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Periodontal disease and FAM20A mutations

Piranit Nik Kantaputra1,2,3, Chotika Bongkochwilawan1,2, Mark Lubinsky4, Supansa Pata5,6,
Massupa Kaewgahya1, Huei Jinn Tong7, James R Ketudat Cairns8,9, Yeliz Guven10

and Nipon Chaisrisookumporn11

Enamel-renal-gingival syndrome (ERGS; OMIM #204690), a rare autosomal recessive disorder caused by mutations in FAM20A,
is characterized by nephrocalcinosis, nephrolithiasis, amelogenesis imperfecta, hypoplastic type, gingival fibromatosis and other

dental abnormalities, including hypodontia and unerupted teeth with large dental follicles. We report three patients and their

families with findings suggestive of ERGS. Mutation analysis of FAM20A was performed in all patients and their family

members. Patients with homozygous frameshift and compound heterozygous mutations in FAM20A had typical clinical findings

along with periodontitis. The other had a novel homozygous missense mutation in exon 10, mild gingival fibromatosis and renal

calcifications. The periodontitis in our patients may be a syndrome component, and similar findings in previous reports suggest

more than coincidence. Fam20a is an allosteric activator that increases Fam20c kinase activity. It is hypothesized that lack of

FAM20A activation of FAM20C in our patients with FAM20A mutations might have caused amelogenesis imperfecta, abnormal

bone remodeling and periodontitis. Nephrocalcinosis appears not to be a consistent finding of the syndrome and the missense

mutation may correlate with mild gingival fibromatosis. Here we report three patients with homozygous or compound

heterozygous mutations in FAM20A and findings that extend the phenotypic spectrum of this disorder, showing that protein

truncation is associated with greater clinical severity.
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INTRODUCTION

Enamel-renal-gingival syndrome (ERGS; OMIM #204690), an
autosomal recessive disorder caused by mutations in FAM20A
(Golgi-associated secretory pathway pseudokinase), is characterized
by nephrocalcinosis, nephrolithiasis, amelogenesis imperfecta,
hypoplastic type, gingival fibromatosis, and other dental abnormalities,
including hypodontia, and unerupted teeth with large dental
follicles. There can be heterotopic calcifications in gingiva, dental
follicles, dental pulp chambers, periodontal ligament and lungs.1–8

FAM20A is a member of evolutionarily conserved Family with
sequence similarity 20 (FAM20) that in mammals there are three
members: Fam20a, Fam20b and Fam20c.9,10 These Fam20 genes
encode proteins that contain a conserved C-terminal putative kinase
domain and a glycine-rich loop, a signature of protein kinases. These
FAM20 kinases phosphorylate secreted proteins and proteoglycans.
FAM20C is a Golgi lumen protein that serves as a protein kinase
that phosphorylate secreted proteins on Ser-Xaa-Glu/phospho-Ser
motifs,11,12 while FAM20B phosphorylates xylosyl residues in

proteoglycans.13 In contrast, FAM20A appears to be an inactive
kinase, which instead appears to bind to and activate FAM20C in
tissues expressing large amounts of secreted phosphoproteins.14

FAM20A has Glycine at amino acid position 258 (Gln258) which
lacks negatively charged side chain and may not functionally substitute
its ortholog Glu306 in FAM20C, which is required for kinase activity.
FAM20A is therefore a pseudokinase.14,15 Mutations in the FAM20A
and FAM20C genes have been reported to be associated with disorders
of biomineralization in humans and mice, indicating the physiological
importance of secreted protein phosphorylation.4,10,16

We report three patients with homozygous or compound hetero-
zygous mutations in FAM20A and findings that extend the phenotypic
spectrum of this disorder, showing that protein truncation is
associated with greater clinical severity.
In addition, we suggest a possible role for calcium ion flux

abnormalities based on a known role for calcium channel blockers
in causing gingival hyperplasia, in addition to dysregulation
of inhibitory effects on biomineralization. We also suggest
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that periodontitis is more than just a coincidental finding in ERGS,
and that calcium ion flux may have a pathogenic role here.

MATERIALS AND METHODS

Ethic statement
The study was conducted with informed consent from all patients and their
parents. The study was approved by the Human Experimentation Committees
of the Faculty of Medicine and Faculty of Dentistry, Chiang Mai University.

Subjects
Patient 1. A 12-year-old Thai boy presented to the Dental Department,
Lampang Hospital, Lampang because of mobility of the mandibular central
incisors (Figure 1a). He was the first child of healthy consanguineous parents.
His younger brother was healthy. Medical history and general physical findings
were unremarkable. Oral examination showed amelogenesis imperfecta,
hypoplastic type, prolonged retention of deciduous canines and molars, and
generalized enlargement of the gingival tissue (Figures 1b–d). Panoramic
radiograph showed generalized thin or absent enamel and severe alveolar bone
loss around the mandibular incisors, mandibular right second premolar and all
first permanent molars. Unerupted maxillary and mandibular permanent teeth
were displaced apically and surrounded by very large dental follicles with
sclerotic margins. Pulpal calcifications were evident in both erupted and

unerupted teeth (Figure 1e). Renal ultrasonography showed multiple small
hyperechoic lesions scattered in the parenchyma bilaterally, indicating nephro-
calcinosis (Figure 1f). A diagnosis of ERGS with periodontitis was made. All
other family members were investigated with renal ultrasonography and results
were unremarkable.

Patient 2. An 11-year-old Malay girl presented to the School of Dental Service,
Health Promotion Board, Singapore, with the chief complaint of swollen and
bleeding gingiva. Her parents and elder brother were healthy. Consanguineous
marriage was denied. Medical history and general physical findings were
unremarkable. Oral examination showed generalized enamel hypoplasia and
generalized enlargement of gingiva. Teeth appeared yellowish and lacked
proximal contacts because of a generalized absence of enamel (Figures 2a, b
and d). Generalized periodontal disease with probing depth of 5–8 mm
was detected mainly around the maxillary and mandibular incisors along
with periodontal abscesses seen around the over-retained primary canines.
There was also marked delayed eruption of maxillary canines and first
permanent molars as a result of overlying hyperplastic gingiva. Increased
overbite and marked reduction in vertical dimension was present secondary
to the delayed eruption of the upper left and lower right first permanent
molars. Radiographic examination showed generalized absence of enamel,
absence of proximal contacts, severe alveolar bone loss around the maxillary
and mandibular incisors, odd shaped pulp canals with early obliteration at

Figure 1 Patient 1 at age 12 years (a). Intraoral photographs show amelogenesis imperfecta, hypoplastic type, gingival fibromatosis, retained deciduous teeth
and delayed eruption of permanent teeth (b–d). Panoramic radiograph shows severe alveolar bone loss around the mandibular central incisors and all first
permanent molars (arrows), generalized thin and absent enamel, multiple unerupted teeth with large dental follicles and pulp stones (e). Renal
ultrasonograph of the right kidney shows multiple small hyperechoic lesions in renal parenchyma (f).
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the apical third of the root canals, and taurodontism of the permanent

molars (Figures 3a–d). Histopathological studies of the gingiva revealed

hyperplastic parakeratinized stratified squamous epithelium covering under-

lying connective tissue, which exhibits fibrous collagenous connective tissue

hyperplasia. A few areas of the lesional fibrous connective tissue

show a focally distributed chronic inflammatory cell infiltrate of mainly

plasma cells. Small foci of psammomatoid calcifications are seen in the

lesion (Figure 2c). Findings were consistent with amelogenesis imperfecta,

Figure 2 Patient 2 at age 11 years Amelogenesis imperfecta, hypoplastic type, generalized gingival fibromatosis and delayed eruption of permanent teeth
(a, b and d). Histopathological study of gingiva shows psammomatoid calcifications (original magnification, ×40) (c).

Figure 3 Patient 2. Panoramic radiograph shows severe alveolar bone loss around the maxillary and mandibular incisors, generalized thin and absent enamel,
multiple unerupted teeth with large dental follicles and pulp stones (a). Periapical radiographs show severe alveolar bone loss around incisors (b–d). Unusual
shape of root canals (c).
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hypoplastic type and generalized gingival fibromatosis, and a diagnosis

of ERGS with periodontitis was made. Suggested renal ultrasonography was

refused.

Patient 3. An 11-year-old Turkish boy presented to the Department
of Pedodontics, Istanbul University, with problems with deciduous and

permanent teeth. He was the first child of non-consanguineous parents

(Figures 4a and e). No family history was reported of similar dental conditions.

Oral examination revealed amelogenesis imperfecta, hypoplastic type in his
early mixed dentition. Mild generalized gingival enlargement was observed.

All of the deciduous teeth had erupted, with infra-occlusion of the maxillary

right first deciduous molar and both mandibular first deciduous molars, and

some deciduous teeth retained beyond the normal ages for exfoliation. Marked

delayed eruption of the first permanent molars and mandibular left central

permanent incisor was noted (Figures 4b–d).

A panoramic radiograph showed generalized loss of enamel thickness of
erupted and unerupted teeth, delayed eruption of permanent teeth, and

multiple unerupted permanent incisors, premolars and molars with hyperplas-

tic dental follicles. Poorly developed roots of the unerupted mandibular

permanent second molars appeared at the lower border of the mandible,

which was eroded at those areas. The mandibular second permanent molar

dental follicles were very large. Intrapulpal calcifications were observed in

erupted and unerupted teeth (Figure 4f). No calcification was observed on the

patient’s renal ultrasound and he was otherwise healthy. His parents declined

kidney ultrasounds.

Mutation analysis
Informed consent and 1 ml of saliva sample of the patients and their parents
were obtained and approved by the Human Experimentation Committee of the
Faculty of Dentistry, Chiang Mai University and in full accordance with ethical
principles, including the World Medical Association Declaration of Helsinki.
Genomic DNA was extracted from saliva using Oragene Saliva collecting
kits (DNA Genotek, Ottawa, Canada). Mutation analysis of FAM20A
was performed using sequencing primers (Supplementary Tables S1–S4).
Sequencing data were analyzed using the Sequencher software (Gene Codes
Corporation, Ann Arbor, MI, USA) for the identification of the point
mutations.

RESULTS

Mutation analysis of FAM20A (Genbank accession no. NM_017565.3;
NP_060035.2) of patient 1 revealed the homozygous mutation
c.349_367delCTGGCCAGCCAGGAGGCGC in exon one (Suppleme-
ntary Figure S1). Both parents were heterozygous for the mutation.
The wild-type FAM20A protein comprises 541 amino acids
(O'Sullivan et al.1). The c.349_367delCTGGCCAGCCAGGAGGCGC
mutation is predicted to cause a frameshift at position 117, leading to
a premature termination codon at position 138 (p.Leu117Cysfs*22;
Supplementary Figure S1). Mutation analysis of FAM20A of
patient 2 revealed compound heterozygous mutations of FAM20A,
c.915_918delCTTT and c.976_977insG in exons 6 and 7, respectively.
The c.915_918delCTTT mutation is predicted to cause a frameshift at

Figure 4 Patient 3 at age 11 years (a). Intraoral photographs show amelogenesis imperfecta, hypoplastic type, mild gingival fibromatosis, retained deciduous
teeth, infraclusion of deciduous first molars and delayed eruption of permanent teeth (b–d). Pedigree of patient 3 (e). Panoramic radiograph shows
generalized loss of enamel thickness, multiple unerupted teeth with very large dental follicles, intrapulpal calcifications (arrowheads) and underdeveloped
roots of the unerupted mandibular permanent second molars with very large dental follicles. Note thin lower border of the mandible (arrows) (f).
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position 305, leading to a premature termination codon at position
380 (p.Phe305Leufs*76; Supplementary Figure S2). The pathogenicity
of the c.915_918delCTTT mutation was confirmed by the presence of
this mutation in the previously reported patient (Kantaputra et al.).7

The c.976_977insG mutation is predicted to cause a frameshift at
position 326, leading to a premature termination codon at position
379 p.Glu326Glyfs*54 (Supplementary Figure S3). This mutation has
been reported in Genbank (rs761066773) but has not been reported to
be associated with any genetic disorder.
Mutation analysis of FAM20A of patient 3 identified a novel

homozygous missense mutation in exon 10. A base substitution
from G to A (c.1307G4A) caused an amino acid change to glutamic
acid instead of glycine at position 436 in the protein (p.Gly436Glu;
Supplementary Figure S4). In accordance with the sequencing, this
nucleotide change was identified not only in the proband, but also in
heterozygous form in his parents, suggesting the mutation had been
vertically transmitted from the parents to their offspring. Alignments
of FAM20A amino acid sequences demonstrated that the glycine at
position 436 was highly conserved during evolution (Supplementary
Figure S5).
Pathogenicity of all mutations was supported by their absence in

100 unrelated healthy controls (200 chromosomes). The mutations
were not found in the gene variant public databases, including NCBI,
1000 genome, and EXOME variant databases. The molecular altera-
tions were predicted to be disease-causing variants by mutation
prediction software, including SIFT, Polyphen2, MutationTaster
and HANSA.

Mutant protein model
The replacement of the conserved Gly436 by the Glu residue is likely
to disrupt the active site structure, due to the insertion of a larger
side chain in a compact space and the introduction of an additional
negative charge to imbalance the charge. Comparison to the structure
of CeFAM20C and a derived homology model of FAM20A isoform
a indicates that Gly436 is in a turn toward the end of the long
active site loop that includes the kinase active site DFG motif
(‘DHG’ in CeFAM20 and ‘DNA’ in FAM20A) and Arg433, which
is expected to form a salt-bridge hydrogen bond with Asp410
(which would be the catalytic aspartate in an active kinase), as shown
in Figure 5, and is likely to interact with the gamma-phosphate of
ATP. Therefore, this mutation is likely to displace several residues
around the ATP-binding site to destabilize the protein and impede
FAM20A binding of ATP, which appears to be required for optimal
activation of FAM20C by FAM20A.14

DISCUSSION

FAM20A-associated syndrome delineation has long been an issue,
and these newly discovered mutations extend the phenotype and
illuminate the diverse functions of the protein. Amelogenesis
imperfecta with gingival fibromatosis syndrome (OMIM #614253)
and enamel-renal syndrome or amelogenesis imperfecta with
nephrocalcinosis (ERS; OMIM #204690) were originally described as
separate disorders, but both are caused by FAM20A mutations,
and the name ‘enamel-renal-gingival syndrome’ was coined to
recognize this situation.6 The characteristic features of this autosomal
recessive disorder are nephrocalcinosis, nephrolithiasis, amelogenesis
imperfecta, hypoplastic type, gingival fibromatosis and other dental
abnormalities, including hypodontia and unerupted teeth with
large dental follicles.1–8 Heterotopic calcifications in gingiva, dental
follicles, dental pulp chambers, periodontal ligament and lungs have
also been reported.6

Phenotypically, de la Dure-Molla5 suggested that ‘fibrous
gingival hyperplasia is a pathognomonic feature of the syndrome with
variable severity.’ However, patient 3, with a novel homozygous
c.1307G4A mutation, presented with mild gingival fibromatosis
despite displaying manifestations of the typical amelogenesis imper-
fecta, hypoplastic type, tooth eruption issues, large dental follicles and
dental pulp calcifications which strongly suggested the diagnosis.5 This
seems to reflect a generally milder phenotype: gingival fibromatosis
was mild, and no renal calcifications were seen on ultrasound, which
is unusual. Previously, the youngest patient without this
finding was in family 1 of Wang et al.8, at age 11 years. Jaureguiberry
et al. (2013) ‘speculated that all individuals with biallelic FAM20A
mutations will eventually show nephrocalcinosis,’ and our patient
obviously needs to be followed, but there may be exceptions–certainly
we would have felt the same about the gingival findings.3

This probably reflects a genotype–phenotype correlation with
the missense mutation having a milder phenotype than a protein
truncation. Still, significant effects on function are not unexpected.
The c.1307G4A base substitution replaces a conserved glycine
with glutamic acid at position 436 (p.Gly436Glu; Supplementary
Figure S4), which is likely to destabilize the protein and disrupt
the ATP-binding site structure by insertion of a larger side chain
in a compact space, and the introduction of an additional
negative charge. As shown in Figure 5, Gly436 is in the active site
loop that includes several ATP-binding site residues, including Arg433,
which is positioned to interact with the gamma-phosphate of ATP.
Although FAM20A appears inactive as a kinase, the binding of ATP by
FAM20A appears to be necessary for its strong activation of
FAM20C.14 Because a FAM20A variant mutated to regain kinase
and ATPase activity was a weaker activator of FAM20C, Cui et al. 15

posited that the clearance of ATP from the FAM20A active site cause
a weaker activation of FAM20C than that of wild-type FAM20A,
which binds ATP without hydrolyzing it.14 The mild symptoms
suggest that the Gly436Glu variant may still activate FAM20C,
but less effectively than wild-type FAM20, perhaps due to decreased
binding of ATP. However, other mutations might have even
milder manifestations, and the full spectrum remains uncertain.
Most of previously reported patients with ERGS had mutations

that caused protein truncations. Only three missense mutations
of FAM20A have been reported. These include Leu173Arg,3

Gly331Asp4 and Asp403Asn.8 However homozygous missense muta-
tion (Leu173Arg) has only been reported only once (Family 9).3

As for the p.Gly436Glu mutation found in Patient 3, because FAM20A
is most likely a loss-of-function mutation like all other FAM20A
mutations identified so far and not catalytically active. It is likely
that this mutation undermined structural integrity of FAM20A and
made it unstable and unable to allosterically form complex with
FAM20C, or FAM20A may be unstable or misfolded, so as to be
cleared by the ER-associated protein degradation pathway.14,15

Periodontitis found in our patients is worth emphasizing as
a possible part of the disorder, and may be associated with certain
mutations more than others. According to the most recent classifica-
tion of periodontal diseases, the periodontal disease of our patients
would be diagnosed as periodontitis as a manifestation of systemic and
genetic disorder.17 The c.349_367delCTGGCCAGCCAGGAGGCGC
mutation in patient 1 was reported with ERGS with periodontitis and
compound heterozygosity along with a 915_918delCTTT mutation.7

The same c.915_918delCTTT mutation was also found in patient 2
with compound heterozygosity, who had periodontitis as well.
The observation of periodontitis which had early onset in patients 1

and 2, and in previously reported patients, including two Thai and
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one Israeli, the latter without gene analysis,7,18 presents another
interesting issue in phenotype definition. Periodontitis is very rare
in the young population, but gingival fibromatosis may be
a contributing factor in patients 1 and 2. However, there are several
suggestions that more is involved. First, it can be seen in specific
families, and specific mutations seem associated, suggesting
a genotype–phenotype correlation. Second, it is a particularly virulent
form, with a young age of onset and a rapid clinical course.
Third, Fam20a knockout mice also show periodontal inflammation,
even though gingival fibromatosis was not noted.19,20

In humans, mutations in FAM20C (Golgi-associated
secretory pathway kinase) have been reported to cause autosomal
recessive lethal osteosclerotic bone dysplasia or Raine syndrome
(OMIM #259775), characterized by craniofacial dysmorphism,
osteosclerosis, gingival hyperplasia, amelogenesis imperfecta,
periodontal disease and pulmonary hypoplasia.21,22 The overlap of
the phenotypes of Fam20a and Fam20c knockout mice and patients
with FAM20A and FAM20C mutations including amelogenesis
imperfecta, gingival fibromatosis, ectopic calcifications and period-
ontal disease supports that FAM20A and FAM20C are closely related
structurally, functionally and developmentally. Fam20a controls extra-
cellular localization of and allosterically interact with Fam20c,23

a Golgi casein kinase in the secretory pathway responsible for
serine phosphorylation in the Ser-x-Glu/pSer motifs in several enamel
matrix proteins, including ameloblastin and enamelin. In other words,
the function of Fam20a is structural, rather than catalytic. It is

therefore essential for Fam20a to adopt a well-folded and stable
structure.14 This explains the finding of amelogenesis imperfecta
in patients with FAM20A and FAM20C mutations and in mice
lacking either Fam20a or Fam20c.19,20,24 The milder phenotype in
patients with FAM20A mutations than that of FAM20C mutations can
be explained by the lack of complete loss of Fam20c-dependent
substrate phosphorylation in the absence of Fam20a in vitro.14

Fam20c is intensely expressed in the mineralized tissues,
including enamel, dentin, cementum, bone and cartilage. Its expres-
sion has also been shown in soft tissues, including periodontal
ligament, cerebral cortex, cranial nerve ganglia, lung, liver, heart
and kidney.9,20,25 Fam20c secretion is tissue-specific23 and is crucial
for the formation and mineralization of all mineralized tissues,
consisting of enamel, dentin, cementum and bones. Fam20c knockout
mice showed severe defective ameloblasts and enamel matrix
with subsequent amelogenesis imperfecta similar to those in the
ameloblastin or enamelin knockout mice. In addition to amelogenesis
imperfecta, severe defects in dentin and bones were also observed,
along with hypophosphatemia.4,19,26 Fam20c-knockout mice had
severe loss of alveolar bone and cementum, periodontal inflammation
and periodontal pockets. Histologically, dental pulp and dentin
appeared abnormal19 and the alveolar bone showed dramatic
abnormalities of osteocytes and lacuno-canalicular networks. The
severity of periodontal disease progresses with age.20 The Fam20c-
knockout mice had markedly thickened maxillae and mandibles,19

most likely caused by abnormal bone remodeling. Fam20c is
important for bone remodeling because, in addition to enamel
matrix proteins, Fam20c also phosphorylates a number of members
of the secretory calcium-binding phosphoprotein (SCPP) family,
including small integrin-binding ligand N-linked glycoproteins.12,16

These small integrin-binding ligand N-linked glycoprotein proteins
consist of bone sialoprotein, osteopontin, dentin matrix protein 1
and dentin sialophosphoprotein.27 The periodontal disease in the
Fam20c-knockout mice may reflect periodontal deterioration due to
the low levels of bone sialoprotein, osteopontin, dentin matrix
proteins, dentin sialoprotein, periostin and fibrillin-1. These proteins
are secreted into the extracellular matrix of certain mineralized and
non-mineralized tissues28 and have crucial roles in periodontal
formation and maintenance of a healthy periodontium.29–31

Periostin32–34 and fibrillin-1,35–38 extracellular matrix proteins essen-
tial for periodontal tissues contain several Ser-x-Glu/pSer motifs, and
thus are potential substrates of FAM20C. All lines of evidence have
shown that FAM20C has important roles in osteoblast differentiation
and is crucial for periodontal formation and maintenance. FAM20A
interacts directly with FAM20C and function as an allosteric activator
to activate FAM20C kinase activity in a dose-dependent manner.14

Therefore, lack of FAM20A activation of FAM20C in our patients with
FAM20A mutations might result in inefficient phosphorylation of
enamel and bone matrix proteins and led to amelogenesis imperfecta,
abnormal bone remodeling and periodontitis.
Our previously reported patients with ERGS with periodontal

disease had periodontal ligament psammomatoid calcifications.7

As periodontal disease is a disease of defective immune system.39

We hypothesize that periodontitis in the patients with ERGS is caused
by defective immune system as a result of FAM20A mutations and the
disease condition is aggravated by the presence of psammomatoid
calcifications. There may be similar to what observed around calcium
oxalate crystals in a patient with hyperoxaluria and oxalosis.40 Ectopic
calcifications patients with ERGS is hypothesized to be caused by
the loss of FAM20A kinase and phosphorylation activities which
subsequently leads to abnormal regulation of inhibitory system on

Figure 5 Model of the FAM20A protein active site with the p.G435E
mutation. The homology model of the FAM20A (yellow) is superimposed with
the X-ray crystal structure of the CeFAM20C with Mn-ADP. The mutation of
Gly436 to Glu is shown in green and the clashes this mutation makes with
the otherwise salt-bridging pair of Asp256 and Arg259 (Asp211 and Arg214
in CeFAM20C) are shown as pink dashes. The bridge between these two
residues positions the active site residue Gln258 (Glu214 in CeFAM20C).
Although the side chain of Glu436 could move elsewhere to avoid these
clashes, the space is too tight and it will clash with other residues. Also, it
is closely linked to Arg433 (Arg390 in CeFAM20C), which salt bridges to
the catalytic Asp (Asp410 in FAM20A and Asp366 in CeFAM20C) to
position it for catalysis, and other residues in the catalytic loop, such as
Asp430 (Asp387). Putative hydrogen bonds between Arg433 and Asp410 of
FAM20A and the beta-phosphate of ADP in the active site from the structure
of CeFAM20C are shown as dark gray dashes. A likely position for the
gamma-phosphate of ATP is indicated in red. The human FAM20A isoform a
model generated with M4T4245 and CeFAM20C (PDB: 4KQB)15 are shown
in cartoon representation with relevant amino acid side chains shown in
stick representation (drawn with PyMol, Schrodinger LLC). Models made with
other programs, including RastorX, SwissModel, Phyre2 and IntFold2 gave
essentially the same structure in this part of the model, although they
diverged in less conserved areas.
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biomineralization.7,19,23 The better understanding on ectopic
calcification-related FAM20A mutations might lead us to understand
more on ectopic calcifications in other tissues such as heart valves
and blood vessels, which are life-threatening in general population.
It is likely that other pathogenetic factors may also be involved.

Although not previously remarked upon, it is noteworthy that
the typical gingival findings also occur with calcium channel
blockers–classically nifedipine, but others as well.41,42 Also, period-
ontal disease damage involves T-cell subset balance,43 which in turn
can be affected by calcium ion flux,44 and experience with gingival
hyperplasia secondary to calcium channel blockers supports this
particular mechanism. In addition, Fam20a has been reported to
have important roles in hematopoietic differentiation,9 and compar-
ison of the expression of FAM20A in human tissues showed
intermediate levels in the thymus, which would be consistent with
T-cell involvement.9

All previously reported patients with ERGS with periodontitis
had protein truncations. FAM20 family proteins show a highly
conserved sequence of ~ 350 amino acids in the C-terminal region,9

which is likely to be affected. Even though periodontal disease
is influenced by multiple factors, genotype–phenotype correlation
is suggested here.
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