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bstract

e evaluated the suitability of a porcine acellular dermal matrix for the development of a 3-dimensional oral mucosal equivalent using an ex
ivo-produced oral mucosal equivalent (EVPOME). Oral keratinocytes were seeded in a submerged model, and then in an air-liquid interphase
odel, using Transwell® inserts. EVPOME showed good cell viability and increased glucose consumption over time. Histological evaluation

howed that stratified differentiated epithelium had formed in all matrices.

 2016 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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VPOME, an ex vivo-produced oral mucosal equivalent,1,2

as developed mainly for use in regeneration and has
ad good clinical outcomes, but it can also be used in
n vitro studies.1,3 It is produced using a non-immunogenic
uman acellular dermal matrix (AlloDerm®, Acelity (Life-
ell Corp), Branchburg, NJ, USA). To our knowledge,
owever, use of a porcine-derived matrix has not been fully
valuated. We have therefore investigated the suitability of a
orcine-sourced dermal matrix to form a 3-dimensional oral

ucosa.

� Procedures were done following approved protocols by Institutional
eview Board of the University of Michigan.
∗ Corresponding author at: Araraquara Dental School, State University of
ão Paulo, R. Humaita, 1680 Araraquara, SP, Brazil.

E-mail address: fergbasso@gmail.com (F.G. Basso).
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aterial  and  methods

ell  culture

ral keratinocytes, which we obtained from healthy patients
Institutional Review Board of the University of Michigan,
nn Arbor, USA), were isolated by enzymatic dissocia-

ion (GibcoTM Trypsin/EDTA 1X, Thermo Fisher Scientific,
altham, MA, USA) and maintained in EpiLife® cell cul-

ure medium supplemented with epidermal growth factor
GibcoTM) and calcium chloride 0.06 mmol (Sigma-Aldrich,
t Louis, MO, USA).

VPOME
hick (1.04–2.28 mm) and medium (0.53–1.02 mm) human
atrices (AlloDerm®, Acelity (LifeCell Corp), Branchburg,
J, USA), and a porcine matrix (0.53–1.02 mm) (Strattice®,
celity) (n = 3) were hydrated in phosphate-buffered saline

blished by Elsevier Ltd. All rights reserved.
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Fig. 1. (a) Glucose consumption (%) by oral keratinocytes seeded in the AlloDerm® and Strattice® (both Acelity (LifeCell Corp), Branchburg, NJ, USA)
matrices (p > 0.05, n = 6). (b) MTT staining of ex vivo-produced oral mucosal equivalent (EVPOME) models: thick AlloDerm® (A), medium AlloDerm® (B),
Strattice® (C), and medium AlloDerm® stained with MTT without cell seeding (D, control). The intensity of the purple staining indicates the viability of the
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ral keratinocytes seeded on the epidermal surface of the matrices.

PBS) (GibcoTM), and coated with human collagen type IV
0.05 mg/ml) (Sigma-Aldrich).3

The matrices were placed at the bottom of 48-well plates
nd EpiLife® (GibcoTM) 1 ml containing calcium 1.2 mmol
Sigma-Aldrich) was added. Oral keratinocytes were placed
n to the matrices (2 ×  105 cells) and were submerged for
our days. Matrices were then transferred to an air-liquid
nterphase in Transwell® inserts (Corning Inc, Corning, NY,
SA) for seven days.2

lucose  consumption

lucose consumption was measured on days 6, 8, 10, and 11
sing a 10 �l aliquot of the culture medium with the cultured
ells (GlucCellTM Glucose Monitoring System, CESCO Bio-
ngineering, Taichung, Taiwan).2 Data were analysed using
NOVA (�=0.05).

ell  viability

e analysed cell viability qualitatively by staining with

TT.4 The matrices were incubated in a solution of MTT

1/10 EpiLife®) at 37 ◦C for 4 hours. Purple staining indicated
iable adherent cells.

t
(

istological  analysis

atrices were fixed in 10% formalin for 24 hours and then
ransferred to flasks containing 70% ethanol until analysis.
amples were washed in deionised water, deparaffinised with
ylene, rehydrated with decreasing concentrations of alco-
ol, and embedded in paraffin. Sections 5 �m thick were
btained, stained with haematoxylin and eosin, and analysed
n a photomicroscope (Leica DMI4000B, Leica Microsys-
ems, Wetzlar, Germany).

esults

ells seeded on the AlloDerm® matrices maintained the same
lucose consumption for all periods, while glucose consump-
ion was increased for porcine matrices (Fig. 1a). However,
here was no significant difference among periods or matrices
ANOVA, p > 0.05).
All matrices stained strongly for MTT, which showed that
he cells were adherent and viable on the EVPOME model
Fig. 1b).



310 F.G. Basso et al. / British Journal of Oral and Maxillofacial Surgery 55 (2017) 308–311

Fig. 2. Photomicrographs of AlloDerm® and Strattice® (both Acelity (LifeCell Corp), Branchburg, NJ, USA) matrices before seeding with oral keratinocytes,
showing the intact basement membrane (arrows) ((A) thick AlloDerm®; (B) medium AlloDerm®; and (C) Strattice®) and EVPOME after 11 days of culture.
Oral keratinocytes adhered to the surfaces of the matrices by recognition of the basement membrane, and proliferated. EVPOME shows stratification of epithelial
cells (E) and differentiation, shown by the synthesis of keratin (K). All matrices produced 3-dimensional oral mucosal cells, but stratification was greater in the
m ® e matrix
a  and gre
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edium (B1 and B2) than in the thick AlloDerm (A1 and A2). The porcin
nd proliferation of epithelial cells, as there was even thicker epithelial tissue
nd eosin, original magnification upper row x 100; lower rows x 400).

iscussion

istological analysis showed good adherence, stratifica-
ion, and differentiation of epithelial cells (Fig. 2). The
hickness of the matrix seems to have interfered with the
roliferation and differentiation of oral keratinocytes, as the
edium human matrix produced a thicker and more differ-

ntiated EVPOME.5 The epithelial tissue produced on the
urface of the thinner human matrix had more layers of cells

nd greater synthesis of keratin, probably because of bet-
er nutrition by the culture medium during the air-liquid
nterphase.6 However, despite these differences, oral ker-

C

W

 (C1 and C2) provided an equally suitable environment for the attachment
ater synthesis of parakeratin than in the AlloDerm® matrices (haematoxylin

tinocytes remained viable and presented good metabolism
n all matrices.

The porcine matrix produced a differentiated oral mucosal
quivalent, which would provide a 3-dimensional oral
ucosa with similar patterns to the human matrix. It could

e a reliable, non-human, and cheaper option for the evalu-
tion of several oral conditions and the biological behaviour
f various treatments.
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