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Abstract

Background: Acute myeloid leukemia (AML) is a disorder characterized by a rapid onset of symptoms attributable
to bone marrow failure due to clonal proliferation of primitive hematopoietic stem cells or progenitor cells.
Epigenetic abnormalities play an important role in the development and progression of acute leukemia. Long non-
coding ribonucleic acid (lncRNA) plays an important role in epigenetic regulation. Homeobox (Hox) transcript
antisense intergenic RNA (HOTAIR) is a lncRNA which has been determined to be a negative prognostic indicator in
various solid-tumor patients. However, its role in hematopoietic tumors as AML is to be assessed. This study aimed
at measuring lncRNA HOTAIR expression level on bone marrow (BM) mononuclear cells in newly diagnosed AML
patients and correlating its expression with their outcome and different prognostic variables. This provides new
prospective for a novel marker involved in development and progression of AML which can be used as a
diagnostic marker and a target of therapy. The current study included 65 subjects divided into 35 newly diagnosed
AML adult patients (before initiation of chemotherapy) and 30 non-leukemic adult patients who are candidates for
BM aspiration for causes other than hematological malignancies as immune thrombocytopenic purpura and
hypersplenism as controls. HOTAIR expression was measured on BM mononuclear cells by quantitative reverse
transcription polymerase chain reaction (qRT-PCR).

Results: HOTAIR expression was found to be significantly upregulated in AML patients (probability (p) value =
0.000) and it can be used as a diagnostic biomarker of AML as confirmed by a significant difference between cases
and controls using receiver operating characteristic curve (ROC) analysis. However, it was not significantly correlated
with event free survival (EFS) or prognostic variables.

Conclusion: This study showed that the expression of HOTAIR is upregulated in de novo AML patients and can be
used as a diagnostic marker. However, highly expressed HOTAIR is not associated with poor prognosis.
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Background
AML is characterized by abnormal proliferation of undif-
ferentiated and non-functional hematopoietic cells (the
leukemic blasts) in the bone marrow. AML develops by
the accumulation of multiple genetic and epigenetic alter-
ations in hematopoietic progenitors that are subjected to
clonal evolution, with the result of considerable inter- and
intra-individual heterogeneity of AML clones [1].
AML exemplifies the impact of epigenetic disruption

in cancer, as while AML typically exhibits a low muta-
tional burden, these alterations frequently directly or in-
directly target epigenetic modulators. Comprehensive
cataloging of the AML genome has revealed a high fre-
quency of epigenetic changes that are frequently linked
to treatment resistance and poor patient outcome [2].
Epigenetics is defined as a stably heritable phenotype

resulting from changes in a chromosome without alter-
ations in the deoxyribonucleic acid (DNA) sequence [3].
The epigenetic machinery is composed principally of
three interconnected components: DNA methylation,
histone post-translational modifications, and non-coding
RNAs (ncRNAs). Based on their size, ncRNAs can be di-
vided into two main groups: short-chain ncRNAs and
lncRNAs [4]. LncRNAs are a type of functional RNAs
with a transcript of more than 200 nucleotides in length,
lacking the protein-encoding ability, but can regulate the
protein-coding genes at different levels [5].
HOTAIR, a recently discovered lncRNA, is a polyade-

nylated RNA with 2158 nucleotides and 6 exons which
is transcribed from the antisense strand of the Homeo-
box C (HOXC) gene cluster located between Homeobox
C11 (HoxC11) and Homeobox C12 (HoxC12) on
chromosome 12q13.13. It plays a critical role in various
areas of cancer, such as proliferation, survival, migration,
drug resistance, and genomic stability [6]. HOTAIR has
been shown to exert oncogenic and metastatic potential
in several solid tumors and it has been shown to be a
significant predictor for worse prognosis as in urological
cancers, head and neck neoplasms, cancers of the digest-
ive system, and several female cancers, for example, cer-
vical, ovarian, and endometrial cancers [7].
HOTAIR plays a role in the myelopoiesis through

modulation of gene expression in the HOXA cluster, so
it may also function in malignant hematopoiesis [8].
Upregulated expression of HOTAIR was found to fa-

cilitate the growth of lymphoma cells in lymphoma pa-
tients, and it was demonstrated that patients with higher
expression levels of HOTAIR possessed lower survival
probabilities than those with lower expression levels of
HOTAIR. In addition, it was found that HOTAIR
knockdown inhibited cell viability, induced cell apop-
tosis, and suppressed cell cycle progression, implying
that HOTAIR might also act as an oncogene in lymph-
oma [9]. Upregulated HOTAIR expression is also

incriminated in chronic myeloid leukemia (CML) pro-
gression and may play a role in resistance to imatinib
which is a tyrosine kinase inhibitor used as an oral
chemotherapy for treatment of leukemia especially CML
[10]. However, there are still few studies about its level
of expression and its role as a prognostic marker of
leukemia.

Aim of the work
The aim of this study is to measure the expression level
of lncRNA HOTAIR expression level on BM mono-
nuclear cells in newly diagnosed AML patients (before
initiation of chemotherapy) and to correlate its expres-
sion level with different prognostic variables in order to
develop a new diagnostic biomarker of AML that may
be also used as a target of therapy.

Methods
Study design and setting
Case-control study of patients with AML. The patients
were recruited from hematology unit, Clinical Pathology
Department during the years 2018-2019.

Subjects
The current study was conducted on 65 subjects (35
newly diagnosed AML adult patients (before initiation of
chemotherapy) and 30 adult controls). The diagnosis of
AML was based on World Health Organization (WHO),
2016 AML diagnostic criteria [11]: blast cells constitutes
> 20% of all BM nucleated cells, morphology, especially
presence of Auer rods, immunophenotyping (IPT) to de-
tect lineage specific cluster of differentiation (CD)
markers and myeloperoxidase. Classification of AML ac-
cording to the French-American-British (FAB) classifica-
tion criteria was done [12].
Follow-up of the patients by BM blast % was done at

day 28 and afterwards till either the end of the study or
last contact with the patient (at least for 1 year from the
start of the study). Accordingly, patients were classified
as responders (BM blasts % less than 5% at day 28 of
starting chemotherapy), non-responders (BM blasts %
more than 5% at day 28 of starting chemotherapy), and
relapsed (BM blasts % increased more than 5% during
follow up) patients.
Thirty non-leukemic adult patients who are candidates

for bone marrow aspiration for causes other than
hematological malignancies as immune thrombocytope-
nic purpura and hypersplenism were studied as controls.

Inclusion criteria
All included patients are adults newly diagnosed AML
patients.
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Exclusion criteria
Cases of transformation of myelodysplastic syndrome
(MDS), acute transformation of CML, relapsed or
therapy-related AML, and other types of malignant tu-
mors were excluded from this study.

Ethics approval and consent to participate
The approval of the study was taken from the Institu-
tional Ethics Committee (Ethical Committee’s reference

number: 138/2018; 27 May 2018). Written informed
consent was taken from all patients who were invited to
participate in the research.
All patients were subjected to full history taking, thor-

ough clinical examination, complete blood count (CBC)
on Sysmex-XN 1000TM using peripheral blood (PB)
samples with examination of Leishman-stained PB films,
BM aspiration with examination of Leishman-stained
BM smears, IPT carried on BM blasts/blast equivalent
cells using a standard panel of monoclonal antibodies
using Navios flowcytometer (Coulter, Electronics,
Hialeah, FL, USA) and cytogenetic analysis carried on
BM samples, if feasible, searching for translocation
(t)(15;17), t(8;21), t(9;22), inversion (inv)16, and duplica-
tion of X chromosome using Laika. HOTAIR expression
level on BM mononuclear cells was done on BM sam-
ples by qRT-PCR using (Biometra, Germany) for reverse
transcription and (Rotor-Gene, Germany) for real time
PCR. This was performed on fresh samples taken from
both controls and patients at time of diagnosis before

Fig. 1 HOTAIR genomic map (https://www.thermofisher.com/taqman-gene-expression) [14]

Table 1 Demographic, clinical, and hematological data of AML
patients and control groups

Parameter Control group Patients’ group

n = 30 n = 35

Age (years) Mean ± SD 52.53 ± 16.29 41.77 ± 18.53

Range 16-77 14-75

Sex Female 24 (80.0%) 19 (54.3%)

Male 6 (20.0%) 16 (45.7%)

HSM No HSM 10 (33.3%) 25 (71.4%)

HSM 20 (66.7%) 10 (28.6%)

TLC (×103/uL) Median (IQR) 5.2 (3.7-8.86) 26.4 (1.87-69.4)

Range 0.6-15.3 0.3-376.9

Hb (g/dL) Mean ± SD 8.90 ± 3.14 8.15 ± 1.81

Range 2.23-14.4 3-14.2

PLT (×103/uL) Median (IQR) 39 (13-100) 26 (13-55)

Range 6-750 4-234

BM blasts % Mean ± SD 1.89 ± 0.89 67.74 ± 23.65

Range 1-3 21-97

n number, SD standard deviation, IQR interquartile range, uL microliter, g/dL
gram per deciliter, HSM hepatosplenomegaly, TLC total leucocytic count, Hb
hemoglobin, PLT platelets, BM bone marrow

Table 2 Cytogenetic data of AML patients

Cytogenetics AML patients’ group

n = 35

Unknown 30 (85.7%)

Known 5 (14.3%)

t(15;17) 2 (40.0%)

t(8;21) 1 (20.0%)

t(9;22) 1 (20.0%)

xx 1 (20.0%)

AML acute myeloid leukemia, n number, t translocation
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initiation of chemotherapy. Another sets of samples were
taken from patients at day 28 after treatment and during
follow-up for assessment of BM blasts %. No stored
samples were used.

Sampling
Three milliliters (mL) of venous blood were aseptically
collected from each patient, dispensed in a K2-ethylene
diamine tetraacetic acid (K2-EDTA) tube to be used for
CBC and Leishman-stained PB smear. BM aspiration
was done for all subjects and several BM smears were
spread to be examined by Leishman stain. In total, 1.5
mL of BM aspiration was drawn and dispensed into
sterile K2-EDTA vacutainer tube to be used for IPT. A
total of 0.5 mL BM samples were drawn and dispensed
into heparin anticoagulated tubes for cytogenetic ana-
lysis. In total, 1.5 mL of BM aspiration was drawn and
dispensed into sterile K2-EDTA vacutainer tube to be
used for measurement of HOTAIR expression level on
BM mononuclear cells by qRT-PCR.

These samples were taken from both controls and pa-
tients at time of diagnosis before initiation of chemo-
therapy. Another sets of BM aspiration samples were
taken from patients at day 28 after treatment and during
follow-up for BM blasts % assessment.

HOTAIR expression level on BM mononuclear cells
measurement by qRT-PCR
Ribonucleic acid (RNA) extraction
RNA extraction was done using QIAamp RNA Blood
Mini Kit, Qiagen (04/2010), catalog (cat.) number (no.):
(52304) (http://www.qiagen.com). RNA species longer
than 200 bases bind to the QIAamp silica-based mem-
brane using a specialized high-salt buffering system.
Erythrocytes are lysed and leukocytes are recovered by
centrifugation then lysed using highly denaturing condi-
tions that immediately inactivate ribonucleases (RNases),
allowing the isolation of intact RNA. Homogenization of
the lysate is done by a brief centrifugation through a

Table 3 HOTAIR expression in both AML patients and control groups

Parameter Control group Patients group p
value

Significance
(page 19,
line 10)

n = 30 n = 35

HOTAIR (folds of control) Median (IQR) 0.87 (0.62-1.4) 4.23 (3.6-5.5) 0.000 HS

Range 0.14-3.25 1.11-16.11

Mann-Whitney test
n number, IQR interquartile range, p value probability value, HS highly significant

Fig. 2 Demonstration of difference of HOTAIR expression level between AML patients and control groups

Eldin et al. Egyptian Journal of Medical Human Genetics           (2021) 22:36 Page 4 of 11

http://www.qiagen.com


QIAshredder spin column. Ethanol is added to adjust
binding conditions and the sample is applied to the
QIAamp spin column. RNA is bound to the silica mem-
brane during a brief centrifugation step. Contaminants
are washed away and total RNA is eluted in 30 microli-
ters (uL) or more of RNase-free water for direct use.

Integrated removal of genomic DNA contamination and
complementary DNA (cDNA) synthesis
This was done using QuantiTect® Reverse Transcription,
Qiagen (1056039 03/2009), cat. no.: (204654, 204754)
(http://www.qiagen.com).
It comprises 2 main steps: elimination of genomic

DNA and reverse transcription (RT) [13] (http://www.
qiagen.com).

Elimination of genomic DNA The purified RNA sam-
ple is briefly incubated in genomic DNA Wipeout Buffer
at 42 °C for 2 min to effectively remove contaminating
genomic DNA, the RNA sample is then used directly in
reverse transcription.

Reverse transcription The entire reaction takes place at
42 °C and is then inactivated at 95 °C. Quantiscript re-
verse transcriptase has a high affinity for RNA and is op-
timized for efficient and sensitive cDNA synthesis from
10 picograms (pg) to 1 microgram (ug) of RNA. This
high RNA affinity, in combination with quantiscript RT
buffer, enables high cDNA yields. RT primer mix en-
sures cDNA synthesis from all regions of RNA tran-
scripts, even from 5′ regions. This allows high yields of
cDNA template for real-time PCR analysis regardless of
where the target region is located on the transcript.

qRT-PCR
HOTAIR TaqManTM Gene Expression Assay, Thermo-
Fisher, cat. no.: (4448892) (Fig. 1) (https://www.
thermofisher.com/taqman-gene-expression/) with primer
sequence (Forward 5′-GCA GTA GAA AAA TAG ACA
TAG GAGA-3′, Reverse 5′-AAT GAT AGG GAC ACA
TCG GGG AAC T-3) (https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC4774541/) was used.
TaqManTM Gene Expression Master Mix, Thermo-

Fisher (Part No: 4371135 Rev. C, 07/2010) (https://www.

Table 4 Relation of HOTAIR expression and FAB subtypes of AML

FAB
subtype

Patients
n = 35

HOTAIR p
value

Significance

Median (IQR) Range

M0 3 (8.6%) 5.03 (3.61-12.9) 3.61-12.9

M2 7 (20.0%) 3.94 (3.78-6.41) 3.29-7.11 0.408 NS

M3 5 (14.3%) 3.32 (2.38-4.23) 1.11-10.85

M4 4 (11.4%) 4.34 (3.84-4.64) 3.6-4.69

M5 3 (8.6%) 4.53 (4.03-5.5) 4.03-5.5

Mixed 3 (8.6%) 4.89 (4.26-8.46) 4.26-8.46

M0-1 1 (2.9%) 16.11 (16.11-16.11) 16.11-16.11

M1-2 8 (22.9%) 3.76 (2.5-5.3) 1.4-8

M4-5 1 (2.9%) 3.56 (3.56-3.56) 3.56-3.56

Kruskal-Wallis test and post HOC test
n number, IQR interquartile range, p value probability value, NS non-significant

Table 5 Relation of HOTAIR with the clinical parameters

Parameter HOTAIR (folds of control) p
value

Significance

Median (IQR) Range

Sex Female 4.03 (3.61-5.17) 1.4-16.11 0.476 NS

Male 4.64 (3.58-6.76) 1.11-12.9

Response Responders 4.06 (3.47-5.03) 1.11-12.9 0.195 NS

Non-responders 5.03 (3.78-8) 1.4-16.11

HSM No HSM 4.26 (3.6-5.43) 1.11-16.11 0.956 NS

HSM 4.01 (3.61-5.5) 3.38-8.46

Relapse Non-relapsed 4.06 (3.47-5.03) 1.11-12.9 0.195 NS

Relapsed 5.03 (3.78-8) 1.4-16.11

Mann-Whitney test
IQR interquartile range, p value probability value, NS non-significant
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thermofisher.com), was used for qRT-PCR which
contains AmpliTaq Gold®, DNA Polymerase, UP (Ultra
Pure), Uracil-DNA Glycosylase (UDG), deoxyribonucleo-
tide triphosphates (dNTPs) with deoxyuridine triphos-
phate (dUTP), ROX™ Passive Reference and Buffer
components optimized for sensitivity, precision, specifi-
city, and duplexing. The PCR reaction exploits the 5′
nuclease activity of AmpliTaq® Gold DNA Polymerase,
UP (Ultra Pure) to cleave a TaqMan® probe during PCR.
The TaqMan probe contains a reporter dye at the 5′
end of the probe and a quencher dye at the 3′ end of
the probe. Cleavage of the probe separates the reporter
dye and the quencher dye, resulting in increased

fluorescence of the reporter. Accumulation of PCR prod-
ucts is detected directly by monitoring the increase in
fluorescence of the reporter dye. The nuclease activity is
fork-like and structure dependent. When the probe is in-
tact, the proximity of the reporter dye to the quencher
dye results in suppression of the reporter fluorescence
primarily by Förster-type energy transfer, the probe spe-
cifically anneals to the target. The 5′ to 3′ nucleolytic
activity of the AmpliTaq Gold, UP enzyme cleaves the
probe between the reporter and the quencher only if the
probe hybridizes to the target. The probe fragments are
then displaced from the target, and polymerization of
the strand continues. The 3′ end of the probe is blocked
to prevent extension of the probe during PCR. This
process occurs in every cycle, and it does not interfere
with the exponential accumulation of product. Increased
fluorescence signal is detected only if the target se-
quence is complementary to the probe and if it is ampli-
fied during PCR.
Housekeeping gene GABDH was used as an endogen-

ous control to normalize the amount of total mRNA in
each sample of HOTAIR between different samples.
HOTAIR expression was measured as fold of control
using the equation of ΔRn = (Rn+)−(Rn−), (where Rn+
= emission Intensity of Reporter PCR with template
Emission Intensity of Passive Reference and Rn− =
Emission Intensity of Reporter PCR without template or
early cycles of a real-time Emission Intensity of Passive

Table 6 Correlation of HOTAIR with age, laboratory data, and
EFS (months) of the studied patients

Cases only HOTAIR

Correlation (r) p value

Age (years) 0.013 0.943

TLC (×103/microliter (uL)) 0.356 0.036

Hb (gram(g)/dL) 0.071 0.686

PLT (×103/uL) 0.218 0.208

BM blasts % -0.007 0.968

EFS -0.304 0.076

Spearman correlation coefficient
r correlation coefficient, uL microliter, g/dL gram per deciliter, HSM
hepatosplenomegaly, TLC total leucocytic count, Hb hemoglobin, PLT platelets,
BM bone marrow, EFS event free survival (page 21, line 36)

Fig. 3 Significant correlation between HOTAIR expression and TLC in AML patients
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Reference reaction). Then the results is calculated as
2−ΔΔCT (where CT= cycle threshold).

Statistical analysis
Descriptive and analytical statistical procedures were
conducted. Data entry and statistical analysis of collected
data was performed using Statistical Package for Social
Science (SPSS version 23.0). Comparison between two
groups regarding qualitative data was performed using
chi-square test (X2). The comparison between two inde-
pendent groups regarding quantitative data with para-
metric distribution was done by using independent t test
(t) while comparison between two independent groups
regarding quantitative data with non-parametric distri-
bution was done by using Mann-Whitney test. Parame-
ters correlations (correlation coefficient “r”) were
performed by using Spearman’s correlation. Kruskal-
Wallis test and post HOC analysis were performed for
comparison among groups regarding quantitative non-
parametric data. Receiver operating characteristic (ROC)
as a graphical plot was done to determine the best cut-
off value for HOTAIR as a diagnostic marker for AML.
Kaplan-Meier analysis with log-rank test was used to as-
sess the relation of HOTAIR with relapse free survival
(event free survival (EFS)). Regarding power of signifi-
cance, the probability level (p value) was considered sig-
nificant (S) if p value was < 0.05, non-significant (NS) if
p value was ≥ 0.05 and highly significant (HS) if p value
was <0.01.

Results
Demographic, clinical, hematological, and cytogenetic
data are shown in Tables 1 and 2.
HOTAIR was expressed in all AML patients ranging

from 1.11-16.11 (median: 4.23; interquartile range (IQR):
3.6-5.5) (Table 3). HOTAIR expression was higher in
AML patients group than control group and this differ-
ence was statistically highly significant with p value=
0.00 (Table 3 and Fig. 2).
As regards FAB subtypes, highest levels of HOTAIR

expression were seen in M0-1 (median: 16.11, IQR:
16.11-16.11) followed by M4 (median: 4.34, IQR: 3.84-
4.64), M5 AML (median: 4.53, IQR: 4.03-5.5), and mixed
phenotype acute leukemia (AL) (median: 4.96, IQR: 4.1-
9.57) than other FAB classification subtypes. The least
expression was seen in M3 (median: 3.32, IQR: 2.38-
4.23). However, statistical analysis revealed no significant

relation between HOTAIR expression and FAB subtypes
(p value = 0.408) (Table 4).
There was no statistically significant relation between

HOTAIR expression and each of age and sex (p value=
0.943 and 0.476 respectively) in AML patients. In
addition there was no statistically significant relation be-
tween HOTAIR expression and hepatosplenomegaly
(HSM) among AML patients (p value= 0.956) (Table 5).
As regards the correlation between HOTAIR expression

and hematological data among AML group, there was a
positive significant correlation between HOTAIR expres-
sion and total leucocytic count (TLC) (p = 0.036). How-
ever. there was no statistical correlation between AML
patients and hemoglobin (Hb) or platelets (PLT) (p value
= 0.686, p value = 0.208 respectively). As regards BM blast
cell count, there was no statistically significant correlation
between HOTAIR expression and blasts count among
AML cases (p value = 0.968) (Table 6 and Fig. 3).
Receiver operating characteristic (ROC) curve was

used to assess the best cut-off point with best sensitivity
and specificity for the diagnosis of AML. This study re-
vealed that HOTAIR expression value of 3.25 turned to
be the best cut-off value that could discriminate between
AML patients and control group. The diagnostic

Table 7 Diagnostic performance of HOTAIR expression in AML patients

Cut-off point AUC Diagnostic accuracy Sensitivity Specificity +PV −PV

3.25a (folds of control) 0.978 97.8% 88.57 100.00 100.0 88.2

AUC area under the curve, PV predictive value
a3.25-folds of control: The cut-off concluded from receiver operating characteristic curve (ROC) for HOTAIR to differentiate between AML patients and controls
(Fig. 4)

Fig. 4 Receiver operating characteristic curve (ROC) for HOTAIR to
differentiate between AML patients and controls
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performance was evident by area under the curve (AUC)
of 0.978 with a diagnostic accuracy of 97.8%, diagnostic
sensitivity of 88.57%, specificity of 100%, positive pre-
dictive value (PV) of 100%, and negative predictive value
of 88.2% (Table 7 and Fig. 4).
According to patient response to chemotherapy at day

28, most patients with higher HOTAIR expression are non-
responsive (BM blast% > 5% at day 28 of starting chemo-
therapy) (median: 5.03 and 4.6; IQR: 3.78-8 and 3.47-5.03
respectively); nevertheless, the association between
HOTAIR expression and response to chemotherapy was
found to be statistically insignificant (p = 0.195) (Table 5).
Follow-up of the patients was done after day 28 till ei-

ther the end of the study or last contact with the patient
to find patients who were relapsed. In this study, 11
AML cases out of 35 AML cases were relapsed. Ten of

AML relapsed cases had HOTAIR expression > 3.25-
folds of control, while one of the 11 relapsed cases had
HOTAIR expression < 3.25-folds of control; however,
this was statistically insignificant. Kaplan-Meier analysis
by log-rank test shows that cases with HOTAIR > 3.25-
folds of control have lower mean EFS (11.0 ± 0.828) than
cases with HOTAIR < 3.25-folds of control who have
higher EFS (8.87 ± 0.816). This was statistically insignifi-
cant (p value = 0.694) (Table 8 and Fig. 5). There was no
significant association between HOTAIR expression and
standard prognostic factors in AML (Tables 9 and 10).
Interestingly, there was an M0-1 FAB classified case

who showed resistance to therapy with no remission
whose HOTAIR expression level was the highest (16.11-
folds of control). In contrary, M3 AML cases showed the
lowest HOTAIR expression (Table 4).

Table 8 Relationship of HOTAIR expression and EFS

Parameter Number
of
events
(relapse)
(n=11)

EFS (months) 95% CI X2* p
value

Significance

Mean SE Lower Upper

HOT AIR < 3.25 (folds of control) 1 11 0.816 9.4 12.6 0.155 0.694 NS

HOT AIR > 3.25 (folds of control) 10 8.871 0.828 7.247 10.495

Log-rank test
n number, EFS event free survival, CI confidence interval, X2* chi-square test, SE standard error, p value probability value, NS non-significant

Fig. 5 Cumulative survival of AML patient group during study period
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Discussion
Although HOTAIR has been implicated in the onset of a
variety of tumors, its role in hematological tumor forma-
tion remains unclear. HOTAIR acts as a scaffold for his-
tone modification complexes and is involved in epigenetic
gene regulation [15]. The present study aimed at elucida-
tion of the value of HOTAIR expression as a diagnostic
and prognostic marker in AML by investigating its level of
expression and assessing its relation to various clinical,
biological, and standard prognostic factors.

In this study, the expression of LncRNA HOTAIR is
observed in all de novo AML patients and this expres-
sion was significantly higher in AML patients than con-
trols. This expression showed insignificant association
with different FAB subtypes which may be due to small
sample size or due to different subtypes involved in the
study. This is in accordance with Fouad and Salah [15]
who held a study at Cairo University aimed at studying
HOTAIR LncRNA expression in Egyptian AML patients
and revealed that HOTAIR is upregulated in AML. Also,
this goes with Gao et al. [16] who found that HOTAIR
was elevated in AML cells. This is also supported by
Hao and Shao [8] who could not thoroughly assess
whether there is any difference in HOTAIR levels be-
tween AML subtypes also due to small sample size.
In contrary, Sayed et al. [17] examined the expres-

sion of HOTAIR messenger ribonucleic acid (mRNA)
in the blood samples of 25 Iranian AML patients in
comparison with 50 healthy controls and investigated
the correlation between this lncRNA expression levels
and the disease using quantitative real-time RT-PCR.
They also categorized their samples regarding the
gender into two separate groups of males and

Table 9 Relation of HOTAIR expression to standard prognostic factors in AML

Prognostic factors HOTAIR (folds of control)

< = 3.25 > 3.25 Test
value

p
value

Significance

No. % No. %

Age (years) < 60 3 75.0% 24 77.4% 0.012 0.914 NS

≥ 60 1 25.0% 7 22.6%

Sex Female 3 75.0% 16 51.6% 0.781 0.377 NS

Male 1 25.0% 15 48.4%

TLC (×103/uL) < 100 4 100.0% 28 90.3% 0.423 0.515 NS

≥ 100 0 0.0% 3 9.7%

Hb (g/dL) < 6 0 0.0% 2 6.5% 0.274 0.601 NS

≥ 6 4 100.0% 29 93.5%

Platelets (×103/uL) < 30 4 100.0% 17 54.8% 3.011 0.083 NS

≥ 30 0 0.0% 14 45.2%

BM blast % < 60 1 25.0% 12 38.7% 0.285 0.593 NS

≥ 60 3 75.0% 19 61.3%

HSM No HSM 4 100.0% 21 67.7% 1.806 0.179 NS

HSM 0 0.0% 10 32.3%

Cytogenetics No cyto 3 75.0% 27 87.1% 0.423 0.515 NS

Cyto 1 25.0% 4 12.9%

Response Responders 3 75.0% 24 77.4% 0.012 0.914 NS

Non-responders 1 25.0% 7 22.6%

EFS Free 3 75.0% 21 67.7% 0.087 0.769 NS

Relapse 1 25.0% 10 32.3%

No. number, uL microliter, g/dL gram per deciliter, HSM hepatosplenomegaly, TLC total leucocytic count, Hb hemoglobin, PLT platelets, BM bone marrow, EFS event
free survival, p value: probability value, NS non-significant

Table 10 Response, relapse, and EFS in AML patients

Parameter Patients’ group

n = 35

Response Responders 27 (77.1%)

Non-responders 8 (22.9%)

Relapse Non-relapsed 24 (68.6%)

relapsed 11 (31.4%)

EFS Median (IQR) 12 (4-12)

Range 1-12

n number, IQR interquartile range, EFS event free survival
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females. They demonstrated no significant differences
in HOTAIR lncRNA expression level between Iranian
AML patients and healthy individuals or between
males and females.
According to the current study, upregulated HOTAIR

expression can be used as a diagnostic marker in AML
patients with the best cut-off point of expression 3.25.
This cut-off point has a diagnostic accuracy of 97.8%
with diagnostic sensitivity of 88.57%, specificity of 100%,
positive predictive value of 100%, and negative predictive
value of 88.2%.
Studying the correlation between HOTAIR expression

and different clinicopathological factors that assigned for
risk stratification as indicated by 2017 European
Leukemia Net (ELN) recommendations from an inter-
national expert panel [18] showed a statistically signifi-
cant correlation between HOTAIR expression level and
TLC, but there was no significant correlation with other
laboratory, demographic, or clinical data.
The current study showed no association between

HOTAIR expression and prognosis and EFS, although
higher HOTAIR expression was observed in patients not
responding to therapy and those with shorter EFS. In
addition, HOTAIR expression could not be used as an in-
dependent prognostic marker. Interestingly, there was an
M0-1 FAB classified case who showed the highest
HOTAIR expression level (HOTAIR: 16.11-folds of con-
trol) and resistance to therapy with no remission (Table
4). This supports that HOTAIR is involved in the develop-
ment and progression of AML and that HOTAIR knock-
down may be a new prospective for AML treatment.
In accordance to this study, meta-analysis which

studied five researches covering a number of 531
AL and lymphoma patients demonstrated that
HOTAIR expression is related to a poor prognosis,
but did not significantly affect the EFS in patients
with AL [19].
Another study by Zhang et al. [20] suggested that up-

regulated HOTAIR expression is associated with poor
prognosis and reduced EFS. Multivariate analysis showed
that age, peripheral blood leucocyte count, and high ex-
pression of HOTAIR were independent prognostic indi-
cators for EFS.
Gao et al. [16] provided evidence that HOTAIR may

act as an oncogenic gene in AML and that its overex-
pression was associated with aggressive tumor progres-
sion. This indicated that it has a possible prognostic
value in AML and that it may represent a potential bio-
marker of poor prognosis and a potential therapeutic
target for AML intervention.
This study showed increased HOTAIR expression in

AML patients, but this upregulated expression was
not correlated with poor prognosis which may need
to be assessed as the biological importance of

HOTAIR in AML could not be ignored. Further stud-
ies are needed to find the role of HOTAIR in devel-
opment, prognosis, and targeted treatment of AML
through its silencing.

Conclusion
This study showed that the expression of HOTAIR is
upregulated in newly diagnosed adult AML patients and
that it can be used as a diagnostic biomarker in these pa-
tients. Accordingly, HOTAIR might have a role in
pathogenesis of AML and can be used as a target for
treatment by knocking it down. However, it is not asso-
ciated with outcome or prognosis in AML patients.
Hence, larger studies on AML patients with its different
subgroups and longer duration of follow-up (3-5 years)
are recommended to explore the impact of HOTAIR ex-
pression on the duration of survival and EFS of patients
after treatment.

Limitations
The main limitation of our study was relatively small
sample size. For this reason, impact of HOTAIR expres-
sion as a prognostic marker in AML patients could not
be thoroughly assessed.
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