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Abstract 
Leukemia is a disease of the blood or bone marrow, which is characterized by increased numbers 

of abnormal white blood cells. The abnormality of leukemic cells lies in their inhibited 

differentiation and increased proliferation rate. A very attractive way to treat leukemia was 

proposed as in vitro studies have shown that a variety of agents stimulate differentiation of the 

cell lines isolated from leukemic patients. 

This work aims to study the effects of some differentiation inducing agents (DIAs) on  genes 

expression of wild type Fragment-1(Waf-1)/ P
21

 and Cycline D1 (CD1)in leukemic cells from 

acute myloid leukemia(AML) patients and propagated ex-vivo for 72hr., as compared with 

normal Leukocytes obtained from normal persons matching ages with the patients.  

We found that trans- retinoic acid (t-RA) [1M] alone or in combination with sodium butyrate 

(NaBu) [1mM] and dibutyryl-cAMP (But-cAMP) [1mM] have led to down-regulation of CD1 

gene expression in leukemic cells cultured for 72hr. On the contrary up-regulation of WAF1 

(P
21

) gene in those cells was found to be observed with the same condition. Meanwhile in normal 

leukocytes, the expressions of the previous mentioned gene classes did not change due the 

treatment with DIAs. 

Conclusion:  DIAs could open new avenues of novel therapy for those patients suffering from 

AMLby restoring the homeostatic function of the genome of the leukemic cells. 

Keywords: Leukemic cells,CD1, WAF (P
21

) gene expressions, DIAs, trans- retinoic 

acid,dibutyryl-CAMP, sodium butyrate. 
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Introduction: 

Leukemias are a group of disorders characterized by the initiation of malignant 

leukocytes in the bone marrow and leading to its failure [1]. Leukemia is divided into acute and 

chronic, and further subdivided into acute myeloblastic leukemia (AML) and acute 

lymphoblastic Leukemia (ALL) on the basis of whether the blast cells are shown to be 

myeloblast or lymphoblast [2,3].Within these groups further divisions are often necessary. The 

most heterogeneous group being a group of acute myeloid leukemias (AML) [4]. In leukemias 

differentiation block occurs in early hematopoietic progenitors, and resulting malignant cells are 

named blast cells [2]. Acute leukemias are diagnosed either on the basis of presence of over 20% 

of blasts in the blood or in bone marrow or on the basis of presence of specific cytogenetic or 

molecular abnormalities [1,5]. 

Acute lymphoblastic leukemia (ALL), the most common malignancy of childhood, 

accounts for 75% of the leukemia cases, and is curable in 80% to 85% of the patients. 

Approximately 5,000 children are diagnosed with ALL each year in the United States, with an 

incidence of 29.2 per million including all U.S. children [6,7].  

Acute myelogenous leukemia (AML) accounts for approximately 15% to 20% of 

childhood leukemia cases, chronic myelogenous leukemia (CML) accounts for 3% to 4%, and 

juvenile myelomonocytic leukemia (JMML) and other rarer histologies account for less than 1% 

of cases. The incidence of AML is currently estimated to be 5 to 7 cases per million in the United 

States [7,8].  

The ratio of 1:4 AML to ALL cases in children is the opposite of the AML to ALL ratio 

in older adults (age 50 years and older) [9]. After age 55 there is a dramatic increase in the 

incidence because of secondary AML (which develops after exposure to chemotherapy or 

radiotherapy delivered at an earlier time for a different cancer) and myelodysplastic syndrome 

(MDS) [10].  

In contrast to the poor prognosis for the majority of patients with AML, the use of 

differentiation therapy for a rare subtype of AML, acute promyelocytic leukemia (APL); 5–10% 

of AML, illustrates the promise of differentiation therapy for AML. In APL, the use of the 

differentiation-inducing agent such as, transretinoic acid (T-RA) has revolutionized the treatment 

of APL and led to the long-term survival and presumed cure of 75% to 85% of patients [11]. 

Butyrate, a short chain fatty acid, exhibits a wide variety of biological effects including 

the inhibition of cell growth, change of cellular morphology and the induction of apoptosis [12]. 

Sodium butyrate-induced apoptosis has been reported to associate with the up-regulation of pro-

apoptotic Bax expression, and the down-regulation of anti-apoptotic Bcl-2 and Bcl-XL 

expressions [12,13]. However, in some cases, butyrate has also been shown to cause apoptosis 

without change in Bcl-2, Bcl-XL and/or Bax [13].Exposure of cells to Sodium butyrate resulted 

in the growth inhibition and induction of apoptosis in a dose-dependent manner as detected by 

caspase-3 activity and the formation of DNA fragmentation [12,14]. 

It has been shown that, one particularly promising novel compound, 6-benzylthioinosine 

(6-BT). The latter exhibited high myeloid differentiation–inducing activity in at least a subset of 

leukemic cells, but its putative mechanisms of action also highlight specific pathways that may 

be exploited in developing future leukemia therapeutics [15]. Furthermore, it has been found 

that; 6-benzylthioinosine (6BT) is a promising new monocytic differentiation agent with 

apparent leukemic cell-specific activity [16]. 

http://cancerres.aacrjournals.org/content/68/11/4369.full
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It has been suggested that,ortho-dihydroxycoumarins (o-DHC) may be useful prototypes 

for the development of novel chemotherapeutic agents for leukemic cells [17]. 

It has also found that, securinine, plant-derived alkaloid, induces differentiation through 

the activation of DNA damage signaling. Securinine is a promising new 

monocytic differentiation inducing agent for AML that has seen previous clinical use for non-

related disorders [18]. 

Moreover, It has been revealed that P
21

 (WAF-1/CIP1) expression was triggered by 

multiple differentiation- inducing agents in hematopoietic and hepatoma cells through a p53- 

independent pathway.The dramatic rise in P
21

 level occurred as an immediate early response to 

differentiation inducers [19]. 

Moreover, multiple differentiation - inducing agents presented by Na-butyrate, trans-retinoic acid 

and dibutryl-cyclic adenosine monophosphatehave led to a marked elevation in interferon-γ level 

in conditioned media of Leukemia cells isolated from AML patients propagated ex vivo for 

72hr., and 144 hr. [20]. 

 

Material and Methods: 

Population groups 
The patients were obtained from the out-patient clinic of cancer Institute of Tanta, Egypt. In this 

study,sixty cases were enrolled. They were classified into30 selectedcases of the AML patients 

as group A (GA)and thirty persons as healthy control Group B (GB)matching ages with 

AMLpatients ( 25 - 55 Y ) 

 In the former group (GA):Leukemic cells (LC) isolated from each case of AML patients were 

divided into the following subgroups: 

    GA – l  : control LCs  were cultured without treatment  for 72 hr.. 

    GA – 2 : LC treated with 1µM trans -retinoic acid (T-RA). 

    GA- 3 : LC treated   with 1mMSodium butyrate( Na-Bu). 

    GA - 4 : LC treated with 1mMdibutryl-Cyclic adenosine monophosphate 

(DBu-CAMP). 

GA-5 : LC treated with a combination of  T-RA+ Na- Bu+D Bu-CAMP. 

Group B (GB):Normal mononuclar leukocytes (NMLs) were isolated from each normal healthy 

person thatwere  divided into the following  subgroups: 

 GB-1: control NMLs were cultured without treatment for 72 hr. 

 GB-2: NMLs treated with 1µM (T-RA). 

GB- 3: NMLs treated with 1mM (Na-Bu.) 

 GB- 4: NMLs treated with 1mM (DBu-CAMP.) 

 GB- 5:NMLs treated with a combination of T-RA+ NaBu+ DBu-CAMP. 

 

Chemical Reagents (Differentiation –inducing agents): 

- Retinoic acid: Trans- retinoic acid (Sigma Chemical company, St. Louis, MQ) was 

added from a 1m mol/L stock of T-RA dissolved in ethanol stored protected from light at –20°c 

and it was used at a final concentration of 1µM [21]. 

- Sodium n-butyrate (NaBu.): Sodium n-butyrate was from J.T Baker chemical Co. The 

Na-But. stock was 1m mol/L. in dist H2O and stored at -20
o
c. It was used at a final concentration 

of 1mM [20]. 
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- Dibutryl cyclic adenosine monophosphate (DBu-CAMP) was purchased from sigma. Its 

Purity was 98%.  It was dissolved in 50% ethanol (1 m mol/L). It was stored and protected from 

light at -20
o
c. It was used at a final concentration of 1mM [20]. 

Cell Culture:  

Fresh leukemic cells were obtained from patients suffering from acute myeloid leukemia 

(AML) (pre-treatment). The diagnosis of leukemia was based on the French-American-British 

(FAB) classification. Heparinized peripheral blood samples were obtained during routine 

diagnostic procedures. Blood samples were diluted with RPMI-1640 medium (GIBCO BRL, 

Grand Island, NY) supplemented with 10% fetal bovine serum and then they were overlaid on 

Ficoll-Hypaque (Pharmacia Fine chemicals ,UPP sala, Sweden) and they were centrifuged at 

500xg for 30 min. Only specimens containing at least 75% leukemic cells were studied. The 

mononuclear cells were washed twice and suspended in RPMI-1640 medium supplemented with 

10% fetal bovine serum, plated in culture dishes at 0.5x10
6
 cells  and incubated at 37ºC in a 

humidified atmosphere of 5% CO2. The cells were harvested after 72 hr. and stored at -80ºC until 

analysis.  . 

P
21

/waf1 gene expression protocol according to [22,23]: QIAGEN one step RT-PCR 

technique was used using the following primer of P
21

/Waf1 gene. 

The sequences of P
21

-Waf-1 gene primers were: 

Forward (F): 5
-
-GCAGACCAGCATGACAGATTT-3

-
 

Reverse (R): 5
-
-GGATTAGGGCTTCCTCTTGGA-3

- 

 

The thermal cycler programme for P
21

/waf1:  

The program included steps for both reverse transcription (RT) and PCR were used 

(Perkin-Elmer cetus, Norwalk, Connecticut). RT was performed at 50°C for 30 min followed by 

15 min at 95°C that occurred for inhibiting the reverse transcriptase enzyme (RTase) and 

initiating the Taq.DNA polymerase for PCR steps. PCR amplification was carried out for 35 

cycles (following the profile of 95ºC for 30 sec., 57ºC for 1 min, and 70ºC for 1 min).The PCR 

products were electrophoresed through 2% agarose gels containing ethidium bromide and 

photographed under ultraviolet light. Analysis by RT-PCR was performed on total cellular RNA 

from peripheral mononuclear leukocytes cells using trizol reagent (life technologies). Reverse 

transcription of RNA were performed using RTase followed by the addition of the primers and 

PCR reagents. Strict precautions were taken into consideration that prevent sample 

contamination. 

CyclineD1 (CD1) gene expression protocol [24]: RT-PCR was also performed using 

reverse transcriptase, random primers and a ribonucleoase inhibitor. After incubation at 42°C for 

one hour, cDNA were obtained and amplified in a final volume of 100 µL of reaction mixture 

containing 2 µL of Taq polymerase using 1µM primers of the gene of interest. 

The sequences of D1 cycline primers were: 

F: 5
–
- CTGGAGCCCGTGAAAAAGAGC-3

-
 

R: 5
-
- CTGGAGAGGAAGCGTGTGAGG-3

-
 

The PCR conditions were 94°C for 1 min, 55°C for 1 min and 72°C for 2 min for 25 

cycles yielding a 415 bp PCR product. The latter were electrophoresed through 2% agarose gels 

containing ethidium bromide and photographed under ultraviolet light. Beta-actine gene (ß-
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actine) was the house keeping gene that used in both P
21

- waf-1 and CD1 gene expressions 

protocol. Its sequence is  

F: 5
-
- TGATGATATCGCCCGCTCGTCGT-3 

-
 

R: 5
-
- CACAGCCTGGATAGCAACGTACAT-3

- 

 

Result: 

Effect of differentiation- inducing agents on P
21

/ waf1 gene expression 

 Fig (1) and (2)show the effect of t-RA, NaBu and Bu.-cAMP agents alone and in 

combination on P
21

 gene expression in  normal leukocytes (NL) and leukemic cells (LCs)   

propagated for 72 hr. respectively. Induction of p
21

 was observed in the LCs due to the treatment 

with the different DA.s except DBu-CAMP. However, in normal leukocyte cell population, the 

gene expression did not change due to the treatment. The fig. shows also, that, 96 bp is the 

molecular size of mRNA of the gene. 

 

Fig (1) Effect of trans-retinoic acid (T-RA), Sodium butyrate ( NaBu.),  and dibutryl cyclic 

adenosine monophosphate (DBu.-CAMP) on P
21

/waf1 gene expression in  normal leukocyte 

cells  propagated ex vivo for 72 hrs. 
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1  :  N ML treated with  t-RA  

2  :  NML  treated with  NaBu..  

3  :NmL  treated with  Bu.-CAMP .  

4  :  NML treated with  t-RA+NaBu. 

5  :  NML treated with t-RA+NaBut.+D Bu-CAMP 
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Fig (2): Effect of trans-retinoic acid (T-RA), sodium butyrate ( NaBu),  and D butryl cyclic 

adenosine monophosphate (Bu-cAMP) on P
21

/waf1 gene expression in  leukemic cells  

propagated ex vivo for 72 hrs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M   :  molecular markers  

C    :  Negative control untreated leukemic cells (LCs)  

+ve :  Positive control untreated normal leukocytes (NLs) 

1: LC treated with T-RA. 

2: LC. Treated with Na-Bu. 

3: LC treated with DBu-CAMP. 

4: LC treated with T-RA+NaBu.  

5: LC treated with T-RA+NaBu.+DBut-C-AMP 

 

Effect of differniation-inducing agents on cyclinD1(CD1)gene expression 

 Fig(3) shows that; T-RA, NaBu.andDBu-cAMP agents alone or in combination have no 

effect on the cyclin D1 gene expression in normal leukocytes cultured for 72 hr.    Meanwhile, 

Fig (4) shows that, the previous mentioned DIAs alone or in combination led to down-regulation 

of CD1 gene expression in leukemic cells propagated Ex-vivo for 72 hr.with the exception of 

DBut-cAMP. Also, Fig.( 3) and Fig.(4 )  reveal that,415bpis a molecular size of mRNA of CD1 

gene. 
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Fig (3): Effect of sodium butyrate, trans-retinoic acid (T-RA) and dibutryl cyclic adenosine 

monophosphate (DBu-CAMP) on CD1 gene expression in normal leukocyte cells propagated ex 

vivo for 72hr. 

 

 

 

 

 

 

 

 

 

 

 

    M  : Molecular markers.  

    C   : Negative control untreated normal leukocyte( NL ).  

   +ve : Positive control untreated  leukemic cells   ( LC )  

  1   : NL treated with T-RA   

  2   : NL treated with NaBu. .  

  3   : NL treated with DBut-CAMP. 

  4   : NL treated with T-RA+ NaBu 

     5   : NL treated with T-RA+Na-Bu.+DBu.-CAMP 

 

Fig (4): Effect of sodium butyrate (Na-Bu), trans-retinoic acid (T-RA) and di butryl cyclic 

adenosine monophosphate (DBu-CAMP) on CD1 gene expression in leukemic cells (LC) 

propagated ex vivo for72hr. 

 
M   : Molecular markers  

C    : Negative control untreated normal leukocyte( NL ).  

+ve : Positive control untreated leukemic cells( LC) 
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1     :  LC treated with T-RA  

2     :  LC treated with DBu-CAMP.  

3     :  LC treated with  Na-Bu. 

4     :  LC treated with T-RA + NaBu. 

5     :  LC treated with T-RA + Na-Bu. +  DBu-CAMP. 

 

Discussion: 

Leukemias are group of heterogeneous neoplastic disorders of white blood cells. Based 

on the origin, myeloid or lymphoid, they can divided into 2 types acute lymphoblastic leukemia 

(ALL) and acute myeloblastic leukemia (AML). ALL is the most common hematogical 

malignancy among patients younger than15 Years [19,25].  

Our work threw a light on the effect of some differentiating- inducing agents presented 

by t-RA, Na-But. andBul-CAMP on the gene expressions of those gene classes that are operating 

in the cell cycle regulation mainly P
21

 as oncosuppressor gene and D1 cycline as  oncogene. 

   Our results revealed the effect of t-RA,NaBu agents alone and in combination on the P
21

 

WAF1 gene expression in leukemia cells isolated from AML type and propagated for 72 hr. ex-

vivo have showed up-regulation of p
21

-waf-1 gene. It is well known that P
21

 gene plays crucial 

role in cell cycle regulation in G1 - S transition stage. The latter is considered to be one of the 

most important checkpoint in the cell cycle. Therefore one observed that DIAs. could operate to 

restore the cell cycle regulation which is often lost  in leukemia cells lacking P
21 

expression [26].   

Furthermore, the present study showed also the effect of the previous mentioned DIAs 

agents mainly t-RA, NaBu and But- CAMP alone or in combination on the cycline D1 gene 

expression in normal and leukemic cells (LC) treated for 72hr. The results revealed that, cyclin 

D1 was highly down regulated in LC due to the treatment with t-RA and Na-But with the 

exception of Bu-cAMP that showed no effect. Our result was in agreement with what have been 

found by Battle T. E.et al., [27], who previously reported that t-RA, is considered to be 

differentiation-inducing agent in HL-60 leukemic cell line. The beneficial effects of retinoid-

based ‘‘differentiation therapy’’ have been clearly demonstrated in acute promyelocytic 

leukemia (APL): the combination of anthracycline-based chemotherapy or arsenic trioxide with 

all-trans retinoic acid resulted in almost complete cure rates of most fatal subtypes of acute 

myeloid leukemia [28,29]. 

 In our result regarding, NaBu and other differentiating agents have shown an increase of 

P
21

 WAF1/CIP1 expression and down regulation of cyclin D1. The ability of polar-planer 

compounds to induce differentiation is correlated with their ability to inhibit histone deacetylase 

(HDAC) activity [24]. Histone acetylation may also have significant impact on retinoid activity. 

The HDAC inhibitor (trichostatin) synergistically enhances retinoic acid-induced differentiation 

of embryonal carcinoma cells .Thus RA receptors may require changes in histone acetylation to 

regulate transcription [30].  

The role of histone acteylation and deacteylation in gene regulation has been studied 

extensively in recent years. One of the most potent of the deactylase inhibitors is sodium 

butyrate. Thus, the butyrate induces hyperacetylation of histones that is rapidly reversed when 

butyrate is removed from the medium [31]. The results suggested that, the  increase in 

acetylation of histone by the histone acetyl transferase enzyme (HAT) due to the differential 

effect of butyrate could lead to  the induction of  P
21

 –waf-1 gene in the leukemic cells [30]. It 

remains of interest to suggest that, NaBu may act on impacting histone acetylation. The latter 
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appears to alter the structure of chromatin, modulating binding and activity of transcriptional 

regulators and this  could  activate some genes such as P
21

-waf-1 and inhibit others such as CD1  

gene  this finding  of our work agreed with what have been reported by Chen et al., [32]. In 

another study done by Sowa et al., [31], they reported that HDAC inhibitors activate the 

P
21

WAF1/CIP1 promoter, leading to increased expression of its protein and subsequent cell 

cycle arrest at G1-S phase. This could be one the mode of action of DAs for cell cycle regulation 

mechanism [32]. 

Furthermore, our work was also in agreement of what have been reported by Marks et al., 

and Richon et al., [32,33],that histone deacetylase (HDAC) inhibitors present as  new classes of 

anticancer therapeutic agents and have been demonstrated to induce differentiation in some 

myeloid leukemia cell lines. HDAC inhibitors are also known as agents that modulate the 

expression of genes by elevating histone acetylation by histone acetyl transferase (HAT) enzyme 

system. 

Based on our results, we postulated that HAT represents a novel class of histone binding 

complex that functions as a direct regulator of the histone acetylation /transcriptional activation 

pathway mediated by this enzyme [32]. This histone masking activity of HAT could be 

necessary to provide a novel way to regulate directly histone acetylation and transcription of 

many classes of genes. This finding agreed with what have been shown by Seo et al., [34].    

 

Conclusion: 

1-The effect of t- RA, NaBu and Bu-cAMP on the ex-vivo propagated leukemic cells showed 

downregulation of cycline D1 and up regulation of P
21

 as oncogen and turmor suppressor gene 

respectively, the latters play crucial role of G1- S stage in cell cycle regulation. 

2 -This study opens new avenues for novel therapy against cancer mainly leukemia of AML 

type. This type of therapy is based on restoring the homeostatic function of the genome of the 

leukemic via down regulation of CD1 and up regulation P21gene p21 
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