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Previous studies suggest that 4-aryl-4H-chromenes are potent apoptosis-inducing agents in var-
ious cancer cell lines. In this study, anti-proliferative and apoptotic effects of the derivatives
from 4-aryl-4H-chromene family were investigated in the human leukemia K562 cells using [3-
(4,5)-dimethyl-2-thiazolyl]-2,5-diphenyl-2H-tetrazolium bromide (MTT) growth inhibition assay.
3-NC was more active among these compounds with IC50 of 65 nM and was selected for further
studies. Apoptosis, as the mechanism of cell death, was investigated morphologically by Hoechst
33258 staining, cell surface expression assay of phosphatidylserine by Annexin V/PI technique,
caspase-3 activation assay, as well as the formation of DNA ladder. The K562 cells underwent
apoptosis upon a single dose (at IC50 value) of the compound, and also increased caspase-3 activ-
ity by more than 2.3-fold, following a 72 h treatment. Caspase-9 was also activated which could
be detected 48 hours post-treatment. Furthermore, Western blot analysis revealed that the
treatment with the compound down-regulated the expression of certain IAP protein, including
survivin. These data further suggest that these derivatives from 4-aryl-4H-chromene may pro-
vide a novel therapeutic approach for the treatment of leukemia. 
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INTRODUCTION

Recent advances in our understanding of apoptosis
have indicated that the excessive or improper inhibi-
tion of apoptosis plays a critical role in tumor develop-
ment and metastasis. As a result, chemotherapeutic
agents that target the apoptosis pathways could have
broad ramications for the cancer treatment. In fact,
many commonly used chemotherapeutic drugs induce
tumor cell apoptosis (Kemnitzer et al., 2008a). Apopto-
sis is a naturally occurring process by which a cell is
directed to a program cell death. The course of apoptosis

is accompanied by the characteristic changes in the
cell morphology, including membrane blebbing, cell
shrinkage, DNA fragmentation, chromatin condensa-
tion and nuclear fragmentation (Kerr et al., 1994). At
the center of the apoptotic program is a family of pro-
teases, named caspases. The caspases are involved in
the initiation and execution of the program, and can
be activated by a large number of stimuli via two central
pathways: An intrinsic pathway involving mitochon-
dria and an extrinsic pathway using transmembrane
receptors of the tumor necrosis factor α (TNFα) class
(or death receptor) (Hengartner, 1998; Chen and Goeddel,
2002; Stennicke et al., 2002).

To date, 14 members of the mammalian caspase family
have been identified, eleven of which are of human origin
(Earnshaw et al., 1999). Based on the function, caspases
are grouped into two biologically distinct subfamilies.
One subfamily mediates the initiation (initiator caspases,
caspases-8, -9) or execution (executioner or effector cas-
pases, caspases-3, -6 and -7) of the apoptotic program.
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Members of the other subfamily (caspases-1, -4, -5, -11,
-12, and -14) are involved in inflammatory processes
by processing pro-inflammatory cytokines (Earnshaw
et al., 1999; Korzeniewska-Dyl, 2007).

Resistance to apoptotic stimuli is a sign of various
cancers. One of the mechanisms is the overexpression
of Inhibitor of Apoptosis Proteins (IAPs) (Krajewska et
al., 2003; Nachmias et al., 2004). IAP family is known
to have pleiotropic functions, including regulation of
cell-cycle progression and inhibition of extrinsic and
intrinsic pathways of cell death (Singh and Agarwal,
2006). Survivin, the smallest member of the inhibitor-
of-apoptosis family, shows very rare expression in the
normal tissues, excluding the embryonic tissues, and
those with a high rate of cellular turnover, such as colo-
nic mucosa; however, it is overexpressed in many types
of cancers and is a promising target for anticancer ther-
apies (LaCasse et al., 1998; Krajewska et al., 2003; Singh
and Agarwal, 2006; Hunter et al., 2007). Survivin dir-
ectly interacts with caspase-3 and caspase-7 leading to
an inhibition in their protease activity and subsequent
apoptosis. Recent advances have identified survivin as
a novel intervention target to induce apoptosis in
cancer cells, by phytochemicals or synthetic agents
(Hayashi et al., 2005). Together, these studies suggest
that a differential expression of survivin could make it
a selective target for chemopreventive agents, induc-
ing apoptotic death, especially in cancer cells.

Apoptosis resistance, in many human malignancies,
is a cause for concern in developing effective chemo-
therapeutic drugs. Consequently, down-regulation of
surviving, combined with cytotoxic agents, can be an
an effective route in the treatment of cancer. Recently,
4-aryl-4H-chromene compounds have been introduced
as a new series of potent apoptosis-inducing agents
(Fig. 1) (Kemnitzer et al., 2004, 2005, 2007, 2008a; Cai
et al., 2009). These compounds bind at or near the col-
chicine binding site on the tubulin, causing a disruption
of the tubulin polymerization, in addition to leading to
a cell cycle arrest and apoptosis (Kasibhatla et al.,

2004). They were also active in the multidrug-resistant
cancer cell lines and showed promising antitumor ac-
tivity in several in vivo mouse tumor models with evi-
dence of antivascular activity (Gourdeau et al., 2004;
Kasibhatla et al., 2004). Further investigations showed
that substituents positioned on the phenyl ring are most
important, especially, at the 3-position. Replacement of
the electron withdrawing groups at this position of the
phenyl ring, such as cyano (-CN), fluoro (-F), chloro (-Cl)
was accompanied by a dramatic increase in the cyto-
toxic effects of these compounds. We, thus, decided to
position the strong electron withdrawing groups of
nitro (-NO2), trifluoromethyl (-CF3) and bromo (-Br) on
carbon 3 of the phenyl ring (Fig. 2), and studied its
cytotoxic effect.

In the present study, anti-proliferative and apoptotic
effects of four structurally related 4-aryl-4H-chromenes,
2-amino-4-(3-bromophenyl)-3-cyano-7-(dimethylamino)-
4H-chromene (3-BC), 2-amino-4-(3-nitrophenyl)-3-cyano-
7-(dimethylamino)-4H-chromene (3-NC), 2-amino-4-(3-
trifluoromethylphenyl)-3-cyano-7-(dimethylamino)-4H-
chromene (3-TFC) and 2-amino-4-(4,5-methylenedioxy-
phenyl)-3-cyano-7-(dimethylamino)-4H-chromene (4,5-
MC) were examined in human leukemia K562 cells,
using the following outcome measures: (i) growth in-
hibition and viability, and (ii) morphological study of
apoptotic cells. Among these compounds, 3-NC was
selected for further studies.

Fig. 1. Some 4-aryl-4H-chromene compounds with substitu-
tion at the 3-position of the phenyl ring (Kemnitzer et al.,
2004).

Fig. 2. Chemical structure of the investigated 4-aryl-4H-
chromene compounds.
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MATERIALS AND METHODS

Reagents
All antibodies, including anti-survivin, anti caspase-

9 and anti-β actin, were purchased from Alexis Biochem-
icals. Hoechst 33285, ethidium bromide, RNase A and
proteinase K were purchased from Sigma Chemical
Company. RPMI-1640 culture medium was purchased
from Invitrogen. The Annexin-V-FLUOS staining kit
and MTT kit were purchased from Roche Corporation.
The K562 cells were obtained from Pasture Research
Institute, Tehran, Iran.

General procedure for the prepare of the 4-aryl-
4H-chromene compounds

The 4-aryl-4H-chromene compounds were prepared,
according to the previously described method (Foroumadi
et al., 2007). Briefly, condensation of 3-dimethylamino-
phenol, a substituted benzaldehyde, and malonitrile
in ethanol in the presence of piperidine yielded the 4-
aryl-4H-chromenes compounds. The structures of target
compounds were established with IR, 1H-NMR, mass
spectrometry and elemental analyses.

Cell culture and apoptotic cells morphology
K562 cells were cultured in RPMI-1640 medium sup-

plemented with 10% fetal calf serum (FCS), 2 mM L-
glutamine, 100 U/mL penicillin and 100 µg/mL strepto-
mycin at 37oC and 5% CO2. For morphological studies,
the cells were seeded in 12-well plates at a concentra-
tion of 1 × 105 cells/well, in 2 mL of the growth medium.
When the cells reached 60% confluency, the test com-
pounds were added to the cells at different concentra-
tions. After 72 h of incubation, the cell morphology
was assessed by an inverted microscope (Zeiss). DNA
was also stained with Hoechst 33258 (1 mg/mL) in
PBS for 5 min, and then washed twice with PBS for 5
min each, then examined using a fluorescence micro-
scope (Zeiss Axoscope 2 Plus) equipped with appropri-
ate filter sets.

In vitro cytotoxicity studies
MTT colorimetric assay was employed according to

the methods of Denizot and Lang (Denizot and Lang,
1986). The K562 cells were cultured for 24 h prior to
the treatment, and then treated with different concen-
trations of the test compounds in a CO2 incubator for
72 h. At the end of this period, 10 µL of MTT (final con-
centration, 0.5 mg/mL) was added to each well, and
the plates were incubated for 4 h at 37oC. Afterwards,
100 µL of the solubilization solution was added into
each well and kept over-night at 37oC. Absorbance
(A570) was determined, at 570 nm, for each well using

a microplate reader (Model Expert 96, Asys Hitech).
Following the treatments with the compounds at differ-
ent concentrations, cell viability and IC50 (concentra-
tion reduction by 50% at the absorbance of 570 nm)
were determined.

Flow cytometric analysis
The percentage of cells undergoing apoptosis was

determined, using an Annexin-V-FLUOS staining kit
(Roche Applied Science). The analysis of phosphatidyl-
serine on the outer leaflet of apoptotic cell membranes
was performed, using Annexin-V-Fluorescein and
Proidium iodid (PI) for the differentiation of necrotic
cells. The K562 cells were cultured for 24 h and incu-
bated with 65 nM of 3-NC, then 1 × 106 cells harvested
after 24, 48 and 72 h, were washed twice with PBS,
and centrifuged at 200 × g for 5 min. Afterwards, the
cell pellet was resuspended in 100 µL Annexin-V
FLUOS labeling solution and incubated for 10-15 min
at 15-25oC and centrifuged. Finally, 0.5 mL incubation
buffer per 106 cells was added to the cell pellet and
analyzed by a flow cytometer (Becton Dickinson).

DNA fragmentation assay
K562-treated cells with a single dose (at IC50 Value)

of the 3-NC were collected after 72 h, washed with
PBS and then incubated in 1 mL of lysis buffer [0.01
M Tris-HCl (pH 8.0), 0.1 M NaCl, 0.025 M EDTA (pH
8.0), and 1% SDS], which contained 10 µg/mL RNase
A for 1 h at 37oC, followed by 0.2 mg/mL proteinase K
for 2 h at 50oC. After centrifugation at 12,000 ×g, the
supernatant was extracted with phenol/chloroform/
isoamyl alcohol (25:24:1) to remove the proteins and
lipids. DNA in the supernatant was then precipitated
in ethanol overnight at 20oC and pelleted at 15,000 ×
g. The dry sample pellets were resuspended in TE
buffer and loaded into the 2% agarose gel containing
ethidium bromide, and then electrophoresed for 2 h
(Jiang et al., 1998).

Caspase-3-like activity assay
Caspase-3-like activity was measured by the caspase-

3 colorimetric assay kit, according to the manufacturer’s
instructions. Upon caspase activation, DEVD-pNA is
cleaved, releasing the pNA moiety, which can be meas-
ured at 405 nm, using a multiwell plate reader (Elx
800 Microplate Reader, Bio-TEK). After 24-48 h of
treatment, the cells were collected by centrifugation at
250 × g, the supernatant was gently removed and
discarded, and the cell pellet was lysed in Tris-buffer
saline containing detergents, at 4oC for 10 min. After
centrifugation at 15,000 × g for 1 min, the supernatant
was harvested and the concentration of the proteins
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was determined by Lowry's method (Lowry et al., 1951).
The supernatant was then incubated with caspase-3
colorimetric substrate, DEVD-pNA, at 37oC for 1 h. The
cleavage of the peptide was quantied, spectrophotome-
trically, at a wavelength of 405 nm. Background readings
from the cell lysates and buffers were subtracted from
the readings of both the treated and untreated samples
before calculating the fold-increase in caspase activities.

Western blotting
K562 cells were seeded and incubated for 24 h, and

then treated with 65 nM of 3-NC. After 48 h of treat-
ment, the cells were harvested and lysed using a load-
ing dye containing 1% Triton X-100, 50 mM Tris-Cl
(pH 6.8), 100 mM NaCl, 1% SDS, 10% glycerol, β-mer-
captoethanol and Bromophenol blue. After centrifuga-
tion (15 min, 15000 × g), the concentration of proteins
in the supernatant, as well as the protein concentra-
tion of each sample, were determined using the Lowry
method (Lowry et al., 1951). Equal quantities of protein
(40 µg) were loaded on 12.5% SDS-polyacrylamide gel
electrophoresis (PAGE), and then transferred to nitro-
cellulose membranes. Transfer of proteins was assessed
by Ponceau-red staining. Non-specific membrane bind-
ing sites were blocked by incubation in the blocking
buffer [Tris-buffered saline (TBS) buffer containing
0.1% Tween20 and 5% milk] for 1 h at room tempera-
ture. Subsequently, the membranes were overnighted
at 4oC with the following primary antibodies, anti-casp-
ase-9, anti-survivin and anti-actin. Thereafter, the mem-
branes were incubated with HRP-conjugated secondary
antibodies for 1 h. Membranes were developed using
an enhanced chemiluminescence (ECL) detection sys-
tem (Thermo Scientific) (Abhari and Davoodi, 2010).
Intensities of the bands were quantified using the
NIH ImageJ software (http://rsb.info.nih.gov/ij/).

Statistical evaluation
Data are expressed as the mean ± S.D. of three inde-

pendent experiments and are statistically analyzed
using the Student t-test. Differences were considered
significant at p < 0.05.

RESULTS

Cell viability and growth inhibition
The initial experiments were conducted for evalua-

tion of chromene-induced anti-proliferation in K562
cell line. To determine the effect of the investigated
chromenes on the viability of the K562 cells, 1×105

cells/mL were treated with various concentrations of
the compounds for 24, 48 and 72 h. All compounds
caused a reduction in the cell viability, in a dose- and

time-dependent manner (Table I). Inhibition of cell
growth was observed, following the treatment of dif-
ferent doses of test compounds for 72 h. IC50 values
were calculated from the semi-logarithmic dose-response
plots, using a nonlinear regression. The 3-BC, 3-NC,
3-TFC and 4,5-MC inhibited the growth and prolifer-
ation of the K562 cells with IC50 values of 71, 65, 93
and 164 nM, respectively (Fig. 3). As shown in Fig. 3,
the 3-NC was more toxic to the K562 cells (IC50 = 65

Table I. Dose- and time-dependent effect of the investigated
chromenes on cell viability

Compounds
Concen-
tration
(nM)

Viability (% of Control)

24 h 48 h 72 h

3-BC 0 100 100 100
50 97 ± 4.1 82 ± 3.7 79 ± 2.5
55 83 ± 3.8 77 ± 3.8 77 ± 2.5
60 75 ± 3.8 75 ± 3.6 61 ± 2.4
65 73 ± 3.5 67 ± 3.4 54 ± 2.5
70 70 ± 3.7 63 ± 3.5 51 ± 2.5
75 67 ± 3.5 57 ± 3.4 48 ± 2.5
80 57 ± 3.4 55 ± 3.4 44.5 ± 2.6

3-NC 0 100 100 100
50 98 ± 3.9 93 ± 3.8 92 ± 1.9
55 95 ± 3.9 88 ± 3.7 86 ± 2.0
60 93 ± 3.7 77 ± 3.7 74 ± 2.1
65 91 ± 3.8 75 ± 3.5 50 ± 2.0
70 88 ± 3.6 72 ± 3.4 45 ± 2.1
75 71 ± 3.7 58 ± 3.4 34 ± 2.0
80 68 ± 3.5 53 ± 3.3 31 ± 2.0

3-TFC 0 100 100 100
50 96 ± 4.0 95 ± 3.8 92 ± 2.4
55 89 ± 3.7 94 ± 3.8 82 ± 2.3
60 83 ± 3.8 93 ± 3.6 79 ± 2.4
65 81 ± 3.8 88 ± 3.7 78 ± 2.4
70 80 ± 3.6 88 ± 3.7 75 ± 2.4
75 77 ± 3.7 76 ± 3.6 73 ± 2.5
80 74 ± 3.6 75 ± 3.6 65 ± 2.4

4, 5-MC 0 100 100 100
100 96 ± 3.8 95 ± 3.9 82 ± 2.6
110 90 ± 3.7 90 ± 3.8 79 ± 2.4
120 87 ± 3.7 87 ± 3.6 75 ± 2.6
130 87 ± 3.5 85 ± 3.7 74 ± 2.3
140 86 ± 3.6 85 ± 3.6 69 ± 2.7
150 84 ± 3.8 81 ± 3.6 60 ± 2.5
160 75 ± 3.5 67 ± 3.4 50 ± 2.2

The cells were treated with various concentrations of the
compounds for 24, 48 and 72 h. Cell viability was evalu-
ated by MTT assay. Data were expressed as a percentage
of control measured in the absence of the compounds. Each
point represents the mean ± S.D. of three independent ex-
periments (p < 0.05).
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nM) in comparison with other compounds. In cells
exposed to 80 nM of 3-NC for 72 h, the cell viability
decreased by approximately 70%. The K562 cells were
slightly less sensitive to the compound 4,5-MC (IC50 =
164 nM). Among these compounds, 3-NC with indicated
IC50 value (65 nM) was selected for further studies.

Morphological study of the apoptotic cells
Under a phase contrast microscopy, K562 cells (con-

trol) were found in a round form, while the treated
cells decreased adhesiveness to the culture plate and
condensed (Fig. 4A). We also stained the cell lines
with Hoechst 33258 to detect the apoptotic cells (Fig.
4B). The cells were exposed to 65 nM of 3-NC for 72 h.
In the fluorescence microscope, staining showed that
the nucleus was large and round, without condensa-

tion or fragmentation in the control cells. However, the
cells treated with 3-NC exhibited chromatin condensa-
tion and fragmentation, a typical morphological feature
of apoptosis. The data indicate that the 3-NC induced
apoptosis in the K562 cell lines (Fig. 4B).

Apoptosis assay by flow cytometry and DNA
fragmentation

We used flow cytometry to confirm cell apoptosis.
The detection of surface-exposed phosphatidyl serine
(PS) by AnnexinV-FITC has been shown to be a gen-
eral and early marker of apoptosis, as a result of redistri-

Fig. 3. Effect of the investigated chromenes on cell viability
of the K562 cells. The cells were treated with indicated
concentrations of the 3-BC, 3-NC, 3-TFC and 4,5-MC for 72
h. Cell viability was evaluated by MTT assay and presented
as percent of the corresponding controls. Data shown are
the means ± S.D. from three independent experiments (p <
0.05).

Fig. 4. Phase-contrast micrographs and fluorescence of the
K562 cells treated with the 3-BC, 3-NC, 3-TFC and 4,5-MC
(at IC50 values). (A) Phase-contrast images of the K562 cells.
Untreated cells have a round shape indicating live cells.
While, treated cells have a condensed and fragmented form.
(B) Fluorescence images of the K562 cells stained with
Hoechst 33258 after 72 h. All of the four investigated
chromenes induced condensation and fragmentation of the
nuclei (arrows). Magnification, 200×.
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bution of the plasma membrane of cells, following the
occurrence of apoptosis. Consistent with the previous
data on morphological changes of cells, apoptosis was
mostly observed time-dependently after 24-72 h of
exposure to 3-NC (65 nM). Shifts from early apoptosis
(lower right quadrant) to late apoptosis or necrosis
(upper right quadrant) are clearly evident in dot plots,
shown in Fig. 5A. Flow cytometric analysis with
annexin V/PI staining showed that when cells were
exposed to 3-NC, the proportion of AV+/PI (apoptotic
cells) in cells increased from 4.1% to 15.8% (3.8-fold
increase). The occurrence of apoptosis was further con-
firmed by observing a laddering pattern in the gel
electrophoresis of DNA, upon treatment of the K562
cells with 3-NC (Fig. 5B).

3-NC affect the expression of apoptosis-related
proteins

To determine whether the apoptotic effects of 3-NC
leads to increased expression of caspases, we examined
the ability of 3-NC to activate caspase-3 and -9 in the
K562 cells. Caspase-3, considered an “executioner”
caspase, is implicated in the last and irreversible phase

of the apoptotic caspase pathway, and is activated by
upstream “initiator” caspases, such as caspase-9 (Cohen,
1997; Salvesen and Dixit, 1997). Caspase-9 cleavage
was investigated in the K562 cells treated with 3-NC
by a Western blot, using a caspase-9 antibody after 48
h (Fig. 6A, B). As shown in Fig. 6A and B, treatment
of the K562 cells with 3-NC led to an up regulation
and activation of caspase-9 in this cell line. Consistently,
caspase-3-like activity was found to be elevated in a
photolytic activity of caspase-3 in a time-dependent
manner, compared to the untreated cells (Fig. 6C). There-
fore, the 3-NC (at IC50 Values) was able to increase the
expression and activity of caspase-3 with the value of
2.3 ± 0.2 fold in the K562 cells (Fig. 6C). Inhibitor of
apoptosis proteins (IAPs) directly inhibit the caspase
protease activities, including caspase-3, -7, and -9 (Roy
et al., 1997; Messmer et al., 2001). Because the above
results showed the involvement of caspases in the
induction of apoptosis, we considered protein level of
survivin before and after the treatment with 3-NC in
the K562 cells. Western blot analysis of the K562 cell
lysates exhibited significant reductions of the apopto-
sis repressor survivin after 48 h, following the admin-

Fig. 5. Induction of apoptosis in the K562 cells treated with the 3-NC. (A) The cells were treated with 65 nM of the 3-NC
and harvested after 24, 48 and 72 h for double staining (FITC-Annexin V and PI) and analyzed by flow cytometry. As is
evident from Figure, after 48 and 72 h, a shift occurred from early apoptosis (lower-right quadrant panel) to late apoptosis
or necrosis (upper-right quadrant panel). (B) DNA fragmentation after 72 h treatment of the K562 cells with 65 nM of 3-NC.
Lane 1: untreated cells; Lane 2: treated cells. The results are those of two independent experiments.
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istration of 65 nM of 3-NC (Fig. 6A, B). These results
confirm the previous finding that the 4-aryl-4H-chro-
mene family induces apoptosis in order to eliminate
cancer cells (Gourdeau et al., 2004; Kemnitzer et al.,
2004, 2005, 2007, 2008a, 2008b, 2008c).

DISCUSSION

The 4-aryl-4H-chromene family has been reported to
be cytotoxic to several types of cancer cells (Kemnitzer
et al., 2004, 2005, 2007, 2008a, 2008b, 2008c). These
compounds were developed by substituting the more
electron-withdrawing groups nitro (-NO2), trifluoro-
methyl (-CF3) and bromo (-Br) at the 3-position of the
phenyl ring (Foroumadi et al., 2007; Mahmoodi et al.,
2010). Replacing the 4,5-methylenedioxy ring (compound
4,5-MC) by 3-nitro, -bromo and -trifluoromethyl groups
gave more potent compounds than the corresponding
4-H analogue 4,5-MC, suggesting that an electron-
withdrawing group might be preferred in the 3-posi-
tion of these compounds for a better activity (Kemnitzer

et al., 2004). These compounds caused a reduction in
the cell viability in a dose- and time-dependent manner
(Table I). In the present study, signs of apoptosis were
observed among the cells treated with 3-NC. In addi-
tion, caspases, a family of cysteine proteases, are known
to form integral parts of the apoptotic pathway; in par-
ticular, caspase-9 and -3 when activated, have many
cellular targets that, when severed and/or activated,
produce the morphological features of apoptosis (Cohen,
1997). Concomitantly, cleavage of caspase-9, which
signifies the activation of this enzyme and activation
of caspase-3, was observed, confirming that cell death
is indeed preceded by apoptosis in the cells exposed to
the 3-NC. Among cellular caspase regulators, Inhibitor
of Apoptosis Proteins (IAPs) are especially important
(Wrzesien-Kus et al., 2004; Hunter et al., 2007). Given
the fact that IAP proteins confer resistance to certain
cancer cells, and considering apoptotic death of cancer
cells due to activation of caspases, one can propose
that down-regulation of IAPs is an effective approach
for cancer therapy under conditions in which these

Fig. 6. Effects of the 3-NC (at IC50 value) on expression level of caspase-9, caspase-3 and survivin in the K562 cell line. (A)
Determination of caspase-9 and survivin activation were observed after 48 h treatment of the cells with the 3-NC. (B)
Quantitation of relative changes in expression level of survivin, full-length caspase-9 and cleaved caspase-9 by ImageJ
software. The relative intensities of the proteins over that of actin for the control cells were set as 100%. (C) Result of
caspase-3 enzyme assay within 48 h treatment of the cells with the 3-NC. Data shown are the means ± S.D. from three
independent experiments (p < 0.05).
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proteins confer resistance to therapy. Survivin is the
member of the family that is suggested to block apo-
ptotic pathways by directly inhibiting the initiator and
effector caspases (Wrzesien-Kus et al., 2004).

Considering the high expression levels of survivin in
the K562 cells (Wen and Xu, 2005), as well as its ability
to prevent apoptosis, we decided to investigate whether
or not apoptotic activity of 3-NC is mediated by the
down-regulation of survivin. Treatment of the K562
cells with this compound induced extensive apoptosis
within 72 h (Fig. 3 and Table I), indicative of its effec-
tiveness in overcoming the resistance of this cancer
cell. Furthermore, sensitivity of this cell line to 3-NC
may be due to the concomitant down-regulation of sur-
vivin (Fig. 6A), and pronounced activation of caspase-
9 and caspase-3 (Fig. 6A and C).

It has been shown that the expression of survivin is
regulated in a cell-cycle dependent manner (Li et al.,
1998; Otaki et al., 2000; Jin et al., 2005). Survivin is
highly expressed in the G2/M phase of the cell cycle,
and is associated with microtubules of the mitotic
spindle to support cell division (Li et al., 1998). Fur-
thermore, survivin associates with microtubules of the
mitotic spindle in a specific reaction at the beginning
of mitosis (Hirokawa, 1994; Li et al., 1998). Interrup-
tion of survivin-microtubule interactions lead to a loss
of survivin’s anti-apoptosis function, and an increased
caspase-3 activity, a mechanism involved in cell death,
during mitosis (Li et al., 1998).

Furthermore, it has previously been reported that 4-
aryl-4H-chromenes inhibit tubulin polymerization via
microtubule destabilization, and induce nuclear frag-
mentation and PARP cleavage, as well as G2/M arrest
and apoptosis in several human cancer cells (Kemnitzer
et al., 2004, 2005). Therefore, it is reasonable to suggest
that survivin may counteract a default induction of
apoptosis in G2/M phase. This explains the inhibition
of microtubule polymerization by 4-aryl-4H-chromenes
and the down-regulation of survivin, as well as the con-
nection of survivin with polymerized tubulin, during
cell division; it seems that the disruption of tubulin
polymerization leads to dissociation and consequent
destabilization and degradation of survivin. Down-
regulation of survivin concomitant with the cleavage
of caspase-9 (Fig. 6A) signifies the activation of this
enzyme and activation of caspase-3 (Fig. 6C), confirm-
ing that cell death indeed occurs by apoptosis in the
K562 cells.

It should be highlighted that more experiments are
necessary to further evaluate the detailed mechanism
of 3-NC action and its specificity for IAPs-regulated
apoptotic pathways. In addition, it remains to be deter-
mined whether or not 3-NC can also target other anti-

apoptotic related proteins, such as cIAP1, NAIP and
other apoptosis-regulating proteins, such as the Bcl-2
family. However, it has previously been demonstrated
that 3-NC down-regulates cIAP2, XIAP and survivin
in HepG2, T47D and HTC116 cell lines (Mahdavi et
al., 2011). Furthermore, it has also been reported that
ethyl 2-amino-6-bromo-4-(1-cyano-2-ethoxy-2-oxoethyl)-
4H-chromene-3-carboxylate (HA14-1) binds to Bcl-2 pro-
tein, and blocks its anti-apoptotic function in HL-60
cells (Wang et al., 2000). Apoptotic effects of HA14-1
depend on Apaf-1 and activation of caspase-9, followed
by caspase-3 (Wang et al., 2000). These issues should
be addressed in future studies. At the present time,
several experiments are in progress in our lab.

In conclusion, we reported derivatives from the 4-
aryl-4H-chromene family with high apoptotic activity
in the apoptosis-resistant leukemic K562 cells. 2-
amino-4-(3-nitrophenyl)-3-cyano-7-(dimethylamino)-4H-
chromene (3-NC) was more active in comparison with
the other compounds. We attribute the anti-proliferative
effect of this compound to several mechanisms, includ-
ing inhibition of cell growth, induction of apoptosis,
and down-regulation of anti-apoptotic proteins. These
events occurred along with programmed cell death as
characterized by decreased survivin, increased caspase-
3-like activity and expression of caspase-9. All of these
results indicate that 4-aryl-4H-chromenes are exciting
candidates for further evaluation, and may provide a
novel therapeutic approach for the treatment of many
cancer cells.
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