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Abstract. HOX antisense intergenic RNA (HOTAIR), a long 
non-coding RNA, plays an important role in the development 
of many types of cancers. Its function in acute leukemia (AL), 
however, has not been examined. The present study investi-
gated the role of HOTAIR and its downstream genes in AL, 
and determined whether it could act as a molecular marker for 
prediction of leukemia development and prognosis. Real-time 
quantitative PCR was used to examine the expression of each 
gene in the HOTAIR signaling pathway in AL patients. The 
relationship between expression of HOTAIR and downstream 
genes and AL prognosis was analyzed. Expression of HOTAIR 
in patients with acute monocytic leukemia (M5) was increased 
as compared to controls (P<0.05). Compared to patients with 
low HOTAIR expression, overall survival and event-free 
survival of patients with high HOTAIR expression was signifi-
cantly reduced. In addition, the expression of downstream 
genes in the HOTAIR signaling pathway including EZH2, 
LSD1, DNMT3A and DNMT3B was significantly increased in 
AL patients, and showed a significant positive correlation with 
high expression of HOTAIR (P<0.05). In conclusion, HOTAIR 
was closely related with a poor prognosis in AL patients. It 

may be involved in the development of leukemia by mediating 
methylation of DNA and histones.

Introduction

Acute leukemia (AL) is a malignant clonal disease of hema-
topoietic stem cells. The incidence rate of leukemia in China 
is 5.68/100,000, and it is the leading cause of cancer-related 
mortality in children and adults under the age of 35 (1). Recent 
progress in medical sciences and therapeutic approaches 
such as chemotherapy, radiotherapy, biological regulation 
and hematopoietic stem cell transplantation has resulted in 
significant advancements; however, leukemia continues to be 
a significant health burden. An effective molecular marker for 
early diagnosis, prognosis and treatment guidance, is therefore, 
urgently required.

Numerous studies have shown that epigenetic abnormali-
ties play an important role in the development and progression 
of AL (2). Non-coding RNA has increasingly been shown 
to play an important role in epigenetic regulation. Long 
non-coding RNAs (lncRNAs) are a class of RNA more than 
200 nucleotides in length that lack an open reading frame and 
protein coding function, most of which are transcribed by 
RNA polymerase II (3). lncRNAs can regulate gene expression 
at the level of epigenetics, transcription and post-transcription, 
participate in X chromosome inactivation, genomic imprinting, 
chromatin modification, transcription activation, transcription 
interference, nuclear transport and a variety of important 
regulatory processes. lncRNAs are closely involved with the 
onset, development and pathogenesis of human diseases (4-7).

In 2007, Rinn et al (8) were the first to identify an lncRNA 
regulating gene expression in trans at the HOXC gene locus on 
chromosome 12. The lncRNA is involved in regulation of HOX 
gene clusters located on different chromosomes rather than 
cis-regulation in the HOXC locus and was, therefore, named 
HOX antisense intergenic RNA (HOTAIR). Gupta et al (9) 
subsequently found that the expression level of HOTAIR 
in breast cancer metastases was significantly higher than in 
primary breast cancer and normal breast tissues, and that the 
high expression of HOTAIR was associated with metastasis 
and a poor prognosis for patients. An additional two studies 
on breast cancer reached similar conclusions (10,11). Further 
studies showed that expression levels of HOTAIR were also 
significantly increased in colorectal cancer (12), hepatocellular 
carcinoma (13), lung (14), pancreatic (15) and nasopharyngeal 
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cancer (16), and other malignant tumors and metastases. 
Furthermore, cancer patients with high HOTAIR expression 
had lower survival rates and higher recurrence rates (17). 
These studies suggested that HOTAIR was involved in tumori-
genesis, and had significant clinical importance.

Studies have shown that HOTAIR epigenetically regulates 
gene expression, acting as a scaffold for protein complexes in 
both PRC2 and LSD1-mediated target gene silencing. PRC2, 
a member of PcG family, consists of the core elements EZH2, 
EED and SUZ12, as well as histone binding protein RbAp46 
and PHFl. EZH2 is an important subunit with catalytic activity, 
with a highly conserved SET structural domain that methyl-
ates the 9th and 27th lysine in the nucleosome histone H3, 
thereby inhibiting hundreds of genes. These include genes 
involved in cell growth, differentiation, tumor metastasis 
and expression of related genes. SUZ12 and EED maintain 
the stability of the complex, and are essential components 
in the catalysis of PRC2 complexes (18). The LSD1 complex 
is comprised of LSD1, REST, CoREST, HDAC1-2, BHC80 
and BRAF35 (19,20). LSD1 removes the methyl groups on 
H3K4me1/2 and H3K9me1/2, resulting in a single methyl 
group or no methyl group, thereby regulating transcription of 
downstream genes (21). REST, as a DNA-binding protein, is 
involved in localization of the LSD1 complex to the correct 
genomic location. CoREST can bind with nucleosomes, and 
recruit LSD1 to demethylate H3K4. Together, these proteins 
cooperatively inhibit transcription.

Although HOTAIR has been implicated in the onset of a 
variety of tumors, its role in hematological tumor formation 
remains unclear. To date, its significance in terms of diagnosis 
and prognosis in leukemia has not been extensively studied. 
HOTAIR acts as a scaffold for histone modification complexes 
and is involved in epigenetic gene regulation (22). The present 
study aimed to examine whether expression of DNA meth-
yltransferases and histone methyltransferases in leukemia 
patients was modulated by HOTAIR, and whether HOTAIR 
could act as a diagnostic/prognostic marker for leukemia.

Materials and methods

Patients. Ninety-six bone marrow cell samples were collected 
from patients diagnosed with leukemia and treated at the 
Affiliated Union Hospital of Fujian Medical University 
between October 2011 and February 2015. Patients included 
56 males and 40 females between the ages of 14 and 84. 
Seventy-three cases were acute myelogenous leukemia and 
23 cases were acute lymphoblastic leukemia. Eighty bone 
marrow samples from bone marrow donors and patients with 
non-hematologic malignancies were studied as controls. All 
specimens were obtained with approval from the Medical 
Ethics Committee and the patients informed consent. Inclusion 
criteria were as follows: i) diagnosis and classification of AL 
according to the French-American-British (FAB) classification 
criteria; ii) confirmation of the AL diagnosis by morphology, 
immunophenotyping, cytogenetics, molecular cell biology 
(MICM) and additional examinations. Cases of transformation 
of myelodysplastic syndrome (MDS) and acute transforma-
tion of chronic myelogenous leukemia (CML) were excluded; 
iii) patients had no other types of malignant tumors or contra-
indications to bone marrow puncture. Evaluation criteria for 

efficacy were based on ‘Diagnosis and Treatment Standards 
of Blood Disease ,̓ compiled by Zhang Zhinan. Prognosis was 
based on standards recommended by the European Leukemia 
Working Group (23).

Extraction of mononuclear cells from bone marrow. Following 
bone marrow puncture, 5 ml of bone marrow was harvested 
using sterile procedures and added to a tube containing 0.2 ml 
heparin. Mononuclear cells in bone marrow were isolated 
using lymphocyte separation medium (Hao Yang in Tianjin). 
The cell pellet was processed for extraction of DNA, RNA and 
proteins, or was stored at -80˚C for later use.

Extraction of total cellular RNA and cDNA synthesis. 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used to 
extract RNA. Two microliters of RNA was used to measure 
concentration and purity on a quantitation analyzer for nucleic 
acids. Purity of RNA was confirmed by OD260/280 ratios 
between 1.8-2.0. RNA was immediately reverse transcribed 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) to cDNA. 
A PCR tube was used, RNA (1 µg) was added, random primer 
1 µl, diethylpyrocarbonate (DEPC) water to 12 µl; 65˚C water 
bath for 5 min and quickly returned to ice for cooling; then 
5X reverse transcriptase buffer 4 µl was added, 10 mM dNTP 
mix 2 µl, reverse transcriptase 1 µl, RNase inhibitor 1 µl to the 
total volume was 20 µl. The reaction conditions were: 25˚C for 
5 min, 42˚C for 60 min, 70˚C for 5 min and the temperature 
was then decreased to 4˚C. The cDNA was either immediately 
used as a template for PCR or stored at -20˚C for later use.

Detection of changes in mRNA levels using real-time PCR. 
Real-time PCR (ABI 7500) was performed to detect expres-
sion of the lncRNA HOTAIR, PRC2 complex (EZH2, SUZ12 
and EED), LSD1 complex (LSD1, REST and CoREST), and 
methyltransferase (DNMT3A and DNMT3B) genes. The total 
reaction volume was 25 µl, and included 12.5 µl SYBR-Green 
qPCR Mix (Roche), 1 µl cDNA, 0.75 µl each of forward and 
reverse primers at 10 µmol/l (Table I), and DEPC water to 
25 µl. Cycling parameters were as follows: 50˚C for 2 min for 
1 cycle; 95˚C for 2 min for 1 cycle; 95˚C for 15 sec, then 60˚C 
for 30 sec for 40 cycles; melting curve analysis at 95˚C for 
l5 sec, 60˚C for l min, 95˚C for l5 sec, 60˚C for l5 sec for 1 cycle. 
GAPDH was used as an internal reference. Quantification of 
mRNA expression levels was performed by comparison of Ct 
values. Copy numbers were normalized to GAPDH and the 
ΔCt of target genes calculated as the average Ct value of target 
genes - average Ct value of reference genes. The mean was 
obtained and the relative expression values calculated using 
the 2-ΔCt method and differences compared.

Statistical analysis. Statistical software including SPSS 22.0 
and GraphPad Prism 6.0 was used for data analysis. 
Quantitative data are expressed as mean ± standard devia-
tion or median ± interquartile range, and qualitative data as 
the number of cases and percentages. The two groups were 
compared using the Mann-Whitney U test, while multiple 
groups were compared using the Kruskal-Wallis H test, and 
rates were compared and analyzed by the Chi-square or Fisher's 
exact tests. The Kaplan-Meier method and log-rank test was 
adopted to compare differences in survival time. Variables 
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influencing survival times with significant differences in 
univariate analysis were analyzed using a Cox proportional 
hazards model. P<0.05 was considered statistically significant. 
Overall survival (OS) was measured from the beginning of the 
trial to the death of the patient (by any cause) or to the date 
of last follow-up for surviving patients. Event-free survival 
(EFS) was measured from the beginning of the trial to treat-
ment failure, relapse or death (from any cause). For patients 
not experiencing these events, EFS was calculated to the date 
of the last follow-up. For patients who did not reach complete 
remission, EFS was calculated from the date of the beginning 
of clinical trials to the date of disease progression or death. 

Results

Expression of HOTAIR in AL patients, and analysis of clinical 
features and prognosis. The expression of HOTAIR genes in 
mononuclear cells from 96 patients with AL and 80 controls 
was examined by RT-qPCR. Our results show that the expres-
sion of HOTAIR in acute monocytic leukemia (M5) patients 
increased relative to controls (P=0.0289; Fig. 1A), and the 
increase is greater than in patients with other types of acute 
myelogenous leukemia (AML; P=0.0019; Fig. 1B). No signifi-
cant difference is observed when expression is compared 
to ALL, AML, non-M5 AML patients (P=0.7041; Fig. 1B; 
P=0.1597, P=0.6209; Fig. 1C). Based on a HOTAIR/GAPDH 
ratio=0.00098, patients were divided into a high HOTAIR 

expression group (n=19) and a low expression group (n=77; 
Fig. 2A) (24), and the clinical features of the two groups were 
analyzed. Patients from the two groups show no statistically 
significant differences in gender, age, FAB type (French-
American-British Classification: A standardized classification 
system for acute leukemias based on morphology), white 
blood cell count, hemoglobin, platelets, proportion of juve-
nile cells in the bone marrow, or risk stratification based on 
karyotype (Table II). After obtaining consent from the patients 
families, a telephone follow-up was conducted in combination 
with inpatient and/or outpatient medical record examination. 
Follow-up was completed May 30, 2015. The Kaplan-Meier 
method was used to analyze the association of expression levels 
of HOTAIR with OS and EFS in AL patients. The results show 
that, compared with patients with low HOTAIR expression, 
OS and EFS of patients with high HOTAIR expression signifi-
cantly decreased (P<0.05; Fig. 2B and C). Clinical prognostic 
indicators were also analyzed. Univariate analysis of OS and 
EFS shows that age, peripheral blood leucocyte count and the 
relative level of HOTAIR expression are prognostic indica-
tors, and although the remaining the clinical features were 
not found to be prognostic indicators, it could be due to an 
insufficient number of cases (Table III). The characteristics 
where P<0.05 were subjected to multivariable analysis showed 
that, for OS and EFS in AL patients, age, peripheral blood 
leucocyte count and HOTAIR expression are independent 
prognostic factors (Table IV).

Table I. Primer sequences for qRT-PCR.

Gene Primer (5'-3') Product size (bp) Gene accession no.

GAPDH Forward CCCCTTCATTGACCTCAACTACAT 135 NM_002046.4
 Reverse CGCTCCTGGAAGATGGTGA
HOTAIR Forward GGTAGAAAAAGCAACCACGAAGC 169 NR_047517.1
 Reverse ACATAAACCTCTGTCTGTGAGTGCC
EZH2 Forward GGAACAACGCGAGTCGG  101 NM_004456.4
 Reverse CTGATTTTACACGCTTCCGC
Suz12 Forward GCATTGCCCTTGGTGTACTC 214 NM_015355.2
 Reverse TGGTCCGTTGCGACTAAAA
EED Forward GTGTGCGATGGTTAGGCG 120 NM_003797.3
 Reverse GTCACATTAGATTCACTGGGTTT
LSD1 Forward ACCACAACAGACCCAGAAGG 116 NM_015013.3
 Reverse GGTGCTTCTAATTGTTGGAGAG
REST Forward GGCACGGAAGGAGCAAGT 97 NM_005612.4
 Reverse GGTGAGAGATCCTCTGTGC
CoREST Forward CGAGGACTAAAACTAGTGTGATGG 86 NM_015156.3
 Reverse TGCCTCTTCCAGTTCATCCT
DNMT3A Forward TATTGATGAGCGCACAAGAGAGC 111 NM_015355.2
 Reverse GGGTGTTCCAGGGTAACATTGAG
DNMT3B Forward GACTCGAAGACGCACAGCTG 98 NM_006892.3
 Reverse CTCGGTCTTTGCCGTTGTTATAG

HOTAIR, HOX antisense intergenic RNA.
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Expression levels of downstream genes in the HOTAIR 
signaling pathway. Expression of the PRC2 complex (EZH2, 
SUZ12 and EED) and the LSD1 complex (LSD1, REST and 
CoREST), and downstream genes in the HOTAIR signaling 
pathway was measured by RT-qPCR. Our results show that, 
compared with normal controls, the expression of EZH2 

and LSD1 in AL patients significantly increased (P=0.0009 
and P=0.0003, respectively; Fig. 3A and B), and showed a 
significant correlation with the high expression of HOTAIR 
(EZH2, r=0.5381, P<0.0001; LSD1, r=0.2603, P=0.0076; 
Fig. 5A and B). Expression of SUZ12 and REST showed no 
significant differences (P=0.5437 and P=0.4265, respectively; 
Fig. 3C and D), while expression of EED and CoREST decreased 
(P=0.0213 and P=0.0003, respectively; Fig. 3E and F).

Expression levels of DNA methyltransferase genes. DNA 
methylation plays an important role in the occurrence 
and progression of leukemia, and expression of DNA 

Figure 1. Expression levels of the HOTAIR gene in bone marrow-derived 
mononuclear cells. (A) HOTAIR expression in controls compared to AL 
patients; expression of HOTAIR in M5 patients increased compared to con-
trols (P=0.0289; Kruskal-Wallis H test). (B) Expression of HOTAIR in M5 
patients increased compared to patients with other types of AML patients 
(P=0.0019; Kruskal-Wallis H test), while there was no significant difference 
from levels in ALL patients (P=0.7041, Kruskal-Wallis H test). (C) There 
was no obvious difference of HOTAIR expression in controls compared to 
non-M5 AML and all AML patients (P=0.1597, P=0.6209; Kruskal-Wallis 
H test).

Figure 2. OS and EFS in AL patients. (A) Patients were divided into two 
groups based on HOTAIR expression levels; high expression of HOTAIR 
group (n=19) and low expression of HOTAIR group (n=77). (B) The 
Kaplan-Meier method was used to analyze the association between expres-
sion levels of HOTAIR and OS/EFS in AL patients (n=96). The OS of the 
high HOTAIR expression group was significantly lower than that of the low 
expression group (P=0.0019, log-rank test). (C) Compared to patients with 
low expression, EFS in patients with high expression of HOTAIR signifi-
cantly decreased (P=0.0024, log-rank test).
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methyltransferase genes directly influences the functions 
of certain oncogenes and tumor suppressor genes. DNA 

methyltransferases are divided into two types: DNMT1 
maintains DNA methylation while DNMT3A, and DNMT3B 

Table II. HOTAIR expression and clinicopathological characteristics of patients.

 HOTAIR high expression HOTAIR low expression
Factors (n=19) N (%) (n=77) N (%) P-value

Gender (range/median)
  Male 14 (73.7) 42 (54.5) 0.194
  Female 5 (26.3) 35 (45.5)
Age (years, range/median)
  <60 17 (89.5) 63 (81.8) 0.731
  ≥60 2 (10.5) 14 (18.2)
FAB classification
  AML 13 (68.4) 63 (81.8) 0.216
  ALL 6 (31.6) 14 (18.2)
WBC (x109/l)
  <100 13 (68.4) 59 (76.6) 0.555
  ≥100 6 (31.6) 18 (23.4)
HB (g/l)
  <60 4 (21.1) 22 (28.6) 0.579
  ≥60 15 (78.9) 55 (71.4)
PLT (x109/l)
  <30 10 (52.6) 31 (40.3) 0.438
  ≥30 9 (47.4) 46 (59.7)
Bone marrow blasts (%)
  <60 3 (15.8) 13 (16.9) 1
  ≥60 16 (84.2) 64 (83.1)
Risk stratification based on karyotypea

  Better-risk 0 11 (14.3) 0.075
  Intermediate-risk 7 (36.8) 31 (40.3)
  Poor-risk 2 (10.5) 15 (19.5)
  Unknown 10 (52.6) 20 (26.0)

aBetter-risk, inv(16), or t(16;16); t(8;21); t(15;17); intermediate-risk, normal cytogenetics; +8 alone; t(9;11); other non-defined; poor-risk, 
complex (≥3 clonal chromosomal abnormalities); monosomal karyotype, -5, 5q-, -7, 7q-; 11q23-non t(9;11); inv(3), t(3;3); t(6;9); t(9;22). FAB, 
French-American-British; AML, acute myelogenous leukemia; ALL, acute lymphoblastic leukemia; WBC, white blood cell; PLT, platelet.

Table III. Univariate analysis of OS and EFS of patients with AL.

Characteristic Group n= P-value (OS) P-value (EFS)

Gender Male/female 56/40 0.238 0.171
Age (years) <60/≥60 79/17 0.003 0.005
FAB classification AML/ALL 73/23 0.615 0.523
WBC (x109/l) <100/≥100 70/26 <0.001 <0.001
HB (g/l) <60/≥60 25/71 0.653 0.438
PLT (x109/l) <30/≥30 40/56 0.251 0.265
Bone marrow blasts <60/≥60% 15/81 0.750 0.995
HOTAIR High/low 19/77 0.003 0.003

OS, overall survival; EFS, event-free survival; AL, acute leukemia; FAB, French-American-British; AML, acute myelogenous leukemia; ALL, 
acute lymphoblastic leukemia; WBC, white blood cell; PLT, platelet.
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remethylate demethylated CpG sites. We used RT-qPCR to 
detect expression of DNMT3A and DNMT3B. The results 
show that, compared with normal controls, the expression of 
DNMT3A in AL patients significantly increases (P=0.0002; 

Fig. 4A), as does DNMT3B (P<0.0001, Fig. 4B). Expression 
of these genes shows a significant positive correlation with 
high expression of HOTAIR (DNMT3A, r=0.4001, P=0.0003; 
DNMT3B, r=0.7586, P<0.0001; Fig. 5C and D).

Figure 3. Expression levels of downstream genes in the HOTAIR signaling pathway. (A) Compared with normal controls, expression of EZH2 increases 
(***P=0.0009, Mann-Whitney). (B) The expression of LSD1 increases (***P=0.0003, Mann-Whitney). (C) The expression of SUZ12 show no significant dif-
ferences (P=0.5437, Mann-Whitney). (D) The expression of REST show no significant differences (P=0.4265, Mann-Whitney). (E) The expression of EED 
decreases (*P=0.0213, Mann-Whitney). (F) The expression of CoREST decreases (***P=0.0003, Mann-Whitney).

Table IV. Multivariate analysis of OS and EFS of patients with AL.

 OS EFS
 ----------------------------------------------------------------------- ---------------------------------------------------------------------
Characteristic Group No. HR 95% CI P-value HR 95% CI P-value

Age (years) <60/≥60 79/17 0.354 0.166-0.758 0.004 0.364 0.172-0.771 0.006
WBC (x109/l) <100/≥100 70/26 0.379 0.186-0.773 0.001 0.438 0.219-1.877 0.002
HOTAIR High/low 19/77 2.407 1.253-4.624 0.005 2.388 1.248-4.568 0.005

OS, overall survival; EFS, event-free survival; AL, acute leukemia; HR, hazard ratio; CI, confidence interval; WBC, white blood cell.
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Discussion

Previous studies have assigned an oncogenic function to 
HOTAIR in a variety of tumors, findings supported in the 
present study of AL. Compared with controls, the expression 
of HOTAIR in M5 patients increased, while the difference 
in other types of leukemia patients did not reach statistical 
significance. Compared to patients with low expression, high 
expression of HOTAIR was closely associated with a poor 
prognosis in AL patients. Multivariate analysis showed that 
age, peripheral blood leucocyte count and high expression 
of HOTAIR were independent prognostic indicators for OS 
and EFS. In addition, the examination of downstream genes 

in the HOTAIR signaling pathway showed that the expression 
of EZH2, LSD1, DNMT3A and DNMT3B in AL patients 
significantly increased, and showed a significant positive 
correlation with high expression of HOTAIR. Based on these 
observations, we speculated that HOTAIR may participate in 
the development and progression of leukemia by mediating the 
methylation of DNA and histones.

Although multiple groups have examined the function 
of HOTAIR in tumorigenesis, its clinical significance and 
molecular mechanisms in AL patients were not previously 
fully elucidated. Wu et al (25) and Hao and Shao (26) analyzed 
the clinical features between HOTAIR and acute myeloid 
leukemia. Our research further strengthens the evidence 

Figure 4. Expression of DNMT3A and DNMT3B. (A) Compared with normal controls, expression of DNMT3A in AL patients significantly increases (***P=0.0002, 
Mann-Whitney). (B) The expression of DNMT3B in AL patients significantly increases (****P<0.0001, Mann-Whitney).

Figure 5. Association between expression of HOTAIR and downstream effector genes. (A-D) Linear regression was used to analyze expression of HOTAIR 
compared to EZH2, LSD1, DNMT3A and DNMT3B in AL patients. The results show a positive correlation. Spearman rank test (r) and P-values (two-tailed) 
are shown.
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linking high HOTAIR expression with poor prognosis in AL 
patients, and analyzed the relationship between HOTAIR and 
downstream effector genes. The present study found that, 
compared with normal controls, the expression of HOTAIR 
in M5 patients increased, while in other types of leukemia 
patients the difference did not reach statistical significance. 
We speculated that, with an increase in sample size, the 
expression of HOTAIR probably would increase in other types 
of AL. This will require further examination and an increased 
study size. In the present study we did not take into account 
the heterogeneity among different types of AL. Differences in 
expression of HOTAIR could be due to a different mechanism 
of action in different types of AL. We followed up the AL 
patients and conducted clinical observations, and found that 
the OS and EFS of patients with high expression of HOTAIR 
were significantly reduced. Multivariate analysis showed 
that high expression of HOTAIR is one of the risk factors 
predicting OS and EFS, suggesting that HOTAIR could be 
used as a molecular marker to predict leukemia and determine 
its prognosis.

Studies focused on PRC2 complexes found that transcrip-
tion and activation of the complex in tumors was mediated by 
EZH2, indicating that the EZH2 plays an important role in 
function of the PRC2 complex. Overexpression of EZH2 was 
first documented by gene chip analysis in prostate and breast 
cancer (27,28). Overexpression of EZH2 was closely related to 
invasiveness, eventual metastasis, poor clinical outcome and 
poor prognosis in a variety of tumors (28-30). A number of 
studies, however, have shown that the mechanisms involved 
in the overexpression of EZH2 are cell type-dependent. EZH2 
plays an oncogenic role in most solid tumors through a variety of 
molecular mechanisms. Increased EZH2 leads to an increase in 
H3K27me3, thereby modifying and silencing the expression of 
tumor suppressor genes in tumor cells epigenetically, resulting 
in tumorigenesis. Increased EZH2 expression is involved 
in tumor development through multiple signaling pathways. 
For example, overexpression of the EZH2, MEK-ERK, and 
pRB-E2F signaling pathway is associated with the occurrence 
of breast cancer (31,32). MYC and ETS transcription factors 
can directly regulate the transcription of EZH2 in prostate 
cancer (33,34). In Ewing's sarcoma, the fusion oncoprotein 
EWS-FLI1 can induce the expression of EZH2, and plays a key 
role in the differentiation of the endothelium/neuroectoderm and 
in tumor growth (35). Paradoxically, recent studies have shown 
that mutations or deletions in PRC2 complex components may 
occur in some myelodysplastic syndromes (MDS) and myelo-
proliferative neoplasms. Altered expression of EZH2 in cancers 
may occur through complex mechanisms; the cellular environ-
ment influences activation of oncogenic pathways leading to 
epigenetic modifications promoting tumorigenesis (36,37). 
The LSD1 subunit, which has a major catalytic function in the 
LSD1 complex, was the first identified histone demethylase. It 
is highly expressed in a variety of tumor cells and promotes the 
growth, metastasis and invasiveness of tumors, including pros-
tate (38), breast (39), lung (40) and gastrointestinal cancer (41), 
and retinoblastoma (42). RNAi or small molecule inhibitors 
can inhibit the expression and activity of LSD1, leading to 
inhibition of tumor growth and metastasis. We examined the 
expression of the PRC2 complex (EZH2, SUZ12 and EED) 
and LSD1 complex (LSD1, REST and CoREST) in AL patients 

compared to normal controls in an attempt to understand their 
significance in leukemia. Our results showed that, compared 
with normal controls, the expression levels of EZH2 and LSD1 
in AL patients increased, those of SUZ12 and REST showed no 
significant differences, and EED and CoREST decreased. We 
speculated that the EHZ2 and LSD1 subunits play important 
roles in the PRC2 and LSD1 complexes, respectively. HOTAIR 
could be involved in the development of leukemia through 
regulation of the PRC2 and LSD1 complexes and through 
mediating regulation of histone methylation. The reduced 
expression of EED and CoREST could be due to negative 
feedback or their participation in other regulatory processes. 
Elucidation of specific mechanisms will be examined in future 
studies by our group.

Methylation of genomic DNA is catalyzed and sustained 
by DNA methyltransferase (DNMT). In mammals, DNMT 
can be divided into three types based on structural and func-
tional differences: DNMT1, DNMT2 and DNMT3 (43-45). 
The DNMT3 family includes DNMT3A, DNMT3B and the 
regulatory factor DNMT3L which participate in the process of 
remethylation of demethylated DNA (46). DNMT1 maintains 
methylation during DNA replication and repair, while the 
function of DNMT2 is not yet clear (47). Several studies have 
shown that abnormal DNA methylation is closely related to 
tumorigenesis and that the expression of DNMTs in cancerous 
tissues is increased (48,49). However, histone methylation 
and DNA methylation were initially thought to be two sepa-
rate gene silencing systems. Viré et al (50) found that PRC2 
complexes co-immunoprecipitated with three transmethyl-
ases, and that silencing of specific genes required the joint 
participation of both EZH2 and DNA transmethylases. These 
findings revealed a direct relationship between the two key 
epigenetic systems. LSD1 also plays an important role in coor-
dinating histones and DNA methylation by acting directly on 
histones and DNMT1 (51). Understanding the role of DNMTs 
and histone methylation in leukemia and exploring whether 
DNA methylation and histone methylation are jointly involved 
in the occurrence of the disease is particularly important. 
We examined the expression of DNMT3A and DNMT3B, 
and found that, compared with normal controls, the expres-
sion of DNMT3A and DNMT3B in AL patients significantly 
increased. This suggests that interactions between DNMTs 
and the PRC complex may occur in the process of gene 
silencing by DNA methylation, resulting in the development 
and progression of AL.

In conclusion, the present study examined the expres-
sion levels of HOTAIR, DNA methyltransferase and histone 
(de)methylase genes downstream of HOTAIR in AL patients. 
We found that the expression of HOTAIR in M5 patients 
increased and was closely related with a poor prognosis. In 
addition, the expression of EZH2, LSD1, DNMT3A and 
DNMT3B in AL patients significantly increased, and showed 
a significant positive correlation with the high expression of 
HOTAIR. Based on our findings, we suggest that HOTAIR 
may be involved in the development and progression of 
leukemia by mediating the methylation of DNA and histones. 
The present study provides a new perspective for the further 
exploration of biological functions of lncRNAs, and identifies 
novel targets involved in the development, progression and 
treatment of certain types of AL.
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