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1. Introduction 
Acute myeloid leukemia (AML) is a heterogeneous 

clonal disorder of hematopoietic stem cells that lose nor-
mal differentiation ability. The disease is characterized 
by various cytogenetic and molecular abnormalities 
with different prognoses and gene expression profiles. It 
is the most common type of leukemia in adults and has 
the lowest survival rate among all leukemias. The preva-
lence of AML is 3.8 per 100000 people and increases to 
17.9 per 100000 adults aged 65 years and over. The most 
appropriate treatment should be chosen according to the 
patient's genetic profile. For this purpose, long non-coding 
(lnc) RNAs have recently been used as biomarkers in the 
diagnosis of cancer [1].  

Chronic myeloid leukemia (CML) is a myeloprolife-

rative disorder of hematopoietic stem cells carrying the 
Philadelphia chromosome and oncogenic BCR-ABL1 
fusion gene. The peptide p210, the product of the BCR-
ABL, has structurally activated tyrosine kinase activity 
that is involved in the pathogenesis of CML [2]. CML is 
a malignancy that occurs in 1 or 2 cases in approximately 
100000 people in adults every year and it is mostly seen 
between 25-60 years of age [3]. Studies have been conduc-
ted to investigate the profile of micro RNA and lnc RNA 
sequences that have been validated at different stages of 
CML to better understand the disease and to improve the-
rapeutic intervention in CML patients [4].

Lnc RNAs with a nucleotide number of more than two 
hundred are also referred to as macro RNA and long in-
tergenic non-coding RNA and are not involved in protein 
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generation [4]. While many of the lnc RNAs have been 
reported to vary in expression levels in different cancers, 
there is insufficient information about their role in cancer 
development. Therefore, the explanation of the mecha-
nisms of these molecules is one of the current research 
topics. Although the function of lnc RNAs is not fully 
known, increasing numbers of lnc RNA and accumulated 
evidence for its involvement in many biological processes 
have shown that they have important functions in normal 
and malignant cells [5]. For this purpose, lnc RNAs have 
recently been used as biomarkers in the diagnosis of can-
cer [6]. It has been stated that the expression profiles of 
lnc RNAs are associated with recurrent mutations, clinical 
features and outcomes in AML, some of these lnc RNAs 
may have a functional role in leukemogenesis and may 
also be used as biomarkers in AML [7]. Studies have been 
conducted to investigate the profile of micro RNA and 
lnc RNAs sequences that have been validated at different 
stages of CML to better understand the disease and to im-
prove therapeutic intervention in CML patients [8].

Homeobox (HOX) transcript antisense RNA (HOTAIR) 
was first introduced in 2007 by Rinn et al. as a lnc RNA 
that suppresses expression of HOXD genes on the 2nd 
chromosome. [6]. The relationship between lncRNAs 
and polycomb repressive complex 2 (PRC2), including 
HOTAIR, is considered a common mechanism in the gene 
silencing event in epigenetic regulation. HOTAIR binding 
is required to direct PRC2 to specific regions of the ge-
nome. Thus, PRC2 correlates with gene expression and 
silences epigenetically [9]. It is clear that HOTAIR repro-
grams chromatin to promote metastasis and investigates 
the molecular mechanisms of tumor formation, metastasis 
and drug resistance [10].

Because HOX genes play a critical regulatory role in 
many cellular processes, changes in the expression of 
these genes play an important role in the development of 
cancer by affecting many mechanisms such as prolifera-
tion, growth and differentiation in mutations [11]. Studies 
have reported changes in the expression of HOX genes in 
tumors such as lung carcinoma, neuroblastoma, glioma, 
ovarian cancer and leukemia [12].

HOXD gene contains between 9-11 genes arranged in 
a homologous sequence organization located on chromo-
some 2 (2q31) [13].

HOXD8 is a gene belonging to the HOX gene family 
consisting of 2 exons, located on the 2nd chromosome 
(2q31.1). Deletions occurring in the entire HOXD gene 
group or at the 5' end of this gene have been associated 
with severe limb and genital abnormalities. Negative and 
positive regulation of transcription from the RNA poly-
merase II promoter in the embryo plays a role in skeletal 
development processes. In addition to its regulatory effects 
during embryogenesis, it has been reported that this parti-
cular gene may play a role in adult urogenital system func-

tion [14].  
HOXD9 is one of the HOXD genes, which is part of 

the developmental regulatory system located on the chro-
mosome regions 2q31-2q37 [15]. HOXD9 is important 
for embryonic segmentation and limb development throu-
ghout development. This gene participates in the develop-
ment and modeling of the forelimb and axial skeleton [16].

HOXD11 is one of the belonging to the HOX gene fami-
ly, which regulates the development and control of many 
cellular processes such as cell development and shaping, 
proliferation, migration, and apoptosis. It is a homeodo-
main consisting of 2 exons that encode a protein of 338 
amino acids located on the 2nd chromosome (2q31.1) 
[17]. It has been reported that the HOXD11 plays a role in 
anterior dorsal morphology in mice [18].

There is no information in the literature about how 
HOXD8, HOXD9 and HOXD11 gene expression levels 
change in AML and CML. Therefore, we aimed to inves-
tigate the changes in the expression levels of these genes 
simultaneously with HOTAIR in relevant patient groups.

2. Materials and methods
2.1. Clinical sample collection

A total of 30 AML and 30 CML patients and 20 healthy 
volunteers were enrolled in this study. Clinical and labo-
ratory data and consent forms of the patients were also 
obtained from Erciyes University Medical Faculty Gevher 
Nesibe Hospital Medical Genetics Laboratory, The stu-
dy was carried out in accordance with the principles of 
the Helsinki Convention on Human Rights. The Ethics 
Committee of Erciyes University Faculty of Medicine 
gave ethical approval for this work. (Approval number: 
2015/222, Decision date: 08/05/2015).

2.2. RNA extraction and quantitative real-time poly-
merase chain reaction 

Total RNA was isolated from four milliliter EDTA 
blood samples using the Trizol method [19]. cDNA syn-
thesis was made with the transcriptor High Fidelity cDNA 
Synthesis Kit and PreAmp cDNA synthesis was per-
formed using the real-time ready cDNA Pre-Amp Master 
kit according to the manufacturer's instruction (Roche Di-
agnostics). Beta-actin as housekeeping gene was used for 
normalization in gene expression analysis.  Sequences of 
specific primers belonging to HOTAIR, HOXD8, HOXD9, 
HOXD11 and Beta-actin genes are shown in Table 1. 
Gene expression measurements using the LightCycler 480 
Probes Master kit were performed by LightCycler 480 
II (Roche Diagnostics Ltd. Rotkreuz, Switzerland) poly-
merase chain reaction instrument. Analyzes were evalu-
ated with LightCycler 480 Software (release 1.5.0 SP4). 
Each of the patient and control samples was repeated three 
times. Two negative controls and calibrators were used in 
each study. 

Primer Name Forward Sequence Reverse Sequence
Beta-actin 5'-CACCATTGGCAATGAGCGGTTC-3' 5'-AGGTCTTTGCGGATGTCCACGT-3'
HOTAIR 5'-GGGTGTTGGTCTGTGGAACT-3' 5'-CAGTGG-GGAACTCTGACTCG-3'
HOXD8 5'-GTCCAGTGGTAATATTGGCGAGG-3' 5'-GCGACTGTAGGTTTGTCTTCCTC-3'
HOXD9 5'-AGGAGGAGAAGCAGCATTCGCA-3' 5'-CTTTCTCCAGCTCAAGCGTCTG-3'
HOXD11 5'-CAGTCCCTGCACCAAGGCGAC-3' 5'-GGTATAGGGACAGCGCTTTTTCC-3'

Table 1. Sequences of specific primers belonging to HOTAIR, HOXD8, HOXD9, HOXD11 and Beta-actin genes.
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1A). 
In CML patients, the expression level of HOTAIR was 

found to be significantly higher than the control group 
(p=0.002). The expression levels of HOXD9 and HOXD11 
were significantly lower than the control group (p<0.001). 
When the expression level of HOXD8 was compared with 
the control group, there was no statistically significant dif-
ference (p=0.463) (Figure 1B).

HOTAIR expression level of CML patients was statis-
tically higher than AML patients (p<0.01). There was no 
statistically significant difference in the expression levels 
of HOXD8, HOXD9 and HOXD11 between both groups 
(p=0.396, p=0.725 and p=0.940, respectively). (Figure 
1C).

HOTAIR expression level of the patient group (AML-
CML) was statistically higher than the control group 
(p=0.032). The expression levels of HOXD9 and HOXD11 
were significantly lower in the patient group than in the 
control group (p<0.001). There was no statistically signifi-
cant difference between the groups in the expression level 
of HOXD8 (p=0.216) (Figure 1D).

4. Discussion
While lnc RNAs contribute to epigenetic gene regula-

The crossing points (Cp) values in the target genes of 
each sample were normalized to a ratio of the Beta-actin 
housekeeping gene Cp of the same samples. In this man-
ner, relative quantitation values were obtained [20].

2.3. Statistical analysis
In our study, the statistical difference between the gene 

expression levels measured in patient and control samples 
were compared by using T test method and p values were 
calculated. The data were analyzed with SPSS 22.0 statis-
tical program (Chicago, ILL, USA).  p<0.05 was consi-
dered significant. Data are expressed as Mean ± Standard 
Error Mean (SEM).

3. Results
3.1. Clinical and demographic characteristics of pa-
tients

Newly diagnosed AML and CML patients, aged 18 to 
75 years, who came to Erciyes University Medical Faculty 
Gevher Nesibe Hospital Medical Genetics Laboratory, 
consisted of 60 patients (30 AML, 30 CML), 35 of whom 
were male (20 AML, 15 CML) and 25 were female (10 
AML, 15 CML), with a mean age of 42,07 ± 18,18 (AML) 
and 48.03 ± 19.90 (CML). 20 healthy individuals as a 
control group consisted of 13 of whom were male and 7 
were female, with a mean age of 34,95 ± 9,59. Healthy vo-
lunteers who did not use any drug were chosen as controls. 
The age and sex distribution of the AML and CML patient 
groups were similar to the control group.

Classification of AML patients according to their cli-
nicopathological characteristics are shown in Table 2 and 
clinical information of the CML patients are shown in 
Table 3.

3.2. Comparison of target gene expression levels in 
AML, CML and control groups

The expression levels of HOTAIR, HOXD8, HOXD9 
and HOXD11 were compared among AML patients, CML 
patients and healthy volunteers. The results are demons-
trated in Figure 1.

When AML patients were compared with the control 
group, there was no statistically significant difference in 
the expression levels of HOTAIR and HOXD8 (p=0.661 
and p=0.242, respectively). The expression levels of 
HOXD9 and HOXD11 were significantly lower than the 
control group (p<0.001 and p=0.002, respectively) (Figure 

Fig. 1. Comparison of HOTAIR, HOXD8, HOXD9 and HOXD11 
expression levels in control, AML, CML and patient (AML-CML) 
groups: HOTAIR expression levels were 0.04 ± 0.03, 0.06 ± 0.02, 0.21 
± 0.07 and 0.13 ± 0.04, respectively. HOXD8 expression levels were 
0.05 ± 0.03, 0.03 ± 0.01, 0.05 ± 0.02 and 0.04 ± 0.01, respectively. 
HOXD9 expression levels were 0.18 ± 0.08, 0.01 ± 0.01, 0.01 ± 0.01 
and 0.01 ± 0.00, respectively. HOXD11 expression levels were 0.12 
± 0.06, 0.01 ± 0.01, 0.01 ± 0.00 and 0.01 ± 0.00, respectively. (Data 
are shown as mean ± SEM. * p < 0.05, ** p < 0.01, *** p < 0.001).

Clinicopathological features N (%) Prognostic Criteria
Gender
Female 10 (33.3%)
Male 20 (66.7%)

Cytogenetic anomalies
t(8;21)   (AML-M2)         3 (10%) 

Low riskt(15;17)  (AML-M3)         12 (40%)
inv(16)    (AML-M4)         8 (26.7%)

Molecular anomalies
NPM1 Mutation         8 (26,7%) Medium Risk Group

FLT3-ITD Heterozygous Mutation         3 (10%) High risk Group

Table 2. Clinicopathological characteristics of AML patients.

NPM1: Nucleophosmin 1, FLT3-ITD: Fms-like tyrosine kinase 3 internal tandem duplication
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tion, metastases and prognosis of solid tumors, their rela-
tionship with hematopoietic cancers has also started to be 
demonstrated in recent years [21]. HOTAIR, characterized 
by increased expression of various human solid tumors, 
is a lnc RNA that is considered a potential cancer biomar-
ker. Recent studies in many cancer types have shown that 
HOTAIR has a high expression level. HOTAIR has been 
reported to be overexpressed in various cancers such as 
colon, colorectal, gastric adenocarcinoma tissues, naso-
pharyngeal carcinoma, primary hepatocellular carcinoma, 
and renal carcinoma cells in humans [22-24]. HOTAIR 
suppresses the expression of HOXD8, HOXD9, HOXD11 
located on the HOXD locus of 2nd chromosome [6, 9].

There is insufficient information about the role of HO-
TAIR and HOXD in hematological malignancies. In addi-

tion, it is the first time study investigating the mRNA ex-
pression levels of HOXD genes such as HOXD8, HOXD9 
and HOXD11 in patients with acute and chronic myeloid 
leukemia.

In studies conducted to investigate HOTAIR expression 
profile in AML patients and to evaluate their clinical signi-
ficance; HOTAIR has been suggested that bad prognosis 
can be represented as a biomarker and may be a potential 
therapeutic target for the treatment of AML. The results 
showed that elevated HOTAIR expression level was signi-
ficantly correlated with the high-risk group of the disease 
[25-27].

Sayad et al. [28] reported that HOTAIR is not a biomar-
ker for Iranian AML patients. They have suggested that 
HOTAIR expression level cannot be considered a defini-

Patient Gender Medicine Major Molecular Response
Prognostic Score

EUTOS SOKAL HASFORD
P1 Male İmatinib No Low Intermediate Intermediate
P2 Female İmatinib No Low Intermediate Low

P3 Male
İmatinib No

Low Low Intermediate
Nilotinib Yes

P4 Male İmatinib Yes Low Intermediate Low
P5 Male İmatinib Yes Low High Intermediate
P6 Female İmatinib No Low High Intermediate
P7 Female İmatinib Yes Low Intermediate Low

P8 Female
İmatinib No

Low Low Intermediate
Nilotinib Yes

P9 Female İmatinib No Low High Intermediate
P10 Female İmatinib Yes Low Low Low
P11 Male İmatinib No Low High High
P12 Female İmatinib Yes Low Intermediate Low
P13 Male İmatinib Yes Low Intermediate Low
P14 Female İmatinib Yes Low Intermediate Intermediate
P15 Male İmatinib Yes Low Low Low
P16 Female İmatinib No Low High High
P17 Male İmatinib Yes Low Intermediate Intermediate
P18 Female İmatinib Yes Low Low Low
P19 Female İmatinib No Low High Intermediate
P20 Male İmatinib No Low High Intermediate
P21 Female İmatinib Yes Low High Low
P22 Male İmatinib No Low Intermediate Intermediate

P23
Female İmatinib No

Low Intermediate Intermediate
Nilotinib Yes

P24 Male İmatinib Yes Low Intermediate Low

P25 Male
İmatinib No

Low High Intermediate
Nilotinib No

P26 Male İmatinib No Low Intermediate Intermediate
P27 Female İmatinib Yes Low Intermediate Intermediate

P28 Male
İmatinib No

Low Low Intermediate
Nilotinib Yes

P29 Male İmatinib Yes Low Intermediate Intermediate

P30 Female
İmatinib No

Low Low Intermediate
Nilotinib Yes

Table 3. The clinical information of CML patients.

EUTOS: European Treatment and Outcome Study for CML
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tive diagnostic and therapeutic biomarker for AML and 
should be confirmed by future studies and the correlation 
between HOTAIR and AML should still be investigated.

In our study, peripheral blood samples of 30 patients 
with AML and 20 healthy controls were evaluated. Accor-
ding to the findings, the expression levels of HOTAIR in 
AML patients were not statistically different when com-
pared to the control group. Our investigations with AML 
patients are similar to the findings of Sayad et al. [28] and 
supports that HOTAIR expression level cannot be consi-
dered as a definitive diagnostic or therapeutic biomarker 
for AML. 

A hybrid BCR-ABL oncogene is formed on chromo-
some 22, and its product, the p210 peptide, has constituti-
vely activated tyrosine kinase activity that plays a role in 
the pathogenesis of CML [2]. The widely used and highly 
effective treatment for CML is administration of imatinib 
mesylate, one of the tyrosine kinase inhibitors that inhibit 
the kinase activity of the BCR-ABL oncoprotein. Tyrosine 
kinase inhibitors targeting the BCR-ABL are the first-line 
therapy for most CML patients and have greatly impro-
ved the CML prognosis. However, imatinib resistance is 
emerging as a major challenge in the treatment of CML. 
Several molecular pathways have been associated with 
resistance to tyrosine kinase inhibitor therapy, but the pre-
cise mechanism for the development of drug resistance 
remains unclear. Therefore, in recent years, emphasis has 
been placed on the expression profiles of lnc RNAs, which 
can predict clinical outcomes in diagnosis, help prognos-
tic classification of patients, and predict and manage drug 
resistance [29].

In our study, it was seen that the expression levels of 
HOTAIR increased compared to the control group in the 
CML patients (p=0.002). In addition, clinical route and 
drug use of CML patients were followed. No significant 
difference was observed when the expression levels of the 
target genes measured at the time of diagnosis of CML 
patients were compared between patients who responded 
to treatment and those who did not and were resistant to 
imatinib.

Aghamohammadhossein et al. [30] have shown that 
HOTAIR expression levels in patients with positive CML 
for BCR-ABL increased compared to healthy individuals. 
They stated that changes in the expression levels of the 
HOTAIR may play a role in the biology of CML. In addi-
tion to these findings, in the present study, it was shown 
that HOTAIR expression levels increased while HOXD9 
and HOXD11 expression levels decreased in CML patients 
compared to the healthy control group. 

In previous studies, it was stated that HOXD8, HOXD9, 
and HOXD11 expression level profiles change in various 
cancer types [17, 31-35]. In our study, for the first time, 
the expression levels of these genes were evaluated to-
gether with HOTAIR and demonstrated in AML and CML 
patients.

In the present study, it has been shown that HOTAIR 
epigenetically suppresses HOXD9 and HOXD11, but 
HOXD8 does not and may have an oncogenic effect on the 
development of CML.

5. Conclusion
As a result, our study showed that HOTAIR may not be 

a biomarker in the diagnosis and is not significantly cor-
related with the clinicopathological prognostic character-

istics of AML. Additionally; it can be said that HOTAIR is 
oncogenic by suppressing the expression of HOXD9 and 
HOXD11 but not HOXD8 in CML patients. The expres-
sion profiles of HOTAIR may be a potential biomarker in 
the diagnosis of CML patients in predicting and monitor-
ing drug resistance.
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