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IR B SERIEEAL OB 7 R TRIE
&ci57%h—/1%ﬁﬁvxﬂﬁwﬁﬁ

(FEE DR R—#R)

Tﬁ_t%ﬁf\

U v 2 SRR N EREE P CHUR R R SV TIEMEIL L 72 ) o oS8RiE, MU BISRIN D W OBREE BRIET S, L

L 58 L 723 EALY) 2 SBRORERHE 7R b — 2 AIZEDY,
T, HERBOEEL &

HAEMRL LOBMSIZL ) ELPIERRL D IRESN S, o
BINGHERAL ¥ SBRE REIMAIRE T2 2 LIEENTH S, KR TR, REMLHDOT R P —

L AYEIMME) Y SEROHB A T A F 2 2V (annexin V) #EAEIC L DVBET L2, 7AF L O VIETEF— T ARBICHIFLES

EIcHERTAH 7+ A7 7F Y+t~ (phosphatidyl serine, PS)

RIS TAMEZEL TS, TR -V ARIEHE

) Y SERIE, TREEFERICIER ) SR ERBITE Y, AIAMELLSSEE Throa vk e ¥ 4 (propidium iodide, PI) %4
Gl EHz LA LirL, Ihoofifald, ERMORBRENTOEBRORICKEIIPS 5, HAERLLT L
FLoVEBIEE LA EEGE, 220 I3EURAREBEROERMBME D S8 L-EROY 2RI, £{T73FL 0V
FRASLahol. L2LRDS, BUEBEERIRD ) U SBRO—HIZEREOBZEORIZHEVT A F L V VEEREZRLE.
—%, EEMNBEEED) S BRIRBENTOREDOERLTAF L O VERAET, TOLIBTHR M= RIRAM) ¥k
OHBISBMBEYE TR TH S Z EATRIE Sz, MERBREL O CIZY A VW ABGHEICBWT, 74HF ¥ v ViEEHa
DELEBHIBTH o7z, LAL, TAVABEEICBWTIE, THRO -EIESMITRIFI O VEEEGLE. +F27
%5 — (natural killer, NK) #HIlI2 L A7 2% VEAEREZO N2 Dok, TAF Py VEEATATHROKEE
HLA-DR*° CD45RO 7% & DFEMALREME L BB L THB Y, 0 LS 2 THREISEERN THELLENMETH S 2 LITRE
N, HEREETHFEINLTR - A LT, 1% —-04 % (interleukin, IL)-2 & 5 W IL4 DE RIS TH -
7S, —EHOEFIC BV TIECDSHETHME L UBMIEO T 2 F > » VEENE L CHfl &7z, BFbET 75 v Bk

24 BRI THRAYIMAZ 7 A b — 2 AIRIEME ) o 7 SERDMRH AT AE
FUUVHEAENFEINZ, ChOOHKRLY, 72XV VES
B, EEATOREREIZL L) Y NBREE Lz ERENE L TWD 2 ti)‘T’:"#lt. KiEE
L DRENE, ) Y SBRIEEALOFH LR L & 5 W REMEATR

’C“zfi)o 7‘:. Bl O 272 ) OGS &, THIRLO I —#BIZT +

XD ENBE TR = AIBIAMEY ¥ Tk HI B
, TEkDFE B BT L T,

.

Key words acute infection, lymphocyte activation, apoptosis, annexin V

VY SERIEPUERIBOIC & 0 ik, i b A 2 i
Y, 20z 7278 —HEEFRET A I LSO TV A
SO L BB ) oo SEROWEEILIEE T, B S i
TR & BUBR SHI DAL T B 1) & /R4S, AT oo Sk
ATHEMIIERENTVAEEEZ LN TWA, B L 2R
BB > BRO R, BUBIIE T A MBI 2 ST B
ElZEY, ) REM OB T ORIGER KT, BN
BRLZMBS AE ) — M & U CAEKMNIZIRAE L kORI
K22 2 AU EnTway. —H, ALY v 288k -k
BAEBEOBT R - ARe EFEAONG, £, TH
M= ZFENZ R o 7R R A AR P R A S U
Bahzy ftoT, BEOREFEICBVTIEY VAHIAICE

FH104E 6 A 17 H2AF, THLI04E8 A 11 ARHE

VA Y S ERIGPEAR IS AR B E 418, R A
Uy oM e#Ro L LAY Ry, LA L, Epstein-
Barr 7 1 )V A (Epstein-Barr virus, EBV) O #N&#§%TdH 5 {54
PEMAAE 7 L2 BT AR Y 20— b A TSP AT Ak
Sh, ) L NEIR RO EW SRR L L s /Ii/fi‘l'lﬂlﬁlia‘hi“(
"‘Eﬁ[‘HtT%‘H]H&W?LL‘iﬁ mas ?F}é%%*éﬂ’c\.s L A

O BT RIS, RAL & 0 HOE U AR N T RN iLa
1%’9"2392& LR PIZTRE=S ALZMAZ EDNSNT
VBT B HERM AR I L T AAE L, £
D EATCD45RO, HLA-DRZ EoiEH bhiisfH L, #0%
AHFTHRF-ZRALEYSVHIBTHE 2 LR shTw
L0 LlhoT, InGOHEELTHEIZERNTEIZT R

Abbreviations : EBV, Epstein-Barr virus; FITC, fluorescein isothiocyanate; FCS, fetal calf serum; IL, interleukin;
mAb, monoclonal antibody; MNC, mononuclear cell; NK, natural killer; PBS, phosphate-buffered saline; PE,
phycoerythrin; PerCP, peridinin chlorophyll protein; PI, propidium iodide; PS, phosphatidyl serine; VZV, varicella

zoster virus
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Eb e RTMBEERSHET 220 2 B L.

WRBLUVHE

I. % =

HHAE AR SRS IR RN R RS e 7 & UM B B
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) oNER, HRICEBDY) o oSBROMMASEED SN, To—F 4 b
A B ) =2 X BHRETIZHLA-DR, CD45RO %k M4 2
HHELCDS M THIRL D B A S 7z, BB 2 BT
EBV-7 A VA A 73 FHIE 1gG B 1fE, EBV HHUEIEHEL &,
EBVAIEA - — B¢ BHARM/ Sy — 2L DR L7z, Fofth
OEMBYEIE, RIS 2 VI3 12BN 38.5CL Lo
BRWRBER LR E L, AR ERESSHEL TV 25E
BBk SE PR BT ) RBUEFIE IR L 7.

09 b, MIEEN, REBRGGECHIBMEMESZ &,
R RE AT R b 2R REETH L Z EAHL A D
D EMBEIRGE L Uiz, $72, K&, RITHEE TR, =%k
BIEBRE, BB SR RRRERE R L, B S 2 LE
Bl A NVARERESE L7z, AL, KWIMEMERE O b
0= 4 G 0 o % 3800 B EBNEBRAL L 72,

I. k*EOEAZMBOLEE L > ICES

A (I HA%AHE (mononuclear cell, MNC) 1E~/%1) > iR
M&H 73— ng23—2 (FicollHypaque) & [ k(:
L HEE L. BEELAMNCIEY v EEEEAEAREA
(phosphate-buffered saline, PBS, pH 7.2) 2 Tk, 10 %IEH)
HJEIRIME (fetal calf serum, FCS), 25mM HEPES, 2 X 10 M
2ANAT T E /=N, 03mg/ml V¥ I, 200 U/ml ~
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>~ ¥ » |} IL4 (Pharmingen, San Diego, USA) 50 ng/ml % &N
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mMIE{lL= 7R 74, 25 mMIEfEA LT T4, 1.2mM Y ¥
B KRFZEAUT L, 05% T VIMET VT I ) BB LL. T
NVt Lwytr - 4534 LT 2B (fluorescein isothiocyanate,
FITC) 187 # % > >~V (Bender Medsystem, Vienna, Austria)
& fe A PR 1:500 CHIBL WIS RN, RIR T L 1557 R
&7z, RGBT, 500 mlOHBERML 7T —H A b4
— # — (Cytoron Absolute, Ortho Diagnostic Systems, % 4() %
FWTT7 3% v VES R L7,

N. 37T LB AKRKER

MATE Y, MBS MM ATOHE L 72 MIFL TIX DNAKG
% THDHI LT U VY 4 (propidium iodide, PI) ASHLY A
FRINEPERT D Z EH R, ZoWEERML, A1
M IR E A 22l % PLO RS niR 8 # R L
T78=94 b A MY =32 L WEHF L. FITCE#RT %
DUV ERSE S E MRS, BAR AT R AR IR AT 10
w/ml &7 B X AW PHERERML 7O —4 1 k2 bY =124
0297 — it &7 7.
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Flow cytometric analysis of lymphocyte apoptosis. Mononuclear cells (MNC) from normal controls (A) and infectious

mononucleosis (B) were freshly isolated and incubated for 12 hr. Dead cells (b) were descriminated from viable cells (a) by a decrease in
foward light scatter on cytogram. The bars represent the mean percentages of dead cells (+ SD) of 5 separate experiments. (C) The
cultured cells from infectious mononucleosis were reacted with FITC-labeled annexin V and propidium iodide (PI). Viable cells (a) and
dead cells (b) were gated and annexin V-binding and PI uptake were analyzed simultaneously by a two-color flow cytometry.
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Fig.2. Morphological characterization of annexin V-binding lymphocytes. MNC from acute infectious mononucleosis were freshly
isolated and incubated for 2 hr. The cells were reacted with FITC-labeled annexin V and analyzed by a flow cytometry (A and B).
Annexin V-negative (C) and Annexin V-positive (D) cells were separated by a cell sorter. Cytospin preparations were made and
morphology of the cells was examined under a light microscopy after May-Grundwald Giemsa staining (E and F).
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Fig.3. Kinetics of apoptosis detected by annexin V binding
and PI uptake. Lymphocytes from acute infectious
mononucleosis were freshly isolated and cultured for indicated
periods. Cells were reacted with annexin V or PI after the
culture. Percentages of annexin V-binding cells (open circle)
and Pl-positive cells (closed circle) were quantitated by a flow
cytometry.
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Fig.4. Detection of annexin V-binding cells in acute infection. Lymphocytes from acute viral infection were freshly isolated and cultured.
Annexin V binding and PI uptake were examined simultaneously before (A), 3 (B) and 12 hr (C) after the culture.
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Comparison of percentages of annexin V-binding cells among different groups. Lymphocytes from normal controls (A, n=8), acute

infection (B, n=12) and infectious mononucleosis (C, n=4) were cultured for 12 hr and annexin V-binding was examined by a flow
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Annexin V-binding by different lymphocyte subpopulations. Lymphocytes from bacterial infection (A, n=15) and viral infection (B,

n=13) were isolated and cultured for 12 hr. The cells were reacted with FITC-labeled annexin V and PE-conjugated anti-CD4, anti-CD8,
anti-CD16 or anti-CD20 mAbs. Annexin V-binding on each lymphocyte subpopulation was analyzed by a two-color fow cytometry. & %
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Fig.7. Three-color analysis of annexin V binding on activated T cells. MNC from acute viral infections were cultured for 12 hr and
annexin V binding on lymphocyte subpopulations was compared by a three-color flow cytometry. CD4" T cells (A) and CD8' T cells (B)
were gated separately by PerCP fluorescence. Annexin V binding and expression of CD45RO or HLA-DR were examined simultaneously.
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Fig.9. Inhibitory effect of IL-2 on apoptosis of activated
lymphocyte from infectious mononucleosis. MNC from acute
infectious mononucleosis were cultured alone (open circle) or
in the presence of recombinant IL-2 (200 U/ml) (closed
circle). The cells were reacted with FITC-labeled annexin V at
the indicated time points and the percentages of annexin V-
binding cells were examined by a flow cytometry.
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Fig. 10. Inhibitory effect of IL-2 and IL4 on apoptosis of different lymphocyte subpopulations. MNC from acute infections were culturfad
for 12 hr either alone, or in the presence of recombinant IL-2 (200 U/ml) or recombinant IL-4 (50 ng/ml). The cells were reacted with
FITC-abeled annexin V and PE-conjugated anti-CD4, anti-CD8, or anti-CD20 mAbs.
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Fig. 11. Detection of annexin V-binding lymphocytes after vaccination. MNC were isolated before and 24 hr after immunization with live-
attenuated virus vaccines. The cells were reacted with FITC-labeled annexin V and PE-conjugated anti-CD4, anti-CD8, or anti-CD20

mAbs.
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Abstract

Antigen-specific activation of lymphocytes takes place within the peripheral lymphoid organs. The activated lymphocytes
proliferate and differentiate within the microenvironment and are further recruited to the periphery to exert their effector
functions. The majority of these cells, however, undergo apoptosis, and are rapidly cleared from the circulation by phagocytic
cells. It is thus rare to detect activated lymphocytes within peripheral blood as an indicator of in-vivo antigenic challenge. In
this study, “apoptosis-committed lymphocytes” were identified by annexin V binding assay. Annexin V binds specifically to
phosphatidyl serine (PS) which is exposed on the cell surface at an early phase of the apoptotic process. Apoptosis-committed
lymphocytes were not distinguishable from normal lymphocytes before culturing; they showed normal foward light scatter and
they did not bind propidium iodide (PI). However, PS was characteristically expressed on the cell surface after brief in-vitro
culturing and exhibited strong binding of fluorescein isothiocyanate-conjugated annexin V. Freshly isolated lymphocytes,
whether from normal controls or from patients with acute infectious diseases, did not bind annexin V. However, a significant
fraction of lymphocytes from the acute infection patients exhibited strong binding annexin V after being culture. In contrast,
lymphocytes from normal controls did not bind annexin V even after culturing, suggesting that the appearance of apoptosis-
committed lymphocytes is characteristic of acute infections. The majority of the annexin V-binding lymphocytes were B cells
both in bacterial and viral infections. A smaller, but still significant fraction of T cells also bound annexin V in viral
infections. Natural killer (NK) cells did not show any annexin V binding. Most of the annexin V-binding T cells expressed
HLA-DR and CD45RO on their cell surfaces, indicating that these T cells are activated in-vivo. Addition of IL-2 or 1L-4
exhibited a variable effect on apoptosis, but annexin V binding of B cells and CD8" T cells was markedly inhibited in some
cases. Apoptosis-committed lymphocytes were detectable 24 hours after injection of live-attenuated virus immunization.
Significant fractions of B cells and small fractions of T cells bound annexin V after in-vitro culturing. These results indicated
that annexin V binding of apoptosis-committed lymphocytes directly reflects in-vivo activation of lymphocytes after antigen
stimulation. This assay may thus provide a novel and much more sensitive indicator of lymphocyte activation than
conventional cell surface analysis.



