
T-box protein 4 mutation causing
pulmonary arterial hypertension
and lung disease

To the Editor:

Pulmonary arterial hypertension (PAH) is a progressive disease mainly characterised by a widespread
obstruction of distal pulmonary arteries [1]. Untreated, this disease rapidly leads to right heart failure, then
to death [2]. Heritable PAH (hPAH) represents about 30% of PAH cases, and this category includes
familial forms with or without identified mutations, and sporadic forms carrying a mutation. The first
genetic abnormalities discovered in hPAH were bone morphogenetic protein receptor-2 (BMPR2)
mutations. Loss of function of this receptor results in proliferation of vascular smooth muscle cells and
selection of endothelial cell clones resistant to apoptosis [3]. Since, several other mutations have been
implicated in PAH. Mutation in the T-box protein 4 (TBX4) gene lead to an autosomal-dominant disorder
called “small patella syndrome” or “coxopodopatellar syndrome”, characterised by patellar aplasia and
abnormalities of the feet and pelvis [4]. Recently, TBX4 mutation has been reported in childhood-onset
PAH [5] and, more rarely, in adults [6, 7].

We report a case of a TBX4 mutation carrier presenting PAH but also bronchial and pulmonary
parenchymal abnormalities potentially related to this mutation.

A 34-year-old woman presented in a tertiary care hospital with a potential diagnosis of severe PAH. She
was a former smoker (5 pack-years) and had no medical history. The patient had progressive dyspnoea in
New York Heart Association (NYHA) functional class III and she experienced right heart failure 2 months
before admission.

Echocardiography revealed normal left ventricular function, a moderately dilated right ventricle and
elevated systolic pulmonary artery pressure (70 mmHg). Ventilation/perfusion lung scan ruled out venous
thromboembolism disease. A pulmonary function test was unremarkable with the exception of a moderate
to severe decrease in carbon monoxide diffusion capacity (53% of the predicted value). Arterial blood
gases showed a normal oxygen partial pressure (PaO2) and hypocapnia. 6-min walk distance was 480 m
with a decrease of oxygen saturation from 98% to 91%. Right-sided heart catheterisation (RHC) diagnosed
pre-capillary pulmonary hypertension (mean right atrial pressure 2 mmHg; pulmonary artery pressure
(mean) 59/16 (35) mmHg; pulmonary artery wedge pressure 6 mmHg; cardiac index 2.4 L·min−1·m−2 and
pulmonary vascular resistance (PVR) 7.2 Wood units). Chest computed tomography (CT) showed
peripheral reticular lines, centrilobular nodules, thin-walled cysts that were prominent in the upper lobes
and an appearance resembling diverticula in the trachea and large bronchi. Minimum intensity projection
images highlighted a mosaic appearance showing distal airway involvement (figure 1).

Next generation sequencing-based targeted sequencing gene panel investigating predisposing genes
for PAH found a copy number variant in TBX4 gene which is the complete deletion of the exon 5
(c.(549+1_550-1)_(702+1_703-1)del). Clinical examination showed shortened 4th and 5th feet arches without
a “classic” small patella syndrome, and pelvis radiography revealed a lack of ossification in both ischia.

A diagnosis of heritable PAH was made, and she subsequently commenced treatment with a combination
of an endothelin receptor antagonist and a phosphodiesterase-5 inhibitor.
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Due to the development of a ptosis, a change of the voice and a pseudo-nodular thymus with
hypermetabolic signs on positron-emission tomography, myasthenia gravis was suspected and a
thymectomy was performed. During this surgery a lung biopsy from left upper lobe was performed.

Pathology of the lung showed fibrotic densification incorporating many cholesterol crystals located in the
perivascular connective tissue (figure 2). Cholesterol clefts were found both within interstitium and in
alveoli and were surrounded by numerous lymphocytes and foamy macrophages, without the formation of
granuloma. No fibroblastic foci were noticed in lung biopsy. Dilated bronchi containing cell debris,
macrophages and cholesterol clefts were enclosed by dense collagen bundles. Major vascular remodelling
was observed within interstitial fibrosis. Pulmonary arteries were thickened, showing increase of the
muscular media and intima. No blood clots were found in pulmonary vessels. No vascular inflammation
was found, nor plexogenic arteriopathy.

Outside these foci, the parenchyma appeared emphysematous with thickened bronchiolar wall,
characterised by expansion of muscular layer and mild fibrosis.

The patient responded partially to specific PAH drug therapy. At 4 months of treatment, NYHA
functional class was unchanged (III), as well as 6-min walk distance (525 m). Brain-type natriuretic
peptide was at 12 pg·mL−1 and PVR decreased by 50% compared to baseline. After thymectomy,
pulmonary haemodynamic measurements worsened then remained stable. The last RHC while the patient
was receiving endothelin receptor antagonist and phosphodiesterase-5 inhibitor was performed 18 months
after the diagnosis of PAH and showed a mean pulmonary artery pressure of 39 mmHg, cardiac index of
3.8 L·min−1·m−2 and PVR of 6.7 Wood units. Compared to the previous evaluation shown above, NYHA
functional class and 6-min walk distance were unchanged.

The patient reported here had parenchymal pulmonary abnormalities, airway diverticula, small patella
syndrome and PAH. The known role of TBX4 in lung development suggests that bronchial, lung
parenchymal and pulmonary vascular abnormalities observed in this patient are at least in part related to
TBX4 mutation.

Although chest CT and lung pathology showed pulmonary parenchymal abnormalities, we eliminated
group 3 pulmonary hypertension. According to current knowledge, several criteria were in favour of group
1 pulmonary hypertension (i.e. a PAH): forced expiratory volume in 1 s, forced vital capacity and PaO2

a) b)

c)

FIGURE 1 Chest computed tomography. a) Coronal plane at the level of the carina in lung window showing
mainly many diverticula next to the trachea and large bronchi and a mosaic pattern of lung attenuation.
b) Axial plane at the upper third of the lung in lung window showing parenchymal destruction resembling
emphysema, few diverticula next to the trachea and few nodules in the right upper lobe. c) Axial minimum
intensity projection reconstruction at the lower third of the lung showing parenchymal heterogeneity with
mosaic attenuation pattern emphasising distal airway involvement.
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were within the normal range [8]. However, in the light of recent publications showing severe lung
development abnormalities in infants, as well as the present case observed in an adult, the position of
pulmonary hypertension in patients with a TBX4 mutation in the clinical classification is likely to be
reassessed [9, 10].

TBX4 belongs to the T-box family of transcription factors and is characterised by a DNA-binding motif
known as the T-domain. TBX4 is expressed in many tissues, including lung and bone [11]. In addition to
the bone involvement, subjects who are heterozygous for TBX4 may develop PAH [5, 6]. The penetrance
of PAH in TBX4 mutation carriers is largely unknown and such a mutation is an uncommon genetic
cause of heritable PAH in adults [7]. The long-term response to the specific treatment of PAH in these
patients is also unknown.

Diverticula on the trachea and main bronchi visible on chest CT and densification foci of the lung
parenchyma with cholesterol crystals on lung biopsy in the patient presented here may be consistent with
a lack of airway continuity [12]. Two recent publications describing three newborns with a TBX4
mutation, two having a coxopodopatellar syndrome and who developed respiratory failure at birth suggests
that our patient’s lung abnormalities may be related at least partially to a lung development disorder [9, 13].
Alternatively, patients with TBX4 mutations may be more susceptible to environmental exposure, such as
cigarette smoking. Thus, the association of severe pre-capillary pulmonary hypertension and unusual lung
parenchymal disease should lead to suspicion of TBX4 mutation.

It has been shown in vitro that lung development is dependent on transcription factors TBX4 and TBX5 [14].
Complex compound inheritance including TBX4 mutation was found in 10 out of 26 individuals having
rare lethal lung hypoplasia [10]. Although chest CT and results of the lung biopsy in our patient do not
demonstrate an alteration of lung development, we suspect such a process from the known role of TBX4.

We report a case of heritable PAH due to TBX4 mutation with parenchymal lung abnormalities possibly
due to an alteration of the process of lung development. Given that dyspnoea on exertion is a common
sign of both PAH and parenchymal lung or bronchial diseases, we suggest a careful lung assessment on

a)
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FIGURE 2 Pathology of biopsy specimen of the upper lobe of the left lung. a) Fibrotic densification of the lung
parenchyma, with accumulation of endogenous cholesterol clefts and inflammatory reaction. A marked
remodelled pulmonary artery is noticed within fibrosis. b) Altered lung parenchyma: emphysema-like lesions
next to fibro-inflammatory foci. Scale bars 500 μm. c and d) Pulmonary artery remodelling is characterised by
the increase of both muscular media and intima. There is neither plexiform lesion nor thrombosis. Scale bars
200 μm.
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chest CT in heritable PAH due to TBX4 mutation. Conversely, it also seems important from a clinical
point of view not to ignore pulmonary vascular disease when pulmonary parenchymal involvement is
obvious.
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