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Abstract: Long noncoding RNA HOXA11 antisense RNA (HOXA11-AS) is involved in tumorigenesis and development
of some human cancers. However, the role of HOXA11-AS in human laryngeal squamous cell cancer (LSCC) is yet
unclear. In this study, we firstly investigated the expression of HOXA11-AS in LSCC. Microarray and gRT-PCR showed
that the level of HOXA11-AS was significantly higher in LSCC than that in the corresponding adjacent non-neoplastic
tissues. ISH revealed that HOXA11-AS was strongly expressed in the nucleus and closely related to the T grade,
neck nodal metastasis, and clinical stage. Patients with T3-4 grade, neck nodal metastasis, or advanced clinical
stage presented a high HOXA11-AS expression. Kaplan-Meier analysis showed that high HOXA11-AS expression
could predict a poor prognosis in LSCC patients. Furthermore, HOXA11-AS knockdown significantly inhibited the
growth, migration, and invasion of LSCC cells. Taken together, the current data indicated that HOXA11-AS plays an
oncogenic role in the cellular processes of LSCC and serve as a novel marker and a potential therapeutic target in
LSCC patients.
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Introduction sense RNA (HOXA11-AS) has been shown to
be involved in tumorigenesis and development
of different cancers [6]. However, the physio-
logical roles of HOXA11-AS in LSCC are yet
poorly understood. Therefore, herein, we found
a significantly upregulated expression of HO-
XA11-AS in LSCC cancer tissues than that in
non-neoplastic tissues. Moreover, the potential
association of HOXA11-AS with clinicopatholog-

Laryngeal squamous cell carcinoma (LSCC) is
a common malignancy of the upper respiratory
tract [1]. Current treatments including surgical
intervention, radiation therapy, and chemoth-
erapy have a moderate effect on early-stage
cases; however, the prognosis of advanced-st-
age LSCC patients remains poor [2, 3]. The-

refore, understanding the molecular mechani-
sms underlying LSCC carcinogenesis or pro-
gression is crucial for developing effective ther-
apeutic strategies. In addition to the classi-
cal long protein-coding mRNAs, a wide variety
of noncoding RNA transcripts also occur in ma-
mmalian genomes. The increasing information
on long non-coding RNA (IncRNA) has been
revealed in the mammalian transcript [4]. Si-
milar to miRNA, IncRNA can also promote cel-
lular pathways that lead to the development
and progression of cancer [5]. HOXA11 anti-

ical features was evaluated. The findings sug-
gested that HOXA11-AS plays an oncogenic ro-
le and may serve as a therapeutic target in
LSCC.

Materials and methods
Collection of patient samples

A total of 25 patients subjected to LSCC surgi-
cal resection at the Second Affiliated Hospital
of Harbin Medical University were recruited in
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gRT-PCR validation. The fresh

HOXB9-206

14 paired cancerous and adjac-
moRRRES ent noncancerous tissues we-
noxes-205 [ re collected and frozen in lig-
BOXAS-66 10 uid nitrogen after surgical re-

section. Overall, 92 paraffin
samples of LSCC patients, who
were treated between 2008
HOXA11-AS and 2011, were recruited in
this study, and their paired
cancerous and noncancerous
tissue blocks were collected
from the Department of Pa-
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Figure 1. Microarray analysis of HOX cluster IncRNAs in LSCC. Hierarchical

clustering is shown as a heat map, and relative IncRNA expression levels
are shown in color scales (green, below the mean; red, above the mean;
black, median expression). Columns C1-C5 are 5 different LSCC samples,
and Columns N1-N5 are the 5 corresponding non-cancerous tissues (n=5).
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Figure 2. Expression of HOXA11-AS as tested by RT-
PCR in a panel of non-cancerous and LSCC tissues.
HOXA11-AS showed a significant increase in the ex-
pression in LSCC as compared to non-cancerous tis-
sues (n=20).

574

Five human samples (contain-
ing paired neoplastic and non-
neoplastic margins) were us-
ed for the microarray test per-
formed as described previous-
ly [7]. Briefly, the total RNA was isolated from
laryngeal carcinoma and corresponding adja-
cent non-neoplastic tissues (100 mg) by TRI-
zol reagent (Invitrogen, Carlsbad, CA, USA) and
quantified using the NanoDrop 1000 (Nano-
Drop Technologies, Rockland, DE, USA). The
human IncRNA array was manufactured by
Arraystar (USA). The IncRNAs of HOX cluster
were collected from NCBI RefSeq, UCSC, NRED,
and RNAdb. About 5 pg total RNA from each
of the 5 matched LSCC cancerous and non-
cancerous tissue samples was used for label-
ing and array hybridization. The differences in
the expression of HOX IncRNAs between neo-
plastic and non-neoplastic samples was cal-
culated by the ratio of the mean normalized
fluorescence values. Genes with >2-fold upre-
gulation were selected for downstream an-
alysis.
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Figure 3. ISH analysis of HOXA11-AS expression. Representative images of
ISH for HOXA11-AS in patient samples. A: LSCC tissue; B: Adjacent non-neo-

plastic tissues; C: Positive control; D: Negative control.

gRT-PCR

Quantitative real-time RT-PCR (qPCR) was per-
formed as described previously [8]. The se-
quences of primers were the primers for
HOXA11-AS detection were as follows: 5'-CGG-
CTAACAAGGAGATTTGG-3’ (forward) and 5-AG-
GCTCAGGGATGGTAGTCC-3’ (reverse) [9]. To es-
timate the expression of HOXA11-AS, the Ct
values were normalised using 18S rRNA as
internal control. The relative HOXA11-AS ex-
pression was calculated using the 2-4¢t,

In situ hybridization (ISH)

Paraffin sections were analyzed according to
the protocol developed by Advanced Cell Dia-
gnostics. ISH was performed using the RNA-
scope® 2.5 Assay (ACD, Inc. Catalog No. 32-
22335) and HybEZ™ Hybridization System
(ACD, Inc. 110 VAC, Cat. no. 322000). HOXA11-
AS target and positive and negative control
probes were purchased from ACD. Technical
and slide quality control was certified using a
positive control probe targeting the common
housekeeping protein, peptidyl prolyl isomer-
ase B (PPIB), and a negative control probe tar-
geting the bacterial protein dihydrodipicolinate,
reductase (DapB). Finally, the slides were
imaged using an Olympus Dual-CCD microsco-
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pe digital camera and semi-
quantitative scores obtained
by estimating the punctate st-
aining.

Cell culture and virus transfec-
tion

AMC-HN-8 and Hep-2 cells of
human LSCC were cultured in
Dulbecco’s modified Eagle’s
medium (DMEM) containing
10% fetal bovine serum (Gib-
co; Life Technologies, Carls-
bad, CA, USA) in a humidified
incubator (37°C, 5% CO,). The
cells were plated in 24-well
plates (2 x 10* cells/well) ov-
ernight. The siRNA of human
HOXA11-AS lentivirus transf-
er vector harboring the green
florescent protein (GFP) and
the control lentivirus (GFP-len-
tivirus) were constructed by
Genechem (Shanghai, China).
The lentiviruses were diluted
in 0.2 mL [107 transduction
units (TU)/mL] complete medium containing
hexadimethrine bromide (Polybrene; 8 mg/mL)
and incubated with the cells for 1 h at 37°C.
Next, the cells were incubated with 0.3 mL fr-
eshly prepared Polybrene-DMEM for an additi-
onal 24 h. The medium was replaced with fresh
DMEM and the cells cultured for another 48 h.

Wound-healing migration assays

Cells were seeded in 6-well plates and grown
to about 90% confluency before being wound-
ed using a 200-mL plastic tip across the mo-
nolayer. The debris was removed by washing
three times with phosphate-buffered saline
(PBS), followed by culturing in fresh DMEM con-
taining 5% FBS. The wound healing was ob-
served at different time points within the sc-
rape line, and such images for each cell line
were captured. The migration ability of the cells
was evaluated measuring the width of the
wounds (x 400 magnification). The images
were captured after 24 h post-wounding. Each
assay was performed in triplicate in at least
two independent experiments.

Transwell assays

To evaluate the invasion ability of the AMC-
HN-8 cells, a modified version of the standard
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Table 1. Relationship between HOXA11-AS
expression level and clinicopathologic param-
eters of LSCC

HOXA11-AS
Characteristics (n) expression P
High Low
Sex 0.936
Male (64) 36 28
Female (28) 16 12
Age 0.400
>58 (46) 28 18
<58 (46) 24 22
T classification 0.011
T1-2 (53) 24 29
13-4 (39) 28 11
Differentiation 0.014
G1(51) 23 28
G2 (41) 29 12
Lymph node metastasis 0.026
Negative (50) 23 27
Positive (42) 29 13
Primary location 0.137
Supraglottic (38) 18 20
Glottic (54) 34 20
Clinical stage 0.001
I-11 (47) 19 28
-V (45) 33 12

Low HOXAI11-AS

0.87)

0.6+ o

High HOXA11-AS

Overall survival rate (%)

0.2

0.0

T T T T T
o 10 20 30 40 50 60

Time (months)

Figure 4. Survival analysis of the correlation of high/
low HOXA11-AS expression with overall survival in
patients with LSCC. The overall survival rate was esti-
mated by the Kaplan-Meier method and analyzed by
the log-rank test (n=92).

transfilter assay was conducted. The transwell
filters (pore size, 8 um; Falcon; BD Biosciences)
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were coated on the lower side with 8 pg/uL
Matrigel and placed on a 24-well plate con-
taining DMEM. The cells (1 x 10°) were added
to the upper compartment of a transwell cha-
mber and allowed to migrate for 24 h at 37°C.
Then, the cells were harvested and suspended
in DMEM with 1% bovine serum albumin (BSA).
After 24 h, Matrigel and cells remaining on the
upper side of the membrane were wiped off
with PBS-rinsed cotton swabs, and the invad-
ing cells that had migrated to the bottom sur-
face of the membrane were fixed in 3.7% para-
formaldehyde in PBS. Subsequently, the cells
were stained with crystal violet for 10 min at
room temperature. The cell migration was qu-
antified by counting the number of cells in th-
ree inserts. Data are expressed as the avera-
ge number of cells per insert.

Cell proliferation assay

CCK-8 cell proliferation kit was used to evalu-
ate the proliferation of AMC-HN-8 and Hep-2
cells according to the manufacturer’s instruc-
tions. Briefly, the cells were seeded into 96-
well plates at a density of 5 x 10° cells/well
and cultured for 48 h. Then, 10 uL CCK-8 solu-
tion was added to each well and incubated for
1 h, and the absorbance measured at 450 nm
using a microplate reader. Results were repre-
sentative of three independent experiments in
triplicate.

Statistical analysis

All statistical analyses were performed using
Statistical Package SPSS 17.0. In addition,
comparison between two samples was ana-
lyzed by Student’s t-test. The association of
HOXA11-AS with clinicopathological features
was assayed by X2 test. The overall survival of
patients was calculated using the Kaplan-Meier
survival curve. P values less than 0.05 were
considered statistically significant.

Results

Microarray analysis of HOX cluster IncRNAs’
expressions in LSCC tissues

To identify the potential HOX IncRNAs targets
involved in the molecular mechanisms of LS-
CC, microarray analysis was carried out. Figure
1 showed 18 differently expressing INcRNAs in
cancerous and noncancerous tissues. As sh-
own in the heatmap, 8 IncRNAs (HOXA4-66,
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regulated (=2-fold). Herein, we
first studied HOXA11-AS (P<
0.01) with 17.75-fold change;
also, it was overexpressed in
some tumors.

HOXA11-AS is overexpressed
and correlates with malignant
clinicopathological features in
LSCC

LncRNA HOXA11-AS was se-
lected for further gRT-PCR va-
lidation in a large cohort of
patients (n=20). As shown in
Figure 2, HOXA11-AS levels

Blank Control

Figure 5. Effect of HOXA11-AS siRNA on the migration of AMC-HN-8 cells. Ef-
fect of HOXA11-AS siRNAs on cell migration was determined using scratch-
wound healing migration assays at 24 h post-wounding. (A) AMC-HN-8 cells
without any treatment, (B) AMC-HN-8 cells transfected with GFP vector con-
trol, (C) AMC-HN-8 cells transfected with HOXA11-AS siRNAs, (D) Cell migra-
tion was significantly suppressed in AMC-HN-8 cells by transfection them

with HOXA11-AS siRNAs (**P<0.01).

>

160,

Number of cells

HOXA11-AS siRNA

were significantly higher (8.33-
fold) in fresh LSCC tumor tis-
sues than the adjacent non-
neoplastic tissues (P<0.01). In
order to further evaluate the
potential role of HOXA11-AS
in LSCC, the expression of
HOXA11-AS in 92 paraffin-em-
bedded tissue samples of LS-
CC and adjacent non-neopla-
stic tissues was semi-quanti-
tatively examined by ISH. ISH
showed that HOXA11-AS was
expressed in the nucleus (Fi-
gure 3). LSCC tissues show-
ed a significant increase in

Figure 6. Transwell assay showed that after transfection with HOXA11-AS

HOXA11-AS expression as co-
mpared to that observed in
adjacent non-neoplastic tissu-
es. The HOXA11-AS expression
was statistically related to T
grade, pathological grade, ne-
ck nodal metastasis, and clini-
i cal stage of LSCC (Table 1).
4 Tumors with grade T3-4, po-
R or differentiation, lymph node
'@ . metastasis, or advanced clini-
v cal stages expressed high lev-
els of HOXA11-AS.

siRNA for 24 h, the invaded or migrated cells that penetrated the lower sur-

face of the membrane were significantly reduced than that in the controls;

**P<0.01.

HOXA10-82, HOXA11-AS, HOXA13-100, HOX-
B9-206, HOXB9-205, HOXD12-3, and HOTAIR)
were upregulated and 10 IncRNAs (HOXA11-
92, HOXA13-97, HOXB4-171, HOXB4-173, HO-
XB9-187, HOXC5-254, HOXC9-131, HOXC11-
114, HOXD1-49, and HOXD9-16) were down-
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Relationship between
HOXA11-AS expression and
survival of LSCC patients

To further evaluate the clinical significance of
high HOXA11-AS expression in LSCC, the sur-
vival curve compared the difference in the sur-
vival rate between high and low expression lev-
els of HOXA11-AS patients (n=92, 4 patients
were lost to follow-up). The results showed that

Am J Transl Res 2018;10(2):573-580
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Figure 7. Result of cell proliferation assay. After
HOXA11-AS siRNA transfection, the proliferation of
LSCC cells was evidently decreased to each time
point (24, 48, and 72 h, respectively) as compared
to the controls. A: AMC-HN-8 cells; B: Hep-2 cells.

the overexpression of HOXA11-AS was signifi-
cantly associated with poor prognosis at 60
months (p=0.019, Figure 4).

HOXA11-AS knockdown inhibits the migration
and invasion of LSCC cells

The wound healing assay found that the down-
regulation of HOXA11-AS inhibited the migra-
tion of AMC-HN-8 cells 24 h post-transfection
(Figure 5). Additionally, the results of in vitro
transwell migration and Matrigel invasion as-
say showed that the downregulation of HO-
XA11-AS inhibited the migration and invasion
of AMC-HN-8 cells (Figure 6). Taken together,
these results suggested that HOXA11-AS pro-
motes the invasion and migration of LSCC cells.

HOXA11-AS knockdown inhibits the growth
and proliferation of LSCC cells

To investigate the growth and proliferation of
LSCC cells after HOXA11-AS knockdown, we
used the CCK8 method in AMC-HN-8 and
Hep-2 cells and found that the downregulation
of HOXA11-AS inhibited the proliferation of bo-
th AMC-HN-8 (Figure 7A) and Hep-2 cells
(Figure 7B) at different time points (24, 48, and
72 h).
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Discussion

LncRNAs are a class of noncoding RNA tran-
scripts with little or no protein-coding capacity.
Recent studies suggested that a large num-
ber of genomic sequences were transcribed
into IncRNAs than the protein-coding RNAs
[10]. An increasing number of studies reveal-
ed that IncRNAs play important roles in tu-
morigenesis [11, 12]. LncRNAs are involved in
several biological functions in carcinogenesis
and have been suggested as potential thera-
peutic targets in many cancers [13]. Therefore,
an in-depth understanding of INcRNAs may be
useful in the identification of new effective
therapeutic strategies for cancers. However,
the function of IncRNAs in LSCC is yet not elu-
cidated. Our previous studies showed that so-
me IncRNAs play an oncologic gene function
in LSCC [14-16]. Microarray demonstrated th-
at the expression of HOXA11-AS was signifi-
cantly increased in LSCC tissues. Real-time
PCR further showed that IncRNA HOXA11-AS
was overexpressed in LSCC. LncRNA HOXA11-
AS is one of the Homeobox (HOX) family ge-
nes that is localized on 7p15.2 with a 3885 nt
length. This gene cluster consists of protein-
coding genes and genes for non-coding RNA.
Our previous study suggested that the protein-
coding gene HOXB9 of HOX family is upregu-
lated and correlated with the prognosis of LS-
CC [17].

HOXA11-AS, transcribed from the opposite
strand of the protein-coding gene HOXA11, is
highly conserved across evolution. Recent st-
udies showed that HOXA11-AS is upregulated,
and it possesses oncogenic properties in vari-
ous cancers such as lung,breast, and gastric
cancer [9, 18, 19]. Furthermore, HOXA11-AS
may function as a miRNA sponge to promote
tumorigenesis via targeting miR-140-5p or
miR-124 in glioma, uveal melanoma, and os-
teosarcoma [20-22]. ISH found a robust expr-
ession of HOXA11-AS in the nucleus, where it
putatively functions through protein binding.
Mechanistically, IncRNAs can regulate the tran-
scription via interactions with protein, DNA, or
other cellular macromolecules. Thus, we spe-
culated that HOXA11-AS might function throu-
gh binding to proteins, such as transcription
factors, in order to regulate the downstream
genes.

Am J Transl Res 2018;10(2):573-580
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Moreover, our data indicated that the HOX-
A11-AS RNA is involved in LSCC aggressive-
ness. Patients with grade T3-4, lymph node
metastasis, poor differentiation, or advanced
clinical stages expressed high levels of HO-
XA11-AS. Furthermore, the overexpression of
HOXA11-AS was significantly associated with
poor prognosis of LSCC. In addition to our stu-
dies, Liu et al. reported that HOXA11-AS pro-
moted the migration, invasion, and metastasis
of gastric cancer cells in vitro [19]. Another
study by Xu et al. revealed that HOXA11-
ASacted as an oncogenic IncRNA that promot-
ed cell growth and metastasis of glioma cells
[23]. In this study, we found that HOXA11-AS
knockdown significantly inhibited the growth,
migration and invasion of LSCC cells. These re-
sults suggested that high levels of HOXA11-AS
promotes the progression of LSCC cells and
plays an oncogenic role in LSCC.

In conclusion, our study demonstrated the
marked upregulation of INcRNA HOXA11-AS in
LSCC. A high level of HOXA11-AS correlated
with neck nodal metastasis, advanced clinical
stage, and poor prognosis in LSCC patients.
Furthermore, the downregulation of HOXA11-
AS could significantly inhibit the growth, migra-
tion and invasion of LSCC cells. Our findings
also suggested that HOXA11-AS may serve as
an oncogene and as a potential marker in
the development of LSCC; however, additional
studies are essential.
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