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ABSTRACT
Mechanisms of endothelial repair induced by a platelet lysate (PL) were studied on human (HuVEC, HMVEC-c) and non-human (PAOEC,

bEnd5) endothelial cells. A first set of analyses on these cells showed that 20% (v/v) PL promotes scratch wound healing, with a maximum

effect on HuVEC. Further analyses made on HuVEC showed that the ERK inhibitor PD98059 maximally inhibited the PL-induced endothelial

repair, followed in order of importance by the calcium chelator BAPTA-AM, the PI3K inhibitor wortmannin and the p38 inhibitor SB203580.

The PL exerted a chemotactic effect on HuVEC, which was abolished by all the above inhibitors, and induced a PD98059-sensitive increase of

cell proliferation rate. Confocal calcium imaging of fluo-3-loaded HuVEC showed that PL was able to induce cytosolic free Ca2þ oscillations,

visible also in Ca2þ-free medium, suggesting an involvement of Ins3P-dependent Ca2þ release. Western blot analysis on scratch wounded

HuVEC showed that PL induced no activation of p38, a transient activation of AKT, and a sustained activation of ERK1/2. The complex of data

indicates that, although different signalling pathways are involved in PL-promoted endothelial repair, the process is chiefly under the control

of ERK1/2. J. Cell. Biochem. 110: 783–793, 2010. � 2010 Wiley-Liss, Inc.
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T he vascular endothelium consists of a continuous monolayer

of cells lining the luminal surface of the vascular system and

providing a structural and metabolic barrier between blood and the

underlying tissues. A host of agents have been reported to cause

endothelial injury and dysfunction, including cytokines, hypoxia,

shear stress, oxidised lipids, elevated blood pressure, hyperglycemia,

nicotine, free radicals and viral and immune injury [Gotlieb, 1997].

These agents may cause endothelial damage, so that endothelial

cells lose cell–cell and cell–substratum adhesion, resulting in

enhanced permeability across the endothelium. Endothelial repair

and regeneration mechanisms are considered to play an important
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role in the protection of the vessel wall from various diseases,

primarily atherosclerotic plaque formation [Ross, 1993].

A plethora of materials for wound dressing, skin substitutes and

recombinant growth factors related to wound healing have been

shown to mimic or enhance the healing process, and some of them

have been introduced into the clinical setting with therapeutic

efficacy [Ovington, 2007]. Platelets have attracted much interest in

this field, since they are rich in wound-healing mediators. The

secretory platelet a-granules contain growth factors playing

important roles in tissue restoration, such as basic fibroblast

growth factor (bFGF), vascular endothelial growth factor (VEGF),
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platelet-derived growth factor (PDGF) and transforming growth

factor b (TGF-b) [Martin, 1997]. In addition, platelet derivatives

have been shown to induce a functional angiogenic response in vitro

[Giusti et al., 2009], although the cellular mechanisms involved in

this platelet-induced angiogenic stage of tissue repair have not been

clarified yet.

In the present study, we have explored the mechanisms of

endothelial damage repair induced by a platelet lysate (PL) on

different endothelial cell types, including human (HuVEC, HMVEC-

c) and non-human mammalian (PAOEC, bEnd5) models. This

platelet derivative, which is obtained from repeated freezing–

thawing of platelet-enriched blood samples, has been shown to

accelerate the in vitro wound healing of skin cells [Ranzato et al.,

2008, 2009b] and mouse myoblasts [Ranzato et al., 2009a]. It has

been also used as a dressing in clinical practice to improve wound

healing [Mazzucco et al., 2004].

In our experiments, we used in vitro scratch wound and cell

migration assays, coupled to light microscope image analysis,

Western immunoblotting and confocal calcium imaging. Our data

showed that PL accelerates wound closure in endothelial cell

monolayers. A more in depth analysis carried out on HuVEC cells

showed that the effect of PL occurs through the stimulation of cell

proliferation and migration. The process is strictly ERK1/2-

dependent, while intracellular Ca2þ, PI3K and p38 play less

important roles.

MATERIALS AND METHODS

REAGENTS

SB203580, PD98059, wortmannin and BAPTA-AM were from

Calbiochem (La Jolla, CA); fluo-3/AM was from Invitrogen

(Carlsbad, CA); all other reagents were from Sigma (St. Louis, MO).

CELL LINE AND PLATELET LYSATE (PL) PREPARATION

Experiments were conducted on different types of endothelial cells.

HuVEC were obtained from umbilical cord of donor patients after

informed consent, according to the method of Jaffe et al. [1973] with

minor modifications. Umbilical cord samples were incubated in

0.2% collagenase type I solution (Boehringer-Mannheim, Germany)

for 20 min at 378C to allow endothelial cell detachment from the

vessel wall. Isolated cells were cultured in M199 medium

supplemented with 10% foetal bovine serum, 50mg/ml endothelial

cell growth supplement (ECGS), glutamine (2 mM), penicillin (100 U/

ml) and streptomycin (100 mg/ml), and incubated at 378C in a

5% CO2, humid atmosphere. Cells were identified as endotheliocytes

by their typical cobblestone appearance under optical microscopy,

and by the presence of Von Willebrand factor as visualised by

immunofluorescence (not shown). Cell cultures were used before the

8th passage, in order to avoid degeneration and apoptosis as induced

by subculture and senescence.

Primary cultures of human cardiac microvascular endothelial

(HMVEC-c) cells (a kind gift of Prof. Marco Arese, Institute for

Cancer Research and Treatment, Candiolo, Italy) were maintained in

EGM-2MV endothelial growth medium containing supplements

provided by the supplier (Cambrex Biosciences, Walkersville, MD).
784 PLATELET LYSATE-DRIVEN ENDOTHELIAL CELL REPAIR
Porcine large artery endothelial cells (PAOEC), derived from plaque

free porcine aorta, were obtained from the European Collection of Cell

Cultures (ECACC). PAOEC were maintained in DMEM (high glucose,

4.5 g/L), supplemented with 10% FBS, 2% L-glutamine (200mM),

100U/ml penicillin and 100mg/ml streptomycin.

Brain endothelial cells (bEnd5), derived from mouse brain

endothelium, were a kind gift from Prof. Laura Riboni (University

of Milan). bEnd5 were grown in DMEM (high glucose, 4.5 g/L),

supplemented with 10% FBS, 1% non-essential amino acid (10 mM),

1% sodium pyruvate (100 mM), 2% L-glutamine (200 mM), 100 U/ml

penicillin and 100mg/ml streptomycin.

The PL was obtained as described by Ranzato et al. [2008, 2009b].

Briefly, platelet concentrates were derived by platelet aphaeresis

collection from blood samples of single volunteer donors after

informed consent. Platelet concentrates were centrifuged, washed,

repeatedly frozen and thawed to obtain the PL, centrifuged to

eliminate debris, and stored at �808C until use.

CRYSTAL VIOLET (CV) AND NEUTRAL RED UPTAKE (NRU) ASSAYS

Cell proliferation was assessed by staining cells with the CV dye.

Each well contained about 20,000 cells in a total volume of 100ml

of DMEM with 10% FBS. Cells were incubated with PL at various

concentrations for 24 h. The medium was then removed, cells were

gently washed once with 1� PBS, stained for 10 min with 0.5% CV

in 145 mmol/L NaCl, 0.5% formal saline, 50% ethanol, and washed

thrice with water. CV was eluted from cells with 33% acetic acid and

the absorption of the supernatant was measured at 540 nm in a plate

reader (Sirio S, SEAC, Florence, Italy).

For NRU assay, cells were seeded on 96-well plates (20,000 cells/

well), grown overnight in DMEM with 10% FBS, and exposed to PL

as above. After removing the medium, a 0.05% solution of neutral

red was added to each well, followed by incubation for 3 h at 378C.

Cells were then washed with 1� PBS, followed by the addition of a

solution of 1% glacial acetic acid in 50% ethanol, in order to fix the

cells and extract the neutral red dye incorporated into the lysosomes.

Thereafter, plates were shaken and the absorbance was measured at

540 nm.

SCRATCH WOUND AND CHEMOTAXIS ASSAY

Scratch wounds were created in confluent cell monolayers growing

in 12-well plates by using a sterile 0.1–10ml pipette tip. After

washing away suspended cells, cultures were refed with medium in

the presence or absence of 20% PL. Thereafter, at 0, 6 or 24-h post-

wounding, cells were fixed in 3.7% formaldehyde in PBS for 30 min,

and then stained with 0.1% toluidine blue at room temperature for

30 min. Cell migration into the wound space was estimated at 0 and

24 h after wounding with image analysis, by using an inverted

Televal microscope (Carl Zeiss, Inc., Thornwood, NY) equipped with

a digital camera. Wound closure was determined as the difference

between wound width at 0 and 24 h.

A chemotaxis assay was performed on HuVEC in transwell plates

(8mm pore size, Pbi International, Milan, Italy). A total of 1� 105

cells per well were seeded in the upper compartment of filters, while

20% PL was added to the lower compartment. After 24 h incubation,

filters were removed and stained with 0.5% CV (145 mmol/L NaCl,

0.5% formal saline, 50% ethanol) for 10 min and washed thrice with
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water. The upper side of filters was scraped using a cotton swab to

remove cells that had attached but not migrated. Following PBS

washing of filters, the dye was eluted from cells with 33% acetic

acid, and measured at 540 nm.

INTRACELLULAR CALCIUM MEASUREMENTS

HuVEC cells were plated on glass-base dishes (Iwaki Glass, Inc.,

Tokyo, Japan), allowed to settle overnight, and then loaded in the

dark at 48C for 60 min with the cell-permeant, fluorescent calcium

probe fluo-3/AM (20mM) in a loading buffer consisting of (mM) 10

HEPES, 140 NaCl, 10 glucose, 1 MgCl2, 2 CaCl2, 5 KCl, pH 7.4.

For Ca2þ-free experiments, Ca2þ was omitted from the loading

buffer. After probe loading and washing, cells were examined

through confocal time-lapse analysis at 218C, using a Zeiss LSM 510

confocal system interfaced with a Zeiss Axiovert 100 M microscope

(Carl Zeiss, Inc.). Excitation was obtained by the 488 nm line of an Ar

laser, and emission was collected using a 505–550 bandpass filter.

The laser power was reduced to 15% in order to lower probe

bleaching. Confocal imaging was performed with a resolution of

512� 512 pixels at 256 intensity values, with a framing rate of

1 frame/20 s. Several cells were viewed together through a 20�
Plan-Neofluar Zeiss objective (0.5 NA). Fluo-3 fluorescence was

measured in digitised images as the average value over defined

contours of individual cells, using the ROI-mean tool of the Zeiss

LSM 510 2.01 software. Fluo-3 calibration was achieved by the

equation [Grynkiewicz et al., 1985]:

½Ca2þ�i ¼ KdðF � FminÞ=ðFmax � FÞ

where Kd¼ 400 nM, while Fmax and Fmin are maximum and

minimum fluorescence intensities, measured after cell treatment

with 200mM A23187 and 2.0 mM EGTA, respectively.

WESTERN BLOT

HuVEC cells allowed to grow in 12-well plates were subjected to

multiple scratch wounding (two couples of perpendicularly oriented

wounds) in the presence or absence of 20% PL for 5, 15, 30 and

60 min, and then lysed in Laemmli buffer [Laemmli, 1970]. Amounts

of 20mg of protein were loaded on gel, subjected to SDS–PAGE (12%

gel) and transferred to a nitrocellulose membrane using a Bio-Rad

Mini Trans Blot electrophoretic transfer unit. The membranes were

blocked for non-specific protein with 5% non-fat, dry milk in PBS

and then probed at room temperature for 1 h, or at 48C overnight,

with specific primary antibodies (1:1,000, Cell Signaling Technol-

ogy, Celbio SpA, Milan, Italy) against p-ERK1/2, p-p38, p-AKT,

ERK1/2, p38 and AKT. Membranes were then washed three times

(10 min per wash) with PBS containing 0.05% Tween-20, to remove

unbound antibodies, and then further incubated with appropriate

horseradish-peroxidase-conjugated secondary antibodies (1:1,000).

Membranes were developed by an ECL kit (Millipore, Billerica, MA),

according to the manufacturer’s protocol, digitised with the

Quantity One Image Software (ChemiDoc XRS, Bio-Rad Labora-

tories, Hercules, CA) and normalised against proper loading

controls. Band intensities were quantified by densitometric analysis

using the Adobe Photoshop 7.0.1 software (Adobe Systems, Inc., San

Jose, CA).
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STATISTICS

Data were analysed by ANOVA, and by the Tukey’s and the

Dunnett’s tests, using the Instat software package (GraphPad

Software, Inc, San Diego, CA).

RESULTS

CELL PROLIFERATION AND VIABILITY

The effects of increasing PL concentrations (1–100%, v/v) on

endothelial cell proliferation and viability were explored by using

the CV and NRU assays. Data showed that PL produces no toxicity up

to a dose as high as 50%. Evidence of significant toxicity was only

found at 100% PL, on PAOEC with CV, and on bEnd5 with NRU

(Fig. 1). In addition, the treatments induced variable increases of cell

viability and proliferation, with maximum effects observed at 20%

PL. The highest stimulatory effect was recorded in HMVEC-c, as

shown by CV data (Fig. 1). Based on these results, we decided to

perform the following experiments by using a concentration of 20%

PL.

SCRATCH WOUND REPAIR

Scratch wounded endothelial cells incubated in the presence of PL

showed significantly higher wound closure rates with respect to

controls (Fig. 2). The measurements of wound closure rate showed a

significant increase in the presence of 20% PL at both 6 and 24 h in

all cell types (Fig. 3). However, HuVEC cells showed the strongest

response to PL, particularly at 6 h after scratching. Such a result led

us to choose HuVEC in order to investigate the role played by cell

signalling pathways in the PL effect on wound closure.

We therefore performed scratch wound experiments at 6 h on

HuVEC by using the following kinase inhibitors: PD98059 (MEK1/2

inhibitor preventing ERK1/2 activation, 10mM), SB203580 (p38

inhibitor, 20mM), wortmannin (PI3K inhibitor, 500 nM) and the cell-

permeant, Ca2þ chelator BAPTA-AM (30mM). Confluent cells were

scratched in the absence or presence of each inhibitor, with or

without PL, and wound closure was then measured at 6 h post-

wounding. In the absence of PL, inhibitors did not alter wound

closure rates respect to control, whereas they affected the increase of

wound closure rate induced by PL. PD98059 exerted the highest

inhibitory effects, BAPTA-AM exerted an intermediate inhibitory

effect, while wortmannin and SB203580 were less effective

(Fig. 4A). The effect of the vehicle alone (0.1% DMSO) was

negligible, either in the presence or absence of PL (not shown).

CELL CHEMOTACTIC RESPONSE

In order to assess whether PL can influence cell migration rates, we

subjected HuVEC cells to a chemotaxis assay performed with 8mm

polycarbonate transwell filters (Fig. 4B). In this set of experiments,

the inhibitors used in scratch wound assays were also used (except

for BAPTA-AM). In the presence of PL and in the absence of

inhibitors, the number of migrating cells was significantly increased

respect to control (P< 0.01). By contrast, all inhibitors totally

abrogated the effect of PL on cell migration (P< 0.01). The vehicle

alone caused no variations with respect to control (not shown).
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Fig. 1. Cell proliferation and viability of endothelial cells exposed to increasing concentrations of PL and evaluated by the CV and NRU cytotoxicity assays. Data are expressed

as means
 SD of absorbances (n¼ 12 from two independent experiments) (see the Materials and Methods Section for further details). The means of control has been set to

100%. � Significantly different with respect to control according to the Dunnett’s test ( P< 0.01).
CALCIUM SIGNALLING

Confocal Ca2þ imaging of HuVEC cells showed the induction of Ca2þ

dynamics immediately after exposure to 20% PL. These Ca2þ signals

occurred in the majority of cells, showing complex patterns and

variable intensities among cells. Time courses of intracellular Ca2þ

variation derived from confocal imaging showed stable values under
786 PLATELET LYSATE-DRIVEN ENDOTHELIAL CELL REPAIR
control conditions, while PL exposure triggered Ca2þ dynamics lasting

for about 10–15min (Fig. 5A). The analysis of single cells revealed the

occurrence of a series of Ca2þ spikes, each lasting about 15–20 s,

whose frequency showed a maximum immediately after PL exposure

and then tended to decrease, until Ca2þ oscillations disappeared after

10–15min (Fig. 5B). In the absence of external Ca2þ these spikes were
JOURNAL OF CELLULAR BIOCHEMISTRY



Fig. 2. Phase contrast micrographs of wound scratched HuVEC cells that

were fixed and stained with blue-toluidine at 6 or 24 h after scratching, in the

presence or absence of 20% PL. Scale bar: 300mm.

Fig. 3. Effects of 20% PL on scratch wound healing of confluent endothelial

cells (A: HuVEC; B: HMVEC-C; C: PAOEC; D: bEnd5). Each bar represents the

mean
 SD (n¼ 20) of wound closure rates expressed as the difference

between wound width at 0 h and at 6 or 24 h. The means of control rates

at 6 h has been set to 100%. � Significantly different with respect to control

(P< 0.01).
still visible, although showing on the average lower amplitudes. Taken

together, these findings suggest an involvement of Ins3P-dependent

intracellular Ca2þ release.

PROTEIN PHOSPHORYLATION SIGNALLING

In order to explore the role of phosphorylation cascades in

endothelium repair, the activation of p38 and ERK1/2 MAP

kinases, and of the PI3K-dependent kinase Akt, were examined by

Western blotting at 5, 15, 30 and 60 min post-wounding. These

analyses were carried out by using antibodies against the total

forms of the two MAPKs and Akt, and against their phosphory-

lated forms. Scratch wound per se did not induce any detectable

activation of these kinases, with the exception of a slight

activation trend of Akt (Fig. 6). The p38 MAP kinase showed the

highest baseline phosphorylation level, but in the presence of PL

no further activation was visible, whereas there was instead a

slight decrease starting from 30 min after wounding. In contrast,

exposure to PL induced a marked activation of Akt, which lasted

for about 15 min. ERK1/2 also showed PL-induced activation but

with a completely different pattern, consisting in a sustained

phosphorylation that started at 15 min after wounding and lasted

for at least 60 min (Fig. 6).

Given the sustained activation of ERK1/2 in the PL-induced cell

signalling, we also investigated the role played by this MAPK in

the cell proliferation effect. Cells were exposed for 24 h to PL in the

presence or absence of PD98059 and cell proliferation was

assessed by the CV test. Data showed that PD98059 did not inhibit

basal proliferation, but fully inhibited the increase in proliferation

rate induced by PL, as assessed through the Tukey’s post hoc

multiple test (Fig. 7). In addition, two-way ANOVA showed

significant effects of PL and PD98059 taken separately (P< 0.01),

but no significant correlation between them (P> 0.05), thus

confirming that PD98059 inhibited PL-induced proliferation rates

but not basal rates.

In order to obtain further confirmation about the role of ERK1/2

in mediating the effects of PL, we used U0126, another MEK1/2

inhibitor structurally unrelated with PD98059. The results obtained
JOURNAL OF CELLULAR BIOCHEMISTRY
with U0126 were quite similar to those obtained with PD98059:

U0126 suppressed both the proliferatory and the chemotactic effect

of PL, while the acceleration of wound closure rate induced by PL

was significantly reduced (Fig. 8).
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Fig. 4. A: Effect of different inhibitors on scratch wound repair of confluent HuVEC cells. Data were recorded 6 h after wounding of cells exposed or not to 20% PL, in the

presence or absence of various drugs. Each bar represents the mean
 SD (n¼ 20) of wound closure rates expressed as in Figure 3. The mean of controls without PL has been set

to 100%. Different letters on bars indicate significant differences according to the Tukey’s test (P< 0.01). B: Effects of PL and of different inhibitors on transwell cell migration

(see the Materials and Methods Section). Data are means
 SD of the numbers of migrating cells evaluated by cell staining with crystal violet, followed by dye elution and

measurement of absorbance at 540 nm (n¼ 5). The mean of controls has been set to 100%. Statistics as above.
DISCUSSION

Platelets contain a series of factors able to influence cellular

activities at wounded sites, including growth factors, cytokines and

chemokines. We used HuVEC cells as a main experimental model

given their high growth rate and optimal response to PL. However,

platelets contain high levels of factors that activate PDGFR and

CXCR3R, two receptors reported to be only negligibly expressed in

HuVEC [Gupta et al., 1998], but at functional levels in human

microvascular cells [Beitz et al., 1991; Romagnani et al., 2001].

Hence, we confirmed the key experiments of this study in human

microvascular cells, and also included in the study non-human

vascular models, in order to obtain a wider panel of data about the

potentialities of PL factors in the stimulation of wound healing.

The CV assay highlighted a mitogenic effect of PL, thus

confirming previous findings about cell proliferation induced by

PL on different cell types [Ranzato et al., 2008, 2009b]. Interestingly,

the proliferative effect of PL was maximum in microvascular

HMVEC-c cells, in which the expression of PDGFR and CXCR3 has

been characterised. Moreover, scratch wound data showed that PL

induces a marked increase in the wound repair capabilities of

endothelial cells, but in this case the strongest response was recorded

for HuVEC, in which the expression of PDGFR and CXCR3 does not

seem to occur. Hence, our data suggest that the induction of wound

healing by PL depends on a complex of effects, possibly involving

both cell proliferation and locomotory behaviour. Such a view is
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supported by data from the cell migration assay, which showed a

chemoattractant activity of PL on HuVEC. These data confirm

previous findings about the chemotactic responses to platelet

derivatives of retinal glial cells [Castelnovo et al., 2000], rat foetal

cells [Soffer et al., 2003], mature osteoblasts [Celotti et al., 2006],

keratinocytes [Ranzato et al., 2008] and primary fibroblasts

[Ranzato et al., 2009b].

Cytosolic free Ca2þ is essential for cell proliferation and motility

[Cheng et al., 2006], and its role in wound healing has been

repeatedly described. Studies carried out on endothelial cells have

shown wound-induced Ca2þ waves [Berra-Romani et al., 2008],

while intracellular Ca2þ rises have been found to stimulate cell

growth and movement during endothelial repair [Sammak et al.,

1997; Ehring et al., 2000]. It has been also shown that Ca2þ rises lead

to nitric oxide production, which in turn promotes endothelial cell

proliferation [Erdogan et al., 2005]. A correlation between Ca2þ

dynamics and wound repair has been also reported in studies on skin

cells, where PL has induced noticeable Ca2þ signals, and BAPTA-AM

has abolished the PL effect on wound healing [Ranzato et al., 2008,

2009b]. In our experiments, the role of cell Ca2þ in HuVEC

endothelial repair was revealed by the inhibitory effect on PL of

the Ca2þ chelator BAPTA-AM. In addition, confocal Ca2þ imaging

showed PL-induced Ca2þ oscillations that were partially indepen-

dent from extracellular Ca2þ and showed the typical aspect of InsP-

controlled, frequency-encoded Ca2þ signalling. Such a result is

quite in line with the notion that InsP3 formation and calcium
JOURNAL OF CELLULAR BIOCHEMISTRY



Fig. 5. A: Confocal Ca2þ imaging of HuVEC loaded with the fluo-3 probe and exposed to PL. Time lapse confocal images (field size, 450mm� 450mm) were acquired at 1-min

intervals, showing that PL (20%) induces transient intracellular Ca2þ rise in a number of cells. At the end of the experiments, Ca2þ probe calibration was carried out by exposing

cells to 200mM A23187, followed by 2.0 mM EGTA. B: Traces of intracellular Ca2þ variations recorded by confocal imaging in individual HuVEC cells after addition of 20% PL

(arrowheads). The traces of each column are representative of about 50 cells. In the presence of external Ca2þ (left column), cell responses are characterised by Ca2þ spikes,

which tend to decrease in both frequency and amplitude, until they disappear at about 15 min since exposure. A more detailed Ca2þ trace shows that each spike lasts about 15–

20 s (inset). In the absence of external Ca2þ (right column), PL induces a similar pattern of Ca2þ oscillations but with lower frequencies and amplitudes.
mobilisation are typical cellular responses to serum growth factors

[Berridge et al., 1984]. The strong Ca2þ signals provoked in HuVEC

cells by PL could in part explain the sustained activation of ERK1/2,

since it is known that intracellular Ca2þ rises can activate this MAP

kinase through different mechanisms [Agell et al., 2002; Cullen and

Lockyer, 2002; Schmitt et al., 2004].
JOURNAL OF CELLULAR BIOCHEMISTRY
In various cell types, it has been found that ERK1/2 and p38 MAPKs

become activated by tissue wounding [Cole et al., 2001; Leiper et al.,

2006]. ERK1/2, JNK and p38 have been implicated in the vascular

response to injury, such as balloon injury of rat carotid artery or

thoracic aorta [Bishara et al., 2002; Ambudkar et al., 2007]. Our

Western blot analyses showed that p38 was not activated by PL, but
PLATELET LYSATE-DRIVEN ENDOTHELIAL CELL REPAIR 789



Fig. 6. Effect of PL on the activation of ERK1/2, p38 and Akt after multiple scratch wounding of HuVEC monolayers. Upper panels: Total cell lysates (20mg protein/lane)

obtained from wounded cells were separated on 12% SDS–PAGE, transferred to a nitrocellulose membrane, labelled with anti-phospho-ERK1/2, -phospho-p38 or -phospho-

Akt, and then stripped and reprobed with anti-ERK1/2, -p38 or -Akt as internal controls. Lower panels: Time courses of ERK1/2, p38, and Akt activation within 60 min after

wounding. Data are means
 SD (n¼ 3) of the ratio between the optical densities of the bands of the phosphorylated form and of the corresponding total protein. The means of

controls have been set to 100%. �P< 0.01, with respect to time t¼ 0, according to the Dunnett’s test.
instead it underwent a slightly dephosphorylation, while concurrently,

we observed a sustained activation of ERK1/2. These two events are

most likely correlated, since in some cases a seesaw-like balance

between p38 and ERK1/2 phosphorylation has been observed,
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suggesting a fine-tuned cross talk between these two MAP kinases

[Liu and Hofmann, 2004]. It has been found, in particular, that ERK1/2

activation by TGF-b, a platelet-derived cytokine, upregulates MAPK

phosphatase 1, thereby inactivating p38 [Xiao et al., 2002].
JOURNAL OF CELLULAR BIOCHEMISTRY



Fig. 7. Effect of 20% PL and of 10 mM PD98059 on HuVEC cell proliferation

evaluated by the CV test after 24 h of treatment. Data are expressed as

means
 SD of absorbances (n¼ 8), and the mean of control has been set

to 100%. Cont: no treatment; PD98059: exposure to PD98059 only; PL:

exposure to PL only; PLþ PD98059: exposure to both. Different letters on bars

indicate significant differences according to the Tukey’s test (P< 0.01).

Fig. 8. Suppressive effects of the ERK1/2 inhibitor U0126 (10mM) on the

induction of cell proliferation (A), cell migration (B) and wound healing

acceleration (C) exerted by 20% PL on HuVEC cells. A: Data from the CV test

are expressed as means
 SD of absorbances (n¼ 6). B: Data are means
 SD

(n¼ 5) of the numbers of migrating cells evaluated by a transwell assay as

reported in Figure 4B. C: Data are means
 SD (n¼ 25) of wound closure rates

expressed as in Figure 3. In all graphs the mean of control has been set to

100%. Different letters on bars indicate significant differences according to

the Tukey’s test (P< 0.01).
The PI3K/Akt signalling pathway has also been reported to play a

role in the wound healing of different cell types [Miura et al., 2003;

Xu et al., 2004; Buffin-Meyer et al., 2007; Ranzato et al., 2009b],

while in endothelial cells this pathway is known to mediate cell

survival, proliferation, migration, and angiogenesis [reviewed in

Shiojima and Walsh, 2002]. However, in the presence of PL, Akt

underwent a transient activation, whereas ERK1/2 showed long-

lasting activation. Such a result was quite in line with the fact that

two inhibitors of ERK1/2 activation, namely PD98059 and U0126,

suppressed PL-induced cell proliferation and exerted the strongest

inhibition on PL-induced wound healing. Hence, different data

concur to indicate that in HuVEC the mechanism of action of PL is

mostly controlled by ERK1/2.

In conclusion, this study has demonstrated that PL activates

repair mechanisms in various types of injured endothelial cell

layers. These data bring scientific support to possible clinical

applications of platelet derivatives in blood vessel repair, and in

particular to the functionalisation of biomaterials used in tissue

engineering. These latter techniques have already shown strong

potentials for the treatment of chronic wounds [Naughton and

Mansbridge, 1999], burns [Kopp et al., 2004] and cartilage defects

[Angele et al., 2004]. However, scaffolds used in tissue engineer-

ing are frequently driven by hydrophobic materials that lower cell

affinity and permeation by nutrient fluids [Whang et al., 2000].

These drawbacks can be overcome through the design of

biomimetic materials capable of directing new tissue formation,

and since some results have already been obtained with growth

factors [Bowen-Pope et al., 1984; Boccafoschi et al., 2005],

platelets have also started to be employed as a growth factor

source in these techniques [Chang et al., 2007]. Hence, the

implementation of platelet derivatives in biomaterials could offer

innovative solutions to blood vessel engineering.
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