9132 MIRICH T EIMETTKERESE
SE ZRIE (BRI )

WS ODPDBERRTIRZOREZPBBECI-TERLZIRBEALETFRT 5. BEH L.
ZORRIZMEDREBESRTH 3MEOEL. TobbERIICIZEEEE (THE) OHRE.
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Ma R 2 chbic, ROFHESC THRIEZRALRERORLZEICOWTHRE Lz, ZOKER. B
MRZTIEMIREDY Y\ E2 YRR EERMIOZTLWERL ThicBEL ZltREo
REVEBEINZ, 2UT. BWEMERTETYL RO DT »OED. 04 (Rat T helper
cells and macrophages) #iJR% 5¢°lzCD8 (Rat T suppressor/cytotoxic cells) HiRD#E
K. RobdanEdzeh, EERELY ¥ NRTIEThL IHREOZELWED. D2 (B
rosette forming T cells) RO LTLOBP. a8 (T cell receptor) MRDEED
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EALYHBOERERRD b hZ» - AN REMY) Y NERIZE WTID4AE XUCSHREDE L
WAL B ERTHE CRLDEBE. KEIHB cell) OFIVBEIhE, —FH. FHEES
(&R IEYTFNE) BETHHIERY YT 2 EWRREFEERLZOZTLWERL ThicH
LRt REOREVEESRE, ZLT. BIRMETIZa / BHIEOEL WD,
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BRI REEEPETT S, LU, COEDIERZEHIZINWIIHPEICEK HREEEN
i, REFRERCH 2R EAZRI 200, F-REBEZETIE30P2E.
ZDANZALIZDNWTRELBREINTWEa W, BZHL. 205 =4y MIBMIZIX
JmERmAa (THElg) ok, BeicikaiEdiiosit mAOCEEICHI L DITEDbNh 3,

fE>T. AMETHEMBETRORZEPRBERBEDCETICLDL S ITHET DIV TWBED N
ZABMMTT 7Dz, WREPLICRZEDHDZWIEFEL WIS 2ERT 2 A SIEX
SN E T s, WIRICBIT 5 THROSL - RADEE. 65X THRERTERR
DEALZEAEZKELE, 92bb, FEEE/ J0—-FNAHELZHAWTENRRZS. U0 Y
RZZHUICEREFEMBRERIFOTHINICIOWT, ZOHIINENRE % ML B 8) T o 8t
WF (Tluorescense Activated Cell Sorter) ZF W TERHITL o

Wt 5877 i

1. Dy

1) WHMRZRBEONIRDIES : BIIWistarZDSPFT w b 2 L. FRIT BEAES
&Rl (In& & : 0.05mg%, 4 ) = Y IVEERKK) U CIZTSATEMa > bo— )V @k (Zn
CO: ¥Rfn. Zn&E: 5.8mghk, A+t) A LA, SRRKIZEEOBMKZFERL 2. BEHK
ZREOIIR L, SPFHIHMEREHRICEW T, AL LAELPD OHESy b (3EE, @
tE, 40gmift) WHAY - bhL. A~6EMBEMBLZS v b SEREL /=,

2) RN URZRBOMIFOVES . 81k WistarZRDSPFS v b EA L. @RIZw v
HUEEMEAR E U TR EAINRE S SR (MIn& & 0.03ug%) BLXUEMROY VW Y
whmay bo—) Lk (MIn&8: 5.4mg%) AL E. SKRKIZBEOEMAKZ ERHL -,
WU RZRBEBOMEIRE, SPFHIMERERICE W2t ichE-oTHABLES Y D
Db, 2CEDIGEE S v M 6FRELL =,

3) HHEBIC K A ERIIEOER : WistarzhES w b (iEHE, 3EE, 40gRTiE) oY
7' F )V 85 % 100ppm& O NMFENZ ikl 2 KERBAMA & D 10H B BRIEIR & ¥ 7=,
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2. iR R O BT

FEIN=T D5y b oIEFRMIEZ SV KM v /NERERRLU, 5x10°cell/100 4 1
DM EERAZES L. CD2(E rosette forming T cells). CD4(Rat T helper cells and
macrophages), CD8(Rat T suppressor/cytotoxic cells). a  8(T cell receptor)E &
U'Thyl, 1 (H8T cells) o 2HAEHE ) Ju—Fr ik cheEhSs vFax—tL
THREEL, ThAWREHMBETSHIZE (FACS can) 1T, HMREIREZ BT L =,
B, CDALCDBIZY TN BB L 7.

MAERZSVITER

FSRMRZIZHRBEAELZFRL. COFZORBNIMEES ) v NE 2 L IBIF KT ESMO
ZHREENICEEL ZHREREOTETH 5, MEHOTESBOEHME £ Table 1 1TRT,
FEEIMAIME R TA~CARMMET L 25y bcB I3 2R DInB Iz RED1/2412ETFTL
TED. MoK ZREOMENF R XN 3, 2Dk Dz, WRFERKZRBIZR
BIONT, WIROEMOBEEN B AL, #E5HEZ4GEETREELYY) OHENBHREE
BHREEDOVAUATIZIET TS (Fig. 1) . TO4EBICB T3 MEMIBZ 50 KKMmY
YNEROHIaEI B £ Fig. 2. 3. 4 B I U Table 2 129, Thyl, IOHFE I T #l KRk #
S THA L. »ORMICW ARAR THR TIEZLLEL L AN, BEHRRZRETIE
HBAIBIC B W Th kP LEDIc L, KM THIETIREISICELLRLLE
(Fig. 2) o THIADHEREMALIZES T 3020 RIZ. WIRMETIZZF L WBRESEN
EI->TWwaizdbr2bod. BEOEHIIR oM 2>k, RMM THIKRIZEWT B,
bePDWL LR ohaho . Zhid, CHENERRPORAZTOLBETEER
WERRE N2 2D THB 2 LEDbNS, THIROMER#BICEEZ2 THMRL YT Y —a /B84
JRiE. Bt D LR TMIIIC kD B FEL A, BHRRZ REBTIZIERMIG I
BWUHEIZEDE . FEMTARICBWTERICHAS LE (Fig. 3) . MGIERZ 6T
VODBHUR Z L oM RIE. MIRMBTIE ARV EHA OB ARBFICRE L =0, KBmo
THIRR T Z AL L=, L2rL. EIRRZRMBICK 2 &, MMM TIZCAHRESL 5 Wik
COBAR DA% bOMEPHEMFEL S E o WRERTMBOFENE L HEAL, FIcEs
fLomitR%E SOHIBOHENZFL < BA LE (Fig. 4) . A, FEOL T IcERE
ALERVWHIROR G EL L. MitEEZ DO OHIBOFEHBALE, = OKEMEDLE
R RPHBLOF PRI IZ AN, EDBEEAZIPLTVWILERLTED, $2%
MO I FEAMBEINRTWAEI L ERLTW A, F7=. CD4/CD8 DIulx. K#YiMm
THRICEWTHALTED., NEELEMETALTELTW S,

2, RUNVRZIEZBWTIR. VO —Z20IBEEREDETZE Y N3 — 20 F
AREEPHEEHOREL LI LIS HEFOARBEELZ E N A 5N 5, Table 3 2B
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Table 1. Determination of zinc in the thymus

Total Zn content Zn concentration
(pg/g tissue)

control 12.27+1.88 (ng) 26.47+2. 97
Zn-deficiency 512.31£58.99 (ng) 17.96£2.36

The thymus were prepared SPF Wistar-derived male rats ( 9 weeks ages ) fed with Zn-deficient diet
for 6 weeks. Prior to application to AAS, samples were decomposed by high frequency heating
(S.H.F.2450HHz). The determination of Zn was performed by using flame and flameless atomic
absorption spectrophotometer (AAS). Each value represents the mean+SE of five determinations.
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=
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& 0.1 B\\i//
0.05 | | | | | I !
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diet ] diet

Feeding period(week)

Fig. 1. Relative thymus weight of rats fed zinc deficient diet or control
diet for 4 weeks and after that period control diet for 2 weeks
(—"control group ; &N— —Azinc deficiency group
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Fig.2. FACS Analysis of FITC-MRC 0X-7 labelled rat peripheral T cells

Fig. 3. FACS Analysis of FITC-R73 labelled rat peripheral T cells (a /B)
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Fig.4. FACS Analysis of FITC-MRC 0X-8 and/or PE-W3/25 labelled rat thymocytes
A:control  B:zinc deficiency
1.T helper cells(w3/25) 2.undifferentiated cells
3.unlabelled cells 4.T suppressor cells(ox-8)

Table 2. Cell surface marker analysis of thymocytes and peripheral T cells of zinc deficlency rat

Relative count(%)

Lyaphocyte - Thymocytes Peripheral T cells
subpopulation

Control In-deficlency Control In-deficiency
Thy 1,1 98.03%+ 0.40 91.77% 8.87 J6.36+ 1.68 15.22% 2.90
(NRC 0X-T7)
CD2 . 99.02+ 0.16 97.95% 1.31  97.72%°1.05 91.03% 3.55
(MRC 0X-34) : .
al/B 86.5¢% 1.949 85.13% 1.70 96.88+ 3.09 88.95% 5.13
(R73) :
Cb4 '6.40%+ 1.46 22.80% 9.40 43.98+ 6.68 45.48+% 4.66
(% 3/25) ’
undifferentiated cells 84.21% 2.62 54.16% 9.86 4.66% 1.77 14.50% 0.53
unlabelled cells 2.51+ 0.19  11.16+ 4.68 38.04+ 5.22  27.56% 5.95
CD8 6.89+ 2.04 11.88% 3.52 13.32% 3.40 17.44% 3.25
(0x-8)
cb4/con8 1.03 1.75 3.63 2.69

a The values are mean+SE of 5 SPF Wistar-derived male rats per group. After 4-6 weeks of
feeding with Zn-deficient diet(Oriental Yeast Co.Ltd.), cell suspensions were made of the thymus
and peripheral blood cells, and lyaphocyte subpopulations analyzed on a fluorescence activated
cell sorter (FACS) with monoclonal antibodies to rat cell surface determinants.
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Table 3.Determination of manganese in the thymus

The second generation rat (ages)

40days 70days
Total Mn content Mn concentration Total Mn content Mn concentration
(ng) (ng/g tissue) (ng) (ng/g tissue)
Control 52.23+0.58 141.53+11.48 50.12+6.86 116.416.15
Mn-deficiency 41.10%4.46 115.10%6.64 13.14%1.81 39.9+7.38

The thymus were prepared from the second generation rat(SPF Wistar—derived, male, 6-10 weeks ages)
being fed with Mn-deficient diet over two generations. Prior to application to AAS, samples were
deconposed by high frequency heating(S.}.F.2450MHz). The determination of Mn was performed by using’
flameless atomic absorption spectrophotoueter(AAS). Each value represents the meantSE of five

determinations.
ERE ! 2 R ' 2
] Z i
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Fig. 5. FACS Analysis of FITC-MRC 0X-8 and/or PE-43/25 labelled rat thymocytes
A:control  B:manganese deficiency
1.T helper cells(w3/25) 2.undifferentiated cells
3.unlabelled cells 4.T suppressor cells(ox-8)
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Table 4

Cell surface marker analysis of thymocytes and peripheral T cells of manganese
deficiency rat

Relative count(y) 2

Lymphocyte Thymocy tes Peripheral T cells
subpopulation
Control Mn-deficiency Control Mn-deficiency
T helper cells 11.79+1.89 9.65+1.32 37.20+2.38 52.60+2.44
(W 3/25)
undifferentiated cells 82.60%£2.28 85.20+1.56 1.31%£0.39 1.40+0.66
unabelled cells 1.73+£0.17 1.69+0.18 42.02+4.33 21.85%6.03
T suppressor cells 3.88%0.51 3.40%£0.34 19.48+2.18 24.15%4.35
(0x-8)
Thy 1,1 99.88+0.07 99.74+0.19 40.86+£1.79 35.98+5.52
(MRC 0X-T)
CD4/CD8 3.04 2.84 1.91 2.18

& The values are the mean+SE of 5 animals per group. Using the second generation rat (SPF Wistar-derived,
male, 10 weeks ages)being fed with Hn-deficient diet (Hodified AIN-B) over two generations, cell suspensions
were nade of the thymus and peripheral blood cells, and lymphocyte subpopulations analyzed on a fluorescence
activated cell sorter (FACS) with monoclonal antibodies to rat cell surface determinants. The clones of
antibodies used are indicated between parentheses.

—Fi. BEEESLEMOTRT. YTFNVE IFIFNE. N TFNBE2LEIZER
EREBIC., HIREREOFRBHETHIWBEEZZTLLERIES' " . ZORRZER
DEMEI Ty McBIF2Y 7 F Ve (100ppn&H. WFERHR ) ROHS5OBE. ¥ 18
MTHEIh, FELEDOHEANEBBEEEIINBHOWO%ICETETIS (A« v
HOB&EEY 7 F N ErmEECREEICETTS) (Fig. 6) » L2PL. EERBICET
EIZDERTESRPICEET 5. Tabb, COERRRRBE-KEHETHD. »pOTH
HTHz. MIFFOEREOBRELBZROBRE L OMFRETiE. 71277, MEEROEE
R DS 7 FNVBEBELHEMLTEND. STFLBEREDETLLLICEDERDE
FL 2. MIRERERE O IFMEZ 60k Mm Y VN IRO B 4%Tig 8, 9 B LUTable 5
2R, THMRKEOEZEmMUIRTH 5Thyl, 1% oMz DFNSIZ@RMIRTIXIZE A LR
T KM UNRIZBWTIETED L 2. BRI, CO2HREZ b OMIEOFIE b iR &
RTE£< BT, AHOTHARICEWTIETHES LE, ChABERXZOBELEAR
IZCD2HLED T MR DKEA» 6 A E TOLEMICE > TEERICRE IR TWS 2D, £
NIz wbDEBbh b, o /BHFE2 L OMROHSIMEMEEICEVWTELLEYD
L. THilgie X 2 ERHERAEOETAREL 22, KHEM) YK TREEROELITA
BRRP DT, WiZ, (DAB X UCIBHIRICH T 2 ZE 2B DM Tk, WEMIRIZEWT
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Fig. 6. Relative organ weight of rats fed 0 or 100 ppm BuzSnCle for 4 weeks and
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.Fig. 7. Relationship between thymus atrophy and the concentration of dibutyltin in
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relative thymus weights are given as percentages of control values.

—298-


SSRF020
スタンプ


200
A 20a ;
’/
FSC 15,187 w
58C 3, B@
FL1 B, 255 - ’JJN 7 M{ﬂ‘
FL2 @, 255 . v
|
._ﬂ W _/ M
R h,
B T llllllll T TIIII”[ T |||||ll[ T T T
18° 18! 182 183 1a? ®a0 1@! 182 103 1a?
AB AB
Log fluorescence intensity Log fluorescence intensity
Fig. 8. FACS Analysis of FITC-R73 labelled rat thymocytes ( a /B8)
A:control  B:organotin-induced thymus atrophy
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Fig. 9. FACS Analysis of FITC-MRC 0X-8 and/or PE-%3/25 labelled rat thymocytes

A:control  B:organotin-induced thymus atrophy
1.T helper cells(w3/25)
3.unlabelled cells

2.undifferentiated cells
4.7 suppressor cells(ox-8)

COBHLIR & 2 WILCHAIRD & % OIS MEL D 22 willltoF e AL, milR
230k g{boMlandanrimb Uk (Fig. 9) o 6z, REMY YNERTHERIR %
LORTGILOHMIBOFNENED Lize ZORKRIZ. AU CHIRERLFRT 5EAX
ZOBELIVOERTH D, BHBICL2WBRERIIL QICRERAROKXPAMIEDHE R
&0 TH B, ThidTable 6 R d & Dz, RAMRDFH I - BFAL
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WA, CD4d % WIZCOSHRD A% boMBEOFANEL 2D, ML D OMREOH &
MELZ>TWEHDOLEbh B, £ ZOEMIC & 3 WIRMEIBOMTEOBED 5.
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Table 5
Cell surface marker analysis thymocytes and peripheral T cells of rat induced thymus atrophy by organotin |,
compound
Relative count (%)°’

Lymphocyte Thymocyte Peripheral T Cells
subpopulation

Control Thymus atrophy Control Thymus atrophy
Thy 1,1 (MRC 0X-7) 99.42+0.19 98.58%0.57 .38.9012.20 32.84+1.68
(D2 (MRC 0X-34) 99.60%0.15 99.441+0.15 85.72+3.97 78.98+6.92
Alpha/Beta (R73) 80.26+2.03 61.72%2.12 98.50+0.84 97.60%1.05
CD4 (W 3/25) 4.50£0.91 5.48+1.55 48.4112.28 48.7513.06
CD4,CD8 double positive 88.72+1.11 77.12+6.54 6.57+6.04 3.2940.97
(D4,CD8 double negative 1.354+0.19 6.90+2.64 30.30+4.78 34.9743.87
(D8 (0X-8) 5.11£0.79- 10.50£2.55 14.73£2.41 12.94+1.43

a) The values are the meant SE of 5 Wister-derived weanling rats (male,40-45g) per group.

After 10 days of feeding with MM solid diet containing 100 ppm BuzSnCle (Oriental Yeast Co.Ltd.), cell
suspension were made of the thymus and peripheral blood cells, and lymphocyte subpopulations analyzed

on a fluorescence activated cell sorter (FACS) with monoclonal antibodies to rat cell surface determinants.
The clones of antibodies used are indicated between parentheses.

Table §. (®H)-thymidine incorporation in thymocyte cultures of cortisone-treated
and -untreated rats under the addition of dibutyltin dichloride (BuzSnCl2).

Uptake of 3*H-labeled thymidine (% of control)

Cortisone Molarity of BuzSnCl.
: Control (no BuzSnClz)
2,5x10°8 5.0x10°¢
treated 32.1 22.4 100
untreated 8.1 7.4 100
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Movement of Trace Elements in the Thymus and Immunodeficiency

Yasuaki Arakawa
Department of Hygiene & Preventive Medicine
Faculty of Health Sciences
The University of Shizuoka

Summary

Certain trace elements induce a severe immunodeficiency by their deficiency
or exposure. Probably, these causes appear to be due to the changes in the
thymus which is the immune central organ, that is to say, the depletion of
thymocytes (T cells) in quantitative aspect and the degree of differentiation
and maturation of thymocytes in qualitative aspect. Therefore, in this study,
the thymus atrophy and the changes in the membrane surface antigens of T cells
were examined by analyzing the movement of thymocytes and peripheral T cells of
zinc deficiency, manganese deficiency and organotin-induced thymus atrophy in SPF
Wistar-derived rats on a Fluorescence Activated Cell Sorter (FACS) with
monoclonal antibodies to rat cell surface determinants. A zinc deficiency
induced a severe and reversible thymus atrophy and immunodeficiency. In zinc
deficient thymocytes, significant increases in percentage of CD4 antigen cells
(Rat T helper cells and macrophages), CD8 antigen cells (Rat T suppressor/
cytotoxic cells) and CD4 & CD8 double negative cells and decreases in percentage
of CD4 & CD8 double positive cells (undifferentiated cells) and Thy 1,1 antigen
cells (Total T cells) were observed. In addition, significant decreases in
percentage of Thy 1,1 antigen cells, a /B (T cell receptor) antigen cells and CD2
antigen cells (F rosette forming cells), although to a lesser degree, and
increase in percentage of CD4d & CD8 double positive cells were observed in
peripheral T cells of zinc deficiency rats. 1In manganese deficiency ratis, there
was no significant change in quantity and subpopulations of thymocytes. However,
significant increases in percentage of CD4 antigen cells and CD8 antigen cells,
and a significant decrease in percentage of CD4 & CD8 double negative cells were
seen in peripheral T cells. On the other hand, organotin compound such as
dibutyltin dichloride induced a severe, reversible and dose-dependent thymus
atrophy and immunodeficiency. In organoiin-exposed thymocytes, a significant
decreases in percentage of « /B antigen cells and CD4 & CD8 double positive
cells, and increases in percentage of CD4 antigen cells and CD8 antigen cells
were observed. In peripheral T cells, decreases in percentage of Thyl,1 antigen
cells, CD2 antigen cells and CD4 & CD8 double positive cells were observed.
These results shows that the immunodeficiency induced by the deficiency and
exposure of certain trace elements is manifested as T cell dysfunction which is
caused by not only the changes in quantity such as thymus atrophy but also the
changes in quality such as the changes in the membrane surface antigens of T
cells, that is, the impairment in the process of differentiation and maturation
of T cells in the thymus.
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