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Abstract

Abstract

A disintegrin and metalloprotease 17 (ADAM17) is a membrane-bound zinc metalloprotease.
It is one of the major sheddases that plays key role in cellular events like tumorigenesis,
inflammation, and cell homeostasis by cleaving off the ectodomains of several membrane-
bound proteins like Tumor necrosis factor-a, Interleukin-6 receptor and Epidermal growth
factor receptor (EGFR) ligands. Therefore, the regulation of the proteolytic activity of ADAM17
is an essential process. Notably, the inactivated rhomboid proteins (iRhoms)1l and 2 were
shown to be indispensable for the trafficking and maturation of ADAM17. Additionally, iRhom1
and iRhom2 are also involved in the mechanism of substrate recruitment and specificity on the
cell surface for membrane-bound ADAM17-mediated shedding. Intriguingly, the proteolytic
release of the ADAM17 ectodomain (SADAM17) itself was only recently addressed, where

ADAMS8 was identified as a sheddase of ADAM17.

In this thesis, the proteolytic release of SADAM17 was analyzed via in vitro experiments for
endogenous and overexpressed, human, and murine ADAM17. Furthermore, the role of
iRhom1/2 was explored pertaining to the shedding of ADAM17 and its subsequent maturation
and activation. The shedding of ADAM17 commences in the secretory pathway and is
independent of iRhom1/2. Contrasting to membrane-bound ADAM17, SADAM17 gets matured
and activated independent of iRhoms, attaining all the necessary post-translational
modifications.

So far, the initial studies with the recombinant soluble ADAM17 provided some insights into its
additional functions within the protease-web as a soluble enzyme. Therefore, it is important to
understand the mechanism and regulation of the proteolytic release of soluble ADAM17 and
its consequent functions. Thus, the second part of the thesis dealt with the functional aspects
of SADAM17. Interestingly, a persisting shedding capacity of SADAM17 was detected in vitro
against EGFR ligands in a substrate-dependent manner as compared to its membrane-bound
counterpart. Of note, the shedding of amphiregulin and heparin binding-epidermal growth
factor by SADAM17 appeared to be independent of iRhom1/2, unlike shedding via membrane-
bound ADAM17. Finally, the application of N-terminomics in triple-negative breast cancer cells
revealed further substrates and potential roles of SADAM17 in extracellular matrix remodeling
and consequent invasion and metastasis. These findings altogether indicate a novel regulatory
mechanism of SADAM17 demonstrating its ability to process substrate in close proximity to the
plasma membrane and beyond its cellular vicinity. These insights enhance the understanding
of the intricate molecular mechanisms underlying sADAM17-mediated cellular functions and
disease pathways while exhibiting part-time sheddase properties.



Zusammenfassung

Zusammenfassung

A disintegrin and metalloprotease 17 (ADAML17) ist eine membrangebundene Zink-abhéngige
Metalloprotease. ADAM17 ist von zentraler funktioneller Bedeutung in Prozessen wie der
Entstehung von Tumoren, Entzindung und Zellhomdostase, indem es die Ektodomanen
membrangebundener Proteine wie Tumor necrosis factor-a, Interleukin-6-Receptor sowie
Liganden des Epidermal growth factor receptors (EGFR) proteolytisch abspaltet. Die
Regulation der proteolytischen Aktivitdt von ADAM17 zu verstehen ist daher von gro3em
Interesse. In diesem Kontext wurden die inaktivierten Rhomboid-Proteine (iRhom)1 und 2 als
unverzichtbar fir den Transport und die Reifung von ADAM17 identifiziert. Dartiber hinaus sind
iRhom1 und iRhom2 auch an der Rekrutierung von Substraten beteiligt und beeinflussen somit
die Spezifitat von ADAM17 auf der Zelloberflache. Einen weiteren erst kirzlich beschriebenen
regulatorischen Mechanismus, stellt die proteolytische Abspaltung der ADAM17-Ektodoméane
(SADAM17) durch ADAMS dar.

In der vorliegenden Arbeit wurde in vitro die proteolytische Abspaltung von sADAM17
ausgehend von endogenem sowie Uberexprimiertem ADAM17 humanen und murinen
Ursprungs analysiert. Au3erdem wurde die Rolle von iRhom1/2 in Bezug auf die Freisetzung
von sADAM17 sowie dessen nachfolgende Reifung und Aktivierung untersucht. Die Bildung
von sADAM17 erfolgt auf dem sekretorischen Weg und ist unabhangig von iRhom1/2. Im
Gegensatz zu membrangebundenem ADAM17 wird sADAM17 unabhédngig von iRhoms

gebildet und aktiviert, wobei es alle notwendigen posttranslationalen Modifikationen erhalt.

Bisherige Studien mit rekombinantem, Idslichem ADAM17 ermdglichten Einblicke in
zusatzliche Funktionen als I6sliches Enzym innerhalb des Protease-Netzwerks. Die
Erkenntnisse aus diesen Untersuchungen eréffneten ein bisher unbekanntes funktionelles
Spektrum von ADAM17, welches die Notwendigkeit bedingt den Mechanismus und die
Regulation der proteolytischen Abspaltung von sADAM17 besser zu verstehen. Im zweiten
Teil dieser Arbeit wurden daher die funktionalen Aspekte von sADAM17 untersucht.
Interessanterweise zeigten in vitro Untersuchungen, dass auch sADAML17 in der Lage war,
einige EGFR-Liganden proteolytisch von der Zelloberflache freizusetzen. Bemerkenswert ist,
dass die Abspaltung von Amphiregulin und Heparin-binding-EGF-like growth factor durch
sADAM17 unabhangig von iRhoml1/2 war, im Gegensatz zur Abspaltung durch
membrangebundenes ADAM17. Mittels N-Terminomics Analysen an TNBC-Zellen wurden
weitere Substrate identifiziert, die auf potenzielle Rollen von sADAM17 bei der Umgestaltung
der extrazellularen Matrix und somit der Invasion und Metastasierung von Krebszellen
hinweisen. Die Erkenntnisse der vorliegenden Arbeit deuten insgesamt auf einen neuen
Regulationsmechanismus von sADAM17 hin, welcher sowohl die Prozessierung von

Substraten in der Nahe der Plasmamembran als auch auf3erhalb des Zellumfelds ermdglicht.



Zusammenfassung

Diese Einsichten vertiefen somit das Verstandnis der komplexen molekularen Mechanismen,
die  sADAM17-vermittelten zellularen  Funktionen  und  potenziell —assoziierten

Krankheitsmechanismen zugrunde liegen.



Introduction

1. Introduction

1.1 Proteolysis and ectodomain shedding

The hydrolysis of peptide bonds of a protein to generate smaller polypeptides is known as
proteolysis. Limited proteolysis is an irreversible post-translational modification (PTM) of the
target protein. This highly specific PTM is a well-controlled process for the regulation of
numerous physiological and pathophysiological cellular processes such as development,
tumorigenesis, neurodegeneration, apoptosis, proliferation, etc. (L6pez-Otin & Overall, 2002).
The proteolytic cleavage of membrane proteins, like cytokines, adhesion molecules, and
growth factors, involved in these aforementioned cellular events within the transmembrane
(TM) domain or close to the membrane resulting in the release of the bulk or even the entire
extracellular domain (ectodomain) is called shedding (Lambrecht et al., 2018; Lemberg, 2011;
Lichtenthaler & Steiner, 2007; McCarthy et al., 2017). Proteases that mediate shedding are
therefore also referred to as sheddases and can either be membrane-bound or soluble
(Lichtenthaler et al., 2018). Shedding can take place at the plasma membrane and in all cellular
organelles of the secretory and endocytic pathways (Lichtenthaler et al., 2018). The proteases
involved in ectodomain shedding are defined as sheddases (Peschon et al., 1998). Some
shedding proteases such as a disintegrin and metalloprotease (ADAM) and B-site amyloid
precursor protein cleaving enzyme (BACE) are termed “full-time sheddases” based on their
primary function to release the ectodomains of their membrane-bound substrates. On the other
hand, the term “part-time sheddases” was coined to define the proteases that typically show
non-shedding functions by cleaving soluble substrates but can act on membrane-bound
substrates by cleaving in the juxtamembrane domain (Lichtenthaler et al., 2018). One such
example of “part-time sheddases” is a soluble matrix metalloprotease, MMP9 that sheds
neuroglin 1 in the nervous system (Peixoto et al., 2012). Another instance is soluble meprin 3,
which after its release form the cell surface can reach to distant substrate pool as compared

to membrane-bound meprin B (Wichert et al., 2017).

1.1.1 Metalloproteases

The proteolytic processing is carried out by proteases, which are classified according to the
key elements of the catalytic mechanism into aspartic, cysteine, metallo, serine, and threonine
proteases (Kappelhoff et al., 2017; Lépez-Otin & Matrisian, 2007; Rawlings & Barrett, 1993).
Proteases containing metal ions in the active site are known as metalloproteases. Most
metalloproteases contain a zinc metal ion complexed in the active site cleft of the enzyme and
are called zinc-metalloproteases (Rawlings & Barrett, 1993). Furthermore, the metalloprotease

class is divided into sub-class: metzincins; a superfamily that is characterized by a long zinc-
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binding consensus sequence: HEXXHXXGXXH followed by a methionine turn (Met-turn). The
shared characteristic consensus motif HEBXHXBGBXH carries three histidine (H) residues
that bind to the zinc ion, a catalytically active glutamate (E) residue, few hydrophobic bulky
residues (B), a glycine (G) residue and X as any amino acid residue (Bode et al., 1993; Hooper,
1994; Stocker et al., 1995). The metalloproteases grouped into this common family are; a
disintegrin and metalloproteases (ADAMs), ADAMs with thrombospondin motifs (ADAMTS),
matrix metalloproteases (MMPs), astacins, and other 9 metalloproteases (Bode et al., 1993;
Cerda-Costa & Gomis-Ruth, 2014; Gomis-Rith, 2003; Hooper, 1994). In the following, ADAM

proteases are further described.

1.1.2 ADAMs

ADAMs were first discovered to play a functional role in sperm-egg fusion in the guinea pig
(Blobel et al., 1992). Out of the 22 identified human ADAMs, 12 are active human sheddases
(ADAMS, 9, 10, 12, 15, 17, 19, 20, 21, 28, 30, and 33) that share the classic consensus
sequence for binding the zinc metal ion in the active site (Bode et al., 1993; Mullooly et al.,
2016; Murphy, 2008 ; Weber & Saftig, 2012). Prototypically, ADAMs are multidomain type-1
membrane proteins (Figure 1): they typically consist of an N-terminal signal peptide followed
by a pro-domain (PD) attached to the catalytic metalloprotease domain (CD), a disintegrin
domain (DIS), a cysteine-rich domain followed by an EGF-like domain consisting of 1-4 EGF
repeats, a transmembrane domain (TMD), and finally a cytoplasmic C-terminal domain (CTD).
Exceptionally, in ADAM10 and ADAM17, the cysteine-rich domain and EGF-like domain are
replaced by a membrane-proximal domain (MPD) followed by a short stalk region (Diisterhoft
et al., 2013; Lambrecht et al., 2018).

Cys-rich EGF-like
domain domain

ADAM proteases

—

Stalk region
Figure 1: General structure of ADAM proteases
ADAMs are multidomain proteins consisting of a pro-domain (PD), catalytic domain carrying zinc ion (CD),
Disintegrin domain (DIS), a cysteine-rich domain, an EGF-like domain consisting of 1-4 EGF-like repeats a
transmembrane domain (TMD) and a cytoplasmic domain (CTD). In the case of ADAM10/17, the disintegrin domain
is followed by a membrane-proximal domain (MPD) and a stalk region. Modified from (Dusterhdft et al., 2013;
Lambrecht et al., 2018; Seals & Courtneidge, 2003).
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The signal peptide directs the protein into the secretory pathway, and the pro-domain keeps
the protease in an inactive state until it is removed by proprotein convertases (PCs), such as
furin, by cleaving at the RX(K/R)R motif during the transit through the Golgi network (Howard
et al., 2000; Nakayama, 1997; Wong et al., 2015). Of note, a few ADAMs such as ADAM8 and
ADAMZ28, which lack this consensus sequence, autocatalytically remove their pro-domain
(Howard et al., 2000; Schlomann et al., 2002). Additionally, the pro-domain is also reported to
control proper protein folding and act as a chaperone to assist in secretion (Leonard et al.,
2005; Seals & Courtneidge, 2003). The disintegrin-like domain can interact with adhesion
molecules of the integrin family and participate in cell migration (Arribas et al., 2006; Huang et
al., 2005). The cysteine-rich domain reportedly binds to cell surface syndecans to promote cell
spreading (Iba et al., 2000). CTD is known as a region of variable length and sequence. It
interacts with intracellular proteins to regulate protein functions and localization via its
phosphorylation sites binding to Src-homology-3 (SH3) domain-containing proteins (Blobel,
2005; Lambrecht et al., 2018; Seals & Courtneidge, 2003). Proteolytically active ADAMs have
been extensively studied as important sheddases, and the released soluble ectodomains of
their substrates are involved in endo- and paracrine-signaling (Blobel, 2005). Due to their
regulatory function in various physiological processes such as muscle development,
fertilization, tissue regeneration and cell fate determination, as well as in pathologies such as
inflammation and cancer, ADAMs are also referred to as important molecular scissors. (Arai et
al., 2023; Lichtenthaler et al., 2018; Rahn & Becker-Pauly, 2022). Complete deletion or
targeted disruption of functionally active ADAMs like ADAM10 (Hartmann et al., 2002),
ADAML17 (Peschon et al., 1998), ADAM19 (Zhou et al., 2004), and ADAM22 (Sagane et al.,
2005) resulted in severe developmental defects or even early death in mice. In contrast, mice
lacking ADAM8 (Kelly et al., 2005), ADAM9 (lzumi et al.,, 1998), or simultaneously
ADAMY9/12/15 (Horiuchi et al., 2005) were viable, fertile, and normal development was not

impaired.

The most well-known transmembrane substrates are tumor necrosis factor-alpha (TNF-a) and
Notch (Amour et al., 2002; Black et al., 1997; Hartmann et al., 2002), ligands of epidermal
growth factor receptor (EGFR) like transforming growth factor-alpha (TGF-a), amphiregulin
(AREG), betacellulin (BTC), etc., (Sahin et al., 2004), receptors like interleukin 6-receptor (IL-
6R) (Mllberg et al., 1993; Millberg et al., 1992) and tumor necrosis factor receptor (TNF-R1)
(Reddy et al., 2000) and chemokines like fractalkine (CX3CL1) (Garton et al., 2001; Naus et
al., 2006) and chemokine ligand-16 (CXCL16) (Gough et al., 2004). Several membrane-bound
proteins are common substrates of different ADAMs (Edwards et al., 2008). Therefore, it is
challenging to characterize ADAMs based on their substrate repertoire. Based on recent
research advancements and proteomics studies, ADAM10 and ADAM17 are the two best-

characterized sheddases in terms of their substrates and their regulatory proteins
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(Lichtenthaler et al., 2018; Zunke & Rose-John, 2017). However, this list is now growing since
more proteolytic ADAMs are now being characterized in terms of substrate cleavage and
selectivity, e.g. in neurological disorders (Hsia et al., 2019) or in cancer malignancies (Arai et
al., 2023). Amongst all the active ADAMs, ADAM17 and ADAMS8 will be discussed in detail in

the following sections.

1.2 ADAM17

ADAM17 is a ubiquitously expressed membrane-bound protease that was first identified as the
TNF-a converting enzyme (TACE), releasing soluble and biologically active TNF-a from the
cell surface (Black et al., 1997; Moss et al.,, 1997). As described above, ADAM17 shares
structural similarities with its close relative ADAM10. In contrast to other ADAMSs, the disintegrin
domain is followed by a membrane-proximal domain (MPD) and the stalk region instead of an
EGF-like domain (Figure 1) (Dusterhéft et al., 2013; Janes et al., 2005; Lambrecht et al., 2018).
ADAM17 has been described as a canonical ‘full-time sheddase’ that is actively involved in the
regulation of numerous physiological processes like cell signaling, tumorigenesis, proliferation,
and inflammation via ectodomain shedding of diverse membrane-bound proteins such as TNF-
a, EGFR ligands, and receptors like IL-6R (Blobel, 2005; Moss & Minond, 2017; Schumacher
& Rose-John, 2022; Zunke & Rose-John, 2017). Studies have shown the impact of
endogenous levels of TNF-a in cancer initiation and tumor progression (Balkwill, 2002). On the
other hand, shedding of TNF receptors (TNF-R1 and 2) by ADAM17 releases sTNFR, which
counteracts sTNF-a and blocks the pro-inflammatory response by cytokines (Bell et al., 2007).
Upregulation of ADAM17 has been reported in cancer-associated malignancies. For instance,
ADAML17 was highly expressed in primary colon carcinoma (Blanchot-Jossic et al., 2005), and
ADAM17-mediated cleavage of CD44 induced the invasion in oral squamous cell carcinoma
(Takamune et al., 2008). ADAM17 was also identified as one of the main lung cancer
biomarkers in various lung cancer cells (Planque et al., 2009). Figure 2 shows some of the
best-characterized substrates of ADAML17 and their functions in physiological and pathological
events. ADAM17-mediated ectodomain shedding can be induced by stimulated G-protein
coupled receptors (GPCR) or protein kinase C (PKC) via external stimuli like
lipopolysaccharides (LPS), lysophosphatidic acid (LPA), or reactive oxygen species (ROS), or
internal stimuli like calcium ion concentration (Blobel, 2005; Myers et al., 2009; Ohtsu et al.,
2006). Additionally, the activity of ADAM17 can also be induced by activation of PKC via a
synthetic activator, phorbol-12-myristat-13-acetate (PMA) which is a phorbol ester (Horiuchi,
Le Gall, et al., 2007). In terms of chemokines, PMA induces ADAM17-mediated shedding of
CX3CL1 (Garton et al.,, 2001). ADAM17 has been reported to enhance the metastasis of
malignant hepatocytes by PMA-induced release of CX3CL1 (Sun et al.,, 2020). Further
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ADAML17 is also reported to shed adhesion molecules like intercellular adhesion molecule-1
(ICAM-1) (Tsakadze et al., 2006), vascular cell adhesion molecule-1 (VCAM-1) (Garton et al.,
2003), and activated leukocyte cell adhesion molecule (ALCAM/CD166) (Bech-Serra et al.,
2006) affecting the adhesive properties of cells. The shedding capacity of membrane-bound
ADAML17 is not only limited to these substrates but at least 90 other substrates were identified
in vitro, making it an important molecular switch (Disterhoft et al.,, 2019; Pruessmeyer &

Ludwig, 2009; Scheller et al., 2011).

Lack of functional ADAM17 in mice (ADAM1724VAZn  resulting in embryonic lethality,
developmental defects, and severe pathological effects suggested a significant role of
ADAML17 in embryonic development (Peschon et al., 1998; Shi et al., 2003; Zhao et al., 2001).
Since a complete knockout (KO) of ADAM17 in mice leads to premature death, conditional
knockout models were generated to further comprehend the roles of ADAM17. A systemic
knockout in murine myeloid cells prevented endotoxin shock-mediated death by reducing TNF-
a levels in the serum, suggesting ADAM17 as a major treatment target in pathologies caused
by TNF-a shedding (Horiuchi, Kimura, et al., 2007). Since then, many other conditional
knockout mice have been generated targeting different tissue systems that proved the
significance of metalloprotease in development and pathologies (Rahn & Becker-Pauly, 2022;
Weber & Saftig, 2012; Zunke & Rose-John, 2017). Additionally, the hypomorphic ADAM17
mouse model (ADAM17%¥®%), which had reduced levels of ADAM17 by 95% was viable but
displayed eye, skin, and heart defects due to hampered shedding of EGFR ligands causing
failed EGFR signaling and intestinal inflammation (Calligaris et al., 2021; Chalaris et al., 2010).
Altogether, ADAM17 is one of the central players in the complex network of cell signaling and

modulates several cellular events.
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Figure 2: ADAML17 in physiological and pathological processes

ADAM17 participates in physiological and pathophysiological processes via shedding of a variety of substrates
including cytokines, cell surface receptors, adhesion molecules, and growth factors to induce or modulate cell
signaling. Examples of ADAM17-substrate relationships and subsequent effects are shown prototypically. The
picture is adapted and created from (Dusterhoft et al., 2019; Rahn & Becker-Pauly, 2022; Scheller et al., 2011)

1.2.1 ADAML17 in EGFR signaling mediated pathologies

EGFR, also known as ErbB1/HERL1 is one of four members of the ErbB family of tyrosine
kinase receptors and is a glycosylated transmembrane protein. Structurally, it consists of an
extracellular domain, a TM-domain, and an intracellular domain with tyrosine kinase activity.
The EGFR is crucial for initiating the signaling in epithelial cells and tumors of epithelial cell
origin (Herbst, 2004). Most tumors like breast cancer, colon cancer, ovarian cancer, and head-
and-neck cancer express high levels of EGFR, which is associated with aggressive
proliferation and invasion (Carpenter & Cohen, 1979; Salomon et al., 1995). EGFR plays a key
role in embryonic development. EGFR deficiency in mice leads to impaired epithelial
development in organs like skin, gastro-intestinal tract, and lungs, combined with death within
8 days of birth (Miettinen et al., 1995). The loss-of-function studies performed in mice revealed
novel functions of EGFR in major organ development like skin, brain, heart, bone, lungs, and
liver (Sibilia et al., 2007; Sibilia et al., 2003). Furthermore, the EGFR knockout animals
phenocopy the ADAM17 deficient mice in terms of multiple organ defects, suggesting once
again the importance of ADAM17 and EGFR alliance (Chalaris et al., 2010; Miettinen et al.,
1995).
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EGFR ligands are synthesized as type-1 membrane proteins that are further processed by
ectodomain shedding via ADAM proteases for the release of sEGFR ligands which
consequently bind to the EGFR (Sahin et al., 2004). A total of seven EGFR ligands can bind
to the EGFR after the proteolytic release of their soluble forms as a prerequisite to initiate
EGFR signaling. ADAM17 is reportedly the major sheddase of most of the EGFR ligands
(Blobel et al., 2009). Transforming growth factor-alpha (TGF-a), heparin-binding-epidermal-
growth factor (HB-EGF), amphiregulin (AREG), epiregulin (EREG), and epigen are known
substrates of ADAM17. On the other hand, ADAM10 which is closely related to ADAM17 is
responsible for the shedding of BTC (betacellulin) and EGF (epidermal-growth-factor) (Sahin
& Blobel, 2007; Sahin et al., 2004). Upon release of soluble EGFR ligand via ectodomain
shedding, the ligand binds to the EGFR and the receptor dimerizes leading to activation of the
receptor in an autocrine or paracrine manner (Figure 3) (Schlessinger, 2002). Activation of the
EGFR by its ligand leads to dimerization of the receptor and subsequent activation of
intracellular signaling cascades involved in a wide range of cellular processes including
differentiation, cell proliferation, invasion, metastasis, and angiogenesis (Gschwind et al.,
2003; Jeppe Knudsen et al., 2014; Singh et al., 2016).

HB-EGF
AREG
EREG
TGF-a

ADAM17 EGFR ligands

EGFR

EGFR
dimerization
and actrvatlon

Differentiation
Cell survnval

Metasta5|s Cell proliferation

|nvaS|on

Figure 3: Schematic representation of ADAM17 function in EGFR signaling

The membrane-bound metalloprotease ADAM17 cleaves off the extracellular part of the membrane-bound form of
EGFR-ligands like AREG, HB-EGF, EREG, or TGF-a (brown). The released soluble EGFR ligands (brown oval)
bind to the EGF receptor and induce the dimerization and activation of the receptor (pink and yellow). This initiates

intracellular signaling pathways that regulate a variety of cellular processes.

By processing most of the ligands of the EGFR, ADAM17 is one the most important regulators
of EGFR signaling. As mentioned above, the hypomorphic ADAM17 mice showed impaired
EGFR signaling as a result of inefficient shedding of TGF-a and amphiregulin causing intestinal

inflammation and impaired milk duct formation (Chalaris et al., 2010). ADAM proteases have
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partially overlapped substrate specificities. However, shedding of EGFR-ligands in wild-type
and triple knockout ADAM9/12/15" cells showed the major involvement of ADAM17 in PMA-
stimulated shedding of AREG, HB-EGF, and TGF-a. Additionally, the stimulated shedding of
AREG, HB-EGF, TGF-a, and EREG was strongly decreased in the absence of ADAM17, but
not in the absence of ADAM10 (Sahin et al., 2004). Moreover, the shedding was strongly
increased in the presence of phorbol ester (PMA), suggesting ADAM17-mediated shedding of
epigen (Sahin & Blobel, 2007). In addition to that, the analysis of constitutive and PMA-induced
shedding of CXCL1 and epigen in Cos-7 cells showed that ADAM17-mediated shedding was
inhibited only by the hydroxamate inhibitor GW280164X (GW), but only constitutive shedding
of CXCL1 was inhibited by the ADAM10 specific inhibitor G1254023X (GI) (Ludwig et al., 2005;
Sahin & Blobel, 2007).

In vitro and whole animals, studies have also shown that lack of ADAM17 is associated with
impaired shedding of AREG, HB-EGF, and TGF-a resulting in eye, hair, and skin defects
(Peschon et al., 1998; Sunnarborg et al., 2002). Mice lacking HB-EGF die before weaning or
within the first year of life and display similar heart valve defects as mice deficient in ADAM17
and EGFR (Jackson et al., 2003). Moreover, in ovarian cancer tissues, a positive correlation
between ADAM17 and HB-EGF was observed due to the upregulation of both proteins (Tanaka
et al.,, 2005). ADAM17 plays an essential role in epithelial-stromal crosstalk. This drives
mammary development by the proteolytic release of AREG from epithelial cells and activation
of EGFR on stromal cells, showing the scope of the paracrine signaling pathway (Sternlicht et
al., 2005). ADAM17 has been reported to play a crucial part in receptor crosstalk upon its
activation by the stimulation of G-protein coupled receptors (GPCR), leading to substrate
shedding and subsequent phosphorylation of EGFR bound to the ligand which finally initiates
a signaling cascade (Gooz, 2010). In human colon adeno carcinoma cells (HCA-7),
endogenous levels of amphiregulin in the supernatant were only reduced by inhibiting ADAM17
with broad spectrum metalloprotease inhibitor Marimastat and ADAM17 inhibitor, GW (Schmidt
et al., 2018).

1.2.2 Regulation of ADAM17

The pivotal role of ADAM17 in fundamental biological processes such as pathologies and
homeostasis mediated by ectodomain shedding requires tight regulation of the protease.
(Zunke & Rose-John, 2017). When dysregulated, ectodomain shedding contributes to cell
pathophysiological conditions (Dreymueller et al., 2015; Hsia et al., 2019; Jones et al., 2016;
Murphy, 2008 ). Therefore, the regulation of a protease or a proteolytic pathway is a
multidimensional process ranging from transcriptional to post-translational control in terms of

protein synthesis, maturation and PTMs, trafficking, activation, and inhibition. At the

17



Introduction

transcriptional level, nuclear factor-kappa B (NF-kB) has been shown to upregulate ADAM17
MRNA expression upon induction with TNF-a (Takamune et al., 2008). Furthermore, the
inhibition of NF-kB via activation of Ron receptor tyrosine kinase leads to decreased ADAM17
levels in murine alveolar macrophages (Nikolaidis et al., 2010). Post-transcriptionally, the
targeted inhibition of ADAM17 mRNA silenced the ADAM17 gene, resulting in decreased
protein expression and hence reduced ADAM17-mediated cancer invasion (Lu et al., 2013;
Sun et al., 2013; X. W. Yang et al., 2014). As mentioned before, the activity of ADAM17 can
be induced via external and internal stimulation of GPCRs and PKC, which suggests the
crosstalk between these proteins is important to regulate ADAM17 activity (Calligaris et al.,
2021; Zunke & Rose-John, 2017). Several studies demonstrated the activation of ADAML17 via
the phosphorylation of its cytosolic domain by PMA-mediated stimulation of PKC or Mitogen-
activated protein kinases (MAPK) (Millberg et al., 1992; Xu & Derynck, 2010). However, it was
later shown that the cytoplasmic domain and its phosphorylation are not essential for ADAM17
activity (Le Gall et al., 2010; Schwarz et al., 2013). In addition, other domains of ADAM17 are
also reported to play important roles in the regulation of its activity. The pro-domain of ADAM17
keeps the molecule in a switched-off mode until it is proteolytically removed by furin or furin-
like proprotein convertases (Wong et al., 2016; Wong et al., 2015). The disintegrin domain
interacts with the integrin (a581) regulating the activity of ADAM17-mediated cell adhesion and
migration (Bax et al., 2004; Calligaris et al., 2021). The MPD has also been reported to keep
the conformation of ADAM17 in an open or closed form. The cysteine residues in the MPD
undergo isomerization caused by protein-disulfide isomerases (PDI) converting the less
structured open and active conformation into a well-defined closed and inactivated structure
(Dusterhoft et al., 2013; Willems et al., 2010). Furthermore, the MPD is also reported to interact
with phosphatidylserines (PS), which is thought to regulate the positioning of the protease at
the membrane to gain shedding activity (Sommer et al., 2016). In addition to these
mechanisms, interaction with inactive rhomboid proteins (iRhom1 and iRhom?2), endogenous
inhibitors, and glycosylation have been shown to regulate ADAM17 maturation and activity.
(Adrain & Freeman, 2012; Adrain et al., 2012). Further, a study also addressed the release of
ADAM17 in exosomes via stimulation of cells through lipopolysaccharides leading to a
downregulation of ADAM17 on the cell surface. The released exosomes were reported to
exhibit ADAM17-mediated shedding of TGF-a upon incubation with cells expressing TGF-a
(Groth et al., 2016).

1.2.2.1 Regulation by iRhoms

As the name suggests, iRhoms are catalytically inactive homologs of rhomboid intramembrane
serine proteases lacking essential catalytic residues and therefore known as pseudoproteases

(Lemberg & Freeman, 2007). First identified in Drosophila, the active rhomboids are
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responsible for EGFR signaling (Urban et al., 2001; Urban et al., 2002; Wasserman et al.,
2000). On the other hand, the inactivated rhomboids present in the ER completely stall the
EGF processing and direct the protein toward ER-associated degradation (ERAD) (Zettl et al.,
2011). In mammals, two iRhoms, iRhom1l and iRhom2 are mostly located in the ER and
reported to perform a different function than ERAD (Adrain & Freeman, 2012; Lemberg &
Freeman, 2007). However, ER-associated death has also been observed in mammals
(Dusterhoft et al., 2019; Lee et al., 2015). As reviewed recently, together with the studies in
various iRhom mouse models and the roles of inactive rhomboids in EGFR signaling, iRhoms

are also reported to regulate EGFR signaling in mammals (Burzenski et al., 2021).

iRhoms in maturation and trafficking of ADAM17

From a regulatory point of view, iRhom1l and 2 are under discussion to regulate membrane-
bound ADAM17 in terms of its trafficking from the ER to the Golgi, its maturation, and its
activation by furin as well as its shedding activity (Adrain et al., 2012; Christova et al., 2013;
Dulloo et al., 2019; Maretzky et al., 2013). Figures 4A and B demonstrate the scenario in the

absence and the presence of iRhoms and its impact on ADAM17-mediated shedding.

Further studies demonstrated that iRhom1/2 single knockout mice were viable and fertile but
iRhom1/2 double knockout mice phenocopied ADAM17 knockout mice and died perinatally (Li
et al., 2015). In the absence of iRhoml, the developmental defects were not observed but the
maturation of ADAM17 was compromised in the brain (Li et al., 2015). This suggested that
iRhom1 and iRhom2 are expressed in a tissue-dependent manner and are noticed to exhibit
overlapping functions pertaining to the trafficking and maturation of ADAM17 (Issuree et al.,
2013; Li et al., 2015). On the contrary, another study showed that iRhom1 single knockout
mice showed severe multiple organ defects, and iRhom1/2 double knockout mice displayed
early embryonic lethality (Christova et al., 2013). Additionally, the mouse model created by Li
et al. in 2015 was found to have a malfunction, in terms of partial retainment of the iRhom1
function due to incomplete deletion of the target gene (Hosur et al., 2020; Li et al., 2015). In
humans and mice, iRhom1 is expressed in most of the cells, whereas iRhomz2 is predominantly
expressed in myeloid cells. Hence, in macrophages, a reduced stimulated shedding of TNF-a
was observed exclusively in the absence of iRhom2 (Adrain et al., 2012; Li et al., 2015;
Mcllwain et al., 2012; Siggs et al., 2012). Evidently, for TNF-a, iRhom2 appears to play the
role of a major regulator of ADAM17 for its forward trafficking and its activation (Adrain et al.,
2012; Dulloo et al., 2019). In addition to that, in primary mouse macrophage culture and
embryonic fibroblasts, ADAM17 has been implicated in the exclusive stabilization of iRhom2
but not iRhom1 (Weskamp et al., 2020). Depending on the expression profile, iRhoml1 and
iRhom2 are known to participate in the regulation of ADAM17. However, little was known about

the role of iRhom1 until it was recently found out that iRhom1 is broadly expressed in the
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murine brain and governs the maturation and trafficking of ADAM17 (Tushaus et al., 2021).

Thus, for the regulation of membrane-bound ADAM17, iRhom1 and 2 are indispensable.
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Figure 4: iRhoms in maturation and trafficking of ADAM17

The inactive rhomboid proteases iRhom1 and iRhom2 play key roles in ADAM17 maturation and trafficking. (A)
iRhoms participate in the anterograde trafficking of pro-ADAM17 from the ER to the Golgi, where the maturation
and activation of ADAM17 occurs. Mature, membrane-bound ADAM17 is then trafficked to the plasma membrane
(PM) where it sheds its substrates (shown in wild-type condition). (B) In the absence of iRhoms, this process is
abolished, and ADAM17-mediated activity is stalled (shown in the iRhom1/2 knock-out condition). Adapted from
(Adrain & Freeman, 2012).

The structural determinants of the iRhom-ADAM17 interaction that regulate the transport,
maturation, and activity of ADAM17 are only partially understood. It was found that the
interaction of the transmembrane helix (TMH) 1 of iRhoms and the TM-domain of ADAM17 is
crucial for efficient binding of the complex (Cavadas et al., 2017; Li et al., 2017). In addition,
iRhoms possess two other functionally and structurally important regions: a long cytosolic N-
terminus and a large luminal iRhom homology domain (IRHD) between TMH1 and 2 (Lemberg
& Freeman, 2007). The latter is shown to be essential for the transport of ADAM17 from the
ER to the Golgi and thus for ADAM17 maturation, but not for the interaction between the two
proteins (Dusterhoft et al., 2021).
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iRhoms in ADAM17-mediated activity

The role of iRhoms is not only restricted to the maturation and trafficking of ADAM17 but they
are also actively involved in the regulation of its shedding activity, thereby indirectly controlling
signaling cascades. According to the mice models, like their active counterparts, iRhoms have
a crucial role in the regulation of EGFR signaling. The iRhom1/2 double knockout (iRhom1/27-
) mice resemble ADAM17 and EGFR knockout mice, and the EGFR signaling is significantly
abolished except for the signaling via the ADAM10 substrate BTC, hence proving iRhom1/2
as critical components of the EGFR pathway (Li et al., 2015). Predominantly, iRhom2 has been
rigorously investigated in association with ADAM17-mediated shedding of its substrates from
the cell surface. Further studies in mouse embryonic fibroblasts (mEFs) suggested that under
stimulated conditions, iRhom2 is essential for the shedding of HB-EGF, AREG, and EREG,
but not for TGF-a and the ADAM10 substrate BTC (Maretzky et al., 2013). Additionally, the
deletion of the entire N-terminal cytoplasmic domain of iRhom2 interrupted the shedding of
iRhom2-dependent EGFR ligands (Maretzky et al., 2013). On the other hand, the interface
between ADAM17 and iRhom2 TM-helices is noted to be an important criterion for ADAM17
activation and shedding function, since individual mutations in the TM-domain of ADAM17 lead
to inefficient stimulated shedding of EREG, but not TGF-a (Li et al., 2017). Taken together,
this indicated that along with the maturation and trafficking of ADAM17, the substrate selectivity
of ADAM17 is also controlled by iRhom1 and iRhom2 (Dusterhéft et al., 2019; Geesala et al.,
2019). Furthermore, a recent study identified MEGF10 (multiple EGF-like domain factor 10) as
an iRhom1-dependent substrate of ADAM17 in mice brains (Tushaus et al., 2021). Collectively,
both the iRhoms can take over each other’s role and act in a tissue-dependent manner

(Burzenski et al., 2021).

The tight iRhom2/ADAM17 complex formation prevents ADAM17 from lysosomal degradation
(Grieve et al., 2017). Studies have highlighted the importance of the cytosolic part of N-
terminus of iRhom2 for the alteration in this conformation through phosphorylation of the
cytosolic upon stimulation via PMA or GPCRs. This reaction induces the separation of iRhom?2
and ADAM17 and renders the latter to access its substrate efficiently (Cavadas et al., 2017;
Grieve et al., 2017) (Figure 5). However, this phosphorylation does not play a significant role
in the maturation and trafficking of ADAM17 (Grieve et al., 2017).
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Figure 5: Regulation of ADAM17 activity by iRhom2

In response to stimuli like PMA or GPCRs, the N-terminal cytosolic tail of iRhom2 gets phosphorylated. iRhom2
then recruits 14-3-3 proteins causing the disassociation of the ADAM17 and iRhom2 complex, which makes
ADAM17 more accessible to its substrates. Adapted from (Cavadas et al., 2017; Grieve et al., 2017).

For the regulatory machinery for ADAM17 to function properly, several components, such as
adaptor proteins, are needed. For example, phosphorylation recruits 14-3-3 protein to the N-
terminal tail of iRhom2 for the weakening of the iRhom2/ADAM17 complex, to start the
shedding cascade (Cavadas et al., 2017; Grieve et al., 2017). Furthermore, another adaptor
protein FRMDS8/iTAP (a protein containing FERM domain/ iRhom Tail associated protein) was
identified to bind to the N-terminal tail of iRhom and markedly maintain the levels of iRhom and
ADAML17 in vitro. However, a deeper understanding of the mechanism is needed (Kunzel et
al., 2018; Oikonomidi et al., 2018). Further studies have suggested that the extracellular
juxtamembrane domains of iRhom2 and ADAM17 are important for the substrate specificity in
addition to the TMH interaction (Tang et al., 2020). This was supported by the report that the
highly conserved iRhom homology domain (IRHD) regulates the ADAM17-mediated release
of TNF-a and EGFR-ligands such as TGF-a, HB-EGF and AREG from the cell surface
(Dusterhoft et al., 2021; Kahveci-Turkéz et al., 2023). Taken together, the close interaction
between ADAM17 and iRhom1/2 could be an interesting way to the indirect inhibition of

ADAML17 activity by targeting iRhoms.

1.2.2.2 Regulation by inhibition

The engagement of ADAML17 in physiological and pathological conditions may require
pharmacological regulation of ADAM17, which could be achieved by the inhibition of the
molecule via specific endogenous or synthetic inhibitors. The homology of ADAM17 and
ADAM10 proves to be challenging for the specific inhibition. However, in the past many such
molecules came into light that showed promising inhibition of ADAM17, blocking the specific
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pathways. Out of four identified tissue inhibitors of metalloprotease (TIMPs), TIMP-3 inhibits
ADAM17 at the cell surface endogenously (Amour et al., 1998). Additionally, ADAM17-
mediated EGFR signaling via shedding of HB-EGF is also compromised in the presence of
TIMP-3 and prevents the risk of liver cancer during hepatitis infection (Jackson et al., 2017;
Murthy et al., 2010). Further, the recombinant pro-domain of ADAM17 has displayed highly
specific inhibition of ADAM17 activity both in vitro and in vivo (Wong et al., 2016). This was
further substantiated when the application of the recombinant pro-domain of ADAM17 blocked
metastasis and necroptosis of mouse endothelial cells (Bolik et al., 2022). Furthermore,
overexpression of the ADAM17 pro-domain promoted neuroregeneration in brain injury
blocking the EGFR signaling, by specifically inhibiting the ADAM17 activity against TGF-a
(Geribaldi-Doldan et al., 2018). Several ADAM17-specific monoclonal antibodies such as
D1(A12) and D8P1C1 have been shown to promote anti-tumorigenic effects by inhibiting
EGFR signaling (Caiazza et al., 2015; Saha et al., 2022; Tape et al., 2011).

1.2.2.3 Regulation by glycosylation

Apart from the post-translational processing of ADAM17 by proteolytic removal of the pro-
domain and through phosphorylation, another PTM in the regulation of ADAM17 is the
glycosylation of the molecule. The experiments performed on recombinant ADAM17 obtained
from mammalian and insect models showed significant variation in the glycosylation
complexities (Chavaroche et al., 2014). The heavily glycosylated mammalian ADAM17 had a
higher proteolytic activity towards its substrates as compared to ADAM17 from insect cells
(Chavaroche et al., 2014). In the same study, the inhibition of differentially glycosylated
ADAM17 was significantly different by applying exosite or non-zinc binding inhibitors
(Chavaroche et al., 2014). This implies that glycosylation adds another layer to the activation
and inhibition of ADAM17. In addition to correct glycosylation of ADAM17, the glycan addition
pattern of the ADAM17 substrates can also result in variation in shedding capability.
Proteolysis can be prevented by site-specific glycosylation of the substrates; for example, by
site-specific O-glycosylation, the shedding of TNF-a by ADAM17 was inhibited (Goth et al.,
2015). Interestingly, the Golgi-acquired glycosylation of iRhom2 is also proven important for
the interaction with ADAM17 and the latter’s cell surface presentation (DUsterhoft et al., 2021).
This in turn regulates receptor-mediated signal transduction facilitated by ADAM17 (Dusterhoft
et al., 2021).
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1.3 ADAM8

ADAMS8 was first discovered as a cell surface antigen on mice monocytes and is also called
cell surface antigen MS2 or CD156 (Yoshida et al., 1990). Later, it was identified as an active
metalloprotease in osteoclasts (Choi et al., 2001). It is localized at the plasma membrane and
throughout the secretory pathway (Schlomann et al., 2002). ADAMS, like its other relatives,
consists of a typical ADAM family domain composition: the inhibitory pro-domain, a disintegrin
domain, a cysteine-rich domain, an EGF-like domain, a transmembrane domain followed by a
cytoplasmic C-terminal domain. However, ADAMS8 has a slightly different consensus cleavage
sequence (RETR instead of the dibasic sequence RXK/RR), which is necessary for furin-like
PC cleavage (Barr, 1991; Hall et al., 2009; Schlomann et al., 2002). Thus, removal of the pro-
domain is independent of furin or furin-like PCs, and ADAMS is autocatalytically activated after
oligomerization (Hall et al., 2009; Schlomann et al., 2002). Experimentally, in the murine
ADAMS, a proteolytically inactive mutant was generated by exchanging the glutamate residue
in the zinc-binding domain at position 330 with glutamine (E330Q/EQ-ADAMS). The proteolytic
removal of the pro-domain was completely abolished due to this mutation (Schlomann et al.,
2002). The multimerization is supported by the disintegrin, cysteine-rich, and EGF-like
domains, which often results in two isoforms of ADAMS; the 60 kDa remnant form attached to
the cell surface and a 30 kDa soluble form released into the ECM (Schlomann et al., 2015;
Schlomann et al., 2002). In addition to the active ADAMS8, the remnant form is also known to
interact with integrins and perform cell adhesion functions (Rao et al., 2006). Furthermore, the
soluble ADAMS8 consisting of the metalloprotease domain, was reported to be proteolytically
active by cleavage of myelin basic protein (MBP) and CD23. This activity was inhibited by
batimastat (BB-94), BK1361, and 1,10-phenanthroline (Schlomann et al., 2015; Schlomann et
al., 2002). Later studies also confirmed the proteolytic roles of soluble ADAM8 in the ECM
(Zack et al., 2009).

Unlike ADAM17, ADAMS is selectively expressed in the central nervous system, in osteoclasts,
in the epithelial lining of the lungs, and weekly in immune cells (Choi et al., 2001; King et al.,
2004; Schlomann et al., 2000; Yoshiyama et al., 1997). The targeted deletion of ADAMS in
mice revealed the expression profile of ADAMS8 during developmental and adult stages. During
embryonic development, ADAMS8 is expressed in the developing brain, thymus, lymphatic-
vessels, and bone cartilage (Kelly et al., 2005). Furthermore, in adult mice, the expression was
restricted to the epithelia of salivary glands, respiratory bronchioles, and kidney as well as the
lymphatic organs spleen and thymus (Kelly et al., 2005). However, the knockout of ADAMS did

not show any developmental defects or adverse phenotypes in mice (Kelly et al., 2005).
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1.3.1 Proteolytic and non-proteolytic functions of ADAM8

Although ADAMS8 has been identified as a non-essential protease for development, it is highly
expressed in various pathologies such as inflammation and cancer (Koller et al., 2009).
ADAMS exhibits an overlapping substrate spectrum with ADAM10 and ADAM17; including L-
selectin, Amyloid precursor protein (APP), and tumor necrosis factor receptor 1 (TNF-R1)
(Bartsch et al., 2010; Conrad et al., 2019; Gomez-Gaviro et al., 2007). In vitro, screening of
peptides from substrates of other ADAMSs revealed further substrates such as TGF-a, TNF-q,
and CD23 (Naus et al., 2006). The ADAM8-mediated shedding of the TNF receptor is induced
by the cytokine TNF-qa, creating a neuroprotective feedback loop. The access of TNF-a causes
the TNF-R1-induced ADAMS transcription, which in turn cleaves the cell surface TNF-R1,
releasing soluble TNF-R1 that seizes TNF-a (Bartsch et al., 2010). This supports the previous
finding that TNF-a triggers the upregulation of ADAMS8 in the neuronal cells affected by
neurodegeneration (Schlomann et al., 2000). In experimental models, ADAM8 was noted to
modulate leukocyte recruitment and migration in asthma, as ADAM8 knockout leukocytes were
less infiltrating (Naus et al., 2010). Additionally, in patients with acute respiratory distress
syndrome (ARDS), the proteolytic activity of ADAMS8 is directly proportional to high fatality
(Conrad et al., 2022). ADAMS is reported to affect the migration and rolling of leukocytes during
inflammation by shedding P-selectin glycoprotein ligand-1 (PSGL-1) (Dominguez-Luis et al.,
2011). Increased levels of ADAMS8 have been found in aggressive pancreatic cancer, inducing
invasion due to proteolytic activity, which correlated with poor patient survival rates
(Valkovskaya et al., 2007). Other studies have conducted tissue microanalysis and detected
increased ADAM8 expression in lung cancer cells, suggesting it as a diagnostic biomarker
(Hernandez et al., 2010; Ishikawa et al., 2004). In human primary brain cells, invasiveness and
migration are associated with the proteolytic activity of upregulated ADAM8 (Wildeboer et al.,
2006). ADAM8 has been additionally associated with poor patient outcomes in several other
cancers, like lung cancer, glioma, and colorectal cancer (He etal., 2012; Ishikawa et al., 2004;
Z. Yang et al., 2014). In pancreatic ductal adenocarcinoma (PDAC), ADAMS is essential for
the release of MMP9, which is an important metalloprotease for tumor progression (Cook et
al., 2022; Mierke, 2023).

Besides its proteolytic functions, studies have also shown the non-proteolytic functions of
ADAMS in certain signaling pathways. As mentioned earlier, ADAMS8 interacts with integrins
through its disintegrin domain, thereby activating integrin signaling pathways by
phosphorylation of focal adhesion kinase (FAK), mitogen-activated kinase (MAPK) and
extracellular regulated kinase (ERK1/2) (Awan, Babendreyer, Mahmood Alvi, et al., 2021;
Conrad et al., 2018; Dong et al., 2015). In a recent study, ADAM8 was reported to upregulate
the expression of HB-EGF, as ADAM8 knockdown resulted in significantly decreased HB-EGF

expression (Liu et al., 2022). ADAM8 was observed to non-proteolytically mediate a positive
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feedback loop between malignant glioblastoma and tumor-associated macrophages (TAMS)
via HB-EGF/EGFR signaling (Liu et al., 2022). Of note, HB-EGF is not a shedding substrate
of ADAM8 (Schlomann et al., 2015). Further, the C-terminal domain of ADAM8 has been
reported to induce downstream signaling via phosphorylation of ADAM8 and its interaction with
adaptor proteins via SH3 motifs (Kleino et al., 2015). In the same line, in aggressive brain
cancer angiogenesis, ADAM8 non-proteolytically modulates the intracellular signaling by
regulating osteopontin (OPN) expression via its disintegrin and cytoplasmic domain (Li et al.,
2021).

1.3.2 Regulation of ADAMS8

In contrast to the complex regulation of ADAM17, which has been extensively studied, the
underlying mechanisms for ADAM8 are only partially understood. Nonetheless, few studies
shed light on possible factors including stimulators like PMA, bacterial lipopolysaccharide
(LPS), and ADAM inhibitors, involved in the regulation of ADAMS in inflammation. In human
neutrophils, PMA promotes the translocation of ADAMS8 from the neutrophil granules to the cell
surface, which results in enhanced cleavage of L-selectin and also the release of the
ectodomain of ADAM8 (sADAMS8) (Gomez-Gaviro et al., 2007). This suggests that targeting
ADAMS to prevent excessive shedding of L-selectin will aid in controlled neutrophil migration
(Gémez-Gaviro et al., 2007). Additionally, in inflammation, the expression of ADAM8 gets
upregulated in the presence of LPS (Kataoka et al., 1997). Moreover, LPS-induced
hepatocytes and endothelial cells express high levels of ADAM8, which correlates with
increased levels of chemokines and cytokines. These can be downregulated by treating the
cells with broad-spectrum inhibitors like BB-94 and peptidomimetic cyclic inhibitor (BK-1361)
or knocking out ADAM8 (Awan, Babendreyer, Wozniak, et al., 2021). By treating mice with
BK1361, the multimerization and activation of ADAM8 can be inhibited (Schlomann et al.,
2015). In acute lung inflammation, this inhibition of ADAMS8 decreases the neutrophil influx into
the lungs (Conrad et al., 2022).

In addition to the above-mentioned regulations, N-glycosylation at multiple sites is noted to be
significant for the regulation of processing, activation, and cellular localization of ADAMS8
(Srinivasan et al., 2014).

1.3.3 Proteolytic generation of SADAM17 via ADAM8

The function of each protease is embedded in a higher regulatory network that integrates
complex interactions with other proteases as well as inhibitors, the so-called protease web

(Fortelny et al., 2014). A so far rather less explored direct interplay between different proteases
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is that membrane-bound sheddases are also shed themselves, thus extending their proteolytic
activity from the plasma membrane further into the ECM. Such a regulatory proteolytic network
has been described for meprin f and ADAM10/17. On the one hand, the inactive pro-form of
meprin B is shed by ADAM10 and ADAM17 (Hahn et al., 2003; Herzog et al., 2014; Wichert et
al., 2017). On the other hand, once activated, mature meprin 8 is not shed anymore but can
fine-tune ADAM10/17 activity at the plasma membrane by pro-domain cleavage N-terminal to

the furin cleavage site, resulting in enhanced ADAM activity (Wichert et al., 2019).

In the same line, the shedding of ADAM10 by ADAM9 and ADAM15 or by autoproteolysis has
been described (Suh et al., 2013; Tousseyn et al., 2009; Wichert et al., 2019), but functional
consequences have been discussed mainly in terms of impaired ectodomain shedding or
toward potential signaling of the released intracellular C-terminal fragment. In the case of
ADAM17, elevated levels of the protease have been reported in serum samples from patients
with lung cancer and psoriasis (GUl et al., 2022; Planque et al., 2009). Moreover, ADAM17
activity has been detected in the blood plasma of patients with vasculitis and Alzheimer's
disease (Bertram et al., 2015; Sun et al., 2014) as well as in cerebrospinal fluid (Conrad et al.,
2017; Jiang et al., 2011). However, none of these studies addressed the origin of the

demonstrated presence of ADAM17.

According to one study, the knockout of ADAM8 in MDA-MB-231 cells resulted in significantly
decreased ADAML17 levels in the medium as detected by soluble receptor array and ELISA
(Scharfenberg et al., 2020). The proteolytic release of the ADAM17 ectodomain was further
investigated in ADAM10/17-/- HEK293T cells using murine ADAM17 and ADAMS8 expression
constructs, demonstrating for the first time that the ~70 kDa ectodomain of ADAM17 can be

also proteolytically released by the identified sheddase ADAM8 (Scharfenberg et al., 2020).

Considering the N-terminomics approach using recombinant ADAM17 ectodomain, initial
shedding assays, and in vitro validation of novel, candidate substrates this study provided
proof of concept that shed ADAM17 may exhibit additional functions within the protease web

as a soluble enzyme, which is rather a feature of ‘part-time’ sheddases (Figure 6).

27



Introduction

(" SADAM17 )
e.g. APP695

ADAM17 sAPP
e.g.TNF-a PCPE-1

TNFR Fibronectin

HB-EGF cystatin-C

AREG collagen IV

IL-6R / thrombospondin -4

ICAM

sADAM17

4__’—

100 20000000900 200 90

' 10C 900000 20¢ 10¢ 98
iRhom1/2 iRhom1/2

ADAM17 ADAM17 ? ADAMS
membrane-
bound
substrate

Figure 6: Part-time sheddase model of ADAM17

The shedding activity and specificity of membrane-bound ADAM17 are regulated by iRhom1/2. From the ~90
identified substrates; some well-characterized examples are shown. ADAM17 itself can get shed by ADAMS,
releasing soluble ADAM17 in the ECM. In vitro studies using the recombinant ADAM17 ectodomain have revealed
potential so far underestimated functions of ADAM17 as a soluble enzyme, suggesting that ADAM17 might be a

“part-time” sheddase.

1.4 ADAM17 and ADAMS in breast cancer

According to a recent global statistical analysis, with almost 12% of cases, breast cancer is the
most commonly diagnosed cancer and a prominent cause of death in women (Sung et al.,
2021). Breast cancer is highly heterogenous in terms of differential gene expression and
phenotypes. The early studies identified subtypes of cancer based on gene expression
profiling (Perou et al., 2000). The subtypes are generally defined based on the expression of
tumor-associated receptors; Estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor-2 (HER-2), and KI67 (Hergueta-Redondo et al., 2008).
Depending upon the expression of the mentioned receptors, an additional subtype of breast
cancer was defined as triple-negative breast cancer (TNBC), that is an ER, PR, and HER-2
negative cancer (Carey et al., 2007; Carey et al., 2006). TNBC, itself is a complex cancer type
with further six subtypes: basal-like 1/2 (BL1 and BL2), immunomodulatory (IM), luminal
androgen receptor (LAR), mesenchymal and mesenchymal stem-like (M and MSL) (Lehmann
etal., 2011). With all its subtypes and the absence of important receptor markers, the treatment
of TNBC is challenging and chemotherapy is believed to be the only efficient treatment
(Lehmann et al., 2011). However, in the metastatic phase, chemotherapy also fails and leads
to relapse of the tumor and poor patient outcomes (Lin et al., 2008; Wang et al., 2021). Thus,

identifying new potential targets is the need of hour to provide an effective antidote in
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combination with chemotherapy or surgery. In a recent review, several growth factors and
pathways like PI3BK/AKT/mTOR, mitogen-activated protein kinase (MAPK), and epithelial-
mesenchymal transition (EMT), were summarized that could aid potential new treatment
strategies (Lee et al., 2019; Yang et al., 2022). EGFR signaling is one of the key pathways.
The EGFR is associated with invasiveness and is expressed at a comparatively higher level in
TNBC tumor subtypes than in other subtypes of breast cancer (Hoadley et al., 2007; Nielsen
et al., 2004; Viale et al., 2009). Further, the attenuation of EGFR in MDA-MB-231 cells (a
human TNBC cell line) leads to a significant decrease in proliferation and migration potential
(Manupati et al., 2017).

Simultaneous to the clinical studies where the molecular targets and pathway analysis were
performed with patient samples, the in vitro studies revealed the involvement of ADAM
proteases in TNBC and non-TNBC breast cancer cell lines (Duffy et al., 2009; Lendeckel et
al., 2005). ADAMs are also crucially involved in EGFR signaling via EGFR-ligand shedding
(Blobel, 2005). Given that ADAM17 is the principle sheddase of EGFR ligands, several studies
explored the role of ADAM17 in TNBC in terms of EGFR activation. The increased TGF-a
levels were directly reciprocal to ADAM17 levels, and the tumor progression and metastasis
were possibly mediated by ADAM17 (McGowan et al., 2007). Furthermore, in MDA-MB-231
cells, the malignant phenotypes such as proliferation, migration, and tube formation were
influenced by ADAM17-mediated shedding of TGF-a and activation of the EGFR-PI3K-AKT
pathway (Zheng et al., 2009). Further, inhibiting ADAM17 activity led to reduced shedding of
TGF-a affecting the migration and invasion of TNBC cells (Giricz et al., 2013). Similarly,
selective inhibition of ADAM17 not only reduced cell growth but also decreased the
phosphorylation of EGFR to a great extent (McGowan et al., 2013). Moreover, ADAM17 was
targeted by specific monoclonal antibodies like D1 (Al12) and D8P1C1, resulting in anti-
tumorigenic effects (Caiazza et al., 2015; Saha et al., 2022). The anti-tumorigenic properties
induced by D8P1C1l-mediated inhibition of ADAML17 activity were also confirmed in vivo in
mouse models (Saha et al., 2022). Amongst other EGFR ligands, soluble HB-EGF and soluble
AREG released by ADAM17 expressing cancer cells were reported to induce the release of
chemokines from the macrophages that further promote the invasion and tumor progression
of the cancer cells (Gnosa et al., 2022). Additionally, ADAM17 has been identified in TNBC
cells as a major protease for the shedding of TNFR1 and R2, promoting anti-inflammatory or

anti-metastatic effects (Baram et al., 2022).

Besides ADAM17, ADAMS is highly upregulated in TNBC, and the invasive and metastatic
phenotype has been positively correlated with the presence of ADAM8 (Romagnoli et al.,
2014). This overexpression of ADAM8 was shown to be a result of hypoxia which results in
detachment of tumor cells and transendothelial migration of the tumor. Furthermore, the

knockdown of ADAMS8 or targeting it with an antibody against its ectodomain alleviates
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migration and invasion (Romagnoli et al., 2014). In contrast to ER-positive breast cancer cells
(MCF-7), ADAM8 dimers are regularly found on the surface of TNBC cells (MDA-MB-231),
suggesting the presence of an active protease (Srinivasan et al., 2014). Upon silencing of
ADAMS in MDA-MB-231 cells, the ability to migrate and penetrate matrigel reduces drastically
(Das et al., 2016). The in vitro study with MDA-MB-231cells and an organotypic blood-brain-
barrier model showcased the involvement of ADAMS in the transmigration of breast cancer via
the shedding of PSGL-1 and upregulation of MMP-9 (Conrad et al., 2018). Of note, ADAMS is
a known sheddase of PSGL-1 and is also known to regulate its rolling function (Dominguez-
Luis et al., 2011). The silencing of ADAMS8 by deleting its cytoplasmic domain in MDA-MB-231
cells (MB-231 _shA8) leads to reduced levels of MMP9, and its associated activity in
progression, which was reversed by re-expression of wildtype ADAMS8 (Conrad et al., 2018).
Altogether, the tumor microenvironment includes the interaction of different proteins and
proteases leading to the activation of signaling pathways controlling invasion and metastasis.
Of note, the in vitro studies for deletion or knockdown of iRhom1 in breast cancer cells like
MDA-MB-231 promoted apoptosis and inhibited invasion and migration (Huang et al., 2018;
Zhang et al., 2018).

Considering the aforementioned and the fact that massive ADAM8-dependent degradation of
ADAM17 was observed in MDA-MB-231 cells and that some of the identified SADAM17
substrates such as fibronectin, thrombospondin-IV, collagen alpha-2 (IV) and also N-cadherin
are known to regulate tumor progression, this raises the possibility of a complex interplay of
proteolytic and non-proteolytic functions mediated by ADAM8 and ADAM17 in breast cancer,

which requires further investigation.
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1.5 Aim of the study

ADAML17 has been described as a canonical ‘full-time sheddase’ whose primary function is the
ectodomain shedding of numerous other membrane proteins. With the identification of ADAM8
as a sheddase of ADAM17, it was shown for the first time that this protease can also be
proteolytically released, and initial investigations suggested additional so far underestimated
roles within the protease web as a soluble enzyme. However, underlying mechanisms
regulating the shedding of this essential protease and functional consequences are only poorly
understood. Therefore, this thesis aims to contribute to a better understanding of the shedding
of ADAM17 to understand in the long term how and where sADAM17 contributes within the

protease web to cell homeostasis or pathophysiological conditions.

The first part aimed to further investigate the proteolytic release of ADAM17. Since the ADAMS-
mediated shedding of ADAM17 has been studied mainly in an overexpression set up using the
murine homologs, the endogenous shedding in the human breast cancer MDA-MB-231 cells
should be analyzed in more detail to gain insight into when both proteases start to interact and
where in the cell the shedding takes place. Since iRhom1 and 2 are crucial for the regulation
of membrane-bound ADAM17, their involvement in ADAM17 shedding should also be

investigated.

The second part dealt with the characterization and determination of the proteolytic or shedding
function of the soluble ADAM17. Recently an altered substrate spectrum of soluble ADAM17
compared to its membrane-bound counterpart was suggested. However, until now the studies
for proteolytic activity were determined using only the recombinant soluble ADAM17 Thus, the
overexpression constructs of the active and inactive soluble forms of ADAM17 were generated
to explore conclusively distinct and overlapping proteolytic activities of soluble vs membrane-
bound ADAM17. Furthermore, to gain some insight into potential events relevant to
pathophysiology driven by the ADAM17-ADAMS interplay in breast cancer a comparative mass
spectrometric N-terminomics analysis should reveal novel putative substrates for ADAMS, as

well as shared and unique substrates for membrane-bound and soluble ADAM17.
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2. Material and Methods

2.1 Chemicals

All chemicals were of analytical grade and obtained from Carl Roth GmbH + Co. KG, Merck

KGaA, Sigma-Aldrich Inc., and Thermo Fisher Scientific Inc., if not stated otherwise.

2.2 Buffers and solutions
All generally used buffers and solutions/media are summarized in table 1

Table 1: Overview of buffers and solutions used for the experiments

Buffer Composition

100% TCA 100% (w/v) trichloroacetic acid
50 mM TRIS-HCI
150 mM NacCl

1% (v/v) Triton X-100

Biotinylation lysis buffer
0.1% (w/v) SDS

Complete protease inhibition cocktail + EDTA

pH 7.4

Blocking buffer for western blot 5% (w/v) milk in 1x TBS or 1x TBS-T
20 mM HEPES

HEPES buffer oH 7.5

250 mM TRIS-HCI

10% (w/v) SDS

0.5% (w/v) Bromophenol blue
50% (v/v) Glycerin

100-200 mM DTT

pH 6.8

Laemmli Buffer (5x)

LB medium
Lysogeny broth Agar
1.5% (w/v) agar-agar

1% (wl/v) tryptone/peptone

Lysogeny broth media 0.5% (w/v) yeast extract
1% (w/v) NaCl
135 mM NacCl

PBS 2.7 mM KCI

9.2 mM NazHPOq4
1.8 mM KH2PO4
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pH 7.4

0.1 mM CacClz
PBS-CM 1 mM MgClz
inlx PBSpH 7.4

Quenching buffer 50 mM Tris-HCI in PBS-CM, pH 8.0

1.5 M TRIS
Resolving gel buffer 0.4% (w/v) SDS
pH 8.8

25 mM Tris-HCI
192 mM Glycine
0.1% (w/v) SDS
pH 8.3

SDS-PAGE buffer (10x)

2% (w/v) tryptone/peptone
0.5% (w/v) yeast extract
0.05% (w/v) NacCl

ad 980 ml ddH20

SOB media

1 ml 2 M glucose (sterile filtered, 0.2 pm)
SOC media 1 ml 1 M MgCl: (sterile filtered, 0.2 ym)
add 100 ml SOB

0.5 M TRIS
Stacking gel buffer 0.4% (w/v) SDS
pH 6.8

40 mM Tris

20 mM acetic acid
1 mM EDTA

pH 8.0

TAE

250 mM Tris
Tank blot buffer (10x) 2 M Glycine
pH 8.3

100 ml 10x Tank blot buffer
Tank blot buffer (1x) 200 ml Methanol
700 ml ddH20

125 mM Tris
TBS (5x) 750 mM NacCl
pH 7.5

125 mM Tris

TBS-T (5%)
750 mM NacCl
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0.25% (v/v) Tween20
pH 7.5

2.3 Selection antibiotics and inhibitors

The selection antibiotics for bacterial clones and stably transfected cells and inhibitors are

listed in the following table 2.

Table 2: Overview of antibiotics and inhibitors

Inhibitors/ antibiotics and reagents Composition

1,10- phenanthroline 1M stock in 96% Ethanol

Ampicillin 100 pg/ml in ddH20
10 mg/ml Blasticidin S ready-made solution

Blasticidin S (Sigma-Aldrich) in 20 mM HEPES buffer (1 mg/ml stocks in
20 mM HEPES buffer, pH 7.5)

Brefeldin A (Biolegend) 1000X solution

EDTA 500 mM in ddH20

GW280264X (GW, AOBIOUS, Gloucester,

MA, USA) 3 mM in DMSO

Kanamycin 100 pg/ml in ddH20

Penicillin/Streptomycin (Gibco) 10000 U/ml

Puromycin (Merck Millipore) 10 mg/ml stock in ddH20

2.4 Heat shock transformation and plasmid scale-up

The plasmids were scaled-up via heat shock transformation of Escherichia coli (E. coli). 1-5 pl
(~50-100 ng) template DNA was added to 50 pl freshly thawed chemically competent E. coli
Top 10 bacteria followed by incubation for 30 min on ice. After a heat shock treatment at 42
°C for 45 s and 2 min incubation on ice, 200 pl super optimal broth with catabolite repression
(SOC) medium was added and the reaction mixture was incubated at 37 °C and 300 rpm for
30 mins. Thereafter, 100 ul of the suspension was plated onto lysogeny broth (LB) agar-plates
supplemented with ampicillin or kanamycin, and the cultures were incubated at 37 °C
overnight. The successfully transformed colonies were picked up to inoculate the mini (3 ml)
or midi (100 ml) LB medium culture, supplied with selection antibiotic, and were incubated at
37 °C and 200 rpm overnight. Afterward, plasmid DNA was isolated using the NucleoBond

Xtra Midi kit (Macherey-Nagel) following the manufacturer’s instructions. In the case of mini-
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prep, the purified plasmid DNA was eluted with an elution buffer supplied with the kit, and the

DNA concentration was determined using the SPARK multimode-microplate reader (Tecan).

2.5 Cloning
2.5.1 Cloning of membrane-bound mADAM17 with HA-tag after pro-domain

The cloning was performed via a two-fragment strategy to generate an overexpressing murine
ADAM17 construct ligated in pcDNA 4TO carrying a C-terminal 3xflag-tag. In the membrane-
bound murine ADAM17, 2xHA-tag was introduced after the pro-domain, C-terminal to the furin-
cleavage site (RVKR) and the construct was named as mADAM17 PD_HA. The primers for
cloning (listed in table 3) were designed with the help of a cloning simulation platform, Clone

manager 9 (Sci-Ed software, LLC), and were generated by Sigma-Aldrich.

Table 3: List of cloning primers for mMADAM17 PD_HA

Template Cloning Fragment Primer
Product
mMADAM17 mADAM17 F1 mA17 BamHI for
WT PD_HA 5-AATCGGATCCATGAGGCGGCGTCT-3
F1 mA17 Pro HAR F1

5-GTCGTAAGGGTACCCGGCGTAGTCGGGCAC

GTCGTAAGGGTATCTCTTCACTCGACGAACAAAC-3’

mA17 Pro HAF F2

5GCCGGGTACCCTTACGACGTGCCCGACTACGCCG
F2 GCTCCCGAGCTGAACCTAACC-3

mA17 Pro HA Xhol R F2

5-CTACTCGAGGCACTCTGTCTCTTTG-3

Polymerase chain reaction (PCR) was performed for the two fragments by mixing all the
components in the required concentration (shown in table 4). Following the PCR step (table
5), the samples were mixed with 6x Loading Dye (Thermo Fisher Scientific) and loaded on 1%
agarose gel prepared by adding 0.6 g of agarose in 60 ml TAE buffer supplemented with 6 pl
SYBR™ Safe DNA Gel Stain (10000x, Invitrogen). Gel electrophoresis was run at 100 V for
45 min. Amplified DNA fragments were detected with a UV transilluminator (Intas Science
Imaging). The amplified PCR fragments were cut out and purified using the GeneJET Gel
Extraction kit (Thermo Scientific) following the manufacturer’s instructions, and DNA was

eluted in 30 yl elution buffer.

35



Materials and Methods

Table 4: Components of the PCR reaction mix

Reagents Final Quantity Source

Template DNA (100 ng/ul) 0.5

Forward primer (10 pM) 1ul Sigma- Aldrich

Reverse primer (10 uM) 1l Sigma- Aldrich
Deoxynucleoside triphosphate (dANTP) mix

(2 mM) 3u Thermo Fisher Scientific
5x Phusion Buffer (GC) 6 ul Thermo Fisher Scientific
Phusion Polymerase 0.5 Thermo Fisher Scientific

Final volume to 30 pl with DEPC water

Table 5: PCR program scheme

Step Time Temperature

Initial

Denaturation 30s 98 °C

Denaturation 30s 98 °C

Annealing 30s 48 °C 30 cycles
Elongation 120 s 72 °C

Final elongation 600 s 72 °C

cooling o0 4 °C

The fusion product for mMADAM17 PD_HA was generated by fusion PCR protocol adapted from
AG Thorsten Mascher (https://2014.igem.org/Team:LMU-Munich/Notebook/Protocols). The

components were mixed according to table 6 followed by two consecutive programs for the
fusion of the fragments (table 7). The gel-purified fused product and the vector were fast
digested using BamHI and Xhol fast digest enzymes (Thermo Scientific). The digestion was
carried out at 37 °C for 5 mins followed by the inactivation at 80 °C for 5 mins as per

manufacturer’s instructions. The product was again purified by the gel-purification step.

Digested insert and vector were mixed in a 1:5, vector-to-insert ratio in 1x ligase buffer and
ligated in the presence of 1 pl T4 ligase (Thermo Scientific). The ligation mix was incubated at
22 °C for 1 h followed by an inactivation at 65 °C for 10 mins. The ligation product was used
for heat-shock transformation according to section 2.4. The positive colonies were picked, and
plasmid sequences were validated by DNA sequencing (GATC, Eurofins genomics, Germany
GmbH).
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Table 6: Components of fusion PCR for mADAM17 PD_HA

Reagents Final Source
Quantity
5x Phusion Buffer (GC) 10 ul Thermo Fisher Scientific
DEPC 26.8 pl
Deoxynucleoside triphosphate (ANTP) mix (2 mM) 5 ul Thermo Fisher Scientific
Phusion Polymerase 0.5 ul Thermo Fisher Scientific
Fragment 1 (150 ng) 1.73 pl
Fragment 2 (150 ng) 1.95
*Forward primer (F1 mA17 BamHI for) 1 Sigma- Aldrich
*Reverse primer (F2 mA17 Xhol rev) 1 Sigma- Aldrich
*to be added after program 1
Table 7: Fusion PCR program scheme for mADAM17 PD_HA
Step Time Temperature
Program 1
Initial Denaturation 30s 98 °C
Denaturation 10s 98 °C
Annealing 30s 55 °C 9 cycles
Elongation 60 s 72 °C
*Add primers
Program 2
Initial Denaturation 30s 98 °C
Denaturation 30s 98 °C
Annealing 30s 55°C 30 cycles
Elongation 150 s 72 °C
Final elongation 600 s 72 °C
cooling 0 4 °C

2.5.2 Cloning of ectodomain of murine ADAM17

The ectodomain of murine ADAM17 was ligated into pcDNA 4TO carrying c-terminal 3xflag-

tag. The construct was generated by introducing an N-terminal 2xHA tag between the signal

and the pro-peptide, and the construct was named HA sADAM17 flag. The primers and

sequence are mentioned in table 8.

37



Materials and Methods

Table 8: List of cloning primers for HA_sADAM17_flag

Template Cloning Fragment

Product

Primer

mADAM17 HA_sADAM17
WT _flag F1

F1 mA17 BamHI for
5-AATCGGATCCATGAGGCGGCGTCT-3

F1 mAl7 HA rev

5GTCGTAAGGGTACCCGGCGTAGTCGGGCACGTCG
TAAGGGTATGCCAGGACGAAAG-3

F2

F2 mA17 HA for

5-
GCCGGGTACCCTTACGACGTGCCCGACTACGCCGG
C

TCCCCCCGACCT-3'

F2 mA17 Xhol rev
5-GATTCTCGAGGTTATCTGCCAGAAACTTCC-3’

For the PCR amplification, the components were mixed as shown in table 4. The annealing

temperature for fragment 1 (F1) was 48 °C and for fragment 2 (F2) 49 °C, and the PCR program

was the same as shown in table 5. The fusion product for the HA _sADAM17_flag construct

was generated by fusion PCR and the PCR program was the same as shown in table 5. The

purified fragments were mixed according to table 9 and annealed at 53 °C. The fused product

was then once again purified via gel purification.

Table 9: Components of fusion PCR for sHA_mADAM17_flag

Reagents Final Source

Quantity
5x Phusion Buffer (GC) 6 Thermo Fisher Scientific
Deoxynucleoside triphosphate (ANTP) mix (2 mM) 3 ul Thermo Fisher Scientific
Forward primer (F1 mA17 BamHI for) 1yl Sigma- Aldrich
Reverse primer (F2 mA17 Xhol rev) 1yl Sigma- Aldrich
Fragment 1 9ul
Fragment 2 9ul
Phusion Polymerase 0.5 pl Thermo Fisher Scientific

Final volume to 30 pl with DEPC water

The gel-purified fusion product and the vector were digested using BamHI and Xhol restriction

digestion enzymes (Thermo Scientific). The digestion was carried out at 37 °C for 2 h followed

by enzyme inactivation at 80 °C for 20 mins according to the manufacturer’s instructions.
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Purified and digested insert and vector were mixed in a 1:3 vector to insert ratio in 1x ligase
buffer and ligated in the presence of 1 ul T4 ligase (Thermo Scientific). The ligation mix was
incubated at 37 °C for 1 h followed by an inactivation at 70 °C for 10 mins. The ligation product
was used for heat-shock transformation and positive colonies were picked, plasmid DNA
isolated, and sequences validated by DNA sequencing (GATC, Eurofins genomics, Germany
GmbH).

2.6 Cell culture

WT HEK 293T (DSMZ GmbH, Germany), ADAM10/17 HEK293T (kindly provided by Dr.
Bjorn Rabe, University of Kiel, Germany (Riethmueller et al., 2016) were maintained in
Dulbecco's modified eagle medium with GlutaMAX™ (DMEM; Gibco) supplemented with 10%
(v/v) Fetal calf serum (FCS; Gibco), 100 U/ml penicillin, and 100ug/ml streptomycin under
humidified conditions (5% CO2) at 37 °C. WT mEF and iRhom1/2" mEF (kindly provided by
Dr. Colin Adrain; (Christova et al., 2013) were also maintained in DMEM with GlutaMAX™
supplemented with 10% (v/v) FCS,100 U/ml penicillin, and 100 pg/ml streptomycin under
humidified conditions (5% CO2) at 37 °C. The stably transfected mEF cells with iR2_HA and
the mutants iR2_dead_HA and iR2_dead R18 HA were maintained in growth media supplied
with an additional 5ug/ml Blasticidin S (Sigma-Aldrich). Mammalian triple-negative breast
cancer cells (MDA-MB-231 variants) were kindly provided by Prof. Dr. J. W. Bartsch. WT MDA-
MB-231 cells were maintained in DMEM without sodium pyruvate (DMEM; Sigma-Aldrich),
supplied with 10% (v/v) FCS, 100 U/ml penicillin, and 100 pg/ml streptomycin and MDA-MB-
231 hADAM8 KO (hA8 KO) and hADAM8 E335Q (hA8 E>Q) mutants were maintained with
additional 2 pg/ml puromycin (Merck Millipore) under humidified conditions (5% CO2) at 37 °C.

2.7 Transient transfection

For the transient transfection, all the plasmids are listed in table 10. Variants of HEK 293T cells
were seeded at a density of 2.5-3x10° cells per 10 cm dish and transfected upon reaching 80-
90% confluency. For each 10 cm dish, a final concentration of 6 pg plasmid DNA was mixed
with Polyethyleneimine (PEI, Polysciences) transfecting reagent. For every 1 ug plasmid DNA,
3l PEI (2 mg/ml in ddH20) was mixed in serum-free media followed by 30 mins incubation at
room temperature. After the transfection, cells were incubated at 37 °C, 5% CO- for 5 h, and
fresh serum-free media was supplied to the dishes. The cells were incubated at 37 °C, 5%
CO: over the night. Afterward, cells were washed 2 times with 1x Dulbecco’s phosphate buffer
saline (DPBS; gibco), and 5 ml fresh serum-free medium was added to the 10 cm dishes.

Depending upon the experiment, the cells were incubated at 37 °C, 5% CO:2 for 6-24 h. For
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experiments with conditioned media analysis for shedding of the substrates, the conditioned
media was collected from the dishes after 6 h starvation and transferred to dishes singly
transfected with substrate plasmids. The cells were further incubated for 6 h under humidified

conditions.

mEF cells were seeded in T175 flasks at a density of 2.5-3x10° cells. The cells were transfected
with 9 pg of plasmid in the presence of PEI as mentioned above. The cells in T175 flasks were
starved in serum-free media and incubated for 24 h. MDA-MB-231 cells were seeded at a
density of 3x10° cells per 10 cm dish and transfected with 3 pg of hADAM17 DNA with PEI as
a transfection reagent as described above. The cells were starved in DMEM only without
sodium pyruvate for 24 h before harvest. For the inhibition study against ADAM17 shedding,
the shedding of endogenous and overexpressing ADAM17 was analyzed in 10 cm dishes
where after reaching 80-90% confluency, cells were washed twice with 1xDPBS and supplied
with fresh DMEM without sodium pyruvate and supplied with 500 uM EDTA, 100 uM 1,10-
phenanthroline, 3 uM GW, 5 pg/ml Brefeldin A and DMSO and incubated at 37 °C, 5% CO2 for
12-24 h before harvest.

Table 10: Overview of plasmids used for transient transfection

Plasmid name Tag Vector Species Antibiotic
resistance
pcDNA 3.1/ -
- pcDNA 3.1 - Ampicillin

Empty vector

hADAM17 C_myc_flag pCMV6- entry human Kanamycin

MADAM17 E406A

- pcDNA 3.1 murine  Ampicillin
(mMADAM17 E>A)

MADAM17 PD_HA HA tag after pro- _ .
) pcDNA 4TO murine  Ampicillin

domain, C_flag

MADAM17 WT - pcDNA 3.1 murine  Ampicillin

HA_sADAM17 flag N_HA, C flag pcDNA 4TO murine  Ampicillin

HA_sADAM17_flag E406A , .
N_HA, C_flag pcDNA 4TO murine  Ampicillin

(HA_sADAML17_flag E>A)

Amphiregulin (AREG.AP) N_AP pAIPh human  Ampicillin

Betacellulin (BTC-AP) N_AP pAIPh human  Ampicillin

Epiregulin (EREG-AP) N_AP pAIPh human  Ampicillin

Heparin-binding-EGF _—
N_AP pAIPh human  Ampicillin

(HB-EGF-AP)

Tumor growth factor a N_AP pAIPh human  Ampicillin
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(TGF-a-AP)

The inactive variants of membrane-bound murine ADAM17 (MADAM17 E>A) and the
ectodomain of ADAM17 (HA_sADAM17 flag E>A) were generated by site-directed
mutagenesis (GAA>GCC) by Eurofins genomics, Germany GmbH.

EGFR-AP ligand plasmids were kindly provided by Dr. Carl. P. Blobel (Sahin et al., 2004).

2.8 Retroviral transduction

The retroviral transduction method was adapted and modified from two previously published
protocols for iRhom2 stable transfection (Schwarz et al., 2013; Siggs et al., 2014). 3x10° WT
HEK 293T cells were seeded per 10 cm dish, after reaching an 80% confluency, cells were
transfected with 3 pg of viral packaging plasmid (pCL-ECO) and 3 pg of target expression
plasmid (pM6P.blast) containing cDNA for C-terminally HA-tagged, wild-type or mutant
iRhom2 (iR2_HA, iR2 dead_HA or iR2 dead R18 HA). The packaging vector and the mutant
plasmids were kindly provided by Dr. Colin Adrain (Cavadas et al., 2017). The transfection was
carried out with Lipofectamine 3000 (Invitrogen) according to the manufacturer’s instructions.
For 1 pg plasmid DNA mixed with 2 ul P3000, 3 ul Lipofectamine 3000 was supplied in serum-
free media. The transfection mix was supplied to the cells after 15 mins incubation at room
temperature followed by an overnight incubation at 37 °C, 5% COz. After the incubation, the
cells were washed 2 times with 1x DPBS and 5 ml fresh media with 10% FCS was supplied
for the secretion of the virus for 20 h. The supernatant was collected and centrifuged at 1000x
g for 5 mins at room temperature and subsequently filtered with a 0.45 um syringe filter. The
virus-rich media was then diluted 1:2 and 2 ml of diluted media was supplied to the iRhom1/2"
" mEF cells seeded in a 6-well plate in the presence of a 50 pg/ml polybrene infection reagent.
To sediment the viral particles, the plates were centrifuged at 1000x g for 2 h, room
temperature, and incubated at 37 °C, 5% COzfor 24 h. Thereafter, the wells were washed once
with 1xDPBS and 3 ml fresh media with 10% FCS was supplied, followed by 48 h incubation,

and stable clones were selected with 5 pg/ml Blasticidin S for 14 days with occasional splitting.

2.9 Cell lysis and TCA precipitation

Cells were harvested after the defined incubation time with the help of a cell scraper in ice-
cold 1x DPBS and centrifuged at 3000 rpm for 3 mins. The cell pellets were washed 2 times
with 1x DPBS and resuspended in 200 pl lysis buffer with EDTA [Complete Protease Inhibitor
Cocktail (Roche, Basel, Switzerland), 1% Triton X-100, PBS, pH 7.4] and incubated on the
roller at 4 °C for 2h. Cell lysates were centrifuged at 15000x g, 4 °C for 15 mins. The protein
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concentration was determined by Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific)

following the kit manual.

The supernatant collected during the cell harvest was centrifuged at 3000 rpm, 4 °C for 5 mins
to get rid of cell debris and called as cleared supernatant. When required, supernatant from
each sample was ultracentrifuged at 186000x g, 4 °C for 2 h to get rid of microvesicles.
Ultracentrifuged or cleared supernatant was TCA (tri-chloro-acetic acid) precipitated by adding
10% (v/v) TCA solution (stored at room temperature). After 60 mins of incubation on ice, the
tubes were centrifuged at 15000x g, 4 °C for 15 mins. The supernatant was discarded, then
200 pl chilled acetone was added to the pellet and the tubes were shortly vortexed. The
samples were then centrifuged at 15000x g, 4 °C for 8 mins, and the pellets were re-solubilized
in 40-50 pl pre-warmed 1x Laemmli buffer with DTT, followed by incubation at 95 °C for 10

mins.

2.10 SDS-PAGE and Western blot

The proteins in cell lysates and supernatant were separated by SDS-PAGE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis), using the Mini-PROTEAN® system (Bio-Rad).
The stacking-gel concentration was 4% and resolving-gel was cast at a concentration of 7.5 -
12% as per requirement (composition shown in tablell). For the lysates, if not stated
otherwise, 30 ug of total protein and for the TCA precipitated supernatants, volumes
normalized to lysate protein concentrations were loaded onto the gels. The gels were run at
125 V for 90 mins and proteins were transferred onto nitrocellulose membrane or PVDF
membrane via tank blot at 800 mA, 4 °C for 2 h. Membranes were further blocked with 5%
milk/TBS or 5% milk/TBS-T at room temperature for 1 h followed by overnight incubation at 4
°C with primary antibodies (Table 12). Thereafter, the membranes were incubated with HRP-
conjugated secondary antibodies diluted 1:10000 in 5% milk/TBS or TBS-T at room
temperature for 1h (Table 13). The chemiluminescence was detected using either the
SuperSignal West Femto or Pico Kit (Thermo Fisher Scientific) or ECL substrate kit (Advansta,
K-12045-D20) according to the manufacturer’s instructions, and the blots were developed
using the LAS-3000 Imaging System (FUJIFILM Europe GmbH) or Imagequant 800

(Amersham).
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Table 11: Resolving and stacking gel recipe for SDS-PAGE analysis

Components 1X Resolving gel é]>e(l Stacking
7.5% 10% 12% 4%

Resolving gel buffer 2.00 ml 2.00 ml 2.00 ml

Stacking gel buffer 1.00 ml

ddH20 3.88 ml 3.21 ml 2.68 ml 2.44 ml

30% (37.5:1) Acrylamide 2.00 ml 2.67 ml 3.20 mi 510 pl

10% (v/v) TEMED 80 pl 80 ul 80 pl 50 Wl

10% (w/v) Ammonium 80 80 80 50

persulfate

Table 12: List of primary antibodies used in western blot analysis

Antibody Species dilution Source
hADAM17 [Ab19027] rabbit 1:500 in 5% milk/TBS Merck-Millipore
Institute of Biochemistry,
hADAM17 [A300D] mouse 1:500 in TBS-T CAU-Kiel (Trad et al.,
2011)
Pineda Antikorper-
mMmADAM17 [10.3] rabbit 1:1000 in 5% milk/TBS Service, Berlin,
Germany
GAPDH [14C10] rabbit 1:1000 in 5% milk/TBS Cell Signaling
HA [C29F4] rabbit 1:1000 in 5% milk/TBS Cell Signaling
Flag [M2] mouse 1:1000 in 5% milk/TBS Sigma-Aldrich
Alkaline-phosphatase . ) CEos i
[ab133602] rabbit 1:1000 in 5% milk/TBS Abcam
. . . Thermo-Fischer
hADAMS8 [PA5-47047] goat 1:500 in 5% milk/TBS-T scientific
Myc [9B11] mouse 1:1000 in 5% milk/TBS Cell Signaling
Pan-cadherin [4068] rabbit 1:1000 in 5% milk/TBS Cell Signaling
Transferrin- receptor rabbit 1:1000 in 5% milk/TBS-T Abcam

[ab84036]

iRhom1

rat

1:10 in TBS-T

AG-Lichtenthaler
(Weskamp et al., 2020)

iRhom2

rat

1:10 in TBS-T

AG-Lichtenthaler
(Weskamp et al., 2020)

43



Materials and Methods

Table 13: List of secondary antibodies used in western blot analysis

Antibody Species  dilution Source

?Fr"f‘Lr)"i‘EtF’;tF;'gG goat 1:10000 in 5% milk/TBS fni‘i‘jﬁgReseamh
,(O\JiiLr)r]aLss-lgG sheep 1:10000 in 5% milk/TBS \g{aeilés;)rr;r:mmuno
@:‘fgfﬁ;g‘s donkey ~ 1:10000 in 5% milk/TBS ~ 2a0kSon Immuno
'(L\FTEE;_‘EES goat 1:10000 in 5% milk/TBS ‘;{aecs‘;s;’rr(‘:r:mmuno

2.11 Immunofluorescence

For the colocalization analysis of proteins, MDA-MB-231 cells were seeded at a density of 1.5-
3 x 10° cells per well in a 6 well-plate on 13 mm glass coverslips followed by an incubation of
24-48 h until the cells were 70-80 % confluent. The cells were washed 3 times with 1x DPBS
and fixed with 4% (w/v) PFA in PBS for 10 mins at room temperature. When required, the cells
were then permeabilized with 0.2 % saponin and 0.12 % glycine in 1x PBS for 10 mins at room
temperature. The blocking was done for 1 h at room temperature with a buffer containing 10%
FCS and 0.2% saponin in PBS. The primary antibodies (listed in table 14) were diluted in 10%
FCS in PBS and incubated at 4 °C, overnight. The coverslips were washed 5 times with 0.2 %
saponin in PBS and incubated for 1 h with Alexa-flour conjugated secondary antibodies (listed
in table 15) diluted 1:300 and 1 pg/ml DAPI (Roth). The coverslips were then washed 5 times
with 0.2 % saponin in PBS and twice with ddH20 and finally mounted on glass slides with 15ul
mounting medium DAKO (S3023, Agilent, Santa Clara, CA, USA). Immunofluorescence
imaging was performed using the confocal microscope Zeiss LSM980 microscope with 63x
objective (c-plan apochromat 63x /1.4 oil DIC) (Carl Zeiss Microscopy GmbH, Jena, Germany).
The images were processed using Zen 3.1 blue edition software (Carl Zeiss Microscopy
GmbH).

Table 14: List of primary antibodies used in immunofluorescence microscopy

Antibody Species dilution Source

hADAM17 [Ab19027] rabbit 1:500 Merck-Millipore
) Thermo Fischer

hADAMS8 [PA5-47047] goat 1:40 scientific

ERp5 [F5] mouse 1:250 Cell Signaling

EGFR [66455-1-Ig] mouse 1:500 Proteintech
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Table 15: List of secondary antibodies used in immunofluorescence microscopy

Antibody Species dilution Source

AlexaFluor-488 IgG (H+L) donkey  1:300 Invitrogen
AlexaFluor-594 1gG (H+L) donkey  1:300 Invitrogen
AlexaFluor-647 IgG (H+L) donkey  1:300 Invitrogen

2.12 Glycoprotein enrichment and deglycosylation

ADAM10/17" and iRhom1/2”- HEK 293T cells were transfected with mADAM17 WT and
HA_sADAM17_flag as stated in section 2.7. The supernatant was collected, and cells were
harvested and lysed for 1 hour at 4 °C in buffer with EDTA [Complete Protease Inhibitor
Cocktail (Roche, Basel, Switzerland), 1 % Triton X-100, 150 mM NaCl, 50 mM Tris, 10 mM
1,10-phenanthroline, PBS, pH 7.4]. Then, glycosylated proteins in the lysates and the
supernatant samples were enriched by concanavalin A beads. Lysates were cleared by
centrifugation at 15000x g, 4 °C for 15 mins; consequently, 50 yl concanavalin A beads (Sigma
Aldrich) were added to two tubes each with 450 pul lysate containing 100 pg of protein and
incubated at 4 °C for 3 h with overhead rotation. The beads were washed, and the proteins
were finally eluted. From two tubes, one tube was untreated, and the other was taken for
treatment with PNGase F or Endo H. Proteins were eluted in 1x Laemmli buffer supplemented
with DTT for the untreated sample. The proteins in the second tube were eluted with 1x

glycoprotein denaturing buffer (NEB, Ipswich, MA, USA) for 10 mins at 95 °C.

For the enrichment of glycosylated proteins in the supernatant, supernatant from 3x 10cm
dishes were combined from each cell line setup. Circa 12.5 ml supernatant was concentrated
down to 3 ml using Amicon Ultra-15 centrifugal filter units (10 kDa cutoff, Merck Millipore Ltd.).
40 pl of 50x Protease inhibitor solution was added to avoid any degradation. The concentrated
supernatant was then ultracentrifuged at 186000x g, 4 °C for 2 h followed by the addition of
100 pl concanavalin A beads washed in PBS to 900ul of supernatant (volume adjusted
according to lysate protein concentration) and overnight incubation at 4 °C. The beads were
washed, and the proteins were finally eluted in 50 pyl 2x Laemmli buffer or 1x glycoprotein
denaturing buffer (NEB, Ipswich, MA, USA) for 10 mins at 95 °C. After the enrichment, 20 ug
of glycoproteins were deglycosylated by applying 1 unit of Endo H and PNGase F according
to the manufacturer’s instructions (NEB, Ipswich, MA, USA).

2.13 AP-activity assay

For the shedding activity analysis, an alkaline phosphatase (AP) activity assay was performed
with cell supernatants of the transfected HEK 293T cells. Supernatants from each sample were
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ultracentrifuged at 186000x g, 4 °C for 2 h to get rid of microvesicles, for the analysis of
shedding of various EGFR-AP ligands (Tokumaru et al., 2000), the volume of supernatants
was adjusted according to the protein concentration of the respective lysates. After volume
adjustment, 100 pl of the sample was added to a 96-well plate in duplicate, and 100 pl substrate
solution was supplied to each well [2mg/ml para- nitrophenyl-phosphate (4-NPP), (Sigma)] in
alkaline-phosphatase assay buffer] (100 mM Tris, 100 mM NacCl, 20 mM MgClzin ddH20, pH

9.5). The activity was measured continuously for 7 h in 15-60 mins cycles at 405 nm.

2.14 Cell surface biotinylation

To label cell surface proteins with biotin in ADAM10/17" HEK 293T cells, cells were transfected
in 10 cm dishes according to section 2.7. The cells were starved in serum-free DMEM for 24
h. For biotinylation in iRhom1/2” mEF cells, transfection was done with 9 pg mADAM17
variants, and cells were cultured in T175 flasks. Similarly, for biotinylation of endogenous cell
surface proteins in MDA-MB-231 cells, cells were cultivated in T175 flasks and starved in
serum-free media for 24 h. After incubation, cells were cooled down at 4 °C for 10 mins
followed by a washing step with PBS-CM. 3 ml of Sulfo-NHS-SS-Biotin (1 mg/ml in PBS-CM;
Thermo Fisher Scientific) were applied to 10 cm dishes and 9 ml to T175 flasks for 30 mins at
4° C. Afterwards, the biotin solution was removed, and 10 ml quenching buffer was added for
10 min at 4 °C. After washing the cells 3 times with PBS-CM, cells were scrapped and lysed
in 200 pl biotinylation lysis buffer for 30 mins at 4 °C. The harvested cells were then centrifuged
at 16000x g, 4 °C for 15 mins. 50 pl of the lysate was used for protein concentration
determination using Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific) and as lysate
control (30 pg) in Western blot analysis. The remaining lysate was incubated with 50 ul of
Pierce™ Streptavidin Magnetic Beads (Thermo Fisher Scientific). Then, a total of 350 ug of
biotinylated protein in the case of HEK 293T and MDA-MB-231 cells and 600 ug of biotinylated
proteins in the case of mEF cells were mixed with 50 pl beads in a total volume of 500 pl and
incubated at 4 °C for 90 min on rotation. The samples were placed on a magnetic stand to
remove the supernatant and the beads were washed 3 times with 500 yul TBS-T. Samples were
eluted by incubating the beads in 100 pl 1x Laemmli buffer at 95 °C for 5 mins for SDS-PAGE

and Western blot.

2.15 Fluorogenic peptide-based activity assay

A fluorogenic peptide—based activity assay was performed to investigate the proteolytic activity
of the overexpressing SADAM17 (HA_sADAML17_flag) and endogenously released SADAM17

in the conditioned media. The activity was measured using the substrate Dabcyl-
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PRAAAHomopheTSPK(5FAM)-NHz (PEPDAB064, BioZyme Inc., Apex, NC, USA) and TNF-a
based peptide; Mca-Pro-Leu-Ala-Gin-Ala-Val-Dpa-Arg-Ser-Ser-Ser-Arg-NH2; (ES003, R&D
systems). For activity determination of SADAM17, the volume of ultracentrifuged or cleared
supernatants was adjusted according to protein concentration in the respective lysates. The
supernatants were then supplied with 3 uM GW or with 1:100 diluted DMSO in 96-well plates.
After 30 mins incubation at room temperature, 10 uM fluorogenic substrate was added and
fluorescence was measured at Aem=530 nm and Aex=485 nm for PEPDAB064 and Aem=320 nm
and Aex=405 nm for TNF-a based peptide at 37 °C every 30 s throughout 2 h with a
spectrophotometer (Infinite F200Pro, Tecan, Mannedorf, Switzerland). For the bar graph
presentation of data, the relative fluorescence units (RFU) were used. The increase in RFU
was normalized to the initial point of measurement and the data were analyzed by GraphPad
Prism (La Jolla, CA, USA).

2.16 N-terminomics for new substrate identification

2.16.1 Sample preparation for TAILS analysis

For the identification of new substrates, the cell supernatant from MDA-MB-231 cells was
subjected to N-terminomics analysis. For this, WT, hA8 KO, and hA8 E>Q MDA-MB-231 cells
were grown to ~80% confluency in T175 flasks. Cells were then washed 3 times with 1x DPBS
(Gibco) and grown in DMEM medium (Sigma Aldrich) without serum and phenol red and
incubated under humidified conditions at 37 °C, 5% CO: for 24 h. Thereafter, a second media
change with fresh serum-free and phenol red-free medium was given, and cells were incubated
at 37 °C, 5% CO2for 24 h. For the conditioned media setup, the serum-free medium was either
supplied with or without 3 uM GW (a potent ADAML17 inhibitor) to WT cells. Following
incubation, the secretome was collected, and 1x protease inhibitor cocktail (cOmplete™,
Roche Deutschland Holding GmbH) was immediately added to avoid any proteolytic
degradation. A flow scheme for the sample preparation till the supernatant harvest is shown in
Figures 7A and 7B.
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Figure 7: Scheme for sample preparation for N-terminomics analysis

(A) WT, hABKO, and hABE>Q MDA-MB-231 cells were seeded at a density of 7.5 x 106 cells per T175 flasks and
were grown to 80% confluency. The cells were washed twice with 1x DPBS and starved in serum-free media for 24
h. Fresh serum-free media change was given once again followed by 24 h incubation. In the case of WT cells, the
media was supplied with or without 3 uM GW. The secretomes were harvested forfurther steps after 24 hincubation.

(B) For the conditioned media setup, WT MDA-MB-231 cells were seeded at a density of 7.5 x 108 per T175 flasks
and were grown to 80% confluency. 24 h later, the cells were washed twice with 1xDPBS and starved in serum-
free media. After 24 h, medium exchange with fresh serum-free media was supplied with or without 3 pM GW. After
the incubation, the conditioned media was collected and transferred to hA8 KO cells followed by incubation of 24 h

and collection of secretome for further analysis.

From the harvested supernatant samples, the cell debris was removed by centrifugation at
2200x g, 4°C for 5 mins, and sterile filtration (0.22 uM). The conditioned media were further
concentrated at 4 °C by ultrafiltration using Amicon Ultra-15 centrifugal filter units (10 kDa
cutoff, Merck Millipore Ltd.). Using the same Amicon concentrators, the buffer exchange to 100
mM HEPES (pH 7.0) by five cycles of dilution and concentration was carried out. Protein
concentration was determined using Pierce™ BCA Protein Assay Kit (Thermo Fisher
Scientific). The samples were then aliquoted at a concentration of 1-2 mg/ml, snap-frozen in
liquid nitrogen, and stored at —80 °C until further use. Additionally, for the identification of
specific SADAM17 substrates, hA8 KO cells were supplied with the conditioned media (with or
without GW) collected from the WT cells. hA8 KO cells were further incubated at 37 °C, 5%

COzfor 24 h, followed by the concentration of the collected supernatant and buffer exchange.
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2.16.2 TAILS

The N-terminomic TAILS analysis was done in collaboration with Prof. Dr. Ulrich auf dem
Keller, Department of Biotechnology and Biomedicine, DTU, Lyngby, Denmark. All individual
experiments were performed from secretome aliquots of the same batch and in three technical
replicates each. For the TAILS analysis, 50 ug of protein for each condition was denatured in
2.5 M GuHCI, 250 mM HEPES, pH 8.0 for 15 mins at 65 °C. Cysteine residues were reduced
by the addition of tris (2-carboxyethyl) phosphine (TCEP) to a final concentration of 5 mM and
incubated at 65°C for 45 mins, followed by alkylation in the presence of 5 mM chloroacetamide
(CAA) at 65 °C for 30 mins. The proteins in each sample were labeled at a 1:4 protein: TMT
(w/w) ratio with TMT reagents (TMT18plex labeling Kit; Thermo Fisher Scientific, Waltham,
MA) for 1h at room temperature. The reaction was quenched with 100 mM ammonium
bicarbonate at RT for 30 mins. The labeled samples were combined and precipitated by adding
eight sample volumes of ice-cold acetone and one sample volume of ice-cold methanol at —
80°C for 2 h. After centrifugation at 4700x g at 4 °C for 30 min, a wash step with 5 ml ice-cold
methanol, and another round of centrifugation the pellet was air-dried. The pellet was
resuspended in 100 mM NaOH and adjusted with 1 M HEPES to 1 pg/pl protein in 100 mM
HEPES, pH 7.8. The protein sample digestion was carried out using trypsin (Trypsin Gold,
Promega) at 1:50 enzyme: protein ratio (w/w) for 16h at 37 °C. The following steps for the
enrichment of N-terminal blocked peptides were carried out according to Madzharova et al.
(Madzharova et al., 2019). For desalting C18 EvoTips (Evosep) were activated by adding 100
pl isopropanol for 1 minute. After addition of 50 uL buffer B (80% Acetonitrile, 0.1% Formic
acid), followed by centrifugation at 1400x g, the tips were then re-soaked in isopropanol for 1
minute and centrifuged again at 1400x g for 10 s. Then buffer A (0.1% Formic acid) was added
to each EvoTip followed by centrifugation at 700x g for 1 min. The sample (500 ng) in buffer A
was loaded onto the EvoTip, followed by centrifugation at 1400x g for 30 s, and two
centrifugation steps after adding 50 pl buffer A. Lastly, 250 pl buffer A was added to each
EvoTip and spun at 300x g for 10 s. The EvoTip trap columns were subsequently transferred

to the EvoSep One liquid chromatography system and scheduled for analysis with LC-MS/MS.

2.16.3 LC-MS/MS analysis

For LC-MS/MS analysis, an EvoSep One platform (EvoSep One) was used in-line with an
Exploris 480 Orbitrap mass spectrometer (Thermo Scientific), equipped with a FAIMSpro ion
mobility device. Peptides were loaded on an EV1106 C18 column (15cm x 150 um, 1.9 um
diameter) and separated using the 10 samples per day (10SPD), 118 min gradient with
Whisper100 (100 nl/min) nanoflow. Eluting peptides were injected into the mass spectrometer,

operated in data-dependent mode, using a 20 um fused silica emitter (EV1087) with nano-

49


https://orbit.dtu.dk/en/organisations/department-of-biotechnology-and-biomedicine

Materials and Methods

spray ionization, a spray voltage of 2300 V, carrier gas flow of 3.6 L/min, and ion transfer tub
temperature of 204 °C. Three different compensation voltages of -40, -55, and -70 were applied
for FAIMS ion filtering during data acquisition. For each compensation voltage cycle, the top
10 precursors in the MS scan were selected for MS/MS sequencing. For all cycles, MS1 scans
were acquired with an Orbitrap resolution of 120.000, a scan range of 375-1500 m/z, and RF
Lens focusing at 60%. Maximum injection time was set to Auto, and the normalized AGC target
was set at 300%. Before MS/MS sequencing, the following filters were applied: MIPS filter on
peptide mode, intensity threshold of 5000, a charge state range of 2-7, dynamic exclusion set
to 60 s duration and mass tolerance at 10 ppm, and precursor fit with a threshold of 70%.
MS/MS scans were acquired in centroid mode at 60.000 resolution after precursor isolation
with a 0.7 m/z isolation window and fragmentation with 34% NCE. Maximum injection time set

to auto, with a normalized AGC target of 75% and a first mass of 110.

2.16.4 Data analysis and normalization

The acquired raw data were analyzed with the Proteome Discoverer software, version 2.4.
Peptide spectrum matches (PSMs) were generated with the SequestHT engine, and FDR was
controlled with Percolator. Spectra were matched against the human proteome (reviewed,
40,297 sequences, accessed 03/30/2021) using modified semi-tryptic specificity (trypsin_R,
like ArgC, with open N- or C-terminal terminal cleavage) allowing for 1 missed cleavage, with
a minimum and maximum peptide length of 6-36 residues, respectively. Precursor tolerance
was set to 10 ppm and fragment mass tolerance to 0.02 Da. The dynamic modifications of
methionine oxidation (+15.995 Da), asparagine deamidation (+0.984) and N-terminal
acetylation (+42.011 Da) or TMTpro N-terminal modification (+304.207 Da) were added to the
search, as well as static modifications for cysteine carbamidomethylation (+57.021 Da) and
lysine TMTpro modification (+304.207). The percolator was set to 1% in strict mode and 5% in
relaxed mode. Peptide and protein quantification were normalized based on the total peptide
amount in each channel, excluding TMTpro N-terminal modified peptides. Unique peptides
were considered for protein quantification. Similarly, PSMs with a co-isolation threshold higher
than 50% and average signal-to-noise ratios below 10 were filtered and not considered for
peptide quantification. No scaling was applied, while differential abundance was determined
with protein-abundance-based protein ratio calculation and hypothesis testing was performed
with ANOVA on individual proteins.
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2.17 Statistical analysis and illustrations

All the graphs were plotted with GraphPad Prism 8.0 software. The statistical analyses were
performed with the GraphPad Prism 8.0 software (GraphPad, San Diego, CA, USA). For more
than two data sets, a one-way analysis of variance (ANOVA) with Dunnett’s post-hoc test was
applied (ns: p>0.05; *:p<0.05; **:p<0.01; ***:p<0.001). The heat maps and volcano plots for N-
terminomics TAILS data were also generated by GraphPad Prism 8.0. N-termini were
considered significant if they had a p-value less than or equal to 0.01, and a log 2-fold change
of +1.585 or +0.585 in the case of conditioned media samples. All figures were created with

Microsoft PowerPoint and BioRender.com.
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3. Results

3.1 ADAM8 mediated shedding of ADAM17 in breast cancer cells

In human triple-negative breast-cancer cells (MDA-MB-231), metastasis, invasion,
angiogenesis, and proliferation were positively associated with the high expression of ADAMS8
(Conrad et al., 2018; Cook et al., 2022; Romagnoli et al., 2014) and ADAM17 (McGowan et
al., 2013; Zheng et al., 2009). The involvement of ADAM8 and ADAM17 in the same cellular
events implies a correlation between the proteolytic and non-proteolytic activities of both
proteases. As mentioned earlier, the in vitro studies performed in MDA-MB-231 cells showed
a decrease in the levels of SADAM17 upon knockout of ADAM8 (Scharfenberg et al., 2020).
Additionally, through a co-immunoprecipitation experiment, a direct protein-protein interaction
between ADAM8 and ADAM17 was also reported (Scharfenberg et al., 2020). Therefore, to
further elucidate the interaction between ADAM8 and ADAM17, MDA-MB-231 cells that
endogenously express both proteins, were analyzed by applying immunofluorescence imaging

and cell surface biotinylation of the proteins.

3.1.1 Interaction of ADAM17 and ADAMS8 on the cell surface

In addition to the elevated expression of ADAM8 and ADAM17 in MDA-MB-231 cells, high cell
surface expression of the EGFR was also detected in these cells (Cahall et al., 2015;
Fitzpatrick et al., 1984; Manupati et al., 2017). Additionally, since the involvement of ADAM8
and ADAM17 in EGFR signaling is well known, EGFR was selected to confirm the
colocalization of ADAM8 and ADAM17 on the cell surface. The colocalization was analyzed by
immunofluorescence microscopy carried out on MDA-MB-231 wild-type (WT) cells, ADAM8
knockout (hA8 KO), and cells expressing the catalytically inactive ADAM8 E335Q mutant (hA8
E>Q). The cells were grown on coverslips to 70-80% confluency and were permeabilized with
0.2% saponin after fixation.

ADAML17 was stained with an antibody against the C-terminus of ADAM17 (Ab19027, 1:500 in
10% FCS in PBS), ADAM8 was stained with an antibody raised against its ectodomain (PA5-
47047, 5 pg/mL in 10% FCS in PBS), and EGFR was stained with anti-EGFR antibody specific
to ectodomain (66455-1-1g, 1:250 in 10% FCS in PBS). ADAM17 (green) appeared to be highly
localized with EGFR (orange) on the cell membrane in WT (Figure 8A), hA8 KO cells (Figure
8B), and hA8 E>Q cells (Figure 8C). On the other hand, ADAMS (red), appeared to be slightly
less prominent on the cell membrane in hA8 E>Q cells (Figure 8C) as compared to the WT
cells (Figure 8A).
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WT MDA-MB-231 hA8 KO MDA-MB-231 hA8 E>Q MDA-MB-231
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ADAMI17+ADAMS All

ADAMI17+EGFR

ADAMS8+EGFR

Figure 8: Cell surface colocalization of ADAM8 and ADAM17 visualized by immunofluorescence
microscopy

(A, B, C) Immunofluorescence staining of endogenous ADAM17 (green) and ADAMS (red) to determine the cell
surface presence and colocalization of ADAM17 and ADAMS8 in comparison to the EGFR (orange). WT, hA8 KO,
and hA8 E>Q MDA-MB-231 cells were permeabilized and ADAM17 was detected using the antibody against its C-
terminus (Ab19027), and ADAMS8 (PA5-47047) was detected by an antibody against its ectodomain. The nucleus
was stained with DAPI (scale bar, 20 uM). (A, B, C) The localization of ADAM17 on the cell surface in WT and hA8
KO and hA8 E>Q cells was validated with confocal imaging in the presence of EGFR (orange). (C) Low detection
of ADAMS on the cell surface was observed when ADAMS is catalytically inactive.
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In parallel, to confirm the cell surface expression of ADAM17, cell surface biotinylation was

performed and the cell surface proteins were detected via western blotting. Data obtained after

the biotinylation revealed a similar profile for the cell surface presence of ADAM17. Mature

ADAM17 was found on the cell surface in all approaches, however, no cell surface ADAM8

could be detected at the endogenous levels (Figure 9). Additionally, an overall low expression
of ADAM17 and ADAMS in hA8 E>Q cells could be seen in western blots for lysate control and

consequently low mature ADAM17 on the cell surface as compared to the WT and ADAM8 KO

cells. Together with the data obtained from the immunofluorescence images and the cell

surface biotinylation, the inactivation or absence of ADAM8 does not affect the localization of

ADAML17 on the cell surface, but with catalytically inactive ADAMS8, most of ADAMS8 gets

retained in the secretory pathway.
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Figure 9: Cell surface protein biotinylation in MDA-
MB-231 cells

Cell surface biotinylation confirming the presence of
mature ADAM17 on the cell surface of WT, hA8 KO, and
hA8 E>Q MDA-MB-231 cells. The endogenous cell
surface proteins were biotinylated and pulled down by
magnetic streptavidin beads followed by analysis via
immunoblotting. ADAM17 was detected using the
antibody against its disintegrin domain, in lysate
controls, the pro-form of ADAM17 (p) was observed at
~130 kDa, and mature ADAM17 was detected at
~75kDa in the control and biotinylated cells. ADAM8 was
only detected in the lysate control with an antibody
against its ectodomain. In the untreated lysate samples
the pro-form (p) of ADAM8 was detected at ~120 kDa,
mature form (m) at ~100 kDa, and the remnant form (r)
at ~60kDa. Pan-cadherin (p-cadherin) and GAPDH
served as biotinylation and loading control, respectively.
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3.1.2 Colocalization of ADAM17 and ADAMS in the secretory pathway

Since ADAMS8 is known to autocatalytically remove its pro-domain within the trans-Golgi-
network (Schlomann et al., 2002), a possibility of shedding its substrates already in the
secretory pathway exists. A study was conducted to observe the shedding of ADAML17 in
ADAM10/17" HEK293T cells overexpressing mADAM8 and mADAM17, with a membrane
non-permeable ADAMS8-specific cyclic peptide inhibitor (BK1361) and membrane permeable
batimastat (BB94) (Scharfenberg et al., 2020). A decreased shedding of ADAM17 was
observed only in the presence of BB-94 implying the interaction of ADAM8 and ADAM17 in the
secretory pathway (Scharfenberg et al., 2020). The colocalization and hence the interaction of
ADAM17 and ADAMS8 on the cell surface is evident from immunofluorescence images.
However, the intracellular staining of ADAM8 and ADAM17 was also observed. Therefore, to
validate the early intracellular colocalization and hence the interaction of ADAM17 and
ADAMS, all variants of MDA-MB-231 (WT, hA8 KO, and hA8 E>Q) cells were also analyzed
via immunofluorescence microscopy in the presence of an ER marker, ERp5. After reaching
the desired confluency of 80%, the cells were permeabilized with 0.2% saponin and were
immuno-stained with an antibody against ERp5 (orange), an antibody against the C-terminus
of ADAM17 (Ab19027, 1:500 in 10% FCS in PBS), and antibody raised against the ectodomain
of ADAMS8 (PA5-47047, 5 pg/mL in 10% FCS in PBS). For the WT cells, most of ADAMS (red)
seemed to be equally distributed in the ER and the later secretory pathway. ADAM17 (green)
was moderately co-localized with ADAMS8 within the ER and in the later secretory pathway
(Figure 10A). In the absence of ADAM8 low amounts of ADAM17 were detected within the ER
as compared to the other cells and most of the signal was observed in the later secretory
pathway or at the plasma membrane (Figure 10B). In the cells with inactive hADAM8 (hA8
E>Q), most of the ADAM8 seems to be retained within the secretory pathway and ADAM17
was again moderately colocalized with ADAM8 within the ER but also observed outside the
ER like in WT cells (Figure 10C). This suggested that the inactivation of ADAM8 does not
influence the interaction of the two proteins within the secretory pathway. The
immunofluorescence images confirmed the commencement of protein-protein interaction

between ADAM8 and ADAM17 within the early secretory pathway.
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Figure 10: Colocalization of ADAM8 and ADAM17 in the secretory pathway

(A, B, C) Immunofluorescence staining of endogenous ADAM17 (green), ADAMS8 (red), and ER marker ERp5
(orange). WT, hA8 KO, and hA8 E>Q MDA-MB-231 cells were permeabilized and ADAM17 was detected using the
antibody against its C-terminus (Ab19027), and ADAM8 was detected by an antibody against its ectodomain (PA5-
47047). The nucleus was stained with DAPI (scale bar, 20 uM). (A, C) Merge image (second from top) for green
and red channels showing colocalization of ADAM17 and ADAMS8 within the ER and later secretory pathway.
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3.1.3 Shedding of ADAM17 in the presence of protease or trafficking inhibitors

According to immunofluorescence images, ADAM8 and ADAM17 are already observed to be
colocalized in the secretory pathway apart from the cell surface. As the interaction of ADAM8
and ADAM17 occurs throughout the secretory pathway the proteolytic release of soluble
ADAM17 by ADAMS8 might also occur intracellularly. To further figure out where the shedding
of ADAM17 commences, the MDA-MB-231 cells were analyzed for the proteolytic release of
the ectodomain of ADAM17 via western blotting in the absence or presence of protease or

protein-trafficking inhibitors.

By this approach, the shedding can be blocked at different locations. To inhibit the shedding
at the cell surface, cells were supplied with EDTA (a metal chelator and a non-permeable
metalloprotease inhibitor). Within the secretory pathway, the inhibition was done by applying
1,10-phenanthroline (1,10 phe.) which is a membrane permeable metal chelator. Finally, to
disrupt the ER to Golgi trafficking of the proteins, the cells were treated with Brefeldin A (BFA)
(Klausner, March 1992).

Since the western blot detection of endogenous shed proteins in the supernatant is
challenging, in a parallel setup, cells transiently transfected with human ADAM17 were also
analyzed for the shedding. The cells were starved for 12-24 h in serum-free media with or
without the inhibitors. Figure 11 depicts the predicted outcome for the shedding influenced by
inhibitors. In the case of EDTA and 1,10-phenanthroline, the cells were treated for 24 h with
the inhibitors in the serum-free medium. For BFA, the cells were incubated for 12 h from

starvation.

+EDTA Figure 11: Predicted outcome for the shedding of
PM f — f ADAML17 in the presence of inhibitors
Cartoon for inhibition of ADAM8 dependent shedding in the
presence of inhibitors in WT MDA-MB-231 cells. From
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According to the immunoblots, in the case of endogenous and overexpressed ADAM17, the
levels of SADAM17 in the cell supernatant were unaffected in the presence of EDTA, in
contrast, the levels only decreased in the presence of 1,10-phenanthroline. In the case of BFA,
the effect was not very clear for the endogenous ADAM17 (Figure 12A). However, in cells with
overexpressed ADAM17, the shedding was depleted by 1,10-phenanthroline and BFA,
suggesting that the shedding of ADAM17 mainly takes place in the secretory pathway (Figure
12A). The corresponding lysate blots for ADAM17 also show an overall reduction in the
expression of pro (~130 kDa) and mature ADAM17 (~80 kDa) in the presence of 1,10-
phenanthroline and BFA (Figure 12A). Since ADAMS is identified as one of the sheddases of
ADAM17, sADAM17 may also be generated by other proteases and autoproteolytically. In that
line, the shedding of ADAM17 in the absence of ADAM8 was also analyzed. In hA8 KO cells,
little to no endogenous sADAM17 was detected. However, upon overexpression of ADAM17,
sADAM17 was detected in the cell supernatant and ADAMS8 independent shedding appeared
to decrease only in the presence of 1,10-phenanthroline and slightly in the presence of EDTA.
DMSO and BFA treatment did not differ in terms of secretion of shed ADAM17 with
overexpressing hADAM17. In the lysate blots for ADAM17, only the expression of pro (~130
kDa) ADAM17 was reduced in the presence of BFA (Figure 12B). Although the shedding was
also observed in the absence of ADAMS8, as compared to the WT cells, the shedding in hA8
KO cells was less prominent. However, there was considerable shedding when hADAM17 was

overexpressed and inhibited by 1,10-phenanthroline and with BFA (Figure 12C).
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Figure 12: Shedding of endogenous and overexpressed human ADAM17 in the presence of inhibitors

WT and hA8 KO MDA-MB-231 cells were transfected with pcDNA3.1 or hADAM17 and cells were starved in serum-
free media with or without inhibitors. The shedding of ADAM17 was detected via western blots in the cell
supernatant. The cells were incubated for 24 h with EDTA or 1,10-phe. and for 12 h with BFA from the time of
starvation. In the lysates, pro and mature forms of ADAM17 and ADAM8 are marked as ‘p’ and ‘m’: and the remnant
form of ADAMS8 is marked with ‘r’. (A) Western-blot analysis for the shedding of endogenous and overexpressed
hADAM17 in WT cells with inhibitors and their respective controls: EDTA (500 pM), 1,10-phe. (100 uM), and BFA
(5 pg/ml). (B) Western-blot analysis for the shedding of endogenous and overexpressed hADAM17 in hA8 KO cells
with inhibitors and their respective controls: EDTA (500 pM), 1,10-phe. (100 pM), and BFA (5 pg/ml). (C)
Comparative western-blots of the supernatants from WT and hA8 KO cells for the shedding of endogenous and
overexpressed hADAM17. The compared supernatant samples belonged to the same experiments as A and B for
WT and hA8KO cells respectively.

Controls: for EDTA- milli-Q, for 1,10-phenanthroline- EtOH, for BFA- DMSO

Non-specific bands in lysates are denoted with ‘ns’.

3.1.4 Proteolytically released soluble ADAM17-mediated peptide processing

As observed from the western blots, the shedding of endogenous and overexpressed ADAM17
was not affected in the presence of EDTA. However, particularly in the presence of 1,10-
phenanthroline and BFA, the shedding was affected. Additionally, an ADAMS8 independent
shedding of ADAM17 was observed in hA8 KO cells, therefore, the basal SADAM17 activity in
the supernatants of WT and hA8 KO cells was determined (Figure 13A). As observed earlier,
in the absence of ADAMS, the release of SADAML17 is noticeably low, and the activity assay
aligns with the signal on the blots (Figure 12C, 13A). Next, the supernatants obtained from the
shedding inhibition study were further assessed for the proteolytic activity of the released
soluble ADAM17 against an ADAM17-specific fluorogenic peptide (PEPDAB64). Each sample
was analyzed for ADAM17-specific activity with or without competitive hydroxamate inhibitor,
GW to block peptide cleavage and autocatalytic processing of ADAM17. Even though the
activity profile for endogenous sADAM17 lacks statistical significance, a trend can be observed
where in the WT cells, the activity is low due to less SADAM17 secreted by cells treated with
1,10 phenanthroline or BFA (Figure 13B). As observed from the blots, ADAM8 independent
shedding decreased in the presence of 1,10-phenanthroline. In the same line, low activity due
to less sSADAM17 was noted (Figure 13C). Similarly, in the case of soluble ADAM17 obtained
from shedding of overexpressed hADAM17, the proteolytic activity was barely affected in the
supernatant of cells treated with EDTA but decreased significantly in the presence of
membrane permeable inhibitors 1,10 phenanthroline and BFA (Figure 13D) which is in line
with the immunoblots for the shed and overexpressed ADAM17 (Figure 12A). Notably, in
comparison to the WT cells, SADAM17 generated in the hA8 KO cells showed a nearly similar
trend in proteolytic activity (Figure 13D, E). However, BFA did not influence ADAMS8
independent shedding of ADAM17. Taken together, the generation of proteolytically active
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soluble ADAM17 in the presence or absence of ADAM8 suggests that ADAMS is not the only
sheddase of ADAM17, however, it is one of the sheddases of ADAM17, active in the secretory

pathway and on the cell surface.
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Figure 13: Proteolytic activity of shed hADAM17

WT and hA8 KO MDA-MB-231 cells were transfected with empty vector or hADAM17 and cells were starved in
serum-free media with or without inhibitors. The cell supernatants were collected after 24 hours in the case of EDTA
and 1,10-phenanthroline and after 12 hours in the case of BFA from the time of starvation and inhibitor addition.
The activity was analyzed in freshly harvested and cleared cell supernatants. (A) Activity analysis of endogenous
SADAM17 in the supernatant from WT and hABKO MDA-MB-231 cells against fluorogenic peptide PEPDAB64 (an
ADAM17 specific peptide); n=2 technical replicates (B, C) Activity analysis for endogenous sADAM17 obtained from
inhibitor-treated cells. WT and hA8 KO MDA-MB-231 cell supernatants were analyzed against the fluorogenic
peptide (PEPDABG4) in the presence or absence of GW (3 uM) at 60 minutes. (D, E) Activity analysis for SADAM17
released from inhibitor-treated WT and hA8 KO cells overexpressing hADAM17. The supernatants were analyzed
against the fluorogenic peptide (PEPDABG64) in the presence or absence of GW (3 uM) at 60 minutes.

The activity of each control was set to 1 and relative proteolytic activity in folds was analyzed via graph pad prism
(n=3 biological replicates for WT and n=2 technical replicates for ADAM8 KO cells), data represented as mean +
SD, and statistical analysis was performed by one-way ANOVA followed by Dunnett's post hoc test (*: p<0.05; **:
p<0.01; ***: p<0.001).

3.2 Shedding of ADAML17 in the presence or absence of iRhom1/2

iRhom1 and iRhom2 are crucial for the trafficking and regulation of the membrane-bound
ADAML17 (Christova et al., 2013; Dulloo et al., 2019), therefore it was interesting to understand
whether iRhoms play any role in terms of regulation of the shedding of ADAM17. Since in the
majority of breast cancer cells including MDA-MB-231 cells, the expression of particularly
iRhom1 is upregulated (Canzoneri et al., 2014, Yan et al., 2008; Zhou et al., 2014), there could
be a possible involvement of iRhom1 in the observed shedding of ADAM17. However, the
involvement of either of the iRhoms is yet to be investigated. Hence, to analyze the shedding
of MADAM17 available WT mEF cells, known to endogenously co-express iRhom1 and 2 were
initially compared to iRhom1/2 knock-out (iRhom1/27) and iRhom2 stably transfected mEF
cells. The analysis for the iRhom-dependent or independent shedding of mMADAM17 was

performed via immunoblotting.

3.2.1 Generation of stably transfected mEF cells

Since iRhomz2 is prevalently involved in the regulation of ADAM17 and its activity, the role of
iRhom2 and its phosphorylation was also investigated regarding the shedding of ADAM17.
The phosphorylation of the N-terminal tail of iRhom2 plays a major role in the regulation of
ADAMA17’s shedding activity, however, this mechanism does not play any role in the trafficking
and maturation of ADAM17 (Cavadas et al., 2017; Grieve et al., 2017). The question was
whether the phosphorylation-induced separation of ADAM17 from iRhom2 makes ADAM17
more susceptible to shedding. Therefore, to investigate the phosphorylation aspect, stably
transfected mEF cells with iRhom2 (iR2_HA), iRhom2 dead (iR2_dead_ HA; mutant with no
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phosphorylation ability), and iRhom2 dead R18 (iR2_dead_R18 HA; mutant with rescued
phosphorylation at N-terminal tail) were generated in iRhom1/2” mEFs (Figure 14A). The
expression analysis was then confirmed via western blots (Figure 14B).
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Figure 14: Stable transfection of iRhom1/2/- mEF cells

To assess the influence of iRhom2 phosphorylation, iRhom1/27- mEF cells were stably transfected. (A) A scheme
for stable transfection is shown (B) Expression analysis for iRhom2 variants in stably transfected mEF cells via
western blot. iRhom2 was detected via HA-tag antibody (C29F4) and iRhom2 specific antibody in stably transfected
mEF cells with iRhom2 (iR2_HA), iRhom2 dead (iR2_dead HA; mutant with no phosphorylation ability), and
iRhom2 dead R18 (iR2_dead_R18 HA; mutant with rescued phosphorylation N-terminal tail). iRhom1 served as
loading control and GAPDH served as positive control.
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3.2.2 Generation and characterization of murine ADAM17 with HA-tag after pro-

domain

To investigate the shedding of ADAM17, an overexpression plasmid for membrane-bound
murine ADAM17 was constructed with an HA-tag after the pro-domain and a flag tag at the
cytoplasmic C-terminal. The HA-tag was introduced C-terminal to the furin cleavage side
(RVKR), to verify the removal of the pro-domain of released ectodomain in the absence or the
presence of iRhoms. To characterize the construct, ADAM10/177" HEK293T cells were
transiently transfected with wild-type murine ADAM17 (mADAM17 WT) and mADAM17
PD_HA plasmid and the expression was analyzed via western blots (Figure 15A). ADAM17 in
the lysates and supernatant was detected by applying an antibody raised against ADAM17
ectodomain (10.3), HA-tag (C29F4), and flag-tag (M2). In the lysate blots, for mADAM17
PD_HA, the pro-form (p) of ADAM17 was detected by anti-ADAM17, anti-HA-tag and anti-flag
antibodies. For mADAM17 WT, the pro-form was detected via an anti-ADAM17 antibody
(Figure 15A). In the ultracentrifuged and TCA precipitated supernatant (*sn), the released
ectodomain was successfully identified with anti-ADAM17 and anti-HA-tag, confirming the
release of the mature ectodomain without the pro-domain. As expected, no ADAM17 was
detected in the supernatant with the anti-flag-tag antibody suggesting complete removal of the
C-terminal domain. Furthermore, to ensure the presence of mature ADAM17 on the cell
surface, biotinylation of the cell surface proteins was carried out in ADAM10/17" HEK293T
cells transfected with mMADAM17 WT and mADAM17 PD_HA. The pro-form (p) and the mature
form (m) of ADAM17 were detected for both the constructs upon biotinylation confirming the
presence of mature ADAM17 on the cell surface. (Figure 15B). Next, the proteolytic activity of
the shed ADAM17 was determined in the cell supernatant, against the fluorogenic TNF-a
based peptide. The sADAM17 in the ultracentrifuged supernatants displayed proteolytic
activity which was inhibited significantly in the presence of the competitive hydroxamate
inhibitor GW, (Figure 15C).
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Figure 15: Biochemical properties of murine ADAM17 with HA-tag C-terminal of the pro-domain

(A) Cartoon representing the membrane-bound murine ADAM17 with N-terminal HA-tag after the pro-domain
(mADAM17 PD_HA) and its transfection in ADAM10/177- HEK 293T cells followed by western blot analysis to
assess its expression and shedding of ADAM17 in the ultra-centrifuged cell supernatant (*sn) in comparison with
wild-type murine ADAM17 (mADAM17 WT). ADAM17 in lysates and supernatants was detected via ant-ADAM17
(10.3), anti-HA-tag (C29F4), and anti-flag (M2) antibodies. GAPDH served as lysate positive control. The pro and
mature forms of ADAM17 are marked with (p) and (m) respectively. A mature, further processed SADAM17 is
marked with a black arrowhead. (B) Cell surface biotinylation in ADAM10/17/- HEK 293T cells transfected with
mMADAM17 WT and mADAM17 PD_HA displaying pro (p) and mature (m) form in the cell-lysate control and
biotinylated cell surface ADAM17. Transferrin (Tfr) and GAPDH served as biotinylation and loading control,
respectively. (C) The activity of proteolytically released soluble ADAM17 in ultracentrifuged cell supernatant in the
presence or absence of GW (3 pM) against TNF-a based fluorogenic peptide in relative fluorescence unit (RFU),
n=3 technical replicates. The data is represented as mean * SD and statistical analysis was performed by one-way
ANOVA followed by Dunnett’s post hoc test (*: p<0.05, **: p<0.01; ***: p<0.001).
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In addition to the characterization of MADAM17 PD_HA in ADAM10/177 HEK 293T cells, the

cell surface expression was also examined, in iRhom1/2”- mEF cells. The detection of ADAM17

in the lysate and the biotinylated sample was done by applying ADAM17 specific antibody

(10.3), an antibody against HA-tag, and an antibody against flag-tag. As expected for
mMADAM17 WT transfected cells, no mature ADAM17 was detected. On the other hand, in the
case of biotinylated mADAM17 PD_HA, ADAM17 specific antibody detected the mature

ADAML17 at ~90 kDa apart from the pro-form (~130 kDa). However, using an antibody against

HA and flag-tag, only the pro-form of ADAM17 was detected (Figure 16).
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Figure 16: Biotinylation of cell surface
ADAM17 in iRhom1/27- mEFs

Cell surface biotinylation in iRhom1/2/- mEFs
transfected with mADAM17 WT and
mADAM17 FL PD_HA. ADAM17 in lysate
control and biotinylated sample was analyzed
by anti-ADAM17, anti-HA-tag and anti-flag-tag
antibodies. The signal for pro-form (~130 kDa)
and mature form (~ 85 kDa) are marked as (p)
and (m) respectively. Transferrin (Tfr) and
GAPDH served as biotinylation and loading
control, respectively.
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3.2.3 Impact of iRhom2 and its phosphorylation on the shedding of ADAM17

Here, the WT, iRhom1/27 and iRhom2 stable transfected mEFs were transiently transfected
with pcDNA3.1, mADAM17 WT, and mADAM17 PD_HA constructs and analyzed for the
shedding of ADAM17. Post transfection, the cells were starved in serum-free media for 24 h.
The cells were harvested, and the supernatant was collected to analyze the SADAML17 in the
cell supernatant (Figure 17A). The endogenous sADAM17 released by mock-transfected cells
showed no difference in shedding intensities between WT and iRhom2 stable transfected
(IR2_HA) mEFs but a slightly low shedding in iRhom1/2 double knockout cells was observed.
On the other hand, the shedding of overexpressed variants of membrane-bound ADAM17 was
slightly higher in the absence of iRhom1/2 but did not show any variance between WT and
iR2_HA mEFs (Figure 17A). The overexpression of iRhom2 did not make an impact on the
shedding of ADAML17. In the lysates, the pro and mature forms of ADAM17 were only detected
in WT and iR2_HA mEFs applying anti-ADAM17 antibody. Anti-HA-tag antibody detected the
pro-form of ADAM17. The signal for the HA-tag in the iR2_HA mEFs at ~100 kDa appeared
due to the HA-tag of iRhom2 (Figure 17A). Upon testing the shedding of endogenous ADAM17
and overexpressed mADAM17 PD_HA in phosphorylation mutants of iRhom2, again high
shedding (supernatant blots for HA-tag) in the absence of iRhom1/2 was observed in
comparison to other cases (Figure 17B). Notably, in the lysate blot, the overall expression of
ADAML17 in the WT cells appeared to be lower than in the other cells. No mature form of
ADAML17 was observed in the lysates in the absence of iRhom1/2. Taken together, iRhoms do
not play a significant role in the shedding of ADAM17, however, it is possible that in the

absence of iRhom1/2, ADAM17 is more accessible to its sheddases.
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Figure 17: iRhom2 and its phosphorylation independent shedding of ADAM17

The influence of iRhom2 phosphorylation was examined in murine embryogenic fibroblasts (mEFs). The cells were
transfected with pcDNA3.1, mMADAM17 WT, and mADAM17PD_HA, and thereafter the cell supernatant and lysates
were analyzed after 24h from starvation in serum-free media. ADAM17 was detected by anti-ADAM17 (10.3) and
anti-HA-tag (C29F4) antibodies; iRhom1 and iRhom2 were detected by specific anti-iRhom1 and anti-iRhom?2
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antibodies and GAPDH served as loading control. (A) Western blot analysis for the shedding of MADAM17 in WT
and iRhom1/27- mEFs and mEFs stably expressing iRhom2 (iR2_HA), transfected with empty vector, mMADAM17
WT, and mADAM17 PD_HA constructs. (B) Western blot analysis for the shedding of mMADAM17 in WT mEF and
iRhom1/2"- mEF and mEF cells stably expressing iR2_HA, iR2 dead_HA, iR2 dead R18_HA, transfected with empty
vector and mMADAM17 PD_HA constructs.

Soluble ADAM17 (~70 kDa) was analyzed in cleared, ultra-centrifuged cell supernatant by employing the murine
ADAM17 specific antibody (10.3) and anti-HA antibody. The pro (p) (~130 kDa) and mature (m) (~85 kDa) ADAM17
was only detected in the lysates of WT mEFs cells and mEFs stably transfected with iRhom2 and pro (p) form was

detected in iRhom1/27- mEFs. (*) signifies the 100 kDa signals for iRhom2_HA in stably transfected mEFs.

# (*sn): supernatants were ultracentrifuged and TCA-precipitated.

3.3 Shedding functions of soluble ADAM17

The in vitro studies performed employing rec. SADAM17 provided insights into the potential
role of SADAM17 within the protease web via processing various soluble substrates like
cystatin-C or PCPE1 (Scharfenberg et al.,, 2020). In the same study, a known membrane-
bound ADAM17 substrate APP695 (Buxbaum et al.,, 1998) was noted to be shed by the
recombinant SADAM17 (Scharfenberg et al., 2020). However, further detailed analysis was yet
to be done. Therefore, it was interesting to analyze the shedding properties of SADAM17
against the known substrates of membrane-bound ADAM17. To identify whether SADAM17 is
also a sheddase, an overexpression construct was generated where the ectodomain of
mADAM17 is N-terminally HA-tagged and C-terminally flag tagged (hereon, called
HA_sADAM17_flag).

3.3.1 Characterization of soluble ADAM17

Before analyzing the shedding capacity of HA _sADAM17 flag, this construct was
characterized in easy-to-manipulate ADAM10/177 HEK293T cells. The biochemical
characterization was done in terms of expression, maturation, processing, glycosylation, and
trafficking of HA_sADAM17_flag. ADAM10/17”- HEK293T cells were transiently transfected
with the overexpression sADAM17 plasmid and starved in serum-free media for 24 h for the
release of the ectodomain into the cell supernatant. The protein expression and secretion were
analyzed in cell lysates and ultracentrifuged, TCA-precipitated supernatants via western
blotting. In the lysate blots, the ~110 kDa band corresponding to the pro-form (p) of SADAM17
was observed in the blots against the HA-tag, flag-tag, and the ectodomain of ADAM17. In the
supernatant, the ~70 kDa band corresponds to the SADAM17 in the blots against the flag tag
and ectodomain of ADAML17. For the blots against the HA-tag, the ~100 kDa band corresponds
to the pro-form of ADAM17 (~100 kDa). Additionally, ~35 kDa band (anti-HA-tag blot)
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corresponding to the pro-domain (PD) indicated the removal of the pro-domain and release of
the mature ectodomain of ADAM17 (Figure 18A).

Thereafter, the proteolytic activity of the overexpressed sADAM17 (HA_sADAM17_flag) and
the proteolytically released SADAM17 was tested. Therefore, ADAM10/17" HEK293T cells
were transfected with sADAM17 and mADAM17 WT, and the cells and supernatants were
collected after 24 h from transfection. The release of SADAM17 was tested in TCA precipitated
total supernatant and ultracentrifuged supernatant. To check whether the soluble ADAM17 is
escaping through vesicles, the microvesicles (MV) obtained after ultracentrifuge were
resuspended and TCA precipitated. The SADAM17 in the supernatant samples was analyzed
via western blots (Figure 18B, C). released soluble ADAM17 was analyzed in all supernatant
samples. The activity assay was performed by examining the cleavage of ADAM17 specific
TNF-a based fluorogenic-peptide in the presence or absence of GW (3 uM) and the readout
was measured by spectrophotometer. The overexpressed sADAM17 and proteolytically
released sADAM17 displayed comparable proteolytic activity which was efficiently inhibited in
the presence of GW (18D, E).
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Figure 18: Biochemical characterization of soluble ADAM17

To characterize the ectodomain of ADAM17, overexpressed soluble ADAM17 with an N-terminal HA tag and C-
terminal Flag tag was generated via PCR. The plasmid was expressed in ADAM10/177/- HEK 293T cells. (A)
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Western blot analysis of ADAM10/177- HEK 293T cells transfected with HA_sADAM17_flag. Anti-HA-tag antibody
detected the pro-form (p) and pro-domain (PD) in the ultra-centrifuged and TCA precipitated supernatant (*sn). Anti-
flag antibodies detected the pro (p) and the mature form (m) of SADAM17. Anti-ADAM17 antibody detected the
mature and further processed form (black arrowhead) of SADAM17 Anti-flag antibodies detected the pro (p) and the
mature (m) form of SADAM17. Anti-ADAM17 antibody detected the mature and further processed form of SADAM17.
(B, C) Comparison via western blot for the expression profile and release of soluble ADAM17 from the cells
transfected with overexpressing mADAM17 WT and HA_sADAM17_flag. (D, E) Relative activity of proteolytically
released sADAM17 and overexpressed sADAM17 against TNF-a based fluorogenic peptide in ultra-centrifuged
supernatant. The activity was inhibited in the presence of GW (3 uM). n=2 technical replicates; Mean + SD, for two

replicates.

In parallel, ADAM10/17 HEK293T cells transfected with active and inactive murine constructs
for sSADAM17 and membrane-bound ADAM17 were treated with biotin for cell surface
biotinylation to assess if the generated ectodomain of ADAM17 is released from the cell
surface. In the cell surface biotinylation experiment, mature ADAM17 was only observed in the
cells transfected with active and inactive membrane-bound mADAM17. No remnant form of
the SADAM17 was detected, implying that the ectodomain is well-secreted into the extracellular

space (Figure 19).
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Figure 19: Cell surface biotinylation of mMADAM17 variants

To check whether the overexpressed HA_SADAM17_flag is well secreted, and no remnant form of the protease
remains on the cell surface, a biotinylation assay was performed on ADAM10/17-- HEK 293T cells transfected with
active and inactive variants of membrane-boundand soluble mADAM17. Transferrin (Tfr) and GAPDH served as
biotinylation and loading control, respectively. No cell surface presence of the overexpressed truncated ectodomain
was observed. The pro, mature, and mature processed forms of ADAM17 are marked with p, m, and the black

arrowhead* respectively.
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Membrane-bound ADAM17 has been shown to carry N-glycosylations in the extracellular part,
including the pro-domain (Gooz, 2010; Peiretti et al., 2003). Further studies showed that
glycosylation is an important post-translational modification that directly affects the activity and
inhibition of ADAM17 (Chavaroche et al., 2014). Therefore, it was of interest to check whether
the soluble ADAM17 is glycosylated like its membrane-bound counterpart. The glycosylation
pattern of soluble ADAM17 was studied by deglycosylation of overexpressed sADAM17 and
proteolytically released ADAM17 in the supernatant and the lysates for the overexpressed
sADAM17 and membrane-bound ADAM17. The cell lysates and concanavalin-A enriched
supernatants were treated with either N-glycosidase F (PNGase F or PF) and
Endoglycosidase-H (Endo H or EH) and probed via immunoblotting. PNGase F is known to
remove all N-glycosylation which indicates that the protein has attained its glycans in the
median Golgi. On the other hand, Endo H processes only high mannose-type glycans added
in the endoplasmic reticulum (ER) (Trimble & Tarentino, 1991). The application of glycosidases

helps in determining the localization and trafficking of the target proteins.

For both the constructs, in the supernatant, SADAM17 only gets deglycosylated by PNGase F,
which suggests that the SADAML17 is fully glycosylated and properly folded (Figure 20A). In the
lysates from ADAM17 WT, the pro (p) and the mature (m) form seemed to migrate to ~100
kDa upon treating with Endo H, however, the mature form migrated further to 75 kDa upon
treatment with PNGase F. On the contrary, for the HA_sADAM17_flag, deglycosylation of pro
and mature forms occurs but the bands migrate to the same distance after treatment with both
the enzymes (Figure 20A). Additionally, the deglycosylation performed in iRhom1/2” HEK
293T cells also revealed a similar profile for soluble ADAM17 in the supernatant (Figure 20B).
In the case of MADAM17 WT, no mature form was detected when iRhoms were absent, but in
the case of HA_sADAML17_flag, the pro and mature forms were detected in the lysates. The
release of soluble ADAM17 with a similar glycosylation profile in both approaches, once again

suggests the maturation and trafficking of SADAM17 independent of iRhoms.
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Figure 20: Soluble ADAM17 is a complex glycosylated protease

Glycosylation pattern of murine soluble ADAM17 was determined in (A) ADAM10/17+, (B) iRhom1/27- HEK293T
cells. The cells were transfected with mADAM17 WT and sADAM17 overexpression (HA_sADAM17_flag)
constructs. Following 24h starvation in serum-free media, the supernatant samples were concentrated, and
concanavalin A precipitated. Then the supernatants and lysates were subjected to deglycosylation with PNGase F
(PF) and Endo H (EH). (A, B) On the left panel, soluble ADAM17 was generated by the shedding of mMADAM17 WT
compared with the overexpressed HA_sADAM17_flag on the right. The pro-form, mature form, and mature
processed form of ADAM17 are marked by (p), (m), and black arrowhead respectively. The deglycosylated mature
and processed forms of ADAM17 are shown with red markings.
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3.3.2 EGFR ligand shedding by soluble ADAM17

To examine whether the proteolytic activity of SADAML17 is restricted to soluble substrates or
can also function as a sheddase, the predefined substrates for membrane-bound ADAM17
were tested. The membrane-bound ADAM17 is actively involved in the EGFR signaling
pathways via the ectodomain shedding of EGFR ligands like AREG, HB-EGF, TGF-a and
EREG (Sunnarborg et al., 2002). Therefore, a comparative analysis between membrane-
bound ADAM17 and sADAM17 (HA_sADAM17 flag) for the shedding of AP-tagged EGFR
ligands was conducted. Figure 21A shows an overview of EGFR-ligands that are substrates
to membrane-bound ADAM10 and ADAM17. The experimental setup is briefly shown in figure
21B. ADAM10/17" HEK293T cells were single or co-transfected with N-terminally alkaline
phosphatase tagged EGFR ligands (Sahin et al., 2004) and mADAM17 variants
(HA_sADAM17 flag, HA_sADAM17 flag E>A and mADAM17 WT). The shedding of EGFR-
ligands was analyzed via western blots for the ultra-centrifuged and TCA precipitated
supernatant and the alkaline phosphatase (AP) activity assay for the corresponding cleared

supernatants.

Each western blot is representative of three independent experiments and the relative AP
activity is calculated by normalizing the absorbance for ligand-only supernatant for three
independent experiments. The overexpressed sADAM17 (HA_sADAM17_flag) was able to
release soluble AREG, and EREG at similar intensity as compared to mADAM17 WT (Figure
21C, E). As expected, membrane-bound ADAM17 did not shed BTC, but interestingly, soluble
BTC was detected in the supernatants upon co-transfection with SADAM17 (Figure 21D). The
respective relative AP activity analyzed in the supernatant concurs with the western blot profile
of SAREG, sBTC, and sEREG (Figure 22A, B, C). sTGF-a was increased in the presence of
membrane-bound ADAM17, and some noticeable amounts were also detected in the presence
of overexpressed sADAM17 (Figure 21F). However, a significant relative AP activity was only
achieved by sTGF-a generated by membrane-bound ADAM17 (Figure 22D). In the case of
HB-EGF, a known substrate of membrane-bound ADAM17, released sHB-EGF was only
detected when co-transfected with mADAM17 WT (Figure 21G), and the AP-activity analysis
resembles the western blot profile (Figure 22E). Figure 22F gives an overview of potential

shared and individual substrates of membrane-bound ADAM17 and overexpressed ADAM17.
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Figure 21: sSADAM17 is capable of shedding different EGFR ligands in cis

(A) Cartoon showing the known EGFR ligand as substrates for membrane-bound ADAM17 (in green) and ADAM10
(in red). (B) Experimental scheme. (C-G) Representative western blots (n=3), for analysis of shedding of AP-tagged
EGFR ligands by mADAM17 variants; mADAM17 WT, HA_sADAM17_flag, and HA_sADAM17_flag E>A. (C)
AREG-AP, (D) BTC-AP, (E) EREG-AP, (F) TGF-a-AP, (G) HB-EGF-AP. The EGFR-AP ligands were detected by
the antibody against the AP tag, ADAM17 was detected by an antibody against its ectodomain and GAPDH was

used as a loading control.

# (*sn): supernatants were ultracentrifuged and TCA-precipitated.
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Figure 22: Alkaline-phosphatase activity by SEGFR ligands released in cis

(A-E) Relative alkaline phosphatase (AP) activity analysis in ultracentrifuged supernatant for soluble EGFR-AP
ligands generated by mADAM17 variants; mADAM17 WT, HA_sADAM17_flag, and HA_sADAM17 flag E>A.
Relative AP activity is analyzed via graph pad prism (n=3), data represented as mean + SD and statistical analysis
was performed by one-way ANOVA followed by Dunnett’s post hoc test (*: p<0.05, **: p<0.01; ***: p<0.001).

(F) an overview of potential shared and individual substrates of membrane-bound ADAM17 and overexpressed
ADAM17.
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3.3.3 EGFR ligand shedding by proteolytically released soluble ADAM17

The overexpressed sADAM17 (HA_sADAM17_flag) was able to release soluble EGFR ligands
like AREG and EREG in a comparable manner as membrane-bound ADAM17 (mMADAM17
WT). Additionally, significant shedding of BTC was also observed in the presence of SADAM17.
Now, to assess whether the proteolytically released ADAM17 could also shed the EGFR
ligands in trans, ADAM10/17" HEK293T cells were transfected with mADAM17 WT, and the
conditioned media were transferred to the cells transfected with different EGFR ligands. The
cells were starved in serum-free media and the conditioned media enriched with proteolytically
released soluble ADAM17 was collected. The conditioned media was concentrated twice and
transferred to the cells transfected with EGFR-AP ligands. In parallel, to compare the shedding
capacity of SADAM17 in conditioned media with membrane-bound ADAM17 the cells were co-
transfected with mADAM17 and EGFR-AP ligands (Figure 23A). sSADAM17 could release
soluble forms of AREG, BTC, EREG, and TGF-a (Figure 23B-E). Notably, the shedding of
AREG via sADAM17 in cis and trans differs in terms of signal intensities as compared to
membrane-bound ADAM17 (Figure 23B). This suggests that the shedding of AREG already
occurs within the secretory pathway when sADAML17 is co-expressed with the ligand. The
shedding of HB-EGF was again only observed in the presence of membrane-bound ADAM17
(Figure 23F). Further, the AP-activity assay was performed to check for the released sEGFR-
AP ligands in the ultracentrifuged supernatant samples. The activity profile coincided with the
western blot signals for the EGFR ligands. significant relative AP-activity was obtained with
SAREG, sEREG sTGF-a, and sHB-EGF in the presence of membrane-bound ADAM17 (Figure
24A, C, D, E). On the other hand, for SAREG, sBTC, sEREG, and sTGF-a generated in trans,
significant relative activity was observed (Figure 24A-D). Taken together, AREG, BTC, EREG,
and TGF-a once again proved to be the substrates of SADAM17 in vitro (Figure 24F).
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Figure 23: SADAM17 is capable of shedding different EGFR ligands in trans
(A-E) Western blots analysis of shedding of AP-tagged EGFR ligands by mADAM17 WT and sADAM17 in
conditioned media; (A) AREG-AP, (B) BTC-AP, (C) EREG-AP, (D) TGF-a-AP, (F) HB-EGF-AP. The EGFR-AP
ligands were detected by the antibody against the AP tag, ADAM17 was detected by the antibody against its

ectodomain and GAPDH was used as a loading control.

# (*sn): supernatants were ultracentrifuged and TCA-precipitated.
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Figure 24: Comparative alkaline-phosphatase activity by sEGFR ligands released in cis and trans

(A-E) Relative alkaline phosphatase (AP) activity analysis in ultracentrifuged supernatant for soluble EGFR-AP

ligands generated by mADAM17 WT; and sSADAM17 in conditioned media. Relative AP activity is analyzed via

graph pad prism (n=3), data represented as mean + SD and statistical analysis was performed by one-way ANOVA
followed by Dunnett’s post hoc test (*: p<0.05, **: p<0.01; ***: p<0.001). (F) Based on the data collected from
western blots and AP-activity assay, AREG, BTC, EREG and TGF-a proved to be the substrates of SADAM17 in

vitro.
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3.3.4 EGFR ligand shedding in the absence of iRhom1/2

iRhom1/2 are proven to be crucial in the ADAM17-mediated EGFR signaling via shedding of
amphiregulin, HB-EGF, epiregulin, and TGF-a In the absence of both the iRhoms, no
constitutive or PMA-induced shedding of these ligands was observed (Li et al., 2015).
However, as shown in previous sections, if the shedding of ADAM17 and the maturation of
sADAML17 can occur independent of iRhom1/2, sSADAM17 can still shed EGFR ligands in an
iRhom-independent way. Therefore, the shedding capacity of SADAM17 in iRhom1/2”-
HEK293T cells was analyzed. Since AREG was significantly shed in cis and trans by
SADAML17, the cells were single or co-transfected with AREG-AP and mADAM17 variants. The
setup for the shedding experiment was the same as the previous experiment performed in
ADAM10/17" HEK293T cells. Intriguingly, in the absence of iRhom1/2, the shedding of AREG
was observed by membrane-bound ADAM17 and by overexpressing SADAM17
(HA_sADAM17_flag) (Figure 25A). As expected, no shedding was observed with
HA_sADAM17_flag E>A. The relative AP activity data also revealed a similar pattern, where
significant AP activity was observed in the presence of membrane-bound ADAM17 and
HA_sADAM17_flag (Figure 25C). In the experimental setup with the conditioned media, to
attain comparable levels of SADAM17 in the conditioned media as overexpressed sADAM17,
the conditioned media was concentrated 2 times with Amicon Ultra concentrator tubes. Here,
the major shedding of AREG was observed in the presence of membrane-bound ADAM17,
and a faded band was also observed in the supernatant cells supplied with conditioned media
(Figure 25B), but significant activity was only obtained with mMADAM17 WT (Figure 25D). Even
though a significantly high AP activity was not achieved, as compared to mock-transfected

cells, a slightly higher activity trend was noted (Figure 25D).
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Figure 25: sSADAM17mediated AREG-AP shedding in absence of iRhom1/2

Representative western bots (n=3) for shedding analysis of AREG-AP via mADAM17 variants; mADAM17 WT,
HA_sADAM17_flag, and HA_sADAM17_flag E>A in iRhom1/2/- HEK 293T cells (A) and via in conditioned media
enriched with proteolytically released sADAM17 (B) in iRhom1/2/- HEK 293T cells. (C, D) Relative AP activity is
presented in the lower panel.

#Relative AP activity is analyzed via graph pad prism (n=3), data represented as mean + SD, and statistical analysis
was performed by one-way ANOVA followed by Dunnett’'s posthoc test (*: p<0.05, **: p<0.01; ***: p<0.001).
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In ADAM10/17" HEK293T cells, the shedding of HB-EGF was observed only in the presence
of membrane-bound ADAM17 and sADAM17 was unable to shed HB-EGF in cis and trans.
Therefore, HB-EGF was single or co-transfected with mADAM17 variants as a negative control
for shedding via SADAM17. Surprisingly in the absence of iRhom1/2, HB-EGF was observed
to be shed by membrane-bound and sADAM17 (Figure 26A). A trend of increase in relative

AP activity was also noted however, the data did not show any significance (Figure 26C).

Next, to analyze the shedding of HB-EGF in trans, the conditioned media was supplied to the
cells. The AP activity and shedding were examined in the presence of membrane-bound
ADAM17 and sADAM17 in conditioned media via western blot and AP activity assay (Figure
26B, D). Interestingly, for HB-EGF the shedding was considerably high with the conditioned
media enriched with SADAM17 in the WT and iRhom1/2” cells (Figure 26B), a similar trend
was observed for the AP activity assay (Figure 26D). The depletion in the activity of membrane-
bound ADAML17 over time might be a result of autocatalysis or time-dependent degradation of
ADAML17. In sum, depending upon the substrate accessibility, shedding via SADAM17 could

occur in the secretory pathway or on the cell surface.
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Figure 26: SADAM17-mediated HB-EGF-AP shedding in the absence of iRhom1/2

Representative western bots (n=3) for shedding analysis of HB-EGF-AP via mADAM17 variants; mADAM17 WT,
HA_sADAM17_flag, and HA_sADAM17_flag E>A in iRhom1/2/- HEK 293T cells (A) and via in conditioned media
enriched with proteolytically released sADAM17 (B) in iRhom1/27- HEK 293T cells. (C, D) Relative AP activity is

presented in the lower panel.

#Relative AP activity is analyzed via graph pad prism (n=3), data represented as mean = SD and statistical analysis
was performed by one-way ANOVA followed by Dunnett’'s post hoc test (*: p<0.05, **: p<0.01; ***: p<0.001).
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3.4 Identification of putative new substrates of ADAM8 and ADAM17 in breast

cancer cells

The secretome from the 3D culture of MDA-MB-231 cells has previously been analyzed for the
abundance of proteins that could be potential serum markers for the prognosis and diagnosis
of TNBC (Ziegler et al., 2016). In the same study, various ECM proteins, growth factors,
proteases, and cytokines that could contribute to metastasis and proliferation seem to be highly
abundant (Ziegler et al., 2016). This suggested that multiple proteins play a role in tumor
microenvironment and contribute to malignancies. As mentioned earlier in TNBC, proliferation,
metastasis and invasion could be a result of activities from ADAM8 (Conrad et al., 2018;
Romagnoli et al., 2014) and ADAM17 (Giricz et al., 2013; McGowan et al., 2013; Zheng et al.,
2009) Therefore, it was interesting to screen for the peptides generated by possible cleavage
events caused by ADAM8 or ADAM17 in the secretome of MDA-MB-231 cell variants. For the
identification of novel substrates of endogenous ADAM8 and ADAM17, the conditioned media
of WT, hA8BKO and hABEQ MDA-MB-231 cells were analyzed via the N-terminomics TAILS
approach. A scheme for the substrate screening is represented in figure 27. As described
previously in section 2, the cells were grown to confluency and were then starved in serum-
free media. Thereafter, the conditioned media is collected and concentrated for the analysis of
proteolytically generated peptides in the secretome of the cells. From each sample, 3 technical
replicates were subjected to a TMT-multiplexing. After the enrichment of N-terminally tagged

peptides, the samples were analyzed via LC-MS/MS.
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Figure 27: N-terminomics TAILS analysis scheme

For the identification of new substrates in breast cancer cells, MDA-MB-231 cell variants were analyzed. Secretome
from wildtype (WT), wildtype+3uM GW (WT+GW), human ADAM8 knockout (hA8KO), and human ADAMS8 E335Q

(hABE>Q) cells were harvested and concentrated. 3 technical replicates from each sample were subjected to TMT-

labelling and tryptic digestion. Further, the N-terminally labeled peptides were enriched and subjected to analysis

via LC-MS/MS.

A total of 1236 N-terminally TMT tagged, highly confident peptides were quantified that

belonged to 555 unique proteins. The TAILS-identified unique peptides are shown in volcano

plots where the cleavage events in WT MDA-MB-231 cells are compared to when ADAMS is
absent (hA8 KO) or inactivated (hA8 E>Q) and when ADAML17 is inhibited (WT+GW) (Figure
28A-C). The cleavage events for each condition were considered significant with a fold change
value greater than 3 (log2 fold change = 1.585 or < -1.585) with the p-value < 0.01 (log10_Ttest

= 2). The extracellular peptides are highlighted with a darker red or blue fill. The interesting
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peptides are labeled with the cleavage site. Several interesting peptides like HLA class |
histocompatibility antigen, an alpha chain (HLA-A or MHC |), Latent-transforming growth factor
beta-binding protein 1 (LTBP1), Thrombospondin 1 (THBS1), Calreticulin (CALR) and Insulin-
like growth factor-binding protein 3 (IGFBP3) appeared to be upregulated in WT cells against
the cells with hA8 KO and when ADAMS is inactive (hA8 E>Q). In HLA-A, cleavage within the
alpha chain at R|F60 was identified, close to the peptide binding complex. For peptide binding,
HLA-A interacts with calreticulin via a peptide-loading complex (Rizvi et al., 2011).
Interestingly, two consecutive cleavage sites were identified within the C-terminal domain at
M|K 358 and K|D359. The C-terminal domain of calreticulin is reported to be important for its
calcium-dependent interaction and signaling pathways (Nakamura et al., 2001). Besides the
known cleavage of THBS1 via BMP1 (Anastasi et al., 2020), new cleavage at H|N841 within
the calcium-binding domain was also identified. Additionally, a C-terminal domain cleavage
was also identified in IGFBP3. The upregulation of these peptides in the WT cells against hA8
KO and hA8 E>Q suggests that these proteins could be potential substrates to ADAMS.

As expected, not many different cleavage peptides were identified when hA8 E>Q cells were
compared to hA8 KO cells (Figure 28D). However, for matrix metalloprotease-1 (MMP1),
several cleavages within the catalytic domain at L|A249, D|D252, and I|[D254 were found to be
significantly high in the hA8 E>Q cells. In addition to that, transglutaminase-2 (TGM2), known
to be involved in cancer through ECM remodeling, (Grigoriev et al., 2001; Sima et al., 2022)
also seemed to be cleaved within the catalytic domain 14 amino acids before the catalytic triad
at M|S253. However, this cleavage was only significant in WT and hA8 E>Q cells against hA8
KO cells. Interestingly, some GW-sensitive cleavage events such as ADAM8 H|L139 were also

found, which could be a possible substrate to ADAM17.

Figure 28E shows the heatmap consisting top 35 highest and least abundant extracellular
peptides generated by proteolytic cleavage in the conditioned media of WT cells as compared
to hA8 KO and hA8 E>Q and (WT+GW). Depending upon the proteolytic activity, the potential
new substrates of ADAM8 are marked with purple boxes, and the potential ADAM17 substrates
are marked with green asterisk. To assess the functional relevance and reactome pathway
analysis, 30 significantly upregulated, extracellular peptides were analyzed via Metascape
(Zhou et al., 2019). The molecular functions and Reactome analysis of upregulated proteins
revealed the involvement of these proteins in the ECM development and degradation, collagen
binding, growth factor binding, signaling, and roles in immune response (Figure 28F). A list of
all the molecular functions and the pathways analysis is attached in the supplementary
information (Supplementary table 1) Although the verification of the noted cleavages is yet to
be done, these events could play important roles in tumor progression, metastasis, and

invasion.
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Figure 28: Novel endogenous substrate of ADAM8 and ADAM17

(A-C) Volcano plots showing all TAILS identified proteolytic events in WT MDA-MB-231 cells compared to hA8 KO,
hA8 E>Q, and WT+GW. Gray dotted lines represent threshold values (log2 fold change =+1.585) with the p-value
= 0.01. Extracellular peptides are represented with darker blue or red filling. (D) Volcano plot showing comparison
between hA8 E>Q and hA8 KO cells for all TAILS identified proteolytic events. (E) Heatmap generated for the top
35 highest (blue) and least (red) abundant peptides in the WT MDA-MB-231 cells compared to hA8KO, hA8SEQ),
and WT+GW. Potential new substrates for ADAM8 are marked with a purple box and for ADAM17 with green
asterisk (log2 fold change = 1.585 or < -1.585) with the p-value < 0.01. (F) Reactome and functional enrichment
analysis via Metascape for the top 30 significantly abundant peptides in WT cells in comparison to hA8 KO, hA8
E>Q, and WT+GW. The top sixteen enrichment cluster cores were plotted with the p-value. The reactome

description is written in italics.

3.5 Identification of new substrates of sADAM17

In WT cells, due to the abundance of ADAM8, sADAM17 in the secretome would also be high.
Therefore, for the identification of potential new substrates of SADAM17, the conditioned media
(CM) with or without 3 uM GW was transferred from the WT cells onto the hA8 KO cells. The
TAILS workflow is shown in figure 29A. The secretome isolated from hA8 KO cells with the
conditioned media (hA8 KO+CM) was compared to the secretome of hA8 KO+CM with GW (a
hydroxamate inhibitor against ADAM17) and with hA8 KO cells. The cleavage events for each
condition were considered significant with a fold change value greater than 1.5 (log2 fold
change = 0.585 or < -0.585) with the p-value < 0.01 (log10_Ttest = 2). Figure 29B shows the
heatmap consisting of the top 35 highest (blue) and least (red) abundant extracellular peptides
generated by proteolytic cleavage in the secretome of hA8 KO+CM as compared to hA8
KO+CM+GW and hA8 KO. Depending upon the GW sensitivity and ADAM17 activity, the
potential new substrates for SADAM17 are marked with a green asterisk. The identified unique
peptides are shown in volcano plots where the cleavage events in hA8 KO cell +CM are
compared to hA8 KO+CM+GW (Figure 29C) and when ADAMS is absent (hA8 KO) (Figure
29D). The extracellular peptides are highlighted with darker red (low) or blue (high) fill. The
interesting, upregulated peptides in the hA8 KO+CM are labeled with the cleavage site.
Interestingly, in this setup, Connective tissue growth factor (CCN2 or CTGF), A disintegrin and
metalloproteinase with thrombospondin motifs 15 (ADAMTS15) and C-type mannose receptor

2 (MRC2), appeared to be significantly high.

Amongst soluble proteins, a peptide belonging to ADAMTS15 with a cleavage in the spacer
region at S|N830 was identified. Moreover, CCN2 is already known to be cleaved by different
MMPs at the hinge region for the release of biologically active fragments (Kaasboll et al., 2018).
The TAILS data identified 2 more consecutive cleavages within the hinge region at L|E185 and

E|D186. Of note, MRC2 has recently been identified as an iRhoml1-dependent substrate of
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membrane-bound ADAM17 (Tushaus et al., 2021), however here, two cleavage sites within
the ectodomain were found at G|A514 and A|E516. Out of which G|A514 was GW sensitive.
Additionally, another interesting site within the propeptide of ADAMS8 at H|L139 also appeared
to be inhibited in the presence of GW. The molecular functions and Reactome analysis of
upregulated proteins in the case of conditioned media-treated cells also revealed the
involvement of these proteins in the ECM development and degradation, collagen binding, cell
migration, growth factor binding, signaling, and roles in immune response (Supplementary
figure 1). A list of all the molecular functions and the pathways analysis is attached in the

supplementary information (Supplementary table 1).

90



Results

A

MDA-MB-231 WT

MDA-MB-231 WT

+GW

ORI
< t':'-’:‘\x\--—lf‘.

= ""\\
\ﬂ‘.‘\\\--.

conditioned l l
media transfer

MDA-MB-231

MDA-MB-231
hABKO

e

Concentrated
conditioned media
n=3TR

TMT
multiplexing

Sample pooling and
Tryptic digestion

:

Desalting of tryptic
peptides

.

N-terminal peptide enrichment

v

LC-MS/MS analysis

hAB KO+CM+GW hAS KO+CM

MMP1_||D254 ®IGFEP3_A|S30
-

‘ N

MMP1 _D|D252
-

-
. GONZ_E[D185 0 , # . *
; ~Na _HIL12a
., ™ -
by ‘;. ol Ll S EMP4_R|5203
LeALR Mkise—g® W 0166_CIE383
pa.c - ',’"' Wawms_smaan
By * /| coies_orass.
CCNZ_LIE18S
MRC2_GIAS14

-log10_p-value
+
‘.

=

4 2 0 2
log2_fold-change: hA8 KO+CM vs hA8 KO+CM+GW

8-

-log10_p-value
i T

L)
1

=

B

* ADAMTS15_S|NB30
MMP1 _C|D279

hAB KO+CM vs
hA8 KO+CM+GW

hA8 KO+CM vs
hAS8 KO

% ADAMS_HIL139

CD166 _T|A487
# MMP1_1|D254
BMP4_R|S293

# MRCZ2_G|A514
PRSS23_R|Q129
MMP1 “N|G327
DKKT_Q[T76
ADAME A|E158
GSN_A|S35
NECTIN3_CTlv247
GSN_R|G33
NEOQ1_R|S36
FSTLI_V|L52
GSN_G|A34
BSG _M|E293
FSTC3 LV51
IGFBP4_A|I25
DKK1_K[YT74

* MRC2_A|E516
CALR "M|K358
SDC4_TIE25

#* CCN2_E|D186
LOXLZ_E[Y44
SDC4_E|V26
GSM_T|S411
HBEGF R|D63
LTBP1_V|A551
IGFBPT_R|K95
ICAM1 T|A280
CD99_GIVI9
ADAM15 TAIG27
LGALS1_N|S63

7
ADAM9_GIT102
THBS1 N|G471

CTSE D|L78
THBS1_E|H840
HLA-A _RIFG0
SFN TK|G28
MTDH_G|N403
CDY3_ADS7
BCAP31_D|G165
SFN_L|S6E3

€3 _RIS672

c3 CIE1538

SPOCKZ_K|K328

C3 RIE955
COL5A1 G|D659
CAST_GIE330
HDGF_P|L191
QSOX1R|D646
THBS1_G|D831
COL4A2 GIF1354
CCL20_A|S28
CFB_RIK260
LAMC2G|D435
CSF1_RID396
€3 R|S1321
ITGAB_R|E942
ADAMB ~G[T166
LOXLZK|A318
C3 R|5749
C37LIS968

hAB KO hAS KO+CM

* ° mmei_cpzre

L] MMPI_I|B254

.’/-—-MMP1_D|DZM

© @ ADAME_AJE15E
"“‘-wunaun_muag

" T2 orees Lichz

. e "
o Fonntma. CCNZ_EIDEE Mg 80V cilr_wkass
& : & o THES1_HINS41
b . y
i i ®yRCZ_AESTE
- O .
‘ [

TaFB2_RIAID
D CALR_KDIsEs N ©

i

CNZ_LIE185

T - i T
2 0 2
log2_fold-change: hA8 KO+CM vs hA8 KO

Figure 29: Novel endogenous substrate of ADAM8 and ADAM17

A) For identification of potential new substrates of SADAM17, hABKO MDA-MB-231 cells were supplied with
conditioned media with or without 3uM GW collected from WT cells. The secretome was then harvested and
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concentrated. 3 technical replicates from each sample were subjected to TMT-labelling and tryptic digestion.
Further, the N-terminally labeled peptides were enriched and subjected to analysis via LC-MS/MS (B) Heatmap
generated for the top 35 highest (blue) and least (red) abundant peptides in the hA8 KO cells with CM compared to
hA8 KO+CM+GW and hA8 KO. Potential new substrates of SADAM17 are marked with a green asterisk (log2 fold
change = 0.585 or < -0.585) with the p-value < 0.01. (C) Volcano plot showing all TAILS identified proteolytic events
in hABKO+CM compared to hABKO+CM+GW and (D) to hA8 KO cells. Gray dotted lines represent threshold values
(log2 fold change =+0.585) with the p-value = 0.01. Extracellular peptides are represented with darker blue or red

filling.
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4. Discussion

The membrane-bound ADAML17 is one of the major metalloproteases to initiate cell signaling
via ectodomain shedding. Numerous studies conducted to characterize the membrane-bound
ADAML17 concerning its substrates, inhibitors, and adaptor proteins have been reviewed in
detail (Calligaris et al., 2021; Scheller et al., 2011; Schumacher & Rose-John, 2022; Zunke &
Rose-John, 2017). Regarding maturation, regulation, and substrate selectivity, iRhom1 and
iRhom2 play crucial roles in the biological function of membrane-bound ADAM17 (Adrain et
al., 2012; Grieve et al., 2017; Maretzky et al., 2013). Therefore, the interactome of membrane-
bound ADAM17 is not only restricted to its substrates but also includes the interplay with its
adaptor proteins like iRhom1/2. In terms of substrate processing, membrane-bound ADAM17
possesses its individual and shared substrate pool with ADAM10, membrane-type-I matrix
metalloprotease (MT1 MMP), and meprin 3. The shared pool includes proteins like APP (Asai
et al.,, 2003; Higashi & Miyazaki, 2003; Jefferson et al., 2011), IL6R (Arnold et al., 2017;
Riethmueller et al., 2016), etc. Additionally, ADAM8 and ADAM17 have shown an overlapping
substrate spectrum including the shedding of TNF-R1 (Bartsch et al., 2010), APP, L-selectin,
and TGF-a (Naus et al., 2006).

The complexity of the protease web increases when the proteases themselves get shed from
the plasma membrane and released as soluble forms. Interestingly, ADAM10, ADAM17, and
MT1-MMP have been shown to shed pro-meprin B resulting in a soluble meprin 8 that can
reach a distant substrate pool (Hahn et al., 2003; Werny et al., 2022; Wichert et al., 2017). In
a similar line, other metalloproteases like ADAM9 and 15 have been implicated in the shedding
of ADAM10 (Tousseyn et al., 2009). These data insinuated that the reported ADAM17 activities
in the blood plasma (Sun et al., 2014) and cerebrospinal fluid (Conrad et al., 2017) could very
well be an effect of shed ADAM17. Of note, decreased levels of mature ADAM17 at the cell
surface have been reported as a consequence of the exosomal release of ADAM17, which is
then able to perform its shedding functions distantly (Groth et al., 2016). However, little was
known about the proteolytic release of soluble ADAM17, until the discovery of ADAM8 as a
sheddase of membrane-bound ADAM17 (Scharfenberg et al.,, 2020). The experiments
conducted in the TNBC cells (MDA-MB-231), indicated a direct correlation between the
expression levels of ADAM8 and ADAM17 (Scharfenberg et al.,, 2020). Altogether, the
overlapping substrate pool and the reported protein-protein interaction hinted towards the
interplay between ADAM8 and ADAM17 and their consequent participation in homeostasis
and pathophysiology. Based on these observations the main motive of this study was to
investigate where the shedding of ADAM17 occurs, further, to identify the involvement of the
interacting proteins partners in the regulation of soluble ADAM17, and to explore the functional
repertoire of soluble ADAM17.
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4.1 Shedding of ADAM17 occurs majorly in the secretory pathway

Typically, ectodomain shedding occurs at the cell surface, however, many metalloproteases
have been known to be active in the trans-Golgi-network and secretory pathway (Lichtenthaler
et al., 2018). In that line, in the preceding research, ADAM8 mediated shedding of ADAM17
for the murine-overexpression constructs was probed in the presence of various ADAMS8
specific and cell-permeable inhibitors and the results suggested that shedding of ADAM17
partially occurs in the secretory pathway (Scharfenberg et al., 2020). This suggested that both
molecules interact already within the secretory pathway and on the cell surface. However, clear

scientific evidence to prove the early interaction of ADAM8 and ADAM17 was still required.

In triple-negative breast cancer, the individual involvement of ADAM17 (McGowan et al., 2013;
Zheng et al., 2009) and ADAMS8 (Conrad et al., 2018; Cook et al., 2022; Romagnoli et al., 2014)
have been investigated in terms of proliferation, invasion, and metastasis. Inhibiting either
ADAM8 or ADAM17 leads to anti-metastatic effects. Additionally, decreased levels of
SADAML17 in the supernatant of MDA-MD-231 cells without ADAM8 have been observed
(Scharfenberg et al., 2020) Therefore, MDA-MB-231 cells endogenously expressing ADAM8
and ADAM17 were employed to further elucidate the colocalization of both the ADAMs via
immunofluorescence analysis. Indeed, the immunofluorescence data confirmed the co-
localization of ADAM17 and ADAMS8 on the plasma membrane and within the secretory
pathway. Of note, it was shown that certain stimuli, such as PMA, are required to enhance the
cell surface presence of mature ADAM17 (Doedens & Black, 2000; Lorenzen et al., 2016). In
the current study, however, sufficient staining was achieved to detect cell surface ADAM17
without external stimulation. For ADAMS8, which is usually found on the plasma membrane and
the secretory pathway, it was demonstrated that autocatalytic processing is not a prerequisite
for its cell surface localization (Schlomann et al., 2002). However, the current
immunofluorescence images showed the signals for the catalytically inactive variant of ADAM8
were restricted to the secretory pathway resulting in less colocalization with ADAM17 on the
cell surface. However, it cannot be denied that an overall low expression of ADAM8 was
observed in hA8 E>Q cells. Together with the data obtained from immunofluorescence images
and cell surface biotinylation, the mature ADAM17 was found to be present on the cell surface
in all three conditions. However, ADAMS8 could not be detected after the biotinylation, perhaps
due to antibody’s limitation or insufficient biotinylation. Additionally, within the ER, the
colocalization of ADAM17 and ADAMS is independent of the catalytic activity of ADAMS.
Perhaps the interaction of ADAM17 and ADAMS also occurs through their disintegrin domain
and the metalloprotease domain of ADAMS is dispensable for this interaction. Nonetheless,
this should be further verified. From the immunofluorescence data, it is evident that ADAM17

and ADAMS start interacting early in the secretory pathway. The staining within and outside
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the ER compartment suggests that ADAM8 and ADAML17 interact throughout the secretory

pathway and on the cell surface.

Furthermore, the inhibition of ADAM8-mediated shedding of overexpressed human ADAM17
was only achieved by the membrane permeable metal chelator 1,10-phenanthroline and
trafficking inhibitor Brefeldin A (BFA) but not in the presence of EDTA. Since BFA treatment
ruptures the ER to Golgi to trafficking mechanism, the autocatalytic maturation of ADAMS8 in
the trans-Golgi-network would not be possible. This could have caused the failure of ADAMS-
mediated shedding of ADAM17 in post-ER compartments. This supports the previous study
where the shedding of ADAM17 was inhibited only in the secretory pathway (Scharfenberg et
al., 2020). Taken together, ADAMS is indeed one of the major sheddases that soon after its
activation, sheds ADAM17 predominantly within the secretory compartments. Additionally, the
shedding of ADAM17 in hA8 KO MDA-MB-231 cells resulted in slightly less soluble ADAM17
in the supernatant as compared to the WT cells, which aligns with the previous finding that the
absence of ADAMS8 does not completely abolish the shedding of ADAM17 (Scharfenberg et
al., 2020). The ADAMS8 independent shedding however was only significantly inhibited by 1,10-
phenanthroline. Perhaps, in the absence of ADAMS8, basal shedding of ADAM17 resulting from
autocatalytic release of its ectodomain or shedding by other proteases could also occur.
However, this needs to be further elucidated by identifying the ADAMS8-dependent and
independent cleavage sites within the ectodomain of ADAM17 since cleavage fragments

created by distinct proteases could be different.

4.2 iRhom1/2 do not participate in the shedding and maturation of SADAM17

The paradigm for the regulation and routine functioning of membrane-bound ADAM17 involves
iRhom1 and iRhom2 as regulatory proteins (Adrain & Freeman, 2012; Burzenski et al., 2021,
Calligaris et al., 2021). In associated pathologies like inflammation and cancer, mutations in
iRhom2 and ADAM17 genes highlighted the importance of their interaction (Dusterhoft et al.,
2019). iRhom2 is essential for the forward trafficking and subsequent maturation of ADAM17
in the Golgi network by removal of its pro-domain (Adrain et al., 2012; Christova et al., 2013).
Membrane-bound ADAML17 exists in its pro-form and retains in the ER in the absence of
iRhom2. On the other hand, in the absence of ADAM17, no iRhom2 is detectable; suggesting
that ADAM17 is an important factor in the stabilization of iRhom2 itself (Adrain et al., 2012;
Mcllwain et al., 2012; Weskamp et al., 2020). Additionally, iRhom1 is reported to be highly
upregulated in breast cancer cells, MDA-MB-231 and its deletion or knockdown promotes
apoptosis and inhibits migration and invasion in vitro (Huang et al., 2018; Zhang et al., 2018).
In another study, the silencing of iRhoml leads to reduced maturation of ADAM17 in MDA-
MB-231 cells (Li et al., 2018). In the current study, the shedding of ADAM17 has already been
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observed in TNBC cells endogenously expressing iRhoml. Thus, a detailed inspection of

iRhom1/2 involvement in the shedding of ADAM17 was further conducted.

Herein, mEF cells endogenously expressing iRhom1/2 were analyzed and compared with its
variants without iRhom1/2 and cells stably expressing iRhom2 mutants. To confirm the signal
specificity of the mature ADAM17 in the lysate and supernatant, an HA-tag was introduced, C-
terminal to the furin cleavage site in the pro-domain of membrane-bound ADAM17.
Interestingly, the iRhom1/2” mEF cells transfected with mADAM17 PD_HA, a weak band for
the matured ADAM17 was observed by employing ADAM17 N-terminal specific antibody
(10.3). However, only the pro-form was detected with the antibody against the HA-tag and flag-
tag. Intriguingly, in the cell-supernatant of WT and iRhom1/2” mEF cells, the mature-soluble
form of ADAM17 was detected at ~70kDa. In this study, it was observed that often in the mEF
cells system, applying ADAM17 specific antibody for the detection of SADAM17, an unspecific
band appears at ~70 kDa, exactly where the signal for SADAM17 appears in the supernatant.
This issue was successfully resolved by transfecting the cells with mADAM17 PD_HA, as the
detection by antibody against HA-tag confirmed the signal specificity for mature soluble
ADAML17 at ~70 kDa. The detection of the soluble ADAM17 with the HA-tag supported the fact
that the released ectodomain is processed by furin or other pro-protein convertases in the
absence of iRhom1/2. Although iRhomz2 is significant for the regulation of ADAM17 in most of
the immune cells, the pro-ADAM17 isolated from iRhom2 deficient bone marrow-derived
macrophages could be activated by adding recombinant furin (Adrain et al., 2012). This directs
towards a possible hypothesis, that in the absence of iRhom1/2, the sheddase of ADAM17,
most likely ADAMS8, could rescue the ER-retained ADAM17 and promote the trafficking
towards the Golgi network. The evident protein-protein interaction and colocalization of
ADAMS8 and ADAML17 in the early secretory pathway further support this hypothesis. If a pro-
form of SADAML17 is released from ER or cis-Golgi network, possibly, an iRhom-independent

maturation of SADAML17 could occur in the later secretory pathway (Figure 30).

The phosphorylation of the cytoplasmic domain of iRhom2 causes conformational changes in
the ADAM17-iRhom2 complex, resulting in the separation of ADAM17 from this complex for
the shedding of its substrates (Adrain & Cavadas, 2020; Cavadas et al., 2017; Grieve et al.,
2017). Grieve et al., have identified the importance of the N-terminal tail of iRhoms for the
stability of ADAM17 at the cell surface to prevent it from lysosomal degradation but for the
trafficking and maturation of ADAM17, iRhom homology domain (IRHD) is significant (Grieve
et al.,, 2017). Moreover, the iRhom tail-associated proteins (iTAPs) stabilize this complex
further, ADAM17-iRhom2 complex meets its fate via lysosomal degradation (Oikonomidi et al.,
2018). Therefore, another possibility could be that the shedding of ADAM17 at the cell surface
takes place after its separation from the ADAM17-iRhom2 complex because of the
phosphorylation of cytoplasmic N-terminal tail of iRhom2 upon stimulation by GPCR or PMA.
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Perhaps apart from keeping ADAM17 in a switched-off state until the stimulation, iRhom2
protects ADAM17 from shedding by forming this stable complex. Possibly, in the current
experiments, the endogenous levels of iRhoms in the wild-type cells were not enough to
prevent the shedding of overexpressed ADAML17. However, upon stably transfecting the
iRhom1/2" mEF cells with iRhom2, the shedding of ADAM17 still occurred but with a slightly
lower intensity. Thus, iRhoms and their phosphorylation do not play a significant role in the
shedding of ADAM17 and the maturation of the soluble ADAM17.
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Figure 30: A predicted pathway for iRhom independent shedding of ADAM17

Schematic depiction of possible shedding pathway of (A) Shedding scenario in wildtype cells with iRhom1/2. The
interaction of ADAM17 and its sheddase (mostly ADAMS) in the ER. The complex of ADAM17 and ADAMS gets
trafficked to Golgi in an iRhom1/2 mediated way. After the autoactivation of ADAMS8 in the TGN, the shedding of
ADAM17 occurs predominantly in the secretory pathway. Since the phosphorylation of iRhom2 does not affect
shedding at the cell surface, shedding could occur before or after the release of membrane-bound ADAM17 from
iRhom/ADAM17 complex. (B) In the absence of iRhom1/2, the proform of ADAM17 gets trafficked forward in the
secretory pathway via its strong interaction with ADAMS8 or other sheddases. After the autoactivation of ADAMS,
the membrane-bound ADAM17 gets shed in the Golgi network. After the shedding, the SADAM17 gets released
into the ECM.
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4.3 Expression of catalytically active, soluble ADAM17

Several studies showed that the cytoplasmic domain of ADAM17 is dispensable for its
stimulated phosphorylation for its activity (Hall & Blobel, 2012; Le Gall et al., 2010). Previously,
it was also shown that the complete deletion of the C-terminal domain of ADAML17 results in
the loss of shedding activity of ADAM17 without influencing its cellular localization, however,
the majority of the cytoplasmic domain is not required for the activity of ADAM17 (Schwarz et
al., 2013). The present work showed the release of proteolytically generated mature and
soluble ADAM17 in different mammalian cell lines. Furthermore, the proteolytic activity of
SsADAM17 was confirmed against ADAM17-specific peptides in vitro. The persisting proteolytic
properties suggested that sADAM17 might have similar cleavage preferences like its
membrane-bound counterpart. Additionally, here the shedding of ADAM17 occurs majorly
within the secretory pathway. Therefore, SADAM17 can process its substrate in the secretory
pathway as well. This was addressed by the generation of overexpressing murine soluble
ADAML17 construct. Before analyzing the shedding capacity of the overexpressing sADAM17,
the overexpression construct was first characterized in the ADAM10/177 HEK293T cells. The
secretion of overexpressing SADAM17 was compared to endogenously shed ADAM17 from
cells transfected with mADAM17 WT. The sADAM17 in the conditioned media in both

approaches showed comparable proteolytic activity against TNF-a based fluorogenic peptide.

Additionally, one of the most important post-translational modifications of proteins is
glycosylation. Glycosylation can influence the folding, cellular localization, secretion,
activation, and stability of proteases (Goettig, 2016). The study performed to check the impact
of glycosylation on activation and inhibition of ADAM17, involved the expression of the catalytic
domain and ectodomain of ADAM17 in insect and mammalian cells and found out the heavily
glycosylated catalytic and ectodomains of ADAM17 to be more efficient in substrate binding
(Chavaroche et al., 2014). In the present study, the glycosylation pattern of the overexpressed
sADAML17 in the cell-supernatant mimicked that of endogenously shed ADAM17 from the cells
transfected with mADAM17 WT. Indeed, soluble ADAM17 carries complex glycans added in
the Golgi. Furthermore, the generation of complex glycosylated sADAM17 in the absence of
iRhom1 and 2 confirms the independent trafficking of SADAM17 from ER to Golgi while
attaining the necessary glycans. Altogether, the characterization data for SADAM17 suggests
the release of a properly folded, mature, and proteolytically functional protein into the ECM.
This also highlighted that the ectodomain of ADAM17 itself is sufficient for its trafficking through

the secretory pathway and its proteolytic activity.
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4.4 sADAM17 is capable of shedding EGFR ligands in a substrate-dependent

manner

In the previous study performed with recombinant soluble ADAM17, the proteolytic activity was
observed against several soluble ECM proteins such as soluble N-cadherin, cystatin-C, and
sAPP and shedding function against APP695 (Scharfenberg et al., 2020). However, the
shedding of APP695 was suspected to be caused by non-physiological high levels of soluble
ADAM17 (Scharfenberg et al., 2020). ADAM17 is actively involved in EGFR signaling, an
extremely important signaling pathway for mammalian development and pathologies (Blobel,
2005; Hosur et al., 2018; Sahin et al., 2004). In this study, EGFR ligands that are known
substrates of membrane-bound ADAM17 and ADAM10 were investigated in ADAM10/177"
HEK293T cells. Surprisingly, upon co-expression, soluble ADAM17 displayed persisting
shedding capacity against not only AREG and EREG but also against betacellulin which is a
known ADAM10 substrate and not cleaved by membrane-bound ADAM17. However, HB-EGF,
a well-defined substrate of ADAM17, was not effectively shed by SADAM17 in ADAM10/177
HEK293T cells. The conditioned media enriched with proteolytically released sADAM17
revealed AREG, EREG, BTC, and TGF-a as the substrates to sADAM17 also in trans.
Altogether, this implies that the shedding of EGFR ligands is a time and concentration-
dependent process. Correspondingly, SADAM17 persists in shedding capacity in a substrate-
dependent manner and possesses a discrete substrate pool but also a shared substrate pool
with its membrane-bound counterpart. As mentioned earlier, previous studies reported that
most of the cytoplasmic domain of ADAML17 is not required for its rapid activation and its
stimulated activity against TNF-a and TGF-a (Hall & Blobel, 2012; Schwarz et al., 2013).
However, trimming down the cytoplasmic domain of ADAM17 resulted in a depletion of
ADAM17/EGFR signaling in mice (Lora et al.,, 2021). Though the C-terminal domain is
dispensable for the stimulation of ADAM17, its deletion led to drastically decreased levels of
ADAM17 and hypomorphic phenotype in mice like heart valve disease and open eye lids (Lora
et al.,, 2021). Nonetheless, the data presented in the current study suggests the constitutive
shedding via SADAM17 at similar or even higher levels as compared to membrane-bound
ADAM17. Moreover, the ectodomain of ADAM17 could be sufficient for the activation of the

signaling pathway independent of its TMD and its cytoplasmic domain.

4.5 sADAM17 sheds AREG and HB-EGF independent of iRhom1/2

iRhoms are not only involved in the regulation of membrane-bound ADAM17, they reportedly
control the substrate selectivity of ADAM17 (Maretzky et al., 2013). This selective shedding of
the substrates depends on the interaction of iRhom2 and ADAM17 through their trans-
membrane domains and juxtamembrane domains (Li et al., 2017; Tang et al., 2020). Of note,
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iRhoml and iRhom2 are reported to regulate ADAM17-mediated EGFR signaling during
developmental stages and pathologies in mice (Issuree et al., 2013; Li et al., 2015; Maretzky
etal., 2013). Regarding the iRhom2/ADAM17 axis, three studies came out simultaneously, two
of which supported the fact that the mutations in the cytoplasmic domain of iRhom2 lead to
decreased ADAM17-mediated shedding of AREG (Brooke et al., 2014; Siggs et al., 2014).
However, the third study with the cub-mutation in iRhom2 (mutation in the cytoplasmic tail),
observed an increased shedding of AREG, but could not identify the source of the elevated
shedding (Hosur et al., 2014). According to them, iRhom2 does not regulate EGFR ligands
through the regulation of ADAM17, but AREG is a legitimate target of iRhom2 (Burzenski et
al., 2021; Hosur et al., 2014). The IRHD domain of iRhom2 is extremely important for ADAM17 -
mediated EGFR signaling (Adrain & Cavadas, 2020; Dusterhoft et al., 2021; Grieve et al.,
2017).

It has been highlighted that in the absence of iRhom2, the shedding of two EGFR ligands;
AREG and HB-EGF is disabled but is unaffected for TGF-a (Li et al., 2017; Maretzky et al.,
2013). In fact, ADAM17-mediated shedding of TGF-a is dependent on iRhom1 which affects
the breast cancer progression (Ji et al., 2022; Li et al., 2018). Due to the significant role of
iRhoms in the EGFR signaling via ADAML17, it was investigated whether iRhoms could still
participate in the shedding of AREG and HB-EGF via soluble ADAML17. In contrast to previous
findings, data in the present study showed in the cells without iRhom1/2, AREG gets
significantly shed by SADAM17 only upon co-expression. On the other hand, HB-EGF gets
shed when co-expressed with SADAM17 and with proteolytically released sADAM17 is
supplied through conditioned media in trans. Intriguingly, the shedding of HB-EGF with
sADAML17 in the absence of iRhom1/2 contrasted with no shedding at all in the case of
ADAM10/17" HEK293T cells. From the current study, it can be derived that the shedding of
AREG could take place majorly in the secretory pathway. On the contrary, the shedding of HB-

EGF occurs in the secretory pathway and more at the cell surface by SADAM17.

As stated earlier, iRhoms and ADAM17 are known to exist in a tight complex on the cell
surface, and ADAM17-mediated shedding only takes place upon release of ADAM17 from this
complex due to external stimuli like phorbol esters is required for the separation-mediated
activation of ADAM17 (Cavadas et al., 2017). Additionally, it has been reported that longer
stimulation by PMA results in the downregulation of mature ADAM17 from the cell surface and
leads to exosomal release or its internalization and subsequent lysosomal degradation (Groth
et al., 2016; Lorenzen et al., 2016). In a more recent proof of concept study, computer-based
modeling was employed to deduce the possible mechanism of substrate selectivity of
stimulated ADAM17 via transmembrane domains of iRhom1/2. For this, two EGFR ligands,
TGF-a and EREG were analyzed for their interaction with iRhom1 or 2 and their consequent
interaction with ADAM17 for the shedding (Zhao et al., 2023). However, in the currently shown
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data, a basal shedding of HB-EGF without external stimulation via PMA or other physiological

stimulators is observed even in the absence of iRhom1/2.

Interestingly, it has been shown that the transmembrane domains (TMD) of ADAM17 and
iRhoms are important for their interaction, and by replacing the TMD or the C-terminal domain
(CTD) of ADAM17 with that of betacellulin, the maturation and trafficking of ADAM17 becomes
independent of iRhoms (Tang et al., 2020). Furthermore, the constitutive shedding activity of
ADAM17/BTC chimera, against TGF-a, suggested that iRhoms are not significant for the
ectodomain shedding via ADAM17/BTC chimera. It was further proposed that iRhoms are not
necessary for the proper folding and functioning of the extracellular domain of ADAM17 (Tang
et al., 2020). Taken together, it is obvious that the ectodomain of ADAM17 does not participate
in the interaction with iRhom2. The substrate selectivity of SADAM17 is not governed by
iRhoms at least in the case of EGFR ligands; AREG and HB-EGF indicating a possible cis-
trans EGFR-signaling pathway independent of iRhoms. Furthermore, the EGFR signaling in

the tissues or cells deficient in iRhoms can be rescued by sADAM17.

4.6 Potential physiological roles of SADAML17 in triple-negative breast cancer

The prognosis of triple-negative breast cancer is difficult since it fails to express the detection
markers; Oestrogen receptor (ER), progesterone receptor (PR), and HER2 (Brenton et al.,
2005). Hence, targeted therapy in this subtype is extremely challenging. Several studies
reported elevated expression of ADAMS8 resulting in invasion and metastasis of TNBC
(Romagnoli et al., 2014). Whereas, in other studies, ADAM17 was targeted with inhibitor
antibodies to inhibit EGFR signaling and suppress tumor growth (Caiazza et al., 2015; Saha
et al., 2022). In a recent study performed with co-cultures, it was reported that a paracrine
EGFR signaling mediated feedback loop induces cell invasion of aggressive breast cancer
cells. Where the ADAM17 expressed by cancer cells mediates EGFR signaling by the release
of HB-EGF or AREG which in turn induces the secretion of chemokines by macrophages that
promotes cell invasion (Gnosa et al., 2022). This observation of paracrine signaling between
the two different cell populations can be substantiated by the current observation of EGFR
ligand shedding via SADAM17 in cis and trans. The reported cell-invasion properties could very

well be facilitated by SADAM17 present in the culture medium.

In an attempt to identify the potential serum markers, the secretome from the 3D culture of
MDA-MB-231 cells was also analyzed for the abundance of secreted proteins (Ziegler et al.,
2016). This mass-spectroscopy analysis identified proteins belonging to different groups like
ECM, growth factors, proteases, and their inhibitor and IGFBPs (Ziegler et al., 2016). However,
a thorough analysis of the cleavage events that led to various cellular processes like

angiogenesis, invasion, metastasis, etc. was yet to be done.
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In the present work, the secretome of variants of MDA-MB-231 cells was analyzed via the N-
terminomics TAILS approach. Upon comparing WT cells to hA8 KO and hA8 E>Q cells, several
peptides were identified to be potentially generated by ADAM8-mediated activity. ADAMS8 can
autocatalytically cleave off its pro-domain for its activation, this active form can be further
processed and release the metalloprotease domain into the extracellular matrix, leaving a
remnant form attached to the membrane (Schlomann et al., 2002). The soluble ADAMS8
comprising the metalloprotease domain is known to further interact and cleave the ECM
proteins in the tumour microenvironment (Conrad et al., 2019; Conrad et al., 2018). From the
currently obtained data, in HLA-A or MHC-I, the cleavage was recognized within the alpha 1
chain. HLA-A presents the antigen on the cell surface and the cleavage within the alpha 1
chain could disrupt the peptide binding pocket of HLA-A. Of note, the alpha 1 chain of HLA-A
is required to interact with a component of the peptide loading complex (PLC), CALR to achieve
proper folding and to create an immune response (Dersh et al., 2021; Rizvi et al., 2011). The
C-terminal domain of CALR is responsible for mediating the Ca2+-dependent pathway
(Nakamura et al., 2001) and phagocytosis of apoptotic cells (Wijeyesakere et al., 2016).
Additionally, the frameshift mutations in the C-terminal domain of CALR result in the loss of
ER retention signal KDEL, which ultimately affects the peptide loading of HLA-A (Arshad &
Cresswell, 2018). Interestingly, from current data, two cleavages of 17 amino acids before the
frame shift mutation site were identified within the C-terminal domain of CALR. For THBS1,
bone morphogenic protein 1 (BMP1) cleaves the protein into two fragments that affect the
activation of TGFB via THBS1 (Anastasi et al.,, 2020). Here, N-terminomics identified a
cleavage within the calcium-binding domain which might affect cell adhesion and motility. A C-
terminal cleavage was also seen in IGFBP3. On the other hand, in LTBP1, the cleavage site
was found to be more N-terminal between EGF-like 2 and TB1 domain, far from the TGF-f
binding site (Gleizes et al., 1996; Saharinen et al., 1996). Intriguingly, several MMP1 peptides
were found to be upregulated in the secretome of hA8 E>Q cells as compared to hA8 KO cells.
Perhaps, ADAM8 possesses additional non-proteolytic functions and contributes within the
ECM via upregulation of certain proteins, hence the activation of ADAM8 is not necessary.
Moreover, some cleavage events like cleavage within the propeptide of ADAMS8 (H|L139) and
cleavage in the spacer region of ADAMTS15 (S|N830) appeared to be upregulated in the WT
cells against the cells with GW as ADAM17 inhibitor.

Furthermore, for the identification of potential SADAM17 substrates, the hA8 KO cells were
treated with conditioned media (CM) enriched with proteolytically released sADAM17 by WT
cells. The secretomes of cells treated with CM were compared to the cells without CM and
cells with CM and GW. Here, the upregulated cleaved peptide in the secretome of CM treated
cells was supposed to have major cleavage events from sADAM17 and a few events by

ADAMS8 and ADAM17. With this approach, a few more interesting extracellular proteins were
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identified as potential SADAM17 substrates like CCN2, ADAMTS15, MRC2, and ADAMS.
CCN2 also known as connective tissue growth factor (CTGF) is highly expressed in TNBC
cells and is reported to contribute to augmenting migration of TNBC cells via the integrin av33-
ERK1/2 pathway (Chen et al., 2007). Moreover, upon binding to integrin avf3, CCN2 induces
upregulation of Glut3 resulting in poor survival rates (Kim et al., 2021). Of note, full-length
CCN2 is a soluble protein consisting of four domains and needs to be proteolytically processed
to release an active fragment. This processing takes place by cleavage mediated by MMPs
(7,8,12 and 13) in the so-called “Hinge region” (Hashimoto et al., 2002; Kaasboll et al., 2018).
Besides known cleavage sites, the present data identified two new additional cleavage events
within the hinge region, adjacent to the MMP13 cleavage site. Furthermore, ADAMTS15 is a
secreted ECM protein that depending upon the tumour microenvironment can function pro or
anti-metastatic way (Kelwick et al., 2015). From N-terminomics data a cleavage within the
spacer region was noted, however, how this cleavage can affect the ADAMTS15 activity needs
to be elucidated. For MRC2, also known as Endo180, two cleavages were found closer to the
N-terminal between C-lectin 2 and 3 domains. Of note, the soluble form of MRC2 is reported
to be an efficient marker in the metastatic TNBC cells (Palmieri et al., 2013). Recently, it was
reported that membrane-bound ADAM17 sheds MRC2 in an iRhoml-dependent manner
(Tushaus et al., 2021). Apart from the above-mentioned cleavage events, several sites in
CD166 (ALCAM) were also recognized. CD166 is already a known substrate of membrane-
bound ADAM17 (Bech-Serra et al., 2006; Santiago-Josefat et al., 2007). The functional and
reactome enrichment analysis of the upregulated extracellular proteins revealed the
involvement of most of the proteins like THBS1, PXDN, IGFBP3, CALR, LTBP1, and ADAM8
in ECM organization. Several other functions like binding to fibronectin, integrin binding, and

Ca?* binding also suggest the role of these proteins in the migration and mobility of the cells.
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4.7 Summary and Outlook

In sum, considering the results obtained from in vitro experiments, the shedding of ADAM17 is
not just a process to downregulate cell surface ADAM17, rather it enables soluble ADAM17 to
access the substrates in close cellular vicinity and at a distance as well. ADAMS is the major
sheddase of ADAM17, however with the observation of ADAMS8 independent shedding of
ADAML17, further investigation to identify the cleavage site within the ectodomain would clarify
the processing of ADAM17 by different sheddases. Nonetheless, in therapeutic terms, the
activity of SADAML17 in pathologies can be reduced by targeting ADAMS8 activity. The iRhom
independent trafficking and maturation of soluble ADAM17 hints towards a different possible
mechanism for the regulation of SADAM17 which needs to be further elucidated. Regarding
the substrate repertoire, the in vitro experiments exhibited that SADAM17 certainly does not
require iRhoms for substrate selectivity and processing. However, the mechanism of substrate
accessibility could be entirely different than that of membrane-bound ADAM17. Additionally,
the sADAM17-mediated shedding occurs in a substrate-dependent manner within the
secretory pathway and on the cell surface in cis and trans. N-terminomics TAILS approach
significantly facilitated in identification of putative novel substrates of SADAM17 in aggressive
breast cancer cells. This is another step towards a better understanding of the potential roles
of sSADAM17 in breast cancer-associated malignancies. However, the identified cleavage
events need to be further verified via in vitro assays and LC/MS analysis. Further in vitro tests
with the ADAM8 KO and ADAM17 KO cells for the analysis of migration and invasion capacity
in the presence or absence of SADAM17 must be performed via scratch test or co-culture
respectively. In addition to that, further in vivo or ex vivo experiments with appropriate mouse
models would provide a bigger picture of the physiological relevance of sADAM17 as
demonstrated for its membrane-bound counterpart. Figure 31 illustrates the possible role of
sADAML17 in the malignancies associated with breast cancer via signaling in cis (Figure 31 A),
signaling in trans by shedding the EGFR ligands in cis and trans (Figure 31B), and potential
role in the ECM degradation and remodeling (Figure 31C).
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Figure 31: Potential Physiological relevance of SADAM17

Schematic illustration of (A) Tumor microenvironment consisting of cancer cells, immune cells, and blood vessels
with invading cancer cells (B) ADAM8 mediated shedding of ADAM17 in the cancer cells (C) SADAM17-mediated
EGFR signaling in cis, initiating metastasis, proliferation, and invasion (D) SADAM17-mediated signaling in trans
via ligand shedding on the same cell and distant cell (E) sSADAM17-mediated ECM remodeling via cleavage of

soluble ECM proteins.

105



References

5. References

Adrain, C., & Cavadas, M. (2020). The complex life of rhomboid pseudoproteases. FEBS J,
287(19), 4261-4283. https://doi.org/10.1111/febs.15548

Adrain, C., & Freeman, M. (2012). New lives for old: evolution of pseudoenzyme function
illustrated by iRhoms. Nat Rev Mol Cell Biol, 13(8), 489-498.
https://doi.org/10.1038/nrm3392

Adrain, C., Zettl, M., Christova, Y., Taylor, N., & Freeman, M. (2012). Tumor necrosis factor
signaling requires iRhomz2 to promote trafficking and activation of TACE. Science,
335(6065), 225-228. https://doi.org/10.1126/science.1214400

Amour, A., Knight, C. G., English, W. R., Webster, A., Slocombe, P. M., Knauper, V.,
Docherty, A. J. P., Becherer, J. D., Blobel, C. P., & Murphy, G. (2002). The enzymatic
activity of ADAM8 and ADAMS9 is not regulated by TIMPs. FEBS Letters, 524(1-3),
154-158. https://doi.org/https://doi.org/10.1016/S0014-5793(02)03047-8

Amour, A., Slocombe, P. M., Webster, A., Butler, M., Knight, C. G., Smith, B. J., Stephens, P.
E., Shelley, C., Hutton, M., Kn&auper, V., Docherty, A. J., & Murphy, G. (1998). TNF-
alpha converting enzyme (TACE) is inhibited by TIMP-3. FEBS Lett, 435(1), 39-44.
https://doi.org/10.1016/s0014-5793(98)01031-x

Anastasi, C., Rousselle, P., Talantikite, M., Tessier, A., Cluzel, C., Bachmann, A., Mariano,
N., Dussoyer, M., Alcaraz, L. B., Fortin, L., Aubert, A., Delolme, F., El Kholti, N.,
Armengaud, J., Fournié, P., Auxenfans, C., Valcourt, U., Goff, S. V.-L., & Moali, C.
(2020). BMP-1 disrupts cell adhesion and enhances TGF-&#x3b2; activation through
cleavage of the matricellular protein thrombospondin-1. Science Signaling, 13(639),
eaba3880. https://doi.org/doi:10.1126/scisignal.aba3880

Arai, J., Otoyama, Y., Nozawa, H., Kato, N., & Yoshida, H. (2023). The immunological role of
ADAMs in the field of gastroenterological chronic inflammatory diseases and cancers:
a review. Oncogene, 42(8), 549-558. https://doi.org/10.1038/s41388-022-02583-5

Arnold, P., Boll, I., Rothaug, M., Schumacher, N., Schmidt, F., Wichert, R., Schneppenheim,
J., Lokau, J., Pickhinke, U., Koudelka, T., Tholey, A., Rabe, B., Scheller, J., Lucius,
R., Garbers, C., Rose-John, S., & Becker-Pauly, C. (2017). Meprin Metalloproteases
Generate Biologically Active Soluble Interleukin-6 Receptor to Induce Trans-
Signaling. Sci Rep, 7, 44053. https://doi.org/10.1038/srep44053

Arribas, J., Bech-Serra, J. J., & Santiago-Josefat, B. (2006). ADAMs, cell migration and
cancer. Cancer Metastasis Rev, 25(1), 57-68. https://doi.org/10.1007/s10555-006-
7889-6

Arshad, N., & Cresswell, P. (2018). Tumor-associated calreticulin variants functionally
compromise the peptide loading complex and impair its recruitment of MHC-I. J Biol
Chem, 293(25), 9555-9569. https://doi.org/10.1074/jbc.RA118.002836

Asai, M., Hattori, C., Szabo, B., Sasagawa, N., Maruyama, K., Tanuma, S., & Ishiura, S.
(2003). Putative function of ADAM9, ADAM10, and ADAM17 as APP alpha-
secretase. Biochem Biophys Res Commun, 301(1), 231-235.
https://doi.org/10.1016/s0006-291x(02)02999-6

Awan, T., Babendreyer, A., Mahmood Alvi, A., Dusterhoft, S., Lambertz, D., Bartsch, J. W.,
Liedtke, C., & Ludwig, A. (2021). Expression levels of the metalloproteinase ADAMS
critically regulate proliferation, migration and malignant signalling events in hepatoma
cells. J Cell Mol Med, 25(4), 1982-1999. https://doi.org/10.1111/jcmm.16015

Awan, T., Babendreyer, A., Wozniak, J., Alvi, A. M., Sterzer, V., Cook, L., Bartsch, J. W.,
Liedtke, C., Yildiz, D., & Ludwig, A. (2021). Expression of the Metalloproteinase
ADAMS Is Upregulated in Liver Inflammation Models and Enhances Cytokine
Release <i>In Vitro</i>. Mediators of Inflammation, 2021, 6665028.
https://doi.org/10.1155/2021/6665028

Balkwill, F. (2002). Tumor necrosis factor or tumor promoting factor? Cytokine Growth Factor
Rev, 13(2), 135-141. https://doi.org/10.1016/s1359-6101(01)00020-x

Baram, T., Oren, N., Erlichman, N., Meshel, T., & Ben-Baruch, A. (2022). Inflammation-
Driven Regulation of PD-L1 and PD-L2, and Their Cross-Interactions with Protective

106


https://doi.org/10.1111/febs.15548
https://doi.org/10.1038/nrm3392
https://doi.org/10.1126/science.1214400
https://doi.org/https:/doi.org/10.1016/S0014-5793(02)03047-8
https://doi.org/10.1016/s0014-5793(98)01031-x
https://doi.org/doi:10.1126/scisignal.aba3880
https://doi.org/10.1038/s41388-022-02583-5
https://doi.org/10.1038/srep44053
https://doi.org/10.1007/s10555-006-7889-6
https://doi.org/10.1007/s10555-006-7889-6
https://doi.org/10.1074/jbc.RA118.002836
https://doi.org/10.1016/s0006-291x(02)02999-6
https://doi.org/10.1111/jcmm.16015
https://doi.org/10.1155/2021/6665028
https://doi.org/10.1016/s1359-6101(01)00020-x

References

Soluble TNFa Receptors in Human Triple-Negative Breast Cancer. Cancers (Basel),
14(14). https://doi.org/10.3390/cancers14143513

Barr, P. J. (1991). Mammalian subtilisins: the long-sought dibasic processing endoproteases.
Cell, 66(1), 1-3. https://doi.org/10.1016/0092-8674(91)90129-m

Bartsch, J. W., Wildeboer, D., Koller, G., Naus, S., Rittger, A., Moss, M. L., Minai, Y., &
Jockusch, H. (2010). Tumor necrosis factor-alpha (TNF-alpha) regulates shedding of
TNF-alpha receptor 1 by the metalloprotease-disintegrin ADAMS: evidence for a
protease-regulated feedback loop in neuroprotection. J Neurosci, 30(36), 12210-
12218. https://doi.org/10.1523/jneurosci.1520-10.2010

Bax, D. V., Messent, A. J., Tart, J., van Hoang, M., Kott, J., Maciewicz, R. A., & Humphries,
M. J. (2004). Integrin o581 and ADAM-17 Interact in Vitro and Co-localize in Migrating
HelLa Cells*. Journal of Biological Chemistry, 279(21), 22377-22386.
https://doi.org/10.1074/jbc.M400180200

Bech-Serra, J. J., Santiago-Josefat, B., Esselens, C., Saftig, P., Baselga, J., Arribas, J., &
Canals, F. (2006). Proteomic identification of desmoglein 2 and activated leukocyte
cell adhesion molecule as substrates of ADAM17 and ADAM10 by difference gel
electrophoresis. Mol Cell Biol, 26(13), 5086-5095.
https://doi.org/10.1128/MCB.02380-05

Bell, J. H., Herrera, A. H., Li, Y., & Walcheck, B. (2007). Role of ADAM17 in the ectodomain
shedding of TNF-a and its receptors by neutrophils and macrophages. Journal of
Leukocyte Biology, 82(1), 173-176. https://doi.org/10.1189/jIb.0307193

Bertram, A., Lovric, S., Engel, A., Beese, M., Wyss, K., Hertel, B., Park, J. K., Becker, J. U.,
Kegel, J., Haller, H., Haubitz, M., & Kirsch, T. (2015). Circulating ADAM17 Level
Reflects Disease Activity in Proteinase-3 ANCA-Associated Vasculitis. J Am Soc
Nephrol, 26(11), 2860-2870. https://doi.org/10.1681/ASN.2014050477

Black, R. A., Rauch, C. T., Kozlosky, C. J., Peschon, J. J., Slack, J. L., Wolfson, M. F.,
Castner, B. J., Stocking, K. L., Reddy, P., Srinivasan, S., Nelson, N., Boiani, N.,
Schooley, K. A., Gerhart, M., Davis, R., Fitzner, J. N., Johnson, R. S., Paxton, R. J.,
March, C. J., & Cerretti, D. P. (1997). A metalloproteinase disintegrin that releases
tumour-necrosis factor-alpha from cells Nature, 385, 729-733.
https://doi.org/10.1038/385729a0

Blanchot-Jossic, F., Jarry, A., Masson, D., Bach-Ngohou, K., Paineau, J., Denis, M. G.,
Laboisse, C. L., & Mosnier, J. F. (2005). Up-regulated expression of ADAM17 in
human colon carcinoma: co-expression with EGFR in neoplastic and endothelial
cells. J Pathol, 207(2), 156-163. https://doi.org/10.1002/path.1814

Blobel, C. P. (2005). ADAMs: key components in EGFR signalling and development. Nat Rev
Mol Cell Biol, 6(1), 32-43. https://doi.org/10.1038/nrm1548

Blobel, C. P., Carpenter, G., & Freeman, M. (2009). The role of protease activity in ErbB
biology. Exp Cell Res, 315(4), 671-682. https://doi.org/10.1016/].yexcr.2008.10.011

Blobel, C. P., Wolfsberg, T. G., Turck, C. W., Myles, D. G., Primakoff, P., & White, J. M.
(1992). A potential fusion peptide and an integrin ligand domain in a protein active in
sperm—egg fusion. Nature, 356(6366), 248-252. https://doi.org/10.1038/356248a0

Bode, W., Gomis-Ruth, F. X., & Stockler, W. (1993). Astacins, serralysins, snake venom and
matrix metalloproteinases exhibit identical zinc-binding environments
(HEXXHXXGXXH and Met-turn) and topologies and should be grouped into a
common family, the 'metzincins'. FEBS Lett, 331(1-2), 134-140.
https://doi.org/10.1016/0014-5793(93)8031 2-i

Bolik, J., Krause, F., Stevanovic, M., Gandrass, M., Thomsen, |., Schacht, S. S., Rieser, E.,
Muller, M., Schumacher, N., Fritsch, J., Wichert, R., Galun, E., Bergmann, J., Roder,
C., Schafmayer, C., Egberts, J. H., Becker-Pauly, C., Saftig, P., Lucius, R., . ..
Schmidt-Arras, D. (2022). Inhibition of ADAM17 impairs endothelial cell necroptosis
and blocks metastasis. J Exp Med, 219(1). https://doi.org/10.1084/jem.20201039

Brenton, J. D., Carey, L. A., Ahmed, A. A., & Caldas, C. (2005). Molecular classification and
molecular forecasting of breast cancer: ready for clinical application? J Clin Oncol,
23(29), 7350-7360. https://doi.org/10.1200/JC0O.2005.03.3845

107


https://doi.org/10.3390/cancers14143513
https://doi.org/10.1016/0092-8674(91)90129-m
https://doi.org/10.1523/jneurosci.1520-10.2010
https://doi.org/10.1074/jbc.M400180200
https://doi.org/10.1128/MCB.02380-05
https://doi.org/10.1189/jlb.0307193
https://doi.org/10.1681/ASN.2014050477
https://doi.org/10.1038/385729a0
https://doi.org/10.1002/path.1814
https://doi.org/10.1038/nrm1548
https://doi.org/10.1016/j.yexcr.2008.10.011
https://doi.org/10.1038/356248a0
https://doi.org/10.1016/0014-5793(93)80312-i
https://doi.org/10.1084/jem.20201039
https://doi.org/10.1200/JCO.2005.03.3845

References

Brooke, M. A., Etheridge, S. L., Kaplan, N., Simpson, C., O'Toole, E. A., Ishida-Yamamoto,
A., Marches, O., Getsios, S., & Kelsell, D. P. (2014). iRHOMZ2-dependent regulation
of ADAM17 in cutaneous disease and epidermal barrier function. Hum Mol Genet,
23(15), 4064-4076. https://doi.org/10.1093/hmg/ddul20

Burzenski, L. M., Low, B. E., Kohar, V., Shultz, L. D., Wiles, M. V., & Hosur, V. (2021).
Inactive rhomboid proteins RHBDF1 and RHBDF2 (iRhoms): a decade of research in
murine models. Mamm Genome, 32(6), 415-426. https://doi.org/10.1007/s00335-021-
09910-3

Buxbaum, J. D., Liu, K. N., Luo, Y., Slack, J. L., Stocking, K. L., Peschon, J. J., Johnson, R.
S., Castner, B. J., Cerretti, D. P., & Black, R. A. (1998). Evidence that tumor necrosis
factor alpha converting enzyme is involved in regulated alpha-secretase cleavage of
the Alzheimer amyloid protein precursor. J Biol Chem, 273(43), 27765-27767.
https://doi.org/10.1074/jbc.273.43.27765

Cahall, C. F., Lilly, J. L., Hirschowitz, E. A., & Berron, B. J. (2015). A Quantitative
Perspective on Surface Marker Selection for the Isolation of Functional Tumor Cells.
Breast Cancer (Auckl), 9(Suppl 1), 1-11. https://doi.org/10.4137/BCBCR.S25461

Caiazza, F., McGowan, P. M., Mullooly, M., Murray, A., Synnott, N., O'Donovan, N.,
Flanagan, L., Tape, C. J., Murphy, G., Crown, J., & Duffy, M. J. (2015). Targeting
ADAM-17 with an inhibitory monoclonal antibody has antitumour effects in triple-
negative breast cancer cells. Br J Cancer, 112(12), 1895-1903.
https://doi.org/10.1038/bjc.2015.163

Calligaris, M., Cuffaro, D., Bonelli, S., Spano, D. P., Rossello, A., Nuti, E., & Scilabra, S. D.
(2021). Strategies to Target ADAML17 in Disease: From its Discovery to the iRhom
Revolution. Molecules, 26(4). https://doi.org/10.3390/molecules26040944

Canzoneri, R., Lacunza, E., Isla Larrain, M., Croce, M. V., & Abba, M. C. (2014). Rhomboid
family gene expression profiling in breast normal tissue and tumor samples. Tumour
biology : the journal of the International Society for Oncodevelopmental Biology and
Medicine, 35(2), 1451-1458. https://doi.org/10.1007/s13277-013-1199-8

Carey, L. A., Dees, E. C., Sawyer, L., Gatti, L., Moore, D. T., Collichio, F., Ollila, D. W.,
Sartor, C. I, Graham, M. L., & Perou, C. M. (2007). The triple negative paradox:
primary tumor chemosensitivity of breast cancer subtypes. Clin Cancer Res, 13(8),
2329-2334. https://doi.org/10.1158/1078-0432.Ccr-06-1109

Carey, L. A., Perou, C. M., Livasy, C. A., Dressler, L. G., Cowan, D., Conway, K., Karaca, G.,
Troester, M. A., Tse, C. K., Edmiston, S., Deming, S. L., Geradts, J., Cheang, M. C.
U., Nielsen, T. O., Moorman, P. G., Earp, H. S., & Millikan, R. C. (2006). Race, Breast
Cancer Subtypes, and Survival in the Carolina Breast Cancer Study. JAMA, 295(21),
2492-2502. https://doi.org/10.1001/jama.295.21.2492

Carpenter, G., & Cohen, S. (1979). Epidermal Growth Factor. Annual Review of
Biochemistry, 48(1), 193-216. https://doi.org/10.1146/annurev.bi.48.070179.001205

Cavadas, M., Oikonomidi, I., Gaspar, C. J., Burbridge, E., Badenes, M., Felix, ., Bolado, A.,
Hu, T., Bileck, A., Gerner, C., Domingos, P. M., von Kriegsheim, A., & Adrain, C.
(2017). Phosphorylation of iRhom2 Controls Stimulated Proteolytic Shedding by the
Metalloprotease ADAM17/TACE. Cell Rep, 21(3), 745-757.
https://doi.org/10.1016/j.celrep.2017.09.074

Cerda-Costa, N., & Gomis-Ruth, F. X. (2014). Architecture and function of metallopeptidase
catalytic domains. Protein Sci, 23(2), 123-144. https://doi.org/10.1002/pro.2400

Chalaris, A., Adam, N., Sina, C., Rosenstiel, P., Lehmann-Koch, J., Schirmacher, P.,
Hartmann, D., Cichy, J., Gavrilova, O., Schreiber, S., Jostock, T., Matthews, V.,
Hasler, R., Becker, C., Neurath, M. F., Reil3, K., Saftig, P., Scheller, J., & Rose-John,
S. (2010). Critical role of the disintegrin metalloprotease ADAM17 for intestinal
inflammation and regeneration in mice. Journal of Experimental Medicine, 207(8),
1617-1624. https://doi.org/10.1084/jem.20092366

Chavaroche, A., Cudic, M., Giulianotti, M., Houghten, R. A., Fields, G. B., & Minond, D.
(2014). Glycosylation of a disintegrin and metalloprotease 17 affects its activity and
inhibition. Anal Biochem, 449, 68-75. https://doi.org/10.1016/j.ab.2013.12.018

108


https://doi.org/10.1093/hmg/ddu120
https://doi.org/10.1007/s00335-021-09910-3
https://doi.org/10.1007/s00335-021-09910-3
https://doi.org/10.1074/jbc.273.43.27765
https://doi.org/10.4137/BCBCR.S25461
https://doi.org/10.1038/bjc.2015.163
https://doi.org/10.3390/molecules26040944
https://doi.org/10.1007/s13277-013-1199-8
https://doi.org/10.1158/1078-0432.Ccr-06-1109
https://doi.org/10.1001/jama.295.21.2492
https://doi.org/10.1146/annurev.bi.48.070179.001205
https://doi.org/10.1016/j.celrep.2017.09.074
https://doi.org/10.1002/pro.2400
https://doi.org/10.1084/jem.20092366
https://doi.org/10.1016/j.ab.2013.12.018

References

Chen, P. S., Wang, M. Y., Wu, S. N., Su, J. L., Hong, C. C., Chuang, S. E., Chen, M. W.,
Hua, K. T., Wu, Y. L., Cha, S. T., Babu, M. S., Chen, C. N., Lee, P. H., Chang, K. J.,
& Kuo, M. L. (2007). CTGF enhances the motility of breast cancer cells via an
integrin-alphavbeta3-ERK1/2-dependent S100A4-upregulated pathway. J Cell Sci,
120(Pt 12), 2053-2065. https://doi.org/10.1242/jcs.03460

Choi, S. J., Han, J. H., & Roodman, G. D. (2001). ADAMS: a novel osteoclast stimulating
factor. J Bone Miner Res, 16(5), 814-822. https://doi.org/10.1359/jbmr.2001.16.5.814

Christova, Y., Adrain, C., Bambrough, P., Ibrahim, A., & Freeman, M. (2013). Mammalian
iRhoms have distinct physiological functions including an essential role in TACE
regulation. EMBO Rep, 14(10), 884-890. https://doi.org/10.1038/embor.2013.128

Conrad, C., Benzel, J., Dorzweiler, K., Cook, L., Schlomann, U., Zarbock, A., Slater, E. P.,
Nimsky, C., & Bartsch, J. W. (2019). ADAMS in invasive cancers: links to tumor
progression, metastasis, and chemoresistance. Clin Sci (Lond), 133(1), 83-99.
https://doi.org/10.1042/CS20180906

Conrad, C., Dorzweiler, K., Miller, M. A., Lauffenburger, D. A., Strik, H., & Bartsch, J. W.
(2017). Profiling of metalloprotease activities in cerebrospinal fluids of patients with
neoplastic meningitis. Fluids Barriers CNS, 14(1), 22. https://doi.org/10.1186/s12987-
017-0070-5

Conrad, C., Gotte, M., Schlomann, U., Roessler, M., Pagenstecher, A., Anderson, P.,
Preston, J., Pruessmeyer, J., Ludwig, A., Li, R., Kamm, R. D., Ritz, R., Carl, B.,
Nimsky, C., & Bartsch, J. W. (2018). ADAMS8 expression in breast cancer derived
brain metastases: Functional implications on MMP-9 expression and transendothelial
migration in breast cancer cells. Int J Cancer, 142(4), 779-791.
https://doi.org/10.1002/ijc.31090

Conrad, C., Yildiz, D., Cleary, S. J., Margraf, A., Cook, L., Schlomann, U., Panaretou, B.,
Bowser, J. L., Karmouty-Quintana, H., Li, J., Berg, N. K., Martin, S. C., Aljohmani, A.,
Moussavi-Harami, S. F., Wang, K. M., Tian, J. J., Magnen, M., Valet, C., Qiu, L., . ..
Bartsch, J. W. (2022). ADAMS signaling drives neutrophil migration and ARDS
severity. JCI Insight, 7(3). https://doi.org/10.1172/jci.insight.149870

Cook, L., Sengelmann, M., Winkler, B., Nagl, C., Koch, S., Schlomann, U., Slater, E. P.,
Miller, M. A., von Strandmann, E. P., Dorsam, B., Preusser, C., & Bartsch, J. W.
(2022). ADAMB-Dependent Extracellular Signaling in the Tumor Microenvironment
Involves Regulated Release of Lipocalin 2 and MMP-9. Int J Mol Sci, 23(4).
https://doi.org/10.3390/ijms23041976

Das, S. G., Romagnoli, M., Mineva, N. D., Barillé-Nion, S., Jézéquel, P., Campone, M., &
Sonenshein, G. E. (2016). miR-720 is a downstream target of an ADAM8-induced
ERK signaling cascade that promotes the migratory and invasive phenotype of triple-
negative breast cancer cells. Breast Cancer Research, 18(1), 40.
https://doi.org/10.1186/s13058-016-0699-z

Dersh, D., Holly, J., & Yewdell, J. W. (2021). A few good peptides: MHC class |I-based
cancer immunosurveillance and immunoevasion. Nat Rev Immunol, 21(2), 116-128.
https://doi.org/10.1038/s41577-020-0390-6

Doedens, J. R., & Black, R. A. (2000). Stimulation-induced down-regulation of tumor necrosis
factor-alpha converting enzyme. J Biol Chem, 275(19), 14598-14607.
https://doi.org/10.1074/jbc.275.19.14598

Dominguez-Luis, M., Lamana, A., Vazquez, J., Garcia-Navas, R., Mollinedo, F., Sanchez-
Madrid, F., Diaz-Gonzélez, F., & Urzainqui, A. (2011). The metalloprotease ADAMS is
associated with and regulates the function of the adhesion receptor PSGL-1 through
ERM proteins. Eur J Immunol, 41(12), 3436-3442.
https://doi.org/10.1002/eji.201141764

Dong, F., Eibach, M., Bartsch, J., Dolga, A., Schlomann, U., Conrad, C., Schieber, S.,
Schilling, O., Biniossek, M., Culmsee, C., Strik, H., Koller, G., Carl, B., & Nimsky, C.
(2015). The metalloprotease-disintegrin ADAM8 contributes to temozolomide
chemoresistance and enhanced invasiveness of human glioblastoma cells. Neuro-
Oncology, 17. https://doi.org/10.1093/neuonc/nov042

109


https://doi.org/10.1242/jcs.03460
https://doi.org/10.1359/jbmr.2001.16.5.814
https://doi.org/10.1038/embor.2013.128
https://doi.org/10.1042/CS20180906
https://doi.org/10.1186/s12987-017-0070-5
https://doi.org/10.1186/s12987-017-0070-5
https://doi.org/10.1002/ijc.31090
https://doi.org/10.1172/jci.insight.149870
https://doi.org/10.3390/ijms23041976
https://doi.org/10.1186/s13058-016-0699-z
https://doi.org/10.1038/s41577-020-0390-6
https://doi.org/10.1074/jbc.275.19.14598
https://doi.org/10.1002/eji.201141764
https://doi.org/10.1093/neuonc/nov042

References

Dreymueller, D., Uhlig, S., & Ludwig, A. (2015). ADAM-family metalloproteinases in lung
inflammation: potential therapeutic targets. Am J Physiol Lung Cell Mol Physiol,
308(4), L325-343. https://doi.org/10.1152/ajplung.00294.2014

Duffy, M. J., McKiernan, E., O'Donovan, N., & McGowan, P. M. (2009). Role of ADAMSs in
cancer formation and progression. Clin Cancer Res, 15(4), 1140-1144.
https://doi.org/10.1158/1078-0432.CCR-08-1585

Dulloo, I., Muliyil, S., & Freeman, M. (2019). The molecular, cellular and pathophysiological
roles of iRhom pseudoproteases. Open Biol, 9(3), 190003.
https://doi.org/10.1098/rsob.190003

Dusterhoft, S., Babendreyer, A., Giese, A. A., Flasshove, C., & Ludwig, A. (2019). Status
update on iRhom and ADAM17: It's still complicated. Biochimica et Biophysica Acta
(BBA) - Molecular Cell Research, 1866(10), 1567-1583.
https://doi.org/https://doi.org/10.1016/j.bbamcr.2019.06.017

Dusterhoft, S., Jung, S., Hung, C.-W., Tholey, A., Sonnichsen, F. D., Grétzinger, J., &
Lorenzen, 1. (2013). Membrane-Proximal Domain of a Disintegrin and
Metalloprotease-17 Represents the Putative Molecular Switch of Its Shedding Activity
Operated by Protein-disulfide Isomerase. Journal of the American Chemical Society,
135(15), 5776-5781. https://doi.org/10.1021/ja400340u

Dusterhoft, S., Kahveci-Turkoz, S., Wozniak, J., Seifert, A., Kasparek, P., Ohm, H., Liu, S.,
Kopkanova, J., Lokau, J., Garbers, C., Preisinger, C., Sedlacek, R., Freeman, M., &
Ludwig, A. (2021). The iRhom homology domain is indispensable for ADAM17-
mediated TNFalpha and EGF receptor ligand release. Cell Mol Life Sci, 78(11), 5015-
5040. https://doi.org/10.1007/s00018-021-03845-3

Edwards, D. R., Handsley, M. M., & Pennington, C. J. (2008). The ADAM
metalloproteinases. Mol Aspects Med, 29(5), 258-289.
https://doi.org/10.1016/j.mam.2008.08.001

Fitzpatrick, S. L., LaChance, M. P., & Schultz, G. S. (1984). Characterization of Epidermal
Growth Factor Receptor and Action on Human Breast Cancer Cells in Culturel.
Cancer Research, 44(8), 3442-3447.

Fortelny, N., Cox, J. H., Kappelhoff, R., Starr, A. E., Lange, P. F., Pavlidis, P., & Overall, C.
M. (2014). Network analyses reveal pervasive functional regulation between
proteases in the human protease web. PLoS biology, 12(5), €1001869. Retrieved
2014/05//, from http://europepmc.org/abstract/MED/24865846

https://journals.plos.org/plosbiology/article/file?id=10.1371/journal.pbio.1001869&amp;type=p
rintable

https://www.nchi.nlm.nih.gov/pmc/articles/pmid/24 86584 6/?tool=EBI

https://www.ncbi.nIm.nih.gov/pmc/articles/pmid/2486584 6/pdf/?tool=EBI

https://doi.org/10.1371/journal.pbio.1001869

https://europepmc.org/articles/PMC4035269

https://europepmc.org/articles/PMC403526 9?pdf=render

Garton, K. J., Gough, P. J., Blobel, C. P., Murphy, G., Greaves, D. R., Dempsey, P. J., &
Raines, E. W. (2001). Tumor necrosis factor-alpha-converting enzyme (ADAM17)
mediates the cleavage and shedding of fractalkine (CX3CL1). J Biol Chem, 276(41),
37993-38001. https://doi.org/10.1074/jbc.M106434200

Garton, K. J., Gough, P. J., Philalay, J., Wille, P. T., Blobel, C. P., Whitehead, R. H.,
Dempsey, P. J., & Raines, E. W. (2003). Stimulated shedding of vascular cell
adhesion molecule 1 (VCAM-1) is mediated by tumor necrosis factor-alpha-converting
enzyme (ADAM 17). J Biol Chem, 278(39), 37459-37464.
https://doi.org/10.1074/jbc.M305877200

Geesala, R., Issuree, P. D., & Maretzky, T. (2019). Novel functions of inactive rhomboid
proteins in immunity and disease. J Leukoc Biol, 106(4), 823-835.
https://doi.org/10.1002/jIb.3vmr0219-069r

Geribaldi-Doldan, N., Carrasco, M., Murillo-Carretero, M., Dominguez-Garcia, S., Garcia-
Cézar, F. J., Mufioz-Miranda, J. P., del Rio-Garcia, V., Verastegui, C., & Castro, C.
(2018). Specific inhibition of ADAM17/TACE promotes neurogenesis in the injured

110


https://doi.org/10.1152/ajplung.00294.2014
https://doi.org/10.1158/1078-0432.CCR-08-1585
https://doi.org/10.1098/rsob.190003
https://doi.org/https:/doi.org/10.1016/j.bbamcr.2019.06.017
https://doi.org/10.1021/ja400340u
https://doi.org/10.1007/s00018-021-03845-3
https://doi.org/10.1016/j.mam.2008.08.001
http://europepmc.org/abstract/MED/24865846
https://journals.plos.org/plosbiology/article/file?id=10.1371/journal.pbio.1001869&amp;type=printable
https://journals.plos.org/plosbiology/article/file?id=10.1371/journal.pbio.1001869&amp;type=printable
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24865846/?tool=EBI
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24865846/pdf/?tool=EBI
https://doi.org/10.1371/journal.pbio.1001869
https://europepmc.org/articles/PMC4035269
https://europepmc.org/articles/PMC4035269?pdf=render
https://doi.org/10.1074/jbc.M106434200
https://doi.org/10.1074/jbc.M305877200
https://doi.org/10.1002/jlb.3vmr0219-069r

References

motor cortex. Cell Death & Disease, 9(9), 862. https://doi.org/10.1038/s41419-018-
0913-2

Giricz, O., Calvo, V., Peterson, E. A., Abouzeid, C. M., & Kenny, P. A. (2013). TACE-
dependent TGFalpha shedding drives triple-negative breast cancer cell invasion. Int J
Cancer, 133(11), 2587-2595. https://doi.org/10.1002/ijc.28295

Gleizes, P. E., Beavis, R. C., Mazzieri, R., Shen, B., & Rifkin, D. B. (1996). Identification and
characterization of an eight-cysteine repeat of the latent transforming growth factor-
beta binding protein-1 that mediates bonding to the latent transforming growth factor-
betal. J Biol Chem, 271(47), 29891-29896. https://doi.org/10.1074/jbc.271.47.29891

Gnosa, S. P., Puig Blasco, L., Piotrowski, K. B., Freiberg, M. L., Savickas, S., Madsen, D. H.,
auf dem Keller, U., Krongvist, P., & Kveiborg, M. (2022). ADAM17-mediated EGFR
ligand shedding directs macrophage-promoted cancer cell invasion. JCI Insight,
7(18). https://doi.org/10.1172/jci.insight.155296

Goettig, P. (2016). Effects of Glycosylation on the Enzymatic Activity and Mechanisms of
Proteases. Int J Mol Sci, 17(12). https://doi.org/10.3390/ijms17121969

GOmez-Gaviro, M., Dominguez-Luis, M., Canchado, J., Calafat, J., Janssen, H., Lara-Pezzi,
E., Fourie, A., Tugores, A., Valenzuela-Fernandez, A., Mollinedo, F., Sanchez-
Madrid, F., & Diaz-Gonzélez, F. (2007). Expression and Regulation of the
Metalloproteinase ADAM-8 during Human Neutrophil Pathophysiological Activation
and lIts Catalytic Activity on L-Selectin Shedding. The Journal of Immunology,
178(12), 8053-8063. https://doi.org/10.4049/jimmunol.178.12.8053

Gomis-Rith, F. X. (2003). Structural aspects of the metzincin clan of metalloendopeptidases.
Molecular Biotechnology, 24(2), 157-202. https://doi.org/10.1385/MB:24:2:157

Gooz, M. (2010). ADAM-17: the enzyme that does it all. Crit Rev Biochem Mol Biol, 45(2),
146-169. https://doi.org/10.3109/10409231003628015

Goth, C. K., Halim, A., Khetarpal, S. A., Rader, D. J., Clausen, H., & Schjoldager, K. T.
(2015). A systematic study of modulation of ADAM-mediated ectodomain shedding by
site-specific O-glycosylation. Proc Natl Acad SciU S A, 112(47), 14623-14628.
https://doi.org/10.1073/pnas.1511175112

Gough, P. J., Garton, K. J., Wille, P. T., Rychlewski, M., Dempsey, P. J., & Raines, E. W.
(2004). A disintegrin and metalloproteinase 10-mediated cleavage and shedding
regulates the cell surface expression of CXC chemokine ligand 16. J Immunol,
172(6), 3678-3685. https://doi.org/10.4049/jimmunol.172.6.3678

Grieve, A. G., Xu, H., Kunzel, U., Bambrough, P., Sieber, B., & Freeman, M. (2017).
Phosphorylation of iRhom2 at the plasma membrane controls mammalian TACE-
dependent inflammatory and growth factor signalling. Elife, 6.
https://doi.org/10.7554/eLife.23968

Grigoriev, M. Y., Suspitsin, E. N., Togo, A. V., Pozharisski, K. M., Ilvanova, O. A., Nardacci,
R., Falasca, L., Piacentini, M., Imyanitov, E. N., & Hanson, K. P. (2001). Tissue
transglutaminase expression in breast carcinomas. Journal of experimental &amp;
clinical cancer research : CR, 20(2), 265-268.
http://europepmc.org/abstract/ MED/11484985

Groth, E., Pruessmeyer, J., Babendreyer, A., Schumacher, J., Pasqualon, T., Dreymueller,
D., Higashiyama, S., Lorenzen, |., Grotzinger, J., Cataldo, D., & Ludwig, A. (2016).
Stimulated release and functional activity of surface expressed metalloproteinase
ADAML17 in exosomes. Biochim Biophys Acta, 1863(11), 2795-2808.
https://doi.org/10.1016/j.bbamcr.2016.09.002

Gschwind, A., Hart, S., Fischer, O. M., & Ullrich, A. (2003). TACE cleavage of
proamphiregulin regulates GPCR-induced proliferation and motility of cancer cells.
Embo j, 22(10), 2411-2421. https://doi.org/10.1093/emboj/cdg231

Gul, C., Kilic, S., & Sehitoglu, M. H. (2022). The importance of a disintegrin and
metalloproteinase (ADAM)10 and ADAM17 in the pathogenesis of psoriasis. Clin Exp
Dermatol, 47(9), 1673-1678. https://doi.org/10.1111/ced.15239

Hahn, D., Pischitzis, A., Roesmann, S., Hansen, M. K., Leuenberger, B., Luginbuehl, U., &
Sterchi, E. E. (2003). Phorbol 12-myristate 13-acetate-induced ectodomain shedding

111


https://doi.org/10.1038/s41419-018-0913-2
https://doi.org/10.1038/s41419-018-0913-2
https://doi.org/10.1002/ijc.28295
https://doi.org/10.1074/jbc.271.47.29891
https://doi.org/10.1172/jci.insight.155296
https://doi.org/10.3390/ijms17121969
https://doi.org/10.4049/jimmunol.178.12.8053
https://doi.org/10.1385/MB:24:2:157
https://doi.org/10.3109/10409231003628015
https://doi.org/10.1073/pnas.1511175112
https://doi.org/10.4049/jimmunol.172.6.3678
https://doi.org/10.7554/eLife.23968
http://europepmc.org/abstract/MED/11484985
https://doi.org/10.1016/j.bbamcr.2016.09.002
https://doi.org/10.1093/emboj/cdg231
https://doi.org/10.1111/ced.15239

References

and phosphorylation of the human meprinbeta metalloprotease. J Biol Chem,
278(44), 42829-42839. https://doi.org/10.1074/jbc.M211169200

Hall, K. C., & Blobel, C. P. (2012). Interleukin-1 Stimulates ADAM17 through a Mechanism
Independent of its Cytoplasmic Domain or Phosphorylation at Threonine 735. PLOS
ONE, 7(2), €31600. https://doi.org/10.1371/journal.pone.0031600

Hall, T., Leone, J. W., Wiese, J. F., Griggs, D. W., Pegg, L. E., Pauley, A. M., Tomasselli, A.
G., & Zack, M. D. (2009). Autoactivation of human ADAMS: a novel pre-processing
step is required for catalytic activity. Biosci Rep, 29(4), 217-228.
https://doi.org/10.1042/bsr20080145

Hartmann, D., de Strooper, B., Serneels, L., Craessaerts, K., Herreman, A., Annaert, W.,
Umans, L., Libke, T., Lena lllert, A., von Figura, K., & Saftig, P. (2002). The
disintegrin/metalloprotease ADAM 10 is essential for Notch signalling but not for a-
secretase activity in fibroblasts. Human Molecular Genetics, 11(21), 2615-2624.
https://doi.org/10.1093/hm@/11.21.2615

Hashimoto, G., Inoki, I., Fuijii, Y., Aoki, T., Ikeda, E., & Okada, Y. (2002). Matrix
metalloproteinases cleave connective tissue growth factor and reactivate angiogenic
activity of vascular endothelial growth factor 165. J Biol Chem, 277(39), 36288-
36295. https://doi.org/10.1074/jbc.M201674200

He, S., Ding, L., Cao, Y., Li, G., Deng, J., Tu, Y., & Wang, B. (2012). Overexpression of a
disintegrin and metalloprotease 8 in human gliomas is implicated in tumor
progression and prognosis. Med Oncol, 29(3), 2032-2037.
https://doi.org/10.1007/s12032-011-0084-9

Herbst, R. S. (2004). Review of epidermal growth factor receptor biology. Int J Radiat Oncol
Biol Phys, 59(2 Suppl), 21-26. https://doi.org/10.1016/].ijrobp.2003.11.041

Hergueta-Redondo, M., Palacios, J., Cano, A., & Moreno-Bueno, G. (2008). “New” molecular
taxonomy in breast cancer. Clinical and Translational Oncology, 10(12), 777-785.
https://doi.org/10.1007/s12094-008-0290-x

Hernandez, I., Moreno, J. L., Zandueta, C., Montuenga, L., & Lecanda, F. (2010). Novel
alternatively spliced ADAMS isoforms contribute to the aggressive bone metastatic
phenotype of lung cancer. Oncogene, 29(26), 3758-3769.
https://doi.org/10.1038/0nc.2010.130

Herzog, C., Haun, R. S., Ludwig, A., Shah, S. V., & Kaushal, G. P. (2014). ADAM10 is the
major sheddase responsible for the release of membrane-associated meprin A. J Biol
Chem, 289(19), 13308-13322. https://doi.org/10.1074/jbc.M114.559088

Higashi, S., & Miyazaki, K. (2003). Novel processing of beta-amyloid precursor protein
catalyzed by membrane type 1 matrix metalloproteinase releases a fragment lacking
the inhibitor domain against gelatinase A. Biochemistry, 42(21), 6514-6526.
https://doi.org/10.1021/bi020643m

Hoadley, K. A., Weigman, V. J., Fan, C., Sawyer, L. R., He, X., Troester, M. A., Sartor, C. I.,
Rieger-House, T., Bernard, P. S., Carey, L. A., & Perou, C. M. (2007). EGFR
associated expression profiles vary with breast tumor subtype. BMC Genomics, 8,
258. https://doi.org/10.1186/1471-2164-8-258

Hooper, N. M. (1994). Families of zinc metalloproteases. FEBS Lett, 354(1), 1-6.
https://doi.org/10.1016/0014-5793(94)01079-x

Horiuchi, K., Kimura, T., Miyamoto, T., Takaishi, H., Okada, Y., Toyama, Y., & Blobel, C. P.
(2007). Cutting Edge: TNF-a-Converting Enzyme (TACE/ADAML17) Inactivation in
Mouse Myeloid Cells Prevents Lethality from Endotoxin Shock. The Journal of
Immunology, 179(5), 2686-2689. https://doi.org/10.4049/jimmunol.179.5.2686

Horiuchi, K., Le Gall, S., Schulte, M., Yamaguchi, T., Reiss, K., Murphy, G., Toyama, Y.,
Hartmann, D., Saftig, P., & Blobel, C. P. (2007). Substrate selectivity of epidermal
growth factor-receptor ligand sheddases and their regulation by phorbol esters and
calcium influx. Mol Biol Cell, 18(1), 176-188. https://doi.org/10.1091/mbc.e06-01-0014

Horiuchi, K., Zhou, H. M., Kelly, K., Manova, K., & Blobel, C. P. (2005). Evaluation of the
contributions of ADAMs 9, 12, 15, 17, and 19 to heart development and ectodomain
shedding of neuregulins betal and beta2. Dev Biol, 283(2), 459-471.
https://doi.org/10.1016/j.ydbio.2005.05.004

112


https://doi.org/10.1074/jbc.M211169200
https://doi.org/10.1371/journal.pone.0031600
https://doi.org/10.1042/bsr20080145
https://doi.org/10.1093/hmg/11.21.2615
https://doi.org/10.1074/jbc.M201674200
https://doi.org/10.1007/s12032-011-0084-9
https://doi.org/10.1016/j.ijrobp.2003.11.041
https://doi.org/10.1007/s12094-008-0290-x
https://doi.org/10.1038/onc.2010.130
https://doi.org/10.1074/jbc.M114.559088
https://doi.org/10.1021/bi020643m
https://doi.org/10.1186/1471-2164-8-258
https://doi.org/10.1016/0014-5793(94)01079-x
https://doi.org/10.4049/jimmunol.179.5.2686
https://doi.org/10.1091/mbc.e06-01-0014
https://doi.org/10.1016/j.ydbio.2005.05.004

References

Hosur, V., Farley, M. L., Burzenski, L. M., Shultz, L. D., & Wiles, M. V. (2018). ADAML17 is
essential for ectodomain shedding of the EGF-receptor ligand amphiregulin. FEBS
Open Bio, 8(4), 702-710. https://doi.org/10.1002/2211-5463.12407

Hosur, V., Johnson, K. R., Burzenski, L. M., Stearns, T. M., Maser, R. S., & Shultz, L. D.
(2014). Rhbdf2 mutations increase its protein stability and drive EGFR
hyperactivation through enhanced secretion of amphiregulin. Proc Natl Acad Sci U S
A, 111(21), E2200-2209. https://doi.org/10.1073/pnas.1323908111

Hosur, V., Low, B. E., Li, D., Stafford, G. A., Kohar, V., Shultz, L. D., & Wiles, M. V. (2020).
Genes adapt to outsmart gene-targeting strategies in mutant mouse strains by
skipping exons to reinitiate transcription and translation. Genome Biology, 21(1), 168.
https://doi.org/10.1186/s13059-020-02086-0

Howard, L., Maciewicz, R. A., & Blobel, C. P. (2000). Cloning and characterization of
ADAM28: evidence for autocatalytic pro-domain removal and for cell surface
localization of mature ADAM28. Biochem J, 348 Pt 1(Pt 1), 21-27.

Hsia, H. E., Tushaus, J., Brummer, T., Zheng, Y., Scilabra, S. D., & Lichtenthaler, S. F.
(2019). Functions of ‘A disintegrin and metalloproteases (ADAMS)' in the mammalian
nervous system. Cell Mol Life Sci, 76(16), 3055-3081. https://doi.org/10.1007/s00018-
019-03173-7

Huang, C., Ji, X., Peng, Y., Wu, M., Wu, W., Luo, Y., Cheng, G., & Zhu, Y. (2018). Silencing
of rhomboid domain containing 1 to inhibit the metastasis of human breast cancer
cells in vitro. Iran J Basic Med Sci, 21(11), 1161-1166.
https://doi.org/10.22038/1JBMS.2018.29788.7191

Huang, J., Bridges, L. C., & White, J. M. (2005). Selective modulation of integrin-mediated
cell migration by distinct ADAM family members. Mol Biol Cell, 16(10), 4982-4991.
https://doi.org/10.1091/mbc.e05-03-0258

Iba, K., Albrechtsen, R., Gilpin, B., Frohlich, C., Loechel, F., Zolkiewska, A., Ishiguro, K.,
Kojima, T., Liu, W., Langford, J. K., Sanderson, R. D., Brakebusch, C., Fassler, R., &
Wewer, U. M. (2000). The cysteine-rich domain of human ADAM 12 supports cell
adhesion through syndecans and triggers signaling events that lead to betal integrin-
dependent cell spreading. J Cell Biol, 149(5), 1143-1156.
https://doi.org/10.1083/jcb.149.5.1143

Ishikawa, N., Daigo, Y., Yasui, W., Inai, K., Nishimura, H., Tsuchiya, E., Kohno, N., &
Nakamura, Y. (2004). ADAM8 as a Novel Serological and Histochemical Marker for
Lung Cancer. Clinical Cancer Research, 10(24), 8363-8370.
https://doi.org/10.1158/1078-0432.Ccr-04-1436

Issuree, P. D., Maretzky, T., Mcllwain, D. R., Monette, S., Qing, X., Lang, P. A., Swendeman,
S. L., Park-Min, K. H., Binder, N., Kalliolias, G. D., Yarilina, A., Horiuchi, K., Ivashkiv,
L. B., Mak, T. W., Salmon, J. E., & Blobel, C. P. (2013). iRHOM?2 is a critical
pathogenic mediator of inflammatory arthritis. J Clin Invest, 123(2), 928-932.
https://doi.org/10.1172/JC166168

Izumi, Y., Hirata, M., Hasuwa, H., lwamoto, R., Umata, T., Miyado, K., Tamai, Y., Kurisaki,
T., Sehara-Fujisawa, A., Ohno, S., & Mekada, E. (1998). A metalloprotease-
disintegrin, MDC9/meltrin-gamma/ADAM9 and PKCdelta are involved in TPA-induced
ectodomain shedding of membrane-anchored heparin-binding EGF-like growth factor.
Embo j, 17(24), 7260-7272. https://doi.org/10.1093/emboj/17.24.7260

Jackson, H. W., Defamie, V., Waterhouse, P., & Khokha, R. (2017). TIMPs: versatile
extracellular regulators in cancer. Nat Rev Cancer, 17(1), 38-53.
https://doi.org/10.1038/nrc.2016.115

Jackson, L. F., Qiu, T. H., Sunnarborg, S. W., Chang, A., Zhang, C., Patterson, C., & Lee, D.
C. (2003). Defective valvulogenesis in HB-EGF and TACE-null mice is associated
with aberrant BMP signaling. Embo j, 22(11), 2704-2716.
https://doi.org/10.1093/emboj/cdg264

Janes, P. W., Saha, N., Barton, W. A., Kolev, M. V., Wimmer-Kleikamp, S. H., Nievergall, E.,
Blobel, C. P., Himanen, J. P., Lackmann, M., & Nikolov, D. B. (2005). Adam meets
Eph: an ADAM substrate recognition module acts as a molecular switch for ephrin
cleavage in trans. Cell, 123(2), 291-304. https://doi.org/10.1016/j.cell.2005.08.014

113


https://doi.org/10.1002/2211-5463.12407
https://doi.org/10.1073/pnas.1323908111
https://doi.org/10.1186/s13059-020-02086-0
https://doi.org/10.1007/s00018-019-03173-7
https://doi.org/10.1007/s00018-019-03173-7
https://doi.org/10.22038/IJBMS.2018.29788.7191
https://doi.org/10.1091/mbc.e05-03-0258
https://doi.org/10.1083/jcb.149.5.1143
https://doi.org/10.1158/1078-0432.Ccr-04-1436
https://doi.org/10.1172/JCI66168
https://doi.org/10.1093/emboj/17.24.7260
https://doi.org/10.1038/nrc.2016.115
https://doi.org/10.1093/emboj/cdg264
https://doi.org/10.1016/j.cell.2005.08.014

References

Jefferson, T., Causevic, M., auf dem Keller, U., Schilling, O., Isbert, S., Geyer, R., Maier, W.,
Tschickardt, S., Jumpertz, T., Weggen, S., Bond, J. S., Overall, C. M., Pietrzik, C. U.,
& Becker-Pauly, C. (2011). Metalloprotease meprin beta generates nontoxic N-
terminal amyloid precursor protein fragments in vivo. J Biol Chem, 286(31), 27741-
27750. https://doi.org/10.1074/jbc.M111.252718

Jeppe Knudsen, S. L., Wai Mac, A. S., Henriksen, L. F., Deurs, B. v., & Grgvdal, L. M.
(2014). EGFR signaling patterns are regulated by its different ligands. Growth
Factors, 32, 155 - 163.

Ji, R., Shi, Q., Cao, Y., Zhang, J., Zhao, C., Zhao, H., Sayyed, Y., Fu, L., & Li, L. Y. (2022).
Alternative splicing of the human rhomboid family-1 gene RHBDFL1 inhibits epidermal
growth factor receptor activation. J Biol Chem, 298(6), 102033.
https://doi.org/10.1016/j.jbc.2022.102033

Jiang, H., Hampel, H., Prvulovic, D., Wallin, A., Blennow, K., Li, R., & Shen, Y. (2011).
Elevated CSF levels of TACE activity and soluble TNF receptors in subjects with mild
cognitive impairment and patients with Alzheimer's disease. Mol Neurodegener, 6,
69. https://doi.org/10.1186/1750-1326-6-69

Jones, J. C., Rustagi, S., & Dempsey, P. J. (2016). ADAM Proteases and Gastrointestinal
Function. Annu Rev Physiol, 78, 243-276. https://doi.org/10.1146/annurev-physiol-
021014-071720

Kaasboll, O. J., Gadicherla, A. K., Wang, J. H., Monsen, V. T., Hagelin, E. M. V., Dong, M.
Q., & Attramadal, H. (2018). Connective tissue growth factor (CCN2) is a matricellular
preproprotein controlled by proteolytic activation. J Biol Chem, 293(46), 17953-17970.
https://doi.org/10.1074/jbc.RA118.004559

Kahveci-Turkéz, S., Blasius, K., Wozniak, J., Rinkens, C., Seifert, A., Kasparek, P., Ohm, H.,
Oltzen, S., Nieszporek, M., Schwarz, N., Babendreyer, A., Preisinger, C., Sedlacek,
R., Ludwig, A., & Disterhéft, S. (2023). A structural model of the iRhom-ADAM17
sheddase complex reveals functional insights into its trafficking and activity. Cell Mol
Life Sci, 80(5), 135. https://doi.org/10.1007/s00018-023-04783-y

Kappelhoff, R., Puente, X. S., Wilson, C. H., Seth, A., Lopez-Otin, C., & Overall, C. M.
(2017). Overview of transcriptomic analysis of all human proteases, non-proteolytic
homologs and inhibitors: Organ, tissue and ovarian cancer cell line expression
profiling of the human protease degradome by the CLIP-CHIP DNA microarray.
Biochim Biophys Acta Mol Cell Res, 1864(11 Pt B), 2210-2219.
https://doi.org/10.1016/j.bbamcr.2017.08.004

Kataoka, M., Yoshiyama, K., Matsuura, K., Hijiya, N., Higuchi, Y., & Yamamoto, S. (1997).
Structure of the murine CD156 gene, characterization of its promoter, and
chromosomal location. J Biol Chem, 272(29), 18209-18215.
https://doi.org/10.1074/jbc.272.29.18209

Kelly, K., Hutchinson, G., Nebenius-Oosthuizen, D., Smith, A. J., Bartsch, J. W., Horiuchi, K.,
Rittger, A., Manova, K., Docherty, A. J., & Blobel, C. P. (2005). Metalloprotease-
disintegrin ADAMS8: expression analysis and targeted deletion in mice. Dev Dyn,
232(1), 221-231. https://doi.org/10.1002/dvdy.20221

Kelwick, R., Wagstaff, L., Decock, J., Roghi, C., Cooley, L. S., Robinson, S. D., Arnold, H.,
Gavrilovic, J., Jaworski, D. M., Yamamoto, K., Nagase, H., Seubert, B., Kruger, A., &
Edwards, D. R. (2015). Metalloproteinase-dependent and -independent processes
contribute to inhibition of breast cancer cell migration, angiogenesis and liver
metastasis by a disintegrin and metalloproteinase with thrombospondin motifs-15. Int
J Cancer, 136(4), E14-26. https://doi.org/10.1002/ijc.29129

Kim, H., Son, S., Ko, Y., & Shin, I. (2021). CTGF regulates cell proliferation, migration, and
glucose metabolism through activation of FAK signaling in triple-negative breast
cancer. Oncogene, 40(15), 2667-2681. https://doi.org/10.1038/s41388-021-01731-7

King, N. E., Zimmermann, N., Pope, S. M., Fulkerson, P. C., Nikolaidis, N. M., Mishra, A.,
Witte, D. P., & Rothenberg, M. E. (2004). Expression and regulation of a disintegrin
and metalloproteinase (ADAM) 8 in experimental asthma. Am J Respir Cell Mol Biol,
31(3), 257-265. https://doi.org/10.1165/rcmb.2004-00260C

114


https://doi.org/10.1074/jbc.M111.252718
https://doi.org/10.1016/j.jbc.2022.102033
https://doi.org/10.1186/1750-1326-6-69
https://doi.org/10.1146/annurev-physiol-021014-071720
https://doi.org/10.1146/annurev-physiol-021014-071720
https://doi.org/10.1074/jbc.RA118.004559
https://doi.org/10.1007/s00018-023-04783-y
https://doi.org/10.1016/j.bbamcr.2017.08.004
https://doi.org/10.1074/jbc.272.29.18209
https://doi.org/10.1002/dvdy.20221
https://doi.org/10.1002/ijc.29129
https://doi.org/10.1038/s41388-021-01731-7
https://doi.org/10.1165/rcmb.2004-0026OC

References

Klausner, R. D. D., J.; Lippincott-Schwartz, J. (March 1992). Brefeldin A: Insights into the
Control of Membrane Traffic and Organelle Structure. The Journal of Cell Biology,
Volume 116(Number 5), 1071-1080.

Kleino, I., Jarviluoma, A., Hepojoki, J., Huovila, A. P., & Saksela, K. (2015). Preferred SH3
domain partners of ADAM metalloproteases include shared and ADAM-specific SH3
interactions. PLOS ONE, 10(3), e0121301.
https://doi.org/10.1371/journal.pone.0121301

Koller, G., Schlomann, U., Golfi, P., Ferdous, T., Naus, S., & Bartsch, J. W. (2009).
ADAMS8/MS2/CD156, an emerging drug target in the treatment of inflammatory and
invasive pathologies. Curr Pharm Des, 15(20), 2272-2281.
https://doi.org/10.2174/138161209788682361

Kunzel, U., Grieve, A. G., Meng, Y., Sieber, B., Cowley, S. A., & Freeman, M. (2018).
FRMD8 promotes inflammatory and growth factor signalling by stabilising the
iRhom/ADAM17 sheddase complex. Elife, 7. https://doi.org/10.7554/eLife.35012

Lambrecht, B. N., Vanderkerken, M., & Hammad, H. (2018). The emerging role of ADAM
metalloproteinases in immunity. Nat Rev Immunol, 18(12), 745-758.
https://doi.org/10.1038/s41577-018-0068-5

Le Gall, S. M., Maretzky, T., Issuree, P. D. A., Niu, X.-D., Reiss, K., Saftig, P., Khokha, R.,
Lundell, D., & Blobel, C. P. (2010). ADAM17 is regulated by a rapid and reversible
mechanism that controls access to its catalytic site. Journal of Cell Science, 123(22),
3913-3922. https://doi.org/10.1242/jcs.069997

Lee, K. L., Kuo, Y. C., Ho, Y. S., & Huang, Y. H. (2019). Triple-Negative Breast Cancer:
Current Understanding and Future Therapeutic Breakthrough Targeting Cancer
Stemness. Cancers (Basel), 11(9). https://doi.org/10.3390/cancers11091334

Lee, W., Kim, Y., Park, J., Shim, S., Lee, J., Hong, S. H., Ahn, H. H., Lee, H., & Jung, Y. K.
(2015). iRhom1 regulates proteasome activity via PAC1/2 under ER stress. Sci Rep,
5, 11559. https://doi.org/10.1038/srep11559

Lehmann, B. D., Bauer, J. A., Chen, X., Sanders, M. E., Chakravarthy, A. B., Shyr, Y., &
Pietenpol, J. A. (2011). Identification of human triple-negative breast cancer subtypes
and preclinical models for selection of targeted therapies. J Clin Invest, 121(7), 2750-
2767. https://doi.org/10.1172/jci45014

Lemberg, M. K. (2011). Intramembrane Proteolysis in Regulated Protein Trafficking. Traffic,
12(9), 1109-1118. https://doi.org/https://doi.org/10.1111/j.1600-0854.2011.01219.x

Lemberg, M. K., & Freeman, M. (2007). Functional and evolutionary implications of
enhanced genomic analysis of rhomboid intramembrane proteases. Genome
research, 17(11), 1634-1646. https://doi.org/10.1101/gr.6425307

Lendeckel, U., Kohl, J., Arndt, M., Carl-McGrath, S., Donat, H., & Récken, C. (2005).
Increased expression of ADAM family members in human breast cancer and breast
cancer cell lines. Journal of Cancer Research and Clinical Oncology, 131(1), 41-48.
https://doi.org/10.1007/s00432-004-0619-y

Leonard, J. D., Lin, F., & Milla, M. E. (2005). Chaperone-like properties of the prodomain of
TNFalpha-converting enzyme (TACE) and the functional role of its cysteine switch.
Biochem J, 387(Pt 3), 797-805. https://doi.org/10.1042/bj20041727

Li, J., Bai, T. R., Gao, S., Zhou, Z., Peng, X. M., Zhang, L. S., Dou, D. L., Zhang, Z. S., & Li,
L. Y. (2018). Human rhomboid family-1 modulates clathrin coated vesicle-dependent
pro-transforming growth factor alpha membrane trafficking to promote breast cancer
progression. EBioMedicine, 36, 229-240. https://doi.org/10.1016/j.ebiom.2018.09.038

Li, X., Maretzky, T., Perez-Aguilar, J. M., Monette, S., Weskamp, G., Le Gall, S., Beutler, B.,
Weinstein, H., & Blobel, C. P. (2017). Structural modeling defines transmembrane
residues in ADAM17 that are crucial for Rhbdf2-ADAM17-dependent proteolysis. J
Cell Sci, 130(5), 868-878. https://doi.org/10.1242/jcs.196436

Li, X., Maretzky, T., Weskamp, G., Monette, S., Qing, X., Issuree, P. D., Crawford, H. C.,
Mcllwain, D. R., Mak, T. W., Salmon, J. E., & Blobel, C. P. (2015). iRhoms 1 and 2
are essential upstream regulators of ADAM17-dependent EGFR signaling. Proc Natl
Acad SciU S A, 112(19), 6080-6085. https://doi.org/10.1073/pnas.1505649112

115


https://doi.org/10.1371/journal.pone.0121301
https://doi.org/10.2174/138161209788682361
https://doi.org/10.7554/eLife.35012
https://doi.org/10.1038/s41577-018-0068-5
https://doi.org/10.1242/jcs.069997
https://doi.org/10.3390/cancers11091334
https://doi.org/10.1038/srep11559
https://doi.org/10.1172/jci45014
https://doi.org/https:/doi.org/10.1111/j.1600-0854.2011.01219.x
https://doi.org/10.1101/gr.6425307
https://doi.org/10.1007/s00432-004-0619-y
https://doi.org/10.1042/bj20041727
https://doi.org/10.1016/j.ebiom.2018.09.038
https://doi.org/10.1242/jcs.196436
https://doi.org/10.1073/pnas.1505649112

References

Li, Y., Guo, S., Zhao, K., Conrad, C., Driescher, C., Rothbart, V., Schlomann, U., Guerreiro,
H., Bopp, M. H., Kdnig, A., Carl, B., Pagenstecher, A., Nimsky, C., & Bartsch, J. W.
(2021). ADAMS affects glioblastoma progression by regulating osteopontin-mediated
angiogenesis. Biological Chemistry, 402(2), 195-206. https://doi.org/doi:10.1515/hsz-
2020-0184

Lichtenthaler, S. F., Lemberg, M. K., & Fluhrer, R. (2018). Proteolytic ectodomain shedding
of membrane proteins in mammals—hardware, concepts, and recent developments.
The EMBO Journal, 37.

Lichtenthaler, S. F., & Steiner, H. (2007). Sheddases and intramembrane-cleaving
proteases: RIPpers of the membrane. Symposium on regulated intramembrane
proteolysis. EMBO Rep, 8(6), 537-541. https://doi.org/10.1038/sj.embor.7400978

Lin, N. U., Claus, E., Sohl, J., Razzak, A. R., Arnaout, A., & Winer, E. P. (2008). Sites of
distant recurrence and clinical outcomes in patients with metastatic triple-negative
breast cancer. Cancer, 113(10), 2638-2645.
https://doi.org/https://doi.org/10.1002/cncr.23930

Liu, X., Huang, Y., Qi, Y., Wu, S., Hu, F., Wang, J., Shu, K., Zhang, H., Bartsch, J. W.,
Nimsky, C., Dong, F., & Lei, T. (2022). The GBM Tumor Microenvironment as a
Modulator of Therapy Response: ADAM8 Causes Tumor Infiltration of Tams through
HB-EGF/EGFR-Mediated CCL2 Expression and Overcomes TMZ
Chemosensitization in Glioblastoma. Cancers, 14(19), 4910.
https://www.mdpi.com/2072-6694/14/19/4910

Lépez-Otin, C., & Matrisian, L. M. (2007). Emerging roles of proteases in tumour
suppression. Nature Reviews Cancer, 7(10), 800-808.
https://doi.org/10.1038/nrc2228

Lépez-Otin, C., & Overall, C. M. (2002). Protease degradomics: A new challenge for
proteomics. Nature Reviews Molecular Cell Biology, 3(7), 509-519.
https://doi.org/10.1038/nrm858

Lora, J., Weskamp, G., Li, T. M., Maretzky, T., Shola, D. T. N., Monette, S., Lichtenthaler, S.
F.,Lu, T.T., Yang, C., & Blobel, C. P. (2021). Targeted truncation of the ADAM17
cytoplasmic domain in mice results in protein destabilization and a hypomorphic
phenotype. J Biol Chem, 296, 100733. https://doi.org/10.1016/j.jbc.2021.100733

Lorenzen, I., Lokau, J., Korpys, Y., Oldefest, M., Flynn, C. M., Kunzel, U., Garbers, C.,
Freeman, M., Grotzinger, J., & Disterhoft, S. (2016). Control of ADAM17 activity by
regulation of its cellular localisation. Sci Rep, 6, 35067.
https://doi.org/10.1038/srep35067

Lu, Y., Chopp, M., Zheng, X., Katakowski, M., Buller, B., & Jiang, F. (2013). MiR-145
reduces ADAM17 expression and inhibits in vitro migration and invasion of glioma
cells. Oncol Rep, 29(1), 67-72. https://doi.org/10.3892/0r.2012.2084

Ludwig, A., Hundhausen, C., Lambert, M. H., Broadway, N., Andrews, R. C., Bickett, D. M.,
Leesnitzer, M. A., & Becherer, J. D. (2005). Metalloproteinase inhibitors for the
disintegrin-like metalloproteinases ADAM10 and ADAM17 that differentially block
constitutive and phorbol ester-inducible shedding of cell surface molecules. Comb
Chem High Throughput Screen, 8(2), 161-171.
https://doi.org/10.2174/1386207053258488

Madzharova, E., Sabino, F., & Auf dem Keller, U. (2019). Exploring Extracellular Matrix
Degradomes by TMT-TAILS N-Terminomics. Methods Mol Biol, 1944, 115-126.
https://doi.org/10.1007/978-1-4939-9095-5_8

Manupati, K., Dhoke, N. R., Debnath, T., Yeeravalli, R., Guguloth, K., Saeidpour, S., De, U.
C., Debnath, S., & Das, A. (2017). Inhibiting epidermal growth factor receptor
signalling potentiates mesenchymal-epithelial transition of breast cancer stem cells
and their responsiveness to anticancer drugs. FEBS J, 284(12), 1830-1854.
https://doi.org/10.1111/febs.14084

Maretzky, T., Mcllwain, D. R., Issuree, P. D., Li, X., Malapeira, J., Amin, S., Lang, P. A., Mak,
T. W., & Blobel, C. P. (2013). iRhom2 controls the substrate selectivity of stimulated
ADAM17-dependent ectodomain shedding. Proc Natl Acad Sci U S A, 110(28),
11433-11438. https://doi.org/10.1073/pnas.1302553110

116


https://doi.org/doi:10.1515/hsz-2020-0184
https://doi.org/doi:10.1515/hsz-2020-0184
https://doi.org/10.1038/sj.embor.7400978
https://doi.org/https:/doi.org/10.1002/cncr.23930
https://www.mdpi.com/2072-6694/14/19/4910
https://doi.org/10.1038/nrc2228
https://doi.org/10.1038/nrm858
https://doi.org/10.1016/j.jbc.2021.100733
https://doi.org/10.1038/srep35067
https://doi.org/10.3892/or.2012.2084
https://doi.org/10.2174/1386207053258488
https://doi.org/10.1007/978-1-4939-9095-5_8
https://doi.org/10.1111/febs.14084
https://doi.org/10.1073/pnas.1302553110

References

McCarthy, A. J., Coleman-Vaughan, C., & McCarthy, J. V. (2017). Regulated intramembrane
proteolysis: emergent role in cell signalling pathways. Biochem Soc Trans, 45(6),
1185-1202. https://doi.org/10.1042/bst20170002

McGowan, P. M., Mullooly, M., Caiazza, F., Sukor, S., Madden, S. F., Maguire, A. A., Pierce,
A., McDermott, E. W., Crown, J., O'Donovan, N., & Duffy, M. J. (2013). ADAM-17: a
novel therapeutic target for triple negative breast cancer. Ann Oncol, 24(2), 362-369.
https://doi.org/10.1093/annonc/mds279

McGowan, P. M., Ryan, B. d. M., Hill, A. D. K., McDermott, E., O'Higgins, N., & Duffy, M. J.
(2007). ADAM-17 Expression in Breast Cancer Correlates with Variables of Tumor
Progression. Clinical Cancer Research, 13(8), 2335-2343.
https://doi.org/10.1158/1078-0432.Ccr-06-2092

Mcllwain, D. R., Lang, P. A., Maretzky, T., Hamada, K., Ohishi, K., Maney, S. K., Berger, T.,
Murthy, A., Duncan, G., Xu, H. C., Lang, K. S., Haussinger, D., Wakeham, A., Itie-
Youten, A., Khokha, R., Ohashi, P. S., Blobel, C. P., & Mak, T. W. (2012). iRhom2
regulation of TACE controls TNF-mediated protection against Listeria and responses
to LPS. Science, 335(6065), 229-232. https://doi.org/10.1126/science.1214448

Mierke, C. T. (2023). The versatile roles of ADAMS8 in cancer cell migration, mechanics, and
extracellular matrix remodeling. Front Cell Dev Biol, 11, 1130823.
https://doi.org/10.3389/fcell.2023.1130823

Miettinen, P. J., Berger, J. E., Meneses, J., Phung, Y., Pedersen, R. A., Werb, Z., & Derynck,
R. (1995). Epithelial immaturity and multiorgan failure in mice lacking epidermal
growth factor receptor. Nature, 376(6538), 337-341.
https://doi.org/https://doi.org/10.1038/376337a0

Moss, M. L., Jin, S. L., Milla, M. E., Bickett, D. M., Burkhart, W., Carter, H. L., Chen, W. J.,
Clay, W. C., Didsbury, J. R., Hassler, D., Hoffman, C. R., Kost, T. A., Lambert, M. H.,
Leesnitzer, M. A., McCauley, P., McGeehan, G., Mitchell, J., Moyer, M., Pahel, G., ..
. Becherer, J. D. (1997). Cloning of a disintegrin metalloproteinase that processes
precursor tumour-necrosis factor-alpha Nature, 385, 733-736. https://doi.org/doi:
10.1038/385733a0

Moss, M. L., & Minond, D. (2017). Recent Advances in ADAM17 Research: A Promising
Target for Cancer and Inflammation. Mediators Inflamm, 2017, 9673537.
https://doi.org/10.1155/2017/9673537

Mullberg, J., Schooltink, H., Stoyan, T., Gunther, M., Graeve, L., Buse, G., Mackiewicz, A.,
Heinrich, P. C., & Rose-John, S. (1993). The soluble interleukin-6 receptor is
generated by shedding. Eur J Immunol, 23(2), 473-480.
https://doi.org/10.1002/eji.1830230226

Mullberg, J., Schooltink, H., Stoyan, T., Heinrich, P. C., & Rose-John, S. (1992). Protein
kinase C activity is rate limiting for shedding of the interleukin-6 receptor. Biochemical
and Biophysical Research Communications, 189(2), 794-800.
https://doi.org/https://doi.org/10.1016/0006-291X(92)92272-Y

Mullooly, M., McGowan, P. M., Crown, J., & Duffy, M. J. (2016). The ADAMs family of
proteases as targets for the treatment of cancer. Cancer Biol Ther, 17(8), 870-880.
https://doi.org/10.1080/15384047.2016.1177684

Murphy, G. (2008 ). The ADAMSs: signalling scissors in the tumour microenvironment. Nature
reviews, Cancer, 8(12), 929-941. https://doi.org/https://doi.org/10.1038/nrc2459

Murthy, A., Defamie, V., Smookler, D. S., Di Grappa, M. A., Horiuchi, K., Federici, M., Sibilia,
M., Blobel, C. P., & Khokha, R. (2010). Ectodomain shedding of EGFR ligands and
TNFR1 dictates hepatocyte apoptosis during fulminant hepatitis in mice. The Journal
of clinical investigation, 120(8), 2731-2744. https://doi.org/10.1172/JCI42686

Myers, T. J., Brennaman, L. H., Stevenson, M., Higashiyama, S., Russell, W. E., Lee, D. C.,
& Sunnarborg, S. W. (2009). Mitochondrial reactive oxygen species mediate GPCR-
induced TACE/ADAM17-dependent transforming growth factor-alpha shedding. Mol
Biol Cell, 20(24), 5236-5249. https://doi.org/10.1091/mbc.e08-12-1256

Nakamura, K., Zuppini, A., Arnaudeau, S., Lynch, J., Ahsan, I., Krause, R., Papp, S., De
Smedt, H., Parys, J. B., Muller-Esterl, W., Lew, D. P., Krause, K. H., Demaurex, N.,

117


https://doi.org/10.1042/bst20170002
https://doi.org/10.1093/annonc/mds279
https://doi.org/10.1158/1078-0432.Ccr-06-2092
https://doi.org/10.1126/science.1214448
https://doi.org/10.3389/fcell.2023.1130823
https://doi.org/https:/doi.org/10.1038/376337a0
https://doi.org/doi
https://doi.org/10.1155/2017/9673537
https://doi.org/10.1002/eji.1830230226
https://doi.org/https:/doi.org/10.1016/0006-291X(92)92272-Y
https://doi.org/10.1080/15384047.2016.1177684
https://doi.org/https:/doi.org/10.1038/nrc2459
https://doi.org/10.1172/JCI42686
https://doi.org/10.1091/mbc.e08-12-1256

References

Opas, M., & Michalak, M. (2001). Functional specialization of calreticulin domains. J
Cell Biol, 154(5), 961-972. https://doi.org/10.1083/jcb.200102073

Nakayama, K. (1997). Furin: a mammalian subtilisin/Kex2p-like endoprotease involved in
processing of a wide variety of precursor proteins. Biochem J, 327 ( Pt 3)(Pt 3), 625-
635. https://doi.org/10.1042/bj3270625

Naus, S., Blanchet, M. R., Gossens, K., Zaph, C., Bartsch, J. W., McNagny, K. M., & Ziltener,
H. J. (2010). The metalloprotease-disintegrin ADAMS is essential for the development
of experimental asthma. Am J Respir Crit Care Med, 181(12), 1318-1328.
https://doi.org/10.1164/rccm.200909-13960C

Naus, S., Reipschlager, S., Wildeboer, D., Lichtenthaler, S. F., Mitterreiter, S., Guan, Z.,
Moss, M. L., & Bartsch, J. W. (2006). Identification of candidate substrates for
ectodomain shedding by the metalloprotease-disintegrin ADAMS8. Biol Chem, 387(3),
337-346. https://doi.org/10.1515/BC.2006.045

Nielsen, T. O., Hsu, F. D., Jensen, K., Cheang, M., Karaca, G., Hu, Z., Hernandez-Boussard,
T., Livasy, C., Cowan, D., Dressler, L., Akslen, L. A., Ragaz, J., Gown, A. M., Gilks,
C. B., van de Rijn, M., & Perou, C. M. (2004). Immunohistochemical and clinical
characterization of the basal-like subtype of invasive breast carcinoma. Clin Cancer
Res, 10(16), 5367-5374. https://doi.org/10.1158/1078-0432.Ccr-04-0220

Nikolaidis, N. M., Gray, J. K., Gurusamy, D., Fox, W., Stuart, W. D., Huber, N., & Waltz, S. E.
(2010). RON RECEPTOR TYROSINE KINASE NEGATIVELY REGULATES TNFa
PRODUCTION IN ALVEOLAR MACROPHAGES BY INHIBITING NF-kB ACTIVITY
AND ADAM17 PRODUCTION. Shock, 33(2), 197-204.
https://doi.org/10.1097/SHK.0b013e3181ae8155

Ohtsu, H., Dempsey, P. J., & Eguchi, S. (2006). ADAMs as mediators of EGF receptor
transactivation by G protein-coupled receptors. Am J Physiol Cell Physiol, 291(1), C1-
10. https://doi.org/10.1152/ajpcell.00620.2005

Oikonomidi, I., Burbridge, E., Cavadas, M., Sullivan, G., Collis, B., Naegele, H., Clancy, D.,
Brezinova, J., Hu, T., Bileck, A., Gerner, C., Bolado, A., von Kriegsheim, A., Martin, S.
J., Steinberg, F., Strisovsky, K., & Adrain, C. (2018). iTAP, a novel iRhom interactor,
controls TNF secretion by policing the stability of iRhom/TACE. Elife, 7.
https://doi.org/10.7554/eL ife.35032

Palmieri, C., Caley, M. P., Purshouse, K., Fonseca, A. V., Rodriguez-Teja, M., Kogianni, G.,
Woodley, L., Odendaal, J., Elliott, K., Waxman, J., & Sturge, J. (2013). Endo180
modulation by bisphosphonates and diagnostic accuracy in metastatic breast cancer.
Br J Cancer, 108(1), 163-169. https://doi.org/10.1038/bjc.2012.540

Peiretti, F., Canault, M., Deprez-Beauclair, P., Berthet, V., Bonardo, B., Juhan-Vague, I., &
Nalbone, G. (2003). Intracellular maturation and transport of tumor necrosis factor
alpha converting enzyme. Exp Cell Res, 285(2), 278-285.
https://doi.org/10.1016/s0014-4827(03)00052-1

Peixoto, R. T., Kunz, Portia A., Kwon, H., Mabb, Angela M., Sabatini, Bernardo L., Philpot,
Benjamin D., & Ehlers, Michael D. (2012). Transsynaptic Signaling by Activity-
Dependent Cleavage of Neuroligin-1. Neuron, 76(2), 396-409.
https://doi.org/10.1016/j.neuron.2012.07.006

Perou, C. M., Sgrlie, T., Eisen, M. B., van de Rijn, M., Jeffrey, S. S., Rees, C. A., Pollack, J.
R., Ross, D. T., Johnsen, H., Akslen, L. A., Fluge, O., Pergamenschikov, A., Williams,
C., Zhu, S. X,, Lenning, P. E., Barresen-Dale, A. L., Brown, P. O., & Botstein, D.
(2000). Molecular portraits of human breast tumours. Nature, 406(6797), 747-752.
https://doi.org/10.1038/35021093

Peschon, J. J., Slack, J. L., Reddy, P., Stocking, K. L., Sunnarborg, S. W., Lee, D. C,,
Russell, W. E., Castner, B. J., Johnson, R. S., Fitzner, J. N., Boyce, R. W., Nelson,
N., Kozlosky, C. J., Wolfson, M. F., Rauch, C. T., Cerretti, D. P., Paxton, R. J., March,
C. J., &Black, R. A. (1998). An essential role for ectodomain shedding in mammalian
development. Science., 282(5392):1281-4. https://doi.org/doi:
10.1126/science.282.5392.1281

Planque, C., Kulasingam, V., Smith, C. R., Reckamp, K., Goodglick, L., & Diamandis, E. P.
(2009). Identification of five candidate lung cancer biomarkers by proteomics analysis

118


https://doi.org/10.1083/jcb.200102073
https://doi.org/10.1042/bj3270625
https://doi.org/10.1164/rccm.200909-1396OC
https://doi.org/10.1515/BC.2006.045
https://doi.org/10.1158/1078-0432.Ccr-04-0220
https://doi.org/10.1097/SHK.0b013e3181ae8155
https://doi.org/10.1152/ajpcell.00620.2005
https://doi.org/10.7554/eLife.35032
https://doi.org/10.1038/bjc.2012.540
https://doi.org/10.1016/s0014-4827(03)00052-1
https://doi.org/10.1016/j.neuron.2012.07.006
https://doi.org/10.1038/35021093
https://doi.org/doi

References

of conditioned media of four lung cancer cell lines. Molecular & cellular proteomics :
MCP, 8(12), 2746-2758. https://doi.org/10.1074/mcp.M900134-MCP200

Pruessmeyer, J., & Ludwig, A. (2009). The good, the bad and the ugly substrates for
ADAM10 and ADAM17 in brain pathology, inflammation and cancer. Semin Cell Dev
Biol, 20(2), 164-174. https://doi.org/10.1016/j.semcdb.2008.09.005

Rahn, S., & Becker-Pauly, C. (2022). Meprin and ADAM proteases as triggers of systemic
inflammation in sepsis. FEBS Letters, 596(5), 534-556.
https://doi.org/https://doi.org/10.1002/1873-3468.14225

Rao, H., Lu, G., Kajiya, H., Garcia-Palacios, V., Kurihara, N., Anderson, J., Patrene, K.,
Sheppard, D., Blair, H. C., Windle, J. J., Choi, S. J., & Roodman, G. D. (2006).
Alpha9betal: a novel osteoclast integrin that regulates osteoclast formation and
function. J Bone Miner Res, 21(10), 1657-1665. https://doi.org/10.1359/jbmr.060718

Rawlings, N. D., & Barrett, A. J. (1993). Evolutionary families of peptidases. Biochem J, 290 (
Pt 1)(Pt 1), 205-218. https://doi.org/10.1042/bj2900205

Reddy, P., Slack, J. L., Davis, R., Cerretti, D. P., Kozlosky, C. J., Blanton, R. A., Shows, D.,
Peschon, J. J., & Black, R. A. (2000). Functional analysis of the domain structure of
tumor necrosis factor-alpha converting enzyme. J Biol Chem, 275(19), 14608-14614.
https://doi.org/10.1074/jbc.275.19.14608

Riethmueller, S., Ehlers, J. C., Lokau, J., Dusterhoft, S., Knittler, K., Dombrowsky, G.,
Grotzinger, J., Rabe, B., Rose-John, S., & Garbers, C. (2016). Cleavage Site
Localization Differentially Controls Interleukin-6 Receptor Proteolysis by ADAM10 and
ADAML17. Sci Rep, 6, 25550. https://doi.org/10.1038/srep25550

Rizvi, S. M., Del Cid, N., Lybarger, L., & Raghavan, M. (2011). Distinct functions for the
glycans of tapasin and heavy chains in the assembly of MHC class | molecules. J
Immunol, 186(4), 2309-2320. https://doi.org/10.4049/jimmunol.1002959

Romagnoli, M., Mineva, N. D., Polmear, M., Conrad, C., Srinivasan, S., Loussouarn, D.,
Barille-Nion, S., Georgakoudi, I., Dagg, A., McDermott, E. W., Duffy, M. J., McGowan,
P. M., Schlomann, U., Parsons, M., Bartsch, J. W., & Sonenshein, G. E. (2014).
ADAMBS8 expression in invasive breast cancer promotes tumor dissemination and
metastasis. EMBO Mol Med, 6(2), 278-294.
https://doi.org/10.1002/emmm.201303373

Sagane, K., Hayakawa, K., Kai, J., Hirohashi, T., Takahashi, E., Miyamoto, N., Ino, M., OKki,
T., Yamazaki, K., & Nagasu, T. (2005). Ataxia and peripheral nerve hypomyelination
in ADAM22-deficient mice. BMC Neurosci, 6, 33. https://doi.org/10.1186/1471-2202-
6-33

Saha, N., Xu, K., Zhu, Z., Robev, D., Kalidindi, T., Xu, Y., Himanen, J., de Stanchina, E.,
Pillarsetty, N. V. K., Dimitrov, D. S., & Nikolov, D. B. (2022). Inhibitory monoclonal
antibody targeting ADAM17 expressed on cancer cells. Transl Oncol, 15(1), 101265.
https://doi.org/10.1016/j.tranon.2021.101265

Saharinen, J., Taipale, J., & Keski-Oja, J. (1996). Association of the small latent transforming
growth factor-beta with an eight cysteine repeat of its binding protein LTBP-1. The
EMBO Journal, 15(2), 245-253. https://doi.org/10.1002/j.1460-2075.1996.tb00355.x

Sahin, U., & Blobel, C. P. (2007). Ectodomain shedding of the EGF-receptor ligand epigen is
mediated by ADAM17. FEBS Letters, 581(1), 41-44.
https://doi.org/https://doi.org/10.1016/j.febslet.2006.11.074

Sahin, U., Weskamp, G., Kelly, K., Zhou, H. M., Higashiyama, S., Peschon, J., Hartmann, D.,
Saftig, P., & Blobel, C. P. (2004). Distinct roles for ADAM10 and ADAM17 in
ectodomain shedding of six EGFR ligands. J Cell Biol, 164(5), 769-779.
https://doi.org/10.1083/jcb.200307137

Salomon, D. S., Brandt, R., Ciardiello, F., & Normanno, N. (1995). Epidermal growth factor-
related peptides and their receptors in human malignancies. Crit Rev Oncol Hematol,
19(3), 183-232. https://doi.org/10.1016/1040-8428(94)00144-i

Santiago-Josefat, B., Esselens, C., Bech-Serra, J. J., & Arribas, J. (2007). Post-
transcriptional up-regulation of ADAM17 upon epidermal growth factor receptor
activation and in breast tumors. J Biol Chem, 282(11), 8325-8331.
https://doi.org/10.1074/jbc.M608826200

119


https://doi.org/10.1074/mcp.M900134-MCP200
https://doi.org/10.1016/j.semcdb.2008.09.005
https://doi.org/https:/doi.org/10.1002/1873-3468.14225
https://doi.org/10.1359/jbmr.060718
https://doi.org/10.1042/bj2900205
https://doi.org/10.1074/jbc.275.19.14608
https://doi.org/10.1038/srep25550
https://doi.org/10.4049/jimmunol.1002959
https://doi.org/10.1002/emmm.201303373
https://doi.org/10.1186/1471-2202-6-33
https://doi.org/10.1186/1471-2202-6-33
https://doi.org/10.1016/j.tranon.2021.101265
https://doi.org/10.1002/j.1460-2075.1996.tb00355.x
https://doi.org/https:/doi.org/10.1016/j.febslet.2006.11.074
https://doi.org/10.1083/jcb.200307137
https://doi.org/10.1016/1040-8428(94)00144-i
https://doi.org/10.1074/jbc.M608826200

References

Scharfenberg, F., Helbig, A., Sammel, M., Benzel, J., Schlomann, U., Peters, F., Wichert, R.,
Bettendorff, M., Schmidt-Arras, D., Rose-John, S., Moali, C., Lichtenthaler, S. F.,
Pietrzik, C. U., Bartsch, J. W., Tholey, A., & Becker-Pauly, C. (2020). Degradome of
soluble ADAM10 and ADAM17 metalloproteases. Cell Mol Life Sci, 77(2), 331-350.
https://doi.org/10.1007/s00018-019-03184-4

Scheller, J., Chalaris, A., Garbers, C., & Rose-John, S. (2011). ADAM17: a molecular switch
to control inflammation and tissue regeneration. Trends in immunology, 32(8), 380—
387. https://doi.org/https://doi.org/10.1016/}.it.2011.05.005

Schlessinger, J. (2002). Ligand-Induced, Receptor-Mediated Dimerization and Activation of
EGF Receptor. Cell, 110(6), 669-672. https://doi.org/10.1016/S0092-8674(02)00966-
2

Schlomann, U., Koller, G., Conrad, C., Ferdous, T., Golfi, P., Garcia, A. M., Hofling, S.,
Parsons, M., Costa, P., Soper, R., Bossard, M., Hagemann, T., Roshani, R., Sewald,
N., Ketchem, R. R., Moss, M. L., Rasmussen, F. H., Miller, M. A., Lauffenburger, D.
A., ... Bartsch, J. W. (2015). ADAMS8 as a drug target in pancreatic cancer. Nat
Commun, 6, 6175. https://doi.org/10.1038/ncomms7175

Schlomann, U., Rathke-Hartlieb, S., Yamamoto, S., Jockusch, H., & Bartsch, J. W. (2000).
Tumor Necrosis Factor a Induces a Metalloprotease-Disintegrin, ADAM8 (CD 156):
Implications for Neuron—Glia Interactions during Neurodegeneration. The Journal of
Neuroscience, 20(21), 7964-7971. https://doi.org/10.1523/jneurosci.20-21-
07964.2000

Schlomann, U., Wildeboer, D., Webster, A., Antropova, O., Zeuschner, D., Knight, C. G.,
Docherty, A. J., Lambert, M., Skelton, L., Jockusch, H., & Bartsch, J. W. (2002). The
metalloprotease disintegrin ADAMS8. Processing by autocatalysis is required for
proteolytic activity and cell adhesion. J Biol Chem, 277(50), 48210-48219.
https://doi.org/10.1074/jbc.M203355200

Schmidt, S., Schumacher, N., Schwarz, J., Tangermann, S., Kenner, L., Schlederer, M.,
Sibilia, M., Linder, M., Altendorf-Hofmann, A., Knésel, T., Gruber, E. S., Oberhuber,
G., Bolik, J., Rehman, A., Sinha, A., Lokau, J., Arnold, P., Cabron, A. S., Zunke, F., ..
. Rose-John, S. (2018). ADAML17 is required for EGF-R-induced intestinal tumors via
IL-6 trans-signaling. J Exp Med, 215(4), 1205-1225.
https://doi.org/10.1084/jem.20171696

Schumacher, N., & Rose-John, S. (2022). ADAM17 orchestrates Interleukin-6, TNFa and
EGF-R signaling in inflammation and cancer. Biochimica et Biophysica Acta (BBA) -
Molecular Cell Research, 1869(1), 119141.
https://doi.org/https://doi.org/10.1016/j.bbamcr.2021.119141

Schwarz, J., Broder, C., Helmstetter, A., Schmidt, S., Yan, I., Muller, M., Schmidt-Arras, D.,
Becker-Pauly, C., Koch-Nolte, F., Mittrucker, H. W., Rabe, B., Rose-John, S., &
Chalaris, A. (2013). Short-term TNFalpha shedding is independent of cytoplasmic
phosphorylation or furin cleavage of ADAM17. Biochim Biophys Acta, 1833(12),
3355-3367. https://doi.org/10.1016/j.bbamcr.2013.10.005

Seals, D. F., & Courtneidge, S. A. (2003). The ADAMs family of metalloproteases:
multidomain proteins with multiple functions. Genes Dev, 17(1), 7-30.
https://doi.org/10.1101/gad.1039703

Shi, W., Chen, H., Sun, J., Buckley, S., Zhao, J., Anderson, K. D., Williams, R. G., &
Warburton, D. (2003). TACE is required for fetal murine cardiac development and
modeling. Dev Biol, 261(2), 371-380. https://doi.org/10.1016/s0012-1606(03)00315-4

Sibilia, M., Kroismayr, R., Lichtenberger, B. M., Natarajan, A., Hecking, M., & Holcmann, M.
(2007). The epidermal growth factor receptor: from development to tumorigenesis.
Differentiation, 75(9), 770-787. https://doi.org/10.1111/].1432-0436.2007.00238.x

Sibilia, M., Wagner, B., Hoebertz, A., Elliott, C., Marino, S., Jochum, W., & Wagner, E. F.
(2003). Mice humanised for the EGF receptor display hypomorphic phenotypes in
skin, bone and heart. Development, 130(19), 4515-4525.
https://doi.org/10.1242/dev.00664

120


https://doi.org/10.1007/s00018-019-03184-4
https://doi.org/https:/doi.org/10.1016/j.it.2011.05.005
https://doi.org/10.1016/S0092-8674(02)00966-2
https://doi.org/10.1016/S0092-8674(02)00966-2
https://doi.org/10.1038/ncomms7175
https://doi.org/10.1523/jneurosci.20-21-07964.2000
https://doi.org/10.1523/jneurosci.20-21-07964.2000
https://doi.org/10.1074/jbc.M203355200
https://doi.org/10.1084/jem.20171696
https://doi.org/https:/doi.org/10.1016/j.bbamcr.2021.119141
https://doi.org/10.1016/j.bbamcr.2013.10.005
https://doi.org/10.1101/gad.1039703
https://doi.org/10.1016/s0012-1606(03)00315-4
https://doi.org/10.1111/j.1432-0436.2007.00238.x
https://doi.org/10.1242/dev.00664

References

Siggs, O. M., Grieve, A., Xu, H., Bambrough, P., Christova, Y., & Freeman, M. (2014).
Genetic interaction implicates iRhom2 in the regulation of EGF receptor signalling in
mice. Biol Open, 3(12), 1151-1157. https://doi.org/10.1242/bi0.201410116

Siggs, O. M., Xiao, N., Wang, Y., Shi, H., Tomisato, W., Li, X., Xia, Y., & Beutler, B. (2012).
iRhomz2 is required for the secretion of mouse TNFalpha. Blood, 119(24), 5769-5771.
https://doi.org/10.1182/blood-2012-03-417949

Sima, L. E., Matei, D., & Condello, S. (2022). The Outside-In Journey of Tissue
Transglutaminase in Cancer. Cells, 11(11). https://doi.org/10.3390/cells11111779

Singh, B., Carpenter, G., & Coffey, R. J. (2016). EGF receptor ligands: recent advances.
F1000Res, 5. https://doi.org/10.12688/f1000research.9025.1

Sommer, A., Kordowski, F., Blch, J., Maretzky, T., Evers, A., Andra, J., DUsterhéft, S.,
Michalek, M., Lorenzen, |., Somasundaram, P., Tholey, A., Sénnichsen, F. D.,
Kunzelmann, K., Heinbockel, L., Nehls, C., Gutsmann, T., Grétzinger, J., Bhakdi, S.,
& Reiss, K. (2016). Phosphatidylserine exposure is required for ADAM17 sheddase
function. Nat Commun, 7, 11523. https://doi.org/10.1038/ncomms11523

Srinivasan, S., Romagnoli, M., Bohm, A., & Sonenshein, G. E. (2014). N-glycosylation
regulates ADAM8 processing and activation. J Biol Chem, 289(48), 33676-33688.
https://doi.org/10.1074/jbc.M114.594 242

Sternlicht, M. D., Sunnarborg, S. W., Kouros-Mehr, H., Yu, Y., Lee, D. C., & Werb, Z. (2005).
Mammary ductal morphogenesis requires paracrine activation of stromal EGFR via
ADAM17-dependent shedding of epithelial amphiregulin. Development, 132(17),
3923-3933. https://doi.org/10.1242/dev.01966

Stocker, W., Grams, F., Baumann, U., Reinemer, P., Gomis-Rith, F. X., McKay, D. B., &
Bode, W. (1995). The metzincins--topological and sequential relations between the
astacins, adamalysins, serralysins, and matrixins (collagenases) define a superfamily
of zinc-peptidases. Protein Sci, 4(5), 823-840.
https://doi.org/10.1002/pro.5560040502

Suh, J., Choi, S. H., Romano, D. M., Gannon, M. A., Lesinski, A. N., Kim, D. Y., & Tanzi, R.
E. (2013). ADAM10 missense mutations potentiate B-amyloid accumulation by
impairing prodomain chaperone function. Neuron, 80(2), 385-401.
https://doi.org/10.1016/j.neuron.2013.08.035

Sun, C., Hu, A., Wang, S., Tian, B., Jiang, L., Liang, Y., Wang, H., & Dong, J. (2020).
ADAM17-regulated CX3CL1 expression produced by bone marrow endothelial cells
promotes spinal metastasis from hepatocellular carcinoma. Int J Oncol, 57(1), 249-
263. https://doi.org/10.3892/ij0.2020.5045

Sun, Q., Hampel, H., Blennow, K., Lista, S., Levey, A., Tang, B., Li, R., & Shen, Y. (2014).
Increased plasma TACE activity in subjects with mild cognitive impairment and
patients with Alzheimer's disease. J Alzheimers Dis, 41(3), 877-886.
https://doi.org/10.3233/JAD-140177

Sun, Y., Li, Q., Gui, H., Xu, D.-P., Yang, Y.-L., Su, D.-F., & Liu, X. (2013). MicroRNA-124
mediates the cholinergic anti-inflammatory action through inhibiting the production of
pro-inflammatory cytokines. Cell Research, 23(11), 1270-1283.
https://doi.org/10.1038/cr.2013.116

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, |., Jemal, A., & Bray, F.
(2021). Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal for
Clinicians, 71(3), 209-249. https://doi.org/https://doi.org/10.3322/caac.21660

Sunnarborg, S. W., Hinkle, C. L., Stevenson, M., Russell, W. E., Raska, C. S., Peschon, J.
J., Castner, B. J., Gerhart, M. J., Paxton, R. J., Black, R. A., & Lee, D. C. (2002).
Tumor Necrosis Factor-a Converting Enzyme (TACE) Regulates Epidermal Growth
Factor Receptor Ligand Availability=. Journal of Biological Chemistry, 277(15), 12838-
12845. https://doi.org/https://doi.org/10.1074/jbc.M112050200

Takamune, Y., Ikebe, T., Nagano, O., & Shinohara, M. (2008). Involvement of NF-kappaB-
mediated maturation of ADAM-17 in the invasion of oral squamous cell carcinoma.
Biochem Biophys Res Commun, 365(2), 393-398.
https://doi.org/10.1016/j.bbrc.2007.11.010

121


https://doi.org/10.1242/bio.201410116
https://doi.org/10.1182/blood-2012-03-417949
https://doi.org/10.3390/cells11111779
https://doi.org/10.12688/f1000research.9025.1
https://doi.org/10.1038/ncomms11523
https://doi.org/10.1074/jbc.M114.594242
https://doi.org/10.1242/dev.01966
https://doi.org/10.1002/pro.5560040502
https://doi.org/10.1016/j.neuron.2013.08.035
https://doi.org/10.3892/ijo.2020.5045
https://doi.org/10.3233/JAD-140177
https://doi.org/10.1038/cr.2013.116
https://doi.org/https:/doi.org/10.3322/caac.21660
https://doi.org/https:/doi.org/10.1074/jbc.M112050200
https://doi.org/10.1016/j.bbrc.2007.11.010

References

Tanaka, Y., Miyamoto, S., Suzuki, S. O., Oki, E., Yagi, H., Sonoda, K., Yamazaki, A.,
Mizushima, H., Maehara, Y., Mekada, E., & Nakano, H. (2005). Clinical significance
of heparin-binding epidermal growth factor-like growth factor and a disintegrin and
metalloprotease 17 expression in human ovarian cancer. Clin Cancer Res, 11(13),
4783-4792. https://doi.org/10.1158/1078-0432.Ccr-04-1426

Tang, B., Li, X., Maretzky, T., Perez-Aguilar, J. M., Mcllwain, D., Xie, Y., Zheng, Y., Mak, T.
W., Weinstein, H., & Blobel, C. P. (2020). Substrate-selective protein ectodomain
shedding by ADAM17 and iRhom2 depends on their juxtamembrane and
transmembrane domains. FASEB J, 34(4), 4956-4969.
https://doi.org/10.1096/fj.201902649R

Tape, C. J., Willems, S. H., Dombernowsky, S. L., Stanley, P. L., Fogarasi, M., Ouwehand,
W., McCafferty, J., & Murphy, G. (2011). Cross-domain inhibition of TACE
ectodomain. Proceedings of the National Academy of Sciences, 108(14), 5578-5583.
https://doi.org/doi:10.1073/pnas.1017067108

Tokumaru, S., Higashiyama, S., Endo, T., Nakagawa, T., Miyagawa, J. ., Yamamori, K.,
Hanakawa, Y., Ohmoto, H., Yoshino, K., Shirakata, Y., Matsuzawa, Y., Hashimoto,
K., & Taniguchi, N. (2000). Ectodomain shedding of epidermal growth factor receptor
ligands is required for keratinocyte migration in cutaneous wound healing. J Cell Biol,
151(2), 209-220. https://doi.org/10.1083/jcb.151.2.209

Tousseyn, T., Thathiah, A., Jorissen, E., Raemaekers, T., Konietzko, U., Reiss, K., Maes, E.,
Snellinx, A., Serneels, L., Nyabi, O., Annaert, W., Saftig, P., Hartmann, D., & De
Strooper, B. (2009). ADAM10, the rate-limiting protease of regulated intramembrane
proteolysis of Notch and other proteins, is processed by ADAMS-9, ADAMS-15, and
the gamma-secretase. J Biol Chem, 284(17), 11738-11747.
https://doi.org/10.1074/jbc.M805894200

Trad, A., Hedemann, N., Shomali, M., Pawlak, V., Grotzinger, J., & Lorenzen, I. (2011).
Development of sandwich ELISA for detection and quantification of human and
murine a disintegrin and metalloproteinasel7. J Immunol Methods, 371(1-2), 91-96.
https://doi.org/10.1016/.jim.2011.06.015

Trimble, R. B., & Tarentino, A. L. (1991). Identification of distinct endoglycosidase (endo)
activities in Flavobacterium meningosepticum: endo F1, endo F2, and endo F3. Endo
F1 and endo H hydrolyze only high mannose and hybrid glycans. Journal of
Biological Chemistry, 266(3), 1646-1651. https://doi.org/10.1016/s0021-
9258(18)52343-7

Tsakadze, N. L., Sithu, S. D., Sen, U., English, W. R., Murphy, G., & D'Souza, S. E. (2006).
Tumor necrosis factor-alpha-converting enzyme (TACE/ADAM-17) mediates the
ectodomain cleavage of intercellular adhesion molecule-1 (ICAM-1). J Biol Chem,
281(6), 3157-3164. https://doi.org/10.1074/jbc.M510797200

Tushaus, J., Muller, S. A., Shrouder, J., Arends, M., Simons, M., Plesnila, N., Blobel, C. P., &
Lichtenthaler, S. F. (2021). The pseudoprotease iRhom1 controls ectodomain
shedding of membrane proteins in the nervous system. FASEB J, 35(11), €21962.
https://doi.org/10.1096/f].202100936R

Urban, S., Lee, J. R, & Freeman, M. (2001). Drosophila Rhomboid-1 Defines a Family of
Putative Intramembrane Serine Proteases. Cell, 107(2), 173-182.
https://doi.org/10.1016/S0092-8674(01)00525-6

Urban, S., Lee, J. R., & Freeman, M. (2002). A family of Rhomboid intramembrane proteases
activates all Drosophila membrane-tethered EGF ligands. Embo j, 21(16), 4277-4286.
https://doi.org/10.1093/emboj/cdf434

Valkovskaya, N., Kayed, H., Felix, K., Hartmann, D., Giese, N. A., Osinsky, S. P., Friess, H.,
& Kleeff, J. (2007). ADAMS8 expression is associated with increased invasiveness and
reduced patient survival in pancreatic cancer. J Cell Mol Med, 11(5), 1162-1174.
https://doi.org/10.1111/j.1582-4934.2007.00082.x

Viale, G., Rotmensz, N., Maisonneuve, P., Bottiglieri, L., Montagna, E., Luini, A., Veronesi,
P., Intra, M., Torrisi, R., Cardillo, A., Campagnoli, E., Goldhirsch, A., & Colleoni, M.
(2009). Invasive ductal carcinoma of the breast with the “triple-negative” phenotype:

122


https://doi.org/10.1158/1078-0432.Ccr-04-1426
https://doi.org/10.1096/fj.201902649R
https://doi.org/doi:10.1073/pnas.1017067108
https://doi.org/10.1083/jcb.151.2.209
https://doi.org/10.1074/jbc.M805894200
https://doi.org/10.1016/j.jim.2011.06.015
https://doi.org/10.1016/s0021-9258(18)52343-7
https://doi.org/10.1016/s0021-9258(18)52343-7
https://doi.org/10.1074/jbc.M510797200
https://doi.org/10.1096/fj.202100936R
https://doi.org/10.1016/S0092-8674(01)00525-6
https://doi.org/10.1093/emboj/cdf434
https://doi.org/10.1111/j.1582-4934.2007.00082.x

References

prognostic implications of EGFR immunoreactivity. Breast Cancer Research and
Treatment, 116(2), 317-328. https://doi.org/10.1007/s10549-008-0206-z

Wang, L., Zhai, Q., Lu, Q., Lee, K., Zheng, Q., Hong, R., & Wang, S. (2021). Clinical
genomic profiling to identify actionable alterations for very early relapsed triple-
negative breast cancer patients in the Chinese population. Annals of Medicine, 53(1),
1358-1369. https://doi.org/10.1080/07853890.2021.1966086

Wasserman, J. D., Urban, S., & Freeman, M. (2000). A family of rhomboid-like genes:
Drosophila rhomboid-1 and roughoid/rhomboid-3 cooperate to activate EGF receptor
signaling. Genes Dev, 14(13), 1651-1663.

Weber, S., & Saftig, P. (2012). Ectodomain shedding and ADAMs in development.
Development, 139(20), 3693-3709. https://doi.org/10.1242/dev.076398

Werny, L., Grogro, A., Bickenbach, K., Bulck, C., Armbrust, F., Koudelka, T., Pathak, K.,
Scharfenberg, F., Sammel, M., Sheikhouny, F., Tholey, A., Linder, S., & Becker-
Pauly, C. (2022). MT1-MMP and ADAM10/17 exhibit a remarkable overlap of
shedding properties. FEBS J. https://doi.org/10.1111/febs.16586

Weskamp, G., Tushaus, J., Li, D., Feederle, R., Maretzky, T., Swendemann, S., Falck-
Pedersen, E., Mcllwain, D. R., Mak, T. W., Salmon, J. E., Lichtenthaler, S. F., &
Blobel, C. P. (2020). ADAM17 stabilizes its interacting partner inactive Rhomboid 2
(iIRhom2) but not inactive Rhomboid 1 (iRhom1). J Biol Chem, 295(13), 4350-4358.
https://doi.org/10.1074/jbc.RA119.011136

Wichert, R., Ermund, A., Schmidt, S., Schweinlin, M., Ksiazek, M., Arnold, P., Knittler, K.,
Wilkens, F., Potempa, B., Rabe, B., Stirnberg, M., Lucius, R., Bartsch, J. W.,
Nikolaus, S., Falk-Paulsen, M., Rosenstiel, P., Metzger, M., Rose-John, S., Potempa,
J., ... Becker-Pauly, C. (2017). Mucus Detachment by Host Metalloprotease Meprin
B Requires Shedding of Its Inactive Pro-form, which Is Abrogated by the Pathogenic
Protease RgpB. Cell Rep, 21(8), 2090-2103.
https://doi.org/10.1016/j.celrep.2017.10.087

Wichert, R., Scharfenberg, F., Colmorgen, C., Koudelka, T., Schwarz, J., Wetzel, S.,
Potempa, B., Potempa, J., Bartsch, J. W., Sagi, |., Tholey, A., Saftig, P., Rose-John,
S., & Becker-Pauly, C. (2019). Meprin B induces activities of A disintegrin and
metalloproteinases 9, 10, and 17 by specific prodomain cleavage. FASEB J, 33(11),
11925-11940. https://doi.org/10.1096/f].201801371R

Wijeyesakere, S. J., Bedi, S. K., Huynh, D., & Raghavan, M. (2016). The C-Terminal Acidic
Region of Calreticulin Mediates Phosphatidylserine Binding and Apoptotic Cell
Phagocytosis. J Immunol, 196(9), 3896-3909.
https://doi.org/10.4049/jimmunol.1502122

Wildeboer, D., Naus, S., Amy Sang, Q. X., Bartsch, J. W., & Pagenstecher, A. (2006).
Metalloproteinase disintegrins ADAM8 and ADAM19 are highly regulated in human
primary brain tumors and their expression levels and activities are associated with
invasiveness. J Neuropathol Exp Neurol, 65(5), 516-527.
https://doi.org/10.1097/01.jnen.0000229240.51490.d3

Willems, S. H., Tape, C. J., Stanley, P. L., Taylor, N. A., Mills, I. G., Neal, D. E., McCafferty,
J., & Murphy, G. (2010). Thiol isomerases negatively regulate the cellular shedding
activity of ADAM17. Biochem J, 428(3), 439-450. https://doi.org/10.1042/bj20100179

Wong, E., Cohen, T., Romi, E., Levin, M., Peleg, Y., Arad, U., Yaron, A., Milla, M. E., & Sagi,
I. (2016). Harnessing the natural inhibitory domain to control TNFa Converting
Enzyme (TACE) activity in vivo. Scientific Reports, 6(1), 35598.
https://doi.org/10.1038/srep35598

Wong, E., Maretzky, T., Peleg, Y., Blobel, C. P., & Sagi, I. (2015). The Functional Maturation
of A Disintegrin and Metalloproteinase (ADAM) 9, 10, and 17 Requires Processing at
a Newly Identified Proprotein Convertase (PC) Cleavage Site. J Biol Chem, 290(19),
12135-12146. https://doi.org/10.1074/jbc.M114.624072

Xu, P., & Derynck, R. (2010). Direct Activation of TACE-Mediated Ectodomain Shedding by
p38 MAP Kinase Regulates EGF Receptor-Dependent Cell Proliferation. Molecular
Cell, 37(4), 551-566. https://doi.org/https://doi.org/10.1016/[.molcel.2010.01.034

123


https://doi.org/10.1007/s10549-008-0206-z
https://doi.org/10.1080/07853890.2021.1966086
https://doi.org/10.1242/dev.076398
https://doi.org/10.1111/febs.16586
https://doi.org/10.1074/jbc.RA119.011136
https://doi.org/10.1016/j.celrep.2017.10.087
https://doi.org/10.1096/fj.201801371R
https://doi.org/10.4049/jimmunol.1502122
https://doi.org/10.1097/01.jnen.0000229240.51490.d3
https://doi.org/10.1042/bj20100179
https://doi.org/10.1038/srep35598
https://doi.org/10.1074/jbc.M114.624072
https://doi.org/https:/doi.org/10.1016/j.molcel.2010.01.034

References

Yan, Z., Zou, H., Tian, F., Grandis, J. R., Mixson, A. J., Lu, P. Y., & Li, L. Y. (2008). Human
rhomboid family-1 gene silencing causes apoptosis or autophagy to epithelial cancer
cells and inhibits xenograft tumor growth. Mol Cancer Ther, 7(6), 1355-1364.
https://doi.org/10.1158/1535-7163.MCT-08-0104

Yang, R., Li, Y., Wang, H., Qin, T., Yin, X., & Ma, X. (2022). Therapeutic progress and
challenges for triple negative breast cancer: targeted therapy and immunotherapy.
Mol Biomed, 3(1), 8. https://doi.org/10.1186/s43556-022-00071-6

Yang, X. W., Zhang, L. J., Huang, X. H., Chen, L. Z., Su, Q., Zeng, W. T., Li, W., & Wang, Q.
(2014). miR-145 suppresses cell invasion in hepatocellular carcinoma cells: miR-145
targets ADAM17. Hepatol Res, 44(5), 551-559. https://doi.org/10.1111/hepr.12152

Yang, Z., Bai, Y., Huo, L., Chen, H., Huang, J., Li, J., Fan, X., Yang, Z., Wang, L., & Wang, J.
(2014). Expression of A disintegrin and metalloprotease 8 is associated with cell
growth and poor survival in colorectal cancer. BMC Cancer, 14, 568.
https://doi.org/10.1186/1471-2407-14-568

Yoshida, S., Setoguchi, M., Higuchi, Y., Akizuki, S., & Yamamoto, S. (1990). Molecular
cloning of cDNA encoding MS2 antigen, a novel cell surface antigen strongly
expressed in murine monocytic lineage. International immunology, 2(6), 585-591.
https://doi.org/10.1093/intimm/2.6.585

Yoshiyama, K., Higuchi, Y., Kataoka, M., Matsuura, K., & Yamamoto, S. (1997). CD156
(human ADAMS): expression, primary amino acid sequence, and gene location.
Genomics, 41(1), 56-62. https://doi.org/10.1006/gen0.1997.4607

Zack, M. D., Melton, M. A., Stock, J. L., Storer, C. E., Barve, R. A., Minnerly, J. C., Weiss, D.
J., Stejskal, J. A., Tortorella, M. D., Turk, J. R., Shevlin, K. M., & Malfait, A. M. (2009).
Reduced incidence and severity of experimental autoimmune arthritis in mice
expressing catalytically inactive A disintegrin and metalloproteinase 8 (ADAMS8). Clin
Exp Immunol, 158(2), 246-256. https://doi.org/10.1111/j.1365-2249.2009.04009.x

Zettl, M., Adrain, C., Strisovsky, K., Lastun, V., & Freeman, M. (2011). Rhomboid family
pseudoproteases use the ER quality control machinery to regulate intercellular
signaling. Cell, 145(1), 79-91. https://doi.org/10.1016/j.cell.2011.02.047

Zhang, X., Zhao, Y., Wang, C., Ju, H., Liu, W., Zhang, X., Miao, S., Wang, L., Sun, Q., &
Song, W. (2018). Rhomboid domain-containing protein 1 promotes breast cancer
progression by regulating the p-Akt and CDK2 levels. Cell Commun Signal, 16(1), 65.
https://doi.org/10.1186/s12964-018-0267-5

Zhao, J., Chen, H., Peschon, J. J., Shi, W., Zhang, Y., Frank, S. J., & Warburton, D. (2001).
Pulmonary hypoplasia in mice lacking tumor necrosis factor-alpha converting enzyme
indicates an indispensable role for cell surface protein shedding during embryonic
lung branching morphogenesis. Dev Biol, 232(1), 204-218.
https://doi.org/10.1006/dbio.2001.0176

Zhao, Y., Su, S., & Li, X. (2023). Parathyroid Hormone-Related Protein/Parathyroid Hormone
Receptor 1 Signaling in Cancer and Metastasis. Cancers (Basel), 15(7).
https://doi.org/10.3390/cancers15071982

Zheng, X., Jiang, F., Katakowski, M., Zhang, Z. G., Lu, Q. E., & Chopp, M. (2009). ADAM17
promotes breast cancer cell malignant phenotype through EGFR-PI3K-AKT
activation. Cancer Biol Ther, 8(11), 1045-1054. https://doi.org/10.4161/cbt.8.11.8539

Zhou, H. M., Weskamp, G., Chesneau, V., Sahin, U., Vortkamp, A., Horiuchi, K., Chiusaroli,
R., Hahn, R., Wilkes, D., Fisher, P., Baron, R., Manova, K., Basson, C. T.,
Hempstead, B., & Blobel, C. P. (2004). Essential role for ADAM19 in cardiovascular
morphogenesis. Mol Cell Biol, 24(1), 96-104. https://doi.org/10.1128/MCB.24.1.96-
104.2004

Zhou, Y., Zhou, B., Pache, L., Chang, M., Khodabakhshi, A. H., Tanaseichuk, O., Benner, C.,
& Chanda, S. K. (2019). Metascape provides a biologist-oriented resource for the
analysis of systems-level datasets. Nat Commun, 10(1), 1523.
https://doi.org/10.1038/s41467-019-09234-6

Zhou, Z., Liu, F., Zhang, Z. S., Shu, F., Zheng, Y., Fu, L., & Li, L. Y. (2014). Human rhomboid
family-1 suppresses oxygen-independent degradation of hypoxia-inducible factor-

124


https://doi.org/10.1158/1535-7163.MCT-08-0104
https://doi.org/10.1186/s43556-022-00071-6
https://doi.org/10.1111/hepr.12152
https://doi.org/10.1186/1471-2407-14-568
https://doi.org/10.1093/intimm/2.6.585
https://doi.org/10.1006/geno.1997.4607
https://doi.org/10.1111/j.1365-2249.2009.04009.x
https://doi.org/10.1016/j.cell.2011.02.047
https://doi.org/10.1186/s12964-018-0267-5
https://doi.org/10.1006/dbio.2001.0176
https://doi.org/10.3390/cancers15071982
https://doi.org/10.4161/cbt.8.11.8539
https://doi.org/10.1128/MCB.24.1.96-104.2004
https://doi.org/10.1128/MCB.24.1.96-104.2004
https://doi.org/10.1038/s41467-019-09234-6

References

lalpha in breast cancer. Cancer Res, 74(10), 2719-2730.
https://doi.org/10.1158/0008-5472.CAN-13-1027

Ziegler, Y. S., Moresco, J. J., Yates, J. R., 3rd, & Nardulli, A. M. (2016). Integration of Breast
Cancer Secretomes with Clinical Data Elucidates Potential Serum Markers for
Disease Detection, Diagnosis, and Prognosis. PLOS ONE, 11(6), e0158296.
https://doi.org/10.1371/journal.pone.0158296

Zunke, F., & Rose-John, S. (2017). The shedding protease ADAM17: Physiology and
pathophysiology. Biochim Biophys Acta Mol Cell Res, 1864(11 Pt B), 2059-2070.
https://doi.org/10.1016/j.bbamcr.2017.07.001

125


https://doi.org/10.1158/0008-5472.CAN-13-1027
https://doi.org/10.1371/journal.pone.0158296
https://doi.org/10.1016/j.bbamcr.2017.07.001

Supplementary Information

6. Supplementary Information

Supplementary table 1: GO functions, Reactome, Kegg Pathway and Biological
process analysis via Metascpae for top 30 proteins upregulated in WT MDA-MB-231
cells against hA8 KO, hA8 E>Q cells

Term Description LogP Symbols
R-HSA- Extracellular matrix -12.71 | ADAM8, BMP4, CTSB,CTSL,ITGB4,
1474244 organization LTBP1,THBS1,TIMP2,PXDN,LTBP4
M3468 NABA ECM REGULATORS -5.46 | ADAM8, CTSB, CTSL, TGM2,TIMP2
R-HSA- Degradation of the -4.96 | ADAM8, CTSB,CTSL,TIMP2
1474228 extracellular matrix
M5885 NABA MATRISOME -4.09 | ADAM8, BMP4,CTSB,CTSL, TGM2,
ASSOCIATED TIMP2
R-HSA- Neutrophil degranulation -3.99 | ADAM8, CTSB,GRN,QSOX1,TIMP2
6798695
M3008 NABA -10.86 | CCN2,IGFBP3,IGFBP7,LTBP1, THBS
ECMGLYCOPROTEINS 1,
PXDN,LTBP4,SLIT2
M5884 NABA CORE MATRISOME -0.69 | CCN2,IGFBP3,IGFBP7,LTBP1,THBS
11
PXDN,LTBP4,SLIT2
GO0:0001558 regulation of cell growth -5.53 | APOE,IGFBP3,IGFBP7,PPT1,LTBP4,
SLIT2
G0:0040008 regulation of growth -4.57 | APOE,IGFBP3,IGFBP7,PPT1,LTBP4,
SLIT2
R-HSA- Post-translational protein -9.01 | APOE,BMP4,IGFBP3,IGFBP7,LTBP1,
8957275 phosphorylation QSOX1
R-HSA-381426 | Regulation of Insulin-like -8.62 | APOE,BMP4,IGFBP3,IGFBP7,LTBP1,
Growth Factor (IGF) transport QSOX1

and uptake by Insulin-like
Growth Factor Binding
Proteins (IGFBPs)

G0:0048660 regulation of smooth muscle -4.62 | APOE,BMP4,IGFBP3,THBS1
cell proliferation

G0:0048662 negative regulation of smooth -4.34 | APOE,BMP4,IGFBP3
muscle cell proliferation

GO0:0050680 negative regulation of -3.18 | APOE,BMP4,THBS1
epithelial cell proliferation

GO0:0050678 regulation of epithelial cell -3.18 | APOE,BMP4,GRN,THBS1
proliferation

G0:0001936 regulation of endothelial cell -3.12 | APOE,BMP4,THBS1
proliferation

GO0:0070374 positive regulation of ERK1 -2.89 | APOE,BMP4,CCN2
and ERK?2 cascade

G0:0050866 negative regulation of cell -2.86 | APOE,BMP4,GRN
activation

G0:0048871 multicellular organismal-level -2.51 | APOE,BMP4,CCN2,NEO1
homeostasis

GO0:0070372 regulation of ERK1 and ERK2 -2.44 | APOE,BMP4,CCN2
cascade

G0:0043065 positive regulation of -8.76 | ADAMS8,BMP4,CTSL,GRN,IGFBPS3,
apoptotic process TGM2,THBS1,SLIT2,BCAP31

G0:0043068 positive regulation of -8.60 | ADAM8,BMP4,CTSL,GRN,IGFBP3,
programmed cell death TGM2,THBS1,SLIT2,BCAP31
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G0:0030162

regulation of proteolysis

G0:0052547

regulation of peptidase
activity

ADAMS,APOE,CTSL,GRN,LRP1,
THBS1,TIMP2,BCAP31

R-HSA-983170

Antigen Presentation: Folding,
assembly and peptide loading
of class | MHC

CTSL,GRN,LRP1,THBS1,TIMP2,
BCAP31

CALR,HLA-A,BCAP31

G0:0051336 regulation of hydrolase -5.07 | CTSL,GRN,LRP1,TGM2,THBS1,
activity TIMP2,BCAP31
G0:0045862 positive regulation of -4.65 | ADAM8,APOE,CTSL,GRN,BCAP31
proteolysis
hsa05165 Human papillomavirus -3.51 | HLA-A,ITGB4,THBS1,BCAP31
infection
G0:2001235 positive regulation of -3.40 | CTSL,THBS1,BCAP31
apoptotic signaling pathway
G0:2001233 regulation of apoptotic -3.21 | BMP4,CTSL, THBS1,BCAP31
signaling pathway
G0:0010952 positive regulation of -3.20 | CTSL,GRN,BCAP31
peptidase activity
G0:0051345 positive regulation of -2.84 | CTSL,GRN,TGM2,BCAP31
hydrolase activity
GO0:0034976 response to endoplasmic -2.83 | CALR,THBS1,BCAP31
reticulum stress
G0:0052548 regulation of endopeptidase -2.54 | THBS1,TIMP2,BCAP31
activity
G0:0048514 blood vessel morphogenesis ADAMS8,APOE,BMP4,CCN2,LRP1,
THBS1,PXDN,SLIT2
G0:0035239 tube morphogenesis ADAMS8,APOE,BMP4,CCN2,LRP1,
TGM2,THBS1,PXDN,SLIT2
G0:0001568 blood vessel development ADAMS,APOE,BMP4,CCN2,LRP1,
THBS1,PXDN,SLIT2
G0:0001944 vasculature development ADAMS8,APOE,BMP4,CCN2,LRP1,
THBS1,PXDN,SLIT2
G0:0014912 negative regulation of smooth BMP4,IGFBP3,LRP1,SLIT2
muscle cell migration
G0:0030336 negative regulation of cell APOE,BMP4,CALR,IGFBP3,LRP1,
migration THBS1,SLIT2
G0:2000146 negative regulation of cell APOE,BMP4,CALR,IGFBP3,LRP1,
motility THBS1,SLIT2
G0:0040013 negative regulation of APOE,BMP4,CALR,IGFBP3,LRP1,
locomotion THBS1,SLIT2
G0:0001525 angiogenesis ADAMS8,BMP4,CCN2,THBS1,PXDN,
SLIT2
G0:0014910 regulation of smooth muscle BMP4,IGFBP3,LRP1,SLIT2
cell migration
G0:0002040 sprouting angiogenesis BMP4,THBS1,SLIT2
G0:0003170 heart valve development -4.28 | BMP4,SLIT2,DKK1
G0:0002683 negative regulation of immune -3.84 | BMP4,GRN,HLA-A, THBS1,SLIT2
system process
G0:0090288 negative regulation of cellular -3.57 | THBS1,SLIT2,DKK1
response to growth factor
stimulus
G0:0061138 morphogenesis of a -3.25 | BMP4,TGM2,SLIT2
branching epithelium
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G0:0001763 morphogenesis of a -3.17 | BMP4,TGM2,SLIT2
branching structure
G0:0010720 positive regulation of cell -3.04 | ADAMS8, BMP4, TGM2, SLIT2
development
GO:0007507 heart development -2.64 | BMP4, CALR,SLIT2,DKK1
G0:0032956 regulation of actin -2.35 | CCN2, LRP1,SLIT2
cytoskeleton organization
G0:0006935 chemotaxis -2.34 | ADAM8,BMP4,SLIT2
G0:0042330 taxis -2.33 | ADAM8,BMP4,SLIT2
G0:0007420 brain development -2.28 | BMP4,PPT1,SLIT2,DKK1
G0:0040011 locomotion -2.27 | ADAM8,BMP4,SLIT2
G0:0032970 regulation of actin filament- -2.21 | CCN2, LRP1, SLIT2
based process
G0:0060322 head development -2.18 | BMP4, PPT1,SLIT2,DKK1
G0:0030900 forebrain development -2.13 | BMP4,SLIT2,DKK1
G0:0002009 morphogenesis of an -2.00 | BMP4, TGM2,SLIT2
epithelium
G0O:0090092 regulation of transmembrane -(.87 | BMP4, LRP1,LTBP1,NEO1,THBS1,
receptor protein serine/ LTBP4,DKK1
threonine kinase signaling
pathway
G0:0090287 regulation of cellular response -7.32 | BMP4, LTBP1,NEO1,THBS1,LTBP4,
to growth factor stimulus SLIT2,DKK1
hsa04350 TGF-beta signaling pathway -5.41 | BMP4, LTBP1,NEO1,THBS1
R-HSA- Molecules associated with -5.18 | BMP4, LTBP1,LTBP4
2129379 elastic fibres
GO0:0071634 regulation of transforming -5.01 | ADAM8,LTBP1,THBS1
growth factor beta production
R-HSA- Elastic fibre formation -4.95 | BMP4,LTBP1,LTBP4
1566948
WP560 TGF-beta receptor signaling -4.65 | BMP4,LTBP1,THBS1
WPA4816 TGF-beta receptor signaling -4.56 | BMP4,LTBP1,THBS1
in skeletal dysplasias
G0:0090100 Positive regulation of -3.83 | BMP4,NEO1,THBS1
transmembrane receptor
protein serine/threonine
kinase signaling pathway
GO0:0007167 enzyme-linked receptor -3.50 | BMP4,CCN2,LRP1,LTBP1,LTBP4
protein signaling pathway
GO0:0017015 regulation of transforming -3.28 | LTBP1,THBS1,LTBP4
growth factor beta receptor
signaling pathway
G0:1903844 regulation of cellular response -3.25 | LTBP1,THBS1,LTBP4
to transforming growth factor
beta stimulus
GO:0007178 transmembrane receptor -3.02 | BMP4,LTBP1,LTBP4
protein serine/threonine
kinase signaling pathway
G0:0071363 cellular response to growth -2.89 | BMP4,CCN2,THBS1,LTBP4
factor stimulus
GO0:0070848 response to growth factor -2.79 | BMP4,CCN2,THBS1,LTBP4
G0:0030003 intracellular monoatomic -6.84 | APOE,CALR,GRN,NEO1,PPT1,
cation homeostasis TGM2,BCAP31
G0:0006873 intracellular monoatomic ion -6.7/8 | APOE,CALR,GRN,NEO1,PPT1,

homeostasis

TGM2,BCAP31
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G0:0055080 monoatomic cation -6.38 | APOE,CALR,GRN,NEO1,PPT1,
homeostasis TGM2,BCAP31
G0:0050801 monoatomic ion homeostasis -6.32 | APOE,CALR,GRN,NEO1,PPT1,
TGM2,BCAP31
G0:0055082 intracellular chemical -5.98 | APOE,CALR,GRN,NEO1,PPT1,
homeostasis TGM2,BCAP31
G0:0019725 cellular homeostasis -5.48 | APOE,CALR,GRN,NEO1,PPT1,
TGM2,BCAP31
G0:0006874 intracellular calcium ion -4.36 | APOE,CALR, TGM2,BCAP31
homeostasis
GO0:0098771 inorganic ion homeostasis -4.23 | APOE,CALR,NEO1,TGM2,BCAP31
G0:0055074 calcium ion homeostasis -4.15 | APOE,CALR, TGM2,BCAP31
G0:0051235 maintenance of location -3.18 | APOE,CALR,LTBP1
G0:0043410 positive regulation of MAPK -6.49 | ADAM8,APOE,BMP4,CCN2,IGFBP3,
cascade THBS1,DKK1
G0:0043408 regulation of MAPK cascade -5.47 | ADAM8,APOE,BMP4,CCN2,IGFBP3,
THBS1,DKK1
G0:0043405 regulation of MAP kinase -4.94 | ADAM8,APOE, THBS1,DKK1
activity
G0:0050865 regulation of cell activation -4.43 | ADAMS8,APOE,BMP4,GRN,HLA-A,
THBS1
G0:0043406 positive regulation of MAP -4.04 | ADAM8,THBS1,DKK1
kinase activity
GO0:0071900 regulation of protein -3.76 | ADAM8,APOE, THBS1,DKK1
serine/threonine kinase
activity
G0:0002694 regulation of leukocyte -3.55 | ADAM8,BMP4,GRN,HLA-A, THBS1
activation
G0:0071902 positive regulation of protein -3.45 | ADAM8,THBS1,DKK1
serine/threonine kinase
activity
G0:0051347 positive regulation of -3.15 | ADAM8,APOE, THBS1,DKK1
transferase activity
G0:0045785 positive regulation of cell -2.90 | ADAMS8,CALR,HLA-A, TGM2
adhesion
G0:0001819 positive regulation of cytokine -2.85 | ADAMS8,HLA-A,NMB, THBS1
production
G0:0045859 regulation of protein kinase -2.84 | ADAM8,APOE, THBS1,DKK1
activity
GO:0070663 regulation of leukocyte -2.64 | BMP4,HLA-A,NMB
proliferation
G0:0043549 regulation of kinase activity -2.61 | ADAM8,APOE, THBS1,DKK1
G0:0045860 positive regulation of protein -2.57 | ADAM8,THBS1,DKK1
kinase activity
G0:0001934 positive regulation of protein -2.54 | ADAM8,BMP4,THBS1,DKK1
phosphorylation
G0:0042327 positive regulation of -2.41 | ADAMS8,BMP4,THBS1,DKK1
phosphorylation
GO0:0033674 positive regulation of kinase -2.36 | ADAM8,THBS1,DKK1
activity
G0:0051338 regulation of transferase -2.34 | ADAMS8,APOE, THBS1,DKK1
activity
G0:0010562 positive regulation of -2.26 | ADAM8,BMP4,THBS1,DKK1

phosphorus metabolic
process
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G0:0045937 positive regulation of -2.26 | ADAM8,BMP4,THBS1,DKK1
phosphate metabolic process
G0:0002696 positive regulation of -2.21 | ADAMS8,HLA-A, THBS1
leukocyte activation
G0:0050863 regulation of T cell activation -2.21 | ADAM8,BMP4,HLA-A
G0:1903037 regulation of leukocyte cell- -2.20 | ADAMS8,BMP4,HLA-A
cell adhesion
GO0:0050867 positive regulation of cell -2.16 | ADAM8,HLA-A,THBS1
activation
G0:0030100 regulation of endocytosis -6.44 | APOE,CALR,LRP1,PPT1,TGM2,
DKK1
G0:0006897 endocytosis -6.25 | APOE,CTSL,LRP1,PPT1,TGM2,
THBS1,MRC2
G0:0098657 import into cell -5.34 | APOE,CTSL,LRP1,PPT1,TGM2,
THBS1,MRC2
R-HSA- Binding and Uptake of -5.01 | APOE,CALR,LRP1
2173782 Ligands by Scavenger
Receptors
G0:0043393 regulation of protein binding -4.94 | APOE,BMP4,LRP1,DKK1
G0:0060627 regulation of vesicle-mediated -4.94 | APOE,CALR,LRP1,PPT1,TGM2,
transport DKK1
G0:0032368 regulation of lipid transport -4.81 | APOE,LRP1,NMB,THBS1
G0:0045807 positive regulation of -4.79 | APOE,CALR,LRP1,PPT1
endocytosis
G0:0006898 receptor-mediated -4.70 | APOE, CTSL,LRP1,PPT1
endocytosis
G0:0032092 positive regulation of protein -4.52 | APOE,BMP4,LRP1
binding
G0:1905952 regulation of lipid localization -4.51 | APOE,LRP1,NMB,THBS1
G0:0048844 artery morphogenesis -4.34 | APOE,BMP4,LRP1
G0:0032370 positive regulation of lipid -4.07 | APOE,LRP1,NMB
transport
G0:0051098 regulation of binding -3.90 | APOE,BMP4,LRP1,DKK1
G0:0060840 artery development -3.86 | APOE,BMP4,LRP1
G0:1905954 positive regulation of lipid -3.74 | APOE,LRP1,NMB
localization
G0:0051099 positive regulation of binding -3.57 | APOE,BMP4,LRP1
G0:0030178 negative regulation of Wnt -3.18 | APOE,LRP1,DKK1
signaling pathway
G0:0090101 negative regulation of -3.14 | LRP1,LTBP1,DKK1
transmembrane receptor
protein
serine/threonine kinase
signaling pathway
WP5124 Alzheimer's disease -2.66 | APOE,LRP1,DKK1
WP2059 Alzheimer's disease and -2.39 | APOE,LRP1,DKK1
miRNA effects
GO0:0030111 regulation of Wnt signaling -2.35 | APOE,LRP1,DKK1
pathway
WP5323 Fatty Acids and Lipoproteins -2.21 | APOE,LRP1,MRC2
Transport in Hepatocytes
hsa05010 Alzheimer disease -2.20 | APOE,LRP1,DKK1
G0:0061024 membrane organization -2.19 | APOE,CTSL,PPT1,THBS1
hsa04145 Phagosome -6.42 | CALR,CTSL,HLA-A, THBS1,MRC2
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R-HSA- Assembly of collagen fibrils -6.41 | CTSB,CTSL,ITGB4,PXDN
2022090 and other multimeric
structures
hsa04612 Antigen processing and -5.98 | CALR,CTSB,CTSL,HLA-A
presentation
R-HSA- Collagen formation -5.73 | CTSB,CTSL,ITGB4,PXDN
1474290
R-HSA- Antigen processing-Cross -5.46 | CALR,CTSL,HLA-A,MRC2
1236975 presentation
GO0:0030574 collagen catabolic process -5.04 | CTSB,CTSL,MRC2
G0:0032963 collagen metabolic process -4.48 | CTSB,CTSL,MRC2
R-HSA-983169 | Class | MHC mediated -4.47 | CALR,CTSL,HLA-A,MRC2,BCAP31
antigen processing &
presentation
G0:0048002 antigen processing and -4.36 | CALR,CTSL,HLA-A
presentation of peptide
antigen
R-HSA- Adaptive Immune System -4.03 | CALR,CTSB,CTSL,HLA-A,MRC2,
1280218 BCAP31
G0:0019882 antigen processing and -3.84 | CALR,CTSL,HLA-A
presentation
WP4217 Ebola virus infection in host -3.55 | CTSB,CTSL,HLA-A
hsa04142 Lysosome -3.52 | CTSB,CTSL,PPT1
G0:0030163 protein catabolic process -3.22 | APOE,CALR,CTSB,CTSL,PPT1
G0:0019058 viral life cycle -3.14 | APOE,CTSB,CTSL
WP5115 Network map of SARS-CoV-2 -2.89 | CTSB,CTSL,IGFBP3
signaling pathway
G0:0010817 regulation of hormone levels -2.73 | CTSB,CTSL,NMB,LTBP4
G0:0016032 viral process -2.73 | APOE,CTSB,CTSL
G0:0044403 biological process involved in -2.63 | APOE,CTSB,CTSL
symbiotic interaction
G0:0051043 regulation of membrane -5.76 | ADAMS,APOE, TIMP2
protein ectodomain
proteolysis
G0:0043523 regulation of neuron apoptotic -5.51 | ADAMS8,APOE,GRN,PPT1,DKK1
process
G0:0043524 negative regulation of neuron -4.70 | ADAM8,APOE,GRN,PPT1
apoptotic process
G0:0042176 regulation of protein catabolic -4.57 | ADAMS,APOE,LRP1,TIMP2,BCAP31
process
G0:0045732 positive regulation of protein -4.27 | ADAM8,APOE,LRP1,BCAP31
catabolic process
G0:0051223 regulation of protein transport -3.88 | ADAM8,APOE,BMP4,NEO1,BCAP31
G0:0070201 regulation of establishment of -3.78 | ADAM8,APOE,BMP4,NEO1,BCAP31
protein localization
G0:1903531 negative regulation of -3.34 | APOE,NEO1,NMB
secretion by cell
G0:0051048 negative regulation of -3.19 | APOE,NEO1,NMB
secretion
G0:0045088 regulation of innate immune -3.11 | ADAM8,APOE,GRN,HLA-A
response
G0:0051051 negative regulation of -2.95 | APOE,NEO1,NMB,THBS1
transport
G0:1903829 positive regulation of protein -2.92 | ADAM8,BMP4,LRP1,BCAP31
localization
G0:0002831 regulation of response to -2.81 | ADAM8,APOE,GRN,HLA-A

biotic stimulus
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G0:1903530 regulation of secretion by cell -2.65 | ADAM8,APOE,NEO1,NMB

G0:0050708 regulation of protein secretion -2.64 | ADAM8,APOE,NEO1

G0:0009896 positive regulation of catabolic -2.58 | ADAM8,APOE,LRP1,BCAP31
process

G0:0051046 regulation of secretion -2.51 | ADAM8,APOE,NEO1,NMB

G0:0031348 negative regulation of defense -2.41 | APOE,GRN,HLA-A
response

G0:0031329 regulation of cellular catabolic -2.27 | ADAM8,APOE,QSOX1,TIMP2
process

GO0:0050727 regulation of inflammatory -2.08 | ADAMS8,APOE,GRN
response

G0:0010594 regulation of endothelial cell -5.52 | APOE,CALR,GRN,THBS1,SLIT2
migration

G0:0032102 negative regulation of -5.19 | APOE,GRN,HLA-A,NEO1,THBS1,
response to external stimulus SLIT2

G0:0010632 regulation of epithelial cell -5.01 | APOE,CALR,GRN,THBS1,SLIT2
migration

G0O:0010977 negative regulation of neuron -4.96 | APOE,NEO1,SLIT2,DKK1
projection development

G0:1903034 regulation of response to -4.60 | APOE,GRN,NEO1,THBS1
wounding

GO0:0031345 negative regulation of cell -4.42 | APOE,NEO1,SLIT2,DKK1
projection organization

G0:0051129 negative regulation of cellular -4.21 | APOE,BMP4,NEO1,THBS1,SLIT2,
component organization DKK1

G0:0010975 regulation of neuron -4,12 | APOE,GRN,NEOL1,SLIT2,DKK1
projection development

G0:0010596 negative regulation of -3.89 | APOE, THBS1,SLIT2
endothelial cell migration

G0:0010633 negative regulation of -3.69 | APOE, THBS1,SLIT2
epithelial cell migration

G0:0001933 negative regulation of protein -3.65 | APOE,IGFBP3,SLIT2,DKK1
phosphorylation

G0:0042326 negative regulation of -3.53 | APOE,IGFBP3,SLIT2,DKK1
phosphorylation

G0:0120035 regulation of plasma -3.38 | APOE,GRN,NEOL1,SLIT2,DKK1
membrane-bounded cell
projection
organization

G0:0031344 regulation of cell projection -3.33 | APOE,GRN,NEO1,SLIT2,DKK1
organization

G0:0045936 negative regulation of -3.31 | APOE,IGFBP3,SLIT2,DKK1
phosphate metabolic process

G0:0010563 negative regulation of -3.30 | APOE,IGFBP3,SLIT2,DKK1
phosphorus metabolic
process

G0:0031400 negative regulation of protein -3.06 | APOE,IGFBP3,SLIT2,DKK1
modification process

GO0:0050803 regulation of synapse -2.72 | APOE,PPT1,DKK1
structure or activity

G0:0003018 vascular process in circulatory -2.63 | APOE,LRP1,SLIT2
system

GO0:0007611 learning or memory -2.61 | APOE,PPT1,DKK1

G0:1902532 negative regulation of -2.59 | APOE,LRP1,THBS1,SLIT2
intracellular signal
transduction

G0:0007610 behavior -2.53 | APOE,PPT1,THBS1,DKK1

132




Supplementary Information

GO0:0051056 regulation of small GTPase -2.52 | APOE, TGM2,SLIT2
mediated signal transduction
G0:0050890 cognition -2.43 | APOE,PPT1,DKK1
G0:0000902 cell morphogenesis -2.37 | ADAM8,NEO1,SLIT2,DKK1
G0:0031346 positive regulation of cell -2.29 | APOE,GRN,SLIT2
projection organization
G0:1902903 regulation of supramolecular -2.18 | APOE,CCN2,SLIT2
fiber organization
G0:0043254 regulation of protein- -2.09 | APOE,SLIT2,DKK1
containing complex assembly
WP3888 VEGFA-VEGFR?2 signaling -5.44 | CALR,CCN2,IGFBP3,IGFBP7,
DKK1,FIX1
GO0:0071675 regulation of mononuclear cell -5.16 | ADAM8,CALR, THBS1,SLIT2
migration
G0:0009725 response to hormone -5.07 | CALR,CTSB,CTSL,IGFBP7,THBS1,
TIMP2,SLIT2
G0:0040017 positive regulation of -4.58 | ADAM8,BMP4,CALR,GRN,THBS1,
locomotion SLIT2
G0:1901654 response to ketone -4.31 | CALR,IGFBP7,THBS1,SLIT2
G0:0002685 regulation of leukocyte -4.12 | ADAMS8,CALR, THBS1,SLIT2
migration
G0:0032870 cellular response to hormone -3.92 | CALR,CTSB,CTSL,IGFBP7,SLIT2
stimulus
G0:0048545 response to steroid hormone -3.82 | CALR,IGFBP7,THBS1,SLIT2
G0:0032103 positive regulation of -3.70 | ADAM8,CALR,GRN,THBS1,SLIT2
response to external stimulus
G0:0030335 positive regulation of cell -3.63 | ADAM8,BMP4,CALR,GRN,THBS1
migration
G0:0002688 regulation of leukocyte -3.58 | CALR,THBS1,SLIT2
chemotaxis
G0:2000147 positive regulation of cell -3.55 | ADAMS8,BMP4,CALR,GRN,THBS1
motility
G0:0010595 positive regulation of -3.54 | CALR,GRN,THBS1
endothelial cell migration
G0:0050921 positive regulation of -3.40 | CALR,THBS1,SLIT2
chemotaxis
G0:0002687 positive regulation of -3.37 | ADAMS8,CALR, THBS1
leukocyte migration
G0:0010634 positive regulation of epithelial -3.16 | CALR,GRN,THBS1
cell migration
G0:0050920 regulation of chemotaxis -2.81 | CALR,THBS1,SLIT2
G0:0001503 ossification -5.07 | BMP4,CCN2,IGFBP3,PTHLH,MRC2
G0:0001649 osteoblast differentiation -4.95 | BMP4,IGFBP3,PTHLH,MRC2
G0:0032330 regulation of chondrocyte -4.70 | BMP4,CCN2,PTHLH
differentiation
G0:0061035 regulation of cartilage -4.30 | BMP4,CCN2,PTHLH
development
WP2840 Hair follicle development: -4.06 | BMP4,CCN2,DKK1
cytodifferentiation - part 3 of 3
G0:0008544 epidermis development -3.50 | BMP4,CCN2,PTHLH,DKK1
G0:0001501 skeletal system development -2.85 | BMP4,CCN2,PTHLH,TGM2
G0:0043277 apoptotic cell clearance -5.04 | LRP1,TGM2,THBS1
G0:0010466 negative regulation of -3.47 | LRP1,THBS1,TIMP2
peptidase activity
G0:0006909 phagocytosis -3.29 | LRP1,TGM2,THBS1
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G0:0044092 negative regulation of -3.01 | APOE,LRP1,THBS1,TIMP2,DKK1
molecular function

G0:0043086 negative regulation of -2.91 | APOE,LRP1,THBS1,TIMP2
catalytic activity

G0:0051346 negative regulation of -2.89 | LRP1,THBS1,TIMP2
hydrolase activity

G0:0045861 negative regulation of -2.80 | LRP1,THBS1,TIMP2
proteolysis

G0:1902074 response to salt -2.25 | CALR,TGM2,THBS1

WP4747 Netrin-UNC5B signaling -4.73 | CCN2,ITGB4,NEO1
pathway

G0:0080135 regulation of cellular response -3.37 | BMP4,CCN2,GRN,NEO1,BCAP31
to stress

GO0:0007565 female pregnancy -4.62 | CTSB,IGFBP7,ITGB4,PTHLH

G0:0044703 multi-organism reproductive -4.43 | CTSB,IGFBP7,ITGB4,PTHLH
process

G0:0044706 multi-multicellular organism -4.35 | CTSB,IGFBP7,ITGB4,PTHLH
process

G0:0001707 mesoderm formation -4.32 | BMP4,ITGB4,DKK1

WP2572 Primary focal segmental -4.30 | CTSL,ITGB4,DKK1
glomerulosclerosis (FSGS)

G0:0048332 mesoderm morphogenesis -4.28 | BMP4,ITGB4,DKK1

WP5322 CKAP4 signaling pathway -3.69 | CCN2,ITGB4,DKK1
map

G0:0048729 tissue morphogenesis -3.66 | BMP4,ITGB4,TGM2,SLIT2,DKK1

G0:0001704 formation of primary germ -3.64 | BMP4,ITGB4,DKK1
layer

G0:0030510 regulation of BMP signaling -3.63 | BMP4,NEO1,DKK1
pathway

GO0:0007498 mesoderm development -3.56 | BMP4,ITGB4,DKK1

G0:0007369 gastrulation -3.21 | BMP4,ITGB4,DKK1

G0:0048736 appendage development -3.11 | BMP4,ITGB4,DKK1

GO0:0060173 limb development -3.11 | BMP4,ITGB4,DKK1

G0:0045664 regulation of neuron -3.01 | BMP4,CALR,DKK1
differentiation

GO0:0051146 striated muscle cell -2.89 | BMP4,CALR,NEO1
differentiation

G0:0042692 muscle cell differentiation -2.57 | BMP4,CALR,NEO1

GO0:0045596 negative regulation of cell -2.27 | BMP4,CALR,PTHLH,DKK1
differentiation

WP5087 Pleural mesothelioma -2.03 | CCN2,ITGB4,DKK1

G0:0046903 secretion -3.81 | NEO1,NMB,PPT1,TGM2,LTBP4

G0:0032940 secretion by cell -3.16 | NEO1,PPT1,TGM2,LTBP4

G0:0023061 signal release -3.08 | PPT1,TGM2,LTBP4

G0:0140352 export from cell -2.93 | NEO1,PPT1,TGM2,LTBP4
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Supplementary table 2: Metascape analysis of top 30 upregulated proteins in hA8 KO
MDA-MB-231 cells with conditioned media (hA8 KO+CM) against hA8 KO and hA8
KO+CM+GW cells

Term Description
R-HSA- Regulation of Insulin-like Growth
381426 Factor
(IGF) transport and uptake by Insulin-
like
Growth Factor Binding Proteins
(IGFBPs)
R-HSA- Post-translational protein
8957275 phosphorylation
R-HSA- Extracellular matrix organization
1474244
GO0:0043410 | positive regulation of MAPK cascade
G0:0043408 | regulation of MAPK cascade
R-HSA- Elastic fibre formation
1566948
hsa04350 TGF-beta signaling pathway
G0:0010718 | positive regulation of epithelial to
mesenchymal transition
G0:0048514 | blood vessel morphogenesis
G0:0035239 | tube morphogenesis
G0O:0090092 | regulation of transmembrane receptor
protein serine/threonine kinase
signaling
pathway
GO0:0001568 | blood vessel development
GO0:0001525 | angiogenesis
G0:1905207 | regulation of cardiocyte differentiation
G0:0001944 | vasculature development
G0:0090287 | regulation of cellular response to
growth
factor stimulus
R-HSA- Molecules associated with elastic
2129379 fibres
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Symbols

ADAM10,APLP2,BMP4,IGFBP3,IG
FBP4,
IGFBP6,LTBP1,MMP1,FSTL3,PR
Ss23

ADAM10,APLP2,BMP4,IGFBP3,IG
FBP4,
LTBP1,FSTL3,PRSS23

ADAM8,ADAM10,BMP4,BSG,LOX
L2,
LTBP1,MMP1,SDC4,TGFB1,TGF
B2,THBS1

ADAMS8,BMP4,CCN2,IGFBP3,IGF
BP4,
IGFBP6,TGFB1,TGFB2,THBS1,D
KK1

ADAM8,BMP4,CCN2,IGFBP3,IGF
BP4,
IGFBP6,TGFB1, TGFB2,THBS1,D
KK1

BMP4,LOXL2,LTBP1,TGFB1,TGF
B2

BMP4,LTBP1,NEO1,TGFB1,TGFB
21
THBS1

ADAM8,BMP4,LOXL2, TGFB1,TG
FB2

ADAMS8,BMP4,BSG,CCN2,LOXL2,
TGFB1,TGFB2,THBS1

ADAMS,
BMP4,BSG,CCN2,LOXL2,
SDC4,TGFB1,TGFB2,THBS1

BMP4,LTBP1,NEO1,TGFB1,THBS
11
FSTL3,DKK1

ADAMS8,BMP4,BSG,CCN2,LOXL2,
TGFB1,
TGFB2,THBS1

ADAMS8,BMP4,BSG,CCN2,LOXL2,
TGFB1,
THBS1

BMP4,TGFB1,TGFB2,DKK1

ADAMS8,BMP4,BSG,CCN2,LOXL2,
TGFB1,
TGFB2,THBS1

BMP4,LTBP1,NEO1,TGFB1,THBS
1,FSTL3,
DKK1

BMP4,LTBP1,TGFB1,TGFB2
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ADAMS8,ADAM10,BMP4,CALR,HB
EGF,
TGFB1,TGFB2,THBS1

ADAMS8,BMP4,LOXL2, TGFB1,TG
FB2

ADAM8,ADAM10,BMP4,CALR,HB
EGF,
TGFB1,TGFB2,THBS1

ADAMS8,ADAM10,BMP4,CALR,HB
EGF,
TGFB1,TGFB2,THBS1

BMP4,LTBP1,TGFB1,THBS1

BMP4,LTBP1,TGFB1,THBS1

BMP4,LOXL2, TGFB1,THBS1

BMP4,HBEGF,IGFBP3,TGFB1,TH
BS1

ADAMS8,HBEGF, TGFB1,TGFB2,T
HBS1

ADAMBS8,BMP4,GSN,IGFBP3,TGF
B1,
TGFB2,THBS1

BMP4,TGFB1,TGFB2

CALR,HBEGF, TGFB1,TGFB2,TH
BS1

BMP4,TGFB1,TGFB2,DKK1

BMP4,HBEGF,MEGF6,TGFB1,TG
FB2,
FSTL3

ADAMBS8,BMP4,GSN,IGFBP3,TGF
B1,
TGFB2,THBS1

BMP4,TGFB1,DKK1

ADAMS8,BMP4,HBEGF, TGFB1,TG
FB2,
THBS1,DKK1

HBEGF,SDC4,TGFB1,TGFB2,TH
BS1

ADAMS8,TGFB1,THBS1,DKK1

BMP4,SDC4,TGFB1,TGFB2

BMP4,SDC4,TGFB1,TGFB2

BMP4,SDC4,TGFB1,TGFB2

BMP4,HBEGF, TGFB1,THBS1

ADAMS8,BMP4,HBEGF, TGFB1,TG
FB2,
THBS1,DKK1

BMP4,SDC4,TGFB1,TGFB2

GO0:0030335 | positive regulation of cell migration

GO0:0010717 | regulation of epithelial to
mesenchymal
transition

G0:2000147 | positive regulation of cell motility

GO0:0040017 | positive regulation of locomotion

WP560 TGF-beta receptor signaling

WP4816 TGF-beta receptor signaling in
skeletal dysplasias

GO0:0002040 | sprouting angiogenesis

G0:0048660 | regulation of smooth muscle cell
proliferation

GO0:0051897 | positive regulation of
phosphatidylinositol
3-kinase/protein kinase B signal
transduction

G0:0043065 | positive regulation of apoptotic
process

G0:1905209 | positive regulation of cardiocyte
differentiation

GO0:0010634 | positive regulation of epithelial cell
migration

GO0:0003170 | heart valve development

M5883 NABA SECRETED FACTORS

GO0:0043068 | positive regulation of programmed cell
death

G0:2000725 | regulation of cardiac muscle cell
differentiation

GO0:0001934 | positive regulation of protein
phosphorylation

hsa05205 Proteoglycans in cancer

G0:0043406 | positive regulation of MAP kinase
activity

G0:0001843 | neural tube closure

GO:0060606 | tube closure

G0:0014020 | primary neural tube formation

G0:0048661 | positive regulation of smooth muscle
cell proliferation

G0:0042327 | positive regulation of phosphorylation

GO0:0001841 | neural tube formation

GO0:0090100 | positive regulation of transmembrane

receptor protein serine/threonine
kinase
signaling pathway

BMP4,NEO1,TGFB1,THBS1
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GO0:0060485 | mesenchyme development -5.46 | BMP4,LOXL2,TGFB1,TGFB2,DKK
1
GO0:0051896 | regulation of phosphatidylinositol 3- -5.45 | ADAM8,HBEGF, TGFB1,TGFB2,T
kinase/ HBS1
protein kinase B signal transduction
GO0:0010562 | positive regulation of phosphorus -5.35 | ADAMS8,BMP4,HBEGF, TGFB1,TG
metabolic FB2,
process THBS1,DKK1
GO0:0045937 | positive regulation of phosphate -5.35 | ADAM8,BMP4,HBEGF, TGFB1,TG
metabolic FB2,
process THBS1,DKK1
GO0:0032874 | positive regulation of stress-activated || -5.26 | BMP4,CCN2,IGFBP6,TGFB2
MAPK
cascade
R-HSA- Signaling by TGFB family members -5.26 | LTBP1,TGFB1,TGFB2,FSTL3
9006936
G0:0001838 | embryonic epithelial tube formation -5.25 | BMP4,SDC4,TGFB1,TGFB2
GO0:0070304 | positive regulation of stress-activated | -5.23 | BMP4,CCN2,IGFBP6,TGFB2
protein
kinase signaling cascade
G0:0045860 | positive regulation of protein kinase -5.18 | ADAM8,TGFB1,TGFB2,THBS1,D
activity KK1
R-HSA- Platelet degranulation -5.16 | APLP2,TGFB1,TGFB2,THBS1
114608
GO0:0001666 | response to hypoxia -5.15 | ADAMS8,LOXL2,TGFB1,TGFB2,TH
BS1
GO:0072175 | epithelial tube formation -5.14 | BMP4,SDC4,TGFB1,TGFB2
GO0:0032570 | response to progesterone -5.12 | TGFB1,TGFB2,THBS1
R-HSA- Response to elevated platelet -5.10 | APLP2,TGFB1,TGFB2,THBS1
76005 cytosolic Ca2+
GO0:0010632 | regulation of epithelial cell migration | -5.08 | CALR,HBEGF,TGFB1,TGFB2,TH
BS1
G0:0002683 | negative regulation of immune system | -5.08 | BMP4,SDC4,TGFB1,TGFB2,THB
process S,
FSTL3
G0:0036293 | response to decreased oxygen levels | -5.03 | ADAMS8,LOXL2, TGFB1,TGFB2,TH
BS1
GO0:0071902 | positive regulation of protein -5.02 | ADAM8,TGFB1,THBS1,DKK1
serine/threonine
kinase activity
GO0:0043405 | regulation of MAP kinase activity -5.00 | ADAMS8,TGFB1,THBS1,DKK1
G0:0016331 | morphogenesis of embryonic -4.96 | BMP4,SDC4,TGFB1,TGFB2
epithelium
G0:0035148 | tube formation -4.96 | BMP4,SDC4,TGFB1,TGFB2
R-HSA- TGF-beta receptor signaling activates | -4.93 | LTBP1,TGFB1,TGFB2
2173789 SMADs
WP4535 Envelope proteins and their potential | -4.93 | CCN2,TGFB1,TGFB2
roles in
EDMD physiopathology
G0:1905314 | semi-lunar valve development -491 | BMP4,TGFB1,TGFB2
WpP2848 Pluripotent stem cell differentiation -4.88 | BMP4,TGFB1,DKK1
pathway
G0:0048729 | tissue morphogenesis -4.86 | BMP4,HBEGF,SDC4,TGFB1,TGF
B2,
DKK1
GO:0070482 | response to oxygen levels -4.84 | ADAMS8,LOXL2,TGFB1,TGFB2,TH
BS1
hsa04390 Hippo signaling pathway -4.83 | BMP4,CCN2,TGFB1,TGFB2
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hsa05144 Malaria -4.82 | TGFB1,TGFB2,THBS1
G0:0021915 | neural tube development -4.82 | BMP4,SDC4,TGFB1,TGFB2
G0:0033674 | positive regulation of kinase activity -4.81 | ADAM8,TGFB1,TGFB2,THBS1,D
KK1
GO0:0003197 | endocardial cushion development -4.80 | BMP4,TGFB2,DKK1
WP2406 Cardiac progenitor differentiation -4.7/5 | BMP4,TGFB1,DKK1
M286 PID TGFBR PATHWAY -4.72 | CCN2,TGFB1,TGFB2
GO:0050680 | negative regulation of epithelial cell -4.66 | BMP4,TGFB1,TGFB2,THBS1
proliferation
GO:0007167 | enzyme-linked receptor protein -4.66 | BMP4,CCN2,HBEGF,LTBP1,TGF
signaling pathway B1,
TGFB2
GO0:0030336 | negative regulation of cell migration -4.59 | BMP4,CALR,IGFBP3,TGFB1,THB
Sl
GO0:0003179 | heart valve morphogenesis -4.56 | BMP4,TGFB1,TGFB2
GO0:0043009 | chordate embryonic development -4.56 | ADAM10,BMP4,SDC4,TGFB1,TG
FB2,
DKK1
G0:0032872 | regulation of stress-activated MAPK | -4.54 | BMP4,CCN2,IGFBP6,TGFB2
cascade
GO0:0070302 | regulation of stress-activated protein | -4.51 | BMP4,CCN2,IGFBP6,TGFB2
kinase
signaling cascade
GO0:2000146 | negative regulation of cell motility -4.51 | BMP4,CALR,IGFBP3,TGFB1,THB
S1
WP3624 Lung fibrosis -4.50 | CCN2,PTX3,TGFB1
G0:0048738 | cardiac muscle tissue development -4.48 | BMP4,CALR, TGFB1,TGFB2
G0:0048839 | inner ear development -4.48 | ADAM10,BMP4,SDC4,TGFB2
GO:0009792 | embryo development ending in birth -4.48 | ADAM10,BMP4,SDC4,TGFB1,TG
or egg FB2,
hatching DKK1
G0:0007178 | transmembrane receptor protein -4.45 | BMP4,LTBP1,TGFB1,TGFB2
serine/threonine
kinase signaling pathway
G0:0014706 | striated muscle tissue development -4.43 | BMP4,CALR, TGFB1,TGFB2
G0:1902893 | regulation of miRNA transcription -4.38 | BMP4,TGFB1,TGFB2
G0:0051347 | positive regulation of transferase -4.38 | ADAM8,TGFB1,TGFB2,THBS1,D
activity KK1
G0:1901654 | response to ketone -4.37 | CALR,TGFB1,TGFB2,THBS1
GO0:0009611 | response to wounding -4.33 | CCN2,HBEGF,SDC4,TGFB1,TGF
B2
G0:0040013 | negative regulation of locomotion -4.33 | BMP4,CALR,IGFBP3,TGFB1,THB
Sl
GO0:0045661 | regulation of myoblast differentiation | -4.33 | BMP4,IGFBP3,TGFB1
GO0:0051129 | negative regulation of cellular -4.29 | BMP4,GSN,NEO1,TGFB1,THBS],
component DKK1
organization
GO0:0045596 | negative regulation of cell -4.27 | BMP4,CALR,TGFB1,TGFB2,FSTL
differentiation 3,DKK1
G0:0043583 | ear development -4.26 | ADAM10,BMP4,SDC4,TGFB2
WP5087 Pleural mesothelioma -4.25 | CCN2,HBEGF, TGFB1,PRSS23,D
KK1
WP5205 Clock-controlled autophagy in bone -4.21 | BMP4,TGFB1,DKK1
metabolism
GO0:0002009 | morphogenesis of an epithelium -4.20 | BMP4,HBEGF,SDC4,TGFB1,TGF

B2
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GO0:0002062 | chondrocyte differentiation -4.15 | BMP4,CCN2,TGFB1
G0:0001837 | epithelial to mesenchymal transition -4.12 | LOXL2,TGFB1,TGFB2
G0:2000628 | regulation of miRNA metabolic -4.12 | BMP4,TGFB1,TGFB2
process
WP2840 Hair follicle development: -4.10 BMP4,CCN2,DKK1
cytodifferentiation -
part 3 of 3
GO0:0071363 | cellular response to growth factor -4.05 | BMP4,CCN2,TGFB1,TGFB2,THB
stimulus S1
GO0:0140747 | regulation of ncRNA transcription -4.03 | BMP4,TGFB1,TGFB2
GO0:0022407 | regulation of cell-cell adhesion -4.02 | ADAM8,BMP4,SDC4,TGFB1,FST
L3
R-HSA- Signaling by TGF-beta Receptor -4.02 | LTBP1,TGFB1,TGFB2
170834 Complex
hsa05323 Rheumatoid arthritis -4.02 | MMP1,TGFB1,TGFB2
GO0:0045859 | regulation of protein kinase activity -3.98 | ADAM8,TGFB1,TGFB2,THBS1,D
KK1
GO0:0051153 | regulation of striated muscle cell -3.96 | BMP4,TGFB1,DKK1
differentiation
R-HSA- Platelet activation, signaling and -3.95 | APLP2,TGFB1,TGFB2,THBS1
76002 aggregation
GO0:0051223 | regulation of protein transport -3.95 | ADAMS8,BMP4,NEO1,TGFB1,TGF
B2
GO0:0050708 | regulation of protein secretion -3.94 | ADAM8,NEO1,TGFB1,TGFB2
G0:0002244 | hematopoietic progenitor cell -3.92 | BMP4,TGFB1,FSTL3
differentiation
GO0:0070848 | response to growth factor -3.92 | BMP4,CCN2,TGFB1,TGFB2,THB
S1
G0:0022612 | gland morphogenesis -3.91 | BMP4,TGFB1,TGFB2
hsa05142 Chagas disease -3.90 | CALR,TGFB1,TGFB2
G0:0048545 | response to steroid hormone -3.88 | CALR,TGFB1,TGFB2,THBS1
GO0:0070201 | regulation of establishment of protein | -3.86 | ADAM8,BMP4,NEO1,TGFB1,TGF
localization B2
GO0:0071900 | regulation of protein serine/threonine | -3.82 | ADAM8,TGFB1,THBS1,DKK1
kinase activity
G0:1903532 | positive regulation of secretion by cell | -3.80 | ADAM8,SDC4,TGFB1,TGFB2
GO0:1903557 | positive regulation of tumor necrosis | -3.80 | ADAM8,TGFB1,THBS1
factor
superfamily cytokine production
G0:1903530 | regulation of secretion by cell -3.73 | ADAM8,NEO1,SDC4,TGFB1, TGF
B2
G0:0007507 | heart development -3.73 | BMP4,CALR, TGFB1,TGFB2,DKK1
GO0:0007423 | sensory organ development -3.70 | ADAM10,BMP4,SDC4,TGFB2,NE
CTIN3
GO0:0030326 | embryonic limb morphogenesis -3.69 | BMP4,TGFB2,DKK1
GO0:0035113 | embryonic appendage -3.69 | BMP4,TGFB2,DKK1
morphogenesis
G0:0043549 | regulation of kinase activity -3.68 | ADAM8,TGFB1,TGFB2,THBS1,D
KK1
GO0:0051047 | positive regulation of secretion -3.68 | ADAMS8,SDC4,TGFB1,TGFB2
G0:0048598 | embryonic morphogenesis -3.67 | BMP4,SDC4,TGFB1,TGFB2,DKK1
GO0:0060562 | epithelial tube morphogenesis -3.67 | BMP4,SDC4,TGFB1,TGFB2
G0:0042060 | wound healing -3.64 | HBEGF,SDC4,TGFB1,TGFB2
G0:1902105 | regulation of leukocyte differentiation | -3.62 | ADAM8,BMP4,TGFB1,FSTL3
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G0:0002694 | regulation of leukocyte activation -3.62 | ADAM8,BMP4,SDC4,TGFB1,THB
S1
G0:0003206 | cardiac chamber morphogenesis -3.62 | BMP4,TGFB1,TGFB2
GO0:0003231 | cardiac ventricle development -3.62 | BMP4,TGFB1,TGFB2
G0:0008544 | epidermis development -3.56 | BMP4,CCN2,TGFB2,DKK1
G0:0051046 | regulation of secretion -3.55 | ADAM8,NEO1,SDC4,TGFB1,TGF
B2
GO0:0060537 | muscle tissue development -3.52 | BMP4,CALR, TGFB1,TGFB2
WP28384 NRF2 pathway -3.48 | HBEGF, TGFB1,TGFB2
GO0:0050714 | positive regulation of protein secretion | -3.46 | ADAM8,TGFB1,TGFB2
GO0:0050865 | regulation of cell activation -3.45 | ADAM8,BMP4,SDC4,TGFB1,THB
Sl
G0:0080135 | regulation of cellular response to -3.45 | BMP4,CCN2,IGFBP6,NEO1,TGFB
stress 2
GO0:0035107 | appendage morphogenesis -3.44 | BMP4,TGFB2,DKK1
G0:0035108 | limb morphogenesis -3.44 | BMP4,TGFB2,DKK1
GO0:0051338 | regulation of transferase activity -3.34 | ADAM8,TGFB1,TGFB2,THBS1,D
KK1
GO0:0017015 | regulation of transforming growth -3.32 | LTBP1,TGFB1,THBS1
factor beta
receptor signaling pathway
GO0:0051147 | regulation of muscle cell -3.31 | BMP4,TGFB1,DKK1
differentiation
G0:1903844 | regulation of cellular response to -3.30 LTBP1,TGFB1,THBS1
transforming
growth factor beta stimulus
GO0:0003205 | cardiac chamber development -3.26 | BMP4,TGFB1,TGFB2
GO0:0050678 | regulation of epithelial cell -3.23 | BMP4,TGFB1,TGFB2,THBS1
proliferation
GO0:0051216 | cartilage development -3.23 | BMP4,CCN2,TGFB1
G0:0048762 | mesenchymal cell differentiation -3.21 | LOXL2,TGFB1,TGFB2
G0:1903706 | regulation of hemopoiesis -3.19 | ADAM8,BMP4,TGFB1,FSTL3
GO0:0040007 | growth -3.19 | ALCAM,BMP4,PTX3,TGFB2
G0:0048589 | developmental growth -3.19 | ALCAM,BMP4,PTX3,TGFB2
hsa05152 Tuberculosis -3.17 | TGFB1,TGFB2,MRC2
G0:0048736 | appendage development -3.16 | BMP4,TGFB2,DKK1
G0:0060173 | limb development -3.16 | BMP4,TGFB2,DKK1
GO0:0009725 | response to hormone -3.12 | BSG,CALR, TGFB1,TGFB2,THBS1
GO0:1903555 | regulation of tumor necrosis factor -3.10 | ADAM8,TGFB1,THBS1
superfamily
cytokine production
G0:0022408 | negative regulation of cell-cell -3.01 | BMP4,SDC4,TGFB1
adhesion
GO0:1903829 | positive regulation of protein -2.98 | ADAMS8,BMP4,TGFB1,TGFB2
localization
GO:0070374 | positive regulation of ERK1 and ERK2 | -2.93 | BMP4,CCN2,TGFB1
cascade
hsa05166 Human T-cell leukemia virus 1 -291 | CALR,TGFB1,TGFB2
infection
GO0:0001501 | skeletal system development -2.90 | BMP4,CCN2,TGFB1,TGFB2
G0:0051249 | regulation of lymphocyte activation -2.88 | ADAMS8,BMP4,SDC4, TGFB1
GO0:0061448 | connective tissue development -2.88 | BMP4,CCN2,TGFB1
hsa05200 Pathways in cancer -2.81 | BMP4,MMP1,TGFB1, TGFB2
GO0:0006954 | inflammatory response -2.74 | ADAM8,PTX3,TGFB1,THBS1
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GO0:0003007 | heart morphogenesis -2.71 | BMP4,TGFB1,TGFB2
G0:0051098 | regulation of binding -2.70 | BMP4,TGFB1,DKK1
G0:0048608 | reproductive structure development -2.56 | BMP4,PTX3,TGFB2
hsa04060 Cytokine-cytokine receptor interaction | -2.55 | BMP4,TGFB1,TGFB2
G0:0001822 | kidney development -2.55 | BMP4,SDC4,TGFB2
G0:0061458 | reproductive system development -2.54 | BMP4,PTX3,TGFB2
G0:0051222 | positive regulation of protein transport | -2.51 | ADAM8,TGFB1,TGFB2
GO0:0072001 | renal system development -2.51 | BMP4,SDC4,TGFB2
G0:0007517 | muscle organ development -2.50 | HBEGF,TGFB1,TGFB2
G0:0070372 | regulation of ERK1 and ERK2 -2.49 | BMP4,CCN2,TGFB1
cascade
WP2882 Nuclear receptors meta-pathway -2.48 | HBEGF,TGFB1,TGFB2
GO0:1904951 | positive regulation of establishment of | -2.44 | ADAM8,TGFB1,TGFB2
protein
localization
GO:0030097 | hemopoiesis -2.42 | BMP4,TGFB1,TGFB2,FSTL3
GO0:0043010 | camera-type eye development -2.41 | BMP4,TGFB2,NECTIN3
GO0:0001654 | eye development -2.25 | BMP4,TGFB2,NECTIN3
GO0:0002696 | positive regulation of leukocyte -2.25 | ADAM8,TGFB1,THBS1
activation
G0:0001818 | negative regulation of cytokine -2.25 | TGFB1,TGFB2,THBS1
production
GO0:0050863 | regulation of T cell activation -2.25 | ADAM8,BMP4,SDC4
GO0:1903037 | regulation of leukocyte cell-cell -2.24 | ADAM8,BMP4,SDC4
adhesion
GO0:0150063 | visual system development -2.24 | BMP4,TGFB2,NECTIN3
G0:0048880 | sensory system development -2.22 | BMP4,TGFB2,NECTIN3
GO:0050867 | positive regulation of cell activation -2.20 | ADAM8,TGFB1,THBS1
GO0:0007169 | transmembrane receptor protein -2.14 | CCN2,HBEGF, TGFB1
tyrosine
kinase signaling pathway
G0:0048732 | gland development -2.13 | BMP4,TGFB1,TGFB2
G0:0010720 | positive regulation of cell -2.07 | ADAMS8,BMP4,TGFB1
development
G0:0048568 | embryonic organ development -2.05 | BMP4,TGFB1,TGFB2
M5885 NABA MATRISOME ASSOCIATED -11.76 | ADAM8,ADAM10,BMP4,HBEGF,M
EGF6,
LOXL2,MMP1,SDC4,TGFB1,TGF
B2,FSTLS3,
ADAMTS15
GO0:0030198 | extracellular matrix organization -9.86 | ADAM8,ADAM10,LOXL2,MMP1,P
TX3,
TGFB1,TGFB2,ADAMTS15
GO0:0043062 | extracellular structure organization -9.85 | ADAM8,ADAM10,LOXL2,MMP1,P
TX3,
TGFB1,TGFB2,ADAMTS15
G0:0045229 | external encapsulating structure -9.83 | ADAM8,ADAM10,LOXL2,MMP1,P
organization TX3,
TGFB1,TGFB2,ADAMTS15
G0:0022617 | extracellular matrix disassembly -6.97 | ADAM8,ADAM10,MMP1,ADAMTS
15
G0:0022411 | cellular component disassembly -6.27 | ADAM8,ADAM10,GSN,MMP1,DK

K1,
ADAMTS15
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M3468 NABA ECM REGULATORS -5.54 | ADAM8,ADAM10,LOXL2,MMP1,
ADAMTS15
R-HSA- Degradation of the extracellular matrix | -5.02 | ADAM8,ADAM10,BSG,MMP1
1474228
M3008 NABA ECM GLYCOPROTEINS -7.55 | CCN2,IGFBP3,IGFBP4,IGFBP6,L
TBP1,
THBS1
M5884 NABA CORE MATRISOME -6.68 | CCN2,IGFBP3,IGFBP4,IGFBP6,L
TBP1,THBS1
G0:0043567 | regulation of insulin-like growth factor |[=5.75 | IGFBP3,IGFBP4,IGFBP6
receptor
signaling pathway
G0:0060828 | regulation of canonical Wnt signaling | -3.96 | IGFBP4,IGFBP6,TGFB1,DKK1
pathway
GO0:0030111 | regulation of Wnt signaling pathway -3.54 | IGFBP4,IGFBP6,TGFB1,DKK1
GO:0090090 | negative regulation of canonical Wnt | -3.49 | IGFBP4,IGFBP6,DKK1
signaling
pathway
WP289 Myometrial relaxation and contraction | -3.35 | IGFBP3,IGFBP4,IGFBP6
pathways
GO0:0030178 | negative regulation of Wnt signaling -3.22 | IGFBP4,IGFBP6,DKK1
pathway
GO0:0006109 | regulation of carbohydrate metabolic | -3.12 IGFBP3,IGFBP4,TGFB1
process
GO0:0071634 | regulation of transforming growth -7.13 | ADAMS,LTBP1,TGFB2,THBS1
factor beta
production
GO0:0070613 | regulation of protein processing -4.44 | ADAM8,GSN,THBS1
G0:1903317 | regulation of protein maturation -4.37 | ADAM8,GSN,THBS1
R-HSA- Neutrophil degranulation -2.96 | ADAM8,ADAM10,GSN,PTX3
6798695
GO0:0051346 | negative regulation of hydrolase -2.93 | PTX3,TGFB2,THBS1
activity
GO0:0051336 | regulation of hydrolase activity -2.22 | GSN,PTX3,TGFB2,THBS1
G0:0044092 | negative regulation of molecular -2.19 | PTX3,TGFB2,THBS1,DKK1
function
WP3888 VEGFA-VEGFR?2 signaling -6.87 | ADAM10,BSG,CALR,CCN2,HBEG
F,
IGFBP3,DKK1
G0:0061061 | muscle structure development -6.36 | BMP4,CALR,HBEGF,NEO1,TGFB
11
TGFB2,ADAMTS15
G0:0051146 | striated muscle cell differentiation -4.28 | BMP4,CALR,NEO1,ADAMTS15
G0:0042692 | muscle cell differentiation -3.84 | BMP4, CALR,NEO1,ADAMTS15
GO0:0035051 | cardiocyte differentiation -3.64 | BMP4, CALR,TGFB2
GO0:0045664 | regulation of neuron differentiation -3.05 | BMP4, CALR,DKK1
R-HSA- Hemostasis -5.81 | APLP2,BSG,MMP1,SDC4,TGFB1,
109582 TGFB2,THBS1
R-HSA- Cell surface interactions at the -5.06 | BSG,MMP1,SDC4,TGFB1
202733 vascular wall
M198 PID SYNDECAN 1 PATHWAY -4.93 | BSG,MMP1,TGFB1
WP4754 IL-18 signaling pathway -3.89 | BSG,MMP1,PTX3,SDC4
G0:0044089 | positive regulation of cellular -2.89 | CCN2,MMP1,SDC4,TGFB1
component
biogenesis
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migration

R-HSA- Syndecan interactions -5.64 | SDC4,TGFB1,THBS1
3000170
GO0:0010762 | regulation of fibroblast migration -5.15 | SDC4,TGFB1,THBS1
G0:0007162 | negative regulation of cell adhesion -4.96 | ADAM10,BMP4,SDC4,TGFB1,TH
BS1
R-HSA- Non-integrin membrane-ECM -4.61 SDC4,TGFB1,THBS1
3000171 interactions
R-HSA- Diseases of glycosylation -3.46 | SDC4,THBS1,ADAMTS15
3781865
G0:1901888 | regulation of cell junction assembly -2.96 | SDC4,THBS1,DKK1
GO0:0010810 | regulation of cell-substrate adhesion | -2.92 | CALR,SDC4,THBS1
R-HSA- Diseases of metabolism -2.77 | SDC4,THBS1,ADAMTS15
5668914
G0:0001558 | regulation of cell growth -5.62 | ADAM10,HBEGF,IGFBP3,IGFBP4
,TGFB1,TGFB2
G0:0040008 | regulation of growth -4.66 | ADAM10,HBEGF,IGFBP3,IGFBP4
TGFBLTGFB2
GO0:0045936 | negative regulation of phosphate -3.36 | IGFBP3,TGFB1,TGFB2,DKK1
metabolic
process
GO0:0010563 | negative regulation of phosphorus -3.36 IGFBP3,TGFB1,TGFB2,DKK1
metabolic
process
hsa04218 Cellular senescence -3.35 IGFBP3, TGFB1,TGFB2
GO0:0030307 | positive regulation of cell growth -3.30 | ADAM10,HBEGF,TGFB2
G0:0045216 | cell-cell junction organization -3.17 | ADAM10,TGFB1,TGFB2
R-HSA- Diseases of signal transduction by -3.13 | ADAM10,HBEGF,TGFB1,DKK1
5663202 growth factor
receptors and second messengers
WP2877 Vitamin D receptor pathway -3.12 | IGFBP3,TGFB1,TGFB2
G0:0034330 | cell junction organization -2.83 | ADAM10,TGFB1,TGFB2,DKK1
G0:0045927 | positive regulation of growth -2.73 | ADAM10,HBEGF,TGFB2
GO0:0001933 | negative regulation of protein -2.52 | IGFBP3,TGFB1,DKK1
phosphorylation
G0:0042326 | negative regulation of phosphorylation | -2.43 | IGFBP3,TGFB1,DKK1
G0:1901342 | regulation of vasculature development | -2.34 | ADAM10,TGFB2,THBS1
GO0:0031400 | negative regulation of protein -2.08 | IGFBP3,TGFB1,DKK1
modification
process
WP5322 CKAP4 signaling pathway map -5.35 | CCN2,MMP1,TGFB2,DKK1
GO0:0030510 | regulation of BMP signaling pathway | -5.27 | BMP4,NEO1,FSTL3,DKK1
G0:0090288 | negative regulation of cellular -3.62 | THBS1,FSTL3,DKK1
response to
growth factor stimulus
GO0:0090101 | negative regulation of transmembrane | -3.18 | LTBP1,FSTL3,DKK1
receptor protein serine/threonine
kinase
signaling pathway
G0:0071675 | regulation of mononuclear cell -5.22 | ADAM8,ADAM10,CALR,THBS1
migration
GO0:0050921 | positive regulation of chemotaxis -4.96 | ADAM10,CALR,TGFB1,THBS1
GO0:0002687 | positive regulation of leukocyte -4.92 | ADAM8,ADAM10,CALR,THBS1
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GO:0071677 | positive regulation of mononuclear -4.33 | ADAM8,ADAM10,CALR
cell
migration
G0:0002685 | regulation of leukocyte migration -4.18 | ADAM8,ADAM10,CALR,THBS1
G0:0050920 | regulation of chemotaxis -4.16 | ADAM10,CALR,TGFB1,THBS1
G0:0002690 | positive regulation of leukocyte -3.97 | ADAM10,CALR,THBS1
chemotaxis
WP2806 Complement system -3.96 | CALR,PTX3,THBS1
G0:0032103 | positive regulation of response to -3.77 | ADAM8,ADAM10,CALR, TGFB1,T
external stimulus HBS1
G0:0002688 | regulation of leukocyte chemotaxis -3.63 | ADAM10,CALR,THBS1
GO0:0010595 | positive regulation of endothelial cell | -3.59 | CALR,TGFB1,THBS1
migration
G0:0010038 | response to metal ion -3.44 | BSG,CALR,LOXL2,THBS1
hsa04145 Phagosome -3.39 | CALR,THBS1,MRC2
GO0:0010594 | regulation of endothelial cell migration | -2.86 | CALR,TGFB1,THBS1
GO0:0010035 | response to inorganic substance -2.83 | BSG,CALR,LOXL2,THBS1
G0:0001503 | ossification -5.15 | BMP4,CCN2,IGFBP3,MRC2,FSTL
3
G0:0032330 | regulation of chondrocyte -4.75 | BMP4,CCN2,LOXL2
differentiation
GO0:0050673 | epithelial cell proliferation -4.71 | BMP4,IGFBP3,IGFBP4,LOXL2
G0:0061035 | regulation of cartilage development -4.35 | BMP4,CCN2,LOXL2
GO0:0001649 | osteoblast differentiation -3.48 | BMP4,IGFBP3,MRC2
WP2828 Bladder cancer -5.12 HBEGF,MMP1,THBS1
hsa05219 Bladder cancer -5.09 | HBEGF,MMP1,THBS1
G0:1903034 | regulation of response to wounding -3.22 | HBEGF,NEO1,THBS1
G0:1904037 | positive regulation of epithelial cell -5.02 | GSN,TGFB1,THBS1
apoptotic
process
G0:1904035 | regulation of epithelial cell apoptotic -3.76 | GSN,TGFB1,THBS1
process
G0:0043254 | regulation of protein-containing -3.19 | GSN,MMP1,TGFB1,DKK1
complex
assembly
GO0:1905475 | regulation of protein localization to -3.17 | ADAM10,GSN,TGFB1
membrane
hsa04514 Cell adhesion molecules -4.82 | ALCAM,NEO1,SDC4,NECTIN3
GO0:0031175 | neuron projection development -2.40 | ALCAM,APLP2,NEO1,SDC4
GO:0007409 | axonogenesis -2.30 | ALCAM,APLP2,NEO1
GO0:0061564 | axon development -2.13 | ALCAM,APLP2,NEO1
G0:0048667 | cell morphogenesis involved in -2.08 | ALCAM,APLP2,NEO1
neuron
differentiation
GO0:0006935 | chemotaxis -4./8 | ADAM8,BMP4,BSG,HBEGF, TGFB
2
G0:0042330 | taxis -4.77 | ADAM8,BMP4,BSG,HBEGF,TGFB
2
G0:0040011 | locomotion -4.65 | ADAM8,BMP4,BSG,HBEGF,TGFB
2
GO0:0000902 | cell morphogenesis -4.43 | ADAM8,ALCAM,APLP2,NEO1, TG
FB2,
DKK1
G0:0060326 | cell chemotaxis -4.29 | ADAM8,BSG,HBEGF, TGFB2
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GO0:0045785 | positive regulation of cell adhesion -4.06 | ADAM8,CALR,SDC4,TGFB2,FSTL
3
G0:0098609 | cell-cell adhesion -3.84 | ADAM8,ALCAM,NEO1,TGFB2,NE
CTIN3

G0:0042476 | odontogenesis -3.69 | BMP4,BSG,TGFB2

GO0:0030595 | leukocyte chemotaxis -3.42 | ADAMS8,BSG,TGFB2

G0:0043523 | regulation of neuron apoptotic -2.85 | ADAM8,TGFB2,DKK1
process

GO:0050900 | leukocyte migration -2.79 | ADAMS8,BSG,TGFB2

GO0:0098742 | cell-cell adhesion via plasma- -2.71 | ALCAM,TGFB2,NECTIN3
membrane
adhesion molecules

GO0:0051235 | maintenance of location -3.22 | CALR,GSN,LTBP1

G0:1902905 | positive regulation of supramolecular | -3.21 | CCN2,GSN,SDC4
fiber
organization

GO0:0051495 | positive regulation of cytoskeleton -3.14 | CCN2,GSN,SDC4
organization

G0:0110053 | regulation of actin filament -2.65 | CCN2,GSN,SDC4
organization

GO0:0032956 | regulation of actin cytoskeleton -2.40 | CCN2,GSN,SDC4
organization

GO0:0032970 | regulation of actin filament-based -2.25 | CCN2,GSN,SDC4
process

G0:1902903 | regulation of supramolecular fiber -2.22 CCN2,GSN,SDC4
organization

hA8 KO+CM vs hA8 KO, hA8 KO+CM+GW

regulation of IGF transport and uptake by IGFBPs
extracellular matrix organization

regulation of transforming growth factor beta production
muscle structure development

hemostasis

regulation of insulin-like growth factor receptor signaling pathway
syndecan interactions

regulation of cell growth

regulation of BMP signaling pathway

signaling by TGFB family members

regulation of mononuclear cell migration

ossification

degradation of the extracellular matrix

positive regulation of epithelial cell apoptotic process
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Supplementary Figure 1: GO annotation and Reactome analysis via Metascape

Reactome and functional enrichment analysis via Metascape for the top 30 significantly abundant peptides in hA8
KO+CM cells in comparison to hA8 KO, hA8 KO+CM+GW. The top 14 enrichment cluster cores are plotted with

the p-value. The reactome description is written in italics
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l. Abbreviations

ADAM a disintegrin and metalloprotease
ADAMTS ADAMs with thrombospondin motifs
ANOVA analysis of variance

AP alkaline phosphatase

APP amyloid precursor protein

APS ammonium persulphate

AREG amphiregulin

BCA bicinchoninic acid

BFA brefeldin A

BSA bovine serum albumin

BTC betacellulin

CCN2 connective tissue growth factor
CM conditioned media

ConA concanavalin A

CSF cerebrospinal fluid

CTD cytoplasmic domain

CTF C-terminal fragment

DEPC diethyl pyrocarbonate

DMEM Dulbecco’s Modified Eagle’s Medium
DMSO dimethyl sulfoxide

DNA deoxyribonucleic acid

dNTP deoxynucleoside triphosphate
DTT dithiothreitol

E. coli Escherichia coli

ECM extracellular matrix

EDTA ethylenediaminetetraacetic acid
EGF epidermal growth factor

EGFR epidermal growth factor receptor
ER endoplasmic reticulum

ERAD ER-associated degradation
EREG epiregulin

EtOH ethanol

GAPDH glyceraldehyde 3-phosphate dehydrogenase
GPCR G protein-coupled receptor
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HA
hADAM
HEK
HLA-A
IL-6R
IRHD
iRhom1/2
kDa

KO

LPA
LPS
mADAM
mEF
MMP
MPD
MS

MV

PBS
PCR
PEI

PFA
PKC

PM
PMA
PNGase-F
PPC

PS

PTM
rec.
RFU
RIP
ROS
SADAM
SAPP
SDS
SDS-PAGE
TAE

hemagglutinin

human ADAM

human embryonic kidney
histocompatibility antigen, an alpha chain
interleukin-6 receptor

iRhom associated homology domain
inactive rhomboid protein 1 and 2
kilo Dalton

knockout

lysophosphatidic acid
lipopolysaccharide

murine ADAM

murine embryonic fibroblasts
membrane metalloprotease
membrane-proximal domain

mass spectrometry

microvesicles

phosphate-buffered saline
polymerase chain reaction
polyethylenimine

paraformaldehyde

protein kinase C

plasma membrane

phorbol 12-myristate 13-acetate
protein N-glycosidase- F

proprotein convertases
phosphatidylserines
post-translational modification
recombinant

relative fluorescence units

regulated intramembrane proteolysis
reactive oxidation species

soluble a disintegrin and metalloprotease
soluble APP

sodium dodecyl sulfate

SDS- polyacrylamide gel electrophoresis
Tris-acetate-EDTA
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TAILS terminal amine isotopic labeling of substrates
TBS tris-buffered saline

TBS-T TBS-tween

TCA trichloroacetic acid

TEMED tetramethylethandiamin

TFA trifluoracetate

TFR transferrin receptor

TGF-a tumour growth factor

TGF-p tumour growth factor-g

TGN trans-Golgi network

TGN trans golgi network

THBS1 thrombospondin 1

™ transmembrane

TMD transmembrane domain

TNBC triple-negative breast cancer
TNFR tumour necrosis factor receptor
TNF-a tumour necrosis factor-a

WT wild-type
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