
Introduction
Acute tendon rupture is a common tendinopathy often associated
with disordered healing. Tendon injuries account for considerable
morbidity and often prove disabling for several months, despite
receiving appropriate management [1]. Acute injuries heal by a
sequence of overlapping phases involving inflammation, granulation
tissue formation and remodelling. Healing can occur by invasion of
cells from the surrounding sheath and synovium, although, the cells

within the tendon, known as tenocytes, have the full capacity to heal
tendon intrinsically [1]. Within the extracellular matrix network,
tenoblasts and tenocytes constitute about 90–95% of the cellular ele-
ments of tendons [1, 2]. Tenoblasts are immature tendon cells which
become elongated over time and transform into tenocytes [2].

Protein C (PC), a vitamin K-dependent zymogen, is converted to
activated protein C (APC) on the cell surface when thrombin binds to
thrombomodulin [3, 4]. The activation of PC is augmented by its spe-
cific receptor, endothelial protein C receptor (EPCR) [3–5]. APC plays
a key role in the regulation of blood coagulation and also has signif-
icant anti-inflammatory properties associated with inhibition of pro-
inflammatory cytokines and a reduction of leucocyte recruitment
[6–10]. The effectiveness of APC as an anticoagulant and anti-inflam-
matory agent is demonstrated by its efficacy as a treatment for
patients with severe sepsis [11].
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APC can activate endothelial matrix metalloproteinase (MMP)-2
[12], a member of the MMP family of zinc-dependent endopepti-
dases that plays a vital role in the tissue repair process by remodelling
the extracellular matrix [13]. In cultured human skin keratinocytes,
APC enhances cell proliferation, migration and MMP-2 activity
[14]. Recently, a novel fu   n   ction of APC as a promoter of cutaneous
wound healing was identified. In a rat-healing model APC acceler-
ates full thickness wound closure by stimulating re-epithelialization,
promoting angiogenesis and preventing inflammation [15]. In
pilot human trials APC is proving to be effective in healing chronic
leg ulcers [16]. Many of the healing properties of APC are mediated
through EPCR [14, 15, 17, 18], a 46-kD type I transmembrane 
glycoprotein predominantly expressed by endothelial cells, mainly
of larger blood vessels [19]. Recent reports have shown this
receptor to be present also on some leucocytes of the innate
immune system and keratinocytes [20–23].

Whether APC regulates healing in tendons has not previously
been investigated. The current study shows that APC can promote
growth, migration, MMP-2 activity and collagen production in sheep
tenocytes. Furthermore, EPCR is expressed by these cells and medi-
ates the actions of APC via MAP kinases.

Materials and methods

Tenocyte isolation, culture and reagents

A segment of the superficial digital tendon was isolated from an adult sheep
(about 10 g of tissue) immediately after slaughter and cut into small frag-
ments. The tissue was digested in 25 ml of phosphate buffered saline (PBS)
containing collagenase type I (1 mg/ml) and 15 ml of trypsin (25 mg/ml) for
6 hrs at 37�C with continuous stirring. Tissue debris were removed by fil-
tration on nylon gauze and the enzymes were inactivated by the addition of
3 ml foetal calf serum (FCS). After centrifugation (350g, 10 min.) the pellet
was resuspended in DMEM supplemented with 10% FCS (V/V) and the cells
were seeded onto cell culture flasks. The cells were incubated at 37°C, in a
95% humiditified atmosphere with 5% CO2. The medium was replaced after
48 hrs and then every 3 days. The tenocytes employed for all tests were
used at three to five passages. After confluency, cells were trypsinised and
seeded into either 24-well culture plates at 2�105 cells per well or eight-
well perm anoxTM slides (Nalge Nunc International Corp., Rochester, NY,
USA) and incubated for 12 hrs to allow for adhesion. The confluent cells
were then treated with recombinant APC (Xigris, Eli Lilly, Indianapolis, IN,
USA), and/or EPCR blocking antibody RCR252, EPCR non-blocking anti-
body RCR92 (gift from Professor Fukudome, Department of Immunology,
Saga Medical School, Nabeshima, Saga, Japan). Cells and culture super-
natants were collected for detection of mRNA and protein expression.

Small interfering (si) RNA preparation 
and nucleofection

siRNA duplex oligonucleotides were purchased from Proligo (Sigma-
Proligo, St. Louis, MO, USA). The designed siRNA for EPCR was: sense 
5� GUGGACGGCGAUGUUAAUUAC, antisense UCCACCUGCCGCUACAAU-
UAA-5�. A scrambled form of EPCR siRNA was used as a negative control.

Tenocytes were adjusted to 1.5 � 105 cells/ml in growth medium and 
subjected to nucleofection using the siPORT™ NeoFX™ according to the
manufacturer’s instructions (Amaxa Biosystems, Cologne, Germany).
Transfected cells were allowed to attach overnight, trypsinised and then
seeded into either 24-well plates (1 � 105 cells/well), 8-well permanoxTM

slides (Nalge Nunc International Corp.) or 96-well plates (2�103

cells/well) and incubated for a further 24, 48 and 72 hrs. The specificity of
EPCR siRNA (10 nM) was confirmed by EPCR blocking antibody RCR252.

RNA extraction and reverse-transcription (RT)-PCR

Total RNA was extracted from tenocytes using Tri Reagent (Sigma-Aldrich,
St. Louis, MO, USA) according to the manufacturer’s instructions. Single
stranded cDNA was syn thesized from total RNA using AMV reverse tran-
scriptase and Oligo (dT)15 as a primer (Promega Corp., Madison, WI, USA).
The levels of mRNA were semi-quantified using real time PCR on a Rotor-
gene 3000A (Corbett Research, Sydney, Australia). Samples were normal-
ized to the housekeeping gene RPL13A and results were reported for each
sample relative to the control. PCR product was also separated by 2%
agarose gel electrophoresis. Primers used were as follows: EPCR (91bp):
Sense 5�TCCTACCTGCTCCAGTTCCA and antisense AAGATGCCTACAGC-
CACACC; GAPDH (139bp): sense 5�CCT GGA GAA ACC TGC CAA GTA TG
and antisense 5�GGT AGA AGA GTG AGT GTC GCT GTT G.

Cell proliferation assay

Cells (2�103 cells/well) were seeded into a 96-well micro plate to a final
volume of 200 �l, and incubated for 4 hrs to allow cells to attach. Cells were
then treated with APC at 0.01, 0.1, 1, 10 (µg/ml). After incubation for 72 hrs,
culture medium was removed and cells were stained with 1 µg/ml crystal
violet (Sigma, Aldrich) dissolved in PBS. The unbound dye was removed
by washing with tap water and cells were left to completely dry overnight.
Bound crystal violet was solubilized with 1% SDS in PBS. The optical den-
sity of each well was determined at a wavelength of 550 nm. Results were
expressed as percentages of controls.

Migration assay

Cells were seeded into 24-well plates and cultured to confluence. Cell mono-
layers were then scratched with a 1000 �l blue plastic pipette tip, creating a
cell-free area approximately 2 mm in width. ‘Wounded’ monolayers were
washed three times with PBS to remove loose cell debris, and a defined area
of the wound was photographed under phase-contrast microscopy. To stan-
dardize the position of the wound when photographing small indents were
made in the plastic well using a sterile 31G needle. To prevent cell prolifera-
tion, cells were pre-treated with mitomycin C (10 �g/ml, Sigma, Aldrich),
which was applied to the cells 2 hrs before wounding and removed with three
PBS washes. Cells were then incubated in growth medium for 24 hrs with or
without APC (10 �g/ml) treatment. Cell migration was determined after 
24 hrs by counting the cells that had moved into the wounded area, and the
percentage of cell migration was calculated as (number of migrated cells
treated with agents / number of migrated control cells) � 100.

Western blotting

Tenocytes were washed three times with PBS then lysis buffer (0.15 M
NaCl, 0.01 mM PMSF, 1% NP-40, 0.02 M Tris, 6 M urea/H2O) was added.
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Cell lysates were sonicated for 10 sec. and centrifuged at 10,000 g for 
15 min. Clear supernatants were separated by 10% SDS-polyacrylamide-gel
electrophoresis and transferred to a PDVF membrane. The primary anti-
bodies used were rabbit anti-human EPCR antibody (1:500 dilution,
Invitrogen Corporation, Carlsbad, CA, USA); rabbit anti-human phosphory-
lated forms of p38 and ERK2 (1:1000 dilutions, Santa Cruz Biotechnology
Inc., Santa Cruz, CA, USA), rabbit anti-human MMP-2 (R&D systems,
Minneapolis, MN, USA) and mouse-anti-human collagen type I antibody
(MP Biomedicals, Inc., Aurora, OH, USA). Immunoreactivity was detected
using the ECL detection system (Amersham, Piscat away, NJ, USA). Anti-
human �-actin antibody was included to normalize against unequal loading.

Immunohistochemical staining

Tenocytes cultured in permanox slides were fixed with cold acetone for
90 sec. After quenching with 2% H2O2 in water and equilibrating in PBS,
samples were incubated with mouse-anti-human collagen type 1 antibody
or rabbit anti-human EPCR antibody overnight at 4�C. Cells were then
processed for staining using DAKO LSAB+Systems stain kit (DAKO
Corporation, Carpinteria, CA, USA) and counterstained with Haematoxylin
and Scotts Blueing solution. After mounting, cells were observed under a
light microscope (Nikon ECLIPSE 80i, Nikon Corporation, Shinagawa-Ku,
Tokyo, Japan). For dual staining, cells were blocked by 5% horse serum in
PBS and incubated with rabbit anti-human EPCR and mouse anti-human
type 1 collagen antibodies for 2 days at 4�C. After washing with PBS, cells
were incubated with anti-rabbit IgG conjugated with Cy3 (red) and anti-
mouse IgG conjugated with FITC (green) (1:400, Sigma-Aldrich). Cells were
washed with PBS, mounted with Gold anti-fade reagent with DAPI (Invitrogen
Corporation) and observed under a fluorescence microscope (Nikon ECLIPSE
80i, Nikon Corporation). Images were acquired and processed using a Nikon
digital camera and software (Diagnostic Instruments, Sydney, NSW,
Australia) and Image J (http://rsb.info. nih.gov/ij).

Zymography

MMP-2 and MMP-9 protein secretion and activation in the culture super-
natants were measured using gelatine zymography under non-reducing con-
ditions as described previously [24].

Statistical analysis

Significance was determined using one-way ANOVA and Student–Newman–
Keuls test. P values less than 0.05 were considered statistically significant.

Results

APC stimulates tenocyte proliferation, migration
and MMP-2 activity

When added to tenocytes at concentrations of 0.01, 0.1, 1 and 10
µg/ml for 72 hrs, APC accelerated cell proliferation in a dose-depend-
ent manner (Fig. 1A). At the highest dose tested, APC enhanced the

proliferation rate by 45%. The migration of APC-treated cells was
measured using a scratch wounding assay. Confluent tenocytes were
scratch-wounded and cell migration was evaluated 24 hrs after
wounding. APC-treated cells exhibited ~20% increase in migration
into the wounded areas compared to control cells (Fig. 1B).

MMPs, particularly MMP-2 and MMP-9, are extensively
involved in tenocyte migration and wound closure. In this study,
we analysed protein production of these two MMPs, using
Western blotting and zymography. Under basal conditions, cul-
tured tenocytes constitutively expressed pro-MMP-2, but not
MMP-9 (Fig. 1C and D). APC up-regulated MMP-2 in a dose-
dependent manner, but had no effect on MMP-9. Zymography
confirmed Western blot data and revealed that APC-treatment
produced a prominent band representing the activated form of
MMP-2, which was also evident in the control cells (Fig. 1D).

APC up-regulates 
type I collagen production by tenocytes

The major matrix constituent of tendon is type I collagen, which is
produced locally by tenocytes. We examined the amount of
secreted and cell-associated type I collagen produced by cultured
tenocytes in response to APC treatment. Using an anti-human type
I collagen antibody, immunohistochemistry and immunofluores-
cence showed that tenocytes produced detectable amounts of
type I collagen under basal conditions (Figs 2A and 4). In
response to APC, there was a marked increase in the intensity of
staining for type I collagen (Figs 2A and 4). Western blotting, using
same antibody, showed that under basal conditions, no type I col-
lagen was detected in culture supernatant after 24 hrs incubation,
however, APC stimulated type I collagen release, particularly when
used at 10 µg/ml (Fig. 2B).

EPCR is expressed by tenocytes and 
mediates the protective effects of APC

EPCR, the receptor for PC/APC, is thought to be present only on a
few cell types and not known to be expressed by tenocytes. To
investigate whether tenocytes produce EPCR, mRNA from unstim-
ulated or 24-hr APC-stimulated (1 �g/ml) cells were subjected to
RT-PCR. EPCR mRNA was present in cells under basal conditions
and was enhanced by APC (Fig. 3A). Western blotting confirmed
that EPCR protein was present in tenocytes and increased in
response to APC treatment (Fig. 3B). In addition, immunohisto-
chemical and immunofluorescent staining were performed after
24 hrs of treatment with or without APC. Under basal conditions,
greater than 90% of the untreated cells stained weakly positive for
EPCR (Figs. 3C and 4). All cells responded to APC with a strong
increase in EPCR expression (Figs. 3C and 4). There was variabil-
ity in the staining intensity between cells and, interestingly, cells
which stained with the highest intensity for EPCR also stained
strongest for type I collagen, as evidenced by immunofluorescence
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(Fig. 4, arrows). When cells were pre-treated with RCR252, the
APC-induced increase in type I collagen was abolished (Fig. 4).

We next investigated whether APC stimulation of cell prolifera-
tion and MMP-2 was mediated through EPCR. Specific siRNA was
used to inhibit endogenous EPCR expression. The efficacy of
EPCR siRNA was detected by Western blot, which showed >90%
knockdown of protein expression in cell lysates treated for 24 hrs
(Fig. 5B). EPCR siRNA treatment for 72 hrs inhibited cell prolifer-
ation by more than 20%, which suggests that either EPCR itself

can stimulate proliferation or endogenously derived PC can bind
to EPCR and enhance cell growth. This inhibition could not be
recovered by addition of the exogenous APC (Fig. 5B), indicating
that APC requires EPCR to augment proliferation. This was further
confirmed by adding EPCR blocking antibody, RCR252, which
abolished the stimulatory effect of APC on cell proliferation (Fig. 5B).
Similarly, MMP-2 production was reduced by more than 50% 
after tenocytes were transfected with EPCR siRNA for 48 hrs as
detected by zymography (Fig. 5C). This result was confirmed by

© 2009 The Authors
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Fig. 1 APC stimulates the growth, migration
and MMP-2 activity of tenocytes. (A)
Growth rate of tenocytes in response to APC
treatment after 72 hrs as detected by crys-
tal violet staining. Cell proliferation is
expressed as a percentage of control (mean
± S.D.). Graphs represent one of three inde-
pendent experiments *P � 0.05, **P �

0.01. (B) Cell migration detected by the
scratch wounding assay described in the
Materials and Methods after 24 hrs in
response to APC treatment (10 µg/ml). Data
are expressed as a percentage of migrated
cells in control condition (mean ± S.E.M., 
n � 3). **P � 0.01. (C) MMP-2 detected in
cell supernatants after 24 hrs treatment with
APC, using Western blotting. �-actin was
used as the loading control. (D) MMP-2
detected in cell supernatants after 24 hrs
treatment with APC, using zymography.

Fig. 2 APC stimulates type I col-
lagen in tenocytes. (A) Tenocytes
were incubated for 24 hrs in the
presence or absence of APC.
Cells were subjected to immuno-
histochemical staining using an
antibody to type I collagen. IgG
was used as the isotype control.
Bar � 20 µm. (B) Type I collagen
in the cell supernatants in
response to APC treatment for 24
hrs and detected by Western blot.
�-actin was used as the loading
control.
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Fig. 3 EPCR expression by cul-
tured human tenocytes. Cells
were treated with APC and incu-
bated for 24 hrs. Expression of
EPCR was detected by (A) Real
time RT-PCR (graph) and PCR
product was detected by 2%
agarose gel with housekeeping
gene GAPDH as an internal con-
trol (gel below graph) and (B)
Western blot analysis, using cell
lysates with �-actin used as the
loading control and (C)
immunohistochemical staining
for EPCR in tenocytes (Bar �

20 µm).

Fig. 4 Co-localization of EPCR and type I collagen.
Immunofluoresecnt staining for EPCR (red) and
type I collagen (green) and nucleus using DAPI
(blue) of tenocytes without (Control) or with APC
(1 �g/ml) in the presence or absence of RCR252
(APC + RCR252) treatment for 24 hrs. When the
frames are merged, yellow indicates co-expres-
sion. In response to APC, cells expressing high
levels of EPCR also expressed high levels of type I
collagen (arrows). (Bar � 20 �m).
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pre-treating APC-stimulated cells with RCR 252 for 24 hrs and
detected by Western blot (Fig. 5D).

APC regulates the activation of MAP kinases 
via EPCR

APC-induced cell proliferation is controlled through the activation
of MAP kinases in various cell types [14, 25]. In this study, the
phosphorylated (P) forms of ERK2, p38 and c-Jun were meas-
ured by Western blotting in response to APC and EPCR blocking

agents. The P-ERK2 level was very low in untreated tenocytes after
24 hrs incubation. The addition of APC for 24 hrs dose-depend-
ently and markedly elevated P-ERK2 (Fig. 6). In contrast, high lev-
els of P-p38 were present under basal conditions and the addition
of APC inhibited the activity of this MAP kinase (Fig. 6). No
phosporylated c-jun was detected either in control or following
APC treatment (data not shown). Blocking EPCR with RCR252
(10 �g/ml) resulted in a reversal of the effects of APC, with a
decrease in P-ERK2 and increase in P-p38, whereas the non-
blocking antibody, RCR92, had little effect. Treatment of cells with
EPCR siRNA resulted in similar effects on the activity of ERK and
p38 at 72 hrs (Fig. 6).
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Fig. 5 Blocking EPCR prevents APC-
induced MMP-2 synthesis and prolifera-
tion. (A) ECPR protein expression in
response to EPCR siRNA treatment at 48
hrs detected by Western blot using whole
cell lysates. �-actin was used as the load-
ing control. (B) Cell proliferation was meas-
ured after cells were treated with combina-
tions of APC, siRNA and RCR252 for 72
hrs. Cell proliferation is expressed as a per-
centage of control (mean ± S.D., n � 3
experiments). *P � 0.05 and **P � 0.01
compared to negative control (first bar),
++P � 0.01 compared to APC (fourth bar).
Images of gels represent one of three inde-
pendent experiments. (C) MMP-2 was
measured in supernatants of cells trans-
fected with either control siRNA (0) or
EPCR siRNA for 72 hrs, using zymography.
(D) MMP-2 was measured in supernatants
of cells treated with APC alone or APC plus
RCR252 for 24 hrs using Western blot
analysis. �-actin used as the loading control.

Fig. 6 PC/APC regulates the activation of
MAP kinases. Tenocytes were treated
with APC in the presence or absence of
RCR252 or RCR92 (non-blocking con-
trol antibody) for 24 hrs or treated with
EPCR siRNA for 72 hrs and cells were
collected for Western analysis. �-actin
was used as the loading control.
Images represent one of three inde-
pendent experiments.
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Discussion

Tenocytes and their precursors, tenoblasts, account for up to 95%
of the cellular component of tendons [1]. These cells play a vital
role during the repair of tendons by migrating to the injury site,
proliferating and synthesizing collagen. They secrete MMPs to
degrade the matrix for cell migration and also for the final remod-
elling phase. Within 24 hrs of tendon injury, surrounding teno-
cytes from the wound margins begin to migrate and invade the
wound bed, where they proliferate, produce new collagen and
remodel the matrix. The biochemical and mechanical properties of
healed tendon tissue never match those of intact tendon, which is
at least partly due to the length of time it takes for a tendon to heal.

Strong evidence is now emerging that APC accelerates wound
repair. In a rat healing model, APC induces angiogenesis and re-
epithelialization while inhibiting inflammation to promote cuta-
neous wound healing [15]. In human skin keratinocytes, recombi-
nant APC stimulates proliferation, MMP-2 activity, migration and
prevents apoptosis, all vital processes of re-epithelialization [17].
In addition, APC has positive effects on endothelial cells and has
potent angiogenic activity, which contributes to its wound healing
ability [15, 25]. The current study extends on these findings and is
the first to show that APC can stimulate a wound healing pheno-
type in tenocytes by stimulating their proliferation, MMP-2 activity,
migration and collagen production. Overall, our data suggests that
APC could stimulate an injured tendon to heal faster and thus help
restore normal tendon properties.

Tendon is a highly ordered composite material consisting pre-
dominantly of collagen, with smaller amounts of various proteo-
glycans and glycoproteins [26]. Type I collagen is by far the most
abundant, comprising ~95% of the total collagen content [26].
The dry mass of human tendons is approximately 30% of the total
tendon mass, with type I collagen accounting for 65% to 80% of
this [2, 27, 28]. Although APC is known to promote cutaneous
healing, there are no reports on the effect of APC on collagen in
any cell type. The current study is the first to show that APC can
stimulate type I collagen protein production. An interesting obser-
vation, using immunofluorescence, is that EPCR and type I colla-
gen appear to be co-localized (Fig. 4), with tenocytes that
expressed high levels of EPCR in response to APC also showing
high levels of type I collagen. This provides the first evidence that
EPCR is required for collagen stimulation by APC, although further
experiments are required to confirm this.

APC increased MMP-2 synthesis by tenocytes, but had no
effect on MMP-9, which was not expressed by tenocytes (Fig. 1).
APC also stimulated the conversion of MMP-2 to its fully active
form, as previously described for endothelial cells [29]. MMPs are
important regulators of matrix remodelling and their expression
varies during tendon healing. Using a rat flexor tendon laceration
model, Oshiro [30] found that only MMP-2, MMP-3 and MT1-
MMP remained elevated throughout the collagen healing process,
suggesting that these three enzymes participate in both collagen
degradation and collagen remodelling. MMP-2 differs from most
other MMPs in that it exerts anti-inflammatory actions [31, 32].

MMP-2 efficiently cleaves and inactivates monocyte chemoattrac-
tant protein-3, a CC chemokine that promotes leucocyte chemo-
taxis. Itoh et al. [33] have proposed that although MMP-2 is ele-
vated in the arthritic joint, its matrix-degrading ability appears to
have little effect on development of arthritis but instead MMP-2
prevents inflammation by cleaving pro-inflammatory factors. This
action of MMP-2 is likely to assist healing, as although inflamma-
tion is required very early in the tendon healing process, it needs
to cease before the granulation and remodelling phases of healing
can proceed [34]. Since MMP-2 is present throughout the tendon
healing process [30], it is likely that by stimulating and activating
MMP-2, APC contributes to tendon healing in vitro both by remod-
elling matrix and suppressing excessive inflammation.

An important finding from this study is that EPCR is expressed
by sheep tenocytes (Fig. 3). This receptor was first identified on
endothelial cells, mainly on larger blood vessels [19] and recently
has been found on leucocytes, smooth muscle cells and ker-
atinocytes [17, 20–22, 35]. This is the first report to show that a
fibroblast-type cell expresses EPCR. In addition, this study shows
that APC’s actions on tenocyte proliferation, MMP-2 and type I
collagen synthesis and MAP kinase regulation, all of which con-
tribute towards wound healing, are mediated through EPCR.
Although EPCR mediates these protective effects of APC, there is
no evidence that it is a signalling molecule. Instead, by binding to
EPCR, APC may cleave protease-activated receptor-1 which cou-
ples to G-proteins and signals through MAP kinases. This pathway
is utilized by endothelial cells, keratinocytes and some leucocytes
[15, 17, 20–22, 35], but it is unknown whether APC acts through
this pathway in tenocytes.

An unexpected finding was that EPCR siRNA, when used alone,
inhibited tenocyte proliferation (Fig. 5D). This result was con-
firmed by using the RCR252 blocking antibody. There are at least
two possible explanations for this endogenous effect. Firstly,
EPCR itself may stimulate proliferation. Secondly, PC may be pro-
duced and secreted by tenocytes which then binds to EPCR and
stimulates cell growth. This is similar to the autocrine effect of PC
recently described in keratinocytes [18]. Such a mechanism
requires tenocytes to possess their own PC system which can not
only synthesize PC, but also activate PC to APC and mediate the
function of PC/APC by its receptors. Further studies are required
to elucidate this mechanism.

The MAPK pathway is a prerequisite for growth factor stimulated
mitogenesis in many cell types [36]. Three major downstream
MAPK cascades are mitogen-activated ERK1/2 and stress/cytokine
activated p38 and c-Jun N-terminal kinases, whereas p38 MAP
kinase functions to promote differentiation and apoptosis [37]. Our
data suggest that ERK2 is the major MAP kinase associated with
APC enhancement of cell proliferation. In contrast, p38 exhibited
opposite effects to ERK2. These results are in keeping with previous
studies which present evidence that p38 MAP kinase functions to
promote differentiation and apoptosis while signalling through
ERK2 promotes keratinocyte proliferation and survival and endothe-
lial cell proliferation [18, 25, 37].

APC maximally stimulated tenocyte proliferation and migration
when used at 10 ug/ml. This concentration of APC is considerably
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higher than circulating physiological levels of ~3 ng/ml.
Nonetheless, there was a significant increase in proliferation when
APC was used at 10 ng/ml, which equates to the order of magnitude
of circulating PC. At sites where inflammation or healing occurs,
such as in a wound, increased levels of thrombin and thrombomod-
ulin cause increased activation of PC, which may accumulate and
contribute to healing. Thus, it is feasible that endogenous levels of
APC contribute to normal healing of acute tendon injuries.

In summary, the key findings of this study are that APC stim-
ulates proliferation and migration, MMP-2 activity and type I
collagen production in tenocytes, the major cell type in the ten-
don. Importantly, EPCR is expressed by tenocytes and mediates
the protective actions of APC to promote healing. These novel

findings highlight the importance of the PC pathway in tendon
physiology and provide the first evidence that APC may provide
a therapeutic option for tendinopathy.
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