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Abstract

Chronic wound fuid (CWF) from chronic venous leg ulcers has been shown to inhibit dermal fbroblast
growth by interfering with cell-cycle progression from G1 to S phase. CWF was found to reduce the levels of
hyperphosphorylated retinoblastoma tumor-suppressor gene (Rb) and cyclin D1, both of which are required for
the cell cycle to enter the S phase. To better understand the efects of CWF, researchers looked into a Ras-
mediated signalling pathway involving the mitogen-activated protein kinase kinase (MEK), which is known to
modulate the expression of these cell-cycle-regulatory proteins [1-15]. The growth suppressive efects of CWF on
hyperphosphorylated Rb (ppRb) and cyclin D1 were abolished by transient transfection of dermal fbroblasts with
constitutively active Ras. in comparisonThe efects of CWF on these cell-cycle-regulatory proteins were mimicked
by a MEK inhibitor, PD 98059. Concurrent administration of PD 98059 and CWF resulted in additive efects. These
fndings suggest that CWF inhibits dermal fbroblast growth, at least in part, by decreasing the level of active Ras,
which results in lower levels of ppRb and cyclin D1. As a result, a Ras-dependent signalling pathway may mediate
the growth inhibitory efect of CWF, and restoring Ras activity may overcome this efect. Wound fuid is thought to
play an important role in wound healing Acute wound fuid has been shown to stimulate fbroblast and endothelial
cell growth induce chemotaxis and increase extracellular matrix production.In contrast, chronic wound fuid (CWF)
has been shown to inhibit cellular proliferation contributing to the poor healing of chronic ulcers .CWF inhibits the
proliferation of newborn dermal fbroblasts (NbFb) and DNA synthesis in human neonatal fbroblasts .and it halts
the cell cycle in the G1 phase (Phillips et al, 1998). Fibroblast proliferation is critical to wound healing,McClain et
and any disruption can signifcantly alter proper wound healing.
all eukaryotic cells (Lowy and Willumsen, 1993). Ras receives signals from a wide range of extracellular stimuli,
and Ras mediates its efects by activating a cascade of protein kinases (acts as a molecular switch at the plasma
membrane’s inner leafet, and its activity is regulated by a guanosine mitogen-activated protein (MAP) kinase
pathway Active Ras binds inactive Raf and translocates it to the plasma membrane where the Raf is activated (Many
studies have established that cyclin D1 expression is induced by Ras through a Raf/MEK/MAP kinase-dependent
pathway the ability of oncogenic Ras to shorten the G1 phase can be attributed to increased induction of cyclin D1.
Furthermore, expression of dominant-negative Ras into cycling cells causes a decline in cyclin D1, accumulation of
hypophosphorylated Rb and subsequent growth arrest in G1, which can be overcome with induction of Pathway of
mitogen-activated protein (MAP) kinase Active Ras binds inactive Raf and transports it to the plasma membrane,
where it activates Raf Many studies have shown that Ras induces cyclin D1 expression via a RaffMEK/MAP kinase-
and that the ability of oncogenic Ras to short.
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Subjective Heading

To compare the e ects of CWF and acute wound uid on NbFb
proliferation, 1500 cells per 35 mm culture dish were plated in paired
cultures. Cells were then treated with acute wound uid, CWF, or
bovine serum albumin (BSA) at a protein concentration of 250 g per
plate, and at each refeeding, fresh CWF, acute wound uid, or BSA
was added. e total cell number per culture dish was determined
using a Coulter particle Counter on days.and 10 a er plating. Acute
wound uid appeared within 7 days of treatmentto stimulate NbFb
growth, and by day 10, cells treated with acute wound uid had a
signi cantly higher number of cells per dish than BSA-treated cells
(Figure 1). is nding is consistent with previous ndings that
acute wound uid stimulated broblast and endothelial cell growth.
Fluorescence-activated cell sorter (FACS) analysis was performed on
BSA- and CWF-treated NbFb to determine whether the CWF-induced
suppression of NbFb growth was due in part to apoptosis. As controls,
NbFb serum was starved (0.1 percent calf serum (CS)) for 24 hours
and NbFb was incubated with 0.1 M staurosporine, which is known to
induce apoptosis for 6 hours. FACS analysis with propidium iodide (PI)
staining was used to count apoptotic cells, as previously described. A
large percentage of cells in staurosporine-treated NbFb were apoptotic,
as the FACS pro le revealed a signi cant sub-G1 (hypodiploid) peak,
which is characteristic of apoptotic cells As expected, more than 75%
of quiescent cells were in the G1 phase, with only 11.2 percent in the
S phase.In contrast, proliferating NbFb stimulated with 10% CS in
the presence of BSA had a higher percentage of S phase cells (23.8%).
As previously reported, CWF treatment caused cell accumulation
primarily in G1 (65.5%) and, to a lesser extent, in G2 (27%).However,
no signi cant accumulation of cells in sub-G1 was observed in CWF-
treated cells, indicating that CWF does not induce apoptosis.

Discussion

TdT-mediated dNTP Nick end labelling (TUNEL) assay was used
tocon rm that CWF does not cause apoptosis in NbFb. Paired cultures
of NbFb were treated with either BSA or CWF at a concentration of
250 g protein per mL media. A er 24 hours of treatment, cells were
processed using FACS to determine the level of uorescence, which
indicates apoptosis. When the FACS analysis pro le was superimposed
on BSA- and CWF-treated cells, the number of cells and uorescence
intensity were identical between the two samples. ese ndings
support the notion that CWF does not cause apoptosis in NbFb cells.

Because Ras is important in mediating mitogenic activation of the
cell-cycle machinery, the e ects of CWF on Ras protein levels were
investigated. Quiescent NbFb were stimulated to proliferate in the
presence of either CWF or BSA with 10% CS. Cells were harvested 16
and 20 hours a er serum stimulation for immunoblot analysis with a
speci ¢ monoclonal antibody against Ras. At all time points studied,
serum stimulation did not increase the level of Ras protein above that
of quiescent cells. Surprisingly, CWF had no e ect on Ras protein
levels. To determine whether CWF a ects Ras activity, an assay based
on the known speci city of the interaction between Ras-GTP and
the Ras-binding domain (RBD) of Raf-1 was used to detect activated
Ras uiescent NbFb were stimulated to proliferate in the presence
of either CWF or BSA with 10% CS. Cells were harvested 6 and 16
hoursa er stimulation, and lysates were incubated with a glutathione-
S-transferase-RBD  fusion protein (GST-RBD) immobilised on
glutathione-sepharose to precipitate the active GTP-bound form of
Ras. Immunoblotting was used to detect precipitated Ras. As previously
reported the level of active Ras protein in quiescent NbFb was below

detectable increase the level of active Ras at 6 and 16 hours by fourfold

e level of active Ras in CWF-treated cells remained low at both
time points, similar to that in quiescent cells (Figures 4a and b), and
signi cantly lower than that in BSA-treated cells. ese ndings imply
that CWF may exert itse ects by inhibiting Ras activity.

To con rm that CWF e ects are mediated by a Ras-dependent
signalling pathway, the constitutively active myc-tagged (9E10) Ras38V
mutant was transiently transfected into NbFb. A group of NbFb were

rst synchronised into quiescence, then stimulated to proliferate for
24 hours before transfection with 10% CS. e cells were then treated
with BSA or CWF (250 g) 40 hours a er transfection. As previously
reported, CWF signi cantly reduced the level of cyclin D1 in non-
transfected NbFb when compared to BSA . e constitutively active
Ras38V mutant, on the other hand, abolished the e ect of CWF on
cyclin D1 and was comparable to BSA-treated controls (p>0.1, Figure
5b). Serum stimulation of cells expressing constitutively active Ras38V
did not result in a higher level of cyclin D1 than cells expressing only
endogenous Ras .

Rb and ppRb levels were measured in parallel using the same cell
lysates used for cyclin D1 immunoblot analysis. Rb shi ed to ppRb in
non-transfected cells in response to serum stimulation, as expected,
and this shi was inhibited by CWF.Because cyclin D1 is regulated by
a Ras-dependent signalling pathway involving MAP kinase, PD 98059
was used to investigate the potential role of this pathway in mediating
CWEF e ects. PD 98059 is a non-competitive inhibitor of MEK activity
that can prevent MEK from phosphorylating MAP kinase without
a ecting the activity of already phosphorylated MAP kinase. Quiescent

S Ras prot
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