Studies on the Cell Cycle of Acute Leukemic
Cells: Flow Cytometric Analysis by in vivo
Administration of Bromodexyuridine
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S B P H R O MR (B ds v BE 4 5 B g0
=7 R =Yg+ ALY =T AN T O —

SRAFELHABLS ZHE R B R0
B E
(PR 446 F126R 24

ERCBIT2aEAMRRROMREEYBITEM0T, IS VvOREBTAIL Y axFd+o v ) oy
(bromodeoxyuridine, BrdU) &%£®D %/ 7 = — 3 L Hiff (monoclonal antibody, MoAb) 2T, 78 —+4 } 2 } V) — (flow
cytometry, FCM) (RIC X 2REA % 1T » 7. HIQBEBIEOHEE L L TEHh O &M S mBMILD, DNA ARHE (synthetic
phase, SH) A% T BrdU XK (BrdU-labeling index, BrdU-LI), DNA & BIEE (the duration of synthetic phase,
Ts) 6 & O EERAIHE{LEEMH (the potential doubling time, Tpot) % EBOMNT L. W&, AREROEECREDOB LT, &
HAMFEEZE261THS . BrdU-LI 2MET 570, (LEFEHTINC 200mg/m? ® BrdU % —E I 8IRAIBE 5 L7, 304
BRI YRR L. Mgk —20CDT0% % =%/ — L THEEL, 2N HET DNA THLAE 2T » 78, # BrdU
MoAb 2 FAWTHRBEELIFERMBEIC I ORAB L. B, a8 F 4 v A - FTAHELF (propidium iodide, PI) =T
#& 1, FCM (EPICS-CS) # A\ T BrdU OBE#MME LI UZ2 0 DNA BOSHARABICHEL:. f8 s L2Fo
BrdU-LI 122.49%7:518.2%, F¥fE10.4%THH DNA £ R + /'S ad b EI N STMEEER X b BECEETH7.
COZITSHICHEM TS DNA % F Lichh DNA AR %ETT - Tlvicly, LB quiescent (Sy) SO FEZEICHEEE LT
bEEx bR, BrdU #5305 % OE#K BrdU-LI-1) oinx <, | BEEDOEHEHBcEY 200mg/m? @ BrdU #1504
PETHBEABEL, 2EB0FHBPH LT, WA BrdU #EASHHEAMAT E OB EM L - ERR
(BrdU-LI-2) ##lZE Liz. Ts & Tpot 2 Z® 2[@D BrdU-LI {8, /¢ BrdU-LI'1 & BrdU-LI2 7=y b 352 &0
Lo TRLAERERES SEB SR, ZASLORERIR, MOFBCI VEEIhAELIMF—3 L TV 7. BrdU-LI
CEBEH RS L OBRE OMBICOWTRA LIt L 2 A, 548 M (complete remission, CR) B3 B 0 BE R R 12 35 % 72

(failure) HEOBHR L D ARICE ) >7z. 72, BE (relapse) BOFIEIGEA O EHIL, BEMMBHOESEE <5\
B -1y, BEARZIRD) 7. FCM 12k % BrdU E# - DNA BORBRRIET, AEPIC BT 2 MR DEES
ROFEL DS FRCHEs ORBCHITTE LR HETHS .

Key words acute leukemia, bromodeoxyuridine, cell cycle, flow cytometry, S phase

BRELBH ST 5B AOUBRIMBOREMIETH), F0
REEECRIEBIRED BT, BB O KB 5RD 57 53
RELHBEDORE, FHOBEL SICEDTEHATH S

BB0FREL bt — L 504557, —HRERL, Y FYaF
3 ¥V (tritiated thymidine,*H-TdR) % Fi\ 7= 1A R BHRE D BF
RABAITL D, KB4 DFEBIT-D\ T Ml HE T B BE O 247 55t
AHRI UL, ZORFERBCERBLES S Lo,
BEUERM TRE A Dibic 8 & K2 edn 50, M40
BHC oL TORMRBEYHERCHE TS 2 L 2ARTETD -
TEl, AMBCRGCTIZ, &4 O BB A I A
LIEREBZ B b, BkORBNES T, Lo KEDOMI YR
NTE 2 BB BEATHS. LivL, &&R (n
Vivo) 12513 B MR AR O R BN RE & AT B oIt
HTAR 7 & o St AL T2 56 CRERE L 7o SR ATER A T % T 5

BERICEAT A ZENRETH), Eth~OyBLEEZL, —
RO ME R THEBA (n vitro) TR IR TV c T84
bR AN

19814F, Gratzner H5™IC L h+ I SV ORKES®KTHS 7o+
FA %Y YU 2w (bromodeoxyuridine, BrdU) io%f3+3 = »
R — F L ik (monoclonal antibody, MoAb) 2B % X h,
DNA &R (synthetic phase, SHA) WHEAETAHIEEXBREIC
AETED X 5107 o7, BrdU W8 03k % A Ml B
CHT2REUNEEDZ LD, BE FBEEEREEAL LT
ifER, RESEZOBRBZAVC LA TUBERATHEY. K
HREHZEGANDEENTHETHEZ b, ZThAREVT
HORE I L & 15 FBEH O E BN T O IIEENEED AT b5
ATEEVS 75 o 10

BrdU & ZRIZx3 % MoAb % B\ THT 5 Ml BB e o f2

Abbreviations : ALL, acute lymphocytic leukemia; AML, acute myelogeneous leukemia; AMMoL, acute
myelomonocytic leukemia; AMoL, acute monocytic leukemia; APL, acute promyelocytic leukemia; AUL,
acute unclassified leukemia; BrdU, bromodeoxyuridine; BrdU-LI, BrdU-labeling index; €R, complete
femission ; CV, coefficient of variation ; FAB, Frrench-American-British classification ; FCM, flow cytometry ;
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Frisd LTik, REERHLRINIE? taXnkEc L s
B —44 + A F YU — (flow cytometry, FCM) &9 L 235 5 . B
ZRR 2 OB EERRE T CHE LAY LT 5128
Z, BEMkE FERBRORIAASTH Y, Mo iy
Bk, EBMRO LD AEEABEVCREFCLFIFATES. &
ALK TR, TEFHIRCEL->T, P08 0K
BLAEBhRWE (BERAIFE), 5 WIXEEMERET
HoHidI—EBEOMBD FE N T & WH (EFR YA M
) TORMC3AEERILFENTEIED TERATH S,

TRICH LEEE, —ECAXEOMBICOWTREICAE, 7
WA TH D, BEEAMEOC TRy clREAEOH, B
MO KL AMFMRTED ATV AHEORBITICILE
hicHETHS.

FCM A 585121968 IR S ey, FOREHE
R, FelEREE L, BENREREL VX5, Th
FTO FCM BT84, lREEo—BAD0LE Ebx
Fod DMEH o 7288, BrdU 8 L O'Z D MoAb OB X b
BEROCHRBEY LS XA ENAEE L. KRR T
i1, AMEMROCMERREL EENTENT5HE2AETS
BT, RIGROAM A MK EEIC BrdU 2 EHIRMICES
L, e[ IMRHAROAF I & 5 EHE (BrdU-labelimg
index, BrdU-LI) % FCM 2 FWTRIE L. I HIT, KFl%2—

EREEE AR 5 2 210 &, DNA ABRIISR (the
duration of synthetic phase, Ts) 3 X OB (LR (the
potential douling time, Tpot) DEEHFRETH 51 E2 kR
Lizc, 3HIZ, BohiREBRYRE OBEEIC VT
Bt L7z,

MRE LV FHE

[, Ed

1. BrdU & X 2834 E LA E A

FKEROEMAMBEE2L2FXZNEE LT, BrdUit L 3aE
BEERD I, ERIZIET A STIFC, BHI1261, 14T
HAH. FEIXAEABEEHME B MM (acute myelogeneous
leukemia, AML) 6 #l (French-American-British classification
(FAB %¥), £# M2, 5% refractory anemia with excess
of blasts, RAEB 7L DOBATHI 1 #l), FUERTEHERY: ALK
(acute promyelocytic leukemia, APL) (FAB 4¥8 M3) 34,
AW EHBERME A MM (acute myelomonocytic leukemia,
AMMoL) (FAB 4 M4) 4 @, BUBERMELQ MK (acute
monocytic leukemia, AMoL) (FAB 4% M5a) 2 I, &MV v
SHEF MR (acute lymphocytic leukemia, ALL) 6 # (FAB 4
ML 26, L2 440, SBEAEDOEME HMF (acute
unclassified leukemia, AUL) 1 I TH - 7o, WO R M

Table 1. Patient characteristics, cell kinetics and clinical outcome
Diagnosis % of leukemic % of S-phase cells Clinical
Patient  Age Sex (FAB)® cells in BM® BrdU-LI = DNA histogram outcome
1 38 P AML® (M2) 70.0 10.0 ND» CR®
2 51 M AML (M2) 68.0 14.2 ND CR
3 66 M AML (M2) 92.0 11.4 11.7 Fo?
4 25 M AML (M2) 88.0 5.5 13.7 CR—srelapse
5 61 P AML (M2) 90.0 14.6 13.2 F
6 37 F RAEB®—AMLM2) 57.0 7.9 8.8 CR
7 43 M APL™ (M3) 94.4 2.4 5.9 CR
8 21 F APL (M3) 96.4 9.7 8.3 CR
9 34 P APL  (M3) 99.0 8.4 10.1 CR
10 79 M AMMoL ® (M4) 100.0 12.3 32.7 F
11 67 M AMMoL (M4) 63.2 18.2 16.2 F
12 74 M AMMoL. (M4) 83.4 6.3 8.8 F
13 46 F AMMoL (M4) 66.4 7.9 10.9 CR
14 17 M AMoL @ (M5a) 86.0 4.3 15.1 CR
15 21 F AMoL (M5a) 99.5 8.3 10.3 F
16 20 F ALL®(L1) 98.0 16.1 15.2 CR—relapse
17 20 M ALL (L1) 96.8 7.5 26.7 CR—relapse
18 6 M ALL (L2) 96.8 15.8 21.2 F
19 60 M ALL (L2) 83.6 8.2 22.2 CR—srelapse
20 707 M ALL (L2) 98.0 12.3 15.7 F
21 29 P ALL (L2) 99.0 16.7 13.9 F
22 71 F AUL® 74.0 9.8 16.0 F

(1), French-Aerican-British classification; (2), acute myelogeneous leukemia; (3), refractory anemia with excess of
blasts ; (4), Acute promyelocytic leukemia ; (5), acute myelomonocytic leukemia; (), acute monocytic leukemia; m,
acute lymphocytic leukemia; (8), acute unclassified leukemia; (9), bone marrow ; (10), synthetic phase; (11), not

done ; (12), complete remission ; (13), failure.

‘H-TdR, tritiated thymidine; Gy, the zero growth phase; G', the first growth phase; G% the second growth
phase; M, mitotic phase; MoAb, monoclonal antibody; PBS, phosphate-buffered saline; PI, propidium
iodide ; RAEB, refractory anemia with excess of blasts; S, synthetic phase; Tpot, the potential doubling

time; Ts, the duration of synthetic phase
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oHMFEMREL, £<BDSRh R flns 1x105/u &
PEHBLTWRHETIEIETH -, BHOEEIRK
121 GEBILS) DABIETH - 7o EF] 1 X 10" @ Lo 8
EEE R TR, BHR OB MR LRI, 57.0% 55
100X O D b, HIFHMREOSD 5 HRAE L (80% LI E)
ELRECHE LEAZIATH -7 (E1).

2. BrdU & X 2 BER 3L £ N & EEA THIE L6

BrdU 1 & BERMER L WE L7c22flrk, AEpicing T ek
BT HEBELRE LEME, AV v ¥ Aa MK
(FAB H¥ L1) @ 1 ] GEGILTH) <, B¥ich o [ mEMa LR
1396.8% TH -7 (T 1).

3. MREBRED 15 £ — 2 — R BT LI SEA

BrdU DE#E 2 WE L1z22605, Ts 35 L 0* Tpot DEER
Rl DIXEH 9 (APL), FEFIIS (M5a), FEFI21 (L2) » 3 T
Hote. 3FIOEHHDEMFRMIRLEE299.0~99.5% T, 1%
ES—- HIFEBRTED bR T (F 1B L U#E2).

.5/ &%

1. BrdU 0# 5 HkR X CEHERE

BEBLIUXTORKEAPNROEER L OB+ B
LT#xE kT, BrdU (503, F®, EstH, REERT
¥, KR 2EBAEKCHERL, Raza B2 OHWEICH L,
200mg/m* & —EWBIRAE S Lz (VR 3 <Y v ¥ (pulse
labeling) ). AFBEI0HRCEHMBI ATV, EH K
(BrdU-LI) 2§z Liz. MIRBREO S 4 -2 -2 BHEL 3
EFC>CTIE, The @MKo 1 (BrdU-LI1) & L. 1E
BOERZRIE, AFAHEK 500ml BB LRAED BrdU »
150350 TR ARERELL. AER TR 2EBHEORHE
fEfT- T, EH#KRD 2 (BrdU-LI-2) DREDORE & Lz, =
hETOREWC LB L™, IR DHE B (the second
growth phase, G £8) 13/3E 3R & T 5. DNA &R
BRYEET 50010y, AHIC X5 EEROH NN S5 BE
ROBMEAL FAE LTV ALERSS. Lot - CTEHM
BB (mitotic phase, M) WBT LAV L 512, 1@E
D BrdU 555 2 B B OFE S 5K T £ TORBIZ180
AFEL, TORBMATOERROBMELBER L. FHKTHE
BE IXI0AL LS TR 2 & 5 CHRREL RS L. Skt
TORNTEAT - 7o VEEGI CEFILT KDL TiE, H5h LR
Lo B8k 106M @ BrdU #37°C T304 EE 0A 2, L
TOBRMFR AR EB L FRICT - 7.

3. BrdU/DNA —&E®xé

FCM ¢ A mFEM QBT B TEE R T 2 fodic, M
Bi% Dolbeare H" OJ7iEd b L SMERTEEBRM: A MK O
BRKTHD HL-60 G TTFHERLT, ZOBELT
DFRCHRE L - BRI R AE L (K 1).

1) Mg sit - =7

BWLU7-BH% L D EBIZ Ficol-Hypaque (V v &7 L o
7®) (Nyegaard, Oslo, Norway) Iz TEERA L, DB LA
BBy ) vEEE A B AW (phosphate-buffered saline,
PBS) T 3 mk Ui, ¥ LBl - 20CAT0% = #
J-vkE, 304 LAEEEL, HEE TRBER 4 CTRE
Li.

2) DNA D% (denaturation)

BE Licfifiar PBS T 2 [##% L, 2N HCl & # Lic 25
BML, 05MEE Ik, —OMBI L), —EH

DNA D—#H B DNAICE ¥ L DNA OfRIE hAF R T
% BrdU 2@l €, MoAb LA LT L. kOBET
DERFUAETICIIEPID pH A3 MISE 2 E N E L
DI, ERRYPRFTEEMTO. IMEBARTERF Y v (0.1
M Na. B, Or) (pH8.5) % 104EIVER S @7,

3) HHik X 0E

PBS T2 [E%# L=, 0.5% Tween 20 (Sigma, St. Louis,
US.A) n PBS w7 A~ 7 3 v (DAKO, Glostrup,
Denmark) #0.5% & 705 X 3 R4 Lizgic, 1 X 10MEDM
B, FRROAGORKARELL. ZOWEE
450pl W10 W H R L 42 v ¥ & #{ BrdU-MoAb (Becton
Dickinson, California, U.S.A) % 50u & L, 100f2&EHR L LT
FRT LREERI 2.

4) BoFT L A

PBS T3 m¥E#k Lictk, L00EICHR LB VY F4o 7
A= FPEBYFH vy 2 g6 Hitk (FITC-conjugated
anti-mouse goat immunoglobulin G) (Coulter, Florida, U.S.A)
EML, BEFEFTC0HMBIS S &, RESEHIGEERC
L OB L. 7ok, H BrdU iR {FH I i\ CRED L
Ha Lokt st & L.

5) DNA %5

PBS T 3 [EI¥E# Lo, 1500U/ml @ RNA 4 2 s #
(Sigma) & fnx, 37C TI0H MK £€ RNA OW{Lx 17 -
7z. PBS T3ME%KEL, 20ug/m DT e s 4 4 TAF X

Aspiration of bone marrow cells after BrdU administration

:

Preparation -of mononuclear cells by Ficol - Hypaque
l washing in PBS(”
Fixation in cold 70% ethanol for more than 2 hr
washing in PBS
Denaturation in 2N - HCL for 20 min

Neutralization in 0.1M Na2B4O7 for 10 min
washing in PBS

2
Incubation with anti - BrdU MoAb( )( 1:100) for thr at
1X10 Ceells / well

washing in PBS

Incubation with FITC - conjugated goat anti - mouse IgG
Ab (1:100) for 30 min

i washing in PBS
Incubation with RNase (1500U/ml) for 30 min at 37°C
washing in PBS
Stained with propidium iodide (20 xg/ml) for 30 min

Analysis with flow cytometory

Fig. 1. Bivariate BrdU/DNA content staining procedure
using anti-BrdU monoclonal antibody by flow cytometry.
(1), phoshate-buffered saline ; (2), monoclonal antibody.
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A4 T (propidium iodide, PI) (Sigma) % ERAFFT TS RIEE €
CToESHR D DNA R fTotc. Bk, 4A0um OF A =
vAy Y. TRIIRYIEL, MEFERE L.

3. FCM Kk £ % BrdU OZE#EDORER LU DNA e A b
7'J 2T X B HBRRIEHE RET

HEHEEI2 EPICS-CS v 2 F & (Coulter Electronics Inc.,
Florida, US.A) H\~7=. FITC & Pl 37T v b —H—
488nm THE I, FhEMI 560nm DY 2 — bR T 4 b
2 —& 590nm D v IR T 4 AEx—T, BrdU BXE &
DNA £% REICHIE L1 (two parameter analysis). 7e¥,
B UHESK T T, EEHEE (coefficient of variation,
CV) {EA2.0LLTF &7en X @B L. By bl
(cell debris) ® =&, =EEREHM (doublets, triplets) #R3EF
Biodie, EMUEATO Y — PRENeZ . DNA e A
F 2S5 Ak AMBEEMIT (one parameter analysis) (X
EPICS-CS v AFadDa v .—&—IHKIh7, Bruce
Bagwell D2 % BT, £ H M0 HER & 4T L

BrdU - LI (%)

BrdU - Li-2

/ BrdU - LI1
1 1 1

0 1 2 3

} Ts { Labeling time ( hr)
Fig.2. The relationship between BrdU-labeling index

(BrdU-LI) and labeling time. The duration of DNA

synthesis time (Ts) can be estimated from the regression

line obtained by ploting BrdU-LI-1 and BrdU-LI-2

against labeling time. The slope of this regression line

indicates the rate of cells entering into S phase per hr.

-

Relative number
of cells

DNA content
(relative Pl intensity) GaM

L

7o, BrdU-LI &3 #Esimi 0 & yilncd+ 588 (%)t
n, LEEZoE 1~3X10* B0V TR L.

4. Ts B X Tpot DEHE

BIEARIC 5 % 4 O A MFRHROSREROR 3 1TEN L,
ZhLOMIIELN L TE 5T, 22 BrdU O 54 B iEg
BOBII—ELRETHZ LI L h DNA SRR % kot
X - TRDED,

Ts (hr)=LI*/R

Z ZCik LI* i3 BrdU #5E# (OR5M) OBEHELRL, Rix
BATRERR N7 0z DNA BB AT 2 Mla0E& (%) iR
LTwa, Lal, EREEREEEH#O BrdU-LI #lETS
LRARTETHHOT, ERREO1BIV 2% 7wy b T52
Lk b, [EEER (regression line) 78, Ts *EE L% (¥
2). Tpot LT ORIC X » TRDHIHD,

Tpot (days)=[(Ts/BrdU-LI-1)x 100]/24

5. BrdU-Ll & {L2BREmRs X 0B SR L Ok

BrdU-LI & 524 & # (complete remission, CR) FZER L XU
% (relapse) B & D HARIRI MR % Wilcoxon D JEFLFIEE THE
L.

B &

. BrdU/DNA —EREORENT—

RPN BT 3 B FRR O BB OMIMC LD, Bl
B BEERM: O R ORBRKRTH D HL-60 2 AV TREMZH
B L7c. XEw48x) DNA &%, Y#C BrdU 0®EXER L
De R 25 Ak L . BrdU MM THUTH] 95
B TEFE ®LERINAB L2154 L, BrdU 0BXE
2 DNA 2R TRATH 72, Fio, EiMla L FE
#A (the zero growth phase, Go i)+ 5 —EI48 (the first growth
phase, G, #) (Go+G ) 3 X 08 M + 5 I (G+M
) 1 35 MEe & LB K ¢ & 72, HL-60 @ BrdU-LI 2§
80% TH -7z (XM3).

Fig.3. Three dimension distributions of HL-60 cells incorporating BrdU and DNA content. BrdU-LI was about 60%. -
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BrdU & & D &N CEHE I A MBI R Th, B
aMRIARCRITTH -1 (K4).

I.BrdU [CX P& DNA £ X M S LICEZ SHIL

ROBITHER

226 DB A IFAR D BrdU AR £ & 2 E#%E
i, 2.4~18.2% (F¥ £+ BE# K2 (meantstanadard
deviation), 10.4£4.2%) TH -7 (FEIB LI OEE). £HAE L
U O A TR JIE T EEMLTO £ &R TOER
Ri2T.5%, N TOZRIIT.IR TEN LI -T2,

20BNC2oWT Pl DBEPEIZ L5 DNA B R F 275 ambfk
iz DNA SR H 5 M0 R (SHER) 2 EE Lk
B 5.9~32.7% (14.91£6.6%) Th-7: (E1BIUKS5).

HEMER—EFATHETAE DNA e A 75 anbkb

A

B - s ™ A

BrdU
(relative FITC intensity )

)

BrdU
(relative FITC intensi

DNA content

7o S AL A BrdU-LI & b b &\ Flpi % <, 7emniziz20% Lk
DEXRDILOLH -7, THEEICILERE 5 %L T okt
FEERIEYED (X5).

EMZEw Pzt DNA A 25 4 & BrdU/DNA =
BERGELHETS. EFILITIE, DNA E2XSEIICHEY 353
LA EDKIBET BrdU OR D AZNEDH SN TE b, EHR T
18.2%, DNA e R} 75 21 £ 5 SHHERIZ16.2% TR E 12
BE—BLBETH -2 (K6), fEFI8TIE, DNA Bk
(DNA aneuploidy) #3855 & & 4,12, DNA B2 S EIc #8241
TWigdih, BrdU % EUDAA T e, et DNA SR04
1T Tl 78 quiescent MM (S, cells) DFFEEIED LR 7.
BrdU-LI i215.8%, DNA £ A } 75 42 X 5 S Bk %1%
21. 2% CHEDHENED -7 (K T).

B
__U_,) A
©
o
[
o
—
(o]
O
E
=
c
Q){
2
-—
_Q
—
)]
c
D

(relative PI intensity )

Fig. 4.' Sequential analysis of cell kinetics after administration of BrdU. DNA content distributions showed aneuploid patterns
30min after administration of BrdU (A) (B). Two hour after administration of BrdU, BrdU-labeled cells entered into G2M phase
(©). Four hours after administration of BrdU, a part of the labeled cells was recognized recycling into GG, phase (D).
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M. Ts &L Tpot DEHFERER

MRABEED 5 A — & — R BT B, 2EE D BrdU
DUIRFZEE LT -7 3FD Ts BERFR, 21.6, 13.58 &
0033, 9T H »7c. AL Tpot 1210.7, 6.8% LU8.5HT

g

V. BrdU-LI &{EEFEDREIUHEHREOMER
2267, CR BEEZ1201, 54.5% T, {LEHEFEL S0
FEEM (Failure) BHZ1061, 45.5% Th - 7z, BrdU-LI & (b4,
R L OBEFRTIZ, CR BEROEBRRIERESBLUTe
HEIZEBETH 1= (K8).

BRIZAHF, 383.3%CEDN, BERLHERFL W2 oE
BER L OB EEEE I e -7z (K 9).

V. BrdU OFIER
SED2FI5E ORI E T, BENCLMENY
BrdU it X 3 L& 2 Hh 2 Bl ORIFRILZRD LR Ih
fo. ¥ BEEFROEMCOVTE, AFICIBLDLEL
NAREROBIHLBD T o\,

% 3

EEMROREXDBBIRERENRCH D, L ORMMEEER
ERENERE, BEABIOYR, THEBECHGRTS
L3hTwh. ZhETI, KEE”, BE", FERBRE",
FrmpesE™, WRBRERERE LB« 0BHERICOWT,
HEBRORN AR INTWS, EEAMKEHTL, [h
R OEIEBIRE, BETERYRET S LT, BETH, £
HIREE, AMFEORME LA MFEMROLRL L & LIk
DTEEREED DIt - T\ 5. HMEBEOCHITERYE
KRBT 5 -, B ASRE» DERCThiThE
fe 7wy, Yoshida S5k, REA - T UA T 57 4 -
(rapid autoradiography) ¥5% AV CERE M A mMBE MO

Botc (F2).
P<0.05
[ |
o
30 |
°
L ]
[ ]
§ 20 |
= °
: '
g
g . !
+
= o
=} 4 i
)
10 | ]
] s
o
° L]
L]
.
0
BrdU - LI DNA histogram
(mean £SD ;10.4+4.2) (mean*SD ; 14.9£6.6 )
Fig.5. Distributions of S phase fraction according to the

BrdU-LI and the DNA histogram. S phase f{ractions
calculated from DNA histogram were higher than those of
BrdU (significantly different by Wilcoxon ¢ test; p<0.05).

*H-TdR D#E3K (labeling index) 2410, BEROB I -
THREYE L, BIFEMELE 5. Raza %%, SH]
CHHMERE L, Ts OEVCHFIIHEEIBATHD LHEL,
Z0 XA IEETE DCE I LERE R TV, —F, SHkK

Relative number of cells

DNA content

(relative PI intensity )

A
1 1 1 1 [ i 1 1 1 L i i
b . -

— - ..I’: ':. -

>

focneed b

(]

c I . * -

[} ]

- b

.E " o8 B
20 4 -
BE !
o

o N

2 5

wlpd

o

o) -

P =

~ -

L) L] L]

Fig. 6.

DNA content incorporated BrdU.

Bivariate distributions of BrdU and DNA content (A), and DNA histogran (B) in patient 11.

Most cells with S phase
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porMRAN YL, Ts ORWHITI, HROMBY EMT 5
rhEVELBOHAMBHORIICH AR5 HEEL T
3. SLRHEFAEIN TV ARABEFROIZ LA ENEEDH
BB A MRCHRELRT? 2 e b, ZOHRYHIET 2
rdic, KRB ITRAZBMEIEY v AMFE L, S
BOLREZEL LS, SHP~ADHH A (partial
synchronization) ZEA LIc{L¥RERFTV, RIF L BBRHE
¥HFTCD. ZOL 31, MREREOFEOMEERL Y
B R EHC RT3 5 & &2, (LRREEH 0 BN RT
WEFHT S ECHDTERATHS.

BEAROHEERREL BT T5HEE LTE, ZhiT, &
b SATAY b= T CEBIRCEBRUTEYETH S
H-TdR BBVE LY F9 49 Y v (H-uridine) % v D
F=FFOFIFT 4 =R TFbATER. LL, ZhHD
FEEZOATAY b= TR ERTH D ERICHIRRS b,
FLREMCEERD B DI, HELBELALLDT LR
Motz EBIC, FERK I > TRERYHES ¥ CIREORM S 2
b, —BRICEKCICHATE 2D TR 7. —5,
FCM 12, REDOHII L AECHEITTEL LV O FIELEL,
SOATA YV b= TR R b - THRBIREMITED R & 7o -

Twa, FCM Iz & @iy, ZThz Tk, #ilao DNA &4
BEPDERF S FA%EHL, ave. -2 MBI 5T,
o> DNA #iwfEL, % DNA E0MKOBIBER S »
ARTCHES & LT, BRHAICHRERSGOBESHeiE
TAHEMTPATE, HEHECRIZILERL01H
B, WIOhOFEC LTLERNBBIEIRTE D,
FHEILVOETHREDODPL DT, 7. 19814,
BrdUIZxi 35 MoAb 2B S W, fiIhB L5 Icie -t
DIZ, BrdUz AW TRERMIEEHHED » 5012 FCM
Yz X, I E A2 RET DNA SR 5 2 M4 il
TEBHLOKI -7, ¥, BrdU REELGHCERETET
HBZEND, EERNTOMBREEBIRED BT A TEEL 72 -
.

ABE T, BrdU ¥ AWT, 2¥EMTIC R 5 H mEH
ROEGNTOREBREOBAT A TETHADENPYRIT 5
eI, FFNC L HBEBELWE L. ¥4, BrdU 0 | @%
IRAEEIZ X 5 AMFRROEH 0%, BUAK Y — &
MAmML, ZOMOEBEOHML D Ts b0 Tpot &R
HEFEEERL, FOFMARRKEHRHLE. X512,
BrdU-LI o&F{& & CR BEM Kk X OB R L OMBBREGIT -

Table 2. Cell kinetic parameters of leukemic cells in bone marrows

Patient Diagnosis (FAB)

BrdU-LI (%) Ts" (hr)

Tpot® (days)

9 APL (M3)
15 AMoL (M5a)
21 ALL (L2)

21.6 10.7
13.5 6.8
33.9 8.5

(1), DNA synthesis time; (2), potetial doubling time. To calculate Tpot from
the experimentally determined LI and Ts, a steady state condition for cells

proliferation was assumed.

BrdU
(relative FITC intensity )

1) ¥ 1 L)

Relative number of cells

|

DNA content

( relative Pl intensity )
Fig. 7. Bivariate distributions of BrdU and DNA content (A), and DNA histogram (B) in patient 18. A large number of cells

With S phase DNA content did not incorporate BrdU.
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THEE Lo, AR TIE, BEDDVRRECTHcdil %
L, ABZEELTAAORELXT-T 54, DNA @2
¥EXLEATH Y, EBREGFRCHRETLILICENELS
BfERIC O\ CH I B Lt g by, BrdU i3, 3
TIHSHRHREF & LA IR TR Y, MEBCHERE
BERHLUTHCOR, SR MABEE T, BrdU &, 3
HHIOFROEIIRPIE 5% 0F 8 LIz it #R BEvE (BrdU-Antim-
etabolite-continuous intra-arterial infusion-Radiation therapy,
BAR &) &L LT X<BVvhh, & 158 25 50g DKEH
mEND 5 VIIHERCE S IR TS, TOBDEIERAE L
T, —EBUOMOER B L UBEDJiEREA LIS, R4
NELDRREI R TORWLTY KR TOREER
200mg/m* L BDTHET, LArdEBETHD, Xz L5
ERLNBEERIZE LB eh o7z, 7z, Riccardi H® 4
#E 500mg DEBHRBEET->TH52, HBEIEHAERED
Twigh, KRR RRAEEFRIFAL DD L EhTHHY,
Goz"iX BrdU 7z & Do\ Y § ¥ v (halopyrimidine) ZEE tk%
B (50uM L) k) TR (RIS LA L) Ml 52 5
&, BAREROHENEMNT S LM~ T5H. LaL, 200mg/
m', 1BFEOHIRAEE TIZMhERE 8uM BE Ll bis
WEHERIRY, O TLIREMIIBEN WL EL DR
oo L, BEED - TIREERXETHZ LITMRTS
5.

P<0.05
| |
20 ]
o
)
° .
° L ]
g\c_’, oo
— ®
3
= 10] .
5 ]
|
m .!. °
[ ]
[ ]
[ ]
[ ]
[ ]
0
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Clinical outcome

Fig.8. The relationship of BrdU-LI between CR-entered
patients and failure ones. The values of BrdU-LI of
CR-entered patients were lower than those of failure ones
(significantly different by Wilcoxon t test; p<0.05). —,
mean value.

i5g

i, BrdU-LI %R % b DRF D5 FHEE D Tep
LY, KPR TIRE | MOXRKHESH, BRI kg
8% % TORME0L L L. BrdU Al ERREIRE L
BHC, 5L LBRBRIE oM G Hns SHeks
LT&ciiflan, mRACESEhcLEY, EHBO Sy
RINVEABENRTLE S>ATERERDS. L L, BrdlU o
EERREERS L, BIRFESHEBRICAS Lk
B 7 m a{bdZ0, 108X BRERI0% T
BHEINTNBEY, Z0 X 51 BrdU oAl n
<, 1 EDOMIRATE (one shot) WXL b, 12T+ OBERS
T B MK R (pulse labeling) A2 Lwie s L#xp
h, BEGBREIRIE TO305 H O R, AEEECY
BEE2IWLHEIRD.

BrdU DO# 58, Raza 5 O®ECHE, 1E 200mg/
mie L7z, BEE, NEECEBE LSV RERETHI L
EE LD, A—EAC O WTHEBYEF LTI 2 LR
HTHD, BEHLTWieL. 2%, Raza 5V 1%, 1[EE%
100mg/m* I B L TR L, 200mg/m’ 5D EEMEK L i3g
—HLIERBERTH- T EHWE LT, WETE S 5k
REEL T3,

BrdU EEaflfaof it & LTit, FCM ¥ & il ikibey
FEGHSH. HET, FRTELMREO L EVREAD
A, BIFEMRO S0 5EE0 ey, EEREMNFS LG
BHMREEBER: SR WC, Ex0EBMAYRE Lih
b, ERRLPETTLIHEAREL T, T T Nakamura 5"
2, AR AROBERC X 24610 H MBEEREREC
EREL, BRCANTETHAZEXREELTVS. L
L, ZOHEILAx DfIfgE —>— 28 Lt bEET B

NS
[ ]
20 _|
[ ]
—~ [ ]
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3
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© —_—
@ o
e °
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CR Relapse

Clinical outcome
Fig.9. The relationship of BrdU-LI between CR-maintained
patients and relapsed ones. The values of BrdU-LI in
relapsed patients tended to be higher than those in
R-maintained ones, although the difference was not
significantly different (NS) by Wilcoxon t test. —, meal
value.
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wic, EEMREKCBRERD D, A—EMTOERK S
vEiE Uiy, iz, DNA OEEILEETH B i,
DNA OEMSHFIIAAETHD. —J, FCM BBt o
HIFMRLER S E <, IFH—ICHIE L TV B ESIT, B
EHMRS 1 x10°@EL EEIRC & 2 B4 3BDTERT, —
ERABOMIC OV TE LA, ERICEHRATTETH
5. Xbiz, DNA #EFEMCRIETE 57512, DNA B
thic ¥ D DNA OBMRE S FERICHEETT& 5. AT,
rhbDHE#EFIA LT FCM iIC & 5 BrdU/DNA —EYv
KEAMBEEEEOMTET k.

# BrdU i 2 /EH & 57zdicit, Moy EL DNA »
BT ALERD D, BB X B DNA EHAE (denatura-
tion) BHETH S, ZhH LT, Pl i -EH DNA KiEd
THIDI, TXTDO DNA #HELLCLE > & “ERMAIT
A LD, SO, HBRMET 2N® B 513 ANY TFF
bhTWAD, KPR T 2N TUEY L. KFRICEL? -
T, BEATEMERYE QRO EKTH S, HL-60 Mias v
THREMIT DT DR &1T - e dd, BrdU £l MU
TR BAVE [BEE] LRFHAINDHBRERZRLTOML,
MREEEEOMINIHAR TS, EHMKIIIh T TOREC
RE—B L THB0RTH - 79, X510, BrdU w4EEM#ES L
HEAORENH L RIFT, H#HMROEXMETSHPHHCR
KEith, SEHOBINIESTH-7. Lizd->T, SEFW
TREFEITFCHECHFEATEALDEEL SR,
IhETRBEIN TV HEADFETD, kB EHK
KB DEEHPOS AL EIEL FTO®E Y TH 5. *H-TdR
FRAGWIEA— SO+ 5T  —HEIC LB EENTORET
2, KE™32.47513.5%, +EBH™120.45514.6% 194 L
TWBEREL, i hOEBERD > BT W3,
Raza 5P 12 BMEMREZICHD T BrdU 2 &HRICE 5L,
B Licdd, EERIINBIIYTH 7. Fi, Riccardi
HPO BrdU 2 & 54 AR TORE T, E#HEL0.975
IR TH 7. BPFFTHSRA BrdULL 2,405
18.2%, F¥H{E10.4% ThHh, ZhE TORE L ITT—% L1
RETH o7z, Raza 5213 BrdU-LI 1o\ TP & 4 &4
BRETREL, MBCERE-H#E LTS, AT
VADZTI2H DA, EENESOBEBRIIT. 5%, LhiE
TR 3% CHREICEIL I »Te. ZORERNS, ERED
AERDDFEITIL, ERICPBEL Y AR ST L
BeEZLII,

FCM iz X »fikamiE L, fEk, BERCERME DB Pl %
EFEOV L - T e NI ERAGTHREL, DNA 2 b 2
TREFHE LT, £ DNA S SERA DTy o § L —
VeV L DBEREEM AT L L L o TBIFEh TR
T, ZOBGETIE, BS—REEE (ate G #) & DNA &5
W (early SH), %6 X 0% DNA SRS (late SHI) & 55—
KO (early G ) DR BIBEEETH D, Fio, R TCRT L
5 DNA #i2 SHICHE LT WTh, BrdU 2B O3RAL T
Vv Tt DNA BEE T - Tuin bl (quiescent, S,
cells) NEE LT WAL Y, KB EMFMAOHMMEEEY F
BT TR s L aiev. KIS 2, BEMRL TR
ML, BrdU-LI &£ DNA e 2 } 75 a0 X 5 DNA AR
HE L ORI I2488 832 <, BTBKC quiescent KRR IN% B &
BBINERD Bt LTV B, Colly 20D DNA k2 b 25

212 5% DNA SRR ETL6.7% 4 525.2% & LD
HELOVRBEDT, Mg W OEFEEZRD TV . KFRD
DNA b & b 7'J A bR DNA SEHILERIL, 5.9% 75
32.7%T, BrdU-LI X W EBIZE S, BHEELARL, ZhE
TORELA L L SCEEDBRYRIBRTH 7.

MBERIC B\ T Ts OE X4, SHEIMAOLEL & &l
MOHEEY RTRVGIEETHS . i, BRTHEHIADH
EBEH D% 12 DNA SRAEHTH S b, LR 0%
EBLUBHROFRC, Ts OWERBDTERTHD. Ts D
BREOOLOE LT, ¥ DNA EEMRARIENCEL LT
WS BEBYBHTAHENDS. Clarkson 5% 1Zh-T, &
RIRIEGNC *H-TdR 28 5L, A — 524757 4 —IZ
IO EBMROELEEEL, SEAOMMREERELHIEL
fo. LhL, ZoFEIHEE CeEERYEL, HEoFH
FRHPDELedIT, RAVIE IV 27eh -7z, Begg H¥ 1%,
SHieh sMia0 G MP~NOBBRA-ETHLLHEEL,
FTOBEENDL Ts ¥ BHT2, BENEBELYZERLE. 20
HgE, 1 EORGBRRTEETE 2nic, EREOBGE
WMAARSE S, MR EDBSIBIZENTHED, Lnl,
1 BED&RDOREMD HEBTH B 1-bdIT, B bIcREIFH
BRETELCECSREASBDD. &5 —2>DHkiL, EHYE
—ERERRCIERA IR T, LRI ARBORINK L HhE
H32HETH5. Sasaki 5242, BEHEMIEKZ BrdU +—§&
RS AIC M S 2, ZOMOERROMME NS Ts &
HTaHEABREL TS, KFETIER, AIEE 2 Higm
BAERRELLTVEBMAER I FE T b, FiEERc
BT DHRERED X b IEHEI T2 1T 5 72512, Sasaki 520
HgERACTRE L. BERROBIME S dInfT> B
i, 2EZRETH D, RHRTIZ 2 ABOERROE L,
LR RA. Tiebd, BrdU o | ERAELIC & 5 E
B (BrdU-LI-1) &, TOHI50% 5 THEO BrdU % &4 458
LcBRIcB oo @K (BrdU-LI-2) #2757 Fic o m .y b
L, MRBEHCLD Ts *BELL. ZOHETIR, H1EE
D BrdU #4502 & B# I oA S B A AN 2@ H
DEERKT L, 2EEOEHENA BT T 5081 H 5. K
PIR T2, HIEHIRD G B I800 TH AL VS ZhET
DHRE™ BEZ LT, |ABOKGHE S, 2EHOEY
KT ETORME 1803 EEdi. Th, ZOHET Ts ¥R
BHiedwid, i« ORIN T & I % B+ 5 I 2 7
<, L1804, FMEMALEDHHOMBBIT L
BRI WL EETALEND O™, KFRTLID L 5 el
EWESWCTHEELL. TshEHZAS L, BrdU-LIICE 5T
Tpot BRETEFETH - 7™,

ZOHFER L - TELR, BMAME 3 #HD Ts i213.5
21.65 L UB3. ORI TH H, Tpot I2FHEH6.8, 10.78 Lot
8.5HTH-Tz. THHDRERIZ, ThITOREE L Bh—5%
L7 & 7e o T B KPS & » TE BRI 351
% BrdU-LI, Ts 3 X O Tpot OREE X b &M A MyF MR O
BREBRELYHRE TS L, BEIRE VL0, EEEHA
AT SR 5 50 ERITED CTEL , 20EEEMD
PO EL, MHEERNLIECCEXELM LT, 20
Zehb, BIRMROHEIEINIEE L, FHOEVREERO
BRI\ BRI D RCANROBMTHS L LRI
7.
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BT, KR THEE Ui, B AR R BE #2260
(LB R B L UER L ORI >V TR T % . BrdU-LI
L CREFEOHFEL ORFETIZ, MRES5 LT T CR BER
DEBENEBICEI o Tz, BREBIALAGILAR LA, &
Blegidieh o kd’, BERLHERL TOSIch~T, ME
BUMOEBRRZLLEVERCH o 2. B Llick s, Hi\E
BHOS ISECERT A b, SEMBOILRITEE
BERGRLFBOX, BME, TREIBERTILEEZL
%. Hillen 5 iZSHMBEOS LA ERCERCE L &
|ELTWAA, —7F Riccardi 512 S KL R D{E L FES|
B, (LEREORIGEPI BRI TH L LBRE LTS,
L2 LDosik H™ i3S AL RO LB IMBORL B F £ 12
BIET 22, BERLTHLIIZBEENLELTED, —EL
EBMNMEL R TS, RIFFTIL, BrdU-LI 0EWETE
BELED - 20, FERBECILEREROTHMEMRC X
ABYPEFXOHFALELFERTE D, BT LLABBEAORT
HOARTEERELTWHLDOTREL, SEBOBNEFEEL#
Lhbhd.

Lk, ABFgiE BrdU & %0 MoAb #FHWT FCM It X %
B, X0 BrdU © 2EE#SEC LS Ts & Tpot
OWE L h, EEMCET 5 A MEHERORIEEREDORTY
FobBADLDTHY, Z0L > BN ERIZTLLZ &
VHERINh. 4%, SEANROLERENRO®RES, B
F, OO ENRIUORN L E4T5 LT, E#EEERNT
DEEEREL BT TE DAL, ISAGELIEL, FALTFR
WiehbDLELZLNS.

&

HHiP O A% AR OMBRBEMEEREY, SN TRTT S
BDIZF I v VOREFTHS BrdU £FD MoAb # BT,
FCM Iz & h B3 L. N2, 84 AR OREBEREST,
FIFaREM B DSEE L LT, BrdU-LL, Ts % X 0" Tpot ® 32
FEC, ZhbOFHIB LVEROVCTREL, UTOKR
187,

1. BrdU-LI DfllE Dbz, KF| 200mg/m? & —FE I #1k
PS5 L, 305 BICB RS 2 1T L, 1 BrdU #ifsx AT
REEXEHMBRC L - TRE L. AT PLICL3ZE
BEEfTv, FCOM Ik o Te A P I F o ER L. 2DF
B L b BrdU @M E , MREELE L ORKINITHET
Botc. ¥, DNABIZSECH B2, RFWC & nE#R I
WG (quiescent, S, cells) DR BIHEHTH - 7o

2. "L Liz22( D BrdU-LI 12, 2.47518.2%, FiE
TI0ARTHY, ThETOREELRIE-HRTIHERTH-
fz.

3. Ts & Tpot ¥ EET Ao, 1 EEDOBEHENEEO
BrdU 200mg/m® # &AL, 1EHE D& 518054 2EE
OREHBER LT, EBREOHMERAE L. SEKES L3
Bl Ts 1X13.5, 21.6, 33.98¢R1C, Tpot XZzh Ehe6.8,
10.7, 8.58TH H, “hETOHRELIZTIF—FH LT Wi,

4. HBPRTRE L BrdU-LI iz, FEEMMRL v EDT
EETHD, Ts, Tpot HRZ &b b, &M E MDA
72§ <, FHORVCEROER\EREEROBHTHD T L
PHER I,

5. BrdU-Ll &34 & OBIR T, CREZR T, SEBRNE

£

K

BCEETh-. T, BREL CR BERTIY, Bxnc
BH#HERRCEWVEA S - 7ods, HELEILL) 1.

6. APIETHRE LicHEic X v, RETIER Q05N
DHEFEEHROBITATEH Z LM L, EBIARIIAE
ORISR BRI LCRT T ¥, R DNA BRE Gk Lo
DNA DEHISEHT L AT &b, BRNFEREEL 2.

E &

ReRr2dehicy, HEYLERMEED ¥ L BELHEKE:
RELCOIHBERLET. i, REMRBELHPDELEE £ Ll
BHBEHE LI CDE=HRRHABOHEEHCHFH L ET,

Ts¥, KM DO—, FCM-Cell Biology * 78 — %A b 2 } J—4
FPRE, SH2NT 4 ADy ¥ 2 v (1990, HH), F22MEEmEs
£i84 (19884E, 35 /) KBWTHREL:.
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Abstract

In order to study the possibility of analizing in vivo cell kinetics of leukemic cells in bone marrow of patients with acute
leukemia, using bromodeoxyuridine (BrdU) and its monoclonal antibody by flow cytometry, the BrdU-labeling index (BrdU-
LI), the duration of DNA synthetic phase (Ts) and the potential doubling time (Tpot) were calculated. An informed consent
was obtained from each of the 22 patients, and the patients were administrated 200 mg/m? of BrdU by bolus intraveneous
injection prior to chemotherapy. The bone marrow cells were aspirated thirty minutes after the injection and the leukemic
cells were fixed with 70% of —207C-cooled ethanol. After being denaturated with 2N HCI, the cells were stained by indi-
rect immuno-fluorescent method using anti BrdU-antibody and FITC-conjugated goat anti-mouse antibody. Then, the cells
were stained with propidium iodide (PI), and bivariate distributions of BrdU and DNA content were simultaneously deter-
mined by flow cytometry (EPICS-CS). The values of BrdU-LI of the leukemic cells ranged from 2.4 to 18.2% (mean
10.4%), which were significantly lower than those of leukemic cells in S phase calculated from DNA histogram. It was con-
sidered that the difference resulted from the presence of the number of cells having S phase DNA content without DNA syn-
thesis; quiescent (So) cells. The second BrdU drip infusions for 150 minutes of 200 mg/m? were performed to obtain the
increased value of BrdU-LI during the interval between the first bolus infusion and the end of the second drip infusion. The
length of Ts and Tpot was estimated by the regression line obtained by plotting two values of BrdU-LI; BrdU-LI - 1 and
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BrdU-LI - 2. These results were similar to those estimated using other methods. Concerning the relationship between these
values and prognosis, the values of BrdU-LI in complete remission (CR)-entered patients were significantly lower than those
of patients who had not so far responded to treatment (failure patients). Furthermore, the values of BrdU-LI in relapsed
patients tended to be higher than those of CR-maintained ones, although the difference was not statistically significant. Flow
cytometric analysis of bivariate distributions of BrdU and DNA content makes it possible to recognize in vivo cell cycle
parameters of leukemic cells more easily and rapidly with high accuracy than the other methods.



