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Background: Long non-coding RNA (lncRNA) microarray screening previously identified

that HOXA transcript antisense RNA myeloid-specific 1 (HOTAIRM1) was significantly

upregulated in type I endometrial cancer (EC). The present study aimed to determine the

potential role of HOTAIRM1 and its sense transcript HOXA1 in the development and

progression of type I EC.

Methods: We detected the expression levels of HOTAIRM1 and HOXA1 in type I EC

tissues by quantitative real-time polymerase chain reaction (qRT-PCR) and Western blotting

and analyzed associated clinical data. Gain- or loss-of-function experiments were used to

investigate the biological function of HOTAIRM1 and HOXA1 in type I EC, both in vitro

and in vivo.

Results: The expression levels of HOTAIRM1 and HOXA1 were significantly upregulated in

type I EC tissues. Furthermore, the expression of HOTAIRM1 and HOXA1 were both

significantly correlated with International Federation of Gynecology and Obstetrics (FIGO)

stage and lymph node metastasis. The expression of HOTAIRM1 was significantly correlated

with that of HOXA1. Knockdown of HOTAIRM1 significantly inhibited cell proliferation,

migration, invasion and epithelial–mesenchymal transition (EMT) in vitro, while the over-

expression of HOTAIRM1 led to the opposite effects. Moreover, we identified that

HOTAIRM1 acts as a regulator for the expression of the HOXA1 gene in type I EC cells. As

an oncogene, HOXA1 silencing also caused suppressive effects on tumors by inhibiting cell

proliferation, migration and invasion. In addition, we also confirmed the role of HOTAIRM1

and HOXA1 in promoting tumor growth in vivo.

Conclusion: Our findings are the first to identify that HOTAIRM1 functions as an oncogene

to promote cell proliferation, migration and invasion by regulating HOXA1 in type I EC.

Therefore, the HOTAIRM1/HOXA1 axis is a novel potential prognostic biomarker and new

potential therapeutic target for type I EC.
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Introduction
Endometrial cancer (EC) is one of the three most common malignancies of the female

reproductive system. Over recent years, the incidence of EC has increased due to the

increasing incidence of obesity and metabolic diseases, and the age of onset shows a

trend for younger patients.1 In Western countries, EC has the highest incidence of

female reproductive system malignancies.1 In 1983, in accordance with pathogenesis

and biological behavior characteristics, Bokhman divided EC into two types: type I

(estrogen dependent) and type II (non-estrogen dependent).2 Over recent years, it
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becomes more valuable to study the molecular pathogenesis

of EC with more and more attention paid to its molecular

classification. Although the incidence of type I EC accounts

for approximately 80% of EC, its pathogenesis remains

unclear. The identification of specific molecular markers

that provide new ideas for the diagnosis and treatment of

type I EC is highly desired.

Long non-coding RNA (lncRNA) is another widely

concerned molecular marker after microRNA (miRNA)

over recent years. However, our relative understanding of

the role of lncRNA is far less extensive than for miRNA.

Studies have shown that lncRNA can regulate gene

expression in cells at epigenetic, transcriptional and post-

transcriptional levels, and participate in a range of impor-

tant regulatory processes such as X chromosome silencing,

genomic imprinting, chromatin modification, transcrip-

tional activation, posttranscriptional interference, the reg-

ulation of protein activity, and the intracellular transport of

nucleic acids.3–6 Studies have also found that the differ-

ential expression or abnormal function of lncRNA is clo-

sely related to the occurrence and development of tumors.

Some lncRNAs have been proven to regulate mRNA,

miRNA, corresponding target genes and proteins via spe-

cific signal transduction pathways, and to play roles in the

tumorigenesis and progression, cell differentiation, the cell

cycle and apoptosis and other regulatory processes.

Collectively, accumulating evidence suggests that

lncRNA may represent a new molecular marker for the

diagnosis, prognosis, metastasis of tumors, and therefore

provide a new target for tumor therapy.7,8 Some research

has indicated the role of lncRNAs in EC. For example,

lncRNA DLEU1 combines with mTOR and then increases

the expression of PI3K/AKT/mTOR pathway to promote

EC tumorigenesis and progression.9 The high expression

of lncRNA H19 in EC may regulate the expression level of

its target gene HOXA10 by targeting miR-612, thus pro-

moting cell proliferation to play a role in the development

of EC.10 LncRNA ABHD11-AS1 can function as an onco-

gene to promote cell proliferation and invasion in EC by

positively targeting cyclin D1.11

Our research group previously used the Arraystar

Human LncRNA V3.0 microarray to screen the lncRNA

expression profile of type I EC tissue and normal endome-

trial tissue as a control. We found that HOXA transcription

antisense RNA myeloid-specific 1 (HOTAIRM1) is a sig-

nificantly upregulated lncRNA in type I EC tissue.

HOTAIRM1 was first discovered in the myeloid cell system

by Zhang et al and is located on human chromosome

7p15.2.12 HOTAIRM1 regulates cell cycle progression dur-

ing myeloid maturation in NB4 human promyelocytic leu-

kemia cells and is significantly upregulated in acute

myeloid leukemia.13,14 More recent studies have reported

that the expression of HOTAIRM1 is significantly increased

in pancreatic ductal adenocarcinoma, breast cancer and

glioma, and also plays a role in promoting cancer.15–19

However, HOTAIRM1 is expressed at low levels in color-

ectal cancer, head and neck tumors, hepatocellular carci-

noma and gastric cancer, and therefore plays the role of a

tumor suppressor gene in such cases.20–23 This dual effect

may be due to the differential roles of HOTAIRM1 in the

pathogenesis of different types of malignancies.

Antisense lncRNA is transcribed from the opposite

chains of protein or non-protein coding genes, and is

closely related to the tumorigenesis and progression.24

LncRNA HOTAIRM1, located at the 5ʹ end of homeobox

A (HOXA) gene cluster, is transcribed antisense to the

HOXA genes and originates from the same CpG island

that embeds the start site of HOXA1.12 Previous studies

found that HOTAIRM1 could upregulate the expression of

HOXA1 in glioblastoma multiforme and in myeloid-

derived suppressor cells of lung cancer.19,25 HOXA1 is a

member of the family of homeobox genes (HOX). The

HOX genes are divided into four clusters: HOXA, HOXB,

HOXC and HOXD. HOXA is located at 7p15.2 and the

abnormal expression of HOXA will lead to the formation

of abnormal morphological structure, thus leading to

malignant transformation of cells into tumors. HOXA1

has been reported to be highly upregulated in a variety

of tumors, such as breast cancer, oral squamous cell carci-

noma, gastric cancer, and hepatocellular carcinoma, and is

associated with poor clinical prognosis.26–29 HOXA1 is a

key factor in the process of tumorigenesis and progression;

this factor can regulate cell cycle, promote epithelial–

mesenchymal transition (EMT), and can also improve the

capacity for tumor cell proliferation, migration and

invasion.28–30 However, as yet, the role of HOTAIRM1

and HOXA1 in EC and their mutual regulatory relation-

ship have not been reported.

Therefore, based on our earlier microarray screening

results, the present study aimed to investigate the expres-

sion and correlation of lncRNA HOTAIRM1 and HOXA1

gene in type I EC tissues, and study the effects of lncRNA

HOTAIRM1 and its sense gene HOXA1 on the prolifera-

tion, migration and invasion of type I EC in vitro and in

vivo.
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Materials And Methods
Tissue Sample Collection
Tissues were acquired from 50 patients with type I EC

undergoing surgery (the experimental group). During the

same period, normal endometrial tissue was obtained from

50 patients undergoing hysterectomy for myoma of the

uterus to form a control group. Mean patient age in the

two groups was 50.62 ± 9.996 years and 47.60 ± 4.611

years; there was no statistically significant difference in

this respect (P > 0.05). The patients in the experimental

group did not receive chemotherapy, radiotherapy or bio-

logical therapy before surgery, and no other surgical,

endocrine, immune and metabolic diseases were identified

in the two groups. No hormone medication was given

within the 3 months prior to surgery.

Fresh tissue samples, obtained under sterile conditions,

were immediately placed in liquid nitrogen and frozen at

−80ºC for long-term preservation. Meanwhile, we col-

lected the clinical and pathological data of all recruited

patients, including patient age, FIGO stage, tumor patho-

logical grade, myometrial invasion and lymph node metas-

tasis. All cases were confirmed by postoperative

pathological diagnosis. All patients signed informed con-

sent and compliance with the Declaration of Helsinki. The

use of these specimens for research was approved by the

approving ethics committee of Shengjing Hospital of

China Medical University (Reference number:

2015PS103K).

Cell Lines And Cell Cultures
Two human endometrioid adenocarcinoma cell lines,

Ishikawa (highly differentiated) and HEC-1A (medium dif-

ferentiated), were purchased from the Shanghai Institute of

Biochemistry and Cell Biology of the Chinese Academy of

Sciences (Shanghai, China). The Ishikawa cell line and

HEC-1A cell line were cultured in RPMI-1640 medium

(Hyclone, Logan, UT, USA) and DMEM high glucose

medium (Hyclone) respectively, supplemented with 10%

fetal bovine serum (FBS, Bioind, Israel), 100 IU/mL peni-

cillin and 100 μg/mL streptomycin (Gibco, Carlsbad, CA,

USA). All cells were cultured in a sterile incubator at 37°C

with 5% CO2.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)
Total RNA was extracted from tissues and cells using

Trizol reagent (9108, Takara Bio Inc, Japan). Total RNA

was then reversed transcribed into cDNA according to the

instructions of the PrimeScript RT reagent kit (RR047A,

Takara). qRT-PCR reactions were performed on a

LightCycler 480 (Roche) in accordance with the SYBR

Premix Ex Taq kit instructions (RR420A, Takara) and

GAPDH was used as an internal reference gene. All opera-

tions were carried out under RNase-free conditions, and

each sample was assayed in triplicate. The relative expres-

sion levels of lncRNA HOTAIRM1 and HOXA1 mRNA

were calculated using the 2−ΔΔCt method. The primer

sequences are shown in Table 1.

Short Hairpin RNA (shRNA) Transfection

And The Establishment Of Stable Cell

Lines
The sequences of HOTAIRM1 shRNA, HOXA1 shRNA

and negative control shRNA (GenePharma, Shanghai,

China) are shown in Table 2. Ishikawa and HEC-1A cells

were harvested from the logarithmic growth phase and

seeded into six-well plates (Corning Life Sciences,

Corning, NY, USA) until they were 50–70% confluent.

We then transfected these cells using Opti-MEM I (Gibco)

and Lipofectamine 2000 reagent (Life Technologies

Corporation, Carlsbad, CA, USA). After 6 hrs, the complete

medium was replaced. Stably transfected cells were then

Table 1 Primer Sequences For qRT-PCR

RNA Primers Length (bp)

HOTAIRM1 Forward: 5ʹ-GTAGGCACTTTATTTCTCCACTTTC-3ʹ 106

Reverse: 5ʹ-GCACAGGTTCAAGCCATAGA-3ʹ

HOXA1 Forward: 5ʹ-AGTTGGAGAGTACGGCTACCTG-3ʹ 144

Reverse: 5ʹ-TGCAGGGATGCAGCGATCTCCAC-3ʹ

GAPDH Forward: 5ʹ-GCACCGTCAAGGCTGAGAAC-3ʹ 138

Reverse: 5ʹ-TGGTGAAGACGCCAGTGGA-3ʹ

Abbreviation: qRT-PCR, quantitative real-time polymerase chain reaction.
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selected by G418 screening. Then, the silencing efficiency

was detected by qRT-PCR.

Lentivirus Infection
Lentivirus containing the cDNA sequence of HOTAIRM1

(GV367-HOTAIRM1) and negative control virus (GV367-

NC) were purchased from Genechem (Shanghai, China).

We ensured that the negative control virus did not contain

sequences that could affect the expression of any gene.

Transfection was performed according to the manufac-

turer’s instructions. When the degree of cell fusion reached

60% in the six-well plate (Corning), the culture medium

containing 10% fetal bovine serum was replaced, and poly-

brene (Genechem) was added at the final concentration of 5

μg/mL. The multiplicity of infection (MOI) for Ishikawa

cell line infection was 50 while that for HEC-1A cell line

infection was 1. After 8 hrs of transfection, the fresh com-

plete medium was replaced. Green fluorescent protein was

observed by fluorescence microscope for 72 hrs after trans-

fection to evaluate transfection efficiency. The overexpres-

sion efficiency was determined by qRT-PCR.

To determine the overexpression and silencing effects

of HOTAIRM1 on EC, we divided cells into five groups:

Control group (without any shRNA or virus transfection,

named “mock control”); GV367-NC group (transfection

with negative control virus); GV367-HOTAIRM1 group;

shRNA-NC group (transfection with negative control

shRNA) and sh-HOTAIRM1 group. To determine the

silencing effect of HOXA1 on EC, cells were divided

into three groups: Control group; shRNA-NC group and

sh-HOXA1 group.

Western Blot Assay
Total protein was extracted from tissues and cells using

radioimmunoprecipitation assay buffer (RIPA buffer,

Beyotime, China) with protease inhibitors (Beyotime).

Protein concentration was then measured using a BCA

Protein Assay Kit (Beyotime). Total protein was separated

by 10% SDS-PAGE (Beyotime) and transferred to a PVDF

membrane (Millipore, Billerica, MA, USA) by wet transfer.

After blocking for 2 hrs with TBST solution containing 5%

skimmed milk, the membranes were incubated with specific

primary antibodies overnight at 4°C. The following morning,

the membranes were incubated with a corresponding second-

ary antibody for 2 hrs at room temperature. Finally, the

intensity of the protein bands was measured with C300

imaging system (Azure Biosystem, USA) by enhanced che-

miluminescence (ECL, Thermo Scientific, USA). The rela-

tive-integrated density was analyzed using ImageJ software

based on GAPDH as an internal control. The primary anti-

bodies included HOXA1 (1:1000, Abcam, Eugene, USA),

E-cadherin (1:1000, Cell Signaling Technology, CA, USA),

N-cadherin (1:1000, Cell Signaling Technology), CyclinD1

(1:1000, Cell Signaling Technology) and GAPDH (1:10,000,

Proteintech, Chicago, IL, USA). We also used an HRP-con-

jugated secondary antibody (1:2000, ZSGB-Bio Origene,

Beijing, China). All assays were performed in triplicate.

Cell Proliferation Assay
The Cell Counting Kit-8 (CCK-8, Dojindo, Japan) was

used to determine cell proliferation. For each group, cells

were seeded into 96-well plates (Corning). Cell-free med-

ium was used as a blank control group. After 24, 48, 72

and 96 hrs of culture, we added 10 μL CCK-8 reagent to

each well followed by incubation for 3 hrs at 37°C. The

absorbance of each well was then detected at a wavelength

of 450 nm with an ELISA plate reader (Bio-Rad). The cell

proliferation rate was then calculated as the ratio of the

OD values. After calculating the relative proliferation rate

of each groups at the four time points, we plotted a cell

growth curve. All assays were performed in triplicate.

Transwell Assays
Transwell Migration Assay

Transwell plates (24-well chambers with 8 μm pore size;

Corning) were used. For each group, cells (5 × 104) were

resuspended in 200 μL of serum-free medium and seeded

into the upper chamber of transwell plates. Then, 600 μL
of 20% FBS medium was added to the lower chamber as a

Table 2 shRNA Sequences

shRNA Sequence

sh-HOTAIRM1 Sense: 5ʹ-CACCGGAGACTGGTAGCTTATTATTCAAGA

GATAATAAGCTACCAGTCTCCTTTTTTG-3ʹ

Antisence: 5ʹ-GATCCAAAAAAGGAGACTGGTAGCTTA

TTATCTCTTGAATAATAAGCTACCAGTCTCC-3ʹ

sh-HOXA1 Sense: 5ʹ-CACCGCCGAGGAATCCTCAGAGAATTCA

AGAGATTCTCTGAGGATTCCTCGGTTTTTTG-3ʹ

Antisence: 5ʹ-GATCCAAAAAACCGAGGAATCCTCAGA

GAATCTCTTGAATTCTCTGAGGATTCCTCGGC-3ʹ

shRNA-NC Sense: 5ʹ-CACCGTTCTCCGAACGTGTCACGTCAAGA

GATTACGTGACACGTTCGGAGAATTTTTTG-3ʹ

Antisence: 5ʹ-GATCCAAAAAAGTTCTCCGAACGTGTC

ACGTAATCTCTTGACGTGACACGTTCGGAGAAC-3ʹ

Abbreviations: shRNA, short hairpin RNA; NC, negative control.
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chemoattractant. After incubation for 18 hrs at 37ºC with

5% CO2, cells could be seen in the lower chamber. The

upper chambers were removed and the cells on the top side

of the chamber were wiped with cotton swabs. Migrated

cells were then fixed with 4% paraformaldehyde for 20

mins, stained with 0.1% crystal violet for 30 mins and

excess dye solution was washed off. Five randomly fields

were then counted under an inverted light microscope and

photographs were acquired (magnification, ×200).

Transwell Invasion Assay

Matrigel (BD, USA) was dissolved overnight in a 4°C

refrigerator, diluted with precooled serum-free medium at

a ratio of 1:6, coated on the bottom of an upper chamber in

transwell plates (8 μm pores; Corning) for 4 hrs at 37°C

with 5% CO2, and the transwell migration assay steps

(described above) were performed after the Matrigel was

fully solidified. Cells could be seen in the lower chamber

after incubation for 26 hrs.

Cell Cycle Assay
For each group, cells were collected by routine digestion,

and adjusted to a concentration of 1×106/mL. Then, 1 mL

of single-cell suspension was fixed overnight with pre-

cooled 70% absolute ethyl alcohol at 4°C. The fixed cells

were then mixed with 100 μL of RNase A reagent

(Keygen Biotech, Nanjing, China) and incubated for 30

mins in a water bath at 37°C. The cells were then stained

in 400 μL of propidium iodide reagent (Keygen Biotech)

for another 30 mins in the dark. DNA content was then

assayed at 488 nm using a FACSCalibur flow cytometer

(Becton Dickinson). Finally, we analyzed the relative pro-

portion of cells in G0/G1, S and G2/M phases using

ModFit LT software (Verity Software House). All assays

were performed in triplicate.

Tumor Xenograft Implantation In Nude

Mice
Female BALB/c nude mice (4 weeks of age) were

purchased from Beijing Huafukang Bioscience Co. Inc.

(Beijing, China) and fed in specific pathogen-free (SPF)

conditions. To explore the role of HOTAIRM1, the mice

were randomly divided into five groups (five mice

in each group): Control group, GV367-NC group,

GV367-HOTAIRM1 group, shRNA-NC group and sh-

HOTAIRM1 group. For subcutaneous implantation, 2 ×

106 cells were injected subcutaneously into the right

back of the mice in each group, and all groups were

marked for identification purposes. To determine the

effect of HOXA1, the mice were randomly divided

into three groups (five mice in each group): Control

group, shRNA-NC group and sh-HOXA1 group, which

were all injected subcutaneously with 3 × 106 cells. The

length and width of tumors in experimental mice were

measured with calipers every 4 days after tumor forma-

tion. Tumor volume (V) was calculated using the fol-

lowing formula: V= (length × width2)/2. Forty days

after implantation, the mice were sacrificed and the

transplanted tumors were completely isolated, photo-

graphed and weighed. The research was approved by

the approving ethics committee of Shengjing Hospital

of China Medical University (Reference number:

2015PS103K). All experiments were performed follow-

ing Shengjing Hospital’s and national guidelines and

regulations.

Statistical Analysis
Data were analyzed by SPSS version 20.0 statistical soft-

ware (SPSS Inc. Chicago, USA). All data are expressed as

mean ± standard deviation (SD). The Student’s t-test was

used to compare differences between the two groups. One-

way analysis of variance (ANOVA) was used for multiple

comparisons. The chi-square test was used to compare

HOTAIRM1/HOXA1 expression and clinicopathological

features. Pearson’s correlation analysis was used for cor-

relation analysis. Differences were considered to be sig-

nificant if P < 0.05 (two-tailed).

Results
Expression Levels Of lncRNA

HOTAIRM1 And HOXA1 Gene In Type I

EC Tissues And Correlation Analysis
Expression Levels Of HOTAIRM1 And HOXA1 In

Type I EC Tissues

In type I EC tissues, qRT-PCR showed that the expression of

HOTAIRM1 (14.69 ± 9.95) was significantly higher than that

in normal endometrium tissues (2.36 ± 2.78, P < 0.01;

Figure 1A), and that the expression of HOXA1 mRNA

(9.00 ± 7.02) was also significantly higher than that in normal

endometrium tissues (2.04 ± 2.23, P < 0.01; Figure 1B).

Western blotting further revealed that the expression of

HOXA1 protein in type I EC tissues (1.08 ± 0.52) was

significantly higher than that in normal endometrium tissues

(0.61 ± 0.35, P < 0.01; Figure 1C and D).
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Figure 1 The expression levels of HOTAIRM1 and HOXA1 in type I EC tissues.

Notes: (A, B) Compared with normal endometrium tissues, the expression levels of HOTAIRM1and HOXA1 mRNA in type I EC tissues were markedly upregulated detected by

qRT-PCR (**P < 0.01). (C) The expression of HOXA1 protein detected by Western blotting. (D) In type I EC tissues, relative HOXA1 protein expression level was significantly

higher than that in normal endometrium tissues (**P < 0.01). (E) 50 type I EC tissues were divided into high-expression group (n = 25) and low-expression group (n = 25) using the

median HOTAIRM1 expression level (Y = 12.474). (F) 50 type I EC tissues were divided into high- and low-HOXA1 expression groups (25 cases per group) using the median

HOXA1mRNA expression level (Y = 7.299). (G) The correlation of HOXA1 mRNA and HOTAIRM1 expression in type I EC tissues (r = 0.746, **P < 0.01). (H) The correlation of

HOXA1 protein and HOTAIRM1 expression in type I EC tissues (r = 0.530, **P < 0.01).

Abbreviations: LncRNA, long non-coding RNA; EC, endometrial cancer; NE, normal endometrium; qRT-PCR, quantitative real-time polymerase chain reaction.
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Relationship Between The Expression Of

HOTAIRM1 And HOXA1 And Clinicopathological

Characteristics In Type I EC

In accordance with the literature method,31 we used the

median HOTAIRM1 expression level (Y = 12.474) and

divided 50 type I EC tissues into a high-HOTAIRM1

expression group (n = 25) and a low-HOTAIRM1 expres-

sion group (n = 25, Figure 1E). Using the same method, 50

type I EC tissues were divided into high- and low-HOXA1

expression groups (25 cases per group) using the median

HOXA1 mRNA expression level (Y = 7.299, Figure 1F).

The HOTAIRM1 and HOXA1 mRNA expression levels

were both significantly correlated with International

Federation of Gynecology and Obstetrics (FIGO) stage

and lymph node metastasis (P < 0.05), but were not corre-

lated with patient age, differentiation and myometrial inva-

sion (P > 0.05; Table 3).

Correlation Between HOTAIRM1 And Its Sense

Transcript HOXA1

Statistical analysis further showed that there was a signifi-

cant positive correlation between HOTAIRM1 and HOXA1

mRNA expression in type I EC tissues (r = 0.746, P < 0.01;

Figure 1G). There was also significant positive correlation

between HOTAIRM1 and HOXA1 protein expression (r =

0.530, P < 0.01; Figure 1H).

The Influence Of HOTAIRM1 On The

Biological Behavior Of EC Cells Lines In

Vitro
Knockdown And Overexpression Efficiency Of

HOTAIRM1 In Type I EC Cells

To investigate the role of HOTAIRM1 in the progression of

EC, we first established stable transfected cell lines for the

knockdown and overexpression of HOTAIRM1 in Ishikawa

and HEC-1A cells. The transfection efficiency was detected

by qRT-PCR. Compared with the shRNA-NC group and the

Control group, the expression of HOTAIRM1 in the sh-

HOTAIRM1 group was significantly decreased, while the

expression of HOTAIRM1 in the GV367-HOTAIRM1

group was significantly increased compared with the

GV367-NC group and the Control group (P < 0.01;

Figure 2A and B).

Influence Of HOTAIRM1 On The Proliferation Of EC

Cell Lines

The CCK8 assay was used to verify the effect of

HOTAIRM1 on the proliferation of Ishikawa and HEC-1A

Table 3 Relationship Between The Expression Of HOTAIRM1/HOXA1 And The Clinicopathological Variables Of Patients

Clinicopathological Features Number (Total n = 50) LncRNA HOTAIRM1

Expression

P HOXA1 mRNA

Expression

P

Low (%) High (%) Low (%) High (%)

Age (years)

<55 19 10(52.63) 9(47.37) 0.771 12(63.16) 7(36.84) 0.138

≥55 31 15(48.39) 16(51.61) 13(41.94) 18(58.06)

FIGO stage

I 33 22(66.67) 11(33.33) 0.001** 21(63.64) 12(36.36) 0.007**

II/III 17 3(17.65) 14(82.35) 4(23.53) 13(76.47)

Differentiation

WICC 20 13(65.00) 7(35.00) 0.150 12(60.00) 8(40.00) 0.508

MICC 18 6(33.33) 12(66.67) 8(44.44) 10(55.56)

PICC 12 6(50.00) 6(50.00) 5(41.67) 7(58.33)

LN metastasis

Negative 39 24(61.54) 15(38.46) 0.002** 23(58.97) 16(41.03) 0.017*

Positive 11 1(9.09) 10(90.91) 2(18.18) 9(81.82)

Myometrial invasion

<1/2 40 21(52.50) 19(47.50) 0.480 19(47.50) 21(52.50) 0.480

≥1/2 10 4(40.00) 6(60.00) 6(60.00) 4(40.00)

Notes: *P < 0.05, **P < 0.01.

Abbreviations: FIGO, international federation of gynecology and obstetrics; WICC, well differentiated; MICC, moderately differentiated; PICC, poorly differentiated; LN,

Lymph node.
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cells. The proliferation rate was significantly higher in the

GV367-HOTAIRM1 group than that in the GV367-NC and

Control groups (P < 0.05), and was significantly lower in the

sh-HOTAIRM1 group than that in the shRNA-NC and

Control groups (P < 0.05; Figure 2C and D).

Influence Of HOTAIRM1 On The Cell Cycle Of EC

Cell Lines

Flow cytometry was used to analyze the effects of

HOTAIRM1 on the cell cycle distribution of Ishikawa

and HEC-1A cells. Data showed that compared with the

shRNA-NC group and the Control group, the proportion of

cells in G0/G1 phase in the sh-HOTAIRM1 group was

significantly increased, while the proportion of cells in S

phase was significantly decreased (P < 0.05). Compared

with the GV367-NC group and the Control group, the

proportion of cells in G0/G1 phase in the GV367-

HOTAIRM1 group was significantly decreased, while the

proportion of cells in S phase was significantly increased

(P < 0.05). No significant difference was observed in G2/

M phase (P > 0.05; Figure 3A–D).

CyclinD1 is an important regulatory factor of the cell

cycle. The increased expression of CyclinD1 can promote

the evolution from G1 phase to S phase and promote cell

proliferation; the abnormal expression of CyclinD1 is clo-

sely related to the occurrence and development of various

tumors.32 Western blotting further showed that compared

with the shRNA-NC group and the Control group, the

expression levels of CyclinD1 in the sh-HOTAIRM1

group were significantly reduced in Ishikawa and HEC-

1A cells and that the expression levels of CyclinD1 in the

GV367-HOTAIRM1 group were significantly increased

compared with the GV367-NC group and the Control

group (P < 0.05; Figure 3E–H).

Influence Of HOTAIRM1 On Cell Migration And

Invasion In EC Cell Lines

Transwell assays were used to determine the effect of

HOTAIRM1 on the migration and invasion ability of

Ishikawa and HEC-1A cells. Data showed that compared

with the GV367-NC group and the Control group, the

numbers of migrating and invading transmembrane cells

in the GV367-HOTAIRM1 group were both significantly

increased (P < 0.05). Compared with the shRNA-NC

group and the Control group, the numbers of migrating

and invading transmembrane cells in the sh-HOTAIRM1

group were significantly decreased (P < 0.05; Figure 4).
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Figure 2 The knockdown and overexpression efficiency of HOTAIRM1 and the influence of HOTAIRM1 on the proliferation of EC cell lines.

Notes: (A) Knockdown efficiency of HOTAIRM1 by sh-HOTAIRM1 detected by qRT-PCR in Ishikawa and HEC-1A cell lines (**P < 0.01). (B) Overexpression efficiency of

HOTAIRM1 by GV367-HOTAIRM1 detected by qRT-PCR in Ishikawa and HEC-1A cell lines (**P < 0.01). (C, D) The CCK-8 assay was used to evaluate cell proliferation after

silencing and upregulation of HOTAIRM1 in Ishikawa and HEC-1A cell lines. **P < 0.01 vs shRNA-NC and Control groups; ##P < 0.01 vs GV367-NC and Control groups.

Abbreviations: LncRNA, long non-coding RNA; EC, endometrial cancer; NC, negative control; qRT-PCR, quantitative real-time polymerase chain reaction; GV367-

HOTAIRM1, lentivirus containing the cDNA sequence of HOTAIRM1; sh, short hairpin.
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Figure 3 Influence of HOTAIRM1 on the cell cycle of EC cell lines.

Notes: (A–D) Flow cytometry was used to determine the proportion of cells in G0/G1, S and G2/M phase with the expression of HOTAIRM1 changed. (E–H) The effect of

HOTAIRM1 on the expression levels of Cyclin D1 protein in Ishikawa and HEC-1A cell lines, as confirmed by Western blotting. *P < 0.05, **P < 0.01 vs shRNA-NC and

Control groups; #P < 0.05, ##P < 0.01 vs GV367-NC and Control groups.

Abbreviations: EC, endometrial cancer; NC, negative control; GV367-HOTAIRM1, lentivirus containing the cDNA sequence of HOTAIRM1; sh, short hairpin.
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Influence Of HOTAIRM1 On EMT In EC

Cell Lines In Vitro
Epithelium-mesenchymal transition (EMT) is closely

related to tumor invasion and metastasis. Western blotting

was used to analyze the expression of E-cadherin and

N-cadherin, which are both molecular markers of EMT,

with the expression of HOTAIRM1 changed in Ishikawa

and HEC-1A cells. Data showed that the expression level of

N-cadherin was significantly decreased and the expression

level of E-cadherin was significantly increased in the sh-

HOTAIRM1 group compared with the shRNA-NC group

and the Control group (P < 0.05). Furthermore, the expres-

sion level of N-cadherin was significantly increased, while

E-cadherin expression level was significantly decreased in

the GV367-HOTAIRM1 group compared with the GV367-

NC group and the Control group (P < 0.05; Figure 5).

LncRNA HOTAIRM1 Regulates The

Expression Of HOXA1 In EC Cell Lines
The effects of HOTAIRM1 knockdown and overexpression

on HOXA1 gene expression were analyzed in Ishikawa and

HEC-1A cell lines. qRT-PCR showed that the expression

level of HOXA1 mRNA in the GV367-HOTAIRM1 group

was significantly increased compared with the GV367-NC

group and the Control group, while the expression level

of HOXA1 mRNA in the sh-HOTAIRM1 group was

significantly decreased compared with the shRNA-NC

group and the Control group (P < 0.05; Figure 6A and B).

Western blotting showed that the expression level of HOXA1

protein in the GV367-HOTAIRM1 group was significantly

increased, while the expression level of HOXA1 protein in

the sh-HOTAIRM1 group was significantly decreased (P <

0.05; Figure 6C–F).

HOXA1 Partly Mediates The Effect Of

HOTAIRM1 On Type I EC Biology
Knockdown Efficiency Of HOXA1 In Type I EC Cells

To determine whether HOTAIRM1 promotes type I EC

progression by regulating HOXA1, we next silenced the

expression of HOXA1 using sh-RNA and established

stable-transfected cell lines in Ishikawa and HEC-1A

cells. qRT-PCR and Western blotting were then used to

detect the transfection efficiency. The expression of

HOXA1 mRNA and protein in the sh-HOXA1 group were

both significantly decreased compared with the shRNA-NC

group and the Control group. (P < 0.05; Figure 7).

Influence Of HOXA1 On The Proliferation Of EC

Cell Lines

The CCK8 assay showed that the proliferation rate was

significantly lower in the sh-HOXA1 group than that in the

shRNA-NC and Control groups (P < 0.05; Figure 8A and B).
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Influence Of HOXA1 On The Cell Cycle Of EC Cell

Lines

Flow cytometry showed that compared with the shRNA-

NC group and the Control group, the proportion of cells in

G0/G1 phase in the sh-HOXA1 group was significantly

increased in Ishikawa and HEC-1A cells, while the pro-

portion of cells in S phase was significantly decreased (P <

0.05). No significant difference was observed in G2/M

phase (P > 0.05; Figure 8C–F). Western blotting results

showed that the expression levels of Cyclin D1 in the sh-

HOXA1 group were significantly decreased (P < 0.05;

Figure 8G–J).

Influence Of HOXA1 On Cell Migration And

Invasion In EC Cell Lines

Transwell assays showed that compared with the

shRNA-NC group and the Control group, the numbers

of migrating and invading transmembrane cells in the

sh-HOXA1 group were both significantly decreased

(P < 0.05; Figure 9).

Influence Of HOXA1 On EMT In EC Cell

Lines In Vitro
Western blotting showed that compared with the shRNA-

NC group and the Control group, the expression level of

N-cadherin was significantly decreased and the expression

level of E-cadherin was significantly increased in the sh-

HOXA1 group of Ishikawa and HEC-1A cells (P < 0.05;

Figure 10).

HOTAIRM1 And HOXA1 Regulate

Tumor Growth In Vivo
HOTAIRM1 Promotes Tumor Growth In Vivo

Following the knockdown and overexpression of

HOTAIRM1, we then used Ishikawa and HEC-1A cells

for subcutaneous implantation modeling to investigate the

effect of HOTAIRM1 on the growth of transplanted tumors

in nude mice. Data showed that the transplanted tumors

formed early, grew fast and that the volume and weight of

the transplanted tumors were significantly increased in the
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Figure 5 Influence of HOTAIRM1 on EMT in EC cell lines.

Notes: (A–D) The effect of HOTAIRM1 changed on E-cadherin, and N-cadherin protein levels in Ishikawa and HEC-1A cell lines, as determined by Western blotting. *P <

0.05, **P < 0.01 vs shRNA-NC and Control groups; #P < 0.05 vs GV367-NC and Control groups.

Abbreviations: EMT, epithelium–mesenchymal transition; EC, endometrial cancer; NC, negative control; GV367-HOTAIRM1, lentivirus containing the cDNA sequence of

HOTAIRM1; sh, short hairpin.
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GV367-HOTAIRM1 group compared with the GV367-NC

group and the Control group. In contrast, the transplanted

tumors formed late, grew slowly and the volume and weight

of the transplanted tumors were significantly decreased in

the sh-HOTAIRM1 group compared with the shRNA-NC

group and the Control group (P < 0.05; Figure 11).

HOXA1 Promotes Tumor Growth In Vivo

Following the knockdown of HOXA1, we used Ishikawa

and HEC-1A cells for subcutaneous implantation model-

ing to investigate the effect of HOXA1 on the growth of

transplanted tumors in nude mice. Data showed that the

transplanted tumors formed late, grew slowly and that the
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Figure 6 HOTAIRM1 regulates the expression of HOXA1 in EC cell lines.

Notes: (A, B) qRT-PCR analysis for the effects of HOTAIRM1 knockdown and overexpression on the regulation of HOXA1 mRNA expression in Ishikawa and HEC-1A cell

lines. (C–F) Western blotting analysis for the effects of HOTAIRM1 knockdown and overexpression on the regulation of HOXA1 protein expression. **P < 0.01 vs shRNA-

NC and Control groups; #P < 0.05, ##P < 0.01 vs GV367-NC and Control groups.

Abbreviations: EC, endometrial cancer; NC, negative control; GV367-HOTAIRM1, lentivirus containing the cDNA sequence of HOTAIRM1; sh, short hairpin.
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volume and weight of the transplanted tumors were sig-

nificantly decreased in the sh-HOXA1 group compared

with the shRNA-NC group and the Control group

(P < 0.05; Figure 12).

Discussion
In our previous study, using an Arraystar Human LncRNA

V3.0 microarray, we found that lncRNA HOTAIRM1 was

one of the significantly upregulated lncRNAs in type I EC.

In this continuation study, we demonstrated, for the first

time, that the antisense lncRNA HOTAIRM1, and its sense

gene HOXA1, were significantly upregulated in type I EC

tissues compared with normal endometrial tissues. The

expression levels of HOTAIRM1 and HOXA1 both

showed a significant and positive correlation with FIGO

stage and lymph node metastasis. Statistical analysis
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Figure 7 The knockdown efficiency of HOXA1 in Ishikawa and HEC-1A cell lines.

Notes: (A, B) The knockdown efficiency of HOXA1 mRNA by sh-HOXA1, as detected by qRT-PCR in Ishikawa and HEC-1A cell lines (**P < 0.01). (C–F) The knockdown

efficiency of HOXA1 protein by sh-HOXA1, as detected by Western blotting in Ishikawa and HEC-1A cell lines (*P < 0.05, **P < 0.01).

Abbreviations: NC, negative control; sh, short hairpin; qRT-PCR, quantitative real-time polymerase chain reaction.
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Figure 8 Influence of HOXA1 on the proliferation and cell cycle of EC cell lines.

Notes: (A, B) The CCK-8 assay was used to evaluate cell proliferation after silencing HOXA1 in Ishikawa and HEC-1A cell lines. (C–F) Flow cytometry was used to

determine the proportion of cells in G0/G1, S and G2/M phase with the expression of HOXA1 silenced (*P < 0.05, **P < 0.01). (G–J) The effect of HOXA1 silencing on the

expression levels of Cyclin D1 protein in Ishikawa and HEC-1A cell lines, as confirmed by Western blotting (*P < 0.05, **P < 0.01).

Abbreviations: EC, endometrial cancer; NC, negative control; sh, short hairpin.
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showed that the expression level of HOTAIRM1 was sig-

nificantly and positively correlated with the expression

level of both HOXA1 mRNA and protein in type I EC

tissues. Furthermore, we found that HOTAIRM1 and

HOXA1 significantly promoted cell proliferation, migra-

tion, invasion and EMT in vitro. In addition, HOTAIRM1

regulated the expression of HOXA1 gene. In vivo studies

further confirmed that HOTAIRM1 and HOXA1 promoted

subcutaneous tumorigenesis in nude mice.

Over recent years, studies have confirmed that lncRNA

is closely associated with occurrence and development of

tumors. However, the role of lncRNA in the development of

EC is still unclear. In the present study, we found that the

expression of HOTAIRM1 in type I EC tissues was signifi-

cantly higher than that in normal endometrium and was

positively correlated with both FIGO stage and lymph

node metastasis. Recent studies have found that the expres-

sion of HOTAIRM1 is significantly increased in pancreatic

ductal adenocarcinoma, breast cancer, and glioma, and thus

plays a role in the promotion of cancer.15–19 However, the

role of HOTAIRM1 in type I EC is still unclear. In the

present study, in vitro cell experiments revealed that follow-

ing HOTAIRM1 knockdown or overexpression, the prolif-

eration, migration and invasion ability of Ishikawa and

HEC-1A cell lines showed obvious changes with the same

trend. Knocking down the expression of HOTAIRM1

increased the proportion of cells in G0/G1 phase, decreased

the proportion of cells in S phase, reduced the expression of

Cyclin D1 and N-cadherin protein and increased the expres-

sion of E-cadherin, while these results were reversed after

the overexpression of HOTAIRM1. These findings illu-

strated that high-expression level of HOTAIRM1 may pro-

mote the development of type I EC, and may be closely

associated with the clinical outcomes of patients. The role

of HOTAIRM1 in type I EC therefore deserves further

attention.

LncRNA can be divided into 5 main types: sense

lncRNA, antisense lncRNA, bidirectional lncRNA, intro-

nic LncRNA and intergenic lncRNA.33 Antisense

lncRNAs have been found to be associated with various

malignant tumors. Antisense lncRNAs are long non-cod-

ing RNAs that originate from opposite DNA strands of the

same genomic locus.24 Studies have demonstrated that

antisense lncRNAs often regulate their sense genes via a

positive or negative expression relationship. For example,

lncRNA DNAJC3-AS1 promotes the progression of

osteosarcoma by upregulating its sense-cognate gene

DNAJC3.34 Furthermore, the increased expression of
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antisense lncRNA SPINT1-AS1 predicts a poor prognosis

in colorectal cancer and is negatively correlated with its

sense transcript SPINT1.35 In the present study, we inves-

tigated an antisense lncRNA, HOTAIRM1, which is an

antisense transcript of HOXA1 gene that originates from

the opposite strand of the HOXA1 locus. Li et al pre-

viously reported that HOTAIRM1 promoted tumor growth

and invasion by upregulating the HOXA1 gene in glio-

blastoma multiforme.19 Tian et al further found that

HOTAIRM1 could enhance the expression of HOXA1 in

myeloid-derived suppressor cells in lung cancer.25 In our

present study, we investigated whether HOTAIRM1 also

modulated the development and function of type I EC by

targeting its sense gene HOXA1. First, we confirmed the

expression levels of both HOXA1 mRNA and protein in

type I EC tissues were significantly higher than that in

normal endometrium. Then, similar to HOTAIRM1, we

found that the expression level of HOXA1 mRNA was

also closely related to FIGO stage and lymph node metas-

tasis. Importantly, statistical analysis found that there was

a significant positive correlation between the expression of

HOXA1 and the expression of HOTAIRM1. In addition,

the upregulation of HOTAIRM1 caused an increase in the

expression of HOXA1, while the downregulation of

HOTAIRM1 caused a reduction in the expression of

HOXA1. Further research showed that shRNA-mediated

HOXA1-knockdown inhibited proliferation, migration,

invasion, and EMT in type I EC cells; these findings

were consistent with the functional changes that occurred

after silencing the expression of HOTAIRM1 in type I EC

cells. Further, in vivo tumorigenesis experiments in nude

mice also proved that the expression of HOTAIRM1 and

HOXA1 was positively correlated with the capacity of

tumorigenesis. Collectively, these results prove that

lncRNA HOTAIRM1 upregulates the expression of

HOXA1 and may be one of the most important molecular

mechanisms in the promotion of tumorigenesis and pro-

gression in type I EC.

In order to exert biological functions, antisense

lncRNA can regulate the expression of sense genes at the

transcriptional and post-transcriptional level via four major

mechanisms: mechanisms related to transcription, RNA–

DNA interactions, RNA–RNA interactions in the nucleus

and RNA–RNA interactions in the cytoplasm.36 Wang
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Figure 10 Influence of HOXA1 on EMT in EC cell lines.

Notes: (A–D) The effect of HOXA1 silencing on E-cadherin, and N-cadherin protein levels in Ishikawa and HEC-1A cell lines, as determined by Western blotting (*P < 0.05,

**P < 0.01).

Abbreviations: EMT, epithelium-mesenchymal transition; EC, endometrial cancer; NC, negative control; sh, short hairpin.
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et al previously showed that HOTAIRM1 interacted with

Polycomb Repressive Complex 2 (PRC2) and histone

demethylase UTX/MLL to regulate chromatin conforma-

tion and then influenced transcriptional activity of

HOXA gene cluster.37 Li et al previously reported that

HOTAIRM1 regulates the expression of the HOXA1

gene in glioblastoma multiforme. HOTAIRM1 has been

shown to mediate the demethylation of histone H3K9 and

H3K27 and reduced DNA methylation levels by seques-

tering epigenetic modifiers G9a and EZH2, which are

H3K9me2 and H3K27me3 specific histone methyltrans-

ferases, and DNA methyltransferases away from the tran-

scription start sites of HOXA1 gene.19 In the present study,

we also confirmed that HOTAIRM1 positively regulates

the expression of HOXA1 and promotes the occurrence

and development of type I EC. Thus, we speculated that

HOTAIRM1 may regulate the expression of its sense

gene HOXA1 by acting on the HOXA1 promoter to

change chromosome status and then affect the transcrip-

tional activity of HOXA1 gene. The specific mechanism

involved remains unknown and is currently being

investigated.

Conclusion
Collectively, our results demonstrate that the HOTAIRM1/

HOXA1 axis may be involved in promoting tumorigenesis

and progression of type I EC and that HOTAIRM1 may

exert its function by regulating HOXA1, at least in part.
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Figure 11 In vivo tumor xenografts study on HOTAIRM1.

Notes: (A) Nude mice carrying tumors and transplanted tumors in each group. (B) Tumor volume was calculated every 4 days after injection, and the tumors were excised

and weighed after 40 days. **P < 0.01 vs shRNA-NC and Control groups; ##P < 0.01 vs GV367-NC and Control groups.

Abbreviations: NC, negative control; GV367-HOTAIRM1, lentivirus containing the cDNA sequence of HOTAIRM1; sh, short hairpin.
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Our data indicate that lncRNA HOTAIRM1/HOXA1 axis

represents a novel prognostic biomarker and new potential

therapeutic target for type I EC. However, the exact

mechanism involved, and the signaling pathways down-

stream remain unknown and need to be investigated

further.
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