Identification of a Novel Activation Antigen
Preferentially Expressed on Human T Cells
Susceptible to Apoptotic Cell Death by a
Monoclonal Antibody IMN3.1
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B2 m—vHik IMN 3. 10883 5 & + THRaEE(LaR O
FERENRE & MIRQSE (7 K b — > x) OBI#EMICEI 3 % ph5e

SRKFEZHDEBZHE (EE A0 BHEBD

ER

" &

CERSF 1 A12B 3

Epstein-Barr 7 £ /4 2 (Epstein-Barr virus, EBV) ®JRHIC X 5 EHMEBHEIE (infectious mononucleosis, IM) T#§in-3
AEM(L (CD 45RO HURRBHE) T U v Bk, BM7cMREEETE X EESPHE TR b~V A58, ZhilERE
PA LK TO THRBIREEO €571 & LTHEREY, 40, IM BERHOEERRLREREL, 7R — v ARMKY
2TV THRCERDCMREZE S T+ 58 2 = — vHifE (monoclonal antibody, mAb) DR EZ R 4. BhHhiz mAb
(IMN 3. 1) 12 & » CER#I NS IMN 3. IHFIZ, IM BERMMIFEE(L (CDASRO FUREY) THIRCE S RET 52, EFA
KR A £V — - E#(L (CD45RO HLEEEY) THIAICIZ T h R RESBD bR B 0K T, REAIC KL TN L TRy
BBRCR o TA o &N TE. £, IMN 3 IR RPURRYE > 4 — 7 (CD45RO HURERY) TRIREES(LT 2 &l b
HEHEIC O REAFE I AL, IMN 3. 15 UR, Migst#sE 120kDa ORMD THRRIGEE(LIET, Ze M ZFTH
fa, Bolgipa, A4 A4 oRkEM ATL #fagks X OB Fas mAb BEME THIRGR e &7 £ + — o R b2+ THilar

RETAHLDEEL DI,

‘Key words Epstein-Barr virus, infectious mononucleosis, T cell, activation antigen, apoptosis

HEOEFERERFC ST, Mg s R —e0E &
THRIENDZLIIBDTCEETH Y, EEFEHORER LU
RERLEOMFARATS ETHEB IR TW5™, Rz,
AR E (EERIRE, BiM7e L) K X 2B R E % f 3
& LRHEOMBRBEES M > I (necrosis) &, AEKFH (M
HRERRE, PA2EOARAMAL L) KWW TEOK AL
(nuclear fragmentation) 458 & T A4 LD D LAKEE 4 (£
HTRAMRLEIC L > TABER S 7 E b — A (apopto-
sisf K Eh TV D,

TR - AEN UM, BEEREOREY LT
O THikEZE CD3 HEEAEEZ N Lo CRIGHEREA T M
BIOEERR™, U v oIR8 B BRI OEIR'Y 7o & R
BREOB, RFABC R THONEEEZRAELTVWA, F
TERAERA T MR O REIRE ™, BREREREEBR
(acquired immunodeficiency syndrome, AIDS) FfiE ~ @ B
EOD A HEINTREIEDA IR TW 5.

Epstein-Barr 7 1 st & (Epstein-Barr virus, EBV) #JRER¥IC X
G MIE (infectious mononucleosis, IM)™® ¢ B 7o 840
DBED LR LHEML T T2, 2 %Y — (memory) - &
{b (activated) THIIIDIFETH S CDASRO PR DFB 31y
BMLTWAMR, ZofFEk(k (CD45RO HTRESM) Tk, #
HBERFORINC L D ELNZ 7 B b= v ARR{EE??, X
MTHERN A 20 7= TMIE CDASRO HEEZRRL » =
V- THREELET S & SR TWEH59, IM i\ T

U7ciE (b (CD45RO HUREM:) THRIEN T K b — > 231
Lo THIRZh A AREMIL, RIFCRT 2 HERBL N Lic 2
) —THAREEEEO 7L L& U TEEREWY,

B, BRI BT CDTT MDY v AHEHLTT #
P AERNLTCERI A DB RE TS L3R TWEY
2, Kl % &4 TR RM T R b — > AU
HMHh Ty, S, 78— > 2D IM BEX(L
THIRCRBT 2 ZHANFEXELMCTHEHNT, Borr—v
#it& (monoclonal antibody, mAb) IMN 3.1 #{E@ L7-. IMN
3.1mAb I X - CHMEIh B0, BN BT 5 RBE S
MBI TRORIZ LD, 7R — > 2 RA%E TR
B RET HRMO THIRERLFIR L ELORS.

MRE LT HE

I . IMN3.1 mAb Qs

FRAAEIR, Mgt s KO MEFMFR L v IM 28" 8
N5 EBIR L 0~y vin#lRin % BEER, Ficoll-Hypaque k.
EREOEK THE L h o KA M8 (peripheral blood
mononuclear cells, PBMC) © BALB/c =7 A% ®%E L,
mAb RER L., 5oy AT hFh 2x10° 0 IM
PBMC %, Freund 524 7 ¢ = A v } (Difco Laboratories,
Detroit, MICH, USA) & iz [IePI8eRE, LAtk 2 B 3E
TEETLZ L L DEMEEELT L, 2BHK0.IMY V&
R + Y v A% (phosphate-buffered saline, PBS) I

Abbreviations: AIDS, acquired immunodeficiency s.yndrome; ATL, adult T cell leukemia; EBV,
Epstein-Barr virus; FCS, fetal calf serum; FITC, fluorescein isothiocyanate; Ig, immunoglobulin; IM,
infectious mononucleosis; IL, interleukin; mAb, monoclonal antibody; 2ME, 2-melcaptoethanol ; NK, ‘natural
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BELREO IMPBMC 2~ v AB#IR L DA, BkaE
Ll BEFAEI D SHEBICSED <Y R L LA
%, 50%EYV =5 L v 27U 2~ (polyethylene glycol) 1500
(Boehringer Mannheim, Mannheim, Germany) & T SP2/0-
Agld = v A EHEMRER® LS, eAFyvrv—T7 30
TV V=5 3 OVEHREEER (Flow laboratories, Mclean, VA,
USA) I T3TC, 5% COf vk o X=X —PITEEL T
TV PF—=%Bl. ~"M 7V V<& FED IMPBMC % &
CIEEAH PBMC i+ 5KIEHY, 744 L A2V - 4
v #4 v 7 VB (fluorescein isothiocyanate, FITC) 3% ¥ #1
v ARE 7 27 ) v (immunoglobulin, Ig) G+IgM #i ¢k
(TAGO Inc., Burlingame, CA, USA) IZ & 5 Mk tes
FAwTAaz)—=vsLiz, 205 H IMPBMC L3 < KIS L
EFE PBMC EDORIGHVHEEL b O RINL, BAFRE
CXoTrq4 79 F—~ IMN 3.1 %812 L, BALB/c-nu/nu
=UALBEL:. Bbhic~ v A KY, 14% NaS0,
DEAE #/r—2BLUTr 74 YA+x7 77— (protein A
Sepharose) CL-4B # S A7 m=nm /35 7 4 — i THEHS, Ig v
7T AR, Y¥H v A AGCREMRAGES v b
(Zymed Laboratories, South San Francisco, CA, USA) IZC#
Bl REMEREC X2 MH L, B8 LA IMN 3.1
mAb & ¥t F VR L TRV, SRR X B R
LTiX, [ mAb % CNBr {&M{b+®7 » = — 2 4B (Pharma-
cia, Uppsala, Sweden) &S X1, 2O, WRELT b
HHEHEF T2 SS-1 mAb (gG 2b) (&R K%M AFE
B, WHRZHEESE L hits) AV,

I. #® mAb

FITC £ $1 Leu-4 (CD3) (Becton Dickinson Immunocyt-
ometry Systems, San Jose, CA, USA), #i UCHLI1 (CD45R0)
(Dakopatts a/s, Copenhagen, Denmark) mAb @35, THii
EHE(EBIE R & IMN 3IHRBROLEKLE LT, 7422
A Y v (phycoerythrin, PE) #E#k#T HLA-DR, i1 vz —wm4
¥ v (interleukin, IL)-2 5% & & (receptor, R) (CD25), #i
Leu-45RO (CD45R0O) (Becton Dickinson Immunocytometry
Systems) ¥ X O'#{ 4B4 (CD29) (Coulter Immunology,
Hialeah, FL, USA) mAb % A\ 7o, ¥ -=EEBAERERE
CEBMFDRD, RV P=vrure7y, +EH (perdinin
chlorophyll protein, Per-CP) #E 3 #{ Leu-3a mAb (Becton
Dickinson Immunocytometory Systems) % FJ \» 7z . #i Fas
mAb (IgM)y® i, KIEMEE (AR E D i EEIELEIF I,
#EIN) L o#EEIhE.

. fREHEEREICL DB

IMN 3 1HIROREE DV v ABRBREHRE & O FEL 5
BT AR, B, TEEIOCSEERAERNLREYTV,
7 B—44 } 2 — % — Cytoron Absolute (Ortho Diagnostic
Systems K.K., X)) ZHWCHEF L7z, €45 (L IMN 3.1
mAb Lg% 4 CIoHHRIG vk, 3 %MLy v I
it (fetal calf serum, FCS) (Flow Laboratories) fil PBS = C
Z[@¥%#, PE B8R » V7 } 7 ¥ 2 (streptavidin) (Becton
Dickinson Immunocytometry Systems) "‘CHEHtE Lz, —&

BIUZEESAERNLREIZ, ZOMBY IS5 ¥EE~
v A MEFHE T T FITC EdiE, Per-CP E#IMh + KIGR
HLZEX T »c. WRE LTES T RERDO e + Al
RERIGLEV =2 2 mAb & Hu i,

V. EEHEROS M

ERMHFER, 1158 TORENE, 25—62%F TD
BABIUVHRBROZEC IM LB Ihic5 —12RDBIR &
D, ~U vnBIRO . EEEHIMMBERAEEL iR
LA Ko, Rk, B, BEAY v Bl hEFhEHEg
I, MRGFEHREADDONEVCEEZE L DB, IKB LV
FAEMAIRE B & 0 FicollHypaque W& OrEIc T 8% 40
Rk syBE Urc. fFeRER, BEER, M/MRES S OURmMEKRL, 7R —
W4 + A —4%— Cytoron Absolute W C# — 2 BETH = &
& O @BETRTT - 7. CD45RO HREM: TH 5 H4 8 CDA BB
HTHRE, 7o —-%4 } 2 —~ &% — EPICS-C (Coulter
Electronics Inc., Hialeah, FL, USA) # B\ i-ffifay —5 4 v 2
BICTHEE LY, TARABOBCAVLhZERI, 75
AFy 77 % A2 Nol375 (Costar, Cambridge, MA, USA) £
EflaxER L.

V. MR

REBIWC B TRV MR, 10% FCS, 25mM HEPES,
5X10°M 2 AV # 7+ =& / — b (2-melcaptoethanol, 2ME),
0.3mg/ml L-Z'v % § v, 200U/ml %=V v, 10pg/ml v
oA vy vBIO 2ug/ml 7 VvRFT Y v vBEET RPMI
1640 ¥2#¥% (Gibco Laboratories, Grand Island, NY, USA) iz
WEMEEER T % Iz ## L7z, Daudi, IM-9, RPMII788,
U937, HL-60, K562, JCRB-M % X 0" MOLT4-F #ifait, sz
HmAEFRFMlN Y 2 (HR) L h AF L. EBV BEESRB
MfasRY, YEEW THEI L 0xBue®, IL-2 KR
ATHIRRE M (adult T cell leukemia, ATL) BB TH 5
SY-1, NS-2 & L v° NS4 fifia, %7 IL-2 JEk&EH: ATL ¥
H5 MT-1 X0 HUT-102 Mz I LSS+ (LYY 1
AR X v EIhio. IL-2 ®RIEH ATL k&
ILKT-1 #Bfg, IL-2 $kfFHIE ATL mskek ILKT-4. 140083 &
O IL-6 $RFFM: Lennert V vof[E¥k THBkk KT-3 #la©
B EL (SIRERNKZORRENRD L ofteShi.
IL-2 M TR RV, 100U/ml e b Y = v e v b
(recombinant, r) IL-2 (Shionogi & Co., KBR) &R THEER L
7z, KT-3 #ilar2, S5ng/ml @ e b rIL-6 (KIRAKEEBEL, 2
FEZMEE L nftE) FETWCHEE L. Jurkat Mkt
RKEVANRTUABR—EB L OS5 SR, $h, @&
MIERIC 33\ T Fas mAb 12 X 2R EGEERY » 51T 2
FoIZ lug/ml DL Fas mAb & & & 12 24B5 B3 % 1T - 72
MREFER L, 7a—% 4 b 2 — & — Cytoron Absolute 12T,
X 5{b7 m v A (propidium iodine, PI) DER b AL % @473
DI L DR LA

i, HE(EC X2 IMN LI HIRORE L T5E0T,
FHAER CD4 HiRBY: TMlE 3X10°/ml BE T, 10% A%
k¥ 1 0°0.1% PHA-P (Difco Laboratories) & £ 247FERE 7
' — 1 (Corning Grass Works, Corning, NY, USA) 1T C#3,

killer ; PAGE, polyacrylamide gel electrophoresis ; PBL, peripheral blood lymphocytes; PBMC, peripheral blood
mononuclear cells ; PBS, phosphate-buffered saline ; PE, phycoerythrin ; Per-CP, perdinin chlorophyll protein ;
PI, propidium iodine ; r, recombinant ; R, receptor; SDS, sodium dodesyl sulfate
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LABE 3 B4 100U/ ml @ 1lL-2 &R a iim LHER: L
7.

VI, SEEEEIC L DB

MRRRE O AR TR X 8L, 7 vt dy
# — ¥ (lactoperoxidase) S EEIC X » TIT - 720 5 X 10" B O/
Mz 500ul @ PBS wwHEE¥ L, ImCi/ml [-Na (Amersham
International plc, Amersham, UK) 5ul, 20uM 5 2 b = FF >
& — 4 (Sigma Chemical Co., St. Luis, MO, USA) 254l ¥ & Of
0.03%BER{LAKE (HO2) 124l ZFIN, 34K 20uM 5 7 +
Xt F v B —4 25u B L U0.03%ERR{LAKE 124 L,
DA%k 3 43451 3 [E10. 039 BB LK K% 124 F0BII L. Z
o EEMKRY 0.5ml OBEMEE (ysis buffer) [1%
NP-40, 0.15M NaCl, ImM =5 Vv v <7 § vPUEEER (ethylene-
diamine tetraacetate), 2mM 5 {7 = =/ A FIL ALK =)L
(phenylmethylsulfonyl! fuloride), 10mM Tris-HCI, PH 8.2] =T
WRE, 50% €7 > = — A 4 BIERK 504 T4 °C, 12KHIATAE
L, IMN 3.1 mAb #7132 SS-1 mAb ¢ER LT rr—2A
4BEATIKT 2BRERIGE ¥, ChEBMEEHKC T3 E
P, 50u @ Laemmli R BHEZ G ¥ (Laemmli's sample
buffer) [0.0625M Tris-HCl, PH 6.8, 2% FF v FEEF Y
¥ A (sodium dodesyl sulfate, SDS), 10% 7'V & = — L] i
#, 5% 2ME @i 3B FTI0C, 5 AR LD
B, SDSKU 72U A7 3 FESXkE (polyacrylamide gel
electrophoresis, PAGE) #17\y, XA A A A =T F54 % —
BAIOO (EEFE7 4 V&, RINCTHENL, BoTFEHE
fh (molecular weight standards, high range) (Bio-Rad
Laboratories, Richmond, CA, USA) %~ -3 — & LCHFEY
B L.

29 "

1. IMN 3.1 mAb DAL &F DOHEROBIT

IM PBMC % H T4 Lic BALB/c = v A fifl &
SP2/0 = v A BHEMEIC X - THER IRz A1 7Y F—=
DEFREFED, o IM EIE X b PBL w4 AKIGH
T, SR ECTRE L. B 3Nhi500E0 1 7
U F—=D 35 5965 IM PBL & KIGT B M2 4 Lo,
ZOHhTEHA PBL EORIEABISTHAH L0 L LRER L
o, B 7Y ==X hRAFRECTr n— i, 1§
Hitz mAb (IgG 2bd) % IMN 3.1 L &4 L7z, IMN 3.1 &
BN YR &, HLA-DR, CD45RO, 3 & 0° CD29 Hilic it
T2 mAb I X B RBEURREDO LB A 1 ISR L. P
DIBUT LM IM PBL B T# < EH A PBL TIZuw
7%, HLA-DR, CD45RO, & L8 CD29 HE D RKBE N EHE A
PBL BT TEBMIEDSABDICHE LT, IMN 3.1 1K
I THABINATEORBIZIEFEA PBL B\ TikbH T,
Thote.

IMN 3.1 mAb KRIGT 2HEOME L I SKHLMCTS
o, TER IO ZERBRUERERAIC LI R .
K2AWERT LS5, IM BRECH VT IMN 3.1 mAb 2
CD3 HRBM THIf &< RIG LIE THEf & i RG L »
o, FREBATHREGETORIGHEED D IM TH
Bt UCHES T H - 7o, CDASRO HIEDORBIIKM 2 €V —
(EoiiEM(L) TIHROBEL LTEETHA Z E8THRT
WA H, CD4 % X O° CD8 RS H: T#MZ 3817 5 CD45RO #1

FEoZHEE IMN 3.1 mAb 12 X W REI WA HIEORE &L OB
By, CEEROEENRET L > TRIFLEERYRLE
(K2B). M- %R PBL & 312 IMN 3.1 mAb & KT 5§
FaFe iz, CD45RO MIEBHTMIRTH -, IM EHi{k
(CD45RO [E%:) THMIBW L CE# 2 £V — (CD45RO B %)
THIBROFIGIEBETH 1.

wie, THRBOEELIZ XS IMN 8.1 mAb & DR EHEDLE
{ba#at Lic. $4E CD4 HEBY TR S 28+ 1 —
7 T#ila<, CDASRO HIRDOFERE R Z EHHMBAT WS
ZOFE CD4 HUREBY: TMl% , PHA UL rIL-2 Hinc
THEFE L. BI3WKRET LK IMN 3.l mAb In X » TERES
NAHEDOHRKBEL, IL-2R (CD25) MEORB L L TH R
B»hh, CDRO FIFE L@k 2 HELIETH#EML, 4—6H
EiwR A&7,

IM Normal
; 62 8
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Fig. 1. Immunofluorescence analysis of PBMC stained with
IMN 3.1, anti-CD45R0O, anti-HLA-DR and anti-CD29 mAb.
For IMN 3.1 staining, PBMC from a 7-yr-old patient with
acute IM and an age-matched healthy donor were first
incubated with biotin-conjugated IMN 3.1 mAb, and then
treated with PE-conjugated streptavidin. Expression of
CD45RO, HLA-DR or CD29 by PBMC were assessed by
using PE-conjugated anti-CD45R0O, anti-HLA-DR and
anti-CD29 mAb. The stained cells were analyzed on a
Cytoron Absolute flowcytometer. Fluorescence profiles are
displayed as single parameter histograms. The dashed
vertical lines show the controls containing irrelevant
antibodies. The figures in histograms indicate the
percentages of positive cells as compared with the
controls. It was noted that the majority of IM cells were
brightly stained with IMN 3.1, whereas IMN 3.1 staining
of normal cells was much faint. Such characteristic
profiles of IMN 3.1 staining were obtainable for all other IM
patients examined in this study.
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0. IMN3.1 mAb (Z & 2 &G MIRK 5 ORI

1, M BEBIURKALEROERIBL 0B KR
i Y v -%¥K (peripheral boad lymphocytes, PBL), &+ & ik
G X OV v oA RAEBIC 31T A IMN 3.1 B R MR
ARUic. E% PBL o IMN 3.1 FIE M g & St igin L
7o, IM PBL W L TEMETH 7. Fho, BB, FBsk, Vv
AHTR BB O IMN 3.1 HiE B S EME T, M T,
HER, FFREkE X ORMEKIZE IMN 3.1 mAb LIS L7
Mo, RATRT L5, —EERAENEYE L oMt
Tk, BHIfE, 7% = 4% F — (natural killer, NK) g\
Thi IMN 3.1 mAb ERIELIEEE 2 bhir. BREL
&, BT IMN 3.1 mAb L8 RIG L, RBMBaOR,
BuzfEs CD3 HIRORH EOBERED I, M5 =8
REREESRAC T, WIRMAK 3175 CD4, CD8 FfiE D&
B& IMN3IHRRE & OBEOMITRER LR Lz, CDA HE
CD8 #if & dI=BE¥ TH B (double positive) Fe i T HIIE D A
543 IMN 3.1 HUEBM:TH -2, CD4 HF CD8 iR & bick
75 (double negative) ffaI2 IMN 3.1 HiFER&METH - 7=,

M. IMN 3.1 mAb [T & 2 BEMEBEORIT

F22wWEAFe MM O, IMN 3.1 mAb I & B BIFRE SR

R

%, R 6Tk O RERIERED R — VR L.
FREMEMRETH % K562, BBkpk#ifagkTd 5 UST &
L OVBREER e kAR kk HL-60 M2, IMN 3.1 mAb 2 KIS L
ot A—F oy b Y v ERRMAETH D Daudi M
SR TH -, o EBV HERBRMR Y 4 B S
Sefifadkix, £< IMN 3.1 mAb ERIE Lt nte. —F, T
MKk EA L2 IMN SLIHEBRM T, #Icv 1 1 vik
Yk TH S KT-3, ILKT-4.1 % L 08 ILKT-1 A3 0E
WThHoto., LivLieht s IL-2 JEER THEETH
HUT-102 3 X0 MT-1 #f3ix IMN 3.1 fililakch -7z,
V. IMN3.1 mAb C& > TRBENIREDSFLYmm
#

IMN 3.1 mAb RIS TRBINLPFRESLTC T
&, IMN 3. 1F5M THfakk¢H % JCRB-M fiflax 5 7 + <3
FUL—EHEIZ L T 1 HIRMEH L, IMN 3.1 mAb L i
Blict7yr—-24BERIGX R, SDS-PAGE =T
Frite. M7AKRTE 512, IMN 3.1 mAb TIREBET, kB
T & LW 120kDa OBE—D v FRED bR fedt, $S-1
mAb Vo B TIRA Y FIRED bhich -7, REEC IM
PBMC, Hafgfifass & 0% U937 Ml F i e ih Gt 35\
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Fig. 2. Two-and three-color immunofluorescence analyses of IMN 3.1-stained cells. For a 10-yr-old patient with acute IM and an
age-matched healthy donor, IMN 3.1 staining (PE fluorescence, X-axis) of PBMC was carried out as described in the legend of
Fig. 1. The IMN 3.1-stained cells were further treated with anti-CD3 mAb (FITC fluorescence, Y-axis) for two-color staining
(A), or incubated simultaneously with anti-CD45RO (FITC fluorescence, Y-axis) and Per-CP-conjugated anti-CD4 or CD8 mAbs
for three-color staining (B). Two-color or three-color analyses were performed using a Cytoron Absolute flowcytometer as
described in Materials and Methods. The dashed lines indicate the controls with irrelevant antibodies. For each quadrant, the

s

g v
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Fig.3. Kinetics of expression of IMN 3.1 antigen and other activation antigens (CD25 and CDA5SRO) on T cells stimulated with
PHA and IL-2. CD4* T cells from the neonatal cord blood were isolated by a cell sorting, stimulated with PHA-P, and
maintained in the presence of IL-2. At each time point (0-6 days), the cells were collected, and stained for IMN 3.1 antigen as

described in the legend of Fig. 1 and for other antigens using PE-conjugated corresponding mAbs.

displayed as single parameter histograms. The dashed vertical lines show the controls containing irrelevant antibodies.

Table 1. Reactivity of lymphoid and nonlymphoid cells with IMN3.1 mAb

Cell source and type

Number of
samples tested

Ratio of IMN3.1 reactive

cells to total cells

(MeanxSEM, %)

Peripheral blood
lymphocytes
M 16
Adults 15
Children 10
Cord blood 5
Monocytes 4
Platelets 4
Neutrophils 4
RBC 4

Lymphoid tissues

Tonsil 3
Spleen 3
Lymph node 3
Thymocytes 5
Bone marrow cells 3

74+9

1544
843
2x1
<1
<1
<1
<1

1243
5k2
63

8x7
4+2

IMN3.1 reactivity was determined by single-color immunoflucrescence assays with a combined
use of biotin-conjugated IMN3.l mAb and PE-conjugated streptavidin as described in the

legend of Fig. 1.

laqunu ||90 9Alle|9YH

Fluorescence profiles are
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Peripheral blood Peripheral blood
(newborn) (aged)

69 1 38! 15
|
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Fig.4. Two-color immunofluorescence analysis of IMN 3.1-stained cells in various lymphoid tissues. MNC from the neonatal cord
blood, the blood of aged (62-yr-old) person, bone marrow, tonsil, spleen, or thymus were stained for IMN 3.1 (PE fluorescence,
X-axis) as in legend of Fig. 1, and further treated with anti-CD3 antibody (FITC fluorescence, Y-axis). The dashed lines
indicate the controls with irrelevant antibodies. For each quadrant, the percentage of total cells is given.

A B cbatCcbDsg" cD4*CDsg*
108 § 61 § 87
iy ' 5
£ r !
O o2 ' -3
~ 1 |
sz |° | 5
= 1] —
2L | L 5
ot | o
o CD4-CD8" CD4"CD8* e
10 100 101 102 103 T 16 ; 65 g
CD8 fluorescence | ; g
intensity (Per-CP) ! ; o
! @
* | )
:Mm : MMI "
100 101 102 103 100 101 102 103

IMN3.1 fluorescence intensity (PE)

Fig.5. Expression of IMN 3.1 determinant on thymocyte populations evaluated by three-color immunofluorescence analysis.
Thymocytes were treated with IMN 3.1 mAb, followed by an incubation with PE-conjugated streptavidin. Next, these IMN
3.1-stained cells were simultaneously stained for CD4 and CDS8 using FITC-conjugated anti-Leu-3a and Per-CP-conjugated
anti-Leu-2a mAb, respectively. (A) The cytogram indicates the CD4 (FITC fluorescence, Y-axis) versus CD8 (Per-CP
fluorescence, X-axis) staining in thymocytes. The four thyocyte subpopulations (a, CD4*CD8" ; b, CD4*CD8* : c, CD4-CD8~; 4,
CD4-CD8") were identified in the boxes enclosed by solid lines for subsequent analysis of cellular IMN 3.1 expression. (B)
Histograms display IMN 3.1 staining (PE fluorescence) in each of four thymocyte populations defined in (A). The dashed

vertical lines show the controls, and the figures in histograms indicate the percentages of positive cells as compared with the
controls.
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<, IM PBMC B JOMBEMRCIIR—O v Fi@ED bhiz
2y, U937 fileciz v FVixfEbhich -7 (X7 B).

V. THIEICIT 23 Fas mAb B3 & IMN3. I HES

REOBE

$T Fas mAb 13, A mAb I & - CTHE X B Fas HEH &
HTse MERKICHLT B F— v A%0 LicgEEEs
BoZ LA TS, AERICHWT I L U BAllakz 4
T Fas iR ER L 228, SEITHBRKEE BT 54 Fas
mAb BEK L IMN 31 FURFRB L DBIHEABRF L. K8
AT LS, VA b VEREN ATL diskflilatkTad 5
HUT-102 % X MT-1 Mgt o2 <o Tk T #
Bz 7 R - v AENRELE I, 1 Fas mAb BZH4 THk
BB T34 OBED IMN 3.1 fURRBEARZD LRl
¥l Fas mAb JERRSZMTH S HUT-102 3 X O MT-1 fifci
IMN 3.1 URDEFRED bhich o Tz (R 2).

Z =

EBV WREEac X 2 B v BN ERTH S IM TH
mTHEMELTHBAO~—»—4& LT, CDISRO & L 8
HLA-DR &\ vo eiGMLHEABRATHB L X R T B0,
LaLirds, EHEREMA ) —THBZBSWTY

CD45RO, HLA-DR %5 X 0% CD28 7¢ & DML B OB Hi1
BLTWDZEAMBATL A, X5 1Bk, BE, NK
MR X O & o 7o th D MERBL I b 2 h B DiEMEE T
BORBARADLIADY, Z0 k> wEELHEECRT 3
mAb W78 = A A —F R AT, EEA
PBL &3\ T IM PBL & [@#k7e 2 1M D& — R 5
., M BT 2EEILTHIREYE ST 2 ETHERBZ L.
AEREETER LI IMN 3. I mAbIC L > CREII S
BRI, IM k(b (CD45RO BBH) THIMICE W A REHARD
ShBNEFBERMME BT A £ Y — (CD45RO BH:) THI
RT® > THHRIAIBBTH-T, IM FBELTHRE R
ROyTHrI e c&5. ¥-BMMK, BER, NK figksLom
AR IMN 3 IR CH b, ERMBKC KT BREOKR
FAefte, IMN IR THRCERNTHS LEL LR
3. IHL, 4 —7 (CD45RO &tk) THIAA I IMN 3.1 451
FEORBIIED LWL, <4 + 2 = v (mitogen) RIFIZ X
O HEMEHCFORBERFEI LD L I, IMN 3. 1HE
REMERETE TA A LB A, 3512 IMN 3. 1R
THElaE S & OCRRAIRE B e R BRI X 2T L b,
RAREOMIETREILH 120kDa THBEZELHID
LAEX b IMN 3. 15U 9 T & 120kDa o T #ifla% Reotk A
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g
: g 'a‘
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Fig. 6. Immunofluorescence profiles of various hematopoietic cell lines stained with IMN 3.1 mAb. The cells were first ~stained
with biotin-conjugated IMN 3.1 (solid line) or irrelevant control (broken) antibodies, and then treated with PE-conjugated

streptavidin,
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Table 2. Expression of IMN3.1 anigen on hematopoietic cell lines

Ratio of IMN3.1 antigen-positive

Cells cells to total cells (%)
T-cell lineage
KT-3 100
JCRB-M 98
Jurkat 65
MOLT-4F 87
IL-2-dependent non-ATL lines
ILKT-4.1 98
IL-2-dependent ATL lines
ILKT-1 90
NS-2 52
NS-4 41
SY-1 36
IL-2-independent ATL lines
MT-1 <1
HUT-102 <1
B-cell lineage
Daudi 6
IM-9 <1
RPMI1788 <1
EBV-transformed lines <1
Others
U937 <1
HL-60 <1
K562 3

Reactivity with IMN3.1 mAb was determined by single-color immunofluorescence analyysis.

Fig. 7. SDS-PAGE analysis of immunoprecipitates with IMN
3.1 mAb. (A) An IMN 3.1-reactive T cell line, JCRB-M,
(lanes 1-4) was surface-labeled with " and lysed as
described in Materials and Methods. The resulting cell
lysates were immunoprecipitated with IMN 3.1-(lanes 2 and
4) or SS-1-(lanes 1 and 3) mAb-linked to Sepharose 4B.
SDS gel electrophoresis was performed under non reducing
(NR) or reducing (R) conditions. (B) Similarly, radiolabeled
immunoprecipitates with IMN 3.1 mAb were obrtained
from acute IM cells (lane 5), thymocytes (lane 6) and U937
cells (lane T7), and were electrophoresed in a SDS slab gel
under reducing (R) condition. Autoradiography of the
dried gel was enhanced by X-ray intensifying screens.

% Viability

1007 —mT-1*

—HUT-102*

80

60+
—SY-1
—ILKT-1
— Jurkat

40 — MOLT-4F
—ILKT-4.1
—KT-3

20- ~)CRB-M
~NS-2
~NS-4

0

None Anti-Fas

Fig. 8. Susceptibility of cultured T cell lines to cytolytic

action of anti-Fas mAb. T cell lines employed in this
work are derived (circles) or not (square) from ATL
patients. In addition, these cells could be grouped into
growth factor-dependent (open) and-independent (closed)
lines. The cells were incubated for 24 hr in the presence
or absence of 1 wg/ml anti-Fas mAb. Percent cell
viability was determined by a flowcytometry with PI

staining. It was found that IMN 3.1-negative lines (k) -

such as MT-1 and HUT-102 was refractory to the cytolytic
ability of anti-Fas mAb.
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EWEAREEZEZ DN EH, HENS FEOELU LIBEMDO T
MRS EFUR & LT Tal (CD26) HUE A SR TVLB®, L
M Liehih, BB JOUHRS MRk TS5 UIST M
Tal FUREEY & SR T BEEIIR Tal HIEBY T, —F
IMN 3.1 fiF % chs 2 &, REMBO LRSI IMN
NHEBETHAHN Ta URZEHETHD Z L, SERER
Mgz X5 IMN 3.1 R OS5 FEHRE B -7 JCRB-M filly
i Tal ERHETH S 2 L & h EEMRC KT 2mIEORE
134 B o T\vie. X5 IMN 3.1 mAb ¥ X U098 Tal
mAb 12 & %5 IM PBL O EEBAEIELE TOMYT RE
EF—-R) LB TLAERRLLIFETHHLEbhi. &
EREIRMBOV L OrO THEESELHER, 2TEBLY
IMN 3.1 IR ER7c B £ 25N 5V, IMN 3. 1 HUREDHEE
wBAL T, THIMaEME LR B & 2N S LB B 53 5 6
DA R T 0 20 BRI E W TH CD3 mAb %
PMA # B\ = fIBGRCO IMN 3.1 mAb RN X 5ERSE
R IR TV e,
BEFROBEAE L AIDS ORFEBBICHVTTHE P —v R
A LCHRENEEZMESY D TWb EIhTLHa T
N, 7HEL— > ABIEHF L LT Fas HE2 Yonehara 5™
CE-THREISREBSh TV, AR, £EHatR
#& (systemic lupus erythematosus) DEF /L= A TH B lpr
TG AERBWTEDRBEARMLT B ZENR VIR &
FERMIc BT A EATRE &R T A, Fas HEZ, BESIE
R F %24k (tumor necrosis factor R), MERERFZAHK
(nerve growth factor R), BH#ERRHIE TH 3 CD40, THMF &
OTEM(L BRI BB T5 CD2T HiE A L &R L EY R
B L FasmAb I L W 7B = ANFBEIND. ARETT
AP —vA%HEET S mAb & LT, APO-1 mAb A& X h
TWLB9H, APO-1 mAb i & » TR I N 5HFEIE, Oehm
EOW L »C Fas HiEER—ThB I ENWOnLig Tz, =
IT, TRV ABERREEL L CEEELE X bh B Fas/
APO-1 i &, BT A b — v ABEEIR D IMERLT
MR < FH 5 IMN 3. 1R & lat+ 5 = &2 Esk
B, BESOBHEKCIDE, Fas IEIX IM FifL
(CD45RO Bgt) T Hif & RS E#RASM 2 £ ) — (CD45RO
Biy) THBIZ RV THBMUWRENEDSh B, IMN 3.1 5
Bt IM SEME(E THERE A4 b b A VIERET TEBI 7 £
b= ABRFETOWR L, IMN 3.1 HUERMTS A€V —TH
fi33T Fas mAb #IC L - CH 7R b= v ARFEINK
Mot EHIKMET, BAllakkic Lics\Td, Fas/
APO-1 JIRRBELE 7 R b — v ARZUHOMICHE N ED L h
BIERHEORTWAY, Fiova b b A AREM O
2 THBERZ ST A A vORBICL > T7HR -V 2R
FRTODBEINTE DD, o4 + A VIREEMAR L
BT E =V AT EEL DN BN, AERTH
ey A b oA A ERFENE THIRREREE Fas mAb OFMC X » T
ERRLT7T RNV ARBFEINL. LrLdb, ¥4 Fag
vIERAEY: ATL BkMfatkcd % HUT-102 3 X 08 MT-1
faiz, Fas HIEZB BB LTV AL 3B 54 Fas mAb
winc X 2MiaiR» oy, Fas FlRENM L7 R b —v
ADFETRFA LN OMEOEFIBEIELTWB EEPhS.
CTEBTNEZ &R, 44 a4 VEESE THBEKCIE
IMN 3.1 HEP R BB LTRSS L, 4 b H 1 VIR

i THifagk i IMN 31 IR ORBARD b hish -2 Z
ET, TRN—-YARBHRTWHIROE# & LT Fas HIED
BRIz, IMN B IHRORBIFAL2OEHELXEL TS
AREME AR I N D .

TRt CRIBRERELRZEZRCLTCRY, B
Rt o CD4 HiJF CD8 H & & M o AR E T Ml T K1
ZRE/CO3 WABEN LEFIBIC X - T7 K b — > Ak
b, BEB (negative selection) ¥z & I h T\ 3", IMN
3LIHERE, ZoMIERE TR, IM &ML THlgE L0y 1
b A Y ATL Mifatk, #i Fas mAb B3 % TH#ilakk7s
E7 R =Y AT THRCERMCRER T2 Rk00
HREEXBNRD., THEF—Y2A%N LI THRZBROBH Y
BT 5 LCRNRIEETCERTHS L Boh, BEST2
B ==V I HEERT YRR TS .

#® E]

1. M &% PBMC R L LTC< v XA mAbIMN3. 1%
B L1z,

2. IMN 3.1 mAb K X > TFE#E N5 IMN 3.1 i,
IM #&EH{b (CD45RO M) THIMIZH < R L, EFERMIM 2
%Y — (CD45RO Bf) TR LT rLERALEDLAD
DHZTH-T, M ERETHRBRCES T L0 TE
7o

3. AEMRCET 5 RRORF, L, IMN 3.1 HURTHAR
KEREE 120kDa ORMO TR BEELHERLE X b
%

4. IMN 3.1 IR OBEE ATy, IM EH(L T
fa, WEREE TR, 1 24 E&EHE ATL ks LU
#1 Fas mAb M THREL S 7R b — v ARFHRTWT
HIRC BRI RFESRRD SR B Z &b, FOMTIRT R b —
AR L THRZEREEYBATL ETERLEDLRS.

E ¥

AR LA, THRECKMYEL F LABMED AHBcy
B LET. FRESEISBHECCEEE L-ERAIBHRE, Hige
BT S A e BB BB, KIATTRCHIB I E E L RE Yy
N=TRIZULDETHREROERICEH LTS, IR, A
Fas HfifAx 5T 0 LIckE i+, S8 TS T
F LA B, AR, AL, B R e R
Lic TS ERBR FRERR G C AR LET.

e, APFRO—BEMEHEPNRE, ELEHSKBAFNEE
BERAEFRBC L > E2MET S, ARTO—RXEIMmERK MM
WSS (KR, 1992), $220 B AREEaks (BHE, 1992) ik
WTREL.
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Abstract

When cultured without appropriate growth factors, most activated (CD45RO) T cells expanded in acute Epstein-Barr
virus (EBV)-induced infectious mononucleosis (IM) easily die through an apoptotic cell death mechanism, indicating one
antigen-driven selection in the periphery. In this work, the author attempted to raise the monoclonal antibody (mAb) against
cell surface molecules, preferentially expressed on T cells entering apoptosis, by immunizing peripheral blood mononuclear
cells from an acute IM patient. The author obtained one mAb, termed IMN3.1, that could define clearly the expansion of
activated (CD45RO™) T cells in the blood of acute IM patients. In contrast to its intense expression on IM T cells, the IMN3.
1-reactive antigen was only dimly expressed on CD45RO* (memory or previously activated) populations of T cells from
normal individuals. Although naive (CD45RO") populations of T cells usually lacked IMN3.1 antigen, this antigen was
inducible relatively late after in vitro activation of naive T cells. The cellular distribution and molecular characterization of
IMN3.1-reactive antigen suggested that IMN3.1 mAb appeared to recognize a novel activation-associated cell surface deter-
minant of about 120 kDa, which might be predominantly expressed on apoptosis-predisposed T cell-lineage cells, such as IM
T cells, thymocytes, cytokine-dependent T cell lines, and anti-Fas sensitive T cell lines.




