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Abstract

Segmental odontomaxillary dysplasia (SOD) is a developmental condition of the middle and posterior maxilla featuring
dysplastic bone overgrowth, dental abnormalities and, occasionally, various homolateral cutaneous manifestations. Herein,
we describe an individual with maxillary abnormality akin to SOD and associated ipsilateral segmental odontomandibular
dysplasia. Also, the result of the evaluation of lesional mandibular gingival tissue for overgrowth-related gene variants is
reported. An 8-year-old girl presented clinically with congenital maxillary and mandibular alveolar soft tissue enlargement in
the area of the premolars. A panoramic radiograph revealed abnormal trabeculation essentially similar to SOD in the maxilla
and mandible with congenitally missing maxillary and mandibular first and second premolars and mandibular canines. Diag-
nostic mandibular bone biopsy was performed and lesional mandibular gingival hyperplastic tissue was obtained for variant
analysis of somatic overgrowth genes PIK3CA, AKTI, AKT3, GNAQ, GNAI1, MTOR, PIK3R2. Cone beam computerized
tomography (CBCT) disclosed osseous abnormalities on the left side of the maxilla and mandible and very mild osseous
expansion in the mandible. Histologically, abnormal bone exhibiting prominent reversal lines was present and associated
with fibrocollagenous tissue. Genomic DNA analysis disclosed PIK3CAc.1571G>A; pArg524Lys which was seen at a low
mosaic level in the blood, indicating a post-zygotic change. Although this case may be a unique disorder, by sharing features
with SOD, one can suggest the possibility of mandibular involvement in SOD. The presence of a PIK3CA variant may sup-
port the hypothesis that these segmental disorders could be part of the PIK3CA-related overgrowth spectrum.

Keywords Segmental odontomaxillary dysplasia - Mandible - PIK3CA - Somatic mutation - Segmental odontognathic
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Segmental odontomaxillary dysplasia (SOD) was first
described by Miles et al. [1] as “hemimaxillofacial dyspla-
sia” and its clinicopathologic characteristics further refined
and detailed by Danforth et al. [2] who coined the term SOD.

Part of this publication was presented as poster (poster #21)
at the Annual Meeting of the American Academy of Oral and

Maxillofacial Pathology in Miami, Florida, June 2019. Briefly, observed are unilateral maxillary bone enlargement
with associated hyperplasia of the gingival/alveolar soft
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features of Becker nevus and, rarely, hypopigmentation. A
comprehensive review by Smith et al. [3] on SOD summa-
rizes all legitimate reports in the literature on the subject to
this date. The term hemimaxillary enlargement, asymmetry
of the face, tooth abnormalities and skin findings (HATS)
has been also proposed to describe the condition but it is
not widely accepted [4, 5]. Furthermore, extension of bone
involvement to affect the zygomatic and base of the orbit
bones [6] has been reported justifying the term segmental
hemimaxillofacial dysplasia used occasionally.

In the present report, an individual is described with max-
illary abnormality akin to SOD and ipsilateral segmental
odontomandibular dysplasia and soft tissue enlargement of
the gingiva and alveolar mucosal of the affected sites. Being
a disorder of asymmetry and apparent overgrowth, genomic
evaluation of mandibular lesional gingival/alveolar soft tis-
sue for genes related to overgrowth was performed to pos-
sibly elucidate the pathogenesis of the condition.

Case Report

An 8-year-old Caucasian girl presented clinically with left
maxillary and mandibular gingival enlargement in the area
of premolars in (Fig. 1a and b). The facial enlargement was
apparently congenital and accompanied by homolateral
hypopigmentation and palsy which have persisted to this
date. It was initially thought that the overgrowth was the
result of traumatic delivery due to shoulder dystocia that
resulted in left sided facial bruising and bilateral subcon-
junctival hemorrhages.

A panoramic radiograph (Fig. 2) at age 9 revealed abnor-
mal trabeculation with characteristics similar to SOD, and
congenitally missing left maxillary and mandibular first and
second premolars and both mandibular canines. Cone beam
computerized tomography disclosed mild enlargement of the
left side of the mandible in the area of the premolars with
abnormal trabeculation (Fig. 3a) and abnormal maxillary
bone in the area of the premolars exhibiting loss of lingual
plate definition and lingual concavity when compared to the
contralateral side (Fig. 3b). Bone biopsy revealed dysplastic
woven bone with prominent reversal lines, features that were
interpreted similar to SOD (Fig. 4a and b).

For purposes of genomic DNA evaluation, soft tissue
from mandibular gingival/alveolar hyperplastic mucosa
was surgically obtained. Mutation analysis of somatic over-
growth related genes PIK3CA, AKTI, AKT2, AKT3, GNAQ,
GNA1l, MTOR, and PIK3R?2 was undertaken using next gen-
eration sequencing (NGS) on the IonTorrent PGM platform.
The test assesses all coding regions of PIK3CA and flank-
ing intron sequences (+20 bp) and specific regions of the
AKTI, AKT2, AKT3, GNAQ, GNA1l, MTOR, and PIK3R?2.
The minimum threshold for variant allele detection is set at

Fig. 1 a Maxillary gingivoalveolar enlargement. b Mandibular gingi-
voalveolar enlargement

Fig.2 Panoramic radiograph at age 9 reveals abnormal trabeculation
in the middle aspect of left side of the maxilla in association with
a retained primary molar and congenitally missing first and second
premolars. In the mandible there is abnormal trabeculation of the
left middle segment in the area of retained primary molars. Both
mandibular left premolars and both canines are also missing. There is
also evidence of developing third molars

2% at 2000 X coverage and > 10 reads without strand bias.
Repeat sequencing of an independent replicate sample was
also performed on the same platform to confirm mutations.
For appropriate variant filtering the Ion Reporter Software
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Fig.3 a Very slight enlargement of the left side of the mandible and
abnormal trabeculation present. b Abnormal trabeculation of the left
side of the maxillary bone in the area of the premolars exhibiting loss
of lingual plate definition and lingual concavity when compared to
the contralateral side

suite was used. The confidence score was calculated using
the Phred quality score [7, 8]. Known variants with minor
allele frequencies greater than 5% in the Exome Aggregation
Consortium (https://exac.broadinstitute.org) and variants
with a Phred quality score < 20 were filtered out of analysis.

DNA analysis of two gingival tissue portions resulted in
identification of heterozygosity at a mosaic level (0.5-1.8%)
for a single base substitution, ¢.1571G>A, in exon 10 of
the coding sequence of PIK3CA (Phosphatidylinositol-
4,5-Bisphosphate 3-Kinase Catalytic Subunit Alpha) which
translates to a missense mutation, p.Arg524Lys, in the trans-
lated PIK3CA protein (Fig. 5). The variant was seen at a
low mosaic level of 2.0-3.7% in the blood. The frequency
indicates that this variant was a post-zygotic change and not
germline.

The girl has completed phase one of orthodontic treat-
ment which consisted of alignment of the anterior teeth.
The retained primary teeth will be maintained for as long
as possible in order to preserve space in the posterior jaw.
After puberty, the quality of bone will be assessed and the
possibility of dental implants with or without bone grafting
will be considered. If the patient is not a good candidate
for dental implants then a fixed partial prosthesis will be
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Fig.4 a Bone biopsy revealed dysplastic woven bone with prominent
reversal lines in association with fibrocollagenous connective tissue.
b Woven bone spicules in a loose and dense fibrocollagenous stroma

fabricated. Surgical contouring of the jaws will be performed
only if cosmetically necessary. Lastly, the palsy affecting the
left cheek has been improving over time.

Discussion

Herein, we presented the clinicopathologic findings of an
individual with clinical lesions exhibiting similarities with
SOD who, in addition, revealed mandibular involvement.
This may be a unique disorder. However, one can suggest
the possibility of the mandible being also affected, however
rarely, in SOD. SOD is an uncommon, apparently under-
recognized, developmental disorder characterized by poste-
rior maxillary enlargement, dental and osseous abnormali-
ties and occasional homolateral cutaneous findings [3].
Because the condition is non-hereditary, segmental, and
partially characterized by enlargement, we considered the
possibility of somatic mutation in one of the genes related
to overgrowth as a causative mechanism. We were able to
identify somatic PIK3CAc.1571G>A; pArg524Lys albeit in
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Fig.5 Below is a summary of sequencing reads (visualized via Inte-
grative Genomics Viewer) at the c.1571 position in PIK3CA for two
gingival hyperplastic tissue biopsies. The c.1571G>A variant was
detected an at allele frequency of 1.0-1.5% in the results shown here.

a small percentage in the lesional mandibular gingival tis-
sue. Interestingly, the variant existed in a low mosaic level
in the blood.

Phosphatidylinositide 3 kinases (PI3K), members of
intracellular lipid kinases, and their downstream mediators,
AMP/GMP/protein kinase C (AKT) kinases and mamma-
lian target of rapamycin (mTOR), comprise the PI3K/AKT/
mTOR signaling pathway which is essential in the regulation
of cell proliferation, growth, migration, cell survival and
angiogenesis [9]. PIK3CA encodes the p110a catalytic subu-
nit of class IA PI3Ks which, when activated, phosphorylates
AKT to initiate downstream cellular effects [9].

Somatic PIK3CA mutations commonly occur in many
human cancers including breast and colon, as well as, over-
growth disorders, a group of conditions characterized by
combinations of skeletal and soft tissue overgrowth, vas-
cular malformations, epidermal nevi, megalencephaly and
skin lesions collectively referred to as PIK3CA-related over-
growth spectrum (PROS) [10, 11]. Most activating PIK3CA
mutations are clustered at three hot-spots, two glutamates
(E) at 542 and 545 in the helical domain, and histidine (H)
1047 near the C-terminus of the kinase domain. Surpris-
ingly, the same hot spots are observed in cancers with par-
ticipating PIK3CA mutations, as well as, epidermal nevi and
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PIK3CA

The presence of the variant in these biopsies was further confirmed
by additional replicates on the same sequencing platform. No signifi-
cant strand bias was observed among the mutant alleles

seborrheic keratoses, two benign conditions (for a compre-
hensive review see [12]).

The presence of somatic mutations in PROS supports
Rudolph Happle’s principle that non-hereditary syndromic
conditions affecting a segment or segments of the body are
caused by somatic mosaic mutations while complete het-
erozygosity of the same mutations should be considered det-
rimental for development resulting in lethal phenotype [13].
For example, mice with germline PIK3CAH!*'R (p110a)
mutation, a hot-spot mutation occurring in the kinase region
of the gene, which is frequently encountered in patients with
PROS, die prior to E10 due to disruption of the vascular
endothelial growth factor A (VEGF-A) signaling [14].

Although rarely observed, presence of low level PIK3CA
somatic variants in peripheral blood of individuals with
PROS, has been described [15, 16].

Apparently, mutations in blood are less infrequently
encountered in non-hotspot variants, than in hotspot [15,
16]. Also, higher levels of PIK3CA variants in blood com-
pared to lesional tissue occur in individuals with megalen-
cephaly or hemimegalencephaly [16]. Although we do not
have information on the individual presented herein regard-
ing the brain size or brain abnormality, she presented with
homolateral palsy.
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The missense PIK3CAc.1571G>A found herein has
not yet been encountered in reported patients with PROS
and should be considered of unknown significance accord-
ing to Standards and Guidelines by the American College
of Medical Genetics. As a variant, PIK3CAc.1571G>A
is absent from both the Genome Aggregation Database
(https://gnomad.broadinstiture.org) and the 1000 Genome
Project (https://browser.1000genomes.org). It has a single
literature-only entry in ClinVar (https://ncbi.nlm.nih.gov/
clinvar) [17]. Bioinformatic software predicts this change
to be tolerated or benign. However, PIK3CAc.1571G>A has
been observed in neoplasms including HPV+oropharyngeal
carcinoma [18], esophageal squamous cell carcinoma [19],
breast cancer [20] and ovarian cancer [21]. It is unknown if
PIK3CAc.1571G>A is a driver mutation in these neoplasms
and therefore its significance cannot be determined.

One of the cardinal characteristics of SOD is the occa-
sional absence of permanent teeth, retention of primary, and
morphologic variations observed in dental hard tissues [3].
In the experience of the senior author, an individual with
proven PIK3CA-related segmental orofacial overgrowth (in-
frame PIK3CA c.1353_1364del, p.Glu453_Leu456del) and
oral pseudo-perineuriomas has presented also with SOD/
SOD-like osseous dysplasia and dental abnormalities [22].
Individuals with infiltrating lipomatosis, a type of PROS, are
characterized by macrodontia [23]. A PIK3CA variant has
been detected in DNA extracted from the pulp of a tooth of
a patient with megalencephaly-capillary malformation syn-
drome also a PROS condition [24]. One can suggest that the
dental changes observed in SOD as it may be the case in the
individual presented here, could be the result of PIK3CA
variants.

It is known that SOD can occasionally present homo-
lateral cutaneous manifestations such as hypertrichosis
and hyperpigmentation including Becker nevus and rarely
hypopigmentation [3]. Becker nevus is defined as a cutane-
ous hamartomatous lesion appearing in childhood. It affects
approximately 1 in 200 individuals. It is characterized by
unilateral hyperpigmented patch which increases in thick-
ness, pigmentation and growth during adolescence [25].
Also, it may be that the homolateral hyperpigmented and
hypertrichotic cutaneous lesions, at least in some patients
with SOD, represent clinical variations of Becker nevus [5].

Becker nevus can be associated with hypoplasia of the
breast in both males and females, absence of the pectoralis
major muscle (pectoral), underdevelopment of the shoulder
girdle, scoliosis, vertebral defects, fused ribs, pectus exca-
vatum or carinatum, supernumerary nipples, abnormally
sparse hair under the armpit, ipsilateral shortness of a limb
and underdeveloped teeth and jaws, defining what is known
as Becker syndrome [26, 27]. Recently, it was confirmed
that Becker nevus and Becker nevus syndrome have been
associated with somatic mutation of ACTB, a gene coding
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for beta-actin which may interfere with the Hedgehog signal-
ing pathway [28]. This confirms the postulate by Happle and
Koopman that both Becker nevus and Becker syndrome are
mosaic disorders representing a paradominant trait which
implies that loss of heterozygosity occurs at an early devel-
opmental stage leading to mosaic population of heterozy-
gous or hemizygous cells [28]. Based on the above, one can
theorize that SOD and Becker nevus may share a common
gene etiology and it should be of interest to evaluate patients
with SOD for ACTB mutations in addition to PIK3CA.

An interesting report of an Asian patient with facial
Becker nevus and homolateral involvement of the maxilla
and mandible by “polyostotic fibrous dysplasia” has been
reported in a dermatologic journal [29]. The patient’s facial
asymmetry was accompanied by absence of the maxillary
permanent lateral incisor and the right canine. The authors
provided only a clinical picture of the affected part of the
face and a representative CT scan image of the maxilla and
mandible depicting homolateral enlargement and radiopaque
lesions. There were no clinical intraoral pictures available,
no dental x-rays and no reference on histopathology. Given
that lesions of SOD may be misdiagnosed as fibrous dyspla-
sia and the fact that gnathic fibrous dysplasia is not expected
to be associated with hypodontia, it is possible that the
patient reported may have SOD or an SOD-like process with
mandibular involvement similar to our patient.

Lastly, we do not argue against the possibility of trauma
being the cause of the clinical variant observed in the indi-
vidual presented herein, as well as in patients with SOD.
Although trauma has been included as a potential etiologic
factor, confirmation in reported cases is lacking [3].

In summary, we presented a female pediatric individual
with features akin to SOD and mandibular involvement. We
also identified low somatic level PIK3CA variant in lesional
hyperplastic gingival tissue and in peripheral blood. Given
that the etiology of SOD remains to be elucidated, we are
of the opinion that future research should concentrate on
(a) verifying the presence of PIK3CA mutations in conven-
tional (classic) patients with the disorder, and (b) evaluate
such patients for ACTB mutations, especially if they present
with cutaneous lesions suggestive or consistent with Becker
nevus.
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