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Abstract

Background: Recently, in an effort to fully characterize the underlying genetic causes of the acute myeloid leukemia (AML), atten-
tion has been devoted to the newest aspect of gene expression regulations which inferred to the regulatory long none coding RNAs.
Objectives: ANRIL is one of the disease associated lncRNAs which is transcribed from a critical genomic region that has an important
role in the expression regulation of its neighbor genesCDKN2AandCDKN2Bencoding 3 major tumor suppressor genes p14ARF, p15INK4b

and p16INK4a.
Methods: Since the identified variants in the CDKN2A and CDKN2B genes or ANRIL locus are reported to be associated with tumorige-
nesis in different cancers, we investigate 4 single nucleotide polymorphisms (SNP) of ANRIL in Iranian AML patients in comparison
to control individuals
Results: The results showed significant association neither for allelic and genotypic frequencies nor for haplotype blocks with AML
patients versus control subjects.
Conclusions: With regard to the indicated roles of ANRIL in epigenetic gene expression regulation, exploring its AML-associated
genetic defects or its aberrant expression in patients is still a growing area of research and further investigations may illustrate its
potential to serve as a diagnostic biomarker or a therapeutic target for AML.
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1. Background

As the most common type of leukemia in adults, Acute
Myeloid Leukemia (AML) has been estimated to have a
growing incidence, prevalence and also a high mortality
rate that generally occurred in people with average age of
65 years and affecting men more than women (1).

AML is characterized by an abnormal proliferation
of myeloid precursors in the bone marrow that leads to
an accumulation of undifferentiated, immature leukemic
blasts which waste the potential of the bone marrow
to produce enough active normal blood cells including
platelets, mature granulocytes, and red blood cells (2).

Any irregularity in key cellular mechanisms such as
cell-cycle regulation, stem cell proliferation, differentia-
tion, self-renewal, and apoptosis are hallmarks of patho-
genesis of different cancers include AML. These defective
cellular processes may be caused by triggering the func-
tion of different oncogenes and/or inactivation of various
important tumor suppressor genes (3). In this regard, cy-

togenetic defects such as losses in the INK4b-ARF-INK4a lo-
cus is indicated to be involved in different cancers. Three
participants of tumor suppressor networks include p14ARF

protein and two members of the INK4 family: p15INK4b and
p16INK4a that have important regulatory roles in the cell-
cycle arrest and cell self-renewal encoded by the INK4b-
ARF-INK4a locus at 9p21.3 (4).

On the other hand, this region overlaps the sequence of
the Antisense Non-coding RNA in the INK4 Locus (ANRIL)
or CDKN2B-AS1 that transcribed to a 3.8-kb long noncod-
ing RNA. It indicated that lncRNAs participate in the reg-
ulation of their neighboring genes through involvement
in a crosstalk or a local regulatory networks of connec-
tions, and influence the gene expression (5). Besides, pre-
vious Genome-wide association analysis have reported sev-
eral disease-associated single nucleotide polymorphisms
(SNPs) in the INK4b-ARF-INK4a locus which were suggested
to increase susceptibility to different diseases such as can-
cers (6-8).

In the present study, based on the functional and clin-
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ical importance of the ANRIL in cancer pathogenesis, the
association of 4 SNP markers in the ANRIL sequence were
investigated in Iranian AML patients in comparison to
healthy controls.

2. Methods

2.1. Participants

The present case/control study included 202 Iranian
de novo AML patients and 400 ethnically, age and sex
matched healthy individuals without personal or famil-
ial backgrounds of cancer or autoimmune disorders as
control group. All the case samples were obtained
from the Medical Oncology department of Besat hospi-
tal, Hamadan. The diagnosis of patients was made by on-
cologists according to the revised French-American-British
(FAB) classification. The main clinical and laboratory fea-
tures of the patients are summarized in Table 1. Com-
plete patients with remission, secondary AML, childhood
AML, and post treatment were excluded from our study.
5 mL peripheral blood samples were collected from each
individual. This study was approved by the local ethics
committee of Hamadan University of Medical Sciences
(IR.UMSHA.REC.1395.383). All of the individuals gave an
informed written consent agreeing to participate in the
present study. Demographic information of patients is
demonstrated in Table 1.

Table 1. Demographic and Clinical Datad of AML Patients

Variables AML Patient

Female/Male (No. (%)) 85 (42%) / 117 (58%)

Age (mean ± SD, Y) 33.7 ± 2.9

Age range (Y) 19 - 65

Age of onset (mean ± SD, Y) 33.4 ± 2.8

WBC (mean ± SD, × 103) 50 ± 7.3

WBC range (× 103) 15 - 150

Platelet (mean ± SD, × 103) 51 ± 3.8

Platelet range (× 103) 30 - 300

Hemoglobin (mean ± SD, g/dL) 8.3 ± 1.8

Hemoglobin range (× 103 , g/dL) 4.2 - 11.5

2.2. DNA Extraction and Genotyping

Genomic DNA for all blood samples were extracted us-
ing the standard salting out method. Genotyping for 4
SNPs rs1333045, rs4977574, rs1333048 and rs10757278 were
done by tetra-primer amplification refractory mutation
system PCR (Tetra-ARMS-PCR). The pair primers using for

PCR were designed by PRIMER1 (9) (Table 2). PCR reaction
was performed using Taq (2×) red master mix (Ampliqon,
Denmark) in a FlexCycler (Analytik Jena, Germany). The
cycling PCR protocol was composed of an initial denatu-
ration at 94°C for 4minutes, followed by 35 cycles of 94°C
for 45seconds, annealing temperature for 45seconds and
72°C for 55 seconds, with a final extension of 72°C for 5
minutes. Specific annealing temperatures were 45°C for
rs1333048, 53°C for rs4977574, 52°C for rs1333045 and 54°C
for rs10757278.

2.3. Statistical Analysis

Deviation from the Hardy-Weinberg equilibrium for
genotype frequency of all 4 SNPs was assessed using the
Chi-square test. The association of genotype and allele
distribution was evaluated using Pearson Chi-square test
by comparing genotype and allele frequencies between
the AML patients and the control group by means of
SPSS 16.0 (SPSS Inc., Chicago, IL, USA). The calculated re-
sults were represented by reporting Odd ratio (OR) and
95% confidence intervals (CI) for each SNP. The differ-
ences in allelic and genotypic distribution between the
two groups were considered as significant if the calcu-
lated P value was P ≤ 0.05. The haplotype frequen-
cies and their possible association with the disease were
calculated using SNPStats online software and the ob-
tained data were reported by describing the D’ and r2 pa-
rameters. These analyses were implemented in SNPStats
(http://bioinfo.iconcologia.net/SNPstats).

3. Results

The results showed that the genotype frequency for
all investigated polymorphisms were in agreement with
Hardy-Weinberg disequilibrium P > 0.05.

The calculated allelic frequencies for all investigated
SNPs (rs1333048, rs4977574, rs1333045 and rs10757278) were
not significantly different between case and control indi-
viduals.

In addition, association analysis between the frequen-
cies of all genotypes for each SNP has shown no significant
association to the disease. The detailed data for allele and
genotype analysis for both patients and control groups are
detailed in Table 3.

In addition, the frequencies of estimated haplotype
blocks with at least 0.01 frequency and the results of the as-
sociation analysis for haplotype blocks between case and
controls are shown in Table 4. The haplotype analysis has
shown no significant difference between the frequency of
estimated haplotype blocks in case and controls in any of
the 16 estimated haplotypes.
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Table 2. Sequence of Primes

Gene Genetic
Polymorphism

Primer Sequence Tm PCR Product Size
(bp)

ANRIL

rs1333048

Forward inner primer (A allele): 5’ - 3’
60°C 185 bp (A allele)

TTAATGCTATTTTGAGGAGATGTCTA

Reverse inner primer (C allele): 5’ - 3’
58°C 253 bp (C allele)

TTTTATCAATATTTCAATAATTCGACACTG

Forward outer primer: 5’ - 3’
59°C

382 bp (two outer
primers)

TTGCCTGATTACCAATTTTATATGTTA

Reverse outer primer: 5’ - 3’
59°C

TCAACTGATGATGATATGGTTAGTATG

rs4977574

Forward inner primer (G allele): 5’ - 3’
66°C 226 bp (G allele)

TTGAGGGTACATCAAAAGCATTCTATATCG

Reverse inner primer (A allele): 5’ - 3’
66°C 166 bp (A allele)

TTTATTAGAGTGACTTGAACATCCCGT

Forward outer primer: 5’ - 3’
66°C

335 bp (two outer
primers)

CACCATTCTTTCTGAAACAACAGGATAT

Reverse outer primer: 5’ - 3’
66°C

AAGGCTCTGACATTTCTAACTCTCTGA

rs1333045

Forward inner primer (A allele): 5’ - 3’
63°C 200 bp (A allele)

CgAAGaGCAATAATATATAGTACACTGGGC

Reverse inner primer (C allele): 5′ -3′

63°C 298 bp (C allele)
TTAATGAATGCTTACTAGATGCCtGA

Forward outer primer: 5’ - 3’
63°C

442 bp (two outer
primers)

tGAAAcTTCTTATTTaGtGGtGCATACC

Reverse outer primer: 5’ - 3’
63°C

gCagTTCAAAGGAAGTAcCATAAAAAG

rs10757278

Forward inner primer (A allele): 5’ - 3’
72°C 263 bp (A allele)

AAGTCAGGGTGTGGTCATTaCGGGAA

Reverse inner primer (C allele): 5’ - 3’
68°C 234 bp (C allele)

CTCaGTCTTGATTCTGCATCGCTTCC

Forward outer primer: 5’ - 3’
70°C

443 bp (two outer
primers)

GGGCATTAAGAAAtGGATGGGTAGACAAAA

Reverse outer primer: 5’ - 3’
70°C

GCTGTTCtCAAtTAGCCAGGACTACCTCT

4. Discussion

The long non-coding RNA CDKN2B-AS1 also known as
ANRIL transcribed from the 9p21.3 genomic region is indi-
cated to be involved in the pathogenesis of different dis-
ease such as human cancers. The ANRIL is investigated in
different ways to hint at its role in tumorigenesis including
its genomic location that overlaps the locus encompassing

the INK4b-ARF-INK4a gene cluster which encoded 3 major
members of tumor suppressor proteins, p15INK4b, p14ARF,
and p16INK4a, all of which have a critical role in fundamen-
tal biological cell processes such as cell cycle regulation.
These important proteins, are alternate reading frames
of the CDKN2A and CDKN2B genes that encodes cyclin-
dependent kinase inhibitors which all act in response to el-
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Table 3. Allele and Genotype Frequencies of the ANRIL Gene Polymorphisms in AML Patient and Control Group

SNP Allele/Genotype Patients, N (%) Controls, N (%) P Value OR (95%CI)

C 238 (58.91) 465 (58.12) 0.794 1.033 (0.81 - 1.317)

T 166 (41.09) 335 (41.88)

rs1333045 CC 66 (32.66) 127 (31.75) 0.819 1.043 (0.727 - 1.498)

CT 106 (52.48) 211 (52.75) 0.949 0.989 (0.705 - 1.388)

TT 30 (14.86) 62 (15.5) 0.835 0.951 (0.593 - 1.526)

G 241 (59.65) 499 (62.37) 0.36 0.892 (0.698 - 1.139)

A 163 (40.35) 301 (37.63)

rs4977574 GG 76 (37.63) 160 (40) 0.573 0.905 (0.639 - 1.281)

AG 89 (44.06) 179 (44.75) 0.872 0.972 (0.692 - 1.367)

AA 37 (18.31) 61 (15.25) 0.336 1.246 (0.796 - 1.952)

A 222 (54.95) 449 (56.13) 0.698 0.954 (0.75 - 1.213)

C 182 (45.05) 351 (43.87)

rs1333048 AA 65 (32.18) 134 (33.5) 0.745 0.942 (0.656 - 1.351)

AC 92 (45.55) 181 (45.25) 0.945 1.012 (0.72 - 1.421)

CC 45 (22.27) 85 (21.25) 0.772 1.062 (0.706 - 1.599)

G 255 (63.11) 516 (64.5) 0.637 0.942 (0.735 - 1.208)

A 149 (36.89) 284 (35.5)

rs10757278 GG 78 (38.61) 162 (40.5) 0.655 0.924 (0.653 - 1.307)

AG 99 (49.01) 192 (48) 0.815 1.041 (0.742 - 1.461)

AA 25 (12.38) 46 (11.5) 0.753 1.087 (0.647 - 1.827)

evated oncogenic signals such as aberrant growth stimula-
tion and interacts with CDK members of the cell cycle reg-
ulation pathways which leads to cell cycle arrest and apop-
tosis (10-12). The expression of the INK4b-ARF-INK4a gene
cluster is controlled by the Polycomb group (PcG) proteins
that serve to maintain the silent chromatin state of the
INK4 locus (13). The epigenetic modifications needed for
the silencing function of the (PcG) proteins are provided by
two complexes, Poly comb (Pc) repressive complexes (PRC1
and 2). In mammalian PRCs complexes recruited a combi-
nation of transcription factors and lncRNAs including AN-
RIL to target the INK4b-ARF-INK4a locus that leads to re-
press the gene expression (14).

Several GWAS studies have reported genetic variations
in the INK4b-ARF-INK4a region that introduced this re-
gion as a susceptibility locus for various disease such as
cancers including melanoma, glioma, cervical cancer, and
esophageal cancer (15-17). These identified variants could
be considered as predisposing factors for cancers through
creating a disabled form of mentioned tumor suppressor
genes. Also SNPs located in the ANRIL locus have been re-
ported to be strongly associated with increased suscepti-

bility to various human diseases (18-20). It is indicated that
SNPs located in the 9p21 region can change the expression
level of the 3 adjacent genesCDKN2A,CDKN2B, andANRILup
to 2-fold but the expression level of CDKN2B, andANRILwere
changed in an opposite way that referred to the antisense
regulating role of ANRIL on the expression of the CDKN2B
gene that pointed at the consequence of modulations in
ANRIL expression that increase the risk of developing hu-
man disease (20).

Based on the key regulatory role of the lncRNAs in con-
trolling the expression of neighbor genes (21) and there-
fore, in cancer development, the SNPs which could change
their sequence are expected to influence the risk of tumori-
genesis by affecting the expression of lncRNAs.

The evidence of oncogenic role of ANRIL in hematolog-
ical malignancies was derived from a study that reported
an association between rs564398 in the CDKN2BAS locus
and acute lymphoblastic leukemia (ALL) (8). In addition an
overexpression of ANRIL were reported between ALL and
AML patients in comparison to healthy controls while in
the same samples the p15 was down regulated (22) Also
the expression level of ANRIL was detected to be increased
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Table 4. Haplotype Frequencies and Association Analysis of the ANRIL Polymorphism in the Case and Control Groupa

Haplotypes Patients, N (%) Controls, N (%) P Value OR (95%CI)

C A A A 18 (4) 48 (6) 0.266 0.731 (0.419 - 1.273)

C A A G 20 (5) 24 (3) 0.089 1.684 (0.919 - 3.087)

C A C A 4 (1) 10 (1) 0.691 0.79 (0.246 - 2.535)

C A C G 8 (2) 23 (3) 0.355 0.682 (0.303 - 1.54)

C G A A 16 (4) 32 (4) 0.974 0.99 (0.536 - 1.826)

C G A G 32 (8) 55 (7) 0.508 1.165 (0.741 - 1.833)

C G C A 17 (4) 24 (3) 0.275 1.42 (0.754 - 2.675)

C G C G 77 (19) 192 (24) 0.052 0.746 (0.554 - 1.003)

T A A A 44 (11) 98 (12) 0.49 0.876 (0.6 - 1.277)

T A A G 20 (5) 47 (6) 0.509 0.834 (0.487 - 1.428)

T A C A 24 (6) 31 (4) 0.105 1.567 (0.907 - 2.707)

T A C G 16 (4) 40 (5) 0.419 0.784 (0.433 - 1.417)

T G A A 36 (9) 64 (8) 0.589 1.125 (0.734 - 1.724)

T G A G 24 (6) 39 (5) 0.433 1.232 (0.73 - 2.08)

T G C A 16 (4) 17 (2) 0.066 1.899 (0.949 - 3.8)

T G C G 32 (8) 56 (7) 0.562 1.143 (0.727 - 1.796)

aLoci chosen for hap-analysis: Site 1 (rs1333045), Site 2 (rs4977574), Site 3 (rs1333048), Site 4 (rs10757278).

in preneoplastic and neoplastic tissues which results in
decreased expression of p16INK4a and ultimately reduced
senescence (23).

In this regard, four important SNPs of the ANRIL were
investigated in the present study in association with AML
cancer that included rs10757278 and rs1333045 which were
important because of their evolutionary conservation and
their impacts on the expression of the ANRIL (24), and
also, rs1333048 and rs4977574 which were suggested to
be associated with coronary artery disease (CAD) (25, 26).
The obtained frequencies for all of the 4 investigated SNPs
showed a significant difference between case and control
groups neither in allelic nor in genotypic distribution.
In addition, in order to assess the impact of each allelic
changes along with 3 other SNPs the association analysis
for the estimated haplotype blocks were done but none of
them were associated with AML patients in comparison to
healthy controls.

Due to the obtained results we tried to understand
whether there are other risk conferring SNPs in the ANRIL
genomic region that the expression of ANRIL and thereby
its aberrant disrupting consequences may be influenced
by those causative variants in linkage disequilibrium with
our investigated SNPs. In this regard, we investigated the
functional annotation of the explored SNPs and explored
other linked SNPs considering the usage of the obtained

genomic data from 1000 genome project, epigenetic data
from Roadmap Epigenomics project, and gene annota-
tions from ENCODE project. The results revealed several
linked SNPs by considering the D’ ≥ 0.8 and r2 ≥ 0.8 pa-
rameters. Each mentioned SNP, itself and its linked poly-
morphisms, was predicted to overlap different promoter
histone marks and enhancer marks in several tissues such
as hematopoietic progenitor cells. And also each of the
lead SNPs interfere with the different TF binding motifs
and consequently their allelic changes altered the binding
possibility and led to possible changes in transcription and
expression of the gene that needs more functional analysis
to be confirmed (27).

4.1. Conclusion

Totally, although the results of the present study
showed no significant association between any of the an-
alyzed SNPs of the ANRIL gene and the risk of developing
AML in Iranian patients, the importance of the gene in
the etiology of AML could not be ignored. Further studies
are needed to find the exact role of the gene in develop-
ing AML, importantly the expression level of this lncRNA
should be assessed in patients. Also genotype-phenotype
correlations may be useful to determine the impact of the
different genetic variants on the risk of developing AML.
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