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Abstract
Fibronectin (FN) is a widely distributed glycoprotein which is present in different bodily fluids, on the surface 
of cells and in the extracellular matrix (ECM). It plays roles in various processes, including cell adhesion, migra-
tion, growth, proliferation, and tissue repair. Fibronectin exists in 2 forms: a soluble, inactive molecule, called 
plasma FN (pFN), which is synthesized by hepatocytes in the liver, and an insoluble cellular form (cFN), which 
is produced locally by different types of cells and is a key component of the ECM. Fibrinogen fibrils ensure 
structural support for cell adhesion and promote cell migration, proliferation and apoptosis. Additionally, 
FN controls the availability of growth factors. The plasma form of FN is a crucial component of the fibrin 
clot in the early wound-healing response, while the cellular form of FN supports efficient platelet adhesion, 
activation, aggregation, and procoagulant activity. Alternative splicing of the FN gene results in the generation 
of protein variants which contain the additional isoforms – extra domain A of FN (EDA) and extra domain 
A of FN (EDB); these are associated with, e.g., tissue remodeling, fibroblast differentiation, inflammation, 
and tumor progression. Fibronectin also serves as a target for a large number of bacterial proteins, and 
as part of a 3-component bridge (FN, integrin and FN-binding proteins – FnBPs) it contributes to bacterial 
colonization of endothelial and epithelial cells. Fibronectin has been identified in sepsis in humans as a nega-
tive acute-phase protein, and a low level of FN seems to be a marker of a poor prognosis for a patient. Here, 
the role of FN in inflammatory processes and sepsis is presented.
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Fibronectin structure

Fibronectin (FN) is a glycoprotein widely distributed 
in human bodily fluids, on cell surfaces and in tissues. 
It is a key component of the extracellular matrix (ECM).1 
Fibronectin occurs in both soluble and insoluble forms. 
The concentration of FN in the blood plasma of healthy 
humans is approx. 300 mg/L,2 and this type of soluble FN 
– called plasma FN (pFN) – is synthesized by hepatocytes.1 
Insoluble, cellular FN (cFN) is a component of the ECM; 
it is produced by different types of cells (e.g., fibroblasts, 
smooth muscle cells, endothelial cells, platelets, and mono-
cytes) and is deposited locally.1,3 Fibronectin comes from 
a single gene, through alternative mRNA splicing. This 
gene encodes a large number of variants.3

The FN molecule is a dimer which is comprised of 2 near-
ly identical polypeptides linked by 2 disulfide bonds at their 
C-termini (Fig. 1). Each monomer is composed of 3 types 
of homologous repeating units or modules (12 of type I, 2 
of type II and 15–17 of type III) which create structurally 
and functionally independent domains with binding sites 
for ECM proteins (e.g., collagen), cell surface receptors (e.g., 
integrins, bacterial FN receptors, cytokines), blood proteins 
(e.g., fibrin), and glycosaminoglycans (e.g., heparin).1,3

Fibronectin is encoded by a single gene which, through al-
ternative splicing, generates 20 possible variants in humans. 
Protein diversity is obtained through the inclusion or exclu-
sion of a type III homology segment (extra domain A of FN 
(EDA) and extra domain B of FN (EDB)) and by the presence 
of a V region (IIICS), which can be assembled in 4 ways 
or completely excluded.1 Plasma FN lacks extra EDA and 
EDB segments, and its V region is included in only 1 sub-
unit.1 Cellular FN bears variable proportions of EDA and 
EDB segments.3 Both forms, pFN and cFN, are reported 
to be incorporated into the fibrillar network of the ECM.1,3

Human FN is 5–9% sugars attached as N- and O-linked 
oligosaccharides. In the case of pFN, there are N-linked 
glycans located exclusively in the gelatin and cell-binding 
domain. O-glycans are present in the connecting segment 
between the fibrin–heparin-binding and collagen-binding 
domains, and in the V region.4 The oligosaccharide part 
of FN protects the molecule against proteolytic degrada-
tion, enhances FN affinity to gelatin and promotes adhe-
sion and the spread of fibroblasts.4

Fibronectin function

Fibronectin is involved in cellular processes such as cell 
adhesion, migration, growth and survival, and it  is re-
quired for embryonic development.1,3 Plasma FN supports 
hemostasis and regulates thrombosis, and it significantly 
accelerates healing by limiting the extent of inflamma-
tion.5 As a key component of a fibrin clot, pFN supports 
hemostasis by being rapidly deposited at the injured vessel 
wall and by supporting platelet aggregation via pFN–fibrin 
complexes.5 The role of cFN is to form and maintain tissue 
architecture and to regulate cellular processes.1

The EDA and EDB FN domains play an important role 
during embryogenesis, vascular development, cell migra-
tion, and cell differentiation.1,3,6 Only very low levels of FN 
with an EDA and/or EDB domain circulate in the blood 
plasma of healthy people.1 The inclusion of EDA domain 
in FN in adults is associated with pathological processes 
such as atherosclerosis,7 lung fibrosis,8 liver fibrosis,9 dia-
betes,10 and cancer.11 In contrast to EDA, no receptor for 
EDB has yet been identified in vivo,12 and the biological role 
of this domain has not yet been fully clarified. The research 
of Kraft et al. showed that EDB FN enhances bacterial 
removal by activating αvβ3 integrin.12

Fig. 1. Fibronectin structure. 
Fibronectin is composed 
of a series of FNI repeats (white 
hexagons), FNII repeats (dark 
grey circles), conserved FNIII 
repeats (light grey triangles), and 
alternatively spliced FNIII repeats 
(EDA, EDB and V). Types I, II and III 
repeats are composed of 40, 60 
and 90 amino acids, respectively. 
Binding domains for collagen, 
fibrin, heparin, and cells are 
indicated
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Fibronectin matrix assembly

Fibronectin matrix assembly is a cell-dependent pro-
cess, and fibril formation requires interactions of the N-
terminal type I modules (FNI1-5) of FN with cell surface 
receptors. Fibronectin has a number of cryptic sites which 
remain hidden when the protein exists in its globular, sol-
uble form and which become exposed when FN undergoes 
conformational changes associated with fibril formation.13 
The β1-integrin α5β1 is the major cell surface protein which 
controls FN assembly (Table 1), but other cell surface re-
ceptors apart from integrins also participate in FN matrix 
assembly.13 The integrins link the cell surface FN with 
the intracellular actin cytoskeleton, forming a connection 
which is crucial for FN matrix assembly. The binding of FN 
to integrins and other receptors induces a reorganization 
of the actin cytoskeleton and activates the intracellular 
signaling complex. Contractile forces aid in converting in-
active FN into the active extended molecule, and a concen-
tration of active FN dimers at integrin clusters promotes 
FN–FN interactions and fibril assembly.15

Interaction of fibronectin 
with matrix components

Fibronectin assembly is initiated by binding of soluble 
FN to cell surface receptors (integrins) that induce con-
formational changes and expose cryptic binding sites 
in bound FN.13 Fibronectin fibrils formed in a process 
of assembly are a major component of the provisional ex-
tracellular matrix of tissues, and the FN matrix is involved 
in the deposition of other ECM molecules as collagens, 
fibrillin, fibulin, and tenascin-C.1 Shi et al. showed that 

the deposition of FN into the ECM regulates the deposition 
and remodeling of ECM collagen I, partially by regulating 
collagen I endocytosis.21 The binding of the integrin α5β1 
and syndecan-4 to FN generates the adhesive signaling 
required for the replacement of damaged tissue. The te-
nascin-C which is expressed at the edges of the wound and 
contacts the fibrin–FN provisional matrix serves to inhibit 
FN-initiated signaling events by blocking syndecan-4 bind-
ing.20,21 Additionally, the FN matrix can sequester growth 
factors, including several vascular endothelial growth fac-
tors (VEGFs), transforming growth factor β1 (TGF-β1) 
and the latent complex of TGF-β1.1,22 Vascular endothelial 
growth factor binds to FN type III domains to promote cell 
proliferation.23 Myofibroblast differentiation is dependent 
on the presence of both TGF-β and EDA-FN.24

Fibronectin is a ligand for the TLR4 receptor (a member 
of the receptor family that regulates the NFκB-dependent 
synthesis of cytokines).25 Kelsh et al. showed that 2 type 
III domains of FN can activate TLR signaling to induce 
an inflammatory response in fibroblasts.19 In response 
to mechanical forces, the EDA and III-1 domains of FN 
can unfold to either reveal or hide biological active sites 
in a matrix which are involved in FN polymerization, cell 
adhesion or bacterial colonization. FN-EDA and FNIIII in-
dividually activate the same signaling pathways in dermal 
fibroblasts to induce a similar signature of inflammatory 
genes.19 In the extracellular environment, FN interacts 
with the enzyme transglutaminase 2 (TG2).26 On the cell 
surface, TG2 acts as an integrin-binding co-receptor for 
FN, which promotes cell adhesion and migration. It has 
also been shown that TG2 interacts with the heparin sul-
fate chains of syndecan-4.26 This type of impact seems 
to be required in response to extensive tissue damage 
and ECM degradation. Increased TG2 expression during 

Table 1. Integrin and non-integrin receptors for fibronectin (FN)14–19

Receptor Binding 
sites in FN Main function/effect

αvβ5
αIIbβ3
αvβ1
αvβ5
αvβ8
αvβ3
αvβ6
α8β1

FNIII9-10

primary receptor for FN matrix assembly; triggers FN fibril formation in vitro
hemostasis, FN matrix assembly
adhesion
regulation of interleukin 8 secretion
angiogenesis
development and wound healing; triggers FN fibril formation in vitro
cell adhesion and neurite outgrowth
attachment, cell spreading and neurite outgrowth

α4β1
α9β1
TLR4 (non-integrin)

EDA
fibro-inflammatory response in dermal fibroblasts
cellular migration and FN matrix assembly
induction of an inflammatory response in fibroblasts

αvβ3 EDB bacterial phagocytosis

α4β1
α4β7

V
cell-matrix contact (by leucocyte extravasation and a number of immunological and inflammatory events)
homing of specific lymphocyte populations to mucosal sites

TLR4 (non-integrin) FNIII1 induction of an inflammatory response in fibroblasts

Syndecan-4 (non-integrin) FNIII13 essential for signaling from the fibrin-FN provisional matrix and controls events such as matrix contraction

α5β1 FNI5 regulation of endothelial cell functions and tumor growth

EDA and EDB – isoforms of FN gene.
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wound healing probably enhances the adhesive/signaling 
functions of cell surface TG2 and may compensate for de-
ficiency in the integrin-dependent adhesion and assembly 
of FN matrices. Telci and Griffin suggest that TG2 pro-
tected from matrix metalloproteinases (MMPs) in a com-
plex with FN is likely to ensure an adhesion-mediated cell 
survival mechanism in situations of matrix breakdown 
during wound healing.27 Fibronectin has the ability to form 
a cross-linked complex with FN fragments (FN type III do-
mains) and can indeed participate in the exchange and/or 
addition of β-strands during the formation and maturation 
of FN fibrils.28

The involvement of fibronectin 
in inflammatory diseases 
and sepsis

Inflammation is  a  dynamic process characterized 
by the recruitment of leukocytes and plasma proteins from 
the blood into tissues, where the inflammatory response 
is activated to neutralize and eliminate potentially injurious 
stimuli, immune surveillance, optimal repair, and regener-
ation after injury.29 Dysregulation of these processes forms 
the background of many complex diseases (e.g., sepsis, 
infectious disease, trauma, allergy, autoimmune disorders, 
cancer, neurodegenerative diseases, and atherosclerosis).29 
Sepsis is defined as a life-threatening organ dysfunction 
caused by a dysregulated host response to  infection.30 
It is a systemic inflammatory response to an infectious 
pathogen that may be significantly amplified by endog-
enous factors. Sepsis is now known to involve early activa-
tion of both pro- and anti-inflammatory responses, along 
with major modifications to non-immunological pathways 
such as cardiovascular, neuronal, autonomic, hormonal, 
bioenergetic, metabolic, and coagulation.30

Fibronectin has been shown to be involved in inflam-
mation. In animals, it  is a positive acute-phase protein, 
with higher blood levels during inflammation,31 but in hu-
mans, plasma FN is regarded as a negative acute-phase 
protein.32 Fibronectin promotes chemotaxis and influences 
leukocyte function.33 Additionally, Rossen et al. demon-
strated that FN acts as a modulator of leukocyte function.34 
In the case of sepsis, the role of FN in promoting the ad-
hesion and infiltration of bacteria to human cells seems 
to be important.35

EDA-FN isoforms in inflammatory diseases

The main role of EDA-FN in adults is associated with 
wound healing,3 tissue fibrosis,3,8,25 thrombosis, and 
the maintenance of vascular wall integrity.5 The amount 
of the EDA isoform is very low or undetectable in the blood 
plasma of adults, but it significantly increases under patho-
logical conditions such as fibrosis (in the lungs, liver and 

kidneys), diabetes, atherosclerosis, hypertension, ischemic 
heart disease, stroke, rheumatoid arthritis, and cancer. 
EDA-FN has also been recognized as a factor which pro-
motes chronic inflammation.1,36 The main source of EDA 
is the smooth muscle cells of blood vessels.36

In  atherosclerosis, the  role of  EDA-FN is  twofold. 
On  the  one hand, the  EDA-FN isoform is  involved 
in the initiation and progression of atherosclerosis, but 
on the other hand, the presence of EDA-FN is associated 
with a better, more stable plaque phenotype.37 Similarly, 
in diabetes the EDA domain plays a dual role. It expands 
the extracellular matrix, resulting in diabetic structural 
vascular abnormalities, but prevents endothelial dysfunc-
tion by providing feedback defense against excessive gen-
eration of reactive oxygen species (ROS).10 Bhattacharyya 
et al. showed that the EDA domain of FN promotes chronic 
cutaneous fibrosis through the TLR-4 receptor.25 Addi-
tionally, several studies have demonstrated that the EDA 
domain (as well as the EDB domain) is highly expressed 
in many tumors, e.g., breast cancer,38 liver cancer,11 lung 
cancer,39 colorectal cancer,40 and bladder cancer.41 Both 
isoforms of FN are expressed by cancer cells, tumor-associ-
ated fibroblasts and newly forming blood vessels in angio-
genesis. The data of von Au et al. showed that circulating 
FN plays an important role in tumor growth. Fibronectin 
content in the tumor correlates with the number of blood 
vessels and tumor growth in mouse models.41 Attieh et al. 
reported that cancer-associated fibroblasts induce invasion 
of cancer cells by FN assembly and integrin αvβ3 expres-
sion.43 An ongoing study related to the role of EDA-FN 
in sepsis showed that an absence of this isoform contrib-
utes to poor sepsis outcomes in a murine model.44

Fibronectin in sepsis

The potential pathological consequences of incorrect host 
defense against infection include autoimmunity, inflamma-
tory tissue damage, organ dysfunction, and sepsis. The lack 
of sensitive diagnostic tests for sepsis combined with its 
various non-specific signs and symptoms makes diagnosis 
very difficult. Many biomarkers have been evaluated for ap-
plication in sepsis, but none of them has sufficient specificity 
or sensitivity to be used in clinical practice. C-reactive pro-
tein (CRP), procalcitonin (PCT) and interleukin 6 (IL-6) are 
used only for additional assessments.45 Fibronectin is one 
of various sepsis biomarkers which have been proposed 
in the field of sepsis diagnosis. Martin et al. proposed that 
a plasma FN level lower than 120 mg/L could suggest a di-
agnosis of sepsis in its early stages. The lower level of pFN 
in patients who fulfill the criteria for a diagnosis of clinical 
sepsis may be associated with the constant reparatory pro-
cess exerted by pFN.46 According to data from Reichsoellner 
et al., the highest levels of FN occur in patients with a sys-
temic inflammatory response but with no blood infection; 
it is lower in patients with Gram-positive and Gram-nega-
tive bacteremia, and the lowest levels appear in fungemia.47 
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A decreased level of pFN is associated with acute inflam-
mation, surgical trauma and disseminated intravascular 
coagulation. According to Mamani et al., decreased levels 
of pFN and increased levels of CRP may be considered reli-
able diagnostic markers for sepsis.48 Interestingly, during 
sepsis in animal plasma, pFN levels are higher.49

The data from recent years about the increasing levels 
of EDA and EDB isoforms of FN in pathological conditions 
may be of more interest than pFN in relation to sepsis. 
As described above, the absence of the EDA-FN isoform 
contributes to poor sepsis outcomes in a murine model.44 
However, Satoi et  al. reported that the  concentration 
of plasma EDA-FN in patients with sepsis who survived 
was significantly lower than that in non-survivors.50

Fibronectin has been identified as the target for a large 
number of bacterial proteins generally considered to be 
adhesins; therefore, FN seems to play a prominent role 
in the pathogenesis of sepsis. Furthermore, FN-binding 
surface proteins are found in  many bacterial species 
(e.g., Streptococcus pyogenes or Staphylococcus aureus). 
They promote the adhesion of bacteria to human cells 
and enter into them.35,51 The most common pathogens 
that cause sepsis include S. aureus, Streptococcus, Entero-
bacteria (Escherichia coli, Klebsiella and Proteus), Neis-
seria meningitidis and Candida spp. Staphylococcus au-
reus is a commensal bacterium in humans and it causes 
a variety of diseases, including sepsis.51 Two FN-binding 
protein homologues – FnBPA and FnBPB – expressed 
by S. aureus, are involved in adhesion to the cell surface 
and internalization.52 Staphylococcus aureus associates 
through FnBP with the type I repeats of host-derived FN. 
The ligand-binding regions of FnBPs (Fig. 2) interact with 
a 29 kDa N-terminal region of FN (the fibrin/heparin bind-
ing domain consisting of FN type I1–5 repeats). Fibronectin 
deposited on the pathogen surface is recognized by the cel-
lular FN receptor integrin α5β1, which binds to the RGD 
motif (a key motif responsible for cell binding) within this 
matrix protein.52 The additional bacterial binding sites 
on FN are located at the FNIII12 module and FNIII9/FNIII10 

modules.53 Nyberg et al. demonstrated that plasma FN 
bound to the bacterial surface downregulates the viru-
lence of S. pyogenes by limiting bacterial spread.35 Kraft 
et al. reported that EDB FN enhances in vitro phagocytosis 
to a larger extent than plasma FN.12 Additionally, αvβ3 

integrin (classically described as the vitronectin receptor) 
plays a direct role in bacterial phagocytosis in mammals.12

The binding of FnBPs to FN mediates the adherence 
of S. aureus not only to extracellular matrices but also 
to the surface of a number of host cells, including endothe-
lial cells,54 epithelial cells55 and fibroblasts.56 An additional 
aspect to which attention should be paid when discussing 
the role of FN in the processes of inflammation and sepsis 
is the activation of the coagulation system (Fig. 3). In sepsis, 
systemic inflammation permanently leads to activation 
of the coagulation system and inhibition of the anticoagu-
lant mechanism and fibrinolysis.57 Increased fibrin genera-
tion and impaired breakdown as a main result of upregu-
lating plasminogen activation inhibitor type 1 both lead 
to the deposition of microvascular clots. Platelet activation 
is an alternative stimulation of fibrin formation and it plays 
an important role in the development of coagulation ab-
normalities in sepsis.57 Some blood plasma components, 
such as fibrinogen and fibrin, create high-molecular FN 
forms7,58 which may reflect changes in vascular endothe-
lium and ECM remodeling in inflammatory diseases.

Conclusions

Fibronectin is a crucial ECM protein regulating ECM-
dependent cell adhesion, migration and differentiation. 
Both plasma and cellular forms of FN play important roles 
during tissue repair. Plasma FN is a significant compo-
nent of fibrin clots, taking part in hemostasis stabilizing 
the clot structure, provisional matrix formation and the re-
pair process. Cellular FN supports efficient platelet adhe-
sion, activation, aggregation, and pro-coagulant activity.1,11 
The deposition of FN into the ECM regulates the inclu-
sion and remodeling of ECM collagen I, in part by regu-
lating collagen I endocytosis.21 In addition to the plasma 
FN, isoforms of cellular FN play a key role in pathology. 
An elevated EDA-FN level is associated with clinical con-
ditions, including diabetes and atherosclerosis, and may 
result in increased thrombosis in patients at a high risk 

Fig. 2. Schematic diagram of S. aureus–FN interactions. The FN molecule 
acts as a bridge between the surface-bound FnBP and α5β1 integrin

Fig. 3. Involvement of FN in inflammation processes. The diagram 
shows the participation of plasma and cellular FN at various stages 
of inflammation
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of cardiovascular events.59 Many microbial pathogens in-
vade the host by expressing surface receptors that bind 
specifically to FN, and – as Nyberg et al. have shown – pFN 
bound to the bacterial surface downregulates virulence 
by limiting bacterial spread.35 The binding of FN to inte-
grin induces a reorganization of the actin cytoskeleton and 
activates the intracellular signaling complex. Integrins, 
along with lipopolysaccharide, are a key receptor of phago-
cytes. The EDB-FN isoform of cFN enhances phagocytosis 
more than pFN.12

In summary, as shown previously, FN plays an impor-
tant role in the host response to infection, being involved 
in maintaining vascular integrity, wound healing and trig-
gering the blood clotting process.35,51 Additionally, it medi-
ates important interactions with phagocytes throughout 
the inflammatory process, and as part of a 3-component 
bridge, FN contributes to bacterial colonization of endo-
thelial and epithelial cells. The understanding of the role 
of FN in inflammation, especially its EDA and EDB iso-
forms, seems to be crucial to the understanding of how 
FN could help in the development of therapeutic strategies 
to treat inflammatory diseases, including sepsis.
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