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Abstract: Tooth development is regulated by a
reciprocal series of epithelial-mesenchymal interactions.
With the large number of genes involved in the
odontogenesis process, the opportunity for mutations
to disrupt this process is high. Mutational analysis has
revealed genes that are major causes of non-syndromic
hypodontia. The most common permanent missing
teeth are the third molars, second premolars, and
maxillary lateral incisors. Although hypodontia does
not represent a serious public health problem, it may
cause masticatory and speech dysfunctions and esthetic
problems. Msx1 (Muscle Segment Box) is believed to
play an important role in tooth development. To further
investigate the role of the gene in human hypodontia,
we analyzed genotypes in a family with hypodontia
using the SSCP assay. Examinations of all affected
and unaffected members of the family studied indicated
that 5 of the 10 family members had hypodontia, and
it was possible to observe polymorphisms/mutation by
SSCP as bands with an anomalous migration pattern
in individuals with hypodontia. Our data suggest that
Msx1 gene polymorphism is associated with hypodontia.
(J Oral Sci 51, 341-345, 2009)
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Introduction
In the past few years much progress has been made in

our understanding of the mechanisms that control tooth

morphogenesis. Epithelial-mesenchymal interactions
govern the development of all epidermal organs, including
teeth, hair follicles, and mammary glands (1-6).
Interestingly, the initial morphological development of
these organs is similar; the epithelium undergoes local
thickening followed by local condensation of the underlying
mesenchyme. The epithelium then invaginates into the
condensing mesenchyme until it has attained a characteristic
bud structure. After this stage, the development of these
organs diverges in order to give rise to specialized organs
with vastly different morphologies, cell types, and functions
(3,5,7). The epithelial-mesenchymal interactions are
reciprocal and sequential, and each component may play
important roles in organogenesis, depending on the organ
system and the developmental stage.

Studies of odontogenesis at the molecular level, mostly
using mouse teeth as models, have indicated that tooth
development is under strict genetic control, determining
the position, number, size and shape of teeth. More than
200 genes have been identified in developing teeth, and
mutations in several of these genes cause arrested tooth
development in mice (8-10). The direct participation of
several genes in tooth development has been evidenced by
tooth absence in mutant knockout mice models (10).

Some of these genes belong to the Hox family, which
contain a homeobox, an evolutionarily conserved DNA
sequence motif that was found initially in Drosophila
genes (11-13). The homeobox encodes a homeodomain,
a DNA-binding motif, and such homeotic genes encode
transcription factors (14-15). The regulatory modules
usually comprise multiple binding sites for transcription
factors that can be located near the transcription start site,
or thousands of base pairs distant from it (16). Mutations
within individual modules can enhance or repress gene
transcription in a tissue-specific manner, allowing a
mutation to exert its effect on a few or even a single
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morphogenetic field (17).
In this regard the study of genetic polymorphisms in

hypodontia is an especially appropriate model for
understanding the association of gene polymorphisms and
changes in morphology. Teeth are serially homologous
structures, and the effects of gene variations on the
development of these structures can be easily quantified
(18-20). Individuals with distinct polymorphic alleles may
exhibit slight and specific phenotypic variations in dental
patterning. In this sense, association studies between gene
polymorphisms and hypodontia as well as other mild
malformations that reflect qualitative defects of embryo-
genesis (21), may help to reveal the molecular mechanisms
responsible for the phenotypic variations that may occur
in distinct human populations and ethnic groups.

There is some controversy regarding the importance of
homeobox gene Msx1 in hypodontia. The human Msx-1
gene is located at chromosome 4p 16.1 (22). Research
groups have identified several Msx1 mutations in families
with non-syndromic forms of autosomal dominant posterior
hypodontia (22). Msx1 has been associated with hypodontia
in mice and humans, but interestingly in humans, this
gene is associated with specific missing teeth. On the
other hand, another report has excluded Msx1 as the gene
responsible for hypodontia (23). Thus this condition may
represent a more complex multifactorial trait influenced
by a combination of gene function, environmental
interaction and developmental timing.

In order to further investigate the role of the Msx1 gene
in human hypodontia, we analyzed a family with this
condition. Our data suggest that Msx1 gene polymorphisms
are associated with hypodontia.

Materials and Methods
Subjects

Ten individuals of one family, five with maxillary lateral
incisor hypodontia without signs of other disorders, were
interviewed and documented. Congenital absence of teeth
was confirmed by X-ray analysis. No other dental anomalies
were observed in the subjects.

This in vivo study was deemed to be ethical according
to the Brazilian Guidelines (Resolution 196 of the National
Health Council, 1996), and the protocol was approved by
the Research Ethics Committee of Federal University of
Uberlândia – UFU (process No. 109/2004). Signed consent
was obtained from patients after they had received a
thorough explanation about the study.

Sampling
At least 1 h after tooth brushing, the study subjects

were asked to vigorously rinse their mouths with 5 ml of

3% sucrose solution for 60 s, and instructed to rub their
tongue on the oral mucosa and teeth. Each individual’s
mouthwash content was collected in a 15-ml centrifuge
tube. Three milliliters of TNE solution [17 mM Tris/HCl
(pH 8.0), 50 mM NaCl and 7 mM EDTA] diluted in 66%
ethanol was added to the tube, as described previously (24).

DNA purification and PCR procedures
The DNA was extracted using a Super DNA extraction

quick gene kit (Analytical Genetic, USA) in accordance
with the manufacturer’s instructions. PCR amplifications
were performed in a total volume of 50 µl containing 500
ng of genomic DNA, 10 pmol of each primers 5’ ACT TGG
CGG CAC TCA ATA TC 3’ (forward) and 5’ TGT GAG
GGT TAA AGG GAA GG 3’ (reverse), 200 µM each
deoxynucleotide, 1 U Taq polymerase (Promega), 2.5 mM
MgCl2 and 5× KCl buffer. The product size generated
after the PCR procedures was 668 bp. Samples were
heated initially to 95°C for 5 min. Each cycle comprised
denaturation at 95°C for 1 min, primer annealing at 60°C
for 1 min and extension at 72°C for 1 min. Samples were
subjected to 35 cycles of amplification followed by a final
extension at 72°C for 5 min. The PCR products were
subjected to SSCP analysis.

SSCP analysis
After the PCR, 5 µl of the amplified PCR product was

treated with 5 µl of LIS buffer (95% formamide, 10 mM
NaOH, 0.025% bromophenol blue, 0.025% xylene cyanol),
then heated at 95°C for 5-10 min and the hot tubes were
immediately placed on ice for 2-5 min. Electrophoresis was
conducted on 10% acrylamide gel in 1× TBE buffer for
16 h at 120V at room temperature. The DNA bands were
visualized by the rapid silver staining method.

Results
Examinations of all members of the family studied

indicated that 5 of the 12 family members were affected.
Individuals with hypodontia showed no signs of syndromic
conditions or systemic illnesses associated with hypodontia.

Figure 1 shows the familial dendrogram with expression
of hypodontia, and SSCP analysis demonstrated
polymorphism-mutations as bands with an anomalous
migration pattern in individuals with hypodontia. Black
graphic representation indicates the affected individuals.
Importantly, no significant differences were observed in
allele frequency between male and female patients. As
demonstrated in Fig. 2A individuals numbered as 4, 5, 7,
9 and 12 lacked one band in comparison with patients
without hypodontia. In Fig. 2B (higher magnification), it
is possible to observe that unaffected individuals possessed



343

two bands (indicated by arrows) while affected individuals
had a single band (indicated by arrow).

Discussion
Many theories regarding the etiology of hypodontia

have been suggested in the literature, particularly before
the intense genetic studies of the present day, and obviously
both genetic and environmental factors are contributory
(25). Although hypodontia is occasionally caused by
environmental factors, in the majority of cases it has a
genetic basis. Gene polymorphisms are a mechanism by
which individuals may exhibit variations within the range
of what is considered biologically normal. Gene poly-
morphisms are also known to be associated with disease
susceptibility. Most polymorphisms are single-nucleotide
exchanges that occur at high frequency in the human
genome and may affect the function of genes (23).

Although hypodontia, the congenital absence of one or
a few teeth, does not represent a public health problem, it
may cause speech and masticatory dysfunction and esthetic
disorders (26). Hypodontia is one of the most common
alterations of the human dentition. The most common
permanent teeth missing are the third molars (20%), second
premolars (3.4%), and maxillary lateral incisors (2.2%) (27).
One of the major questions in modern biology is how
genetic variations interfere with development and are
translated into changes in morphology, since small changes
in organogenesis can produce large changes in adult
morphology (28,29).

Gene expression and experimental studies in mice have
implicated numerous different genes in tooth development,
and in theory, any of these genes may cause hypodontia
(30). Genetic mutations in man indicate that the

development of dentition is under the control of several
genes. Initial discoveries in mice indicated that the
homeodomain protein Msx1 and the paired-domain
transcription factor Pax9 are important genes in tooth
morphogenesis (22). Mutations in three genes have been
identified in human pedigrees with familial hypodontia or
oligodontia: Msx1, Pax9 and Axin2 (31,32). Studies of the
expression of Bone Morphogenetic Protein 4 (Bmp4), the
HMG box gene Lef1, heparan sulfate proteoglycan
syndecan-1 and Transforming growth factor-beta 1 (Tgfb1)
in mice have indicated the important role of these genes
in tooth development (23).

Family studies show that, as an isolated form, hypodontia

Fig. 2 (A) SSCP analysis of Msx-1 in individuals with normal dentition (Lanes 1, 2, 3, 6, 8, 10 and 11) and tooth hypodontia
(Lanes 4, 5, 7, 9 and 12). (B) Note the absence of one band in SSCP analysis of the subject with hypodontia, as indicated
by the arrows.

Fig. 1 Heredrogram showing the subjects of the analyzed
family. Black graphics represent the affected
individuals.



344

is inherited as an autosomal dominant trait with incomplete
penetrance and variable expression (33). An autosomal
recessive model has been described in one family (34). The
obscure mechanism underlying congenital lack of teeth and
the differing results of genetic studies have drawn attention
to the phenotypic and genotypic variation in this
phenomenon.

There is some controversy regarding the importance of
Msx1 in hypodontia. Our present results showed a missence
mutation in the homeodomain of the Msx1 gene in
chromosome 4 (4p16) in all affected members of a family
with hypodontia. A previous study of a Dutch family
demonstrated a nonsense mutation in the Msx1 gene
associated with hypodontia and various combinations of
cleft lip and/or palate (35). On the other hand, another report
has excluded Msx1 as the gene responsible for hypodontia
(36).

We hypothesized that the Msx1 gene is important for
tooth development, since experimentally induced mutations
in transcription factor genes have revealed a role of Msx1
in the regulation of tooth development (37,38). In humans,
the role of the Msx1 gene in craniofacial development has
been highlighted by the identification of Msx1 mutations
that are associated with various alterations. G-C transversion
in the homeobox region of the Msx1 gene results in an
arginine to proline substitution in the conserved domain
of the protein. This is the cause of specific patterns of
hypodontia (27). Thus, our present results have confirmed
the importance of the Msx1 gene in tooth development,
since subjects who possessed an abnormal pattern in this
gene exhibited hypodontia.

In conclusion, the present study of a family in Brazil
has shown that Msx1 polymorphism/mutation is associated
with hypodontia of the maxillary lateral incisors.

Acknowledgments
We express our thanks to Dr. Warwick Estevam Kerr.

References
1. Ahmad W, Brancolini V, ul Faiyaz MF, Lam H, ul

Haque S, Haider M, Maimon A, Aita VM, Owen
J, Brown D, Zegarelli DJ, Ahmad M, Ott J,
Christiano AM (1998) A locus for autosomal
recessive hypodontia with associated dental
anomalies maps to chromosome 16q12.1. Am J
Hum Genet 62, 987-991.

2. Aidar M, Line SRP (2007) A simple and cost-
effective protocol for DNA isolation from buccal
epithelial cells. Braz Dent J 18, 148-152.

3. Arnone MI, Davidson EH (1997) The hardwiring
of development: organization and function of

genomic regulatory systems. Development 124,
1851-1864.

4. Burzynski NJ, Escobar VH (1983) Classification and
genetics of numeric anomalies of dentition. Birth
Defects Orig Artic Ser 19, 95-106.

5. Cobourne MT (2007) Familial human hypodontia
– is it all in the genes? Br Dent J 203, 203-208.

6. Cohn SA (1957) Development of the molar teeth in
the albino mouse. Am J Anat 101, 295-319.

7. Dassule HR, McMahon AP (1998) Analysis of
epithelialmesenchymal interactions in the initial
morphogenesis of the mammalian tooth. Dev Biol
202, 215-227.

8. Hardy MH (1992) The secret life of the hair follicle.
Trends Genet 8, 51-61.

9. Hewitt JE, Clark LN, Ivens A, Williamson R (1991)
Structure and sequence of the human homeobox gene
HOX7. Genomics 11, 670-678.

10. Jahoda CA (1992) Induction of follicle formatin and
hair growth by vibrissa dermal papillae implanted
into rat ear wounds: vibrissa-type fibres are specified.
Development 115, 1103-1109.

11. Jernvall J, Thesleff I (2000) Reiterative signaling and
patterning during mammalian tooth morphogenesis.
Mech Dev 92, 19-29.

12. Kapadia H, Mues G, D’Souza R (2007) Genes
affecting tooth morphogenesis. Orthod Craniofac Res
10, 237-244.

13. Kim J, Kerr JQ, Min GS (2000) Molecular
heterochrony in the early development of Drosophila.
Proc Natl Acad Sci USA 97, 212-216.

14. Kollar EJ, Baird GR (1969) The influence of the
dental papilla on the development of tooth shape in
embryonic mouse tooth germs. J Embryol Exp
Morphol 21, 131-148.

15. Kollar EJ, Baird GR (1970) Tissue interactions in
embryonic mouse tooth germs. J Embryol Exp
Morphol 24, 159-186.

16. Line SRP (2001) Molecular morphogenetic fields
in the development of human dentition. J Theor
Biol 211, 67-75.

17. Line SRP (2001) Molecular strategies in the
evolution of mammalian dental patterning. Evol
Ecol 15, 73-79.

18. Line SRP (2003) Variation of tooth number in
mammalian dentition: connecting genetics,
development and evolution. Evol Dev 5, 295-304.

19. Lumsden AGS (1988) Spatial organization of the
epithelium and the role of neural crest cells in the
ini t ia t ion of  the  mammalian tooth germ.
Development 103, 155-69.



345

20. Maas R, Bei M (1997) The genetic control of early
tooth development. Crit Rev Oral Biol Med 8, 4-39.

21. Manzanares M, Krumlauf R (2001) Mammalian
embryo: hox genes. Enciclopedia of life sciences.
available online at www.els.net

22. McGinnis W, Garber RL, Wirz J, Kuroiwa A,
Gehring WJ (1984) A homologous protein-coding
sequence in Drosophila homeotic genes and its
conservation in other metazoans. Cell 37, 403-408.

23. Mostowska A, Biedziak B, Jagodzinski PP (2006)
Axis inhibition protein 2 (AXIN2) polymorphisms
may be a risk factor for selective tooth agenesis. J
Hum Genet 51, 262-266.

24. Nieminen P, Pekkanen M, Åberg T, Thesleff I (1998)
A graphical WWW-database on gene expression in
tooth. Eur J Oral Sci 1, 7-11.

25. Opitz JM (2000) Heterogeneity and minor
anomalies. Am J Med Genet 91, 254-255.

26. Parr BA, McMahon AP (1994) Wnt genes and
vertebrate development. Curr Opin Genet Dev 4,
523-528.

27. Raff RA (2000) Evo-devo. The evolution of a new
discipline. Nat Rev Genet 1, 74-79.

28. Sakakura T (1987) Mammary embryogenesis. In:
The mammary gland: development, regulation and
function, Neville MC, Daniel CW eds, Plenum
Press, New York, 37-66.

29. Satokata I, Maas R (1994) Msx1 deficient mice
exhibit cleft palate and abnormalities of craniofacial
and tooth development. Nat Genet 6, 348-356.

30. Scarel RM, Trevilatto PC, Di Hipólito O Jr, Camargo
LEA, Line SRP (2000) Absence of mutations in the
homeodomain of the Msx1 gene in patients with

hypodontia. Am J Med Genet 92, 346-349.
31. Scarel-Caminaga RM, Pasetto S, Ribeiro da Silva

R, Peres RCR (2003) Genes and tooth development:
reviewing the structure and function of some key
players. Braz J Oral Sci 2, 339-345.

32. Scott MP, Weiner AJ (1984) Structural relationships
among genes that control development: sequence
homology between the Antennapedia, Ultrabithorax,
and fushi tarazu loci of Drosophila. Proc Natl Acad
Sci USA 81, 4115-4119.

33. Silva ER, Peres RCR, Scarel-Caminaga RM, De
Conto F, Line SRP (2003) Absence of mutations in
the promoter region of the lef1 gene in Patients
with hipodontia. Braz J Oral Sci 2, 144-146.

34. Stern DL (2000) Evolutionary developmental
biology and the problem of variation. Evolution 54,
1079-1091.

35. Thesleff I (2000) Genetic basis of the tooth
development and dental defects. Acta Odontol Scand
58, 191-194.

36. van den Boogaard MJH, Dorland M, Beemer FA,
van Amstel HKP (2000) Msx1 mutation is associated
with orofacial clefting and tooth agenesis in humans.
Nat Genet 24, 342-343.

37. van Genderen C, Okamura RM, Fariñas I, Quo RG,
Parslow TG, Bruhn L, Grosschedl R (1994)
Development of several organs that require inductive
epithelial-mesenchymal interactions is impaired in
LEF-1-deficient mice. Genes Dev 8, 2691-2703.

38. Vastardis H, Karimbux N, Guthua SW, Seidman
JG,  Se idman  CE (1996)  A  human  Msx1
homeodomain missense mutation causes selective
tooth agenesis. Nat Genet 13, 417-421.


