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Summary

Clinical characteristics

Thrombocytopenia absent radius (TAR) syndrome is characterized by bilateral absence of the radii with the
presence of both thumbs, and thrombocytopenia that is generally transient. Thrombocytopenia may be
congenital or may develop within the first few weeks to months of life; in general, thrombocytopenic episodes
decrease with age. Cow's milk allergy is common and can be associated with exacerbation of thrombocytopenia.
Other anomalies of the skeleton (upper and lower limbs, ribs, and vertebrae), heart, and genitourinary system
(renal anomalies and agenesis of uterus, cervix, and upper part of the vagina) can occur.

Diagnosis/testing

The diagnosis of TAR syndrome is established in a proband with bilateral absent radii, present thumbs, and
thrombocytopenia. Identification of a heterozygous null allele (most often a minimally deleted 200-kb region at
chromosome band 1q21.1) in trans with a heterozygous RBM8A hypomorphic allele on molecular genetic
testing confirms the diagnosis.

Management

Treatment of manifestations: Orthopedic intervention as needed to maximize limb function. Platelet transfusion
for thrombocytopenia as needed; to reduce the risks of alloimmunization and infection, avoid platelet
transfusion in older individuals whose platelet counts exceed a particular threshold (10 platelets/nL). Standard
treatments for cardiac and genitourinary anomalies. Avoidance of cow's milk to reduce the severity of
gastroenteritis and to avoid exacerbations of thrombocytopenia. Central venous catheter as an alternative to
repeated venipuncture.

Surveillance: Platelet count when evidence of increased bleeding tendency (bruising, petechiae) occurs. Assess
for gastrointestinal manifestations in children, which may indicate cow's milk allergy, at each visit. Serum
electrolytes, blood urea nitrogen, and creatinine to assess kidney function per nephrologist.

Author Affiliation: 1 Clinique de génétique, Hopital Jeanne de Flandre, CHU de Lille, Lille, France; Email:
florence.petit@chu-lille.fr; Email: simon.boussion@chu-lille fr.
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Agents/circumstances to avoid: Avoid cow's milk to reduce the severity of gastroenteritis and associated
thrombocytopenia (in older children). Platelet function is somewhat impaired, suggesting that drugs such as
nonsteroidal anti-inflammatory drugs or aspirin should be avoided or used with caution.

Genetic counseling

TAR syndrome is caused by compound heterozygosity for a null allele and an RBM8A hypomorphic allele and is
inherited in an autosomal recessive manner. However, because null alleles are rare (and often occur de novo in
the proband) and RBM8A hypomorphic alleles are common, inheritance of TAR syndrome is associated with
several features unusual in autosomal recessive disorders: a paucity of affected sibs, apparent parent-to-child
transmission, and affected second- and third-degree relatives. The risk to sibs of a proband varies depending on
the genetic status of the parents; for example:

o If one parent is known to be heterozygous for a null allele and the other parent is heterozygous for an
RBMS8A hypomorphic allele, each sib of an affected individual has at conception a 25% chance of being
affected.

o If one parent is known to be heterozygous for a null allele and the other parent has biallelic RBM8A
hypomorphic alleles, each sib of an affected individual has at conception a 50% chance of being affected.

« If one parent is known to be heterozygous for an RBM8A hypomorphic allele and the other parent has two
normal RBM8A alleles, each sib of an affected individual has at conception a 50% chance of being an
asymptomatic carrier of an RBM8A hypomorphic allele and a 50% chance of being unaffected and not a
carrier.

Individuals who are heterozygotes (carriers) for one TAR syndrome-related pathogenic variant (either an
RBMS8A hypomorphic allele or a null allele) are asymptomatic; individuals with biallelic RBM8A hypomorphic
alleles are asymptomatic. Once the causative null allele and RBM8A hypomorphic allele have been identified in
an affected family member, carrier testing for at-risk relatives as well as prenatal and preimplantation genetic
testing are possible.

Diagnosis

Suggestive Findings
Thrombocytopenia absent radius (TAR) syndrome should be suspected in individuals with:

« Bilateral absence of the radii with the presence of both thumbs
« Thrombocytopenia, usually <50 platelets/nL (normal range: 150-400 platelets/nL)

Establishing the Diagnosis

The diagnosis of TAR syndrome is established in a proband with Suggestive Findings and a null heterozygous
variant (most often a 500-kb deletion or 200-kb deletion including RBM8A at chromosome band 1q21.1) in
trans with a heterozygous RBM8A hypomorphic allele identified by molecular genetic testing (see Table 1).

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
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many other inherited disorders with radial ray defects are more likely to be diagnosed using genomic testing (see
Option 2).

Option 1

Single-gene testing. Gene-targeted deletion/duplication analysis of RBM8A is performed first, followed by
sequence analysis of RBM8A if no deletion is found. Although the diagnosis of TAR syndrome can be established
by identification of a heterozygous minimally deleted 200-kb region at chromosome band 1q21.1, sequence
analysis of RBM8A can be done subsequently in individuals with the deletion to confirm the presence of a
second pathogenic variant (hypomorphic allele) and allow family studies. Homozygous RBM8A null alleles (e.g.,
deletions) are thought to be lethal.

A multigene panel that includes RBM8A and other genes of interest (see Differential Diagnosis) may also be
considered to identify the genetic cause of the condition while limiting identification of 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.


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
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Table 1. Molecular Genetic Testing Used in Thrombocytopenia Absent Radius Syndrome

Proportion of Pathogenic Variants 2
1 p g
Gene Method Detectable by Method
CMA or other CNV analysis 3 ~48% 4
RBMSA
Sequence analysis 5 ~49% ©

CMA = chromosomal microarray; CNV = copy number variant

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. Copy number variation analysis detects the 1q21.1 deletion containing RBM8A. Methods used may include a range of techniques
such as quantitative PCR, multiplex ligation-dependent probe amplification (MLPA), gene-targeted microarray, chromosomal
microarrays, or next-generation sequencing.

4. Both a 200-kb and a more common 500-kb TAR syndrome-associated deletion have been described. Because the deletion often
extends beyond the 200-kb minimally deleted region [Klopocki et al 2007], a test that can approximate the extent of the deletion is
optimal. A 1q21.1 deletion was identified in 81/85 (95%) individuals with TAR syndrome [Albers et al 2012; Boussion et al 2020;
Author, personal data].

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

6. Sequence analysis requires inclusion of the 5' UTR, 3' UTR, and intronic regions. A heterozygous RBM8A hypomorphic allele was
identified in 24/30 affected individuals with the 200-kb deletion [Boussion et al 2020; Author, personal data]. Biallelic RBM8A
pathogenic variants (1 null allele and 1 hypomorphic allele) were identified in 4/85 (5%) individuals [Albers et al 2012; Boussion et al
2020; Author, personal data] who did not have the 200-kb deletion. Four individuals out of 30 (13%) had a deletion identified but did
not have a hypomorphic allele identified [Boussion et al 2020; Author, personal data].

Clinical Characteristics

Clinical Description

Thrombocytopenia absent radius (TAR) syndrome is characterized by bilateral absence of the radii with the
presence of both thumbs and thrombocytopenia that is generally transient. Additional manifestations can
include cow's milk allergy and anomalies of the lower limbs, ribs, vertebrae, heart, and genitourinary system. To
date, more than 150 individuals have been reported with a TAR-related RBM8A variant [Klopocki et al 2007,
Giordano et al 2011, Houeijeh et al 2011, Albers et al 2012, Bottillo et al 2013, Papoulidis et al 2014, Yassaee et al
2014, Kumar et al 2015, Tassano et al 2015, Nicchia et al 2016, Diep & Arcasoy 2017, Manukjan et al 2017,
Brodie et al 2019, Boussion et al 2020, Miertus et al 2020, Travessa et al 2020, Beauvais et al 2021, da Rocha et al
2021, Ding et al 2021, Morgan et al 2021, Espinoza et al 2022, Farlett et al 2022]. The following description of the
phenotypic features associated with TAR syndrome is based on these reports.

Table 2. Thrombocytopenia Absent Radius Syndrome: Frequency of Select Features

Feature % of Persons w/Feature
Limb anomalies 100%
Thrombocytopenia 96%

Cardiac anomalies 17%

Gastrointestinal manifestations 26%

Genitourinary anomalies 24%
Limb anomalies can affect both upper and lower limbs; upper limb involvement tends to be more severe than

lower limb involvement. Individuals with TAR syndrome almost always have bilateral absence or hypoplasia of
the radius. The thumbs are always present and are of near-normal size but somewhat wider and flatter than
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usual. Thumbs are also held in flexion against the palm, and tend to have limited function, particularly in terms
of grasp and pinch activities [Goldfarb et al 2007].

The upper limbs may also have hypoplasia or absence of the ulnae, humeri, and shoulder girdles. Fingers may
show syndactyly, and fifth-finger clinodactyly is common.

Lower limbs are affected in almost half of indiviuals with TAR syndrome; hip dislocation, coxa valga, femoral
and/or tibial torsion, genu varum, and absence of the patella are common findings. The most severe limb
involvement is tetraphocomelia.

Thrombocytopenia may be congenital or may develop within the first few weeks to months of life. In most
individuals, platelet counts remain low during the first two years of life; they then increase but do not reach the
lower reference value [Fiedler et al 2012, Manukjan et al 2017].

Cow's milk allergy is common, and can be associated with exacerbation of thrombocytopenia, either by direct
immunoglobulin E (IgE) immune-mediated mechanism or secondary to increased gastrointestinal bleeding
caused by loss of coagulation proteins [Farlett et al 2022].

Cardiac anomalies usually include septal defects (e.g., atrial septal defect, ventricular septal defect, patent
foramen ovale) rather than complex cardiac malformations [Hedberg & Lipton 1988, Greenhalgh et al 2002].
One individual with tetralogy of Fallot has been reported [Kumar et al 2015].

Gastrointestinal involvement includes cow's milk allergy or intolerance and an increased susceptibility to
gastroenteritis [Greenhalgh et al 2002]. Both tend to improve with age. These findings may be underreported
since many fetuses and adults with TAR syndrome are described in the literature. Cow's milk intolerance may
present with poor weight gain, failure to thrive, vomiting, or diarrhea, requiring non-cow's milk formulas.
Unrelated to cow's milk intolerance, an increased susceptibility to gastroenteritis and dehydration requiring
intravenous fluids has been reported in 30% of individuals [Greenhalgh et al 2002].

Genitourinary anomalies include mostly congenital anomalies of the kidney and urinary tract (CAKUT), such
as kidney agenesis or malrotation, horseshoe kidney, hydronephrosis, and pyelectasis. Rarely, Mayer-Rokitansky-
Kuster-Hauser syndrome (agenesis of uterus, cervix, and upper part of the vagina) has been reported [Griesinger
et al 2005, Klopocki et al 2007, Ahmad & Pope 2008].

Other hematologic features have been rarely reported. During the first year of life some children develop
anemia that cannot be fully attributed to increased bleeding as a result of thrombocytopenia. Some individuals
become severely anemic, requiring red blood cell transfusions (particularly those with RBM8A variant
c.-21G>A) [Manukjan et al 2017].

Leukemoid reactions have been reported in some individuals with TAR syndrome, with white blood cell counts
exceeding 35,000 cells/mm3. Leukemoid reactions are generally transient [Klopocki et al 2007]. However, several
individuals with acute myeloid leukemia [Rao et al 1997, Fadoo & Naqvi 2002, Go & Johnston 2003, Jameson-
Lee et al 2018, Boussion et al 2020] or acute lymphoblastic leukemia [Camitta & Rock 1993] have been reported.

Cognitive development is usually normal in individuals with TAR syndrome.
Growth. Most have height at or below the 50th centile.

Other skeletal manifestations such as rib and vertebral anomalies (e.g., cervical rib, fused cervical vertebrae,
vertebral segmentation defects) are relatively rare.

Langerhans cell histiocytosis has been rarely reported in individuals with TAR syndrome [Giordano et al 2011,
Manukjan et al 2017, Hipdlito et al 2019, Boussion et al 2020].
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Genotype-Phenotype Correlations

Individuals with TAR syndrome have one null allele in trans with a hypomorphic allele. The hypomorphic allele
is usually located in the 5' UTR, intron 1, or 3' UTR.

Only limited genotype-phenotype correlations have been described:

 The c.-21G>A hypomorphic allele has been associated with lower platelet counts and hemoglobin values
below the lower reference value; the low hemoglobin levels could not be fully attributed to increased
bleeding as a result of thrombocytopenia [Manukjan et al 2017].

o Individuals with intronic hypomorphic allele ¢.67+32G>C had higher platelet counts, even during the first
months of life, which eventually reached the reference range. Individuals with the c.67+32G>C allele also
had normal hemoglobin levels.

Penetrance

Penetrance appears to be complete in individuals who have biallelic RBM8A pathogenic variants (a heterozygous
null allele in trans with a hypomorphic allele).

Prevalence

The prevalence of TAR syndrome is estimated at 1:100,000 to 1:200,000, but it is likely more frequent in
populations of African descent, due to a recurrent RBM8A hypomorphic allele (c.Ter6C>G) with a minor allele
frequency of 14.8% in the African population.

Genetically Related Disorders

No phenotypes other than those discussed in this GeneReview are known to be associated with the 200-kb
minimally deleted region at 1q21.1. Recurrent deletion or duplication of nearby DNA segments at 1q21.1 gives
rise to the variable phenotypes associated with 1q21.1 deletion (see 1q21.1 Recurrent Microdeletion) and
duplication (OMIM 612475). Occasionally, these rearrangements may extend into the 200-kb minimally deleted
TAR locus. See Molecular Genetics.

No phenotypes other than those discussed in this GeneReview are known to be associated with intragenic
germline pathogenic variants in RBMS8A.

Differential Diagnosis

Hereditary disorders of known genetic cause that include radial aplasia as a component manifestation and can
show some overlap with thrombocytopenia absent radius (TAR) syndrome are summarized in Table 3. However,
among the group of genetic disorders associated with radial aplasia, the presence of both thumbs is highly
specific of TAR syndrome.

Table 3. Genetic Disorders Associated with Radial Aplasia in the Differential Diagnosis of Thrombocytopenia Absent Radius
Syndrome

Gene(s)  Disorder MOI Limb Malformations Other Key Features
AR Unilateral or bilateral malformations of Growth deficiency, variable
23 genes 1 Fanconi anemia AD upper limbs (e.g., hypoplastic thumb & congenital anomalies, BMF, & *

XL 2 hypoplastic radius) & lower limbs risk for malignancy


https://www.ncbi.nlm.nih.gov/books/n/gene/mdel1q21_1/
https://omim.org/entry/612475
https://www.ncbi.nlm.nih.gov/books/n/gene/fa/
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Table 3. continued from previous page.
Gene(s)  Disorder MOI Limb Malformations Other Key Features

Limb malformations can incl bilateral

ESCO2 spectrum disorder (from symmetric tetraphocomelia or hypomelia Prenatal growth restriction,

ESCO2 Roberts syndrome at severe end of AR caused b?f mesomelic shortening '& limb craniofacial abnormalities, other
spectrum to SC phocomelia at bone fusions; brachydactyly & oligodactyly ital lies. & ID
milder end) w/abnormal thumb placement, hypoplasia, congenital anomates,

or aplasia
RAPADILINO syndrome (See Radial defects incl absent or hypoplastic Grlo \;vthdclieﬁfllenc.y,. high cleft
RECQL4 Rothmund-Thomson Syndrome, AR radii & absent or hypoplastic thumbs; g?sfoi;tii)arg g(a’cﬁ(:gcteristic
Genetically Related Disorders.) absent/hypoplastic patellae facial f ’
acial features
Imperforate anus, dysplastic ears,
SALLI Townes-Brocks syndrome AD  Thumb malformations w/normal radii hearing impairment, & kidney
disease
SALL4-related disorders (Duane-
radial ray syndrome [Okihiro Radial ray anomalies of varying severity,

SALL4 syndrome], acro-renal-ocular AD ranging from thenar hypoplasia to radial Dbuane ar;f)maly &renal
syndrome, & SALL4-related Holt- aplasia abnormality
Oram syndrome)

Upper limb malformations range from
triphalangeal or absent thumb(s) to

TBX5 TBX5-related Holt-Oram AD phocomelia; radius aplasia/hypoplasia, Congenital heart malformation &
syndrome fusion or anomalous carpal & thenar cardiac conduction disease

bones, & restriction of shoulder joint
movement

AD = autosomal dominant; AR = autosomal recessive; BMF = bone marrow failure; ID = intellectual disability; MOI = mode of
inheritance; XL = X-linked

1. BRCA1, BRCA2, BRIP1, ERCC4, FAAP100, FANCA, FANCB, FANCC, FANCD2, FANCE, FANCF, FANCG, FANCI, FANCL, FANCM,
MAD2L2, PALB2, RAD51, RAD51C, RFWD3, SLX4, UBE2T, XRCC2 (See Fanconi Anemia.)

2. Fanconi anemia (FA) can be inherited in an autosomal recessive manner, an autosomal dominant manner (RAD51-related FA), or an
X-linked manner (FANCB-related FA).

Other disorders with radial aplasia in the differential diagnosis of TAR syndrome

« VACTERL association (OMIM 192350) is an acronym that stands for the cardinal manifestations of
vertebral, anal, cardiac, tfracheoesophageal fistula, renal anomalies, and /imb anomalies. The limb
anomalies tend to affect the thumb and radius, although the thumb is often absent in VACTERL
association. Thrombocytopenia does not occur as a manifestation of VACTERL association. The genetic
cause of VACTERL association is unknown.

 Thalidomide embryopathy occurs secondarily to maternal ingestion of thalidomide. Affected children
can have a pattern of limb, cardiac, craniofacial, and genitourinary anomalies.

« Fetal valproate syndrome occurs secondarily to maternal ingestion of valproate. Affected children can
have radial ray malformation, craniofacial anomalies, and cognitive delays.

Management

Clinical practice guidelines for anesthesia and dental care in thrombocytopenia absent radius (TAR) syndrome
have been published [Idahosa et al 2014]. Individuals with TAR syndrome have a high anesthetic risk.
Considerations include potential difficulties with vascular and airway access, risk for bleeding due to altered
platelet count and function, and potential congenital cardiac defects. All risks should be assessed carefully before
surgery.


https://www.ncbi.nlm.nih.gov/books/n/gene/rbs/
https://www.ncbi.nlm.nih.gov/books/n/gene/rts/#rts.Genetically_Related_Allelic_Disorder
https://www.ncbi.nlm.nih.gov/books/n/gene/tbs/
https://www.ncbi.nlm.nih.gov/books/n/gene/drrs/
https://www.ncbi.nlm.nih.gov/books/n/gene/hos/
https://www.ncbi.nlm.nih.gov/books/n/gene/hos/
https://www.ncbi.nlm.nih.gov/books/n/gene/fa/
https://omim.org/entry/192350
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Evaluations Following Initial Diagnosis

To establish the extent of disease and needs in an individual diagnosed with TAR syndrome, 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 Thrombocytopenia Absent Radius Syndrome
System/Concern Evaluation Comment

« Clinical assessment for upper- & lower-
Musculoskeletal extremity anomalies Referral to orthopedist as needed
« X-rays if needed by orthopedist

o Bone marrow biopsies to confirm
hypomegakaryocytic bone marrow are typically no

. Blood cell count to evaluate for thrombocytopenia & longer performed.
Hematologic . L . . .
anemia « Platelet function is somewhat impaired, suggesting
that drugs such as NSAIDS (incl aspirin) should be
avoided or monitored carefully.
Cardiac Echocardiography To identify septal defects or other structural cardiac

anomalies

o Cow's milk allergy or intolerance is frequent;
consider non-cow's milk formula.

o Cow's milk allergy & gastroenteritis may precipitate
thrombocytopenia.

o Assess for poor weight gain, failure to thrive,
Gastrointestinal vomiting, or diarrhea.
o Assess for episodes of severe gastroenteritis.

+ Renal ultrasound exam
 Assess renal function w/serum electrolyte
Genitourinary concentrations, BUN, & creatinine in those
w/renal malformation.
« Pelvic ultrasound exam in females

To identify genitourinary malformations & renal
dysfunction

To inform affected persons & their families re nature, MOI,

Genetic . . R 1 .
. By genetics professionals ! & implications of TAR syndrome to facilitate medical &
counseling o .
personal decision making
Assess need for:
. » Community or online resources such as
Family support
Parent to Parent;
& resources

« Social work involvement for parental support;
« Home nursing referral.

BUN = blood urea nitrogen; MOI = mode of inheritance; NSAIDs = nonsteroidal anti-inflammatory drugs; TAR = thrombocytopenia
absent radius
1. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

Treatment of Manifestations
Table 5. Treatment of Manifestations in Individuals with Thrombocytopenia Absent Radius Syndrome
Manifestation/Concern Treatment Considerations/Other

Orthopedic intervention incl prostheses, orthoses,

. . o To maximize limb function !
adaptive devices, & surgery as indicated

Limb anomalies


https://www.p2pusa.org/
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Table 5. continued from previous page.
Manifestation/Concern Treatment Considerations/Other

Platelet transfusion as needed: ]
o Frequent platelet transfusion can lead to

o Innewborns, platelet transfusion threshold alloimmunization & 1 risk of infection.
Thrombocytopenia is unknown. o Bone marrow transplantation is generally not
o In older persons, platelet transfusion indicated, given transient nature of
threshold is <10 platelets/nL. thrombocytopenia in TAR syndrome.
Cardiac anomalies Treatment per cardiologist

Treatment per gastroenterologist

Gastroenteritis . o To ¥ severity of gastroenteritis & | exacerbations of
Avoidance of cow's milk o :
thrombocytopenia (in older children)

Genitourinary Treatment per nephrologist, urologist, &/or
anomalies gynecologist
Use of central venous catheters as an alternative to .
Other Suggested to ¥ pain assoc w/repeated procedures 2

venipuncture

TAR = thrombocytopenia absent radius
1. McLaurin et al [1999], Al Kaissi et al [2015]
2. Coccia et al [2012]

Surveillance
Table 6. Recommended Surveillance for Individuals with Thrombocytopenia Absent Radius Syndrome
System/Concern Evaluation Frequency

In those w/signs of T bleeding tendency

Thrombocytopenia Platelet count (bruising, petechiac)

o Assess for poor weight gain, failure to thrive,
vomiting, or diarrhea. During childhood, at each visit
« Assess for episodes of severe gastroenteritis.

Gastrointestinal
manifestations

Frequency of renal function assessment to be
determined by nephrologist, depending on the
malformation

Renal function in those Assess renal function w/serum electrolyte
w/renal malformation concentrations, BUN, & creatinine

BUN = blood urea nitrogen

Agents/Circumstances to Avoid

Avoid cow's milk to reduce the severity of gastroenteritis and associated thrombocytopenia (in older children).

Platelet function is somewhat impaired, suggesting that drugs such as nonsteroidal anti-inflammatory drugs
including aspirin should be avoided or used with caution.

Evaluation of Relatives at Risk

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

Pregnancy Management

Fewer than ten pregnancies have been reported in women with TAR syndrome [Diep & Arcasoy 2017]. Almost
all develop thrombocytopenia during pregnancy. Corticosteroids can be considered to treat a superimposed
immune component, but platelet transfusions may be required prior to surgery or to treat bleeding. In one
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pregnant woman with TAR syndrome, exacerbation of her thrombocytopenia preceded the development of
preeclampsia [Wax et al 2009].

Other considerations during pregnancy include potential difficulties with administration of regional anesthetics
(given potential difficulties with vascular access) and difficulties accessing the airway for general anesthesia [Wax
et al 2009].

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

Thrombocytopenia absent radius (TAR) syndrome is caused by compound heterozygosity for a null allele (most
often a 500-kb deletion or 200-kb deletion including RBM8A at chromosome band 1q21.1) and a heterozygous
RBMS8A hypomorphic allele and is inherited in an autosomal recessive manner. However, because null alleles are
rare and RBM8A hypomorphic alleles are common, inheritance of TAR syndrome is associated with several
features unusual in autosomal recessive disorders:

« A paucity of affected sibs. Greenhalgh et al [2002] reported that 20% of sibs were similarly affected, while
an unpublished survey found that 6% of sibs were similarly affected. The smaller-than-expected
percentage of affected sibs may partially be explained by the 200-kb minimally deleted region of 1q21.1
occurring as a de novo event in a substantial proportion (25%-50%) of individuals [Albers et al 2012].

« Apparent parent-to-child transmission reported. Given that the frequency of the RBM8A hypomorphic
alleles can be as high as 3% to 14.8%, an individual with TAR syndrome may have a reproductive partner
who is a carrier of an RBM8A hypomorphic allele.

 Affected second- and third-degree relatives reported (with few or no manifestations in intervening
relatives; see preceding bullet).

Risk to Family Members

Parents of a proband

o The parents of an individual with TAR syndrome are typically unaffected. One parent is presumed to be a
carrier of an RBM8A hypomorphic allele; the other parent may or may not be a carrier of a null allele.

« Rarely, one parent of an individual with TAR syndrome is a carrier of an RBM8A hypomorphic allele and
the other parent is affected with TAR syndrome. Apparent parent-to-child transmission [Ward et al 1986,
Klopocki et al 2007, Boussion et al 2020] and the presence of affected individuals in multiple generations
have been reported [Schnur et al 1987].

« Approximately 50%-75% of individuals with TAR syndrome inherited the 200-kb minimally deleted
region at 1q21.1 from an unaffected parent. The deletion occurs de novo in about 25%-50% of probands
[Klopocki et al 2007, Albers et al 2012].


https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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» Molecular genetic testing for the TAR syndrome-related pathogenic variants identified in the proband is
recommended for the parents of the proband to confirm their genetic status and to allow reliable
recurrence risk assessment.

« Individuals who are heterozygotes (carriers) for one TAR-syndrome related pathogenic variant (either an
RBMS8A hypomorphic allele or a null allele) are asymptomatic. Individuals with biallelic (homozygous or
compound heterozygous) RBM8A hypomorphic alleles are asymptomatic. (Biallelic null alleles have never
been reported and are thought to be lethal.)

Sibs of a proband

o If one parent is known to be heterozygous for a null allele and the other parent is heterozygous for an
RBMS8A hypomorphic allele, each sib of an affected individual has at conception a 25% chance of being
affected, a 50% chance of being an asymptomatic carrier, and a 25% chance of inheriting neither of the
familial pathogenic variants.

o If one parent is known to be heterozygous for a null allele and the other parent has biallelic RBM8A
hypomorphic alleles, each sib of an affected individual has at conception a 50% chance of being affected
and a 50% chance of being an asymptomatic carrier of an RBM8A hypomorphic allele.

« If one parent is known to be heterozygous for an RBM8A hypomorphic allele and the other parent has two
normal RBM8A alleles (i.e., the other parent is not a carrier), each sib of an affected individual has at
conception a 50% chance of being an asymptomatic carrier of an RBM8A hypomorphic allele and a 50%
chance of being unaffected and not a carrier.

« Individuals who are heterozygotes (carriers) for one TAR-syndrome related pathogenic variant (either an
RBMS8A hypomorphic allele or a null allele) are asymptomatic. Individuals with biallelic (homozygous or
compound heterozygous) RBM8A hypomorphic alleles are asymptomatic. (Biallelic null alleles have never
been reported and are thought to be lethal.)

Offspring of a proband

 An individual with TAR syndrome will transmit either a null allele or an RBM8A hypomorphic allele to all
offspring.

o If the reproductive partner of an individual with TAR syndrome is a carrier of a heterozygous RBM8A
hypomorphic allele, offspring have a 25% chance of inheriting a null allele and an RBM8A hypomorphic
allele and being affected.

o If the reproductive partner of an individual with TAR syndrome has biallelic (homozygous or compound
heterozygous) RBM8A hypomorphic alleles, offspring have a 50% chance of inheriting a null allele and an
RBMS8A hypomorphic allele and being affected.

Other family members. The risk to other family members depends on the status of the proband's parents. If the
parent of a proband is a carrier of a TAR syndrome-related pathogenic variant, each sib of that parent is at
increased risk of being a carrier of the pathogenic variant.

Carrier Detection

Carrier testing for at-risk relatives requires prior identification of the TAR syndrome-related pathogenic variants
in the family.

Related Genetic Counseling Issues

Family planning

o The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.
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o Itisappropriate to offer genetic counseling (including discussion of potential risks to offspring and
reproductive options) to young adults who are affected, are carriers of a TAR syndrome-related pathogenic
variant, or are at risk of being carriers.

Prenatal Testing and Preimplantation Genetic Testing

Once the causative null allele and RBM8A hypomorphic allele have been identified in an affected family
member, prenatal and preimplantation genetic testing are possible.

For pregnancies known to be at increased risk for TAR syndrome - that is, either (a) both parents are known
carriers of a TAR syndrome-related pathogenic variant (one parent is a carrier of a null allele and one parent is
carrier of an RBM8A hypomorphic allele); or (b) one parent is a known carrier and the status of the other parent
is unknown; or (c) one parent has TAR syndrome; or (d) one parent with unknown genetic status has a sib with
TAR syndrome:

» Molecular genetic testing. If the pathogenic variants have been identified in an affected family member,
prenatal and preimplantation genetic testing are possible.

o Fetal ultrasound examination. Ultrasound evaluation of fetal limbs and heart can be used either alone or
in conjunction with molecular genetic testing.

For pregnancies not known to be at increased risk for TAR syndrome

o Fetal ultrasound examination. In a pregnancy not known to be at increased risk for TAR syndrome and
in which radial anomalies are identified on routine ultrasound evaluation, the fetus with TAR syndrome
may be misdiagnosed as having Holt-Oram, Roberts, or other syndromes. The detection of a heterozygous
200-kb minimally deleted region at 1q21.1 [Houeijeh et al 2011] or other heterozygous null alleles in trans
with an RBM8A hypomorphic allele confirms the diagnosis of TAR syndrome in a fetus with typical radial
anomalies.

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.

+ Genetic and Rare Diseases Information Center (GARD)
Phone: 888-205-2311
TAR Syndrome

o MedlinePlus

Thrombocytopenia-absent radius syndrome

« National Organization for Rare Disorders (NORD)
Thrombocytopenia Absent Radius Syndrome

+ MedlinePlus
Thrombocytopenia


https://www.ncbi.nlm.nih.gov/books/n/gene/hos/
https://www.ncbi.nlm.nih.gov/books/n/gene/rbs/
https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
https://rarediseases.info.nih.gov/diseases/5116/tar-syndrome
https://medlineplus.gov/genetics/condition/thrombocytopenia-absent-radius-syndrome/
http://rarediseases.org/rare-diseases/thrombocytopenia-absent-radius-syndrome/
http://www.nlm.nih.gov/medlineplus/ency/article/000586.htm
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« REACH
Helping children with upper limb differences live life without limits.
United Kingdom
Phone: 0845 1306 225; 020 3478 0100

www.reach.org.uk

« National Cancer Institute
Inherited Bone Marrow Failure Syndrome Studies (IBMES)
IBMFS Study

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. Thrombocytopenia Absent Radius Syndrome: Genes and Databases
Gene Chromosome Locus Protein HGMD ClinVar
RBMS8A 1q21.1 RNA-binding protein 8A RBMS8A RBMSA

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 Thrombocytopenia Absent Radius Syndrome (View All in OMIM)

274000 THROMBOCYTOPENIA-ABSENT RADIUS SYNDROME; TAR
605313 RNA-BINDING MOTIF PROTEIN 8A; RBMSA

Molecular Pathogenesis

RBMS8A encodes RNA-binding protein 8A (RBM8A; also known as Y14), a protein found predominantly in the
nucleus, although it is also present in the cytoplasm. RBM8A has a conserved RNA-binding motif and is
preferentially associated with mRNAs produced by splicing, including both nuclear mRNAs and newly exported
cytoplasmic mRNAs. It is thought that the protein remains associated with spliced mRNAs as a tag to indicate
where introns were present, thus coupling pre- and post-mRNA splicing events. RBM8A is involved with mRNA
and snRNA biogenesis, based on its role as a component of the exon junction complex (EJC). RBM8A also plays
a role in genomic stability; its knockdown delays the recruitment of DNA damage repair factors to damage sites
and compromises the efficiency of DNA end joining [Chuang et al 2019].

Thrombocytopenia absent radius (TAR) syndrome is the result of loss of function of RBM8A, reducing the
expression of RBM8A below a critical threshold [Albers et al 2012]. Experiments in model animal systems
indicate that a complete deficiency of RBM8A (homozygosity for two null alleles) is lethal.

The consequences of insufficiency on the functioning of the EJC and its repercussions on cellular metabolism are
not fully understood. Although the EJC appears to act ubiquitously, the reason why some tissues are consistently
and severely affected by downregulation of RBM8A while other organs are spared is unknown. It has been
shown, for example, that hypomorphic alleles lead to a loss of expression in osteoblastic and megakaryocytic
cells in vitro, but not in human vascular cells [Albers et al 2012].

Several authors have studied the mechanism of thrombocytopenia in TAR syndrome by studying the
thrombopoietin receptor (TPO) signaling pathway. In TAR syndrome, thrombocytopenia is characterized by a
very low rate of megakaryocytic precursors within the bone marrow. While the TPO signaling pathway plays a


https://reach.org.uk/
https://www.marrowfailure.cancer.gov/ibmfs/
https://www.ncbi.nlm.nih.gov/gene/9939
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=9939
http://www.uniprot.org/uniprot/Q9Y5S9
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=RBM8A
https://www.ncbi.nlm.nih.gov/clinvar/?term=RBM8A[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/274000,605313
https://www.ncbi.nlm.nih.gov/omim/274000
https://www.ncbi.nlm.nih.gov/omim/605313
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major role in the control of megakaryocyte differentiation, to date no association between it and TAR syndrome
has been demonstrated [Ballmaier et al 1997, Ballmaier et al 1998, Fiedler et al 2012].

Mechanism of disease causation. Loss of function

RBMB8A-specific laboratory technical considerations. A closely related pseudogene, RBM8B, has been
described [Faurholm et al 2001].

Notable RBM8A variants. The minimally deleted segment is a 200-kb region at 1q21.1 encompassing RBM8A as
well as at least 12 known genes [Klopocki et al 2007]. However, the most frequently observed deleted allele
(28/30 individuals with TAR syndrome) is a 500-kb deletion extending toward the telomere that spans an
additional five genes [Klopocki et al 2007]. Both the 200-kb and 500-kb TAR syndrome-associated deletions are
typically distinct and separate from the region of the 1q21.1 deletion/duplication syndrome (see Genetically
Related Disorders). Larger rearrangements involving these regions have been reported [Brunetti-Pierri et al
2008, Mefford et al 2008]. An atypical TAR syndrome region deletion has also been described [Brunetti-Pierri et
al 2008].

Table 7. Notable RBM8A Pathogenic Variants
Reference Sequences DNA Nucleotide Change Predicted Protein Change Comment [Reference]

Hypomorphic allele w/general population frequency of

_ 1 -
c-21G>A 3.05% [Albers et al 2012] 2
Hypomorphic allele w/African population frequency of
3 . ypomorphic allele w pop q y
¢ Ter6C>G 14.8% [Boussion et al 2020] 2
NM_005105.5 hic allel | | ; ;
Hypomorphic allele w/general population frequency o
4 - Yp P g pop q y
C67+32G>C 0.41% [Albers et al 2012] 2
c—19G>T __ Hypomorphic allele w/unknown population frequency
’ [Boussion et al 2020] 2
Hypomorphic allele w/general population frequency of
5 . ypomorphic allele w/g pop q y
NC_000001.11 2.145919695T>C 0.5% [Brodie et al 2019] 2
c.207_208insAGCG p-Val70SerfsTer3
Null allele [Albers et al 2012]
NM_005105.5 c.487C>T p.Arg163Ter
NP_005096.1 €.206-13C>A p.Ser69PhefsTer13

Null allele [Boussion et al 2020]
€.205+3_205+6delGAGT p.Glu43_Ser69delinsAla

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

1. rs139428292

2. Note that individuals homozygous for these hypomorphic alleles do not have features of TAR syndrome.

3. 1512079762

4. 15201779890

5. 1561746197

Chapter Notes
Avuthor Notes

Prof Florence Petit (florence.petit@chu-lille.fr) is actively involved in clinical research regarding individuals with
limb malformations and especially thrombocytopenia in thrombocytopenia absent radius (TAR) syndrome. Her
group would be happy to communicate with persons who have any questions regarding diagnosis of TAR
syndrome or other considerations.


https://www.ncbi.nlm.nih.gov/nuccore/NM_005105.5
https://www.ncbi.nlm.nih.gov/nuccore/NC_000001.11
https://www.ncbi.nlm.nih.gov/nuccore/NM_005105.5
https://www.ncbi.nlm.nih.gov/protein/NP_005096.1
https://www.ncbi.nlm.nih.gov/snp/rs139428292
https://www.ncbi.nlm.nih.gov/snp/rs12079762
https://www.ncbi.nlm.nih.gov/snp/rs201779890
https://www.ncbi.nlm.nih.gov/snp/rs61746197
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Prof Petit is also interested in hearing from clinicians treating families affected by TAR syndrome in whom no
causative variants have been identified through molecular genetic testing.

Contact Prof Petit to inquire about review of RBM8A variants of uncertain significance.
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