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EDITORIAL COMMENT
TGF-b Inhibitor CILP as a Novel Biomarker
for Cardiac Fibrosis*

Sonja Groß, MSC,a Thomas Thum, MD, PHDa,b
T he clinical and socioeconomic relevance of
cardiovascular diseases worldwide eventu-
ated in comprehensive research aiming to

unravel molecular mechanisms of developing end-
stage heart failure. However, investigations toward
improved diagnostic options have been prioritized
recently as a first step to enable a fine-tuned person-
alized treatment. Non-invasive clinical tools are
mainly focusing on robust circulating biomarkers,
which can be easily detected in patient sera. The ma-
jor challenge, however, is to identify disease- and
organ-specific molecules that are dysregulated in
different pathological stages.

One significant hallmark of cardiac diseases is the
nascent myocardial fibrosis evolving almost inde-
pendently of the primary disorder. In general, cardiac
fibrosis can be classified according to the anatomical
region or based on disease progression—acute or
chronic—and, in this context, the functional response
of the cardiac fibroblasts (1). Beginning with the
latter, the initial and physiological response of fibro-
blasts to mechanical stress or injury is to stabilize the
tissue while preserving the cardiac function. This
phase is termed compensated, because the pump
ISSN 2452-302X

*Editorials published in JACC: Basic to Translational Science reflect the

views of the authors and do not necessarily represent the views of JACC:

Basic to Translational Science or the American College of Cardiology.

From the aInstitute for Molecular and Translational Therapeutic Strate-

gies, Hannover Medical School, Germany, Hannover, Germany; and the
bREBIRTH Center for Translational Regenerative Medicine, Hannover

Medical School, Hannover, Germany. Both authors received funding from

the Deutsche Forschungsgemeinschaft (grant TH 903/20-1). Dr. Thum has

filed and licensed patents about noncoding RNAs; and is the founder and

a shareholder of Cardior Pharmaceuticals GmbH.

The authors attest they are in compliance with human studies commit-

tees and animal welfare regulations of the authors’ institutions and Food

and Drug Administration guidelines, including patient consent where

appropriate. For more information, visit the JACC: Basic to Translational

Science author instructions page.
function remains stationary, but is accompanied by
left ventricular hypertrophy and an activation of the
fibroblasts to produce a stabilizing extracellular ma-
trix (ECM). Continuous overload or pumping
disability results in the following decompensated
phase, making it impossible to achieve a sufficient
cardiac output (2,3). A transition from one phase to
the next is a complicated process; therefore, the
classification of different stages of fibrosis and heart
failure is very challenging. Nevertheless, two het-
erogeneous classifications emerged depending on the
phenotype: heart failure with: 1) reduced; or 2) pre-
served ejection fraction (4). Reduced pump efficiency
is mainly caused by ischemic heart events triggering
an injury-induced immune response and excessive
cardiomyocyte loss. Whereas the second disorder is a
chronic progression towards hypertrophy and severe
fibrosis, related to diastolic dysfunction. This
complexity of fibrotic phenotypes can only be
observed by visual diagnostic tools and more specif-
ically by invasive operations to take biopsies for
analysis.

To overcome the problematic assessment, the
group of Park et al. (5) investigated novel circulating
biomarkers in the context of early heart failure stages,
allowing specific medication at an early time point of
the disease. They performed a ribonucleic acid–
sequencing analysis of pressure overload–induced
hypertrophic mouse hearts 7 days after transverse
aortic constriction and compared the gene expression
profile with sham-operated animals. Of note, at this
stage, interstitial fibrosis can already be observed and
an enlargement of the ventricle occurs as part of the
compensatory mechanism (6).

The ribonucleic acid–sequencing results were
filtered on the basis of novelty in context of heart
failure, protein secretion, and reported roles in ECM
formation or remodeling. Three different proteins,
namely LTBP2 (latent TGF-b-binding protein 2),
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COMP (cartilage oligomeric matrix protein), and CILP
(cartilage intermediate layer protein 1) were highly
up-regulated and further characterized in murine and
human in vitro systems as well as in cardiac hyper-
trophy or myocardial infarction mouse models. Spe-
cific up-regulation of all Three genes was confirmed
by quantitative polymerase chain reaction and
immunocytochemistry stainings, where a functional
involvement in the fibrotic response seemed to be
most likely. As a proof of clinical relevance, protein
levels were additionally analyzed in serum of patients
with heart failure. LTBP2 and COMP are both associ-
ated with ECM turnover by promoting the formation
of dense collagen fibers; however, their levels in hu-
man plasma were not significantly altered. Park et al.
(5) hypothesized, that these proteins are indeed
highly induced and secreted, but instead of being
released into the blood vessels, they bind to ECM
components and reside within the heart, thus making
them unavailable as blood-based biomarkers.

However, CILP seemed to be a promising candidate
as a biomarker for cardiac fibrosis because it was
significantly up-regulated in cardiac fibroblasts (7,8),
which was additionally confirmed by immunocyto-
chemistry stainings of transverse aortic constriction
or myocardial infarction hearts. The CILP protein is a
precursor for two different variants: specific cleavage
at a furin cleavage site leads to a larger N-terminal and
a shorter C-terminal fragment, whereas full-length
CILP has been reported to be functional, although
detailed roles have not been elucidated yet (9). In this
study (5), a special focus was directed on full-length
CILP, its up-regulation during cardiac fibrosis, and
the regulated secretion on disease. All Three protein
variants interfere with the transforming growth factor
(TGF)-b signaling, and especially the N-terminal
fragment and full-length CILP are capable of binding
TGF-b due to the common thrombospondin-1 domain
(7). As TGF-b is the major regulator of the profibrotic
response, not only in the heart, these findings are
contradictory (10). A possible explanation would be a
negative feedback loop, where induction with TGF-b
primarily results in the activation of profibrotic pro-
grams, but subsequently restricts the signaling (7).
Besides this function, specific yet undiscovered roles
in promoting fibrosis are conceivable. In terms of
significantly reduced serum levels in patients
suffering from heart failure, full-length CILP expres-
sion is up-regulated, whereas the secretion might be
remarkably diminished, preventing the binding-
induced inhibition of TGF-b in the interstitial space.
Alternatively, the expression of CILP in diseased
hearts might be not sufficient to robustly inhibit the
strong effect of TGF-b, reinforced by the findings of
Zhang et al. (11) that revealed a cardioprotective effect
on Cilp overexpression in mice. Therefore, trans-
formed myofibroblasts maintain a strong TGFb
signaling and further promote cardiac fibrosis.

In summary, the study by Park et al. (5) identified
three potential biomarkers as indicators for cardio-
vascular fibrosis in several disease contexts. The
analyzed proteins can serve as early signs for cardiac
remodeling, as these were already up-regulated
7 days after transverse aortic constriction surgery in
mice. Functions of LTBP2 and COMP have already
been reported in different organs; therefore, the
markers are only suitable as general fibrosis-
associated genes (12). However, specific roles espe-
cially for the full-length CILP protein still remain
unclear. The underlying mechanism of enhanced
gene expression on TGF-b stimulation beginning in
the initial phase, combined with reduced serum
levels in patients with heart failure warrants further
in-depth analysis. A temporal gene expression profile
is of major interest, which might allow specific attri-
bution to different pathological stages. Finally, a role
in other fibrotic diseases should be considered to
evaluate the potential of full-length CILP as a specific
biomarker for cardiovascular fibrosis.
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