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Dental anomalies in syndromes 
displaying hypertrichosis in the 
clinical spectrum

Abstract: Hypertrichosis and dental anomalies may occur alone or in 
combination in the spectrum of many syndromes. To identify genetic 
entities characterized by hypertrichosis and dental anomalies, a 
search was performed in the Mendelian Inheritance in Man database 
with the terms “hypertrichosis” or “hirsutism” and “tooth” or “dental 
abnormalities.” Nondependent androgen metabolism disturbances 
were classified as hypertrichosis. Genetic entities with hypertrichosis 
and dental anomalies were included in the study. Additional searches 
were performed in the PubMed and Orphanet databases, when 
necessary, in order to include data from scientific articles. An integrative 
analysis of the genes associated with the identified syndromes 
was conducted using STRING to characterize biological processes, 
pathways, and interactive networks. The p-values were subjected to 
the false discovery rate for the correction of multiple tests. Thirty-nine 
syndromes were identified, and dental agenesis was the most frequent 
dental anomaly present in 41.02% (n = 16) of the syndromes. Causative 
genes were identified in 33 out of 39 genetic syndromes. Among 
them, 39 genes were identified, and 38 were analyzed by STRING, 
which showed 148 biological processes and three pathways that were 
statistically significant. The most significant biological processes 
were the disassembly of the nucleosome (GO:0006337, p = 1.09e-06), 
chromosomal organization (GO:0051276, p = 1.09e-06) and remodeling 
of the chromatin (GO: 0006338, p = 7.86e-06), and the pathways were 
hepatocellular carcinoma (hsa05225, p = 5.77e-05), thermogenesis 
(hsa04714, p = 0.00019), and cell cycle (hsa04110, p = 0.0433). Our results 
showed that the identification of hypertrichosis and dental anomalies 
may raise the suspicion of one of the thirty-nine syndromes with 
both phenotypes.

Keywords: Hypertrichosis; Genetic Disease, Inborn; Tooth 
Abnormalities.

Introduction

Hypertrichosis is characterized by an abnormal increase in hair 
anywhere in the body and is independent of androgens. It can result 
from the use of drugs, hereditary factors, or metabolic disorders, 
and occurs in an isolated form or is associated with other clinical 
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manifestations constituting a syndrome. The isolated 
form is infrequent, with an unknown incidence, 
but its frequency increases when it participates as 
a phenotype of syndromes.1

Although important genetic features can be 
found in syndromic forms, which provide data for 
the definition of the phenotype,2 clinical descriptions 
are useful for patient care, especially in complex 
cases. Dental anomalies are common clinical 
manifestations associated with hypertrichosis, 
including variations in color, eruption, number, size, 
and form of teeth, and their occurrence varies based 
on the type of anomaly, dentition, and population. 
Dental anomalies are relevant clinical signs and 
can provide important clues for the suspicion of 
a genetic entity and for the differential diagnosis 
of the syndromes with hypertrichosis.3 Thus, the 
aim of this study was to identify the set of genetic 
syndromes with dental anomalies coinciding with 
the clinical presence of hypertrichosis.

Methodology

A search was performed from June 2020 to 
October 2021 in the Mendelian Inheritance in Man 
database (OMIM, https://www.omim.org) with 
the associations of the terms “hypertrichosis” or 
“hirsutism” and “tooth” or “dental abnormalities”. 
Nondependent androgen metabolism disturbances 
were classified as hypertrichosis. An additional 
search was performed using the PubMed and 
Orphanet databases (https://pubmed.ncbi.nlm.nih.
gov and https://www.orpha.net/consor/cgi-bin/
index.php, respectively), using the same search 
terms, in order to include data from scientific 
articles. Phenotypic and genotypic manifestations 
were predominantly collected at OMIM by a single 
collaborator. Dental anomalies were grouped 
according to the classification established by De 
La Dure-Molla et al.3 STRING, protein-protein 
interaction network functional enrichment analysis 
(http://string-db. org), was used to investigate the 
biological processes, pathways, and interaction 
network. The p-values were subjected to the false 
discovery rate to correct multiple tests, and values 
≤ 0.05 were considered significant.

Results

Seventy-seven entries were identified; however, 
39 syndromes with hypertrichosis and dental 
anomalies in the clinical spectrum were included 
in the study (Table 1). Entries with a description of 
genes or those related to hirsutism were excluded; 
however, overlapping syndromes were also included. 
Only segmental odontomaxillary dysplasia was not 
found in OMIM, but was found in scientific articles 
in PubMed.

The frequencies of the dental anomalies are 
listed in Table 2. Dental agenesis was the most 
frequent dental anomaly in this study, present in 
41.02% (n = 16) of the syndromes. Other common 
anomalies included delayed tooth eruption (35.89%, 
n = 14), widely spaced teeth (28.20%, n = 11), dental 
malocclusion (25.64%, n = 10), and tooth shape 
changes (25.64%, n = 10).

Among the identified syndromes, 15 (38.46%) 
were inherited as autosomal recessive traits, and 
15 (38.46%) were autosomal dominant. Isolated 
cases (n = 4), X-linked dominant inheritance (n = 4), 
X-linked recessive inheritance (n = 2), and mosaicism 
(n = 1) were also identified. Causative genes were 
recognized in 33 of 39 syndromes. Among them, 
39 genes were recognized; nevertheless, a genetic 
entity can be linked to more than 1 gene, and some 
entities have not been related to any gene until now. 
STRING analyses were performed with 38 genes 
because 1 gene was not recognized by the software 
(RFF125), and it showed 148 biological processes 
and 3 pathways. Figure  shows the protein-protein 
interaction network. The most significant biological 
processes were nucleosome disassembly (GO:0006337, 
p = 1.09e-06), chromosome organization (GO:0051276, 
p = 1.09e-06), and chromatin remodeling (GO:0006338, 
p = 7.86e-06), and the pathways were hepatocellular 
carcinoma (hsa05225, p = 5.77e-05), thermogenesis 
(hsa04714, p = 0.00019), and cell cycle (hsa04110, 
p = 0.0433) (Tables 3 and 4). 

Discussion

In the current study, 39 syndromes with dental 
anomalies associated with hypertrichosis were identified 
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Table 1. Syndromes with hypertrichosis and dental anomalies.

Syndrome OMIM Inheritance Gene Chromosomal Dental Anomalies Reference

Alazami-Yuan syndrome #617126 AR TAF6 7q22.1 Crowded teeth 12

Barber-Say syndrome #209885 AD TWIST2 2q37.3

Taurodontism in the molar tooth, early 
apical closure in permanent and incisive 

blade-shaped anterior teeth, delayed 
tooth eruption, infra-occluded molars and 

wide alveolar grooves

13

Bloom syndrome #210900
AR RECQL3

15q26.1
Agenesis of the upper lateral incisors

14
  (WRN)  

Cantu syndrome #239850 AD ABCC9 12p12.1 Dental malocclusion 15

Chromosome 17q21.31 
duplication syndrome

#613533 IC - 17q21.31 Crowded incisor 16

Coffin-siris syndrome

#135900 AD ARID1B, 6q25.3 Abnormal dental shape and hypodontia

17

#614607  

ARID1A, 
SMARCB1, 
SMARCA4, 
SMARCE1

1p36.11  

#614608     22q11.23  

#614609     19p13.2  

#616938     17q21.2  

Cornelia de Lange syndrome #122470 AD NIPBL, 5p13.2

Agenesis of the lower lateral incisors, 
agenesis of deciduous second molars, 

deciduous macrodontic teeth, permanent 
macrodontic teeth, agenesis of the lower 
deciduous lateral incisors, conoid incisor, 

delayed tooth eruption, microdontia, 
dysmorphic teeth and widely spaced and 

rotated teeth

18

Crouzon syndrome #123500 AD FGFR2 10q26.13
Agenesis of deciduous second molars 

and dental crowding
19

Dental anomalies and short 
stature

#601216 AR LTBP3 11q13.1

Enamel hypoplasia, widely spaced 
teeth, retention of deciduous teeth, 

delayed eruption of permanent teeth, 
imperfect amelogenesis, taurodontic 
pulp chambers, microdontic primary 

teeth, permanent tooth oligodontics and 
enamel discoloration

20

Developmental and epileptic 
encephalopathy 85 with or 
without midline brain defects

#301044 XLD SMC1A Xp11.22 Crowded teeth, single central incisor 21

Ectodermal dysplasia 14, 
hair/tooth type with or 
without hypohidrosis

#618180 AR TSPEAR 21q22.3 Oligodontics, conoid teeth 22

Ehlers-Danlos syndrome #225410 AR ADAMTS2 5q35.3

Upper canine agenesis, lower premolar 
agenesis, lower molar agenesis, lower 
incisor agenesis and lower premolar 
agenesis, permanent teeth with color 
change, microdontia, malocclusion

23

Fillippi syndrome #272440 AR CKAP2L 2q14
Microdontia, hypodontia (rare), saw teeth, 

widely spaced teeth
24

Fontaine Progeroid syndrome #612289 AD SLC25A24 1p13.3

Hypodontia, microdontia, oligodontia 
and widely spaced teeth, bell-shaped 

crown, spindle-shaped roots and small or 
absent pulp chamber

25

Continue
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Continuation

Frontometaphyseal dysplasia
#305620 XLR FLNA Xq28

Selective tooth agenesis, delayed tooth 
eruption, retained deciduous teeth, 

malocclusion, irregularly implanted teeth. 26

#617137 AD MAP3K7 6q15  

Hypertrichosis, congenital 
generalized

#307150 XLD - Xq27.1
Delay in tooth eruption, hypodontia, and 

dental shape alteration.

27
         

Widely spaced teeth, delayed tooth 
eruption

Hypertrichosis, congenital 
generalized, with or without 
gingival hyperplasia

#135400 AR ABCA5 17q24.2-q24.3  

Hypomelanosis of Ito #300337
Somatic 
Mosaic 

- Xp11

Upper incisors with claw-shaped cusps 
and anterior deciduous teeth with 

yellowish-brown crowns and widely 
spaced teeth

28

Hajdu-Cheney syndrome #102500 AD NOTCH2 1p12 Early tooth loss and malocclusion 29

Hennekan Lymphangiectasia-
Syndrome 1

#235510 AR CCBE1 18q21.32
Oligodontia, peg-shaped incisors and 

delayed eruption
30

Immunodeficiency 49 #617237 AD BCL11B 14q32.2 Neonatal teeth 31

Kabuki syndrome 2 #300867 XLD KDM6A Xp11.3

Macrodontics, dental malocclusion, 
agenesis of upper lateral incisors and 
inner central incisors, neonatal teeth 

(rare)

32

Hypomyelinating 
leukodystrophy-17

#618006 AR AIMP2 7p22.1 Widely spaced teeth 33

Lichtenstein syndrome #246550 IC - - Enamel hypoplasia and discolored teeth 34

Mandibulofacial dysostosis 
with macroblepharon and 
macrostomia

#602562 IC - - Ectopic teeth and oligodontics 35

Mannosidosis, alpha B, 
lysosomal

#248500 AR MAN2B1 19p13.13 Teeth widely spaced 36

Marshall-Smith Syndrome #602535 AD NFIX 19p13.13 Dental malocclusion 37

Mental retardation, X-linked 
99, syndromic, female-
restricted

#300968 XLD USP9x Xp11.4
Widely spaced teeth, malocclusion, 

crowding, tooth agglomeration
38

Mucopolysaccharidosis, 
type II

#309900 XLR IDS Xq28
Delay in tooth eruption and widely 

spaced teeth
39

Ramon syndrome #266270 AR - - Delay in tooth eruption 40

Rubinstein-Taybi syndrome #180849 AD CREBBP 16p13.3

Dental crowding, upper incisors with 
claw-shaped cusps, malocclusion, 

wedge-shaped or screwdriver and enamel 
discoloration

41

Segmental Odontomaxillary 
Dysplasia

- IC - -
Pre-molar agenesis and delayed eruption 

of permanent molars
42

Schinzel-Giedion syndrome #269150 AD SETBP1 18q12.3

Macrodontics, tooth eruption delays, 
agenesis of the upper deciduous lateral 

incisors and agenesis of the lower 
deciduous lateral incisors

43

Specific granule deficiency 2 #617475 AR SMARCD2 17q23.3
Irregularly shaped teeth, misaligned teeth 

and incomplete amelogenesis
44

Spinocerebellar ataxia, 
autosomal recessive 20

#616354 AR SNX14 6q14.3 Delay in tooth eruption and crowding 45

Spondyloepimetaphyseal 
dysplasia, Camera-
Genevieve type

#610442 AR NANS 9q22.33 Dental misalignment 46

Continue
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together with other important clinical features. Despite 
differences in the final structures and functions, this 
association is possible because ectodermal organs, such 
as the hair and teeth, originate from the epithelium 
and mesenchyme. The mesenchyme typically provides 
the first instructive signal, which is followed by the 
development of an early signaling node, the epithelial 
placode.4 Morphogenesis is supported by placode 
buds into or out of the mesenchyme and subsequent 
proliferation, cell movements, and epithelium and 
mesenchyme differentiation.4 Thus, countless genes 
can participate in these processes. 

This highlights the degree to which common 
molecular mechanisms regulate many aspects of 
early hair and teeth development. This study found 
7 genes in the BMP, 6 in the FGF, 7 in the Shh, and 

18 in the Wnt pathways. In addition, there were 
significant differences between hair and teeth, 
especially in the spatial and temporal dynamics 
of placode growth, suggesting that in different 

Figure 1. Protein-protein interaction network with the genes 
associated with syndromes with hypertrichosis and dental 
anomalies. Nineteen out of 38 genes formed a node including 
ARID1A, ARID1B, CREBBP, FGFR2, KDM6A, KMT2A, NIPBL, 
NOTCH2, SETBP1, SMARCA4, SMARCB1, SMARCD2, 
SMARCE1, SMC1A, SMC3, TAF6, TWIST2, USP9X, and WRN 
(p < 1.0e-16). Different colors represent different levels of 
evidence of connection between proteins. Light blue represents 
curated databases, purple experimental evidence, green gene 
neighborhood, red gene fusions, blue gene co-occurrence, 
light green evidence from text mining, black co-expression, 
and violet protein homology. This analysis had an average 
confidence score of 0.472, suggesting a low rate for false-
positive interactions.

Table 2. Frequency of the dental anomalies in syndromes 
hypertrichosis.

Dental anomalies* n (%)

Dental agenesis 16 (41.02)

Delay in tooth eruption 14 (35.89)

Widely spaced teeth 11 (28.20)

Dental malocclusion 10 (25.64)

Tooth shape change 10 (25.64)

Dental crowding 9 (23.07)

Tooth malposition 7 (17.94)

Microdontics 6 (15.38)

Macrodontics 4 (10.25)

Tooth color anomaly 3 (7.69)

Neonatal Tooth 2 (5.12)

Taurodontism 2 (5.12)

*Description according to De La Dure-Molla et al. (2019)

Continuation

Trichhepatoneurodevopmental 
Syndrome 

#618268 AR CCDC47 17q23.3
Widely spaced teeth, dental crowding, 

microdontia, dental malocclusion
47

Tenorio syndrome #616260 AD RFF125 18q12.1 Delay in tooth eruption 48

Weidemann-Steinner 
syndrome

#605130 AD KMT2A 11q23.3

Delay in tooth eruption, supernumerary 
tooth between central incisor and 
deciduous canine, malocclusion, 

hypodontia and ectopic teeth

49

Zimmermann-Laband 
syndrome

#135500 AD KCNH1 1q32.2 Delay in dental eruption 50

AD: autosomal dominant; AR: autosomal recessive; OMIM: Online Mendelian Inheritance in Man; XLD: x-linked dominant; XLR: x-linked 
recessive; IC: isolated cases.
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contexts, there may be specific means of modulating 
the signaling pathways and of the 39 genes found, 
16 not participating in the four main pathways. It 
is likely that deregulation of these pathways (BMP, 

FGF, Shh, and Wnt) is responsible for the occurrence 
of hypertrichosis and dental anomalies.

Extensive genetic studies of defective mouse 
mutants have shown that signaling pathways (BMP, 

Table 3. Main biological processes characterized with the list of altered genes in syndromes with hypertrichosis and dental anomalies. 

Gene Term description
Observed 

gene count
Background 
gene count

False discovery 
rate

Matching proteins in your network

GO:0006337
nucleosome 
disassembly

5 18 1.09e-06
SMARCB1, ARID1A, SMARCE1, SMARCD2, 

SMARCA4

GO:0051276
chromosome 
organization

14 999 1.09e-06
CREBBP, SMARCB1, NIPBL, WRN, ARID1A, 

SMC1A, SMARCE1, ARID1B, SMC3, MAP3K7, 
KDM6A, SMARCD2, SMARCA4, KMT2A

GO:0006338 chromatin remodeling 7 156 7.86e-06
SMARCB1, ARID1A, SMARCE1, ARID1B, 

KDM6A, SMARCD2, SMARCA4

GO:0006325
chromatin 

organization
10 683 0.00015

CREBBP, SMARCB1, ARID1A, SMARCE1, 
ARID1B, MAP3K7, KDM6A, SMARCD2, 

SMARCA4, KMT2A

GO:0010604
positive regulation 
of macromolecule 
metabolic process

19 3081 0.00020

AIMP2, NOTCH2, CREBBP, SMARCB1, NIPBL, 
WRN, USP9X, ARID1A, SMARCE1, ARID1B, 

BCL11B, MAP3K7, KDM6A, NFIX, SMARCD2, 
SMARCA4, CCBE1, FGFR2, KMT2A

GO:0019219

regulation of 
nucleobase-

containing compound 
metabolic process

22 4133 0.00020

NOTCH2, CREBBP, SMARCB1, SETBP1, NIPBL, 
WRN, USP9X, ARID1A, SMC1A, SMARCE1, 
ARID1B, BCL11B, SMC3, MAP3K7, FLNA, 

NFIX, SMARCD2, SMARCA4, TAF6, FGFR2, 
KMT2A, TWIST2

GO:0045934

negative regulation 
of nucleobase-

containing compound 
metabolic process

13 1424 0.00028
CREBBP, NIPBL, USP9X, ARID1A, SMC1A, 

SMARCE1, SMC3, FLNA, NFIX, SMARCA4, 
FGFR2, KMT2A, TWIST2

GO:0045935

positive regulation 
of nucleobase-

containing compound 
metabolic process

14 1770 0.00040
CREBBP, SMARCB1, NIPBL, WRN, USP9X, 

ARID1A, SMARCE1, ARID1B, BCL11B, NFIX, 
SMARCD2, SMARCA4, FGFR2, KMT2A

GO:0051173
positive regulation of 
nitrogen compound 
metabolic process

18 2946 0.00040

AIMP2, NOTCH2, CREBBP, SMARCB1, 
NIPBL, WRN, USP9X, ARID1A, SMARCE1, 

ARID1B, BCL11B, MAP3K7, NFIX, SMARCD2, 
SMARCA4, CCBE1, FGFR2, KMT2A

GO:2000112
regulation of cellular 

macromolecule 
biosynthetic process

21 4050 0.00040

NOTCH2, CREBBP, SMARCB1, SETBP1, 
NIPBL, USP9X, ARID1A, SMC1A, SMARCE1, 
ARID1B, BCL11B, SMC3, MAP3K7, FLNA, 

NFIX, SMARCD2, SMARCA4, TAF6, FGFR2, 
KMT2A, TWIST2

Table 4. Activated pathways characterized with syndromes with hypertrichosis and dental anomalies-containing-genes.

Variable Term description
Observed gene 

count
Background 
gene count

False discovery 
rate

Matching proteins in your network 

hsa05225
Hepatocellular 

carcinoma
6 163 5.77e-05

SMARCB1, ARID1A, SMARCE1, ARID1B, 
SMARCD2, SMARCA4

hsa04714 Thermogenesis 6 228 0.00019
SMARCB1, ARID1A, SMARCE1, ARID1B, 

SMARCD2, SMARCA4

hsa04110 Cell cycle 3 123 0.0433 CREBBP, SMC1A, SMC3
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FGF, Shh, and Wnt) are used reiteratively in many 
stages of the production of various skin appendages 
and of teeth, in biological processes through pathways 
such as the cell cycle.5 The Wnt pathway plays an 
essential role during hair follicle induction and in the 
dental development. Shh is related to morphogenesis 
and differentiation at an advanced stage, whereas 
BMP is related to cell differentiation.5 

Lymphoid augmentation factor 1 (Lef-1) is 
necessary for the development of multiple organ 
systems, including hair and teeth, and its role in Wnt 
signaling has been established. The expression of 
Lef-1 regulates the signaling of Wnt and target genes 
of Wnt, as well as mechanisms of cell proliferation, 
while miR-26b reduces the levels of expression of the 
Wnt target gene.6 Lef-1 is regulated by FGF signaling, 
and the overexpression of Lef-1 in cells results in 
increased epithelial invagination and formation of 
extra hair follicles. Lef-1 deficiency results in dental 
morphogenesis stuck in the late phase of the button, 
and Lef-1 is only needed temporarily in the dental 
epithelium for tooth development.6 At the molecular 
level, Lef-1 is necessary to induce an expression of 
FGF4, which regulates an expression of FGF3 and 
Shh in the tooth germ.6

Shh is critical for dental epithelial cells during tooth 
development, and inhibition of Shh signaling results 
in apoptosis located in the dental epithelium.7 Hence, 
in both, disruption of individual signaling pathways 
also causes related developmental defects. Shh also 
promotes cell proliferation in anagen hair follicles.5

The antagonistic interactions between FGF and 
BMP in the oral epithelium play an important role 
in the positioning of the tooth formation sites. These 
FGF-BMP interactions control the expression of 
Bmp4, Pax9, Barx1, Msx1, Msx2, Dlx and other genes 
in the mesenchyme, whose combinatorial expression 
influences the type, number, size, and shape of the 
tooth.5 During the beginning of dental formation, 
the BMP signaling in the epithelium antagonizes 
the FGF pathways, and this interaction is designed 
to determine the locations of dental formation. The 
interruption of BMP activity due to the excessive 
expression of noggin blocks the molar development 
and the differentiation of epithelial cells in the final 
stage.8 BMP signaling has an inhibitory role in hair 

follicle induction and morphogenesis, which needs to 
be antagonized mainly by noggin to facilitate placebo 
induction. Overexpression of noggin in the epidermis 
results in the thickening of the epidermis, increased 
hair density, and the alteration of hair types.8

Ontology analysis revealed 148 biological 
processes and three pathways (hepatocellular 
carcinoma, thermogenesis, and cell cycle) formed 
by genes that interact with each other and constitute 
a large network. In most cases, dental agenesis is 
caused by mutations that interrupt epithelial Wnt/
β-catenin signaling.9 It is one of the fundamental 
signaling pathways for the growth and development 
of hair follicles and teeth, but is also responsible for 
contributing to the development of hepatocellular 
carcinoma and hepatoblastoma.10,11 It is suggested 
that mutations in the genes found in the present 
study may interfere with the Wnt/β-catenin pathway. 

The activation or under-activation of signaling 
pathways, such as Shh, Notch, TFG, BMP, and 
Wnt/β-catenin, plays a key role in the hair cycle.5,8 
This knowledge supports the understanding of the 
molecular basis of disturbances and the identification 
of intracellular targets for the development of therapies, 
such as hair loss treatment.10

Conclusion

Together, our results highlight that the identification 
of hypertrichosis and dental anomalies should raise 
the suspicion of the possibility of one of the thirty-
nine genetic syndromes of the health professional 
for the proper management and care of the patient. 
The main dental anomalies described in individuals 
with genetic alterations associated with the clinical 
presence of hypertrichosis are agenesis, delayed tooth 
eruption, and widely spaced teeth. Further studies 
are required to better understand these associations.

Acknowledgments
The authors gratefully acknowledge the support of 

the Minas Gerais State Research Foundation (Fapemig, 
Minas Gerais, Brazil), National Council for Scientific 
and Technological Development (CNPq, Brazil), 
and Coordination of Training of Higher Education 
Graduate Foundation (Capes, Brasilia, Brazil).

7Braz. Oral Res. 2023;37:e030



Dental anomalies in syndromes displaying hypertrichosis in the clinical spectrum

1.	Wendelin DS, Pope DN, Mallory SB. Hypertrichosis. J Am Acad Dermatol. 2003 Feb;48(2):161-79. 

https://doi.org/10.1067/mjd.2003.100

2.	Brooks JK. A review of syndromes associated with blue sclera, with inclusion of malformations of the head and neck. Oral Surg Oral Med 

Oral Pathol Oral Radiol. 2018 Sep;126(3):252-63. https://doi.org/10.1016/j.oooo.2018.05.012

3.	La Dure-Molla M, Fournier BP, Manzanares MC, Acevedo AC, Hennekam RC, Friedlander L, et al. Elements of morphology: 

standard terminology for the teeth and classifying genetic dental disorders. Am J Med Genet A. 2019 Oct;179(10):1913-81. 

https://doi.org/10.1002/ajmg.a.61316

4.	Pispa J, Thesleff I. Mechanisms of ectodermal organogenesis. Dev Biol. 2003 Oct;262(2):195-205. 

https://doi.org/10.1016/S0012-1606(03)00325-7

5.	Ahn Y. Signaling in tooth, hair, and mammary placodes. Curr Top Dev Biol. 2015;111:421-59. 

https://doi.org/10.1016/bs.ctdb.2014.11.013

6.	Eliason S, Sharp T, Sweat M, Sweat YY, Amendt BA. Ectodermal Organ Development Is Regulated by a microRNA-26b-Lef-1-Wnt 

Signaling Axis. Front Physiol. 2020 Jul;11:780. https://doi.org/10.3389/fphys.2020.00780

7.	Sasaki T, Ito Y, Xu X, Han J, Bringas P Jr, Maeda T, et al. LEF1 is a critical epithelial survival factor during tooth morphogenesis. Dev Biol. 

2005 Feb;278(1):130-43. https://doi.org/10.1016/j.ydbio.2004.10.021

8.	Cao H, Jheon A, Li X, Sun Z, Wang J, Florez S, et al. The Pitx2:miR-200c/141:noggin pathway regulates Bmp signaling and ameloblast 

differentiation. Development. 2013 Aug;140(16):3348-59. https://doi.org/10.1242/dev.089193

9.	Järvinen E, Shimomura-Kuroki J, Balic A, Jussila M, Thesleff I. Mesenchymal Wnt/β-catenin signaling limits tooth number. Development. 

2018 Feb;145(4):dev158048. https://doi.org/10.1242/dev.158048

10.	Hawkshaw NJ, Hardman JA, Haslam IS, Shahmalak A, Gilhar A, Lim X, et al. Identifying novel strategies for treating human hair loss 

disorders: cyclosporine A suppresses the Wnt inhibitor, SFRP1, in the dermal papilla of human scalp hair follicles. PLoS Biol.  

2018 May;16(5):e2003705. https://doi.org/10.1371/journal.pbio.2003705

11.	Taniguchi K, Roberts LR, Aderca IN, Dong X, Qian C, Murphy LM, et al. Mutational spectrum of β-catenin, AXIN1, and AXIN2 in 

hepatocellular carcinomas and hepatoblastomas. Oncogene. 2002 Jul;21(31):4863-71. https://doi.org/10.1038/sj.onc.1205591  

12.	Alazami AM, Patel N, Shamseldin HE, Anazi S, Al-Dosari MS, Alzahrani F, et al. Accelerating novel candidate gene discovery in 

neurogenetic disorders via whole-exome sequencing of prescreened multiplex consanguineous families. Cell Rep. 2015 Jan;10(2):148-

61. https://doi.org/10.1016/j.celrep.2014.12.015

13.	Martins F, Ortega KL, Hiraoka C, Ricardo P, Magalhães M. Oral and dental abnormalities in Barber-Say syndrome. Am J Med Genet A. 

2010 Oct;152A(10):2569-73. https://doi.org/10.1002/ajmg.a.32898

14.	Masmoudi A, Marrakchi S, Kamoun H, Chaaben H, Ben Salah G, Ben Salah R, et al. Clinical and laboratory findings in 8 patients with 

Bloom’s syndrome. J Dermatol Case Rep. 2012 Mar;6(1):29-33. https://doi.org/10.3315/jdcr.2012.1086

15.	Scurr I, Wilson L, Lees M, Robertson S, Kirk E, Turner A, et al. Cantú syndrome: report of nine new cases and expansion of the clinical 

phenotype. Am J Med Genet A. 2011 Mar;155A(3):508-18. https://doi.org/10.1002/ajmg.a.33885

16.	Tan TY, Aftimos S, Worgan L, Susman R, Wilson M, Ghedia S, et al. Phenotypic expansion and further characterisation of the 17q21.31 

microdeletion syndrome. J Med Genet. 2009 Jul;46(7):480-9. https://doi.org/10.1136/jmg.2008.065391

17.	Mannino EA, Miyawaki H, Santen G, Schrier Vergano SA. First data from a parent-reported registry of 81 individuals with 

Coffin-Siris syndrome: natural history and management recommendations. Am J Med Genet A. 2018 Nov;176(11):2250-8. 

https://doi.org/10.1002/ajmg.a.40471

18.	Guadagni MG, Cetrullo N, Piana G. Cornelia de Lange syndrome: description of the orofacial features and case report. Eur J Paediatr 

Dent. 2008 Dec;9(4 Suppl):9-13. PMID:19886366

19.	Torun GS, Akbulut A. Crouzon syndrome with multiple supernumerary teeth. Niger J Clin Pract. 2017 Feb;20(2):261-3. 

https://doi.org/10.4103/1119-3077.187332

20.	Bertola DR, Antequera R, Rodovalho MJ, Honjo RS, Albano LM, Furquim IM, et al. Brachyolmia with amelogenesis imperfecta: further 

evidence of a distinct entity. Am J Med Genet A. 2009 Mar;149A(3):532-4. https://doi.org/10.1002/ajmg.a.32661

21.	Hansen J, Mohr J, Bürki S, Lemke JR. A case of cohesinopathy with a novel de-novo SMC1A splice site mutation. Clin Dysmorphol.  

2013 Oct;22(4):143-5. https://doi.org/10.1097/MCD.0b013e3283645439

22.	Peled A, Sarig O, Samuelov L, Bertolini M, Ziv L, Weissglas-Volkov D, et al. Mutations in TSPEAR, encoding a 

regulator of Notch signaling, affect tooth and hair follicle morphogenesis. PLoS Genet. 2016 Oct;12(10):e1006369. 

https://doi.org/10.1371/journal.pgen.1006369

References

8 Braz. Oral Res. 2023;37:e030



Carneiro VF, Machado RA, Barbosa MC, Dias VO, Martelli DRB, Martelli-Júnior H

23.	Malfait F, De Coster P, Hausser I, Essen AJ, Franck P, Colige A, et al. The natural history, including orofacial features of three 

patients with Ehlers-Danlos syndrome, dermatosparaxis type (EDS type VIIC). Am J Med Genet A. 2004 Nov;131(1):18-28. 

https://doi.org/10.1002/ajmg.a.30299

24.	Sharif S, Donnai D. Filippi syndrome: two cases with ectodermal features, expanding the phenotype. Clin Dysmorphol.  

2004 Oct;13(4):221-6. https://doi.org/10.1097/00019605-200410000-00004

25.	Rosti RO, Karaer K, Karaman B, Torun D, Guran S, Bahce M. Gorlin-Chaudhry-Moss syndrome revisited: expanding the phenotype.  

Am J Med Genet A. 2013 Jul;161A(7):1737-42. https://doi.org/10.1002/ajmg.a.35954

26.	Wade EM, Daniel PB, Jenkins ZA, McInerney-Leo A, Leo P, Morgan T, et al. Mutations in MAP3K7 that alter the activity 

of the TAK1 signaling complex cause frontometaphyseal dysplasia. Am J Hum Genet. 2016 Aug;99(2):392-406. 

https://doi.org/10.1016/j.ajhg.2016.05.024

27.	Sun M, Li N, Dong W, Chen Z, Liu Q, Xu Y, et al. Copy-number mutations on chromosome 17q24.2-q24.3 in congenital 

generalized hypertrichosis terminalis with or without gingival hyperplasia. Am J Hum Genet. 2009 Jun;84(6):807-13. 

https://doi.org/10.1016/j.ajhg.2009.04.018

28.	Browne RM, Byrne JP. Dental dysplasia in incontinentia pigmenti achromians (Ito). An unusual form. Br Dent J. 1976 Mar;140(6):211-4. 

https://doi.org/10.1038/sj.bdj.4803735

29.	O’Reilly MA, Shaw DG. Hajdu-Cheney syndrome. Ann Rheum Dis. 1994 Apr;53(4):276-9. https://doi.org/10.1136/ard.53.4.276

30.	Lakshminarayana G, Mathew A, Rajesh R, Kurien G, Unni VN. Hennekam lymphangiectasia syndrome. Indian J Nephrol.  

2011 Oct;21(4):273-5. https://doi.org/10.4103/0971-4065.78068

31.	Punwani D, Zhang Y, Yu J, Cowan MJ, Rana S, Kwan A, et al. Multisystem anomalies in severe combined immunodeficiency with mutant 

BCL11B. N Engl J Med. 2016 Dec;375(22):2165-76. https://doi.org/10.1056/NEJMoa1509164

32.	Silva-Andrade N, López-Ortega K, Gallottini M. Orofacial features and medical profile of eight individuals with Kabuki syndrome.  

Med Oral Patol Oral Cir Bucal. 2019 Sep;24(5):e630-5. https://doi.org/10.4317/medoral.22982

33.	Shukla A, Das Bhowmik A, Hebbar M, Rajagopal KV, Girisha KM, Gupta N, et al. Homozygosity for a nonsense variant in AIMP2 is 

associated with a progressive neurodevelopmental disorder with microcephaly, seizures, and spastic quadriparesis. J Hum Genet.  

2018 Jan;63(1):19-25. https://doi.org/10.1038/s10038-017-0363-1  

34.	Miranda PG, Henriques JC, Paulo LF, Guedes CD, Mitri FF, Silva CJ. Jaffe-Lichtenstein Syndrome Associated with a Simple Bone Cyst: 

Unprecedented Rare Case Report. Braz Dent J. 2020 Sep-Oct;31(5):557-61. https://doi.org/10.1590/0103-6440202003158  

35.	Verloes A, Lesenfants S. A new form of mandibulofacial dysostosis with macroblepharon and macrostomia. Clin Dysmorphol.  

1997 Jan;6(1):21-4. https://doi.org/10.1097/00019605-199701000-00003

36.	Malm D, Nilssen Ø. Alpha-mannosidosis. Orphanet J Rare Dis. 2008 Jul;3(1):21. https://doi.org/10.1186/1750-1172-3-21

37.	Shaw AC, Balkom ID, Bauer M, Cole TR, Delrue MA, Van Haeringen A, et al. Phenotype and natural history in Marshall-Smith syndrome. 

Am J Med Genet A. 2010 Nov;152A(11):2714-26. https://doi.org/10.1002/ajmg.a.33709

38.	Reijnders MR, Zachariadis V, Latour B, Jolly L, Mancini GM, Pfundt R, et al. De novo loss-of-function mutations in USP9X cause a female-

specific recognizable syndrome with developmental delay and congenital malformations. Am J Hum Genet. 2016 Feb;98(2):373-81. 

https://doi.org/10.1016/j.ajhg.2015.12.015

39.	Torres RO, Pintor AV, Guedes FR, Cevidanes LH, Freitas-Fernandes LB, Ruellas ACO, et al. Three-dimensional dental and craniofacial 

manifestations in patients with late diagnosis of mucopolysaccharidosis type II: report of 2 cases. Oral Surg Oral Med Oral Pathol Oral 

Radiol. 2018;126(1):e35-9. https://doi.org/10.1016/j.oooo.2018.03.016

40.	Mehawej C, Hoischen A, Farah RA, Marey I, David M, Stora S, et al. Homozygous mutation in ELMO2 may cause Ramon syndrome.  

Clin Genet. 2018 Mar;93(3):703-6. https://doi.org/10.1111/cge.13166

41.	Bloch-Zupan A, Stachtou J, Emmanouil D, Arveiler B, Griffiths D, Lacombe D. Oro-dental features as useful diagnostic tool in  

Rubinstein-Taybi syndrome. Am J Med Genet A. 2007 Mar;143A(6):570-3. https://doi.org/10.1002/ajmg.a.31622

42.	Heggie C, Gartshore L. Diagnosis, management and follow-up of a rare regional developmental disorder: segmental odontomaxillary 

dysplasia. J Dent Child (Chic). 2020 Jan;87(1):39-43.  

43.	Cooke ME, Davidson LE, Livesey SL. Schinzel-Giedion syndrome: interesting facial and orodental features, and dental management. Int J 

Paediatr Dent. 2002 Jan;12(1):66-72. https://doi.org/10.1046/j.0960-7439.2001.00325.x

44.	Witzel M, Petersheim D, Fan Y, Bahrami E, Racek T, Rohlfs M, et al. Chromatin-remodeling factor SMARCD2 regulates transcriptional 

networks controlling differentiation of neutrophil granulocytes. Nat Genet. 2017 May;49(5):742-52. https://doi.org/10.1038/ng.3833

45.	Sousa SB, Ramos F, Garcia P, Pais RP, Paiva C, Beales PL, et al. Intellectual disability, coarse face, relative macrocephaly, and cerebellar 

hypotrophy in two sisters. Am J Med Genet A. 2014 Jan;164A(1):10-4. https://doi.org/10.1002/ajmg.a.36235

46.	Burrage LC, Reynolds JJ, Baratang NV, Phillips JB, Wegner J, McFarquhar A, et al. Bi-allelic variants in TONSL cause 

SPONASTRIME dysplasia and a spectrum of skeletal dysplasia phenotypes. Am J Hum Genet. 2019 Mar;104(3):422-38. 

https://doi.org/10.1016/j.ajhg.2019.01.007

9Braz. Oral Res. 2023;37:e030



Dental anomalies in syndromes displaying hypertrichosis in the clinical spectrum

47.	Morimoto M, Waller-Evans H, Ammous Z, Song X, Strauss KA, Pehlivan D, et al. Bi-allelic CCDC47 variants cause a disorder 

characterized by woolly hair, liver dysfunction, dysmorphic features, and global developmental delay. Am J Hum Genet.  

2018 Nov;103(5):794-807. https://doi.org/10.1016/j.ajhg.2018.09.014

48.	Tenorio J, Mansilla A, Valencia M, Martínez-Glez V, Romanelli V, Arias P, et al. A new overgrowth syndrome is due to mutations in 

RNF125. Hum Mutat. 2014 Dec;35(12):1436-41. https://doi.org/10.1002/humu.22689

49.	Miyake N, Tsurusaki Y, Koshimizu E, Okamoto N, Kosho T, Brown NJ, et al. Delineation of clinical features in Wiedemann-Steiner 

syndrome caused by KMT2A mutations. Clin Genet. 2016 Jan;89(1):115-9. https://doi.org/10.1111/cge.12586

50.	Stefanova M, Atanassov D, Krastev T, Fuchs S, Kutsche K. Zimmermann-Laband syndrome associated with a balanced reciprocal 

translocation t(3;8)(p21.2;q24.3) in mother and daughter: molecular cytogenetic characterization of the breakpoint regions. Am J Med 

Genet A. 2003 Mar;117A(3):289-94. https://doi.org/10.1002/ajmg.a.10174

10 Braz. Oral Res. 2023;37:e030


	RANGE!E36
	RANGE!E46

