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Summary

Clinical characteristics

Trichorhinophalangeal syndrome (TRPS) comprises TRPS I (caused by a heterozygous pathogenic variant in
TRPSI) and TRPS II (caused by contiguous gene deletion of TRPSI, RAD21, and EXT1I). Both types of TRPS are
characterized by distinctive facial features; ectodermal features (fine, sparse, depigmented, and slow growing
hair; dystrophic nails; and small breasts); and skeletal findings (short stature; short feet; brachydactyly with ulnar
or radial deviation of the fingers; and early, marked hip dysplasia). TRPS II is characterized by multiple
osteochondromas (typically first observed clinically on the scapulae and around the elbows and knees between
ages 1 month and 6 years) and an increased risk of mild-to-moderate intellectual disability.

Diagnosis/testing
The diagnosis of TRPS is established in a proband with one of the following:

o Typical clinical findings including facial features, ectodermal manifestations, and distal limb anomalies
and radiographic findings of cone-shaped epiphyses

« Suggestive findings of TRPS I and identification of a heterozygous pathogenic variant in TRPS]

« Suggestive findings of TRPS II and a contiguous 8q23.3-q24.11 deletion that includes TRPS1, RAD21, and
EXTI

Management

Treatment of manifestations: Management is principally supportive. Ectodermal issues: advice about hair care
and use of wigs; extraction of supernumerary teeth can be considered. Skeletal issues: in those with short stature
with and without proven growth hormone deficiency, use of human growth hormone therapy has had variable
results; the mainstay treatment of joint pain is use of analgesics (e.g., NSAIDs or other non-opiates);
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physiotherapy may aid mobility; occupational therapy can benefit fine motor skills/tasks; prosthetic hip
implantation should be considered in those with severe hip dysplasia.

Surveillance: For TRPS I and TRPS II: routine monitoring of linear growth and psychomotor developmental in
childhood. For TRPS II only: x-ray evaluation of osteochondromas when symptomatic and at the end of puberty
(when normal growth of osteochondromas has ceased) to provide a baseline for comparison with any future
enlargement

Genetic counseling

TRPS is inherited in an autosomal dominant manner.

» TRPS I. Many individuals with TRPS I have an affected parent; the exact proportion of TRPS I caused by a
de novo pathogenic variant is unknown. Each child of an individual with TRPS I has a 50% chance of
inheriting the TRPS1 pathogenic variant.

« TRPS II. Most individuals with TRPS II have the disorder as the result of a de novo contiguous gene
deletion of TRPSI, RAD21, and EXT1. Each child of an individual with TRPS II has a 50% chance of
inheriting the contiguous gene deletion.

o TRPSIand TRPS II. Once the genetic alteration causative of TRPS has been identified in an affected
family member, prenatal and preimplantation genetic testing are possible.

GeneReview Scope

Trichorhinophalangeal Syndrome: Included Phenotypes

o Trichorhinophalangeal syndrome I
o Trichorhinophalangeal syndrome II (Langer-Giedion syndrome)

For synonyms and outdated names see Nomenclature.

Diagnosis
No consensus diagnostic criteria for trichorhinophalangeal syndrome (TRPS) have been published.

TRPS includes TRPS I (caused by a heterozygous pathogenic variant in TRPS1) and TRPS II (caused by deletion
of the contiguous genes TRPS1, RAD21, and EXT1I).

Suggestive Findings
TRPS should be suspected in individuals with the following clinical and radiographic findings.

Clinical
TRPS I and TRPS II

« Characteristic facial features. Most distinctive (and possibly unique) is the large nose with a broad ridge
and tip, underdeveloped alae, and (on occasion) a broad septum. Other findings are: thick and broad
eyebrows, a long philtrum with thin upper vermillion, and large prominent ears (see Figure 1).

« Ectodermal features include fine, sparse, depigmented, and slow-growing hair; dystrophic nails; and
small breasts.

o Skeletal findings include short stature; short feet; brachydactyly with ulnar or radial deviation of the
fingers (see Figure 2); and early, marked hip dysplasia.

TRPS II only
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« Multiple osteochondromas are typically first observed clinically on the scapulae and around the elbows
and knees between ages one month and six years.
o Intellectual disability, if present, is typically mild to moderate.

Radiographic
TRPS I and TRPS II

« Cone-shaped epiphyses. Present in almost all individuals with TRPS; detectable at an early age (typically
after age 2 years) when epiphyses are just forming, and most frequently occuring in the middle phalanges,
although they may occur in any phalanx of the hands and feet (see Figure 3, Figure 4) [Vaccaro et al 2005]

 Hip deformities such as coxa vara, coxa plana, and coxa magna

» Secondary joint degeneration, characterized by joint space narrowing and subchondral sclerosis; involving
hips more commonly than fingers but may be found in almost any joint [de Barros & Kakehasi 2016]

TRPS II only

« Multiple osteochondromas. Exostoses arising from the metaphyses of long bones which may be sessile
(flat) or pedunculated and directed away from the joint; most common around the elbows and knees, but
other joints can be involved; commonly observed on the scapulae (see Figure 5)

Establishing the Diagnosis
The diagnosis of TRPS is established in a proband with:

o Typical clinical findings including facial features, ectodermal manifestations, and distal limb anomalies,
and radiographic findings of cone-shaped epiphyses; OR

o Suggestive findings of TRPS I and identification of a heterozygous pathogenic variant in TRPSI (see Table
1); OR

« Suggestive findings of TRPS II and a contiguous 8q23.3q24.11 deletion that spans the TRPSI-EXT1
interval (see Table 1).

Molecular genetic testing is often not required to make the diagnosis, as the phenotype is often marked and
distinct. When the clinical presentation is mild or atypical, molecular confirmation can be helpful.

If molecular genetic testing is indicated, the approaches vary by phenotype:

« TRPSI:single-gene testing. Sequence analysis of TRPSI is performed first. If no pathogenic variant is
detected, either chromosomal microarray analysis (CMA) or gene-targeted deletion/duplication analysis is
indicated to determine if the clinical findings are caused by a mild presentation of TRPS II. If no
pathogenic variant is identified, karyotype may be considered to detect an apparently balanced
translocation or inversion involving 8q24.

o TRPS II: chromosomal microarray analysis (CMA) using either array comparative genomic
hybridization or SNP arrays
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Figure 1. Facial features of a male age 16 years. Note the broad nasal ridge and tip without broadening of the nasal bridge. The alae nasi
are underdeveloped; the columella is wide and low hanging; the philtrum is smooth. Some medial flaring of the eyebrows.
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Figure 2. Hands of a woman age 21 years. Note metacarpal shortening and ulnar deviation of the third fingers, radial deviation of the
fourth fingers, and short thumbs.

Figure 3. Frontal radiograph of the hand of a male age four years. Note the coned epiphyses of the third to fifth proximal phalanges
(circles), and more subtle, partially fused coned epiphyses of the second to fourth middle phalanges (arrows).
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Figure 4. Residual angulated deformity of the proximal aspects of the second and fifth middle phalanges (arrows) related to fusion of
prior cone-shaped epiphyses
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Figure 5. Exostosis of the humerus (arrow)
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Table 1. Molecular Genetic Testing Used in Trichorhinophalangeal Syndrome

Proportion of Probands with a

Gene 1 Phenotype Method Pathogenic Variant 2 3
Detectable by Method
Sequence analysis 4 83/103 °
Gene-targeted deletion/ 5
TRPSI duplication analysis © 4/103
TRPS1
Kar.yotype (to detect structural 210357
variants)
TRPS II CMA 8 14/103 °

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

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

3. Note: The total number of individuals with TRPS reported is relatively small and may represent the severe end of the clinical
spectrum. The estimated proportion of pathogenic variants detected by each method may change over time.

4. 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.

5. Maas et al [2015]. These data are similar to those of a different, earlier study of 51 affected individuals [Liidecke et al 2001]; however,
both series are likely biased toward inclusion of more severely affected individuals.

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

7. Two individuals with chromosome 8 inversions - inv(8) (q13q24.1) and inv(8) (q21.1q24.1) — were detected. Other inversions and
balanced translocations involving this region of chromosome 8 have also been reported [Liidecke et al 2001, David et al 2013, Crippa et
al 2014].

8. Chromosomal microarray analysis (CMA) using oligonucleotide arrays or SNP arrays. CMA designs in current clinical use target the
8q24 region. Note: The 8q24 deletion may not have been detectable by older oligonucleotide or BAC platforms.

Clinical Characteristics

Clinical Description

Trichorhinophalangeal syndrome (TRPS) comprises TRPS I (caused by a heterozygous pathogenic variant in
TRPS1) and TRPS II (caused by contiguous gene deletion of TRPS1, RAD21, and EXT1). Both types of TRPS are
characterized by distinctive facial features; ectodermal features (fine, sparse, depigmented, and slow-growing
hair; dystrophic nails; and small breasts); and skeletal findings (short stature; short feet; brachydactyly with ulnar
or radial deviation of the fingers; and early, marked hip dysplasia). TRPS II is characterized by multiple
osteochondromas (typically first observed clinically on the scapulae and around the elbows and knees between
ages 1 month and 6 years) and an increased risk of mild-to-moderate intellectual disability.

The largest cohort of individuals with TRPS reported to date is the 103 affected individuals from a large
European collaborative study [Maas et al 2015]. This study and other studies [Giedion et al 1973, Liidecke et al
2001] demonstrate that the phenotype of TRPS I within a family can vary markedly. The variability is present in
all findings: face morphology, ectodermal signs, growth, and clinical and radiographic findings.

Ectodermal Features

Scalp hair. Almost all affected individuals have fine and sparse hair from a young age, particularly marked in the
frontotemporal region [Jeon et al 2014]. Scalp hair is typically slow growing and brittle. Hair color is frequently
light, although it is not known if this is an associated finding.
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One third of males lose their hair completely or almost completely within a few years of puberty. Women
typically have more hair, but a high anterior hair line is usual.

Variability exists and some individuals have near-normal scalp hair, and in some the thickness and quality
improve with time.

Eyebrows. The eyebrows are typically densely implanted (thick) and broad nasally, particularly in TRPS II.
Marked differences can be observed within the various parts of an eyebrow: the medial part is almost invariably
more densely implanted and broader than the middle or lateral parts.

Nails are thin and dystrophic in about half of individuals with TRPS; nail changes are more notable in the feet
than the hands.

Teeth. Supernumerary teeth can be present.

Skeletal Features

Short stature. Reduced linear growth is common in TRPS, especially in those with TRPS II. It is more marked
postnatally than prenatally.

Short hands and feet are common in both TRPS I and TRPS II, with typically uneven shortening of one or more
metacarpal/tarsals and swelling of the proximal interphalangeal joints resulting in a characteristic
clinobrachydactyly [Liidecke et al 2001]. Impaired small joint mobility, which may be mistaken for rheumatoid
arthritis, is very common in individuals over age 40 years.

The main long-term morbidity associated with TRPS is the early osteoarthritis-like changes affecting the large
joints, especially the hips, leading to pain and decreased mobility from adolescence or early adulthood [Rué et al
2011, Maas et al 2015]. Degenerative skeletal changes can also be present in the cervical spine, knees, and ankles
[Izumi et al 2010].

Delayed skeletal maturation is also described [de Barros & Kakehasi 2016]. Note: Even in individuals with
marked epiphyseal involvement bone age can usually be determined reliably using the large number of
unaffected epiphyses to assess skeletal maturation.

Osteopenia may be present in both TRPS types, but is likely more common in TRPS II. Reduced bone mass was
described in two individuals with TRPS I [Stagi et al 2008]. Severe osteoporosis is reported in some affected
individuals [Shao et al 2011, Macchiaiolo et al 2014].

Multiple osteochondromas occur only in individuals with TRPS II (i.e., those with a deletion encompassing
EXT1).They usually present between ages one month and six years; the natural history is the same as seen in
multiple osteochondromas [Hennekam 1991].

Psychomotor Development

The proportion of individuals with TRPS I with intellectual disability is similar to that in the general population;
in contrast, two thirds of individuals with TRPS II have mild-to-moderate intellectual disability.

Delay in motor development is usually associated with hip dysplasia and, therefore, likely to be secondary [Maas
etal 2015].

Other
Body weight is usually normal in relation to height.

Head circumference is typically normal throughout life except for those with TRPS II, one third of whom have a
head circumference below the 39 centile [Liidecke et al 2001].
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Cardiac abnormalities, present in 15% of individuals with TRPS, vary from minor anomalies (persistent ductus
arteriosus, persistent foramen ovale, bicuspid aortic valves, mitral valve regurgitation) to significant problems
(aortic stenosis, anomalous venous return). Cardiac rhythm disturbances are rare.

Genotype-Phenotype Correlations

No genotype-phenotype correlations are evident in TRPS I. Marked variability is observed within and among
families with the same TRPSI pathogenic variant [Giedion et al 1973, Lidecke et al 2001, Maas et al 2015].

Four of the five missense pathogenic variants identified by Liiddecke et al [2001] altered the GATA DNA-binding
zinc finger, and six of the seven unrelated individuals with these pathogenic variants had more marked short
stature in what appeared to be a distinguishable phenotype, which was designated TRPS III. However, this term
is no longer in use as this phenotype is now considered to be within the spectrum of TRPS I [Liidecke et al 2001,
Maas et al 2015].

Penetrance
No instances of reduced penetrance have been reported; thus, penetrance is believed to be 100% [Liidecke et al
2001].

Nomenclature

Individuals with sparse hair, unusual facial features (predominantly in the shape of the nose), and anomalies of
the distal limbs were first described by the Dutch physician Van der Werff ten Bosch [1959].

Giedion suggested the name tricho-rhino-phalangeal syndrome because of the triad of most prominent features
[Giedion 1966].

Affected individuals who also had developmental delay and multiple oesteochondromas were described almost
simultaneously by Langer [1969] and Gorlin et al [1969].

Hall et al [1974] suggested subdivision of TRPS into TRPS I for individuals with normal development and absent
osteochondromas, and TRPS II or Langer-Giedion syndrome for those with intellectual disability and multiple
osteochondromas.

TRPS 111, a term coined by Niikawa & Kamei [1986] to describe what appeared to be a TRPS phenotype
characterized by marked short stature, is no longer in use as this finding is now considered to be within the
phenotypic spectrum of TRPS I.

Prevalence

Unbiased population-based estimates of the prevalence of TRPS are not available. TRPS may frequently remain
undiagnosed. Nonetheless, the condition is probably rare, with a prevalence of 0.2-1 per 100,000.

TRPS is seen in all ethnic groups.

Genetically Related (Allelic) Disorders

No phenotypes other than those discussed in this GeneReview are known to be associated with pathogenic
variants in TRPS1 or contiguous gene deletions that include TRPS].

When RAD21 (which is upstream of EXT1) is deleted the phenotype can resemble Cornelia de Lange syndrome
[Deardorft et al 2012, Chen et al 2013, Ansari et al 2014].
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In TRPS II the phenotype is typically dominated by the deletion of TRPSI and EXT1I; the external phenotypic
characteristics that occur with isolated RAD21 deletions are not clearly observed in TRPS II; however, some
contribution cannot be excluded at present.

Differential Diagnosis

TRPS is often considered in the differential diagnosis of disorders with abnormalities of the hair, nose, and
limbs.

Table 2. Disorders to Consider in the Differential Diagnosis of Trichorhinophalangeal Syndrome

Clinical Features of the Differential Disorder
Disorder Gene(s) MOI
Overlapping w/TRPS Distinguishing from TRPS

« Slow-growing, dry hair
Oculo-dento-digital syndrome GJAI ~ AD » Underdeveloped alae nasi

« Eye signs
« Long philtrum )

Dental signs more expressed

o Short stature
Cartilage-hair syndrome RMRP AR  Fine hair
o Cone-shaped epiphyses

o Nasal shape
Immunodeficiency

» Nasal shape

Ellis-Van Creveld syndrome Eve AR » Shortstature « Oral frenula
EVC2 « Brachydactyly

« Polydactyly

AD = autosomal dominant; AR = autosomal recessive; MOI = mode of inheritance

Management

Evaluations Following Initial Diagnosis

To establish the extent of disease and support needs of an individual diagnosed with trichorhinophalangeal
syndrome (TRPS), the following should be evaluated.

For TRPS I and TRPS I1

» Measurement of height

« Developmental assessment, at younger age for both TRPS I and TRPS II as the distinction may clinically
not yet be possible. At an older age, only for TRPS II

 X-rays of hands, feet, pelvis, and hip, if symptomatic

o If evidence of osteopenia on x-ray, further investigation of bone mineral density and metabolism may be
warranted

 Dental examination for supernumerary teeth

o Cardiac evaluation (once)

« Consultation with a clinical geneticist and/or genetic counselor

For TRPS II only

» Review of osteochondromas by an orthopedic specialist for evidence of functional limitation
« Evaluation of vison and hearing as is recommended in all persons with intellectual disability of any cause

Treatment of Manifestations
Management of TRPS is principally supportive.
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Ectodermal Features

Hair. Practical advice on hair care and the use of wigs can be beneficial.

Dental. Extraction of supernumerary teeth can be considered [Kantaputra et al 2008, Lubinsky & Kantaputra
2016].

Skeletal

Short stature. In those with short stature and proven growth hormone deficiency, human growth hormone
therapy may be considered; however, reported results vary. Treatment has infrequently led to an increase in
growth velocity [Riedl et al 2004, Stagi et al 2008, Sarafoglou et al 2010, Sohn et al 2012].

Note: When the growth pattern of a child with TRPS is below the normal range for age and sex and is of concern
to the family, growth hormone stimulation tests can be performed. If the result is subnormal, GH therapy may
be considered [Marques et al 2015] despite reported variable results.

Hands. In a single report resection arthrodesis with tension band osteosynthesis stabilized painful ulnar
dislocation of the proximal interphalangeal (PIP) joints in digits with cone-shaped epiphyses [Brenner et al
2004]. Of note, no follow-up or other similar reports are available.

Joint pain. Regular simple analgesia (e.g., NSAID or other non-opiates) is the mainstay treatment for joint pain.

Physiotherapy may aid mobility. Exercise is to be encouraged, but high-impact or contact sports may pose a risk
to those with already impaired mobility. Patients may require support with mobility at school and work.

Occupational therapy can benefit many fine-motor tasks and mechanical aids such as electric can openers may
ameliorate problems caused by joint anomalies.

Prosthetic hip implantation should be considered in those with severe hip dysplasia. Prosthetic hip implantation
may be required as early as age 30 years. Such prostheses may require multiple revisions due to their limited life
span. Obtaining functional improvement through prosthetic joint surgery can be challenging given the presence
of damage to other joints — either in the form of TRPS-related osteoarthritis-like changes or secondary to long-
term compensatory stress.

Osteopenia. Bisphosphonates can be considered in individuals with TRPS I and bone fragility [Macchiaiolo et al
2014].

Other. Peer support and (if indicated) psychological counseling can be beneficial for individuals who are self-
conscious about their physical differences.

For TRPS Il Only

Exostoses. In case of clinical problems such as pain, restricted range of motion, or nerve compression, resection
of exostoses should be considered [Payne et al 2016]. See Hereditary Multiple Osteochondromas.
Surveillance

For TRPS I and TRPS II

« Monitor linear growth in childhood
« Routine developmental assessments in childhood

For TRPS II only. X-ray evaluation of osteochondromas when symptomatic and at the end of puberty (when
normal growth of osteochondromas has ceased) to provide a baseline for comparison with any future
enlargement
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Evaluation of Relatives at Risk

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

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.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on the nature, 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. This section is not meant to address all personal, cultural, or ethical issues that individuals may
face or to substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
Trichorhinophalangeal syndrome (TRPS) is inherited in an autosomal dominant manner.

o TRPSIis caused by a heterozygous pathogenic variant in TRPSI.
o TRPSII is caused by deletion of the contiguous genes TRPS1, RAD21, and EXT1 on chromosome 8.

Risk to Family Members - TRPS |

Parents of a proband

« Many individuals diagnosed with TRPS I have an affected parent. Although the phenotype can vary
markedly within a family [Giedion et al 1973, Liidecke et al 2001, Maas et al 2015], a clinical diagnosis is
usually possible in each affected individual (see Clinical Description).

» Because simplex cases (i.e., a single occurrence in a family) have not been evaluated sufficiently to
determine if the TRPSI pathogenic variant occurred de novo, the exact proportion of TRPS I caused by a
de novo pathogenic variant is unknown.

» Recommendations for the evaluation of parents of a proband with an apparent de novo pathogenic variant
(i.e., neither parent is known to be affected) include molecular genetic testing for the pathogenic variant
identified in the proband, complete physical examination, and radiologic studies of hands and feet.

o If the TRPSI pathogenic variant found in the proband cannot be detected in leukocyte DNA of either
parent, possible explanations include a de novo pathogenic variant in the proband or parental mosaicism.
Somatic and germline mosaicism in an unaffected parent has been reported [Corsini et al 2014]. A reliable
estimate of the frequency is not available; based on the authors’ experience, the frequency is low (<2%).

o The family history of some individuals with TRPS I may appear to be negative because of failure to
recognize the disorder clinically in family members or early death of the parent before clinical findings are
recognized. Therefore, an apparently negative family history cannot be confirmed unless appropriate
clinical evaluation and/or molecular genetic testing have been performed on the parents of the proband.

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

o If a parent of the proband is affected, the risk to the sibs is 50%. The phenotype within a family can vary
markedly [Giedion et al 1973, Liidecke et al 2001, Maas et al 2015].
« When the parents are clinically unaffected, the risk to the sibs of a proband appears to be low.
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o Ifthe TRPSI pathogenic variant found in the proband cannot be detected in the leukocyte DNA of either
parent, the risk to sibs is greater than that of the general population because of the possibility of parental
germline mosaicism [Corsini et al 2014].

Offspring of a proband. Each child of an individual with TRPS I has a 50% chance of inheriting the TRPS1
pathogenic variant.

Other family members. The risk to other family members depends on the status of the proband's parents: if a
parent is affected, his or her family members may be at risk.

Risk to Family Members - TRPS II
Parents of a proband

» Most individuals diagnosed with TRPS II have the disorder as the result of a de novo contiguous gene
deletion of TRPSI, RAD21, and EXT1. Because simplex cases (i.e., a single occurrence in a family) have
not been evaluated sufficiently to determine if the deletion occurred de novo, the exact proportion of TRPS
IT caused by a de novo deletion is unknown.

 Some individuals diagnosed with TRPS II have an affected parent. The phenotype within a family can vary
but only to a limited extent; however, a clinical diagnosis is usually possible in each affected individual (see
Clinical Description).

o Evaluation of the parents by genomic testing that will detect the deletion present in the proband is
recommended.

o If the deletion found in the proband cannot be detected in leukocyte DNA of either parent, possible
explanations include a de novo deletion in the proband or germline mosaicism in a parent. Although no
instances of parental germline mosaicism have been reported, it remains a theoretic possibility.

o The family history of some individuals diagnosed with TRPS II may appear to be negative because of
failure to recognize the disorder in family members. Therefore, an apparently negative family history
cannot be confirmed unless appropriate clinical evaluation and/or genomic testing have been performed
on the parents of the proband.

 Note: If the parent is the individual in whom the deletion first occurred, s/he may have somatic mosaicism
for the deletion and may be mildly/minimally affected. To date only one instance of somatic mosaicism
has been reported in an individual with a molecularly confirmed diagnosis [Shanske et al 2008].

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

o If a parent of the proband is affected, the risk to the sibs is 50%. The phenotype within a family can vary
but only to a limited extent.

« When the parents are clinically unaffected, the risk to the sibs of a proband appears to be low.

o If the deletion found in the proband cannot be detected in the leukocyte DNA of either parent, the risk to
sibs is presumed to be slightly greater than that of the general population (though still <1%) because of the
theoretic possibility of parental germline mosaicism. To date this has not been reported.

Offspring of a proband. Each child of an individual with TRPS II has a 50% chance of inheriting the contiguous
gene deletion of TRPS1, RAD21, and EXT1.

Other family members. The risk to other family members depends on the status of the proband's parents: if a
parent is affected, his or her family members may be at risk.
Related Genetic Counseling Issues

Prediction of phenotype. Because of intrafamilial clinical variability, it is not possible to predict the severity of
the phenotype in family members who have inherited a TRPSI pathogenic variant or deletion that includes
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TRPS]I (except that all individuals with a deletion that includes EXT1 as well will develop multiple exostoses, i.e.,
TRPS type II).

Considerations in families with an apparent de novo genetic alteration. When neither parent of a proband
with an autosomal dominant condition has the genetic alteration identified in the proband or clinical evidence of
the disorder, the genetic alteration is likely de novo. However, non-medical explanations including alternate
paternity or maternity (e.g., with assisted reproduction) and undisclosed adoption could also be explored.

Family planning

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

o Itisappropriate to offer genetic counseling (including discussion of potential risks to offspring and
reproductive options) to young adults who are affected or at risk of having a child with TRPS.

DNA banking is the storage of DNA (typically extracted from white blood cells) for possible future use. Because
it is likely that testing methodology and our understanding of genes, allelic variants, and diseases will improve in
the future, consideration should be given to banking DNA of affected individuals.

Prenatal Testing and Preimplantation Genetic Testing

Once the genetic alteration causative of TRPS has been identified in an affected family member, prenatal and
preimplantation genetic testing (PGT) are possible. Note: While prenatal testing and PGT can be used to detect a
familial genetic alteration associated with TRPS, severity of the TRPS I or TRPS II phenotype cannot be
predicted on the basis of test results.

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing, particularly if the testing is being considered for the purpose of pregnancy termination rather
than early diagnosis. 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.

« National Library of Medicine Genetics Home Reference

Langer-Giedion syndrome

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. Trichorhinophalangeal Syndrome: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific HGMD ClinVar
Databases

EXTI 8q24.11 Exostosin-1 EXT1 gene database EXT1 EXT1

RAD21 8q24.11 Double-strand-break RAD21 RAD21

repair protein rad21
homolog


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
https://ghr.nlm.nih.gov/condition/langer-giedion-syndrome
https://www.ncbi.nlm.nih.gov/gene/2131
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=2131
http://www.uniprot.org/uniprot/Q16394
https://databases.lovd.nl/shared/genes/EXT1
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=EXT1
https://www.ncbi.nlm.nih.gov/clinvar/?term=EXT1[gene]
https://www.ncbi.nlm.nih.gov/gene/5885
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=5885
http://www.uniprot.org/uniprot/O60216
http://www.uniprot.org/uniprot/O60216
http://www.uniprot.org/uniprot/O60216
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=RAD21
https://www.ncbi.nlm.nih.gov/clinvar/?term=RAD21[gene]
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Table A. continued from previous page.

TRPS1 8q23.3 Zinc finger transcription TRPS1 homepage - TRPS1 TRPS1
factor Trpsl LOVD - Australian
Human Variome
Project

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 Trichorhinophalangeal Syndrome (View All in OMIM)
150230 TRICHORHINOPHALANGEAL SYNDROME, TYPE II; TRPS2
190350 TRICHORHINOPHALANGEAL SYNDROME, TYPE I; TRPS1
604386 ZINC FINGER TRANSCRIPTION FACTOR TRPS1; TRPS1
606462 RAD21 COHESIN COMPLEX COMPONENT; RAD21
608177 EXOSTOSIN GLYCOSYLTRANSFERASE 1; EXT1

Molecular Pathogenesis

TRPS1, RAD21, and EXT1 are located on chromosome 8q23.3-8q24.11 (within ~2.8 Mb). Single-nucleotide
variants (missense, nonsense, small deletions) in TRPSI cause trichorhinophalangeal syndrome type I (TRPS I),
while larger deletions that include TRPSI, RAD21, and EXT1I cause TRPS II. Most of the phenotypic features of
TRPS II are explained by deletion of TRPSI and EXT1. However, the larger the deletion and the more genes that
are deleted outside the interval TRPSI — EXT1I, the more likely that additional features (e.g., disturbance of
cognitive functions) will be present [Liidecke et al 1999]. Haploinsufficiency of RAD21, located between TRPS]
and EXT1, may contribute to more severe features, especially disturbed cognitive functioning. Characteristics of
isolated RADZ21 deletions are not identified in the physical appearance of individuals with TRPS II and, thus, are
likely very limited.

TRPS1
Gene structure. TRPSI spans approximately 260 kb and contains seven exons, of which six are coding exons.

Pathogenic variants. More than 130 pathogenic variants in TRPSI have been reported. A list of TRPS!
pathogenic variants can be found in Maas et al [2015]. The number of recurrent pathogenic variants is low.

Identified pathogenic variants include heterozygous missense variants in exons 6 and 7 of TRPS].

The other pathogenic variants are nonsense variants (small deletions/duplications, premature stop codons, splice
variants) located anywhere in the coding sequences.

Whole-gene deletions are common; breakpoints can be variable

Table 3. TRPSI Pathogenic Variants Discussed in This GeneReview

DNA Nucleotide Change Predicted Protein Change Reference Sequences

¢.1010_1014dup p-(Cys339GInfsTer27)

¢.1093C>T p-Gln365Ter

.1105C>T p.GIn369Ter NM_014112.4
NP_054831.2

c.1176dup p-Asn393Ter

c.1231dup p.(Gln411ProfsTer11)


https://www.ncbi.nlm.nih.gov/gene/7227
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=7227
http://www.uniprot.org/uniprot/Q9UHF7
http://www.uniprot.org/uniprot/Q9UHF7
http://proteomics.bio21.unimelb.edu.au/lovd/genes/TRPS1
http://proteomics.bio21.unimelb.edu.au/lovd/genes/TRPS1
http://proteomics.bio21.unimelb.edu.au/lovd/genes/TRPS1
http://proteomics.bio21.unimelb.edu.au/lovd/genes/TRPS1
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=TRPS1
https://www.ncbi.nlm.nih.gov/clinvar/?term=TRPS1[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/150230,190350,604386,606462,608177
https://www.ncbi.nlm.nih.gov/omim/150230
https://www.ncbi.nlm.nih.gov/omim/190350
https://www.ncbi.nlm.nih.gov/omim/604386
https://www.ncbi.nlm.nih.gov/omim/606462
https://www.ncbi.nlm.nih.gov/omim/608177
https://www.ncbi.nlm.nih.gov/nuccore/NM_014112.4
https://www.ncbi.nlm.nih.gov/protein/NP_054831.2
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Table 3. continued from previous page.

DNA Nucleotide Change
.1460del

c.1630C>T

c.1870C>T

c.1882C>T

c.2094C>A

¢.(2096+1_2097-1)_(2700+1_2701-1)dup
.(2096+1_2097-1)_(2700+1_2701-1)del

¢.2179_2180del
c.2355_2356del
¢.2394dup
c.2557C>T
c.(2700+1_2701-1)_(*_?)del
c.2731A>T
c.2732A>G
¢.2756T>C
c.2761C>T
¢.2762G>C
c.2762G>A
¢.2783_2784insC
c.2794G>A
c.2795C>T
¢.2801G>T
c.2823+1G>T
c.2824-23T>G
c.(2823+1_2824-1)_(*1_?)del
€.2852_2859dup
€.2981_2984del
c.2893C>T
c.2894G>A
¢.3077del
¢.3140del
c.3424del
inv(8)(ql3q24.1)
Inv(8)(q21.1q24.1)

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of

variants.

GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick
Reference for an explanation of nomenclature.

Predicted Protein Change
p-(Lys487SerfsTer13)
p.Arg544Ter
p-Arg624Ter
p-GIn628Ter
p-Tyr698Ter

?

?
p.(Val727SerfsTer29)
p.(Lys786GlyfsTer14)
p-(Ser799GlnfsTer2)
p.Arg853Ter

?

p-(Asn911Tyr)
p-(Asn911Ser)
p-(Leu919Pro)
p-Arg921Ter
p-(Arg921Pro)
p-(Arg921GlIn)
p.(Val929CysfsTer22)
p.(Ala932Thr)
p-(Ala932Val)
p-(Gly934Val)

?

?

?
p-(Gly954LysfsTer43)
p-(Glu994GlyfsTer7)
p-(Arg965Cys)
p-(Arg965His)
p-(Ser1026ThrfsTer27)
p.(Pro1047LeufsTer6)
p.(Ser1142ValfsTer36)
?

?

Reference Sequences
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Normal gene product. TRPSI encodes a 1294-amino acid transcription factor that represses GATA-regulated
genes and binds to a dynein light chain protein. Binding of the encoded protein to the dynein light chain protein
affects binding to GATA consensus sequences and suppresses its transcriptional activity.

Abnormal gene product. Heterozygous TRPSI pathogenic variants cause trichorhinophalangeal syndrome type
I (TRPSI).

EXT1

Gene structure. EXT1 spans about 312 kb and has 11 coding exons that together encode a protein of 746 amino
acids. One transcript is known; NM_000127.2 (2241 nucleotides). EXT1 is located distal to TRPSI and large
deletions involving TRPS1 and EXT1 cause TRPS II.

Abnormal gene product. The role of EXT1I in individuals with hereditary multiple osteochondromas, is also
discussed in the GeneReview on hereditary multiple osteochondromas (previously called hereditary multiple
exostoses).

RAD21

Gene structure. RAD21 spans about 29 kb, has 14 (13 coding and 1 noncoding) exons that together encode a
protein of 631 amino acids. One transcript is known; NM_006265.2 (1896 nucleotides). RAD21 is located
between TRPSI and EXT1I.

Abnormal gene product. Heterozygous pathogenic variants in RAD2I cause Cornelia de Lange syndrome-4
(CDLS4). Dominant missense variants in RAD21I result in more severe functional defects and more severe
clinical features than loss-of-function variants or deletions. Only whole-gene deletions are relevant in the scope
of TRPS.
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