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Resumo 

 

O gene PAX9 pertence a uma família de fatores de transcrição 

denominada família Pax. Esse gene é expresso em tecidos embrionários como 

somitos, bolsa endodérmica da faringe, brotos distais dos membros e 

mesênquima derivado da crista neural. Alguns polimorfismos na região 

promotora desse gene em humanos vêm sendo associados a formas de 

agenesias não-sindrômicas autossômicas dominantes. No presente trabalho, 

nós verificamos a expressão gênica e a influência de duas seqüências da 

região promotora na transcrição do gene PAX9 em ensaios in vitro com células 

de tecido embrionário de ratos de 13.5 dias obtidas a partir de seus membros, 

face e regiões do mesencéfalo e romboencéfalo. Os fragmentos da região 

promotora foram clonados em plasmídios repórteres e transfectados nos três 

diferentes tecidos embrionários. Nossos resultados das análises de RT-PCR 

demonstraram que em culturas in vitro, as células dos membros e do SNC 

expressam o gene PAX9, porém, aquelas obtidas a partir da face não o 

expressaram. Além disso, os resultados dos ensaios de luciferase mostraram 

que a atividade dessa nos vetores construídos são mais fracas do que do vetor 

pGL3-Basic sozinho, sugerindo que essas regiões não são suficientes para 

guiar a transcrição gênica. 

 

Palavras chaves: PAX9; Análise transcricional; Região promotora; pGl3. 
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Abstract 

 

PAX9 belongs to a transcriptional factor genes family named Pax. 

This gene is expressed in embryonic tissues like somites, pharyngeal pouch 

endoderm, distal limb buds and neural crest-derived mesenchyme. Some 

polymorphisms in the upstream promoter region of the human PAX9 have been 

associated with human non-syndromic forms of autossomal dominant agenesis. 

In the present study we verified the in vitro expression of this gene and the 

influence of two promoter sequences in the transcription of PAX9 gene, in 

embryo tissues obtained from digits, face and midbrain and hindbrain regions. 

These fragments were cloned on reporter plasmid and were transfected into the 

different cells cultures. Our RT-PCR results showed that in vitro E13.5 limb bud 

and CNS cells express PAX9, but not in derived facial region cells. Moreover, 

the luciferase activity of the Pax9 promoter vectors were weaker than pGL3-

Basic alone, suggesting that the PAX9 sequences of promoter region are not 

sufficient to drive PAX9 gene transcription. 

 

Key words: PAX9; Transcriptional analysis; Promoter region; pGL3. 
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Introdução  

 

O gene PAX9 pertence a uma família composta por nove genes que 

codificam fatores de transcrição, denominadas proteínas Pax, que são 

caracterizadas pela presença de um “domínio pareado” e uma região altamente 

conservada de ligação ao DNA com aproximadamente 128 aminoácidos 1, 2. 

Essas proteínas têm importante papel durante o desenvolvimento embrionário 

e organogênese, pois são expressas em vários tecidos embrionários como 

somitos, bolsa endodérmica da faringe, germes distais dos membros e no 

mesênquima derivado da crista neural, que se desenvolve em estruturas 

crânio-faciais como, por exemplo, os dentes nas fases de botão e capuz 8, 11. 

Tais proteínas são também essenciais durante os estágios mais tardios do 

desenvolvimento dos dentes2, 5, 9, 12. Sabe-se que a produção dessas moléculas 

estão sob controle da sinalização do Fgf/Bmp4 4.  

Os produtos protéicos do PAX9 são essenciais para o 

estabelecimento do potencial mesenquimático da odontogênese, onde a 

expressão parece ser marcada pelos sítios de dentes em formação ocorrendo 

antes de qualquer manifestação desse processo 9. De acordo com Peters et al. 

11, em embriões de ratos, o Pax9 é um marcador de fases iniciais do 

desenvolvimento dentário, uma vez que está presente no mesênquima no dia 

E10 antes mesmo do espessamento ectodérmico e é o primeiro fator a ser 

expresso entre os demais genes de sinalização. Além disso, seus altos níveis 

de expressão são mantidos durante os estágios iniciais de botão e capuz 

(E11.5) sendo somente diminuída sua expressão na fase de sino (E16). 

Um grande número de mutações nos genes PAX9 e MSX1 em 

famílias que apresentam formas autossômicas dominantes não-sindrômicas de 

agenesia de dentes posteriores vêm sendo identificadas, sendo que as 

agenesias de segundos pré-molares e terceiros molares estão associadas a 

mutações de perda de sentido (missense) do homeobox MSX1 16, enquanto 

que agenesias de molares estão envolvidas com mutações do tipo “frameshift” 
14.  
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A descoberta inicial de agenesia dentária causada por mutações no 

gene PAX9 foi descrita por Stockton et al. 14, e desde então, muitas outras 

mutações autossômicas dominantes vêm sendo identificadas por todo o gene, 

estando a maioria destas localizadas tanto no domínio pareado, quanto no 

domínio de ligação do DNA ao fator de transcrição PAX9. Polimorfismos na 

região promotora do gene Pax9 vêm sendo associados a diversas formas de 

oligodontia em humanos 10. Atualmente, sabe-se que deleções heterozigóticas 

em todo este gene estão associadas a formas severas de agenesias não-

sindrômicas que envolvem os primeiros molares e alguns dentes permanentes 

posteriores (pré-molares e molares) 3, 5, 6, 14. No entanto, o mecanismo preciso 

responsável pela agenesia dentária continua desconhecido 17. 

O objetivo desse trabalho foi verificar a influência de seqüências do 

promotor do gene PAX9 humano em sua transcrição. Para tanto dois 

fragmentos da região promotora foram clonados em um plasmídio repórter 

contendo o gene da luciferase, e então tranfectados em três diferentes tecidos 

embrionários de ratos: membros, face e sistema nervoso central. Nossos 

resultados indicaram que essas seqüências do promotor do PAX9 apresentam 

fraca atividade transcricional e que para que haja uma transcrição completa 

desse gene, provavelmente é necessário a atividade de outra região ativadora 

da transcrição (enhancer). 
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Introduction 

 

The gene PAX9 belongs to a family composed of nine genes that 

encode transcription factor proteins, the Pax proteins, characterized by the 

presence of the paired domain, and a highly conserved DNA binding region of 

about 128 amino acids 1, 2. These factors play important roles in embryonic 

patterning and organogenesis being expressed in various embryonic tissues 

like somites, pharyngeal pouch endoderm, distal limb buds and neural crest-

derived mesenchyme that develops into craniofacial structures, like teeth, 

expressed in the mesenchyme of developing tooth germs, especially at the bud 

and cap 8, 11, and are essential during later stages of tooth development 2, 5, 9, 12. 

It is know that they are under the control of Fgf/Bmp signaling 4. 

Pax9 protein products are essential for the establishment of the 

odontogenic potential of the mesenchyme, where the expression seems to be a 

marker for the sites of tooth formation due to its occurrence before any 

morphological manifestation of this process 9. Analysis of mouse embryos 

showed that the PAX9 is an early marker of tooth development, appearing at 

E10 stage in the mesenchyme, before the ectodermal thickening and prior to 

the expression of other tooth signaling genes. High levels of Pax9 expression 

are subsequently maintained throughout the initiation (E11.5), bud, and cap 

stages and are down regulated at the bell stage (E16)11.  

mailto:serglin@fop.unicamp.br
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The initial description of the tooth agenesis caused by the mutation in 

Pax9 was made by Stockton et al. 14, since then, many others autossomal 

dominant mutations have been identified throughout the entire gene, been the 

majority of mutations is located in the paired domain, the DNA-binding domain 

of PAX9. Polymorphisms in the upstream promoter region of the human PAX9 

have been associated with variable forms of oligodontia 10. To the date it is 

know that heterozygous deletion of whole PAX9 gene is associated with a 

severe form of non-syndromic tooth agenesis that involves all the primary 

molars and some posterior permanent teeth (premolars and molars) 3, 5, 6, 14. 

However, the precise mechanisms for the development of tooth agenesis 

remain unclear 17. 

The aim of the present study is to verify the influence of promoter 

sequences in the transcription of PAX9 gene. Two fragments of the promoter 

region were cloned on reporter plasmid containing luciferase gene and 

transfected into three different rat embryo tissues: digits, face and midbrain and 

hindbrain regions.  

 

 

Material and Methods 

 

Construction of Expression Plasmids - The human PAX9 promoter region 

between positions – 1209 and +92 was amplified from human DNA by PCR and 

subcloned into SacI-HindIII restriction sites of TOPO TA vector (Invitrogen) to 

generate high copies for cloning into pGL3Basic vector. The second plasmid 

was constructed by the pGL3-Basic-PAX9 (1098bp) promoter was digested with 

ApaI restriction enzyme (deleting bases 413 to 921), resulting on an insert with 

590bp (pGL3-Basic-PAX9-ApaI). In both, the +92 base was oriented to 

luciferase gene (fig. 1).  
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pGL3+  590bp insert 

Insert 
1098b

Site 413 
Cut 

Site  
921 Cut 

Deletion with ApaI: 
508bp removed  

pGL3+  1098bp insert 

Insert 
1098bp 590bp 

 

Figure 1: Construct Pgl3Pax9ApaI was digested with ApaI and re-ligated resulting in a plasmid 

containing the 590bp (by Ramenzoni, L.L.). 

 

Maternal and Fetal Surgical Manipulation - The day of sperm finding 

is E0, and at day 13.5 pregnant females was anesthetized with Ketamine 

(100mg/ml) and after the surgery, it was killed by cervical dislocation and had 

the uterus was aseptically removed out into a 25ml screw-capped tube 

containing 20ml Phosphate-Buffered Saline (PBS) and 1% antibiotic solution 

(Anti/Anti Invitrogen). Embryos were dissected out the uteri in a flow hood area 

and transferred to a fresh dish of sterile PBS. The embryos digits, face and 

midbrain and hindbrain regions (these cells will be referred as CNS) were 

placed 35mm cell culture dishes. Experiments were performed in duplicate. The 

cells were grown in Dulbecco's Modified Eagle's Medium DMEM – High glucose 

(Invitrogen) supplemented with 10% fetal bovine serum and 1% antibiotic 

solution (Anti/Anti - Invitrogen) and incubated at 37 ° C in the presence of 5% 

CO2 . Ethical approval was granted by the Ethics Committee of the Piracicaba 

Dental School.  

 

mRNA analysis - After 48 hours of culture, cells were homogenized 

and total RNA were isolated with TRIzol™, following manufacturer’s instructions 

(Invitrogen). The cDNA was synthesized from 1g of total RNA using 

Superscript III Reverse Transcriptase following manufacturer’s instructions 

(Invitrogen). DNase I digestion of RNA was performed prior to the reverse 
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transcriptase reaction. In two independent experiments, PCR amplifications 

were performed using gene-specific primers for Pax9 and β-actin genes. Pax9 

primer sequences were: Pax9Rat sense (5’ GAGTTCCATCAGCCGGATTC 3’) 

and Pax9Rat antisense (5’ CAAGGCTCCCTTCTCCAATC 3’), and β-actin 

primer sequence β-actinRat sense (5’ TGACATCCGTAAAGACCTCT 3’) and β-

actin antisense (5’ AGATGTGATCAGCAAGCAG 3’). Polymerase chain 

reactions were performed on a TC-512 PCR machine (Techne Incorporated 

Burlington, NJ, USA) using 5L of cDNA, 5 pmoles of each oligonuclotides 

primers, GoTaq® Green Master (Promega) in a 25 μL volume. The PCR 

program initially started with a 94oC denaturation for 4 min, followed by 40 

cycles of 94oC for 1 min, 50oC for 1 min, 72oC for 1 min and a final extension of 

72oC for 10 minutes for all set of RT-PCR primers. β-Actin gene amplifications 

were performed in separated tubes. PCR program initially started with a 94oC 

denaturation for 4 min, followed by 40 cycles of 94oC for 1 min, 55oC for 1 min, 

72oC for 1 min and a final extension of 72oC for 10 minutes. Amplifications were 

verified in 2% agarose gels stained with ethidium bromide [10μg/ml] and 

photographed on top of a 280 nm UV light box. The gel images were digitally 

captured with a CCD camera and analyzed with the NIH Image J program. 

Transient transfection - Transient transfections were performed with 

2,5x105 cells, through lipofection by using Lipofectamine 2000™ reagent 

(Invitrogen) in the presence of Reduced Serum Medium according to the 

manufacturer’s instructions. Then 0.8 µg of pGL3 (Promega™) was used for a 

co-transfection with 0.08 µg of the pRc-CMV vector (kindly provided by Dr. 

Kleber Franchini - Unicamp) for luciferase analysis normalization. Transfected 

cells were incubated at 37°C in the presence of 5% CO2.  

Luciferase analysis - Forty eight hours after the transfection, cell 

extracts were collected and firefly and Renilla luciferase activities were 

measured (dual glo luciferase assay system; Promega™). Briefly, 75L of 

remain DMEM serum free medium were mixtured with 75uL of Dual-Glo™ 

Luciferase Reagent and incubated for 1 min. The lysate were measure for firefly 

luciferase activity in 96-well microplate reading luminometer (Veritas™- Turner 

Biosystems). Each sample was normalized to Renilla luciferase absorbance to 
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Figure 3: Luciferase expression and inhibition evidences in rat embryo 13.5 days of digits, face 

and CNS cells cultures. It can be observe that in the digits and CNS cells, the Luc was down 

expressed in pGL3Pax9SacI transfected cells, and its complete inhibition in pGL3Pax9ApaI 

transfected cells. In face cells, there was the complete inhibition of the Luc expression of all 

plasmids transfected cells.   

 

Discussion 

 

In this study, Pax9 transcriptional regulatory pattern was examined 

by analysis of its promoter sequence in rat embryos. In our experiments RT-

PCR was performed to detect gene expression of Pax9 in vitro by using rat 

embryonic cell. We also analyzed the capacity of Pax9 promoter region to drive 

the transcriptional activity by transfected pGL3 basic plasmids vectors 

containing inserts of Pax9 promoter region in rat embryos primary cell culture of 

digits, face and CNS.   

Experiments showed that Pax9 gene was expressed in day E13.5 in 

limb bud and CNS cells, but surprisingly was not expressed in cells derived 

from facial region. Kriangkrai et al 7 showed that Pax9 was expressed on facial 

region of rats at stages E13 and E14. One possible explanation for this 

discrepancy is that the transcription of PAX9 was inhibited when facial cells 

were cultured, may be the cells face was in an apoptotic in early satges of cell 
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culture, getting the absence of growth factors that are necessary for the PAX9 

espression. In fact, one thing that is evidenced in studies that analyze the 

expression of PAX9 in mouse and rat embryonic tissues is that the expression 

of this gene changes rapidly during ontogeny 7, 9. Therefore, it is conceivable 

PAX9 transcription may be influenced subtle changes in cell environment. In the 

present study two polymorphisms in the PAX9 promoter located within the 

region, that shown to be associated with third molar agenesis in humans, were 

analyzed 15. Moreover, two conserved noncoding regions with enhancer 

activities for expression of Pax9 were already identified, where one of these 

sequences contained a consensus Gli-binding motif 13. In addition, those 

authors also identified highly conserved sequences in the 5’ regions of Pax9 

gene that were located about 2kb distant from the transcription initiation site and 

in the third íntron of this gene. 

 

Conclusions  

 

The results of the present study showed that the luciferase activity of 

pGL3-Pax9 constructs was weaker than pGL3-Basic vector alone, suggesting 

that PAX9 5’ flanking sequences alone are not sufficient to drive Pax9 gene 

transcription and that this region might contain inhibitory cis-acting sequences. 

These results also indicate that enhancer sequences located in 5’ sequences 

distant from the transcription origin or in intronic regions are necessary for Pax9 

transcription. 
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Conclusão 

Os resultados de nossos estudos mostraram que a atividade da 

luciferase das construções de pGL3-PAX9 são mais fracas do que o vetor 

pGL3 sozinho, sugerindo que as seqüências da região 5’ flanqueadora do gene 

PAX9 não são suficientes para regularem sua transcrição, ou que esta região 

apresente seqüências cis-ativadas. Esses resultados sugerem também que 

seqüências enhancers localizadas na região 5’ do gene distantes da origem de 

inicio da transcrição ou em suas regiões intrônicas seja necessárias para 

transcrição do PAX9. 
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