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Recently, we have reported that 3-hydrogenkwadaphnin

(3-HK), a diterpene ester isolated from Dendrostellera

lessertii (Thymealeaceae), is very effective against leukemia

cell lines without any detectable effects on normal cells

(Moosavi et al., 2005b). In this study, we report that 3-HK

induces G1 cell-cycle arrest, differentiation and apoptosis

in APL NB4 cell line. Indeed, the drug between 24 to 96 h

induced 7-65% growth inhibition of NB4 cells. Cell

viability was also decreased by 2-55% between 24 to 96 h

treatments with the drug, respectively. These effects of the

drug were also dose-dependent. According to flow cytomtry

results, 3-HK (15 nM) induced a significant G1-arrest up

to 24 h which was consequently followed with appearance

of sub-G1 peak at 72 to 96 h. Hoechst 33258 staining and

DNA fragmentation assays confirmed the occurrence of

apoptosis among the treated cells. On the other hand, NBT

reducing assay, Wright-Giemsa staining, phagocytic activity

and expression of cell surface markers (CD11b and CD14)

confirmed that the inhibition of proliferation is associated

with differentiation especially toward macrophage-like

morphology. Interestingly, 3-HK at 5 and 10 nM enhanced

the effects of all-trans retinoic acid (ATRA) in NB4 cells.

Based on these results, 3-HK might become an ideal

candidate for treatment of APL patients pending full

exploration of its biological functions.
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Introduction

Myeloid leukemia still remains an unresolved challenge in

medical treatments. Most chemotherapeutical drugs used in

that respect act through induction of apoptosis (Bruserud and

Gjertsen, 2000; Wang, 2003). However, it has been shown

that, after treatment with all-trans-retinoic acid (ATRA),

remission occurs in patients with acute promyelocytic leukemia

(APL) which is a subtype of myeloid leukemia (Honma et al.,

1980; Bruserud and Gjertsen, 2000). Apparently, under this

situation, the immature hematopoietic cells are led to

differentiation toward non-proliferating, more mature granulocytes

(Spira and Carducci, 2003). This novel observation has set up

the base for differentiation therapy which is presently under

considerations as a promising strategy for some of the cancer

treatments. Along this line, the differentiation potency of

several compounds have been evaluated so far using human

APL cell lines (Collins et al., 1978; Rovera et al., 1979; De

The et al., 1991; Bhatia et al., 1994; Coco et al., 1998). Some

of these compounds such as 12-0-tetradecanoylphorbol-13-

acetate (TPA) induces monocyte/macrophage differentiation of

NB4 cells. However, its clinical application is avoided due to

its tumor-promoting activity (Chan and Cripe, 2005). This has

led to the investigation of alternative agents like phorbol ester

that can induce differentiation of leukemia cells without

exhibiting carcinogenic activity.

In that respect, our lab has also characterized a novel

daphnane-type diterpene ester (3-hydrogenkwadaphnin, 3-

HK) from Dendrostellera Lessertii (Thymealeaceae) with

potent differentiation and apoptotic activities in several human

leukemia cell lines without any adverse effects on normal

cells (Yazdanparast and Mianabadi, 2004; Moosavi et al.,

2005b). In general, among plant-derived agents, the daphnane-

type diterpene esters such as genkwadaphnin (Hall et al.,

1982), gnidilatimonoein (Yazdanparast and Sadeghi, 2004),

genididin, giniditrin and genidilatin (Stanoeva et al., 2005)

possess significant anti-leukemic activity with major metabolic

effects on the DNA and protein syntheses. Our further
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investigations have revealed that 3-HK (Scheme 1) inhibits

inosine 5'-monophosphate dehydrogenase (IMPDH) activity

(Moosavi et al., 2005b). Indeed, IMPDH catalyzes the rate-

limiting reaction of de novo guanine nucleotide biosyntheses

and alterations in its activity have been implicated in

regulation of cellular growth, transformation, differentiation

and apoptosis (Jayaram et al., 1999; Inai et al., 2000). In fact,

several IMPDH inhibitors such as mycophenolic acid and

tiazofurin have been used as chemotherapeutic drugs for

leukemia cells (Inai et al., 2000).

More recently, we have shown that 3-HK can induce

differentiation as well as apoptosis in HL-60 cells (Yazdanparast

et al., 2005). However, its differentiating effects in other

human leukemia cell lines especially in NB4 cell line, as an

important in vitro APL model, remain to be disclosed. Here,

the differentiating activity of 3-HK in NB4 cells, with

bileanage differentiation capability under the influence of

different drugs, is evaluated.

Materials and Methods

Materials. The cell culture medium (RPMI 1640), fetal bovine

serum (FBS) and penicillin-streptomycin were purchased from

Gibco BRL. The culture plates were obtained from Nunc. NB4 cell

line was obtained from Pasteur Institute of Iran (Tehran). Propidium

iodide (PI), 12-0-tetradecanoylphorbol-13-acetate (TPA), nitroblue

tetrazolium (NBT), Wright-Giemsa, all-trans-retinoic acid (ATRA)

and Hoechst 33285 were purchased from Sigma. Dimethylsulfoxide

(DMSO) was obtained from Merck. Guanosine was purchased

from Aldrich Chemical Co. Ltd. Ethidium bromide (EtBr), and

RNase were obtained from Pharmacia LKB Biotechnology. 3-HK

was isolated in our lab as reported previously (Yazdanparast and

Mianabadi, 2004).

 

Cell culture and the drug treatments. The NB4 cells were

cultured in RPMI 1640 medium supplemented with FBS (10%, v/

v), streptomycin (100 µg/ml) and penicillin (100 U/ml). 3-HK was

dissolved in the medium containing DMSO. Twenty four hours

after seeding, the cells were treated with a single dose of the drug

with variable concentrations (5-30 nM). In all treatments the

DMSO has been kept bellow 0.1% v/v. 

Cell number and adherence. To examine the effects of 3-HK on

cell growth and adherence, 5 × 104 cells/ml were seeded in a 24

well-plate. Twenty four hours after seeding, the cells were treated

with various concentrations of 3-HK (5-30 nM). At 24 h intervals,

the non-adherent cells were collected and the attached cells were

exposed to trypsin- EDTA solution (Song & Norman, 1998). Both

samples (adherent and non-adherent cells) were separately counted

using a hemocytometer to determine the percent of the adherent

cells. After combining both fractions, aliquots (100 µl) were taken

to count the cell number and to determine the percent growth

inhibition (Song and Norman, 1998).

Cell cycle analysis. DNA content was analyzed on a Partec PAS

flow cytometer according to the established procedure (Moosavi et

al., 2005b). The cells (5 × 104 cells/well) were seeded into culture

dishes 24 h prior to treatments. The cells were harvested after

treatment with 15 nM of 3-HK for various time intervals. The cells

were washed twice with PBS, fixed in 70% ethanol, and kept at −

20oC until analyses. The cells were then stained with 20 µg/ml

propidium iodide containing 20 µg/ml RNase (DNase free) for 2 h.

The stained cells were analyzed by flow cytometry. The population

of cells distributed among G0/G1, S, and G2/M phases were then

determined using Cell Cycle Software. The results are expressed as

percentage of the cells in each phase.

DNA fragmentation assay. DNA fragmentation in NB4 cells was

evaluated by Quick Apoptotic DNA Ladder Detection Kit from

Biosource, according to the manufacturer procedure. Briefly, NB4

cells (1 × 105 cells/well) were treated with 15 nM of 3-HK for

various time intervals. The cells were collected and the soluble

DNA fragments were extracted from the cells. The extracted DNA

fragments were loaded onto a 1.5% agarose gel containing 0.5 µg/

ml ethidium bromide in both gel and the running buffer (1 × TBE).

The gel was run at 5 V/cm for 2 hours, then the gel was

photographed under UV transillumination.

Morphological evaluation of the apoptotic cells. NB4 cells

(5 × 104 cells/well) seeded in 24-well plates and treated with 15 nM

of 3-HK for time course of 96 h. Apoptosis was determined

morphologically after staining the cells with Hoechst 33258 using

fluorescence microscopy. The cells were washed with cold PBS

and then Hoechst 33258 solution (1 mg/1 ml ddH2O) was added to

the cell suspension in a final concentration of 100 µg/ml. The

cellular morphology was evaluated by Axoscope 2 plus fluorescence

microscopy (Zeiss).

Morphological evaluation of differentiation. The morphologies

of untreated and drug-treated cells were studied during a time

course of 96 h using phase-contrast microscopy (Zeiss). For a more

detailed inspection of monocytic differentiation criteria, the cells

were harvested, stained with Wrigh-Giemsa solution and studied

with a light microscope.

NBT reducing assay. NB4 cells (2.5 × 105 cells/60 mm dish) were

cultured in the presence of different concentrations of 3-HK, in

RPMI-1640 medium containing 10% FBS for various time

intervals (1-4 days). After harvesting the attached and unattached

cells, NBT reducing activity was determined (Song and Norman,

1998; Yazdanparast et al., 2005). The cells were suspended in 100

µl of NBT solution (4 mg/ml). After addition of 100 µl of TPA

solution (2 µg/ml), the cell samples were incubated at 37oC for 30

min. The differentiated cells were identified by their intracellular

blue formazan deposits. A minimum of 400 cells has been counted,

using a light microscope, to determine the percent of differentiated

cells.

Latex particle phagocytosis assay. NB4 cells (5 × 104 cells/well)

were treated with 15 nM 3-HK for 72 h in a 24-well plate. Then,

the control and the treated cells were assayed for their ability to

phagocytize protein coated latex particles (Yazdanparast et al.,

2005). A protein-coated latex particle suspension commercially

available for pregnancy test (Ortho gravindex) was used for this
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assay. The particle suspension was diluted 1 : 10 with PBS and the

diluted suspension (100 µl) was mixed with 105 cells in 100 µl

RPMI-1640 supplemented with 20% FBS. The mixture was

incubated for 2 h. Then the cells were washed 3 times with cold

PBS and resuspended in PBS. A minimum of 200 cells were

counted using a light microscope. Cells, with a minimum of ten

ingested particles, were considered positive.

Flow cytometric assessment of differentiation. The expression of

differentiation markers of CD14 and CD11b were determined by

flow cytomerty (Partec Pas). The cells were harvested at indicated

times, washed twice with PBS, then incubated for 30 min at room

temperature with 10 µl mouse anti-human phycoerythrin (PE)-

conjugated CD14 mAb (IQproduct) and mouse anti-human fluorescein

isothiocyanate (FITC)-conjugated CD11b mAb (IQproduct). Two

parameter analyses were performed using flow cytometry (Inai et

al., 2000). Mouse isotypes matching IgGs, were used to set

threshold parameters for flow cytometry.

Results

Effects of 3-HK on growth and viability of NB4 cells. The

anti-proliferative effect of 3-HK at 5-30 nM was established

by measuring the total number of cells in each treated well. As

shown in Fig. 1A, the drug at 5-30 nM concentrations

inhibited NB4 proliferation by 33-77% after 4 days of

treatment. In addition, 3-HK affected proliferation of the

treated NB4 cells in a time-dependent manner when a fixed

dose of 3-HK (15 nM) was used (Fig. 1B). For example, the

proliferation was inhibited by almost 50% after 3 days of

treatment by 15 nM 3-HK (Fig. 1B). A time- and dose-

dependent increase in the number of adherent cells was also

detected after 3-HK treatment. Indeed, in control NB4 cells,

vehicle alone had no effect on cell adherence, whereas a time-

dependent increase in the number of adherent cells was

observed after treatment with 15 nM 3-HK (Fig. 1, B and E).

Viability was also tested by trypan blue assay. Based on the

Fig. 1. Dose- and time-dependent effects of 3-HK on growth, viability and adherence of NB4 cells. The cells were treated with

different concentrations of 3-HK for 72 or 96 h. Dose-dependent effects of the drug, after 96 h, on growth (% of control), and viability

(% of control) are presented in A and C, respectively. Dose-dependent effects of the drug, after 72 h, on adherence (% of total cells) is

also presented in B. Time-dependent effects of 15 nM 3-HK on growth (D), adherence (E) and viability (F) were also determined. The

results are the means of three independent experiments ± SD (p < 0.05).
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data presented in Fig. 1 (C and F) the inhibition of

proliferation could be attributed to reduction in viable cell

numbers at long treatment times or at high drug concentrations.

According to our previous observations (Yazdanparast et al.,

2005), 3-HK, at high concentrations, had cytotoxic effects on

different cultured neoplastic cell lines. Additionally, we

observed that at concentrations above IC50 (>15 nM), the

viability of NB4 cells decreased sharply with a maximum cell

death detected after 24-48 h (data not shown).

Morphological study of NB4 cells after treatment with 3-

HK. Treatment of NB4 cells with the drug caused adherence

of the cells to the culture plates and/or to each other leading to

aggregate formation. The variation in cell-to-cell adherence

during 96 h of drug exposure is shown in Fig. 2. Twenty four

hour after exposure to 3-HK, some of the cells were attached

to the culture plates. Cell-to-cell adherence occurred between

48-72 h of drug exposure. However, some cells were dead

after 2-4 days of the drug exposure (Fig. 2, 96 h). These

morphological changes seem very similar to effects of another

diterpene ester (TPA) on inducing monocyte/macrophage

differentiation of leukemia cell lines (Koeffler et al., 1981).

3-HK induced G1 cell cycle arrest and apoptosis in NB4

cells. Due to profound effects on growth and viability of NB4

cells, we studied 3-HK effects on progression of the cell cycle,

too. As shown in Fig. 3A, an increase in G1 cell population

was observed after treatment of the cells with 15 nM 3-HK.

Indeed, G1 cell cycle arrest was observed after 24 h. Interestingly,

sub-G1 peaks (representing apoptosis) were registered after

the drug exposure time of 48, 72 and 96 h. These observations

are in agreement with the previous results (Fig. 2). Staining

with Hoechst 33258 clearly documented the occurrence of

apoptosis in NB4 cells after 2, 3 and 4 days of drug exposure,

but not at shorter exposure times (Fig. 3B). In Fig. 3B, viable

cells are uniformly blue, whereas apoptotic cells are blue and

contain bright blue dots in their nuclei as a consequence of

chromatin condensation and nuclear fragmentation. In addition,

the DNA laddering patterns were also documented among the

cells treated with 3-HK for 3-4 days (Fig. 3C, Lane 3 and 4).

These results clearly show that 3-HK induced post-G1 arrest

apoptosis in NB4 cells.

Fig. 2. Effects of 3-HK on morphology of NB4 cells. The cells were treated with 15 nM 3-HK for 24-96 h. After 20-24 h of treatment,

the pseudopodia were detected on the surface of some of the treated cells (24 h, narrow arrow). At 48 h, the cell-to-cell adherence

(white arrow) and cell-to-plate adherence (gray arrow) were observed. Adherent cells underwent a fine process which resulted in long

pseudopodia (96 h, gray arrow). Some of the treated cells died after 96 h treatment (black arrows). Magnification: 400×.

Fig. 3. Effects of 3-HK on cell cycle and apoptosis of NB4 cells. The cells were treated with 15 nM 3-HK for different times, then the

cell cycle pattern (A), morphological studies of nuclei (B) and DNA electrophoresis (C) were studied. C: DNA fragmentation in

untreated (Lane 1) NB4 cells and after treatment with 15 nM 3-HK for 24 h (Lane 2), 48 (Lane 3) and 96 h (Lane 4).
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3-HK induced monocyte/macrophage differentiation of

NB4 cells. In order to clarify whether the inhibitory effects of

3-HK on the growth and cell cycle of NB4 cells are followed

by differentiation, we subjected the 3-HK-treated cells to NBT

assay which is a reliable marker for differentiation of myeloid

leukemia cells. Fig. 4a clearly indicates that 3-HK is capable

of inducing differentiation in NB4 cells in a dose-dependent

manner. After 72 h of incubation with 5-15 nM of the drug,

the percent of NBT reducing cells rose from 9% to 54%. The

level of differentiation among untreated cells remained low

(3-4%) after 3-4 days. The time course of differentiation in

NB4 cells, subjected to 15 nM of the drug, was also studied.

As shown in Fig. 4b, NBT reducing activity was observed

24 h after drug treatment and reached to a maximum level

after 72 h.

 To further document the events of differentiation, Wright-

Giemsa staining was also performed using the treated NB4

cells. As showed in Fig. 4c, morphological features of monocytic

differentiation, such as condensation of nuclei and protrusion

of cytoplasms, were clearly evident among the treated cells.

Phagocytoses of the latex particles, which is frequently

considered as a criterion of proper function of mature

macrophages, showed that human promyelocytic leukemia

cells have been differentiated into cells having the characteristics

of macrophages (Koeffler et al., 1981; Yazdanparast et al.,

2005). For example, 37.2 ± 4.3% (n = 4; p < 0.05) of the treated

NB4 cells were able to take the latex particles after 72 h of

treatment with 15 nM of the drug. (Fig. 4d). However, under

the same experimental conditions, 2-4% of the control cells

were able to ingest a minimum of ten particles.

In addition, flow cytometric analyses of the treated cells

clearly indicated the high expression of CD11b and CD14

markers on the cell surfaces (Fig. 5). Indeed, CD11b expression

is taken as the marker for granulocytic and monocytic

differentiation, while CD14 expression is considered as the

specific marker for monocytic differentiation. Compared to

the untreated cells, the population of CD11b- and CD14-

positive cells increased by almost 61% and 21%, respectively,

among the drug treated cells. These results clearly confirm the

differentiation of NB4 cells upon 3-HK treatments along

monocyte/macrophage lineage.

 

3-HK enhanced ATRA-induced differentiation of NB4

cells. In this investigation the modulation of differentiation

potency of ATRA by 3-HK was also evaluated. According to

results presented in Table 1, ATRA (at 10 nM) is capable of

causing differentiation in NB4 cells by almost 42%. However,

the extent of differentiation by ATRA increased to 79% and

61% in the presence of 5 and 10 nM 3-HK, respectively.

Higher concentrations of 3-HK seemed less active probably

due to its cytotoxic effects. Flow cytometric analyses (Fig. 5)

also indicated that an increase in population of CD11b-positive

cells occurred after exposure of NB4 cells to combination of

3-HK and ATRA (78%) compared to ATRA alone (40%).

Guanosine antagonized 3-HK effects on NB4 cells. Based

on our previous findings, 3-HK modulates the guanine nucleotide

pool size of the treated HL-60 and K562 cells (Moosavi et al.,

Fig. 4. Effect of 3-HK on differentiation of NB4 cells. The differentiating effect of the drug was evaluated by NBT reduction assay (a

and b), Wright-Giemsa staining (c) and phagocytic activity (d) in NB4 cells. a: percentage of NBT reducing cells after treatments with

different concentrations of 3-HK for 72 h. b: percentage of NBT reducing cells after treatment with 15 nM of 3-HK for different times.

The results are the means of three independent experiments ± SD. In c and d the cells were treated with 15 nM 3-HK for 72 h, then the

differentiation criteria were studied by Wright-Giemsa staining (c) and the phagocytic activities (d) were evaluated by the ingestion of

latex particles. Magnification: 400×.



Differentiating Effects of 3-HK in NB4 727

2005a). To disclose the mode of action of 3-HK in NB4 cells,

we studied the involvement of guanine nucleotide in

proliferation and differentiation induced by the drug. In that

respect, the cells were simultaneously treated with 50 µM

guanosine and 15 nM of 3-HK. As shown in Table 2, the anti-

proliferative and differentiating activities of 3-HK were both

quenched in the presence of guanosine. These results reveal

that the decrease in GTP pool size, probably through

inhibition of IMPDH activity, might be one of the ways that 3-

HK exerts its biological effects.

Discussion

Several leukemia diseases are characterized by breakdown in

their cell maturation pathways. To assist the restoration of

normal pathways, some patients are treated with differentiating

agents like ATRA. Many of these therapeutic agents, however,

have short lifes and are accompanied by a variety of side

effects, such as drug-resistance and hypercalcemia (Honma et

al., 1980; Spira. and Carducci, 2003). Therefore, it is worthwhile

to search for new substances which induce differentiation

alone or in combination with the established inducers of

differentiation.

In that respect, we found that 3-HK, a new plant-derived

agent, is capable of inducing G1 cell cycle arrest, differentiation,

and apoptosis in NB4 cells. Indeed, the lack of tumor-

promoting activity makes 3-HK a probable candidate for

leukemia therapy. NBT reducing assay (Fig. 4), adherence to

the culture plates (Fig. 2), Wright-Giemsa staining (Fig. 4c),

phagocytic activity (Fig. 4d) and expression of differentiation

cell surface markers (Fig. 5) all show that the drug at low

concentrations (5-15 nM) is a potent inducer of differentiation

in NB4 cells toward macrophage lineage. Similar to NB4

cells, we have reported that HL-60 cells were also differentiated

into monocyte/macrophages by 3-HK, although to a lesser

extent (Yazdanparast et al., 2005). This is probably due to the

fact that HL-60 cells are in a less mature stage than NB4 cells

on the myeloid cell differentiation pathway (Song and

Norman, 1998). Indeed, and according to an FAB (French-

American-British) classification, HL-60 cells are considered

as an AML-M2 subtype whereas NB4 cells are a typical cell

line belonging to AML-M3 subgroup.

Flow cytometric analyses indicated that the drug-treated

NB4 cells underwent G1 arrest after 24 h of drug treatment.

However, sub-G1 peaks were recorded 48-96 h after treatment

with 15 nM 3-HK. These results were confirmed by

morphological (Hoechst staining) and biochemical (DNA

fragmentation) studies, suggesting that apoptosis was initiated

after G1 arrest (24 h) with a maximum effect at 96 h. This is

consistent with our previous report concerning the effects of

Fig. 5. Effects of 3-HK and ATRA on differentiation markers (CD11b and CD14) in NB4 cells. The NB4 cells were treated with 3-HK

(10 nM), ATRA (10 nM) and/or simultaneously with 3-HK (10 nM) and ATRA (10 nM) for 96 h. Expression of cell-surface markers

(CD11b and CD14) in the drug-treated cells were evaluated by flow cytometry as mentioned in materials and methods. Total percent of

positive cells (CD14: two upper quadrants; CD11b: two right-side quadrants) are indicated in each panel. 

Table 1. Combined effects of ATRA and 3-HK on differentiation

of NB4 cells. 3-HK at 5 and 10 nM was added alone or in

combination with ATRA (10 nM). Differentiation and growth

inhibition were assessed after 96 h by counting the NBT-positive

cells and the cell numbers, respectively. The results are the

means of three independent experiments ± SD (p < 0.05)

3-HK
(5 nM)

ATRA
(10 nM)

3-HK
(10 nM)

Differentiation
(%)

viability
(% of control)

- - -  3 ± 1.9% 100%

- - + 39 ± 2.9%  65 ± 4.3%

+ - - 19 ± 4.2%  77 ± 2.1%

- + - 42 ± 3.1%  63 ± 3.7%

- + + 61 ± 1.8%  52 ± 2.5%

+ + - 79 ± 2.7%  68 ± 4.3%

Table 2. The effect of guanosine on the induction of NB4

differentiation and proliferation. The cells were treated with 15

nM 3-HK in the presence or absence of 50 µM guanosine for

96 h. Differentiation was assessed by NBT reducing assay. The

results are the means of three independent experiments ± SD

(p < 0.05)

Guanosine
(50 µM)

Drug
(15 nM)

NBT reducing
(%)

Viability
 (% of control)

- -  4 ± 1.1% 100%

+ - 14 ± 2.3% 104 ± 2.2%

- + 46 ± 3.3%  50 ± 3.6%

+ + 24 ± 4.2%  77 ± 4.1%
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3-HK on K562 and HL-60 cells, where a post G1-arrest

apoptosis was observed after the drug-treatment (Moosavi et

al., 2005b). It has been reported that apoptosis is a major

physiological mechanism of cell death in terminally differentiated

hematopoietic cells. For example, apoptosis plays an

important role in the elimination of activated granulocytes and

monocytes (Martin et al., 1990). This is probably because the

mature blood cells have short life spans both in vitro and in

vivo and, therefore, die as a result of apoptosis (Watson et al.,

1997). Apparently, at low concentrations, the drug shows

differentiation activity and the differentiated cells are then

removed by apoptosis. We also observed that the NB4 cells

did not differentiate at the drug concentrations above 20 µM.

This is mostly due to the cytotoxic effects of the drug at high

doses.

Moreover, the drug is capable of increasing the ATRA-

induced differentiation in NB4 cells. A similar observation

has been observed by Danilenko and colleagues who showed

that the inducer of monocyte/macrophage differentiation

(carnosic acid) was capable of enhancing the efficiency of

ATRA (Danilenko et al., 2001). Thus, it appears that ATRA-

induced granulocytic differentiation involves signaling circuits

similar to those that are active in monocytic differentiation.

Nevertheless, such low-dose combination therapies may assist

to avoid the acute side effects of ATRA in APL therapies

(Kim et al., 2004).

Our date also showed that guanosine (at 50 µM) is capable

of preventing the differentiation and apoptosis of NB4 cells

treated with 3-HK. This may indicate that the drug exerts its

growth inhibiting and differentiating effects through depletion

of guanine nucleotide pool size in the treated cells. In fact,

inhibition of IMPDH activity by 3-HK, supports this view

(Moosavi et al., 2005; Yazdanparast et al., 2005). Modulation

of guanine nucleotide pool size by 3-HK may affect pathways

which are involved in differentiation and apoptosis. Further

work is in progress to respond to some of these possibilities.

In conclusion, the present data indicate that 3-HK, through

unknown mechanism(s), induces differentiation and apoptosis

in human promyelocytic NB4 leukemia cells. Therefore, this

new natural product alone or probably in combination with

other differentiation inducers, especially ATRA, may be used

as a powerful candidate for leukemia therapy.
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