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Abstract

Objective: Peptidylarginine deiminases (PADs) are enzymes converting the arginine to citrulline.
They play a role in embryogenesis and cell signaling activities. But excessive or dysregulated PAD
levels were determined to be associated with disorders and to increase in many diseases. It has been
shown that Chloramidine (Cl-amidine) used as a PAD inhibitor suppresses increased PAD activity
and shows anti-cancer, anti-inflammatory and antioxidant activities. Anti-inflammatory and
antioxidant properties play an important role in wound healing. In this study, the possible efficacy
of Cl-amidine on wound healing in the keratinocyte cell line was investigated by considering these
parameters.

Methods: Cell proliferation evaluations of Cl-amidine concentrations (500, 125, 31.25 and 7.81
uM) determined according to the results of MTT method on HaCaT keratinocyte cells were
performed using Real-Time Cell Analysis System (RTCA DP). COL1A1 mRNA expression levels
were analyzed by RT (Real Time)-PCR (Polymerase Chain Reaction) method at the concentrations
where proliferation was achieved (125, 31.25 uM). Migration effects of Cl-amidine on cells were
evaluated by performing scratch analysis. MTT results were statistically analyzed with one-way
ANOVA and Tukey test, and p<0.05 was accepted as significant. RTCA DP and RT-PCR results
were evaluated using device software programs.

Results: In the study, it was found that certain concentrations of Cl-amidine had a proliferative
effect on HaCaT keratinocyte cells. It was determined that Cl-amidine increased the amount of type
1 collagen, which is an important parameter for wound healing, by RT-PCR method. In addition,
according to scratch analysis, it was detected that it positively affected cell migration in relation to
wound closure.

Conclusion: This research shows that Cl-amidine may have a significant potential for wound
healing.
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INTRODUCTION
Peptidyl (protein) arginine deaminases
(PADs) provide the conversion of peptidyl
arginine to peptidyl citrulline in the presence of
calcium with posttranslational modification (1).
Increased PAD activity has been observed in
many diseases, including rheumatoid arthritis,
multiple sclerosis, ulcerative colitis, lupus,
Alzheimer's, Parkinson's, and many cancers (2-
5). There are five identified types of PAD in other
mammals, including humans: PAD1, PAD?2,
PAD3, PAD4, and PAD6 (6-8). In animal
experimental models of diseases with high PAD
values, it has been shown that PAD inhibitor
agents reduce the severity of disease symptoms.
Cl-amidine (Chlor-amidine), which is a PAD
inhibitory substance, suppresses all PAD
activities (9).

It has been shown that PAD1, PAD 2 and
PAD3 are expressed in epidermis cells. Although
PADL is found in all keratinocyte layers of the
epidermis, it increases from the basal to the
granular layer. PAD2 is expressed in all
keratinocytes, least in basal cells and most in
granular PAD3

layer cells. is specifically

expressed by granular keratinocytes. Cl-amidine
treatment in human primary keratinocyte cell
culture causes a dose-dependent reduction in the
total amount of deiminated proteins (10).

Wound is a term that refers to the deterioration
of skin epithelial integrity due to surgical
procedure or trauma (11). Wound healing
requires the formation of four sequential stages
to restore the histological and functional
properties of the skin: hemostasis, inflammation,
proliferation and remodeling. The healthy
functioning of these stages is essential for
optimal wound healing. Among these, re-
epithelialization and fibroblast activity play an
important role in the proliferation stage, where
cellular activity is dominant (12,13).

In our study, it was aimed to investigate the
wound healing activity of Cl-amidine, a PAD

inhibitor, in human HaCaT keratinocyte cells.

METHODS

Cell Culture and Treatment

HaCaT cells, human skin keratinocytes, were
supplied by Professor Dr. Arzu Onay Besikci,
Ankara University. HaCaT cells were grown in
DMEM medium supplemented with 10 % fetal
(FBS) and 1 %
penicillin/streptomycin at 37°C in a humidified

bovine  serum
incubator with a 5 % CO2 atmosphere. Cl-
amidine was dissolved in dimethyl sulfoxide
(DMSO) as a stock solution.
Determination of Cytotoxicity by MTT
Method
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MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) is a tetrazolium
salt that specifically binds to the succinate-
dehydrogenase enzyme in the mitochondria of
living cells and converts to water-insoluble
formazan salts. The amount of formazan formed
directly indicates metabolically active (live) cells
in culture (14).

HaCat cells were seeded in 96-well plates at
10,000 cells per well. Different concentrations of
Cl-amidine (3.90, 7.81, 15.625, 31.25, 62.5, 125,
250 and 500 uM) were applied to HaCat cells. At
the end of 48-hour incubation period, it was
incubated with 100 ul MTT for 3 hours. At the
end of the incubation, absorbances were read at a
wavelength of 540 nm in an ELISA reader
device, with 8 wells in each group. Experiments
were performed as 3 independent repetitions. The
results were calculated according to the viability
formula and determined as % viability.

Determination of HaCaT Cell Proliferation

in Real-Time Cell Analysis System (RTCA

DP)

RTCA DP detects cell viability by measuring
electrical impedance and creates real-time data
by continuing this measurement at desired
intervals. The values received by the system from
the E-plate are calculated as the unitless 'cell
index (CI)' value accepted in the literature. This
value increases in parallel with the electrical
response as the cells cover the bottom of the E-
plate (15).
concentrations (7.81, 31.25, 125 and 500 pM)

and  multiply Cl-amidine

applied to HaCat cells in Real-Time Cell
Analysis System (RTCA DP) were determined
according to MTT method. HaCat cells were
seeded into each well of E-plate as 10,000 cells
in 100 pl of medium. After 24 hours,
concentrations of Cl-amidine were applied to E-
plate wells in 100 pl of medium. The results were
analyzed using RTCA DP Software 1.2.1
program and 1Cso values were determined in the
same program.

Wound healing with scratch assay

In order to determine the effects of Cl-amidine
on wound healing, HaCaT keratinocyte cells
were seeded in 6-well plates as 1x10° cells and
waited for 24 hours for adhesion. Then, for
creating an in vitro wound model with HaCaT
keratinocyte cells reaching approximately 90%
density, a linear opening of approximately 1 mm
was created using a 200 ml sterile pipette tip and
the wells were washed with PBS. This opening
was accepted at 0 hour and photographed. CI-
amidine concentrations (31.25 and 125 puM),
which provided proliferation more than the
group RTCA DP
proliferation results, were applied to determine

control according to
cell migration by scratch wound healing method.
After 48 hours of incubation, the effects of Cl-
amidine concentrations on the amount of closure
of the wounds were visualized under an inverted
light

microscope (Leica DM 300 invert

microscope) (16).
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COL1A1 mRNA
Expression Levels by Real-time Polymerase
Chain Reaction Method

Determination of

RNA was isolated from HaCaT cells treated

with Cl-amidine concentrations (31.25 ve 125
uM). Total RNA isolation was performed on
MagNA Pure LC 2.0 system (Roche, Germany).
From each RNA population, 500 ng total RNA
was used for cDNA synthesis (Transcriptor High
Fidelity cDNA Synthesis Kit).
Quantitative real time polymerase chain reaction
(QRT-PCR) was used to assess MRNA levels of
collagen type | alpha 1 chain (COL1A1, Assay
ID;100861, Roche) gene in relation to wound
healing. As an internal positive control, glucose-
6-phosphate dehydrogenase (G6PD) mRNA
levels were used. Results were analysed by
advanced relative  quantification  with
LightCycler® 480 System’s software (version
1.5.0.39).

Statistical Analysis

Using GraphPad Prism 6.0 analysis program,
% cell viability graphs of the groups compared to
the control were drawn and statistical analyzes
were realized. The obtained data were analyzed
by applying one-way ANOVA and post-hoc
Tukey tests. Statistical significance values were
evaluated as; p>0.05 no difference, p<0.5%,

p<0.01**, p<0.001*** and p<0.0001****,

RESULTS

Evaluation of Cytotoxic Effects of CI-
amidine in HaCaT Keratinocyte Cells by
MTT Method

The cytotoxic effects of Cl-amidine in HaCaT
cells determined by MTT method using 3.90,
7.81, 15.625, 31.25, 62.5, 125, 250 and 500 pM
concentrations are shown in Figure 1. When
MTT results were evaluated, it was determined
that Cl-amidine decreased cell viability in 250
and 500 puM concentrations in HaCaT cells
compared to the control group.
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Figure 1. Viability (%) values of Cl-amidine concentrations
calculated according to MTT Method in HaCat cells at 48 hours
and statistical evaluation (Mean+SD, solvent control: % 0.1
DMSO, n=8)

Evaluation of Cell Proliferation Using Real
Time Cell Analysis System (RTCA DP)

IC50
determination studies in HaCaT cells at 7.81,
31.25, 125 and 500 pM concentrations of ClI-

Proliferation and concentration

amidine (determined according to MTT method)
were performed in Real-Time Cell Analysis
System (RTCA-DP). According to the results, it
was determined that 31.25 and 125 pM
concentrations of Cl-amidine had an increasing

effect on HaCat cell proliferation compared to
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the control group (Figure 2). In addition, IC50 hours was determined and calculated as 432 uM
concentration of Cl-amidine in HaCaT cellsat 48 using the RTCA DP system (Figure 3).
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Figure 2. 48-hour proliferative effects of Cl-amidine in HaCaT cells and slope graph in RTCA-DP system (n=6, mean+ standard

deviation).
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Figure 3. IC50 value of Cl-amidine on HaCaT keratinocyte cell line at 48 hours in Real-Time Cell Analysis System (IC50: 432 uM).
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Assessment of Wound Healing

The growth and migration effects of CI-
amidine on HaCaT cells were investigated using
the strach wound healing method.

The ability of cells to migrate in the wound
area is another important parameter for wound

healing. According to the results of the scratch

wound healing method performed in vitro for this
purpose, it was determined that Cl-amidine
increased HaCaT cell migration at both 31.25
and 125 pM concentrations. It was determined
that this effect was higher especially at the

concentration of 31.25 uM (Figure 4).

Control Cl-amidine 31.25uM Cl-amidine 125 uM
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Figure 4. Light microscope images of HaCAT cell migration determined by scratch wound healing method (10X)

Evaluation of COL1A1 mRNA Expression Levels by RT-PCR Analysis

The effects of different concentrations of Cl-
amidine (31.25 and 125 uM) on COL1A1 mRNA
expression HaCaT cells
determined by RT-PCR method. According to
these results, it was determined that COL1Al

levels in were

mRNA level, which is an important marker in
wound healing, was approximately twice (1.74)
higher than the control, especially at 31.25 uM
concentration (Table 1 and Figure 5).
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Table 1. Target/reference ratios and normalized values of COLIA41 gene in HaCaT cells incubated for 48 hours with Cl-amidine concentrations

Sample Target Name Tgt Cp Ref Cp Ratios

Name Target Reference Mean Mean Tgt/Ref Norm

Control COLI1A41 G6PD 32.05 30.61 0.3688 1.000
Cl-amidine 125 pM COLIA41 G6PD 31.74 29.71 0.2449 0.6642
Cl-amidine 31 uM COLIAI G6PD 31.26 30.62 0.6432 1.744

Relative Quantification Results

[ TargetReference Ratio —1_ Target/Reference Error [l Normalized Ratio —T_ Normalized Error
E Cl-amidine
{ control (360.1 DMSO) 125 pM LS g
o I N i —

Figure 5. Normalized value graph of COLIA1 gene mRNA levels in HaCaT Cells.

DISCUSSION
Peptidyl arginine deiminases (PADs) are

enzymes that convert arginine to citrulline (1).
They play a role in embryogenesis and cell
signal transduction activities. However, it has
been determined that excessive or dysregulated
PAD levels increase in many diseases and may
be associated with diseases (2-5). It has been

reported that Cl-amidine, which is used as a

PAD inhibitor substance, suppresses increased
PAD activity and exhibits anti-cancer, anti-
inflammatory and antioxidant activities. Anti-
inflammatory and antioxidant properties play
an important role in wound healing (2, 4-8).
Re-epithelialization is an important step in
the wound healing process in order to restore

the barrier function of the skin (17). Following
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injury, keratinocytes migrate from each other
and break their connections in the basal lamina.
Then, the basement membrane is reconstructed
by the proliferation of keratinocytes that come
to the environment to carry out the formation of
the epidermis. Basal layer keratinocytes at the
wound margin show excessive proliferation in
the days following wound formation (18).
Some phenotypic changes occur in proliferating
keratinocytes to migrate; cell shapes change,
intracellular tonofilaments shorten,
intercellular desmosomes dissolve, and the
connection between epidermis and dermis is
broken. Keratinocytes migrate to the wound
area by ameboid movements. In addition to the
division activity, the cells synthesize the
type 4
collagen and heparin sulfate, gradually repair

basement membrane components,

the basement membrane, return to their normal
shapes and connect to each other and to the
basement membrane. Keratinocytes divide and
differentiate to form layers of the epidermis and
connect the newly formed epidermis with the
basement membrane and dermis (12, 19).

HaCaT cell line has a similar migration index
to primary human keratinocytes and mimics
many features of normal keratinocytes (20, 21).
For this reason, HaCaT cell line was used as an
in vitro wound healing experiment model in our

study.

In our study, the concentrations of CI-
amidine increasing HaCaT cell proliferation at
48 hours were determined as 31.25 and 125 uyM

by Real-Time Cell Analysis System. Then,

these  determined  concentrations  were
evaluated with the strach wound healing model,
which is a model used to investigate cell
migration in wound healing, and it was
determined that Cl-amidine was effective at
both 31.25 and 125 pM concentrations.
Especially, the most significant increase in
HaCaT cell migration was observed at 31.25
uM concentration at 48th hour. When we look
at the results of COL1A1 mRNA expression
levels, which support these results, it was
determined that the highest gene expression
31.25 uM Cl-amidine

(approximately 2

increase was at

concentration times)
compared to the control, and our experimental
results show parallelism.

CONCLUSION

In the study, it was found that Cl-amidine,
which is a PAD inhibitor, has a proliferative
effect on HaCat keratinocyte cells. The effects
of Cl-amidine on type 1 collagen, which is an
important marker for wound healing, were
determined by the increase in COL1A1 mRNA
gene expression levels by RT-PCR method. In
addition, according to scratch analysis, it was
determined that it positively affected cell
migration in relation to wound closure. This
study shows that Cl-amidine may have

significant potential in wound healing.
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