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Introduction

This commentary builds on the recently published original paper of Karalko et al. (1). The
authors presented an interesting study aiming at identifying a potential diagnostic marker in
non-syndromic patients with aortic dilatation. The aim of this commentary is to advance the
debate currently going on identifying high risk bicuspid aortic valve patients and whether serum
transforming growth factor beta (TGF-β) is a suitable marker.

How can we identify bicuspid aortic valve patients at risk for
future aortopathy?

Patients with a bicuspid aortic valve (BAV) have a 70-fold increased risk to develop a thoracic
aortic aneurysm or dissection as compared to patients with a normal tricuspid aortic valve (TAV)
(2). Thoracic aortic aneurysms and dissections are life-threatening events but preventable if
individuals-at-risk are identified and properly managed. Hereditary forms of thoracic aortic
aneurysms can be subdivided into non- and syndromic. Syndromic forms of thoracic aortic
aneurysms occur in patients affected by connective tissue disorders such as Marfan, vascular
Ehlers-Danlos and Loeys-Dietz syndrome, in all of which a defective TGF-β signaling has
been described. BAV disease is the most common non-syndromic cardiac anomaly with a
sharply increased risk for thoracic aortopathy. Even though many histopathological similarities
have been described between the BAV and syndromic forms of thoracic aortic aneurysms and
dissections the exact role of TGF-β is not entirely understood in the BAV (3, 4).

As thoracic aortic aneurysms do not have preceding symptoms, the first manifestation often
is chest pain due to a dissected aorta. Current risk stratification and treatment strategy of
patients with an increased risk for aortopathy is till date solely based on the aortic diameter.
Nonetheless, most of the life-threatening aortic complications cannot be prevented by following
the guidelines-based geometrical cut off for surgical treatment of the aorta. Therefore, the until
date used maximum aortic diameter alone cannot be implemented as a reliable parameter for risk
stratification and subsequent treatment of aortopathy. Risk stratification based on the structural
abnormalities of the ascending aortic wall should therefore be considered to identify patients at
risk for future aortic complications. In the past decade over 20 papers have been published about
the development of personalized prognostic markers in bicuspid aortopathy. Despite vigorous
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research efforts, no biomarker or imaging tool has, however, till date
been established to identify BAV patients at risk for thoracic aortic
complications. The major drawback in most of the studies is an
extensive investigation of aneurysmal tissue, instead of focusing on
rarities within the non-dilated aortic specimen which could predict
future aortopathy. Furthermore, the raphe position, aortic valve
pathology, the role of hemodynamics and longitudinal follow-up
are factors which have not gained enough attention while searching
for prognostic markers (5, 6). To study prognostic markers for
future aortic complications similarities between (a subset) of non-
dilated and dilated ascending aortic wall samples should be identified
(7). Markers should be correlated to clinical characteristics and
most importantly followed longitudinally. Biomarkers can be tissue
specific, or derivates in blood. Karalko et al. (1) describe in their study
the expression of a potential diagnostic marker in blood.

Transforming growth factor beta as a
diagnostic/prognostic marker

In the paper of Karalko et al. (1), TGF-β1 levels in plasma
were measured in 50 patients who had undergone cardiac surgery.
Bicuspid (BAV) and tricuspid (TAV) aortic valve patients, with and
without an aortic dilatation were enrolled in the study, a reference
group of 40 volunteers was also included. In their study Karalko et al.
(1) conclude that the serum TGF-β1 concentration is significantly
changed in non- and syndromic thoracic aortic aneurysms, as well as
patients with a BAV. This is an interesting paper aiming at identifying
potential biomarkers to predict future aortopathy in BAV patients,
but there are some limitations which should be considered while
interpreting the presented data.

Bicuspid aortopathy and thoracic aortic aneurysm formation are
very heterogenous disorders with regard to the etiology and natural
history. As the authors also suggest themselves, the study has a
very small sample size which makes it difficult to draw conclusions
about a specific clinical subset of patients. Demographic and
cardiovascular risk factors age, sex, body mass index, hypertension
and dyslipidaemia were significantly distinct between the non-
and dilated ascending aortic group, however, findings were not
corrected for these variables. Moreover, it has previously been
shown that in patients with aortic regurgitation the proximal
aorta shows increased inflammation and medial degeneration as
compared to patients with aortic stenosis (8). In the presented study,
significantly more regurgitant BAV patients were included in the
dilated ascending aortic wall group, which could partly explain the
encountered altered expression of TGF-β1 levels as TGF-β stands
central among inflammatory and extracellular matrix regulatory
cytokines and possesses both important immunomodulatory and
remodeling activities (9). The role of shear stress on the aortic
wall should also be considered, as it has been shown that in
BAV patients with aortic valve stenosis, the amount of TGF-β in
the aortic wall correlates well with the levels of shear stress on
the wall (10). Therefore, to reach more meaningful conclusions,
a large sample size with patients matched to the demographics,
cardiovascular risk factors and aortic valve pathology is crucial as
well as the correlation between plasma and tissue levels of TGF-
β expression.

Transforming growth factor beta is an important signaling
pathway involved in many cellular pathways that play key roles

for tissue maintenance. In recent years numerous studies have
addressed TGF-β1 levels in plasma to monitor disease progression
and effects of treatment. Diseases which were studied ranged from
dermatological conditions such as psoriasis (11), to tumors such as
multiple myeloma and breast cancer (12, 13). In all these papers
the serum TGF-β1 expression was advocated as a marker of disease
activity. An increased TGF-β1 expression has even been described
in healthy subjects, as a marker of increased cortical thickness (14).
Considering the broad role of TGF-β1 in the tissue homeostasis
and alterations in expression levels in multiple disease states, this
signaling pathway needs to be critically studied for its specificity for
the ascending aortic wall as the study of Karalko et al. (1) suggests.
We have clinical examples of inflammatory markers which also lack
specificity for a particular inflammatory disease process but are still
highly useful to monitor the progression and therapeutic response
in patients with a given and active disease such as c-reactive protein
and erythrocyte sedimentation rate. To draw conclusions about the
role of a widely expressed protein such as TGF-β1 in monitoring
a specified disease process several factors need be addressed which
the authors did not mention in their study, such as the extent
of overexpression and/or systemic release in thoracic aortopathy,
the rarity and/or ability to exclude other potentially confounding
disease processes and the potential use of complementary markers to
enhance specificity.

Furthermore, the active and latent forms of TGF-β1 and platelet-
derived TGF-β1 are not distinguished in the results (1). Studies which
the authors refer to in their discussion also focused on serum levels of
TGF-β1 as a potential marker for future aortopathy, however, they
had correlated their findings to the local expression of TGF-β1 in
the ascending aortic wall (15, 16). Moreover, one of these studies for
the first time showed a relation between the levels of the identified
biomarker and a clinical outcome (i.e., rate of aneurysm diameter
progression in longitudinal observation) (16). Several features which
are highly characteristic for BAV patients, such as dedifferentiated
vascular smooth muscle cells, a significantly thinner intimal layer
and a lack of atherosclerosis are indeed related to a defective TGF-
β signaling (17–20). TGF-β signaling, for instance, plays pivotal roles
in smooth muscle cell differentiation during vascular development
as well as phenotypic switching in disease states (21). TGF-β further
plays a central role in (physiological) thickening of the intimal layer
(20), due to a process of low-grade injury and repair (22, 23). The
characteristic BAV findings, which can be related to a defective
TGF-β signaling resulting in a decreased plasma level, are, however,
generic to all BAV patients and cannot be applied to identify the
high-risk subset.

In summary, when searching for potential prognostic markers
in the highly heterogenous BAV aortopathy patients we recommend
a robust matched study population, serial measurements of
the biomarkers and most importantly a correlation with the
clinical phenotype.

Conclusion

Patients with a BAV have an increased risk to develop thoracic
aortic complications. Karalko et al. (1) are commendable for their
effort to study TGF-β as a diagnostic marker to identify high risk
BAV patients. In this paper we argue that the presented study has
considerable limitations which complicates the understanding of
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the conclusions regarding plasma TGF-β expression. To develop
a patient tailored risk stratification we recommend studying the
ascending aortic wall properties of non-dilated BAV patients. After
identification of tissue specific markers which are pathologic in a
subset of patients susceptible for future complications, derivates
should be studied in plasma. Longitudinal follow up of the identified
markers is the key in establishing patient tailored risk stratification.
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