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Aim: The aim of this study was to evaluate the effect of ethanol and hyaluronic acid (HA) on
cell survival and apoptosis in cultured human skin fibroblasts. Regarding the mechanism of
ethanol action on human skin fibroblasts, we investigated cell viability and apoptosis, expression
of focal adhesion kinase (FAK), and the influence of HA on those processes.

Materials and methods: Studies were conducted in confluent human skin fibroblast cultures
that were treated with 25 mM, 50 mM, and 100 mM ethanol or with ethanol and 500 pg/mL
HA. Cell viability was examined using methyl thiazolyl tetrazolium (MTT) assay and NC-300
Nucleo-Counter. Imaging of the cells using a fluorescence microscope Pathway 855 was per-
formed to measure FAK expression.

Results: Depending on the dosage, ethanol decreased cell viability and activated the process
of apoptosis in human skin fibroblasts. HA prevented the negative influence of ethanol on cell
viability and prevented apoptosis. The analysis of fluorescence imaging using BD Pathway 855
High-Content Bioimager showed the inhibition of FAK migration to the cell nucleus, depending
on the increasing concentration of ethanol.

Conclusion: This study proves that downregulation of signaling pathway of FAK is involved
in ethanol-induced apoptosis in human skin fibroblasts. The work also indicates a protective
influence of HA on FAK activity in human skin fibroblasts exposed to ethanol.
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Introduction

Chronic alcohol abuse contributes to liver diseases, hypertension, immune system
dysfunction, and accelerated skin aging. Alcohol intoxication leads to impairment of
fibroblast proliferation and affects the amount of extracellular matrix (ECM) elements
produced by fibroblasts, eg, hyaluronic acid (HA), and collagen.'? The studies by
Neuman et al*# performed on A431 epidermal cell cultures and primary skin cell cultures
in infants (2002) indicated an increase in cytotoxicity that was directly dependent on
alcohol concentration. The cytotoxic effect of ethanol on fibroblasts is caused by the
release of TNFo and TNFf pro-inflammatory cytokines by the cells, which consequently
leads to apoptosis. Cells exposed to ethanol were characterized by condensed chromatin,
changes within organelles (endoplasmic reticulum and cell membrane) and, in further
stages, the formation of apoptotic bodies.’ The cytotoxic activity of ethanol also causes a
decrease in the amount of glutathione, which is an antioxidant protecting the cells from
damage caused by oxidative stress. Ethanol causes the formation of DNA and protein
adducts.*” The hydroxyl group in the alcohol molecule is a highly reactive oxidant
and thus possesses a high oxidation—reduction potential. The raised reactive oxygen
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species (ROS) level results in the activation of apoptosis in
cells.'>® However, exposing MCF-7 cancer cells to ethanol
leads to opposing processes.’ The level of apoptotic markers
is decreased; however, ketone bodies are produced in larger
amounts, and the transporters and enzymes involved in the
metabolism of ketone bodies are expressed, thus feeding the
tumor. The exposition of MCF-10A cells (with overexpres-
sion of cytochrome CYP2E1) to ethanol leads to the increase
in oxidative stress and the activation of the signaling pathway
from epidermal growth factor receptor (EGFR).! The main
effect of these regulative changes is the impairment of the
process of cell proliferation and viability.

HA is an equally relevant component of the ECM. HA
acts through CD44, its principal receptor, and RHAMM
(receptor for HA motility) to regulate cell proliferation and
movement.'"'? Medicines that contain this substance are
commonly used in treating illnesses accompanied by disor-
ders in the metabolism of ECM components, eg, collagen.
Presumably, because of its physical properties, HA binds and
inactivates many water-soluble substances, including pro-
inflammatory cytokines.*!3 Half of the HA in the human body
is located in the epidermis and dermis, where it is synthesized
by keratinocytes and fibroblasts. It is thus responsible for the
skin’s moisture, tension, and resistance to mechanic stress,
thereby binding water in ECM." The biological properties of
HA strongly depend on its molecular weight. Low molecu-
lar weight HA (LMW HA) has different cellular receptor
binding affinities and biological effects, which is a target
for anticancer drugs.!"'>!5 There is dependence between
HA-stimulated tyrosine phosphorylation and the result-
ing cell locomotion and cytoskeletal reorganization.' The
focal adhesion kinase (FAK) is rapidly phosphorylated and
dephosphorylated after HA stimulation,'® which suggests that
HA stimulates locomotion via a rapid and transient protein
tyrosine kinase signaling event mediated by RHAMM.

Despite the long-standing implementation of HA in the
therapy of diseases accompanied by the decrease in produc-
tion of ECM elements, the mechanism of the protective
influence of HA on impaired cell metabolism has not yet
been fully learnt.

Materials and methods

Cell culture

Dermal Fibroblast (Primary): Human, Adult, Normal ATCC®
PCS-201-012™ was sourced from the American Type Culture
Collection (ATCC, Manassas, VA, USA), and HA sodium
salt (H5542) was sourced from Sigma-Aldrich (St Louis,
MO, USA; macromolecular HA sodium salt). The cells were
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)

with the addition of 10% fetal bovine serum (FBS; HyClone
Laboratories, Logan, UT, USA), 2 mM glutamine, 50 U/mL
penicillin, and 50 pg/mL streptomycin at 37°C in a 5% CO,
incubator. Experiments were performed on cells between
passages 10 and 14 for all experiments. Ethical Commission
of Medical University of Bialystok permitted the use of the
human cell lines.

Methyl thiazolyl tetrazolium (MTT) assay
The viability of the cells was assayed by using the MTT
assay. This is based on the conversion of the yellow tetrazo-
lium bromide, MTT, (Sigma-Aldrich) to the purple formazan
derivative, in viable cells, by the mitochondrial enzyme suc-
cinate dehydrogenase. After the incubation, the medium was
transferred to 96-well trays for the determination of cytokine.
The cells were washed with 0.2 mL of phosphate-buffered
saline (PBS) and assayed for the cytotoxicity in the same
tray. Toxicity was expressed as a percentage.

Cell imaging with the Pathway 855

fluorescence microscope

Contact-inhibited cells were transferred into 96-well black
plates having transparent bottom — 200 uL per well. Cells
were cultured with the examined substances for 24 hours
and then washed twice with PBS. For fixation, cells were
incubated for 10 minutes with 3.7% formaldehyde at 37°C.
Formaldehyde was removed after that, and the cells were
washed twice with PBS. After that, cell permeabilization
was performed. Cultured cells were incubated with 0.1%
Triton X-100 for 5 minutes and then (after 0.1% Triton X-100
removal) washed twice with PBS. Then, incubation with 3%
FBS for 30 minutes was performed to block unspecific sites.
After the removal of 3% FBS, cells were incubated for 1 hour
with the primary mouse antibody against FAK, in blocking
solution. Then, the cells were washed with PBS three times,
and the secondary antibody against mouse IgG labeled with
fluorescein isocyanate (FITC; Sigma-Aldrich; in blocking
solution) was added. Cells were incubated for 1 hour in the
dark, and then they were washed three times with PBS. Sub-
sequently, PBS including Hoechst 33342 (Sigma-Aldrich)
was added to label cell nuclei. Autofluorescence of the cells
was visualized with the use of fluorescence microscope using
confocal imaging system (BD Pathway 855 High-Content
Bioimager; BD Biosciences, San Jose, CA, USA).

Cell viability test using Nucleo-Counter®
NC-300™ apparatus

In this test, it is possible to detect intracellular changes of
thiol groups taking place in the cells when exposed to stress.
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The method was used to determine the fluorescence when
solution 5 (VB-48 PI-AO; ChemoMetec, Allerod, Denmark)
was added to label thiol groups. Human skin fibroblasts
were incubated for 24 hours with different concentrations of
ethanol when HA was added, and then washed three times
with PBS. Then, the cells were detached from the plate by
adding 2 mL of trypsin solution. The enzyme activity was
stopped by adding FBS after 5 minutes. Thereafter, cells
transferred to the tubes were centrifuged for 10 minutes at
2000x g. To 190 uL of the suspension of human skin fibro-
blasts including 1x10° of cells, 10 uL of solution 5 was added
and stirred with the pipette. After that, 10 uL samples of the
stained cells of each probe were transferred immediately
to 8-chamber Slide ASTM and placed in Nucleo-Counter®
NC-3000™ (ChemoMetec), and fluorescence measurement
was performed. Results are illustrated as a histogram showing
the intensity of fluorescence.

Statistical methods

At least three assays + standard deviation (£SD) values were
considered in all appropriate experiments to calculate the
mean value. The statistical analysis was performed using
double-sided, unpaired Student’s #-test and analysis of vari-
ance. The IBM SPSS 22.0 Statistics Genericom (IBM Cor-
poration, Armonk, NY, USA) program was applied. P=0.05
was acknowledged as statistically significant.

Results
Figure 1 shows that ethanol reduces the viability of human skin
fibroblasts in cell culture when measured with MTT assay.
The viability of cells decreased according to increasing
concentrations of ethanol. The viability of the cells was
75.15%, 64.32%, and 43.15% when incubated with 25 mM,
50 mM, and 100 mM of ethanol, respectively. Results also
indicated the presence of 500 pg of HA in the well constitutes
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Figure | Viability of the cells in MTT assay; cultured human skin fibroblasts were
exposed for 24 hours to 25 mM, 50 mM, or 100 mM ethanol or to 25 mM, 50 mM,
or 100 mM ethanol +500 pg/mL HA. *P<<0.05.

Abbreviations: HA, hyaluronic acid; MTT, methyl thiazolyl tetrazolium.

cell viability. Cell viability was 103.62%, 86.22%, and
81.60% when incubated with 25 mM of ethanol +500 png/
mL HA, 50 mM of ethanol +500 pg/mL HA, and 100 mM
of ethanol +500 ug/mL HA, respectively.

The analysis of fluorescence imaging with BD Pathway
855 High-Content Bioimager showed the downregulation of
FAK migration to the cell nucleus, depending on the increas-
ing concentration of ethanol (Figures 2 and 3).

Cell viability test using Nucleo-Counter® NC-300 apparatus
showed that in control cultures, apoptotic cells constituted
5.7% of the population, whereas in cultures incubated
for 24 hours with 25 mM, 50 mM, and 100 mM ethanol,
the amount of apoptotic cells was at the levels of 26.4%
(1.12% £ SD; n=3), 45.6% (2.06% £ SD; n=3), and 66.1%
(1.58% £ SD; n=3), respectively, with proportional decrease
in live cell percentage (Figure 4). The adjunctive implemen-
tation of HA and the tested substances in incubated cultures
revealed protective influence on the impairments caused by
them, with the percentage of apoptotic cells at levels 7.6%
(0.34% =+ SD; n=3), 9.4% (0.5% £ SD; n=3), and 10.9%
(0.65%; = SD; n=3) compared to fibroblasts incubated with
25 mM, 50 mM, and 100 mM ethanol. The presented results
indicate the protective influence of HA on the decrease in cell
survivability caused by different concentrations of ethanol.

Discussion

The present study proves that ethanol may have degrading
influence on cellular metabolism in the fibroblasts of human
skin, leading to a significant decrease in metabolism and
pushing the cells toward apoptosis. Ethanol reduces the
viability of human skin fibroblasts and induces apoptosis,'’
whereas the implementation of HA exerts positive influence
on metabolism disturbance and cell proliferation caused by
ethanol. In our previous study,'”'® we described an impair-
ment of collagen synthesis in fibroblasts, which may involve
dysregulation of cell surface receptors, signaling pathways,
and prolidase activity. It seems that ethanol impairs survival
as well as stimulates the apoptotic process in human skin
fibroblasts. It is possible to reverse the impairing influence
of ethanol when we add 500 pg/mL of HA.

We speculate that the activated cellular receptor sends a
signal to the cell nucleus with a cascade of signaling proteins.
One of the kinases capable of not only signaling pathway
transduction but also traveling to the cell nucleus is FAK."
FAK is one of the several components of signal transduction
of type 1 insulin-like growth factor receptor (IGF-1R) as well
as beta-integrin surface receptor. Phosphorylated FAK can
influence further signal pathway proteins. However, under
specific conditions, it can dissociate from a sub-membrane
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Figure 2 Fluorescence labeling of FAK in human skin fibroblasts exposed for 24 hours to 25 mM, 50 mM, or 100 mM ethanol.

Notes: Pictures of fluorescing cells from microscope Nicon Eclipse Ti/C Plus. (A) Cellular nuclei stained with Hoechst dye (green). (B) Immunodetection of FAK using
antibodies to FAK labeled with FITC (red). (C) Overlapped pictures with labeled cellular nuclei and with labeled FAK. Scale bar =20 um.

Abbreviations: FAK, focal adhesion kinase; FITC, fluorescein isocyanate.

complex to be directly transferred to cell nucleus. Recently,
a question of mechanisms and circumstances under which
FAK dissociates from the complex and transfers into the cell
nucleus is a matter of intensive investigations. Activating of
FAK play a role in suppressing apoptosis.”® FAK is strictly
connected with the B, integrin receptor.'*' The analysis of
fluorescence imaging showed the downregulation of FAK
migration to the cell nucleus, depending on the increasing
concentration of ethanol (Figures 2 and 3). The observed
change in the amount of phosphorylated FAK in the cell
nucleus in trials incubated with ethanol may be the result

B C

of impairing the expression of the B, integrin receptor and
thereby the lack of signaling pathway induction. The addi-
tion of HA exerts protective influence on the impairments
induced by ethanol.

The activation of the B, integrin receptor by an extracel-
lular ligand, eg, type I collagen, leads to the formation of an
adhesive complex, the main element of which is FAK. Phos-
phorylated kinase may activate further signaling pathways,
including the ERK1/2 MAP-kinase signaling pathway.?>%
Non-receptor FAK may also disconnect from the area of focal
adhesion and move toward the cell nucleus. The performed
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A Control + HA

Ethanol 25 mM + HA

Ethanol 50 mM + HA

Ethanol 100 mM + HA

analyses indicate that increased concentrations of ethanol
cause impairment of the 3, integrin receptor and the IGF-1R
proportional to the used concentrations. The result of the inhib-
ited expression of receptors may be the impairment of FAK
expression. The analysis of FAK protein expression carried
out using a confocal microscope indicates decreased protein
expression as well as inhibition of its movement toward the cell
nucleus. As a result of the impairment of cell surface receptor,
the intracellular signaling pathway is not activated.

The implementation of HA exerted protective influence
on fibroblasts incubated with different concentrations of

B C

Figure 3 Fluorescence labeling of FAK in human skin fibroblasts exposed to 25 mM, 50 mM, or 100 mM ethanol +500 pg/mL HA.

Notes: Pictures of fluorescing cells from microscope Nicon Eclipse Ti/C Plus. (A) Cellular nuclei stained with Hoechst dye (green). (B) Immunodetection of FAK using
antibodies to FAK labeled with FITC (red). (C) Overlapped pictures with labeled cellular nuclei and with labeled FAK. Scale bar =20 um.

Abbreviations: FAK, focal adhesion kinase; FITC, fluorescein isocyanate; HA, hyaluronic acid.

alcohol, which led to the increase in viability and thus also
in the number of live cells.

Survival pathways of cells are connected with apoptosis.
Apoptosis is a process during which damaged cells activate
programmed death mechanisms without triggering an inflam-
matory reaction. The present study indicates that increasing
concentrations of alcohol induce apoptosis in human skin
fibroblasts. Depending on the concentration, ethanol induces
an increase in the amount of apoptotic cells, which reflects the
observed higher expression of caspase 9 and the NFkB tran-
scription factor.?* This factor is considered as both pro- and

Drug Design, Development and Therapy 2017:1 |
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Figure 4 Percent of apoptotic cells in contact-inhibited human skin fibroblast cultures exposed for 24 hours to 25 mM, 50 mM, or 100 mM ethanol or to 25 mM, 50 mM,

or 100 mM ethanol +500 pug/mL HA.
Note: Measurement was performed in Nucleo-Counter® NC-300™ apparatus.

Abbreviation: HA, hyaluronic acid.
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anti-apoptotic.>** In another experimental system, exposi-
tion of fibroblasts to the toxic substances leads to inhibition
of collagen synthesis and activation of apoptotic pathways,
which indicates the pro-apoptotic character of NFkB.*
Caspase 9 is a factor that initiates apoptosis in the intrinsic
signaling pathway, where it activates proteolysis of caspases
3, 6, and 7.2 Increasing concentrations of ethanol caused
the activation of apoptosis in fibroblasts of the human skin,
which was reflected in caspase 9 expression and increased
the amount of apoptotic cells in the culture. HA used with the
tested substances protected the cells from apoptosis.

Previous studies showed that HA counteracts the detrimen-
tal effect of ethanol on epidermal cells and skin fibroblasts.**
Hyaluronate regulates the excretion of cytokine and inflam-
matory substances to the ECM, thus preventing chemotaxis
and inhibiting the inflammatory process.>!

Conclusion

This study proves that downregulation of the signaling
pathway of FAK is involved in ethanol-induced apoptosis in
human skin fibroblasts. The work also indicates a protective
influence of HA on FAK activity in human skin fibroblasts
exposed to ethanol.
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