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AC133

AC133
, CD34
CD34
AC133 ,
AC133
36 ( 21
15 ) ,
Western blot . AC133
CD45 side scatter
AC133
20% . AC133 33.3%
(12 /36 ) , 524% (11 /21
) : 67% (1 /15 ) AC133
AC133
(CD34, HLA-DR, CD38 )
CD34 AC133

(P =0.045).



Fas, Fas ligand, Bcl-2, caspase-3 ,
AC133 Fas
(P =0.048).

(cytosine arabinoside[Ara-C], doxorubicin, tumor necrosis

factor[TNF]-a ) . AC133
Ara-C
(P =0.049), caspase- 3
AC133
Ara-C caspase- 3
, CD34
AC133 doxorubicin
TNF-a
AC133
, AC133
, CD34
AC133
: AC133 , ,



AC133

AC133 CD34"™"

5-transmembrane molecule ,

v ACI133
CD34
, AC133
CD34 CD34
4 AC133
(ontogeny)
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(multi-drug resistance gene)

" , CD34
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CD34
AC133

(apoptosis)
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AC133
AC133
AC133
Fas, Bcl-2, caspase-3
, in vitro AC133
AC133
AC133 AC133



1997 11 2000 5
15
36 21 15 )

French- American-British (FAB)
(bone marrow
mononuclear cells) Ficoll-Hypaque (Nyegaard, Oslo, Norway)
(density gradient) .2
10% fetal bovine serum (FBS; GIBCO,
Gaithersburg, MD) 10% dimethyl sulfoxide (DM SO)

RPMI 1640 (GIBCO)
-70
FBS RPMI 1640 2 03% trypan blue
hemocytometer (viability)
90%



, , , lactate
dehydrogenase (LDH),
, v 1 ,
AC133
(extramedullary leukemia)
, 1500/L , (blast) ,
100,000/ uL 20% ,
5% 4
. AC133 (immunophenotype)
AC133, CD34, CD38, HLA-DR
Fas, FasL (ligand)
(monoclonal antibodies)
(flow cytometry) . FITC (fluorescent

isothiocyanate, FL1) PE (phycoerythrin, FL2) PerCP (peridinine
cholorophyll protein, FL3) purified
AC133-PE  (Miltenyi Biotec, Bergisch Gladbach,
Germany), CD34-FITC (Becton Dickinson, Mountain View, CA,
USA), CD38 (Becton Dickinson), HLA-DR-PerCP  (Becton



Dickinson), Fas (Becton Dickinson), FasL (Becton Dickinson),
CD45-FITC (Becton Dickinson) . mouse
IgG:-FIT C, mouse 1gG:-PE, mouse 1gG:-PerCP (Becton Dickinson)

25-50x 10° cells/50 uL 100 uL
FACS wash buffer
(Table 1) 10 uL 4 20
FACS wash buffer 2 mi 4 300g 5

Table 1. Monoclonal antibody panel for flow cytometry used in the

study
No FITC PE PerCP
1 Control 1gG: Control 1gG: Control 1gG:
2 CDh34 AC133 CD38
3 Ch34 AC133 HLA-DR
4 Ch34 AC133 Fas
5 CD34 AC133 FasL
6 CD45 AC133
CD38, Fas, FasL RAM (rat
anti-mouse) 1gG:-PerCP (Becton Dickinson) 4
20
(FACSCalibur, Becton Dickinson) forward scatter (FSC)
side scatter (SSC) linear scale
FITC FL1, PE FL2, PerCP FL3 log scale

CellQuest software (Becton Dickinson)



10,000

CD45 SSC
AC133
20%
. AC133 CD45 SSC
AC133 20%
. Western blot
36 W estern blot
Bcl- 2, caspase-3 . AC133
2
(acute promyelocytic leukemia, M3) 2 17
12%
SDS-polyacrylamide gel nitrocellulose

membrane (Amersham, Little Chalfont, UK)
Anti-Bcl-2 (Santa Cruz Biotechnology, Santa Cruz, California, USA),
anti- caspase-3 (Santa Cruz Biotechnology) ECL chemiluminiscent
detection reagent (Amersham) ,
CSC Camera controller 14 program (Vilber lourmat, France)
TINA 2.10e program (Raytest, Germany)
, AC133
anti-human o -tubulin  (Cedarlane,

Hornby, Ontario, Canada) o -tubulin



36
(cytosine arabinoside[Ara- C],
doxorubicin, TNF-a ) , Ara-C 1
um (24 ), doxorubicin 1 uM (4 ), TNF-a 10 ng/ml (4 )
Annexin-V-FITC (Becton
Dickinson)/ Propidium iodide (PI; Sigma, Deisenhofen, Germany)
100 uL (1x 10° cells)
Annexin-V-FITC 5 uL Pl 10 uL
Annexin-V'/PI*

AC133

Ara-C 1 uM (24 ), doxorubicin 1
um 4 ), TNF-a 10 ng/ml (4 )

.24
cytospin centrifuge (Cytospin 3; Shandon, USA)
, Wright (Olympus BX50F; Olympus
optical co, Japan) AC133



AC133

Student's T -test , Kaplan- M eier
survival test log
rank test . AC133

chi-square test, Student's T -test,
Pearson correlation test . P 0.05

Window s- SPSS release 9.0

10



1. AC133

36 ,
(T able 2, 3).

Table 2. Clinical characteristics and expression rates of AC133 and
CD34 antigen in acute lymphoblastic leukemias

CR1

UPN Sex/Age FAB ACI33 CD34 Karyotype duration 03
type (%) (%) (months)
(months)

1 M/39 L2 33 912  46XY, t(9;22) 7 11
2 F/ 15 L2 5.7 47 normal 4 12
3 F/ 18 L2 08 68.1 not reportable 5 8
4 F/ 26 L2 39 804 normal 9 20
5 M/ 45 L2 2.0 2.0 normal 4 12
6 M/43 L2 353 943 not reportable 1 9
7 Fl 17 L2 10 18 normal 17 18
8 M/59 L2 14 03 normal 13 14
9 M/ 24 L2 101 98 47XY, +16 11 13
10 F/ 36 L2 09 786 normal 12 13
11 M/27 L2 26 218 47XY, +10 4 10
12 F/ 37 L2 03 795 not reportable 6

13 F/ 42 L2 02 484 normal 0

14  M/45 L2 11 893 normal 4

15 M/45 L2 94 919 normal 0 11

FAB; French-American-British, CR1; first complete remission, OS;

overall survival duration.
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Table 3. Clinical characteristics and expression rates of AC133 and
CD34 antigen in acute myelogenous leukemias

CR1

UPN Sex/Age FAB ACI33 CD34 Karyotype duration oS
type (%) (%) (months) (months)
1 F/ 25 M4 230 803 normal 8 11
2 M/ 46 M4 360 643 48XY, +21x 2 10 11
3 F/ 18 M2 678 0.7 45X 0, -7,+15 13 14
4 M/ 42 M2 64 21 47XY, +8 11 15
5 F/ 15 M2 71 58.0 not reportable 0 10
6 F/58 M4 15 484  46XX, t(8;21) 0 3
7 M/51 M3 03 312 46XY, t(15;17) 17 18
8 M/ 17 M5 648 740 normal 16 17
9 M/50 M5 201 268 normal 18 20
10 F/ 68 M2 515 587 not reportable 3 6
11 M/35 M1 877 923 normal 0 2
12 M/ 42 M2 114 840 not reportable 4 10
13 M/52 M5 95 909 45XY, -8 0 2
14 M/67 MO 653 468 normal 0 1
15 M/34 M5 14 06 49XY, +8,10,14 3 4
16 M/59 MO 09 494 normal 0 1
17 M/ 73 M1 736 916 47XY, +8 0 1
18 M/ 72 M5 910 936 47XY, +8 0 7
19 FI71 M3 17 5.0 normal 22 23
20 F/ 18 M5 23 16 not reportable 27 29
21 M/56 M4 909 893 normal 2 10

12



36 16:1 ( 22 14

) . 413 (15-73 ) . ACI133 12
(33.3%) , AC133
AC133 65.0% (20.1-91.0%)
AC133
, (T able 4).

Table 4. Patients characteristics according to AC133 expression

A C133 expression
Positive (N=12) Negative (N=24) P

Age 48 (17-73) 405 (15-71) NS
Sex (MF) 9:3 13:11 NS
AML
MOMUYM2M3 V220 Vo332
M4/ M5 33 V3
ALL (L2) 1 14
Hemogram
Hemoglobin (g/dL) 76 (4.2-12.0) 78 (28-13.0) NS
WBC (x 10°/L) 429 (2.7-3415) 16.3 (1.3-109.2) NS
Platelets (x 10°/L) 53.0 (9.0-139.0) 54,0 (8.0-512.0) NS
LDH (1IU/L) 7135 (250.0-4672.0) 1423.0 (344.0-13570.0) NS

‘Normal range; 225-445 IU/L, LDH; lactate dehydrogenase, NS;

non- significant.

AC133 52 4%
(11 /21 ) , 67% (1 /15 )
AC133

13



(P=0.005). AC133

1 L2, common B-
(CD10 ) , AC133
35.3% . AC133
(Table 5).
French- American-British (FAB) AC133 M1

100% (2 /2 ), M4  75% (3 /4 ),MO  50% (1 /2 ), M5
50%(3 /6 ) , M3) 2
AC133 (T able 3).

Table 5. Clinical characteristics of AML patients according to AC133

expression
A C133- positive A C133- negative P
(N=11) (N=10)

Age 50.0 (17-73) 465 (15-71) NS
Sex (M:F) 8:3 6:4 NS
Hemogram

Hemoglobin (g/dL) 76 (49-13.7) 6.9 (5.0-12.3) NS

WBC (x 10°7L) 28.6 (2.7-3415) 186 (14-45.7) NS

Platelets (x 10°7L) 41.0 (9.0-139.0) 245 (8.0-116.0) NS
LDH (1U/L) 663.0 (250.0-4672.0) 15375 (480.0-4232.0) NS
Percentage of A C133-

. 65.3 (20.1-91.0) 2.0 (0.3-114) <0.01

positive cells
Karyotype

Normal 6 2

t(8:21) or t(15:17) 0 2

+8 or +21 3 2

-5or -7 1 0

others 0 1

not reportable 1 3

14



2. AC133

AC133

21

Table 6. Therapeutic outcomes in acute leukemia patients

. AC133

1

AC133

(Table 6).

VPD (vincristine, prednisolone, daunorubicin)

AML
ALL
AC133- positive AC133-negative P

CR rate (%) 636 (7/11) 600 (6/10) NS 86.7 (13/15)
CR1 duration (months) 10.0 14.0 NS 6.0
Remission failure rate (%) 364 (4/11) 400 (410) NS 133 ( 215

Early death 250 (V4) 500 (24 ) 00 (02)

Resistance 75.0 (3/4) 500 (24 ) 1000 ( 22)
Relapse rate (%) 429 (3/7) 500 (36 ) NS 538 ( 7/13)
One-year relapse rate (%) 429 37) 333 (26) NS 538 ( 7/13)
Median OS (months) 10.0 10.0 NS 110
One-year survival rate (%) 455 46.7 NS 417
Median DFS (months) 100 14.0 NS 6.0
AML; acute myelogenous leukemia, ALL; acute lymphoblastic

leukemia.

15



15 Ara-C
100 mg/m® 1 7 , idarubicin 12 mg/m?
1 3 11
2 ATRA (al-tans retinoic acid)

Ara- C, idarubicin, topotecan

1 , 3
10 ,
AC133 . AC133
AC133
(Figure 1). ,
AC133 (CR1
duration) AC133 , 1

(one-year relapse rate)

(Table 6). CD34 CD34
(log rank test; P<0.01). , AC133'/CD34’
AC133/CD34"
, CD38 HLA-DR

16
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AC133 positive (N=11
) p=0.51
24
0.0
0 , 10 20 30

Overall survival (months)

Fig. 1. Kaplan-Meier survival estimates of acute myeloid leukemia

patients according to AC133 expression.
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3. AC133 CD34, CD38, HLA-DR

AC133
CD34, CD38, HLA-DR
(Figure 2).
i1lAC133-pﬂ5i’tive AML
= w = [+
i o =
e b o
2 2 ¥

Control
B'E o =
=f.-:lq %ng
ENE & "o
Q -~ o -
= = "o
=l = u'a
e 2

m
ACI133-FE

0

ACI133-FPE

-
=
21 o 2
B =1 S
oy 3 oy
8= B =
Q =1, § =
ﬁ DD- uaﬂ
™ i ol 10¢ 100 1
AC133-PE
‘-g -
= =
(1
% e 2=
' oL
% : g = % ‘s
o —
=] & =2 ﬁ =]
=P 5 o
- ey rr—yy = T = Ty TT—T YT
w? ' owf w0? ed w w' o wt ot W 10! e 100 10
AC133-PE AC133-PE AC133-PE

Fig. 2. Coexpression of AC133, CD34, CD38, HLA-DR, Fas, FasL
(ligand) in  AML cells. Flow  cytometric analyses  of

immunophenotypes of AML cells obtained from two representative

cases are shown.

18



15 CD34 10

(66.7%), CD38 15  (100%), HLA-DR 12
(80.0%) . AC133 1
CD34, CD38, HLA-DR
21 CD34 15 (714%),
CD38 18 (85.7%), HLA-DR 19 (905%)
AC133

CD34 AC133
(P=0.045)(T able 7). CD34 15
AC133 (AC133°/CD34°) 10 (66.7%) , AC133/CD34’

5  (333%) . AC133 1

AC133'/CD34

Table 7. Immunophenotype in AC133-positive and AC133-negative

AML cells
AC133-positive (N=11) AC133-negative (N=10) P
CD34 (%) 65.3+ 30.2 34.1+ 36.3 0.045
CD38 (%) 58.9+ 25.8 56.4+ 339 NS
HLA-DR (%) 72.2+ 20.0 59.1+ 32.6 NS
AC133 AC133
AC133 CD34
99.0% ( ) , AC133 CD38
765%, AC133 HLA-DR
94.1%

19



4. AC133

AC133
Fas, FasL
(Figure 2), Bcl-2, caspase-3 Western
blot (Figure 3).

UPN 1 2 3 4 8 9 10 11 12
FAB M4 M4 M2 M2 MS MS M2 M1 M2

AC133 + + + - + + + + -

CD34 + + - - + + + + +

Caspase-:l--- = - --. .

(32 KD)

Bel-2 ““- - o e -

{26 KD)

Fig. 3. Detection of Bcl-2, caspase-3 proteins in AML cells using

Western blot analysis.

Fas 9 (60.0%), FasL
9 (60.0%) . AC133
1 Fas (919%), FasL (89.9%) . Bcl-2,
caspase- 3 (OD, optical density)
, AC133 1 Bcl-2

caspase- 3

20



21 Fas 12 (57.1%),
FasL 11 (524%)

AC133 Fas, FasL AC133

(T able 8).

Table 8. Coexpression of Fas and Fas ligand proteins according to

AC133 expression in AML cells

AC133-positive (N=11) AC133-negative (N=10) P

Fas (%) 39.3+ 26.1 19.1+ 213 NS
Fas ligand (%) 41.2+ 309 227+ 265 NS
17 Western blot Bcl-2,
caspase- 3 AC133
Bcl-2 , caspase-3
, AC133 Bcl-2, caspase-3
(Figure 4).

21



300,008 -

oD

200,000 T

100,000

Bel-2 Caspase-3

Fig. 4. Expression of Bcl-2, caspase-3 in AC133-positive (filled
bars) and AC133-negative AML cells (empty bars). OD; optica

density.
CD45 SSC
(leukemic blasts) AC133 Fas
AC133
(Pearson correlation, P =0.048). ,
FasL, Bcl-2, caspase-3
AC133

22



CD34

Fas, FasL Ch34
(P<0.001).
CD34 Bcl-2
, caspase-3
. CD34
AC133'/CD34’ AC133/CD34’

Fas, FasL, Bcl-2, caspase-3
Fas, FasL AC133/CD34’
, Bcl-2, caspase-3 AC133"/CD34"
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5. AC133

AC133
Annexin-V-FIT C/Propidium iodide (Pl)
(Figure 5). AC133

Ara-C
AC133
(P =0.049). , doxorubicin, TNF-a
AC133
(T able 9).

Table 9. Percentage of apoptosis according to AC133 expression in

AML cells

A C133-positive (N=11) AC133-negative (N=10) P
Ara-C (%) 348+ 6.3 39.7+ 4.2 0.049
Doxorubicin (%) 40.7+ 7.1 454+ 3.2 NS
TNF-a (%) 347+ 16 36.6+ 4.0 NS
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1) AC133-positive AML

Pt s =
= A1 % 21 26T %
._E i—q o " s . i
= o L
-~ =
1w0% 10" 10 100 10t w0 1" 10® w® 10?
{1} Cantral [Zp 1M Ara-C
-
=
ﬁﬂ ] I
=1 ¥
NE E : T %
I-E _IEE'I f 1 c -' .
=, L : b
“10% 10' 162 10° 109
(3] 1uM Doxorubicin {1} 10ngimi THF -a
Annexin V-FITC
2) AC133-negative AML
Pt =
o 3 5%
=7 -
-
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1w 1w' 1w 1w 10t
1) Cortral

00 10" 10% 10% 1

10 107 10

w' 1w 10
(3 Tub Diaxarubicin (A} 10mghm) THE .S

Annexin V-FITC

10? 10!

Fig. 5. Dual color flow cytometry analysis of apoptosis in AML cells
(representative cases). (1) Untreated control cells. (2) Cells treated
with 1 uM Ara-C for 24hrs. (3) Cells treated with 1 uM doxorubicin
for 4hrs. (4) Cells treated with 10 ng/ml TNF-a for 4hrs.
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CD34 doxorubicin, TNF-

a CD34
(doxorubicin;
P=0.015, TNF-a ; P=0.011), Ara-C CDh34
AC133
(Figure 6). , ,

, AC133

Fig. 6. Light microscopic findings of apoptotic AC133-positive AML
cells (Wright's stain, x 1,000). (1) Untreated control cells. (2) Cells
treated with 1 uM ara-C for 24hrs. (3) Cells treated with 1 uM
doxorubicin for 4hrs. (4) Cells treated with 10 ng/ml TNF-a for
4hrs.
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AC133
read AC133
AC133
, AC133
36
, AC133 CDh45 SSC
AC133 20%
° 33.3% AC133
, 52.4% ,
6.7% AC133 . Buhring *
32 AC133
78%, 87%,
56% AC133
Buhring ¢ AC133
AC133
. CD34 FAB
(MO, M1, M4)
’, AC133
AC133 FAB
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AC133
Ch34 , AC133 CDh34
CD34 Buhring *
(AC133'/CD34"; 70%, AC133/CD34"; 9%, AC133/CD34 ; 17%)

. CDh34
e A C133
, AC133/CD34"
AC133/CD34"
.Horn * 30
A C133
A C133
A C133 , 1
, LDH ,
Y AC133
Grimwade " (complex
karyotype), -5, -7, 3q , 18,
+21, +22, . 1(8:21),

t(15;17), inv (16)

AC133

HLA-DR
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¥, CD38

CD34'/CD38

(sensitivity)

CD38 HLA-DR 85.7%, 90.5%
, AC133
, AC133
AC133
CD34, CD38, HLA-DR
Fas (CD9) FasL
Fas/FasL
(doxorubicin,
etoposide, cisplatin) Fas/FasL
o7 ’
Fas
18.
AC133 Fas
(P=0.048), FasL
CDh34 Fas, FasL
e : CD34
Fas, FasL (P<0.01). , AC133'/CD34"
AC133/CD34’
Fas, FasL , AC133
Fas AC133
Ch34 Fas
, CD34'/CD38 Fas

CD38

13

14,15
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Fas

14,15

2 947% (18 /19 )
CD38 CD34'/CD38
Fas, FasL
, CD38
Fas CD38
(P<0.01), FasL CD38
(P=056).
Fas, FasL
, Bcl-2 (Bcl-2 family proteins;

Bcl- 2, Bcel- X, Bcl-X., Bel-Xs, BAX, BAD, MCL-1) IL-1

(interleukin-1 converting enzyme[lICE]-related proteins;

ICE, CPP32[caspase-3], ICH- 1[caspase-2]) 20
AC133 Bcl-2, caspase-3
Bcl-2
, CD34 2
Bcl-2
, AC133
, AC133 Bcl-2
Bcl-2 AC133
Bcl-2 CD34
, ACI133/CD34"
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AC133'/CD34"

Caspase- 3 (proenzyme)
DNA -repair enzyme poly
(ADP-ribose) polymerase (PARP)
22 , cytosine arabinoside
(Ara- C), etoposide, mitoxantrone caspase- 3

22,23

caspase- 3

(uncleaved) caspase-3

2, AC133
caspase- 3
, caspase-3
CD34
, AC133/CD34" AC133/CD34’
AC133
Ara- C, doxorubicin, TNF-a . Ara-C
nucleoside (analogue) caspase-3 DNA
23,2425
Ara-C AC133
AC133 ,
AC133 caspase- 3
AC133
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caspase- 3

AC133
caspase- 3

AC133

Ara-C

Doxorubicin

DNA

Fas/ FasL

16,1727

doxorubicin

(P=0.015).

TNF-a Fas

TNF-a

(P =0.011).

Ara-C

AC133

Ara-C caspase- 3
caspase- 3
22
CD34
CD34
AC133 CD34

anthracycline

AC133

28

CD34

CD34
CD34

topoisomerase Il inhibitor
, reactive oxygen species (ROS)

2 doxorubicin

AC133
, CD34

AC133
AC133
, CD34
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TNF-a
*, AC133
AC133
, AC133
CD34
AC133
pathway)

33

NF-kappaB

CD34
doxorubicin TNF-a
AC133 Fas/ FasL
, AC133
AC133

(signal transduction



1997 11 2000 5
15 36
21 15 )
AC133
, AC133
1. 36 , 1611 ( 22,
14 ) . 413 (15-73 ) . ACI133 12
(33.3%) , AC133

524% (11 /21 ) ,
67% (1 /15 ) AC133

AC133

2. AC133

, AC133

AC133

1
3. CD34 15  (714%), CD38
18 (85.7%), HLA-DR 19 (905%)
, AC133 CD34
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AC133

(P =0.045).
AC133
Fas
AC133
(P=0.048). : Fas ligand, Bcl-2,
caspase- 3 AC133
AC133
Ara-C AC133
(P =0.049),
caspase- 3 AC133
Ara-C
caspase- 3
, doxorubicin, TNF-a AC133
CD34
AC133
, AC133
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Abstract

Biologi cal Characteristics of ACL33 Antigen-Positive

Acut e Leukem as

Jin Seok Kim
Department d M edicine

The Graduate School, Yonsei University

(Directed by Professor Yoo Hong Min)

AC133 antigen is a cell surface antigen which is selectively
expressed on hematopoietic stem and progenitor cells. It has been
reported that AC133 antigen is expressed on the subsets of CD34"
acute leukemias, and occasionally on CD34 acute leukemias. We
investigated the clinical and biological characteristics of AC133
antigen- positive acute leukemias. Thirty-six adult acute leukemia
patients were analyzed using a cut-off criterion of 20% or more
gated leukemic blasts expressing the AC133 antigen for AC133'
leukemias. The biological characteristics focused on apoptosis were
examined using multicolor flow cytometry and Western blot analysis.
Result :

1. AC133 antigen expression was found in 12 cases (33.3%). Eleven

of 21 (524%) acute myelogenous leukemia (AML) patients and 1

of 15 (6.7%) acute lymphoblastic leukemia patients were positive
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for AC133 antigen, and the difference was significant. None of the
clinical prognostic markers were significantly different between
AC133" and AC133° AML patients.

2. Median disease free survival time and overall survival time of
AC133" and AC133 AML patients were not significantly different.

3. The expression rates of CD34 were significantly higher in AC133"
AML patients compared to those of AC133° AML (P =0.045).

4. Among the apoptosis-related proteins, the Fas expression on the
leukemic blasts was higher in the AC133" AML (P=0.048), but
Fas ligand, Bcl-2, caspase-3 expression rates were not
significantly different between AC133" and AC133 AML.

5. The apoptosis rates were significantly lower in the Ara-C treated
AC133° AML (P=0.049), but the apoptosis rates to other
apoptosis-inducing agents (doxorubicin, TNF-a ) were not
different between AC133" and AC133 AML cells. We thought that
there were some associations between a trend toward higher
caspase-3 expression rates and lower Ara-C induced apoptosis
rates in the AC133" AML.

Our results demonstrate that the AC133 antigen had no clinical

significance, but the AC133 antigen might provide different biological

characteristics including apoptosis from other immature cell surface
markers. However, to verify the prognostic usefulness of AC133
antigen and the basis of the biological characteristics of AC133
antigen-positive acute leukemias, further study with more cases is

needed.

Key Words : AC133 antigen, acute leukemia, apoptosis
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