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Abstract

Cellular Fibronectin: A Predictive Biomarker for 
Chronic Diabetic Complications

Saidu Kasimu

Department of Chemical Pathology and Immunology, Faculty of Basic Clinical Sciences, 
College of Health Science, Usmanu Danfodiyo University, Sokoto, Nigeria

Background: Vascular disease is a common chronic complication of diabetes mellitus affecting the retinal (retinopathy), the kidney 
(nephropathy), and even the nerve (neuropathy). The prevalence of chronic diabetic complications in developed and developing countries, 
including Nigeria, is disturbing. Unless measures are taken urgently in identifying and arresting the mechanism of progression of the disease 
at its early stages, the associated morbidity and mortality rate cannot be overemphasized. 

Methods: Online searches were done in recognized databases of PUBMED, Google Scholar, and AJOL. 

Results: Screening diabetic patients using cellular Fibronectin can give an idea of vascular injury at the early stage, which is the hallmark of 
chronic diabetic complications, particularly if plasma cellular fibronectin levels are elevated. Elevated amounts of cellular Fibronectin in 
plasma are associated with an increased risk of developing renal and eye diseases, which may sometimes be prevented by more stringent 
plasma glucose and blood pressure control. An increased level of plasma cellular fibronectin could be used as a predictive biomarker for 
chronic diabetic complications, as it is a protein derived from the blood vessel's endothelium and plays a role in the subendothelial matrix 
assembly. 

Keywords: Diabetic patients, cellular Fibronectin, retinopathy, nephropathy.

iabetes mellitus is one of the most common metabolic diseases in which either the Dhormone insulin is lacking, or the body's cells are insensitive to insulin effects (1). The 
multi-systemic effects of diabetes, such as retinopathy, nephropathy, neuropathy, and 
cardiovascular diseases, are considered necessary to improve public health (2). A 
persistently increased blood glucose level characterizes diabetes. The diagnosis of 
diabetes mellitus is established by a raised blood glucose level: the venous whole blood 
glucose must be greater than or equal to 11.1mmol/l in samples taken at random or 2 
hours after a 75g oral glucose load (3). Diabetes mellitus is generally categorized into two 
types. Type I diabetes mellitus (also known as insulin-dependent diabetes mellitus (IDDM) 
is characterized by an absolute deficiency of insulin (1). In some clinical studies, type I 
diabetes mellitus is assumed when diagnosis occurs at or before 30 in patients who 
require continuous insulin use (4). Type 2 diabetes mellitus (also known as non-insulin-
dependent diabetes mellitus (NIDDM) refers to patients with diabetes mellitus 
characterized by insulin resistance or a state of relative insulin deficiency (5). Clinical 
studies will often use diabetes onset after the age of 30 years as an operational criterion 
for type 2 diabetes mellitus (6). These two differ in their clinical characteristics and 
etiological and pathophysiologic basis for diseases. The main clinical difference is their 
propensity to develop diabetic ketoacidosis in the basal metabolic state; insulin is required 
in type I to prevent ketoacidosis, whereas in Type 2, ketoacidosis is unlikely even' when the 
glycaemic control is poor (4). Typically, type 1 presents acutely and manifests the typical 
symptoms of polyphagia, polydipsia and polyuria (6). In contrast, Type 2 is insidious and 
may be present for years before diagnosis. Approximately a good percentage of all 
diagnosed cases of diabetes mellitus is Type 2, and may be as many undiagnosed cases 
of Type 2 as diagnosed cases (7). 

Metabolic Consequences of Hyperglycaemia  
Vascular disease is a common consequence of hyperglycaemia (5). The cause of 
hyperglycaemia is irrelevant since microvascular complications are a feature of all types 
of diabetes mellitus (8). As diabetes is defined by hyperglycaemia, it is reasonable to 
anticipate that; these microvascular complications should result from this 
hyperglycaemia. The risk of diabetic complications is related to the duration of the disease 
(9). Several studies have demonstrated a relationship between the level of blood glucose 
and the risk of developing complications (9). Thus, in one study, average blood glucose 
more than 50% above the normal range was associated with a 49% risk of developing 
severe retinopathy at 14 years: in contrast, this risk was only 5% in those patients with 
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blood glucose levels close to the normal range (10).

Mechanisms That Result To Chronic Diabetic 
Complications 
Exposure to hyperglycaemia can cause acute 
reversible metabolic changes and, if prolonged, 
cumulative irreversible changes (5). Broad 
mechanisms have been described for glucose-
induced damage (11). First, glucose and other 
sugars can bond with any exposed lysine residues or 
(in the case of haemoglobin) valine or any protein 
(12). This glycation process can alter protein 
structure and function (13). Further changes can 
lead to glycation products with extensive cross-
linkage called advanced glycation end products - an 
irreversible change (13). These molecules may lead 
to the production of free oxygen radicals, which 
could themselves cause tissue damage (14). The 
second mechanism is the production of excess 
sorbitol through a commonly redundant pathway 
involving the enzyme aldose reductase (15). Sorbitol 
cannot readily leave a cell, and accumulation of the 
alcohol sugar could lead to osmotically driven over 
hydration of the tissue and damage (15). The third 
mechanism involves the direct competition between 
glucose and myoinositol (16). Myoinositol is an 
essential substrate in cellular energy production, and 
its structure is very similar to that of glucose. Excess 
glucose can therefore compete for myoinositol 
uptake by a cell, leading to myoinositol depletion 
(17). However, a diabetes control and complications 
trial has identified hyperglycemia as a significant risk 
factor for developing diabetic complications (18). 
The full spectrum of the pathophysiological 
mechanisms of chronic diabetic complications has 
not been thoroughly elucidated. Some equally 
tenable hypotheses for the origin of complications 
are oxidative stress damage, advanced glycation 
end products (AGEs) hypotheses, aldose reductase 
pathway reductive stress (pseudohypoxia), true 
hypoxia (19), carbonyl stress, altered lipoprotein 
metabolism, increased protein kinase - c activity, and 
altered growth factors and- cytokine activities (20).

The various hypotheses overlap and intersect with 
one another; AGE formation and altered polyol 
pathway activity may lead to oxidative stress, 
oxidative stress may accelerate AGE formation, 
reductive stress may lead to activation of protein 
Kinase - C, AGEs may induce growth factors and 
cytokine production and so on (21). Among Chronic 
Complications of DM as a result to endothelial injury 
include; Nephropathy, Retinopathy, Diabetic 
Neuropathy, Peripheral vascular disease, and 
Coronary artery diseases. Change in endothelial 
function is considered an early pivotal step in the 
development of vascular disease (22). The role of 
circulating (cFn) in the diagnosis of vascular 

endothelial injury in rheumatoid vasculitis and pre-
eclamptic women has been documented (22). 
Vessel wall damage with characteristic endothelial 
extracellular matrix changes is also found in 
subjects with diabetes. Several reports have 
implicated DM in the pathogenesis of vessel wall 
damage with extracellular matrix changes (23).

The endothelium is made up of a single layer of cells 
that cover the vascular lumen. (24). The functions of 
vascular endothelium include regulating vessel 
integrity, vascular growth and reconstruction, tissue 
growth and metabolism, immune responses, cell 
adhesion, angiogenesis, haemostasis and vascular 
permeability (25). The endothelium plays an initial 
role in regulating vascular tone, controlling tissue 
blood flow and inflammatory responses and 
maintaining blood fluidity (25, 26). It does so, by 
producing components of the extracellular matrix 
such as cellular Fibronectin (cFn) and variety of 
regulatory mediators like; NO (nitric oxide), ET-1 
(endothelin-1), Ang II (angiotensin II), t-PA (tissue-
type plasminogen activator), PAI-1 (plasminogen 
activator inhibitor-1), VWF (von Willebrand factor) 
and tumour necrosis factor alpha (TNFα) (27). 
Failure of the endothelium to perform its functions 
by any means is referred to as endothelial 
dysfunction (28). The hallmark of diabetes mellitus, 
chronic hyperglycaemia, has been implicated in the 
development of endothelial dysfunction (Habib and 
Ali, 2018). The principal mechanisms of endothelial 
dysfunction by hyperglycaemia involve Protein 
Kinase C (PK C) activation, Activation of the 
hexosamine and polyol pathways, Formation of 
advanced glycation end-products (AGEs). These 
pathways are said to mediate vascular dysfunction 
t h ro u g h  R e a c t i ve  O x yg e n  S p e c i e s  ( R O S ) 
overproduction, increasing circulating cellular 
Fibronectin (29).
 
What Is Cellular Fibronectin?
Cellular Fibronectin is a glycoprotein with a 
molecular of greater than 250KD; its synthesized by 
several cells, including epithelial and connective 
tissue cells, and is deposited into the extracellular 
matrix (30). Cellular Fibronectin is a protein derived 
from an endothelium; it plays an essential role in 
assembling a subendothelial matrix (31). Increased 
plasma levels of cellular Fibronectin indicate loss of 
endothelial cell polarization or injury to blood vessels 
(31). Furthermore, elevated plasma levels of 
circulating cellular Fibronectin have been described 
in clinical syndrome with vascular damage (32). 
Activating the endothelium could result in increased 
cellular Fibronectin synthesis in response to the 
endothelial injury (33). They promote cell-cell and 
cell-matrix interactions and thus play a role in tissue 
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construction and reconstruction (22). The abundant 
(FN) in plasma is secreted by hepatocytes and lacks 
extra-domain III (ED) segments, which refers to 
plasma fibronectin (pFn) (22). However, Fibronectin 
found in sub-endothelial and connective tissue 
matrices are produced locally by endothelial cells and 
fibroblasts and mainly contains a different type III 
structural domain ED-A and is called cellular 
Fibronectin (cFn). It's usually comprised of <2% of the 
total FN in plasma (22). 

Fibronectin is a primary secretory product of lung 
fibroblasts, representing 35 - 40% of the parenchymal 
cell population of the normal lung (34). Fibronectin is 
also produced by alveolar macrophages, a cell type 
representing 90% of the inflammatory and immune 
cells of the lower respiratory tract (34). Fibronectin is 
found in plasma, biological fluids, loose connective 
tissues, and some basal lamina (35). It is synthesized 
by various cells, including liver hepatocytes, lung 
fibroblasts, endothelial cells, macrophages, and Type 
2 alveolar epithelial cells (27). Fibronectin has 
numerous biological functions relating to specific 
binding domains for cells and for extracellular 
macromolecules, including collagens (35). 

As a major protein in the extracellular matrix, 
Fibronectin provides positional assistance to help 
direct  rangesof biological activities, including cell 
migration.

Usefulness Of Cellular Fibronectin 
Cellular Fibronectin has numerous biological 
functions relating to specific binding domains for 
cells and for extracellular macromolecules, including 
collagens (36). It plays a key role in various cellular 
events, including cell migration and proliferation of 
fibroblasts and endothelial cells (13). Physiologically, 
Fibronectin plays an essential role in cell adhesion, 
motility, and tissue repair, among others (31). 
However, its overproduction may decrease the 
motility and replication of many cells, including 
endothelial cells. This dimeric glycoprotein has been 
implicated in various biological processes, including 
tissue remodeling during wound healing and 
embryonic development (31). Fibronectins influence 
these processes by affecting cell adhesion and 
extracellular matrix assembly (37). Fibronectins 
promote cell-cell and cell-matrix interactions and thus 
plays a role in tissue construction and reconstruction 
(38). This glycoprotein is also crucial in such diverse 
activities as cell adhesion, cell migration, cellular 
differentiation, blood clotting, opsonization, wound 
healing and neoplastic transformation (39). It is also 
involved in many complex functions, some of which 
include the enhancement of the binding of a 
lymphokine to macrophage and the expression of iron 
receptors on macrophages. It also increases 

adherence and chemotaxis of phagocytes and helps 
maintain the oxidative bactericidal capacity of 
macrophages (39). 

Laboratory Analysis of Cellular Fibronectin
Commercially available in-house developed cellular 
Fibronectin ELISA kit (E140Hu Bioassay Technology 
Laboratory, China), a commercially prepared kit based 
on the sandwich principle. The total time for the 
analysis is about six hours because patient 
preparation and sample separation is required. The 
turnaround time is about 12 to 24 hours because of 
the need to batch specimens together. The advantage 
of these analyses is the ability to carry out a large 
volume of analyses simultaneously. 

Role Of Cellular Fibronectin In Predicting Chronic 
Diabetic Complications
The chronic complications associated with diabetes 
are most likely the consequences of hyperglycaemia 
through altered metabolism, non-enzymatic glycation 
of protein and advanced glycosylated end-products 
(AGEs) that accumulate in long-lived proteins such as 
cellular Fibronectin, vascular collagen and reduce the 
elasticity of vessel walls (40). Endothelial dysfunction 
in diabetes originates from hyperglycaemia, and its 
immediate biochemical sequelae directly alter the 
endothelial function or influence endothelial cell 
functioning indirectly by synthesis of cellular 
Fibronectin, growth factors, cytokine and vasoactive 
agents in other cells leading to increase plasma levels 
in diabetic patients with chronic complications like 
retinopathy and nephropathy (41).

Increased plasma levels of cellular Fibronectin 
indicate loss of endothelial cell polarization or injury 
to blood vessels (31). Furthermore, elevated plasma 
levels of circulating cellular Fibronectin have been 
described in clinical syndrome with vascular damage 
(32). 

Vascular smooth muscle cells (VSMC), cultured under 
hyperglycaemic conditions, increase significantly 
faster than those cultured under normal glucose 
conditions (42). High glucose increases the de novo 
synthesis of the protein Kinase-C activator, 
diacylglycerol (42). Thus, one hypothesized 
mechanism by which High glucose induces VSMC 
proliferation is chronic activation of one or more 
isoforms of protein kinase – C (42, 43). As diabetes is 
defined by hyperglycaemia, it is reasonable to 
anticipate that; these microvascular complications 
should result from this hyperglycaemia. It is clear that 
the risk of diabetic complications is related to the 
duration of the disease in which the longer the period 
of the disease and poor glucose control, the higher 
tendencies to have an increase plasma of cellular 
Fibronectin due to injury to the endothelium of the 
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blood vessel (9). A study carried out in Netherland that 
assessed the plasma levels of cellular Fibronectin in 
diabetes patients showed that circulating cellular 
Fibronectin was significantly higher in diabetic 
patients compared to non-vascular complicated 
patients (22). Another study carried out in this 
environment showed that the mean concentration of 
cellular Fibronectin in diabetic subjects with 
retinopathy was significantly higher than in diabetic 
subjects without retinopathy (44). This is because 
microangiopathy is one of the complications that 
could be a sequel to chronic diabetes mellitus, and the 
eye is not an exceptional organ. This was proved 
correct in research carried out by (45, 46).

Role of Cellular Fibronectin in Predicting Other 
Pathological States 
Elevated levels of cellular Fibronectin have been 
implicated in many pathological states (47). These 
include cutaneous wounds, tumour metastasis, 
rheumatoid arthritis, cardiac allograft rejection, and 
liver fibrosis (48). Fibronectin is also markedly 
elevated in articular cartilage lesions within 
osteoarthritic joints (49). Foetal tissues and tumours 
express a higher percentage of cellular fibronectins 
with ED-A and ED-B repeats, but in adult life, they are 
remarkably absent (50). The extra type III domain 
fibronectin is prominent during the injury response of 
adult tissues and mediates critical early events in the 
reaction (51). This form is particularly apparent in 
acute liver injury, where it has been shown that 
sinusoidal endothelial cells produce ED-A fibronectin. 
Expression of the ED-A and ED-B isoforms are also 
increased during wound healing. Fibronectin 
synthesis is increased in macrophages and 
polymorphonuclear leukocytes isolated from 
inflammatory foci (52). One of the most essential 
extracellular matrix proteins that are over-expressed 
in retinas, glomeruli, and the hearts in diabetes is 
Fibronectin (53). 

Conclusions 
Based on many studies carried out locally and 
internationally on cellular fibronectin, it is very clear 
that: this biomarker could be a useful marker in 
predicting chronic diabetic complications like 
retinopathy, nephropathy, and neuropathy before it 
unset, as the initial process begins with endothelial 
injury and elevated level of plasma cellular fibronectin.
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