Studies on the Proliferative Characteristics of
Leukemic Cells : In vivo Cell Cycle Analysis Using
Bromodeoxyuridine
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(9 [ FHAAS D SEFE B RE 1 B 5 2 B 5T
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SRAZEFRAREESME (F 0E {809
x H R
(PR 2 4 7 B2 HRAD)

FIYYORBATHSTOEF L F YY) ¥ (bromodeoxyuridine, BrdU) 8k Uf 2D E ./
7 m—F AR RO T, EENICE T3 ANFRRORBEEIE: BT 5 FEEE BT, FH%R
R L THA23H 2Ty, AEXE s EARBIMRERE 2RI L TRY L. MROBMEERED
EEL LT, BHOOEMmMBMILO DNA &5 (synthetic phase, SHI) wh 2 MilEDOH&
(BrdU-labeling index, BrdU.LD) % & * DNA & EARR (duration of synthetic phase, Ts) EA
7.2, TURFAFYVY YLV LAERREE LK, TuETLF VY Y Y 200mg/m’E
—ETEIRAIES L%, BHESREETL, BHRERELRRFERL, ivoeTt vy ) Iy,
£/ 7 o—F AR EE O CRERBLENRE 2Tk, ERME L EREAR  RESCENT
X, %7, ¥AFLRACLABELESHETI L), ARCHEREOBEL THCBREAETH o7,
WNEELEAPO T oET4AF 7Y Yo X BIERFEIE2.4% 0 515.6%, EHETT.2%THD, I
NETHEINTLEELIZIZ—HL:. DNA ERFBE2EET 220, 1HEOBHENEE
VB7uEFA+ %y 7Y v 200mg/m* #1500 7 CREGEATE L, AR TE FIRO7 o7+ X> v
YU BEe 51805ME) WEERH A TOEHES L FM L. 1EE L ARLAETRAEL R, &
i kL 2 ERELEEL, FOMME (ALD $#Ro 7. WRE LLLBFILFICHEMIA SN, DTy
E133.1%Thot:. 7OEFAF VT Y VL BEHEL L UEMEL SKDH: DNA & B A BE
V3. 1BRRS A 5 27 4BEMR], TFHMETI. TR E R Y, ThETORETEFZRR-BIIRETH- 2. &
B, KEIC L > CROLERES X F DNA SR HIRM £ B0 AMBFHROEES > CIoBEOR
i s OBy, BECHBERA SN Ero. SERFLALARIZLIY, FHC L2 XEICE
BRI BT 2 SO 2 RES O ERICEBR TE 3 2 88 . KR, §&, BF
ERMEMES 2 WIid B8RO & IUFEEIO & » 3 Bl&sMEVHILK (low percentage leukemia) 24 &0
RHEOIE, MEMRREOMRAT, BRS L CERREORALR L 2 v 2 ETesbo THRARTEL
E£25.

Key words acute leukemia, bromodeoxyuridine, cell cycle, immunohisto-
chemical method

EFEMEOMBERE LM 2 L, EEOERNH FEIREER BT L <, LM EATHS. L
DA S TEK L BRIEORE, FROME DR DL, INETE, FVFTA4Y b=FTIRNVEN
BEZEELHTEERERTHY IhETEL OB RFIVVHIVIRY Y VY R Y OEBITEYELE
HNMRZENTETVAY?, L, HMREBWVT BANICEAT 2L, E5&A (in vive) TOH
i, B2 OEEMESEREL CREed B0, B MR O HEIEBRE 2 AT T 2 2 LI RATRETH o 12

Abbreviations: ALL, acute lymphocytic leukemia ; AML, acute myelogenous leukemia;
APL, acute promyelocytic leukemia ; BrdU, bromodeoxyuridine ; BrdU-LI, BrdU-labeling
index ; 'DAB, diaminobenzidine ; FAB, French-American-British classification ; FCM, flow
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roi, —HOHSE RV TEESN (in vitro) THRET
ANTWIRETERD o729,

FE, FEYVORERTHETOETAFY DY
v (bromodeoxyuridine, BrdU) w¥f3 2% €./ 7
o —+ ¥tk (monoclonal antibody, MoAb) »3 A%
sh, DNA &F# (synthetic phase, SHA) =& 2 #
MEBEBCEETE DL L X7 &/, KT,
Pk, HETRUERE L U THERMNICAV SR TnEE
HThHY, BEEENAOEERTETHE Z D
5, INEAVWTHMFE2 X LD L T28BEEDOE
HRT OB O BT D RIRE I 2% 5 72 ™0,

FuERFEFYTVIUBIFREINTEE /2
u—F VPR E AV TIT S MR REENRE O RBART 5 5k &
LT, Zu—4%4 M X bY— (flow cytometry,
FCM) 5256 & U RIBHEMILF AT R 25 % . gl
BB RKEOHMIZ DWW TRE BT TES LD
FlEzET20, BT 2{lan% {ERTE, L
PHEREHDTWALENHY, &z, Bt
BEEETILVIRALHZ. —FHREZ, RED
RERRIMETZORES 201, £20Miax
EEEMET CREL AN TE 270, Ml
BodvhowmEicd, &/, BRET2ME0LHD 3
HEDEVREICLFIATE 2. L KAKHRIKT
i, E¥BEAIICE L - CT/hNEO B ILKHHEE L 2 &
SRRV, BBV EBHEMEERTHD, 7o—%
A MA MY WX DBINTE I8 iMBEORRT
VAR LIELIEA SN, 20L& 3 nfhzidfEE
BLFEHFEIEDLOTERTHZ. T TESE
SO MilsoHREL ToEFAE v ) SOl
DIABRIEL % L DIEREC, Lo b ECERETES
IO FERLRL, FHLTWS.

EFFRTIE, HIMRAIIE O BEIEERE & A AP TR
THAERMAETIHEHNT, REFEOAMHIKES
K7uEFF £y ) 9y 2BRMCESL, BT
DHMFEMI D AN & 3 Z#E (BrdU-labeling
index, BrdU-LI) % fEftEMAE 2BV TEE
Lz, & 60, K% ERMRHSMEET 2 2 &
&0, DNA &REEERT (the duration of synthetic
phase, Ts) ODHENAIRENE» 2HEL 2.

MRE & UHE
.y =&

1. 70874y o) Il L EHRLBEEL
fER

REROBEAMKEEIFE2MRELT, 7ox
FAFL U S L DEHEEERD . FlE15d
poH8IFT, BEISH, HEIBITHL . FEIEIME
BEEFER MBI (acute myelogenous leukemia,
AML) 15%! (French-American-British classificatio-
n, FAB 548 M1 2§, M2 136), BtaiEEEskEA
[M4% (acute promyelocytic leukemia, APL) (FAB 4
3 OM3) 44, AMEWERMYES MM (acute myelo-
monocytic leukemia, AMMoL) (FAB 448 M4) 3
#Fl, BMEEBRMAIE (acute monocytic leukemia,
AMol) (FAB 4138 Mb5a) 36, &Y » 1 ZFskMEH
M # (acute lymphocytic leukemia, ALL) 6 £
(FAB 7y#8 L1 24, L2 4f7)) TH 3. ZWEOKRME
meoEMFEMiER, £<i&onkdro%flrs, 15
4.4X10Yp 1EA N1 E TRATH o7z, BEE
DHEZHIEE (cellularity) ix, EFEL 561, ERA 4
Bl & EFA2261TH D, BEEh O AR E
i3, 18.4%»599.5%0MicH >/, HTH, A
D & 8 2 & OV (80% kM) EFIL, 1151T
Hol: (F1).

2. DNA SRR/ 2 B8 E L 7R

TOETAFY T YIS BEHRERLEEL 3]
#th DNA SEHRBOEE bR AESNIZ, 1361T
H3. FEIZISF 0 681F T, BHE6H, L 7HIT
HY, FEIAEEESFREDNR (FAB 24 M2)
94, BHFTEMNREEMA (FAB 574 M3) 2 i
JUBMY >3 FREEME (FAB 4348 L2) 24T
H5. KAEMFOAMBMHRORIE, 0{E»529.2X
0% 1ETHY, BREOEZMBEE* A2 £ KEK
THEFI LA, ERE 2 Hl8 & 0BEER10E T
Hot:. ZBBEHEFOSMBMLOEEE, 57.0%0
599. 0% DBICAFE LTV (R1BLUER2).

In. 5 &

1. 70EF4Fy 70 Y058 & BT

BEBLIURBCAMEOEEB L UEN L+
HEALTHEBL 22T, 7uxEFt v ) v
(o8 b, EEA, REERTER, BN 248
REAICHEME L, Raza 5 QWM& IZHEVy 200mg/m?
EEIRNICES L. KE2H5%305 1EHOFE
BEZR 21T\, BEED 1 (BrdU-LI-1) DEEICH

cytometry ; *H-TdR, tritiated thymidine ; G,, the first growth phase; G,, the second growth
phase; M, mitotic phase; MoAb, monoclonal antibody; PBS, phosphate buffered
saline ;S, synthetic phase; Ts, the duration of synthetic phase
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7o, 2%, MED 7o 7433371 ¥y %1504
DU TRRAEREL, AR TR 2ERO BN
1T, BEBED 2 (BrdU-LI-2) 0EEICH VL. Z
NETOHRE T TR, AIEHEOE_RE (the
second growth phase, G.#f) i3 131F 3B & S LT
3. L7eht- TAENC & 2 B8 2 2E (mitotic
phase, ME) uBfTL 2V L3, 1ABD7uEF

Tablel. Patient characteristics and BrdU-LI.

H

¥V UEENS 2EEHOREREAEREKRT 2
TORFEIZ1803 & L, ZORENTOERFIC & 213
BEoEmMEEHELL (M1).

2 . REEBLCFNFRC L2 BHEELAORE
BonBHE» SBO I L S BHEER S ERL
EZSORRLLFHEEH Y, UTOFETREL
AR &< I =B ol i S/ I AVNIE )2 A

Case/Sex/Age (yr) Diagnosis WBC” % of Cellularity % of BrdU-
(FABY® counts leukemic  of BM® leukemic LI
(fuel) cells cells
in PB® in BM
at diagnosis

1/M/79 AML® (M1) 17,800 98.0 normo™” 92.0 3.0
2/M/61 AML (M1) 1,800 1.0 hypo™ 39.6 7.5
3/F/70 AML (M2) 1,500 0.0 hyper® 54.4 15.4
4/M/52 AML (M2) 27,700 55.0 hyper 86.4 15.6
5/F /31 AML (M2) 4,900 34.0 hyper 30.8 4.5
6/F/41 AML (M2) 7,500 33.0 hyper 42.8 6.4
7/M/34 AML (M2) 5,300 11.0 hyper 71.6 9.6
8/M/62 AML (M2) 1,000 0.0 hyper 94.5 8.9
9/M/66 AML (M2) 2,000 12.0 hyper 57.6 7.8
10/M/7TT7 AML (M2) 17,600 86.0 normo 95.2 4.4
11/M/81 AML (M2) 2,800 24.0 hypo 85.6 7.6
12/F/15 AML (M2) 5,100 40.0 normo 80.0 10.5
13/F /37 AML (M2) 2,600 46.0 hyper 57.0 5.0
14/F/61 AML (M2) 6,700 23.0 hyper 90.0 7.3
18/F /67 AML (M2) 2,200 15.0 hyper 82.2 8.9
16/M/42 APL® (M3) 67,400 98.0 hyper 95.0 4.8
17/M/19 APL (M3) 15,900 95.0 hyper 98.0 6.3
18/F/34 APL (M3) 82,700 99.0 hyper 99.0 5.6
19/F /88 APL (M3) 2,200 93.0 hyper 91.0 4.9
20/M/78 AMMOoL® (M4) 6,300 40.0 hypo 18.4 4.2
21/M/74 AMMoL (M4) 17,800 99.0 hyper 82.8 7.5
22/F /47 AMMoL (M4) 4,400 46.0 hypo 66.4 6.8
23/M/17 AMoL® (M5a) 140,000 99.0 hyper 86.0 5.6
24/F /21 AMoL (Mb5a) 147,300 90.0 hyper 99.5 13.2
25/F /62 AMoL (M5b) 59,700 75.0 hyper 58.0 9.5
26/F /19 ALL® (L1) 1,660,000 93.0 hyper 90.0 4.4
27/F /39 ALL (L1) 284,400 99.0 hyper 99.6 2.4
28/M/48 ALL (L2) 5,300 98.0 hypo 87.0 8.8
29/M/486 ALL (L2) 7,800 10.0 normo 85.6 4.0
30/M/170 ALL (L2) 12,800 30.0 hyper 98.0 10.0
31/F/29 ALL (L2) 307,000 95.0 hyper 99.0 2.5
The meanzstandard deviation of BrdU-LI was 7.2+6.7%. (1), French-American-British

classification; (2), acute myelogenous leukemia; (3), acute promyelocytic leukemia; (4), acute
myelomonocytic leukemia; (5), acute monocytic leukemia; (6), acute lymphocytic leukemia; (7),
white blood cell; (8), peripheral blood; (9), bone marrow; (10), normocellular; (11), hypocellular;

(12), hypercellular.
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FAFBRBMTHY , EFRTIELHN T
ww, BAL, HlEBESRL IBRETE2EEZS
N3 ERbVHED—EDHI 2RV, F1vE>
F+4 7 TCHEIRMAT, UTZoEss+aicfas
NBLOIREBLENOERELED L (H2).

1) &k - B
EAREHNEELCR IA Y — 2L THRIZT 2
ELEERL, 20%, 0%y / —C300HEE
L. BERTHE, 203 EXerERICKEBEL, &
BmEEs.

2) WARM~L A ¥ 5 — P DIHE

PR R L 720.3%BBRIARMA Y 2 — iz T
NSRME L, REM VA F ¥ —EEHEELL.
ME%) MBI (phosphate buffered saline,
PBS) pH 7.2 C 3 E¥e#& L 7.

3) DNA 0% (denaturation)
0.07HEAE{EF b Y 74 (0.07 N NaOH) % & tF
0.1ENVDFRVEEF MY YA (0.1 M Na, BO) %, #

NENISETOERE Y, ZK#E» 6 —EHE~D
DNA oZ&M%1F7vy, DNA OFiclRYAE LTV 3
TOEFAFLIIIEBHEY, T/ 7 0—F0
PR EEAELRTVWE S Lo

4) FERENTEOBESORLL
UrBBEERTIEERLLE, 2% O
(Dako #t, Glostrup, Denmark) bV > FeiEEE T20
SELEL, FERENTEROBEEZH L. 2B, &
DIy S BERT E TRERDBBREIET 220
2, Wo KRR BEEO R TRIEL 2

5) i7eEFAFy YUYy %/ 7 a0—F A
FOREEB L URIG
WICBHEOAEO 7 < BN » BEERE v
THoc BB - 72, 0.5% Tween 20 (Sigma #t,
St. Louis, U.S.A) MY »BEEERIC TIMEICERL
7T AFe v UYLy s w2/ 7 u—F LK
(Becton DICKINSON #t, California, U.S.A) %305
MER &SRR, B, voRAES 07 ) v G

(Go) G S

Omin

BrdU

4= 200mg/m?
(1V)

30min

BrdU
200mg/m 2
(DIV)

180min

- (Ll -2)

“Bmu~mumn cell

ALl

Fig. 1. Schedule for an analysis of cell cycle characteristics of leukemic cells in

bone marrows using bromodeoxyuridine.
administrated to the patients with acute

Two hundred mg/m? of BrdU was
leukemia. Thirty min later, the first

bone marrow aspiration was performed to calculate BrdU-LI-1. Then, the
same dose of BrdU was administrated for 150 min. After the completion of
infusion, the second bone marrow aspiration was performed to calculate

BrdU-LI-2.
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(mouse immunogloblulin G, Ig G) (Dako #) # Rl
CHHgL o bo—-LE L.

6) BERTUALMEDE

VUEBEEW T IEEEL 2k, ) CUBRBERT
0.05%IHERL oA F v ¥V —CEEHVA - ¥
¥HyEs o7 Y >~ G (peroxydase conjugated anti-
mouse goat immunogloblin G) (Cappel #, West
Chester, U.S.A) £303MAE L. Vv BREFHKRT
IEPEHEL, 0.05Y7 % /¥ F ¥ (diaminobenzi-
dine, DAB) (Sigma %) f10. 01 % 8 B b 7k & K
(HL02/0.05M b V R 3EFEZE B W (Tris-HC buffer)
pH7 .2 CTISSRHIRGE |, ~F ¥ F—¥i2HH
I

Bone Marrow aspiration
Prepalre smears
Air c:ry smears for more than 2hrs
Fi)tatlioﬂ in 7024 ethanol for 30 minutes
Air dlry

|

7) HBRE

3R RFAF TS SHABEL, ZORF L3R
B2 T103 0 & 155 s E 2L 7.

8) #A -

ek, WA THIKEL, BRI ELE,
AF (=) 2 —n) (BB, R W THAL, g
L.

3. 7TuEFAFY VYL I AEHEOEE
T, BEATEMR LEFuafkopatreg
L%, MESHECHHLLBAEEY, mEfR
BILA RV > AX100) & L. AURMiRTH 2
ZERBER LSS EKRSVESREL, zod0 T
UEFF XYY ) I CERIACHEESA, Al

Fixation in 0.3% H-20 2/methanol for 30 minutes

i

Rinse smears in 0.07TN NaOH for 2 minutes

|
Immerse smears with PBS'"

|

Immerse smears in 0.1M Na:B .0 for 2 minutes

|
Rinse with PBS
|

*lncubate with horse serum (4 droplets in 10ml PBS) for 20 minutes

|

Mix anti—BrdU MoAb 5ul with 50ul of 0.5% Tween20/PBS

|

Treat simears with diluted anti—BrdU MoAb for 30 minutes

|
Rinse smears with P8BS

|

Prepare 0.05% DAB diluted with 0.1% H20 2/ 0.05M Tris—HC| buffer pH7.2

|

**Stain with DAB” solution for 10 minutes

|

Rinse smears in running tap water for 5 minutes

|

Counter stain with Giemsa stain for 10 minutes

!
Rinse smears with water

!
Air dry
|

Observation using microscope
Fig. 2.

Immunohistochemical method using anti-BrdU monoclonal

antibody. Procedures from * to * % were done in a humified

chamber. 1),
antibody ; (3), diaminobenzidine.

phosphate buffered saline;

monoclonal

@),
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FMBEOERER2EE L. o8, —HEOSHEH
CEDBONIERTHEEL 2 (BrdU-LI-1) %, =
OEMOEBEL L.

4. DNA SEAREOHE

BRI H B B2 OHIMBEMROSREORE S 10
vz, Ihs5OMIEFABHL T8 ST, o v o
EFAF V) Y OREFHMBAEO KT &
REFTHI Lk DNA SRR 2 RORIC L -
TR,

Ts=(BrdU-LI-1)/R (hr)
R ={(BrdU-LI-2)~(BrdU-LI-1)}/3 (1/hr)

ZZCRIZEMRMY - 012 DNA &R 2817+ 3
BIFEHEO2EI T 28& (%) 2RLTWw3

54 %

I. BB RaE
BREEHIMOToEFT Aoy ) v E8HE
OBIE, Y73 /RUFVrDREI LD BOEREIC L
&0, EEEMN L REBCENTEL. Lol @
REZEbD CHIBARPRI2EETHY , SR
BOFMLRBERITURETH VRO EIRETE
25ODMBORZEIRBETH 7. BHEEORIZ
BORARTOEF ARV YOV OEERML T,
OTLHBARICRE 2 00 oA kSERT 2
bDETHRLTH-7 (3 A B).
MIEOBEENBRELEZCT 20, AFET
&, FLATPREBCIZBEOLHELZ. ZOBE, §

A

Fig.3. Immunoperoxydase-stained bone marrow cells from the leukemic patient (case
15). Nuclei of the cells incorporating BrdU were diffusely (large arrow), or coarsely

(small arrow) stained.

Unlabeled cells were also observed (arrow head) (A).

Erythroblasts (arrows) and leukemic cells were seen. Erythroblasts were labeled with

BrdU (B). (%1,000).
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Bt R sy, AEMNTRER /2. Ly
L, BfERcET2EROL O, HBEROT -
NMNBERBLUT v NMEEEE SR, £z,
FAFREIICPERD L I LNHETHD, RE
RERI204 A Bz B E L BB T B D, FHlE
HFEPRIRDAAZHBE TEIEREN T2 0ELD
HENFARE L Z o7,

I. 7REFFFOIUSLICEFEBRFOEER

R

NFOBHEROAMBHRO 7o EFAF 7)Y
VT BESFIE, 2.4% 5 515.6% (FH L EERE
(meanztstandard deviation), L FE U, 7.2%
6.7%) Thor (B1BIUHL).

BB 0P MBI OB E I > T, 50%KH 4
B, 50% LA E80% K 7 HlE X UB0%LL E20H D 3 B
WAL TR T2 L, EHOB/ME, BAES LT

(%)
H
151
[ ]
[ ]
101 °
o
—
-l
| o
> T
o .
m S
o
5 LY
<€
:
[ ]
[ ]
]
0 L

Fig. 4. Distribution of BrdU-Lls in 31 cases.
The meanzstandard deviation (mean=®S.D.)
was 7.2+34%.

EH+ERRERINETNL%DHT7.5% 5.7+
1.6%), 5.0% % 515.4% (9.2£3.3%) B L U2.4%H»
515.6% (6.8+3.4%) L2 b, —RTTCEEIC X 28
TR 3FBEHMH EERERERR D AR o1 (®
5). BEOBEEMIEC & D ERE, EERS L8
WD 3BHIRBIL, &2 OEEROB/IME, BA{E
BLUFHLEREELAB L, ThTN4.2%» 5
8.8% (7.0+1.7%), 3.0%52510.5% (5.5£3.4%) 8
L U2.4%5515.6% (7.5+£3.7%) TH H BRI~
RERBIC L AMETCEKT LERLREZZ A5 AR
ot (B6).

. DNA &R RHEOEERR

DNA &R#FE2EET 201, 2EO o=x
FAFLT) S YOBIRARES£T o2 13FOE 11
HiEELELEROMEIZ, 2.5%5510.5% (Fig+
ez, LTRC, 7.24£2.4%) ThH o712 FHIORH
FAMEEK TERCREL 2% 2 MEOEREOHE
W, 3.6%»516.1% (10.3£3.8%) i LR L%, 1 [

(%)
® L]
151
[ ]
L]
10 °
.
- [ ]
]
5 ) ¢ .
° .
() . .
L2
5r ° .
& :
L[]
8
oL
A B Cc

Fig.5. BrdU-LIs vs. the percentage of leukemic
cells in bone marrows. Thirty-one cases were
divided into three groups according to the
percentage of leukemic cells in bone marro-
ws. A, 280%; B, 50%~80%; C, <50%.
p>0.1 (statistically not significant in one way
layout method).
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B U2EHBCHEL LEHRL YR 208
# (A LD &, 0.8%56.3% (3.1+1.9%) & % -
f. 26, B2EHOEEENE IHNEOERELY
BEERLZBE M7 (F2, K7A, B).
BEDfER L DRI DNA SEHARERENS, 3. 16
B 527 4BFR] (9.7£6.7%) L% -7 (X8).
BHPOBNBHRED S50 28 &2 X D80%FRED
A8 X UBBLUED 9Bz HEL #h2hd DNA
SRHEEE » 5 &, BTE 440500 5 19.5 BF [
(8.57.4B5F), I3, 10ERD 527, 48R0 (10.6+
7.80/) L2 b, HEOM I —RTRE K L 3RET
REE EEEER Mo (K9).

V. 7REFAF9 ) S DEIHER
SEO31F4AEI D BIRA#RE TIX, HEMCHE
BIzb 7O0EF AR T )P ICL B EELSNBE

(%)
t
15+
®
[ ]
10+ o
Y
3 ® .
! ®
=] —a— ®
T N
m ®
20 —
T3
. o
[ ]
]
0-
hyper. normo. hypo.

Fig.6. BrdU-Lls vs. the cellularities of bone
marrows. “hypo” denotes hypocellular bone
marrow ; “normo” denotes normocelullar bone
marrow ; “hyper” denotes hypercellular bone
marrow. p>0.1 (statistically not significant in
one way layout method).

FEREE<{BED oL b 7.

& &=

BB O MBI, EROEBIENESE, B
FHRBLUFHREFEBRCHEETZLEhTEY, &
hsT, MEE, BE, FEABEL CEe BEEE
BiouT, MEBEORF IR ENTETH B,
BMEMFICBL TS, AIRHAKEO Mg, B
EOEH, 2FRESLIVALBORNLZ Y £ b
2, BRAHEERET 2 LCEs b CTRELERD—
DERoTWA™® § T2 Yoshida &%, W4 —
NZYFZ 5 7 4 — (rapid autoradiography) ¥ % H
DRI HMBEHRD b Y F v 4 F 29 (tritia-
ted thymidine, *H-TdR) O#E#%3% (labeling index,
LD 24, HHEOF, B L > THREREE 2,
RIFEFE 2B THED, Hillen 5% 7a—44 b
APV =R TEHEL, DNA &HICH 2 D
SZuBlEEECERCE L BT WVE . £,
Raza 53 DNA &RICH 25 % { , DNA &
BAIORM L ERL T TERESERTH 2 LiEE S
NGITE, EHWHEAGHRELITY, M2 DNA &
B b MY 5, ROBBEERE*ET 2
BT, REBTRELXBET 2., HrviilLER
bl 2 bEREEERT 2L LTS, &
D &3, BERROMERE L EK - OFE LR
ERTREREE AOND. 3512, HEFERAS
TV BHEBEFOIE L A LA GEEME G,
HI) LAY i 2 8RB L, Lad, BE OBIEE
WhHHMEBCIRERT L5, HEIED &K
WHBMMEOLES L UL 2 MBS T 5%
EMCRDB 2L, WEELEDLOTERTHS .
[EEHMOBBHEL T T2 AL LTI, Zh
ET, SVATAY b= T THEG S W HENEYE
THEMNIFTAFIS ORI YUF LYY P
(H-uridine) 2V TA— 3 V4757 4 — I k
DEETLHE"BLU7 4045 >~ (Feulgen) K
PP HBWIETa—%A b ALY =2k 0K DNA
BEREENCEBET A HE O NEHAINTE. L
mL, INSDHEICE, QI T74AY =714
HT %08 o IR RICEIRY 5 2, DN
EFTIREMEZET 2, @DNA &2 oMbz (ke
EWETALOEANEREAL DL, R EOMERH D,
Az EEALT2EROBTH, TS TEL
vtz 19824E, JUEFAF L)Y LTS
B/ 7u—FAPiEsEEIR, TRIN B LD
BotlHik? JaxFrFy v YUYy ARV TR
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BB FE? ks 7a—Y 4 b A MY —
EPz LD, AR LY EREIE DNA S
HEMBEEEETELL DT xo/. £, AIKT
i3, EEMBOBEOENEHEFLLE L TEREHC
b5 Hi®, EENTRERNTOENE® ERIC
BETZLIEHTHD, L DEERNTOREN
NEFNTBY, BEEBCEETE27uET T+
YWY SYOEAR, IOSFTO—BOFKREE HIF
BB,

AETIR, TuEFAF VY I rERBLTAR
BRI B 7 2 £ENTOBBESE OB BT EEL T
pE, ETRRICL 3 EHELERCLTRELL.
o2, TuEFL RV VY Y rO—ERFERAZS
X 2 HINFEHROEBO %, BUKH £ —ERMIHE
EEL, ZOMOEREOCHINL Y DNA SaEIORK
Mrkod FEE2EELEL, TOHFAK O SHREL
Jo. AR TIE, BERADZ VIERELD+S08H

B L AEEE B LTEARIORE 2T TV 238,

BEETNEZ LR, COERREREFNICRET
CrREkDETIEMERTHS. TUETAFVYY
Yy, TTRHEHRERF &L THERCAY ST
B0, A CHMABER CcEL TR, 70ET4F
v ) Uy ERBEAFOFENEIRNRS 248
L 7z B &t #8 $% 35 (BrdU-Antimetabolite-continuous
intraaterial infusion Radiation therapy, BAR %
) LTERah, BE 15g » 5 50g DRKEHME
WHbLRMERCREESATVDE . ZOBOEIER
LLTH, —ERONOER, BEOHMBRORKA L
S, BRIRELORBESALTHLRLY®, KRRET
OBEEIL, 200mg/m*EEbOTHLETHY, 40
DEMTEERIC L 2 L BLNZBHER 2T
nE o7z, Raza EYOWMETHEME L IZIZREL
BEHRELTCwEY, BfEREASGRTORL, &
ZL2UBRETER LD EEZ OGN D, AEHNOKREY

Fig.7. BrdU-LI-1 and BrdU-LI-2 of the case 15. BrdU-LI-1 was 8.9% (A). BrdU-LI+2
increased to 10.9% (B). (x400)




B MR MR O SETE BN R 12 BA ¥ 2 B ST

i, FENC R RBIER 2V OO DNA RIZE
DAFNB LD RRERAFRFANDI L ENTS
P, HECBEE*ET200LBbN3.
WIETOEFTF L7 )P0 2 EERERD 2
EOOEFOBREFECODCTRET 2. BRAERS
B7OETFAF Y)Y BREMMFEEL 5
sk, BE»SBHERE COMICE B (the
first growth phase, G ) 225 DNA &I BT
LT E-MBED, RRZCEBRINL LB TFHEN
3. <z, DNA &l 2 MilOBIEBL %<,
L d FORBHOBHOEWIIicB»wTIR, Yued
AFy 7Y Sk DEBENERO DNA SR
HOLWMBHOEE LD bEEESNIBHRENH S .
LEdoT, FE2HET 5 LA B % T
Lxidhidzeuew ) FREOMBENETSE. L
DL, TOETAFC TV OENTOREE S S
v, BIRNEESR, FesutHEPr 7 oalt®:
2, 1008 IMPEEZIONLUTEL2 E3RATY
39 ZDEIETUETAFCVY IO IME AR
PREbHTEL, EFE~O 1EHOES LD, 122
FOEM DNA &Rk & 2 f 8L 2 % (pulse
labeling) ¥32 Zkiki2EZoh, BEBBED
REOBHELZ > VICBHBEROEMD D1z, RED
OB E TIISHMEEORBEM->THELX
AW DEBbhb.
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ToETA 3y ) Orok58R, BR0 L S 12
REBORMIcO 28IEM%2E®ET 5L, DNA &
B H 2 e TOMBESERINIRLOENES L
W, Lal, TeEFA R UYCOREEEEN
Wk BERHEE L OBRIC DV TERICRE L HE
Eal, WEBCREOHBERSE EaNTHES
DT, BBV TE2 L DNA SR H 240a%+
SR TSRV H 2. BEELATRSS
2, A—BBECSWIRSEL2E LI RN T 2 L1k
TARETH B2, ZFFETIE, Raza » D& IR
WI1EDOE% 200mg/m*E L7, %%, Raza 5%,
B, 100mg/m* i & L T D4R 21TV, 200mg/
m*ERELLBOEAR L R —-BLEBRETH-
leeiEL, BfFA2ZEEL T 100mg/m* ~DRE %
BoOTws. 5%, o CBENTEITIRNPE
THIEEEZD.

TUETEFY ) S ERORAA RO E
ELTR, REEABLEENAEBI U7 o—9 A b X
FY—EED208HB. Tu—HFA A= LD
B 370, AMEER»80%BLU EE2SED, L
»b 107ml B EOMSEHRAETRIRIER S
ROEWLIHRIMRS 5. BMEHIMKE T, Blgkod
Wl (B G INRE), BRI 50 2 E8&50
&\l (low percentage leukemia), X 5 X HERF
BRERBLREDLIIWC, 7u0—HA A MY —TORE

Table 2. BrdU-LI-1, BrdU-LI-2 and Ts.

Case® LI-1@ L1.20 AL Ts

(%6) %) (%8 (hr)

7 9.6 15.9 6.3 4.6

8 8.9 12.2 3.3 8.1

9 7.8 9.0 1.2 19.5

10 4.4 5.5 1.1 12.0

11 7.6 10.4 2.8 8.1

12 10.5 16.1 5.6 5.6

13 5.0 8.4 3.4 4.4

14 7.3 8.1 0.8 27.4

15 8.9 10.9 2.0 13.4

18 5.6 11.1 5.5 3.1

19 4.9 6.7 1.8 8.2

30 10.0 5.7 5.7 5.3

31 2.5 3.6 1.1 6.8
mean+3D 7.2+£2.4 10.3+£3.8 3.1x1.9 9.7£6.7

The Ts of 13 patients were investigated.
BrdU-LI-2 was larger than BrdU-LI-1.

In all cases,
(1), Case numbers

were identical to those in Tablel. ; (2), BrdU-LI-1; (3),
BrdU-LI:2; (4), BrdU-LI-2) - (BrdU-LI-1).
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MCHES2WFRLIELEASNB®. 20 k> 2
i, ErxoMOBEREE L ansREBIC us
TAF TV COBERRERAZ I EDTES, &
BN A ESEL T3, Lizs - TEARSRT
i, TTICEESMNRE L HED 6> THEEG
{LFRREEHEL 7.

MR AN TH 27012, L EELRET
BETILEND D, BHEHREEERLEYUL, B
Wiz, MiEXNELYELE VWIS ICTEARITELE
WU, BEbHHAE2 YT 2REU SR, B8
BRELDTHELRRETHY, ZhBTHSEHEKC
B, BEPCLELISHROHAED 2 W IEBNS S
Nz, ToEFrFvo VI romDAAOBE I
BRI AERBEEE BV, FHSROAEATV2
PEIPOBRBUR, IDEL DRV FY F—¥
(peroxidase) DTET ANV A F¥F—¥ » i F
¥ ¥ ¥ —¥ (peroxidase anti-peroxidase, PAP) %5

(hr)
30
®
20+ .
")
2 X
®
°
10
[ ]
®
I ]
@
®
01_

Fig.8. The distribution of Ts in 13 cases.
Mean+S.D. was 9.7+7.7%.

BVRTEF Y- EFF Y RV F VS-SR
(avidin-biotin peroxidase complex, ABC) H: g
T2, RIGHETE2 LN E R DHl- T
DLV TOEFTAFL VY P OWMD Aap
EHOEHHCBBTEL R BEBMESD 2 iz, &
WETEHAWE» 7. BB, HI7ToEF 3wy
Yy exm/rza—FbEE, TROLDRY LE
ERICTHLOFICHERL TRV 3 2 i & 0 BfFRR
IEHEDE SNz,

T IIRVFICORBTIE, EEshi- Mo
ERBERBCRE-THAILZDATHY, AR RE D
BERITURETH . BEOBMLEE 2 ELEn
EETHY, TTCCEHSIBRORBIEIIOVNTH
ML, HEVOEMRTHSE 2L b EBLT, o4

(hr)
30+
[}
20 °
/4] L
[
@
[ ]
10+ T
a -
®
| ® e
®
-]
0"
A B

Fig.9. Ts vs. the percentage of leukemic cells
in bone marrows. Thirteen cases were
divided into two groups according to the
percentage of leukemic cells in bone marro-
ws. A, =280%; B, <80%. p>0.1 (statistically
not significant in one way layout method).
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REFENTVD . KFRETLFLAFROET o7
p, TELRTECEBL, Lyr v MIEBERT2IC
EEAETHD L HET, BE» s LBER L
CRBETELD, BRLBERTILDICTuEFTL £
T YYD ALDRENBETE R Ko7, =
DEICERLAMSEBEALMET Ltk D, Am
FRHIEE D 5 8 2 EIEHB0% K TH - 72 11 BT
b, HIVRHIR : 20 E» 0B L WA ERIT
%, AMBHEOAD7oEF %25 P DD
AARIEEEMEICIEET 2 2 L X EETH - 1.
PEDE > LTt LS niid, Smes
PRIZHRED D DO» SHMSENBLT S D F THEX
Tholz. TOEIRREBEEDER %, Dierendon-
ck 5% DNA SRz 8173 DNA SRS
WIZEBBDELT S, D0, Hifas DNA S5
HwAD DNA & 2812, £ T%8bs 1> r
UyEEEACRBICEEIL, REBBEEFOHS~
ERTTL, S5 XBUMEERE & UB/IME~N A,
BRIEEE - DNA (FEHBa 2 A8l , 8T+ 2.
oT, 7uEF4 Xy o) Vrnls anziici
fivs DNA SO OBz otz h iz & D, O
MEEBR O EROMBENRORE, OF4iks
BE, O/MEEROBRORE, Q/IMED A DR
&, OEROMENE L >R, OD52D/55 — >
KHFoh, RERELEE T Lk, Eim
fa5s DNA SRHIO & 2B L Tw iz 2 HET S
2ELTVE. KIFRETH, BEECHEL v, 7
NENZEDNY - ORICTEZBITRMNSHD 5 D08
F—YIIHT DRI ELDTHETH 72, LirL
REBEICEZLHZORHENTHY , SHIEHHERE &
DERIZDVTHRNEET2 2L e &L 3.
INETHREZIN TS, RIGEHIO BT OHMm
HIIE DNA SROMBEOLEL2 42 L, b F
TAFIYUYRBOBREA - I94 5574 — B X

&, 2% 520%TH 3 (£3). Raza 5 DfF-7 7
DEFLF3 7 ) ERWTOERNICE T 280
TORNTLRABEAETH 7. L CTE s N K
Bl & 2 BRI, 2.4%0515.4%, FHIHET.2% &
CNETOME L ~WT 2HRTHY, KEDERES
ERTLOLEZSND. ZH 3Tz DNA S
HOMROLE L, HIDRORY, HIEEEO S
LUZOEE, S5 CEAEROEEE OB
NYERLHMEIRA SR Tk W SEOB T
b, BEEROBMERIOES B X CBBOE IR
BieftoTroes %o vy vrvic k pEBEE

WL, MAFLERRZERASNLho7. L
L, TRNETOREN TR /NI D T OKRE
THB:H, BHREINSDOMICER W ERETE
LV, SBROEFAOERABEBLNILETHS S .

RiZ, DNA &R ORD HlzonwTEET 5 .
MR L, SR ERCEYENER 21750
&, DNA # &R 2R TH 2. > T DNA &
MoREW, ZORCH2MEOLEL & b ICHK
DML RT R AVEEL 23, /2, BKL
b, BEALFOVMIBEERS ZOBBICERT 225
I, ZOFREFHTHENT, ThETHZDIEH
ERDDBLHORE B SINTETLEY". DNA S
REIOBEEE L L Tid, ¥ DNA Wizl DA Z hi-iE
BYEIBERAIZELL T GBREEMT 2 Fiks
LU-ERNEESYE M ER s T, 2OWRY
ABEDEMEL VBT 2 HE LMD 5.

Clarkson 59 H» - T, B2 AV, AME KSR
FHUPVFILFIYU21AKREL, 4 — 597
TIZ74BRICED PV F AT VBRI
1, HRZEEBEBL, £ENwE7 2 DNA S5
FfE & & 0 - MEERE2EEL:. Lel, 20
FEREEE CelMEzEL, 18 BHet s
BITLzhEz e, BRICREETE 2. —
73, Paietta i3, BECRKY, N FULFIYY
BLV 'CTEBRsWLFIYro2@EDI Y47
AV =72BWT, ZEEREETL, —ERMT
DHEDFBREOELRD T, £HMIZBIT 5 DNA
ERYRMEEEL 5. £/-, Raza 594, —H
TRETAF ST AL D EERTO—EES
Tol-BICEHEMIE 2L, £FS4T—ER/[ LY
FUALF IV EEHIBELE, £~ 5 V4 S
FT7A—FEALCTTOETAF LYYk B8
BEYNVFULFIVVICLAEBELEDEER
®, DNA ARREE2EEL TS, Lerl, 2h
SOREE, TN TIIATA YV b—TRERHT2
ez, BETREBNTOEERTRTUEKTHE. =
NET, Z2I9FTAYV M=%l HEUNCEE
MICE T 2 At EMFEMO DNA 45 R 2 sk o
reEEIE . UTHE, Sasaki o0, BEE BRI
TREFAF YUY Yk F R o B &
®, 7R—HA P AN =2k OB 7R
LY, DNA SHHIME HEYT 2 Hiks s
LTwd., BKFRTIE, 0HFEECALT, &ty
MBREC—ERE 7o F 4+ v Oy 2
WL, ZOEREOBMNKH > DNA SRIRME %S
ETEHEEERL, RELe. g0, 1EHDY
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Table 3. Cell cycle parameters analysed by various methods.

Cell cycle phase

Method Case G, S G, M GF*®
hr % hr % hr % hr % hr
A) ref94) 1 24 5.6 22 3 0.66 49
in vivo 2 61 6.1 19 3 0.52 0.47 83
' *H-TdR® ref7) AML 109 3.4 20 3 0.4 0.62 13¢
ARG® AML 74 4.8 21 3 02 2 99
AML 5.9 1
AML 2.2
B) ref.8) AL® 5.1£0.6®
(20 cases)
in vitro AML 20.0
*H-, “C-TdR AML 25.3
ARG AML 34.7
AML 28.7
ALL 21.7
¢ ref.22)
PI¥sain AML 9.0%2.8
FCM® (13 cases)
ref.24)
ALL 8.2+7.0 5.5%2.3
D) ref.11)
in vivo AL 10.6+5.2
DNA/BrdU (11 cases)
FCM
E) ref.31)
in vitro AL 10.0%5.9
BrdU (26 cases)
IHC(S)

This table summarizes cell cycle parameters calculated by various methods.
A), autoradiography (fraction of labeled mitosis) method (H-TdR was
administrated to the patients with acute leukemia. The duration and the
percentage of each period were obtained.): B), autoradiography (double
labeling) method (By incubating bone marrow cells with *H-TdR and “C-TdR
in vitro, the percentage of leukemic cells in S phase (LI) and Ts were
obtained.): C), flow cytometry method (Mononuclear bone marrow cells were
stained with propidium iodide, and the fluorescence was measured. The LI
and the percentage of leukemic cells in G, phase were obtained.): D), flow
cytometry method (BrdU was administrated to the patients with acute
leukemia. In vivo BrdU-Lls were obtained.): E), immunohistochemical
method (By incubating bone marrow cells with BrdU, in vitro BrdU-LIs were
estimated.). (1), tritiated thymidine; (2), autoradiography; (3), propidium
iodide ; (4), flow cytometry; (5), immunohistochemical method ; (6), reference;
(7), acute leukemia ; (8), meanztstandard deviation; (9), growth fraction.
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UEFAF VY S O—RBRASRESIC X 2 ESC
LB oI BT LEE BrdU-LI\1) &L, ZhE
1EEDOEREREISON 22T CTEHY I O EH &
EEELBRICE S N EREOE (BrdU-LI-2) »
5, ZOMME (A L) 2HEL, DNA & HARM*
kWi, BB, TOAETR, 79EF4Fyo )Y
vERDIAA RS, SR A S IR A e
®BTL, 2EIHOBHREMEZHITT 240ERH 270
2, AP O K MBS H18043 Th 5 L DL
PHELT, IEAEO70EF4 3y vy Puiks
;e 2EEHOEBRT £ TOREE1802 L E 7.
&5, AHET DNA SRMEME KD 2121

{B % OHFL R THEMAE O R 28R T 2 B 2 n
2, Ly b1803DMc, FEHIEHZ &0 1 &
ORISR BB LV ERET A LENH 5. &
WERTES N ERE OO EHEIZ3.1%TH Y,

PEEOEHEENIEH LY LEEERL 20k 2
{, SEHAWREERBCZNFETY, +osm
HEPMBTELbDEELONT:.

D& CHELLRBEAMEOIME1L3EH o DNA
BHEREIEYETI.THMTHY, ThEToR
HELER-BT 2FERIBoNIH, EF LY hk
DDRTYEFNRBLENT. KRRTES L EERNIC
BURTREFAFO I U r L 2EREOES &
U DNA &R OE & 0, &0 IS o i
EEREEAZ L, EFICINONIYFEHIZ LD
O, DNA &RHICH 2RO LRI BNz Vi <,
Riz, ZORML 220, MO IZEG
FEHOOTREZWHEEERIAS. TOZ b5,
BRI, MEOSEZL2b0E0 b,
bLa, —HELILMENERICOEDERL,
RREERESNBZ LRI NET20OTE B VL EE
ZoNn3.
APRICLD, TUEFAF IV BLIUFD
B 70— F AR B TEERIZE T 2 EIEL
HORBEEHRELIEBETE s P enir 7. &
BOEENTORETIE, 2k TOEENTOMRIF
LIRIREROBRESE s ne s, S8, BT IR
DRENT, ARG o CICEFIMEORER &, Atk ®
BUBET 2 Ly nEMII DL THRET ABIc I, &
BEBNCOMMEER LI BLKER, ShOTHE
RARFBRER2bDL#2 005,

&

BT OB MR OIS EES | & N TR T
DRDORERRRTEWNT, F 3V ORESRT

®

HBH7TaEFA ¥ YY) ¥ (bromodeoxyuridine,
BrdU) L 20 7 u—J LHifkEH v T, GRSE%
R FEC L DRI L 7. MR RBED AkAm
REET, MRBEEM2EEL LT, ZOESICX
LHEWME (BrdU-LI) 5 & 1* DNA &5HIEE (Ts)
208U, ThoDEEOTRERIZDOWTHREL,
UToO%RE2E-.

1. 70733 v ) Yo L2 BREOETED
72wz, KH 200mg/m? % —ETERNICESEL, —
EE#EIT-> B 1E B0 BHEH & ETL, B
EREARFR L, BERGREERCLIOREL
oo B, BEAE LTEAVRARHTLE. 20
FHEICLY, filOBRE 7o F+Fy oYY ro
HORAARBOTHE L b ICRIFICEETE .

2. SERFELBBOToET Ay ) U
W& BRI, 2.4%92515.6%, EHETT.2%T
BY, CNETOREL BIZ—HT2EELE.

3. DNA &apiliRM2EET 20, 1EHO
BHEFHEEC 70277+ v ) ¥ 200mg/m?#%
15053 1 THREGES L, 2EBEOSH (LERO Y 0
TFA RV IUBREIINE) 1T, 2 OBESE
ORME (A LD 2Rz, ZOFEICLY, FE
T31%BOEHREORME BT .

4. SEMRET L2136 DNA &SRB, 3.1
MRl 527 4BFM, @M E 2 Y, FEHC
EDHRDANTVEFIALNDZ DD, INETOR
EWZER—RT ARETH 2.

5. 70 FAFOYN U I L AERES LU
DNA &R L B o HIBHEOE &2 5 O
CEBEOREMEEK oM, BESHEEIEZS S0
Linoiz.

6. FHENTHELLE 70Tt £y oY Yrick
IR LAEMTH D, DNA SEHIEEE & B
WZEMs, BEOIFMIROMEZTH LiEEL
7.

AFETRE LI FERCELY, BRIZUL»VEBI
HEENIC B 2 QIMFEHRKO DNA &E1C H 2 #5
DLLE 7 & Uiz DNA SRR 2 Rl 82 2
EWGnot . RS ICARKITHBERES LRI B
ARETHD, 7u—HA b ANY —FICHB L TINH
HEIZ LW EEZS .

E:i i3

WeRABHicn, BT HEMEEHD £ U k0 Bk
ERBEI R 2 BRHOBAR L E ¥ . 27z, HIEE L
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Abstract

To develop a useful method for in vivo analysis of the proliferative characteristics of
leukemic cells, the kinetics of acute leukemic cells were investigated by a new
immunohistochemical method, using bromodeoxyuridine (BrdU) and its monoclonal
antibody. In order to ascertain the proliferative potential of leukemic cells, the
BrdU-labeling index (BrdU-LI) and the duration of the DNA synthetic phase (Ts) of
leukemic cells in bone marrow were calculated. The method is as follows. Firstly, an
informed consent was obtained from each of the 31 patients. Prior to treatment, the
patients recieved a bolus intravenous injection of 200 mg/m? of BrdU. Thirty min after the
injection, bone marrow was aspirated and air-dried smears were made. The smears were
stained immunohistochemically using anti-BrdU antibody. BrdU-labeled cells were
microscopically identified by the presence of brownish reaction products. The cellular
features were also clearly observed by counterstaining with Giemsa stain. The BrdU-LIs
were calculated as the percentage of BrdU-labeled cells among 500 leukemic cells for each
patient. The BrdU-LIs of leukemic cells from 31 patients ranged from 2.4% to 15.6%
(mean 7.2%). To estimate the Ts, a 150 min-drip infusion of BrdU was started
immediately after the first bone marrow aspiration (BMP). After the completion of the
infusion, the second BMP was performed to estimate the increasing rate of BrdU-LI (ALD
during the 180 min. The mean value for ALI of 3.1% was obtained from 13 patients.
From the BrdU-LIs and ALls, the calculated mean Ts were 9.7 hr (range, 3.1 hr to 27.4
hr). These results were also nearly equal to the values estimated using other methods.
The BrdU-LIs and Ts had no significant relationship to the percentage of leukemic cells in
the bone marrow and the cellularity of the bone marrow. From these results, it is
concluded that this new method is useful for analysing the cell kinetics of leukemic cells
from patients with acute leukemia, especially those with hypoplastic leukemia or
myelodysplastic syndrome.




