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c) assay FITOLLATORER &S,
DIMHIE

, in vitro fafE s o
WIEF T2 2 L THIS N Tw 3 Concanavalin A

TREEMETL 1,
Con A F#HIRT & EREEEMIZ % coculture L, ﬁk%fﬁit:f colony forming unit in culture (CFU-

Con A 5% suppressor cell i CFU-c % dose dependent
EMI3 10 ug/ml @ Con A T 48 HFRAMEE L - BRI H L L IIEIN S & e,

HIEL, #
Z ORI X-
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BEMEIE AR SIER T 5 L ERABEO CFU-c 244
+2 7 L %3ELT. Hoffman 5% b EARERERM
My v S ERAEEABRHMOAERABMARTH 2
erythroid colony forming unit (LATF CFU-k& #%9)
OFEEMETEIEE2HREL TS, 551,
Amare VI ERE 6 fld L flic BV TEEEFHT
CEEB X UEEASH CFU-c 2%l 5TY >3
BREBHLTH 2, MEoREofcy, BAERE
SRS ) >/ SERATS AN % I3 2 &\ 5 A
HROTHEESN TV RO, FLEREINL TF
BERNE ST o 720, BTLE & U TOREIHIFIRRY
v SRS ER%, BEEH TR BCBlORIEY
B o NTHESHE B AN, s ORER
BWT, 70 EEEAFERETEIC X 2 EmimEtE
) v SEROBENEZ SN, BEBHEEERALZVR
EMAIE O BRI EAE OBk L L CHELS
hoDH 5w, Bacigalupo 57z L hid, 20 HlD
BEREBREDS b 10FIcEREY /38K CFU-c 40
Hy s EEED, WHAESHEST) B0 7Y
>, anti-lymphocyte globulin (AT ALG &B89),
methyl-prednisolone % ¥ D fuE &Ik I TEEL
fo 2 L B84 LT\ 5, European group® iz & i,
170 Pl EEFFE it L ThREEmE» =B s 1
TR, 1 EEFEE62.7% LI IFRESB O L
Vv,

&S WE S 7 —F AR E O L REER ik
FEATLIEICED, EMBMEE U/ ERE D
EOBESBE INS X 512k ->T &7, Torok-
Storb &3, EEARMMBELEKEE/ 7 0—F W
HE TR, FER - A A, erythroid
burst forming unit (JAF BFU-r£#9) ORIE%T
v, NEgC o= —FEEES ERELLYD, BHLE
D3T3 L ERD, KEMY >/ 8RFIC BFU- 23
UTIRAER, H5VidilHEcE 2 200 /38Ry
Ty NBIEETDZ I ETRBT IREEREL T
5.

AW CIREMEBMIS N L CREERE2ET 2
DU SEROWE Y, FOAAALEHOMTIT ST
&, suppressor T cell #FFE T2 I L THION TS
concanavalin A (AT Con A LB§¥) Nk > THF
MAhshiz ) /880 CFU-c 12 B JIETRE £ R
L, PR 2EEEREBIOTRET 5.

MEE L UHE
1. k4B, peripheral blood monounclear

cell (LAF PBMNC & Bg¥) & THEEROSBE
BERAD S B~ v #RI % Ficoll-

Hypaque LLEFLEIC &> THHBEL, =¥ ) G
100U/ml, A v Z =4 100pg/maedt
RPMI-1640 k% 3 ¥& (GIBCO) T 3 [E # LT,
PBMNC ##&7-,

THIBED53BEL / 1 5 3 5 — ¥ (Behring, Lot No.
253007B) MFEERIMEK (LT SRBC LBET) LRl
DHETES Nz PBMNC % E@ {04 1R M iE,
fetal calf serum (A FFCS & 8 ) (Flow
laboratory, Lot No.70330) % & &» RPMI-1640 5%
Wi EhEH 1 X108/ml & 5 x108/ml D BE %
L, #Fh#hEHsESEL,200g, 5 SR, 4°C,
60 LA EEAE LTz, % D pellet # B IcBRES
&, Ficoll-Hypaque & cEE L/, 400g, 305
B, BRI FEBRLZOE Y IR
LEEHTL, 3EIEELTCINnZ non THME L. —
HFREL oYy bR % & o pellet i3 tris
NH,Cl buffer TN & &, 3 EREL TIh % THIR
rL7. 3L TEs R THIBZIEZEDY Y
NSRRI Q0% EEENTH Y, ~AT F v 5 —
CHBMEHEOBRAEIRX 1 RUTTHo 2,

II. Con A RE#RIER Uik LiEOIFR

PBMNC £ 7213 T, non-T g% 15%FCS
RPMI-1640 823 1 1 X108/ml £ % % & 9 W HE
L, Zhiz 10 pg/ml OEHBE () © Con A

(Sigma, Lot No. 71F-7190) Z#&ML T, 37°C, 5%
CO,D&MT 48 BERIETE L /2, SEBBR LI L DIEE
i EREL, —20°Clz TEMBHREL TH w7z, Pellet
13 3 @ LT, Con A RIBMIIL 21872, 0.25%H Y /3
v TN — %A R R & > T viable cell
FERLLER, 20 Con A fIHMIED viability i3
BRULTH 1.

. SEE84%#0A8, bone marrow mononuclear

cell (WL F BMMNC t#¥) N53Ek

B A Z R S AN Y IER % CFU-c
B T B S B L Fo oY S B BRI & D
BMMNC % Ficoll-Hypaque tb & 5& L3k 12 & - TH
BEL, 2=V > G100U/ml, & kL7 e A 2 100
pg/ml fill McCoy 5A 3% (Flow) T3 LT
HERZH W,

—EROYEER T3, dimethyl sulfoxide (DMSO) %
FlWL T RE L T\ BMMNC 2L 7220

207 7=y (M) ZERV IR EEBEIEM
#iKT (non adherent BMMNC) %3 25311,
BMMNC % 10%FCS fili McCoy 5A K:# ¥ T 5 X
105/ml O #EICHEBL, 60mm 7 7 A F4v7
s ¢ —1 (Falcon #3030) wA#, 37°C, 5%CO.T
30 HEMEL, FEMEERELL.
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% 7: BMMNC k SRBC % 40%FCS 5l McCoy 5A
BEWT, FALFALE X10%/ml X 1 X 108/ml o)
EEL, [ ERBRO TIRIC LD, oYy - IERAH
HaARE L, 3 MIVEE L T THlabk X B ia(T
cell-depleted BMMNC) %#{§7:, 25 L T#Esn/zT
cell-depleted BMMNC o> T H#IFE AZKIE 10% LA T
TH-o7:.

V. BfmRnREXERE

Pike & Robinson®*® 2 EFEXKFIZH¥L T CFU-c
assay #17->7:. £FTREBLLT, KBMAIMER1 X
105 % 3K 0.5% & & 15%FCS Il McCoy 5A B #i
ImicAT, 35mmd 77 AF4v2 ¥r—1L

(Falcon #3010) ALy n{bs¥ 5, FELLT
BMMNC D& Clx 1 X 10, nonadherent, T cell-
depleted BMMNC D54 0.5x 10512, Con A Hil#
HKE, H5OEHE LESEYBEIZEINL, Ih
IWERE 0.3% & 15%FCS il McCoy 5A BB %
Mz T, 84 1 ml 2 TEOD feeder layer IZEE L 72,
37C, 5 %CO,\Z T 10~12 KK &k, HIZBEME

(Olimpus, Model CK) =T 40 (8L Eo#fEs» & %
2y0Fa0=—L U THEELL. Bi#EiE, Con ARl
Bl b 8 LB L 02 712 BMMNC B TR L
724 @D % control & L T, %control CirL 7z, %8, —
MOEB T AR EEE L, human placental
condition medium (LA HPCM & #§3) 2% R /-
BBk T CFU-c assay #{T-7:.

V. fiknE

HUk 4L F2 12 13 ALG (Anti-human lymphocyte
globulin, Hoechst), REMmMTHMA Iz T 2%/ 7
o —F A4tk T101 (UCLA Dr. Gale & b fi:&) 29,
OKT3, OKT4, OKT8, OKlal (Ortho Diagnostic
Systems) 2 & L 72, ALG, T101 {3 100 &R
0.2ml iz, Z OfIEFE 10 212 1 X107/ ml EED
Con A #IEGRE % 0.2ml NZ T, 0~4°C, 30 53H
incubate L 7z, Incubation & 7B T 1 ¥
L, B 0.5ml 2% L TERE & ¥, Zhiz 3EHRHKR
D7 ¥R (Behring, Lot No. 029959A) 0.5
ml 2z T, 37°C, 30~45 538 incubate L 72, 1A
R A = F R ¢ s, LA MBS L L
THHFHE S & coculture I L 72, HUELEEA S %
HTbild 82 » & RT 4 2012, MEfko—
HARELL 0.25% b Y N> 7 —%& Bk @R
HERIZ Lo viability #&E L 7.

VI. X #8855t

Con A HlBH#IRE% 10 ml ORERIEIC THITERE S ¢,
XRBHSEE (2 KXC-18) 2T 168.2 rad/4t,
12 53, #2000 rad BE5HE, EEICHERL .

VL T2 75— %E

g 13 Konwalinka & O FE®202 L - TIT- 12,
FTEBOMERERATA NHIALICRD L, 3
WENPRET, P34 Y — 0 TERSE, BEHLL
T )y =T YRICTEER, Kk, g,
a-naphthyl butyrate # AL IFREN AT 5 —¥
e, naphthol AS-D chloro-acetate % f3v 7z 7
oa7eT—hTAT I —EREETo 1. Kk, 2
REERL T, Ju=—DNEETo 12,

VH. #EETFERET

THRE %RV TFHEOEEERE 17V p<0.05
OEERFEEZHD LHEL

B f#

I. Con A FIBimAE ) Z @ ERE M
Con A HIBSAE/ER OBICERINT 32 Con A ODE#E
BEPRET S0, 10%FCS i1 RPMI-1640 523895

T %% ——

%A R ——

100
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Concentration of ConaA

Fig.1. An optimal concentration of Concanavalin
A (ConA) for the induction of colony forming unit
in culture (CFU-c)/suppresor cells. Peripheral
blood mononuclear cells (PBMNC) were incubat-
ed for 48hrs with various concentration of ConA.
After incubation, ConA stimulated cells were
normal bone marrow mononuclear cells
(BMMNC) at a 1 : 1 ratio just prior to CFU-c
assays. Each point represents the mean=t
standard deviation (SD) of %control CFU-c in 5
experiments. Control CFU-c were obtained
when BMMNC were cultured without addition of
ConA-stimulated PBMNC.

% % % p<(.005



702

Bl

tiz PBMNC # 1 x10/ml (ZER%EL, ZHi20, 2.5,
5.0, 10.0, 20.0 ug/ml @ Con A rENENMA,
37°C, 5 %CO,M&MT 48 BRI E L 72, HRERSES
7z Con A HIEGAKE 1 x 10581z BMMNC 1 x10°(#
£ T coculture L7z, B 1R T & 912 Con A 10
ug/ml T66.7+£10.7% £ &b 20 =—EsI % <,
0.25 ug/ml @ Con A THIEL H& LR, HED
£ (p<00B) »EEHShTzh, MOBE LREREG
Zh e ot Lizato T 10 pg/ml A EHBE
r#EZONEOT, UTOEBIIE Con A10ug/ml
THIE L TE SN PBMNC AL,

2 #12, Con A FIMNIIERLD 72 o O B E B I
BHRET S0, LTOEREITo>2. A—ALD
96, 72, 48, 24 BFRARTICHRIIL TR PBMNC & 10
ug/ml @ Con A %%, 96, 72, 48, 24 B¥RIEEL
fo BB NZAD Con A RIS % BRI ERELL
1 X 10@1z, BMMNC % 1 X 10383202 T cocul-
ture L7z, ZOEREE 2125 & D1 48 RpHIRE#
T54.6+15.8% LBy o=~ RPo7 L
;L 24, 72 RS c OB TIGIRICEREZER A SN
kot FITHEBEERRP oM, UTOERT
(BRI A8 B & L T,

1001 — # ———
(&)
1
2
w
(@]
° sof
°
T
o
(&)
0

control 24 4 8 72 96 hrs

Culture times for ConA activation
Fig.2. An Optimal duration for ConA activat-
ion. After incubation of PBMNC with 10xg/ml
of ConA for various length of time. ConA-
stimulated cells were added to normal BMMNC
at a1l : 1ratio just prior to CFU-c assays. Each

point represents the mean=+SD of %control CFU«

¢ in 4 experiments.
* p<0.05

II. Preincubathon M#E

Con A HIEHIEE & BMMNC % Z 4L F4L 2 X108/
ml &7 3 L 212 15%FCS M McCoy 5A K1 CTH
gL, 37°C, 5 %CO,D%MTF T 2 KD preincuba-
tion #1772, Con A Fl#fHiE & BMMNC #5%h
ZHIZ 1 X105 (1 ml) &3 & 5120.3%%EX,
15%FCS %047z McCoy 5A REEW Il & ¢,
CFU-c assay #1T-7:. Preincubation % {74 12
CFU-c assay % 1T - 723812 X T preincubation #:
CFU-c BRI 2 BT T m I mREF L2 D
/ﬁlﬂ 3 TH 3. CFU-c ML preincubation Z1T-7:

& 72.3+10.1%, fThuh-7HE 74.229.4%¢
t; DEZ S EX2BDT, L7zho T preincuba-
tion (X CFU-c EEOIMEIcHBE L 2 Z B o h
1275 5 7:DTC, LUF O%EER T preincubation #17h
F1Z coculture 2 & BET £ 1T o7z,

II. Con A RigiBlan &

BMMNC 1 X108z, Con A HIBHIKT X, FERIE
Wpase, #h#EN0, 0.5, 1.0, 2.0, 4.0X10%EhN2
T coculture 21T>7:. ZORBIEH4 RS NLH L
512, Con A FERIBUHIAR % b2 #285& O CFU-c 2R
I3 control IZtt), HEEIE A VAEINT 2{HEA A

100r % _E
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with
preincubation

Fig. 3. Effects of 2 hrs-preincubation of BMMNC
with ConA-activated PBMNC on CFU-c suppres-
sion. BMMNC were incubated with unstimulat-
ed (open columns) and ConA-activated (shaded
columns) cells for 2 hrs before CFU-c assays.
Each column represents the mean®SD of %
control CFU-c in 4 experiments.

without
preincubation
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“’sControl

0.5 1.0 2.0 4.0 x10%ml

Dose ot Cells

Fig. 4. Dose-dependent suppression of CFU-c by
ConA-activated cells. BMMNC were cocultured
with various number of unstimulated (open
columns) and ConA-activated (shaded columns)
cells. Each value represents the mean=+SD of %
control CFU-c in 7 experiments.

* % % p<0.005
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Autologous Allogeneic

Fig.5. Effects of autologous or allogeneic
PBMNC activated with ConA on CFU-c. Each

value represents the mean+SD of % control CFU-

¢ in 5 experiments.

Sz, —7, Con A RIBHIRTRINTIZ0.5 X 105 LA £
DEINTEE 2 & nED & h, #hid dose-depend-
ent ThH -7z,

& 51, WY 5% Con A FIEMMEAEEHEME &
autologous 7, allogeneic 712 & - TIHIFRIZEZL H
BhEIDERESLL. ZORKR, HS5ICREN3 &
IIHETIFIRCERDERR Db o1,

V. & FBEORE

Con A RIBHMIFEROBIZB oI EELERS,
10, 20%DEBWREFINL T, CFU-c assay 217> 7.
B 612RT & DI Con A FERIBMEDOREE LB TIX
control £ 1E ¥ A EEMRD o7, Con A RIBGHKED
}#% 1% T3 dose-dependen 741 % 58, 20% ¥
T CFU-cl3 61.324.5% A Lz, £12FIicidzR®L
TiHwhs, 2 ug ® Con A % EH CFU-c assay /0
ZI2HEEL 94.818.2% & control £ EMNL Mo T2,

DEW, BELEERICE&EENS Con A 8 BMMNC
PO THEEZEECT2AEERZEZoNBDT,
BMMNC » & THiffg % B x L 72 T cell-depleted

100
v
1
D
u.
(&)
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°© sot
°
c
[o]
(@]
0

5 10 20 “h

Concentration ot Supernatant

Fig. 6. Effects of supernatants from ConA-stimu-
lated lymphocytes on CFU-c. After incubation
of PBMNC without (open columns) or with
(shaded columns) of ConA for 48hrs cultred
supernatants were save and tested for ther eff-
ects on CFU-c. Various concentrations of the
supernatants were added to the assay systems
for CFU-c. Each value represents the mean+SD
of 94 control CFU-c in 5 experiments.

* % p<0.01, * % % p<0.005
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Fig. 7. Effects of T cells contaminated in BMMNC
on CFU-c suppression. BMMNC or T cell
depleted BMMNC were cocultured with super-
natant from ConA activation. Each value
represents the mean=SD of % control CFU-cin 4
experiments.

100

CFU-c
HH

ot

°leControl

double

Fig.8. Comparison of double and single layer
method in the suppression of CFU-c by ConA-
activated lymphocytes. CFU-c assays for
coculture studies were separately done by double
layer method of Pike & Robinson or single layer
method of using as a colony stimulating factor
(CSF) source of human placental conditioned
medium (HPCM). Each value represents the
mean +SD of% control CFU-c in 7 experiments.

single

BMMNC #FWT, g OB EErH, [Tz
DORERERLIZObOTTHIRERET 2 2L
MHFRCEEOERRED sk 0T,

V., BEZC 2EEXRZFIC L HHR

Con A #li##lk & BMMNC % # 74 1 X 109§
FOoMz T, HPCM % \» 12 B8 [ %12 T CFU<
assay Z{T»72. BB IZ 2 EBEKIKZ L > TITo 108
Brotieml e, HEETE 64.414.2%, 2 R
KB Tl368.6+8 2% THMIHICERERZLA SN ho
7.

V1. E0E : X ROBEOEE

Z¥, Con A HIBEiiL%E ALG, T101 monoclonal
Hifk e flifkic L 20827572 %BMMNC &0
coculture #1T» 7. 2 &2, Con A WAL O Mt
B A £ 3 72012 2000 rad D X BRSO BE 5
AL 7o, 20RO IRT & ICELEOES
LED A T L 7235513, CFU-c OFEE 2 h#
N 71.9+11.1%, 72.8+7.6% & 2 0 =—ERE DN
D8, ALG 7213 T101 L #EC & 2 kg
THE 94.9+6.3%,97.1+11.6%, X KREES T2 97.1+
6.5% TNy I =—BEIE 2y ba—Liid e
EfE L, WEIOBEATRED ST,

r ET TS |
r * % |
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Fig. 9. Effects of pretreatments of ConA-activated
cells with anti-lymphocyte globulin (ALG) or
radiation on CFU-c suppression. ConA-activat-
ed cells were treated with ALG or T101 and
rabbit complement, and 2000rad of X-ray radia-
tion before the cocultures with BMMNC. Each
value represents the mean+SD of %control CFU-
¢ in 6 experiments.

% % % p<0.005
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Fig.10. Effects of ConA-activated T or non-T
cells on CFU-c suppression. Open columns indi-
cate unstimulated and shaded columns indicate
ConA-activated cells. Each value represents the
mean=+SD of %control CFU-c in 7 experiments.
* % % p<0.005
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Fig.11. Effects, of macrophage in BMMNC on
CFU-c suppresion. Adherent cell-depleted
BMMNC were cocultured with ConA-activated T
cells. Each value represents the mean=+SD of %
control in 7 experiments.

VIl. Con A HU# T #8A8, non-T#ERANEE

BEIZ R 72 3% T THEAE, non-T Mk 8L, £
#L# 4L Con A Rl A/ER L, BMMNC &£
coculture 217> 72, FRIIE 10WRaNB LD,
JERI N Tk THIRE, non-T #MlE & & control & IF
\ZEFEED CFU-c A 5N, £/ Con A KB
non-T Il C 4 ARETH 72, —7, Con A K T i
MTI365.248.1% L 20 =—-BHRRIEFEOET
(p<0.005) =R L7z,

Vil. =287 7—CRBREICL 2HE

Con A R THIlE % BMMNC (MZ 2 &t), %7
1dM @ %28k L 72 nonadherent BMMNC &, #h #
A1 X105 3" 2 coculture L 2R 2R 11 R L
72, BMMNC T {2 64.8+5.4%, nonadherent
BMMNC Tt 73.0£8.1% £, BMMNC D13 3 »34>
LEBOHIE % 5 2 HAM A SN, METHEE
FHsiighoiz,

IX. Con ARIBTHROE 7 a—F LGN

(MEEE 7

Con A #¥ THEIE % OKT3, OKT4, OKT8, OKlIal
/7 0—F VIR TAEL -,
BMMNC 1 X 10%f & 4285 Con A R THIK % %
nzEN 2 X10ME 3 DML T coculture L 72, B 1212

 ®*#
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Fig. 12. Effect of pretreatments of ConA-activated
cells with monoclonal antibodies on CFU-c
suppression. ConA-activated cells were treated
with OKT3, OKT4, OKT8 or OKlal antibody
and rabbit complement before the cocultures
with BMMNC. Each value represents the
mean®SD of Y%control CFU-c in 8 experiments.
* % % p<0.005



706 B

FE XS, BARE L UHKROADLETIE 70.6+
8.5%, 68.9+10.7% & CFU-c BRIz ¥ 2 M 2358
B ot JACNL T OKTS, OKTS8 2 & % LT
13 CFU-cFEmki3 95.6+4.3%, 95.4+6.4% & control
YIEIZERE: CEEL, MEORRSTED S,
—%#, OKT4, OKlal iz & % #LE Tl CFU-c Ak &
73.54+11.1%,69.1%:8.0% & & 0 MG O REERIZEED 5
[(RA S IR DAN

X. ARzZ—NITRAF5—¥ 2 ERE

Con A IS I 3 Bk BRERHG 258 <RI 50
2, vru77—YREHREEFT 2005
NEIE-ED &R L0, CFU-cassay DFERTE 72
JUZ—%TAFS-Y2EREEFMHL TRITLL
SEKIBR, granulocyte AT G LB d) au=—, <7
o 77—, macrophage (AT M £#§9) 0o =—,
GHMouo=—%Fl2icEBEL, Thr*hicT&la
o =—$D%control T EbELBERERK 131
RL7 ALINZ% weontrol TiEG 20 =—7
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Fig. 13. Esterase double staining of CFU-c colony.
Individual colonies were stained with esterase
double stain of @-naphthyl butyrate and naphthol
AS-D chloroacetate, Granulocyte (G), macro-
phage (M), and mixed (G+M) colonies were
counted respectively.
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Abstract

Recent works suggest that the proliferation and differentiation of hematopoietic stem cells
may be regulated by immune-mediated mechanisms, especially by lymphocytes. To clarify the
role of lymphocytes in the regulation of granulocyte-macrophage progenitor cells, colony for-
ming unit in culture (CFU-c), lymphocyte activated by concanavalin A (Con A) were cocultured
in vitro with bone marrow mononuclear cells in semisolid agar for CFU-c assay.

The result obtained revealed that Con A activated lymphocytes produced a dose dependent
suppression of CFU-c. The Maximal suppression was observed when lymphocytes were stimu-
lated with 10ug/ml of Con A for 48 hr. These suppressor cells were radiosensitive and did not
require HLA-matching.

Further studies showd that the suppressive activity was mediated by humoral factor but not
by either macrophage or cell-to-cell interaction with Con A-activated lymphocytes. By esterase
double staining of colonies, Con A-activated cells were found to equally suppress both granulo-
cyte colonies and macrophage colonies.
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This suppression was abrogated by pretreatment of Con A-activated cells with OKT3 or
OKT8 monoclonal antibody and complement, but not with OKT4 or OKIal antibody. These
observations suggest that Con A-induced CFU-c/suppressor T cells are identical with those regula-
ting immune response.



