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AU ARRIX 19624, Menkes b 2 X ¥ #1d THE S, HENREhE»
HMenkes' Kinky-hair disease LRI TNWD, ZD AV ARITBEZEE LAFE
BRERIZE EE5F, EVAREEE, B ZE5EHET. BEAERE. 5
A&, BRRER. KRBBIUGRPMENRELEREREEZD > THRIEL., 3
% E TICHILSD D WIXBYYER E OSBRI THLE® ¥ §5, Z OfE BT A
REMHEERERERICENBRIREE LY., BROABREIET S, £k, #
A 35000 NIZIAN E R D BWREEE 2R,

Dankes®° ™'Y OWFRIZ LV 2 V7 RIFEBRE TRIBE iR B ORI EEH
FRR L ENTHER, EFRRIZRIT SMEBEOMEE R bHE I L. St
ZOFLWERE LT, BEEHSNTE . AHENIRBIT 28X, #ifEo I b
Ay RY 7RIy —A0BLRTTKES L, HMFvE2arvyr k-3 %
AT FAIV, VIATHFVE—E, R—RIV-B-ERaFyF—FL R
—R—=FF Y RPRL X —PEOEBEDIHEENARZICEIVIETT S, Zhtd
BREEOETICL Y LERER O LEND LHEENTNS, L LAR
O, BIEDOLZAWDOHGHERE LV R LIERABRED LN TNLIZTERN,

Brindled< 7 RA” MA U ZAFETFAEH L L TELHBN TN SMR, 19734
R ROCHI® 7 RZBWWTHRERE BRI L Y 4L femacular(ml)< 7 21
#Brindled< 7 RIZPTHB Y. A VIRARETANVE E LTERLTWSZ b
ol 770 mlw RiE AV AWK & FRR OSA A BE 2R L. K. TR
IOM P THRAAREDET. SIS L CMETIIERETS®Y, ¥k, ml=
TRFRA VT AR D% OB LTIiEREZE L, RS EREERE &
%, ZEHEL LTERBIBRHETE AR — L, BBBRERLTHRRIZEBEEBEL TR
D, ERBOEZRVKHTOLEIBLAVWERA DY b T A MR LERIHS
Tl & BN M EH L TWS (Fig. 1) . ¥, HKEIZEHRIOBE % T
EW T 208, UBRAMIAERDI L. DWig3~6gl 2 Y FEE15.8HA T
HizES (Fig. 2) « HI0EEHPHHETTHETOM. MEESONIERE
BEVEY, LIXUIEHE. EE2BRVEL. A7 RRORE Th 5 i fintk
HITBREEZRT. UEOFROS bERIIL N TOEERMBIERTH L2

1



o L E

Fig. 1. The male normal mouse (A) and male macular mouse (B) on
postnatal day 14.
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Fig. 2. The body weight gain of normal (+/y) and macular (ml/y) mice.
ml/y (Cu); ml/ly mouse was treated with 10 g of copper 7 days after birth



Brindled< 7 A TIERAD 62V, 4HADOEEL Y OX/BHREELZFHARS L,
T A L2 TORHRIER EERBROPHDEINIHIC EFTIERINL L THY,
INSIFEEETIARELUZEITEE RN (Fig. 3) o LA L. Kl L BigEo
A FRICEERRA L. ZOLDHEER BN T DMEIXERORL/2. Kk
FERI2BLT & BELWIRP BB L Tz. T SR MG CBR AR ERITE
TEEASREARLIE., ataxia telangiectasia®? BHIMEIRMEETNE) . BEO
Wiskott-AldrichfEfEFE, FEOREREEICOASNDS, EdiL, gL &
KAV RAREAHCOBRIZ, BEEREDOEMHELMESZ LD, mivD A
DNTHREHEROBR TR FHREN B, TE. & 5ITRMORE BB Lk
BAZOWMENREL . ZOHITHRZETHE Lic< U AR A DRIEIRERT
ERTBMENRD DT, L L. AVFARBE~OHFHORORB LOIERAD

10
0.8
8 0 +/y (n=10) *
mlly (n=14) 0.67
B Cu+ mlly (n=9) l* - 7
6_

Tissue weight /body weight (%)

Heart Lung Kidney Liver Testis Thymus Spleen Brain

Fig. 3. Tissue weight of normal and macular mice at 14 day after birth.
Cu+ ml/y; mlly mice were treated with copper (10 pg/g body weight) at the 7

day after birth. The number in parenthesis indicates the animal number and
vertical bar represent the mean = S.D.

* Significantly different from normal mouse (p<0.01).



BEICBNT b IBENRER2 ER DRV bbb, o BIc RRRIICHER
ZERIBEE L AV AFERFELCTRNZ LIIES HEB TE 5, £ > Tml<w
Y RADGIEIE BRET B LI OF LW & b b ICH LW
EETEWE OR BT RN D TR D B,

ABCT. 5 L AN OB AP bml~ 7 ADKBEER L, BRPOZ
OEFNEW ER N THRIZERE DT HEELFIHTLIZ L 2R A TNOEEL
TEH LB SRS E 2 RVETRA T o7 b D TH B,
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F—EH mvUREIEETADY U BREEREENT & RIS

ml= 7 AP TS SBRICITFHBREERD ZRL. 2 TORRICBWTHRE
BB U TR EEOWAZR Uiz, L L, & & KR ORIIEERD D
BEM ECELONERELER L. & BICA VT AROE— DR TH D8 D54
HEIZEEL T, fiIRZAETHEB LY ADHREREMET L TNWS Z & &R
LG 7" b b, 2hbDZ L X mivy Z0H LWKEL L THER
LBRPRIND,

AETHE., mvT REERES T ADOREIREILOWTY VR EREMKIL B &
OPiiEE AR & N i bR ET U e,

BT meTRABIVEETRADOA Rz iekd 50 o BRI K i

U 2 RBRIEFE R XS EORBIZ /35 VU LV RBROBEMDZF O 2R T
BOTEALITRANBN TS, LA Mo =it X DHEIL. &Y Vb
AV OEE., FURIFRFRA~A - THIIE, 7L 9 — THiKE, ffakEEes: T
R EPFEREINDZ L0, BRIEERET S L4 OBRERET 0T ) Vi
ELRECO DD, EEORERRBOFHRL L TEERMEBELLED T
W5, 2ZTmlRw T RAEEESTADA MYz iZatd 5 Y v A BRIEH Xt
ZDOWTHRE LTz,

(1) EBE®
AU ZIRET AT A L L Tml= ¥ R (CIHR)6~8H 7 DO (ml/v) 2 We,
SEAY S B e A HAKITHEALSE " 22me/mlic RS & St L. ERTH
HDOml< 7 2250 g/g body weight &7 5 & S IR TG L2’ . EFE< TR
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& U TCC3Hf = 7 A6~8H4 D+ =iz,

(2) BE#&WK

FESHAE D 1% 28 IR PMI1640( H 7k B 38) 17 5 %4 fe I ML 1ML 7E (GIBCO). 50 1
M2-ANT 7 N2/ =), 0ugmlF X <A T MATHWE,

(3) =7 RMEHEOTRE

< RAEHEIZScheme 1 IZRT X oI, BEEREY AP -TREHEL
RSSHE . MEEES B, BAL TOSRMBIIEROLE X BREL.
BERK CREg~ T A E LTRW.

Scheme 1. Preparation of a spleen cell suspension.

Mice .
-sacrificed by cervical dislocation.

Ldisinfected the skin with ethanol.

Spleen
-washed with the Hanks' solution

-homogenized.

Cell suspension
-centrifuged at 1000rpm for 5min.

Lwashed with Hanks' solution

-added 4.5ml of distilled water and 0.5ml of
x10PBS(-) with stirring.

-centrifuged at 1000rpm for 5min.

-washed with RPMI1640 containing 5%FCS.
Spleen Cells

(4) <A MYz iZwd B Y VBRI RUL
2 A4 N 2 ricT B Y BRI SR iXBlakley & Archer ® ¥

32) GZ

WL, THM~A Pz L Taryy I N) > A (Con A, Sigma)®” ",
Bfifa<A FY =z LTYRRIYIYYHBZA K (LPS, S typhosa,
Difco)®® *® ZRHWTHR o7z, B (5x105cells/200 u 1/well) 296X <

6



NVF 7L — F(Corning) THBE LR, FIRED <A b YV =2 KM L48
R L7, B, BB BRT RTOERBRIRBWTITC. AAMER T
T 5%RBITAZH T T o BERETO16KMAIC[3H]-
Thymidine([3H]-TdR:0.1u Ci/well, Amersham) & L3V ZE#B 51T
7z. #fgiXMultiple Semiautomatic Sample Harvester (7 RXEZE) 2 H W0
THIRT74 V& — (GF/C,Whamman) LizEIR L, W EEEBES > F
L—yarv vy —THIE LTk,

EERERB I UTEE
ml= %7 AR L CIER <7 ZOBMIZConAR IO LPSHIEIZ L v . BEKE

W91z PH]-TR OEGAZL %M LTz (Fig. 4). ConA iz oW T304 u o/ml TR ¥
A BHIRE AR OPHITAR ORGAKZER L, A7 A Jalb A ¥ av AV Ty s

—
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<
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Fig. 4. Reactivity of normal and macular mice to the standard

mitogen array of lipopolysaccharide (A) and concanavalin A (B).

Spleen celis were cultured with the indicated doses of the designated

mitogens for 48 hours. The cultured cells were pulsed with 3H-TdR(0.1 uCi/

well) 16 hours before cell harvest. The data represent the mean = S.D. (n=3)



ARKIL0E Th 57, LPSIEOVTI20ugmITAF A S 2L A ¥ ay A Y7y
7 ZABER <Y ATHTE, mivy ATHOETH o7z, LAaL. fivy AR
ERZZADONE P oz, DLEOKRLIY., Zhb<f PPz d2Y
Y ARBROBFRIRICOWTIE, EWH< Y X emivy RZFARE THS 2 L
BHL 7z.

B mlYRABLIREE<TADY U BRIESREZE (MLR: mixed limphocyte
reaction) IZ & 5 U ¥ BRIEFE i

ﬁ%wﬁﬁlDVKFVIVW%K%?%E%%KOwTMEﬁVWx&m
LY RARCRBNTCHEELZZIRD LN P o7z, S HITHEHMICY 2 RBROMERE AR~
Blediz7 uGEEHC)PURIIH T 5 U L BRI IS A LTz,

>
% %ii\lr:[ 5 : Zi\i

(1) U REIBE R A

U U RERIBAEE#IZPeck EBach 5’ OFEICE L TiF o7, +/y. mlyB &
U'Balb/cw 7 A(HA S L C)&6~8HATHA Lic, FIRAIEE LTS50u g/mld
<4 M A Vv COHMFERE)TITC, 604 Uiz, IWEME LT
FEY AR, B2 BIOFEERERY v A EHE&LH W, H
W 35 & O 2B % Sx10%ells/mUC AB L. ZAL 1004 1F096 K< 1 T
7L — M (Corning)IZ3BHE L. 720RIREE Uic. B3R T O168RTIZ [PH]-TdR
(0.1 4 Ci/10 p Iwell) B RN L SV ZAE#k & 1T o Te. B8 TH4. M OB RE
BRI & FRRICHE S Y F L — 3 v vk — Gl L,

(2) AEERE

BB ZEREIX Student's t-testiZ & o Tz,



¥ >c]: N %

FIEGHIRE & L Cml= 7 RAB K CIEH < 7 A OB 2 Wik, Balb/ew v R
Y VU AREHIRE OB X FERE Th o7z (Table 1), L2 L. Balb/cw 7 ADT 1
PURICRT BB ml~ Yy ROEFREH <7 ALY b HEIIKELZR L.
TOT v fURITH T DINEXIFE C 26k L e TRIROBEAMRINIZ L > TRZ 5
ZEH, mTRRBWTIEECZRRT 5 THITEOKEME R 23R S v,

Table 1. Proliferative response of lymphocytes stimulated by
allogenic cells in MLR

Stimulater(mean cpm =S.D.)

Responder -
+ly ml/y BALB/c
+y 924 + 95 14787 + 1454
mlfy 962 + 300 11334 = 603 *

BALB/c 12438 + 916 12669 = 1357

Responder cells (lymph node cells; 5 x 10° cells/well) were cultured with
mitomycin C-treated spleen cells (5 x 10 Scells/well) for 72 hours. The cultured
cells were pulsed with 3H-TdR (0.1 uCi/well) 16 hours before cell harvest.
Data represent the mean = S.D. (n=3)

*: Significantly different from normal mouse (p<0.05).

B mle v RABLTIEE T AQ—RAE TOHREERE

TIVE TR ASZH LM OB REICE T DMat 21 o Tcis, & HIicEkosk
L L CRBIREETRL DM A/ XY MU =7 R L T SHURES e
TOWTERA LT, PURICIE THIRKFEDURI X O T #IRIRRAAEHUR 2 A v,
FHZ— R IR X DOURFF R IHUE 2 JIE L.
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(1) FERAHER L CRETE

THIFEZE PR & LTk ¥ YRIMER(SRBC: Sheep Red Blood Cell, H A4
MR Z—), THRIEEKAFREDUR & L TDinitrophenyl-Ficol(DNP-Ficoll) %
A, DNP-Ficoll® &KX Inman® HiE* Y Ic#¥L T, &< 7 RIZSRBCIX
5x108cells/250 u 1%, DNP-Ficolli% 100« g/200 u | 2 BRIEN & 5- L .

(2) HuisEEAMEEORHIE

FilkBE 4 B8 Cunningham 7 5 — 27 TSR ML HIE O 1c#E Uz, PR EVED
4 F 4% i I ¥ % 308U L (2.5x106¢cells/0.2ml). SRBCURIEIEEE4%) & 5\
Trinitrophenyl-SRBC(TNP-SRBC, BB 4%)B L OENVE Y MlEGRIRE
10%, Rockland) &%, =V HLF ¥ o =Ly b Uiz, 37°CTIRRHIRIS
SRt B (7 T — 7)) 2 B EME T TR % . PR £ g Plaque-
forming cell : PFC) & Lz, T OFFIEIZ & APk MIEEIE T icIeM EA Ml T
H5

BB, FOMOEBREEICOWTIE. i E TICRBROBIEFEITRE o7,

SRBC(T {IR KA HEHUROIC K3 B ml~ 7 2 OB FBILIE R < 7 AD
#11/2 L AR 2R UTz(Table 2), —7#. THiladEikE MR ©& 5 DNP-Ficollic
W BHUR A MEEIIER <7 2 L mlv Y ACRBECTHY . HERETA
HENEP T, L EOREIEHIRERNAR THIKEEOTELRICBITS
mle? ROBEE T ERBRT S b0 THS, —F. THlIKELIR Cb5
DNP-FicolliZ# OHREM: %2 73§ DI B #lld 2 E #7E AL U THiipE M~ & 72
IExg3”, ZORBIZEE<Y R eme Y ZARRBETHDZ L5, m<
7 2D BRI ER <AL RV TH L EEZ LN

10



Table 2. Primary immune response? in normal and macular mice.

T-cell dependent  percentage T-cell independent percentage
mouse antibody response of antibody response of

(PFC/106 spleen cells)® control  (PFC/10€ spleen cells) conrol

+ly  2303+109(9° 100 291 = 33 (6) 100
miy  1158+359(9)  50.3 287 +.23 (6) 98.6

a; IgM against sheep red blood cells (T-lymphocyte dependent response) or
DNP-Ficoll (T lymphocyte independent response).

b; Plaque-forming cells (antibody-producing cells) per 10° spleen cells.
¢; Mean + S.D. (number of animals).

*. Signifficantly different from +/y (p<0.05).

»

B mlw v AP LCIEE < T A THIKKEETUR T 5 ke iEdig
PEAEREICERT D RRET

AT EI DK R THIR AR PUR 69 5 —RAZEPIHPEERRICEAL Tml< vy
ADOHERE F 2R LT, 22 CTHIEOAERBEREICER G Ll ~IRGEHIkRE
HEREIC DO WTHRRE LT, AEICIEPUR I T A EHEHUR T 5 TNP-Keyhole
Limpet Hemocyanin (TNP-KLH) & . 4R IAE 2 ELISA (Enzyme Linked
Immunosorbent Assay) % CHIE L 7z, x

>,
- %&iﬁ:\l/:l E: ﬁ\i

(1) TNP-KLHDO&RK* "

KLH(Calbiochem Corporation) #0.12M NaCl%%&#0.17M 7K 7 BEEE K
(pH8.0)(BBS) T—MuZEMr L7ctk. ERHBEEZFA20mgy/miZRE Lz, MV =Inm
NV AVEF VT b Y T ACTINBS) % 15me/mlDRE TBBSIZEE#E L. 1mgdD
KLHIZ X L 88u e DTNBSOEIE TR T LTz, N T CTHEIR LR D BiE TR

11



R, Sphadex G-25 75 A (PD-10% 5 A, Pharmacia) DEB Y (FEa 2255
E/MZEI LTz, PBS(-)C2HR. 4CTHENK. HEEEE U GEXLRE L .
(2) PITNPHLUMIE DFREL
TNP-KLHZAWK(0.2mg/250 u D &7 v AV N7 ¥ a3y FEEMIE) % 1:1 T
BELIAY a v BEM L, Fi< R ICTNP-KLH(EHK IR E0. 1mg/250 1 1
LAY a V) EBEEERRE L. FO8HK 7 ADOMIE 2RI L. HIINPHLILF
OEHER E L THW,
(3) BE ik
BURE2)CRLEFETHEL, JEMZ. Bz L., Bk
13247 VF 7L — b (Corning)iz6x100cells/ml/well & L. & A4 DIEE OTNP-
KLHZEML TR Lz, 2HBICHREZEIR L, BEHc X VPR ZHRE LR,
S 1ml ORI RIS Lie, & OIS 2200 4 150, 967X~ /L F
7L — M (Coming)IZBRE L. 4AMEE L%, B8 LEE2ERL fifEMmE e
L7z,
(4) ELISAZ X AHuifliofiE "
(a) [EHHOEESN
MHIE E L T50u ¢/ ml®DNP-Ficoll Z96 RELISAFH< AV F 7L — k
(Corning)izS0u I >3 L ., 4CT—WRB L. FHFEANREEZMZ 572D
158 SF L CTuvFx o rikfroic.
(b) & EEOHRME KL
PFUREERA 7L — 8%0.05% Tween20£0.15M NaCl #43:50mM b+ U R-3
FRRE 8 Wk (DH7.6)(TTBS) CT¥as U 7o, 538 FIEG0u welDZZ 07 L — MiThix
1.5, BB CTRILE ", TTBS Tk, horse radish peroxidase THak L7z
Rabbit anti-Mouse IgM (1:2000%F 8, Zymed) % =5 T1LSRHIR G S ¥,
(c) 3t
10mIRERREE Bk (pHS.5)1255mM3,3',5,5'-Tetramethylbenzidine (N, N-Dimethyl-
formamide) %100 u 1. 33% H,0,%5u 1R L FEEHIEL Lic, TIBS THHE LT
7L — MZRBRIEE100u YwellTOMMZ . BIR T105~607 RIS ST,
2N-TRER (S0u well) TRUS 281k Uiz . HIEHEE450nm, S IFERE6S5nm THI
E LTz,

12



(d) HifflosE

Bk OFEMIZHITNPHULE OREE1L=y b L, ZOFPERI YRR
L7z,

BB, FOMOEBREIEICONTIX. BIfiE TG OBVEF B -T2,

EH#< v A RHREOP TNPHUEZ I BIZTNP-KLHOBE TR FE L T8MmL. 1
u g/ml CHERKOFUEMZ R Lz (Fig. 5). T OREOFLEMIIZITNP-KLHE RN DR
EHBLTHRSHEDO LR TH o, —FH. mlvT AOZTHRIRE b R TNP-KLH
BEIIKE LN, ZORBSHIER<T ALY BEL o, B~ 2OHUEM
BT B ZEIITNP-KLH 0.1 4 g/mIDFFIZEHR R L8, miw T RIXIEHE <7 X DF)
13CTHh oz T DX 5 ICHIRERNZR TRKEED “RGETHREERITE
NWThmle 7 AOBRBIIEFR < VAL EB L TETFTLTWS Z EBHME R -
7Zo

60
Fig. 5. Secondary antibody responses
50 of normal and macular mice. TNP-KLH
(0.1mg)-primed mouse spleen cells (6x10°)
? i were cultured with the indicated amounts of
S 40 TNP-KLH for 2 days, washed and cultured for
[ an additional 4 days in the antigen-free culture
o 307 medium. Culture supernatants were harvested
E and assayed for the concentrations of anti-TNP
"é 204 )\ IgM. The data represent the mean = S.D.
(1]
107 ./)\ —O— +ly
—@— mlly
0 N\rr—rrrrasr—r—rr e

0 001 01 1 1 10
TNP-KLH(pg/ml)

13



BhH NE

ml= 7 ADOREHE YIESR OFEMHE. BIUHREETHE LY A DREIR
BEEDETIZETAHE Y L mlw Yy ROKBARLNFREN, KBTI
BADGRERESERFT Lz, <4 MV 223 Y v BREFER IS IZ OV TIX
ml< 7 AR ECEH <D R EHEORERIIFBE TS o, LA LMLRIZX
57 afR A A RIGEEmI=T A TE T L TWe, 7 e Hugice U TRIR
TAHE THRTH 22 L2 5. ml=w v A0 T HFIMEIE TRRRE iz,
—%F. TufREZ oW TiEmle Yy R LIEEFH 7 AOMICAEREREZZIR ONLR
Potz,

LB B ICRE U Tl THIRRFESURISN L Tml <=7 RXIEH < 7 AD1/2
LI CH oTce —JF. THIRIEMK FHEHURIC R4 S HUAE LRI ~ 7 AR

BRERADRIP o, EBRIWEERIZBN Thmlv 7 RFXEHE< VA
EH U CTIRfEZ R LTz,

AU ARBEFISBREETH Y., ZORBEFANEY TH Dl RAICHE
DONIHERRENTRAELEROBETIXZORBLEFELRY, LoTml<y
A DFRRE L BE TS OBHIZZ ORBORHICERERFEPVEE 25 L1
HEhb, 22T mi<7 AOHUEER BB S RS TAR 2 X 0 BRIk
IR, REXVHREL B L CEERT VARV ORE ZEANICED D
z it L,

14



BB mlv Y AOHURERATUREA RIS T ICBIT 2L <L T oM

ml= 7 AOFEHLEROBMHMB LR ZETHE L 7 A ILBWT
BARERENETTAZL2E, mIv T ADHBEEICOWTHIETHRAL
Too ZDFER. ml~ T R HRFEN R PBEEBETR L OCMLR TOIEH
CIRT BINEEDE T ZHLP I Lz, HIEERIIT THRGEERK LT
MR A EEL TRY .. ZOE T THRKREEORKIZB Y AD S
Nz, fo Tml~ 7 ROPUAEE MR T T MK TICREL Tnd L#
AEh s,

Z ZCABETEmI= Y ROHUEE EREK FOR NI EZERTR L, Pl
A RITB T D A ORIIEHEREIC DV THEA LT LT,

FH—H mli~T AR ITIEE <7 XOIRFEEERPUREEERRICE§ 55T

TR EZRBN T, BHdOF T 2RENIFIHEEETH D, T OHUREE I
PURRREN TR L PRI R PR EAE R D 5. LPSITHURIER iz BH
faerm AL LOEsm, ST IsMOELFE R ZRITI LM TN S,
Z Z CBHIEOHUEEELERE R MG T D72, LPS TRLEE L 7z Bl &0 S
SIgMEZHIE LT,

(1) BEHE

AR Z48 7k~ L F 7 L — b (Costar)iz3x105cells/0.6ml/well & L, LPS % &
BRE0ug/ml L7825 & S HML THR L. RIGHYIT R RIF 23R LT

(2) ¥¥ R4 v FELSAIZ X BHikEDHIE

BB & L T50 4 g/mldRabbit anti-Mouse Immunoglobulin 296 7XELISA fi
<V F 7L — b (Corning)ic 50u 1FOMEL, 4CT—MRBE L. 70 vFy
7. BER EEORN. F—9EORME X URAIXITEICE &R OBIEEIZRE - .
Z DM OFEBBIEICONTIL, FTETE TR OBIERIZ o T2,

15



SR ENPEEEORR 2 Fig. 61277, BMEOLPSHE Iz X v REIZH
RIFEASI N, BERTABITREE <Y AR H20u ¢/ml. ml< T RiXZ OFR56E
D50u g/miEE Shic, BEEFBHIZBNCHRBEOBESSE LN, HETHM
TIRIER< 7 A3 206520 Lml< 7 Zi3KI500 L BiEE R L. Bl EORR
L v ml= Y RFHURIEE R REUE L BT TE LT WA Z LA O &
ot

50
50 A B
—@— mijy LPS(+) L4907  —e— miy
40 —O—  +/y LPS(+) 8 —O— +hy
= —A— mlfy LPS(-) € 39-
£ 50l —& +yLPS( 5
e i
3201
S 20 £
w
10 10+
0- 01
0 1 2 3 4 5 6 7 01 2 3 4 5 6 7

Incubation time (Day)

Fig. 6. In vitro antibody production of LPS-stimulated spleen cells in
normal and macular mice. Spleen cells (3x109 were stimulated with 10ug/ml LPS
or medium for indicated days. A, Culture supernatants were assayed for increased
presence of IgM antibody using isotype-specific sandwich ELISA. B, Ratios of IgM
production in LPS-treated to that in non-treated spleen cells were expressed as the
stimulation index. Each point represents the mean of three experiments.
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L. 3TCOKBHTASHHIRINE §ic, ME3E%ES U Ttz Rvnick, M
fats i IS B2 b 02 BB ER S E & Uik,

(3) &b |

in vitro P4 RiTMishell & Dutton® Y IK¥EL TR o, 35mm ¥
— L (Falcon)iz T HU M43 E1%0.3x107cells/1.5m 1. Bl a4 HiiZ0.7x107cells/1.5ml
LB X 5L, SRBCUx107celly1.5m) 2% L T4 H IR 8 Uie, 52
fpEH2~3ED - < Y LRE LTc, HERTRICHEEZRR U, Stk
BOEHIE LTz,

Z DD EBRBRIEICONTIX, FTETE TICALER OBV IR o e,

17



in vitro RIZBNTH. mi~< 7 RAOFUEEAMEEIZEE <Y R & HER L TK
%R UREFig. 7o m~TADTHIFASEZIEFR< T ADDDICANEZ DT
itk v, FiAREAMEEIZEZRICEN LR, EE< T ALV OHUREER
Fa £ iz LR ol —F, mlw7 AOBMHRESHEZEE< T ADD
DEANHZ THLALKBERZRADLNRPoTc. TTIRBRTE L 5 i2 THIE
SRR W3 B HEE AR I RN TiX. mlww REIEFE~ T AOMICH
BRENBDLNRP oI L. BIOHFEIGERNRIIEEARBIIERE <D X
D EZ@EDLNZZ &5, BHIIZEERESD D LITEZEZ RN, - T,
ml< 7 ZADFEEERBETX. 2R Ed—EHiEk THREOBRE T IERLE
bOTHDHEEZ DD,

T-cell  B-cell PFC/10° Spleen
enriched enriched 0 50 100 _ 150 _ 200
+y +y Lk
mlly mlly — =
+/y ml/y H s
mlly +ly -] -

Fig. 7. Cellular characterization of SRBC-induced antibody production.
B cell-enriched (T cell-depleted) cells were prepared by treatment of spleen cells

with anti-Thy 1.2 plus complement. Nylon-nonadherent spleen cells were used as a
T cell-enriched fraction. B cell-enriched spleen cells (7 x 10°) and T cell-enriched

spleen cells (3 x 10%) were mixed and cultured with SRBC (1 07) for 4 days. The data
represent the mean = S.D. (n=4)

*, Significantly different from the antibody response of normal mouse (p<0.01).
**. Gignificantly different from the antibody response of macular mouse (p<0.01).
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OFNIERE< Y RLY S ofc, —J. Thy-1. 2B MET DB L L3T465
BERIEL (oS — T S OB &3 3L Tl 7 2D AREE< 7 2 X Vb Lz,
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MTHEZARZZAD NI o, o> T, Thy-1L2BHEMIEOBAIXLIT4R %
OB ITHBELZ DO THHZ EBHLP LR o, U EDFHR LV, ml
<= 7 A0 THIFHEEEE T DRR O— i THIK. i~ — THIROE & DBk
PIZERALTWB EEZ BILD,

.|./y Ly-5 Thy 1.2 L3T4 Ly-2
m:50.11—2.9% 32.3+3.2% |1126.9+1.3% 5.7+2.1%
e ]
5 gﬁ
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mlfy :

Log of fluorescence intensity

Fig. 8. Flow cytometric analysis of various antigens on the spleen cell
surface. Spleen cells were treated with labeled various antibodies and analysed
by flow cytometer. The percentages given in each panel represent the proportion
of positive cells. Values are the mean + S.D. of 4 mice.
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Cp oxdase activity (mU/ml) = (absorbance x 60) / (9.6 x incubation time)
60 : MIEDHFRMEE 0.6 : BLEIEE DT AR NIRE
(2)RIBE DRIE |
Bk G ERBUER BRI 4 TR 7)) EEMN 2 TEERILZ TV, ]
THREERHQ08H, HiDic L v fllE LTz,

ERFERB L OER

<V AMBEFOHFBRERB LA 075 A3 L iEE%#Table 3ICR T, ml<Y
AMBEROFBER LA 75 A IV EHRIZRICIEE <7 A0#11/3 L RfE
THY., TOBRIL MAV T AROBEREB E—BT 5, £, MiEH OHIRE
LA 7T AIVEROHBENE RS &, HBIRE0.986 & IEF IR RO
BZm LTe(Fig. 9. &5 gzsmcczﬂa‘%ﬁbkfééﬁé terurs A3 vEtd
DB %Fig. 1019 FiEAMEBIZ L v 75 R I k> THEM L
FHIBRIREX0874 TH o Tee N

=
ES

Table 3. Serum ceruloplasmin activity and
copper concentration in +/y and ml/y mice

Cu Ceruloplasmin
(ug/ml) (mU/ml)

+Y 1.379+0.097 21.40+1.59
mily 0419+0087° 6.93+1.35"

The data represent the mean + S.D. (n=6)
*: Significantly different from +/y mouse (p<0.01).
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Fig. 9. Relation between copper Fig. 10. Relation between antibody
and ceruloplasminconcentration production and ceruloplasmin
in mouse serum. concentration.
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Scheme 2. Purification of Mouse Ceruloplasmin
Mouse serum
[-(NH)2S04 25%-50%
ppt
dialyzed against Buffer A containing 50mM NaCl
|:15000rpm,20min
sup
Bl+ue Sepharose CL-6B
|-washed with Buffer A containing 50mM NaCl
DEAE Sepharose CL-6B
—washed with Buffer A containing 50mM NaCl

—eluted with 50-250mM NaCl gradient
DEAE Sepharose CL-6B

—washed with Buffer B
—eluted with 50-250mM NaCl gradient

Mouse ceruloplasmin

(2) Fof T
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Table 4. Purification of mouse

ceruloplasmin from mouse serum.

lotal 3 2 laial Specific  vield Purification
Step protein  activity activity (%) (fold)
(mg) (units)  (m unit/mg)

Serum 5208 1.43 0.275 100 1
Ammonium sulfate precipitation 1010 1,13 .32 79 4
DEAE-Sepharose CL-6B (pH7.0) 21.8 0.65 29.8 45 109
DEAE-Sepharose CL-6B (pH5.0) 1.53 0.11 71.9 8 262

—Origin

—212K

L A6 K

— 76K

— 53K

— Front

Fig. 11. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis of
purified mouse ceruloplasmin. Purified
ceruloplasmin (2ug) were electrophoresed
and atained by Coomassie Brilliant Blue R-
250.
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3000 Fig. 12. Effect of ceruloplasmin
1A on antibody response against
25007 SRBC in +/y and ml/y mice. Mice
8 ] were injected i. v. with the total indicated
8 2000 amounts of ceruloplasmin once a day for
c 4 days and then were injected i. p. with
3 | SRBC (5 x 108). Four days later, the
21500 PFC assay was performed. The data
«g i represent the mean = S.D. (n=4). The
~ background responses of +/y and mily
51 0007 mice were under 20 PFC/106 spleen
& ] +f cells.
—O— +ly
5007 —o— mlYy
G 1 1

0 10 20 30 40
Ceruloplasmin (mU/mouse)
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Table 5. Effect of Ceruloplasmin on the
Restration of Antibody Production in ml/y Mice

Mouse  Treatment (dose; at) PFC/10® spleen cells
+y  PBS() 2303 = 109
mlfy PBS(-) 1158 + 359
mly Cp(BEmUx4;days-3,-2,-1,0) 1744 =119
miy Cp(@0mUx1;day-3) 2517 = 209
mify Cp (20 mUx 1 ; day 0) 1242 + 374

The mice were immunized with SRBC on day 0, and 4 days
later the number of PFC were determined.
Data represent the mean + S.D. for the three experiments.
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BB HETICEAL B 7S 2 3 2 20mUDE EH 5 Tidml~ 7 A OH AR Hi
BUIER <2 AL -OLE CHEINT 558, HiK & ORGSR ZOERITAD b
Nk otk (Table 5) o Bib, mi~y AOHBHEERELZEE S E57HIIH
BERIEETIREAR T SAIVEBLETHAHZ ERHLNER ST

HIE LA n 7S5 R I VB O OHESRICHT 582 TR
ZFig 13107 T,. 40mUDt A u 7S R34 512 X 0 ik AMaBiTA =R
B LR Lz A PSR IV TREM LR, T, BART T AIYV
— AT HCIECu2T AR L CutA3R T 0T A ER TV, E I TQu? s
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Fig. 13. Effect of denaturated ceruloplasmin (Cp) and copper on antibody:.

responses in mice. A; mlfy mice were injected i.v. with denaturated mouse .

ceruloplasmin or ceruloplasmin once a day for 4 days and then were injected i.p.

with SRBC (5 x 108). B; Mice were injected i.v. with the indicated amounts of

copper once a day for 4 days and i.p. with SRBC (5 x 108). Four days later, the
PFC assay was performed. The data represent the mean = S.D. (n=4).
*; Significantly different from the antibody response of ml/y mouse (p<0.01).
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(1) BEGE

B B (1x107cells/1.5mDiE35mms + — L (Falcon) T Lz, IR BRIER
SRBC (1x107cells/1.5Sm)Z#M L. 4HMEERICE VIToTz. BRZETROM. 1
Hiz2~3a#R%E L.

(2) H&HIE
A BT A VR EOCEARSE T e R am L. 3HEE# LT

X 5 [ZSRBC(1x107cells/1.5ml) 2N L4H B &%, ik ffa 2 illE L.
BB, FOMOEREBEROWTIE, Fiffix CICRBROBIFERIK > T
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Fig. 14. Effect of ceruloplasmin (Cp) and copper on antibody responses.
Spleen cells were cultured with 20 mU/ml of ceruloplasmin or 1 ug/ml of copper for 3
days and SRBC (1 x 107) were added. Four days later, the PFC assay was performed.
The data represent the mean = S.D. (n=4). *; Significantly different from the antibody
response of control (p<0.01). The background responses of +/y and ml/y mouse
spleen cells were under 5 PFC/10° spleen cells.
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Fig. 15. Effect of +/y mouse serum on antibody responses in ml/y mouse
spleen cells. A, Spleen cells were cultured with the indicated concentration of +fy
mouse serum for 3 days and then SRBC (1 x 10’) were added. B, Spleen cells were
cultured with a 1 % concentration of +/y mouse serum for the indicated number of
days and then SRBC (1 x 1) were added. Four days later, a PFC assay was
performed. The data represent the mean = S.D. (n=4)

(O); +/y mouse (@); ml/y mouse
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Fig. 16. Effect of ml/y mouse serum on antibody responses in +|/y mouse
spleen cells. A, Spleen cells were cultured with the indicated concentration of
mify mouse serum for 3 days and then SRBC (1 x 10”) were added. B, Spleen
cells were cultured with a 1 % concentration of ml/y mouse serum for the
indicated number of days and then SRBC (1 x 10”) were added. Four days
later, a PFC assay was performed. The data represent the mean = S.D. (n=4)

(O); +/y mouse (@); ml/y mouse
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Fig. 17. Effect of sera from a ceruloplasmin-injected ml/y mouse on

antibody responses. A total 40 mU of mouse ceruloplasmin was injected into a mlfy
mouse once a day for 4 days. 24 hr after the last injection, serum was taken from the
mlfy mouse. Spleen cells were cultured with the serum (final concentration of 1%) or

ceruloplasmin (20mU/ml) for 3 days and then SRBC (1 x 107) were added. Four days
later, a PFC assay was performed. The data represent the mean + S.D. (n=4)

mlfy(Cp); ceruloplasmin-injected mify mouse serum
Cp; ceruloplasmin

wmons A< v RMLEOHARE RIS L IETBE

Bk RE A BREE R T3 L OH AR R T chE ORLTE L S
ml= ¥ ZDRBEHREEFRDZ LiIcLVRWES. L L. BETORE
B ORI RE S LT, BETEm Y RCEBRRRER >, 2he bk
GIEREICEE LTV AO»ERHTIRERD B, 2 TN bERELE N
MR T O~ 7 A4 B (MHCHT S )Iic DV THE LT,

40



(1) EBREW
EERE M & L TBalb/cB X U'C57TBL/6N< W A(HAS L C)26~10A4 I TE
Bzt Uiz, '
(2) MR RD XA DAY 2 —)
Pl ERERE< Yy AMEBEL2EZM L%, 3HREE#R LK., SRBC
(1x107cells/1.5mD) Z7RM L, & Bic4 A3 U ic i e fie Uk,
Z DA OEBRIEVEICOWTIX, R E Tl @ ORI > T2,

EERFREB L TEE

Balb/cis & U'C5TBL/6% &7 AIMLIKIE1 %% Ml Cml~ 77 A FINE OHif 2E A
BEEE< T AL NI E THE S §(Fig. 18),. ). ml< 7 AMiEiXBalb/c
<Y AR LU CSTBL/6 < 7 A AL O Gk RE MU B 2 AT S B, T
T, PiEARIRIE T OERZml~ T A DCIHIR< Y RIZORAEHTE T
m&<\mmﬁﬁwvWx%%%m%ﬁ%mmﬁmmwmiéoikmv6x
PR RR % B8 S ¥ SR R TR O~ D A MG I DFE L. PikELBRE
CRNTIELS —IZBIG L Tnd ¢Ex bvd, B EORERLY. Zhbhilk
PELERERREITR 7 I3 8RR B CMHCH R 2R E R WZ LM
ot

41



spleen serum PFC/10° Spleen cells :
cell 0 ___100 . 2(30 _ 390 i 490 i sqo
- 7777
mily [
ml/y +/y 2 «
Balb/c A"*
C57BL/6 74 *

Balb/c Balb/c
mi/y

C57BL/6 C57BL/6
ml/y

Fig. 18. Effect of various mouse sera on antibody responses in vitro.
Spleen cells were cultured with a 1 % concentration of serum for 3 days and then
SRBC (1 x 10°) were added. Four days later, a PFC assay was performed. The data
represent the mean = S.D. (n=4)

* - Significantly different from the antibody response of the control (p<0.01).
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Table 7. Effect of +/y and mlly mouse sera on
antibody responses in vivo.

M Serum
ouse Y mily
+/y 2057 = 374 N.D. 1562 + 264 *

mlly 939 = 153 * 2206 = 116 N.D.

Mice were injected i. v. with ceruloplasmin-free
sera (200ul/mouse) for 4 days and then were
injected i. p. with SRBC. Four days later, the PFC
assay was performed. The data represent the
mean = S.D. (n=4). N.D.; Not done

* . Significantly different from the antibody
response of the control (p<0.01).
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