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SUMMARY: Tissue engineering (TE) has become an alternative for auricular reconstruction based on the combination of cells,
molecular signals and biomaterials. Scaffolds are biomaterials that provide structural support for cell attachment anat sisbseque
development. Ideally, a scaffold should have characteristics such as biocompatibility and bioactivity to adequate sfippione!l
Our purpose was to evaluate biocompatibility of microtic auricular chondrocytes seeded onto a chitosan-polyvinyl alcaohggrainl
(CS-PVA-ECH) hydrogel to propose this material as a scaffold for tissue engineering application. After being cultured bAto CS-P
ECH hydrogels, auricular chondrocytes viability was up to 81%. SEM analysis showed cell attachment and extracellulanragtnix for
that was confirmed by IF detection of type Il collagen and elastin, the main constituents of elastic cartilage. Exprdasion of e
cartilage molecular markers duriig vitro expansion and during culture onto hydrogels allowed confirming auricular chondrocyte
phenotypeln vivoassay of tissue formation revealed generation of neotissues with similar physical characteristics and protein composition
to those found in elastic cartilage. According to our results, biocompatibility of the CS-PVA-ECH hydrogel makes it sseaffalile
for tissue engineering application aimed to elastic cartilage regeneration.
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INTRODUCTION

Tissue engineering (TE) focused on elastic cartilagsl., 2007), they secrete elastin fibers along with type Il
regeneration has become the alternative to perform auri@ollagen, aggrecan, proteoglycans, carbohydrates and
lar reconstruction for the treatment of microtia and othénterstitial fluid (Lafontet al, 2008). Biomaterials used as
injuries associated with absence or loss of auricular tissgeaffolds are typically made of polymeric molecules to
(e.g., traumatism or burns) (Luquegtial, 2012). One of provide structural support for cell attachment and subsequent
the strategies of tissue engineering (TE) is the use wWésue development. They must interact with cellular
autologous tissue as a source of cells and the combinatsmmponents providing biological cues like cell-adhesive
with different biomaterials in order to promote the generatidiands to enhance attachment or physical cues such as
of a tissue with the same characteristics as the original. Tiogography to influence cell morphology and alignment
use of autologous cells avoids future rejection reactions wh@Nabzdyk, 2009). Ideally, a scaffold should have
engineered tissues are grafted into the host body (Kobayasharacteristics such as biocompatibility and bioactivity to
et al, 2011). Auricular chondrocytes constitute elastipromote cell attachment and growth; biodegradability; they
cartilage; they lie isolated within the extracellular matrixalso have to fullfill the mechanical properties to match those
(ECM) in a low oxygen tension environment (Ruszyragh of the tissues at the site of implantation (Akiyaetaal,
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2002). For the adequate production of a scaffold it en Humane Care and Use of Laboratory Animals (August
important to know the biology of the tissue that we preter2D02), implemented by the Office of Laboratory Animal
to regenerate and to demonstrate complete biocompatibilityelfare, Harvard Medical School IACUC.
(Lee & Shin, 2007)Natural and synthetic materials have been
widely used as scaffolds for TE applications aimed at cartila@ynthesis of CS-PVA-ECH based hydrogel for human
regeneration (Hutmachet al,, 2001). Chitosan (CS) is a na-auricular chondrocytes culture. CS 2.5 g, 350,000 Da with
tural biocompatible polymer, non-toxic, formed through th&5% of deacetylation degree (Sigma-Aldrich, St. Louis, MO)
N-deacetylation of chitin. It consists primarily of repeatingvere dissolved in 100 mL of diluted acetic acid (2.5% wi/w,
units of b-1, 4-glucosamine and N-acetylglucosamine.4 M, Darmstadt, Germany), 7.8 g of PVA, 89,000 Da and
structurally similar to glycosaminoglycan (GAG) chain©99% hydrolysis (Fluka/Aldrich Chemical, USA) were
presentin cartilage. Properties of chitosan scaffolds vary withssolved in 100 mL of distilled water at ‘€@ The two
molecular weight, crystallinity, affinity for water, deacetylationsolutions were mixed at 2:1.5 ratio and poured onto a flask
percentage and the related amino group content; makingnta water bath with a magnetic stirrer att29C under
widely used by researchers as an important and promisinigrogen atmosphere. A NaOH solution (1 M, 1.0 mL) was
biomaterial (Vinatieet al, 2009; Gaet al,, 2012; DiMartino immediately added drop wise; ECH (0.25 mL, 99% Sigma-
et al, 2005). On the other hand, polyvinyl alcohol (PVA) is &Aldrich, St. Louis, MO) was also added drop wise. The
synthetic, non-toxic, hydrophilic and bimmpatible material mixture was allowed to react for 1 h at+29C and then
used for different tissue engineering applications (Zhang &llowed to cool down for 1 h in a nitrogen atmosphere. Five
Zhang, 2001; Dorgt al, 2012). Several methods have beegrams of the CS-PVA-ECH copolymer solution were poured
used to modify natural chitosan either physically oonto a plastic Petri dish and dried at 37°C for 72 h. Films
chemically in order to improve its adsorption capacitywere detached and washed three times with culture media
Crosslinking with epichlorohydrin (ECH) can be cited as abhefore use for cell culture.
example of the chitosan chemical modifications carried out
in order to prevent its dissolution in acidic solutionsCharacterization of CS-PVA-ECH based hydrogel using
Crosslinking CS-PVA with ECH brings more constructiorfourier Transform Infrared Spectroscopy (FTIR). FTIR
stability through formation of a polymeric tridimensionalspectroscopy analysis (Spectrum GX, Perkin-Elmer, USA)
network increasing its lifespan (Garnica-Paladbal, 2014). were performed on dry CS-PVA-ECH films using the
The aim of our study was to evaluate the biocompatibilitkttenuated Total Reflectance (ATR) technique. Spectra were
of human microtic auricular chondrocytes with a CS-PVArecorded from 4000-400 chacquiring 16 scans with 2 cm-
ECH based hydrogel in order to propose this material as eesolution per each spectrum.
scaffold to support and promote neotissue formation. We
demonstrate that chondrocytes isolated from microtic tissisolation and in vitro expansion of human auricular
and cultured onto CS-PVA-ECH hydrogel are able to survivehondrocytes Auricular cartilage remnants were obtained
after 20 days. Scanning electron microscopy (SEM) allowdtbm five pediatric patients with microtia that were subjected
visualizing cell attachment to the scaffold surface and ECké ear reconstruction procedures after informed patient
deposition. Cartilage molecular markers expression persistamhsent. Ages of the patients ranged from six to nine years
during then vitro expansion phase and after 20 days cultureald and were previously diagnosed with unilateral microtia.
onto CS-PVA-ECH scaffold confirming phenotypeTissue was transported to the laboratory where it was
maintenance. The presence of ECM proteins was determimadchanically disaggregated and pre-digested with 0.25%
by immunohistochemistry. After implantation in an animatrypsin-EDTA (Gibco). Enzimatic digestion was performed
model, neotissue generated possessed a composition sahi37C in Dulbecco’s modified Eagle Medium and Ham’s
lar to that of the auricular cartilage. Our results suggest tHat2 medium (DMEM/F12; Gibco) containing 3 mg/mL type
the CS-PVA-ECH hydrogel could be used as a potentihlcollagenase (Worthington Biochemical Corporation).
scaffold for ear reconstruction using TE techniques. Isolated chondrocytes were filtered through al®ylon
mesh (BD Falcon) and seeded in tissue culture flasks (BD
Falcon) at 1.0 x XOcells/cn? with DMEM-F12 medium
MATERIAL AND METHOD supplemented with 10% Fetal bovine serum (FBS; Gibco)
and 1% antibiotic-antimycotic solution (Gibco) in 5% CO
at 37C. All cells were maintained separately as individual
All subjects enrolled in this research have respondedmples throughout cell culture and for subsequent assays.
to an Informed Consent wich has been approved by
Institutional Committee on Human Research. All animalScaffold-human auricular chondrocytes constructAfter
were treated in accordance with Public Health Service Politlye CS-PVA-ECH copolymer was synthesized the solution
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was placed into a Petri dish for film formation and allowe&ene expression analysis of auricular chondrocyte$o-
to dry for 72 h. Once the scaffolds were dried, they wetal RNA from chondrocytes was isolated from tissue (T),
physically cross-linked and sterilized for 30 min using U\primary culture (PC), first passage (P1) and after 20 days
radiation. Constructs were formed by seeding 3.0% 10ulture onto hydrogels (Sca) using TRIzol reagent
chondrocytes/cifrom first passage (P1) onto 1.5 cm(Invitrogen). Yield and purity were measured using a
diameter circular-shaped hydrogels and kept in standasdectrophotometer (Nanodrop 2000c, Thermo). For reverse
culture conditions. After 20 days culture, constructs wereanscription-polymerase chain reaction (RT-PCR) a final
fixed for immunohistochemical analysis, viability assays oroncentration of Jig RNA was adjusted for each sample.
they were subcutaneously implanted in Nu/Nu athymic midexpression of human SRY (sex determining region 1)-box
during 4 months to allow neo-tissue formation. Mice wer@ (SOX9; NM_000346.3), type Il collagen (COL2A1;
ethically sacrificed and neo-tissues were fixed for analysislM_1844.4/NM_033150.2), elastin (ELN; NM_000501.2/
NM_001081752.1), aggrecan (ACAN; NM_001135.3/
Analysis of auricular chondrocytes viability. Viability of NM_013227.3) and collagen | (COL1A2; NM_000089.3)
chondrocytes cultured onto hydrogels was evaluated usingplecular markers were analyzed by PCR. Reactions were
a Live/Dead viability/cytotoxicity kit for mammalian cells carried out using a 2728 Thermal cycler (Applied
(Molecular probes, Invitrogen). After 20 days culture an8iosystems). PCR products were subjected to electrophoresis
previous subcutaneous implantation, constructs were waslmda 1.2% agarose gel and visualized by ethidium bromide
and incubated with iM Calcein AM and UM Ethidium  staining.
homodimer (EthD-1). Calcein fluorescent signal was
observed using a Fluorescein band pass filter and EthDsfatistical analysis All experiments were independently
with a Texas red filter. Images were acquired and analyzegpeated at least three times. Statistics were determined by
using an Axiovision Observer A.1 microscope (Zeiss). means of Student’s t-test (comparing two groups) using
Graph-Pad Prism 5; p values <0.05 were considered to be
Determination of surface topography and elemental statistically significant. Cell percentages were calculated
composition of auricular chondrocytes constructsAfter  counting individual cells in at least five fields per experiment,
20 days culture, constructs were washed and fixed in a 2.5f#ta was expressed as MeaStandard Error of the Mean
glutaraldehyde/0.1 M PBS buffer (pH=7.4). Constructs wel®ES).
placed over an aluminum holder, secured with carbon tape
and analyzed with a Scanning Electron Microscope (SEM
XL-30 Phillips Electronics, Holland) in a low vaccumRESULTS
environment. Energy-dispersive X-ray (EDX) spectrometry
(EDAX-New XL-30, USA) was also performed. SEM
working conditions were 25 kV, Spot 5, 10% dead time, 200S-PVA-ECH based hydrogel maintained reported
sec live time, 10 mm working distance (WD), 2200 cpreharacteristics as determined by Fourier Transform
and 0.5 Torr. Infrared Spectroscopy (FTIR-ATR). We previously
reported the mechanical characterization of the CS-PVA-
Analysis of ECM proteins produced in auricular ECH based hydrogel. With this in mind, we considered
chondrocytes constructsAfter 20 days culture, constructsrelevant to corroborate the reproducibility of the hydrogel
were washed and fixed in a 1% Paraformaldehyde/0.1 $§nthesis method for our studies. Figure 1 shows the FTIR-
PBS buffer (pH=7.4). Cells were immunolabeled wittATR spectra of pristine CS, PVA and CS-PVA, CS-PVA-
primary antibodies, mouse anti-human elastin monoclongCH, and CS-PVA-ECH-UV (CS-PVA-ECH treated with
antibody (1:50, Santa Cruz) and mouse anti-human typelV radiation) blends showing their characteristic peaks as
collagen monoclonal antibody (1:50, Santa Cruz)°& 4 previously described (Garnica-Palafeixal, 2014).
overnight. Constructs were washed and incubated with res-
pective biotinylated or Alexa Fluor-conjugated secondariuricular chondrocytes derived from microtia patients
antibodies for 1 h at room temperature. The chromogerace successfully expandedin vitro preserving
reaction to detect the antigen was performed usingorphological characteristics An average of 3.5 x 20
horseradish peroxidase and 3’, 3'-Diaminobenzidine. Harrills/g were obtained from microtic tissue. Primary culture
hematoxylin was used to counterstain chondrocytes nuclé?.C) was established in order to increase cell number, wich
For immunofluorescence, nuclei were stained with 1 mgftiginally started with a density of 1.0 x“l€ells/cni. By
mL of 4’, 6-diamidine-2-phenylidole-dihydrochloride culture day two, most of the cells were firmly attached to
(DAPI) for 10 minutes. Images were captured with athe surface of the culture plate (Fig. 2A) and by day 15,
Axiovision Observer A.1 microscope (Zeiss). chondrocytes were confluent and displayed characteristic
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polygonal to spindle shape (Fig. 2B). Chondrocytes weret shown). Even though chondrocytes were isolated from
tripsinized, first passage (P1) culture was generated amicrotic tissue, their morphology and growth in culture
monolayer formation occurred after two weeks culture (Figonditions was similar to that observed in chondrocytes from
2B and C). At the end of PC approximately 7.0 Xddlls normal elastic cartilage. This result confirms the convenience
were obtained; the same number increased close to 22.0 xdfusing isolated microtic chondrocytes for tissue engineering
cells once P1 finished. Athreefold increase in the numberapplications. Once P1 cells were confluent they were
cells with no differences among samples was obtained (Datgpsinized and seeded onto CS-PVA hydrogels.
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Fig. 1. Synthesis of CS-PVA-ECH based hydrogel maintained reported characteristics. ATR FTIR spectra of pristine PVA (black),
Chitosan (red), CS-PVA blend (blue), CS-PVA-ECH blend (purple) and CS-PVA-ECH crosslinked with epichlorohydrin (yellow). Figu-
re 2A shows the material’s spectra in the 4000-700 cm-1 range; Figure 2B, 3500-2000 cm-1; Figure 2C, 1800-1200 cm-124hd Figure

1200-700 cm-1.
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Fig. 2. Auricular chondrocytes from
microtic  tissue preserve
morphological characteristics
during in vitro expansion.
Chondrocytes from microtic tissue
displayed typical polygonal to
spindle shape by day two and day
15in primary culture (PC). Bottom
pictures show auricular
chondrocytes during first passage
(P1).

Primary culture

Passage 1

CS-PVA-ECH hydrogel allows auricular chondrocytes chondrocytes display characteristic polygonal morphology
attachment, cell viability and production of elastic and grow up forming a monolayer that covers the hydrogel
cartilage extracellular matrix. We now evaluated viability, surface. Formation of ECM determines the physical
cell attachment, molecular phenotype and extracellulgroperties of tissue and has an active role regulating cell
matrix deposition of auricular chondrocytes cultured ontsurvival, development, migration, proliferation, shape and
the CS-PVA-ECH hydrogel as a potential scaffold for tissueinction. Therefore, we were interested in evaluating cell
engineering. Calcein assay allows visualization of viablattachment and secretion of cartilage ECM proteins. After
cells as a green signal. Percentage of viable cells in constri#fisdays culture and previous implantation, constructs were
is significantly higher (MeatMSE 81.0@5.03%) than dead fixated and analyzed using scanning electron microscopy.
cells (MearMSE 19.0@5.03%) after 20 days culture (Fig. SEM micrographs showed that the CS-PVA-ECH hydrogel
3A and B) and prior implantation. As shown in Figure 3Bpresented few irregularities and a smooth surface; while
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Fig. 3. Chondrocytes cultured onto CS-PVA-ECH hydrogel remain viable after 20 days culture. Analysis of cellular viap#itjowasd

using calcein (green) and ethidium homodimer (red) in chondrocytes grown onto CS-PVA-ECH hydrogels. Representative photographs
were taken at different magnification (A). The graph shows percentage of live or dead chondrocytes cultured under stétnofzsd cond

(B). *** P<0.001, t test.
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Fig. 4. Auricular chondrocytes attach and produce ECM onto CS-PVA-ECH hydrogels. SEM
micrographs showed hydrogel surface and edges (A). Chondrocytes attached and displayed elongated
morphology projecting filopodia (B). After 20 days culture, constructs produced abundant extracellular
matrix (C-F) that was not observed in control hydrogel (A).

thickness varied between 50 to 80@n (Fig. 4A).
CS-PVA-ECH hydrogel Chondrocytes attached onto hydrogels are elongated, well
spread, extend filopodia and secrete abundant extracellular
matrix proteins (Fig. 4B—D). EDX analysis determined that
the chemical elements that constituted the scaffold were
carbon 73.24%, oxygen 25.72% and sodium 1.04% for the
control (Fig. 5A), while constructs containing auricular
chondrocytes were constituted by carbon 76.30%, oxygen
21.93%, sodium 0.72%, phosphorus 0.80% and sulfur
0.62%. This analysis also demonstrates the absence of ECH
traces in the hydrogel composition as previously
demonstrated (Fig. 5B) (Garnica-Pala&bal.,).

o

Auricular chondrocytes/ Chondrocytes isolated from microtic cartilage maintain

molecular phenotype during cell expansion and during
CS-PVA-ECH constructs growth onto hydrogel. To characterize chondrocyte

phenotype, we analyzed whether microtic auricular
chondrocytes changed gene expression througitro cell
expansion as previously reported for normal chondrocytes.
We were able to determine that mRNA levels for type Il
collagen and elastin, two of the main extracellular matrix
components in elastic cartilage, persisted throughaouitro
expansion phase, from T to PC and P1; although levels of
type Il collagen diminished in these late two stages. Aggrecan
expression levels remained constant during PC and P1. The
transcriptional factor SOX9 was slightly expressed in
Fig. 5. Chemical characterization of CS-PVA-ECH hydrogelghondrocytes readly isolated from surgical samples in all
and constructs. Energy-dispersive X-ray spectrometry of CEases; however, after 3 weeks in primary culture they start
PVA-ECH hydrogel (A) and auricular chondrocyte contructt recover SOX9 expression and this recovery effect was
(B) after 20 days culture. Traces of chlorine belonging t®@vident after P1 finished. This phenomenon was observed
ECH decomposition were not detected in both conditiongeparately in each sample. We also analyzed cartilage
Phosphorous and sulfur were present in constructarkers expression after cells were cultured for 20 days onto
presumably integrating ECM (C). the CS-PVA-ECH hydrogel. It was noteworthy that
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expression ofCOL2, ACAN and SOX9; even though
diminished, was still detectable (Fig. 6). Remarkably, when
cultured onto hydrogel for 20 dayS0OX9expression
diminished but was not completely absent, suggesting that
chondral phenotype was still present. We also detected
expression of type | collagen in chondrocytes isolated from
microtic tissue and in chondrocytes from PC and P1. Type |
collagen expression slightly varied from tissuartoitro
culture among patients, remaining constant until culture
concluded. After having analyzed molecular phenotype, our
next goal was to evaluate the expression of these markers at

protein level. In order to confirm the presence of elastic
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cartilage main extracellular matrix proteins in the constructs,
immunohistochemical analysis was performed. We
determined the presence of 98% positive cell for elastin (Fig.
7A-C) and 97% positive cells for type Il collagen (Fig. 7D—

Fig. 6. Molecular profile of auricular chondrocytes through cell expansion
and cultured onto the CS-PVA-ECH hydrogel. Expression of type I
collagen (COL 1), Aggrecan (ACAN), SOX9, elastin (ELN) and type |
collagen (COLI) was present in microtic auricular cartilage (T), persisted
through primary culture (PC), first passage (P1) as depicted in (A).
Expression of cartilage markers was slightly diminished but still present
after 20 days culture onto the scaffold (B) . Analysis was performed in
five independent samples (M1-5) and their respective stages (T, PC and
P1). GAPDH expression was used as a loading control.
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Fig. 7. Auricular chondrocytes expression of ECM proteins onto CS-PVA-ECH hydrogel. Chondrocytes
cultured onto CS-PVA-ECH hydrogel showed positive reactivity for elastin (A and B) and for type Il
collagen (C and D). Nuclei were counterstained with hematoxylin dye (blue). Photographs were taken
at different magnification. Graphs represent the percentage of positive cells to Elastin (E) or type I
collagen (F). *** P<0.001 t test.
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F) when seeded onto CS-PVA-ECH hydrogels. These resuwdisd elastin, constituting an extracellular matrix with similar
revealed that although RNA levels were diminished, microtmomposition to elastic cartilage when cultured in vitro
chondrocytes expressed proteins such as type Il collageonditions.

Microtia’s patients

Neo-tissue

Fig. 8. Neotissues express elastic cartilage ECM proteins. Photographs show immunofluorescence for type Il collagen (green) and
elastin (red) in histological slices. Nuclei were stained with DAPI (blue) and co-localization is represented in yelloagé&sshnow
microtic tissue from patients while bottom images represent tissue-engineered cartilage generated in nude mice afterplantattos.i

Constructs inducedin vivo neotissue formation After  from microtic cartilage, these cells displayed similar
viability was evaluated, constructs were implantechorphology and regular growth when compared with normal
subcutaneously in athymic mice (Nu/Nu) for four months;hondrocytes previously reported (Yamaaktaal,, 2006;
mice were ethically sacrificed and neotissues were obtain&@nagaet al,, 2012).

Neotissues had a yellowish coloration and were soft to the

touch with little signs of vascularization around them. Cell viability is an important parameter to determine
Hematoxylin/Eosin and Masson’s stain revealed that celldocompatibility and whether it damages the cells required
and extracellular matrix constitute engineered tissuéar neotissue formation. In this study, chondrocytes viability
Immunofluorescence analysis revealed that expressionveds higher than 81% confirming hydrogel biocompatibility.
type Il collagen and elastin in neotissues is similar to proteormation of an ECM directs cell fate like survival,
expression in native cartilage from microtia patients (Figproliferation or differentiation mediated by the binding of ECM
8). This suggests that neotissue possesses simitamembrane components in cells (Schlie-Watexl, 2000).
composition to elastic cartilage and confirms that the C®s shown, auricular chondrocytes cultured onto CS-PVA-ECH
PVA-ECH hydrogel is a suitable candidate for TEhydrogel were capable to secrete ECM once attached to the

application. surface and this protein adsorption to the hydrogel is important
for the integration of the biomaterial once it is introduced into
DISCUSSION an organism. Previous studies have shown that chondrocytes

change their phenotype during monolayer culture based on
the expression of cartilage molecular markers such as type Il
The goal of tissue engineering is to repair, improve aollagen and the transcriptional factor SOX9 (Murakami

replace damaged tissue in order to restore a lost functi@h., 2000). However, we observed that expression of these
Choosing the appropriate cell source and scaffold is cruciablecular markers in microtic chondrocytes persisted through
for successful tissue replacement (Parrlal, 2002, 2004). in vitro expansion and after constructs were assembled.
We have previously performed the mechanical characterizatibmerestingly, after 20 days culture onto CS-PVA-ECH
and determination of the potential of the CS-PVA-ECHhydrogel, chondrocytes maintained SOX9 expression in a
hydrogel for TE applications. We now analyzed théesser extent than monolayer culture, indicating that they still
biocompatibility of human auricular chondrocytes isolatedetain auricular chondrocyte phenotype. SOX9 is essential for
from cartilage remnants and cultured onto the CS-PVA-ECphenotype maintenance and it is expressed in regions where
hydrogel. As expected, we were able to expand chondrocytisposition of cartilage matrix takes place, promoting
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expression of type Il collagen and aggrecan (Se&tyal, ACKNOWLEDGEMENTS

2001; Patelet al., 2000). Elastic cartilage is conformed

predominantly by elastic fibers and type Il collagen; however,

a small expression of type | collagen is reported to be around  Support for this research was provided through

5% (Eyre & Muir, 1975). CONACYT grants (Sectoriales 114359 and 78798). The

authors would like to thank Dr. Hugo Lecona for his support

It has been widely described that type | collagenn animal handling and surgery; M. Sc. Lilia Solis for her

expression is an indicative of chondrocyte dedifferentiationechnical support on SEM analysis; Karina Martinez and

however, this phenomena has been observed in chondrocyteshitl Guerrero for her technical support.

isolated from articular cartilage. Unlike articular cartilage

elastic cartilage is surrounded by perichondrium which BIELGAREJO-RAMIREZ, Y.; SANCHEZ-SANCHEZ,

conformed by an outer layer containing fribroblasts and @.; GARCIA-CARVAJAL, Z.; GARCIA-LOPEZ, J.;

inner layer containing undifferentiated chondrocytes. It haSUTIERREZ-GOMEZ, C.; LUNA-BARCENAS, G.;

been recently reported that perichondrium contains IBARRA, C. & VELASQUILLO, C. Biocompatibilidad

population of cartilage progenitor cells with potential tale condrocitos humanos cultivados sobre un hidrogel a base

differentiate into mature chondrocytes (Tegal, 2006). With  de quitosano/alcohol polivinilico/epiclorhidrina para apli-

this in mind, microtic tissue was carefully dissected leaving@acién en ingenieria de tejidost. J. Morphol., 32(4)1347-

small portion of perichondrium to include and isolate a fraction356, 2014.

of the aforementioned progenitor cells. Thus, levels of

expression of type | collagen might belong either to the small RESUMEN: La ingenieria de tejidos (TE) es una

fraction expressed in chondrocytes or to those fibroblasts ttaternativa para la reconstruccién auricular basada en la com-

are part of perichondrium; and not necessarily due tokanacion de células, sefiales moleculares y biomateriales.

dedifferentiation process. More experiments should Heos andamios fabricados con biomateriales brindan un so-

performed in order to confirm this hypothesis. Elastin is thgorte estructural que favorece la adhesion cellular y el desa-

protein that confers elasticity to elastic cartilage, preventingollo del tejido. Un andamio debe poseer caracteristicas

tissue creeping by stretching under load and recoiling to theiomo biocompatibilidad y bioactividad para soportar ade-

original configurations after the load is released (Kusubaracuadamente funciones celulares. Nuestro objetivo fue eva-

al., 2009). Immunohistochemical assay showed that dmar la biocompatibilidad de condrocitos auriculares de

elevated number of auricular chondrocytes from microtimicrotia cultivados sobre un hidrogel a base de quitosano-

cultured onto CS-PVA-ECH hydrogel were still able to expresdcohol polivinilico-epiclorhidrina (CS-PVA-ECH) y proponerlo

elastin and type Il collagen in concordance with mRNA&omo andamio con aplicaciones en ingenieria de tejidos. La viabi-

analysis. This effect confirms the abundant ECM formatiofiflad de los condrocitos auriculares es superior al 81% después de

revealed by SEM analysis. Finally, our in vivo assay of tissRE" cultivados sobre el hidrogel. El analisis por SEM revel6 la unién

. . Lo celular y formacion de matriz extracellular sobre el hidrogel; con-
formation showed that after 4 months implantation in athymﬁ:r ada mediante deteccion por IF de colagena tipo Il y elastina.

mice, constructs generatgd neotlssygs with S|.m|Iar phyS|q_ expresion de marcadores moleculares durante la expansion in

characteristics and protein composition (elastin and type Jlro y el cultivo sobre los hidrogeles confirmaron el fenotipo

collagen) similar to those found in elastic cartilage. condral. El ensayo de formacién de tejido in vivo demostré la ge-
neracion de neotejidos con caracteristicas fisicas y composicion
similar al cartilago elastico. Nuestros resultados indican que la

CONCLUSIONS biocompatibilidad del hidrogel de CS-PVA-ECH lo hace un anda-
mio adecuado para aplicaciones en ingenieria de tejidos enfocadas
a regeneracion de cartilago eléstico.

. Tissue enlgineering. dictates that gell-sF:affoId PALABRAS CLAVE: Cartilago elastico; Reconstruc-
interactions are vital to provide an adequate integrity of the. | auricular; Hidrogel quitosano; Ingenieria de tejidos;

ECM and consolidation of a tissue. As demonstrated in thig,compatibilidad.
study, the CS-PVA-ECH hydrogel is biocompatible and
represents a good alternative to support viability, cell growthEFERENCES
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