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Abstract

Our overview covers several key areas related to recent results obtained for collagen type VI and endotrophin (ETP). (1) An introduction to the
history of ETP, including how it was identified, how it is released, and its function and potential receptors. (2) An introduction to the collagen
family, with a focus on what differentiates collagen type VI from an evolutionary standpoint. (3) An overview of collagen type VI, the 6
individual chains (COL6A1, A2, A3, A4, A5, and AB), their differences and similarities, as well as their expression profiles and function. (4) A
detailed analysis of COLBAS3, including the cleaved product endotrophin, and what separates it from the other 5 collagen 6 molecules,
including its suggested function based on insights gained from knockout and gain of function mouse models. (5) The pathology of ETP. What
leads to its presence and release and what are the consequences thereof? (6) Functional implications of circulating ETP. Here we review the
data with the functional roles of ETP in mind. (7) We propose that ETP is a mediator for fibrotic (or fibroinflammatory) disorders. Based on
what we know about ETP, we have to consider it as a target for the treatment of fibrotic (or fibroinflammatory) disorders. What segment(s) of
the patient population would most dramatically respond to an ETP-targeted intervention? How can we find the population that would profit
most from an intervention? We aim to present a broad overview over the ETP field at large, providing an assessment of where the future
research efforts need to be placed to tap into the vast potential of ETP, both as a marker and as a target in different diseases.
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ESSENTIAL POINTS

¢ Endotrophin is a carboxy-terminal cleavage product
of collagen VI alpha 3

¢ Endotrophin has emerged as an exciting new bio-
marker for a variety of fibroinflammatory diseases
and for a number of cancer settings

¢ Kidney disease, liver disease, cardiovascular disease,
and heart failure as well a pulmonary dysfunction
are all associated with increased endotrophin levels

¢ Preclinical studies indicate that endotrophin is not
just a biomarker, but a major driver for many of
the fibroinflammatory and cancer disease states men-
tioned above

Introduction to Endotrophin

The History of Endotrophin

Endotrophin (ETP) was initially identified as a pathological
signal promoting breast cancer growth by Park and Scherer
in 2012 (1). Earlier work highlighted the relevance of the
Col VI parent chain for similar functions (2). The idea derived
from studies Iyengar et al showing that Col VI from adipo-
cytes promotes tumor growth and that Col VI-deficient
mice display reduced tumor growth (1, 2). Furthermore, the
CS5 domain of a3 (VI) was known to be released during fibril
formation and to be both stable and enriched in breast cancer
specimens (2), pointing in the direction of a potential patho-
logical function.

Spurred by these intriguing findings, Park and Scherer (1)
demonstrated that overexpression of ETP resulted in tumor
growth in mammary glands and resulted in enhanced lung me-
tastasis, through a mechanism involving enhanced epithelial-
mesenchymal transition (EMT) (1, 3), thereby setting the stage
for a host of studies of the pathological relevance and thera-
peutic potential of blocking ETP.

How Is ETP Generated and Released?

The original hypothesis for the release of ETP involved matrix
metalloproteinase (MMP)-mediated release from the mature
type VI collagen as these enzymes are known to be upregu-
lated in fibrotic adipose tissue, which was the first source of
ETP identified (1, 3). Furthermore, studies investigating cleav-
age of Col VI, in particular the native a3 (VI) chain, showing
alterations in Col VI structure when MMP11 was present at
the adipocyte—cancer cell interface, potentially indicating a
relevance here. An interesting finding related to the release
was that, at least in some cell systems, ETP remains attached
to the matrix following cleavage, before ultimately being
released (4), a finding correlating well with the presence of
ETP in different pathological tissues, such as fibrotic kidneys
and livers from patients with liver failure due to hepatitis
(3, 6). This suggests that ETP’s major function could be to sig-
nal locally rather than systemically.

ETP is generated as a cleavage product from ColVIa3.
Recent results have revealed that MMP14 as well as other
MMPs are the key processing enzyme responsible for cleaving
ColVI a3 chain and releases ETP (7). The cleavage site is lo-
cated at a consensus-cleavage site for MMP14, and the result-
ing fragment has been confirmed using an ETP-specific
antibody (7). Other proteolytic enzymes, such as bone mor-
phogenetic protein 1, have also been implicated in the gener-
ation of ETP (4). Moreover, the cleavage site of human ETP
has also been reported, and downstream MMPs of Mmp14
have been found to be involved in the cleavage process
(8, 9). Once cleaved, ETP is stable and can be released into
the bloodstream, exerting local function within the tissue it
originates from via its paracrine/autocrine functions or
have systemic effects on distal organs via its endocrine roles
(1, 3-5, 10-16)

Introduction to Collagens

The Physiological Roles of Collagens
and Connection to Endotrophin

The extracellular matrix (ECM) is a vast, noncellular, compo-
nent present in all tissues and organs. It is a structural support
network made up from a range of different proteins, regulat-
ing numerous biological functions. The ECM not only pro-
vides important physical tissue support and scaffolding, but
also regulates biomechanical signaling to cells, and regulating
cell proliferation, differentiation, and migration (17-19).
Research into the ECM and how the ECM impacts system-
wide responses, regulating individual organ function all the
way to the behavior of individual cells, has been subject to in-
depth analysis for decades.

There are 28 different types of collagens which have been
described to this date. Collagen is the most abundant type of
protein within the body and is widely expressed (20, 21).
The different types of collagen make up the bulk of the
ECM, but tissue expression and localization of the different
types of collagen can vary dramatically. Type I, II, and III col-
lagen make up more than 80% of the total collagen mass in the
human body. Collagens are characteristically assembled in tri-
ple helixes consisting of homotrimeric or heterotrimeric
chains (22-24).

The ECM can be divided into 2 compartments, the base-
ment membrane and the interstitial matrix, each comprising
different types of collagens (25). The basement membrane is
special, since the collagens residing in this space form intricate
networks interlinked with adjacent collagen proteins, which
provide structural integrity. The most abundant type of colla-
gen in the basement membrane is type IV collagen, and the
basement membrane collagens are mainly produced by epithe-
lial cells. Conversely, the interstitial matrix provides the bulk
of the ECM, and consists predominantly of type I and III col-
lagens, which are produced by fibroblasts (26).

Proteolytic processing of the ECM is known to release a
range of signaling fragments, thus serving as a repertoire for
bioactive molecules referred to as matricryptins, which are in-
volved in both physiological and pathological processes.
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Figure 1. Phylogenetic tree of the 28 different collagen chains. The phylogenetic tree was generated by finding reviewed, human, collagen sequences
(noisoforms were included) on the UniProt website (www.uniprot.org). The sequences were downloaded in the Fasta format and uploaded to the Clustal
Omega website (https:/www.ebi.ac.UK/Tools/msa/clustalo/, version 1.2.4) to generate a multiple sequence alignment file. The generated phylogenetic
tree data was downloaded, and the phylogenetic tree was displayed by using FigTree software version 1.4.3 (http:/tree.bio.ed.ac.UK/software/figtree/).
The tree is presented as a midpoint rooted tree and proportionally transformed branches. The classic basement membrane collagens are dark green,

while the newer basement membrane collagens are light green. Likewise, the classic fibrillar collagens are dark blue, and the newer fibrillar collagens light

blue.

Phylogenetic Background

The ECM is important for guiding cell behavior and providing
structural support. The different compartments of the ECM,
the basement membrane and interstitial matrix, do so by di-
recting migration, morphology, differentiation, and prolifer-
ation. Importantly, there is a need for the proper assembly
of the ECM in relation to the development of organs and sub-
structures within organs that requires a highly organized con-
figuration provided by the basement membrane, as well as
extracellular scaffolds to facilitate tissue expansion, provided
by the interstitial matrix collagens (27).

Based on this model, it is likely that the collagens of the
basement membrane evolved and developed prior to the colla-
gens of the interstitial matrix. The evolutionary relationship
between collagens can be studied by phylogenetic approaches,
which reveal interesting results (Fig. 1). When aligning the
data published for the 28 different types of collagens, the
best described collagens of the basement membrane (type
IV, XV, and XVIII) come up earlier than many of the other

types of collagens (basement membrane collagens highlighted
in green), which could indicate that these types of collagens
developed before others. In line with this model, many of
the interstitial collagens develop at a later stage, including col-
lagen types I, II[, and V (interstitial matrix collagens high-
lighted in blue) (Fig. 1).

It is also interesting that the collagens are divided into 2
main categories: 1 containing the classical basement mem-
brane collagens, the other containing the interstitial matrix
collagens. Furthermore, the length of the different nodes indi-
cates “age,” which further adds to the argument of the devel-
opment of basement membrane collagens occurred before
interstitial matrix collagens. Whereas the higher number of
branch splits for the interstitial matrix collagens can indicate
a more specified function driven by evolutionary needs.

However, above all else, the type VI collagen a3 chain is the
collagen chain among all the others that developed first in re-
lation to the other chains. This could indicate that type VI col-
lagen, and the ETP molecule it derives from, have a highly
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conserved biological and structural function in the ECM that
is not like any of the other collagens. This is consistent with
the biological roles of ETP, as well as the structure of type
VI collagen which is somewhat different from all of the other
types of collagens (28).

Collagen Type VI

Collagen VI (Col VI) is special in multiple aspects among the
members of the collagen family. It has both unique structural
features and a unique function. Over the recent past, studies
have shed light on this remarkable collagen. It is not only a
critical structural component for a number of tissues, but
also dysregulated under a variety of pathophysiological condi-
tions. It also gives rise to a carboxy-terminal cleavage frag-
ment referred to as ETP, which serves as both a biomarker
and a potentially relevant therapeutic target. Col VI expres-
sion is broad, and, accordingly, studies have demonstrated
functions of Col VI across many tissues and cells.
Specifically, Col VI plays a vital role as the predominant colla-
gen in shaping the ECM architecture within adipose tissue.

The Different Fiber Members of Type VI Collagen

In total, there are 6 genes encoding collagen type VI chains.
These are COLG6A1 through COL6A6 (29-31), with
COL6A4-COL6A6 members being among the most recently
identified components, all 3 of which are highly homologous
to COL6A3 (32, 33).

At the chromosomal level, COL6A1 and COL6A2 are lo-
cated on chromosome 21 in a tandem arrangement,
COLG6A3 is on chromosome 2, while the 3 newest members
are located in tandem on chromosome 3, with a highly con-
served location; however, detailed studies have revealed that
the COL6A4 gene at some time point during development
has been pericentrically inverted, rendering the gene dysfunc-
tional in humans, chimpanzees, and gorillas, whereas other
mammals have an intact gene (34).

As the focus of this review is mainly on human and studies
relating to function of Col VI in humans, COL6A4 will not be
described in further detail.

Synthesis and Structure of Type VI

Collagen type VI is a special molecule when it comes to bio-
synthesis and structure. A series of important studies have il-
luminated this highly interesting configuration and its
unique position among the collagens. The early characteriza-
tion steps leading to insights into the biochemistry and struc-
ture of Col VI are presented in a series of reviews (35-37).

Studies have shed light on the composition of the collagen
type VI trimers. The most prominent is the trimer consisting
of 1 of each of the Col VI al(VI):a2(VI):a3(VI) chains. The
a3(VI) chain can be substituted with either the a5(VI) or the
a6(VI) chain; however, here very little is known about assem-
bly, structure, and function, although based on homology to
the a3(VI) chain, it appears likely to work in a similar manner
(33). However, we focus here on Col VI a1(VI):a2(VI):a3(VI)
(36-38) (Table 1).

What are the key aspects of the development of the beaded
filament structure for which Col VI is well known for? This
unique structure of the filaments has been elucidated through
electron microscopy (36, 37). As with other collagens, Col VI
trimers have a central triple helical domain, defined by the

Endocrine Reviews, 2024, Vol. 45, No. 3

classical Gly-X-Y repeats, and stretching approximately 335
amino acid residues in each chain. The triple helical domain
is bordered by large N- and C-terminal regions (see Fig. 2),
with the N-terminal part consisting mainly of 10 von
Willebrand factor (vWF) type A domains (of approximately
200 amino acids each), and the C-terminal of COL6A1 and
COL6A2 containing an additional 2 vWF domains, each of
approximately 200 amino acids in length. In contrast, the
COLG6A3 chain is unique and contains 3 additional domains,
1 called the unique region or “C3” (approximately 200 amino
acids), a type III fibronectin repeat called “C4” (approximate-
ly 100 amino acids), and a small C-terminal Kunitz-like
domain, called “C5,” which is released upon extracellulariza-
tion and is referred to as ETP (77 amino acids) (1). In terms of
domain structure, the 2 newer human members a.5(VI) and
a6(VI) are similar to a3(VI); however, they have fewer
N-terminal vWF domains (7 instead 10), as well as a different
C-terminal structure, with the a5(VI) having 3 C-terminal do-
mains and the a6(VI) having 5 domains. Importantly, the C5
domain is clearly distinct from the one found at the a3(VI)
chain, and does not appear to harbor any signaling capacity
(36-38).

The intracellular assembly of Col VI sets it apart from the
other collagens, and an understanding of the structure has
been critical in terms of shedding light on the impact that mu-
tations within the chains have on structure and function,
thereby delineating the pathological consequences.

The assembly of the most prevalent Col VI trimer is illus-
trated in Fig. 2. It starts with the 3 chains interacting at the
C1 globular domain, which then triggers the generation of
the triple helix from the C-terminal to the N-terminal (55,
74), resulting in a Col VI monomer with a stoichiometry of
1:1:1 (28). Further interactions between the triple helical do-
main and the C2 domain lead to formation of Col VI dimers,
which are connected by cysteine bridges between the triple he-
lix and the C-terminal globular domains, a process resulting in
a stabilized dimer, with the monomers in opposing directions
(Fig. 2) (75). Following the formation of the antiparallel
dimer, the triple helices undergo a twist in the overlapping re-
gions resulting in a supercoil, and, finally, when 2 of these
supercoiled dimers interact, they assemble into a tetramer
(76, 77). The tetrameric form is stabilized by interactions be-
tween the N-terminal regions, which cross over, and by disul-
fide bonds between the a3(VI) triple helical cysteine residues
(76). These tetramers are now the final building blocks for
the Col VI microfibrils. The tetramers are released outside
the cell, in a process requiring the C5 domain from the
a3(VI) chain. Upon exiting the cells, the tetramers connect
end-to-end resulting in the well-established beaded microfi-
brillar structure (55).

The structure of the microfibrils is equally complicated, and
electron microscopy (EM) analysis has revealed that the mi-
crofibrils are shorter than the individual tetramers, strongly
suggesting an overlap between the fibrillar domains and
the N- and C-terminal globular domains of the neighboring
tetramer (30, 76). This results in a junctional complex with
a series of close contacts between the adjacent tetramers
(30). The beads are generated through interactions between
the N- and C-terminal domains. In the vWF domains, there
are sequences/units allowing the folding into the globular
structures located between each fibrillar domain, ultimately
resulting in the beads on a string arrangement observed using
EM (78-80).
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Table 1. Summary of type VI collagen properties and mutations
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Type VI collagen Description Reference
Gene name and number COLG6A1, Location 21q22.3 (gene ID 1291) NCBI
COL6A2, Location 21q22.3 (gene ID 1292) NCBI
COLG6A3, Location 2q37 (gene ID 1293) NCBI
COLG6A4 (pseudogenes due to a chromosome break) NCBI
COLG6AS, Location 3g22.1 (gene ID 256076) NCBI
COLG6AG6, Location 3g22.1 (gene ID 131873)
Mutations with diseases in Bethlem myopathy (39-41)
humans Ullrich congenital muscular dystrophy
Limb-girdle muscular dystrophy phenotype
Autosomal recessive myosclerosis
Null mutation in mice In Col6al, Col6a2, and Col6a3 knockout mice, skeletal muscle and adipocyte size were (42-46)
abnormal. Accelerated development of osteoarthritis was found. However, type VI
collagen knockout had protective roles after myocardial infarction
Tissue distribution in healthy Dermis, skeletal muscle, lung, kidney, blood vessels, cornea, tendon, skin, cartilage, (2,47-51)
states intervertebral discs, adipose tissue
Tissue distribution in Upregulated in tissue fibrosis (5, 52-54)
pathological affected states
Special domains Soluble cleaved fragment of the C5 domain, also called ETP (3, 55-57)
Special neoepitopes A cleavage in the C-terminal portion of the a3 chain can release the soluble fragment ETP. (4, 55, 58)

Furin-like proprotein convertase and bone morphogenetic protein 1 (BMP-1) are
involved in the cleavage. The possible cleavage sites are between the C1 and C2 domain

and between the C4 and C5 domain.

Cleavage by MMP-2 and MMP-9 and MMP-14 also observed

Protein structure and function

Type VI collagen is composed of 3 different chains, a1, 02, and a3. The protein contains a
short collagenous region and globular regions at both the N- and C-terminus. Dimers are

(28, 33, 47, 48,
59-61)

formed by 2 monomers in antiparallel manner, while tetramers are formed in a parallel
manner. After secretion into the ECM, tetramers are assembled into a microfibrillar

network

Three additional chains (a4, a5, and a6) have been identified with a structure similar to the

a3 chain and specific localization

Type VI collagen is expressed in many tissues and connects related tissues to the matrix

Binding proteins
integrin

Known central function

Type IV collagen, biglycan, decorin, perlecan, NG2 proteoglycan, fibronectin, tenascin,

Helps cell attachment and connection to the surrounding matrix

(28, 62-67)

(1, 3,28,48, 63,

Involvement in a series of pathologies, where it induces fibrotic processes through release of 68)

ETP

Animals models with protein
affected

Biomarkers derived from col VI ETP (PRO-Cé6), C6M, C6Ma3

Col6al, Col6a2, Col6a3 knockout mouse models, AnxA2—/— mice

(42, 44-46, 69)

(58, 70-72)

Finally, a series of studies used high resolution X-ray scat-
tering and EM to resolve the interactions in the actual bead re-
gion, and as illustrated in Fig. 2, they confirmed that among
the overlapping regions between the neighboring tetramers,
there are numerous interactions clustering them together in
the end to end arranged beads (36, 73, 81), which maintain re-
gions extending from the beads, which are likely involved in
interactions with the surrounding milieu/matrix (81).

While the Col VI structure in itself is rather complex and
unique, it is important to remember that it interacts with a
host of other proteins. Additional ECM molecules feature
prominently among them (28). While we only scratch the sur-
face in terms of a full understanding of both function and ar-
rangements of these interactions, some of these structures are
highly relevant in terms of functionality. This is illustrated by
the interactions between Col VI, Col IV, and perlecan (a large
basement membrane proteoglycan) in the basal lamina. It en-
sures a proper link between the muscle and the ECM. This also
is likely to explain the muscle dysfunction observed in subjects
with Col VI mutations (36). Further members of the Collagen

type VI interactome include interactions with collagen type I,
type II and type XIV (62, 68, 82, 83), as well as a series of
noncollagenous matrix proteins, such as biglycan, WARP,
fibronectin, microfibril-associated MAGP1 glycoprotein,
matrilin-1, fibulin-2, lumican, heparin, hyaluronan, and de-
corin, as reviewed by Cescon et al (28).

However, the functional importance of all of these interac-
tions remains to be fully elucidated. Suffice it to say that Col VI
is a central player in the organization of the matrix of some tis-
sues. Col VI has also been shown to bind to vWF (84) and to
induce vWF-dependent platelet adhesion/aggregation (85), a
function that likely resides in the N-terminal globular regions
of the a3 chain of Col VI tetramers (86).

Expression Profile of Collagen Type VI Chains

Col VI is a beaded filament collagen that forms a unique mi-
crofibrillar network and is expressed in the ECM of many tis-
sues, including the dermis, skeletal muscle, kidney, lung,
blood vessels, cornea, tendon, skin, cartilage, intervertebral
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Figure 2. Assembly of the type VI collagen beaded microfilaments. The process includes the release of the C5/ETP domain upon formation of the
microfibrils. Inspired by (73).

discs, and, most prominently, adipose tissue (2, 47-50). At the As Col VI entails a total of 5 different chains in humans, 6 in
cellular level, myofibers, chondrocytes, neurons, fibroblasts, most other animals, much work has gone into elucidating
chondrocytes, adipocytes, and cardiomyocytes all express  whether any of these are tissue specific, or at least somewhat
Col VI (35-37). selective in terms of distribution (28). While the al(VI),
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a2(VI) and a3(VI) chains are broadly expressed, the newer
chains a5(VI) and a6(VI) have a far more restricted tissue pro-
file. a5(VI) is found in skeletal muscle at the neuromuscular
junctions, in kidney glomeruli, ovaries, and testis.
Expression of a6(VI) is seen in the endomysial and perimysial
regions of skeletal muscle and in the pericardium (87).
Furthermore, both of these chains have been detected in skin
(in the papillary dermis), and they appear to have some sort
of compensatory expression/function in the event of muta-
tions rendering 03(VI) inactive or absent (52). An interesting
finding regarding the expression of the Col VI chains is that
most, if not all, of the chains are upregulated by fibrotic driv-
ers, and as described later, particularly the upregulation of the
a3(VI) appears to have pathological consequences (88).
These pieces of evidence go far towards suggesting that Col
VI does have tissue specific functions, which are then highly
dependent on the composition of the triple helix; however,
they could also provide an explanation for why mutations in
this very central and ubiquitous collagen lead to restricted
phenotypes primarily in muscle and skin (36, 37).

Function of Type VI Collagen

Much can be learned about type VI collagen function by both
its physiology and pathophysiology. The physiological func-
tion of Col VI has been carefully elucidated through studies
on subjects with mutations in the Col VI chains.

Col VI mutations are known to lead to 2 separate types of
muscle dystrophy, Bethlem myopathy, and Ullrich congenital
muscular dystrophy, which are inherited disorders caused by
mutations in the genes encoding isoforms COLG6AIT,
COL6A2, and COL6A3 (36, 89-91). The diagnosis entails
DNA sequencing of the Col VI genes (92).

The mutations can be either recessive or dominant, and the
phenotypes observed as a function of these are highly variable,
ranging from mild to severe. Importantly, there appears to be
a connection between the position of the mutation in the col-
lagen type VI chains and the phenotype, although the direct re-
lationship still has to be explored for many of the observed
mutations, especially those in the N- and C-terminal regions
(36, 37). Numerous types of mutations, including point muta-
tions, premature stop codons and frameshifts, have been iden-
tified. For a thorough overview, see (36, 37). Interestingly,
mutations in the G-X-Y repeats have been identified in the 3
most common Col VI chains and these lead to the more severe
forms of muscle dystrophies underscoring the importance of a
functional triple helix for assembly of the entire beaded micro-
fibril structure (36, 37, 89-91). While a detailed clinical de-
scription of the phenotypes is beyond the scope of this
review, it is important to notice that similar phenotypes arise
from mutations in the 3 different chains, underscoring that the
main functional unit of Col VI consists of the al(VI), a2(VI)
and a3(VI) chains (36, 37). This is further supported by stud-
ies showing overall reductions in Col VI expression in fibro-
blasts from patients with various mutations (93-935).
Analyses of the Col VI fibrillar structure also underscore
that the fibrils formed can be of inferior quality, number,
and length, and that these changes are directly related to the
severity of the phenotype (93-95). In addition to the observed
muscle dystrophy, some patients also present with skin pheno-
types, including keratosis pilaris and keloids, underscoring
that Col VI also has a normal physiological role in the skin, al-
beit a less prominent one than in muscle (92).

367

Importantly, the function of Col VI, at least as far as the
al(VI), a2(VI), and a3(VI) chains are concerned, is similar
among mammals. Both mouse models and dogs deficient in
any of these 3 chains also present with muscle deficiencies,
some very similar to the human conditions and some
less severe (42, 96-99), data which support a general evolu-
tionarily conserved function, but also hint at some changes
in the function of the Col VI chains, potentially involving
the less known chains, including the chain not active in hu-
mans, the a4(VI) chain. Surprisingly, obese mice deficient in
Col VI have an improved metabolic read out systemically
(100) due to mechanically stress-free expansion of their adi-
pose issue. While metabolically beneficial, this is also associ-
ated with reduced mechanical stability of the adipose tissue
(101).

Interestingly, not much is known about mutations in the
a5(VI) and a6(VI) chains, although a study showing chronic
itching in subjects with mutations in COL6AS has been pub-
lished, and mutations in COL6A6 have been observed in
autosomal dominant retinitis pigmentosa, and genetic var-
iants were found in atopic dermatitis (102-105).

At the pathological level, the data supporting that an upre-
gulation of Col VI, irrespective of the chain, is associated with
a host a pathological conditions, such as cancer, various
types of fibrosis, and a series of other diseases, many of which
have the activation of a fibrotic program as a common denom-
inator (88).

Processing of Type VI Collagen

While processing of type VI collagen during synthesis of the
beaded microfibrils has been described and is mentioned in
the previous section, the specific release of the C5 (the “ETP
domain”) will be described later. The mature collagen type
VI is also processed. Studies by Heumuller et al have demon-
strated the presence of fragments matching the size of the full-
length C-terminal sequence (C1-C35), as well as shorter frag-
ments, containing fewer of the C-domains, all the way down
to the C5 domain alone (4). An interesting observation was a
differential expression of these across the various tissues, as
well as their presence in circulation, data which clearly
demonstrate the processing and ultimately the release of the
C-terminal domain from at least the a3 chain (1, 4, 56, 59, 73).

Furthermore, a series of studies have looked into the frag-
ments generated enzymatically upon turnover of the matrix
in both normal and pathological conditions. Although this is
still not fully understood, fragments originating from the dif-
ferent chains of Col VI have been measured in circulation
across a span of diseases, such as liver fibrosis, chronic ob-
structive pulmonary disease, cancer, and Crohn diseases (58,
70-72, 106, 107). Further studies using these proteomic tools
will likely shed further light on the processing and the rele-
vance of these fragments in relation to pathologies (see
“Function of Type VI Collagen™).

Collagen Type Via 03
Special Domains of Type Vla3

As illustrated in Fig. 2, the a3 chain is a unique chain in terms
of its composition. Rather than mainly consisting of a triple
helical domain, the majority of the COL VIa3 chain is actually
a series of vWF domains (37). In total, the a3(VI) chain har-
bors 12 domains, 10 of which reside upstream of the triple
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helical domain and 2 of which are downstream. While the
understanding of the individual domains in the a3(VI) chain
is complicated by its interactions with the other Col VI chains,
there are indications for an involvement in platelet aggrega-
tion (79, 86). Structural information about the N-terminal
vWF domain array was in general lacking until a study by
Solomon-Degafa et al (80) provided high-resolution data on
these domains. Interestingly, a high level of flexibility of
these domains was observed, visualized by the presence of
multiple confirmations. This finding could be related to the
multitude of interactions in the ECM due to its role in main-
taining the stiffness of the individual tissues (80).

With respect to the individual N-terminal domains, the N2
is rich in pathogenic point mutations (108-110), while the N6
to N3 domain appear central in the aforementioned flexibility
and are involved in both the formation of the Col VI microfi-
brils and in their interactions with many ECM molecules,
including biglycan, decorin, heparin, and hyaluronan (79,
83, 111).

Another interesting finding illustrating the special nature of
the a3 (VI) chain is that the linkers between the N-terminal
vWF domains are different from the otherwise quite similar
a4 (VI), a5 (VI), and a6 (VI) chains, as the a3 (VI) linkers
do not contain cysteines and therefore are unable to form di-
sulfide bridges, and thus possess a larger structural flexibility
(78). This flexible structure combined with the tissue specific
distribution of the minor chains likely plays an important
role in the tissue specific functions of the different chains as de-
scribed previously.

The triple helical domain is home to many of the pathology
causing mutations, underscoring that the interactions formed
here are critical for the fully functional Col VI microfibril;
however, as these mutations also are frequent in the other
chains of Col VI, this is not a unique feature of the a3 (VI)
chain (see “Function of Type VI Collagen”).

With respect to the C-terminal domain, it is constructed of 5
separate domains (see Fig. 2), including 2 vWF domains called
C1 and C2, C3 (which is a unique and poorly understood do-
main), C4, which is a fibronectin type Ill repeat, and finally the
Kunitz type domain referred to as CS/ETP (4). These domains
have been shown to undergo proteolytic cleavage, leading to
the release of fragments of various sizes, ranging from frag-
ments including C2-CS5 through smaller fragments containing
only the C5 domain (4).

Interestingly, this cleavage is essential for the formation of
the microfibrils and the elimination of the C5 domain may
lead to an arrest of the full generation of the microfibrils re-
sulting in only tetramers (55). This is however all based on
in vitro data. Furthermore, underscoring processing of the
C-terminal of the a3 (VI) chain as an important step in the
maturation of the fibril, none of the C2 to C5 domains are
found in mature fibril (73).

The release the C-terminal domains was shown to be medi-
ated by 2 enzymes, a furin type preproconvertase releasing the
C2-C5 sequence, and bone morphogenetic protein 1 specific-
ally releasing the C5 domain (4). Also, MMP14 has been im-
plicated as a critical factor releasing C5 (ETP) (7).

Functionality of the a3 (VI) chain under normal physio-
logical conditions centers around its structural role, particu-
larly in muscle tissue, but also for skin and potentially other
tissues (37). Considering the widespread expression profile
of the a3 (VI) chain, there could be other more discrete roles
that have yet to be discovered.
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On the other hand, the Col a3 (VI) chain has been shown to
be upregulated in a large number of pathological conditions,
and there is very little doubt about its function as a pathologic-
al driver of disease. The build-up of large amounts of Col VI in
tissues, including the a3 (VI) chain, is associated with fibrosis
of the tissues. A series of studies focused on the expression of
the a3 (VI) chain demonstrated that COL6A3 was highly ex-
pressed in both primary and metastatic ovarian cancer tissues,
such as in the omentum and in stromal cells (mesenchymal-
like ovarian carcinoma stromal progenitor cells) within the tu-
mor microenvironment, but exhibited much lower expression
in benign tissues and epithelial-like ovarian carcinoma stro-
mal progenitor cells. When the mesenchymal-like ovarian car-
cinoma stromal progenitor cells or type VI collagen was added
to epithelial ovarian carcinoma, cell invasion and spheroid
formation increased. The authors also observed that
COL6A3-derived spheroids from epithelial ovarian carcin-
oma injected in a xenograft mouse model induced metastases
in the lungs, and pinpointed the CDK4/6 and the p-Rb signal-
ing pathway as the one stimulated by COL6A3 (112). In a hu-
man bladder cancer cell line, the silencing of COL6A3 caused
a significant inhibition of cell proliferation, angiogenesis, a
downregulation of proteins related to EMT, as well as pro-
teins involved in the transforming growth factor (TGF)-p/
Smads signaling pathway (113).

In patients with bladder cancer, the COL603 gene expres-
sion was higher in the tumor tissues than in the adjacent tis-
sues, and patients with high COL60a3 expression had a
lower survival rate (follow-up 800 days) than those with
low COL6A3 expression (113). Expression data and clinical
data from the Cancer Genome Atlas Program (TCGA dataset)
and the Gene Expression Omnibus website showed that
COL6a3 expression is significantly higher in stage III than in
stage II ovarian cancer and that advanced ovarian cancer pa-
tients exhibit higher expression of COL6a3 and had a shorter
overall survival rate than those with lower expression (HR for
high vs low COL6a3: 2.0). The authors also reported that in
the analysis of their patient cohorts with primary ovarian can-
cer (follow-up of 60 months), patients with higher expression
of COL603 had shorter overall survival and shorter
progression-free survival than did patients with lower expres-
sion of COL603. COL6a3 mRNA levels were associated with
stage and debulking status, which are the most important
prognostic factors in patients with ovarian cancer (112). A
high expression of the COL6A3 gene was also linked to worse
survival in metastatic clear cell renal carcinoma (114). Since
these studies were relying on gene expression analyses, it
was not possible to indicate whether the prognostic effects
of the COL603 chain expression are directly attributable to
ETP, which will be further discussed below.

In patients with soft-tissue sarcoma, COLVIa3 was more
abundant in primary lesions of patients who manifested post-
surgical metastatic disease. However, enhanced expression of
COLVIa3 alone did not significantly impact the disease
course, but high expression of both COLVIa3 and the proteo-
glycan chondroitin sulphate proteoglycan 4 (CSPG4)/NG2
correlated with the worst disease-free survival (115). In speci-
mens from salivary gland cancers, the levels of type VI colla-
gen staining were related to mortality: patients with a low
expression of type VI collagen had a significantly better over-
all survival at § years than patients with a high expression.
Interestingly, high type VI collagen expression was significant-
ly associated with decreased survival in patients with
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otherwise favorable prognostic factors and did not impact
survival in the adverse prognostic subgroups (116). Would in-
clude some description of ETP expression in biopsies and can-
cer patients/expand on Table 3.

Finally, data from the GEPIA database (a web server for
cancer and normal gene expression profiling and interactive
analyses) indicated that patients with pancreatic cancer with
high COL603 expression levels exhibited significantly de-
creased overall survival (follow-up 50 months) compared
with those with low COLVIa3 expression. Even though this
study did not focus specifically on the COLVIo3 gene, this
data further confirms that COLVI gene expression is a crucial
component associated with cancer-related mortality (117).

ETP and its Receptor

General Information About ETP

As discussed above, several of the C-terminal domains of Col
VI are released during assembly into the microfibrils, and
some of these are known to have signaling properties exacer-
bating the diseases (35, 36). Especially the C5 domain, also
called ETP, can be detected in circulation during a host of
pathologies (118). More importantly, ETP has been shown
to drive pathological changes, and thereby can serve potential-
ly as a highly relevant drug target (8, 88).

The Receptor for ETP

While the existence of an ETP receptor or receptors have not
been conclusively demonstrated, a number of hypotheses have
emerged. Upon considering potential ETP receptors, the list of
proteins interacting with mature Col VI is of interest, as espe-
cially as the specific domains/chains for these interactions
have not been elucidated fully. Potential binding partners in-
clude integrins a1p1, a2p1, a3p1, al0B1, and avpl (67, 119,
120), the cell surface chondroitin sulfate proteoglycan,
CSPG4 (also known as NG2) (121), anthrax receptor 1
(ANTXR1/TEMS8) (122), and anthrax receptor 2
(ANTXR2/CMG2) (123). In this context, an early study
hinted at an interaction between ETP and the anthrax toxin
receptor 1 (ANTRX1), also called tumor endothelial marker
8 (TEMS8) (122), potentially indicating that ANTRX1 could
be the ETP receptor. However, a recent study addressing the
ETP interactions with both ANTRX1 and its closely related
(and Col VI) interacting relative ANTRX2 failed to confirm
the interaction between ETP and these proteins (124). We
conclude that to date, the ETP receptor remains unknown.
Identifying the ETP receptor(s) will constitute important
step towards a better understanding of ETP action on target
cells.

Elevated Circulating Levels of ETP

ETP Measured by the PRO-C6 Assay

The vast majority of studies reporting data on ETP as a circu-
latory biomarker used the PRO-C6 assay targeting the last 10
amino acids of the a3 chain of collagen type VI, which are also
the last 10 amino acids of the proposed sequence of ETP.
Increased levels of PRO-C6 in circulation were reported in
multiple disease states (Table 2). In most cases, levels were as-
sociated with disease severity. Several studies reported data on
PRO-C6 measured at baseline and occurrence of adverse out-
come or mortality in multiple diseases (Table 3).
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Alternative Measurements of ETP

Some reports in the literature use other assays to measure ETP
(16, 156-162). These reports showed elevated levels of ETP in
populations with different disease states. This included fibrot-
ic interstitial lung disease (16), polycystic ovary syndrome
(156), nonalcoholic steatohepatitis (though in the latter case
not related to liver fibrosis burden (162)) and in obesity in chil-
dren and adolescents (160). On the opposite end of the spec-
trum, lower levels of ETP in circulation were observed in
patients with bicuspid aortic valve defects than in controls
(159). In these patients, ETP levels correlate with aortic strain
and aortic distensibility and inversely correlate with the aortic
stiffness index. Levels of circulating ETP < 82 ng/mL could
significantly predict ascending aorta dilatation (159). Levels
of circulating ETP were also tested in heart failure and
COVID-19 patients, but no elevation nor a decrease com-
pared with healthy was observed (158, 161). However,
many of these studies need to be revisited in light of more re-
cent data (see below). Some evidence of a pharmacodynamic
change in ETP was shown in individuals with type 2 diabetes
following a medical nutrition treatment and an exercise pro-
gram on the background of metformin, where ETP levels
and urinary albumin to creatinine ratio decreased significantly
with a decrease in HbA1lc (157). Patients with heart failure
with midrange ejection fraction treated with renin angioten-
sin—aldosterone system inhibitors had lower levels of ETP
than those not treated (158). However, ETP was not elevated
in patients with heart failure compared with matched controls
(158). Considering the multiple evidence of elevated levels of
ETP measured by PRO-Cé6 assays in heart failure cohorts
(147) may suggest that the assay used in these investigations
did not measure ETP levels with sufficient specificity and
accuracy.

Pathological Aspects of ETP

As a newly identified small adipokine with altered levels in cir-
culation, the pathological functions of ETP have been broadly
studied in recent years (reviewed in (163)). These studies have
shown that ETP plays a significant role in stimulating adipo-
genesis, fibrosis, and inflammation within obese adipose tis-
sue, leading to systemic insulin resistance and other
unfavorable metabolic consequences, including lipotoxicity
(3, 7, 164). Furthermore, ETP triggers profibrotic and proin-
flammatory reactions in other metabolic tissues, including
the heart, liver, and kidney (10, 11, 158, 162, 165-167). It is
worth noting that ETP is also enriched in many types of cancer
lesions, where it can promote malignant tumor progression
(1, 8, 12, 13, 168).

A host of clinical studies have revealed that circulating ETP
levels are correlated with the development of nonalcoholic
fatty liver disease (NAFLD), heart failure, and diabetes
(154, 158, 162). Additionally, urinary or serum ETP levels
correlate with local fibrosis, tubular atrophy, and immune
cell infiltration in lupus nephritis disease, as well as the risk
of delayed graft function after kidney transplantation (5, 10,
131, 148). Circulating levels of ETP are also closely linked
to many other fibrotic diseases, such as fibrotic interstitial
lung disease (16, 169). Collectively, both animal and clinical
studies suggest that ETP may play significant pathological
roles in different tissues and organs, making it a potential tar-
get for the treatment and prevention of various disease entities
(8,11, 88, 163, 170).
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Table 2. Cross-sectional data on ETP measured by PRO-C6

Endocrine Reviews, 2024, Vol. 45, No. 3

Disease in which PRO-C6 was Control group Association to disease severity Reference
elevated
Cancer
Biliary tract cancer Healthy controls (125)
Cardiovascular diseases
Angina Healthy controls (126)
Kidney diseases
Chronic kidney disease (CKD) Highest levels in patients with underlying diabetes. (10)
Strong inverse correlation with estimated glomerular
filtration rate (eGFR)
IgA nephropathy Increased with increasing CKD stage and levels of (127)
tubulointerstitial fibrosis
Antineutrophil cytoplasmic Highest in the sclerotic phenotype, which has the worst ~ (128)
antibody (ANCA)-associated prognosis
glomerulonephritis
Kidney transplant recipients Associated with worse kidney function and interstitial (129,
fibrosis and tubular atrophy 130)
Lupus nephritis Healthy controls Associated with tubular atrophy and interstitial (131)
mononuclear cell infiltration. Higher in patients with
high NIH activity index
Liver diseases
Nonalcoholic steatohepatitis Separation between fibrosis stages 3-4 and 0-2 (132)
(NASH)
Nonalcoholic fatty liver disease Separation between fibrosis stage >2 and <2 (133)

(NAFLD)

Acute on chronic liver failure
(ACLF)

Cirrhosis with cardiac fibrosis

Lung diseases

Chronic obstructive pulmonary
disease (COPD)

Idiopathic pulmonary fibrosis (IPF)

Diabetes

Type 1 diabetes
Autoimmune/inflammatory diseases
Psoriatic arthritis

Systemic sclerosis (SSc)

Crohn’s disease in clinical remission

Others

Elderly women

Patients with stable cirrhosis, acute
decompensated cirrhosis and
healthy controls

Never-smoking control patients

Healthy controls
Healthy controls

Crohn’s mild disease and moderate
to severe disease

Significantly higher in ACLF patients with non-hepatic ~ (6)
(ie, kidney, brain, circulatory and respiratory) failure
compared to those without, but not different between
those with and without hepatic failure

Associated with both cardiac and liver extracellular (134)
volume

Inversely correlated with forced expiratory volume in (135-
1 second (FEV1), correlated with percent predicted 137)
forced vital capacity (FVC), and quality of life and
blood eosinophil counts

Highest in patients with previous exacerbations. Lower
during acute exacerbation

Higher in patients that progressed (all-cause mortality or  (138)
>10% decline in FVC at 12 months) baseline, and at 1,
3, and 6 months

Increased in patients with arterial stiffness (139)

(140)

Higher in early diffuse SSc compared to early limited SSc¢  (141-
and late diffuse SSc and correlated with the modified 143)
Rodnan skin score

Higher in patients with concomitant pulmonary arterial
hypertension

(107)
Increased levels with increasing number of comorbidities  (118)

The Role of Endotrophin in Adipose Tissue

Physiology

ETP is an important signaling peptide derived from adipose
tissue. It is can be secreted by mature adipocytes within the
adipose tissue, but other stromal vascular cells can also

contribute to the local levels depending on the disease state
(1, 3, 8, 164). Abundant levels of ETP have been detected in
the differentiated 3T3-L1 adipocytes, and its production is
dramatically increased in the adipose tissue of diet-induced
and genetically induced ob/ob obese mice (1, 164). Human
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Table 3. Association of baseline circulating ETP/PRO-C6 and adverse outcomes in longitudinal prospective studies

Disease Outcome Reference

Cancer

Pancreatic ductal adenocarcinoma  Overall survival (144)
(PDAC)

Biliary tract cancer Mortality (125)

Hepatocellular carcinoma (HCC) Overall survival (145)

Metastatic colorectal cancer Overall survival (146)

Cardiovascular diseases

Heart failure with preserved Mortality and hospitalization for heart failure (147)
ejection fraction

Atherosclerosis Mortality and cardiovascular outcome (54)

Kidney diseases

Acute to chronic kidney disease

Mortality and kidney disease progression (>25% decline in eGFR combined with a decline in  (128)

CKD stage)
Kidney transplant Delayed graft function (PRO-C6 measured before transplant) and mortality and kidney graft (148, 149)
failure (PRO-C6 measured after transplant)
CKD Mortality and end-stage kidney disease (10)
Liver diseases
Liver cirrhosis Transplant-free survival (150)
Lung diseases
COPD Mortality (71, 137)
IPF Mortality and combined endpoint of disease progression or death at 6 months (151)
Diabetes
Type 1 diabetes Mortality and end-stage kidney disease (152)
Type 2 diabetes Mortality, cardiovascular outcome, and kidney disease progression (54, 153-
155)
Others
Elderly women Mortality (118)

studies further reveal a significant upregulation of ETP in the
adipose tissue of obese and diabetic patients, further underlin-
ing its association with obesity (1, 3, 8).

Proadipogenic Functions

ETP is highly enriched in adipose tissue of people living with
obese and diabetes, and it has been found to promote adipo-
genesis (3). Adipogenesis refers to the formation of new fat
cells from preadipocytes, but it also promotes the growth
and expansion of existing adipocytes. Excessive adipogenesis
and increased fat cell size can lead to profound disturbances in
energy homeostasis, metabolic dysfunction, and the develop-
ment of obesity-related conditions, such as insulin resistance,
type 2 diabetes, and cardiovascular disease (1, 3, 7, 12). ETP
stimulates adipogenesis by upregulating adipogenic genes,
such as Ppary, Fabp4, Srebp1, and Pref-1 in white adipose tis-
sue (164). Increased levels of PPARY, a key regulator of adipo-
genesis, have been observed in the adipose tissue of ETP
transgenic mice (164). ETP overexpression also affects lipo-
genesis and lipolysis. Specifically, the level serine®®® phosphor-
ylation on hormone-sensitive lipase, a modification associated
with enhanced lipolysis, was dramatically decreased in the
adipose tissue of ETP transgenic mice (164). Additionally,
ETP reduces the levels of CD36, a fatty acid transporter in adi-
pose tissue (7, 164). These changes in adipogenesis and lipoly-
sis contribute to increased lipid content in adipocytes isolated
from ETP transgenic mice (164). The direct function of ETP

on adipogenesis has been confirmed in 3T3-L1 cells treated
with ETP-containing medium, and blocking ETP function
with a specific neutralizing antibody reverses the adipocyte
phenotype in diet-induced obese mice and in human adipo-
cytes (3, 8, 164, 166). Importantly, all of these effects can be
achieved by ETP alone, independent of the presence of the ma-
ture ColVI complex, emphasizing the independent roles of en-
dotrophin from its parent molecule.

Profibrotic/Proinflammatory Functions

During the development of obesity, adipose tissue undergoes
rapid expansion, creating a hypoxic microenvironment locally
(171, 172). In response to hypoxia, HIFla is induced and
stimulates extensive fibrosis locally in adipose tissue, leading
to local inflammation and systemic insulin resistance (171,
172). While it is widely accepted that fibrosis eventually leads
to metabolic deficiencies, there has been limited focus on
understanding the modifiers that regulate this pathological
process in obese adipose tissue (173). In that context, we
found that ETP produced in the obese adipose tissue serves
as a powerful costimulator for fibrosis and local inflammation
(3). Clinical studies have also shown a correlation between the
levels of ETP and local fibrosis and inflammation in white
adipose tissue of patients with obesity and diabetes (3). In
ETP transgenic mouse models, ETP interacts with TGF-B
signaling to initiate the profibrotic and proinflammatory
pathways (1, 3).

¥20z Ke|N g0 uo 1sanb Aq 2691 /1 //L9E/E/GH/o10MEB/AIPS/WOD dNODlWBpEIE.//:SARY WOl papeojumoq



372

To further investigate the mechanisms by which ETP stim-
ulates fibrosis and inflammation, experiments were conducted
using ETP-conditioned media to treat the stromal vascular
fraction (SVF) isolated from white adipose tissue. The experi-
ments revealed that the levels of multiple collagen proteins, in-
cluding Colla, ColVInl, and ColVIa3, as well as the collagen
cross-linking enzyme LOX, were significantly upregulated
(164). Additionally, the levels of TGF-p1 and its receptor
TGF-BR2 were upregulated in ETP-treated SVF cells and in
mature adipocytes, consistent with the reported simulation
of TGF-B signaling by ETP in the ETP transgenic mice (1, 3,
164). This suggests that ETP may be upstream of the TGF-f
pathway. Under the same experimental conditions, ETP also
stimulated upregulation of proinflammatory genes, such as
Toll-like receptor 4 (Tlr4) and NLR family pyrin domain con-
taining 3 (Nlrp3) in SVF cells and adipocytes (164). These in
vitro findings suggest that ETP acts on SVF cells and mature
adipocytes by triggering both profibrotic and proinflamma-
tory programs, including an activation of the jun kinase
pathway.

Fibrosis triggers activation and accumulation of macrophages
in the obese adipose tissue, which further induces local inflam-
mation and systemic insulin resistance (172, 174-178). In vari-
ous mouse models, ETP has been reported to exhibit
chemoattractant actions and promotes their accumulation and
activation (1, 3, 7). Upon stimulation by ETP, macrophages po-
larize toward a proinflammatory state, initiating local proin-
flammatory reactions. Importantly, the profibrotic and
proinflammatory reactions in obese adipose tissue can be effi-
ciently prevented by blocking ETP using a neutralizing anti-
body, suggesting that this pathological process can be reversed
pharmacologically (1, 3, 8). Although the profibrotic and proin-
flammatory effects of ETP have been observed primarily in the
adipose tissue and mammary glands, similar pathological
changes are expected in other metabolic tissues and tumors, as
recent findings have demonstrated the enrichment of ETP in
these tissues in response to different pathological stimuli (re-
viewed in (163)). Particularly, ETP neutralization through tar-
geted antibody treatment protects the kidney from renal
fibrosis in a podocyte ablation model (167).

Protumorigenic Function

There is increasing evidence supporting the notion that obes-
ity is associated with an increased risk for a number of differ-
ent cancer types. The pathophysiological changes in adipose
tissue caused by obesity, such as chronic inflammation, angio-
genesis, and enhanced fibrosis create an environment that is
conducive to cancer development and progression (12, 13,
15, 168). ETP is enriched in tissues and in circulation of obese
individuals, and presents at even higher levels in human cancer
specimens. ETP has emerged as a potential candidate that
links obesity-associated adipose tissue dysfunction with tu-
mor promotion and metastatic spread (1, 2, 12). Multiple ma-
lignant cancer cells, including those derived from breast
cancers, colon cancers, pancreatic ductal adenocarcinomas,
and hepatocellular carcinomas (HCCs) have been found to ex-
press high levels of ColVIa3, and the levels of ETP increase
dramatically during progression and invasion of these tumors
(1,57, 166, 168). ETP may be derived from both stromal adi-
pocytes in adipose tissue and from the tumor cells themselves,
and they may function cooperatively through paracrine and
autocrine pathways (8, 12).
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Studies using transgenic mouse models with selective overex-
pression of ETP in adipose tissue or mammary glands have dem-
onstrated that ETP promotes aggressive growth and invasion of
mammary tumor, together with increased infiltration of tumors
with endothelial and macrophages, enhanced fibrosis and dra-
matically promoted metastatic growth (1). Mechanistically,
ETP exerts profibrotic and proinflammatory functions in the
mammalian tumor microenvironment through activation of
TGF-B signaling pathways (1, 12). In other studies, it was found
that ETP contributes to chemoresistance of HCC to cisplatin in
tumor-bearing mouse models (168). However, this effect can be
bypassed in the ColVI knockout mice, or by treating wild type
mice with the PPARy agonists, the thiazolidinediones, which
downregulate ETP effectively (168). In vitro experiments have
also shown that human recombinant ETP exerts similar effects
on macrophages and endothelial cells as its rodent counterpart,
enhancing EMT in human breast cancer cells and inducing che-
moresistance (8).

Recent studies have further implicated ETP in tumor pro-
gression and metastasis in various other types of cancer
(8,11,145,166). During the development of NAFLD-induced
HCC, ETP can act as a “second hit” during the progression of
NAFLD, facilitating the development of nonalcoholic steato-
hepatitisand HCC (8, 11, 166). In agreement with this model,
serum levels of ETP are positively associated with NAFLD
(162). In the liver, ETP may exert its functions in a similar
manner as in breast cancer cells, promoting angiogenesis, en-
hancing local fibrosis and enhancing a proinflammatory envir-
onment that supports tumor growth (8, 11, 166). Further
research is needed to fully elucidate the underlying mecha-
nisms by which ETP functions on other types of cancer.
Importantly, based on the existing knowledge about the func-
tion of ETP, neutralizing monoclonal antibodies against hu-
man ETP have been developed and both in vitro and in vivo
evidence supports effectiveness of these antibodies in prevent-
ing/curbing tumor growth and enhancing chemosensitivity in
different types of cancer cells (8).

In summary, the studies conducted thus far have revealed
divergent functions of ETP in different cell types (Fig. 3),
thereby highlighting it as a potential target from a therapeutic
perspective in the context of metabolism and cancer (8, 11,
170). Research in this area is rapidly advancing, and ongoing
studies are focused on unraveling the precise mechanisms
underlying the function of ETP on metabolic dysregulation
and tumor development.

The Theragnostic Potential of ETP and Patient
Selection

ETP levels have been demonstrated to be prognostic in clinical
settings for a range of diseases, in which the heart and kidney
outcomes have been the ones with biggest effects (5, 127, 128,
147,148,155, 158, 159, 163, 167, 169)

ETP has been suggest to be a disease driver in a range of
metabolic models including liver, kidney, and cancer models
(57,163,167, 169). Neutralization of ETP, with an antibody,
has demonstrated efficacy in kidney, cancer, and liver fibrosis
animal models (8, 11, 167).

This suggests that ETP both could be a good biomarker for
outcome studies. In addition, given the preclinical data, it
clearly serves as a drug target as well, and thereby enables a
true theragnostic approach. This type of precision medicine
approach, by identification of patients with high levels of
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Figure 3. Diverse functions of ETP across various cell types. In this illustration, the multifaceted roles of ETP are depicted within different cellular
environments. Obese adipocytes act as sources of EPT, influencing multiple cell types in various metabolic tissues/organs as well as tumor tissues.
ETP exerts its effects through autocrine, paracrine, and endocrine pathways, triggering a range of responses including fibrosis, inflammation, lipid

accumulation, angiogenesis, and proliferation of cancer cells.

ETP with a higher risk of a negative outcome, and treatment of
this patient population may be a very cost effective and effica-
cious way of treating the right molecular endotype with the
most appropriate treatment.

ETP may be used as a patient selection tool in clinical stud-
ies, for identification of patients at a higher risk of cardiovas-
cular disease, heart failure with preserved ejection fraction,
outcome, based on the recent publication by Chirinos et al
(147). By subsequent analysis, the risk of having a heart failure
with preserved ejection fraction outcome in the highest tertile
compared with the lower tertile was 10-fold, suggesting this to
be a true treatable endotype.

Originally, ETP was identified as a hormone associated
with metabolic dysfunction and insulin resistance (3).
Subsequently, it was identified to predict response to insulin
sensitizers, such as PPARy agonists (15, 165). ETP levels
have been shown to be pharmacodynamically modulated by
several metabolic interventions, including insulin sensitizers
with a weight reduction (179), weight loss modulators such
as GLP-1 receptor agonists, as well as compounds modulating
fibroblast activities (88).

Conclusion and Perspectives

ETP is clearly associated with important pathological processes
as outlined in this manuscript. Type VI collagen is a unique col-
lagen, a beaded filament, that is very distinct from other colla-
gens (31, 32). It holds very different functions from the
standard fibrillar collagens, which mainly convey structural
functions. In addition, the a3 chain of type VI collagen displays
10 vWF binding domains, which implicate the parent collagen
chain in wound healing. In fact, this collagen chain may be
the protein in the system with the most vWF binding domain.
However, there is no evidence so far for a role of ETP in wound
healing, subsequent to its release from the parent collagen A3
chain. However, it seems to be a central player in important bio-
logical processes, including cancer and fibrosis.

These data suggest that ETP is upregulated and released into
circulation as a consequence of pathophysiological mecha-
nisms that play a role in multiple diseases. Moreover, levels
of circulating ETP are strongly associated with disease severity
and with a worse prognosis across an ample spectrum of
chronic diseases. Can important biological processes be modi-
fied by modulation of ETP for the benefit of patients or is ETP
“only” a very potent biomarker for kidney, lung, cancer, and
liver related pathologies? Given strong interventional data in
preclinical models using genetic gain and loss of function mod-
els combined with neutralizing antibodies gives us high hope
for successful pharmacological interventions in the clinic.
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