Studies on the Cell Cycle Kinetics of Cells in
Acute Leukemias : Flow Cytometric Analysis by
Bromodeoxyuridine Labeling in Vitro
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AU FEMEOHMBRAMZBT T 22012, €IV ORAEATHATIEFFTF I ) I
(bromodeoxyuridine, BrdU) & #®E / 7 @ —F LK (monoclonal antibody, MoAb) % VT, 78— 4 F A b)) —
(flow cytometry, FCM) 312 & DIRE 1T o 72, Mg EEORE L LT, HIMBMRED S BLE % KT BrdU k%
(BrdU-labeling index, BrdU-LI), DNA A hHFH (duration of synthetic phase, Ts) 3 X O'HEHIUAE N (potential doubling
time, Tpot) #EA . WHIZ, KMEOBEIIFAENHE SN EMAMBEBEESHTHS. BEOERMBMBE L OB LY

uamﬁmm%ﬁML,mmmm@Bmu%ﬁb%%ﬁmf%ﬁ%bxume%%LBmu%aniﬁ,%n%n
% BrdU-LI- 1 & BrdU-LL1- 2 & L7, 20, #¥A VF4 75— ME#~~ AP BrdU IgG Hifk s 7OEF 4 Y47 4 F
¥4 PIZTHREL, 70—4%4 b A—%—%2HT BrdU #E#MIg s, 20 DNA BOGAz FARICHELA. 512
BrdU-LI1 1 & BrdU-LI-2 #70v b L, EREREZRD, Ts BLU Tpot #EH L7, KW & BREREOTE TR
BrdU LI 2HETE15FI22oWT, ZHRE/ ST A—-% — % Lik$ % &, BrdU-LL- 1, BrdU LI-2 B & Tpot (ZHET4

CHEEAERTG, BEEOMIO T AR DM A TR E 2 LA S h R o 2. SRR & BRI T O
%%H{H&féﬂﬁﬂ/w A= —DHBEEZRELIZEZA, BrdU-LL- 1 IZ2WTIEMZICHBZ B8O 24, BrdU-LL- 2, Ts BL U
Tpot L2 DWW TIIHBIEA SN h o7z, FKEFREMIEY » /S PEF LA (acute non-lymphocytic leukemia, ANLL) 77 » X —7
AU A — 4 F) A5 M2 OB T Japan Adult Leukemia Study Group JALSG) 12 & 2 i A BB Bk B MRHAE 70 b a—
N (JALSG AML-92 71 b I —)b) iZfEo THIRIEREARE L7 9OV T, HRGE L HEMIERN T 2 -5 -
WOWTHE L7, TRE# (complete remission, CR) % f&7:fERIIL, Ts 3L U Tpot v 1 FAEERTHIL, Ts BLY
Tpot DSHHREL DA S LEERTBITH o7, CREELIFEMBOMIZE, Ts BLU Tpot ICHEREZEDZ. LAL
BrdU-LI - 1, BrdU-LI- 2 i3 FELELRO L0 o7z, KiGHHE ANLL T JALSG AML92 711 b 2 — W25 - TEME N EE
& DL F % 721260 % Tpot MR RAET 2824 T, # 79 »—< 4 ¥ — (Kaplan-Meier) #: TGS (disease
free survival, DFS) B & U'&4: 773 (overall survival, OAS) D 4T %479 &, Tpot DHIME L b S WHET DFS, OAS & b i

BEWEM A7z, 4EOMEIZLY), SMEMNRICBT M EEIROMT I, BHMEILHON R T EHT~NE
k#EZoN % 7‘:[31(&43?%[{1}1@0)%5@@@%@ SHHEOE DA TIZHITET, TsBL U Tpot ZHILT LI EALETH
BIENHLME RS, EHIIINEDNRTA—F—FHNDL I LIZLD, BEOFHE L) IEFHIZTHE LSS REMEIOR
[ A

Key words bromodeoxyuridine, cell cycle, flow cytometry, S phase, potential doubling time

TUEFFFL71) Y (bromodeoxyuridine, BrdU)

13

e
JIFLDOMERT, FIYVrOAFLEERFIZEBRLY

THRHEBLMETED L) 2k o7z, HIEEH 0L I3
ZHAMBIER L TR L RIET 2000, BEllluoifiE
BN L 3EERIE A LTS L TROTCEETH L. +
—bFITOKXTT T4 —DERIZED, PUFILFITVY
(tritiated thymidine, "H-TdR) #FIH L T, HILFEHRIZEBITS
MBI OB AT NS LI ko722 L LIOFET
ERTICESMEET 2 LICBE SR TEE BV b0
B4 2HlHAH Y, BERCSHTAZ LBRETH 7.

TR FILA28H %ZAF, FHIF 1A 9 HZHE

BTHsb. BrdU 2 5 UHERCHMM 2T 5 & DNA O
72OWIF IV /2B Y BrdU 2EMIZELY A 5. 19814,
Gratzner 52X 1) BrdU (234§ A€/ 70— F LK
(monoclonal antibody, MoAb) #* ﬁﬂ%éh?’ =%, S HICTEE
THOMBEARESHICHETELL )T

STEMAE B3 & VIS BE 3 A TSRS A, HT L < BESEM
RalEHUE (proliferating cell nuclear antigen, PCNA)® "%, Ki-
67 PLE 27 o N HEMAINEREE~Y — & — 23T 5 MoAb A%H

Abbreviations . ACR, aclarubicin; ALL, acute lymphocytic leukemia; ANLL, acute non-lymphocytic leukemia; Ara-C,
cytosine arabinoside; ATL, adult T-cell leukemia; ATRA, all-trans retinoic acid; BHAC, behenoyl cytosine arabinoside;
BM, bone marrow; BrdU, bromodeoxyuridine; BrdU-LI, BrdU-labeling index; CR, complete remission; CV, coefficient
of variation; DFS, disease free survival; DNR, daunorubicin; FAB, French-American-British; FBS, fetal bovine serum;
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gan, BEBHETHOILTHE, LrL, IhoDNEMHE
v — 4 — & DNA AR & O3, BEEEHL DD,
AWIZEMEIRABRRTH Y, AU I L IRERLE
HTTHRHAVEL SN DAREMELSSHS. —F, BrdU ZHD
AATHINIE DNA A A2 T-o T AHIIRZFDLDTH A LE
ATELO2PALRL, Lo TINEBETHILIZLD,
S DML R R DB EEZOND.

BrdU & %™ MoAb % F\»T17 ) BB RE DT ik &
LTld, SRS ImEY L EeiEic L s 70 -4 1 b
A }1) — (flow cytometry, FCM) & 2H 5. HBEIT B
KEDOHILIZ DWW ORBUCE, BT RETH Y, HIULEH
B0 & 9 A ML R VSl L 2R TR 2 MRS E LN S5

FIRBOTERGTELEZONSL. 610, MEFLLTR

MO HMFHMIE HAV5 2 LISk ) IgmATReTh g,
INERBI, BEOAMLILIRHTE S, LI TAHAURT
i, RAMAR B & OB O B R O EE R OBV &
eEmET 5 BT, BHRIBEEORMIILE L URHSS
W LM%, 44N C BrdU 2 W TE# L 721%, DNA
WZADAAT BrdU £ R EBRMISHETHENEA V F 4

Table 1. Patient characteristics

7oA o— A~ v A BrdU IgG #ifk (fluorescein
isothiocyanate (FITC)-conjugated anti-BrdU mouse IgG) % Fi\
Tt L, FCM %#FH L CHIMBIE 2 0T L7z, F7o@id %
BrdU MM 4« 2 S8R4T A2 L1128k, DNA AREEH
(duration of synthetic phase, Ts) 5 & OVHLEH YR INEE H
(potential doubling time, Tpot) #HE L7z, & HIZHELNIH
BEBER L OBEEICOWT O REEMA 2.

WHRELTHE

I.% =8

1. BrdU I & 2 ik & Iz L /- E Rl

EMEIFEEESHAENRE LT, BrdU OfEM#E s Rk,
ERIZ16RR D H TR T, FHE12F, HIB3FITH L. HIITR
) v S IMSE (acute lymphocytic leukemia, ALL) 77 » A
—7 A1) #H—4F1) A (French-American-British, FAB) %4
12 140, A T HifadEmss (adult T-cell leukemia, ATL) 1
B, &fIE) v MEH MK (acute non-lymphocytic leukemia,
ANLL) @ % FAB %48 M0 2%, M1 3 %I, M2 10%], M3 5
%, M4 1%, ANLL M2 5% 16l, £R4EEFHIBGREEO

P se g% D M Nosfledemic %ol Lo
1 F 63 ALL L2 BM PB 3200 97.0 1786
2 M 25 ATL BM PB 29700 93.6 -
3 M 18 ANLL MO BM PB 20600 85.2 16550
4 F 76 ANLL MO BM 110400 98.5 994
5 M 60 ANLL M1 BM PB 154000 88.0 1436
6 M 16 ANLL M1 BM PB 21200 90.0 1180
7 M 29 ANLL M1 BM PB 148500 85.6 1903
8 M 52 ANLL M2 BM 2400 83.6 1275
9 M 58 ANLL M2 BM PB 360 72.0 383
10 F 61 ANLL M2 BM 4900 26.0 1802
11 F 37 ANLL M2 BM PB 19100 54.0 1095
12 F 52 ANLL M2 BM 700 34.8 335
13 M 40 ANLL M2 BM 3100 87.6 4120
14 F 79 ANLL M2 BM PB 5200 60.0 715
15 F 34 ANLL M2 BM PB 6000 49.2 822
16 M 63 ANLL M2 BM PB 40400 84.8 1006
17 F 57 ANLL M2 BM 2500 52.0 339
18 F 59 ANLL M3 BM 360 484 362
19 M 58 ANLL M3 BM PB 50900 97.6 1249
20 F 30 ANLL M3 BM 150 95.0 464
21 F 68 ANLL M3 BM 280 87.2 370
22 F 51 ANLL M3 BM PB 900 89.0 834
23 M 58 ANLL M4 BM 9400 52.8 -
24 F 62 ANLL M2, relapse BM PB 51200 - -
25 M 63 Secondary leukemia BM PB 17900 70.0 2572

L2, M0, M1, M2, M3 and M4 are French-American-British classification of acute leukemia. ALL, acute lymphocytic leukemia ;
ANLL, acute non-lymphocytic leukemia ;" ATL, adult T-cell leukemia ; BM, bone marrow ; F, female ; LDH, lactate dehydrogenase

; M, male ; PB, peripheral blood ; —, unkown.

FCM, flow cytometry; FITC, fluorescein isothiocyanate; *H-TdR, tritiated thymidine; IL-13, interleukin-13; JALSG,
Japan Adult Leukemia Study Group; LDH, lactate dehydrogenase; MIT, mitoxantrone; MoAb, monoclonal antibody;
6MP, 6-mercaptopurine; NCR, non complete remission; OAS, overall survival; PB, peripheral blood; PBS, phosphate-
- buffered saline; PI, propidium iodide; Tpot, potential doubling time; Ts, duration of synthetic phase; VP-16, etoposide
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St g BB (secondary leukemia) 16 R 1) TH
5.

2. BrdU |2 & A EH % KRB & OB Bl O W& TllE
L 729

BrdU 12 & A S 4 e L7-2560k, RMmdd L Vg
R O E ORIL T BrdU OFE#H % FRHIWE T & 70EFIIE
1561 Tdh -7z, MERIE, ALLL2 14, ATL 14, ANLL MO 1
#l, M1 360, M2 550, M3 24, M2EZ 1HICTH-72 (F1).

3. HIRBIEED /8T A — & — % MW L IR

FiBH O ANLL 2061122 C Ts 3B & U Tpot DEEXIT»
7-. MERIL, ANLL MO 2%, ANLL M1 3, ANLL M2 101
BXUANLLMS 58 ThH -7 (R2).

.5 &

1. HIUEHIIE~o BrdU LY A4

BEBIUCFOERIIAMEOBRE S L OCHWE FAFHIL
TR B L TREORINET o /2. KM S OEE,
A~ v iml B INA 7R, RSN E 19m] & ERIL T
72, BRED S OMEIL, 200847 /ml DA% PR AR K
% 5ml A 72748812, BRI 2ml ZERILL CH-.

2. BrdU/DNA " HE#f

FCM {2 & % A LAl o0 Ml K 5 350 o0 S AT A T R 20 & ARGS9
57:%, MIAMIEF Dolbeare 5WOE L UMB D% D
&2 ANLL M3 D588k Tdh 5 HLE0 % AV TFIBEERE TV,
COFEREE S LU T OFNETIRIL 2o Mg & 3 L 2.

1) HRao> 53k

BRI 728tk 6, Y k7L w7 (Nycomed Pharma As,

Oslo, Norway) %MW THHICHEERS W& 58 L, Bohr:
WAk E ) v BRI A B A IE /K (phasphate-buffered saline,
PBS) (pH 7.30~7.65) 2T 3 AIPRig L 7=, ik MU ST
— (trypan blue, FIGHBETE, KR) % B CTHZIROAETE
(viability) 2 #EFE L7z, £ -PEEEOBBIROY A P A Y
RKEfE), FLFEEEHLAMBREOH & 2RO,

2) B~ BrdU OFL) jAH

Ve Lo HH51210% 7 V5 BRI (fetal bovine
serum, FBS) (Gibco BRL, New York, USA) /Il RPMI 5% i
1640 (Gibeo) (Z#FilE S &7z, HINL OB L 10°{8/ml IZF¥ L,
1 OB A H ISP ERZ10m] HE L/, JRICHER#K
AT 10pmol/] & 7% B & 912 BrdU (FGHISE TH) i
720 BrdU & HUY A A ZZHIR I SRR 3T B ISR AT
Btz HERIZRIIC & 0 BRI ST 2 0% B <
HIC, BBAGBE TV IR VTHE Y, 37C, 5% CO, ®
G FC BrdU 2 Y AE /. MBS 2 Mlsod &
TEET A0 BrdU O Y AARHASTE 5 21T\ 2
E SV ARS ) U (pulse labeling)) #E Lwv, ZiET
BrdU DD AL, #Hilg & BrdU & Ol 3 SH25ED 5
N LHHEENTVEY, SEERIBEN SN TVE VAT
N SEE A BIR L, BrdU 2300 MY AT R ok
DB % Ea# - 1 (BrdU-labeling index + 1, BrdU-LI 1) &
L7z, ThETo®EIcLd, immmiao 62 $idiaz
1804r & STV 5™, DNA &R MZ HET 57201218,
BrdU {2 & 2 HEFR 0N BrdU DR SAARERB O & IE
DAY LTV B LENH L. Lizd - TEHEME M W

Table 2. The cell cycle kinetic parameters of leukemic cells in bone marrow in de novo ANLL patients

Patient . . LI - LI

g Diagnosis Brdl(J%Lil 1 Brdl(J %I;)I 2 (”1[1‘:) ”l("E;))t
1 ANLL MO 10.2 13.3 9.87 96.8
2 ANLL MO 0.6 5.3 0.38 64.1
3 ANLL M1 0.4 2.0 0.75 187.5
4 ANLL M1 4.8 7.1 6.26 130.4
5 ANLL M1 4.8 5.8 14.40 300.0
6 ANLL M2 0.3 2.6 0.39 130.4
7 ANLL M2 8.6 9.7 23.45 272.7
8 ANLL M2 0.2 6.4 ©0.009 48.5
9 ANLL M2 1.4 11.7 041 29.1
10 ANLL M2 2.5 - - -
11 ANLL M2 8.8 11.7 9.10 103.5
12 ANLL M2 2.2 3.6 471 214.3
13 ANLL M2 7.7 5.2 —9.24 —120.0
14 ANLL M2 0.6 6.5 0.29 50.4
15 ANLL M2 3.7 3.1 —18.50 —500.0
16 ANLL M3 17.9 - - -
17 ANLL M3 33 11.5 1.21 36.6
18 ANLL M3 0.3 32 0.29 103.1
19 ANLL M3 4.6 6.5 7.22 157.9
20 ANLL M3 44 5.0 22.00 500.0

MO, M1, M2, and M3 are French-American-British classification of acute leukemia. ANLL, acute non-
lymphocytic leukemia ; BM, bone marrow ; BrdU, bromodeoxyuridine ; BrdU-LI, BrdU-labeling index ; PB,
peripheral blood ; Tpot, potential doubling time ; Ts, duration of synthetic phase ; —, not tested.

BrdU-LI - 1 was measured by flow cytometry using anti-BrdU monoclonal antibody and propidium iodide
after incubation of leukemic cells for 30 minutes with RPMI 1640 medium, fetal bovine serum and BrdU.
BrdU-LI - 2 was measured after incubation for 180 minutes. Ts and Tpot was estimated by the regression
line obtained by plotting each of both values ; BrdU-LI - 1 and BrdU-LI - 2.
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BT L\ I D ICHE R I3 1800 & L, T ARk -2

0 BrdU-LI - 2) & L7=.

g 3) MO ESE - BFF
5 BRI T %, MM EE I PBS TIEMREL, 0%
E BrdU-LI - 2 HHDPLDH-20CITH L TBWAT0% LY J —VEEHEL L
BrdU-LI - 1 Lz, —20CT4%< b 2BMUERZEL, BrdU/DNA

Yt ¥ T—-20CD T TRIEL .
4) DNA Z5: (denaturation)

0 60 120 180 % L7410 % PBS T 2 @Bk L7-%, 2N HCl L%
i Ts " Labeling time (min) HHEERML, 20CT205EIER & &72992 = omEz Ly,

T E4H DNA O —#fAH 48 DNA (227 L, DNA o icith A

Fig.1. The relationship between BrdU-LI and labeling time.
K D ot o e reasr [ $M TV BrdU 4% L, #i BrdU MoAb 238 Lo <

The duration of Ts can be estimated from the regression line

obtained by plotting BrdU-LI - 1 and BrdU-LI - 2 against L. RO OTIEIARIS IR0 pH 25 HIIW 2 & AF
labeling time. The slope of this regression line indicates the W Lo, AT AENT, 0.1M EAKTEEF b

rate of cells entering into synthetic (S) phase per hour.

Remission induction chemotherapy protocol

Regimen A Days 1 2 3 4 5 6 7 8 9 10 11 12
BHAC 200mg/m*> 3briv ¢ | L 1 1 4 4V 1 L 1 (b
DNR 40mg/m* 30 miniv ¢ | | Vo (¥) (h)
6MP 70 mg/m? po O O OO0 OO0 OO0 0O

Regimen B Days i 2 3 4 5 6 7 8 9 10
BHAC 200mg/m* 3heiv L | 1 L 1 1 1 (HhHh)
VP-16 100mg/m* 1hriv |} | | | |
DNR 40mg/m’ 30miniv | | | | (H
6MP 70 mg/m? po O O O OO O OO WO

Consolidation chemotherapy protocol

1 course Days 1 2 3 4 5
MIT 7mg/m® 30 miniv § | )
Ara-C 200mgm® 24hbriv. | | | |

2 course Days 1 2 3 4 5 6
BHAC 200mg/m* 3hriv  { | | |
VP-16 100mg/m* 1hriv. | + | | |
DNR 40mg/m® 30 miniv | | |
6MP 70 mg/m® po O O OO0 OO0

3 course Days 1 2 3 4 5 6 17

BHAC 200mg/m* 3hriv. | | |+ | |
ACR Mmgm® 30miniv ¢ | | § | 1 |

Fig.2. Japan Adult Leukemia Study Group (JALSG) AML-92 protocol. For inducing remission, the patients who had ANLL except for
ANLL M3 were randomized to treat with remission induction chemotherapy regimen A or B of the JALSG AML-92 protocol. If the BM
did not become hypoplastic and had leukemic cells more than 15% on day 10 in regimen A or on day 7 in regimen B, patients were
scheduled to undergo additional chemotherapy for 2 or 3 days according to each of regimens. The patients who had ANLL M3 were
treated as follow; ATRA 45 mg/m®/day given orally until disappearance of leukemic cells in BM, when their leukocyte counts were under
3000/ 1 at the start of therapy, and ATRA with same dosage combined with DNR 40 mg/m’/day for three days (30 minutes infusion) and
BHAC 200 mg/m?/day for 5 days (3 hour infusion) was given, when their leukocyte counts were over 3000/ 1. A total count of leukemic
cells reached more than 1000/41 in peripheral blood during the treatment with ATRA, they were scheduled for receiving DNR 40
mg/m*/day for three days plus BHAC 200 mg/m?/day for five days in addition to ATRA. After CR was obtained, three courses of
consolidation chemotherapy were given according to the protocol. CR was defined as the reduction of leukemic cells to less than 5% and
recovery of normal hematopoiesis. ACR, aclarubicin; AraC, cytosine arabinoside; ATRA,; alltrans retinoic acid; BHAC, behenoyl cytosine
arabinoside; DNR, daunorubicin; iv, intravenous injection; 6MP, 6-mercaptopurine; MIT, mitoxantrone; po, per oral; VP-16, etoposide.
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1) ¥ 4 (0.1M Na,B,0,) (pH 8.5) % 109 M{EH & &7-2.

5) HiBrdU &/ 7 0 —F VHifkiC & 5 e

0.5%* 4 — >~ (Tween) 20 (Sigma Chemical Co., St. Louis,
USA) i PBS 2% V17 )7 3 ~ (DAKO, Glostrup,
Denmark) #EA0.5% 2% 5 X5 I ZHMELAREREL,
PBS T2 HIge# L7-MIa % Z 0@ ilmA 1 X100 /50 1 O
EERAL)ICHBESER, ZOLEBICL ) IFRENIEOR
AR L. TOMBIREERICEES VFF DT A — MER
< A#T BrdU IgG #ifF (Becton Dickinson Immunocytometry
Systems, San Jose, USA)%#ifa 1 X10° M8 721 20 .1 A
L%, ZREZECTI05HERSELY, B to—-0
& LTIt BrdU % 1804-MIELY JA £ & - flifa & WA ICLBE L,

250

200 T

150 7

100

BrdU ( relative FITC intensity )

50

Hi BrdU #ifRicfb D 864 v F 4 742 — FE#k~v Y 2
1gG1 #ifk (FITC-conjugated mouse IgGl) (DAKO) # #lify 1 X
100 & 720 10l N2 AR Lok, FiRMEE T304 MIEMR S
T2bDxHELL.

6) 7REF 1+ I LT A4 4 F (propidium iodide, PI) i2
& ADNA 4

PBS T 3 [H ¥ L7, 1500U/ml @ RNA 5f#EEFE (Sigma
Chemical Co.) 2Nz, 37CHET T304 MG &2, RNA D
fbxfr-72. PBS T3 HEME®L, 5xg/ml ® PI (Sigma
Chemical Co.) % ERMEHT T304 MG & T, ZHEEHSO
DNA %ty 2 1T o 725, gefafh PBS T2 E¥EE L721% 40 um
DFARY Ay THluziE L, fMlagErs L.

(D)

DNA content
( relative PI intensity )

Fig. 3. BrdU/DNA bivariate distributions of HL60 cells. (A) HL60 cells pulse-labeled with BrdU for 30 minutes. (B) HL60 cells labeled
with BrdU for 180 minutes. (C) HL60 cells incubated for 9 hours after pulse-labeled with BrdU for 30 minutes. (D) HL60 cells incubated
for 24 hours after pulse-labeled with BrdU for 30 minutes. In (A) HL60 cells were incubated for 30 minutes in RPMI medium 1640
containing BrdU with 10% FBS. In (B) incubated for 180 minutes. In (C) and (D) HL60 cells were incubated for 30 minutes, washed,
incubated in BrdU-free medium, and harvested after intervals each of 9 and 24 hours. The instrumental gain for green fluorescence
(BrdU relative intensity) measurement is the same in all panels in this figure. In (A) all S phase BrdU labeled cells are in the middle of
the interval between G0/G1 and G2/M. In (B) all labeled cells are in the middle, although mean green fluorescence of (B) is about 2
times higher than (A). In (C), with respect to the cytogram of (A), BrdU labeled cells have moved through the S phase (their mean
distribution is shifted toward G2/M). In (D) BrdU labeled cells are in the middle again, and distribution shape of BrdU labeled cells
resembles that of (A), although mean green fluorescence of (D) is half of (B).

Table 3. Comparison of the cell cycle kinetic parameters of leukemic cells between PB and BM

. BrdU-LI - 1 BrdU-LI - 2 Ts Tpot
Leukemic cell %) (%) (hr) (hr)
PB 2.331+2.63 3.661£5.73 53.1%t124 31107840
BM 4.41+3.03* 8.29+5.691 6.00+8.65 147 £150%*

ANLL, acute non-lymphocytic leukemia ; BM, bone marrow ; BrdU, bromodeoxyuridine ; BrdU-LI, BrdU-
labeling index ; PB, peripheral blood ; Tpot, potential doubling time ; Ts, duration of synthetic phase. Each

value represents X = SD.

The leukemic cells were obtained from PB and BM simultaneously in fifteen ANLL patients.
* p<0.05 versus PB by Wilcoxon signed-rank test. 1 p<0.01 versus PB by Wilcoxon signed-rank test.
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3. FCM 2 & % BrdU fE#sER ORI E B & ORI R R

‘?EU’?E%'L%ETH EPICSXL ¥ A 7 4 (Coulter Electronics Inc.,
Hialeah, USA) # /-, FITC L Pligs b ic7 I 44>
L —+F— 488nm TRH#E &N 5. 520nm /¥ FISA 7 4 V¥ —
2T FITC o#ELZIIE L BrdU && LTk, [
620nm U > FINA T 4 V¥ — 2T Pl O#EE %l L DNA
B L LTRDA (two color analysis). —#fkiz2 & 2 X10' f#
Ulofifazf@r Lz, 28, 559 UOEERTFIZT, £H
2% (coefficient of variation, CV) fEAB.0LAFIZ4 2 X 95 I2H
e L7z, MBATH 5 BRI (cell debris) ° T, —=EHEAEHI
(doublets, triplets) Zr*ET 5729012, Kb ’fTL)J&iﬁEEﬂ’C 7

FEREEITo 7

4. Ts B LU Tpot il

BrdU I & 208, AMBHMRAOKEF—ETHL I &,
WA 2MBIIFAE L TwinZ &, B, #MiEHcsH
A& 4OHMFMBROMBAHORESIZEN W &, OZH
TIRETAHILIZLD, DNA AREEE % RO TR 7259,
Ts (hr)=LI/R & ZC LI i& BrdU ikt (0 B %
FL, RIGHEIFMYE/0 12 DNA AR AT 20 H
G (%) ZRLTWS. LA L, EBLIEO0ERO BrdU-LI
WET DI EEARTEETH S 729, BrdU-LI 1 B XU BrdU-
LI-2%70y by 2281240, HEFEL (regression line)
3R, Te#EEL 72, Tpot LT ORIz & sk (3 1),

Tpot (hr) = (Ts/BrdU-LI - 1) X100

5. B L BRSO HMFEMEOMIEL 5 2
— ¥ — D

RAHILH O B MR & & B o B Um AR Ig o RE R # o
BT A=F —ETs BLU Tpot IZ2WT, 74 NMa7 5
EATNER AR E (Wilcoxon signed-ranks test) |2 THE L 7.

6. MBI/ T 2 — & — L{LEREOTRE L DR

Japan Adult Leukemia Study Group JALSG) 2 X % A&
HMEHIRIGE 7T b a— JALSG AML92 72 k3 —)b)
(X 2) 125> THFEE 2T 2 RIEH ANLL M2 0 B# 9 Alc>
W CHIEI BRI A EEDORR & FHIBERI 5 A — & — L DY

L]
167
14
[
127
~ o °
®
—107 ©
E o]
D 8 8
e ]
. 6 ° [ ] o
o b ° o
e 8 . ]
2 o e
Y ° s °
- e
o N H
v T T T 1 A d T v T
LI-1LI-2 LI'1LI'2 LI'1 LI-2 LI'l1 LI'2
ANLL M0 ANLL M1 ANLL M2 ANLL M3

Fig.4. Relationship between FAB classification and BrdU-Lls
of BM leukemic cells (divided into two groups: @, complete
remission; O, non complete remission).

RiZoWT=w =4 v b =g Mann-Whitney U test) Tt
L7z, JALSG AML92 71 b I — W IZfE-» TiR%E Sir 72k
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Fig.5. Relationship between FAB classification, Ts and Tpot of
BM leukemic cells. @ and A, complete remission; O and &,
non complete remission.
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Fig. 6. Relationship between the effect of first induction
chemotherapy and Ts of BM leukemic cells in patients with
ANLL M2, —e—, ¥ +SD. *p<0.05, by Mann-Whitney U test.
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Fig. 7. Relationship between the effect of first induction
chemotherapy and Tpot of BM leukemic cell in patients with
ANLLM2. ———i,X£SD. *p<0.05, by Mann-Whitney U test.
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Fig. 9. Overall survival curves of de noveo ANLL patients
treated by JALSG protocol according to Tpot. The curves
were calculated according to the Kaplan-Meier actuarial
method. —e— , Tpot<Median; —o— , Tpot >Median.
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Abstract

In order to clarify the possibility of analyzing in vitro cell cycle kinetics of acute leukemic cells in peripheral bloods (PB)
and bone marrows (BM), 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. Leukemic
cells obtained from PB and/or BM of each of twenty five patients were labeled in a conditioned medium consisting of
10 zzmol/1 BrdU. One sample was labeled for 30 minutes (BrdU labeling index - 1, BrdU-LI - 1) and the other sample for
180 minutes (BrdU-LI - 2). The cells were labeled by direct immunolabeling using fluorescein isothiocyanate (FITC)
conjugated anti-BrdU mouse IgG, and counterstained by propidium iodide. Bivariated distribution of BrdU and DNA content
were simultaneously determined by flow cytometry. The length of Ts and Tpot was estimated by the regression line obtained
by plotting each of both ; values of the BrdU-LI - 1 and BrdU-LI + 2. Both rates of BrdU-LI * | and BrdU-LI - 2 of leukemic
cells in BM were higher and the duration of Tpot in BM was shorter than in PB in fifteen ANLL patients in whom leukemic
cells were obtained simultaneously from PB and BM. BrdU-LI - 1 in BM was only correlated to each of the parameters in PB.
In nine patients with acute non-lymphocytic leukemia (ANLL) with differentiation (M2) treated with Japan Adult Leukemia
Study Group (JALSG) AML-92 protocol, the values of Ts and Tpot in patients who achieved complete remission (CR) were
significantly lower than those in patients who did not achieve CR. Concerning the relationship between Tpot and the
chemotherapy effect, twelve patients, who had ANLL treated with JALSG AML-92 protocol, in whom Tpot of leukemic cells
was below median, had longer remission duration and overall survival time than patients above median, although the
difference was not statistically significant. The present study demonstrated that the leukemic cells obtained from the BM of
patients had significantly greater proliferative activity than those from the PB. From these results, it is suggested that
calculating not only the proportion of S phase cells but also Ts and Tpot is essential for analyzing the cell proliferative activity
precisely. BrdU-LI - 1 indicating the proportion of S phase cells was an inadequate measure to estimate the accurate
proliferative activity of leukemic cells and Ts and Tpot should be calculated simultaneously. Chemotherapy effect and
prognosis in ANLL are predictable by analyzing cell cycle parameters in vitro.




