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Summary

Clinical characteristics

FAM1I111A-related skeletal dysplasias include the milder phenotype of Kenny-Caffey syndrome (KCS) and a
more severe lethal phenotype, osteocraniostenosis (OCS). KCS is characterized by proportionate short stature
(typically postnatal onset), relative macrocephaly, large anterior fontanel with delayed closure, characteristic
facial features, cortical thickening of the long bones with stenosis of the medullary cavity, and ophthalmologic
and dental manifestations. OCS is characterized by intrauterine growth deficiency, microcephaly, characteristic
facial features, decreased skull ossification, slender long bones with cortical thickening, stenosis of the medullary
cavity of the long bones, flared metaphyses, and thin ribs with thoracic and pulmonary hypoplasia leading to
respiratory insufficiency. Perinatal fractures may occur. Primary hypoparathyroidism with hypocalcemia and
hyperphosphatemia can occur in individuals with KCS and OCS.

Diagnosis/testing

The diagnosis of a FAM111A-related skeletal dysplasia is established in a proband with suggestive findings and a
heterozygous pathogenic variant in FAM111A identified by molecular genetic testing.

Management

Treatment of manifestations: Survivors with OCS require aggressive respiratory support and management of
restrictive lung disease with a respiratory specialist; for all affected individuals, supplemental calcium and
activated forms of vitamin D per endocrinologist; management of refractive errors and cataracts; management
of dental manifestations with a dental specialist / oral surgeon; environmental and/or occupational
modifications as needed for short stature in those with KCS; conservative or surgical management per
orthopedist and/or neurosurgeon for scoliosis; individualized developmental support by allied health clinicians;
referral to psychologist as needed.
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Surveillance: For individuals with KCS and OCS, assess anthropometry (height, weight, growth velocity, limb
proportions, and upper-to-lower segment proportions) at each visit; clinical examination for scoliosis at each
visit, with referral to orthopedics and physical therapy as necessary; assess functional limitations and assessment
with physical therapy and/or occupational therapy as needed; measurement of serum calcium, phosphate, and
vitamin D every three months until calcium level is normalized on treatment and then subsequently every six
months; clinical examination for manifestations of hypocalcemia; abdominal ultrasound to assess for
nephrocalcinosis and/or nephrolithiasis annually while on treatment; ophthalmology examination annually or as
indicated; dental examinations every six months; assess for clinical manifestations of anemia at each visit;
monitor developmental progress and educational needs at each visit throughout childhood; assess for changes in
mood, affect, and/or psychosocial stressors at each visit; assess care coordination needs and genetic counseling
needs at each visit.

Genetic counseling
FAM1I111A-related skeletal dysplasias (including KCS and OCS) are autosomal dominant disorders.

« KCS. Most individuals diagnosed with KCS have the disorder as the result of a de novo FAM111A
pathogenic variant. Rarely, individuals diagnosed with KCS have an affected parent. If a parent of the
proband is known to have the pathogenic variant identified in the proband, the risk to the sibs of
inheriting the pathogenic variant is 50%. Each child of an individual with KCS has a 50% chance of
inheriting the FAM111A pathogenic variant.

« OCS. With one possible exception, all probands reported to date with OCS whose parents have undergone
molecular genetic testing have the disorder as the result of a de novo FAM111A pathogenic variant. Given
that probands with OCS typically have the disorder as the result of a de novo FAM111A pathogenic
variant, the risk to other family members is presumed to be low.

Once the FAM111A pathogenic variant has been identified in an affected family member, prenatal and
preimplantation genetic testing are possible.

GeneReview Scope

FAM111A-Related Skeletal Dysplasias: Included Phenotypes !

o Kenny-Caffey syndrome
o Osteocraniostenosis (gracile bone dysplasia)

For synonyms and outdated names, see Nomenclature.
1. For other genetic causes of these phenotypes, see Differential Diagnosis.

Diagnosis
No consensus clinical diagnostic criteria for FAM111A-related skeletal dysplasias have been published.

Suggestive Findings

FAM111A-related skeletal dysplasias include the milder phenotype of Kenny-Caffey syndrome and a more
severe lethal phenotype, osteocraniostenosis. A FAM111A-related skeletal dysplasia should be suspected in
probands with a combination of the following clinical, imaging, and laboratory findings:

Kenny-Caffey Syndrome
Clinical findings

« Proportionate short stature, most often postnatal onset
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« Dysmorphic facial features such as frontal bossing or prominent forehead with relative macrocephaly,
triangular face, short palpebral fissures, deeply set eyes, midface retrusion, short nose, narrow nasal ridge,
and micrognathia or microretrognathia (See Figure 1.)

o Ocular manifestations including microphthalmia, aniridia, hyperopia or myopia, astigmatism, cataract,
corneal and retinal calcification, and pseudopapilledema

« Dental manifestations including oligodontia, enamel hypoplasia, retention of primary dentition, delayed
eruption of secondary dentition, increased dental caries, and loss of secondary dentition due to dental
caries

o Other features including small testes and infertility have been described.

Imaging findings

o Skeletal radiographs show delayed anterior fontanelle closure and short long bones with cortical
thickening and stenosis of the medullary cavity (see Figure 2).

« Brain imaging shows calcification (typically of the basal ganglia but also reported in dentate nuclei and
parts of the cerebrum and cerebellum).

o Other imaging findings including wormian bones, prominent odontoid process, craniosynostosis (coronal
and/or basal sutures), and coxa valga have also been reported.

Laboratory findings. Primary hypoparathyroidism with hypocalcemia and hyperphosphatemia

Osteocraniostenosis

Clinical findings

« Intrauterine growth deficiency with micromelia and disproportionately small hands and feet
o Craniofacial features such as ear anomalies, short nose, and narrow mouth

» Micropenis and small testes

« Respiratory insufficiency secondary to pulmonary hypoplasia

o Splenic aplasia or hypoplasia

 Extramedullary hematopoiesis

Imaging findings

o Cloverleaf-shaped skull (can be detected antenatally)

o Decreased skull ossification (can be detected antenatally)

« Slender long bones with cortical thickening, stenosis of the medullary cavity, and flared metaphyses

o Thin ribs and thoracic hypoplasia

 Bone fractures in some individuals, typically affecting long bones (e.g., femur, radius, ulna) and
occasionally rib fractures

Laboratory findings. Primary hypoparathyroidism with hypocalcemia and hyperphosphatemia

Establishing the Diagnosis

The diagnosis of a FAM111A-related skeletal dysplasia is established in a proband with suggestive findings and a
heterozygous pathogenic (or likely pathogenic) variant in FAM111A identified by molecular genetic testing (see
Table 1).

Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variant" and "likely
pathogenic variant" are synonymous in a clinical setting, meaning that both are considered diagnostic, and both
can be used for clinical decision making [Richards et al 2015]. Reference to "pathogenic variant" in this section is
understood to include any likely pathogenic variant. (2) Identification of a heterozygous FAM111A variant of
uncertain significance does not establish or rule out the diagnosis.
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Figure 1. Craniofacial features of an individual with Kenny-Caffey syndrome at age 23 years with prominent forehead, triangular face,
midface retrusion, and micrognathia

Reprinted with permission from Cheng et al [2021]

Molecular genetic testing approaches can include a combination of gene-targeted testing (single-gene testing,
multigene panel) and comprehensive genomic testing (exome sequencing, genome sequencing) depending on
the phenotype.

Gene-targeted testing requires that the clinician determine which gene(s) are likely involved, whereas genomic
testing does not. Individuals with the distinctive findings described in Suggestive Findings are likely to be
diagnosed using gene-targeted testing (see Option 1), whereas those with a phenotype indistinguishable from
many other skeletal dysplasias are more likely to be diagnosed using genomic testing (see Option 2).

Option 1

Single-gene testing. Sequence analysis of FAM111A is performed first to detect small intragenic deletions/
insertions and missense, nonsense, and splice site variants. Typically, if no variant is detected by the sequencing
method used, the next step is to perform gene-targeted deletion/duplication analysis to detect exon and whole-
gene deletions or duplications; however, to date such variants have not been identified as a cause of this disorder.

A skeletal dysplasia multigene panel that includes FAM111A and other genes of interest (see Differential
Diagnosis) may be considered to identify the genetic cause of the condition while limiting identification of
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Figure 2. Radiographs of the lower limbs in an individual with Kenny-Caffey syndrome (at age 13 years) showing slender femoral
diaphyses with cortical thickening and medullary stenosis (black arrows)

Reprinted with permission from Cheng et al [2021]
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variants of uncertain significance and pathogenic variants in genes that do not explain the underlying
phenotype. Note: (1) The genes included in the panel and the diagnostic sensitivity of the testing used for each
gene vary by laboratory and are likely to change over time. (2) Some multigene panels may include genes not
associated with the condition discussed in this GeneReview. (3) In some laboratories, panel options may include
a custom laboratory-designed panel and/or custom phenotype-focused exome analysis that includes genes
specified by the clinician. (4) Methods used in a panel may include sequence analysis, deletion/duplication
analysis, and/or other non-sequencing-based tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic
tests can be found here.

Option 2

Comprehensive genomic testing does not require the clinician to determine which gene is likely involved.
Exome sequencing is most commonly used; genome sequencing is also possible.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians
ordering genomic testing can be found here.

Table 1. Molecular Genetic Testing Used in FAM111A-Related Skeletal Dysplasias

Proportion of Probands with a Pathogenic

1
Gene Method Variant 2 Detectable by Method
Sequence analysis 3 100% 4
FAMII11A _ i icati
Gene 'Farsgeted deletion/duplication None reported 6
analysis

1. See Table A. Genes and Databases for chromosome locus and protein.

2. See Molecular Genetics for information on variants detected in this gene.

3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.

4. Unger et al [2013], Guo et al [2014], Isojima et al [2014], Nikkel et al [2014], Kim et al [2015], Abraham et al [2017], Wang et al
[2019], Cavole et al [2020], Deconte et al [2020], Pemberton et al [2020], Quaio et al [2020], Cheng et al [2021], Dempsey et al [2021],
Lang et al [2021], Miiller et al [2021], Stranneheim et al [2021], Yerawar et al [2021], Bowling et al [2022], Rosato et al [2022], Eren et al
[2023]

5. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted
microarray designed to detect single-exon deletions or duplications.

6. Data derived from the subscription-based professional view of Human Gene Mutation Database [Stenson et al 2020]

Clinical Characteristics

Clinical Description

FAM111A-related skeletal dysplasias include the milder phenotype of Kenny-Caffey syndrome (KCS) and a
more severe lethal phenotype, osteocraniostenosis (OCS). To date, at least 35 individuals have been identified
with a FAM111A-related skeletal dysplasia [Unger et al 2013, Guo et al 2014, Isojima et al 2014, Nikkel et al
2014, Kim et al 2015, Abraham et al 2017, Wang et al 2019, Cavole et al 2020, Deconte et al 2020, Pemberton et al
2020, Quaio et al 2020, Cheng et al 2021, Dempsey et al 2021, Lang et al 2021, Miiller et al 2021, Stranneheim et
al 2021, Yerawar et al 2021, Bowling et al 2022, Rosato et al 2022, Eren et al 2023]. The following description of
the phenotypic features associated with these conditions are based on these reports.


https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels_FAQs
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing_1
https://www.ncbi.nlm.nih.gov/books/n/gene/app2/
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Table 2. FAM111A-Related Skeletal Dysplasias: Comparison of Phenotypes by Select Features

Feature

Anthropometric

Craniofacial

Skeletal

Endocrine

Ophthalmologic

Intrauterine growth deficiency
Short stature
Microcephaly

Large anterior fontanelle / delayed
anterior fontanelle closure

Craniosynostosis

Frontal bossing or prominent forehead

Triangular face

Short palpebral fissures

Midface retrusion

Low-set ears

Short nose &/or narrow nasal ridge
Micrognathia or microretrognathia
Cloverleaf-shaped skull

Decreased skull ossification
Slender long bones

Cortical thickening of long bones

Stenosis of medullary cavity of long
bones

Flared metaphyses
Thin ribs

Thoracic hypoplasia
Acromicria
Fractures

Primary hypoparathyroidism w/

hypocalcemia & hyperphosphatemia
Microphthalmia
Refractive errors 2

Papilledema/pseudopapilledema

Proportion of Persons w/Feature

Kenny-Caffey syndrome
(22 reported) 1

3/15
19/20
4/20

13/19

3/20
17/19
10/15
11/18
5/16
4/15
5/15
10/16
0/22
3/11
3/21
21/21

21/21

0/16
1/21
0/19
2/21
0/21

20/22

1/19
15/18
2/19

Osteocraniostenosis
(13 reported) 1

9/10
6/6
3/4

4/4

1/1
4/4
2/3
1/2
1/1
4/5
4/4
3/3
9/9
10/10
9/9
717

717

9/9
4/6
2/4
1/1
3/10

6/6

4/8
NA
NA
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Table 2. continued from previous page.

Proportion of Persons w/Feature

Feature Kenny-Caffey syndrome Osteocraniostenosis
(22 reported) 1 (13 reported) 1
Defective dentition 3 8/12 NA
Dental Dental caries 4/11 NA
Loss of secondary dentition 3/10 NA

NA = not applicable or insufficient information due to osteocraniostenosis being a perinatally lethal condition

1. Unger et al [2013], Guo et al [2014], Isojima et al [2014], Nikkel et al [2014], Kim et al [2015], Abraham et al [2017], Wang et al
[2019], Cavole et al [2020], Deconte et al [2020], Pemberton et al [2020], Quaio et al [2020], Cheng et al [2021], Dempsey et al [2021],
Lang et al [2021], Miiller et al [2021], Stranneheim et al [2021], Yerawar et al [2021], Bowling et al [2022], Rosato et al [2022], Eren et al
[2023]

2. Refractive errors include hyperopia, myopia, and astigmatism.

3. Defective dentition includes enamel hypoplasia, small teeth, hypodontia/oligodontia, and abnormal eruption pattern of dentition.

Kenny-Caffey Syndrome (KCS)

Growth deficiency. The majority of individuals with KCS were born at term; intrauterine growth deficiency is
not common. Postnatal short stature (height >2 standard deviations [SD] below the mean) is present in all
affected individuals. The reported heights range from 2.6 SD below the mean to 8.2 SD below the mean [Unger
et al 2013, Guo et al 2014, Isojima et al 2014, Nikkel et al 2014, Abraham et al 2017, Cavole et al 2020, Deconte et
al 2020, Quaio et al 2020, Cheng et al 2021, Lang et al 2021, Yerawar et al 2021].

Relative macrocephaly is common due to the significant reduction in height with relatively preserved head
circumference [Cheng et al 2021, Yerawar et al 2021].

Craniofacial features. Large anterior fontanelle and delayed anterior fontanelle closure are common in
individuals with KCS. Craniosynostosis has been reported; it is predominantly basal type and leads to a V-
shaped orbital roof [Unger et al 2013, Cheng et al 2021]. Characteristic facial features include frontal bossing or
prominent forehead with relative macrocephaly, triangular face, short palpebral fissures, deeply set eyes, midface
retrusion, short nose, narrow nasal ridge, and micrognathia or microretrognathia (see Figure 1).

Skeletal features. Some individuals with KCS have decreased skull ossification. Long bones have cortical
thickening and stenosis of the medullary cavity. In some individuals the long bones are slender. However,
fractures have not been reported. Thin ribs have been reported in one individual [Kim et al 2015].

Primary hypoparathyroidism and hypocalcemia were reported in most individuals. Most presented before age
two months (usually during the neonatal period) with hypocalcemic seizures [Unger et al 2013, Isojima et al
2014, Nikkel et al 2014, Kim et al 2015, Abraham et al 2017, Wang et al 2019, Cavole et al 2020, Deconte et al
2020, Quaio et al 2020, Cheng et al 2021, Yerawar et al 2021, Eren et al 2023]. Severity of hypocalcemia is
variable, and most affected individuals require lifelong vitamin D and calcium supplements.

Ectopic calcification. Primary hypoparathyroidism results in hyperphosphatemia; elevated serum phosphorous
can cause ectopic soft tissue calcifications.

« Calcification of basal ganglia is the most frequently detected abnormality on brain imaging in individuals
with KCS (5/10 individuals). One individual with KCS showed multiple calcifications in the cerebral
hemisphere and cerebellum [Cavole et al 2020].

« Cataract was reported in two adults with KCS at ages 20 and 40 years, respectively [Unger et al 2013,
Cheng et al 2021].

» Nephrocalcinosis was reported in two adults with KCS [Cheng et al 2021].
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« Other organs can be affected as well as the skin and joints.

Other ophthalmologic features include myopia, hypermetropia, astigmatism, and pseudopapilledema.
Refractive errors were present in more than 80% of individuals with KCS, requiring corrective lenses without
affecting daily function. Microphthalmia was reported in one individual with KCS [Lang et al 2021].

Dental anomalies include oligodontia or hypodontia, thin enamel or enamel hypoplasia, increased dental caries
(4 individuals), retention of primary dentition, and delayed eruption of secondary dentition or loss of secondary
dentition prior to age 40 years (3 individuals). Dental manifestations were found in more than 60% of
individuals with KCS, and many individuals required dental prostheses [Guo et al 2014, Nikkel et al 2014, Wang
et al 2019, Cavole et al 2020, Cheng et al 2021].

Genitourinary anomalies. Small testes were reported in three males with KCS [Cavole et al 2020, Cheng et al
2021]. Micropenis was reported in one individual [Cavole et al 2020].

High-pitched voice was noted in four in individuals with KCS [Unger et al 2013, Cheng et al 2021].
Other

« Developmental delay is rarely reported. The severity of developmental delay was reported as mild in one
individual [Deconte et al 2020]. One individual with FAM111A-related skeletal dysplasia presented with
microcephaly and intellectual disability. The clinical phenotype was described as intermediate between
KCS and Sanjad-Sakati syndrome (OMIM 211410) [Cavole et al 2020].

« Growth hormone deficiency was reported in three individuals with KCS [Isojima et al 2014, Kim et al
2015]; however, further investigation is required to establish a causal relationship.

+ Other musculoskeletal anomalies such as polysyndactyly, torticollis, rigid spine, scoliosis, coxa valga,
knee and ankle valgus, and hypermobile joints have been rarely reported in individuals with KCS [Isojima
et al 2014, Kim et al 2015, Cavole et al 2020, Cheng et al 2021].

Prognosis. Based on current evidence, individuals with KCS have a normal life span.

Osteocraniostenosis (OCS)

Growth deficiency. Intrauterine growth deficiency is almost universal. Postnatal short stature (height >2 SD
below the mean) was present in all affected individuals.

Microcephaly (head circumference >2 SD below the mean) is common in individuals with OCS. Information
regarding detailed structural brain imaging is limited in this group.

Craniofacial features. Cloverleaf-shaped skull with large anterior fontanel was reported in all individuals/
fetuses with OCS [Unger et al 2013, Pemberton et al 2020, Rosato et al 2022, Eren et al 2023]. One fetus with
OCS and microcephaly had craniosynostosis [Pemberton et al 2020]. Characteristic facial features included
frontal bossing, triangular face, short palpebral fissures, midface retrusion, ear anomalies, low-set ears, short
nose, narrow mouth, micrognathia, and retrognathia. Two fetuses with OCS had microretrognathia detected at
20 weeks' gestation by ultrasound [Miiller et al 2021, Rosato et al 2022].

Skeletal features. Decreased skull ossification was reported in ten individuals with OCS and could be detected
as early as 20 weeks' gestation [Unger et al 2013, Miiller et al 2021, Rosato et al 2022. Eren et al 2023].
Hypomineralized skull is a distinguishing skeletal feature in OCS. The long bones are slender with cortical
thickening, stenosis of the medullary cavity, and flared metaphyses in all individuals with OCS. Fractures of the
long bones (e.g., femur, radius, ulna) and rib fractures have been reported in the antenatal and perinatal period
in three individuals [Rosato et al 2022]. Additional skeletal features (e.g., camptodactyly, platyspondyly) were
also noted [Rosato et al 2022].


https://omim.org/entry/211410
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Thin ribs and thoracic hypoplasia can be detected early in the antenatal period. Pulmonary hypoplasia often
leads to respiratory distress in newborns and is the main cause of early mortality [Rosato et al 2022, Eren et al
2023]. Surviving neonates with OCS typically require aggressive respiratory support. One child with OCS
survived until age 21 months [Unger et al 2013].

Primary hypoparathyroidism and hypocalcemia. Two of six individuals had documented hypocalcemic
seizures that occurred early in the neonatal period [Unger et al 2013, Eren et al 2023]. Affected individuals
required vitamin D and calcium supplementation.

Ophthalmologic features. Microphthalmia is reported in half of individuals. Other ocular features (e.g.,
papilledema, refractive errors, early-onset cataract) were not identified due to the perinatal lethality of OCS.

Genitourinary anomalies. Micropenis was reported in six individuals with OCS. [Unger et al 2013, Rosato et al
2022, Eren et al 2023]. Small testes were reported in one individual [Eren et al 2023].

Splenic aplasia or hypoplasia was reported in four individuals with OCS [Unger et al 2013, Miiller et al 2021,
Rosato et al 2022].

Genotype-Phenotype Correlations

Most FAM111A pathogenic variants are clustered near the protein C-terminus. To date, there is no established
genotype-phenotype correlations, and FAM111A genotype cannot definitively predict KCS or OCS phenotype
[Rosato et al 2022].

Penetrance

The penetrance is complete for FAM111A-related skeletal dysplasias.

Nomenclature

Kenny-Caffey syndrome has also been referred to as Kenny-Caftey syndrome type 2. "Type 2" is intended to
distinguish Kenny-Caffey syndrome caused by heterozygous pathogenic variants in FAM111A from a clinically
similar disorder caused by biallelic pathogenic variants in TBCE [Rosato et al 2022]. The TBCE-related
phenotype is referred to as a "recessive variant of the Kenny Caffey" in OMIM (OMIM 244460) and designated
"Kenny-Caffey syndrome type 1."

In the 2023 revision of the Nosology of Genetic Skeletal Disorders [Unger et al 2023], Kenny-Caffey syndrome
caused by heterozygous FAM111A pathogenic variants is designated "Kenny-Caffey syndrome, dominant,
FAM111A-related,” while the autosomal recessive skeletal dysplasia associated with TBCE pathogenic variants is
designated "Sanjad-Sakati syndrome, recessive, TBCE-related.” While these two conditions have some
phenotypic overlap, they represent distinct clinical and genotypic entities (see Table 3a).

Prevalence

The prevalence of FAM111A-related skeletal dysplasias is unknown. To date, 35 individuals with FAMI11A-
related skeletal dysplasias have been reported.

Genetically Related (Allelic) Disorders

No phenotypes other than those discussed in this GeneReview are known to be associated with germline
pathogenic variants in FAMI1IA.


https://omim.org/entry/244460

FAM111A-Related Skeletal Dysplasias 1

Differential Diagnosis

Genes of interest in the differential diagnosis of Kenny-Caffey syndrome (KCS) are summarized in Table 3a.

Table 3a. Genes of Interest in the Differential Diagnosis of Kenny-Caffey Syndrome

Features of Differential Diagnosis Disorder

Gene Disorder MOI
Overlapping w/KCS Distinguishing from KCS
: . Normal stature
LRP5 Osteosclerosis (OMIM AD o Sclerosis of l'ong bpnes Elongated mandible
144750) o Dental manifestations . .
1 calvarial density
Tall stature
Progressive skeletal overgrowth
SOST-related sclerosing Th1erned ribs . .
o . . Facial bone hyperplasia (e.g., prominent
bone dysplasias (incl « Diaphyseal sclerosis .
SOST . AR . mandible)
sclerosteosis & van Buchem  Frontal bossing .
. Hyperostosis of skull
disease) . .
Cranial nerve impingement
Variable syndactyly (usually fingers 2-3)
1 serum parathyroid hormone
Thick long bones of extremities
Hematodiaphyseal \I\//I\f;crifoci\lfa}[l)hyﬁ:hﬁziullary cavities
TBXASI dysplasia Ghosal (OMIM AR Cortical hyperostosis W hyp vy .
More likely to have hematologic
231095) L . .
abnormalities (e.g., anemia, leukopenia,
thrombocytopenia)
Camurati-Engelmann . Frontal.bossmg . . Macrocephaly w/ skull. hyperostosis
disease (diaphyseal « Sclerosis / cortical thickening Enlargement of mandible
TGFBI : . AD of long bones Proptosis
dysplasia Camurati- . . N L
o Medullary stenosis of long Cranial nerve impingement resulting in
Engelmann) :
bones facial palsy
+ Short stature
+ Delayed anterior fontanelle
closure
» Frontal bossing / prominent Severe intrauterine growth restriction
forehead Microcephaly more common than in
. . o Micrognathia KCS
TBCE Sanjad-Sakati syndrome AR + Micropenis/cryptorchidism Recurrent infection

(OMIM 241410)

Low parathyroid hormone
Hypocalcemia

Medullary stenosis of tubular
bones

Thin long bones

Patchy osteosclerosis

Intellectual disability / developmental
delay (which is very rarely reported in
KCS)

AD = autosomal dominant; AR = autosomal recessive; KCS = Kenny-Caffey syndrome; MOI = mode of inheritance

Genes of interest in the differential diagnosis of osteocraniostenosis (OCS) are summarized in Table 3b. Of note,
unlike OCS, none of the disorders listed in Table 3b are associated with cortical thickening and medullary

stenosis of long bones.


https://omim.org/entry/144750
https://www.ncbi.nlm.nih.gov/books/n/gene/sost/
https://www.ncbi.nlm.nih.gov/books/n/gene/sost/
https://omim.org/entry/231095
https://www.ncbi.nlm.nih.gov/books/n/gene/ced/
https://www.ncbi.nlm.nih.gov/books/n/gene/ced/
https://omim.org/entry/241410

12

Table 3b. Genes of Interest in the Differential Diagnosis of Osteocraniostenosis

Gene(s)

CEP120
CFAP410
DYNC2H1
DYNC2I1
DYNC2I2
DYNC2LII1
IFT52
IFT80
IFT81
IFT122
IFT140
IFT172
KIAA0586
KIAA0753
NEK1
TCTEX1D2
TRAF3IPI
TTC21B
WDRI19
WDR35

COLIAI
COLI1A2

COL2A1
SLC26A2
TRIP11

COL2A1

FGFR3

Disorder MOI

Skeletal ciliopathies, incl

perinatal lethal short-rib

polydactyly syndromes & AR
Jeune asphyxiating thoracic ~ Digenic
dystrophy (See OMIM

PS208500.)

2

Perinatally lethal
osteogenesis imperfect
(previously OI type II) (See
COL1A1/2OL)

AD

Achondrogenesis (ACG)
type IA, type IB, & type II
(OMIM PS200600)

Platyspondylic dysplasia,
Torrance type (OMIM AD
151210)

Homozygous achondroplasia AD

GeneReviews®

Features of Differential Diagnosis Disorder

Overlapping w/OCS

May be lethal in perinatal
period or infancy

Short long bones

Narrow thorax & short ribs
Pulmonary hypoplasia
Short stature & short limbs
in infancy

Typically lethal in perinatal
period

Absent calvarial
mineralization

Large fontanelles
Shortened long bones
Severe short stature
Fractures in utero

Typically lethal in perinatal
period

Short stature

Micromelia

Short ribs

Poorly ossified skull in
TRIP11-related ACG

Typically lethal in perinatal
period

Thin ribs

Short long bones

Typically lethal in perinatal
period

Short stature

Flared metaphyses

Frontal bossing

Midface retrusion

Distinguishing from OCS !

Absence of cloverleaf-shaped skull
Polydactyly & multisystem
manifestations are common.
Survivors may manifest only
mild-to-moderate short stature.
Not assoc w/hypoparathyroidism

Presence of blue sclera &
markedly bowed long bones
Absence of splenic hypoplasia &
cloverleaf-shaped skull

Minimal or absent ossification of
vertebral bodies, iliac & ischial
bones, & limbs

Absence of cloverleaf-shaped skull

Extreme platyspondyly
Hypoplastic ilia
Macrocephaly

Family history of achondroplasia
in both parents

Megalencephaly

Upper airway obstruction
Foramen magnum stenosis
Dysplastic ilium

Severe bowing of femurs


https://omim.org/phenotypicSeries/PS208500
https://www.ncbi.nlm.nih.gov/books/n/gene/oi/
https://www.ncbi.nlm.nih.gov/books/n/gene/achon1b/
https://www.omim.org/phenotypicSeries/PS200600
https://omim.org/entry/151210
https://www.ncbi.nlm.nih.gov/books/n/gene/achondroplasia/
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Table 3b. continued from previous page.

Gene(s)

GPX4

HSPG2

INPPL1

PAM1I6

Disorder

SADDAN (severe
achondroplasia w/
developmental delay &
acanthosis nigricans)
(OMIM 616482)

Thanatophoric dysplasia

Spondylometaphyseal
dysplasia, Sedaghatian type
(OMIM 250220)

Dyssegmental dysplasia,
Silverman-Handmaker type
(OMIM 224410)

Opsismodysplasia (OMIM
258480)

MAGMAS-related skeletal
dysplasia
(spondylometaphyseal
dysplasia, Megarbane-
Dagher-Melike type) (OMIM
613320)

MOI

AD

AD

AR

AR

AR

AR

13

Features of Differential Diagnosis Disorder

Overlapping w/OCS

Large anterior fontanelle
Short stature

Frontal bossing

Midface retrusion

Small chest

Usually lethal in perinatal
period

Cloverleaf-shaped skull
Large anterior fontanelle
Frontal bossing

Narrow thorax

Typically lethal in perinatal
period

Short ribs

Irregular metaphyses

Typically lethal
Narrow thorax
Short stature
Flat face
Micrognathia
Cryptorchidism

May be lethal in perinatal
period

Large fontanelles

Frontal bossing

Short nose

Small chest

May be lethal in perinatal
period

Short stature

Narrow chest w/short ribs
Frontal bossing /
prominent forehead
Large fontanelles

Short nose

Wormian bones

Distinguishing from OCS 1

Not typically lethal in perinatal
period

Severe tibial & clavicular bowing
Seizures

Foramen magnum stenosis /
hydrocephalus

Presence of acanthosis nigricans

Platyspondyly
Well-ossified skull
Severely bowed femurs

Turricephaly

Platyspondyly

Cardiac manifestations (e.g., atrial
septal defect & cardiac
arrhythmia)

Irregular lacy iliac crest

Anisospondyly
Cleft palate
Encephalocele

Marked delay in epiphyseal
appearance

Severe scoliosis

Severe platyspondyly
Hypophosphatemia in some
persons

Square iliac bones

Prominent abdomen

Round face

Severe platyspondyly

Absence of epiphyseal ossification
of knees

Square iliac bones

Horizontal acetabulae w/medial &
lateral spurs

Hypoplastic ischia

Bone abnormalities improve
w/age


https://omim.org/entry/616482
https://www.ncbi.nlm.nih.gov/books/n/gene/td/
https://omim.org/entry/250220
https://omim.org/entry/224410
https://omim.org/entry/258480
https://omim.org/entry/613320
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Table 3b. continued from previous page.

Gene(s)

PEX7

SLC35D1

SOX9

Disorder

Classic rhizomelic
chondrodysplasia punctata
type 1 (RCDP1)

Schneckenbecken dysplasia
(OMIM 269250)

Campomelic dysplasia

MOI

AR

AR

AD

GeneReviews

Features of Differential Diagnosis Disorder

Overlapping w/OCS

o May be lethal in neonatal

period
o Micrognathia
 Flat face

o Frontal bossing

o Lethal in perinatal period
o Short stature

o Narrow chest

» Midface retrusion

o Typically lethal in perinatal
period
« Short stature

Distinguishing from OCS !

Punctate calcifications in cartilage
w/epiphyseal & metaphyseal
abnormalities

Coronal cleft or notch of vertebral
bodies

Joint contractures

Skin manifestations (e.g.,
ichthyosis)

Cleft palate

Hypoplastic iliac bones w/
characteristic appearance
resembling a snail

Broad long bones

Precocious ossification of tarsus

Enlarged & elongated skull
Skin dimples often present
Profound hypoplasia of body of
scapulae

Poorly developed & immaturely
ossified tubular bones
Non-mineralized thoracic
pedicles

<75% of persons w/46,XY
karyotype have either female
external genitalia or ambiguous
genitalia.

AD = autosomal dominant; AR = autosomal recessive; MOI = mode of inheritance; OCS = osteocraniostenosis
1. In addition to absence of cortical thickening and medullary stenosis of long bones
2. Biallelic inheritance of pathogenic variants in DYNC2H1 and NEK1 has been reported (see OMIM 613091).

Management

No clinical practice guidelines for FAM111A-related skeletal dysplasias have been published.

Evaluations Following Initial Diagnosis

To establish the extent of disease and needs in an individual diagnosed with a FAM111A-related skeletal
dysplasia, the evaluations summarized in Table 4 (if not performed as part of the evaluation that led to the
diagnosis) are recommended.

Table 4. Recommended Evaluations Following Initial Diagnosis in Individuals with a FAM111A-Related Skeletal Dysplasia

System/Concern Evaluation Comment
Growth assessment incl height, weight, body mass index &
Constitutional growth velocity, limb proportions, & upper-to-lower body
segment proportions
o Chest x-ray
Respiratory o Assessment of respiratory rate, effort, skin color, & In those w/OCS

oxygen saturations

®


https://www.ncbi.nlm.nih.gov/books/n/gene/rcdp/
https://www.ncbi.nlm.nih.gov/books/n/gene/rcdp/
https://www.ncbi.nlm.nih.gov/books/n/gene/rcdp/
https://omim.org/entry/269250
https://www.ncbi.nlm.nih.gov/books/n/gene/campo-dysp/
https://omim.org/entry/613091
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Table 4. continued from previous page.

System/Concern

Musculoskeletal

Neurologic

Endocrine

Ophthalmologic

Dental

Hematologic

Developmental

Psychosocial

Evaluation

Complete radiologic skeletal survey
Orthopedic consultation
Functional assessment

Head CT to assess for hydrocephalus or other brain
malformation &/or craniosynostosis

Consider brain MRI to assess for intracranial
calcifications, predominantly of basal ganglia.

Serum calcium, phosphorous, 25-hydroxyvitamin D,
magnesium, & parathyroid hormone

Assess for complications from acute or chronic
hypocalcemia (e.g., tetany, soft tissue calcifications).
Referral to endocrinology

Exam for micropenis &/or small testes

Ophthalmology exam

Dental assessment

Developmental assessment to incl motor, adaptive, cognitive,

Abdominal ultrasound to assess for splenic
hypoplasia/aplasia
CBC

& speech-language eval

Assessment for adaptive needs due to short stature
Referral to support resources

Genetic counseling By genetics professionals !

Family support
& resources

Assess need for:

Community or online resources such as Parent to
Parent;

Social work involvement for parental support;
Home nursing referral.

15

Comment

o Assess extent of skeletal malformations.

o Eval by orthopedic specialist experienced
in skeletal dysplasia

« Consider eval of functional limitations &
ADL.

¢ Referral to PT &/or OT as needed

Consider renal ultrasound for nephrocalcinosis
in older children & adults.

Eval for refractive errors, microphthalmia,
astigmatism, pseudopapilledema, & cataract

When teeth erupt, preferably by age 2-3 yrs

In those w/OCS

o Inthose w/OCS

o Asneeded in those w/KCS; note almost all
affected persons had normal development
& cognition

To inform affected persons & their families re
nature, MOI, & implications of FAM111A-related
skeletal dysplasias to facilitate medical & personal
decision making

ADL = activities of daily living; CBC = complete blood count; KCS = Kenny-Caffey syndrome; MOI = mode of inheritance; OCS =
osteocraniostenosis; OT = occupational therapy; PT = physical therapy

1. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

Treatment of Manifestations

Supportive care by a multidisciplinary team often includes pediatric endocrinologists, orthopedic surgeons,
pulmonologists (for those with osteocraniostenosis) ophthalmologists, dental surgeons, hematologists,
occupational therapists, physical therapists, and psychologists.


https://www.p2pusa.org/
https://www.p2pusa.org/
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Table 5. Treatment of Manifestations in Individuals with a FAM111A-Related Skeletal Dysplasia

Manifestation/Concern Treatment

For surviving neonates w/OCS:

o Aggressive respiratory support
o Mgmt of restrictive lung disease w/respiratory
specialist

Respiratory disease

Hypoparathyroidism/
Hypocalcemia

Supplemental calcium & activated forms of vitamin D .
(calcitriol or alfacalcidol) per endocrinologist

Ophthalmologic Mgmt of refractive errors & cataract per ophthalmologist

Dental manifestations Treatment per dentist &/or oral surgeon

o Environmental or occupational modifications as
needed (e.g., lower desk)
o Consider referral to OT

Short stature

Conservative or surgical treatment per orthopedist &/or

Scoliosis
neurosurgeon

Development In.d1.v1.duahzed developmental support by allied health
clinicians

Psychosocial o Referral to support resources

+ Referral to psychologist as needed

Considerations/Other

Hypocalcemic seizure can be present in
early neonatal period.

Maintenance of normal serum calcium &
phosphorus is recommended to minimize
risk of developing cataracts &
intracerebral calcification.

GH deficiency was identified in 3 individuals w/
KCS; however, response to recombinant GH has
not been evaluated. !

In 2 adults w/KCS, severe torticollis & scoliosis
were managed conservatively. 2

GH = growth hormone; KCS = Kenny-Caffey syndrome; OCS = osteocraniostenosis; OT = occupational therapy

1. Isojima et al [2014], Kim et al [2015]
2. Cheng et al [2021]

Surveillance

Table 6. Recommended Surveillance for Individuals with a FAM111A-Related Skeletal Dysplasia

System/Concern Evaluation
Constitutional Measurement of lmear. growth, weight, & upper-to-lower
body segment proportions
Clinical exam for scoliosis
Musculoskeletal o Referral for orthopedic assessment
o Assess functional limitations & assessment w/PT &
OT.
o Measurement of serum calcium, phosphate, &
vitamin D
Hypoparathyroidism/ * Clinical exam for manifestations of acute or
Hypocalcemia chronic hypocalcemia
Abdominal ultrasound to assess for nephrocalcinosis &/or
nephrolithiasis
Ophthalmologic Ophthalmology exam to assess for changes in refractive

errors & cataracts

Frequency

At each visit &/or annually

As needed

Every 3 mos until calcium level is
normalized on treatment

Subsequently every 6 mos

Labs may be needed more frequently in
growing children w/1 calcium & vitamin
D requirements.

Annually while on treatment

Annually or as indicated

®
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Table 6. continued from previous page.

System/Concern Evaluation Frequency
Dental Dental exam Every 6 mos
Assess for clinical manifestations of anemia. At each visit
Hematologic
CBC As indicated
Development Monitor developmental progress & educational needs. At each visit throughout childhood

Assess for changes in mood, affect, &/or psychosocial

Psychosocial concerns
stressors.

At each visit
Care coordination & follow-up genetic counseling if

Family/Community questions arise (e.g., family planning)

CBC = complete blood count; OT = occupational therapist; PT = physical therapist

Evaluation of Relatives at Risk

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Pregnancy Management

When prenatal ultrasound was performed, the most prominent clinical features of osteocraniostenosis (OCS)
detected were cloverleaf-shaped skull, intrauterine growth deficiency, limb undergrowth, and occasionally
intrauterine bone fractures. Most fetuses presented with these features at 20 weeks' gestation [Rosato et al 2022].
When OCS is suspected prenatally, referral should be made to a maternal-fetal medicine specialist for
assessment and management advice. Management of an affected pregnancy is determined following discussion
between the medical team and family regarding prognosis and the need for aggressive lifesaving measures in
survivors. This is often center specific. Indicators of lethality on ultrasound can provide additional information.
Consensus guidelines on perinatal management of skeletal dysplasias have been published [Savarirayan et al
2019].

See MotherToBaby for further information on medication use during pregnancy.

Therapies Under Investigation

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this
disorder.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance

Kenny-Caffey syndrome (KCS) and osteocraniostenosis (OCS) are autosomal dominant disorders.

« KCS is typically caused by a de novo FAM111A pathogenic variant. Rarely, KCS is caused by an inherited
FAM111A pathogenic variant.
« OCS, the more severe phenotype, is typically caused by a de novo FAM111A pathogenic variant.


https://mothertobaby.org/
https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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Note: In one consanguineous family, apparent autosomal recessive inheritance was suggested by the
identification of biallelic compound heterozygous FAMI111A variants (inherited from unaffected parents) in an
individual with features consistent with OCS [Eren et al 2023].

Kenny-Caffey Syndrome - Risk to Family Members

Parents of a proband

« Most individuals diagnosed with KCS have the disorder as the result of a de novo FAM111A pathogenic
variant.
« Rarely, individuals diagnosed with KCS have an affected parent.
» Molecular genetic testing is recommended for the parents of the proband to confirm their genetic status
and to allow reliable recurrence risk counseling.
o If the pathogenic variant identified in the proband is not identified in either parent and parental identity
testing has confirmed biological maternity and paternity, the following possibilities should be considered:
o The proband has a de novo pathogenic variant.
o The proband inherited a pathogenic variant from a parent with germline (or somatic and germline)
mosaicism. Note: Testing of parental leukocyte DNA may not detect all instances of somatic
mosaicism and will not detect a pathogenic variant that is present in the germ cells only.

Sibs of a proband. The risk to the sibs of the proband depends on the clinical/genetic status of the proband's
parents:

o Ifa parent of the proband is affected and/or is known to have the pathogenic variant identified in the
proband, the risk to the sibs of inheriting the pathogenic variant is 50%.

o Ifthe FAMI11A pathogenic variant identified in the proband cannot be detected in the leukocyte DNA of
either parent, the recurrence risk to sibs is estimated to be 1% because of the theoretic possibility of
parental germline mosaicism [Rahbari et al 2016].

o If the parents have not been tested for the FAM111A pathogenic variant but are clinically unaffected, the
risk to the sibs of a proband appears to be low.

Offspring of a proband. Each child of an individual with KCS has a 50% chance of inheriting the FAM111A
pathogenic variant.

Other family members. The risk to other family members depends on the status of the proband's parents: if a
parent has the FAM111A pathogenic variant, the parent's family members may be at risk.

Osteocraniostenosis - Risk to Family Members

Parents of a proband
« With one possible exception,* all probands reported to date with OCS whose parents have undergone
molecular genetic testing have the disorder as the result of a de novo FAM111A pathogenic variant.
* In one consanguineous family, biallelic compound heterozygous FAM111A variants inherited from

unaffected parents were reported in an individual with features consistent with OCS [Eren et al 2023].

» Molecular genetic testing is recommended for the parents of the proband to confirm their genetic status
and to allow reliable recurrence risk counseling.

o If the pathogenic variant identified in the proband is not identified in either parent and parental identity
testing has confirmed biological maternity and paternity, the following possibilities should be considered:

o The proband has a de novo pathogenic variant.
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o The proband inherited a pathogenic variant from a parent with germline mosaicism. Note: Testing
of parental leukocyte DNA may not detect all instances of somatic mosaicism and will not detect a
pathogenic variant that is present in the germ cells only.

Sibs of a proband. The risk to the sibs of the proband depends on the genetic status of the proband's parents: if
the FAM111A pathogenic variant found in the proband cannot be detected in the leukocyte DNA of either
parent and neither parent has signs of a skeletal dysplasia, the recurrence risk to sibs is estimated to be 1%
because of the theoretic possibility of parental germline mosaicism [Rahbari et al 2016].

Offspring of a proband. Individuals with OCS do not reproduce.

Other family members. Given that probands with OCS typically have the disorder as the result of a de novo
FAM111A pathogenic variant, the risk to other family members is presumed to be low.

Related Genetic Counseling Issues
Family planning

 The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

o Itis appropriate to offer genetic counseling (including discussion of potential risks to offspring and
reproductive options) to young adults with KCS.

Prenatal Testing and Preimplantation Genetic Testing

High-risk pregnancies. Once the FAM111A pathogenic variant has been identified in an affected family
member, prenatal and preimplantation genetic testing are possible.

Low-risk pregnancies. Findings on routine prenatal ultrasound examination that suggest a possible diagnosis of
OCS in a fetus not known to be at risk may include intrauterine growth restriction, cloverleaf-shaped skull, limb
undergrowth, poorly ossified skull, and occasionally bone fractures. Consideration of molecular genetic testing
for FAM111A pathogenic variants in these situations is appropriate.

Note: When a FAM111A-related skeletal dysplasia has been diagnosed prenatally, referral should be made to a
maternal-fetal medicine specialist for assessment and management advice (see Pregnancy Management).

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion
of these issues may be helpful.

Resources

GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the
information provided by other organizations. For information on selection criteria, click here.

 Short Statured People of Australia
Australia
Email: info@sspa.org.au
WWW.sspa.org.au

« UCLA International Skeletal Dysplasia Registry (ISDR)
Phone: 310-825-8998
International Skeletal Dysplasia Registry


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
https://www.sspa.org.au/
https://www.uclahealth.org/ortho/isdr

20 GeneReviews®

Molecular Genetics

Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables
may contain more recent information. —ED.

Table A. FAM111A-Related Skeletal Dysplasias: Genes and Databases

Gene Chromosome Locus Protein HGMD ClinVar
FAMIIIA 11ql2.1 Serine protease FAMI11A FAMI111A
FAMI111A

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt.
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for FAM111A-Related Skeletal Dysplasias (View All in OMIM)
127000 KENNY-CAFFEY SYNDROME, TYPE 2; KCS2

602361 GRACILE BONE DYSPLASIA; GCLEB

615292 FAMILY WITH SEQUENCE SIMILARITY 111, MEMBER A; FAM111A

Molecular Pathogenesis

FAMI111A encodes FAM111A, a 611-amino acid protein containing a C-terminal trypsin-like serine peptidase
domain that includes the conserved catalytic triad of histidine, aspartate, and serine. It is expressed in bone and
parathyroid glands and is believed to have a crucial role in intracellular pathways regulating skeletal
development, linear growth, parathyroid gland development and regulation, and calcium homeostasis [Unger et
al 2013, Isojima et al 2014, Abraham et al 2017]. Functional studies of FAM111A have shown it is a serine
protease that is putatively involved in DNA replication and response to replication stress [Hoffmann et al 2020,
Kojima et al 2020, Nie et al 2021]. In vitro experiments on FAM111A knockout cell lines indicate a minimal
effect on cell viability but an increased sensitivity to specific agents inducing DNA replication stress [Hoffmann
et al 2020, Kojima et al 2020].

To date, all FAM111A variants associated with osteocraniostenosis (OCS) or Kenny-Caffey syndrome (KCS) are
single amino acid substitutions or deletions [Rosato et al 2022]. It has been proposed that the pathogenic
mechanisms by which FAM111A defects cause OCS involve parathyroid hormone dysfunction or deficiency
[Unger et al 2013]. However, the precise mechanisms are still unknown. Haploinsufficiency is believed to be
unlikely, as null alleles are present in reference population databases and have not been identified in individuals
with OCS or KCS. Previous studies examining 3D protein structure predicted that most variants are located
within specific areas on the surface of the protein close to the protease domain [Unger et al 2013]. Recent studies
have suggested that known disease-associated variants may increase an intra- and intermolecular autocleavage
mechanism and display protease activity-dependent cytotoxicity [Hoffmann et al 2020, Kojima et al 2020, Nie et
al 2021]. However, functional evidence for the pathogenicity of FAM111A variants is still lacking, especially with
regards to molecular targets and subcellular localization of the respective variants. The molecular mechanisms
by which variants also cause variable severity of OCS and KCS have not yet been elucidated.

Mechanism of disease causation. Unknown. A dominant gain-of-function mechanism has been proposed
[Hoffmann et al 2020, Rosato et al 2022]. This is supported by the absence of deletion or truncating variants in
reports of individuals with OCS or KCS.


https://www.ncbi.nlm.nih.gov/gene/63901
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=63901
http://www.uniprot.org/uniprot/Q96PZ2
http://www.uniprot.org/uniprot/Q96PZ2
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=FAM111A
https://www.ncbi.nlm.nih.gov/clinvar/?term=FAM111A[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/127000,602361,615292
https://www.ncbi.nlm.nih.gov/omim/127000
https://www.ncbi.nlm.nih.gov/omim/602361
https://www.ncbi.nlm.nih.gov/omim/615292
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