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Abstract

Initial studies on cancer primarily focused on malignant cells themselves. The overarching 

narrative of cancer revolved around unchecked and rapidly proliferating cells. Special attention 

was given to the molecular, genetic and metabolic profiles of isolated cancer cells in hopes of 

elucidating a critical factor in malignancy. However, the scope of cancer research has broadened 

over the past few decades to include the local environment around cancer. It has become 

increasingly apparent that the immune cells, vascular networks, and the extracellular matrix all 

have a part in cancer progression. The impact of the extracellular matrix is particularly fascinating 

and key stromal changes have been identified in various cancers. Pioneering work studying 

laminin and hyaluronate has shown that these molecules have vital roles in cancer progression. 

More recently, fibronectin has been included as an extracellular driver of malignancy. Fibronectin 

is thought to play a considerable, albeit poorly understood, role in cancer pathogenesis. In this 

review, we present fundamental studies that have investigated the impact of fibronectin in cancer. 

As an abundant component of the extracellular matrix, understanding the effect of this molecule 

has the potential to elucidate cancer biology.
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Introduction

The past 20 years have given rise to a rapidly expanding perspective on cancer. Whereas the 

formative studies on cancer biology focused on the tumor cells themselves, there is now a 

growing appreciation for the importance of the environment in which the tumor cells thrive 

[1]. These insights have shifted the paradigm of cancer from a homogenous mass of tumor 

cells into a complex organ composed of interacting elements [1–3]. Tumors can then be 

thought of as cooperating vascular, immunological and stromal elements and due attention 

can be directed to the system as a whole [1,4,5]. This process has provided tremendous 

insight, namely the considerable role that macrophages play in cancer pathogenesis and how 

the complex angiogenic orchestra can provide nutrients to growing tumors [4,6,7]. There has 

also been growing interest in the components and structure of the extracellular matrix 

(ECM) itself [8–10]. The ECM is composed of numerous polysaccharides, proteins, 

proteoglycans and glycoproteins [11]. These components mesh together to provide the 

structural foundation for cell-to-cell communication and homeostasis [11]. However, 

alterations in the ECM are becoming increasingly implicated in cancer pathogenesis, 

including alterations in laminin, hyaluronan and fibronectin [9,12–14]. The goal of this 

review is to update the reader on the part that fibronectin plays in cancer biology. Recent 

work has identified some key changes that occur in fibronectin in the context of cancer that 

can provide insight into biology and may inspire new therapeutic approaches.

The Extracellular Matrix

Tissues are composed of cells embedded in an extracellular matrix [15]. This network holds 

neighboring cells together and facilitates cell-to-cell communication. As a structural 

element, the ECM helps orient the polarity of cells and affix them to a mutual platform. A 

diverse body of cellular integrin dimers bind to the ECM and mediate forces between the 

ECM and the intracellular cytoskeleton. The ECM reinforces direct cellular connections 

(adherens junctions, desmosomes, etc.) and allows non-neighboring cells to adhere to a 

common framework. This physical property of the ECM also allows it to serve as an anti-

neoplastic barrier [1]. For cells that do become dysregulated, the ECM is a barrier against 

cellular invasion and suspends the malignant progression of cancer. It also provides tensile 

support against injury. In wound repair the ECM is promptly created and then acts as a 

foundation for further wound healing and cell migration. In addition to its physical 

importance, the ECM provides a medium for cell-to-cell communication [16]. While 

neighboring cells can communicate with direct cellular connections, it is essential for entire 

tissues to react to changes. Tensile forces distributed via extracellular elements can 

manipulate integrins to produce large, multi-cellular changes and potentiate cytokine 

signaling from local sources. Therefore, the ECM is responsible for providing tissues their 

the structural integrity and for enabling rapid cell-to-cell communication.
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Fibronectin in Health: A Coagulant and a Scaffold

Fibronectin is a large, 440 kDa, glycoprotein composed of two smaller, 230–250 kDa, 

monomers (Figure 1) [17]. Every monomeric strand is composed of a combination of Type I, 

II and III repeats, and each of these repeats generates an anti-parallel beta sheet [17]. The 

monomers are composed of 12 Type I repeats (40 amino acids each), 2 Type II repeats (60 

amino acids each) and 15–17 Type III repeats (90 amino acids each). Structural variation is 

introduced via alternative splicing, whereby certain repeats are excluded from the final 

mRNA structure [17]. The most notable of these splice variations are Extra-domain A (EDA, 

located after the 11th Type III repeat) and Extra-domain B (EDB, located after the 7th Type 

III repeat) [17]. As will be discussed later, these differentially spliced sites help distinguish 

plasma from cellular fibronectin. The last notable source of variation is the IIICS, or the 

variable region, which can introduce additional partial Type III repeats [17]. As often occurs 

in biology, this small structural variation has disproportionately large functional 

implications, namely a role for the EDA as a region for specialized integrin binding. 

Different fibronectin forms integrate differently with particular receptors. Overall, the 

process of splice variation results in 20 unique isoforms of fibronectin and there is a great 

diversity of possible ligand-receptor interactions [17].

Plasma fibronectin, which lacks EDA and EDB, is secreted by hepatocytes into the blood 

stream [18,19]. While in the plasma, fibronectin is soluble and inactive [19]. However, when 

fibronectin approaches a site of injury it can be rapidly integrated into a fibrin clot [19]. In 

this role it helps build a fibrillary network to stabilize the injury [19]. Given the plentiful 

quantities found in the blood, there has been an interest in using plasma fibronectin as a test 

for cancer or other pathology [20,21]. To date, the most notable correlation between serum 

fibronectin levels and disease is in hepatocellular carcinoma [22]. In a recent study, Kim et 

al. noted that serum fibronectin was elevated in patients suffering from hepatocellular cancer 

with levels falling in treated patients [22]. Therefore, this marker may be useful in screening 

patients or evaluating the effect of treatment. However, plasma fibronectin has not been 

associated with other diseases and it does not appear to have a role in the pathogenesis of 

cancer.

On the other hand, cellular fibronectin, which differs from plasma fibronectin by the 

inclusion of the EDA/EDB and IIICS splice sites, has a more robust biological role [18,23]. 

It is produced by a variety of cell types, but most cellular fibronectin originates from 

fibroblasts [24]. It is highly upregulated in pathologic angiogenesis and is a component of 

forming neovasculature [10,25]. The EDA/EDB moieties interact strongly with specific pairs 

of alpha/beta integrins (namely α4β1, α4β7, and α9β1 interacting with EDA; and α5β1 

interacting with EDB) that are not stimulated by plasma fibronectin [26]. These unique 

integrin-fibronectin interactions promote myofibroblast differentiation, which directs wound 

constriction [18]. Additionally, cellular fibronectin can be assembled into fibers to allow 

directional cell growth [27,28]. This function as a scaffold is particularly valuable as cellular 

fibronectin is a vital component of embryogenesis and is essential for the organization of 

tissue [27]. However, this embryonic cellular fibronectin can also be identified in 

malignancy – hence cellular fibronectin has the alternative name of oncofetal fibronectin 

[29].
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Cellular Fibronectin in Cancer

Cellular fibronectin was identified in cancer samples over 20 years ago [30]. The most 

intriguing question arising from this discovery was the cellular origin of fibronectin in 

cancer. Initial work postulated that oncofetal fibronectin originated largely from the tumor 

cells themselves [31]. It was observed that many tumors would produce fibronectin when 

samples were cultured ex vivo [31]. However, as it became increasingly apparent that tumors 

were composed of many cell types, the search for the actual source of this glycoprotein 

began in earnest. Macrophages, endothelial cells and fibroblasts have all been shown to 

produce cellular fibronectin in the adult, and each of these cell types is found in tumors [32]. 

Subsequent studies teasing apart these sources has led to the predominant theory that most 

cellular fibronectin in cancer actually originates from unique tumoral fibroblasts — termed 

cancer-associated fibroblasts (CAFs). Molecular analysis of CAFs extracted from tumors has 

determined that they are highly active and quite distinct from non-cancer fibroblasts [33]. 

The cellular origin of CAFs is currently under active investigation, with many intriguing 

theories being pursued. The first, and most straightforward, hypothesis suggests that CAFs 

are altered resident fibroblasts, which exist in healthy tissue. This hypothesis is supported by 

the work of Kojima et al. who demonstrated conversion of breast fibroblasts to CAFs in 

xenograft studies [34]. These investigators were able to show that treatment with TGF-β and 

SDF-1 was sufficient to drive resident myofibroblasts to a more CAF-like phenotype. 

However, because CAFs differ significantly from resident fibroblasts in genetic and 

antigenic signature, other hypotheses about their origins have garnered support [35]. For 

example, a second hypothesis advocates that CAFs originate from adipose stem cells or bone 

marrow-derived stem cells [36,37]. The support for bone marrow-derived stem cells is 

particularly robust, with some studies suggesting that at least 20% of CAFs originate from 

the bone marrow [36,38]. This hypothesis has been driven by the fact that mice implanted 

with human tumor cell lines have CAFs that are derived from the host bone marrow [36,39]. 

In both murine and human tumor samples, CAFs express markers found on host marrow-

derived cells [36,39]. A third CAF origin hypothesis is that CAFs are derived from the local 

tumor environment via epithelial-to-mesenchymal or endothelial-to-mesenchymal transitions 

[40,41]. This hypothesis asserts that the origin of CAFs is from native structures that have 

been transformed by cancer. Similar to what was done with resident fibroblasts, Zeisberg et 

al. showed that exposing endothelial cells to TGF-β resulted in CAF-like cells [41]. This 

hypothesis is intriguing as cancer progression involves proliferating vasculature that could 

be a ready source of CAFs [41,42]. A fourth hypothesis about the origin of CAFs is that 

carcinoma associated stem cells are the origin of CAFs [43]. These stem cells have been 

found in a variety of cancers and, when given the opportunity to differentiate, can transform 

into CAFs in culture. This theory will be of great interest as our understanding of the origin 

and role of cancer-associated stem cells grows. In short, the origin of CAFs is complex and 

there is room in the present narrative for these fibroblasts to be derived from heterogeneous 

lineages. Although the origin of CAFs is an interesting and evolving story, CAFs are 

generally regarded to be the source of cellular fibronectin in tumors [25,44,45].
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Pro-tumoral effects of fibronectin

Organizing Cancer to Promote Invasion and Metastasis

In the context of embryogenesis, cellular fibronectin serves a vital and intuitive role as a 

structural scaffold [46,47]. It allows cells to organize, communicate, and lay down more 

permanent foundations [32]. Early in fetal development, the deposition of cellular 

fibronectin is highly dynamic, with different sources secreting and removing this molecule 

[32]. This process is mirrored in wound healing, where cellular fibronectin lays the 

groundwork for wound contraction and is then broken down to permit the growth of more 

permanent structures [48]. In the context of cancer, the orientation and pattern of cellular 

fibronectin, and whether it can serve as a scaffold in a pro-tumoral manner, has been a point 

of curiosity. Recent work by Erdogan et al. has demonstrated at sites of tumor invasion 

organizarion of fibronectin into anisotropic fibers [49]. These fibers extend outwards in 

many different directions and appear to guide cells outside of the original neoplasm. Thus 

fibronectin acts as a haptotactic guide and provides tensile support for cancer to pull itself 

outside the primary tumor[49]. Although cancer appears to be a highly disorganized process 

in certain regards, the alignment of fibronectin has a pathophysiologically significant order, 

namely in that it orients cancer cells to invade centrifugally away from the origin of 

malignancy [49]. Curiously, it appears that CAFS, acting through αvβ3-integrin, help 

organize fibronectin in this fashion. Therefore, CAFs are a central element that produce and 

organize this molecule into a proponent of invasion. Attieh et al. confirmed that the β3-

integrin family of receptors had a role in this process and that the organization of cellular 

fibronectins was a key driver in invasion [50]. Indeed, this study determined that factors 

secreted by CAFs were insufficient to drive invasion, their presence is needed to organize the 

newly created extracellular matrix. When CAFs were selectively removed from cancer, the 

ECM was disordered at the tumor interface, and this translated into slower tumor invasion. 

However, when CAFs are included in the tumor milieu, cellular fibronectin is oriented 

perpendicularly to the expanding surface, which is ideal for anchoring and invading the local 

stroma. This order is partially maintained by the contractile quality of CAFs and 

orchestrated by β3-integrin acting as a tethering point for cellular fibronectin. Attieh et al. 

also discovered that CAFs produce much more fibronectin than fibroblasts taken from non-

cancerous lineages [50]. This suggests that cancer has a role in transforming fibroblasts into 

proponents of invasion.

Apart from supplying the directionality needed for invasion, signaling triggered by 

fibronectin appears to prepare cells for widespread metastasis. In 2006 Zeng et al. 

determined that α5β1 signaling induced by fibronectin could rapidly activate Focal 

Adhesion Kinase (FAK), which would then provoke a downstream invasion cascade [51]. 

These investigators also identified that the invasive phenotype arising when fibronectin 

induces FAK activation in tumor cells was driven by MMP-1, an enzyme responsible for 

ECM breakdown. However, while the ECM is being restructured, cellular fibronectin 

appears to be sufficient to prevent anoikis via FAK/Src signaling, which is needed when 

cells detach from the ECM and lose supportive signaling [52]. Indeed, Balanis et al. 

determined that exposure to cellular fibronectin was enough to drive cancer cells into a 

fibronectin-dependent, EGF-independent epithelial-to-mesenchymal transition [53]. The 
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impact of these intracellular changes has been assessed by a number of investigators. For 

example, after showing data that corroborated with the fibronectin-FAK narrative, Meng et 

al. were able to demonstrate that inhibiting the activation of FAK was enough to abrogate the 

ability of fibronectin to drive invasiveness in lung cancer [54]. This work has been supported 

by a study that demonstrated knocking down FAK, as opposed to preventing its activation, is 

also able to reduce the fibronectin-triggered invasive phenotype [55]. Taken together, these 

studies reveal an intriguing and unexpected role of cellular fibronectin. In addition to laying 

the path for cancer invasion, this protein is integral in programming cancer cells to make 

them more enduring and malignant when the ECM support structure is removed, as could 

occur when cancer cells metastasize to healthy tissue.

Increasing Cell Proliferation

Cellular fibronectin also appears capable of directly stimulating cell proliferation [56]. 

Illario et al. found that treating an immortalized cell line with cellular fibronectin doubled 

the proliferation rate [57]. Mitra et al. tested this finding in ovarian cancer and proposed that 

fibronectin signals through α5β1-integrin to activate FAK and Src [56]. FAK/Src signaling 

acts through c-Met to provide aconstitutive growth signal and escalate cell production. Mitra 

et al. were able to demonstrate reduced growth rates when the integrin-fibronectin pathway 

was disrupted, providing further support to the proliferative character of these signals. 

Therefore, fibronectin also promotes proliferation, lending credence to the possibility that 

cellular fibronectin signaling could incite tumor growth. An additional study by Kenny et al. 

corroborated this notion by reporting that knocking down fibronectin reduced proliferation 

by 54% in another ovarian cancer line [58]. Additionally, specifically blocking α5β1-

integrin’s interaction with fibronectin reduced proliferation by 29–52%, depending on the 

cell line [58]. All of these results indicate cellular fibronectin helps some cancer lines 

proliferate and agree that α5β1-integrin signaling is a key component [23,57]. In addition to 

actively inducing proliferation in some cell types, it appears that fibronectin may be able to 

suppress apoptosis [59,60]. Han et al. reported decreased DNA fragmentation and a 50% 

reduction in Caspase 3/7 activity in cells treated with cellular fibronectin. The absence of 

DNA fragmentation was taken to indicate a lack of DNA breakdown, an essential step in 

apoptosis. These anti-apoptotic effects were independent of the previously described 

proliferative effects demonstrated with a thymidine incorporation assay that linearly 

increased with increasing cellular fibronectin [59]. It appears that this mechanism is also 

communicated via the α5β1-integrin pathway and stems from upregulation of NF-kB and a 

corresponding decrease in p21 [59,60]. Taken together, these studies suggest cellular 

fibronectin has a role in making cells rapidly proliferative and immortal – core attributes of 

malignancy.

Promoting Angiogenesis

Cellular fibronectin is a structural element in embryogenic angiogenesis as well as vascular 

neogenesis in the context of wound healing [12,61]. In the embryo, cellular fibronectin 

organizes into premature blood vessels that are subsequently epithelialized. During wound 

closure there is a similar leading-edge of vessel formation partially guided by fibronectin. 

Fibronectin can also promote pathologic angiogenesis such as in cancer or chronic 

inflammation [12]. The roles of fibronectin in embryonic angiogenesis have been explored 
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by demonstrating reduced and unusual vessel density in mice with fibronectin knocked-out 

[61,62]. These knock-out models also have abnormalities in other mesodermal structures, 

which further supports cellular fibronectin as a scaffold for other structures [61]. Despite this 

compelling evidence confirming the role of fibronectin in embryonic angiogenesis, the 

impact of fibronectin in tumor angiogenesis remains incompletely defined. While fibronectin 

has been identified in forming tumor vessels [12,63,64], where it appears to lay down the 

framework for eventual vessel maturation [65], the role and value of fibronectin in tumor 

vessel formation remains unclear.

The process of tumor formation places an increased vascular burden on expanding 

neoplasms. As cancers grow, cells near the center can become increasingly hypoxic due to 

reduced oxygen and nutrient perfusion. This reduced perfusion coupled with the high 

metabolic rates of many cancers make for a particularly inhospitable and oxygen starved 

environment. Therefore, the pathogenesis of many malignancies involves the formation of 

new blood vessels to support tumor expansion. Just as it does in embryogenic vessel 

formation, fibronectin appears to promote angiogenesis in cancer. Fibronectin’s role is two-

fold: 1) supply a ridged structure to support lumen formation and 2) bind vascular signaling 

molecules (namely vascular endothelial growth factor, VEGF) and maintain a directional 

concentration gradient [66–68]. As a support structure, fibronectin interacts with other CAF-

derived proteins in new vessels to produce competent vessels. Newman et al. demonstrated 

that ECM proteins derived from fibroblasts are required for angiogenesis and when these 

molecules were not present new blood vessels were poorly formed, erratically ordered, and 

did not have lumens [66]. They found that fibronectin was one of the 3 most abundant 

molecules in angiogenesis, but noted that it was only one of a number of ECM components 

responsible for making new blood vessels.

In addition to providing a ridged structure for future vessel development, fibronectin has a 

role in signaling endothelial cell migration. First, moieties in fibronectin, especially EDB, 

have been shown to bind VEGF thus helping to generate a stable concentration gradient 

[69]. This gives directionality to blood vessel formation by endothelial cells. The VEGF 

promotes proliferation in preexisting endothelial cells and encourages them to advance into 

ECM scaffolds [70]. However, in addition to attracting differentiated endothelial cells, 

fibronectin helps convert multipotent CD34+ cells into endothelial cell [70]. Thus, 

fibronectin contributes to the directionality of vessel formation and encourages 

undifferentiated cells to take on an endothelial lineage.

Multiple investigators have demonstrated that removing fibronectin from tumors does not 

clearly impact tumor angiogenesis or slow tumor growth [71]. This corroborates the 

disappointing results of clinical trials aimed at disrupting fibronectin-integrin 

binding[72,73]. This lack of clinical efficacy is assumed to be due to the fact that antibody 

mediated therapy does not completely disrupt all fibronectin-integrin signaling. To verify the 

impact of fibronectin on cancer pathogenesis, Murphy et al. showed, via inducible genetic 

knockdown, that if fibronectin was removed from an organism entirely a number of 

devastating vascular abnormalities ensued [74]. Taken together, these studies have shown 

that fibronectin is abundantly present in neovasculature but efforts to remove fibronectin 

from the equation do not seem to significantly abrogate vessel formation. Further work will 
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be needed to understand the role of fibronectin in tumor angiogenesis and whether 

compensatory upregulation of alternative, fibronectin-independent, mechanisms of 

angiogenesis can explain the escape from anti-fibronectin therapy. However, as discussed 

above, the role of fibronectin in cancer extends well beyond vessel formation and this 

limitation may be of minimal consequence in therapy. The role that fibronectin has in vessel 

formation, both in health and disease, is highly intriguing and could advance our 

understanding of angiogenesis.

Potential Therapeutic Applications

Therapy targeting fibronectin is based on two facts: (1) EDA/EDB expression is primarily 

limited to sites of malignancy in adults and (2) cellular fibronectin appears to play a role in 

cancer pathogenesis. The first concept, that EDA/EDB is limited to tumors in otherwise 

healthy adults, has generated much enthusiasm for engineering a fibronectin-guided drug 

delivery mechanism [75]. This technology is particularly promising because specific 

EDA/EDB antibodies have already been developed and the process of linking drugs to 

antibodies is rapidly improving [75]. This has the potential to deliver targeted chemotoxic, 

biologic or radioactive agents directly to the cancer to impair tumor growth or augment 

imaging [75–77]. This approach fuses conventional cancer treatments with a cancer-specific 

target. Although this concept has had some strong pre-clinical results, human trials are still 

preliminary, although somewhat promising [78,79]. Johannsen et al. showed good effects in 

rat and monkey tumors when Il-2 was fused with a partial anti-EDB recombinant antibody 

(L19-IL2). This construct was taken to clinical trials and had a favorable side-effect profile. 

Fifty-one percent of patients, with diverse cancer histologies, treated with L19-IL2 had 

stable disease through the second cycle. The overall efficacy of this drug has yet to be 

determined. However, it is worth noting that this therapy is only one of numerous 

possibilities and that furthermore, there is potential to change the delivered agent (Il-2) to 

something with greater anti-cancer effect.

The other major approach to targeting cellular fibronectin in cancer involves directly 

suppressing its putative pro-tumoral effects. Whereas the fusion molecule approach uses 

EDA/EDB as a way to deliver other agents, it may be possible to directly interrupt the pro-

tumoral effects of fibronectin. This has taken the form of antibodies and small molecule 

inhibitors directed at interrupting the interactions between fibronectin and its integrin 

partners [76]. At the present time, there is growing preclinical literature supporting the anti-

tumor effects of α5β1 directed antibodies [80,81]. Ramakrishnan et al. explored the effect of 

Volociximab, an anti- α5β1 that disrupts the integrin-fibronectin binding using in vitro 
HUVEC models [82]. Volociximab showed strong anti-angiogenic effects and has been 

advanced to clinical trials. Subsequent work by Bell-McGuinn et al., who tested 

Volociximab in platinum-resistant ovarian cancer, found a favorable side-effect profile, but 

13 of 14 patients progressed through treatment [83]. There is still a lot that needs to be 

understood about the role of fibronectin in cancer in order to determine whether fibronectin 

is a viable therapeutic target and the optimal way of targeting it.
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Conclusion

As our understanding of oncology has expanded, there has been a growing appreciation for 

the impact of the ECM on cancer pathogenesis. Initial work on cancer cells has been 

incredibly informative, but our perspective has now broadened to include the environment 

around these cells. The assumption that the ECM around cancer was homogenous and 

insignificant has dissolved to reveal a rich and complex component of disease biology. 

Studying the ecosystem of interacting polysaccharides, proteins, proteoglycans and 

glycoproteins around tumors offers a unique and valuable perspective on cancer biology. In 

particular, the altered expression and atypical organization of fibronectin in cancer suggest it 

is an element in the progression of cancer. As has been revealed with other ECM molecules, 

fibronectin has broad and impactful effects on disease pathogenesis. We have reviewed 

studies that have shown fibronectin is capable of organizing the invasion of tumors, 

augmenting metastasis, increasing cell proliferation, and providing structure for budding 

neovascular elements. We also discussed that CAFs are responsible for creating fibronectin. 

CAFs are poorly understood, with unclear origins, but secrete and organize fibronectin into a 

pathophysiologically significant framework. Fibronectin then acts as a scaffold for invasion, 

foments rapid cell growth, and serves as a nidus for new vessel formation (Figure 2). At the 

present time, it is unclear if CAFs or fibronectin will be useful molecular targets for therapy. 

There is still much that needs to be understood about the role of these entities in cancer 

progression. Nonetheless, fibronectin has proven itself to be an intriguing element in cancer 

and demonstrates how far the field of oncology has progressed.
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Figure 1. 
Splice Variation Produces Differences in Fibronectin. Cellular fibronectin (bottom) differs 

from plasma fibronectin (top) by a number of additional repeats. Both types of fibronectin 

have 12 Type I repeats (rectangles) and 2 Type II repeats (ovals). Plasma fibronectin has 15 

Type III repeats and cellular fibronectin typically has 17 Type III repeats (triangles). The 

IIICS splice site can introduce partial Type III repeats as well. EDA sits between the 11th 

and 12th Type III repeat and EDB sits between the 7th and 8th Type III repeat. These extra 

domains allow cellular fibronectin to interact with various integrin heterodimers.
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Figure 2. 
Snapshot of the local tumor environment. This image depicts proliferating cancer cells 

(purple) co-opting their local environment to support metastasis, invasion, and angiogenesis. 

Cellular fibronectin is illustrated as red fibers. Fibronectin is produced by cancer-associated 

fibroblasts (CAFs, green) and then organized by these same cells. Fibronectin is assembled 

to produce a scaffold that is used by cancer cells to spread and invade local stroma. 

Fibronectin’s role in early angiogenesis is also depicted in forming neovasculature that will 

provide nutrients to the expanding neoplasm. Lastly, tumor immune cells (blue), which 

represent an important component of cancer pathogenesis, are also illustrated.
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Table 1.

Outline of Key Literature on Fibronectin

Author Year Findings Comment

    

Adachi et al. 1998
Fibroblasts grown in 3D culture produce more 
fibronectin, and connect fibronectin into more stable 
structures

This is an early example of 3D culture, which would 
be imperative to understand fibronectin networks

Zand et al. 2003 Cancer cells attached and grew more robustly on cellular 
fibronectin than plasma fibronectin.

Although plasma and cellular fibronectin are 
structurally similar, a few splice variants can 
dramatically affect how this molecule interacts with 
cancer

Missirlis et al. 2017

Removing cellular fibronectin stops fibroblast migration. 
The receptors responsible for persistent cell invasion and 
invasion speed are independent, suggesting that cellular 
fibronectin acts on many different receptors to achieve 
different effects on cellular behavior

This work again highlights that cellular fibronectin is a 
key component in invasion, but it also shows that 
knocking out individual receptors incompletely 
removes the effects of this molecule

Sadlonova et al. 2009
Non-cancer associated fibroblasts (NAFs) and cancer 
associated fibroblasts (CAFs) are genetically distinct and 
express different factors

Mirroring the physiologic differences between CAFs 
and NAFs, the genetic signatures of these cell types 
are distinct

Kojima et al. 2010 Signaling via TGF-β and SDF-1 converts stroma 
fibroblasts into CAFs

This paper proposes that CAFs can originate from the 
local stroma, although not thought to be the primary 
source of CAFs, this identifies the heterogenetity of 
their origin

Ishii et al. 2003 For late stage tumors, the majority of CAFs seem to 
originate from the Bone Marrow

Currently, the bone marrow is the favored origin for 
most CAFs

Jotzu et al. 2010 Tumor signaling can induce local adipocytes to 
transform into CAFs This notes another possible source of CAFs

Direkze 2004 Similar conclusion as Ishii et al. --

Quante et al. 2011
Similar conclusion as Ishii et al. This team used a mouse 
tumor model and identified that CAFs within the 
neoplasm were from donor bone marrow.

--

Erdogan et al. 2017 CAFs organize fibronectin to establish tracts for cancer 
invasion

Fibronectin has a direct role in promoting cancer cell 
invasion into the stroma

Attieh et al. 2017 Similar conclusion as Erdogan et al. --

Nicosia et al. 1993 Fibronectin leads budding blood vessels Fibronectin helps form new blood vessels and could 
have a role in tumor angiogenesis

Gopal et al. 2017

Fibronectin networks layed down by head and neck 
squamous cell cancers is a component of cancer 
migration into the local stroma, the integrins vβ6 and 
α9β1 are essential in this process

This work highlights that the fibronectin scaffold is a 
driver in malignant invasion, but also that many 
integrins interact with this molecule
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