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SUMMARY
Aim 

Epithelial–mesenchymal interactions play a crucial role during both the in vitro development of bioengineered tissues and the remodelation of gingival tissues. In this work, we carried out a sequential maturation and differentiation study of the epithelium of a human oral mucosa substitute based on fibrin-agarose biomaterials with fibroblasts and keratinocytes. 
Material and Methods 

Artificial human oral mucosa models were developed and histological, immunohistochemical and gene expression analyses were carried out in samples at 1, 2 and 3 weeks of culture.

Results 
Artificial tissues showed expression of  tight junction proteins and cytokeratins from the first week of in vitro development. Mature samples of 3 weeks of development subjected to air-liquid conditions showed signs of epithelial differentiation and expressed specific RNAs and proteins corresponding to adherent and gap junctions and basement lamina. Moreover, these mature samples overexpressed some desmosomal and tight junction transcripts, with gap junction components being downregulated. 
Conclusions

These results suggest that bioengineered human oral mucosa substitutes form a well-developed epithelial layer that was very similar to human native tissues. In consequence, the epithelial barrier could be fully functional in these oral mucosa substitutes, thus implying that these tissues may have clinical usefulness.
INTRODUCTION
The human oral mucosa is a bilayered structure composed by a stratified epithelial layer and subjacent connective tissue. The epithelial layer plays a major function as a barrier against external aggressions such a physical damage, bacterial infection, heat loss and irradiations. The epithelial tissue consists of several layers of keratinocyte cells undergoing constant differentiation and self-renew , and recent studies focused on the role that key proteins and biological regulators such as cytokeratins, basement membrane proteins and intercellular junction proteins play in this process(Liu et al. 2010, Peña et al. 2010 & 2011). However, these studies have not been carried out on artificial oral mucosa substitutes developed by tissue engineering. One of the main goals of tissue engineering applied to artificial periodontal tissues is to generate a tissue equivalent able to reproduce the biological, histological and functional properties of the native tissue, especially the barrier protective function of the keratinocytic epithelial layer, which is the main responsible of the protective role of periodontum.
The integrity of the epithelial cell layers and the subjacent connective tissue is maintained by intercellular junctional complexes including adherent junctions (AJs), gap junctions (GJs) and tight junctions (TJs). AJs act as signalling centres and are considered to be the most important machinery for intercellular adhesion in stratified squamous epithelia, including  the oral mucosa epithelium(Donetti et al. 2005). The most common AJs are desmosomes, whose crucial importance during embryogenesis and in the adult is highlighted by their major roles in cell-cell adhesion, cell proliferation, differentiation and morphogenesis(Yin & Green 2004). Desmosomes are able to connect adjacent cells by attaching to the cell surface and to the cytoskeleton intermediate filaments (CKs). On the other hand, TJs are composed by integral transmembrane proteins such as occludin, claudins, JAM-1 and membrane-associated proteins such as ZO1, ZO2 and ZO3(Tsukita et al. 2008). Typically, TJs form a continuous circumferential belt-like structure surrounding the cell and these structures are the main responsible for the formation of an impermeable epithelial barrier. In addition, TJs play a pivotal role in diverse processes including morphogenesis, cell polarity, cell proliferation and differentiation(Schneeberger & Lynch 2004). Finally, GJs consist of a protein complex assembled to form selective channels connecting two neighbouring cells. GJs are also required for physiological processes by providing intercellular exchange of ions, second messengers and small metabolites, allowing both electrical, and biochemical coupling between cells(Goldberg et al. 2004, Mathias et al. 2010). 
On the other hand, an important structure supporting epithelial development, differentiation and function is the basement membrane that connects the epithelial and the connective layers. An adequate development of this structure is essential for biological regulation of the epithelial-mesenchymal interaction, an epithelial maturation and stratification(Segal et al. 2008, Simon-Assmann et al. 2010). As an important component of the basement membrane, laminin modulates epithelial cell adhesion, differentiation and migration, and it is the most abundant structural and biologically active component of the epithelial-mesenchymal adhesion system.
In this work, we developed an artificial human oral mucosa substitute and we analyzed its structure at different stages of differentiation in order to determine the in vitro maturation process of these tissues and their putative clinical usefulness.
MATERIALS AND METHODS
Cell culture of human oral mucosa keratinocytes and fibroblasts
 5X5 mm gingival biopsies were obtained from human healthy donors using local anesthesia. All donors provided written consent for their inclusion in this study and the present work was approved by the local ethics and research committee. First, epithelium was detached from connective tissue by enzymatic treatment with dispase II (5mg/ml in phosphate-buffered saline Gibco BRL, Karlsruhe, Germany) for 6h at 37ºC. Keratinocytes were obtained from the epithelial layer and cultured in keratinocyte culture medium consisting of a 3:1 mixture of Dulbecco´s modified Eagle medium (DMEM) and Ham’s F12 culture media supplemented with 10% fetal calf serum, antibiotics and antimycotics (100 U/ml of penicillin G, 100mg/ml of streptomycin, and 0.25 mg/ml of amphotericin B)  24µg/ml adenine, 0.4mg/ml hydrocortisone, 5mg/ml insulin, 10µg/ml epidermal growth factor and 1.3ng/ml triiodothyronine in a humidified atmosphere of 5% CO2 at 37ºC. Subsequently, fibroblasts were isolated from previously detached connective tissue layer of the biopsies by incubating overnight in collagenase type I solution (2mg/ml in Dulbecco´s modified Eagle´s medium). Fibroblasts were cultured in DMEM medium supplemented with and 10% of fetal bovine serum (FBS) using standard cell culture conditions.
Development of artificial  human oral mucosa
Construction of an artificial oral mucosa (AOM) was carried out by following previously described methods (Garzón et al. 2009 A & B). Briefly, 21 ml of human plasma were added to 2 ml of DMEM with 10% FBS enriched with a mixture of 250,000 cultured human oral mucosa fibroblasts and 200µL of tranexamic acid. Finally, 2ml of 1% of CaCl2 with agarose type VII previously melted and dissolved in PBS at a final concentration 0.1% were added to the solution. After 24 hours, the fibrin-agarose oral mucosa stroma substitute had solidified and human oral mucosa keratinocytes cells were subcultured on top of the fibrin-agarose substitute. Once generated, bioengineered oral mucosa substitutes were maintained submerged in keratinocyte culture medium for two weeks using Transwell culture inserts with 0.4μm porous membranes (Costar, Corning Inc., Corning,NY, USA). Finally, epithelial differentiation was induced by using air-liquid culture technique for one additional week.  
Histological study 
Human oral mucosa control tissues (OM-CTR) and artificial oral mucosa substitutes corresponding to different development periods -1 week submerged in culture medium (AOM-1W), 2 weeks submerged in culture medium (AOM-2W) and 3 weeks using air- liquid culture technique for the last week (AOM-3W)-, were fixed with 4% paraformaldehyde solution in PBS, embedded in parafin and stained with Hematoxilin & Eosin for histological analysis. 
immunofluorecense, immunohistochemistry and histochemistry study
In order to determine the protein expression of specific epithelial differentiation markers, immunofluorescence and immunohistochemistry assays were performed in OM-CTR, AOM-1W, AOM-2W and AOM-3W samples.For the analysis of cytokeratin expression, anti-pancytokeratin (PANCK) antibodies were used. This is a broad spectrum protein that recognizes human cytokeratins 4, 5, 6, 10, 14 and 18. For the analysis of basement memebrane development, anti- laminin antibody was used. For the evaluation of intercellular junctions, specific antibodies anti-plakoglobin (PKG), Plakophilin (PKP), Desmoglein 3 (DG3), Connexin 37 (CX37), ZO1, and ZO2 were used. For these analyses, standard immunodetection procedures were carried out on tissue sections. Briefly, paraffin was removed from the tissue sections using xylene, and endogenous peroxidase was quenched in 3% H2O2. Then, we used 0.01 M citrate buffer (PH 6.0) at 98 ºC for 5 min for antigen retrieval. Incubation with the primary antibodies was performed for 1h at room temperature. Incubation with secondary antibodies was carried out for 30 minutes. Finally, the slides were counterstained with DAPI for immunofluorescence and with Mayer´s hematoxilin for immunohistochemical with 3,3’-Diaminobezidine and photographed using a Nikon Eclipse 90i microscope. 
Genome-wide gene expression analysis by high-density oligonucleotide microarrays

Comprehensive genome-wide gene expression analysis was carried out using Affymetrix Human Genome U133 plus 2.0 oligonucleotide arrays as previously described(Alaminos et al. XXXX, Garzón et al. 2012). Briefly, total RNA corresponding to AOM-1W, AOM-3W and OM-CTR (n=2 for each group) was extracted using the Qiagen RNeasy System (Qiagen, Mississauga, Ontario, Canada), converted to cDNA with a T7-polyT primer and reverse transcriptase, and in vitro transcribed with biotinylated UTP and CTP. Labeled nucleic acid target was then hybridized (45°C for 16 h) to Human Genome U133 plus 2.0 arrays, and absolute values of expression were calculated from the scanned array by using Affymetrix software. All values were normalized to GAPDH expression. Once expression levels were obtained for all probe-sets, all genes with a role in cell-cell junctions were selected by using the information supplied by Affymetrix. When several probe-sets were available for the same cell-cell junction component, the average value of all these probe-sets was calculated.

To compare the RNA expression values of the genes encoding for PKG,PKP,DG3,CX37,ZO1 and ZO2 in AOM-1W vs. AOM-3W, we used the U-rank statistical test as previously described(Berdasco et al. 2008). This test allows detection of genes whose expression was higher for each of the samples corresponding to a specific group as compared to all samples in the other group. To identify genes associated to the development of cell-cell junctions whose expression was significantly associated with a specific group of samples (AOM-1W or AOM-3W), we used the Significance Analysis for Microarrays (SAM) software of Stanford University, using a δ value that permitted a false discovery rate of 0 (i.e., no genes are falsely named). The program is available at http://www-stat.stanford.edu/~tibs/SAM/.

RESULTS
Histological analysis of control and artificial human oral mucosa samples.
Histological analysis of human oral mucosa control tissues (OM-CTR) and bioengineered oral mucosa corresponding to increasing development periods (AOM-1W, AOM-2W and AOM-3W) revealed the progressive maturation and development of the AOM epithelial layer with time in culture. All control samples showed a typical stratified flat epithelium with clear signs of epithelial differentiation and organization in well-defined strata (stratum basale, spinosum,granulosum) and a well cellularized and vascularized connective tissue. AOM-1W models demonstrated the presence of a single layer of keratinocytes after one week of in vitro development. In addition, AOM-2W samples were characterized by an increase of the number of keratinocytes in the epithelial layer of the stromal substitute with uo to five layers of keratinocytes. Finally, the AOM-3W samples submitted to air liquid culture technique showed more than six epithelial cell layers with the some signs of differentiation of the apical layers, which tended to be more flattened than basal layers, although organization in well-defined strata was not observed at any time (Fig 1). 
Immunofluorescence and immunohistochemical analysis of control and artificial human oral mucosa samples
All OM-CTR and AOM-1W, AOM-2W, AOM-3W samples were analyzed for specific keratinocytic differentiation markers in order to determine the status of epithelial differentiation as quality control of the bioengineered oral mucosa epithelium. The study of cytokeratin expression as determined by PANCK revealed a highly positive expression in OM-CTR, especially at the suprabasal layers. However, bioengineered samples were mildly positive in all epithelial layers after 1, 2 and 3 weeks of development in culture. Moreover, the  immunohistochemical study of laminin revealed homogenous expression of this protein at the epithelial-mesenchymal junction and blood vessels of the OM-CTR. Bioengineered samples were negative at 1 and 2 weeks and positive after 3 weeks (AOM-3W) (Fig 1). The study of intercellular adherent junctions PKG, PKP and DG3 showed positive signal in OM-CTR samples and in all layers of the well-stratified artificial tissues corresponding to 3 weeks (AOM-3W), being negative in AOM-1W and AOM-2W samples where the number of epithelial layers was below six (Fig 2). Similarly, the expression of the GJ protein CX37 was restricted to suprabasal layers of OM-CTR and AOM-3W samples, with negative signal in AOM-1W and AOM-2W. Strikingly, the TJ protein ZO1 was strongly positive in most epithelial layers of the bioengineered tissues from the first week to the third week of development, similar to control tissues, whereas ZO2 was slightly positive at 1 and 2 weeks of development, with apical expression in AOM-3w (Fig 3).
Gene expresion analysis of control and human oral mucosa samples
The microarray analysis of OM-CTR, monolayered AOM and multilayered AOM revealed that the desmosome-related genes PKG, PKP and DG3 tended to increase (p=0,001) from monolayer oral mucosa samples to multilayered artificial tissues, although the expression levels found in OM-CTR were not reached (Fig 4A). In addition, the analysis of the GJs components CX37 showed an increase (p=0,001) in multilayer samples, although the expression levels were lower than those of control samples (Fig 4A). Finally the analysis of two TJ-related genes (ZO1 and ZO2) found that samples with a multilayer epithelium expressed higher RNA levels than AOM-1W (p=0,001), reaching similar levels to OM-CTR.
In addition, the SAM analysis of genes related to intercellular junctions demonstrated that 4 genes corresponding to a desmosomal component (DSP) and three TJs components: Zona ocluddens 2, claudin 7, occluding and desmoplakin (TJP2, CLDN7, OCLN) became overexpressed in AOM-3W samples, whereas 3 GJs genes were downregulated (GJD3, GJC1, GJC2) (Fig 4B).
DISCUSSION
Human oral mucosa, especially in gingival location, is permanently exposed to several external aggressions that may lead to pathological conditions affecting its normal structure and function. Therefore, the search of an adequate tissue substitute for the gingival tissues is in need. The increasing clinical use of tissues obtained by tissue engineering techniques, including the oral mucosa, requires proper characterization and a correct understanding of the differentiation patterns that take place during the in vitro development of these tissues and the biological regulators involved in this process. In the case of the AOM, it is essential to study the maturation and differentiation patterns of the developing epithelial layer, including the expression of cytokeratins, intercellular junctions and basement membrane, main responsible for the barrier function of the oral mucosa. The study of the epithelial development patterns that take place during the in vitro maturation of a bioengineered oral mucosa substitute should be considered as part of the quality control process of this tissue in order to guarantee the epithelial barrier function of these bioengineered tissues once implanted in vivo. In addition, the development of an AOM and the study of its epithelial differentiation patterns may be useful not only to determine the possible efficiency of these tissues from a clinical standpoint, but it could also contribute to a better understanding of the differentiation processes that take place during organ differentiation using and in vitro model instead of using animal models, and thus contributing to the ER statement (Rusche 2003). Finally, the generation of AOM could be carried out from tissue biopsies obtained from patients with specific diseases such as pemphigus vulgaris, pemphigus foliaceus, etc., in order to study the onthogenesis and evolution of these diseases by employing a biomimetic human model.
 In this work, we have performed a sequential study of the epithelial barrier development of a human artificial oral mucosa model by evaluating key cytokeratin epithelial markers, basement membrane proteins and intercellular junctions. On one hand, our results confirmed the epithelial phenotype of the bioengineered epithelial layer as determined by the positive expression of pancytokeratin in all AOM samples as we previously demonstrated(Garzón et al. 2009 A & B). On the other hand, laminin expression required 3 weeks of in vitro development and the use of air-liquid culture conditions. This demonstrates that generation of a mature basement membrane is a complex process requiring epithelial-mesenchymal interaction and the role of crucial biological regulators and homeostatic agents during long time periods. Therefore AOM should be maintained during at least 3 weeks in culture before therapeutic use. In the third place, the analysis of cell-cell junction development in culture revealed that the first intercellular junctions that could be identified at the first weeks of development were the TJs, although our protein and RNA expression analyses showed that TJs tended to increase at the last development stages. These findings suggest that our AOM model may exhibit barrier functions related with water-loss protection from the first week. Nevertheless, these functions will be probably more adequate after 3 weeks in culture, when both, the protein and the RNA expression become more similar to the CTR-OM. According to our SAM analysis of microarray expression data, AOM-1W showed early expression of GJD3, GJC1 and GJC2, connexions which may play a role during tissue development (Kar et al. 2012). However, mature samples subjected to air-liquid culture conditions showed CX37 expression as determined by protein and RNA expression analyses. Despite the role of this connexin isoform must be fully elucidated, its association with the most apical epithelial cell layers of the most differentiated samples (AOM-3W) could be related to the role of this protein as a cell proliferation suppressor (Burt et al. 2008, Good et al. 2011). These results point out the possibility that different connexins can be expressed at specific differentiation stages. Finally, evaluation of the desmosomal proteins (AJs) PKG, PKP and DG3, along with the RNA expression of DSP, demonstrated that these AJs components were highly dependent on the time in the culture and the culture technique. The development of fully-functional desmosomes is fundamental for epithelial integrity. Several studies demonstrated that PKG, PKP, DG3 and DSP are highly expressed in stratified epithelia, especially in suprabasal cell layers(Garrod & Chidgey 2008), and tend to be associated to cytoskeletal keratins(Moll et al. 1997). Interestingly, our analysis showed that desmosomal proteins became expressed at the same differentiation stage, which is compatible with their concomitant recruitment and assembly in the cell membrane to form a desmosomal complex. In agreement with the results showed for TJs, GJs and basement membrane, these findings point out the most adequate maturation and differentiation status of 3 weeks samples submitted to air-liquid culture technique. As previously reported, this technique is an efficient method for the induction of epithelial maturation and it should always be used for the development of AOM. All these results reveal that the AOM tends to mature in vitro up to the point that a well-developed epithelial barrier forms on top of the stromal substitute. Although functional assays must be carried out, the present work suggests that the main epithelial functions may be exerted by the epithelium corresponding to three weeks in culture samples.
ACKNOWLEDGMENTS: 
This study was supported by the Spanish Plan Nacional de Investigación Científica, Desarrollo e Innovación Tecnológica (I +D+ I) from the Spanish Ministry of Economy and Competitiveness (Instituto de Salud Carlos III), grant FIS PI11/2668.
REFERENCES

1. Peña I, Junquera LM, Meana Á, García E, Aguilar C, Fresno MF (2011) In vivo behavior of complete human oral mucosa equivalents: characterization in athymic mice. Journal of periodontal research 46:214–20. doi: 10.1111/j.1600-0765.2010.01330.x

2. Liu J, Bian Z, Kuijpers-Jagtman AM, Von den Hoff JW (2010) Skin and oral mucosa equivalents: construction and performance. Orthodontics & craniofacial research 13:11–20. doi: 10.1111/j.1601-6343.2009.01475.x

3. Peña I, Junquera LM, Meana A, García E, García V, De Vicente JC (2010) In vitro engineering of complete autologous oral mucosa equivalents: characterization of a novel scaffold. Journal of periodontal research 45:375–80. doi: 10.1111/j.1600-0765.2009.01248.x

4. Donetti E, Bedoni M, Boschini E, Dellavia C, Barajon I, Gagliano N (2005) Desmocollin 1 and desmoglein 1 expression in human epidermis and keratinizing oral mucosa: a comparative immunohistochemical and molecular study. Archives of dermatological research 297:31–8. doi: 10.1007/s00403-005-0573-9

5. Yin T, Green KJ (2004) Regulation of desmosome assembly and adhesion. Seminars in cell & developmental biology 15:665–77. doi: 10.1016/j.semcdb.2004.09.005

6. Tsukita S, Yamazaki Y, Katsuno T, Tamura A (2008) Tight junction-based epithelial microenvironment and cell proliferation. Oncogene 27:6930–8. doi: 10.1038/onc.2008.344

7. Schneeberger EE, Lynch RD (2004) The tight junction: a multifunctional complex. American journal of physiology Cell physiology 286:C1213–28. doi: 10.1152/ajpcell.00558.2003

8. Goldberg GS, Valiunas V, Brink PR (2004) Selective permeability of gap junction channels. Biochimica et biophysica acta 1662:96–101. doi: 10.1016/j.bbamem.2003.11.022

9. Mathias RT, White TW, Gong X (2010) Lens gap junctions in growth, differentiation, and homeostasis. Physiological reviews 90:179–206. doi: 10.1152/physrev.00034.2009

10. Simon-Assmann P, Spenle C, Lefebvre O, Kedinger M (2010) The role of the basement membrane as a modulator of intestinal epithelial-mesenchymal interactions. Progress in molecular biology and translational science 96:175–206. doi: 10.1016/B978-0-12-381280-3.00008-7

11. Segal N, Andriani F, Pfeiffer L, Kamath P, Lin N, Satyamurthy K, Egles C, Garlick JA (2008) The basement membrane microenvironment directs the normalization and survival of bioengineered human skin equivalents. Matrix biology : journal of the International Society for Matrix Biology 27:163–70. doi: 10.1016/j.matbio.2007.09.002

12. Garzon I, Serrato D, Roda O, Del Carmen Sanchez-Quevedo M, Gonzales-Jaranay M, Moreu G, Nieto-Aguilar R, Alaminos M, Campos A (2009) In vitro cytokeratin expression profiling of human oral mucosa substitutes developed by tissue engineering. The International journal of artificial organs 32:711–719.

13. Garzón I, Sánchez-Quevedo MC, Moreu G, González-Jaranay M, González-Andrades M, Montalvo A, Campos A, Alaminos M (2009) In vitro and in vivo cytokeratin patterns of expression in bioengineered human periodontal mucosa. Journal of periodontal research 44:588–97. doi: 10.1111/j.1600-0765.2008.01159.x

14. Alaminos M, Garzón I, Sánchez-Quevedo MC, Moreu G, González-Andrades M, Fernández-Montoya A, Campos A Time-course study of histological and genetic patterns of differentiation in human engineered oral mucosa. Journal of tissue engineering and regenerative medicine 1:350–9. doi: 10.1002/term.38

15. Garzón I, Carriel V, Marín-Fernández AB, Oliveira AC, Garrido-Gómez J, Campos A, Sánchez-Quevedo MDC, Alaminos M (2012) A combined approach for the assessment of cell viability and cell functionality of human fibrochondrocytes for use in tissue engineering. PloS one 7:e51961. doi: 10.1371/journal.pone.0051961

16. Berdasco M, Alcázar R, García-Ortiz MV, Ballestar E, Fernández AF, Roldán-Arjona T, Tiburcio AF, Altabella T, Buisine N, Quesneville H, Baudry A, Lepiniec L, Alaminos M, Rodríguez R, Lloyd A, Colot V, Bender J, Canal MJ, Esteller M, Fraga MF (2008) Promoter DNA hypermethylation and gene repression in undifferentiated Arabidopsis cells. PloS one 3:e3306. doi: 10.1371/journal.pone.0003306

17. Rusche B (2003) The 3Rs and animal welfare - conflict or the way forward? ALTEX 20:63–76.

18. Kar R, Batra N, Riquelme MA, Jiang JX (2012) Biological role of connexin intercellular channels and hemichannels. Archives of biochemistry and biophysics 524:2–15. doi: 10.1016/j.abb.2012.03.008

19. Burt JM, Nelson TK, Simon AM, Fang JS (2008) Connexin 37 profoundly slows cell cycle progression in rat insulinoma cells. American journal of physiology Cell physiology 295:C1103–12. doi: 10.1152/ajpcell.299.2008

20. Good ME, Nelson TK, Simon AM, Burt JM (2011) A functional channel is necessary for growth suppression by Cx37. Journal of cell science 124:2448–56. doi: 10.1242/jcs.081695

21. Garrod D, Chidgey M (2008) Desmosome structure, composition and function. Biochimica et biophysica acta 1778:572–87. doi: 10.1016/j.bbamem.2007.07.014

22. Moll I, Kurzen H, Langbein L, Franke WW (1997) The distribution of the desmosomal protein, plakophilin 1, in human skin and skin tumors. The Journal of investigative dermatology 108:139–46.



LEGENDS OF THE FIGURES

Figure 1.

Histological study by H&E, immunofluorescence analysis of pancitokeratin (PANCK)  and immunohistochemical staining of Laminin were carried out in oral mucosa control (OM-CTR), and artificial oral mucosa at 1 week (AOM-1W), 2 weeks (AOM-2W) and 3 weeks (AOM-3W). The expression pattern of laminin in control samples corresponding to the basement membrane (arrows), was reproduced by the artificial oral mucosa at 3 weeks of air-liquid interphase (arrow heads). Scale bar: 50 um (OM-CTR with H&E and PANCK staining, scale bar: 100 um)

Figure 2.

Immunofluorescence analysis of desmosome associated proteins plakoglobin (PKG), plakophilin (PKP) and desmoglein 3 (DG3)  in oral mucosa control (OM-CTR), and artificial oral mucosa at 1 week (AOM-1W), 2 weeks (AOM-2W) and 3 weeks (AOM-3W). Scale bar: 50 um (OM-CTR scale bar: 100 um).

Figure 3.

Gap junction protein connexin 37 (CX37) and tight junction associated proteins zonula occludens-1 (ZO1) and zonula occludens-2 (ZO2) expression analysis as determined by immunofluorescence in oral mucosa control (OM-CTR), and artificial oral mucosa at 1 week (AOM-1W), 2 weeks (AOM-2W) and 3 weeks (AOM-3W). Scale bar: 50 um (OM-CTR scale bar: 100 um).

Figure 4.

Microarray expression of PKG, PKP, DG3, C37, ZO1 and ZO2 in monolayered artificial oral mucosa at 1 week (AOM-1W), multilayered artificial oral mucosa at 3 weeks (AOM-3W) (blue bars), and oral mucosa control (OM-CTR) (red bars) (A). SAM analysis of monolayered artificial oral mucosa at 1 week (AOM-1W), showing the upregulation of tight junction protein-2 (TJP2), claudin-7 (CLDN7), desmoplakin (DSP) and occluding (OCLN) (in red), and the downregulation of gap junction protein delta-3 (GJD3), gap junction protein gamma-1 (GJC1), and gap junction protein gamma-2 (GJC2) (in green) (B).

