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SUMMARY: Amelogenin is one of the enamel matrix proteins secreted by ameloblasts during enamel formation in tooth
development. Recent studies showed that the amelogenin is expressed in chondrocyte. Lysosome-associated membrane psdteins (LAMP
have been identified as binding partner proteins to amelogenin and it has been suggested they act as signaling recégjersrof ame
The purpose of this study is to clarify the localization of amelogenin and LAMPs in growth plate cartilage and cartilaginessmo
micromass culture. Mouse knee joints including tibia growth plate at 4 weeks old and micromass cultures of limb bud mesel&hymal
after 2 weeks were fixed in paraformaldehyde, routinely processed, sections were cut and immunostained with amelogemnin, collage
type Il and type X, LAMP-1 and -3. The positive immunoreaction of amelogenin was observed both in proliferation and hgpertrophi
zone cartilage of growth plate after enzymatic pretreatment in immunostaining. Furthermore, cartilaginous nodules in muidtomass
were immunopositive to amelogenin. The chondrocytes in the proliferation zone of the growth plate were immunopositive to LAMP-1
but weakly stained in the chondrocytes of hypertrophic zone. These observations indicate that amelogenin may be priémgat in cart
matrix producedn vivoandin vitro and amelogenin may involve cartilage formation through the LAMP-1 signaling pathway.
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INTRODUCTION

Amelogenin is one of the enamel matrix proteing&nd, as we previously reported, the smaller amelogenin
secreted by ameloblasts in dental enamel formation. Thigptide promoted chondrogenesis in mouse limb
secreted larger amelogenin is degraded into various smalfeesenchymal cells (Hatakeyagtaal, 2007). These reports
amelogenin peptides by proteinases such as matiidicate that amelogenin may be expressed not only by
metalloproteinase-20 (MMP-20) and kallikrein 4 (KLK4)ameloblasts but also cells derived from mesenchyme cells
during enamel mineralization (Haruyastal, 2010). Organic and may have effects that include signaling molecules in
matrices including amelogenin in enamel are almost totalyifferentiation. However, the distribution in the matrix of
removed during mineralization of enamel before a toottionnective tissues and the detailed mechanism by which
eruption. Ameloblasts generate at least 14 mRNA alternatiggnelogenin induces cell differentiation and mesenchymal
splicing isoforms of amelogenin, and these amelogenin genéssue formation is still unclear.
and proteins are expressed in the cells forming connective
tissues like osteoblasts (Haaeal, 2007), chondrocytes (Haze Lysosomes are cellular organelles that are involved
et al), odontoblasts (Oidat al, 2002), cementoblasts in endocytosis, phagocytosis or autophagy. For lysosomes
(Hatakeyamat al, 2003; Nufiert al, 2010) and periodontal function, two classes of proteins are essential: acid hydrolases
ligament cells (Matsuzawet al, 2009) in adult tissues. and lysosomal membrane proteins. The most abundant

lysosomal membrane proteins are lysosome-associated

Furthermorejn vitro assays show that amelogenirmembrane protein-1 (LAMP-1, CD107a), LAMP-2
induces osteo-chondrogenesis in mesenchyme cellsgivei$CD107b), LAMP-3 (CD63). LAMPs are not only present
al., 2000; Warotayanorst al, 2008; Mitaniet al, 2013) in lysosome membrane but also present in endosomes,
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phagosomes and cell surfaces (Saftig & Klumperman, 2009)cian blue staining. The presence of sulfated proteoglycans
It has been reported that LAMP-1 located in cell membraredicative of cartilaginous nodules in micromass culture was
binds to amelogenin and could be a signaling receptor @étected by alcian blue staining, which was adapted from
amelogenin (Tompkins & Veis, 2006). By using the yeast Drevious research (Gilbedt al, 2001) with minor
hybrid (Y2H) system it has been identified that LAMP-Imodification. Briefly, sections were deparaffined with xylene
and LAMP-3 are bhinding partners for mouse amelogenand rehydrated by decreasing the concentration of alcohol,
(Zouet al, 2007). A recent study showed that LAMP-1 caithen immersed in 3% acetic acid for 3 min. Sections were
serve as a cell surface binding site for amelogenin @tained with 0.5% alcian blue 8GX in 3% acetic acid adjusted
cementoblasts (Zhamgal, 2010). However, the distribution to pH 2.5 for 30 min at room temperature. After washing in
of amelogenin and LAMPs in cartilage and its developmeudistilled water, sections were counter stained by Nuclear Fast
is still unknown. To establish the role of amelogenin, iRed (Kernechtrot) (Sigma, St. Louis, MO, USA) for 5 min
chondrogenesis, we performed an immunohistochemicahd dehydrated and mounted for observation by light
study of amelogenin, and its binding protein LAMP-1 andhicroscopy.
LAMP-3 in growth plate cartilage and cartilaginous nodules
in micromass culture. We also performed an analysis of themunohistochemistry. The primary antibodies used in this
gene profile of LAMPs and chondrogenetic marker genesudy, anti-rat collagen type 1l (Cosmo Bio/LSL, Tokyo,
in micromass culture as a model of chondrogenmsisva.  Japan), anti-rat collagen type X (Cosmo Bio/LSL), rabbit
polyclonal to mouse LAMP-1 (Abcam, Cambridge, UK) and
rabbit polyclonal to mouse LAMP-3 (CD63 (H-193)) (San-
MATERIAL AND METHOD ta Cruz Biotechnology, CA, USA) were purchased.
Polyclonal anti-bovine amelogenin C-terminus region was
kindly provided from Dr. Carolyn W. Gibson, University of
Preparation of Tissue Sectionsin the present study, C57/ Pennsylvania.
BL6 mice at 4 weeks old were used. All animal studies
conformed to guidelines approved by the Animal Experiment For immunostaining of Amel, Col Il and Col X,
Committee of Fukuoka Dental College, Fukuoka, Japasections were deparaffined with xylene and rehydrated by
These mice were anesthetized and perfused with 4décreasing concentrations of alcohol. After washing in PBS
paraformaldehyde (PFA) in 0.1M phosphate-buffered salingth 0.05% Tween 20, endogenous peroxidase was inhibited
(PBS), pH 7.4. After dissection, the knee joints were fixefbr 20 min with 0.3% HO, in absolute methanol. To retrieve
in 4% PFAin 0.1M PBS for 24 h, decalcified in 10% EDTAantigen on sections, sections were pretreated with
and 0.01M PBS (pH7.4) for 4 weeks &€4dehydrated in a hyaluronidase as described previously (Mizoguethal.,
graded series of ethanol, embedded in paraffin, and seriall§90; Melroseet al, 2003) with minor modifications.
sectioned into coronal sections gird thickness. The Briefly, sections were incubated with 0.025 mg/ml testicular
sections were stained with hematoxylin and eosin using stdnyaluronidase (Sigma) in PBS for 90 min af@7The
dard protocols. Serial adjacent sections were provided asections were washed with PBS three times for 3 min,
immunostained for amelogenin (Amel), collagen type Il (Cdblocked with 1% bovine serum albumin in PBS for 20 min,
1), collagen type X (Col X), LAMP-1 and LAMP-3. and incubated with each primary antibody, finally diluted
1:200 from original solution of Amel, 1:500 from original
Cell culture. Micromass culture of mouse limb budsolution of Col Il and Col X overnight (16 h) &G After
mesenchymal cells was performed as previously reportpdmary antibody incubation, we used biotinylated goat anti-
with minor modification (Hatakeyamet al, 2004, Zhang rat IgG antibody (Vector Laboratories, CA, USA) diluted
et al, 2004) Briefly, timed pregnant C57/BL6 mice were1:100 for one hour at room temperature. Binding of the
obtained and embryos were collected at embryonic day b@otinylated secondary antibody to the primary was
(E10). Whole limb buds were dissociated into single cellisualized by peroxidase and 3-Amino-9-Ethylcarbazole
suspension at 1.5 x16ells/ml, plated as 30ul and cultured in(AEC) as chromogen (Zymed Histostain-Plus Kkits,
45% Dulbecco’s Modification Eagle Medium (D-MEM), 45% Invitrogen, Tokyo, Japan). Sections were counterstained with
F12 Medium, and 10% fetal calf serum, supplemented withethyl green for 1 min. As a negative control, sections were
100ug/ml ascorbic acid and 1 mM sodium pyruvate. After grocessed for each sample in the absence of the suitable
weeks culture, cells were fixed with 4% PFAin 0.1M PBS foprimary antibody.
20 min, removed manually from the cell culture plate and
embedded in paraffin and sectioned at 4mm thickness. Sections  For immunostaining of LAMP-1 and LAMP-3,
were provided to alcian blue stainiagd immunostaining to sections were deparaffined with xylene and rehydrated by
Amel, Col Il, Col X, LAMP-1 and LAMP-3. decreasing concentrations of alcohol. To retrieve antigen on
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sections, sections were treated by 0.01M sodium citrate lIRESULTS
ffer, pH 6.0 at 98 °C for 10 min and then washed three times
for 5 min with PBS. Each primary antibody to rabbit
polyclonal to mouse LAMP-1 (Abcam) and rabbit polyclonal In order to identify localization of amelogenin in
to mouse LAMP-3 (CD63 (H-193)) (Santa Cruzcartilage, we performed immunostaining of Amel, Col Il and
Biotechnology) was diluted with PBS at 1 mg/mL, and addedol X in growth plate cartilage of 4-week-old mouse tibia.
to each section. Sections were incubated in the dark overnighie positive immunoreaction of Col Il was observed both
(16 h) at 4 °C and then washed three times for 3 min with the proliferation and hypertrophic zone cartilage in the
PBS. The immunoreaction was visualized on sections wiiection with enzymatic pretreatment (Fig. 1B and F) and
goat anti-rabbit IgG secondary antibody conjugated to Alexhe positive immunoreaction of Col X was in the
Fluor 594 (Molecular Probes, Eugene, OR, USA) diluteldypertrophic cartilage zone (Fig. 1C and G). The positive
10 pg/mL at room temperature for one hour in dark. Afteimmunoreaction of Amel was observed both in proliferation
washing in PBS, 4', 6-diamidino-2-phenylindole (DAPland hypertrophic zone cartilage which correlated with
(Vector Laboratories, Burlingame, CA, USA) was used asxpression of Col Il (Fig. 1A and E). Chondrocytes in the
counterstaining and immediately mounted to observe. specific proliferation zone near by hypertrophic zone growth
plate cartilage were immunopositive for Amel (Fig. 1E
Quantitative Reverse Transcription Polymerase Chain arrow). Chondrocytes in hypertrophic zone were also
Reaction (real-time quantitative RT-PCR). The gene immunopositive for Amel (Fig. 1E).
expression of LAMP-1, LAMP-3 and chondrogenetic
differentiation marker genes, Sox9, collagen type Il (Col To clarify the presence of Amel in the cartilage
I), collagen type X (Col X) and Aggrecan were analyzedhatrix formed by chondrocyte, we performed
by real-time quantitative RT-PCR (MX3005P, Agilentimmunostaining in cartilaginous nodules formed by
Technologies, Tokyo, Japan). Total RNA was isolated frowhondroblasts differentiated from mesenchyme dells
micromas culture after each culture period, 12, 24, 48, Adtro. After 2 weeks, alcian blue positive cartilaginous
and 96 h after cell plating initially for 2 h (Int), usingnodules (Fig. 3D) were observed in the micromass culture
RNeasy Mini Kit (Qiagen, Inc., Tokyo, Japan) accordingf mouse limb mesenchymal cells. Matrices of these
to specifications from the manufacturer. The reversmrtilaginous nodules were immunopositive to Col Il (Fig.
transcription and real time PCR was performed a&C and 2D) and Col X (Fig. 2E and 2F) antibodies. Matri-
previously reported with minor modification (Okd al ces of these cartilaginous nodules were also
2007). Briefly, the mRNA was reverse-transcribed intammunopositive to Amel antibody (Fig. 2A and 2B) after
cDNA by using SuperScript First Strand (Invitrogen). enzymatic pretreatment, which correlated with the
The real-time PCR was performed using imMa§YBR expression patterns of Col Il (Fig. 2C and 2D) and Col X
Green Supermix With ROX (Bio-Rad, Tokyo, Japan) fo(Fig. 2E and 2F).
45 cycles at 98 for 30 seconds, 8Q for 45 seconds and
72°C for 30 seconds with using each primer designed for Then we researched immunolocalization of LAMP-
chondrogenic differentiation marker gene as previouslyand LAMP-3, which are suggested amelogenin receptors.
reported (Hatakeyan® al, 2004). The mouse amelogeninin growth plate cartilage of 4-week-old mouse tibia,
specific primers pairs was used as following: 5- GGG AGChondrocytes in the proliferation zone were immunopositive
AGC TTT TGC TAT GC and 5- GGC TGC CTT ATC for LAMP-1 (Fig. 3B). However chondrocytes in the
ATG CTC TG, which generated a 143-base-pair (bg)ypertrophic zone were very weakly immunopositive for
amplification product. Melting curve data was collected tbAMP-1 (Fig. 3B). The immunoreaction of LAMP-3 was
check the PCR specificity and the threshold cycle (CT) waseak in chondrocytes both in the proliferation zone and
defined as the fractional cycle number. Gene expressibypertrophic zone (Fig. 3C). In cartilaginous nodules of
values are expressed as ratios of differences betweennheuse limb mesenchymal cells, the cells around
CT values of interest gene and GAPDH (DCt=Ct — Ct  cartilaginous nodules were immunopositive to LAMP-1 (Fig.
carow)+ BY using D(DCt) method, {D(DCt}=DC{_, ... 3E)butweakimmunopositivity was observed in the cells in
veriod” DCt, i orcurra» the fold change {23} was cultured  matrices (Fig. 3E). The immunoreaction of LAMP-3 was
for each gene. All values are reported as me8D of the weak in chondrocytes both around and in the cartilaginous
mean for six samples in each group. Cells were plateddules (Fig. 3F).
initially for 2 h, at which time each relative gene expression
to GAPDH was designed as 100%PAvalue of less than In order to examine the gene profile of LAMPSs in
0.05 was considered statistically significant using Studenthondrogenesis, we performed real time RT-PCR in
t-test. micromass culture at each culture period, 2 (initial cell
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Fig. 1. Immunoposmve reactlon agalnst amelogenln antlbody in growth plate cartllage matrix. 4-week- oId mouse tibia was
decalcified by 10% EDTA in 0.1M PBS and embedded in paraffin. Serial sections were immunostained using amelogenin
(Amel, Fig. 1A and E), collagen type 1l (Col I, Fig. 1B and F) and collagen type X (Col X, Fig. 1C and G). As a negative
control, the adjacent serial section was immunostained omitting primary antibodies (2nd Ab only, Fig. 1D and H). Both the
proliferation and hypertrophic zone cartilage matrix was stained positive for amelogenin. Chondrocytes in proliferation
zone near hypertrophic zone were also positive for amelogenin (Fig.1E, arrow). Scale bar in D for A, B and C images is 500
mm, scale bar in H for E, F and G images is 160

Fig. 2. Immunopositive reaction against amelogenin
antibody in cartilaginous nodule formed by mouse limb
mesenchyme cell micromass culture. Limb bud
mesenchyme cells were cultured for 2 weeks and
embedded in paraffin. Serial sections were
immunostained using amelogenin (Amel, Fig. 2A and
B), collagen type Il (Col II, Fig. 2C and D) and collagen
type X (Col X, Fig. 2E and F). As a negative control, the
adjacent serial section was immunostained omitting
primary antibodies (2nd Ab only, Fig. 2G and H). Matrix
of cartilaginous nodules was stained positive for
amelogenin. Scale bar in G for A, C and E images is 100
pum, scale bar in H for B, D and F images is60.
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Fig. 3. Immunopositive reaction against LAMP-1 antibody in chondrocyte of growth plate cartilage and cartilaginous
nodule. Serial paraffin section of 4-week-old mouse growth plate cartilage of tibia was stained with hematoxylin-eosin
(Fig. 3A), and immunostained using LAMP-1 (Fig. 3B) and LAMP-3 antibody (Fig. 3C). Chondrocytes in proliferation
zone of growth plate cartilage were stained positive for LAMP-1 but were weakly positive in hypertrophic zone (Fig.
3B). Limb mesenchyme cells were cultured for 2 weeks and serial sections were stained with alcian blue (Fig. 3D), and
immunostained using LAMP-1 (Fig. 3E) and LAMP-3 antibody (Fig. 3F). The cells in peri-cartilaginous nodule and
chondrocyte were positive for LAMP-1 (Fig. 3E). Chondrocytes both in growth plate cartilage and in cartilaginous
nodule were weak positive for LAMP-3 (Fig. 3C and F). Scale bar in Afor B and C imagesis 18€ale bar in D for

E and F images is §0m.
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plating), 12, 24, 48 and 96 h. The chondrogenic marker genegports indicate the gene and protein of amelogenin is
Sox9 (Fig. 4A), Col Il (Fig. 4B) and Aggrecan (Fig. 4C)expressed and produced not only in ameloblasts but also
were increased after 24-hour culture, and Col X (Fig. 4@ementoblasts (Hatakeyare& al, 2003; Nufiezt al),
was increased after 48-hour culture compared with initiaind odontoblasts (Oida al) involved in tooth formation
levels. The gene expression of LAMP-1 was decreasedordinated with ameloblasts and osteoblasts (Efieels).
significantly after 48-hour culture and continued to decreadiehas been reported that amelogenin protein was found to
through to 96-hour (Fig. 4E). However, the gene expressibe expressed in rat and dog articular cartilage chondrocyte
of LAMP-3 was not significantly different compared with(Haze et al). Our results showed that the matrix of
initial levels (Fig. 4F). The gene expression of Amelogeniapiphyseal growth plate of mouse is immunopositive for
was decreased significantly after 12 h culture but the geAenel as well as Col I, although we used a different
expression continued to remain through to 96-hour (Fig. 4@ntibody to Amel according to a previous report (Heize
al.). The specificity of antibody to Amel used in our study
was previously shown to reach mouse amelogenin (Gibson
DISCUSSION et al, 2001). Enzymatic pretreatment in immunostaining
targeted for matrices of cartilage is commonly used
(Mizoguchiet al; Wachsmutlet al, 2006). Thus our results
Amelogenin is one of the enamel matrix proteinsuggest that amelogenin protein would be present not only
produced by ameloblast and it was previously considergtchondrocyte but also the matrix of cartilage forrived
an enamel specific protein. However, recent numeroui/o.
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Fig. 4. Gene expression profile of chondrogenetic marker genes and LAMP-1. Total RNA was
isolated from micromass culture of mouse limb mesenchyme cultured for 2 h to 96 h. Real-
time RT-PCR was performed on LAMP-1 and each chondrogenetic marker gene, Sox9 (Fig.
4A), collagen type 1l (Col Il, Fig. 4B), Aggrecan (Fig. 4C) and collagen type X (Col X, Fig.
4D). Cells were plated initially for 2 h (Int), at which each relative gene expression to GAPDH
was designed as 100%. The gene expression of LAMP-1 (Fig. 4E) was decreased after 48 h
culture, however that of LAMP-3 (Fig. 4F) for all of the culture period was not significantly
different compared with Int. The gene expression of amelogenin (Fig. 4G) was decreased after
12h culture and continued to express to 96 h. Data represented mean + SD of the mean for six
samples in each group. * P < 0.05 when compared with initial levels.
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Micromass culture was first reported by Ahrehs immunopositivity to Amelogenin was observed
al. (1977), as a model to study the early sequential evedifferentially in specific cell layers of the epiphyseal growth
of chondrogenesis and commonly used to examine factgiste (Hazeet al). Furthermore chondrocytes in
and signaling events involved in chondrogenesisypertrophic zone were immunopositive for Amel (Fig.1E).
independent of limb development including patterningnterestingly, chondrocytes in the proliferation zone were
outgrowth, digit formation, interdigital apoptosis andmmunopositive to LAMP-1 but were very weak in the
jointformation (Capdevila & lzpista Belmonte, 2001)hypertrophic zone (Fig. 3B). On the other hand, the
Previous reports have shown micromass culture forwarsemunoreactivity of LAMP-3 antibody was weak in
to chondrocyte maturation and matrix calcification simiehondrocytes in both the proliferation zone and
lar toin vivo development (Zhanet al, 2004, DeLiset hypertrophic zone (Fig. 3C). Furthermore, the gene
al., 2000). These studies indicate that matrices of cartilagepression of LAMP-1, but not LAMP-3, decreased the
nodules formed in micromass culture could be similar tmaturation of micromass culture involving the increasing
matrices of cartilage produced by mesenchymal cell of the Col X gene expression (Fig. 4). It has been reported
early chondrogenesis. Thus our results suggest thhat LRAP induces the chondrogenic and osteogenic gene
amelogenin protein may be present in cartilage matrexpression of Cbfal, Sox9 and Col Il (Vetsal). Recent
formedin vitro. our result showed that both full-length amelogenin and

LRAP accelerated chondrogenic differentiation and

LAMPs are highly glycosylated lysosomalmaturation of mouse limb mesenchymal cells and
membrane proteins and are associated with vesicutdrondrogenic cell lin, ATDC5 (Mitaret al). Therefore
structures of the endosomal system, involving transportimgir results suggest the possible role of amelogenin in
between lysosomes, endosomes and the plasma membreggulation of cartilage formation through the amelogenin
The most abundant lysosome membrane proteins dreding protein LAMP-1 does not use LAMP-3 as
LAMP-1, LAMP-2 and LAMP-3. LAMP-1 and LAMP-2 signaling pathway.
are highly homologous proteins that overlap normal basic
lysosomal functions, although the gene encoding LAMP- Our study demonstrates the cartilage matrix of
1 and LAMP-2 are distinct because of their localizatiogrowth plate and cartilaginous nodules in micromass
on different chromosomes (Saftig & Klumperman)culture were immunopositive to Amel antibody after using
LAMP-3 was first identified as a human lung specific genenzymatic pretreatment, which indicates the amelogenin
and was suggested to be related to cancer developmamitein may be present in cartilage matrices produced
and/or progression in humans because high gene expression andin vitro. Moreover, LAMP-1 may have a role in
was observed in primary cancers while there was a Iahe signaling pathway for chondrocyte differentiation or
level of expression in normal tissues (Ozetkal, 1998). chondrogenesis induced by amelogenin expressed in
It has been reported that LAMP-1 has been identified aglondrocytes of the proliferation zone. Since it has been
cell surface receptor for smaller amelogenin peptideported that the lack of LRAP in non-dental tissues
leucine-rich amelogenin peptides (LRAP) in a mouse féacluding long bone of Amel null mice may induce smaller
tal myoblast cell line C2C12 (Tompkies al). body weight than wild type prior to weaning, it has been

suggested that amelogenin may be a multifunctional protein

A recent study has shown that LAMP-1 can servauring development (lét al, 2006). However the function
as a cell surface-binding site for not only for LRAP bubf amelogenin in the cartilage matrix is still unknown.
also full-length amelogenin on cementoblasts (Zhetng Further investigation is necessary to clarify the mechanism
al., 2010). Furthermore LAMP-1 expressed in bonef amelogenin in chondrogenesis or homeostasis of
marrow mesenchymal stem cells and full-lengtleartilage.
amelogenin signaling through LAMP-1 would be involved
in mesenchymal cell proliferation through the MAPK-ERK
pathway (Huanget al, 2010). Mouse LAMP-3 has also ACKNOWLEDGEMENTS
been identified as a binding partner for full-length
amelogenin (Zowet al) with further suggestions that it
may be related to amelogenin degradationg®al, 2008). We thank Carolyn W. Gibson, School of Dental Me-

dicine, University of Pennsylvania, for the gift of the

Our results showed that chondrocytes in the specifamelogenin antibody. This work was supported by a Grant-
proliferation zone near by hypertrophic zone growth plaia-Aid for Scientific Research (C) from the Ministry of
cartilage were immunopositive for Amel (Fig. 1E arrow)Education, Culture, Sports, Science and Technology, Japan,
This result is consistent with a previous study, which repotts YH (23592726).
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RESUMEN: La amelogenina es una de las proteinas de la matriz del esmalte secretadas por ameloblastos durante la formacion
del esmalte en el desarrollo dentario. Estudios recientes demuestran que la amelogenina se expresa en los condroeitwss Has prot
membrana asociadas a lisosomas (LAMPs) se han identificado como proteinas de union asociadas a la amelogenina; salba sugerido q
actian como receptores de sefializacion de la amelogenina. El propdsito de este estudio fue aclarar la localizacionaterla ghaslog
LAMPs en el cartilago de crecimiento y nddulos cartilaginosos en cultivos de micromasa. Articulaciones de la rodilla geératon,
incluian la placa de crecimiento tibial de 4 semanas de edad y cultivos de micromasa de células mesenquimales del brote del mie
después de 2 semanas se fijaron en paraformaldehido y procesaron rutinariamente. Los cortes fueron sometidos a inmunotincién co
amelogenina, colageno tipo Il y X, LAMP-1y LAMP-3 . Se observé inmunorreaccion positiva de amelogenina tanto en la eena prolif
racion e hipertréfica del cartilago de crecimiento después del pretratamiento enzimatico. Ademas, los nédulos cartilaginosos en
cultivo de micromasa eran inmunopositivos para la amelogenina. Los condrocitos en la zona de proliferacion de la plagarde creci
fueron immunopositivos a LAMP-1, mientras que los condrocitos de la zona hipertréfica se tifieron débilmente. Estas olsservacione
indican que la amelogenina puede estar presente en la matriz del cartilago producidaviteméoin vitro, ademas la amelogenina
puede estar implicada en la formacion de cartilago mediante la via de sefializacién de LAMP-1.

PALABRAS CLAVE: Amelogenina; Proteinas de membrana asociadas a lisosomas (LAMPs); condrogénesis; Cartilago.
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