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Abstract

Background: Long non-coding RNAs (LncRNAs) have recently been considered promising biomarkers for
oncogenesis due to their epigenetic regulatory effects. HOTAIR is one of the oncogenic LncRNAs that was
previously studied in different non-hematological malignancies. The current study set out to detect the expression
level of HOTAIR LncRNA in AML patients concerning their clinical characteristics, laboratory data, FLT3-ITD, and
NPM1 mutations, as well as treatment outcome. This study included quantitative detection of HOTAIR gene
expression in 47 cases of AML using quantitative reverse transcription polymerase chain reaction, as well as NPM1
and FLT3-ITD genotyping.

Results: The HOTAIR expression was significantly higher in AML patients 6.87 (0.001) than in normal controls 1.66
(0.004–6.82) (p 0.007). The HOTAIR expression level was affected by chemotherapy, and it was correlated to
hemoglobin level (p 0.001), age, total leukocytic count (p 0.022), and NPM1 mutation (p 0.017). HOTAIR gene
expression level showed a correlation to relapse-free survival in the study group (p 0.04).

Conclusion: HOTAIR is overexpressed in patients with acute myeloid leukemia (AML). HOTAIR pre-treatment and
post-chemotherapy gene expression levels can predict chemosensitivity and relapse.
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Background
The availability of whole-genome sequencing enabled
discovering the genomic landscape and the non-coding
genes, representing ~ 98% of the human genome [1, 2].
Long non-coding RNAs (LncRNAs) are non-coding
RNA transcripts that exceed 200 base pairs (bp) in
length. LncRNAs are located and transcribed from
different genomic loci and are designated as intergenic
and intronic LncRNAs from intergenic regions and
introns, respectively [3].
HOX transcript antisense intergenic RNA (HOTAIR)

is a 2158-bp LncRNA transcribed from the antisense

strand of the homeobox C gene on chromosome 12 [4].
HOTAIR acts in trans on the HOX D locus of chromo-
some 2 through chromatin-remodeling enzymes [5]. It is
a novel prognostic biomarker, especially for the potential
metastatic prediction [6]. The HOTAIR overexpression
has been shown in patients with colorectal cancer and
hepatocellular carcinoma [7]. It has been reported that
the degree of HOTAIR expression has an impact on the
survival rate of breast cancer patients [8]. It has been
demonstrated that inhibiting HOTAIR promotes cancer
cell apoptosis [9].
The Fms-like tyrosine kinase three-gene (FLT3)

encodes a tyrosine kinase expressed on hematopoietic
progenitor cells. FLT3 is the most common mutated
gene in AML [10]. The most common FLT3 mutation in
AML is an internal tandem duplication (FLT3-ITD) in
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the juxtamembrane domain of the FLT3 gene, resulting
in uncontrolled hematopoietic cell proliferation medi-
ated by FLT3/STAT5 [11].
The Nucleophosmin 1 gene (NPM1) mutations have

been described as one of the most frequent genetic
lesions in AML, occurring in about 40% of normal
karyotype AML [12]. The NPM1 gene encodes a nucleo-
cytoplasmic shuttling protein that regulates the ARF-p53
tumor-suppressor pathway [13]. NPM1 mutations result
in an abnormal cytoplasmic accumulation of the NPM1
protein [14]. NPM1 mutations have been associated with
distinct LncRNA signatures in AML [15].
The present study aims to determine the HOTAIR

expression level in AML patients using quantitative real-
time reverse transcription PCR and correlate the expres-
sion level with NPM1 and FLT-ITD mutations, as well
as laboratory data and treatment outcome.

Methods
This research aims to examine the HOTAIR gene ex-
pression in AML and the association between HOTAIR
expression and clinicopathological data from patients,
including the commonly tested mutations in our lab
(e.g., NPM1 and FLT3-ITD).
The study included 47 patients with AML from

Medical Oncology Department. The post-chemotherapy
level of HOTAIR gene expression was compared to pre-
treatment levels and treatment outcome.
The controls were age- and sex-matched volunteers

referred to the Clinical Pathology Department for bone
marrow analysis before splenectomy for hypersplenism.
Informed consent was obtained from all subjects for be-
ing included in the study.
The following are the inclusion criteria:

� All cases of AML above 18 years old (adults)
� AML with recurrent cytogenetic abnormalities
� AML NOS
� Both males and females

The following are the exclusion criteria:

� Pediatric age group
� Therapy-related AML
� AML with myelodysplasia-related changes
� History of myeloproliferative neoplasms (e.g.,

chronic myeloid leukemia or primary myelofibrosis)

The study included the following:

– Detection of NPM1 and FLT3-ITD mutations by
high-resolution melting (HRM) analysis

– Quantitative detection of HOTAIR gene expression

– Follow-up of cases after treatment (standard AML
chemotherapy 7 + 3 protocol)

– HOTAIR gene expression level detection in cases
with adequate post-chemotherapy bone marrow
samples (adequate RNA extract)

NPM1 and FLT3-ITD mutation screening by high-
resolution melting analysis
Genomic DNA was extracted from bone marrow
samples using the QIAamp® DNA Blood Mini Kit (Cat
No:51104). Twenty-five nanogram of the DNA was used
in the PCR reaction, which was performed using Melt-
Doctor™ HRM Master Mix (ABI Product Number/
4415440). The primers that had been used in the geno-
typing of NPM1 and FLT3-ITD were as follows: NPM1
forward 5′-TGGTTCCTTAACCACATTTCTTT-3′ and
reverse 5′-GGACAACACATTCTTGGC-3′ [16], while
for FLT3-ITD: forward 5′-TGCAGAACTG CCTATT
CCTAACTGA-3′ and reverse 5′-TTCCATAAGCTGTT
GCGTTCATCA-3′ [17]. The reaction plate was run
using the Applied Biosystems 7500 Fast Real-Time PCR
under the following conditions: holding 95 °C for 10
min, 50 cycles of denaturation at 95 60 °C for 15 s, and
annealing/extension at 60 °C for 1 min. The melting
curve conditions were as follows: (i) denaturation at
95 °C for 30 s, (ii) annealing at 60 °C for 1 min, (iii) de-
naturation at 95 °C for 30 s, and (iv) annealing at 60 °C
for 15 s [16, 17].

HOTAIR gene expression
Total RNA was extracted from bone marrow mono-
nuclear cells using the QlAamp RNA Blood Mini Kit
(Cat No. 52304), followed by cDNA synthesis using the
RevertAid First Strand cDNA Synthesis Kit (Cat No:
K1622). HOTAIR gene expression was performed using
the RT qPCR technique, with b-actin serving as a house-
keeping gene. SYBR Green qPCR Master Mix (Cat No:
K0221) was used. The primers that had been used in the
gene expression experiment were as follows: HOTAIR,
forward 5′-CAGTGGGGAACTCTGACTCG-3′ and
reverse 5′-GTGCCTGGTGCTCTCTTACC-3′; β-actin,
forward 5′-CACCATTGGCAATGAGCGGTTCC-3′ and
reverse 5′-GTAGTTTCGTGG ATGCCACAGG-3′ [18].
The reaction conditions were as follows: (i) holding at
95 °C for 10min, (ii) 10 cycles of denaturation at 95 °C for
15 s, (iii) annealing/extension at 95-60 °C (touch-down)
for 1min, (iv) another 40 cycles of denaturation at 95 °C
for 30 s, (v) annealing at 56 °C for 1min, and (vi) exten-
sion at 72 °C for 30 s. The expression was calculated using
the 2−ΔΔCT formula, where ΔCT = Ct HOTAIR − Ctβ-
actin and ΔΔCT = ΔCT sample − ΔCT control (reference
sample) [19].
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Statistical analysis
Statistical analysis was carried out using SPSS v25. The
Kruskal-Wallis test was used to compare cases and con-
trols, and Pearson correlation was used to associate the
clinicopathological features with HOTAIR gene
expression. P values < 0.05 are considered significant.
Survival rates (overall survival and disease-free survival)
were calculated by Kaplan Mayer (log-rank) analysis.

Results
The study involved 47 participants, 26 males and 21
females. Their age ranged from 18 to 83 years, with a
median of 36 years. According to the FAB classification,
29 cases were M2 and M4. The summary of
hematological data is shown in Table 1.

Results of NPM1 and FLT3-ITD mutation screening by HRM
HRM analysis was done using the ABI7500 fast HRM
software version 2.02. Previous studies validated the
technique of HRM for detecting NPM1 and FLT3-
ITD [16, 17].
Figures 1 and 2 illustrate the melting curves and differ-

ence plots between controls, wild genotype, and mutant
genotypes. Wild genotype in both genes was found in 22
cases. In 5 cases, mutations in both genes were found.
Five cases had NPM1 mutant and FLT3-ITD wild geno-
types, 14 cases had NPM1 wild and FLT3-ITD mutant
genotypes, and 1 case was not examined for NPM1 or
FLT3-ITD mutations (failed DNA extraction).

HOTAIR detection of gene expression in AML cases and
controls
There was a substantial difference in the median
HOTAIR gene expression levels between cases and
controls (Kruskal-Wallis, p 0.007). HOTAIR expression
in cases varied from 0.001 to 2702 with a median expres-
sion of 6.87, while it ranged from 0.004 to 6.82 with a
median expression of 1.66 in controls, as illustrated in
Table 2.
The correlation of HOTAIR expression level to age,

gender, and different hematological data was illustrated
in Table 3. High HOTAIR levels were associated with

higher hemoglobin (Hb) levels, lower total leucocytic
count (TLC), and lower age groups. Other clinicopatho-
logical factors, including age, gender, platelet count
(PLT), and complete remission (CR), were not signifi-
cantly correlated. Regarding NPM1 and FLT3 mutation
status, all the NPM1 mutant/FLT3-ITD wild cases
expressed low levels of HOTAIR (p = 0.017). Thirty-seven
cases started to receive standard induction therapy; 18/37
cases achieved CR, while the remaining cases were
deemed unfit to start induction.

HOTAIR expression in AML patients prior and post-
chemotherapy (16/37) (see Table 4)
Cases with a high expression demonstrated a substantial
reduction after CR (p = 0.028). However, cases with a
low HOTAIR expression group showed a non-significant
increase in HOTAIR expression following CR. Patients
who failed to achieve CR, whether they had low or high
HOTAIR expression, exhibited a non-significant de-
crease in HOTAIR gene expression after induction.

Combined effect of HOTAIR expression and NPM1/FLT3-
ITD mutation analysis on CR achievement and poor
outcome (see Table 5)
The NPM1 mutant/FLT3-ITD mutant group (100%)
achieved the highest CR rate among the low expression
group, while the lowest rate was found in the NPM1-
wild/FLT3-ITD mutant group (16%). Among the high
expression group, CR was maximally achieved in the
NPM1-wild/FLT3-ITD mutant (63%). Poor outcome was
defined in the study by death, relapse, and failed in-
duction. The level of HOTAIR expression did not
affect the poor outcome percentages except in the
NPM1-wild/FLT3-ITD mutant genotype, where the
high expression was associated with diminished poor
outcome percentages.

Overall survival
According to Table 6, Kaplan-Meier survival analysis
revealed that patients in the lower TLC group and those
who achieved CR had a better overall survival (OS)
(p = 0.05, p = 0.004, respectively).

Relapse-free survival
The 18 patients who achieved CR after induction ther-
apy were monitored for 12 months to assess relapse-free
survival (RFS). RFS factors such as age, gender, Hb, PLT,
blasts percent, HOTAIR expression, and NPM1/FLT3
gene mutation status and data are summarized in
Table 7. Seven patients relapsed during the follow-up
period, with a median RFS of 9 months.
HOTAIR expression levels had a significant outcome

on RFS; patients with a high HOTAIR expression
showed a higher RFS rate than those with low HOTAIR

Table 1 Age and laboratory results of AML cases

Laboratory data Median/range

TLC (× 103/μL) 26.9 (0.6–465)

Hb (g/dL) 8.45 (4.2–16.6)

Plt (× 103/μL) 44 (6–334)

Blast% 70 (20–100)

Cytogenetic results by FISH

t(8;21) Positive 2/47 cases

t(15;17) Positive 2/47 cases
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Fig. 1 HRM difference plot curve and aligned melting curve of NPM1. The wild genotype cases (red) and there are two mutant cases (blue and green)

Fig. 2 HRM difference plot curve and aligned melting curve of FLT3-ITD. The wild genotype (red) and there is one mutant case (blue)

Salah et al. Egyptian Journal of Medical Human Genetics           (2021) 22:61 Page 4 of 9



expression levels (p 0.04). The median RFS was 11
months in the high HOTAIR expression group,
compared to 7 months in the low expression group.
Regarding the NPM1 and FLT3-ITD mutation screening
results, the low HOTAIR expression group in NPM1-
WT/FLT3-WT cases (n = 4) had a higher RFS than the

high expression group (n = 2). In all cases with FLT3-
ITD, the high HOTAIR expression group had a higher
RFS than the low expression group.

Discussion
Mutations and misregulation of long non-coding RNAs
have been shown to play pivotal roles in oncogenesis.
Alterations in LncRNA expression or mutations
promote tumorigenesis and metastasis. LncRNAs carry
considerable promise as cancer novel biomarkers and
therapeutic targets [20].
Histones epigenetic modifications, such as acetylation

and methylation, have been proved to be frequently
deregulated in AML [21].
The effect of methylation is site-specific, for example,

histone 3 lysine 4 (H3K4), activates gene expression. On
the contrary, methylation of histone 3 lysine 9 (H3K9)
or lysine 27 (H3K27) suppresses the transcription [22].
The PRC2 complex contains the three core protein

subunits: enhancer of zeste homolog 2 (EZH2), embry-
onic ectoderm development, and SUZ12. EZH2 contains
a SET domain that catalyzes trimethylation of histone
H3 at lysine 27. HOTAIR binding to PRC2 is required
for H3K27 trimethylation [23].
Through whole-genome sequencing, NPM1 mutations

and FLT3-ITD were found to be associated with distinct
LncRNA signatures [24].
HOTAIR was reported to act as a bridge between pro-

tein complexes, supporting chromatin silencing, includ-
ing the PRC2 [5].
HOTAIR binds to and sequesters miR-193a competi-

tively, modulates the expression of c-KIT in AML cells,
promotes cell growth, and inhibits apoptosis [25].
Patients with NPM1 mutations proved to have a better

outcome with increased complete remission and im-
proved overall survival [26]. However, AML with FLT3
ITD carries a poor prognosis owing to its higher risk of
relapse [27].

Table 2 HOTAIR gene expression in cases and controls

Median Range p value

Cases 6.87 0.001–2702 0.007

Controls 1.66 0.004–6.82

Table 3 Correlation of HOTAIR gene expression to AML
patient’s clinicopathological parameters

Expression Sig.

Low High

Gender

Male 12 14 0.671

Female 11 10

Age

< 50 13 20 0.046

≥ 50 10 4

TLC

< 50 12 20 0.022

≥ 50 11 4

HB

< 8 13 3 0.001

≥ 8 10 21

PLT

< 50 12 14 0.34

≥ 50 11 10

Wild-FLT3

Wild NPM1 9 13 0.017

Mutant NPM1 5 0

FLT3-ITD

Wild NPM1 6 8 0.9

Mutant NPM1 2 3

CR

Achieved 8 10 0.318

Failed 15 14

Blasts

< 50 11 6 0.104

≥ 50 12 18

FAB

M2-M4 8 10 0.627

Others 11 12

Table 4 Combined effect of HOTAIR and mutation analysis on
CR and poor outcome

CR Outcome

CR % Poor %

Low expression

NPM1-WT/FLT3WT 4/9 44% 7/9 89%

NPM1-mut/FLT3-mut 2/2 100% 2/2 100

NPM1-mut/FLT3-WT 1/5 20% 5/5 100%

NPM1-WT/FLT3-mut 1/6 16% 5/6 84%

High expression

NPM1-WT/FLT3-WT 4/13 38% 10/13 62%

NPM1-mut/FLT3-mut 1/3 33% 3/3 100%

NPM1-WT/FLT-mut 5/8 63% 3/8 37.5
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In this study, the expression of LncRNA and HOTAIR
genes in 47 AML cases was estimated using the RT
qPCR technique compared to controls. HOTAIR gene
expression was higher in AML cases than in controls.
These findings match those of a previous study,
reporting that HOTAIR was overexpressed in AML
patients [28].
According to HOTAIR median expression, the pa-

tients were classified into high and low expression
groups. The high expression group showed a significant
decrease after CR achievement (p = 0.024). These results
mirror those of previous studies, which found that the
HOTAIR expression was reduced after the achievement
of CR [18]. However, a non-significant increase in the
HOTAIR expression levels was noticed in the low ex-
pression group after CR achievement.
HOTAIR expression was affected by NPM1 and FLT3

mutations. All NPM1 mutant/FLT3-ITD wild cases were
from the low HOTAIR expression group (p = 0.017),

Table 5 HOTAIR expression basal level and after induction
chemotherapy

Baseline After treatment P value

Median Range Median Range

Patients who
achieved CR

High expression
group (n = 6)

29.84 10.91–255.82 5.53 1.21–14.22 0.024

Low expression
group (n = 4)

1.04 0.46–6.71 12.8 0.05–38.32 0.144

Failed CR (n = 6) 6.55 0.57–40.22 1.01 0.92–30.57 0.249

Table 6 Overall survival

Number (47) Significance

Gender

Male 26 0.888

Female 21

Age

< 50 33 0.79

≥ 50 14

TLC

< 50 32 0.05

≥ 50 15

HB

< 8 16 0.67

≥ 8 31

PLT

< 50 26 0.7

≥ 50 21`

Expression

Low 23 0.628

High 24

Blast

< 50 18 0.86

≥ 50 29

CR achievement

Yes 18 0.004

No 29

Molecular results

Wild-FLT3 Wild-NPM1 22 0.297

Mutant-NPM1 5

FLT3-ITD Wild-NPM1 13

Mutant NPM1 6

Table 7 Relapse-free survival

Number Months Significance

All 18

Gender

Male 8 7 (4.9–9) 0.912

Female 10 9 (2.5–15)

Age

< 50 16 9 (6.5–11.5) 0.064

≥ 50 2 5 (6.4–11.4)

TLC

< 50 15 11 (6.7–15.3) 0.423

≥ 50 3 9 (6.4–11.5)

HB

< 8 3 9 0.875

≥ 8 15 9 (4.3–13.6)

PLT

< 50 11 9 (7.3–10.7) 0.552

≥ 50 7 11 (1.8–20)

Expression

Low 8 7 (4.5–9.5) 0.04

High 19 11

Blast

< 50 5 9 (5.7–12.2) 0.421

≥ 50 13 9 (6.4–11.5)

Wild-FLT3 Wild-NPM1 8 9 0.194

Mutant-NPM1 1 9

FLT3-ITD Wild-NPM1 6 12

Mutant NPM1 3 7
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and 40% of the double NPM1/FLT3-ITD mutant cases
were from the low expression group.
Since all NPM1 mutations increased cytoplasmic con-

centrations of NPM1 protein, NPM1 modulates stress
response and growth suppression by binding to and
stabilizing p53 and inhibiting MDM2 [29].
Zhai et al. had demonstrated that the p53 level was

negatively correlated with HOTAIR in non-small cell
lung carcinoma, suggesting a regulatory role for p53 in
HOTAIR transcription. They discovered two p53 bind-
ing sites in the HOTAIR promoter region [30]. Similarly,
the strong negative correlation between HOTAIR ex-
pression level and NPM1 mutation can be explained.
The HOTAIR expression was found to be positively

correlated with hemoglobin level, which contradicts a
previous study [18].
However, Shih and Kung explained that HOTAIR

expression was upregulated by hypoxia, which is a com-
mon feature of all malignancies, including AML. This
upregulation occurs through the hypoxia-responsive
element in the HOTAIR promoter region, which is acti-
vated directly by hypoxia-induced factor-1 α (HIF1α)
[31]. HIF was found to upregulate δ-aminolevulinate
synthase, which catalyzes the first and rate-limiting
reaction in the heme biosynthesis [32]. TLC was found
to be inversely associated with HOTAIR expression (p =
0.022). Previous studies on TLC and HOTAIR expres-
sion levels were controversial. Some researchers rated
the TLC as high and low according to the highest nor-
mal count (10 × 109/L) and found a positive correlation
between HOTAIR expression and TLC [18].
However, Zhang et al. concluded that there is no cor-

relation between the HOTAIR expression and TLC of
AML patients. They classified the cases into high and
low TLC groups by the count 100 × 109/L [33].
In this study, no significant correlation was found be-

tween patients’ age, gender, platelet count, CR achieve-
ment, and HOTAIR expression.
CR achievement correlation with combined HOTAIR

expression and mutation status revealed that among the
low expression group, CR was maximally achieved in the
NPM1 mutant/FLT3-ITD mutant genotype (100%) and
minimally in the NPM1 wild/FLT3-ITD mutant group.
In contrast, among the high expression group, CR was
maximally achieved in the NPM1-wild /FLT3-ITD
mutant.
Just 20% of the NPM1-mutant/FLT-wild party

achieved CR, which is probably explained by other risk
factors. Two patients had died before ending their in-
duction, one patient was not fit to start therapy, and one
patient missed his follow-up.
Patients in the NPM1 wild/FLT3-ITD mutant group

experienced an unexplained rise in CR rates, despite
having two weak prognostic factors: the FLT3-ITD

mutation and elevated levels of HOTAIR oncogenic
LncRNA expression.
Göllner et al. found that when FLT3-ITD mutation-

positive leukemic cell lines after they have been cultured
in media containing the kinase inhibitor for an extended
time, they developed resistance to the kinase inhibitor
and standard chemotherapeutics. Western blot identified
complete loss of H3K27me3 in resistant cells. They also
established that the mechanism of action is not re-
stricted to the FLT3-ITD mutation [34].
The increased CR achievement rates with high

HOTAIR expression in the FLT3-ITD-Mutant group
were due to the interaction between HOTAIR LncRNA
and its PRC2 binding function, which allows trimethyla-
tion of H3K27 and thus promotes chemo-sensitivity
even in the presence of FLT3 ITD.
In this study, the OS of patients showed a high posi-

tive association with CR achievement (p = 0.004) and a
low TLC (p = 0.05). These findings corroborate a previ-
ous study [18].
The HOTAIR high expression group had a greater

RFS (p = 0.024), surprisingly against previous literature
[2]. This finding was corroborated with the post-
chemotherapy HOTAIR expression analysis, in which
we found that the low expression group after achieving
CR had higher HOTAIR levels than at diagnosis, and 3/
4 of patients relapsed during follow-up, implying that
post-treatment HOTAIR expression levels may serve as
an early predictor of the relapse susceptibility.
Poor outcome was found in all combinations of

NPM1and FLT3-ITD results regardless of the HOTAIR
expression level except patients with FLT3-ITD mutant/
NPM1-wild populations, where the poor outcome amelio-
rated from 84% in patients with low HOTAIR expression
levels to 62% in patients with high HOTAIR expression
levels. However, this improvement was not statistically im-
portant. It can be attributed to our finding of increased
chemo-sensitivity in the group with high HOTAIR expres-
sion in the presence of FLT3-ITD mutation.

Conclusion
In conclusion, HOTAIR expression levels were signifi-
cantly higher in AML patients than in normal controls.
According to the median of HOTAIR expression, patients
were divided into high and low groups. Expression in the
high group was markedly reduced after induction therapy
and CR achievement. HOTAIR expression level correlated
strongly with the Hb level at diagnosis, but not with the
presence of the favorable mutation group (NPM1
mutation-FLT3 IDT wild-type), age, and TLC. Follow-up
of patients revealed that our patients’ overall survival was
affected by TLC and CR achievement. A higher relapse
rate was found in the low HOTAIR expression group.
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