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Abstract: Adipose-derived stem cells (ADSCs) are multipotent stromal cells that provide an abundant source of cells 
for skin tissue engineering and wound healing. Platelet-rich plasma (PRP) is a concentrate of platelet-rich plasma 
protein, which contains several different growth factors and other cytokines. In this study, we combined ADSCs 
with PRP for wound healing. Herein, we found ADSCs in combination with PRP was able to promote wound healing, 
granulation formation, collagen deposition and re-epithelialization. The mechanism exploration discovered that PRP 
promoted stress fiber formation in ADSCs, leading to cell migration. Then, we demonstrated that PRP enhanced the 
expression of Rho GTP family proteins, including Cdc 42, Rac 1 and Rho A. Moreover, it promoted the expression 
of downstream Rho GTP signaling molecules, including PAK 1, ROCK 2, LIMK 1 and Cofilin. When PRP was used in 
combination with the Cdc 42 inhibitor ZCL278, the Rho A inhibitor CT04, Rac 1 inhibitor NSC23766, PAK inhibitor 
FRAX597, or Rock 2 inhibitor Y27632 to treat ADSCs, stress fiber formation was significantly reduced, resulting in 
decreased cell migration. Our findings may provide a promising approach to promote wound healing.
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Introduction

In undamaged skin, the epidermis and dermis 
form a protective barrier against the external 
environment. When the barrier is broken, an 
orchestrated cascade of biochemical events is 
set into motion to repair the damaged skin [1]. 
However, large skin wounds and chronic wo- 
unds cannot self-heal adequately because of 
limited cell sources [2]. Mesenchymal stem 
cells (MSCs) are multipotent stromal cells that 
can differentiate into a variety of cell types, 
including osteoblasts (bone cells), chondro-
cytes (cartilage cells), myocytes, adipocytes 
and skin cells [3]; therefore, they can be an 
optimal alternative cell source that may be 
used for skin wound healing. Among the many 
types of MSCs, adipose-derived stem cells 
(ADSCs) are the most commonly used in der-

matology [4]. Fat tissue is an excellent source of 
MSCs [5]. The isolation of ADSCs is very simple 
and highly efficient: the cellular yield is 100-
1000 times greater than that of bone mesen-
chymal stem cells (BMSCs) [6]. It has been 
shown that ADSCs can directly or indirectly (by 
its paracrine effect, releasing cytokines and 
growth factors) participate in and promote the 
regeneration process [7]. In addition, ADSCs 
can be used in combination with growth factors 
to enhance wound healing by inducing angio-
genesis and stimulating collagen deposition [8, 
9].

Platelet-rich plasma (PRP) is a concentrate of 
platelet-rich plasma protein derived from whole 
blood, centrifuged to remove red blood cells 
[10]. As a concentrated source of blood plasma 
and autologous conditioned plasma, PRP con-
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tains several different growth factors and other 
cytokines, including platelet-derived growth 
factor (PDGF), transforming growth factor beta 
(TGF-β), fibroblast growth factor (FGF), insulin-
like growth factor 1 (IGF-1), insulin-like growth 
factor 2 (IGF-2), vascular endothelial growth 
factor (VEGF), epidermal growth factor (EGF), 
Interleukin 8 (IL-8), keratinocyte growth factor 
(KGF), connective tissue growth factor (CTGF) 
[11-13]. It has been used to encourage a brisk 
healing response across several specialties, in 
particular plastic surgery, dentistry, orthope-
dics and dermatology [14]. For stem cell trans-
plantation, PRP is capable of providing enough 
nutritions for transplanted stem cells. 

In our previous study, we used ADSCs in combi-
nation with growth factors to co-treat skin 
wounds, and this combination therapy signifi-
cantly accelerated wound healing. Further 
mechanism studies have revealed that growth 
factors can activate the JNK and ERK signaling 
pathway to induce actin stress fiber formation, 
thereby promoting ADSC migration to enhance 
wound healing [15]. Accumulating evidence 
demonstrates that Rho GTPases play an impor-
tant role in cell migration [16]. Thus, in this 
study, we used PRP to replace growth factors, 
we tested wound healing effects of PRP in com-
bination with ADSCs, and we also tested wheth-
er PRP was able to promote ADSCs migration. 
In addition, we explored whether PRP induced 
ADSC migration via Rho GTPases. We detected 
the expression of Rho family proteins, including 
Cdc 42, Rac 1 and Rho A, and the expression of 
downstream molecules in ADSCs treated with 
PRP. The present study may reveal more about 
the mechanism of PRP induced ADSC mi- 
gration.

Materials and methods

Isolation and identification of ADSCs

Inguinal adipose tissues were isolated from 
12-14-week-old female BALB/c mice and di- 
gested at 37°C in phosphate-buffered saline 
(PBS) containing 2% bovine serum albumin 
(BSA) and 2 mg/ml collagenase (collagenase A, 
Roche), for 15-20 min. After filtration through a 
40 μm nylon filter mesh (BD Falcon) and cen-
trifugation, the isolated cells were suspended 
in medium, counted with a hemocytometer, 
plated at 5 × 104 cells/ml in 6 cm tissue culture 
plates, and cultured at the presence of 20% 
fetal bovine serum (FBS)-containing Dulbecco’s 

modified Eagle’s medium (DMEM). The cells 
were observed daily under an inverted phase-
contrast microscope and were passaged at 
80-90% confluence. The culture media was 
changed every two days. 

Blood collection and platelet-rich plasma 
preparation

The platelet-rich plasma was obtained by cen-
trifugation of 50 ml fresh blood at 250 × g at 
37°C for 15 minutes, about 20 ml platelet-rich 
plasma was obtained after centrifugation.

Wound healing

Forty-eight healthy adult specific-pathogen-free 
(SPF)-class C57BL/6 mice were randomized 
into 4 groups: control group, PRP group, ADSC 
group and PRP + ADSCs group. The mice were 
anesthetized by intraperitoneal injection of 
10% chloral hydrate (0.003 ml/g). After the hair 
on two sides of the back of each C57BL/6 
mouse was shaved, the remaining hair was 
removed using frozen honey wax. Next, a 
square-shaped (1 cm2) full-thickness wound 
was created. Totally 0.4 ml PBS (control), 0.4 ml 
PRP, 0.4 ml ADSCs (1 × 106/ml), 0.4 ml PRP + 
ADSCs (1 × 106/ml) were used for each wound 
of each group. After the operation, the mice 
had free access to food and water. The healing 
of the wounds on each mouse was recorded 
using a digital camera on the day of the opera-
tion and again on days 3, 5, 7 and 14 after the 
operation. The wound-healing rates were calcu-
lated using the following equation: wound-heal-
ing rate = (the area of the original wound - the 
area of the unhealed wound)/the area of the 
original wound × 100%. The Bioethics Com- 
mittee of Southern Medical University approved 
all animal experiments, and experiments were 
performed in accordance with the National 
Institutes of Health (NIH) Guide for the Care 
and Use of Laboratory Animals.

Transwell assay

ADSCs at passage 4 were serum starved for 12 
h, resuspended in serum-free medium, and 
adjusted to a density of 1 × 106 cells/ml. One 
hundred microliters of ADSCs was placed in the 
upper chamber of a Transwell plate (Corning, 
Corning, NY, USA). Serum-free L-DMEM, with or 
without PRP, was added to the lower chamber. 
Prior to the addition of the ADSCs, preheated 
serum-free L-DMEM (300 µl) was added to the 
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upper chamber and allowed to incubate for 1 h 
at 37°C. After the ADSCs were incubated for 24 
h at 37°C, the cells that had migrated to the 
lower chambers were collected, stained with 
crystal violet (Beyotime, Haimen, China), and 
photographed (20 ×); five samples from each 
group were selected for counting.

Wound scratch assay

ADSCs at passage 4 were seeded in 12-well 
plates at a density of 4-5 × 105 cells per well. 
When the cells grew to 90% confluence, the 
medium was aspirated away, and the cells were 
serum starved for 12 h. The cells were divided 
into control (PBS) and PRP treated groups. A 
scratch wound was created with a micropipette 
tip. The wounds were photographed 0, 12, 24, 
36, 48, 60, and 72 h after wounding. The as- 
says were performed in quadruplicate.

Immunofluorescence staining 

ADSCs at passage 4 were seeded at a density 
of 4 × 105 cells/well in 24-well plates (Corning) 
with a coverslip (Fisher Scientific, Shanghai, 
China). The cells were serum starved for 12 h 
and divided into eight treatment groups. The 
negative and positive control treatments con-
sisted of incubation in DMEM containing PBS or 
PRP, respectively. After 30, 120, 240, or 360 
min of treatment, the coverslips were removed, 
and the cells were fixed in 4% PFA, permeabi-
lized with 0.1% Triton X-100 for 5 min, blocked 
with 1% BSA for 20 min at room temperature, 
and stained with phallotoxins (phalloidin; In- 
vitrogen). After washing with PBS, the cells 
were counterstained with Hoechst 33258 (dilu-
tion 1:500) for 10 min, washed again with PBS, 
mounted, and examined by fluorescence 
microscopy.

Pull-down assay and western blot

The GTPase pull-down assay was performed 
according to the manufacturer’s protocol (Rho 
Assay Reagent (Rhotekin RBD, Agarose), Mi- 
llipore, cat. #14-383). ADSCs at passage 4 we- 
re cultured in a 100 mm Petri dish to approxi-
mately 85-90% confluence. The cells were 
serum starved overnight and then stimulated 
with PRP for 15, 30 or 120 min. The cells were 
then washed with ice-cold Tris-buffered saline 
(TBS) and lysed with ice-cold Mg2+-containing 
buffer (MLB: 25 mM HEPES, pH 7.5, 150 mM 
NaCl, 1% Igepal CA-630, 10% glycerol, 25 mM 

NaF, 10 mM MgCl2, 1 mM EDTA, 1 mM sodium 
orthovanadate and 1 mM PMSF). The cells 
were rapidly scraped off the plates, and the 
lysates were transferred to prechilled Eppendorf 
tubes. Protein concentrations were determin- 
ed via a bicinchoninic acid assay (Beyotime, 
P0009). The cell lysates were assayed for total 
Rho A (1:200; Santa Cruz; SC418), p-Limk1 
(1:500; Sigma; SAB4300103), Limk1 (1:1000; 
Cell Signaling; #3842), p-Limk2 (1:500; Sigma; 
SAB4300104), Limk2 (1:1000; Cell Signaling; 
#3844), p-Cofilin (1:1000; Cell Signaling; 
#3311), and Cofilin (1:1000; Cell Signaling; 
#3312). Another aliquot of cell lysates was sub-
jected to a Rhotekin binding assay as follows: 
the cell lysates were centrifuged at 14,000 × g 
for 5 min at 4°C. Equal amounts of cleared cell 
lysates were incubated with GST-Rhotekin aga-
rose at a final concentration of 30 μg/ml at 4°C 
for 45 min with gentle agitation, followed by 
brief centrifugation at 14,000 × g for 10 s at 
4°C. The supernatants were removed and dis-
carded. The bead pellets were washed three 
times by centrifuging at 5000 rpm for 20 s with 
0.5 ml of ice-cold MLB. The beads were resus-
pended in 40 μl of 2 × Laemmli sample buffer 
and boiled for 5 min. The beads were pelleted 
by brief centrifugation, and the supernatants 
were analyzed by western blot using anti-Rho A 
antibodies and secondary antibodies (goat 
anti-rabbit IgG, 1:1000, Millipore, Cat. #AP- 
132P; goat anti-mouse IgG, 1:1000, Millipore, 
Cat. #AP124P). The bands were visualized us- 
ing enhanced chemiluminescence (ECL) detec-
tion system and quantified using Quantity One 
software (Bio-Rad, Hercules, CA, USA).

Histological observations

After 3, 5, 7, 10 days treatment, the skin in the 
central area of suckling mouse back was care-
fully excised, rinsed in PBS, and then fixed in 
4% Paraformaldehyde (PFA). Samples were de- 
hydrated in a graded ethanol series (70-100%) 
and embedded in paraffin. Five-micrometer 
sections were prepared. According to the stan-
dard procedures, samples were stained with 
either hematoxylin and eosin (HE) or Masson 
trichrome.

Statistical analyses

Statistical analysis was performed using Sta- 
tistical Package for the Social Sciences (SPSS) 
software version 13.0. All the data are ex- 
pressed in the form of mean value ± standard 
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deviation. Differences among three or four 
groups were assessed using one-way ANOVA 
followed by Fisher’s Least Significance Di- 

fference test. A value of P < 0.05 was consid-
ered statistically significant (significance levels: 
*P < 0.05 and **P < 0.01).

Figure 1. General observations of wound healing of control, PRP, ADSCs and ADSCs + PRP treated group. A. Photo-
graph of wound of control, PRP, ADSCs and ADSCs + PRP treated group after 0, 3, 5, 7, 14 days treatment respec-
tively. B. The wound healing rate of control, PRP, ADSCs and ADSCs + PRP treated group after 0, 3, 5, 7, 14 days 
treatment (n = 3). **P < 0.01.
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Results

PRP in combination with ADSCs treatment pro-
motes wound closure

Figure 1A shows the general observations of 
wound healing of control, PRP, ADSCs, PRP in 
combination with ADSCs treated group respec-
tively. After 3 days of treatment, there was no 
significant difference in wound closure among 
control, PRP and ADSCs treated groups. While 
the wound closure rate was obviously higher in 
PRP in combination with ADSCs treated group 
compared to the other 3 groups (P < 0.01) 
(Figure 1B). After 5 days of treatment, the wo- 

und closure rate in PRP and ADSCs treated 
groups was higher than the control group (P < 
0.01). And PRP in combination with ADSCs 
treated group had the highest wound closure 
rate. After 7 days of treatment, the wounds in 
PRP in combination with ADSCs treated group 
had completed closure. While the wounds in 
other 3 groups still did not closure.  

PRP in combination with ADSCs treatment 
promotes granulation tissue formation and 
re-epithelialization

Figure 2 shows the granulation tissue forma-
tion and re-epithelialization of control, PRP, 

Figure 2. The histological observations of wound of control, PRP, ADSCs and ADSCs + PRP treated group after 3, 
5, 7 days treatment respectively. The magnification pictures were left and right edge of each wound respectively. 
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ADSCs, PRP in combination with ADSCs treated 
group respectively. After 3 days of treatment, 
granulation tissue started to form in PRP in 
combination with ADSCs treated group. While, 
visible granulation tissue formation could be 
seen in control, PRP, ADSCs groups after 7 days 
of treatment. In addition, the wounds of PRP in 
combination with ADSCs treated group was full 
filled with granulation tissue, while the wounds 
of other 3 groups still had some areas without 
granulation tissue formation. Moreover, the re-
epithelialization of wounds of PRP, ADSCs, PRP 
in combination with ADSCs treated groups were 
better than the control group at each indicated 
time point. By comparison, among the PRP, 
ADSCs, PRP in combination with ADSCs treated 
groups, the PRP in combination with ADSCs 
treated group had best re-epithelialization at 
each indicated time point.

PRP in combination with ADSCs treatment pro-
motes collagen deposition

Following, we examined the collagen deposition 
at the wound site of control, PRP, ADSCs, PRP in 
combination with ADSCs treated group respec-
tively. As shown in Figure 3, after 3 days of 
treatment, more collagen fibers could be de- 
tected in PRP in combination with ADSCs treat-
ed group compared to the other 3 groups. After 
5 days of treatment, more collagen fibers could 
be seen in both ADSCs and PRP in combination 
with ADSCs treated groups compared to control 

and PRP groups. After 7 days of treatment, the 
wounds of PRP in combination with ADSCs 
treated group full filled with new deposited col-
lagen fibers, while wounds of other 3 groups 
still had some area without collagen depo- 
sition.

PRP promotes ADSCs migration by inducing 
actin stress fiber formation

Firstly, we found that PRP could promote ADSC 
invasion after 24 hours of induction in vitro 
(Figure 4A). In addition, the scratch wound 
healing results showed that after 36 hours of 
treatment, the wound healing rate of ADSCs 
treated with PRP was significantly higher than 
that of the control group, and after 72 hours, 
the gap was fully filled by ADSCs, while the 
wound in the control group had not closed 
(Figure 4B). Actin stress fibers have a crucial 
role in cell migration and contraction, so we 
used phallotoxin (phalloidin) staining to exam-
ine the distribution and formation of actin 
stress fibers in ADSCs treated with PRP. As 
shown in Figure 4C, more actin stress fibers 
were observed with 30 minutes of treatment 
with PRP than with PBS treatment, and they 
were distributed along the membrane. After 2 
and 4 h of treatment, numerous actin stress 
fibers were arranged across the cell bodies. 
After 6 h of treatment, only a few actin stress 
fibers were seen at the periphery of the cells. 

Figure 3. The Masson trichrome staining of wound of control, PRP, ADSCs and ADSCs + PRP treated group after 3, 
5, 7 days treatment respectively.
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Figure 4. PRP induces actin stress fiber formation and ADSC migration. A. Transwell assay showing ADSCs that invaded after treatment with PBS or PRP. B. The 
scratch wound healing assay of ADSCs treated with PRP for different lengths of time. C. Phallotoxin staining (phalloidin) was performed to stain actin in ADSCs 
treated with PBS or PRP; nuclei were counterstained with Hoechst 33258. 
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Rho family proteins are involved in PRP in-
duced ADSC migration

Rho family proteins, such as Cdc 42, Rac 1 and 
Rho A, play an important role in cytoskeletal re- 
organization and decomposition, which directly 
affect cell migration. Therefore, in this study, 
we first investigated whether PRP induced 
ADSC migration through Rho family proteins. As 
shown in Figure 5A, the expression of Cdc 42 in 
ADSCs treated with PRP gradually increased 
compared with that in the untreated group. It 
reached its maximum level after 4 hours of 
treatment and then fell back to its normal level. 
Similarly, the expression of Rac 1 also gradually 
increased, reached its maximum value at 4 
hours, then decreased (Figure 5B). The expres-
sion of Rho A achieved its highest level after 2 
hours of treatment and then decreased to its 
normal level (Figure 5C). These results suggest 
that the Rho family proteins Cdc 42, Rac 1, and 
Rho A are involved in PRP induced ADSC 
migration.

The expression of Rho GTPase downstream 
signal molecules

We have already demonstrated that PRP can 
regulate the expression of Cdc 42, Rac 1 and 
Rho A; therefore, we also explored whether the 
expression of downstream signaling molecules, 
including PAK 1, ROCK 2, LIMK 1 and Cofilin, is 
affected by PRP. As shown in Figure 6A, the 
expression of PAK 1 gradually increased in 
ADSCs treated with PRP, reached its highest 
level at 4 hours, then decreased at 6 hours. In 
addition, the expression of PAK 1 could be sig-
nificantly inhibited by the Cdc 42 inhibitor 
ZCL278 and the PAK inhibitor FRAX597 (Figure 
7A). ROCK 2 expression also increased with 
PRP treatment, reaching its maximum value at 
4 hours and then decreasing (Figure 6B). 
Additionally, the expression of ROCK 2 could be 
significantly suppressed by the Rho A inhibitor 
CT04 and the Rock 2 inhibitor Y27632 (Figure 
7B). Moreover, the expression of LIMK 1 gradu-
ally increased from 0 to 6 hours after PRP addi-

Figure 5. Rho family proteins are involved in PRP induced ADSC migration. The expression and quantification of Cdc 
42 (A), Rac 1 (B) and Rho A (C) in ADSCs treated with PRP for 2, 4, or 6 hours. Untreated cells served as controls. 
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tion (Figure 6C). The expression of Cofilin also 
increased after PRP addition, reached its high-
est level at 4 hours, then decreased at 6 hours 
(Figure 6D). Furthermore, the expression levels 
of LIMK 1 and Cofilin were inhibited by the Cdc 
42 inhibitor ZCL278, the PAK inhibitor FRAX597, 
the Rho A inhibitor CT04, the Rock 2 inhibitor 
Y27632 and the Rac 1 inhibitor NSC23766 
(Figure 7C and 7D). These results indicate that 
PRP also affects the expression of PAK 1, ROCK 
2, LIMK 1 and Cofilin. 

The effects of Rho GTPase downstream signal-
ing molecules on ADSC actin stress fiber for-
mation and migration

After we demonstrated that PRP could activate 
Rho GTPase family proteins, including Cdc 42, 

Rho A and Rac 1, and their downstream signal-
ing molecules PAK 1, Rock 2, LIMK 1, and 
Cofilin, we further explored whether PRP in- 
duced ADSC migration via Rho GTPase family 
members and their downstream signaling mol-
ecules. As shown in Figure 8A, the Transwell 
invasion results clearly showed more ADSC 
migration after treatment with PRP than in the 
control group (P < 0.01). However, when ADSCs 
were co-treated with PRP and the Cdc 42 inhibi-
tor ZCL278, the PAK inhibitor FRAX597, the Rho 
A inhibitor CT04, the Rock 2 inhibitor Y27632, 
or the Rac 1 inhibitor NSC23766, the migration 
was significantly lower than that in the group 
treated with PRP alone (P < 0.01) and were not 
significantly different from that of the control 
group. Then, we tested whether these inhibi-

Figure 6. The expression and quantification of of PAK 1 (A), ROCK2 (B), LIMK 1 (C) and Cofilin (D) in ADSCs treated 
with PRP for 2, 4, or 6 hours. Untreated cells served as controls.
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tors were capable of suppressing actin stress 
fiber formation in ADSCs after treatment with 
PRP for 2 hours. As shown in Figure 8B, more 
actin stress fibers were observed along the 
membrane after treatment with PRP for 2 hours 
than after PBS treatment. However, there were 
no significant differences in actin stress fiber 
formation before and after the ADSCs were co-
treated with PRP in combination with the Cdc 
42 inhibitor ZCL278, the Rho A inhibitor CT04, 
or the Rac 1 inhibitor NSC23766. Moreover, an 
obvious inhibitory effect was observed in 
ADSCs co-treated with PRP in combination with 
the PAK inhibitor FRAX597 or the Rock 2 inhibi-
tor Y27632. In the wound scratch assay, when 
compared with the control group, in the PRP 
treated group, many migrated ADSCs were 
observed. By contrast, only a few migrated 
ADSCs could be seen in the scratch in the 
groups co-treated with PRP and the Cdc 42 
inhibitor ZCL278, the PAK inhibitor FRAX597, 
the Rho A inhibitor CT04, the Rock 2 inhibitor 
Y27632, or the Rac 1 inhibitor NSC23766. This 

was especially true in the PRP + FRAX597 
group and the PRP + Y27632 group (Figure 8C).

Discussion

Cell migration is an essential process in all mul-
ticellular organisms and is important not only 
during development but also throughout life, 
such as during wound healing. In animals, cell 
migration is guided by extracellular cues acting 
as either attractants or repellants. These cues 
may be soluble factors that can act at a dis-
tance or they may be local signals received 
from neighboring cells or the extracellular ma- 
trix. They elicit a large variety of intracellular 
responses, including changes in the organiza-
tion of the actin and microtubule cytoskeletons, 
in vesicular transport pathways and in gene 
transcription [16]. PRP contains several differ-
ent growth factors and other cytokines, includ-
ing PDGF, TGF-β, FGF, IGF-1, IGF-2, VEGF, EGF, 
IL-8, KGF. The contained TGF-β [17], FGF [18], 
EGF [19] are able to promote cell migration. In 

Figure 7. The expression and quantification of PAK 1 (A), ROCK2 (B), LIMK 1 (C) and Cofilin (D) in ADSCs treated with 
PRP plus the Cdc 42 inhibitor ZCL278, the PAK inhibitor FRAX597, the Rho A inhibitor CT04, the Rock 2 inhibitor 
Y27632 or Rac 1 inhibitor NSC23766. Untreated cells served as controls.
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Figure 8. The effects of downstream Rho GTPase signaling molecules on ADSCs, actin stress fiber formation and migration. A. Transwell assay and quantification 
of ADSCs treated with PBS, PRP, PRP + ZCL278, PRP + NSC23766, PRP + CT04, PRP + Y27632 or PRP + FRAX597 (n = 6). B. Phallotoxin staining (phalloidin) was 
performed to stain actin in ADSCs treated with PBS, PRP, PRP + ZCL278, PRP + NSC23766, PRP + CT04, PRP + Y27632 or PRP + FRAX597; nuclei were counter-
stained with Hoechst 33258 (n = 6). C. Scratch wound assay and quantification of ADSCs treated with PBS, PRP, PRP + ZCL278, PRP + NSC23766, PRP + CT04, 
PRP + Y27632 or PRP + FRAX597 (n = 6). *P < 0.05, **P < 0.01.
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the current study, we discovered that PRP was 
able to promote ADSC migration through the 
Rho GTP-LIMK1-Cofilin signaling pathway.

LIM kinase 1 (LIMK1) belongs to a novel dual 
specificity (serine/threonine and tyrosine) kin- 
ase family and contains two amino-terminal 
LIM domains [20]. Cofilin, an actin-binding pro-
tein that is considered a potent regulator of 
actin dynamics due to its activity in F-actin 
depolymerization, is the only known substrate 
of LIMK1. The function of Cofilin is inhibited by 
phosphorylation at the Ser-3 residue by LIMK1, 
which leads to the accumulation of F-actin 
(Pollard and Borisy, 2003). 

The catalytic activity of LIMK1 is regulated by 
distinct members of the Rho subfamily of small 
GTPases (Rho, Rac, and Cdc42), which controls 
actin filament dynamics and focal adhesion 
assembly in response to extra- and intracellular 
stimuli. Rho, Rac, and Cdc42 induce the forma-
tion of stress fibers, the assembly of lamellipo-
dia and membrane ruffles, and the regulation 
of filopodial protrusions, respectively [21]. LI- 
MK1 has been shown to specifically mediate 
Rac-induced actin cytoskeletal reorganization 
and focal adhesion complexes [22, 23]. The 
Rac-induced activation of LIMK1 is mediated 
by PAK1, which phosphorylates LIMK1 on its 
Thr508 residue [24]. Other studies have also 
proposed that Rho- and Cdc42-induced cyto-
skeletal changes are mediated through the 
phosphorylation of LIMK1 by the Rho-depen- 
dent protein kinase ROCK and the Cdc42-
regulated protein kinase PAK4 [25, 26].

Our results are consistent with these previously 
reported results. We first demonstrate that PRP 
can enhance the expression of Rho GTP family 
proteins, including Cdc 42, Rac 1 and Rho A. 
Moreover, it can also promote the expression of 
Rho GTP downstream signaling molecules, 
including PAK 1, ROCK 2, LIMK 1 and Cofilin. 
When PRP is used in combination with the Cdc 
42 inhibitor ZCL278, the Rho A inhibitor CT04, 
the Rac 1 inhibitor NSC23766, the PAK inhibi-
tor FRAX597, or the Rock 2 inhibitor Y27632 to 
co-treat ADSCs, stress fiber formation is signifi-
cantly reduced, resulting in decreased cell 
migration. Our findings may provide a new me- 
chanism by which PRP promotes ADSC 
migration. 
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