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mixed lymphocyte reaction, cell-mediated lympholysis
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RIRRIGORE, FHEERFCREGEEZAD
HEIC T 5 #HI4E T#¥ (suppressor T
cells, Ts) »*EEL@E# L Cwa3EIIEL M
LNTW3, BEBHEIIBEWTY, BEFOR
HAEESC, B F % EM8 M (donor-
specific transfusions, DST) A Z =Xk L
T Ts DBEFEERINTWBY, kLD,
Fxd DST iz k) Ts HEIN, ZOFH
PRUEERIEES R UBHER ERERICES
THZ LML TERYS,

Ts oFEE, EABFRV Ts HRDTHEME
HF, S5ic Ts DBEERIIC W12 5 THE
EMNHEAERSOENL, FL L Tev 2%
AWiEBRTITbhTWw 39, 40, xi, b
PRI MY) >~ s<ER (peripheral blood
lymphocytes, PBL) # v, &#i!) >/ EKiE4S
%% (mixed lymphocyte culture, MLC) & D
Ts*#BEL, ZN7 /54 7%BIT 5 LA
BEiZ, ZOMGIBFIC DWW TRE 21T- 72,

N&EH &

1. PBL 78 & 55587

BEEFRAD SR L 72~ %) > inl % Ficoll-
Conray HEERLHEIC L ) BEMIERE 228 L
72, EEEWIZ, RPMI 1640 medium (Gibco)
I2, streptomycin 100 uxg/ml, penicillin-G 100
units/ml, ZBAL, S 5HIcIEMLE } AB I
HE20%MZI:bDEHN,

=
=
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2.MLC kW Ts D&
responder #HHZ 1 X107 &, mitomycin C
(MMC) AEE | 7> stimulator #1831 X 1078 %
20ml3EFE M 12 T, 25em culture flask (Costar
3050) IZIBAL, 37C, 5% CO,, 9BUIEZET
ICZ N EFNOHREEEREL /2 (bulk MLC), =9
%, MBREZIRER, WL, 251z, MMCaE
#% regulator #ifg & L C, mixed lymphocyte
reaction (MLR) B «f¥ cell-mediated
lympholysis assay (CML) iz#@&mL, #o#p%l
EERETLZ (1), _
3. MLR suppressor cell assay (MLRsca)

5 X10“E1% responder #EHLE 5 X104E "
MMC M | 72 stimulator #il8 X ) % 3 MLC
12, MMC %3 L 72 regulator #1845 X 10448 %
Mz, 0.2mNDEFEHEH T, BANE~S 7027
v — b (Falcon 2077) 2T, quadruplicate T
¥ # 1T» 72, kinetics study L5} 6 H pissss
&L, " D18RRRETICCH S 2 U v Foe
WAL, B > Frv— a7y i—2T,
SH 3 2 BE%BIZE L 72, responder #ig >
E— 2 #i b (autologous #HlE) # MMC L L,
regulator MilA L RFMz 2L n%E, 3> b o—
WBEE L, KRR L ) MLR #ifllER 2 =M L 7,
MLR #pfil#E= (1 —cpm with MMC s
regulator #f f2/cpm with MMC 3
autologous #ifE) X 100,

4 . CML suppressor cell assay (CMLsca)

1 X10°responder #AfE, 1 X10°stimulator

#HAE, 1 X10°regulator #iE % 2 mIBEREM I C,
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Bulk MLC

responder ells
(1x107/10m)

LA

Stimulator cells
treated with MMC
(1x107/10mp)

|

MLR suppressor
cell assay

responder cells
Bx1¢ /0.1m)
with MMC

. Stimulator ells
(5% 10%/0.05me)

)

incubation for 6 days

l

3H- thymidine
incorporation

incubation for 10 days

harvested and treated

CML suppressor
cell assay

responder cells
(1%10%/1.0me)

added as regulator cells
(5% 10%/0.05me) (1% 10°/0.5me)

Stimulator cells
(1 X 10° /0.5me)

incubation for 6 days

effector cells
(2x104/0.1mo)

Cultured with PHA-M
for 3days

l l

target cells labeled
with 5'Cr
(4% 10%/0.1m2)

!

incubation for 6 hours

}

51Cr release assay

1 Experimental scheme for analysis of the generation of Ts.

HANF % —71—} (Faclon 3047) T 6 BEE
A¥EFEL, % D% effector ML & L CTEIULL 72,

target #B2iz, PHA-M (Difco) iz C3EEk{L
L 7-#ii8% Na,*'CrO, T L, #tigfk 4 x10¢
f8/mlic A% L 7z, effector M & target #HNE
#50 0 1 DEETIORIE~S 7097V —H
THE0.2ml & L, triplicate T 6 BFRIIZZEL /2,

R0 Imld LB ERL, A— b Fre—2
7> #—i2T5Cr release # #llE L 72, spontane-
ous release (ZIEFEMN A, maximum release
{2 1N NaOH %z, target #i§%'Cr release
#REL 72, %5'Cr release kAN BEH

L 7z. %5'Cr release= (experimental release—
spontaneous release/maximum release—
spontaneous release) X100, &, 2> Fv—i
#i3, MLRsca & R#ic, regulator AR,
b Nic MMC J# | 7z autologous #M 2 in 2,
CML #filEiz kR & 1) kb 72, CML #ifl[=R =
(1 —%'Cr release with MMC #L# regulator
##E/5'Cr release with autologous #Hig) X
100.
5. THEY 7w | D48k
OKT 4 Btr OKT8 £/ 7 u+— ik
(MoAD, Ortho) # vy, Wyscoki e =>
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TEMZ# L, OKT 4 *enriched #i#3, OKT 8 *
enriched M@ #437:. BiH, #MAa% OKT 4
53 OKT 8 MoAb TRIGE¥72%%, T v
Mo 2 IgG Hifk (Sigma) % SLrEET
coating L7772 F v 774 v aiziz, 4°C
2 RERI G 2 €72, Kiz, negative selection &
LT LEPIcRENHMIE24EMmML, OKT S+
enriched #1i8, OKT4*enriched Ml & L 7z,

6 . MLRsca 2 LiEHhNA > F—a (%> 2

(interleukin- 2, IL-2) &

Ak L 72 MLRsca & # &RBEIC BRI L, IL
-2 dependent cell line T& % CTLL-2 %4
W Gillis HNFEICHL T IL-2 D Hili%
EL7, Blt, 5X104E/mlo> CTLL-2 0.1
ml#Z96XFE~S 7u7L—} (Falcon 2072)
2z, 56120 1mld¥H > 7' V% triplicate i2
ML, 24RsREENE, CHF I P20 X
L7z, @512 AREREL N—=X }, 3HF 3
OB AA%BIEL 2, recombinant IL- 2

&—~A R+Cm+R°Cm

o—o0 A+Bm+A’Bm
— 200+

—150 +
— 100+

— 504

96 Suppression

50 -

100 -

4 7 10 14
days of culuture

X2 The generation of Ts in MLC. R, A, re-
sponder cells, Cm, Bm, stimulator cells
treated with MMC ; R'Cm, A’Bm, regula-
tor cells treated with MMC. Regulator
cells were harvested from bulk MLC at the
indicated day.

(/%) ENBLNIEHELI L, BB
ELEhcEIns IL-20Nl4EHL 72,

] #

1. MLCick 3 Ts g
MILC ick V&HE2 N2 Ts &%, FRH
MLR, HNl%, responder, stimulator #ilE & &

# 1 Cytotoxicity and suppressor activity of the
cells harvested from 10-day MLC

A. MLR suppressor cell assay® cpm
R+Cm+Rm 46121+2218
R+Cm+R'Cm 28720805

B. CML® Target® %°%'Cr release!
RCm C 3.8£3.0

a. R, responder cells ; Cm, stimulator cells treated with
MMC ; R'Cm, MMC-treated regulator cells harvested
from 10-day MLC

b. RCm, effector cells

.c. Target cells (C) were incubated in PHA-M for 3 days.

d. CML assay was performed with E/T ratio of 50 . 1.

20 ‘
0——0 R+Cm+Rm
0--—1-0 R+Cm+R’Cm
15 4 o----0 R+Rm+Rm
o
]
(=3
x 10
=
o
o
5
O-wog-=%~=0o
T T T T
2 4 6 8
days of culture

3 Kinetics study of MLR suppressor cell

assay. R, responder cells ; Cm, stimulator
cells treated with MMC ; Rm, autologous
cells treated with MMC ; R’Cm, MMC-
treated regulator cells harvested from 10-
day MLC.
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#2 Antigen-specificity of Ts generated in 10-day MLC

MLR suppressor cell assay

responder stimulator regulator® SH-Thymidine Incorporation 9% Suppression
cells cells cells (cpm)
R Cm Rm 12369+1442 -
R Cm R'Cm 52844851 58.0
C Rm Cm 11297 £ 4688 —
C Rm R’Cm 1551814155 —37.4
R Xm Rm 1707211540 -
R Xm R’Cm 804212240 35.0
R Ym Rm 12369+2119 -
R Ym R’Cm 11084 +1665 10.4
R Zm Rm 27873 +£2506 —
R Zm R’Cm 26254+318 5.8
A Bm Am 154242239 —
A Bm A’Bm 6099 +1208 60.5
B Am Bm 34762 +6853 —
B Am A’Bm 3946044723 —13.5
A Ym Am 14783 +2302 —
A Ym A’Bm 8849+2128 40.1
A Zm Am 1569241954 —
A Zm A’Bm 12614 +2309 19.6

a_. Rm, Cm, Am, Bm, autologous cells treated with MMC . R’Cm, A’Bm, MMC-treated regulator cells

harvested from 10-day MLC.

Bulk MLC & [E]—a MLR 28T, MLC &
N REHIC HIBE % FREL L, regulator #8E & LT
&L, Zo#HEZzZAEL:. R2IcREN
Aikic Ts B 7T HBLRICRH LN, 261
& L10HM MLC & D #REL 7z #ifgy Ts &tk
AR b B S (HHIEE | 61% R 158%).
MLC kDo Ts H¥izi3, 100 MEEIRE
tEzZ bh, LgEnERIziz, 108 MLC &
NRELL 72 #0808 % regulator MEAE & L THW,

108 MLC & ) #REL 7z #ka % effector #
far L, #oMlaBEEEREBE L. E/TH
500 1T, %5'Crrelease |33.8% &, MMEE
EERFECENLNTH-72 (F1).

kiz, MLRsca 7 kinetics study #47- 72

(F3). MLRE##% 6 HEH, 8HBE b,
regulator filANHEMIC LY, *HF I P> DE
NAADEGIEBE I Nz, Tsid, MLR #&
B IS 5 L D, D kinetics IS 38 %
B2 %otz

2. 10BM MLC Xk VZBHI NS Ts nRFRH
F2i1oR¥m<, 108 MLC LW HEEL
Ts (RCm R A’'Bm) & [{]— responder #
(R, A) RUE L stimulator #82 (Cm, Dm)
& 0% 2% E8 MLRsca Tl3, 5&W#1#) (58.0
% K. 1r60.5%) 55528 L LB DXL, responder
MBaA R 7% 5 MLRsca #%& (C+Rm+R’Cm,
B+Am+A’Bm) Ti3, Mfliz& B ond,
MLR i31r L A3 LTz, X512, responder
g% bulk MLC & [R—& L, third-party &
N @ stimulator #if2 (Xm, Ym, Zm) #H\
72 MLRsca Tl3, £ D#fljERIZ—E Th b -7z,
0% LL L2 RT oS, 5B 2HH-
7225, WTENLHRN MLR To#phlic ik
58, /NLNDTH-72, MLC THHEI N2 Ts
I, HLA ) 7—ic L 28 EEZ2HF L Twa &
Bbihs,
3. MLR ###il¥2 TsD7x/347
108/ MLC & D#RExL -#Hf2%, OKT 4,
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1000 2000 3000 4000 5000 6000 7000 (CPM)
T T T T T T T

R+Cm + Rm

R+Cm+RCmf ; l

R+Cm+R’‘Cm (OKT8*)

R+ Cm + R’Cm (OKT4* )

4 T cell subsets of Ts generated in 10-day
MLC by the panning method. R, responder
cells ; Cm stimulator cells treated with
MMC . Rm, autologous cells treated with
MMC ; R’Cm, MMC-treated regulator
cells harvested from 10-day MLC . R’Cm
(OKT 8+), regulator cells treated with
anti-OKT 4 MoAb ; R'Cm (OKT 4 *), reg-
ulator cells treated with anti-OKT 8
MoAb.

%3 CML suppressor cell assay

CTL Regulator® = N
Exp. iaGuction cells %°'Cr release® %suppression

IEEIREH G = 14.9 =
R+Cm R'Cm 8.7 41.6
R+Xm = 8.8 =
R+Xm R'Cm 14.8 —68.8

I R+Cm = 19.8 =
R+Cm R’Cm 12.2 38.4
R+Cm  R'Cm(OKO8*) 4.5 77.3
R+Cm  R'Cm(OKT4*) e, 35

a. R'Cm, 10-day MLC generated regulator cells, separated into R’
Cm (OKT 8*) and R'Cm (OKT 4 *) by the panning method.
b. CML assay was performed with E/T ratio of 50 : 1.

OKT 8 MoAb T#L# L, OKT 8 *enriched 47
& ORT 4 *enriched FEiC5HT, FN N
MMC #LE | regulator #ilE & U T EE) MLR
EmL, Z0#fEE Az, K40, R
4+ regulator MM T, 74.6%NiMNHIEE, OKT
8 *enriched 2ME T1363. 2% HHIHI FHEEATRD 5
NnanizxtL, OKT 4 *enriched 48 Tld, MLR
DEHNILERSD b e - 7z,
4. CML 21§52 Ts £ 2N 72/ 547
108 MLC & N&HEE2 15 Ts nHlBFE
T (cytotoxic T cells, CTL) iz &t
THHEEFE®ELZRITLA, RINERITIIRS
haml, %88 CML T2, CTL nFE#%
I 2l it L (PN ¢ 41.1%), stimulator
#B4 % third-party & L7z CML Ti3, #filix

o0—o autologous cells addition

ML (g g Ts addition

O—0O autologous cells addition
MR (l—l Ts addition
cpm X 103
% 110
60 | 1o
48 w
50 F :F
47 4
3 2
@ 40F le 3
[} =,
© o
= 3
45 @
S5 30F -
S 20} I3
o
=
g o
10F 288
11

OS5 24 48 72 hr

M5 Addition time of Ts. Regulator cells were
added to the CML (&——e) and MLR (=
——=u) at the indicated time. In control
groups, MMC-treated autologous cells
were added to the CML (0—o0) and
MLR (o—a0).

LB NLThr -7z, 612, CML % #0#l§
53 TsND7x /84 70BE%IT>12E25,
EBI ML, OKT 8 *enriched 48 i #IfliE
HAHTREN EHIER ¢ 77.3%), OKT 4 *enriched
SENC I, MHEEIREDS S o 7,
5. Ts OEMEEANKRES

MLR KBt CML iz Ts #%mMT 2B 2%
L2 erENBERFLL (R5)., MLR#
Bl#FRIL, Ts % 55362 L FRICRMT 52354
, LI, MR % B 5 Iy,
MLR #0335 L, 552 R a4 26 F LI R
T, PEZNRIEERD b h -7z, CML#1
HlFR b EEOEm AR L, SEMM24EEFE%
TN Ts #MTIE, HEIZHRIZHRIT L, 488
UBonasimiz, CML 23§ Z%d - 72,
6. MR IL-2icxt¥ 2 Ts N

BHE N MLR o FiFEHicid, X 6 o open
circle (0) I;RE MBI, HEHMBEIERE
E—7r¥3, IL-2EESBHLNS, LA
L, &8 MLR I Ts #1012 722 T, closed
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Units /mg O——0 supernatant from R+ Cm + Rm
12 4
11 4
10 4
9 o
8 <

@——@ supernatant from R+ Cm + R’Cm

IL-2 activity

- N W Ao e~
M

T T T T T T
0 1 2 3 4 5 6

days of culture

M6 The effect of Ts on endogenous IL-2
activity. R, responder cells ; Cm, stimula-
tor cells treated with MMC . Rm,
autologous cells treated with MMC: R’
Cm, MMC-treated regulator cells harvest-
ed from 10-day MLC.

circle (@) ICRE N AHEIC, HEEBRBLUBZ LS D
Blic B WL, BEFEPNIL- 2 BEIIENR
ICETL T,

% 57

SENFER LD, Ts FHICIZ108 M MLC »*
ZEETHN, FEINS Ts i, 7udtRic L
LHMFER RV CTL HFENWTNLEET 2
FHURI NIz, stimulator LI KT B MG
EREIZFFEEICE, MLR 2o CML #15liz,
MIEEERICL2DNTIELWEEILNS,
= Ts %, responder Mg HLA #WR I,
FLRERENICERL T L Bbh,
7x/347ELTOKTS8 (CD8) fik%#H
LTw3, IElEEE, SEEsL ) BicH
M3 2B NABD LN, HEEFLSE ERIC
Ts#BMy 5z ick D, MLC k¥ IL-
2 EHEIRFHICHHI ST, BEED, 10
HEMLCic L NHEE N5 Ts niEMMIEIL,
8% 5 { MLC B Rt § 5~/ —THike

(helper T cells, Th) &£z 515,

CD s ptE#mlarhicid, Ts & CTL &%
TEN, #0kEE 72/ 54 7OBEIZ OV
T, H{HEENT5, Landay i3, 2D2

(Leu2, CD8) D12 (Leul5 CD11b)

H ® &

7 2% MoAb % Fv», Leu 2 B LeulskE
#ia% Ts, Leu2 BB Leulsieidflaz CTL
ELTw39, %/, Damle 5it, MLR #jil
MiBIz, Leu2 BB, 9.380K (CD28) o
BIERMRE L N FHB3 N, —F CTL ik Leu2 5
# CD 28Rz HERTEE MG L VB EI N B L |EL
v(-h%’w).

1080 MLC L W&FHEI N2 Tsid CD8M
#C, MLR ##14 % & EEgic CML 3 #0#]
T3, LaL%ds, MLR 280145 Ts &
CML ##%l9 5 Ts »#F—Td» b0EBriILE
P Tid%v, Truitt 51, e L NFHEL
Ts & NEHI NS 2 BEOWHIE FicovTH
&L, 17213 MLR &%, & 9—K4id MLR
& CML oW L 8l 5 & LT %!, Dorf
& Benacerraf i3, BIEREHRE O FIGIC
DNWT, CTATHDETNVIZT, Tsl, Ts?2,
Ts3 W5 HGHER » F7—7 242IEL TW59,
TstWwiH7ey boiciz, Erxnr7ao—>
PHEEL, TNZTNRL - HFI#ELHE- T
W3EEZLNSE, £} PBL 2AWZER
% T3, Damel & Engleman (3L T Ok
flER Y P 7 =7 2RBL T30 Tk
F# XNz Leu 3%, Leu 8+Ts f > T =—4
—#E8a7%, Leu 2 +*CD 28-Ts BISEMRMLIC /BRI L,
Leu2+*Ts =7z 7 7 —#lBICE# - L3¢
5., TN Leu2*Tsx7 = 7 7 —Mladht, Tz
DI 2 FRENCHHIT A &) Ry b T
—7THb. &k, #H5ik, e b PBL XY,
TuiRH#EEI N -BCH CD4 Ml THCD
CDs gz N RLAFTH - LickY),CD
8*ND Ts 7 u—r DEILICKIIL, N7 =/
#47i%, «-p TCRY, CD3* CD8*, CD
11b*, CD28 Th » 7z L BT 31, 10BH
MLCict N EIND Ts d, BZ2L Ts
77 —HBICHEL TSN Bbis, MLC
I NRREW CTL 2FHETHDIC6~7 HEAD
BEEPLRETH LY, HFRY Ts =775 —M
fiZFET 5123, SHICERWIOHHEELE
TBHEW)EERR, FEICHEHERREVMRLEZ
Lils,

Ts 2 CTL NHFEZEET 5 A =KX AICD
WL, —ENRBII/ LN T, Th 28
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#l¥ 3= & T, CTL 0ZFEE2MHT 254100
&, CTL mIEMfRc ESGER % RIZTTH
AhsEzZ b, Fh IL-2 28 AL WLIZIR
AT 5 L THRIEEZ BT 2 L) ®E1%,
IL- 2 MR 2 30H14 5 = & T CTL &%
HT 2 & leBEVALNSY, Ts Dz,
ENET S R B2 RO/ u—2 2
ETHRRES 2220 Lk, e, 10
HE MLC L N&FHEInd Ts icid, IL-21ic
L CRAEASCEERA» 2w L #BRICH
HEL T3, §ik L ekkic, £0Ea0Mi,
Th ¢Ez2 64, Ts »* MLC BHic BT %
ThicEZEMICERT 22, » 2B ERT2
L, IL-2EEZ8HL, CTLHEZEEL
TWwaHnEBbh s,

DSTic &) Ts " HHEI N, TOFEHIHEK
BHEFEFERMDFICEEL T 5FE3, e
NRE VL ITH, FHEBEEIN T B K
MBHEBEEND A H=RLE LT, TsHERL
TWBELFH2ITHEFL TE A, Fujiwara 5
¥, C57BL/6 (B6) =+72x& B 6-C-H-
2" HB5WE B 6-C-H-2"2) 3 2 —F > |
<7 ATH DST n&hiR+#kEt L, Th K
RIiGE BB EFERNHEEE2B~ T
5200 HlL, LD 2—F Y by RHT,
BIREY BEEIE & & V17254, Th oGS
MEREMICIEERT 52 L 23801, SRR
EEABEAIZEIT2 ThElHNEES2EHL
Twa, bL, DSTick NEEINS Ts 10
BHREIMLCick N&EHEENS Ts LRLMEEZ
FoU 5iE, THOENMRIIAEFRENICEE
it¥5 ThThh, 2o Th 28T 52 2z

X

& N BROBBERIGE % T 5 TR H
oy (R

Bxzix, Tk Ts HEMRM DST HITES
o PBL LY, #&I4ET Mg ~N4 7)) F—<%
BISL L 722228 Zodong 7)) F—-=ld, FFH—¥8
BEoflgizthn, vyt - FH—RnE
Rig MLR #9#lT 2 KT 2 EHT S, 0k
BHHIR TS, BEERFEEZTL, 0D EEE
Bt REHICBINT 2BANA, £ OIHIELED*
EHINs.

MEFRY Ts RUZNIZBIS T 2 SR il
RFnHRi, BEBHEORKBEETHS
—RFRBEERNFEHIZ %Y, b,
InNbn7u—rHbWERTE, BEBED
RIEBRMEICIEAT 2 WHBHEIC L D% A% 5 T (
bDEEZ TS,

L

B

10HM MLCic Lk NE#EI N5 Ts ik, MK
¥REIC/ERL, MLR, CML W hoRiEd
WHl§ 5. 2o Ts i3, OKT 8 BT, OKT
4 BRI I, FIITEE IR S e d o 12,
SRR L D BRICESNT 5 2 & T, Ts iGkEy
FEH 3N, MLC Bts L EBIC Ts #2562
& T, EEELET IL- 2 B ER I R
7z, Zo Ts DiFHMEIE, MLC B8zt
FREMICKIET S Th &2 65N 5.

RE#HRZBICHLY, HEE, HEHEZBIEL
RBIUKRFEFEE | AT AR =S8R R’ E L 2
BEZET 2 oL bic, REAMEYE, HERES
LR EE—FEICRBABRLET.
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Suppressor T cells (Ts) may play an important role in the regulation of immunological
responses. Ts may play a role in the long-term acceptance of an allogeneic organ graft and
the beneficial effects of donor-specific blood transfusions on subsequent transplant survival.
The population of Ts induced in mixed lymphocyte culture (MLC) was analyzed, and the
mechanism underlying the suppressor activity was examined.

The Ts generated in 10-day MLC were found to belong to the OKT8* subset and inhibited
both mixed lymphocyte reaction (MLR) and cell-mediated lympholysis. These Ts inhibited
MLR in an antigen-specific manner, but failed to alter the kinetics of the MLR. Furthermore,
these Ts inhibited the production of endogenous interleukin-2 and exerted a suppressive effect
only when added early in the culture.

In conclusion, the precise target of Ts generated in 10-day MLC might be the earliest
responding T helper clone.



