
Available onlinewww.ijpras.com 
 

International Journal of Pharmaceutical Research&Allied Sciences, 2018, 7(3):81-90 
 

 

Research Article ISSN : 2277-3657 
CODEN(USA) : IJPRPM 

 

 
 

Vitamin D Receptor Gene Polymorphism as a Prognostic Marker in Acute 
Myeloid Leukemia Patients 

 
Amal Ahmed Zidan1, Fouad Mohammed Abu Taleb2, Alaa Abd El Moaty Omran1, Ola Elsayed 

Abdel Latif Elnaggar1* 

 
1Clinical Pathology Department Faculty of Medicine, Zagazig University, Egypt, 
2Medical Oncology Department Faculty of Medicine, Zagazig University, Egypt. 

*Corresponding Author Email: olaelnaggar@gmail.com 
 

 
ABSTRACT 

Background : The purpose of this study was to evaluate the prognostic importance of vitamin D receptor start codon (FokI) 
polymorphism in acute myeloid leukemia. Patients and Methods : A total of 30 patients with acute myeloid leukemia were 
enrolled in this study. In addition 30 age and sex matched healthy volunteers were included as a control group. Five 
milliliters (ml) of venous blood were collected and poured into K3 ethylene di amine tetra acetic acid (EDTA), and genomic 
DNA was extracted from all the samples. A 260 bp fragment of VDR gene was amplified by PCR, and digested by restriction 
enzyme (FokI) to detect the polymorphism. Results : The results showed that wild genotype (FF) was significantly lower in 
the AML group than controls (83.3% VS 46.7%), while heterozygous genotype (Ff) was significantly higher in the AML 
group than controls, and homozygous genotype ff was found only in AML group (6.6%). There was a significant relation 
between patients’ FOKI genotypes and the occurrence of remission, FF genotype was the most common type in AML group 
who achieved CR (63.2%), while Ff genotype was 63.6% in those who failed to respond to induction therapy (NR), and 
finally all the patients with ff genotype (18.2%) did not show remission. Conclusion : The association of VDR FOKI 
polymorphism with increased risk of AML and poor response to therapy was observed, which was a potential indicator of 
prognosis in patients with AML.  
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INTRODUCTION 
 

Gene mutations, chromosomal rearrangements, deregulation of gene expression, and epigenetic modifications lead 
to acute myeloid leukemia which is a complex and diverse hematopoietic tissue neoplasm. Epigenetic modifications 
cause unregulated proliferation and loss of differentiation capacity of myeloid hematopoietic cells [1]. Vitamin D 
has a main contribution in keeping serum calcium and skeletal homeostasis, but is also plays an important role in the 
regulation of other essential cellular processes including cellular differentiation, proliferation, apoptosis, and 
angiogenesis [2]. Vitamin D is a pro hormone that is acquired mainly from the diet or through dermal synthesis 
following exposure to sunlight; it is enzymatically activated in the liver and kidneys. The active form of the vitamin 
(1.25(OH)2D) freely enters the cells through the membranes, and gets connected with the nuclear vitamin D 
receptor (VDR) to make a heterodimer complex with retinoid X receptor (RXR), which then gets connected to 
vitamin D3–responsive elements in the promotor area of the gene and moderates the target gene transcription [3]. 
The calcitriol receptor, also known as the vitamin D receptor (VDR) and NR1I1 (nuclear receptor subfamily 1, 
group I, member 1), is a member of the nuclear receptor family of transcription factors [3]. The VDR not only 
regulates transcriptional responses but also gets involved in microRNA-directed post transcriptional mechanisms 
[4]. In humans, the vitamin D receptor is encoded by the VDR gene [5]. VDR is located on the long arm of 
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chromosome 12q12-q14, and several single nucleotide polymorphisms (SNPs) within the gene have been recognized 
that may affect cancer risk. Each polymorphism has been named according to the restriction site that was primarily 
used to recognize it [6]. Five well-known SNPs of human VDR, FokI (C/T), BsmI (A/G), ApaI (A/C), TaqI (T/C), 
and Cdx2 (A/G), were extensively studied previously for their association with cancer risk [7]. The FokI 
polymorphism is located at the first potential start site [6], and alters an ACG codon that results in the generation of 
an additional start codon [8]. Research studies conducted on the relationship between vitamin D receptor (VDR) 
start codon FokI Polymorphism and various kinds of cancers have revealed diverse results. An examination 
demonstrated considerable associations with VDR FokI polymorphism and prostate, breast, colon-rectum and skin 
cancers [9]. The pleitropic effect of VDR and its involvement in normal and malignant cells suggested that the VDR 
polymorphism might have a role in AML pathogenesis. This study aimed to evaluate the prognostic importance of 
vitamin D receptor start codon (FokI) polymorphism in acute myeloid leukemia. 

PATIENTS AND METHODS: 

This was a case control study carried out in Clinical Pathology and Medical Oncology Departments, Faculty of 
Medicine, Zagazig University Hospitals. A total of sixty subjects were included in this study; and they were 
classified into two groups as follows:                                                                                   
Control group: It included 30 apparently healthy adult volunteers. They were 17 males and 13 females with mean 
age of 43.36 years. They matched well with patients regarding age and sex. 
Patient group: It included 30 adult patients with newly diagnosed AML. They were 19 males and 11 females with 
mean age of 46.33. 
Sample collection                                                                                                                
 Five milliliters (ml) of venous blood were collected from each subject and poured into Ethylene di amine tetra 
acetic acid (EDTA) blood container. 
DNA extraction and molecular analysis  
Genomic DNA was extracted from all the samples by QIAamp DNA blood mini kit (QIAGEN). The reaction 
mixture of 40 μl was prepared for each sample. It consisted of 6μl of genomic DNA, 1 μl of each forward primer (5'-
AGCTGGCCCTGGCACTGACTCTGCTCT-3') and reverse primer (5'-
ATGGAAACACCTTGCTTCTTCTCCCTC-3'), 10 μl master mix (MyTaq Red Mix) and 22 μl sterile distilled 
water.  
DNA samples were amplified in Thermal Cycler Gene Amp, PCR system 2400 (Perkin Elmer, USA) with cycling 
conditions as follows: Denaturation at 95 o C for 1 min, 35 cycles, each consisted of 95o C for 15 seconds, 61 o C 
for 15 seconds and 72 o C for 10 seconds, and one final cycle of extension at 72oC for 7minutes.  
The PCR product of 265 bp band was digested with 1 μl of Fok I restriction enzyme [Thermo Scientific FastDigest 
FOKI 100µL (for 100 rxns)], it is incubated at 37 o C for 5 minutes; after that, 5μL of the digested reaction mixture 
was loaded into 3% agrose gel containing ethidium bromide and visualized using gel documentation system 
(Syngene, Japan). 100 bp DNA ladder was loaded with each batch of samples. The digestion of the amplified 265 bp 
PCR product resulted in two fragments (196 bp and 69 bp). Depending on the digestion pattern, individuals were 
genotyped as (ff) when homozygous for the presence of the FokI site, (FF) when homozygous for the absence of the 
FokI site, or (Ff) in case of heterozygosity. 
Statistical Analysis: 
Data of this study was collected from patients’ medical files, and analyzed using Statistical Package for Social 
Sciences (SPSS). The frequencies of genotypes were calculated, and the correlation of genotypes with study groups 
was tested by Chi-square. The Hardy–Weinberg equilibrium was tested by a goodness-of-fit X2 test to compare the 
observed genotypic frequencies in normal individuals to the expected genotypic frequencies calculated from the 
observed allelic frequencies. 
All P values were based on a 2-tailed distribution, and the corresponding P value: 
Non-significant (NS) difference if P > 0.05. 
Significant (S) difference if P<0.05. 
Highly significant (HS) difference if P<0.001. 
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RESULTS: 

A total of 30 patients with AML were enrolled in this study; 19 (63.3%) were males and 11(36.7%) were females. 
Further 30 healthy volunteers were included as a control group. 
Table (1) shows the mean ± SD and the range of the age and sex of the AML and control groups. 

Table 1: Demographic data among the studied groups: 

Variable AML group  
(No=30) 

Control group  
(No=30) 

Age: (years) 
Mean ± SD  

(Range) 

46.33 ± 16.34 
19 – 65 

43.36 ± 10.71 
26 - 63 

 No: % No: % 
Sex: 

Male: 
Female: 

 
19 
11 

 
63.3 
36.7 

 
17 
13 

 
56.7 
43.3 

 SD: standard deviation  No: number of subjects 

Table (2) and figure (1) show the clinical symptoms of AML group. Fever was the most common presenting 
symptom (73.3%), followed by purpura (46.7%), then organomegaly (36.7%). Almost one third of the patients 
experienced lymphadenopathy (30%), and gum bleeding was discovered only in 16.7% of patients. 

Table 2: Clinical symptoms in the AML group: 

Variable 
AML group  

(No=30) 
No % 

Fever 
Purpura 

Gum bleeding 
Lymphadenopathy 

Organomegaly 

22 
14 
5 
9 

11 

73.3 
46.7 
16.7 
30 

36.7 
No: number of subjects 

 
Figure 1: Clinical symptoms of the AML group. 

Table (3) shows the hematological data of AML and the control groups. A triad of high WBCs count, anemia and 
thrombocytopenia was observed in the AML group by a single inspection of table (3). 
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Table 3: Hematological data of AML and the control groups: 

Variable AML group 
(No=30) 

Control group 
(No=30) 

TLC (109/L) 
Median (Range) 32.8 (2.5 -202) 6.80 (4 – 11) 

HB (gm/dl) 
Median (Range) 8.4 (5.3 – 11.7) 13 (11.6 -15.3) 

Platelets (109/L) 
Median (Range) 67.5 (6 – 259) 281 (167 – 423) 

BM blast (%) 
Median (Range) 58.5 (15-93) ---- 

PB blast (%) 
Median (Range) 45 (10-80) ---- 

ESR (mm/hr) 
Median (Range) 47.5 (26 – 140) 4.5 (2 – 7) 

Table (4), figures (2) and (3) show the comparison of FOKI genotypes and alleles in AML and control groups. Wild 
genotype (FF) was significantly lower in the AML group than controls (83.3 VS 46.7), while heterozygous genotype 
(Ff) was significantly higher in the AML group than the controls. Of note homozygous genotype ff was found only 
in AML group (6.6%). Calculated risk estimation revealed that heterozygous genotype Ff conferred almost 5 fold 
increased risk of developing AML (OR=5,95% CI=1.48-16.8). The f allele was higher in AML group than controls 
(30% VS 8.3%), and the difference was statistically significant. The calculated risk estimation revealed that the f 
allele conferred almost a 4 fold increased risk of developing AML (OR=4.7, 95%CI=1.61-13.73). 

Table 4: Comparison of FOKI genotypes and alleles in AML and control groups. 

Variable 
AML group 

(No=30) 
Control group 

(No=30) OR CI χ2 P 
No % No % 

Genotype: 
FF (wild) 

Ff (heterozygous) 
ff (homozygous) 

14 
14 
2 

46.7 
46.7 
6.6 

25 
5 
0 

83.3 
16.7 

0 

5 
7 

1.4-16.8 
1.8-9.4 

8.71 
6.13 
2.03 

0.003 (S) 
0.01 (S) 
0.153 

Alleles: 
F allele (wild) 

f allele (mutant) 

42 
18 

70 
30 

55 
5 

91.7 
8.3 4.71 1.6-13.7 7.68 0.005 

(S) 

(S): significant difference.           Ref.: reference.           χ2: chi square 
No: number of subjects           OR: odds ratio             P: p value 

 
Figure 2: Frequency of FOKI genotypes among AML and control groups. 
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Figure 3: Frequency distribution of alleles in AML and control groups. 

Table (5) and figure (4) show the response to induction therapy on day 28 in the AML group. After induction 
therapy, 63.3 % of the patients achieved complete remission, while no remission was encountered in 36.7%.   

Table 5: Response to induction therapy of the AML group: 

Variable AML group (No=30) 
No % 

Treatment: 
Complete remission 

No remission 

19 
11 

63.3 
36.7 

No: number of subjects 

 
Figure 4: Response to induction therapy in AML group. 

Table (6) and figure (5) show the relation between FOKI genotypes and alleles and response to induction therapy at 
day 28 in the AML group. There was a significant relation between the patients’ FOKI genotypes and the occurrence 
of remission. FF genotype was the most common type in AML group who achieved CR (63.2%), while Ff genotype 
was 63.6% in those who failed to respond to the induction therapy (NR). Of note, all the patients with ff genotype 
(18.2%) did not show remission.   
Regarding FOKI alleles, there was a significant relation between the allele type and the occurrence of remission. 
Patients with F allele had significantly higher percentage of complete remission (81.6%) when compared to patients 
with f allele (18.4%). 
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Table 6: Relation between FOKI genotypes and alleles and response to therapy at day 28 in the AML group. 

Variable 
Complete remission 

(No=19) 
No remission 

(No=11) χ2 P 
No % No % 

Genotype: 
FF (wild) 

Ff (heterozygous) 
ff (homozygous) 

12 
7 
0 

63.2 
36.8 

0 

2 
7 
2 

18.2 
63.6 
18.2 

8.923 0.002 
(S) 

Alleles: 
F allele (wild) 

f allele (mutant) 

31 
7 

81.6 
18.4 

11 
11 

50 
50 8.06 0.004 

(S) 

S: significant difference.                     χ2: chi squa 

 
Figure 5: Relation between FOKI genotypes and response to therapy. 

Table 7: Logistic regression analysis of factors predicting prognosis of AML group: 

Independent factors O.R  (95%C.I ) P-value 

Genotypes 7.714 (1.28 – 46.3) 0.02 
TLC 1.5 (1.4 –5.4) 0.04 

BM blasts 3.9 (1.5 – 8.9) 0.02 
PB blasts 2.4 (1.6 – 5.5) 0.03 

LDH 2.2 (1.8 – 7.1) 0.03 
         Significant at (P<0.05)  

Table (12) shows Logistic regression analysis of factors predicting prognosis of AML group. Ff, ff genotypes, high 
TLC, LDH, BM and PB blasts were significantly related to bad prognosis of AML. 
It has been assumed that all of these characters are predictors of bad prognosis. 

DISCUSSION: 

Acute myeloid leukemia (AML) is a heterogeneous disorder accompanied by clonal expansion of myeloid 
progenitors in the bone marrow and peripheral blood [10].  
AML which is almost a third of all leukemias worldwide, has been considered as the most common form of 
leukemia in adults [11]. 
Despite the advancement in treatment options for AML, its prognosis has been very variable, ranging from survival 
of few days to cure. Many patients die either from the complications of intensive chemotherapy, and resistance to 
the current treatment options, or they experience relapse after initial response to the traditional chemotherapy [12]. 
Clinical outcome can be partly predicted by age, cytogenetic findings, and serum lactate dehydrogenase at the time 
of diagnosis [13]. However, the prognosisofanindividual AML patientcannotyetbeestimatedaccurately. 
Sothatadditional prognostic markers are required for more accurate estimation. Moreover, there is still a need for 
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simple, reliable, and easy measured factors which have impacts on the prognosis especially in areas where modern 
technology is not usually available. 
Vitamin D is a fat-soluble steroid hormone precursor that is mainly produced in the skin by exposure to sunlight. 
Vitamin D is biologically inert, and must undergo hydroxylation steps to become active [14]. 
Just vitamin D3 can be synthesized in our body. Vitamin D2 enters our body with fortified food or by supplements. 
Physiologically, vitamin D3 and D2 are bound to vitamin D binding protein (VDBP) in plasma and moved to the 
liver to become 25-hydroxyvitamin D (OH)D. As serum (OH)D shows the major storage form, its blood 
concentration is used to evaluate the overall vitamin D status [15].  Moreover, it has been clarified that the receptors 
of vitamin D exist in various cells, and this hormone has biologic influences which go far beyond the control of the 
mineral metabolism. Its cellular differentiation, proliferation, apoptosis and angiogenesis lead it to have a role in the 
regulation of vital cellular processes [16]. 
The active form of vitamin D (1,25(OH)2D3) plays its vital biological role by VDR. 1,25(OH)2D3 joins with VDR, 
and combines retinoid X receptor (RXR) to form a dimeric complex, which binds to the target genes upstream to 
regulate downstream transcription of these target genes. These target genes are mostly cell cycle dependence kinase 
(CCDK) inhibitory protein P16, P21, P27, and so on, that hinder the activation of CCDK complexes and keep the 
cell in G0/G1 phase. So, the proliferation of tumor cells is hindered [17,18]. 
The VDR gene exists on the long arm of chromosome 12 (12q12-14) and contains almost 200 single nucleotide 
polymorphisms (SNPs). The most popular allelic scrutinized variants include a start codon polymorphism FokI 
(T/C) in exon II, BsmI (A/G) and ApaI (C/A) polymorphism in the intron between exon VII and IX and a TaqI 
(T/C) variant in exon IX [19]. 
Among the VDR polymorphisms, the FokI single nucleotide polymorphism of the translation start site has been the 
only one that results in a VDR protein with a different structure [20]. This polymorphism is identified by the 
existence of either two ATG start codons divided by six nucleotides in the long f-VDR, or just one start codon due 
to a T-to-C substitution in the most 50 ATG codons, forming a 3-aa shorter F-VDR protein (424 aa instead of 427 
aa). Furthermore, it is the only polymorphism that is not connected to any of the other VDR polymorphisms [21], 
which gives it a unique role. 
It has been reported that the longer VDR is less responsive to 1,25(OH)2D3, and has lower transcription activity 
[22] and may contribute to reduce immunity response, which lead to tumorigenesis. 
Despite growing evidence for a relationship between VDR FokI Polymorphism, and the risk of solid tumor, far less 
has been known about the relationship between VDR FokI polymorphism and the risk of hematologic malignancy. 
The aim of this study was to evaluate the prognostic importance of vitamin D receptor start codon (FokI) 
polymorphism in adult acute myeloid leukemia patients, and correlate between the vitamin D receptor start codon 
(FokI) polymorphism and prognostic markers of AML. To achieve the aim, immunophenotyping, cytogenetic 
analysis and molecular detection of VDR FokI polymorphism were done on the patient group. 
This study was conducted on 30 denovo AML patients. They were 19 males and 11 females. Their age ranged 
between 19 and 65 years with mean ± SD of 46.33± 16.34. Thirty age and gender matched healthy volunteers were 
included in the current study as a control group. 
Among the newly diagnosed AML patients, fever was found in 22 patients (73.3%), followed by purpura which was 
found in 14 patients (46.7%) and organomegaly which was found in 11 patients (36.7%). Gum bleeding was found 
in 5 patients (16.7%), while lymphadenopathy was found in 9 patients (30%). These findings were in agreement 
with [23] who stated that fever was the most common initial clinical presentation. Symptoms related to AML were 
caused by the replacement of bone marrow and failure of normal hemopoiesis. 
In the present study, the median value of WBC count in patients group at the time of diagnosis was 32.8 x109/L and 
ranged from 2.5 to 202x 109/L. [24] and [25] reported that the median WBC count of the patients at the time of 
diagnosis was 11 and 6.6 x109/L; respectively. 
In this study, the median hemoglobin level of the patients group was 8.4 gm/dl, and ranged from 5.3 to11.7 gm/dl. 
[26] reported that the median hemoglobin level was 8 gm/dl with a range of 2.9-16.2 gm/dl. Anemia of cancer might 
develop as a result of disease-stimulated production of inflammatory cytokines (e.g. interferons, interleukin-1, tumor 
necrosis factor). The overproduction of cytokines could inhibit erythropoiesis by reducing erythropoietin production 
and the responsiveness of erythroid progenitor cells, shortening the life span of red blood cells, and impairing iron 
utilization. Other possible causes included mechanical displacement of normal erythropoietic bone marrow by tumor 
tissue, marrow necrosis, and amyloid disposition in the bone marrow [27]. 
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In this study, the median platelet count of the patient group was 67.5 x109/L. [28] reported that the median platelet 
count was 40.25 x109/L, and [26] reported that the median platelet count at the time of diagnosis was 42 x109/L. 
These findings were expected as these were directly attributable to the leukemic infiltration of bone marrow with 
resultant cytopenia [28]. 
In the present study, the median blasts percentage in the bone marrow was 58.5%, which was close to the study 
reported by [28], who found that the median BM blasts percentage was 41.5%. 
In this study, the frequency of VDR start codon genotypic variants in egyptian AML patients with comparison to the 
control group was examined. The results showed that both wild FF and heterozygous Ff genotypes in the AML 
group were of the same percentage (46.7%), while heterozygous ff genotype in the same group was 6.6%. Regarding 
the control group, wild FF genotype was the most frequent (83.3%) followed by heterozygous Ff genotype (16.7%), 
while no homozygous ff genotype was detected. This was consistent with [29] who reported that wild FF genotype 
was significantly lower in AML group than controls, while heterozygous genotype Ff was significantly higher in 
AML group than the controls. The findings also disagreed with [30] who stated that wild FF genotype was lower in 
the controls than AML group, while heterozygous genotype Ff was higher in controls than AML group. This could 
be attributed to the different sample size. 
This study revealed that those having the heterozygous genotype Ff conferred a five-fold increased risk of 
developing. [31] reported that the wild FF and the heterozygous Ff genotypes were associated with 1.4 and 1.6 fold 
increased risk for AML; respectively. [32] showed 0.2 fold increased risk of ALL in the individuals with the wild 
genotype FF and 4-fold increased risk in those with heterozygous genotype Ff. [29] observed a three-fold increased 
risk of CLL for those carrying the heterozygous genotype Ff.  Another study by [33] reported that, the Ff genotype 
was associated with a two-fold increase in ovarian Cancer risk [34]. This was inconsistent with [33] who reported 
that there was a statistically significant correlation between CML and the VDR start codon ff genotype but not 
between the genotypes of FF and Ff. 
This study showed that the mutant f allele was significantly higher in AML group than the controls (30% VS 8.3%). 
This was consistent with [29] who reported that the frequency of the f allele was 0.14 in the AML group and 0.08 in 
the control group. 
After induction therapy, this study demonstrated a statistically significant relation between AML patients' FOKI 
genotypes and remission outcomes, as for the wild genotype FF, 63.2% of the patients achieved CR (complete 
remission), while 18.2% didn't achieve remission. Regarding the heterozygous Ff genotype, 36.8% of the patients 
showed CR, while 63.6% didn't achieve remission, and finally all the patients with the homozygous genotype ff 
didn't achieve remission who were 18.2%, so statistically FF genotype was the most common type to achieve CR, 
while the patients with ff genotype experienced no remission. The same finding was reported by [35] who found a 
significant association between better prognosis of the patients with EOC (Epithelial Ovarian Cancer) and the FOKI 
FF genotype. [36] has also reported that there was a significant association between the shorter progression-free 
survival time in patients with head and neck squamous cell carcinoma and FOKI ff genotype. 

CONCLUSION: 

The association of VDR FOKI polymorphism with the increased risk of AML and poor response to therapy was 
observed, which was a potential indicator of prognosis in patients with AML 
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