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HOTAIR is upregulated in acute myeloid leukemia and
that indicates a poor prognosis
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Abstract: Hox transcript antisense intergenic RNA (HOTAIR) is a long non-coding RNA, its overexpression has been
documented in various human solid tumor and it can be considered as a potential cancer biomarker. However, little
is known about the role of HOTAIR in acute myeloid leukemia (AML). In this study, We evaluated HOTAIR expression
in bone marrow of de novo AML patients, AML-CR patients and normal controls by real-time quantitative reverse
transcription-PCR (qRT-PCR), then we inhibited hotair expression of two cell lines by siRNA and evaluated their pro-
liferation by CCK, finally we analyzed its relationship with the clinicopathological parameters of AML. We found that
HOTAIR is significantly upregulated in de novo AML patients compared with those of AML-CR patients and normal
controls; the reduction of HOTAIR by small interfering RNA (siRNA) repressed the proliferation of HL-60 and K562;
the higher expression level of HOTAIR in AML patients was significantly correlated with NCCN high risk group. In
conclusion, our study indicated that hotair is highly expressed in AML patients, and hotair expression significantly

correlates with clinicopathological prognostic stratification in AML.
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Introduction

Acute myeloid leukemia (AML) is the most com-
mon acute leukemia in adults with an incidence
of 3-4 per 100,000 persons per year. AML is a
genetically heterogeneous disorder character-
ized by the somatically acquired genetic chang-
es in hematopoietic progenitor cells altering
normal mechanisms of self-renewal, prolifera-
tion, and differentiation. Greater insight into
the genetic background of the disease fostered
the extension of disease classification and pre-
treatment risk-categorization by gene muta-
tions. In order to improve outcome in AML, mul-
tiple studies aimed at genetic characterization
of AML have been performed in the hopes of
furthering our understanding of AML pathogen-
esis and identifying new therapeutic approach-
es[1, 2].

Long non-coding RNAs (IncRNAs) are a hetero-
geneous class of RNAs that are generally
defined as non-protein-coding transcripts lon-
ger than 200 nucleotides. IncRNA which was

considered as only transcriptional “noise” in the
past decades can participate in various critical
biological processes, such as chromatin remod-
eling, gene transcription, and protein transport
and trafficking [3]. Recently, more and more
studies have shown that IncRNAs are deregu-
lated in a wide variety of cancers [4, 5].

Hox transcript antisense intergenic RNA
(HOTAIR) is a IncRNA with 2158 nucleotides in
length which is expressed from HOXC locus on
12 chromosome [6]. It interacts with polycomb
repressive complex 2 (PRC2) and causes tar-
geting it to the HOXD locus, the transcriptional
silencing of a40-kb region of the HOXD locus
which encodes several transcription factors
remodeled gene expression pattern of the cells
[7, 8]. HOTAIR can also interact with a second
histone modification complex, the LSD1/
CoREST/REST complex, which coordinates the
targeting of PRC2 and LSD1 to chromatin for
coupled histone H3K27 methylation and K4
demethylation [9].
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Figure 1. HOTAIR expression was significantly higher
in AML-de novo patients (n=21) than in AML patients
(n=13) and controls (n=16). Relative HOTAIR expres-
sion was determined using qRT-PCR with GAPDH as
an internal control. Data are expressed as mean *
SD.

Recently, HOTAIR has been determined to be a
negative prognostic indicator in various solid-
tumor patients [10-12]. Nevertheless, little is
known about the impact of HOTAIR on AML. To
understand the role of HOTAIR in AML, we
investigated the expression level of HOTAIR in
AML and analyzed its relationship to clinical
pathological features.

Materials and methods
Patients and samples

A total of 34 AML cases were enrolled in our
study including 21 de novo AML patients and
13 cases who had achieved complete remis-
sion (CR). 21 de novo AML patients were diag-
nosed in the Hematology Department of
General Hospital Tianjin Medical University
between February 2014 and November 2014
according to the “2008 WHO adult acute
myeloid leukemia (non acute pro-myelocytic
leukemia) diagnosis guidelines” and “2008
WHO adult acute pro-myelocytic leukemia diag-
nosis guidelines”. 13 cases achieved comple-
ment remission (CR) were enrolled as AML-CR
group. 16 iron-deficiency anemia (IDA) patients
diagnosed according to the international crite-
ria of IDA in our department were enrolled as
control group. We collected 2 ml EDTA antico-
agulant fresh bone marrow samples from each
patient and BM sample of de novo AML patients
were collected before intervention. This study
was approved by the Ethics Committee of
Tianjin Medical University. Informed written
consent was obtained from all patients in
accordance with the Declaration of Helsinki.
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Quantitative real-time PCR

Total RNA from human bone marrow was
extracted using the TRIzol reagent (Invitrogen),
and 1 pg of RNA was reverse-transcribed using
the TIANScript RT Kit (TIANGEN, Beijing, China).
The sequences of primers specific for HOTAIR
(forward, 5'-GGTAGAAAAAGCAACCACGAAGC-3’;
reverse, 5-ACATAAACCTCTGTCTGTGAGTGCC-3’,
191-bpPCR product) were synthesized by
GENEWIZ (Suzhou, China). Quantitative real-
time PCR was performed using the BIO-RAD
iQ5 Real-Time System (BIO-RAD, Hercules, CA,
USA), and SYBR Green (TIANGEN) was used as
a double strand DNA-specific dye. qRT-PCR
cycling program: 95°C for 15 min, followed by
40 cycles at 95°C for 10 s and 62.4°C for 30 s.
GAPDH was used as a housekeeping gene for
standardizing the expression of targeted mRNA.
After normalization of the data according to the
expression of GAPDH mRNA, the levels of
HOTAIR were calculated using the 2-AACt meth-
od ((Ct, hotair-Ct, GAPDH) sample-(Ct, hotair
-Ct, GAPDH) control).

Cell lines and cell cultures

Human leukemia cell lines HL60 and K562
were purchased from the Institute of
Biochemistry and Cell Biology of the Chinese
Academy of Sciences (Shanghai, China). Cells
were cultured in RPMI 1640 medium (Solarbio,
Beijing, china) supplemented with 10% fetal
bovine serum (FBS), 100 U/ml penicillin and
100 pg/ml streptomycin (Solarbio, Beijing,
China) in humidified air with 5% CO, at 37°C.

SiRNA transfection

Three individual small interfering RNA (siRNAs)
and scrambled negative control siRNA (si-NC)
were purchased from GenePharma (Gene-
Pharma, Shanghai, China). The target sequenc-
es for HOTAIR siRNAs were as follows: (si-
HOTAIR1, sense: 5-GAACGGGAGUACAGAGAGA-
UU-3’ antisense: 3-UUCUUGCCCUCAUGUCUC-
UCU-5’, si-HOTAIR2, sense: 5-CCACAUGAACG-
CCCAGAGAUU-3’ antisense: 3'-UUGGUGUACU-
UGCGGGUCUCU-5" andsi-HOTAIR3, sense: 5-
UAACAAGACCAGAGAGCUGUU-3’ antisense: 3'-
UUAUUGUUCUGGUCUCUCGAC-5 HL60O and
K562 cells (2 x 10%/well) were plated in 24-well
plates overnight separately. Cells were then
transfected with 20pM si-NC or 20pM siRNA
against HOTAIR (siHOTAIR 1 siHOTAIR 2 and
siHOTAIR 3) for 48 hours using Lipofectamine
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Table 1. Relationship between HOTAIR expression levels and
clinicopathological parameters of de novo AMLsamples

(M3), 7 cases of acute myelomono-
cytic leukemia (M4), 3 cases of acute

Clinicopathologic

Relative expression of

monocytic leukemia (M5), and 2

features Number HOTTIP (Mean + SD) P-value cases of acute red leukemia (M6).
Gender 0.3091 According to the 2014 American
Male 11 5.693 + 5.005 National Comprehensive Cancer
Female 10 4.064 + 4.087 Network (NCCN) guidelines based on
Subtype 0.8149 .cy'Fogenetlc and mplecular char.af:ter-
istics, all the patients were divided

AML-M2 2 7.047 + 8.082 . . L
AMLM3 ; 5.020 + 5.588 into onv nsk. group, med'lal I’IS|:( group
and high risk group, including 15
AML-M4 7 3.858 + 3.023 cases of patients with low or medial
AML-M5 3 7176 £ 7.802 risk group, 6 cases with high risk
AML-M6 2 2.746 + 1.482 group. There were 13 cases of AML-
NCCN groups 0.0233* CR patients, male 5 cases, female 8
Low and medium risk 15 2.875 + 1.966 cases, mean age 43.6 + 16.5 years
High risk 6 10.02 + 6.235 old. They included 3 cases of AML-
*P<0.05. M2, 8 cases of AML-M3 and 2 cases

2000 transfection reagent (invitrogen, CA, USA)
according to the manufacturer’s protocol.
Following the transfections, HL60 and K562
cells were then harvested for RT-PCR.

Cell proliferation assays

Cell proliferation was evaluated using the
Transdetect Cell Counting Kit (Transgen,
Beijing, China). Cells (2 x 103 cells/well) were
seeded into 96-well flat-bottomed plates in
100 pl of complete medium. The cells were
incubated overnight and were then transfected
with siNC or siHOTAIR for 24, 48 and 72 h. CCK
solution (10 ul) was added to each well, and the
cells were incubated for an additional 2 h.
Absorbance was measured at 450 nm using a
microplate reader. Three independent experi-
ments were performed in triplicate.

Statistical analysis

Mann-Whitney U test were conducted to ana-
lyze data using GraphPad Prism 5 Software. A P
value of <0.05 was considered statistically
significant.

Results
Clinical data of patients

There were 21 cases of de novo AML patients,
male 11 cases, female 10 cases, mean age
50.61 + 16.04 years old. Among them, 2 cases
of acute myeloid leukemia differentiation type
(M2), 7 cases of acute promyelocytic leukemia
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of AML-M4.

HOTAIR was upregu lated in de novo AML pa-
tients

The level of HOTAIR was detected in 21de novo
AMLsamples, 13 AML-CR samples and 16 con-
trol samples by gRT-PCR, and normalized to
GAPDH. HOTAIR expression was significantly
up-regulated in de novo AML compared with
AML-CR patients and controls. However, there
were no significant differences between AML-
CR patients and controls (Figure 1).

Correlations between elevated HOTAIR and
clinicopathological characteristics

In order to examine the clinical importance of
the HOTAIR overexpression, the correlation
between clinicopathological parameters of de
novo AML samples and level of HOTAIR expres-
sion was investigated. Analyses showed that
the elevated HOTAIR level had significantly cor-
relation with NCCN high risk group. However,
there were not any relationships between
HOTAIR and patients’ gender or leukemia sub-
type (Table 1).

Manipulation of HOTAIR levels in leukemia
cells

To investigate the functional effects of HOTAIR
in leukemia cells, three individual HOTAIR siR-
NAs were transfected into HL-60 and K562
cells. gqRT-PCR analysis of HOTAIR levels was
performed 48 h post-transfection. When com-
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Figure 2. A. Knockdown of HOTAIR inhibits the cell proliferation of leukemia cells. CELLS were transfected with
HOTAIR-specific siRNA and negative control siRNA (siNC), and knockdown efficiency was determined by qRT-PCR
analysis. B. Knockdown of HOTAIR decreases cell proliferation in HL-60 cells. The proliferation of leukemia cells
transfected with siHOTAIR and negative control siRNA (siNC) was determined using the CCK assay. Bars indicate
mean + SD of three independent experiments performed in triplicate. *P<0.05 vs. siNC. C. Knockdown of HOTAIR
decreases cell proliferation in K562 cells. The proliferation of leukemia cells transfected with siHOTAIR and negative
control siRNA (siNC) was determined using the CCK assay. Bars indicate mean + SD of three independent experi-

ments performed in triplicate. *P<0.05 vs. siNC.

pared with control cells (si-NC), HOTAIR expres-
sion was knocked down by 77.84% in K562 and
71.8% in HL-60 by si-HOTAIR3 (Figure 2A).
Thus, si-HOTAIR3, the most effective siRNA was
used in subsequent experiments.

HOTAIR knockdown decreases cell prolifera-
tion in leukemia cells

To determine the role of HOTAIR in leukemia
cell growth, siHOTAIR-transfected cells were
used in the CCK assay. siRNA-mediated knock-
down of HOTAIR decreased cell proliferation by
39.07% and 39.0% at 72 h post-transfection in
HL-60 and K562 cells respectively (Figure 2B,
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2C). This finding indicates that HOTAIR is
involved in the proliferation of leukemia cells.

Discussion

So far more than 10,000 IncRNAs have been
identified in the human genome [3] and several
IncRNAs have been associated with hemato-
poietic cancers [13]. HOTAIRM1 (HOX antisense
intergenic RNA myeloid 1) plays a role in the
myelopoiesis through modulation of gene
expression in the HOXA cluster, Knockdown of
HOTAIRM1 quantitatively blunted RA-induced
expression of HOXA1 and HOXA4 during the
myeloid differentiation of NB4 cells, and selec-
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tively attenuated induction of transcripts for
the myeloid differentiation genes CD11b and
CD18 [14]. In addition, the level of ANRIL was
increased in many AML and ALL patients [15],
and the abundance of MEG3 was decreased in
myeloid leukemia [16] but BIC was increased in
B cell lymphoma [17].

Until now, many studies have showed that
increased expression of HOTAIR is associated
with malignant progression and poor survival in
various solid cancer types. Hence, HOTAIR may
be considered as a potential target for diagno-
sis and treatment of various cancer types.

A study in non-small cell lung cancer (NSCLC)
indicates that HOTAIR is significantly up-regu-
lated in NSCLC tissues, and regulates NSCLC
cell invasion and metastasis, partially via the
down-regulation of HOXAS [18]. Jung et al [19]
indicated that the expression level of HOTAIR in
cervical cancer tissues was higher than that in
corresponding non-cancerous tissues. High
HOTAIR expression correlated with lymph node
metastasis, and reduced overall survival. A
multivariate analysis showed that HOTAIR was
a prognostic factor for predicting cervical can-
cer recurrence; knockdown of HOTAIR reduced
cell proliferation, migration, and invasion in cer-
vical cancer cell lines. Furthermore some stud-
ies indicated that epigenetic reprogramming as
a result of changes in IncRNA abundance and
PcG complex recruitment could be a general
property of malignant cells [12, 20]. Because
PRC2 and the HOX cluster are essential factors
during blood cell development [21, 22], HOTAIR
may also function in malignant hematopoiesis,
although there are still no reports regarding the
abundance of IncRNAs as a prognostic marker
of leukemia. So we did preliminary research on
the role of hot air in AML.

The results of our study indicated that the
expression of HOTAIR was upregulated in de
novo AML patients compared with normal con-
trols and AML-CR patients. Moreover, HOTAIR
expression was found to be significantly higher
in NCCN high risk group. These findings indi-
cate that HOTAIR may play a direct role in the
modulation of AML progression and may be
useful as a novel prognostic marker for AML.

To further assess the role of HOTAIR in AML, we
investigated the effects of loss of function of
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HOTAIR on leukemia cell proliferation. We dem-
onstrated that SiRNi-mediated suppression of
HOTAIR in HL-60 and K562 cells led to a signifi-
cant inhibition of cell proliferation, hence
HOTAIR knockdown can inhibit the leukemia
cells proliferation in vitro; thus, HOTAIR repre-
sents a new prognosis marker and a promising
target for AML treatment. Our results are con-
sistent with previous research about the effect
of hot air on other cancers.

However, it should be noted that the sample
size of this study is not very big, thus each leu-
kemia subtype has few cases, so we cannot
thoroughly compare whether there is any differ-
ence in hot air level between them. Moreover,
although several IncRNAs have been identified
the association with hematopoietic cancers,
the mechanism of the effect of these IncCRNA
on hematopoietic malighances is not very clear.
Our study also failed to answer this question
and we will precede thorough research on it in
the future.

In summary the expression of HOTAIR was
upregulated in de novo AML patients: and high-
ly expressed HOTAIR is associated with a poor
clinicopathological prognostic stratification;
HOTAIR knockdown can inhibit the leukemia
cells proliferation in vitro but its exact function
and mechanism remains to be further studied.
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