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Induction of apoptosis in K562 human chronic
myel ogenous leukemia cells by tetra-ar senic
tetra-sulfide, ST1571 and her bimycin

Qi-Dong YE!, Longdun GU?, Jin-Cai ZHAO, Wermr Gao CHEN?, Bei ZHANG?, Li-Min JIANG?, Li-Song SHEN?

1. Department of Hematology/ Oncology; 2. Department of L aboratory Diagnestic Center, Xinhua Hospital , Shang-
hai Second Medical University, Shanghai Children’ s Medical Center, Shanghai 200127, China

Abgtract : Objective The thergpeutic effect of chronic myeloid leukemia (CML) is undesrable. Inorder to find a
new sendtive drug for CML , this sudy aims at exploring the efects of tetraarsenic tetrasulfide (AS) on human
leukemia K562 cdls. Methods The viability of K562 cedls, represented by absorbance, was measured by M TS assay.
The cdls morphological changes were determined by Wright' s staining and Hoechst33342 assay. The cdl gooptoss was
evduated by DNA agarose gd eectrophoreds and the cel gpoptoss rate was measured by flow cytometry. Results The
cdl viahility decreased dgnificantly being cultured with 5.00 mol/L As,S;, STI571 and herbimycin for 72 hrs (with
absorbancesof 0.32+0.04, 0.49+0.01 and 0. 69+ 0.02, repectivdy) . As;S, and ST1571 had more inhibition on the
K562 cdls viahility than herbimycin ( P <0.01) , and there was no datigtically sgnificant difference between that of
As;S and STI571. The dfectsof 1.0, 5.0 and 10. O mol/L As:S on K562 cdls were time dependent. When the
concentration was lower than 1. 0p mol/L , AsS; had little effect on K562 cdls. After being cultured with 2. Oy mol/ L
As,S, for 24 to 48 hrs, typicd morphologica changes of gpoptoss gppeared in the K562 cells. After being cultured with
5.00 mol/L AsSy, STI571 and herbimycin for 72 hrs, the gooptoss rate of K562 cells were 68.8 %, 56. 7 % and 35.
5%, repectivdy. When the concentrationsof AgS; changed from 2.0 to 3. 0j mol/ L , the gooptoss rate increased from
25.7 % to 45. 3%. There was no dgnificant difference between the goptods rate of K562 cels induced by 5. 0 and
10.0p mol/L AstS,. Conclusions Asi Sy with the concentration of 2. Ou mol/L could inhibit the growth of K562 cdls
eficiently through inducing gpoptoss. [ Chin J Contemp Pediatr , 2004, 6(1) : 15- 18]
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Chronic myeloid leukemia (CML) , a particular
subtype of leukemia, is a clona disorder in which
cellsof the myeloid lineage undergo massve clona ex-
pandon. The characteristic genetic abnormadity of
CML , the Philaddphia (Ph) chromosome, results
from a reciproca trandocation between the long arms
of chromosomes 9 and 22. At presnt , theonly ther-
apy for CML is dlogeneic bone marrow tranglanta
tion, but the suitable donor is not easly found. Some
drugs, such as hydroxyurea and interferon afa can
prolong patients' lives, but they have more adverse
effects ™.
highly sdlective tyrogne kinase inhibitor to bcr-abl ,
had an effect on CML in vivo and vitro and arsenic
trioxide (As0;3)
(As;S) , two components of reagar which was used

Recently , it was reported that STI571, a

and tetraarsenic tetra sulfide

as Chinese medicine, were very efective in treatment

[2-8]  Her-

of acute promyelocyte leukemia (APL)
bimycin is a benzoquinone ansamycin and can cause
cell apoptoss. It has been shown that herbimycin is
an inhibitor to nonreceptor protein tyrosne kinases
and does not inhibit receptor-type tyrosine kinases 1.
In this study , the effectsof As,S, 0n apoptodsof the
K562 , acdl lineof CML , were studied by comparing

with those of STI571 and herbimycine
Materials and methods

Reagents

The A,S; was provided by Dr. Lu Daope (In-
gitute of Hematology , Peking Universty) , STI571
was provided by Dr. Hisabeth Buchdunger (Novartis
Pharma, Basd , Switzerland). The herbimycin was
from Sgma Chemical Co. (USA). The K562 cdls
were from Shangha Ingitute of Cel Biology. The
RPM1 1640 medium and fetal bovine serum were
from Gbco-BRL. Stock wlutions were made at corr
centrationsof 1 to 20 mmol/L with dimethyl sulfox-
ide (DMSO, Sgma Chemical Co. , USA). The Anr
nexin V/ FITC kit wasfrom Oncogene (USA). The

gpoptotic DNA Ladder Kit wasfrom Roche Molecular
Biochemicals (Germany) .
Cdl culture

The K562 were cultured at 5 x 10° cells ml in
the RPM | 1640 medium with 10 % heat-inactived fe-
tal bovine serum in a humidified i ncubator which con
tained 5 % CO, and a temperature of 37
ome exponentiad growing stage cells were cultured
regectively with 0.01, 0.1, 1.0, 2.0, 5.0 and
10.0M mol/L AsS,, STI571 and herbimycin for 24
to 96 hours.
Cell mor phol ogy assessment

After being cultured with above drugs, the cdls
were centrif uged on dides (800 rpm, 4 min) by cy-
togin (Shandon Southern Product , Cheshire, UK)
and were stained with Wright’ s staining method and
were observed then under microscope. The nucle of
the cdls were stained with Hoechst33342 for frag-
mented DNA oontent. The amount of 5 HI
Hoechst33342 (100 M g/ ml) was added to 500 Y|
drugtreated cel medium. After being incubated for
another 30 minutes, the cells were centrifuged on
dides and then were observed under the fluorescence

, and then

microsoope.
Cell viability deter mination

The cdl viability of cultured K562 was deter-
mined by the M TS [3- (4, 5 dimethylthiazol-2-yl)-5
(3-carboxymet hoxyphenyl) - 2- (4-sulfophenyl) -2 Hte-
trazolium] assay (Promega Cell Titer 96 Aqueous kit ;
Promega, USA) . The amount of 0.5 x 10° cells per
well were cultured with different concentrations of
the above drugsin a 96-well tissue plate and the same
number cells cultured without drugs were taken asthe
controls After being cultured for 24 to 96 hours,
M TS were added to the cells according to the direc
tions and the cdls were then incubated for another 90
minutes. The absorbance, which represented the cell
viability , was determined at 490 nm by a ectropho-
tometer. Each condition and experiment was per-
formed at least three times.

. 16 -



6 1
2004 2

ChinJ Contenp Pediatr

Vol.6 No.1
Feb. 2004

Cell apoptosis rate detection

The cell gpoptoss rate was determined by the
Annexin V/ FITC staining and flow cytometric anay-
gs. After being cultured with different concentrations
of A4S, STI571 and herbimycine regectively , the
amount of 5 x 10° cells were washed in ice-cold PBS
and sugpended in 0.5 ml binding buffer and 1. 25 |
annexin V-FITC for 15 minutes at room tempera
ture. After being washed in icecold PBS again, the
cells were sugpended in 0. 5 ml binding buffer and
10U | propidium iodide. Then the gooptoss rate of
2.0 x 10* cel was andyzed immediately usng an
FACS Cdibur flow cytometer (Becton Dickinson,
USA) and CelQuest 3.2 software. The experiment
was repeated twice.
D NA ladder

Apoptods was proved by DNA ladder usng
Apoptotic DNA Ladder Kit.
cording to the directions.

It was performed ac

Satigtical analysis
SPSS 10. 0 oftware was used to perform F test
and unpaired Student’ s t test.

Results

Effects of As,S,, STI571 and herbimycine on the
K562 cells viabil ity

The cdll viability decreased sgnificantly after be-
ing cultured with 5. O mol/L A&, STI571 and
herbimycin for 72 hours (with the absorbances of 0.
32+0.04,0.49+£0.01 and 0.69 +£0.02, regective
ly) (Figure 1). The Ax,S; and STI571 had more in
hibition on the K562 cdls than herbimycin ( P <
0.01). There was no satisticad significance between
AsS, and STI571. At the concentration of 1. 0
M mol/L , the absorbances of the three drugs were 1.
08+0.01,0.76+0.01 and 1.26 0. 05 regectively
and that of ST1571 was lower than that of A& and
herbimycin ( P <0.01). No difference was found
between those of the latter two drugs. There was no
difference in the absorbances between the K562 cells
cultured with 5. O mol/ L of A4S, and those cultured
with 10. Oy mol/L of AssS;( P > 0.05). The ab-
rbancesof the K562 cells cultured with 1.0, 5.0
and 10.0U mol/L AsS, repectively sgnificantly de-

creased with the cultured time ( P <0.01) (Figure
2). When the ooncentration was lower than
1.0p mol/L , the As;& had little effect on K562 cells
viability.
The K562 cells morphological changes

Typical morphological changesfor gpoptods, in-
cluding chromatin condensation , fragmentation of nu-
clei and formation of apoptotic bodies, were observed
inthe K562 cdls cultured with 1.0, 2.0 and 5.0
Hmol/L As,S, regpectively (Figures 3 and 4) . After
being cultured with 1. 04 mol/L AstS for 24 hours,
the cells became round , swelling and some nuclel gp-
peared condensation (Figures 3B and 4B). At the
concentration of 2. O mol/L AsS,, the DNA was
fragmented and the nucle broke into severd discrete
chromatin bodies (Figures 3C, 3D, 4C, and 4D) .
The DNA ladder pattern of fragments of the K562
cells cultured with 2. O mol/L AsS, for 72 hours
was shown in DNA agarose gel electrophoress.
The K562 cells apoptosis rate

When the K562 cells were cultured with less
than 1.0d mol/L A&, STI571 and Herbimycin for
72 hours repectively , the apoptoss rate was lower
than 10. 4 % and at the concentration of 5. OJ mol/ L
the apoptods rate of K562 cellswas 68.8 %, 56.7 %
and 35. 5 % regectivdy. When the concentration of
A S changed from 2.0 to 3. Op mol/ L , the apopto-
dsrate increased from 25.7 % to 45.3 %. There was
no difference between the gpoptoss rate induced by
5.0and 10.0M mol/L A &.

Discussion

Researchers are focus ng on developing more effi-
cient thergpeutic drugs for the treatment of CML.
Redgar has been used to treat a variety of diseases,
including syphilis, malaria and several other paradtic
infectionsfor more than 1 500 yearsin China. A&,
the main compostion of reagar , was regarded as hav-
ing low toxicity. S far, it was not reported whether
A S was efective on malignant diseases when being
used done. This study explored the effect of AsS,0n
the K562 cdlsin vitro.

The K562 cdlsproliferation were inhibited when
they were cultured with 1.0 to 10. OM mol/L A S,
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STI1571 and herbimycin regectively. The cdls were
not afected when the concentration of these reagents
werelessthan 1.0y mol/L. The 5. 00 mol/L A&y
and STI571 had moreinhibition on cellsviahility than
herbimycin, while the inhibition of 1. O W mol/L
STI1571 was more than that of As;S. The mecha
nism needs to be clarified in a later sudy. In addi-
tion, the effectsof As;S,0n K562 cells viability were
time-dependent. The K562 cells had characteristic
apoptotic morphologic changes, including cell shrink-
age, chromatin condensation,
cleavage, and the formation of gpoptotic bodies after
being cultured with the three reagents. The 5. 0
M mol/L At and STI571 induced marked gooptoss
and the cell apoptoss rate induced by AsS; was even
alittle higher than that by ST1571. After the concenr
tration of A& was increaed from 2. 0 to
3.0M mol/ L , the gpoptoss rate a0 increased sgnifi-
cantly from 25.7 % to 45. 3 %. After 24 hours when
the K562 cels were cultured with 2. 0 B mol/L
AsSy, the nude obvioudy broke into discrete chro-
matin bodies. This suggested that the As,S,, STI571
and herbimycin could induce cell apoptoss and result
in cytotoxicity and 2. Op mol/ L A, S, was effective in
inducing K562 cels gooptoss. As;S, may be a
promidng reagent in the treatment of CML.

Previous studies showed that the cells with ber-
abl fudon gene were particularly resstant to gpoptos s
induced by a number of chemical and bhiologica a
gents[s]. The ber-abl is a conditutively activated ty-
rosne kinase, whose activity is essentia to the CML
cells. Asaninhibitor of the kinase, STI571 does in
hibit the expresson of ber-abl!®!. But a recent study
showed that the CML cell lines gpoptoss induced by
As03 had nothing to do with ber-abl!®!
mechanism of A$,S, inducing K562 cells gpoptossis
not clear and needs to be further investigated.
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Figure 1 Effects of different concentrations ol As. S, STISTI and herbimyein on cell viahiity

Figure 2 Effocts of different cultured time with As S, on the KS62 cell viability
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