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SUMMARY: Tooth enamel is the hardest tissue in the body. The organic matrix configuration is provided by the main proteins
amelogenin, ameloblastin and enamelysin (MMP20), an enzyme that helps to shape the matrix. The aim of this study waseto determi
by histochemistry the expression of amelogenin and enamelysin through the rough endoplasmic reticulum in the late stagesesiame
and its expression in tli@omplexus golgiensi&plgi complex / Golgi apparatus) in the early stages in human fetuses. In early stages a
colocalization of both proteins inside the Golgi apparatus was found, being more evident the relationship between Golgganshame
(99.92 %). In the late stage, a colocalization of both proteins and rugged endoplasmic reticulum was found. With enangelgsiebei
evident in relation with rough endoplasmic reticulum (99.95 %). Our findings demonstrated the presence of amelogenin wsid enamel
in odontoblast and ameloblast. However, the presence of these two proteins in odontoblast remains unknown.
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INTRODUCTION

Dental enamel is the hardest substance in the bod§asaki & Shimokawa, 1979; Finchaet al., 1995;
Its hardness is intermediate between that of iron and carbdeinchman & Simmer, 1997; Paiaeal, 2005). Amelogenin,
steel, yet it also has a relatively high elasticity (Cole &hich is the dominant protein in the developing enamel
Eastoe, 1988). Amelogenesis consists of several stagastrix, plays an essential role in the control and modulation
including the secretory, transition, and maturation stagesa@fenamel crystal growth (Tanimogbal, 2008a). Immature
enamel development (Bartledt al, 1999; Bartletiet al, enamel matrix consists of about 30 % proteins by weight,
2006). Amelogenin is the most abundant and besaimost all of which is removed from the tissue with
characterized enamel matrix protein. The enamel layer ipicreasing mineralization (Gibsat al, 1991; Ryuet al,
developing teeth contains a complex mixture of amelogenl®98; Veiset al, 2000; Hoanget al, 2002; Nakayamat
peptides (Oidat al, 2002). al., 2010). Enamel formation is a dynamic process that

involves crystal maturation, which is concomitant with

During tooth morphogenesis, epithelial cellsnatrix proteolysis (Smitlet al, 1989; Suret al, 2008).
differentiate into secretory ameloblasts, which synthesize
and secrete enamel matrix proteins (Ternghel, 1980; Two proteases of the matrix, metalloproteinase 20
Simmeret al, 1994; Ogatat al, 1998). The enamel matrix (MMP-20, or enamelysin) and kallikrein 4 (KLK4, or enamel
is secreted by epithelial-derived ameloblasts, as a proteino#trix serine proteinase 1, EMSP1), are known to play
the matrix that self-assembles to promote mineral growtmportant roles in removing enamel proteins during
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amelogenesis. High concentrations of fluoride down-regula2d samples. They were decalcified in 10 % EDTA for 30
the expression of MMP-20 (Zhaeg al, 2006) and inhibit days, and placed 30 min into 1x PBS. They were processed
MMP-20 activity (DenBestent al, 2002). The resorption by histological technique obtaining 5 mm sections. Specimen
of enamel proteins by mature ameloblasts may be anotlsections from both, rough endoplasmic reticulum and Golgi
mechanism whereby matrix proteins are removed froapparatus in early and late stages of amelogenesis were
developing enamel (Smith, 1998; Dwetral,, 2011). MMP-  selected.
20 is expressed in ameloblasts and odontoblasts in the
developing teeth and helps in degrading amelogenin (Varun For early bell stage, anti-amelogenin antibodies
et al, 2012). prepared using amelogenin (250 mg) from 11-day-old rats
were selected (Gutiérrez-Camtilal, 2011). Deparaffinized
Secretory-stage ameloblasts are responsible for masgctions were autoclaved in 0.01M sodium citrate for
important processes necessary for enamel formaticantigenic retrieval (Hayagt al, 2002), and labeled by
including: alternative mRNA splicing, translation andndirect immunohistochemistry with anti-amelogenin
secretion of enamel proteins (amelogenin, ameloblastipglyclonal antibody, 1:1,000, using as a secondary antibody
enamelin, MMP-20), selective reabsorption and degradati@Quot 565 goat anti-rabbit 1:500 (Molecular Probes, Eugene,
of cleavage products, establishment and regulation of teegon, USA). Second labeling was done with anti-
influx of calcium and phosphate ions, and maintenance ehamelysin polyclonal antibody 1:50; (Chemicon
extracellular pH and ionic strength (Simmer & Finchaminternational, Temecula, CA, USA) and as secondary
1995; Finchamet al., 1999). Enamel is also uniquelyantibody Qdot 525 goat anti-rabbit 1:500 was used. Third
composed of extremely long and narrow crystals, packéabeling was done with monoclonal antibody: anti-Golgi
into parallel arrays, called enamel rods, which can form:200 (anti-golgin-97, human, Molecular Probes, USA).
intricate interwoven patterns.
For late stage were selected the same protein markers
Its high degree of structural organization stronglyand Alexa Fluor 488 to the rough endoplasmic reticulum
suggests that extracellular enamel matrix proteins secreteanunofluorescence using the monoclonal antibody of the
by ameloblasts during early stages of amelogenesis mugtFirst SelectFX Alexa Fluor 488 Endoplasmic Reticulum
regulate this organization, as collagen does in bone and derdtin00 (anti-protein disulfide isomerase, Molecular Probes,
(Margolis et al., 2006). The known expression ofUSA). Sections were counter-stained with Harris
extracellular matrix proteins during early and late stages bématoxylin, dehydrated, cleared, and assembled with
amelogenesis could give more understanding about tRatellan resin (Fermont, Mexico City, Mexico). Images were
secretion, formation and maturation of the hard tissues alftained with a laser confocal microscope (DMI4000B:
dental organ, which plays a primordial role in thd.eica Microsystems, Wetzlar: Germany) and analyzed with
malformations development during the embrionary stagethe software LAF.

The aim of this study was to evaluate the expression
of amelogenin and enamelysin through the rougRESULTS
endoplasmic reticulum in the late stages of amelogenesis as
well as its expression in theomplexus golgiensisGplgi
complex / Golgi apparatus) in early stages. Golgi apparatus-Enamelysin- Amelogenin Co-
localization. After labeling, through the images from
confocal-microscope, itis observed in the figure 1: A) a label
MATERIAL AND METHOD is observed using as a first antibody Anti-Golgi (molecular
probes) second antibody: Alexa Fluor 488 Secondary
Antibody (Molecular Probes) (green) the enamel organ can
Almost all reagents were from Sigma Aldrich.be found on the top right side , on the left side of the dental
Protocol was approved by the human ethic committee pépilla. It has been identified a mayor activity on the stellate
Zacatecas General Hospital, Mexico. Human fetal jaws froraticulum cells. B) it was mark using a first antibody Anty-
six amphitheater fetuses between 14 and 22 weeks aelogenin (produced on the laboratory) second antibody
intrauterine life, without any defect, donated by Patholog@dot Secondary Antibody 565 conjugate (molecular probes).
Department were used. (light blue) amelogenin granules were observed in stellate
reticulum cells and in dental papilla. C) it was marked using
Jaws were dissected and separated into upper ahd first antibody Anti-Enamelisina (CHEMICON), second
lower, and segmented into left and right sections, obtainimgtibody Qdot Secondary Antibody 525 conjugate
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Figure 1. Triple immunofluorescent labeling of human tooth germ Golgi apparatus-Enamelysin- Amelogenin. Confocal microscope,
double staining 600x: A) Anti-Golgi (Molecular Probes), 2nd antibody: Alexa Fluor 488 Secondary Antibody (Molecular Probes). B)
Anti-Amelogenin (UAA), 2 antibody: Qdot Secondary Antibody 565 conjugate (Molecular Probes). C) Anti-enamelysin (chemicon),
2nd antibody: Qdot Secondary Antibody 525 conjugate (Molecular Probes D) Colocalization. E) Human tooth germ, early Hell stage.
E. Optical Microscopy, 100x. P = papilla; oe = enamel organ.

(Molecular Probes) (red) enamelysin granules werRough Endoplasmic Reticulum - Enamelysin-
identified on the stellate reticulum cells and the dental papkmelogenin ColocalizationOn the Figure 2 was identified:
lla, it is was more notable on the stellate reticulum, creating) a mark with Anti-RE (molecular probes); second antibody
a reservoir into the basement membrane. D) colocalizatigiexa Fluor 488 secundary antibody (molecular probes) the
of the Golgi apparatus and enamelysin, it was observed tigangement of the rough endoplasmic reticulum was
relationship between both markings and the accumulatifgfentified in the enamel organ as much as in the dental papi-
of the amelogenin and enamelisin in the dental papilla atid. (green) B) labeling with antiamelogenin (produced on
on the enamel organ. the laboratory) second antibody: Qdot Secondary Antibody
565 conjugate (Molecular Probes, USA), in which it was
Table | shows the percentage of observedbserved alabelling of amelogenin on the enamel organ and
colocalization in early stage. it identifies on the Enamelysinhe dental papilla and delimitating the mantle dentin, being
Golgi Apparatus mayor pearson’s correlatiommore remarkable on the amelobasts and the odontoblasts.
(0.9618),0Overlap coefficient (0.9788), Colocalization rat@ight blue). C) Anti-enamelisin (Chemicon International,
(99.92 %) and Colocalization area (9524.23 Inmith USA), second antibody: Qdot Secondary Antibody 525
respect to the observed on the amelogenin-Golgi Apparatgsnjugate (Molecular Probes, USA), it can be observed the
the colocalization rate for both were 90.81 %. disposition of the enamelisin around the mantle dentin that
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Table I. Colocalization of Amelogenin, Enamelysin and Golgi appai@amiflexus golgiensis

Colocalization Amelogenin- Enamelysin- Amelogenin-
Golgi Apparatus Golgi Apparatus Enamelysin
Pearson's correlation 0.5248 0.9618 0.5532
Overlap coefficient 0.7499 0.9788 0.7672
Colocalization rate 78.82 % 99.92 % 90.81 %
Colocalization area 8231.22 ym? 9524.23 pm? 11655.55 pm?
Area image 30486.28 pm’ 30486.28 pm? 30486.28 pm’
Area foreground 10443.55 um? 9532.31 pm? 12835.00 pm?
Area background 20042.73 pm? 20953.97 um? 17651.28 pm?

Fig.2. Triple immunofluorescent labeling of human tooth germ Amelogenin-Enamelysin-ER. Confocal Microscopy, x 600: A) Anti-
amelogenin (Hokudo),"®antibody: Qdot Secondary Antibody 565 conjugate (Molecular Probes). B) Anti-enamelysin (Chenifcon), 2
antibody: Qdot Secondary Antibody 525 conjugate (Molecular Probes). C) Anti-ER (Molecular Préstees)bady: Alexa Fluor 488
Secondary Antibody (Molecular Probes). D) Colocalization of the three markers. E) Human tooth germ, Late Bell stage. &l-E. Optic
Microscopy, 400x. Ameloblasts (a), mantle dentin (dm), odontoblasts (0).

is mineralized just as the ameloblast and stronger than #tage were presented. it identifies on Enamelysin-Rough
odontoblast (red). D): Colocalization of the Golgi apparatusndoplasmic Reticulum mayor pearson’s correlation
and amelogenin, the relationship between the labels and {pg8729), Overlap coefficient (0.9492), Colocalization rate
accumulation of amelogenin and enamelisin on th@9.95 %) and Colocalization area (7289.86 3nwmith
odontoblast (right lower portion). respect to the observed on the Amelogenin- Rough
Endoplasmic Reticulum. The colocalization rate for both
In Table 1l the percentages of colocalization in latgvere 78.65 %.
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Table Il. Colocalization of Amelogenin, Enamelysin and Rough Endoplasmic Reticulum.

Colocalization Amelogenin- Rough Enamelysin- Amelogenin-
Endoplasmic Rough Endoplasmic Enamelysin
Reticulum Reticulum
Pearson's correlation 0.3729 0.8729 0.5197
Overlap coefficient 0.6917 0.9492 0.7680
Colocalization rate 5329 % 99.95 % 78.65 %
Colocalization area 3739.39 pum? 7289.86 um2 7843.84 um?
Area image 14908.43 um’ 14908.43 um’ 14908.43 um’
Area foreground 7016.54 pm” 7293.50 um2 9973.50 pm”
Area background 7891.90 pm? 7614.94 pm? 4934.94 ym?
DISCUSSION

Amelogenin and enamelysin are structural proteins igytosolic and nuclear, although a few vesicles were also stained
the enamel matrix of developing teeth. The temporal and spafiBourd-Boittinet al). No labeling was detected in the non-
patterns of enamelysin expression in developing of the toathineralized dentin, basement membrane, matrix vesicles, or
have not been characterized, while controversy remains withllagen fibrils. In the present study it was found that MMP-
respect to amelogenin expression by ameloblasts a@@ always was observed intracellular near of the cellular
odontoblast. membrane.

Odontogenesis process is not well understood in Simmer J. observed that the enamelysin is expressed
humans (El Roubgt al, 2010; Kavithat al, 2010; Nandasena by both ameloblast and odontoblast (Simmer & Hu, 2002).
etal, 2010; Sumitat al, 2010). Enamelysin and amelogeninBourd-Boittinet al observed also staining of MMP-20 in
immunolocalization has been performed in mice’s, rats, artle odontoblast, in some pulp cells and in the stellate
pigs incisors (Cateringt al, 2000; Bourd-Boittiret al, 2004) reticulum. This is coincident with our study, were we found
In humans, the biochemical role of amelogenin and enamelysitaining of enamelysin in presecretory odontoblast and pa-
in enamel mineralization has been described @ual); pilla cells. This finding until now is not yet to be clearly
Tanimotoet al, 2008b; Deshpands al, 2010). determined. The significance of the apparition of amelogenin

in papilla is not clear. We believe that this finding could be

The amelogenins, its family of extracellular matrixdue to degradation of amelogenin by enamelysin, and these
proteins of the dental enamel, are transiently but abundandse just some rests of amelogenin.
expressed by ameloblasts during tooth development.

Amelogenins seem to regulate the formation of crystallites Numerous early studies, using
during the secretory stage of enamel development, while th@ymunohistochemistry, identified amelogenins in endocytic
are specifically degraded during the tooth maturatiorvesicles and lysosomes within odontoblasts before
However, there is no evidence of the route that follows thwineralization of mantle dentin in the mouse (Nakamura &
secretion of these proteins during the formation and po®zawa, 1997), along the cell surfaces and processes of
transductional process. odontoblast, and in young odontoblast of the hamster (Karg
et al, 1997). Recently, amelogenin mRNA transcripts have

This study evaluated the expression of amelogenin abe¢en amplified from mouse dental mesenchyme and
enamelysin through the rough endoplasmic reticulum in themortalized odontoblast-like cells (Papagerakizl, 2008)
late stages of amelogenesis as well as its expression in @mel porcine odontoblast (Nagaesteal, 2006). Studies of
Golgi apparatus in early stages whose expression pattermdgent teeth by in situ hybridization failed to find amelogenin
restricted to the growth of teeth and stood in ameloblasts aidnscripts in odontoblasts (Kageg al; Torres-Quintanat
odontoblasts (Cateriret al; Bégue-Kirnet al, 1998). al., 2005), suggesting that transcripts may be present at very

low levels. The superposition of enamelysin and amelogenin

Bourd-Boittin used an electron immunogold-stainingn rough endoplasmic reticulum in the late stages it shows
and found that MMP-20 at the early stages showed the hitjrat enamelysin are inside of the organelle and that
labeling intensity in the stratum intermedium. In theamelogenin is partially inside, and the other part have been
presecretory ameloblast and odontoblast, staining was maipigrtially expressed.
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We found a high concentration of enamelysin in Golgi In this work we found a great quantity of amelogenin
apparatus in early stages and amelogenin in a lowand enamelysin in odontoblast as well as dental papilla in
concentration. This could mean that amelogenin has bdate stages, which would suggest that odontoblast produce
secreted already before enamelysin secretion, in orderitgelf amelogenin and enamelysin. These findings could
form the organic matrix that will be mineralized later byexplain the role of these proteins during the mineralization
enamelysin. and maturation of dentin as structural proteins during the

first stage of mineralization.

Our present data showed, amelogenin in a 53.29 % in
rough endoplasmic reticulum in enamel organ and dental pa-
pilla in later stages; which means the start of the amelogefM\CKNOWLEDGEMENTS
synthesis occurring. As well as enamelysin present in 99.95
% in odontoblast and ameloblast. Our findings demonstrated
the presence of amelogenin and enamelysin in odontoblast  To the clinic of Orthodontics and Dentomaxilofacial
and ameloblast. However, the presence of these two prote@ghopedics of the San Luis Potosi University for the
in odontoblast remains unknown. equipment and installations to perform this research.
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RESUMEN: El esmalte dental es el tejido mas duro del cuerpo. La configuracién de la matriz organica es proporcionada por las
proteinas principales amelogenina, ameloblastina y enamelisina (MMP20), una enzima que ayuda a dar forma a la matrizd€&l objeti
este estudio fue determinar mediante histoquimica la expresion de amelogenina y enamelisina a través del reticulo endoplasmatic
rugoso en las Ultimas etapas de la amelogénesis , y su expresi@oerpkxo golgiensien las primeras etapas de formacion en fetos
humanos. En las primeras etapas se observé colocalizacion de ambas proteinas en el ilGeriguleled golgiensisiendo mas
evidente la relacion entre Golgi y amelogenina (99,92 %). En la Ultima etapa, se identificé una colocalizacion de amaay protein
reticulo endoplasmico rugoso. Resulto mas evidente la enamelisina en relacién con el reticulo endoplasmatico rugost (@395 %).
tros resultados demostraron la presencia de amelogenina y enamelisina en odontoblastos y ameloblastos, sin embargolae desconoce
presencia de estas dos proteinas en odontoblastos .

PALABRAS CLAVE: Reticulo endoplasmico rugoso;Complexo golgiensig€namelisina; Amelogenina.
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