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SUMMARY
OBJECTIVE: Acute lymphoblastic leukemia (ALL) is the most common type of childhood cancer. Previous studies have indicated the 

involvement of vitamin D receptor (VDR) and related long noncoding RNAs (lncRNAs) signaling in the pathophysiology of several cancers. 

However, their contribution to ALL remains to be elucidated. 

METHODS: In this case-control study, 30 patients with newly diagnosed ALL and 30 age- and sex-matched healthy children were selected. 

Then, the level of 25(OH) vitamin D and the expression of VDR and four VDR-related lncRNAs were assessed. 

RESULTS: No significant difference in serum 25(OH) vitamin D was observed between patients with ALL (20.42±6.5 ng/mL) and healthy 

subjects (25.45±11 ng/mL). In addition, the expression of MALAT-1, HOTAIR, and P-21 was not statistically significant between the two 

groups. However, a significant reduction in VDR and H19 expression was observed in patients with ALL (p<0.05). 

CONCLUSIONS: 25(OH) vitamin D insufficiency was evident in both groups. VDR and H19 signaling might be contributed to the 

pathogenesis of ALL, which needs further investigations. 
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INTRODUCTION
Vitamin D deficiency is an important problem worldwide. As a 
fat-soluble vitamin, it is dominantly produced by human skin in 
response to solar ultraviolet-B radiation. Vitamin D has an import-
ant role in calcium homeostasis and bone metabolism. In addi-
tion, its effects on other cellular functions including cell differen-
tiation, proliferation, apoptosis, and immunomodulation have 
been shown through studying some diseases1. Several studies have 
reported a negative association between serum 25-hydroxyvitamin 
D levels and risk of cancer2,3. Furthermore, vitamin D antitumor-
igenic effects have been shown in cell culture and animal studies4. 

Cell response to active vitamin D is relied on the level of 
vitamin D receptor (VDR) expression. VDR is a member of 
steroid-thyroid-retinoid receptor superfamily of ligand-ac-
tivated transcription factors4. After binding of vitamin D 
to VDR, this receptor is dimerized with retinoid×receptor 
and the complex will bind to vitamin D receptor elements 
(VDREs) throughout the genome. It has been suggested that 
many VDREs are placed in noncoding regions of DNA. These 
sequences have no protein coding potential and are tran-
scribed to noncoding RNAs including short and long ncRNA 
(lncRNAs) based on their size. LncRNAs, which are larger 
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than 200 bases in length, have pivotal roles in transcriptional 
and post-transcriptional regulation of genes. In this regard, 
some studies have shown the regulatory effects of several 
lncRNAs on VDR expression5,6. 

As the most common pediatric cancer, leukemia accounts 
for 30% of all cancers occur in children. About three-quar-
ters of leukemia diagnoses are acute lymphoblastic leuke-
mia (ALL)7. ALL appears with defects in lymphoid cells 
differentiation and abnormal proliferation in bone marrow, 
peripheral blood, and extramedullary sites8. There have been 
limited studies evaluating vitamin D status in patients with 
ALL. In this case, a recent investigation has shown low levels 
of vitamin D in newly diagnosed ALL subjects in Pakistani 
population9. The prevalence of vitamin D deficiency in ALL 
survivors treated with conventional chemotherapy or hema-
topoietic cell transplantation was also reported in another 
study10. However, to our knowledge, no study has assessed 
the level of VDR and VDR-related lncRNAs expression in 
ALL. Therefore, this study was conducted to assess serum 
vitamin D level as well as the expression of VDR and four 
lncRNAs including H19, MALAT-1, P-21, and HOTAIR, 
which are associated with VDR in patients with newly diag-
nosed ALL.

METHODS

Human subjects
This case-control study consisted of 30 children with newly diag-
nosed ALL and 30 healthy volunteers (gender/age matched). 
All patients were selected from Afzalipour hospital (Kerman, 
Iran) during 2017 to 2019. They were 17 (56.7%) males and 13 
(43.3%) females, with age ranging from 1 to 9 years. In order 
to be eligible to participate in this study, patients must meet 
the following criteria: 

1.	 Having informed consent signed by their parents; 
2.	 Having newly diagnosed ALL; and 
3.	 Not having prior treatment (neither chemotherapy nor 

radiotherapy). Diagnosis was established according to 
standard morphologic, cytochemical, and cytogenetic 
criteria by a leukemia hematopathologist. All procedures 
of this research were approved by the Ethics Committee 
of Kerman University of Medical Sciences (IR.KMU.
REC.1399.345).

Collection of blood samples  
and PBMCs isolation

Five milliliters of blood specimen was withdrawn from patients 
as well as controls in heparinized tubes. Using Ficoll-Hypaque 

solution gradient, peripheral blood mononuclear cells (PBMCs) 
were separated. In brief, blood was diluted and mixed with phos-
phate-buffered saline and then the mixture was gently added 
to Ficoll-Hypaque solution. After centrifugation at 800 g for 
20 min, PBMCs were found on the upper layer of the separa-
tion fluid, while other blood cells including RBCs and granu-
locytes remained at the bottom.

Serum 25-hydroxy vitamin D measurement
Within 1 h of specimen collection, 2 mL of blood was cen-
trifuged at 2,500 RPM for 20 min. Serum was withdrawn 
and transferred into tubes. Then, 25(OH) vitamin D concen-
tration was measured using 25(OH) Vitamin D ELISA kit 
(Monobind Inc., USA) and according to the manufacturer’s 
recommendations. 

RNA extraction and quantitative  
real-time PCR

Total RNA extraction was performed using Trizol reagent 
(Invitrogen, USA) and complementary DNA (cDNA) was 
synthesized according to the manufacturer’s recommenda-
tions (Takara, Japan). Then, RNA concentration and purity 
were analyzed by a NanoDrop spectrophotometer (Thermo 
Scientific, USA). Quantitative Real-time polymerase chain reac-
tion (PCR) analysis was performed in a 10-μL final reaction 
volume using SYBR Green master mix (Amplicon, Denmark). 
Specific primers were designed using online Primer-Blast tool. 
Primer sequences and characteristics are provided in Table 1. 
The amplification was conducted as follows: 95°C for 15 min 
followed by 35 cycles of 40 s at 95°C, 25 s at 62°C, and 15 s 
at 72°C. A melting curve from 55°C to 100°C was recorded to 
detect potential unintended products. All reactions were run 
in duplicate with MIC Real-time PCR System (Bio Molecular 
Systems, Australia). RNA relative expression was calculated as 
fold-change using the comparative threshold cycle method (2−

ΔΔCT) with beta-2-microglobulin (β2M) serving as the internal 
control gene. 

Statistical analysis
Statistical analysis was carried out using SPSS software ver-
sion 19.0 (IBM, USA). Descriptive analysis was applied 
to test demographic variables. Independent t-test was used to 
compare vitamin D levels between the two groups. Mann-
Whitney U test was applied to compare VDR and lncRNAs 
expression differences between control and ALL groups. 
The results of VDR and lncRNAs were presented as median 
with the interquartile range. Other data were expressed as 
mean±SD. For all tests, p<0.05 was considered as the level 
of significance.
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RESULTS
The participants’ characteristics are summarized in Table 2. 
The mean age of control group was 5±4 years and of patient 
group was 6±4 years. Each group contained 17 boys and 13 girls. 

The mean serum level of 25(OH) vitamin D in ALL 
and control groups were 20.42±6.5 and 25.45±11 ng/mL, 
respectively, which was not statistically significant (p=0.057). 
Our data showed that 67% of control group and 92% of 
patient group had vitamin D insufficiency, which was con-
sidered as serum 25(OH) vitamin D level between 10 and 
29 ng/mL in this study. Quantification of VDR messenger 
RNA level in the two groups demonstrated that the expres-
sion of VDR was significantly downregulated in patient group 
(p=0.045). In addition, assessment of relative expression of 
H19, MALAT-1, P-21, and HOTAIR in the two groups 
showed downregulation of H19 in ALL group, which was 
statistically significant (p=0.028). However, no significant 
difference was observed in other lncRNAs between patient 
and control groups (p>0.05) (Figure 1). 

DISCUSSION
In the present study, we measured the level of serum vitamin 
D and VDR and some of VDR-related lncRNAs expression 
in patients with ALL. Our findings demonstrated that the 
expression of VDR and H19 were markedly reduced in ALL 
subjects. Although the survival rate of ALL has increased from 
less than 10% in 1960s to 90% today, it is still the main rea-
son of death from cancer in young people11. Unraveling the 
risk factors that change in ALL may lead to disease preven-
tion and improvement in the treatments. Vitamin D is one 
of these controversial factors that attracted a lot of attention 
because of its possible antiproliferative and pro-differentiat-
ing effects12. Several studies have shown the beneficial effects 
of vitamin D in some types of solid cancers and also some 
hematological malignancies13, but it remains poorly studied 
with respect to ALL. 

Our findings showed a lower mean value of 25(OH) 
vitamin D in patients with ALL when compared to control 
group. However, their difference was not statistically signifi-
cant. Similarly, Naz et al. observed that over 90% of patients 
with acute leukemia including ALL and acute myeloid leu-
kemia (AML) had insufficient 25(OH) vitamin D levels. 
They also found that 25(OH) vitamin D insufficiency was more 

Table 1. Nucleotide sequences and characteristics of primers used for expression analysis.

Gene Forward primer (5ˊ–3ˊ) Tm GC% Reverse primer (5ˊ–3ˊ) Tm GC%
Product 
size (bp)

VDR TTGCCATACTGCTGGACGC 60.7 58 GGCTCCCTCCACCATCATT 59.1 58 102

β2M CTCCGTGGCCTTAGCTGTG 60.4 63 TTTGGAGTACGCTGGATAGCCT 61.2 50 69

MALAT-1 GCTCTGTGGTGTGGGATTGA 60.0 55 GTGGCAAAATGGCGGACTTT 60.0 50 179

HOTAIR GCACCGCTTTTCTAACTGGC 60.1 55 CAGGGTCCCACTGCATAATCA 59.8 52 141

P-21 AGGACCAGAATAACCCGAGC 59.2 55 CTGGGGTCCAGGATGCATAG 59.6 60 109

H19 CACGGCTTTCTCAGGCCTAT 59.8 55 TACAGCGTCACCAAGTCCAC 60.0 55 238

Table 2. Comparison of general characteristics and laboratory 
features between control and ALL groups.

Variables Control group ALL group

Age (year) 6±4 5±4

Gender (%)
17 males (56.7%)

13 females (43.3%)
17 males (56.7%)

13 females (43.3%)

WBC 
(×103/μL)

7180±442 15,980±5331

25(OH) 
vitamin D 
(ng/mL)

25.45±11 20.42±6.5

ALL: acute lymphoblastic leukemia; WBC: white blood cell count.

Figure 1. Expression of vitamin D receptor, H19, MALAT-1, 
P-21, and HOTAIR related long noncoding RNAs levels in 
the patients with acute lymphoblastic leukemia and healthy 
control participants. Vitamin D receptor and H19 expression 
demonstrated significant differences between patient and 
control group. Data were presented as median with the 
interquartile range. *p<0.05 compared with healthy control.



Exploring the expression profile of vitamin D receptor and its related long non-coding RNAs in patients with acute lymphoblastic leukemia

1116
Rev Assoc Med Bras 2021;67(8):1113-1117

pronounced in patients with ALL as compared to those with 
AML9. Similarly, Bhattacharya et al. reported that 84.95% of 
children with ALL in North India were deficient in vitamin 
D and that these children were at a higher risk of developing 
complications during treatment of ALL14. 

In animal studies, vitamin D has been shown to have antitu-
mor actions in many tissues, which have potentiated this vitamin 
as an anticancer agent6. However, the molecular basis by which 
this vitamin may be involved in ALL is not understood. Generally, 
vitamin D exerts its actions through its binding with VDR, which 
is expressed in most cells in the body. Comprehensive genome-
wide in silico and transcriptome screens have reported some VDR 
activities, including suppression of cells proliferation and migra-
tion, enhancement of cells adhesion, and induction of apoptosis 
in cells15. However, few studies have evaluated VDR roles or resis-
tance to its signaling pathway in hematological malignancies14. 
Our results showed that VDR expression was downregulated in 
ALL samples compared to normal samples. This finding is consis-
tent with similar observations made by several studies16. 

LncRNAs are involved in various cellular processes, including cell 
proliferation, migration, invasion, and transformation. Accumulating 
data suggest that dysregulation of lncRNAs is involved in tumori-
genesis17. A recent study showed that the balance in several onco-
genic to tumor-suppressing lncRNAs expression was disturbed in 
VDR null mice, which resulted in a higher predisposition of these 
animals to cancer18. In another study, Chen et al. showed a recip-
rocal relation between VDR and H19 expression in colon cancer 
cells. They reported the regulatory effect of H19 on VDR expression 
through microRNA 675-5p and also H19 expression inhibition 
by VDR signaling19. Overexpression of MALAT-1 was reported in 
patients with acute monocytic leukemia by Huang et al. They also 
observed that MALAT-1 knocking-down inhibited leukemia cell 
proliferation and induced apoptosis20. Hao et al. reported upregu-
lation of HOTAIR in de novo patients with AML and its role in 
cell proliferation in vitro21. Downregulation of P-21, a tumor sup-
pressor and post-transcriptional regulator, was observed in patients 
with chronic lymphocytic leukemia, whereas its low expression was 
correlated with some clinical outcomes17. Based on these reports, 
we measured the expression of four VDR-related lncRNAs includ-
ing H19, MALAT-1, P-21, and HOTAIR in patients with ALL. 
However, we did not find any significant difference in MALAT-1, 
HOTAIR, and P-21 expression between ALL and healthy group. 

According to our data, we observed a significant downreg-
ulation of H19 expression in patients with ALL compared to 
control group. As a paternally imprinted gene, H19 locates in 
chromosome 11p15.522. It has been reported that H19 plays 
important roles in embryonic development, growth control, 
glucose metabolism, and tumor development. Most studies in 
human have reported upregulation of H19 lncRNA in cancer 
and considered it an oncogenic lncRNA. However, Hao et al. 
reported the first evidence of tumor suppressor activity of H19 
by transfection of H19 cDNA into G401-transformed kid-
ney cells and observing loss of tumorigenicity of these cells23. 
In another study, Yoshimizu et al. showed the tumor suppressor 
effect of H19 using in vivo murine models of tumorigenesis24. 
Supporting our findings, a study by Schultheiss et al. showed 
that H19 expression in hepatocellular carcinoma was lower 
than normal or nontumorous adjacent tissues and concluded 
that H19 suppressed hepatocarcinogenesis and hepatoma cell 
growth25. Therefore, H19 can be considered both oncogene 
and tumor suppressor lncRNA.

There are some possible reasons for these discrepancies 
observed between our results and other data. First, previous 
studies were performed in different racial groups who differed 
in genetic factors. Second, we did this study in a small sample 
size due to low incidence rate of leukemia (3.6/100,000) that 
might increase the likelihood of a Type II error. Third, can-
cer type and stage were not the same in all mentioned studies.

CONCLUSIONS
In conclusion, this is the first study showing the downreg-
ulation of VDR and H19 expression in patients with ALL. 
Our results reinforce the potential roles of VDR and H19 as 
biomarkers in the pathogenesis of ALL. However, the incon-
sistent results in VDR and H19 expression suggest a necessity 
for further investigations to explore VDR- and H19-related 
signaling pathways in the pathogenesis of ALL.
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