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Anticancer Effect of Arsenic Trioxide in Acute Promyelocytic Leukemia
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Ki Young Kwon, M.D.T, Heung Sik Kim, M.D. and Chin Moo Kang, M.D.
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Purpose : Acute promyelocytic leukemia(APL or AML, M3) represents an unique model for
cancer research in terms of biological and clinical features. Since 1988, it has been widely con—
firmed that all-trans retinoic acid(ATRA) can induce complete clinical remission in over 85% of
APL patients by a differentiation process, with PML-RARa protein possibly being the direct
target of ATRA. However, ATRA treatment has two clinical limitations, namely, retinoic acid
syndrome and retinoic resistance. Recently, it has been shown that arsenic trioxide used in some
traditional Chinese remedy is very effective in retinoic resistant APL treatment. We tried to
observe arsenic effect on cell lines and APL patient cells.

Methods : We investigated arsenic trioxide—induced apoptosis on APL, HL60, K562, KPH1 cell
lines through MTT assay, DNA fragmentation assay and morphologic features.

Results : In MTT assay, cell survival rate decreased as the concentration of arsenic trioxide
increased. In DNA fragmentation assay with HLE0 cell line, DNA fragmentation was more
frequent in high concentrations of arsenic trioxide than in low concentrations. During arsenic
trioxide treatment, the morphologic change in bone marrow cells of APL patient, included nuclear
differentiation and dark cytoplasmic granule during arsenic trioxide treatment. Serum arsenic
reached peak level at 4hr after injection. We experienced a case of a 9—year—old male with APL
who had relapsed after cessation of retinoic acid treatment. The patient successfully achieved
remission following arsenic trioxide treatment without bone marrow depression and exacerbating
bleeding diathesis.

Conclusion : Arsenic trioxide can be used effectively to treat APL patients by inducing apoptosis
and partial differentiation in tumor cells. The precise cellular and molecular mechanisms of its
therapeutic effects remain to be determined. (J Korean Pediatr Soc 2000;43:327—334)
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A 2
A4019999 7€ 11Y, 51 :1999d 10¥ 8¢ S O] okA] Foko o 5
e =, © ol7 FOFO o S o7 0\_]_@’_]_— A
AR EA, Adeietn el n el 2ok SOVIE e TR et '

Tel : 0532507516 Fax : 053)250-7783



328

719 9 6 9A
Bol 74 @ 490w, oF 4 WEWe] 30-
W02 W B NEE AR Lob HIYeA
W EETY NEEe PEey wEynche ws
7b vrort o1 Amile] obd WEAA o] Aby

F Aotk 34 A=A 9EM (acute
o

b
(o3

= N
E L3

U $3% (disseminated intravascular coagulation)
o= Qlsto] AbgEC] o A AV t(1517)
o] SFAAoE uwa, o=
leukemia (PML) -A%}$} retinoic acid recepter a
RARa) 872 Aujde] ©jgk PML-RARa chi—
meric T o] Az Qe Ae] e A*?Y o
o) A o7 2eH= alltrans retinoic acid
(ATRA)E AHE3te] APL A=e B2 TS T3t
S0 geg ATRA A8 F A94 Aoy of
1 719 7% HAo] EHMEE retinoic acid F3T
| Yebta AL BE SxtelA AE Fustd Al
st Slo] WAIE o QUi Htel FtellA
¥ arsenic trioxide(As:03) A 57F ATRA E& 7]
FekAlel &3t fle $AEelY ATRA A&F
kel ol Al AbgEo] 2 ARE wolm gl

promyelocytic

sY]

o

ut

i

N

£3] arsenic trioxidex e LA ANA Hols =4
A Zrgo] glom APLe| #H¥ ¥ A do
714 eki=th= AHo] glrp?,

Arsenic trioxidess PML/RARa @99 E3&
T3k PMLE] amino—terminal sequences®l = 2
43ato ME AM(apoptosis)E dOoPoEA o 7
5 vepdtha dith 2 ATelA= APL AlEFR]
HLE0 AEF¢ APL #Ake] &5 AES o] 3t
arsenic trioxideol thdt A|Eo] kA Zd HANE
Al&&}al arsenic trioxideFo] & A|EZ] FEjH
4l DNA HisglE dgste] A b oF-5 gl
LR ) A

1.\ &

wsket AEFQ HLE0 Ml¥E:= APL #abe] Tz
oo A e MEFZY American type culture
collection (ATCC, Rockville, MD)& ¥ T93s}3itc}.
RPMI 1640 #i#lell 10% ¢-8 32 4]olA HL60

AL g AE AEEC] 8% oA A Adel

AZeA] W] t)dk Arsenic trioxide(As:03)9] &9k zH&

o33t

KPHIS Aged) Aobst waex &ys 1+ 2
AEFoln K62 HMEW  AxFolct
APL1E ol 942 19979 APLZ Hwkso] ATRA
o} g8 eow e HAE 1d F oA AEy
S A9 g AFolW, APL2E &} 25MF 1999
d 5¥e] APLE Ak Frje] ZFA Lo H
(blast : 74.4%), APL3E oz} 23M|2 1999d 7Le]
APLE ek whe $kx}8] Z=A] Lot} (blast : 80.6%).

ANEF

A

2. 4

110

HEEH
od

1) ghetml ZeM HAAFMTT assay : methyl

thiazol tetrazolium assay)

Arsenic trioxide(Sigma, USA)E 1% NaOH £
o] &8A1A 96 well plateol stock ¥%& 10°MS
AEER ste] @AHCR s4Elth HL60 AlEF
= 100/mL, 25 ATE 10/mLE AE 08 v
S3 7} welle] ME 1004 H7vske] 3
7C, 5% COz F27]elA 96AI17F wieFataitt. of7]e
MTT 50L0.1mg)s ¥ F 6AZF F7F wigdsta
RN 2200LF FA~HA AAS $ DMSO 1501
£ F7kskgich. DMSOZ <13 &3¥ AXE ELISA

) =1e] )
_I“IT@]]E

reader® 540nmelx  FFEZOD)E FH3I3Th
Arsenic  trioxide2]o] agaricus(10yg/mL), adria—
mycin(Ipg/mL),  cisplatin(4ug/mL), VP-16(20ug/

mL), Ara~C@Q0ueg/mL)% FdsHAl 794 s==F b
=01 HL60 Al2EFe] H7lketo] A AEES 738 A
=

2) DNA fragmentation assay

HL60 AEF¢} APL1 &FAl3e]
oxide, agaricus, adriamycins 37}k, 19 Wik &
2,000rpmellA] 223 A4 FEste] A AS 3]
AAsL 20 &3 ¢FHE Yol HHs] MxH ol
5 g38iA7h 937l Ll RNase A (100 mg/mL)E
A F 0 37Cel IARE wiYkA7IaL 20
proteinase K(10mg/mL)E Y1 &3 & o]F& 5
0C oA 241ZF 30 7FLE38tal 1.2% agarose gel
< o] g3to] 2417F 303 30voltellAl A7) A
=3

3) HENSHA WHa(IerdAv]d HAD

arsenic tri—

Yol

Arsenic trioxide, adriamycing 7} HL60 A%
2zt 1X0AE wEe]l 500pmolA 5E37F cy—



tospin (Shandon, Cheshire, UK)¥ #7]5lA & =
# 1l 9% paraformaldehyde’} 3 7}¥ phosphate buf—
fered saline®Z 5%7F 1Ak AEe] &=2k5 1Y)
Q38 poly-L-ysineo] AHe® fre] &eto]l=E o] &3}
o] Wright 94& st 38t dnjAstelx] ME 1A}
o5 ERIsitt

4) APL1 &txtol|A| arsenic trioxide2| EO

ATRA Folz #a=sdotzt Add 94
(APLDeIA H29 Fo& W& % arsenic trioxide
& FoIsitt. 0.1% arsenic trioxide 5mLE 5%
D/W 500mL &elfell Aol 3A%F F<t &% 3 W
Aul FAFEFSITE Arsenic trioxide F1% 8F &
£ SAstn v ArFE Aldsto] Al B

B,

o

o

ST~ OO
=T J:E

[N
i}

1.

oo

ARl L4

At

HL60, K562, KPH1 MXFE o] &% MTT assay
oA arsenic trioxide® F7l8Il& wl =e AZF7F
FE Skl uet AlE ABEgo] T
A3t om, HL60 AT 6.256-3.125iM 2] F=elA,
K562, KPH1 M¥F+ 3125-1.5625iM 9] & %ol A
7 wAg AxE AEE AE BYUEFig. D.

1=
HL60 A|3ES=e] arsenic trioxide, agaricus, adria—

arsenic trioxide

mycin, cisplating F7}3F MTT assayolA arsenic
trioxide 3.125ME&EA] AE ABEE 98% A 6.25uM
9 FLolA 9%E AX AESC] F43] TG

—=— HL60
- = K562
* & KPH1
IS
=
s
>
n
)
O
I I ;
30 40 50

As,04 Concentration(xm)

Fig. 1. Chemosensitivity of arsenic trioxide using
MTT assay of the HL60, K562 and KPHI1
cell lines.
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Fig. 2. Chemosensitivity of various drugs using
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Fig. 3. Chemosensitivity of arsenic trioxide using
MTT assays of the APL1 cells.
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Fig. 6. DNA fragmentation assay_ with HL60 cell hne(a) and APL1 cells(b).
Clcontrol), Al (AsfOs 10°1M), A2(AsOs 10°%M), Bl (agaricus 100iL),
B2(agaricus 50uL), C1 (adriamycin 100uL), C2(adriamycin 50uL).

Fig. 7. Arsenic trioxide-induced apoptosis(A) and adriamycin—-induced apoptosis with cytoplasmic bleb
formation in HL60 cell lineB).
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