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Abstract

Collagen is one of the most abundant proteins in animals and a major component of the 

extracellular matrix (ECM) in tissues. Besides playing a role as a structural building block of 

tissues, collagens can modulate the behavior of cells, and their deregulation can promote diseases 

such as cancer. In tumors, collagens and many other ECM molecules are mainly produced 

by fibroblasts, and recent evidence points towards a role of tumor-derived collagens in tumor 

progression and metastasis. In this review, we focus on the newly discovered functions of 

collagens in cancer. Novel findings have revealed the role of collagens in tumor dormancy and 

immune evasion, as well as their interplay with cancer cell metabolism. Collagens could serve as 

prognostic markers for cancer patients, and therapeutic strategies targeting the collagen ECM have 

the potential to prevent tumor progression and metastasis.

INTRODUCTION

Tissues are composed of a cellular and an acellular component, the extracellular 

matrix (ECM). The main categories of ECM proteins are collagens, glycoproteins and 

proteoglycans that are organized in a three-dimensional meshwork. While one of the major 

functions of the ECM is to provide physical support to cells in the tissues, it also plays a 

crucial role in regulating cellular behavior and dysregulation of the ECM can cause diseases 

such as cancer.

Collagens are among the most abundant ECM proteins in tissues. Aberrant deposition 

of collagen matrix contributes to tumor formation(1), and mutations in collagens cause 

diseases such as collagenopathies(2) (osteogenesis imperfecta, Ehlers–Danlos syndrome) 

and the Alport syndrome(3). There are 28 different types of collagens organized in different 

categories: Fibrillar collagens, FACIT (fibril-associated collagens with interrupted triple 

helices), basement membrane collagens, filamentous collagens, short chain collagens, long 

chain collagens, multiplexins and MACIT (membrane-associated collagens with interrupted 

triple helices)(4). Collagens are organized in a triple helix with a repeat consensus 

amino acid sequence, Gly-X-Y, where X and Y can be any amino acid. After translation 
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of the procollagen molecule, post-translational modifications (PTM) (proline and lysine 

hydroxylation and glycosylation) take place in the endoplasmic reticulum and the collagen 

chains are assembled into a triple helix. The procollagen triple helix is secreted through 

vesicles to the extracellular space. Then, procollagen is cleaved by proteinases in the 

N- and C- terminus and lysyl oxidases crosslink collagens in the extracellular space for 

assembly into fibrils. In order to interact with different collagens in the extracellular 

space, cells display collagen receptors on their surface(5): a) integrin α1β1 is expressed 

in many mesenchymal cell types and it is important for the action of many inflammatory 

cells, including T lymphocytes; integrin α2β1 plays a role in cell migration, proliferation 

and survival(6) ; integrin α10β1 is expressed in cartilage tissues(7) and plays a role in 

bone development(8); integrin α11β1 is abundant in many mesenchymal tissues during 

development and is required for the maintenance of bone mass(9). b) Discoidin Domain 

Receptors (DDRs) are tyrosine kinases widely expressed in different tissues and their 

downstream signals regulate cell proliferation, differentiation and the response to the 

extracellular matrix(10).

c) Glycoprotein VI (GPVI, p62) is present on platelets and regulates their function during 

thrombosis(11). d) LAIR-1 is a member of the immunoglobulin superfamily, expressed on 

peripheral blood mononuclear cells and involved in innate immunity(12). e) OSCAR is an 

osteoclast-associated receptor, and its activation by collagen costimulates the Fc receptor 

common γ-chain to regulate osteoclastogenesis; it is also involved in a variety of other 

cellular processes like adhesion, activation and enhancement of proinflammatory cascades, 

cellular recruitment, and prevention of apoptosis(13). f) G protein-coupled receptor 56 

(GPR56), recently shown to have an important role facilitating changes in platelet shape and 

integrin activation, both of which are necessary for efficient hemostasis and thrombosis(14). 

Collagen can also be endocytosed by cells through the endocytic receptor endo180 and 

degraded into fragments that serve as a source of different amino acids(15,16) (see Table 

1 for a summary of collagen receptors). In this review, we will discuss the functions and 

impact of collagens on immune regulation, metabolism, and epigenetic reprogramming in 

the context of cancer (Figure 1).

The matrisome and cancer progression: The role of collagens

The matrisome is a collection of all ECM and ECM-related proteins in the human 

genome(17–19). There are two types of proteins within the matrisome: core matrisome 

proteins (including collagens, proteoglycans and glycoproteins) and matrisome-associated 

proteins (including secreted factors, ECM-regulators and ECM-affiliated molecules)(19). 

Recent studies have shown that matrisome-related gene signatures can be used as a 

predictive marker of cancer outcomes in several tumor types such as ovarian, lung, gastric, 

and colon cancer. In these tumor types, a nine-gene ECM signature is associated with poor 

prognosis(20).

In high-grade serous ovarian cancer, ECM composition dynamically transforms as the tumor 

develops and in response to chemotherapy, which later leads to an upregulation of COL 

VI(21). Also, a study analyzing 30,000 cancer patient samples showed that changes in 

matrisome composition can be used as markers(22) to predict response to immunotherapy.
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Mutations in collagen proteins have been identified in cancer. For example, in gastric cancer, 

analysis of TCGA signatures indicates that collagen genes harbor somatic mutations at a 

higher rate when compared to the background mutation data. In this study, the authors 

showed that somatic mutations in COL7A1 predict improved survival(23). Recently, a pan-

cancer analysis unfolded the mutational landscape of the matrisome. The analysis shows that 

the mutational burden in core matrisome genes impacts cancer patient overall survival(24). 

The authors highlight that copy number alterations and mutations in matrisome genes are 

very frequent, even more than in the rest of the genome.

Metastasis.

ECM molecules also play a critical role in the metastasis cascade (Figure 2a). Intravital 

imaging studies in breast tumors have shown that, during migration, cancer cells use 

collagen fibers as tracks to leave the primary tumor(25). Recent work by the Oudin 

lab showed that chemotherapy-induced COL IV drives breast cancer cell motility(26) 

and COL VI regulates motility of breast cancer cells in obese models(27). In pancreatic 

ductal carcinoma (PDAC), tumor-derived ECM was identified as a driver of tumorigenesis 

and metastasis(28,29), and tends to correlate with poor patient survival. Profiling of the 

ECM showed that the matrisome composition at metastasis sites differs from the one at 

the primary site and it is also different between metastatic sites(30). In breast cancer, 

it has also been shown that tumors with different metastatic potential exhibit unique 

ECM composition(31). All together, these results raise the interesting question of whether 

adaptation of cancer cells to metastatic organs is mediated by these changes in the 

composition of the extracellular matrix regulated by the cancer cells.

Collagens and quiescence, an old link.

In 1993, Coppock et al., discovered that upon exiting the cell cycle and entering quiescence, 

lung fibroblasts express a series of genes named quiescins (quiescence-inducible genes)(32). 

They identified 8 genes that are upregulated in quiescent fibroblasts, including decorin, 

C1r, Q6, Q10 and several collagen chains: COL6A1, COL3A1, COL1A1 and COL1A2. 

Interestingly, the authors observed a 10-fold increase of COL3A1 when the cells enter into 

quiescence in comparison with the other collagens. These early studies raise the interesting 

hypothesis of whether collagens contribute to maintaining cells, including cancer cells, 

in a quiescent status and if the transcriptional regulation of certain collagen genes in 

disseminated cancer cells could have a role in balancing proliferative/quiescence signals 

during the metastatic cascade. Upon dissemination, cancer cells remain in a non-proliferative 

quiescent state, called tumor dormancy, for many years before they restore growth(33). ECM 

proteomic analysis of dormant cells revealed a matrisome highly enriched in collagens(34), 

that go through changes in its composition between dormant and proliferative states. The 

analysis of the dormancy-associated matrisome or “quiesome” has also outlined very 

interesting features of the ECM composition of dormant tumor cells and how the stroma-

derived matrisome adapts to the presence of a dormant cancer cell. This study showed that 

an increase in tumor-derived COL III in the matrisome of dormant cells is required to sustain 

quiescence and upon depletion of COL3A1 in dormant cells, tumor growth is restored 

(Figure 2b). Other collagens have been shown to be involved in sustaining quiescence of 

other cell types such as stem cells. For example, satellite stem cells in the muscle produce 
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COL V to maintain their quiescence status through CALCR(35) and COL VI regulates 

satellite cell self-renewal(36). Whether COL V or other collagens play a role in tumor cell 

quiescence could represent an interesting area of investigation that may reveal new features 

of collagens in the context of dormancy.

The collagen receptor DDR1 and the control of the matrisome

In 1993 Johnson et al., identified a tyrosine phosphoprotein in breast cancer cells called 

Discoidin Domain Receptor I (DDR1) that contains a unique extracellular proline/glycine-

rich domain. This extracellular domain confers an unusual geometry of interactions with 

ligands or its substrates (37). In this study, the authors defined the discoidin domains as 

“a class of domains that may interact with cell surface molecules”. In the same year Di 

Marco et al., in normal keratinocytes and several human cell lines, isolated and cloned 

a new member of the Trk family, TrkE(38). Zerlin et al., also in 1993, isolated murine 

cDNA encoding a receptor like tyrosine kinase(39). All these reports identified the collagen 

receptor DDR1. A few years later in 1997, Vogel et al. described collagen as an activator of 

the DDR1 receptor, defining it as a potential regulator of the response to the extracellular 

matrix(40). After those early studies, the biology of DDR1 has been vastly explored and 

while our understanding of the receptor biology is quite ample(10), new functions of DDR1 

have been discovered in the context of cancer.

The DDR1 receptor is widely expressed in human tissues and plays diverse roles, being 

involved in cell proliferation and differentiation processes, but also, as a collagen sensor, 

its activity is crucial for cell migration, adhesion, and invasion in different cell types 

including tumor cells. In breast tumors, Takai et al., demonstrated that in MMTV-PyMT 

mice, Ddr1 knockout promotes spontaneous mammary gland tumorigenesis by elevating 

epithelial tension and matricellular fibrosis, revealing a clear basal phenotype and an 

enhancement of metastatic lung disease(41). More recently Sun et al. showed that in breast 

cancer patients high levels of DDR1 mRNA are associated with poor prognosis and this 

direct correlation is maintained in the group of patients with triple negative breast cancer 

(TNBC) when analyzed alone(42). In other tumors such as lung cancer, knockout of Ddr1 
attenuates tumorigenesis(43). In the context of tumor dormancy, DDR1 has been shown to 

sustain tumor cell quiescence through Collagen III and STAT1(34) in head and neck and 

breast cancer models. After a dormancy period, DDR1 is also required to restore growth 

of breast tumor cells through Collagen I, TM4SF1, JAK2 and STAT3(44). All these results 

emphasize that depending on the tumor stage and tumor type, DDR1 function may be 

pro- or anti-tumorigenic and these different outputs may be dependent on the downstream 

signaling regulated and the type of collagen that binds to it.

There are a few interesting aspects of the biology of DDR1 that point to a crucial role in 

controlling the biology of the ECM. In 2003, Faraci et al. performed an ECM microarray 

study to find target genes downstream of DDR1(45). They used the human cell line HT1080 

with or without overexpressing DDR1 and found several ECM genes that were either 

activated or inactivated upon DDR1 overexpression. This was the first report showing 

that the collagen receptor can regulate the composition of the matrisome. Recent work 

from our lab showed that the matrisome of dormant cells changes upon their awakening 
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through DDR1 depletion(34). In head and neck models, the study of ECM composition of 

the awake/proliferating cancer cells revealed an important rearrangement of the matrisome 

composition that vastly differs from the one surrounding dormant cancer cells. Several 

collagen chains (COL6A1, COL22A1, COL4A1) accumulate in the awakened tumors and 

a decrease in Collagen type III is observed. In these models, STAT1 activation downstream 

of DDR1 regulates transcription of COL3A1 in dormant cells. Interestingly, recent work 

in kidney cells done by the Pozzi lab has shown that DDR1, even without a nuclear 

translocation signal, can translocate to the nucleus to regulate transcription upon collagen 

binding and through interaction with SEC61B, a component of the Sec61 translocon and 

non-muscle myosin IIA and β-actin. In the nucleus, DDR1 binds to chromatin and increases 

transcription of Col IV by binding to the COL IV promoter(46). The impact of DDR1 

translocation to the nucleus and the regulation of collagen expression in dormant cells is not 

known but it is an interesting mechanism that could be explored to further understand its 

complex role during tumor progression.

Collagens and the DDR1 receptor in tumor immune regulation

In the past few years, efforts have focused on understanding the molecular processes 

underlying tumor immunity, leading to the development of new therapeutic strategies to 

treat cancer. The 3D architecture of the ECM acts as a physical barrier regulating immune 

cell migration. In order to access tissues, immune cells have to actively migrate through 

the ECM. The highly porous collagen matrix of healthy tissues facilitates migration of 

T-lymphocytes and natural killer cells and their physiological immune surveillance activity 

within the tissues. Collagen fibril size and density define the external resistance which 

immune cells are subjected to and influence their access to the tissues. Work by Friedl 

et al., showed that immune cells are able to deform their nuclei and move along the 

loose and well-aligned collagen matrix in a crawling-like fashion, typical of the amoeboid 

movement(47). In addition, it has been demonstrated that the ECM plays an important role 

both in modulating the immune response within the primary tumor and in the activation 

or repression of innate immunity at the distant sites of metastasis. The increased stiffness 

of the ECM, due to the presence of hyper-crosslinked collagen and overproduction of 

glycoproteins surrounding the cancer cells, limits immune cell infiltration and motility, 

prevents their interaction with cancer cells, and inhibits their cytotoxic activity, a process 

known as immune exclusion. Hartmann et al. demonstrated that in pancreatic cancer, 

even in presence of high levels of CXCL10 or CXCL4 (T-cells chemoattractant), T cells 

infiltration in the tumor cells nests was inhibited due to the presence of high density 

collagen fibers(48). Moreover, a study by Salmon et al., showed that high collagen density 

in the vascular region and surrounding the tumor epithelial cells can direct the migratory 

trajectory of the T cells and limit their access to the tumor islets(49). An interesting study 

by LaRue et al., in pancreatic cancer has described a mechanism in which collagen synthesis 

together with degradation have a direct effect on the production of a highly desmoplastic 

and immunosuppressive microenvironment. This study demonstrated that tumor-associated 

macrophages remodel the ECM through collagen production and degradation, mediated 

by mannose MRC1 receptor, with consequent increase of intracellular arginine levels, 

upregulation of inducible nitric oxide synthase (iNOS) and the production of reactive 
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nitrogen species (RNS). The RNS, in a paracrine mechanism, stimulate the pancreatic 

stellate cells in the production and extracellular deposition of high quantities of collagen, 

therefore augmenting tumor fibrosis(50).

As mentioned before, DDR1 function concerning the immune system can vary depending 

on the tumor stage and context. For example, DDR1-expressing immune cells become very 

responsive to the presence of collagen within the ECM and are highly motile. Chetoui 

at al., provided evidence of how DDR1 expression can enhance the binding of T cells 

to collagen fibers, promoting their migratory phenotype(51). In support of this concept, 

in vitro 3D collagen I migration assays show that the blockage of DDR1 with a soluble 

recombinant protein (DDR1:Fc) interferes with T cells binding to biotinylated collagen 

I. In models of pancreatic ductal adenocarcinoma (PDAC), the collagen organization and 

topography modulate the migration of tumor-activated T-cells at the metastatic sites and 

the expression of the collagen receptor DDR1 is directly correlated to the metastatic 

potential of pancreatic cancer cells. Furthermore, the high expression of DDR1 on PDAC 

cells favors DDR1-collagen interaction in the ECM, and triggers CXCL5 production. As a 

result, CXCL5 induces the recruitment of tumor-associated neutrophils and the formation of 

neutrophil extracellular traps, thereby promoting cancer cell invasion and metastasis(52).

Different studies demonstrate how DDR1 exerts a pro-tumor activity by regulating the 

immune microenvironment. In triple negative breast cancer, DDR1 modulates the infiltration 

of CD4+ and CD8+ T cells regulating the tumor growth(53). In breast tumors, Sun et al.(42) 

showed that DDR1 mRNA and protein levels negatively correlate with genes that define 

anti-tumor immunity. Also, depletion of DDR1 in breast tumor cells facilitates immune 

cells penetration into the tumors (Figure 2a). The authors show that the ectodomain of 

DDR1 remodels the collagen matrix and reorganizes it into an aligned structure that prevents 

immune penetration. Treatment of tumors with anti-DDR1 antibodies prevents collagen 

alignment and allows the immune cells to penetrate into the tumor.

Collagens, wound healing and the tumor microenvironment

The presence of collagens in the ECM is essential to confer the mechanical strength 

and elasticity to the tissues and contributes to the formation of a natural substrate for 

cellular attachment, proliferation, and differentiation(54). Moreover, in the event of a tissue 

injury, collagens play a key role in the complex process of wound repair. The wound 

healing process requires four precise and highly programmed biological steps which need to 

occur in the proper sequence and time frame: hemostasis, inflammation, proliferation, and 

maturation/remodeling. Collagens are involved in all these critical phases.

In the 80s, Dvorak described the connection between the tumor microenvironment and 

wound healing, and how tumor stroma forms through abnormal activation of wound healing 

pathways(55). During the last decade it has been noted that tumors behave as wounds that 

fail to heal. Interestingly, recent work by the Massague lab showed that metastasis-initiating 

cells exploit wound healing signaling pathways for metastasis regrowth. The authors found 

that L1CAM (L1 cell adhesion molecule), a protein involved in intestinal wound healing, is 

required for liver metastasis colonization and chemoresistance(56).
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The tumor microenvironment is a dynamic space in which remodeling of the ECM by 

cancer associated fibroblasts (CAFs) is crucial for tumor progression, similar to the process 

of wound healing in which remodeling of the collagen ECM by fibroblasts promotes scar 

maturation. CAFs can regulate the collagen matrix stiffness by regulating its crosslinking 

affecting migration of cancer cells(57). CAFs can also proteolyze COL IV at the basement 

membrane which can favor tumor invasion(58).

A recent paper by Fischer et al. showed a very interesting link between the process of 

wound healing, the ECM, and immune cells(59). By tagging collagen I with a fluorescent 

protein, the authors show that matrix can be transferred across organs into wounds upon 

injury. This transport is mediated by neutrophils that travel from the visceral and parietal 

mesothelial layers surrounding internal organs into injured tissues. The transfer of matrix 

that comes from distal mobile reservoirs provides material for tissue repair. Whether this 

biology can have implications in cancer remains to be explored. Interestingly, sustained 

lung inflammation caused by tobacco awakens dormant cells(60) mediated by neutrophil 

extracellular traps. Given the function of neutrophils in wound healing by moving matrix, 

it will be interesting to explore if neutrophils recruited to the lungs upon sustained 

inflammation also deposit matrix around dormant cells that may favor tumor cell awakening.

Collagens and their role in tumor metabolism and epigenetic remodeling

Extracellular matrix turnover is important for tissue homeostasis. The ECM can be degraded 

by metalloproteases in the extracellular space but it can also be internalized through α2β1 

integrin(61), delivered to the lysosomes for degradation, and used as a source of energy by 

cells. Intact and cleaved collagen has been shown to be internalized by integrins(62) and 

Endo180(16,63). Cleaved collagen is transported inside the cells more efficiently than intact 

collagen through Endo180-dependent mechanisms.

In the context of cancer, it has been suggested that the ECM is a source of nutrients 

that helps to sustain tumor growth and invasion. In collagen, proline represents 25% of 

the amino acid residues, and studies showed that collagen can be a reservoir of proline 

and can be used by cancer cells to maintain proline metabolism(64). Another critical 

factor is tissue stiffness. The stiffness of the collagen ECM can regulate breast cancer 

metabolism and affect its progression. High density collagen induces the expression of 

TCA cycle genes and enhances glutamate metabolism in breast cancer(65). Also, as breast 

cancer cells migrate through dense collagen matrix, the ATP:ADP ratio increases facilitating 

their invasion(66) as visualized by imaging techniques and fluorescent biosensors (67,68). 

In addition, the degradation of collagen by metalloproteinases and collagenases in the 

tumor microenvironment serves as a reservoir for free extracellular proline which can be 

used for protein and collagen neo synthesis, feeding the collagen biosynthesis-maturation-

degradation cycle and promoting the modification of the epigenetic landscape in cancer 

cells(69). These changes in metabolism in response to the ECM context suggest the ability 

of cancer cells to easily adapt in order to meet the energy demands required for the invasion 

process through the ECM.

De Martino and Bravo-Cordero Page 7

Cancer Res. Author manuscript; available in PMC 2023 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



One of the most important step of collagen maturation is carried out by the prolyl-4-

hydroxylase (P4H) in the endoplasmic reticulum(70). Proline hydroxylation in collagens 

is a critical PTM which is necessary to ensure the stabilization of the triple helix(71). 

The transfer of hydroxyl residues on proline in collagens requires two essential cofactors: 

Vitamin C (VitC) and α−Ketoglutarate. High expression of P4H enzymes are linked to 

changes in the cancer cell metabolism and directly correlated to poor prognosis in various 

types of tumors, such as glioma, breast cancer, and cervical cancer among others(69,72,73). 

Gene expression of the isoform P4HA2 enzyme is induced by hypoxia, suggesting a direct 

correlation between collagen hydroxylation and metastasis initiation promoted by lack of 

oxygen in the primary tumor(74). D’aniello et al., showed in breast cancer how activity of 

P4HA2 and sequestering of VitC reduced the activity of the JumonjjC-domain containing 

(JmjC) histone dioxygenases and the Ten-eleven Translocation (Tet) DNA demethylases, 

also dependent on Vit C for their function. Inhibition of JmjC and Tet modifies the 

epigenetic landscape of tumor cells through a genome-wide increase in DNA methylation 

of histones. Hence, overexpression of P4H in a variety of human cancers suggests its 

significance as a promising target for diagnostic and therapeutic strategies.

Potential roles of the ECM as a prognostic factor and therapeutic target

Analysis of the 3D architecture of collagen matrix has been used as a prognostic factor in 

many tumor types. Pioneering work by Patricia Keely showed that in mammary tumors, 

alignment of the collagen matrix is a prognostic factor for disease progression(75). Similar 

measurements have been used in head and neck tumors(34), as well as prostate tumors(76), 

highlighting the importance of exploiting ECM imaging as a detective tool to identify 

tumor lesions and define their stages. A recent study by Jones at al. describes a novel 

imaging methodology to assess and quantify the spatial architecture of collagen fibers in the 

stroma compartment of breast tumor microenvironment. The imaging technology is based 

on the use of polarized light microscopy to create a stromal architecture signature (SAS) 

to differentiate between myxoid and sclerotic stroma in unstained human breast cancer 

specimens(77). The stroma organization and morphology can be used as prognostic factor 

not only in breast cancer but also in other solid tumors(78,79).

Recent work has also shown that modulating the collagen microenvironment may have 

a therapeutic effect on tumor growth. Brisson et al. demonstrated that collagen III pro-

peptides inhibit fibroblast activation and decrease breast cancer tumor growth(80). Di 

Martino et al. showed that using sponges incubated with polymerized collagen III and 

applied to tumor-resected areas can prevent the recurrence and growth of residual cancer 

cells after primary tumor removal(34). The properties of the collagen matrix can also be 

leveraged to improve anti-tumor therapies. Monin et al. developed an elegant ECM-based 

approach to potentiate the effects of immunotherapy. The authors developed collagen 

anchoring cytokines and showed that the antitumor cytokines IL-2 and IL-12 fused to the 

collagen-binding protein lumican can potentiate the effect of systemic immunotherapies 

by prolonging their intratumoral retention(81). Interfering with collagen remodeling can 

also affect tumor growth, as shown in melanomas, in where DDR1 and DDR2 inhibition 

delay tumor relapse(82). Few collagen-related clinical trials has been conducted in cancer 
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patients(83). A recent trial in uterine fibroids in where collagenase enzyme was injected in 

tumors showed reduction of matrix stiffness and cell proliferation(84).

Overall, these results highlight the potential of using strategies that modify the collagen 

microenvironment to affect tumor growth and show how these approaches can have 

beneficial effects impacting tumor progression. The more knowledge we acquire on the 

role of collagens in the different stages of tumor progression, the better approaches and 

interventions could be developed to eliminate tumors and metastasis by targeting the 

collagen microenvironment.
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Figure 1. Multiple functions of Collagens in the context of cancer progression.
Used with permission from ©Mount Sinai Health System.
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Figure 2. Role of collagens in the metastatic cascade
A. Aligned collagens fibrils contribute to protect the primary tumor from immune cells 

cytotoxic effects and support cancer cell migration into the circulation and towards distant 

organs.

B. Collagen ECM composition exerts a selective pressure on the disseminated tumor cells 

(DTCs) at distant organs sites. The presence of Collagen III in particular contributes to 

maintain the tumor cells in a dormant status, while Collagen I fibers drives their awakening 

that results in the progression of the disease.

Used with permission from ©Mount Sinai Health System.
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Table 1.

Types of collagens, receptors and their expression in different cell types.

Receptor Collagen Type Cell Type

Integrins α1β1 Collagens IV,VI, Fibril-forming collagens Mesenchymal cells, Inflammatory 
cells (T-lymphocytes), Epithelial cell 
types, Platelets

Integrin α2β1 Fibril-forming collagens Mesenchymal cells, Epithelial cell 
types, Platelets

Integrin α10β1 Collagen IV and VI Chondrocytes

Integrin α11β1 Fibril-forming collagens and collagen X Mesenchymal cells

Discoidin domain receptor 1 
(DDR1)

Fibril-forming collagens (Collagen I,II,III), Collagen IV and 
VIII

Epithelial cells

Discoidin Domain Receptor 2 
(DDR2)

Fibril-forming collagens and collagen X Mesenchymal cells

Glycoprotein VI (GPVI) Fibril-forming collagens Platelets

LAIR-1; LAIR-2 Collagen I, transmembrane collagens XIII, XVII, XXIII Leukocytes

OSCAR Fibril-forming collagens (Collagen I, II,III) Vascular endothelial cells, Osteoclast, 
Macrophages

GPR56 Fibril-forming collagens (i.e. Collagen III) Platelets

Mannose receptor family 
(MR,PLA2R, DEC-205, Endo180)

Fibril-forming collagens and collagen IV Fibroblasts
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