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Down-regulation of four arsenic antagonists on apoptosis and
telomerase activity induced by arsenic trioxide in three

myelocytic leukemia cell lines’
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ABSTRACT

AIM: To investiate regulative effects of thiol reagents,
N-ucetyl- I-cysteine {NAC) and natrii dimercaptosussinas
(NDMS), catalase (CAT), and calcium chelator 2-{ (2-
bis-[ carboxymethyl ]-amino-5-methyl-phenoxy }-methyt |-
6-methoxy-8-bis-[ carboxy-methyl | -aminoquinoline { Quin
2) on apoptosis and telomerase activity induced by arsenic
trioxide (As,(O3) in three myelocytic leukemia cell lines.
METHODS ;: Flow cytometry was used to examine apop-
tosis and a PCR ELISA kit was used to detect telomerase
activity. RESULTS: As,(; induced about 40 % -
60 % of apoptosis in NB4, K562, and HL-60 cells at the
concentration of 0.6, 2.7, and 8.1 pmol/L respectively,
as well as down-regulated telomerase activities in three
cell lines. NAC 4 mmol/L, NDMS 200 umol/L, CAT
80 kU/L, and Quin 2 20 pumol/L could down-regulaie
apoptosis variously induced by AsyO;. NAC and CAT
alone could decline telomerase activity in three cell lines
and further decline telomerase activities that had been de-
creased by As,Oy, whereas Quin 2 antagonized the de-
cline in K562 and HL-60 cells. CONCLUSION: Thiol
activity loss, free radical alteration, intraceliular calcium
changes, and decline of telomerase activity might be in-
volved in As)Oy-induced apoplosis. NAC, NDMS,
CAT, and Quin 2 antagonized in some extent the effect of
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As; Oy on the three tested cell lines.

INTRODUCTION

Telomerase was first identified in the ciliated proto-
zoan Tetrahymena thermophila'™ and then detected in hu-
man germ cells, most malignant tumor cells, and a few
somatic cells such as lymphocytes, but not in the majority
of somatic cells*. It plays an important role in the
control of cellular proliferation capacity and senescence by
utilizing its own RNA component as a template for the
synthesis of multiples of telomeric repeats onto the end of
replicating chromosomes. Telomerase activity has been
proved to be associated with immortallization of cells and
cancer, it is expected as a target for cancer treatrent.
Several chemotherapy drugs have been reported that they
could inhibit telomerase activity(* % .

Arsenic has been shown a specific treatment effect
on acute promyelocytic leukemia { APL) in clinic without
bone marrow depression or other severe side effects, its
complete remission (CR) were as high as 66 % — 84 %
including retina acid-resistant APL cases”*). A more
detail study reported that arsenic trioxide triggered apopto-
sis in APL NB4 cell line in a dose-dependent way via
down-regulating  Bel-2 and  degradating  PML-RAR«
chimerical protein at a high concentration (1 pmol/L),
and partial differentiating a1 a lower concentration (0.1
umol/L)!® | Although arsenic agent may react with cel-
lular thiols to exert its toxicity, the pathway from thiol re-
action to genetic damage is elusive. Glutathione peroxi-
dase, catalase, and calcium have been proved to play im-
portant roles in arsenite-induced micronuclei in CHO-K1
cells'™®~2) | How do these factors work in human mye-
locytic cells during apoptosis induced by arsenic trioxide
and how do they affect on telomerase activity in this pro-
cess? The aim of this paper is to investigate the regula-
tive effects of thiol reagents N-acetyl-{-cysteine ( NAC)
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and natrii dimercaptosussinas {NDMS), catalase (CAT),
and caleium chelator 2-[ (2-bis-[ carboxymethyl ]-amino-
5-methyl-phenoxy )-methyl ]-6-methoxy-8-bis-[ carboxy-
methyl ]-aminoquinoline (Quin 2) on apoptosis as well as
telomerase activity induced by As,O in three myelocytic
leukemia cell lines, NB4, K562, and HL-60.

MATERIALS AND METHODS

Cell culture and chemicals Human leukemia
cell lines NB4 ( APL), K562 (chronic myelocytic
lenkemia, CML ), and HL-60 ( acute myelocytic
leukemia, AML) were cultured in fresh RPMI 1640
medium (GIBCO-BRL), supplemented with 10 % heat-
inactivated fetal bovine serum, benzylpenicillin 100 kU/
L, and streptomycin 100 kU/L, and with or without dif-
ferent concentrations of As,Oy solutions, at 37 T in a
5 % CO» humidified atmosphere. To avoid possible ef-
fects of cell density on cell growth and survival, cells
were adjusted not more than 5 x 10%/L by addition of
fresh culture medium containing the corresponding con-
centration of As,Oy. As;O; ( Shuikoushan Second
Reagent Factory, Hunan, China) was dissolved in physi-
ological saline as siock solution of 0.5 mmol/L and dilut-
ed to working concentration before use. NDMS was pur-
chased from Shanghai Pharmacy Company. Propidium
iodide (PI}, RNase, catalase(CAT, 11 kU/mg), NAC,
and Quin 2 were purchased from Sigma.

Assessment of apoptosis by flow cytometry
Cells were seeded at a density of 1 x 10°/L. with As,O4
0.1 - 8.1 umol/L and NAC 4 mmol/L, NDMS 200
pmol/L, CAT 80 kU/L, or Quin 2 20 pmol/L respec-
tively for 72 h in the above incubation conditions. About
1 x 10° cells were harvested and washed with ice cold PBS
(NaCl 150, K;HPO, 9.61, NaH,PO, 0.20 mmol/L )
then injected into cold ethanol ( —20 C, 70 %), which
was kept overnight at 4 . Cells were rinsed with PBS
and stained with PI 50 mg/L in PBS solution containing
0.1 % Triton-X100, egzatic acid 0.1 mmol/L, and
RNase 100 kU/L, incubated in the dark at room tempera-
ture for 30 min., then PI was washed with PBS, 10 000
cells were determined by flow cytometer (Facscalibure,
Becton-Dickison, San Jose, CA) within 1 h.  All data
were collected, stored, and analyzed by Cellquest version
1.2.2 sofiware (B-D}.

Telomerase detection Telomerase PCR ELISA
Kit ( Boehringer Mannheim ) is an extension of original
method described by Kim ef ¢/ . It allows highly spe-
cific amplification of telomerase-mediated elongation

products combined with non-radioactive detection follow-
ing an ELISA protocol. Cells of 2 x 10° were harvested
and centrifuged twice at 1500 x g for 10 min in PBS.
The PBS, water, and tips should be pretreated with di-
ethyl pyrocarbonate ( DEPC) in order to prevent RNase
from destroying telomerase activity, The cell extracts
were prepared by resuspending cells in 200 gL of lysis
reagent and incubated on ice for 30 min, then centrifuged
al 22 000 x g for 20 min at 4 . For PCR amplifica-
tion, 2 pL of extract (equal 1o 20 000 cells) and 25 pL
of reaction mixwre were transferred into a suitable tube,
then added sterile water to a final volume of 50 L. An
elongation/amplification reaction was performed by the
following protocol; mixture was kept at 25 T for 30
min, 4 € - 30s, 50 C -30s, 72T - 905 (30
cycles), and at 72 C for 10 min. Amplification product
(equal to 2000 cells) 5 uL was mixed with 20 uL of de-
naturation reagent and incubated at room temperature for
10 min. Hybridization buffer 225 pL was added and
mixed thoroughly, then 100 pL of mixture (equal to 800
cells) per well was transferred into the precoated MTP
modules and incubated at 37 C on a shaker for 2 h.
Anti-DIC-POD working solution 100 uL was added and
incubated at room temperature (18 — 22 ) for 30 min
with shaking. The solution was removed completely and
the precipitate was rinsed 5 times with 250 L. of washing
buffer per well for a minimum of 30 s. After removing
the washing buffer, 100 uL of TMB substrate solution
was added and incubated for color development at room
temperature for 20 min with a slight shaking. Finally,
100 uL of stop reagent per well was added to stop color
development. The absorbance of the samples at 450 nm
and 690 nm {a reference wavelength) within 30 min was
measured. The result was reported as AA = Aysom —
Ago nn (blank ). Negative control should be less than
0.25AA units. Positive control should be high than
1.5AA units. Sample was regarded as telomerase-posi-
tive if the difference in absorbance {AA) is higher than
0.2AA units,

Statistics Means from different groups were com-
pared by 1-test and expressed as X + 5.

RESULTS

Apoptosis induced by different As,0; concen-
trations The apoptosis induced by AsyOs in three cell
lines was determined by flow cytometer after incubation
for 72 h, it showed a concentration-dependent (6.1-0.9
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pmol/L} apoptosis in NB4 cells.  The apoptotic rate was
17.0 % -73.8 % compared with that of control
{13.1 %). But in K562 cells, an obvious apoptosis
(58.2 %) was found at 2.7 pmol/L of As,Oy, while in
HL-60, apoptosis (62.3 % } was found at the concentra-
tion as high as 8.1 pmol/L of AsyO,. It showed that
the concentrations of As,Oy that could induce apoptosis in
three cell lines were very different, even 10 times higher
in HL-60 than that in NB4 cells (Tab 1).

Tab 1. Flow cytometric analysis of apoptosis induced by
different As,0; concentrations after 72 h incubation in

NB4, K562, and HL-60 cells, n =3 wells. x x s.

P < 0.05, ‘P <0.01 vs control group.
A5 0/ Apoptosis/ %

pmol-L~! NB4 K562 HL-60
0 13.1+£2.9 10.9£2.1 11.2+2.9
0.1 16.9+2.5 12.7+1.8 10.4+1.3
0.3 2.2+ 4.1° 15.2+2.5 10.1£1.5
0.6 44.5+4.5 - -
0.9 3.8+7.9 16.3+2.9 12.0£1.4
2.7 - 58.2+5.8° 18.2+3.9
8.1 - - 62.3+8.1°

Down-regulation of NAC, CAT, NDMS, and
Quin 2 on apoptosis induced by As,0; Cells were
cultured in RPMI 1640 medium described above with
NAC 4 mmol/L, NDMS 200 pmol/L, CAT 80 kU/L,
Quin 2 20 pmol/L, respectively, added with or without
A5;0,0.6 pmol/L in NB4 cells; A0y 2.7 pmol/L in
K562 cells; As;0; 8.1 umol/L in HL-60 cells. The
protective effects of four antagonists on As,Oy-induced

apoptosis were shown in Tab 2. NAC, CAT, NDMS,
or Quin 2 alone did not induce apoptosis in three tested
cell lines. The apoptosis in NB4 cells decreased from
47.5 % (at As;0,0.6 pmol/L) 10 44.2 % by NAC, to
20.4 % by NDMS, 1o 18.8 % by CAT, t034.0 % by
Quin 2; In K562 cells, apoptosis decreased from 54.2 %
(al As,0y 2.7 pmol/L) 0 44.1 %, 13.4 %, 17.6 %,
and 33.9 % respectively; In HL-60 cells, the apoptosis
decreased from 55.8 % (at As,0y 8.1 umol/L) to
0.9%,21.0%, 39.0 %, and 37.1 % respectively.
NDMS, which was generally used to prevent from toxi-
city caused by heavy metals in clinical, showed the
strongest protective effect among the four arsenic antago-
nists at the above concentration on Asy(Oy-induced apopto-
sis in three cell lines.

Inhibition of As,0; on telomerase Telomerase
activity decreased variously in three cell lines following
induction of apoptosis by As,0;. The TRAP assay (the
final cell number is 800 per well) was used to determine
the telomerase activities in three leukemia cell lines. Af-
ter 72 h incubation with different concentrations of
As,Oy, NB4, K562, and HL-60 cells telomerase activi-
ties decreased with the increasing of concentration of
As;(0;.  The sensitivity of telomerase to As,Oy was vari-
ous in three leukemia cell lines. At 0.6 pmol/L of
As,0;, telomerase activity in NB4 cells was inhibited to
about a half of the control, whereas that in K562 and
HL-60 cells, it happened at about 2.7 umol/L of As,O;
(Tab3). The direct effect of As,Oy on telomerase ac-
tivity was examined in extract with adding different con-
centrations of As;O3, the results exhibited no changes
compared with their courtpartners (data not shown) .

Tab 2. The regulative effects of NAC, NDMS, CAT, and Quin 2 on apoptosis induced by As;0; in three myelocytic
leukemia cell lines, NB4, K562, and HL-60. n=3 wells. xzs. "P<0.05, P <0.01 vs As,0; group.

Apopkosis/ %

Groups NB4 K562 HL-60
Coatrol 13.9+2.9 7.9:2.1 9.822.1
A0y (0.6 umol/L) 47.524.9 - -

(2.7 prmol/L) - 54.2+7.2 -

(8.1 pmol/L) - - 55.8+4.1
NAC (4 mmol/L} 16.3+3.1 9,7+2.5 8.8x2.1
NAC (4 mmol/L} + As;Os #4.2£5.6 44.1+4.9 40.9£3.7°
NDMS (200 pmol/L) 16.4+3.5 6.3+0.5 9:1£0.9
NDMS (200 pmol/L) + As,O, 20.443.6° 13.4+£2.4 21.0+£2.8
CAT (80 kU/L) 12.0+4.3 11.5x1.1 8.8x1.3
CAT {80 kKU/L) + As; 04 18.8+3.1° 17.6£3.2 39.0+4.9%
Quin 2 (20 pmol/L) 8.2+1.9 8.0+2.1 3.6£1.5
Quin 2 (20 pmol/L) + A0, 3.0+4.1° 33.9+4.3° 37.1x4.0°
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Tab 3. Imhibition of different As;(; concentrations on
telomerase activities after 72 h incubation in NB4, K562,
and HL-60 cell lines. A4 = A5 — Agop | blank). n =
Jwells. £+s5. "P<0.05, P<0.01 vs control group.

As, 04/ Telomerase/ AA
pmol- L1 NB4 K562 HL-60

i 1.61£0.10 1.63£0.11 1.63£0.07
0.1 1.2420.11 1.47+0.07 1.41+0.11
0.3 0.92+0.08° 1.40£2.5 1.42£0.05
0.6 0.79+0.12° - -

0.9 0.28+0.07° 0.9110.08"  1.01+0.09°
2.7 - 0.73£0.1  0.40%0.15°
8.1 - - 0.15+0.40°

Regulative effects of NAC, CAT, NDMS,
and Quin 2 on telomerase activity during As;0;-
induced apoptosis Telomerase activities were assayed
with the same method at the culture condition described
above. The results indicated that NAC and CAT alone
sharply decreased telomerase activity of three leukemia
cells, therefore they declined the telomerase activities fur-
ther which had been decreased by As,O;. On the other
hand, NDMS and Quin 2 alone had little effects on
telomerase activity. Quin 2 showed a significant protec-
tive effect on As,Os-declined telomerase activity in K562
and HL-60 cell lines (Tab 4).

DISCUSSION

In 1970s, the drug Ai-lin 1 (mainly composed of
As,0,) was first applied to treat APL by the First Hospi-

tal Affiliated to Harbin Medical University (Harbin, Chi-
na). It was reporied to induce a higher APL clinical CR
even if patients were all-trans retinoid acid( ATRA) resis-
tant and showed no significant bone marrow suppression
and other severe side effectsl’®). Chen er al' demon-
strated that arsenic induced down-regulation of Bcl-2 and
degradation of chimerical protein, PML-RARa, in APL
cell line NB4, but not in another AML cell line HL-60
and mononuclear cell line U937, at the concentration
range of 0.5 — 2.0 pmol/L AsyOy. In the present
study, As;Os triggered apoptosis in human chronic
leukemia cell line K562, acute myelocytic lenkemia cell
tine HL-60 { non-sensitive to As,0;), and acute promye-
locytic leukemia cell line NB4 (typi ‘cal sensitive to
As0;). Lu et al'® reported that As,0; could also in-
duce apoptosis in megakaryocytic leukemia cell lines,
such as HEL, Meg-01, UT-7, and Mo7e, via a dose-
and time-dependent manner. Some evidence from ani-
mal cells indicated that reactive oxygen species and calci-
um were involved in the arsenic metabolism!"*'2'*) and
caused apoptosis. So we observed protective effect of
two thiol protectors (NAC and NDMS), an antioxidant
enzyme (CAT), and a calcium chelator {Quin 2) on
apoptosis among three leukemia cell lines after treatrent
with different concentrations of As;(0,. The results
showed four arsenic antagonists exhibited different protec-
tive effects on apoptosis induced by As,O3. More re-
cenily, a number of chemotherapeutic agents have been
reporied to down-regulate the telomerase activity in cul-
red cells'® 7. In this work, As,Oy declined the
telomerase activities both in APL cell line (NB4), CML
cell line (K562), and AML cell line (HL-60) at

Tab 4. Regulative effects of NAC, NDMS, CAT, Quin 2 on As,0y-declined telomerase activities after 72-h incubation in

three myelocytic leukemia cell lines, NB4, K562, HL-60.

Ad = Ay~ Aggomm (blank). 7=3 wells, %z 5.

P <0.05, P <0.01 vs control group. P <0.05 vs As;0; group.

Telomerase/ AA
Groups NEA K562 HL-60

Control 1.60£0.10 1.630.11 1.63+0.11
As,0; (0.6 pmol/L) 0.81£0.12 - -

(2.7 pmol/L) - 0.73£0.19 -

(8.1 pmol/L) - - 0.15+0.07
NAC (4 mmol/L) 0.92£0.12 1,120,128 0.53+0.10°
NAC (4 mmol/L) + As, 0 0.480.05 0.12£0.04 0.14+0.04
NDMS (200 yemol/L} 1.47£0.14 1.4120.13 1.30+£0.09
NDMS (200 jamol/L) + As,0, 0.85+0.06 0.79£0.06 0.24+0.10
CAT (80 kU/L) 0.10£0.07 0.1 £0.05° 0.14£0.05°
CAT (80 KU/L) + A5, O 0.12+ 0.0 0.21+0.07 0.02+0.03
Quin 2 (20 pmol/L) 1.61£0.11 1.53+0.15 1.28+0.17
Quin 2 (20 pmol/L) + As,Oy 1.02£0.05 1.2120.11° 0.40 £ 0.08°
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different efficacy concentrations. Based on this work and
other studies’*~%’, it appeared that decline of telomerase
activity in tumor cells was a general event during
chemotherapy. Four arsenic antagonists’ regulative ef-
fects on telomerase indicated NAC and CAT alone de-
creased three leukemia cell telomerase activity and had no
protective effect on it, whereas Quin 2 showed a quite
well protective effect on As;O,-declined telomerase .

Taken together, our results showed that As,O; could
induce apoptosis and decline telomerase activity in three
myelocytic leukemia cell lines ( NB4, K562, and
HL-60). Apoptosis and telomerase induced by As,O,
were regulated or partially regulated by thiol protectors
(NAC, NDMS), antioxidant enzyme (CAT}, and calci-
um chelator {Quin 2), Tt suggested apaptosis induced by
atsenic trioxide might be involved in thiol activity loss,
free radical alteration, intracellular calcium changes, as
well as decline of telomerase activity .
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