
ABSTRACT

Background: Leukemia is a type of cancer that starts
in the bone marrow. The anticancer drugs used in the
treatment of patients suffering from the disease have many
side effects due to their toxicity. This fact has prompted
researchers to search for other agents instead of, or in
combination with, these anticancer drugs. Differentiating
agents (DAs) including Na-Butyrate (NaBu), trans-retinoic
acid (TRA), dibutyryl-cAMP (Bu-cAMP) and many others
have been used for this purpose.

Materials and Methods: In this investigation, we
studied 120 patients with acute myeloid leukemia (AML),
presenting to the Oncology Institute of Tanta, Egypt. We
studied the effect of some differentiating agents (DAs)
mainly Na-Butyrate (Na-Bu., 1mM), trans-retinoic acid
(TRA, lµM) and dibutyryl-cAMP (Bu-cAMP, lmM) on
the morphology of leukemia cells propagated ex-vivo for
3 and 6 days. We also studied the level of interferon-γ
and its release in the conditioned media of the leukemic
cells compared to normal leukocytes.

Results: The results revealed that DAs enhanced the
conversion of the immature granulocytes into mature ones
clearly at 6 days of treatment when we used the agents in
combination. The results also showed that statistically
significant elevation (p<0.001) of interferon-γ level was
found to be in the conditioned media of the treated leukemic
cells (3 and 6 days) using the previously mentioned agents
alone or in combination; that could reach almost the level
in the cultured media of normal leukocytes.

Conclusion: In conclusion, this work could highlight
the possibility of using DAs as a novel complementary
therapy in the management of acute myeloid leukemia
(AML) via the activation of the immune surveillance of
patients suffering from AML through raising the interferon-
γ level. Further work is recommended to use DAs in
clinical trials with and without conventional anticancer
drugs for the management of patient with AML.
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INTRODUCTION

Cytokines are peptides or glycopeptides,
secreted by host cells, that influence the behavior
of other cells (paracrine action) or of the cells
that produced them (autocrine action). Cytokines
act mostly at adjacent sites. However, some
cytokines also diffuse through the circulatory
system to distant sites in the body to mediate
systemic effects. Cytokine action is similar to
that of hormones in the endocrine system and
is therefore referred to as endocrine action [1].
Cytokines exert their effects by binding to
specific cell surface receptors and initiating
signal transduction to the interior of the cell,
leading to the activation of gene transcription.
In this way, cytokines mediate intercellular
communications between the cytokine produc-
ing cells and the cytokine-target cell. Cytokines
are sometimes referred to as intercellular mes-
sengers [2].

Most cytokines can be produced by various
cell types, although a particular cell type may
represent the major source of a given cytokine.
Monocytes/macrophages and T-lymphocytes,
particularly T-helper (TH) cells, are the major
cytokine producing cells. Cytokines that are
produced principally from lymphocytes were
previously designated as lymphokines and those
produced mostly by monocytes and macroph-
ages were designated as monokines [3].

Interferons (IFNs) comprise a group of
cytokines, so named because they can interfere
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with viral infection or infection by other intra-
cellular microbes. This group of cytokines is
further subdivided into three main classes: IFN-
α, IFN-ß, and IFN-γ. The latter can be produced
and secreted by macrophages, T-cells and nat-
ural killer (NK) cells [2].

IFN-γ is the cytokine that plays the dominant
role in delayed-type hypersensitivity. The latter
is a means to assess T-cell-mediated immunity
in vivo. The immunologic response requires
intact macrophage microbicidal activity and
functional CD4+ T-helper (TH) activation that
leads to production of interferon-gamma (IFN-
γ). It functions to down-regulate the T-helper
2 (TH2) production of interleukin 4 (IL-4),
interleukin 5 (IL-5) and IgE, which direct anti-
body responses. TH cells also produce IL-2,
which up-regulates IL-2 receptors and expands
T-cell proliferation and interleukin 12 (IL-12),

which increases IFN-γ levels [4]. The production
of interferon-γ is an early and critical event in
the immune response to intracellular pathogens.
It has been shown that IL-12 and IL-18 rapidly
and synergistically induce the secretion of IFN-
γ by freshly purified human peripheral blood
lymphocytes [5]. Furthermore, the synergistic
induction of INF-γ by IL-12 and IL-18 in natural
killer cells is mediated by p38-dependent and
3\ UTR-mediated stabilization of IFN-γ mRNA.
The expression of INF-γ is principally detected
in natural killer cells at early time points fol-
lowing infection. NK activity appears in cyto-
toxic CD8+memory T-cells, then in T-helper
CD4+lymphocytes as acquired immune response
develops [6].

AML types were classified according to two
different systems, the FAB classification in 1976
[7] and the WHO classification in 1999 [8].

Effect of Differentiating Agents on Interferon-γ (INF- γ)

Retinoids regulate growth and differentiation
of normal and malignant cells [9]. In the
hematopoietic system. trans retinoic acid (TRA)
has been shown to inhibit growth, induce
differentiation of myelomonocytic progenitor
cells, and to enhance self-renewal of more
immature multipotent stem cells [10,11]. In acute
promyelocytic leukemia (APL), TRA is a potent
inducer of APL cell differentiation, and its use
in anti-APL therapy markedly improved survival
and prognosis of patients with this disease [12].

The ability of APL cells to respond to TRA with
terminal differentiation is likely due to the
presence of retinoic acid receptor alpha (RARA)
gene translocation and expression of the RARA
chimeric proteins, which do not respond to
physiologic levels of TRA. Pharmacological
doses of TRA trigger the dissociation of nuclear
receptor co-repressors from such "dominant-
negative" RARA-fusion proteins [13,14]. These
facts reflect the importance of TRA signaling
in myeloid cell differentiation.

M0: minimally differentiated.
M1: myeloblastic leukemia without maturation.
M2: myeloblastic leukemia with maturation.
M3: hypergranular promyelocytic leukemia.
M4: myelomonocytic leukemia.
M4Eo: variant, increase in marrow eosinophils.
M5: monocytic leukemia.
M6: erythroleukemia (DiGuglielmo's disease).
M7: megakaryoblastic leukemia.

FAB classification:

AML with recurrent cytogenetic translocations:
AML with t (8;21)(q22;q22) AML1/CBFalpha/ETO.
Acute promyelocytic leukemia:
AML with t (15;17) (q22;q12) and variants PML/RARalpha.
AML with abnormal bone marrow eosinophils inv(16) (p13;q22)
vagyt (16;16) (p13;q22) CBFbeta/MYH1.
AML with 11q23 MLL abnormalities.
AML with multilineage dysplasia:
With prior MDS.
Without prior MDS.
AML with myelodysplastic syndrome, therapy related:
Alkylating agent related.
Epipodophyllotoxin related.
Other types.
AML not otherwise categorized:
AML minimally differentiated.
AML without maturation.
AML with maturation.
Acute myelomonocytic leukemia.
Acute monocytic leukemia.

WHO classification:
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Nevertheless, the use of TRA as a single
agent has not been successful in other types of
acute myelogeneous leukaemia (AML) and so,
potential use of TRA in combination with other
differentiating agents such as sodium butyrate,
dimethyl sulfoxide, hexamethylene bisacetamide
and others has been recommended [15,16].

The aim of the present work is to study the
possible effect of  TRA, Na-Bu, and Bu-cAMP,
individually or in combination, on the morphol-
ogy and differentiation of AML cells propagated
ex-vivo. The work also aims to study the level
of Interferon-γ in the conditioned media of the
leukemic and normal leukocytes.

MATERIAL AND METHODS

Study population:
The cases of the work presented to the out-

patient clinic of Oncology Institute of Tanta,
Egypt. One hundred and twenty cases were
selected for the present study. They were clas-
sified into the following groups:

(Group A): Normal control leucocytes (NCL)
divided into the following sub-
groups.

Subgroup A1: NCL cultured without treatment.

Subgroup A2: NCL treated with 1µM trans
retinoic acid (TRA).

Subgroup A3: NCL treated with 1µM NaBu.

Subgroup A4: NCL treated with 1µM Bu-cAMP.

Subgroup A5: NCL treated with a combination
of 1µM TRA+1mM NaBu+1mM
Bu-cAMP.

Group B: Leukemic cells (LC) divided into the
following sub-groups.

Subgroup Bl : LC without treatment used as a
control culture.

Subgroup B2: LC treated with 1µM TRA.

Subgroup B3: LC treated 1mM NaBu.

Subgroup B4: LC treated 1mM Bu-cAMP.

Subgroup B5: LC treated with a combination
1µM TRA+1mM Na Bu+1mM
Bu-cAMP.

All cultures of normal control leucocytes
and leukemic cells were cultured for 3 and 6
days.

Chemical Reagents:
1- Retionic acid (TRA):

Retinoic acid (Sigma) was added from a
1mM stock of RA dissolved in ethanol stored
protected from light at -20°C and used at a final
concentration of 1µM [17].

2- Sodium n-butyrate (Na-Bu):

Sodium n-butyrate (J.T Baker Chemical Co.)
was added from a 1 M stock of Na-Bu dissolved
in distilled water, stored at -20ºC and used at
a final concentration of 1mM.

3- Dibutryl-cyclic adenosine monophosphate
(Bu-cAMP):

Bu-cAMP (Sigma), purity 98% prepared
from a 1M stock dissolved in 50% ethanol,
stored protected from light at -20°C and used
at a final concentration of 1mM.

Cell Culture:

Fresh leukemia cells were obtained from
patients suffering from acute myeloid leukemia
(AML) (newly diagnosed). Specimens contain-
ing at least 70% leukemic cells were used.
Heparinised peripheral blood samples were
obtained during routine diagnostic procedures.
Blood samples were diluted with RPMI-1640
medium (GIBCO BRL, Grand Island, NY) sup-
plemented with 10% fetal bovine serum and
then overlaid on 6 ml of Ficoll-Hypaque (Phan-
nacia Fine Chemicals, UPP, Sweden) and cen-
trifuged at 500xg for 30min. The mononuclear
cells were washed twice and suspended in RP-
MI-1640 medium supplemented with 10% fetal
bovine serum, plated in culture dishes at 6x106

cells/ml, and incubated at 37°C in a humidified
atmosphere of 5% CO2. Cells were harvested
after 3 and 6 days and stored at -80°C until
analysis. A sample from the supernatant was
also stored at -80°C.

Proliferation and Differentiation Assays:

Cell density was determined by daily count-
ing using a hemocytometer and cell viability
was determined by trypan blue exclusion. Cell
morphology was examined in smears stained
with May-Grunwald and Giemsa stains.

Enzyme Immunoasay for the Detection of "free"
Human IFN-γ in Cell Culture:

Cell culture supernatant samples were cen-
trifuged to remove particulate matter and as-
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sayed immediately or stored at -20°C until they
were biochemically assayed. The samples were
examined for the level of IFN-γ using a sand-
wich enzyme immunoassay (CYTELISA, USA,
[18]) which measures the free form of the cytok-
ine. Mouse monoclonal antibodies generated
against human IFN-γ were used to capture hu-
man IFN-γ in a sample. Simultaneously rabbit
anti-human IFN-γ polyclonal antibodies were
used to detect IFN-γ in the sample. The assay
was visualized using goat anti-rabbit alkaline
phosphatase conjugate and an ensuing chroma-
genic substrate reaction. The amount of IFN-γ
(pg/ml) detected in a sample was compared to
an IFN-γ standard curve [19].

Statistical analysis:

Data were analyzed using the Statistical
Package for the Social Sciences (SPSS version
10). Data were represented as mean±SE. One
way analysis of variance (ANOVA) followed
by Sheffe's post hoc test was calculated to clarify
the statistical significance between means of
the different groups. To compare the means of
two groups, unpaired t-test was used. p-value
equal to or less than 0.05 was considered sig-
nificant.

RESULTS

1-Effect of differentiating agents (DAs) on cell
morphology:

Fig. (1) shows the morphology of normal
untreated human leucocytes. Human leucocytes
are of two major types, granulocytes with gran-
ular cytoplasm and agranulocytes with non-
granular cytoplasm. According to the stainability
of the granulocytes, three subtypes are well
recognized, neutrophils with little affinity to
either acidic or basic dyes and multilobed nuclei,
eosinophils with affinity to acid dyes and bilobed
nuclei, and basophils with affinity to basic dyes
and S-shaped nuclei. Neutrophils are the most
abundant leucocytic cells followed by eosino-
phils with respect to the differential blood count
while the basophils are rare and constitute less
than 1% of the total leucocytes. The agranulo-
cytes are of two types, lymphocytes with round-
ed nuclei occupying most of their cytoplasm
and monocytes with kidney shaped nuclei. Fig.
(2-A) shows the morphology of normal leuko-
cytes (NLC) that were cultured for 3 days. No
morphological changes could be detected after

treatment with the studied agents, in combina-
tion, for 3 days. Fig. (2-B) shows the morphol-
ogy of the normal cultured leucocytes after
treatment for 6 days; the figure shows a com-
parable picture with that of the control and the
cells treated for 3 days. The most pronounced
morphological changes could be detected in the
culture media of the leukemia cells rather than
the normal leucocytes. The viability of untreated
and treated cultures was more than 85% using
the trypan blue dye exclusion test.

Fig. (3) shows a primary culture of leukemic
cells (LCs) propagated without treatment. These
cells mainly develop from two types of white
blood cells: granulocytes and monocytes. AML
cells are usually undifferentiated and possess
high nuclear/cytoplasmic ratio as shown in the
figure. They are usually named "leukemic
blasts" which fail to function as normal blood
cells.

Fig. (4-A) shows LCs treated for 3 days
with the three studied DAs in combination.
Some signs of differentiation of the cells could
be noticed which are represented in chromatin
condensation, reduction in the nuclear/cytopl
asmic ratio as well as lobulation and fragmen-
tation of the nuclei to approach the morphology
of that of the normal leucocytes. In Fig. (4-B)
the LCs also showed chromatin condensation
and nuclear fragmentation post-treatment with
a combination of the used DAs. The effect of
the DAs for 6 days was more obvious, from a
morphological point of view, than that of the
treatment for 3 days only. Thus, AML cells were
induced to differentiate into granulocytes that
were similar, to large extent, to the normal
leukocytes.

2-Effect of differentiating agents on the level
of IFN-γ:

One way analysis of variance (ANOVA) of
the obtained data clarified a highly significant
effect of the different treatments with DAs on
the IFN-γ level in the different studied cultures.
From a statistical point of view, a significance
in ANOVA test must be followed by one of the
known "post hoc" tests such as Sheffe's test
used in the present investigation. Post hoc tests
always clarify the significant differences be-
tween the individual groups under study.

Leukemic cell cultures treated for 3 days
showed a highly significant effect of treatments

Effect of Differentiating Agents on Interferon-γ (INF- γ)
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on the level of IFN-γ (p<0.001), while normal
cell cultures showed comparable insignificant
differences between each other. The untreated
leukemic cells showed the lowest level
(6.71±1.01pg/ml); a value that is significantly
lower than all the other treated leukemic and
control cells. Treatment with TRA only has
increased this value to an approximately normal
level (75.82±3.34pg/ml); the normal level
obtained from the control untreated cells was
69.62±6.64pg/ml; the difference between these
two levels was insignificant (p>0.05). Treatment
with NaBu, Bu-cAMP and all DAs together
also recorded highly significant values with
respect to the untreated leukemic cells. Table
(1) shows that these levels were 39.21±5.13
pg/ml, 20.32±2.02pg/ml and 55.13±1.52pg/ml,
respectively (Fig. 5). The treated leukemic
groups showed 10.29, 4.84, 2.02 and 7.21-fold
increase than the untreated leukemic cells for
the TRA, NaBu, Bu-cAMP and all DAs group,
respectively.

Similar to the data obtained for the 3 days
of treatment, one way ANOVA after 6 days of
treatment, showed a highly significant effect
of treatments on the level of  IFN-γ (p<0.001)
only for leukemic cell cultures but not for control
cell cultures. Student t-test revealed that all the
treated groups showed significantly higher val-
ues than their levels at the 3 days of treatment
except the untreated leukemia group which
showed an insignificantly lower value than at
3 days of treatment. Table (1) shows that the
untreated LC group recorded the lowest IFN-
γ level of all (4.45±0.55pg/ml) whereas the
treated groups including the TRA, NaBu, Bu-
cAMP and the simultaneous group showed IFN-
γ levels of 144.94±7.05pg/ml, 59.72±3.91pg/ml,
24.4±1.92pg/ml and 67.21±2.26pg/ml, respec-
tively. The treated groups showed 31.56, 12.41,
4.43 and 14.06-fold increase than the untreated
LC group, respectively (Fig. 6).

Table (1): Interferon –γ  level in the cultured media of normal and leukemic cells  after 3 and 6 days of treatment.

Untreated

TRA (1mM)

NaBu (1mM)

Bu-cAMP

(1mM)

TRA+ NaBu+

Bu-cAMP

F-ratio

p-value

Treatments

69.62±6.64

78.66±4.41

(0.125)

74.21±5.78

(0.061)

75.16±3.21

(0.075)

72.14±4.91

(0.032)

0.514

0.72 (NS)

3 days

185.84±13.79*

197.51±7.68*

(0.063)

191.52±3.46*

(0.03)

189.33±4.54*

(0.018)

187.52±8.70*

(0.009)

0.214

0.78 (NS)

6 days

Normal cells

6.71±1.01 a

75.82±3.34 e

(10.29)

39.21±5.13 c

(4.84)

20.32±2.02 b

(2.02)

55.13±1.52 d

(7.21)

101.4

< 0.001

3 days

4.45±0.55 a

144.94±7.05 d*

(31.56)

59.72±3.91 c*

(12.41)

24.4 1±1.92 b

(4.43)

67.21±2.26 c*

(14.06)

179.5

< 0.001

6 days

Leukemic cells

Data represents mean±SE.
The different letters within the same column indicate statistically significant different means according to Sheffe's post hoc test. No
letters are written when ANOVA is insignificant.
The numbers between brackets represent the folds of change from untreated cells.
* : significant with respect to the 3-days treatment (t-test).
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Plate (I): Morphology of normal leucocytes (NLCs)
without treatment (Fig. 1). NLCs propagated
ex-vivo and treated for 3 days with TRA,
1µM+NaBu, 1mM+ Bu-cAMP, 1mM (Fig.
2-A). NLCs propagated ex-vivo and treated
for 6 days with TRA, 1µM+ NaBu, 1mM+Bu-
cAMP, 1mM (Fig. 2-B).

Plate (II): Morphology of leukemic cells (LCs)
without treatment (Fig. 3). LCs propa-
gated ex-vivo and treated for 3 days
with TRA, 1µM+NaBu, 1mM+Bu-
cAMP, 1mM (Fig. 4:A). LCs propagated
ex-vivo and treated for 6 days with
TRA, 1µM+NaBu, 1mM+Bu-cAMP,
1mM (Fig. 4:B).



Motawa E. El-houseini, et al. 289

Fig. (5): Interferon –γ level in cultured media of leukemic
(LC) and normal untreated cells (NC) after 3 and
6 days of treatment.

Fig. (6): Folds of increase in the interferon-γ levels from
the untreated LC in the cultured media of treated
leukemic cells after 3 and 6 days of treatment.

DISCUSSION

Interferon gamma (INF-γ) is one of the well
known cytokines. Its function is to up-regulate
T-cell activation marker. INF-γ is produced by
both macrophages and T-helper 1 cells [4].

Immune intervention with a predicted anti-
leukemic efficacy requires a profound knowl-
edge of the interaction between immune cells
and both malignant and non-malignant autolo-
gous cells on a cellular and molecular level.
Human cytokines may have a role in the differ-
entiation of leukemic as well as normal myeloid
cells [20,21].

Our results revealed that some differentiating
agents including TRA, Na-Bu, and Bu-cAMP
led to marked elevations in interferon-γ level
in the conditioned media of leukemia cells
propagated for 3 and 6 days in culture. The
level was significantly increased when the TRA
was used alone or in combination. It seems
likely that the effect was additive rather than
synergistic in case of Na-Bu and Bu-cAMP and
this could be due to the same mechanism of
action done by both agents for the production
of INF-γ. Moreover, TRA showed a profound
effect alone rather than in combination and this
might be due to its different mode (s) of action.
The effect of TRA was much higher when it
was alone and this could throw light on the
possibility of the mode of action of TRA which
differs from other differentiating agents. In a
pervious study using retinoids, it has been shown
that retionoids and myelomonocytic growth
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factors cooperatively activated retinoic acid
receptor alpha (RARA) and induced human
myeloid leukemia cell differentiation via MAP
kinase pathways [22]. Furthermore, TRA has
been shown to down-regulate survivin, a mem-
ber of the inhibitors of apoptotic gene family
in both AML cell line and primary AML samples
[23]. Moreover, TRA transcriptionally down-
regulated BCl-2 and BCl-XL expression in some
leukemias [24]. Our results agreed with what
has been reported by Theodore and Ruyi [25]
who used a combination of retinoic acid and
Na-butyrate in order to investigate their effects
on human myeloid leukemia cell line HL60.

The molecular mechanism of action of bu-
tyrate has been shown to involve a hyperacety-
lation of histones, H3 and H4, by inhibition of
histone deacetylase and since acetylated H4 is
preferentially associated with template active
parts of chromatin, it has been suggested that
butyrate could be able to activate genes [26].

Our results regarding the elevation of INF-
γ in the cultured media of leukemia cells due
to butyrate treatment can be interpreted by the
molecular mechanism of the agent on the cancer
leukemic cells via activation and up-regulation
of INF-γ gene through the stimulation of the
acetylation [26]. Furthermore, it was well known
that n-butyric acid had an effect similar to that
of Bu-cAMP upon neuroblastoma cells and
therefore our finding regarding the influence
of Bu-cAMP on leukemia cells in terms of
increasing INF-γ level in the conditioned media
of the cancer cells agreed with other authors
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that both butyrate and Bu-cAMP possessed the
same effect and almost a similar mode of action
[27,28].

In conclusion: The previously mentioned
differentiating agents with special reference to
TRA led to an increased production of INF-γ
in leukemia cells and therefore it could be used
in the management of AML with the conven-
tional anti-cancer drugs for patients suffering
from leukemias particularly AML.
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