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Abstract:

The influence of amifostine alone and in combination with doxorubicin, cytarabine, and etoposide on the cell growth and on bcl-2,

bax and p65 gene expression was investigated in human acute promyelocytic leukemia cell line HL-60. No or very little influence of

the exposure of HL-60 cells to amifostine (10�� to 10�� M) on cell proliferation was shown. Proliferation of HL-60 cells exposed to

doxorubicin, cytarabine, or etoposide dropped down with increasing doses of these drugs. Only in the case of doxorubicin, more

effective inhibition of HL-60 cell growth was observed when combination of doxorubicin, cytarabine or etoposide with amifostine

was used. Cytotoxic effect of cytarabine or etoposide was not reduced by amifostine. The lowering of the cytotoxic index (IC��) was

observed only when HL-60 cells were preincubated with amifostine followed by doxorubicin treatment. IC�� was estimated as 2.1 ×

10�� M and 0.9 × 10�� M for doxorubicin and doxorubicin with amifostine, respectively. This effect was accompanied by the

induction of caspase 3 activity. HL-60 cells treated with doxorubicin alone showed about 35-fold increase in caspase 3 activity. The

enzyme activity was stimulated by combination of doxorubicin with amifostine up to 94 times. Furthermore, the expression of bcl-2

and bax genes involved in apoptosis as well as tumor-associated p65 gene were determined. Semiquantitative reverse transcriptase

polymerase chain reaction showed a decrease in bcl-2 and an increase in bax and p65 expression in HL-60 cells treated with

doxorubicin in combination with amifostine when compared with the cells treated only with doxorubicin. Amifostine may potentiate

doxorubicin therapeutic efficiency in human acute promyelocytic leukemia cells.
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lymerase chain reaction, RT-PCR – reverse transcriptase po-

lymerase chain reaction

Introduction

Doxorubicin (adriamycin), cytarabine (1-�-D-ara-

binosylcytosine, ara-C) and etoposide (VP-16) belong

to the most commonly used classes of anticancer
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drugs. They have a broad anti-tumor spectrum, and

have been used, among others, against hematopoietic

malignancies including leukemia. The mechanism of

doxorubicin action is related to its ability to interca-

late into DNA (double helix) and to form the ternary

complex with DNA topoisomerase II followed by in-

hibition of replication and transcription or to cause

DNA strand damage. Mechanism of cytarabine action

has been attributed to an interference with DNA repli-

cation. Ara-C is specific S-phase antimetabolite

which after transformation to active form ara-CTP be-

comes a competitive inhibitor of DNA polymerase.

Etoposide increases level of topoisomerase II-me-

diated DNA breaks. The drug acts by inhibiting the

ability of topoisomerase II to ligate cleaved DNA

molecules.

The therapeutic window of anticancer agents in-

cluding the abovementioned drugs is narrow. In most

of the cases, patients are treated at dose levels that are

close to maximal tolerated doses. Therefore, there is

a need to find compound which could be used clini-

cally to limit the side effect of chemotherapy on nor-

mal tissues [5], while not affecting the therapeutic ef-

ficacy on tumors [19, 20] or to potentiate the effects

of cytotoxic agents [17]. Recently, more attention has

been paid to the effect of amifostine in the treatment

of hematologic malignancies such as myelodysplastic

syndrome (MDS) and acute myeloblastic leukemia

(AML). Amifostine (2[3-aminopropyl]aminoethyl

phosphorothioate, WR2721, Ethyol) is a pro-drug

converted by alkaline phosphatase to active dephos-

phorylated form (WR1065) which penetrates the cell

membrane by both active and passive diffusion

mechanism [4, 22]. It was proven that it efficiently re-

duced the extent of DNA damage caused by free radi-

cals [8, 13]. Amifostine is accumulated more rapidly

in various normal tissues than in tumors [22]. Further-

more, in normal tissues greater ability of dephospho-

rylation of amifostine to the free thiol may be caused

by a more neutral intracellular environment than in

some tumors [3, 4].

Amifostine was shown to act as a cytoprotective

compound with ability to protect cells from the acute

cytotoxicity of doxorubicin in animal models [10, 15]

as well as in metastatic breast cancer patients [6]. Fur-

thermore, the potential beneficial protective effect of

amifostine against BMF-83 induction therapy (ara-C

± rubidomycin ± etoposide) for children with acute

non-lymphoblastic leukemia was described [16].

The aim of this study was to evaluate the influence

of doxorubicin, cytarabine, and etoposide with ami-

fostine on the growth of HL-60 promyelocytic leuke-

mia cells in vitro, on the induction of apoptosis and

the expression of some genes connected with this pro-

cess.

Materials and Methods

Cell line

Human AML cells (HL-60 line) were used. The cells

were grown in culture medium (CM) containing

RPMI 1640 (Biomed, Poland), supplemented with

L-glutamine (2 mM), penicillin (100 u/ml), strepto-

mycin (5 �g/ml) and 10% fetal calf serum (Sigma) in-

activated at 56°C for 30 min. Cell culture was started

with about 5 × 105 HL-60 cells/ml and carried out in

disposable 24-well plastic plates (Nunc, Roskilde,

Denmark) in a CO2 incubator at 37°C in a 5%

CO2/95% air atmosphere over three days. After this

time, wells containing HL-60 cells were supple-

mented with fresh CM. Three days later, the cells

were pipetted into sterile centrifuge tubes and col-

lected by centrifugation (100 × g, 6 min). The cells

were resuspended in fresh CM and seeded onto sterile

plastic plates.

Antiproliferative effect of doxorubicin, cytara-

bine, etoposide and amifostine

The effect of amifostine alone on the growth of

HL-60 cells was determined according to Mirowski et

al. [14]. Briefly, the cells were seeded onto 6-well

plate at the density of about 0.7 × 106 cells in 2 ml of

CM per well. On the next day, amifostine solution

(lyophilized powder dissolved in CM) was added to final

concentration from 10–6 to 10–2 M (0.5 ml) and the

cells were incubated for 24 h. After that time, the cells

were stained with trypan blue and counted under a mi-

croscope with the use of Bürker’s hemocytometer.

To evaluate the cytotoxic effect of doxorubicin, cy-

tarabine and etoposide in combination with ami-

fostine, HL-60 cells (0.7 × 106 in 2 ml CM per well)

were preincubated with amifostine (10–2 M) for

30 min. Then the cells were centrifuged (100 × g,

6 min), cell pellet was resuspended in fresh CM and
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seeded onto 6-well plate. Next, the cells were treated

with increasing doses of three different drugs doxoru-

bicin, cytarabine and etoposide (from 10–7 to 10–3 M,

diluted with CM) in separate experiments. After 4 h

incubation period, cell suspension was centrifuged.

The cells were resuspended in 3 ml of fresh CM and

further grew on 6-well plate in a CO2 incubator at

37oC. The viability of cells was estimated by the

trypan-blue exclusion assay 24 h after exposure to the

drugs.

The control contained the untreated cells to which

equal volume of CM was added instead of the drugs.

In the case of exposure to doxorubicin, cytarabine

and etoposide alone, the cells were preincubated in

CM without amifostine and treated as mentioned

above.

Determination of caspase 3 activity in cellular

lysates

Caspase 3 activity was determined in HL-60 cells af-

ter separate treatment with doxorubicin, cytarabine

and etoposide without or with amifostine by fluo-

rimetric immunosorbent enzyme assay (Roche,

Mannheim, Germany) as we formerly described [14].

Briefly, cellular lysates were prepared from HL-60

cells (2 × 106) 24 h after their treatment with ami-

fostine alone (10–2 M) and with amifostine followed

by doxorubicin, cytarabine or etoposide at IC50 dose.

Untreated HL-60 cells were used as a control. The

cells were pipetted to sterile tubes (10 ml) and centri-

fuged (100 × g, 6 min, 4oC). Sediments were resus-

pended in 7 ml of cold 0.01 M phosphate buffer con-

taining 0.9% NaCl (PBS, without Ca2+ and Mg2+).

After centrifugation, to the tubes containing cell sedi-

ments, 200 �l of cold 10 mM dithiothreitol (DTT)

was added, quickly vortexed and incubated for 1 min

in an ice bath. Next, the samples were carefully vor-

texed and pipetted to 2 ml Eppendorf tubes. After

centrifugation (9000 × g, 1 min) the supernatant (cel-

lular lysate) was used directly for enzyme activity de-

termination.

Caspase 3 activity assay, based on the capture of

caspase 3 from HL-60 cellular lysates by a mono-

clonal antibody, was done according to the manufac-

turer’s instruction (Cat. No. 2 012 952 Roche). Cas-

pase 3 activity was proportional to the fluorochrome

(amidofluorocoumarin, AFC) developed from the

substrate acetyl-Asp-Glu-Val-Asp-7-amido-4-trifluoro-

methylcoumarin (Ac-DEVD-AFC). The generated

free fluorescence products were determined fluo-

rometrically at �max = 505 nm. Caspase 3 activity was

expressed as AFC released/106 cells.

RNA extraction

Total RNA was isolated from HL-60 cells (about 105)

treated with doxorubicin, cytarabine and etoposide

alone or in combination with amifostine (IC50, 24 h of

growth) by Total RNA Prep Plus Minicolumn Kit

(A&A Biotechnology, Poland). The concentration of

isolated RNA was determined by absorbance meas-

urement at 260 nm.

cDNA synthesis

cDNA was synthesized using RevertAidTM cDNA

Synthesis Kit (Fermentas, Lithuania). Reaction mix-

ture (total volume of 20 �l) containing 1 �l of total

RNA (3 �g), 1 �l of oligo(dT) 18 primer (0.5 �g) and

8 �l of deionized, nuclease free water was prepared.

The mixture was spinned down and incubated at 70°C

for 5 min, then chilled on ice and the following com-

ponents were added: 4 �l of 5 × reaction buffer, 1 �l

of ribonuclease inhibitor (20 U), 4 � l of 10 mM

dNTPs mix. The mixture was incubated at 37°C for

5 min and 1 �l of RevertAid M-MulV reverse tran-

scriptase (200 U) was added. The mixture was incu-

bated at 42°C for 60 min. The reaction was stopped

by heating at 70°C for 10 min.

bcl-2 gene expression

The expression of human bcl-2, c-myc, ICE, p53 and

housekeeping glyceraldehydes-3-phosphate dehydro-

genase (GAPDH) genes were done by multiplex po-

lymerase chain reaction (MPCR) with the use of hu-

man apoptosis set 1 detection kit (hAPO1-MPCR,

Biosource International) according to the manufactur-

er’s instruction. The kit provides the optional primer/buffer

system, which will enhance specific, multiple amplifi-

cation. In MPCR “hot start” DNA polymerase (Qiagen,

Germany) was used.

p65 and bax genes expression

For p65, bax and �-actin expression the primers were

taken from Mirowski et al. [14].
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Polymerase chain reaction

Polymerase chain reaction mixture contained 1.5 mM

MgCl2, dNTPs mix, 0.5 U Taq Polymerase, reaction

buffer and 0.5 �M of each primer. DNA was ampli-

fied in 35 cycles using the parameters: denaturation

(94°C, 30 s), annealing (57°C, 30 s); extension (72°C,

30 s).

Semiquantitative analysis of gene expression

Following PCR, the amplicons were separated by gel

electrophoresis with ethidium bromide staining. After

archivization gels were analyzed in a densitometer

(Image Master Pharmacia Biotech). Differences in

genes expression were determined by normalizing

their expression to expression of the housekeeping

GAPDH (921 bp) or �-actin (468 bp) genes. Quantifi-

cation of the investigated genes expression was done

on the basis of optical density of detected bands.

Next, the ratio between products of the investigated

genes to housekeeping gene products were calculated.

Statistical analysis

All statistical calculations have been done according

to STATISTICA for Windows 5.1 G 1997 Edition,

StatSoft, Inc. Presented data were in accordance with

normal distribution. The t-test for two independent

samples was used for their analysis.

Results

HL-60 cells in culture were treated with amifostine at

concentration from 10–6 to 10–2 M and further incu-

bated for 24 h. It was reported earlier [14] that the

growth of HL-60 cells was unchanged. Statistically

non-significant stimulation of cell proliferation was

noticed only at the lowest amifostine concentration.

The highest amifostine concentration (10–2 M) was

selected to study influence of doxorubicin, cytarabine,

and etoposide on the growth of HL-60 cells.

HL-60 cells pretreated with amifostine were then

incubated with doxorubicin, cytarabine, and etoposide

(each drug in separate experiment). The cells were

further grown for 24 h after washing out the drug. The

growth of HL-60 cells dropped down with the in-

creasing dose of the investigated drugs (doxorubicin,

cytarabine, and etoposide) at the concentration from

10–8 to 10–4 M but only in the case of doxorubicin

when HL-60 cells were pretreated with amifostine

this effect was deeper. At the concentration between

10–7 and 10–5 M of doxorubicin, differences were sta-

tistically significant (Tab. 1).

The cytotoxic index IC50 (concentration of the drug

which induces 50% inhibition of cell growth) was cal-

culated for cultured HL-60 cells. After 24 h of the

growth, IC50 values for doxorubicin were estimated at

2.1 × 10–7 M, whereas for doxorubicin with ami-

fostine at 0.9 × 10–7 M. The cytotoxic indexes did not

change when cytarabine alone or cytarabine with ami-

fostine were used. IC50 in these cases were estimated

at 4.2 × 10–7 and 5.8 × 10–7 M, respectively. Simi-

larly, cytotoxic indexes determined for etoposide

alone and etoposide with amifostine have shown no

significant differences (8.8 × 10–7 and 10.4 × 10–7 M)

when cells were grown for 24 h (Tab. 2).

The analysis of caspase 3 activity in HL-60 cells

treated with doxorubicin at a dose equal to IC50

showed that in these cells enzymatic activity was
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Tab. 1. The effect of doxorubicin (A), cytarabine (B) and etoposide
(C) without or with amifostine (10

��
M) on the growth of HL-60 cells.

Mean values ± SD from 5 experiments are presented as a percent-
age of the cell number in comparison to untreated cells (control).
Growing time: 24 h. In all investigated groups the cell number had
normal distribution and p < 0.05 was considered as statistically sig-
nificant *

Drug Concentration (M)

10�� 10�� 10�� 10�� 10��

A

Doxorubicin 84 ± 10 58 ± 11 39 ± 6 12 ± 3 6 ± 2

Doxorubicin
with amifostine

75 ± 11 42 ± 9* 25 ± 8* 4 ± 2* 2 ± 1

B

Cytarabine 80 ± 9 63 ± 7 42 ± 6 25 ± 4 22 ± 3

Cytarabine with
amifostine

78 ± 10 74 ± 5 39 ± 6 26 ± 4 22 ± 2

C

Etoposide 95 ± 11 88 ± 7 45 ± 6 22 ± 4 10 ± 3

Etoposide with
amifostine

96 ± 8 87 ± 4 52 ± 7 18 ± 5 9 ± 2



35-times higher in comparison to untreated cells.

When HL-60 cells were preincubated with amifostine

before doxorubicin treatment, caspase 3 activity was

even 94-times higher. The cells incubated with ami-

fostine alone did not show difference in the enzyme

activity compared to untreated cells (Tab. 3).

In further studies, the activity of some genes re-

sponsible for regulation of apoptosis was analyzed by

multiplex reverse transcriptase PCR (RT-PCR). The

bcl-2 expression was determined with the use of hu-

man apoptosis set 1 detection kit (hAPO1-MPCR),

which contained also primers for c-myc, ICE and p53

genes. In experiments with doxorubicin and doxorubi-

cin with amifostine, no ICE and p53 gene expression

was observed. The ratio between bcl-2/GAPDH am-

plicons dropped down from 1.35 (doxorubicin) to

0.99 (combination of doxorubicin with amifostine)

(Fig. 1A, Tab. 4). The c-myc/GAPDH ratio did not

show significant lowering tendency (0.38 to 0.35,

respectively, data not shown).

To get information about the levels of bax (638 bp)

and p65 (150 bp) gene expression, another MPCR

was carried out (Fig. 1B, C). The ratio between

bax/�-actin amplicons had increasing tendency from

0.7 (doxorubicin) to 0.85 (combination of doxorubi-

cin with amifostine), Figure 1B. p65/�-actin ratio

went up similarly from 0.58 to 0.92 (Fig. 1C, Tab. 4).

Discussion

In this study we have evaluated the influence of doxo-

rubicin, cytarabine, and etoposide alone and in combi-

364 �����������	��� 
������ ����� ��� �������

Tab. 2. The cytotoxic effect (IC
��

) of doxorubicin, cytarabine and eto-
poside without or with amifostine on the growth of HL-60 cells. Mean
values ± SD from 5 experiments are presented. Growing time: 24 h.
Statistically significant differences p < 0.05 (dependences were cal-
culated for IC

��
values for drug alone versus drug in combination with

amifostine)

Drug IC�� (M) p

Amifostine

without with

Doxorubicin 2.1 x 10��± 0.4 0.9 x 10��± 0.2 p < 0.05

Cytarabine 4.2 x 10��± 2.5 5.8 x 10�� ± 0.8

Etoposide 8.8 x 10��± 0.8 10.4 x 10�� ± 1.2

Tab. 3. The caspase 3 activity in lysates of HL-60 cells treated with
amifostine, doxorubicin and doxorubicin with amifostine. The values
are expressed as nmols of amidofluorocoumarin (AFC) released/10

�

cells and as relative activity. Mean values ± SD from 3 experiments
are presented. Growing time: 24 h

Caspase 3
activity

Untreated
cells (control)

Amifostine Doxorubicin Doxorubicin
with

amifostine

AFC
(nmols)

16 ± 0.9 21 ± 1.9 560 ± 31 1503 ± 82

Relative
activity

1 ± 0.2 1.3 ± 0.2 35 ± 1.2 94 ± 9

Tab. 4. The ratio of amplicons of the investigated genes to reference
(GAPDH or �-actin) genes. Mean values ± SD from 5 experiments are
presented. Growing time: 24 h. Statistically significant differences
p < 0.05 and p < 0.1 was considered as statistically significant

Investigated/ref
erence genes

Doxorubicin Doxorubicin with
amifostine

p

bcl-2/GAPDH 1.35 ± 0.03 0.99 ± 0.02 p < 0.05

bax/�-actin 0.7 ± 0.02 0.85 ± 0.03 p < 0.1

p65/�-actin 0.58 ± 0.02 0.92 ± 0.04 p < 0.05

GAPDH

Bcl-2

Bax

-actin

-actin

P65

A

B

C

2 1

1 2 3

1 2 3

Fig. 1. An example of multiplex PCR (MPCR) for: bcl-2 (233 bp) and
reference GAPDH (921 bp) genes (A), bax (638 bp) and �-actin (468
bp) genes (B), p65 (150 bp) and �-actin (468 bp) genes (C) in HL-60
cells treated with doxorubicin (1) and doxorubicin with amifostine (2).
Molecular weight markers (3)



nation with amifostine on survival rate of HL-60 cells

in vitro. Taking into account that WR1065 generated

from amifostine in vitro may be a substrate for dia-

mine oxidase, which is present in fetal calf serum, we

decided to use amifostine at a relatively high concen-

tration of 10–2 M. After preincubation with ami-

fostine, the cells were washed with fresh CM and then

a drug was added. Then the drug was also washed out

by CM and the cells were further grown for 24 h. Esti-

mation of IC50 showed that of the investigated drugs

(doxorubicin, cytarabine, and etoposide), amifostine

significantly potentiated only doxorubicin cytotoxic

effect. Amifostine alone had no significant influence

on cell growth. Similar observation was published by

Marañda et al. [11], who noticed that amifostine given

alone did not change the survival time of mice with

leukemias L1210 and P388.

Some data have shown that treatment with ami-

fostine does not affect the therapeutic efficiency of

some anti-cancer drugs on tumors. It was shown that

amifostine had no influence on the action of idarubi-

cin in HL-60 cells [1]. Similar observation was made

in the present study in the case of cytarabine and eto-

poside. On the contrary, amifostine potentiated cyto-

static effect of carboplatin and stimulated apoptosis of

HL-60 cells in culture [14]. Similar potentiating effect

of amifostine for cytotoxic agents was described in

the treatment of hematologic malignancies such as

MDS and AML [17].

Preincubation of HL-60 cells with amifostine en-

hances cytotoxic effect of doxorubicin but not cytara-

bine, and etoposide. In the clinical practice, ami-

fostine is usually given intravenously before treat-

ment with a cytostatic drugs. The mechanism by

which amifostine potentiates antiproliferative effect

of doxorubicin is not clear, but it may be related to

ability of amifostine to delay cell cycle progression,

which was reported by others for cultured cells [7, 9].

Cell cycle delayed by amifostine and DNA damage

generated by doxorubicin may be a strong and syner-

gistic signal to programmed cell death. This hypothe-

sis was confirmed in our study by an increase in cas-

pase 3 activity and bax gene expression as well as by

a decrease in bcl-2 gene expression. Another explana-

tion by which amifostine potentiates antiproliferative

effect of doxorubicin may be connected with diamine

oxidase which is present in the serum and can catabo-

lize amifostine to acrolein and hydrogen peroxide,

which can be toxic to cells in culture [12]. But it

should not be in the case in our study because the cells

after short exposure to amifostine were further grown

in the fresh CM.

In this study, amifostine potentiated cytotoxic ac-

tion of doxorubicin but not cytarabine and etoposide.

In order to get information about the possible stimula-

tion of apoptosis in HL-60 cells, in further studies the

cells were subjected to the combined treatment of

doxorubicin and amifostine. One of a major and rela-

tively early events of cell death is connected with the

activation of specific proteases called caspases

(cysteinyl-aspartic-acid-proteases). Special role in this

process seems to be played by caspase 3 because its

active form is responsible for the cleavage and break-

down of several cellular components related to DNA

repair and regulation. We have noticed that the cell

treatment with doxorubicin stimulates the caspase 3

activity about 35 times. However, when HL-60 cells

were treated with combination of doxorubicin and

amifostine, about 94-fold increase in this enzyme ac-

tivity was observed. Additionally, in HL-60 cells after

separate treatment with doxorubicin, cytarabine and

etoposide without or with amifostine at the IC50 con-

centration typical DNA leader was observed (data not

shown).

In the present study, expression of some crucial

apoptotic genes was determined semi-quantitatively

in HL-60 cells treated with doxorubicin and with

doxorubicin in combination with amifostine. Expres-

sion of bcl-2, a known anti-apoptotic gene [2], dropped

down from 1.35 (doxorubicin treatment) to 0.99

(doxorubicin in combination with amifostine). In our

study, expression of bax, a pro-apoptotic gene, showed

growing tendency. It is known that bax plays a role in

the regulation of apoptosis induced by chemotherapy

and other stimuli [21] and its expression is usually

connected with induction of programmed cell death

[18]. Similar growing tendency was also noticed for

p65, the biological role of which is still unknown [14].

We were not able to get expression of p53 and ICE

genes in HL-60 cells using hAPO1-MPCR kit. We

have discussed the possible reasons of this phenome-

non in our recent publication where carboplatin in

combination with amifostine has been studied [14].

The obtained results seem to indicate that a cyto-

protective agent, amifostine, stimulates cytotoxic ef-

fect of doxorubicin on HL-60 cells and intensifies

pro-apoptotic action of this drug. This observation

leads to suggestion that amifostine may potentiate

therapeutic effect of doxorubicin in acute promyelo-

cytic leukemia cells.
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