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Keloids, which overgrow the boundaries of the original injury, represent aberrations in the fundamental process
of wound healing that include over-abundant cell in-migration, cell proliferation, and inflammation, as well as
increased extracellular matrix synthesis and defective remodeling. To understand the key events that result in
the formation of these abnormal scars would open new avenues for better understanding of excessive repair,
and might provide new therapeutic options. We examined epidermal growth factor receptor (EGFR)-induced
cell motility in keloid fibroblasts, as this receptor initiates cell migration during normal wound repair. We show
that keloid fibroblasts respond to EGF-induced cell migration but the response is somewhat diminished
compared to normal adult fibroblasts (~30% reduced); the mitogenic response was similarly blunted (~5%
reduced). Keloid fibroblasts express near normal levels of EGFR (82%), but show a much more attenuated
activation of EGFR itself and the motility-associated phospholipase C-g. This was reflected in part by rapid loss
of EGFR upon exposure to EGF. Interestingly, while extracellular signal-regulated kinase/mitogen-activated
protein kinase (ERK-MAPK) activation was relatively robust in keloid fibroblasts, the downstream triggering of
the motility-associated calpain activity was blunted. This was reflected by high cell–substratum adhesiveness in
the keloid fibroblasts. Thus, the blunted migratory response to EGF noted in keloid fibroblasts appears due to
limited activation of two important biochemical switches for cell motility.(WOUND REP REG 2004;12:183–192)

Keloids are neoplastic growths resulting from exces-
sive response to cutaneous injury. Keloids are raised
pathological scars that, over extended time periods,
overgrow the margins of the original wound and
cause damage to the healthy dermal tissue.1,2 Keloids
persist for years and cause pain, persistent itching,
disfiguration, and limit function; unfortunately, they

rarely regress. These disorders represent aberrations in
the fundamental processes of wound healing, which
include cell migration, cell proliferation, inflammation,
increased synthesis of cytokines and extracellular
matrix proteins, and defective remodeling. Probing
the intracellular and molecular signaling events of
cells derived from the keloid lesions would open new
avenues for better understanding of excessive repair,
which might provide new therapeutic considerations.

Several hypotheses have been put forward regard-
ing the biochemical, immunological, and molecular
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basis for the occurrence of keloids. Histologically,
keloids appear to consist of massively increased der-
mal tissue3 underlying relatively increased expression
of proliferation-associated keratins 5/14 in the basal
layers of keratinocytes.4 Fibroblasts isolated from
keloids produce two to three times more collagen
than fibroblasts from normal skin,5 due to increased
collagen synthesis and decreased collagen breakdown
in the keloid fibroblasts.3,6,7 The loss in collagen balance
is reflected by changes in the matrix metalloproteinases
(MMPs) during abnormal wound healing.8 Similarly,
other matrix proteins are altered, e.g., fibronectin and
tenascin levels are elevated.9–12 Thus the exuberant
overproduction of matrix forms the keloid, but the root
cause must involve the dermal fibroblasts that produce
these proteins.

Apart from changes in the extracellular matrix
proteins, keloid fibroblasts also show altered responses
to various growth factors, although there is disagree-
ment as to the extent of altered response to epidermal
growth factor (EGF), platelet derived growth factor,
insulin-like growth factor-1, and transforming growth
factor (TGF)-b.13–17 The healing wound contains a wide
array of growth factors exerting different functions
during the overlapping temporal processes of healing.
These growth factors profoundly influence multiple
processes including cell migration, cell proliferation,
matrix production and degradation. These influences
all promote matrix accumulation.18 Ligands for the
EGF receptor (EGFR) are present throughout wound
repair;19 TGFa is liberated from platelets and is made
in paracrine and autocrine fashion by fibroblasts, and
heparin binding-EGF is produced by macrophages and
myocytes. Thus, alterations in keloid fibroblast respon-
siveness to EGFR activation would have significant
implications for keloid development.

Previous reports have been conflicting as to the
response of keloid fibroblasts to EGF. An early study
reported that keloid fibroblasts, while expressing
normal EGFR numbers, responded to EGF only half
as well as normal fibroblasts.14 Such lack of enhanced
responsiveness to EGF was confirmed by another
investigation.15 More recently, it was reported that
keloid fibroblasts present greater phosphorylation and
increased expression of EGFR, although responsiveness
to EGFR ligands was not reported.20 However, none of
these reports have examined key intracellular signaling
pathways downstream from EGFR activation and their
concomitant cellular responses.

In the present investigation, we focused our interest
on EGF and its downstream signaling cascade events.
Dermal fibroblast motility and proliferation are regu-
lated by numerous growth factors;21 among those that
are most robust are factors that activate EGFR. We
chose EGF as our activating ligand because in vitro
there appears to be little if any difference in cellular

responses to the major soluble EGFR ligands.19 EGFR
signaling elicits two pathways that are key in wound
repair, mitogenesis and migration, and the latter has
not been well studied in fibroblasts derived from keloid
lesions. Full EGF-induced cell migration requires phos-
pholipase-C g (PLC- g) signaling.22 Inhibition of PLC-g
signaling specifically abrogates cell migration but not
cell proliferation,22,23 indicating that this pathway is
required for EGFR-induced cell locomotion.

Another major signaling pathway from EGFR is via
a mitogen-activated protein kinase (MAPK) signaling
pathway, which is required for both cell mitogenesis
and cell migration,24 with migration requiring extracel-
lular signal-regulated kinase (ERK)-induced m-calpain
activation.25 In the present study we decipher the role
of these two intracellular effectors, PLCg and ERK-
MAPK during EGF-induced signal transduction mechan-
ism in keloid fibroblasts. The present study shows that
keloids possess a real, although limited, response to
EGF; this was due to relatively weak activation of down-
stream motility-signaling pathways, likely due to rapid
degradation of EGF receptor.

MATERIALS AND METHODS
Human recombinant EGF was obtained from Colla-
borative Biomedical Products (Bedford, MA). Two
keloid fibroblast and three normal adult fibroblast speci-
mens were randomly selected from a bank of human
cells maintained by one of the investigators (PAH). One
specimen was derived from an earlobe keloid surgically
removed from an 8-year-old male, the second was
derived from keloid tissue excised from the lumbar
region of a 57-year-old male, and the third keloid
fibroblast cell line, purchased from ATCC (CRL-1762,
Manassas, VA), was from a 35-year-old female. The
normal fibroblast lines were derived from breast skin
surgically removed from 20-year-old and 22-year-old
females and from an eyelid of a 66-year-old male. The
race of the individuals from whom these samples were
obtained was not recorded routinely. The study proto-
col conformed to the ethical guidelines of the 1975
Declaration of Helsinki. Both normal and keloid tissues
were de-identified and classified as excess pathological
tissue, exempt from requiring informed consent, as
determined by the University of Pittsburgh or the Chil-
dren’s Hospital of Pittsburgh institutional review
boards (Pittsburgh, PA). In all experiments at least
two independent normal adult and keloid fibroblasts
were assessed with quantitatively similar results.

Keloid and normal adult fibroblast cultures
Both keloid and adult normal adult fibroblasts were
grown in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10 percent fetal bovine
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serum (FBS), 1 · antibiotics (penicillin and streptomy-
cin), 1 · nonessential amino acids, and 1 · sodium
pyruvate (all from Life Technologies, Rockville,
MD).26 Cells were quiesced by culturing for 48 hours
in DMEM containing 0.1 percent dialyzed FBS when the
cultures had reached 80 percent confluence; this
reduces cell proliferation by >90 percent while main-
taining cell viability.27 All cultures were used at
passage levels that allowed for more than seven more
passages (> 20 population doublings) prior to senes-
cence; at these lower passage numbers, the EGF
responsiveness of fibroblasts is found to be unaffected
by cellular aging.26

Cell surface EGF receptor number
Normal adult and keloid fibroblasts were plated onto
12-well Falcon tissue culture plates and grown until 80
percent confluence. Cells were placed in serum-starved
media for 48 hours and surface EGFR number was
determined by a previously determined assay.26,28

Briefly, cells were washed twice with ice-cold WHIPS
buffer (20 mM HEPES, pH 7.4, 130 mM NaCl, 5 mM KCl,
0.5 mM MgCl2, 1 mM CaCl2, 1 mg/ml polyvinylpyrroli-
done) and incubated with binding buffer (DMEM con-
taining 25 mM HEPES, 0.5 percent bovine serum
albumin [BSA]) containing saturating levels of 125I-
EGF (ICN, Costa Mesa, CA) for 3 hours on ice. After
the incubation, cells were washed six times with 2 ml
ice-cold WHIPS buffer followed by a wash with an
acid stripping buffer containing urea (50 mM-glycine-
HCl, 100 mM NaCl, 2 mg/ml polyvinylpyrolidone, 2 M
urea, pH 3.0) to remove surface-bound radioactivity.
Surface-bound radioactivity is a direct indication of
cell receptor number.29 Cell number per well was
determined in tandem via counting with a hemocyto-
meter in triplicate for each condition. Competition with
excess of cold ligand was used to determine nonspeci-
fic binding.

In vitro cell migration assay
EGF-induced cell migration was assessed by the ability
of the cells to move into an acellular area.30 Cells were
quiesced for 48 hours in DMEM with 0.1 percent dia-
lyzed FBS prior to being denuded by a rubber police-
man. The cells were then treated with or without EGF
(1, 2, 5, or 10 nM) and incubated at 37�C for 24 hours.
Photographs of the same three locations at the edge of
each wound were taken at 0 and 24 hours, and the
relative distance traveled by the cells at the acellular
front was determined.

Cell proliferation assay
Growth factor–induced proliferation was determined
by incorporation of [3H]-thymidine at defined time
points previously determined to cover the initial S-

phase.23 Cells were grown to confluence in 12-well
plates and quiesced for 48 hours in DMEM with 0.1
percent dialyzed FBS and then incubated with the indi-
cated concentration of growth factors for 16 hours.
[H3]-Thymidine purchased from Amersham Bioscience
Corp. Piscataway, NJ (5mCi/well) was added, and cells
were incubated for a further 10 hours. Cells were
treated with 5 percent trichloroacetic acid for 30 min-
utes at 4 �C and incorporated label solubilized by 1 N
NaOH. Samples were analyzed by liquid scintillation
counting (Beckman, Fullerton, CA).

Adhesion assay
Cell substratum adhesiveness of normal and keloid
fibroblasts was quantitated using an inverted centrifu-
gation detachment assay.25 Cells were plated at the
concentration of 105 cells/well in a 12-well plate. Cells
were quiesced for 24 hours and then incubated with or
without EGF (1 nM) for 30 minutes. Wells were com-
pletely filled with DMEM and supplemented with 1
percent BSA and 25 mM HEPES (pH 7.4), then sealed
with enzyme-linked immunosorbent assay sealing tape
(Corning, Cambridge, MA) and centrifuged inverted for
10 minutes at different speeds viz., 2,000 (910 · g), 2,500
(1420 · g), 2,800 (1782 · g), and 3,200 (2329 · g) r.p.m. at
37 �C using a Beckman CS6R plate centrifuge. Before and
after the centrifugation, the number of cells on the plates
was counted under phase-contrast microscopy.

Calpain activity assay
The calpain activity in individual living cells was
detected by using a Boc-LM-CMAC assay for in vivo
proteolysis.25 In brief, normal adult and keloid fibro-
blasts were plated onto glass coverslips. The cells were
quiesced when at 50 percent confluence for 48 hours
and then treated in the presence or absence of EGF
(1 nM [10 minutes] or 10 nM [5 minutes]), respectively.
All cells were loaded with Boc-LM-CMAC (t-BOC-Leu-
Met-chloromethylaminocoumarin, Molecular Probes,
Eugene, OR) for 20 minutes prior to mounting on
glass slides. The treated and control cells were then
observed for CMAC fluorescence using an Olympus
fluorescent microscope (Model: BX40, filter: Olympus
M-NUA). Representative images of each slide were
captured using a SPOTII CCD camera. The image expos-
ure settings were identical within each experiment
(i.e., for no EGF and EGF treatment) but did vary
slightly between experiments; thus, one can directly
compare fluorescence intensity within an experiment
but not between experiments. Images shown are repre-
sentative of two or more separate experiments.

Immunoblotting
Immunoblotting was employed to detect protein and
phosphorylated protein levels of EGFR, PLCg, and
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ERK. Keloid and normal adult fibroblasts were grown
to confluence and then quiesced for 48 hours in DMEM
containing 0.1 percent dialyzed serum. Cells were
treated with EGF (1 nM [10 minutes] or 10 nM [5 min-
utes]) and also for varying time intervals with EGF 10 nM
as indicated in the figure legends. Cell lysates with an
equal amount of protein as determined using Bio-Rad
assay kit were separated on sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred to a
PVDF membrane Immobilon-P (Millipore, Cambridge,
MA). Blots were probed using the following antibodies:
EGFR (catalog # 28–0005, Zymed, San Francisco, CA),
phosphotyrosine (PY20, # P11120, Transduction Labora-
tories, San Diego, CA), pan ERK (# E17120, Transduc-
tion Laboratories) and dual phosphorylated ERK (#9101,
Cell Signaling Technology, Beverly, MA), PLCg1 mixed
monoclonals (# 05–163, Upstate Biotechnology, Lake
Placid, NY), and phosphorylated PLCg (p783; # 2821,
Cell Signaling Technology). To confirm equal loading
of proteins, immunoblots were probed against anti-a-
actin (#A 2066, Sigma, St. Louis, MO). Further, densito-
metric analysis for the phosphorylated proteins was
performed using NIH image 1.62.

RESULTS
EGF induces motility and proliferation in keloid
fibroblasts
Keloid fibroblasts have been reported as responding to
growth factors, although the relative extent of response
has been debated.13–15 We report here that keloid
fibroblasts do respond to EGF in terms of increased
motility (Figure 1), although to a lesser extent than that
noted in normal adult fibroblasts. The reduced respon-
siveness was not limited to migration, as EGF-induced
proliferation was similarly diminished (Figure 1b). This
diminished responsiveness is not due to a higher basal
level of cell activity, as the migration and thymidine
incorporation in the absence of EGF was similar
between the keloid and normal fibroblasts. Furthermore,
an autocrine EGFR-stimulatory loop, which would mask
exogenously added EGF, is not functioning in the keloid
fibroblasts, as a specific inhibitor of the EGFR,
PD153035, had no effect on basal cell activities (data
not shown). Lastly, this diminution in responsiveness
does not appear to be preferential for EGFR, as the
proliferative response to platelet derived growth factor
also appears to be blunted in keloid fibroblasts when
compared to normal adult fibroblasts (data not shown).

Keloid fibroblasts rapidly attenuate EGFR signaling
As the two cell responses to EGF appeared blunted, we
asked whether EGFR signaling was intact. Before
studying the intracellular signaling cascade events we
determined the EGFR receptor levels in normal and

keloid fibroblasts. We did not find significantly lower
levels of surface EGFR prior to exposure to EGF
because keloid cells express 81.7� 2.3 percent of the
EGFR/cell compared to normal fibroblasts (Figure 2),
in agreement with previous findings.14

Upon ligand binding, EGFR rapidly autophos-
phorylates and then undergoes internalization with both
dephosphorylation and degradation serving to attenuate

FIGURE 1. EGF induces cell migration and proliferation in keloid
fibroblasts. (a) Normal human adult fibroblasts (dark bars) and
keloid fibroblasts (gray bars) were tested for motility in an in vitro
wound healing assay. Cells were treated with increasing
concentrations of EGF. The values are normalized and shown
as EGF-induced motility at each concentration. (b) The different
concentrations of EGF (1 nM-10 nM) were tested for the ability to
induce proliferation in normal adult fibroblasts and in keloid
fibroblasts by a thymidine incorporation assay. The values are
mean� SEM of six independent studies each performed in
triplicate for motility/proliferation and three independent
studies each performed in triplicate for cell de-adhesion.
Statistical analysis was performed by Student’s t-test. *p < 0.05
compared to paired no EGF treatment, **p < 0.01.
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this signaling.31 Upon EGF exposure, one notes
phosphorylation of EGFR in normal fibroblasts
(Figure 3a). This is limited in the keloid fibroblasts
with significantly decreased phosphorylation at saturat-
ing doses of EGF (10 nM; Figure 3b). This lack of phos-
phorylation reflects a rapid loss of EGFR upon ligand
exposure. Whereas the total level of EGFR in normal
fibroblasts remains relatively constant over the brief
10-minute exposure, there is a marked loss of keloid
EGFR. Interestingly, total cellular EGFR in keloid cells
is less than half that in normal cells (Figure 4), when
normalized to either cell number or actin. This would
suggest that there is less ‘‘reserve’’ EGFR for replace-

ment upon ligand-induced internalization.32 In con-
cordance with this suggestion, we note rapid loss of
total EGFR upon exposure to EGF, although the rate
of decrement appears similar to normal fibroblasts
(Figure 4a, b).

Rapid attenuation of EGFR signaling might limit
downstream signals, resulting in a blunted response
to EGF. We examined two pathways that diverge at
the receptor level. The mito- and moto-genic pathway
leading to ERK MAPK was relatively intact when
examined acutely (Figure 5a) and over an extended
period of EGF exposure (Figure 5b). Even at dimin-
ishing doses of EGF, the pERK levels were main-
tained in the keloid fibroblasts. However, the PLCg
signaling pathway, required for induced cell migra-
tion, was attenuated compared to normal fibroblasts,
after both short-term and extended ligand exposure
(Figure 6). That ERK is less dramatically affected is
not unexpected, as the phosphorylation of this mole-
cule results after a four-step amplification cascade
that is more sensitive to low-level EGFR signaling.33

These data suggest that while keloid fibroblasts are
capable of responding to EGFR ligands, the rapid
degradation of the receptor blunts the cellular
responses.

Keloid fibroblasts show reduced calpain activity
and increased substratum adhesiveness. To enable
rear de-adhesion during EGFR-mediated motility, the
plasma membrane-associated ERK fraction activates
m-calpain.34 We found that despite relatively normal
ERK activation (Figure 5), the level of calpain activa-
tion was diminished (Figure 7). As such, we would
expect that EGFR-mediated cell de-adhesion would be
absent. This was evident when we quantified cell–
substratum adhesiveness (Figure 8), wherein the maxi-
mum achievable g force (3200 r.p.m. or 2329 g) failed to
dislodge the keloid fibroblasts.

FIGURE 2. EGFR surface presentation is relatively intact. EGFR
receptor numbers were determined by standard scatchard
analyses. The number of binding sites was calculated by
Scatchard plot using linear regression. Shown are representative
values of two independent studies each done in duplicate.
Statistical analyses were performed using Student’s t-test. *p < 0.05.

FIGURE 3. Phosphorylation of EGFR is
relatively diminished in keloid fibroblasts.
Normal adult fibroblasts and keloid fibro-
blasts were grown to confluence and then
quiesced. (a) Cells were either induced/
uninduced with EGF 1 nM (10 minutes) or
EGF 10 nM (5 minutes) and cell lysates were
collected. (b) Alternatively, cells were treated
with a saturating dose of EGF (10 nM), and
cell lysates were collected at varying time
intervals. Cell lysates were resolved on a 7.5
percent gel and phosphorylated proteins
detected by antibodies specific for
phospho-tyrosine (PY 20) or a-actin, serving
asa loadingcontrol. Shownisarepresentative
immunoblot of three independent experi-
ments. Numbers below the immunoblots
represent densitometry analysis as deter-
mined utilizing National Institutes of Health
image 1.62.
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DISCUSSION
Keloids are characterized by the exuberantly excessive
accumulation of dermal material in response to a
wound. Over time, these growths extend beyond the
margins of the original, often minor, wound. To achieve
such a mass, keloids require the proliferation and
in-migration of fibroblasts as well as their subsequent

production of extracellular matrix. To understand the
molecular bases for keloid development, investigators
have focused their attention on signals that promote
these processes in normal wound healing, including
growth factors and their implications during scar
formation.16,35–37 Although previous studies have repor-
ted on the responses of keloid cells to growth factors,

FIGURE 4. Keloid fibroblasts rapidly down-
regulate EGFR. Normal adult fibroblasts and
keloid fibroblasts were grown to confluence
and then quiesced. (a) Cells were either
induced/uninduced with EGF 1 nM (10 min-
utes) or EGF 10 nM (5 minutes) and cell lysates
were collected. (b) Alternatively, cells were
treated with a saturating dose of EGF (10 nM),
and cell lysates were collected at varying time
intervals. Cell lysates were resolved on 7.5
percent gels and phosphorylated proteins
detected by antibodies specific for EGFR or
a-actin, serving as a loading control. Shown
is a representative immunoblot of three
independent experiments. Numbers below
immunoblots represent densitometry analysis
as determined utilizing National Institutes of
Health image 1.62.

FIGURE 5. ERK phosphorylation is retained in
keloid fibroblasts. Normal adult fibroblasts
and keloid fibroblasts were grown to conflu-
ence and then quiesced. (a) Cells were
either induced/uninduced with EGF 1 nM (10
minutes) or EGF 10 nM (5 minutes) and cell
lysates were collected. (b) Alternatively, cells
were treated with a saturating dose of EGF
(10 nM), and cell lysates were collected at
varying time intervals. Cell lysates were resol-
ved on a 7.5 percent gel and phosphorylated
proteins detected by antibodies specific for
ERK, dual phosphorylated ERK, or a-actin,
serving as a loading control. Shown is a repre-
sentative immunoblot of three independent
experiments. Numbers below immunoblots
represent densitometry analysis as deter-
mined utilizing National Institutes of Health
image 1.62.
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intracellular signaling cascades have remained relatively
unexplored. As ligands to EGFR are present throughout
multiple stages of wound repair, we investigated the
effects of EGF on keloid fibroblast migration.

The EGFR is expressed on many types of cells,
including fibroblasts, keratinocytes, and vascular
endothelial cells.38,39 Ligands for EGFR, EGF, TGFa,
heparin binding-EGF and amphiregulin in particular,
have been implicated in the healing of a variety of
wounds40 including EGF itself, because it is released
during the initial platelet plug and then produced in the
wound by macrophages, fibroblasts, smooth muscle
cells, and even keratinocytes. Therefore, it is present
even in the later stages of wound repair, the ones dur-
ing which, in normal healing, the repopulation and
matrix production are halted and the dermis matured.18

This ‘‘stop phase’’ is likely to be the stage that is not

fully functional in keloid development, and thus signals
present during this stage are of interest.

We found that EGFRs were present on keloid fibro-
blasts to a level not dissimilar from normal fibroblasts,
even though the total EGFR content of the fibroblasts
was significantly reduced. This deficit in total EGFR
was reflected by reduced EGFR phosphorylation and
limited downstream signaling. The major signaling
pathways that have been identified for EGF-induced
cell migration are the PLCg signaling and the ras-
raf-MEK-ERK/MAP kinase to m-calpain signaling cas-
cade.25,27,41 PLCg signaling is necessary for induced
chemokinetic but not for haptokinetic motility.22,42

PLCg levels were similar in both normal adult fibro-
blasts and in keloid fibroblasts, but activation of PLCg
was decreased. ERK MAPK activation status, as
reflected by dual phosphorylation of p42/p44 ERK,

FIGURE 6. Phosphorlyation of PLCg is limited in
keloid fibroblasts. Normal adult fibroblasts and
keloid fibroblasts were grown to confluence in
6-well tissue culture plates and quiesced. (a)
Cells were either induced/uninduced with EGF
1 nM (10 minutes) or EGF 10 nM (5 minutes) and
cell lysates were collected. (b) Alternatively,
cells were treated with a saturating dose of EGF
(10 nM), and cell lysates were collected at
varying time intervals. Cell lysates were resolved
on a 7.5 percent gel and phosphorylated
proteins detected by antibodies specific for
PLCg, phosphorylated PLCg, or a-actin, serving
as a loading control. Shown is a representative
immunoblot of three independent experiments.
Numbers below immunoblots represent densi-
tometry analysis as determined utilizing National
Institutes of Health image 1.62.

FIGURE 7. EGF did not induce significant
calpain activity in keloid fibroblasts. Calpain
activity was determined by BOC fluores-
cence in normal adult and keloid fibroblasts
after treatment with EGF (1 nM) for 10 minutes
and calpain cleavage of the synthetic
substrate Boc-LM-CMAC was observed. The
subsequent fluorescence is shown by a
representative experiment of three inde-
pendent studies. The time was chosen
empirically for maximal fluorescence.
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was relatively intact, but this was not unexpected due
to the amplification cascade that appears to maintain
signaling even from reduced EGFR activation levels
(Tran K, Personal Communication). However, the
downstream activation of m-calpain, dependent on the
small fraction of plasma membrane-associated ERK,34

was similarly reduced. Thus, the EGFR signaling cas-
cade, while intact and functional, appears diminished
in keloid fibroblasts.

EGF induced both cell migration and proliferation
of keloid fibroblasts, even if the responses were some-
what diminished compared to normal adult fibroblasts.
In addition, keloid cells appeared resistant to EGF-
induced de-adhesion, although this might reflect both
reduced EGFR signaling and altered matrix production
by keloid cells. Still, the diminutions in the cell
responses were in line with similar decrements in
EGFR autophosphorylation and activation status of
PLCg and m-calpain, two critical molecular switches
for motility. One possible, and uninformative, explana-
tion for this would be that the keloid fibroblasts were
‘‘aged’’ compared to the ‘‘aged’’ dermal fibroblasts, as
‘‘aged’’ dermal fibroblasts showed reduced EGFR levels
and reduced responsiveness.26 This is not likely the
cause, as the pERK levels were retained, and even
increased, in the keloid fibroblasts whereas they are
reduced in parallel in the ‘‘aged’’ fibroblasts. Interest-
ingly, despite ERK being robustly activated, the prolif-
erative response was reduced to an even greater degree
than the motility response. While ERK is required for
EGFR-mediated proliferation,43 it is not sufficient;31

therefore, we would assume that the diminished
EGFR signaling leads to reduced activation of the
still-to-be-determined other mitogenic signaling cas-
cades.44 A second question arises of whether this
diminution in cell responses is global or specific to
EGFR. An initial inquiry suggests specificity as the
response of our keloid cells to platelet-derived growth
factor was similar to that of the normal adult fibro-
blasts. It was for this reason that we focused on signal-
ing events downstream of EGFR activation and found
the correlation between reduced receptor signaling and
cell responsiveness. While others have noted the
reduced responses to growth factors in keloid fibro-
blasts, we are the first to provide evidence of similarly
reduced intracellular signaling cascades.

Our finding of decreased EGFR signaling and sub-
sequent cell responses appear to contradict the medical
situation of an overabundant dermal layer. However,
this contradiction might be false because keloid devel-
opment appears to result from a failure to ‘‘stop’’ the
healing process and mature the nascent wound dermal
layer.18 As such, any continued in-migration and expan-
sion of dermal fibroblasts would, over time, result in an
enlarging dermal compartment. Thus, future studies
need to focus on whether keloid fibroblasts respond
to stop signals as much as on how they respond to
regenerative and repopulation signals.
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