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 Introduction
Vimentin is an important intermediate filament protein 

responsible for maintaining the integrity of the cell and its 
resistance to stress. It is expressed in mesenchymal cells 
and tumors and is considered as a biomarker for cellular and 
tissue development. It is found in many cells during initial 
embryogenesis and is converted to a specific intermediate 
filament during differentiation. Vimentin is usually present in 
fibroblasts, chondroblasts, smooth muscle cells, mesothelium, 
pericytes, melanocytes and endothelial cells (1). 

Vimentin has an important role in many physiological 
functions such as cell adhesion and motility, maintenance of 
cytoskeletal structure, cell senescence, and wound healing. It is 
an important marker in many inflammatory conditions, potentially 
malignant disorders and autoimmune diseases. In malignancies, 
it is associated with invasion and metastasis and may have 

a role in prognosis. It can act as a receptor or co-receptor for 
many viruses, such as human immunodeficiency virus (HIV), 
Severe acute respiratory syndrome-related Coronavirus (SARS-
CoV), dengue and encephalitis viruses, due to its implications in 
attachment and viral entry into cells (2).

Thus, vimentin is associated with both normal physiological 
functions as well as pathological conditions. The present review 
aims to give an overview of this biomarker which has effects 
on a wide range of cells and tissues and to discuss its scope in 
diagnosis, prognosis and therapy.

We conducted an online search in “PubMed” using the 
keywords “Vimentin”, “Metastasis”, “Epithelial Mesenchymal 
Transition (EMT)”, “Carcinoma” and “Potentially Malignant 
Disorder”. Only manuscripts which had full text available were 
evaluated and referred for the present narrative review. 

Vimentin is an intermediate filament protein responsible for maintaining cellular integrity 
and resistance to stress. It has a widespread distribution in many cells throughout the body 
where it forms a cytoskeletal framework. Vimentin plays an important role in the regulation of 
many cellular and tissue functions. It is overexpressed in malignancies, potentially malignant 
oral disorders and autoimmune conditions like rheumatoid arthritis and Crohn’s disease. It is 
associated with cell surface binding and replication of viruses such as human immunodeficiency 
virus (HIV), severe acute respiratory syndrome-related Coronavirus, dengue and encephalitis. 
In HIV, it is associated with the viral infectivity factor which is associated with HIV replication. 
It can be used as a biomarker for diagnosis and prognosis and has potential as a therapeutic 
target in many conditions. The present review focuses on the structure, functions, clinical 
implications and future scope of vimentin in the management of various diseases. 
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History
Intermediate filaments were discovered by Buckley 

and Porter (3) in the late 1960’s as a result of advances in 
microscopic techniques. Franke et al. (4), in 1978, created 
antibodies to a protein found in the cytoskeleton of mouse 3T3 
cells and proposed the name ‘vimentin’ to differentiate it from 
proteins in other intermediate filaments. The name ‘vimentin’ is 
derived from the Latin word ‘vimentum’, used to describe arrays 
of flexible rods. The authors have discovered that vimentin forms 
a radial arrangement throughout the cytoplasm, more towards 
the nucleus, and is present in cells derived from mesenchyme.

Structure 

Classified as a type 3 intermediate filament, vimentin 
structure includes a 310-amino-acid-long α-helical rod having 
acidic and basic amino acids (5). It consists of N and C terminals 
including amino acids which are hydrophobic in nature (6). The 
long α-helical rod is acidic in nature while the N-terminal domain, 
called head domain, is basic in nature due to the presence of 12 
arginine residues in its amino acid sequence (7).

Location

In humans, vimentin is expressed in tissues like skin, lungs, 
kidney, bone marrow and lymph nodes (4). It is present in cells 
like precursor cells of the pancreas and nerves, Sertoli cells, 
fibroblasts, endothelial cells, renal tubular and stromal cells, 
macrophages, neutrophils, mesangial cells and leukocytes (8). 
Vimentin forms a network which extends throughout the cell 
cytoplasm and varies among different cells (9). Non-dividing 
cells show a uniform distribution while reorganization towards 
the nucleus occurs on exposure to factors like platelet derived 
growth factor, oncogenes or few viruses (10). 

Functions

Epithelial to Mesenchymal Transition

EMT is the process of cellular reprogramming where 
epithelial cells exhibit mesenchymal phenotype with altered 
shape and increased motility (6). During EMT, epithelial cells 
are subjected to various functional and behavioral changes 
that lead to their differentiation into mesenchymal cells (11). 
These changes are needed for functions such as embryonic 
development, homeostasis, and tissue healing as well as in 
cancer metastases.

The various changes that occur during this phase include 
loss of epithelial cell junctions, reversal of polarity, alterations 
in cell shape and cytoskeletal reorganization (12). Increased 
expression of vimentin is an important marker for EMT as 
vimentin is a major protein in mesenchymal cells and its 
expression causes cells to become flat and elongated in shape 
(13-15). Vimentin also interacts with microtubules and associated 
motor proteins that lead to cell motility (16). The reverse of EMT 

is mesenchymal epithelial transition, in which cells develop a 
mesenchymal- to- epithelial conversion with lower motility and 
decreased vimentin (8). It has been suggested that increased 
vimentin may be due to activation of nuclear factor kappa B 
(nuclear factor kappa light chain enhancer of activated B cells), 
another regulator of the EMT process, in cancer cells (8).

Cell Proliferation, Differentiation and Apoptosis 

Oncogene expression, which is responsible for higher 
cellular proliferation, is related to increased amounts of mRNA, 
protein and the soluble forms of vimentin (17). Cell apoptosis is 
also dependent upon vimentin since its proteolytic breakdown 
into a pro-apoptotic variant can trigger apoptosis (18).

Association with Various Oncogenes and Proto-
oncogenes

The structural resemblance of vimentin with certain proto-
oncogenes like c-fos and c-jun and oncogenes like Raf and 
v-mos has shown that gene expression controlled by vimentin 
can lead to conversion of normal cells into malignant cells (19). 
Thus, it plays an important role in cell proliferation (20).

Cell Motility and Adhesion

Vimentin has been found to influence the width of 
lamellipodium, a protein used for pseudopodial migration 
(21). Vimentin attaches and controls focal adhesion kinase 
(FAK), which can impart motile property to cells as seen at the 
advancing front of lung cancer. By recruiting VAV2, a Rac1 
guanine nucleotide exchange factor to FAK, vimentin can 
regulate adhesion of cells (22). 

Methods of Vimentin Assessment

Various methods have been used in vimentin assessment. 
These include immunohistochemistry, real-time (RT) 
quantitative RT-polymerase chain reaction (PCR), Western Blot 
test, confocal immunofluorescence microscopy and computer-
assisted imaging to detect stained areas of the cell using a 
microscope with a charge-coupled device color camera.

Clinical Significance

Carcinoma

The transformation of epithelial cells into malignant 
cells causes vimentin upregulation and loss of keratin (23). 
Immunofluorescence, Western blot and RT-PCR analysis have 
shown high vimentin expression in hyperplastic and dysplasia 
tissues. Increased vimentin expression has been detected in 
sites with known carcinoma and in oral squamous cell carcinoma 
(OSCC), vimentin expression has been found to increase with 
the grade of the tumor (24). These findings are due to the role of 
vimentin in EMT. Vimentin regulates EMT in three ways:

I. Gene expression: Vimentin regulates expression of Axl3 
which can induce EMT. 
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II. Protein-protein interaction: Vimentin stabilizes the cell 
at a protein level (25) and ensures cell polarization during cell 
migration. 

III. Phosphorylation: Vimentin phosphorylation protects it 
from proteolysis, thereby enhancing migration and metastasis 
of cells (26-28).

Increase in vimentin expression has been noted in cancers 
of the prostate, breast, endometrium, central nervous system, 
gastrointestinal tract as well as malignant melanoma, in which it 
is associated with both diagnosis and prognosis. Vimentin has 
been used as a diagnostic marker for colorectal carcinoma (8).

Li et al. (29) found increased expression of vimentin in primary 
malignant melanoma with hematogenous route of metastasis as 
compared to those without hematogenous metastasis. Vimentin 
is important for EMT which, in turn, is important for migration 
and invasion characteristics of cells.

Metastatic Spread

Vimentin is associated with tumor invasion. Studies have 
shown that highly invasive breast carcinoma cells without 
vimentin are more pliant and have decreased tendency to 
metastasize (8,23). Loss of vimentin significantly has decreased 
the migration and invasion of cells in dense cultures while 
vimentin expression has been associated with longer persistence 
of migration (30). Vimentin is the protein most implicated in 
metastasis in OSCC. Increased vimentin expression is also 
associated with increased lymph node metastasis. Bhardwaj 
et al. (31) investigated vimentin in eyelid sebaceous gland 
carcinoma and found that overexpression was associated with 
lymph node metastasis and poor survival.

A study on lung adenocarcinoma found that vimentin was not 
associated with the development of primary tumors. However, 
loss of vimentin resulted in a 50% decrease in lymph node 
metastasis (23). 

Leukoplakia

Cytoplasmic immunostaining for vimentin demonstrated 
higher vimentin expression for non-homogeneous leukoplakia 
when compared to homogenous leukoplakia where it was 
confined to basal and suprabasal layers of oral mucosa (24). 

In leukoplakia, there is decreased expression of epithelial 
junctions leading to partial or total loss of cell polarity (32). This 
is a part of EMT, which in turn is regulated by vimentin; hence 
vimentin expression increases in leukoplakia.

Oral Submucous Fibrosis

Oral submucous fibrosis (OSMF) is a potentially malignant 
disorder affecting the oral cavity and sometimes the pharynx. 
Cases show weak to moderate expression of vimentin, which is 
confined to the suprabasal layers of oral mucosa in majority of 
the cases (24).

In OSMF, arecoline triggers the formation of collagen, 
and exhibits cytotoxicity, change in cell morphology and DNA 
synthesis (33). This, in turn, causes interference in cellular 
mitosis and transport mechanisms within the cell. Since 
vimentin has an important role in cell cytoskeleton, disruption 
of cytoskeleton in OSMF causes increased vimentin expression 
(34,35).

Rheumatoid Arthritis

Vimentin is a type of antigen found in synovial tissue and 
fluid. In rheumatoid arthritis (RA), vimentin citrullination and 
presentation to T cells causes formation of anti-citrullinated 
protein antibody, which can be demonstrated in the synovial 
fluid (36). This antigen-antibody reaction promotes inflammation 
which further aggravates the disease process (37). 

Crohn’s Disease

Crohn’s disease is a genetically mediated inflammatory bowel 
disease of the gastrointestinal tract associated with increased 
vimentin levels. Studies have shown that the inflammatory 
tissue damage and the resulting intestinal fibrosis may be 
a result of EMT. The areas with fibrosis exhibit EMT markers 
like vimentin implying a role for EMT in the pathophysiology of 
Crohn’s disease (27).

COVID-19
Vimentin is associated with viral fusion and replication 

and also enhances cell surface binding and viral entry. This 
is true for all viruses except human papilloma virus, in which 
it has the reverse effect. Studies have shown that interference 
in expression of vimentin or cell treatment using anti-vimentin 
antibodies can decrease few viral infections. Cell entry of 
SARS-CoV may be mediated through vimentin. As SARS-
CoV and SARS-CoV-2 have similar spike protein sequences, 
vimentin may be a co-receptor for both. It may also decrease 
the immune response to the virus and decrease its lethal effects 
through its effects on the cytokine storm syndrome. Vimentin 
present on the surface of platelets and endothelial cells acts as 
a receptor for von Willebrand factor facilitating platelets to bind 
to subendothelial collagen and causing intravascular thrombin 
generation and microthrombus formation. Drugs effective 
against viral infection are also known to cause a decrease in 
vimentin. Since vimentin is involved in viral infection and lung 
inflammation, drugs targeting vimentin may be effective in the 
treatment of COVID-19. Decreased vimentin at cell surface 
would cause decreased viral binding, decreased intracellular 
vimentin would decrease viral replication and less vimentin in 
inflammatory cells would cause decreased lung inflammation. 
Melatonin, niclosamide, endogenous hydrogen sulfide and 
simvastatin are a few of the medications that have been 
suggested to decrease lung injury through their effects on 
vimentin (2,38).
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Anti-HIV Therapy

Vimentin expressed in monocytes is important for maintaining 
cell structure. Since vimentin is broken down by HIV-I proteases, 
vimentin is postulated to have a role in HIV infection. Anti-
vimentin antibody has been associated with inhibition of virus 
production by macrophages. It was also reported that viral 
infectivity factor, which is linked with the processes of viral RNA 
folding and packaging, had a spatial overlap with vimentin and 
could collapse the vimentin framework (28,39-41). Modification 
of endogenous vimentin levels inhibited HIV replication. 

Wound Healing

Wound and tissue healing needs cell motility and adhesion. 
Vimentin causes an increase in fibroblast and collagen formation 
and helps in epithelialization of wounds (26). Vimentin acts by 
influencing the actin-myosin machinery, which is an important 
factor for wound healing but its exact mechanism of action has 
not yet been elucidated (26).

Atherosclerosis

Diseases of the cardiovascular system may also be associated 
with increased vimentin levels. Cells of the cardiovascular 
system have the capacity to differentiate into mesenchymal-like 
cells in a manner similar to the EMT observed with increased 
vimentin levels. Atherosclerosis has been associated with 
increased vimentin due to EMT. Vimentin null mice have been 
associated with arterial stiffness and endothelial abnormalities 
(42).

Cataracts

Clouding of the lens of the eye is termed as cataract. 
Normally, the epithelial cells in the lens show a low expression 
of vimentin. Cataracts are associated with misfolding and 
increased expression of vimentin. This increase in vimentin may 
be due to mesenchymal transformation of the epithelial cells 
of the lens. Although all cases of cataract may not be a result 
of EMT, EMT may be one of the causes of lens opacification. 
EMT suppression may thus have potential in the treatment of 
cataracts (20).

Aging

Vimentin has been implicated in cell senescence. Senescent 
cells have an increase in vimentin levels and secrete an oxidized 
form of vimentin. The glycated form of vimentin is seen in skin 
fibroblasts and is implicated as a sign in skin aging (20).

Ongoing Research

Vimentin is an important subject of ongoing research with 
1,684 publications in ‘PubMed’ within the last one year. Recent 
research has focused on vimentin as a prognostic marker in 
various cancers, its role in tumor invasion, metastasis and as a 
potential target in cancer treatment (23). Anti-vimentin antibodies 

have been implicated in kidney transplant rejection (43). Its 
scope as a therapeutic target in viral infections is also being 
investigated (2). Most recently, vimentin has been proposed as 
a target in the treatment of COVID-19 (38).

Future Scope

Vimentin is an important protein in cancer metastasis. Drugs 
aiming at targeting vimentin could decrease cancer metastasis, 
thereby decreasing cancer related mortality. A multitude of 
factors are responsible for regulating vimentin expression in 
tissues. A valid drug trial therefore requires further research 
into the factors responsible for gene expression of vimentin 
(10). Due to its widespread expression in normal and abnormal 
tissues, it is an attractive potential therapeutic target for many 
disease conditions.

Conclusion 
Vimentin is a crucial biomarker for the detection of many 

conditions with a wide range of biological functions. It is 
associated with increased growth, invasion and migration 
in cancer cells. It is used as a biomarker in both diagnosis 
and prognosis in various cancers. Further, overexpression 
of vimentin is also associated with other conditions like RA, 
potentially malignant oral disorders and delay in wound 
healing. The main process through which it regulates the above 
functions is through EMT. Various factors are associated with 
the functional diversity of vimentin and if we understand the 
association between various quantifiable biological phenomena, 
it will increase treatment options. Vimentin has potential as a 
drug target for many diseases. However, further research into 
factors affecting vimentin expression is essential prior to drug 
trials. 
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