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Background: The stiffness of the extracellular matrix (ECM) controls many cellular processes, such as migration and differentiation.
Cells detect stiffness through adhesion structures termed focal adhesions (FAs). Vinculin, an actin-binding FA protein, plays a pivotal
role in FA-mediated mechanotransduction.

Aim: This study aimed to explore the role of vinculin in the development of HBV/HCV-induced hepatocellular carcinoma (HCC).
Methods: Vinculin levels in a total number of 100 serum samples from patients with HBV/HCV-induced liver cirrhosis and HCC, as
well as healthy controls, were analyzed using an enzyme-linked immunosorbent assay (ELISA).

Results: In patients with HCC and liver cirrhosis, the serum vinculin levels were significantly greater than in controls (503.8+242.2
and 728.4+1044.8 vs 77.7436.1 respectively, p<0.001). However, results showed no link between serum vinculin and the clinico-
pathological features of HCC.

Conclusion: Patients with HBVor HCV-induced liver cirrhosis and HCC have significantly higher serum levels of vinculin
than do controls. This might point to a potential role for vinculin in the development of HCC. More research into how this
protein affects the development of HCC at the molecular level could lead to better clinical treatments and the development of
new molecular therapies.
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Introduction

Hepatocellular carcinoma (HCC) is a kind of liver cancer that mostly affects people with chronic liver disease and
cirrhosis. HCC morbidity has increased in recent decades, and it now ranks second only to lung cancer in terms of
national mortality. The fact that tumor cells are prone to being invasive and metastatic, which is started by tumor cell
migration, is one of the main contributing factors to the high mortality rate. As a result, blocking tumor cell migration
and metastasis might pave the way for cancer therapy.'

Researchers in the field of biology have recently discovered that the microenvironment around a tumor is crucial
to its development, invasion, and spread.' Several different cells, cytokines, growth factors, and other proteins make
up the complex microenvironment.> Extracellular matrix (ECM) proteins are the most plenteous non-cellular solid-
state component in the microenvironment of a tumor. They keep the three-dimensional shape of tumor cells and
tissues, and their biochemical effects on tumor cell invasion and metastasis are documented.” * Matrix stiffening is
a solid tumor’s most noticeable mechanical and physical feature. This is mostly caused by the excessive amounts of
extracellular matrix proteins that are deposited and crosslinked.”°

Mechanical stiffness has the potential to disturb the equilibrium of cellular surface force, leading to the clustering of
integrins and the creation of focal adhesions, that carry signals from the external matrix into the cells and subsequently
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influence their biological phenotypes and features, like cell shape, growth, and differentiation.” '° It also influences cell
migration by remodeling the cytoskeleton.''

Clinical evidence has shown that most cases of hepatocellular carcinoma originate in fibrotic or cirrhotic livers and
that individuals with more advanced cirrhosis are more likely to have lower median survival times.'>'? Increased hepatic
stiffness promotes the growth and progression of hepatocellular carcinoma and also predicts a considerable risk of
negative outcomes. So, the stiffness of the liver matrix may be a key factor in how and where a tumor grows.'*'> With
the help of actomyosin-generated forces, cells pull on the ECM and sense stiffness through structures called focal
adhesions (FAs) that hold the cell to the ECM.'®

Vinculin, which is an actin-binding FA protein, has recently been identified as a key participant in FA-
mediated mechanotransduction. Vinculin is widely expressed and concentrates on cell-ECM and cell-cell interac-
tions. It has an N-terminal head (Vh), a C-terminal tail (Vt), and hinge domains. Vinculin’s ability to bind to and
crosslink F-actin makes it essential for cytoskeleton remodeling. When bound to F-actin, Vt reveals cryptic
homodimerization sites and bundles actin filaments.'” ' Vinculin gene expression and protein expression in non-
muscle cells are correlated, and higher matrix stiffness promotes the binding of Vt and F-actin, which influences
cells’ mechanotransduction and stimulates cytoskeleton remodeling.'®

Many studies have shown that cells with less vinculin expression are more likely to spread to other parts of the body
and are strongly linked to how aggressive a tumor is.>* %2

CD147 is implicated in vinculin-mediated focal adhesion creation, which then promotes cytoskeleton reorganization
to allow human HCC cells to invade and migrate.” It has been found that patients with HCC who had increased CD147
levels in their serum and/or tumor tissue had a worse prognosis.”* However, measurement of serum vinculin has not been
done in HCC patients.

The present study aimed to explore the role of vinculin in the development of HBV/HCV-induced HCC by assessing
its concentrations in the blood of patients who had liver cirrhosis and/or HCC. Also, to look for any link between the
levels of vinculin in the blood and the clinicopathological features of HCC.

Subjects and Methods

Subjects
The study was conducted in the period from May 2021 to March 2022 and included 100 participants, distributed
as 51 hepatitis virus-related hepatocellular carcinoma (HCC), 24 hepatitis virus-related cirrhosis patients, and 25
healthy control subjects. Patients were selected from inpatients and outpatients of Menoufia University Hospital.
Patients over the age of 18 who had liver cirrhosis and/or a primary HCC diagnosis from either a histology
exam or two dynamic imaging studies were eligible for the study. Patients who had other types of cancer, as well
as patients who had previously been treated for chronic hepatitis or HCC, were excluded from participation in the
study.

Methods

HCC diagnosis was documented by radiological findings in ultrasonography (US), computerized tomography
(CT), magnetic resonance imaging (MRI), and serum alpha-fetoprotein (AFP).>> The diagnosis of liver cirrhosis
was made based on the patient’s medical history, as well as the results of a clinical exam, blood tests, and
radiological imaging. All subjects in the study had tests for HBV and HCV infections, liver function tests, a full
blood picture, and AFP. The clinical and laboratory data for each patient were looked at, and the Child-Pugh score
and BCLC stage were figured out.

Serum Vinculin (VCL) Level
Serum VCL level was assayed using Elabscience Human VCL (Vinculin) ELISA Kit, Cta No: E-EL-H1795,
Elabscience Biotechnology Inc. USA.
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The kit utilizes the Sandwich-ELISA idea. A Human VCL-specific antibody is pre-coated on the ELISA
microplate included in this kit. Following the addition of the standards and samples, the specific antibody was
mixed into the wells of the microplate. The next step was to add a biotinylated detection antibody specific for
Human VCL and an Avidin-Horseradish Peroxidase (HRP) conjugate to each microplate well and then incubate
the plate, then wash to remove free components. In each well, the substrate solution was thereafter added. The
only wells that displayed blue coloration were those that included Human VCL, biotinylated detection antibody,
and Avidin-HRP conjugate. By adding a stop solution, the enzyme-substrate reaction was stopped, and the color
changed to yellow. At a wavelength of 450 nm, the optical density (OD) was measured spectrophotometrically.
The value of the optical density (OD) is directly related to the amount of human VCL present. By comparing the
OD of the samples to the standard curve, the concentration of Human VCL in the samples was determined.

Statistical Analysis

The mean and standard deviation were used to report the quantitative data. For normally distributed variables,
data were compared by the Student #-test (between every two groups) and the Anova test (among the three
groups). For abnormally distributed variables, data were compared using the Mann—Whitney test. Qualitative data
were compared using the chi-square test. Correlation studies were done using the Spearman coefficient. P < 0.05
was considered significant.

Ethics

This study was approved by the ethical committee of the Faculty of Medicine, Menoufia University, and conducted in the
context of the Helsinki Declaration 1975 as revised in 1983. All participants provided verbal informed consent, which
was acceptable and approved by the ethical committee of the Faculty of Medicine, Menoufia University.

Results
Assessment data for 51 viral-related HCC, 24 viral-related liver cirrhosis,and 25 controls were presented in Table 1

There was a significant difference among the three study groups regarding AST, ALT, serum albumen, total bilirubin,
direct bilirubin, Hb concentration, platelet count, INR, and AFP. The WBCs count did not differ significantly among the
three groups (Table 1).

Serum vinculin levels were significantly higher in HCC patients (503.8+242.2) and cirrhosis patients (728.4+1044.8)
than in controls (77.7£36.1) (p<0.001) (Figure 1).

In HBV and HCV patients, serum VCL levels did not differ significantly between HCC and cirrhotic patients
(Table 2).

Tumor characteristics are shown in Table 3.

In the HCC patient group, there was no significant correlation between serum VCL level and any of the studied
laboratory parameters (AST, ALT, serum albumen, total bilirubin, direct bilirubin, Hb concentration, WBC count, platelet
count, INR, or AFP) (Table 4).

Table | Comparison Between the Three Studied Groups According to Different Parameters

HCC (n = 51) LC (n = 24) | Controls (n = 25) | Test of Sig. p

Sex

Male 41(80.4%) 16 (66.7%) 17 (68%) $=2.22 0.33

Female 10 (19.6%) 8 (33.3%) 8 (32%)
Age (years)

Mean + SD. 60.04 £ 6.8 564 % 11.14 55.95+ 14.74 F=1.76 0.17

Median (Min. — Max.) 60 (46-74) 42 (29-65) 56 (26-77)

(Continued)
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Table | (Continued).

HCC (n =51) LC (n = 24) | Controls (n = 25) | Test of Sig. p

HBV
Present 23 (45.1%) 7 (29.2%) - x2=9.3 0.008 *
Absent 28 (54.9%) 17 (70.8%) -

HCV
Present 28 (54.9%) 17 (70.8%) - 12=17.6 <0.001*
Absent 23 (45.1%) 7 (29.2%) -

ALT (U/L)
Mean * SD. 56.11 329t # 207 + 8.3 16.54% 5.39 H=55.2% | <0.001*
Median (Min. — Max.) 50 (13-180) 20 (11-40) 18 (9-26)

AST (U/L)
Mean # SD. 527 +£27.6 T 253+827° 18.62+ 5.49 H=56.8* <0.001*
Median (Min. — Max.) 47 (19-160) 24 (14-44) 19 (10-30)

Hb (gm/dL)
Mean # SD. 1225 +2.02 1 127 £271 13.6 + 0.9 F=3.3 0.04
Median (Min. — Max.) 12.4 (5.9-16) 13.45 (5-15.7) 134 (12.4-15.2)

Platelets (x10°/uL)
Mean # SD. 156.4 + 64.7 T+ * 281.3 + 95.6 288.58+ 63.81 H=47.08* | <0.001%*
Median (Min. — Max.) 142 (50-350) 286 (120-513) 299 (198-385)

WBCS (x10°/L)
Mean # SD. 64 +33 6.4 + 3.04 67 + 1.1 H=4.38 0.11
Median (Min. — Max.) 6 (2.7-22) 5.1 (2.4-14) 6.6 (4.9-8.5)

Serum albumin (g/dl)
Mean * SD. 3.69 062 % 447 £0.23 489 + 0.4 F=55.5% <0.001*
Median (Min. — Max.) 3.6 (2.3-5) 45 (4-4.9) 49 (3.9-5.3)

Total Bilirubin (mg/dl)
Mean * SD. 097 £ 051 © ¥ 06+0317 037+ 0.16 H=44.6* <0.001*
Median (Min. — Max.) 0.9 (0-3.2) 0.5 (0.3-1.8) 0.4 (0.1-0.7)

Direct Bilirubin (mg/dl)
Mean * SD. 038 £025 ™ 0140131 0.06 * 0.035 H=57.4% <0.001*
Median (Min. — Max.) 0.3 (0-1.3) 0.1 (0.07-0.7) 0.06 (0-0.1)

INR
Mean * SD. 119 £ 021 T # 0.97 +0.195 1.04 + 0.05 F=14.2% <0.001*
Median (Min. — Max.) 1.15 (0.92-2.1) I (0.09-1.1) I (1-1.1)

AFP (ng/mL)
Mean + SD. 660.05+2172.9 7% | 238+1491 1.26+0.53 H=69.5 <0.001*
Median (Min. — Max.) | 39.5 (1.8-13,709.2) | 1.66 (0.67-6) 1.07 (0.7-2.5)

Notes: 'Significantly differs from controls, *Significantly differs from cirrhotics. *Statistically significant at p < 0.05.
Abbreviations: LC, Liver cirrhosis; SD, Standard deviation; F ANOVA test; H, Kruskal Wallis test; AFP, alpha-fetoprotein.

In the HCC patient group, no significant relation was observed between VCL level and patient age, viral etiology,
presence or absence of liver cirrhosis, number of tumor masses, tumor size, Child-Pugh classification, or BCLC
classification (Table 5).

Discussion

Hepatocellular carcinoma (HCC) is a frequent malignancy that often develops in the context of cirrhosis and chronic
hepatitis virus infections. Approximately 80% of all incidences of HCC are caused by hepatitis B and C.*® HCC
represents a major public health concern due to its high incidence and mortality. Inoperable tumors or tumors that return
or metastasize often after surgical removal are blamed for the high death rate.?” Understanding the molecular factors
influencing the emergence and spread of HCC is crucial to finding targets for efficient medical treatment.*®
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Figure | Serum vinculin in the studied groups.

Note: **; <0.001.
Abbreviation: n.s, non-significant.

Matrix stiffness is essential for the development and progression of several forms of cancer. Tumors in solid malignancies,
such as breast and pancreatic cancers, often include excessively stiff tissues, which are primarily formed by stiff extracellular
matrices created by accumulation, contraction, and cross-linking. Mechanotransduction, the process by which mechanical cues
such as the stiffness of the matrix are converted into biochemical signaling in the cells, is triggered when extracellular matrices
are rigid. As a result, the cellular phenotypes of cancer cells and stromal cells in tumors are determined.”’

Table 2 Tumor Characteristics in
HCC Group (n = 51)

Character No. (%)
Tumor number

Single 30 (58.8%)

Multiple 21 (41.2%)
Tumor size

Small (<3cm) 16 (31.4%)

Medium (3—-5cm) 16 (31.4%)

Large (>5 cm) 19 (37.3%)
Vascular invasion 0 (0%)
LN metastasis 0 (0%)
Liver cirrhosis

Present 49 (96.1%)

Absent 2 (3.9%)
Ascites

No 40 (78.43%)

Mild 8 (15.69%)

Moderate 3 (5.88%)

(Continued)
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Table 2 (Continued).

Character No. (%)
Child-Pugh Class
A 42 (82.4%
B 9 (17.6%)
BCLC
B 31 (60.8%)
C 20 (39.2%)

Abbreviations: LN, Lymph node; BCLC,
Barcelona clinic liver cancer staging system.

Table 3 Correlation Between
Serum Vinculin (VCL) Level with
the Laboratory Parameters in the
HCC Group (n = 51)

VCL

rs P
ALT 0.017 0.9
AST -0.12 | 0.399
Hb 0.018 | 0.89
Platelets -0.07 | 0.61
WBCS 0.06 0.67
Serum albumin | 0.054 | 0.70
Total BIL 0.115 | 042
Direct BIL 0.099 | 0.487
INR 0.085 | 0.55
AFP 0.273 | 0.05

Notes: rg: Spearman coefficient. *Statistically
significant at p < 0.05.

Table 4 Relation Between Serum VCL Level and the Clinicopathological Characters Among the HCC

Group
Character VCL Test of Significance | P value
No. X = SD Median (Min. - Max.)
Age (in years)
<55 13 | 605.05+220.27 | 551.65 (121.63-917.24)
>55 38 | 469.17+£242.26 469.59 (105.31-1033) U= 162 0.066
Viral etiology
HBV 23 437.07£2434 | 445.62 (105.31-917.24)
HCV 28 | 558.62+231.15 52451 (121.63-1033) U-239 0.116
Liver cirrhosis
Present 49 | 499.24+238.25 488.44 (105.31-1033)
Absent 2 615.78+426.32 | 615.78 (314.33-917.24) U=4I 0.72
Tumor number
Single 30 | 476.93+23847 | 481.65 (116.91-891.12)
Multiple 21 542.20+248.07 510.66 (105.31-1033) U= 283 0.54
(Continued)
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Table 4 (Continued).

Character VCL Test of Significance | P value
No. X tSD Median (Min. - Max.)

Tumor diameter

<3 cm 16 496.66+ 245.8 | 526.455 (121.63-891.12)

3-5cm 16 | 426.31+235.97 | 440315 (116.91-818.92)

>5 mm 19 | 575.08+235.42 514.01 (105.31-1033) H=2.699 0.259
Child-Pugh class.

A 42 | 486.041214.61 499.55 (105.31-917.24)

B 9 586.73+348.03 462.26 (116.91-1033) U= 171 0.67
BCLC

A 31 465.94+242.31 476.92 (116.91-891.12)

B 20 | 562.49+235.96 | 512.335 (105.31-1033) U= 258 0.31

Notes: U: Mann Whitney test, H: Kruskal Wallis test, p: p-value for comparing between the studied categories.
Abbreviation: SD, Standard deviation;

Table 5 Difference in VCL Levels Between HCC and LC Groups as Regard the Viral Etiology

Viral Etiology VCL Test of Significance | P value
No. X *SD Median (Min. - Max.)

HBV

HCC group | 23 437.07£243.40 | 445.62 (105.31-917.24)

LC group 7 582.59 £340.84 | 507.22 (134.4-1130.2) U= 6l 0.359
HCV

HCC group | 28 | 558.62+ 231.15 52451 (121.63-1033)

LC group 17 | 788.45+1229.85 | 465.54 (126.63-5467) U= 204 0.426

It is well known that cancerous tissue is solid and desmoplastic. Cancerous tissues are more rigid in several kinds
of organs than normal or neighboring tissues. Normal liver tissue is defined as having a stiffness below 6 kPa, while
disease states like cirrhosis and fibrosis, which can lead to hepatocellular carcinoma, are defined as having a stiffness
beyond 8-12 kPa (HCC).**

Cancer cells multiply and cluster to form tumors. Cancer cells, like normal cells, may adjust their growth rate in
response to changes in the matrix’s stiffness. The ability of cancer cells in HCC to proliferate is enhanced by the
presence of a stiff matrix.*’

Cancer-related biophysical consequences of ECM stiffness may compromise medication transport and anticancer
agent sensitivity. As a result, detecting tumor stiffness may help in treatment stratification.*

Vinculin, an adhesion protein, connects filamentous (F)-actin to the integrin-binding protein talin at cell-cell junctions
and focal adhesions (FAs) to mediate force transmission between the actin cytoskeleton and extracellular matrix
(ECM).** Vinculin plays a crucial role in detecting and responding to external mechanical stimuli, such as the stiffness
of the extracellular matrix.>* So, a high serum vinculin level in hepatitis virus-caused liver cirrhosis and HCC could
affect how HCC patients are stratified for treatment.

In this work, we showed for the first time that the serum level of vinculin was significantly increased in patients with
HBV/HCVinduced liver cirrhosis and HCC than in controls. But the results showed that there was no link between serum
vinculin and the clinical variables that were studied in HCC patients.

From another aspect, reduced cell adhesion, reorganization of the cytoskeleton, breakdown of the extracellular matrix,
and the development of protrusions are all part of the migration process, which plays a crucial role in tumor invasion and
metastasis. Different junctional proteins combine to generate macromolecular structures called focal adhesions (FAs).
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They are found in junctional locations for integrin-mediated cell-matrix attachment and function in cell adhesion,
migration, and survival.*>*® Researchers have shown over and over again that the way some focal adhesion proteins
are expressed can be used to predict the future and help with treatment.?®

The focal adhesion protein vinculin connects adhesion plaques to F-actin fibers by either beginning the development
of bundled actin fibers or altering existing microfilaments.*” When vinculin is taken away, mouse embryonic fibroblasts
move around more freely, make less focal adhesions (FAs), and stick to the extracellular matrix (ECM) less.*®

Vinculin slows down cell migration.***° This is supported by the observation that vinculin expression is downregulated in
numerous human cancers that metastasize and that injected nude mice with cancer cells overexpressing vinculin have
a reduced ability to metastatically spread,*'*** indicating that vinculin impedes cell migration in vivo as well. However,
since tumor metastasis includes additional vinculin-dependent processes such as cell survival, apoptosis, and proliferation, the
exact mechanism by which vinculin inhibits tumor metastasis in the animal model is unclear.>® Vinculin does appear to
influence cell migration; it enhances, rather than inhibits, fibroblast invasion into 3D collagen gels and cancer cell invasion
in vitro and in vivo in an ECM-dependent way.**** The invasiveness of collagen in various cancer cells corresponds with the
magnitude and anisotropy of contractile forces produced by the cells, as well as the anisotropy of cell shape, suggesting that
increasing contractile force generation and cell shape anisotropy are two additional ways in which vinculin facilitates 3D
collagen invasion.** Other research has shown that vinculin promotes invasion by increasing the regulation or improvement of
the transmission of traction forces in a three-dimensional condition.*’

Our research may have limitations owing to the limited number of patients, the fact that the study did not include
patients in all different stages of HCC, and the lack of correlation with tissue expression levels. So, more large-scale
research with correlations to histopathology in different HCC stages is needed to find out how vinculin works at the
molecular level and find possible treatment targets for HCC.

Conclusions

The current study demonstrated that the serum level of vinculin is significantly increased in patients with HBV or HCV-
induced liver cirrhosis and HCC than in controls, but the results showed no correlation between serum vinculin levels and
the studied clinical variables in HCC patients. However, this could highlight the possible role of vinculin in the
development of liver cirrhosis and HCC. More research on the molecular pathways through which this protein
contributes to the development of HCC could lead to better clinical care and the creation of new molecular therapeutics.

Data Sharing Statement
The datasets generated during and/or analyzed during the current study are not publicly available but are available from
the corresponding author on reasonable request.

Disclosure
The authors declare that they have no competing interests.
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