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ABSTRACT

Background: The global burden of cancer is escalating, with millions of individuals diagnosed and succumbing to the dis-
ease each year. Early detection is crucial for improving patient outcomes, yet many cancers are identified at advanced stages.
Vimentin (VIM) has emerged as a promising biomarker with significant diagnostic and prognostic potential.

Materials and methods: This study investigates VIM expression and promoter methylation across various cancers using
The Cancer Genome Atlas (TCGA) datasets. Additionally, we analyze protein-protein interactions and mutation frequencies
using advanced bioinformatics tools.

Results: Our findings reveal that VIM is overexpressed in seven cancer types, including cholangiocarcinoma, glioblastoma
multiforme, and breast invasive carcinoma. Notably, VIM expression is correlated with promoter methylation in specific can-
cers. Furthermore, we identify complex protein interactions involving VIM, highlighting its role in critical cellular processes
such as proliferation and apoptosis.

Conclusion: These insights emphasize Vimentin's multifaceted role in cancer, suggesting its potential as both a therapeutic
target and a diagnostic marker.
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Introduction

The vimentin gene (VIM) is a single-copy
gene located on the short arm of chromosome 10
(10p12) [1]. VIM encodes for a 57 kDa polypeptide,
vimentin (VIM): one of the most widely expressed
and highly conserved proteins of the type III inter-

mediate filaments (IFs) protein family. Vimentin is
expressed in many different tissues and its expres-
sion level varies between cell types. The data from
the Human Protein Atlas show that human organs,
such as ovaries, breasts, lungs, and bone marrow, are
characterized by increased VIM expression, while
limited gene expression is observed in the stomach,
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rectum, and liver [2]. Increased level of the VIM
was also shown in activated macrophages, in con-
trast to limited expression of vimentin in T and B
lymphocytes and a lack of its expression in Burkitt’s
lymphoma cell lines [3].

The primary biological function of vimentin is to
maintain cellular integrity and provide resistance
to cellular stress [4]. Moreover, vimentin may form
a complex with cell signaling molecules and other
adaptor proteins [5]. The protein forms networks
around the cell nucleus and extends to the entire
cytoplasm, creating a scaffold for cell organelles
[6]. The cellular localization of vimentin is directly
related to its function. The VIM is a multifunction-
al protein that interacts with many other proteins.
Thus, it acts as a regulator of a number of physio-
logical processes [7].

There has been growing evidence that during
pathological conditions such as tissue injury, in-
flammation, or cancer progression, vimentin could
also be localized outside a cell [8]. It has been
proved that outside the cell vimentin might be
identified in two different forms: as a protein at-
tached to the outer cell surface as well as a protein
secreted to the extracellular space [9]. The function
of extracellular vimentin is mainly correlated with
immune processes, such as weakened immune re-
sponse activity or bacterial elimination. It is also
linked to cancer progression-related processes
such as cell migration, proliferation, adhesion, or
cell apoptosis [10].

Overexpression of vimentin was reported in
a variety of epithelial neoplasms, including pros-
tate, gastrointestinal, central nervous system,
breast, malignant melanoma, lung, and other can-
cer types. The VIM is also expressed in many hor-
mone-independent mammary carcinoma cell lines
[3, 11]. The gene transcriptional activity in cancer
correlates well with increased tumor growth, inva-
sion, and poor prognosis [12]. Moreover, vimentin
has been shown to be an essential factor involved
in the epithelial-mesenchymal transition (EMT). It
controls the changes in cell shape occurring during
EMT and, thus, it is strongly associated with cell
invasion and poor tumor prognosis [12]. A grow-
ing body of evidence indicates that vimentin also
controls cell proliferation [13]. Extensive research
in vimentin-deficient animal models (vim ™™ mice)
showed that loss of vimentin caused a reduction in
fibrosis and the mesenchymal phenotype of cells

(e.g., in cholangiocytes), which could be reversed
upon VIM re-expression [14, 15].

Expression of vimentin is regulated by the oncop-
roteins such as simian virus40 T-antigen (SV40T),
proto-oncogene (c-Myc), and Cyclin E increase,
which leads to promoting the collapse of the vi-
mentin intermediate filament network [16].

Additional evidence suggests that vimentin
may help to diagnose autoimmune disorders (e.g.,
Crohn’s disease), viral infections [e.g., human im-
munodeficiency virus (HIV)], and severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2)
[17-20].

Since VIM, among other cancer-related pro-
cesses, is linked with cancer cell invasion and thus
poor tumor prognosis, the evaluation of the VIM
expression in normal and cancer tissues can be
of considerable value in tumor diagnosis and dis-
ease progression. Therefore, in the present study,
we comprehensively analyzed the VIM expression
and its promoter methylation in different cancer
types using The Cancer Genome Atlas (TCGA)
UALCAN database [21, 22].

Additionally, to reveal the potential mecha-
nism of the VIM action in cancers, we investigated
the functional network of the vimentin partners
using GeneMANIA, the protein-protein inter-
action using the Search Tool for the Retrieval of
Interacting Genes (STRING), and mutation fre-
quency by cBioPortal interactive online tool.

Materials and methods

Analysis of VIM mRNA expression levels
in distinct types of human cancers using
UALCAN web portal

UALCAN is an interactive online web portal
of genomics data from The Cancer Genome Atlas
(TCGA) (http://ualcan.path.uab.edu/index.html)
[21-24]. This platform allows selected genes’ ex-
pression to be analyzed and compared with clinical
data. The UALCAN portal enables the comparison
of the relative expression of selected genes in can-
cer and normal, non-tumorous samples. Moreover,
it provides data on the patient’s gender, age, body
weight, race, and many clinicopathological features
such as patient survival or individual cancer stages.

In this work, the expression of the gene encod-
ing for VIM was analyzed in 19 out of 33 types of
cancer accessible at the TCGA UALCAN portal.
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Only 19 types of cancer possess complete and de-
tailed information on VIM expression, including
the gene promotor methylation and gene alteration
status. Thus, only these 19 types of cancer were
further analyzed. Thus, in our study, we analyzed
the expression level of VIM in 19 cancer types,
including bladder urothelial carcinoma (BLCA),
breast invasive carcinoma (BRCA), cholangiocar-
cinoma (CHOL), colon adenocarcinoma (COAD),
esophageal carcinoma (ESCA), glioblastoma mul-
tiforme (GBM), head-and-neck squamous cell car-
cinoma (HNSC), kidney renal clear cell carcino-
ma (KIRC), kidney renal papillary cell carcinoma
(KIRP), liver hepatocellular carcinoma (LIHC),
lung adenocarcinoma (LUAD), lung squamous cell
carcinoma (LUSC), pancreatic adenocarcinoma
(PAAD), pheochromocytoma and paraganglioma
(PCPG), rectum adenocarcinoma (READ), sar-
coma (SARC), stomach adenocarcinoma (STAD),
thyroid carcinoma (THCA), thymoma (THYM).
Moreover, we analyzed whether overexpression
of VIM in those types of cancer is associated with
gene promoter methylation.

All values of VIM expression are presented as
transcripts per million (TPM) — a normaliza-
tion method for RNA-seq representing the rela-
tive abundance of a gene or transcript in a sample.
TCGA level 3 RNASeq V2 data corresponding to
both normal tissue and primary tumor samples are
presented as a box-and-whisker plot generated by
the website tools.

The significant differences in the gene expression
between primary tumor (according to clinical stag-
es) and normal tissue were analyzed by StatView
(SAS Institute, Cary, NC, USA). The student’s t-test
was used to calculate the level of statistical signifi-
cance (p-value). The statistical significance of ob-
served expression patterns is presented as p-values
(p < 0.05). The data are presented using figures
showing the interquartile range (IQR), and the me-
dian, minimum, and maximum values.

Analysis of VIM promoter methylation
using UALCAN web portal

The UALCAN web portal was used to analyze
and compare VIM promoter methylation pat-
terns in normal tissue and primary tumor samples.
The methylation level, ranging from 0 (unmethyl-
ated) to 1 (fully methylated) was estimated using
the beta-value, which is the ratio of the methylated

probe intensity to the sum of methylated and un-
methylated probe intensity.

The boxplots were generated using the UALCAN
web portal and represented the mean of beta-val-
ues from eight CpGs, including cgl10790685,
€g26306372,cg20198108, cg05151811, cg06460869,
cg02236650, cg19111999, and cg23821329, located
up to 1500 bp upstream of the VIM transcription
start site (T'SS200, TSS1500).

Differentially methylated promoters were iden-
tified based on statistical (Students t-test<0.05)
and biological (methylation level difference
(AB-value) between the groups equal or higher
than 0.05) thresholds.

Analysis of VIM networks using
GeneMANIA and STRING web portal
The gene functional interactions of VIM were

predicted using GeneMANIA analysis (http://www.
genemania.org) [33, 67]. This online tool allows
visualization of gene networks through bioinfor-
matics methods, such as physical interaction, gene
co-expression, gene co-localization, and gene en-
richment analysis. Functional protein partners
for VIM were identified using the Search Tool for
the Retrieval of Interacting Genes (STRING) (ver-
sion 11.0) analysis web portal (https://string-db.
org/) [68]. The score of the minimum required in-
teraction was medium confidence (0.4).

Analysis of VIM mutation in cancer using
cBioPortal

Analysis of VIM nonsynonymous mutations in
cancer genomes was performed using the cBioPor-
tal for Cancer Genomics (https://www.cbioportal.
org/) online platform [69]. cBioPortal collects NGS
data and allows complex bioinformatics analyses to
be performed, as well as generates graphical sum-
maries showing the mutation status of selected
genes. The graphical representation of VIM gene
mutation analysis constitutes colored plots indicat-
ing mutations, fusions, amplifications, deep dele-
tions, and multiple alterations.

Results

Complete and detailed information on VIM
expression, including gene promoter methylation
and gene alteration status, is available for nineteen
out of thirty-three types of cancer accessible at
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Figure 1. Heatmap for VIM expression (A) and VIM promoter methylation (B) across the studied The Cancer Genome Atlas
(TCGA) samples. Low values of VIM expression/promoter methylation are represented by blue color, while high values

of the studied parameters are indicated by red color

the TCGA UALCAN portal. Based on these data,
a detailed analysis was conducted, and a heat map
was plotted for VIM expression (Fig. 1A) and VIM
promoter methylation (Fig. 1B). Overexpression
of the VIM was found in 7 cancers: CHOL, GBM,
HNSC, KIRC (Supplementary File — Fig. S1A, C,
E, G), KIRP, liver hepatocellular carcinoma (LIHC),
and PCPG (Supplementary File — Fig. S2A, C, E).

On the other hand, the expression of the VIM
has significantly lowered in BLCA, BRCA, COAD,
LUAD, LUSC, and READ (Supplementary File
— Fig. S3A, C,E, G, I, K).

In ESCA, PAAD, SARC, STAD, THYM,
and THCA no significant differences in the VIM
expression between cancer tissues and normal tis-
sues were observed.

From the TCGA database, we further retrieved
a dataset containing complete information on
the VIM expression, and its promoter methylation.
These data are presented in Table 1.

It has to be noted that the analysis for BRCA
(n = 1097) was performed on the highest number
of primary tumor samples, in contrast to CHOL
(n =36), where the number of samples was the low-

est. The highest median of the VIM transcript was
found for GBM (3474.583), and the lowest for
LIHC (142.187) (Tab. 1).

Further, we analyzed a correlation of the VIM
expression with clinicopathological features of 19
cancers in the UALCAN database (Supplementary
File — Figures S1-3).

Analysis of the VIM expression in cancer tis-
sue as a function of gender showed significant
differences between males and females in the case
of BRCA, GBM, KIRC, LUAD, LUSC, PAAD,
and THCA (p-values: 4.6 x 10-3, 4.0 x 10-2,
3.8 x 10-2, 4.3 x 10-2, 3.9 x 10-2, 4.7 x 10-2,
and 3.6 x 10-2, respectively; Supplementary File
— Figure S4). The TPM level of the VIM expres-
sion was higher for females in BRCA, GBM, LUAD,
LUSC, and PAAD cancers. In KIRC and THCA,
expression of the VIM was significantly elevated in
males.

Elevated VIM expression was correlated with in-
dividual cancer stages (Supplementary File — Fig.
S5). In the case of CHOL, HNSC, KIRC, and LIHC
statistically increased levels of gene expression
were observed in all cancer stages (stage from 1 to
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4) in comparison to normal tissues (with one ex-
ception noted for stage 3 of one sample of CHOL).
The VIM expression in individual cancer stages
of GBM and PCPG was not analyzed because of
the lack of adequate data in the UALCAN database.

We further investigated the differences in meth-
ylation of the VIM gene promoter between cancer
and normal samples in all analyzed types of can-
cers (Table 1; Supplementary File — Fig. S1-3). We
identified significant methylation differences (see
Methods for details) for six cancers: BLCA, BRCA,
CHOL, KIRC, KIRP, and PCPG (Supplementary
File — Fig. S3B, S3D, S1B, S1H, S2B, S2F). The ex-
pression level of the VIM in those cancers was sig-
nificantly different between the studied groups,
suggesting a biological function of methylation in
gene expression regulation. However, considering
that the expression level of a gene is at least to some
instances inversely correlated with promoter meth-
ylation, only in the case of KIRC, KIRP, BLCA,
and BRCA cancers methylation and expression of
the VIM were associated [29-32]. Thus, although
in some cancer types methylation may regulate

the expression of VIM, the involvement of regula-
tion by mechanisms other than methylation must
be considered.

We also investigated the potential effect of VIM
gene expression level on patients’ survival (data not
shown). No potential effect of vimentin on patient’s
survival was indicated.

To explore the interactive functional associa-
tion among VIM and genes related to its biological
functions in cancer, the GeneMANIA analysis was
performed [33]. As vividly shown in the Figure 2A,
the central node representing VIM was surrounded
by 20 nodes representing the genes that were found
to be related with VIM in many biological process-
es such as physical interaction, co-expression, pre-
dictions, co-localization, and genetic interactions.
The results of the analysis suggested that the VIM
gene interacts with the SERPINHI1, which plays
a crucial role in collagen biosynthesis as a colla-
gen-specific molecular chaperone. The VIM was
also predicted to have a significant association
with desmin (DES), titi-Cap (TCAP), titin (TTN),
nebulin (NEB), and tropomodulin-1 (TMOD1).
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Figure 2. Protein-protein interaction (PPI) network of vimentin. A. GeneMANIA analysis with the VIM placed at the center
of the diagram. The different colors of network edges indicate the bioinformatics methods applied: physical interaction,
co-expression, prediction, co-localization, pathway, genetic interaction, and shared protein domains; B. Search Tool

for the Retrieval of Interacting Genes (STRING) analysis of the VIM. Interacting nodes are displayed in colored circles;

C. Copy number alterations of the VIM genes and cancer subtypes according to cBioPortal. All abbreviations are listed in

the dedicated subsection at the end of the document
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Moreover, the VIM is co-expressed with caspase-6
(CASP6), serpin H1 precursor (SERPINHI),
and TTN.

Further examination with the Search Tool for
the Retrieval of Interacting Genes (STRING) da-
tabase allowed the identification of the direct pro-
tein-protein interaction (PPI) network between vi-
mentin and 10 different proteins (Fig. 2B). The VIM
as the center node was associated with: proteins re-
sponsible for apoptosis execution (CASP3, CASP7,
and CASP8), protein involved in intermediate fil-
aments organization — fascin (FSCN1), regulator
of mitosis aurora kinase B (AURKB), signal trans-
ducer and activator of transcription 3 (STAT3),
DES as well as RAC-alpha serine/threonine protein
kinase (AKT1), heat shock protein HSP90-alpha
(HSP90AA1), and transitional endoplasmic reticu-
lum ATPase (VCP). The line thickness (Fig. 2B) in-
dicates the strength of data support from the sourc-
es of text mining and experiments with a cut-off
value of medium confidence (0.4) The PPI enrich-
ment p-value was 0.004.

To establish the frequency of the VIM muta-
tions in different cancer types, the cBioPortal data-
base was utilized (Fig. 2C). This analysis included
1084 samples of different tumor types deposited in
this database. The highest occurrence of the gene
alterations was found in BLCA (4.87%) and endo-
metrial carcinoma (4.44%), while the lowest fre-
quency (0.57%) was found in renal carcinoma.
Endometrial carcinoma presented the most
heightened number of mutations (3.24%), in con-
trast to diffuse glioma, which had the lowest num-
ber of mutations (0.19%). Ovarian epithelial tu-
mor showed the highest amplification of the VIM
(2.91%), whereas the lowest value was revealed
in non-small-cell lung cancer and HNSC (0.19%
for both). In nonseminomatous germ cell tumor,
the VIM alterations appeared only in the form of
a deep deletion (1.16%). Interestingly, in adreno-
cortical carcinoma, an equal frequency of muta-
tions and deep deletions was observed (1.1% for
both alterations).

Discussion

Decades of research attempting to impinge on
the so-called hallmarks of cancer led to the devel-
opment of adequate strategies for cancer diagnostic
and targeted therapies. The differences observed in

every type of cancer highlight the importance of
individualized treatment approaches.

In the tumor metastasis process, the most piv-
otal steps are based on degrading cell-cell junc-
tions and the cell matrix, activating pathways that
control the cytoskeletal reorganization of cancer
cells’ microenvironment. The proteins involved
in the development of tissue microenvironments,
such as e-cadherin, beta-catenin, and vimentin,
seem to be sufficient for tumor cells to metasta-
size. The presence of these proteins, specific tu-
mor microenvironments, can change and maintain
the cells’ plasticity and motility and their related
function (survival, migration, and proliferation).

There has been growing interest in the biological
function of vimentin lately [13, 17-19]. As a mul-
tifunctional protein, vimentin is differentially ex-
pressed in diverse cell types. Thus, it may play a tis-
sue-specific function.

A study on knockout mice (vim ") proved that
a lack of vimentin or destabilization of the vimen-
tin network enhances lamellipodia formation in
all directions without net cell displacement [25].
Therefore, vimentin as the protein involved in a cy-
toskeleton rearrangement, may play a role in the ac-
quisition of invasive phenotype of cancer cells.

To verify the hypothesis that vimentin is in-
volved in cancerogenesis, we analyzed the expres-
sion of the VIM gene in different cancer types using
such databases as TCGA UALCAN, GeneMANIA,
STRING, and cBioPortal.

Only 19 out of 33 types of cancer accessible at
the TCGA UALCAN portal possess complete
and detailed information on the VIM expression,
including the gene promoter methylation and gene
alternation status. Thus, the study, for the first time,
comprehensively analyzes and demonstrates over-
expression of the VIM in those 19 types of cancer.
The analysis of these records and comparison of
healthy and cancerous tissues revealed overexpres-
sion of the VIM in seven out of 19 cancers. Cancers
characterized by the increased level of the VIM
include CHOL, GBM, HNSC, KIRC, KIRP, LIHC,
and PCPG.

This high transcriptional activity of the VIM was
observed in every stage of the disease, in the case of
CHOL, HNSC, KIRC, KIRP, and LIHC cancers. On
the other hand, decreased expression of the VIM
was reported for six types of cancers, namely
BLCA, BRCA, COAD, LUAD, LUSC, and READ.
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For the remaining six cancers, ESCA, PAAD,
SARC, STAD, THYM, and THCA, no statistical
significance of VIM expression was observed.

Moreover, analysis of individual cancer stages
among the groups showed that in CHOL, HNSC,
KIRP, and LIHC, the VIM expression was extremely
high in the early stage of the disease. While in KIRC
the expression of VIM was increased and stayed at
the same level in all stages of the disease. These
findings imply that the analysis of the VIM expres-
sion can be used as a diagnostic biomarker of a se-
lected cancer. The VIM expression in early breast
and its role in the early diagnosis of cancer has been
shown before [26, 27]. Our study does not confirm
those results. Still, we agree that VIM might be
a valuable marker to diagnose tumor cells and our
findings may be useful for scientists working on
personal medicine development.

Numerous studies propose the VIM promoter
methylation status as a diagnostic biomarker in
multiple cancers, including bladder cancer [28],
breast cancer [29], cervical cancer [30], colorec-
tal cancer [31, 32], and epithelial ovarian cancer
[33], as well as a prognostic biomarker in e.g.
pancreatic cancer [34]. Thus, in this study, we
also investigated the VIM promotor methylation.
The performed analysis showed that overexpres-
sion of the VIM may be the result of the loss of
gene promoter methylation, as was revealed
in the case of KIRC and KIRP, and opposite,
the lower VIM expression may be associated with
a gain of the gene promoter methylation, as was
observed in case of BLCA and BRCA. We con-
firmed hypermethylation of the VIM promoter
compared to normal samples in the case of BLCA
and BRCA. The promoter was also hypermethyl-
ated in cholangiocarcinoma, pheochromocyto-
ma, and paraganglioma. We also observed sig-
nificant hypomethylation of the gene promoter
in both kidney carcinomas. For BLCA, BRCA,
KIRC, and KIRP cancers change in methylation
corresponded with changes in the expression lev-
el of the gene. The differences in VIM methylation
levels between studied cancers suggest the impor-
tance of these mechanisms in the different cancer
types of pathogenesis. However, due to the fact
that not for all types of cancers methylation status
corresponded to changes in the VIM expression
levels, there are probably other mechanisms in-
volved in the gene regulation.

The functional analysis of the VIM expression in
cancer using GeneMANIA and STRING indicates
the potential direct and/or indirect relations be-
tween other genes associated with VIM-mediated
cancerogenesis. The GeneMANIA analysis re-
vealed interactions between the VIM and genes
involved in the cytoskeletal matrix [NEB, dystro-
phin (DMD), periplakin (PPL)] and genes associ-
ated with muscle functioning (TTN, TCAP, DES)
[35-37]. The VIM was co-expressed with NEB,
TMOI1, CASP6, and SERPINH 1, which plays a cru-
cial role in collagen biosynthesis as a collagen-spe-
cific molecular chaperone. These genes which are
strongly related to the VIM may be used as a di-
agnostic biomarker for cancer (independently or
as a panel). Operating more than one marker for
a given tumor may be more costly but provides
more confidence in diagnosing. In fact, overexpres-
sion of SERPINH]I or P21(RAC1) activated kinase
1 (PAK1) has previously been proposed to be useful
in some types of cancer diagnosis [38, 39].

The protein-protein interactions play diverse
roles in cancer biology. The analysis of protein-pro-
tein interactions by the STRING database con-
firmed that vimentin is directly involved in a range
of interactions, and thus biological processes.
Proteins that interacted with VIM can be catego-
rized into three distinct clusters. The first contains
CASP3, CASP7, and CASP8 proteins related to
creating death-inducing complex. The second con-
sists of filament proteins: DES, VCP, and AURKB,
and the function of this cluster is correlated with
its members’ functions. These proteins are engaged
in cell cycle control, intermediate filament network
structure, and function. The last cluster collects
proteins mainly involved in cytokine-induced sig-
naling pathways and signal transduction (AKTI,
FSCN1, HSP90AAL, STAT3).

The results of both GeneMANIA and STRING
analysis indicate that the VIM together with its pro-
tein partners is related to many cellular functions
including cell organization, proliferation, migra-
tion, and cell death processes, regulating oncogen-
esis. Thus, the identified protein partners predicted
to directly interact with the VIM might be involved
in regulating cancer progression and prognosis.

The overexpression of the VIM documented
in numerous cancer-related studies indicates that
the gene expression may also be directly linked
to cancer aggressiveness, however, depending on
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the cancer type, different mechanisms underlying
vimentin's contribution action may be observed
[40, 41]. Overexpression of the VIM in LIHC cells
has been shown to suppress their proliferative
and invasive capabilities [42]. In stomach cancer,
VIM overexpression is correlated with a signifi-
cantly higher incidence of lymph node metasta-
sis [43]. Moreover, the enhanced expression of
the VIM in colorectal cancer is positively correlat-
ed with expanded migration and invasive potential,
which seems to allow cancer cells to infiltrate into
surrounding tissues and create a specific microen-
vironment [44].

Furthermore, elevated VIM expression has
been reported in lung cancer [25], especially in
non-small-cell lung cancer, in which the VIM has
been shown to be a prognostic factor of poor sur-
vival [45]. Moreover, the VIM overexpression in
breast cancers is correlated with increased invasion
and promotion of epithelial cell migration [46, 47].
Finally, silencing of the VIM in cisplatin-resistant
ovarian cancer cell lines A2780-DR and HO-8910
increased the expression levels of exocytotic pro-
teins, which have been proposed as a new thera-
peutic target for treating drug-resistant ovarian
cancer [48].

Recent studies showed that vimentin could play
a crucial role in cancer development and subse-
quent reaction of the immune system. It is sug-
gested that vimentin is involved in the apoptosis
of neutrophils and lymphocytes [49, 50]. Thus,
the possible role played by vimentin may be more
complicated than we assume. Future studies inves-
tigating the VIM expression and action are need-
ed to reveal the protein’s importance and its use as
a target in anticancer therapy.

We are aware that our research has some limita-
tions, typical for bioinformatic analysis. The most
important of them is linked with the limited num-
ber of data, especially in the case of noncancer-
ous samples providing controls for CHOL, ESCA,
GBM, PAAD, PCPG, and THYM. This problem
might affect the statistical significance calculator,
especially if more normal tissues’ samples were
available for the VIM expression analysis. The sec-
ond limitation is the lack of wet lab experiments,
which could confirm the conclusions of bioin-
formatic analyses. The third one is the fact that
the data obtained from the TCGA UALCAN did
not allow for extracellular VIM expression eval-

uation, which may have some diagnostic value.
Also, due to differences in the databases, we can-
not compare cBioPortal analysis with the TCGA
database. It must also be mentioned that this anal-
ysis was completed using current TCGA bioinfor-
matics tools rather than performing a new analysis
of the raw TCGA data. Still, we believe that these
analyses bring important information that may be
useful in the evaluation of the VIM expression in
specific types of cancer.

Further study is required to confirm the clini-
cal importance of the VIM, especially as a poten-
tial diagnostic biomarker. Several experimental
approaches can be used to validate the bioinfor-
matic findings derived from the TCGA dataset.
Quantitative PCR (qPCR) can be used to confirm
differential gene expression patterns observed in
the analysis, providing accurate quantification at
the mRNA level. Western blotting offers the po-
tential to validate changes in protein expression
corresponding to the identified genes, ensuring
that transcriptional differences are translated to
the protein level. In addition, CRISPR/Cas9 gene
editing could be used to investigate the functional
role of specific genes in the context of the observed
abnormalities, further corroborating the bioinfor-
matic predictions. Taken together, these methods
provide a robust validation of the computational
findings and strengthen the overall conclusions of
the study.

A promising avenue for future research is to ex-
plore the therapeutic targeting of VIM (vimentin)
in cancer treatment. The development of small mol-
ecule inhibitors or RNA-based therapies that spe-
cifically target VIM may provide new avenues for
intervention. In addition, investigating the role of
VIM in cancer cell migration, invasion and metas-
tasis may provide critical insights into its function
in tumor progression. Preclinical studies evaluat-
ing the efficacy of VIM-targeted therapies, par-
ticularly in combination with existing treatments,
may improve therapeutic outcomes and offer novel
strategies to combat cancer.

Conclusions

Personalized medicine is an emerging practice
that allows treatment strategies. Therapies based
on a translational medicine approach are dedicated
to cancer patients, even those who undergo radi-
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cal resection surgery. While milestones have been
achieved during the last decades for several cancer
types, some cancers still comprise features limiting
the effectiveness of treatment. Vimentin expres-
sion dynamics, intricately linked with gene pro-
moter methylation, unveil a compelling narrative
in cancer diagnostics. Particularly noteworthy is
its pronounced overexpression in select malignan-
cies such as cholangiocarcinoma, head-and-neck
squamous cell carcinoma, kidney renal clear cell
carcinoma, kidney renal papillary cell carcinoma,
and liver hepatocellular carcinoma. Our investiga-
tion unravels a rich tapestry of interactions between
vimentin and a cadre of protein partners, including
DES, NEB, TCAP, SERPINH1, and FASCNI, un-
derscoring its pivotal role in orchestrating diverse
cellular processes. Yet, the clinical significance of
vimentins expression and functionality in cancer
demands further scrutiny, paving the way for fu-
ture research endeavors to illuminate its therapeu-
tic potential.
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