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Abstract

In this article, morbid aging of thymus immunity are reviewed, with a focus on the thymus atrophy and the suppres-
sion of thymus-dependent immunity which are induced by zinc deficiency as an endogenous factor and organotin expo-
sure as an exogenous factor, from three angles on proliferation, differentiation and cell death, on the basis of our data.
The table of contents is as follows : Introduction, 1.Physiological Aging (Aging Changes), 2.Morbid Aging, 2.1. In Case
of Zinc Deficiency, 2.1.1.Thymus Atrophy, 2.1.2. Cell Death, 2.1.2.1.Disorder of Enzyme Metabolic System, 2.1.2.2.Apop-
tosis, 2.1.3.Proliferation of T-Lymphocytes, 2.1.3.1.Lymphocyte Activation, 2.1.3.2. Association on Proliferation Trans-
duction System, 2.1.4.Differentiation and Maturation of T-Cell, 2.1.4.1.Changes in the Membrane Surface Antigen of T-
Lymphocytes, 2.1.4.2. Suppression of Serum Thymulin Activity, 2.2. In Case of Organotin Exposure, 2.2.1. Thymus Atro-
phy, 2.1.1.Tolerance Manifestation of Thymus Atrophy, 2.2.2.Cell Death, 2.2.2.1.Dibutyltin, 2.2.2.2. Apoptosis of Trib-
utyltin, 2.2.3.Proliferation of T-Lymphocytes, 2.2.3.1.Suppressive effects on the Proliferation Transduction System,
2.2.3.2.Suppression of LymphocyteTransformation, 2.2.4.Differentiation and Maturation of T-Cell, 2.2.4.1.Changes in
the Membrane Surface Antigen of T-Lymphocytes, 2.2.4.2. Suppression of Serum Thymulin Activity, 2.2.5. Intracellu-
lar Distribution of Organotins, 2.2.6.Effects on the Structures and Functions of Intracellular Organelles (eg;the Golgi Appa-
ratus, Endoplasmic Reticulum(ER)), 2.2.7 Effects on the Physical Properties of Phospholipid Membranes. 3.Morbid Aging
by Disturbance of the Trace Element Balance, 3.1.Mechanism of Ca®* Excessive Accumulation, 3.2.Excessive Accumu-
lation of Trace Elements and Cell Death, 4.Contact of Morbid Aging Process and Cell Death.

To sum up this article, common process and contact of morbid aging in thymus immunity by zinc deficiency as an endoge-
nous factor and organotin exposure as an exogenous factor may be due to such the excessive accumulation of adverse reac-
tion and injurious substance as excessive accumulation of trace elements and disorder of transduction system.

Key words : Zinc deficiency, Organotin exposure, Thymus immunity, thymus atrophy,
Apoptosis, Morbid aging, Disturbance of trace elements, Excessive accumulation
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Fig.l. Morbid aging of thymus immunity by metals.
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ERROET (& CICTHROEEET), 2) WIREER
DELWVET (REOBHE, RATHEDERHL, #6
LIRS~ OBE DY), B, ) Y EHOE
O hNks & RICEA T A5 BE), 3) R0 TS
ILFEREDET (AN AS—T, F5—THil%R E~D5
LFEEEDIERT) & 7L v — THIFLOBEL T, 4)
PUREAREDIET (MAEGIAM, MEEITE~OE%
PufiliZ &) W TIRAEMRBHBEEDE T, 5) HOHM
FOFERERE K2 EAHELELE LTHE SR [2,
3], BEANIBITARBEOEN, EMEEEOREHE
DM, H»LHEOHCRIERBOREL LEOERE %
ZAbRTwa,

2. RE9EAE

2.1. WEARZIZX B4

8, 8. ML LEOUEMETEORZIE, FLLT
THRKFEORERELZET S5 4], fFicHlmRZ
12 & B RIEAEOFHITI R L & OV IR EEEY ~
ISR BIRBIERE & F % ) Ml IEO A e
Th5b[5-7]. & MptEhkink M 4Tt Candida % &
Drecall MEL V= o roo~r ¥ (DNCB) 121t
T AHBIER L RGO in vitro TOA b—4
SN & B Y ARGELREDIRT % E oMkt EE
DETHASNLA[8] IS ITHEIEEIZL hER
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Normal (left)
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Fig.2. Thymus atrophy induced by zinc deficiency and
organotin exposure.
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2.1.1. JBRZEAR

HERRZ I & o THIRAYE 9% O I 2R C & 5 ik
%6 I B RTEME ) v O FE L W ERSFE S
N5 (Fig2)o COERIIMRABOHEEIZLEEDOT
HoH, BEOBBIZ L - THMAYICAET S 6, 9,
10, 13, 14] (Fig.3). > T, ZOEMITEHKRZIC
PR 9 BERETEO KT 2 LR A3 o B R A
FEOHIER LML LE2bDTHA) £ER
bhb,

2.1.2. fikase

MBFEIC IR ZOEREIIC & DB PHRENICEL S
71— A (necrosis, ¥3E) &7 R F— A (apopto-
sis) £ VI 200N DH D, HETEES OMIIIEICE
WTHWESHESNL A, ZOREIIERP LD
FATRMEHICEIDRLRS,

2.1.2.1. BERACHRRE &

HWh, 8. . EL R ERFREFNE { OBEE DN
P& LTHEET . 5T, TNHLDILHEDOKRZ
HHVIIERYREIIEHE@EOF AT A Y VAR
L, ez EE: L. HREFSEOZERL %
5 [14],

2122 7RF=TA

BERPIZ BT B ) Y S BROEBRICB VT, TH
b=V ABBOFEIEYFIRICEELRER T LD, Z
DT R =V ARFRTLIERIIZHEEHTHLD, —
Bl L ELRRT, TabbEN T, &M
WA MHA >y, FhEy, WA T [15] REDKRIE
2EE RS X o THIGEIH O REAHE B EITRS
Do UYNHOTEN— Y AFEOHFIZOWTIEHE
F# L WP RE SN TV B, BV 7 AT
ADLEM, C-FF—+ Znkd) ORE. HEEHS D
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Fig.3. Relative thymus weight of rats fed zinc-deficient diet

or zinc-supplement diet (control diet) for 4 weeks and
after that period a control diet for 6 weeks. Verti-
cal bars denote SE of the mean for 10 determinatios ;

those marked with asterisks differ significantly (Stu-
dent's t test) from the corresponding control value.
#xp<(.01, ***p<0.001. (@) control group, (O)
zinc deficiency group.

LIy RXZ7L7—EIZLADNAYIK, SEIZBET %58
{ZF & L Czinc-finger FA A %4 L, DNAEKET
AEAELEEAEOHFAELR EVMA L LTHLNT
VWb [16, 17], LK ICHSARZIZE BT R =Y A5
OB E L ISR ZROMIRY) > 2 EKICBWT
W OB EERLHIN I AL AT KRS
L7 —EDEHAL R EPHFICALRDL I ENE, H
Ny AOBREMIZL HC-FF—¥, HIFERS Y
YRy OFEE, FLTLY FX2 LT —X¥OiEHEI
L ADNAUIMTOREFETHIL EEZ NS, T2,
SOEIRANT T LOBHEREFRETLAIERE L
Tk, HERFOBRECEEOXHIF, a—FV ¥,
KV E—VIEAF N, cAMP, Ca®* -4+ /77
(A23187) % XL ACa® B AHH Y, HERZ L
HOTEN—AFEORBPEEZ NS, £72, T
VISERIZOP RNO R EDOEWREHRICL > T TR b —
VAREIT, TOBLA M LVAILLAET R A
ICIIESBENE VAT AL LTA—S—FF T FY
ALZ—E (SOD, {FHH:H(ZCu-Zn, Fed % \WidMn
#b0), ¥ T—+ Fekit, L,O,AHEEEE). TN
FWEFF ot ED ¥ —F (Sesid) & LS L
TH Y (18], ThoDiHFHMSLEOEBYEFTHE
BREILEDOEHMCHBEL FET LI LIERICE
ZbNBZETHA,
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ANOME I THIRRICBWTHETH D, #OHTH,
THIFEOBEHE 2 f b B S ASE VW OIX SR TH B, HisiE
DNA polymerase, RNA polymerase, thymidine kinase
% EORRT E L THAE L, DNAAR, RNA &,
7 287 g EOMBBANE (A4 X5 2 R) LMl
FIBFEORICBW T EDOEHEBICEE L2 BHLHLE
TWwh, > T, HEHRZIZBWVWTIEILSHK IS DEE
FIEMEIET L 19]. 3t 2 WIdtgiarsmsl s h, i
IR FE SN D,

2.1.3.1. V) ¥ " ROFEEAL

) o SERIZFE A OIEFF R~ 4 b —%7 > (mitogen)
Z&oTHr7u— RO b L Fd, ML (b5
¥ Ask— A= a3 ¥ transformation) T 5 [20], #H .
CDIPF Y AF—RA—Ya iS4 ¥ F—¥L
(PKC) 1AL, NF-kBIfAL, RasifMib, 2L T&E5H
WIL-2iGHALO R 2 ETHKT 205, D b7 ¥ Ak
— A= a ISP UETH A [6, 21], &HITH
HEXA P=F L LTCHEE, ) Y ERODNAAH
PRNAGHZHARSE, BEMIZF TV AF—XA—
aVEFETL, LEXFoT, BRRZTRIOMS
VAKR= A= a v Ens (e 22].

2.1.3.2. MR BUZER~OM Y

M ORI S 5 ¥ 7 F MAEERICIT AR
LTcAMP, Ca*', DG, IP,2EDth ¥ FAy oy Y
YN TAEREFOL ) VEBALEOEILE T
REDBHB, BEZIDED Y FAv By I v —% 4T
BRIHL 7T 4 »FF—¥-C (PKC) KXEHIZL -
THEMEILENAZ Ehbh o7 (23], #L T, E612
ZORFEIZCL F AL X240 T D HisE % & (DNA-
binding zinc-finger #iit) L 7: Wi EREETH LI L
DbhoTEM[24], IS DOPERRHROMHEERIZ X
51 Y EROEUAOBFZFHHAT 00 EEL M
RD12TH 5,

2.14. THIREDHE - BR#k
RIEVATARBRIISZIIFACHROBETD
D, Z07:00%HLikE AC - FFHCOBIIREEH
T5LDTH5L, THIRBIZSBHINEIZ D ZOWE DAL
b oTVED, THIREOL A L Y EE % B COHELE
AL, TOTHBICET 5 HOIERIBHOME I HmE
VAT LADORLTH D, ZOTHIKEOBRE DS T KR
AT Thi, B2 5 IkE L7 T iS4 4
TATYVLZary, P74 0 NlRE, K747
L7 varEFECHE - L. MR % KRB
HET S, ZoMML - BT O 7T LDMBET, Fis
OFLIE MR ERT I RB S h, FhFhoBiE
EboTHIBATER SN A, LT, THBOSL - 5
BICR D WE LT A EE 2T TRBLT 5,
2.1.4.1. THIRaBEEE TR

FIMRZIZE D THIRAOEE ZBEALE, Aido

MR 245 9 % b bR O L L v BHELD 2
BT EBHS, WRMBOSL - RIERORE S
CHBEMBRCORESEKEL TS, EELOHY
EERTIX[9, 10]. FEERZIZL > T, WIRMILTIZ
CDAHUER CD8HUE D FEHIZ, F /R4 > 35k T
13 Thyl, 15UR. CD2HUR, o/ BMELEDRBICATE
DD AR LI, 2 CDAHUR/CD8HUER @ K A
LIMAREARROBTIRI 2, COBEMNELT bbb
PR B OZEALIE 2 b B MR kv £ > (e A
D) E)FESREGETAI LML VMM TEL &
AT, WEARZICHELR I FLEVERHOETICES D
DTH»H) LBbIS[9, 10],

2.1.4.2. M4 A Vi

iR A T ML 5L Pl L T il 4 DR+ V€ >~
PHET LY, AR TR EO—2THLMHBH 14
IZOWTHEBMNT B MHHF A L) 2 IXBIRD S 5k
S, THIfROBRE R L& e T 2R R LT > D —
HBThh, HEZHEA L/ FRTFFTHD, kL
MLz BT 5 ThyL 1 HUE DB CD4 & 5\ ZCD8HL
B & Fpo M OEEIL 2 ol E b B, W%
K LWL TEDEMSEIMNET S [9, 10, 25], F
£, FEZ S ONREIH B ORI ET RN 2 Bl 7-EBR T
WBHEHRZIZE o THAFH A L) YIHEHZABICET
L. RHMTHIO Thy, 1,1 FUEAER/ A 5 [10].

22. FBAZXRBIL A58
VIFIWAR, VF I FVALXDE) BT IFILA
A\TRRPESRSE 7 & UM T MR RFF M O WL S 3% % i)
$5 (26 —40], # DMK FIERE O HIHX RS
in vivo TlE Y X7 Y IGO0 & 5 7 BIE RS & 5O
(DTH)., FEEERBHAERRE, BHA 315 E UG,
T # B2 47 1% @ Listeria monocytogenes J& 4 | 4F 4 %
s £, £ 7zin vitro TIZPHA ®Con A 12X 5%
) SERENEALRIG, ENEy MRMEREH VWL O
v MEHEEER EOMHIE LTRSS, M) TFL
AXRP) T2 VAXDLE I b)) EEAXL T2
MRRRAFERIZIDE Z IH T 55, P AF L AXR
M) ZF VR X G RSEENE L D 3 L AR [41]
DANVBEETH D, T2, BRI TIVFLVAXTIE,
PUANEFIVAXZIZAODLTRZLY, M) ZFL
ARGERICEREZ S 2 2 v, #ERiciE, A8
AR K BREAFIERA OB SIE YT FVAX, ¥ F
TFNVAXS>PYTFNAZXSM) Z2oVAAD
JETHY, P2ZOEREIASWE S >HOmL
B YEALRIC DMK PRGERE L D b L W B TH S,
2.2.1. MR FHa

AT L 5 REARE ORI RN 7 Mt 72 &
UL BB ARAE PR AL D 35 L\ 285 & #1205 M
RIFEOARETHD (26 —40, 42, 43], HHAEA X1t
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EMORNPT, WRERERORLBVDIZT TFI
AXRTIATFWAXTHY, ROT I TFILVAILT
HbhH, TOBRIKWLERHIBEZ LD L LG HIZH
BT b, $4bb, THEETHL, WEMEFENIZIE,
CDEILEBAXI L > THESNLWIREFETIX
B CHIRL R OW L W EHEIRICBIT B 1) 35k (K$
PRI TH 5) OHEEHIE LV, LI L. ZOHE
BERECEEIDLISHMERBICBVTOHEINS, T
LT, ZFhaanrFaf FOEEBEKIZEAAMVA,
VWb s “Starry sky” BRICHRTHMENLEHT
Bbts L) hEBHL0IIRIBREEOMBENE
PRI E D) Y SERE R FldA bRk, o T,
COHEKIBETOLEER XIREE L FEE L AHEE T
Y Z RO EFEOKT £ DNA SR OMEE
ENEIZBEKEFEBETH Y, POEVIIFATTAI LR
Ene, AEAXOEENIEMATSH Y, DNA SROM
EX S IZIIMREEOMEICER L2 2R84 MR5E
B0 THHLHEmLZ[30, 44]c ZL T, 2D
L9 MR OE L VWENELPERREICE H
EEETVAIEREIFTHRY,

2.2.1.1. MRER O ERER

Bimom, YTFNAIRTF 7 F VA XITER
MicELVWRERZFRE L, MRBRESEZHFRE
TAH, COEHIEPHERREL RIS L#IZE
BLTL B, Thbh, WHEFERHLTL 5[26—28],
F)TFNVAXOEES TR M= A G MRERE
FHERTLHD, COLIRRABIEARLAEV, I,

Relative thymus weight (%)

0 i | i | L L L |
0 2 4 6 8

Feeding period (Week)

Fig.4. Relative thymus weight (% of control) of rats fed
100 ppm of dibutyltin dichloride or tributyltin
chloride throughout the experimental period.
Vertical bars denote SE of the mean for ten deter-
minations. (O) Control (0 ppm) group, (&)
dibutyltin group, (&A) tributyltin group.

PTFNARE M) TFNAXORBERSEICBIT
BZAHRALOBEAPBILINRE, VTFIVAXIZ
Rons ZOMUERHROBERE LT, 1) FMEROF
H ) AWEOFEE, 3) MREMHEFOFEL
EWEZLNLN, BIFLAER. KiEtoxsoF
F A4 77 ) —EFICH H MBI EFOFE
AHBE L7z, BEOED A/ MRENHICESL TS
h, ThoOBBL-EHEON, BRE. NKROT 2
JBETORE, SHBE LA OO -2 MET LT
IUTHH[45), ZOMETNT IRV TFIVAX
DOHFEHERIIUTIZES L TW AP IEE4HOBRETH
% (Fig4)o

2.2.2. ¥iRasE

2221 V7FNARIZLBAZUTVA
FREMEEICE., VTFLAXIZE s THESR
HHREEHE TR FEedema S E{ AR, T 7TV A
L AHRESETH S, FIHBEIROMLVEER
FIRIZBIT A1) VR (REDSRBHMRTH 5) DIEE
HFELV, L2d, TOHEKIZMRTOAREA XIRE
EEFBETHHAMERT Z R HEREO EFEOK
T EDNA AEDOBHE L FEICEERFETH Y, 2»2H
WIZTEfFT A2 e Ehs, V7FIVARXOEENE
HTdéh, DNA AROME S S IZIZMagE O E
BE L7 RSB L 25D THS [26—30],
2222 MITFNAXIZELABTHRI—TA

k) 7 F A XEE L DR #AE O IL, Fas/FasL
A LIEBRTH X —-E30iEE{L2 DNA DB H1L
FHEITREI=VAEEL, Thbb, TRV A%
FHES 5 1) FasL 2 ¥ B8, 2) Ca¥" #4005 1.
I PIYFYTENTIRB R EICOWTRETL:
#8. FasL O m OB NI% Caspase-8 DL H &
N7zZ &5, FasL 0§ 5 #EEIC & o TCaspase-34°
EE LS, DNADOWIRFALZED 7HR b= AH5| &
BIENTWD I LR EIN, /2. ZDORDNA
DU LIZBI5-4 5 DNase iZNucl8 TdH 5 Z L AR
shiz, LA L, WERAIEIC BT A CaiREDEEO L
B MK g~ Cytochrome C DM R Sl 2 & A
5. HiBaMNCa® oIz X % A1 V254 | Caspase-1, 3
ODFERILENTATEIN -V AOFTHEHERR
Cytochrome ClZ & % Apaf-1 DiE ML, & 51214 Cas-
pase- 9 DIEHALENT AT R =Y AOFEIZONWTDH
EHICKRHEHTLILEND S [46, 47].
2.2.3. T Hifa D14

Ralg ) >S5k X 9 R Y TFVRAXR Y
FLFNARLEDTTAFN AR L THHOF#
AZXED Y, FooEEME L D b IEF SRS
B\, HRY) Y SERODNAGKIE Y 7F VA XIZE o
T10 ™M DR R AFEMEICEEE L2 WilRRE) TS 2
AEICHESNL, L2, DNA &5 & MRS
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WY HYTFNAXDR— LHRITEWVISETT 5,
COFEREITVTFNAZIN T THREEAEEL,
DFER RSB ES I ERI L TWE I EEFRL
Tw5 [30]6

2.23.1. HHHEREZEROME

VTFNAZXD S DBFENHIOERIE, kDL %
W oD TOLAIZHE D THEEEZLNS, T
THROEEEN R 7 VORTHESL L VT HF 4
AROBEEMIZ X o THIFAIZAY . Fh o DBUkME
(hydrophobicity) IZfKFE L TTF I AT A Y T L Y RHT
372 (. TN IER/NEEERIERNICERL, 7
NENDANT AT 2B AEPHELE(LH LT
WL, SANVTATHO) VEEEXEHET S, 7
ORE, YT NF NG TRPIAHEENHE, 75 F
F B OE, MBAIP. /eSS V> A8 EAL
DRELETIA= AL T L2 & -MBAY » i
HERHOMELFREL. BRAOICDNA A% E A
DM HRICEREMEEST 5 [26—-30]0 7=, bV
TLUELBIZBOTEALI Y LRATAY S ADHE
fldbVIIHEL N LI-HELEZONS [46, 47]

2232 VYNRERIFI Vv AA—A—V 3 v OHE

BfE, HEEP b v Ak —A—2arpAh=
X LBFEFTITHREE TV R WA, DNA SR R&N
LHAERDTENEL ERBIZOWTIEW S 20O 3D
RSN TS [26—30]. WTFhoM&iz€ X, DNA
B % E CHHEE IR AR = EOFEELERL .
Pl fBEEED AR T T % F o Bl# 25 X232
LiZkoTHREINLLEZLND,

ZIT, BEITREZORDEFVELTED £
BIRENTWVWAEYY Y ISERbF v AKR—A—=2a % H
WTYTFNAXIZE A MlaEMo HERS % et T
% &, DNA Bz L & ogiRIsDHh T, BIEKE
BIZRT2F v 7 IZIHEENBEDIIRNA 5 TH Y,
) ABRERHTH D, 12, I0MULEOY 7F LA
AT VIREOESHRASHE S, 42T Pl AHEE
DWRBELLMHSRD, T2, ARET) VIRE
DHBLAESN, 77 F F U BOBEEEAIEL <
s hzd, ShoDWHIIEFRAF) 2—FA, CH
LUD 2L OBEFOLOIIHTAEHMETIE R,
RAEDOFERBBOMEILLI2bDTHS, /-,
DNA A EEBD1 2L Bbh 2 HBA~DH L
LAY ARIZE L HES RV, Hil (2.26) D
m<AENTONMIE» D H VY ABBILIZEL
IRl BB [26 —30],

2.24. TR DL - Wk

2.24.1. T HIRBERRHUR

VTFNAX, PHAIFNAZDLE ) L EBAXR
&2 X o THRRMIRLIZ 31 A CD4 HiE % CD8 HUE D1
K. £t oRA, Z L CEREMY > 738k B 1T

5 Thyl, L UE DA, KRRMEALIZBITS o/ B HUE DR
4. CD2 HUEIZZALE T, RMMEMIB ORI % LAk
LSh5 [48, 49],

2.24.2. MAH 4 50 »iEMOMEH
FERZOHGE (2.1.4.2) & FEHRIC, EBRICMmMEpH A
L) VIEMHEELHAEL T, ABRAIZEHYOIM
A A AESEBIE LR, RSSO K
i) »788RkI2BF A Thyl,l FURIREEIZETFL, BHS
P A L) YEESETLTWA Z L AR S
7 [48]

2.2.5. HHA XOMBA S5

FREA XA IO H, I X - TEYIEN%
RBOBRE., HAPELLEL S, Z04EYEEOR
WX T DIZIIEEICHR T 2 R HEA A XE OWiE0Z,
BV Z NTEEA O BRI MR~ O AAD
A2, SHIZEBMBANSHOENILE2LDTHE, &
FAEREE O THEBAZOMBHNI A ZRATAS
&L VTFVNAX, PYTFNAR, P) 7= )VAX
DL BHAMEERALIL, MR TFF3ARA Ty
Tl <, BADBO TV IE—/ Ntk (ER) FEIR I RIR
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Fig.5. Disturbance of the trace element homeostasis and symptoms manifestation of desease.
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Fig.6. Excessive accumulation of trace elements and cell death.
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Fig.7. Common process and contact of symptoms manifestation and morbid aging between immunity and brain nervus
induced by zinc deficiency as an endogenous factor and organotin exposure as an exogenous factor.
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