained from the Veterans and stimulated with PMA plus ionomycin (IL-4 and

1L.-13) or PHA (IL-10) for 72 hours.
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Fig. 6. Downregulatory production of IFNy and upregulation of TNFo from T cells obtained from the Veterans stimulated with PHA and PMA

plus ionomycin, respectively.
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Fig. 7. Significantly lowered production of IFNY in the Veterans comparing that of the Veteran patients with the age-matched controls.
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HH WHY7)eg iR B A7) Aselele ou|E g
etk webA B @M= A Tel g4l ko] glAe]
HAA Al v]x)= FAoll gt F8 AFAREE AN
24 A o)M= o}z TCDDY <Al AGS5Ao] sl 3%
H AdE dAsr 3l e AE ==zl 3
19761 ol&glole] SevesoolA] LAI3}I®  trichlorophenol
AzA FA WA L(Bertazzi 5, 1998), = BASF
trichlorophenol AJAFEA}A] 19534 A&} o] 4] 2
AFA(Zober 5, 1994), 943X IpH3 Agent Orange AE
2Rl Fodsledw u)lFE ATl Sl Ak HYr)s 24}
(Michalek 5, 1999) 5 =5%F Y& d7ARA7AY 7|7
o] & drdite] Hgiwl $elviel €Al AU ES] =
EF AFAAEZA 7171 oF 303 Bl QAR st o)
3 AT AHE FALE B

Environmental Exposure Episodes

7}. W)= Missouri %] A+

41%9] TCDD »% AFUNE HOZ & TN
TCDD®} A2 F%7) 235F cytotoxic T cell E
CD3* total T cell®] LAl Ad 2x 9 Aoy &
Zh, 22l AW gAY 5L 5718152} helper T
cel®] FE 9 fxlell= W] glod Husidd. =3t
Con A(concanavalin A), PHA, PWM(pokeweed mitogen)
59 in viro YT FAEA S AHSE A} e
Ax2} TCDD Fxos AH#AAA7E galvh(Webb 7,
1989). ¥FH Quail Run®] TCDD x&F 15293 H| =37
15192 A2 23 A7of|A= (Hoffman 5, 1986; Evans
%=, 1988) w2 N helper T cell B]& Y helper Tcell/
cytotoxic T cell®] B]7} HlxZFoll vla] xZFollA 74
slglom Ao AmlzACdAM fRE T a2 23l
3= Thya-1 L] £FAA] s HH3IH.

v}, o]=k2]o} Seveso FH1 AT

19764 trichlorophenol A|2A] 34+ F2 913t TCDD
2% 6d F oolEs o= AaFt Aol =51
ool 52| gtz a7 o, AW BAlPEe] F7t
Hdort o] F ool Sell el FH3 A7l Idls
o] ¥ ¥ Mocarelli 5, 1986 & 1991). E=3FF PHA
2 PWME- ©]43} in vio Y52 GA] kZ ofFo]
Bl oiM Sl o] Busgo

o} 93" A Operation Ranch Hand unit ®] 3%
Aol gk A+

19613581 197571412 LA F<t v] F-2 oF 74
299l 2E)e] TPAE AL o] F TCDD7F 249€
o2 FAHE Agent Oranger °F 60%= xHA|3ic). o]

2402 oF 230ke?] TCDD7} ¢ WEY | 7ol
AAEEggo] FA=T gloh(Kramarova 5, 1998). ¢F 670
5] AgFFelEe] AY71eS H71gE 19924 =il 93}
H(Wolfe WH et al, 1992) HZ3l HAME 74, 83
% IgM, IgG, IgA 4%, PHAE o] &3 g+ ZF4],
natural killer cell 7% 2ol lelA oAl &3
A o3t WIS FEEA] 3T ©A] o] EH R A
g xF 2] thol A 5 AF 1gA TP 79F
ADBAE RS ot o] F 95089] =273} 12819
o NE2ZE WAL 2F] FFEA A E=Michalek
1999) AF= xZ7oM B da79] dxdqy 471 §-9
3P kS s E 2ETOM T g9 41 A
SENE Raslsic) vkl dAS 7 A 5 f 95
T FAH, NK cell 715 5ol M co]8Al 230
frel3t FEAdS AR Z3lsich

Occupational Exposure Episodes

19881 WX H JenningsTe A7 Ao ospd
(Jennings 5, 1988) 2,4 5-trichloro phenoxy acetic acid
AZA AZFANA TCDDel =23 18959 TEAES
HY75E eEFZNE 17de] At F EAslE o, ¢
Z8AY T &= B 4979 o8 izl w8l f2st
zpel7} ¢ldwl ¥bH natural killer cell®] 95 EoilA]
Eoteh. =3k 27FbAIQ] antinuclear antibodyZ} 2=Z7-2)
YA FolsiA HERE Esleddt. 19539 BASF ¥
Aof| A trichlorophenol MAFEA-& E3] TCDDel| &%
138359] Z2AEE WA E BT oF 4050] A3t A
Aol A W75 F78 vl (Ou 5, 1994) H2 =%
A Bt ope}l AL ARl = TCDDF =7} ¥ 24
o] AW 1gAd) 1gGe +F¢] AR ke #
Z8NMY T cell, natural killer cell, helper T cell®] B]&
o] ozt A3lEe] Qlsre] BHuH sHH 454|004 634
ol2 oF 206 Ael] AF7] trichlorophenol AAF FAloll A
TCDDe| =&% 11759 Z2AES Aoz g 9743
o o= (Tonn 5, 1996) HEZH v]wshe] T3y
7} A 2] PR Xol7t 91912} mixed lymphocyte
culturer] = Y7 F2]o] Agheo] FA=EAC =3 =
2] Hamburg &4 AZA] FHA o] -S4l WAl Fol]
234 227} 2999 =29 gL x2S e s o
A 1gG, 1gM & ¥¥keEA 53}, antinuclear antibody
5 11328 AR o5, 2289 dINE 74, 4=
ol Pl 4579 in viroellA PHA, PWME-& ]4-3}
FA AR 52 x3F 10604 23d0] At 19923 5-€]
1994 o] B4 - vl w3l vhJung 5, 1998). BA A=}
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TCDD Equivalent Dose(TEQ)2} CD3*/CD8* T cell ¥]&
Zhll frojsh A3t IS M volgAls 3 %
A9l YA AR AR QIgt gt A3l A
<] chromate resistance®] H3}E xZollA TASIAT
A7) AzA TR do]Sale xE2H = v Z2AE
< o2 HxAA Felgt 7 WM EES] 4 W
ste} 150 SHAEE & Blagt A3 Emst 5,
1988) memory CDS8* T cell & x=&-FollA ¥ naive
CD8" T cell = FH4€ FAtelglom] AHuiodA] tetanus
toxoid®} purified protein derivative of tuberculing Z+zt
Fdoz AMHE W ANy} TNFo A 550 =Ell
A #A3) Ashgo] A

TCDD M EMol| Ch8t in vitro AEHY o7

Neubert S~&(Neubert 5, 1991) A4Fe1e] whxddS- in
vitroell4] 1pM ©J3}e] #%%= TCDDE A7}5ted PWMS
2 gAAZ o memory T celld B celld] 47}
TCDD “gXof H|#3le] Aahgs Latsiolet. v 100
Ml A 10pMe] ¥l ZA 1% =2 TCDDE #7}s}e]
PWM =+ anti-CD3Z o2 9575 243 A)7L o
uj7-2] FAlolle odgko] gleE WESYTHLang 5,
1994). 3k, TCDD7} B 95}7-9] 3l o4 23 =)g)
o7 AA plasma B cell S ME A= CDI9
Frgkele] walS ogA|3te] Wi so] B Yu}+7} TCDDS)
A EZF shidde] AAHZE A Masten 5,
1995).

TCDD2| oIX| M=ol chet Sxi7ix|e] HE

2}7] QA MeEAe] dPAAES FEIE A=
TCDD k=23 24l #AE 7R ahdH e W sls)
= HYRAREAE AAI] /el Aotk F, T2
AAM 25| A FARIY AHA %= TCDD 34
o} JAgE A e #HEE vehiA] dom AW
A3l aAleEel M= gAE A 9JElae BEE
g} G232 debs Holot. ub Z24E "M EES] 7]
Soll deire ARTE AToNxXE clekst 4713 of
g A7t Al Al EE AEA QA 33 AL A
e 4= glvh &, Dy A =A== helper T cell,
cytotoxic T cell, B 4=, D37, A3+ 5 wkst =
A EZ2] 75l tigk TCDDY in vitro/in vivo %33kl
gt FAF el |77} 2 asielet A=)

ool F£ A Chst E9
ATeME TPA] xEF52] YITE in vicool| A &

rke i

A3AA AAEE 2 cytokined] TS SA3IAH. ol
E 7 AR Aol T dab7ol 93 TCDDY 4
S Al uA}E o], TCDD k&al5olA] 42 )79
FAPEE dET vl ASE AV 2Ry
T 4979 4 == vl&-g FA3 Ad vld T 4972
A3} AHEl cytokineS AF3FHe 2N 11 715-S B8t
ek Aol 2YRe A7 A=t & 4 Qe 7 o
Tl ospd 979 4% TCDD =24k} ]2}
7k Apol7}t givhe AolMe o=AE dXE ZIE X
ol Wb, Pl M oA = odekglee] e A
ukel AE B uskiglel B ATl IFNy AAGEel
A =ETE T g 44 Qx| 753 f2fst
Al ASkHFig. 6 & 7). IFNye FAAIEES AIAA 9
FollA Ak utelela, A EW 7|18 Al 55 AAsk=
¥ F83 cytokined-2 FFslH(Young 5, 1995),
cytokine®] A4 o] 2GA| =ZFoA AsFE AT A2 o]
£ xERE0] Hdol At S5 A= e] Al v
AEes A 7FeAel S AAgEH(Warren 5,
2000). =3 IFNy= helper T cello]v} cytotoxic T cell]
type-2 helper T celle]r} type-2 cytotoxic T cell22] ¥
3= JAlsla B Y3+2] IgE isotype switchingS- A
e Aoz odex 9 vh(Snapper 5, 1987; Paul 3,
1994). A =ZFlA IFNy AA37E 422, type-2
helper T cello]t} type-2 cytotoxic T cello| A AA =] &=
L4, IL-109] 430 hFig. 5) 3 [ES] 4% (Fig. 3)
B olelRE P s A2 S AT RS F
3 qisich B Ao AYuoF [Ny A4 5o
TCDD x=Z-rolA] 8A3] Asldo] YD Haolx
(Emst 5, 1988) UX|5= Ho|c}.

w3 JEub-5 EAI7I=E F83F cytokine?! TNFo
(Matsukawa =, 1998; Veronesi %, 1999)2] x=Z7-ol| A
RG] izl vlsl =Sk A 94 EnEe. 539
TNFo}t B8t 71%-8 4888} interleukin-13= TCDD
22 S AIN At A" 2x] dAaAd 23 (chloracne) W
Aol AT 4= glvh= E0=(Sutter 5, 1991) ¥ A74
ket FA|o] B uf XA}l vt vt &, fEive 319
A 2Z2AENA HAE I 954 Aol Y T
FAke] Alsfel] TNFo et AAdo] wizdell A=At giA]
W&t FEEHE AAE B dFelA Aok Held
TNFo HopA-2 d3e] Fad & vz S7A
8ol A 7 3, BA F A XSl Fhedahs iAo
FH 23] 908 71E3A 7FeAd el Q7] diEelwt. o] A
# TCDD x%A] TNFo ¥¥|7} S7bEsiohes Eals
TCDDA| =2¢ U5ole] A=xdHANE S v B
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2% ¥} Qo (Rier 5, 2001).

AW IgE 59 7%= type-I hypersensityt} type-IV
hypersensitivitye} 5o YA LR U271 3F7]4
o} o}Eu]A w4 WA A= TG(Nel 5, 1998;
Peden, 2000). o|2f3F A-follM HAF IgE 52 o]
=9 HA e oy 4 Ao Fa3k WA
AFA 2 o] 45} B Aol M YAl FFo] vxE
2ol wja] AdALE & FAF IgE ool
ZFo|A ofe] okele] m A stel (7 Tl Ay R
1%) AR =] L2317l B ATARE 7oA el
e 35} B s dAIgeRs AlgA o]
siek. 22, AR AagAeM FE3) dahilekSukslea
& AR B dubtel =E3AAE 9, IgE Aol Ft
e 2 3= (Takenaka 5, 1995) TCDD 94| w3}
FRisleado] S3ohe AL 3 | B A7 AAE
ojrAE Mgy 7Y T 7|Ee] QJAE o
Fe 23} to] g4l 4 A7l IgE 52 X el
el A7l dis AAe WokE Al7E o¥H. &
H, TCDDE vh2oll =247 S o Ud=H|27] 9] 5ol
IgE ¥ total IgE EF A31=E A 3el=(Heo &, 2001)
E A7EIE AHEIE A H4] o] Fojo} & Aot

4 =

olake] 1akg wigtog dFeite] © THA =F79)
T(8E Yt FE3A] Xt feivet A 294 =% 4
B A AR Eel HE HEA O] Q= A T3]
Zlell= gHAIA o] dAIRE B o] ¥]35=§F Healthy control
(2892} Job-based control(28% )& A& sle] w|wAIFE 2
o3 22 AR ol B 4 Qlsie

AR, Dzl 7} AN ES] Ao ¢ P AYH FE=
EZT NE2FZE KR Alel7) slsded, ol w2y
A EF] AHA FAG A = TCDD =24
=9} AT YAA e HEE el dethe 78
5g AFA el AR Aol

=4, g3 total IgE ¥ IgG subclass T FAS 3
2 o] AL Busls JEOZ (otal IgEe ol
w8 el =E&FellA ol TCDD &2 Q18 of%y]
WA del27) A 7hsAdS IS Sk Al o) =
7% Bo 9 Y 37 =v oAs fEAE
o3 FAHzAPL oFE AAIBRL Q. total IgGellA]
£ 272 A7t gl ol 7189 URES vg 4
Folel. T} IgGY subclassE EA3lgS o, Gl
o] E oA Wished], IgGle] ool Ash= o

V3E - Zao) - 2 - gy

o] A el Wig 8 A2 BA Ak Y-S
7Rk IgGl Ash AW B4 B 979 7)5Ase
ol A% AABA Y 3)-EAR= AlS A7 Aol

AR, T 4F7E in vitroo] A PMAS ionomycin =+
PHAZ ZAZAIA AA cytokined] 55 H713F AL &
A AFo 2 vlolgin ofg] AlTEe) W3t AL e}
Wiwl F83F cytokineZ 3]l IFNyo| g7l va)] =
E7lM g A AR A2 IFNyt el 2+
F AlZAA7|5e] A3t 3E 7FeAS AL Slet.
ol22] 9§Eukgol 583} cytokine® 31121 TNFort 4|
27 w3 o= A dAa}t A= L4 ¢ IL-10

-o] xF7F 27 Ael7h UMD A2 TCDD k&l

T Y5HF 7P5H8E F58 7FeAel He ulgls 2
g AT Ao AR,

#Alel 2

B AT AR FUSYATLS foledT
Akd A148el] SJ3) o] Rtz

fnE8
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