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Several key players in inflammation as well as atherosclerosis de-
velopment are regulated by proteolysis close to the cell surface in a
process called regulated intramembrane proteolysis, leading to ecto-
domain shedding, mediated by proteases of the A disintegrin and me-
talloproteinases (ADAMs) family. To date, 12 proteolytically active
ADAMs have been identified, one of which is ADAMS8 that is char-
acterized by its autocatalytic properties resulting in a soluble form of
ADAMS (sADAMS), in addition to the classical transmembrane bound
form [1,2]. Several members of the ADAMs family, including ADAMO,
10, 15 and 17, have been shown to be expressed in atherosclerotic
plaques in humans and their expression was increased upon lesion
development or associated with plaque rupture [3-6]. Recently,
Theodorou et al. also demonstrated expression of ADAM8 in human
atherosclerotic lesions, which was associated with foam cells and fur-
ther increased with plaque progression [7]. However, expression itself
does not prove a protein's contribution to disease development or
progression. ADAM10 and ADAM17 were already shown to play a
causal role in murine atherosclerosis development. For ADAM17, it has
been shown that there are clear and contrasting cell-type specific effects
on atherosclerosis formation [8]. Myeloid ADAM17 deficient mice were
shown to have increased atherosclerotic lesion development, while
endothelial ADAM17 deficient mice demonstrated reduced plaque sizes
compared to controls. For ADAM17, it, however, seems that the mye-
loid compartment plays a more dominant role, as ADAM17 hypo-
morphic mice which have low residual Adam17 expression also showed
enhanced lesion development mainly due to increased tumor necrosis
factor receptor 2 (TNFR2) signalling [9]. For ADAM10, it was observed
that myeloid ADAM10 plays a causal role in the development of
atherosclerosis in mice, mainly by modulating plaque stability features
by shifting the balance from inflammation toward fibrosis [10]. The
role of vascular ADAM10 on atherogenesis still remains elusive, but it
would be very interesting to investigate, as it has been shown pre-
viously that ADAM10 does influence endothelial cell function and
thereby modulates angiogenesis [4]. In contrast to ADAM10 and
ADAM17, the study by Theodorou et al. showed that neither haema-

https://doi.org/10.1016/j.atherosclerosis.2019.04.205
Received 28 March 2019; Accepted 3 April 2019
Available online 07 April 2019

0021-9150/ © 2019 Elsevier B.V. All rights reserved.

topoietic nor whole body deficiency of ADAMS8 in mice impacted on
atherosclerotic lesion development [7], suggesting that ADAMS is just
an innocent bystander in this disease. Of note, mice do not show any
signs of plaque rupture, which usually is the cause of clinical symptoms
of cardiovascular disease in humans. Hence, one cannot rule out any
role of ADAMS in this detrimental process. Nevertheless, especially
since it also exists in a soluble form, ADAMS8 could still function as a
diagnostic or even predictive biomarker for cardiovascular diseases.

Indeed, specific ADAMS8 polymorphisms (rs2995300C and
rs2275725A) and serum levels of SADAMS8 were shown to be associated
with lesion development and myocardial infarction in two independent
human cohorts [11]. The study published by Schick et al. in this issue of
Atherosclerosis [12], provides further evidence that ADAMS8 expression
is modulated by inflammatory conditions in both mice and men,
thereby clearly associating with vascular diseases. Furthermore, the
authors could show clear correlations between SADAMS8 and disease
severity and organ dysfunction, demonstrating a great potential for
SADAMS as biomarker.

In the study by Schick et al., it was demonstrated that vascular
Adam8 expression in regions that are prone to develop atherosclerosis is
significantly upregulated in mice upon western type diet (WTD)
feeding. Especially striking in light of the previously discussed upre-
gulated expression and causal role for ADAM10 and ADAM17 in human
atherosclerosis formation, the expression of Adam10 and Adam17 in the
murine vasculature was not changed upon WTD feeding. In the current
paper, this discrepancy is not further evaluated, leaving an interesting
question open for further research. Besides the increased Adam8 ex-
pression, the authors could also show that this expression is positively
correlated to the expression of key inflammatory markers Tnf and
Vcam-1. The increased vascular Adam8 expression, which was shown to
be present in both endothelial cells and leukocytes, also coincided with
an increased serum soluble ADAMS level, further supporting the notion
that Adam8 expression is elevated in WTD fed animals. Similar results
were also obtained in another inflammatory mouse model, i.e. myo-
cardial infarction, which is interesting towards translation of these re-
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sults as myocardial infarction is often the first clinical manifestation of
atherosclerosis or coronary artery disease.

The notion that mainly leukocytes and endothelial cells express
ADAMS in an inflammatory setting was confirmed in both disease
models and was further validated in human in-vitro cultures (using TNF
stimulations). Similar to the results in the disease models, ADAMS8 ex-
pression in human endothelial cells and peripheral blood mononuclear
cells (PBMCs) also correlated with various inflammatory markers, like
CCL2. However, an important aspect to keep in mind here is that the
authors also showed that this enhanced ADAMS8 expression did not
directly cause the upregulation of the vascular inflammation markers,
clearly highlighting that although there is a strong correlation, these
results do not imply a causal role for ADAMS in inflammation and
atherosclerosis development. Nevertheless, they could demonstrate that
the release of soluble ADAMS8 was also increased upon inflammation.
Especially, in combination with the notion that coronary artery disease
patients showed increased serum levels of soluble ADAM8 compared to
healthy controls, this supports the concept that soluble ADAM8 might
be a promising biomarker.

A major concern that arises regarding the use of ADAMS as a di-
agnostic (or even predictive) marker is specificity. Besides cardiovas-
cular disease, ADAMS has also been shown to correlate with and reg-
ulate amongst others lung inflammation [13], asthma [14] and chronic
obstructive pulmonary disease [15]. Moreover, ADAMS8 has been im-
plicated in various types of cancer, especially mediating metastasis
[16]. For example, Schlomann et al. showed that high levels of ADAMS8
correlate with poor clinical outcome for pancreatic cancer patients
[17]. Therefore, it remains to be seen whether ADAMS alone could be
used as a diagnostic marker for cardiovascular diseases, or any disease.
Most likely a broader panel of biomarkers is required to enhance the
specificity for a certain disease, as has been shown already for the di-
agnosis of gastric cancers, where a panel of markers, including ADAMS8
along with VEGF and pepsinogen, resulted in an acceptable degree of
specificity [18]. Therefore, the identification of disease-specific sub-
strates of ADAMS8 may be necessary to further progress the develop-
ment of ADAMS as diagnostic marker. Additionally, specific ADAMS8
inhibitors are currently in development for the treatment of cancer
metastasis and inflammatory diseases [19,20]. Although murine models
did not show any causal effect of ADAMS in atherosclerosis develop-
ment, it would be very interesting to see whether the use of these in-
hibitors in humans could also have an impact on cardiovascular events,
which might still be possible as it remains challenging to fully translate
the causality aspect from the murine to human setting.

Still, relatively little is known about the substrates and functions of
ADAMS8. ADAMS8 polymorphisms have been shown to impact on
sADAMS levels [11], however, it is thus far unknown whether poly-
morphisms could also impact on ADAMS functions and perhaps prove
to be better predictors or more specific for cardiovascular risk than
measuring mere levels of SADAMS8. Moreover, ADAMS8 not only func-
tions via its proteolytic activities, but also via its disintegrin domain
which binds to 1-integrins, regulating integrin signalling, focal adhe-
sion formation and cell migration. Whether integrin binding is also
contained for the soluble form of ADAMS, remains to be determined. If
this is the case, measuring the membrane-bound form of ADAM8 might
be more relevant for a specific disease than measuring soluble levels in
the circulation.

In conclusion, atherosclerosis studies in mice so far suggest ADAM8
mainly to be an innocent bystander in cardiovascular diseases.
Nevertheless, previous studies and especially the study by Schick et al.
clearly demonstrate a correlation of ADAMS8 with disease progression
and cardiovascular events like myocardial infarction in humans,
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indicating that serum levels of soluble ADAM8 might have benefit for
diagnostic or even predictive purposes. However, since it has also been
associated and implicated in various other inflammatory or malignant
diseases, its specificity as a single biomarker seems to be severely
limited. More research into differences in ADAMS8 polymorphisms, its
proteolytic vs integrin-binding activity and the predictive power of
broader, more disease-specific biomarker panels for disease risk-as-
sessment are required.

Conflict of interest

The authors declared they do not have anything to disclose re-
garding conflict of interest with respect to this manuscript.

Acknowledgements

The authors' research is supported by the Alexander von Humboldt
Foundation, a grant from the Interdisciplinary Center for Clinical
Research within the faculty of Medicine at the RWTH Aachen
University, the DZHK (German Centre for Cardiovascular Research) and
the BMBF (German Ministry of Education and Research to E.P.C.v.d.V
and by the National Headache Foundation (Dr. E. Dekker grant
2012T079) to M.M.P.C.D.

References

[1] D. Dreymueller, K. Theodorou, M. Donners, et al., Fine tuning cell migration by a
disintegrin and metalloproteinases, Mediat. Inflamm. 2017 (2017) 9621724.
E.P.C. van der Vorst, C. Weber, M. Donners, A disintegrin and metalloproteases
(ADAMs) in cardiovascular, metabolic and inflammatory diseases: aspects for
theranostic approaches, Thromb. Haemostasis 118 (2018) 1167-1175.

M. Canault, F. Peiretti, F. Kopp, et al., The TNF alpha converting enzyme (TACE/
ADAM17) is expressed in the atherosclerotic lesions of apolipoprotein E-deficient
mice: possible contribution to elevated plasma levels of soluble TNF alpha re-
ceptors, Atherosclerosis 187 (2006) 82-91.

M.M. Donners, .M. Wolfs, S. Olieslagers, et al., A disintegrin and metalloprotease
10 is a novel mediator of vascular endothelial growth factor-induced endothelial
cell function in angiogenesis and is associated with atherosclerosis, Arterioscler.
Thromb. Vasc. Biol. 30 (2010) 2188-2195.

N. Oksala, M. Levula, N. Airla, et al., ADAM-9, ADAM-15, and ADAM-17 are up-
regulated in macrophages in advanced human atherosclerotic plaques in aorta and
carotid and femoral arteries-Tampere vascular study, Ann. Med. 41 (2009)
279-290.

M. Satoh, Y. Ishikawa, T. Itoh, et al., The expression of TNF-alpha converting en-
zyme at the site of ruptured plaques in patients with acute myocardial infarction,
Eur. J. Clin. Investig. 38 (2008) 97-105.

K. Theodorou, E.P.C. van der Vorst, M.J. Gijbels, et al., Whole body and hemato-
poietic ADAMS deficiency does not influence advanced atherosclerotic lesion de-
velopment, despite its association with human plaque progression, Sci. Rep. 7
(2017) 11670.

E.P. van der Vorst, Z. Zhao, M. Rami, et al., Contrasting effects of myeloid and
endothelial ADAM17 on atherosclerosis development, Thromb. Haemostasis 117
(2017) 644-646.

A. Nicolaou, Z. Zhao, B.H. Northoff, et al., Adam17 deficiency promotes athero-
sclerosis by enhanced TNFR2 signaling in mice, Arterioscler. Thromb. Vasc. Biol. 37
(2017) 247-257.

E.P. van der Vorst, M. Jeurissen, I.M. Wolfs, et al., Myeloid A disintegrin and me-
talloproteinase domain 10 deficiency modulates atherosclerotic plaque composition
by shifting the balance from inflammation toward fibrosis, Am. J. Pathol. 185
(2015) 1145-1155.

E. Raitoharju, I. Seppala, M. Levula, et al., Common variation in the ADAM8 gene
affects serum sADAMS concentrations and the risk of myocardial infarction in two
independent cohorts, Atherosclerosis 218 (2011) 127-133.

D. Schick, A. Babendreyer, J. Wozniak, et al., Elevated expression of the metallo-
proteinase ADAMS associates with vascular diseases in mice and humans,
Atherosclerosis (2019) 163-171.

D. Dreymueller, J. Pruessmeyer, J. Schumacher, et al., The metalloproteinase
ADAMS promotes leukocyte recruitment in vitro and in acute lung inflammation,
Am. J. Physiol. Lung Cell Mol. Physiol. 313 (2017) L602-L614.

S. Naus, M.R. Blanchet, K. Gossens, et al., The metalloprotease-disintegrin ADAM8
is essential for the development of experimental asthma, Am. J. Respir. Crit. Care

[2]

[3]

[4]

[5

[6

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]


http://refhub.elsevier.com/S0021-9150(19)30360-0/sref1
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref1
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref2
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref2
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref2
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref3
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref3
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref3
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref3
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref4
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref4
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref4
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref4
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref5
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref5
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref5
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref5
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref6
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref6
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref6
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref7
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref7
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref7
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref7
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref8
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref8
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref8
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref9
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref9
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref9
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref10
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref10
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref10
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref10
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref11
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref11
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref11
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref12
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref12
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref12
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref13
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref13
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref13
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref14
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref14

Editorial

[15]

[16]
[17]
[18]
[19]

[20]

Med. 181 (2010) 1318-1328.

F. Polverino, J. Rojas-Quintero, X. Wang, et al., A disintegrin and metalloproteinase
domain-8: a novel protective proteinase in chronic obstructive pulmonary disease,
Am. J. Respir. Crit. Care Med. 198 (2018) 1254-1267.

C. Conrad, J. Benzel, K. Dorzweiler, et al., ADAMS in invasive cancers: links to
tumor progression, metastasis, and chemoresistance, Clin. Sci. 133 (2019) 83-99.
U. Schlomann, G. Koller, C. Conrad, et al., ADAMS as a drug target in pancreatic
cancer, Nat. Commun. 6 (2015) 6175.

W. Tong, F. Ye, L. He, et al., Serum biomarker panels for diagnosis of gastric cancer,
OncoTargets Ther. 9 (2016) 2455-2463.

U. Schlomann, K. Dorzweiler, E. Nuti, et al., Metalloprotease inhibitor profiles of
human ADAMS in vitro and in cell-based assays, Biol. Chem. (2019).

V. Yim, A.F.M. Noisier, K.Y. Hung, et al., Synthesis and biological evaluation of
analogues of the potent ADAMS inhibitor cyclo(RLsKDK) for the treatment of in-
flammatory diseases and cancer metastasis, Bioorg. Med. Chem. 24 (2016)
4032-4037.

Atherosclerosis 286 (2019) 147-149

Emiel P.C. van der Vorst®”“%* Marjo M.P.C. Donners”

& Institute for Cardiovascular Prevention (IPEK), Ludwig-Maximilians-
University Munich, Munich, Germany

Y Department of Pathology, Cardiovascular Research Institute Maastricht
(CARIM), Maastricht University Medical Centre, Maastricht, the
Netherlands

¢ Institute for Molecular Cardiovascular Research (IMCAR) /
Interdisciplinary Center for Clinical Research (IZKF), RWTH Aachen
University, Aachen, Germany

4 DZHK (German Centre for Cardiovascular Research), Partner Site Munich
Heart Alliance, Munich, Germany

E-mail address: evandervorst@ukaachen.de (E.P.C. van der Vorst).

* Corresponding author. Institute for Cardiovascular Prevention, Ludwig-Maximilians-University Munich, Pettenkoferstr. 8a und 9, D-80336 Miinchen, Germany.

149


http://refhub.elsevier.com/S0021-9150(19)30360-0/sref14
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref15
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref15
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref15
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref16
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref16
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref17
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref17
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref18
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref18
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref19
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref19
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref20
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref20
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref20
http://refhub.elsevier.com/S0021-9150(19)30360-0/sref20
mailto:evandervorst@ukaachen.de

	ADAM8 in the cardiovascular system: An innocent bystander with clinical use?
	Conflict of interest
	Acknowledgements
	References




