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Integrin binding peptide promotes in vitro wound closure in
the 1.929 mouse fibroblasts
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ABSTRACT

Objective. Molecular basis of wound healing process needs to further examined to determine the effective
individual biological cues. The objective of this study was to investigate the wound closure, proliferation, and
viability of L929 fibroblast when cultured with different concentration of soluble RGD peptid. Methods. RGD
peptide was synthesized manually on solid phase. The percentage of healed wound area for control, 0.5 mM,
1 mM, and 2 mM at each time points were analyzed by ImagelJ. Cell proliferation and viability were assessed
with MTT and live/ dead analysis, respectively. Results. The results of wound closure area showed that
increased RGD peptide concentration in the culture improved cellular migration which enables significantly
accelerated wound closure. However, RGD peptide did not dramatically augmented cell proliferation. In
addition, cell viability results indicated that dead cell numbers did not critically influence by increasing the
RGD peptide concentration in the culture. Conclusions. The present study showed that soluble integrin binding
peptide accelerated the migration and wound closure rate of L929 fibroblasts. Delivery of soluble integrin
binding peptides into the wound area may be considered as an alternative wound treatment technique in the
near future after proofing the concept study with animal and clinical studies.
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Introduction

of the major clinical problem with high morbidity and
mortality rate, many different studies have been
carried out to understand the molecular basis of acute

Wound healing is a dynamic and complex process
involving of synchronized actions including
inflammation, regeneration, migration, proliferation,

and remodeling [1, 2]. Wound healing process starts
right after the skin injury and involves extensive cell-
to-cell and cell extracellular matrix (ECM)
communications, enhanced cell migration and action
of soluble mediator [3-5]. Since wounds remain one

and chronic wound healing processes [6, 7]. One of
the critical time frame in wound healing is the
proliferation and migration of fibroblasts and
myofibroblasts in the surrounding tissue,which are
stimulated especially for the first 3 days after the
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injury [8, 9]. The major mediators that accelerate
fibroblasts proliferation and migration during wound
healing requires to be determined to better understand
the molecular mechanism of wound healing.
The standard procedure for in vitro culture is based on
supplementing cell culture media with fetal bovine
serum (FBS). FBS is rich in growth factors and ECM
such as laminin, fibronectin that enhance cell
attachment, proliferation and differentiation. To
comprehend individual efficacy of different proteins
or bioactive peptides, it would be desirable to culture
cells under serum-free media with defined biological
cues. It was previously reported that serum free culture
media has been developed to prevent the need for
presence of bovine serum [10-12]. Kim et al. [13]
developed serum-free culture conditions by using
ECM proteins mimetic peptides to investigate the
effect of different biological cues on adhesion and
proliferation of chorion derived mesenchymal stem
cells (MSCs). In another study, Nyegaard et al. [14]
was initiated that 5 ng/ml epidermal growth factor
(EGF) and 5 pg/ml osteopontin (OPN) in culture
media induced migration of human small intestine
cells. Current studies also focus on to identify peptide
structures which are the small functional units of
proteins to design non-immunogenic therapeutic
molecules. These peptide structures have key function
on cell-to-cell and cell-ECM interaction which are
mediated by integrin receptors which are composed of
18a and 8 subunits and placed on cell membrane [15,
16]. The RGD (R: arginine; G: glycine; D: aspartic
acid) sequence is the smallest integrin binding unit that
presents in most of the ECM proteins including
fibronectin, collagen, and laminin [17, 18]. RGD
peptide sequence is the primary sequence to
effectively modify biomaterials surface to enhance
cellular adhesion and migration on synthetic surfaces
[15, 16]. It was previously reported that integrin
mediated cell spreading activates cell proliferation of
surface dependent cells [19, 20]. Immobilized RGD
peptide on substrate promotes cellular adhesion,
whereas soluble form of RGD peptides inhibits the
attachment of the cells and lead apoptosis by covering
all the available integrin binding units of the cells [21].
For instance, Patrulea et al. [22] reported that RGD
peptide functionalization significantly increased
fibroblast adhesion and proliferation on chitosan based
wound dressing. On the contrary, it has been
demonstrated that soluble RGD peptide inhibited the
adhesion of non-transformed human lung fibroblasts
and trigger apoptosis. It was also previously described
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that blocking the integrin receptors with soluble RGD
peptide may inhibit cell migration. Therefore, soluble
RGD peptide was also introduced as possible
therapeutics that showed anti-metastatic activity [23,
24]. On the contrary, Reynolds et al. [25]
demonstrated that soluble RGD peptide can also
promote the migration of the tumor cells. Furthermore,
Shabbir ef al. [26] investigated the influence of soluble
RGD peptide on cell migration. They seeded HT1080
epithelial cells on RGD peptide immobilized gold
substrate and explored the migration of these cells in
different RGD peptide containing media. It was
reported that cell migration was promoted by the
presence of soluble RGD peptides because of the
dynamic detachment of the integrin receptors with the
substrate [26]. Although couple of studies mentioned
the effect of soluble RGD peptide on different cell
lines migration capacity, L929 mouse fibroblasts
migration and proliferation response in in vitro scratch
assay when cultured with different concentration of
soluble peptide has yet to be studied. Based on these
findings, we hypothesized that soluble RGD peptide
could enhance the wound closure capacity of mouse
L.929 fibroblasts which are one of the model cell line
of skin tissue by accelerating the migration of the cells.
Hence, the objective of this study was to investigate
the scratch closure rate of L929 fibroblast when
cultured with different concentration of soluble RGD
peptide enriched FBS free media. As it was
schematically presented in Figure 1, wound closure
was observed by analyzing captured micrographs at
24, 48, and 72h. The cell proliferation analysis at 24,
48, and 72 hours were assessed by cell proliferation
assay. Live and dead cell analysis was also evaluated
to determine cell viability at each time points.

Methods

Peptide Synthesis

All the chemicals used for peptide synthesis were
purchased from AAPPTEC (Louisville, KY, USA).
GRGDS peptide sequence was synthesized manually
on 4-Methylbenzhydrylamine (MBHA) resin
(substitution = 0.67 mole/g) according the previously
described procedure by Karaman et al. [27]. Briefly,
100 mg resin was swelledin 2ml Dimethylformamide
(DMF) solution for 20 minutes. Fmoc-protecting
group was removed using de-protection solution
which is 20% piperidine in DMF for 20 minutes. 2
equivalents (based on resin substitution) of Fmoc-
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Figure 1. Schematic of the study. Integrin binding (RGD) pep-
tide influence on cell proliferation, migration and viability.

protected amino acid was dissolved in DMF and added
to the resin. 2-(1H-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexauorophosphate) (2 equiv,
HBTU), hydroxybenzotriazole (2 equiv, HOBt) and
N, N-diisopropylethylamine (4 equiv, DIEA) were
added to mixture. Tubes were mixed in orbital shaker
to proceed coupling reaction for 3 hours. Each
coupling and de-protection reaction was confirmedby
ninhydrin test. If the result was positive, the resin was
washed with DMF and the coupling reaction was
repeated until a negative result was obtained. If the test
result was negative, the resin was washed with DMF,
reacted with 20% piperidine in DMF for 15 min, and
again washed with DMF. All amino acids were
coupled using the same method. When the last amino
acid was coupled, peptide was cleaved from resin by
using trifluoroacetic acid (TFA): triisopropylsilane
(TIPS) : DI Water solution at ratio of 95 : 2.5 : 2.5.
TFA was evaporated with the rotary evaporator. The
peptide was precipitated in ice-cold diethyl ether.
Next, precipitated peptide was washed by ice-cold
diethyl ether for three times. Finally, the resulting
pellet was freeze-dried.

Cell Culture

Mouse fibroblasts (L929) were obtained from Ege
University Research Group of Animal Cell Culture
and Tissue Engineering Laboratory and cultured in

Dulbecco’s Modified Eagle's Medium (DMEM)
(Sigma Aldrich, St. Louis, Missouri, USA),
supplemented with 10% FBS (Sigma Aldrich, St.
Louis, Missouri, USA), 1% L-glutamin (Gibco,Grand
Island,USA) and 0.1% penicillin/streptomycin in a
humidified incubator containing 5% CO[1 and 95%
air at 37°C. Cells were kept in exponential phase and
for this study cells at passage three were used.

Wound Scratch Test Assay

5x10* cells/cm? 1929 cells were seeded on 24-
well plate and incubated at 37°C for 24 hours in the
5% of CO2 atmosphere. A linear scratch was created
in the confluent monolayer by gently scraping with
sterile 200 pl pipette tips. Afterward, the cellular
debris was removed by rinsing these cells using sterile
PBS. RGD peptide was dissolved in sterilized water,
sonicated, sterilized through filtering, and stored at
—20°C. Fresh medium (with no FBS) containing RGD
at concentrations of 0.5 mM, 1 mM and 2mM was
added to the media. Serum free media with no RGD
peptide was used as a control. Promotion of wound
closure observed by capturing micrographs with
florescence attached phase-contrast microscope
(CKX41, Olympus, Hamburg, Germany) at Oh, 24h,
48h and 72h, respectively. The percentage of healed
wound area for control, 0.5 mM, 1 mM, and 2mM at
each time points were analyzed by using the Imagel
software ~ (NIH,  Bethesda, @ MD,  http://
www.rsb.info.nih.gov/ij).

Cell Proliferation and Viability Analysis

Cell proliferation analysis was assessed with 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) (Vybrant® MTT Cell Proliferation
Assay Kit, Invitrogen, Waltham, MA, USA) assay
according to the manufacturer’s instructions, after 1,
3, and 5 days of incubation [28]. Briefly, MTT solution
(5 mg/mL) was added into culture medium (with 10%
concentration) and incubated for 2 h at 37°C. Next,
the medium was replaced with 500 uL DMSO (Sigma
Aldrich, St. Louis, MO, USA), and the optical density
for each well was measured at 540nm using a
Synergy™ HTX Multi-Mode Microplate Reader
(BioTek, Winooski, VT, USA). Measured absorbance
values were correlated to the equivalent number of
cells by using a calibration curve constructed with
reference number of cells. The effect of RGD peptide
addition in serum-free media on cell proliferation were
determined. After 72 hours of culture, live/ dead
double fluorescence staining kit (Dojindo EU,
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Munich, Germany) was used to evaluate viability of
L929 fibroblasts on well plates by fluorescence
microscopy. Briefly, the viable cells (Calcein-AM,
green fluorescence) and dead cells (propidium iodide,
red fluorescence) were studied using a fluorescence
microscope after 15 min of incubation in a culture
medium.

Statistical Analysis

Three independent experiments were performed
and in each experiment, three cell seeded wells were
used for each experimental groups. The images taken
from same cell seeded wells for each group at different
time points. All data were expressed as mean =+
standard error and were statistically analyzed by one-
way ANOVA (SPSS 12.0, SPSS GmbH, Germany)
and the Student-Newman-Keuls method as a post hoc
test. Significant differences between groups were
determined at p values at least less than 0.05.

Results

Wound Closure Measurement

After L929 fibroblasts reached confluency level,
scratch was occurred in order to assess wound healing
capacity of cell when cultured with different
concentrations of RGD peptide. The micrographs of
control, 0.5 mM, 1 mM, and 2 mM RGD at 0, 24, 48,
and 72 h were shown in Figure 2. The percentage of
healed wound area for control, 0.5 mM, 1 mM, and 2
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Figure 3.Wound closure area (%) for control, 0.5 mM, 1 mM,

and 2 mM RGD peptide groups at 24, 48 and 72 hours by using
Image J. Error bars represent mean = SE (n = 5) (significant
differences were determined by one-way ANOVA (Newman-
Keuls multiple comparison test, (*p < 0.05, **p < 0.01,***p <
0.001).
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Figure 2.Micrographs of in vitro wound closure assay of con-
trol, 0.5 mM, 1 mM, 2 mM RGD peptide groups at 0, 24, 48,
and 72 hours. Scale bar is equal to 200 um.

mM RGD groups at 0, 24, 48, and 72 h was assessed
by Imagel and presented in Figure 3. By 24 h, it is
evident that the scratch closure occurred at a faster rate
in the presence of different concentration of RGD
peptides. For instance, wound closure area
significantly increased in 2 mM RGD (29.30 + 0.9%)),
I mM RGD (28.00 + 1.1%), and 0.5 mM RGD (22.82
+ 4.03%) compared to control (21.81 £ 0.56%).
Similarly, at 48 h, significantly faster wound closure
in RGD groups was observed in 2 mM RGD (45.47 +
1.47%) followed by 1 mM RGD (35.89 + 1.3%) and
0.5 mM RGD (34.34 + 0.55 %) compared to control.
Additionally, after 72h, 2mM RGD (58,67 + 1.49%)
was the highest in terms of wound closure are among
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Figure 4.Cell numbers of control, 0.5 mM, 1 mM, and 2 mM
RGD peptide groups at 24, 48, and 72 hours. Error bars repre-
sent mean + SE (n = 5) (significant differences were deter-
mined by one-way ANOVA (Newman-Keuls multiple
comparison test, (*p <0.05, **p <0.01,1***p <(0.001).
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RGD groups, followed by 0.5 mM RGD (49.57 +
1.3%) and ImM RGD (46.69 £+ 0.27%). The results of
wound closure area showed that RGD treatment
improved cellular migration which enables
significantly accelerated wound closure.

Cell Proliferation and Viability during Wound Closure

The effect of RGD peptide concentrations of 0.5
mM, 1 mM, and 2 mM on cell proliferation at 24, 48,
and 72 h were presented in Figure 4. The results
showed that RGD peptide implementation did not
affect the cell proliferation at early time points of
culture including 24 and 48 h. However, at 72 h, cell
number in 2 mM RGD (145,885 + 8,037), | mM
(138,663 + 5,931), and 0.5 mM RGD (141,672.62 +
12,028) was significantly higher compared to control
group (114,114 + 1,970). The results of MTT assay
suggested that increased RGD peptide enriched
culture media improved cellular adhesion and
proliferation in the late phase of wound healing.
Fluorescent microscopy images of live/ dead staining
analysis in control, 0.5 mM, 1 mM, and 2 mM at 72 h
were shown in Figure 5a, b, ¢, and d, respectively. The
results indicated that dead cell numbers did not
critically differ by increasing the RGD peptide
concentration in the culture.

Figure 5. Viability of cells within the micro-tissues for 0% (A),
1% (B), 5% (C), and 10% (D) FBS groups was examined on
day 7 (green: LIVE cells, red: DEAD cells) (20x). Scale bar
represents 100 um size.

Discussion

In this study, to precisely observe the effects of
three different concentrations of RGD peptides on in
vitro wound closure, proliferation, and viability of
L929 fibroblasts, experiments were conducted with

serum-free media. As mentioned earlier, soluble RGD
peptides have converse effect on cell behaviors. It was
indicated that soluble RGD peptide, when treated with
adherent cells prior to cell seeding, prevented the
adhesion of cells [21, 23]. The potential reason for this
function could be blockage of all integrin binding
points of these cells with soluble RGD peptide;
therefore, cell adhesion was inhibited. On the other
hand, it was also reported that due to the dynamic
detachment of the integrin receptor in the presence of
soluble RGD peptide, migration of tumor cells was
augmented [25].

Our results clearly indicated that increasing the
RGD peptide concentration in the culture media
significantly accelerated the wound closure of 1.929
fibroblast (Figure 2 and Figure 3). It could be directly
related with the enhanced migration and proliferation
capacity of the cells in the presence of RGD peptide.
It was also observed that even with higher
concentration of soluble RGD peptide did not
critically affect cell proliferation specifically at the
early time points of in vitro wound healing (Figure 4).
However, wound closure area was significantly
increased by increasing the soluble RGD peptide
concentration at each time point. The reason for such
rate on cell proliferation might be due to the culture
of cells without serum concentration. Although
different concentration of RGD peptide was
supplemented into the test groups, still there was no
serum in the culture therefore no early proliferation
rate was observed. From 48 to 72 hours, 1929
fibroblasts might start using soluble RGD peptide as
a source of amino acids and it might be one of the
reason that partially accelerate the proliferation of
L929 fibroblasts. Our data showed that although
different RGD peptide concentration did not
practically affect the proliferation rate, it was clearly
seen that higher RGD peptide concentration
significantly trigger the migration rate of 1929
fibroblasts. Based on these findings, we hypothesize
that soluble RGD peptides significantly influence the
migration of L929 fibroblasts. The reason of enhanced
cell migration caused by soluble RGD peptide may be
related with accelerated attachment of the integrin
receptors. Similarly, Jones et al. [29] reported that
addition of RGD sequence including insulin-like
growth factor binding protein (IGFBP-1) in the cell
culture medium significantly enhanced the migration
of CHO cells.

Another possible explanation of such trend on
enhanced cell migration by increasing RGD peptide
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concentration might the activation
ofsignalingpathways such as, focal adhesion,caspase-
3,FAK proteolysis [21, 26, 30]. In a previous study, it
has been compared the rates of cell migration and
viability in the presence of soluble peptide in
concentrations. It was reported that the addition of
soluble peptide increased the rate of disconnection of
focal adhesions at the back of the cell, which may
induce higher migration levels and the presence of a
soluble peptide helps to block individual
communications from reassembling and allows an
“unzipping” of the polyvalent complex [26].

Cell viability results revealed that increasing the
soluble RGD peptide concentration did not critically
affect cell viability. Although it was previously
reported that RGD-containing peptides provoked
apoptosis, we did not observed similar results [31, 32].
Buckley et al. [21] reported that RGD peptides
induced apoptosis through direct caspase-3 activation
if adherent cells detach from their substrate. In that
case, soluble RGD peptides prevented the attachment
of the cells by blocking all the available integrin
binding units of the cells and lead apoptosis. However,
in these study as predicted from live/ dead staining
micrographs, soluble RGD peptide did not inhibit cell
viability. The potential reason of not leading major cell
death might be addition of RGD peptide to already
attached fibroblasts culture. It is also recommended
that these claim needs to further investigate with
apoptosis assay.

Conclusions

In the present study, we investigated the effect of
various concentration of soluble RGD peptide on
wound closure capacity, proliferation, and viability of
L929 fibroblasts in vitro. By incorporating soluble
RGD with different concentrations including 0.5 mM,
1 mM, and 2 mM to cell culture media, 1929
fibroblasts exhibited greater cell proliferation and
wound closure capacity compared to control
group.Taken together, soluble RGD peptide
applications may be an alternative wound treatment
technique in the near future after proofing the concept
study with animal and clinical studies. Experiments to
understand the efficacy of soluble RGD peptide
application on an in vivo wound model are underway.
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