Immunohistologic Characterization and Clinical
Assessment of Activated Lymphocytes Expressing
a Nuclear Antigen Reactive with "Ki-67"
Monoclonal Antibody in the Peripheral Blood and
Lymphoid Tissues
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RAEIML, Vo SHRRIC BT 5 “Ki-67" B 2 HE L 7
EHEALY > BRD RIRMREZRIEIR & £ DERIRIVE SR

BIRKZEERIDEREERE (BE 80 BED
s 8| Bx E
(K634 5 A128 &)

® /7 u—F itk Ki-67 i3, & MESNOMKE T Go LA OHMBRERCH2 bOWREKT 2
PHMEESTS TS . BECBWT, £/ 70—+ Hik Ki67 2HHL THA %) >/ SR s
B bERE 2Ty, Ki-67 ZHEORBRL, EERNICBFE ) VA BkEEEOBEEE 2V B0 LS
DRETLY. BEALDBONLERIMY v RRICBW T, Ki-67 HiATEHRILA2BRREXIE LA
EEBEIN T, UL, EFMfEs0 THRSBEEEDEC L DRBES RS, Hlsh
Y URHOEE AL IOEHENELEEL T, EREEEE, S, MITEETRE, K&
BED—BE Y A VABREBERRMMY >/ SERD 2% D OO LI BEENC, Ki67 tRIGT
IHESKBEShTHL. RETEREIIEVWT IS0 Ki67 By, THROBERE»ES,
cluster designation (CD) 4 (AW 8—/A4 Y Fa—%—¥ 7Ly ) LI CD8 (7L vy —/441
FEFYYIrHTEy ) ODEBEEEDETRLTWVE, fIZE, CREEREASHOBELVE
SNz ARMBILY >/ BRD30~50% 12 Ki-67 ZIEHED s, BERHIIEEEL Tz, ZORBICE
72 Ki-67 BHEMBEOIELASI CD8 BIETH o7z, o4 L AEAR T, CD4, CD8 i TH
Y7y bIZEEL Tz, Ki-67 BHEMIRMo ) vk L TRBE oM TS » 7. SEY
., {biEittams, (LIREEEA, BEES SREEOFHRCHERERESTONEEER S L LTE
BYFEIZ B W TiE, Ki-67 BHEoHBRBO sk b o7, —F, ¥4 373 XfADORAEHIIC
BWTH, Ki-67 BHEMOZHERBEMMNED SR, TORBIZBEWTH 74 L ABRYE L FES g
IEEMRE-> Tnd Z B ahi. IR LHRCB LT, KRBl Ki-67 Bitfao
EinsREd o, HBERNRSFELTOLRBRIAKRDSIFRT, WERCTHLINSEBEORKE
2, TANATHLAREMERTODTH 7. —RIGIZ Y > 281, Bk, B0 BilsRmRthrs =
WD RN IE, £ D Ki-67 BHEMEsSED sy, THRERCZES bT»RDL o3I
TERPol. ZTRODERLY, BHEIEEOSHIZIELA LY Y ABICROA T B DXL
T, VALAREFRICEEL 2 BRI & » TR S oS MEb THRE, REMmA b HET 2006k
DRBE NI, 7 A VA BYER 7 OBSEE B 5 CARBI A Ki-67 BB EmL |, RS
EEBWIROOhE oI i, VANVARREHERBRROENOERLFRELZ LELON
Iz

Key words nuclear proliferation antigen, Ki-67 monoclonal antibody,
double immunohistochemical staining, activated T-cell, viral
infection

Abbreviations : ABC, avidin-biotin peroxidase complex ; AET, 2-aminoethylisothiouro-
nium bromide; APAAP, alkaline phosphatase monoclonal anti-alkaline phosphatase;
BSA, bovine serum albumin; CD, cluster designation; EBV, Epstein-Barr virus; FCS,
fetal calf serum; FITC, fluorescein isothiocyanate; GC, germinal center; *H-TdR,
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£/ 7 a—FAHE Ki-67 13, Gerdes 5 12 & -
THhY FURAROMIRTH 2 L428 HIM O S
ExiEr LTERshi2 /70— F L AGTS
3. ZoOPEE e MEBROMBEHO T O G B,
SHl, G.H#, MR H 2 MIlEOBEN IR T 3 K
PAHBT DL ENS . in vitro DRFEIC L i,
Ki-67 BIEOREIZ Y > EEBEERITH % »
su~¥ ¥ 3 F (cycloheximide) 12 & » TFHE &
h, ZOPREHEBECHES CHACRRT 5%
g D—HEHBEN TV, BHYY V3,
18, RS2 s v T, Ki67 BHREBMER L 2
noMEEHMEOMIERE, CLEEEXELOMEERE
¢, FPRYUTOF/EL LTOFRAMEREB &L T
39—, EEY >ASKRICBWTH in vitro T
phytohemagglutinin (PHA) # CiEMb s niig
&, Ki-67 SPUFIF - HBE L T 3% Y o33k
OEMICHE->THREAT2ERK LT, 4 v 5 —
o4 ¥ — 2L+ 7% — (interleukin-2 receptor),

FFrAT7 2 Lk Sy — (transferrin
tor), HLA-DR il ¥R SN T 03572, 20
Ki-67 SHEDORKE Y in vitro D& S FEENIZ
B2 THROEMECOREL 2 D18 2 AT REMEH H#E
flansd. BFETIE, R 7 A NVARREGE, 7140
ABWRERTH LR VLHLETEDNL TV SRR, VA VA
EROMRE LDV 37T AV EEE, E510R
HEO 7 OMBEREFE B VT, FHMY > S8R
B2 Ki-67 RPURFRREBOBRE 21T, KEM
Yy SBRICE T B Ki-67 IR RROBRWEER
DWTHRE L. i, —BEORFERMBER L LT
Ml EREEsREaNc A7V - v ST o RE L
LTRVvS D, B2 OREISE I BT 2 M
HEFR=%IHT2HCRBHBOERE 2 RET 2
BRELLTHAHLOSRTWS ) v SHRESEEREB
(mixed lymphocyte reaction, MLR) Z 81} 3
Ki-67 IR FEIREE, £ERY > LToY
»o8f, Rk, BEEEIC 310 % Ki-67 EHIED S
DWTLHEDbLYE TRETL 7.

recep-

ME&E & UHE
. &%
ERUEBE, FE, AE, MITHE FRRE, IR

R, BRREELEHR (E), 1272 A~ME, §H
B, CIEMERER, LIBERER O BIR L0 BRIk
o) CIMRML 7. RITHEE TRACESHL
EEMMERABELVBONEERPY »5R L X
KrlL7. EHEa>ro—nE LENEOFRMImIX,
LB REZZ L3 7B 5158 O/ T RS
DEEVHR L, BIBKRERLVE A, Sz
EORBOZVBLD LD, FRAOFRBIMITEE$26
~UFORT LT 4T ED~Y Y IIRML:. R
iRk L ) RN ER T bR, U
SE, OV TIE, BiEY, &, MNEXY -7
B THEFM2Zd 0T, BEEHEORED
shizwy OEFERLL.

II. REMY OB

Bl i~y Mgk 2V » BEEHE
(phosphate buffered saline, PBS, pH7.4) 1= T#J 2
fZi #F R L, Ficoll-Hypaque (Lymphoprep,
Nyegarrd & Co., Oslo, Norway) % f\7-HEE O
TP CTHEERER. BEREIL-71y 2>
(0.3ng/ml), R=¥ Y ¥ (200U/ml), > <4
> (10u g/ml), Hepes #ZfE# (0.02M, GIBCO,
Grand Island, NY) ,10% 38t R IRIME (fetal
calf serum, FCS) #&% RPMI1640 %th (GIBCO)
WTHRBL, &, 3 AF v 7l (No. 3002,
Falcon Plastics, Oxnard, CA) # B C{IE#E %
BEL, JEMEMEE Y v SBRELTHL.

. U sRiREEREER (MLR)

BTV BB AEESE (allogenic MLR)
i, BRAY »oSERERRL 72 RPMI640 $83ic € 1
X10%/ml (CFRET, A7 4 I 2 v —% — (stimulator)
PXREAEEE RZ KXC—-18—2A 5, EZW
BRHERSH, BH) ML T 4000rad BsT L, H
BV AR — (responder) LIESL, 13X100
mm Q77 AF v 7 EEABRE (No. 2027, Falcon
Plastics) ZAWVREA X EHEEERS 37°C, 5%
CO) WT3HMTmEL .

HE U v BRIBES R EME (autologous MLR)
i, A Y > /8B % 2-aminoethylisothiouronium
bromide (AET) v v YRMmEEHAVLE ~-©
Yy MEBREYICT, E-w¥y FEEHRK L ER
ML, E—~o¥y NIEERMERE

tritiated thymidine ; IM, infectious mononucleosis ; IPN, infantile polyarteritis nodosa ;
MLR, mixed lymphocyte reaction; PAP, peroxidase-antiperoxidase: PBS, phosphate
buffered saline; PCNA, proliferating cell nuclear antigen; PE, phycoerythrin; PHA,
phytohemagglutinin ; PN, polyarteritis nodosa ; TBS, tris-buffered saline.
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4000rad HB&TL 7=%E4& L. allogenic MLR Xk [Ef%
DHETI ARMEERLL.

V. #BRZHERA 0 ER

skigMm Y > S8kiIZ10% FCS fin PBS w2 T 2 X10%
ml [ BE, EEREKIZERE Ficoll-Hypaque HEE
DECZIVBohARBEEKCHASLL. X0
0.5ml, 1x10° OHIRE % #BAa:RE O LB EE (Cyto-
spin 2, Shandon Southern Products Ltd., Eng-
land) #EFALT, 843, 800EEICTAT A F 77
Z b L, BHEAEREHLL. EBRCFIA
¥ BN 20~30ATHERIC CRRER, 7L KA
MZEH, —WCKTHRFEL:.

V. EEHEET R o/l

HBCHEOECRE, HROBHMLENE,
HBOBELPTHLABY D28 FCRETILD
w, BRE NS E T APH»IZ5 X 5 X 3mm B
EoKksxrL, BEALEL OCT. av v v F
(O.C.T. compound, Tissue-Tek, Miles Scientific,
Naperrill, IL) wwAa#L %, HELLHEBREZY
4+ A % v b (cryostat, Tissue-Tek II, Miles
Scientific) ZffE\>, BEX 6 ym DWEFBH 2FH

L, #ZnET7ATEVEBHRLILEASIA NS5 2 L
REMEEE, 20~303HMF 74 Y — I TEER
ik, TN IRANCER, —200CICTREFELE.
VI. €/ 20—+
® /79— ik Ki-67 (1gG,, kappa) 13
DAKO Co., Copenhagen, Denmark & O AF. =/
7 u—F Vi Leuda [IgG, helper subset,
cluster designation (CD) 4], #l Leu2a (IgG,
suppresser/cytotoxic subset, CD8) , #l HLA-DR
(IgG) R4+ EHO LD ®#H (Becton
Dickinson Immunocytometry Systems, Mountain
View, CA). TH#ifw, BMEfEDORZEICK, £/ 70—
F+ ikl Leu-l (IgGu, CD5), #1 Leu-14 (IgGa,
CD22) #{#F (Becton Dickinson). 17 V4 U 7 »
A7 78 —¥E/,7a—FLHiE (DAKOCo) 17
WAV T2 AT7 78 —XERIG, TVH ) 752
Tr T —CRTNAVT A7 77 —EEEEEY
m%, alkaline phosphatase monoclonal anti-alka-
line phosphatase (APAAP) ™R, 7a—¥4
r A —#% — (flowcytometer) ZiX, 742 xYRY
> (phycoerythrin, PE) &€ / 7 u—F LHkH

m Acetone-fixed preparation

*TBS wash

a Normal rabbit |g

P
=

*

for 15min

Monoclonal antibody Ki-67
for 60min

Rabbit Ig to mouse lg
for 30 min

APAAP complex(mouse)
for B0min

*
Leul, Leut4 [ Mouse lgGi or Serum
for 60 min _/ for 30min
* *
Peroxjdase rabbit ) ) Leu2a, Leu3a, HLA-DR - biotin

anti-mouse IgG2a, lgG2b

for 30 min
*

X

for 60min

Horseradish peroxidase-avidinD
for 30min

Fast blue BB salt for Alkaline phosphatase(dark blue)
Fast red TR salt for Alkaline phosphatase (red)

3-Amino-9-ethylcarbazole for Peroxidase (yellow brown)

Fig.1. Double immunohistochemical staining procedure.
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Leu-2a (IgG, CD8) %#{#F (Becton Dickinson) .
V. &ERE
FERLLEREOERIEFMBE 7L 72> (bo-

vine serum albumin, BSA, SIGMA) 0.1%f0r Y &

EEEE Y (tris-buffered saline, TBS, pH7.4) 2T

Fuo, IGRER, BEEPTEREHILL TF-

fo. A4 FIERE2~10BH4°CHT 2 + Y EE

%, P4 Y — I THAMEE, 4 %ER Y+ ¥4

gru7) V155, A EDob D EBREL, HkE

#9, 20fEH MU Ki-67 L609R-EIGE w7z,

TBS ¢ 543/ 3 BIgEHE, 0EHFEROM~Y A Y

FFGEEST 7Y ENFMRIG S, TBS 2T

R ¥R, APAAP L60ATIRSS %72, Wi,

TBS i Tk, w7 R 1gG, (200x g/ml) %7243

WEFFERE <Y AME 0372y 7, TBS «©

THeE, 20BFFROCA F 8t ) 7 u—3 Vi

#1 Leu-3a, #i Leu-2a, i HLA-DR & 605K

s¥. 351 TBS I THEE, 30EFROmREY

FENVAF VT —EHEB7EY > - D (Vecter

Laboratories, Inc., Burlingame, CA) & 3049/ KIS

i, ZD#, APAAP %3 Ki67 o a R

i¥, Fast red TR salt (SIGMA) & T, 7t

Yry—EFF NV F F Y ¥ — FHESE (avidin

biotin-peroxidase complex, ABC) B L D

“EHEIZ1E, Fast blue BB salt (SIGMA) %

THFECHEOSE . ABC ik, 3-amino-9-eth-

yl-carbazole (SIGMA) & T&HBEICHE I ¢ 7.
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Fig.2. Percentage of Ki-67 nuclear antigen
positive cells in peripheral blood lymphocytes
from various diseases.

THIKE, BMIBIORIZEC2WTi, 2088 ]RE ) »
O —FVHE Lewl, i Leu-14 &, 208 &R~
ARy —CEHEH~YR IgGn v FGE S 07
VY, Rty —EigEsi~ 7 2 IgGy 7 4 F
%7 a7 Y >~ (Zymed Laboratories, Inc., San
Francisco, CA) Z#Aa&bE it 3 F— PH
NNV F F v 5 — ¥ (peroxidase-antiperoxidase,
PAP) %™ & APAAP Bt 0fE—BEREE{F-
oL BREADBDENLTE, AT vFA~ hFy
VU BRERI TEREETo % (K1),

VII. RSB RZE RAEM ) > /3R in vivo ic & 1}

HiEMAL

CREBEERERBML DSBS N ) > o858
#10% FCS I RPMI1640 £z T, 5 X10%/ml iz
FEIL 7. COMBEER 0.2ml 296KXFE~ A 7
o 7L — | (No. 3072, Falcon Plastics) % L .
‘H ##% F 3 ¥ v (tritiated thymidine, *H-TdR,
New England Nuclear) %#&7%z 024 Ci ¢ 28M
L, 24M% I *H-TdR OB Y A& 2 ifks > 7+
L—Yarhwrs— (LSCT00, 7usd, HE) iz
THEL 2.

X, RRMEBEERENY > <Fo7a—H41 b

A= R EBRE

ERMEEERRRBME DSBS n ) oS8k
1 X107 %7 & F X CI0AMIEREE, 1% BSA
fin PBS i2C 1@, 5% FCS il PBS iz T 2 [\l
%, AEHE /7 o—F L Hik Ki67 L30ARK
JE& 7. 5% FCS 0 PBS 2T 3 E¥E, 4053
RovtAv a4 v 4V F4 7 8 (fluorescein
FITC) #E# v ¥4i~v» 2 IgG
(Cappel Laboratories, West Chester, PA) ¥ 3043,
BRI 3 I, 2005458 PE #7270 — 0
PUAHT Leu-2a £30MEIRIG €, £ 512 3 @¥E%
#®, 79 —%4 F A —% — (EPICS-C, Coulter
Electronics, Hialeah, FL) = TH#4f L 72 9™,

isothiocyanate,

134 #
L. EREREM >/ 3L Y » A HBEEIER
#E (MLR)

EFHNRE6H, BASHIE iz KM Y >/ 5k
T Fast red TR salt THR < B/MEEE, b L <38k
Rt sh T 5 Ki-67 BHEO BT,
BT3IUMUFTH -7 (K2). 7, allogenic
MLR 8\ TH, autologous MLR B W T %
Ki-67 B0 BB s n, £ kB L %
M THR/MERE, RN CRB s TR (K3).



598 & H

Fig.3. Ki-67 nuclear antigen expression of normal peripheral blood lymphocytes unstimulated
(A) and stimulated with autologous MLR (B) are stained by APAAP technique. It isnoted
that stimulated, but not unstimulated, lymphocytes express strongly Ki-67 nuclear antigen
(arrows). Nuclei are stained by Carazi’'s Hematoxylin. (x1320).

Fig.4. Ki-67 nuclear antigen expression of peripheral blood lymphocytes from the patients
with various viral infections are stained red by APAAP technique. Infectious mononucleosis
(A). Measles (B). Kawasaki disease (C). Normal (D). Nuclei are stained by Carazi’s
Hematoxylin. (X 1320).
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Table 1. Surface phenotypes of cells having Ki-67 nuclear antigen

(n) CD4+ CDg*
Infectious Mononucleosis (8) 6.8%1.9 93.0%£2.0
Measles (7) 45.1+4.7 49.9%4.7
Kawasaki Disease (5) 76.816.9 19.6£4.6

2 Number of patients.
b Data represent as the percentage +SEM of Ki-67 nuclear antigen positive cells.

CD4 ~ CDs

Fig.5. The relationship of Ki-67-positive cells to surface phenotype. Ki-67 nuclear antigen is
stained blue and surface phenotype CD4 or CD8 is stained brown by double immunohisto-
chemical stainig. Almost all Ki-67 nuclear antigens are found on CDS8-positive cells in
infectious mononucleosis (A) . Ki-67 nuclear antigens distribute on both CD4- and CD8-positive
cells in measles (B). Ki-67 nuclear antigens are present dominantly on CD4-positive cells in
Kawasaki disease (C). (x 1320).
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Ki-67 B OBT E 2 2w T ik, allogenic
MLR, autologous MLR & %2 CD4 Bt D~
N—TEEELDbDNEI BN,

. 914N ZBRRE

1. EHEBEIGAE
SHERICIZ50% Iz b T 5 Ki-67 BHEMAROHR
VHER AN, WBOMBE L bEI L, BERK
FRrAEROOML LS 2ol (H2). Zhsd
Ki-67 BHMlED i & A YR RBEOMIE T, Eayih
AHERLIEVERE2E b LT, Yo
FrkiE, EMERL CoBEBHRSHBEERL L,
WhW2RNY R ErBbni: (K4). fE_H
Rfric k3 Ki-67 BHEHRROEEE X CD5 B,
CD22 B THIET, & A D CD8 B+
Vyh—/HAL bRy JTHIEETH - (F1)
(5). 7=, FMWIMY > 8k °H ElF 39>
OB DA, FEET > bo—iz bt UM
LTCwie (F2). 7a—H% 4 b A -9 - L B0E
“EREORFTH, Ki67T BEMEOIZ LA LY

Table 2. 3H-TdR uptake of peripheral blood lym-
phocytes from patients with infectious mononu-
cleosis

Patient Control

33771839 274192

a Data represent as the percentage+SEM. Lym-
phocytes from 3 patients and adults are cultured
with 0.24Ciof *H-TdR for 24 hr.

Control

2@ [30 [40 59
Lodl

IG 119
s da el 1y Ll by

6@
%6

CD8 BHETH-7 (H6).

2. K

BRE L EERZH 0D { Koplik MEROE L b
Ki-67 Beifao HESHER S L, KEREORSE
B 1~ 2 BEOEICIE35%~50% D Ki-67 Bk
HREynZED oAl (F2) (F4). ZheDKi6T
PR, FENHEELEERCAS &L b ICEY
LTwor. Ki-67 BHEMEO%S < B RKEoMizT,
D RN BEICIEAMERO b O %<, BE
Bz I EERCRO b O T 2RI H ol R
TERETHL Ki-67 BEMEOERE X, CD5 B
M, CD22 et Ch Y THIEETH 7203, 20 THIR
¥ 7y hTlt, CD4, CD8 Wi THIBEMEEL T
7z (1) (E5).

3. KE

20~30% D Ki-67 B A RIBID Y > /BRI
s, S MKREOMIITSH -7 . Ki-67 BHER
faix, CD4, CD8 M THAfEY 77Xy PZFEEL T
7.

4. FATHER TR

ETIRERTOMITHEE TREBIERMBEMmY >3
Bz ik, 30~40% D Ki-67 BHEMEEAHEL Tw
7o, WITHETHRACEHULEEEMEEL TOM
WehY BRIz B W T Y, Ki-67 BEMAE30~35
%rHLFEDENT. wThigBWw Ty Ki-67 B
MWD FAKBOMBETH -7z, KRB+, 88K
th & 41z Ki-67 BH4iaix, CD4, CD8 iy THika+ 7
Ly ML Tz,

I M

AP WA AU SRR M AP e S e

> 4

840

Fig. 6.

Two-color

immunofluoresence

expressing cells by a flow cytometry.
patients with infectious mononucleosis (IM) express Ki-67 nuclear antigen

(arrow).
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analysis of Ki-67 nuclear antigen-
It is shown that many CD8* cells in

Ki-6
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. e, RRMEOER GE)

g, BREEOHR (B) b BMicik, R
iy >/ SERAFIC Ki-67 SO MmBEHE s 1,
HEWEMCOLVEET S LR s L (B
9) (M4). B/EFCs Tk, Ki-67 B4
D% 2 CDABHED~NVI—EEE2 Db DThH-

e

Fig.7. (A) lymph node. Ki-67/Leu 1. (B) tonsil,
Ki-67/Leu 14. (C) tonsil, Ki-67/Leu 2a. The
distribution of cells expressing Ki-67 nuclear
antigen in lymphoid tissues. Ki-67-positive
cells, which are stained blue, are marked
the germinal center of secondary follicles,
but a few positive cells are present in an
interfollicular resion. GC, germinal center.
(% 330).

(®1) (®5).

IV, 21375 X<fik

VA A BB & BB Ki-67 BMEMRE o 5 mas
B ot Ki-67 B, CD4, CD8 @ Tk
Ty PEATFEL TV,

V. MHERRE

BHEK2 6, (LREEds 26, LBl
BIORMIL ) > SBR T, V4 L ARPFE, <4 2
T Xk e Bz b, Ki-67 BHEMEORINE 4
Bovohkhots (K2).

VI. U rsdionfine

U v SERLSBI, RBk 5 B, BEES 3 Bilic 0w TR
L 7 SRR i i “E R £ TV IRET L 7.
U NSO T, WIEN I Ki-67 Bl o358
BENTD, TOEEA LN TIRBIA O IE 00
BEED LN b DT, —REIEK W EBLBEE
LTWwaZTEuamno. Tho@ERD Ki-67 B
HHEOS <, B/MRRICRBERTWz. Ki67
BHMEOBERE L, Fr AL CD2 BETH -
7o WERERE O THIMERC bIREIC L - T3, &
M Ki67 MR D 5085 70, Th
SEITHRE L TOERER2RL W, 20L&
WA O BfifRES Ao THMRESR T,
Ki-67 BT O B BRI BRAL - 7 AE AR & LT
R B TH ZRER ORI R S8 Ki67
GBS Ro o, VU SHiEFETSH > 7228,
U ¥ SENZEEART ZREIBOTE S L Y % Ao
Nz, BB TR ZRBEOBE LV L <, m
RO Ki-67 BHMRL 8ET2BECH- 1. v
AN ARBPIEBIRRBILY >8R BT 3 Ki67 1B
VERERE D e taEAs, BunvEkED & BHRIR E T4 T
HoTDWHLT, U 38, BB 2EH0
O Ki-67 MM, 38 A COBUIMERE Il X
NTWie, VU B IcBLTY v ki A g 8E S

DR RIBME 242 T, MK H» o HNIC A
D, THEEZ e Y25, BMELIEY > )
K88, &#BICT, BHIM & & W BEIRIC RS D B
VI VEERETMFIROED, BEBOY A4 2000
ABLWIFHNEL ST VBD, TOHRNIZL B 5
ERHOERIZD N L7 (7).

% 3

/7 u0—F bk K67 i3, RO FUBHED
L428 MR OB E £ HUR & L TIER S Wi HikTh
90, MIERAMOG.&E, SH, G.H, M#luba
MEERBT 28 TBY, G, Gl 2
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MRS RIEERE AV, ZORHEEOEIE
MEBTHLENEY VoUE, LB, MEB2LEKS
W, ZhenEBMis T3 Ki67 BrEAEE
CEMELOBELTREEA, T/ u—F
AHUE Ki-67T 0BNEHECET 2 ERAESRES
nTWws ™ i PHA FIBME®HEMM Y > 08K
WBLTY, HERGEFRBCHAZCRERLTS
Ki-67 BHESER s LT3 2. Ki-67 B,
FEEREERER L PHA & ¥ OISR EMER
Bk Y >R, RRko AL, WREE L
SR ERER Y, EROABIEMOEARBRICE L
TRHENBEDATHS. SH, BEREUADE
%,ng%@iﬁm¢mﬁwaxm7%ﬁmmo
BNEES M L, 20L& BHREFAHLONL
v ZRIZERORE, B OB TR
DHELPDDEIERIDTANVABRESL AT T
2w BRI B BARBOFCED SR LD
Tﬂﬁmﬂﬁﬁw%%ﬁ%%ED%wﬁ%W%iw
SnT, B, U yvoBBucBT 3 Ki6T BEURO
FE3E r DEEIZ O WTREI Lz,
Epstein-Barr virus (EBV) &k h3jgIahd
EREEEEIR, EBV OB ERD 2 BREORE
RIS L TR BE Y SRR, BT
2ONEMTHE. ThODREY VY IROB LA
PIRTHBEE s T . Ki-67 B, Y DA
BRECHHEIN L BA Y » o SER D% < & BRI, 40
~509% I LHEMT AENHY, TOREALN
CDB%&T#va#—#&%FF*Vvﬁﬁg%
LoTwi. JHIZLETL DERESh T3 CD8 %
PEHIRE O L 3N, CD4/CD8 L EBAZET &
3R B S TR 7y POXK
B2 e —HL T, EEksni THER,
EBV OREH L7 BHER I L TR EK RS
@ E . BHIIEOWRERIMEIL T 5 . ERMEEK
Fursuwlild, BEEEBEICL»2DLT,
HLA-DR FiEBMEOEINT 2 2 £ 28, Eifks
N THBEOEES RLTWwa. 20 HLA-DR HiR
OFRE L EREC, Ki-67 RO THilEIC 812 7R
bit,ﬂﬁ%%ﬁﬁﬁkéh%ﬁ%ukb%ﬁé
RTLBEWS BB-E»S, THROEE({ORE
@y L TERrELsNT. 851, Ki-67T BIARD
SIS RMMICBLTIHEEA ETHREICRSN
<EhH, B#Eilg:0RlE A% 5% WwHLA-DR
HECHL, JVERNCEREE LN, B
B vosBRIC BT B CH B I VY ORY
ALOEBHEAES, THREEEEZRLTVDD

OrBbhi. 7z, MRBHREAT Ki-67 Bita
B BABOMIET, BEMIhAsEZRLREY
ERTE L RBRENSESXOS LB v KT
HotZ kit, BEFRCHEREHERIATH
By LEZLNIL.

RS BTk, Koplik BEHIRATR L D Ki-6TB
PR ASRER & L, BT L D BIUBRED, B
UL SERIE SO & 5N BRI Ki-67 Bk gty
ML, BEOME, EEL LB LTETLE.
Mz s s d Ki-67 Bz 0L A Ly
CD5 B, CD2 e T THilELE L 6N,
HLA-DR H{EIZ 7 D—8RIzFRIL Tz RBFORK
UrsEEREVIHREOBKERTICE VT,
Ki-67 [BtEsmERo THIREY 7 € v b WEH LR
W<, CD4, CD8 @+ 7 v MIZED b,
oS EBV BRI & A EREBRE LR ERE
WTH-olz.

KE, RAEETREBLTH Ki67 Bkl
ORMMID & h iz 2%, Ki-67 B TRk 7
¥ v b CIREE L[, CD4, CD8 Byi:HilE i HE
Bashiz. &5EFTHEETHREICEHL L EHE
MBI B AP v, RgMEZRZS
EHAREFRELTOBETTCOEET 5 2 L R
aniz.

w4375 XA THRMEMY o8Bk PIE
Ki-67 BBl AEIML TH Y, REDRIL, HERK
MR RE R LER L TVRE YA 3T TATDY
ANAGEBOERIC L2 D EHEZ ST,

—7, BAY, LEEEHR, CREREELBRD
EARIMY > sBREICIE, YA NRBRIES AT
5 X BBER BLTO L S RN Ki67 B
OIS RDsLT, HERREL V1V
ABPETRBEAEOHREESR L 20
Mhei.

BED XS, 740 RERYGE & R EDR
<, Ki-67 BtEiia o BRI & 2 2 ZENFED o 1
Bz, KB votEkPIz BT B Ki-67 Bk
BRI O E L, v 4L ARBREIE & M R IE D
FEHOERALFRO-DIR D EREbhl. 851,
AV A RS E S RIBTIEMEL s e TR
Ki-67 SHEXHERL TV BDTH D, Ki-67 HHE
EMITIC B s THIEOEE TR0 —~2 L%
zZehs.

g I, 5 B LA g < FeBh - TUERIE DR .
REFKES - TRRREEORDL - OFOKEH, ©
b 0% CROEERBEO U6 AMFR - RIS




Y oo SERIEEL ORI E LCh KibT HHUE 603

12 IE(CIRESEER ) o SEIERR D 6 D& FEIEIR &
L, mEREEBRETILEDWAEATHE. ®
B - MR TERAZEIC L B R MIER TN D D
BHESNTOARETHSEH, TORER+IHS
piziasnTwawn. S, NEEREOREMmY
SSERDEEEEETIC, L a4 L AR
WEEEEF (reverse transcriptase) EMH D LR % 3R
o, JEEEEY b7 A L ABRIC L2 DTS
LWk Shulman o %2, Burns & * 12 & » T
ATV, £72, EBVICOWT HIERIZHF LD
ThHARTEERELSD Y, HIBREOHIK Y - %
roTw3 EREIN®, FEZ VA LAKZKD S
Z220b3. AEHONERRIEORMM Y » 5k
diiz, Ki-67 BiEiila o Eims e s, L EH
Chl-> THRIMFCEET 2 I EBERa L. Z
DI EixT AN ARRE L MBEREE T O Ki67 B
MHEOHBROEEL S, JIIBFEICB T2 7412
HeOBERPEEEGITRTH -7z, Ki-67 Bitiia
D% CDABEDO~ANR—FEE2HDObDTH-
RIeld, ERebhTOBIERICE T 5 REE
WEE), Tabb, SMEIZE CDSBHOY Ty
=/ FA P PFCY IBEELDLOBEIL,
HLA-DR §iF % & DM E iz CD4 O~V
N—BEHEHDLDIEML T2 L OHWE®” &
AL TWwi:. HLA-DR fiE:2 b oEHE s
CD4 Bt &, Ki-67 BtE CD4 Bl xR —o
MEaT, Zoa»o y Ki-67 MHEIZRBIMFPIZE
03 THREOGHE TR EE 25N 2. REEMIC
AR, IR O BB EER 2 Tl & T 2 FEE
MHENRZ (polyarteritis nodosa, PN) TH b, &
AcHsh s PN &R & 0 22 E R M 2% Bh iR
# (infantile polyarteritis nodosa, IPN) + &h 3
n, BEFORBZ L nE PN BEORMIMY > S8k
iz Ki-67 Ao sz ST i,

JNIRHRS & [FBRIC Y A L AR D ATREME % B b L 7e
BOREOB ST LAVERMEOHE ) 1w
WTH, BAMEICIIERMBImY >k Ki-67 B
MO L, ZHhLBRN Y 1 L R R
DEEEMEERT oD L Bhbht:.

VA NABBUIIT T B RIEORRICIZ S OMEH
LERMBEL, 8 510% DY 4L A RNREKS
DEGFTHB ) R HRBBL, Zhs il
DRBECR Y kBB ERITT e —BEBIC LT
WD AL RARRYIZ BT B B O R
OMEEEST Y > RO FERBCB LT L3
LBALEFAMEZ SNTHEM, ZO—DK YA

VAN BAE25 L 2EHBC (al-
tered self) T 7 L2H AP ZOEFHAC FHEEE
BT Y > BRHRHBL, B2 EFLO—F
2EHZTWADH, autologous MLR 2 817 3
Ki-67 BPIROFERIZ LD Ra L3 THEOEMEL
TREVLEELOND,

Ki-67 #HURIE, VU w0 EBEYIFIcsw T
BHEFSDSHUIBTEDH T H % ZR B O B .0z i
REMENTHEY, NEWXWEET 2/ VBB
FOWAD, P RA7 4 —ALTHHEMEL, B
U X READAERT/ANY oSBT B M B 2
LT EEZONTVE I EOVEABLTNWS.
1z, Ki-67 BHMIROE < » CD22 [T H - 7z
o, ZOFRE BROEETEDbR, Bh.Lo
BHEFICIZFEELS IF LAY EBE A B LWL D THD
BOIOATL—HLTwiz., Zhizxl T, THE
IZBBEE B L TORFEREA TV 2 b DD HMER
TEOBZ DT TR A%, EML S g
B h 2 M RET 2 Ki-67 BHED, AKRL
EORBRLIREERWT, VAN ABRRE, w42
75 X2 RYEDRMBIMN Y > S8 T #BL 1= #ESE
A, RBMPBHBEOEMT3 L vwbiTwn3
HHEK TR o ek 2 Lk, THKEE Bk
DEMAL, WEDOBDOEVWERL TV b0 LR
ansd. Lal, UV oSlgics v okl s
FEEAW & B THEfd2S, ZORED £ 2 R B
B3N TR TELOTAERELH S, Vv R
P ERBIMFTO Ki-67 HREORBRED 238 %
ATH, BELFEUA TORBIM P Iz 81 3
Ki-67 BHRIE, L TMIRCRET 2D £ 2
S, HLA-DR HiR & & &2 THIREWS Mo EE ¢
DRI LDTHS.

EHML) T T ABEMETOE OHE R
ROAO L 2o F MBEVEMBSH I (proliferating
cell nuclear antigen, PCNA/cyclin) 231540 T w»
3%9% 2@ PCNA &, 3F# 36kD 0% > 7
THH, DNA SRR SMIEEHD G %5
SHI G Hl, MElCo U TR T 5. Ki-67 EHE b
ByrnRom—-orEzon, MBEBHECE T 2%
BEHLUAL - TEY, SBOFRCBELTZ0
HEpHLMIENI LD EBbR 2.

#®

®/ 7u—F ik Ki-67 2T, Kigm) ~
JRER, U oSHBWC B 1D 3 Ki-67 MR OFE R EE
EREFTL TATORREEL. :

W
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1. Ki-67 SHEB S THkE, v v ABRER
MY oSBT IZE L <IN L, M RRAE
TIRIEBEASHBLELWZ Es, BRAIZY AL
ARG AEREOEFICEREE LN,

2. Ki-67 BEORBIREL 0, JIEFE, Rk
DL () OREMNYANVATH 2 AREMENST S
niz.

3. B COBBARERRC £, Ki67 B
iz, FRILc sV TIEEETHEICHERT S 0
DrEzoin, HLADRFIF L MA T, invivo il B
2 THIREME AL DR 2 B2 4D THH .

4. BHERZIZY > 581, Rk &0 v/ EBIC
BLTERsh, A, RBLURBOPICEFET
ZoiL T, THRZEEES R, ML, BEOR
2ok oMMy, RBMPFEET 3 ATREMSTE
nrz.

E:if 23

eI A, RETFROEES cH8MEBDL D XL
7 EHANRESCERE L 2 RBEOEERLET .

¥/, EEEREER 2 LLERABEE, BEREE,
BRIIBESE G U, BEFRCERATES £ L/hER
BIET N—TDER, BFCHZEEOERCERH L X
T. 2o, BELME EEHRRTES £ LB IREEE
\WMBA kRS, BN SRR E SRRRIO LT IOLE S
B LET.
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Abstract

double

A monoclonal antibody, Ki-67, recognizes a nuclear proliferation antigen which
appears in all but the G, phase of proliferating human cells. In the present study, the
immunohistochemical staining of various lymphoid cells with the Ki-67 antibody was
performed to ask whether expression of Ki-67 nuclear antigen could be a reliable marker
of lymphocyte activation in vivo. Only a very low percentage of peripheral blood
lymphocytes from healthy individuals were shown to express the nuclear antigen identified
by Ki-67 antibody. In contrast, the majority of lymphocytes stimulated with mitogens in
vitro expressed strongly this nuclear antigen. Characteristically, in the acute stage of
common viral diseases, such as infectious mononucleosis, measles, mumps and varicella,
substantial proportions of circulating lymphocytes were shown to express Ki-67-reactive
antigen in their nuclei. Double immunostaining techniques indicated that these
Ki-67-positive cells had the surface phenotypes of T cells, but not of B cells, and
coexpressed CD4 (helper/inducer subset) or CD8 (suppressor/cytotoxic subset) antigens on
their surfaces. For example, Ki-67 nuclear antigen was found in 1/3 to 1/2 of circulating
lymphocytes from patients in the acute stage of infectious mononucleosis and subsequently
disappeared during convalescence. Almost all Ki-67-positive cells in this disorder showed
the CDS8* surface phenotype, while in the other viral diseases, Ki-67-positive cells
distributed in both CD4* and CD8" subsets at various proportions. These Ki-67-positive
cells appeared to be larger in cell size than the other lymphocytes. In contrast, there was
no significant appearance of Ki-67-positive lymphocytes in the blood of patients with
bacterial infections such as septic meningitis, osteomyelitis and whooping cough, in which
cell-mediated immunity does not play a central role for eradication of invading organisms.
-On the other hand, a significant increase of Ki-67-positive cells during the acute phase of
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mycoplasma pneumoniae was observed, suggesting that the immune response in this
disorder might be operating in a similar manner to that of viral infections. Of particular
interest is the fact that an appreciable and prolonged increase of circulating Ki-67-positive
cells was present in Kawasaki disease and in idiopathic myocarditis, which might imply
possible pathogenic mechanisms in these disorders of yet unknown etiology. Usually, in
lymph nodes, tonsils and spleens, many cells in the germinal centers of secondary follicles,
so-called B-cell dependent area, were reactive with Ki-67 antibody, but only small
numbers of Ki-67-positive cells were seen in the T-cell dependent area. These results
suggested that proliferating B cells are largely localized in the lymphoid organs and hardly
circulate in the peripheral pool, whereas some activated T cells which may be triggered by
certain stimuli, particularly of viral and related agents are able to appear in the
circulation. An increase of circulating Ki-67-positive cells in viral or related disorders but
not in bacterial infections might be a useful clinical parameter for the discrimination
between viral and bacterial infections.



