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1 | INTRODUCTION

Abstract

Iroquois homeobox gene 5 (Irx5) is a highly conserved member of the Iroquois
homeobox gene family. Members of this family play distinct and overlapping roles in
normal embryonic cell patterning and development of malignancies. In this study,
we observed that IRX5 was abnormally abundant in tongue squamous cell carci-
noma (TSCC) tissues and cell lines. We used gain- and loss-of-function methods to
overexpress and knockdown IRXS5 expression in the TSCC cell line CAL27. Our
results elucidated that elevated levels of IRX5 promoted proliferation, migration and
invasion of TSCC cells, whereas stable or transient knockdown of IRX5 expression
suppressed TSCC cell proliferation, migration and invasion. As a transcription factor,
IRX5 performed this function by targeting osteopontin (OPN) promoter and activat-
ing the NF-xB pathway. Finally, studies in xenograft tumour model showed that
IRX5 significantly enhanced OPN expression and promoted tumour growth. Taken
together, our study elucidates a promotive effect of IRX5 in TSCC through the con-
nection with OPN. These findings reveal the new molecular mechanism of TSCC,

which may potentiate its use as a novel molecular therapy target for TSCC.
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been currently met. Exploring the precise molecular mechanism and
identifying a new therapeutic marker is crucial for the clinical diagno-
sis and treatment of TSCC.

Head and neck squamous cell carcinoma (HNSCC) is ranked sixth
among the most common solid cancers worldwide,! with approxi-
mately 686, 328 new cases per annum.? Despite advanced surgical
techniques in various combinations with radiation and chemother-
apy, the overall 5-year survival rate of HNSCC patients is <50%.%
Tongue squamous cell carcinoma (TSCC) is a common subtype of
HNSCC, which is more biologically aggressive than other oral
HNSCC cancers.* Therapeutic target treatment for TSCC has not
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As a member of the small integrin-binding ligand N-link glycopro-
tein (SIBLING) gene family,®> osteopontin (OPN) is an essential regu-
lator of tumour progression, which was elevated in multiple human

t.>7 OPN plasma levels also act as a poten-

malignancies developmen
tial prognostic factor for tumour relapse and survival®? Gu et al
reported that OPN knockdown decreased colorectal cancer metasta-
sis both in vivo and in vitro.2® In HNSCC, the hypoxia signals signifi-
cantly increased OPN expression, which enhanced cancer

1

angiogenesis, growth and metastasis.'* Bioinformatics analysis
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indicates that the promoter of OPN gene contains potential tran-
scriptional binding sites for Iroquois homeobox 5 (Irx5), suggesting
that IRX5 might be a promising mediatory factor affecting OPN gene
expression.

Irx genes encode a family of transcription factor with an extre-
mely conserved homeobox domain and a 13 amino-acid characteris-
tic Iroquois domain.’? The Iroquois family contains 6 genes in mice
and humans, which are organized into two cognate clusters, IrxA
(Irx1, Irx2 and Irx4) and IrxB (Irx3, Irx5 and Irxé), and located in two
different chromosomes.*® Irx genes play pivotal roles in cell specifi-
cation and patterning during development processes, as well as
human carcinomas, either as activators or suppressors;lz'14 this dual
effect differs in different Irx gene and species. Notably, IRX5 is
enhanced in colorectal cancer and human adenomas,*>¢ and IRX5
silencing inhibited LNCaP prostate cancer cell apoptosis.}” However,
although several studies regarding the connection of IRX5 with can-
cer have been reported, the accurate functions of IRX5 in the pro-
gression and suppression of TSCC remains largely indistinct.
Therefore, the aim of this study was to demonstrate the relationship
of IRX5 with TSCC and to examine the potential novel target of
IRXS.

In this study, we found that IRX5 was significantly up-regulated
in TSCC tissues and cell lines. The expression of IRX5 is associated
with TSCC cell proliferation, migration and invasion. Moreover, IRX5
exerts this role through targeting OPN promoter, and NF-«xB path-
way also participated in this promoting progress.

2 | MATERIALS AND METHODS

2.1 | Ethics approval and consent to participate

All of our experiments were approved by the Institutional Ethical
Board of Wuhan University (Hubei, China) and were performed
according to the guidelines of the National Institute of Health
(NIH). Informed consent was obtained from all patients. The proto-
col of all animal procedures was approved by the Committee of
the Ethics of Animal Experiments of the Wuhan University of
Stomatology.

2.2 | Human tissue specimens

A total of 12 samples of human TSCC tissues and corresponding
adjacent normal tongue tissues were used in this study. All patients,
from whom the tissue samples were collected, were clinically and
histopathologically diagnosed with TSCC at the School and Hospital
of Stomatology, Wuhan University, and underwent surgical resection
with the approval of the Ethics Committee. The formalin-fixed,
paraffin-embedded portions of surgical specimens were subjected to
IHC analysis, and the remaining portions were immediately frozen in
liquid nitrogen and stored at —80°C in our laboratory. TSCC was
histopathologically confirmed, after which the tumour specimens
were used to extract mRNA and protein for gRT-PCR and Western
blot analysis.

2.3 | Cell culture and reagents

Human cell lines (SCC9, SCC25 and CAL27) were purchased from
the American Type Culture Collection (ATCC, Manassas, USA) and
grown in DMEM (HyClone, South Logan, UT, USA) supplemented
with 10% foetal bovine serum (FBS, Gibco, Grand Island, NY, USA),
100 U/mL of penicillin and 100 U/mL of streptomycin. All cell lines
were grown at 37°C in 5% CO, and air-humidified incubator.
Puromycin dihydrochloride (MDBio, Qingdao, China) was added at
2 ug/mL to screen transfected cells. BAY 11-7082 (Beyotime
Biotechnology, Shanghai, China) was used at 3 pmol/L to inhibit the
NF-xB signalling pathway (1 mmol/L stock in DMSO).

2.4 | Human keratinocytes isolation and culture

Human keratinocytes were isolated from tongue noncancerous dis-
ease patients (16-35 years old). Informed consent was obtained from
all donors. Human tongue epithelial tissues were harvested and
rinsed thrice in sterile phosphate buffered saline containing 2%
antibiotics (100 U/mL, penicillin and 100 U/mL, streptomycin). The
samples were separated from the underlying muscle or connective
tissue, minced into pieces, and then incubated overnight at 4°C in
Dispase Il (Roche, Basel, Switzerland). The epidermal layer was sepa-
rated from other tissues and treated with trypsin-EDTA (Invitrogen,
Carlsbad, CA, USA) for 15 minutes at 37°C to isolate KCs. Isolated
KCs were then cultured in Keratinocyte Growth Medium (Promocell)
at 37°C in 5% CO, and air-humidified incubator.

2.5 | gRT-PCR

Total RNA was extracted from indicated cells and tissue samples
using TRIzol (Invitrogen). RNA at 1 pg was reverse transcribed into
cDNA template using the PrimeScript™ RT Reagent Kit with gDNA
Eraser (TaKaRa, Tokyo, Japan). gqRT-PCR was performed using the
SYBR Premix Ex Taq Il (Tli RNaseH Plus, TaKaRa) in the QuantStu-
dio™ 6 Flex QPCR System (Applied Biosystems, Singapore). Primer
sequences are listed in Table S1. All experiments were performed in

triplicates.

2.6 | Western blot analysis

CAL27 cells and tissue specimens were lysed on ice using RIPA buf-
fer (Beyotime, ShangHai, China) containing PMSF (Roche) and phos-
phatase inhibitors (Roche) and centrifuged at 13,523 g for
10 minutes at 4°C to remove cell debris. Protein concentration was
then measured using the BCA Assay kit (Biosharp, Hefei, China).
Total protein concentrations in all samples were equalled, following
which the proteins were denatured by heating at 95°C for 8 min-
utes. Nuclear proteins were extracted using the Nuclear and
Cytoplasmic Protein Extraction Kit (Beyotime) following the manu-
facturer's instructions. A quantity of 30 mg protein was elec-
trophoresed on 10%-12% SDS-polyacrylamide gel and transferred
onto PVDF membrane (Millipore, Billerica, MA, USA). Membranes
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were blocked with 5% skim milk for 1 hour at room temperature,
following which they were incubated with primary mouse mono-
clonal antibodies against human IRX5 (1:200; Sigma-Aldrich, St.
Louis, MO, USA), human OPN (1:500; Santa Cruz, CA, USA), IkBa
(1:1000; Cell Signaling Technology, CA, USA), H3 (1:5000; ABclonal
Technology, Oxfordshire, UK), B-actin (1:5000; bioPM, China) and
GAPDH (1:5000; bioPM) and primary rabbit polyclonal antibodies to
human phosphorylated-p65 S536 (1:1000; Cell Signaling Technol-
ogy), NF-kB-p65 (1:1000; Cell Signaling Technology) and MMP2
(1:1000; ABclonal) on shaker at 4°C overnight. After 3 washes by
TBST, the membranes were incubated with HRP-conjugated sec-
ondary antibody at 37°C for 1 hour. Protein bands were visualized
using ECL reagent. Then data were quantified by densitometry using
Image J software (National Institutes of Health, Bethesda, Maryland,

USA). Western blot analyses were repeated at least thrice.

2.7 | Lentiviral transduction

Human full-length of IRX5 CDS was cloned into an empty pLVX-
IRES-puro (Clontech, Mountain View, CA, USA) plasmid and the V5
tag was added in Wuhan Miaoling Bioscience & Technology Co., Ltd
(Wuhan, China). The construct was sequenced for verification and
named PLVX-IRX5-puro-V5. IRX5 was overexpressed using PLVX-
IRX5-puro-V5 plasmid named IRX5 and the empty pLVX-IRES-puro
was used as control named Vector. IRX5 was inhibited using shRNA
targeting the human IRX5 gene (Genechem, IRX5#1 AAA
GACTCTCCCTATGAAT, IRX5#2 AAGGTATGTCCGACATTTA). Non-
sense shRNA hU6-MCS-Ubiquitin-EGFP-IRES-puromycin (Genechem,
shNC, TTCTCCGAACGTGTCACGT) was used as negative control.
2.5 x 10° 293E cells were plated onto a 6 cm dish. Three plasmid
systems, including pMD2.G and psPAX2, were co-transfected
according to the manufacturer’s instructions of TurboFect (Turbo-
Fect, Thermo Fisher, USA). After 48 hours, the lentiviral supernatant
was collected, centrifuged and filtered through a 0.22 um filter. For
infection, CAL27 cells were incubated with lentivirals for 48 hours
containing 5 pg/mL polybrene. The cells were named IRX5, Vector,
shIRX5#1, shIRX5#2 and shNC. After 48 hours, all cells were
screened by puromycin, and IRX5 expression was quantified using
gRT-PCR and Western blot analysis.

2.8 | Transient transfection

siRNAs targeted IRX5 and OPN were synthesized from GenePharma
(Suzhou, China). The sequences are listed in Table S2. Cells were
transfected with targeting siRNAs or plasmids using Lipofectamine
2000 (Invitrogen) according to the manufacturer’s instructions. IRX5
and OPN expressions were measured using qRT-PCR and Western
blot analysis.

2.9 | Bioinformatics analyses

Osteopontin candidate promoter sequences from —2000 to +200
were retrieved from NCBI, and analysed using Matlnspector

software
putative IRX5 binding site.

(http://www.genomatix.de/matinspector.html.) for the

2.10 | Dual luciferase assay

Putative OPN promoter fragment were amplified and the products
were cloned into pGL3-basic vector. The primer sequences of OPN
promoter were listed in Table S1. CAL27 cells were plated onto 24-
well plate at a density of 1 x 10° cells/well. Lipofectamine 2000
(Invitrogen) was co-transfected with 0.5 pug of reporter plasmids,
namely pGL3-basic, OPN-promoter or NF-kB-luc and 0.05 pg of the
internal control plasmid pRL-TK (Promega, Madison, WI, USA). Cells
were lysed using passive lysis buffer (Promega) for 15 minutes
according to the manufacturer’s instructions. Firefly and Renilla luci-
ferase activities were assessed using GloMax 20/20 Luminometer
(Promega). The relative OPN or NF-kB transcriptional activity (rela-
tive light units of firefly luciferase/Renilla luciferase, fRLU/rRLU) was

counted.

211 | CCK8 assay

Cell suspensions (100 L) containing 5000 cells were plated on 96-
well plate per well. After incubation for the indicated time periods
(24, 48, 72 and 96 hours), media were removed and replaced with
100 pL culture media containing 10 uL of CCK8 solution (Beyotime)
for 2 hours. The supernatant was collected, and absorbance at
450 nm was measured using a microplate reader to calculate cell

growth rate.

2.12 | Wound healing assay

CAL27 cells were plated on 6-well plate at a density of 3 x 10° cells
per well. When the cells reached 95% confluency, a sterile 20 uL
pipette tip was used to make a wound scratch, and PBS was used to
remove the detached cells. Phase contrast images were collected in
the same field at indicated time periods (0, 24, 36 and 48 hours)

using an inverted microscope (Leica).

2.13 | Transwell assay

Cell migration and invasion assays were conducted using 24-well
transwells (8.0-um pore size) with one-fourth dilution or without
matrigel coating (BD, Franklin Lakes, NJ, USA). In total, 1-3 x 10°
cultured cells in 200 pL of serum-free DMEM (HyClone) medium
were seeded into the upper Boyden chamber and 600 pL of the
same medium containing 10% FBS (Gibco) was added to the lower
chamber. After 24 hours of incubation, cotton swabs were used to
remove the cells in the upper chamber, and the filters were then
fixed with 4% paraformaldehyde for 15 minutes and washed with
PBS. Finally, cells in the filter were stained with crystal violet and
examined by microscope (Olympus). Migrating or invading cells in 5
random optical fields from triplicate filters were quantified and aver-
aged.
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2.14 | Xenograft tumour model

Four-week-old female athymic BALB/c nude mice were purchased
from the Hunan SJA Laboratory Animal Co. Ltd (Hunan, China). All
10 mice were maintained under specific pathogen-free (SPF) condi-
tions and divided into IRX5, Vector, shIRX5#2 and shNC groups
(n = 5 per group). Tumour cells were inoculated into mice by subcu-
taneous injection of 200 pL of PBS containing 7 x 10° cells into
both sides of the upper back. Tumour growth was examined every
3 days and tumour volumes were calculated using the equa-
tion v = %ab2 (v, volume; a, longitudinal diameter; b, latitudinal diam-
eter). After 5 weeks, mice were sacrificed and decapitated to
compare the tumour weights and volumes. The tumours were then
used for IHC analysis following the previous procedures. The proto-
col was approved by the Committee of the Ethics of Animal Experi-
ments of the Wuhan University of Stomatology.

2.15 | H&E staining and IHC

Paraffin-embedded TSCC tissues and xenograft tumours were sec-
tioned at 5 um and mounted onto silane-coated slides (Thermo
Fisher, Waltham, MA, USA), and the sections were de-waxed in
xylene and rehydrated in graded alcohols. H&E staining and IHC
were conducted on consecutive tissue sections respectively. IHC
was performed according to the manufacturer’s protocol (ZhongShan
Biotech, Beijing, China). Sections were treated with the EDTA Anti-
gen Retrieval Solution (Beyotime) at 95°C for 15 minutes. The slides
were incubated in 3% hydrogen peroxide. Sections were blocked
using 5% goat serum and then incubated with primary mouse poly-
clonal antibody to IRX5 (1:50; Santa Cruz, Texas, CA, USA) and
mouse monoclonal antibodies to OPN (1:50; Santa Cruz) and Ki67
(1:100; ZhongShan Biotech) at 4°C overnight. Slides were then incu-
bated with secondary goat anti-mouse antibody for 15 minutes at
37°C. Diaminobenzidine-HCI (DAB, MXB, Fuzhou, China) was used
as a substrate for visualization. Finally, haematoxylin was used to

counterstain the nuclei.

2.16 | Statistical analysis

All the quantitative parameters were given as mean + SEM. Com-
parisons were analysed by Student's t test for 2 groups and ANOVA
for more than 2 groups using SPSS version 17.0. P values <.05 were
considered significantly different.

3 | RESULTS

3.1 | IRX5 is up-regulated in TSCC tissues and cell
lines

We first assayed IRX5 expression pattern in 12 pairs of human TSCC
tissues and relevant adjacent normal tongue tissues. Immunological
Histological Chemistry (IHC) analysis demonstrated that IRX5 levels

were noticeable higher in TSCC than that in normal tissues

(Figure 1A). Moreover, IRX5 protein and mRNA levels were also ele-
vated in TSCC than in normal tissues, evidenced by Western blot
and gRT-PCR (Figure 1B,C). We then evaluated IRX5 protein levels
of 3 human TSCC cell lines (SCC9, SCC25 and CAL27) and human
normal tongue keratinocytes (KCs). Consistently, IRX5 protein levels
were significantly higher in the 3 TSCC cell lines than in normal KCs
(Figure 1D), and the expression of IRX5 was highest in CAL27.
These results indicated that up-regulated IRX5 expression might be

involved in TSCC progression.

3.2 | IRX5 overexpression promotes in vitro TSCC
cell proliferation, migration and invasion

To reveal whether IRX5 is involved in TSCC progression, we stably
overexpressed exogenous IRX5 in CAL27 cells using lentiviral trans-
duction system. IRX5 expression was quantitated by gRT-PCR and
Western blot analyses 48 hours post-infection. IRX5 mRNA and pro-
tein levels were enhanced about 300- and 3-fold respectively (Fig-
ure 2AB). The CCK8 assay revealed that IRX5 overexpression
markedly elevated proliferation rate of CAL27 cells (Figure 2C).
mRNA levels of the G1 cell cycle control protein (cyclinD1), which
has been demonstrated to promote tumorigenicity and growth of
HNSCC in vitro and in vivo,'® were also increased relative to those
in control (Figure 2D). Furthermore, well-established metastasis-
associated wound healing and transwell assays suggested that IRX5
overexpression facilitates migration and invasion capacities of TSCC

cells in vitro (Figure 2E,F).

3.3 | IRX5 knockdown reduces TSCC cell growth,
migration and invasion in vitro

Given increased IRX5 expression in TSCC cells, the loss-of-function
studies were conducted using CAL27 cells either by stable transduc-
tion with two different short hairpin RNAs targeting IRX5 (shIRX5#1,
shIRX5#2), or by transient transfection with two different short
interfering RNAs (silRX5#1, silRX5#2). Cells infected with hU6-MCS
Ubiquitin-EGFP-IRES-puromycin and siRNA negative control were
designated as shNC and siNC respectively. IRX5 mRNA and protein
levels were significantly decreased in TSCC cells than those in con-
trol cells (Figure 3A-D). As expected, both shRNAs and siRNAs used
for the knockdown of IRX5 expression led to a decreased prolifera-
tion rate of CAL27 cells compared with control cells (Figure 3E,F).
In addition, depletion of IRX5 protein also reduced the ability of
CAL27 cells to migrate through transwell membranes and Matrigel
(Figure 3G,H).

34 | OPN is a target of IRX5

First, we detected OPN expression with respect to various levels of
IRX5 expression. Results revealed that overexpressed IRX5 led to
elevated OPN mRNA and protein levels (Figure 4A,B). Similarly, the
knockdown of IRX5 expression concomitantly decreased OPN levels
(Figure 4C-F). Next, we analysed the OPN promoter for potential
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FIGURE 1

Iroquois homeobox gene 5 (IRX5) was up-regulated in tongue squamous cell carcinoma (TSCC) tissues and cell lines. A, H&E and

immunohistochemical analysis of IRX5 protein expression in TSCC and adjacent normal tongue tissue specimens. B, Western blot analysis of
the IRX5 expression in 8 pairs of TSCC (T) and matched normal tongue tissue (N) specimens. IRX5 protein expression levels were normalized
to B-actin expression level. (n = 8). C, The mRNA level of IRX5 in TSCC samples and normal tongue tissues (n = 12). D, Western blot analyses
expression levels of IRX5 in human KCs and 3 TSCC cell lines (SCC9, SCC25, CAL27). *P < .05, **P < .01, ***P < .001. Error bars represent

the mean + SD values

IRX5 binding sites. Using Genomatix MatInspector, we found that
the human candidate OPN promoter sequence from —2000 to +200
contained one IRX5 binding sites. Furthermore, we hand-screened
the OPN promoter sequence from 3 mammalian species for the
IRX5 binding sites (ACANNTGT). All OPN promoters contained the
IRX5 binding sites (Table S1). To confirm that IRX5 directly regulates
OPN promoter, dual-luciferase reporter assay was performed. We
cloned fragments of the human OPN promoter (between —2284 to
—378) to pGL3-basic luciferase plasmid, pGL3-basic luciferase vector
was used as control. And then we transfected these two plasmids
respectively into the IRX5-overexpressing CAL27 or IRX5-Vector
CAL27 cells. As demonstrated in Figure 4G, IRX5 overexpression
markedly enhanced the OPN promoter activity. We then examined
whether IRX5 promoted TSCC proliferation, migration and invasion
by activating OPN. We used two OPN-targeting siRNAs (siOPN#1,
siOPN#2) for the knockdown of OPN expression in CAL27-IRX5
cells, siNC as control (Figure 4H). The CCK8 assay and cyclinD1
expression demonstrated that transfection with siOPNs resulted in a
dramatically decreased proliferation rate of CAL27-IRX5 cells

(Figure 41,)). Similarly, the transwell assay demonstrated that siOPN
rescued the migration and invasion capacities of CAL27-IRX5 cells
(Figure 4K). These results suggest that IRX5, at least partially, pro-
motes TSCC cell proliferation, migration and invasion by targeting
OPN.

3.5 | NF-kB pathway activation is involved in IRX5/
OPN-induced TSCC proliferation, migration and
invasion

It has been reported that OPN modulates the NF-xB pathway in var-
ious cancers.?”?° Therefore, we examined whether IRX5 acted as an
upstream of OPN/NF-kB. Our results indicated that IRX5 overex-
pression resulted in increased nuclear p65 level and led to increased
lkBa degradation. Furthermore, levels of MMP2, which acts as the
downstream of the NF-kB pathway,?! were also elevated in IRX5
overexpressing cells. Consistent with these results, the knockdown
of IRX5 expression using shRNA resulted in decreased nuclear p65,

MMP2 expression and |kBo degradation (Figure 5A). In addition,
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FIGURE 2 Iroquois homeobox gene 5 (IRX5) overexpression promotes in vitro tongue squamous cell carcinoma (TSCC) cell proliferation,

migration and invasion. A, gRT-PCR analysis of IRX5 mRNA level in CAL27 cell transfected with IRX5 (IRX5) and empty vector (Vector). B,
Western blot analysis of IRX5 and V5 levels in CAL27 cell transfected with IRX5 (IRX5) and empty vector (Vector). C, CCK8 assay analysis of
proliferation rate of CAL27 cell transfected with IRX5 (IRX5) and empty vector (Vector). D, gRT-PCR analysis of cyclin D1 mRNA level. E,
Overexpression of IRX5 resulted in an increase in the migratory and invasive abilities of CAL27 cell as measured by Transwell assay. F, IRX5
overexpression enhanced the migratory ability of CAL27 cell in a wound-healing assay. **P < .01, ***P < .001. Error bars represent the

mean =+ SD values

IRX5 overexpression boosted NF-kB luciferase activity (Figure 5B).
Conversely, the knockdown of IRX5 expression suppressed NF-kB
luciferase activity (Figure 5C). BAY11-7082, a NF-«B signalling path-
way inhibitor,?? decreased IxBa phosphorylation and degradation to
block the NF-kB pathway activity (Figure 5D). Our results revealed
that BAY11-7082 treatment inhibited the proliferation rate of
CAL27 cells transfected with either IRX5 or an empty vector
(Figure 5E). Similarly, BAY 11-7082 stimulation attenuated migra-
tion-promoting effect of CAL27-IRX5 cells (Figure 5F). We then
examined the levels of phosphorylated p65 and MMP2 as well as
lkBa degradation in CAL27-IRX5 cells treated with siOPN#2, and we

observed that the previously elevated expression and degradation of
the corresponding factors were decreased (Figure 5G). These find-
ings suggest that IRX5 regulates TSCC cell proliferation, migration
and invasion by promoting the OPN/NF-kB pathway.

3.6 | IRX5 promotes TSCC progression in vivo

We finally examined the biological effect of IRX5 on TSCC tumorige-
nesis in a xenograft mouse model. CAL27 cells transfected with
IRX5, empty vector, shIRX5#2, or shNC were subcutaneously

injected into nude mice, and tumour volume was recorded every
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FIGURE 3 Iroquois homeobox gene 5 (IRX5) down-regulation reduces tongue squamous cell carcinoma (TSCC) cell growth, migration and

invasion in vitro. A, gRT-PCR analysis of IRX5 mRNA level in CAL27 cell transfected with shIRX5#1 (shIRX5#1), shIRX5#2 (shIRX5#2) and
negative empty vector (shNC). B, Western blot analysis of IRX5 protein expression level. C, qRT-PCR showed that IRX5 mRNA level was
decreased in CAL27 cell using RNAI (silRX5#1, silRX5#2) compared with a nonsense control (siNC). D, IRX5 expression level was reduced in
silRX5#1 and silRX5#2. E, F, Knockdown IRX5 decreased proliferation rate of CAL27 cell. G, H, Both shRNAs and siRNAs against IRX5
inhibited the migration and invasion of CAL27 cell. *P < .05, ***P < .001. Error bars represent the mean + SD values
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FIGURE 4 Osteopontin (OPN) is a target of Iroquois homeobox gene 5 (IRX5). A, mRNA level of OPN in IRX5 overexpressed CAL27 cell.
B, Protein level of OPN in IRX5 overexpressed CAL27 cell. C, E, mRNA level of OPN in IRX5 down-regulated CAL27 cell. D, F, Protein level of
OPN in IRX5 down-regulated CAL27 cell. G, OPN relative luciferase activity. OPN-promoter: nucleotides, nts —2284 to —378 constructed into
pGL3-basic. Overexpression of IRX5 level elevated OPN promoter luciferase activity. H, Western blot analysis of OPN protein level down-
regulated by siRNA against OPN (siOPN#1, siOPN#2) compared with a nonsense control (siNC) in IRX5 overexpressed CAL27 cell. |, Down-
regulated OPN resulted in decreased proliferation rate of CAL27/IRX5 cell. J, mRNA level of cyclinD1 was decreased in CAL27/IRX5 cell when
down-regulating OPN expression. K, Transwell assay analysis of the ability of migration and invasion of IRX5 overexpressed CAL27 cell
blocked by siOPNs. *P < .05, **P < .01, ***P < .001. Error bars represent the mean + SD values
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FIGURE 5 NF-kB pathway activation is involved in Iroquois homeobox gene 5 (IRX5)/osteopontin (OPN)-induced tongue squamous cell
carcinoma (TSCC) proliferation, migration and invasion. A, Western blot analysis of NF-xB relative protein and MMP2 protein level in IRX5,
Vector, and in shIRX5#1, shIRX5#2, shNC CAL27 cells. B, C, NF-kB luciferase activity was detected in indicated cells above. D, IRX5 and
Vector CAL27 cells were treated with 3uM BAY11-7082 respectively (IRX5 + BAY, Vector+BAY), NF-«kB relative protein and MMP2 protein
level were measured in 4 groups cells. E, CCK8 assay analysis of proliferation rate of 4 groups. F, Transwell assay demonstrated that BAY11-
7082 decreased migratory and invasive ability in IRX5 and Vector cells. G, Western blot analysis of p-p65, IkBa, MMP2 expression level in
IRX5 overexpressed CAL27 cell transient with siOPN#2 or siNC. **P < .01, ***P < .001. Error bars represent the mean 4 SD values

3 days. Two mice represented tumours from each of the 4 groups
were shown in Figure 6A. A significantly increase in the tumour vol-
ume and weight was observed in IRX5-overexpressing group
(Figure 6B-E). After 5 weeks of xenograft growth, immunohisto-
chemical staining revealed that IRX5-overexpressing groups showed
higher IRX5 expression compared to tumours from the control group
(Figure 6F). Likewise, tumours from the IRX5-overexpressing group
displayed increased OPN expression. On the contrary, the results
revealed the presence of lower levels of IRX5 and OPN in IRX5-
knockdown group compared with the control group. The tumour
cells proliferation was increased in tumours from the IRX5-overex-
pressing groups and decreased in IRX5-knockdown groups, as evi-

denced by the staining density of Ki-67 positive cells (Figure 6F).

4 | DISCUSSION

Recently, dysregulation of Irx genes has been observed to have func-
tional significance for multiple cancers, which has been reported to
play either a promotive role or a repressive role in regulating tumour
progression and metastasis.2>?* Better knowledge of cancer-related
transcription factors is critical for gaining novel mechanical insights
into carcinogenesis and clarifying effective therapies for cancers. In
normal tissues, IRX5 is involved in various cellular activities, such as
cell proliferation, cell specification and vascular remodelling.?> Mean-
while, these processes may contribute to both cancer progression
and maintaining tumour microenvironment during tumour growth

and metastasis. However, the association of dysregulated IRX5 and
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TSCC, and their expression pattern and underlying molecular mecha-
nisms in TSCC cells are poorly understood.

In our study, we observed that IRX5 was up-regulated in TSCC
tissues compared with adjacent normal tongue tissues. The aberrant
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Iroquois homeobox gene 5 (IRX5) promotes tongue squamous cell carcinoma (TSCC) progression in vivo. A, Two representative
mice of xenograft tumour in vivo. B, C, Tumours were stripped out of mice in all groups. D, Tumour volumes were measured from 0 W to
5 W of 4 groups. E, Tumour weight of all groups. F, IHC analysis of the expression of IRX5, osteopontin (OPN) and Ki67 in each groups of
mice tumours. *P < .05, ***P < 001. Error bars represent the mean + SD values

IRX5 expression indicates that IRX5 might participate in TSCC pro-
gression. IRX5 was also elevated in TSCC cell lines with CAL27 cells
exhibiting the highest expression. Accordingly, this cell line was cho-
sen for subsequent analysis. Moreover, IRX5 accelerated CAL27 cell
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proliferation, migration and invasion in vitro and in vivo. To the best
of our knowledge, this is the first study that examined the role of
IRX5 in TSCC progression. In accordance with our study, it has been
reported that IRX5 play crucial effects in various tumour types. For
example, it was reported that IRX5 may regulate LNCaP prostate
cancer cells apoptosis partially through p53 and cells cycle by medi-
ating p21 levels”; In another study, IRX5 transcriptionally sup-
presses the Dpp/TGF-B pathway in human adenomas, which
excessively activates the Wnt and EGFR/Ras signalling pathways,
thus conferring a growth advantage to tumour cells.*® This prompts
us that IRX5 may be exploited as a promising therapeutic target for
the treatment of TSCC.2>"%”

Here we delineated a new regulatory pathway in which IRX5
transcriptionally regulates OPN and thus, impacts cancer progression.
OPN plays a crucial tumour-promotive effect in the occurrence and
progression of different cancers. In several types of cancers, the
levels of OPN, including the plasma level of OPN, were significantly
increased, such as pancreatic ductal adenocarcinoma,?® prostate can-
cer.?” Moreover, plasma levels of OPN has been demonstrated to
act as potential prognostic factors for tumour relapse and survival.?®
In HNSCC, OPN enhances tumour angiogenesis, growth and metas-
tasis.’? Irx genes have been reported to recognize and bind to a
palindromic sequence ACANNTGT to transcriptionally regulate target
genes.?? Using Matlnspector, we found that there are IRX5 tran-
scriptional binding sites in the OPN promoter. We then searched 3
OPN promoters, pig, rat, cattle, and detected the presence of
ACANNTGT motifs. Based on the above-mentioned that the OPN
promoter contains IRX5 transcriptional recognition motifs, we inves-
tigated whether IRX5 transcriptionally interacts with OPN and
enhances biological characteristics of TSCC. In our study, OPN
expression was positively correlated with IRX5 levels in vitro and
in vivo. The luciferase assay revealed that OPN promoter activity
was enhanced by IRX5 overexpression. Furthermore, we induced
transient knockdown of OPN to reverse the tumorigenic behaviour
of TSCC cells induced by IRX5 overexpression, which partially res-
cued the promoting effects of IRX5 on TSCC cell proliferation,
migration and invasion.

The NF-kB signalling pathway is involved in various physiologic
and pathologic processes, including cancer initiation and promo-
tion.%° It has been demonstrated that NF-kB pathway is activated by
OPN in cancers,?° we examined whether this pathway is activated
by IRX5/OPN signalling. Our results revealed a positive correlation
between IRX5 expression and NF-kB pathway activity, and also
demonstrated that BAY11-7082 could partially reverse the IRX5-
induced TSCC biological behaviour. Moreover, knockdown of OPN
expression in IRX5-overexpressing cells led to a partial suppression
of the NF-kB pathway. These results confirmed that IRX5 activated
the NF-xB pathway by targeting OPN promoter. MMP2 acts as
downstream of NF-kB in cancers,?! where it degrades the ECM,
which is a pivotal step in tumour metastasis and invasion.®**2 In our
study, MMP2 was up-regulated by IRX5/OPN signalling, which par-
tially explains the promoting effect of IRX5 in TSCC. In addition, NF-
kB is an important marker in high-risk HNSCC patients and is,
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therefore, an attractive target for chemoprevention. However,
because of several limitations, such as high cost, functional pleio-
tropy and safety concerns, NF-kB inhibitors have not yet been used
in clinical practice.>®> We recommend the use of IRX5 as a novel
molecular therapy target for TSCC.

In summary, our study demonstrated that IRX5 is up-regulated in
TSCC cells and tissues, which functionally enhances TSCC cells pro-
liferation, migration and invasion in vitro as well as in xenograft
tumour model in vivo. Mechanically, we identified that IRX5 overex-
pression expedites NF-kB signalling pathway and ultimately pro-
motes tumour growth. Notably, OPN is identified as a crucial target
of IRX5, indicating that the IRX5/OPN/NF-kB pathway is a novel
mechanism of TSCC progression. Absolutely, direct evidence is
required to provide a favourable novel biomarker and drug target for
the diagnosis and treatment of TSCC.

ACKNOWLEDGEMENTS

Thank the Department of Oral and Maxillofacial Surgery of Wuhan
university of stomatology for the tissue specimens. This work was
supported by the National Natural Science Foundation of China
(81571012 and 81371191).

CONFLICT OF INTEREST

The authors confirm that there are no conflicts of interest.

AUTHOR CONTRIBUTIONS

Liyuan Huang and Fangfang Song designed the experiments, per-
formed experiments and analysed the data and also wrote the paper;
Hualing Sun designed the experiments and provided study material;
Lu Zhang provided study material; Cui Huang designed the experi-
ments and provided study material and financial support. All authors
read and approved the manuscript.

ORCID
Cui Huang http://orcid.org/0000-0001-9582-7198
REFERENCES

1. Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. CA
Cancer J Clin. 2015;65:87-108.

2. Gupta B, Johnson NW, Kumar N. Global epidemiology of head and
neck cancers: a continuing challenge. Oncology. 2016;91:13-23.

3. Kalavrezos N, Bhandari R. Current trends and future perspectives in
the surgical management of oral cancer. Oral Oncol. 2010;46:429-
432.

4. Gupta S, Kumar P, Kaur H, et al. Selective participation of c-Jun with
Fra-2/c-Fos promotes aggressive tumor phenotypes and poor prog-
nosis in tongue cancer. Sci Rep. 2015;5:16811.

5. Fisher LW, Fedarko NS. Six genes expressed in bones and teeth
encode the current members of the SIBLING family of proteins. Con-
nect Tissue Res. 2003;44(Suppl 1):33-40.


http://orcid.org/0000-0001-9582-7198
http://orcid.org/0000-0001-9582-7198
http://orcid.org/0000-0001-9582-7198

0 | WILEY

6.

10.
11.
12.
13.
14.

15.

16.

17.
18.
19.

20.

21.

HUANG ET AL

Fisher LW, Jain A, Tayback M, Fedarko NS. Small integrin binding
ligand N-linked glycoprotein gene family expression in different can-
cers. Clin Cancer Res. 2004;10:8501-8511.

. Anborgh PH, Mutrie JC, Tuck AB, Chambers AF. Role of the metas-

tasis-promoting protein osteopontin in the tumour microenviron-
ment. J Cell Mol Med. 2010;14:2037-2044.

. Le QT, Sutphin PD, Raychaudhuri S, et al. Identification of osteopon-

tin as a prognostic plasma marker for head and neck squamous cell
carcinomas. Clin Cancer Res. 2003;9:59-67.

. Gu X, Gao XS, Ma M, et al. Prognostic significance of osteopontin

expression in  gastric
2016;7:69666-69673.
Wai PY, Mi Z, Guo H, et al. Osteopontin silencing by small interfer-
ing RNA suppresses in vitro and in vivo CT26 murine colon adeno-
carcinoma metastasis. Carcinogenesis. 2005;26:741-751.

Chien CY, Su CY, Chuang HC, et al. Clinical significance of osteo-
pontin expression in T1 and T2 tongue cancers. Head Neck.
2008;30:776-781.

Leyns L, Gomez-Skarmeta JL, Dambly-Chaudiere C. iroquois: a
prepattern gene that controls the formation of bristles on the thorax
of Drosophila. Mech Dev. 1996;59:63-72.

Gomez-Skarmeta JL, Modolell J. Iroquois genes: genomic organiza-
tion and function in vertebrate neural development. Curr Opin Genet
Dev. 2002;12:403-408.

Marcinkiewicz KM, Gudas LJ. Altered epigenetic regulation of home-
obox genes in human oral squamous cell carcinoma cells. Exp Cell
Res. 2014;320:128-143.

Liu T, Zhang X, Yang YM, Du LT, Wang CX. Increased expression of
the long noncoding RNA CRNDE-h indicates a poor prognosis in col-
orectal cancer, and is positively correlated with IRX5 mRNA expres-
sion. Onco Targets Ther. 2016;9:1437-1448.

Martorell O, Barriga FM, Merlos-Suarez A, et al. Iro/IRX transcription
factors negatively regulate Dpp/TGF-beta pathway activity during
intestinal tumorigenesis. EMBO Rep. 2014;15:1210-1218.

Myrthue A, Rademacher BL, Pittsenbarger J, et al. The iroquois
homeobox gene 5 is regulated by 1,25-dihydroxyvitamin D3 in
human prostate cancer and regulates apoptosis and the cell cycle in
LNCaP prostate cancer cells. Clin Cancer Res. 2008;14:3562-3570.
Masuda M, Suzui M, Yasumatu R, et al. Constitutive activation of sig-
nal transducers and activators of transcription 3 correlates with cyclin
D1 overexpression and may provide a novel prognostic marker in head
and neck squamous cell carcinoma. Cancer Res. 2002;62:3351-3355.
Ahmed M, Kundu GC. Osteopontin selectively regulates p70S6K/
mTOR phosphorylation leading to NF-kappaB dependent AP-1-
mediated ICAM-1 expression in breast cancer cells. Mol Cancer.
2010;9:101.

Cao L, Fan X, Jing W, et al. Osteopontin promotes a cancer stem
cell-like phenotype in hepatocellular carcinoma cells via an integrin-
NF-kappaB-HIF-1alpha pathway. Oncotarget. 2015;6:6627-6640.
Yang C, Yan J, Yuan G, et al. Icotinib inhibits the invasion of
Tca8113 cells via downregulation of nuclear factor kappaB-mediated
matrix metalloproteinase expression. Oncol Lett. 2014;8:1295-1298.

cancer: a meta-analysis. Oncotarget.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Gu Y, Ampofo E, Menger MD, Laschke MW. miR-191 suppresses
angiogenesis by activation of NF-kB signaling. FASEB J.
2017;31:3321-3333.

Lu J, Song G, Tang Q, etal. IRX1 hypomethylation promotes
osteosarcoma metastasis via induction of CXCL14/NF-kappaB sig-
naling. J Clin Invest. 2015;125:1839-1856.

Guo X, Liu W, Pan Y, et al. Homeobox gene IRX1 is a tumor sup-
pressor gene in gastric carcinoma. Oncogene. 2010;29:3908-3920.
Liu D, Pattabiraman V, Bacanamwo M, Anderson LM. Iroquois
homeobox transcription factor (Irx5) promotes G1/S-phase transition
in vascular smooth muscle cells by CDK2-dependent activation. Am
J Physiol Cell Physiol. 2016;311:C179-C189.

Sullivan J, Blair L, Alnajar A, et al. Expression and regulation of nico-
tine receptor and osteopontin isoforms in human pancreatic ductal
adenocarcinoma. Histol Histopathol. 2011;26:893-904.

Tilli TM, Thuler LC, Matos AR, et al. Expression analysis of osteo-
pontin mRNA splice variants in prostate cancer and benign prostatic
hyperplasia. Exp Mol Pathol. 2012;92:13-19.

Shevde LA, Samant RS. Role of osteopontin in the pathophysiology
of cancer. Matrix Biol. 2014;37:131-141.

Bilioni A, Craig G, Hill C, McNeill H. lroquois transcription factors
recognize a unique motif to mediate transcriptional repression
in vivo. Proc Natl Acad Sci USA. 2005;102:14671-14676.

Karin M, Greten FR. NF-kB: linking inflammation and immunity to
cancer development and progression. Nat Rev Immunol. 2005;5:749-
759.

Van Waes C. Nuclear factor-kB in development, prevention, and
therapy of cancer. Clin Cancer Res. 2007;13:1076-1082.

Ruokolainen H, Paakko P, Turpeenniemi-Hujanen T. Tissue and cir-
culating immunoreactive protein for MMP-2 and TIMP-2 in head
and neck squamous cell carcinoma-tissue immunoreactivity predicts
aggressive clinical course. Mod Pathol. 2006;19:208-217.

Vander BR, Snow GE, Chen Z, Van Waes C. Chemoprevention of
head and neck squamous cell carcinoma through inhibition of NF-
kappaB signaling. Oral Oncol. 2014;50:930-941.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the

supporting information tab for this article.

How to cite this article: Huang L, Song F, Sun H, Zhang L,
Huang C. IRX5 promotes NF-kB signalling to increase
proliferation, migration and invasion via OPN in tongue
squamous cell carcinoma. J Cell Mol Med. 2018;22:3899-
3910. https://doi.org/10.1111/jcmm.13664



https://doi.org/10.1111/jcmm.13664

