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Apoptosis Induction by Curcumin in
Human Myelogenous Leukemia Cell Lines
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Background: Curcumin, a naturally occurring biologically active compound extracted from rhizomes of
Curcuma species, has been shown to possess potent anti-inflammatory, anti-tumor and anti-oxidative
properties. The effects and possible mechanism of this agent were investigated on 2 human myelogenous
leukemic cell lines.

Methods: K562 and KG-1 cells were the two cell lines selected. The MTT assay and flow cytometry
were used to assess the cytotoxicity and for cell cycle analysis, respectively. The protein expressions
were analyzed by Western blotting; the caspase activity was also checked.

Results: Both cell lines showed dose-dependent susceptibility to curcumin, and the cell cycle analysis
showed an increased sub-G1 phase in the KG-1 cells. In the K562 cell, curcumin down regulated the
expressions of PCNA (proliferating cell nuclear antigen) and cyclins D1 and B1. The expression of Akt
was also down-regulated, but caspase-3 was activated to induce cleaved PARP (polyadenosine ribose
polymerase) and apoptosis. However, the expression of phospho-Erk was unaffected. Co-treatment of
cyclosporin A (CsA) with curcumin resulted in an attenuation of apoptosis in the K562 cells, implying
curcumin-induced apoptosis is dependent on the release of cytochrome c¢ from the mitochondria.
Conclusion: Curcumin induced cell cycle arrest and apoptosis in both human myelogenous leukemic cell
lines, with the apoptosis appearing to be dependent on the release of cytochrome ¢ from the mitochondria.
(Korean J Hematol 2005;40:75-81.)
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2. Cytotoxicity =44

K-562¢} KG-1 A|E£FZ 96 well corning platesol] Z}
ZF 5% 10%well® B3k 200ule] B kAol curcu-
ming 7}7] & §E9 A7t 7 vjeketin. v
A A 3 Tetrazolium Salt MTT €948 7} wellr}t} 10ul
H7Vekar 37°C ol A 4417 vl FAIZ]L & 540nmoll A
A3l
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K562 Al¥XF9F KG-1 MEFZE 1 XPhosphatebuf-

fered saline (PBS, PH7.4)Z $=A8}a, 7S 70% ol

E-&2 1S, OA] IXPBSE FAbE A F
Propidium iodide 10 gzg/mL (PI; 0.5%, Tween-20; 0.1%

CH,0 OCH,
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[1,7-bis-(4-hydroxy-3-methoxyphenyl)-1,6-eptadiene-3,5-dione]

Fig. 1. Chemical structure of curcumin.
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4. Western blotting

M EE-S SDS sample bufferS o] &3to] &A1 5
10~15% gel 2 SDS-PAGEZ A AI&titt. a9 o
S 1A B9 AVH WPHO 2 nitrocellulose mem
brane. & 271 & membraneS blocking buffer (1X
TBS, 0.1% Tween-20, 5% skin milk)el] 23 AL A
A1 HEG A1 & 2] UAf A E A Elshe] 4°C
oA ¥HA=E ¥-EAl7]3 HRP 23S 713 ant-
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5. Caspase activity =X
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rin (AFC)9] S S434Th
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K5629 KG-1 A|E59] curcuming 0~240 yM7}A]
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Fig. 2. Dose and time dependency of curcumin effect on the leukemic cell line K562 and KG-1. Curcumin was treated at various
concentrations and times (A) and then its concentration was fixed at 25 yM (B). Curcumin at 110~130 M concentration
reduced cell viability by 45~50% and KG-1 showed more time-dependent pattern of cytotoxicity to curcumin.
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Fig. 3. The effect of curcumin on the cell cycle progression. K562 and KG-1 were PI stained at 24hrs, 48hrs, 72hrs after treatment
with curcumin 10 uM. KG-1 cells in sub-G1 phase were increased at 24hrs, but K562 cells appeared not affected.
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Fig. 4. Western blot results of cyclin D1, cdk4 at curcumin
10 M. The expressions of cdk4 and cyclin D1 were not
decreased in K562 cells at this concentration.

K5629] 7% curcumin FEE =29 F Fx9 A7t
< 2gate] thA] cyclin A, B, D % PCNA (prolifer-
ating cell nuclear antigen)& Western bloto. 2 ZA}3]
£ 23 cyclin D1, B} PONA7L F2 F=of &3t
Aashes 218 8 5 AT 2, cyclin Ax
37F Ll (Fig. 5).
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Fig. 5. Curcumin effect on cell cycle and apoptosis. curcu-
min caused decreased expression of cyclin D1, B1, and
PCNA but not cyclin A at after treatment of curcumin at 100
uM for 6hours in K562 cells. Apoptosis was induced by
curcumin exposure of either 100 M for 6hours or 25 yM for
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Fig. 6. The expression of phospho-Erk Akt, bcl-2 after
treatment with curcumin at 25 yMAkt was decreased within
an hour and bcl-2 was also reduced rapidly in KG-1 cell.
However, phospho-Erk was not affected by curcumin.
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Fig. 7. Activity of caspase 3 treated with various con-
centrations of curcumin, cyclosporin A (CsA), and cyclos-
porin A+curcumin in K562 cell.
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