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This editorial refers to ‘The proprotein convertase FURIN is a 
novel aneurysm predisposition gene impairing TGF-β signal-
ling,’ by Z. He et al., https://doi.org/10.1093/cvr/cvae078.

Aortic aneurysm is a potentially fatal disease causing a substantial number 
of sudden deaths each year worldwide. An aneurysm occurs due to the 
dilatation of blood vessels at different locations. The mortality is as high 
as 90% with massive haemorrhages caused by aneurysmatic rupture.

TGF-β signalling has been characterized as a crucial pathway in the 
pathophysiology of aortic aneurysms.

The early paradoxical evidence of an enhanced TGF-β signalling asso-
ciated with loss-of-function mutations in the TGF-β receptor type I and 
type II (TGFBR1 and TGFBR2, respectively), found in aortic aneurysms 
of patients with Marfan1 (fibrillin1 mutation) and Loeys–Dietz syndrome,2

led to the hypothesis that the activation of TGF-β signalling could drive aor-
tic aneurysms’ development.

On the other hand, several other evidences in transgenic mouse models 
and in associative genetic human studies have suggested that an active 
TGF-β signalling in the vascular wall is a key determinant of a healthy vas-
culature and helps in counteracting the burden of vascular inflammation.

TGF-β is a ubiquitously expressed member of a superfamily of proteins 
critical to developmental processes and inflammation. TGF-β activity is 
highly regulated: it is synthesized as a homodimeric inactive proprotein 
(proTGF-β) and, in this form, it is secreted into the extracellular space 
where extracellular matrix (ECM) proteins, like Emilin1,3 bind to 
proTGF-β and prevent its processing. The cleavage of proTGF-β is realized 
by a proteolytic process carried out by FURIN, a proprotein convertase 
that generates a pro-peptide known as the latency-associated protein 
(LAP) non-covalently bound to TGF-β in a latent complex. This association 
prevents TGF-β from interacting with its receptor until the LAP is 
removed from the complex, releasing active TGF-β through the action 
of thrombospondin-1, integrins, and other proteins. TGF-β binds to 
TGFBR2 and this interaction recruits and activates TGFBR1, leading to 
the phosphorylation of intracellular Smad2/3. Subsequently, phosphory-
lated Smad2/3 forms a complex with Smad4, which then translocates 
into the nucleus to regulate gene transcription (Figure 1, left panel). The ex-
tent of TGF-β tissue availability is controlled by many events at different 
steps, including protein synthesis, maturation, release in the ECM, and 
interaction with its receptors. Taken together, these steps modulate the 
cascade of downstream signalling proteins that control the transcription 
of TGF-β-regulated genes.

Several mouse models reproducing a condition of defective TGF-β 
signalling, like TGFBR1 or TGFBR2 deficiency,4,5 or the absence of 
Smad4 selectively in smooth muscle cells6 resulted in spontaneous aortic 

dilation and aneurysm formation, accompanied by a significant infiltration 
of pro-inflammatory myeloid cells. To further support this evidence, it 
has been shown that the inhibition of SLC44A2, a member of the solute 
carrier series 44 (SLC44) family that interacts with Neuropilin1 to activate 
TGF-β signalling, facilitated the spontaneous development of aortic aneur-
ysm7 (Figure 1, upper right panel).

In this issue of Cardiovascular Research, He et al.8 further support and ex-
pand the concept of critical role of TGF-β in the onset of aortic aneurysms 
focusing on one of the first steps of the chain of events leading the activa-
tion of TGF-β: FURIN. It is synthesized as inactive proFURIN and becomes 
active in the trans-Golgi through autocatalytic cleavages. By whole-exome 
sequencing of 781 unrelated aortic aneurysm patients, the authors identi-
fied rare FURIN genetic variants characterized by the following chain of 
events: defective protein folding and maturation; impaired proteolytic en-
zymatic activity that leads to impaired proTGF-β maturation; decreased 
phosphorylation of the canonical downstream effector SMAD2 and the 
non-canonical kinases ERK1/2; and decreased transcription of the 
TGF-β-regulated genes. Thus, He et al. add another piece of evidence to 
the association between TGF-β and aortic aneurysm, identifying genetic 
FURIN variants impairing TGF-β and predisposing patients to the develop-
ment of aortic aneurysm.

However, contrasting evidence from experimental animal models in 
which an inhibition of TGF-β maturation and signalling protects from aortic 
aneurysms by attenuating arterial dilation and remodelling still survives 
(Figure 1, lower right panel). As an example, it has been shown that the 
treatment with AGGF1, an angiogenic factor enhancing the interaction be-
tween integrin α7 and LAP-TGF-β1 and blunting TGF-β1 maturation and 
signalling, was as a valid therapeutic strategy to block the development 
of aortic aneurysm experimentally induced.9

What molecular puzzle is under the pathophysiological link between 
TGF-β signalling and aortic aneurysms?

Could TGF-β signalling play a different mechanistic role in the develop-
ment of aneurysms depending on the stress conditions imposed on the 
vessel?

Could reduced TGF-β signalling in unstressed vascular conditions de-
prive the vessel from a crucial beneficial support? Could a pre-existing vas-
cular challenge dramatically change its mechanistic contribution?

It is noteworthy that the immune system plays a critical role in the onset 
of aortic aneurysm, and TGF-β is a key modulator of innate and adaptive 
immunity, acting as a general enforcer of immune tolerance and a suppres-
sor of inflammation.10 Therefore, a fine-tuning of adaptive and innate im-
munity, obtained through TGF-β signalling during normal conditions, 
could be critical to the maintenance of unstressed vascular integrity. 
Perturbations in this homeostatic system could be the culprit of disease 
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onset. On the other hand, when immune mechanisms have been already 
engaged by other vascular challenges, the activation of TGF-β could be re-
cruited as a consequence of a stress pathway and be a part of more com-
plex molecular interplay further instigating aortic aneurysm’s pathogenesis.

Further studies examining the difference between the immune re-
sponses participating in normal and in stressed vessels are needed to clarify 
the disparate effects of this ‘Jekyll and Hyde’ TGF-β signalling on the patho-
genesis of aortic aneurysms.
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Figure 1 The dual effect of TGF-β signalling in aortic aneurysm. Left panel shows the sequence of TGF-β maturation and downstream signalling activation. 
TGF-β is synthetized as pro-TGF-β, and the cleavage of the dimeric C-terminal domain is carried out by the proprotein convertase FURIN in the Golgi. After 
cleavage, mature TGF-β remains sequestered by non-covalent binding to the latency-associated peptide (LAP) forming the small TGF-β latent complex; LAP 
binds to an isoform of latent TGF-β binding protein to form the large TGF-β latent complex released in the ECM. ECM proteins, like integrins and 
thrombospondin-1, bind to LAP and generate a TGF-β latent complex conformational change that releases the TGF-β for binding to TGFBR1 and 
TGFBR2 (TGF-β receptors type I and type II). The binding of TGF-β to its receptors activates SMAD and ERK kinases downstream signalling. The right panels 
show the Dr Jekyll and Mr Hyde roles of TGF-β. The upper right panel represents the induction of spontaneous aortic dilation and aneurysm formation by 
inhibition of TGF-β signalling. The lower right panel shows that the inhibition of TGF-β signalling in vessels challenged by thoracic aortic banding, fibrillin1 gene 
mutation, or β-aminopropionitrile treatment (challenges that induce aortic aneurysm) is beneficial and attenuates arterial dilation. Created in BioRender.com.
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