
OSTEOACTIVIN PROMOTES MIGRATION OF ORAL SQUAMOUS 
CELL CARCINOMAS

Oneida A. Arosarena1,2,*, Raul A. Dela Cadena2,3, Michael F. Denny4, Evan Bryant5, Eric W. 
Barr3, Ryan Thorpe6, and Fayez F. Safadi7

1Department of Otolaryngology – Head and Neck Surgery, Temple University School of Medicine

2Department of Anatomy and Cell Biology, Temple University School of Medicine

3Department of Physiology, Temple University School of Medicine

4Department of Medicine, Section of Rheumatology, Temple University School of Medicine

5Pennsylvania State University

6Temple University School of Medicine

7Department of Anatomy and Neurobiology, Northeast Ohio Medical University

Abstract

Nearly 50% of patients with oral squamous cell carcinoma (OSCC) die of metastases or 

locoregional recurrence. Metastasis is mediated by cancer cell adhesion, migration and invasion. 

Osteoactivin (OA) overexpression plays a role in metastases in several malignancies.

Objectives—To determine how integrin interactions modulate OA-induced OSCC cell 

migration; and to investigate OA effects on cell survival and proliferation.

Materials and Methods—We confirmed OA mRNA and protein overexpression in OSCC cell 

lines. We assessed OA’s interactions with integrins using adhesion inhibition assays, fluorescent 

immunocytochemistry and co-immunoprecipitation. We investigated OA-mediated activation of 

mitogen-activated protein kinases (MAPKs) and cell survival. Integrin inhibition effects on OA-

mediated cell migration were determined. We assessed effects of OA knock-down on cell 

migration and proliferation.

Results—OA is overexpressed in OSCC cell lines, and serves as a migration-promoting adhesion 

molecule. OA co-localized with integrin subunits, and co-immunoprecipitated with the subunits. 

Integrin blocking antibodies, especially those directed against the β1 subunit, inhibited cell 

adhesion (p=0.03 for SCC15 cells). Adhesion to OA activated MAPKs in UMSCC14a cells and 

OA treatment promoted survival of SCC15 cells. Integrin-neutralizing antibodies enhanced cell 

migration with OA in the extracellular matrix. OA knock-down resulted in decreased proliferation 

of SCC15 and SCC25 cells, but did not inhibit cell migration.
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Conclusion—OA in the extracellular matrix promotes OSCC cell adhesion and migration, and 

may be a novel target in the prevention of HNSCC spread.
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Introduction

Oral cancer is the 14th most common malignancy worldwide1 and oral squamous cell 

carcinomas (OSCCs) comprise 80–90% of oral malignancies2. OSCC overall survival has 

remained at approximately 50% for decades. Nearly 25% of patients with OSCC die of 

distant metastases, while 40–60% of patients succumb to locoregional recurrence.2 Cancer 

cell adhesion, migration and invasion mediate metastatic spread.

The most studied cell adhesion molecules are the integrins. The integrins are a family of 

heterodimeric glycoproteins that serve as extracellular matrix (ECM) receptors, and play a 

role in cell-to-cell adhesion.3 The family consists of 18 α- and 8 β-subunits that form at least 

25 recognized distinct pairings with varying affinities for numerous ligands.4 Integrins are 

involved in a number of physiological and pathological processes including development, 

differentiation, growth, tissue homeostasis, ECM assembly, immune responses, wound 

healing, cell survival, proliferation, apoptosis and neoplasia.3, 5, 6

Osteoactivin (OA), also known as gpnmb7–13, dendritic cell heparin sulfate proteoglycan 

integrin dependent ligand14, 15, and human hematopoietic growth factor inducible 

neurokinin16, was first identified as a gene differentially expressed in melanoma cells with 

high metastatic potential12. OA overexpression contributes to metastasis in breast 

carcinomas17–20, melanoma cells11, 12, hepatic carcinoma12, squamous cell lung 

carcinoma12, prostate carcinoma21 and an experimental glioma22. OA messenger ribonucleic 

acid (mRNA) overexpression in head and neck squamous cell carcinoma (HNSCC) relative 

to normal mucosa has been demonstrated in several studies.23–29 OA exists as a 65 kDa 

transmembrane protein and a 115 kDa excreted isoform.30 The OA arginine-glycine-aspartic 

acid (RGD) domain31 serves as a recognition sequence for integrins32, and interacts with 

endothelial cells15, melanoma cells33 and osteoblasts34.

In this study, we confirm that OA is overexpressed in HNSCC cell lines, and that it serves as 

a migration-promoting adhesion molecule. We identify OA-integrin interactions in these 

cells, examining integrins commonly expressed by oral keratinocytes that bind the RGD 

domain35 and that are associated with migration in malignant cells36, 37. We also assess the 

effects of OA on cell survival, as well as the effects of OA knock-down on OA-mediated cell 

proliferation and migration.
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Materials and Methods

This study was granted exempt status from Temple University Institutional Review Board 

(protocol #13653) because commercially-available cells lines were used.

Cell culture

UMSCC-12, -14a, -49 and -69 cells were obtained from the Head and Neck Cancer Biology 

Laboratory at the University of Michigan (Ann Arbor). UMSCC12 cells were obtained from 

a patient with T2N1M0 laryngeal cancer. UMSCC14a cells were isolated from a patient with 

early stage oral squamous cell carcinoma (OSCC, stage T1N0M0). UMSCC-49 cells were 

isolated from a patient with OSCC that did not invade bone, but was metastatic (stage 

T2N1M0). UMSCC-69 cells were isolated from a patient with extensive local invasion, but 

no metastases (stage T4N0M0). SCC-15 and -25 cells were obtained from the American 

Type Culture Collection (ATCC, Manassas, Virginia). SCC15 cells were isolated from a 

patient with extensive local invasion and cervical metastases (stage T4N1M0). SCC25 cells 

were obtained from a patient with stage T2N1 OSCC.38 OKF6/TERT1 immortalized oral 

keratinocyte cells39 were obtained from the Harvard Skin Disease Research Center and 

maintained in Invitrogen (Grand Island, New York) keratinocyte serum-free medium 

supplemented with 25 μg/ml bovine pituitary extract, 0.2 ng/ml epidermal growth factor, 0.3 

mM CaCl2, 100 U/ml penicillin and 100 μg/ml streptomycin in a 5% CO2 atmosphere at 

37°C. UMSCC-12, -14a, -49 and -69 cells were maintained in Dulbecco’s modified Eagle’s 

medium (DMEM) supplemented with penicillin/streptomycin and 10% fetal bovine serum 

(FBS). SCC-15 and -25 cells were maintained in DMEM with Hank’s F12 medium 

supplemented with 400 ng/ml hydrocortisone, penicillin/streptomycin and 10% FBS. 

UMSCC14a, SCC15 and SCC25 cells were used for adhesion and migration assays because 

of their ability to adhere in and tolerate serum-free conditions.

Quantitative reverse transcriptase polymerase chain reaction (qRT-PCR)

RNA harvest and reverse transcription were performed as previously described.40 qRT-PCR 

was performed twice with six replicates using the SYBR Green PCR Master Mix (Applied 

Biosystems, Foster City, California) according to the manufacturer’s recommendations. OA 

primer sequences were: forward – 5′-TCCGTGAGAATTCAGCATGG-3′, reverse – 5′-

AGCACATCATGAAATCGTTTGG-3′. β-actin primer sequences were: forward – 5′-

AGGTCATCACCATTGGCAAT-3′, reverse – 5′-ACTCGTCATACTCCTGCTTG-3′. 

Threshold cycles were used to normalize samples to β-actin, the endogenous control, 

because it was the most consistently expressed “housekeeping” protein between the cell 

lines (Figure 1B).

Western blot analyses

OA—HNSCC cells and immortalized keratinocytes were were grown to subconfluence and 

lysed in RIPA buffer. Protein concentrations were measured with a Pierce bicinchonic acid 

kit (Thermo Fisher Scientific, Waltham, Massachusetts). Protein extracts (45 μg) were 

resolved by SDS-PAGE. Gels were stained with GelCode® Blue Stain Reagent (Sigma) and 

infrared imaging was used to quantitate protein density. Similarly loaded gels was used for 

protein transfer to PVDF membranes, and the membranes were probed with antibodies to 
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OA (Santa Cruz Biotechnology, Santa Cruz, California). Blots were developed using horse 

radish peroxidase-conjugated secondary antibodies (Jackson ImmunoResearch, West Grove, 

Pennsylvania). Endogenous controls tested were β-actin (Sigma Chemical Company, St. 

Louis, Missouri), glyceraldehyde 3-phosphate dehydrogenase (GAPDH, Santa Cruz 

Biotechnology) and β-tubulin (Santa Cruz Biotechnology). OA expression was normalized 

to total protein.41

Integrins—To confirm integrin expression in malignant oral keratinocytes, protein extracts 

were resolved by SDS-PAGE, transferred to PVDF membranes and probed with antibodies 

to individual integrin subunits (Santa Cruz Biotechnology).

Mitogen-activated protein kinases (MAPKs)—To assess OA effects on intracellular 

signaling through MAPKs, UMSCC14a and SCC15 were used as examples of early- and 

late-stage OSCC, respectively, since relative integrin expression and affinity for ligands is 

known to change with tumor stage.4, 42 These cell lines were also compared because SCC15 

cells express OA to a greater extent than UMSCC14a cells (Figure 1). Cells in serum-free 

medium (SFM) were allowed to adhere to tissue culture dishes coated with phosphate-buffer 

saline (PBS) with 10 μg/mL recombinant human OA (rhOA, Speed Biosystems, Rockville, 

Maryland), or with 0.1% bovine serum albumin (BSA) in PBS. Cells were treated for 30 

minutes with pervanadate solution prior to harvest and harvested in RIPA buffer at 2, 4, 8, 24 

and 48 hours. Protein extracts (50 μg) were resolved by SDS-PAGE, transferred to PVDF or 

nitrocellulose membranes, and probed with antibodies to p-ERK, non-p-ERK, p-JNK, non-

p-JNK, p-p38, non-p-p38 (Cell Signaling Technology, Danvers Massachusetts) and β-actin. 

Blots were developed by enhanced chemiluminescence or infrared fluorescence imaging.

At least three independent experiments were performed for Western blot analyses and a 

representative experiment is presented.

Co-immunoprecipitation

UMSCC14a and SCC15 cell lysates were prepared using a Pierce immunoprecipitation kit 

and 500 μg of total protein each was incubated with integrin antibodies of hamster or rat 

derivation, or nonspecific hamster or rat IgG (BioLegend, San Diego, California). Immune 

complexes were captured on protein A/G agarose beads and eluted from columns. The 

complexes were denatured in SDS-PAGE sample buffer and 10 μL of each precipitate was 

resolved on 4–20% SDS-PAGE gels, transferred to nitrocellulose membranes, and probed 

with a rabbit antibody to OA (Bioss). At least three independent experiments were 

performed for each cell line and a representative experiment presented.

Integrin and OA subcellular localization

UMSCC14a and SCC15 cells were seeded onto 8-well glass culture slides. After 24 hours, 

cells were fixed with 4% paraformaldehyde and permeabilized with PBS with 0.1% Triton 

X-100, and treated with antibodies to individual integrin subunits (Santa Cruz 

Biotechnology). Integrin-OA co-localization was assessed by labeling cells concurrently 

with integrin antibodies (Santa Cruz Biotechnology) and antibodies to OA (Bioss, Woburn, 

Massachusetts or custom OA antibody43). Visualization of primary antibody binding was 
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performed with fluorescent secondary antibodies (Jackson ImmunoResearch Laboratories). 

This experiment was performed five times.

Adhesion assays

Ninety-six well plates were coated with rhOA in Dulbecco’s PBS at various concentrations 

(5, 10, 20 and 40 μg/mL) or with PBS with 1% BSA. UMSCC14a and SCC15 cells were 

detached from culture dishes with Accutase (Sigma), suspended in SFM, and allowed to 

adhere in the coated plates for 20 minutes.44 The wells were washed five times and the 

numbers of adhered cells/well were quantified using an MTT colorimetric assay (Promega, 

Madison, Wisconsin). OA adhesion titration assays were performed twice, each time with 

six replicates.

To assess individual integrin subunit effects on cellular adhesion to OA, UMSCC14a and 

SCC15 cells were pretreated for 1 hour with function-blocking antibodies to α2, α5, αV, β1, 

β3, and β5 integrin subunits (BioLegend) in SFM with 1% BSA in a 5% CO2 atmosphere at 

37°C with periodic agitation. Control cells were treated with nonspecific hamster or rat IgG, 

or resuspended in SFM with 1% BSA. Cells were then allowed to adhere to plates coated 

with 10 μg/mL rhOA. Untreated cells were also allowed to adhere to plates coated with 10 

μg/mL fibronectin or with PBS with 1% BSA. Adhesion blocking assays were performed 

twice, each time with six replicates.

Cell survival assays

UMSCC14a and SCC15 cells were seeded in 96-well dishes (105 cells/well). After overnight 

adherence, the media were aspirated and cells were treated with SFM containing rhOA (1, 

10, 50 and 100 ng/mL). Controls were treated with SFM. Media were changed day 3 in 

culture, and cells were assessed for survival using MTT assays at 3 and 5 days.

OA knock down

SCC15 and SCC25 cells were used for knock down experiments because they demonstrated 

increased OA expression relative to immortalized oral keratinocytes (Figure 1). Cells were 

transfected with pooled OA siRNA or scramble siRNA (100 μM, Santa Cruz Biotechnology) 

using LipoJet Transfection Reagent (SignaGen Laboratories, Gaithersburg, Maryland) 

according to manufacturer instructions. OA knock-down was confirmed with Western blot 

analyses. Time-course experiments revealed that cells began to recover from OA knock-

down within 72 hours (data not shown).

Proliferation assays

Cells were harvested 24 hours after treatment with OA or scramble siRNA and seeded in 96-

well plates at a density of 500 cells/well. Cell densities were measured with an MTT assay at 

6 hours, and at days 2, 4 and 6 after seeding. Proliferation assays were performed twice, 

each time with 12 replicates.

Migration assays

Monolayer wound healing assays were performed with UMSCC14a and SCC15 cells seeded 

at confluence on tissue culture dishes coated with 10 μg/mL rhOA or with PBS with 0.1% 
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BSA.45 To determine if integrins played a role in cell migration on rhOA, cultures were 

treated with integrin-neutralizing antibodies (BioLegend) at a 1:200 dilution in SFM with 

1% BSA after wounding. Control cultures were treated with nonspecific hamster or rat IgG, 

or with SFM with 1% BSA.

SCC15 and SCC25 cells transduced with OA or scramble siRNAs were lifted 24 hours after 

transduction and seeded in uncoated dishes at confluence for migration assays. Transduced 

cells were allowed to adhere and spread for 4–6 hours before the migration assay was 

commenced.

Statistical analysis

IBM SPSS statistical software was used for statistical analyses (Armonk, New York). 

Analyses of variance were used to compare sample means for adhesion and migration 

inhibition assays. A Bonferroni multiple comparisons test was used to identify significant 

pairwise differences (adhesion assays, migration inhibition assays and survival assays). A P 
value <0.05 was considered statistically significant.

Results

OA is overexpressed in HNSCC cell lines

All OSCC cell lines expressed OA mRNA to a greater extent than OKF6/TERT1 

immortalized oral keratinocytes (p<0.0001, Figure 1A) and OA mRNA expression also 

differed significantly between the individual OSCC cell lines tested (p<0.0001 for all 

comparisons). OA immunoblots confirmed differing expression levels between the HNSCC 

cell lines with greatest expression detected in SCC15 cells, and that all malignant cell lines 

overexpressed OA relative to OKF6/TERT1 cells (Figure 1B and 1C). OA protein expression 

did not correlate with mRNA expression and this may reflect differences in mRNA and 

protein degradation rates between cell lines46, 47, as well as mRNA translation repression by 

microRNAs48, 49.

OA co-immunoprecipitates with integrins

OSCC cellular expression of the α2, α5, αV, β1, β3 and β5 integrin subunits was confirmed 

with Western blots (Figure 2A). To confirm the physical association of integrins with OA, 

OSCC cellular lysates were immunoprecipitated with integrin antibodies. OA co-

immunoprecipitated with the α2, α5, αV and β3 integrin subunits. There was less co-

immunoprecipitation with the β1 subunit and little co-immunoprecipitation with the β5 

subunit. (Figure 2B).

Integrin and OA localization in UMSCC14a and SCC15 cells

To evaluate OA co-localization with integrins in cultured OSCC cells, cells were seeded 

onto culture slides and treated with antibodies to the integrin subunits and OA. In 

UMSCC14a cells OA co-localized with α2, β3 and β5 integrin subunits (Figure 3A), while in 

SCC15 cells OA co-localized with the α2 and β5 subunits, but co-localization with the β3 

subunit was not detected (Figure 3B).
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OA facilitates SCC15 integrin-mediated cell adhesion

To evaluate OA’s role in OSCC cell adhesion, cells were allowed to adhere to rhOA-coated 

plates or BSA-coated plates. UMSCC14a cell adhesion to substrate did not differ 

significantly at any OA concentration tested, or between adhesion to OA and BSA 

(p=0.6754, data not shown), indicating a nonspecific effect on adhesion of these cells. 

However, cell adhesion for SCC15 cells was enhanced by higher OA concentrations (greater 

than 5 μg/mL, p=0.0133, Figure 4A). Because maximal OSCC cell adhesion was observed at 

10 μg/mL, this concentration was used for subsequent assays.

Antibodies to the integrin subunits and nonspecific IgG inhibited UMSCC14a adhesion to 

rhOA (p<0.0001). In addition, UMSCC14a cells adhered better to rhOA than to fibronectin 

(p<0.0001) and the BSA control (p<0.0001). Only β1 integrin subunit inhibition negatively 

affected SCC15 adhesion to rhOA (p=0.0307, Figure 4B).

OSCC adhesion to OA has differential effects on MAPK activation

Integrin signaling was further studied by assessing MAPK activation by cellular adhesion to 

rhOA. UMSCC14a cell adhesion to rhOA resulted in more pronounced ERK and JNK 

MAPK activation, with a peaking response between 8 and 24 hours (Figure 5A). In contrast, 

SCC15 cells adhered to rhOA showed delayed and decreased MAPK activation as compared 

to controls. SCC15 cells demonstrated constitutive activation of ERK and p38, and to a 

lesser extent JNK (Figure 5B).

OA in the ECM promotes OSCC cell migration

Wound healing assays were performed with OSCC cells adhered to tissue culture dishes 

coated with rhOA or BSA (controls) to determine whether OA in the ECM promotes cell 

migration. OSCC cells adhered to rhOA demonstrated significantly accelerated wound 

healing (p<0.0001 for UMSCC14a cells and p=0.0058 for SCC15 cells, Figure 6A–D). 

UMSCC14a cells exhibited collective and individual cell migration, while wound healing in 

SCC15 cells was primarily by collective migration.

OA promotes SCC15 cell survival

OSCC cells in SFM were treated with varying rhOA concentrations. MTT assays at day 3 

for UMSCC14a cells revealed no difference between experimental groups (p=0.119). By day 

5, control UMSCC14a cells had greater survival than OA-treated cells (p=0.001), 

particularly for 1 ng/mL and 50 ng/mL concentrations (p=0.004 and 0.005, respectively 

(Figure 7). In contrast, OA promoted SCC15 cell survival relative to control in a 

concentration-dependent manner. This difference was present at days 3 and 5 for all rhOA 

concentrations tested (p<0.0001 for day 3 and 5).

Integrin inhibition effects on cell migration

To investigate which integrins where involved in OSCC OA-mediated migration, cells were 

treated with integrin function-blocking antibodies after monolayer wounding. Treatment of 

UMSCC14a cells with α5, αv and β5 neutralizing antibodies tended to inhibit migration, 

while treatment with β1 and β3 function-blocking antibodies tended to promote migration. 
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However, these effects were not significantly different from control (p=0.9352). Treatment 

with all integrin-neutralizing antibodies as well as nonspecific IgG enhanced SCC15 cell 

migration (Figure 8). This was statistically significant for β1 integrin subunit inhibition 

(p=0.003).

OA knock down limits OSCC cell proliferation

OA knock down in SCC15 and SCC25 cells was confirmed with Western blot (Figure 9A). 

Cells treated with OA siRNA demonstrated decreased proliferation as compared to those 

treated with scramble siRNA (p<0.0001 for both cell lines, Figure 9B). In SCC15 cells, 

proliferation of scramble siRNA-transduced cells exceeded that of OA siRNA-transduced 

cells by day 4 (p=0.008) and continued into day 6 (p<0.0001). For SCC25 cells proliferation 

of scramble siRNA-transduced cells exceeded that of OA siRNA-transduced cells on days 

2–6 (p<0.0001 for the three time points). In contrast, OA knock-down did not affect the 

migration of SCC15 and SCC25 cells (p=0.25, Figure 9C).

Discussion

Cancer cell migration is a complex process involving adhesion to and detachment from 

ECM proteins; ECM remodeling including controlled degradation and new ECM protein 

deposition; and modifications in integrin expression as malignant transformation proceeds.4 

ECM and tumor microenvironment contributions to cancer progression are active 

investigational areas. The glycoprotein OA/gpnmb has been shown to promote endothelial15, 

melanoma33 and osteoblast34 adhesion, and this study demonstrated that its presence in the 

ECM can also facilitate malignant oral keratinocyte adhesion (Figure 4). UMSCC14a cells 

adhered to rhOA more avidly than to fibronectin (data not shown), a recognized mucosal 

ECM component35, suggesting that these cells express receptors for OA.

Adhesion to OA has been found to be in part dependent on its RGD moiety15, 33, indicating 

that some of its receptors are integrins32, 34. Our adhesion blocking assays indicate that OA 

interacts with integrins that combine with the β1 subunit in UMSCC14a and SCC15 cells 

(Figure 4B). β1 integrin family members are the most commonly expressed integrins in oral 

epithelium.3 The relationship between expression of various integrins and cancer 

progression is by no means simple and in some instances contradictory. While some studies 

have shown that loss of β1 integrin expression correlates with malignant 

transformation3, 50, 51, others have shown that increased β1 expression correlates with 

motility and invasion5, 52. The β1 integrin has been proposed as an OSCC stem cell marker 

and has been suggested as a clinical target.5

Decreased expression of the α2 integrin subunit relative to the immortalized oral 

keratinocytes was demonstrated in several OSCC cell lines (Figure 2A). The α2β1 integrin is 

a laminin and collagen receptor.3, 35, 53 Loss of this integrin has been associated with poor 

OSCC differentiation.3, 51

Upregulation of the α2, α5, αV, β3 and β5 integrin subunits has been associated with 

increased cell motility and tumor progression in two studies36, 52, while another study found 

reduced αVβ5 integrin expression with malignant transformation3. Differences in integrin 
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expression and affinity for ligands has been demonstrated between malignant cells and their 

premalignant counterparts for various tumors, and during tumor progression.4, 42 Dissimilar 

integrin expression between UMSCC14a and SCC15 cells may reflect differences in parent 

tumor stages (stage I for UMSCC14a and stage IV for SCC15).38 Disparities in tumorigenic 

potential between UMSCC14a and SCC15 have been documented in animal xenograft 

models, with UMSCC14a cells rarely being able to form tumors in immunodeficient 

animals.54–56

Co-immunoprecipitation revealed that several integrin subunits can interact with OA. All of 

the integrin subunits tested co-immunoprecipitated with OA in SCC15 cells, while the β5 

subunit did not significantly co-immunoprecipitate with OA in UMSCC14a cells (Figure 

2B). Immunofluorescence also indicated that several integrin subunits are involved in OSCC 

cell adhesion to rhOA (Figure 3). Nonspecific IgGs to some extent inhibited cell adhesion 

and migration, and immunoprecipitated with OA (Figures 2B, 4B, and 8). This may be due 

to the fact that OA contains an immunoreceptor tyrosine-based activation motif that may 

bind IgG.14, 57

Integrin contacts provide cells with positional and molecular signals that activate MAPK 

signaling. ERK and JNK activation is known to promote cancer cell migration.4, 36 Integrin-

mediated phosphatidylinositol 3-kinase pathway activation has also been linked to breast 

carcinoma cell line invasion and survival.58, 59 Integrins co-localize with growth factor 

receptors on cell surfaces, modulating their activity and providing pro-survival signals 

through MAPKs.4 Endogenous OA co-localization with α2, β3 and β5 integrins demonstrated 

in this study may indicate that OA plays a role in modulating integrin signaling (Figure 3). 

OA treatment activated MAPKs in UMSCC14a (Figure 5A), and this is consistent with the 

finding of Furochi et al who found that exogenous OA activated the ERK and p38 pathways 

in fibroblasts.60 This effect was attenuated in SCC15 cells possibly due to constitutive 

MAPK activation in this cell line (Figure 5B). OA promoted SCC15 cell survival and this is 

consistent with findings in breast and prostate carcinoma cells (Figure 7).18, 21 That OA’s 

effects OA on cell survival in this cell line were not dependent on adhesion is consistent with 

the findings of Furochi et al.60

The migratory phenotype is thought to be regulated by the balance of integrin-mediated 

signals.4 OA in the ECM accelerated migration of UMSCC14a and SCC15 cells in 

monolayer wounding assays (Figure 6). This is consistent with findings in breast and 

prostate carcinoma cells in which OA promoted cell invasion.20, 21 Integrin inhibition did 

not significantly affect UMSCC14a cell migration, though it promoted SCC15 cell migration 

(Figure 8). This is consistent with the findings of Lin et al who found that β1 integrin 

inhibition promoted SCC15 cell migration.5 Similarly, β1 integrin inhibition was found to 

promote metastasis and epithelial-mesenchymal transformation in breast carcinoma cells.61 

These results indicate that integrin inhibition may have unexpected effects on tumor 

progression. We did not assess the function of other integrins that are known to exhibit de 
novo expression in OSCC such as the αVβ6 integrin.3, 62

OA knock-down was more effective in SCC25 cells and had a more marked impact on 

proliferation in this cell line (Figure 9). However, OA knock-down did not impact migration 
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in these cells. This may be due to the fact that the migration assays in the siRNA-treated 

cells were performed in uncoated tissue-culture dishes and suggests that the presence of OA 

in the ECM promotes cell migration.

In conclusion, OA interacts with various integrins in OSCC cells and promotes integrin-

dependent adhesion. OA treatment resulted in MAPK activation in UMSCC14a and 

promoted SCC15 cell survival. OA in the ECM accelerated migration in both cell lines. 

Integrin inhibition stimulated cell migration in SCC15 cells. OA knock-down adversely 

effected proliferation in SCC15 and SCC25 cells, but did not affect two-dimensional 

migration of these cells. These findings confirm previous reports of OA’s role in tumor 

progression in other malignancies. While we demonstrated that OA is overexpressed in some 

OSCC cell lines, future studies will determine the prognostic significance of this 

overexpression in patients with OSCC.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. OA is differentially expressed in OSCC cell lines
(A) Total RNA was obtained from OSCC cell lines and immortalized oral keratinocytes, and 

reverse transcribed. qRT-PCR was used to compare expression of OA mRNA in the cell 

lines, normalized to β-actin. Graph depicts mean fold differences ± standard deviations. All 

OSCC cell lines expressed OA mRNA to a greater extent that OKF6/TERT1 immortalized 

oral keratinocytes (p<0.0001). OA mRNA expression also differed significantly between the 

cell lines tested (p<0.0001 for all comparisons). (B) OKF6/TERT1 immortalized oral 

keratinocytes and HNSCC cell lines were grown to subconfluence. Lysates (45 μg/lane) 

were resolved by SDS-PAGE, and total protein measured with infrared imaging after gel 

staining with GelCode® Blue (top left). Similarly loaded gels were used for protein transfer 

to membranes, and stained after transfer (top right). Membranes were probed with OA 

antibody (bottom left) and OA expression was normalized to total protein (bottom right, 

means ± standard errors).

Arosarena et al. Page 15

J Cell Physiol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. OA co-immunoprecipitates with integrins
OSCC cellular lysates were immunoprecipitated with integrin antibodies of hamster and rat 

origin, as well as nonspecific hamster and rat IgG. Immune complexes were probed with an 

OA antibody of rabbit origin. (A) Western blot confirmed expression of integrins in oral 

keratinocytes. (B) In UMSCC14a cells OA co-immunoprecipitated with the α2, α5, αV and 

β3 integrin subunits. There was less co-immunoprecipitation with the β1 subunit and little co-

immunoprecipitation with the β5 subunit.
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Figure 3. OA co-localizes with integrins
OSCC cells were seeded onto tissue culture slides and treated with antibodies to OA and 

integrin subunits. (A) In UMSCC14a cells endogenous OA co-localized with the α2, β3 and 

β5 integrin subunits. (B) In SCC15 cells OA co-localized with the α2 and β5 integrin 

subunits. 40x magnification.
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Figure 4. Adhesion of SCC15 cells to OA and effects of integrin inhibition
(A) SCC15 cells were allowed to adhere to rhOA at various concentrations to determine an 

optimum adhesion concentration range. Cells adhered to rhOA in a concentration-dependent 

manner (10, 20 and 40 μg/mL, p=0.0133). (B) SCC15 cells were treated with function-

blocking antibodies to integrin subunits prior to adhesion to rhOA to determine if specific 

integrin subunits participated in rhOA cell adhesion. Blocking of β1 integrin function 

inhibited SCC15 cell adhesion to rhOA (p=0.0307). Data represents means ± standard 

errors.
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Figure 5. OA activates MAPKs in OSCC
OSCC cells were allowed to adhere to tissue culture dishes coated with rhOA or BSA. Cells 

were treated with pervanadate 30 minutes before cellular lysates were harvested after 2, 4, 8, 

24 and 48 hours. Lysates were probed with antibodies to MAPKs. (A) As compared to 

control, UMSCC14a cells adhered to rhOA demonstrated significant activation of ERK and 

JNK MAPKs that peaked between 8 and 24 hours. (B) As compared to control, SCC15 cells 

adhered to rhOA demonstrated delayed and less MAPK activation.
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Figure 6. OA promotes migration of OSCC cells
OSCC cells were plated at confluence on rhOA- or BSA-coated dishes. Wound healing 

migration assays were used to determine OA’s effect on cell migration. Graphs indicate 

means ± standard errors. OA accelerated migration of OSCC cells in monolayer wound 

healing assays. (A) UMSCC14a cells exhibited migration of individual cells as well as 

groups of cells. Die-back of UMSCC14a accounted for larger wounds at 18 hours in plates 

coated with BSA. (B) SCC15 cells exhibited primarily group migration.
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Figure 7. Effects of OA on OSCC cell survival
OSCC cell were treated with various concentrations of rhOA in SFM. Graphs represent 

mean absorbances ± standard errors. (Left) OA concentration had no effect on UMSCC14a 

cell survival (p=0.119). By day 5, controls outlived OA-treated cells and there was a 

significant decrease in cell survival regardless of OA concentration (p=0.0012). (Right) OA 

promoted survival of SCC15 cells on days 3 and 5 in a dose-dependent manner (p<0.0001 

for both time points).
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Figure 8. Effects of integrin inhibition on OSCC cell migration
OSCC cells were seeded at confluence on tissue culture plates coated with rhOA or BSA. 

After monolayer wounding, cells were treated with integrin function-blocking antibodies or 

nonspecific IgG, and allowed to migrate for 8 hours. The fraction of wound closure for each 

condition was calculated relative to control. (A) Treatment of UMSCC14a cells with α5, αv 

and β5 neutralizing antibodies inhibited migration, while treatment with β1 and β3 function-

blocking antibodies as well as nonspecific IgG tended to promote migration. However, these 

effects were not significantly different from control (p=0.9352). (B) Treatment with all 

integrin-neutralizing antibodies as well as nonspecific IgG enhanced SCC15 cell migration. 

This was statistically significant for β1 integrin inhibition (p=0.003). Treatment of OSCC 

cells with nonspecific IgG also tended to promote migration.
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Figure 9. Effects of OA knock-down on OSCC cell proliferation and migration
OSCC cells were treated with OA- or scramble siRNAs to assess effects of OA RNA 

interference on cell proliferation and migration. (A) OA knock-down was confirmed with 

Western blot analysis and was more pronounced for SCC25 cells than for SCC15 cells. (B) 

OA knock-down significantly inhibited proliferation in both cell lines. In SCC15 cells, 

proliferation of scramble siRNA-transduced cells exceeded that of OA siRNA-transduced 

cells by day 4 (p=0.008) and continued into day 6 (p<0.0001). For SCC25 cells proliferation 

of scramble siRNA-transduced cells exceeded that of OA siRNA-transduced cells on days 

2–6 (p<0.0001 for the three time points). (C) OA knock-down did not inhibit cell migration 

in uncoated dishes.
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