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Abstract 
 

Holt-Oram syndrome (HOS) is a developmental disorder inherited in an autosomal-dominant 

pattern. Affected organs are the heart and forelimbs with upper extremity skeletal defects and 

congenital heart malformation. In this study we present three cases of HOS in the same family. In 

one of these three individuals we detected a transition of C to T (CTG-GTT, V205V) in exon 7 of 

the TBX5 gene. This nucleotide change causes no amino acid change and potential pathologic 

effects remain unknown. 
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Introduction 
Holt-Oram syndrome (HOS) is a developmental 

disorder inherited in an autosomal-dominant pattern. 

Affected organs are the heart and forelimbs with 

upper extremity skeletal defects and congenital heart 

malformation. This syndrome was first described by 

Holt and Oram (1), who observed atrial septal defect 

in members of four generations of a family associated 

with a congenital anomaly of the thumbs. 

Haploinsufficiency of TBX5 on the human 

chromosome 12 (12q24.1) is the cause of HOS (2, 3).  

Holt-Oram syndrome is the most common heart-

hand syndrome with an estimated frequency of about 

one in 100,000 live births (4). This syndrome has 

been reported from various racial and ethnic groups 

worldwide (5).  

The upper-limb malformations in HOS are fully 

penetrant, but congenital heart malformations occur in 

approximately 75% of affected individuals (6).  

 

Materials and Methods 
In this study we present three cases of HOS in the 

same family: 

Patient 1 was 23-year-old female who presented 

with palpitations. The electrocardiogram revealed 

sinus pauses with junctional escape rhythm. The 

echocardiogram revealed a 45 mm atrial septal defect 

of the ostium secundum type with enlarged right 

chambers, moderate pulmonary arterial hypertension 

(systolic pressure: 53 mmHg), mild tricuspid 

regurgitation, and inferior vena cava (IVC) dilation of 

24 mm. These findings were confirmed during 

surgery.  

Patient 2 was a 25-year-old male who presented 

with palpitations and syncope with onset at age nine. 

The echocardiogram revealed a large atrial septal 

defect of the ostium secundum type and multiple 

ventricular septal defects. Surgery was first performed 

at age nine.  

Patient 3 was a 27-year-old male who presented 

with palpitations, dyspnea, and syncope. The 

echocardiogram revealed two atrial septal defects of 

the ostium secundum type, enlarged right chambers, 

and mild tricuspid and mitral regurgitation.  

Peripheral blood samples of these patients were 

collected in EDTA anticoagulant tubes and DNA 
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was extracted using the salting out method, with 

modifications described previously (Fig. 1) (7). 

Genomic DNA of exons 2-9 of the TBX5 gene, 

with NC_000012.11 as the NCBI reference 

sequence, was sequenced using the primers listed in 

Table 1.  

Each exon was amplified under the following 

conditions: one cycle at 94 °C for 5 min, followed by 

30 cycles of denaturation at 94 °C for 30 sec, 

annealing at 60 °C for 30 sec, and extension at 72 °C 

for 30 sec, and one cycle of post-elongation at 72 °C 

for 7 min. Each 25 µL reaction contained 20 mmol/L 

Tris-HCl pH 8.4, 50 mmol/L KCl, 2 mmol/L MgCl2, 

10 pmol of each primer, 0.2 mmol/L of each dNTP 

mix, 1.25 units of Smart Taq DNA polymerase, and 

100-200 ng of genomic DNA.  

 

 
Table 1. Primers used to amplify exons 2-9 of the TBX5 gene. 

 

Exon Primer 
Size 

(bp) 

2 

Forward 
5’-GCTTCTTGTCCTCAGAGCAGAACCT-3’ 

Reverse 

5’-GCAAGAGAAGCCGAGCAGGAAAGCCA-3’ 

277 

3 

Forward 
5’-AGTTTGGGGAAGGAATGCCCACTAC-3’ 

Reverse 

5’-TTCTCCTCGTCCCTCTCTCTACA-3’ 

200 

4 

Forward 
5’-AACGGGGCTAGTTTCCGCTTCCACG-3’  

Reverse 

5’-CTTTTTGGGAGAAGGTTCCACTTTT-3’ 

307 

5 

Forward 
5’-CCCTTAAAATGGATGGAGGC-3’ 

Reverse 

5’-CTTTTTGGGAGAAGGTTCCACTTTT-3’ 

261 

6 

Forward 
5’-CCTGGTGCGTGAACTGAAGCACGCT-3’  

Reverse 

5’-CTGCCATTCAGAGGAGCAAAGTTCC-3’ 

340 

7 

Forward 
5’-GAGGGAGACAAGGCGGGGAATCCAG-3’  

Reverse 

5’-GGAGGTGCTGGGTTGCTGCT-3’ 

250 

8 

Forward 
5’-CTTTTCTGGTGGATTCTCTCACACC-3’ 

Reverse 
5’-GGGTAGGAACATGTCAAGGGAACT-3’ 

515 

9 

Forward 
5’-TACTTTGGCCAAATAACTGTCTCC-3’  

Reverse 

5’-CGACCTTGAGTGCAGATGTG-3’ 

802 

 

 

 

 

 

 

 

 

 

 

Results 
Sequence analysis of the TBX5 gene in two of our 

three patients identified no nucleotide changes, but in 

one patient we detected a C to T transition (CTG-

GTT, V205V) in exon 7 of the TBX5 gene (Fig.2). 

This nucleotide change is at codon 205 of TBX5. 

This transition causes no amino acid change and 

potential pathologic effects remain unknown. 

 
Fig. 2. Panel A shows a chromatogram of the C to T transition 

(GTC>GTT), c.615C>T, V205V in TBX5 gene. Panel B shows 

the normal sequence of the same region. 

 

Discussion 
TBX5 is a member of the T-Box gene family 

required in vertebrate cardiogenesis and normal heart 

development (8, 9). Holt-Oram syndrome is a 

developmental disorder with full penetrance caused 

by haploinsuffiency in the TBX5 gene (3). This 

syndrome shows variable expression as a spectrum of 

mutations and thereby genotype-phenotype 

correlation. In this syndrome cardiac involvement 

may be absent in patients with upper limb defects. 

Immunohistochemical studies with anti-human 

TBX5 protein antibodies demonstrated cardiac 

expression during embryogenesis throughout the 

epicardium and in cardiomyocyte nuclei in the 

myocardia of all four cardiac chambers (10, 11). 

  

 
Fig. 1. Hands of patients with Holt-Oram or heart-hand 

syndrome. Both thumbs are abnormally short and curved. 
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Clinical manifestations generally present as 

malformations of the upper limbs, cardiac septation 

defects such as atrial and ventricular septal defects 

(ASD and VSD, respectively), and disruption of 

normal cardiac conduction system development (12). 

Wide varieties of skeletal defects and congenital heart 

disease were observed; however, the severity of 

skeletal involvement did not parallel that of cardiac 

disease. Smith et al. (1979) reported five of 39 

affected patients had normal EKGs despite typical 

limb defects (13), Basson et al. (1997) reported a 

nonsense mutation (Glu69-to-stop codon) in affected 

members of one family that caused a truncated 

protein without a T-box domain (2), and in another 

study Yang et al. (2000) identified three novel 

mutations that included a frame shift by deletion of 

one base pair, and two missense mutations in 11 

Chinese patients. (14) Contiguous gene deletions of 

about 2.19 mega base pairs (Mbp) in TBX5 with 

involvement of TBX3 was reported by Borozdin et al 

(2006) in one Czechoslovakian mother and her two 

daughters, which was diagnosed as HOS. (15) Large 

TBX5 gene deletions have been reported with 

multiplex amplifiable probe hybridization (MAPH) 

in genomic DNA from two related patients in which 

the TBX5 mutation was unknown in exons 3-9 (16). 

TBX5 mutation screening in exons 3–9 in a five-

generation family of nine affected individuals with 

HOS phenotype identified no mutations, but array 

comparative genomic hybridization (array CGH) 

detected a 48 kb duplication at 12q24.21 including 

TX5 exons 2–9 with breakpoints within introns 1–2 

and 9–10 (17). 

Presently, modern high-throughput DNA 

sequencing technologies such as pyro sequencing and 

next generation sequencing (NGS) can be used to 

search for nucleotide changes in entire candidate 

genes in patients with genetic disorders. These 

methods are improvements over exon-by-exon PCR 

and subsequent DNA sequencing.  
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