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Abstract: The collagen alpha-3 (VI) chain encoded by the gene COL6A3 is one of the 3

subunits of collagen VI which is a microfibrillar component of the extracellular matrix and is

essential for the stable assembly process of collagen VI. The collagen alpha-3 (VI) chain and the

cleaved C5 domain fragment, called endotrophin, are highly expressed in a variety of cancers and

play a crucial role in cancer progression. The biological functions of endotrophin in tumors can

be driven by adipocytes. Studies have demonstrated that endotrophin can directly affect the

malignancy of cancer cells through TGF-β-dependent mechanisms, inducing epithelial–

mesenchymal transition and fibrosis of the tumor microenvironment. In addition, endotrophin

can also recruit macrophages and endothelial cells through chemotaxis to regulate the tumor

microenvironment and ultimately promote tumor inflammation and angiogenesis. Furthermore,

COL6A3 and endotrophin serve as novel diagnostic and prognostic biomarkers in cancer and

contribute to clinical therapeutic applications in the future. In summary, in this review, we discuss

the importance of the collagen alpha-3 (VI) chain and endotrophin in cancer progression, the

future clinical applications of endotrophin and the remaining challenges in this field.
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Introduction
Collagen VI is an essential part of the extracellular matrix (ECM) and a key compo-

nent in the microenvironment of several tumors.1,2 A deregulated and disorganized

ECM contributes to the malignant development of tumors, causing tumor-associated

angiogenesis and inflammation facilitated by the deregulated behavior of stromal cells,

eventually leading to the formation of a microenvironment that promotes cancer.1

There are three major subunits of collagen VI: alpha-1 (VI), alpha-2 (VI), and alpha-3

(VI) chains, which are encoded by the genes COL6A1, COL6A2, and COL6A3,

respectively.3–5 Compared with the 140–150 kDa (1000 amino acids in length)

alpha-1 (VI) and alpha-2 (VI) chains, the alpha-3 (VI) chain is approximately 3

times larger in weight (250–300 kDa) with multiple alternatively spliced variants

ranging from 2500 to 3100 amino acids.6–10 The subunits of collagen VI have

a similar molecular structure: a short triple-helical domain (335–336 amino acids

collagenous domain) and two large globule-like N-terminal and C-terminal non-

collagenous domains composed of 200 repeating amino acids motifs similar to the

von Willebrand factor type A (vWF-A) modules. The alpha-1 (VI), alpha-2 (VI) and

alpha-3 (VI) chains all have one N-terminal (N1) and two C-terminal (C1 and C2)
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vWFA modules. However, in the collagen alpha-3 (VI)

chain there are 9 additional vWF-A modules in the

N terminus (N2-N10) and 3 special domains in the

C terminus (C3-C5)—one unique domain (C3), one fibro-

nectin type III domain, and one Kunitz domain (C5).7,10

(Figure 1)

Recently, 3 novel subunits of collagen VI are revealed:

alpha-4 (VI), alpha-5 (VI), and alpha-6 (VI) chains

encoded by the COL6A4, COL6A5 and COL6A6 genes.

These 3 novel chains structurally resemble the alpha-3

(VI) chain with a short triple-helical domain, 7 vWF-A

domains in the N terminus, and 2 vWF-A domains and

a unique domain in the C terminus. Additionally, the

alpha-4 (VI) chain contains a Kunitz domain in the

C terminus, and the alpha-5 (VI) chain carries another

vWF-A domain and a unique domain. However, in

humans, the COL6A4 gene is disrupted by a chromosome

break to create two pseudogenes. (Figure 1) The genera-

tion of these new collagen VI alpha-chains may be due to

a gene duplication of their common ancestor COL6A3, and

then these new alpha-chain genes were additionally

duplicated.11–14 (Figure 1)

The assembly of collagen VI is a complicated process.

Earlier studies have shown that collagen VI is firstly

assembled into a triple helix monomer by the alpha-1 (VI),

alpha-2 (VI) and alpha-3 (VI) chains in a stoichiometric ratio

of 1: 1: 1. Then the triple helix monomers are staggered into

anti-parallel dimers bonded by disulfide bonds, and the anti-

parallel dimers are also aligned through disulfide bonds to

form tetramer. Further, these tetramers are secreted to the

extracellular matrix and form beaded microfibrils in a way of

end-to-end connection of overlapped N-terminal globular

domains through non-covalent bonds.15–19 The maturation of

collagen VI microfibrils (fibril processing) in the extracellular

matrix is a continuous process that starts immediately when

tetramers are secreted,20 and requires proteolytic process

involving the removal of the C-terminus of the collagen

alpha-3 (VI) chain (For example, the C-5 or the C2-C5

domains cleavage fragments) after microfibril

assembly.5,12,20 (Figure 2) The discovery of new collagen VI

Figure 1 Schematic diagram of the subunits of collagen VI. All the 6 chains and their encoding genes are presented. Themolecular structures of collagen VI subunits are similar: a short

collagenous triple-helical domain and three von Willebrand factor type A (vWF-A) domains (N1, C1, and C2). Nine additional vWF-A domains are found in the N-terminal domain

(N2–N10) and 3 special domains are found in the C-terminal domain (C3–C5) in the collagen alpha-3 (VI) chain. The area marked by arrows shows the collagenous domain and the

cleaved C5 domain fragment endotrophin. In humans, the COL6A4 gene is disrupted by a chromosome break to create two pseudogenes. In addition, theN2–N10 vWF-A domains are

each encoded by a single exon accordingly from exon 11 to exon 3 (E11–E3), and the domains undergo alternative splicing are marked orange. Due to the alternative splicing of

COL6A3 at the pre-mRNA level, the N3, N5, N7, N9 and N10 vWF-A domains of the collagen alpha-3 (VI) chain are either present or absent in the final chain. The tumor-specific

alternative splicing of exons 6, 4, and 3 (E6, E4, and E3) are also showed in the Figure in Red marks. This figure was modified with permission from Cescon M, Gattazzo F, Chen P,

Bonaldo P. Collagen VI at a glance. J Cell Sci. 2015;128(19):3525–3531. doi:10.1242/jcs.169748. Copyright 2015, The Company of Biologists Ltd.100

Abbreviations: TH, triple helical; vWF-A, von Willebrand factor type A; E3, exon 3; E4, exon 4; E5, exon 5; E6, exon 6; E7, exon 7; E8, exon 8; E9, exon 9; E10, exon 10;

E11, exon 11.
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alpha-chains in recent years has also added the complexity of

the assembly process. Studies have shown that the new alpha-

chains have the same collagenous domain (triple helical

domain) size as the collagen alpha-3 (VI) chain and the muta-

tion ofCOL6A3will not affect the normal expression of alpha-

5 and alpha-6 chains, which indicate that they could directly

replace the alpha-3 chain and may form α1α2α5 or α1α2α6

heterotrimers in human.14,21,22 (Figure 2) Nevertheless, there

is currently no direct evidence that these new chains can be

assembled with alpha-1 and alpha-2 chains. In addition to

these basic descriptions of the assembly of the tetramers and

microfibrils, the detailed process of collagen VI subunits pro-

tein domains interaction involved into the assembly is still

unknown. What is clear is that the collagen alpha-3 (VI) chain

plays a central role in collagen VI assembly. The normal

synthesis of alpha-3 (VI) is an essential step in the accumula-

tion of stable collagenVImolecular in the ECM,while alpha-1

(VI) chain and alpha-2 (VI) chain cannot form stable collagen

VI.23 These results were proved in vitro collagen alpha-3 (VI)

chain lacked osteosarcoma cell line SaOS-2. In the absence of

alpha-3 (VI) chain, the alpha-1 (VI) and alpha-2 (VI) chains

were produced with non-helical structures and mostly

remained in cell and degraded.23 Moreover, data suggested

that the C-terminal globular domains of alpha-3 (VI) chain

played a fundamental role in chain selection and initiation of

collagen VI helix formation,24,25 as the C2-C5 vWF-A

domains were not required for collagen VI monomer, dimer

or tetramer molecular assembly5 which suggested that the C1

vWF-A domain got involved into the important chain selec-

tion interactions. Expect for the tetramer molecular assembly,

experiments have also confirmed that the alpha-3 (VI) C5

domain played a crucial role in the assembly of collagen VI

microfibrils.5 The tetramer contains C5 domain truncated

alpha-3 (VI) chain cannot effectively associate end-to-end

connection to form collagen VI microfibrils compared with

the tetramer contains the control alpha-3 (VI) N6-C5 chain.

Therefore in the full collagen VI molecular, the C5 domain

only presents in the cytoplasm, and the immediate pericellular

matrix where the microfibrils are assembled, but is immedi-

ately cleaved and not presented in the mature collagen VI-

Figure 2 Schematic diagram of collagen VI assembly process. Collagen VI is firstly assembled into a triple helix monomer by the alpha-1 (VI), alpha-2 (VI) and alpha-3 (VI) chains in

a stoichiometric ratio of 1:1:1. Then the triple helix monomers are staggered into anti-parallel dimers bonded by disulfide bonds, and the anti-parallel dimers are also aligned through

disulfide bonds to form tetramer. Further, these tetramers are secreted to the extracellular matrix and form beaded microfibrils in a way of end-to-end connection of overlapped

N-terminal globular domains through non-covalent bonds. The maturation of collagen VI microfibrils (fibril processing) in the extracellular matrix is a continuous process that starts

immediatelywhen tetramers are secreted, and requires proteolytic process involving the removal of theC-terminal domainsof the collagen alpha-3 (VI) chain (for example, theC5or the

C2–C5 domains cleavage fragments) after microfibril assembly. The alpha-5 (VI) and alpha-6 (VI) chains can be substituted for alpha-3 (VI) chains in human. Furin-like PPC and BMP-1 are

two proteins involving the endotrophin-containing fragments releasing process, and the cleavage sites are between the C4 and C5 domains as well as the the C1 and C2 domains. This

figurewasmodifiedwith permission fromFurthmayrH,WiedemannH, Timpl R,Odermatt E, Engel J. Electron-microscopical approach to a structuralmodel of intima collagen. Biochem J.
1983;211(2):303–311. doi:10.1042/bj2110303. Copyright 1983, Portland Press, Ltd.101

Abbreviations: vWF-A, von Willebrand factor type A; Furin-like PPC, furin-like proprotein convertase; BMP-1, bone morphogenetic protein 1.
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containing matrix after microfibril assembly.12 In respect of

the N-terminal domains, even though the N7-N10 vWF-A

domains of the alpha-3 (VI) chain are not required for collagen

VI molecular assembly,23 the N5 domain also plays an impor-

tant role in the assembly of collagen VI microfibrils.24 More

importantly, the N-terminal domains can extend from the

spherical beaded region, so it has a potential interaction sur-

face with other cell matrix molecules.25

Previous studies have demonstrated that collagen VI is

expressed in a variety of human tissues and distributed

among connective tissues such as skin, blood vessels, and

adipose tissue;10,26 nervous tissues;27,28 and muscle

tissues.10 In the extracellular matrix environment, the col-

lagen VI network anchors large interstitial structures such

as blood vessels, nerves, and collagen fibers into the sur-

rounding connective tissues, thereby providing physical

support for cells.26 In the cancer microenvironment, col-

lagen VI can take part in the regulation of cancer

apoptosis,29 autophagy,30 fibrosis, angiogenesis, and

inflammation.31,32 Collagen VI and its subunits show

high expression levels in different type of tumors.2

However, there are very few literatures describing the

differential expression and the mutual influence of these

subunits in tumors which are crucial for understanding

how these subunits can affect cancer progression. In recent

years, an increasing number of studies have demonstrated

that the collagen alpha-3 (VI) chain plays an important

role in tumorigenesis. In particular, the C-terminal globu-

lar domains of the alpha-3 (VI) chain undergoes proteoly-

tic process in a time and tissue specific manner to produce

C5 domain-containing cleavage fragments with signal

transduction ability.14,21,22,33 Nevertheless, current knowl-

edge of the nature of these C5 domain-containing frag-

ments, the cleavage sites, and the proteases involved are

very limited.20 The C5 Kunitz-like domain with the name

“endotrophin” is the major mediator of collagen VI-

mediated tumor effects31,34–36 that is cleaved and not pre-

sent in the mature collagen VI-containing matrix after

collagen VI microfibril assembly.12,37 Therefore, com-

pared with the remainder of the collagen alpha-3 (VI)

chain, endotrophin serves an important role in collagen

VI related tumor progression. Furthermore, as the collagen

α3 (VI) chain plays a crucial role in stable collagen VI

structure assembly. It is unclear whether the effect of

collagen α3 (IV) chain on tumor progression is due to

the loss of collagen VI structural function, or the loss of

signal transduction function or both. For these reasons, it

is important to summarize the underlying mechanism of

the collagen alpha-3 (VI) chain and endotrophin in cancer.

In this review, we provide a detailed summary of the

current knowledge on the procarcinogenic function of the

collagen alpha-3 (VI) chain and endotrophin in tumor

progression, their roles as biomarkers and in chemotherapy

resistance, and future clinical applications and potential

problems that remain in this field.

The Expression of the Collagen
Alpha-3 (VI) Chain in Cancer
The collagen alpha-3 (VI) chain is widely expressed in var-

ious cancer cell lines and tissues.(Table 1). Even though the

cells that produce collagen alpha-3 (VI) chain in tumors have

not been well characterized, COL6A3 gene expression and

in situ hybridization data in tumors have shown that endothe-

lial cells are the main sources.38 Compared with the expres-

sion levels in normal tissues, COL6A3 transcript or protein

levels are high in multiple malignancies, such as breast

cancer,31,33,34 bladder cancer,39,40 colorectal cancer,38,40–43

gastric cancer,44,45 lung cancer,38 esophageal cancer,38 pan-

creatic ductal adenocarcinoma,46,47 hepatocellular

carcinoma,48,49 adamantinomatous craniopharyngioma,50

salivary gland carcinoma (mucoepidermoid carcinoma),51

and juvenile angiofibromas (JA).52 There are very few studies

on the difference between the expression levels of the three

subunits of type VI collagen in tumor tissues. In juvenile

angiofibromas, although the mRNA expression levels of all

three subunits of typeVI collagen are high, the ratio of (alpha-

1 + alpha-2)/alpha-3 in JA is increased (93.9:1) compared

with the normal control (77.5: 1)which indicates that the total

degree of type VI collagen synthesis and its chain composi-

tion could be regulated in cancer progression.52 Nevertheless,

COL6A3 transcript or protein levels are expressed at low

levels in glioblastoma stem-like cells53 and later stage pros-

tate cancer.54 As the stage of prostate cancer increased,

COL6A3 mRNA expression decreased significantly.54

Considering the COL6A3 is mostly presented with high

expression levels in the solid tumors, the issues reflected in

the differences in expression levels are worth to explore.

In addition, endotrophin displays an increased level in

mammary cancer cell line34 and cancer tissues, such as

colorectal cancer34 and breast cancer.31,33 Recently, scien-

tists have discovered that endotrophin can be isolated from

the plasma of breast cancer patients, and its level increased

in breast cancer tissues compared with normal donor
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tissues suggests that it might be a potential biomarker in

future studies.31

The Role of DNA Methylation and
Alternative Splicing of COL6A3 in
Cancer
A series of studies have shown that tumorigenesis and

development are related to DNA methylation and its asso-

ciated transcriptional aberration.55 Recent studies have

demonstrated that methylation of the collagen-associated

gene COL6A3 is involved in tumor development in uterine

leiomyomas. Compared with myometrium, COL6A3 is

less methylated and transcriptionally upregulated in uter-

ine leiomyoma. The aberrant DNA methylation of the

promoter of COL6A3 might affect the abnormal response

of estrogen by affecting the expression of COL6A3 protein

and promote the production of uterine leiomyoma.55 In

addition, methyl-sensitive cut counting analysis (MSCC)

data has shown 1.61 fold decreases in COL6A3 gene CpG

methylation sites in glioblastoma multiforme (GBM)

which suggests the potential clinical application of this

epigenetic biomarker of COL6A3 in GBM.56 Together,

these findings indicate that aberrant DNA methylation of

COL6A3 may get involve into the tumor progression by

affecting COL6A3 expression and may also have diagno-

sis and prognosis promises in cancer.

Alternative splicing is a biological process in which

pre-mRNAs are spliced in different ways, and the result-

ing molecules play a critical role in protein diversity and

complexity.57,58 Alternatively spliced transcripts are asso-

ciated with the progression of multiple cancers.59 The

repeating vWF-A domains N2-N10 at the N-terminus of

Table 1 Collagen Alpha-3 (VI) Chain and Endotrophin Exist in Different Types of Cancer

Type Mouse/

Human

COL6A3 Gene/

Protein

Detection Sample

(Human)

Location Ref

Breast Cancer Human Gene Cancer Tissue – [37]

Full length COL6A3 &

C-terminal domain

Cancer Tissue Near the vicinity of the

adipocytes

[36]

ETP Cancer Tissue and

Cancer cells and Plasma

- [31,33]

Ovarian Cancer Human Gene Cancer Cells Epithelial cells [78,80]

Hepatocellular Carcinoma Human Gene Cancer Tissue - [48,49]

Bladder Cancer Human Gene Cancer Tissue and

Cancer Cells

- [39,40]

Glioblastoma Human Gene Cancer Cells - [53]

Adamantinomatous

Craniopharyngioma

Human Gene Cancer Tissue - [50]

Wilms Tumor Human Gene Cancer Tissue - [90]

Colon Cancer Human Gene Cancer Tissue Tumor endothelium [38]

Full length COL6A3 Cancer Tissue - [40,62]

ETP Cancer Tissue - [31,33]

Mouse Embryonic Fibroblasts Mouse Gene Fibroblasts - [89]

Esophageal Cancer Human Gene Cancer Tissue Tumor endothelium [38]

Gastric Cancer Human Gene Cancer Tissue/Cancer

Cells

- [44,45]

Lung Cancer Human Gene Cancer Tissue Tumor endothelium [38]

Pancreatic Ductal Adenocarcinoma Human Full length COL6A3 Cancer Tissue Desmoplastic stroma around

the malignant ducts

[46,47]

Tenosynovial Giant Cell Tumors Human Gene Cancer Tissue - [85,87]

Uterine Leiomyoma Human Gene Cancer Tissue - [55]

Salivary Gland Carcinoma

(Mucoepidermoid Carcinoma)

Human Gene Cancer Tissue - [51]

Prostate Cancer Human Gene Cancer Tissue - [40,54]

Juvenile Angiofibroma Human Gene Cancer Tissue - [52]

Abbreviations: ETP, endotrophin; Ref, reference.
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the alpha-3 (VI) chain, are each encoded by a separate

exon (exon 3 - exon 11). The three vWF-A domains of N7,

N9, and N10 in these exons can be alternately spliced in

human to produce multiple alpha-3 (VI) chains variants,

resulting in the lack of one to three vWF-A domains in the

final alpha-3 (VI) chain.3,9,60 Later study also identified

the less abundant alternative transcript variants that lack

a large part of the N3 and the entire N5 vWF-A domains

in human cells.61 (Figure 1) Recently, studies found multi-

ple differential splice variants of COL6A3 in different

type of cancers.40,62 The tumor-specific alternative spli-

cing of the exons 3 and exon 4 of COL6A3 in colon

cancer,62 as well as the exon 6 of COL6A3 in colon,

bladder and prostate cancers were identified by using the

whole-genome exon array.40 (Figure 1) Moreover, The

inclusion of exons 3, 4 and 6 of COL6A3 were mainly

identified in pancreatic ductal adenocarcinoma (PDA) and

the PDA cell lines, but less identified or absent from the

PDA surrounding tissue and the PDA premalignant

lesions. Notably the Exon 6 of COL6A3 was not only

identified in PDA compared with the surrounding adjacent

tissues, but also identified in all type of the PDA cell lines.

In addition, the collagen alpha-3 (VI) chain was produced

at high levels by cancer-associated fibroblasts and tumor

cells in an in vivo xenograft model using the H766T PDA

cell line. Also the COL6A3 protein deposited in connec-

tive tissue, fibroblasts and a population of transforming

ductal cells in pancreatic intraepithelial neoplasias

(PanINs, defined as a preinvasive state of PDA) from the

LSL-KRASG12D;PDX-1-Cre mice (a mouse model which

could develop PanINs progressed eventually to the inva-

sive pancreatic cancers). These evidences mentioned

above indicate that the malignant progression of PDA

may be related to the dynamic process of COL6A3 alter-

native splicing.46 Further, one study also investigated the

alternative splicing patterns of genes related to energy

metabolism from the Cancer Genome Atlas (TCGA)

RNA-Seq datasets in colorectal cancer (CRC). COL6A3

displayed with differentially expressed alternative tran-

scripts even though the overall expression of COL6A3

gene was not significantly altered in CRC, and the alter-

native transcript NM_057167 of COL6A3 (Transcript var-

iant 5 that lacks an alternate exon 3) was strongly

upregulated in colorectal, breast, lung, prostate, and kid-

ney tumors.43 Although there is currently no specific

mechanism by which COL6A3 alternative splicing affects

tumor progression, the researches of COL6A3 mRNA and

protein isoforms could contribute to the assessment of

tumor carcinogenesis and tumor biomarker potential.

Together, these evidences strongly suggest that it is impor-

tant to investigate COL6A3 alternative splicing factors

and their mechanism to find specific alternative splicing

inhibitors for targeted cancer therapy.

The Relationship Between the
Collagen Alpha-3 (VI) Chain/
Endotrophin and Adipose Tissue in
Cancer
Adipocytes embed into the extracellular matrix and are

considered to be endocrine cells, thus carrying the ability

to secrete multiple signaling components such as chemo-

kines, adipokines, and ECM constituents under the stimu-

lation of hormones and nutritional cues. Adipocyte-

derived factors such as TNF-α, leptin, monocyte chemo-

tactic protein-1 (MCP-1) and ECM components play an

important role in tumor progression.63 Specifically, col-

lagen VI is a highly enriched extracellular matrix compo-

nent of adipose tissue. Lack of collagen VI can cause

swelling of adipocyte, as well as the loose and disorder

of tissue structure.64

Currently most of the researches on the biological

mechanism of collagen alpha-3 (VI) chain and endotro-

phin in cancer have focused on breast cancer. One of the

main reasons is that adipocytes are the main component of

breast tumor stroma,78 which contribute to the malignant

progression of breast cancer.34 Previously, scientists only

found that the level of the carboxy-terminal domains of the

collagen alpha-3 (VI) chain displayed significant high in

murine and human breast cancer lesions compared to the

rest part of the collagen alpha-3 (VI) chain.33 This car-

boxy-terminal domains had the signal transduction ability

and promote breast tumor cell proliferation.33 However, at

the time the mechanism of how this carboxy-terminal

domain fragment contributed to breast cancer progression

was poorly understood. In time, it was discovered that the

carboxy-terminal domains’ cancer-promoting effect of col-

lagen alpha-3 (VI) chain driven by adipose tissue is

exerted by the C5 domain cleavage fragment, also known

as endotrophin. In an obesity-related environment, over-

expression of endotrophin in the MMTV-PyMT (mouse

mammary tumor virus/polyoma virus middle T oncogene)

breast cancer animal model can augment tumor growth

and metastasis.34

Specifically, in the metabolically unhealthy adipose

tissue associated microenvironment endotrophin can
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trigger fibrosis and inflammation in adipose tissue and

ultimately lead to increased insulin resistance. Blocking

endotrophin with neutralizing antibodies can improve

adverse metabolic reactions and effectively reverse meta-

bolic dysfunction induced during the HFD (high fat diet)

exposure.35 Further, knockdown of COL6A3 in adipocytes

leads to the development of inflammatory resistance

(A state of reduced sensitivity to inflammation) via sup-

pression of monocyte chemoattractant protein (MCP1)

induction, resulting in increased adipocyte function and

insulin sensitivity.65 These studies demonstrate the impor-

tance of COL6A3 and endotrophin function into the

inflammation promoting process in adipose tissue.

In respect of the regulatory mechanism of endotrophin in

breast cancer, endotrophin augments breast cancer inflamma-

tion and angiogenesis through recruitment of macrophages

and endothelial cells. The malignant progression of breast

cancer is also processed through TGF-β-dependent EMT

(epithelial–mesenchymal transition) and fibrosis from endo-

trophin signaling transduction.34 (Figure 3) These results

were proved both in vivo PyMT (A mouse model that fea-

tures fast development of late-stage carcinoma and pulmon-

ary metastasis) and PyMT/ETP (PyMTmouse model treated

with endotrophin), and vitro cell lines. In the tumor micro-

environment, the breast tumor tissue of the PyMT/ETP

mouse reveals an enhancement of inflammatory cytokine

levels, such as IL6 and TNF-α. Compared with the control

PyMT mouse model, the functional blood vessel area in the

PyMT/ETP breast tumor tissues increased 3-fold with

a reduction in hypoxia, and angiogenesis markers such as

CD31, VEGFR2, andHIF1αwere increased. These effects of
endotrophin as the chemokine can be reduced after treatment

with endotrophin antibody.34

In spite of the regulatory mechanism, the signal trans-

duction receptors of endotrophin is still largely unknown.

Study implicates that tumor endothelial marker 8 (TEM8,

an integrin-like protein localized on the surface of tumor

endothelial cells and shows high levels on tumor blood

vessels66) is a receptor for endotrophin on tumor endothe-

lial cells because TEM8 can bind to the C5 domain of

collagen alpha-3 (VI) chain.38 The COL6A3 and TEM8

transcripts can be co-localized in the endothelium of colon

cancer, lung cancer, and esophageal cancer, and the coor-

dinated expression of these two proteins is almost unde-

tectable in normal tissues corresponding to tumors38 which

indicate that the binding of TEM8 and endotrophin con-

tributes to the regulation of tumor angiogenesis.

Additionally, collagen VI can activate the downstream

Akt/β-catenin signaling pathway and stabilize cyclin D1

by binding the NG2/chondroitin sulfate proteoglycan sig-

naling receptor expressed on the surface of mammary

ductal epithelial cells, thereby promoting the malignant

progression of breast cancer cells.33 It is still unknown

whether the binding of NG2 to the collagen VI is through

the interactions with endotrophin.

In summary, the role of endotrophin driven by adipose

tissue in tumors is currently the clearest direction for

COL6A3 in the field of tumor research while the other

research directions are rarely reported in the published

literatures. However, because endotrophin is a soluble

cleavage fragment of collagen a3 (VI) chain, which can

be secreted by a variety of tissue cell types, not just

adipocytes, the mechanism of endotrophin in other types

of cancer is also worth exploring.

The Function of the Collagen
Alpha-3 (VI) Chain/Endotrophin in
Cancer
Tumor Proliferation
In vitro, silencing COL6A3 induced a decline in cell

proliferation in bladder cancer cell lines,39 colorectal can-

cer cell lines67 and gastric cancer cell lines.68 In an in vivo

experiment, the overexpression of endotrophin in the

MCF-7 breast cancer cell line manifested a significantly

faster rate of tumor growth than that in control cells in the

nude mouse model.31 In the PyMT mouse model, endo-

trophin can also augment primary tumor growth.34

Furthermore, endotrophin-neutralizing antibodies sup-

pressed tumor growth in a nude mouse model based on

MCF-7 cells, MDA-MB-231 cells, and SKOV3 cells car-

rying human cancer mutations.31 As sulindac is

a promising non-steroidal anti-inflammatory drug for col-

orectal cancer. It is worth noting that in a study of sulin-

dac-treated ApcMin/1 mice (a genetic model of human

familial adenomatous polyposis), although the intestinal

adenoma lesions of ApcMin/1 mice were reduced by

more than 80% after treatment, the genetic microarray

analyses of adenoma-derived dysplastic epithelial cells

revealed surprising upregulation of type I collagen, type

V collagen and certain subunits of type VI collagen

including COL6A3. The relationship between the increase

in type I collagen, type V collagen and type VI collagen

subunits and the decrease in tumor burden was unclear and

may involve an oxidative metabolite of sulindac-sulindac

sulfone. The result indicates that tumor cells may directly
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remodel their ECM microenvironment to increase their

survival in the presence of non-steroidal anti-

inflammatory drug.69 The regulations seen in different

experiments could be a result of the complexity of the

ECM microenvironment and suggests that more detailed

investigations should be performed to determine the

detailed mechanism by which the collagen alpha-3 (VI)

chain impacts tumor proliferation.

Tumor Metastasis and Invasion
In vitro, endotrophin acted on breast cancer cell lines

(MCF-7, ZR-75-1, MDA-MB-453, and MDA-MB-231)

to enhance the overall migration behavior. In addition,

endotrophin stimulated tube formation and contributed to

the invasion ability of human umbilical vein endothelial

cells (HUVECs, a lab model system for the study of the

endothelial cells) in the tube formation assay (An in vitro

assay used to model the recombination stage of angiogen-

esis, measuring the ability of endothelial cells to form

capillary-like structure (also called tube).31 Additionally,

COL6A3 knockout by using CRISPR/Cas9 induced

a decline in cell metastasis and invasion ability in the

colorectal cancer cell line SW480.67 Silencing COL6A3

by using shRNA also inhibited the cell metastasis and

invasion ability in gastric cancer cell lines BGC-823 and

SGC-7901.68 In vivo, endotrophin synergizes with the

canonical TGF-β pathway to promote PyMT/ETP mouse

lung metastasis.34

Tumor Apoptosis
The collagen alpha-3 (VI) chain and endotrophin may get

involved in tumor pro-apoptotic and tumor anti-apoptotic

mechanisms. Knockout of the COL6A3 in the colorectal

cancer cell line SW480 by using the CRISPR/Cas9 system

led to cell cycle arrest in S phase, and the knockout effect

mostly induced early apoptosis rather than late

apoptosis.67 It is still unknown why knockout of the

COL6A3 in SW480 affect mostly the early apoptosis.

Additionally, silencing the COL6A3 gene in a gastric can-

cer cell line stimulates cell apoptosis through the PI3K/Akt

pathway.68 While other studies have demonstrated that

high levels of endotrophin can induce JNK-dependent

hepatocyte apoptosis in injured hepatocytes.49 However,

elevated local endotrophin levels conveyed higher anti-

apoptotic indices in normal mammary epithelial cells.34

In summary, endotrophin can not only promote tumor

proliferation, migration and invasion in cancer progression,

but may also be functioned as pro-apoptotic and anti-

apoptotic factors to regulate cell apoptosis through complex

mechanisms in different cancer pathological stages. Further

studies need to be performed to discover the exact apoptosis

mechanism that endotrophin could function into. Besides

that, the collagen alpha−3 (VI) chain has the ability to

promote tumor proliferation, metastasis and invasion, and

can also induce anti-apoptosis processes of tumor cells.

However, the functional studies of COL6A3 are mainly

carried out by knocking down or knocking out the

COL6A3 gene. Although collagen alpha-3 (VI) chain

plays an important role in the stable assembly of collagen

VI, it is not clear whether the effect of collagen alpha-3 (VI)

chain on tumor behavior is by affecting the collagen VI

structure stability, or either by affecting the signal transduc-

tion ability of collagen VI molecules, or both.

Collagen Alpha-3 (VI) Chain and
Drug Resistance
Cisplatin is a chemotherapy drug that functions in antitumor

treatment in multiple malignancies, such as lung, ovarian,

bladder, and testicular cancers.70 It is the most efficacious

agent against ovarian cancer, with a 40%–80% initial response

rate.71 Antitumor drug resistance is a common appearance in

tumor malignant progression and a major cause of cancer

death. This problem is extremely serious in cisplatin-resistant

ovarian cancer patients, of whom a large proportion of women

with cancer that initially respond to cisplatin will eventually

relapse with drug-resistant disease, with death as a frequent

outcome of this drug resistance.72 The underlying molecular

mechanism might be due to the intrastrand and interstrand

crosslinks cisplatin forms in DNA, which trigger cell cycle

arrest and apoptosis in cancer cells.73,74 However, data sug-

gests that cisplatin resistance is regulated by a variety of

factors,73 including inactivation of molecular interactions75

and decreased intracellular levels of cisplatin.76 In the tumor

microenvironment, ECM components might function in che-

motherapy resistance due to cancer cell and stromal cell

interactions.77 In recent years, after large-scale gene expression

analyses of tumor cells by using cDNA arrays and gene

expression sequence analysis (SAGE) technology, scientists

have obtained much information about cisplatin-induced gene

expression changes, and a study has found that many ECM

genes are altered in cisplatin-resistant A2780 ovarian cancer

cell line.COL6A3 is one of major upregulated genes and a role

for collagen VI in cisplatin resistance is supported by the

finding that cisplatin sensitivity is reduced in the presence of

collagen VI protein in vitro.78 As a fragment secreted in the
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ECM, endotrophin affects cisplatin drug resistance in tumors.

One study found that the human breast cancer cell lineMCF-7,

which expressed endotrophin at a low level, was susceptible to

cisplatin. However, MCF-7 cells showed cisplatin resistance

after treatment with recombinant endotrophin. Such resistance

can also be reversed by treatment with the antibody ETPmAb4

(a rabbit monoclonal antibody designed specifically against

human endotrophin), resulting in increased cisplatin sensitivity

in a dose-dependent manner.31 Another example is that in

a mammary tumor model, endotrophin can induce cisplatin

resistance by enhancing epithelial–mesenchymal transition; in

turn, cisplatin exposure accelerates the upregulation of

COL6A3 expression. However, such drug resistance can be

reversed by thiazolidinediones (TZDs) treatment or anti-

endotrophin treatment. (Figure 3) TZDs is a peroxisome pro-

liferator-activated receptor gamma (PPARg) agonists used in

the combination therapies with the chemotherapy drugs in

cancer treatment. Studies showed that the combination thera-

pies with TZDs can reduce the overall systemic toxicity to the

chemotherapy regimens and promote cancer cell death. These

results suggests that the TZDs combination therapy can benefit

the platinum-based chemotherapy in breast cancer through the

anti-endotrophin effect of TZDs.79

Apart from cisplatin resistance, gene expression analy-

sis of samples with platinum drug resistance using the

clonal subline A2780/C10B isolated from the oxaliplatin-

resistant human ovarian carcinoma cell line A2780/C10

(18-fold resistance to oxaliplatin and 3-fold cross-

resistance to cisplatin) showed that COL6A3 was the

most highly expressed gene, with a 62-fold change.

Hence, there is a possibility that COL6A3 can function

in other platinum drug resistance processes.80

A previous study also found that the naturally occurring

somatic mutation Y537S in the estrogen receptor gene (ESR1)

was specifically associated with acquired resistance to hormo-

nal therapies, such as tamoxifen, a hormone therapy drug used

to treat breast cancers. Moreover, in breast cancer cells with

the MCF-7/Y537S mutation, proteomics analysis revealed

that tamoxifen drug resistance was correlated with the over-

expression of several poor clinical outcome-associated protein

markers. COL6A3 was one of them, which indicates that

COL6A3 could play an important role in the tamoxifen resis-

tance process in cancer.81

In short, endotrophin can not only reduce the drug

sensitivity of cisplatin during cancer treatment but also

has the potential to affect the sensitivity of other platinum

drugs and hormone therapies.

Potential Diagnostic and Prognostic
Role of COL6A3 and Endotrophin in
Cancer Detection
Since COL6A3 has been found to be highly expressed in

various tumor types, endotrophin can be isolated from the

plasma of cancer patient, and the COL6A3 gene has been

discovered to have differential expression before and after

radiotherapy in CRC,82 COL6A3 and endotrophin represent

potential markers that can be assessed noninvasively for can-

cer detection. For example, receiver operating characteristic

(ROC) curve analyses for the diagnostic evaluation of

COL6A3 in CRC patients revealed an area under the curve

of 0.885 and a sensitivity and specificity of 92.9% and 81.3%,

respectively, which indicates that COL6A3 could be used as

a useful diagnostic indicator.41 In addition, as the tumor-

specific alternative splicing of exon 6 in colon, bladder and

prostate cancers almost exclusively expressed in cancer sam-

ples, it is possible that this COL6A3 mRNA and protein iso-

form could be used as a potential diagnostic biomarker.45

In terms of applications in tumor prognostic detection,

studies have found that upregulatedmRNAandprotein expres-

sion of COL6A3 in CRC indicates a poor prognosis. What’s

more, high expression of COL6A3 in CRC is significantly

associated with clinical factors such as Dukes stage, T stage,

and recurrence.41 In addition,COL6A3was featured in a novel

5-gene (SMAD4, MUC16, COL6A3, FLG, and LRP1B) prog-

nostic panel constructed through sequencing and data training

of 338 cases of colorectal cancer. The prognostic panel was

further verified in the dataset from patients with stage III colon

cancer and proved it prognostic value.83 Another study also

included COL6A3 in a 5-gene signature (SMAD4,

TMEM132D, VCAN, CDH10, and COL6A3) in which muta-

tions in one or more of the genes were significantly associated

with better overall survival independent of tumor-node-

metastasis (TNM) staging, which suggests its potential role

in CRC prognosis.84 Because of the anti-ETP effect of TZDs,

endotrophin levels also serve as a strong prognostic marker for

the effectiveness of the combination therapy of TZDs and

cisplatin.79 Together, these findings strongly support the idea

that COL6A3 or endotrophin expression can be used as

a useful prognostic and drug sensitivity indicator.

COL6A3 and CSF1 in Tenosynovial
Giant Cell Tumors
Tenosynovial giant cell tumors (TGCTs) are a type of benign

lesion of the tendon sheaths primarily affecting the fingers,

ankles, and feet. TGCTs are derived from the overexpression
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of rearranged macrophage colony-stimulating factor (CSF1),

which causes tumor growth and recruitment of nonneoplastic

mononuclear and multinucleated inflammatory cells.85–87

Previous studies have confirmed the existence of the fusion

gene CSF1-COL6A3 in TGCTs by RT-PCR. Due to a strong

COL6A3 promoter, a fusion of the CSF1-COL6A3 genes

through the translocation would result in overexpression of

CSF1.85,86 However, recently, in a large cohort study, TGCTs

were reported to feature truncation of the 3ʹ end of CSF1 and

were characterized by variable alterations, not the previously

identified COL6A3-CSF1 fusion genes found in some

TGCTs.87

Conclusion and Future Perspective
In this review, we summarize the expression and function of

the collagen alpha-3 (VI) chain and the polypeptide fragment

endotrophin, which are both highly expressed in a variety of

cancers. Endotrophin plays a crucial role in in adipocyte-driven

cancer progression. The endotrophin signaling directly affects

cancer cell malignancy through the TGF-β-dependent path-
way, inducing epithelial–mesenchymal transition and fibrosis.

Moreover, endotrophin regulates the cancermicroenvironment

by enhancing the chemoattractant effect on the macrophages

and endothelial cells, eventually promoting cancer inflamma-

tion and angiogenesis. Nevertheless, it is not clear whether the

regulation of tumor progression through silencing COL6A3 is

achieved by affecting the collagen VI molecular structure or

the signal transduction function. In addition, we also summar-

ize the current knowledge on cancer chemotherapy drug resis-

tance and the alternative splicing of COL6A3 in cancer.

Endotrophin can induce cisplatin resistance in cancer by

enhancing epithelial–mesenchymal transition. Also, the

tumor-specific alternative splicing of COL6A3 may have

a certain effect on the malignant progression in cancer.

In spite of an increasing number of studies have revealed

the importance of collagen alpha-3 (VI) chain and endotrophin

in tumorigenesis, many questions remain in this field (question

box). For example, it is still unclear how collagen alpha-3 (VI)

chain/endotrophin function in other collagen VI and endotro-

phin enriched tumor tissue. Due to the assembly characteristics

of collagen VI subunits, the previous research field only

focused on the role of COL6A3 itself in tumors. Obviously,

more attentions need to be paid on the dynamic changes of

collagen VI subunits in tumors in the future. Besides, limited

insights have been put into the proteolytic process of the

C-terminal domains of collagen alpha-3 (VI) chain that clea-

vage into multiple endotrophin-containing fragments.

Recently, scientists only have found that the bone

morphogenetic protein 1 (BMP-1) is involved in the endotro-

phin release process via the cleavage site between the C4 and

C5 domains. Moreover, a large C2-C5 fragment that contains

endotrophin is cleaved between the C1 and C2 domains by

furin-like proprotein convertase.20 (Figure 2) The existence of

these endotrophin-containing fragments in tissue and cell

cultures20 raises the question of whether these endotrophin-

containing fragments function the same way as endotrophin

does in tumor progression orwhether it mightwork differently.

Another concern is whether the C2-C5 fragment will affect

laboratory tests specific for endotrophin. In addition, one

matrix metalloproteinase (MMPs) cleavage site on collagen

alpha-3 (VI) chain has also been described recently, but with

less experimental evidence.88 The cleavage fragment produced

by MMPs is C6Ma3, a new epitope on the alpha-3 (VI) chain

which needs further study to confirm the exact cleavage site.

Furthermore, as we mention in the review, COL6A3 is aber-

rantly methylated and alternative spliced in cancer. This raises

the question of how these aberrantly methylated and alterna-

tively spliced forms affect the malignant progression of can-

cers. Finally, the question that whether endotrophin gets

involved in drug resistance other than cisplatin in cancer, for

example, the hormonal therapy drugs.

There are also some other studies worth noticing,

COL6A3 is highly expressed in densely growing mouse

embryonic fibroblasts (MEFs) and promotes the 3D

growth of MEFs by suppressing the Hippo signaling path-

way and promoting the Wnt signaling pathway. (Figure 3)

Additionally, the high expression of COL6A3 in Taf4−/-

MEFs promotes the loss of contact inhibition. As the

Hippo signaling pathway is considered to be an essential

part of cancer cell contact inhibition,89 in this regard,

COL6A3 participates in the hallmark of evading growth

suppressors in MEFs, which suggests that it might func-

tion the same way in cancer. Besides, downregulated

COL6A3 in glioblastoma stem-like cells also suggests

that COL6A3 can participate in replicative immorality in

cancer stem cells.53 Moreover, genome-wide sequencing

has identified gene mutations in COL6A3 in Wilms

tumors,90 and this evidence reminds us that genome muta-

tions in COL6A3 may appear in other types of tumors.

Whether the mutations of COL6A3 gene in tumor will

affect the molecular structure and assembly of collagen

VI, thus affect the downstream signaling pathway needs

further research.

Finally, clinical applications of endotrophin are

expected. Multiple studies have proven its prognostic

value by using a commercially available ELISA for
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endotrophin (also named PRO-C6) in other diseases.91

The PRO-C6 test is being used for human serum sam-

ples to evaluate the progression of multiple diseases,

such as systemic sclerosis,92 diabetes93,94 and chronic

obstructive pulmonary disease (COPD).95–98 In tumor,

the PRO-C6 can be used for prognostic monitoring. The

high level of PRO-C6 in pre-treatment can predict the

prognosis of chemotherapy in patients with metastatic

colorectal cancer.99 Although several studies have

proved the prognostic abilities of endotrophin, there is

still a long way to go before clinical use. Most impor-

tantly, regarding therapeutic applications, we know that

endotrophin antibodies can inhibit tumor growth in ani-

mal models, but it remains unclear whether endotrophin

antibodies have the same antitumor effects in humans.

Additionally, as endotrophin is a ligand for TEM8,38

and the interaction between these two molecules raises

an interesting question: If endotrophin can be used as

a novel therapeutic target to modulate TEM8-targeted

tumor vasculature. There has been antitumor efficacy

from TEM8-targeted therapy using the TEM8 ligand

fused to anthrax toxin.38 More in-depth mechanistic

research and drug experiments are needed in this field.

To conclude, this review highlights the biological func-

tion of the collagen alpha-3 (VI) chain and endotrophin in

cancer, the problems within this field, and future clinical

applications.

Question Box:

1. How collagen alpha-3 (VI) chain/endotrophin func-

tion in tumor tissues that are rich in collagen type

VI other than breast cancer?

2. What are the differences in the expression levels of

collagen VI subunits in tumors?

Figure 3 Schematic diagram of collagen alpha-3 (VI) chains and endotrophin function in tumor progression and cisplatin resistance. The collagen alpha-3 (VI) chain C5 domain

fragment endotrophin regulates tumor EMT and fibrosis through a TGF-β-dependent pathway. Endotrophin can also promote tumor inflammation through the recruitment of

macrophages and enhances the expression level of inflammatory cytokines, such as IL6 and TNF-α, or through the recruitment of endothelial cells into the tumor microenviron-

ment to promote tumor angiogenesis and increase the expression level of angiogenesis markers, such as CD31, VEGFR2, and HIF1α. It is not clear whether the effect of collagen
alpha-3 (VI) chain on tumor behavior is by affecting the collagen VI structure stability, either by affecting the signal transduction ability of collagen VI molecules, or both. In terms of

drug resistance, endotrophin can induce tumor cells to resist cisplatin through the TGF-β-EMT pathway, and treatment with endotrophin mAb or TZDs can block this process by

downregulating endotrophin levels and eventually give rise to increased cisplatin sensitivity. Additionally, COL6A3 is highly expressed in densely growingmouse embryonic fibroblasts

(MEFs) and promotes the 3D growth of MEFs by suppressing the Hippo signaling pathway and promoting the Wnt signaling pathway.

Abbreviations: TGF-β, transforming growth factor beta; EMT, epithelial–mesenchymal transition; IL-6, interleukin 6; TNF-α, tumor necrosis factor alpha; CD-31, cluster of

differentiation 31; VEGFR2, vascular endothelial growth factor receptor 2; HIF1α, hypoxia-inducible factor 1α; ETP, endotrophin; mAb, monoclonal antibodies; TZDs,

thiazolidinediones.
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3. Does silencing COL6A3 affect collagen VI struc-

ture or signal transduction?

4. In addition to TEM8, are there any other signaling

molecule receptors for endotrophin?

5. Does the N-terminal global-like domains of col-

lagen alpha-3 (VI) chain have the signal transduc-

tion function in tumors?

6. Whether the alpha-5 (VI) and alpha-6 (VI) chains

can replace alpha-3 (VI) chain in cancer.

7. Can endotrophin-containing fragments function the

same way as endotrophin in tumor progression, or

does it work differently? What is the potential

mechanism? Will these endotrophin-containing

fragments affect laboratory tests for endotrophin if

it is also recognized by endotrophin antibodies?

8. Is endotrophin involved in resistance to drugs other

than cisplatin, for example, resistance to hormonal

therapies in cancer?

9. How do aberrant DNA methylation and alternative

splicing of COL6A3 affect tumor progression?

10. Can endotrophin antibodies function as potent anti-

tumor drugs and have the same effects in clinical drug

experiments as they do in in vitro experiments?
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