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Immunotoxic effects of heavy metals, as a typical environmental agent, and their mechanisms are reviewed based on
our findings on autoimmune response induced by exposure to cadmium (Cd) as CdCl,. Adverse immune effects of
chemicals, defined as immunotoxicity, have been used as a sensitive biomarker for assessing health effects of environ-
mental chemicals. My initial research focused on renal toxicity of heavy metals was developed to elucidate characteristics
and mechanisms for immune-mediated nephritis induced by heavy metals. In our studies the most interesting finding was
autoantibody production enhanced by the oral exposure to Cd at environmental levels. It was observed simultaneously
with enhancement of non-specific antibody production and suppression of primed-antigen specific antibody production.
Immunostimulation including induction of autoantibodies was found to be the primary immunotoxic effect of Cd, be-
cause of the dose-sensitivity, and to be associated with polyclonal B cell activation (PBA). Further mechanism studies
on the PBA induced by Cd in vitro showed that it was mediated by T cells, via cytokines, dominantly Type-2 cytokines,
and recognition of MHC-II antigens of cell surface. The similarity among PBAs induced by inorganic salts of Cd, mer-
cury and lead suggests that it would be the common effect among the metals to be involved in their pathogenesis of
nephritis. Finally possible health significance of chemical-induced PBA is discussed associated with an increasing trend
of autoimmune diseases in industrialized countries.
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Immune System
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Immunotoxic effects

=Suppression

= Abnormal enhancement

Health effects

»Impuired host resistance (Infection, Carcinogenesis)

»Allergy, Avutoimmune disease

Fig. 1. Mode of Action of Chemical-induced Immunotoxic Effects
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Table 1. Alterations in Immunological Function in ICR Mice Exposed to Cadmium in Drinking Water for 10 Weeks

Concentration of Cd in the drinking water (ppm)

3 30 300

DTH reaction to SRBC?

(X1072mm) 184 (12) 162(15) 192 (12) 170(12)
PEC response to SRBC?
After priming with SRBC

(PFC/10¢ spleen cells) 1010(43) 1011 (81) 850(96) 768 (67) ©

(PFC X 10~5/spleen) 2.31(0.27) 1.99(0.26) 1.54(0.24) 1.61(0.19)
Without priming

(PFC/106 spleen cells) 40(12) 104(19) * 102 (32) 145(44) *

(PFC X 10~3/spleen) 1.30(0.28) 2.43(0.29) # 1.90(0.29) 1.90(0.20)
Induction of ANA9

(No. of positive mice/No. tested) 5/10* 8/9= 9/10x

(%) 50 89 90

Results represent the mean (standard error) except ANA data. * p<{0.05, ¥ p<0.01, = p<{0.001, @) Delayed-type hypersensitivity
(DTH) reaction was determined by footpad swelling test. b) Plaque-forming cell (PFC) response of spleen cells to sheep red blood cells
(SRBC) was determined 4 days after priming with SRBC or immediately without priming at week 10. ¢) Induction of anti-nuclear antibodies
(ANA) was detected by indirect immunofluorescence staining of mouse liver cell line preparations. Sera with ANA titer more than 40 were

represented as positive in ANA induction.
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T XD EERGETTEICDONWTIE, Cd OEME
OBRBICLD2UVFTOEYIOANR—2ADFH
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Cd ZBEICLBIHREFELEZAOND. £,
ZHBID Cd DFERBIZ L DEREDRIES DR
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DOHOERERINC XV EEINZHEPIRD REE
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3-4-2. Cd RBICL DMBELETTEDEH
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JUHELE, IVE ANA Pl 2458 & LTINS &,
Cd @ 2 AR Ek L TGOl A HEERICEL >
THAELZ. 2 20RHEELDSHE, 1) Cd#EE
2K % ANA FEIIE TG GERORE) THE
U. CdZD0bDICLrEELEEZOND. 2)
ANA FEREICESBEREENDHS. Thbb, %FE
VAR (0.9 umole/kg/day) D4 ERSER Iz LS
ANA FEAED kT, Cd, Hg T3 A ZICHME
Tho, PoidAEEN%E, EARLESETHS Zn
E Fe(ll) BEMETH o=, 3) ANAGBEREICTY
A DRRENA SN D, FHMEESHUEMED H-2 )\
TOAY AL TDORIRLDIZMOELRIER T A
(BALB/c, C3H/He, C57BL/6) TH®&T % &,
BALB/c Y7 A TX DIEZMENE W, BALB/c ¥
ZWEANNV—=THIEOY 7ty F)NF > X T Th2
BALESNDRMT, BT 5K 51T Cd A Th2
A TN KB B 2K LEZDDEE
ZHN%. £/, BALB/c X7 A DM Tl i
DHITEZENENMEAN WS Nz, 4 ANA

ICR mice (male, 6 week-old)

Culture procedure of spleen cells

0 1 2 3 4 5 6 Culturedays
L 1 1 11

T 11
Cd Cells - PFC assay

Media - Autoantibody assay

Anti-DNA Level

DIFNIT DNA ITHT 55k bFEEIND. NS
OHiRIL IgG PR TH 24, BEIZR N7z PFC K
3 IgM PURICE D KIS TH B DT, CdBETEITLD
R B THE T AR U 7 0 — > B Ml iE 1L
(PBA) IZ&LB2HDTH-o=. NI, KREH DM
SONBREE R RBR T ORI N

34-3. FBFENBREEELETLE, CADY >
NEKICH T D EHRZETHD  ERHBYTEHRS
N7z Cd EEEIT K 2 IR IE TUHE D 8 % i B
BNTHHBETES), YU ADMME®ERTH
N7z, 303D ICR ¥ X ORI EE #8112 CdCl, 23N
L, ZOMiaoIEE: B/ SRBC-PFC (IgM) X
iy EREHL D5 DNA FiAIREZHIET 5 &, KHaE;
FIZHR10uM LT ORE D Cd 132 PFC (IgM) K
nEIETEE 4 HHZE =212, ik OH DNA-
IgG FifkEEZZHMIC, TNTHNEEITHEML /-
(Fig. 2). ZHUTX D, Cd DRORFEICK DI
B TTHEE, MY > NERICH TS Cd DEREE
BLLTHBRENTHHBEIN, PBARIGTH S
ZENHERIN., Cd ORORBRICK D ELE
VW, AR O REE M O MR OB AT Cd 12K D
INDHREZBZLGDOLET, ZHH5D Cd DEREEY
BORMEEZEZSND. ZOBEEZEL, BALB/c
YUZADBAE THRIN, BHdizid ANA OF

IgM-PFC

O Day 4
8 @Dar 5
A Day 6

PFC/cULTURE (x 1072)
B

Anti-nDNA 1gG (A.U.)

Culture Days

W Cd ouM

VIABLE CELLS/CULTURE (X 107°)

Cd (Tog[M])

Fig. 2.

Cd-induced Non-specific Antibody Production in Cultured Spleen Cells
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M IZ native DNA ([ PR 91213 T dsDNA ik & &
BRINTVWD), AP IIHTIHARBFEIN
2. IHIZ, CAIFEmicL D2 IgM, IgGEEDH
BITHEMU, JERRORHURPE A O TTHENH] S NI
o7,

Z @ BALB/c XU A Mg D #E R % H W T Cd
IZ& % PBA RIS DFEFEMEH ORI DWW TR L
TERER, ROXDBFHMMPHS N2, 1)
THIROELENLETDH S : Ml R{#E DO BALB
X— R Z QMM TIE CdHmMmci D PBA X
FHENNWA, ZTNIT BALB/c O 5 3
BMLUETHEZEGFESIES L, PBA KINIEHES
N5, 2) BEEMH OWMERF A PBA 555 2R
HLTW3 @ Cd LR # R QIR IN/Z T TH PBA
RIGZEHTICHEETES. 3) MHC 7 5 X 14>
F2IPBA BEICBI 5L TW5 : MHC 7 5 A 11 43
FOIIZH T 2HARDIRE T THEETS L, CAD
PBA AN MICHEI NS (P CD4-, $l
CD8-HKDIHEIMIFE L2\, £/, Cd UL
FEMEO 7 0 —H 1 b A MY —fEHTTIE, IAT-B
M L= AN U B Ml R 0 D Ta HiJHE %5 5 0
T5 IN6DOZEMS, CdIiZXD PBA iFEIT

CLONE FREQUENCY

T MK ENET, W®IERTFE MHC 7 Z X 53108
MEL, HOPUROEATEERMED ZENHS M E
2oz,

LZAT, PBARIGDILHEICED, REHCOH
KOEABZELLTIHET IO THAIH. ZOHH
Db NERDERIRDMEND D, HARGEIRE
T B REFNIT T A — TR~ T A DR
HOU R 0= DL )=~ —Z2RAFRE
T R7ZWF7E T, K#E 713 ANA £ ssDNA,
nDNA IR EDB T o F >, YO F IR ED
HOPURICH T 2hikzEET 2 H ARG O—
>THY, FACHIHEITHT 2PiREA7O—20
FHZENR0 DR, ENS O 0O— 2 EEEIZIENT
FEIEEET D ENnho. TOTEMN, PR
JERAERFIC CAd Ik D PBAAEL 5 &, HESUEA
DMEAFENF SR IINGVWIEOMEAEEZS
N5 (Fig. 3).

4. ERRICLZ2HCRERICFREOEF

4-1. EFPEICLDEBCRERROFZREERF

L EWEREICKL2HCREFHTEICIE, Table 2
WRT KO BEFENZET 5N 5. KBOFIZRRD
&, HgClL, #FEDH Cd E[FH U L 51T ANA RFikE/N

PBA

EXOGENOUS ANTIGENS

AUTOANTIGENS

Fig. 3. Schematic Explanation for Enhanced Production of Autoantibodies by Polyclonal B cell Activation
White line columns represent the natural antibody repertoire in normal naive mice cited from Souroujon et al.3V Black line columns represent a proposed
schematic model for enhancement of autoantibody production by polyclonal B cell activation (PBA) in Cd-exposed mice.
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Table 2. Some Proposed Mechanisms for Chemical-induced Autoimmune Responses

Mechanism

Examples

1. Expression of neoantigens

Mercury salts, halothane

—expression of cryptic epitopes in self-proteins modified by chemicals

2. Cross reaction

Auto-allergenic drugs

—cross reaction of MHC-restricted drug-reactive T cells with MHC-autopep-

tide complexes
3. Release or presentation of isolated autoantigens

Au (I) salts

—release of intolerant tissue proteins by injury of tissues such as eyes, brain,

thyroid and reproductive organs
4. Impairment of immunologic tolerance

Cyclosporine A

—inhibition of negative clonal selection at developmental stage

5. Dysfunction of immune regulation

Mercury and cadmium salts

—inhibition of CD8*-T cell function, and/or disturbance of Th1/Th2 cell

balance or Type 1/Type 2 cytokine balance

RFifR (ANolA) DFFEEBEICL D RBESGEKRDOILE
2L, HOREBHEOBREZGIESEIT. 0T
LT, HeCL /MR T2 747U T >
DPRZHEEICHEETH I ENS, HgBHITXD
T4 7T OEIENECPURRER (cryptic
epitope) MFEH L, THNAHCOKIGHED T, B fifg
EEMAELED ZENRIN TS, WD FH /-,
HgClL 13 PBAJEEH R L, HOEHIKRDEL Z2iEFH
9530 Z20LDIT, WSOMhDOHFENERL>TH
CRERIGZESERILTVWS EEZE5ND. Ta-
ble 2 DHEF DS B, PBA &ZNITHED B CHifEE
ATUEIRECA < DO ELT, 5%FH DR
BEDmEEN (5lE4] Llx-o TWDaREMEA & W,
Z T, ZOBEENS CdIiTXD PBA RISFHEFHED
e S 5ITmat Lz, Mg SRIcB W\ T Cd
HIZLD CD4+-, CD8*-T flifid D LLRIT AL L 72
WO Z LS, CDAT-T il 7ty hDNT >
ABHBDNIZNSICKDEATINSY A ML 2D
INT 2 ADEACITERZ U > TR L 72

42. YA bHANT L ZEE PBA RIEFH
XOBIR I, CDAT-T#ilad 72 B Th fllly
DY 7t b Thl fifid & Th2 Mg DN T > 2 DR
03, Tl OREEBER O AR T 2 2 &
S MNEMR S TERZ. Y3 3512, Thl FRIICHE
HIND Type 1 A Ao > & Th2 FEIITES
N5 Type2 A b HA DA M1 2INT >
Z &AL ERN), BN & OB A
S5MMITETE /- (Table 3).3940 ¥ 2 a )N > M|

BTROTZIZ Type 251 M >DA >4 —10
1F> (IL)-4 OhifkzE#EL T)NF > X% Type 1
A A EMICT B E, EBRIT P2/ > b
HRDFEEAL G2V EDIZ, Typel &2 DY
A MIA COMICIIMHEIERANS D, HCORERE
DRIEICZEDING > ZADENNEHE R BE Z57=1
TWa, =T ZAMBERO LD ICHCHUEANNTET
25 MEHCRERBOFIEICIE, Type2 ¥ b
A2 (BB2NWIEZEDOEAMALTH 2 Th2 Hifd)
DEMEDBEENMES N TND,

T IZT, YA #ED CdI2& % PBA X
JIREBRRICBIT LA AL 2INT 2 AITDNWTHR
L7z 924 Z @ PBA %R TlE, Cd 0@t
DNA-IgG IZh A TIERF BT 2 186G DA % TLitE
L, IgGOY 727 5 ZRNCHEIET 5 &, Th2 ek
1D IgGl & Thl M4k /77 D 1gG2a O gL
Hr, EHICHEFIIIWEMLE 2055 1gGl OF
N 1gG2a KD bEMEE N K &<, Cdid Thi,
Th2 MR O 45 2 TE VL3 %A%, KD Th2 i fu (&
FZERALTW/E (Fig.4). ZOZ&&2HA1 M
AINT UANSIEND B0, b1 K
A VREZYA MIA HR< A 707 LA ETH
FLHBK LU (Fig. 5. ILEZIRD 14 FEOHYA b
A > DO—FoOfER, CdiRmickd IL-5 &
IL-6 O H/RmMn@ER I Nz, Fric, IL6 1R
Mmoo EEFESNEWITHENNEETHD, =
NIZHUTIL21 > —7 02—y (IFN-y)
DI DIsmo 7z, A1 N1 ViFEENY—2T
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Table 3. Examples of Dominant Type 1 and Type 2 Cytokine Profiles

Type 1 cytokines Type 2 cytokines
Dominant cell-mediated immunity Dominant humoral immunity
Pathophvsiological:
Infection
Leishmania (protective) Leishmania (susceptible)
Tuberclosis (protective) Tuberclosis (susceptible)
HIV infection (resistant) HIV infection (susceptible)
Autoimmunity
Type 1 diabetes Atopic diseases
Autoimmune thyroiditis Lupus (SLE)
Crohn’s disease Hypereosinophilia
Others
Acute GVH disease Chronic GVH disease
Recurrent abortions Successful pregnancy
Youth and adults Infants and elderly

Toxicopharmacological:
Chemical contact allergy Chemical respiratory allergy
HgCly-induced glomerulonephritis
Pb-induced B cell differentiation
Anti-rtheumatoid effect of thalidomide (?)
Rutin
TCDD (type 1 decreased)
Mild Zn deficiency (type 1 decreased)
Indomethacin (type 1 decreased)

Modified from Shearer, 1997.39

Anti-dsDNA 1gG

1000
*;
800 r
600 L Il cdioum
W cdsum
400 - O control
120 200 -
100 A |gG1 ok o |
80 o L 800
60 1 F
600 3
0 * B cdiopm
s ok I 400 - -l cdsuMm
0 - L O control
Day2 Day4 Day6 L
600 0 L
2250
50 1 1gG2a 3 000 L
400 3 1750 F
200 [ 1500 " Ml cdioum
200 L 1250 Il cdsum
1000 I O control
100 L 750 L
500 F
O N - -
Day2 Day4  Day6 250

Day2 Day4 Day6
Culture days

Fig. 4. Cd-induced Polyclonal B Cell Activation in Cultured Spleen Cells
All bars represent standard errors of the mean (n=4). *p<{0.05, **p< 0.01 by Dunnett’s t-test. IgG1 and IgG2a levels were measured as indicators of im-
munoglobulin production with Th2 (type 2 cytokine) and Thl (type 1 cytokine)-dependency, respectively.
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Fig. 5. Cd-induced Cytokine Profile in Cultured Spleen Cells
(Time Course)

Vertical lines indicate relative cytokine levels in the medium of spleen
cell cultures (the Cd-treated to controls) . Day in graphs means culture days.
Fourteen cytokines are grouped into four types due to the producing cell fea-
tures: cytokines produced basically by Thl, Th2, Thl and Th2, or many
types of cells.

AT HEIC Th2 M MEAT 5 Type 2 B K711
COFEENFEINTHD, Cd A Type2 ¥ b
A BRI NTNWD ZENHERINZ. 20O
Type 231 b1 > D PBA FFEADEGEORE %
RS 2729, RBBEFITHEML /= IL-6 DHIKIR
I & % fIEBRICK D Cd O PBA #FELEAD
HEEFND L, IL-6 FUADIRIMIL Cd 1T X 2 B
HIL-6 IBED FRZREMICHEEL, ZHITHEN
FERE B I8 PR RE A TLE 2 BHE ITHIHI L 7. Ly
L, MARBEZOHDIIRE WAL, CdiT
K5 EPRDEETTENRIIARICE > T, £
7z, BfifaEE~AO T Y 2N Ek< A1 N> oa
F1FNU > ARG IL6 ZBAE I EET B M, 3k
R RO PIAREETIEEZR I SR>k £, &
WTOHA T, Thfiflgoy 7ty ~& L T Thi,
Th2 IZ/0 A T Thl7, Threg @ 4 D ELEMH S M X
NTETHD, HEHKED ThfllEic X2 HENL 2
NS 4 FEOHALDEEENT > AITL B ENDFHBIE
AHLNTWVWS. 9 JIL-17 FUKIC X 2RO T E
BRTlE, Cdizkd PBA BICHT 281372 <,

IL-17 O FEAEHN T ® % Th17 HiE O 5 O il gE1E
WA,
IN5DZTEMS, CAdIZED PBA KSICHB N
T, 1) IL6 "R S EEFITHEE SN, 2) IL-61X
FEHE B IR HUR PE A= O B TUIE I A B TR R T &
LTHEE5LTWAA, 3) CAdICK2PREEDHE
EAFIL IL-6 A TIIFHATE T, 4) IL-6 LAt
OKEF (IL-5 % MHC 7 5 Z T JiE O FE B 18 hn 7z
L) OBM5bRERIERENHSMNERS. Z
NETOHARZRETSHE, CAFEPBAICKD
FER B FUARPE A & B CHUARRE L O T D 1E T
121X, Cd @ Th il ~DOIERICEK 281 M1 >
(EELTIL-672ED Type 2 31 R 1 2) Dk
L, BifaoHiRERERMEANDIERIZK 2 MHC
77 Z PR OFBR M ENEEIICESE L Tn
HZEERHEMITTHIEMNTER (Fig. 6). In
vitro B TlZ, Thl7, Treg fifid7s & DBY 5 D g
HIEHEVELL BN ETFRINDD, SHBOBGS
NHEZRNEHFETH 5.

43. BELRBICLDRETEFREZDER

PBA KJiiE, Cd @IFHIZ Hg ® Pb THipHE X
N%. o4 Hg % Pb 2 EDEEIAYITEL S PBA
RIS DB S N> TERDN, Tl Cd
D PBA Kt DR & bhi 9™ % & fied THRLMEDN &
W (Table4). L7zA>T, ZNHDHESLEDOTE
BT, WE O HREEIRE TR B/ %R TT
HEEHATHZ I EZM<RELTNS, ZOREIL
HEERIZ, TNEKRTHOHARDOEAZTIET 2
N, HOREOBLEWERZAH T HHEKICRZEIN
XTI, HOREORIEZEET D Z &N T
TN, KB, IhS5ELBIIEEHECRENE
BROETFTIITANDREIZLD, HEHUKRDME
ERBROFIEZEHET S (Table 5), 746749 Z D
BE, EEEITTY YN MEOKEZ R L TN
52 EITs. HORENBERERET VYT AD
EETIE, s ATE27O00 2 Ry PN b
DM S OGN, I— T ZRIBRK O FIERE] 2 B
WLEHREEDDIEND, HORBEMEERDIIER
HEERE LT, RAEREITK DM S SN
LHCPIR ORI EEEET 2 28N> b O s
MEHINTND, O ELEITFOMBEHEEE T D
N NI GRETTEER 2R T2 285, £
IZ B CREEE D FRIEEE S 2 T IR A 7= &
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IL-2, IFN+y
TNF, GM-CSF

gG
igM
IgE
anti DNA

Fig. 6. Possible Mechanisms for Cd-and Hg-induced Polyclonal B cell Activation

Cd and Hg as inorganic salts induce polyclonal B cell activation thereby causing nonspecific production of antibodies including autoantibodies. mainly in as-
sociation with induction of type 2 cytokines and enhanced expression of MHC-II antigens (e.g. Ia) as shown with broken circles. M@: macrophages, Th1/2: Th1 or
Th2 cells, Ts: T suppressor cells, B: B cells, PC: plasma cells, sIg: surface immunoglobulin, Ia: Ia antigen, TCR: T cell receptor.

Table 4. Analogies of Immunostimulatory Effects among Cd,
Hg and Pb

Cd Hg Pb

Autoimmune diseases

in human ? yes ?

in animals yes yes ?
Autoantibody induction

in human yes? yes yes?

in animals yes yes ?
Polyclonal/oligoclonal

B cell activation yes yes yes

T cell requirement yes yes yes

Th2 cell activation yes? yes? yes

Induced cytokines IL-5,6 1L-4 IL-4,5
MHC-1I dependency yes yes yes

All findings in the table are for inorganic salts of each metal exccept Hg
in human cases, with is not specified for chemical species.

SA5. TDOIZEIE, Table 61T/R-T KD, ik
DEBBEZBIZEIDMHRY N7 HEVEEOHD
PUARDFHBIZDONVWTORE 2DV NS HIRB I N
%.

5. RE(CFYEICLIZ2BCRERLFROFMN
- BEFHEER

HeHEREIC Cd 20, ZoREHEEELTO
PBA IZfES HORERINFARITDOVWTHARTE
7Z. G H 70 ML oA CREREEENH SN TN

LM, RO ECHREREIC DWW TOEERE? ICK
% &, KETI 1996 FERE R D 28 F D H CLAUEHE D
BEZIIZAODK 3% (2000 40 NIH #HEE
RTED LHORBIEDREEREZ 2 ANDODR &
H5%) EHEEL TV, RETHEEDOT—F DA
7 FUTATIE, W DD HECREEDNRER
IR 2R L TH D, TOERE L TRE(LSE
WEDOEENREBINTWNS, VHg & Cd Z2I1Z LD
LT 2HESEEL, FEOAMEDLEMEIERICIIT,
Fig. 71L& 5, HERKEEZO—-20
HIE® 5 N2 DOERLD BB N T NS &5
ABN5., ZNSESBEORETUEEMZ, MR
EERICK2HCPEOBREIEREBREY P2/ >

FELTOREHEEICEID, HOREEDHEFED
ZAIRFEBES>TNS, WO TEEHNZERZET
HEEZIEERICBNT, N5 RT3 ECREE
DFIEY A7 2RO TWNS, SRITERELEMEIC
DWT, ZOKD75HECHIERINTFEMED iR
HRDHELNNETH S,

REEY Vo> MERIE, IO THRARTE/IE
e B T DIENT, BRI > TWa i
BERNEZHET S LK OPREEZ TS |,
TV aNy NEMOHFEEL TTY LIVF -t & H
TIEMDHD, ERITEDN SBRSN-HES >
N BICHEINDROEREBICED, KNITHR
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Table 5. Autoimmune Manifestations in Lupus-Prone Mice EXposed to Heavy Metals
Prone mice Exposure™ Autoimmune manifestations Ref. No.
Cd
MRL/1 mice 30 mg/1 Accelerated production of autoantibodies 27
NZB/W mice 10 mg/1 Accelerated production of autoantibodies 46
exacerbation of immune complex deposition in kidneys and proteinuria
Hg
MRL/1 mice 40 ug/d Augmented autoimmune responses 47
NZB/W mice 40 ug/d Augmented autoimmune responses 47
Pb
NZB/W mice 10 mM Developing of autoantibodies and gromelonephritis and increase of death rate 48
in males
NZM mice 1.3 mmMm Exacerbation of developing lupue-type nephritis 49

* Mice were exposed to metals in the drirking water. All metals were given as inorganic salts.

Table 6. Induction of Autoantibodies Associated with Ex-
posure to Heavy Metals in Humans and/or Laboratory
Animals

Metals Reported Autoantibodies

Anti-laminin, ANA, anti-DNA,
anti-neural proteins

Cadmium + Nickel Anti-oxidized DNA base
Chromium ANA

Chromium +Manganese  Anti-oxidized DNA base
+ Nickel

Cobalt Anti-neural proteins

Gold ANA, ANolA, anti-DNA, anti-
TBM, anti-tubulin

anti-myosin, anti-thyroglobulin

Cadmium

Lead Anti-neural proteins

Anti-fibrillarin, anti-laminin,
anti-DNA, ANA, ANolA

anti-thyroglobulin, anti-neural
proeins

Mercury™®

Platinum Anti-nucleoplasmic protein

Prepared in reference to refs. 1, 24, 31, 51, ANA: anti-nuclear antigens,
ANOoIA: anti-nucleolar antigens, anti-TBM: anti-tubular basement mem-
brane

* Inorganic mercury for animal cases, but not specified chemical form
of mercury for human cases.

DAENTZR S N7 BIZH T 5 5058 s 2 H il
L, 7UIF-RIEDFEAEZEHNTWS, D >0
RAT 7 2 BT ¢ —BIVHERMAL 75913, &0
EREEZHEL, IH SN TWETIRERSY >8I
NI DPREEZITESED. ZHUI—R7YaN
CRERDORTH B0, ZOHFIE PBA OFEFEIC
K HEBENRGETIE S IR, BETLILF—
EHE L WHEMOEMICH D, EHSHNTo 280
o3 REMBIEEO T LIV 2 E BRIV IgE ORA

KA (2000-2003 4, 612 %1, THDT LILT >
IDOWTHE) TIE, 28.4%D 3 i%IRICH MBI
W57 0 ZOEIGIRENT, KimEsd
WKEDKDITEDZDM), T L THEREFOY
AN MEMEORD D OFEOMELIL, BREY L
NF—DEFMIHED HMERL TWSEEZS.

TEREFENRRDZHODT 2 2/)N> MEEA &0
DHFEHMT, HOREESTY LILF—EDY X7
IRbSEHMEEEE LT, RELEMEOR 2
MOHBRIEBICMASGNEZRETHAD EEAS.
ZD®ITIX, REFEYE %% %D High
through put screening WM ETH 5. EH S I,
Pokeweed ¥ N 2 X % in vitro JER B HUA
A RICT K B screening iED B FES? 2 i A&, 250 fl
DlEofvmE il L, 15.7% OWEIZHiikE £
OHHIFEEE, £/ 3.8% OYEIZ IR B PUAE
EOTLEZRWH L. UL, ZOHETITR
WRFEITUE TH S HCHIRDOEERFHEEZTHND &
MEELWDT, KOMEICEE RETEZHRETE
LR OHBNLEENS.

6. &EHYIC

HEE, HICCdDOEOBRonmEICL 54
REZBOWEN S, LFEME EREROBR, Th
BIBERIRY AV L b mtE B e L COREHNE
DHRBEZOWF, ISICTOERFICHETIH%EZE
1o CT&E. BEBRICESZHEFERROUBNIE
RITHED, HBoENTZRREZHTEFERREICBITS
fEFEFESOMIRITEA T 2BEBICE> TEi DI
B, RohBRFELE2ZTOERIIHLEMIS
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Fig. 7. Possible Two Step Implication of Environmental Immunotoxicants in Abnormal Immunoenhance-ment Followed by Excess

Production of Autoantibodies

IR FEFERITIRD 1T 20, KE R BT A
AANTLESTZEVDIEEND . TNITIE, %E
BHEOHMEPOERZDD DR LRTIULRS 7R
MmoliEbdHD5. LrL, FERFITREDDEZY)
DIH<EVBDLIKRDA L DITED.

G HOAEFRECERRE T, &2 TWESeN
A AEMNBEL THDIREBTH O, 1ERHHICH
FSNWE ORI EAED AL — RIZ
HUTHBOREND 2. GRAENLL T WHERE
OHT, REMFHMONSRE L Tar T mE AR
BEYEOEENEHITHE L T2 L Ebn s,
Z DL EITREROYHRE, TROERERNDE
BOTHEHMARDRDOENDTHSD. INX
TOEHEDWHIEDOHREEZ SN, TDLDITHL
THRIULBGLH T EEFO>TND,

HiEE E2ELICYEZD, INETOWFEDIE
FECTHE ST —< O RICERBICH A DEBRL T
THW/=RFEFEE OEK, W R FE AT D
BEEH, MR, KERE, FEHREDH L0
MHEBILEBL BIFET. £z, EHEERIEOXR
TEERICLZ0MECHE L ZTHW /- HARGESE
MR OREDOES Dr. J. Vos & Dr. M.
Luster, S SICESEHEMEOHEEEZES TS

D 7z Dr. L. Magos i JE# D 564 51T B < kel O
HZE2RLEXT.
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