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Abstract
Objectives: We were interested in determining
whether epidermal growth factor gene-transfected
mesenchymal stem cells (EGF-MSC) would accel-
erate fibroblast migration and proliferation.
Materials and methods: Fibroblasts were cultured
in serum-free conditioned media from EGF-MSC;
RT-PCR was performed to detect expression of
EGF gene in EGF-MSCs. EGF protein levels in
cell culture supernatants from EGF-MSC were
assayed by ELISA and proliferation of EGF-MSC-
treated fibroblasts was performed using MTT assay.
Effects of EGF-MSC on fibroblast migration were
evaluated using scratch wound and transmigration
assays. Cell adhesion molecules, cell dynamics
molecules and phospho-(Ser) kinase substrate
expressions of EGF-MSC-treated fibroblasts were
evaluated by western blotting.
Results: EGF gene expression increased in EGF-
MSCs and viability of EGF-MSC-treated fibroblasts
was elevated. EGF-MSC-treated fibroblasts showed
increased migration compared to controls. Expres-
sions of cell adhesion molecules (b-catenin, N-
cadherin), cell dynamics molecules (cofilin, ezrin)
and phospho-(Ser) kinase substrates (phospho-
MAPK/CDK substrate, phospho-Arg-(Ser)-X-Tyr/
Phe-X-pSer motif) increased in EGF-MSC-treated
fibroblasts. These results imply that EGF-MSCs
contributed to enhancing the wound healing pro-
cess by increased cell adhesion, dynamic effects,
fibroblast migration, and proliferation.
Conclusions: This study indicates that EGF-MSCs
had a positive influence on fibroblast migration and

proliferation and EGF-MSC may provide a useful
strategy for wound healing.

Introduction

Skin is an essential organ maintaining homeostasis, as it
protects the body against toxins, microorganisms and fur-
ther external potential insult. Healing of cutaneous
wounds requires complex interactions of dermal cells,
epidermal cells and the extracellular matrix (ECM) (1,2).
During the course of wound healing, fibroblasts differen-
tiate into myofibroblasts (3), and myofibroblasts synthe-
size the ECM. As wound healing progresses,
myofibroblasts begin to die by apoptosis and are replaced
by a second wave of fibroblasts from surrounding tissue
(4). Successful wound healing involves a number of pro-
cesses including cell migration, cell proliferation and
matrix deposition (5). In particular, migration and prolif-
eration are critical and are driven by growth factors
released at the injury site. Epidermal growth factor
(EGF) facilitates epidermal cell regeneration and plays an
essential role in the process of dermal wound healing by
stimulating proliferation and migration of keratinocytes.
EGF promotes formation of granulation tissue, stimulates
fibroblast motility and has been widely employed in stud-
ies to promote epidermal wound healing.

Mesenchymal stem cells (MSC) are plastic-adherent
cells with fibroblast-like morphology and have the
capacity for multipotent differentiation in vitro (6).
Umbilical cord blood (UCB) has been identified as a
source of MSCs, and human UCB-derived MSCs can
serve as an alternative source of bone marrow-derived
MSCs. Wound healing mechanisms include differentia-
tion of MSCs and paracrine effects of MSCs on epider-
mal and dermal cells (7,8). Beneficial effects of MSCs
are more likely to be mediated by their secretion of sol-
uble factors than by their long-term presence in repaired
tissue (9). For example, Chen et al. demonstrated
that growth medium conditioned with murine bone
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marrow-derived MSCs contains high levels of secreted
cytokines and is sufficient to enhance cutaneous wound
healing in Balb/C mice (10). In other studies, Kim et al.
have shown that adipose-derived MSCs stimulate human
fibroblasts via paracrine effects, significantly reducing
wound size, and promoting re-epithelialization, in an in
vivo model (11). Conditioned media (CM) are media in
which cells have been cultured for some time; they con-
tain many mediator substances such as growth factors
and cytokines.

The focus of this study was to clarify effects of
EGF gene-transfected MSCs (EGF-MSC) on wound
healing. EGF-MSC CM was used to verify interactions
between EGF-MSCs and fibroblasts. A scratch wound
assay was performed to determine whether EGF-MSCs
would influence fibroblast mobility and western blotting
was performed to detect expression of cell adhesion
molecules, cell dynamics molecules and phospho-(Ser)
kinase substrates as increased expression of these sub-
strates may be involved in wound healing by EGF-
MSCs. These proteins play an important role in EGF-
MSC-induced wound healing by fibroblasts.

Cell dynamics and cell adhesion are essential for cell
migration. Additionally, phospho-(Ser) kinase substrates
are highly conserved proteins involved in regulation of
cell survival, apoptosis and proliferation.

Materials and methods

MSCs

Cryopreserved MSCs isolated from UCB were pur-
chased at passage 3 from Medipost Co. (Seoul, Korea);
they were grown in MEM-a supplemented with 2 mM L-
glutamine, 100 U/ml penicillin, 100 lg/ml streptomycin
and 10% foetal bovine serum (FBS), and seeded at
2 9 105 cells in 100-mm dishes. After 7 days popula-
tion expansion, the cells were trypsinized and cryopre-
served at passage 6. They were then maintained at low
density at 37 °C in 5% CO2, and passages 9–12 were
used for subsequent experiments.

Human skin fibroblasts

Human skin fibroblasts were obtained at passage 3 from
KCLB (Seoul, Korea) and were grown in MEM-a supple-
mented with 2 mM L-glutamine, 100 U/ml penicillin,
100 lg/ml streptomycin and 10% FBS. They were seeded
at 2 9 105 cells in 100-mm dishes and maintained at
37 °C in 5% CO2. Passages 8–12 were used for all subse-
quent experiments. Fibroblasts were cultured in MEM-a
without FBS, and medium was exchanged for MSC CM,
vector-MSC CM or EGF-MSC CM, 1 day later.

Plasmids

Total RNA was isolated from HT29 human normal colo-
rectal cells. Total RNA was used to synthesize EGF-
cDNA using Maxime RT Premix Kit (Intron, Sungnam,
Korea). Polymerase chain reaction (PCR) analyses were
carried out using specific primers for human EGF. PCR
primers for EGF-cDNA were as follows:

Forward primer: 5′-GCTAGCTAGCGATGCTGCTCA
CTCTTATC-3′;
Reverse primer: 5′-CGCCTCGAGCTGAGTCAGCTC
CATTTG-3′.

Genomic fragments of EGF were cloned into the
pEGFP-N1 plasmid using the following steps: (i) for
cloning EGF, amplified product was ligated into NheI-
and XhoI-cut pEGFP-N1; (ii) Ligation mixtures were
transformed into chemically competent Escherichia coli
strains DH5a (Gibco, Sparks, MD, USA) with SOC
medium supplementation (2% tryptone, 0.5% yeast
extract, 10 mM NaCl, 2.5 mM KCl, 10 mM MgCl2,
10 mM MgSO4, 20 mM glucose) for 90 min, with shak-
ing at room temperature. Bacterial transformants were
then spread on to an LB medium agar plate (Sigma, St
Louis, MO, USA) with 25 mg/ml ampicillin, and incu-
bated at 37 °C for 1–2 days. EGF-transformed pEGFP-
N1 (pEGFP-N1-EGF) was precipitated using the Qiagen
Plasmid Kit (Qiagen, Venlo, the Netherlands). pEGFP-
N1-EGF was sequenced to confirm its identity using
dideoxynucleotide sequencing (data not shown). EGF in
pEGFP-N1-EGF was identified by cutting with the Eco-
RI restriction enzyme.

Transfection

Mesenchymal stem cells were seeded in 100-mm dishes
with MEM-a supplemented with 2 mM L-glutamine,
100 U/ml penicillin, 100 lg/ml streptomycin and 10%
FBS. In total, 20 lg of plasmid pEGFP-N1 and pEGFP-
N1-EGF was transfected into MSCs using Lipofecta-
mine-2000 (Invitrogen, Paisley, UK). Medium was
changed 5 h after transfection.

Total RNA isolation

Total RNA was extracted from EGF-CM-treated cells
using RNAiso (Takara, Otsu, Japan). Fibroblasts were
washed once in PBS to remove cell debris, and 2 ml
RNAiso and DNase I were added to them, cultured in
EGF-MSC CM. Cells were gathered using a cell scraper
and transferred to 15 ml conical tubes to incubate for
5 min; after 4 ml of chloroform was added to the tubes,
they were centrifuged. Supernatant was removed and
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placed into new 1.7 ml centrifuge tubes. Supernatant
was washed with isopropanol, and total RNA was pre-
cipitated at 12 000 g for 10 min at 4 °C.

Reverse transcriptase-PCR (RT-PCR)

Total RNA was used to synthesize cDNA using Maxime
RT Premix kit (Intron). PCR reactions were carried out
using specific primers for human EGF. PCR primers for
EGF cDNA were as follows:

Forward primer: 5′-CGATATGGACGTACACACGA-3′;
Reverse primer: 5′-TGGGTTAGCTGATAGGAGAG-3′.

PCR products were obtained after 35 cycles amplifi-
cation at denaturation temperature 92 °C, annealing tem-
perature 57 °C and extension temperature 68 °C.

Elisa

Epidermal growth factor protein level in cell culture su-
pernatants from EGF-MSCs was assayed using human
EGF immunoassay kit (R&D, Minneapolis, MN, USA).
After transfection, conditioned medium was collected
from EGF-MSCs. CM and EGF-MSC CM was added to
each well and incubated for 2 h at room temperature. EGF
was determined by addition of 200 ll peroxidase-conju-
gated anti-human antibody for 2 h. Plates were washed
four times in TBST; 100 ll substrate was added to each
well and incubated for 15 min at room temperature. The
reaction was stopped using 100 ll of 2 N sulphuric acid,
and absorbance was measured at 450 nm using the Dynex
opsys MR ELISA reader (Chantilly, VA, USA).

Cell viability assay

Human skin fibroblasts were seeded at 5 9 104 cells/well
in MEM-a and grown for 2 days. Cell viability assay
was initiated by adding EGF-MSC CM, vector-MSC CM,
or MSC CM. After 24-h incubation, 20 ll 3-(4,5-
dimethylthiazol-2y)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) was added to each well, and cells were incubated
for 4 h. Supernatant was removed and dimethyl sulphox-
ide was added to each well. Samples were shaken to dis-
solve the formazan and absorbance was measured at
570 nm with a uQuant microplate reader.

Cell migration assay

We analysed effects of MSCs on fibroblast migration
using a scratch wound assay. The underside of each well
was scribed vertically with an edge blade to generate
two guidelines in a row through the middle of the well,
to define reference points for image capture. Fibroblasts

were then seeded in the scribed plate at 2 9 104 cells/
well in MEM-a, and maintained to 80–90% confluence.
The fibroblast monolayer was scratched using a p200
pipette tip running the full length of the well between
the guidelines. Each well was washed once in growth
medium to remove cell debris, then MSC CM, vector-
MSC CM or EGF-MSC CM was added to the scratched
fibroblast cultures. Images were captured along etched
scratch guidelines to record scratch wound closure, this
being monitored by collecting digitized images at
selected time intervals. Digitized images were captured
on a Nikon Eclipse TE300 inverted microscope then
acquired using T-view software, and saved as TIFF files.
Cell-transmigration assay was performed in a co-culture
system using an upper cell culture insert (SPL, Gy-
eonggi-do, Korea) with polycarbonate membrane (8 lm
pore size, 1 9 105 pores/cm2) and a companion 24-well
plate beneath. Briefly, fibroblasts were centrifuged at a
low speed (250 9 g for 5 min at 24 °C), resuspended
in fresh medium (1 9 105 cells/ml), placed in upper
inserts and incubated for 2 h at 37 °C; lower plates
were filled with MSC CM, vector-MSC CM or EGF-
MSC CM. The upper inserts and lower plates were
assembled and incubated in 70% humidity and 5% CO2

at 37 °C for 12, 24 and 48 h. After incubation, fibro-
blasts in upper inserts were removed by scraping. Mem-
branes were then removed from upper inserts, placed on
slides and stained with trypan blue (Sigma). Numbers of
transmigrated cells in nine fixed fields were determined
using light microscopy at 2009 magnification.

Western blotting

Protein in cell lysates was separated by 12% sodium
dodecyl sulphate polyacrylamide gel electrophoresis, and
protein was transferred to nitrocellulose membranes
(Bio-Rad, Hercules, CA, USA), probed with antibodies
specific to b-catenin, N-cadherin, pan-cadherin phospho-
(Ser) CDK substrate, phospho-MAPK/CDK substrate,
phospho-(Ser)-Arg-X-Tyr/Phe-X-pSer motif, phospho-
(Ser) 14-3-3 binding motif, cofilin, and p-ezrin (Cell
Signaling Technology, Danvers, MA, USA) diluted in
TBST buffer (10 mM, pH 7.5 Tris-HCl, 100 mM NaCl
and 0.1% Tween-20), followed by goat antirabbit IgG-
horseradish peroxidase (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). Protein labelled with antibody
was detected using enhanced chemiluminescence kits
(Cell Signaling Technology).

Statistical analysis

Data were obtained from at least three independent
experiments and values are expressed as mean �
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standard deviation. Student’s t-test was used for statisti-
cal analyses, and P < 0.05 was considered significant.

Results

EGF expression in EGF gene-transfected MSCs

Restriction enzyme cutting was performed using EcoRI to
investigate whether the EGF cDNA was cloned into pEGFP-
N1 and the restriction enzyme cut product was confirmed by
1.5% agarose gel electrophoresis (Fig. 1); 3.7 kbp EGF
cDNA band was confirmed. pEGFP-N1-EGF was transfect-
ed into MSCs. EGF mRNA was clearly expressed in pEG-
FP-N1-EGF-transfected MSCs (EGF-MSC) using RT-PCR
(Fig. 2a). To measure EGF expression in EGF-MSCs,
ELISA was performed. Expression of EGF protein was
found to be higher in EGF-MSCs (Fig. 2b).

Effects of EGF-MSC on fibroblast viability

We cultured human skin fibroblasts with EGF-MSC CM
for 24 h, and MTT assay was performed to investigate

effects of EGF-MSCs on fibroblast viability. Fibroblasts
were cultured with MSC CM, pEGFP-N1-transfected-
MSC (vector-MSC) CM or EGF-MSC CM. EGF-MSC
CM significantly increased fibroblast viability compared
to MSC CM or vector-MSC CM (Fig. 3).

Effects of EGF-MSC on fibroblast migration

Effects of EGF-MSCs on human skin fibroblast migra-
tion were determined using scratch wound assay. Images
of scratch wounds at 24, 48 and 72 h after scratching
showed that fibroblast migration into the wound area
was accelerated in the presence of EGF-MSC CM
(Fig. 4a) and scratch wound closure was complete by
72 h with this. Increased cell migration contributed to
accelerated wound closure in EGF-MSC CM-treated
fibroblasts. After they had been cultured for 3 days,
fibroblasts were cultured with EGF-MSC CM, vector-
MSC CM or MSC CM to determine their transmigration
activity. Their incubation in EGF-MSC CM produced
progressive increase in cell transmigration in a time-
dependent manner (Fig. 4b). Results of transmigration
assay show that number of transmigrated EGF-MSC
CM-treated fibroblasts was 3-fold (P < 0.05) greater
than MSC CM-treated or vector-MSC CM-treated
fibroblasts.

Effects of EGF-MSC on expression of cell adhesion
molecules, cell dynamics molecules and phospho-(Ser)
kinase substrates of fibroblasts

We investigated whether EGF-MSC-induced fibroblast
migration was dependent on cell adhesion and cell
dynamics molecules. As shown in Fig. 5, expressions of
cell adhesion molecules (b-catenin, N-cadherin, and
pan-cadherin) as well as cell dynamics molecules (cofi-
lin and p-Ezrin) were increased in EGF-MSC-treated

Figure 1. Determination of epidermal growth factor gene in EGF
gene-transfected pEGFP-N1 plasmid. pEGFP-N1 and pEGFP-N1-
EGF were cut with EcoRI; digested products were loaded on a 1.5%
agarose gel. 1, digested pEGFP-N1 was loaded in the first and third
lanes. 2, digested pEGFP-N1-EGF was loaded in the second and fourth
lanes. 3.7 kbp EGF cDNA band and 4.8 kbp pEGFP-N1 band were
detected.

(a) (b)

Figure 2. Expression of EGF in EGF-MSC. (a) RT-PCR was performed using total RNA isolated from MSC, vector-MSC, and EGF-MSC. RT-
PCR products were loaded on a 1.5% agarose gel for electrophoresis. No EGF mRNA was detected in MSC, low expression in the vector-MSCs,
and high expression in EGF-MSC. (b) EGF levels from MSC, vector-MSC, EGF-MSC were measured in CM by ELISA. Concentration of EGF in
EGF-MSC was upregulated compared to that of MSC and vector-MSC. Data represent means � SEM, n = 3. *P < 0.05 versus MSC.
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fibroblasts. These results suggest that EGF-MSCs may
enhance migration by increasing expression of adhesion
molecules and cell dynamics molecules on fibroblasts.
Phospho-(Ser) kinase substrates are highly conserved
proteins involved in regulation of cell survival, apopto-
sis, and proliferation. We investigated whether EGF-
MSC-induced fibroblast proliferation was dependent on
phospho-(Ser) kinase substrates. As shown in Fig. 6,

expressions of phospho-(Ser) CDK substrate, phospho-
MAPK/CDK substrate, phospho-(Ser)-Arg-X-Tyr/Phe-X-
pSer motif, and phospho-(Ser) 14-3-3 binding motif
were increased in EGF-MSC-treated fibroblasts. These
results suggest that EGF-MSCs enhanced fibroblast pro-
liferation by increasing expression of phospho-(Ser)
kinase substrates.

Discussion

Skin is as an essential barrier to protect organisms from
their environment. It is composed of epidermis (forming
the barrier) and dermis – which provides support and
nutrition for the epidermis. During wound healing, fibro-
blast migration and proliferation help form a provisional
matrix as the basis for granulation tissues (8).

Fibroblasts are essential for cutaneous wound repair
(10,11) and are responsible for scar formation of a
wound. Further essential roles of fibroblasts during
wound healing are extracellular matrix deposition and
tissue remodelling. Fibroblast responses to injury are
dysregulated during abnormal wound repair; for exam-
ple, hypertrophic scars are characterized by excessive
extracellular matrix deposition and wound contraction
due to increased number of myofibroblasts. Because
wound healing is associated with fibroblasts and the
extracellular matrix in the dermis and epidermis, fibro-
blasts were used in this study.

Figure 3. Effects of EGF-MSCs on fibroblast viability. Human skin
fibroblasts were seeded at 5 9 104 cell/well in MEM-a and grown for
2 days. Cell viability assay was conducted by adding MSC CM, vec-
tor-MSC CM or EGF-MSC CM; MTT assay was performed after 24,
48 and 72 h incubation. Cell viability of EGF-MSC CM-treated fibro-
blasts increased significantly. Data represent means � SEM, n = 3.
*P < 0.05 versus MSC CM-treated fibroblasts.

(a) (b)

(c)

Figure 4. Effects of EGF-MSCs on fibroblast migration. (a) Scratch wound assay was conducted in the presence of MSC CM, vector-MSC CM
and EGF-MSC CM for 24, 48 and 72 h. Images were captured along scratch guidelines to record scratch wound closure which was monitored by
collecting digitized images. Results showed that number of cells migrating increased amongst EGF-MSC CM-treated fibroblast. Images were taken
at 1009 magnification. (b) Enhanced wound closure was detected in EGF-MSC CM-exposed fibroblasts and percentage of wound closure in scratch
wound assays was determined. Data represent means � SEM, n = 3. *P < 0.05 versus the MSC CM fibroblasts. (c) Fibroblast transmigration was
performed in a modified Boyden chamber using MSC CM, vector-MSC CM and EGF-MSC CM. Fibroblasts were seeded on 8 lm pore size filters.
Trypan blue staining was used to assess numbers of migrating cells. Numbers of transmigrating fibroblasts was higher amongst EGF-MSC CM-
exposed fibroblasts.
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Mesenchymal stem cells are often used in wound-
healing investigations. Recent studies have demon-
strated that treating cutaneous wounds with MSCs
accelerates wound healing kinetics, increases epithelial-
ization and increases angiogenesis (7,8,12–17). EGF is

an essential growth factor needed for epithelial cell
proliferation and fibroblast wound healing and the role
of EGF has been extensively investigated during nor-
mal and pathological wound healing. EGF is implicated
in keratinocyte migration, fibroblast function and for-
mation of granulation tissue. More studies have focused
on promoting wound healing by application of cyto-
kines and some studies have found that external EGF
accelerates wound healing (18,19). Moreover, recent
studies have demonstrated that soluble epidermal
growth factor could be used to increase MSC numbers
while not affecting differentiation of these cells in the
absence or presence of external differentiation cues
(20). Similarly, externally applied EGF promotes heal-
ing of skin incisions and prevents excessive scars.
However, after huge losses of skin, such as by burns
or ulcers, few living cells remain in local tissues. Con-
sidering this disadvantage, pEGFP-N1-EGF transfected
MSCs were used in this study.

RT-PCR showed that EGF mRNA was clearly
expressed in EGF-MSCs; however, we found low
expression of EGF mRNA in controls and pEGFP-N1
transfected MSCs, suggesting that higher expression
contributed to extraneous EGF expression.

To determine fibroblast cell viability, colorimetric
MTT metabolic activity assay was used; results indicate
that viability of EGF-MSC CM-treated fibroblasts was
increased. Results from scratch assays revealed that

Figure 5. Effects of EGF-MSCs on cell adhesion molecules and
cell dynamics molecules in fibroblasts. Fibroblasts were treated with
MSC CM, vector-MSC CM or EGF-MSC CM for 24 h. Expression of
cell adhesion molecules (b-catenin, N-cadherin and pan-cadherin)
increased in EGF-MSC CM-treated fibroblasts. Expression of cell
dynamics molecules (cofilin and p-ezrin) increased in EGF-MSC CM-
treated fibroblasts.

(a) (b) (c) (d)

Figure 6. Effects of EGF-MSCs on phospho-(Ser) kinase substrates of fibroblasts. Fibroblasts were treated with MSC CM, vector-MSC CM or
EGF-MSC CM for 24 h. Exposure to EGF-MSC CM-treated fibroblasts resulted in increased expression of phospho-(Ser) kinase substrates. (a)
Expression of phospho-(Ser) CDKs substrates, cell cycle-related proteins, increased in EGF-MSC CM-treated fibroblasts. (b) Expression of phos-
pho-MAPK/CDK substrates, cell cycle and cell signalling-related proteins increased in EGF-MSC CM-treated fibroblasts. (c) Expression of phos-
pho-(Ser) Arg-X-Tyr/Phe-X-pSer motif, cell survival and proliferation regulation-related proteins increased in EGF-MSC CM-treated fibroblasts. (d)
Expression of phospho-(Ser) 14-3-3 binding motif, cell survival and proliferation regulation-related proteins increased in EGF-MSC CM-treated
fibroblasts.
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migrating cells increased in number in EGF-MSC CM-
treated groups (Fig. 4a).

These experiments have demonstrated that EGF-
MSCs enhanced fibroblast proliferation and migration.
EGF-MSC-induced fibroblast proliferation and migration
are consistent with previously published reports demon-
strating mitogenic and chemoattractive effects of CM
from bone marrow-derived MSCs on keratinocytes and
endothelial cells (22). EGF-MSCs affect cell adhesion
molecules such as b-catenin, N-cadherin and pan-cadher-
in as well as actin reorganization molecules such as cofi-
lin and p-ezrin. Recent studies have revealed that b-
catenin, N-cadherin, pan-cadherin, cofilin and p-ezrin
play essential roles in fibroblast migration. Poon et al.
have shown that b-catenin signalling is activated in fibro-
blasts during wound healing, and that it positively regu-
lates fibroblast proliferation (21). Akitaya et al. have
shown regulation of localization and function of N-cadh-
erin and pan-cadherin during migration of neural crest
cells (22) and Dawe et al. showed that actin filament dis-
assembly is necessary for protrusion of lamellipodia dur-
ing fibroblast migration, and that cofilin is essential for
catalysis of filament disassembly in fibroblasts (23).
Lamb et al. revealed that p-ezrin plays an important part
in pseudopodial extension in fibroblasts and maintenance
of cell shape (24). In this study, increased expression of
b-catenin, N-cadherin, pan-cadherin, cofilin and p-ezrin
was detected in EGF-MSC CM-treated fibroblasts
(Fig. 5), suggesting that increased expression of cell
adhesion molecules and actin reorganization molecules
may contribute to fibroblast migration.

Phospho-(Ser) kinase substrates are highly conserved
proteins involved in regulation of cell survival, apoptosis
and proliferation. As shown in Fig. 6, elevated expres-
sion of phospho-(Ser) CDK substrates and phospho-
MAPK/CDK substrates, cell cycle and cell signalling-
related substrates was observed in EGF-MSC CM-trea-
ted fibroblasts. Expression of phospho-(Ser) Arg-X-Tyr/
Phe-X-pSer motif and phospho-(Ser) 14-3-3 binding
motif, and cell survival and proliferation regulation-
related protein increased in EGF-MSC CM-treated fibro-
blasts. These results suggest that EGF-MSC CM
affected the cell cycle, cell signalling, cell survival and
proliferation in fibroblasts by enhanced expression of
phospho-(Ser) kinase substrates.

In summary, we investigated interactions between
EGF-MSCs and fibroblasts as an application of EGF-
MSCs for wound healing. Increased expression of cell
adhesion molecules, actin reorganization-related proteins
and phospho-(Ser) kinase substrates suggested that EGF-
MSCs had positive influence on fibroblast migration and
proliferation. Considering these effects, EGF-MSCs can
be considered to be effective for promoting wound heal-

ing. Further mechanistic studies may clarify the roles of
more EGF-MSCs factors.
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