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Abstract
Keloids are benign collagenous tumors that occur during dermal wound healing in genetically
predisposed individuals. The lesions are characterized by over-proliferation of fibroblasts, some
leukocyte infiltration, and prolonged high rates of collagen synthesis. To determine whether
leukocyte chemoattractants or chemokines are participating in this disease process,
immunohistochemical staining for the CXC chemokine, MGSA/GROα, and its receptor, CXCR2,
was performed on tissue from keloids, hypertrophic scars and normal skin. Immunoreactive
MGSA/GROα was not observed in hypertrophic scars or normal dermis, but was present in some
myofibroblasts and lymphocytes in nodular areas of the keloid samples. This staining positively
correlated with the degree of inflammatory infiltrate in the lesions. Keloids, but not hypertrophic
scars or normal dermis, also exhibited intensive immunoreactivity for the CXCR2 receptor in
endothelial cells and inflammatory infiltrates with occasional staining of myofibroblasts. In
contrast, cultured fibroblasts from either keloids or normal skin did not express detectable
amounts of mRNA for MGSA/GRO or CXCR2, although interleukin-1 strongly induced MGSA/
GRO mRNA in both cell types. Interleukin-1 induction of MGSA/GRO was inhibited by
glucocorticoid in normal and keloid fibroblasts, and the effect was more pronounced in keloid
fibroblasts. This event was not correlated with inhibition of nuclear activation of NF-κB, AP-1 or
Sp1, and might therefore be mediated by another mechanism such as decreased mRNA stability or
transcriptional repression through the glucocorticoid response element in the MGSA/GRO
promoter. Data from in vitro wounding experiments with cultured normal and keloid fibroblasts
indicate that there were no significant differences in MGSA/GRO or CXCR2 receptor levels
between normal and keloid fibroblasts. We also show that cultured keloid fibroblasts exhibit a
delayed wound healing response. We postulate that the inflammatory component is important in
development of keloid lesions and chemotactic cytokines may participate in this process.

Keloids are benign collagenous tumors that form in the reticular layer of the dermis during a
prolonged wound healing process in persons with a genetic predisposition.1,2 Keloids occur
predominantly in Black and Asian populations. The altered tissue repair mechanism appears
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to be restricted to dermal wound healing, because other growth or connective tissue
abnormalities are not frequently reported in keloid patients. The disorder may be genetically
heterogeneous, with both dominant and recessive modes of inheritance having been
reported. Genetically susceptible individuals form keloids after wounding. Abnormalities in
cell migration, proliferation, inflammation, synthesis and secretion of extracellular matrix
proteins and cytokines, and remodeling of the wound matrix have all been described in
keloids.3,4 Black patients with keloids often exhibit increased activity of fibrogenic
cytokines5,6 as well as an altered cytokine profile.7 The exaggerated wound healing process
in keloids appears to be due in part to loss of glucocorticoid suppression of collagen and
elastin gene expression in cells derived from these lesions.8,9

Because glucocorticoids also suppress the activation of NF-κB, decreased glucocorticoid
suppression in keloid lesions could potentially lead to enhanced NF-κB dependent cytokine
gene transcription10 and thus significantly alter the wound healing profile within these
lesions. The chemotactic cytokines melanoma growth stimulatory activity/growth-regulated
protein (MGSA/GRO) and interleukin-8 (IL-8), are regulated in part by NF-κB, in
cooperation with AP-1, Sp1 or other transcription factors.11–15 Glucocorticoids have been
shown to suppress the expression of MGSA/GRO homologs in rat fibroblasts.16 Moreover,
synovial fibroblasts cultured from patients with rheumatoid arthritis, another fibro-
proliferative disease, express receptors for MGSA/GRO.17 We have shown that the
expression of MGSA/GRO and its receptor is temporally increased during the wound
healing process.18 Based upon these findings, we proposed that chemokine and chemokine
receptor expression might be exaggerated in keloid lesions.

To test this hypothesis we examined the expression of the chemokine, MGSA/GRO, and its
receptor, CXCR2, in keloid lesions as compared to hypertrophic scars, and normal skin, as
well as the endogenous mRNA expression of MGSA/GRO and its receptor, CXCR2, in
cultured fibroblasts from normal skin and keloid lesions. The effects of glucocorticoids on
the IL-1 activation of nuclear NF-κB and AP-1 complexes in fibroblasts cultured from
keloid lesions and normal skin using gel shift assay with probes for NF-κB and AP-1 as
compared to the noninducible transactivator, Sp1, were determined. Lastly, the expression of
CXCR2 and MGSA/GRO in cultured keloid and normal fibroblasts that have been subjected
to in vitro wounding and the in vitro wound closure rates for these cultured keloid and
normal fibroblasts was assessed.

MATERIALS AND METHODS
Actively growing keloid tissues (N = 10), hypertrophic scars from traumatic linear scars
greater than 2 years of age (N = 10) and normal skin (N = 5) were collected from patients
undergoing elective excision of keloids, scar revisions or abdominoplasty procedures. Tissue
samples were obtained in accordance with procedures approved by the Institutional Review
Board. None of the keloids had received corticosteroid injection within a one-year period
and all were removed from the truncal region.

Tissue processing
Whenever possible, specimens were divided with a portion homogenized for RNA
preparations and the other portion fixed in 4% paraformaldehyde. After 18 hours of fixation,
the tissues were embedded in paraffin, sectioned, and sections used for
immunohistochemical analyzes. Sections were deparaffinized, endogenous peroxidase
activity was quenched for 20 minutes in a 3% H2O2/methanol solution, and preincubated in
normal 10% porcine serum (Dako, Carpinteria, CA) for 20 minutes. Sections were incubated
overnight in a humidified chamber at 4°C in rabbit antiserum (Dako, Carpinteria, CA) for
MGSA/GROα at a concentration of 2 mg/ml as previously described.18 For CXCR2
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immunostaining, samples underwent antigen retrieval at neutral pH (Biogenix, San Ramon,
CA) by microwave irradiation before overnight incubation with antibody against CXCR2 at
a concentration of 660 ng/ml. For identification of myofibroblasts, sections were incubated
in goat anti-human α-smooth muscle actin antisera (C-11; Santa Cruz Technologies, Santa
Cruz, CA). Negative controls included sections incubated in identical concentrations of
nonspecific rabbit immunoglobulin (Dako, Carpinteria, CA) G or phosphate buffered saline
solution (PBS) substituted for the primary antisera. All sections were further reacted with
the reagents in a commercial avidin-biotin staining kit (Dako, Carpinteria, CA).
Immunoreactive sites were visualized with 3,3-diaminobenzidine as the chromogen
(Biogenex). Sections were rinsed in water, counterstained with hematoxylin, dehydrated,
and cover-slipped. Images were captured with an Olympus AH Vanox light microscope
(Melville, NY) interfaced to a Kontorn Eliktronik 3008 camera (Eching, Germany). Images
were arranged through the use of Adobe Photoshop software.

Cell cultures
Tissue sources and methods of isolation, propagation and freezing of fibroblasts have been
reported.19 Normal fibroblast cell strains 21, 116, 130, 131 and 170 and keloid fibroblast
cell-lines 33, 50, 124, 125 and 261 were used in these studies. Cell-lines were routinely
tested for Mycoplasma infection by the Hoechst staining method and were found to be
negative. Normal and keloid fibroblast cell strains, at passage numbers under 6, were grown
to about 80% confluence in Hams F-10 medium (GIBCO-BRL Life Technologies,
Rockville, MD) supplemented with 10% fetal bovine serum (GIBCO-BRL Life
Technologies, Rockville, MD). Wherever indicated, 24 hours prior to IL-1 treatment the
medium was replaced with Hams F-10 medium containing 10% fetal bovine serum and 10
units/ml (50 ng/ml) hydrocortisone (Sigma Chemical Co., St. Louis, MO). For some
experiments, 3 hours prior to harvesting, the medium was again replaced with Hams F-10
medium plus 10% fetal bovine serum and 5 units/ml IL-1 (1 ng/ml; R & D Laboratories,
Minneapolis, MN).

Preparation of nuclear extracts
The procedures of Dignam et al.20 were followed for preparation of nuclear extracts with
modification. Approximately 1 × 106 cells were rinsed twice in 1X PBS and scraped in 1X
PBS + 2 mM ethylenediamine tetra-acetic acid (EDTA). Cells were suspended in Buffer A,
comprised of 25 mM HEPES-NaOH [pH 7.9], 10 mM NaCl, 1 mM dithiothreitol (DTT), 0.1
mM phenylmethylsulfonyl fluoride (PMSF), then were lyzed in Buffer A + 1% NP-40 with
frequent vortexing on ice for 10 minutes. Nuclei were sedimented with a brief spin in a
microfuge (12,000 r.p.m.) and suspended in Buffer A + 1 M sucrose. After centrifugation
(12,000 r.p.m.), the nuclear pellet was rinsed once in Buffer C (Buffer A + 20% glycerol).
Nuclear proteins were extracted in Buffer C containing 400 mM NaCl for 30 minutes on ice.
The nuclear extract was cleared of debris by a 5-minute centrifugation (12,000 r.p.m.) at 4
°C. Nuclear extracts were dialyzed against 25 mM Hepes-NaOH [pH 7.9], 100 mM NaCl,
0.1 mM EDTA, 0.1 mM PMSF and 1 mM DTT. Protein was estimated by the BioRad dye
binding method.

Preparation of cellular RNA
This protocol was essentially as described by Chomczynski and Sacchi.21 Approximately 1
× 106 cells were rinsed in 1 × PBS. Cells were scraped in 1 ml of a 1 : 1 mixture of
guanidium isothiocyanate and phenol, collected in microcentrifuge tubes and extracted with
0.5 volumes of chloroform. The extracted RNA was precipitated in ethanol. RNA pellets
were washed in 70% ethanol prior to drying and solubilizing in RNase free water. RNA was
estimated by absorbance at 260 nm.
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Electrophoretic mobility shift analysis
This protocol is a modification of the one described by Chodosh et al.22 About 10 ng of
nuclear extracts from fibroblast cell lines was preincubated with 2 mg of a cold nonspecific
competitor poly dI.dC: poly dI.dC in a buffer containing 20 mM Hepes-NaOH (pH:7.6), 50
mM NaCl, 0.2 mM EDTA (pH:8), 1 mM DTT and 2% glycerol for 15 minutes at room
temperature. The reactions were incubated for an additional 20 minutes after the addition of
40,000 cpm of 32P end-labeled oligonucleotide probe corresponding to the consensus
binding sites for NF-κB (5′ AGTTGAGGGGACTTTCCCAGGC 3′), AP1 (5′
CGCTTGATGAGTCAGCCGGAA 3′) or Sp1 (5′ ATTCFGATCGGGGCGGGGCGAG 3′)
transcription factors. The combined nuclear extract and labeled probe was then
electrophoresed through a 6% native polyacrylamide gel until the tracking dye reached the
bottom of a 16-cm long gel. Gels were dried and exposed for autoradiography.

Northern blot analysis
Twenty to 25 micrograms of RNA/sample was mixed in loading dye containing 50%
formaldehyde, 0.025% ethidium bromide, 0.01% xylene cyanol, 0.01% bromophenol blue,
heated at 65 °C for 5 minutes and loaded on a 1.5% formaldehyde-agarose gel. Samples
were electrophoresed until the lower tracking dye reached the bottom of a 10-cm gel. After
electrophoresis, 28S and 18S RNA species were visualized by UV-trans-illumination to
ensure equal loading. The gel was soaked in 10X Saline sodium chloride solution (SSC) for
10 minutes, according to Maniatis et al.23 RNA was transferred overnight to nitrocellulose
by capillary transfer and efficiency of transfer was confirmed by viewing the blot on a
transilluminator. The blot was allowed to dry and then baked for 2 hours in vacuo. The blot
was prehybridized at 42 °C overnight in hybridization buffer containing 2X SSC, 1X
Denhardt’s solution, 50% formamide, 200 mg/ml salmon sperm DNA and 0.1% SDS.23

Blots were hybridized overnight, to 108 cpm of 32P labeled probes generated by random-
prime labeling of cDNA corresponding to either MGSA, IL-8 or interferon-8 inducible
protein-10 (IP-10) and CXCR2, with cyclophilin as an internal control. Blots were washed
twice with 2X SSC, twice with 0.2X SSC, and twice with 0.1X SSC. All washes were of
200 ml each, contained 0.1% SDS, and were for 20 minutes each at 50°C. Blots were dried
and exposed to film for autoradiography. For graphical representations, autoradiographs
were densitometrically scanned on ImageQuant software (Molecular Dynamics, Sunnyvale,
CA) and values normalized against those of cyclophilin mRNA.

RESULTS
Keloid tissues displayed a wide spectrum of immunoreactive staining patterns for MGSA/
GRO. In approximately half of the keloid samples examined in this study, the fibroblastic/
myofibroblastic population showed MGSA/GRO reactive cells in 40–60% of these cells
(Figures 1A, C and E). The remaining keloid lesions either showed a few MGSA/GRO
positive cells with modest immunoreactivity (Figures 1B and D) or little or no staining
(Figures 1B and D). While we initially hypothesized that expression of this chemokine
would be highest in those cells at the periphery of these ever expanding lesions, this
expected pattern was not observed in any of the lesions examined. Instead, the spatial
localization for MGSA positive fibroblasts/myofibroblasts appeared to correlate best with
the presence of inflammatory foci (Figures 1E and F). In addition, this chemokine was also
detected in roughly 50% of the infiltrating inflammatory cells (mostly lymphocytes, judging
by the cytoplasmic to nuclear size ratio)(Figure 1F).

In the absence of a definitive marker for either the fibroblast or myofibroblast population, it
was difficult to leukodetermine with certainty that the elongated MGSA/GRO positive cells
were indeed myofibroblasts or simply fibroblasts. Our presumptive identification of
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fibroblasts/myofibroblasts is based on several studies that have established that these highly
differentiated fibroblasts often contain an abundance of α-smooth muscle actin
filaments.24–26 Within the keloids examined in the present study, many of these highly
elongated cells with MGSA/GRO immunostaining also showed α-smooth muscle actin
immunoreactivity, leading us to conclude that there is a great variability among keloid
lesions but that some hyfibroblasts/myofibroblasts do contain this chemokine.

MGSA/GRO positive cells were not detected in the adjacent margins of normal dermis that
were removed during the excisional procedure. MGSA/GRO immunoreactivity was not
detected within the dermal cell populations present in either hypertrophic scars (Figure 1G)
or cell populations within the papillary or reticular dermis of normal skin removed from
nonkeloid forming individuals (Figure 1H).18

Immunostaining for CXCR2 in keloids, hypertrophic scars, and normal skin
Keloid tissues exhibited a somewhat different pattern of immunoreactive sites for the
CXCR2 type of receptor. In several lesions, this receptor was present on endothelial cells
lining capillaries and inflammatory infiltrates (Figure 2A). Myofibroblasts also occasionally
exhibited CXCR2 immunoreactivity in some (Figures 2B and C) but not all keloid tissue
samples (Figures 2D and F). In contrast, the keloid tissue shown in Figure 2E showed robust
CXCR2 immunoreactivity in cells with a fibroblastic/myofibroblastic phenotype.
Hypertrophic scars showed minimal to no staining for the CXCR2 receptor (Figure 2G).
Normal skin from an equivalent area of deep dermis also showed no immunoreactivity for
receptor within the dermal population (Figure 2H). Results from immunohistochemistry
suggest that in some lesions, a small population of keloid fibroblasts express the MGSA/
GRO ligand. Sizeable numbers of fibroblasts/myofibroblasts also express the CXCR2
receptor and may respond to chemokines produced by infiltrating leukocytes. Taken
together these data suggest that this ligand and its receptor may play a role in the unwanted
dermal proliferation/stimulation that is the hallmark of keloid formation.

Northern blot analysis for chemokines and the CXCR2 receptor in fibroblasts
Expression of MGSA, IL-8, interferon inducible protein-10 (IP-10) and CXCR2 by 2 normal
and 2 keloid fibroblasts cultures in response to IL-1 (1 ng/ml of IL-1α with a specific
activity of 5000 units/mg) with or without hydrocortisone pretreatment (50 ng/ml of a
hydrocortisone preparation with a specific activity of 200 units/mg)) was examined by
Northern analysis. The concentrations of IL-1 and hydrocortisone were chosen based upon
dose response experiments and the time course chosen for the experiments was based upon
time course experiments where it was determined that maximal induction of MGSA/GRO
mRNA occurred after 2–3 hours. Basal mRNA expression of all chemokines and CXCR2
was undetectable in both normal and keloid cells. IL-1 dramatically induced levels of
MGSA and IL-8 but not IP-10 or CXCR2 (Figure 3A). The IL-1 induction of MGSA mRNA
but not IL-8 mRNA was markedly inhibited by hydrocortisone pretreatment (Figure 3B).
This inhibition was more pronounced in keloid fibroblasts. A representative Northern blot is
shown and the bar graph shows the quantitation from three separate experiments. The
glucocorticoid inhibition of IL-1 induced MGSA mRNA was significantly impaired in
keloid fibroblast (p < 0.05) but not in normal fibroblasts (p > 0.7) (Student’s t-test).

Nuclear levels of AP-1, NF-κB, AND Sp1 in normal and keloid fibroblasts
Nuclear levels of AP-1, NF-κB and Sp1 in response to IL-1 (1 ng/ml) with or without
glucocorticoid pretreatment (50 ng/ml which was equivalent to 10 units/ml) were examined
in normal and keloid fibroblasts by electrophoretic mobility shift analysis (EMSA). In these
experiments, variability in keloid and control fibroblasts was noted in response to
glucocorticoid suppression of NF-κB and AP-1. Results from EMSAs using nuclear extracts
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from 5 normal and 5 keloid fibroblast cultures indicated that IL-1 treatment increased
binding of the p65 (Rel A) and p50 subunits of NF-κB (Figure 4A [left and right] and B).
Hydrocortisone pretreatment of these cultures did not decrease nuclear levels of p65 (RelA)
and p50 subunits of NF-κB. Based upon EMSA, hydrocortisone treatment appeared to have
slightly increased the nuclear levels of these transactivators in K1, K3, K5 keloid fibroblasts
and in N1, N2 and N5 normal fibroblasts. However, K2, N3 and N4 appeared to show a
decrease in nuclear p65/p50 binding, and K4 exhibited no change in p65/p50 in response to
glucocorticoid. Because the slight increase in NF-κB in response to glucocorticoid was
variable, the conclusion that can be derived from these experiments is that hydrocortisone
does not significantly inhibit nuclear localization or DNA binding of NF-κB p65/p50.
Hydrocortisone pretreatment had no effect on AP1 or Sp1 nuclear levels (Figures 4C and D,
respectively). Immunosupershift analysis (Figure 4E) indicates that complexes generated
with the NF-κB element largely consist of p50/p65 heterodimers. Complexes obtained with
the Sp1 probe contain Sp1 and Sp3. The AP1 complex appears to contain mostly c-Fos but
not c-Jun. In general, the increases in NF-κB nuclear levels with hydrocortisone
pretreatment appear to be more pronounced in keloid fibroblasts as compared to normal cells
(Figure 4B). We conclude from these experiments that hydrocortisone probably inhibits IL-1
induction of MGSA expression in keloid fibroblasts and in normal fibroblasts by acting
through a negative regulatory element such as the steroid response element or by effecting
mRNA stability, rather than by inhibiting positive transactivators of MGSA/GRO
transcription such as NF-κB, AP-1 or Sp1.

In vitro wound healing model
To determine whether the differences between normal and keloid tissue in the expression of
the CXCR2 receptor were intrinsic properties of the fibroblasts or were induced by
inflammatory components present in the in vivo setting, an in vitro series of wounding
experiments were employed. Circular wounds of 400 microns were made as described in
Methods on cultures of 4 normal and 4 keloid fibroblast strains grown in 24-well plates. The
wound healing response was measured by the extent of wound closure. The wound area was
measured at 0 and 9 hours postwounding and the percentage of wound closure was
quantified. The averages and standard deviations were obtained from 4 wounds in 3
different experiments. Wound closure rates were slower in injured keloid fibroblasts than in
control fibroblastic populations (Figure 5), a finding that suggested that the intrinsic
migrational or proliferative properties of the keloid fibroblast were not inherently greater
than normal fibroblasts. This is surprising in view of the previous work showing that keloid
fibroblasts exhibit enhanced collagen expression, a metabolic event associated with
enhanced wound repair.8 Simultaneous immunofluorescence staining of immunoreactive
CXCR2 at corresponding time periods postwounding did not reveal an up-regulation of
immunoreactivity for MGSA/GROα or CXCR2 after wounding (data not shown). These
studies suggest that in the absence of inflammatory components (in vitro), little induction of
MGSA/GROα or its CXCR2 receptor is evident in wounded keloid or normal fibroblasts in
the culture dish. These data support the hypothesis that the inflammatory components are
pivotal in the regulation of CXCR2 receptor expression and possibly MGSA/GROα
expression in vivo.

DISCUSSION
Keloids are benign collagenous tumors that form in the dermis as a result of an aberration in
the process of wound healing in genetically predisposed individuals. In comparison to
normal wound healing, keloid wound healing is characterized by an extended period of
fibroblast proliferation and an elevated rate of collagen synthesis. This extended
proliferation of keloid fibroblasts as compared to fibroblasts from normal scars may be in
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part due to diminished apoptosis due to down-regulation of apoptosis-related genes
including defender of cell death-1(DAD-1), nucleoside diphosphate kinase B, glutathione S-
transferase, glutathione S-transferase microsomal, glutathione peroxidase, tumor necrosis
factor receptor 1-associated protein(TRADD), 19 kDa interacting protein 3 (NIP3), and
cytoplasmic dynein light chain 1.27 The exaggerated wound healing process may be due in
part to altered response to fibrogenic cytokines3,5,6,18 and to loss of glucocorticoid
suppression of collagen and elastin gene expression in cells derived from these lesions.8,9

Moreover, an altered cytokine profile has been reported in black patients with keloids.7

Several reports link keloid formation to the immune system.28 Such studies have produced
evidence that T lymphocytes are important modulators of wound healing29–31 and that an
imbalance of their activity and of their products can result in wound failure or in excessive
fibrosis of repairing tissue.29,32,33 In an immunocytochemical study of normal wounds,
hypertrophic scars and keloids,28 T lymphocytes were observed in early stages of all three
tissue types. However, they were markedly reduced in normal wounds by 14 weeks, whereas
hypertrophic scars showed abundant T cells for about a year and keloid samples, which had
the greatest lymphocyte presence, continued to have a diffuse lymphocyte infiltrate over a
wide range of age of scar. In a more recent report Castagnolli et al.34 report T lymphocytes,
mainly of the CD4 + type, in the epidermis and dermis of active hypertrophic scars.

Chemokines are the major mediators of leukocyte migration into the wound bed during
wound healing.35 Sequential expression of IL-8, MGSA/GRO, monocyte chemotactic
protein-1 (MCP-1), IP-10, and monokine induced by interferon-8 (mig) regulate the
migration of first neutrophils, then monocytes/macrophages, and finally lymphocytes into
the wound to facilitate wound repair. The cytokine milieu reportedly regulates the
expression of chemokines and their receptors. IL-1 and tumor necrosis factor-α have been
shown to induce the expression of all three MGSA/GRO genes.13 In contrast, interferon-g
(IFN-γ) and hydrocortisone suppress the expression of these chemokines. IL-4 and IL-13
induce the expression of CXCR2 in monocytes.36 In T cells, IFN-γ and tumor necrosis
factor-α induce CXCR2, while IL-4, 10 and 13 suppress CXCR2 expression.37 In contrast,
in B cells IL-4 and IL-13 are reported to induce CXCR2 expression while IFN-γ and IL-2
suppress CXCR2 expression.38 We postulate that factors favoring a Th1 lymphocyte
activation (secretion of IFN-γ) would be parallel with the induction of CXCR2 expression in
T cells. In contrast factors favoring a Th2 lymphocyte activation (secretion of IL-4, IL-10,
IL-13 and IL-1) would occur under conditions where B cells express CXCR2 and where
IL-1 is secreted to activate the expression of the MGSA/GRO ligand. We did not detect
significant levels of immunoreactive IL-4 in keloid tissues (data not shown). In fixed
sections of keloid tissues we did observe the expression of both MGSA/GRO and its
receptor, CXCR2. However, when the keloid fibroblasts were cultured in vitro, we did not
observe expression of MGSA/GRO or its receptor, CXCR2. We were able to induce the
expression of the chemokine with IL-1, pointing to the pivotal role for the inflammatory
component in the regulation of chemokines and their receptors in keloid fibroblasts.

Our experiments show that hydrocortisone inhibits IL-1 mediated MGSA/GRO expression
in keloid fibroblasts. It has been reported previously that glucocorticoid suppresses
expression of the rat homolog of MGSA/GRO by impairing the activation of NF-κB.16

Expression of other CXC chemokines is also attenuated by glucocorticoids.39 Another
mechanism for suppression of CC chemokine expression is through glucocorticoid mediated
destabilization of chemokine mRNA.40 Based upon our gel shift analyzes, hydrocortisone
inhibition of MGSA/GRO mRNA expression does not appear to be mediated by suppression
of NF-κB, AP-1 or Sp1, but may be through effects on the putative Steroid Responsive
Element [AGAACAT] located in the MGSA/GROα promoter at −601 bp to −596 bp
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relative to the transcription start-site. Effects of hydrocortisone on MGSA/GRO mRNA
stability cannot be ruled out.

The ability of keloid fibroblasts to respond to hydrocortisone is an essential component of
therapy, since surgery is seldom recommended as a treatment for keloids. Instead,
hydrocortisone treatment is often successful for shrinking these benign lesions. The
architecture and histological characteristics of keloids vary greatly among samples.
Fibroblasts in the central core have more of a keloid phenotype as compared to those in the
periphery which may be normal. The phenotype of primary cell cultures derived from keloid
fibroblasts will therefore depend almost entirely on the source, phenotype and location of
the fibroblast within the keloid tissue. The cytokine milieu in the keloid tissue will also
contribute to the keloid nature of the fibroblast. All these factors may have contributed to the
variability of the fibroblast cell lines used in this study. Inhibition of the induction of
chemokines which attract the inflammatory cells is proposed to be a major contributor to the
suppression of keloid growth. By altering the cytokine milieu of the keloid fibroblasts, the
growth of these lesions is predicted to be reduced.

Glossary

DTT Dithiothreitol

EDTA Ethylenediamine tetraacetic acid

EMSA Electrophonetic mobility shift assay

GROα Growth-regulated protein

IL Interleukin

IP-10 Interferon-γ inducible protein-10

MGSA Melanoma growth stimulatory activity

PBS Phosphate buffered saline solution

SSC Saline sodium chloride solution
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Figure 1.
Immunohistochemical staining for MGSA/GROα. (A) Region within a keloid showing
numerous immunoreactive (brown) fibroblasts/myofibroblasts (arrows); (B) Another keloid
where immunoreactivity is present in very few cells (arrows). (C) This keloid shows intense
staining for MGSA in cells with an elongated fibroblastic/myofibroblastic phenotype
(arrows). (D) A keloid showing minimal staining for MGSA in fibroblasts but strong
immunoreactivity for lymphocytes (arrows). (E) A keloid showing an intensive
inflammatory focus with positive staining in the majority of myofibroblasts (arrows). (F)
This keloid with an intensive inflammatory focus reveals that approximately 50% of the
inflammatory cells show immunoreactivity for MGSA (arrows). (G) A representative
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hypertrophic scar from a 20-year-old Caucasian male shows minimal to no staining for the
ligand). (H) Normal skin from a 20-year-old Caucasian female excised from an equivalent
region of deeper reticular dermis shows no immunoreactivity for ligand in the dermal cell
populations). All size bars indicate 50 µm, except Figure 1(H), which is 100 µm.
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Figure 2.
Immunohistochemical staining for CXCR2. (A) Keloid showing intensive immunoreactivity
for receptor in endothelial cells (ec) and inflammatory infiltrates (arrows). (B) A keloid
showing immunoreactivity for receptor in multiple myofibroblasts. (C) A keloid showing
moderate immunoreactivity for the receptor in only a few of the fibroblasts/myofibroblasts
(arrows). (D) A keloid exhibiting little or no evidence that the receptor is expressed. (E) A
keloid showing robust immunoreactivity in cells with a fibroblastic/myofibroblastic
phenotype. (F) A keloid showing minimal immunoreactivity in the fibroblast population
(arrows). (G) A representative hypertrophic scar showing minimal to no staining for the
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receptor. (H) Normal skin from an equivalent area of deep dermis showing no
immunoreactivity for CXCR2 in dermal cell population. All size bars indicate 50 µm.
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Figure 3.
Northern blot analysis of chemokine gene expression. Total RNA from two normal
fibroblast cell-lines, N1 & N2, and two keloid fibroblast cell-lines, K1 & K2, was resolved
on formaldehyde-agarose gels, transferred to nitrocellulose membranes and probed with 32P
labeled probes as indicated on the left. (A) Cells were treated with hydrocortisone (HC) or
left untreated. (B) Cells, either pretreated with HC or left untreated, received a 3-h IL-1
treatment prior to harvesting. Total RNA from Hs294T malignant melanoma cells (H) was
used as a positive control. (C) Autoradiograms of MGSA/GRO, cyclophilin B and IL-8
northern blots were densitometrically scanned using the ImageQuant software (Molecular
Dynamics). Values obtained for MGSA/GRO and IL-8 mRNA were normalized against
values of cyclophilin B mRNA and the results represented graphically for levels of MGSA/
GRO mRNA (top) and IL-8 mRNA (bottom). The Y-axis represents a ratio of MGSA/GRO
mRNA levels (top) or IL-8 mRNA levels (bottom) to cyclophilin B mRNA levels. Each
graph is based on three experiments. Error bars represent standard deviations.
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Figure 4.
Electrophoretic mobility shift assays. (A, right) Two normal (N1,N2) and 2 keloid (K1, K2)
fibroblast cell-lines were treated with IL-1 in the presence or absence of a 24-h
hydrocortisone pretreatment. The nuclear extract from each sample was competed with
polydI.dC: polydI.dC and probed for binding with 32P labeled double-stranded
oligonucleotides corresponding to the consensus binding sites for either NF-κB or AP1.
Binding reactions were then electrophoresed on 8% native polyacrylamide gels which were
dried and subjected to autoradiography. Arrows on the left refer to the homo/heterodimeric
composition of the p65 (RelA) and p50 subunits of the NF-κB complexes, while NS is a
nonspecific complex. (A, left) Three samples, 1 normal and 2 keloid, were treated with IL-1
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or without prior to EMSA showing the increase in NF-κB binding. (B) Nuclear extracts from
3 normal (N3–N5) and 4 keloid (K3–K6) fibroblast cell lines were treated with IL-1 with or
without a 24-h hydrocortisone (HC) pretreatment and probed for binding with 32P labeled
NF-κB consensus sequence oligonucleotide. Arrows indicate NF-κB subunit composition of
complexes. NS refers to a nonspecific complex. (C) Nuclear extracts from 3 normal (N3–
N5) and 4 Keloid (K3–K6) fibroblast cell-lines treated with IL-1 with or without a 24-h
hydrocortisone pretreatment were probed with 32P labeled AP-1 consensus oligonucleotide.
Arrow indicates position of the AP-1 complex. The free probe in this gel has been run out.
(D) One normal (N1) and 2 keloid fibroblast cell-lines (K1, K2) were treated with IL-1 in
the presence or absence of a 24-h hydrocortisone pretreatment. Nuclear extracts were
competed with polydI.dC:polydI.dC and probed for binding with labeled SP1 binding-site
oligonucleotide. Arrows on the left represent SP1 monomeric or the SP1/SP3 heterodimeric
complexes formed with the SP1 consensus site. (E) Nuclear extract from one keloid
fibroblast cell line (K2) was probed for binding with either NF-κB, lanes 1 though 5, or
AP1, lanes 6 through 10, or Sp1, lanes 11 through 15, consensus oligonulceotides. Reactions
containing the NF-κB oligonucleotide were preincubated with antibodies against either NF-
κB p65 (Rel A) (lane 3) or NF-κB p50 (lane 4) or both antibodies (lane 5). Reactions
containing the AP1 oligonucleotide were preincubated with antibodies against either Fos
(lane 8) or Jun (lane 9) or both antibodies (lane 10). Reactions containing the Sp1
oligonucleotide were preincubated with antibodies against either Sp1 (lane 13) or Sp3 (lane
14) or both antibodies (lane 15). A nonspecific antibody was used as a control (lanes 2, 7
and 12).
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Figure 5.
In vitro wound closure of keloid and normal fibroblasts. Cultures of keloid or normal
fibroblasts were cultured in 24 well tissue culture plates. Wounds (400–500 µm) on
monolayered keratinocytes were monitored over a period of 24 hours and the area of the
wound defect determined using Bioquant software. Fibroblasts from keloids exhibited a
wound closure which was slower than that of normal fibroblasts. Values represent mean ±
SEM obtained from cultures from cultures of 4 normal and 4 keloid fibroblasts.
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