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Abstract

Background The long non-coding RNA HOXA transcript at the distal tip (HOTTIP) and homeobox A13 (HOXA13) have
been identified as oncogenes that play a pivotal role in tumorigenesis. However, their specific mechanisms of action in naso-
pharyngeal carcinoma (NPC) progression remain unclear.

Methods and results In the present study, RT-qPCR was employed to quantify RNA expression in NPC cells and tissues.
Flow cytometry, MTT, CCKS and colony formation assays were utilized to assess cell apoptosis and proliferation. Transwell
assay was conducted to evaluate migration and invasion while Western blotting was performed for protein expression analy-
sis. Our findings revealed that the expression of HOTTIP was significantly upregulated in NPC cell lines. Inhibition of HOT-
TIP could induce apoptosis and suppress proliferation, clonogenicity, invasion and metastasis in NPC cells. Knockdown of
HOTTIP led to downregulation of HOXA13 expression, which subsequently inhibited the proliferation and metastasis in
NPC cells. The inhibitory effects on cell proliferation and metastasis caused by HOTTIP silencing were rescued by HOXA13
overexpression. Additionally, there was a significant positive correlation between HOTTIP and HOXA 13, which were found
to be elevated in NPC tissues compared to normal tissues.

Conclusions We have determined that LncRNA HOTTIP facilitates tumorigenesis by modulating the expression of HOXA13
in NPC cells. Targeting HOTTIP/HOXA 13 may be a promising therapeutic strategy for NPC.
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Introduction the molecular mechanisms associated with NPC to develop

novel treatment.

Nasopharyngeal carcinoma (NPC), one of the most com-
mon head and neck tumor, is prevalent in Southeast Asia,
especially in Southern China [1, 2]. Radiotherapy in combi-
nation with chemotherapy is employed as the primary treat-
ment for NPC [3]. Although intensity-modulated radiation
therapy and chemoradiotherapy do work well, the result is
still disappointing [4]. NPC has great invasion and metasta-
sis potential [5]. Therefore, we need to further understand
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Progresses in molecular biology identified new types of
long non-coding RNAs (IncRNAs) and their specific func-
tions in eukaryotic cells [6]. Many studies highlighted that
IncRNAs are involved in diverse biological processes of
cancer, such as cell growth, metastasis, apoptosis, develop-
ment and progression of cancer [7]. In recent years, grow-
ing evidence has substantiated the pivotal role of IncRNA
in nasopharyngeal carcinoma. LncRNAs such as SNHG16,
LINC00173, CASC19, OIP5-AS1 and others have been
implicated in the progression of NPC and its resistance
to radiotherapy [8—11]. Furthermore, IncRNAs may serve
as potential biomarkers for predicting metastasis in NPC
patients [12].

LncRNA HOTTIP is located at the 5° end of the homeo-
box A (HOXA) cluster and controls the activation of sev-
eral 5 HOXA genes [13]. HOTTIP have been shown to be
involved in many biological processes, such as cell growth,
cell migration, cell invasion, cell apoptosis [14, 15]. Several
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reports documented the modulation of HOTTIP expression
in a variety of tumors, such as hepatocellular carcinomas,
colorectal cancer, gastric cancer, pancreatic cancer as well
as osteosarcoma and thereby of great value for diagnostic
screening and therapeutic intervention [16-20]. Recent
study demonstrated that HOTTIP promoted NPC cell pro-
liferation, migration and invasion by inhibiting miR-4301
[21]. Nonetheless, the mechanism of IncRNA in NPC still
needs to be further explored.

As the most posterior of the homeobox genes, the homeo-
box Al13 (HOXA13) is shown to regulate mammalian
embryonic development and participate in tumorigenesis
[22, 23]. Several documents illustrated the aberrant expres-
sion of HOXA13 in a variety of tumors, such as gastric
cancer, hepatocellular carcinomas and prostatic neoplasia
[24-26]. Han Y and colleagues demonstrated that HOXA13
expression was elevated in cancerous tissues compared with
the corresponding non-cancerous mucosa and expression
of HOXA13 was associated with aggressive phenotype of
gastric cancer [27]. These studies indicated that HOXA13
could be a prognostic marker for certain cancer. Some stud-
ies suggested that HOTTIP functions as an oncogene by
regulating HOXA13 expression in esophageal squamous
carcinoma and gastric cancer [28, 29]. However, the rela-
tionship between HOTTIP and HOXA13 in NPC is unclear.

The HOTTIP gene is located in physical contiguity
with HOXA13 and directly controls the HOXA locus gene
expression by way of interaction with the WDRS/MLL
complex. Based on these studies, this research focused on
how HOTTIP and HOXA13 influence the progression of
NPC. We hope that the results of our study will provide a
reference for the treatment of NPC.

Materials and methods

Cell culture and lentiviral-mediated shRNA
transduction

An immortalized nasopharyngeal epithelial cell line NP69
was cultured in Keratinocyte-SFM (Gibco; Life Technolo-
gies, CA, USA) and human NPC cell lines CNE1, CNE2,
HNE-1 and 5-8F were cultured in RPMI-1640 (Gibco; Life
Technologies, CA, USA). All cells were purchased from
central south university, Hunan Province, China. Cells
were supplemented with 10% fetal bovine serum (FBS;
Biological Industries, Israel), 100 pg/ml penicillin, 0.1 mg/
ml streptomycin and 2 mm L-glutamine. Cells were cul-
tured at 37°C in a humidified atmosphere containing 5%
CO,. To construct a lentiviral vector expressing shRNA
against HOTTIP, we used the pLKO.1puro-vector ligated
with 58 base pair-oligos. The HOTTIP shRNA forward is
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5’-CCGGGGAAGAAATTCAATGCCATGCCTCGAG-
GCATGGCATTGAATTTCTTCCTTTTTG-3" and the
reverse is 5’-AATTCAAAAAGGAAGAAATTCAATGC-
CATGCCTCGAGGCATGGCATTGAATTTCTTCC-3".
In short, lentiviral particles were produced by transfecting
293 FT cells, viral supernatants were collected 48 h after
transfection. Cells were transduced with virus-containing
medium in the presence of 4 ng/ml Polybrene (Zhong
Qiao Xin Zhou Biotechnology Co.,Ltd, Shanghai, China)
and then were selectively isolated with 2 pg/ml puromy-
cin ((InvivoGen, San Diego, CA, USA), and pooled for the
next assays. The use of all cells was approved by the ethics
committee of the Affiliated Hospital of Southwest Medical
University.

Tissue specimens

Human nasopharyngeal carcinoma specimens were col-
lected from patients undergoing surgical resection in the
Affiliated Hospital of Southwest Medical University. The
specimens were confirmed as nasopharyngeal carcinoma
by pathological analysis. Fresh nasopharyngeal carcinomas
and normal tissues were immediately snap-frozen in liquid
nitrogen and preserved in -80 °C until use. All specimens
were evaluated, reclassified according to current WHO and
UICC-TNM classification (Travis et al., 2004) (7th edi-
tion; Sobin et al., 2009). This study was approved by the
Institutional Review Board of our hospital (K2016050),
and written informed consent about analysis of their clini-
cal parameters was obtained from individual patients before
treatment.

Plasmid construction

The HOXA13 overexpression construct was based on the
piRES2-EGFP vector. The DNA fragment of HOXA13
(GenBank accession No. NM_000522.4) was obtained
by PCR using the forward primer F: 5’-TCAAGCTTC-
GAATTCATGACAGCCTCCGTGCTCC-3’, and reverse
primer R: 5’-GAGAGGGGCGGATCCTTAACTAGTG-
GTTTTCAGTTTGTTGATGAC-3’, and was cloned into
the EcoRI/Bam HIsites.

RNA interference

The stealth RNAi oligonucleotides specifically targeting
the HOTTIP and HOXA13 were synthesized by company
(Ribobio, Guangzhou, China). HOTTIP-siRNAI, sense:
5> GCCUCAUCGAGAAGAAUAUTT 3’, antisense:
5’ AUAUUCUUCUCGAUGAGGCTT 3’. HOTTIP-
siRNA2, sense: 5° GGGACUGUGUCUCUGUUAUTT
3’, antisense: 5° AUAACAGAGACACAGUCCCTT 3’.
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HOTTIP-siRNA3, sense: 5> GCCUCAUCGAGAAGAAU-
AUTT 3’, antisense: 5’ AUAUUCUUCUCGAUGAGGCTT
3’. HOXAI13-siRNA1, sense: 5° GCCUCAUCGAGA-
AGAAUAUTT 3°, antisense: 5° AUAUUCUUCUC-
GAUGAGGCTT 3°. HOXAI13-siRNA2, sense: 5’
GGGACUGUGUCUCUGUUAUTT 3°, antisense: 5’
AUAACAGAGACACAGUCCCTT 3. HOXA13-siRNA3,
sense: 5° GCCUCAUCGAGAAGAAUAUTT 3’, antisense:
5> AUAUUCUUCUCGAUGAGGCTT 3’.

Total RNA extraction and quantitative real-time PCR

Total RNA of cells and tissues were purified with TRIzol
reagent (Invitrogen, San Diego, CA, USA) according to
the manufacturer’s protocol and measured with a Nano-
Drop ND-1000 spectrophotometer (Thermo Fisher Sci-
entificc, CHI, USA). Then, equal amounts of total RNA
(1 pg) were reverse-transcribed with the PrimerScriptRT
reagent kit with gDNA Eraser (TaKaRa, Japan). The lev-
els of genes were amplified with the ABI PRISM 7500
Fast Real-Time PCR System (Applied Biosystems, USA)
and the SYBR Green array (TaKaRa, Japan). GAPDH
was measured as control and arbitrary units are used to
display the normalized relative gene expression. Prim-
ers for HOTTIP in qRT-PCR experiments are the for-
ward primer F: 5’-CCTAAAGCCACGCTTCTTTG-3’,
and reverse primer R: 5-TGCAGGCTGGAGA-
TCCTACT-3’. Primers for HOXA13 are the forward
primer F: 5>-CGCTTCAGAACTCGTTGCTTTGC-3’, and
reverse primer R: 5’- CGGAAGAACTGGCAG-TCTT-
TACCT-3". Primers for GAPDH are the forward primer
F: 5°-GGACTTCGAGCAAGAGATGG-3’, and reverse
primer R: 5’-AGCACTGT GTTGGCGTACAG-3’.

Western blot

Cells and tissues were lysed using RIPA buffer (1% NP-40,
0.1% SDS, 0.5% DOC, 150 mM NaCl, 10 mM Tris-HCI,
and protease inhibitor) and then the cell lysis was used for
Western blot as described previously [30]. Rabbit poly-
clonal anti- HOXA13 antibody (ab106503, 1:200), mouse
monoclonal anti-GAPDH antibody (ab8245, 1:750), rabbit
anti-beta Actin antibody (ab8227, 1:5000) were purchased
from Abcam (Cambridge, UK). Immunoreactivity was visu-
alized with a chemiluminescence detection kit (Donghuan
Biotech, Shanghai, China).

Flow cytometric analysis
Cell apoptosis was analyzed by flow cytometry with annexin

V-FITC/propidium iodide (PI) apoptosis detection kit (BD
Biosciences, San Jose, CA, USA). Briefly, cells were

fostered for 48 h in 6-well plates at 3 x 10° cells/well. Then,
cells were collected and washed twice by PBS (PH=7.4),
and resuspended in 100 pl of binding buffer. After that,
cells were incubated for 10 min with 5 pl of PI and 10 pl of
annexin V-FITC in the dark.

Cell viability assay

For MTT, briefly, cells were planted in 96-well plates (Corn-
ing, NY, USA) at a density of 1x 10 cells and added 20 pl
of MTT(Solarbio, Beijing, China) into each well 0 h, 24 h,
48 h,72 h, 96 h later according to the manufacturer’s pro-
tocol. For 4 h later, the medium was removed and 150 ml
DMSO was added to each well. After 10 min of vibration
mixing, the optical density (OD) was measured at 490 nm
with a microplate reader. CCKS assay was carried out using
the protocol described previously [31]. Briefly, cell was
planted in 96-well plates (Corning, NY, USA) at a density
of 3x10° cells and added 10 pl of CCKS$ into each well
24 h later according to the manufacturer’s protocol. Four
24 h later, cell viability was determined by measuring the
absorbance of the converted dye at 450 nm.

Colony formation assay

Cells were plated at a density of 200 cells/well in 6-well
plates, and cultured for 1-2 weeks. The medium was
changed timely. When most visible colonies had expanded
with more than 50 cells, colonies were fixed immediately in
4% paraformaldehyde for 30 min, and stained with crystal
violet for 30 min. After the dye was washed out, the colo-
nies were manually counted and plates were photographed.

Cell migration and invasion assays

Transwell migration and invasion assay was performed with
Transwell (Millipore, MA, USA) according to the manufac-
turer’s protocol. Briefly, after different treatment, cells were
planted into the top chambers of transwell plates coated with
collagen IV or not, and medium without cells was placed to
the bottom chambers. After incubation about 24 h at 37 °C,
cells were stained with 0.1% crystal violet at the room tem-
perature for 25 min. Then, cells on top of each filter were
removed and migrating cells were counted.

Statistical analysis

SPSS 19.0 statistical analysis software was used to ana-
lyze these experimental results. Data are expressed as
mean =+ standard deviation (S.D.). The statistical signifi-
cance of differences between two groups was analyzed with
a paired two-tailed Student’s t-test and between multiple
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groups was analyzed with oneway ANOVA. The symbol *
denotes statistical difference (P <0.05), while ** represents
great significant difference (P<0.01) in a two-tailed Stu-
dent’s t-test.

Results

The expression of HOTTIP was upregulated in NPC
cell lines

To investigate the expression of HOTTIP at transcriptional
level in NPC cell lines, we first performed the RT-qPCR
analysis on four NPC cell lines including CNE2, CNE],
HNE1 and 5-8 F and one immortalized nasopharyngeal
epithelial cell line NP69. Relative to non-tumorous cell, the
NPC cell lines showed HOTTIP was upregulated, especially
in CNEI and HNE1 (Fig. 1A). Therefore, we concluded
that the expression of HOTTIP was upregulated in NPC cell
lines.

Repression of HOTTIP promoted apoptosis and
inhibited proliferation, clonogenicity of NPC cells

To elucidate the possible role of HOTTIP in NPC, we
first designed shRNA against HOTTIP (shHOTTIP) and

transfected CNE1 and HNE1 cells with shRNA. The results
demonstrated that sShHOTTIP could effectively repress the
expression of HOTTIP (Fig. 1B). Then, we investigated
the function of HOTTIP in NPC cell lines transfected with
shHOTTIP. Flow cytometry analysis was demonstrated that
HOTTIP knockdown promoted cell apoptosis of CNE1 and
HNEI cells (Fig. 2A and B). MTT and colony formation
analysis showed that HOTTIP knockdown repressed cell
proliferation and colony formation ability of CNE1 and
HNEI cells (Fig. 2C-F). These results showed that HOTTIP
played a growth-promoting role in NPC cells.

Repression of HOTTIP inhibited cell migration and
invasion of NPC cells

Furthermore, we investigated the effect of HOTTIP on the
migration and invasion of CNE1 and HNE1 cells. The results
showed that knockdown of HOTTIP could inhibit cell inva-
sion and migration of CNE1 and HNE1 cells (Fig. 3A-D).
Taken together, these results indicated that HOTTIP pro-
moted tumorigenesis in NPC cells.

Fig. 1 The expression of HOTTIP is upregulated in NPC cells. (A)
RT-gPCR analysis on four NPC cell lines including CNE2, CNE1,
HNE], 5-8 F and one immortalized nasopharyngeal epithelial cell line
NP69. Relative to non-tumorous cell NP69, the NPC cell lines showed
higher expression levels of HOTTIP RNA, especially in CNE1 and
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HNEI1. **P<0.01 vs.NP69. (B) RT-qPCR demonstrated that shHOT-
TIP could repress the expression of HOTTIP effectively in the CNE1
and HNEI cells. **P<0.01 vs. control. NC: negative control group
(cells transfected with an ineffective HOTTIP interference sequence)
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Fig. 2 Repression of HOTTIP promoted apoptosis and inhibited pro-
liferation, clonogenicity of NPC cells. (A) and (B) Flow cytometry
analysis revealed that HOTTIP knockdown promoted the apoptosis of
CNELI and HNEI cells. (C) and (D) MTT assay analysis revealed that
HOTTIP knockdown repressed the proliferation of CNE1 and HNE1

cells. (E) and (F) Colony formation analysis revealed that HOTTIP
knockdown repressed the colony formation ability of CNE1 and HNE1
cells. ¥*P<0.05 vs. control. ¥**P<0.01 vs. control. NC: negative con-
trol group (cells transfected with an ineffective HOTTIP interference
sequence). WT: Wild type of CNE1 and HNE1 cells 7) Springer
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Fig.3 Repression of HOTTIP
inhibited cell migration and inva-
sion of NPC cells. (A) and (B)
HOTTIP knockdown inhibited
the invasion of CNE1 and HNE1
cells. (C) and (D) HOTTIP
knockdown inhibited the migra-
tion of CNE1 and HNE1 cells.
Scale bar =50 um. **P<0.01
vs. control. NC: negative control
group (cells transfected with an
ineffective HOTTIP interference
sequence). WT: Wild type of
CNE1 and HNEI1 cells

Knockdown of HOTTIP repressed HOXA13
expression in NPC cells

Previous studies documented that HOTTIP could regulate
HOXAT13 expression and affect tumorigenesis. Firstly, we
designed three siRNAs against HOTTIP and transfected
HNEI cells with these siRNAs. The results demonstrated
that all the three HOTTIP siRNAs, especially siHOTTIP-1
and siHOTTIP-3 could repress the expression of HOT-
TIP (Fig. 4A). To determine whether HOTTIP could reg-
ulate HOXA13 expression in NPC cell lines, we detected
HOXA13 expression in CNEl and HNEI1 cells trans-
fected with siHOTTIP-1 and siHOTTIP-3. The results
demonstrated that the inhibition of HOTTIP could repress
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HOXA13 mRNA level in HNE1 and CNE1 cells (Fig. 4B
and C). Furthermore, the protein level of HOXA13 was also
decreased in HNE1 and CNE1 cells with HOTTIP knock-
down (Fig. 4D and E). Taken together, these results indi-
cated that the expression of HOXA13 can be regulated by
HOTTIP in human NPC cells.

Repression of HOXA13 inhibited the proliferation
and metastasis of HNE1 cells

HOTTIP could affect the growth and metastasis of NPC
cells, and regulated the expression of HOXA13, we believed
that HOTTIP might play its role by regulating the expres-
sion of HOXA13 in NPC cells. To test this hypothesis, we
firstly dissected the function of HOXA13 in HNEI1 cells.
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Fig. 4 Inhibition of HOTTIP expression decreased the HOXA13
expression in NPC cells. (A) RT-qPCR analysis of the HOTTIP expres-
sion in HNEI cells transfected with siRNAs. **P <0.01 vs. siNC. (B)
and (C) RT-qPCR analysis of the HOXA13 expression in HNEI and
CNEI/ cells transfected with siHOTTIP and control siRNAs. **P < 0.01

We designed siRNAs specific to HOXA13 and transfected
HNET1 cells with these siRNAs. The results showed that the
siHOXA13-3 siRNA could repress the HOXA13 expression
more than siHOXA13-1 and siHOXA13-2 (Fig. 5A). West-
ern blot analysis showed that the siHOXA13-3 siRNA could
repress the HOXA13 expression in protein level (Fig. 5B).
Interestingly, we found that knockdown of HOXA13 inhib-
ited the cell growth in CCKS8 assay (Fig. 5C). Moreover,
transwell assay demonstrated that repression of HOXA13
inhibited cell migration and invasion of HNEI cells
(Fig. 5D and E). In summary, these results illustrated that
HOXAT13 could affect the cell growth, migration and inva-
sion of HNE1 cells.

Modulation of HOXA13 expression affected the
function of HOTTIP in NPC cell lines

To determine whether HOTTIP promoted cell growth and
metastasis through modulating HOXA13 expression, we

vs. siNC. (D) and (E) Western blot analysis of the HOXA13 expres-
sion in HNE1 and CNEI cells transfected with siHOTTIP and control
siRNAs. NC: negative control group (cells transfected with an ineffec-
tive HOTTIP interference sequence)

investigated whether the level of HOXA13 could affect
HOTTIP function in HNE1 cells. We overexpressed
HOXA13 in HNEI1 cells, qRT-qPCR and western blot
analysis showed an efficient HOXA13 overexpression in
HNEI cells (Fig. 6A and B). Firstly, we found that HNE1
cell growth was repressed by HOTTIP knockdown and the
effect of growth inhibition was even more significant when
HOXA13 was knockdown(Fig. 6C). In addition, the inhi-
bition on cell growth was partially restored if HOXA13
was overexpressed (Fig. 6C). The colony formation assay
demonstrated that the reduced ability of HNE cells to form
colonies resulting from HOTTIP knockdown could be res-
cued by overexpressing HOXA13. (Supplementary Fig. 1).
Furthermore, the inhibition of cell migration and inva-
sion caused by HOTTIP knockdown could be improved
by HOXA13 overexpression, and could be enhanced by
HOXA13 knockdown (Fig. 6D-F).
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Fig.5 Knock-down of HOXA 13 inhibit the proliferation and metastasis
of HNEI cells. (A) RT-qPCR analysis of the efficiency of siHOXA13
in HNEI1. (B) Western blot analysis of the efficiency of siHOXA13
in HNEI cells transfected with siRNA against HOXA13 and control
siRNAs. (C) CCKS assay analysis of cell proliferation in HNE1 cells
transfected with sSiHOXA13 or control siRNA. (D) Cell migration of

Positive correlation of HOTTIP and HOXA13
expression in NPC

Above all, we have found that HOTTIP and HOXA13 could
affect the cell growth and cell metastasis in NPC cell lines.
To investigate the potential relationship of HOTTIP and
HOXA 13 with tumorigenesis in NPC tissues, we compared
their expression level in clinical NPC samples and normal
tissues by RT-qPCR and Western blot assay. The clinical and
pathologic characteristics of NPC and normal patients were
shown in Table 1. Student’s ttest showed that the RNA level
of HOTTIP in all the cancer tissues was much higher than
that in normal tissues (Fig. 7A). The results analysis dem-
onstrated that both mRNA and protein level of HOXA13
were elevated in cancer tissues, compared with those in nor-
mal tissues (Fig. 7B and C). Student’s rtest also showed a
statistically significant difference in the expression level of
HOTTIP and HOXA13 between tumor tissues and normal
tissues. As expected, the RNA expression level of HOTTIP
were positively correlated with HOXA13 in clinical tissues
(R=0.772, P=0.008) (Fig. 7D).
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siHOXA13 HNEI cells and control cells. Scale bar =25 pum. (E) Cell
invasion assay analysis of cell invasion in HNE1 cells transfected
with siHOXA13 or control siRNA. Scale bar =25 um. **P<0.01. vs.
siNC. NC: negative control group (cells transfected with an ineffective
HOXA13 interference sequence)

Discussion

LncRNA HOTTIP was reported as an oncogenic gene and
plays a key role in tumorigenesis. In this study, we sought
to study the function of HOTTIP and HOXA13 in NPC.
Firstly, we identified that the expression of HOTTIP was
upregulated in NPC cell lines. The shRNA-induced inhibi-
tion assay demonstrated that HOTTIP knockdown promoted
cell apoptosis and repressed cell proliferation, clonogenic-
ity, migration and invasion of NPC cells. Then, we found
that silencing of HOTTIP inhibited HOXA13 expression
and HOXA13 exerts a similar function as HOTTIP in NPC.
Furthermore, we found that HOXA 13 knockdown enhanced
the inhibitory effect on cell proliferation and metastasis
caused by HOTTIP knockdown, and HOXA13 partially
recue this effect, suggesting that HOTTIP promotes tumori-
genesis through regulating HOXA13 expression. At last,
we found that the HOTTIP and HOXA13 was increased
and significantly positively correlated in clinical tissues. In
short, we identified the function and mechanism of HOTTIP
and HOXA13 in NPC and provided a new way for therapeu-
tic treatment of NPC.



Molecular Biology Reports (2023) 50:6807-6818

Fig. 6 Modulation of HOXA13 expression could affect the function
of HOTTIP in HNEI cells. (A) RT-qPCR analysis of the overexpres-
sion of HOXA13. (B) Western blot analysis of the overexpression of
HOXAI13. (C) CCK8 assay analysis of cell proliferation in HNE1
cells. (D) Cell migration and cell invasion assay analysis of cell metas-

tasis in HNEI cells. Scale bar =25 pum. (E) Statistic analysis of cell
migration assay. (F) Statistic analysis of cell invasion assay. GAPDH
expression was measured as control. ¥*P <0.05, **P <0.01. NC: nega-
tive control group (cells transfected with an ineffective sequence)
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Table 1 The clinical and pathologic characteristics of NPC and normal

patients
Parameter NPC normal
patients(N=7)  patients(N=5)
Age(years) 42.4+42 41.3+4.1
Gender(male/female) 3/4 2/3
Pathological type (keratinizing / 0/7
nonkeratinizing)
Clinical stages
I-1I 3
I-1v 4
T stage
T,_, 3
Ts_y 4
N stage
No 2
N, 4
N; 1
M stage
M, 7

NPC is common head and neck tumors in Southern
China. In the last decades, our understanding of physiologi-
cal and pathological processes of NPC has greatly improved
[32, 33]. However, the mechanism of NPC tumorigenesis

and progression remains unclear. Emerging evidence dem-
onstrated that IncRNAs affect the cancer progression, such
as cell proliferation, apoptosis, and metastasis, differen-
tiation and cycle [34]. Recent advances documented that
IncRNAs play important function in NPC, such as IncRNA-
ROR, IncRNA-EWSAT1 and so on [35, 36]. Previous stud-
ies reported that HOTTIP was up-regulated in a variety of
cancers. In this study, we further confirmed that IncRNA
HOTTIP plays important function in NPC. We found that
siRNA-induced silencing of HOTTIP in HNE1 and CNE2
cell resulted in a significant repression of cell proliferation,
migration and invasion. Thus, these results suggested that
HOTTIP could exert an oncogenic function in NPC cell
lines.

Hox genes, referred to as HoxA, B, C, and D, exert impor-
tant functions in the establishment of the body architecture
[37]. HOXA expression levels was correlate with tumori-
genesis in variety of cancers, such as gastric cancer, laryn-
geal cancer and acute myeloid leukemia [38—40]. HOXA13
was documented as a marker of gut primordial posterior-
ization and plays a key role in tumorigenesis of variety of
cancers. In present study, we demonstrated that siRNA-
mediated HOXA13-knockdown inhibited the proliferation,

Fig. 7 Positive correlation of HOTTIP and HOXA13 expression in
normal tissues and NPC tissues. (A) RT-qPCR analysis of HOTTIP
RNA transcripts in normal and cancer tissues. (B) RT-qPCR analysis
of HOXA13 mRNA level. (C) Western blot analysis of HOXA13 pro-
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tein level. (D) Spearman test was used to analyze correlation of HOT-
TIP and HOXA13 expression in NPC. P<0.01: two-tailed unpaired
student’s t-test
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migration and invasion of NPC cells. These studies shown
an oncogenic role of HOXA13 in NPC cell lines.

The regulation of HOXA13 by HOTTIP was involved
in tumorigenesis [41]. In our study, we also observed
siRNA-induced silencing of HOTTIP led to the repres-
sion of HOXA13. Further, we found that over-expressed
HOXA13 restored the inhibition of cell proliferation, and
cell metastasis caused by repressed HOTTIP in NPC cells.
Thus, our study illustrated that the regulatory mechanism
between HOTTIP and HOXA 13 was also conserved in NPC
tumorigenesis.

Recently, researchers made great efforts to screen and
identify characteristic biomarkers specific for solid tumors.
The expression profile of HOTTIP and HOXA 13 was docu-
mented as prognostic factor for a variety of cancers, such
as pancreatic ductal adenocarcinoma and gastric cancer [42,
43]. In our study, we firstly found that the both HOTTIP
and HOXA13 exerted oncogenic role in NPC cells. Then we
detected the expression of HOTTIP and HOXA13 in clini-
cal NPC patients and demonstrated the increased expression
of HOTTIP and HOXA13 in cancer tissues, compared with
those in paired normal tissues. Thus, our study suggested
that the expression profile of HOTTIP and HOXA 13 might
be a potential biomarker for diagnosis of NPC, as well as
serving as novel therapeutic targets.

In summary, we illustrated that HOTTIP promoted
tumorigenesis through regulating HOXA13 expression in
NPC cells, and might provide a potential therapeutic target
for NPC.
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